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Abstract: The midgut of third larval instar of Chrysomya megacephala was studied using transmission electron 
microscope. The epithelium is mostly formed of columnar cell. The cells are characterized by a striated border of 
microvilli, thick amorphous basal lamina and tightly packed channels of basal labyrinth. Well-developed peritrophic 
membrane was observed in the gut lumen to protect the mid-gut cells from possible damage by abrasive food 
particles.Numerous cell organelles were observed throughout the cell. The structure and function of secretion of 
digestive enzymes and absorption of nutrients in the mid-gut epithelium of this fly were discussed. [Journal of 
American Science. 2010;6(10):1-6]. (ISSN: 1545-1003).  
 
Key Words: Chrysomya megacephala, mid-gut, Ultrastructure, maggot 
 
1. Introduction 

Chrysomya megacephala (F.), the Oriental 
latrine fly, is a common blow fly species of medical 
importance in many parts of the world, including 
Eygpt. Adults may feed on food sources including 
nectar, animal carcasses, garbage, and other filth 
materials, or even human food. Therefore, it is 
possible that mechanical transfer of potential disease 
causing pathogens, such as bacteria, viruses, 
protozoa, and helminth eggs, to human food may 
occur (Greenberg 1973; Sukontason et al. 2000). 
Larvae of this species are known to cause myiasis in 
several mammal species, including humans (Zumpt 
1965; Kumarasinghe et al. 2000). Another facet of 
medical importance of this blow fly is its association 
with human corpses and its relevance to forensic 
entomology, C. megacephala were found connected 
with cases of human death (Lee 1996; Carvalho et al. 
2000; Goff 2000; Lee et al. 2004; Sukontason et al. 
2005).  

The aim of this paper,was to study the fine 
structure of mid-gut epithelium of third larval of 
C.megacephala by transmission electron microscopy 
to clarify the morphology of the mid-gut to provide a 
structural framework for physiological interpretations 
of the process involved in this part of alimentary 
canal. 
 
2. Material and Methods  

The laboatory colony of C. megacephala 
used in this study was established in the Department 
of Entomology,Faculty of Science, Helwan 
University .Chrysomya megacephala was reared 

according to the method of Gaber et al., (2005).For 
TEM,approximately 20 specimens of 3-day-old 
larvae were removed from the rearing box and 
individually dissected in phosphate buffer  pH of 7.4 
under a binocular dissecting microscope (Olympus®, 
Japan). The mid-gut was separated and divided into 
anterior, middle and posterior mid-guts and only the 
middle midgut was studied. The dissected mid-gut 
was transferred from the phosphate buffer and 
prefixed with 2.5% glutaraldehyde in phosphate 
buffer solution at a pH of 7.4 at 4°C for 24 h to 
accomplish primary fixation. Then rinsed twice with 
phosphate buffer solution at 10-min intervals. Rinsed 
specimens were treated with 1% osmium tetroxide at 
room temperature for 30 minutes for postfixation. 

Post-fixation was followed by rinsing twice 
with phosphate buffer solution and dehydrating with 
alcohol. To replace the water in the specimens with 
alcohol, they were subjected to ascending series of 
alcohol. 
  After that, organ specimens were placed in 
acetone for 2 h before transferring into ratios of resin 
to acetone of 1:3 for 24 h, 1:1 for 24 h, and 3:1 for 24 
h, sequentially. This was followed by treatment with 
pure resin twice for 3 h. Each sample was then 
embedded in Epon resin by placing them into a 
plastic block and by incubating at 70°C for 24 h. 
Semithin section (0.5 μm) of each sample was made 
with a glass knife on an Ultramicrotome 
(Boeckeler®, USA). This was followed by staining 
with 1% methylene blue mixed with 1% Azure II 
(1:1) to view under a light microscope (Olympus®, 
Japan). The ultrathin sections (90 nm) were stained 
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with uranyl acetate and lead citrate then examined 
with the ZEISS EM 10 electron microscope 
(Germany). 
 
3. Results  

The larval mid-gut of Chrysomya 
megacepha is the longest portion of the alimentary 
canal lying convoluted and twisted within the larval 
body cavity (Worachote et al. 2007).  

Ultrastructurally, the midgut consists mainly 
of columnar cells that possess microvilli (Figs1,14), 
numerous lipid spheres (Figs1,11,12), different 
secretory granules (Fig.2,3), ferritin granules (Fig.4), 
large lysosomal bodies (Fig.13) and vesicles of rough 
endoplasmic reticulum surrounded by numerous 
mitochondria (Figs5,7). The nucleus appeared clear 
and surrounded by numerous vesicles of rough 
endoplasmic reticulum (Fig.6).A well-developed 
peritrophic membrane can be observed (Fig.8) and 
also lateral cell junctions separating two different 
cells (Figs9,10).The cells rest on a basement 
membrane and a basal labyrinth where the plasma 
membrane contains no extracellular spaces with tight 
channels (Fig.15). 

 

4. Discussion  

The midgut of third larval instar of 
C.megacephala is functionally the most important 
part of the digestive system, responsible for digestion 
and absorption of nutrients as in other insect larvae 
(Dow 1986). 

The midgut of C.megacephala is similar to 
those of other Diptera.The presence of  microvilli  in 
this  species provide an enormous surface area for 
absorbing materials from the lumen as stated by 
Romoser (1996).The thickness of the basement 
membrane in C.megacephala is due to the good 
nutrition during the larval stage (Clements,1992) 
which facilitates the transport of products between 
the intestine and the haemolymph (Reinhardt and 
Hecker,1973;Houk et al.,1980). Lehane and 
Billingsley(1996) stated that the basal labyrinth is 
common to insects  of  other Diptera.In addition, the 
separation of membranes of basal labyrinth appear to 
function in ion and water transport out of the lumen 
(Billingsley,1990).The folds of the basal labyrinth in 
the middle midgut of C.megacephala labyrinth are 
tightly apposed to one another such that no 
exracellular spaces are present. This indicates that 
this region may have no role in transport mechanism. 

 The lipid spheres are so numerous in C.megacephala 
which may be a state prior to pupation as indicated by 
Claudia et al. (2001). 

The cytoplasm of mid-gut cells of 
C.megacephala possesses numerous vesicles of rough 
endoplasmic reticulum. Most authors interpret the 
phenomenon of vesicles of rough endoplasmic 
reticulum as a transition of the cell synthetic 
apparatus into a more active  state (Billingsley et al., 
1983; Lehane 1976a; Staubli et al., 1966 and 
Filimonova, 1989). Numerous vesicles of rough 
endoplasmic reticulum are present around the nucleus 
in C. megacephala. Such organization may indicate 
high synthesis of proteases as mentioned by Staubli et 
al., (1966) or a regulating mechanism of RNA 
transport from the nucleus to the cytoplasm as 
reported by Richards (1975). In C.megacephala the 
mitochondria are concentrated in the apical part of 
the cell more than basal part which may account for 
the transport role by apical part than basal part as 
indicated by (Hecker 1977and Houk, 1977). 
Numerous secretory granules with different shapes 
and sizes can be observed in C. megacephala,most of 
which are concentrated in the apical part and some of 
them project in the gut lumen.This may indicate that 
the release of digestive enzymes from midgut in C. 
megacephala may be merocrine. Chun-Nu et al., 
(2000) reported that the release of digestive enzymes 
from midgut cells of oriental fruitfly is merocrine due 
to high concentration of secretory granules in the 
apical part of the cell. Also the presence of numerous 
secretory granules and numerous vesicles of rough 
endoplasmic reticulum in C megacephala near the 
apical part of the cell may account for the production 
of peritrophic membrane as reported by Filimonova 
(2005). 
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Fig (1):   Electron micrograph of a columnar cell in middle 
mid-gut showing microvilli (Mv), lipid spheres (Li), small 
dense secretory granules (arrow) and small vesicles of rough 
endoplasmic reticulum (head arrows). Magnification X 3,000 

 

 

 
 

Fig (2):   Electron micrograph of a columnar cell in middle 
mid-gut showing semi-transparent secretory granules may 
contain ferritin granules (SG), small dense secretory 
granules extruded by exocytosis (arrows). Magnification X 
4,000 

 

  
Fig (3): Electron micrograph of a columnar cell in middle 
mid-gut showing secretory granules, part of it electron-opaque 
protein and the other part is fibrous mucopolysaccharide 
(arrows). Magnification X 5,000 

 

 
 

Fig (4): Electron micrograph of a columnar cell in middle 
mid-gut showing ferritin granules (arrows). Magnification 
X 5,000 

 

  
Fig (5): Electron micrograph of a columnar cell in middle 
mid-gut showing mitochondria (Mi) and vesicles of rough 
endoplasmic reticulum (rer-v). Magnification X 5,000 

 
 

 

  
Fig (6): Electron micrograph of a columnar cell in middle 
mid-gut showing nucleus (Nu) surrounded by numerous 
vesicles of rough endoplasmic reticulum (rer-v) and 
secretory granule (SG). Magnification X 4,000 
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Fig (7): Electron micrograph of a columnar cell in middle 
mid-gut showing microvilli (Mv), mitochondria (Mi), 
vesicles of rough endoplasmic reticulum (rer-v) and lumen 
(Lu).Magnification X 6,000 

 

 
 

Fig (8): Electron micrograph of a columnar cell in middle 
mid-gut showing microvilli (Mv),mitochondria (Mi), 
vesicles of rough endoplasmic reticulum (rer-v) , lumen 
(Lu), lipid spheres (Li),dense secretory granules (arrow) and 
peritrophic membrane (head arrow). Magnification X 3,000 

 
 

 
 

Fig (9):  Electron micrograph of a columnar cell in middle 
mid-gut showing cell junction (head arrow), mitochondria 
(Mi), vesicles of rough endoplasmic reticulum (rer-v), lumen 
(Lu), lipid spheres (Li) and dense secretory granules 
(arrow). Magnification X 4,0000 

 

 
 

Fig (10):  Electron micrograph of a columnar cell in middle 
mid-gut showing septate junction (arrow), mitochondria 
(Mi), vesicles of rough endoplasmic reticulum (rer-v) and 
ribosomes (R). Magnification X 12,000 

 

  
Fig (11):  Electron micrograph of a columnar cell in 
posterior mid-gut showing electron-lucent vacuole (elv) 
among numerous lipid inclusions (Li). Magnification X 
10,000 

 

 
Fig (12): Electron micrograph of a columnar cell in 
posterior mid-gut showing lamellar bodies (LB), electron-
lucent vacuole (elv) and lipid inclusions (Li). Magnification 
X 15,000 
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Fig (13): Electron micrograph of a columnar cell in 
posterior mid-gut showing large lysosomal body (Ly) 
among lipid inclusions (Li). Magnification X 12,000 

 

 

  
Fig (14): Electron micrograph of a columnar cell in 
posterior mid-gut showing long compact microvilli 
(Mv) that are parallel to each other and numerous 
mitochondria (Mi) that aggregates forming bodies 
(MVB). Magnification X 10,000 

 

 

 
Fig (15): Electron micrograph of a columnar cell in posterior mid-gut showing thick granular basal lamina (BL), 
long tightly packed basal labyrinth (BLB) and numerous lipid inclusions (Li) that aggregates forming bodies 
(MVB). Magnification X 10,000 
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Abstract: In this paper, we extend the Class of Cesáro sequence spaces   nn qpCes ),( , introduced by Khan and 

Rahman to a generalized Cesáro type  spaces     nnn qpaCes ,),(  defined by weighted means )(),( nn qa and of 

positive real number powers )( np  with 0inf n
n

p .We define a modular functional on this generalized Cesáro 

sequence space and show that it is a complete paranomed space, and when equipped with the Luxemburg norm is a 

Banach space, possessing H-property, is not rotund and therefore not locally uniformly rotund. [Journal of American 

Science. 2010;6(10):7-12]. (ISSN: 1545-1003). 
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Introduction 

Let (X, ||.||) be a real Banach space and let 

B(X) (respe. S(X)) be the closed unit ball (resp. unit 

sphere) of X. 

A point )(
0

XSx  is called an H-point of 

B(X) if for any sequence ),( nx  )(XBnx   such 

that 1|||| nx  as n , the weak convergence 

of nx  to 
0

x ) (
0

x
W

write nx   implies that 

0||||
0
 xnx  as n . 

If every point of S(X) is an H-point of B(X); 

then X is said to have H–property (Kadec-Klee). A 

point )(XSx  is called an extreme point of 

B(X), if for any )(, XSzy  , the equality 

x=

2

zy 
 implies y=z. 

A Banach space X is said to be Rotund (R) if 

for every point of S(X) is an extreme point of B(X). 

A point )(XSx  is called a locally uniformly 

rotund (LUR)-point, if for any sequence )( nx in 

B(X) such that 2||||  xxn as n, there holds 

that 0||||  xxn as n. If every point of S(X) 

is a LUR-point of B(X), then the space X is called 

locally uniformly rotund (LUR). It is known that if X 

is LUR, then it is rotund (R) and possesses property 

(H). However the converse of this last statement is 

not true in general. By, we denote the space of all 

real or complex sequences and by = {0, 1,2, …}. 

A linear topological space X over the real field 

 is said to be a paranormed space if there is a sub 

additive function Xg :  such that  

0)( g , )()( xgxg   and for any 

sequence  )( nx   in X such that  

0)(  n

n xxg , and any sequence 

)( n   in  such that 0||  n

n  , we get 

0)(  n

nn xxg   . 

For these geometric notions and their role in 

mathematics we refer to the monographs [1], [2], [3], 

[4], and [5]. Some of these geometric properties were 

studied for orlicz spaces in [9], [10], [11], and [12]. 

In [5], Sanhan and Suantai investigated some 

geometrical properties  

of ))(( npCes defined by 
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For a real vector space X, a function 

],0[: X is called modular, if it satisfies the 

following conditions:  

(i) 00)(  xx , Xx  

(ii) )()( xx   , for all  with 1 , 

(iii) )()()( yxyx   , Xyx  , , 

;0,   1  . 

Further, the modular   is called convex if 

(iv) 

)()()( yxyx   , Xyx  , ,

;0,   1  . 

We now introduce a generalized modular 

sequence space defined by weighted means. 

Definition: let )(),( nn qa and )( np be sequences of 

positive real numbers with 0inf n
n

p , we  

generalize the space Ces ))(),(( nn qp by defining  

 0 somefor  ,)(:))(),(),((   xxqpaCes nnn

 , where 
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The Luxemburg norm on the sequence space  

))(),(),(( nnn qpaCes is defined for any  

))(),(),(( nnn qpaCesx by: 









 1)(:0inf||||



x

x .  

Remarks: 

(1) Taking  




 nq
n

a nn , 1 ; 
1

1
. 

then ))(),(),(( nnn qpaCes = )( npCes . 

(2)Taking
nQ

an

2

1
 , 

where
121222 1....
  nnnn qqqQ , then 

))(),(),(( nnn qpaCes = ))(),(( nn qpCes studied 

by Khan and Rahman [13]. 

(3)Taking 


 nppq
n

a nnn ,   , 1  , 
1

1
, 

then ))(),(),(( nnn qpaCes = pCes  studied by 

Lim [8]. 

 Throughout this paper, the sequence  ) ( np is 

considered to be bounded with 0inf n
n

p , and 

let   n
n

pHHM sup,,1max  . 

For any bounded sequence of positive numbers )( kp , 

we have  
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kn
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qar 
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2

1

|| ).(
r

x
r H  

(ii) For r>1, we get 















 









 nn

n

P

n k

kkn xqax
0

12

2

1

||)(

nn

n

P

n k

k

kn
r

x
qra 























0

12

2

1

||

nn

n

P

n k

k

kn

H

r

x
qar  

























0

12

2

1

||  









r

x
r H . 

 (iii) It is clear that (iii) is satisfied by the convexity 

of . 

Lemma (3): For any )](),(),[( nnn qpaCesx , the 

following assertions are satisfied: 

(i)  If 1|||| x , then ||||)( xx  , 

(ii) if 1|||| x , then ||||)( xx  , 

(iii) 1|||| x  if and only if 1)( x , 

(iv) if 10  r   and rx |||| , then
Hrx )( , 

(v) if 1r   and rx |||| , then 
Hrx )( . 

Proof : It can be proved with standard techniques in a 

similar way as in [5,13]. 

Lemma(4):Let )( nx  be a sequence 

in )](),(),[( nnn qpaCes , 

(i) if 1|||| 


n
n

xLim , then 1)( 


n
n

xLim , 

(ii) if 0)( 


n
n

xLim , then 0|||| 


n
n

xLim . 

Proof:(i) Suppose that 1|||| 


n
n

xLim .Then for any 

)1,0( there exists no such that  

  1||||1 nx  0nn  . By lemma (3), 

H

n

H x )1()()1(    implies that  
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1)( 


n
n

xLim . 

(ii) If 0|||| 


n
n

xLim , then there is an )1,0( and a 

subsequence )(
knx such that 

H

nk
x ||||   k . 

This implies that 0)( 
 kn

n
xLim and 

 Hence 0)( 


n
n

xLim . 

Lemma(5):Let     nnnn qpaCesxx ,),(,  , 

n .If )()( xxn    as n  and 

)()( ixixn   as n   i , then xxn   

as n .      

Proof:  

Since,  










r

r

r

P

k

k

r

r kxqax )|)(|()(
12

20

1

 , then 

for 0 , there exists 0r such tha    

)2(3
)|)(|(

1

12

21

1

0














M

P

k

k

rr

r
r

r

r

kxqa


,    (1)                                                   

Since 

r

r

r

r

r

r

P

k

k

r

r

r

P

k

nk

r

r

rn kxqaxkxqax )|)(|()()|)(|()(
12

20

12

20

1
0

1
0












 

 as n  and )()( kxkxn    as n ,  

 k , there exists 0r  such that  0rr   

 

)2(3
|))(|()|)(|(

1

12

2

12

21 0

11

0

M
rr

P

k

kr

P

k

nk

rr

r
r

r

r

r

r

r

kxqakxqa


  


















. (2) 

Since )()( kxkxn   as n then for 

every 0nn   we get  |)()(| kxkxn  

for some n0. As a result we get 

3
)|)()(|(

12

20

1
0 








r

r

r

P

k

nk

r

r

r kxkxqa     

 0nn  .                                                  (3) 

From (1), (2) and (3) it follows that for 0nn  , we 

have  

rr

r

P

r k

nkrn kxkxqaxx  
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1

|)()(|)( = 
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kxkxqakxkxqa
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1
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20

1

)2(3
|)(|22

3 rr
M

P
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kr

M

rr

r

kxqa






333
 

This shows that 0)( 


xxLim n
n

  and by lemma 

4 (ii), we get 0|||| 


xxLim n
n

. 

 

Main results 

Theorem (1): )](),(),[( nnn qpaCes  is a Banach 

space with respect to the Luxemburg   norm defined 

by

















 1:0inf||||




x
x . 

Proof: Let ,...2,1,0,))(( 1  

 nkxx knn  be a 

Cauchy sequence in )](),(),[( nnn qpaCes  

according to the Luxemburg norm. Thus  )1,0(  

 no such that 
M

mn xx  ||||  0, nnm  . By 

Lemma 3(i) we obtain  

M

mnmn xxxx   ||||)(   0, nnm  .  

     (4) 

That is
M

P

r

mn

k

kr

rr

r

kxkxqa 













 











0

12

2

|)()(|

1

 

 0, nnm  . For any k we get 

  |)()(| kxkx mn  0, nnm  , and the 

sequence ))(( kxn is a Cauchy sequence of real 
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numbers. Let )()( kxLimkx n
n 

 , then from 

inequality (4), we can write 

M

P

r k

nkn

rr

r

kxkxqa 
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12

2

1

|)()(| , 

 0nn  .That is, xxxx n

M

n   )(  as 

n . 

By the following calculations, 
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r k

kr kxqkxkxqakxqa   
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|)(||)()(|2
r

P

k

nkr

P

r k

nkr

M
rr

r

rr

r

kxqakxkxqa

 , 

we see that the sequence nx converges to  

 ))(( kxx )](),(),[( nnn qpaCes .This 

completes the proof. 

Theorem(2):The space     nnn qpaCes ,),(  has 

the property Kadec-Klee (H-property).  

Proof. Let      nnn qpaCesSx ,),(  

and      nnn qpaCesBx ,),( n  such that 

1|||| nx  and xx W

n   as n . From 

Lemma 3(iii), and Lemma 4(i) we get 1)( x  and 

that )()( xxn    as n . Since  

xx W

n   and the 
th

i -coordinate mapping i : 

    nnn qpaCes ,),( defined by ii xx  )(  

is a continuous linear functional, it follows that 

)()( ixixn   as n  for all i . Thus we 

obtain by Lemma 5 that xxn  as n . 

Theorem (3) The space     nnn qpaCes ,),(  is not 

rotund, and so is not LUR. 

Proof: It is sufficient to give a counter example. 

Choosing 

,.....)0,0,0,
2

1
,0,

2

1
(

10

3110

pp
qaqa

x   and  

,.....)0,0,0,
2

1
,

2

1
(

10

2110

pp
qaqa

y  , we see that 

      nnn qpaCesSyx ,),(,  , and their 

 midpoint (x+y)/2      nnn qpaCesS ,),( . This 

shows that (x+y)/2 while belonging to  

     nnn qpaCesS ,),( , is not an extreme point 

for      nnn qpaCesB ,),( .  

Corollary 

(1) )( pCes is not rotund, see [5]. 

(2)     nn qpCes ,  is not rotund, see [13]. 

Finally, we get the following: 

Theorem (4): The space     nnn qpaCes ,),(  is a 

complete linear metric space with respect to the 

paranorm defined by  

M

n

p

k

k

kn

nn

n

xqaxg

1

0

12

2

1

)(



























  











. 

Proof: The proof of linearity of  

    nnn qpaCes ,),(  with respect to the coordinate 

wise addition and multiplication follows from the 

following inequalities which are satisfied for all 

    nnn qpaCesyx ,),(,   

M

n

p

k

k

kn

M

n

p

k

k

kn

M

n

p

kk

k

kn

nn
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nn
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nn
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yqaxqayxqa
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12
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1

0

12

2

111






















































































    



























           (5), and }||,1max{|| Mpn    for any 

 . 

We now verify that g(x) is a paranorm over the 

space     nnn qpaCes ,),( . In fact, 

(i) 0)( g  (obvious) 

(ii) )()( xgxg  ,     nnn qpaCesx ,),(   

(iii) )()()( ygxgyxg  , 

    nnn qpaCesyx ,),(,  , follows from the 

inequality (5). 
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(iv) Let )( mx  be any sequence in  

    nnn qpaCes ,),( such 

that 0)(  m

m xxg ; let )( m be any  

sequence in  such that 0||  m

m  , since 

)( xxxx mm     then we get 

 )()()( xxgxgxg mm  . Hence )}({ mxg is 

bounded and we have 

Mp

n k

mmknmm

nn

n

kxkxqaxxg

1

0

12

2

1

)()()(



























  













=

M

n

p

k

mmmkn

nn

n

kxkxkxqa

1

0

12

2

1

))()(())()((



























 











 , 

this tends to zero as m . 

The completeness of the space  

    nnn qpaCes ,),(  is a routine verification by  

using standard techniques as theorem (1).  
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Abstract: In this paper, we extend the class of sequence spaces of p-bounded variation pbv  introduced by  Altay 

and Başar [Ukrainian Math.J.55(1)(2003),136-147]; where  p1  to the space of all sequences )( kx such 

that


 01)( kkk xx belongs to the sequence space introduced by Nakano )( np  where )( np is a  sequence of 

positive numbers with 1np  ,we define a modular functional on this space  and show that when equipped with the 

Luxemburg norm is a Banach space and  locally uniformly rotund when 1np  n , therefore possessing H-

property and rotund . Finally we find Gurarii’s modulus of convexity for the space pbv . [Journal of American 

Science.2010;6(10):13-18]. (ISSN: 1545-1003). 

 Keywords: Gurarii’s modulus of convexity, H-property, R-property, convex modular, Luxemburg norm, locally 

uniformly rotund. 

. 

 

 

Introduction 

Let (X,||.||) be a real Banach space and let 

B(X) (respe. S(X)) be the closed unit ball (resp. unit 

sphere) of X. 

A point )(
0

XSx  is an H-point of B(X) if 

for any sequence )( nx in X such that 1|||| 


n
n

xLim , 

the weak convergence of 

 nx to 0x ) ( 0xx
W

write n   implies that 

0|||| 0 


xxLim n
n

 . If every point of S(X) is an 

H-point of B(X); then X is said to have H–property 

(Kadec-Klee). 

 A point )(XSx  is called an extreme 

point of B(X), if for any )(, XSzy  , the equality 

x=

2

zy 
 implies y=z. 

A Banach space X is said to be Rotund (R) if 

every point of S(X) is an extreme point of B(X). A 

point )(XSx  is called a locally uniformly 

rotund (LUR)-point, if for any sequence )( nx in 

B(X) such that 2|||| 


xxLim n
n

, there holds that 

 0|||| 


xxLim n
n

. If every point of S(X) is 

a LUR-point of B(X), then the space X is called 

locally uniformly rotund (LUR). It is known that if X 

is LUR, then it is rotund (R) and possesses property 

(H). However the converse of this last statement is 

not true in general. For these geometric notions and 

their role in mathematics we refer to the monographs 

[1], [2], [3], [4]. Some of these geometric properties 

were studied for orlicz spaces in [5], [6], [7], and [8]. 

By, we shall denote the space of all real or complex 

sequences and the set of natural numbers will denote 

by = {0,1,2,…}. 

For a real vector space X over the real  

Numbers a function ],0[: X is  

called a modular, if it satisfies the following 

conditions:  

(i) 00)(  xx  Xx , 

(ii) )()( xx   , for all  with 1 , 
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(iii) )()()( yxyx   , Xyx  , , 

;0,   1  . 

Further, the modular   is called convex if 

(iv) )()()( yxyx   Xyx  ,

;0,   1  . 

Let ||).||,(X be a normed linear space, 

consider Clarkson’s modulus of convexity 

(Clarkson[10] and Day [11]) defined by  

,||||),(,;
2

||||
1inf)(












  yxXSyx
yx

X

 where 20  . 

The inequality 0)(  X  for all 

]2,0( characterizes the uniformly convex spaces. 

In [12], Gurarii’s modulus of convexity is defined by 

 





||||),(,||;)1(||inf1inf)(
]1,0[

yxXSyxyxX

, where 20  . It is easily show that  

)(2)()(  XXX  for any 20  . 

 Also if ,1)(0  X Then X is uniformly 

convex, and if 1)( X , then X is strictly convex.  

The Nakano sequence space )(p is defined 

by

 ,0 tsome  )(:)()(  fortxmxxp k 

where 





1

||)(
k

p

k
kxxm  and )( kp  is a sequence 

of positive real numbers with 1kp  ,  k . 

The space )(p  is a Banach space with the 

norm








 1)(:0inf||||
t

x
mtx . 

If )( kpp  is bounded, we can simply write 

  


1

||:)(
k

P

k
kxxp  . 

Also, some geometric properties of )( p  

were studied in [1], [3]. 

The idea of difference sequence was first 

introduced by Kizmaz [13]. Write 1 kkk xxx  

for all k  with 01 x  and  :  be the 

difference operator defined by 

 


 01)( kkk xxx . 

 Definition: Let )( np be a sequence of 

positive real numbers with 1np , we define the 

following sequence space  

}0 somefor  ,x)(:x{ )(  p

, where 





0

||)(
k

P

k
kxx with the  

norm








 1)(:0inf||||
t

x
tx  . 

If )( np is bounded, we can simply write  






 
0

}||:{)(
k

P

k
kxxp  . The space 

)( p  is a paranormed space by the paranorm 

 
H

n

p

n
nxxg

1

0

||)( 







 





 , see [16], 

 where r
r

pH sup . Throughout this paper, the 

sequence  ) ( np is considered to be bounded  

with 1np   n , and let Hpr
r

sup . For any 

bounded sequence of positive numbers )( kp , we 

have  

)|||(|2|| 1 kkk p

k

p

k

Hp

kk baba  
, where 

 1kp  for all k . 

Taking  nPP   n , then pbvp  )( , see [9] 

 

Lemma 1: 

The functional  is convex modular on )( p . 

Proof: It can be proved with standard techniques in a 

similar way as in [14, 15] 

 

Lemma 2: 
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For )(px  , the modular )(on  p  satisfies 

the following properties: 

(i) If 0<r<1, then )(x
r

x
r H  








 and 

)()( xrrx   . 

(ii) If r>1, then 









r

x
rx H )( . 

(iii) If r≥1, then )()()( rxxrx   . 

Proof: It can be proved with standard techniques in a 

similar way as in [14, 15] 

Lemma 3: 

For any, )(px   the following assertions are 

satisfied: 

(i)  If 1|||| x , then ||||)( xx  . 

(ii) If 1|||| x , then ||||)( xx  . 

(iii) 1|||| x  If and only if 1)( x . 

(iv) If 10  r   and rx |||| , 

then
Hrx )( . 

(v) If 1r   and rx |||| , then 
Hrx )( . 

Proof : It can be proved with standard techniques in a 

similar way as in [14,15]. 

Lemma 4: 

Let )( nx  be a sequence in )( p  

(i) If 1|||| 


n
n

xLim , then 1)( 


n
n

xLim , 

(ii) if 0)( 


n
n

xLim , then 0|||| 


n
n

xLim . 

Proof :(i) Suppose that 1|||| 


n
n

xLim .Then for any 

)1,0( there exists no such that 

  1||||1 nx  0nn  . By lemma (3), 

H

n

H x )1()()1(    implies 

that 1)( 


n
n

xLim . 

(ii) If 0|||| 


n
n

xLim , then there is an )1,0( and a 

subsequence )(
knx such that 

H

nk
x ||||   k . 

This implies that 0)( 
 kn

n
xLim and 

hence 0)( 


n
n

xLim . 

 

Main results 

Theorem1: )( p  is a Banach space with respect to 

Luxemburg norm defined by 

















 1:0inf||||




x
x . 

Proof: Let ,...2,1,0,))(( 1  

 nkxx knn  be a 

Cauchy sequence in )( p is convergent according 

to the Luxemburg norm. Thus  )1,0(   no such 

that 
H

mn xx  ||||  0, nnm  . By Lemma 3(i) 

we obtain  

H

mnmn xxxx   ||||)(   0, nnm  .                                                               

(1) That is 

H

r

P

mn
rrxrx 



0

|)()(|  0, nnm  . For 

fixed r we get that  

 |)()(| rxrx mn  0, nnm  , and the 

sequence ))(( kxm is a Cauchy sequence of real 

numbers. Let )()( kxLimkx m
m 

 , then  

)()( rxrxLim m
m




. Therefore, 

 
H

r

P

n
rrxrx 



0

|)()(|  0nn  . That  

is xxLimxx n
n

H

n 


 )( . 

By the following calculations, we obtain that 

 
r

r

P

r

nn

r

P
rxrxrxrx 










00

|)(||)()(||)(|









 











00

1

|)(||)()(|2
r

P

n

r

P

n

H
rr rxrxrx <

 , we see that the sequence nx converges to 

 ))(( kxx )( p .This completes the proof of 

theorem. 
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Theorem2:   

Let ))(()( pBxn   and ))(()( pByn   

If 1
2








 



nn

n

yx
Lim  , then  

  0)()( 


kykxLim nn
n

 , for all k . 

proof: See   [15 Proposition2.6]. 

Theorem3: Let ))(()( pBxm    

If 1
2








 



xx
Lim n

n
  , then 

)()( kxkxLim n
n




, k . 

Proof: 

For each mk,  , let 

ifkxkxkS mm )()(sgn()(   

0)()(  kxkxm , and ifkSm 1)(   

0)()(  kxkxm  

, hence we have 
















 


0

|
2

)()(
|

2
1

k

pmm

n

k
kxkxxx

Lim = 

nP

k

m
m

m

kx
kS

kx
kS












 




0 2

)(
)(

2

)(
)(                                                                          

(2) 

Let )(km = )()( kxkS mm    

and )(km = )()( kxkSm  ,  nm,     

Then )()(),( pmm  and from (2) we 

have 1
2








 



mm

m
Lim


 .From Theorem (2), we 

have   0)()( 


kkLim mm
m

       (3), for all 

k . Now we shall prove that 

)()( kxkxLim m
m




, k . From (3) we have at 

0k that 

  0)0()0()0()0( 


xsxsLim mmm
m

 .This 

implies that  )0()0( xxLim m
m




 . 

Assume that )()( kxkxLim m
m




,  1 nk . 

Then we get  

  0))()()(( 


kxkxksLim mm
m

 1 nk , 

since 

  





1

0

))()()(()()())()()((
n

k

mmmmmm kxkxksnnnxnxns 

. (4) 

It follows that from   (3) and (4) that 

0))()()((  nxnxns mm as m . 

This implies )()( kxkxLim m
m




 k , also 

we get )()( kxkxLim m
m




.  

Theorem4:  The space )( p  is LUR. 

Proof: Let ))(()( pBxn    and 

))(())(( 0 pSrxx r 



   be such that 

1||
2

|| 




xx
Lim n

n
 , by lemma (4-i) we have 

1)
2

( 




xx
Lim n

n
  , by theorem (3) we have 

)()( ixixLim n
n




 ,   i , for 0  since 






rP

r

rxx )|)((|)(
0

 , 0r  such that 

)2(3
)|)((|

1
10







 H

P

rr

rrx


    .                                                                               

(5) 

Since 

rr P
r

r

P
r

r

nn
n

rxxrxxLim )|)((|)()|)((|)(
00

00
















 

, and )()( rxrxLim n
n




 ,  

 r  there exists 0n , 

such that  

)2(3
|))((|)|)((|

11 00

H
rr

PP

rr

n
rr rxrx


 









                                             

(6) 
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 0nn  , since )()( rxrxLim n
n




 .Since   is 

continuous operator we get  

 |)()(| rxrxn , 0nn  .As a result 

  0nn  , we have  

3
)|)()((|

0

0






rP
r

r

n rxrx                                                                                     

(7). Then, from (5), (6) and (7) it follows 

 that 0nn  , we have 

 

rP

r

nn rxrxxx 





0

|)()(|)( =







10 0

0

|))()((|)|)()((|
rr

P

n

P
r

r

n
rr rxrxrxrx









  







1 10 0

|)(||)(|2
3 rr rr

P

n

PH rr rxrx










 



 10
)2(3

|)(|22
3 rr

M

PH rrx






333
, this shows that  

0)( 


xxLim n
n

  .Hence by lemma 4 (ii), we 

have 0|||| 


xxLim n
n

. 

Theorem5: Guarii’s modulus of convexity for the 

normed space  

pbv , 1p is
pp

bvp

1

))
2

(1(1)(


  where 

20  . 

Proof: For pbvx , we get that  

 
k

pp

kbv xxx
pp

1

)||(||||||||  , and  

20   , Consider the two Sequences 

 ,...)0,0,0),
2

(,))
2

(1(( 1

1

1    ppx and 

 ,...)0,0,0),
2

(,))
2

(1(( 1

1

1  
  ppy  , we get 

that  

,...)0,0,0),
2

(,))
2

(1((

1
 ppx  , and  

,...)0,0,0),
2

(,))
2

(1((

1
 

 ppy . 

Since 1)
2

()
2

(1||||||||  pppp

bv pp
xx


 ,  

then )( pbvSx and

1|)
2

(|)
2

(1|||||||| 


 pppp

bv pp
yy


 , then 

)( pbvSy  

and  
pp

yxyx bv |||||||| , since 

 pbvyx ||)1(||inf 10   

 p
yx ||)1(||inf 10   

ppppppp

111

10 ]|)
2

)(1()
2

(||))
2

(1)(1())
2

(1([|inf











 

pppp

1

10 ])
2

(|12|))
2

(1[(inf





    

pp

1

])
2

(1[


 , 

Consequently for 1p , we get  

pp

bvp

1

))
2

(1(1)(


  . 

Corollary  

(i) If 2 , then 1
pbv , hence 

pbv is strictly convex, 

(ii) if 20  , then 1)(0  
pbv , 

and hence pbv  is uniformly convex, 

(iii) if 
2

1
 , then )()( 

pp bvbv  . 
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Abstract: In this paper, we define the sequence space     nnn qpa ,),(  to be consisting of all sequences


0)( kkx  

for which 


 01)( kkk xx  belongs to the sequence space )](),(),[( nnn qpa  introduced by Altay and Başar [7]. We 

also define a modular functional on this space and show that it is a complete paranomed space, and when equipped with 

the Luxemburg norm is a Banach space, possessing H-property, and it is locally uniformly rotund (LUR) when 1np , 
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Introduction 

Let (X, ||.||) be a real Banach space and let 

B(X) (respe. S(X)) be the closed unit ball (resp. unit 

sphere) of X. 

A point )(
0

XSx  is an H-point of B(X) if 

for any sequence )( nx in X such that 1|||| 


n
n

xLim  

,the weak convergence of  

nx to 0x ) ( 0xx
W

write n   implies  

that 0|||| 0 


xxLim n
n

 .If every point of 

S(X) is an H-point of B(X); then X is said to have H–

property (Kadec-Klee).Shortly; X is said to have the 

property (H), if for any sequence on the unit sphere 

of X, weak convergence coincides norm 

convergence. 

A point )(XSx  is an extreme point of 

B(X), if for any )(, XSzy  , the equality 

x=

2

zy 
 implies y=z. 

A Banach space X is said to be Rotund (R) if 

for every point of S(X) is an extreme point of B(X). 

A point )(XSx  is a locally uniformly 

rotund (LUR-point) if for any sequence )( nx in B(X) 

such that 2|||| 


xxLim n
n

, there holds 

 that 0|||| 


xxLim n
n

, if every point of 

S(X) is a LUR-point of B(X), then X is called locally 

uniformly rotund (LUR). It is known if X is LUR, 

then it is (R) and posses property (H). However 

converse of this last statement is not true in general. 

By, we shall denote the space of all real or complex 

sequences and the set of natural numbers will denote 

by = {0,1,2,…}. 

A linear topological space X over the real field 

 is said to be a  

Paranormed space if there is a sub additive 

function Xg :  such that 0)( g ,  

)()( xgxg   and for any sequence  

)( nx   in X  such that 0)( 


xxgLim n
n

, and any 

sequence )( n   in  such that 0|| 


n
n
Lim , 

we get 0)( 


xxgLim nn
n

  .For these geometric  

notions and their role in mathematics we refer 

to the monographs [1], [2], [3], [4], and [5]. Some of 

mailto:awad_bakery@yahoo.com
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these geometric properties were studied for orlicz 

spaces in [9], [10], [11], and [12]. 

For a real vector space X, a function 

],0[: X is called a modular, if it satisfies the 

following conditions:  

(i) 00)(  xx , Xx , 

(ii) )()( xx   , for all 

with 1 , 

(iii) )()()( yxyx    

, Xyx  , ;0,   1  . 

Further, the modular   is called convex if 

(iv) )()()( yxyx   ,

Xyx  , , ;0,   1  .By using the 

sequence space defined in [6], Altay and Başar [7] 

defined the sequence space 

)](),(),[( nnn qpa as )](),(),[( nnn qpa =









 






n

k

p

kk

n

n
nxqax

00

)(: . They also 

showed that the space )](),(),[( nnn qpa is a 

complete linear metric space paranormed 

by

M

n

p

k

n

k

kn

n

xqaxg

1

0 0

||)(





















  



 

also 

V.Karakaya and N.Şimşek [8] proved that this space 

is a Banach space and posses Kadec-Klee (H). 

The idea of difference sequence was first 

introduced by Kizmaz [14]. Write 1 kkk xxx  

for all k  and  :  be the difference 

operator defined by 

 


 01)( kkk xxx , with 01 x . 

We now introduce a generalized modular 

difference sequence space defined by weighted 

means  

Definition: let )(),( nn qa and )( np be sequences of 

positive real numbers we define the 

space  0  ,)(:))(),(),((   xxqpa nnn , 

where

nP

n

n

k

kkn xqax  


 











0 0

||)( .And the 

Luxemburg norm on the sequence space  

)](),(),[( nnn qpa is defined as follows: 









 1)(:0inf||||



x

x , 

 ))(),(),(( nnn qpax   . In the case 

when the sequence )( np is bounded we can simply 

write ))(),(),(( nnn qpa =









 






n

k

p

kk

n

n
nxqax

00

)(: . 

Throughout this paper, the sequence  ) ( np is 

considered to be bounded with 1np  n  and 

let Hpr
r

sup . For any bounded sequence of 

positive numbers )( kp , we have  

)|||(|2|| 1 kkk p

k

p

k

Hp

kk baba  
, 

where 1kp   k . 

Lemma (1): 

The functional  is convex modular 

on )](),(),[( nnn qpa . 

Proof: It can be proved with standard techniques in a 

similar way as in [5, 15] 

Lemma (2): 

For any )](),(),[( nnn qpax  , the functional 

)](),(),[(on  nnn qpa  satisfies the following 

properties: 

(i) If 0<r<1, then )(x
r

x
r H  








 and 

)()( xrrx   . 

(ii) If r>1, then 









r

x
rx H )( . 

(iii) If r≥1, then )()()( rxxrx   . 

Proof: It can be proved with standard techniques in a 

similar way as in [5, 15]. 

Lemma (3): 

For any )](),(),[( nnn qpax  , the following 

assertions are satisfied: 
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(i)  If 1|||| x , then ||||)( xx  , 

(ii) if 1|||| x , then ||||)( xx  , 

(iii) 1|||| x  if and only if 1)( x , 

(iv) if 10  r   and rx |||| , then
Hrx )( , 

(v) if 1r   and rx |||| , then
Hrx )( . 

Proof: It can be proved with standard techniques in a 

similar way as in [5, 15]. 

Lemma (4): 

Let )( nx  be a sequence in )](),(),[( nnn qpa , 

(i) if 1|||| 


n
n

xLim , then 1)( 


n
n

xLim , 

(ii) if 0)( 


n
n

xLim , then 0|||| 


n
n

xLim . 

Proof: 

(i) Suppose that 1|||| 


n
n

xLim .Then for any 

)1,0( there exists no such that 

  1||||1 nx  0nn  . By lemma (3), 

H

n

H x )1()()1(    implies that 

1)( 


n
n

xLim . 

(ii) If 0|||| 


n
n

xLim , then there is an )1,0( and 

a subsequence )(
knx such that 

 
H

nk
x ||||   k . This implies that 

0)( 
 kn

n
xLim and hence 0)( 


n

n
xLim . 

 

Main results 

Theorem (1):     nnn qpa ,),(  is a Banach 

space with respect to the Luxemburg   norm defined 

by

















 1:0inf||||




x
x . 

Proof: Let ,...2,1,0,))((  

 nkxx oknn  be a 

Cauchy sequence in     nnn qpa ,),(  according 

to the Luxemburg norm. Thus  )1,0(   no such 

that 
H

mn xx  ||||  0, nnm  . By the lemma 

3(i) we obtain. 

H

mn

mn xxxx   ||||)( ,     (1)                                                                                           

 0, nnm  . That is  

 
H

P

r

mn

r

k

kr

r

kxkxqa 







 



 0 0

|)()(|  

 0, nnm  . For fixed k we get that 

 |)()(| kxkx mn  and the sequence  

))(( kxn is a Cauchy sequence of real numbers. Let 

)()( kxLimkx n
n




, then from inequality (1), we 

can write 

H

P

r

r

k

nkn

r

kxkxqa 







 



 0 0

|)()(| , 

 0nn   . 

That is,   xxLimxx n
n

H

n 


 )(  . 

By the following calculations, 

rr
P

r

r

k

nk

r

k

nkr

P

r

r

k

kr kxqkxkxqakxqa   


 



 





























0 000 0

|)(||)()(||)(|

 













































   



 



 



0 00 0

1

|)(||)()(|2
r

P
r

k

nkr

P

r

r

k

nkr

H rr

kxqakxkxqa

 . 

we see that the sequence nx converges to  

 ))(( kxx     nnn qpa ,),(  .This completes 

the proof. 

. 

Theorem(2)  Let ))(()( pBxn  and 

)(()( pByn  . If 1
2








 



nn

n

yx
Lim  , then  

  0)()( 


kykxLim nn
n

 , for all k . 

Proof: See   [15Proposition 2.6] 

Theorem(3): Let 

)](),(),[(( nnnm qpaBx   , m . 
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If 1
2








 



xx
Lim n

n
  , then 

)()( kxkxLim n
n




, k . 

Proof: 

For each m  and k , let 



 






))()(sgn(

1

0)()(

0)()(

kxkmx
S

kxkxIf

kxkxIf

m

k

m

m

. 

Hence we have 






 


 2
1

xx
Lim m

m
  








 
 



 

nP

n

n

k

m
kn

kxkx
qa

0 0

|
2

)()(
|

nP

n

n

k

n

k

m

kkn
mm

kkn

kx
Sqa

kx
Sqa  



  








 




0 0 0 2

)(
.

2

)(
.

. (2) 

Let 
m

n = 



n

k

m

m

kkn kxSqa
0

)(.     

and
m

n = 



n

k

m

kkn kxSqa
0

)(.      

 nm, , 

then )(),(),[()(),( nnn

mm qpa and from (2) 

we have 

1
2








 



mm

m
Lim


  .From Theorem (4) we 

have 

  0


m

k

m

k
n
Lim   , k .       (3) 

 Now we shall prove 

that )()( kxkxLim m
m




, k . From (3) at 

0k    we have 

  0)0()0( 00 


m

m

m

m

m
xsxsLim .This implies 

that )0()0( xxLim m
m




. 

Assume that )()( kxkxLim m
m




, 1 nk . Then 

we have 

0))()(( 


kxkxsLim m

m

k
m

, for all 1 nk  

  





1

0

))()((
1

))()((
n

k

m

m

kk

m

n

m

n

n

mn

m

n kxkxsq
a

kxkxqs 

.                                   (4) 

It follows that from   (3) and (4) that  

0))()(( 


kxkxqsLim mn

m

n
m

.This implies 

)()( kxkxLim m
m




  ,  k .  

Theorem (4):  The space )](),(),[( nnn qpa   is 

LUR. 

Proof: 

Let )])(),(),[(()( nnnn qpaBx    

and )])(),(),[(( nnn qpaSx    be such that 

1||
2

|| 




xx
Lim n

n
.By lemma (4-i) we have 

1)
2

( 




xx
Lim n

m
  .Since 

  






rP
r

k

k

r

r kxqax )|)(|()(
00

 , then for 

0 , there exists 0r such that    

)2(3
)|)(|(

1
010








 H

P
r

k

k

rr

r
rkxqa


 .                                                                         

(5)          

Since 

rr P
r

k

k

r

r

r

P
r

k

nk

r

r

rn
n

kxqaxkxqaxLim )|)(|()()|)(|()(
0000

00














 

, and )()( kxkxLim n
n




 k ,  0n  such 

that 

 
)2(3

|))(|()|)(|(
1 001 00

H
rr

P
r

k

kr

P
r

k

nk

rr

r
rr kxqakxqa


  



 





(6)                                    

 0nn  , since )()( kxkxLim n
n




, since  is 

 Continuous operator Hence  0nn   we have 

 |)()(| kxkxn .As a result 0nn  , we 

get 
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3
)|)()(|(

00

0 




rP
r

k

nk

r

r

r kxkxqa .    (7) 

Then from (5), (6) and(7)it follows that  0nn  ,we 

have 

                                                                                                                    

rP

r

r

k

nkrn kxkxqaxx  


 











0 0

|)()(|)(

=  


 


1 000 0

0

)|)()(|()|)()(|(
rr

P
r

k

nkr

P
r

k

nk

r

r

r
rr kxkxqakxkxqa  































   







 

r
r

P

rr rr

r

k

kr

P
r

k

nkr

H kxqakxqa
1 1 000 0

|)(||)(|2
3



 

<























  



 1 00
)2(3

|)(|22
3 rr

H

P
r

k

kr

H

r

kxqa






333
. 

This shows that 0)( 


xxLim n
n

  . Hence by  

lemma 4 (ii), we have 0|||| 


xxLim n
n

 , the space 

)](),(),[( nnn qpa  is LUR. 

 

Theorem (5): The space     nnn qpa ,),(  is a 

complete linear metric space with respect to the 

paranorm defined by  

H

n

p

k

n

k

kn

n

xqaxg

1

0 0

||)(





















  



 

. 

Proof: The proof of linearity of  

    nnn qpa ,),(  with respect to the coordinate 

wise addition and multiplication follows from the 

following inequalities which are satisfied for all 

    nnn qpayx ,),(,    























 



 

H

n

p

kk

n

k

kn

n

yxqa

1

0 0























 



 

H

n

p

k

n

k

kn

n

xqa

1

0 0

H

n

p

k

n

k

kn

n

yqa

1

0 0 




















  



 

(8), 

and }||,1max{|| Hpn    for any  . We 

now verify that g(x) is a paranorm over the 

space     nnn qpa ,),( .In fact, 

(i) 0)( g  (Clearly), 

(ii) )()( xgxg  ,     nnn qpax ,),(  ,  

(iii) )()()( ygxgyxg  ,

    nnn qpayx ,),(,   , follows from the 

inequality (8). 

(iv)Let )( mx  be any sequence in  

    nnn qpa ,),(    such that 

0)( 


xxgLim m
n

 ; let )( m be any sequence in 

 such that 

0|| 


m
m
Lim , since )( xxxx mm     

then we get )()()( xxgxgxg mm  . 

Hence )}({ mxg is bounded and we have 























  



 

Hp

n

n

k

mmknmm

n

kxkxqaxxg

1

0 0

)()()( 

H

n

p
n

k

mmmkn

n

kxkxkxqa

1

0 0

))()(())()((





















 



 



, this tends to zero as m . 

 The completence of the space     nnn qpa ,),(  

is a routine verification by using standard techniques 

as theorem (1). 
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Introduction 

Orlicz [9] used the idea of Orlicz function to 

construct the space )( ML . 

 Lindentrauss and Tzafriri [5] investigated 

Orlicz sequence spaces in more detail, and they 

proved that every Orlicz sequence space M contains 

a subspace isomorphic to )1(  pp . 

Subsequently different classes of sequence 

spaces defined by Parashar and Ghoudhary [10], 

Murasaleen et al. [6] Bekats and Altin [1], Tripathy et 

al. [14], Rao and Subramanian [2] and many others. 

The Orlicz sequence spaces are the special cases of 

Orlicz spaces studied in Ref [3]. 

Recall ([3],[9]) an Orlicz function is a function 

),0[),0[: M  which is continuous, non-

decreasing and convex with 0)0( M ,  

0)( xM for 0x and  

  xas  )(xM . 

If convexity of Orlicz function M is replaced 

by )()()( yMxMyxM  then this 

function is called modulus function, introduced by 

Nakano [8] and further discussed by Ruckle [12] and 

Maddox [7]. By , we denote the space of all real or 

complex sequences. The sets of natural numbers and 

real numbers will denoted by = {1,2,3, …}  

respectively. 

Lindentrauss and Tzafriri [5] used the idea of 

Orlicz function to construct Orlicz sequence 

space
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omes a Banach space which is called Orlicz sequence 

space. For 
p)M( tt  ,  p1 , the space M  

coincide with the classical sequence space p . A 

linear topological space X over the real field  is said 

to be a paranormed space if there is a sub additive 

function Xg :  such that 0)( g , 

)()( xgxg   and for any sequence  )( nx   in X  

such that 0)(  n

n xxg , and any sequence 

)( n   in  such that 0||  n

n  , we get 

0)(  n

nn xxg   . 
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The idea of difference sequence was first 

introduced by Kizmaz [4] write  

1 kkk xxx for k=1,2,3, …. Let  denote 

the set of all real or complex sequences,  :  

be the difference defined by 


 1k)( kxx , and 

),0[),0[: M  be an Orlicz function; or a 

modulus function. 

Let  be the sequence of absolutely convergent 

series. Define a sequence space 

   xxx k :)()( . 

The sequence space  
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becomes a Banach space which is called an Orlicz 

difference sequence space )(M , see [13]. 

The Cesaro-Orlicz sequence space MCes generated 

by Orlicz function M is defined by  
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Is a Banach space (see [11]).We define the 

following sequence space 
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Theorem(1): 

)(MCes Is a Banach space with the norm 
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Let 
)(ix be any Cauchy sequence in  

)(MCes , where  
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Taking infimum of such  ’s we get 
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Theorem(2): MCesCes MM ),(  is a modulus 

function. 
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Paranormed sequence spaces: 

Let )( npp  be any sequence of positive real 

numbers. Then in the same way we can also define 

the following sequence space  
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Note: If ppn  , for all n , then  

)(),(  MM CespCes . 

 

Theorem(3): ),( pCesM   is a complete 

 paranormed space with 
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continuous it follows that ),( pCesx M  , then the 

proof is complete. 

 

Theorem(4):   Let  nn qp0 n  , 

Then ),(),( qCespCes MM   
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Theorem(5): 

(a) Let 1inf0  nn pp n . Then 
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Theorem (6): Let nn qp 0 and 
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Proof: Let ),( qCesx M   

(i.e.) 
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.Then ),(),( pCesqCes MM  . 

Theorem(7): ),( pCesM  is a linear set over the set 

of complex numbers. 

Proof: is easy so omitted. 
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Abstract: Salmonella is widely distributed in cattle in different countries and it is considered the most important 
related zoontic diseases today which have a public health and economic importance. A total of 298 faecal samples 
were collected from dairy cows and calves from suez canal area. All samples were subjected to bacteriological 
examination. Eighteen Salmonella strains were serologically identified using specific antisera. All Salmonella 
strains were examined using polymerase chain reaction DNA was extracted from Salmonella strains , Two 
oligonucleotide primers were used for detection of Salmonella invA gene .Thirty PCR cycles were performed with 
56oC annealing temperature .PCR products were examined using Agarose gel electrophoresis 2%  Agarose in TBE 
which revealed single 243 base pair amplified DNA fragment. [Journal of American Science. 2010;6(10):31-37]. 
(ISSN: 1545-1003).  
 
Keywords: Detection; Salmonella; Dairy Cows; Polymerase Chain Reaction 

 

1. Introduction 

Salmonella is found worldwide in cattle and 
is considered the most important animal related 
zoontic diseases today Anderson et. al (1999). 

 Salmonella is endemic in many intensive 
dairy farms however outbreaks of disease are 
relatively infrequent and typically reflect a 
combination of environmental conditions and 
management House and Smith et. al (2004).                                                                 

Traditional laboratory culture techniques 
consume long time before getting a positive or 
negative result. Molecular techniques using genetic 
probes and polymerase chain reaction give rapid, 
sensitive and specific detection of pathogens in the 
environment Jose phson et. al. (1991). 

Microbiological culture of faecal samples 
was preferable than rectal swap culturing particularly 
in the latent infections Bager and Baggesen et. al. 
(1993) 

Dairy cows may serve as asymptomatic 
carriers of Salmonella. The potential herd carrier 
status increases with herd size and Salmonella 
shedding may be triggered by stresses placed on the 
animals. Hume et. al.(2004)   

Detection of Salmonella serovars in clinical 
samples from pigs, horses and cattle by polymerase 
chain reaction is more rapidly than conventional 
culture techniques, the sensitivity and specificity of 
this assay were 100% compared with culture 
techniques. The method could be applied for rapid 
routine diagnosis Stone et. al. (1994). 

Salmonella organisms were screened in 
poultry faecal samples using a20 –h real time PCR, 
The test supplies the growing demand for validated 
diagnostic PCR methods for screening of samples in 
meat production chain to assure safe food Lofstrom 
et. al. (2010).  The objectives of this study are 
isolation and typing of Salmonella organisms using 
different bacteriological methods and identification 
of Salmonella using polymerase chain reaction.  
 
2. Material and Methods  

1- Samples: 

 Twenty seven Salmonella strains were 
isolated and identified serologically from 298 fecal 
samples collected from dairy cows 173 apparently 
healthy dairy cows, 68 diarrheic dairy cows, 24 
apparently healthy calves and 15 diarrheic calves 
with age over one month from Suez Canal area. 
Salmonella strains were subjected for molecular 
characterization using polymerase chain reaction. 
Cruickshank et. al. (1975), Kauffman, (1974) and 
Edwards and Ewing (1972). 

2- DNA extraction 

 Salmonella strains were cultivated onto 
Luria Bertani (LB) agar for 24 hours at 37oc then 
extraction of DNA was done according to Sambrook 
et. al. (1989). 

3-Primers: 

Two 24-mers oligonucleotides primers as mentioned 
in Table (2) were obtained from (MWG Biotech AG, 
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Germany) were used as pooling primers for Salmonella invA gene. 

Oligo 
Name 

Oligo 
number 

Primers sequence (5 – 3) length 
Melting 

point 
GC % 

A1 
70425X137F

03 23/30 
5 ACA GTG CTC GTT TAC GAC CTG AAT- 3 24 64.0 45.8 % 

A2 
70425X137F

04 24/30 
5 AGA CGA CTG GTA CTG ATC GAT AAT- 3 24 62.0 41.7 % 

 

4- Polymerase chain reaction 

 Amplification program is performed 
according to Singer et. al. (2006)    PCR was carried 
out in 25 ul reaction volumes 12.5 ul 2×  PCR master 
mix  0.47 ul inv A 1 (inv A1 0.47 ul (0.3 uM)), 0.48 
ul inv A2 inv A 0.48 ul (0.3uM), and 1.7 ul NA 
template c1 ug, . The reaction was completed upto 25 
ul with distilled water. 

The PCR system was programmed to 5 min for 
denaturation at 94oC, 30 cycles of denaturation at 
94oC for 30 sec, Annealing at 56oc for 30 sec and 
extension at 72oC for 2min. after completion of the 

final cycle, the reaction was held at 72oc for 7 min 
then stored at 4oc. 

5- Agarose gel electrophoresis 

 was done according to Sambrook et. al. 
(1989). PCR products were electrophoreses at 2% 
(wt/ vol) agarose and 0.5 ug of ethidium bromide 
(Sigma) permlin TBE buffer. The samples were 
electrophorsed at 85 volt for 1.5 to 1.8 hour. A300 
nm uv transillumination was used to detect. The 
bands which were then photographed with a Polaroid 
camera. 
 
3. Results and Discussion 

 

Table (1): Number and percentage of Salmonellae isolates in dairy cows according to biochemical 
identification: 

Positive faecal samples Negative faecal samples 
Animal Total no. 

No. % No. % 

Apparently healthy 
dairy cows 

173 12 6.9 % 161 93 % 

Diarrheic dairy cows 86 10 11.6% 76 88 % 

Total 259 22 8.5% 237 91.5 % 

 

Table (2): Number of Salmonella isolates in calves according to biochemical identification: 

Positive faecal samples Negative faecal samples 
Animal Total no. 

No. % No. % 

Apparently healthy 
calves 

24 6 25 % 18 75 % 

Diarrheic calves 15 8 53 % 7 47 % 

Total 39 14 35.9% 25 64.1 % 
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Table (3): Serological diagnosis of Salmonella in cultural and biochemical positive samples in dairy cows: 

*% was calculated upon the no. of positive biochemical isolates 

Positive faecal samples 
Negative  serology 

samples 
Animal No. of positive samples 

No. % No. % 

Apparently healthy 
dairy cows  

12 3 25 % 9 75 % 

Diarrheic dairy cows  10 6 60 % 4 40 % 

Total 22 9 40.9 % 13 59 % 

 

Table (4):Serological diagnosis of Salmonella in cultural and biochemical positive samples in calves: 

*% was calculated upon the No. of positive biochemical isolates. 

Positive serology 
samples 

Negative  serology 
samples 

Animal status 
No. of 

positive 
samples 

No. %* No. %* 

Apparently healthy 
calves 

6 2 33.3% 4 66.6 % 

Diarrheic calves 8 7 87.5% 1 12.5 % 

Total 14 9 64.3% 5 35.7 % 

Table (5): The prevalence of Salmonella serovars among dairy cows and calves: 

Animal status Salmonella spp. No. % 

Apparently healthy dairy 
cows  (173) 

serovar  Dublin  

serovar Typhimurium 

2 

1 

1.2 % 

0.6 % 

Diarrheic dairy cows 
(86) 

Subsp. III arizona serovar 
Typhimurium 

4 

2 

4.7 % 

2.3 % 

Apparently healthy 
calves (24) 

Subsp. III arizona serovar 
Typhimurium 

1 

1 

4.2 % 

4.2 % 

Diarrheic calves (15) 
Subsp. III arizona serovar 

Typhimurium  serovar 
Newport 

1 

3 

3 

6.7 % 

20 % 

20 % 

Total (298) - 18/298 6.2 % 
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 Photo (1): PCR detection of serologically positive 
Salmonella isolates using invA primer. 

 

Lane 1: marker DNA. 

Lane 2: control +ve. (243bp) 

Lane 3: control –ve . 

Lane 4 – 12: +ve PCR product 

 
Photo (2): PCR detection of serologically negative 
Salmonella isolates using invA primer. 

 

Lane 1 : DNA marker 

Lane 2 : control + ve 

Lane 3 : control – ve 

Lane 4,6,7,9 and 12 + ve PCR products 

Lane 5,8,10 and 11: - ve PCR products 

In this study the percentage of Salmonella 
isolated from diarrheic cattle was 11.6% (Table 1). 
These results nearly agree with Kim-YongHwan et 
al. (2000) that isolated Salmonella spp. with percent 
of (8.7 %) from faecal samples of dairy cows and 
disagree with Sato et al. (2001) who isolated 
Salmonella ssp. at higher rate reach (43. 8 %) from 
diarrheic dairy cows and Murinda et al. (2002) 
isolated Salmonella spp. with percent of (25.3 %). 

Concerning the total percentage of 
Salmonella isolated from apparently healthy calves, it 

was 25% (Table 2). These results disagree with Acha 
et al. (2004) who isolated Salmonella spp. with 
percentage of (2 %). 

In diarrheic calves the prevalence of 
Salmonella was 53% (Table 2). These results were 
nearly agreed with Vena et al. (1984) isolated 
Salmonella with percent of (30 %); Kaura (1990) 
who stated that diarrhea more prevalent in winter 
than in summer (48.57 %)   and Tanios et al. (1999) 
who isolated Salmonella spp. with an incidence rate 
of (34 – 85 %) and disagree with Sato et al. (1993) 
who recorded a relatively small scale outbreaks of S. 
dublin infection occurred repeatedly in these years 
(1989 to 1991); Hoda (1994) isolated Salmonella in 
lower rate (9.4 %) from faecal swabs of diarrheic 
claves  and Aydin et al. (2001) who isolated  1 
Salmonella typhimurium strain (0.99%) on contrary  
isolated other  pathogenic bacteria and parasite (93 
Escherichia coli (92.07%), 2 Campylobacter jejuni 
(1.98%),) 6 Eimeria spp. (5.94%), 10 Toxocara 
vitolorum (9.90%) and 6 Cryptosporidium spp. 
(5.94%)) of faecal specimens from diarrheic calves. 

These variations in prevalence of Salmonella 
in apparently healthy and diarrheic dairy cows and 
calves may be attributed to the management and the 
environment and the immune status of affected 
animals (House et al., 2003). 

Concerning the serotyping of Salmonella 
isolates from dairy cows and calves (Table 5 ) it was 
appear that Salmonella enterica subsp. enterica 
serovar Typhimurium considered the major cause of 
Salmonella infection among the dairy cows and 
calves and this result was agree with Farid et al. 
(1987) who recovered 25 Salmonella strains out of 
600 samples and typed as Salmonella typhimurium 
with presence of other serotypes (Salmonella dublin, 
Salmonella bovismorbificans, Salmonella reading, 
Salmonella derby and Salmonella enteritidis) but 
those strains were not isolated at this study except 
Salmonella dublin which isolated from apparently 
dairy cows; Ahmed et al. (1989) also serotyped 
Salmonella typhimurium from apparently healthy 
calves; McLaren and Wray, (1991) serotyped  
Salmonella typhimurium which was the commonest 
cause of salmonellosis in calves ranging from 4 
months to two years in 5 calf farms and Salmonella 
persisted in the farm for years; Riad et al. (1998) who 
isolated Salmonella typhimurium in a percentage of 
(18. 2 %) by bacteriological examination of 66 faecal 
samples collected from calves suffered from watery 
diarrhea; Pasmans et al. (2000) isolated Salmonella 
serotype Typhimurium. Seven out of 8 phage-typed 
Typhimurium strains belonged to phage type DT104 
and Veling et al. (2002) who reported 47 case farms 
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experienced a clinical outbreak of salmonellosis 
which was confirmed with a positive bacteriologic 
culture for serovar Typhimurium in one or more 
samples. Serovar Typhimurium phage type 401 and 
506 (definitive type 104, DT104) were the most 
frequently isolated phage types (13 isolates). On most 
farms (66%), clinical signs were seen only among 
adult cows.  

Because multiple serotypes of Salmonellae 
which cause disease, genus specific identification is 
useful for diagnosis and prevention of salmonellosis. 
Using developed oligonucleotide primers for the 
polymerase chain reaction that enable genus specific 
detection of members of the genus Salmonella but not 
other bacteria (Cohen, et al. 1995). 

It is recorded that traditional laboratory 
techniques take long time from days to weeks before 
getting positive or negative results, molecular 
techniques as DNA probes and PCR provide rapid , 
sensitive and specific detection of pathogens 
(Josephson et al. 1991) . 

The ability of Salmonella specific primers to 
detect Salmonella species rapidly and accurately is 
primarily due to the primer sequences that are 
selected from the gene invA of serovar Typhimurium. 
The invA gene code for protein is found in inner 
membrane of bacteria, which is necessary for 
invasion to epithelial cells (Salehi et al., 2005).  

Our finding of using PCR as technique for 
diagnosis of Salmonella it was found that all PCR 
products of isolates include positive control, screened 
by PCR, resulted in 243bp amplified fragment. No 
amplified DNA fragments were obtained from non-
Salmonella species (Photos 1 and 2).These results 
agree with ( Stone et al.,1994) who stated that 
detection of Salmonella serovars in clinical samples 
from cattle by PCR gives more rapidly than with 
conventional culture techniques. The sensitivity and 
specificity of PCR results were 100 % and can be 
applied for routine diagnosis.    

Photo 2 reveals that non serologically 
identified Salmonella isolates can be detected using 
PCR. This result may be attributed to the presence of 
rough mutant strains which lack the specific side 
chains responsible for O specificity and some of them 
have additional abnormalities of the core structure 
(Topley and Wilson’s, 1990). It was found that the 
PCR is relatively rapid and highly sensitive (Singer et 
al., 2006). 
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Abstract: Cultivation of Spirulina platensis under salt stress conditions (0.02 (control), 0.04 and 0.08 M NaCl) led 
to a remarkable alteration of algal metabolism as well as an enhancement or induction of biologically active 
compounds concerning algal growth, salt stress caused a decrease in dry weight, chlorophyll a content as well as 
certain xanthophylls (neoxanthin and violaxanthin) while β-carotene production was stimulated especially at higher 
salt concentrations. Biochemical analysis of salt stressed alga revealed that lipid content was slightly increased 
together with certain saturated and unsaturated fatty acids espcially the polyunsaturated ones (Gamma linolenic 
acid). Electrophoretic analysis of soluble protein pointed out that certain high molecular weight protein bands were 
not detected comparing with the protein marker. Five new protein bands of molecular weights 190, 158, 113, 77 and 
28 kDa were recorded, in addition to an increase in the intensity of 6 already existing bands. Phosphate buffer and 
water extracts of the alga exhibited antiviral activities against both Hepatitis-A-virus-type-MBB (HAV-MBB strain, 
RNA virus) and Herpes simplex-virus-type-1 (HSV-1, DNA virus). Water extracts was found to be more effective 
than phosphate buffer extracts in inducing antiviral activities (98%) espicially against HSV-1 virus. The same water 
extract of the salt stressed alga demonstrated higher anticoagulating activity compared with those of heparin and the 
positive control measured by clotting time assay. Antioxidant activity of the algal successive extracts against 2, 2 
diphenyl-1-picrylhydrazyl and 2,2'- azino-bis (ethylbenzthiazoline-6- sulfonic acid) radical methods revealed 
moderate antioxidant activity of the non-polar algal extracts (petroleum ether) which were doubled with increasing 
extract concentration (55.0, 60.4 and 62.3, 66.8 µg/ml at 0.02, 0.04 M NaCl respectively) the lowest activity was 
recorded by the partialy polar (ethyl acetate) algal extract of both concentrations at all salinity levels. While the 
polar extracts (ethanol and water) showed higher antioxidant activities which were doubled with increasing extract 
concentration. Ethanolic algal extract (of 100 µg/ ml at 0.08 M NaCl) exhibited the highest antioxidant activity 
compared with those of the synthetic antioxidant butylated hydroxy anisol as standard (85.0, 89.9 and 86.0, 91.8% 
respectively). [Journal of American Science. 2010;6(10):38-51]. (ISSN: 1545-1003).  
 
Key words: Antioxidant-Antivirus -Biochemical studies- -Spirulina platensis- Salt stress 
 
1. Introduction 

Many cyanobacteria and microalgae were 
considered as a natural source of various biologically 
and pharmacologically active compounds with 
structurally complex molecules which are difficult or 
impossible to be produced by chemical synthesis 
(Smith and Doan, 1999). 

Genus Spirulina has gained an importance 
and international demand for its high phytonutrients 
value and pigments which have applications in 
healthy foods, animal feed, therapeutics and 
diagnostics (Becker, 1994; Vonshak and Tomaselli, 
2000). Spirulina has been used as food and 
nutritional supplements since long time (Dillon et al., 
1995). It is generally a rich source of protein, 
vitamins, essential amino acids, minerals, essential 
fatty acids such as γ-linolenic acid and sulfolipid 
(Mendes et al., 2003). Moreover in addition to ω-3 
and ω-6-poly unsaturated fatty acids,it has also 
phycocyanin and other phytochemicals (Chamorro et 
al., 2002). 

Some Spirulina species exhibit antibacterial 
(Ozdemir et al., 2004), antiplatelet (Hsiao et al., 
2005), antihepatoxic (Mohan et al., 2006) and 
antiviral activities (Hernandez-Corona et al., 2002). 
Spirulina as many other cyanobacteria species have 
the potential to produce a large number of 
antimicrobial substances, so they are considered as 
suitable candidates for exploitation as biocontrol 
agents of plant pathogenic bacteria and fungi (Kulik, 
1995). 
 Salinity represents one of the most important 
factors exerting stress injury on the growth and 
metabolism of plants. 
 Salt stress causes an imbalance of the 
cellular ions resulting in ion toxicity and osmotic 
stress, leading to retardation of growth either directly 
by salt or indirectly by oxidative stress induced by 
reactive oxygen species (ROS). 
 Salinity can cause significant accumulation 
of compatible solutes which acts as enzyme 
producers, stabilizing the structure of 
macromolecules and organelles (Dahlich et al., 
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1983). Salinity stress may alter the metabolic 
pathways of stressed organism(s) leading to either 
enhancement or induction of biologically active 
compounds. 

The present work aimed to investigate the 
different biological activities of Spirulina platensis 
and the relations with its biochemical composition, 
pigments and different constituents which may vary 
with salt stress culture conditions. 
 
2. Material and Methods  
Chemicals and reagents: 

Pure hexane, chloroform, ethanol, ether, 
acetone, methanol and acetic acid were purchased 
from E.Merch Co. (Germany), and distilled before 
use.  Butylated hydroxy anisole, Tween 20, 2, 2 
diphenyl-1-picrylhydrazyl (DPPH) and 2,2'- azino-bis 
(ethylbenzthiazoline-6- sulfonic acid (ABTS), 
standard fatty acids and hydrocarbons were 
purchased from Sigma Chemical Company (St. 
Louis, MO, USA).  
 
Algal species and culture conditions 

Spirulina platensis was obtained from the 
lab of phycology In Botany Department, Faculty of 
Science, Cairo University, Egypt. The alga was 
cultivated on liquid Zarrouk medium (Zarrouk 1966). 
Different sodium chloride concentrations were used 
(0.02 (control), 0.04 and 0.08 M NaCl). Spirulina 
platensis was cultured (Botany Department, Faculty 
of Science, Cairo University, Egypt) in 3 L flasks 
containing 2l Zarrouk medium (pH 9) containing 
different salt concentration, 200 ml algal inoculums 
supplemented with aeration tubes. Cultures were 
incubated at 25 ºC ±1ºC, light intensity of 40 µE / 
m²/s (Cool white fluorescent lamps), photoperiod of 
16/8 light, dark cycles, for 20 days after which algal 
cells were harvested by centrifugation at 10,000 rpm / 
5 min, frozen by liquid nitrogen and stored at -20 ºC 
till use. 
 
Determination of growth rate by dry weight method 

Algal samples from the different salt 
concentrations (10 ml) were filtered under vacuum 
through 0.45 μm filter membrane and washed several 
times with distilled water. Then, algal cells were 
dried at 100 ºC for 30min and weighed (Abd El-Baky 
et al., 2003). 
 
Phytochemical analysis 
Extraction and determination of algal pigments 
  Determination of chlorophyll was carried 
out according to Holden (1965) method, where the 
fresh sample (0.5g) was grinded in a mortar with 
acetone in presence of calcium carbonate then 
filtered. The absorbance of extracts was measured at 

663 and 645 nm in 1cm quartz cell against 80% 
aqueous acetone as blank. 

 
Extraction and determination of water soluble 
pigments (phycobiliprotein): 

The water soluble phycobiliproteins 
pigments including allophycocyanin (APC), 
phycocyanin (PC) and C-phycoerytherine (C-PC) 
were extracted from algal cells (1g) with 10 ml 
phosphate buffer (0.05 M, pH 6.8) according to the 
method described by Bryantl,. 1979. The absorbance 
(A) of the extracts was recorded at the following 
wave lengths: 650nm; 620nm and 565nm. 

 
Identification of Spirulina lipophilic pigments by thin 
layer chromatography (TLC): 

Photosynthetic pigments were separated 
from 10 μl of total lipid extract by silica gel thin layer 
(60 F254, E.Merck, Germany). The following five 
solvents systems were used:  1- Hexane : acetone, (7:  
3 v/v); 2- Toluene :  acetone, (6:  4 v/v); 3- Hexane : 
ether :  formic acid, (80:  20 2 v/v/v); 4- Acetone 5% 
in chloroform and 5- Pet-ether (40-60ºC) :  acetone, 
(7 : 3 v/v). Identification of individual pigment were 
determined by Rf value on TLC plate  which was 
compared with that of authentic sample and with 
values reported in literature (Schneider 1966). 
 
Electrophoretic fractionation of soluble proteins  

Polyacrylamide gel electrophoreses in the 
presence of Sodium Dodecyl Sulphate (SDS-PAGE) 
was used for determining the molecular weight of 
protein fractions (Water soluble protein) according to 
method of Laemmli (1970). Standard molecular 
weight proteins marker was obtained from Sigma, 
this marker content proteins at varied molecular 
weight: 119 (β-galactosidase), 98 (Bovin serum 
albumin), 52 (Ovalbumin), 36 (Carbonic anhydrase) 
and 30 (Soybean trypsin inhibitor) kDa. 
Extraction and determination of total lipids: 
Lipids were extracted by the modified method 
described by Xu et al. (1998).  
 
Separation and identification of fatty acids  

Fatty acids methyl esters (FAME) were 
analyzed by gas liquid chromatography (GLC) 
according to Farag et al. (1986) under specific 
conditions of column. The separated fatty acids were 
identified by comparing their retention times with 
those of standard fatty acid methyl ester (purity 99% 
by GLC, sigma Co.). Also, Co-chromatography and 
GC/MS methods were used for verification of the 
peaks identity and position of double bond in fatty 
acid molecules. 
 
Separation and identification of unsaponified matter 
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The unsaponifiable compounds were 
identified by GLC using an instrument equipped with 
a flame ionization detector (FID). The unsaponifiable 
compounds (hydrocarbon and sterols) were identified 
by comparing their retention times with those of 
standard hydrocarbons from C8 to C36 and some 
authentic sterols (Cholesterol, stigmasterol and β-
sitosterol). 
 
Biological Activities 
Antiviral activity of algal extracts 
Preparation of samples for antiviral bioassay 

Extracts were dissolved as 100mg each in 
1ml of 0.1 M phosphate buffer (pH 7). The final 
concentration was 100 μg/μl (Stock solution) 
 
Viruses used 

Herpes simplex virus type 1 (HSV-1) and 
Hepatitis A virus (cell culture adapted strain MBB). 
The two viruses were obtained from virology 
laboratory, NRC. Viruses were propagated and 
titrated on Vero cell (HSV-1) and HepG2 for HAV-
MBB strain. 
 
Cytotoxicity assay 

Double fold dilution of each sample was 
prepared in deionized water (1:2 to 1:256) and diluted 
samples were inoculated in 96 well. Twice culture 
plate containg confluent monolayer of Vero cell and 
another plate containing HepG2. Cells were 
incubated at 37 ºC overnight and examined 
microscopically for cytopathic effect (CPE). The 
lower dilutions, which showed no morphological 
changes on cell cultures, were selected for antivirus 
bioassay (Abad et al., 2000). 
 
Plaque infectivity reduction assay 

The method described by Silva et al. (1997) 
was used where, a 6-well plate was cultivated with 
Vero cell (HSV) and another plate containing HepG2 
(HAV) culture (105cell/ml) and incubated for 2 days 
at 370 C. virus was diluted to give 107 PFU/ml as final 
concentrations and mixed with the algal extract at the 
previous concentration and incubated overnight at 40 

C. Growth medium was removed from the multiwell 
plate and virus-compound mixture was inoculated 
(100µl/well). After contact time, inocula were 
aspirated, agarose were overlaid, and plates were left 
to solidify and incubated until the development of 
virus plaques. Cell sheets were fixed in 10% formalin 
and stained with crystal violet stain. Virus plaques 
were counted and the percentage of reduction was 
calculated. 
 
Mode of action 

The inhibition mechanism of virus by crude 
algal extracts was studied using two methods: Viral 
replication according to Amoros et al. (1994) and 
Viral adsorption according to Zhang et al. (1995). 
 
Determination of anticoagulation activity: 

The anticoagulating activity of water algal 
extracts were investigated using the method of USA 
pharmacopia (1985) as follow: Each tubes, 0.8 ml of 
extract solution (1 %), 0.8 ml of standard heparin 
sodium solution (0.5 U.S.P unit/0.8 ml), or 0.8 ml 
saline solution was added. Then, 1 ml plasma and 0.2 
ml of calcium chloride solution (1%) were added in 
each tube. The tubes were stopped immediately, and 
inverted three times in such a way to mixed the 
contents that the entire inner surface of the tube 
became wet. The time required for clotting was 
determined. 
 
Determination of Antioxidant activity: 
a- DPPH method 

The 2, 2 diphenyl-1-picrylhydrazyl (DPPH) 
test was carried out as described by Burits and Bucar 
(2000). One ml of Spirulina extract (Hexane, 
chloroform, ethyl acetate, ethanol and water extracts) 
at different concentration was mixed with 1ml DPPH 
reagent (0.002% (w/v) /methanol water solution). 
After an incubation period, the absorbance was 
measured at 517nm. BHA was used as positive 
control and extracts concentration providing 50% 
inhibition (IC50) was calculated from the graph 
plotting inhibition percentages against extract 
concentration.  
%Antioxidant activity =Ac-At / Ac x 100 where: At 
was the absorbance of the algal extract samples and 
Ac the absorbance of methanolic DPPH solution. 
 
b- ABTS method 

This assay was based on the ability of 
different substances to scavenge 2,2'- azino-bis 
(ethylbenzthiazoline-6- sulfonic acid (ABTS.+) 
radical cation in comparison to  the  standard BHA 
(50 and 100 μg/ml). According to the method of Re et 
al. (1999), the antioxidant  activity of the tested 
samples was calculated by determined the decrease in 
absorbance at different concentrations (50 and 100 
μg/ml) by using the following equation: Antioxidant 
activity= ((Ac-At)/ Ac) x 100, where: At and Ac are 
the respective absorbances of tested samples and 
ABTS.+.  
 
Statistical analysis  

Data were subjected to an analysis of 
variance, and the means were compared using the 
"Least Significant Difference (LSD)" test at the 0.05 
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and 0.01 levels, as recommended by Snedecor and 
Cochran (1982). 
 
3. Results and Discussion 

Concerning the biochemical analysis of the 
salt stressed S. platensis, the algal growth was 
slightly affected by low salt concentration (0.02M 
NaCl), increasing salinity (0.04 and 0.08 M) led to a 
marked and progressive inhibition of growth 
translated as a decrease in algal dry weight (Fig. 1). 
Our results were in accordance with the results 
recorded by Fodorpataki and Bartha (2004) where 
salt stressed (0.5 M) Scenedesmus opoliensis led to 
an increase in rate of cell divisions, decrease in 
biomass, chlorophyll content.  

Sudhir et al. (2005), reported that 0.8 M 
NaCl caused a remarkable decrease in photosystem II 
(PS II) mediated oxygen evolution activity of S. 
platensis. Our results were in agreement with those of 
Abdel-Rahman et al. (2005), who reported that 
higher salt concentrations (150-250 mM NaCl) 
reduced growth, carbohydrate and protein contents of 
both Chlorella vulgaris and Chlorococcus humicola. 
Also the obtained results of salt stressed S. platensis 
went parallel with those of  Shanab (2007), Shanab 
and Galal (2007) where the salt tolerant Chlorella sp 
grown under different NaCl conc. (100-400 mM) 
their dry weight as well as pigment content were 
decreased at all NaCl conc. While the salt sensitive 
Scendesmus sp recorded a remarkable decrease in dry 
weight and pigment content at the lowest salt conc. 
used (100 mM). In concomitant with the obtained 
results in this investigation.  

The inhibition of growth under salt stress 
conditions was certainly due to alteration of algal 
metabolism which might be directed towards the 
production of substances which have a role in algal 
salt tolerance or defense mechanism. Chlorophyll 
content of S. platensis (Table 1) was affected by salt 
stress conditions where chlorophyll a, neoxanthin, 
violaxanthin were recorded at low salinity and faintly 
detected at higher once (using TLC) while the reverse 
was shown by β-Carotene. The water soluble 
phycobiliprotein (Table 2) composed of phycocyanin 
(CPC), phycoerythrin (PE) and allophycocyanin 
(APC). Increasing salt conc. enhanced the production 
of both phycocyanin and phycoerythrin while 
allophycocyanin (APC) production was inhibited 
leading to a marked decrease in total phycobiliprotein 
content. Our results went parallel with those of many 
investigators (Cifferi 1983, Piorreck et al., 1984, 
Becker 1994 and Rogel-Yogui et al., 2004) where 
different salt and nitrogen concentrations induced 
changes of chlorophyll and phycobiliprotein pigment 
contents of Spirulina species. It seems that under 
severe salt stress, the algal defense mechanisms do 

not allowed to spend too much energy for the 
synthesis of many new chlorophyll molecules and 
binding proteins which may explain the decrease in 
chlorophyll and allophycocyanin contents in our 
results (Fodorpataki and Bartha .,2004). Moreover, 
these were confirmed by the absence of 47 kDa 
chlorophyll protein and 94 kDa protein linking 
phycobilisomes to thylakoid from Spirulina platensis 
SDS-electropheritic analysis (Garnia et al., 1994; 
Fodorpataki and Bartha, 2004). 

Salt stress conditions not only affected algal 
growth, pigment content but also protein and lipid 
production of the stressed alga. Analysis of soluble 
proteins (by SDS electrophorsis) of S. platensis 
cultivated under different salt concentrations and 
recorded in Table (3) and Fig. (2), revealed that, no 
protein bands of high molecular weight(190-117), 
were recorded at the highest NaCl conc. used (0.08 
M). While two new highly intensive protein bands of 
molecular wts, 113, 77 were recorded only at higher 
NaCl conc. Also certain bands were present at low 
and moderate salt conc. (0.02 and 0.04 M) but absent 
(not detected) at higher ones (0.08 M). Moreover six 
protein bands were detected at low and/or moderate 
salt conc. but their intensities were highly increased 
at higher salt stress conditions (of M.wts 106, 90, 82, 
67, 35 and 30). Absence of either new protein bands 
or an increase in the intensity of 42 and 37 KDa 
bands confirmed the obtained results concerning the 
decrease in total phycobiliprotein pigments under salt 
stress conditions. The obtained results concerning 
protein analysis of salt stressed S. platensis was 
comparable to those of S. maxima cultivated under 
nitrogen stress condition (Shalaby 2004). Both 
Spirulina species have two specific new protein 
bands of molecular weight 113 and 76 in addition to a 
highly intensive band at M.wt 103. Higher numbers 
of new protein bands were recorded in S. maxima at 
different nitrogen conc. and not equivalent to similar 
bands (of the same M.wt) produced by S. platensis 
under salinity stress conditions. These differences 
may be due to variable metabolic processes in both 
species and to the availability of nitrogen (essential 
for protein synthesis) in study of S. maxima and 
present only as normal medium constituent in 
experiments of S. platensis.  
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Fig.1: Growth rate of Spirulina platensis cultivated under different salt concentration (0.02, 0.04 and 
0.08 M NaCl) during 20 days incubation period, represented as dry weight (g/l). 

 
Table (1): Separation of Spirulina platensis Lipid soluble pigments produced under salt stress conditions by 

TLC using different organic solvent systems: 
 

NaCl Concentration (M) 
 

Pigments hRf 
 

0.02 (control) 0.04 0.08 
Myxoxanthophyll 5.0 + + + 
Neoxanthin 10 + - - 
Violaxanthin 22 + - - 
Lutein 41 + + + 
Chlorophyll a 
 

67 + - - 

β-carotene 88 + + + 
* +: present    -: absent; hRf: Rf x 100 
 
Table (2): Relative percent of phycobiliprotein pigments (CPC, APC and PE) of Spirulina platensis cultivated 

under salt stress conditions (0.02, 0.04 and 0.08 M NaCl). 
 

Phycobiliprotein pigments (g/100 g F.wt) Concentration of 
NaCl (M) Phycocyanin 

(CPC) % 
Allophycocyanin 

(APC)% 
Phycoerytherin% 

(PE)% 
Total phycobilin % 

0.02 (Control) 1.76 5.70a 0.45b 7.91a 
0.04 1.80 4.50b 0.65a 6.95b 
0.08 1.91 2.05c 0.74a 4.70c 

LSD NS          0.1006 0.1006           0.1006 

Each value is presented as mean of triplet treatments, means within each row with different letters (a-c) differ 
significantly at P # 0.05 according to Duncan’s multiple range test, 
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Table (3): SDS-Electrophoretic analysis of soluble proteins produced by the salt stressed S.platensis cultivated 
under different NaCl Concentration (0.02, 0.04 and 0.08 M). 

Concentration of NaCl (M) 
 

Protein 
band 

Molecular 
weight (kDa) 

 

hRf 
 

0.02 (Control) 0.04 0.08 
High molecular weight (HMW, %) 

1*n.p 
190 

 

0.7 - 5.99 - 

2 180 2.1 4.1 - - 

3 167 8.1 1.4 2.72 - 

4 160 10.2 3.45 3.09 - 

5*n.p 158 10.8 - 0.73 - 

6 150 13.3 1.32 1.55 - 

7 147 14.3 2.4 - - 

8 145 15.7 3.0 2.65 - 

9 137 18.8 2.94 2.15 - 

10 133 20.9 1.2 2.60 - 

11 124 24.3 4.56 3.79 - 

12 117 27.8 5.6 4.31 - 

13*n.p 113 28.8 - - 8.62 

14 106 31.8 2.23 2.32 5.53 

15 103 33.3 1.32 - 12.14 

16 101 34.3 2.2 - - 

Medium molecular weight (MMW, %) 
17 97 35.9 2.25 3.23 - 
18 93 37.3 1.36 3.28 - 

19 90 39.1 2.30 1.60 14.05 

20 89 39.9 2.9 3.94 - 
21 82 43.1 4.19 4.16 11.98 

22*n.p 77 46.8 - - 8.96 
23 73 48.7 4.48 4.32 - 
24 67 52.3 1.06 3.34 13.47 

25 64 53.1 0.36 4.94 - 
26 58 57.8 5.64 5.65 - 
27 50 60.5 4.5 3.41 - 

Low molecular weight (LMW, %) 
29 47 65.4 5.3 3.53 - 

30 40 71.3 2.88 4.36 - 

31 38 77 3.77 8.00 8.08 
32 35 81 2.64 5.34 6.53 
33 30 82.3 10.23 3.68 10.64 

34*n.p 28 86.7 - 1.84 - 

35 25 90.2 5.78 3.48 - 

*: not present; n.p: new protein;   hRf: Rf x 100 
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Fig.2: SDS-Electrophoretic analysis of soluble proteins produced by the salt stressed S .platensis 
cultivated under different NaCl Concentration (0.02, 0.04 and 0.08 M). 

 
Concerning lipids of cyanobacteria 

including Spirulina, they are esters of glycerol and 
fatty acids; they may be either saturated or 
unsaturated and may have polyunsaturated fatty 
acids. Total lipid content of salt stressed S. platensis 
was slightly increased at higher salt conc. (8.0, 8.0 
and 9.0% at 0.02, 0.04 and 0.08 M NaCl 
respectively). Total lipids contained fatty acids and 
hydrocarbons which were affected by culture 
conditions as salinity, N-starvation, light intensity 
(Tedesco and Duerr 1989, Abd El-Baky et al., 2004). 
Generally, exposure of microalgae to any deleterious 
environmental change responds in many different 
ways, one of which is the modification of lipid 
composition in order to maintain the critical degree of 
membrane fluidity (Romano et al., 2000). The 
relative percentage of fatty acids in stressed S. 
platensis lipids illustrated in Table (4) recorded 
remarkable changes which were induced by various 
salt concentrations. The % of total saturated fatty 

acids produced were 85.6, 37.2 and 67.24% in 0.02, 
0.04 and 0.08 M NaCl respectively, while the 
unsaturated fatty acids were 14.9, 62.8 and 32.6% 
including 7.2, 46.3 and 14.2 % polyunsaturated fatty 
acids. These results clearly showed that lipids at 
lower salt conc. have majority % of saturated fatty 
acids and as salinity increased (from 0.02 to 0.04 M) 
unsaturation also increased including large 
percentage of polyunsaturated fatty acids (C16:2, 
C16:3, C18: 2 and C18:3). At higher salt conc. (0.08 
M) % unsaturated fatty acids decreased due to the 
desaturation, oxidative peroxidation and 
consequently changes in membrane fluidity, 
permeability and cellular metabolic functions 
(Bandopadhyay et al., 1999, Singh et al., 2002).  
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Table (4): Relative percentage (%) of fatty acids and hydrocarbons in S.platensis lipid extract produced 
under different NaCl concentrations (0.02, 0.04 and 0.08 M). 

Sodium chloride conc. (M) Sodium chloride conc. 
(M) 

 

Fatty acids 

0.02 0.04 0.08 

Hydrocarbons 

0.02 0.04 0.08 
C8:0 0.4 0.2 0.24 C12 - - - 
C10:0 - - - C15 - - - 
C12:0 0.4 1.3 4.2 C18 - 19.7 0.5 
C14:0 10.5 - 10.5 C20 11.3 - - 
C16:0 29.8 18.0 25.2 C21 0.8 53.7 2.5 
C16:1 (ω 7) 2.9 5.5 3.6 C22 2.8 1.9 28.3 
C16:2 (ω 2) 2.7 2.3 5.9 C26 19.0 2.9 2.9 
C16:3 (ω 3) 2.9 22.5 6.6 C28 13.6 15.2 12.3 
C17:0 - - - C29 22.3 3.7 43.9 
C18:0 44.5 17.7 27.1 C30 11.1 1.7 9.5 
C18:1 (ω 9) 2.8 11.0 15.8 C32 18.0 1.2 - 
C18:2 (φ6) 2.0 7.4 - C34 1.0 - - 
γC18:3(ω6) 1.6 14.1 0.7 C36 - - - 
Total saturated 
acids 

85.6 37.2 67.24     

Total 
monounsaturated 
fatty acids 

5.7 16.5 19.4     

Total 
polyunsaturated 
fatty acids 

9.2 46.3 13.2     

Total omega 6 fatty 
acids 

3.6 21.5 0.7     

Total omega 3 fatty 
acids 

2.9 22.5 6.6     

Total lipids% 
 
8.0±0.4 

 
8.0±0.2 
 

 
9.0±0.6 

    

TU/Ts 0.17 1.6 0.48     
*Each value represents the average of three replicate run. 

TU/TS: Total unsaturated/Total Saturated； *- : not present 
 

Relative percentage of hydrocarbons was 
also affected by salinity stress where C12, C15 and 
C36 were not detected at all NaCl conc, while C18 
was only produced with moderate percentage at 0.04 
M then markedly decreased at higher salinity level. 
C20 was only recorded at lower salt conc. on the 
other hand C21, C22, C26, C28, C29 and C30 were 
present at all salinity levels but with different relative 
percentages, C21 was highly increased at moderate 
salinity conc. (53.7%) then dropped to 2.5% at high 
salt conc., while C22 markedly increased at higher 
NaCl conc. (28.3%). Also C29 its relative % at low 
NaCl conc. (22.3%) was doubled at higher salt stress 
condition to reach 43.9%. C32 was markedly 
decreased with increasing NaCl concentration from 
0.02 to 0.04 (18, 1.2%) then completely disappeared 
at higher salinity level. The obtained biochemical 

analysis of S. platensis encouraged the investigation 
of various biological activities. 

Concerning the antiviral activity, Table (5) 
showed that algal water extract (50 µg/ml) of low salt 
concentration exhibited (0.02 M) relatively higher 
(60.0%) antihepatitis A virus-type MBB more than 
phosphate buffer extract (9.0%) of the same 
concentration and the activity of the latter extract 
increased (56.0-58.0%) at moderate salt concentration 
(0.04 M) using 20 and 50 µg/ml extract concentration 
respectively. On the other hand, the antiviral activity 
against herpes simplex virus –type 1 showed a 
comparable activity by both water and phosphate 
buffer extracts of both concentrations at all salinity 
levels with maximum antiviral activity (98.0%) at 50 
ug/ml extract concentration.  
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Table (5): Antiviral activity (%) of phosphate buffer and water extracts of the salt stressed S. platensis (at 
conc.20 and 50 µg/ml) using Hepatitis A virus type MBB (HAV-MBB) and Herpes Simplex virus type 
1 (HSV-1). 

HAV-MBB virus (RNA virus) HSV-1 virus (DNA virus) 

20 µg/ml 50 µg/ml 20 µg/ml 50 µg/ml 

NaCl 

(M) 

Phosphate 

buffer 

Water 

extract 

Phosphate 

buffer 

Water 

extract 

Phosphate 

buffer 

Water 

extract 

Phosphate 

buffer 

Water 

extract 

0.02 

(Control) 

9.0c 40.0a 9.0c 60.0a 90.0 96.0a 93.0b 98.0a 

0.04 56.0a 32.0b 58.0a 34.0b 88.0 90.0b 90.0c 94.0b 

0.08 32.0b 25.0c 37.0b 25.0c 90.0 96.0a 98.0a 98.0a 

LSD 2.0318 1.1006 2.465 2.465 NS 1.123 2.250 2.250 

Each value is presented as mean of triplet treatments, means within each row with different letters (a-c) differ   
significantly at P # 0.05 according to Duncan’s multiple range test, 
 

The antiviral activity against HSV-1 (DNA 
virus) was markedly pronounced (98.0%) than that 
against HAV-MBB (60.0%) which is an RNA virus. 
These activities which were shown to be controlled 
by both type and concentration of algal extract (water 
or phosphate buffer, at 20 and 50 µg/ml) may be 
induced by the sulphated polysaccharide and tannins 
in S. platensis extracts (Witvrouw and De clereq 
1997). These antivirus substances may interfere at 
one or more of viral stages, either at the stage of virus 
attachment or penetration to the host cell, or at the 
virus replication or the virus maturity and release 
stages. The obtained results concerning these 
activities against HAV-MBB and HSV-1 viruses 
were in agreement with the data obtained by Hayashi 
et al. (1996) who found that water extract of 
S.platensis inhibited the replication in vitro of herpes 
simplex virus type 1 in Hela cell within the 
concentration range 80-50 ug/ml. our results were 
also in accordance with those reported by Witvrouw 
and De clercq 1997, who emphasized that sulphated 
polysaccharides were found to be potent and selective 
inhibitors of HIV-1 replication in cell culture. 
Moreover, Ayehunine et al. (1998) reported that an 
aqueous extract of S. platensis inhibited HIV-1 
replication in Human T-cell lines and langerhans 
cells and their antiviral activity was found in 
polysaccharides fraction. Our results were confirmed 
by and coincided with the results reported by Shalaby 
(2004), where phosphate buffer and water extracts of 
S. maxima cultivated under different N-Conc. 
Exhibited weak antiviral activity against HAV-MBB 
and highly pronounced activity against HSV-1 
viruses.  He added that the sulphated polysaccharides 
produced from fractionation of water extract (called 

Ca-Spirulina) caused the inhibition of virus 
penetration into the host cells. 

Experiments carried out with dextran 
sulphate revealed that the antiviral activity increased 
with increasing molecular weight and degree of 
sulfation of the sulphated polysaccharides. Many 
microalgal polysaccharides significantly inhibit the 
infection of Vero cell by HSV-1, HSV-2 and VZV 
viruses, and these compounds did not show any 
cytotoxic effect even at greater dose concentration 
(Huleih et al., 2001). 

The activity of polar extract of Spirulina 
platensis (at concentration 20 and 50 μg/ml) against 
HSV-1 and the clinical strain were evaluated by the 
plaque reduction assay. the algal extract did not 
induce any effect on virus replication The effect of 
algal extract on virus adsorption In the second set of 
experiment, the inhibitory effect of extract of 
Spirulina sp (at concentration 20 and 50 μg/ml) on 
virus adsorption to host cell was measured by 
monitoring the attachment of infectious HSV virions 
on to host cells in the presence of their extract. The 
results indicated that algal extracts completely 
inhibited (99.99%) the cell-associated infectivity. as 
compared with that in control levels. These results 
were agreement with these obtained by Boyed et al. 
(1997) who found that the antiviral activity of 
cyanovirin- N (CV-N) isolated from Nostoc sp 
against HIV-2 is due, at least in part, to unique, high-
affinity interaction of CV-N with the viral surface 
envelope glycoprotein gp120. 

The mode of action of S. platensis extracts 
(at concentration 20 and 50 μg/ml) against both 
viruses were evaluated by the plaque reduction assay. 
The results reported that the microalgae extract did 
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not induce any effect on virus replication algal 
extracts completely inhibited (100%) the cell-
associated infectivity as compared with that in 
control levels. 

Regarding the anticoagulation activity of the 
hot water extract of salt stressed S. platensis, the 
obtained results (Fig.3) showed that great 
anticoagulating efficiency (expressed by clotting time 
assay) compared with that of the standard 
anticoagulatant heparin (sulfate glucouronic acid) to 
be 13, 17 min respectively. our results were in 
agreement with those recorded by Shalaby (2004) on 
S.maxima where the clotting times were inversely 
proportional to nitrate concentration in the growth 
media (11, 12, 13 at 410, 205, 102.5 ppm N 
compared with 16 min in case of heparin). This 
activity was reported to have a close relation with the 
water extract containing sulfated polysaccharides and 
phenolic compounds and depend upon the molecular 
size, type of sugar and sulphate content and position 
of the active components (Shanmugam and Mody 
2000). Therefore, in future algal sulphated 
polysaccharides water extracts can be used as 
anticoagulant/antithrombitic agent, in medical 
purposes, replacing the known heparin which was 
extracted from internal organs of higher animals and 
exhibited haemorrhagic like side effects.  

Extracts of S. platensis by organic solvents 
of different polarities and concentrations showed that 
the polar solvents (ethanol and water) extracts at 
higher concentration (100 ug/ml) exhibited higher 
antioxidant activity (85.0, 89.9% by DPPH and 
ABTS respectively) comparable to the standard 
antioxidant, BHA (86.5 and 91.8 %). This is followed 
in the second order by the non-polar (pet. ether) 

extract at high concentration (100 µg/ml) of both low 
and moderate salinity levels (55.0, 62.3% and 60.4, 
66.8% by DPPH and ABTS respectively) while the 
partially polar ethyl acetate extracts demonstrated the 
lowest antioxidant activities at all salt concentrations 
(ranged from 0.0 to 23.6%) as recorded in Tables 6 
and7.  

The obtained results revealed that polar 
antioxidant substances might be present in the polar 
Spirulina extract to which attributed the antioxidant 
activity. These polar substances were found in 
extracts of different red, brown and green seaweeds 
(Matsukawa et al., 1997, Anggediredja et al.1997, 
Lim et al. 2002, Santoso et al. 2004, Zhang et al. 
2007, Shanab 2007 and Shalaby 2008) as well as in 
microalgae and cyanobacterial species (Abd El-Baky, 
2003, Reddy et al. 2003, Benedetti et al. 2004, 
Shalaby 2004)., these substances mainly include 
phycocyanin pigment, sulphated polysaccharides and 
phenolic compounds which are largely present in 
most macro, micro and cyanobacterial species which 
exhibited pronounced antioxidant activity. Non-polar 
antioxidant substances were recorded also in 
microalgae as Chlorella vulgaris, Dunaliella salina 
(Nirupama, 2004, Murthy et al. 2005 and Zhang-Bao 
et al. 2004) in cyanobacteria (Shalaby 2004) in 
addition to the different seaweed species (Krinsky 
1989, Hyun et al., 2003, Xi et al., 2003, Sook et al., 
2004, Yuan et al., 2005, Shanab 2007 and Shalaby 
2008). These non-polar substances include 
carotenoids (β-carotene, Astaxanthin, and 
Zeaxanthin), chlorophylls and fatty acids which were 
largely enhanced by salinity stress and reported to 
have higher antioxidant activities (Endo et al., 1985; 
Murthy et al., 2005). 

0

2

4

6

8

10

12

14

16

18

20

C
lo

tt
in

g
 t

im
e
 (

m
in

)

Blank Heparin 0.02M NaCl 0.04M NaCl 0.08M NaCl

Treatment sample

 
 

 
Fig.3: Anticoagulation activity (clotting time) of the hot water extracts of the salt stressed S. platensis. 
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Table (6): Antioxidant activity (%) of salt stressed S. platensis using different solvent extracts (pet. ether, 
ethyl acetate, ethanol and water) of different concentration (50 and 100 µg/ml), butylated hydroxyl 
anisole (BHA) was used as standard antioxidant against DPPH radical. 

NaCl (M) Solvent extract Concentration (µg/ml) 
   50                 100 

Pet.ether (40-60) 29.0±2.3m 55.0±3.2f 
Ethyl acetate 0.0±0.0u 9.0±0.5s 
Ethanol 31.5±1.5k 75.0±3.8b 

0.02 (Control) 

Water 30.0±2.4l 65.0±2.6d 
Pet.ether (40-60) 29.0±0.8m 62.3±2.8e 
Ethyl acetate 0.0±0.0u 11.0±0.9r 
Ethanol 20.5±2.5o 44.0±4.5h 

0.04 

Water 20.0±1.6p 45.0±3.5g 
Pet.ether (40-60) 11.0±0.1r 25.0±0.89n 
Ethyl acetate 5.0±0.6t 17.0±1.0q 
Ethanol 32.0±2.8j 85.0±4.8a 

0.08 

Water 35.6±4.3i 65.8±3.8c 
BHA  60.6±2.6e 86.5±4.5a 
LSD                                    0.9179 

Each value is presented as mean of triplet treatments, means within each row with different letters (a-s) differ 
significantly at P # 0.05 according to Duncan’s multiple range test, 

 
Table (7): Antioxidant activity (%) of salt stressed S. platensis using different solvent extracts (pet. ether, 

ethyl acetate, ethanol and water) of different concentration (50 and 100 µg /ml), butylated hydroxyl 
anisole (BHA) was used as standard antioxidant against ABTS radical. 

NaCl (M) Solvent extract Concentration (µg/ml) 
  50                        100 

Pet.ether (40-60) 28.4±1.5jk 60.4±4.1e 
Ethyl acetate 5.6±0.5p 9.4±1.0o 
Ethanol 34.8±1.0i 81.7±3.5b 

0.02 (control) 

Water 32.5±2.6i 64.8±2.4d 
Pet.ether (40-60) 29.9±3.4ij 66.8±3.6cd 
Ethyl acetate 6.8±0.5op 16.5±2.3m 
Ethanol 22.4±0.3l 45.8±1.8g 

0.04 

Water 26.5±1.2k 50.8±5.0f 
Pet.ether (40-60) 12.3±0.08n 26.8±1.3k 
Ethyl acetate 8.9±2.0o 23.6±2.4l 
Ethanol 40.8±1.2h 89.9±5.6a 

0.08 

Water 40.5±3.0h 68.9±3.1c 
BHA  67.4±2.3d 91.8±4.5a 
LSD                                       2.825 

  Each value is presented as mean of triplet treatments, means within each row with different letters (a-p) differ 
significantly at P # 0.05 according to    Duncan’s multiple range test. 
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  Abstract: The activities of system modeling and system implementation have traditionally been viewed as 
two distinct entities owning to the purported differences between modeling languages and programming 
languages. We however feel that with raised abstractions of programming languages and executable 
capabilities of modeling languages, these differences are no more distinct. Based on this argument, in our 
opinion, SELF, as a prototype based programming language is sufficiently rich to form the basis of 
prototype-based meta-modeling approach. Existing meta-modeling approaches do not provide adequate 
meta-design patterns in order to be able to alleviate inherited methodological deficiencies of class-based 
methodologies. We feel that our proposed approach may prove to be a suitable candidate for adoption by 
various agile practices to model today’s complex and evolutionary systems. Also included is a comparison 
between class based and prototype based object modeling techniques to highlight the suitability of the later 
for modeling evolutionary domains. [Journal of American Science. 2010;6(10):52-59]. (ISSN: 1545-1003).  
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1. Introduction 
         With increased reliance on computational 
tools, modern day systems are becoming 
increasingly complex as customers demand 
richer functionality delivered in ever shorter 
timescales. Conventional software engineering 
practices are not suitable for handling the 
complexity of modern system development 
because of their peculiar characteristics and ever 
evolving nature. More recently Meta modeling 
has been advocated to manage the design 
complexity of evolutionary domains by 
providing support to customized, flexible and 
agile methods that satisfy the requirements for 
stakeholder involvement and user participation, 
we feel that this approach has limitations because 
of the static structure of “meta-meta-modeling” 
architectures. Although these agile practices 
advocate an iterative, dynamic and agile 
approach to application development, we 
however feel that they have limited capability to 
model evolutionary domains because, i) Majority 
of them do not follow any formal software 
development model ii) Those which follow a 
formal model are based on one of the above 
mentioned conventional linear or static model, 
and iii) They suffer from the limitations of static 
analysis and design iv) Code migration and 
maintenance is difficult in case of “too agile” or 
“too casual” approach to software development. 

 In literature, for modeling the objects of 
evolutionary and explorative domains such as 
bioinformatics, the prototype-based object 
modeling technique has been identified as a more 
suitable candidate then the class-based object 
modeling technique (Chambers, 1992; Borning, 
1986). SELF being a prototype-based language 
provides a rich environment for language design 
that supports the key requirements of a meta-
modeling facility. Concreteness, uniformity, and 
flexibility make the physical world 
comprehensible. SELF attempts to apply these 
principles by using a model based on Prototypes 
that provides for a smooth transition from 
concrete to abstract and vice versa through one-
to-one mapping between the representation and 
the object.  The remainder of the chapter is 
organized as follows. In Section 2, we give the 
related work which includes limitations of Meta-
modeling approach, the comparison and relative 
suitability of two object modeling techniques 
i.e., class based and prototype based technique to 
model evolutionary domains. The potential of 
SELF for meta modeling is discussed in Section 
3. We conclude this research work by presenting 
conclusion and Future directions in Section 4. 
 
1. Literature Survey 
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Software engineering has been enabling 
developers to cope with increasing complexity of 
software –intensive systems by better techniques 
of designing, implementing and testing the 
system. The focus has been on achieving the 
objectives of; a) more clearly defined 
methodologies b) raised abstraction of 
implementation tools and, c) better organization 
and automation of software verification and 
testing tools .  
Model Driven Engineering (MDE) attempts to 
achieve the above mentioned objectives by 
proposing a framework in which any 
specification should be expressed by models, 
which are both human and machine 
understandable and can reside at any level of 
abstraction (Dedecker, 2001). Since these models 
are machine readable, the process of developing 
systems becomes iterative, refining abstract 
models to more concrete ones, and in the end, 
automatically generating and deploying the 
complete code (Walker, 1992). 
In order to apply MDE in large software 
development projects, the Object Management 
Group (OMG) has launched the Model Driven 
Architecture (MDA) initiative to address the 
issues related to large development teams and a 
diversity of tools, such as model interchange, 
diagram interchange, model versioning and 
concurrent management etc.. In order to support 
MDA approach to software development, it is 
important to define precisely what language 
should be used to express models (Ungar and 
Smith, 1991) how to specify model 
transformations, how to exchange models, how 
to store and make models evolve, and more 
recently, how to generate code [54]. To achieve 
this MDE uses the techniques of meta-modeling 
and model transformation.  Meta-modeling, 
through a meta-model, clearly defines a 
modeling language by specifying its abstract 
syntax along with its concrete syntaxes, in which 
a class of models can be precisely defined. 
Model transformation technique is used to 
clearly define relationships between models 
(Ahsan and Shah, 2008; Amber, 2002).  
A meta-model must be part of a meta-model 
architecture which enables a meta-model to be 

viewed as a model, which itself is described by 
another meta-model. This allows all meta-
models to be described by a single meta-model 
known as a meta-meta-model that enables all 
modeling languages to be described in a unified 
way. The traditional meta-model architecture, 
proposed by the original OMG MOF 1.X 
standards is based on 4 distinct meta-levels 
(Shah, 2001). These are as follows: 
M0 contains the run time instances of application 
modeled at meta-level M1. M2 is the 
architectural level which contains the meta-
model that captures the language: for example, 
UML elements such as Class, Attribute, and 
Operation. M3 is the meta-meta-model layer that 
describes the properties of all meta-models can 
exhibit. The meta-meta-model is the glue that 
binds the simplest set of concepts required to 
define any meta-model of a language. 
 
2.1. Golden Braid Meta-model 
Architecture 
 
An alterative and better representation of meta-
model is provided through Golden Braid 
architecture (Shah  and Mathkour, 1995)  that 
relates meta-models, models and instances based 
on the fundamental property of instantiation, 
thus enabling description of an arbitrary number 
of meta-levels. Models at any level of abstraction 
are instances of this meta-architecture. This 
along with the ability to use meta-object protocol 
( MOP) that allows a program to keep its meta-
model in sync with its runs time behavior,  offers 
Golden Braid Architecture a great deal of 
flexibility (Chambers et al., 1989).  We will 
show in Section 4 how our propose prototype 
based technique provides natural support for this 
behavior.   
The quality of a meta-model can be measured by 
determining the quality of the  
a) Abstract syntax definition, b) meta-
operations definition, c) concrete syntax 
definition, d) semantics definition, and e) 
mappings to other languages. The Golden Braid 
Architecture proposes five levels to determine 
the quality of the above mentioned tasks 
(Chambers and Ungar 1991).   
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Table 1: Five levels of Golden Braid Architecture 
 

Level Abstract Syntax Meta Operations Concrete 
Syntax 

Semantics Mappings 

Level 1 Defined Partially defined Not defined Informal, 
incomplete 

Not defined 

Level 2 Relatively 
complete. 
Snapshots 
constructed and 
tested 

Significantly 
defined 

Not defined Informally 
defined 

Note 
defined 

Level 3 Completely 
tried and tested 

Completely 
defined 

Defined but 
Partially 
formalized 

Informally 
defined 

In Initial 
stages 

Level 4 Formalized and 
tested  

Complete and  
Formalized  

Completely 
formalized and 
tested  

Initial models Partially 
defined 

Level 5 Complete and  
Formalized 

Complete and  
Formalized 

Complete and  
Formalized 

Executable 
semantic model 

Formalized 
and 
complete 

 
 

At Level 5 the language definition will 
be complete and self-contained capable of 
generating semantically rich models capable of 
simulation, evaluation and execution. Even 
international standards such as UML do not 
exceed level 3 As we see in Section 4, SELF 
which is based on prototype technique of object 
modeling achieves level 5 owning to the 
uniformity, flexibility and concreteness provided 
by prototype based approach.  
 

2.2.         Limitations of Meta modeling approach 
          The aim of meta-modeling has been to 

raise design abstraction and to achieve full code 
generation to automate development, leading to 
improved productivity, quality and complexity 
hiding. Meta modeling approach has tried to 
address the challenge of managing complexity of 
evolutionary systems by providing a comparatively 
a unified and flexible design environments for 
languages (Ahsan and Shah, 2008; Agesen et al., 
1993. However, it has the following non-
exhaustive set of limitations: 
i) Meta model focuses on high-level 
abstractions with other artifacts (of increasing 
concreteness) seen as of lesser value. We feel 
that low level abstractions are central to and 
useful in system development. and have a crucial 
role to play in the process;  

ii) Existing approaches do not offers direct 
method implementation 

iii) The basic metamodeling architectures 
are based on ‘static’ data models (mostly Entity 

Relationship Diagrams) and on their extensions. 
Hence the basic limitations that appear in the 
accurate expression of a method are semantic 
and syntactic weaknesses, which are inherent in 
the generic structure of the data model it SELF.  

iv) Expensive change management in 
metamodeling associated to the static structure of 
“metametamodeling” architectures.  

v)    Current meta-modeling and concrete syntax 
standards suffer from semantic ambiguity as they 
primarily define the syntax of a language and fail 
to give the semantic definition (Level 5 of 
Golden Braid Architecture).   The semantic 
definition still requires a reference to software 
development artifacts, such as requirements 
specifications, models, and even program code. 
A lack of semantic ambiguity is particularly 
important in the context of a model-driven 
development as it is likely that several 
languages, or language variants will be used in 
any given development and this proliferation of 
languages introduces ambiguity in semantic 
representations concrete artifacts. 

In literature, amongst various major features of 
existing MDA standards that contribute towards 
ambiguity in concrete artifacts, following are 
worth mentioning (Bornberg-Bauer and Paton, 
2001; Amber, 2002):  

• Concrete standards, in most cases, do not 
unambiguously refer to concrete artifacts and 
never to the actual language specification.  

• Semantic of the language are not defined 
using a concrete model, but by using English 
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with the assistance of intermediate semantic 
models.  

• To correctly and completely interpret a 
concrete artifact, its abstract syntax and 
semantics must be identified. Ideally, the 
concrete syntax standard should permit the 
artifact to be interpreted sufficiently so that 
related specifications of syntax and semantics 
can be identified if they are separate from the 
concrete syntax standard.  

 
vi)  Many modeling Languages such as UML 
represents programming concepts (classes, return 
values, etc.) with graphical symbols such as 
rectangles. This forces developers to visualize 
static structures (Chambers, 1992). Also for 
example, having a rectangle symbol to illustrate 
a class in a diagram and then equivalent textual 
presentation in a programming language, in most 
cases ends up with having the same information 
in two places without a significant improvement 
in automated code generation. Limited code 
generation possibilities force developers to start 
manual programming after design and a lot of 
effort goes into rewriting generated code and 
keeping all the other models up-to-date (Myers et 
al., 1992).  

Meta-models should not be conceived to visualize 
code, but describe higher-level abstractions on 
top of programming languages. A few authors 
have suggested achieving this by narrowing 
down the design space through Domain-Specific 
Modeling (DSM) languages. However this can 
also be achieved by raising the abstraction level 
of programming languages as we will explain in 
Section 4.  

 
vii)  The above mentioned problems also 
influence and aggravate the model 
interoperability issues. Interoperability issues in 
the meta-model domain may occur in the 
definition, integration and representation of the 
syntax, semantics and notation of modeling 
languages.  

Some important additional aspects to be 
considered in model interoperability are (Myers 
et al., 1992; Kniesel, 1999 ):  

• The amount of available meta-attributes 
to define concrete attributes of a certain 
type may be limited. 

• Existence of non-corresponding model 
fragments, i.e. their meta-models are partly not 
corresponding with the concrete models. This 
can result in information loss or in hidden 
information.  

• Diversity of graphical representations and 
models cannot be understood after model 
exchange because of complete or partial loss of 
graphical information.  

• History logs to record model changes which can 
be necessary in model synchronization in 
distributed model change scenarios or in 
evolutionary domains...  

 
viii)      One of the most widely known OMG 
standards for describing languages through meta-
models, MOF (the Meta Object Facility), has a 
number of limitations (Seco and Caires, 2000; 
Flatt and Felleisen, 1998): 

• It is not rich enough to capture semantic 
concepts in a platform independent way. 
MOF does not provide a means of expressing the 
concrete syntax of a language, whether it is a 
textual or diagrammatical syntax.  

 
 

The limitations listed above are inherent in meta-
modeling approach as this approach is an 
extension of class-based object modeling 
technique. Owning to this, the limitations of class 
–based object modeling technique as discussed 
below are reflected in Meta modeling.  

 
The two object modeling techniques which are 
called class-based and prototype-based techniques 
form the basis of two types of software 
development methodologies; the class-based 
methodologies and prototype-based 
methodologies (Ungar and Smith, 1991; Elmasri 
and Navathe, 2002). These two types of 
methodologies mainly differ from each other as 
highlighted in Table 1 because they use the two 
different object-modeling techniques (Amber, 
2002). Although, the prototype-based technique is 
considered more flexible, powerful, and simpler 
technique than the class-based technique but the 
prototype-based technique could not get the 
popularity that it deserved (Chambers et al., 
1989). 
 
 
3.   THE POTENTIAL OF SELF FOR 
PROTOTYPE-BASED META-MODELING 
 
Modeling languages have traditionally been 
viewed as distinct from programming languages 
owning to the purported differences between their 
abstract syntax, concreter syntax and semantics. 
The reason for this view point has been the 
differences between: 
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a) The level of abstraction that the languages are 
targeted at. For instance, UML tends to focus on 
specification whilst Java emphasizes 
implementation. 
b) The representation choice of a language’s 
concrete syntax. Modeling languages tend to 
provide diagrammatical syntaxes, whilst 
programming languages are textual (Garzotto  et 
al., 1991). 
c) Modeling languages have been traditionally 
viewed as having an informal and abstract 
semantics whereas programming languages are 
significantly more concrete due to their need to be 
executable (Smith et al., 1994).  
 
However, with raised abstractions of 
programming languages and executable 
capabilities of modeling languages, these 
differences are no more distinct. Both have a 
concrete syntax, abstract syntax and semantics 
[52].  For example, Java has been widely 
extended with declarative features, such as 
assertions, whilst significant inroads have been 
made towards developing executable versions of 
UML. Similarly, there is already a human 
readable textual form of UML and tools that 
provide visual front ends to programming 
languages like Java are commonplace. With these 
developments, modeling languages and 
programming languages are increasingly viewed 
as being one and the same. Based on this 
argument, in our opinion, SELF, as a prototype 
based programming language is sufficiently rich 
to form the basis of prototype-based meta-
modeling approach. SELF with its following 
features and capability fulfils the requirements of 
meta-modeling facility.  

 
Concreteness 
SELF uses prototypes which make objects to be 
easily comprehended, manipulated, directly 
inspected and even tested: new objects in SELF 
are created through copy and extending an 
existing object, a process called cloning 
(Borning, 1986). In class-based systems, an 
object is instantiated from a description, and thus 
is on a less concrete level. All display objects 
(circles, frames, buttons, pieces of text, and so 
on) in the SELF user interface inherit morph 
behavior which is the default behavior of the 
basic graphical object, called a “morph.”, and are 
therefore kinds of morphs, acquiring concrete 
behavior by default (Chambers and Ungar, 1989; 
Lee, 1988). 

Also, any SELF object can be viewed as a kind 
of morph called an “outliner,” so the task of 
modifying or making new SELF objects takes 
place in this concrete world. The language, being 
based on prototypes lets the programmer work 
with real data structures rather than descriptions. 
Concreteness is in the user interface architecture 
in four ways: a physical look and feel, a single 
SELF level representation, the reification of 
layout constraints, and the use of embedding for 
composite structure (Smith et al., 1994). 

 
Figure 1: Two SELF Objects with ‘morph’ 

behavior 
 
  

Uniformity 
SELF enables a few concepts to be used to 
understand everything as everything is an object 
composed of named slots, and all computation is 
performed by message passing between objects. 
The user can directly take apart an application 
down to a very low level (Chambers and Ungar, 
1989). Even the programming environment itself 
can be modified and deconstructed for use in 
applications. There is no system level distinction 
between using an application and changing or 
programming it (Lee, 1998). Enabling immediate 
and direct access to pieces of a running 
application can save time and enhance the sense 
of direct effect.  
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Figure 2: SELF slots are directly accessible and 
there is no run/edit distinction 

 
Uniformity in the language semantics is 

achieved because everything is an object, all 
computation happens by message passing, and 
because slots are used to hold both state and 
behavior (Lee, 1998; Xin and Jian, 2008). 
Uniformity is in the user interface architecture 
because a single kind of display object, used to a 
very low level, can be directly accessed, and 
because there is no run/edit distinction. The 
environment itself is made of morphs, and is 
therefore available for reuse and modification. 
 
Flexibility 
In SELF-4.0, the morph serves down to a quite 
low level of graphics detail and everything the 
user perceives as a graphical entity is 
manipulable as a concrete object (Chambers and 
Ungar, 1990). The uniformity of SELF helps 
achieve flexibility by applying uniform change 
mechanism throughout the system. Use of 
message-activated slots for both state and 
behavior, and the lack of a class/ non-class 
distinction help achieve it further. SELF being a 
“prototype” based system, any object can have 
inheritance children, or can itself inherit from 
any other object. Also inheriting from an object 

gives you access to that object’s slots. This 
simple object model enables the SELF 
environment to use a single object representation 
mechanism, the outliner, to present all the state 
and behavior available to an object through itself 
and its parents (Lee, 1998; Xin and Jian, 2008). 

From the above discussion, it is evident 
that SELF provides a rich environment for 
language design that supports the key 
requirements of a meta-modeling facility. 
Concreteness, uniformity, and flexibility make 
the physical world comprehensible. SELF 
attempts to apply these principles by using a 
model based on Prototypes that provides for a 
smooth transition from concrete to abstract and 
vice versa through one-to-one mapping between 
the representation and the object .The object in 
the interface is intended to be concrete, 
immediate, and primary facilitating its 
conformance to the golden-braid metamodel 
architecture ensuring that the language, including 
its semantics is completely self described. One of 
the most important advantages of using SELF as 
a meta-modeling language is its adaptability to 
changes. When a change occurs, be it at the 
highest level of abstraction (e.g., a change in the 
requirements of the system) or at a lower level of 
abstraction its impact is well localized and the 
parts that are not touched by the change are 
immediately reusable.  

SELF also supports the following 
features that are an essential part of the 
development process. These include:  
• Execution: allows the model or program to be 
tested, run and deployed; 
• Analysis: provides information of the 
properties of models and programs; 
• Testing: support for both generating test cases 
and validating them must be provided; 
• Visualization 
 

After presenting briefly the potential of 
a prototype based language such as SELF we 
now clearly define a Prototype-based 
methodology so that the steps required to apply 
SELF as a meta-modeling language are outlined.   

A Prototype based language such as 
SELF allows the methodologists to develop 
models at different levels of abstraction just like 
code. The advantage of having a Prototype-based 
methodology is that it clearly defines each step to 
be taken, forcing the developers to follow the 
defined methodology in this way. It specifies the 
sequence of models to be developed, and how to 
derive a model from another one at the abstraction 
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level immediately above it. Providing developers 
with such a methodology will ensure that they 
know at any moment during the development life 
cycle what is to be done next and how to achieve 
it. 

 
 
4.  CONCLUSION AND FUTURE DIRECTIONS 
 

Contrary to the argument provided by 
Stein in his work Delegation is Inheritance, in this 
paper we argued that although delegation, just like 
inheritance, is a knowledge sharing mechanism, it 
is not constrained by strictly static inheritance like 
structure (class lattice) of class-based 
methodologies.  In evolutionary system modeling, 
there are situations where prototype-based 
approach is not only more powerful but also 
entirely different than class-based methodology. 
We feel that by dealing with concrete entities 
instead of conceptual ones, our proposed approach 
has increased concreteness, uniformity and 
flexibility. The increased flexibility is also the 
result of its ability to dynamically change the 
Knowledge Sharing graph. These features helped 
us to realize the feature of Dynamic Design.  
Another important contribution of our proposed 
methodology is the realization of the concept of 
Dynamic Design. This has been possible owning 
to the ability of a prototype to change its parent 
dynamically. Dynamic Design enables Prototype 
based software development methodology to 
accommodate and handle the specialized needs of 
modeling evolutionary domains such as 
Bioinformatics. This flexibility is also the result 
of concreteness and uniformity that is achieved by 
treating everything in a system as a concrete 
prototype.  

With the availability of more formal 
methods and tools, Prototype based object 
modeling languages will get their well deserved 
importance and be accepted by the mainstream 
software development community. Class-based 
design functionality can be achieved through 
Class-less techniques.  
 We have taken first step towards formalizing the 
Agile software development using evolutionary 
and dynamic prototype based languages such as 
SELF. However, the object-focused model is not 
only applicable to prototype-based languages. 
There is no reason why class-based languages like 
Smalltalk and C++ cannot be supported by an 
object-focused programming environment. We 
feel that with the availability of more formal 
methods and tools, Prototype based object 

modeling techniques and languages will get their 
well deserved importance and be accepted by the 
mainstream software development community.  

After presenting the potential of a 
prototype based language such as SELF we are 
working on formally defining a Prototype-based 
methodology so that the steps required to apply 
SELF as a meta-modeling language are clearly 
and unambiguously outlined. A Prototype based 
language such as SELF allows the methodologists 
to develop models at different levels of 
abstraction just like code. The advantage of 
having a Prototype-based methodology is that it 
clearly defines each step to be taken, forcing the 
developers to follow the defined methodology in 
this way. It specifies the sequence of models to be 
developed, and how to derive a model from 
another one at the abstraction level immediately 
above it. Providing developers with such a 
methodology will ensure that they know at any 
moment during the development life cycle what is 
to be done next and how to achieve it. 
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Abstract: In proteomics, to find the genomic localization of a gene, a protein may be interpreted back to its 
DNA/mRNA using the method of reverse translation. A particular amino acid may be translated into more than one 
codon as the uncertainties exist in the reverse translation of a protein. In this paper, we propose a Bernoulli process 
approximation based on the usage of frequency distribution for the reverse translation of an amino acid to its 
DNA/mRNA. A comparison of our proposed method with the existing conventional procedure that is based on 
random selection of codon, is also presented. Preliminary results of the proposed process are encouraging and it 
shows improved accuracy and consistency. [Journal of American Science 2010; 6(9):60-64]. (ISSN: 1545-1003). 
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1. Introduction 

 
 To get a balanced production of proteins required for 
the endurance of the cell transcription to mRNA and 
a consequent translation to proteins take place for all 
living cells containing DNA. The total complement 
of proteins present in a cell or cell type is known as 
its proteome, and the study of such large-scale data 
sets defines the field of proteomics. In proteomics, 
interpreting protein back to its DNA/mRNA is of 
immense significance because to find the genomic 
localization of the gene, a protein may be interpreted 
back to its DNA/mRNA using the method of reverse 
translation. A specific protein render from the 
translation of a DNA sequence while the reverse 
translation may not map exactly to a specific protein 
in accordance with the genetic code because a 
particular amino acid can be translated into more than 
one codon. This creates uncertainties in the reverse 
translation of a particular protein that is referred to as 
the problem of uncertainty of reverse translation 
(Posele et al., 19898).  
The problem of uncertainty in the reverse translation 
is due to the degeneracy of the genetic code, and the 
diversity and range available for the codon usage in 
the translation of a protein back to its DNA/mRNA 
and vice versa. Various approaches are reported in 
the literature to resolve the uncertainties of the 
reverse translation. One of such approach is to select 
a codon in random fashion. However, this hit-and-
trial approach is vulnerable to inaccuracy and 
inconsistency as picking a codon randomly might not 
always result in choosing the best codon. There is 

another approach, called the selection of a codon in 
accordance with the frequency by which it has 
occurred in a specific organism (Jagdesh, 2004; 
Grote et al., 2005). Choosing the codon from a 
distribution of premeditated codon the usage of 
frequencies increases the possibility of choosing 
correct codons for the DNA/mRNA sequence Grote 
et al., 2005).  

In this paper, we propose a Bernoulli process 
approximation for the translation of the amino acid 
residue back to DNA/mRNA based on the codon 
usage of the frequency distribution in a specific 
organism. Through a statistical illustration, we 
determine that the Bernoulli process approximation 
based on the frequency distribution based codon 
results in a more accurate reverse translation as 
compared to the conventional procedure based on 
random selections of codons. 

The remainder of the paper is divided into four 
sections. Section 2 covers the related work. In 
Section 4, we propose the Bernoulli process 
approximation for reverse translation. Section 4 
contains experimental results and also the advantages 
of our proposed technique are discussed.      
 

2. Related Work 

Codons are triplets of nucleotides that together 
specify an amino acid residue in a polypeptide chain. 
Most organisms use 20 or 21 amino acids to make 
their polypeptides, which are proteins or protein 
precursors. Because there are four possible 
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nucleotides, adenine (A), guanine (G), cytosine (C) 
and thymine (T) in DNA, there are 64 possible 
triplets to recognize only 20 amino acids plus the 
translation termination signal (Posele et al., 1988). 
Because of this redundancy, all but two amino acids 
are coded for by more than one triplet. Different 
organisms often show particular preferences for one 
of the several codons that encode the same given 
amino acid (Plotkin et al., 2006) .  

It is generally acknowledged that codon preferences 
reflect a balance between mutational biases and 
natural selection for translational optimization. 
Optimal codons in fast-growing microorganisms, like 
Escherichia coli, reflect the composition of their 
respective genomic tRNA pool (Posele et al., 1988). 
It is thought that optimal codons help to achieve 
faster translation rates and high accuracy. As a result 
of these factors, translational selection is expected to 
be stronger in highly expressed genes, as is indeed 
the case for the above-mentioned organisms (Plotkin 
et al., 2006). 

A codon usage frequency table can assist in the 
assessment of the codon preference in the various 
species. The significance of taking into account the 
disparity in an amino acid codon usage comes from 
the degenerate nature of the genetic code (Lambrix et 
al., 2009). Most of the twenty-one (21) amino acids 
are encoded by one or more codon/triplets (Yury et 
al., 2008). This encoding is of immense significance 
in the characterization and functional examination of 
coding regions of a specific gene or a group of genes. 
Genes are present in an organism or in related species, 
usually demonstrate the same pattern of codon usage 
(Posele et al., 1988). Assessments of codon usage 
within and between various species can disclose the 
degree of pattern conservation and allow the 
examination whether the conservation is across all 
the members of the same specie or just across the 
members of a common phylogenetic family of an 
individual specie (Ahsan and Shah, 2006; Jagadesh, 
2004). Furthermore, this information is precious in 
devising the primers for polymerase chain reaction 
(PCR) and assessment of exon precincts (Plotkin et 
al., 2006).  

 
Triplet 

 
Amino acid 

 
Fraction 

 
Frequency/Thousand 

 
TTT  F  0.58   22.1 
( 80995) 
TTC  F  0.42  16.0  
( 58774) 
TTA  L  0.14  14.3  
(52382) 
TTG  L  0.13  13.0  
(47500) 

 
TCT  S  0.17  10.4 (38027) 
TCC  S  0.15    9.1 (33430) 
TCA  S  0.14    8.9 (32715) 
TCG  S  0.14    8.5 (31146) 

 
TAT  Y  0.59  17.5 
( 63937) 
TAC  Y  0.41  12.2 
( 44631) 
TAA  *   0.61    2.0 ( 7356) 
TAG  *   0.09    0.3 ( 989) 

 
TGT  C   0.46    5.2 (19138) 
TGC  C   0.54    6.1 (22188) 
TGA   *   0.30    1.0 (3623) 
TGG  W  1.00  13.9 (50991) 

 
CTT  L 0.12 11.9 ( 43449) 
CTC  L 0.10 10.2 ( 37347) 
CTA  L 0.04   4.2 ( 15409) 
CTG  L 0.47 48.4 
( 177210) 

 
CCT  P  0.18   7.5 ( 27340) 
CCC  P  0.13   5.4 ( 19666) 
CCA  P  0.20   8.6 ( 31534) 
CCG  P  0.49  20.9( 76644) 

 
CAT  H   0.57  
12.5( 45879) 
CAC  H   0.43   
9.3( 34078) 
CAA  Q  0.34  
14.6( 53394) 

 
CGT R  0.36  20.0( 73197) 
CGC R  0.36  19.7( 72212) 
CGA R  0.07    3.8( 13844) 
CGG R  0.11    5.9( 21552) 

 
ATT I   0.49   
29.8( 109072) 
ATC I   0.39   23.7( 86796) 
ATA I   0.11    6.8( 24984) 
ATG I   1.00  26.4( 96695) 

 
ACT T  0.19   10.3( 37842) 
ACC T  0.40   22.0( 80547) 
ACA T  0.17    9.3( 33910) 
ACG T  0.25  13.7( 50269) 

 
AAT N  0.49  20.6( 75436) 
AAC N  0.51  21.4( 78443) 
AAA K  0.74  
35.3( 129137) 
AAG K  0.26  12.4( 45459) 

 
AGT S  0.16   9.9( 36097) 
AGC S  0.25 15.2( 55551) 
AGA R  0.07   3.6 ( 13152) 
AGG R  0.04   2.1 ( 7607) 

 
GTT  V   0.28  
19.8( 72584) 
GTC  V  0.20  
14.3( 52439) 
GTA  V  0.17  
11.6( 42420) 
GTG  V  0.35  
24.4( 89265) 

 
GCT A  0.18  17.1( 62479) 
GCC A  0.26  24.2( 88721) 
GCA A  0.23  21.2( 77547) 
GCG A  0.33  
30.1( 110308) 

 
GAT D  0.63  
32.7( 119939) 
GAC D 0.37  19.2( 70394) 
GAA E 0.68  39.1(143353) 
GAG E 0.32  18.7( 68609) 

 
GGT G  0.35  25.5( 93325) 
GGC G  0.37  27.1( 99390) 
GGA G  0.13    9.5 ( 34799) 
GGG G  0.15  11.3( 41277) 

 
Table 1: Escherichia coli (Genetic Code: Standard) 
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3. Bernoulli Process Approximation for the 
reverse translation 

Protein sequences can be abstractly modeled as 
residues of amino acids connected together linearly 
(Jagdesh, 2004). A specific protein sequence is an 
alphabet that is comprised over twenty letters symbol 
that is translated from selected stretches of a 
particular DNA,. A predefined translation table is 
used to translate each 3 letters of DNA to one amino-
acid (AA) [see table1]. We can approximate the 
selection of a codon for the reverse translation to 
DNA/mRNA through Bernoulli process. The 
accuracy of this approximation is relative to the 
maximum number of codons reverse translated in the 
original DNA/mRNA sequence prior to actual protein 
translation.  The obtained DNA sequence may not be 
an exact match to the original sequence due to the 
degeneracy of the genetic code.  
Let us assume that the codons in a protein sequence 
have already been calculated and we have the codon 
usage frequency data. All the 64 possible codons are 
categorized along with the categories of 21 amino 
acids based on their behavioral properties. From each 
category of amino acid only one codon, at a time, can 
participate to code that amino acid. Let  
  N = total number of amino acids are involved to 
form a protein sequence.  
  K = number of codons that can be encoded by a 
particular amino acid. 
 x = current position at which an amino acid is being 
reverse translated into a codon.         
    £ = codon selected for the reverse translation of a 
particular amino acid at position x.    
 λx = probability of the occurrence of a specific codon 
at position x.    
  
Then the Bernoulli process approximation for the 
reverse translation can be formalized in the terms of 
probability space PS is (Gordon, 1997) 
   PS = (Ω, λx) : P(Ω)=1      (1) 
      

In equation (1) Ω is the set of all possible 
condon that one amino acid can code 
 
Let μ be a random variable over the set {0, 1}, so that 
for every possible codon ω�Ω at specific location x, 
then 
      μx (ω) = 1   with probability λ   (2) 
and   μx (ω) = 0 with probability 1-λx.  (3) 
In equation (2 )  1 signifies the ‘success’ of 
selection of a codon for translation. In equation (3),  
0 signifies the ‘failure’ of selection of a codon for 
translation.  

Formally μ is  
                                     
 
 
Such that for every random variable μ (i.e. amino 
acid) at any specific location x > 1 in the protein 
sequence with its possible set of codons Ω of total 
number K, there exists a family of random variables 
                    {μ|  μx (ω) � ω�Ω, x  > 1}      (5) 
 Such that for a distinct value of x={1,2,3,⋯..N}, 
one gets a distinct random variable that constitutes 
the reverse translation process into a stochastic 
process a Bernoulli process [12]. 

Now consider the reverse translation as a 
Bernoulli process with {μx: x=1,2,3,4⋯..N}. Let Ψ 
be the location of amino acids (starting from 
x=1,2,3,4⋯..N) at which that amino acid decodes 
the codon £ for reverse translation i.e.   
 
     Ψ = x  if μ1 = μ2 = μ3 = μx-1 = 0 and μx= 1  (6) 

Then Ψ is geometric probability mass function 
(pmf) with parameter λ i.e.  
  
Now let � be the consecutive number of amino acids 
for which codon £ codon has been used for the 
reverse translation in the μx =

 Σ x=1 to n  
 
 4. Experimental Results and Discussion 

In this section we compare the results of reverse 
translations obtained through the Bernoulli process 
approximation with the conventional random based 
selection method. We have used Escherichia coli, 
which is one of the main species of bacteria living in 
the lower intestines of mammals. For the reverse 
translation achieved through Bernoulli process 
approximation, we have used the codon usage 
frequency distribution for the standard genetic code 
of Escherichia coli. We performed our experiment on 
the protein of Aldehyde-alcohol Aehydrogenase 
(adhE) and obtained the reverse translation into the 
mRNA of this protein with the Bernoulli 
approximation defined thorough the codon usage 
frequency distribution of the whole Escherichia coli 
class and compared it with translation archived 
through the random-codon selection.  

 Alcohol dehydrogenases are a group of 
dehydrogenase enzymes that occur in many 
organisms and facilitate the interconversion between 
alcohols and aldehydes or ketones. In humans and 
many other animals, they serve to break down 
alcohols which could otherwise be toxic; in yeast and 
many bacteria, some alcohol dehydrogenases 
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catalyze the opposite reaction as part of fermentation. 
humans, the enzyme is contained in the lining of the 
stomach and in the liver. It catalyzes the oxidation of 
ethanol to acetaldehyde: 
We selected Alanine amino acids from the whole 
protein sequence of adhE and specifically studied the 
behaviors of their reverse translation into the codons 
they generated. The total length of the adhE protein 
sequence was 885 and Alanine was found on 159 
locations in the whole protein sequence. Alanine can 
be reverse translated into four different codons which 
include GCU, GCC, GCA or GCG. By means of 
picking either one by random selection we will get an 
Alanine. According to the codon usage frequency 
distribution [3], the most frequent codon, coding for 
an Alanine in Escherichia coli is GCG, encoding 
approximately 33.4% of all Alanine.  Codon GCC 
codes about 26.5%, GCA about 22.9% and lastly 
GCU approximately 18.3%. We studied the 
behaviors of reverse translation of the above 4 
possible codons on the 159 possible location where 
Alanine occurred in the Aldehyde-alcohol 
Aehydrogenase (adhE) protein sequence and then 
compared it with the actual mRNA of Aldehyde-
alcohol Aehydrogenase (adhE). 
 In the Bernoulli process approximation, the 
probability space (Ω, λx) = {(GCU, 0.18), (GCA, 
0.23), (GCC, 0.26), (GCG, 0.33)} for each possible 
codon for Alanine. Either one of the codon can code 
for Alanine at a time so when one codon codes it has 
the probability as 1 denoted by £ and rest of the 3 
codons have probability as 0.In this experiment we 
checked for each possible codons by assigning each 
one the probability one in 4 different cases and 
compared them with actual mRNA translation 
afterwards. By calculating the geometrical and 
binomial probability functions for locations where 
Alanine existed in the protein residue, we computed 
the probability of each codon and obtained reverse 
translations accordingly. As the probability assigned 
to each codon is estimated from the codon usage 
frequency distribution respective measures of 
geometrical and binomial mass functions reflected 
the behavior of codon usage frequency distribution. 
In case of Bernoulli approximated reverse translation, 
29 GCA codons were accurately reverse translated 
against 35 in the original mRNA translation and 46 
GCC, 63 GCG, 21 GCU were accurately reverse 
translated against 52 GCC, 55 GCG, 17 GCU codons 
of Alanine respectively. 
 In case of random-selected codon reverse 
translation, 49 GCA codons were accurately reverse 
translated against 35 in the original mRNA 
translation and 31 GCC, 44 GCG, 35 GCU were 
accurately reverse translated against 52 GCC, 55 
GCG, 17 GCU codons of Alanine respectively .The 

comparison provides the evidence that the reverse 
translation based on codon usage frequency 
distribution with the relevant probability assigned is 
far more accurate than the  
 
Codon Original 

mRNA 
Translation 

Bernoulli 
approximation 
reverse 
translation 

Random 
selection 

GCA 35 29 49 

GCC 52 46 31 

GCG 55 63 44 

GCU 17 21 35 

 
Table 2:   Bernoulli approximation using frequency 
distribution maps better against the original mRNA 
translation 
 
random-selection based reverse 
translation .Comparison of achieved mRNA 
translations in Figure 3 shows that Bernoulli 
approximation based reverse translation maps more 
accurately to the original mRNA translations as 
compared to random-selection based reverse 
translation. In Figure 4(a) the graph of the Alanine 
amino acid also shows that the distribution of each 
codon in case of Bernoulli approximation based 
reverse translation is far more closer to original 
mRNA translation as compared to  random-
selection based reverse translation.   

 
Figure 1: Comparison of the three reverse translations 
obtained for Aldehyde-alcohol Aehydrogenase (adhE) 

In Figure 4(a) the graph of the distribution of 
Alanine amino acid in the whole reverse 
translations, shows that the distribution of overall 
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Alanine, in case of Bernoulli approximation based 
reverse translation is closer to original mRNA 
translation than the random-selection based reverse 
translation.   
 

 

 
 
 

 
(b): Overall pattern of Alanine in  reverse     translations 
obtained  

 
5.  Conclusions 

In this paper we discussed the importance of reverse 
translation in proteomics and its accompanying 
problem of uncertainty. This uncertainty arises as 
different organisms often show particular preferences 
for one of the several codons that encode the same 
given amino acid. For a more accurate and efficient 
mapping in reverse translation, we feel that codon 
selection based on codon usage frequency can give 
better results as compared to random selection of 
codon. We proposed and used Bernoulli process 
approximation for the translation of the amino acid 
residue back to DNA/mRNA based on the codon 
usage of the frequency distribution in a specific 
organism. Through a statistical illustration, we 
determined that the Bernoulli process approximation 

based on the frequency distribution based codon 
results in a more accurate reverse translation as 
compared to the conventional procedure based on 
random selections of codons. 

Acknowledgement 

This research work has been supported by the 
“Higher Education Commission of Pakistan”, and the 
University of Engineering and Technology, Lahore. 

 
References   
1. Ahsan S., Shah A. “Biological Databanks: 
Distribution, Heterogeneity, Diversityand 
Provenance”, 7th Workshop on Distributed Data 
and Structures (WDAS 2006). 

2. Amarnath Gupta San Diego Supercomputer 
Center, University Of California San Diego La 
Jolla, CA 92130 “Life Science Research and 
Data Management-What can they give each 
other?” 

3. Gordon H. Discrete Probability. Springer, 1997. 
4. Grote A Hiller K,Scheer M, Munch R, 
Nortemann B, Hempel DC, Jahn D.J-Cat: A 
novel tool for adopt codon usage of a target gene 
to its potential  expression host. Nucleic Acids 
Res.2005, 33 (Web Server Issue): W526-31 

5. Jagadesh H. ”Data Management For Life 
Sciences  Research”. SIGMOD RECORD, June 
2004. 

6. Jagdesh H.V. ”Data Management For Life 
Sciences, Report Of The NSF/NLM workshop 
on Data Management for Molecular and Cell  
Biology” National Library For Medicine Nov4, 
2004. 

7. Karl R. Popper. The Logic of Scientific 
Discovery 

8. Lambrix P., Str�mb�ck L., Tan H. Information 
Integration in Bioinformatics with Ontologies 
and Standards. REWERSE 2009: 343-376 

9. Plotkin  J. , Dushoff J.,  Desai M., and Fraser H. 
Codon Usage and Selection on Proteins. Journal 
of Molecular Evolution. Springer, 2006. 

10. Posele G, Attimonelli M, Liuni S. A back 
transalation method based on codon usage 
strategy. Nucleic Acids Res. 1988,16(5):1715-28 

11. Yury V., Moyez D., Rob M., Peter C., Thodoros 
T., Thierry B., Theo G, Henry D., Ian I., Jacek R.,  
Nancy F.  Design and Analysis of Quantitative 
Differential Proteomics Investigations Using LC-
MS Technology. J. Bioinformatics and 
Computational Biology 6(1): 107-123 (2008). 

5/6/2010 

 

Figure 24(a): Analysis of reverse translations for  
       Alanine  
 



Journal of American Science                                    2010;6(10)   

  

 
 

65 

Application of 3D Numerical Simulation of Sand Drain 
Element to Soft Soil of Guangzhou-Zhujiang Highway, 

China 
 

Waheed Oyelola Balogun1, Zhonghua Tang1, Si Chen2, M.A. Anifowose3, Mamadou Samake1 

1. School of Environmental Studies, China University of Geosciences (CUG), Wuhan, China, 430074 
2. Key Laboratories of Mine and Environmental Geology, Bureau of Land Resources and Housing 

Management (Chongqing Institute of Geology and Mineral Resources), China, 400042 
   3. Civil Engineering Departments, The Federal Polytechnic, P.M.B. 420, Offa, Kwara state, Nigeria. 

waheedabefe@gmail.com 
 
Abstract: The behavior of sand drain was estimated so that the size of very large load-pressure could 
be eliminated by changing the configuration of the sand drain elements into sand wall. A 3D 
mathematical model was formulated to transform the configuration of a sand drain into a sand wall to 
minimize or eliminate the excessive stress and primary settlement on the road base. This was barely 
considered in the past. According to soil mechanics theory and seepage characteristics of sand drain in 
road base foundations, a 3D sand drain element in FEM format was generated, a matrix expression was 
formulated which was introduced into 3D Biot Consolidation of Abaqus finite element program. The 
3D sand drain element generated in this study has been applied to Guangzhou-Zhujiang Highway as a 
case study. The Sand drain FEM been simulated and the conventional FEM, as well as the Hansbo 
solutions have been comparatively established. The results show that the simulated 3D sand drain 
element FEM method accurately represents the sand drain in the soft soil of road base when compared 
with the conventional methods. [Journal of American Science. 2010;6(10):65-72]. (ISSN: 1545-1003).  
 
Keywords: Sand Drain Element; 3D Biot FEM; soft soil foundation; Guangzhou- Zhujiang Highway 
 
1. Introduction 
        The first detailed studies of the 
coupling between the pore-fluid pressure and 
solid stress fields were described by Biot (1941). 
Vertical sand drain has been used to accelerate 
excess-pore water pressure dissipation and 
settlement caused by embankment fill loading 
(Van Helden et al. 2008; J. Chu et al. 2006; 
MartinDuque et al. 2004). Indraratna et al. (2005) 
reported that the efficiency of the vertical sand 
drain will depend on extent of the smear, the 
magnitude and distribution of vacuum pressure 
and the extent of air leak protection provided in 
the field and also concurred that a significantly 
reduction in height of sand surcharge could be 
applied if excess pore water is reduce by vacuum 
preloading. Experimental model of sand drains 
and sandwick reinforced soft soil mass to 
expedite in-situ settlement under preloading by 
radial drainage taking advantage of having more 
horizontal permeability than vertical (Shroff et al. 
2007).  
        In the absence of appropriate ground 
improvement (Indraratna and Redana 2000; 
Indraratna and Chu 2005), excessive settlement 
and lateral movement adversely affect the 

stability of buildings, ports and transport 
infrastructure built on soft formations.  Limited 
space, tight construction schedules, 
environmental and safety issues, maintenance 
costs and the longevity of earth structures have 
continued to demand unfailing innovation in the 
design and construction of essential 
infrastructures on soft clays. Zaman and 
Alvappillai (2000) used a nonlinear finite 
element (FE) to analyze the consolidation 
settlement of multilayered, saturated porous 
media under axisymmetry loading; the model 
was used to investigate the use of sand drains in 
accelerating the consolidation process at a bridge 
approach site in Clinton Oklahoma. Xie et al. 
(2005) used 1-D consolidation of 
non-homogeneous soft clay with specially 
varying coefficients of permeability and 
compressibility, the result obtained was in 
variance with Terzaghi’s theory and that of 
non-linear consolidation. Xiangqiao (2006) 
compared numerical results with one- 
dimensional and two dimensional analytical 
solutions. The influences of vacuum degree 
above the ground water table on pore pressure 
was discussed by Chen et al. (2004) who 
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observed that vacuum decreases with depth due 
to resistances.  
        A compaction-flow model for flows 
through porous medium is available in the 
commercial code ABAQUS for modeling 
consolidation of granular solids (Abaqus, 1995). 
Several applications of the use of the vacuum 
consolidation method to improve soft clayey 
deposits have been reported (e.g., Bergado et al. 
1998; Chu et al. 2000; Tang and Shang 2000; 
Tran et al. 2004). However, the resulted sand 
drain transformations in their reports have some 
lapses.  
        The single well symmetrical analysis, 
however, only considers the role of a sand-drain 
for a single well, thus, incapable of determining 
the total horizontal deformation in the entire 
foundation and the general impact of the load on 
the foundation. Before applying the Plane strain 
finite element method, the sand drain would be 
transformed into the sand wall as shown in the 
Figure1.The first rule is that the consolidation in 
the sand drain is assumed to be equal to the 
consolidation in the sand wall. However, in this 
transformation from sand drain to the sand wall. 
Although there are negligible geometrical lapses 
but the accuracy of its geometrical positions 

could still be guaranteed. Consequently, this 
would be restricted to the simulation of the 
surface subsidence.  
        Mathematical and theoretical 
applications of 3D-methods of analysis are 
comparatively more accurate. In accordance to 
soil mechanics theory and seepage 
characteristics of sand drain and using 
mathematical methods, this paper generated a 
3D sand drain element in FEM format and 
obtained a matrix expression which was 
imported into 3D Biot Consolidation of 
ABAQUS program. The Sand drain finite 
element method generated, and the conventional 
finite element methods, as well as the Hansbo 
analytical solutions have been compared. The 
results show that 3D sand drain element method 
can efficiently simulate sand drain in the soft 
soil when compared with other methods. 
 
2. Mathematical model and numerical 
method 
        According to Biot (1941), the 3D 
equation governing the distribution of stress, 
water content, and settlement as a function of 
time in a soil under a specified load; can be 
illustrated as follows: 
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Where , ,  and  u v w are displacement components, [ ]
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is the volumetric strain, κ  is a physical constant called the coefficient 

of soil permeability and gw wγ ρ= is the unit weight of water , ν soil skeleton drained Poisson’s 

ratio, , , and x y z are coordinate axes and t is time. 

 
2.2 Numerical methods 
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        In this study, the load on the nodes are concentrated in one-dimension thus, we applied 
equation 2 to determine the loads which are only applicable in one dimensional as  

               
0

1

1
( ) ( )

2

T Te

bar

l l
f x dx f dξ ξ

−
= =∫ ∫P N N               (2) 

  
Considering the sand drain element as a one-dimensional line unit, we obtained a finite element matrix 
which will be extended into a three dimensional. In one-dimensional situation, the node value along the 
vertical direction of the sand drain could not be determined, as well as the pore pressure along the 
vertical direction of the sand drain. Therefore, using equation 2, we can determine the sand drain node 

displacement iu , as     

              ( ) ( ) ( )
1 1

1 11 22 2
u u uξ ξ ξ= − + +                      (3) 

The measure of the resistance offered by an elastic soil to deformation is been expressed in matrix 
format as follows: 

1 1

1 1

EAe
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−
=

−

 
  

K                                              (4)  

 

Where Α is the original cross-sectional area through which the force is applied and l  is original 

length before loading.                                                    
Extending the mechanical stiffness matrix into a space line unit is giving as: 
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        Where： 
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     In accordance with the finite element format, the above formulated sand drain element matrix 
would be introduced into the 3D Biot model program. 
 
3 sand drain method 
        The major shortfall in the application of sand drain of 3D Biot consolidation method on soft 
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ground is the presence numerous finite element nodes due to sand drain. Henceforth, several simulation 
units are required to be computed, thereby, making a 3D Biot method operation more cumbersome 
especially over a large area. This paper presents a new 3D sand drain unit approach which can 
effectively minimized the finite element node points, thus, reducing the number and time of 
calculation. 
 
3.1 calculating parameters of sand wall   
        By comparing the Sand well diameter (usually 0.1m) with that of the surrounding soil size 
(usually 1.2 m ~ 3.0m) and the total length of the well (generally 10 m ~ 25m),it shows that the length 
will be too long compared to its diameter. Each element consists of eight nodes of uniform magnitude 
in three-dimensions. Therefore, considering the compatibility between these elements, the eight nodes 
line elements are coupled into 2-nodes elements as shown in figure 2b.  
Our main target is to increase the penetration, while its Mechanical properties are of secondary 
importance. By these implications we would have suggested a new Sand Drain Element method to 
simulate the road foundation, where Sand drain would be considered in its original form as shown in 
Figure 2a and as a single line as shown in figure 2b respectively. Both the shear and twisting forces of 
sand drain are not considered in this study, but only considered the axial force impact and infiltration. 
This idea is analogous to the phenomenon of heat transfer within a steel unit. 

The line element of the sand drain is shown in figure 2c as considered in this study, where ,  and i η ξ  

are space-functions with negligible self-weight of the unit elements. 
 

 

 
Sand drain grid division 

Soil grid division  

A

B

Soil grid division 

 
Figure 2a Conventional sand drain element partition       Figure 2b new sand drain element 
partition  

 
S Figure 2c Sand drain element and  

 
4 Case studies 
        The study area is located on the pearl alluvial deposits plain, and the topography of the site is 
wide and flat. The sub-grade of the site consists of a layer with19.8m to 31.6m thick, of fully saturated, 
plastic flow soft soil, which is typical poor geological stratum for foundations. The soft soil, stratum 
has low shear strength, and remolded shear strength is even lower, indicating that the soil is fairly 
sensitive. Therefore, the soft soil has poor bearing capacity and low resistance to instability failure. The 
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soft soil is highly compressible and has a low permeability value; hence it requires a long consolidation 
period (Dong et al., 2001). 
After the transformation of the sand drain into sand wall, our model would be tested with a case study 
using specific data obtained from Guangzhou-Zhujiang highway with a little modification.  
 
4.1 statement of problem 
        The Sand drain is a 2m squared layout, with total length between the top and bottom of 8m, 
and radius of 0.1m, a schematic illustration is as shown in Figure 4. To carry out a simulation of the 

sand drain, this layout is modified as follows, the sand drain squared layout is modified to have a wider 
impact, the radius is adjusted as effective radius re= 2m×0.564 = 1.128m. Hansbo’s solution only 

considered the level of drainage. With Sand drain effective radius; re=1.128m, and the permeability 
coefficient of soil in the horizontal direction is kh= 10-8 m/s, the elastic modulus E = 104kPa, Poisson's 

ratio υ =0.0. Sand drain actual radius rw= 0.1m, infiltration coefficient kw=10-2 m/s, the foundation 

thickness L=8m. Load P0=20kPa (instantaneously imposed). 

L=8m
kh hk

kw

rw

er  =1. 128m

z

o
r

p =20 kPa0

 
 

Figure 4 the sketch of single sand drain  
4.2 Analytical solution 
        In order to test the accuracy of the sand drain element model designed in our study, the 
conventional analytical method and the 3D finite element analysis method are compared for 
verification. Sand drain consolidation of the soft ground is a classical problem in soil mechanics of 
which several solutions have been proffered to address this problem. In our own case, (Hansbo 1986; 
1994; 2001) solution has been selected for comparative analysis. 
The equation of an average degree of consolidation in depth z according to (Barron, 1947; Hansbo, 
1994) is given as  
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The average consolidation of the foundation is given as: 
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∫                                             (8) 

2)2/( ehh rtcT = ; Where Th is the time factor. 

 
4.3 Numerical Simulation 
        A sand drain element obtained using finite element method and conventional method of 
computing the 3D models are shown in Figure 8a and Figure 8b respectively. The following conditions 
are strictly adhered to in order to determine the sand drain consolidation at each point in time. (1)The 
bottom of the sand drain is fixed, i.e. there is neither a displacement nor, inflow of water to the bottom 
and around the sand drain well (2) around the sand drain well, there is only vertical displacement and 
also no-flow condition (3) in contrary, at the top of the sand drain, there are displacements, and 
inflow/outflow of water also takes place.  

In order to verify sand drain in a vacuum preloading pressure, conventional finite element method 
and sand drain method have been analyzed and compared using the given coefficients in table 1 which 
were obtained through our model conceptualization and history of study area (Case study). We obtained 
the two types of load as shown in Figure 6 
 

Table 1. Soil coefficient 

λ  κ  cse  M  hk (cm/s) vk (cm/s) 

0.32 0.06 2.00 1.00 4.0E-8 2.0E-8 
 
4.4 Results and Discussions 
        From our analytical solution a numerical solution has been obtained as shown in the history 
matching of figure 5. The results of the Hansbo solution, the sand drain solution and the conventional 
3D solution are compared. The result shows a good match of the three conditions which implied that 
sand drain solution can accurately simulate the soft soil foundation.  

Agreeing with linear elasticity model conditions in our sand drain, a mathematical model is 
formulated, and numerical solution are obtained accordingly as shown in Figure 6 (loading), Figure 7 
(surface subsidence), Figure 8a and 8b are stratified settlements and Figure 9a and 9b depicted the pore 
pressure . 
        The above examples, by comparison, the sand drain element model in this paper has only 
68% of cells compared with other conventional finite element model and only 69% of nodes as 
compared to the numbers of node in the conventional methods. By implication, the sand drain element 
model has limited numbers of nodes and cells, thus, making the sand drain application a less 
cumbersome and more efficient method. 
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   Figure 7. Surface subsidence              Figure 8a. General Element stratified settlement 
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Figure 8b. Sand Drain Element stratified settlement  Figure 9a General Element pore water pressure  
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Figure 9b Sand Drain Element pore water pressure 

 
5. Conclusions 
        Sand drains have been transformed 
into sand wall thereby minimizing the cells 
and nodes  often generated by reducing the 
cells to 68% and the nodes to 69% when 
compared with the conventional method, thus, 
efficiently reducing the time taking for 
consolidation. 3D sand drain elements in FEM 
format are generated, and matrix formation is 
equally obtained in 3D.  The matrix is 
introduced into a 3D biot consolidation of 
Abaqus finite element program. The simulated 
sand drain FEM and the conventional FEM, 

and analytical solution of Hansbo compared 
had shown a good match for our case history 
of Guangzhou- Zhujiang highway base course.  
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Abstract: Four new 4-anilino-7-chloroquinoline derivatives substituted at position 4 of the anilino moiety with 
various bioisosteric heterocycles have been designed and synthesized. Virtual screening was carried through 
docking the designed compounds into the ATP binding site of the epidermal growth factor receptor (EGFR) to 
predict if these compounds have similar binding mode to the EGFR inhibitors. The newly synthesized compounds 
were also tested in vitro on human breast carcinoma cell line (MCF-7) in which EGFR is highly expressed. Most of 
the tested compounds exploited potent cytotoxic activity with IC50 values in the nanomolar range in particular 
compounds II, IVd, Va, Vc, VIa and VII which displayed the highest activity among the tested compounds with IC50 
equal to 5.70, 5.37, 0.87, 5.10, 1.41 and 2.75 nM respectively. [Journal of American Science. 2010;6(10):73-83]. 
(ISSN: 1545-1003).  
 
Keywords: Anilinoquinoline, EGFR tyrosine kinase inhibitor-, cytotoxic activity, Docking study. 
 
 

 

Introduction 
Protein tyrosine kinases are enzymes that provide a 
central switch mechanism in cellular signal 
transduction pathways. They are involved in many 
cellular processes such as cell proliferation, 
metabolism, survival and apoptosis. Several protein 
tyrosine kinases are known to be activated in cancer 
cells and to drive tumor growth and progression. 
Blocking tyrosine kinase activity therefore represents 
a rational approach to cancer therapy1. Protein 
kinases (PTKs) catalyze the phosphorylation of 
tyrosine and serine / threonine residues in various 
proteins involved in the regulation of all functions 
they can be broadly classified as receptor such as 
EGFR, or non receptor kinases. Inappropriate or 
uncontrolled activation of many of these kinases, by 
over expression, constitutive activation, or mutation, 
has been shown to result in uncontrolled cell growth2. 
The epidermal cell growth factor receptor belongs to 
the family of transmembrane growth factor receptor 
PTKs. The EGFR and c-erb B2 PTKs have been 
identified as interesting targets for medicinal 
chemistry programs especially in cancer therapy3-6. 

Over expression of these receptors is found in 
a number of cancers (e.g. breast, ovarian, colon and 
prostate), their expression levels often correlate with 
vascularity and has been associated with poor 
prognosis in patients7,8. Inhibition of the EGFR PTK 
are therefore expected to have great therapeutic 
potential in the treatment of malignant and non 
malignant epithelial diseases. Drug discovery efforts 
have targeted this aberrant kinase activity in cancer  

 
and many other diseases9.Advances in the 
identification of kinase inhibitors have created hope 
for the modulation of uncontrolled cell growth in 
cancer therapy for solid tumor10. This strongly 
suggests that these targets represent drug intervention 
opportunities due to pivotal role in governing cellular 
proliferation, survival and metastasis. 
A great number of different structural classes of 
tyrosine kinase inhibitions which have been reported 
and reviewed3-5. The most promising molecule 
selective EGFR-TK inhibition includes 4-
anilinoquinazoline and its bioisosteric 4-
anilinoquinolines.  

Several researches including synthesis and 
biological evaluation on 4- anilinoquinolines as 
potent inhibitors of epidermal growth factor receptor 
(EGFR)11  

 as well as 3D QSAR and docking studies on 4- 
anilinoquinazoline and 4- anilinoquinoline epidermal 
growth factor receptor (EGFR) tyrosine kinase 
inhibitor12. 

Fig 1 includes some examples that are 
currently approved drugs or in clinical trials8. 
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         In recent years research has led to the discovery 
of highly selective compounds that target EGFR. 
These compounds act via competing with ATP for 
tyrosine kinase. Later on a great structural variety of 
compounds of structurally diverse classes have 
proved to be highly potent and selective ATP 
competitive inhibitors. 4-anilino-quinoline 
derivatives provide the necessary binding properties 
for inhibition of the E and B family of tyrosine as 
they mimic the adenine portion of ATP13-14. Intensive 
research in the area of tyrosine kinase inhibitors led 
to development of enormous number of active 
compounds15-20. In the same direction and in 
continuing effort to find more potent selective lead 
compound, herein, we describe the design and 
synthesis of four series of 4-anilino-quinoline 
derivatives as possible antitumor agents that may act 
through EGFR inhibition. 

Thus a new sub-family of compounds 
containing 4-anilino-quinoline core as promising 
potent and selective EGFR inhibitors were 
synthisized Our strategy is directed toward designing 
a variety of ligands with diverse chemical properties 
hypothesized that the potency of the molecule might 
be enhanced by adding alternative binding group 
such as arylidene hydrazinocarbonyl, oxadiazoline or 
carbamoyl and thiocarbamoyl in the anilino moiety. 
In this way such substitution pattern could largets 
different regions of the protein kinase domain to 
create differentially selective molecules. Also after 
discovery of lapatinib, it was claimed that 4-position 
of the aniline can tolerate a lot of bulky substituents 
this lead to fundamental change in the 
pharmacophore in such a way that the bulky group 
could be oriented deep in the back of the ATP 
binding site and make predominantly hydrophobic 
interaction with the protein. The binding mode and 
docking energy of the designed compounds in EGFR 
homology model could be helpful tool for prediction 
their mechanism of antitumor activity. 
 
Chemistry: 

General synthesis for target compounds are 
depicted in scheme I. The acid hydrazide  III was 
synthesized from the corresponding 4-(p-
carbethoxyanilino)-7-chloroquinoline obtained by 
reacting 4,7-dichloroquinoline I with p-
aminoethylbenzoate, in absolute ethanol to yield II, 
reacting II with hydrazine hydrate in absolute ethanol 
gives the target key compound III. The hydrazone 
derivatives IV (a-f) were obtained via the reaction of 
III with different aromatic aldehydes. The 
oxadiazoline V (a-c) were obtained by cyclizing IV 
(a,b and c) with acetic anhydride sodium acetate 
mixture. The thiocarbamoyl VI (a-d), the carbamoyl 
VIe as well as the 2-mercaptooxadiazol VII were 

obtained by reaction between III and isothiocyanate 
or isocyanate and CS2/KOH respectively. 

The structure of the synthesized compounds 
were confirmed by elemental analysis, IR, 1HNMR 
and mass spectroscopy.  
 
Experimental part: 

Melting points were determined with a 
Gallenkamp (London, U.K.) melting point apparatus 
and are uncorrected.IR spectra (KBr,cm-1) were 
recoreded on Bruker Vector, 22 FT-IR (Fourier 
Transform Infrared (FTIR)) (Germany) spectrometer. 
1HNMR spectra were recorded on a Varian Gemini-
200 (200-MHz, Foster City Calif., USA) and Varian 
Mercury-300 (300-MHz, City: Palo Alto, State: 
Calif.,USA spectrometers using dimethylsulphoxide 
(DMSO)-d6 as a solvent and tetramethylsilane (TMS) 
as an internal standard (Chemical shift in δ, ppm).   
Mass spectra were determined using Mass 
spectrometers GC/MS Shimadzu QP 1000 EX 
(Shimadzu Corporation, Tokyo, Japan) with 
ionization energy 70 ev. Elemental analyses were 
determined using Automatic Elemental Analyzer 
CHN Model 2400 Perkin Elmer (USA) at 
Microanalytical Center, Faculty of Science, Cairo 
University, Egypt. All the results of elemental 
analyses corresponded to the calculated values within 
experimental error. Progress of the reaction was 
monitored by thin-layer chromatography (TLC) using 
precoated TLC sheets with Ultraviolet (UV) 
fluorescent silica gel (Merck 60F254) and spots were 
visualized by iodine vapors or irradiation with UV 
ligh (254 nm). All the chemicals were purchased 
from Sigma-Aldrich.  
 
4-(p-Carbethoxyanilino)-7-chloroquinoline II:  

4,7-dichloroquinoline I (0.01 mol) was 
dissolved  in absolute ethanol and poured on to a 
solution of p-aminoethylbenzoate (0.01 mol) in 10% 
HCl while stirring at room temperature, set aside for 
30 minutes render alkaline with ammonia solution 
and diluted with water. 

The obtained precipitate was filtered and 
crystallized from ethanol yield 73%, m.p. 230°C  
1HNMR (DMSO-d6): 1.21 – 1.31 (t, 3H, CH3), 4.19 – 
4.28 (q, 2H, CH2 – CH3), 9.2 (s, 1H, NH), 7-8.6 (m, 
9H aromatic). Mass m/z. 326 Anal. Calcd for 
C18H15N2ClO2 :C, 59.5; H, 4.1; N, 8.5. Found: C, 60; 
H, 4.5; N, 8.2. 
 
4-(p-hydrazinocarbonylanilino)-7-chloroquinoline 
III. 

4-(p-carbethoxyanilino)-7-chloroquinoline II 
(0.01 mol) was dissolved in absolute ethanol. 
Hydrazine hydrate (0.01 mol) was added and the 
mixture was refluxed for 4 hours (T.L.C) 
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concentrated in vacuo, few drops of water were added 
and the crarny while precipitate obtained was filtered 
and crystallized from ethanol-H2O. Yield: 85%, m.p. 
180°C, 1HNMR (DMSO – d6) 6.5 – 8.6 (m, 11H, 
aromatic + NH2) 9.2, 10.2 (s, 2H, 2NH). IR (KBr, cm-

1) 1690 (C=O) 3300, 3600 (NH, NH2). MS m/z: 314 
(M+2) Anal. Calcd for C16H13N4ClO: C, 61.4; H, 4.1; 
N, 17.9. Found C,61.5, H, 4.00, N, 17.37.   

  
4-[4-
(Bromobenzylidenehydrazinocarbonyl)anilino]-7-
chloro-quinoline IVa. 
Procedure: 

A mixture of III (0.01 mol) and p-
bromobenzaldehyde (0.01 mol) in absolute EtOH and 
2 drops of glacial acetic acid was refluxed for 3 
hours. The solvent was removed under reduced 
pressure and the residue was crystallized from 
DMF/H2O. to give IVa. Yield 75%, m.p. 145°C, 
1HNMR (DMSO – d6) (300 MHz) : 7.2 – 8.9 (m, 13 
H aromatic + H ald), 10.2, 10.7 (2s, 2H, 2NH). IR 
(KBr) cm-1 3300 (NH), 1690 (C=O). MS m/z 480 
Anal. Calcd for C23H16N4Br ClO : C, 57.5; H, 3.5; N, 
11.6. Found: C, 57.2; H, 3.2, N, 11.17. 
 
4-[4 
(Chlorobenzylidenehydrazinocarbonyl)anilino]-7-
chloro-quinoline IVb. 
Procedure: 

The same procedure used for IVa using p-
chlorobenzaldehyde  

Yield 85%, m.p. 125°C, 1HNMR (DMSO – d6) 
(300 MHZ) 7.4 – 9.1 (m, 13 H, aromatic + H ald), 
10.5, 11.2 (2s, 2H, 2NH). IR (KBr) cm-1 3310 (NH), 
1695 (C=O). Anal. Calcd for C23H16N4Cl2O: C, 63.5; 
H, 3.6; N, 12.9 Found: C, 63.3; H, 3.9; N, 12.71.  
 
4-[4-(4-Methoxy-3-
hydroxybenzylidenehydrazinovarbonyl) anilino] -
7-chloroquinoline IVc  
Procedure: 

The same procedure used for IVa using 
vanilline Yield 80%, m.p. 215°C, 1HNMR (DMSO – 
d6) (300 MHz): 3.9 (s, 3H, OCH3), 7.2 – 8.6 (m, 13H 
aromatic + H ald), 10, 11.9, 12 (3s, 2H, 2NH H, OH). 
IR (KBr) cm-1 3450, 3300 (OH, NH), 1690 (C=O). 
Anal. Calcd for C24H19N4ClO3: C, 64.5; H, 4.2; N, 
12.5 Found: C, 64.7; H, 4.9; N, 12.2.  
 
4-[4-(4-Methoxybenzylidenehydrazinocarbonyl)-
anilino]- 
 7- chloroquinoline IVd:  
Procedure: 

The same procedure used for IVa using 
annisaldehyde Yield 75%, m.p. 203°C, 1HNMR 
(DMSO – d6) (300 MHz): 4 (2s, 3H, OCH3), 7.4 – 8.6 

(m, 13H aromatic + H ald) 9.1 (s, 1H ald), 10, 11.2, 
(s, 2H, 2NH). IR (KBr) cm-1 3290 (NH), 1670 (C=O). 
MS m/z 430.15. Anal. Calcd for C24H19N4ClO2: C, 
66.8; H, 4.4; N, 13 Found: C, 66.5; H, 4.1; N, 13.61.  
 
4-[4-(4,4-
dimethylaminobenzylidenehydrazinocarbonyl) 
anilino]-7-chloroquinoline IVe:  
Procedure: 
The same procedure used for IVa using 4,4- 
dimethylaminobenzaldehyde. 
Yield 70%, m.p. 230°C, 1HNMR (DMSO – d6) (300 
MHz) 3.9 (s, 6H, 2CH3), 6.7 – 8.5 (m, 13H aromatic + 
H ald), 9.3, 11.4 (2s, 2H, 2NH). IR (KBr) cm-1 3320, 
3300 (2NH), 1650 (C=O). Anal. Calcd for 
C25H22N5ClO: C, 67.3; H, 4.9; N, 15.7 Found: C, 
67.6; H, 4.5; N, 15.1.  
 
4-[4-(4,4-
Hydroxybenzylidenehydrazinocarbonyl)anilino]-
7-chloroquinoline IVf:  
Procedure: 

The same procedure used for IVa using p-
hydroxybenzaldehyde  

Yield 60%, m.p. 166°C, 1HNMR (DMSO – 
d6) (300 MHz)7.2 – 9 (m, 13H aromatic + H ald), 
10.5, 11.8, 12 (3s, 2H, NH, H, OH). IR: 3450, 3300 
(OH, NH), 1690 (C=O). Anal. Calcd for 
C23H17N4ClO2: C, 66.2; H, 4.0; N, 13.4 Found: C, 
65.9; H, 4.2; N, 13.19.  
 
]4-[4-(4-Acetyl-5-(4-bromophenyl)–4,5-
dihydro,3,4-oxadiazol-2-yl)-anilino]-7-
chloroquinoline Va:  

A mixture of IVa (0.01 mol) acetic anhydride 
(5 ml) and anhydrous sodium acetate (0.1 mol) was 
refluxed for 1 hour. The solution was poured onto ice 
cold H2O and the solid separated was cryslallized 
from ethanol. Yield 55%, m.p. 290°C, 1HNMR 
(DMSO – d6) 2.2 (s, 3H, COCH3) 6.6 (s, H, CH) 7.5 
– 8.4 (m, 13H aromatic), 8.8 (s, 1H, NH). IR: (KBr) 
cm-1 3360 (NH), 1760 (C=O) 1600 (C = N). MS m/z 
520. Anal. Calcd for C25H18N4BrClO2: C, 57.5; H, 
3.4; N, 10.7 Found: C, 57.2; H, 3.1; N, 10.2.  
 
4-[4-(4-Acetyl-5-(4-chlorophenyl)–4,5-dihydro,3,4-
oxadiazol-2-yl)-anilino]-7-chloroquinoline Vb:  

The same procedure as Va using IVb. Yield 
50%, m.p. 245°C, 1HNMR (DMSO – d6) (300 MHz) 
2.3 (s, 3H, COCH3), 6.8, (s, H, CH) 7.6 – 8.5 (m, 
13H aromatic), 8.8 (s, 1H, NH). IR (KBr) cm-1: 3360 
(NH), 1760 (C=O), 1605 (C = N). MS m/z.  Anal. 
Calcd for C25H18N4Cl2O2: C, 63.1, H, 3.7; N, 11.7 
Found: C, 63; H, 3.2; N, 11.5.  
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4-[4-(4-Acetyl-5-(4-N,N-dimethylaminophenyl)–
4,5-dihydro,3,4-oxadiazol-2-yl)-anilino]-7-
chloroquinoline Vc:  

The same procedure as Va using IVe. Yield 
60%, m.p. > 300°C, 1HNMR (DMSO – d6) (300 
MHz) 2.3 (s, 3H, COCH3), 3.7, (s, 6H, 2CH3),  6.6 (s, 
H, CH), 6.9 – 8.6 (m, 13H aromatic), 9.9 (s, H, NH). 
IR (KBr) cm-1: 3350 (NH), 1730 (C=O), 1590 (C = 
N). MS m/z.  484.5, Anal. Calcd for C27H24N5ClO2: 
C, 66.3,  H, 4.9; N, 14.4. Found: C, 66.8; H, 4.3; N, 
14.1.  

 
4-[4-N-Ethylthiocarbamoylhydrazinocarbonyl)-
anilino]- 
7- chloroquinoline VIa: chloroquinoline VIa:   
General procedure:  
To a solution of III (0.01 mol) in abs EtOH was 
added ethylisothiocyanate (0.01 mol) and the mixture 
was left over night at room temperature. The solvent 
was removed under reduced pressure and the residue 
was crystallized from DMF /  H2O. Yield 83%, m.p. 
115°C, 1HNMR (DMSO – d6) (300 MHz) 1.2 (t, CH2 
CH3), 4.2 (q, CH2 CH3),  7.6 – 9.3 (m, 9H, aromatic + 
1H NH), 9.2 (s, 1H, NH) 9.8 (s, 1H, NH). 10.2 (s, 
1H, NH). IR (KBr cm-1) 3400 (NH), 1678 (C=O), 

Anal. Calcd for C19H18N5ClOS: C, 57.1,  H, 4.5; N, 
17.5 Found: C, 57.4; H, 4.1; N.,17.2 
 
4-[4-N-Phenylthiocarbamoylhydrazinocarbonyl)-
anilino]- 
7-chloroquinoline VIb:  
Procedure:  

The same used for VIa using 
phenylisothiocyanat.Yield 78%,m.p.122°C,1HNMR 
(DMSO-d6) (300 MHz) 7.2 – 8.6 (m, 14H aromatic + 
1H NH), 9.8 (s, 1H, NH) 10.6 (s,1H, NH). 11.2 (s, 
1H, NH). IR (KBr cm-1) 3310 (NH), 1672 (C=O), 
Anal. Calcd for C23H18N5ClOS: C, 61.6,  H, 4.0; N, 
17.6 Found: C, 61.3; H, 3.97; N, 17.2.  
 
4-[4-N-Allylthiocarbamoylhydrazinocarbonyl)-
anilino]- 
7-chloroquinoline VIc:  
Procedure:  

The same used for VIa using 
allylisothiocyanate Yield 70%, m.p. 118°C, 1HNMR 
(DMSO – d6) (300 MHz) 5.2 (m, 5H allyl), 7.2 -8.6 
(m, 9H, aromatic + 1H NH), 9.2, 9.4, 10.2 (3s, 3H, 
NH). IR (KBr cm-1) 3267 (NH), 1678 (C=O), Anal. 
Calcd for C20H18N5ClOS: C, 58.3,  H, 4.3; N, 17 
Found: C, 58.1; H, 4.6; N, 17.2.  

 
4-[4-N-Cyclohexylthiocarbamoylhydrazinocarbonyl)-
anilino]- 
7-chloroquinoline VId:  

Procedure:  
The same used for VIa using 

cyclohexylisothiocyanate instead of 
ethylisothiocyanate.Yield65%,m.p.210°C,1HNMR 
(DMSO–d6) (300 MHz) 1.2 – 1.7 (m, 10H 
cyclohexyl), 4 – 4.2 (m, 1H, cyclohexyl) 7.6 – 8.6 
(m, 9H aromatic + 1H NH), 9.8, 10.6, 11 (3s, 3H, 
NH). IR (KBr cm-1) 3260 (NH), 1672 (C=O), Anal. 
Calcd for C23H24N5ClOS: C, 60.9;  H, .5.0, N, 15.4. 
Found: C, 60.6; H, 5.3; N, 15.1.  
 
4-[4-N-Cyclohexylcarbamoylhydrazinocarbonyl)-
anilino]- 
7-chloroquinoline VIe:  
Procedure:  

The same used for VId using 
cyclohexylisocyanate. Yield 70%, m.p. 220°C, 
1HNMR (DMSO – d6) (300 MHz) 1.16 – 1.18 (m, 8H 
cyclohexyl), 4.0 – 4.1 (m, 1H, cyclohexyl) 7.2 - 8 (m, 
9H aromatic +1HNH), 8.2, 8.6,  10 (3s, 3H, NH). IR 
(KBr cm-1) 3280 (NH), 1670 (C=O), Anal. Calcd for 
C23H24N5ClO2: C, 63.00;  H, 5.2; N, 16. Found: C, 
63.2; H, 5.1; N, 15.79.  
 
4-[4,5-Mercapro-1,3,4-oxadiazol-2-ylanilino]-7-
chloroquinoline VII:  
Procedure:  

To  a solution of KOH (0.01 mol) in EtOH (50 
ml) was added III (0.015 mol) and CS2 (0.01 mol). 
The mixture was refluxed for 48 hours with stirring. 
The solvent was removed under reduced pressure and 
the residue was dissolved in H2O and acidified with 
dil HCl. The precipitate was filtered, washed with 
H2O and crystallized from EtOH. Yield 65%, m.p. 
235°C, 1HNMR (DMSO – d6) (300 MHz) 3.2 (s, 1H, 
SH), 7.0 – 8.2 (m, 9H, aromatic), 8.8 (s, 1H, NH). IR 
(KBr cm-1) 3427 (NH), 1610 (C = N), Anal. Calcd for 
C17H11N4ClOS: C, 57.4;  H, 3.1; N, 15.7 Found: C, 
57.2; H, 3.3; N, 15.35. 
 
Molecular modeling study: 
Docking study was carried out for the target 
compounds into EGFR using SYBYL version 7.3. 
Tripos Inc with Malegro virtual docker program 
version 2007. The crystal structure of the enzyme and 
lapatinib (IXKK) was obtained from protein data 
bank PDB21 since it was found that lapatinib which is 
an anilinoquinazoline derivative mimic ATP and bind 
to the ATP binding region of the kinase active site. 
Therefore our compounds which are bioiosteres of 
anilino quinazoline derivatives were modeled by 
positioning them in the lapitinib binding site in 
accordance with the published crystal structures of 
quinazoline derivatives bound to kinase22. The entire 
complex was then subjected to alternate cycles of 
minimization and dynamics the intent was to get a  
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satisfactory structure for the complex that was 
consistent with the published crystal structure23,24. 
From the comparative docking study of our 
compounds with many structurally related lead 
compounds, such as lapatinib and gefitinib we could 
observe how our compounds might bind to the kinase 
binding site. Based on a knowledge of the structure of 
similar active sites, we docked Lapatinib into the 
active site of the enzyme (fig. 2). Docking studies 
have revealed that Lapatinib ring bind to a narrow 
hydrophobic pocket in the EGFR TK domain with 
three hydrogen bond interaction with amino acids in 
vicinity while the aniline moiety lies in a deep and 
hydrophobic pocket. The bulky sulfamoyl group at C-
4 of aniline moiety lies at the same position of the 3' 
chloro-4'-(3-fluorobenzyl) oxy moiety of Lapatinib 
ΣE recorded was equal to – 71 and RMSD equal 

0.004 indicating that the ligand chosen interact with  
the enzyme at the same sites as do the main ligand. 
Compound Va was then docked into the active site of 
the enzyme fig. 3 revealing ΣE equal to – 93.4 and 
hydrogen bond with ASP 855. Compound VIa was 
also docked in the ATP binding site of EGER TK 
result of docking revealed ΣE equal to – 79.2 and 
showing hydrogen bond with Thr 854 we can observe 
that the quinoline ring as well as the aniline moiety 
lie in a deep and hydrophobic pocket in the EGFR as 
in case of the choosen lead compounds with ΣE 
indicating more stability compared with the lead 
compound Lapatinib.   
 
    

 
 

 

Fig. 2. Lapatinib in the ATP binding site of EGFR – TK. With ΣE equal to  -71, RMSD = 0.004 with 3 HB. 
This picture was created with SYBYL version 7.3. 
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Fig. 3. Compound Va docked at the ATP binding of EGFR – TK with ΣE equal to – 93.4 the fig shows HB 

with ASP 855 
 

 
Fig. 4. Binding mode of compound VIa in the ATP binding site of EGFR –

TK with ΣE equal to – 79.2 and showing 1HB with Thr 854. 
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Biological testing: 
Material and methods: 

The human tumor cell lines (MCF -7) were 
obtained as a gift from NCI, Merryland, USA. All 
chemical and solvents were purchased from Sigma – 
Aldrich. 
 
Measurement of potential cytotoxicity: 

The cytotixic activity was measured in vitro 
for the newly synthesized compounds using the sulfo-
Rhodamine – B stain (SRB) assay using the method 
of Skehan25 cells were plated in 96 – multiwall 
microtiter plate (104 cells / well) for 24h before 
treatment with the compound (s) to allow attachment 
of cell to the wall of the plate. Test compounds were 
dissolved in DMSO and diluted with saline to the 
appropriate volumes. Different concentration of the 
compound under test (0.1, 2.5, 5 and 10 µg / ml) were 
added to the cell monolayer. Triplicate wells were 
prepared for each individual dose. Monolayer cells 
were incubated with the compound(s) for 48h at 37°C 
and in atmosphere of 5% CO2. After 48h, cells were 
fixed, washed and stained for 30 minutes with 0.4% 
(wt / vol) with SRB dissolved in 1% acetic acid 
unbound dye was removed by four washes with 1% 

acetic acid and attached slain was recovered with Tris 
EDTA buffer. Color intensity was measured in an 
ELISA reader. The relation between surviving 
fraction and drug concentration is plotted to get the 
survival curve. 
 
Table I: In vitro cytotoxic activities of examples of 
the synthesized compounds against human breast 
cancer cell (MCF-7): 
 
Compounds Cytotoxicity (IC50)

a,b 
In nM 

II 
III 
IV d 
Va 
Vc 
VI a 
VII 

5.7 
9.87 
5.37 
0.87 
5.1 
1.41 
2.75 

 

aIC50, Compounds concentration required to inhibit 
tumor cell proliferation by 50%. 
bValues are means of three experiments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concentrations of Va in nM 

 

Fig. 5: Effect of different concentrations of Va on the viability of MCF-7 cell line 

IC50 = 0.87 nM 
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Concentrations of VIa in nM 

 
Fig. 6: Effect of different concentrations of VI a on the viability of MCF-7 cell line 
 
Conclusion 
Since breast cell are known to overexpress EGFR, 
which leads to continuous activation of the EGFR 
pathway involved in cell proliferation, therefore we 
measured antitumor activity of the compounds in 
vitro on human breast carcinoma cell line (MCF-7). 
Most of the tested compounds exhibited potent 
inhibitory activity against MCF-7 cell line. 

In the anilinoqunoline series, compounds Va 
and VIa are the most potent ones with IC50 equal to 
0.87 and 1.41 respectively from the biological testing 
results we conclude that anilinoquinoline with five 
membered heterocyl oxadiazoline substituted at 
position-2- with p-bromo phenyl moiety compound 
Va as well as the ethyl thiocarbamoyl anilinoquioline 
derivative compound VIa are the most active 
compounds. 

These results indicate a parallel correlation 
between Molecular Modeling study and measurement 
of potential cytotoxicity as shown in compound Va & 
VIa ΣE equal – 93.4 and – 79.2 while IC50 equal 0.87 
and 1.41 respectively.   

These preliminary encouraging results of 
biological screening of the tested compounds could 

offer an excellent framework in this field that may 
lead to discovery of potent antitumor agent. 
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Abstract: Aim: This study aimed to compare between the effect of two different chemical disinfectants on both 
acrylic and metallic dentures. Materials and method: Sixthly patients were selected of both sexes. Their age were 
ranged from50-60 years, and free from any systemic diseases. Two types of chemical disinfectants were used which 
are glutaraldehyde, and lysoformine as tissue surface disinfectants. Both acrylic and metallic dentures were 
represented. According to the type of disinfectant used, the patients were classified into three groups, and each 
group divided into two sub group, acrylic denture sub group and metallic denture sub group. Group 1 received 
glutaraldehyde chemical disinfectant. Group II:  received lysoformine chemical disinfectant. Group III  is the control 
group. Results: The results demonstrated that lysoformine disinfectant was effective for both types of dentures, 
while glutaraldehyde disinfectant was effective in acrylic resin dentures only, while in metallic dentures was not 
effective. Conclusion: Lysoformine disinfectant is apromising tissue surface disinfectant for both acrylic and 
metallic dentures. [Journal of American Science. 2010;6(10):84-88]. (ISSN: 1545-1003).  
 
Keywords: Effect; Chemical Disinfectants; Acrylic and Metallic Dentures 
 
1. Introduction 

An essential component of complete denture 
service is patient education about denture hygiene. 
The literatures has shown the correlation between 
poor oral hygiene and lesions in the oral mucosa of 
complete dentures wearers, mainly chronic atrophic 
candidosis. Furthermore the colonization of the tissue 
surface of dentures can act as reservoir for 
domination of infection so, the complete cleaning has 
been a reason of concern. 

In the most clinical experiments, the levels of 
the (biofilm) or the microorganisms are evaluated in 
the tissue surface of complete dentures. Other 
surfaces are also incorporates mainly the upper 
buccal fitting surfaces. 

Ideally denture care products should be easy of 
handling, effective for removal of inorganic / organic 
deposits, stains, bactericidal, non toxic to the patient, 
non deleterious to the denture materials, non 
expensive and clinically viable. 

Chemical disinfection agents which are either a 
chemical or physical agents that is applied to objects 
to kill the microorganisms.  

The general impression is that chemical 
disinfectant or the chemical cleanser are mostly 
effective on denture microorganisms. However 
another report showed that some of denture cleaners 
are not effective especially on Candida .  

In spite of the chemical disinfectants seems to 
be safer to physical properties of the denture resins, 
their effect on different microorganisms especially 

Candida needed to be investigated on both acrylic 
and metallic dentures, in this study we realize the 
action and suitable time needed to achieve acrylic and 
metallic complete disinfection by two different 
chemical disinfectants. The aim of this study was to 
investigate the effect of two chemical disinfectants 
which are glutaraldehyde and lysoformine on the 
tissue surface of both acrylic and metallic dentures. 
 
2. Material and Methods  

This study was done on 60 patients selected 
from the out patients clinic of 6 October university, 
Faculty of Oral and Dental Medicine with the 
following criteria:  

1-Patients were with no previous denture 
experience.  

2-Both of either sexes were represented, the 
age ranged from 50-60 years. 

3-Patients were instructed for good oral 
hygiene measures. Periodic follow up for the patients 
every week for the first month was done to eliminate 
any prosthetic problems interfering with the settling 
of the dentures. 

4- Oral hygiene for complete dentures during 
this month obtained through conventional way by 
using brushing and water only. 

5-According to disinfectants used patients were 
randomly classified into equal three groups each 
group consists of twenty patients, and each group 
consist of two equal subgroups. 
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Group I: 
The subgroup of Patients were received acrylic 

dentures and were instructed to clean their dentures 
through immersion the dentures in fresh 
glutaraldehyde disinfectant for one week. The other 
subgroup of patients were received metallic dentures 
and  were instructed to clean their dentures through 
immersion the dentures in fresh glutaraldehyde 
disinfectant for one week.  

The swab was cultured on blood agar and was 
incubated in 37°C for 24 hours for isolation of 
aerobic bacteria. Film was done from the growing 
organisms on blood agar and stained with gram stain.  
Preparing a smear for staining 

On a new glass, we put a drop of sterile saline 
on the middle of the slide.  

Then sterilize the inoculating needle in the 
Bunsen flam or micro-incinerator till it turns red hot, 
when the needle has cooled. Collect a small part from 
the growing bacterial growth from the surface of the 
agar. Rub the tip of the needle on the glass slide in 
the drop of the saline in a circular movement till we 
get a homogeneous smear then fix the film by 
moving it above the flame, finally stain the film with 
gram stain. 
Gram stain 

This is the most important differential stain 
used to diagnostic identification of various 
organisms. 

The smear was covered with crystal violet for 
30-60 seconds. Then we poured it of and washed with 
water, iodine was added and left to act for 1 minute. 
Then pour it off and wash with water. Decolorize by 
adding 95% alcohol and rock the slide from side to 
side and pour it off and reapply till no violet color 
comes off the smear, wash rapidly with water. 
Counter stain with dilute basic fuchsine for 1 minute, 
wash with water, and then the slide was placed at 
angle to dry or blot dry. We examined the stained 
smear by light microscope by the oil immersion lens. 
 
Group II: 

The first subgroup of patients received their 
acrylic dentures and were instructed for cleaning their 
dentures through immersion the dentures in fresh 
lysoformine disinfectant for one week. The other 
subgroup of patients received their metallic dentures 
were instructed for cleaning their dentures through 
immersion in fresh lysoformine disinfectant for one 
week.. 
 
 
 
Group III (control group). 

All patients received acrylic and metallic 
dentures and were instructed for cleaning their 

dentures in the conventional way by using water and 
brushing without using any disinfectants. 
 
3. Results  

Three groups of patient were evaluated for 
the growth of microorganisms. These groups were 
group I (glutaraldehyde) group . group II 
(lysoformine) group, and group III were control 
group . 
 

In group I 
The subgroup of patients who received their 

acrylic dentures and were instructed for cleaning their 
dentures through immersion the dentures in 
glutaraldehyde disinfection for one week, showed no 
growth of microorgsmisms as shown in Table. 

The other subgroup of patient who received 
their metallic dentures and were instructed for 
cleaning the denture through immersion the   dentures 
in glutaraldehyde disinfectant for one week, showed 
bacterial growth which arc Candida, and Nisseria as 
shown in Table (1) Fig (1) and Fig (2). 
 

Table I : type of growth in the study groups: 

 
Group I 

Glutaraldehy
de group 

Group II 
lysoformi
ne group 

Group 111 Control 
group 

A M A M A M 

Type of 
growth 

- 
NG 

Candi
da 

Nisse
ria 

- 
NG 

NG 
Nisseri
a -G-ve 
Bacilli 

Candida 
Nisseria 

Micrococi 
Sreptococci 

A=Acrylic tissue surface microorganisms 
NG=No growth of  M=Metallic tissue surface 

 

 
Fig. (I): Candida organism obtained from group 1 

sub group metallic denture tissue surface 
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Fig. (2): Nissiria gram-ve cocci in pairs obtained 

from group 1 subgroup metallic tissue 
surface and group III both subgroup 
acrylic and metallic denture tissue surface  

 
In group III (control group) 

The Subgroup of patients who received their 
acrylic dentures using conventional way (brushing 
and water only) for cleaning we found G -ve Bacilli, 
and Nisseria as shown in Table (1) Fig (3) and Fig 
(2). On the other hand the subgroup of patients who 
received their metallic dentures 

 
Fig. (3): G-ve Bacilli obtained from group III 

subgroup acrylic tissue surface. 
 

Using conventional way for cleaning their 
dentures there was growth of different types of 
microorganisms including G-ve Bacilli, Nisseria-
Micrococci, and Streptococci as shown in Table (3) 
Fig (2) and Fig (4). 

 
Fig, (4): Micrococci (Gram +ve cocci) in 2. 4 or 8 

arrangement obtained from group III sub 
group metallic denture tissue surface.  

 
Fig. (5): streptococci (gram +ve cocci) arranged in 

chains obtained from group III sub group 
metallic tissue surface 

The % of detected microorganisms shown in Table 
(2).  
 
Table 2: - %& Detected Organisms in Each 

Groups  

Control group % 
Glutaraldehyde 
group (Metallic) 

% 

-Nisseria  
-Candida 
•Micrococi  
-Streptococi  

100 
50 
50 
50 

- Nisseria  
- G-ve bacilli  
- Candida 

100 
50 
25 

 
Beside the previously mentioned data the 

surface roughness of both acrylic and metallic tissue 
surface of the dentures were measured by Surtest 
S1201P as shown in Fig (6). The mean value of live 
reading of the surface roughness of the tissue surface 
of acrylic dentures were 3.844. While the mean value 
of five readings of surface roughness of metallic 
dentures tissue surface were 5.164 as shown in Table 
(3) Fig (7) and Fig (8) 
 
2.2.2. Surface Roughness 

A portable surface texture measuring 
instrument, Surf test SJ-201P (Mitutoyo Corporation, 
Japan), was used for surface roughness assessment of 
the denture base. It is a portable solution for precise, 
effective and easy surface measurements in a 
production environment. It has an oversize characters 
are displayed on the large easy- to- view LCD and 
equipped with differential inductance detector. A 
diamond stylus with tip radius Sum is used in the 
measurements. The detector moves over the 
specimen by a driving speed 0.25mm/s for a 
measured length 4.0mm (sampling length 0.8mm). 
The measured roughness parameter is the average 
roughness height of the surface Ra. Ra is one of the 
first parameters used to quantify surface texture and it 
is the most commonly used parameter in dentistry 
applications. 
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Fig. (6): Surface roughness tester, Surf test SJ201 P. 
 
Table 3: Show the average of surface roughness of 

both acrylic and metallic dentures 

Ra 
1st 

reading 
2nd 

reading 
3rd 

reading 
4lh 

reading 
5th  

reading 
Aver 
age 

Acrylic  3.01 2.79 5.18 5.18 3.06 3.844 

Metallic  3.59 5.76 6.16 4.62 5.06 5.146 

 
Fig. (7): The Surface roughness of the mean value 

of five milling of acrylic tissue Surface. 
 

 
Fig. (8): The Surface roughness of the mean value 

of five readings of metallic tissue Surface. 
 
 

4. Discussion: 
 This study was done on three groups of 

patients group I was classified into two equal 
subgroup. 
 
Group I 

In subgroup of patients who received acrylic 
dentures and treated with glutaraldehyde disinfectant. 
No growth was found this might be due to the 
effectiveness of the disinfectant, and low surface 
roughness of acrylic dentures. 

The other subgroup patients who received 
metallic dentures and also treated with glutaraldehyde 
disinfectant.  

Two types of microorganisms were detected 
which are Candida albicans which are the main 
etiological factor in candidosis, and Nisseria. this 
might be due to high surface roughness of metallic 
denture tissue surface than acrylic dentures. 
 
In group II 

Patients who received both acrylic and 
metallic dentures no growth of microorganisms were 
detected at all. This may be due to the powerful 
effectiveness of this chemical disinfectant. 
In group III (control group) 

The patients who received both acrylic and 
metallic dentures used mechanical means of cleaning 
by brushing   and   water   only   different   types of 
microorganisms were displayed which are Candida, 
Nisseria, Micrococi and Streptococci. 

Although it has been widely accepted that the 
mechanical cleaning as an effective method, but is 
needed careful attention and an effort of the patient.  

A longer study might be needed for better 
evaluation. 

 
5. Conclusion: 

Recommending the patients for using 
chemical disinfection as lysoformine 
disinfectant. Beside cleaning tissue surface 
of the dentures we must direct an attention 
to smoothen the tissue surface of the denture 
to decrease the surface roughness for better 
and oral hygiene.  
.                                                                                                            
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Abstract: Background: Consumption of a diet with a low glycemic index (GI) rich in dietary fiber can help for the 
management of postprandial blood glucose (PBG) level in normal subjects. Incorporation of whole grain barley rich 
in β-glucan, fenugreek and ginger as part of a balanced diet offers a variety of health benefits. The purpose of the 
present work was to evaluate the effect of bread products containing wheat, barley and fenugreek or ginger or both 
on postprandial blood glucose in healthy subjects, and to determine their Glycemic index values. All bread products 
were evaluated for their acceptance value. Results: All bread products induced significantly lower PBG responses 
(p<0.05) than did the reference bread, suggesting that the naturally occurring soluble dietary fiber in these blends 
had an impact on glucose tolerance with glycemic indices ranging from 38 to 52. Conclusion: The present study 
suggests that barley wheat fenugreek ginger bread (BWFGb) could be a replacement food of white wheat bread 
since it provides a healthy and easily digestible carbohydrate diet that can help to maintain PBG level within a 
normal range in healthy and diabetic patients. [Journal of American Science. 2010;6(10):89-96]. (ISSN: 1545-1003).  
 
Key words: Barley grain, β-glucan, fenugreek seeds, ginger seeds, glycemic response, glycemic index 
 
1. Introduction 

Functional food or medicinal food is any 
fresh or processed food which affects beneficially one 
or more target functions in the body, beyond 
adequate nutritional effects, in a way that is relevant 
to either improved state of health and well-being 
and/or reduction of risk of disease (Henson et al. 
2008). 

The development of food products that 
provide benefits beyond their traditional nutritional 
value has raised academic, industrial and public 
interest. In recent years, the ability of functional foods 
to impact metabolic parameters and eventually 
chronic diseases such as diabetes, obesity, 
cardiovascular disease and cancer has been deeply 
explored. Recent population studies have shown that 
the high Glycemic Index (GI) food is positively 
associated with the risk of developing type 2 
diabetes(Barclay and Lie 2007, Villegas et al. 2007) 
and coronary heart disease (Ames and Rhymer 2008, 
Mente et al. 2009). Low-GI foods might play a role, 

and therefore could be defined as functional foods, in 
reducing the risk of such chronic diseases.  

However, most of the conventional cereal 
products eaten at breakfast or as a snack have 
medium/high GI, ranging from 60 to 120 (bread as 
reference) (Foster-Powell et al. 2002). Viscous fibers 
have been shown to reduce post-prandial glycemia 

and insulinemia (Jenkins et al. 2000, Würsch and Pi-

Sunyer 2002) and have also been recognized since the 
1960s as having lipid-lowering effects. Because 
barley grain has a high concentration of soluble fiber, 
and especially of ß-glucan, there is an emerging 

interest in barley as a functional food ingredient 
(Newman and Newman 1991, McIntosh et al. 1995). 
Indeed this has promoted interest in high- ß-glucan 

cultivars and in technological processing to 
concentrate these components in barley flour.  

Barley (Hordeum vulgare vulgare L.) is an 
ancient cereal grain, which upon domestication has 
evolved from largely a food grain to a feed and 
malting grain. However, barley food use today, 
remains important in some cultures around the world, 
particularly in Asia and northern Africa, and there is 
renewed interest throughout the world in barley food 
because of its nutritional value. Renewed interest in 
barley for food uses largely centres around the effects 
of β-glucans on lowering blood cholesterol levels and 
glycemic index. Wholegrain barley foods also appear 
to be associated with increased satiety and weight 
loss. There is a great potential to utilise barley in a 
large number of cereal-based food products as a 
substitute partially or wholly for currently used cereal 
grains such as wheat (Triticum aestivum), oat (Avena 
sativa), rice (Oryza sativa), and maize (Zea mays) 
(Baik and Ullrich 2008). 

Diet has been recognized as a corner 
stone in the management of diabetes mellitus. Spices 
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are the common dietary adjuncts that contribute to the 
taste and flavour of foods. Besides, spices are also 
known to exert several beneficial physiological 
effects including the antidiabetic influence. Among 
the spices, fenugreek seeds (Trigonella 
foenumgraecum) and ginger (Zingiber officinale) 
have been reported to be hypoglycaemic (Srinivasan 
2005). 

Ginger root is commonly used as a spice in 
food and beverages and as a traditional medicine, 
especially in South Asia. It is used as a fresh root, 
root extract or powder form. Chemical components in 
ginger root include 6-Gingerol, 8-gingerol, 6-shogaol 
and 10-gingerol. The gingerols and other compounds 
(flavonoids) in ginger root extract have been shown 
to have antioxidant activity (Zhang 2009). Altogether 
about 50 types of antioxidants are identified in extract 
of ginger root. 

Recently, different medical studies have 
been conducted focusing on ginger and its health 
benefits. The numerous health benefits obtained from 
ginger consumption include the treatment of nausea 
and vomiting (Chaiyakunapruk et al.2006), as well as 
for arthritis (Altman and Marcussen 2001). Ginger is 
insulinotropic rather than hypoglycemic (Islam and 
Choi 2008). 

Fenugreek (Trigonella foenum-graecum), a 
member of the Leguminosae family has been used as 
a cooking spice and flavoring agent for centuries 
(Jellin et al.1999). The plant grows in India, Egypt, 
and the Middle East. Fenugreek is a legume rich in 
protein, fiber and omega 3 fatty acids (McWhorter 
2001). Fenugreek seeds and its extract have exhibited 
hypoglycemic and hypocholesterolemic activity in 
animal and human models. Inclusion of fenugreek in 
the daily diet in amount of 25-100g can serve as an 
effective therapy in the clinical management of 
diabetes (Gopalpura et al. 2007).  
The purpose of this study was to evaluate glucose 
responses in healthy subjects using five different 
bread products obtained from barley and wheat flour 

to which fenugreek, ginger, or both were added in 
different proportions, in comparison with white 
wheat bread as a reference and to calculate their 

Glycemic Index. All tested bread were also analyzed 
for their acceptability values. 
 
2. Material and Methods  

Freshly milled wheat flour (extraction 72%), 
Fenugreek and Ginger flour were all purchased from 
local market. Raw Barley kernels with hulls 
(Hordeum vulgare), variety "Giza 126" were 
provided by the Ministry of Agriculture. Seeds were 
obtained just after the harvesting time, washed with 
running tap water, air dried and made into fine 
particles in a mill grinder. 

 
Preparation of Blends 
1- WWb made from 100% refined wheat flour, and 
used as reference food. 
2-BWb (Basic recipe) made from 50% Barley flour 
(BF) + 50% refined wheat flour (RWF). 
3- BWFb-5 made from 95% basic recipe + Fenugreek 
flour (FF 5%). 
4-BWFb-2.5 made from 97.5% basic recipe + 
Fenugreek flour (FF 2.5%).  
5-BWGb-2.5 made from 97.5% basic recipe + Ginger 
flour (GF 2.5%). 
6-BWFGb made from 98% basic recipe + Fenugreek 
flour (FF 1%)) + Ginger flour (GF 1%). All blends 
were well mixed and sieved through a 60- mesh sieve 
for uniform mixing as shown in table(1). 
For development of dough, five g. salt, 2.5 g. yeast, 6 
g. sugar and necessary warm water were added to all 
blends. 

 Each dough was proofed for 60 minutes to 
allow fermentation, flattened and cut into round 
pieces of 15 cm diameter and 0.3 cm thickness, 
subjected to a second proofing for 30 minutes. Wheat 
bread was backed in an oven at 250° C, while the 
other types of bread were backed at 400-450°C for 6 
minutes. 
Bread prepared was left to cool for 15 minutes, then 
packaged in polyethylene bags, sealed and stored in 
refrigerator at 4° C for 1 to 5 days. 
 
Determination of the acceptance values of different 
bread products 

Prepared and reference bread were given to 
Twenty healthy volunteers for evaluating the 
acceptance value according to the British nutrition 
foundation (2006). The volunteers assessed the bread 
for seven attributes on a scale of 0-5 table (3).  
 
Subjects  

Twenty healthy non smoking volunteers (12 
men and 8 women) were chosen for determination of 
glycemic index. They were of 40 ± 5 years old, with 
normal Body Mass Indices (21.5 ± 0.6 in kg/m2) and 
without drug therapy participated in the study. The 
study was performed over a period of two months 
and all subjects were aware of the possibility of 
withdrawing from the study at any time. 
 
Determination of Glycemic Index (GI) 

The Glycemic index (GI) of different bread 
products was determined by feeding the volunteers. 
They were served, the calculated portions of the 
tested bread containing 50 grams of carbohydrate as 
breakfast test bread after an overnight fast (10 hours) 
in a random order as recommended by the 
FAO/WHO (1998). Portion sizes were 100g for white 
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bread (reference food), 119g for different types of 
tested barley bread. The tests were started at the same 
time in the morning (between 8.00 and 8.30 a.m.). All 
tested bread were consumed steadily over a 10-12 
min period. Volunteers were allowed to drink only 
water with the tested bread.  White wheat bread was 
chosen as the reference food.  
 
Blood glucose estimation 

Blood samples obtained through an 
intravenous catheter inserted into a forearm vein. 
Fasting and postprandial blood glucose responses 
were determined at time periods of 0, 30, 60, 90 & 
120 min after the ingestion of carbohydrates with a 
glucose oxidase peroxidase reagent using stanbio kit 
(USA). The glucose area under curve (AUC) for each 
subject and tested bread was calculated, and that for 
the reference food (white bread) was also measured 
ignoring any area beneath the baseline. Glycemic 
index for the tested bread was then calculated by 
dividing the value of glucose AUC for the test food 
by that for the reference food multiplyed by 100 
(Wolever et al. 2006) as shown in the following 
equation: 
 

AUC of food Glycemic index    =                        

AUC of reference 
food 

× 100 

 
Statistical analysis 

Results are expressed as means ±SEM. Data 
were analyzed by one-way ANOVA. Comparison of 
each pair of means was carried out using Tukey´s 
Honestly Significant Difference (HSD) using 
SPSS/PC statistics program version 8.0 according to 
the technique described by Daniel (1991) and Bailey 
(1984). A value of p<0.05 was considered significant. 
 
3. Results  

Acceptance values of all bread products are 
shown in table 3. The acceptance value of BWb 
(3.9±0.44) was significantly higher (p<0.05) than that 
of BWFb-2.5(3.1±0.24), BWGb-2.5 (3.06±0.22), 
BWFGb (2.6±0.30), and BWFb-5(2.7±0.22) 
respectively. Barley wheat bread (BWb) was found to 

be the most acceptable of the five barley bread 
products. 

The calculated nutritional values of all bread 
products are reported in table 2. Subjects fasting 
blood glucose level were in the normal range and did 
not differ among barley tested products or white 
wheat bread reference.  
 
Postprandial blood glucose responses 

All barley tested products resulted in a 
significantly lower blood glucose increments 
(p<0.05) than did the white wheat reference bread at 
any time point as shown in table 4. In addition, in the 
early phase (30 min), the glucose response to the 
Barley wheat fenugreek bread (BWfb-2.5), Barley 
wheat ginger bread (BWgb-2.5) and Barley wheat 
fenugreek bread (BWFb-5) did not significantly 
deviate from that to the barley wheat bread, while a 
significant decrease (p<0.05) was observed with the 
Barley wheat fenugreek ginger bread, compared with 
barley wheat bread. In the late postprandial phase 
(90-120 min), the glucose response of all barley 
tested products (mixed with either fenugreek or 
ginger) did not significantly deviate from that to the 
barley wheat bread (BWb). At the 60 min phase, the 
glucose response to the Barley wheat ginger bread 
(BWgb-2.5) and Barley wheat fenugreek bread 
(BWFb-5) significantly deviate from that to the 
barley wheat bread (BWb). 

The AUC and GI values of healthy subjects 
after consumption of white wheat reference bread, 
and different barley bread products are shown in 
table5. The AUC for BWb (1550±109), BWFGb 
(975± 96), BWFb-2.5 (1350 ±111), BWFb-5 
(1140±78) and BWGb-2.5 (1365±93) were 
significantly lower (p<0.05) than that of the white 
wheat bread reference (2985±189). Similarly, lower 
glycemic indices (p<0.05) were noted with all barley 
products compared with white wheat reference bread. 
In contrast, the GI of Barley wheat fenugreek bread 
(BWfb-2.5) or Barley wheat ginger bread (BWgb-
2.5) and the BWb could not be distinguished and 
showed no significance. Meanwhile, the GI of 
BWFGb or BWFb-5 were significantly lower 
(p<0.05) than that of BWb. 
 

Table 1.  Ingredients used for baking bread products g/kg   
Ingredient WWb BWb (Basic recipe) BWFb-5 BWFb-2.5 BWGb-2.5 BWFGb 

RWF 1000 500 475 487.5 487.5 490 

BF - 500 475 487.5 487.5 490 

FF - - 50 25 - 10 

GF - - - - 25 10 

Total 1000 1000 1000 1000 1000 1000 

RWF: Refined wheat flour       FF: Fenugreek flour         BF: Barley flour             GF: Ginger flour 
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Table 2.  Nutritional values of bread products (g/100g edible portion) 

Energy 
(K cal) 

Carbohy-
drates* 

Ash Fiber Fat Protein Moisture Bread 

321.34 46.33 1.86 2.25 3.53 8.03 38 WWb 

326.3 59.27 0.76 5.54 1.53 8.9 24 BWb 

327.48 58.63 0.86 6.25 1.71 9.39 23.16 BWFb-5 

326.43 58.95 0.81 5.89 1.62 9.15 23.58 BWFb-2.5 

326.39 59.44 0.83 5.66 1.61 8.87 23.59 BWGb-2.5 

326.62 59.24 0.81 5.68 1.6 9.00 23.67 BWFGb 

* Calculated by difference 
 
Table 3.  Acceptance evaluation of bread products  

n = 20, Data of   bread products were subjected to one way analysis of variance by Tukey multiple comparison test.  
Means within a row containing different superscript are significantly different (P < 0.05).

 
Table 4.  Blood glucose concentration of healthy subjects after consuming bread products1. 

Blood glucose concentration  (mg/dl) 
Groups 

0 min 30 min 60 min 90 min 120 min 

White wheat bread (WWb) 78±3.2a 124±5.7a 117±3.4 a 100±6.1 a 86±7.2 a 

Barley wheat bread (BWb) 77±2.6 a 105±3.1b 82±2.4b 72±4.3b 78±2.9 b 

Barley wheat fenugreek bread (BWFb-5) 80±2.5a 97±3.8bc 93±3.3 b c 82±3.2 b 73±2.2 b 

Barley wheat fenugreek bread (BWFb-
2.5) 

83±3.7 a 100±4.3 b 85±3.5 b 72±3.7 b 77±3.3 b 

Barley wheat ginger bread (BWGb-2.5) 83±4.1 a 102±2.8b 99±2.1 c 81±2.5 b 70±2.7 b 

Barley wheat fenugreek ginger bread 
(BWFGb) 

 
74±2.8 a 

 
90±4.8 c 

 
77±2.7 b 

 
74±2.4 b 

 
70±2.4 b 

1Means±SEM, n = 20. Means within a column containing different superscript are significantly different (P < 0.05). 

 
Table 5. Glucose AUC, Glycemic index of experimental bread products1  

Product *Glucose AUC *Glycemic Indices 

White wheat bread (WWb) 2985±189 a 72 ± 14.4a 

Barley wheat bread (BWb) 1550±109 b 52±12.1 b 

Barley wheat fenugreek bread (BWFb-5) 1140±78 c 38±7.9 c 

Barley wheat fenugreek bread (BWFb-2.5) 1350 ±111b 45±9.6 b 

Barley wheat ginger bread (BWGb-2.5) 1365±93b 46±8.3 b 

Barley wheat fenugreek ginger bread (BWFGb) 
 

975± 96 c 
 

33±13.4 c 
1 Means ±SEM (n=20). 
* evaluated at 120 min. 
Values with different superscript letters are significantly different for p<0.05(Tukey HSD post-hoc test). 

Attributes BWb BWFb-5 BWFb-2.5 BWGb-2.5 BWFGb Standard food 

Liking of color 3.4 ± 1.7 2.0 ± 0.26 2.5 ± 0.23 2.9 ± 0.3 2.6 ± 0.10 4.0 ± 0.30 

Breakability 3.7 ± 0.20 2.7 ± 0.15 3.0 ± 0.18 3.3 ± 0.10 3.1 ± 0.37 4.2 ± 0.37 

Chewability 3.9 ± 0.28 2.2 ± 0.12 2.4 ± 0.21 3.0 ± 0.12 2.6 ± 0.14 4.5 ± 0.26 

Taste 4.2 ± 0.15 2.4 ± 0.32 2.6 ± 0.11 2.7 ± 0.16 1.9 ± 0.24 4.5 ± 0.12 

Sense of satiety 4.1 ± 0.27 4.9 ± 0.41 4.6 ± 0.38 4.4 ± 0.25 4.2 ± 0.33 3.8 ± 0.54 

Aftertaste 3.5 ± 0.22 2.4 ± 0.17 2.7 ± 0.35 1.7 ± 0.34 2.1 ± 0.25 4.0 ± 0.40 

Over all liking 4.4 ± 0.28 2.2 ± 0.14 3.8 ± 0.21 3.4 ± 0.29 2.0 ± 0.66 4.7 ± 0.13 

Mean ± SD 3.9±0.44a 2.7±0.22b 3.1±0.24c 3.06±0.22d 2.6±0.30 4.2±0.30 
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Figure 1: Blood glucose concentrations in healthy subjects following ingestion of white wheat bread and 

bread products. Values are means, (n=20). Error terms and results of statistical analyses are given 
in Table 4. Abbreviations used: WWb, white wheat bread ; BWb; barley wheat bread,  BWFGb; 
barley wheat fenugreek ginger bread,  BWGb-2.5; barley wheat ginger bread,  BWFb-2.5; barley 
wheat fenugreek bread, BWFb-5; barley wheat fenugreek bread. 

 
4. Discussion: 

In the present study, the postprandial 
responses of healthy subjects to bread made from 
wheat flour or wheat flour plus either barley flour, 
barley flour to which fenugreek, ginger or both were 
added in different proportions were determined. 

Results showed that different types of tested 
barley bread induced a significantly lower 
postprandial rise in glucose response in healthy 
subjects when compared to the reference food (fig.1) 
resulting in significantly (p < 0.05) lower Glycemic 
indices for all barley bread. Thus, the naturally 
occurring dietary fiber in barley flour may have an 
impact on glucose tolerance. Barley is high in soluble 
viscous fiber and the consumption of products such as 
pasta, bread and porridge enriched with barley ß-
glucan has been repeatedly shown in literature to 
blunt glycemic and insulinemic responses (Liljeberg 
et al. 1996, Cavallero et al. 2002). The extent of 
reduction has been investigated by Jenkins et al. 
(2002) who demonstrated that each gram of ß-glucan 
can be expected to lower the GI by 4 GI units making 
it a useful dietary supplement or functional food 
ingredient for reducing postprandial glycemia 
(Casiraghi et al.2006). 
        
 

Battilana et al. (2001) suggested that the lowered 
post-prandial glucose concentrations which are 
observed after a barley meal containing ß-glucan are 
essentially due to delayed and somewhat reduced 
carbohydrate absorption from the gut.  This effect is 
related to the impairment in transit and absorption due 
to meal viscosity which is suggested by the studies of 
Wood et al. (2000) who has shown a highly 
significant linear inverse relationship between log 
[viscosity] of ß-glucan mixtures and the glucose and 
insulin responses in healthy subjects. The relationship 
showed that 79–96% of the changes in plasma 
glucose and insulin was attributable to viscosity. The 
soluble fiber in barley whole grains may help 
increase satiety by delaying gastric emptying and 
slowing nutrient absorption in the small intestine 
which may reduce glucose and insulin responses and 
risk of obesity (Juvonen et al.2009).  

FDA approved health claim for barley-based 
food that contain beta-glucan soluble fiber and met 
other claim criteria (Docket No.2004P-0512). Barley 
has a distinct advantage over some other grains in 
that beta-glucan soluble fiber is found throughout the 
entire barley kernel. In some other grains, the fiber is 
only found in the outer bran layer. If these grains are 
processed, the fiber can be easily lost. This is not the 
case with barley. Since fiber is found throughout the 
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barley kernel, even refined products such as barley 
flour contain beta-glucan soluble fiber making the 
grain a healthy ingredient for commercial food 
applications.  

Barley, as a whole grain or as an extract can 
provide a useful addition to menus to control plasma 
glucose responses. It can serve as a fat replacer in 
food products since its content of ß-glucan is highly 
viscous in nature and has a water binding capability 
(Biliaderis and Izydorczyk 2006). 

In our present study, the most prominent 
lowering of glycemic response was obtained with the 
barley wheat fenugreek ginger bread (BWfgb) which 
displayed very low GI (33). After a meal, blood 
glucose levels rise as glucose is absorbed from the 
intestine. The body then produces insulin, to clear 
glucose from the blood and transport it to tissues and 
organs where it is used. As blood glucose levels drop 
again, insulin production is switched off. This rise 
and subsequent fall in blood glucose levels after a 
carbohydrate meal is called the glycemic response. 
When barley is incorporated in bread formulations, 
the glycemic response is moderated as glucose is 
more slowly absorbed into the blood. Sudden high 
peaks of glucose and insulin are avoided and glucose 
energy is available in the blood over a sustained 
period of time (Behall et al.2006). 

The lowering of glycemic response to the 
BWfgb may be also due to the gel forming characters 
of fenugreek fiber which reduces gastric emptying, 
glucose absorption and the insulin response (Ylonen 
et. al 2003 and Gopalpura et.al 2007). Fenugreek has 
the potential to speed the process of glucose being 
used for energy, thereby preventing unhealthy levels 
to circulate in the blood. By this action it can help to 
break the vicious cycle of impaired carbohydrate 
metabolism, which promotes insulin resistance and 
weight gain.  

Recent studies attribute its hypoglycemic 
effects to the amino acid 4-hydroxyisoleucine which 
may have effects on pancreatic beta cells by retarding 
glucose absorption and thus reduces serum insulin 
levels (Gopalan et al. 1998 and Krishnaswamy 2008). 
Various components of the fenugreek seeds have 
varying activities. For example, the component called 
fenugreekine, a steroidal sapogenin peptide ester, may 
have hypoglycemic properties (Jellin et al.1999). 
Trigonelline, another component, may exert 
hypoglycemic effects in healthy patients without 
diabetes, but other studies have shown that fenugreek 
has no effect on fasting or postprandial blood glucose 

levels in nondiabetic subjects (Bordia et al. 1997). 
It has been suggested that ginger is 

insulinotropic through stimulating or affecting the 
production and activity of insulin rather than 
hypoglycemic (Islam and Choi 2008). Ojewole 

(2006) found that Zingiber officinale rhizomes 
ethanol extract possesses hypoglycaemic properties; 
by enhancing the insulin-sensitivity, thus ginger may 
be used in the management and/or control of type 2 
diabetes mellitus (Sekiya et al.2008). Gingerol, the 
pungent principle in ginger, saponin and fiber present 
in fenugreek are immensely valuable in health care 
with their multiple physiological effects (Shylaja and 
Peter 2007). An additional benefit of all barley bread 
products by maintaining normal blood sugar levels is 
reduction of food cravings. 
 
5. Conclusion 

All types of tested barley bread based on 
50% barley flour attenuated a low glycemic index. 
These findings clearly show that inclusion of barley 
grains tested in the present work offers new ways of 
reducing the high GI seen with conventional cereal 
products. Thus increasing the intake of whole grain 
products such as barley would increase both total and 
soluble dietary fiber in the diet and most likely would 
result in retarding the glucose release. Such products 
may have a potential use in the dietary management 
of type 2 diabetes. Spices such as fenugreek and 
ginger have synergistic actions   and are likely to 
protect the human body against diabetes. 

Therefore, consumption of the low GI barley 
wheat fenugreek ginger bread could be a replacement 
food of white wheat bread, since it provides a healthy 
and easily digested carbohydrate diet that can help to 
maintain postprandial blood glucose within a normal 
range in healthy subjects, suggesting its use as a 
potential component of diets for patients with 
diabetes and hyperlipidemia, and for individuals 
predisposed to metabolic disease.  
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Abstract: The heavy metals contamination of soil and water has stimulated the search for soft technologies to 
remove these pollutants. The objective of this study is to develop a rapid and quantitative sequential separation 
methods of Cd(II), Zn(II), Mn(II) and Ni(II) with a strong base anion exchange resin prolite A-400 in both chloride 
form-RCl and acetate form-RAc. The adsorbabilities of metal ions have been studied in the presence of different 
acetic acid concentrations. The Kd data of metal ions were the following selectivity sequence:  Cd(II) > Zn(II) > 
Mn(II) > Ni(II). The adsorbabilities of metal ions were slightly higher over the whole molarity range of acetic acid 
(0–18 M) for RCl-resin form than RAc-resin form. The addition of HCl acid to acetic acid medium markedly 
enhanced the sorption of many heavy metal ions on purolite A-400. Several binary separations of metal ions were 
achieved on the basis of their кd values. Furthermore, Langmuir and Freundlish isotherme have been described. 
[Journal of American Science. 2010; 6(10): 97-108]. (ISSN: 1545-1003). 
Keywords: Adsorption; Heavy Metals; Ion Exchange; Separation; Langmuir and Freundlish  Isotherme 
                                                
 
 
1. Introduction 
             The increase of environmental contamination 
as a consequence of industrial development is a 
challenge that society must face [1]. The heavy 
metals are among the most important pollutants in 
natural and treated water and are becoming a severe 
public health problem [2]. The removal of such toxic 
metal ions from industrial wastewaters has received 
much attention in recent years because they cause 
health hazards in human being and animals. Various 
methods, such as ion exchange, adsorption, reduction, 
precipitation, reverse osmosis and electrodialysis 
techniques have been developed for the removal and 
recovery of heavy metal ions from sewage and 
industrial wastewater [3].  

Several technologies were proposed for the 
purification of drinking water (ground water) 
contaminated with heavy metals. Among them, ion 
exchange processes are attractive for heavy metal 
removal because repeated use of ion exchangers is 
possible. Commercially available anion exchange 
resins, which are cross linked polystyrene with 
chemically fixed quaternary ammonium groups, 
having high selectivity to heavy metals [4,5].  
         In this work the adsorbabilities of some metal 
ions by the strong base anion exchange resin Purolite 
A-400 in the chloride form (RCl) and in the acetate 
form (RAc) were studied.  This was done in the 
presence of different concentrations of aqueous acetic 
acid.  
          

 
 

The distribution coefficients of Cd(II), 
Zn(II), Mn(II) and Ni(II) in RCl form and RAC form 
were determined in the presence of acetic acid as a 
function of the hydrochloric acid concentration and 
separation metal ions  have been discussed. 
Furthermore Langmuir and Freundlish  Isotherme 
have been described. 
 
2. Material and Methods  
  2.1. Adsorbent  
 Purolite A-400 is a clear gel type I strong-
base anion exchanger with high operating capacity 
[6,7]. The active sites for anion exchange in this resin 
and in all other strongly basic anion exchange resins 
are quaternary ammonium groups Fig.(1). Purolite A-
400 was procured from purolite International 
Limited, Hounslow, UK. A short list of 
characteristics of purolite A-400 is presented in Table 
(1). 

CH CH2

CH2 N

Cl
+

CH3

CH3

CH3

 
Fig. (1): Active structural unit of Purolite A-400 
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Table (1): Physical and chemical characteristics of the anion exchange resin purolite A-400. 

Polymer matrix structure  Polystyrene cross-linked with divinyl benzene 

Physical form and appearance  Clear golden spherical beads  

Functional groups Type I quaternary ammonium 

Ionic form, as shipped Cl
–
 (Chloride) 

Reverible swelling                        

                Cl
–
 → OH

–
 

20% max. 

pH range, stability, OH-form 0 – 13 

Total exchange capacity, Cl– form, dry, weight. 3.7 eq/kg min. 

2.1.1. Treatment of used resin for the experiments 
      2.1.1.1. Resin in the chloride form 
 The basic anion exchange resin Purolite A-
400 was converted to the chloride form by packing 
the resin into column through which sufficient 
amount of (2 M) hydrochloric acid was passed for 
long time enough to be sure that all the resin was 
converted to the chloride form. The resin was washed 
with aqueous solvent 70% ethyl alcohol until the 
effluent was free of acid. The resin was then dried 
under vacuum at 25ºC.  

    2.1.1.2. Resin in the acetate form 
 The anion exchange resin was converted to 
the acetate form by packing the resin into a column 
through which sufficient amount of acetic anhydride 
was passed for long time enough to be sure that all 
the resin was converted to the acetate form. The resin 
was washed with deionized water until the effluent 
was free of acid, this was confirmed by M.O. as 
indicator. The resin was then dried under vacuum at 
25ºC. 

 2.1.1.3. Determination of the capacity by applying an 
anion   exchange resin (Column Method) 
 In the general method used, 5g of the treated 
anion exchanger (Cl–  form), was packed into a micro 
column, leached with exactly 1 liter of 1 % (w/v) 
ammonium hydroxide solution. Further the resin was 
leached with exactly 1 liter of 4 % sodium sulphate  
solution. The effluent was collected in a separating 
flask. The chloride ions contents of 100 ml aliquots 
from each of leachate were determined by titration 
against standard 0.05 N silver nitrate, in the presence 
of potassium chromate as an indicator. The exchange  

 
capacity, mequiv./g dry Cl form resin, was calculated 
from the following equation [8]: 

 Capacity =
sampleofweight

AgNONAgNOml xx 10)()(
33         (1) 

  
The result of calculated capacity of Purolite 

A-400 in chloride form anion exchanger = 3.5 
mequiv./g dry resin. 

2.2. Chemicals  
All chemical used were BDH of analytical 

grade.  
 
  2.2.1. Preparation of different solutions 

A stock solution 5×10–3 M of Mn(II) 
chloride and Cd(II), Zn(II) and Ni(II) acetate salts 
were prepared. Different concentrations of these 
metal ions (2×10–4 and 2×10–5 M) were prepared by 
diluting from the stock solution. All the solution 
samples were determined by plasma optical emission 
mass spectrometer (ICP-Ms). Different 
concentrations of acetic acid and HCl were prepared. 

2.3. Apparatus  
 2.3.1. Plasma optical emission mass spectrometer 
(POEMS 3) USA. Inductivity coupled  plasma 
(ICP)1999. 

2.4. Determination of the distribution coefficients Kd 
 Distribution coefficients were determined by 
a batch technique. Weighed amount of resin were 
added to known volumes of the complex and gently 
stirred until equilibrium was attained.  Aliquots taken 
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before the addition of the resin and at equilibrium and 
titrated to determine metal concentration in solution 
in each case. 

 The distribution coefficient кd was 
calculated using the following equation [9]: 

ml/g
m

v
x

solutioninionmetal ofamount

adsorbentinionmetalofamount 

d
Κ       (2) 

Where v is the volume of the solution (ml) and m is 
the weight of adsorbent (9).   

2.5. Column operations 
 The column operations for the individual 
separation methods were performed in a standard 
manner. Purolite A-400 (2g of the corresponding 
form) was transferred to the ion exchange column 
(1.2 cm diameter × 25cm) and the resin bed was 
washed with a solution (50 ml) of the same 
composition as that employed as a sorption solution. 
After passage of the sorption solution, the resin was 
usually treated with (50 ml) of a “wash solution”, 
also of the same composition but containing 2 ×10–5 
M of two elements. The mixture was passed through 
the column as a flow rate of 0.3 ml/min. This 
quantitatively eluted the non adsorbed element. 
Thereafter, the adsorbed element was eluted by (250 
ml) of (1M) hydrochloric acid which passed through 
the column as the same flow rate [10,11].  
 
3. Results and Discussion: 
3.1. The adsorbabilities of some metal ions from 
aqueous acetic acid solutions on Purolite A-400 in the 
chloride form-RCl 
      The adsorbabilities were expressed as weight 
distribution coefficients, Kd (amount of ion per g of 
dry resin/amount of ion per ml of solution), which 
were determined by batch equilibration techniques 
[12,13]. 

  The distribution coefficients of Ni(II) at 2 x 
10–5M and 2 x 10–4M concentration showed no 
measurable change in the presence of acetic acid 
concentrations ranging from 0.0 to 16.4M. In addition 
Kd was less than unity (<1) [14]. Ni(II) is not 
adsorbed on RCl resin until 16 M acetic acid, 
indicating the tendency of Ni(II) to either form less 
stable anionic complexes or not to form such 
complexes (Fig. 2). 

Mn(II) shows the slight tendency to form 
anionic complexes at 16 M acetic acid with Kd value 
(158.0) at 2×10–5 M and (125.0) at 2 ×10–4M. Zn(II) 
showed a maximum Kd  of  316.0 at 2×10–5M and 
400.0 at 2×10–4 M at 16M acetic acid, while the Kd of 
Cd(II) is 1258 at 2×10–5 M  and 1000.0 at 2×10–4 M. 
Thus, Zn(II) and Cd(II) were shown to form quite 
stable complexes. 

        Cd(II) shows highest Kd values at all 
concentrations of acetic acid from (0) to (16) M. Thus 
Cd(II) complexes were the most preferred complex 
species for Purolite A-400. Zn(II) was more preferred 
by this resin as compared to Ni(II) and Mn(II). The 
Kd data of the metal ions suggest the following 
selectivity sequence:   

Cd(II) > Zn(II)  > Mn(II) > Ni(II) 

The results indicated that it is possible to 
interpret qualitatively the adsorption of bivalent 
metals on the chloride form of a strong base anion 
exchanger Purolite A-400 in acetic acid-water 
mixtures.  
         At low water content, the dielectric constant of 
the solvent phase is supposed to remain low enough 
to exclude ionic dissociation of any component of the 
mixture. 
         At very low concentration of acetic acid, the 
increasing dielectric constant of the acetic acid-water 
mixture will lead to ionic dissociation and the formed 
complex will not be favoured [15]. 
 
  
3.2. The adsorbabilities of some metal ions from 
aqueous acetic acid solutions on Purolite  A-400 in 
the acetate form-RAc  
 A rather broad investigation on adsorb -
abilities of the metal ions  with concentrations  2 × 
10–5 M and 2 ×10–4 M on Purolite A-400 in acetate 
form in acetic acid solutions was studied. It should be 
noted that “no adsorption” means that the Kd value is 
smaller than or equal to unity. The adsorbability of 
Ni(II) at 2×10–5 M and 2×10–4 M is found to be 
negligible below 16 M acetic acid. However, it is 
adsorbed at very high acetic acid concentrations (>16 
M) and shows an extremely steep adsorption curve, 
(Fig. 3).  

In addition, the adsorbability of Mn(II) 
shows similar behaviour to nickel it is adsorbed in the 
presence of acetic acid concentration > 14 M and Kd 
rapidly increases with acid concentration. The 
distribution coefficient of Mn(II) at  2×10–4 M equals 
100 in the presence of 16 M acetic acid. Also Cd(II) 
and Zn(II) as shown in Fig.(3) show linearly 
increasing adsorption relations. The adsorption of 
these metal ions is continuously enhanced by 
increasing the concentration of acetic acid. The 
adsorption appears to be the highest for Cd(II), 
intermediate for Zn(II) lowest for Mn(II) and Ni(II). 
    A qualitative interpretation for the 
behaviour of the metal ions can be given on the basis 
of two effects. First, acetic acid enhances the
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Fig. (2): Variation of the distribution coefficients  for studied metal ions 2×10-5 M (A) and 2×10-4 M (B) 

treated with acetic acid using  Purolite  A-400 anion  exchange resin in chloride form at 25 ºC. 
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Fig. (3): Variation of the distribution coefficients for studied metal ions 2×10-5 M (A) and 2×10–4 M (B) 

treated  with acetic acid using  Purolite A-400 anion exchange resin in acetate form at 25 ºC. 
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formation and stabilization of acetate complexes to a 
greater extent, causing many metals to be adsorbed 
on the Purolite A-400. This is due to  lower the 
dielectric constant of the medium. Second The 
adsorption of the metal ions increases inversely with 
the dielectric constant of the solvent employed [16]. 
This may be explained by the lower dielectric 
constant of acetic acid (ЄHAc = 6.20) as compared 
with water (ЄH2O=80.36) [17].  Thereby increasing 
the attraction between ions. Therefore ion association 
and complex formation are favoured. 

The metal ions tending to be retained in the 
solution, may play an important role, especially at 
high acetic acid concentrations. This is because 
solvation of the metal acetate complex by the solution 
outside the resin competes with the process by which 
the metal complex is taken into the resin phase. 
Ordinary uptake by the resin predominates, but an 
unusually strong solvating effect may cause the metal 
complex to remain mostly in the solution phase 
outside the resin. Apparently the latter occurs with 
Mn(II) and Ni(II) when acetic acid is present. The 
strongly adsorbed metal ion Cd(II) is (in all 
probability) present as anionic species [17]. 

3.3. Comparative study of RCl- and RAc-resin form 
 The influence of the exchangeable anionic 
groups of the resin on the adsorbability of the metal 
ions Cd(II), Zn(II), Mn(II) and Ni(II) were examined 
by comparing the Kd value for the systems: aqueous 
acetic acid/RCl and aqueous acetic acid/RAc.  

From the foregoing results, Figs. (2,3), some 
striking conclusions can be drawn. Over the molarity 
range of acetic acid (0-8M) Ni(II), Mn(II) and Zn(II) 
show a negligible adsorption for RCl-resin and RAc-
resin but these metal ions are strongly adsorbed from 
high concentrations of acetic acid in RCl-resin and 
RAc-resin. The Kd values of Ni(II) and Mn(II) 
sharply increased with acetic acid concentrations > 
16.4 M for Ni(II) and > 14 M for Mn(II) in both RCl-
resin and RAc-resin as shown in Figs.(2,3). Cd(II) 
shows adsorption over the whole acetic acid molarity 
range (0-16 M) in the two resin forms. 
          The Kd values for the system of aqueous acetic 
acid/RCl and aqueous acetic acid/RAc for Cd(II), 
Zn(II), Mn(II) and Ni(II) show similar behaviour but 
the adsorbabilities of these elements are slightly 
higher over the whole molarity range of acetic acid 
(0–18 M) for RCl-resin form than RAc-resin form. 

These results are quite logical, since in an 
earlier qualitative physicochemical interpretation of 
the adsorption behaviour of the elements from acetic 
acid solutions on RCl-resin[12], it was suggested that 
the formation of metal acetate complexes was 
responsible for the high Kd values in concentrated 

acetic acid solutions (with a low dielectric constant: 
(ЄH2O=80.36, ЄHAc = 6.20). However, the results 
show that the chloride ions introduced in the system 
from the RCl-resin, are required for high adsorption. 
Consequently, it can be stated that the increasing 
affinity of these elements for the RCl-resin in highly 
concentrated acetic acid solutions is due to the 
enhanced formation and adsorption of metal chloride 
or metal-acetate-chloride complexes [18].   

3.4. Anion exchange behaviour of Cd(II), Zn(II), 
Mn(II) and Ni(II) in acetic acid – hydrochloric acid 
medium 

The distribution coefficient of Cd(II) and 
Zn(II), Mn(II) and Ni (II) on Purolite A-400 on 
chloride form-RCl and acetate form-RAc were 
determined as a function of the hydrochloric  acid 
concentration in the presence of aqueous acetic acid 
solution. Because of its ability to form negatively 
charged complexes with many metal ions, aqueous 
hydrochloric acid is one of the most frequently used 
and thoroughly investigated mineral acids in the field 
of anion exchange. This negatively charged chloride 
complexes show varying adsorption behaviour under 
different conditions of acidity [19,20].   

       The hydrochloric acid concentrations were 
(2.0×10–4, 2.0×10–3, 2.0×10–2, 1.2×10–1 2.0×10–1 and 
6.0×10–1 M). The metal ion concentrations were 
1.0×10–5 and 2.0×10–5 M for Cd(II); 2.0× 10–5 M for 
Zn(II); 1.0 × 10–8 and 2.0×10–5 M  for Mn(II); 
5.0×10–6 and 2.0 × 10–5 M for Ni(II). The 
experiments were carried out for different acetic acid 
concentrations: 7.9 and 16 M for Cd(II); 16 M for 
Zn(II); 16 and 17.2 M for Mn(II); 16.5 and 17.2 M 
for Ni(II). The results are plotted as Kd versus 
mequiv.C1−/g dry resin in RCl and RAc.  
           The adsorption function, Fig.(4) in 16 M acetic 
acid for RCl resin and RAc-resin for Zn(II) at 2×10–5 
M shows a rather sharp increase upto 3.64 
mequiv.Cl−/g of dry resin which is about the capacity 
of RCl (3.5 mequiv.Cl−/g dry resin). At higher 
chloride content, the values of Kd decreased. The 
values of Kd for RCl-resin were considerably higher 
than that of RAc-resin. The same behaviour was 
obtained with Cd(II), Mn(II) and Ni(II) on RCl-resin 
form and RAc-resin form in aqueous acetic-
hydrochloric acid solutions. 

From the results obtained, it can be 
concluded that the addition of HCl acid to the acetic 
acid media markedly enhances the adsorption of 
many metals on Purolite A-400. 

          In general the adsorbability decreases with 
increasing concentration of hydrochloric acid [21]. 
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This effect is different from ion to another, depending 
perhaps on the stability of the dominant chloro-
complex species in the conditions concerned. Such an 
effect generally means that chloride competes more 
effectively for ion-exchange sites as the hydrochloric 
acid concentration increases, which has been shown 
in the strongly basic anion-exchange resin-
hydrochloric acid system. The high concentration of 
acetic acid makes the formation of chloro-acetate 
complexes easier even at low chloride concentrations, 
because acetic acid lowers the dielectric constant of 
the medium (ЄH2O=80.36, ЄHAc= 6.20), thereby 
increasing the attraction between ions. Therefore, ion 
association and complex formation are favoured. 

          There are agreement of the Kd of RCl-resin and 
RAc-resin, because the chloride anions introduced by 
the RCl-resin are responsible for the high 
adsorbability of the elements on RCl-resin from 
concentrated acetic acid solutions. While as in the 
acetic acid-resin-metal ion system, it is unimportant 
whether the complex-forming chloride anions are 
introduced by the resin or by the solvent. In a 
qualitative way, this can be explained by the very 
strong affinity of the chloride ions for the RAc-resin, 
with the results that in the presence of an equivalent 
amount of chloride anions in the solvent, the RAc-
resin is almost quantitatively converted to the 
chloride form, thus behaving like a RCl-resin [18].  

Negatively charged ions are proper targets 
for sorption on strongly basic anion exchange resins 
of the quaternary ammonium polystyrene-
divinylbenzene type (e.g. Purolite A-400). However, 
due to the high selectivity of the resin for certain 
anions, the targeted element may be efficiently 
sorbed even if it has only a relatively small fraction in 
the negatively charged complexes in equilibrium with 
other species [22].  

3.5. Quantitative separation of metal ions in a binary 
system  
 The distribution coefficients obtained from 
the equilibrium studies can be used to predict the 
behaviour of species in a column separation. For 
column separations, it is desirable to have widely 
divergent distribution coefficients for the metal ions 
to be separated. The ion to be eluted from the column 
should have a low distribution coefficient in order to 
be eluted from the column in a reasonable volume. 
The ion to be retained on the resin should have a 
large distribution coefficient in order to minimize the 
possibility of contamination [23]. 

Because of its high selectivity and wide 
applicability, ion exchange chromatography has been 

extensively utilized for the separation of elements. 
The method involved the adsorption of a mixture of 
ions on ion exchange resins followed by selective 
elution [24].  

 The separation of metals as acetate 
complexes from aqueous acetic acid solutions using 
anion exchange columns is now a well established 
and valuable analytical procedures [25]. In this 
method, metals that form anionic acetate complexes 
are taken up from strong acetic acid solutions, other 
metals pass through the column. Then the metals on 
the column are eluted one or two at a time using 
aqueous solutions of hydrochloric acid that are 
progressively  more dilute [26].  

        Based on the results of measurements of 
distribution coefficients of metal ions Cd(II), Zn(II), 
Mn(II) and Ni(II) in various concentrations of acetic 
acid, the most suitable conditions were selected for 
the quantitative separation of the metal ions. 

       From the distribution coefficient that obtained, 
the separation factors were calculated using the 
simple relationship [10].  

separation Factor = 
)(IICdof

d
K

ionsmetalof
d

K
     (3)  

  The reason why the Kd of Cd(II) was 
selected as the basis for these calculations due to it 
strongly retained by the resin and to its high 
distribution coefficient in these media comparing 
with other metal ions. 

        Table (2) shows that, a medium consisting of 6 
M acetic acid and the resin in the chloride form could 
be used effectively to separate Cd(II) from Zn(II), 
and a medium consisting of 8 M acetic acid and the 
resin in the acetate form could be used effectively to 
separate Cd(II) from Zn(II). 

Table (2): also shows a medium consisting 
of 10 M acetic acid and the resin in the chloride form 
could be used to separate Cd(II) from Mn(II), and a 
medium consisting of 12 M acetic acid and the resin 
in the acetate form could be used effectively to 
separate Ni(II) from Mn(II), Zn(II) and Cd(II).  

For the medium consisting of 14M acetic 
acid and the resin in the chloride form Cd(II) and 
Ni(II) can be separated from each other, finally 
Mn(II) and Zn(II) could be separated by using 16 M 
acetic acid and resin in the chloride form. A 
separation based on this technique of separating one  
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Table (2): Distribution coefficients of metals in 2×10–5 M in different  acetic acid concentrations. 

Kd 
Cd(II) Ni(II) Mn(II) Zn(II) Concentration of 

acetic acid (M) 
RCl RAc RCl RAc RCl RAc RCl RAc 

6 60.0 63 < 1 < 1 < 1 < 1 < 1 < 1 
8 79.0 100 < 1 < 1 < 1 < 1 6.3 3.9 

10 251.0 157 < 1 < 1 <1 < 1 20.0 10.0 
12 501.0 315 < 1 < 1 6.3 31.0 50.0 30.0 

14 1000.0 500 < 1 < 1 39.0 79.0 158.0 100.0 
16 1258.0 630 < 1 < 1 158.0 < 1 316.0 200.0 

  

 
 

Fig.(4): Log Kd values of Zn(II) in RCl and RAc forms for 16 M acetic acid as a function of hydrochloric acid 
concentrations at 25ºC. 

or more adsorbed elements from each other merely 
by changing the solvents was shown in Figs. (5, 6). 

3.6. Equilibrium studies 
 The equilibrium adsorption isotherm is 
fundamental importance in the design of adsorption 
system [27-29].    Equilibrium data, commonly 
known as sorption isotherms, are basic requirement 
for the design of sorption system. These data provide 
information on the capacity of the sorbent. The 
sorption of Cd(II), Zn(II), Mn(II) and Ni(II) from 
aqueous solutions on a strongly basic anion exchange 
resin Purolite A-400 as a function of their 
concentrations was studied at 25ºC. The sorption data 
have been subjected to different sorption isotherms, 

namely Langmuir and Freundlish Models. These 
equations are widely used the former assumes that 
maximum adsorption occurs when the surface is 
covered by the functional groups and the latter being 
purely empirical [30]. 

3.6.1. Langmuir isotherm 
 The Langmuir adsorption isotherm model is 
valid for monolayer sorption on to a surface with a 
finite number of identical sites. The isotherm 
equation further assumes that adsorption takes place 
at specific homogeneous sites within the adsorbent 
[31]. It is then assumed that once a metal ion 
occupies a site, no further adsorption can take place 
at that site. Moreover, the Langmuir equation is based 

2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
log m.eq Cl-/g dry resin

lo
g 

Kd

Zn(II) for RCl Zn(II) for RAc

Log mequiv. Cl/g dry resin 



Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 105 

on the assumption of a structurally homogeneous 
adsorbent where all adsorption sites are identical and 
energetically equivalent. The saturated or monolayer 
capacity can be represented by the expression 
[30,32].  

         qe = 
ebC
e

bCQ

1
0             (4) 

 
Where Ce is the equilibrium concentration (mg/L), qe 
the amount adsorbed at equilibrium (mg/g), and Q0 
and b are the Langmuir constants related to the 
capacity and the energy of adsorption respectively. 
The Langmuir adsorption isotherm model can be 
rearranged to a linear expression as follows:  
 

Ce/qe = 1/Q0b + 1/Q0Ce   (5) 
 
        The Langmuir adsorption isotherm plot (qe vs. 
Ce) and the linear plot of Ce/qe vs. Ce, indicate the 
applicability of Langmuir adsorption isotherm. The 
values of  Q0 and b were calculated from the slope 
and the intercept of the linear plots Ce/qe vs. Ce.  

 The sorption data were analysed according 
to the linear form equation of the Langmuir isotherm. 
The isotherms of all four metal ions were found to be 
linear over the whole concentration range studied and 
the correlation coefficients were extremely high as 

shown in Table (3). These values of the correlation 
coefficients strongly support the fact that the metal 
ions (specially Zn(II), Mn(II) and Ni(II) in RAc-resin 
and Zn(II), Ni(II) in RCl-resin) closely follow the 
Langmuir model of sorption.   

3.6.2. Freundlich  isotherm 
The Freundlich model, which is an 

indicative of surface heterogeneity of the sorbent, is 
given by [30,32]. 

 
qe = Kf Ce(1/n)    (6) 

 
The Freundlich equation can be linearized 

by logarithmic transfer:  
                                

log qe = log Kf + 1/n  log Ce     (7) 

             where Kf and 1/n are Freundlich constants 
related to adsorption capacity and adsorption energy. 
Freundlich constants, Kf , n and the correlation 
coefficient, R2 for the different concentrations of 
metal ions were calculated from the linear plots of 
log qe vs log Ce are presented in Table (3). The results 
showed that the adsorption also followed Freundlich 
isotherm, but the resin showed better fit for 
Freundlich isotherm than Langmuir isotherm for 
Cd(II)-RCl, Zn(II)-RCl. 

   
 Table (3): The values of the parameters of Langmuir and Freundlich isotherm for sorption of metal ions on  

Purolite A-400 at 25C. 
 

Langmuir Method Frendlich Method 
Metal Ions 

Q0(mg/g) B (L/g) R2 Kf(mg/g) n R2 

Cd(II) - RCl 0.310 0.900 0.988 0.160 3.50 0.989 

Zn(II) - RCl 0.135 0.098 0.979 0.014 1.40 0.985 

Zn(II) - RAc 0.020 0.410 0.991 0.008 1.78 0.977 

Mn(II) - RCl 0.0002 -45.4 0.996 0.350 0.97 0.997 

Mn(II) - RAc 0.020 38.0 0.991 0.020 6.20 0.976 

Ni(II) - RCl 0.050 0.18 0.987 0.008 1.35 0.974 

Ni(II) - RAc 0.180 4.13 0.999 0.140 5.98 0.917 



Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 106 

RCl
16 M.A.A.

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240
0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.10
0.11
0.12
0.13
0.14
0.15
0.16
0.17
0.18

Mn

Zn 

Conc. Of 
Mn(II) (mg/l)

Conc. Of 
Zn(II) (mg/l)

RCl
6 M.A.A.

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350
0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

Zn

Cd
 

Conc. Of  Zn(II) (mg/l)

RCl
10 M.A.A.

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350
0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

Mn

Cd
 

Conc. Of  
Mn(II) (mg/l)

RCl
14 M.A.A.

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350
0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

Ni

Cd
 

Conc. Of  
Ni(II) (mg/l)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (5):   Separation of some metal ions on Purolite A-400 in the chloride form at 25ºC. 
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4. Conclusion 
 The present investigation shows that, anion 
exchange resin purolite A-400 can be employed for 
the separation of some metal ions from their 
mixtures. The adsorbabilities of the metal ions from 
aqueous acetic acid solutions on purolite A-400 resin 
in chloride form (RCl) was slightly higher than the 
acetate form (RAc), and addition of HCl acid to 
acetic acid medium markedly enhances the sorption 
of many metals on purolite A-400. The sorption data 
of Cd(II), Zn(II), Mn (II) and Ni(II) have been 
subjected to different sorption isotherms, namely, 
Langmuir and Freundlish. These data provide 
information on the capacity of the adsorbent or the 
amount required to remove a unit mass of pollutant 
under the system conditions. The described methods 
provide a simple, fast and economic means for 
separating of metal cations from wastewater.  
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Abstract: The present paper is aimed at studying the possibility of using organic salts (tetrasodium edate (SE) and 
trisodium citrate (SC)) in dyeing of cotton fabrics with two reactive dyes, namely C.I. Reactive Red 120 (RR120) 
and C.I. Reactive Black 5 (RB5)  in place of inorganic salt (sodium sulphate (SS ) and in the absence of alkali. For 
this purpose, dyeing of cotton fabrics with reactive dyes using sodium edate, sodium citrate and sodium sulphate is 
investigated and the results obtained are compared. Factors affecting dyeability such as the concentration of sodium 
edate, sodium citrate and sodium sulphate, time, pH, temperature, liquor ratio and dye concentration are 
investigated. The dyed fabrics are evaluated with respect to the dye exhaustion and fixation, and the fastness 
properties. Fastness to washing and light of samples that have been dyed with reactive dyes are generally higher 
using SE and SC compared with SS conventional method. The fastness improvement may be as a result of better dye 
penetration and thus good covalent fixation with cotton fabrics. The overall results suggest that sodium edate and 
sodium citrate offer the potential as an exhausting and fixing agent for reactive dyeing of cotton. 

Moreover, the reuse of the dyebath and the chemicals those remain after the original dyeing process and 
after pre-treatment using advanced oxidation process are also studied. Such recycling of exhausted dyebaths further 
offers the potential of lowering costs through the reduction of the amounts of water, chemicals and energy 
consumed. [Journal of American Science. 2010; 6(10):109-127]. (ISSN: 1545-1003). 
  
 
Keywords: Cotton fabric dyeing; Bi-functional reactive dyes; Sodium edate; Sodium citrate; Water reuse; Fastness. 
 
 
1. Introduction 

Dyeing is usually a textile wet process to 
impart color to textile materials. Textile wet finishing 
processes, especially exhaustion methods, have 
higher rates of energy consumption due to both 
higher fluid temperatures and volume [1]. 

Moreover, the increased awareness of 
environmental issues has been driven much interest 
in eco-friendly textile wet processing techniques. The 
main challenge that textile industries faces is to 
modify production at a competitive price by using 
safe dyes and chemicals as well as by reducing 
treatment costs [2,3]. 
 

Exhaustive dyeing of cotton fabric with 
direct, vat, sulphur, and, especially, reactive dyes 
requires the presence of electrolytes (NaCl or 
Na2SO4), which suppresses negative charge build-up 
at the fibre surface and promotes increased dye-
uptake [2]. The quantities   of electrolyte present can 
vary up to 100 g/l depending on the depth of colour 
required, the structure of the dyes or the dyeing 
recipe [4]. 

 
Reactive dyeing of cotton fabrics in addition 

to its consumption of high concentrations of 
potentially toxic non-biodegradable salt relies on an 
elevated pH (commonly over 10.5) for covalent 
fixation of the dyes on cotton. Under alkaline 
conditions reactive dyes react with hydroxyl groups 
of cellulose, mostly by neucleophilic substitution or 
addition, to form the covalent bonds. These strong 
bonds would be expected to lead to excellent wash 
fastness properties. However, the dyes can also react 
with hydroxyl groups of water present so that they 
are no longer able to react with cellulose. Thus, low 
reactive dye fixation and the use of high salt 
concentration would lead to environmental problems 
[2].  

Progress has been made in reducing salt 
requirements for some newer reactive dyes, but salt 
concentrations are still too high [5]. Recently, 
reduced salt by the replacement of nonbiodegradable 
inorganic salt (sodium chloride or sodium sulphate) 
with biodegradable organic one (tetrasodium edate or 
trisodium citrate) in the exhaustive dyeing of cotton 
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fabric using reactive, direct and solubilised vat dyes 
has been reported [6]. Also, in another study [2], the 
use of polycarboxylic acid salts have proved the most 
effective class evaluated, promoting higher 
exhaustion and fixation of reactive dyes on cotton  
fabric than sodium chloride. 

 
Moreover, textiles can be dyed with almost 

any color to achieve a variety of aesthetic and 
functional purposes. But by using currently available 
techniques, the dyeing process often has detrimental 
environmental impacts. The major use of energy in 
the dye process involves heating of water for the 
dyebath in order to facilitate a quick dyeing process 
and better dye penetration into textile materials. The 
less water used, the lower the heat energy required 
[7]. Even though it appears to be in plentiful supply 
on the earth’s surface, water is a rare and precious 
commodity, and only an infinitesimal part of the 
earth’s water reserves (approximately 0.03%) 
constitutes the water resource which is available for 
human activities. The growth of the world’s 
population and industry has given rise to a constantly 
growing demand for water in proportion to the supply 
available, which remains constant [8]. 

 
The main objective of this research is to 

explore the possibilities to reduce the colorants and 
chemical auxiliaries in the fabric dyeing effluents of 
cotton  fabric dyeing by two reactive dyes (C.I. 
Reactive Red 120 (RR120) and C.I. Reactive Black 5 
(RB5)) by: (1) The improvement of the dye 
exhaustion onto the target fabrics with optimized 
dyeing conditions; (2) Replacement of non 
biodegradable inorganic salt (sodium sulphate (SS)) 
with biodegradable organic salts (tretrasodiumedate 
(SE) and trisodiumcitrate (SC)).  (3) Reuse of the dye 
bath and the chemicals that remain after the original 
dyeing process and after pre-treatment using 
advanced oxidation process. Such recycling of 
exhausted dyebaths further offers the potential of 
lowering costs through the reduction of the amounts 
of water, chemicals and energy consumed. 
 
2. Experimental 
2.1. Materials 
2.1.1. Cotton fabric  
 

Mill desized, scoured and bleached cotton  
fabric (Poplin) is supplied by Misr Company for 
spinning and weaving, Mehala El-kubra, Egypt. 
Cotton fabric of the following specification is used 
for dyeing: 

 
 
 

Table 1: Cotton fabric (Poplin) construction. 

Count Threads (cm) Weight   
(g/m2) 

Width 
(cm) fill warp fill Warp 

120 160 40 40 72 109 

(100% Cotton  fabric Poplin) 

 
The cotton  fabric is further treated with a 

solution containing 4 g/l of sodium carbonate and 3 
g/l of non-ionic detergent (nastapon, from Clariant-
Egypt) under the boiling condition for 4 hours, after 
which time it is thoroughly rinsed and air dried at 
room temperature [9]. 
Moisture content % = 0.050 / 1g cotton  fabric. 
 
2.1.2. Dyestuffs and chemicals 
 

Two reactive dyes namely C.I. Reactive Red 
120 (Procion HE3B, RR120) and C. I. Reactive Black 
5 (Procion B, RB5)) are obtained from ICI (Imperical 
Chemical Industries Limited Dyestuffs Division 
Manchesester, England). The dyes are of commercial 
grade and are used as received (Scheme 1). 

 
C.I. Reactive Red 120 (RR120): 
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C.I. Reactive Black 5 (RB5): 
 

OHNH2

SO3NaNaO3S

NN
NN

SO2CH2CH2OSO3NaNaO3SOCH2CH2O2S

 
Scheme 1: Dyes profile: C.I. Reactive Red 120 

(RR120) and C.I. Reactive Black 5 (RB5). 
 

All other reagents, sodium carbonate, 
sodium sulphate (SS), tetrasodiumedate (SE), 
trisodiumcitrate (SC), detergent nastapon and 
dimethyl formamide are commonly used laboratory 
reagent grade. 
 
2.2. Dyeing conditions 
 

In a dyebath containing different concen -
trations of SE or SC (0-60 g/)l and 1.03x10-4M of C.I. 
Reactive Red 120 or C.I. Reactive Black 5 with 
liquor ratio 1:30, cotton fabric is added at 35 ºC and 
the temperature is raised to 80 ºC or 60 ºC for RR120 
and RB5 respectively, over 20 min. L.R 1:30 is used 
due to maximum depth of shade on fabric. After 
which time the dyeing is continued for 30 min. Then 
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20 g/l of sodium carbonate is added portion wise and 
the dyeing is maintained for further 45 min. For 
comparison, the same method of dyeing is applied 
using SS (50 g/l). The optimum amount of exhausting 
agent SE or SC that produces comparable results with 
that of SS is selected. To find out whether SE or SC 
can also act as fixing agent for reactive dyeing, cotton 
fabric is dyed as described above with the selected 
amount of SE or SC using variable amounts of 
sodium carbonate (0-25 g/l). For comparison, the 
same method of dyeing is applied using SS (50 g/l) in 
absence of sodium carbonate. To reveal the effect of 
adding SS (0-25 g/l) in a dyebath containing SE or 
SC (40 g/l and 25 g/l for SE and SC, respectively) on 
the dyeability of cotton fabric with reactive dyes (C.I. 
Reactive Red 120 and C.I. Reactive Black 5), dyeing 
of the fabric is followed as described above with the 
selected amount of SE or SC and without sodium 
carbonate. 

 
2.3. Measurements and analyses 
 

2.3.1. Dye exhaustion 
 

The uptake of the reactive dye by cotton 
fabric is measured by sampling the dyebath before 
and after the dyeing. The concentration (M/l) of the 
dyebath is measured on JENWAY - 6300 UV - 
Visible spectrophotometer at λmax of the dyes (λmax = 
512 nm and 597 nm for RR120 and RB5, 
respectively).  

The dye exhaustion percentage on cotton 
fabric (E %) is calculated according to the following 
equation [10]: 

 
                  E %= ((C1-C2) / C1) x 100                     (1) 
 
where C1 and C2 are the concentrations of dye in the 
dyebath before and after dyeing, respectively. 
 
2.3.2. Dye fixation 
 

The dye fixation ratio (F %), the percentage 
of the exhausted dye chemically bound on the cotton 
fabric, is measured by refluxing the dyed samples in 
50% w/w aqueous DMF for 10min at L.R. 1:20 to 
extract the unfixed dye [11]. This procedure is 
repeated until the extract is clear. The concentration 
of the extract is measured spectrophotometerically at 
λmax for each dye. The percentage dye fixation ratio 
(F% ) and the fixation efficiency (FE% ) are 
calculated using Eqs. (2) and (3), respectively [10, 
12]: 

 
              F % = ((C1 – C2 – C3) / (C1 – C2)) x 100   (2) 
  
             FE%  = (E x F) / 100                                  (3) 

where C3 is the amount of extracted dye after dyeing 
cotton. 
 
2.4. Reuse of dye bath 
 

2.4.1. Reuse of dye bath after dyeing 
 

This experiment is carried out to determine 
the effect of reuse of dye bath on the dyeing results. 
After the fresh bath dyeing is finished, a certain 
amount (fixed percentage 10%, 25%, 45% and 65%) 
of the spent dye bath was reused. Addition of dye and 
chemicals is conducted to compensate for any 
consumption and loss in the previous dyeing cycle. 
pH adjustment was also necessary. The dye bath is 
reused in this way for a total of four times. 
 
2.4.2. Reuse of dye bath after degradation 
 
 Wastewater from the initial dyeing contain 
RR120 and RB5 are diluted to one litter with bi-
distilled water and then degradable with 
UV/Visible/H2O2 at optimum conditions of 
degradation ([RR120] = [RB5] = 1x10-4M, [H2O2] = 
25mM and pH 3.09 and 2.03 for RR120 and RB5 
respectively, [13]).  After degradation, H2O2 is 
removed; degradable wastewater is boiled for 2 hours 
and then cooled, adjusted to the initial volume with 
bi-distilled water then reused for dyeing treatments. 
To determine whether all H2O2 removed from the 
decolorized wastewater or no; titration of degradable 
wastewater against 0.01N KMnO4 is carried out [14]. 
The dyeing process is carried out as the standard 
dyeing procedure. The dyed samples are thoroughly 
washed with hot water and then with cold water, 
followed by soaping in a nonionic detergent solution 
(2g/l) nastapon, washing and air-drying. 
 
2.5. Fastness testing 
 

The dyed samples are tested according to the 
American Association of Textile Chemists and 
Colorists (AATCC) standard methods [15]. 

 
2.5.1. Color fastness to washing   
   

  i) The composite specimens are sewed 
between two pieces of bleached cotton fabric and 
wool fabrics. 

 ii) The composite specimen is immersed 
into an aqueous solution containing 5g/l soap non-
ionic detergent, at 60oC with L.R. 1:50, the samples 
are then removed, rinsed in hot and cold bi-distilled 
water. 

iii) Evaluation of the wash fastness is 
established using the Grey- Scale for the change in 
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color for dyed samples and staining for bleached 
cotton  fabric and wool fabrics [16]. 

 
2.5.2. Color fastness to light 

  i) A specimen from the dyed fabric to be 
tested and standards are exposed simultaneously 
under specified amounts of color change. 

 ii) The specimens are exposed to the light 
for about 20 hours.             

iii) Evaluation of results is carried out by 
using the Grey- Scale [16], if the final assessment is 
greater the preliminary assessment becomes 
significant with very high light fastness, standard (7) 
fades to a contrast equal to Grade (4) on the Grey-
Scale. If the final assessment is slower the rating (6) 
to a contrast equal to Grade (3) indicates that the 
sample has changed very slightly. 
 
3. Results and Discussion 

 
The primary objective of this work is to 

investigate the possibility of using sodium edate (SE) 
and sodium citrate (SC) as exhausting and fixing 
agent in the dyeing of cotton fabric with two reactive 
dyes (C.I. Reactive Red 120 (RR120) and C.I. 
Reactive Black 5 (RB5)) and the comparative results 
of the cotton fabric using sodium sulphate dyeing 
methods and in this regard the different factors that 
may affect this process are investigated. 

 
3.1.  Effect of sodium sulphate concentration  

 
The effect of SS concentration on the 

dyeability of cotton fabrics with RR120 and RB5 is 
conducted at different concentrations (0-60 g/l, dye 
concentration 1.03x10-4M and L.R 1:30 for 2 hours 
dyeing time at pH 7.03 and temperatures 80 and 60 
for RR120 and RB5, respectively). As shown in 
Figure 1, the exhaustion and fixation efficiency of 
dyed fabrics increase as the concentration of sodium 
sulphate (SS) increases up to 50 g/l after which a 
negligible increase in the exhaustion and fixation 
efficiency is observed. The use of 50 g/l of SS is 
considered as the standard exhausting amount 
necessary for RR120 and RB5 dyeing of cotton 
fabrics 

 Cellulose carries a negative charge in pure 
water. As the dye is also anion hence negatively 
charged, there is electrostatic anion-anion repulsion 
between dye and cellulose. Therefore, by adding inert 
electrolyte such as Glaubers salt (sodium sulphate 
(SS)) to the dyebath, this electrostatic barrier, known 
as the Donnan potential, can be largely suppressed, 
facilitating dye/fabric contact and allowing better 
interaction of the Yoshida and van der Waal, forces 

and hence improving substantivity. The diffusion 
coefficient of the dye is therefore a function of both 
dye and electrolyte concentration [17]. 

Moreover, the generally accepted model for 
dyeing of reactive dyes into cellulosic fabrics consists 
of two phases i.e. adsorption and diffusion phase and 
fixation phase. The extent to which reactive dyes are 
affected by the addition of electrolytes to the dyebath 
is known as salt sensitivity. The addition of SS 
increases the rate of strike of the dye; when cellulose 
is immersed in a solution of a reactive dye it absorbs 
dye from the solution until equilibrium is attained, 
and at this stage most of the dye, is taken up by the 
fabric [18]. 

The results in Figure 1, support this 
statement, in that (E  % ) and (FE% ) of the dyeing 
increase with increasing concentration of the salt 
applied. The exhaustion value of reactive dyes is a 
linear function of salt concentrations particularly at 
lower salt concentrations within the cellulose in the 
presence of a fixed amount of added dyes, although 
the slope decreases with increasing salt 
concentration. It is considered that the initial rapid 
rise is due to the response of dye to the lowering of 
electrical potential barrier to diffusion as the 
concentration of electrolyte increases.  
 
3.2. Effect of adding tetrasodiumedate and trisodiu- 
        mcitrate 

 
Reduced salt and reduce environmental 

pollution by the replacement of non biodegradable 
inorganic salt (SS), with biodegradable organic salts 
(tetrasodiumedate (SE) or trisodiumcitrate (SC)) in 
exhaustive dyeing of cotton fabric using the two 
reactive dyes is reported in the present work, the 
exhaustion behavior of this organic salts are 
compared with inorganic salt (SS)[2, 19].  

Moreover, it is anticipated from the structure 
of SE and SC that this compounds in addition to their 
confirmed viability as exhausting and fixing agent in 
reactive dyeing of cotton fabric, it may have the 
feature of being a mild organic base with a capacity 
of buffering action in the dyebath [2, 10].  
 
3.2.1. Effect of adding different concentrations of SE 

Figure 2 shows the effect of SE 
concentrations on the dyeability of cotton fabrics 
with RR120 and RB5 reactive dyes. Dyeing 
conducted at different concentrations of SE ranges 
from 0 to 60g/l with initial dye concentration 
1.03x10-4M and L.R. 1:30 for 2 hours dyeing time at 
pH 9.52 and temperatures 80 and 60C for RR120 
and RB5 respectively. 
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Figure 1: Effect of different SS concentrations on the percentage exhaustion (E %) and fixation 

efficiency (FE %) of RR120 (―) and RB5 (…..) on cotton fabric with initial dye 
concentration 1.03x10-4M, L.R.1:30 and pH 7.03 for 2 hours dyeing time at temperatures 
80 and 60 oC for RR120 and RB5 respectively. 

 
The exhaustion and fixation efficiency 

reaches maximum values at 40g/l SE (Figure 2) for 
RR120 and RB5 respectively, after which a 
negligible increase in the exhaustion and fixation 
efficiency values is observed. It is clear that SE is 
rather an effective exhausting agent [2, 10] for 
bifunctional monochlorotriazine reactive dye RR120 
and bifunctional vinylsulphone reactive dye RB5. 

 

The high exhaustion and fixation efficiency 
values in presence of 40g/l SE reflects the fact that 
SE can be used as an alternative biodegradable 
exhausting agent and the enhanced effect in 
bifunctional dyes that would further enhance dye 
sorption [2].  
 
3.2.2. Effect of adding different concentrations of 

SC  
 

SC is used as an exhausting agent in the 
dyeing of bleached cotton fabrics with RR120 and 
RB5 dyes. The concentration of exhausting agent 
(SC) is investigated by increasing its from 0 to 60g/l 
with initial dye concentration 1.03x10-4M and L.R. 
1:30 for 2 hours dyeing time at pH 8.31 and 
temperatures 80 and 60oC for RR120 and RB5, 
respectively ( Figure 2). 

Figure 2 shows that 25 g/l SC for the two 
reactive dyes produce higher percentage of dye 

exhaustion and fixation efficiency than that of SS; 
this is interesting in light of the present goal of 
lowering salt concentrations for co-friendly dyeing 
methods. When a cellulosic fabric is immersed in dye 
liquor, it acquires a negative electrical charge. The 
negatively charged fabric surface repels the 
negatively charged dye ions present in the dyebath, 
when cations from the salts can counter the negative 
charge of fabric, thereby faciliting absorption of dye 
anions onto the fabric. If a dye contains more 
sulphonic acid or chloride groups, its ions will 
accordingly acquire more negative charge and will be 
repelled by the fabric with greater force. Therefore, 
the effectiveness of a salt in promoting exhaustion 
varies directly with the number of sulphonic acid 
groups in the dye molecules [19]. Organic salts (SE 
and SC) are contains more cations per mole than 
inorganic salt (SS), the dye in the presence of SC is 
more attracted by the cotton fabric than SE and SS.  

 
3.3. Effect of alkali concentrations  
3.3.1. Effect of sodium carbonate in presence of  
           inorganic salt (SS) 
 

Alkali is necessary for the reaction between 
reactive dyes based on monochlorotriazine (RR120) 
and vinylsulphone (RB5) and cellulose molecule. 
Alkali is responsible for producing an alkaline 
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environment at which the reactive dyes can combine 
with the cellulose molecule chemically [2]. 
Generally either sodium hydrogen carbonate or 
disodium carbonate (or a blend) is the alkaline 
ingredient when dyeing cotton fabric with reactive 
dyes. In the present study variable amount of sodium 
carbonate ranges from 0 to 25g/l (Figure 3) applied 
after 30min from dyeing time are used as the alkali 
for fixation in presence of 50g/l SS with dye 
concentration 1.03x10-4M and L.R. 1:30 for 2 hours 
dyeing time at pH 10.02 and 11.01 and temperatures 
80 and 60oC for RR120 and RB5, respectively. 

It is evident from the results in Figure 3 
that the E % and FE% increase gradually as the 
concentration of sodium carbonate in the padding 
solution is increased reach maximum values at 
15g/l and 20g/l for RR120 and RB5 respectively. 
When sufficient alkalinity is provided the fixation 
reaction between the reactive dye and the cotton 
fabric takes place easily. The exhaustion values of 
the two dyes applied reached the saturation levels 
at low alkaline concentration values because the 
excellent dyeing properties of cellulosic fabrics 
with reactive dyes. 

 
3.3.2. Effect of sodium carbonate alkali in presence 
of organic salts (SE) and (SC)  

 
Variable amount of sodium carbonate ranges 

from 0 to 25g/l applied after 30min from dyeing time 
as the alkali for fixation to the selected 
concentrations from different organic salts in the 
dyebath are studied. The dyeing conducted with dye 
concentration 1.03x10-4M and L.R. 1:30 for 2 hours 
dyeing time at temperatures 80 and 60oC for RR120 
and RB5 respectively. The effects of adding sodium 
carbonate to a dyebath contained 40g/l add at pH 
9.52 and 25g/l add at pH 8.31 from SE and SC, 
respectively are given in Figure 4. Figure 4 shows the 
effect of sodium carbonate concentration (0-25 g/l) 
on E% and FE %values of the dyed cotton fabrics 
using both dyes (RR120 and RB5). Figure 4 shows 
that the E% and FE% values obtained using SE and 
SC are independent on sodium carbonate 
concentration. On the other hand, the E %and FE 

%values of dyed samples using SE and SC are 
significantly higher than those obtained using SS in 
the absence of sodium carbonate. This result 
emphasizes the fact that alkali is necessary for 
covalent bond fixation using SS as this salt is neutral 
electrolyte. Whereas SE and SC are alkaline 
polycarboxylic sodium salt and in addition to be as 
exhausting agent would also act as fixing agent [2]. 

 
3.4.  Effect of using SS together with SE and SC  

 
Having the information that SE and SC can 

act as exhausting and fixing agents; it is desirable to 
study the effect of adding different concentrations 
from SS ranges from 0 to 25g/l to the selected 
concentrations from SE (40g/l) and SC (25g/l) in the 
dyebath. The dyeing conditions are selected with dye 
concentration 1.03x10-4M and L.R. 1:30 for 2 hours 
dyeing time at temperatures 80 and 60oC for RR120 
and RB5, respectively. The effects of adding SS to a 
dyebath contained 40g/l add at pH 9.52 and 25g/l add 
at pH 8.31 from SE and SC, respectively, for RR120 
and RB5 are shown in Figure 5.    Figure 5 shows 
that the (E%) and (FE%) values for dyed samples of 
both dyes are independent on the concentration of SS 
added. It is known that SS as a neutral electrolyte is 
an effective exhausting agent (using optimum amount 
of salt (50g/l)) in the dyeing of cellulosics with 
anionic dyes. The major effect of the electrolyte on 
such dyes, in addition to its extinguishing effect on 
the negative charge on cotton fabrics, is to increase 
the degree of aggregation of the dye molecules in 
solution by the common-ion effect. The electrolyte 
suppresses the ionization of the dye molecule in 
solution, thereby effectively reducing its solubility in 
the dyebath and modifying the equilibrium in favor 
of movement of dye molecules from the solution to 
the fabric [20, 21]. On the other hand the alkalinity 
effect of (SE) and (SC) in the dyebath seems to have 
suppressed the effect of the amount used of SS in 
such alkaline medium, which favors more dye 
ionization [2]. 
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Figure 2: Effect of different salts concentrations (SE and SC) on the percentage exhaustion (E%) 

and fixation efficiency (FE%) of RR120 (―) and RB5 (…..) on cotton fabric with 
initial dye concentration 1.03x10-4M and L.R.1:30 for 2 hours dyeing time at pH 9.52 
and 8.31 and temperatures 80 and 60oC for RR120 and RB5 respectively. 
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Figure 3: Effect of sodium carbonate concentrations on the percentage exhaustion (E%) and 

fixation efficiency (FE%) of RR120 (―) and RB5 (…..) on cotton fabric with initial 
dye concentration 1.03x10-4M and L.R.1:30 for 2 hours dyeing time in presence of 
50g/l SS at pH 10.02 and 11.01 and temperatures 80 and 60oC for RR120 and RB5, 
respectively. 
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Figure 4: Effect of sodium carbonate concentrations on the percentage exhaustion (E%) and 

fixation efficiency (FE%) of RR120 (―) and RB5 (…..) on cotton fabric with initial dye 
concentration 1.03x10-4M and L.R.1:30 for 2 hours dyeing time in presence of 40g/l SE 
and 25 g/l SC at pH 9.52and 8.31 and temperatures 80 and 60oC for RR120 and RB5, 
respectively. 
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Figure 5: Effect of different inorganic salt concentrations (SS) on the percentage exhaustion (E%) 

and fixation efficiency (FE%) of RR120 (―) and RB5 (…..) on cotton fabric with initial 
dye concentration 1.03x10-4M and L.R.1:30 for 2 hours dyeing time in presence of 40g/l 
SE and 25 g/l SC at pH 9.52 and 8.31 and temperatures 80 and 60oC for RR120 and RB5 
respectively. 
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Figure 6: Effect of Time on the percentage exhaustion (E %) of RR120 on cotton fabric at initial dye concentration 

1.03x10-4M and L.R.1:30 in aqueous (…..) and in presence of 50g/l SS (―). 
 

 
3.5. Effects of some dyeing parameters on dye 

exhaustion and fixation efficiency 
 

3.5.1. Effect of treatment time  
 

In the case of treatment time, a proper 
exhaustion-fixation percentage was sufficiently 
achieved in 1 hour. Figure 6 represents the effect of 
time on RR120 in aqueous and in presence of 50g/l 
SS (RR120 concentration of 1.03x10-4M and L.R. 
1:30). It appears from Figure 6 that, in aqueous and 
presence of SS there is rapid uptake of RR120 during 
the initial stage of the dyeing process within the first 
60min, indicating a high affinity between RR120 
molecules and the cotton fabric surface due to the 
diffusion of dye molecules [22]. Following, the 
dyeing process slows suggesting a gradual 
equilibrium, possibly finally, the saturation is 
reached, showing the final equilibrium at 
approximately 80 - 240mins, beyond which no 
further dyeing takes place [23]. Similar effects are 
also obtained in presence of 40g/l at pH 9.52 and 
25g/l at pH 8.31 from SE and SC, respectively, and in 
case of RB5. 
 

3.5.2. Effect of pH  
 

pH control is important in order to achieve a 
constant pH during dyeing, which can lead to an 
optimum dye exhaustion.  

Figure 7 shows the effect of pH on the 
percentage exhaustion (E%) and fixation  efficiency 
(FE%) of RR120 and RB5  on cotton fabric. The 
dyeing is conducted at different pH values ranges 
from 6.04 to 11.01 with initial dye concentration 
1.03x10-4M and L.R.1:30 for 2 hours dyeing time at 
temperatures 80 and 60 oC for RR120 and RB5, 
respectively.  As can be observed from Figure 7, the 
best (E%), and (FE%) are obtained at high pH values 
(10.02 and 11.01, for RR120 and RB5, respectively) 
in presence of 50g/l SS and 20g/l sodium carbonate 
used as alkali for fixation add after 30min from 
dyeing time.  

Moreover, the percentage exhaustion (E%) 
and fixation efficiency (FE%) on cotton fabric using 
SE and SC, reaches maximum values at pH 9.52 and 
8.31for RR120 and  RB5, respectively.  The 
percentage exhaustion (E%) and fixation  efficiency 
(FE%)  values of dyed samples using SE and SC  
were significantly higher than those obtained using 
SS in the absence of sodium carbonate. This result 
emphasizes the fact that alkali is necessary for 
covalent bond fixation using SS as this salt is neutral 
electrolyte. Whereas SE and SC are alkaline 
polycarboxylic sodium salt and in addition to be as 
exhausting agents would also act as fixing agents. 

Reactive dyes containing chlorotriazinyl 
groups react with nucleophiles by an activated 
heteroaromatic nucleophilic substitution mechanism 
[24]. Chlorotriazine reactive dye fixation involves the 
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formation of a covalent bond between a hydroxyl 
group, under alkaline conditions in the fabric, and the 
dye molecule, by the nucleophilic displacement of 
chloride ion [25].  

Nucleophilic substitution characterizes 
reactive dye-fabric fixation that occurs when a 
leaving group in the reactive system is displaced by a 
nucleophilic group on the polymer chain. The 

reaction of a reactive dye with a hydroxyl group of 
cellulose is typical of this process (Scheme 2), [26-
28]. The same process accounts for the competitive 
hydrolysis reactions between the dye and water 
during dye application (Scheme 3). 
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Scheme 2: Reaction of a monochlorotriazine dye with cellulose 
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Scheme 3: Hydrolysis of a monochlorotriazine dye with water 
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Scheme 4: Reaction, hydrolysis of a vinylsulphone dye 
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Figure 7: Effect of pH on the percentage exhaustion (E%) and fixation efficiency (FE%) of 

RR120 (―) and RB5 (…..)on cotton fabric at initial dye concentration 1.03x10-4M and 
L.R.1:30 for 2 hours dyeing time in presence of 50g/l SS and 20g/l sodium carbonate 
concentration used in fixation at temperatures 80 and 60oC for RR120 and RB5 
respectively. 

 
 
 

Moreover, nucleophilic addition 
characterizes the dye-fabric reaction in which a 
nucleophilic group in the fabric adds across an 
activated carbon-carbon double bond in the reactive 
group contain a vinylsulphone moiety. Systems based 
on activated double bonds also undergo hydrolysis as 
shown in Scheme (4), [29]. 

      
Hydrolysis of reactive dye also occurs 

whenever dye fixation is conducted in the presence of 
hydroxyl ions [30, 31]. Since the hydrolyzed dye is 
usually very similar to the parent reactive dye in 
diffusion, it exhausts along with the reactive form 
onto the fabric surface. In practice, fabric fixation 
predominates over hydrolysis due to important 
factors. Firstly, cellulose has lower dissociation 
content than water, resulting in approximately a 25 - 
fold excess of cellulosate ions over hydroxyl ions. 
Secondly, the affinity of the dye for the fabric 
reduces the amount of dye available for hydrolysis in 
the dyebath [32]. Thirdly, the pH within the fabric is 
primarily maintained by cellulosate ions and the 
charge on the fabric surface expels hydroxide ions 
from the fabric interior [33].  

 
 

 
3.5.3. Effect of dyeing temperature 
 

The effect of dyeing temperature (40-90 ºC) 
on the percentage exhaustion (E%) and fixation 
efficiency (FE%) of RR120 and RB5 on cotton fabric 
at initial dye concentration 1.03x10-4M and L.R.1:30 
for 2 hours dyeing time in presence of 50g/l SS and 
20g/l sodium carbonate used in fixation is 
demonstrated in Figure 8. As can be observed, the 
percentage exhaustion (E%) and fixation efficiency 
(FE%) increase with increasing of dyeing 
temperature and reaches a maximum values in 
presence of different salts (SS, SE and SC) at 80oC 
and 60oC for RR120 and RB5, respectively, then it 
decreases. This increase in dye uptake can be 
attributed to better dye exhaustion at 80oC and 60oC 
temperatures for RR120 and RB5. However, 
temperature higher than 80oC and 60oC results in 
decrease in percentage exhaustion (E%) and fixation 
efficiency (FE%) for RR120 and RB5, which may be 
attributed to decrease in dye molecule stability at 
higher temperatures [34]. 
 

Moreover, it is known that increasing the 
temperature allows for the swelling of the cotton 
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fabrics, which leads to a higher dye-uptake [35]. 
The reason for the higher fixation efficiency is 
explained by Ibrahim, et al., [36], that the raising 
temperature may result in opening up the structure 
of the cellulose, increasing the accessibility of 
cellulose hydroxyl, enhancing the mobility as well 
as reactivity of the dye molecules and overcome the 
activation energy barrier of the dyeing process.  
 
3.5.4. Effect of liquor ratio 

The effect of liquor ratio (L:R) on the 
exhaustion (E%) and fixation efficiency (FE%) of 
RR120 and RB5 is  shown in Figure 9. The dyeing 
process conducted at different L.R. increases from 
1:10 to 1:50 with initial dye concentration1.03x10-4M 
for 2 hours dyeing time in presence of 50g/l SS and 
20g/l sodium carbonate used as alkali for fixation add 
after 30min at pH 10.02 and 11.01 and temperatures 
80 and 60oC for RR120 and RB5, respectively. 

As expected, the dyeability of reactive dyes 
decreases in substantivity to a greater or lesser extent 
when the L.R. is increased. It follows logically that as 
the L.R. is increases the probability of contact time 
between the dye molecules and fabric surface 
decreases, i.e. fewer dye molecules (per unit of time) 
are adsorbed onto the fabric surface. Equilibrium 
between adsorption and desorption is thus displaced, 
desorption becoming stronger, i.e. substantivity is 
lower [37]. The low liquor ratios serving to lower 
costs by reducing the amounts of water and 
chemicals used as well as reducing the energy 
consumed in liquor circulation and heating. 

Whenever, L.R 1:10 is used the (E%) are 
90.001 and 84.123 and the (FE%) are 85.231 and 
81.421 compared with that at L.R 1:50 the (E%) are 
65.211 and  61.324 and the (FE%) are 50.23 and 
58.403 % for RR120, and RB5 respectively. This 
may be attributed to that the diffusion of dye 
molecules at low liquor ratios happens in a restricted 
volume of water, so dye molecules could be more 
controlled to be directed towards the fabric than in 
higher L.R., because the diffusion of dye molecules 
in the dyebath increase as the volume of water 
increase [18, 38]. 
 
3.5.5. Effect of different dye concentrations    

The exhaustion (E%) and fixation efficiency 
(FE%) of RR120 and RB5 are sensitive to their 
concentrations (Figure 10). Therefore, the dyeing is 
conducted at different initial dyes concentrations 

(2.03x10-5M to 1.10x10-3M) and L.R. 1:30 at 
temperatures 80 and 60ºC at pH 10.02 and 11.01 for 
RR120 and RB5 respectively, in presence of 40g/l SE 
at pH 9.52 and in presence of 25g/l SC at pH 8.31.  

 
Figure10 shows that the (E%) and (FE%) 

obtained at different dye concentrations. (E%) and 
(FE%) are decreased quickly with increasing depth of 
shade on fabric or dye concentrations in all 
conditions for RR120 and RB5 [39].  

These results explained as follows: more dye 
becomes fixed to the fabric, the net negative charge 
on the fabric increases with the increasing 
concentration of sulphonate groups present on the 
dye. At higher concentration of dyes the electrostatic 
repulsion between the negatively charged dye and the 
dyed fabric increases, resulting in a lower proportion 
of dye fixation. Additionally, the number of available 
sites present on the fabrics reduces and competitive 
hydrolysis increases [10].   

RR120 has greater molecular weight than 
RB5, it gives better dyeing properties with cotton 
fabric. Moreover, it is obvious that the dye 
exhaustion is related to dye molecule structure. 
Larger molecule usually means more intermolecular 
interaction due to van der Waals force between 
reactive dyes and cotton fabric contributed a great 
part in the dye exhaustion [40]. For bis-
monocholorotriazine reactive dyes such RR120, the 
two triazinyl groups not only increase the fixation 
efficiency of a dye but also facilitate the 
enhancement of substantivity. Accordingly, such 
products are particularly suited to and now occupy an 
important position in exhaust applications [41]. This 
dye is designed to have substantially increased 
substantivity, exhaustion and fixation values. 

For Bis-Sulphatoethylsulpone reactive dyes 
(i.e. RB5), having two vinylsulphone types fabrics–
reactive groups posse’s outstanding dyeing 
properties. This particular reactive system is 
somewhat different from the halotriazine system of 
being the product of hydrolysis (unfixed dye 
molecules), a hydroxyethylsulphone, is generally 
much less substantive to cotton fabric than the 
reactive dye itself and is easily washed-off after 
completion of dyeing cycle. The substantivity for the 
cellulose is enhanced and the bis-vinylsulphone 
structure formed shows excellent fixation efficiency 
under alkaline conditions [42,43]. 
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Figure 8:  Effect of temperature on the percentage exhaustion (E%) and fixation efficiency (FE%) 

of RR120 (―) and RB5 (…..) on cotton fabric with initial dye concentration 1.03x10-4M 
and L.R.1:30 for 2 hours dyeing time in presence of 50g/l SS and 20g/l sodium carbonate 
concentration used in fixation at pH 10.02 and 11.01, in presence of 40g/l SE at pH 9.52 
and in presence of 25g/l SC at pH 8.31. 
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Figure 9: Effect of liquor to fabric ratio (L: R) on the percentage of exhaustion (E%) and fixation 

efficiency (FE%) of RR120 (―) and RB5 (…..) on cotton fabric with initial dye 
concentration 1.03x10-4M for 2 hours dyeing time in presence of 50g/l salt concentration 
(SS) and 20g/l sodium carbonate concentration used in fixation at temperatures 80 and 
60oC with pH 10.02 and 11.01 for RR120 and RB5 respectively. 
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Figure 10: Effect of different dye concentrations on the percentage of exhaustion (E%) and 

fixation efficiency (FE%) of RR120 (___) and RB5 (…..) on cotton fabric at L.R.1:30 
for 2 hours dyeing time in presence of 50g/l SS and 20g/l sodium carbonate 
concentration used in fixation at pH 10.02 and 11.01 for RR120 and RB5 respectively, 
in presence of 40g/l SE at pH 9.52 and in presence of 25g/l SC at pH 8.31.  

 
3.6. Reuse of dyebath  
3.6.1. Reuse of dyebath after dyeing   

The considerable rationalization of dyeing 
processes that have occurred in recent years has been 
directed towards increasing productivity and reducing 
costs. In the latter context, since energy costs are 
intimately linked to water usage, attention has 
focused on reducing the amount of water used in 
dyeing [44, 45]. 

The feasibility of reusing dyebath effluent 
has been the subject of many previous investigations. 
The high exhaustion levels achieved when dyeing 
nylon fabric with acid dyes favored this approach 
[41].  

In the present study, after the fresh bath 
dyeing of both RR120 and RB5 is finished a certain 
amount (fixed percentage 10%, 25%, 45% and 65%) 
of the spent dyebath is reused. The dyebath is reused 
in this way for a total of four times cycles. The 
residual dye can be reused in subsequent dyeing; for 
this, the concentration of dye in the exhausted 
dyebath must be determined spectrophotometrically; 
no attempt is made to determine the ionic strength of 
the exhausted standard dyebath. The dye 
concentration increased to the desired level of 
1.03x10-4M for each dye using stock dye solution. 
Addition of dye and chemicals are conducted to 
compensate for any consumption and loss in the 
previous dyeing cycle as the standard dyeing [46].  

This experiment is carried out to determine 
the effect of reuse of dyebath on dyeing results. The 
dyeing process is carried out as the standard dyeing 
procedure with dye concentration 1.03x10-4M and 

L.R. 1:30 at temperatures 80 and 60 oC for RR120 
and RB5, respectively, for 2 hours dyeing time. 
Dyeing in presence of 50g/l SS and 20g/l sodium 
carbonate used as alkali for fixation add after 30min 
from dyeing time at pH 10.02 and 11.01 for RR120 
and RB5, respectively. Dyeing in presence of 40g/l 
added at pH 9.52 and 25g/l added at pH 8.31 for 
organic salts (SE and SC), respectively, for RR120 
and RB5 are also carried out. 

   Such recycling of exhausted dyebaths 
further offers the potential of lowering costs through 
the reduction of the amounts of water, chemicals and 
energy consumed; the reductions in water and 
chemical usage will also serve to reduce effluent 
treatment costs. The results of the percentage of dye 
exhaustion (E%) and fixation efficiency (FE%) for 
the reuse of reactive dyebaths are show in Tables 1 
and 2 for RR120 and RB5. Tables 1 and 2  show the 
percentage of dye exhaustion (E%) and fixation 
efficiency (FE%) of RR120 and RB5 on cotton fabric 
in presence of different salts at optimum dyeing 
conditions decreases slightly (not more than 2% 
compared to the standard dyeing) with increasing the 
reuse percentage (10 and 25%) as well as with 
increasing reuse cycles (first and second reuse) and 
decreases greatly (more than 9% compared to the 
standard dyeing) with increasing the reuse percentage 
(45 and 65%) as well as with increasing reuse cycles 
(third and fourth reuse). This show that high reuse 
percentage (45 and 65%) and high reuse cycles (third 
and fourth reuse) of dyebath contain reactive dyes is 
unfeasible under the experimental conditions. 

 



Journal of American Science                                                                                                     2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 123 

Table 1: Percentage exhaustion (E%) and fixation efficiency (FE%) of RR120 for reuse of the dyebath with initial  
            dye concentration 1.03x10-4M and L.R. 1:30 at temperature 80oC in presence of different salts at optimum   
            dyeing conditions for 2 hours dyeing time. 

Reuse % 
10% 25% 45% 65% Salt add Dyebath 

status FE% E% FE% E% FE% E% FE% E% 
Fresh 71.201 66.022 70.323 65.820 69.320 65.123 68.322 64.323 

1st Reuse 70.112 65.313 69.325 63.720 67.720 61.324 60.223 60.324 
2nd Reuse 68.325 63.327 67.326 62.020 65.130 61.325 58.821 58.025 
3rd Reuse 67.026 62.339 65.524 60.030 64.720 60.328 57.323 56.326 
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20
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10
.0

2
 4th Reuse 66.514 61.128 64.326 59.320 62.020 59.399 57.224 55.428 

Fresh 79.925 70.554 79.123 70.214 78.569 70.025 78.021 70.213 
1st Reuse 78.121 70.021 77.154 69.124 75.321 67.014 74.231 65.241 
2nd Reuse 76.021 68.410 75.345 66.021 72.231 64.212 72.012 62.321 
3rd Reuse 75.541 67.023 74.541 65.231 72.114 63.437 70.512 62.012 [S

E]
= 

40
g/

l
 an

d 
pH

 9
.5

2
 4th Reuse 74.234 65.541 72.232 63.012 71.214 61.032 69.124 61.031 

Fresh 84.121 73.812 83.215 73.412 82.417 73.121 81.324 72.541 
1st Reuse 84.521 73.012 82.564 72.214 80.735 72.014 79.022 70.231 
2nd Reuse 82.012 72.012 81.001 71.012 80.412 70.211 78.214 68.231 
3rd Reuse 81.241 70.412 80.023 69.241 78.521 67.325 76.145 65.012 

[S
C

] =
25

g/
l

 
an

d 
pH

 8
.3

1
 4th Reuse 80.541 70.014 78.541 69.021 76.213 66.012 75.001 64.243 

  
Table 2: Percentage exhaustion (E%) and fixation efficiency (FE%) of RB5 for reuse of the dyebath with initial dye  
                concentration 1.03x10-4M and L.R. 1:30 at temperature 60oC in presence of different salts at optimum  
               dyeing conditions for 2 hours dyeing time. 

Reuse % 
10% 25% 45% 65% Salt add Dyebath 

Status FE% E% FE% E% FE% E% FE% E% 
Fresh 70.214 63.321 70.014 63.014 69.521 62.541 69.121 62.014 

1st Reuse 69.014 60.121 69.004 58.010 66.021 56.014 54.231 52.213 
2nd Reuse 67.211 59.211 65.354 57.234 64.031 55.321 52.231 50.021 
3rd Reuse 65.014 58.415 63.324 56.214 62.523 54.012 51.457 50.321 

[S
S]

=5
0g

/l,
 

 [N
a 2

C
O

3]
 =

 
20

g/
l a

nd
 p

H
 

11
.0

1
 4th Reuse 64.254 56.002 62.012 54.021 61.121 52.234 51.121 49.881 

Fresh 68.112 63.901 67.521 63.521 67.123 63.014 66.854 62.714 
1st Reuse 67.541 60.114 66.045 57.141 61.214 55.241 60.321 52.012 
2nd Reuse 66.020 58.542 64.325 56.023 60.113 53.213 55.021 50.471 
3rd Reuse 65.321 57.321 62.012 54.234 59.021 52.214 53.452 50.041 [S

E]
= 

40
g/

l
 an

d 
pH

 9
.5

2
 4th Reuse 65.071 56.471 61.021 53.214 58.023 52.031 51.021 49.021 

Fresh 86.111 73.815 85.012 73.145 84.512 72.541 84.013 72.014 
1st Reuse 85.032 73.412 84.047 72.014 80.124 70.236 79.014 69.561 
2nd Reuse 83.014 71.421 80.147 70.145 78.021 69.024 78.231 68.020 
3rd Reuse 81.254 69.023 78.012 67.231 76.031 66.213 74.024 64.354 

[S
C

] =
25

g/
l

 
an

d 
pH

 8
.3

1
 4th Reuse 81.047 68.541 76.562 65.519 75.024 64.014 72.041 63.025 

 
 
 

3 .6.2.  Reuse of eff luen t  aft er  degradat i on 

This experiment is carried out to determine 
the effect of reuse of degradable effluent using 
advanced oxidation process [14] on dyeing results. 
The dyeing process is carried out as the standard 
dyeing procedure with dye concentration1.03x10-4M 
and L.R.1:30 at temperatures 80 and 60C for RR120 
and RB5 respectively, for 2 hours dyeing time. 
Dyeing in presence of 50g/ l  inorganic sal t 
concentration (SS) and 20g/l sodium carbonate used 

as alkali for fixation add after 30min from dyeing 
time at pH 10.02 and 11.01 for RR120 and RB5, 
respectively. Dyeing in presence of 40g/l added at pH 
9.52 and 25g/l added at pH 8.31 for organic salts 
concentration (SE) and (SC), for RR120 and RB5, 
respectively are also carried out.               .                                                           

 The reuse of degradable wastewater gives 
promising dyeing results (Table 3). Table 3  gives the 
results of the percentage of dye exhaustion (E%) and 
fixation efficiency (FE%) difference from the 
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standard values not more than 0.50% for RR120 and 
RB5 in presence of different salts at optimum dyeing 
conditions, these dyeing are all within acceptable 
limits (0.90%), [15], it may be concluded that these 
wastewater samples are of reusable quality. These 
results show that wastewater, which has been 
decol or ized by advanced oxidat ion , can  be 
successfully reused in the first instance for a 
subsequen t  dyeing pr ocedure.             . 

3.7. Color fastness 
The color fastness of ionic dyes ranges from 

very poor to very good to excellent according to their 
structure and the type of bonding between them and 
cotton fabrics. It is reported that the type of ionic 
sites in the fabric with which ionic dyes are bonded 
has great influence on their color fastness. Therefore 
the color fastness will greatly be increased by 
increasing the attraction between the ionic sites and 
the ionic dyes [47].   

The color fastness property of the dyed 
fabric is assessed according to the international Grey 
Scale (1-5). 
 
3.7.1. Color fastness of standard dyed samples  

The shade of the dyed fabric is related to the 
amount of dye uptake. The color fastness of reactive 
dyes on cotton fabric with different dye 
concentrations at best dyeing conditions in aqueous 
medium and in presence of inorganic salt (SS) and 
organic salts (S.E) and (SC) are compared. Table 4 
shows that the fastness to washing and light of cotton 
fabric independent on dye concentrations for all 
dyeing conditions. 

 As shown in Table 4 the fastness tests to 
washing and light of samples that has been dyed with 
RR120 and RB5 are nearly comparable in three 
different salts range from very good to excellent in 
case of staining and very good in case of alteration 
for RR120 and RB5. Generally, dyeing in presence of 
different salts (SS, SE and SC) gives improved 
results for staining and alteration compared with that 
dyeing in aqueous medium (without salt added) 
which gives poor ranges for staining and alteration.  

It is clear from Table 4 that reactive dyes 
gives better washing fastness on cotton fabric  
samples. The fastness improvement may be as a 
result of better dye penetration and thus good 
covalent fixation with cotton  fabrics. [48]. 

 
3.7.2. Color fastness of dyed samples when reuse of  
         dyebath after dyeing 
        The results in Table 5 shows that the color 
fastness of samples dyed with RR120 and RB5 in 
different salts with optimum dyeing conditions at 
fixed reuse percentage (25%) for a total of four times 

cycles decreases slightly with increasing reuse cycles 
and gives improvement results compared to the 
standard dyeing above. This means that reuse of 
dyebath is feasible under the experimental conditions.   
 
3.7.3. Color fastness of dyed samples after reuse of 

degradable effluent  
          The results in Table 6  shows that the color 
fastness of dyed samples when degradable 
wastewater is of reusable quality for dyeing with 
RR120 and RB5 in presence of different salts with 
optimum dyeing conditions gives improved results 
compared with that for standard dyeing above. This 
means that the reuse of effluent after decolorization is 
feasible for dyeing under the experimental conditions 
used in this study.  
 
4. Conclusion 

This study explores the viability of replacing 
the inorganic exhausting (sodium sulphate) and 
fixing (sodium carbonate) agents, which are widely 
used in the dyeing of cotton  fabric with reactive dyes 
causing some environmental concerns, with organic 
sodium edate and sodium citrate that functions as 
exhausting and fixing agents. Factors affecting 
dyeability such as the concentration of sodium edate, 
sodium citrate and sodium sulphate, time, pH, 
temperature, liquor ratio and dye concentration are 
investigated. The dyed fabrics are evaluated with 
respect to the dye exhaustion and fixation, and the 
fastness properties. The fastness properties of dyed 
samples using sodium edate and sodium citrate are 
better than those obtained using sodium sulphate 
conventional method. Moreover, the reuse of dyebath 
shows that the dye exhaustion decreases slightly with 
increasing reuse percentage as well as with increasing 
reuse cycles. This decreased dye exhaustion can be 
contributed to the accumulation of impurities in the 
dye bath. However, this kind of change is so small 
that it will not cause any significant color deviation in 
bulk dyeing operations. That means reuse of dye bath 
is feasible under experimental conditions. 
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Table 3: Percentage of exhaustion (E%) and fixation efficiency (FE%) of RR120 and RB5 after re- 
               use of degradable wastewater with initial dye concentration 1.03x10-4M and L.R. 1:30 at  
                temperature 80 and 60C in presence of different salts at optimum dyeing conditions for 2  
               hours dyeing time. 

[SS] = 50g/l, 
[Na2CO3] =  20g/l 

and pH 10.02 (RR120) and 
11.01 (RB%) 

[SE] = 40g/l 
and pH 9.52 

[SC] = 25g/l 
and pH 8.31 Salt add 

RR120 RB5 RR120 RB5 RR120 RB5 
E% 71.854 69.132 78.124 67.512 82.514 84.321 

FE% 64.981 63.012 69.321 62.003 72.013 72.001 
 
 
 
 
Table 4: Color fastness properties according to AATCC standard for RR120 and RB5 with different 

dye concentration for standard dyeing at best conditions in aqueous medium and presence of 
different salts.      

 
  RB5 RR120 

Light 
fastness Washing fastness Light 

fastness Washing fastness 

Alt SW SC Alt Alt SW SC Alt 

Initial dye  
concentration 

x104M 
Salt add 

4  2 2 2-3  5 1-2 2-3 2-3  0.210  
5  2 2 2 5 2-3 2 2-3 0.521  
5  2-3 2  2-3 5 2 2 2-3 0.701  
4  2-3 2 2-3 5 2 2-3 2-3 1.030  
5  2-3 2 2-3 5 2-3 3 2-3 5.010  
5  2-3 2 2-3 5 2-3 2-3 2-3 10.110 

Aqueous and pH 7.03 

6  4 4-5  4  6  4 4-5  4  0.210  
6  4-5 4  4-5  6  4-5 4  4-5  0.521  
7 4 4-5  4  7 4 4-5  4  0.701  
7 4-5 4-5 4-5 7 4-5 4-5 4-5 1.030  
7 4-5 4-5 4-5 7 4-5 4-5 4-5 5.010  
7 4 4-5 4-5  7 4-5 4-5 4-5  10.110 

[SS] = 50g/l, 
[Na2CO3] =  20g/l and 
pH 10.02 (RR120) and 

11.01 (RB5) 

7 4  4-5  4-5  6  4-5  4-5  4-5  0.210  
7 4  4-5  4-5  7 4-5  4-5  4-5  0.521  
7 4-5  4-5  4-5  7 4  4-5  4-5  0.701  
7 4-5  4-5  4-5  7 4-5  4-5  4-5  1.030  
7 4-5  4-5  4-5  7 4-5  4-5  4-5  5.010  
7 4-5  4-5 5  7 4-5  5 5  10.110 

[SE] = 40g/l and pH 
9.52 

4  4-5  4-5  5  7 4-5  4-5  5  0.210  
7  4-5  4-5  4-5  7 4-5  4-5  5  0.521  
7 4-5  4-5  4-5  7 4-5  4-5  4-5  0.701  
7 4-5  5  5  7 4-5  4-5  5  1.030  
7 4-5  4-5  4-5  7 4-5  4-5  5  5.010  
7 4-5  5  5  7 4-5  4-5  5  10.110 

[SC]  = 25g/l and pH 
8.31 

Alt = Alteration, change in color; SC = staining on cotton; SW = staining on wool 
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Table 5: Color fastness properties according to AATCC standard for RR120 and RB5 with reuse of the  
             dyebath at reuse percentage 25% and initial dye concentration 1.03x10-4M at best dyeing  
             conditions in presence of different salts. 

RB5 RR120 
Light 

fastness Washing fastness Light 
fastness Washing fastness 

Alt SW SC Alt Alt SW SC Alt 

Dyebath 
Status Salt add 

7 4 4  4-5 7 4 4  4-5 Fresh  
7 4 4  4-5 7 4 4  4-5 1st Reuse  
6  4 4  4  7 4 4  4  2nd Reuse 
6  4 4 4 7 4 4 4 3rd Reuse  
6  4 4 4 6 4 4 4 4th Reuse  

[SS] = 50g/l, 
[Na2CO3] =  20g/l and 

pH 10.02 

7 4-5 4-5 4-5  7 4-5 4-5 4-5  Fresh  
7 4  4  4-5  7 4  4  4-5  1st Reuse  
7 4  4  4-5  7 4  4  4-5  2nd Reuse 
7 4  4  4-5  7 4  4  4-5  3rd Reuse  
6 4  4  4-5  6  4  4  4-5  4th Reuse  

[SE] = 40g/l and pH 9.52 

7 4-5  4-5  5  7 4-5  4-5  5  Fresh  
7 4-5  4-5  5  7 4-5  4-5  5  1st Reuse  
7 4  4-5  4-5  7 4  4-5  4-5  2nd Reuse 
7 4  4  4-5  7 4  4  4-5  3rd Reuse  
6 4  4  4-5  7 4  4  4-5  4th Reuse  

[SC]  = 25g/l and pH 
8.31 

 
Alt = Alteration, change in color; SC = staining on cotton; SW = staining on wool 
 
Table 6: Color Fastness properties according to AATCC standard for RR120 and RB5 for reuse of  
               the dyebath effluent after degradation with initial dye concentration 1.03x10-4M at best  
               dyeing conditions in presence of different salts.      

RB5 RR120 
Light 

Fastness Washing Fastness Light 
Fastness Washing Fastness 

Alt SW SC Alt Alt SW SC Alt 

Salt add 

7 4-5 4-5 4-5 7 5 4 4 
[SS] = 50g/l, [Na2CO3] =  

20g/l and pH 10.02 
(RR120) and 11.01( RB5) 

7 4-5 4 4-5 7 5 4 4-5 [SE] = 40g/l and pH 9.52 
7 4-5 4 4-5 7 4-5 4 4-5 [SC]  = 25g/l and pH 8.31 
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Abstract: This study makes a comparison between Fenton, Fenton-like, photo-Fenton and photo-Fenton-like 
treatment methods to investigate the removal of two acid dyes. The two selected acid dyes are  C.I. Acid Orange 8 
(AO8) and C.I. Acid Red 17 (AR17). These were chosen as model organic contaminants. The effect of operating 
parameters, such as amount of Fenton’s reagent (H2O2 and Fe2+) and Fenton’s-like reagent (H2O2 and Fe3+), 
hydrogen peroxide concentration, the two azo dyes concentration and the solution pH have been studied. Results 
indicated that simultaneous utilization of UV irradiation with Fenton’s and Fenton’s-like reagent increase the 
degradation degree (DD%) of (AO8) and (AR17). The dyes quickly lose their color, indicating that the dissolved 
organics have been oxidized. The dye degradation is dependent upon, concentrations of Fenton’s and Fenton’s-like 
reagents, H2O2 concentration, dyes concentration and the solution pH. Decolorization efficiency observed in the 
order of photo-Fenton>photo-Fenton-like>Fenton>Fenton-like for the two azo dyes. The color removal was found 
also to depend on the dye structure. Mono sulphonic azo dye (AO8) was degraded faster than disulphonic azo dye 
(AR17). The results indicated that the treatment of the two azo dyes with four advanced oxidation processes (AOPs) 
were efficient at optimum conditions. [Journal of American Science. 2010, 6(10):128-142]. (ISSN: 1545-1003). 
 
Keywords : Advanced oxidation processes (AOPs); Azo dyes; Dye degradation; Fenton’s reagent; Fenton’s-like 
reagent  
 
 
1. Introduction 

Synthetic dyes are present in many spheres 
of our everyday life and their application are 
continuously growing, e.g., in various branches of the 
textile industry, of the leather tanning industry, in 
paper production, in food technology, in agricultural 
research, in light –harvesting arrays, in photo- 
electrochemical cells, and in hair colorings. Moreover 
synthetic dyes have been employed for the control of 
the efficacy of sewage and wastewater treatment, 
etc.[1-5]. Dyes make our world beautiful, but they 
bring pollution. Wastewaters originating from dyes 
production and application industries pose a major 
threat to surrounding ecosystems, because of their 
toxicity and potentially carcinogenic nature [6-8]. A 
part from the aesthetic problems relating to colored 
effluent, dyes also strongly absorb sunlight, thus 
impeding the photosynthetic activity of aquatic plants 
and seriously threatening the whole ecosystem[9]. So 
there is a clear need to treat dye wastewater prior to 
discharge into the effluent. Most of pollutants, except 
color, can be reduced by chemical, physical or 
biological methods. Therefore, the color problem of 
some textile wastewater caused by the residual dyes 

during the dyeing process needs more effort to be 
studied and investigated [10,11].  
 Conventional treatment methods in the 
textile dyeing industry for color removal include 
coagulation/flocculation, and activated carbon 
adsorption[12,13]. Both coagulation and adsorption 
generate large amounts of sludge and waste which 
need further treatment for disposal. Biotreatment is 
still considered as an appropriate method for meeting 
discharge standard but it still remains a color 
problem. Also, ozonation[14] effectively decolorizes 
dyes but does not remove COD well and may 
produce exhausted ozone in the water and thereby, 
increase the cost of treatment.  
 The limitations of conventional wastewater 
treatment methods can be overcome by the 
application of the so-called advanced oxidation 
processes (AOPs)[15] defined by Glaze et al. [16], 
which present a potential alternative to decolorize and 
to reduce recalcitrant colored wastewater loads[15]. 
AOPs are based on the generation of very reactive 
species such as [17] hydroxyl radicals (OH ), which 
have a very strong oxidative potential [E=+2.80v), 
second only to fluorine. Hydroxyl radicals rapidly 
and nonselectively oxidize a broad range of organic 
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pollutants[18]. Common AOPs involve Fenton, 
Fenton-like, photo-Fenton processes, ozonation, 
photo chemical and electrochemical oxidation, 
photolysis with H2O2 and O3, high voltage electrical 
discharge (corona) process, TiO2 photocatalysis, 
radiolysis, wet oxidation, water solutions treatment 
by electronic beams or -beams and various 
combinations of these methods [19-23]. 
 Fenton’s oxidation, one of the ‘oldest’ 
AOPs, is relatively cheap, easily operated and 
maintained[9,24-27]. It has the advantages of both 
coagulation and catalytic oxidation, as well as being 
able to generate oxygen in water. Fenton and photo-
Fenton type processes have proven to yield very good 
results either for complete mineralization of azo dyes 
results in the cleavage of the nitrogen double bond or 
for their transformation into less complex structures 
that are more easily biodegradable[28-30]. 

The Fenton reagents involve the application 
of ferrous ions to react with hydrogen peroxide 
producing hydroxyl radicals (OH ) with powerful 
oxidizing ability to degrade organic pollutants [6]. 
The Fenton reagent has been known for more than a 
century and has proved to be a powerful oxidant. The 
mechanism of the Fenton reaction is still under 
intense and controversial discussion. Generation of 
OH radicals by the dark reaction of H2O2 with ferrous 
salt has been the subject of numerous studies during 
the last decade [26].This method seems to decolorize 
dyes with a variety of molecular structures.  

 The general mechanism using Fenton 
reagents, via which the hydroxyl radicals are 
produced, is a number of cyclic reactions, which 
utilize the Fe2+ or Fe3+ ions as a catalyst to 
decompose the H2O2. These ions are regenerated in 
their original state at the end of the cyclic reactions 
according to the following scheme of reactions [31]: 

Fe2+ + H2O2  Fe3+  +  OH–  +  OH         (1) 
Fe2+ +   OH   Fe3+  +  OH–                     (2) 
Fe3+ + H2O2  Fe-OOH2+  +  H+         (3) 
Fe-OOH2+      Fe2+ +  OOH         (4) 
Fe2+ + OOH   Fe3+ +    ŌOH        (5) 
Fe3+ +  OOH  Fe2+ + O2 + H+          (6) 
H2O2 + O H H2O + OOH         (7) 

 More than 25 reactions occur, several 
involving the dye molecule, but the above seven are 
the most significant involving ions and radicals. 
When a Fenton-like reagent is used, the sequence of 
reaction begins with reaction (3). There are many 
bibliographic sources which report that Fenton 

reagent is more effective than Fenton-like reagent 
[32]. The above sequence of reactions begins very 
quickly if there is an abundant supply of H2O2 and 
dye. In cases, though, where reactants are in small 
concentrations (<10 – 25 mg/L H2O2), the use of Fe2+ 
is more effective [33].  

This reaction scheme is very attractive 
because Fe2+ or Fe3+ ions reagents are inexpensive, 
while H2O2 is also relatively inexpensive and is 
environmentally safe. Two disadvantages of the 
method are: the highly to moderately acidic 
environment (pH 2-5) which has to be used, and the 
need to recover the Fe2+ or Fe3+ ions at the end of the 
treatment. Major potential applications of this method 
are in the treatment of effluents from the textile 
industry, as well as from the cosmetic, pesticide and 
detergent producing industries [33]. 

 Due to its slow dissociation rate in the dark, 
the generation of hydroxyl radicals was reduced. It is 
obvious that the most effective AOPs for treating dye 
solutions is a UV-enhanced H2O2/Fe2+ and H2O2/Fe3+ 
solutions [15]. The high removal efficiencies of this 
method can be explained by the fact that oxidation 
reaction are coupled to coagulation occurring due to 
the presence of ferrous/ferric cations, thus these 
metallic ions play a double role as a catalyst and a 
coagulant in the process.  

 Moreover, in the Fenton process the 
hydrogen peroxide reacting with ferrous ions forms a 
strong oxidizing agent (hydroxyl radical), whose 
oxidation potential is higher than that of ozone (2.8 V 
compared to 2.07V).   

In Fenton-like reaction, ferric ions react with 
H2O2 to produce ferrous ions at very slow rate (k= 
0.001 – 0.01 M–1s–1) few ferrous ions can be formed 
and thus induce the Fenton reaction. Therefore, only 
one process with Fe3+/ H2O2 reaction will 
dominate[34]. 

         The aim of this study is to examine in detail the 
effect of major system parameters on the 
decolorization kinetics and compare the 
decolorization kinetics of the two dyes (C.I. Acid 
Orange 8 and C.I. Acid Red 17). The parameters, 
which are examined separately, are the concentration 
of Fe2+ (Fenton process), Fe3+ (Fenton-like process), 
the concentration of H2O2, the initial dye 
concentration and the solution pH. In addition, for 
comparative reasons, the effect of the use of UV 
irradiated Fenton reagent (photo-Fenton process) and 
also UV irradiation Fenton-like reagent (photo-
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Fenton-like process) on the decolorization kinetics of 
the two azo dyes are also examined.  
 
2. Experimental 

Samples of acid textile dyes C.I. Acid 
Orange 8 (monosulphonic acid dye), were obtained 
from (ciba clayton limited, Manchester, England], 
and C.I. Acid Red 17 (disulphonic acid dye) from 
(ICI, Chemical Limited Imperial Industries). Their 
structures are depicted below. 

+

C.I. Acid Orange 8
(Mol. wt. 364.360 g and max 490 nm)

NaO3S

CH3

N
H

O

N

 
 
 

 
 
 
 
 
 
 
 
 
 

N
H

O

N

SO3Na

SO3Na
+

+

C.I.Acid Red 17
(Mol. wt. 502. 436 g and max 518 nm)

 Other reagents namely, hydrogen peroxide 
(30% w/v), FeSO4. 7H2O, FeCl3. 6H2O, HCl and 
NaOH were of A.R. grade (from Merck). The effect 
of initial pH on treatment efficiency of the two azo 
dyes were investigated, see Table (1). This was done 
with the pH range of 2-6 when initial concentration 
of Fe2+ or Fe3+ and H2O2 were 1 x 10–5 M and 10 mM 
respectively, and at fixed dye concentration  
(1x10–5M).  

In an attempt to determine the effect of Fe2+, 
Fe3+ and H2O2 concentrations on Fenton’s and 
Fenton’s-like treatment, the amount of Fe2+

 and Fe3+ 
added was changed between 5 x 10–6 to 1 x 10–4M 
when H2O2 concentration was kept constant at 10mM 
for Acid Orange 8 and 5,2 mM for Acid Red 17 in 
Fenton and Fenton-like process respectively. The 
amount of H2O2 added was changed between 2 and 
50 mM when Fe2+ or Fe3+ concentration was kept 
constant at 1x10–5M for the two dyes. The effect of 
initial dye concentration was also investigated 
between 1 x 10–5 to 1 x 10–4 M when H2O2 
concentration and Fe2+ or Fe3+ ion concentrations and 
pH were fixed. The optimum dosages, which gave 
better results in color removal, were selected based 
on the results of the preliminary experiments, and as 
shown in (Table 1).  

Firstly, the H2O2 was added to the dye 
solution and then the pH was adjusted to the desired 
value by the addition of a few drops of either HCl or 
NaOH. Following the pH adjustment using a pH- 

with 400 WMB7V lamp (Images H. Heal & Co. Ltd. 
Halifax England) high pressure Hg lamp, was used in 
order to stimulate day light, which is congenital for 
such photooxidation studies. All the measurements 
were performed at room temperature. The color and 
decolorization ratios were measured with 
spectrophotometric technique and calculated 
according to the literature [35]. This was done by 
monitoring the absorbance change at max of 
maximum peaks for each dye. The estimation of 
decolorization degree (DD) was done according to 
the relation (8).  

DD% = 100x
A

AA

i

ti           (8) 

Where, Ai is the initial intensity of color and At is the 
intensity of color at t time of the oxidation. 
 
3. Results and Discussion 
3.1. Fenton and photo-Fenton processes 
3.1.1. Effect of initial Fe2+ concentration 
        Dye degradation efficiency by Fenton process is 
influenced by the concentration of Fe2+ ions which 
catalyze hydrogen peroxide decomposition resulting 
in OH  radical production and consequently the 
degradation of organic molecule. According to the 
literature [6], increasing ferrous salt concentration, 
degradation rate of organic compound also increases, 
to certain level where further addition of iron 
becomes inefficient [16].  

meter, the Fe2+ or Fe3+ ions were quickly added 
to the dye solution. At various intervals, samples 
were quickly withdrawn for spectrometric 
analysis in case of before and after UV 
irradiation. The absorption spectra of the 
prepared solutions were recorded using Perkin 
Elmer-lambda spectrophotometer model 201 
(Germany). Irradiation used with microsol light 
fastness tester equipped with a pre-stable timer 
and water color jacket ( BS 1006 UK-TN ) filed 
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The effect of Fe2+ concentration on color 
removal was examined by changing the Fe2+ 
concentration between 5x10–6 to 1x10–4M while 
keeping the concentration of H2O2, pH and dyes 
concentration constant  ([H2O2]=10mM for Acid 
Orange 8 and 5 mM for Acid Red 17, pH 3.0 and 
[dye]= 1x10–5M). Fig. 1a & b show that as Fe2+ doses 
were increased from 5 x 10–6 to 5 x 10–5M, the 
removal % increased from 10% to 75% for Acid 
Orange 8 and from 15% to 65% for Acid Red 17 at 
30 minute. Hence, it can be said that higher ferrous 
doses lead to the generation of more OH  radicals. It 
also shows that higher ferrous doses not only make 
the redox reaction complete but also cause 
coagulation resulting in improved removal. At higher 
doses, the efficiency decrease indicating that H2O2 
becomes the limiting factor for further OH  
generation [16].  

The existing results show that the system, 
when operated with a source of UV light at the same 
conditions for the two dyes, can be optimal for 
complete textile wastewater decolorization and 
mineralization. The best experimental results for the 
photo-Fenton process proved the following: the 
removal of color was accomplished at two different 
rates. A quick oxidation during the first 10 and 23 
min (85%) for Acid Orange 8 ([Fe2+] = 2 x 10–5M and 
Acid Red 17 [Fe2+] =1x10–5M) respectively followed 
by a much slower reaction. At 47minute complete 
removal occur for Acid Orange 8, while at 60 minute 
95% (decolorization degree) for Acid Red 17. It can 
be hypothesised that in analogy to the oxidation with 
ozone, during the photo-Fenton process the 
substances which are easy to oxidize are also 
removed readily. The reactions which occur in the 
first step of the photo-Fenton process, a part from 
coagulation, are thus among those leading to 
modification of the structure of the dye, an 
observation which can be confirmed by the rapid 
decolorization of the solution at the outset of the 
process [15].  

3.1.2. Effect of the H2O2 concentration 
 Concentration of hydrogen peroxide is one 
of the operating parameters that significantly 
influence the final mineralization extent. With further 
increasing hydrogen peroxide concentration, 
degradation efficiency also increases with the 
achievement of certain optimal Fenton reagent ratio. 
With further increasing of hydrogen peroxide 
concentration, degradation efficiency is decreasing 
due to the scavenging nature of hydrogen peroxide 
towards OH  radicals eq.(7) when it is present in 
higher concentration [36]. The result is the formation 
of perhydroxyl radicals which are significantly less 

reactive species than hydroxyl radicals and thus 
directly influence the efficiency of dye degradation. 
During the determination of optimum H2O2 dose, 
studies were conducted at constant Fe2+ dosage as 1.0 
x 10–5 M, at pH 3.0 and dye concentrations 1.0x10–5 
M for the two dyes. Varied dosages of H2O2 from 
2mM to 50 mM were applied, see Table (1). 
Efficiencies of color removal of Acid Orange 8 in 
Fenton and photo-Fenton processes at varied dosages 
of H2O2 and constant concentration of Fe2+ are 
illustrated in Fig. 2 as an example. The same results 
are obtained in case of Acid Red 17. The results 
showed that the color removal efficiencies for Fenton 
is 10mM H2O2 and about 38% color removal at 45 
minute while the better removal efficiencies were 
reached with the photo-Fenton process to 100% at 27 
minute by using the same dosage of H2O2 (10mM). 
The better removal efficiency for Acid   Red 17 was 
5mM for both Fenton and photo Fenton processes at 
the same conditions. 

3.1.3. Effect of initial dye concentration 
 The effect of initial dyes concentration 
(Acid Orange 8 and Acid Red 17) on the 
decolorization degree at the optimum pH, Fenton 
reagent concentration and H2O2 dosage, were studied 
in both Fenton and photo-Fenton processes see 
(Table 1). As an example, Dyes concentrations were 
varied from 1x10–5 M, to 1 x 10–4M (Fig. 3) for Acid 
Orange 8.  Fig. 3 shows that with the increase in dye 
concentration, the time required for degradation also 
increases. At low concentration of dye, the 
percentage conversion is higher compared to that at 
higher concentration [16]. A quick oxidation during 
the first 15 minute  for Acid Orange 8 was followed 
by a much slower reaction for the photo-Fenton 
process. At the optimum conditions for the two dyes, 
the best dye concentration was equal to 1.0 x 10–5 M. 
The color removal for Acid Orange 8 and Acid Red 
17 are  85.5% and 71%  at 50 minute for Fenton 
processes while, the removal are 98.5% and 83% at 
50 minute for photo-Fenton process for the two dyes 
respectively. Further decrease in the dye 
decolorization in high concentrations of dye was 
probably due to the formation of dimmer 
molecules[37] through a sequence of reactions from 
single dye molecules. Decolorization of the dimmer 
molecule is more difficult, leading to the leveling off 
color removal. 

3.1.4. Effect of initial pH 
 Fenton oxidation is known as a highly pH 
dependent process since pH plays an important role 
in the mechanism of  OH production in the Fenton’s 
reaction [29]. At high pH (pH > 4), the generation of 
OH gets slower because of the formation of the ferric 
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hydroxo complexes. The complexes would further 
form [Fe(OH)4] when the pH value is higher than 9.0 
[38]. On the other hand, at very low pH values (<2.0) 
hydrogen ions acts as OH  radical-scavengers. The 
reaction is slowed down due to the formation of 
complex species [Fe (H2O)6]2+, which reacts more 
slowly with peroxide compared to that of 
[Fe(OH)(H2O)5]2+. In addition, the peroxide gets 
solvated in the presence of high concentration of H+ 
ions to form stable oxonium ion [H3O2]+. An 
oxonium ion makes peroxide electrophilic to enhance 
its stability and presumably substantially reduces the 
reactivity with Fe2+ ion [32]. Therefore, the initial pH 
value has to be in the acidic range (2-4) to generate 
the maximum amount of OH  to oxidize organic 
compounds [39]. In this study, optimum pH value 
was determined for two acid dyes (Acid Orange 8 
and Acid Red 17). During this determination, pH was 
adjusted between 2 and 6 and efficiencies of color 
removal (decolorization degree % (DD%)) were 
observed. Maximum color removal efficiencies were 
obtained at pH 3.0, for the two dyes and in case of 
Fenton and photo-Fenton processes. At pH 3.0  
[dye] = 1 x 10–5 M, [Fe2+]=1x10–5M and [H2O2] = 
10mM, the color removal gives the best results 
compared with the other pH’s. In Fenton processes 
23% and 19% for AO 8 and AR 17 respectively were 
observed at 27 minute. This result was enhanced to 
100% and 83% at the same time for the two dyes 
respectively by using the photo-Fenton process under 
the described experimental conditions.  

3.2. Fenton-like and photo-Fenton-like processes 
3.2.1. Effect of initial Fe3+ concentration 
 The effect of the initial concentration of Fe3+ 
introduced in the reaction mixture on color removal 
for the two dyes is presented in Fig. 4a,b . Such effect 
is measured at pH 3.0, 1.0 x 10–5 M dyes 
concentration and 10mM H2O2 for Acid Orange 8 
and 2mM H2O2 for Acid Red 17. The figure shows 
that a wide range of Fe3+

 concentrations (5.0x10–6M 
to1.0x10–4 M) can be used. The optimal Fe3+ 
concentration for Acid Orange 8 was 1.0 x 10–4 M in 
both Fenton-like and photo-Fenton-like process. The 
color removal in Fenton-like process was fast where 
(90%) was reached at the first 27 minute while 96% 
was reached at 60 minute. In photo-Fenton-like 
process the removal reached 91% at 15 minute and 
reached 96.5% at 60 minute. The optimum Fe3+ 
concentration was 1x10–4 M for Acid Red 17 in both 
Fenton-like and photo-Fenton-like processes and the 
same behavior was observed. Photo-Fenton-like 
process enhances only the color removal at first 12 
minute (98% removal) and increases slightly to 99% 
at 55 minute.  

3.2.2. Effect of H2O2 concentration  
 Concentration of H2O2 plays a more crucial 
role in the overall efficiency of the degradation 
processes. Usually it has been observed that the 
percentage degradation of the pollutant increases with 
an increase in the dosage of H2O2 [24, 27, 28], but 
excess quantities are not recommended [40]. During 
the determination of optimum H2O2 dose, studies 
were conducted at constant Fe3+ dose as 1.0 x 10–5 M, 
at pH 3.0 and dyes concentration 1.0 x 10–5 M. 
Varied dosage of H2O2 from 2mM to 50 mM were 
applied. As demonstrated from the results, the better 
color removal efficiencies for Acid Orange 8 and 
Acid Red 17 were obtained at concentration of 10mM 
and 2mM H2O2 respectively see (Table 1). The colour 
removal for Fenton-like process reached 30% at 60 
minute and was enhanced to reach 96% at 60 minute 
for Acid Orange 8 in photo-Fenton-like process. On 
the other hand color removal in Acid Red 17, reached 
35% at 60 minute and was enhanced to reach 85% at 
the same time by photo-Fenton-like process. 

3.2.3. Effect of initial dye concentration 
It has been found that with the increase in 

dye concentration, the time required for degradation 
also increases. At low concentration of dye, the 
percentage conversion is higher compared to that at 
higher concentration [16]. The effect of the initial 
concentration of dyes introduced in the reaction 
mixture on color removal for the two dyes was 
studied. This was conducted at pH 3.0, 10mM H2O2 
for Acid Orange 8 and 2mM H2O2 for Acid Red 17 
and 1 x 10–4 M Fe3+ for Acid Orange 8 and Acid Red 
17.Dye concentrations were varied from 1 x 10–5 to 
1x10–4 M see (Table 1). The optimum dye 
concentrations were 1 x 10–5 M for the two dyes. The 
color removal in Fenton-like process reached 91% at 
30 minute and further reached 96% at 60 minute, 
while in photo-Fenton-like process the color removal 
reached 90% at 10 minute and increased to 96% at 60 
minute for Acid Orange 8. In case of Acid Red 17 
efficiency of color removal reached 85% at 30 
minute, while in photo-Fenton-like process the color 
removal reached 97.5% at 12 minute and increased to 
99% at 55 minute.  
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Fig. (1): The degradation degree of (a) [AO8] and (b) [AR 17] = 1.0 x 10–5M with different initial 
concentrations of Fe2+ in presence of  [H2O2] =10mM for (AO 8) and 5mM for (AR 17) in Fenton (–) 
and photo-Fenton (---) processes at pH3.0 .  
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Fig. (2): The degradation degree of [AO 8] = 1.0 x 

10–5M with different initial concentrations 
of H2O2 in presence of [Fe2+] =1.0 x 10–5M, 
in Fenton (–) and photo-Fenton (---) 
processes  at  pH 3.0. 

Fig. (3): The degradation degree of different initial 
concentrations of (AO8) in presence of  
[H2O2]=10mM, [Fe2+] = 2 x 10–5M, in 
Fenton (–) and photo-Fenton(----) processes 
at pH 3.0 . 
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Fig. (4): The degradation degree of (a) [AO8] and (b) [AR17] =1.0 x 10–5M with different initial concentrations of 

Fe3+ in presence of [H2O2] =10 mM for AO8 and 2mM for AR17 in Fenton-like (––) and photo-Fenton-like 
(----) processes at pH 3.0. 

 
 
 
Table (1) Optimum parameter concentrations for C.I. Acid Orange 8 and C.I. Acid Red 17 

in Fenton and Fenton-like Processes.  
 

C.I. Acid Orange 8 C.I. Acid Red 17 
Fenton's- parameter 

Conc. 
Fenton's-like parameter 

Conc. 
Fenton's- parameter 

Conc. 
Fenton's-like parameter 

Conc. Parameter 
Range of 

parameter 
study pH [Fe2+] 

M 
 

[H2O2] 
mM 

[Dye] 
M 

pH [Fe3+] 
M 
 

[H2O2] 
mM 

[Dye] 
M 

pH [Fe2+] 
M 
 

[H2O2] 
mM 

[Dye] 
M 

pH [Fe3+] 
M 
 

[H2O2] 
mM 

[Dye] 
M 

pH 2 – 6 - 1 x 
10–5 

10 1 x 
10–5 

- 1 x 
10–5 

10 1 x 
10–5 

- 1 x 
10–5 

10 1 x 
10–5 

- 1 x 
10–5 

10 1 x 
10–5 

H2O2 Conc. 2 – 50 mM 3 1 x 
10–5 

- 1 x 
10–5 

3 1 x 
10–5 

- 1 x 
10–5 

3 1 x 
10–5 

- 1 x 
10–5 

3 1 x 
10–5 

- 1 x 
10–5 

Fe2+ or Fe3+  
Conc. 

5 x 10–6 –   
1 x 10–4 M 

3 - 10 1 x 
10–5 

3 - 10 1 x 
10–5 

3 - 5 1 x 
10–5 

3 - 2 1 x 
10–5 

Dye Conc. 1 x 10–5 –  
1 x 10–4 M 

3 5 x 
10–5 

10 - 3 1 x 
10–4 

10 - 3 5 x 
10–5 

5 - 3 1 x 
10–4 

2 - 
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3.2.4. Effect of initial pH 
 The dependence of the decolorization degree 
on the solution pH is similar for the two dyes 
examined in both Fenton-like and photo-Fenton-like 
processes. In highly acidic solutions (pH 2.0) the 
decolorization rates become significantly slower with 
decreasing pH while a similar behavior is also found 
in highly alkaline solutions[38]. The optimal pH was 
3.0 for both two dyes. In Fenton-like process the 
decolorisation degree for Acid Orange 8 and Acid 
Red 17 reached 26% and 20% respectively at 50 
minute and was enhanced to 95% and 93% at the 
same time for photo-Fenton-like process. In photo-
Fenton like process color removal reached 90% and 
84% at the first 27 minute for Acid Orange 8 and 
Acid Red 17 respectively see Fig. 5.  

3.3. Degradation kinetics  
3.3.1. Fe2+ + Fe3+ concentration  
 The kinetic model of Acid Red 17 and the 
degradation rates of Acid Orange 8 and Acid Red 17 
distinctly increased with increasing the amount of 
Fe2+ for Fenton and photo-Fenton processes see Figs. 
6 and 7a,b. In Fenton process addition of Fe2+ from 5 
x 10–6M to 5 x 10–5M increases rate constant of 
reaction for the two dyes. In photo-Fenton process 
the increase is to 2 x 10–5 M for Acid Orange 8 and 1 
x 10–5 M for Acid Red 17.  In case of Fenton like and 
photo Fenton like for the two dyes the calculated rate 
constants increase to concentration of 1 x 10–4M see 
Fig. 8a,b. The rate constant began to decrease above 
these concentrations range. It is known that the Fe+2 
and Fe3+ have a catalytic decomposition effect on 
H2O2 [33,41]. When Fe2+ and Fe3+ increased the 
catalytic effect also increased. When the 
concentration of Fe2+ was higher, a great amount of 
Fe2+ exited easily in the form of Fe(OH)2 in acidic 
environment [42] therefore, the decreases in the 
degradation rate occured.  

3.3.2. H2O2 concentration 
 The effect of H2O2 concentration on the 
degradation rates of Acid Orange 8 is shown in Fig. 
9. The degradation rates were increased by increasing 
the concentration of H2O2. This can be explained by 
the effect of additionally produced hydroxyl radicals. 
With increasing H2O2 concentration from 2mM to 
10mM for Fenton and photo-Fenton processes, the 
rate constant increased but above this range the 
improvement was not obvious. This may be due to 
recombination of hydroxyl radicals and also hydroxyl 
radicals reaction with H2O2 contributing  to the OH 
scavenging capacity (Eqs. 9-11) [15, 43]. 

H2O2 +  OH H2O + HO2   ( 9 ) 

HO2  + OH  H2O  +  O2   (10) 
OH + OH H2O2   (11) 

 It can be postulated that H2O2 should be 
added at an optimum concentration to achieve the 
best degradation. Hence 10mM of H2O2 appears as an 
optimal dosage for Fenton and photo-Fenton 
processes in case of Acid Orange 8 as an example. 

3.3.3. Dye concentration  
 For Fenton and photo-Fenton processes it 
was observed that the rate constant of degradation of 
Acid Orange 8 and Acid Red 17 decreased with 
increasing the initial dye concentrations. As an 
example Fig. 10 shows, that at low concentration of 
Acid Orange 8, the rate constant is higher compared 
to that at higher concentration. The presumed reason 
is that when the initial concentration of the dye 
increased, the hydroxyl radical concentration 
remained constant for all dyes molecules and hence 
the removal rate constant decreased [9,44].  

3.3.4. pH. 
 The highest rate constant values were 
obtained for the two systems for Acid Orange 8 and 
Acid Red 17 when increasing the pH to 3.0.  Fig. 11 
shows that, the results are in agreement with those 
reported in previous studies [41]. 

3.4. Comparison with Fenton, Fenton-like, photo-
Fenton and photo-Fenton-like processes for Acid 
Orange 8 and Acid Red 17. 
 Fig. 12 presents a comparison between the 
Fenton, Fenton-like, photo-Fenton and photo-Fenton-
like processes for the two dyes. In these process, the 
Fe2+ and Fe3+ concentration is the same and equal to  
1.0 x 10–5 M, in presence of 10mM H2O2 and pH 3.0. 
The concentration of the two dyes is the same in all 
experiments (1.0 x 10–5 M). Fig. 12, shows that the 
use of Fenton reagent is effective than the use of 
Fenton-like reagent for both dyes. This is due to 
reaction sequence (1) through (7). Use of a Fenton-
like reagent necessitates additional steps, reactions 
(3) and (4), in order to produce Fe2+. This must then 
react with H2O2 to produce hydroxyl radicals.  

Regarding decolorization efficiency after 30 
minute reaction time, the Fenton and Fenton-like for 
the two dyes achieve nearly identical decolorization 
efficiencies. When the time increased the 
decolorization efficiencies increased rapidly the order 
of color removal for the two dyes in Fenton and 
Fenton-like processes.  
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Fig. (5): The degradation degree of Acid Red 17 at different pH in presence of [dye] = 1 x10–5M 
, [H2O2] = 10mM and [Fe3+]=1x10–5M in Fenton-like (–) and photo-Fenton like (---) 
processes. 
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Fig. (7): Plot of k(min–1) vs. [Fe2+] in presence of [H2O2]=10mM for (AO8) and 5mM for (AR 17), (a) (AO8) 
and (b) [AR 17] = 1.0 x 10–5M at pH3.0 in Fenton (–) and photo-Fenton (---) processes.  
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Fig. (8): Plot of k(min–1) vs. [Fe3+] in presence of [H2O2]= 10mM for (AO8) and 2mM for (AR17), (a) [AO8] and (b) 

[AR17] = 1.0 x  10–5M at pH3.0 in Fenton-like (––) and photo-Fenton-like (---) processes 
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Fig. (9): Plot of k(min–1) vs. [H2O2] in presence of [Fe2+]=1.0 x 10-5M, [AO8]=1.0 x 10-5M at pH 3.0 in 
Fenton (–) and photo-Fenton (---) processes. 
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Fig. (10): Plot of k(min–1) vs. [dye] in presence of [H2O2] =10mM, [Fe2+] = 2 x 10–5M at pH 3.0 in 
Fenton (––) and photo-Fenton (---) processes. 
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 Fig. (11): Plot of k(min–1) vs. pH in presence of [H2O2]=10mM, [Fe3+]=1 x10–5M and [AR 17]=1 x   
10–5M in Fenton like  (––) and photo-Fenton like (---) processes. 
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Fig. (12): The degradation degree of [AO 8] and [AR17]=1.0x10–5M in (–) Fenton, Fenton-like, (---) 
photo Fenton and photo-Fenton-like processes [Fe2+] = [Fe3+] = [1.0 x 10-5M] in presence of 
[H2O2]= 10mM and pH 3.0. 
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Fenton-like (Red 17) < Fenton-like (Orange 
8) <Fenton (Red 17) < Fenton (Orange 8) at 30 
minute. 

Fig. 12 shows also a comparison 
between the photo-Fenton and photo-Fenton-like 
process for both dyes (UV-irradiated-Fenton and 
Fenton-like reagent). Runs were made at the same 
previous conditions. From Fig. 12, it can be 
concluded that, the color removal appeared faster at 
the first 25 minutes as follows, 78%, 82%, 86%, 95% 
for photo-Fenton-like (Red 17), photo-Fenton (Red 
17), photo-Fenton-like (Orange 8) and photo-Fenton 
(Orange 8), and increased to 88%, 91%, 96% and 
99.5% respectively at 60 minutes. The order of color 
removal of the two dyes in photo-Fenton-like and 
photo-Fenton is as follows: 

Photo-Fenton-like [Red 17] < photo-Fenton 
(Red 17) < photo-Fenton-like (Orange 8) < photo-
Fenton (Orange 8) at 60 minute. The degradation 
rates for the four advanced oxidation processes of 
Acid Orange 8 and Acid Red 17 are presented in Fig. 
13. 

 
 

From the previous experiments, it seems 
that, the best conditions for degradation of Acid 
Orange 8 in Fenton, Fenton-like, photo-Fenton and 
photo-Fenton-like processes are as represented in Fig. 
14a. The degradation degree for Acid Orange 8 
enhances from 33% see (Fig. 12) to 90% see Fig. 14 
at 55 minutes in Fenton process for Acid Orange 8. 
This is due to use of optimal Fe2+ concentration [5.0 x 
10–5 M] see (Table 2).  

In Fenton-like process the color removal 
was 28% and enhanced to 93% at 55 minutes, due to 
use of [Fe3+] = 1 x 10–4M ions as shown in Table (2). 
UV irradiation-Fenton and Fenton-like reagent for 
Acid Orange 8 showed remarkable enhancement at 
the first 10 minutes. The degradation degree was 49% 
at the first 10 minutes and was enhanced to reach  
83% when optimum condition was used of [Fe2+] = 2 
x 10–5M. It then further increased to 99% at 55 
minutes for photo-Fenton process. Also, similar 
behavior was observed in photo-Fenton-like process 
in presence of optimum condition [Fe3+] = 1 x 10–4M, 
where the degradation started fast and reached 96% at 
55 minutes. Similar behavior was observed with Acid 
Red 17 in presence of optimum condition as seen in 
Fig. 14b and Table 3. 
 

Table (2). Best conditions for degradation of Acid Orange 8 in Fenton, photo-Fenton, 
Fenton-like and photo-Fenton-like processes.  

 
Processes  

Factors  Fenton Photo-Fenton Fenton-like Photo-Fenton like 

H2O2 Conc.  10mM 10mM 10mM 10mM 

Fe2+ or Fe3+ Conc. 5 x 10–5M 2 x 10–5M 1 x 10–4M 2 x 10–5M 

Dye Conc. 1 x 10–5M 1 x 10–5M 1 x 10–5M 1 x 10–5M 

pH  3 3 3 3 

 
Table (3). Best conditions for degradation of Acid Red 17 in Fenton, photo-Fenton, Fenton-

like and photo-Fenton-like processes.  
 

Processes  
Factors  Fenton Photo-Fenton Fenton-like Photo-Fenton like 

H2O2 Conc.  5mM 5mM 2mM 2mM 

Fe2+ or Fe3+ Conc. 5 x 10–5 1 x 10–5 1 x 10–4 1 x 10–4 

Dye Conc. 1 x 10–5 1 x 10–5 1 x 10–5 1 x 10–5 

pH  3 3 3 3 
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Fig. (13): Plot of k(min-1) vs. four advanced oxidation processes of [AO8] and [AR17]= 1x 10–5M, 
[Fe2+], [Fe3+] = 1 x 10–5M,  [ H2O2] = 10mM and pH 3.0. 
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Fig. (14): The degradation degree of  (a) (AO 8) and  (b) (AR17) at the best conditions in Fenton, Photo-Fenton, 
Fenton-like and Photo-Fenton-like processes 

  

4. Conclusion 
Four advanced oxidation processes were 

used, for degradation of the two azo dyes Acid 
Orange 8 and Acid Red 17. These were 
comparatively examined. Based on the above results, 
it can be concluded that, the decolorization degree of 
the two azo dyes is strongly dependent on Fe2+ and 
Fe3+ ion concentrations, the H2O2 concentration, the 
initial dye concentration and the solution pH.  

Optimal operating conditions for each 
process were established. The degradation degree 

(DD%) for Acid Orange 8 at optimum conditions in 
Fenton, Fenton-like, photo-Fenton and photo-Fenton-
like processes were 89%, 93%, 99.5% and 96% at 55 
minutes respectively. On the other hand the 
degradation degree for Acid Red 17 at optimum 
conditions in the same previous processes were 78%, 
98%, 95% and 99% respectively at 55 minutes. From 
these results, it can be concluded that the four 
advanced oxidation processes were effective in color 
removal for the two azo dyes when optimal 
conditions were used.  

(a) (b) 
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Abstract: The application of low-cost adsorbents obtained from plant wastes as a replacement for costly 
conventional methods of removing heavy metal ions from waste water has been reviewed. Present study deals with 
the adsorption of lead (II) from aqueous solution on rice husk and its ash. Rice husk (R.H) is a by-product generally 
obtained from rice mill. Rice husk ash (R.H.A) is a solid obtained after burning of rice husk. Batch studies were 
performed to evaluate the influence of various experimental parameters like pH, appropriate equilibrium time, 
amount of adsorbent, concentration of adsorbate and particle size. Studies showed that pH of aqueous solution 
affected lead (II) removal as result of removal efficiency increased with increasing solution of pH. The maximum 
adsorption was about 87.75% and 94.75% for R.H and R.H.A. respectively, at pH 4.6±0.5, contact time 60 min and 
initial concentration of 30 mgL–1. Langmuir, Freundlich and Dubinin-Radush Kevich (D-R) adsorption isotherms 
were applicable to the absorption process and their constants were evaluated. The studies showed R.H.A was more 
favorable than R.H. in removing lead (II) and thus was a better adsorbent. [Journal of American Science. 
2010;6(10):143-150]. (ISSN: 1545-1003).  
 
Keywords: Biosorption; Pb(II) Ion; Aqueous Solution; Rice Husk; Ash 
 
1. Introduction 

Rapid industrialization has lead to an 
increased disposal of heavy metals into the 
environment. The presence of these heavy metals in 
the environment is of importance concern due to their 
toxicity and health effects on the human and living 
creatures. Lead (II) poisoning in human causes severe 
damage to kidney, nervous system, reproductive 
system, liver and brain. Severe exposure to lead has 
been associated with sterility, abortion, still births 
and neo-natal deaths [1,2]. Process industries, such as 
battery manufacturing, printing and pigment, metal 
plating and finishing, ammunition, soldering material, 
ceramic and glass industries, iron and steel 
manufacturing units generate large quantities of 
waste water contaminated with lead (II). In drinking 
water lead (II) contamination occurs due to the 
corrosion and leaching of lead pipes and Pb/Sn solder 
joints associated with copper service lines used in 
house hold plumbing [3]. The permissible level of 
lead (II) in drinking water is 0.05 mg/l[4]. The 
permissible limit of lead in waste water as set by 
Environment protection Agency [5] is 0.05 mg/l. 
keeping in view the importance of the situation, 
specifically toxicity in children, it has diverted the 
global attention towards under-standing its behavioral 
pattern in ecosystem and metabolism for adopting 
measures for its effectives removal from such 
industrial and municipal waste effluents. There fore, 
elimination of toxic heavy metals is attended by 
many researches. There are various methods to treat 
the metal contaminated effluent such as precipitation 

[6] reverse osmosis, [7], ion exchange [8], 
coagulation [9] and adsorption [10, 11]. but the 
selection of the treatment methods differ with respect 
to costs, complexity and efficiency. Among these 
technologies adsorption is a user-friendly technique 
for the removal of heavy metal. This process-seems 
to be most versatile and effective method for removal 
of heavy metal if combined with appropriate 
regeneration steps. This solves the problem of sludge 
disposal and rendes the system more viable, 
especially if low cost adsorbents are used. Several 
recent publication utilized different in expensive and 
locally abundantly available adsorbents like 
phaseolus a ureus hulls [12], rice straw [13], rice 
husk ash [14] and potato peels [15], lemon peel [16] 
etc. Rice husk are an agricultural waste produced as 
by-product of the rice milling industry to be about 
more than 100 million tones, 96% of which is 
generated in developing countries. Rice husk is 
mostly used as a fuel in the boiler furmaces of 
various industries to produce stream. The ash 
generated after burning the rice husk in the boiler is 
called rice husk ash. The R.H was collected from the 
particulate collection equipment attached up stream 
to the stack of rice-fired boilers. The ash generated 
got a server disposal problem. The objective of this 
study was to explore the possibility using R.H and 
R.H.A. for removing Pb(II) from aqueous solution. 
The present study has been undertake into report in 
detail the characteristics of Pb(II) adsorption in the 
batch process. Various kinetic models as well as 
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isotherm models have been studied for their 
usefulness in correlating the experimental data.  
 
2. Material and Methods  
2.1. Preparation of adsorbents: 
 The rice husk (R.H.) was received from a 
local rice mill, the R.H.  were crushed and sieved 
with 0.180, 0.355 and 0.855 mesh sieve. Then, the 
husks were thoroughly washed with a stream of 
distilled water to remove all dirt and then were dried 
at 100ºC to be constant weight. The dried husks were 
stored in desiccators until used. The R.H.A obtained 
from burning of R.H husk in electrical oven at 600ºC 
for 3h. 
 

2.2. Preparation of metal-solutions: 
 The stock solution containing 1000 mg/l of 
standard Pb(II) were prepared by dissolving 1.59 gm 
of A.R. Pb(NO3)2 in double distilled water (DDW). In 
order to prevent precipitation of metals by 
hydrolyzing, two or three drops of appropriate acid 
were added to the stock solution. The concentration 
range of Pb(II) prepared from stock solution varied 
between 20-100 mgL–1 for both rice R.H. and R.H.A. 
Before mixing the adsorbent, the pH of each last 
solution was monitored to the required value by 
adding 0.1M HCl or 0.1 M NaOH solution, 
respectively. All the chemicals used were of 
analytical reagent grade and were obtained from 
Merck (Germany).  

2.3. Experimental procedure: 
 For optimization of pH, contact time, 
adsorbent dosage and initial concentration, batch 
experiments were performed at 30ºC. Adsorption 
experiments for the removal of Pb(II) were conducted 
in the pH range of 2.2–6.8, adsorbent dosage (1-5 gL–

1) and initial concentration from 20-100 mgL–1 and 
contact time from 0-180 min.  
 

2.4. Analytical techniques: 
 Metal analyses were performed using 
“Inductivity coupled plasma”, (ICP), 6500 DUO, 
thermoscientific England atomic absorption 
spectrophotometer. The amount of adsorbed metal 
was determined based on the soluble metal 
concentration measured after and before experiment. 
The amount of metal adsorbed per unit mass of the 
adsorbent was calculated as follows: 

)()/( eOe CC
m

V
gmgq −=   (1) 

and the percent removal may be calculated as: 

100/)( xCCC OeO −   (2) 

Where Co is the initial concentration (mg/l) and Ce is 
the metal concentration (mg/l) at any time, V is the 

volume of the solution (L) and m is the weight of the 
sorbent used (g). The sorption kinetic data of Pb(II) 
measured using R.H. and R.H.A. was analyzed in 
terms of pseudo-first order and pseudo second order 
sorption and intraparticle diffusion will be calculated.  
Finally the suitability of the Langmuir, Freundlich 
and Dubbinin-Radush kevich (D.R). adsorption 
models to the equilibrium data were investigated for 
Pb(II) sorbent system. 
 

3. Results and Discussion 
The adsorption of Pb (II) in aqueous solution 

on R.H and R.H.A. were examined by optimizing 
various physicochemical parameters such as pH, 
contact time, amount of adsorbent, adsorbent size and 
adsorbate initial concentration.  

 

3.1. Effect of initial pH: 
 The pH of the solutions has been identified 
as the most important variable governing metal 
adsorption. This is partly due to the fact that 
hydrogen ion (H+) themselves are strong competing 
ions and partly that the solution pH influence the 
chemical speciation of the functional groups on to the 
adsorbent surfaces.  

In order to evaluate the influence of this 
parameter on the adsorption, the experiments were 
carried out at different initial pH values. The pH 
range was chosen as 2.2– 6.8 in order to avoid metal 
hydroxides, which has been estimated to occur at pH 
> 6.5 for Pb(OH)2 [17]. The effect of pH on 
adsorption efficiencies are shown in Fig.(1). Removal 
of Pb(II) increase with increasing solution pH and a 
maximum value was reached at an equilibrium pH of 
around 4.6 ± 0.5 for rice R.H. and R.H.A. The same 
trend has also been reported in the removal of Pb(II) 
ions by other vegetable materials [18-20]. 
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Fig. (1): Effect of pH on biosorption of Pb(II) by 

selected adsorbents  adsorbent dosage 2g/l, 
initial concentrations 30 mg/l and contact 
time2h. 
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The low degree of adsorption at low pH 
values can be explained by the fact that at low pH 
values the [H+] ion concentration is high and there 
fore protons can compete with the lead cations for 
surface sites, since at low pH Pb(II) are present in 
solution as Pb+2 free cations. In addition when pH 
increases, there is a decrease in positive surface 
charge (since the deprotonation of the sorbent 
functional groups could be occurs, which results in a 
lower electro static repulsion between the positively 
charged metal ion and the surface of R.H.A, favoring 
adsorption than its R.H. The process involved for 
Pb(II) adsorption are the following [21]. 

Pb+2 + nH2O = Pb(H2O)n
2+         (3) 

Pb (H2O)n
+2 = Pb(H2O)n-1 OH+

 + H+  (4) 

Pb+2 + nH2O = Pb(H2O)n-1OH+
 + H+  (5) 

Perusal of the literature [22] on Pb(II) 
speciation shows that the dominant species is 
Pb(HO)2 at pH > 6.0 and Pb+2 and Pb(OH)+ at pH < 
6.0. Maximum removal of Pb(II) was observed at 
4.6±0.5 for R.H. and R.H.A.  

3.2. Effect of adsorbent concentration:  
 Dosage study is an important parameter in 

adsorption studies because it determines the capacity 
of adsorbent for a given initial concentration of metal 
ion solution. The effect of adsorbent dosage on the 
removal of Pb(II) ion at C0 = 30mg/1 was studied and 
results are represented in Fig.(2). The removal of 
metal ion was found to increase with an increase in 
adsorbent dosage from 0.5-2g/l. The metal ion 
removed almost remain unchanged after adsorbent 
dosage g/l. Increase in adsorption with increase in 
adsorbent dosage attributed to the availability of 
larger surface area and more adsorption sites. At very 
low adsorbent concentration, the adsorbent surface 
becomes saturated with the metal ions and the 
residual metal ion concentration in the solution to 
large.  

The data clearly shows that the R.H.A is 
more effective than R.H. for removal of Pb(II) from 
aqueous solution. The results also clearly indicate 
that the removal efficiency increases up to the 
optimum dose beyond which the removal efficiency 
is negligible (especially about ash).  

3.3. Effect of mesh sizes: 
The pellet diameter was important factor, the 

effective surface area increased as the particle sizes 
decreased and as a consequence, the results indicate 
that the ion removal enhanced with decreasing the 
adsorbent particle size. By assuming spherical shape 

for particles, it can be shown that the surface area per 
volume is higher for smaller particles. Importing 
surface area a would increase binding sites and 
contact surfaces, which results in higher mass transfer 
and more rapid sorption than when larger particles 
are used. As shown in Table (1) the maximum uptake 
of ions was obtained when the pellet diameter was 
0.35 mm for R.H. and R.H.A.   
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Fig. (2): Effect of adsorbent dosage on biosorptoin 
of Pb(II) by selected adsorbents pH=4.6 + 0.5, 
initial concentration = 30 mg/l, contact time 2h 

Table (1) : Effect of adsorbent particle size in the 
removal of Pb(II) ion. 

Mech. (no) size 
(mm) 

R.H. R.H.A. 

0.180 24% 23% 

0.355 60% 54% 

0.850 18% 14% 
 

3.4. Effect of initial metal ion concentration  
As seen from results, the sorption capacities 

of the sorbents increased with increasing Pb (II) 
concentration while the adsorption yield of Pb(II) 
showed the opposite trend Fig. (3). The results shown 
that Pb(II) ions removal is concentration dependent. 
Increasing the mass transfer driving force and 
therefore the rate at which Pb(II) ions pass from the 
bulk solution to the particle surface. This would 
results in higher adsorption [23].  

3.5. Effect of contact time: 
The rate at which adsorption take place is of 

most important when designing batch adsorption 
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experiments. Consequently, it is important to 
establish the time dependence of such systems under 
various process conditions. The experimental runs 
measuring the effect of contact time on the batch 
adsorption of metal solution containing 30mg/l of 
Pb(II) at 30ºC and initial pH value 4.60±0.5 is shown 
in Fig.(4). The adsorption of Pb(II) increased with 
increasing contact time and became almost constant 
for 60 min for R.H. and 40 min for R.H.A. These 
results also indicate that the sorption process can be 
considered very fast because of the largest amount of 
Pb(II) attached to the sorbent within the first 30 min 
of adsorption. Higher adsorption efficiency of R.H.A. 
could be attributed to available absorbing sites 
(Surface functional groups) on the adsorbent surface. 
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Fig. (3) : Effect of  Pb(II) concentration on 
biosorption of Pb(II) by selected adsorbents 
pH=4.6 + 0.5,  adsorbent dosage 2g/l, contact 
time 2h. 
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Fig. (4): Effect of the contact time on biosorption 
of Pb(II) by selected adsorbent pH=4.6 
+0.5, adsorbent dosage 2g/l, initial 
concentration 30mg/l 

 

3.5. Adsorption kinetic study: 
To analyze the mechanism of adsorption the 

data was fitted to various kinetic models such as 
pseudo-first order reaction and pseudo- second order 
reaction. Intraparticle diffusion model and Boyds 
kinetic expressions were employed to find out the 
rate controlling step in the process of adsorption of 
Pb(II) on to R.H. and R.H.A. Adsorption 
phenomenon can be described as the diffusion control 
process assuming a non-dissociation molecular 
adsorption of Pb(II) on rice husk particles as follows:  
A + S → AS    (6) 

If initially no adsorbate present the 
adsorbent i.e. (CS=0 at 1=0) assuming the pseudo first 
order rate lagergren model is [24]:  

log10(qe-qt) =  log10 qe – 
303.2

t)ads(k1   (7)  

Where qe, the equilibrium sorption uptake is 
extrapolated from the experimental data at time t=α, 
qt (mg/ g)is the amount of adsorbed metal ion on the 
adsorbent at time t and k1(ads) (min–1) is the rate 
constant of the first-order adsorption. A straight line 
of log10 (qe – qt) versus t suggests the applicability of 
this kinetic model. Then qe and k1,(ads) can be 
determined from the intercept and slop of the plot, 
respectively. The results are depicted in Fig. (5) and 
Table (2) 
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Fig. (5): Lagergen plot on biosorption of Pb(II) by 

selected adsorbents of Pb(II) by pH 
4.6+0.5, initial  concentration 30mg/l 
,adsorbent dosage 2g/l. 
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Table (2):  The kinetics constants for the biosorption  of Pb(II) on R.H. and R.H.A.  
Adsorbent   

 Co(mgL–1) 
Pseudo-first-order 
K1(1/min)        R2 

Pseudo-second-order 
K2 (g/mg min)  R2 

Intra particl-diffusion Kint 
(mg/g min1/2)   R2  

R.H.  30 0.013        0.993 0.038          0.990 0.428               0.988 
R.H.A. 30 0.024       0.986 0.040          0.990 0.777               0.996 

 
The pseudo-second order kinetic model is 

expressed as [25]: 

2
te).ads(,2 )qq(k

dt

dq
−=    

 (8) 
Where k2,(ads). (g/mg min–1) is the rate 

constant of the second-order adsorption.  

t
2
e).ads(,2t q

t

qk

1

q

t
+=     

 (9) 
 The equation constants can be determined 
by plotting (t/qt) against (t) as shown in Fig. (6) and 
Table (2). 

y = 0.0409x + 0.0156
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Fig. (6): Pseudo-second order plot on biosorption 
adsorption of Pb(II) by selected adsorbents 
pH4.6+0.5, initial concentration 30mg/l 
adsorbent dosage 2g/l. 

 
Intra particle diffusion model:  

The adsorbate transport from the solution 
phase surface of the adsorbent particles may be 
controlled either by one or more steps, e.g. film or 
external diffusion, pore diffusion, surface diffusion 
and the adsorption on the pore surface, or a 
combination of more than one steps. In a rapidly 
stirred batch adsorption, the diffusive mass transfer 
can be related by an apparent diffusion coefficient 
which will fit the experimental sorption rate data. 
Generally, a process is diffusion controlled if its are 
dependent upon the role at which components diffuse 
towards one another. The possibility of intra particle  

 
diffusion was explored by using the intra particle 
diffusion model [26].  

qt = kid t
0.5    (10) 

where kid is the intra particle diffusion rate constant, 
qt is the amount sorbed time t. the linearity as 
designated in Fig. (7). If the Weber, Morris plot of qt 
versus t0.5 gives a straight line, then the adsorption 
process is controlled by intra particle diffusion only. 
However, if the data exhibit multi-linear plots, two or 
more steps influence the absorption processes. The 
mathematical dependence of fractional uptake of the 
adorbate on t0.5 is obtained if the adsorption process is 
considered to be influenced by diffusion in the 
cylindrical and convective diffusion in the adsobate 
solution. It is assumed that the external resistance to 
mass transfer surrounding the particles is significant 
only in the early stage of the adsorption. In Fig.(7) 
the data points are related by two straight lines for 
R.H. and R.H.A., first straight portion depicting the 
macropore diffusion and second representing the 
micropore diffusion. These show only the pore 
diffusion data.  

             

22

23

24

25

26

27

2 3 4 5 6

RH

RHA

 
Time 0.5 (min) 

 
Fig. (7): Weber and Moris plot for the adsorption 

of Pb(II) by selected adsorbent pH=4.6 + 
0.5, initial concentration 30 mg/l, 
adsorbent dosage 2g/l. 

 
The straight line of the plots do not pass 

through origin, suggesting that adsorption proceeds 
from boundary layer mass transfer across the 
interface to the intra particle diffusion within the 
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pores of adsorbent. The adsorption data for qt versus 
t0.5 for the initial period usually attributed to 
boundary layer diffusion effects or external mass 
transfer effects [27]. This indicates the mechanism of 
Pb(II) adsorption by rice husk and its ash is complex 
and both, the surface adsorption as well as 
intraparticle diffusion contribute to the rate 
determining step.  

3.6. Adsorption isotherms: 
 The purpose of the adsorption isotherm is to 
relate the adsorbate concentration in the bulk solution 
and the adsorbed amount at the interface. The 
analysis of the isotherm data is important to develop 
an equation which accurately represents the results 
and which could be used for the design purpose. 

Several isotherm equations are available which 
corresponding to the relationship between the mass of 
the solute adsorbed per unit mass of adsorbent qe 
(mg/g) and the solute concentration for the solution at 
equilibrium Ce. (mg/l) The experimental data 
obtained were fitted to the Langmuir adsorption [28] 
applied to equilibrium adsorption assuming mono-
layer adsorption onto a surface with a faint number of 
identical sites and is represented as: 

e

L

L

Le

e C.
K

a

K

1

q

C
+=    (11) 

 

Table (3): A comparison of langmuir, Freundlich and Dubbinin-RadushKevich constants resulting from 
equilibrium uptake studies of Pb (II) on R.H. and R.H.A. 

Langmuir model  Freundlich model Dubinin-Radushkevich 
Adsorbent  

KL(L/g) aL(L/mg) Qo(mg/g)     R2 Kf(mg/g) 
(mg/L)1/n 

n          R2 xm λ (10)7  R2 

R.H. 12.59 0.33 37.88   0.996 1.40 0.39      0.958 1.53 0.22   0.988 

R.H.A. 19.65 0.17 112.36   0.992 1.43 0.39      0.970 2.17 0.22  0.996 

The constant KL is the langmuir equilibrium 
constant and the KL/aL gives the theoretical 
monolayer saturation capacity Qo. Therefore shows 
the linear plots of Ce/qe versus Ce gives a straight line 
of slop aL/KL and intercept 1/KL. The data obtained 
were listed in Table (3) for adsorption of Pb(II) onto 
rice husk and its ash. The essential characteristics of 
the Langmuir isotherm may be expressed in terms of 
adimensionless constant separation factor or 
equilibrium parameter [29] RL which is defined as: 

OL

L
CK

R
+

=
1

1
   (12) 

The RL value lying between O and 1 indicate 
favorable adsorption. Freundlich isotherm it is 
another form of Langmuir approach for adsorption on 
a morphous surface. It assumes the heterogeneity of 
surface and the exponential distribution of active sites 
and their energies. Freundlich equation form could be 
written as follows [30]: 

eFe C
n

Kq log
1

loglog10 +=   (13) 

 The constants KF and 1/n were calculated 
from the intercept and slope of the plot of log10qe 
versus log Ce and tabulated the results in Table (3).   

The Dubinin-Radushkevich (D.R) isotherm 
approach assumes that there is a surface area where 
the adsorption energy is homogeneous [31]. The D.R 
isotherm has the form: 

 

 
 

ln qe = ln xm – λ є 2   (14) 
xm represents the maximum sorption 

capacity of the sorbent, λ a constant related to 
sorption energy and є polanyi sorption potential can 

be expressed as є = RTln (1 + 
eC

1
). 

The polanyi adsorption theory postulates 
[32] fixed volume of sorption site close to sorbent 
surface and existence of sorption potential over these 
site. The sorption potential is related to an excess of 
sorption energy over the condensation energy and is 
independent of temperature. A plot of ln qc versus є 2 
gave a straight line, from which values of xm and λ 
for Pb(II) in R.H. and R.H.A. was evaluated in Table 
(3). Using the calculated value of λ, it was possible to 
evaluate the mean sorption energy E, from 

λ−
=

2

1
E . 

 The isotherm constants were determined 
from linear isotherm graphs for each of the isotherm 
equations tested. The values of the isotherm constants 
with the correlation coefficients are give in Table (3). 
The langmuir equation represents the better fit of 
experimental data than other isotherm equations. The 
maximum amounts of Pb(II) adsorbed  are 37.88 and 
112.36 mg/g for R.H. and R.H.A respectively.  
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4. Conclusions: 
In this study, batch adsorption experiments 

for the removal of Pb(II) from aqueous solutions have 
been carried out using R.H and R.H.A as a low cost, 
readily available adsorbent. The adsorption 
characteristics have been examined at different pH 
values, initial metal ion concentrations, contact line 
and adsorbent dosage. The obtained results can be 
summarized as follows:  

(1) The pH experiments showed that the 
governing factors affecting the adsorption 
characteristics of all adsorbents are 
competition of the (H+) ions with metal 
ions at low pH values, maximum 
adsorption at pH 4.6 ±0.5 for R.H. and 
R.H.A and at higher pH precipitation of 
hydroxyl species onto the adsorbents.  

(2) Increase in adsorbent dosage leads to 
increase in Pb(II) adsorption due to 
increased number of adsorption sites. 
Maximum uptake of Pb(II) was obtained at 
adsorbent dosage 2gL–1 and 0.35 mmesh 
size  

(3) The equilibrium time for absorption of 
Pb(II) from aqueous solutions was achieved 
within 60 min of R.H. and 40 min of 
R.H.A.  

(4) The experimental data were better 
described by pseudo-second order model as 
evident from correlation coefficient.  

(5) The adsorption isotherm studies showed 
that lanngmuir model were found to 
provide the best fit of the experimental 
data.  

(6) The results showed that R.H husk and its 
ash might have been successfully used as 
an adsorbent for the removal of Pb(II) from 
aqueous solution. Moreover, R.H.A has 
adsorption capacity more than R.H for 
Pb(II) removal.  
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Abstract: 5-amino-4-ethoxycarbonyl-phenanthro [9, 10-e]thieno[2,3-c]pyridazine 4 was prepared via reaction of 
pyridazine derivative 3 and ethyl chloroacetate. Reaction of 4 with chloroacetyl choride, potassium thiocyanate 
afforded pyrimidothienopyridazine derivative 6. reaction of 4 with active methylene reagents namely, ethyl 
acetoacetate, ethyl benzoyl acetate, ethyl phenyl acetate, ethyl cyanoacetate and/or diethyl malonate gave 
pyridinothienopyridazine derivatives 16a-e respectively. The pharmacological screening should that many of these 
compounds have good activities. The structure assignments of the new compounds are based on chemical and 
spectroscopic evidence. The detailed synthesis, spectroscopic data, and pharmacological properties are reported. 
[Journal of American Science. 2010;6(10):151-159]. (ISSN: 1545-1003).  
 
Keywords: Pyridazines, thienopyridazine, pyrimidine, pyridine, pharmacological activity. 

 

 
1. Introduction 

The biological activities of condensed 
pyridazine and thienopyridazine derivatives as 
sedatives, antibacterials, and antimalarials are well 
documented [1,4] such derivatives have analgesic [5], 
antipyretic [6] and anti-inflammatory [7,8] activities. 
Also, in pharmacological studies thieno derivatives 
have been shown to posses a variety of 
pharmacological activities including antituberculous 
[9] and herpes virus inhibitory [10] and 
antianaphylactine activity [11]. Numerous thieno 
derivatives have been investigated in relation with 
their biological and pharmacological activities. Some 
of them proved antiviral [12], antihypertensive [13], 
and immunostimulating [14], activities. Also, 
pyridazine derivatives are currently being developed 
for the treatment of chromic inflammatory pain 
associated with csteo arthritis, rheumatoid arthritis 
and chronic lower back pain [15]. In view of all these 
facts and as a continuation of work on the synthesis 
of new condensed thieno[2,3-c]pyridazine, which 
might have shown good biological and 
pharmacological applications. 

 
2. Experimental 
All melting points were taken on electrothermal 
IA9000 series digital melting point apparatus. 
Elemental analytical data were obtained from the 
microahalytical unit, Cairo University, Cairo, Egypt; 

the results were in favorable agreements with the 
calculated values. The IR spectra (KBr) were 
recorded on a PYE UNICAM spectrophotometer. 
The 1H and 13C-NMR spectra were recorded at 270 
MHz on a perkin-Elmer R12B spectrometer using 
TMS as an internal standard. The mass spectra were 
performed using VG 2AB-3F spectrometer (70 eV). 
All reactions were followed by TLC (silica 
gel,aluminum sheet 60 F254, Merck). 
 
5-Amino-4-ethoxycarbonyl-phenanthro[9,10-
e]thieno[2,3-c]pyridazine 4. 
A mixture of 3 (0.28g, 1 mmol), ethylchloroacetate 
(0.12g, 1 mmol) and few drops of piperidine in 
ethanol (30 ml) was refluxed for 4h. The solid 
product was collected and crystallized from ethanol 
to give 0.32 g 4 (86%), m.p 194°C; IR (film): ύ = 
3410 (NH2), 1735 (C=O, ester) cm-1; 1H-NMR 
(DMSO-d6); δ = 1.25 (t, 3H, CH3), 4.31 (q, j = 7.3 H2, 
2H, CH2), 6.15 (s, 2H. NH2, D2O exchangeable), 
7.23-7.64 (m, 8H, Ar j = 4.3 H2, HS) ppm; 13C-NMR 
(DMSO-d6); δ= 131.20, 154.51, 162.73, 165.83 
(pyridazin-C), 110.95, 113.24, 117.54, 120.74, 
121.15, 123.072, 126.53, 132.45, 134.63, 148.37, 
148.63, 148.92 (Aromatic-C), 136.21, 147.64 
(thiophene-C), 160.62 (C=O), 19.21 (CH3), 60.91 
(CH2) ppm; MS (El, 70 eV); m/z = 373 (M+, 16), 242 
(100, base peak). Elemental analysis C21H15N3O2S 
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calcd: 67.54 C, 4.05 H, 11.25 N; found 67.43 C, 3.91 
H, 11.40 N. 
5-Chloroacetylamino-4-ethoxycarbonyl 
phenanthro[9,10-e]thieno[2,3-c]pyridazine 5 

To a solution of compound 4 (0.37g, 1 
mmol) in ethanol (20 ml) chloroacetyl chloride 
(0.11g, 1 mmol) was added, the reaction mixture was 
refluxed for 5h. The reaction mixture was poured into 
ice water and the precipitate was filtered off, dried 
and recrystallized from ethanol to give 0.31g 5 
(71%); m.p 226°C; IR (film); ύ = 3341 (NH), 1723 
(C=O ester), 1680 (C=O amide) cm-1 1H-NMR 
(DMSO-d6); δ = 1.34 (t, j = 7.3 H2, 3H, CH3), 2.42 (s, 
2H, CH2), 4.16 (q, j = 7.3 H2, 2H, CH2), 6.41 (s, 1H, 
NH, D2O exchangeable), 7.18-7.59 (m, 8H, Ar H) 
ppm; 13C-NMR (DMSO-d6); δ = 130.26, 157.46, 
161.95, 165.48 (pyridazin-C), 111.60, 112.41, 
113.56, 119.70, 128.50, 129.31, 134.32, 135.41, 
142.61, 143.53, 146.35, 148.64 (aromatic –C), 
134.81, 146.32 (thiophene-C), 169.51, (C=O), 172.53 
(C=O), 76.13 (CH2), 65.35 (CH2), 21.41 (CH3) ppm; 
MS (El, 70eV): m/z = 449 (M+, 21), 297 (100, base 
peak. Elemental analysis C23H16N3O3SCl calcd: 61.40 
C, 3.58 H, 9.34 N; found 61.53 C, 3.80 H, 9.71 N. 
 
6-Carbethoxymethylemercaptophenanthro[9,10-
e]pyrimido[4',5':4,5]thieno[2,3-c]pyridazin-4-
(5H)one 6 

A suspension of 5 (0.45g, 1 mmol) and 
potassium thiocyanate (0.09g, 1 mmol) in n-butanol 
(20 ml) was heated to reflux for 6h. After cooling, the 
precipitate was separated, washed with water several 
times, dried and recrystallized from n-butanol to give 
0.32g 6 (69%); m.p 294°C; IR (film) 3348 (NH), 
1735 (C=O ester), 1665 (C=O amide) cm-1, MS (El, 
70 eV) m/z = 472 (M+, 25), 260 (100, base peak). 
Elemental analysis C24H16N4O3S2 calcd: 61.00 C, 
3.41 H, 11.86 N; found 61.22 C, 3.50 H, 11.90 N. 
 
6-Hydrazino-phenanthro[9,10-
e]pyrimido[4',5':4,5]thieno[2,3-c]pyridazin-4-
(5H)one. 7 

To a soluble of compound 6 (0.44g, 1 mmol) 
in ethanol (20 ml) hydrazine hydrate (0.06g, 1 mmol) 
was added, the reaction mixture was refluxed for 4h. 
The solid product was collected and crystallized from 
ethanol to give 0.25g 7 (65%), m.p > 300°C; IR 
(film); ύ = 3325-3246 (2NH, NH2), 1695 (C=O 
amide) cm-1; 1H-NMR (DMSO-d6); δ = 5.98 (s, 1H, 
NH, D2O exchangeable), 6.84-7.31 (m, 8H, Ar H), 
9.63 (s, 1H, NH, D2O exchangeable), 10.35 (s, 2H, 
NH2, D2O exchangeable) ppm; 13C-NMR (DMSO-
d6); δ = 109.31, 110.53, 112.46, 113.57, 118.53, 
120.36, 123.43, 124.75, 135.51, 137.46, 146.27, 
147.93 (aromatic-C), 129.35, 141.90, 154.38, 160.74 
(pyridazin-C), 132.59, 143.78 (thiophene-C), 146.21 

(pyrimidine-C), 162.34 (C=O) ppm; MS (El, 70 eV): 
m/z = 384 (M+, 14), 228 (100, base peak). Elemental 
analysis C20H12N6OS calcd: 62.49 C, 3.14 H, 21.86 
N; found 62.43 C, 3.00 H, 21.90 N. 
 
5-Amino-phenanthro[9,10-e]thieno[2,3-c]pyridazine-
6-carbohydrazide. 8 

A mixture of 4 (0.37g, 1 mmol), 
hydrazinehydrate (0.06g, 1 mmol) in ethanol (20 ml) 
was refluxed for 3h. The solid product was collected 
and crystallized from acetic acid to give 0.25g 8 
(71%), m.p 279°C; IR (film); ύ = 3360-3275 (NH, 
2NH2), 1683 (CO amide) cm-1; 1H-NMR (DMSO-d6); 
δ = 4.35 (s, 2H, NH2, D2O exchangeable), 7.15-7.64 
(m, 8H, Ar H), 10.14 (s, 2H, NH2, D2O 
exchangeable), 11.25 (s, 1H, NH, D2O exchangeable) 
ppm, 13C-NMR (DMSO-d6); δ = 110.23, 112.41, 
114.18, 118.34, 121.64, 124.34, 125.56, 137.61, 
138.25, 147.72, 148.39, 148.78 (aromatic-C), 130.51, 
140.36, 152.37, 159.46 (pyridazin-C), 131.95, 142.83 
(thiophene-C), 163.12 (C=O) ppm; MS (El, 70 eV): 
m/z = 359 (M+, 29), 204 (100, base peak). Elemental 
analysis C19H13N5OS calcd: 63.50 C, 3.64 H, 19.49 
N; found 63.30 C, 3.80 H, 19.70 N. 
 
5-Amino-6,7-dihydro-phenanthro[9,10-
e]pyrimido[4',5':4,5]thieno[2,3-c]pyridazin-
4(5H)one. 9 

To solution of 8 (0.36g, 1 mmol) in ethanol 
(10 ml), formaldehyde (5 ml) was added, the reaction 
mixture was refluxed for 2h. The solid product was 
collected and crystallized from ethanol to give 0.28g 
9 (75%), m.p > 300°C; IR (film): ύ = 3315-3180 
(NH, NH2), 1678 (C=O amide) cm-1; 1H-NMR 
(DMSO-d6); δ = 7.16-7.58 (m, 10H, Ar H and 2H 
pyrimidine), 9.85 (s, 2H, NH2, D2O exchangeable), 
10.42 (s, 1H, NH, D2O exchangeable) ppm; 13C-
NMR (DMSO-d6); δ = 108.92, 110.2, 114.52, 116.34, 
119.25, 120.92, 122.30, 125.65, 127.32, 139.14, 
146.26, 147.15 (aromatic-C), 132.14, 140.91, 154.73, 
158.64 (pyridazin-C), 132.59, 143.28 (thiophene-C), 
160.21 (pyrimidine-C), 163.51 (C=O) ppm; MS (El, 
70 eV): m/z = 371 (M+, 32), 260 (100, base peak). 
Elemental analysis C20H13N5OS calcd: 64.68 C, 3.53 
H, 18.85 N; found 64.60 C, 3.41 H, 18.71 N. 
 
N-(4-Ethoxycarbonyl-phenanthro [9, 10-e]thieno[2,3-
c]pyridazin-5-yl)-N-benzoyl thiourea 10 

A mixture of 4 (0.37g, 1 mmol), benzoyl 
isothiocyanate (0.16g, 1 mmol) in acetone (20 ml) 
was refluxed for 2h. The solid product was collected 
and crystallized from methanol to give 0.34g 10 
(64%), m.p 243°C; IR (film); ύ = 3326-3254 (2NH), 
1725 (C=O ester), 1674 (C=O amide), 1160 (C=S) 
cm-1; 1H-NMR (DMSO-d6); δ = 1.35 (t, j = 7.5 H2, 
3H, CH3), 3.83 (q, j = 7.5 H2, 2H, CH2), 6.23 (s, 1H, 
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NH, D2O exchangeable, 7.63 (m, 13H, Ar H), 9.17 (s, 
1H, NH, D2O exchangeable) ppm; MS (El, 70eV): 
m/z = 536 (M+, 22), 357 (100, base peak). Elemental 
analysis C29H20N4O3S2 calcd: 64.90 C, 3.76 H, 10.45 
N; found 64.80 C, 3.91 H, 10.50 N. 
 
5,7-Dihydro-6-thioxo-phenanthro[9,10-
e]pyrimido[4',5':4,5]thieno[2,3-c]pyridazine-4-one 11 

A solution of 10 (0.53g, 1 mmol) in 2N 
methanolic sodium hydroxide (10 ml) was refluxed 
for 7h then filtered. The clear solution acidified with 
10% HCl. The solid product was collected and 
crystallized from ethanol to give 0.23g 11 (59%), m.p 
>300°C; IR (film); ύ = 3280-3335 (2NH), 1687 
(C=O, amide), 1190 (C=S) cm-1; 1H-NMR (DMSO-
d6); δ = 6.72 (s, 1H, NH, D2Oexcangeble), 7.31 -7.64 
(m, 8H, Ar H), 10.24 (s, 1H, NH, D2O exchangeble) 
ppm; 13C-NMR (DMSO-d6); δ = 111.23, 113.45, 
114.51, 116.32, 117.54, 119.61, 120.15, 124.16, 
125.24, 134.63, 138.12, 141.32 (aromatic-C), 134.26, 
143.51, 152.37, 156.82 (pyridazin-C), 147.13, 149.34 
(thiophene-C), 160.21 (C=O), 163.54 (C=O) ppm; 
MS (El, 70 eV); m/z = 386 (M+, 43), 210 (100, base 
peak). Elemental analysis C20H10N4OS2 calcd: 62.16 
C, 2.61 H, 14.50 N; found 62.43 C, 2.80 H, 14.61 N. 
 
N-(4-Ethoxycarbonyl-phenanthro[9,10-e]thieno[2,3-
c]pyridazin-5-yl)-N'-phenyl thiourea 12 

A mixture of 4 (0.37g, 1 mmol), 
phenylisocyanate (0.13g, 1 mmol) in pyridine (20 ml) 
was refluxed for 4h. The reaction mixture was poured 
into HCl. The solid product was collected and 
crystallized from ethanol to give 0.34g 12 (66%), m.p 
285°C; IR (film); ύ = 3315-3260 (2NH), 1730 (C=O, 
ester), 121 (C=S) cm-1; 1H-NMR (DMSO-d6); δ = 
1.41 (t, j = 7.5 H2, 3H, CH3), 4.23 (q, j = 7.5 H2, 2H, 
CH2), 7.13-7.46 (m, 13H, Ar H), 9.16 (s, 1H, NH, 
D2O exchangeable), 10.32 (s, 1H, NH, D2O 
exchangeable) ppm; MS (El, 70 eV); m/z = 508 (M+, 
26), 260 (100, base peak). Elemental analysis 
C28H20N4O2S2 calcd: 66.12 C, 3.96 H, 6.29N; found 
66.43 C, 4.00 H, 6.85 N. 
 
5-phenyl-6-thioxo-phenanthro[9,10-
e]pyrimido[4',5':4,5]thieno[2,3-c]pyridazin-4-(7H) 
one 13 

A solution of 12 (0.51g, 1 mmol) in 
ethanolic potassium hydroxide 2N (10 mL) was 
refluxed for 5h Then filtered. The clear solution 
acidified with 10% HCl. The solid product was 
collected and crystallized from ethanol to give 0.32g 
13 (69%), m.p > 300°C; IR (film); ύ = 3342 (NH), 
1680 (C=O, amide), 1160 (C=S) cm-1; 1H-NMR 
(DMSO-d6): δ = 6.95 – 7.43 (m, 13H, Ar H), 11.24 
(s, NH, D2O exchangeable) ppm; MS (El, 70 eV); 
m/z = 462 (M+, 35), 284 (100, base peak). Elemental 

analysis C26H14N4OS2 calcd: 66.23 C, 2.99 H, 11.88 
N; found 66.43 C, 3.00 H, 11.90 N. 
Reaction of thieno[2,3-c]pyridazine-4 with active 
methylene to synthesis compound 14a-e. 
A mixture of 4 (0.37g, 1 mmol), active methylene 
reagents, namely, ethyl acetoacetate, ethyl benzoyl 
acetate, ethyl phenyl acetate, ethyl cyanoacetate and 
diethyl malonate respectively, in ployphosphoric acid 
(30 ml) were refluxed for 3h. After cooling, water 
added, neutralized with sodium carbonate. The solid 
products were collected and crystallized from 
methanol to give 0.31g 14a (67%), 0.32g 14b (62%), 
0.33g 14c (68%), 0.27g 14d (61%) and 0.28g 14e 
(59%). 
 
Ethyl-5-acetoacetylamino-phenanthro[9,10-
e]thieno[2,3-c]pyridazine-4-carboxylate 14a 

m.p 215°C (MeOH), IR (film); ύ = 3310 
(NH), 1676 (C=O, amide), 1705 (C=O ketone), 1732 
(C=O, ester) cm-1, 1H-MNR (DMSO-d6); δ = 1.31 (t, j 
= 7.5 H2, 3H, CH3), 2.14 (s, 3H, CH3), 3.36 (s, 2H, 
CH2), 4.12 (q, j = H2 2H, CH2), 6.93 – 7.52 (m, 8H, 
Ar H), 10.35 (s, 1H, NH, D2O exchangeable) ppm; 
MS (El, 70 eV): m/z = 457 (M+, 42), 260 (100, base 
peak). Elemental analysis C25H19N3O4S calcd: 65.63 
C, 4.19 H, 9.18 N; found 65.43 C, 4.20 H, 18.21 N. 
 
Ethyl-5-benzoylacetylamino-phenanthro[9,10-
e]thieno[2,3-c]pyridazine-4-carboxylate 14b 

m.p 253°C (MeOH), IR (film); ύ = 3285 
(NH), 1682 (C=O, amide), 1715 (C=O ketone), 1730 
(C=O, ester) cm-1, MS (El, 70 eV): m/z = 519 (M+, 
42), 291 (100, base peak). Elemental analysis 
C30H21N3O4S calcd: 69.35 C, 4.07 H, 8.09 N; found 
69.43 C, 4.10 H, 8.20 N. 
 
Ethyl-5-phenylacetylamino-phenanthro[9,10-
e]thieno[2,3-c]pyridazine-4-carboxylate 14c 

m.p 271°C (MeOH), IR (film); ύ = 3314 
(NH), 1695 (C=O, amide), 1712 (C=O, ester) cm-1, 
1H-MNR (DMSO-d6); δ = 1.42 (t, j = 7.5 H2, 3H, 
CH3), 2.35 (q, j = 7.5 H2, 2H, CH2), 3.82 (q, j = 7.5 
H2, 2H, CH2), 7.24 – 7.69 (m, 13H, Ar H), 11.13 (s, 
1H, NH, D2O exchangeable) ppm; MS (El, 70 eV): 
m/z = 491 (M+, 37), 272 (100, base peak). Elemental 
analysis C29H21N3O3S) calcd: 70.68 C, 4.30 H, 8.55 
N; found 70.70 C, 4.50 H, 8.62 N. 
 
Ethyl-5-cyanoacetylamino-phenanthro[9,10-
e]thieno[2,3-c]pyridazine-4-carboxylate 14d 

m.p 286°C (MeOH), IR (film); ύ = 3311 
(NH), 1683 (C=O, amide), 1730 (C=O, ester), 2218 
(C≡N) cm-1, MS (El, 70 eV): m/z = 441 (M+, 42), 275 
(100, base peak). Elemental analysis C24H16N4O3S 
calcd: 65.44 C, 3.66 H, 12.72 N; found 65.43 C, 3.70 
H, 12.50 N. 



Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 154

Ethyl-5-ethoxycarbonylacetaylamino-
phenanthro[9,10-e]thieno[2,3-c]pyridazine-4-
carboxylate 14e 

m.p 257°C (ACOH), IR (film); ύ = 3324 
(NH), 1681 (C=O, amide), 1725(C=O, ester), cm-1, 
MS (El, 70 eV): m/z = 487 (M+, 23), 260 (100, base 
peak). Elemental analysis C26H21N3O5S calcd: 64.00 
C, 4.38 H, 9.61 N; found 64.12 C, 4.25 H, 8.73 N. 

Synthesis of pyrido-thieno pyridazine derivatives 
15a-e 

Compounds 14a-e (1 mmol) were boiled 
under reflux for 2h, with a solution of sodium 
ethoxide (20 ml), the mixture was evaporated to 
dryness under reduced pressure, water was added to 
the residue, the solution was washed with ethanol. 
The solution was cooled in ice and acidified with 
conc. HCl. The solid products were collected and 
crystallized from proper solvents to give 0.28 g 15a 
(70%), 0.33 g 15b (69%), 0.29 g 15c (65%), 0.25 g 
15d (63%), 0.30 g 15e (68%) respectively. 
 
5-Acetyl-4-hydroxy-phenanthro[9,10-
e]pyrido[2',3':4.5]thieno[2.3-c]pyridazin-6(5H)-one 
15a 

Mp>300° C (EtOH);IR (film): ύ = 3410 – 
3326 (OH, NH), 1678 (C=O, amide) 1715 (C=O, 
ketone) cm-1, 1H-NMR(DMSO-d6): δ = 1.57 (S, 3H, 
CH), 7.25-7.46(m, 8H, Ar H), 9.56(S, 1H, NH, D2O 
exchangeable), 13.21 (S, 1H, OH, D2O exchangeable) 
ppm; 13C.NMR (DMSOd6): δ = 112.06, 112.15, 
113.62, 118.17, 119.35, 127.13, 128.46, 129.13, 
134.36, 143.54, 145.36, 147.39 (aromatic – C), 
134.91, 142.27, 145.37, 149.07 (pyridazin – C), 
154.13, 160.25 (thiophene – C), 151.37, 151.54 
(pyridine – C), 160.29 (C=O)ppm; MS (EL, 70 eV): 
m/z = 411, (100, base peake). Elemental analysis 
C23H13N3O3S calcd: 67.14 C, 3.18 H, 10.21 N; found 
67.43 C, 3.20 H, 10.30 N. 
 
5-Benzoyl-4-hydroxy-phenanthro[9,10-
e]pyrido[2',3':4,5]thieno[2,3-c]pyridazine-6-(5H)-one 
15b 

m.p 291°C (EtOH); IR film):ύ =3390-
3275(OH,NH), 1678(C=O,amide), 1718 (C=O, 
ketone) cm-1

,
1H-NMR (DMSO-d6): δ=6.93-7.45 (m, 

13H, Ar H), 10.21 (s, 1H, NH, D2O exchangeable), 
13.52 (s, 1H, OH, D2O exchangeable) ppm; 13C-
NMR (DMSO-d6): δ=109.12, 110.34, 112.51, 113.36, 
114.91, 115.84, 117.21, 118.35, 119.45, 120.37, 
122.48, 123.54, 127.32, 136.24, 138.36, 140.28, 
142.47, 149.35 (aromatic–C), 133.10, 141.52, 146.36, 
148.25 (pyridazin – C), 152.31, 154.82 (thiophene – 
C), 149.13, 153.64 (pyridine – C), 168.13 (C=O), 

171.32 (C=O) ppm; MS (El, 70 eV): m/z = 473 (M+, 
18), 284 (100, base peak). Elemental analysis 
C28H15N3O3S calcd: 71.03 C, 3.19 H, 8.87 N; found 
71.23 C, 3.20 H, 8.90 N. 

4-Hydroxy-5-phenyl-phenanthro[9,10-
e]pyrido[2',3':4.5]thieno[2,3-c]pyridazin-6(5H)-one 
15c 

m.p>300°C (MeOH); IR (film):ύ = 3405 – 
3328 (OH, NH), 1684 (C=O, amide)cm-1, 1H-NMR 
(DMSO-d6): δ = 6.54 (5, 1H, NH, D2O 
exchangeable), 6.97 – 7.35 (m, 13 H, ArH's), 13.42 
(s, 1H, OH, D2O exchangeable) ppm; MS (El, 70 
eV): m/z = 445 (M+, 19), 284 (100, base peak). 
Elemental analysis C27H15N3O2S calcd: 72.79 C, 3.39 
H, 9.43 N; found 72.80 C, 3.40 H, 9.50 N. 

5-cyano-4-hydroxy-phenanthro[9,10-
e]pyrido[2',3':4,5]thieno[2,3-c]pyridazine-6(5H)-one 
15d 

m.p 298°C (pet. Ether); IR (film): ύ = 3387 
– 3295 (OH, NH), 1687 (C=O amide), 2225 (C≡N) 
cm-1, 1H-NMR (DMSO-d6): δ = 6.51 (s, 1H, NH, D2O 
exchangeable), 7.15 – 7.49 (m, 8H, Ar H), 13.57 (s, 
1H, OH, D2O exchangeable) ppm; 13C-NMR 
(DMSO-d6): δ = 112.34, 113.54, 114.16, 115.82, 
116.17, 119.32, 121.45, 122.37, 127.15, 129.32, 
131.43, 134.81 (aromatic-C), 134.21, 135.45, 148.32, 
149.17 (pyridazine-C), 149.05, 151.37 (thiophene-C), 
158.12,160.30 (pyridine-C), 165.32 (C≡N), 168.41 
(C=O) ppm; MS (El,70 eV): m/z = 394 (M+, 29), 260 
(100, base peak). Elemental analysis C22H10N4O2S 
calcd: 67.00 C, 2.55 H, 14.20 N; found 67.20 C, 2.70 
H, 14.31 N. 
 
5-Ethoxycarbonyl-4-hydroxy-phenanthro[9,10-
e]pyrido[2',3':4,5]thieno[2,3-c]pyridazine-6(5H)-one 
15e 

m.p 300°C (benzene); IR (film): ύ = 3420 – 
3285 (OH, NH), 1675 (C=O amide), 1725 (C=O 
ester) cm-1, 1H-NMR (DMSO-d6): δ = 1.19 (t, j = 7.5 
H2, 3H, CH3), 3.57 (q, j = 7.5 H2, 2H, CH2), 7.23 – 
7.59 (m, 8H, Ar H), 9.72 (s, 1H, NH, D2O 
exchangeable), 13.65 (s, 1H, OH, D2O exchangeable) 
ppm; MS (El,70 eV): m/z = 441 (M+, 12), 244 (100, 
base peak). Elemental analysis C24H15N3O4S calcd: 
65.30 C, 3.42 H, 9.52 N; found 65.43 C, 3.50 H, 9.50 
N. 
 
5-Amino-phenanthro[9,10-e]thieno[2,3-c]pyridazine-
4-carboxylic acid 16 

A suspension of 4 (0.37g, 1 mmol), in 
ethanolic sodium hysroxide solution 10% (50 ml) 
was heated under reflux for 4h. The alkaline solution 
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was acidified with diluted acetic acid and extracted 
with ether. The solid product was collected and 
crystallized from ethanol to give 0.24g 16 (69%), m.p 
213°C; IR (film): ύ = 3392 – 3247 (OH,NH2), 1730 
(C=O, acid) cm-1, 1H-NMR (DMNSO-d6): δ = 7.14 – 
7.63 (m, 8H, Ar H), 10.24 (s, 2H, NH2, D2O 
exchangeable), 13.15 (s, 1H, OH, D2O exchangeable) 
ppm; 13C-NMR (DMSO-d6): δ = 108.12, 110.30, 
111.92, 112.53, 114.71, 118.65, 119.22, 120.08, 
122.43, 129.50, 137.16, 142.31 (aromatic-C), 131.24, 
135.63, 147.25, 151.17 (pyridazine-C), 135.13, 
143.34 (thiophene-C), 162.09 (C=O) ppm; MS (El, 
70 eV): m/z = 345 (M+, 16), 300 (100, base peak). 
Elemental analysis C19H11N3O2S calcd: 66.08 C, 3.21 
H, 12.17 N; found 66.20 C, 3.30 H, 12.33 N. 
 
Phenanthro[9,10-e]thieno[2,3-c]pyridazine-5( 4H)one 
17 

A solution of 16 (0.34g, 1 mmol) in 
orthophosphoric acid 85% (30 ml) was heated on a 
water bath for 8h. The reaction mixture was pourd 
into ice-water. The solid product was collected and 
crystallized from toluene to give 0.20g 17 (65%), m.p 
241°C; IR (film): ύ = 1721 (C=O, ketone) cm-1; 1H-
NMR (DMSO-d6): δ = 3.85 (s, 2H, CH2), 7.13 – 7.52 
(m, 8H, Ar H) ppm; 13C-NMR (DMSO-d6): δ = 
109.23, 110.63, 112.29, 112.84, 114.19, 117.42, 
118.90, 121.13, 122.35, 128.41, 136.61, 145.12 
(aromatic-C), 132.35, 136.31, 146.51,154.26 
(pyriazine-C) 148.32 (thiophene-C), 167.24 (C=O) 
ppm; MS (El,70 eV): m/z = 302 (M+,29), 206 (100, 
base peak). Elemental analysis C18H10N2OS calcd: 
71.51 C, 3.33 H, 9.26 N; found 71.43 C, 3.40 H, 9.32 
N. 
 
6-Amino-4-phenyl-phenanthro[9,10-e]oxino[3,2-
b]thieno[2,3-c]pyridazine-5-carbonitrile 18 

A mixture 17 (0.30g, 1 mmol), benzylidine 
malonitrile (0.15g, 1 mmol) in ethanol (30 ml) and 
few drops of piperdine was refluxed for 3h. The solid 
product was collected and crystallized from methanol 
to give 0.27g 18 (61%); m.p > 300°C,IR (film): ύ = 
3245 (NH2), 2223 (C≡N) cm-1; 1H-NMR (DMSO-d6): 
δ = 6.92 – 7.64 (m, 14H, 13Ar H and 1H oxine), 
11.32 (s, 2H, NH2, D2O exchangeble) ppm; MS (El, 
70 eV): m/z = 455 (M+, 31), 260 (100, base peak). 
Elemental analysis C28H15N4OS calcd: 73.83 C, 3.32 
H, 12.30 N; found 73.90 C, 3.32 H, 12.11 N. 
 
6-Methyl-phenanthro[9,10-
e]pyridazino[4',3':4,5]thieno[3,2-d]-1,3-oxazin-4-one 
19 

A mixture of 16 (0.34g, 1 mmol) and acetic 
anhydride (10 ml) was refluxed for 3h. The mixture 
was pourd into water. The solid product was 
collected and crystallized from ethanol to give 0.26g 

19 (72%), m.p > 300°C, IR (film): ύ = 1710 (C=O) 
cm-1; 1H-NMR (DMSO-d6): δ = 1.41 (s, 3H, CH3), 
7.24 – 7.86 (m, 8H, Ar H) ppm; 13C-NMR, 119.15, 
120.17, 122.34, 127.64, 135.25, 143.28 (aromatic-C), 
133.61, 137.53, 147.37, 151.18 (pyridazine-C), 
136.37, 145.27 (thiophene-C), 149.24 (oxazine-C), 
165.10 (C=O), 23.65 (CH3) ppm; MS (El, 70 eV): 
m/z = 369 (M+, 19), 228 (100, base peak). Elemental 
analysis C21H11N3O2S calcd: 68.28 C, 3.00 H, 11.37 
N; found 68.33 C, 3.23 H, 11.35 N. 
 
Anti-inflammatory Activity [16, 17] 

Ten compounds 4, 7, 9, 11, 13, 15a, 15d, 
15e, 16 and 18 were evaluated for their anti-
inflammatory activity. Mature albino rats (95) of both 
sexes weighing 50-200g divided into nineteen equal 
groups was used. Oedema in the rate paw induced by 
injection of 0.1 cm3 of 20% Brewer's yeast suspended 
in physiological saline solution in the paw skin of the 
hind limb. After 4h, the thickness of the paw was 
measured using a skin caliber to detect the 
inflammation induced by the yeast. The first group 
was left as control while the second group was 
injected intrapretenoal (I.P) with dimethyl sulfoxide 
(DMSO) and the third group was injected (I.P) with 
flurbiprofen (20 mg/kg). the remaining groups were 
treated with the tested compounds dissolved in 
DMSO in a dose of 100 mg/kg. The paw thickness 
was measured after Scand 6h post injection (Table 1). 
 
Analgesic Activity 

Sixty mice of both sexes weighting from 20 
to 25g were divided into 10 groups. One group was 
kept as control (received saline), the second group 
received vehicle (gum acacia), and the third one 
received voltarene® as a reference drug where the 
other groups received 4, 7, 9, 11, 13, 15a, 15d, 15e, 
16 and 18 (scadministration). Plasma of mice was 
dropped gently in a dry glass beaker of 1 cm3 
capacity maintained at 55-55.5°C. normal reaction 
time in second for all animals were determined at 
time intervals of 10, 30 and 60 min. this is the 
interval extending from the instant the mouse reaches 
the hot beaker till the animal licks its feet or jamb out 
of the beaker (does 5 mg/kg) [18]. Relative potencies 
to voltarene® were determined (table 2). 
 
3. Results and Discussion 
 The starting material 5-amino-4-ethoxycarbonyl 
phenanthro[9,10-e]thieno[2,3-c]pyridazine 4 was 
prepared by the reaction of phenanthroquinone 1 with 
acyl cyanohydrazine 2, which reacted with P2S5 to 
give 3 [16]. Cyclization of 3 using ethyl chloroacetate 
in presence of ethanol gave the starting material 4 
(scheme 1). 
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Amino ester 4 reacted with chloroacetyl 
chloride to give 5. Treatment of 5 with potassium 
thiocyanate afforded pyrimidothienopyridazine 
derivative 6, which reacted with hydrazine to give 
hydrazine derivative 7, the reaction procced by 

elimination of thioaceto acid. Also compound 4 
reacted with hydrazine to give 6. Then compound 8 
reacted with formaldehyde in refluxing methanol to 
afford pyrimidothienopyridazine 9 (scheme 2). 
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Scheme 2 

Reaction of aminoester 4 with benzoyl isothiocyanate 
in boiling acetone led to formation of benzoyl 
thiourea derivative 10 which cyclized by alkaline to 
give pyrimido derivative 11. Also, compound 4 

reacted with phenyl isothiocyanate in refluxing 
pyridine to give thiourea derivative 12. Treatment of 
12 with ethanolic potassium hydroxide afforded the 
cyclized product 13 (scheme 3). 
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Scheme 3 

Reaction of compound 4 with active methylene 
reagents, namely, ethyl acetoacetate,ethyl benzoyl 
acetate, ethyl phenyl acetate, ethyl cyanoacetate 
and/or diethyl malonate gave 14 a-e respectively, 

which cyclized by sodium ethoxide to give 
pyridinothienopyridazine derivatives 15a-e 
respectively (scheme 4). 
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Scheme 4 

Hydrolysis of amino ester 4 afforded amino acid 16 
which upon treatment with orthophosphoric acid at 
100°C, efforded thienopyridazine-5one 17. The 
condensation of 17 with benzylidine malononitrile in 

refluxing ethanol afforded 18. Also, reaction of 
amino acid 16 with acetic anhydride under reflux 
gave oxazine derivative 19 (scheme 5). 
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Pharmacological Screening 
Two pharmacological activities namely, anti-
inflammatory and analgesic were tested despite their 
different biological receptors. Yet both are of 
neurological origin. Ten representative compounds 4, 
7, 9, 11, 13, 15a, 15d, 15e, 16 and 18 were studied 
with respect to their anti-inflammatory and analgesic 
activities. 
 
Anti-inflammatory activity 
From table 1 it appeared that the compounds 4, 7, 9, 
11, 13, 15a, 15d, 15e, 16 and 18 have significant anti-
inflammatory activities. Among the compounds 4, 9 
and 16 have anti-inflammatory activities higher than 
that of 7, 11, 13, 15d and 15e. The compounds 15a 
and 18 were found to have lower anti-inflammatory 
activities. The most active compounds 4, 16 and the 
standard drug flurbiprofen were found to exhibit 
essentially equipotent anti-inflammatory activity. 
 
Analgesic activity 
All tested compounds exhibited analgesic activities 
(table 2) the most potent one is 9 that should the same 
activity as voltarene® after 30 min. Also, the 
analgesic activities of 4, 13, 15e and 16 approached 
those of voltarine®, and the other compounds are 
weak activity. 

 
 
 
Table 1. Anti-inflammatory activity of some 

synthesized (% reduction in edema induced 
by yeast) 

Compound 
Post treatment 

3h% 
Post treatment 

6h% 

Flurbiprofen 100 100 
4 25.4 33.5 
7 18.3 21.4 
9 22.6 28.3 
11 16.1 25.6 
13 17.4 31.5 
15a 6.5 23.1 
15d 14.3 34.5 
15e 18.7 27.7 
16 24.8 35.3 
18 8.6 17.4 
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Table 2. Analgesic activity of several compounds 

as compound with Voltarene® in mice 
Analgesic activity after Compound 

No. 10 min 30 min 60 min 
Voltarene® 1 1 1 
4 0.85 0.87 0.91 
7 0.54 0.57 0.62 
9 0.95 1.03 1.05 
11 0.63 0.65 0.69 
13 0.81 0.83 0.87 
15a 0.34 0.42 0.49 
15d 0.68 0.71 0.75 
15e 0.79 0.80 0.82 
16 0.84 0.87 0.89 
18 0.41 0.45 0.47 
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Abstract: A case control study was carried out to evaluate hypertelorism in genetic syndromes and to start setting 
up standards for orbital parameters among Egyptian children. Head circumference, inner canthal, outer canthal and 
interpupillary distances were measured in 279 children; 49 patients with syndromes involving hypertelorism and 230 
normal control children within the same age group. Controls  were classified into 13 age groups (from1to 13 years) 
and mean values of the measured orbital parameters were estimated for the corresponding thirteen groups.  Normal 
values were presented and compared with other populations and with Egyptian children with syndromes having 
hypertelorism. No significant sex differences were observed in different orbital measurements. Egyptian orbital 
morphometry did not resemble those of African Americans but showed similarities to the Turkish. Craniofacial 
anomalies had the greatest measurements of hypertelorism followed by the miscellaneous syndromes and skeletal 
displasias. The study will acquaint the geneticists on the need to the actual measurement, in relation to age, sex and 
racial standards for accurate diagnosis of syndromes. [Journal of American Science. 2010; 6(10):160-172]. (ISSN: 
1545-1003).  
 
Key words: Hypertelorism, syndromes, canthal distance, interpupillary distance, canthal index, interpupillary index, 

and circumference-interorbital index. 
 
 
 
 
1. Introduction 

The clinical observation of the face 
especially the orbital region remains an essential part 
for the clinical evaluation of phenotypic anomalies, 
which can be either qualitative or quantitative 
anomalies. Qualitative anomalies are relatively easy 
to define as present or absent compared to an “ideal” 
human phenotype. For diagnosis of quantitative 
anomalies as hypertelorism an objective definition of 
an abnormal phenotype requires the knowledge of the 
normal variation of the trait in a population of a given 
ethnic background at a certain age [1]. In many 
circumstances, normal standards for parameters are 
unavailable or, when published data are available, 
they include mostly the Western populations [2]. 

  The normal distance between the orbits 
varies during embryogenesis and after birth in 
accordance with the general craniofacial development 
and increases with age [3]. The word hypertelorism is 
used to describe increased interorbital distance, a 
condition that is etiologically and pathogenically 
heterogeneous. Hypertelorism is not an isolated 
syndrome by itself. It is an anomaly that may occur 
as either part of a syndrome or malformation 
sequence [4]. Three possible pathogenic mechanisms 

lesser wings of the sphenoid, fixing the orbits in fetal 
position or failure of development of the nasal 
capsule, allowing the primitive brain vesicle to 
protrude into the space normally occupied by the 
capsule resulting in morphokinetic arrest in the 
position of the eyes; and disturbance in the 
development of the skull base as in craniosynostosis 
syndromes or in mid-facial malformations [3].   
          Evaluation of the interocular distances in 
clinical practice is based on the measurement of 
interpupillary, inner canthal and outer canthal 
distances; that can be easily compared to normal 
values [5].  

A number of indices as canthal index, 
interpupillary index and circumference-interorbital 
index have also been proposed for greater accuracy 
due to variations in fronto-occipital circumference 
among healthy subjects [6]. 
          Consideration of the position of eyes is 
relevant for the diagnosis of a large number of 
syndromes, permitting adequate preoperative 
evaluation, genetic counseling and treatment [7]. 

 Searching in literature we could not find 
any data related to the normal orbital values among 
Egyptian children. So, we constructed a case  - control 
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study to start the establishment of new standard 
values to evaluate the presence of hypertelorism with 
greater accuracy among Egyptian children and to 
detect their variations in different groups of 
syndromes. 
 
2. Subject and Methods  

A caseـcontrol study was carried out in the 
Research Institute of Ophthalmology including 279 
children divided into two groups; group (I): 49 
patients (26 males and 23 females) having syndromes 
involving hypertelorism; which were selected from 
cases of the Ophthalmogenetic Department in the 
Research Institute of Ophthalmology.  Their ages 
ranged from 6 months to 13 years, with mean age 3.9 
years ±3.6. Group (II):  230 normal control children 
(118 males and 112 females). They were screened by 
ophthalmologists and geneticists to fulfill the 
following criteria; ages from 6 months to 13 years, 
with no history of neurologic disease, developmental 
disability, oculofacial trauma, craniofacial congenital 
anomaly, strabismus, and clinically manifest 
telecanthus or epicanthus. Children in the two groups 
had matched age and sex distribution. After informed 
consent had been obtained, patients with syndromes 
were subjected to thorough clinical genetic evaluation 
and laboratory investigations, to reach an accurate 
diagnosis. They were classified according to 
diagnosis into 5 sub-groups; group (1): chromosomal 
aberrations (14 cases), group (2): metabolic disorders 
(5cases), group (3): skeletal displasias (9cases), group 
(4): craniofacial anomalies (11cases), and group (5): 
miscellaneous syndromes (10 cases).  Measurements 
were performed by two expert ophthalmologists. 
After practicing and standardizing the technique, the 
inner and outer canthal distances, fronto-occipital 
circumferences, as well as interpupillary distance 
were measured for the two groups. The inner and 
outer canthal distances were measured using a sliding 
caliper graduated in millimeters. The inner canthal 
dimension (ICD) was measured from the medial 
angle of   the palpebral fissure, and the outer canthal 
dimension (OCD) was measured from the outer edge 
of the bony orbit [8]. While viewing the patient 
laterally Maximal fronto-occipital circumference was 
obtained by placing the tape just on the occipital 
prominence and the supraorbital ridges. In cases of 
braids of girls, the tape was placed against the skin 
and not over the lumps of hair. With the examiner 
and child appropriately positioned, and the child’s 
head was at the same level of the examiner’s head 
and well illuminated. The millimeter ruler was held 
tightly against the forehead, rest directly above the 
child's eyes. The examiner closed his right eye first 
and used a pen light beneath his open eye (left eye), 
the child will look to the examiner's pen light beneath 

his open left eye.  The zero mark on the ruler was 
placed at the position of the subject's right eye 
corneal reflex. Then the examiner closed his left eye 
and used the pen light held beneath his open right 
eye, the child will look to the examiner's pen light 
beneath his open right eye, while still maintaining the 
zero mark on the ruler corresponding to the subject's 
right eye corneal reflex, the examiner sighted with his 
open right eye the point of the ruler that corresponds 
to the subject's left eye corneal reflex, this 
measurement corresponds to the far interpupillary 
distance (IPD) [9].  

Statistical analysis: The children were 
divided into 1-year age groups and data were 
analyzed using the SPSS statistical packages.  Mean 
values and age specific percentiles for IP, IC and OC 
distances were calculated in males & females. The 
estimated percentile values were exported to 
Microsoft Excel spreadsheets and percentile graphs 
were constructed for the age group 1-13 years. Log-
trend lines were applied to smooth raw percentiles, 
promote symmetry and render variability more nearly 
homogenous across ages. Canthal, interpupillary and 
circumference - interorbital indices in different age 
groups of normal children ( group II) were also 
calculated from the measurements as the following: 
The canthal index (100 × inner canthal distance in 
centimeters/outer canthal distance in centimeters), the 
interpupillary index (100× interpupillary distance/ 
fronto- occipital circumference) and circumference-
interorbital index (100 × inner canthal distance in 
centimeters/ fronto-occipital circumference in 
centimeters. 
      Sex differences of interpupillary, inner canthal 
and outer canthal distances; and of canthal, 
interpupillary and circumference- interorbital indices 
were compared by Student's t-test.     Our results were 
also compared with two similar studies on Turkish 
children and African American children by Student's 
t-test.  Finally the mean interorbital values of children 
with different groups of genetic syndromes were 
compared with each others on the percentile graphs 
of normal values.  
 
3. Results  

The mean and standard deviation of 
interpupillary, inner canthal and outer canthal 
distances in different age groups of normal Egyptian 
children (control group) were shown in Table (1).  
The IPD and OCD increased with age but the rate of 
increase start to decline from the age of 4 years; 
however the ICD was relatively stable from 8 to 13 
years. There were no statistically significant 
differences in the inner canthal and interpupillary 
distances between both Egyptian boys and girls for 
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the same mean age (P values were > 0.05).  Outer canthal distances showed also no significant  
 
 
Table [1]:  Mean and SD of interpupillary, inner canthal and outer canthal distances in different age groups 
of normal Egyptian children. 
 

  IPD (mm)  ICD (mm)  OCD (mm)  

Age (years) no Mean SD Mean SD Mean SD 

1 15 44.07 3.67 26.60 1.84 73.47 2.59 

2 17 46.12 2.23 27.94 2.77 75.82 2.27 

3 16 49.06 3.00 27.88 3.79 77.19 2.43 

4 15 51.87 3.09 27.93 3.10 79.57 5.05 

5 22 52.89 2.31 28.05 1.89 80.14 4.82 

6 25 53.36 3.12 28.70 2.50 81.36 3.85 

7 16 53.00 1.86 29.00 1.83 82.13 3.32 

8 20 53.70 2.69 30.30 1.30 83.15 3.73 

9 19 55.68 2.13 29.21 1.13 85.84 5.80 

10 19 56.11 3.05 29.37 1.34 85.42 4.06 

11 13 57.69 3.09 30.62 0.96 85.62 5.25 

12 16 58.25 1.65 30.00 1.10 89.44 4.18 

13 17 58.41 3.59 30.12 2.32 88.76 3.38 

 IPD= interpupillary distance 
 ICD= inner canthal distance 
 OCD=outer canthal distance  

 
differences between boys and girls except at the age 
of 13 years there was increased distances among girls 
(P = 0.042) as shown in Table (2). Canthal, 
interpupillary and circumference - interorbital   
indices in different age groups of normal Egyptian 
children were shown in Table (3). There were no 
statistically significant sex differences of canthal, 
interpupillary and circumference- interorbital indices                              
(P values were > 0.05) as shown in Tables (4). 
Comparing our measurements with two similar 
studies on Turkish children [10] and African 
American children [11], the mean inner canthal and 
outer canthal distances in both males and females 
were similar to that of the Turkish children ( P values 
were >0.05). The interpupillary distances showed 
similarity in female children but male children 
showed different measurements especially at the ages 
of (7, 8, 10, 12 and 13 years old). P values were 

<0.01, <0.01, <0.05, <0.01 and <0.05 respectively. 
However, African Americans have statistically 
significant wider inner canthal distances than  
 
Egyptian children (P values were <0.05), but they 
have smaller outer canthal measurements in both 
male and female children.   

Percentile normal values of the measured 
distances were calculated to aid in syndrome 
diagnosis. The percentile values of interpupillary, 
inner canthal and outer canthal distances in normal 
Egyptian children were graphed in fig. 1, 2 and 3 
respectively. 

Each group of patients with syndromes 
involving hypertelorism was sub-classified according 
to age into 1-year age subgroups and compared with 
the percentile normal values.  Table (5) and fig. 4 
showed the significant deviation of the mean orbital 
measurements in patients with syndromes from 
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normal values at different age groups. Most of the 
interorbital measurements in the patients lie above 
the 90th percentile. Craniofacial anomalies had         

the greatest measurements of hypertelorism followed 
by the miscellaneous syndromes and skeletal 
displasias. The measurements of the ICD in the  

 
Table [2]: Sex differences of interpupillary, inner canthal and ocanthal distances (mean) ± SD of normal 
Egyptian boys and girls. 

Interpupillary distance 
 Female subjects Male subjects   

p value  Mean ±SD  no Mean ± SD  no  Age(yrs.)  
0.247 45.13±3.04 8 42.86±4.18  7 1 
0.701 46.30±1.63 10 45.86±3.02  7 2 
0.157 48.11±2.98 9 50.29±2.75  7 3 
0.308 50.83±4.26 6 52.56±2.01  9 4 
0.363 53.27±2.44 13 52.33±2.12  9 5 
0.205 52.45±2.42 11 54.07±3.50  14 6 
0.188 53.63±1.41 8 52.36±2.13  8 7 
0.206 54.33±2.70 12 52.75±2.55  8 8 
0.091 54.90±2.32 10 56.56±1.59  9 9 
0.682 55.71±3.55 7 56.33±2.87  12 10 
0.250 56.40±0.89 5 58.50±3.74  8 11 
0.167 59.00±2.28 6 57.80±1.03  10 12 
0.279 59.57±3.87 7 57.60±3.34  10 13 

Inner canthal distance  
 Female subjects Male subjects    

p value  Mean ±SD  no Mean ± SD no Age (yrs.) 
0.187 26.00±2.27 8 27.29±0.95 7 1 
0.541 28.30±2.75 10 27.43±2.94 7 2 
0.454 27.22±3.87 9 28.71±3.82 7 3 
0.208 26.67±3.08 6 28.78±2.99 9 4 
0.303 27.69±1.65 13 28.56±2.19 9 5 
0.137 29.55±2.30 11 28.04±2.53 14 6 
0.430 28.63±1.19 8 29.38±2.33 8 7 
0.415 30.50±1.45 12 30.00±1.07 8 8 
0.967 29.20±0.92 10 29.22±1.39 9 9 
0.406 29.71±1.38 7 29.17±1.34 12 10 
0.606 30.80±1.10 5 30.50±0.93 8 11 
0.164 30.50±0.84 6 29.70±1.16 10 12 
0.658 30.43±2.51 7 29.90±2.28 10 13 

Outer canthal distance  
 Female subjects Male subjects    

p value  Mean ±SD  no Mean ± SD no  Age(yrs.) 
0.476 73.00±3.16 8 74.00±1.83 7 1 
0.961 75.80±2.53 10 75.86±2.04 7 2 
0.951 77.22±1.72 9 77.14±3.29 7 3 
0.098 76.92±5.57 6 81.33±4.06 9 4 
0.847 80.31±4.61 13 79.89±5.40 9 5 
0.758 81.64±4.39 11 81.14±3.53 14 6 
0.471 82.75±3.65 8 81.50±3.07 8 7 
0.272 83.92±3.90 12 82.00±3.38 8 8 
0.232 84.30±3.76 10 87.56±5.69 9 9 
0.740 85.00±3.37 7 85.67±4.54 12 10 
0.293 83.6±3.58 5 86.88±5.94 8 11 
0.942 89.33±5.35 6 89.50±3.63 10 12 
0.042* 90.71±1.80 7 87.40±3.63 10 13 
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Table [3]: Canthal, interpupillary and circumference - interorbital   indices of normal Egyptian children  

  Canthal index  IP index Circumference-
interorbital index  

Age(years) no Mean SD Mean SD Mean SD 

1 15 36.17 1.55 9.54 1.06 5.74 0.30 

2 17 36.82 3.10 9.61 0.41 5.82 0.56 

3 16 36.12 4.78 9.78 0.70 5.55 0.75 

4 15 35.18 3.78 10.41 0.69 5.61 0.68 

5 22 35.15 3.50 10.67 0.46 5.66 0.47 

6 25 35.34 3.32 10.67 0.61 5.74 0.50 

7 16 35.37 2.67 10.45 0.39 5.72 0.42 

8 20 36.51 2.20 10.42 0.44 5.88 0.30 

9 19 34.21 3.04 10.64 0.25 5.59 0.32 

10 19 34.44 1.99 10.74 0.55 5.62 0.26 

11 13 35.87 2.25 10.93 0.44 5.80 0.19 

12 16 33.60 1.82 10.99 0.26 5.66 0.21 

13 17 34.00 3.17 11.01 0.57 5.68 0.46 



Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 165 

Table [4]: Sex differences of canthal, interpupillary and circumference- interorbital indices in normal 
Egyptian boys and girls 

Canthal index 
 Female subjects Male subjects          

p value  Mean ±SD  no Mean ± SD  no  Age(yrs.)  
0.102 35.56±1.76 8 36.87±0.95 7 1 
0.466 37.29±2.86 10 36.14±3.52 7 2 
0.454 35.29±5.27 9 37.17±4.21 7 3 
0.676 34.65±2.82 6 35.53±4.44 9 4 
0.387 34.59±2.91 13 35.94±4.27 9 5 
0.249 36.22±2.55 11 34.65±3.76 14 6 
0.289 34.64±1.87 8 36.10±3.25 8 7 
0.818 36.42±2.29 12 36.66±2.21 8 8 
0.371 34.82±3.07 10 33.53±3.03 9 9 
0.353 35.01±2.22 7 34.10±1.86 12 10 
0.200 36.91±2.34 5 35.22±2.08 8 11 
0.315 34.21±1.59 6 33.24±1.93 10 12 
0.659 33.57±3.08 7 34.29±3.35 10 13 

Interpupillary index  
 female subjects Male subjects           

p value  Mean ±SD  no Mean ± SD no  Age(yrs.) 
0.291 9.83±1.04 8 9.22±1.08 7 1 
0.653 9.65±0.32 10 9.55±0.54 7 2 
0.107 9.53±0.69 9 10.10±0.62 7 3 
0.796 10.35±0.97 6 10.45±0.51 9 4 
0.423 10.73±0.50 13 10.57±0.42 9 5 
0.130 10.46±0.58 11 10.83±0.61 14 6 
0.712 10.49±0.45 8 10.41±0.34 8 7 
0.859 10.43±0.43 12 10.40±0.50 8 8 
0.199 10.57±0.25 10 10.72±0.23 9 9 
0.557 10.64±0.65 7 10.80±0.50 12 10 
0.303 10.76±0.01 5 11.03±0.55 8 11 
0.144 11.12±0.31 6 10.92±0.20 10 12 
0.565 11.11±0.67 7 10.94±0.52 10 13 

Circumference- interorbital index  
 Female subjects Male subjects           

p value  Mean ±SD  no Mean ± SD no  Age(yrs.) 
0.162 5.64±0.39 8 5.86±0.09 7 1 
0.553 5.89±0.49 10 5.72±0.67 7 2 
0.339 5.39±0.77 9 5.76±0.72 7 3 
0.440 5.44±0.71 6 5.73±0.68 9 4 
0.355 5.58±0.39 13 5.78±0.57 9 5 
0.199 5.89±0.44 11 5.62±0.53 14 6 
0.244 5.60±0.25 8 5.85±0.52 8 7 
0.725 5.86±0.35 12 5.91±0.21 8 8 
0.588 5.63±0.30 10 5.55±0.36 9 9 
0.524 5.68±0.26 7 5.59±0.27 12 10 
0.274 5.88±0.26 5 5.76±0.13 8 11 
0.222 5.74±0.13 6 5.61±0.23 10 12 

0.980 5.68±0.48 7 5.68±0.48 10 13 
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Table [5]:  Deviation of the mean orbital measurements from the normal values; in patients with syndromes 
having hypertelorism 

IPD 

Miscellaneous Craniofacial Skeletal Metabolic Chromosomal Mean Age(yrs) 
  55>90th(n=2)  52.5> 90th(n=6) 44.07 1 
55.5>90th(n=2)   57>90th(n=2)  46.12 2 
  60.5>90th(n=3)   49.06 3 
 66 >90th(n=6) 62>90th(n=2)  61 > 90th(n=3) 51.87 4 
    61.5 > 90th(n=3) 52.89 5 
63.5>90th(n=2)      53.36 6 
   66>90th(n=3)  53.00 7 
67>90th(n=2)     53.70 8 
    67>90th(n=2) 55.68 9 
66.5>90th(n=2) 72> 90th(n=3)    56.11 10 
     57.69 11 
 73.5>90th(n=2)    58.25 12 
67.5> 90th(n=2)  67>90th(n=2)   58.41 13 

ICD 
Miscellaneous Craniofacial Skeletal Metabolic Chromosomal  Mean Age(yrs.) 

  32.5 >90th  30 = 90th 26.60 1 
31>90th   30(75th-90th)  27.94 2 

  30(75th90th)   27.88 3 
 35.5>90th 32>90  31 (75th-90th) 27.93 4 
    31(75th-90th) 28.05 5 

32>90th     28.70 6 
   33>90th  29.00 7 

35>90th     30.30 8 
    32= 90th 29.21 9 

36>90th 39>90th    29.37 10 
     30.62 11 
 40>90th    30.00 12 

35 >90th  33 >90th   30.12 13 

OCD 
Miscellaneous Craniofacial Skeletal Metabolic Chromosomal Mean Age(yrs.) 

  77 >90th  75 >90th 73.47 1 
80>90th   84> 90th  75.82 2 

  91>90th   77.19 3 
 96>90th 92>90th   91>90th 79.57 4 
    92>90th 80.14 5 

95>90th     81.36 6 
   99>90th  82.13 7 

99>90th     83.15 8 
    102>90th 85.84 9 

97>90th 105>90th    85.42 10 
     85.62 11 
 107>90th    89.44 12 

100>90th  101>90th   88.76 13 
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Fig. [1]: The Percentile values (log- trend line) of interpupillary distance in normal Egyptian children (control 

group) 
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Fig. [2]: The Percentile values (Log trend line) of inner canthal distances in normal Egyptian children 

(control group) 
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Fig. [3]: The Percentile values (log trend line) of outer canthal distances in normal Egyptian children (control 

group) 
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Fig. [4]: Deviation of the mean orbital measurements from normal values; in patients with syndromes having  

  hypertelorism  
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chromosomal disorders  lies equal to directly under 
the 90th percentile in all age groups while in the 
metabolic disorders lies under the 90 th percentile in 
young children till the age of 3 years. On the other 
hand, in skeletal displasias the measurements of the 
ICD lies above the 90th percentile till the age of 7 
years then follow the 90th percentile thereafter. 
 
4. Discussion: 

Hypertelorism is a manifestation of a 
complex deformity that affects several skeletal and 
soft- tissue structures and relies on the evaluation of 
certain anthropometric facial measurements [12]. 
Ethnic variation often renders anthropometric 
reference values obtained in one population 
unsuitable for use in others. Racial differences exist 
for certain of globe and orbital position [13]. 
Egyptian society, while appearing on the surface to 
be a homogenous “race” was in actuality internally 
diverse and integrated with the nations around them 
[14]. The argument that Ancient Egypt was African 
deserves to be put, but of course, there was also 
mixing with the Semitic-speaking peoples (the 
Akkadians, Phoenicians and Hyksos, the people of 
Babylonia and Assyria, and later the Arabs) and with 
Europeans [15].  

Once the common measures used by 
scientists (inner canthal distance, outer canthal 
distance, and fronto-occipital circumference) were 
provided, a true appreciation of the degree of 
hypertelorism could be made. In this study, 
normative values for these parameters and for the 
canthal, interpupillary and circumference-interorbital 
indices of Egyptian children were presented. In 
addition, the relationship between these craniofacial 
dimensions and advancing age was explored.  
Measurements were age related however the rate of 
increase (from 4 to 13 years) was less in IPD and 
OCD and nearly stable from 8 to 13 years in ICD. 
These was in accordance with Lakshminarayana et al. 
[17]  who demonstrated that interpupillary distance 
increases from birth to 5 years, with negligible 
changes thereafter and Zhang et al. [16] who 
documented that there is only one rush –increase 
stage of ocular development which is before the 8 
years old in children. However Brückner et al. [18] 
showed that the increase of interpupillary distance 
continues until 30 years of age.         

 There were no statistically significant 
differences in the inner canthal and interpupillary 
distances between both Egyptian boys and girls for 
the same mean age (P values were > 0.05). Also outer 
canthal distances showed no significant differences 

between boys and girls except at 13 years there was 
increased distances among girls                        (P 
=0.042). This increase may be related to the small 
sample size. In spite of some authors documented sex 
differences between orbital measurements, [10] 
others did not find statistically significant differences 
between male and female children for the mean age 
[19, 20]. 

The values obtained in our sample of 
Egyptian children were compared with those in 
another two races; Turkish and African American 
children. The mean inner canthal and outer canthal 
distances in both males and females were similar to 
that of the Turkish children. The interpupillary 
distances showed similarity with female children but 
male children showed different measurements. In 
spite of that African Americans have wider inner 
canthal distances than Egyptian children they have 
smaller outer canthal measurements. However the 
values for the different populations perhaps should be 
compared with some caution because, whereas we 
obtained the interpupillary dimension by direct 
measurement, others obtained it by manipulation of 
the two intercanthal distances; and photographic 
techniques were also used in other studies.  

In clinical genetics, inner and outer canthal 
measurements are the simplest to use for standard 
clinical workups and patients' values should be 
compared to their own racial norms.   The canthal 
index is useful for consultations by correspondence 
when facial photographs are provided even if no 
measurements are given with clinical examination. 
Because the canthal index is based on the ratio of the 
inner and outer canthal distances, it can be calculated 
from clinical photographs alone regardless of size [3].  

        Because not all wide-set eyes are the same, 
accurate terminology is critical for understanding and 
management. Orbital hypertelorism signifies an 
increased distance between both medial sides and 
lateral sides of orbits. Interorbital hypertelorism 
denotes increased distance between the inner orbital 
walls [21]. Isolated hypertelorism is rare and usually 
occurs in a sporadic form. Apparently dominant and 
recessive cases have been reported. Syndromic 
hypertelorism has many causes as chromosomal 
abnormalities, single gene disorders, developmental 
abnormalities of the skull or brain, and rare 
syndromes of unknown cause [22]. 

The mean values of orbital measurements of 
49 Egyptian patients (26 males and 23 females) with 
different genetic syndromes involving hypertelorism 
were compared with measurements of normal 
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children in the same age groups. Table (5) and fig. 4 
showed that most of the interorbital measurements in 
the chromosomal aberrations, metabolic disorders, 
skeletal displasias, craniofacial anomalies and 
miscellaneous syndromes lie above the 90 th 

percentile. However, the measurements of the ICD in 
the chromosomal disorders lie equal to directly under 
the 90 th percentile in all age groups. Illusory 
hypertelorism may occur with a flat nasal bridge, 
epicanthic folds, exotropia, widely spaced eyebrows, 
narrow palpebral fissures, and dystopia canthorum. 
Two or more of these features enhance the illusion of 
hypertelorism further. In Down syndrome, epicanthic 
folds and low nasal bridge both contribute to the 
illusion of ocular hypertelorism, although 
measurements actually may show normal values [23]. 

 The metabolic disorders curves lied under 
the 90th percentile in young children till the age of 3 
years then they increases with age;  this may be 
related to the progressive course of skull enlargement 
in our examined cases with metabolic disorders 
associated with hypertelorism (3different types of 
mucopolysaccharide disorders). Craniofacial 
anomalies had the greatest measurements of 
hypertelorism followed by the miscellaneous 
syndromes. On the other hand, in skeletal displasias 
the measurements of the ICD lies above the 90 th 
centile till the age of 7 years then follow the 90 th 
percentile thereafter. This work showed that the mean 
interorbital values of certain syndromes could be 
compared to each others using the percentile graphs 
to evaluate the degree of hypertelorism in different 
genetic syndromes and the measurements about      
the eyes and the derived indices should be clinically 
applicable in assessment of the patients with genetic 
syndromes with facial and orbital features.                       

 
 
5. Conclusion 

Examination of a patient with developmental 
anomalies includes examination of the orbital region 
as well as other parts of the face and the body. 
Measurement in a careful manner and comparing the 
values with normal standard measurements specific 
for the patient's race, age and sex would lead to the 
precise analysis of these features with early 
diagnostic evaluation. This would guide molecular 
investigations if available and surgical intervention 
which may be useful in the overall care of the patient 
and his family. 

This study will acquaint the geneticists on 
the need to actually measure the features, rather than 
rely on one impression on physical features in 
diagnosing syndromes and also may help in 
providing standards for specific measurements of 
Egyptian children to diagnose hypertelorism. We 

recommend other studies with larger sample size of 
Egyptian population to obtain more accurate 
estimates as we consider this study as a pilot study 
for further set up of a national project.                                                                                                 
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1. Introduction
Harmonic currents are present in modern electrical 
distribution systems caused from non-linear loads such 
as adjustable speed drives; electronically ballasted 
lighting; and the power supplies of every computer, 
copier, and fax machine and much of the telecom
equipment used in modern offices. The widespread and 
growing of these loads has greatly increased the flow of 
harmonic currents on facility distribution systems and 
has created a number of problems.  These problems 
include overheated transformers, motors, conductors, 
and neutral wires; nuisance breaker trips; voltage 
distortion, which can cause sensitive electronic 
equipment to malfunction or fail; and elevated neutral-
to-ground voltage, which can cause local area networks 
to malfunction.

Single-phase electronic loads generate harmonics at 
all odd multiples of the fundamental, but the most 
dangerous of these are usually the "triplen" harmonics 
that have frequencies multiples of the third harmonic. 
Triplens add together in the neutral on the secondary 
side of a delta-wye transformer and can cause very high 
neutral currents. In conventional transformers, triplen 
harmonics are transferred to the primary (delta) 
winding,   of this transformer is thus spared from having   
causing excessive losses in the transformer [1].

Three-phase loads do not generate triplen harmonics. 
As a result, harmonic problems in industrial facilities 
dominated by three-phase loads will most often result 
from currents flowing at the 5th , 7th, 11th, 17th,  19th ,  
….., etc.  order harmonics. In a three-phase power 
distribution system, the 5th and 7th harmonics are the 
most predominant causes of distortion and heating 
problems. These harmonics will easily cause standard 

distribution transformers to overheat of neutral 
conductors and may burn at the worst severe conditions.

The elimination or attenuation of harmonics can be 
accomplished through a variety of techniques. Active 
filters are good, but are the most expensive and 
complex. Active filters digitally create and control 
reactive power to cancel the harmonics.  An effective, 
basic method to eliminate or attenuate harmonics is 
through the use of phase shifting transformers..  The 
principal is to take harmonics generated from separate 
sources, shift one source of harmonics 180° with respect
to the other and then combine them together; this will 
result in cancellation.  

Many choices are available to mitigate harmonic 
distortion including line reactors, harmonic traps, 12-
pulse rectifiers, 18-pulse rectifiers, and low pass filters. 
Some of these solutions offer guaranteed results and 
have no adverse effect on the power system, while the 
performance of others is largely dependent on system 
conditions. Operation analysis and technical appraisal of 
these solutions are studied [2]. 

2. Sources of Harmonic Distortion  
The characteristic behavior of non-linear loads is that 

they draw a distorted current waveform even though the 
supply voltage is sinusoidal. Most equipment only 
produces odd harmonics. The current distortion, for 
each device, changes due to the consumption of active 
power, background voltage distortion and changes in the 
source impedance.

An overview will be given of the most common types 
of single and three phase non-linear loads for residential 
and industrial use.  



Journal of American Science                                                                                                                 2010;6(10) 

http://www.americanscience.org     editor@americanscience.org174

2. 1.  Single Phase Loads
Electronic equipment, supplied from the low voltage 
power system, rectifies the ac power to dc power for 
internal use at different dc voltage levels.  Such 
equipments consist of:
_ TV’s _ Video recorders.     _ Computers 
_ Printers       _ Micro wave ovens
_ Adjustable speed drives.  _ H.F. fluorescent lighting.     
_ Small UPS’s.   _ etc.

2. 2.  Three Phase Loads
Three phase rectifiers are used for higher power 

applications.  The rectifier can either be controlled or 
non-controlled and can consist of diodes, thyristors or 
transistors. The DC-link consists, in most cases, of a 
capacitor for the lower power applications. For larger 
rectifiers a smoothing inductor and a capacitor are used. 
For controlled transistor rectifiers the DC link consists 
of a capacitor and on the line side an inductor is used.  
The three-phase group is used mainly in industry 
applications and in the power system. Some examples 
are:
_ Adjustable speed drives      _ Large UPS’s         _ Arc 
furnaces                        _ HVDC-links                 
_ Traction, vehicles               _ SVC’s                  

3. Harmonic Consequences
3. 1. Impact of Harmonics on Power Factor 

PF is a measure of the efficiency of utilization of a 
power distribution system.

The PF for a system powering only linear loads is 
called the displacement power factor (DPF).  Today, 
many electrical systems have harmonic currents on their 
lines. Harmonics are caused by non-linear or pulsed 
loads and their current causes the apparent power to 
exceed the active and reactive powers by a substantial 
amount. The apparent power for a nonlinear load can be 
calculated using the equation: 

 222 DVAQPKVA         

Where P , Q  are the active and reactive powers 

corresponding to the fundamental component where 
DVA the distorted volt ampere that corresponds to the 
other components.

The presence of harmonics increases the apparent 
power that must be delivered, therefore lowering the PF. 
In these situations, the form of power factor present is 
called distortion power factor. In a system consisting of 
both linear and non linear loads the True Power Factor 
(TPF) is a sum of Cosine of both Displacement and 
Distortion Angles.  If harmonic currents are introduced 
into a system, the True PF will always be lower than the
displacement PF. 

3. 2. Impact of Harmonics on Capacitors
Harmonic component affects the performance of a 

capacitor unit significantly due to diminishing reactance 
at higher frequencies, which adds to its loading 
substantially and can be analyzed as follows:

 fcX c 2/1                         fXei c /1.. 
This means that the capacitor will offer a low 

reactance to the higher harmonics and will tend to 
magnify the harmonic effect due to higher harmonic 
currents. In fact, harmonic currents have a greater 
heating effect compared to fundamental current. The 
effective current caused by all the harmonics present in 
the system can be expressed as:

 222
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Where, Ic = rated current of the capacitor
Ich3 ,  Ich5 , Ich7  etc. = amplitude of the harmonic 
current components at different orders.

Over current resulting to an over voltage across the 
capacitor units, which would inflict greater dielectric 
stress on capacitor elements.Since the harmonic 
disorders occur at higher frequencies than the 
fundamental, they cause higher dielectric losses.

1000

**2**3

*1000

2*3

1000

**3

2 cfV
KVAR

Xc

V
KVAR

Xc

V
Ic

IcV
KVAR










In general:

KVAR h is proportional to hh FV ..2 ,     
   h=1,3,5,….,k

The rating of the capacitor unit will thus vary in a 
square proportion of the effective harmonic voltage and 
in direct proportion to the harmonic frequency. Thus, 
the output KVAR  of the capacitor unit at harmonic 
existence, is the kvar corresponding to the fundamental 
in addition to the KVAR s corresponding to the other 

harmonic orders. Since the KVAR  due to the 
fundamental is the only component that contributes in 
P.F correction of the system, the latter KVAR s 
components don't contribute in P.F correction, but only 
causes overloading to the capacitor unit.
3. 3.   Motor Heating

For frequencies higher than fundamental, three-phase 
induction motors can be approximated by 
positive/negative shunt impedances,

jKXRZ windingk 
Where Rwinding is the motor winding resistance, K  is 

the harmonic order and X is the fundamental frequency 
reactance (typically 0.20 pu on motor base).  The 
harmonic voltages can create additional rotor winding 
currents and increase the I 2Rwinding losses in three-phase 
motors by several percent.
3. 4.  Overloaded Neutral Conductors

In a three-phase, four-wire system, positive and 
negative sequence components sum to zero at the neutral 

(2)

(3)

(4)

(1)

(5)
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point, but zero sequence components are purely additive 
in the neutral.
Power system engineers are accustomed to the traditional 
rule that “balanced three-phase systems have no neutral 
currents.” However, this rule is not true when zero 
sequence harmonics (i.e., primarily the 3rd harmonic) are 
present. In commercial buildings with large numbers of 
PC loads, the rms neutral current can actually exceed rms 
phase currents.

٤. Harmonic Active Power Flow [3]
This section shows the principles of harmonic active 

power flow in radial low and medium voltage 
distribution systems. The main emphasis is on the 
interaction between loads and the power system.  The 
interaction is due to the change in source impedance 
caused by harmonic filters or capacitor banks and a mix 
of single and three phase non-linear and linear loads.

The active harmonic power flow in a certain point in a 
power system, with non-linear loads, does not represent 
the actual flow to the loads in the downstream system. 
The harmonic active power is partly or completely 
included in the fundamental active power, depending of 
the mix of loads.

The voltage and the current distortion cause additional 
losses in power system components and in linear loads. 
The flow of the harmonic active power components 
supplying these losses, between different parts of the 
power system or different loads, depends on the 
configuration of the system and the mix of loads. This 
power flow, at a certain point, can be positive (towards 
the load), negative (from the load) and sometimes it is 
not seen at all.

4. 1.  General Characteristics: Active Power and Losses
The current distortion causes increased losses in 

power system components. For each harmonic, n, the 
losses can be written as:

2
)()()( . nnn IRP            

With R (n) the resistance for harmonic, n.
 The total increase of the losses in a system is the sum 
of the losses, at each harmonic, for all components and 
loads.

At a certain point in the power system the 
instantaneous power flow, including fundamental and 
harmonic flow, is the time derivative of the exchange of 
energy between the electrical systems, or between an 
electrical system and a mechanical system:

dt

tdW
tp tot

)(
)( 

The active power is the average over one cycle of the 
instantaneous power flow.  Expressed in voltages and 
currents Fourier components the total active power, the 
instantaneous power averaged over the time T, is
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The active power flow to a non-linear load consists in 
most cases of fundamental flow and harmonic flow; i.e. 
the harmonic parts result in additional losses in the 
feeding power system.    The fundamental active power 
to a non-linear load, can be obtained from equation (8) 
as fellow:
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Linear loads, contrary to non-linear loads, only 
consume fundamental active power, while non linear 
loads consume fundamental active power and harmonic 
powers.

٥. Interaction Load System 
Consider a non-linear load taking a (nth harmonic) 

current I(n) from an otherwise non-distorted supply. The 
source impedance at the equipment terminals for 
harmonic n is:

)()()( nnn jXRZ 
The losses in the system due to harmonic n are equal to:

2
)()()( . nnn IRP 

The total losses due to harmonic distortion are the 
sum of the losses due to the individual harmonics. The 
harmonic voltage distortion due to the current distortion 
is equal to the voltage drop over the source impedance:

2
)()()()( ).( nnnn IjXRU 

The apparent load power at harmonic n is:
2

)()()()()()( ).(. nnnnnn IjXRIUS 
The active power is the real part of the apparent power, 
so that

2
)()()( . nnn IRP 

This is equal to the harmonic losses in the system.  
When the active power is measured somewhere in the 
system, i.e. not at the terminals of the non-linear load, 
the harmonic active power measured is equal to the 
losses upstream of the measurement location. Let       

)()()( nnupn upup jXRZ      

be the source impedance at the measurement location, 
for harmonic n, and

)()()( nnn DownDownDown jXRZ 
The impedance between the load and the 

measurement location, for harmonic n. Similarly as 
before it can be shown that the active power flow 
measured is equal to:

2
)()()( . nnn IRP UpUp 

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)
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The total additional losses due to the nonlinear load are 
however:

2
)()()( ).( nDownnUpn IRRP 

So, the losses downstream of the measurement 
location are not included in the harmonic active power 
measurement. Thus, it is only the exchange of the
harmonic power between the two systems that is 
monitored.

6.  Harmonic Effect on Transformers and K-Factor
Solution [4] 

Losses in transformers are due to stray magnetic 
losses in the core, and eddy current and resistive losses
in the windings. Of these, eddy current losses are of 
most concern when harmonics are present, because they 
increase approximately with the square of the 
frequency.   The total eddy current loss Pt is given by:  

2

1

2
max

hIPP
hh

h

hft 




            

Where: Pf is the eddy current loss at the fundamental 
frequency f.

Ih is the fraction of total rms load current at 
harmonic number h.

Two solutions are considered in designing such 
transformers to cope with the increased eddy current 
loss: 

 (a) K-Factor Transformers: Calculate the factor
increase in eddy current loss "K-Factor" and specify a 
transformer designed to cope from the standard range 
from the present industry literature of K-1, K-4, K-9, K-
13, K-20, K-30, K-40 K-50. In theory, a transformer 
could be designed for other K-factor ratings in-between 
those values, as well as for higher values. 

The K-Factor rating assigned to a transformer,  is an 
index of the transformer's ability to supply harmonic 
content in its load current while remaining within its 
operating temperature limits. The commonly referenced 
ratings calculated according to ANSI/IEEE C57.110-
1986 are as follows: 
K-1: This is the rating of any conventional transformer 
that has been designed to handle only the heating effects 
of eddy currents and other losses resulting from 50 
Hertz, sine-wave current loading on the transformer.
   
K-4:  A transformer with this rating has been designed 
to supply rated KVA, without overheating, to a load 
made-up of 100% of the normal 50 Hertz, sine-wave, 
fundamental current plus: 16% of the fundamental as 3rd

harmonic current; 10% of the fundamental as 5th; 7% of 
the fundamental as 7th; 5.5% of the fundamental as 9th; 
and smaller percentages through the 25th harmonic. The 
"4" indicates its ability to accommodate four times the 
eddy current losses of a K-1 transformer.

K-9:   A K-9 transformer can accommodate 163% of the 
harmonic loading of a K-4 rated transformer.

K-13:   A K-13 transformer can accommodate 200% of 
the harmonic loading of a K-4 rated transformer.

K-20, K-30, K-40, and K-40: The higher number of 
each of these K-factor ratings indicates ability to handle 
successively larger amounts of harmonic load content 
without overheating.
  
(b) Factor-K [5]:  Estimate how much a standard 
transformer should be de-rated "Factor-K" so that the 
total loss on harmonic load does not exceed the 
fundamental design loss.  Derating is a mean of 
determining the maximum load that may be safely 
placed on a transformer that supplies harmonic loads.   
The factor K is given by:
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Where e is the eddy current loss at the fundamental 
frequency divided by the loss due to a dc current equal 
to the RMS value of the sinusoidal current, n is the 
harmonic order and I is the rms value of the sinusoidal 
current including all harmonics given by:
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In is the magnitude of the nth harmonic, I1 is the 
magnitude of the fundamental current and  q a constant 
that is dependent on the type of winding and frequency. 
Typical values are 1.7 for transformers with round or 
rectangular cross section conductors in both windings 
and 1.5 for those with foil low voltage windings.

7. Harmonic Mitigation and Cancellation  

Different strategies are offered for harmonic 
mitigation to meet the standard regulation limits.   No 
uniform harmonic mitigation standard exists for the 
busses inside a plant; the appropriate technology is that 
meets the needs of the client. A cost-benefit analysis 
shows that inductors are the first best choice. The 
following are the more popular technologies to 
eliminate harmonics or mitigate its effects

7.1 Harmonic cancelation
7. 1.1.  6-Pulse rectifier 

The 6-pulse rectifier circuit is adopted in most AC 
drives because of its simple and low cost structure. 
However, at full load conditions, the input current THD 
can exceed 100% with no DC link reactor (DCL) and 

with no harmonic filter with the 5th, 7th and 11
th   

harmonics. The input current THD can be reduced to 

(18)

(19) (20)

(21)
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about 40% at full load conditions when using DCL. The 
harmonic currents can be further reduced to about 25%. 
Practically, there are limitations in reducing the THD 
below 30 % due to increasing AC reactor size and line 
voltage drop. 

7.1. 2. 12-Pulse rectifier solution

       The 12-pulse rectifier solution consists of two 6-
pulse diode bridges combined with a multi-phase 
transformer. The output of two diode bridge rectifiers 
can be connected in parallel through a DC link choke.
The multi-phase transformer can be an autotransformer 
or an isolated transformer with 30o displacement to 
provide two three-phase voltage sources that cancel the 

5th and 7
th

 harmonics. The 11th and 13th harmonics are 
the dominant components in the input current
waveform. And the input current THD of about 10% 
can be achieved. 

7.1. 3.  18-Pulse rectifier solution
The 18-pulse rectifier topology consists of a multi-

phase transformer and three 6-pulse diode bridges, the 
output of which is connected in parallel through a DC 
link choke. In the theoretical 18-pulse system, the three 
phase-shifted voltage sources connected to the three 6-

diode bridges will cancel the 5th , 7th ,11th ,and 13th

harmonics and the  remaining dominant harmonic 

components are the 17th and 19th. The multi-phase 
transformer can be an autotransformer or a phase-
shifting isolation transformer with 20o displacement 
used to provide three three-phase voltage sources that 

cancel the 5th , 7th , 11th , and 13th harmonics. In 
many cases, a phase-shifting autotransformer is a 
practical approach when considering the size and cost. 
If additional input AC reactors are combined with the 
18-pulse rectifier, the input current THD is about 5%; 
This 18-pulse rectifier solution complies with IEEE-
519-1992 standard at the equipment level.

٧٫٢ . Harmonic mitigation
Phase shifting involves separating the electrical supply 
into two or more outputs; each output being phase 
shifted with respect to each other with an appropriate 
angle for the harmonic pairs to be eliminated. The 
concept is to displace the harmonic current pairs in 
order to bring each to a 180° phase shift so that they 
cancel each other out. Positive-sequence currents will 
act against negative-sequence currents, whereas zero-
sequence currents act against each other in a three-phase 
system. Triplen harmonics are zero-sequence vectors; 
5th, 11th and 17th harmonics are negative-sequence 
vectors, and 7th, 13th and 19th harmonics are positive-
sequence vectors [6].
7.2.1. Mitigating the +ve Sequence Harmonics 

Consider the 7th Order, for the current wave pairs shown 
in Figure 1 – from two similar loads a and b - each half 

wave occupy 180o/7 = 26o.  Superimposing phase shift 
30o between the two currents will lead to mitigating the 
7th Order harmonic. The same result can be obtained for 
phase shift n*30o, where n is an odd number.

Consider the 13th Order, for the current wave pairs, 
each half wave occupy 180o/13 = 14o.  Superimposing 
phase shift 15o between the two currents will lead to 
mitigating the 13th Order harmonic.   The same result 
can be obtained for phase shift n*15o, where n is an odd 
number.

Figure 1: Mitigation of the 7th harmonics (+ve 
Sequence).

7.2.2. Mitigating the -ve Sequence Harmonics 

Consider the 5th order, for the current wave pairs 
shown in Figure 2 – for two similar loads a and b - each 
half wave occupy 180o/5 = 36o.  Superimposing phase 
shift 30o between the two currents will lead to 
mitigating the 5th Order harmonic. The same result can 
be obtained for phase shift  n*30o , where n is an odd 
number.

Consider the 11th Order, for the current wave pairs, 
each half wave occupy 180o/11 = 16o.  Superimposing 
phase shift 15o between the two currents will lead to 
mitigating the 11th Order harmonic.   The same result 
can be obtained for phase shift  n*15o , where n is an 
odd number.

Figure 2: Mitigation of the 5th harmonics (-ve 
Sequence).

7.2.3. Mitigating The Zero  Sequence (Triplen)  
Harmonics

Consider the 3rd Order, for the current wave pairs shown 
in Figure 3 – from two similar loads a and b - each half 
wave occupy 180o/3 = 60o.  Superimposing phase shift 
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60o between the two currents will lead to cancellation of   
the 3rd Order harmonic. The same result can be obtained 
for phase shift n*60o, where n is an odd number.

Consider the 9th order, for the current wave pairs, each 
half wave occupy 180o/9 = 20o.  Superimposing phase 
shift  60o between the two currents will lead to 
cancellation of  the 9th Order harmonic.   Thus, in 
resulting 600 phase shift will completely cancel the 3rd

and 9th harmonic order.

Figure 3 Cancellation of the  3rd order harmonics  ( 
Zero-Sequence).

7.2.4. Summary of Mitigation / Cancellation for 
Harmonic Orders
From the above illustration, it may be concluded that an 
angular displacement of:
• 60° is required for two three-phase outputs to cancel 
the triplen harmonic currents 
• 30°is required for two three-phase outputs to cancel 
the 5th and 7th harmonic currents.
• 15°is required for two three-phase outputs to cancel 
the 11th and 13th harmonic      currents.
Table 1 addresses the ideal and the practical phase shift 
required for harmonic solutions utilizing phase shifting 
transformers.  The practical values are limited by the 
manufacturing facilities of the phase shifting 
transformers.

Table 1. Phase shifts required for harmonic mitigation 
or cancellation for 1-ph. loads.

Phase Shift Required Harmonic 
Order

Sequ-
ence Ideal Prac-

tical

Solution 
Mode 

3 Zero 60o Or 180o 180o Cancellation
5 -ve 36o 30o Mitigation

7 +ve 26o 30o Mitigation

9 Zero 60o Or 180o 180o Cancellation

11 -ve 16o 15o Mitigation

13 +ve 14o 15o Mitigation

15 Zero 60o Or 180o 180o Cancellation

8.  Phase Shifting Transformers And Harmonic 
Mitigation For 3-Ph. Loads 
        Consider two similar non-linear 3-phase loads L1

and L2 Fed from two transformers having 180o   phase 
shift, the triplen harmonics (3, 9, 15,) will act against 
each other and complete cancellation of zero sequence 
harmonics will occur.  Figure 4 shows the cancellation 
process of the 3rd harmonic.  Also, positive-sequence 
currents will act against each other and negative-
sequence currents will act against each other. Table 2 
shows Phase shifts required for harmonic mitigation or 
cancellation for 3-ph.  nonlinear loads.   

9. Methods Of Addressing   Harmonics With 
Transformers 

    Harmonic Mitigating Transformers (HMTS) 
accomplish harmonic mitigation by providing good 
source impedance through sine wave recombination.  
Transformers may be used to address harmonics 
generated by non-sinusoidal (non-linear) loads by 
combining sine waves within the transformer and at the 
common bus feeding different transformers.  Two or 
more

Figure 4. The cancellation process of the 3rd

harmonic.

transformers of different phase angle shift(s) can be 
used to achieve further combination sine waves 
providing for more harmonic mitigation

9. 1. Combining Sine Wave Theory
The theory of combining sine waves is accomplished 
through two ways:
 By using the inherent phase angle displacement of 

the electrical wave shapes within the transformer 
which are then combined at the nodes or connection 
points, of the windings within the transformer.

 By combining the sine waves at the common bus 
feeding two transformers of different phase shift.
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Table 2 Phase shifts   for harmonic mitigation or 
cancellation for 3-ph. nonlinear loads

Scenario 1 : Cancellation of the Triplen Harmonics
Cancellation of the triplen harmonics (3rd, 9th, 15th…) 
can be achieved if a 60º phase shift is created between 
the two waves shapes, and then combined (Figure 5).
The resultant wave shape of Figure 5 will be referred to 
as wave shape “A” throughout this paper.   The triplen 
harmonics are no longer part of the wave shape.  More 
importantly, none of the energy was removed from the 
wave shape. Rather, the waves were simply combined. 
This is one step where some mistakenly assume the 
triplen harmonics to be circulating in the delta winding 
of a delta-wye transformer.

Scenario 2 : Cancellation of the triplen and 
mitigation of the  5th, 7th, 17th, and 19th Harmonics
The Figure 6 combination is created with two “A” wave 
shapes and a 60º phase shift so the new “B” wave shape 
can be more easily understood.  No harmonic 
cancellation takes place in the (“A”) + (“A”+60º) 
combination.  This applies to harmonic 
mitigation/attenuation via transformers in two ways.

 The “B” wave shape combination (remember, no 
triplen harmonics present) can be obtained through 
tiering delta-wye transformers as is commonly done 
in many commercial and industrial facilities. The 
“B” wave shape is found on the source side of a 
delta-wye transformer that is feeding another delta-
wye transformer downstream 
 that is serving computers, fax machines, and 
other office equipment.

 The delta-zigzag transformer takes the single-
phase, line-to-neutral nonlinear single hump sine 
waves and combines them to get the “B” wave 
shape (Figure 6).   Once again, no energy was 
removed from the wave shape. The sine waves are 
combined to yield a new sine wave in which the 
triplen harmonics are not present.

Scenario 3 : Cancellation of the triplen and  the  5th, 
7th, 17th, and 19th Harmonics
When a 30º phase shift is achieved between an “A” and 
“B” wave shape and the two are combined (see Figure 
7), “cancellation” of the 5th, 7th, 17th, and 19th occurs.  
The 30º phase shift of the “A” wave shape occurs with 
either the standard Delta-Wye transformer or a Wye-
Zigzag transformer. The “B” wave shape occurs with a 
Delta-Zigzag transformer (see Figure 7), which has (0º) 
shift between the primary and secondary.  When the two 
wave shapes “A+30o” and “B” are combined, 
cancellation” of the 5th, 7th, 17th, and 19th occurs. The 
resultant wave at the supply side will include only the 
11th and 13th harmonic orders.

10. Detuned Filters and Harmonics [6]
Adding a reactor to detune the system can modify 

adverse system response to harmonics
        Harmful resonance is generally between the system 
inductance and shunt power factor correction capacitors. 
The reactor must be added between the capacitor and 
the system. One method is to simply put a reactor in 
series with the capacitor to move the system resonance 
without actually tuning the capacitor to create a filter.  
Depending upon the actual system short circuit level, a 
reactor in each phase may be required. The inductor is 
sized to take into consideration the actual capacitor 
bank, size, S . The capacitor reactance, XC, is [7]:

S

V
Xc

2



Harmonic 
Order

Sequence Phase 
Shift 

Solution

3 Zero 60o

180o
Cancellation
Cancellation

5 -ve 30o

180o
Mitigation

Cancellation

7 +ve 30o

180o
Mitigation 

Cancellation

9 Zero 60o

180o
Cancellation 
Cancellation  

11 -ve 15o

180o
Mitigation
 Mitigation

13 +ve 15o

180o
Mitigation 

Cancellation
15 Zero   60o

180o
Cancellation 
Cancellation

17 -ve 30o Mitigation

19 +ve 30o Mitigation

(22)
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Figure 5, Scenario 1    Cancellation” of the triplen harmonics by achieving a 60º phase shift between the two 
wave shapes, and then combining them.

Figure 6, Scenario 2     : Cancellation of the 5th, 7th, 17th, and 19th harmonics by (“A”) + (“A”+60º) combination to 
obtain the“B” wave shape.

Figure 7, Scenario 3    : Cancellation of the 5th, 7th, 17th, and 19th  harmonics by (“A + 30o”) + (“B”) combination.
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And the inductor reactance, X L, is

2n

Xc
X L 

With quality factor, Q,

R

X
Q

L


Where V: Line voltage 
 S: capacitor bank rating 
 n: notch frequency 
 R: resistance of the inductor 
In practice a filter is always tuned below the 
harmonic frequency that it is intended to suppress 
because the power system frequency may change, 
thus causing the harmonic frequency to change 
proportionally, the inductance of the inductor and the 
capacitance of the capacitor may change [8]. Of these 
two, the capacitance changes more because of aging 
and change of temperature due to ambient 
temperature and self heating, the initial tuning may 
be off because of finite size of tuning step.  

11. Case Study
Consider the distribution system [9], under study, 
shown in Figure 8. The distribution system is fed 
from 34.5 KV, 1500 MVAs.c. utility supply.   A 
cluster  of different linear and nonlinear loads are 
connected to the system. The portion of interest for 
harmonic appraisal is  that including the two ‘DC 
System’  similar loads  which are fed from 
transformer T4. Each ‘DC System’ load composes the 
following:

Figure (8) The base case system

loads  which are fed from transformer T4. Each ‘DC 
System’ load composes the following:

 Dc lumped load 100 KW,  
 Dc individual static loads of sum 445 KW,  
 Dc motors 25KW.

Etap-Ssoftware Package was  utilizes to appreciate 
the harmonic problem of the system.  The problem 
was handled through the following three stages :

١١٫١ Base Case :

Table 3 and Table 4 give the harmonic orders and 
THD for the voltage at bus 23 and the current at 
branch bus1-bus23, respectively. 
The results show that the harmonic distortion exceeds 
the permissible limits for both voltage and current.  
The more salient orders are the 5th and the 7th

harmonic orders. The standard values for the current 
distortion correspond to ISC/IFL = 28    for the 
considered DC systems at bus-23.  To satisfy 
standard limits, the 5th and the 7th orders have to be 
mitigated. Phase shifting transformers or passive 
harmonic filters are proposed as shown below.

Table 3: Voltage distortion at bus B23 
Harm. 

Order  h
5 7 11 13 17 19 THD

%age
Dist.

7.2 2.2 2.5 2.6 1.3 1.1 9.24

%age
Std.

3 3 3 3 3 3 5

Table 4: Current distortion at branch bus1-bus23

Harm. 
Order  h

5 7 11 13 17 19 THD

%age
Dist.

21 4 3 2.5 2 1 22.63

%age
Std.

7 7 3.5 3.5 2.5 2.5 8

11.2- Using Phase-Shifting Transformer:
Two phase-shifting transformers with phase shifts 0o 

and 30o are chosen to mitigate the 5th and the 7th

orders. Therefore, a  Delta-Delta and Delta-Wye 
connected transformers are used.  Table 5 and Table 
6   give the harmonic orders and THD for the voltage 
at bus 23 and the current at branch bus1-bus23, 
respectively. The results show that the standard limits 
are satisfied and the harmonic problem has been 
solved. Figure 9 shows the insertion of the two phase 
shifting transformers in the system. 

(23)

(24)
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Table 5: Voltage distortion at bus B23
Harm. 

Order  h
5 7 11 13 17 19 THD

%age
Dist.

0 0 .75 .65 0 0 1.07

%age
Std.

3 3 3 3 3 3 5

Table 6: Current distortion at branch bus1bus23

Harm. 
Order  h

5 7 11 13 17 19 THD

%age
Dist.

0 0 .88 .62 0 0 .96

%age
Std.

7 7 3.5 3.5 2.5 2.5 8

11.3. Using Filter Technique
Two passive filters are considered to cancel the 5th

and the 7th harmonic orders.   
From equations  in Sec. 12,  the values of the two 
filter pareameters are :
n =5 , Vn =.48kv,I=924A, rvak =48.98,Qfactor=40 

n =7, Vn =.48kv,I=924A, rvak =48.98,Qfactor=40
For the 5th order: XL=0.18 Ω , XC= 4.515 Ω
For the 7th order: XL= 0.09 Ω, XC= 4.608 Ω

Table 7 and Table 8 give the harmonic orders and 
THD for the voltage at bus 23 and the current at 
branch bus1-bus23, respectively. The results show 
that the standard limits are satisfied and the harmonic 
problem has been solved. Figure 10 shows the 
insertion of the two harmonic filters in the system.

11. 4. Analysis of Results
Tables (5) – (8) show that the THD of the voltage and 
current are reduced below the IEEE-519 limit after 
using either phase shifting 
transformers or detuned passive filters. THD is a 
measure of the effective value of the harmonic 
components of a distorted waveform, that is, the 
potential heating of the harmonics relative to the 
fundamental.  The K-Factor rating, equation 25, is an 
index of the transformer's ability to withstand 
harmonic content while operating within the 
temperature limits of its insulating system.

Table 7: Voltage distortion at bus B23 
Harm. 

Order  h
5 7 11 13 17 19 THD

%age
Dist.

.05 .01 .65 .55 .13 .23 1.01

%age
Std.

3 3 3 3 3 3 5

Table 8: Current distortion at branch bus1-bus23
Harm. 

Order  h
5 7 11 13 17 19 THD

%age
Dist.

.15 .02 .81 .58 .07 .12 .95

%age
Std.

7 7 3.5 3.5 2.5 2.5 8

 
 2

1
1

2

1
1

2

I
I

I
Ih

K
h

h

h

h










   

From results of Table (4), the K-factor is 1.84 for the 
base case, while K-factors are 1.016    and 1.014 
when using phase shifting transformers or harmonic 
filters, respectively

Figure (9) Insertion of the two phase shifting 
transformers

(25)
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Figure (10) Insertion of the two harmonic filters

12. Conclusions
The harmonic level has a great effect on the 

performance of the system components and 
equipments.  Harmonic map for the distribution 
system is necessary for appreciating system operation 
and upgrade. During the next decade, an increase of 
the nonlinear loads up to 70% is expected. 
Understanding electrical system problems will help in 
implementing appropriate solutions.   
Phase shifting transformers can efficiently mitigate 
harmonic distortion. They are rigid and more 
economically than harmonic filters.  Besides, they are 
secure for resonance problem that may arise in 
passive filter applications. 

Utilizing passive harmonic filters requires 
recurrent analysis, measurements and precautions for 
system reconfiguration or upgrading and load 
changes for save system operation.
Solving harmonic problem is not just for satisfying 
standard regulations, it is an economical business.  It 
decrease the overall power losses on the system, 
improves voltage profile and improves power factor.  
It, also, saves a deferred capacity for both 
transformers and lines and improves the lifetime of 
the system components and equipments.

It was found due to using phase shift and 
filter transformer the voltage distortion at bus 23 is 
reduced from 9.24 to 1.07 and 1.01 and current 
distortion is reduced at branch bus1-bus23 from 
22.63 to .96 and .95.Besides the k-factor of the 
transformer has improved from 1.84 to 1.01.

Finally, careful considerations are necessary when 
studying harmonic problems in any power system 
and on instrumentation requirements for 
measurements. Important issues must be included as 
types of loads, power factor characteristics harmonic 
generating characteristics, frequency response. 

    Characteristics of the supply system, 
power factor correction in the customer facility, and 
harmonic filters in the customer facility. It is 
recommended to proceed a non-sinusoidal tariff 
schemes towards a regulatory tariff system for the 
non-linear loads.  
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Abstract: One of the phenomena observed during strong earthquakes is the pounding of adjacent 
buildings which has been known as the pounding in dynamic of structures science. This pounding 
sometimes can lead to significant pounding forces which ultimately resulted into the destruction of 
adjacent buildings. Various methods for prevention against to the pounding were having been 
proposed. Most simple and practical method to mitigate this damaging force is to provide adequate 
separation distance between adjacent buildings which has become a standard criterion in all structural 
codes. Various dynamic analyses such as time history, spectral response and random vibration method 
have been applied for determining of that separation distance. In the mentioned methods often the 
torsion behavior of buildings due to their inherent asymmetrical forms has been neglected. In this work 
an attempt has been performed to calculate the required separation distance in asymmetric buildings 
via some analytical relations developments using the torsional-lateral behavior. The most important 
factor which previous studies did not consider is the effect of similarity of torsional modes of two 
adjacent building in reducing the necessary separation distance assignment. The random vibration 
method was implemented as the analytic solution method and the effects of various parameters such as 
eccentricity, damping and natural frequency were taken into account in separation distance 
determination and the obtained results were compared to UBC97, IBC 2006 and standard No.2800 of 
Iran structural codes. The results were presented in the form of some graphs. It is important to note 
that throughout the entire of study the linear elastic response analysis was applied.  [Journal of 
American Science. 2010;6(10):184-194]. (ISSN: 1545-1003).  
 
Keywords: Pounding force, Separation distance, Random Vibration Method, Torsional behavior 
 

1. Introduction 
 
        Insufficient distance between adjacent buildings 
would probably result into striking of the buildings 
during strong earthquakes and subsequently create an 
excessive dynamic force called pounding. Pounding is the 
collision of adjacent buildings during an earthquake due 
to insufficient lateral clearance. Pounding has been the 
cause of a number of mid-rise building collapses, most 
notably in the 1985 Mexico City Earthquake (Chen and 
Lui, 2006, Kasai and Maison, 1989). In buildings with a 
torsional-lateral behavior it is necessary to calculate and 
implement proper separation distance between adjacent 
buildings in contrast to the case in which the buildings 
with only have lateral deflections where usually a simply 
predefined linear varied separation distance can be used 
(UBC97, 1997,IBC2006, 2006,2008Iran 2007). In the 
former, a coupled torsional-lateral response is being 
created which may result into the increase or decrease of 
the relative displacement between adjacent buildings. 
After the Loma preita earthquake in 1989, the pounding 
force and the seeking of practical solutions to mitigate 
such a force were being seriously taken into account. In 

order to mitigate the pounding force scientists have 
proposed various methods, the most important being: 
 

1. Creating of a suitable separation distance (the 
placing of two buildings at a calculated distance 
from one another) 

2. Placing of the story of each floor for both 
buildings at same story level 

3. Unifying the response of both structures by 
joining the building via a link beam 

4. Utilizing of Bomber walls 
5. Foreseeing and implementation of sufficient 

lateral resistant elements in order to restrict the 
extent of the relative displacement of the 
structure 

 
It may be deduced that between mentioned methods, the 
first one is in most cases the most economic solution 
method and in this paper we are going to focus on it. The 
separation distance between adjacent buildings is 
calculated on the basis of  a series of variables such as the 
building's mass , story stiffness, damping , height of each 
story, largeness,  earthquake time duration , and the 
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behavior characteristics of the building itself  whether 
shear or lateral-torsional. Standard building code 
specifications provide various methods for the 
estimating/ or calculating of adequate separation 
distance between buildings for example in the UBC97, 
it is specified that the separation distance between two 
buildings should be calculated on the basis of the 
algebraic sum of the non-linear relative displacement of 
the two adjacent buildings . In the IBC2006, it has been 
stated that the sum of squared lateral displacements 
between two adjacent buildings should be used as the 
basis for calculating the required separation distance; 
however when adjacent buildings show tandem 
vibration characteristics the calculated separation 
distance would provide to be excessive in extent. 
According to the Iranian Seismic Resistance Building 
Code, the separation distance between adjacent 
buildings is defined as the five thousandth of the total 
height of each story from base level. This distance must 
be provided from the property line of the building in 
each side. It is also mentioned in the code that this 
distance must be always greater than the calculated 
lateral displacements based on the proper nonlinear 
analysis (2800Iran, 2007).  
Most of previous researches used only lateral mode of 
kinematics of two adjacent building in determination of 
separation distance. None of them considered torsional-
lateral behavior of two adjacent building in their 
separation distance calculations (Ohta, et. al., 2006, 
Mahmoud and Jankowski, 2009, Shehata, 2006, 
Jankowski, 2005, Lopez and Soong, 2009). In this 
paper this effect will be examined.  

 
 

2. Material and Methods  

2.1. The Relative Displacement Function  
 
The relative displacement function of building a in 
comparison to building b is as follows (Chopra, 
2004): 

( ) ( ) ( ) ( ) ( ) ( ) ( )
2 2

b a
b b a a

D Dt u t t u t t                 (1) 

In this equation ( )bu t and ( )au t are the horizontal 
displacement of the center of mass for building a 
and b respectively, whereas ( )b t and ( )a t are the 
amount of the rotational displacement of the center 
of mass for building a and b. also Da and Db are 
the length of building a and b vertical to the 
earthquake direction. 
The displacement Function in time t  as per 
equation (1) can be replaced by  t   instead of 
t thus developing the following equation: 

( ) ( ) ( ) ( ) ( )
2

b
b b a

Dt u t t u t               

( ) ( )
2

a
a

D t                                                      (2) 

,a bu u  in equation (1) and (2) can be found using 
modal Analysis method, thus the equation (1) 
becomes : 

2 2

1 1
( ) ( , ) ( ) ( ) ( , ) ( )

2

b bN N
b

b a bj b a b bj
j j

Dt N j y t N N j y t 
 

       
2 2

1 1

( , ) ( ) ( ) (2 , ) ( )
2

a aN N
a

a a ak a a ak
k k

DN k y t N k y t 
 

        (3) 

( )t    is obtained from (3) by replacing t by 
t  .In relation (3) ( , )b aN j  and ( , )b a bN N j   
are corresponding component of jth lateral and 
torsion degree of freedom in the j mode for 
building b at the level of the roof of  building a 
while ( , )a aN k and (2 , )a aN k are corresponding 
component of jth lateral and torsion degree of 
freedom in the kth mode for building a. 
Furthermore ( )bjy t and ( )ajy t are the normalized 
coordinate of the Jth mode for buildings a and b, 
respectively.   

bN and aN both refer to the number of stories for 
both buildings a and b, respectively. In order to 
determine the relative velocity function, we must 
differentiate the relative displacement function over 
time. 
 
2.2. The Auto- Correlation Function 
 
The auto- correlation function of the relative 
displacement function of adjacent structures is: 

 )()(  ttER                                (4) 
By substituting (1) and (2) in (4) and the rewriting 
of the equation using the modal method, the auto- 
Correlation function can be stated as: 

2 2

1 1

2 2

1 1
2 2

1 1

2

1
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 (5) 
Equation (5) is rewritten as follow for simplicity: 

, , , , , , , ,2

, , , , , , , ,2

, , , , , , , ,2 ,2 ,

,2 ,

b Na b Na b Na b Na Nb b Na a Na b Na a Na

b Na Nb b Na b Na Nb b Na Nb b Na Nb a Na b Na Nb a Na

a Na b Na a Na b Na Nb a Na a Na a Na a Na a Na b Na

a Na b Na Nb

u u u u u u

u u

u u u u u u u

R R R R R

R R R R

R R R R R

R

 

     

  

 



    





    

   

    


,2 , ,2 ,2a Na a Na a Na a NauR R   

(6) 
In above equation for example

, ,a Na a Nau uR  is the cross 

correlation function of displacement building a at 
floor Na and displacement building a at floor Na 
.The auto- correlation function has 16 terms. The 
first term is calculated as follow and other term's 
calculations are similar.  
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, ,
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                                                                (7) 
The relationship between the elements of the 
equation can be restated:  

, ,

2 2

1 1

2 1 1 2 1 2
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                                                                              (8) 
For building b; 

1 2

1 2
1 1
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[ ( , ) ( , ) ( ) ( )]

bj bk

Nb Nb
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r s
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                                                                              (9) 
This becomes significance due to the following:  

[ ( ) ( )]
br bsf f br bsR E f t f t                                    (10) 

In the above equation ( )brf t and ( )bsf t are 
respectively rth and sth of the vector for the 
external force of building b, hence the final form 
for equation (8) would be as below: 

, ,
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1 2 1 2
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(11) 
In this equation the functions 

1( )ajh  and 
1( )bjh  are 

respectively the unit impulse response functions of 
the jth mode of buildings a and b. Other terms in 
relation 8 can be defined through a similar way. In 
order to determine the auto correlation function of 
the relative velocity of systems similar calculations 
can be applied. 
 
3.2. The Power Spectral Density Function (PSD) 
 
The Earthquake Spectral Density Function of the 
relative displacement is the Fourier transition of the 
relative displacement autocorrelation function of 
the adjacent buildings, thus: 

1 ( )
2

iS R e d 





 


                                      (12) 

Therefore by inserting (6) into (12), the equation 
can be rewritten as follows: 
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(13) 
In the above equation, for instance we have: 
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In which by replacing amounts such as 
, ,b Na b Na NbuR  

 

we can obtain: 
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 (15) 
Due to the fact that the vibration mode shape 
remains constant over time, it is possible to replace 
the Integral and summation in (15), thus obtaining: 
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bj bkd h h e e d d                    (16) 

 Using (14) the latest relation becomes:  
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                                                 (17) 
Since the variable 1  and 2  are two independent 
variables, the double integral in eq.17 can be 
replaced by two single integral: 
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(18) 
Now by using the definition of complex frequency 
response functions, the equation (18) can be 
rewritten as follows: 

, ,
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1 1

*

1 1
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        (19) 

The other part of earthquake SPD function and 
cross SPD of the relative displacement of buildings 
a and b are capable of being estimated using the 
abovementioned calculations. In eq.19, 

( )bkH  and ( )bkH 


 are the complex frequency 
response functions (Transference Function) of 
building b in the kth mode and its conjugate, 
respectively is as follows: 

2

1i t
bk bk

bk bk bk

H h e dt
K i C M



 






 
                     (20) 

       


 detftfS i
asarff asar



 
2
1                    (21) 

       


 detftfS i
bsbrff bsbr



 
2
1                    (22) 
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bsar ffS  , in fact, is the intersecting spectral 

density of rth (the vector for the external force of 
building a) and sth (the vector for the external force 
of building b) and  

asbr ffS  is the function of the 
combined rate of the Frequency response of 
building b in the rth mode (the vector for the 
external force of building b) with corresponding 
quantity of building a in the sth t(he vector for the 
external force of building a). Thus from equations 
(23) and (24) the following results are obtained: 

       


  detftfS i
bsarff bsar



 
2
1                (23) 

       


  detftfS i
asbrff asbr



 
2
1               (24) 

The earthquakes spectral density function for the 
relative velocity of the two corners of the adjacent 
buildings can be derived from the direct Fourier 
transform of coupling between the angles of the 
adjacent buildings and calculated as follows:  

1
2

iS R e d 





 


                                      (25) 

4.2. The Mean Square of Relative Displacement 
Function 
 
The Mean square of Relative Displacement 
Function which can be influenced by the relative 
displacement of adjacent buildings is defined as 
follows: 

2 ( )z S d  





                                                 (26) 

By inserting (13) INTO (26) the Mean squared of 
total displacement squares influenced by relative 
displacement is obtained as: 
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      (27) 
 
5.2. Explicit Form of Equation Formulation  
 
The external force imposed upon the structure 
which is itself influenced by the induced 
earthquake excitations is as follows: 
 

..
( ) ( )gf t u t m                                               (28) 

 

In the above equation 2 2[ ] N Nm  and 
..

( )gu t  are the 
mass matrix of the structure and the earthquake's 
acceleration vector respectively. By using above 
formulation, equation (21) becomes: 

1 [ ( ) ( )]
2ar as

i
f f ar g as gS E m u t m u t e d 








        (29) 

Or 
1 [ ( ) ( )]

2ar as

i
f f ar as g gS m m E u t u t e d 








         (30) 

Regards to the definition of the earthquake spectral 
density function in (31) we have: 




  detutuES i
ggg






  )]()([
2
1)(      (31) 

Thus (29) can be stated as:  
)(gasarff SmmS

asar
       (32) 

And by the same way we shall obtain: 
)(gbsbrff SmmS

bsbr
       (33) 

)(gbsarff SmmS
bsar
       (34) 

)(gasbrff SmmS
asbr
       (35) 

In the above equations, arm and bsm are the mass 
of floor rth of building a and the mass of floor sth 
of building b respectively. The equation ( )gS  is 
the earthquake spectral density function. It should 
be noted that in our study the earthquake consider 
as white noise process, within constant PSDF. 
If the results from (33) and (35) are superimposed 
for each of the parameters in the equation of (27) 
and if the occurrence of the earthquake is in the 
form of white noise with a spectral density of 0S , 
thus we will have the following result for the first 
parameter: 
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                                    (36) 

The above equation can replace by a simple 
summation and double summation as follow;  
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*

( ) ( )] }bj bkH H d                                     (37)  
As can be seen in equation (37) the most difficult 
aspect of calculating the relationship is determining 
its mathematical Integral, hence it is necessary to 
simplify the calculations as follows: 
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* *

0( )[ ( ) ( ) ( ) ( )] }bkbj bj bkI S H H H H d     




    (38) 

The equation in parentheses in (38) can be 
rewritten as follows:  
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Thus the above relationship in A can be modified 
to state: 
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(39) 
In the equation above 2

( )bjH  and 2( )bkH  are 

the quantity of the complex frequency response 
function of kth and jth vibration modes of building 
b. Equations ( )bkH  and ( )bjH  are the complex 
frequency response function of kth and jth vibration 

modes of building b and the equations 
*

( )bjH  and 
*

( )bkH  are the conjugate complex frequency 
response function. On the other hand as per the 
definitions provided we have: 

2
jj jM K   

2j j j jC M   
It is worth to note that parameters jC , jM and 

jK are respectively the modal dampening, the 
mass and the stiffness in the jth mode of the 
structure under study. By inserting the 
aforementioned in the complex frequency response 
function of kth and jth vibration modes of building 
b, the following equations are obtained: 

2 2

1
(( ) 2 )bj

bj bj bj bj

H
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2 2

1
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bk bk bk bk

H
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      (41) 

Using the aforementioned relationships and by 
inserting these equations in (39), the following 
equation is redefined as: 

* *

2 2 2 2 2
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( ) ( ) [ ( ) ( )

2 [( ) ( ) 4 ]

bkbj bk bj
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(42) 
The statement in parentheses in (42) can be defined 
as: 

]4)()[()( 22222
bjbjbkbkbkbjN    

(43)  

bj And bj are respectively the angular frequency 
and the coefficient of damping for the jth mode of 
building b; hence it can be stated that the final 
simplified equation would be: 

2
2

2 ( ) ( ) ( )bkbj bk bjA M M N H H         (44) 

The quantity of the complex frequency response 
function of kth and jth vibration modes of building b 
can be obtained from the multiplying of conjugate 
complex frequency response function to complex 
frequency response function, here are: 

2
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  (46) 

Finally by substituting eq.44 to 46 in eq.38 we 
have; 

2 2
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(47) 
The equation under integral in eq.47 can be 
simplified as; 

2 2
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Where the coefficients jkA , jkB , jkC and jkD  are 
obtained from the following equations : 
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In which: 
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Finally the close form of the solution of these 
equations is obtained as below: 
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In order to determine the integral terms in eq.51 the 
following relation is used: 
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(52)  
This leads to: 
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Finally equation (37) reduced to: 
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        (54) 

 
The other terms in the equation (27) can be 
calculated from similar procedure. 
 A method implemented for obtaining of the Mean 
Square function of relative displacement is also 
applied for  determining the elements required for 
the Mean square of relative velocity function; the 
only difference is  that the constant coefficient for 
the equation (50) are : 
 

2 2 2 2
1 2 3 41, ( 4 ), , 0bj bk bk bk bj bj bj bkw w w w               

 
It should be noted that the relation between 
Displacement PSDF and velocity PSDF of an 
arbitrary process z can be stated as: 

2( ) ( )zz
z z

S S        (55) 

 
6.2. The Required Separation Distance and the 
Calculation of the Standard Deviation 
 
Using a Gaussian process, Davenport, showed that 
the Mean and Standard Deviation of the maximum 
values of the system is obtained [11]: 
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      (58) 

 
In this equation 

Z is the relative displacement 
function, 

Z  is the relative velocity function, T is 
the time duration of the random vibrations process 
and   is the Euler constant equal to 0.5772. Using 
these equations, the Mean and Standard deviation 
of the required separation distance of adjacent 
buildings can be determined. 
 
3. Results and Discussions 

A Computer program developed in this study 
(2009) to calculate the mean and standard deviation 
of the separation distance .In order to study the 
effect of various parameters on this distance, some 
building with torsional behavior and with different 
stories, eccentricities and damping ratios have been 
analyzed and the mean and standard deviation of 
their separation distances have been determined. 
The dynamic properties of the buildings are 
summarized in table 1 to 3. The stiffness of 
buildings is selected in such a way that their 
periods are nearly equal to that obtained by 
empirical relations in seismic codes. 
 
3.1. The Effects of the Natural Period 
In order to study the effects of the natural period on 
the separation distance, various buildings with 
different periods have been considered. Building a 
and b have 2,4,6,8,10,12,14,16,18,20 stories so, 10 
different cases have been considered. In figures 1, 
2 and 3, three cases of 10 cases have been shown.  
For example, in figure 1 the building a has 4 stories 
and stories of building b varies from 2 to 20. So, 
the natural period of building a is considered 
constant and that of building b is varing. From 
these graphs it can be seen that as the difference 
between natural periods of both buildings 
increases, the more separation distance between 
them is required. If the natural period of adjacent 
buildings is similar to each other there would be no 
need for separation distance theoretically. 
However, standard building codes require a 
minimum distance for the buildings. 
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Table 1: Dynamic Characteristic of Building a & b with 5% Eccentricity 
 
Number 
of stories Mass 

(ton) 

Building 
Height 
(m) 

Stiffness of story 1 
–x direction 
(KN/mm) 

Stiffness of story 1 
–y direction 
(KN/mm) 

experimental 
Natural period 
(sec) 

Analytical 
Natural period 
(sec) 

Buildin
g length 
(m) 

Building 
wide (m) 

2 454.5 6 380 400 0.2684 0.2692 

9 6 

4 454.5 12 430 450 0.451 0.4507 
6 454.5 18 480 510 0.612 0.6132 
8 454.5 24 520 600 0.759 0.7615 
10 454.5 30 570 680 0.897 0.8950 
12 454.5 36 610 770 1.029 1.0247 
14 454.5 42 640 820 1.155 1.1589 
16 454.5 48 690 880 1.277 1.2703 
18 454.5 54 720 920 1.394 1.394 
20 454.5 60 760 1000 1.509 1.500 
Eccentricity of x-Direction: 0 
Eccentricity of y-Direction: 5% 
 
 
 
 
 
 
 
Table 2: Dynamic Characteristic of Building a & b with 10% Eccentricity 
Number 
of stories 

Mass 
(ton) 

Building 
Height 
(m) 

Stiffness of story 1 
–x direction 
(KN/mm) 

Stiffness of story 1 
–y direction 
(KN/mm) 

experimental 
Natural period 
(sec) 

Analytical 
Natural period 
(sec) 

Buildin
g length 
(m) 

Building 
wide(m) 

2 454.5 6 410 460 0.2684 0.2688 

9 6 

4 454.5 12 470 510 0.451 0.4498 
6 454.5 18 520 560 0.612 0.6171 
8 454.5 24 570 660 0.759 0.7586 
10 454.5 30 620 720 0.897 0.8976 
12 454.5 36 670 770 1.029 1.085 
14 454.5 42 720 820 1.155 1.1541 
16 454.5 48 770 870 1.277 1.2718 
18 454.5 54 800 920 1.394 1.394 
20 454.5 60 850 970 1.509 1.500 
Eccentricity of x-Direction: 0 
Eccentricity of y-Direction: 10% 
 
 
 
 
 
Table 3: Dynamic Characteristic of Building a & b with 20% Eccentricity 
Number 
of stories 

Mass 
(ton) 

Building 
Height 
(m) 

Stiffness of story 1 
–x direction 
(KN/mm) 

Stiffness of story 1 
–y direction 
(KN/mm) 

experimental 
Natural period 
(sec) 

Analytical 
Natural period 
(sec) 

Buildin
g length 
(m) 

Building 
wide(m) 

2 454.5 6 460 520 0.2684 0.2707 

9 6 

4 454.5 12 520 580 0.451 0.4548 
6 454.5 18 590 660 0.612 0.6146 
8 454.5 24 650 750 0.759 0.7579 
10 454.5 30 710 830 0.897 0.8920 
12 454.5 36 760 880 1.029 1.0289 
14 454.5 42 790 960 1.155 1.1540 
16 454.5 48 840 1020 1.277 1.2737 
18 454.5 54 890 1070 1.394 1.3913 
20 454.5 60 940 1130 1.509 1.500 
Eccentricity of x-Direction: 0 
Eccentricity of y-Direction: 20% 
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Fig. 1-Natural Period Effects, Building a 4 story 
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Fig .2-Natural Period Effects, Building a 12 story 
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Fig.3 -Natural Period Effects, Building a 18 story 
 
3.2. The Effects of Eccentricity 
In order to determine the effects of eccentricity (the 
relative distance between center of mass and center 
of rigidity of story) on separation distance of adjacent 
buildings, the 2 cases were studied: 
 
Case 1:  
The eccentricity of building a considered as constant 
and of building b varies as below: 

1) Building a has an eccentricity equal to %5 
and building b has corresponding value of 
%5, %10, and %20. 

2) Building a has an eccentricity of %10 and 
building b has eccentricities equal to %5, 
%10, and %20 respectively. 

3) Building a has an eccentricity of %20 and 
building b has eccentricities of %5, %10, 
and %20 respectively. 

It is worth to note that building a has 8 , 16 and 20 
stories respectively and the number of stories in 
building b varies from 2 to 20 floors. The obtained 
results have been presented in figures 4 to 7. 
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Fig.4 - Case1, Building a 8 story – ECC : 5% , 
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Fig. 5- Case 1, Building a 8 stories -ECC : 10% 
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Fig .6- Case 1, Building a 16 stories- ECC : 5% 
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Eccentricity of both buildings=10% 
 

Eccentricity of both buildings=10% 
 

Eccentricity of both buildings=10% 
 

 Two building has 4 stories and 
similar natural periods 

 Two building has 12 
stories and similar natural 
periods 

 Two building has 18 
stories and similar natural 
periods 

 Two building has 8 stories 
and similar natural periods 
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Fig .7- Case 1, Building a 16 stories- ECC :10% 
 
Case 2: 
In this case the eccentricity of both building is taken 
similar and equal to 5, 10 and 20%. Furthermore, the 
number of stories for building a have fixed and for 
building b is set to be varied from 2 to 20 stories. The 
obtained results have been shown in figures 8 to 10. 
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Fig.8- Case2, Building a 4story 
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Fig.9- Case2, Building a 14 story 
 

0.2 0.4 0.6 0.8 1 1.2 1.4 1.60

10

20

30

40

50

60

70

80

 

 

Se
pa

ra
tio

n 
di

st
an

ce
 (c

m
)

Natural period of building b (sec)

ECC. of building A & B =20%
ECC. of building A & B =10%
ECC. of building A & B =5%

 
 

Fig.10- Case2, Building a 20story 
 
 
From figures 4 to 10 we can obtain that when the 
difference between natural period of building a  and 
b becomes large , the eccentricity would be increased 
and subsequently  lead to increase in required 
separation distance. But if the difference closes to 
zero, the eccentricity would be decreased and cause 
to decrease in the required separation distance value. 
So, we can say that the effect of eccentricity is 
greatly influenced by the natural period factor and its 

role is not important like as the natural period in 
separation distance calculations.   
 
3.3. The Effect of Damping Ratio 
In order to investigate the effect of the damping ratio 
on the separation distance of two adjacent buildings, 
the values of damping coefficients were considered 
as 2%, 5% and 10%. The number of the stories of 
building a assumed to be constant and for building b 
were considered 2, 4, 6, 8, 10, 12, 14, 16, 18 and 20, 
respectively. In order to calculate the separation 
distance, data of Table (2) were used. The results of 
the calculations for a case in which the building a has 
4 and 12 stories are demonstrated in figures (11) to 
(12). 
From figure 11 and 12 it could be found that as the 
damping ratios becomes larger the required 
separation distance in all cases with different 
eccentricities decreases. 
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Fig.11- Effect of damping ratio, Building a 4story – ECC: 10%  
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Fig.12- Effect of damping ratio, Building a 12story – ECC: 10% 
 
3.4. Comparison with Seismic Codes 
In this section, obtained results in previous 
paragraphs calculated based on random vibration 
theory have been compared with corresponding 
values in mentioned code relations. Figures 13 to 15 
have shown this comparison for 4, 12 and 20 stories 
buildings.  
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Fig .13- Building a with 4 story 
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Fig.14- Building a with 12 story 
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Fig .15- Building a with 20 story 
 

From above figures, it can be seen that in all cases 
UBC 97 require much more separation distance than 
the other codes and random vibration theory. 
Furthermore, when the height of the buildings 
becomes large, in most range of natural period, the 
required separation distance calculated by random 
vibration theory is close to Standard 2800 of Iran 
approximately. 
 
4. Conclusions 
In this paper relations for calculating required 
separation distance between torsional adjacent 
buildings have developed using random vibration 
method. Some building has been analyzed and effects 
of various parameters have been investigated. 
Furthermore, the results have been compared with 

seismic codes. The main results are summarized as 
below:  
1. If the difference between natural periods of 

adjacent structures increases the required 
separation distance increases too. It is evident 
that if the natural periods of the two structures 
become equal, i.e all the dynamic 
characteristics of the adjacent buildings are the 
same; the theoretical separation distance 
between the two buildings becomes negligible.  

2. As shown in the Figures 11 and 12 with the 
increase of the damping ratio of the two 
adjacent buildings the required separation 
distance would be reduced. So for retrofitting of 
the coherent buildings, one can use dampers to 
increase damping. This is used as a method in 
order to prevent the pounding of the adjacent 
old buildings  in order to avoid pounding, 
during earthquake 

3. When the difference between natural periods of 
buildings becomes large, any increase of the 
eccentricity will reduce the required separation 
distance between them. It can be justified that 
the torsion mode of the both buildings becomes 
more similar. This case, in fact, is similar to a 
case which two shear buildings have a similar 
natural period and vibration mode.  

4. Fig 13 to 15 shows that the calculated separation 
distances of the UBC97 code in comparison to 
IBC2006, 2800Iran and random vibration 
theory are overestimated.  

5. The random vibration method gives high values 
of separation distance in compared to IBC2006 
while it has no meaningful difference from that 
estimated by 2800Iran.  
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Abstract: The studied area is located between longitudes 30° 06′ 21".37 to 30° 28′ 50".02 East and latitudes 30° 
18′ 02".88 to 30° 31′ 06''.66 North and covers about 142,687 fed. A physiographic analysis using visual 
interpretation on Spot 4 of false colour composite of bands 3,2,1 scale 1:50000 was carried out to delineate the 
different physiographic units of the studied area. Physiographic units were accurate defined by the Digital Elevation 
Model of Wadi El-Natrun area. Thirty four soil profiles and seventy minipits were examined to represent the soils of 
the studied area. The physiographic units were incorporated with soil taxonomic units of sub great group level and 
field data to represent physiographic soil map of the studied area. The soils of the studied area are slightly to 
extremely saline (EC values range from 1.0 to 71.9 dS/m). Soil texture is mostly sandy to sandy clay loam. Soil pH 
values range from 7.2 to 8.0. Organic matter content is very low with a maximum value of 0.3%. The soils are 
classified as Typic Haplocalcids, Vertic Aquisalids, Lithic Aquisalids, Lithic Torriorthents, Typic Torripsamment 
and Typic Torriorthents. The data reveal that current capability of soils is moderately suitable (S2), marginally 
suitable (S3), temporary not suitable (N1) and permanently not suitable (N2). The soils of class S2 form 44.2% of the 
studied area (~ 63066 fed.). It includes one subclass S2x, as the texture is the limiting factor. The soils of class S3 
cover an area of about 69715 fed. (48.9 %) and it contains three subclasses namely S3xn (texture and salinity are the 
limiting factors), S3tx (topography and texture are the limiting factors) and S3txn (topography, texture and salinity 
are the limiting factors). The soils of class N1 form 1.9 % of the studied area (~ 2756 fed.). The soils of class N2 
cover about 5331 fed. (~ 3.8 %). Potential capability reveals that the soils of subclasses S3 xn, S3tx and S3txn could 
be improved to subclass S2 x. Five crops were selected to asses their convenience for cultivation in the studied area: 
wheat, barley, grapes, alfalfa and fodder beet. [Journal of American Science. 2010;6(10):195-206]. (ISSN: 1545-
1003).  
Keywords: Assessment; Soils; Wadi El-Natrun Area; Egypt; GIS Techniques  

 
1. Introduction 

There is no doubt that the ratio between the 
land resources and human resources is the most 
critical problem in Egypt. So agriculture expansion in 
the Western Desert is one of the most vital objectives 
of the Egyptian policy to meet the food security 
requirements of the tremendous increase in 
population. 

The national strategy of Egypt for horizontal 
expansion of agricultural lands until year 2017 aims 
at adding about 4.3 million feddans in different 
regions, depending on land suitability and water 
resources. 

Wadi El-Natrun area could be considered as 
one of the promising areas for agricultural 
development.  Land suitability is essential for the 
studied area in order to provide the planners with the 
necessary information they needed. However, 
sometimes the survey data are difficult to be 
understood by them. When, the variables are 
translated into productivity terms, they become more 
relevant and supporting. Land capability systems are 
the tools to convert the figures and specialized 

expression of soil characteristics into meaningful 
language for decision makers and non specialized 
users.  

Sadek (1993) used Landsat Multispectral 
Scanners (MSS) and Thematic Mapper data for the 
potential for agricultural expansion of the west Nile 
Delta. He found that the land suitability classification 
of west Nile Delta using FAO, 1976, are marginally 
suitable land (S3); these soils include part of  Wadi 
El-Natrun, Wadi El-Ralat, and Wadi El-Fargh terrace 
with limitations due to texture, moisture deficiencies, 
low fertility and physical soil deficiencies. According 
to Ashmawy (2003) and Abdel-Hamid (2008) the 
most effective parameters that influence the 
suitability classification in Wadi El-Natrun area are 
soil texture, topography, salinity and soil depth. 

The combination of remote sensing data 
with geographic information system (GIS) has been 
used in several fields such as land management, 
monitoring soil salinity, etc with very good results 
(Cisse et al., 1984, De Vries, 1985, Abdel-Hamid 
1990 and Abdel-Hamid et al., 1992).    
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The present work aims to evaluate the 
potentiality of the soils of the studied area. Land 
evaluation was performed using adapted system to fit 
the conditions of the area under investigation. Five 
crops were selected to asses their convenience for 
cultivation in the studied area. Suitability maps for 
soil and selected crops are included. 
 
2. Material and Methods  

The area under investigation is located 
between longitudes 30° 06′ 21".37 to 30° 28′ 50".02 
East and latitudes 30° 18′ 02".88 to 30° 31′ 06''.66 
North and covers about 142,687 fed.  (Fig. 1).  Spot 
data (Spot 4) scene acquired on July the 31th 2007, (K 
110 and J 289) and topographic maps of the area have 
been used for the visual interpretation (Zinck 1988) 
and Digital Elevation Model (DEM) (Stein 1998). 
The interpretation was done on a false colour composite of 
bands 3, 2 and 1 scale 1:50,000.  

Thirty four soil profiles and seventy minipits were 
collected and subjected for the following analyses: Particle 
size distribution (Piper, 1950); using the sodium 
hexametaphosphate for dispersion in calcareous soils 
(USSL Staff, 1954), calcium carbonate, electric 
conductivity (ECe) in the soil paste extract, soluble 
cations and anions, soil pH, organic matter content 
(Jackson, 1973); cation exchange capacity and 
exchangeable sodium (Black, 1982). 

The results obtained from the visual 
interpretation and digital elevation model and 
information from field data was incorporated using 
GIS (Fig. 2) in order to produce soil map of the 
studied area.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Fig. (1) Location map of the studied area. 

 
Land suitability techniques were done using 

the rating tables suggested by Sys and Verheye 
(1978); FAO (1976 and 1983) and Sys (1985, 1991) 
according to the equation:  
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Where:  
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Ci = Capability index (%) 
t = Slope (t) 
w = Drainage conditions (w)  
s1 = Texture (x) 
s2 = Soil depth (d) 
s3 = CaCO3 content (k) 
n = Salinity and alkalinity (n) 

 

 

 Five crops were selected to asses their 
convenience for cultivation in the studied area. The 
selected crops are: wheat, barley, grapes, alfalfa and 
fodder beet. Soil characteristics of the different 
mapping units were compared and matched with the 
requirements of each crop. The matching led to the 
current and potential suitability for each land use 
using the parametric approach and land index 
mentioned by Sys et al. (1993). 

 
 
Fig. (2): Flow chart showing various methods used and combination of the results using Geographic  
               Information System (GIS). 

3. Results and Discussion 
The visual interpretation of the spot (spot4) 

data and digital elevation model of topographic maps 
have resulted in a physiographic map of the studied 
area. Incorporating the physiographic units with Soil 
Taxonomy and soil field data using Geographic 
Information System (GIS) resulted in the 
physiographic soil map (Fig., 3 and Table 1). The soil 
characteristics of the mapping units are shown in 
Table (2). 

The studied soils are classified according to 
USDA (2006) as Typic Haplocalcids, Vertic 

Aquisalids, Lithic Aquisalids, Lithic Torriorthents, 
Typic Torripsamment and Typic Torriorthents (Table 
1).  

 
Current land capability:- 

From the agriculture point of view, soils of 
the studied area are considered as promising soils. 
Evaluating their capability is an essential stage for 
future practical use. Current land capability refers to 
the capability for a defined use of land in its present 
condition, without major improvement (FAO, 1976). 
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Fig. (3) Physiographic soil map of the studied area. 

 
 
Table (1) Legend of the physiographic mapping units  

Area 
Landscape Relief Litholiogy Landform Phase Symbol 

fed. % 
Soil classification 

Kind of mapping 
unit 

Summit Convex Mo111 1884 1.3 Rocky area  ____ 
Hogback 

(Mo1) 
Sandstone 
with gravel 

Shoulder Desert pavement Mo112 3192 2.2 Lithic Torriorthents (100%) Consociation 

Undulating Mo211u 19733 13.8 Typic Torriorthents(100%) Consociation 
Backslope 

Gently undulating Mo211g 25471 17.9 
Typic Torripsamments(65%) 

Typic Haplocalcids (35%) 
Association 

Nearly level Mo212n 21677 15.2 
Typic Haplocalcids (85%) 

Typic Torripsamments(15%)  
Consociation 

Almost flat Mo212a 21956 15.4 Typic Haplocalcids (100%) Consociation 

Flat Mo212f 3917 2.7 Typic Torriorthents(100%) Consociation 

Lakes Mo212k 1496 1.0 
____ ____ 

Sabkha Mo212b 902 0.6 Vertic Aquisalids (100 %) Consociation 

Marshes Mo212m 1854 1.3 Lithic Aquisalids(100%) Consociation 

Mountain 
(Mo) 

Low Hills 
(Mo2) 

White 
shallow 
marine 

limestone 
Footslope 

Urban Mo212ur 323 0.3 
____ ____ 

__ Pa111 37193 26.1 Typic Torriorthents(100%) Consociation 

Rock outcrops Pa111r 255 0.2 
____ ____ Plain 

(Pa) 
Alluvial Plain 

(Pa1) 

Sandstone 
with 

limestone 
Tread 

Sand sheet Pa111s 2834 2.0 Typic Torriorthents(100%) Consociation 

Fed. = 4200 m2 

 

The rating values (Sys et al., 1991) were 
calculated to express the capability of land 
characteristics. The rating values and the kind of 

limitations are presented in Table (3). Accordingly, 
the studied area could be classified into four current 
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classes and four sub classes reflect the kind of 
limitations in the studied area Fig. (4a).  

Current class S2 with capability index Ci varies 
between 50.0 and 63.0 %. 
 This class includes the soils which are 
moderately suitable. Only one subclass S2x was 
found in this class. This subclass includes the 
moderately suitable soils which occupies an area of ~ 
63066 fed. (44.2% of the total area). The soils of this 
subclass are affected by moderate limitations. 
Texture is the limiting factor for these soils whereas 
texture is ranging from sand to sandy clay loam 
(Table 2). It includes three mapping units: 

Mo212a (21956 fed.), Mo212f 
(3917 fed.) and Pa111 (37193 
fed.). 

    
Current class S3:  

This class includes the soils which are 
marginally suitable. The soils have moderate 
limitations. It forms about 48.9 % of the studied area 
(69715 fed.). Three subclasses were recognized in 
this class as follows: 

   Subclass S3 xn: It covers  21677 fed. (15.2 % of the 
studied area). It includes the soils of nearly level 
(Mo212n). Texture and salinity are the limiting 
factors for these soils as soil texture is sandy to sandy 
clay loam and EC values vary between4.0 to 9.5 
dS/m (Table 2). 

   Subclass S3 tx: It occupies only 2.0 % of the studied 
area. It is represented by soils of unit Pa111s which 
covered by sand sheet (75 % of surface area).  
Texture and topography are the limiting factors in 
theses soils. The soils are sandy to loamy sand and 
topography is gently undulating. 

   Subclass S3txn: It covers ~ 31.7 % of total studied 
area. It includes two mapping units: Mo212u (19733 
fed.)  and Mo212g  (25471 fed.).  The soils are 
affected by moderate limitations. Slope, texture and 
salinity are the limiting factors for this subclass. The 
soils have gently undulating to undulating surface 
with slope ranges from 4 to 6 %. The soil texture 
ranges from sand to sandy clay loam. These soils are 
moderately to highly saline (EC values range from 
4.5 to 22.5 dS/m). 

 
Table (2): Range of some chemical, physical and fertility characteristics of physiographic units. 

Mapping 
unit 

Texture pH  
ECe 
dS/m 

CaCO3 
% 

Gypsum 
% 

OM 
% 

CEC 
(Cmol / 

kg) 

ESP 
% 

Depth 
cm 

Available 
water % 

Mo111 - - - - - - - - - - 

Mo112 SL 7.7 - 7.9 14.7 – 17.2 3.7–9.3 0.1 - 0.2 0.2 4.0 21.6 - 27.5 25 6.0 – 8.6 

Mo211u LS – SL 7.2 – 7.7 4.5 – 9.5 2.8 – 8.6 0.1 - 0.2 0.1 - 0.2 3.0 – 16.2 10.2 – 14.8 >150 3.6 – 16.9 

Mo211g S – SCL 7.5 – 8.0 7.0 – 22.5 3.1 – 17.3 0.1 0.1 - 0.2 2.5 – 10.4 11.1 – 14.6 >150 3.3 – 11.0 

Mo212n S – SCL 7.4 – 8.0 4.0 – 9.5 2.5 – 31.5 0.1 - 0.2 0.1 - 0.2 3.0 – 16.0 10.0 – 14.7 >150 3.0 – 12.5 

Mo212a LS – SL 7.7 – 8.0 1.5 – 6.9 9.5 – 23.6 0.1 - 0.2 0.1 - 0.2 3.0 – 10.5 6.5 – 14.5 >150 3.5 – 11.0 

Mo212f SL 7.4 – 7.9 3.6 – 8.9 4.3 – 7.6 0.1 0.1 - 0.2 2.6 – 16.1 11.1 – 14.9 >150 4.0 – 15.2 

Mo212k - - - - - - - - - - 

Mo212b C 7.5 – 7.9 40.3 – 66.5 4.3 - 22.5 0.1 - 0.2 1.0 – 3.2 35.7 – 38.2 13.6 – 18.5 45-70 20.0 – 29.8 

Mo212m LS 7.5 – 7.9 34.8 – 71.9 2.0 – 13.5 0.1 0.1 3.7 – 4.3 10.0 – 18.9 40-65 4.0 – 5.1 

Mo212ur - - - - - - - - - - 

Pa111 LS – SL 7.7 – 8.0 3.3 – 9.8 4.5 – 9.8 0.1 - 0.6 0.1 - 0.3 2.6 – 18.0 8.6 - 14.7 >150 3.0 – 17.0 

Pa111r - - - - - - - - - - 

Pa111s S - LS 7.8 – 8.0 1.0 - 6.7 2.5 – 5.3 0.1 - 0.2 0.1 - 0.2 3.0 – 9.8 9.3 – 14.0 >150 3.8 – 10.7 
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Table (3) Rating of limitations and current land capability classes and subclasses of the studied area. 
Soil Characteristics (s) 

Mapping 
unit  

Profile 
No. 

Slope Drainage Texture 
(x) 

Depth 
(d) 

CaCO3 
(k) 

Salinity and 
Alkalinity(n) 

Capability 
Index (CI) 

% 

Class 
 
 

Subclass 
 

Mo111 - -  -  -  - -  -  -  

27 75 50 70 25 90 75 4.4 
Mo112 

28 75 50 70 25 90 80 4.7 

N2 N2 

8 75 100 60 100 100 85 38.3 

9 75 100 70 100 100 90 47.3 

21 75 100 60 100 100 96 43.2 
Mo211u 

29 75 100 60 100 100 90 40.5 

6 80 100 50 100 90 85 30.6 

7 80 100 70 100 100 85 47.6 Mo211g 

20 80 100 50 100 100 96 38.4 

S3 S3txn 

2 90 100 60 100 100 90 48.6 

5 90 100 70 100 90 85 48.2 

24 90 100 50 100 90 96 38.9 

26 90 100 50 100 90 90 36.5 

Mo212n 

31 90 100 60 100 90 90 43.7 

S3 S3xn 

19 95 100 70 100 90 96 57.5 

25 95 100 65 100 90 90 50.0 

30 95 100 70 100 90 90 53.9 
Mo212a 

34 95 100 70 100 90 96 57.5 

22 100 100 70 100 90 90 56.7 
Mo212f 

23 100 100 70 100 100 90 63.0 

S2 S2x 

4 100 40 75 60 100 50 9.0 

12 100 40 75 60 100 30 5.4 Mo212b 

17 100 40 75 60 90 30 4.9 

3 100 50 60 60 100 50 9.0 
Mo212m 

13 100 50 60 60 100 50 9.0 

N1 N1 

1 95 100 70 100 100 90 59.9 

10 95 100 70 100 100 90 59.9 

11 95 100 60 100 100 90 51.3 

15 95 100 70 100 100 90 59.9 

Pa111 

32 95 100 70 100 100 90 59.9 

S2 S2x 

14 80 100 60 100 100 90 43.2 

16 80 100 60 100 100 90 43.2 Pa111s 

18 80 100 60 100 100 96 46.1 

S3 S3tx 
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Fig. (4a) Current land capability map of the studied area. 

 
 

 
Fig. (4b) Potential land capability map of the studied area. 

 
Class N1: 

The soils have very severe limitations. 
Depth, salinity, drainage and texture are the limiting 
factors for these soils.  This class covers only ~ 1.9 % 
of the studied area. The capability index Ci is < 25 %. 
It includes two mapping units which are Mo212b and 
Mo212m. 

 
Class N2: 

The soils of this class have very severe 
limitations which can not be corrected.  The 
capability index Ci is < 25 %. This class covers an 
area of about 5331 fed.  (~ 3.8 % of the studied area). 
The soil is not suitable for agriculture as it is rocky  

 
land. It includes three mapping units which are 
Mo111, Mo112 and Pa111r. 
 
Potential land capability  

Potential capability refers to the capability of 
units for a defined use, after specified major 
improvements have been completed where necessary 
(FAO, 1976). 
In the study area the major improvements needed to 
overcome the current (present) limitations are: 

1) Leaching of salinity (up to EC < 6 dS/m). 
     The leaching requirements for reclamation 

(LRR) to maintain soil salinity at a minimum level (< 6 
dS/m) are calculating using the equation proposed by 
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Hoffman (1980). The (LRR) values for coarse texture 
soils are 1575 m3/fed for soils with EC 22.5 dS/m  

1.0
ECo

ECs
*

Ds

Di
=  

Where: Di = Depth of required water irrigation, 
              Ds=Depth of soil,  
              ECs= salinity of soils after leaching and  
              ECo=salinity of soils before leaching  

2) Construction of good drainage systems. 
3) Leveling of undulating surface (up to slope < 
4%).  
In addition to recommended irrigation systems 

in coarse texture areas (drip and sprinkler), that save 
water and prevent rise of ground water table. 

By applying these improvements the potential 
capability classes of the studied area are developed as 
S2, N1 and N2 (Fig.4b). 

  Potential subclass S2x: It covers an area of about 
132781 fed. (about 93.1 % of the studied area). It 
includes the four subclasses in current land 
capability: S2x (44.2%), S3 xn (15.2 %), S3 tx (2.0 %) 
and S3txn (31.7%).  

These current subclasses could be improved 
by leaching salinity in S3 xn and S3txn and by 
leveling the slightly undulating in S3txn and S3 tx. 
Texture is still the limiting factor for these soils. 
 

Land suitability for specific crops: 

Five crops already cultivated in the studied area 
were selected to asses their convenience for 
cultivation in the studied area. The selected crops can 
be grouped into three categories as follows: 

1. Field crops: wheat and barley. 
2. Fruit crops: grapes. 
3. Fodder crops: alfalfa and fodder 

beet.  
Soil characteristics of the different mapping units 

were compared and matched with the crop 
requirements of each land use type (crops). The 
matching led to the current and potential suitability 
(Table 4) for each crop using the parametric approach 
and land index as mentioned by Sys et al. (1993). 

The current and potential suitability maps of the 
selected crops are shown in Table (4) and Figs. (5a, 
b, 6a, b and 7a, b – 7b).  

Current suitability:  

1- Soils of Backslope: 
It covers about 31.7% of the studied area 

and includes two physiographic mapping units 
Mo212u (19733 fed.) and Mo212g (25471 fed.). 
These soils are saline, and sandy to sandy clay loam.  

The slope ranges from 4 to 6 %. The soils are (S3) in 
its current conditions for most selected crops except 
for grapes the soils of Mo212u are (S2).  
 
2- Soils of footslope:  

The soils are nearly level to flat with slope 
less than 2 %. It includes five mapping units. The 
degree of suitability differs according to the land use 
type (crop) requirements as follows: 
a) Soils of Mo212n (nearly level)  
Moderately suitable (S2) for grapes.                     
Marginally suitable (S3) for wheat, barley, alfalfa and 
fodder beet.  
b) Soils of Mo212a (almost flat) 
Moderately suitable (S2) for grapes alfalfa and fodder 
beet.  
Marginally suitable (S3) for wheat and barley. 
c) Soils of Mo212f (flat) 
Highly suitable (S1) for grapes. 
Moderately suitable (S2) for wheat, barley, alfalfa and 
fodder beet.  
d) Soils of Mo212b (sabkha) and Mo212m (marshes): 
these soil are not suitable (N1) for all selected crops 
as the soils are shallow depth and extremely saline.                  

3- Soils of tread: 
These soils occupy an area of about 40282 

fed. (28.3% of the studied area).  It includes three 
physiographic mapping units as follows: 
    a) Soils of Pa111: that covers an area of about 
37193 fed. (26.1%) The soils are deep, sandy loam, 
slightly to moderately saline and well drained.  They 
are  moderately suitable (S2) for all selected crops.  
    
 b) Soil of Pa111s: which covers 2.0% of the studied 
area. These soils are deep, gently undulating and well 
drained. The soils are Moderately suitable (S2) for 
grapes.                     
Marginally suitable (S3) for wheat, barley, alfalfa and 
fodder beet. 
c) Soil of Pa111r: which covers only 0.2 % of the 
studied area. The soils are rock outcrops and 
permanently not suitable (N2) for all selected crops.  
 
Potential suitability  
1- Soils backslope: 

The area includes two physiographic 
mapping units: Mo212u and Mo212g. Applying some 
improvements (leaching salinity and leveling of 
slightly undulating areas) the soils the potential 
suitability are:  

a) Soils of Mo212u are moderately suitable 
(S2) except for grapes are highly   suitable 
(S1).   

b) Soils of Mo212g  are moderately suitable (S2) 
for all selected crops. 
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2- Soils of footslope: 

It includes the physiographic units: 
 a) Soils of Mo212n (nearly level)  
Highly suitable (S1) for grapes.                     
Moderately suitable (S2) for wheat, barley, alfalfa and 
fodder beet. 
 b) Soils of Mo212a (almost flat) 
Highly suitable (S1) for grapes.  
Moderately suitable (S2) for wheat, barley, alfalfa and 
fodder beet. 
c) Soils of Mo212f (flat): the soils are flat, slightly 
saline, deep and well drained. The current suitability 
and potential suitability are the same as fallow:  
Highly suitable (S1) for grapes. 
Moderately suitable (S2) for wheat, barley, alfalfa and 
fodder beet. 
d) Soils of Mo212b (sabkha) and Mo212m (marshes): 
these soils are not suitable (N1) for all selected crops 
in current and potential suitability. 

3- Soils of tread: These soils include three 
physiographic mapping units  

a) Soils of Pa111  
Highly suitable (S1) for grapes.                                  

Moderately suitable (S2) for wheat, barley 
alfalfa and fodder beet.                                    

b) Soil of Pa111s: The soils are highly suitable (S1) 
for grapes; moderately suitable (S2) for wheat, barley 
alfalfa and fodder beet. 

c) Soil of Pa111r: The soils are rock outcrops and 
permanently not suitable (N2) for all selected crops.  

Conclusions  

The results indicate that about 3.8% of the studied 
area (5331 fed.) is permanently not suitable for 
agriculture, 48.9% are marginally suitable and 44.2% 
are moderately suitable. Texture, salinity and slope 
are the limiting factors. By applying improvements 
the potential capability of the soils are developed. 
93.1% of the soils are moderately suitable (S2x), 
texture is still the limiting factor for these soils. The 
results also indicate that the grapes is the best crop 
followed by alfalfa and fodder beet in the studied 
area.   
 
 

       
 Table (4): Current and potential suitability of mapping units for the selected crops  

Mapping unit 

Mo212u Mo212g Mo212n Mo212a Mo212f Pa111 
Crop 

Cs Ps Cs Ps Cs Ps Cs Ps Cs Ps Cs Ps 

Wheat S3 S2 S3 S2 S3 S2 S3 S2 S2 S2 S2 S2 Field 
crops Barley S3 S2 S3 S2 S3 S2 S3 S2 S2 S2 S2 S2 

Fruit 
crops 

grapes S2 S1 S3 S2 S2 S1 S2 S1 S1 S1 S2 S1 

alfalfa S3 S2 S3 S2 S3 S2 S2 S2 S2 S2 S2 S2 
Fodder 
crops Fodder 

beet 
S3 S2 S3 S2 S3 S2 S2 S2 S2 S2 S2 S2 

Mapping unit 

Pa111s Mo111 Mo112 Pa111r Mo212b Mo212m 
Crop 

Cs Ps Cs Ps Cs Ps Cs Ps Cs Ps Cs Ps 

Wheat S3 S2 N2 N2 N2 N2 N2 N2 N1 N1 N1 N1 Field 
crops Barley S3 S2 N2 N2 N2 N2 N2 N2 N1 N1 N1 N1 

Fruit 
crops 

grapes S2 S1 N2 N2 N2 N2 N2 N2 N1 N1 N1 N1 

alfalfa S3 S2 N2 N2 N2 N2 N2 N2 N1 N1 N1 N1 
Fodder 
crops Fodder 

beet 
S3 S2 N2 N2 N2 N2 N2 N2 N1 N1 N1 N1 

     Cs = Current suitability              Ps = Potential suitability  
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Fig. (5a) Current land suitability map of wheat and barely. 

 

 
Fig. (5b) Potential land suitability map of wheat and barely. 

 

 
Fig. (6a) Current land suitability map of grapes. 
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Fig. (6b) Potential land suitability map of grapes. 

 

 
Fig. (7a) Current land suitability map of alfalfa and fodder beet. 

 

 
Fig. (7b) Potential land suitability map of alfalfa and fodder beet. 
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Response of Flax Plant (Linum usitatissimum L.) to Treatments with 
Mineral and Bio-Fertilizers from Nitrogen and Phosphorus 
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Abstract: Field experiments were carried out at Sakha Agricultural Research Station, Kafr-El-Sheikh, Egypt during 
the two growing winter seasons of 2007/2008 and 2008/2009 in order to study the effect of different levels of 
mineral fertilizers from nitrogen and phosphorus (25, 50 and 100% of the recommended dose) alone or in 
combination with a mixture of biofertilizers containing nitrogen fixers (nitrobein) and phosphate dissolving bacteria 
(phosphorein) on morphological characters and yield of flax plant cv. Sakha 1 from seeds, oil, straw and fibers. 
Moreover, anatomy of the main stem was also investigated. The obtained results indicated that increasing level of 
the used mineral fertilizers induced significant increases in all investigated morphological and yield characters 
except that of number of seeds per capsule and seed oil percentage which showed no significant effect in this 
respect. The rate of promotion  increased gradually as the rate of mineral fertilizers increased up to 100% of the 
recommended dose. It is clear that raising the level of the used mineral fertilizers from 25 to 100% of the 
recommended dose induced significant increases of 48.7, 46.6, 55.0, 14.1, 37.3, 19.1, 68.6, 45.4, 56.8, 44.5, 43.5, 
42.3, 38.7 and 47.5% for plant height, technical length, length of fruiting zone, stem diameter, number of capsules / 
plant, weight of 1000 seeds, seed yield / plant, seed yield / feddan, seed oil yield / feddan, straw yield / plant , straw 
yield / feddan, fiber yield / plant, fiber yield / feddan and fiber length of flax plant cv. Sakha 1; respectively. Data 
also revealed that flax plants obtained from biofertilized seeds and grown in soil inoculated with biofertilizers 
(nitrobein + phosphorein) showed significant increases in all investigated morphological characters and in most of 
yield characters when compared with control plants which were obtained from uninoculated seeds and grown in 
uninoculated soil. The increments in the mentioned characters as a result of biofertilization treatment were 17.8, 
17.6, 22.2, 6.2, 15.6, 8.5, 26.8, 20.5, 25.1, 17.3, 15.4, 15.9, 14.3 and 18.5% for plant height, technical length, length 
of fruiting zone, stem diameter, number of capsules / plant, weight of 1000 seeds, seed yield/plant, seed 
yield/feddan, seed oil yield/feddan , straw yield/plant, straw yield/feddan, fiber yield/plant, fiber yield/feddan and 
fiber length of flax plant cv. Sakha 1; respectively. The interaction between the used levels of mineral fertilizers and 
biofertilizers proved significant effect for the above mentioned characters. It is noted that the promotion induced by 
raising the level of the used mineral fertilizers was equal to that induced by biofertilizers treatment which substituted 
half of the recommended dose from the used NP and this decreased the environmental pollution caused by repeated 
application of mineral fertilizers. The effect of the used mineral and biofertilizers on anatomical structure of the 
main stem of flax plant cv. Sakha 1 was also investigated. [Journal of American Science. 2010;6(10):207-217]. 
(ISSN: 1545-1003). 
 
Key words: Mineral Fertilizers, Bio-fertilizers, Flax, Linum usitatissimum L., Morphology, Productivity, Stem 

Anatomy.    

 

1. Introduction 

Flax (Linum usitatissimum L.) is a member of the 
genus Linum in the family Linaceae. It is an erect 
annual herb plant growing to about 1.2 m tall, with 
slender stems. The leaves are glaucous green, slender 
lanceolate, sessile, 20-40 mm long and 3 mm broad. 
The blue or white flowers are arranged in erect 
terminal panicles. The fruit is a globose capsule with 
shiny, flattened, brown seeds with a short blunt beak 
(Bunney, 1992). 

 Flax is now unknown in the wild but 
originally it may have been a native of Asia. It  has  

been  cultivated since  at  least 5000 BC,  probably 
first  by  the  ancient  Mesopotamians and later by  
the  Egyptians  who wrapped their mummies in linen 
cloth. The Romans spread flax cultivation to 
Northern Europe and now the plant is grown all over 
the world for the oil extracted from the seeds and for 
its fibres, which are made into linen and other cloths. 
Various parts of the plant have been used to make 
fabric, dye, paper, medicines, fishing nets, hair gels, 
and soap. It is also grown as an ornamental plant in 
gardens. 
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 The seeds are widely used medicinally. 
Their constituents include 30-40% of a fatty oil 
(linseed oil) with esters of linoleic acid, linolenic 
acid, stearic acid and oleic acid; also mucilage, 
proteins, a cyanogenic glycoside (linamarin) and 
enzymes. Whole of crushed, the seeds are a reliable 
means of relieving constipation. Externally, crushed 
seeds mixed to a paste with water are used to make 
hot poultices to relieve pain and to heal septic 
wounds, skin rashes and ulcers. The extracted oil is 
used in the pharmaceutical industry to make 
liniments for burns and rheumatic pain. The oil is 
also important in the manufacture of paints, soap and 
printer's ink. 

 In Egypt, flax is cultivated as a dual purpose 
(seeds for oil and stems for fibre). The cultivated area 
through the last 20 years was decreased from 60.000 
to 30.000 feddan due to the great competition of other 
economic winter crops resulting in a gap between 
production and consumption. Therefore, it is 
necessary to increase flax productivity per unit area 
which could be achieved by using high yielding 
cultivars and improving the agricultural treatments 
(Hussein, 2007 and Ibrahim, 2009). One of these 
treatments is the use of mineral fertilizers which are 
important factors for vigorous growth and 
consequently higher yield of different plant species. 
However, repeated application of mineral fertilizers 
caused environmental pollution. Recently, under 
Egyptian conditions a great attention is being devoted 
to reduce the high rates of mineral fertilizers, the cost 
of production and environmental pollution via 
reducing doses of nitrogenous and phosphorus 
fertilizers by using biofertilized farming system 
(Ahmed et al., 2005; El-Gazzar, 2006 and Hussein, 
2007).  

 Biological fertilization of non-legume crops 
by N2 – fixing bacteria had a great importance in 
recent years. The effect of inoculation had marked 
influence on the growth of plant, which was reflected 
to increase yield. This increase might be due to the 
effect of N, which was produced by bacteria species, 
in addition of some growth regulators like IAA and 
GA3 which stimulated growth. Some bacteria called 
Plant Growth Promoting Rhizobacteria (PGPR), 
stimulate plant growth (Kapulnik, 1991 and Kloepper 
et al., 1991). The stimulatory effects of 
microorganisms may result from either direct or 
indirect action. Direct effects include production of 
phytohormones (Noel et al., 1996), enhancement of 
availability of some minerals (Kapulnik, 1991), 
liberation of phosphates and micronutrients, 
nonsymbiotic nitrogen fixation and stimulation of 
disease-resistance mechanisms (Lazarovits and 
Nowak, 1997). Indirect effects arise from (PGPR) 

altering the root environment and ecology (Glick, 
1995). For example, acting as biocontrol agents and 
reducing diseases, liberation of antibiotic substances 
that kill noxious bacteria (Lazarovits and Nowak, 
1997). Moreover, it was found that the application of 
phosphate dissolving bacteria as a biofertilizer 
resulted in a reduction of soil pH which increased the 
solubility of some nutrients such as P, Fe, Zn, Mn 
and Cu which in turn increased nutrient uptake by 
plants (Saber and Kabesh, 1990). 

 Thus, the present work is designed to study 
the effect of seed inoculation of flax with a mixture 
of biofertilizers containing nitrogen fixers (Nitrobein) 
and phosphate dissolving bacteria (Phosphorein) 
under different rates of mineral fertilizers from N and 
P on morphological characters and yield from straw, 
fibres and seeds per plant and per feddan as well as 
on seed oil percentage and stem anatomy of flax plant 
cv. Sakha 1. 
 
2. Materials and Methods  

The present investigation was carried out at Sakha 
Agricultural Research Station, Kafr El-Sheikh, Egypt 
during the two growing winter seasons of 2007/2008 
and 2008/2009 in order to study the effect of 
inoculation of flax seeds cv. Sakha 1 with a mixture 
of biofertilizers containing nitrogen fixers (nitrobein) 
and phosphate dissolving bacteria (phosphorien) 
under different levels of mineral fertilizers from 
nitrogen and phosphorus (NP) on morphological 
characters and yield of flax plant cv. Sakha 1 from 
straw, fiber and seeds as well as on their related 
characters. Moreover, stem anatomy and seed oil 
percentage were under consideration. 

Source of seeds and the used biofertilizers: 

 Seeds of flax cv. Sakha 1 (a dual purpose 
field crop for oil and fiber productions) were 
procured from Fiber Crops Research Section, Field 
Crops Research Institute, Agricultural Research 
Center, Giza, Egypt. Whereas, the biofertilizers 
nitrobein and phosphorein were obtained from 
General Organization for Agricultural Equalization 
Fund (GOAEF), Agricultural Research Center, Giza, 
Egypt. Nitrobein is the commercial name of nitrogen 
fixing bacteria containing Azotobacter sp. and 
Azospirillum sp. While, phosphorein was the 
commercial name of phosphate dissolving bacteria 
containing Bacillus megatherium var. phosphaticum. 
Both biofertilizers were added at the rate of 10 g/kg 
flax seeds. 

Procedure of the experiment: 

 Flax seeds of approximately similar size 
were washed and immersed in the adhesive material 
Arabic gum to make their surface sticky before 
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inoculation with specific bacteria of both used 
biofertilizers. Then, the seeds were allowed to dry 
before inoculation. Thereafter, seeds were inoculated 
with a mixture of the used biofertilizers in equal 
quantities (10 g/kg flax seeds for each biofertilizer) 
and mixed with finely sieved sterilized peat and 
vermiculite. (Allen, 1971). 

 Mineral fertilizers of NP were added at the 
rates of 25, 50 and 100% from that recommended by 
the Egyptian Ministry of Agriculture. For nitrogen 
fertilizer, the recommended dose was 100 kg urea 
(46% N)/ feddan. Whereas, the recommended dose 
for phosphorus fertilizer was 100 kg calcium 
superphosphate (15.5% P2O5)/feddan. For all 
treatments, basic dose of 50 kg potassium sulphate 
(48% K2O) / feddan was added. 

 Phosphorus fertilizer was added as one part 
before sowing during the preparation of land. 
Whereas, nitrogen and potassium fertilizers were 
divided into two equal portions. The first portion was 
added before the first irrigation (21 days from sowing 
date), and the second one was added one month later. 
Sowing date was 15th November in the first season 
and it was 19th November in the second one. Seeds 
were drilled at the rate of 60 kg seeds/feddan. 

 Physical and chemical analysis for soil of 
the experimental sites in each growing season were 
done before sowing according to Jackson (1967). The 
preceding crop was maize (Zea mays L.) in both 
seasons. The soil type was clay and physical and 
chemical properties are presented in Table (1). 

Table (1). Physical and chemical properties of the 
experimental soil in the two growing 
seasons 

Soil properties 
First 

season 
Second 
season 

Clay % 39.9 41.0 
Silt % 36.7 34.8 
Sand % 23.2 24.2 
Soil textural class Clay Clay 
pH 8.06 8.15 
Total soluble salts % 0.28 0.31 
Calcium carbonate % 3.52 4.11 
Organic matter % 1.22 1.31 
Total nitrogen % 1.03 0.80 
Available  N   ppm 45.63 39.21 
Available  P   ppm 12.00 11.20 
Available  K   ppm 415.00 440.00 

 In each growing season, the experiment was 
made in a split plot design with three replicates. The 
replicate contained three main plots, each assigned 
for one level of mineral fertilizers. Each main plot 
was divided into two sub plots, one sown with flax 

seeds inoculated with the used biofertilizers and the 
other sub plot was sown with flax seeds not 
inoculated with biofertilizers. Thus, the three levels 
of mineral fertilizers (25, 50 and 100% of the 
recommended dose from N and P) beside the two 
levels of biofertilizers required that the experimental 
land of each replicate be divided into six subplots, 
each contained one treatment. The sub-plot area was 
6 m2 (2×3 m) and consisted of 10 rows, 20 cm apart. 
After hand weeding, soil was also inoculated with the 
chosen biofertilizers just before the first irrigation 
(three weeks from planting) at the rate of 600 g from 
each used biofertilizer / feddan. For this purpose, the 
applied biofertilizers were mixed well with adequate 
amount of fine dust (20 kg fine dust / feddan) and 
such mixture was applied between rows of flax 
seedlings directly before the first irrigation which 
was corresponding with the first application of 
nitrogen and potassium fertilizers. All other cultural 
practices were carried out as recommended. 

 Recording of data: 

 At maturity, 150 days from sowing date, 10 
guarded plants were taken randomly from each sub-
plot (totaling 30 plants for each treatment) for 
recording the following morphological and yield 
characters per plant in addition to straw, fiber and 
seed yields/feddan (each estimated according to 
yield/ 1m2 of each sub-plot. The recorded characters 
included: 

1- Plant height (cm); from the cotyledonary 
node till the top of the plant. 

2- Ultimate diameter of the main stem (mm); 
the diameter was measured with a caliper at 
its median portion. 

3- Technical length of the main stem (cm); 
from the cotyledonary node till the 
beginning of apical branching zone of the 
main stem. 

4-  Length (cm) of apical branching zone of the 
main stem (fruiting zone). 

5- Number of capsules per plant. 
6- Number of seeds per capsule; recorded on 

50 random capsules from each sub-plot. 
7- Specific seed weight (average weight of 

1000 seeds in grams); recorded on 10 
random samples from each sub-plot. 

8- Seed yield (g) per plant. 
9- Seed yield (kg) per feddan; estimated 

according to seed yield per    1 m2 of each 
sub-plot. 

10- Seed oil percentage; determined according 
to the methods described by Anonymous 
(1990). 
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11- Oil yield (kg/feddan); calculated by 
multiplying seed oil percentage ×seed yield 
per feddan. 

12- Straw yield (g) per plant; weight of air dried 
straw per plant in grams. 

13- Straw yield (ton) per feddan; estimated 
according to weight of air dried straw yield 
per 1 m2 of each sub-plot. 

After harvesting and removing the capsules 
from plants of each sub-plot, retting process took 
place at Fiber Crops Research Section, Sakha 
Agricultural Research Station. Straw of each sub-plot 
was arranged in bundles and put in retting basins and 
soaked in water for about 12 hours. After soaking, the 
water was changed to leach out all the soluble 
materials. Retting period was about one week in 
summer season. The degree of water temperature 
during retting process ranged from 28 to 30oC and the 
acidity was pH 6-7. The retted straw was washed 
with water and finally dried in air. Thus, the fibers 
were easily extracted from above the woody part of 
the stem. The following fiber characters were studied: 

14- Fiber yield (g) per plant; weight of air dried 
fibers per plant in grams. 

15- Fiber yield (kg) per feddan; estimated 
according to fiber yield per  1 m2 of each 
sub-plot. 

16- Fiber length (cm); fiber ribbons of 10 plants 
from each sub-plot were extracted 
individually and mean length of each ribbon 
was measured.  

 

Statistical analysis: 
 Appropriate statistical analysis according to 
Snedecor and Cochran (1982) was done. The data 
were statistically analyzed for each season and the 
homogeneity of experimental error, in both seasons, 
was tested. Then, the combined analysis of the two 
seasons was done. 
Anatomical studies: 
 For anatomical investigation, specimens of 
selected treatments were taken during the second 
season of 2008/2009 from the middle part of the main 
stem at the age of 105 days from sowing date. 
Specimens were killed and fixed for at least 48 hr. in 
F.A.A. (10 ml formalin, 5 ml glacial acetic acid and 
85 ml ethyl alcohol 70%). The selected materials 
were washed in 50% ethyl alcohol, dehydrated in 
normal butyl alcohol series, embedded in paraffin 
wax of 56oC melting point, sectioned to a thickness 
of 20 microns, double stained with safranin/light 
green. Cleared in xylene and mounted in Canada 
balsam (Nassar and El-Sahhar, 1998). Sections were 
examined to detected histological manifestations of 
the chosen treatments and photomicrographed. 

 

3. Results and Discussion  
I- Morphological characters: 

 The effects of different levels of mineral 
fertilizers from nitrogen and phosphorus (NP) alone 
or in combination with a mixture of biofertilizers 
containing nitrogen fixers and phosphate dissolving 
bacteria on some morphological characters of flax 
plant cv. Sakha 1 aged 150 days (harvest time) are 
presented in Table (2). The investigated 
morphological characters included plant height, 
technical length, length of fruiting zone and diameter 
of the main stem. 

 It is clear from Table (2) that increasing 
level of the used mineral fertilizers induced 
significant increases in all morphological characters 
under investigation. The rate of promotion increased 
gradually as the rate of mineral fertilizers increased 
up to 100% of the recommended dose, which gave 
the highest values of the studied morphological 
characters. It is obvious that raising the level of 
mineral fertilizers from 25 to 100% of the 
recommended dose induced significant increases of 
48.7, 46.6, 55.0 and 14.1% for plant height, technical 
length, length of fruiting zone and diameter of the 
main stem; respectively. 

 The present findings are in agreement with 
those reported by Mostafa et al. (1998), El-Gazzar 
(2000), Awad et al., (2001), El-Shimy  et al. (2001), 
Mostafa et al. (2003), El-Gazzar (2006), Salem et al., 
(2006), El-Sweify et al. (2007) and Hussein (2007). 

 As to the effect of biofertilizers, results in 
Table (2) indicate that flax plants obtained from 
biofertilized seeds and grown in inoculated soil 
showed significant increase in all investigated 
morphological characters when compared with flax 
plants obtained from uninoculated seeds and grown 
in non-inoculated soil. The beneficial effect of 
inoculation with nitrogen fixers containing 
Azotobacter sp. and Azospirillum sp. as well as with 
phosphate dissolving bacteria containing Bacillus sp. 
was mainly in improving the fixation of atmospheric 
N, increasing the release of P in the soil, which is 
reflected in increasing P activity and the growth 
promoting substances produced by them. Those may 
lead to the activation of cell division and cell 
enlargement and finally increasing the growth 
parameters (Patil, 1985). The increments in 
morphological characters of flax plant due to 
biofertilization treatment were 17.8, 17.6, 22.2 and 
6.2% for plant height, technical length, length of 
fruiting zone and diameter of the main stem; 
respectively. 
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Table (2). Mean values of certain morphological characters of flax plant cv. Sakha 1, at harvest time, as 
affected by different levels of mineral fertilizers from nitrogen and phosphorus (NP) alone or in 
combination with a mixture of biofertilizers (nitrobein+phosphorein) containing nitrogen fixers and 
phosphate dissolving bacteria (Average of the two seasons, 2007/2008 and 2008/2009 combined) 

Treatments Characters 

Mineral fertilizers (NP) 
Biofertilizers 
(nitrobein + 

phosphorein) 

Plant height 
(cm) 

Technical 
length (cm) 

Length of 
fruiting zone 

(cm) 

Main stem 
diameter 

(mm) 
- 66.8 54.9 11.5 1.83 
+ 81.4 68.6 14.3 1.97 

25% of  
recommended dose 

Mean 74.1 61.8 12.9 1.90 
- 83.7 69.5 14.7 1.99 
+ 106.3 86.6 18.9 2.16 

50 % of recommended 
dose 

Mean 95.0 78.1 16.8 2.08 
- 105.9 87.4 18.6 2.14 
+ 114.5 93.7 21.3 2.23 

100% of recommended 
dose 

Mean 110.2 90.6 20.0 2.19 
- 85.5 70.6 14.9 1.99 Means of seed and soil 

inoculation with 
biofertilizers 

+ 100.7 83.0 18.2 2.12 

  L.S.D. (0.05) for:     
Mineral fertilizers (A) 8.15 6.91 2.14 0.099 
Biofertilizers (B) 6.59 5.77 1.81 0.078 
Interaction (A×B) 11.17 9.68 2.77 0.129 

-    =  Without biofertilizers. 
+   =  With biofertilizers. 

The present results are in accordance with 
those reported by El-Gazzar (2000), El-Shimy et al. 
(2001), El-Azzouni and El-Banna (2002), Mostafa et 
al. (2003), Salem et al. (2006) and Hussein (2007). 

The interaction between the used levels of 
mineral fertilizers and biofertilizers proved 
significant effect for all investigated morphpological 
characters. It is noted that increasing level of the used 
mineral fertilizers from NP or using a mixture of 
biofertilizers containing nitrogen fixers and 
phosphate dissolving bacteria without raising the 
level of mineral fertilizers induced significant 
increase in all of the studied morphological 
characters. Worthy to note that the promotion 
induced by raising the level of the used mineral 
fertilizers was almost equal to that induced by 
biofertilizers treatment which, in general, substituted 
half of the recommended dose from the used 
NP(Table, 2) and this decreased the environmental 
pollution caused by repeated application of mineral 
fertilizers. 

II- Seed yield and its related characters: 

 It is realized from Table (3) that increasing 
level of the used mineral fertilizers induced 
significant increase in number of capsules/plant, 
weight of 1000 seeds, seed yield/plant, seed 
yield/feddan and seed oil yield/feddan of flax plant 
cv. Sakha 1, and the rate of promotion increased 
significantly as the rate of mineral fertilizers 
increased up to 100% of the recommended dose 
which gave the highest values of the mentioned 
characters. By contrast, number of seeds/capsule and 
seed oil percentage of flax plant cv. Sakha 1 showed 
no statistical effect in this respect. Worthy to note 
that, raising the level of the used mineral fertilizers 
from 25 to 100% of the recommended dose induced 
significant increases of 37.3%, 19.1, 68.6, 45.4 and 
56.8% for number of capsules/plant, weight of 1000 
seeds, seed yield/plant, seed yield/feddan and seed oil 
yield/feddan; respectively. 
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Table (3). Mean values of seed yield and its related characters of flax plant cv. Sakha 1, at harvest time, as 
affected by different levels of mineral fertilizers from nitrogen and phosphorus (NP) alone or in 
combination with a mixture of biofertilizers (nitrobein+phosphorein) containing nitrogen fixers and 
phosphate dissolving bacteria (Average of the two seasons, 2007/2008 and 2008/2009 combined) 

Treatments Characters 

Mineral fertilizers 
(NP) 

Biofertilizers 
(nitrobein + 

phosphorein) 

No. of 
capsules / 

plant 

No. of      
seeds / 
capsule 

 
Weight of 
1000 seeds 

(g) 

Seed yield 
(g) / plant 

Seed yield 
(kg)/feddan 

Seed oil 
percentage 

Seed oil 
yield (kg) / 

feddan 

- 10.33 7.53 6.85 0.5329 354.18 35.3 125.03 
+ 12.69 7.81 7.69 0.7621 491.71 39.1 192.26 

25% of  
recommended dose 

Mean 11.51 7.67 7.27 0.6475 422.95 37.2 158.65 
- 12.88 7.75 7.72 0.7705 483.93 38.7 187.28 
+ 15.22 8.03 8.51 1.0399 595.22 40.8 242.85 

50 % of 
recommended dose 

Mean 14.05 7.89 8.12 0.9052 539.58 39.8 215.07 
- 15.17 7.98 8.49 1.0281 593.17 40.6 240.83 
+ 16.43 7.96 8.83 1.1550 637.06 40.3 256.74 

100% of 
recommended dose 

Mean 15.80 7.97 8.66 1.0916 615.12 40.5 248.79 
- 12.79 7.75 7.69 0.7772 477.09 38.2 184.38 Means of seed and 

soil inoculation with 
biofertilizers 

+ 14.78 7.93 8.34 0.9857 574.66 40.1 230.62 

  L.S.D. (0.05) for:        
Mineral fertilizers (A) 1.73 N.S. 0.538 0.0833 31.25 N.S. 19.84 
Biofertilizers (B) 1.15 N.S. 0.344 0.0662 27.28 N.S. 15.29 
Interaction (A×B) 2.16 N.S. 0.669 0.1085 40.96 N.S. 27.72 

-    =  Without biofertilizers. 
+  =  With biofertilizers 
 

The present results are generally in 
accordance with those recorded by Mostafa et al. 
(2003), Hussein (2007) and Ibrahim (2009) using 
different levels of nitrogen fertilizer as El-Gazzar 
(2006) using different levels of phosphorus fertilizer. 
They stated that, increasing level of the used mineral 
fertilizer up to the recommended dose increased seed 
yield of flax plant and its related characters especially 
number of capsules/plant and seed index ( weight of 
1000 seeds) and consequently seed yield per plant 
and per feddan or hectare as well as oil yield per unit 
area. In this connection, Salem et al. (2006) found 
that increasing the level of nitrogen fertilizer from 30 
to 60 kg N/feddan gave the highest value for number 
of seeds/capsule, seed yield/plant and seed 
yield/feddan of two flax cultivars, being partially in 
agreement with the present findings.  

 Concerning the effect of biofertilizers, data 
in Table (3) clearly show that flax plants obtained 
from biofertilized seeds and grown in soil inoculated 
with biofertilizers had significant increase in number 
of capsules/plant, weight of 1000 seeds, seed yield 
/plant, seed yield /feddan and seed oil yield /feddan 
when compared with flax plants obtained from 
uninoculated seeds and grown in non-inoculated soil 
(control plants). 

  

However, biofertilization treatment did not 
affect number of seeds/capsule and seed oil 
percentage. The increments in seed yield and its 
related characters due to biofertilization treatment 
were 15.6, 8.5, 26.8, 20.5 and 25.1% for number of 
capsules/plant, weight of 1000 seeds, seed 
yield/plant, seed yield/feddan and seed oil 
yield/feddan; respectively. The present findings are 
generally in agreement with those reported by El-
Gazzar (2000), El-Shimy et al. (2001), El-Azzouni 
and El-Banna (2002), Mostafa et al. (2003) and 
Hussein (2007). However, El-Azzouni and El-Banna 
(2002) found that number of seeds/capsule of flax 
plant was increased by biofertilization treatment, 
being in contrast with the present findings. 

 The interaction between the used levels of 
mineral fertilizers and biofertilizers proved 
significant effect for all investigated characters 
except that of number of seeds/capsule and seed oil 
percentage. Worthy to mention that the rate of 
promotion induced by raising the level of the used 
mineral fertilizers was almost equal to that induced 
by biofertilization treatment. It is clear that the 
treatment of 100% from the recommended dose of 
NP did not statistically differ than that of 50% of the 
recommended dose of NP plus biofertilizers in their 
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effect. This means that using a mixture of 
biofertilizers containing nitrogen fixers and 
phosphate dissolving bacteria substitute half of the 
recommended dose from the used mineral fertilizers 
of NP. 

III- Straw and fiber yields and fiber length: 

 Mean values of straw and fiber yields per 
plant and per feddan as well as fiber quality, which is 
represented by fiber length, of flax plant cv. Sakha 1 
are given in Table (4). 

 Data presented in Table (4) clearly show that 
increasing level of the used mineral fertilizers from 
nitrogen and phosphorus induced significant increase 
in straw yield per plant and per feddan, fiber yield per 
plant and per feddan and fiber length of flax cultivar 
under investigation. Worthy to mention that the rate 
of promotion increased gradually as the rate of 
mineral fertilizers increased up to 100% of the 
recommended dose, which gave the highest values of 
the previously mentioned characters for straw and 
fiber yields. In this concern, raising level of the used 
mineral fertilizers from 25 to 100% of the 
recommended dose induced significant increases of 
44.5, 43.5, 42.3, 38.7 and 47.5% for straw 

yield/plant, straw yield/feddan, fiber yield/plant, fiber 
yield/feddan and fiber length; respectively. 

 Similar results were also reported by El-
Gazzar (2000), El-Shimy et al. (2001), Mostafa et al. 
(2003), Salem et al. (2006), El-Sweify et al. (2007) 
and Hussein (2007). 

 As to the effect of biofertilizers, results 
presented in Table (4) reveal that flax plants obtained 
from biofertilized seeds and grown in soil inoculated 
with N-fixers and phosphate dissolving bacteria 
showed increments in their yields from straw and 
fibers as well as in fiber length when compared with 
control plants, of flax cv. Sakha 1, obtained from non 
inoculated seeds and grown in non inoculated soil. 
The increments in straw and fiber yield as a result to 
biofertilization treatment were 17.3, 15.4, 15.9, 14.3 
and 18.5% for straw yield /plant, straw yield/feddan, 
fiber yield/plant, fiber yield/feddan and fiber length; 
respectively. 
 The present findings are in accordance with 
those recorded by El-Gazzar (2000), El-Shimy et al. 
(2001), El-Azzouni and El-Banna (2002), Mostafa et 
al. (2003) and Hussein (2007). 

Table (4): Mean values of straw and fiber yields as well as fiber length of flax plant cv. Sakha 1, as affected by 
different levels of mineral fertilizers from nitrogen and phosphorus (NP) alone or in combination with 
a mixture of biofertilizers (nitrobein+phosphorein) containing nitrogen fixers and phosphate dissolving 
bacteria (Average of the two seasons, 2007/2008 and 2008/2009 combined).  

Treatments Characters 

Mineral fertilizers (NP) 
Biofertilizers 
(nitrobein + 

phosphorein) 

Straw 
yield 

(g)/plant 

Straw yield 
(ton)/ 

feddan 

Fiber yield 
(g)/plant 

Fiber yield 
(kg)/feddan 

Fiber length 
(cm) 

- 1.485 0.936 0.306 198.79 56.1 
+ 1.887 1.182 0.379 246.15 69.6 

25% of     recommended 
dose 

Mean 1.686 1.059 0.343 222.47 62.9 
- 1.894 1.195 0.385 248.33 70.9 
+ 2.377 1.498 0.486 299.81 90.1 

50 % of recommended dose 

Mean 2.136 1.347 0.436 274.07 80.5 
- 2.380 1.514 0.482 303.67 89.2 
+ 2.493 1.525 0.494 311.95 96.4 

100% of recommended dose 

Mean 2.437 1.520 0.488 307.81 92.8 
- 1.920 1.215 0.391 250.26 72.1 Means of seed and soil 

inoculation with 
biofertilizers 

+ 2.252 1.402 0.453 285.97 85.4 

  L.S.D. (0.05) for:      
Mineral fertilizers (A) 0.147 0.119 0.036 23.98 6.75 
Biofertilizers (B) 0.112 0.088 0.027 18.51 5.58 
Interaction (A×B) 0.201 0.164 0.051 32.79 9.42 

-    =  Without biofertilizers. 
+   =  With biofertilizers 
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The interaction between the used levels of 
mineral fertilizers and biofertilizers proved 
significant effect. It is realized that the treatment of 
100% of the recommended dose from NP did not 
statistically differ from that of 50% of the 
recommended dose from NP plus biofertilizers in 
their effect on all studied characters. Such result 
indicate that using a mixture of biofertilizers 
containing nitrogen fixers and phosphate dissolving 
bacteria substitute half of the recommended dose 
from the used mineral fertilizers of NP required for 
flax cultivation. 
 In this respect, Mikhailouskaya (2006) 
stated that seed inoculation of flax by N2-fixing and 
growth promoting bacteria Azospirillum brasilense 
B-4485 was equivalent to the introduction of 15 
kg/ha of N that provided the possibility of partial flax 
N requirement supply, being in good agreement with 
the present findings. 
IV- Stem anatomy: 
 From the aforementioned results of 
morphological characters of flax plant cv. Sakha 1 as 
affected by mineral and biofertilizers, it could be 
stated that the treatment of 100% of the 
recommended dose from the used mineral fertilizers 
(control treatment) did not statistically differ from 
that of 50% of the recommended dose from the used 

mineral fertilizers plus biofertilizers in their effects. 
Therefore, the anatomical structure of the main stem 
of such treatments was under consideration. 
 Counts and measurements of certain 
histological characters in transverse sections through 
the median portion of the main stem of flax plant cv. 
Sakha 1 as affected by mineral and biofertilizers from 
nitrogen and phosphorus are given in Table (5). 
Likewise, microphotographs illustrating the effects of 
these treatments are shown in Figure (1).  
 It is obvious that flax plants received 50% of 
the recommended dose from the used mineral 
fertilizers showed a prominent decrease in diameter 
of the main stem by 11.0% less than the control. The 
decrease in stem diameter, which was observed in 
plants that received half of the recommended dose 
from nitrogen and phosphorus could be attributed to 
the prominent decrease in most of the included 
tissues. The decrements less than the control were, 
45.0, 16.1, 23.1, 39.2 and 42.4 % for thickness of 
fiberous region, number of fiberous bundles/cross 
section, average number of fiberous cells/bundle, 
thickness of secondary phloem and thickness of 
xylem tissue; respectively. However, a slight increase 
of 6.1, 6.7 and 9.0% over the control was observed 
for thickness of epidermis, thickness of cortex and 
diameter of the pith; respectively. 

 
Table (5): Counts and measurements in micron of certain histological features in transverse section through 

the median portion of the main stem of flax plant cv. Sakha 1, at the age of 105 days from sowing 
date, as affected by mineral and biofertilizers from nitrogen and phosphorus (Means of three sections 
from three specimens) 

Treatments 

Histological characters 
100% of 

recommended 
dose from NP 

(Control) 

50% of 
recommended 
dose from NP 

±  % to 
control 

50% of 
recommended 

dose from NP + 
biofertilizers 

treatment 

±  % to 
control 

Diameter of the section 2218.4 1973.5 - 11.0 2242.7 + 1.1 

Thickness of epidermis 27.9 29.6 + 6.1 28.4 + 1.8 

Thickness of cortex 41.6 44.4 + 6.7 43.2 + 3.9 

Thickness of fiberous 
region 69.4 38.2 - 45.0 57.9 - 16.6 

Number of fiberous 
bundles/cross section 31 26 - 16.1 33 + 6.5 

Average number of 
fiberous cells / bundle 13 10 - 23.1 11 - 15.4 

Thickness of secondary 
phloem 121.5 73.9 - 39.2 126.8 + 4.4 

Thickness of xylem tissue 247.1 142.3 - 42.4 255.3 + 3.3 

Diameter of the pith 1212.9 1321.9 + 9.0 1222.8 + 0.8 
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Results also indicated that flax plants obtained from 
biofertilized seeds, with nitrobein and phosphorein, 
and received 50% of the recommended dose from the 
used mineral fertilizers and grown in biofertilized soil 
showed a slight increase in diameter of the main stem 
by 1.1% more than stem diameter of control plants 
which received 100% of the recommended dose from 
the used mineral fertilizers. The negligible increase 
which was observed in stem diameter could be 
attributed to the slight increases induced in most of 

included tissues by 1.8, 3.9, 6.5, 4.4, 3.3 and 0.8% 
over the control for thickness of epidermis, thickness 
of cortex, number of fiberous bundles/cross section, 
thickness of secondary phloem, thickness of xylem 
tissue and diameter of the pith; respectively. 
However, a decrement of 16.6 and 15.4% below the 
control was observed for thickness of fiberous region 
and average number of fiberous cells/bundle; 
respectively 

 

         
Fig.(1): Transverse sections through the median portion of the main stem of flax plant cv. Sakha 1, at the age 

of 105 days from sowing date, as affected by mineral and biofertilizers from nitrogen and 
phosphorus. (X 280) 

A- From plant received 100% from recommended dose of mineral fertilizers (control plant). 
B- From plant received 50% from recommended dose of mineral fertilizers. 
C- From plant received 50% from recommended dose of mineral fertilizers + biofertilizers treatment. 
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In this concern, Mostafa et al. (2003) studied 
the effect of different levels from nitrogen fertilizer 
alone or in combination with biofertilizers from 
phosphorein and nitrobein on stem anatomy of flax 
plant cv. Sakha1. The investigated characters were 
area of cross section, cortex, fiberous zone, phloem, 
xylem and pith. They stated that increasing nitrogen 
level from 20 up to 50 kg N/feddan induced 
significant increments for all anatomical characters 
except pith area which showed significant decrease in 
this respects. Also, biofertilizers treatment from 
nitrobein and phosphorein increased significantly all 
studied anatomical characters except xylem area 
which reduced significantly, being partially in 
harmony with the present findings. 
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Abstract: Because of the increasing use of mobile phones, the possible risks of non-ionizing radiofrequency of 
electromagnetic fields (RF-EMF) adverse effects on human health  was evaluated. The present study aims to assess 
possible DNA damaging effects induced by microwave radiation of mobile phone type in male Wistar rat blood in 
vivo. A number of 30 male Wistar rats (118±20g) was divided into 3 groups (10 animals in each group) exposed for 
(15, 30 and 60 min.) to a working Global System for Mobile Communication (GSM) cell phone rated at a frequency 
of 900 MHz, at non-thermal specific absorption rate (SAR) of 2.9 W/Kg. Concurrent control  animals (n=10) were 
also included in the study. After the exposure periods five animals from each group were sacrificed immediately 
while the other five animals were sacrificed after 7 days (recovery period). DNA sensitivity in rat blood leukocytes 
was assessed by using the alkaline comet assay method. The heat shock protein stress response (HSP70) in serum 
samples of the rats was also investigated. The results showed significant increased DNA damage in blood leukocytes 
after the exposure times 15 and 30 min and after the three exposure times of the recovery period (7 days) as detected 
by the comet assay method. Serum HSP70 levels were also significantly increased in the exposed animals and in the 
animals at the recovery period as compared  to  the  control animals. The present study indicates that RF-EMF 
represents a potential DNA-damaging hazards and using the alkaline comet assay is a sensitive tool in the 
measurement of DNA damage after exposure to 900 MHz microwave radiation in vivo. The increased HSP70 stress 
response to RF-EMF exposure might involved in protecting cells from DNA damage induced by microwave 
radiation.   [Journal of American Science. 2010;6(10):218-225]. (ISSN: 1545-1003). 
 
Key words: comet assay – DNA damage – microwave radiation – HSP70  
 
1. Introduction 
      Microwave radiation is a type of non-ionizing 
electromagnetic radiation present in the environment 
and of potential threat to human health (Croft et al., 
2002). Today, non-ionizing radiation has increasingly 
been used in industry, commerce, medicine and for 
private purposes, especially in mobile telephone 
usage. Although the average exposure levels are low 
compared to the exposure limits, there is a growing 
public concern about the potential hazard of exposure 
to these frequencies for human health (BreckenKamp 
et al., 2003; ICNIRP, 2004; Jauchem, 2008 and 
Garaj-Vrhovac et al., 2009).  
      Genotoxic studies on microwave radiation in vivo 
and in vitro have yielded contradictory and often 
intriguing experimental results (Vijayalaxmi and 
Obe, 2004; Verschaeve, 2005). Some reports suggest 
that exposure of human cells to radiofrequency 
radiation does not result in increased genetic damage 
(Vijayalaxmi et al., 2000; McNamee et al.,2003). In 
addition a number of studies have been conducted on 
animal models. These studies have also given 
contradictory results regarding exposure to 
microwave radiation (Witt et al.,2000; Vijayalaxmi et 
al.,2003; Paulrai and Behari, 2006). 

       
  
           Epidemiological studies have demonstrated 
that, there is a link between microwave exposure and 
excess of cancer, leukemia and brain tumors ( 
Maskarinec et al., 1994; Szmigielski, 1996). Other 
investigated health outcomes include spontaneous 
abortions, lenticular changes, neurological and 
sensitivity reactions, haematological or chromosome 
changes occurring in certain populations exposed to 
microwave radiation ( Zotti-Martelli et al., 2000; 
Trosic et al., 2004). On the other hand, there is a 
range of studies showing that radiofrequency 
radiation can induce genetic alteration after exposure 
to microwave radiation (Garaj-Vrhovac et al., 1990 
and 2009; Fucic et al., 1992; Maes et al., 1993; Zotti-
Martelli et al., 2000;  and Tice et al.,2002). 
      The comet assay is now a well-established 
genotoxicity test for the estimation of DNA damage 
at the individual cell level both in vivo and in vitro. 
The comet assay has widely been used to detect 
primary biological effects on the level of DNA 
molecule in human and animal cells exposed to 
several environmental or occupational substances 
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(Collins et al., 1997; ESCODD, 2003; Kumaravel et 
al., 2009 and Garaj-Vrhovac and Oreščanin, 2009).  
Therefore, this method makes it possible to evaluate 
the level of primary DNA damage even after short-
term of exposure to irradiation.  
     Living cells have mechanisms to maintain 
homeostasis and the activation of heat shock proteins 
(heat shock/stress protein) as a normal defense 
response to cellular stress ( Santoro, 2000; Nollen 
and Morimoto, 2002) such as the non-thermal 
response to microwave radiation (Goodman and 
Blank, 1998 and 2002). Also, certain previous studies 
have shown stress response proteins and particularly 
HSP70 to be activated by the electromagnetic 
radiation emitted from mobile phones (de Pomerai et 
al., 2000 and Weisbrot et al., 2003).       
       The aim of the present study, was to assess 
possible DNA damaging effects induced by 900 MHz 
microwave radiation of mobile phone type in male 
Wistar rat blood in vivo. For this purpose the alkaline 
comet assay method as a sensitive tool in detecting 
primary DNA damage is used. In addition, the cell 
stress response to microwave radiation was 
determined by measuring the HSP70 in blood of male 
Wistar rats. 
 
2. Material and Methods  
Animals  
      Male Wistar rats weighing about 118±20g were 
obtained from Helwan Farm for Vaccine and 
Biological Preparations. The animals were housed in 
cages 10 animals in each for one week before the 
beginning of the experiment. The animals were 
maintained on 12h dark/light cycle and were given 
food and water ad libitum.  
 
Method of exposure  
      After the acclimation period, animals were 
randomly divided into four groups, 10 animals per 
group. The 1st group was used as a control group. The 
2nd, 3rd,and 4th groups were exposed to EMF for 15, 
30 and 60 minutes respectively. Five animals from 
each group were sacrificed immediately after 
exposure while the rest of the animals were sacrificed 
after a recovery period of 7 days. Control animals 
were housed in separate cages with the same 
conditions as the exposure groups but without power 
input.  
      During irradiation, each animal was placed in its 
own Plexiglas cage (25 cm x 7.5 cm x 7.5 cm).  For 
EMF exposure, a cell phone in the “on” mode was 
placed with its antenna over the center of the cage. 
The cell phone was manufactured by Nokia (model 
6300 type RM-217, GSM 900MHz). The power 
density of the field  was 0.35 W/m2, corresponding to 
a whole-body specific absorption rate (SAR) of 2.9 

W/Kg. Control animals were performed similarly as 
the exposed group and the cell phone is in the 
switched off´ mode. 
 
Blood sampling 
      After the exposure period of 15, 30 and 60 min 
blood samples were collected immediately and after 
recovery period of 7 days. One rat at a time was 
anesthetized by placing it in a glass jar containing 
cotton dipped in anesthetic ether. The rats were then 
decapitated and blood samples were collected from 
dorsal aorta under sterile conditions in heparinzed 
tubes and kept at -4°C until analysis. A part of the 
blood (2ml) were centrifuged for 15 min at 4000 
r.p.m. and serum was stored at -4°C until analysis.  
 
Single cell gel electrophoresis (comet assay)  
       To measure the potential DNA damaging effect 
of microwave radiation in single Wistar rat 
leukocytes, the comet assay was carried out as 
described by Jaloszynski and Szyfter (1999). A total 
of 50 cells were examined in this experiment. For 
each cell, the length of DNA migration (comet tail 
length) was measured in micrometers from the center 
of nucleus to the end of the tail. The percentage of 
damaged DNA concentration in the comet tail was 
determined by measuring the total intensity of 
ethidium bromide fluroscence in the cells, which was 
taken as 100% and determining what percentage of 
this total intensity correspond to the intensity 
measured only in the tail. 
 
Determination of serum HSP70 levels  
      The levels of HSP70 (pg/ml) in the serum 
samples were determined according to the method 
described by Oc et al. (2008) using ELISA Kit 
(DUOSEt®IC, US). One hundred µL of each 1:5 (v/v) 
diluted serum samples and prepared standards were 
applied to each well precoated with a mouse 
monoclonal antibody specific for inducible HSP70, 
the plate was sealed and incubated at room 
temperature for 2 h on an orbital shaker. After 
washing six times with wash buffer, the captured 
HSP70 was detected by 100 µL HSP70-specific, 
biotinylated rabbit polyclonal antibody, the plate was 
sealed and incubated at room temperature for 1 h on 
an orbital shaker. After washing six times with wash 
buffer, the biotinylated detector antibody was 
subsequently bound by 100 µL avidin-horseradish 
peroxidase conjugate. The colour was developed by 
an addition of 100 µL of tetramethylbenzidine 
substrate and allowed to react for 15 min. To 
terminate reaction, 100 µL stop solution was added 
and the intensity of the colour was measured at 450 
nm.  
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Statistical Analysis 
      Data were expressed as a mean ± standard error 
(SE). Differences between the control and treated 
groups were tested with unpaired  student t-test. 
Statistical differences between control and exposed 
rats are as follows ٭P<0.05, ٭٭P<0.01 and 
 .P0.001٭٭٭
 
3. Results  
The results of the comet assay parameters (mean tail 
length and mean DNA%) as well as the mean serum 
levels of HSP70 performed on rat blood at the three 
different times of exposure to 900 MHz EMF as 
compared to that of the control animals are 
summarized in (Table 1)and (Fig.1).  
     By comparing the values of mean tail length of the 
comet assay of the exposed and control animals, it is 
clear that, mean ±SE of tail length of the comet assay 
showed significantly increased levels (P<0.05 and 
P<0.00) after 15 and 30 min. of exposure respectively 
(Fig.1 B). While, the mean tail length of the comet 
assay showed insignificantly increased values after 
60 min. of the exposure period. 

      On the other hand, the damaged DNA% showed 
significantly  (P<0.05) and (P<0.01) increased levels 
after 15 and 30 min. of the exposure period, while it 
increased insignificantly after 60 min. of the exposure 
period.  
      After exposing male Wistar rats to 900 MHz 
EMF for (15, 30 and 60 min.), the mean levels of 
serum HSP70 increased significantly in all the three 
times of exposure (Table 1).  
      When comparing both comet assay parameters 
(mean tail length and damaged DNA%) in  the 
mobile phone exposed rats and the control ones after 
7 days recovery period (Table 2) and (Fig.2), it 
showed significantly increased levels (P<0.001 and 
P<0.01) after the three exposure times (15, 30 and 60 
min.) respectively (Fig.2 C), except for the damaged 
DNA% at the exposure time 30 min. which showed 
insignificantly increased levels as compared to the 
control animals.  
     The mean levels of serum HSP70 increased 
significantly (P<0.001 and P<0.05) after the exposure 
times 15, 30 and 60 min in animals sacrificed 
immediately and after the recovery period (Table 2). 
 

 
Table 1. Comet assay parameters (mean tail length and mean % of DNA damaged ±SE) and mean ±SE of HSP70 
levels performed on rat blood at different exposure times to 900 MHz microwaves as compared to the control group.    

Parameter control 15 min 30 min 60 min  
Tail length(µm) 0.645±0.06 2.752±0.280.35±1.456 ٭٭٭0.13±2.085 ٭ 

% of DNA damaged 0.414±0.05 1.410±0.130.58±0.990 ٭٭0.15±1.321 ٭ 
Hsp70(Pg/ml) 115.630±0.54 156.188±0.97٭2.06±123.859 ٭٭٭0.98±126.908 ٭٭٭ 

 
Results are means ± SE of 5 animals.  
Statistical differences between control and exposed rats as follows: ٭  P< 0.05 (significant), ٭٭P<0.01 (highly 
significant), and ٭٭٭P<0.001 (more highly significant).  
 
 
Table 2. Comet assay parameters (mean tail length and mean DNA% ±SE) and mean ±SE of HSP70 levels 
performed on rat blood at different exposure times to 900 MHz microwaves and kept for 7 days recovery period as 
compared to the control group.    

Parameter control 15 min 30 min 60 min  
Tail length(µm) 0.820±0.12 7.998±0.23٭٭0.50±4.249 ٭٭0.23±3.269 ٭٭٭ 

% of DNAdamaged 0.520±0.07 3.383±0.07٭0.44±2.351. 0.41±1.615 ٭٭٭ 
Hsp70(Pg/ml) 115.636±0.54 173.974±05.26٭٭٭4.50±171.877 ٭1.32±120.734 ٭٭٭ 

 
Results are means ± SE of 5 animals.  
Statistical differences between control and exposed rats as follows: ٭  P< 0.05 , ٭٭P<0.01, and ٭٭٭P<0.001  
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Fig.1. Photograph of male Waster rat  leukocytes showing DNA damage (tail length) after exposure to 900 MHz 
microwave radiation at three different times (15, 30 and 60 min.) as compared to the control group. (A) Leukocyte 
nuclei from control as established by comet assay method. (B): Damaged spot of DNA. N= Normal nuclei. TL= 
Comet tail length of migrated DNA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2. Photograph of male Waster rat leukocytes sacrificed after 7 days recovery period showing DNA damage (tail 
length) after exposure to 900 MHz microwave radiation as compared to the control group time. (C) Strong damaged 
spot of DNA. TL= comet tail length of migrated DNA.
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4. Discussion: 
 A large number of experimental and epidemiological 
studies have been carried out to elucidate the possible 
health hazards associated within human exposure to 
RF-EMF. Many studies have provided evidence 
suggesting that EMF with relatively low intensity are 
capable of interacting with many molecular, cellular 
and systemic processes associated with 
carcinogenesis and teratogenesis (Juutilainen and 
Lang, 1997). Biologically detri mental effects of the 
EMF has not yet been sufficiently explored, and the 
existing data are often contradictory.  Because DNA 
damage is closely related to every aspect of physical 
and pathological activity of cells, one of the most 
active areas RF-EMF investigation is the assessment 
of direct and indirect effects on DNA (Brusick et al., 
1998). The single-cell gel electrophoresis (comet 
assay) is the simplest and most sensitive method that 
can measure and identify DNA damage at the cellular 
level (Tice et al.,2000). This technique has been 
widely used for investigations of the possible DNA 
damage induced by RF-EMF but the results have 
been contradictory.  
      In the present study, the alkaline comet assay 
method was used to test whether microwave radiation 
can induce DNA damage in male Wistar rat 
leukocytes after in vivo exposure to 900 MHz 
microwave radiation for 15, 30 and 60 min of 
exposure. The results showed a significant increase in 
the comet assay parameters after the exposure times 
(15 and 30 min) which indicate the presence of DNA 
damage. Thus the results of the present study 
demonstrated that the alkaline comet assay can be 
successfully applied to study microwave-induced 
DNA damage in rat leukocytes. By using the alkaline 
comet assay in exposed animals, a lot of DNA single-
strand breaks and alkali-labile sites were detected. 
Similar results were reported by Lai and Singh (1995 
and 1996) on rat brain cells immediately and at 4 h of 
acute exposure to RF-EMF. Their results indicated 
that acute exposure to microwave radiation at an 
average body SAR of 1-2 W/Kg caused a significant 
increase in both single and double-strand DNA 
breaks and suggested that this could be due to either a 
direct effect on the DNA  and/or an effect of the 
radiation on DNA repair mechanisms. However, the 
study of Malyapa et al.(1998) did not obtain the same 
results as Lai and Singh. The poor replicability and 
contradictory findings may result from the different 
specifications of EMF, both of which influence the 
interactions with living cells (Roti et al., 2001). The 
ability to repair DNA lesions is a ubiquitous defense 
mechanism that is essential for cell survival and the 
maintenance of cell functions. Different cells have 
different DNA repair capacities due to genetic 
differences (Schmezer et al., 2001).    

      It should be emphasized that the type of DNA 
damage measured by alkaline comet assay is rather 
continuously and efficiently repaired. Therefore, the 
increased DNA damage observed in the present study 
after one week of exposure at the different three times 
is as a result of equilibrium between damaged 
infliction and repair. It is known that DNA single-
strand breaks are rapidly repaired; however, other 
lesions such as oxidized bases, may persist longer 
and be misrepaired (Collins et al., 1997). On the 
other hand, apurinic/apyrimidinic sites (alkali-labile 
sites) may not be readily repaired and without DNA 
replication, they may prove to be "silent" lesions 
(Gichner et al., 2000). It was reported that DNA 
damage accumulates with time and its repair capacity 
decreases over time. When DNA damage is not 
repaired or is improperly repaired, biological effects 
result. Although majority of DNA lesions are 
repaired in few hours and days after their infliction, a 
part of DNA damage induced persisted over time. It 
can be considered that this elevated level reflects an 
accumulation of non-repaired DNA damage. 
      Extensive damage to DNA can lead to cell death. 
Large number of cells dying can lead to organ failure 
and death for the individual. Damaged or improperly 
repaired DNA may develop into cancers. Data on the 
possible cancer-related effects of microwave 
radiation are still controversial. However, it is 
possible that in complex cellular processes involved 
in carcinogenesis it could have co-carcinogenic 
effects (Verschaeve and Maes, 1998).  
      The results of the present study are in agreement 
with those of (Gichner et al.,2000; Trosic et al., 2002 
and 2004; Zotti-Martelli et al., 2005; Lixia et al., 
2006; Garaj-Vrhovac and Oreščanin, 2009 and Garaj-
Vrhovac et al., 2009).     
     Cells respond to abnormal physiological 
conditions by producing protective heat shock (or 
stress) proteins. Heat shock proteins are an important 
group of cell response proteins. They act  primarily as 
molecular chaperones to eliminate unfolded or miss-
folded proteins, which can also appear from cellular 
stress. This stress response can be induced by many 
different external factors including temperature, 
oxidative stress, ionizing and non-ionizing radiation 
(Ramage and Guy, 2004). It has been reported that 
HSP70, one of the most studied HSP families is 
induced with exposure of human epithelial cells to 
GSM signal of 960 MHz at a SAR of 0.0021 W/Kg 
for 20 min (Kwee et al., 2001). 
       Some investigators described an increased HSP 
level after RF-EMF exposure (de Pomerai et al., 
2000; Leszczynski et al., 2002), however, these 
results are controversial, because of some other 
negative findings (Cotgreave,2005). The present 
study indicated that there was a significant increase in 
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serum HSP70 after the three times of exposure to RF-
EMF at SAR 2.9 W/Kg. This increase was persisted 
also after one week of exposure. Thus the current 
study conformed a cellular protective response as a 
result of microwave exposure. Fritze et al.(1997) 
examined the levels of HSP70 m-RNA in rat brain 
after exposure of animals to EMF from mobile 
phones and found that SAR of 7.5W/Kg induced 
HSP70 m-RNA in cerebellum and hippocampus. 
However, there is also a contrasting reports that 
radiofrequency radiation were not able to induce the 
HSP70 response and others speculated that 
temperature increase not microwave radiation may 
cause the induction of heat shock gene expression (de 
Pomerai et al., 2000 and Dawe et al.,2006). So, the 
increase of HSP70 observed in this study might be 
involved in protecting the cells from DNA damage 
induced by microwave radiation of the mobile phone 
exposure.   
      The results of the present study, are in agreement 
with those of Fritze et al.(1997); Danilles et 
al.(1998); de Pomerai et al.(2000); Kwee et al.(2001) 
Lixia et al. (2006) and Simkó et al. (2006). 

      In conclusion, the results obtained in the 
current study demonstrate the presence of DNA 
damage and heat shock response in  male Wistar rat 
blood due to acute non-thermal exposure to 900MHz 
RF for GSM. The results also indicated that the 
alkaline comet assay, as a reliable biomarker of 
exposure, can be successfully applied in the study of 
DNA-damaging effects. From a public health 
standpoint, it is important to re-evaluate the present 
RF-EMF safety limits proposed by the International 
Commission on Non-Ionizing Radiation Protection 
(ICNIRP). Moreover, longer and chronic exposures 
should be tested to see if the effect could evolve in a 
permanent effect on the cells or not. 
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Abstract: In the present work, we prepared Microcrstalline cellulose from rice straw and utilized it in 
manufacture of yoghurt. Different concentration of Microcrstalline cellulose was used and compared 
with yoghurt (control) without addition. Microbiologically, organoleptically, chemically and physical 
properties of resultant yoghurt was studied. Addition of Microcrstalline cellulose had no significant on 
the viability of Total bacteria count, and Lactobacillus delbrueckii supsp bulgaricus and Streptococcus 
salivarius subsp thermophilus and all samples free from yeast, mould and coliform fresh and during cold 
storage (5 ºc± 1 ºc). Organoleptically showed that 0.1 % of Microcrstalline cellulose was best 
concentration that had a highest score for appearance, body and texture and flavor fresh and during 
storage. esults showed that the yoghurt manufacture by using 0.1% Microcrstalline cellulose had a high 
acidity, acetaldehyde, diacetyl and Total volatile fatty acids than control. Also treated samples had a 
higher viscosity and lower synerthesis than control. [Journal of American Science. 2010;6(10):226-231] 
SSN: 1545-1003).  
 
Key words: Yoghurt, Stabilizer, Microcrstalline cellulose. 
 
1. Introduction 
Microcrystalline cellulose is an insoluble 
hydrocollide derived from cellulose typically found 
in fruits and vegetables. During UHT processing 
Microcrystalline cellulose forms a thixotropic three 
dimensional network that provides suspension of 
heavy particulates, without gelling or inhibiting flow. 
Microcrystalline cellulose has many applications in 
pharmaceuticals, foods preparation. It is a naturally 
derived stabilizer, texturizing agent and fat replacer. 
It is used extensively in reduced fat salad dressing, 
numerous dairy products including cheese, frozen 
desserts and whipped topping and bakery products. 
Microcrystalline cellulose molecules is made up of a 
chain of about 250 glucose molecules. 
Microcrystalline cellulose is a food stabilizer formed 
from natural components used in food products. 
Effective amounts of the natural components are 
provided to the food products to maintain physical 
stability during its shelf life.  
        Thus, we prepared Microcrystalline cellulose via 
bio-chemical processing of rice straw according to 
(Galal et al., 2008) then the obtained unbleached 
pulp was bleached and converted to its corresponding 
Microcrystalline cellulose accordance to (Galal and 
Mohamed, 2009).  
       The aim of this work is studying the feasibility of 
using Microcrystalline cellulose in manufacture of 
yoghurt as a natural stabilizer and fat replacer. 
 

2. Material and Methods  
Materials 
     Milk. Fresh buffaloes’ milk was obtained from the 
herd of faculty of Agriculture, Cairo University. The 
milk was skimmed by using a mechanical separator. 
Skim milk was analyzed for its chemical 
composition. Gross chemical composition of skim 
milk was Total Solids (11.1%), Total Protein 
(3.95%), Lactose (5%), Ash (0.93%) and Fat (1%). 
      Preparation of Microcrystalline cellulose.  
Microcrystalline cellulose was prepared from rice 
straw bleached pulp according to (Galal and 
Mohamed, 2009).                 
       Starter cultures. Yoghurt starter Lactobacillus 
delbrueckii supsp bulgaricus and Streptococcus 
salivarius subsp thermophilus were obtained from 
Ch. Hansen. Copenhagen. Denmark. 
       The milk samples were inoculated with 2% 
starter culture and incubated at 42 ºc for 2-3 hrs until 
a uniform coagulum. The yoghurt cups were then 
transferred to refrigerated storage and analyzed after 
1, 3, 5, 7 and 15 days of storage for their 
microbiological analysis. 
              Preparation of yoghurt. Fresh skim 
buffaloes’ milk was heated at 85°c for 15min. then 
divided into six portions, cooled to 42°c then 
inculated with 2% (Lactobacillus delbrueckii subsp. 
Bulgaricus and Streptococcus salivarius 
subsp.thermophilus (1:1)) then incubated at 42°+1°c 
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for 2.5 hr until coagulation was completed. The 
products were stored at the refrigerator for 2 weeks. 
        Preliminary experiments. Fresh skim buffaloes’ 
milk was heated at 82°C for15 min. then divided into 
six portions. The first portion let as control then five 
different concentration of Microcrystalline cellulose 
was added (0.1, 0.2, 0.3, 0.4, 0.5) respectively. All 
treatments &control cooled to 42°c then inculated 
with 2% (Lactobacillus delbrueckii subsp. Bulgaricus 
and Streptococcus salivarius subsp.thermophilus 
(1:1)) then incubated at 42°c for 2.5 hr until 
coagulation was completed. The products were stored 
at the refrigerator. 
 
Methods  
 Chemical Analysis. Protein, fat, lactose 
and ash content were determined according to AOAC 
(1995). pH and titratable acidity were determined as 
outlined by Marshall (1993), Total solids measured 
according to IDF (1982). Acetaldehyde and diacetyle 
content was determined as described by Lees&Jago 
(1969) and Pack et al. (1964) respectively. Total 
volatile free fatty acids (TVFA) were measured 
according to Kosikowski (1978). Viscosity of 
yoghurt was determined using Zum viscosimeter type 
RN-50 HZ. Lactose was determined colourimetrically 
according to Nickerson et al. (1976). 

  
 Microbiological Analysis 
    Total bacterial count. The total bacterial count 
(TBC) was carried out as the conventional method 
(FDA, 2002) using plate count agar (Oxoid). After 48 
± 2h incubation at 35± 1ºc colony forming units were 
accounted and calculated per gram of sample. 
    Molds and yeasts count. Enumeration and count of 
yeasts and molds were carried out in the samples 
using the media of acidified potato dextrose agar 
(Oxoid). The method recommended by (FDA 2002) 
was followed up. Plates were incubated at 22-25º c 
for 3-5 days, and colonies of yeasts and molds were 
accounted and calculated per gram of sample.  
        Detection of coliforms. Coliform group was 
determined using solid medium method onto plates of 
violet red bile agar (VRBA) (Difco) according to the 
method reported by (FDA 2002). Plates were 
incubated 24h at 32- 35º c.    
        Lactic acid bacteria count. Yoghurt starter 
Lactobacillus delbrueckii supsp bulgaricus and 
Streptococcus salivarius subsp thermophilus were 
counted on MRS agar medium for 48h at 37ºc 
anaerobically and on M17 agar medium for 48h at 
37ºc aerobically, respectively, according to Marshall 
and Tamime (1997). 
 
3. Results and Discussion 

Total bacterial count 
      Data obtained in Fig. 1 illustrate that the log 
counts of TBC in fresh control and treatment 
(yoghurt supplemented with 0.1% Microcrystalline 
cellulose) were 7.0 and 7.0 log CFU/g, respectively 
and increased to 8.9 and 7.9 log CFU/g at the 5thday 
of the storage, then decreased slightly to reach 8.0 
and 7.6 log CFU/g respectively at the end of storage. 

Lactic acid bacteria count (LAB) 
      Data shown in Fig. 2 and 3 the viability of 
Lactobacillus delbrueckii supsp bulgaricus and 
Streptococcus salivarius subsp thermophilus, 
respectively. The data in Fig. 2 indicate that 
Microcrystalline cellulose had no significant effect on 
the viable count of Lactobacillus delbrueckii supsp 
bulgaricus when compared with control, and the 
viability of Lactobacillus delbrueckii supsp 
bulgaricus during the storage was constant. However, 
the same results were shown with Streptococcus 
salivarius subsp thermophilus Fig. 3. The viable 
count of Streptococcus salivarius subsp thermophilus 
had no significant differ when compared with control 
in fresh or at the end of storage.  

         

Fig. (1): Viability of total bacterial counts(log 
CFU/g) in yoghurt supplemented with 
Microcrystalline cellulose during the storage 
period at 5±1 ºC 
 
        However, the presence of Microcrystalline 
cellulose in yoghurt had no significant effect on the 
viability of TBC and LAB. Bianchi and Capurso 
(2002) reported that dietary fibres are carbohydrates 
that resist hydrolysis by human intestinal enzymes 
but are fermented by colonic microflora. Soluble 
dietary fibres are fermented by anaerobic bacteria 
with production of gases, short chain fatty acids and 
other metabolic products believed to cause symptoms 
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such as bloating, abdominal distension, flatulence. 
Insoluble fibres are only partially fermented, serving 
almost exclusively as bulking agents that result in 
shorter transit time and increased faecal mass. 
Microcrystalline cellulose caused fewer symptoms 
than guar gum and ispaghula probably due to the 
insoluble nature and the dimensions of the particles 
of this Microcrystalline cellulose. 
 

Fig. (2): Viability Lactobacillus bulgaricas (log 
CFU/g) in yoghurt supplemented with 
Microcrystalline cellulose during the storage 
period at 5±1 ºc 

 
Fig. (3): Viability Streptococcus thermophilus (log 
CFU/g) in yoghurt supplemented with 
Microcrystalline cellulose during the storage 
period at 5±1 ºc 

 
             
   Coliforms, Molds and yeasts count 
      Coliforms were not detected in yoghurt from all 
samples either when fresh or during the cold storage. 
This can be attributed to the hygienic practices 
followed during the preparation and storage of 
yoghurt. However, moulds and yeasts began to 
appear after 7th day in the control and 15thday in the 
treatment. 
     Table 1 shows the organoleptic properties of 
yoghurt prepared by using different concentration of 
Microcrystalline cellulose. It was clear that 0.1% 
microcrystalline cellulose had gained highest score 
than control and other treatments. On the other hand 
0.5 % of microcrystalline cellulose had gained a 
lowest score than control and other treatment. 0.1 % 
of microcrystalline cellulose improved the 
appearance, body and texture and flavor of resultant 
yoghurt than control and other treatments. 
Microcrystalline cellulose is a food stabilizer 
maintains physical stability during its shelf life while 
improving good mouth feel. 

         
Table 1. Organoleptic properties of yoghurt 

prepared by using different concentration 

of Microcrystalline cellulose.  

Conc. % 
Appearance 

(10) 

Body & 
Texture 

(60) 

Flavor 
(30) 

Total 
(100) 

0.1 9 58 28 95 

0.2 8 50 24 82 

0.3 7 42 22 71 

0.4 6 35 20 61 

0.5 5 30 18 53 

Control 8 57 26 91 

 
Table 2 illustrate the effect of cold storage 

(5° c ±1°c) on organoleptic properties of yoghurt 
prepared by using 0.1 % microcrystalline cellulose 
fresh and during storage until 2 weeks. We indicated 
that treatment had gained highest score for appearance, 
body & texture and flavour either fresh or during cold 
storage 5°c ±1°c until 2 weeks than control. On the 
other hand the degrees gradually decreased during 
storage for appearance, body& texture and flavour 
either control or treatment. 
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Table 2: Effect of cold storage 5° c ±1°c on organoleptic properties of Yoghurt prepared by using 0.1% 
Microcrystalline cellulose.  

Samples Appearance (10) 
Body & Texture 

(60) 
Flavour (30) Total (100) 

Fresh 

Control 8 57 26 91 

Treatment 9 58 28 95 

1 week 

Control 7 55 24 86 

Treatment 8 57 26 91 

2 week 

Control 6 53 22 81 
Treatment 7 54 23 84 

 
 Table 3 indicated the chemical composition of 
yoghurt prepared by using 0.1 % Microcrytalline 
cellulose fresh and during cold storage (5°C ±1°C) 
until 2 weeks. It was clear that acidity, fat, TS, 
protein and ash is slightly high in treatment than 
control either fresh or during storage whereas pH 
took an opposite trend. Acidity increased gradually  

 
until 2 weeks in both control and treatment. This may 
be due to the fermentation of lactose. These results 
are in agreement to (Tamime and Deeth 1980), 
(Fatma et al., 1999).  TS, fat, protein and ash 
increased gradually during cold storage (5° C ±1°C) 
until 2 weeks (Abou Dawood et al., 1993) either 
control or treatment. 

       
Table 3. Some chemical composition of yoghurt manufacture by using 0.1% 
        Microcrystalline cellulose during cold storage (5° c ±1°c)  

Acidity PH Fat T.S. Protein Ash 

Samples 

F
re

sh
 

1
 W

 

2
 W

 

F
re

sh
 

1
 W

 

2
 W

 

F
re

sh
 

1
 W

 

2
 W

 

F
re

sh
 

1
 W

 

2
 W

 

F
re

sh
 

1
 W

 

2
 W

 

F
re

sh
 

1
 W

 

2
 W

 

Control 0.80 1.12 1.42 6.2 6.0 5.8 1 1.2 1.4 11.57 11.6 11.6 4.8 4.82 4.82 0.90 0.92 0.92 

Treatment 0.85 1.15 1.45 6.0 5.9 5.7 1.2 1.3 1.4 11.72 11.75 11.76 4.83 4.85 4.86 0.94 0.95 0.95 

W= week 

 
  Table 4 shows the effect of cold storage 
5° C ±1°C on viscosity (Cp/s) and whey synerthesis 
of prepared yoghurt by using 0.1 % Microcrystalline 
cellulose. Viscosity is higher in treatment than 
control either fresh or during cold storage whereas 
viscosity increased gradually in control and 
treatment during cold storage 5° C ±1°C. This may 
be due to the increased of acidity and the interaction 
between Microcrystalline cellulose as stabilizers and 
milk proteins (Guiseley et al., 1980; Schmid and 
Smith 1992).  

      
     From the same table whey synerthesis increased 

in both control and treatment during storage up to 2 
weeks. Yoghurt prepared by using 0.1 % 
Microcrystalline cellulose had lower whey 
synerthesis than control either fresh or during cold 

storage 5° C ±1°C. Microcrystalline cellulose 
improved the yoghurt whey off. These results are in 
accordance to (Abd El Salam et al., 1996) & (Fatma 
et al., 1999).  
 
Table 4. Effect of cold storage (5° C ±1°C) on 

viscosity (Cp/s) and whey Synerthesis of 
prepared yoghurt by using 0.1% 
Microcrystalline cellulose. 

Control Treatment Storage 
Period Viscosity Whey 

synerthesis 
Viscosity Whey 

synerthesis 

Fresh 15300 6.6 18500 5.2 

1 week 25600 6.9 30543 5.8 

2 week 38530 7.5 45320 6.4 
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 Table 5 show the effect of cold storage 
5° C ±1°C on total volatile fatty acids, acetaldehyde 
& diacetyl of yoghurt prepared by using 0.1 % 
Microcrystalline cellulose. Total volatile fatty acids 
are higher in treatment than control either fresh or 
during storage for 2 weeks. It is increased gradually 
during storage. These results are agree by (Abou 

Dawood et al., 1993), from the same table 
Acetaldhyde is higher in treatment than control. 
Gradually decreased during cold storage 5° C ±1°C 
until 2 weeks either control or treatment. Also, 
diacetyle took the same trend. These results are 
agreed by (Fatma et al., 2001). 
 

 
Table 5. Effect of cold storage (5° c ±1°c) on total volatile fatty acids (TVFA) (0.1N NaOH/100gm), 

acetaldehyde (µm/100 gm) & diacetyl (µm/100 gm) of yoghurt prepared by using 0.1% 
Microcrystalline cellulose. 

Control Treatment Storage 
Period TVFA Acetaldehyde diacetyl TVFA Acetaldehyde diacetyl 
Fresh 7.5 350 245 8.5 420 260 

1 week 
12.3 298 205 14.3 380 230 

2 week 
15.5 270 180 18.2 290 160 

 

4. Conclusion 
   Microstalline cellulose prepared from rice straw 
was successful at 0.1% conc. In manufacture of 
yoghurt and improve body & texture and flavor and 
increased viscosity with low synerthesis. 
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Abstract: Data from a cross-sectional study of 5245 healthy children in South Sinai were used to construct standard 
growth charts of weight, stature and BMI for each sex. The sample was collected during the project funded by the SSRDP 
which belong to the European Union commission (project 238). Weight and stature were obtained under standard 
conditions for each year cohort for children aged 1–16 years, BMI was calculated. The values were compared with those of 
the Egyptian and WHO growth curves. The constructed growth standards are suitable for growth monitoring programmes 
throughout South Sinai. [Journal of American Science. 2010;6(10):232-240]. (SSN: 1545-1003). 
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1. Introduction 
      Somatic growth is an indicator of a child's health 
and nutrition. For this reason, updated reference growth 
charts describing the auxological characteristics of the 
population which his or her patients belong to are 
particularly useful to the paediatrician [1]. In Egypt, 
paediatricians can compare growth with local National 
Egyptian Growth Curves [2]. International curves of 
WHO are also available [3]. 

South Sinai is an arid area located at north east 
region of Egypt. Population have environmental, climatic, 
social and ethnic specifications that are markedly 
different from other areas in Nile valley [4]. However, 
reference values for weight, stature and BMI of these 
children do not exist. The presence of local standard 
growth curves will allow comparing growth pattern in S. 
Sinai with other Egyptian children and will help 
clinicians for proper evaluation of growth and nutrition 
status of children in this remote area. 
 The aim of this study is to present standard age- 
and gender- specific smoothed percentile curves of 
weight, stature and BMI for normal healthy South Sinai 
children and adolescents and compare it to the National 
Standards of the Egyptian Growth curve [2] and WHO 
growth charts [3]. 
 
2. Subjects and Methods  

This piece of work was mediated through the 
project "Improvement of health and nutrition status of 
children living at South Sinai". It is funded by the SSRDP 
which belong to the EU (project 238). Consent was taken 
by every child caretaker according to regulations of 
National Research Centre ethical committee. 
 
Sample 

A cross sectional study was designed, random 
stratified sample was calculated according to standard 
statistical equation [5], and selected to represent all 

social, environmental and ethnic variations in South 
Sinai. It included 5245 healthy subjects (2716 boys 
and 2529 girls), they represent about 12% of all 
children of the same age based on a sample 
representing all areas of South Sinai (from 6 areas: 
El-Tur, Abu Redeis, Abu Zenima, Saint Katherine, 
Noweibaa and Ras Seder). Age was accurately 
calculated from birth certificate or from the school 
files.  They were grouped by age (year + 6 months) 
from the age of 1 year until the age of 16 years for 
each sex separately. 

 
Data collection 

The co-investigators in the project were 
professional physicians, well-trained in 
anthropometry. They provided training and 
participated in the data collection. Each team 
received 20 hours of classroom instructions over a 
10-day period, which was followed by practical 
training for 4 hours per day for 2 weeks. The 
accuracy of the team measurements was evaluated 
during the training and during the field study by their 
respective supervisors. Quality control was 
accomplished on teams sequentially withdrawn from 
the field for re-evaluation. Intra-observer and inter-
observer differences were periodically checked 
during fieldwork.  

For each child in the sample, the following 
were performed:  
1.   Questionnaire to parents, including personal data, 
socioeconomic data and the medical history of the 
child with special emphasis on chronic disease or 
long-term systemic treatment. 
2.   Complete clinical examination to exclude organic 
or genetic disorders that might interfere with normal 
growth.  
3.   Measurements included body weight; using Seca 
scale approximated to the nearest 0.01 Kg with 
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minimal clothes for which no correction was made, and 
stature; using an infantometer  for children ≤ 3 years; or 
body height without shoes using Holtain Stadiometer for 
children >3 years,  and approximated to the nearest 0.1 
cm. All measurements were attempted following the 
recommendations of the International Biological Program 
[6], using standardized equipments and were recorded as 
the mean of three accepted consecutive readings. 
 
4. Body mass index (BMI) was calculated as:  
  [Body weight (Kg)/height or length (m²)]  
 
Statistical analysis 

Means and standard deviation (SD) of body 
weight, stature and BMI were calculated for each age and 
sex separately. The independent t-test was used in 
assessment of sex differences. The data points at  3rd , 5th , 
15th , 25th , 50th ,  75th , 85th , 95th  and 97th  percentiles 
were determined for each age and sex ,and graphically 
smoothed using a polynomial fitting equation. 
Comparison of the current data from South Sinai with the 
corresponding revised Egyptian Growth Curve [2] and 
WHO growth charts [3] were performed. The Statistical 
Package of Social Science “SPSS/PC” software version 
9.05 Program was used.  P value of less than 0.05 was 
considered statistically significant.                  
 
3. Results  
South Sinai values 

Means and SD of the weight, stature and body 
mass index values for South Sinai boys and girls aged 
from 1 to 16 years of age are presented in tables 1-3 for 
each sex separately. The means were higher for boys than 
girls during the first 8 years of age with significance only 
at ages; 1 to 3 years for weight, 1 to 5 years for BMI and 
only for age 3 years in height (P < 0.05). After that, girls 
have higher values than boys at ages 9 to 13 for height 
and 9 to 14 for weight, with significance only at age 11 
for height and 11 and 12 for weight. Then, boys become 
heavier and taller than girls again, with significance only 
at age 17 for weight and ages 14 to 18 for height. 
Regarding BMI, girls have the higher values from age 9 
to 18 years, with significance at ages 11, 12, 14, 15 and 
16 years.  

The smoothed percentiles of the weight, stature 
and BMI values for South Sinai boys and girls aged from 
1 to 16 years are presented in Figures 1 to 3 respectively. 
 
National comparison: 

Comparison of the 50th percentiles of the BMI of 
the current South Sinai study and the Egyptian growth 
curve [2] (2 to 16 years of age), are presented in figure (4) 
for boys and girls respectively. For both sexes, the 50th 
percentile of the South Sinai reveals lower values of BMI 
than the Egyptian Growth curve [2], which reflect that the 

South Sinai children have smaller size than the 
national standards. 
International comparison 

Comparison of the 50th percentiles of the 
BMI of the current South Sinai study and the WHO 
Growth curves (2 to 5 years only) [2], are presented 
in figure (5a, b) for boys and girls respectively. Boys 
of the South Sinai Study have higher values of the 
BMI than the WHO Growth curves [2]. While the 
girls have the higher values in the second and third 
years of age only . After that, the girls of the WHO 
standards have the higher values during the fourth 
and fifth years of age.  
 
4. Discussion: 
The growth supervision of children using growth 
curves is a widespread and useful tool in general 
paediatric practice [7] . 
    In the current survey, we present the South 
Sinai cross-sectional growth charts for weight, 
stature and BMI drawn on the basis of a sample of 
over 5245 healthy subjects (2716 boys and 2529 
girls) aged 1-16 years from 6 areas in South Sinai. 
Standard growth charts are described to represent 
growth of all children, including those who are not 
living under favorable conditions [2].                                           
    The present data was collected in a cross-
sectional study, a practical study design found 
widely acceptable to statisticians, as it is of high 
quality and quantity [8, 9, 10 ]. In addition, the 
body weight and stature measurements were 
recorded by well trained and experienced 
professionals using standard and reliable 
equipments. Some specific features have been 
included in the development of this updated 
reference values. The reference values are given 
not only for the measurement values, but also for 
the age-interpolated values and smoothed values. 
As children are rarely measured at exactly the 
same age in any growth study, this age 
interpolation and smoothing was felt to be 
necessary. The smoothed reference values are 
better than the measured reference values and 
were therefore selected in the current study. 
References are presented in terms of centiles, 
since the classic reference charts can easily be 
interpreted by parents as well as by health 
personnel. This study provided the first standard 
growth curves of body weight, stature and BMI 
for South Sinai children and adolescents aged 1- 
16 years. The sample was ideally representing all 
areas in South Sinai. 
      Progressive increase in weight, stature and 
BMI values appeared in all age intervals with 
different rates for both boys and girls. Boys  
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Table (1): Means and standard deviations of Weight (Kg) of Egyptian boys and girls in South Sinai 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

*P < 0.05=Significant difference. .       ** P < 0.001= Highly significant difference. 

Girls (2529) Boys (2716) 

P–value 
(SD) 

Mean 

(Kg) 
N (SD) 

Mean 

(Kg) 
N 

Age 

0.034* 2.06 8.89 126 2.19 9.45 135 1 years 

0.004** 1.97 11.14 76 2.53 12.15 96 2 years 

0.002** 2.18 13.05 119 2.60 13.98 131 3 years 

0.800 3.06 15.21 106 2.27 15.29 146 4 years 

0.351 3.02 17.25 130 2.92 17.60 121 5 years 

0.224 3.57 19.54 180 3.63 19.98 215 6 years 

0.653 4.47 21.89 244 3.24 22.05 250 7 years 

0.545 5.07 24.07 216 4.44 24.33 265 8 years 

0.687 6.21 27.26 246 6.17 27.02 210 9 years 

0.769 7.67 30.73 240 7.25 30.53 230 10 years 

0.002** 8.21 34.87 229 7.29 32.41 177 11 years 

0.000** 10.21 40.87 143 7.84 36.72 203 12 years 

0.252 12.41 44.60 106 13.10 42.73 147 13 years 

0.752 11.37 49.85 118 13.97 49.33 120 14 years 

0.341 8.89 52.09 102 11.36 53.40 124 15 years 

0.041* 10.90 55.97 148 12.81 58.81 146 16 years 
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Table (2): Means and standard deviations of stature (cm) of Egyptian boys and girls in South Sinai 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*P < 0.05= Significant difference. .       ** P < 0.001= Highly significant difference. 

Girls (2529) Boys (2716) 

P–value 
SD 

Mean 

(Kg) 
N SD 

Mean 

(Kg) 
N 

Age 

0.673 5.62 73.45 126 5.79 73.75 135 1 years 

0.033* 6.07 83.26 76 4.73 85.03 96 2 years 

0.942 5.40 90.15 119 4.92 90.10 131 3 years 

0.104 6.25 99.36 106 6.57 98.02 146 4 years 

0.677 6.31 107.06 130 7.09 106.71 121 5 years 

0.114 6.19 112.89 180 6.63 113.92 215 6 years 

0.584 6.54 118.85 244 5.92 119.15 250 7 years 

0.373 7.47 123.80 216 6.15 124.35 265 8 years 

0.778 6.57 129.48 246 6.63 129.31 210 9 years 

0.850 7.06 134.85 240 7.44 134.72 230 10 years 

0.025* 7.29 139.77 229 7.17 138.14 177 11 years 

0.054 8.25 145.66 143 7.20 144.05 203 12 years 

0.747 6.90 149.96 106 9.53 149.61 147 13 years 

0.000** 7.37 152.86 118 9.83 157.58 120 14 years 

0.000** 4.32 155.35 102 8.53 161.81 124 15 years 

0.000** 6.77 157.43 148 9.40 166.25 146 16 years 



Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 236

Table (3): Means and standard deviations of BMI (Kg/ m²) of Egyptian boys and girls in South Sinai 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*P < 0.05= Significant difference.        **P < 0.001= Highly significant difference

Girls (2529) Boys (2716) 

P–value 
SD 

Mean 

(Kg) 
N SD 

Mean 

(Kg) 
N 

Age 

0.014* 2.83 16.50 126 3.38 17.46 135 1 years 

0.046* 2.24 16.05 76 2.63 16.82 96 2 years 

0.002 2.43 16.10 119 3.17 17.23 131 3 years 

0.038* 2.21 15.34 106 1.80 15.87 146 4 years 

0.031* 1.56 14.97 130 1.75 15.42 121 5 years 

0.698 1.70 15.26 180 1.57 15.32 215 6 years 

0.712 2.13 15.40 244 1.34 15.46 250 7 years 

0.785 2.11 15.59 216 1.87 15.64 265 8 years 

0.599 2.75 16.17 246 2.55 16.04 210 9 years 

0.776 3.50 16.79 240 3.05 16.70 230 10 years 

0.005* 2.96 17.67 229 2.81 16.85 177 11 years 

0.000** 4.36 19.16 143 3.02 17.59 203 12 years 

0.108 4.57 19.71 106 4.10 18.83 147 13 years 

0.004* 4.36 21.26 118 4.47 19.60 120 14 years 

0.009* 3.52 21.58 102 3.68 20.31 124 15 years 

0.007* 4.46 22.62 148 4.25 21.23 146 16 years 
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Fig (1 a): Smoothed percentiles of body weight  for South Sinai boys aged 1 to 
16 years
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Fig (1b): Smoothed percentiles of body weight  for South Sinai girls aged 1 to 
16 years
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Fig (2 a): Smoothed percentiles of body stature  for South Sinai boys aged 1 to 
16 years
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Fig (2 b): Smoothed percentiles of body stature  for South Sinai girls aged 1 to 16 years
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Fig (3 a): Smoothed percentiles of body mass index  for South Sinai boys aged 
1 to 16 years
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Fig (3 b): Smoothed percentiles of body mass index  for South Sinai girls aged 
1 to 16 years
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Figure (4 a): Comparison of the 50th % of the boys of South Sinai with the 
Egyptian reference data (2002)
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Figure (4 b): Comparison of the 50th % of the girls of South Sinai with the 

Egyptian reference data (2002)
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Figure (5 a): Comparison of the 50th % of the boys of South sinai with the WHO 
reference data (2006)

15

15.2

15.4

15.6

15.8

16

16.2

16.4

16.6

16.8

17

1.5 2 2.5 3 3.5 4 4.5 5 5.5

Age (years)

B
M

I
 (

K
g
/m

2
)

South Sinai

WHO

 
 

Figure (5 b): Comparison of the 50th % of the girlss of South sinai with the 
WHO reference data (2006)
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recorded higher values over girls during the first 8 
years of age with significance only during first 3 years 
for weight, 5 years for BMI and only at age of 3 years 
in height. After that, girls have higher values than 
boys at ages 9 to 13 for height and 9 to 14 for weight, 
with significance only at age 11 for height and 11 and 
12 for weight. This can be explained by earlier 
puberity and growth spurt of girls [11]. Then, boys 
become heavier and taller than girls again, with 
significance only at age 16 for weight and ages 14 to  

 
16 for height. Regarding BMI, girls have the 
higher values from age 9 to 16 years, with 
significance at ages 11, 12, 14, 15 and 16 years.  
    Among the indirect measurements of adiposity, 
such as skinfold thickness or waist/ hip ratio [12], 
BMI is largely used to assess weight excess 
during the whole life, since it applies not only to 
adults [13] but also to children [14]. These should 
be carefully monitored, since overweight children 
are at higher risk of becoming overweight adults 
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and suffering, as adults, from metabolic and 
cardiovascular diseases. So, in this study, BMI data 
allowed us to estimate the current auxological 
differences between the South Sinai children and 
adolescents and the national standards of Egyptian 
growth curve [2], where for both sexes South Sinai 
children and adolescents have smaller size. This 
comes in accordance with  the objectives of other 
studies in Qatar [15], Germany [16], London [17], 
West Indies [11] , Gabon  [18], and in Mexico [19]. 
Also, Boys of the South Sinai Study have biggest size 
than the WHO Growth curves [2] during the first 6 
years of life, while the girls have biggest size in the 
second and third years of age only. After that, the girls 
of the WHO standards have the higher values during 
the fourth and fifth years of age.  We cannot say 
whether the differences are due to differences in 
genetics, environment, socioeconomic conditions, diet 
or lifestyle, since all these differences are known to 
exist.But wide differences in diet and physical activity 
could be the reason [20].  
     The large difference in BMI centile suggests that 
National Egyptian and WHO norms are not suitable 
for the South Sinai population. The differences 
between the charts in use and South Sinai charts are 
expected to result in different estimates of the 
prevalence of subjects labeled as short stature or 
overweight or obese: this fact should be clearly 
explained to South Sinai clinicians when they will 
begin to adopt South Sinai charts. 
    South Sinai standard curves intend to supply 
paediatricians with a tool that avoids the use of charts 
that are outdated or that refer to other populations, and 
thus should be suitable for monitoring adequately the 
growth of their children. 
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Abstract: The purpose of this work is to assess the possibility of the recycling of some solid wastes of ceramic 
industry in the preparation of ceramic tiles at the same factory. Cyclone dust, sludge, and filter dust were added to 
the base body in proportions ranging from 2.5 to 10 % weight content. The mixed powders were pressed at 225 bar, 
then fired in an industrial kiln at 1190 ºC for 35 minutes cycle. The results showed that addition of cyclone dust 
improved the physico- mechanical properties of the base body, while sludge additions deteriorated these properties.  
Filter dust had nearly no effect on properties. The phase analysis via XRD and SEM demonstrated that the very 
rapid industrial cycle is insufficient for the complete melting of soda feldspar and the formation of any mullite 
crystals. [Journal of American Science. 2010;6(10):241-247]. (ISSN: 1545-1003). 
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1. Introduction 

      Waste recovery is a very important 
topic from the public health, the environmental and 
industrial perspectives. The use of wastes as useful 
raw materials is strongly recommended since it 
reduces the negative environmental impact associated 
with landfill, minimizing manufacturing cost, and 
preserves non- renewable natural resources. 
Many attempts were made to incorporate solid wastes 
into raw materials mixtures in order to produce 
different ceramic products. Rice husk ash and silica 
fume were used in the preparation of whiteware 
bodies [1, 2]. They lead to a marginal improvement 
in the body strength. Granite wastes which are 
produced by the granite processing industry were 
successfully used in the production of ceramic tiles of 
water absorption lower than 3 % and fired at 1200 ºC. 
The addition of this waste up to 35 % resulted in an 
increase of the modulus of rupture; however a slight 
increase in water absorption was observed [3]. 
Wastes from marble working were considered to be 
potentially beneficial by recycling them in the 
manufacture of certain ceramic products, in which 
calcite and dolomite are used as raw materials [4]. 
Several wastes such as phosphogypsum, fly ash and 
iron rich waste have been identified for possible 
mixing with clay in novel ceramic bodies intended 
for a water filter application. A body of 80% fly ash, 
5% phosphogypsum and 10 % iron rich waste and 5 
% bentonite has shown a favorable water absorption 
and shrinkage for employment as a filter [5]. Oily 
waste obtained directly from the petroleum separation 
process was added at levels of 5, 10, 20 and 30 % to a 
ceramic body composition and revealed no change of 

porosity [6]. Sewage sludge and steel work slag 
when used to formulate ceramics have improved the 
mechanical strength of the sintered specimens, but it 
can be used only where the color of the finished 
product is not important [7].  
 In fact, the recycling of waste produced from 
a given industry as raw materials for the same 
product is the most beneficial waste management 
method, and this is the trend of this work. Generally, 
ceramic tiles production has shown a great rate of 
increase in recent years. In Egypt, tile production 
was 20 million m2 in 1996, while it reached 83 
million m2 in 2004 with an increase of more than 
four folds (> 400 %). In 2006, the production of 
Egyptian factories was about 100 million m2 [8]. 
This increase in production is accompanied with a 
large increase of industrial solid wastes. This article 
aims at making use of solid wastes produced from a 
ceramic factory in the preparation of ceramic tiles at 
the same factory conditions, i.e. without changing 
the process parameters. This will get two targets at 
once; reduce the pollutants produced from ceramic 
industry and economical production of ceramic tiles. 
 
2. Experimental 
2.1- Preparation of raw materials 

A representative sample of 10 Kg of each 
raw material was provided in the form of lumps. The 
size of these lumps was reduced through crushing by 
a jaw crusher, then wet ground in a ball mill. 
Materials were then thoroughly mixed and quartered. 
The fine powders were mixed with solid wastes 
according to the designed proportions. A slip of each 
batch is prepared by mixing the powders with 40 % 
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water. The slurry was left to dry at 110 º C. The dried 
cakes were crushed and dry milled. 
 
2.2- Preparation of the test samples 

The dry powders were pressed at 225 bar 
using 6 % water content as a binder. Rectangular 
specimens of 10 cm x 5 cm x 0.5 cm were prepared 
in order to measure the densification parameters; i.e. 
water absorption, apparent porosity, bulk density and 
linear shrinkage.   Bars of 5 cm x 2.5 cm x 0.5 cm 
were also pressed in order to measure the modulus of 
rupture. Formed specimens were dried at 110 ºC for 
24 h, and then fired in an industrial kiln at 1190 ºC 
for 35 minutes cycle. 
 
2.3- Investigation techniques 

The chemical analysis of raw materials and 
wastes was carried out by x- ray fluorescence using 
Philips equipment type (Spectrometer PW 2404 X- 
ray, Holland). The particle size distribution of raw 
materials and wastes were measured using laser 
particle size instrument (HORIBA LB-500). The 
plasticity of the base body and batches containing 
wastes was studied according to Pffefrkorn method. 
The phases of the fired specimens and their relative 
percentage were determined using a Philips 1730 X – 
ray diffractometer with Ni- filtered Cu-Kα radiation 

at a scanning speed of 1 /min. Scanning electron 
microscopy was performed on specimens that were 
polished and etched for 4 minutes in 2 % HF 
solution. Water absorption, apparent porosity and 
bulk density were measured according to 
Archimedes method. Dimensions of green and fired 
specimens were measured in order to calculate the 
linear shrinkage. Ten specimens of each batch were 
measured by 3- points bending test at room 
temperature in order to determine the green and fired 
modulus of rupture (Strumento MOD. MOR/ 3- E, 
Scalo 0+60 Kg, Sassuolo, Italy). 
 
3- Raw Materials 
3.1- Batch formulations and chemical analysis 

In the present work, local Egyptian raw 
materials were used in the preparation of the base 
body; which is composed of 50 % ball clay, 20 % K- 
feldspar, 25 % Na- feldspar, and 5 % talc. Three 
solid wastes of the ceramic industry (cyclone dust, 
sludge, and filter dust) were added to the base body 
in different proportions ranging from 2.5 % to 10 %. 
The compositions formed after these additions are 
given in Table 1. The chemical analysis of the raw 
materials and wastes are given in Table 2. Table 3 
represents the chemical analysis of the prepared 
batches. 

 
Table (1):  Composition of the prepared samples, (weight %). 
 

Batch Base Body Cyclone dust 
(C) 

Sludge 
(S) 

Filter dust 
(F) 

C0 
C1 
C2 
C3 
C4 
S1 
S2 
S3 
S4 
F1 
F2 
F3 
F4 

100 
97.5 
95.0 
92.5 
90 

97.5 
95.0 
92.5 
90 

97.5 
95.0 
92.5 
90 

0.0 
2.5 
5.0 
7.5 
10 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
2.5 
5.0 
7.5 
10 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.5 
5.0 
7.5 
10 
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Table (2):  Chemical analysis of raw materials and wastes. 
 

Constituent Clay Na-
Feldspar Talc K-

Feldspar 
Cyclone 

dust 
Filter 
dust Sludge 

L.O.I 
SiO2 
Al2O3 
Fe2O3 
TiO2 
CaO 
MgO 
K2O 
Na2O 
MnO2 
P2O5 
Cl- 

SO3
-- 

Total 

7.99 
66.1 
19.5 
1.66 
1.95 
0.06 
0.05 
0.52 
0.03 
0.03 
0.00 
0.16 
1.44 
99.7 

0.97 
66.4 
19.0 
0.75 
0.41 
0.60 
0.12 
0.32 
10.9 
0.03 
0.03 
0.06 
0.18 
99.8 

7.20 
47.2 
7.22 
7.13 
0.15 
0.35 
30.2 
0.13 
0.03 
0.11 
0.00 
0.05 
0.09 
99.9 

0.48 
71.29 
15.51 
0.54 
0.07 
0.47 
0.00 
7.71 
3.41 
0.03 
0.00 
0.08 
0.08 

99.67 

4.24 
64.45 
19.25 
3.07 
1.16 
0.81 
1.87 
1.28 
2.70 
0.04 
0.57 
0.00 
0.00 

99.44 

4.47 
63.3 
20.2 
2.76 
1.04 
0.74 
2.19 
1.24 
2.97 
0.04 
0.47 
0.00 
0.00 
99.5 

4.0 
65.4 
18.8 
2.10 
0.74 
2.80 
2.99 
1.57 
2.57 
0.03 
0.46 
0.00 
0.00 

99.58 
 
Table (3) : Chemical analysis of the base body and prepared batches. 
 

Constituent Base 
Body 

C1 C2 C3 C4 S1 S2 S3 S4 F1 F2 F3 F4 

L.O.I 
SiO2 
Al2O3 
Fe2O3 
TiO2 
CaO 
MgO 
K2O 
Na2O 
MnO2 
P2O5 
Cl- 

SO3
-- 

Total 

4.70 
66.27 
18.38 
1.48 

1.099 
0.29 
1.57 
1.89 
3.42 
0.03 
0.01 
0.11 
0.79 

100.0 

4.69 
66.23 
18.40 
1.52 
1.10 
0.30 
1.58 
1.88 
3.4 

0.03 
0.02 
0.11 
0.77 

100.0 

4.68 
66.18 
18.42 
1.56 
1.10 
0.32 
1.59 
1.86 
3.38 
0.03 
0.04 
0.11 
0.75 

100.0 

4.67 
66.13 
18.44 
1.60 
1.10 
0.33 
1.59 
1.84 
3.37 
0.03 
0.05 
0.10 
0.73 

99.98 

4.65 
66.09 
18.47 
1.64 
1.11 
0.34 
1.60 
1.83 
3.35 
0.03 
0.07 
0.10 
0.71 
99.99 

4.68 
66.25 
18.39 
1.50 
1.09 
0.35 
1.61 
1.88 
3.40 
0.03 
0.01 
0.11 
0.77 

100.1 

4.67 
66.23 
18.40 
1.51 
1.08 
0.42 
1.64 
1.87 
3.38 
0.03 
0.03 
0.11 
0.75 

100.1 

4.65 
66.21 
18.41 
1.53 
1.07 
0.48 
1.68 
1.87 
3.36 
0.03 
0.04 
0.10 
0.73 

100.2 

4.63 
66.18 
18.42 
1.54 
1.06 
0.54 
1.71 
1.86 
3.34 
0.03 
0.06 
0.10 
0.71 

100.2 

4.69 
66.2 

18.43 
1.5 

1.10 
0.30 
1.59 
1.87 
3.41 
0.03 
0.01 
0.11 
0.77 

100.0 

4.69 
66.12 
18.47 
1.54 
1.10 
0.31 
1.60 
1.86 
3.40 
0.03 
0.03 
0.11 
0.75 

100.0 

4.68 
66.05 
18.52 
1.58 
1.10 
0.32 
1.62 
1.84 
3.39 
0.03 
0.05 
0.10 
0.73 
100.0 

4.68 
65.97 
18.56 
1.61 
1.09 
0.34 
1.63 
1.83 
3.38 
0.03 
0.06 
0.10 
0.71 

99.99 
 
3.2- Particle size distribution 

Tables 4, 5, and 6 represent the particle size 
distribution of the cyclone dust, sludge and filter dust 
respectively. It is observed that cyclone dust has the 
finest grain size. About 30 % of the cyclone dust 
sample is less than 3.4 micron while this fraction size  
 
 

 
 
is lowered to 5 and 3 % for sludge and filter dust 
respectively. The mean particle size of the base body 
was measured to be 25 micron. Generally, the 
particle size distributions of these wastes are suitable 
for participating in ceramic floor tiles recipes. The 
very small grain size permits direct incorporation in 
ceramic formulations. 

 
Table (4):  The particle size distribution of cyclone dust. 
 
No Diameter, µm Fraction size, (q) % Cumulative weight, (Q) %  
1 
2 
3 
4 
5 

3.4090 
3.9045 
4.4721 
5.1223 
6. 0000 

29.975 
37.022 
24.216 
7.738 
1.049 

29.975 
66.997 
91.213 
98.951 

100.000 
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Table (5):  The particle size distribution of sludge. 
 
No Diameter, µm Fraction size, (q) % Cumulative weight, (Q) %  
1 
2 
3 
4 
5 

3.4090 
3.9045 
4.4721 
5.1223 
6. 0000 

4.448 
13.573 
27.213 
33.160 
21.605 

4.448 
18.021 
45.234 
78.395 

100.000 
  
 Table (6):  The particle size distribution of filter dust. 
 
No Diameter, µm Fraction size, (q) % Cumulative weight, (Q) %  
1 
2 
3 
4 
5 

3.4090 
3.9045 
4.4721 
5.1223 
6. 0000 

3.278 
10.926 
24.869 
34.951 
25.976 

3.278 
14.204 
39.073 
74.024 

100.000 
 
Table (7): Water workability of different batches (at a = h/ho = 3.3). 
 

Batch Base 
Body C1 C2 C3 C4 S1 S2 S3 S4 F1 F2 F3 F4 

% H2O 21 19 18.5 18 18 17 17.5 18 18.5 18 18.5 19 20 
 
3.3- Water Workability 

Table 7 shows the plasticity of the base body 
and the batches of different wastes content. It is 
shown that the addition of wastes decreases the 
plasticity of all batches compared to the base body. 
This is expected since the waste additions lead to the 
decrease of the loss on ignitions (L.O.I) of all 
batches, as shown in Table 3. Lower L.O.I means 
lower organic content which is responsible for high 
plasticity.  Further additions of sludge and filter dust 
causes an increase of the plasticity but still lower than 
the base body. This increase of plasticity may be 
referred to the lower particle size of wastes compared 
to the base body. It is well known that the finer the 
particles, the greater the plasticity [9]. On the other 
hand, although the cyclone dust has the lowest 
particle size of these wastes, the plasticity of its 
batches decreases as the cyclone dust proportion 
increases. The high Fe2O3 content of cyclone dust, as 
shown in Table 2, seems to play a role in decreasing 
the plasticity.           
 
4. Results and Discussion 

The measured values of water absorption 
(W.A), bulk density (B.D), apparent porosity, and 
linear shrinkage (L.S) of the fired specimens are 
shown in Figures (1-3).  Figures (4-6) represent the 
variation of modulus of rupture of the dried and fired 
specimens with wastes content. The addition of 2.5 % 
cyclone dust leads to a remarkable decrease of water 

absorption and apparent porosity which is 
accompanied by an increase of bulk density and 
linear shrinkage.  This may be attributed to the 
presence of relatively high percentage of Fe2O3 in 
the cyclone dust, which is known as a highly fluxing 
mineral that enhances vitrification by reducing the 
viscosity of liquid phase [10, 11]. The fine particles 
of the cyclone dust are considered as another factor 
that helps in the densification via improving the 
packing density [12]. Higher proportions of finer 
particles in the raw material favor the vitrification 
due to the good compaction of samples during 
molding [13].  The same enhancement of physical 
properties is observed at further additions of cyclone 
dust up to 7.5 %, while adding of 10 % cyclone dust 
results in less vitrified specimen. However, it is still 
better than the base body.  

Tendency for a general degradation of 
properties with sludge additions may be attributed to 
its chemical composition. As given in Table 2, 
sludge has the highest CaO content compared to 
other wastes. It was observed that the presence of 
lime in ceramic recipes generally increase the final 
firing temperature [14], which means that specimens 
S1 to S4 may need a higher maturing temperature. 
The degradation of physical properties in filter dust 
batches is a little bit lower than that in sludge 
batches. Addition of wastes has shown a slight effect 
on the modulus of rupture of the dried specimens, 
while modulus of rupture of fired specimens has 
affected noticeably by waste additions. The variation 
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of modulus of rupture with waste additions has 
exhibited the same trend of physical properties 
variations. The porosity seems to play the main role 
regarding the mechanical properties of the studied 
specimens. The lower the apparent porosity, the 
higher the modulus of rupture in all fired specimens. 
In spite of the observed degradation of physical and 
mechanical properties at certain wastes additions, all 
the measured properties are still in the accepted range 
for tiles fired at these industrial conditions [15].   

In addition to the base body, C3, F3 and S3 
specimens have been selected to be examined by 
XRD since they revealed the best physical properties.  
Fig.7 reveals that all specimens contain quartz (Q) 
and albite (A) in addition to a little portion of 
hematite (H) (about 6 %) in C3. This is coincides 
with the relatively significant Fe2O3 content in 
cyclone dust as shown in Table 2. Although the 
specimens were fired at 1190 ˚C, no mullite crystals 

were detected. This can be realized since the firing 
was carried out according to the short industrial 
firing cycle at which the thermodynamic equilibrium 
can not be achieved. The existence of a notable 
amount of albite after firing at 1190 ˚C is also 
referred to the very rapid firing given that the 
eutectic point is expected at 1070 ˚C in the presence 
of orthoclase, quartz and albite [16].   

Depending on XRD results, the base body 
and C3 specimens were selected to be examined by 
SEM. Fig.8.A,B reflect an irregular structure of both 
of the base body and C3 as a result of the short firing 
cycle. As shown in Fig.8.C, aggregates of hematite 
(H) particles are identified by their characteristic 
morphology [17] and that is confirmed by the XRD 
results of C3 (Fig.7). Fig.8.D shows elongated grains 
of albite (A) in addition to quartz (Q) in the base 
body. 
 

Fig.1 Effect of cyclone dust additions on the 
densification parameters.
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Fig.2 Effect of filter dust additions on the 
densification parameters.
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Fig.3 Effect of sludge additions on the densification 
parameters.
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Fig. 4 Effect of cyclone dust addition on the modulus 
of rupture of the dried and fired specimens.

0

10

20

30

40

50

60

0 2.5 5 7.5 10
Cyclon dust content (%)

M
od

ul
us

 o
f r

up
tu

r, 
M

Pa

dried MOR
fired MOR

 

Fig. 5 Effect of sludge additions on modulus of 
rupture of dried and fired specimens.
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Fig. 6 Effect of filter dust additions on modulus of 
ruptur of dried and fired specimens 
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Fig.7 XRD patterns of the selected specimens.
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Fig. 8.A: SEM Photomicrograph of Base Body. 

 

 
 

Fig. 8.B: SEM Photomicrograph of C3.
 

 
Fig. 8.C: SEM Photomicrograph of C3. 

 

 

 
Fig. 8.D: SEM Photomicrograph of Base Body. 
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5- Conclusion 
It is possible to use some wastes of a 

ceramic factory such as cyclone dust, fly dust, and 
sludge in the preparation of ceramic tiles at the same 
factory. The Physico-mechanical properties are 
enhanced by the addition of cyclone dust and 
deteriorated by the addition of sludge although they 
are still within the acceptable range of such products. 
On the other hand, properties of the product are 
nearly not affected by the addition of filter dust. The 
best properties are achieved at 7.5 % wt content of 
each waste. The XRD and SEM analysis have not 
shown any substantial differences among the 
investigated specimens except for cyclone dust 
batches, which reveal the presence of a small portion 
of hematite. The followed industrial cycle seems to 
be too short to lead to the formation of mullite 
crystals or even the complete melting of soda 
feldspar. 
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Abstract 
Drying of crops is an important procedure in order to preserve food products. The importance of it from one hand 
and minimizing fuel consumption from the other hand, emphasize that the designing of a system for solar drying of 
food is economical and substantial. Although due to increase of population industrial drying has been preferred, 
considering some issues such as maintaining quality, nutrition properties, marketing, and providing added value in 
rural societies, which lead to stable development of agriculture in a country, indicate that research and study on 
applying solar dryers is necessary. Regarding these issues, the process of drying of Lemon and Orange fruits by 
means of a passive indirect solar dryer under influence of two types of collectors (Iron and Aluminum) was studied 
and evaluated. The test design selected for this study was a complete random test with 3 repetitions. Data analysis 
showed that collector’s type and duration of sampling was significant on the amount of evaporated moisture from 
produce (p < 0.01). Also analysis showed that the tendency towards buying solar dried lemons and oranges is 5.6 
and 4.2 times, respectively, higher than traditionally dried fruits and therefore solar dried fruits have higher 
marketing value. [Journal of American Science. 2010;6(10):248-251]. (ISSN: 1545-1003).  
 
Keywords: Solar Dryer, Renewal and Modern Energy, Solar Energy, Lemon, Orange 
 

Introduction 

   Drying is an important post-harvest process for 
most of agricultural products in order to preserve and 
lengthen their lives. Problems related to traditional 
methods, expensive fossil fuels and environmental 
pollutions derived from them are the reasons that in 
that past two decades countries are tended to apply 
solar dryers [Pangavhane et al,2002]. In the past 
recent years several attempts have been made to 
construct and develop different types of solar dryers 
to preserve agricultural and horticultural crops. 

In an active solar dryer (equipped with a blower) a 
tunnel was designed to dry cacao and coconut. 
Results showed that the in comparison with drying in 
open air crops dry faster and have better quality 
[Eddy et al, 1991]. 
Results related to simulation of the indirect natural 
convection solar drying of rough rice showed that 
glass collectors have better performance than the 
plastic collectors [Bala et al, 1994]. Results of a study 
on a large solar dryer, which was developed to 
compare artificial drying by solar energy with 
traditional drying and also used a co-heating device 
during low sunlight, indicated that solar drying is 
faster than traditional drying [Karathanos et al, 1997]. 
Evaluating the fruit and vegetable qualities dried by 
both methods of traditional and solar drying showed 
that the quality of dried produce with complex and 

indirect solar dryers was higher than traditional 
method [Gallali et al,2000]. Comparing the process 
of tomato drying in an indirect solar dryer with 
traditional drying indicates that using solar dryers can 
decrease the drying period from 48 days to 15 days 
[Zhimin,2006]. In an experiment in Shiraz University 
on a dryer developed to dry grapes, results showed 
that by using this dryer, the duration of drying with 
this method can be decreased from 10-12 days in 
traditional method to 4-5 days and can obtain higher 
quality than the traditional method [Dadashzadeh, 
2006]. 
  Using a tunnel solar dryer equipped with blower for 
drying spices showed that increasing air flow and 
sunlight leads to an increase in evaporation rate and 
consequently increases the drying speed [Hossain et 
al, 2007]. In another study performance of a ceiling-
integrated solar dryer for drying of herbs and spices 
was evaluated and the results were compared with 
traditional method. The result of this experiment 
showed the higher quality of dried spices in 
comparison with traditional method [Janjai et al, 
2006].  There are regions in Iran which because being 
located in semi-arid and arid areas, favor sufficient 
sunlight, therefore due to this reason, studies have 
been carried out on applying solar dryers and 
optimize designing of these dryers in country [Azad 
et al, 1990]. 
  In this study the influence of collector type on 
drying process of both lemon and orange fruits by an 
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indirect passive solar dryer which was designed and 
built at the faculty of farm machinery faculty of 
Shahrekurd University was evaluated. 
 
Material and Methods 
  In this study the drying process of both lemon and 
orange fruits by means of an indirect passive solar 
dryer under influence of two different collectors (iron 
and aluminum) during 28th of June 2009 till 6th of 
July 2009 in Shahrekurd (longitude: 50 degrees and 
49 minutes, latitude: 32 degrees and 20 minutes) was 
evaluated. The test design selected for this study was 
a complete random test with 3 repetitions. First, 
during preliminary tests the uniformity of drying 
conditions of produce for both dryers was verified. 
The collector of one was covered with an iron film 
and the other dryer's collector with an aluminum film. 
The chamber of each dryer was divided into two rows 
and each row was consisted of 6 sections. 
In order to perform the experiment, samples were 
first prepared which means that lemon and orange 
fruits were cut into 2-4 mm slices. Then the samples 
were held for 24 hours at room temperature so that 
the moisture content of all samples would become the 
same. Then, they were held in numbered bowl plates 
and were weighed. Finally, the numbered plates were 
transferred to dryer to initiate the drying process. The 
device was then left in a sunny location and the 
collectors' angle were adjusted between 10 to 15 
degrees higher than the region latitude to gain the 
highest sunlight depending on the time of year and 
the collector was set in north-south direction 
[Moradi, 2008]. Experiments were started at 8 am 
and at 24 hours intervals the samples were weighed 
by a digital weight (0.1 g accuracy). The 
measurement period of samples lasted for 9 days till 
the weight loss rate become constant. Further, an 
experiment was arranged to compare solar dryer with 
industrial dryers. The second dryer (industrial dryer) 
was designed by adding a blower and a heater to the 
tested solar dryer and removing its collector. The 
chamber temperature of the second dryer was 70±5 
degrees and the air flow rate was 0.009 kg/s. in order 
to assess the quality and marketing of dried fruits, 
dried crops were given to 200 persons and their 
tendency towards buying them was evaluated. 
Finally, results from collected data were analyzed by 
MINITAB(version of 12) software. 
 
Results and Discussion 
  Data analysis showed that the collector type and 
sampling timing was significant in amount of water 
loss from crops (P < 0.01). Data showed that the 
average water loss at each 24 hours for lemon and 
orange fruits was not significant. This was because 
the great relative similarity in physical and tissue 
properties of both plants [Wiley, 1985]. 

Comparison of average moisture evaporation from 
both lemon and orange fruits at different periods for 
both iron and aluminum collectors is shown in figure 
1. The average moisture loss from both lemon and 
orange fruits in dryer with iron collector was 6% 
higher than the dryer with aluminum collector. This 
is because of lower special heat capacity of iron than 
aluminum which means at equal weight amount, iron 
temperature increases at half the time needed to 
increase aluminum temperature. Also the iron density 
is higher than aluminum which makes iron to keep 
heat for longer after sunset than what aluminum can 
keep. This is an eminent factor in designing and 
developing solar dryers with higher outputs. 
Therefore, it can indicate a better performance in 
increasing more temperature during a same period 
and consequently increase convectional air flow with 
longer stability after a decrease in sunset (Table 
1).[Petrucci et al, 1993]  Comparison between 
evaporation averages for two collectors is shown in 
fig 1. In the first 24 hours in the dryer with iron 
collector this amount is 64% higher than the dryer 
with aluminum collector which is because of faster 
heating up and uniformity of temperature inside the 
cabin of the dryer with iron collector. 
According to insignificant difference in amount of 
evaporated water for both lemon and orange because 
of their similar tissues, average amount of evaporated 
water for both above mentioned products is shown in 
Fig2. Relation for amount of evaporated water for 
iron collector is an exponential function and for 
aluminum collector is a polynomial function.   
Because in solar dryers more time is spent for drying 
of products than industrial dryers, one of the 
important factors that besides the free energy source 
and environmental issues, justifies the use of solar 
dryers is the proper marketing of dried products with 
solar dryers [Lotfalian et al, 2010]. The survey was 
made in a 200 person population and the following 
results were obtained by showing them both types of 
dried products. 
 
Conclusions 
• Collector type has impact on duration of 
crops drying to the extent that in the dryer with iron 
collector average evaporation is 6% higher than the 
one with aluminum collector. 
• In the first 24 hours in the dryer with iron 
collector this amount is 64% higher than the dryer 
with aluminum collector. 
• Maintaining color and scent of dried crops is 
an advantage in these dryers. 
• Other advantage of these dryers is that they 
use free energy for drying and preserve 
environmental issues. 
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• Duration of drying is another defect for solar 
dryers. 
• Process of drying in solar dryer is function 
of environment conditions; i.e. radiation intensity and 

surrounding temperature affects its performance, 
which is a defect. 

Table 1 – Special heat capacity of both iron and aluminum [Petrucci et al, 1993] 

 
 
 
 
 
 

 
 
 

 
Figure1 – Process of changes in water evaporation for iron and aluminum collectors 

(Different letters in each point, shows significant defrence, Duncan5%) 
 

 
Figure2- Process of changes in water evaporation for avrage of lemon and orange 

(Different letters in each point, shows significant defrence, Duncan5%) 
 

 

 

 

Special heat capacity 
(J/g.c0) 

Element Name 

0.897 Aluminum 

0.449 Iron 
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Table 2 – Relationship between evaporated water from iron and aluminum collectors on lemon and orange fruits 
against time (d = day (s) and M = evaporated water amount (gr)) 

Equation Collector Fruit 

M=754.41966e-0.652017d r2=0.96 Iron 

M=187.1-41.5347d+6.74546d2 -0.4879d3 ,       r2=0.98 Aluminum 
Lemon 

M=743.5227e-0.647507d r2=0.98 Iron 

M=150.187-9.324523d-0.65238d2 r2=0.98 Aluminum 
Orange 

 

Table 3 – Evaluation od quality and marketing of produce according to the survey 
Tendency to 

Purchase 
Smell Color Fruit Type 

72% Pro-Solar Drying 67% Pro-Solar Drying 

21% Neutral 27% Neutral 85% 

7% Against-Solar Drying 6% Against-Solar Drying 

Lemon 

66% Pro-Solar Drying 62% Pro-Solar Drying 

13% Neutral 26% Neutral 81% 

21% Against-Solar Drying 12% Against-Solar Drying 

Orange 
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Abstract: Objective : to undertaken in a group of type 1 diabetic patients who were followed for 4 years to shed 
further light on the natural progression of  cardiac autonomic neuropathy.  Patients and methods : The study  
consisted of  57 patients who were originally studied using a battery of five cardiovascular autonomic tests . Two 
years later , 46 patients were reevaluated, again 2 years later, 55 patients from the original study were reevaluated 
for the 3rd  time using the same protocol. The control group comprised 30 age and sex matched healthy volunters. 
Results: The prevalence of established cardiac autonomic neuropathy (CAN)  at the beginning is 14%. Q-Tc 
intervals were found to be significantly higher in patients with abnormal cardiovascular reflex (CVRs) in 2nd 
examination.  Eighteen patients of the original studied group showed deterioration of their CVRs test  between 1st 
and 3rd examination , there is deterioration of their glycemic control guided by glycosylated hemoglobin and 
albumin / creatinine ratio. On the other hand, 12 patients of the original studied group showed regression of their 
CVRs test.  Only their insulin dose showed significant decrease. Conclusion: The prevalence of CAN in diabetic 
patients is high.  Our data suggest that valsalva – stimulated heart rate response is highly susceptible to the presence 
of autonomic dysfunction over time. Proper glycemic control is mandatory to prevent development of diabetic 
complications or ameliorate the pre- existing complication [Journal of American Science. 2010;6(10):252-259]. 
(ISSN: 1545-1003). 
 
Keywords: Cardiac Autonomic Function Tests; Type 1 Diabetic  Patients 
 
1. Introduction 

Most studies concerning cardiovascular 
autonomic neuropathy (CAN)  in type 1 diabetes 
mellitus (DM) begin by stating that CAN , although 
common, is a neglected complication, which often 
asymptomatic and therefore dangerous. The danger 
lies in increased morbidity and mortality. Ewing et al 
.,(1) and Rathman et al.,  (2)  demonstrated up to 50 % 
mortality within 5 – 10 years from CAN diagnosis. 
Nonetheless, the mortality study from 2006 showed 
that the cause of death in type 1 DM is not represented 
by chronic complications of diabetes, among which 
belongs also CAN but cardiovascular diseases  (3,4).  
 The pathological alteration of the nervous 
system in diabetic patients is extensive and frequently 
severe. The prevalence of the diabetic neuropathy 
reach high levels with the evolution of the diabetes, 
often showing frequencies higher than 50% in several 
groups of patients. The neurological lesion in this 
pathological situation is extensive in the diabetic 
patient, including widely the peripheral nervous 
system with its components sensory, motor and 
autonomic: with typical symptoms and in accordance 
with the pathogenesis of metabolic origin and/or 
microvascular disease. The autonomic nervous system 
is a main regulator of many systems in the human 
body. Then its lesion can promote significant 
alterations in the function of the cardiovascular, 

respiratory, gastrointestinal, urogenital system, that 
can be related to increased mortality (5 ).  

CAN is a severe complication of diabetes, 
causing death and morbidity and large costs to the 
welfare system. The mechanisms by which CAN 
exerts negative influence on quality and length of life 
are controversial, but many relationships have been 
found, e.g., to exercise intolerance (6), silent 
myocardial ischemia(7), and prolongation of  the QT 
interval causing lethal  arrhythmias  (8). CAN results 
from damage to the autonomic nerve fibers to the 
heart, and the earliest indicator of CAN is a decrease 
in heart rate variation (HRV) during deep breathing, 
which is easily assessed by a simple bedside test (9).  

The CAN probably contributes to the bad 
prognosis of the coronary heart disease and of the 
heart failure in type 1 and type 2 diabetic patients. For 
diabetologists, the nervous complications of diabetes 
are the result of an increase influx of glucose to the 
neuronal and endothelial cells. Evidences show that, 
with the aim of preventing these complications, the 
diabetic patients should receive a precocious diagnosis 
and be instructed for having a good metabolic and 
blood pressure control. Use of angiotensin converting 
enzyme inhibitors and beta adrenergic blockers are 
probably of impact in the prevention of the cardiac 
autonomic complications of diabetes (10).    

mailto:s_eldayem@yahoo.com
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 We are aiming to undertaken in a cohort of type 
1 diabetic patients who were followed for 4 years to 
shed further light on the natural progression of cardiac 
autonomic neuropathy with repeated , every 2 years 
measurements of standard cardiovascular reflex 
(CVR) tests (for three times ) and to correlate its 
presence , progression or regression with glycemic 
control , microalbuminuria , insulin dose , duration of 
disease and other clinical data. 
 
2. Patients and Methods  

An informed  written consent was obtained  
from the patients and their parents and an approval 
from the Ethical commite of the National Research 
Center was taken. 

The study consisted of  57 patients with type 
1 diabetes. among those attending to the endocrine 
clinic in the National Reaearch Centre.  The control 
group consisted of  30 age and sex matched healthy 
normal volunters.   

The exclusion criteria were as follows : 
1 ) patients during acute diabetic complications e.g. 
diabetic ketoacidosis (DKA) or hypoglycemia. 
2) Patients suffering from cardiac diseases e.g. 
congenital or rheumatic heart.  
3) Patients younger than six years ( in order to be able 
to perform CVR tests). 

The 57 patients were originally studied using  
a battery of five cardiovascular autonomic tests  

Two years later , 46 patients were 
reevaluated using the same protocol . Nine  patients 
from the original study could not be located.  

Again 2 years later, 55 patients from the 
original study were reevaluated for the 2nd time using 
the same protocol . 

For the diagnosis of CAN we used the 
standard tests proposed by Ewing and Clarke (11 ) and 
the Consensus Statement of the members of the 
American Diabetes Association and the American 
Neurological Academy  (12 ).  Diagnosis of CAN was 
made when at least two tests were pathological (11) .  
Long lead II (on ECG ) was done to calculate basal 
heart rate and correlated Q-T (QTc) interval by 
Bazett's formula : 
  Q-Tc = Q-T /  R-R 
 The following CVR tests were done in the 
same sequence : 
1) Heart rate response to valsalva maneuver. 
2) Heart rate variation during deep breathing . 
3) Immediate heart rate response to standing. 
4) Blood pressure response to standing. 
5)Blood pressure response to sustained hand grip. 

  
Simultaneously all patients underwent the 

following tests : 

Glycosylate hemoglobin (HbA1c) was done 
every 3 months , the method used is cation exchange 
chromatography using kits provided by Helena (13). A 
morning urine sample was taken for assessment of 
albumin / creatinine ratio every year by enzyme linked 
immunosorbent assay (ELISA).  

Patients in our study were considered to have 
good glycemic control if their HbA1c < 8 %, moderate 
if their HbA1c > 8 - < 10 %  and bad if their HbA1c > 
10 %. Also patients were considered to have 
microalbuminuria if they showed albumin / creatinine 
ratio > 30 µg/mg creatinine.   

 
Statistical method: 

SPSS program version 9 was used for analysis of 
data. McNemar test was done for analysis of qualitative 
data in a follow up study. T-test for dependent and 
independent variables was done. One way ANOVA was 
also done followed by Post HOCC test for significance.                 
 
3. Results  

The study  included 57 patients with type 1 
diabetes , 27 male and  30   female  , their mean age was  
12.3 ± 4.1 yr  ( 8 –20 yr  ) and  mean duration of disease 
was 5.9 ± 3.7 yr ( 4 – 15 yr). Frequencies of abnormal 
CVRs in type 1 diabetics included in the study on 3 
successive examinations with 2 years timely intervals are 
shown on tables 1,2, fig 1 . In the original studied group 
(57 patients), we found that ,  21 ( 36.8) % ) of our 
patients showed abnormalities in CVR tests, 13 (22.8% ) 
with one abnormal test (early involvement ), 6 ( 10.5 % ) 
with two abnormal tests (definite involvement ) and 2 ( 
3.5 %) with three or more abnormal tests (severe 
involvement ). The frequency of abnormal response 
between 1st and 2nd examination showed regression in 
heart rate response to standing, blood pressure response to 
hand grip and Q-Tc intervals and stationary in heart rate 
response to deep breathing and heart rate response to 
valsalva, but it is statistically insignificant. Also the 
frequencies of abnormal response between 1st and 3rd 
examination showed regression in all five CVRs and Q-
Tc intervals and it is statistically insignificant.   The 
patient is considered to have early involvement if he has 
one abnormal test , definite involvement if he has two 
abnormal tests and severe involvement if he has three or 
more abnormal tests. Q- Tc intervals was found to be 
statistically significant higher in patients with abnormal 
CVRs than those with normal CVRs in 2nd examination 
(0.4 ± 0.04 Vs 0.5 ± 0.05 , P =0.006*). The mean values 
of each CVRs tests on the three 2- years timely interval 
examinations compared to control group is shown in table 
3. Patients included in the study are classified into 3 
groups according to their glycemic control (table 4), no 
significant difference was observed between the 3 groups 
in their delta changes of CVR tests between 1st and 3rd 
examination. Eighteen patients of the original studied 
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group showed progression (deterioration) of their CVR 
test between 1st and 3rd examination. Their Characteristic 
are shown in table 5. As it is shown in the table, there is 
deterioration of their glycemic control guided by HbA1c 
(8.5 + 1.4 Vs 9.9 + 1.5, P= 0.05*). On the other hand, 12 

patients of the original studied group showed regression 
of their CVR test. However, their HbA1c showed 
inconsistent pattern, only their insulin dose showed 
significant decrease as shown in table 5.

 
 

 

Table 1: Comparison of cardiovascular reflexes ( parasympathetic and sympathetic parameter) in patients with type 
1 diabetes in first and second examination ( two years interval ) 

First examination  Second examination  
 
P- value 

Variables Normal  Abnormal Borderline 
 no. % no. % no. % 
QT interval:         
Normal ( n = 39 ) 31 79.5 8 20.5 0 0 0.6 
Abnormal ( n = 7 ) 5 71.4 2 28.6 0 0  
Heart rate response to deep 
breathing (E/I ratio): 

       

Normal  (n = 41) 35 85.3 2 4.9 4 9.8 0.5 
Abnormal ( n = 3 ) 1 33.3 2 66.7 0 0  
Borderline ( n = 2 ) 2 100 0 0 0 0  
Heart rate response to standing 
up (30/15 ratio ): 

       

Normal ( n = 37 ) 35 94.6 1 2.7 1 2.7 0.07 
Abnormal ( n = 5 ) 5 100 0 0 0 0  
Borderline ( n = 4 ) 4 100 0 0 0 0  
Heart rate response to valsalva 
maneuver: 

       

Normal ( n = 40 ) 33 82.5 7 17.5 0 0 0.07 
Abnormal ( n = 6 ) 1 16.7 5 83.3 0 0  
Systolic blood pressure decrease 
with standing (mmHg): 

       

Normal (n = 46 ) 46 100 0 0 0 0  
Abnormal (n = 0) 0 0 0 0 0 0  
Diastolic blood pressure increase 
with sustained hand grip 
(mmHg): 

       

Normal ( n = 33) 26 78.8 4 12.1 3 9.1 0.5 
Abnormal ( n = 7 ) 6 85.7 1 14.3 0 0  
Borderline (n = 6 ) 5 83.3 0 0 1 16.7  
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Table 2: Comparison of cardiovascular reflexes ( parasympathetic and sympathetic parameter) in patients with type 
1 diabetes in first and third examination ( four years interval ) 
 

First examination Third  examination  
 
P- value 

Variables Normal Abnormal Borderline 
 no. % no. % no. % 

QT interval:         
Normal ( n = 46) 42 91.3 4 8.7 0 0 0.3 
Abnormal ( n = 9 ) 9 100 0 0 0 0  
Heart rate response to deep 
breathing (E/I ratio): 

       

Normal (n = 48 ) 37 77.1 7 14.6 4 8.3 0.2 
Abnormal ( n = 4 ) 3 75 1 25 0 0  
Borderline (n = 3 ) 1 33.3 1 33.3 1 33.3  
Heart rate response to standing 
up (30/15 ratio ): 

       

Normal (n = 45) 36 80 9 20 0 0 0.6 
Abnormal ( n = 6 ) 4 66.7 2 33.3 0 0  
Borderline (n = 4 ) 2 50 0 0 2 50  
Heart rate response to valsalva 
maneuver: 

       

Normal (n = 48 ) 35 72.9 13 27.1 0 0 0.1 
Abnormal ( n = 7 ) 5 71.4 2 28.6 0 0  
Systolic blood pressure 
decrease with standing 
(mmHg): 

       

Normal ( n = 55 ) 55 100 0 0 0 0  
Abnormal ( n = 0 ) 0 0 0 0 0 0  
Diastolic blood pressure 
increase with sustained hand 
grip (mmHg): 

       

Normal ( n = 42) 37 88.1 5 11.9 0 0  
Abnormal (n = 8) 7 87.5 1 12.5 0 0  
Borderline( n = 5) 5 100 0 0 0 0  

 
Table 3: The mean value of parasympathetic and sympathetic parameter in both cohort and  control group 

Variables First 
examination 
Mean ± SD 

N = 57 

Second 
examination 
Mean ± SD 

N = 46 

Third  
examination 
Mean ± SD 

N = 57 

Controls 
Mean ± SD 

N = 30 

P-value 

Heart rate response to deep 
breathing (E/I ratio) 

23.9 ± 9.8 
 

23.7 ± 10.8 
 

21.8 ± 12.6 
 

31.1 ± 8.9 
 

0.07 

Heart rate response to standing 
up (30/15 ratio ) 

1.1± 0.1ac 1.2 ± 0.2b 1.1 ± 0.1c 1.2 ± 0.2abc 0.03* 

Heart rate response to valsalva 
maneuver 

1.6 ± 0.4 1.5 ± 0.3 1.5 ± 0.4 1.6 ± 0.3 0.2 

Systolic blood pressure 
decrease with standing (mmHg) 

- 2.5 ± 5.8 - 1.3 ± 7.5 - 3.1 ± 8.8 - 0.5 ± 3.9 0.5 

Diastolic blood pressure 
increase with sustained hand 
grip (mmHg) 

23.6 ± 10.8 25.8 ±10.1 26.2 ± 11.9 23.3 ± 10.1 0.5 

` P-value is significant if < 0.05*               Different symbols is consider significant  
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Table 4:  Delta change of the mean value of parasympathetic and sympathetic parameter in first and third year 
follow up  in patients with type 1 diabetes  in relation to glycosylated hemoglobin 

Variables HbA1 < 8 % 
Mean ± SD 
N = 9 

HbA1 > 8 - < 10 
Mean ± SD 
N = 35 

HbA1 > 10 
Mean ± SD 
N = 13 

P-value 

QT intervals  - 0.02 ± 0.06 - 0.01 ± 0.04 - 0.01 ± 0.03 0.9 

Heart rate response to deep 
breathing (E/I ratio) 

- 6.7 ± 6.0 0.01 ± 10.5 7.0 ± 16.6 0.1 

Heart rate response to standing up 
(30/15 ratio ) 

0.05 ± 0.1 0.01 ± 0.2 - 0.01 ± 0.1 0.9 

Heart rate response to valsalva 
maneuver 

- 0.2 ± 0.2 - 0.1 ± 0.5 0.2 ± 0.2 0.2 

Systolic blood pressure decrease 
with standing (mmHg) 

- 1.3 ± 8.5 2.1 ± 12.6 - 0.6 ± 11.5 0.8 

Diastolic blood pressure increase 
with sustained hand grip (mmHg) 

2.5 ± 26.3  0.3 ±  13.2 7.4 ± 11.2 0.5 

P-value is significant if < 0.05* 
 
Table 5:  Comparison of clinical and laboratory data of patients with type 1 diabetes who had progressive and 

regressive  cardiovascular reflexes in first and third examination  
Variables First examination 

Mean ± SD 
N = 18 

Third examination 
Mean ± SD 
N = 18 

P-value 

A – Patients with progressive 
cardiovascular reflexes 

   

Glycosylated hemoglobin % 8.5 ± 1.4  9.9 ± 1.5 0.05* 
Insulin dose /Kg  2.5 ± 4.6 0.9 ± 0.3 0.2 
Systolic blood pressure (mmHg) 106.5 ± 16.4 115.0 ± 12.1 0.01* 
Diastolic blood pressure ( mmHg) 69.1 ± 10.5 78.1 ± 10.5 0.005* 
B – Patients with regressive  
cardiovascular reflexes 

First examination 
Mean ± SD 
N = 12 

Third examination 
Mean ± SD 
N = 12 

P-value 

Glycosylated hemoglobin % 8.9 ± 1.5 9.4 ± 1.4 0.4 
Insulin dose /Kg  1.8 ± 1.3 1.1 ± 0.3 0.02* 
Systolic blood pressure (mmHg) 104.6 ± 19.4 115.8 ± 20.2 0.1 
Diastolic blood pressure ( mmHg) 75.8 ± 14.1 83.3 ± 10.7 0.08 

P-value is significant if < 0.05* 
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4. Discussion: 

In the absence of a computerized system for 
HRV spectral analysis, the four Ewing tests should be 
performed for evaluatin of CAN. These tests are 
widely used because they are easily performed, are 
reliable provided the results are compared with an 
age-matched control group. The diagnosis of 
established CAN requires at least two abnormal tests. 
When only one of them is abnormal (usually the deep 
breathing test or the orthostatic one), the diagnosis of 
early or incipient CAN is made. Later, with the 
progression of CAN, the Valsalva maneuver also 
becomes abnormal, characterizing the diagnosis of 
intermediate CAN. Finally, when orthostatic 
hypertension is present, severe CAN is diagnosed (7, 

14, 15).  
 In the original studied group (57 patients), 
we found that ,  21 (36.8 %) of our patients showed 
abnormalities in CVR tests , 13 (22.8%) with one 
abnormal test (early involvement ), 6 (10.5%) with 
two abnormal tests (definite involvement ) and 2 
(3.5%) with three or more abnormal tests (sever 
involvement ). The prevalence of established CAN is 
14 %. 

The over all prevalence of abnormal CVR in 
our study is nearly similar to that of  Paries et al ., (16),  
Who found  that prevelance of CAN is  20% to 70% 
of diabetic subjects.  

In contrast , Aman et al ., (17) reported 0% 
prevalence of abnormal CVR tests, O’ Brien et al ., (18 

) reported 16% prevalence , Ringel et al ., (19) reported 
29% , Veglio et al ., (20) reported 28% prevalence of 
abnormal CVR tests. On the other hand , Navarro et 
al ., (21) reported 75% prevalence .  

The discordance between different 
investigators may be related to the different criteria 
used to diagnose and classify neuropathy and because 
the prevalence of neuropathy may be influenced by 
age , duration of diabetes and type of diabetes.  

Several clinical studies (22, 23 ),    suggest an 
important participation of CAN in the 
etiopathogenesis of asymptomatic myocardial 
ischemia (AMI) found in diabetic individuals. In a 
large prospective study (24), 434877 patients with MI 
were evaluated, and 33% of them did not present 
chest pain.  

In the current study, although heart rate 
response to standing and blood pressure response to 
hand grip showed regression in diabetics studied over 
time , the others (heart rate response to deep 
breathing and heart rate response to valsalva ) 
showed stationary response but it is statistically 
insignificant ( table 1,2 ) . Our findings regarding 
stationary response of valsalva consistently overtime 
was the same as Ducher et al ., (25), valsalva ratio is 

highly susceptible to changes of autonomic 
function overtime and is evidently rofust against 
longitudinal measurement effects inspite of being 
difficult to perform in young children and 
requires considerable efforts and cooperation .   

Valsalva is a complex test, it 
encompasses a complex reflex arch involving 
both sympathetic and parasympathetic pathways 
to the heart, sympathetic pathways to the vascular 
tone and baroreceptors in the chest and lungs . It 
is reasonable that the valsalva index is affected 
after total and significant autonomic nervous 
system damage , which occurred over the 6 years 
period in the study (25). 

The Valsalva and sustained handgrip 
test depend on patient effort and compliance. The 
postural fall of blood pressure may be unreliable 
as in people with diabetes it varies throughout the 
day, being linked to the timing of insulin 
injections and patients with fluid retention may 
have extensive autonomic damage but without 
postural hypotension. Assessment of heart rate 
associated with deep breathing requires special 
equipment that indicates depth and cycle of 
breathing.  In addition it has been recommended 
by diabetologists that the use of lying to standing 
heart rate change is clinically acceptable (26, 27).  

New methods that are non-invasive and 
independent of patient cooperation are preferable 
in the diagnosis of CAN but still require further 
research to understand their sensitivity and 
specificity in risk stratification for CAN (27) .  

Postural dizziness, like in previous 
reports, was far less frequent (10.3%) and did not 
correlate with a greater postural drop in blood 
pressure, which suggests that severe sympathetic 
dysfunction is a rare complication in comparison 
to parasympathetic dysfunction (16 ).  
 

Karamitsos et al., (28)  demonstrated 
progression of CAN significantly during the 2 
years subsequent to its diagnosis . However, 
Scaramuzza et al ., (29), did not find any 
significant abnormality in CVR test either at 1st 
examination or at 18 months follow up.   

Based on our finding of the impaired 
heart rate response to deep breathing and to 
valsalva maneuver, we can report our observation 
that cardiac parasympathetic damage occurs 
earlier, in the course of diabetes, than the 
extracardiac sympathetic one, or it may be 
because the heart rate tests are rather more 
sensitive than the blood pressure tests.  
  In the current study , heart rate response 
to standing up was significantly higher in the 
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second examination than in the first and third 
examination , but it is insignificant with the control 
group . No significant difference was found between 
the remaining four CVR tests in either the three 
examination or with  the control group.  
 In the present work , we investigated the 
effect of glycemic control on CVR tests. Different 
observations were noticed , however, a final 
conclusion can not be drawn . Table( 4) showed no 
significant difference in delta changes of  CVR tests 
(in 1st and 3rd examination) between the 3 groups of 
diabetics with different glycemic control ( good – 
moderate – bad ). 
 Moreover, no significant difference in 
HbA1c in the group of diabetics with improvement of 
their CVRs (Table 5), but it is of interest to note that 
those diabetics with deterioration of their CVR tests 
showed also deterioration of their glycemic control 
(Table 5). Our findings are consistent with those of 
Vinik and Ziegler., (14) , who found that the 
prevalence of CAN progressively increases in a direct 
proportion to age, duration of DM and poor glycemic 
control .  

Cardiac autonomic function was preserved 
with HbA1c < 8.4 %, whereas cardiac autonomic 
dysfunction was impaired in the group with HbA1c > 
8.4 %  (30 ). Optimized glycemic control seems to 
slow down the impairment in CAN function tests in 
type 1 diabetic patients (16 ) .  

Also it is worthy to note that the insulin dose 
was significantly decreasing in group of diabetics 
with regression of their CAN which may be related to 
better glycemic control.  

On trying to correlate other clinical and 
laboratory data to progression or regression of 
abnormality of CVRs , table (5) showed that systolic 
and diastolic blood pressure were significantly higher 
in group of diabetics with deterioration of their CAN 
. However , table (5) showed no significant difference 
in group of diabetic with regression of their CAN but 
the dose of insulin was significantly lower as 
mentioned before.  

In the current study, Q- T intervals was 
found to be statistically significant higher in patients 
with abnormal CVRs than those with normal CVRs 
in 2nd examination (0.4 ± 0.04 Vs 0.5 ± 0.05, P 
=0.006*).  

The main finding of 23-year follow-up was 
in subjects with type 1 diabetes QTc, but not resting 
HR was associated with an increased risk of all-cause 
mortality and mortality due to cardiovascular and 
cardiac disease (31).   

Pappachan et al .,(32),  reported that, higher  
CAN scores correlated with longer QTc intervals 
(coefficient of correlation 0.73; p<0.001). 

CAN  is common in long standing type-
1 diabetics. CAN resulted in prolonged QTc 
interval that may result in cardiac arrhythmias 
and even death. Intensive glycemic control 
improves the cardiac autonomic nerve functions 
(18). However, measurements of QTc interval are 
easily obtained without the need for patient 
compliance, and QTc analysis is a simple, 
inexpensive, and noninvasive test that could be 
used to stratify the death risk in diabetic patients ( 

33). 
These data , given  the poor prognosis of 

CAN , suggest urgent steps should be taken to 
halt CAN deterioration . These steps should be 
additional to effective glycemic control which 
does not seem to play a significant role in 
interrupting the progression of CAN after its 
discovery .  

CAN is a marker of poor prognosis for 
microangiopathy, especially nephropathy, as 
demonstrated by a prospective Swedish study 
with an eleven-year follow-up ( 15 ).   

Timely identification of DM autonomic 
dysfunction may improve the prophylaxis of 
target-organ injury – both macroangiopathy 
(coronary artery disease (CAD), sudden cardiac 
death (SCD) and stroke) and microangiopathy 
(chronic renal failure (CRF) and retinopathy), 
with the use of specific drugs for the CVRF 
associated with CAN: hypertension and 
albuminuria (angotensin converting enzyme 
(ACE) inhibitors and angiotensin II receptor 
blockers) and dyslipidemia (statins). A more 
intensive control of DM and hypertension in 
individuals with incipient and intermediate CAN 
is also currently recommended (34) .   
 
5. Conclusion  

The prevalence of CAN in IDDM 
patients is high.  Routine assessment of CVRs is 
mandatory in diabetics especially over 5 years 
duration on yearly basis.  Our data suggest that 
valsalva – stimulated heart rate response is highly 
susceptible to the presence of  autonomic 
dysfunction over time . proper glycemic control 
is mandatory to prevent development of diabetic 
complications or ameliorate the pre- existing 
complication. Blood pressure measurement both 
supine and standing should be included in the 
routine follow up visits and hypertensives should 
be closely monitored and controlled to avoid 
progression of nephropathy and neuropathy 
 
 
 
 



Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 259 

Corresponding author  
Soha M. Abd El Dayem  

Pediatrics Department, National research Center, 
Cairo, Egypt. 
 
5. References 
1. Seidell JC, Doak CM, de Munter JS, Kuijper LD, 

Zonneveld C. Cross-sectional growth references and 
implications for the development of an international 
growth standard for school-aged children and 
adolescents. Food Nutr Bull. 2006 Dec; 27(4 Suppl 
Growth Standards):S189-98. 

2. Ghalli, I., Salah, N., Hussien, F., Erfan, M., El- 
Ruby, M., Mazen, I., Sabry, M., Abd El-Razik, M., 
Saad, M., Hossney, L., Ismaail, S. and Abd El-
Dayem, S., et al. In: Proceedings of the 1st National 
Congress for Egyptian Growth Curves, Cairo 
University, 11 December 2003. Cairo, Recently 
published in: Sartorio, A., Buckler, J.M.H. and 
Marazzi, N. Egyptian Growth Curves 2002 for 
Infants, Childrenand Adolescents. Crescere nel 
mondo, 2008, Ferring Publisher. 

3.  WHO Multicentre growth reference study. 
WHO Child Growth Standards based on 
length/height, weight and age Acta Paediatr 
Suppl. 2006 Apr; 450: 76- 85 
(http://www.who.int/childgrowth/en/index.html). 

4. South Sinai Environmental and Developmental 
Profile. Ministry of State for Environmental Affairs 
and South Sinai Governorate, 2003. 

5. International Fund for Agricultural Development 
(IFAD). (http:/www. Ifad.org/) 

6.  Hiernau J and Tanner JM. Growth and physical 
studies. In: Human Biology: A guide to field 
methods. 1969, Eds. Weiner J.S., Lourie S.A., IBP. 
London, Blackwell Scientific Publications. Oxford. 
U.K. 

7.  Remontet L et al. Growth curves from birth to 6 
years of age: growth in weight, height and cranial 
circumference according to sex. Archives of 
pediatrics, 1999, 6(5):520–9.  

8. Forman J. Nutritional disorders of children, 
prevention, and screening and follow up. DHEW 
Publication (No.  HAS) 1988: 78 – 5104. 

9. National Center for Health Statistics. Growth charts, 
USA department of Health. Education and Welfare. 
Public Health Service. Health Resources 
Administration Rockville, MD, USA. 1976: (HRA 
76 – 1120. 25. 3) 

10. Sullivan K. Anthrop Software computer Package. 
USA, Atlanta, Ga, Nutrition Division CDC, 1990.  

11. Nichols SD& Cadogan FI. Anthropometric reference 
values in an Afro-Caribbean adolescent population. 
Am J Hum Biol. 2008 Jan-Feb;20(1):51-8. 

12. Malina RM, Katzmarzyk PT. Validity of the 
body mass index as an indicator of the risk and 
presence of overweight in adolescents. Am. J. 
Clin. Nutr. 1999, 70: (Suppl 1) 131-136S. 

13. Garrow JS, Webster J. Quetelet's index (WtHt2) 
as a measure of fatness. Int. J. Obes., 1985, 9: 
147-153. MEDLINE 

14.  Rolland-Cachera MF, SempÃ© M, Guilloud-
Bataille M, Patois E, Pequignot-Guggenbuhl F, 
Fautrad V. Adiposity indices in children. Am. J. 
Clin. Nutr. 1982, 36: 178-184. MEDLINE 

15. Kamal AA, Bener A, Kareem Al-Mulla AM. 
Growth pattern of Qatari preschool children 
Croat Med J. 2004 Aug; 45(4):461-5. 

16. Redlefsen T, Commentz J, Meigen C, 
Hermanussen M. Reference values for height, 
weight and body mass index of German born 
Turkish children. Anthropol Anz. 2007 
Sep;65(3):263-74. 

17. Fenn B& Penny ME. Using the new World 
Health Organisation growth standards: 
differences from 3 countries. J Pediatr 
Gastroenterol Nutr. 2008 Mar;46(3):316-21. 

18. Schwarz NG, Grobusch MP, Decker ML, 
Goesch J, Poetschke M, Oyakhirome S, Kombila 
D, Fortin J, Lell B, Issifou S, Kremsner PG, 
Klipstein-Grobusch K. WHO 2006 child growth 
standards: implications for the prevalence of 
stunting and underweight-for-age in a birth 
cohort of Gabonese children in comparison to the 
Centers for Disease Control and Prevention 2000 
growth charts and the National Center for Health 
Statistics 1978 growth references. Public Health 
Nutr. 2008 Jul; 11(7):714-9. Epub 2008 Jan 2. 

19. Del-Rio-Navarro BE, Velazquez-Monroy O, 
Santos-Preciado JI, Lara-Esqueda A, Berber A, 
Loredo-Abdala A, Violante-Ortiz R, Tapia-
Conyer R. Mexican anthropometric percentiles 
for ages 10-18. Eur J Clin Nutr. 2009 Apr; 
63(4):588. 

20. Cacciari E, S Milani3, A Balsamo2, F 
Dammacco1, F De Luca1, F Chiarelli1, A M 
Pasquino1, G Tonini1 and M Vanelli.1 Italian 
cross-sectional growth charts for height, weight 
and BMI (6-20 y). February 2002, 56 ( 2): 171-
180.  

 
 
 
    

                                        
                                                       5/20/2010  

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?holding=npg&cmd=Retrieve&db=PubMed&list_uids=4030199&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?holding=npg&cmd=Retrieve&db=PubMed&list_uids=7091028&dopt=Abstract


Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 260

Adherence, Invasion and Cytotoxicity of Some Bacterial Pathogens 
 

Ghadir S. El-Housseiny, Mohammad M. Aboulwafa* and Nadia A. Hassouna 
 

Department of Microbiology and Immunology, Faculty of Pharmacy, Ain Shams University, Cairo, Egypt 
*maboulwafa@yahoo.com 

 
 
 
Abstract: One hundred and sixty two bacterial isolates recovered from different collected clinical specimens were 
screened for adherence, invasion and cytotoxicity against Vero cells. All these isolates were able to adhere to Vero 
cells by variable degrees. Concerning invasion, the Staphylococcus spp were found to have the highest levels of 
invasion reaching 2.3% while a few Pseudomonas spp showed invasion levels between 1 % and 2 % but the rest of 
the Pseudomonas isolates and all the other Gram negative rods showed invasion levels <1%. Upon screening for 
cytotoxicity by the MTT assay,  about 38% of the Staphylococcus species showed only low cytotoxicity (<50%) 
after 24 h of incubation while the rest of the isolates showed no cytotoxic effects on Vero cells. In case of 
Pseudomonas species, after 6 h, 38.5% of the isolates showed low cytotoxicity (<50%), 7.7%  showed moderate 
cytotoxicity (50-85%) while 11.5% of these isolates exhibited high cytotoxic effects (>85%). In case of the other 
Gram negative rods, 44.4% of the isolates showed low cytotoxicity, 3.2% showed moderate cytotoxicity while 6.3% 
showed high cytotoxic effects after 6 h of Vero cell infection. Moreover, statistical data (excluding the highly 
cytotoxic isolates) showed a significant positive correlation between adherence and invasion of all the tested 
isolates. In addition, a statistically significant positive correlation was found between the adherence and cytotoxicity 
of the Staphylococcus and Pseudomonas species. Concerning the statistical data for invasion and cytotoxicity, a 
significant positive correlation was found in case of Pseudomonas isolates only. Taken together, these results 
indicate that invasion is a post adherence effect, and that cytotoxicity of both Staphylococcus and Pseudomonas 
species is associated with a higher adherence to epithelial cells. Moreover, the results suggest that invasive 
Pseudomonas species can induce cytotoxicity but at low levels. [Journal of American Science. 2010;6(10):260-268]. 
(ISSN: 1545-1003). 
 
Keywords: Adherence, Invasion, Cytotoxicity, Vero cells, Pseudomonas, Staphylococcus, MTT 

 
 
1. Introduction 
      Bacteria are among the most diverse living 
organisms and have adapted to a great variety of 
environments including the human body. These 
bacteria use a number of different virulence 
mechanisms that allow them to conquer many 
different niches throughout the course of infection. 
Bacterial virulence is a multifactorial process that 
requires the use of a variety of components, many of 
which are coordinately regulated to allow the 
organism to adapt to the host environment and 
become successful pathogens. Bacteria uses different 
strategies to adhere to, in some cases invade and/or 
kill cells within their hosts (Pizarro-Cerda and 
Cossart, 2006). 
     Bacterial adherence is the establishment of the 
bacterial pathogen at the appropriate portal of entry. 
It corresponds to a specific interaction between a 
ligand expressed on the bacterial surface (adhesin) 
and a receptor on the epithelial cell surface. The 
process of bacterial adherence to host cells is an 
important step in the initiation of bacterial infection 
(Sansonetti, 1993). 

     In some bacterial species, invasion may 
follow the adherence step. Different bacterial 
pathogens have evolved different strategies to 
gain access to the intracellular compartment. 
Once intracellular, invasive bacteria can survive, 
multiply and spread (Sansonetti, 1993). Invasion 
is aided by the production of extracellular 
substances called invasins which are protein 
enzymes that act locally to facilitate growth and 
spread of the pathogen. The complexity of the 
bacterial tools used for cell adherence and 
invasion ranges from single monomeric proteins 
to intricate multimeric macromolecules that 
perform highly sophisticated functions and can 
be truly considered as nanomachines (Pizarro-
Cerda and Cossart, 2006). 
     Certain bacterial species can establish locally 
and cause infections that remain extracellular by 
secreting toxins with local or systemic effects 
(Sansonetti, 1993). These toxins have a central 
role in the pathogenesis of bacterial disease and 
may damage or kill host cells by different 
mechanisms. Studying the virulence of bacterial 
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pathogens will help control disease and develop new 
strategies to prevent bacterial infection. The present 
study was undertaken to investigate three different 
virulence mechanisms (adherence, invasion & 
cytotoxicity) of bacterial pathogens isolated from 
different clinical specimens and the relation between 
these different mechanisms. 
  
2. Materials and Methods  
Bacterial isolates and culture conditions 
     A total of 162 bacterial isolates including 47 
Staphylococcus species, 52 Pseudomonas species and 

63 other Gram negative rods were used in this 
study. These isolates were recovered from 
different collected clinical specimens including 
pus, sputum, urine, blood and stool specimens. 
Bacterial isolates used in the study are listed in 
Table 1. All the recovered clinical isolates were 
maintained onto nutrient agar slants at 4°C and 
subcultured every month. For conducting 
experiments, these bacterial isolates were 
cultured for 18 to 20 h at 37°C in Trypticase Soy 
Broth (TSB) under static conditions. 
 

 
Table 1. Clinical sources and microscopical characters of the collected isolates 

Group Category 

Gram negative rods Specimen 
Number  of 

isolates Staphylococcus 
species Pseudomonas 

species 
Other species 

Pus 74 22 30 22 
Sputum 46 18 11 17 
Urine 35 5 10 20 
Blood 4 1 1 2 
Stool 3 1 0 2 
 Ʃ 162 Ʃ 47 Ʃ 52 Ʃ63 
 
Cell line and growth conditions 

African green monkey kidney epithelial cells 
(Vero Cell Line, ATCC No. CCL-81) were used in 
this study. Vero cells were maintained in Eagle’s 
minimum essential medium with Earl’s balanced salts 
(MEM Earl’s; Sigma) supplemented with 2% Fetal 
bovine serum (FBS; Gibco), 100 U/ml penicillin and 
100 µg/ml streptomycin at 37°C in 5 % CO2 and 
subcultured every 3-4 days. For experiments, Vero 
cells suspended in MEM Earl’s supplemented with 
10 % FBS were seeded in 96-well tissue culture 
plates and kept at 37°C and 5 % CO2 for 24 h to form 
a confluent monolayer (5 x 104 cells/well). 
 
Adherence and Invasion assays 

Bacterial adherence and invasion was 
determined according to Plotkowski et al. (1994) and 
carried out as follows: 

After washing the Vero monolayer, aliquots 
of 100 µl of the bacterial suspensions (harvested by 
centrifugation, washed and resuspended in MEM 
Earl’s to an absorbance corresponding to 1×108 
cfu/ml) was added to each well (8 wells for each 
isolate). Following 2 h of incubation at 37°C in 5% 
CO2, the inocula were removed and the Vero cells 
were washed 3 times with PBS to remove non 
associated bacteria. Vero cells were then treated with 
lysis solution (0.025% trypsin and 1% tween 20 in  

 
PBS) for 30 min at 37°C and the total number of 
associated bacteria (adherent and invaded) was 
assessed by the colony counting method. 
Gentamicin survival assay was used to quantify 
invasion. This was determined using the same 
method described above except that after 2 h 
incubation, the infected monolayer was treated 
with gentamicin solution 300 µg/ml for 1 h to kill 
the extracellular bacteria just before the addition 
of the lysis solution. Adherent bacteria were 
calculated as the difference between the total 
number of associated bacteria and the number of 
invaded bacteria.   
 
Cytotoxicity assay 

The MTT assay was carried out as 
described by Saliba et al. (2002).  Confluent 
monolayers of Vero cells cultured in 96-well 
tissue culture plates were washed with PBS and 
fifty microliter aliquots of MEM Earl’s was 
added to each well. After culturing the tested 
isolates for 18-20 h at 37°C in TSB, 50 µl 
aliquots of this culture (adjusted to contain 2 x 
108 cfu/ml) were added to the wells (8 wells for 
each isolate). Control wells contained 50 µl 
MEM Earl’s & 50 µl sterile TSB instead of the 
added bacterial culture. Following 6 h incubation 
at 37°C, the cells were washed with PBS and 
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incubated for 1 h with MEM Earl’s containing 
gentamicin at 300 µg/ml to kill the adherent bacteria. 
After washing with PBS, cells were exposed to 3-
(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT; Sigma) at 2 mg/ml in PBS for 1 h at 
37°C. Supernatants were then removed and cells were 
treated with 100 µl absolute ethanol to dissolve the 
formazan crystals formed in the viable metabolically 
active cells. The eluates of the 8 wells of each tested 
isolate were collected and their absorbance was 
measured at 540 nm (Pharmacia Biotech Ultraspec 
2000). The percentage cytotoxicity was calculated 
using the following formula (Murakami et al., 2000): 
 
% Cytotoxicity =1-    A540 OF INFECTED CULTURE      X100        
                                         A540 OF CONTROL  
 
 
In case of Staphylococcus species, the MTT assay 
was carried out after 24 h of Vero cell infection.   

Identification of the highly cytotoxic isolates 
Further identification was only carried 

out for the highly cytotoxic isolates by API 20E 
identification kits (BioMerieux, Inc., France). The 
tests were performed according to the 
manufacturer’s instructions and incubated for 24 
h at 37º C. After incubation, the color reactions 
were read (some with the aid of added reagents). 
The oxidase reaction was done separately at Ain 
Shams specialized Hospital using Oxidase Discs 
(HiMedia Laboratories Pvt. Limited, India). The 
identification was obtained using the API 
Identification Table. 

Statistical analysis 
Statistical analysis was performed using SPSS 

12 for Windows Software. Spearman’s correlation 
coefficient (rs) & their significance (P) were calculated to 
determine the correlation between different pairs of the 
three studied virulence mechanisms.  A correlation was 
considered strong as rs approaches 1, intermediate if rs  

was close to 0.5 and weak if close to zero. A value for P 
< 0.05 was taken to indicate a statistically significant 
correlation (Silva et al., 2008).                   
 
3. Results  
Adherence and invasion of the bacterial isolates to 
Vero cells 
The ability of all the collected bacterial isolates to 
adhere to and invade the Vero cells was investigated 
and results were expressed as a percentage of the 
initial bacterial count. Ten of the isolates (6 
Pseudomonas species and 4 other Gram negative 
rods) caused detachment of the Vero monolayer 
within the 2 h of the assay and therefore their abilities 

to adhere to and invade the Vero cells were not 
determined. Adherence of Staphylococcus, 
Pseudomonas and other Gram negative species 
were in the ranges 0.007 - 8.05 %, 0.0006 - 4.65 
% and 0.0022 - 7.95% respectively. On the other 
hand, invasion values ranged from 0 - 3.3 %, 0 - 
1.67% and 0 - 0.92 % for Staphylococcus, 
Pseudomonas and other Gram negative species 
respectively.                
     The profiles of adherence and invasion of the 
different bacterial categories to Vero cells are 
shown in Figures 1 & 2. As shown in the Figures, 
the percentage of Staphylococcus isolates 
showing adherence in the range >0.1-≤1% was 
the highest while about 15% of the 
Staphylococcus isolates showed high adherence 
values (> 5%). On the other hand, the percentage 
of these isolates showing invasion in the range 
>0.01-≤1% was the highest while 4.3% showed 
high invasion levels (> 2%). In case of 
Pseudomonas species, the percentage of isolates 
showing adherence ≤0.1% was the highest. In 
addition, 21.74% of the isolates showed 
adherence between 2-5% but none of these 
isolates showed adherence >5%. Concerning 
invasion, most of these isolates showed invasion 
≤0.01%, while a few of the Pseudomonas isolates 
showed invasion levels between 1-2% and none 
of these isolates showed high invasion (>2%).  In 
case of the other Gram negative rods, again the 
percentage of isolates showing adherence in the 
range >0.1-≤1% was the highest while only one 
isolate showed high (>5%) adherence. On the 
other hand, these isolates showed variable levels 
of invasion while none of these isolates showed 
invasion >1%. Moreover, about 15% of 
Staphylococcus species, 24% of the 
Pseudomonas species & 23.7% of the other gram 
negative rods did not invade the Vero cells. 
 

 
FIG 1. Comparison of adherence of different 

to Vero cells  categories to Vero cells 
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FIG 2. Comparison of invasion of different bacterial  
             categories 
 
Cytotoxicity of the bacterial isolates to Vero cells 

The cytotoxicity of all the collected isolates 
was tested. Results were expressed as percentage 

cytotoxicity and were summarized in Table 2. 
For Staphylococcus species, none of the isolates 
showed cytotoxic activity after 6 h of Vero cell 
infection (data not shown). When the assay was 
repeated after 24 h of infection, again 29 isolates 
showed no cytotoxixity and only low cytotoxicity 
was exhibited by 18 isolates. In case of the 
Pseudomonas isolates, after 6 h of infection, 20 
isolates showed low cytotoxicity, 4 isolates 
showed moderate cytotoxicity while 6 isolates 
(having the codes P127, P139, P205, P206, P217 
& P231) showed high cytotoxicity. In case of the 
other Gram negative rods, 28 isolates showed 
low cytotoxicity, 2 isolates showed moderate 
cytotoxicity & 4 isolates (having the codes E22, 
E35, E36 & E73) showed high cytotoxic effects. 
It is noteworthy that the 6 Pseudomonas isolates 
and the 4 other Gram negative rods showing high 
cytotoxicity were the same isolates that caused 
Vero cell detachment during the adherence and 
invasion assays. 

Table 2. Cytotoxicity of bacterial isolates to Vero cells 

 
No. of bacterial isolates 

Bacterial isolates 
 NO 

CYTOTO-
XICITY 

LOW ** 
MODERATE 

** 
HIGH ** 

 
Staphylococcus species* 

29 18 0 0 

Pseudom-onas 
species 

22 20 4 6 

Other species 

Gram 
negative 
rods 

 
29 28 2 4 

*  Results after 24 h of Vero cell infection 
** Low cytotoxicity (<50%), moderate (50-85%) & high (>85%) 
 
Identification of the highly cytotoxic isolates 

The ten highly cytotoxic isolates were 
further identified by API 20E Identification Kits. The 
isolates having the codes P127, P139, P205, P206, 
P217 and P231 were identified as Pseudomonas 
aeruginosa while the isolates having the codes E22, 
E35, E36 and E73 were identified as Escherichia 
coli. 
 
Relationship between adherence, invasion and 
cytotoxicity of the tested isolates 

After screening all the collected isolates for 
adherence, invasion and cytotoxicity, the results 
(excluding the highly cytotoxic isolates) were 
analyzed using Spearman’s correlation coefficient (rs) 
to determine whether a relation existed between these 
different virulence mechanisms. These results are 

summarized in Table 3.  A strong and statistically 
significant positive correlation was observed 
between the adherence and invasion of the 
Staphylococcus & Pseudomonas species (rs = 
0.851 & rs = 0.787 respectively, P < 0.01) while 
an intermediate but also significant correlation 
was found for the other Gram negative rods (rs = 
0.559, P < 0.01). On the other hand, the statistical 
data of adherence & cytotoxicity of the tested 
isolates showed a strong and significant positive 
correlation in case of Pseudomonas species (rs = 
0.765, P < 0.01) while an intermediate but also 
statistically significant positive correlation was 
found for the Staphylococcus species (rs = 0.632, 
P < 0.01). However, a weak non significant 
correlation was obtained in case of the other 
Gram negative rods (rs = 0.305, P =0.101). 
However, the statistical data of invasion and 



Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 264

cytotoxicity of the tested isolates showed an 
intermediate but significant positive correlation in 
case of the Pseudomonas species (rs = 0.517, P < 
0.01) whereas a weak non significant correlation was 
found in case of the rest of the isolates (rs = 0.427, P 
=0.077 & rs = 0.118, P = 0.534 for Staphylococcus 
species & other Gram negative rods respectively). 

 

 
4. Discussion: 
The Bacteria can have wide ranging & deleterious 
effects on the hosts (Heinzelmann et al., 2002). In 
order to be able to infect hosts, bacteria need different 
virulence systems. Processes like adherence, invasion 
and evasion of host defense are crucial for the 
bacteria during infection (Kauppi, 2006). To 
overcome infections caused by bacterial pathogens, it 
is necessary to clarify the pathogenicity mechanisms 
that are used by these pathogens, and the relationship 
between these different virulence mechanisms. The 
results of the present study revealed that all the tested 
isolates were able to adhere to the Vero cell line but 
by variable degrees. However, no general relation 
between the origin of isolation and the ability of the 
tested isolates to interact with Vero cells could be 
established. In addition, Figure 1 shows that no 
pronounced difference was observed upon comparing 
the adherence of Staphylococcus species and Gram 
negative rods other than Pseudomonas species. The 
percentage of isolates in both categories that showed 
adherence in the range >0.1-≤1% was the highest. 
However, while 15% of Staphylococcus species 
showed adherence >5%, only 1.6% of the Gram 
negative rods other than Pseudomonas species 
showed adherence in this range. On the other hand, 
most of the Pseudomonas species showed low 
(≤0.1%) or high (>2-≤5%) adherence values while 
none showed adherence >5%. These adherence 
values were comparable to those reported by other 
investigators (Hafez et al., 2005; Woolley et al., 
2008) 

    In case of invasion, results revealed that about 
15% of the Staphylococcus species, 24% of the 
Pseudomonas species while 23.7% of the Gram 
negative rods other than Pseudomonas species 
were unable to invade Vero cells. The rest of the 
tested isolates invaded Vero cells by different 
degrees. It was noteworthy that the 
Staphylococcus species showed the highest levels 
of invasion (reaching 2.3%) while a few 

Pseudomonas species showed invasion levels 
>1%.  On the other hand, none of the Gram 
negative rods other than Pseudomonas species 
showed invasion >1%. Probabaly, cell invasion is 
not an important aspect in the pathogenesis of 
most of the Gram negative rods tested. 
    Cytotoxicity of the collected isolates was also 
investigated using the MTT assay. MTT assay is 
a non radioactive colorimetric assay system first 
described by Mosmann T (1983) and is used for 
measurement of cytotoxicity caused by bacterial 
pathogens (Saliba et al., 2002) (Kubica et al., 
2008) (Couto et al., 2007). It detects early 
interference with cell metabolic activity. After 6 
h of incubation with Vero cells, none of the 
Staphylococcus species showed a cytotoxic 
effect. This indicates that these isolates were not 
cytotoxic to Vero cells or required a longer time 
to induce cytotoxicity. Therefore, the infection 
time was prolonged to 24 h for these isolates. 
Results show that after 24 h, 38.3% of the 
isolates showed only low cytotoxicity (<50%) 
while the rest of the isolates still showed no 
cytotoxic effects on Vero cells. These results are 
consistent with previous studies testing the effect 
of different Staphylococcus species against Vero 
cells. For instance, it has been reported that 
Staphylococcus epidermidis was devoid of 
cytotoxic activity to Vero cells (Allaker et al., 
2006). In addition, no cytotoxic effect was 
observed when S. sciuri was tested against Vero 
cell monolayers after 24 h (Stepanovic et al., 
2001). Moreover, when S. aureus cytotoxicity to 
Vero cells was examined, only 6 out of 20 tested 

TABLE 3. Spearman’s correlation coefficient values between different pairs of  virulence mechanisms 
of the different bacterial categories 

Virulence Mechanisms 
Bacterial Category Adherence vs 

Invasion 
Cytotoxicity vs 

Adherence 
Invasion vs 
Cytotoxicity 

Staphylococcus species 0.851* 0.632* 0.427 

Pseudomonas  
species 

0.787* 0.761* 0.517* 

Other Gram negative 
rods 

0.559* 0.305 0.118 

Significance level : * P <  0.01  
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strains exhibited cytotoxic effects after 24 h of 
infection (Tao et al., 1999).  These findings could be 
explained because it has been shown that the 
cytotoxic effects of Staphylococcus species vary 
considerably depending on the cell type used in the 
study (Stepanovic et al., 2001). 
     In case of Pseudomonas species,  after 6 h of 
incubation with Vero cells, 20 isolates showed low 
cytotoxicity (<50%), only 4 isolates showed 
moderate cytotoxicity (50-85%) while 6 of these 
isolates which were later identified to be P. 
aeruginosa exhibited high cytotoxic effects (>85%). 
These cytotoxic effects may be attributed to various 
products since Pseudomonas species have been 
reported to produce many extracellular as well as cell 
associated virulence factors that are cytotoxic to 
mammalian cells including proteases (Zhang et al., 
2003), phospholipase C (Meyers et al., 1992) 
(Rossignol et al., 2008) exotoxin A (Bourke et al., 
1994) and exoenzymes S & U (Vallis et al., 1999). 
Moreover, Sawa et al. (1998) found that the invasive 
strains of P. aeruginosa could also cause cytotoxicity 
in human epithelial cells after the application of a 
large inocula.  In case of Gram negative rods other 
than Pseudomonas species, after 6 h of Vero cell 
infection, 28 isolates showed low cytotoxicity, 2 
isolates showed moderate cytotoxicity while 4 
isolates which were later identified to be E. coli 
showed high cytotoxic effects. Again, several 
bacterial products produced by different Gram 
negative species were reported to cause cytotoxic 
effects to cultured mammalian cells including 
hemolysins of Proteus species (Mobley et al., 1991) 
shiga toxins of Shigella species (Sandvig, 2001), 
cytotoxins of Salmonella species (Ashkenazi et al., 
1988), shiga-like toxins of E. coli (Giraldi et al., 
1990) (Roberts et al., 2001) & hemolysins of E. coli 
(Island et al., 1998). Therefore the cytotoxic effects 
observed by the tested isolates in the present study 
might have been due to one or more of these 
cytotoxins. 
      After screening of all the bacterial isolates for 
adherence, invasion and cytotoxicity, it was 
interesting to find out whether a relationship existed 
between these different virulence mechanisms. As 
shown in the results, the statistical data showed a 
significant positive correlation between adherence 
and invasion of the tested isolates (Staphylococcus 
species, Pseudomonas species and other Gram 
negative rods). This indicates that invasion is a post 
adherence event and that bacterial adherence to the 
host cells is a prerequisite for invasion to take place. 
These findings are in agreement with those obtained 
by Hensen et al. (2000) who reported that the percent 
of invasion of S. aureus isolates was highly 
correlated with their percent of adherence to 

epithelial cells. In addition, Schmidt et al. (1989) 
also demonstrated a strong correlation between 
adherence and invasion of Staphylococcus 
species to epithelial cells. Moreover, Martinez et 
al. (2000) reported that the type I pilus adhesion 
FimH in some E. coli mediates not only adhesion 
but also invasion of epithelial cells. Regarding 
Pseudomonas species, Plotkowski et al. (1994) 
demonstrated that pilated P. aeruginosa was 
taken up by endothelial cells at a higher rate than 
the nonpilated P. aeruginosa since adherence is 
the first necessary step in the process of cell 
endocytosis.   
      The statistical data for adherence and 
cytotoxicity of the tested isolates showed a 
significant positive correlation in case of 
Staphylococcus and Pseudomonas species. This 
indicates that cytotoxicity of these isolates may 
be associated with higher adherence to epithelial 
cells. Enhanced adherence might enable a greater 
number of cells to attach to the host cell surface 
which may collectively produce a stronger 
cytotoxic effect. These findings are in agreement 
with those obtained by Zaborina et al. (2006) 
who reported that adherence significantly 
correlated with epithelial barrier disruption 
caused by Pseudomonas aeruginosa. Martino et 
al. (2002) & Silva et al. (2008) also demonstrated 
a strong and statistically significant correlation 
between Pseudomonas aeruginosa cytotoxicity 
and adherence. Moreover, Rajan et al. (2000) 
recently demonstrated that only fully virulent P. 
aeruginosa capable of coordinately expressing 
both adhesins and cytotoxins were able to induce 
apoptosis in epithelial cells. Concerning 
Staphylococcus spp, Cifrian et al. (1996) 
previously reported that Staphylococcus strains 
expressing toxins showed enhanced adherence. 
No significant correlation was observed in case 
of other Gram negative rods which indicates that 
cytotoxicity caused by these isolates may be due 
to extracellular products that do not require 
adherence of the bacterial isolates to Vero cells.  
    On the other hand, the statistical data for 
invasion and cytotoxicity showed a significant 
correlation in case of Pseudomonas isolates only. 
This indicates that invasive Pseudomonas species 
can induce low levels of cytotoxicity. In 1998, 
Sawa et al. reported that application of a large 
inocula of an invasive P. aeruginosa strain 
caused cytotoxicity in cultured epithelial cells. 
This indicates that some Pseudomonas isolates 
are invasive and induce low levels of cytotoxicity 
after prolonged incubation. Similar results were 
obtained by Zhu et al. (2000) who reported that 
invasive Pseudomonas aeruginosa can induce 
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cytotoxicity in epithelial cells at high bacterial 
numbers. This cytotoxicity was related to bacterial 
density and the mechanism maybe different from the 
one induced by strains causing acute cytotoxicity. In 
addition, Cowell et al. (1999) reported that P. 
aeruginosa may be grouped into 2 phenotypes: 
invasive and cytotoxic. Cytotoxic strains remain 
outside the host cells and induce acute cytotoxicity 
from this extracellular location within 3 h. In 
contrast, invasive P. aeruginosa enter epithelial cells 
and may kill cells only after prolonged incubation. 
No relation was observed in case of the rest of the 
isolates (Staphylococcus and other Gram negative 
species) which indicates that cytotoxicity caused by 
these isolates was independent of their ability to 
invade Vero cells. 

5. Conclusion, 
The results of the present study reveal that 

all the collected isolates were able to adhere to Vero 
cells by variable degrees. Concerning invasion, some 
Staphylococcus & Pseudomonas species were able to 
efficiently invade Vero cells whereas others were not. 
On the other hand, cell invasion was probably not an 
important aspect in the pathogenesis of most of the 
Gram negative rods tested. Upon screening for 
cytotoxicity, a few of the Staphylococcus species 
showed only low cytotoxicity after  prolonged 
incubation, while the Pseudomonas species and other 
Gram negative rods showed variable levels of 
cytotoxicity after 6 h of incubation. In addition, the 
statistical analysis revealed that bacterial adherence 
to the host cells is a prerequisite for invasion to take 
place. Moreover, the percentage cytotoxicity of the 
Staphylococcus and Pseudomonas isolates was highly 
correlated with their percent of adherence to 
epithelial cells. In addition, the invasive 
Pseudomonas species can induce low levels of 
cytotoxicity while there was no correlation between 
invasion and cytotoxicity for the rest of the tested 
isolates. 
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Abstract: The cytotoxicity of four highly cytotoxic E.coli isolates against Vero cells was studied and found to be 
cell associated. High cytotoxicity was observed at a multiplicity of infection of 200:1 and this activity gradually 
decreased as the bacterial count decreased. This cytotoxicity was affected by changes in pH and caused altered Vero 
cell morphology and detachment by different degrees which was apparent after 2 h of infection. In addition, viable 
metabolically active bacteria were necessary for Vero cell killing. Moreover, the four isolates showed very high 
adherence levels (>5%) while they showed very poor invasion (<0.01%) which implies that there is a strong 
relationship between the adherence and cytotoxicity of these isolates while cell invasion is probably not responsible 
for the observed cytotoxic effects. Upon quantitation of the hemolytic activity of the bacterial cells of these isolates, 
a clear relation could be seen between the hemolytic activity of the tested isolates and their cytotoxic effects on Vero 
cells.  In addition, results confirmed that no cell free α -hemolysin was released under the tested conditions which 
imply that a cell associated hemolysin (β-hemolysin) rather than α -hemolysin was responsible for the observed 
cytotoxic effects. To further confirm this conclusion, the hemolytic activities of heat treated bacterial cells, 
gentamicin killed cells, bacterial cell lysates and metabolically inactive cells (bacteria cooled to 4° C) were 
measured and results showed that these treated bacterial suspensions lost their hemolytic activities which ensures the 
association between the hemolytic and cytotoxic activities of the tested isolates. In an attempt to inhibit bacterial 
cytotoxicity, agents with reported antiadherent effects like glucose, galactose and mannose reduced the 
cytotoxicities of the tested isolates. Mannose caused the greatest reduction in cytotoxicity followed by galactose, and 
then glucose . Dextran 70 also reduced the cytotoxicities of the tested isolates. Of the tested pharmaceutical 
excipients, poloxamer 407 had the greatest inhibitory effect on E. coli cytotoxicity while tween 80 caused a smaller 
effect. In addition, the metal ions Fe3+ and Zn2+ caused a marked reduction in the cytotoxicities of the tested isolates, 
where 5 mM nearly abolished the observed cytotoxic effects while Ca2+ had little or nearly no effect. [Journal of 
American Science. 2010;6(10):269-283]. (ISSN: 1545-1003).  
 
Keywords: cytotoxicity, E.coli, hemolysins, Vero cells. 

 
 
1. Introduction 
 E. coli is a Gram negative pathogen causing 
infections such as urinary tract infections, 
gastroenteritis and neonatal meningitis. E. coli was 
reported to produce a number of virulence factors 
with cytotoxic effects on host cells.  The most 
important exported toxin is the α-hemolysin. This is a 
cytolytic poreforming toxin with a wide target cell 
spectrum including erythrocytes, leukocytes, 
endothelial and renal epithelial cells (Emody et al., 
2003). Alpha hemolysin was reported to be cytotoxic 
to a range of cell types within short infection periods 
(Island et al., 1998; Trifillis et al., 1994; Mobley et 
al., 1990). Another hemolysin produced by E. coli is 
the cell associated β-hemolysin (Smith, 1963; 
Johnson, 1991; Mittal and Sharma, 1991; Jacobsen et 
al., 2008). This is a cell bound hemolysin that is 
detectable during the exponential and stationary 

growth phases (Sobieszczan et al., 2006) and whose 
activity was found to be dependent on the bacterial 
metabolic status (Short and Kurtz, 1971). The serine 
protease secreted autotransporter toxin (SAT) is 
another virulence determinant which contributes to 
the pathogenicity of E. coli  (Maroncle et al., 2006) 
and has toxic activity against cell lines of 
bladder/kidney origin (Emody et al., 2003). Guyer et 
al. (2002) showed that after only 1 h of incubation of 
SAT containing filtered supernatants with Vero cells, 
cells displayed cellular elongation, cytoplasmic 
shrinkage and the monolayer was no longer intact. 
Cytolethal distending toxin (CDT) is another toxin 
reported to be exported by E. coli (Johnson and Lior, 
1988; Emody et al., 2003). CDT enters into 
eukaryotic cells and breaks down double stranded 
DNA resulting in arrest of cell cycle (Emody et al., 
2003; Heywood et al., 2005). Scott and Kaper (1994) 
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reported that E. coli supernatants containing CDT 
caused elongation of mammalian cells at 24 h 
followed by progressive cellular distention and 
cytotoxicity for up to 120 h. Cytotoxic necrotizing 
factor (CNF) was also reported to be exported by E. 
coli (Emody et al., 2003) and causes enlargement and 
multinucleation of mammalian cells after 24 h of 
incubation (Hostacka, 1994). Accordingly, the 
present study aimed at studying the cytotoxic 
mechanisms of four highly cytotoxic E. coli isolates. 
These isolates were obtained through a screening 
program directed for distinguishing isolates with 
cytotoxic activities (El-Housseiny et al., submitted). 
Attempts for inhibiting this cytotoxic effect were also 
carried out. 
  
2. Materials and Methods  
Bacterial isolates and culture conditions 
E. coli isolates E22, E35, E36 & E73 are highly 
cytotoxic organisms obtained through screening of 
different clinical isolates for their cytotoxicities 
against Vero cells in a previous study. These isolates 
were stored as bacterial stocks at -20°C in 50% 
glycerol solution for long term preservation. For 
conducting experiments, cytotoxic isolates were 
obtained from frozen stocks and subcultured twice on 
blood agar. Colonies were then cultured in test tubes 
containing 10 ml aliquots of TSB and incubated for 
18-20 h at 37oC under static conditions. This culture 
was kept at 4oC and used for inoculum preparation 
which was prepared by transferring 50 µl of this 
culture into 10 ml TSB and incubation at 37oC for 18-
20 h under static conditions. 
 
Cell line and growth conditions 
African green monkey kidney epithelial cells (Vero 
Cell Line, ATCC No. CCL-81) were used in this 
study. Vero cells were maintained in Eagle’s 
minimum essential medium with Earl’s balanced salts 
(MEM Earl’s; Sigma) supplemented with 2% Fetal 
bovine serum (FBS; Gibco), 100 U/ml penicillin and 
100 µg/ml streptomycin at 37°C in 5 % CO2 and 
subcultured every 3-4 days. For experiments, Vero 
cells suspended in MEM Earl’s supplemented with 
10 % FBS were seeded in 96-well tissue culture 
plates and kept at 37°C and 5 % CO2 for 24 h to form 
a confluent monolayer (5 x 104 cells/well). 
 
Cytotoxicity assay 

Crystal violet (CV) cytotoxicity assay was 
carried out as described by Kueng et al. (1989). Vero 
monolayer was infected with aliquots of the bacterial 
culture adjusted to contain 1 x 108 cfu/ml for 3 h. The 
cells were then washed with PBS and fixed by adding 
110 µl of 1% glutaraldehyde solution to each well for 
15 min. The plate was decanted and then washed 3 

times by immersing in tap water and decantation. 
After air drying, 100 µl of 0.1% crystal violet 
solution was added to each well for 20 min. The 
excess stain was then removed and the plate 
submerged in tap water and subjected to a 
continuous slow flow of water for 15 min. After air 
drying, the stain was eluted with 100 µl of 10% 
acetic acid solution. The A540 of supernatants from 
infected and control cells were determined using an 
automatic microplate scanning spectrophotometer 
(Microreader 4 plus, Hyperion).The percentage 
cytotoxicity was calculated as follows: 
 
 

 
% Cytotoxicity=1-A540 OF INFECTED CULTURE   X100   
                                         A540 OF CONTROL  
 
                              
Determination of the cytotoxicities of bacterial cells 
and cell free supernatants 

For preparation of bacterial cells and cell free 
supernatants, bacteria were harvested by 
centrifugation at 12000 rpm for 5 min. The 
supernatants were separated and sterilized by 
filtration through 0.22-µm-pore-size membrane 
filters (Millex, Millipore Corporation, Bedford, 
USA). The bacterial pellets were washed once with 
PBS, then resuspended in MEM Earl’s to an 
absorbance corresponding to 1×108 cfu/ml.  
After washing the Vero monolayer twice with PBS, 
100 µl of the bacterial cell suspension prepared 
above was added to each well and incubated at 37oC 
(Multiplicity of infection of 200:1) for 3 h. Then, the 
crystal violet cytotoxicity assay was completed as 
described before. Control wells were incubated with 
100 µl of MEM Earl’s only. Additional experiments 
were performed using bacterial counts of 107,106,105 
and 104 cfu/ml. 

Cytotoxicity of cell free supernatants was 
determined by adding 50 µl of MEM Earl’s and 50 
µl of the cell free supernatant to each well for 3 h. 
After that, the wells were washed and the CV 
cytotoxicity assay was completed as described 
previously. Control wells were incubated with 50 µl 
of MEM Earl’s and 50 µl of sterile TSB. 
Detection of extracellular production of a cytotoxic 
agent by the tested isolates during the cytotoxicity 
assay 
 To determine whether cytotoxicity was due to 
toxic bacterial products released during the 
incubation period in the cytotoxicity assay (3 h), the 
bacterial supernatants of cells (1 x 107 cfu/ml) grown 
for 3 h at 37° C in MEM Earl’s were tested for 
cytotoxic effect. The cell free supernatants were 
prepared by filter sterilization through 0.22 µm-pore 
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size membrane filters and these were then incubated 
with the Vero monolayer for 3 h. 
Adherence and Invasion assays for the cytotoxic 
isolates 

Bacterial adherence and invasion were 
determined according to Plotkowski et al. (1994) 
and carried out as follows: 

After washing the monolayer, aliquots of 100 
µl of the bacterial suspensions (1×107 cfu/ml) 
were added to the wells of a microtitre plate (8 
wells for each isolate). Following 1 h of 
incubation at 37°C in 5% CO2, the inocula were 
removed and the Vero cells were washed 3 times 
with PBS to remove non associated bacteria (the 
assay time was reduced to 1 h and the bacterial 
count adjusted to 1×107 cfu/ml since a higher 
count or a longer time lead to detachment of the 
monolayer due to high cytotoxicity).Vero cells 
were then treated with lysis solution (0.025% 
trypsin and 1% tween 20 in PBS) for 30 min at 
37°C and the total number of associated bacteria 
(adherent and invaded) was assessed by the 
colony counting method. 

Gentamicin survival assay was used to 
quantify invasion. This was determined using the 
same method described above except that after 1 
h incubation, the infected monolayer was treated 
with gentamicin solution 300 µg/ml for 1 h to kill 
the extracellular bacteria just before the addition 
of the lysis solution. Adherent bacteria were 
calculated as the difference between the total 
number of associated bacteria and the number of 
invaded bacteria.  

Effect of mid-interval removal of non-interacting 
bacteria 

Bacterial suspensions (1 x107 cfu/ml) were 
left in contact with Vero cells for only 1.5 h, then 
the remaining suspended bacterial cells were 
removed and the wells were washed once with 
PBS. The incubation was then continued up to 3 h 
after addition of fresh 100 µl MEM Earl’s to the 
wells. After that the crystal violet assay was 
carried out. Incubation of bacterial cells (1 x 107 

cfu/ml) with Vero cells for 3 h was also carried 
out in parallel for comparison. 

Effect of pH and incubation temperature on 
bacterial cytotoxicity 

The bacterial suspensions were prepared as 
previously described except that the pH of MEM 
Earl’s was adjusted with 0.3 N of HCl or NaOH 
sterile solution. The pHs studied were 6, 7, 8 and 
10 and the cytotoxicity assay was carried out as 
mentioned before. 

To study the effect of incubation 
temperature, again the cytotoxicity assay was 
carried out as mentioned before except that the 
plate was incubated at different temperatures 
(30o C, 37o C & 40oC).  
 
Effect of metabolic state of the tested bacterial 
isolates on their cytotoxic activities 
Cytotoxic activity of killed bacterial cells 

The bacterial cells of the tested isolates 
(1×108 cfu/ml in PBS) were killed by treating 
with 300 µg/ml of gentamicin solution for 1 h. 
Gentamicin at 100 µg/ml was sufficient to kill P. 
aeruginosa at 108 cfu/ml in 1 h (Plotkowski et 
al., 1994).  

To heat kill bacterial cells, bacteria (1×108 

cfu/ml in PBS) were placed in a boiling water 
bath for 30 min. Cultures of the heat killed 
bacteria confirmed that no viable bacteria 
persisted after this treatment. The experiment 
was repeated except that the bacteria were heat 
treated at mild conditions (heating in a water 
bath at 56oC for 10 min). 

To prepare whole cell lysates, bacterial cells 
(1×108 cfu/ml in PBS) were sonicated by a 
sonicator (Microson, U.S.A) 5 bursts at 20 W, 
one min each with 30 sec rests on ice in between 
the bursts (Prasad et al. ;1996). 

In each case the cytotoxic activity of the 
killed suspensions produced was determined by 
adding 90 µl of MEM Earl’s to each well 
followed by 10 µl of the killed bacterial 
suspension. The plate was then incubated for 3 h 
after which the CV cytotoxicity assay was 
carried out.  
 
Cytotoxic activity of viable metabolically inactive 
bacterial cells 

Bacterial cells (1×108 cfu/ml in PBS) were 
cooled to 4oC. Ten microliters of the cooled 
suspensions were then added to Vero cells 
bathed in 90 µl of ice cold MEM Earl’s and the 
plate was kept at 4oC for 3 h. Cold treatment of 
Vero cells in the absence of bacteria had no 
effect on the viability of the monolayer (Apodaca 
et al., 1995). 
 
Vero cell morphology after infection by bacterial 
cells of the tested E. coli isolates 

To test the effect of bacterial isolates on 
Vero cell morphology, the bacterial cells were 
prepared as described and adjusted to a count of 
1 x 107 cfu/ml. Vero cell morphology was 
assessed by examination using an inverted 
microscope (Hund Wilovert, Model 30, 
Germany) 1, 2 and 3 h post infection. At 3 h post 
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infection (p.i.), the cells were washed, fixed with 
1% glutaraldehyde and photographed using a 
camera (Canon powershot A650) attached to an 
inverted microscope (Optech, Germany). 

Studying the hemolytic activity of Escherichia 
coli isolates 
    The hemolytic activity of the tested isolates 
was assessed as described by Sobieszczanska et 
al. (2006) with some modifications and carried 
out as follows.  

A standardized red blood cell suspension was 
prepared in phosphate buffered saline (PBS 
containing 0.02% CaCl2) and adjusted to contain 
0.5 ×107 RBC/ml.  Bacterial isolates were grown 
at 37oC for 18-20 h in TSB. Bacterial cells were 
washed with PBS and resuspended to a 
concentration of 1 ×109 and 1 x 108 cfu/ml in 
eppendorf tubes. Aliquots of the resulting 
bacterial suspensions were mixed with equal 
volumes of the RBC suspension to give a MOI of 
200 and 20 respectively and incubated at 37oC for 
3 h. Then, the cells were sedimented by 
centrifugation and the amount of released 
hemoglobin in the supernatant was determined 
spectrophotometrically at 412 nm (Cortajarena et 
al., 2001). A control experiment was carried out 
as above except that the bacterial cell suspension 
was replaced with PBS. 

    The hemolytic activity was also measured 
in filter-sterilized supernatants obtained from the 
bacterial cell suspension in PBS (containing 
0.02% CaCl2) which was incubated at 37oC for 3 
h to determine whether cell free hemolysin was 
released into the environment during the assay 
period. 

The hemolytic activity was expressed as the 
mean percentage of hemoglobin released in three 
independent assays in comparison to total lysis of 
RBCs in water. 

In a parallel experiment, the crystal violet 
cytotoxicity assay was carried out for the E. coli 
isolates at MOI of 200:1 and 20:1 for 3 h as 
described previously. 

Factors affecting hemolytic activities of E. coli 
isolates 

a. Heat treatment of bacterial cells 
Bacterial cell suspensions (1 x 108 cfu/ml) 

were heated at 56° C for 10 min and then their 
hemolytic activity was quantified 
b. Bacterial killing by gentamicin 

Bacterial cell suspensions (1 x 108 cfu/ml) 
were killed by treating with 300 µg/ml 
gentamicin for 1 h before carrying out the 
hemolysis assay. 

 c. Bacterial cell lysates 

Whole bacterial cell lysates were prepared 
by sonicating bacterial cell suspensions (1 x 108 

cfu/ml) using a sonicator (Microson, U.S.A) 5 
bursts at 20 W, one min each with 30 sec rests on 
ice in between the bursts. Hemolytic activity of 
these preparations were then quantified. 
 d. Bacteria cooled to 4°C 

 Bacterial cells adjusted to 1×108 cfu/ml in 
PBS were cooled to 4oC then incubated with 
RBC suspension for 3 h at the same temperature. 
Hemolytic activity was then quantified. 

Attempts for inhibition of cytotoxic activities of 
the tested bacterial isolates 
Testing the effect of bacterial antiadherent agents 

The tested antiadherent agents and their 
applied concentrations are shown in Table 1. 
After preparation of the monolayer as described 
previously, the medium was discarded and the 
monolayer was washed with PBS. Then, 
treatment with the antiadherent agents was 
carried out as follows. 
 
a. Sugars and Dextran 70: Three different sugars 
reported to reduce the adherence of P. aeruginosa 
isolates were tested (Hafez et al., 2005). The 
bacterial suspension of the tested isolates was 
adjusted to 1 x 107 cfu/ml in MEM Earl’s and the 
tested sugar was incorporated in this suspension 
at the concentrations listed in Table 1. The 
resulting bacterial suspension was incubated for 
30 min at 37oC. One hundred microliter aliquots 
of this suspension was then added to the wells 
containing Vero cells. Control wells were treated 
similarly except that the bacterial cells were 
omitted. In case of Dextran 70, the Vero 
monolayer was pretreated for 30 min at 37°C 
with 90 µl MEM Earl’s containing 3 % Dextran 
70. After that 10 µl aliquots of the bacterial 
suspension (1x108 cfu/ml) was added to each 
well. Control wells were included and contained 
10 µl PBS instead of the added bacterial 
suspension. 

b. Pharmaceutical excipients: The tested 
excipients included 4 nonionic surfactants which 
were reported to have antiadherent activity 
(Hafez et al., 2005). In this case the surfactant 
was added concomitantly with the bacterial 
suspension to Vero cells. Ninety microliter 
quantities of MEM Earl’s containing the 
mentioned concentrations (Table 1) of the tested 
agents were added to Vero cell containing wells 
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followed by 10 µl of the bacterial suspension 
(1×108 cfu/ml in PBS). Control wells were 
included and contained 10 µl PBS instead of the 
added bacterial suspension. 

For all the tested agents, the crystal violet 
cytotoxicity assay was carried out after 3 h of 
incubation at 37°C and the results were compared 
with Vero cells infected with the tested bacterial 
isolates without treatment with the antiadherent 
agents.  
Testing the effect of metal ions 

Metal ions have been reported to affect 
bacterial virulence (Alksne and Projan, 2000) and 
therefore the effect of three different metal ions 
on bacterial cytotoxicity was tested. The bacterial 
suspension was adjusted to 1 x 107 cfu/ml in 
MEM Earl’s and the different metal ions were 
incorporated at the concentrations listed in Table 
1. The resulting bacterial suspension was 
incubated for 30 min at 37oC. One hundred 
microliter aliquots of this suspension were then 
added to monolayer containing wells (Sugarman 
et al., 1982). Control wells were treated similarly 
except that the bacterial cells were omitted. The 
crystal violet cytotoxicity assay was carried out 
after 3 h of incubation. Again, monolayer 
containing wells infected with the tested bacterial 
isolates without treatment with the metal ions 
were included for comparison. 
Table 1.  Agents studied for inhibiting the 
cytotoxic activities of the tested bacterial 
isolates and their applied concentrations 

Class  Agent used 
Concentrations 

applied 
1- 
Antiadherents 

  

D-Glucose 
Galactose 
Mannose 

2, 5 % 
a. Sugars 

Dextran 70 3% 
Tween 20 
Tween 80 
Poloxamer188 

b. 
Pharmaceutical    
excipients 

Poloxamer407 

0.025, 0.05, 
0.1% 

CaCl2 
FeCl3.H2O 

2. Metal ions 

ZnCl2 

2.5, 5, 10 mM 

                 
3. Results  
Characterizing the cytotoxic activities of the tested 
isolates for revealing the possible associated 
mechanisms  

Cytotoxicity of bacterial cells and cell free 
supernatants 
 The whole cultures of the four tested E. coli 
isolates showed cytotoxicity percentages more than 
85 % as determined by the CV assay after 3 h of 
Vero cell infection. To ascertain which component of 
the whole culture of the four E. coli isolates was 
responsible for the observed cytotoxic effects, both 
the bacterial cells as well as the cell free growth 
supernatants were tested for cytotoxic activity. The 
results showed that the cell free supernatants of the 
four E. coli isolates caused nearly no cytotoxicity 
after 3 h of Vero cell infection. On the other hand, 
the washed bacterial cells caused high cytotoxic 
effects similar to that obtained by the whole cultures 
(data not shown). In all the tested isolates, high 
cytotoxicity was obtained at high bacterial cell 
counts (108 cfu/ml) and the cytotoxicity gradually 
decreased by decreasing the bacterial count (Figure 
1). A bacterial count of 105 cfu/ml had nearly no 
cytotoxicity for the two isolates E22 and E73 while 
the cytotoxic effect of the other two isolates (E35 
and E36) continued up to a count of 104 cfu/ml. A 
count of 107 cfu/ml was used for all the tested 
bacterial isolates in subsequent experiments. 

 
FIG 1. Effect of bacterial count on cytotoxicity of 

E. coli isolates The histograms represent the 
average percent cytotoxicity caused by the 
isolates and the error bars indicate the 
standard deviations of the data. 

Detection of extracellular production of cytotoxic 
agents during the cytotoxicity assay 
    To test whether bacterial cells of the tested isolates 
released a cytotoxic product during the 3-h 
incubation period, cell free filtrates (0.22 µm filters) 
of 3-h bacterial cultures in MEM Earl’s were 
prepared and incubated with Vero cells for 3 h. 
Results showed that the filtrates produced were 
nearly unable to cause Vero cell cytotoxicity (data 
not shown). 
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Adherence and Invasion of the tested isolates 
As shown in Figure 2, although with different 
degrees, all the isolates showed very high adherence 
levels (>5%) while they showed very poor invasion 
(<0.01%). 
 

 
FIG 2. Adherence and Invasion of the tested E. 

coli isolates to Vero cells. The 
histograms represent the average 
percent adherence and invasion caused 
by the isolates and the error bars 
indicate the standard deviations of the 
data. 

 
Effect of mid-interval removal of non-interacting 
bacteria, pH and incubation temperature on bacterial 
cytotoxicity 
As shown in Figure 3, mid-interval removal of 
bacteria during the cytotoxicity assay period caused a 
decrease in the cytotoxicities of the tested isolates. 
 

 
FIG 3. Cytotoxicity of the tested isolates after 3 h 

Vero cell infection time and mid-interval 
removal of non-interacting bacteria The 
histograms represent the average percent 
cytotoxicity caused by the isolates and the 
error bars indicate the standard deviations 
of the data. 

 
In case of the effect of pH and in comparison to the 
effect at pH 7, pH 8 had nearly no effect on 
cytotoxicity whereas pH 10 significantly reduced the 

cytotoxicities of the two isolates E22 and 73. On the 
other hand, a pH of 6 increased the cytotoxicities of 
these two isolates (E22 and E73) (Figure 4). 
 

 
FIG 4. Effect of pH of MEM Earl’s medium on 

bacterial cell cytotoxicity of E. coli isolates. 
The histograms represent the average 
percent cytotoxicity caused by the isolates 
and the error bars indicate the standard 
deviations of the data. 

 
In case of incubation temperature, as compared to 
the original incubation temperature previously tested 
(37°C), the cytotoxicity of all the tested isolates did 
not greatly change at the different tested incubation 
temperatures (30° and 40°C)(data not shown). 
 
Effect of bacterial metabolic state on their cytotoxic 
activities  
To determine the role of bacterial metabolic activity 
of the tested isolates on their cytotoxicity, the 
cytotoxicities of killed bacterial cells (gentamicin 
treated, heat killed and sonicated bacterial cells) and 
viable metabolically inactive bacterial cells were 
tested. Results showed that all these treated cells lost 
their cytotoxic activities (data not shown). 
 
Vero cell morphology after infection by bacterial 
cells of the tested E. coli isolates 
Upon visual assessment of the Vero monolayer 1 h 
after infection with 1 x 107 cfu/ml of the tested 
isolates, no effect was seen on Vero cells (data not 
shown). Two hours post infection, undefined 
morphological changes were observed. However, 3 h 
post infection, E35 and E36 caused almost complete 
detachment of the Vero cells while the two other 
isolates E22 and E73 caused a lower degree of Vero 
cell detachment. The control cells showed the typical 
elongated shape of fibroblast-like cells (Figure 5). 
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FIG 5. The cytotoxic effect of the tested isolates on Vero cells as revealedby microscopical examination after 3 
h of infection.  Images were captured using an inverted microscope(Optech, Germany) attached to a 
camera(Canon powershot A650). Mag x 400. C= control (uninfected cells) 

 
Hemolytic activities of E. coli isolates 
     Equal volumes of bacterial cell suspensions and 
standardized RBC suspensions were mixed as 
mentioned previously and incubated at 37°C. At a 
MOI of 200:1, all the Escherichia coli cell 
suspensions showed high hemolytic activities (> 
75%) after 3 h of incubation. Reducing the bacterial 
count (MOI of 20:1) led to lower hemolytic activities 
on the RBCs (Table 2). The crystal violet cytotoxicity 
assay was also carried out in parallel for the tested 

isolates. Similarly, a high cytotoxic effect was 
observed at MOI of 200:1, and such effect decreased 
at MOI of 20:1 (Table 2). 
    On the other hand, no hemolytic activity was 
observed in the filtrates obtained from bacteria 
suspended in PBS after being incubated at 37°C for 3 
h, indicating that no free hemolysin was released 
from these isolates under the tested conditions (data 
not shown).      

 

 
TABLE  2.  Hemolytic activity of E. coli isolates and their cytotoxic effect on Vero cells   

Hemolysis 
(%) 

Cytotoxicity 
(%) 

Bacterial suspension at MOI of Bacterial suspension at MOI of 

E. coli 
 isolate 
  

200:1 20:1 200:1 20:1 
E22 76.67 ± 0.7 27.44 ± 1.39 85.72 ± 2.21 51.34 ± 6.8 
E35 90.97± 3.37 82.72 ± 2.25 99.72 ± 0.48 94.79 ± 0.53 
E36 93.72 ± 5.5 86.09 ± 1.59 99.19 ± 1.40 96.21 ± 1.46 
E73 82.52 ±1.43 32.52 ± 1.43 95.81 ± 0.61 54.09  2.11 

  C 

 E22  E35 

 E36 
 E73 
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Factors affecting hemolytic activities of E. coli 
isolates 
     Heating at 56°C for 10 min, treatment with 
gentamicin or sonication of bacterial cell suspensions 
of the tested isolates nearly abolished their hemolytic 
activities (data not shown). 

     Moreover, cooling bacterial cells to 4°C then 
incubation with the RBC suspension for 3 h at 4°C 
also completely inhibited hemolytic activities of the 
four tested isolates (data not shown). 
 
Inhibition of cytotoxic activities of the tested 
bacterial isolates      

Use of antiadherents 
     The different antiadherent agents used included 
three sugars (glucose, galactose & mannose), Dextran 
70 and four pharmaceutical excipients (tween 20, 
tween 80, poloxamer 407 & poloxamer 188)  

A.   Sugars 
 In case of glucose, a concentration of 2% reduced 
the cytotoxicity of the two E. coli isolates E22 and 
E73 and had nearly no appreciable effect on the 
other two isolates (E35 and E36), while 5% glucose 
greatly reduced the cytotoxicity of all the E. coli 
isolates (Figure 6). 
    For galactose, a dose dependant reduction in the 
cytotoxicity of E. coli isolates was obtained (Figure 
6). Five percent galactose caused complete inhibition 
of the cytotoxicity of E22. 
    Similar to galactose, mannnose caused a dose 
dependant reduction in the cytotoxic activity but the 
effect was much more apparent where 5% mannose 
nearly abolished the cytotoxicities of all the tested 
isolates (Figure 6). 
     The effect of dextran 70 on bacterial cytotoxicity 
was also tested. As shown in Figure 6, dextran 70 (3 
%) reduced the cytotoxicities of E22, E35, E36 and 
E73 by 59.5%, 52.2%, 46.3% and 55.6%, 
respectively. 

 

 

FIG 6. Effect of different concentrations of Glucose (A), Galactose (B), Mannose (C), Dextran 70 (D) on the 
cytotoxicity of E. coli isolates after 3 h of Vero cell infection. The histrograms represent the average 
percent cytotoxicity caused by the isolates and the error bars indicate the standard deviations of the 
data. 

A.Glucose B.Galactose 
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B. Pharmaceutical excipients 
    The four nonionic surfactants (tween 20, tween 80, 
poloxamer 188 and poloxamer 407) were tested at 
three different concentration levels (0.025, 0.05 and 
0.1 %). In case of tween 20, 0.025 % had nearly no 
effect on bacterial cytotoxicity whereas 0.05 and 0.1 
% affected the Vero monolayer integrity (data not 
shown).  In case of tween 80, Figure 7 shows that it 
caused a dose dependant reduction in the 
cytotoxicities of two E. coli isolates (E22 and E73) 
while it showed a minimal effect on the other two 
isolates. Tween 80 at 0.1% was found to affect the 
Vero monolayer integrity (data not shown). On the 
other hand, poloxamer 188 had nearly no effect on 
the cytotoxicities of most E. coli isolates (data not 

shown). Regarding poloxamer 407, Figure 7 shows 
that this surfactant markedly reduced the 
cytotoxicities of the tested isolates. It was 
noteworthy that the highest reduction in cytotoxicity 
was observed with this agent compared to other 
tested surfactants. A concentration of 0.025 % nearly 
abolished the cytotoxic activities of E22 and E73 
while double this concentration   was required for 
reducing the cytotoxicities of the other two isolates 
E35 & E36. Again, at a concentration of 0.1 %, the 
Vero monolayer integrity was affected. 
 
 
 
 

 
 

 
FIG 7. Effect of Tween 80 (A) and Poloxamer 407 (B) on the cytotoxicity of E. coli isolates after 3 h of Vero 

cell infection. The histograms represent the average percent cytotoxicity caused by the isolates and 
the error bars indicate the standard deviations of the data. 

 
Use of metal ions 
In addition to antiadherent agents, the metal ions 
listed in M & M (Table 1) were also tested for their 
effect on the cytotoxicities of the bacterial isolates 
using 3 different concentration levels (2.5, 5 and 10 
mM). Concentrations of 2.5 and 5 mM but not 10 
mM of the tested metal ions did not affect Vero cell 
viability as confirmed by staining with trypan blue.  

   Calcium ions had a minimum effect on the 
cytotoxicity of most E. coli isolates at the two tested 
concentrations (data not shown). On the other hand 
both iron and zinc ions dramatically reduced the 
cytotoxicities of all E. coli isolates at a concentration 
of 2.5 mM while 5 mM caused nearly complete 
inhibition of the cytotoxicities of these isolates in 
both cases (Figure 8). 
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FIG 8. Effect of different concentrations of Iron (A) and Zinc ions (B) on the cytotoxicity of E. coli isolates 
after 3 h of Vero cell infection the histograms represent the average percent cytotoxicity caused by the 
isolates and the error bars indicate the standard deviations of the data. 

 
4. Discussion 
In the present study, the results concerning the E. coli 
cytotoxicity mechanisms could be summarized as 
follows: 
1. Cytotoxicity was found to be cell associated 

since neither filtered supernatants obtained from 
18-h cultures in TSB nor those obtained from 3-h 
cultures in MEM Earl’s caused Vero cell 
cytotoxicity. 

2. High cytotoxicity was observed using 1x108 in 3 
h only and this activity gradually decreased as 
the bacterial count decreased.  

3. Upon microscopical examination, E. coli isolates 
caused altered morphologies and detachment of 
the Vero monolayer by different degrees that 
were apparent after 2 h. 

 
 
 
 

4. Viable metabolically active bacteria were 
necessary for Vero cell killing for the tested 
isolates. 

5. E. coli cytotoxicity was affected by changes in 
pH but not incubation temperature. 

6. High adherence but poor invasion levels were 
obtained for all the tested isolates which 
indicates a strong relationship between 
adherence and cytotoxicity. However, this 
cytotoxicity was apparently not due to invasion. 

 Upon reviewing the literature accumulated on the 
cytotoxicity caused by E. coli isolates involved in 
sepsis or urinary tract infections (since E22 and E73 
recovered from pus while E35 and E36 from urine 
specimens), it was found that E. coli produces a 
number of virulence factors with cytotoxic effects on 
cultured mammalian cells (Emody et al., 2003). Of 
these virulence factors, hemolysins were reported to 
cause rapid cytotoxic effects within short infection 
periods similar to the one observed in the present 
study (Island et al., 1998; Trifillis et al., 1994). As 
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mentioned previously, E. coli produces 2 types of 
hemolysins, α-hemolysin which is found free in the 
supernatant and β-hemolysin which is cell associated 
(Smith, 1963; Short and Kurtz 1971; Jacobsen et al., 
2008; Mittal and Sharma, 1991). The results obtained 
in the present study show that cytotoxicity was cell 
associated which implies that β-hemolysin is the 
virulence factor involved in causing cytotoxicity of 
the tested bacterial isolates.  In order to determine the 
role of β-hemolysin in the cytotoxic activity of the 
tested isolates, the hemolytic activity of the bacterial 
cells of these isolates was quantitated. 
Hemolytic activities of E. coli isolates. As shown in 
the results (Table 2), at MOI of 200:1, high hemolytic 
activity and high cytotoxic effect were observed. 
Decreasing the bacterial count to a MOI of 20:1 lead 
to a decrease in the hemolytic activity on RBC and a 
corresponding decrease in the cytotoxic effect 
observed on the Vero cells for all the isolates. A clear 
relation could be seen between the hemolytic activity 
of the tested isolates and their cytotoxic effects on 
Vero cells. To ensure that no α-hemolysin was 
released during the 3 h incubation period, hemolytic 
activity of filter sterilized supernatants was measured 
and results confirmed that no cell free hemolysin was 
released under the tested conditions. Taken together, 
these findings imply that a cell associated hemolysin 
(β-hemolysin) was responsible for the observed 
cytotoxic effects. To further confirm this conclusion, 
the hemolytic activities of heat treated bacterial cells, 
gentamicin killed cells, bacterial cell lysates and 
metabolically inactive cells (bacteria cooled to 4° C) 
were measured. All these treatments have been 
shown to abolish the cytotoxic activities of the tested 
isolates. The results showed that these treated 
bacterial suspensions also lost their hemolytic 
activities which ensures the association between the 
hemolytic and cytotoxic activities of the tested 
isolates. The conclusion is that the β-hemolysin rather 
than the cell free α -hemolysin is the virulence factor 
involved in causing cytotoxicity of the tested E. coli 
isolates and therefore the findings obtained in the 
present study can be explained as follows: 
1. Filtered supernatants from 18 h cultures were 
devoid of cytotoxic activity while the washed cells 
showed marked cytotoxicity after 3 h of incubation. 
This can be explained because β-hemolysins are cell 
associated and not secreted into the supernatant. 
Similar findings were obtained by Sobieszczanska et 
al. (2006) who suggested that cell bound hemolysin 
rather than cell free hemolysin was responsible for 
the cell detaching activity of E. coli strains tested to 
epithelial cells. However, this finding may also have 
been due to the fact that α-hemolysins are secreted 
only during the exponential phase of bacterial growth 
(Oropeza-Wekerle et al., 1989). Mobley et al. (1990) 

demonstrated that marked cytotoxicity was noted at 
3 to 6 h of incubation of epithelial cells with cells of 
hemolysin positive strains which coincided with the 
secretion of hemolysin during the mid-exponential 
phase of growth and which is switched off during the 
late exponential phase with hemolytic activity 
rapidly diminishing thereafter. In addition, Trifillis et 
al. (1994) observed significant killing of epithelial 
cells by the cells of a hemolysin producing E. coli 
strain after 1 h of incubation and showed that α- 
hemolysin was the primary factor responsible for this 
cytolethal effect. This was confirmed by the presence 
of cytolethal activity in bacterial filtrates obtained 
from bacterial dilutions (106 cfu/ml) allowed to grow 
for 5 h to maximize hemolysin production. 
Therefore, in order to determine if α-hemolysin was 
the factor responsible for the observed cytotoxic 
effects in the present study (whether α-hemolysin 
was secreted during the 3 h incubation period), 
bacteria were allowed to grow for 3 h in MEM Earl’s 
medium, then these suspensions were filter sterilized 
prior to incubation with Vero cells. As shown in the 
results, these filtrates failed to cause cytotoxic effect 
to Vero cells which indicate that α-hemolysin is most 
probably not the factor responsible for the observed 
cytotoxic effects. In contrast to α-hemolysins, β-
hemolysins are detectable during the exponential and 
stationary growth phases (Sobieszczanska et al., 
2006). 
2. High cytotoxicity was observed after 3 h only and 
this cytotoxicity gradually decreased as the bacterial 
count decreased since β-hemolysins were reported to 
cause rapid cytotoxic effects on cultured mammalian 
cells. Sobieszczanska et al. (2006) reported cytotoxic 
activity of E. coli isolates (producing β-hemolysin) 
on epithelial cells after 90 min of incubation only. 
Cytotoxicity gradually decreased as the bacterial 
count decreased due to a corresponding decrease in 
the β-hemolytic activity of these isolates. A clear 
relation was seen between the hemolytic and 
cytotoxic activities of the tested isolates. A similar 
correlation was obtained by Peerbooms et al. (1984) 
between the hemolytic activities of the tested 
Proteus strains and their cytotoxic effects on Vero 
cells due to a hemolysin which resembles β-
hemolysin of E. coli. Moreover, results obtained by 
Sobieszczanska et al. (2006) indicated a close 
relationship between the hemolytic and cell 
detaching activities of E. coli cells. In addition, 3 h 
incubation with mid interval removal of bacteria led 
to a decrease in the observed cytotoxic effects which 
indicates that more adherence probably leads to 
stronger cytotoxic effects. 
     It was noteworthy that E35 and E36 isolates 
which were obtained from urine showed stronger β-
hemolytic activities and cytotoxicities than E22 and 
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E73 isolates which were obtained from pus. This may 
be due to the potency of the cell associated toxin 
since a correspondingly high hemolytic activity was 
also obtained for these two isolates rather than their 
affinity to Vero cells which are similar to the cells of 
the infection site from which they were isolated 
(UPEC).  
3. Upon microscopical examination, E. coli isolates 
caused altered morphology and detachment of the 
Vero monolayer by different degrees which was 
apparent after 2 h. Similar cell detachment after 90 
min of infection of epithelial cells by E. coli isolates 
due to β-hemolysin was reported by Sobieszczanska 
et al. (2006). 
4. Viable metabolically active bacteria were found to 
be necessary for cell cytotoxicity since gentamicin 
treated bacteria, heat treated bacteria, bacterial cell 
lysates and metabolically inactive cells (cooled to 
4°C) failed to cause Vero cell cytotoxicity. This 
could be explained because cell bound hemolysin 
activity was reported to be closely associated with 
cell viability (Snyder and Koch, 1966). Short and 
Kurtz (1971) showed that disruption of cells by sonic 
treatment failed to liberate β-hemolytic activity into 
the medium and that this cell associated activity 
declined as the number of viable cells declined. 
Furthermore, they reported that agents that interfere 
with cellular metabolism e.g. streptomycin 
completely inhibited β-hemolytic activity. In 
addition, Sobieszczanska et al. (2006) showed that 
inactivation of the cell bound hemolysin by heating 
E. coli cells at 56°C for 10 min, or UV irradiation 
was associated with loss of their mammalian cell 
detaching activity. Moreover, Kaca and Rozalski 
(1991) showed that cell bound hemolysin does not 
show hemolytic activity at 4°C which explains the 
loss of cytotoxicity at this temperature. 
5. Cytotoxicity of E. coli isolates was affected by 
changes in pH but not temperature. Concerning pH, a 
greater cytotoxic activity was obtained at a pH of 6 
for the E22 & E73. This could be explained since 
Snyder and Koch (1966) reported that β-hemolysin 
produced during the early period of production (1, 2 
and 3 h cultures) had a pH optimum of 6 or less. In 
case of temperature, similar to our findings but with a 
different pathogen, Kaca and Rozalski (1991) showed 
that Proteus strains exhibited similar cell bound 
hemolytic activities at 25, 37 and 42°C.   
6. Highly cytotoxic isolates were found to be highly 
adherent to Vero cells which indicates a relation 
between adherence and cytotoxicity of these isolates. 
This may be because β-hemolysin is cell bound and 
so greater contact with host cells is accompanied with 
a higher cytotoxic effect. It has been reported 
previously that cytotoxicity caused by bacteria-
associated hemolysin requires some degree of contact 

or close proximity between the bacteria and host 
cells (Gadeberg and Orskov, 1984). However, this β-
hemolytic activity apparently does not require 
invasion of bacteria into the epithelial cells. In 
addition, as mentioned earlier, invasion was reported 
to be an unimportant aspect in the pathogenesis of 
some E. coli isolates (Peerbooms et al., 1984). 
     In 2000, Guignot et al. investigated the 
pathogenicity of a pyelonephritogenic E. coli strain 
and found that the cytotoxicity of this strain to 
mammalian cultures is apparent at 2 h post infection 
(p.i.) and completely detached the cell monolayer if 
left more than 3 h post infection. They identified the 
virulence factor to be hemolysin (hlyA) although 
surprisingly, sterile supernatants of 2.5, 7 or 18-h 
cultures failed to induce cell lysis. They therefore 
suggested that this strain does not secrete a 
functional hemolysin and/or that cell contact is 
important for efficient cell lysis. This might be 
another possibility for the results obtained in the 
present study.   

Inhibition of cytotoxic activities of the tested 
bacterial isolates  
    Bacterial virulence mechanisms have been 
recently explored as attractive targets for the 
development of new therapeutic agents (Felise et al., 
2008). Inhibition of cytotoxic effects caused by 
bacterial isolates serves as a potential mode of 
treatment for infections caused by these isolates. 
Several approaches have been proposed in an 
attempt to inhibit bacterial cytotoxicity. These 
approaches include the use of agents that reduce 
bacterial adhesion (Apodaca et al., 1995) since 
inhibition of adherence of bacteria leads to a 
pronounced effect on the pathology by directly 
decreasing toxin loads (Zaidi et al., 1997).  
    Another approach includes the use of metal ions. 
Bacterial toxins are one of the virulence factors 
produced by bacteria that can be regulated by 
environmental conditions. For example, there is 
direct evidence which shows that iron operates at the 
molecular level and acts as a regulatory molecule, 
controlling not only the iron acquisition machinery 
but the expression of toxins (Sritharan, 2006).  There 
are a number of reports regarding the effect of iron 
on the virulence of P. aeruginosa available (Mittal et 
al., 2008). In the present study, the effect of both 
antiadherent agents and metal ions on bacterial 
cytotoxicity was tested. 
The results show that the sugars tested caused an 
inhibition in the cytotoxicities of the tested isolates. 
These results may be attributed to a corresponding 
reduction in the adherence of these isolates. Hafez et 
al. (2005) previously reported that glucose and 
galactose showed a dose dependant reduction in the 
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adherence of E. coli isolates to Vero cells. In 
addition, a greater reduction in adherence was 
obtained with galactose compared to glucose which 
was in accordance with the results obtained in the 
present study. Mannose was also tested by the 
authors against E. coli isolates and showed maximum 
reduction in adherence which was greater than that 
obtained by glucose and galactose (reaching >75% at 
5% mannose). This may explain why 5% mannose 
nearly abolished the cytotoxicities of the E. coli 
isolates used in the present study. In addition, 
Guggenbichler (1983) and Salit & Gotschlich (1977) 
also reported that mannose inhibited the adherence of 
E. coli.    Dextrans are α-1,6-linked glucose polymers 
that have been shown by other investigators to 
nonspecifically coat eukaryotic cells (Barghouthi et 
al., 1996)  and inhibit the adherence of several 
bacterial pathogens (Thomas and Brooks 2004; Bryan 
et al., 1999). Therefore, its effect on bacterial 
cytotoxicity was investigated by pretreatment of Vero 
monolayer for 30 min without its removal during the 
assay. As shown in the results (Figure 6), dextran 70 
reduced the cytotoxicities of all the tested isolates. 
Again, this effect may be attributed to dextran’s 
antiadherent action. Because they are inexpensive and 
nontoxic, dextrans might be ideal therapeutic agents 
for prevention of bacterial infections. 
The four nonionic surfactants (tween 20, tween 80, 
poloxamer 188 and poloxamer 407) have been 
previously reported to nonspecifically reduce the 
adherence of E. coli isolates to Vero cells by 
decreasing the surface hydrophobicity of isolates 
(Hafez et al., 2005). Therefore, their effect on 
bacterial cytotoxicity was investigated. As shown in 
the results, tween 80 reduced the cytotoxicities of the 
E. coli isolates. Poloxamer 407 was found to cause a 
greater reduction in the cytotoxicities of the tested 
isolates. The effect of these excipients on cytotoxicity 
may be attributed to their nonspecific effect on 
adherence of the tested isolates. Hafez et al. (2005) 
reported that these nonionic surfactants caused a 
significant reduction in the adherence of E. coli 
isolates to Vero cells. In addition, they reported that 
the highest antiadherent effect was observed with 
poloxamer 407 where the reduction in adherence 
reached about 98% of that of the control which 
explains why a concentration of 0.05% nearly 
abolished the cytotoxicities of some isolates in the 
present study. Taken together, the obtained results 
strongly suggested that the use of such excipients 
especially poloxamers in formulating preparations 
could possibly be a prophylactic approach against E. 
coli infections. 

    Since metal ions were known to affect bacterial 
virulence (Alksne and Projan, 2000), the effect of 

three metal ions on bacterial cytotoxicity was 
investigated. As shown in the results, calcium ions 
had little or no effect on the cytotoxicity of the tested 
E. coli isolates at the concentrations tested (2.5 and 5 
mM). In case of iron ions, the results showed that at 
2.5 mM, Fe3+ decreased the cytotoxicities of all the 
isolates while a concentration of 5 mM nearly 
abolished the cytotoxicities of the isolates. Litwin 
and Calderwood (1993) reported that several 
bacterial toxins, including toxins from E. coli and C. 
diphtheria were produced in lesser amounts when an 
excess of Fe3+ was present in the culture media.  
Regarding the effect of zinc ions, results showed that 
Zn2+ ions caused a pronounced reduction in the 
cytotoxicities of all the tested isolates and 5 mM 
nearly abolished these cytotoxicities. Crane et al. 
(2007) reported that zinc causes a decrease in the 
expression of E. coli protein virulence factors and 
reduces their adherence to tissue culture cells due to 
inhibition of adhesins. In addition, Roselli et al. 
(2003) reported that Zn2+ protected intestinal cells 
from enterotoxigenic E. coli-induced damage by 
inhibiting bacterial adhesion, preventing the 
disruption of barrier integrity and modulating 
cytokine expression.  
 
5. Conclusion, 

The tested agents which were shown to 
inhibit cytotoxicity of the tested isolates could be 
used in the prevention and/or treatment of many E. 
coli  infections. 
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Abstract: Osteoporosis is the most prevalent bone disorder in the general population, particularly in the middle and 
older age groups. Although more than half of the prevalent dialysis population is within these age groups, little 
concern has been given to the possible role of estrogen deficiency in the pathogenesis of bone disease in end stage 
renal disease (ESRD). It is often referred to as the "silent epidemic," it is a global problem that is increasing in 
significance as the population of the world both increases and ages. The purpose of this study is to evaluate both 
estradiol (E2) and parathormone (iPTH) as evidence that supports a potential role of the postmenopausal state in the 
pathogenesis of bone disease in ESRD to search for treatment. Subjects and Methods : A total of 20 women below 
50 years and had persistent amenorrhea with ESRD (under prolonged hemodialysis) were selected from Faysal 
Kidney Dialysis Unit Giza, Egypt (ESRD group) and a control group of 20 women matched with same age were 
selected from the healthy volunteers of the medical staffs. For all subjects, bone mass density (BMD) analysis by 
dual x-ray absorptiometry (DEXA) was done.  Routine chemistry as serum creatinine, calcium, inorganic 
phosphorus and alkaline phosphatase were estimated using chemistry autoanalyzer. Serum E2 and iPTH levels were 
also measured by enhanced chemiluminescence technique. Results: It was shown that although the risk factors for 
fracture in ESRD were similar to the general population, the incidence was four folds higher in the cases. In ESRD 
cases the lower E2 level, the higher iPTH level (r = -0.861; p < 0.001), and consequently the higher incidence of 
osteoporosis and fractures. Recent evidence on the risk of HRT therapy should caution about its use in ESRD 
patients. In conclusion, osteoporosis should be recognized as an important entity that may modify the current 
conception of renal osteodystrophy in postmenopausal patients with ESRD. Low serum E2 and high iPTH levels are 
risk factors in decreased BMD in postmenopausal women on dialysis. Recommendations: Early detection of 
osteoporosis leads to good prevention of the disease. The use of selective estrogen receptor modulators (SERM) 
which may increase bone mass without significant secondary effects needs further clinical studies in order to 
propose strategies that may reduce postmenopausal osteoporosis in the dialysis population and may be an essential 
part of post-renal-transplant care. [Journal of American Science. 2010;6(10):284-291]. (ISSN: 1545-1003). 
 
 
Keywords: Bone mineral density, hormone replacement therapy hemodialysis, iPTH, E2, osteoporosis. 
 
1. Introduction 
            Little concern has been given to the possible 
role of estrogen deficiency in the pathogenesis of 
uremic bone disease or the existence of post-
menopausal osteoporosis in end-stage renal disease 
(ESRD) patients. Osteoporosis is most common in 
women after menopause, where it is called 
postmenopausal osteoporosis, but may also develop 
in men, and may occur in anyone in the presence of 
particular hormonal disorders and other chronic 
diseases. The term renal osteodystrophy, widely 
accepted to define the bone lesions associated with 
chronic renal failure includes diseases that affect the 
control of bone remodeling, like high turnover bone 
disease caused basically by secondary 
hyperparathyroidism, or low turnover in the form of  

 
adynamic bone disease and osteomalacia, usually 
associated to vitamin D deficiency (Elder, 2002).  
              In osteoporosis the bone mineral density 
(BMD) is reduced, bone microarchitecture is 
disrupted, and the amount and variety of non-
collagenous proteins in bone is altered. Bone 
resorption is the process by which osteoclasts break 
down bone  and release the minerals, resulting in a 
transfer of calcium from bone fluid to the blood. 
Osteoporosis is a disease of bone that leads to an 
increased risk of fracture , it is defined by the World 
Health Organization (WHO) in women as a bone 
mineral density 2.5 standard deviations below peak 
bone mass (20-years-old healthy female average) as 
measured by Dual energy X-ray absorptiometry 
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(DEXA). It is responsible for millions of fractures 
annually, mostly involving the lumbar vertebrae, hip, 
and wrist (WHO 1994 & WHO 2003). The term 
"established osteoporosis" includes the presence of a 
fragility fracture. It is estimated that 1 in 3 women 
and 1 in 12 men over the age of 50 worldwide have 
osteoporosis (Siris et al., 1998). In the U.S. the costs 
associated with osteoporosis-related fractures are 
equivalent to those of cardiovascular disease and 
asthma (Burge et al., 2007).  
            Parathyroid hormone (PTH), produced by the 
parathyroid gland, is the major circulating factor 
regulating extracellular calcium concentration. 
Abnormally low ionized calcium concentrations 
trigger the secretion of PTH. The PTH molecules 
bind to type 1 parathyroid hormone receptors in 
target tissues and initiate a sequence of reactions that 
results in an increase in extracellular calcium 
concentrations. PTH stimulates osteoclastic bone 
resorption resulting in the release of calcium from 
bone. PTH stimulates transcellular calcium 
reabsorption from the renal tubules and stimulates the 
kidney to produce 1, 25-dihydroxyvitamin D which 
acts on the intestines to increase calcium reabsorption 
(Friedman, 2000). 
             Although the prevalence of menopause in 
women on dialysis is very high and premature 
amenorrhea occurs frequently in young women with 
ESRD, post-menopausal osteoporosis has not been 
traditionally included under the term of renal 
osteodystrophy (Lindberg and Moe, 1999). But, it 
seems possible that post-menopausal osteoporosis 
increases the burden of bone alterations in patients 
already affected by the multiple factors that 
determine renal osteodystrophy. Bone remodeling 
rates double at menopause, triple 13 years later, and 
remain elevated in osteoporosis (Recker, 2006).  
Several studies have suggested that patients with 
ESRD are at increased risk for bone fractures. It has 
been shown, that like in the general population, the 
risk for fracture increases with age, female gender, 
Caucasian race, lower body mass index, and 
decreased bone mass (Mussolino et al., 1998 & 
Atsumi et al., 1999). It has been proposed that factors 
such as renal osteodystrophy and metabolic acidosis 
may determine the increased risk for fractures 
observed in these patients, it is possible that the 
relatively high incidence and prevalence of ESRD in 
the middle age and older population may also play an 
important role. Alem et al., 2000 described that the 
overall incidence of hip fracture among patients, who 
had undergone dialysis for seven years, was about 
fourfold higher than expected in the general 
population (Ball et al., 2002). Nevertheless, renal 
transplant patients exceed the dialysis risk of hip 
fracture during the first 1-3 years after transplantation 

(Hodsman, 2001).  Although the majority favors that 
a low BMD can predict the incidence of hip or 
vertebral fractures (Alem et al., 2000  & Jamal et al., 
2002), an evidence shows that BMD analysis by 
DEXA does not identify patients with dialysis-
dependent renal failure who have fractures (Hsu et 
al., 2002). Similarly, a large epidemiological study in 
patients with mild to moderate chronic renal 
insufficiency demonstrated that subjects with worse 
renal function had significantly lower femoral BMD, 
but this association was explained by confounding 
factors, principally gender, age and weight (Kaji et 
al., 2002).  
 
Gynecological issues in the uremic women: Early 
amenorrhea and hypoestrogenism dialysis patients 
 
             Most of the gynecological interest in women 
with ESRD treated or not with dialysis has been 
related to the problem of reduced fertility and libido. 
It was postulated that a defect in the hypothalamic 
regulation of gonadothrophin secretion would result 
in lower estradiol peaks, lower follicle stimulating 
hormone /luteinizing hormone ratios and higher 
prolactin concentration leading to anovulatory cycles 
and persistent amenorrhea (Cochrane & Regan, 
1997). Thus, women with chronic renal disease are 
frequently hypoestrogenic as a result of the disease or 
its treatment. An increased prevalence of low bone 
mineral density has been reported in patients with 
major depressive disorder (MDD), mostly women. 
The possible contribution of immune or 
inflammatory imbalance to low BMD in 
premenopausal women with MDD remains to be 
clarified (Eskandari, et al., 2007). Osteoblasts have 
estrogen receptors and respond directly or indirectly, 
inducing the production of growth factors such as 
IGF and TGF-β. Estrogen deficiency increases the 
production of IL-1, IL6, IL-11 and TNF- α, which in 
turn increase osteoclastic activity (Pereira et al., 
1993). Several studies have demonstrated that 
estrogen prevent osteoporosis through a blockade of 
IL-1 and other cytokines production in the bone 
micro ambient. Menopause increases IL-1 
production, whereas estrogen replacement decreases 
it (Kanatani et al., 1998). This cytokine promotes 
osteoclastogenesis by favoring the maturation of 
Osteoblasts precursors, whereas the antagonist of the 
IL-1 receptor prevents the activation of mature 
osteoclasts and the differentiation and proliferation of 
Osteoblasts precursors. Another study indicates that 
low radial BMD but not vertebral BMD, increased 
serum levels of alkaline phosphatase, and lower oral 
calcium carbonate intake, were important predictors 
of hip fractures among Japanese patients on dialysis 
(Coco & Rush, 2002). 
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               The purpose of this study is to evaluate both 
estradiol and parathormone as evidence that supports 
a potential role of the postmenopausal state in the 
pathogenesis of bone disease in ESRD to search for 
treatment. 
 
2. Material and Methods  
                One hundred women with chronic renal 
failure were questioned (36 of them on chronic 
dialysis) about different gynecological aspects. 
Menstrual disorders were present in 85 % of the 
patients. Menopause was found in one third of the 
patients, but only one of these women had been 
offered hormonal replacement therapy. A total of 20 
women below 50 years and had persistent 
amenorrhea with ESRD (under prolonged 
hemodialysis, more than 5 years) were selected from 
Faysal Kidney Dialysis Unit Giza, Egypt, cases with 
hysterectomy or ovariotomy were excluded. A 
control group of 20 women matched with same age 
were selected from the healthy volunteers of the 
medical staffs. The World Health Organization has 
established that by DEXA (T-score -1.0 or greater is 
"normal", T-score between -1.0 and -2.5 is "low bone 
mass" or "osteopenia" T-score -2.5 or below is 
osteoporosis [WHO 1994 & WHO 2003]. 
 
The study measured the following for all subjects: 
-  BMD analysis by DEXA. 
-Routine chemistry as serum creatinine, calcium, 
inorganic phosphorus and alkaline phosphatase were 
estimated using chemistry autoanalyzer Olympus 
400. 
- Serum estradiol-6III (Johnson et al., 2001) (E2) 
levels were measured by fully automated enhanced 
chemiluminescnce technique, ADVIA Centaur using 
ready pack® primary reagent packs containing 
ADVIA Centaur® E2-6 Lite Reagent and Solid 
Phase with master curve calibration. 
- Serum intact parathormone (iPTH) (National 
Committee, 2001) levels were also measured by 
enhanced chemiluminescnce technique, ADVIA 
Centaur. The ADVIA Centaur Intact PTH assay is a 
two-site sandwich immunoassay using direct 
chemiluminometric technology, which uses constant 
amounts of two anti-human PTHantibodies in the 
Lite Reagent. The first antibody is a polyclonal goat 
anti-human PTH (N-terminal 1–34) antibody labeled 
with acridinium ester. The second antibody is a 
biotinylated polyclonal goat anti-human PTH (39–84 
regions) antibody. Streptavidin in the Solid Phase is 
covalently coupled to paramagnetic latex particles. 
                  All blood samples were collected 
observing universal precautions for venipuncture and 
allowed to clot adequately before centrifugation. 
Tubes were stoppered and upright at all times. 

Specimens were tightly capped and refrigerated at 2 
to 8°C if the assay was not completed within 8 hours. 
Samples were freezed at or below -20°C if the sample 
was not assayed within 48 hours. Samples were 
freezed only once and mixed thoroughly after 
thawing and before placing samples on the system we 
ensured that: samples were free of fibrin or other 
particulate matter and were free of bubbles.  We tried 
to avoid hemolyzed, lipemic and icteric specimens 
because they show demonstrate of <10% change in 
results (Johnson et al., 2001). Interpretation of iPTH 
values were taking into account serum calcium 
results. Measurement of iPTH is useful in 
differentiating between hypercalcemia due to 
hyperparathyroidism and hypercalcemia of 
malignancy (Johnson et al., 2001).  
 
Statistical analysis: 
            Data of the results were collected coded and 
analyzed using SPSS software Version 15 under 
windows Xp, The following statistical tests were 
used: Student t- test, Mann Whitney test for not 
normally distributed data.  Correlation was 
investigated between two parameters using Pearson 
correlation.  Significant level was considered at 0.05. 
 
3. Results  
As shown in table 1, the mean age of control group 
was 39.10 +3.61 yrs vs. 40.45 +5.09 yrs in the ESRD 
group. Menstrual cycles were regular in the control 
group vs. persistent amenorrhea in ESRD cases. 
Incidence of fractures in ESRD group was fourfold 
higher than in the control group (4/20 vs. 1/20). 
DEXA-T-score was -1 in the control group vs. -2.5 in 
the ESRD group. 
 

Table (1): Clinical data of all studied female subjects. 
 
Parameter Control  

group 
ESRD group 

Age (yrs) 39.10 +3.61 40.45 +5.09 
Menstrual cycles Regular Persistent 

amenorrhea 

Incidence of 
fractures 

1/20 4/20 

DEXA-T-score -1 -2.5 

 
As shown in table 2-a and 2-b; figures 1 and 2: 
         The mean serum creatinine in control group 
was 0.78+0.17 mg/dl vs. 11.33 +2.03 mg/dl in the 
ESRD group with high significant difference 
(p<0.001). The mean serum calcium in control group 
was 9.83+0.60 mg/dl vs. 8.52 +1.30 mg/dl in the 
ESRD group with high significant difference 
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(p<0.001). The mean serum inorganic phosphorus in 
control group was 3.52+0.30 mg/dl vs. 6.16 +1.50 
mg/dl in the ESRD group with high significant 
difference (p<0.001). The mean serum alkaline 
phosphatase in control group was 71.65+15.57 U/L 
vs. 628.50 +3831.90 U/L in the ESRD group with 
high significant difference (p<0.001). The mean 

serum E2 in control group was 17.45 +3.34 pg/ml vs. 
9.90 +2.25 pg/ml in the ESRD group with high 
significant difference (p<0.001). The mean serum 
iPTH in control group was 52.50 +15.53 pg/ml vs. 
935.90 +583.26 pg/ml in the ESRD group with high 
significant difference (p<0.001).

 
Table (2): Comparison between controls and ESRD cases (a and b): 

a) T-Test 
 

Group Statistics

20 11.3350 2.03270

20 .7800 .17351

20 8.5200 1.30125

20 9.8300 .60271

20 6.1650 1.50097

20 3.5200 .30366

20 628.5000 383.90069

20 71.6500 15.57419

20 9.9000 2.25318

20 17.4500 3.34782

20 935.9000 583.26034

20 52.5000 15.53095

Group
Cases

Controls

Cases

Controls

Cases

Controls

Cases

Controls

Cases

Controls

Cases

Controls

 Creatinine mg/dl

S. Calcium mg/dl

S. Inorganic Phosphorus

S. Alkaline  Phosphatase
U/L

S. E2 pg/ml

S. Parathormone pg/ ml

N Mean Std. Deviation

 

Independent Samples Test

23.138 .000

-4.085 .000

7.724 .000

-8.367 .000

Equal variances assumed

Equal variances assumed

Equal variances assumed

Equal variances assumed

 Creatinine mg/dl

S. Calcium mg/dl

S. Inorganic Phosphorus

S. E2 pg/ml

t Sig. (2-tailed)

t-test for Equality of Means

 
 

 
 

B- Mann-Whitney Test 

Ranks

20 30.50 610.00

20 10.50 210.00

40

Group
Cases

Controls

Total

S. Alkaline 
Phosphatase U/L

N Mean Rank Sum of Ranks
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Test Statistics

.000

.000

Mann-Whitney U

Asymp. Sig. (2-tailed)
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Figure (1): Serum creatinine, calcium, inorganic phosphorus and E2 between controls and ESRD cases. 
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Figure (2): Serum alkaline phosphatase and parathormone between controls and ESRD cases. 
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           There was a negative correlation between 
serum E2 and serum iPTH levels in ESRD cases 
which was highly significant (r= -0.861; p<0.001). 

4. Discussions  
          Previous studies have shown that young 
women with anovulatory cycles have lower bone 
mass compared with regularly menstruating women 
(Weisinger et al., 2000). A large proportion of 
dialysis women below 50 years had persistent 
amenorrhea and estradiol levels significantly lower 
than age-matched women with normal menstruation 
(Manolagas, 2000). A large proportion of them had 
persistent amenorrhea with estradiol levels 
significantly lower than identical women with normal 
menstruations. Although the adverse effects of 
hypoestrogenism, and the beneficial effects of 
estrogens replacement on postmenopausal 
osteoporosis have been widely recognized, the 
mechanisms are not fully defined. Estrogen may 
affect bone metabolism through an effect on PTH 
synthesis. Indeed, parathyroid glands express 
estrogen receptors that respond to physiologically 
relevant doses of estradiol increasing PTH mRNA 
and PTH secretion (Hsu et al., 2002) and modulating 
PTH action on bone. Indeed, in-vitro studies have 
demonstrated that estrogen inhibits PTH-stimulated 
Osteoblasts formation by directly affecting 
hemopoietic blasts cell precursors by a cAMP-
mediated mechanism (Coco & Rush., 2002).  
Intermittent administration of parathyroid hormone 
(PTH) stimulates bone formation, and continuous 
infusion of PTH stimulates bone resorption (Ito, 
2007). 
               The issue of HRT with opposed estrogen-
progestin therapy in uremic women is still 
controversial, especially after the recent Women’s 
Health Initiative (WHI) Study demonstrating 
increased risk of breast cancer, pulmonary embolism, 
coronary and cerebrovascular disease after a long-
term combination of estrogen and progestin in normal 
postmenopausal women (Cochrane & Regan, 1997).  
New evidence suggests that selective estrogen 
receptor modulators may increase bone mass without 
significant secondary effects. Estrogen receptor (ER) 
polymorphism could predict the response of BMD to 
selective estrogen receptor modulators (Weisinger, 
2000). Although bisphosphonates are widely used to 
reduce the high bone turnover of severe secondary 
hyperparathyroidism so reducing fracture risk in 
patients with osteoporosis, the use of 
bisphosphonates to treat dialysis patients with 
osteoporosis have never been tested prospectively as 
it may significantly suppress bone turnover, favoring 
the development or worsening of adynamic bone 
disease (Weisinger et al., 2000). These compounds 

could reduce the high bone turnover of severe 
secondary hyperparathyroidism, as has been shown in 
recent studies in which bone deposition was related to 
bone turnover. However, the indiscriminate use of the 
compounds may significantly suppress bone turnover, 
favoring the development or worsening of adynamic 
bone disease (Jose and Ezequiel, 2003). 
           The studies have shown that although the risk 
factors for fracture in end-stage renal disease are 
similar to the general population, the incidence is 
four fold higher. The high prevalence of older 
population, the frequently observed premature 
amenorrhea and early menopause in dialysis patients 
may play a role. Ebeling, 2007 supported our results 
and added that the fracture risk for kidney transplant 
recipients is 4 times that of the general population 
and higher than for patients on dialysis. He noted that 
organ transplant candidates should be assessed and 
pre-transplantation bone disease should be treated. 
Preventive therapy initiated in the immediate post-
transplantation period is indicated in patients with 
osteopenia or osteoporosis, as further bone loss will 
occur in the first several months following 
transplantation. Long-term organ transplant recipients 
should also have bone mass measurement and 
treatment of osteoporosis. Bisphosphonates are the 
most promising approach for the management of 
transplantation osteoporosis. Active vitamin D 
metabolites may have additional benefits in reducing 
hyperparathyroidism, particularly after kidney 
transplantation. The author stated that large, multi-
center treatment trials with oral or parenteral 
bisphosphonates and calcitriol are recommended.  
             Palmer et al., 2007 assessed the use of 
interventions for treating bone disease following 
kidney transplantation. Few or no data were available 
for combined hormone replacement, testosterone, 
selective estrogen receptor modulators, fluoride or 
anabolic steroids. We observed that beside the lack of 
attention of some treating physicians, women with 
ESRD are usually stoical and rarely complain about 
gynecological problems that may seem trivial in 
comparison to their renal disease and the burden of 
dialysis. As a consequence, HRT is not a frequently 
discussed issue between the patients and their 
physicians. Because of increasing life expectancy 
after renal transplantation, the prevention of long-
term complications, such as bone disease, has become 
an essential part of post-renal-transplant care. Bone 
disease is one of the possible long-term 
complications that can significantly influence quality 
of life. Compared to members of the normal 
population of the same age, the fracture rate in renal 
transplant patients is four times higher. In addition, 

there is a risk for avascular bone necrosis after 
transplantation, which mainly affects weight-bearing 
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bone structures, such as femoral heads, and as a rule, 
can only be treated by hip replacement with 
endoprosthesis. Histological evidence of abnormal 
bone structure, osteodystrophy and osteopaenia is 
already present shortly after transplantation in almost 
all transplant recipients (Kunzendorf et al., 2008). 
 
5. Conclusion: 
            Postmenopausal osteoporosis has been 
recognized as an important entity associated to renal 
osteodystrophy and efforts have been started to treat 
the reduced BMD and increased fracture rate. Low 
serum E2 and high iPTH levels share in decreased 
BMD in postmenopausal women on dialysis. 
Although fracture risk reduction data are needed, 
preliminary observations on the effect of HRT as well 
as estrogen receptor modulators on BMD and bone 
resorption markers in uremic women are 
encouraging. Nevertheless, due to the 
pharmacokinetics of these drugs in ESRD and the 
recent observations of increased side effects of some 
of these compounds, clinical studies to guide the 
prescription of these drugs in women on dialysis, 
including short and long-term studies are needed. 
Because vertebral fractures occur in the same 
proportion in men and women on hemodialysis, it 
will be necessary to design studies to evaluate the 
role of sex steroids in the bone loss of male dialysis 
patients. Estrogen receptor (ER) polymorphism could 
predict the response of BMD to selective estrogen 
receptor modulators. 
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Abstract: Gouda cheese was manufactured under the Egyptian marketing conditions by the standard method in 
Deina Dairy Factory; and ripened for 2 months. All samples were periodically analyzed for TS, TN, salt and SN. 
The obtained resulted indicated that, as ripening process was progressed; the values of TS, TN, SN and salt contents 
of all samples were increased. On the other hand, free amino acids (FAA), free fatty acids (FFA) & saturated and 
unsaturated carbonyl compounds (SCC & USCC) contents were also periodically estimated during 2 months. The 
concentration of FAA was gradually increased upon ripening period except Pro and Cys However, Ala, Leu, and 
Val. concentrations were sharply increased.  Short chain fatty acids were also increased as ripening time prolonged 
as well as long chain saturated fatty acids. On the other side, both SCC and USCC were increased during ripening, 
however the increase in USCC was markedly pronounced. [Journal of American Science. 2010;6(10):292-295]. 
(ISSN: 1545-1003).  
 
Key words:  Egyptian Gouda cheese,   FAA, FFA, SCC, USCC 
 
 
1. Introduction 

Gouda cheese is a yellowish cheese named 
after the city of Gouda in Netherland; it is one of the 
primary Dutch type cheese varieties produced 
worldwide. It is a famous semi-hard cheese with eye; 
manufactured from bovine milk  ; although ovine or 
caprine milk can be used (Hoorde et al., 2008).  This 
type of cheese ripens for 1-20 months during which, 
the flavor changes from mild to strong, and it can be 
consumed at any several stages of maturity 
depending on required product characteristics, the 
flavor preferences of consumers and economics 
factors (Walstra et al., 1993). 

At the last decade, various researches were 
done to study the production and the properties of 
Gouda cheese; under different conditions and by 
different attitudes. Someone studied the influence of 
starter type (Hoords et al., 2008; Kimura 2009). 
Another examined the ripening conditions and 
producing process (Bertola et al., 2000; Yu-LiBin et 
al., 2006). Others estimated the formation of organic 
acids (Califano and Bevi laque 2000), Lactones 
(Alewijin et al. 2007); Fat-derived flavor volatile 
compounds (Alewijin et al. 2006); aroma 
characterization compounds (Leuven et al., 2008)  ; 
glutamyl-peptides (Toolstede and Hofmann, 2009). 

Now, Gouda Cheese has been produced in 
some national dairy factories; one of these factories   
is  DEINA dairy factory. 

 
 

 
The target of the present research is 

determined the compounds affected the quality and 
acceptability of the consumed Gouda cheese ; which 
produced in Deina Factory  ; such as  FAA,  FFA, 
SCC and USCC as well as the gross chemical 
composition (TS, TN, SN and salt). All parameters 
were periodically determined through two months of 
ripening.   
 
2. Material and Methods  

Gouda cheese was manufactured under the 
Egyptian marketing conditions in DEINA dairy 
factory according to the method described by Scott, 
(1981). 
 
Methods of analysis: 

Total solids (TS), total nitrogen (TN), salt  
and soluble nitrogen (SN) contents of different 
cheese samples were determined according to the  
method described by A.O.A.C. (2000). 
 
Free amino acids pattern:  

Cheese samples were de-proteinized with 
9% sulphoric acid. The supernatant was filtered 
through 0.45 Um Millipore membrane filter. A 25 UL 
of filtrate was derivatized and injected according to 
the method described by Cohen et al (1989)  . 
 
Free fatty acids pattern: 

Total cheese lipids were extracted according 
to the method of A.O.A.C. (2000).  Fatty acids were 
separated by saponification according to the method 
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described by Farag et al. (1986).  Methylation of the 
resulted free fatty acids was conducted according to 
Vogel (1975). 
The fatty acids methyl esters were fractionated using 
GLC apparatus. Coiled loss column (1.5m x 4mm) 
packed with 10% polyethylene glycol adipate 
(PEGA) was used. The column oven temperature was 
programmed at 80 oC / min from 70 oC to 190 oC then 
isothermally at 190 oC for 45min with nitrogen at 
30ml/min. 
 

Total carbonyl compounds: 
Saturated and unsaturated carbonyl compounds were 
spectrophotometrically determined by the methods 
described by Berry and MecKerrigan (1958). 
 
3. Results and Discussion 
Effect of ripening period on gross chemical 
composition of Gouda cheese: 

Table (1) reflected the gross chemical 
composition of Gouda cheese samples; which 
indicate that fresh Gouda cheese had TS content of 
47.8% which largely increased to reach 60.3% after 2 
months. TN and salt contents were also increased to 
each 4.55 and 3.2% respectively at the end of 
ripening. With regard to SN content; it is obvious that 
its values were progressed during ripening. The value 
was 0.28 freshly and reached 0.36, 0.48 and 0.58 
after 15, 30 and 60 days. SN/TN content were 
markedly increased where its value was 8.14 freshly 
and 12.75 after 60 days. This obtained data is in 
agreement with the trend obtained by El-Shibiny., et 
al (1998);  Califano and Bevilacquer (2000).  

 

Table (1): Chemical composition of Gouda cheese 
during ripening period. 

Gross Chemical composition Ripening 
period 
(days) TS 

% 
TN 
% 

Salt 
% 

Salt/DM 
SN 
% 

SN/TN 

Fresh 47.8 3.44 2.70 5.65 0.28 8.14 
15 49.1 3.63 2.90 5.91 0.36 9.92 
30 55.0 4.29 3.05 5.54 0.48 11.20 
60 60.3 4.55 3.20 5.22 0.58 12.75 

TS=total solids; TN=total nitrogen; DM= dry matter; 
SN= soluble nitrogen. 
 

Effect of ripening on free amino acids   (FAA) 
content of Gouda cheese: 

Data presented in Table (2) recorded the 
amount of each of the free amino acids (mg/100g) of 
Gouda cheese samples. It is clear that all FAA were 
increased during ripening process except pro and cys 
were   pronouncly decreased. On the other hand, 
quantity of Glu and Alawere wisely increased, while 
Ile, leu  and val   were sharply increased. 

 The increase of FAA is a result of 
proteolysis process occurred during ripening which 
shared in the flavour and quality of cheese.  Marilley 
and Casey (2004) reported that the enzymatic 
degradation of AA during ripening of Gouda cheese 
lead to formation of flavour impact volatiles. The 
obtained results are in the trend of those obtained by 
El-Shibiny et al. (1998); Bockelmann et 
al.,(2005);Toelstede et al., (2009) and X-Y Hongttua 
et al., (2008). 
 

Table (2): Amino acids concentrations (mg/100g) 
of Gouda cheese    during ripening. 

Ripening period (days) Amino 
acids Fresh 15 30 60 

Asp. 3.90 4.00 4.03 7.57 

Glu. 12.55 17.01 22.31 20.21 

Ser. 1.31 2.47 3.45 11.61 

Gly. 1.80 1.93 2.23 6.32 

Hist. 5.01 5.32 4.27 8.93 

Thr. 11.94 12.77 14.13 17.63 

Arg. 13.75 12.21 17.65 20.31 

Ala. 9.01 16.92 23.83 24.24 

Pro. 44.12 40.31 39.31 20.73 

Tyr. 28.44 28.73 29.23 33.21 

Val. 15.15 19.25 22.89 50.22 

Met. 6.10 7.50 9.17 14.97 

Cys. 2.91 2.58 2.11 2.38 

Ile. 2.74 3.11 3.95 9.4 

Leu. 16.01 20.11 24.82 56.21 
 

Effect of ripening on free fatty acids (FFA) content of 
Gouda cheese: 

Table (3) showed that the amount of free 
fatty acids FAA (%) of Gouda cheese samples during 
two months of ripening process.  The data 
demonstrated that the amount of capric (C10:0) was 
sharply increased, it   ranged from 1.95% freshly to 
be 6.29% after 2 months. Short chain FA (C8 and 
C12) were also wisely increased. The long chain FA 
was increased except C18:3 disappeared after 15 days 
of ripening. Leuven et al., (2008) reported that fatty 
acids are the main precursors of the secondary fat-
derived compounds such as methyl-ketones, FFAs, 
aldehydes, lactones and ethyl esters.  The obtained 
results are in line with those obtained by Bockelmann 
et al., (2005) and Cichosz et al., (2006). 
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Table (3): Fatty acids concentrations (%) of Gouda cheese during ripening . 

Ripening period (days) Amino acids 

Fresh 15 30 60 
Caprilic  C8:0 0.33 0.41 0.71 0.54 

Capric  C10:0 1.95 2.7 4.22 6.29 

Lauric  C12:0 3.04 4.09 4.31 4.56 

Myristic  C14:0 9.28 10.21 11.23 12.81 

Plamitic  C16:0 0.26 0.28 0.31 0.83 

Plamitolic  C16:1 3.06 3.09 3.18 3.26 

Stearic  C18:0 10.5 12.3 12.04 11.08 

Oleic  C18:1 26.1 28.9 30.38 33.28 

Linoleic  C18:2 2.6 4.1 4.53 5.46 

Linolenic  C18:3 0.39 0.45 - - 

 
Effect of ripening on saturated (SCC) and unsaturated 
(USCC) carbonyl compounds of Gouda cheese: 

Figure (1) reflected the data of SCC and USCC of 
Gouda cheese samples. All samples showed an 
increase in both SCC and USCC during ripening. It is 
obvious that the increase rate of USCC was more  

 

markedly higher than that for SCC values (U 
mole/Kg fat). The values were 4, 6 and 8 after 15, 30 
and 60 days of ripening; while the corresponding 
values for USCC were 33, 35 and 37(U mole/Kg fat). 
These data were in agreement of those obtained by 
Kimura (2009) and Hoord et al., (2008).   
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Abstract: Gallium – doped zinc oxide was prepared by using sol-gel method where different concentrations of 
Gallium 2-8 at % were used for doping zinc oxide. The formation of zinc gallate (ZnGa2O4) was investigated by x-
ray diffraction. The thermal stability of both non doped and doped zinc oxide with gallium was studied by 
thermogravimetric analysis (TGA). The effect of doping by Ga on the crystallite size of zinc oxide was investigated 
by TEM. Also, the electrical conductivity of non doped and doped zinc oxide with gallium was measured. The 
results of this work indicates that the phases and the morphology of the produced samples depend on the method of 
preparation and the particle size controlled by the method of treatment and the doping. [Journal of American 
Science. 2010;6(10):296-300]. (ISSN: 1545-1003).  
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1. Introduction 
           The development of new and more efficient 
materials for gas sensors is a challenge of the near 
future, as the market of these devices continuous to 
grow [1]. Zinc oxide is an n-type semiconductor with 
wide band gab of 3.3 ev, which shows high 
transmittance and conductivity simultaneously [2]. 
Due to their physical properties, ZnO is used in many 
different applications such as transparent electrode 
for photovoltaic devices [3, 4], heat mirrors [5], 
pressure sensors [6] and gas sensors [7], among 
others is possible. Doped zinc oxide films have been 
extensively studied in the last years [8], because of 
their combined electrical and optical properties 
associated to their low material cost, resource 
availability, and high thermal mechanical stability 
[9], but non-doped zinc oxide usually presents a high 
receptivity due to low carrier concentration [10]. Al, 
In, and Ga have been reported as effective depend for 
zinc oxide based film [11,12]. Most of the works 
related to zinc oxide use Al as depend [13]. Al 
presents a very high reactivity leading to oxidation 
during the growth of the film with a deterioration of 
the electrical properties [14]. It is found that Ga is 
less reactive and more resistant to oxidation 
compared to Al [15]. It was demonstrated that doping 
of zinc oxide with gallium improves its electrical 
conductivity because Zn+2 ions is replaced by Ga+3 
which is higher valance and causes a small lattice 
distortion due to the Zn and Ga similar tetrahedral 
radii, acting as an efficient shallow donor in ZnO. In 

addition the formation of ZnGa2O4 which has the 
cubic spinal crystal structure in which Zn+2 ions 
occupy tetrahedral sites and Ga+3 ions the octahedral 
ones. This compound might have interesting effects 
on the electrical and optical properties [15]. So the 
doping of ZnO with Ga led to low resistivity and high 
transmittance in the visible region [16]. For this 
interest, the work aimed to prepare zinc oxide doped 
with different concentration of gallium by using the 
sol-gel technique. Also, the aim of this work extend 
to characterized the produced samples to study the 
effects of doping on the crystallinity, thermal and 
electrical properties of the ZnGa2O4 powders 
 
2. Material and Methods  
            Zn oxide was prepared by dissolving the 
appropriate weight of zinc acetate dehydrate in 
deionized water with continuous stirring and heating 
at 60○ C. Citric acid and mono ethylene glycol were 
used as the monomers to form the resin. The doping 
was carried by adding to the solution an appropriate 
amount of gallium nitrate (Aldrich 99.9 %) in the 
ratios Ga : Zn = 0, 2,4,6 and 8 at %. The solutions 
have the molar ratio 1:3:16 of zinc acetate: citric 
acid: ethylene glycol. By heating the mixture at about 
100○ C a clear solution was achieved with a 
significant increase in its viscosity. The resin gives 
rise to fine powders after the heat treatment in air at 
900○ C for 2 h. Thermal stability of the produced 
resins after drying at 100○ C were studied by using 
thermogravimetric analysis TGA [computerized 
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Perkins Elmer 7-series(US) between 50 and 100○ C 
with heating rate of 10 C /min]. The crystallinity of 
the produced samples of gallium doped zinc oxide 
were characterized by using x-ray diffractometry 
XRD using Bvukur D8 advanced diffractometer 
(Germany) using CuKα radiation where the produced 
phases were compared with JCPDS Table. The effect 
of doping by Ga on the morphology of ZnO was 
investigated by using TEM (Joel JEM 1230). Also 
the crystallite size was calculated from diffraction 
peaks according to Schrrer's equation. The electrical 
conductivity of both non doped and doped zinc oxide 
samples with gallium were measured by using a high 
impedance electrometer (keithely 6517). All the 
prepared samples which previously dried at 900○ C 
were pressed to make pellets shape with dimension of 
10 mm as diameter and 1.34mm as thickness. The 
electrical conductivity of measurements was 
performed inside a sealed glass tube. The 
measurements were carried out in the temperature 
range 300K- 473K, where the samples were heated 
with an electrical furnace inserted inside it. An 
electrical contact on both sides of the sample pellet 
was made with the help of special cooper holder.   
 
3. Results and discussion   
        The TGA curves of pure ZnO and ZnO: GaO are 
shown in Fig 1 (a,b,c,d). This figure represents the 
thermal behavior of the prepared sample just dried at 
100 ○C and one sample (curve c) after thermal 
treatment at 900 ○C. The same behavior for the 
samples except the sample heated at 900○ C was 
observed where a small weight loss ranging from 
1.16 to 3.36 was recorded on the TGA chart. This 
stage represents the evaporation of the moisture and 
the more volatile materials. A second stage of weight 
losses was start at 300 ○C and ending at 500○ C, this 
stage represents the conversion of the resions state to 
powder which accomlid by strong weight losses 
ending about ~600○ C. After this temperature the 
weight losses is nearly negligible indicating that the 
produced pure oxide or the doped samples are 
thermal stable above ~600 ○C [17]. From other hand 
the TGA of the sample exposed to heat treatment at 
900○ C for 2 h, no considerate weight loss was 
recorded indicating the thermal stabling of the 
sample. 
          The X-ray diffractograms (Fig 2) show that all 
samples (pure and Zn:Ga) have ZnO with hexagonal 
structure [JCPDS(80-0074)]. Also, it is observed that 
all gallium – doped zinc oxide samples (2-8 at %) 
present the cubic spinal crystal structure of ZnGa2O4 
[ JCPDS(38-1240)] where the amount of  ZnGa2O4 
increases as the  doped concentration increases. The 
most intense peaks of zinc gallate (ZnGa2O4) related 
to the 311,511 and 440 reflections are clearly 

observed in the powder XRD patterns of ZnO: Ga(4,6 
and 6 at %) for the doped zinc oxide sample with 2 at 
% gallium. The most intense peak of zinc gallate 
related to 311 is only observed. 
        The effect of doping by gallium on the 
crystallite size of ZnO was characterized as shown in 
Fig (3). TEM images indicate that the particle size of 
pure zinc oxide with hexagonal structure was (25-
29nm). By doping the ZnO with Ga (ZnO:Ga = 
2,4,6,and8 at %). The crystal size increases with 
increasing the dopant concentration. This increasing 
is non linear where the crystal size of ZnO: Ga 
becomes doublt when the dopant concentration is 2 at 
% of Ga. Then the increasing of crystal size will 
continue but with low values than that occurred at 2 
at% of Ga.  
The crystallite sizes which calculate from x- ray 
diffraction patterns has nearly the same values as 
observed at TEM image. Table (1) shows the 
variation of crystal size values which obtained from 
TEM images and x-ray diffraction patterns and 
dopant concentration of Ga.  
         Fig (4) shows the conductance- temperature 
behavior of both pure zinc oxide and doped with 
different   concentration of Ga (2-8 at%). All samples 
showed two conductance regions. The first between 
200○ C and 60 ○C   may due to extrinsic conduction, 
since ZnO is an n-type semiconductor and its 
conduction mechanism is due to free electrons in 
donor level lying near to conduction band. At low 
temperature between 60○ C and 30 ○C, the 
conductance decrease due to the process of 
adsorption on the surface states of such oxides. The 
free electrons can be trapped by the surface states. 
The adsorption process can illustrate by the following 
equation  
      O2 + ē === O2 
        Where O2 is the gaseous oxygen and O2 is the 
chemisorbed oxygen acts as an electron acceptor. So, 
the potential barrier is built up and hence the 
conductivity decreases. Depending on this result, the 
conduction in the first region is extrinsic due to 
adsorption process. With increasing of temperature, 
the oxygen is desorbed and the conduction 
mechanism is intrinsic. As a result of desorption 
process, the conductance increases gradually with 
temperature due to release of trapped electrons and 
back to conduction band [18]. 
         There are an increasing of conductivity with 
doping reaches a maximum value at a doping level of 
2 at% of Ga and then decrease with increasing doping 
concentration. This behavior was explained by Poul 
et al [19]. By introducing a small amount of Ga, it is 
ionized as a Ga+3 and replaces Zn+2. The atomic radii 
of zinc (1.225Ǻ) are equal and gallium can be easily 
substituted for zinc without much lattice distortion.                
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           The electronegativity of gallium (1.13) and 
zinc (0.99) are also close as compared to other 
impurities. So the localization of conduction 
electrons by gallium is also small. Hence, the carrier 
concentration initially increases with doping. But at 
higher Ga concentration, free electrons density 
decreases because increasing dopant atom produces 

some kind of neutral defects [20], which do not 
contribute to conductivity. On the other hand the 
neutral atoms may be segregates at the grain 
boundaries. This reduces the mobility. So, the 
mobility of free electrons is highest for 2 at % doped 
sample.     
 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
Fig 1: TGA of pure and doped ZnO samples (a) pure ZnO sample (b) samples doped with different percentage of Ga 

(c) sample heated at 900 ○C for 2h 
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Fig 2.X-ray of the ZnGaO samples, a) Pure ZnO, b) with 2% Ga, c) with 4% Ga,  
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                          Pure ZnO                                                                 with 2% Ga 

               

                   With 4% Ga                                                                      with 6 % Ga 

 

With 8% Ga 

Fig 3. TEM of the ZnGaO samples 
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Fig 4. Relation between the conductivity and temperature of all samples 

 

  

Table (1): The variation of crystal size values, obtained from TEM images and x-ray diffraction patterns 

 

ZnO:Ga at% Crystal size obtained from TEM 

(nm) 

Crys.size obtained from xrd 

patterns 

Pure ZnO 25-28 24 

2 39-50 46 

4 56-65 60 

6 75-88 80 

8 90-104 100 

 
 
4. Conclusion  
            Zinc oxide with different concentration of 
gallium was prepared by using sol-gel method TGA 
curves of pure and doped zinc oxide indicated that all 
prepared samples have the same behavior and should 
be expired to heat treatment higher than 600 ○C, to 
avoid the presence of the organic results. The x-ray 
diffractograms show, that all samples (pure and doped) 
have ZnO with hexagonal structure. Also, it observed 
that all gallium – doped zinc oxide samples (2- 8 at %) 
presents in the cubic spinel crystal structure of 
ZnGa2O4. TEM images indicated that the crystal size of 
gallium – doped zinc oxide increased with increasing 

the dopant concentration. There are an increasing of 
electrical conductivity with doping by Ga reaches a 
maximum value at a doping level of 2 at % of Ga and 
then decrease with increasing doping concentration.                                  
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Abstract: Honey is an ancient remedy for the treatment of infected wounds. Four types of honey (Citurs, Clover, 
Nigella and eljabaly) were used. Six different species of bacteria were isolated from 120 burn- wound patients in 
Ain Shams University Hospital, namely Aeromonas schubertii, Haemophilius paraphrohaemlyticus, Micrococcus 
luteus, Cellulosimicrobium cellulans, Listonella anguillarum and Acinetobacter baumannii. A comparative study 
between the known groups of 18 antibiotics and honey was carried out to evaluate the importance of using honey in 
burn-wound treatment on the 6 isolated species and compared with the effect of different types of honey on the same 
becateria. It was found that eljabaly has strong inhibitory effect in comparison to other mentioned types. 
Concentration of 25% of eljablaly showed inhitbition of 4 types, whereas 30% was potent enough to destroy the 6 
isolated bacteria. Our data were that its antibacterial activity was attributed to its high osmolarity and hypertonic 
sugar concentration and low pH values. Amino and fatty acids, total proteins patterns were significantly changed. 
Total lipids of bacterial species was sharply decreased. [Journal of American Science. 2010;6(10):301-320]. (ISSN: 
1545-1003).  

 
Keywords: Patients, honey, antibiotics, bacteria, lipids, proteins, amino and fatty acids. 

 
1. Introduction 

Antibacterial activity of honey against bacteria 
isolated from burn-wound infections of some patients 
was reported, identification, characterization, using 
traditional and Biolog microplate automated system, 
analysis of fatty acids, cellular protein, amino acids 
were performed. A comparative study between the 
known groups of antibiotics and honey was carried 
out. 

Honey has been used in the treatment of 
wounds for over 2.000 years. However, one of the 
most important properties seems to be its antibiotic 
action. There are many reports in the clinical 
literature of honey being used with success in 
treatment of a wide range of burn wound infection, it 
can be seen that the effectiveness of honey in many 
of its medical uses is probably due to its antibacterial 
activity. It inhibits a broad spectrum of bacterial 
species (Molan, 2001).  

Antibacterial activity and mode of action of 
honey was studied (Cooper et al., 2002; Edward and 
Greenwood, 2003). The role of wound management 
procedure, risk factors associated with infection, 
typical bacterial pathogens and their associated 
exotoxins, antibiotic resistance were discussed 
(Molan, 2000). 

The antibacterial activity of honey refers to 
some bee products, presence of "inhibin" which  acts 
as an antibacterial factor other than H2O2, several 
factors such as osmotic properties of honey which is  
saturated or super saturated solution of sugars, 84% 
being a mixture of fructose and glucose, so inhibition 
by osmotic effect of dilute solutions of honey 
obviously depends on the species of bacteria.  

The major antibacterial activity in honey has 
been found to be due to hyobogen peroxide (H2O2) 
produced enzymatically in the honey. Its pH being 
between 3.2 and 4.5, which is low enough to be 
inhibitory to many animal pathogen, and thus the 
acidity is significant antibacterial factor Oryan, 1998; 
Abutharfeil et al., 1999; Postmes and Vandeputte, 
1999; Weston et al., 1999, and Shamala et al. (2000). 

It was reported that Pseudomonas and Proteus 
species are inhibited by honey and also Clostridium 
species, Staphylococcus aureus, Pseudomonas and 
Escherichia coli (Hegazi et al., 2001; Al-Jabri et al., 
2003).  The chemical composition of honey is about 
82% carbohydrates, enzymes, 18 free amino acids, 
minerals, vitamins (Kathleen et al., 2004). 

Honey is in fairly widespread use as a topical 
antibacterial agent for the treatment of wounds, burns 
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and skin ulcers, there are many reports of its 
effectiveness (Mclnerney, 1990). The observations 
recorded are that inflammation, swelling and pain are 
quickly reduced. 

2. Material and Methods  
I. Samples of honey: 

Samples of monofloral honeys (citurs, clover, 
nigella, and eljabaly) were obtained from the apiary 
of the experimental station of the faculty of 
Agriculture, Cairo University. Chemical analysis of 
honey samples was performed in Chemical Analysis 
Lab. of Honey Products, Beekeeping Research 
Department, Agriculture Research center. 

II. Collection and transport of bacterial samples: 

The study was performed on 120 patients who 
suffer from burn wound infections from Ain Shams 
University Hospital. Samples were collected and 
transported to laboratory according to Chessbrough 
(1984). By using a sterile cotton swab, samples were 
collected from wound, immersed in a container of 
transport medium. On collecting samples from 
wounds, special  precaution should be taken to 
prevent contaminating specimen with commensal 
organisms from the skin. 

III. Isolation of bacteria: 

Culture media: Samples were cultivated on different 
media as follows: 

(1)Nutrient agar medium: This media is a basic 
culture medium used in the preparation of blood agar 
and other media. This medium used for cultivation 
and maintenance of all isolated bacteria. 

The medium is composed according to Atals, 
1993. Medium containing (per liter of distilled 
water): 15g agar, 5g peptone, 5g Nacl, 5g yeast 
extract, 1gm beef extract, at pH 7.4 + 0.2  

(2) Blood agar medium: It is a tryptic soy agar 
obtained from Difco, USA with 5% sterile human 
blood (Damron et al., 1986). 

(3) MacConkey agar medium: MacConkey agar is a 
differential and low selectivity medium used to 
distinguish lactose fermenting from non-lactose 
fermenting bacteria. 

a) Lactose fermenting bacteria: 

These were detected as pink to red colonies 
surrounded by red zone due to lactic acid 
fermentation. This character was observed in 

different species, e.g. Klebsiella pneumoniae with 
mucoid colonies and E. coli. 

b) Non- lactose fermenting bacteria:  

These were detected as colourless colonies, 
medium turn to yellow colour. Pseudomonas 
aeruginosa, Salmonella species, Shigella species and 
Proteus mirabilis belongs to this group. 

There are some bacteria which do not grow on 
MacConkey agar e.g. Streptococcus pyogenes, 
Streptococcus penumoniae, Viridans species and 
Pasteurlla species. MacConkey agar is the most 
economically prepared from the dehydrated medium 
available from Oxoid Ltd. (Finegold and Martin, 
1982). 

(4) Mannitol salt agar: Mannitol salt agar is a 
differential and selective plate medium used to isolate 
staphylococcus aureus. The medium is available in 
dehydrated form Oxoid Ltd. Mannitol is fermented 
by Staphylococcus aureus (yellow in medium) 
(Finegold and Martin, 1982). 

(5) Cetrimide agar: Cetrimide agar is a selective plate 
medium used occasionally to isolate Pseudomonas 
species from a mixed bacterial flora. It inhibits the 
growth of bacteria such as Staphylococcus aureus 
and Coliform. Cetrimide agar in dehydrated form is 
available from Gibco Ltd. Pseudomonas agar 
medium (cetrimide agar) containing 
acetyltrimethylamine bromide (cetrimide), except 
Pseudomonas aerugionsa all bacterial species were 
inhibited on this selective media. Pseudomonas 
aeruginosa produced green pigment after prolonged 
incubation (Finegold and Martin, 1982). 

IV. Identification of bacterial isolates: 

• After the purification of all bacterial 
isolates, the selected colonies were 
identified according to Bergey's manual of 
systematic bacteriology (Krieg and Holt, 
1984 and Sneath et al., 1986). 

• Biolog automated microplate system: 

 The Biolog automated microplate system 
was performed for identification of the selected 
isolates (Bochner, 1989). The system is based on 
the reactions to a series of 95 carbon sources, 
including sugars, organic acids, and amino acids 
that were indicated by color reactions. The 
Biolog automated identification system consists 
of microstation computer, turbidimeter (optical 
density at 590 nm), microlog software, 

microplate reader, and Gram-positive and Gram-
negative microplates. 
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The following steps were adopted: 

1- Gram stain: by Jensen's modified method 
(Cruickshank et al., 1975) 

2- Preparation of inoculum: 

  The isolate was grown on an appropriate 
agar medium as either Biolog universal growth 
medium (BUGM) or tryptic soy agar (TSA) and 
stationary incubated for 4-18 hours at 28-300C 
(Bochner, 1991). 

3- Preparation of microplate: 

Wells of the microplate were filled with 150 of 

µ 1 of bacterial suspension of the selected isolate by 

the multi-channel pipette reservoir. Microplate was 
then covered with its lid and incubated at 28-300C for 
24 hours under humid conditions to avoid the 
dehydration of the outer wells of the microplate. 
Microplate reading was taken by a 590 nm filter on a 
microplate reader. Results were analyzed with Biolog 
GN (Gram G-ve) or GP (G+ve) data base to 
determine the identity of the bacterial isolate. 

For differentiation of genera, species and 
subspecies, Biolog's cluster analysis program was 
used, indicating relationship between various groups 
of bacteria. 

a) Morphological characterization of isolates and 
physiological, biochemical characterization of 
isolates were studied (Cheesbrough, 1984) 

V. Sensitivity and resistance of bacterial isolates to 
antibiotics and honey samples: 

(A) Antibiotic sensitivity test  

Materials: 

1) Muller Hinton agar was obtained from Oxoid. 

2) Antibiotic discs obtained from Oxoid. 

Method: 

1- Bacterial inoculation (105 c.f.u./ml) was 
transferred into the surface of Muller-Hinton 
agar medium and followed by addition of 
antibiotic discs. 

2- The antimicrobial activity of all compounds was 
determined by discs diffusion method (NCCLS, 
1993). 

3- Inhibtion zones were measured (mm) after 24 
hours incubation at 370C (Rubinstein et al., 
1986). 

The antibiotics discs were obtained from Oxoid Ltd. As shown in the following table. 

Antibiotic discs used for sensitivity test:, . 

Antibiotic group   Conc. 
(mcg) 

Scientific name  

S
y

m
b

ol
  Trade name  

Penicillin group  
 
 
 
 
Sulbactam  

10 
30 
10 
100 
100 
30 

Ampicillin  
Amox./clavulanate  
Penicillin  
Piperacilin  
Carbenicillin  
Sulbactam/Ampicillin  

AM 
AUC 
P  
PPL  
PY  
SAM  

Ampicillin  
Augmentin  
Penicillin  
Pipril  
Pyopen  
Unasyn  

Cephalosporin group  30 
75 
30 
30 
30 

Cefradine  
Ceforperazone  
Cefotaxime  
Ceftazidime  
Ceftriazone  

CE 
CEP 
CTX  
CAZ  
CRO 

Velosef  
Cefobid  
Claforan  
Fortum  
Rocephin  

Monobactam group  30 Aztreonam  AZ  Azactam  
Aminoglycoside  30 

10 
10 

Amikacin  
Gentamycin  
Topramycin  

AK 
GM 
NN 

Amikin  
Garamycin 
Nebsin  

Quinolone group  5 
5 

Ofloxacin  
Ciprofloxacin  

OFX 
CFX  

Tarivid  
Ciprofloxacin 

Furans  300 Nitrofurantoin  F/M Nitofurantoin  
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(B) Sensitivity and resistance of bacterial isolates to 
honey samples  

Eight concentrations using distilled sterile water 
were made from 5% to 40% in order to evaluate the 
antibacterial activity against the selected bacterial 
isolates through estimation of minimum inhibitory 
concentration (MIC) method according to NCCLS, 
1993. 

VI. Extraction and analysis of lipids  

A) Extraction and purification of total lipids: 

The lipids were extracted according to Kates 
and Eberhardt (1957)  

B) Estimation of total lipids: 

Estimation of total lipids of honey- treated bacterial 
isolates and that untreated (control) was performed 
according to the method adopted by Kates and 
Eberhards (1957). 

C) Analysis of methyl esters of fatty acids by gas-
liquid chromatography  

Methylation of the fatty acids  

To lipid sample 20 m1 of methanol. 10 m1 of 
benzene and 1 ml of concentrated sulfuric acid were 
added then refluxed for 90 minutes in a round flask 
on a water bath, the methyl esters obtained were 
extracted with petroleum ether (b.p. 40-60 C). the 
petroleum ether was then evaporated, the residue was 
dissolved in chloroform (Harbone, 1984) and the 
methylated samples were subjected to analysis by 
GLC in GVC Pyeunican gas-liquid chromatograph 
equipped with dual flame ionization detector and dual 
channel records (Faculty of Agriculture, Cairo 
University). 

Sources of standard fatty acids: 

A set of standard methyl esters of fatty acids 
including both saturated and unsaturated ones with a 
state of purity not less than 99% was purchased from 
Sigma Chemical Company St. Louis, Mo 63178, 
USA, and used as authentic materials to characterize 
the unknown fatty acids. 

VII. Determination of total soluble protein 

Total soluble protein was determined according to the 
method of Bradford (1976). A calibration curve was 
constructed using bovin serum albumin (BSA). 

Analysis of the total amino acid contents by HPLC 

The method applied was made according to Cohen et 
al. (1989) 

VIII. SDS ployacrylamide gel electrophoresis (SDS- 
PAGE)  

The electrophoresis SDS gels were prepared by 
Laemmli, (1970) as modified by studier, (1973). 

The stock solutions used for protein 
electrophoresis were as follows: 

A. For resoving gel (100 ml)  

Acrylamide  30.0g  

Bis- Acrylamide  0.8 g 

H2O (dist.)  Up to 100ml 

B. for stacking gel (100 ml)  

Acrylamide  30.0g 

Bis-Acrylamide  1.0g 

H2O (dist.) Up to 100 ml 

C. Resolving gel buffer (4 X Tri. PH 8.4, 40C 

Tris  18.15 g 

HCI (conc.)  3.500 ml  

H2O (dist.) Up to 100m1 

 
3. Results and Discussion  
I. Physical and chemical prosperities of samples of 
honey   

Tables 1 and 2 show the Physical and chemical 
properties of different kinds of honey used in this 
research. It was found that the moisture was ranging 
from 16% for Eljabaly to 21% for Citrus honey. Data 
also show that the Eljabaly honey was shown to be 
more viscous and more acidic than the other types. 
The lowest amount of total sugar content was 
recorded for Clover honey (68.38%), while the 
highest value was found in Eljabaly honey (86.16%), 
Similar study was carried out by Esmail et al., (1990) 
on a sample of Egyptian honey of unidentified floral 
source and found that it was containing 0.3% protein, 
78.5% carbohydrate, 0.34% fat, 18.7% water, 0.17% 
ash, 6.6 mg/100 calcium and 0.82mg/100g iron. Also 
Beattite and Mayze (2000) reported that honey is 
produced by bees from floral nectar as a saturated 
solution of sugars and consists of 84% mixture of 
fructose and glucose. Honey has low water content 
(15-21% by weight) and is acidic (pH 3.2-4.5) 

The study revealed that there is a marked 
difference in the chemical constitution of honeys 
from different monofloral sources as recorded by 
many authors who had analyzed numerous honey 
types. The results show that the highest value of 
fructose was recorded for Eljabaly honey type 
(40.27%), while the lowest one was 33.61% for 
Clover honey type. The total sugar content reaches 
the highest value 86% for Eljabaly honey type, while 
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it was 68.38% for Clover honey type. The protein 
values recorded in this study ranges from 5.25% in 
Citrus honey to 6.92% in Eljablaly. It was also 
observed that Nigella honey type contains the highest 
value of lipids (3.76%). The variation in the physical 
and chemical properties of honey is due to the floral 
source as recorded by many workers (Molan, 1999 
and Kathleen et al., 2004). They reported that the 
chemical composition of honey is about 82% 
carbohydrates. These are fructose and glucose (70%); 
9% sucrose, maltose, isomaltose, maltulose, turansoe 
and kojibiose, and 4% erlose, theanderose and 
panose. There are many more: proteins and amino 
acids (enzymes such as invertase, amylase, glucose 
oxidase, catalase and 18 free amino acids, of which 
the most abundant is proline. 

Then there are the vitamins, minerals and 
antioxidants (vitamins ribovlavin, niacin, folic acid, 
pantothenic aid and vitamin B6, ascorbic aid (vitamin 
C), the minerals calcium, iron, zinc, potassium, 
phosphorous, magnesium, selenium, chromium and 
manganese, and antioxidant flavonoids, of which one 
pniocembrin, is unique to honey  

The high acidity of honey also plays an 
important role in the system which prevents bacterial 
growth. The pH of honeys may vary from 
approximately 3.2 to 4.5 (average PH=3.9) making it 
inhospitable for attack by most bacteria. Honey has 
an antibacterial of inhibine system. Bees add an 
enzyme glucose oxidase to honey and this enzyme 
reacts with glucose to produce hydrogen peroxide 
and gluconic acid, both of which have an 
antibacterial effect. 

II. Identification of bacterial isolates: 

The identification of bacteria isolated from 120 
patients who suffer from burn wound infections 
revealed that they belong to 6 species (Table 3), 
namely Aeromonas schubertii, Haemophilus 
paraphrohaemlyticus, Micrococcus luteus, 
Cellulosimicrobium cellulans, Listonella 
anguillarum, and Acinetobacter baumannii. The 
identification process was carried according to 
Bergey's manual systemtic bacteriology (Krieg and 
Holt, 1984 and Sneath et al., 1986) 

III. Sensitivity and resistance of bacteria isolates to 
antibiotics and honey samples: 

Table 4 shows that Aeromonas schubertii is 
resistant to the most antibiotics used in this 
experiment except Ceforperazone, Ofloxacin and 
Ciprofloxcaicn. This bacterial species were 
intermediately affected by Cefradine. These results 
also indicate that Haemophilus paraphrohaemlyticus 
is sensitive to Gentamycin, Ofloxacin, Ciprofloxacin 

and Nitrofurantion, but it shows an intermediately 
effect by only three antibiotics namely Ampicillin, 
Amox./Clavulanate and Sulbactam/Ampicillin. 

Micrococcus luteus shows resistance against 
Sublactam/Ampicillin, Cefradine, Ceftraixone, 
Aztreonam and Nitrofurantoin, whereas the other rest 
antibiotics affect greatly on the growth of such 
bacterial species. 

Both Cellulosimicrobium cellulans and 
Listonella anguillarum show sensitivity to 5 types of 
antibiotics, while Acinetobacter baumannii was 
sensitive to 7 antibiotics as shown in Table4: 

These findings reflect to variation of effect of 
18 antibiotics on the isolated bacterial species, in 
order to compare with the influence of the different 
honey types used in this study for evaluation its 
antibacterial activity. The tables 5, 6, 7, 8 and 9 
revealed that the honey type eljabaly was the 
strongest as compared with the other three types of 
honey used in this study. It was observed that 25% of 
Eljabaly was enough to prevent the growth of 4 
bacterial species; this means that 30% of this honey 
can destroy all the 6 studied bacterial species. The 
data obtained from this experiment explain that 
honey has strong antibacterial activity due to its 
hygroscopic proerties and low pH values as 
recoreded by Efem, 1988 

Honey may work in clearing infection is 
through an activating effect on the body's immune 
system as it has been reported that stimulates 
mitogenesis in B and T lymphocytes and activates 
neutrophils. 

The acidity of honey also help with 
oxygenation, as acidification of wound increases the 
release of oxygen from hemoglobin. Honey prevents 
partial-thickness burns from converting to full-
thickness burns needsing skin grafts. Honey select to 
have good antibacterial activity provides treatment 
option worthy of serious consideration, especially on 
infected and recalcitrant wounds. On burns its 
antibacterial and anti-inflammatory properties allow a 
moist healing environment to be maintained that 
protects the wound from deterioration and fibrosis. 

The sensitivity to honey of Gram-positive cocci 
of clinical significance isolated from wounds. 

The mode of action of honey has not yet been 
fully elucidated but osmolarity, acidity, hydrogen 
peroxide generation and photochemical components 
are considered important (Molan 1992). 

Honey does not adversely affect human tissue 
(Molan 1999) not only has it the potential to limit the 
growth of wound pathogen, but there is evidence that 
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honey has the potential to promote healing (Molan 
1999, Tonks et al., 2001). 

IV. Effect of Elijably honey type on total lipids and 
total proteins of the bacterial species  

Table 10 shows that the total lipid of bacterial 
species was sharply decreased on treating the 
bacterial cells with honey type. 

Table 11 shows the variation of total proteins as 
a result of treating bacterial cells with Eljabaly honey 
type (Molan, 1999). 

V. Effect of Eljabaly honey type on Fatty acids 
pattern of the bacterial species  

11 fatty acids were recorded for all bacterial 
species. It was observed from Table 12 that some 
fatty acids were only detected in control sample and 
completely disappears in the treated samples. It was 
also observed that the percentage of some fatty acids 
was decreased or completely disappers in some 
bacterial species these results agreed with 
(Bogdanov, 1997 and Al- Jabri et al., 2003). 

VI. Effect of Eljabaly honey type on amino acids 
pattern of the bacterial species: 

Tables 13, 14, 15, 16, 17, 18 show the variation 
of amino acids content of bacterial species. 

VIII. Polyacrylamide gel electrophoresis of cellular 
proteins of control and treated cells of 
bacterial species: 

The protein profiles obtained from 
electrophoretic analysis of 6 bacterial species was 
shown in table 19. The total number of protein bands 
was 37. It was observed that all the control samples 
of bacterial species were characterized by higher 
number of bands 32, 34, 29, 30, 33, and 30 bands as 
compared with the treated samples with honey, where 
they were 30, 28, 25, 27, 26 and 25 bands. This 

means that at least 2 to 7 protein types were failed to 
be synthesized on treating the bacterial cells with 
honey types. 

It was concluded that most of the characterized 
bands were located in the region between M.wt. 97 
and 24 k Da, where above 97 K Da the bands number 
were few and the intensity was faint well, Moreover, 
the bands below 24k Da were about 7 compressed 
and not well organized. It was observed that control 
samples of bacterial species were representing the 
same characterizing bands at M.wt of 102, 97 and 85, 
64, 56,49, 38, 29, and 25 k Da in varying degrees. On 
the other hands these bands were clearly decreased in 
treated cells where the lowest intensity were located 
at M.wt. 97, 85, 71, 55, 43, 32 and 24 k Da. The most 
characteristic features of these bacterial isolates is the 
apperarnce of at least 17 bands located in the region 
between M.wt 116 and 9 k Da. While in the treated 
samples were characterized by decrease or absence of 
protein bands in such range between 126 and 9 K Da.  

The results of this work are already providing a 
better understanding of the effect of honey as strong 
antibacterial agent against the studied bacterial 
species in several ways through direct effect on the 
metabolic activity through biosynthesis of fatty and 
amino acids similar study was conducted by Gilmour 
et al., 2000. 

            Similar results were reported by Kathleen et 
al., 2004 who concluded that the chemical 
composition of different types of honey indicates the 
abundance of proline beside other 18 amino acids and 
enzymes such as invertase, amylase, glucose oxdase 
and catalase that may affect greatly the formation of 
antibacterial system inhibin that can interfere the 
amino acids pathway of bacterial species. It can be 
concluded that honey has been found to control 
wound infections and accelerate wound healing. 

 
 
Figure (1): SDS-page of total protein isolated from 6 species (1,3,5,7,9,11) as a control and (2,4,6,8,10 and 12) as treated, 

M refers as protein standard. 

 

 
 
 
 
 
 
 
 
 



Journal of American Science                                                                                                                 2010;6(10)   

  

 http://www.americanscience.org        - 307 -       editor@americanscience.org 

Table (l): Physical properties of samples of Honey 
 

Honey Type 
 

 
Parameter 

 
Citrus 

 
Clover 

 
Nigella 

 
Eljabaly 

 
Moisture 
 

21% 
 

19.51% 
 

17.52% 
 

16% 
 

Specific gravity 
 

1.32 
 

1.39 
 

1.43 
 

1.42 
 

Viscosity 
 

13.83 poise 
 

13.62 poise 
 

1521 poise 
 

18.81 poise 
 

Granulation 
 

Few 
 

Few 
 

Few 
 

Few 
 

*E.C 
 

0.022% 
 

0.014 % 
 

0.020% 
 

0.026% 
 

**T.S.S 
 

71% 
 

80% 
 

83.52% 
 

85.31% 
 

fermentation 
 

17% (safe) 
 

18% (safe) 
 

17% (safe) 
 

17% (safe) 
 

*E.C = Electrical Conductivity 
**T.S.S = Total Soluble Solid  
 
Table (2): Chemical composition of samples of Honey 
 

Honey Type 
 

Parameter 
 Citrus 

 
Clover 

 
Nigella 

 
Eljabaly 

 
PH 
 

3.61 
 

3.72 
 

3.46 
 

2.93 
 

Protein 
 

5.25 
 

5.84 
 

6.26 
 

6.92 
 

Lipid% 
 

2.93 
 

2.78 
 

3.76 
 

3.48 
 

Fructose% 
 

35.19 
 

33.61 
 

37.41 
 

40.27 
 

Glucose% 
 

27.13 
 

24.76 
 

28.13 
 

32.18 
 

Sucrose% 
 

3.54 
 

5.17 
 

4.51 
 

7.23 
 

Maltose% 
 

5.48 
 

4.84 
 

4.85 
 

6.32 
 

*H.M.F  mg/kg 
 

9.88 
 

12.71 
 

7.68 
 

23.04 
 

Fe mg/kg mg/lOOg 
  

24.89 
 

33.17 
 

27.22 
 

91.21 
 

Na mg/kg mg/lOOg 
 

30.13 
 

32.12 
 

37.77 
 

41.2 
 

K  mg/kg mg/lOOg 
   

59.17 
 

77.13 
 

62.26 
 

93.16 
 

Ca mg/kg mg/lOOg 
 

72.82 
 

66.57 
 

70.49 
 

75.41 
 

P  mg/kg mg/lOOg 
 

22.18 
 

27.74 
 

21.14 
 

34.19 
 

*H.M.F = Hydroxy Methyle Furfural 

Table (3): Bacterial species isolated from burn wound infection according to biology microplate system. 
 

Sample No. 
 

Gram-stain type 
 

Bacterial species 
 

1 
 

+ ve 
 

Micrococcm luteus 
 

2 
 

- ve 
 

Aeromonas schubertii 
 

3 
 

- ve 
 

Haemophilus paraphrohaemlyticus 
 

4 
 

+ ve 
 

Micrococcus luteus 
 

5 
 

+ ve 
 

Micrococcus luteus 
 

6 
 

+ ve 
 

Cellulosimicrobium cellulans 
 

7 
 

- ve 
 

Listonella anguillorum 
 

8 
 

- ve 
 

Acinetobacter baumannii 
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9 
 

+ ve 
 

Cellulosimicrobium cellulans 
 

10 
 

- ve 
 

Acinetobacter baumannii 
 

 
 
Table (4): Antibiotic bioassay of different bacterial species 
 

 
 

Bacterial species 
 

Antibiotic 
 

Symbol 
 

I 
 

II 
 

III 
 

IV 
 

V 
 

VI 
 

Penicillin 
 

 
 

  
 

 
 

 
 

 
 

 
 

Ampicillin 
 

AM 
 

R 
 

I 
 

S 
 

R 
 

S 
 

R 
 

Amox./Clavulanate 
 

AUC 
 

R 
 

I 
 

S 
 

I 
 

S 
 

R 
 

Penicillin 
 

P 
 

R 
 

R 
 

I 
 

R 
 

R 
 

R 
 

Piperacillin 
 

PPL 
 

R 
 

R 
 

I 
 

R 
 

R 
 

R 
 

Carbenicillin 
 

PY 
 

R 
 

R 
 

I 
 

R 
 

R 
 

R 
 

Sulbactarn/ Ampicillin 
 

SAM 
 

R 
 

I 
 

R 
 

S 
 

I 
 

R 
 

Ccphalasporins: 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Cefradine 
 

CE 
 

I 
 

R 
 

R 
 

R 
 

R 
 

S 
 

Cefoperazone 
 

CEP 
 

S 
 

R 
 

S 
 

I 
 

I 
 

R 
 

Cefotaxime 
 

CYX 
 

R 
 

R 
 

S 
 

R 
 

I 
 

R 
 

Ceftazidime 
 

CAZ 
 

R 
 

R 
 

S 
 

S 
 

R 
 

R 
 

Ceftriaxone 
 

CRO 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

Monobactams: 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Aztreonam 
 

AZ 
 

R 
 

R 
 

R 
 

S 
 

R 
 

S 
 

Aminoglcosides: 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Amikacin 
 

AK 
 

R 
 

R 
 

S 
 

S 
 

R 
 

S 
 

Gentamycin 
 

GM 
 

R 
 

S 
 

I 
 

I 
 

I 
 

R 
 

Tobramycin 
 

NN 
 

R 
 

R 
 

I 
 

S 
 

S 
 

S 
 

Quinolones: 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Ofloxacin 
 

OFX 
 

S 
 

S 
 

S 
 

R 
 

S 
 

R 
 

Ciprofloxacin 
 

CFX 
 

S 
 

S 
 

S 
 

R 
 

I 
 

S 
 

Furans: 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Nitrofurantion 
 

F/M 
 

R 
 

S 
 

R 
 

R 
 

R 
 

S 
 

R = Resistant I = Intermediate          S = Sensitive 
I   = Aeromonas schubertii 
II =Haemophilus paraphrohaemlyicus  
III=Micrococcus luteus 
IV =Cellulosimicrobium cellulans  
V = Listonella anguillarum  
VI =Acinetobacter baumannii 
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Table (5): Evaluation of the Minimum Inhibitory concentration (MIC) of citrus honey against bacterial species. 
 

Concentration of honey 
 

 
Bacterial species 

 
5% 

 
10% 

 
15% 

 
20% 

 
25% 

 
30% 

 
35% 

 
40% 

 
Aeromonas schubertii R 

 
R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

Haemophilus paraphrohaemlyticus 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

S 
 

Micrococcus luteus 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

S 
 

Cellulosim icrobium cellulans 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

S 
 

Listonella anguillorum 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

Acinetobacter baumannii 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

 
Table (6): Evaluation of the Minimum Inhibitory concentration (MIC) of Clover honey against bacterial species. 
 

Concentration of honey 
 

 
Bacteria1 species 

 
5% 

 
10% 

 
15% 

 
20% 

 
25% 

 
30% 

 
35% 

 
40% 

 

Aeromonas schubertii 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

Haein ophilus paraph roll aem lyticus 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

S 
 

Micrococcus luteus 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

Cellulosimicrobium cellulans 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

Listonella anguillorum R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

S 
 

Acinetobacter baumannii 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

 
Table (7): Evaluation of the Minimum Inhibitory concentration (MIC) of NigelJa honey against bacterial species. 
 

Concentration of honey 
 

 
Bacterial species 

 
5% 

 
10% 

 
15% 

 
20% 

 
25% 

 
30% 

 
35% 

 
40% 

 
Aeromonas schubertii 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

Haemophilus paraphrohaemlyticus 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

Micrococcus luteus 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

Cellulosim icroblum cellulans 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

S 
 

Listonella anguillorum 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

S 
 

Acinetobacter baumannii 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
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Table (8): Evaluation of the Minimum Inhibitory concentration (MIC) of Eljabaly honey against bacterial species. 
 

Concentration of honey 
 

 
Bacterial species 

 
5% 

 
10% 

 
15% 

 
20% 

 
25% 

 
30% 

 
35% 

 
40% 

 
Aeromonas schubertii 
 

R 
 

R 
 

R 
 

R 
 

S 
 

S 
 

S 
 

S 
 

Haemophilus paraphrohaemlyticus 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

S 
 

's 
 

Micrococcus luteus 
 

R 
 

R 
 

R 
 

R 
 

R 
 

S 
 

S 
 

S 
 

Cellulosim icrobium cellulans 
 

R 
 

R 
 

R 
 

R 
 

S 
 

S 
 

S 
 

s 
 

Listonella anguillorum 
 

R 
 

R 
 

R 
 

R 
 

S 
 

S 
 

S 
 

s 
 

Acinetobacter baumannii 
 

R 
 

R 
 

R 
 

R 
 

S 
 

S 
 

S 
 

s 
 

R = Resistance         S = Sensitive  
 
Table (9): Evaluation of the Minimum Inhibitory concentration (MICs) of different types honey against bacterial species. 
 

MIC of honey 
 

 
Bacterial species 

Cirtrus Clover Nigella Eljabaly 

Aeromonas schubertii 
 

40% 
 

40% 
 

40% 
 

25% 
 

Haemophilus paraphrohaemlyticus 
 

35% 
 

35% 
 

40% 
 

30% 
 

Micrococcus luteus 
 

35% 
 

35% 
 

40% 
 

30% 
 

Cellulosimicrobium cellulans 
 

35% 
 

40% 
 

35% 
 

25% 
 

Listonella anguillorum 
 

40% 
 

35% 
 

35% 
 

25% 
 

Acinetobacter baumannii 
 

40% 
 

40% 
 

40% 
 

25% 
 

 
Table (l0): Effect of honey types on the total lipids (mg/g of fresh weight of cells) of bacterial species. 
 

Concentration of lipids 
 (mg/g of fresh weight of cells) 

 

 
Bacterial species 

 

Control Treated 
 

Aeromonas schubertii 
 

6.44 
 

1.07 
 

Haemophilus paraphrohaemlyticus 
 

10.00 
 

1.50 
 

Micrococcus luteus 
 

28.88 
 

1.19 
 

Cellulosimicrobium cellulans 
 

17.69 
 

6.25 
 

Listonella anguillorum 
 

67.25 
 

43.81 
 

Acinetobacter baumannii 
 

17.63 
 

1.36 
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Table (11): Effect of honey types on the total lipids (mg/g of fresh weight of cells)  of bacterial species. 
 

Concentration of lipids  
(mg/g of fresh weight of cells) 

 

 
Bacterial species 

 Control 
 

Treated 
 

Aeromonas schubertii 
 

311.34 
 

252.74 
 

Haemophitus paraphrohaemlyticus 
 

347.98 
 

300.36 
 Micrococcus luteus 

 
339.66 

 
245.42 

 
Cellulosimicrobium cellulans 
 

336.98 
 

252.74 
 Listonella anguillorum 

 
278.38 

 
194.12 

 Acinetobacter baumannii 
 

238.08 
 

201.46 
 

 
Table (12): Constituent fatty acids of the isolated bacterial species 
 

 
 

Fatty acid percent/ total fatty acid contents 
 

Fatty acid 
 

(1) (2) 
 

(3) 
 

(4) 
 

(5) 
 

(6) 
 

 
 

C 
 

T 
 

C 
 

T 
 

C 
 

T 
 

C 
 

T 
 

C 
 

T 
 

C 
 

T 
 

Caprylic 
 

5.379 
 

0.039 
 

5.491 
 

0.048 
 

0.398 
 

14.975 
 

0.018 
 

2.256 
 

0.084 
 

1.106 
 

0.049 
 

0.641 
 

Capric 
 

0.097 
 

0.265 
 

0.078 
 

- 
 

0.294 
 

1.269 
 

- 
 

0.058 
 

0.198 
 

0.173 
 

0.072 
 

0.156 
 

La uric 
 

1.820 
 

3.148 
 

1.197 
 

. 
 

- 
 

27.331 
 

- 
 

2.841 
 

0.840 
 

2.823 
 

0.229 
 

- 
 

Mvrisfic 
 

47.959 
 

6.482 
 

- 
 

. 
 

31.092 
 

. 
 

0.072 
 

27.569 
 

53.391 
 

,33.008 . 
 

. 
 

Pentadecylic 
 

4.007 
 

2.761 
 

2.994 
 

- 
 

0.237 
 

. 
 

- 
 

3.815 
 

0.199 
 

2.743 
 

- 
 

. 
 

Palmitic 
 

4.098 
 

3.876 
 

0.971 
 

1.414 
 

0.236 
 

51.253 
 

0.670 
 

6.328 
 

1.521 
 

3.305 
 

. 
 

6.765 
 

Margaric 
 

19.403 
 

18.330 
 

21.773 
 

57.866 
 

. 
 

- 
 

- 
 

- 
 

32.372 
 

21.228 
 

. 
 

1.744 
 

Stearic 
 

12.335 
 

- . - . . - - - - . . 

Linolenic 
 

- 
 

0.425 - 
 

. 
 

. 
 

- 
 

. 
 

. 
 

. 
 

. 
 

- 
 

1.510 
 

Olcic 
 

. 
 

- 
 

0.773 
 

- 
 

1.333 
 

. 
 

. 
 

1.079 
 

. 
 

0.284 
 

. 
 

. 
 

Arachidic 
 

- 
 

- 
 

- 
 

- 
 

- 
 

- 
 

- 
 

0.276 
 

- 
 

0.177 
 

- 
 

- 
 

 
C = Control             T = Treated 

1- Aeromonas       2- Haemophilus paraphrophaemylticu 
3- Micrococcus luteus                   4- Cellulosimicrobium cellulans 
5- Listonella anguillarum                                 6- Acinotobacter baumann
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Table (13): Total amino acid content of the control and treated species Aeromonas schubertii 
 

Concentration of amino acids 
 (mg/g dry weight of cells) 

 

 
Amino acids 

 Control Treated 
Aspartic 
 

24.1 
 

16.6 
 Glutamic 

 
7.3 

 
13.7 

 Serine 
 

9.6 
 

8.8 
 Glycine 

 
72.4 

 
5.4 

 Histidine 
 

103.5 
 

19.1 
 Arginine 

 
9.7 

 
6.8 

 Theronine 
 

5.0 
 

9.2 
 Alanine 

 
0.7 

 
6.5 

 Proline 
 

3.7 
 

16.13 
 Tyrosine 

 
11.1 

 
16.2 

 Valine 
 

6.8 
 

12.5 
 Methionine 

 
10.1 

 
21.9 

 Cystine 
 

15.0 
 

31.3 
 Isoluecinc 

 
8.2 

 
9.2 

 Luecine 
 

7.7 
 

14.8 
 Phenylalanine 

 
4.2 

 
21.7 

 Lysine 
 

12.1 
 

23.2 
  

Table (14): Total amino acid content of the control and treated species Haemophilus paraphrohaemlyticus 
 

Concentration of amino acids 
 (mg/g dry weight of cells) 

 

 
Amino acids 

 
Control 

 
Treated 

 Aspartic 
 

3.5 
 

33.6 
 Glutamic 

 
17.2 

 
7.4 

 Serine 
 

6.0 
 

10.6 
 Glycine 

 
JL5.0 

 
10.8 

 Histidine 
 

52.5 
 

13.4 
 Arginine 

 
27.6 

 
12.9 

 Theronine 
 

5.2 
 

24.4 
 Alanine 

 
4.1 

 
16.2 

 Proline 
 

14.2 
 

30.6 
 Tyrosine 

 
49.0 

 
13.4 

 Valine 
 

30.5 
 

22.3 
 Methionine 

 
24.5 

 
20.7 

 Cystine 
 

35.1 
 

9.4 
 Isoluecinc 

 
15.4 

 
31.7 

 Luecine 
 

16.4 
 

16.6 
 Phenylalanine 

 
9.5 

 
1.3 

 Lysine 
 

25.1 
 

25.0 
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Table (15):   Total   amino   acid   content of the control   and   treated   species Micrococcus luteus 
 

Concentration of amino acids  
(mg/g dry weight of cells) 

 

 
Amino acids 

 Control 
 

Treated 
 Aspartic 

 
6.2 

 
7.4 

 Glutamic 
 

16.1 
 

7.2 
 Serine 

 
13.3 

 
19.7 

 Glycine 
 

10.6 
 

37.4 
 Histidine 

 
40.6 

 
99.2 

 Arginine 
 

13.8 
 

37.2 
 Theronine 

 
9.1 

 
6.9 

 Alanine 
 

9.5 
 

2.9 
 Proline 

 
58.3 

 
3.5 

 Tyrosine 
 

21.1 
 

1.2 
 Valine 

 
21.5 

 
2.0 

 Methionine 
 

18.2 
 

3.1 
 Cystine 

 
10.2 

 
5.9 

 Isoluecinc 
 

11.9 
 

1.4 
 Luecine 

 
21.9 

 
2.3 

 Phenylalanine 
 

16.8 
 

1.2 
 Lysine 

 
39.7 

 
6.5 

  
Table (16):   Total amino   acid content of the control and treated species Cellulosimicrobium cellulans 
 

Concentration of amino acids  
(mg/g dry weight of cells) 

 

 
Amino acids 

 
Control 

 
Treated 

 Aspartic 
 

10.8 
 

7.0 
 Glutamic 

 
11.8 

 
10.5 

 Serine 
 

3.7 
 

4.2 
 Glycine 

 
20.9 

 
10.0 

 Histidine 
 

59.7 
 

16.3 
 Arginine 

 
58.5 

 
21.1 

 Theronine 
 

9.0 
 

15.3 
 Alanine 

 
. 2.5 

 
9.7 

 Proline 
 

9.8 
 

6.3 
 Tyrosine 

 
15.6 

 
30.3 

 Valine 
 

30.5 
 

17.3 
 Methionine 

 
12.9 

 
22.9 

 Cystine 
 

56.2 
 

39.9 
 Isoluecine 

 
10.1 

 
12.4 

 Luecine 
 

9.8 
 

16.1 
 Phenylalanine 

 
6.8 

 
10.0 

 Lysine 
 

8.4 
 

4.5 
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Table (17): Total amino acid content of the control and treated species Listondla anguillomm Listonella 
anguillorum 
 

Concentration of amino acids 
 (mg/g dry weight of cells) 

 

 
Amino acids 

 Control 
 

Treated 
 Aspartic 

 
0.8 

 
3.4 

 Glutamic 
 

0.5 
 

1.7 
 Serine 

 
4.0 

 
32.1 

 Glycine 
 

14.9 
 

10.0 
 Histidine 

 
96.2 

 
96.9 

 Arginine 
 

22.9 
 

20.2 
 Theronine 

 
10.6 

 
3.3 

 Alanine 
 

5.7 
 

2.4 
 Proline 

 
8.58 

 
3.2 

 Tyrosine 
 

12.5 
 

1.1 
 Valine 

 
28.5 

 
4.6 

 Methionine 
 

16.5 
 

2.0 
 Cystine 

 
29.4 

 
1.3 

 Isoluecine 
 

8.9 
 

2.4 
 Luecine 

 
3.5 

 
3.9 

 Phenylalanine 
 

8.9 
 

2.6 
 Lysine 

 
6.5 

 
2.7 

  
Table (18): Total amino acid content of the control and treated species Listonella Acinetobacter baumannii 
 

Concentration of amino acida 
 (mg/g dry weight of cells) 

 

 
Amino acids 

 
Control 

 
Treated 

 Aspartic 
 

2.6 
 

.04 
 Glutamic 

 
0.5 

 
1.5 

 Serine 
 

4.0 
 

4.1 
 Glycine 

 
16.5 

 
26.8 

 Histidine 
 

29.4 
 

29.8 
 Arginine 

 
51.0 

 
18.6 

 Theronine 
 

4.8 
 

3.8 
 Alanine 

 
2.5 

 
1.9 

 Proline 
 

6.2 
 

11.5 
 Tyrosine 

 
12.3 

 
12.3 

 Valine 
 

22.0 
 

22.4 
 Methionine 

 
14.1 

 
6.2 

 Cystine 
 

37.4 
 

29.6 
 Isoluecine 

 
15.8 

 
15.1 

 Luecine 
 

3.1 
 

7.8 
 Phenylalanine 

 
6.4 

 
7.8 

 Lysine 
 

9.1 
 

2.9 
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Table (19): Molcular weight results of SDS- PAGE from ultrascan analysis of 6 species (1,3,5,7,9,11) as a control 
samples and  (2,4,6,8,10 and 12) as treated samples, lane 13 refers as protein standard. 

  
Lane 

2 
  

Lane 
3 

  
Lane 

4 
  

Lane 
5 

  
Lane 

6 
  

Lane 
7 

 

Peak 
MW 
(kd) 

Band Peak 
MW 
(kd) 

Band Peak 
MW 
(kd) 

Band Peak 
MW 
(kd) 

Band Peak 
MW 
(kd) 

Band Peak 
MW 
(kd) 

Band Peak 

77.5 125.598 1 71.82 129.824 1 77.35 131.413 1 57.18 127.105 1 91.88 125.556 1 70.85 124.15 1 74.24 

84.09 115.027 2 81.53 125.185 2 74.79 124.781 2 59.32 119.062 2 88.53 116.973 2 75.68 114.714 2 80.56 

86.59 109.276 3 84.35 113.885 3 86.32 120.25 3 64.91 112.342 3 106.38 110.531 3 76.62 108.305 3 83.24 

85.47 102.303 4 87.47 108.228 4 89.65 113.34 4 67.09 103.716 4 107.97 101.527 4 76.56 101.522 4 82.88 

98.91 97.904 5 90 101.367 5 86.06 106.04 5 76.32 93.689 5 115.68 97.996 5 81.56 97.238 5 94.97 

146.26 90.987 6 90.18 97.036 6 101.71 102.19 6 79.12 88.4 6 153.85 91.297 6 77.94 84.221 6 143.59 

83.71 85.807 7 113.91 90.225 7 146.74 94.903 7 84.91 82.208 7 108.09 85.056 7 92.79 76.709 7 90.44 

94.32 81.518 8 85.03 85.122 8 88.26 89.45 8 90.68 78.702 8 120.15 80.942 8 96.06 61.391 8 118.62 

120.29 76.877 9 94.32 80.308 9 97 84.936 9 86.76 73.189 9 132.74 77.576 9 104.65 56.319 9 87.59 

91.06 71.446 10 105.94 76.319 10 126.53 80.055 10 81.32 67.569 10 117.35 71.763 10 110.74 49.485 10 122.59 

79.15 68.876 11 88.18 71.481 11 94.09 74.899 11 96.56 61.93 11 109.15 66.857 11 104.12 46.721 11 143.56 

72.82 64.955 12 98.35 65.982 12 84.35 70.595 12 106.15 57.592 12 134.82 61.411 12 91.44 44.111 12 94.21 

126.79 60.81 13 105.76 60.464 13 83.09 66.539 13 107.97 50.168 13 153.12 56.809 13 99.79 39.038 13 156.35 

146.91 56.102 14 114.41 55.812 14 126.79 63.181 14 103.5 47.337 14 160.26 50.011 14 74.09 37.66 14 131.29 

98.06 53.689 15 120 48.96 15 149.03 58.243 15 91.32 44.341 15 148.44 47.257 15 113.85 31.695 15 107.26 

158.29 49.171 16 107.09 46.191 16 100.59 55.304 16 111.41 39.477 16 128.88 44.026 16 93.71 27.849 16s 136.09 

135.76 46.712 17 100.44 43.578 17 160.41 50.982 17 119.53 32.684 17 136.76 39.59 17 92.65 26.293 17 66.74 
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Table (19) continued: 
 

 
Lane 

2 
  

Lane 
3 

  
Lane 

4 
  

Lane 
5 

  
Lane 

6 
  

Lane 
7 

MW 
(kd) 

Band Peak 
MW 
(kd) 

Band Peak 
MW 
(kd) 

Band Peak 
MW 
(kd) 

Band Peak 
MW 
(kd) 

Band Peak 
MW 
(kd) 

Band Peak

43.412 18 103.79 38.788 18 137.44 48.41 18 85.18 27.858 18 104.24 36.883 18 91.41 24.47 18 204.79

38.61 19 119.35 32.336 19 114.41 44.958 19 91.85 26.477 19 196.97 32.241 19 106.62 20.01 19 62.85

31.681 20 118.18 28.992 20 142.82 39.939 20 98.41 24.267 20 118.03 27.983 20 89.76 17.331 20 96.65

29.014 21 97 26.957 21 75.85 37.367 21 80.59 21.921 21 120.71 26.63 21 105.18 14.691 21 98.56

27.163 22 96.32 24.524 22 211.56 32.467 22 94.53 19.801 22 124.24 24.635 22 79.91 12.909 22 104.79

25.617 23 78.68 21.67 23 70.38 29.93 23 78.62 17.249 23 103.79 22.31 23 99.18 11.757 23 74.24

23.633 24 98.15 19.429 24 106.76 28.002 24 95.29 14.702 24 141.76 20.204 24 83.91 10.709 24 116.47

21.174 25 97.71 16.92 25 108.53 26.393 25 71.26 12.9 25 117.03 17.413 25 100.91 9.614 25 94.38

19.391 26 102.68 14.417 26 115.62 24.331 26 79.32 11.738 26 133.94 15.007    26 124

16.748 27 75.19 12.555 27 84.03 21.775 27 76.03 10.837 27 98.91 13.211    27 80.5

14.151 28 93.94 11.505 28 126.21 19.779 28 96.62 9.509 28 119.74 11.796    28 113.

12.403 29 76.58 10.466 29 101.09 17.059    29 142.82 9.743    29 81.47

11.442 30 98.21 9.384 30 128.68 14.39          30 124.03

10.403    31 85.82 12.689            

9.185    32 116.91 11.612            

    33 88.38 10.547            

    34 125.26 9.37            
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Table (19): Molcular weight results of SDS- PAGE from ultrascan analysis of 6 species (1,3,5,7,9,11) as a control 
samples and  (2,4,6,8,10 and 12) as treated samples, lanc 13 refers as protein standard. 

Lane 13 
Band  Peak MW(kd) 
1        49.94     116 
2        251.09    97 
3        65.62      66 
4        157.26    45 
5        142.47    29 
6        112.29    24 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lane 
8 

  
Lane 

9 
  

Lane 
10 

  
Lane 

11 
  

Lane 
12 

  

Band Peak 
MW 
(kd) 

Band Peak 
MW 
(kd) 

Band Peak 
MW 
(kd) 

Band Peak 
MW 
(kd) 

Band Peak 
MW 

(kd) 

1 59.82 130.995 1 75.79 126.914 1 49.91 124.198 1 83.74 124.3 1 48.91 124.277 

2 74.76 124.554 2 77.53 121.57 2 61.94 109.3 2 79.79 117.506 2 64.71 109.534 

3 85.06 108.622 3 97.09 110.751 3 67.94 97.565 3 98.74 109.532 3 65 100.69 

4 88.47 101.803 4 90.32 103.83 4 90.74 90.88 4 101.41 100.675 4 70.88 97.22 

5 87.65 97.497 5 109.5 99.458 5 77.71 84.652 5 109.88 97.2 5 69.5 90 

6 112.21 90.72 6 138.38 93.242 6 82.74 81.123 6 150.32 90.604 6 75.59 83.316 

7 90.85 80.844 7 96.94 86.171 7 88.94 77.19 7 102.88 83.865 7 82.21 79.881 

8 102.18 76.869 8 106.88 82.542 8 86.12 71.901 8 115.94 80.403 8 80.76 76.053 

9 94 65.555 9 132.47 79.067 9 81.06 66.974 9 128.15 77.083 9 70.65 71.903 

10 102.06 61.044 10 112 74.125 10 97.26 61.505 10 114.47 71.35 10 65.82 67.031 

11 112.68 56.394 11 100.29 69.993 11 106.03 56.885 11 103.94 66.043 11 83.5 60.761 

12 120.97 49.536 12 94.03 66.091 12 109.79 50.062 12 132.15 61.13 12 92.5 56.284 

13 106.12 46.762 13 128.26 62.407 13 104.97 47.298 13 151.76 56.583 13 95.56 50.276 

14 99.38 43.826 14 151.38 58.089 14 92 44.371 14 158.03 49.861 14 94.79 47.2 

15 100.85 39.055 15 117.71 54.851 15 109.88 39.607 15 146.53 47.135 15 89.44 44.002 

16 111.74 32.855 16 159 51.056 16 131.65 32.468 16 129.65 43.937 16 96.5 39.866 

17 115.5 29.49 17 149.74 48.21 17 73.56 30.243 17 136.82 39.542 17 117.32 31.866 
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Table (19) continued: 

 
18 97.88 27.44 18 129.53 45.197 18 84.24 28.17 18 105.91 36.858 18 89.76 28.283 

19 98.15 24.987 19 91.65 43.294 19 90.09 26.805 19 210.06 32.252 19 95.82 27.117 

20 80.12 21.949 20 140.56 40.01 20 96.12 24.442 20 125.76 28.024 20 88 24.928 

21 98.41 19.701 21 88.29 37.78 21 78.53 22.287 21 127.26 26.867 21 78.85 22.755 

22 98.21 17.305 22 211.18 32.968 22 94.5 20.036 22 129.91 24.868 22 94.09 20.339 

23 102.18 14.663 23 112.53 28.36 23 78.41 17.508 23 104.76 22.538 23 93.38 15.043 

24 76.41 12.787 24 117.21 26.779 24 95.03 15.083 24 144.18 20.284 24 92.29 11.85 

25 95.85 11.813 25 118.62 24.748 25 78.97 12.104 25 118.41 17.501 25 98.24 9.806 

26 77.79 10.757 26 95 22.224 26 95.38 9.852 26 138.09 15.1    

27 99.59 9.586 27 136 20.392    27 100.15 13.213    

   28 112 17.668    28 125.26 11.891    

   29 138.56 14.982    29 91.68 11.084    

   30 95 13.263    30 149.44 9.836    

   31 120.09 12.169          

   32 97.35 11.086          

   33 125 9.814          

               

 
 
4. Conclusion  

1- Six different species of bacteria were isolated  
from burn-wound patients in Ain Shams 
University Hospital , namely Aeromonas 
schubertii, Haemophilius 
paraphrohaemlyticus, Micrococcus luteus, 
Cellulosimicrobium cellulans, Listonella 
anguillarum and Acinetobacter baumannii  

2- Four types of honey (Citurs, Clover, Nigella 
and Eljabaly). Comparative study between the 
above types of honey and the known groups of 
18 antibiotics to evaluate the importance of 

using honey in burn-wound treatment on the 6 
isolated species of bacteria. 

3- It was found that Eljabaly honey has strong 
inhibitory effect in comparison to other 
mentioned types. Concentration of 25% of 
Eljabaly showed inhibition of 4 types of 
isolated bacteria, whereas 30% was potent 
enough to destroy the 6 isolated bacteria. 

4- The antibacterial activity of honey was 
attributed to its high osmolarity and 
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hypertonic sugar concentration and low PH 
values.  

5- Total lipids of bacterial species were sharply 
decreased. Amino and fatty acids, total 
proteins patterns were significantly changed. 
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Abstract: Biological control is considered as new efficient method that becomes widely used for controlling plant 
parasitic nematodes, as aim to decrease the extent of environment degradation and the effect of the excessive toxic 
nematicides.  So, this study was done to investigate the role of some bacterial genera as biocontrol agent against 
Meloidogyne incognita. The results of in vitro and in vivo experiments indicated that, all tested bacteria have a 
greatly significant effectiveness for suppressing M. incognita. In vitro results showed that all biovars of Bacillus 
thuringiensis and Pseudomonas fluorescens besides, Rhizobium leguminosarum can achieve M. incognita juveniles 
mortality to 100% at 72 hrs. Mixtures of bacteria genera varied in their effects, with regard to the presence of genus 
Rhizobium in the bacterial mixture give it an obvious lethal efficacy against M. incognita juveniles. In vivo study 
exhibited that, the most effective bacterium which can restrict and cease M. incognita reproduction was 
Pseudomonas fluorescens RR, followed by Rhizobium leguminosarum. Also, an enhancement in plant growth 
occurs. [Journal of American Science. 2010;6(10):321-328]. (ISSN: 1545-1003). 
 
Key words: Biocontrol agent, bacteria, Meloidogyne incognita, root-knot  nematodes, Bacillus thuringiensis, 
Pseudomonas spp., Rhizobium leguminosarum. 
 
 
1. Introduction 

The continuing world population pressure 
ensures the need to maximize the average yields of 
most major crops. So, increment utilization for the 
nematicides was occurred. Consequently, the 
environmental problems become aggravated which 
induced an importance of urgency to search for 
alternative methods for managing plant parasitic 
nematodes. One of these successful methods is the 
biological control, where bacteria represent an 
important useful group for microbial control that is 
capable for limiting nematode multiplication. 

 Chahal and Chahal (1993) and Zukerman et 
al. (1993) reported that B. thuringiensis suppressed 
population of M. javanica and M. incognita. In 1999 
Ismail and Fadel evaluated three Egyptian-isolates of 
B. thuringiensis, they found positive significant 
correlations between reduction percentage in the 
nematodes populations and bacteria doses. Dhawan et 
al. (2004) evaluated four strains of Bacillus 
thuringiensis, they found that the mobility of M. 
incognita juveniles completely ceased after 24-hr. 
exposure in S and S/10 dilutions. However, all 
dilutions above S/25 were ineffective. Naghesh et al. 
in 2005 confirmed the importance of genus Bacillus. 
Their results indicated that, cell-free culture filtrates 
of B. cereus reduced egg hatching (90%) and caused 

100% mortality of juveniles. These results were in 
harmony with that of Mekete et al. (2009) which 
indicate in vivo experiment the role of Bacillus 
pumilis and Bacillus mycoides in reducing the 
number of galls and eggmasses by 33 and 39%, 
respectively. Also, we can not ignore the importance 
of genus Pseudomonas against phytoparasitic 
nematodes as well as genus Bacillus. Hanna et al. 
(1999) evaluated Pseudomonas fluorescens for the 
control of Meloidogyne incognita on tomato plants. 
They found that the percentage of gall formation and 
root gall index were decreased when the bacteria 
were introduced prior to nematodes. Siddiqui and 
Shaukat, (2002) noted that Pseudomonas fluorescens 
and Pseudomonas aeruginosa reduced M. javanica 
juvenile penetration into tomato plants. In 2004 El-
Hamshary et al. found that Pseudomonas fluorescens 
and Pseudomonas aeruginosa affected M. incognita 
juveniles survival in vitro study, and the mortality 
percentages of the nematode were dependent on the 
bacterial concentration and exposure time. Moreover, 
Siddiqui and Shaukat in 2004 concluded that 
fluorescent pseudomonads induce systemic resistance 
against Meloidogyne javanica via a signal 
transduction pathways which is independent of 
salicylic acid accumulation in roots. About 
Corynebacterium spp. El -Sherif et al. (1994) proved 
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that culture of bacteria. inhibited hatching of 
Meloidogyne incognita and was highly toxic to 
juveniles. Concerning Rhizobium, Sidiqqui et al. in 
2001 noted that, this genus can significantly reduced 
egg hatching and caused mortality of M. javanica in 
vitro. Martina et al. (2002) concluded that the 
oligosaccharides of the core-region of Rhizobium are 
the main trigger of systemic resistance in potato roots 
towards Globodera pallida. In 2006 Siddiqui et al. 
demonstrated that, the using of Rhizobium plus 
Pseudomonas putida caused maximum reduction in 
Meloidogyne javanica galling and multiplication on 
lentil plants.                                                                                                                                                                                                                    

Accordingly, this current study aims to detect 
the role of some bacterial genera which used 
individually and their antagonistic or synergistic 
effect when used as mixtures against Meloidogyne 
incognita juveniles in vitro. In addition to, in vivo 
experiment was done to confirm the suppressive 
lethal effect of certain bacterial genera that were 
chosen from in vitro study to evaluate them as 
biocontrol agents to control M. incognita.  

 
2. Material and Methods  

To assert the nematostatic and nematocide 
effect of some bacterial genera on the pathogenicty of 
Meloidogyne incognita these experiments were 
carried out.  
In vitro study 
Bacterial isolates 

Bacterial isolates used in this study are listed 
in table (1). Bacteria were routinely cultivated in 
Tryptic soy broth. 
   Table (1): Code and source of some bacterial 

isolates. 

 
Identification of isolates 

Different isolates were completely identified by using 
the Biology technique of epidemiology and etiology 
which concerns to the U.S. Naval Medical Research 
Unit   ( NAMRU ) No.3 Cairo Egypt. 
 
Preparation of culture 
Heavy cell suspension of all isolates was prepared at 
rate 1.8 x 108 cells on tryptic soy broth and was kept 
at 4ºC until used in vitro as bioagent against M. 
incognita. 
Effect of bacterial cells and filtrates on M. 
incognita juveniles (J2) mortality 
Two separated experiments were done consequently 
to evaluate the effectiveness of some bacterial 
isolates on M. incognita juveniles (J2) mortality under 
different exposure times (24, 48 and 72 hours). In the 
first experiment twenty bacteria isolates were tested 
through three sets; Bacillus set, Pseudomonas set and 
diversity set besides, control set (media and distilled 
water). Petri dishes were filled with 2 cm3 of 
different tested bacterial cultures. Hundred freshly 
second stage juveniles (J2) of M. incognita, reared in 
the greenhouse on eggplant roots as pure culture, 
were added to each Petri dish by a pipette. Each 
treatment was replicated tripled. All dishes were kept 
in the laboratory at room temperature in completely 
randomized design. Number of dead nematodes was 
account daily for periods; 24, 48 and 72 hours. 
Percentage mortality was calculated as: [mean of 
dead number of juveniles in treatment / total number 
of juveniles in treatment] x 100. At the end of the 
exposure times (72 h), the juveniles were transferred 
to distilled water for 24 hrs, to be ensure that no 
recovery will be occur. The second experiment was 
done by preparing mixtures from the previous 
bacterial isolates to evaluate their antagonism or 
synergism effect on M. incognita juveniles. Two cm3 
from mixed bacterial cultures were poured into Petri 
dishes in addition to control treatments as well as the 
previous experiment.  Using a pipette, hundred 
freshly second stage juveniles (J2) of M. incognita 
were added to each dish. Each treatment was 
replicated three times and arranged in completely 
randomized design under laboratory conditions. The 
results were recorded after 24, 48 and 72 hours as the 
previous manner. 

In vivo experiment 
From in vitro study, eight bacteria isoletes of 

highly suppressive effect against M. incognita were 
chosen for testing under greenhouse conditions 
besides control treatment (untreated infected plants). 
Plastic pots were filled with sterilized mixed soil 
from sand and clay as 2:1 (v/v). Each treatment was 
replicated thrice. Eggplant, Solanum melongena 
cultivar Baladi, seedlings (one month old) was added 
to the center of pots as one seedling for each pot. 

Isolates Source of isolates Code of isolates 

Bacillus thuringiensis   
Bacillus thurengiensis 
Bacillus thurengiensis 
Pseudomonas fluorescens  
Pseudomonas fluorescens 
Pseudomonas fluorescens 
Pseudomonas fluorescens 
Pseudomonas putida 
Pseudomonas aeruginosa 
Rhizobium leguminosarum 
Pseudomonas fluorescens 
Pseudomonas fluorescens 
Pseudomonas fluorescens 
Ochrobactrum anthropi 
Cellulomonas cellulans 
Mycobacterium marinum 
Proteus mirabilis 
Corynebacterium ulcerans 
 
 

Larvae of Lepidoptra 
Larvae of Lepidoptra 
Larvae of Lepidoptra 
Wheat rhizosphere 
Onion rhizosphere 
Radish rhizosphere 
Waste water 
Wheat rhizosphere 
Wheat rhizosphere 
Broad bean roots 
Wheat rhizosphere 
Wheat rhizosphere 
Wheat rhizosphere 
Polluted soil with oil 
Polluted soil with oil 
Red sea water 
Red sea water 
Red sea water 

Biovar 1  
Biovar 2 
Biovar 3 
WR 
OR 
RR 
WW 
P. putida 
P. aeruginosa 
R..leguminosarum 
Biovar I 
Biovar II 
Biovar III 
O.anthropi 
C.cellulans 
M.marinum 
P.mirabilis 
C.ulcerans 
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After ten days from transplanting, 10 cm3 of bacterial 
cultures (cells and filtrates) were added to the soil. 
Forty eight hours later (until bacterial cells reach its 
maximum growth peak) plants were inoculated with 
1000 freshly hatched second stage juveniles (J2) of 
M. incognita. Pots were fertilized with recommended 
dose and kept at 20ºC ± 2ºC in complete randomized 
design. After two months plants were uprooted then 
galls and egg-masses were counted and their indices 
were recorded according to Sharma et al. 1994. Also, 
fresh weight of shoots and roots were registered. Data 
were statistically analyzed according to the procedure 
"Anova" reported by Senedecor and Cochran (1980). 
Treatments means were compared by the Duncan s 
Multiple Range Test at 5% level of probability. 
 
3. Results and Discussion 
The in vitro study 
The effectiveness of certain bacteria isolates 
against M. incognita juveniles 

Data presented in table (2) shows that, the 
suppressive activity of all bacterial isolates in the 
different three sets increase gradually with the 
increment of the exposure periods. All biovars of 
Bacillus thuringiensis exhibited high ability to kill 
second stage juveniles (J2) as 100% after 72 hours. 
However, after 24 hours biovar3 exhibited distinct 
effect, it recorded 90.33% as juveniles morality. 
During the two beginning exposure periods the 
weakly biovar was bv.1 where it registered 70.33 and 
88.67 as mortality percentage. It was clear that the 
nematostatic and nematocide effect of Bacillus 
thuringiensis mixture was highest after 24 and 48 
hours which listed 92% and 94.33% respectively, 
then still constant until 72 hours.  The remaining 
biovars (bv.2 and bv.3) their effect was nearly the 
same after 24 and 48 hrs. and after 72 hrs.  mortality 
percentage reached 100% for all of them. 

As concerning as Pseudomonas set, a great 
variation in the nematostatic and namadicidal effect 
was recorded. Five biovars of Pseudomonas 
fluorescens registered 100% mortality at 72 hrs. The 
most effective biovar was RR at all exposure times. 
A descending arrangement for these lethal biovars 
can be done as follows: RR> WW>WR>OR>bv.II. 
Pseudomonas aeruginosa exhibited some success to 
kill M. incognita juveniles after 72 hrs. (94.33%) 
comparing with Pseudomonas putida that recorded 
(87.33%). It can be notice that Peudomonas 
fluorescens bv.I was less effective (82.00%). It must 
be mentioned that Pseudomonas isolates mixture had 
best nematostatic and mematicidal effect during 24 
and 48 hrs. However, it can not reach 100% juveniles 
mortality after 72 hrs. 

Regarding to the diversity set, the topped 
genus was Rhizobium leguminosarum, where it gave 

distinctive results at all exposure times until reached 
100% mortality after 72 hrs. On the other side, both 
of Corynebacterium ulcerans and Mycobacterium 
marinum were close to each other in their results after 
72 hrs. According to the   results occurred within 
Cellulosmicrobium cellulans and Proteus mirabilis 
they were considered as the less suppressive genera. 
It is important to notice that M. incognita  juveniles 
still alive in the two treatments of control sets (media 
and distilled water).         

According to Lindberg 1981, our Bacillus 
results, may be due to the nematicidal volatile 
products produced by this bacterium and 
characterized to include mainly the 
benzeneacetaldehyde, 2-nonanone, decanal, 2-
undecanone and dimethyl disulphide, which were 
active against M. incognita juveniles. Also, 
fluorescent pseudomonads can produce a large 
number of toxic secondary metabolites such as; 
phenazines, indoles, compounds, phenylpyrroles and 
pterines. 

Reitz et al. (2000) showed that 
lipopolysaccharides, LPS (lipid.A) which  is defined 
as an integral part of the outer membrane of the cell, 
which can extracted from bacterial cultures has an 
antagonistisc agent against nematodes. So, this can 
explain the results obtained in studying the 
Rhizobium effect on M. incognita.     

Moreover, it is known that LPS (lipid A) is an 
endotoxin that release from bacterial cell membrane 
after death (Tortora et al. 2009). Also, a recent 
confirmation was done by Bin et al. 2005, they 
mentioned that culture filtrates of rhizobacterium are 
heat stable and resistant to extreme pH values, which 
suggested that the antibiotic rather than protein might 
be responsible for the nematicidal activity. 
The effectiveness of certain bacteria genera 
mixtures against M. incognita juveniles 
 Data as shown in table (3) exhibited how our 
tested bacteria can synergy or   antagonize each other 
through different mixtures. It is noticeable to 
focusing genus Rhizobium leguminosarum where its 
presence in the mixture makes mortality percentage 
stable as well as the mixture of Rhizobium and 
Corynebacterium or Rhizobium and Mycobacterium 
(table3). Although the mixture of Corynebacterium 
and Mycobacterium give an antagonistic impact on 
juveniles mortality that registered 87% facing to 93% 
& 94.33% for their separately effect (table1).     

While when Rhizobium added to the mixture 
of the previous two genera, a synergistic effect 
appears to record 94% juveniles mortality 
(Mycobacterium+Rhizobium) comparing to 87% 
(Mycobacterium+Corynebacterium). 
    Regarding to Bacillus mixture with other genera, 
its capability to cause juveniles death records nearly 
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(94%) after 72 hours but can reach to 100% as in 
single culture   (table2) except when Rhizobium with 
Mycobacterium were added to the mixture its lethal 

effect can reach to 100% mortality at 72 hrs. as well 
as Pseudomonas mixture with the same two previous 

Table (2): Mortality percentages of Meloidogyne incognita juveniles affected some bacterial isolates at different 
exposure periods. 

Juveniles (J2) mortality percentages after 
different exposure periods 

 
Bacterial treatments 

 24 h 48 h 72 h 

 Bacillus Set 
Bacillus thuringiensis bv.1 70.33 88.67 100 
Bacillus thuringiensis bv. 2 85.33 90.67 100 
Bacillus thuringiensis bv.3 90.33 93.67 100 
Bacillus thuringiensis bvs. mixture 92.00 94.33 94.33 

Pseudomonas Set  
Pseudomonas fluorescens bv. WR   81.33 94.67 100 
Pseudomonas fluorescens bv. OR 74.33 90.67 100 
Pseudomonas fluorescens bv. WW 85.33 90.00 100 
Pseudomonas aeruginosa 47.67 82.67 94.33 
Pseudomonas fluorescens bv.I 44.00 72.00 82.00 
Pseudomonas fluorescens bv.II 72.67 87.33 100 
Pseudomonas putida 72.33 84.33 87.33 
Pseudomonas bv.III 42.33 64.00 92.67 
Pseudomones bv.RR 90.67 96.00 100 
Pseudomonas spp.. mixture 81.67 88.00 94.33 

Diversity Set  
Rhizobium leguminosarum  90.67 94.67 100 
Ochrobactrum anthropi 47.33 73.33 90.00 
Cellulosimicrobium cellulans  42.67 63.00 84.67 
Proteus mirabilis  45.67 52.33 88.33 
Mycobacterium marinum 52.33 73.00 94.33 
Corynebacterium ulcerans  54.67 83.33 93.00 

 Control Set 
 Media  0 0 0 
Distilled water 0 0 0 
genera. It is clear to note that an antagonism was 
occurred with Rhizobium genus in the mixture 
cultures which its effectiveness decreased to 94% 
than its effect in the single culture. However, when 
Bacillus mixture contains Rhizobium with 
Corynebacterium the mortality percentage of this 
mixture decreases to 96.33% after 72 h. respectively. 
While the mixture of Bacillus, Corynebacterium and 
Mycobacterium registered 95% juveniles mortality. 
 As the same trend as Bacillus, the addition 
of Corynebacterium and Mycobacterium to 
Pseudomonas mixture synergized juveniles mortality 
to 96.67%  (table3) compared to 94.33% (table2) 
after 72 hrs. On the other hand, the using of 

Rhizobium in spite of Corynebacterium with 
Mycobacterium, the mortality percentage for this 
previous mixture reaches to 100%. When a 
displacement of Mycobacterium by Corynebacterium 
was done the mortality percentage diminished to 
94.33%. Also, the mixture of Corynebacterium and 
Pseudomonas exhibited an antagonistic effect since 
the percentage death of mortality decreases to 92%. 
Control treatments (either media or distilled water) 
there was no any lethal effect on M. incognita 
juveniles. 
 From these previous results we can detect 
that Rhizobium has antagonistic effect against M. 
incognita juveniles when added to the growth- 
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promoting rhizobacteria (as mixture preparation) 
these results are in harmony with those of Siddiqui et 
al. (2006).   

 The in vivo study 
 To confirm in vitro study, an experiment 
under greenhouse conditions was done. Eight 

bacterial isolates were chosen from the laboratory results, which their efficacy to control M. incognita juveniles 
reach to 100% after 72 hrs. In general, data indicated that all chosen bacterial isolates had suppressive nematicidal 
effect on M. incognita, where galls formation and eggmasses production were significantly greatly affected. 
 The overtopped results gained was with genus Pseudomonas fluorescens ( RR) which recorded 4 galls 
without any eggmasses per plant. The second rank was obtained by genus Rhizobium leguminosarum where it 
formed 4 galls per plant and produced 2 eggmasses only. A similarity in gall formation was noted between Bacillus 
thuringiensis biovar3 and Pseudomonas fluorescens (WW), 6&7 galls/plant, respectively. 
Also, another similarity was recorded between Bacillus thuringiensis biovar2 and Pseudomonas fluorescens OR (8 
galls/plant) and their product of eggmasses were approximately the same; 4 and 3, respectively. The two rested 
genera that exhibited less relatively nematicidal effect were Bacillus thurigiensis biovar1 and Pseudomonas 
fluorescens WR where they gave 20 and 33 galls besides 8 and 4 eggmasses per plant, respectively. On the other 
hand, control treatment (untreated infected plants) registered 110 galls and 65 eggmasses per plant.      

   
Table (3): Mortality pecentages of Meloidogyne incognita juveniles affected by some bacterial genera mixtures 
under different exposure periods.       
    

Juveniles(J2) mortality percentages after different 
exposure periods Bacterial mixtures 

24 h. 48 h. 72 h. 

Mix Ps + Mix B + Co 44.67 81.33 92.67 
Mix B + Co 65.00 85.00 94.33 
Mix B + Rh 67.00 90.00 94.00 
Mix Ps + Co 67.00 90.00 92.00 
Mix Ps + Mix B + Rh  65.00 90.00 92.00 
Mix B + My  59.00 85.67 94.00 
Myco + Rh 72.00 94.00 94.00 
Myco + Co 68.67 80.00 87.67 
Co + Rh  70.00 83.33 94.00 
My + Co + Rh  60.00 85.67 94.00 
Mix B + Rh + Co  82.33 92.33 94.00 
Mix Ps + Rh + Co  88.00 90.00 94.33 
Mix Ps + Rh + My  89.00 95.67 100 
Mix Ps + My + Co  89.00 94.67 96.67 
Mix Ps + Rh + Co 87.67 94.67 94.67 
Mix B + Rh + My  90.00 93.33 100 
Mix B + My + Co  89.67 89.00 95 
Mix B + Co + Rh 90.00 86.67 96.33 
Rh + Co 86.67 88.67 95.00 
Control (media) 0 0 0 
Control (distilled water) 0 0 0 

Ps = Pseudomonas, B = Bacillus, Co = orynobacterium, Rh = Rhizobium, My = Mycobacterium             

 
The high suppressive effect of these chosen bacteria 
against Meloidogyne incognita may be attributed to 
the distinctive properties for these genera. As 

concerning as B. thuringiensis it is known that this 
bacteria produce chitinolytic enzymes, i.e., chitinases 
which is responsible for degrading chitin in cell walls 
of the nematode eggs also in nematode eggmasses, so 
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this nematode name as chitinolytic bacteria 
(Muzzarelli 1977). Chitin is a structural element 
(poly-B (1-4)-N-acetyl-D-Glucosamine) in the 
middle layer of nematode egg shell and in the 
exoskeletons of invertebrates. It is conceivable that 
the chitinases degraded eggshell chitin to be extended 
that juveniles were released prematurely. So, many of 
these juveniles were dead, probably because its 
development had been interrupted and they could not 

survive in the environment outside the egg (Wharton, 
1980). Thus, there must be enough spores present to 
prevent a large proportion of Meloidogyne juveniles 
from invading roots, and to ensure that most of the 
nematodes which penetrate roots become infected, 
and therefore do not reproduce. Also, it is important 
to remember the mentioned effect of the volatile 
nematicidal products of genus Bacillus against 
juveniles and eggs, Huang et al. (2009). 

 
Table (4): Effect of certain bacterial isolates on Meloidogyne incognita indices associated with eggplant roots, 
Solanum melongena L 
               . 

Bacterial treatments 
Galls / 
plant 

 Reduction 
% 

Eggmasses/ 
Plant 

Reduction 
% 

G / E  .I. 

Bacillus bv.1 20 b 81.82 8 a 87.69 4 / 3 
Bacillus bv.2 8 c 92.73 4 b 93.85 3 / 2 
Bacillus bv.3 6 cd 94.55 4 b 93.85 3 / 2 
Pseudomonas 

fluorescens (OR)  
8 c 92.73 3 b 95.38 3 / 2 

Pseudomonas 
fluorescens(WW) 

7 cd 93.64 2 bc 96.92 3 / 2 

Pseudomonas 
fluorescens( WR) 

33 a 70.00 4 b 93.85 6 / 2 

Pseudomonas 
fluorescens( RR) 

2 e 98.18 0 c 100.00 2 / 1 

Rhizobium 
leguminosarum 

4 de 96.36 2 bc 96.92 2 / 2 

LSD 05 3.568  2.235   

Untreated infected 
plant (control) 

110 - 65 - 9 / 7 

Gall index, Eggmass index: 1 = no galls or eggmasses, 2 = 1-5, 3 = 6-10, 4 = 11-20, 5 = 21-30, 6 = 31-50, 7 = 51-70, 
8 = 71-100 and 9 >100 galls or eggmasses / plant. In each column, values followed by the same letter (s) are not 
significantly different (P ≤ 0.05) according to Duncan's multiple range test. 
 
Related to the greatly impact of genus Rhizobium 
against M. incognita, Reitz et al. in 2002 
demonstrated that the oligosaccharide of the core-
region of this genus are the main resistance roots 
towards in potato roots Globodera. Also, Siddiqui et 
al. (2006) reported the effect of Rhizobium to the 
greater colonization and siderophore production. 
Besides, this genus shows high potential in 
suppressing the root-knot nematodes with interfere 
with the host finding processes of the nematodes or 
produces metabolite that are toxic to the nematodes. 
In addition to, induce systemic resistance takes place 
according to this genus. 

Regarding, fluorescent pseudomonads, 
Wescott and Kluepfel (1990) showed that all these 
previous bacterial species inhibited egg hatch 

whereas it can produce exotoxic compounds as a 
result of cellular metabolism, and also can affect 
nematode juveniles. This antagonistic effect against 
M. incognita is due to the permeability changes of 
juvenile cuticle which is characterized by its selective 
permeability and this effect is more pronounced with 
molting inside eggs. 

It is important to not neglect the indirect role 
for the almost of these bacteria genera as inducers for 
plant systemic resistance toward soil pathogens i.e. 
phytonematodes, in addition to their direct function 
that exhibited as competition and antibiosis, 
Buchenauer 1998. 

Concerning plant growth, a significant 
augmentation of both shoot and root fresh weights 
were illustrated in figure1.Three bacterial treatments 
encouraged significantly shoot fresh weight than the 
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un-infected plants, healthy plants, these treatments 
can be ranked in descending order as follows: 
Pseudomonas fluorescens WR> Rhizobium 
leguminosarum> Pseudomonas fluorescens RR. On 
the other hand, Pseudomonas fluorescens WW 
decreased significantly shoot weight than the healthy 
plants, while the shoot weight values of the other 
treatments were insignificant.   

As well as shoot weight, a significant variation 
in root fresh weight occurred.  The best value was 
exhibited by Bacillus thuringiensis bv.3, while 
Rhizobium leguminosarum recorded the minimum 
fresh root weight value.  

We can conclude that microbial residents of 
the rhizosphere represent a potential reservoir of 
biological control agents that can capable of 
challenger nematode multiplication. So, these 
previous tested bacterial genera can be considered as 
potential source for suppressing plant parasitic 
nematodes by drawing them through integrated pest 
magement programs. It is noticeable to note that 

rhizosphere of antagonistic plants may be useful 
sources of potential biological control agents for 
pathogenic nematodes, ( Kloepper et al.,1992). This 
note was confirmed through the suppressive results of 
Pseudomonas fluorescens RR on M. incognita, 
whereas this biovar was isolated from radish 
rhizosphere and it is known that radish is not 
preferable host for M. spp.   
 

Figure (1): Effect of some bacterial isolates on shoot and root fresh weights of eggplant, Solanum melongena L., 
affected by Meloidogyne incognita. 
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Abstract: Mangroves are forest community within the intertidal region of tropical and subtropical areas. This study 
provides the values, functions and attributes of mangrove ecosystem and the importance of the local people in 
biodiversity conservation in the mangrove of Gas and Hara Rivers Delta (GHRD) in the Iranian coastline of Oman 
Sea. This study indicated that mangroves of GHRD are greatly influenced by the coastal environment and fulfil 
important socio-economic and environmental functions, therefore, it is considered that the protection of this site 
from threats must be enfaced. This study also provides the state of key guidelines for protecting biodiversity of 
mangroves by the local people. Over-use, lack of identity of mangrove resource and lack of tools for mangrove 
economic evaluation are the main destruction factors of the mangrove in this region. This study suggested that the 
end goal is to involve communities in direct management of resources. Furthermore, this study highlighted the role 
of awareness-raising in local communities in GHRD biodiversity conservation. There should be a willingness to 
move from old ideas on the use of this natural resource by villager and other people, which are largely dependent on 
this ecosystem. Awareness-raising campaigns must be developed for local communities using local languages, 
religious leaders and cultural events. [Journal of American Science. 2010;6(10):329-338]. (ISSN: 1545-1003).  

 
Keywords: Mangrove, Conservation, Locale people, Gaz and Hara Rivers Delta, Iran  

 
Introduction 

The mangroves usually occur in the intertidal 
zone (Naidoo, 2009) within tropical and subtropical 
coastal rivers, estuaries and bays of the world (Zhou et 
al., 2010) where they may receive organic materials 
from estuarine or oceanic ecosystems (Ellison & 
Farnsworth, 2000). Mangroves have been defined by 
Hamilton and Snedaker (1984) as salt tolerant 
ecosystems of the intertidal regions along coastlines. 
Mangroves generally grow in loose, wet soils, 
saltwater and are periodically submerged by tidal 
flows along sheltered coastal, estuarine and riverine 

areas in tropical and subtropical latitudes (Kasawani et 
al., 2007).  

In order to fulfil important socio-economic and 
environmental functions, the issues concerning 
mangrove forest functions and their biodiversity have 
become the main topics in conservation biology and 
biological diversity all over the world (Badola & 
Hussain, 2005; Clough, 1993; Hogarth, 1999; 
Jennerjohn & Ittekkot, 2002; Radhika, 2006; Simard 
et al., 2006). 

Mangrove forests were first recorded in the 
Persian Gulf and Oman Sea by Eratosthenes (194 to 
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276 BC), a geographer from Alexandria (Safiari, 
2002). Nowadays,  mangroves are found along the 
Iranian coasts of the Persian Gulf and Oman Sea, as 
well as around Manama (Bahrain), Doha (Qatar), 
Saudi Arabia and the United Arab Emirates 
(Danehkar, 1996). 

Iran has the highest acreage of natural 
mangrove forest and its area ranks 43rd in the world 
and 10th in Asia (FAO, 2007). Mangrove forests on 
the southern coast of Iran, are given the common title 
“The Hara forests”, and they cover several locations 
between the 25˚11' and 27˚52' parallels (Safiari, 
2002). Mangrove growth in Iran consists of only two 
species of trees called 'Harra' (Avicennia marina) and 
'Chandal' ( Rhizophora mucronata), with Avicennia 
marina scrub being the most prolific, contributing 
over 90% of the Oman Sea and Persian Gulf’s 
mangrove habitats. Chandal growth is limited and is 
usually only found in creeks of the Syric region 
(included GHRD). Other locations, however, are 
dominated by Avicennia marina, known locally as the 
"hara" or "harra" tree.  

In Hormozgan, mangrove forests occur 
naturally in thirteen locations including Tiyâb, Syrik, 
Jâsk, Qešhm Island and Bandare Khamir. Estimates 
for total mangrove forest area in Hormozgan Province 
was about 11704.6 ha (Danehkar, 2006; Safa, 2006) . 
In this area mangroves are interspersed with intertidal 
mud and sand flats and fragmented by coastal 
developments (per obs.). Using 2004 satellite data, 
with resolution 5.8 meters, the following estimates 
were made of mangrove forest areas: in parts of 
Khamir-Qeshm including Pol vegetative areas (92 ha), 
Mardoo (382.2  ha), Khamir(1502.8 ha ), Sayeh 
Khosh (121.6 ha.) and Qeshm (6484.7 ha), in part of 
Kolaghan-Kolahi, including Kolaghan (761.7 ha), 
Tiyab (616.7 ha) and Kolahi (135 ha), in part of Sirik 
(773 ha) and in part of Jask,  Jask (59 ha), Khouryat-e-
Jacek (555 ha), Sourgalm (5.2 ha) and Jagin- Gabrik 
(215.7 ha), which mainly, all mangrove habitats are 
known as Ramsar International Wetland sites and are 
in the list of Iranian protected areas or are given as a 
MAB convention list. 

Mangrove forests are a unique (Wilson, 2006), 
and one of the most productive ecosystems of the 
world (Qamar, 2009). Furthermore, they provide 
shelter and feeding sites in coastal environments (Kon 
et al., 2010). Mangroves are one of the most bio-
diverse wetlands on earth due to their rich nutrient 
content (Ahmed, 2008; Jusoff, 2008). Mangroves also 
provide a physical habitat and nursery grounds for a 
wide variety of marine animals such as birds, reptiles, 
fish and mammals (Nagelkerken et al., 2008; Wilson, 
2006). In addition, the branches and leaves of 
mangrove plants are important forage for nourishment 
of domestic animals such as camel and cow in Iran. 

Materials such as Saponin, Flavonoid and Tannins 
which have remedial effects, are obtained from 
mangrove leaves and branches by rural people of 
GHRD area (Rezaii, 1993). Mangrove wood is used in 
construction of buildings, as firewood and in the 
manufacture of charcoal and applied in local wooden 
industries for construction (Zahed et al., 2010).  

There has been relatively little research on 
processes that occur by rural people for conservation 
of mangrove in the Hormozgan province, especially in 
the international wetland of GHRD. The present study 
collected local records on several uses of mangrove 
forests in this area. This manuscript can be used as 
guideline for managers and agencies who plan an 
effective management for sustainable development on 
Persian Gulf mangroves in the future.  

 
Material and Methods 
Study area 

Gaz and Hara River’s Delta (GHRD), with 
15000 ha area, is located in the coast of Oman Sea, 
Hormozgan province, south of Iran, within 26˚30΄–
26˚50΄N and 57˚00΄–57˚40΄E. This international 
wetland is a large area of intertidal mudflats and 
mangrove swamps at the mouths of two rivers on the 
eastern shore of the Straits of Hormoz, at the entrance 
to the Persian Gulf. The entire wetland has been 
designated a Ramsar site in 1975 and has been 
identified as an Important Bird Area by Birdlife 
International. The minimum, maximum and annual 
mean temperatures are 3.5˚C, 49.6˚C and 26.5˚C over 
a 30 year period (1975-2005) at the Minab 
meteorological station, respectively. The mean annual 
rainfall is about 40.6 mm that mainly occurs in the 
winter. The lowest mean monthly rainfall (0 mm) 
occurred over 6 months, between April and October. 
Highest monthly rainfall (19.6 mm.) occurred in 
January. The mean annual relative humidity is 77.9%. 
The patch of mangrove forest, at the mouth of the 
rivers, is probably the finest stand of Rhizophora, in 
terms of tree size and density. The area is remote and 
very sparsely populated with only a few tiny fishing 
villages nearby.  
 
Methods  

This study was part of the work in Hormozgan 
province mangrove forest for conservation of 
waterbirds. The totally direct observation method was 
carried out from 22 September 2008 to 21 September 
2009, to finding mangrove values and the role of local 
communities in the conservation of mangrove forests. 
The peoples of twelve villages including Kargushki, 
Berizak, Posht Band, Nakhl-e Karamdad, Bazreh, 
Sureqi, Karatan, Gonari, Mehregi, Bazgar, Sul Jamak, 
and Karandahu, which are located in the border land 
of GHRD mangrove wetland, were studied by 
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interviewing the villagers randomly. The quality of 
goods, direct and non-direct uses of mangroves and 
their threats were estimated using interview and field 
observation.  
 
Result and Discussion 
1- Effects of GHRD mangroves in the rural 
communities  

A wide range of services have been provided to 
coastal communities by mangrove ecosystems. The 
value of the sum of compatible uses of the above 
goods and services forms the ‘Total Economic Value’ 
(TEV) of mangrove forests. Thus, the facts are that 
many people of villages in the GHRD area depend 
upon mangroves for their subsistence. However, only 
few people recognize the importance of mangrove and 
the benefits it provides in terms of products and 
services. On the other hands, there is no clearcut 
picture relating to economical valuable services of 
mangrove in the GHRD. Based on the different kinds 
of uses, TEV of GHRD mangroves can be classified 
into use and non-use values (UV and NUV 

respectively) categories. As shown in Figure 2, the 
UV argument, which is worth protecting regardless of 
its value to humans, can be subdivided into direct and 
indirect uses. While NUV, which reflects the value of 
an ecosystem to humans and irrespective of whether it 
is used or not, can be separated into existence and 
bequest values (EV & BV respectively).  

Each of these values has associated economic 
benefits, yet they remain undervalued in GHRD 
mangrove forest. There are a lot of studies that 
provide the values, functions and attributes of 
mangrove ecosystems and significant importance in 
the mangrove associated communities (Bann, 1997; 
Batagoda, 2003; Emerton, 1994; Gunawardena  & 
Rowan, 2005; Sathirathai, l998); however 
environmental characteristics vary greatly from area to 
area and change over time. It can be given an estimate 
of the TEV in the GHRD, and importance of this area 
for people communities to change old perceptions of 
this natural resource and a readiness to accept the new 
and different requirements offered by mangrove 
resources.

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Subdivision of the total economic value of mangrove forests 
 

 
 
 
 
 
 

Functional benefits enjoyed 
indirectly 

• Biological support to life 
organisms  

• Physical protection to other 
coastal ecosystems such as 
coral reefs, coastlines 

• Global life support in terms 
of carbon storage  

 

Existence (EV) and Bequest (BV) v. 

Functional that value either the 
future benefits 

• Endangered and charismatic 
species  

• Threatened mangrove habitats 
• Aesthetic assess of mangroves  
• ‘why of life’ linked to traditional 

use 
 

Total Economic Values (TEV) 

Use Values (UV) Non-use Values (UV) 

Direct use v. (UV) Direct use v. (UV) 

Outputs/Services that can be 
consumed directly 

• Extractive 
(Fisheries, mariculture, aquatic 
trade, and pharmaceutical)  
• Non-extractive 
(Tourism/recreation, 
research/education, aesthetic) 
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Table 1. Various estimates for values of mangroves 

 
Country Item of value Cost 

(US$/ha/year) 
Reference 

Kenya 
(Arabuko Sokoke Forest) 

wild meat, Fuel-wood 21183.51 (Emerton, 1994) 

Cambodia 
(Koh Kong Province) 

local level uses & indirect 
values 

500‐1600 

(Bann, 1997) 

Traditional use 

230‐1200 

(Sathirathai, l998) 

Coastline protection, 
Stabilization services  

3000 (Sathirathai, l998) 

Thailand 

Carbon sequestration 100 (Sathirathai, l998) 
Kenya 
(Arabuko Sokoke Forest) 

Tourism, butterfly farming 31862.72 (Muriithi & Kenyon, 2002) 

Sri Lanka  Storm protection 8000 (Batagoda, 2003) 
Sri Lanka(Rekawa) Coastal protection  1000 (Gunawardena  & Rowan, 

2005) 
 

 
The rural communities’ subsistence in GHRD 

depends on mangroves. The common uses of 
mangrove resources in this area include fuel-wood, 
aquatic products for food, shellfish and fish species, 
boat and building industry, medicinal herbs, and using 
mangrove leaves and branches as fodder for domestic 
animals.  

The most important ecological usages of 
mangrove in the GHRD region are:  

• Filtering system for run-off from the guts by 
root systems, 

• The coastline protection from soil erosion by 
acting as wave breaks and mechanical 
structure seaward side against torrential 
storms, 

• Control of pollution, naturally by filtering out 
industrial and human waste, 

• Providing food, nesting and nursery areas for 
organisms, and  

• To improves the water quality by trap debris, 
sediments, excess nutrients and toxicants 
through their natural filtering processes. 

However, the function values of mangroves, 
generally, are directly related to the physical, chemical 

and biological integrity of mangrove wetland. 
Location is also key to these functions, as is the 
surrounding landscape, sub-surface geology, 
hydrology, and the types of living organisms present 
in the mangrove. Combining the various sources of 
data in Table 1 allows a comprehensive picture to be 
drawn of the total economic benefit of the mangrove 
forest in GHRD. However, much of the subsistence 
use of GHRD mangrove forest by local communities 
is considered illegal. Moreover, Table 2 gives total 
economic values of mangroves in the GHRD 
international wetland. 

It is very difficult to estimate TEV in GHRD. 
Combining the sources of direct observation and 
secondary data in the other sites, the total economic 
values (TEV) which accrue to local populations might 
be estimated 10000- 20000 US$/ha/year. The 
economic valuation of natural resources presents a 
major challenge, for instance, currently no entry fee is 
charged to visitors of the forest and, however, a 
significant increase in income could come from 
making some charge. 
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 Table 2. Total economic values (TEV) of GHRD mangrove forest  

Types of economic values  The GHRD mangrove uses 
Direct Indirect Non use 

Components    
Forest Resources XX   
Wildlife Resources XXX   
Fisheries XXX   
Forage Resources XX   

Water Supply X   
Functions/Services    

Groundwater discharge  XX  
Flood and flow control  XXX  
Shoreline stabilization  XX  
Sediment retention  XXX  
Nutrient retention  XX  
Water quality maintenance  XXX  
Storm protection/wave breaker  XXX  
External support  XX  
Micro-climatic stabilization  XXX  
Recreation/tourism XXX   

Diversity/Attributes    
Biological Diversity   XXX 
Uniqueness to culture/heritage   XX 

x = Low; xx = Medium; xxx = High 
 
2- Sources of threats in the GHRD mangrove forest 

Mangroves are highly critical and fragile 
ecosystems (Maguire et al., 2000). It is for this reason 
that mangroves should be protected and conserved 
(Farnsworth & Ellison, 1997). However, mangrove 
ecosystems across the world continue to be used 
extensively for variety of purposes (Walters et al., 
2008). Despite their importance, mangrove forests 
face increasing pressure and over the last century they 
have been cleared at an alarming rate to create space 
for settlements, agriculture and aquaculture. Even 
today they are still used for fuel and construction 
(Walton et al., 2007). So, in the 21st century they are 
still one of the most threatened habitats in the world.  

A number of case studies point to mangrove 
losses over time, but information on the status of and 
trends in the extent of global mangrove areas is scarce 
(FAO, 2007). More recently, increasing human 
population and the desire for rapid economic growth 
has led to over exploitation. More than 35% of the 
world’s mangroves already disappeared, with 
estimates as high as 50% in countries such as India, 
the Philippines and Vietnam (FAO, 2004). The 
globally threats to mangrove forests and their habitats 
include clearing, overharvesting, river changes, 
overfishing, destruction of coral reefs, pollution, 
climate change and degradation of mangroves (Benton 
& Twitchett, 2003; Dahdouh-Guebas et al., 2005; 
Manson et al., 2003; Pezeshki et al., 2000; Zhang et 
al., 2007).  

Broadly, the mangrove wetland industry refers 
to “those specialized and distinct business activities 
that derive quantitative and qualitative economic and 
social benefits and services generated from directly 
linked and spin-off activities stimulated by and from 
wetlands.” Measures of the economic value of GHRD 
mangrove forest at the national level are few, 
especially in the case of Iranian mangrove wetlands. 
Clearly, any activities surrounding mangrove in 
GHRD are business with many people dependent on 
them for their livelihood and many species equally so 
for their survival. Also to be recognized are the 
important roles and benefits of mangrove wetlands in 
(a) Products and Manufacturing; (b) Supplies and 
Distribution; (c) Services; and (d) Knowledge. For all 
these reasons, there is an urgent need to develop and 
implement a comprehensive action plan to protect 
mangroves and to manage them sustainably.  

Generally speaking, there is a lack of basic 
information about Iranian mangroves, especially in 
GHRD. However, during the main study, a total of 
16687 waterbird individuals, belonging to 54 species 
and 14 families and 5 orders, were recorded at GHRD, 
and it shows that GHRD mangrove forest Hara 
protected mangrove forest area could be one of the 
`megadiversity’ places not only in Iran but also in the 
Middle East. More research is needed to determine 
biodiversity and then to utilize the new knowledge. 
The challenges and key issues discussed below are 
those viewed as the key obstacles in achieving 
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sustainable management of GHRD mangroves and 
associated resources. The main factors which drive the 
key issues below are increasing human population 
density in the coastal zones, and strongly linked to this 
are poverty, rapid "development”, local communities 
pressure and lack of good governance. There appears 
to be a lack of awareness of the importance of 
mangrove in these areas as well as a failure to see the 
connection between various goods and services 
provided and the resource itself. This situation is made 
worse by a lack of ecological data, and the absence of 
monitoring programs. 

The following challenges to biodiversity 
conservation in the GHRD mangrove forests are:  

Over-use: The main issue here relates to 
overuse of mangrove, mainly by local populations. It 
covers timber and non-timber products, fisheries and 
wildlife utilization. The main reasons are human 
population pressure and an eagerness for 
development. The most noticeable impact of human 
influence is ecosystem degradation while change to 
the mangrove forest environment is so profound that 
subsequent efforts at natural re-establishment are 
prevented or become very difficult and costly. 
Therefore, it can be seen that drainage, pollution, 
overharvesting with consequent habitat destruction 
together globally threats such as climate change and 
natural events such as cyclones have led to a 
widespread loss of GHRD mangroves and still 
continues. The pressure of a growing human 
population and habitat degradation are also 
contributing to a decline. Estimates suggest about 5 
percent of GHRD mangroves has been lost over the 
last 5 years and it should be noted that an average rate 
of 1% mangroves lost per year (Field obs.). There is a 
real prospect of GHRD without mangroves.  

Lack of identity of mangrove resource: There 
has been a slow recognition that wetlands make a 
significant contribution. This suggests the need for 
greater effort to characterize and quantify their 
ecology, economic impacts and social benefits. As a 
component of the landscape, mangroves have been 
difficult to differentiate from other landscape units. 
The scientific community has now arrived at a 
consensus that mangroves are distinctive and unique 
landscape units, which need to be managed differently 
from other resources.  

Lack of tools for mangrove economic 
evaluation: There are no forest conservation program 
for characterizing the biodiversity of mangrove 
resource and do not perform it synchronous with 
police control and preservation from these forests in 
order to prevention of encroaches on and destruction 
of these natural sources by villager and other people. 
An urgent need exists, however, to develop tools 
which would enable an assessment of the value and 

economic impact of mangroves in GHRD. Available 
synchronous techniques with villagers must be 
explored and tested or modified to meet the various 
uses of this natural resource. New techniques may also 
need to be developed.  

 
3- Guidance for the conservation of GHRD 
mangrove resources 

The ecological carrying capacity should never 
be exceeded and resource sustainability should be 
given high priority (FAO, 1994), and the need for the 
conservation of biological diversity should be 
recognized (FAO, 2007). Thus, irrespective of 
economic values, the occurrence of more than 16500 
waders and seabirds, including the globally threatened 
species such as Dalmatian Pelican, Black-tailed 
Godwit, and Eurasian Curlew strongly suggests the 
protection and conservation benefits of GHRD.  

As described few rural people (and others) 
know the importance and benefits of mangrove 
wetlands in the region of GHRD. The primary goals of 
conservation and protection of mangrove forests are to 
increase public awareness. Above all an open-minded 
approach which accepts the new challenges and 
economic opportunities of mangrove wetland 
resources is needed. People and Mangrove ecosystems 
are interwoven to each other. Local communities in 
the GHRD have a long and well-established history in 
the mangrove business; however, some may see the 
very idea of utilizing mangroves as strange or 
unnecessary. There needs to be a willingness for 
villager and other people, where they are largely 
dependent on this habitat for all services, to move on 
from old ideas on the use of this natural resource. 
Thus, involvement of local communities in sustainable 
managing and protecting their coastal resource base is 
the best way to conservation and essential more than 
needs.  

The economic, social, and environmental value 
of mangrove must be assess over short- to long-term 
scales and use these assessments for awareness rising 
at local communities as well as. All of them must 
remember impact and key guidelines for protecting 
mangroves, such as: Reclamation and dredging, 
Waterfront development, Flood mitigation and 
Mangrove restoration. 

Awareness-raising campaigns must be 
developed for user communities using local 
languages, religious leaders and cultural events. Based 
on our field observation, there is an obvious 
correlation between the effectiveness of management 
and the level of education among local communities. 
In general there must be a readiness to accept the 
range of new and different requirements so that full 
advantage can be taken of the opportunities now 
offered by mangrove resources.  
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Overall guidance for the conservation and 
sustainable use of mangrove resources, and 
mechanisms to ensure protection for mangrove 
associated biodiversity can only be assured with the 
provision of new local, national and international legal 
frameworks. The communities around GHRD may 
also work jointly with government and NGOs. 
Environmental NGOs have long recognized that the 
public can be a powerful ally, and a formidable foe 
(Dahdouh Guebas, 2004), for governments and 
politicians. Twelve active NGOs were recognized in 
Hormozgan province, that they have to show the 
environmental friendly usage of mangroves to rural 
communities. The end goal is to involve communities 

in direct management of biodiversity in mangrove 
resources.  
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Appendix: Abundance of waterbirds recorded at GHRD in four seasons, 2008-2009  

Number of Observation During Seasons Species Scientific  Name Breeding Wintering Passage, 
Migrant, 
Vagrant 

Global 
Status Fall Winter Spring Summer 

Great Crested 
Grebe  

Podiceps cristatus R W   0 1 0 0 

Black-necked Grebe Podiceps 
nigricollis 

r W   0 3 0 0 

Dalmatian Pelican Pelecanus crispus   r W  CD,VU 351 612 61 0 
White pelican Pelecanus 

onocrotalus 
S W P  0 3 0 0 

Great Cormorant Phalacrocorax 
carbo  

r W P  386 771 59 93 

Greater Flamingo Phoenicopterus( 
ruber) roseus   

R W   106 170 32 14 

Grey Heron Ardea cinerea   r W P  70 121 36 26 
Purple Heron Ardea purpurea   S w P  0 0 2 0 
Great White Egret Cosmerodius albus   R W P  9 135 44 25 
Western Reef 
Heron 

Egretta gularis   R    49 86 183 98 

Little Egret Egretta garzetta S w P  0 3 0 0 
Indian Pond Heron Ardeola grayii  R    7 12 8 0 
Spoonbill Platalea 

leucorodia   
S W P  18 30 18 0 

Shelduck Tadorna tadorna R W   0 8 0 0 
Crab Plover Dromas ardeola   RS    0 0 6 0 
Eurasian 
Oystercatcher 

Haematopus 
ostralegus   

s W P  63 137 29 4 

Black-winged Stilt Himantopus 
himantopus 

RS W P  0 0 2 0 

Great Stone Plover Burhinus 
recurvirostris 

r    24 57 0 0 

Red-wattled Plover Vanellus indicus  R    0 0 2 0 
Grey Plover Pluvialis 

squatarola   
 W P  123 211 17 0 

Ringed Plover Charadrius 
hiaticula   

 W P  0 1 0 0 

Kentish Plover Charadrius 
alexandrinus   

RS W P  99 202 0 0 

Mongolian Plover Charadrius  W P  50 594 150 31 
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mongolus   
Greater Sand 
Plover 

Charadrius 
leschenaultii   

s W P  72 250 27 2 

Black-tailed Godwit Limosa limosa  W P NT 1 3 0 0 
Bar-tailed Godwit Limosa lapponica    W P  1 81 0 0 
Whimbrel Numenius 

phaeopus   
 w P  149 249 0 0 

Eurasian Curlew Numenius arquata    W P NT 1263 2284 98 44 
Redshank Tringa totanus   RS W P  306 582 35 39 
Marsh Sandpiper Tringa stagnatilis    w P  0 1 0 0 
Greenshank Tringa nebularia    W P  90 113 0 0 
Terek Sandpiper Tringa cinerea    W P  348 717 0 0 
Common Sandpiper Actitis hypoleucos   s w P  59 51 0 0 
Ruddy Turnstone Arenaria interpres    W P  15 24 0 0 
Sanderling Calidris alba    W P  21 159 0 0 
Little Stint Calidris minuta    W P  26 39 8 0 
Dunlin Calidris alpina    W P  102 440 16 0 
Curlew Sandpiper Calidris ferruginea   W P  0 3 0 0 
Broad-billed 
Sandpiper 

Limicola 
falcinellus 

 W P  1 17 0 0 

Sandpiper spp. -     43 68 4 0 
Common Gull Larus canus     W   0 3 0 0 
Caspian Gull Larus cachinnans   W P  409 390 18 0 
Heuglini Gull Larus heuglini   W P  73 132 26 0 
Great Black-headed 
Gull 

Larus ichthyaetus    W P  191 332 166 66 

Black-headed Gull Larus ridibundus  s W P  21 33 79 0 
Slender-billed Gull Larus genei   RS W P  51 98 341 81 
Gulls spp. -     0 55 66 0 
Gull-billed Tern Gelochelidon 

nilotica   
RS W P  30 70 0 0 

Caspian Tern Sterna caspia   rs w P  12 14 0 0 
Saunders’ Little 
Tern 

Sterna saundersi   S w   30 49 0 0 

Great Crested Tern Sterna bergii   RS    0 2 0 0 
Common Tern Sterna hirundo  S  P  56 0 95 0 
Lesser Crested Tern Sterna bengalensis   RS    0 7 26 5 
Sandwich Tern Sterna sandvicensis    W P  0 4 6 0 
Bridled Tern Sterna anaethetus S    88 12 79 137 
White-cheeked 
Tern 

Sterna repressa S    0 0 14 5 

Terns spp. -     0 6 6 0 
Total of individuals     4813 9445 1759 670 

R - common resident (breeding; present year round), r - scarce resident, S - common summer visitor (breeding), s - 
scarce summer visitor, W - common winter visitor, w - scarce winter visitor, P - common passage migrant (in spring 
and/or autumn), p - scarce passage migrant, O - common non-breeding visitor to the Persian Gulf and/or Gulf of 
Oman, V - vagrant (fewer than five records) 
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Abstract: A survey was conducted to assess the level of awareness of pig rearers about swine flu and their 
immediate reactions about anticipated outbreak of the disease in Mubi region. Two hundred and ten (210) pig 
keepers were purposely sampled. Questionnaires were used as instrument of data collection. Descriptive statistics 
and market price analysis revealed that 85.56% of the pig keepers were aware of the outbreak of swine flu in foreign 
countries, with 14.44% showing ignorance. While majority (80%) of the farmers practiced seasonal confinement of 
pigs, 16.11% semi-intensive, only about 3.89% were involved in intensive management system. Radio set accounted 
for the highest (71.11%) effective means of information dissemination in the area. Of the total respondents, 90.56% 
were not properly advised and enlightened on necessary biosecurity measures to take in case of any outbreak. The 
comparative market price analysis between grower and fattener pigs before and after the   news   of   swine flu 
outbreak showed insignificant difference. It was therefore, concluded that the immediate reaction of the farmers 
about anticipated outbreak had no economic consequences on the pig industry in the area. The study recommends 
the employment of trained personnel in managing the news of disease outbreak of health economic importance like 
swine flu in order to curb the anticipated economic losses in the event of occurrence. [Journal of American Science. 
2010;6(10):339-342]. (ISSN: 1545-1003).  

Key Words: Awareness; Mubi; Nigeria; Pig rearers; Swine flu      

1. Introduction 

The scare and economic losses caused by 
avian influenza (Birds flu) in Nigeria has made many 
livestock farmers to be conscious of any flu or 
influenza-related diseases. The form and manner in 
which the news of Birds flu spread made many 
people to stop poultry production and even the 
consumption of poultry products (Ja’afar-Furo et al., 
2007; Ja’afar-Furo et al., 2008). Here again emerged 
another form of flu outbreak referred to as Swine flu 
commonly found in pigs. This disease has become 
pandemic and drawn global attention because of its 
zoonotic and deadly nature. It is a contagious 
infection primarily of the respiratory tract (Encarta, 
2008). The disease is caused by a virus which can be 
transmitted through droplets, coughing or sneezing 
and contact. The etiology is categorically to the 
H1N1 virus (SFI, 2009). 

Report (Clair, 2009) had it that there are 
fears that if the virus spread, it could mutate into a 
second more lethal wave. Swine flu which has 
become a global threat is gradually spreading to 
unaffected regions of the world. The outbreak of this 
disease in a continent like Africa and particularly 
Nigeria that is already struggling with social and 

economic problems (FOS, 2004; Kwaghe et al., 
2009) will be more of a disaster.  

While much work had been done on swine 
flu, little or no studies have been conducted on level 
of awareness of pig rearers about the disease and its 
economic effects in the region. This study therefore, 
attempted to find out the effect of scare created by 
the news of outbreak of swine flu in the area, with 
specific references to pig management systems, level 
of awareness of the disease outbreak among pig 
keepers and market price, among others.  

Findings from this study will serve as a good 
source of information about the level of awareness of 
pig keepers about swine flu in Mubi region. It will 
also assist in making strategic policies that will equip 
pig keepers with the necessary information on 
biosecurity measures and the entire people on how to 
handle any situation of swine flu outbreak. 

2. Materials and Methods 
Location of the study Area: the study was 

conducted in Mubi region of Adamawa State, 
Nigeria. The area is located within the north-east 
guinea savannah on longitude 13° and 13° 45' east 
and latitude 9°30' and 11° north. It has a land area of 
4728.77 km2 (Adebayo, 2004). The total population 
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of pigs in the area is estimated at 65.7 million 
(Adebayo and Tukur, 1999). 

Sampling technique and data collection: Two 
hundred and ten (210) pig rearers were purposely 
sampled (30 respondents from each of the seven local 
government areas). Structured questionnaires were 
used as instrument of data collection. One hundred 
and eighty (180) questionnaires were retrieved. 

Data analysis: Data obtained were analyzed using 
simple descriptive statistics (frequency distribution 
and percentages) and market price analysis. Data 
collection lasted for six months (April – September 
2009). 

3. Results and Discussion 
Table 1 shows the level of awareness about 

swine flu in Mubi zone. Majority (85.56%) of the pig 
keepers were aware of the outbreak of swine flu in 
foreign countries, with only 14.44% showing 
ignorance. The huge awareness level among the 
respondents could be attributed to the news listening 
culture cultivated in the rural communities due to the 
present political dispensation.  

Table 1: Distribution of respondents according to 
level of awareness about swine flu in Mubi zone 

             Variables  Frequency Percentage 
• Aware of swine flu 154 85.56 

• Not aware of swine 
flu 

  26 14.44 

             Total  180    100 
Source: Field Survey (2009). 
 

Reasons for keeping pigs in Mubi zone are 
summarized in Table 2. The result revealed that 90% 
of pig rearers kept pigs as source of income while 
only 10% were for domestic consumption. This 
clearly shows that, pig rearing could greatly 
contribute to employment generation for people 
whom raising of pigs are considered lawful in the 
area.  

Table 2: Distribution of respondents according to 
reasons for keeping pigs in Mubi zone 

Criterion Frequency Percentage 
• Source of income 162 90.00 

• For consumption   18 10.00 

• Spiritual purpose   - - 

• Hobby    - - 
Total 180   100 
Source: Field Survey (2009). 

The breed of pigs kept by farmers in the 
region is shown in Table 3. The result indicated that 
88.33% of the farmers reared local breeds while 
9.44% kept exotic breeds and 2.22% kept cross-bred 
breeds. Most subsistence farmers in this area are poor 
and therefore, cannot afford to purchase exotic breeds 
and the necessary inputs required to manage same. In 
addition, they are ill-equipped with improved skills 
and the appropriate technology of managing these 
breeds of pigs. 

Table 3: Distribution of respondents according to 
types of pig breeds reared in Mubi zone 

Breeds  Frequency Percentages 
• Local  159  88.33 

• Exotic    17    1.44 

• Others      4    2.22 
Total  180     100 
Source: Field Survey (2009)          

The type of pig management systems are 
presented in Table 4.  

 
Table 4: Distribution of pig rearers  
according to management systems in Mubi zone. 

Source: Field Survey (2009). 
 
The result revealed that seasonal 

confinement is the dominant (80%) system of 
management. Majority of the farmers in these areas 
are rain-fed subsistence crop producers. Further, pigs 
have destructive tendencies towards crops. This 
factor compelled pig keepers to confine their animals 
during cropping season (raining season) and allow 
them to go on free range in the dry season after crops 
are harvested. The intensive system is least practiced 
(3.89%). This is because pig rearers in the area are 
both financially and technically handicapped to 
intensively manage pigs. The above findings agree 
with a study (Charse, 2009) which reported that 
intensive production of pigs involves considerable 
capital investment in housing and equipment as well 
as high degree of skills in management. 

From the result in Table 5, it could be 
observed that most (71.11%) of the pig rearers got 
informed about the swine flu outbreak through the 

Mgt. System Frequency Percentage 
   
• Intensive      7   3.89 

• Seasonally 
confined/extensive 

144 80.00 

• Semi-intensive   29 16.11 
Total 180    100 
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radio set. The television, internet and newspapers 
accounted for 15.0%, 10.0% and 3.39%, respectively. 
Similar finding was documented by Ja’afar-Furo et 
al. (2007) where radio set was the major source of 
information dissemination among poultry keepers 
(82.5%) in the State with regards to bird flu outbreak. 
 The immediate reactions of the farmers on hearing 
the swine flu outbreak are also shown in the Table 5. 
About 89.44% of the rearers were adamant, 9.44% 
contacted veterinary personnel for advice, with 
absolutely few (1.11%) selling-off their stock.      
 
Table 5: Distribution of pig rearers according to 
source of information on swine flu outbreak in 
foreign nations and their immediate reactions in 
Mubi zone Nigeria. 
  
Item  Frequency Percentage 
1. source of 
information 
 

  

• Radio 128 71.11 

• Television    27  15.00 

• Newspapers      7    3.39 

• Internet    18  10.00 
Total  180    100 

2. Immediate reaction on hearing 
about swine flu outbreak in 
foreign nations 

 

• Sale off pigs/ 
stopped 
production 

    2    1.11 

• Contact  
vet/livestock 
personnel for 
advice  

  17    9.44 

• No action 
taken  

161  89.44 

Total  180     100 
Source: Field Survey (2009). 

The comparative cost of grower and fattener 
pigs and the average cost difference in Mubi zone 
before and after the swine flu outbreak in foreign 
countries are presented in Tables 6 and 7. The 
average cost difference of grower and fattener pigs 
showed little variation which could be attributed to 
minor fluctuations in market demand and supply and 
not due to anticipated swine flu outbreak. It therefore, 
means that the foreign media news about swine flu 
outbreak had no economic implication on the pig 
industry in Mubi area. 
 
 
 

Table 6: Comparative cost of grower and fattener 
pigs according to local government areas in Mubi 
zone before and after the foreign media news 
about swine flu outbreak in foreign nations. 

 
LGA 

Average cost (N) per 
grower and fattener 
pig before the news 

Average cost (N) per 
grower and fattener 
pig after the news 

 Grower 
pig  

Fattener 
pig  

Grower 
pig  

Fattener 
pig  

     
• Mubi 

north 
2,700.43 5,167.40 2,850.00 5,210.25 

• Mubi 
south  

2,697.50 5,075.50 2,702.11 5,000.00 

• Hong  2,533.90 4,600.00 2,550.90 4,431.34 

• Gombi  2,340.11 4,554.68 2,300.19 4,502.18 

• Michika  2,540.46 4,900.11 2,500.98 4,963.28 

• Madagali  1,978.62 5,004.26 2,100.47 5,110.67 

• Maiha  2,360.80  4,200.00 2,300.50 4,170.93 
Total  17151.80 33501.95 17305.15 33388.65 

Source: Computed from Field data (2009). 

Table 7: Average cost difference according to local 
government area in Mubi zone before and after 
the news of swine flu outbreak in foreign nations. 

 
LGA  Average cost 

difference (N) 
per grower 

pig 

Average cost 
difference (N) 
per fattener 

pig 
   
• Mubi north 149.57  42.85 

• Mubi south      4.61  75.50 

• Hong    17.00 168.66 

• Gombi    39.92    52.00 

• Michika   39.48    63.17 

• Madagali 121.85   106.41 

• Maiha   60.30     29.07 
Total  432.73    537.66 
Source: Computed from Field data (2009). 

4. Conclusion and Recommendation 

Influenza-related diseases have continued to 
remain a source of worry and panic in the Nigerian 
livestock sector, because of its zoonotic and 
enormous economic losses associated with the 
diseases. Even though farmers in Mubi region had 
anticipated the outbreak of Swine flu disease, there 
were no any economic losses incurred as a result of 
panic and scare. It is therefore, recommended that 
news of anticipated outbreak of disease of health 
economic importance such as swine flu be managed 
by trained personnel who should give more emphasis 
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on biosecurity measures that could help in preventing 
a possible outbreak of such disease in a region that is 
already struggling with economic and social 
problems. 
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Abstract: Field experiments were conducted to investigate the effect of soil water on soil temperature and salt in 

saline soil and its interactive influence. The variation of soil temperature along with soil profiles was continuously 

monitored on three undulate experimental sites (C+, 50 cm high from the reference level C, and C-, 50 cm low from 

reference level, respectively). Soil samples were collected from 10 cm to 150 cm depth on each soil profile at three 

sites to measure soil moisture content and electrical conductivity (EC1:5) of soil in spring season (May, 2005). It was 

revealed the water content in soil profiles was in order of C->C>C+, and the soil temperature was in order of 

C+>C>C-, and the EC1:5 value was in order of C+>C>C-. Basing on the soil temperature model and diurnal 

variation in temperature data, we calculated the thermal parameters. Thermal diffusivity (DT) is 0.024, 0.049, and 

0.233 cm
2
/s; the average thermal conductivity is 0.022, 0.051, and 0.246 cal/cm·s·℃ in C+, C, and C-sites, 

respectively. The soil heat fluxes were also calculated based on the Fourier’s law. The variation range of soil heat 

flux at subsurface is in the order of C+>C>C-. This calculated results show that the calculated soil temperature 

values are in good agreement with the measured values for C+ site (low soil moisture content) but not so good for 

C- site (relatively higher soil moisture content) due to the effect of soil moisture content. The results suggest that in 

arid area like Hetao Irrigation District, China, water loss by evaporation should be reduced for preventing salt from 

accumulating on soil surface or rooting zone hazarded to seed germination and growth. [Journal of American 

Science 2010; 6(10):343-350]. (ISSN: 1545-1003). 

 

Key words: saline soil, soil temperature, soil moisture content, electrical conductivity, undulate surface, arid 

area.  

 

1. Introduction 

The unscientific irrigation and poor natural 

drainage water induced salinity are the main causes of 

lands loss in irrigated areas in China and in the world. 

Up to 48% of farmland in the world is affected by 

salinity (Umali, 1993). Salinity resulted in reducing 

yield of crops, especially where irrigation water or soil 

contains large amounts of salt. Hetao Irrigation District 

is gaining 1.7 M ton of total dissolved salt annually 

(Wang, 2002). Akae et al. (2008) also found the risk of 

salinization is occurred mainly in the central drainage 

canal block in the same district. The salinity problem is 

increasing day by day in this district.  

The agricultural productivity mainly depends on 

the irrigation water supplied from Yellow River in the 

district. In recent, the shortage of water resource and 

salt problem already hazarded the development of 

agricultural production in the district.  

A common phenomenon of salinity problems is 

the accumulation of salts to the surface soil due to 

acute heavy evaporation and lack of leaching chance 

due to poor drainage. The salt moves with the 

movement of soil water. The poor drainage results to 

the groundwater table rising up shallow, which leads to 

the secondary salinization. The salt accumulations on 

surface soil make the surface soil become a white crust, 

which may be a common seen at spring season every 

year. 

To avoid the accumulation of salt in the soil, 

leaching is very essential method. However, natural 

leaching of salts from irrigated agricultural fields is not 

possible in such arid areas as rainfall is generally 

insufficient. The fall irrigation is implemented to leach 

the excess salt from the agricultural land in every year, 

however, at the same time the fall irrigation brings a lot 

of salt (Wang, 2002).  

Frequently irrigation, intensive evaporation, and 

mailto:xuezhu_okayama@yahoo.com
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high groundwater table are the main phenomenon in 

Hetao Irrigation District. Under such conditions, the 

water-salt content in the soil can change with spatial 

and temporal change. Moreover, the water-salt 

distribution in soil may be depend on the local 

topography because of water-salt movement attending 

by lateral flow of water and salt.   

 Soil temperature also is one of the most critical 

factors that influence physical, chemical, and biological 

processes in soil and plant science (William, 2004). 

The distribution and variation of soil temperature affect 

soil water movement at most aspects. For example, soil 

temperature influence physical and chemical properties, 

consequently influence soil matric potential, osmotic 

potential and so on. On the other hand, the soil water 

status also determines the soil thermal parameters. The 

phase transition of water is one of most important 

factors in heat balance, such influence often occurs in 

cold-arid region. In practice, the soil water-heat 

movement is interactive and coupled effect. Therefore, 

the issue of soil water-salt movement is very complex 

basing on taking into account many influence factors.  

To further understand the mechanism of water-salt 

movement, we selected the waste saline lands as 

subjects to investigate the distribution and movement 

of soil water in salt-affected soil under undulate surface 

conditions.  

 Above this background, the two major objectives 

of this study are (a) to determine the soil water-salt 

distributions in salt-affected soil under undulate surface 

conditions and (b) to evaluate the effect of soil water 

on soil temperature and salt distribution in saline soil 

with undulate surface. 

 

2. Materials and Methods 

2.1 Experimental Site 

This study was conduced in Shahaoqu 

Experimental Station (40°55′N, 107°09′E) in 

Hetao Irrigation District, China, it is shown in Figure1.  

Hetao Irrigation District is located in the middle of 

Yellow River Basin, a typical arid region with 

continental monsoon climate. The district is one of the 

three largest gravity irrigation district in China and is 

the 250 km of length from West to East and 50 km of 

width from North to South. The terrain in entire district 

slopes gently, the ground slope is about 1/5000~1/8000 

from West to East and 1/4000~1/8000 from North to 

South. 

The average annual precipitation is about 150 mm; 

average annual potential evaporation is about 2,164 

mm; mean annual temperature is 6.3~7.7 ℃ . The 

precipitation is mainly occurred between May to 

September in every year.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The physical properties of soil have been listed 

on Table 1. Most of soil samples were collected at C+, 

C, and C- sites on May 4, 2005 to measure the soil 

moisture content, electrical conductivity (EC1:5). 

 

 

 

2.2 Experimental Design 

The experimental sites were divided and 

indicated by different capital letters and have been built 

since 1996. This study was carried out in C site under 

controlled field site conditions. The investigated site 

was constructed by artificial excavation of 50cm lower 

than reference level (C-); and pile up of 50cm higher 

than reference level (C+), and reference level (C), 

natural soil surface as shown in Figure 2.   

Soil temperature sensors were embedded at depth 

of 5cm, 20cm, 40cm, 50cm, 60cm, 70cm, 90cm, and 

125cm in the three sites (C+, C and C-) respectively to 

measure continuously the temperature of topsoil to 

deeper soil. On May 4, 2005, most of soil samples were 

collected from soil profiles at depth of these sites to 

measure soil moisture content by using the 

gravitational method.        

The disturbed soil samples were air-dried and 

mixed with distilled water at the ratio of 1:5 by weight. 

Site 

Particle 

density  

s (g/cm3) 

Saturated  

water content 

s (m3/m3) 

Residual  

water 

content 

v (m3/m3) 

Soil 

texture 

C+ 

C 

C- 

2.72 

2.74 

2.73 

33.7 

33.6 

35.2 

21.9 

20.7 

17.9 

Silty 

clay 
 

Figure 1 Schematic location of Hetao Irrigation District 

in China 

Table 1 Fundamental physical properties of study area 
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The Electrical conductivity of soil solution was 

measured using portable electrical conductivity meter 

(B-173; Horiba Ltd.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Results and Discussion 

3.1 The distribution of water and salt in soil profiles 

Lacking in the continuous measured soil 

moisture content and electrical conductivity (EC1:5) 

data, we choose soil moisture content and EC1:5 of soil 

in spring (salinity return period), 2005 to reveal the soil 

water-salt distribution at the three sites. The variation 

of measured soil moisture content and EC1:5 of soil 

with soil depths are shown in Figure 3 and 4.  

Figure 3 indicates the return salt period, the 

movement of soil water almost was upward until next 

irrigation event, it is also shown that the soil moisture 

content increases with increasing soil depth, but 

increasing ratio between layers is not so large, the 

minimum of soil moisture content is 19.9% in surface 

layer in C+ site; the maximum is 33.2% in 150cm of 

depth in C site. The coefficient of variation (Cv) of soil 

profile water content in the C+, C, and C- sites is 0.09, 

0.31, and 0.18, respectively. However, there was a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

significant difference on the three sites, except for the 

20cm, and 80cm of soil depth, the total tendency of soil 

profile water content is in the order of C->C>C+ due 

to the influence of undulate surface soil.  

In spring, generally, the groundwater table 

(GWT) is deeper in the district. The measured GWT 

was 217 cm in C site on May 4, 2005. At that period 

the groundwater supply was relatively low, the most of 

soil water almost come from the fall irrigation in the 

previous year. Because of the waste saline land is 

neighboring to the irrigated lands, the lateral infiltration 

carries water and salt at every events of irrigation, 

surface water collected to store more in C- than in C, 

and C+ sites due to the effect of undulate surface. 

During that period the soil water almost moved upward 
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Figure 2 Schematic layouts of the entire studied field and the groundwater table on C site on May 4, 2005 
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for evaporation from surface soil and then the salts and 

heat also moved with soil water movement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The curves in the Figure 4 show the resulting 

change in EC1:5 values with soil depth. The EC1:5 

values in surface layers were significantly higher than 

deeper depth and decreased with increasing soil depths, 

which shows that the accumulation of salt occurred at 

the surface and sub-layer soil, especially, in soil surface 

layer had highly significant. The Cv of EC1:5 in soil 

layers at C+, C, and C- sites were 0.58, 0.62, and 0.37 

respectively. Because this soil had been idle and not 

irrigated losing chances for leaching for many years, 

the lateral infiltration of salt was occurred and 

accumulated on the top of soil due to intensive 

evaporation. The result is similar with Akae et al. 

(2004) who found that, especially, for surface layer 

from 7.5 cm to 2.5 cm depth the salt concentration had 

rapidly increasing in saline soil.  

Figure 4 also indicates that there are two 

different parts distinguished in salt profiles at the three 

sites. The EC1:5 values from 0 cm to 80 cm depth are in 

order of C+>C>C- and then from 80 cm to 150 cm 

layers the EC1:5 values are not significantly different at 

spring season. The maximum value of EC1:5 was 7.8 

mS/cm occurred the surface soil at C+ site higher than 

other two sites on elevation, indicates that the trend of 

salt moved to the surface layer of C+ site starting from 

the 80 cm layer at spring return salt season.  

Figure 3 and 4 show the water-salt distribution at 

three sites. At spring salinity return season, the soil 

water distribution in each soil profile at C+, C, and C- 

sites showed not significant difference. However, the 

distribution of EC1:5 for each soil depth showed 

significant difference from 0 cm to 80 cm depth in 

spring. 

 

3.2 Soil temperature and heat flux 

3.2.1 Soil temperature variations with time and 

depth 

Soil temperature and its variation with time and 

depth will be greatly influenced by surface cover and 

by the thermal properties of undulating ground, like 

soil water content and so on. The fluctuation of the 

temperature is affected mainly by variation in solar 

radiation, as well as the influences of geographic 

location.  

The variation in solar net radiation and soil 

temperature with time at topsoil in C+, C, and C- sites 

respectively are shown in Figure 5. The fluctuation in 

soil temperature responding to solar net radiation is 

simulated by a sine wave.  

Figure 5 shows that diurnal soil temperature at 

topsoil in the C+, C, and C- sites during the spring. In 

the morning before sunrise, the soil temperature of 

surface was lowest and increased with depth. Because 

of the time lag associated with heat flow when the 

surface and subsurface temperature are changing, the 

lower depths continue to cool for a period of time.        

From figure 5 we can also see that the amplitude 

of wave decreases with depth and has a phase shift 

which increases with depth. The amplitude of variation 

in wave is significantly occurred at topsoil in C+ and C 

sites but is not significantly large at relatively low 

elevation C- site, which was mainly caused by the 

different soil water content at topsoil profiles. Because 

the different soil water content resulted to the different 
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Figure 3 Variations of soil moisture content 

in different depths at C+, C and C-site 
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Figure 4 Variations of EC1:5 in different depths 

at C+, C and C-site  
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thermal properties in the three sites and then 

caused the different thermal conductivity. Consequently, 

the different heat flows were occurred in C+, C, and C- 
sites.   

 

3.2.2 Soil temperature model description 

When the heat is simply transferred by 

conduction, it is described by following partial 

differential equation (1) (Hillel, 1980). 

 

(1) 

 

 

where T is soil temperature, DT=λ/Csoil is the thermal 

diffusivity, t is time , and z is soil depth. 

In equation (1), the boundary condition is z=0. 

For the sake of convenience, we assume that at infinite 

depth (z→∞) the temperature is constant and equal 

toT . The temperature at the surface and infinite depth 

can be expressed respectively as equations (2) and (3). 

 

(2) 

 

(3) 

 

We can estimate soil temperature by solving 

equation (1) with the boundary conditions (2) and (3), 

obtained following analytical solution shown by 

equation (4). 

 

(4) 

 

where T(z, t) is the soil temperature at time t (h) and 

soil depth z (cm),  is the average soil temperature (℃), 

A0 is the hourly amplitude of the surface soil 

temperature (℃), d is the damping depth (cm) of 

hourly fluctuation. 

The damping depth is defined as equation (5). 

 

(5) 

 

where DT is the thermal diffusivity and ω=2π/24h
-1

 is 

the radial frequency, in the case of daily variation the 

period is 24 hours. 

From equations (2) and (4) it can be seen that the 

A0 is a constant regardless of how the change of depth 

takes place, so we can write the amplitude at arbitrary 

depth as following equation (6). 

 

(6) 

 

By rearranging the equation (6) and taking 

logarithm on both sides, then lead to equation (7). 

 

(7) 

 

Basing on the model and above conditions, we 

implemented the regression line between the logarithm 

of amplitude and soil depth as shown Figure 6. 
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As the Table 2 shows that the correlation 

coefficient (R) between the logarithm of amplitude and 

the soil depth is 0.98 in C+ site, 0.96 in C site, and 0.99 

in C- site, respectively. These results indicate that the 

logarithms of amplitude values are mainly correlated 

with soil depth. 

 

 

 

In addition, we obtained that the thermal 

parameters in studied sites as shown in Table 3. 

 

 

 

 

Basing on these parameters above, this study 

presents the diurnal change in temperature measured 

and calculated values from May 5 to 7, 2005 at topsoil 

in C+, C, and C- sites, respectively as shown in Figure 

7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 compares the diurnal variations in 

temperature measured and calculated by analytical 

solution at topsoil in C+, C, and C- sites. From this 

figure it can be seen that the model has good agreement 

with the observed diurnal variations in temperature for 

the surface layer of C+, C sites, but not so good for C- 

site. The fitting of soil temperature calculated and 

measured decreases with depth. On the whole, the 

fitting occurred at surface soil and the fitness is in the 

order of C+>C>C-. 

The amplitude parameters in the model were obtained 

from measured diurnal change in temperature as shown 

in Figure 8. It shows the amplitude of wave decreases 

with soil depth. The amplitude decreases rapidly from 

surface to 30 cm in C, C- sites and to 40 cm in C+ site 

and then the variations in amplitude is not significant 

Site 

Correlation 

coefficient 
Amplitude 

Damping 

depth 

R A0(℃) d (cm) 

C+ 0.98 2.02 25.51 

C 0.96 1.14 37.04 

C- 0.99 0.66 80.00 

site 

Amplitude 

in surface  

Volumetric 

 water content* 

Volumetric 

heat capacity* 

A0(℃) θ(cm3/cm3) Cs (cal/cm3·℃) 

C+ 7.57 0.36 0.91 

C 3.12 0.43 1.04 

C- 1.94 0.43 1.07 

site 

Damping 

depth 

Thermal 

diffusivity 

Thermal  

conductivity* 

d (cm) DT(cm2/s) λ (cal/cm·s·℃) 

C+ 25.51 0.02 0.02 

C 37.04 0.05 0.05 

C- 80.00 0.23 0.25 
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Figure 6 Regression line between the logarithm of 

amplitude and soil depth  

Table 2 Parameters of regression equation 

Table 3 Thermal parameters in model  
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Figure 7 Diurnal variations in temperature at topsoil 

measured and calculated at C+, C, and C- site  
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dz

dT
qh 

womsoil fffC  60.048.0

with further increasing soil depth.

The figure 8 can also indicate that the 

distribution of soil temperature is different at soil 

profile in the three sites due to the lag of amplitude of 

temperature wave as shown Figure 5 and 7. These 

reasons maybe due to the lag of temperature wave 

transport in soil. 

 

 

3.2.3 Soil heat flux 

In this study, we used the Fourier’s law to 

calculate the soil heat flux in the vertical direction 

representing soil depth as following equation (8). 

 

(8) 

 

 

where qh is soil heat flux (cal/cm
2•s), λ=DT•Csoil is 

thermal conductivity (cal/cm · s · ℃ ), T is soil 

temperature (℃) and z is soil depth (cm). The soil heat 

capacity (Csoil) is given (De Vries, 1963). 

 

(9) 

 

where subscripts m, o, w refer to mineral matter, 

organic matter, and water volume fraction. 

We calculated the soil heat flux in a day (May 5, 

2005) basing on measured daily average soil 

temperature as shown in Figure 9, which shows that the 

variation in soil heat flux with depth in C+, C, and C- 

sites. The variation range of the soil heat flux is almost 

in the order of C+>C>C-. For example, the heat flux is 

from 0.04 to 0.13 cal/cm
2
·s at 20 cm to 40 cm depth in 

C+ site; from 0.03 to 0.11 cal/cm
2
·s at 20 cm to 40 cm 

depth in C site; from 0.03 to 0.04 cal/cm
2
·s at 20 cm to 

40 cm depth in C- site. From figure 8 it can be also 

seen that the variations in thermal conductivity is not 

significant in whole profile due to relatively high water 

content in C- site. The temperature gradients in the 

three sites is the order of C+>C>C-. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

However, the maximum heat flux is occurred at 

subsurface in C+ site, the minimum is at the subsurface 

in C- site. The reasons are that the different soil water 

content at subsurface results to the different 

evaporation from surface soil and the heat is easily 

diffused to atmosphere in relative high soil water 

content. Therefore, in relatively high water content 

condition, the heat transport is not significant, on the 

contrary in lower water content status, the heat 

transport is significant which also indicates the effect 

of temperature gradients on water movement is not so 

significant. 

We can explain the above phenomenon basing on 

the movement of soil water and thermal energy in soil 

are interactive and coupled effect. The soil temperature 

gradients influence the soil water potential and then 

moisture gradients move water which carries heat and 

salt. The combined transport of heat and water can 

generally be ignored in the extreme cases of a 

relatively wet and a nearly dry soil. When soil is 

relatively wet the influence of temperature gradients on 

water flow is generally small in comparison with the 

influence of moisture gradient; when soil is relatively 

dry the heat flow can influence on significant 

movement of water. In C- site the soil water content 

was relatively higher the heat energy was quickly 

diffused to atmosphere from surface soil, which 

resulted to the relatively low temperature occurred in 
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C- soil profiles as shown in Figure 7. However, in C+ 

site the soil water content was relatively lower the 

movement of water almost was not influenced by 

temperature gradients, most of heat was stored in 

surface soil profile, which resulted to the relative high 

soil temperature occurred at subsurface in soil as 

shown in Figure 5 and 7. This can explain why in the 

soil profile of a dry soil exhibits relatively high 

temperature and in that moist soil exhibits low 

temperature.     

Due to soil water content in topsoil profiles was 

different that made the different evaporation occurred 

in the three sites and then resulted to the different salt 

accumulation as shown in Figure 4. The C site is 

located between C+ and C- sites, belongs to general 

case that need to study and explain in more detail in the 

future.  

 

4. Conclusion 

By analysis of studied data about soil 

water-temperature-salt distribution at three sites, the 

results are revealed as following: 

1) Basing on measured data in soil revealed the 

distribution in soil profiles water content was in order 

of C->C>C+ and in soil temperature was in order of 

C+>C>C-,and then in salt was in order of C+>C>C- at 

spring season, respectively. 

2)  By using the soil temperature model to calculated 

the thermal parameters (Thermal diffusivity DT in C+, 

C, and C-site is 0.024, 0.049, and 0.233 cm
2
/s; the 

thermal conductivity is 0.022, 0.051, and 0.246 

cal/cm·s·℃, respectively) and also indicated that has a 

very good agreement with measured values in the 

diurnal temperature for the low soil moisture content in 

C+, C site, but not so good for relatively higher soil 

moisture content in C- site due to the effect of undulate 

surface on the distribution of soil water content at the 

three soil profiles. 

3) Basing on the movement of soil water and thermal 

energy in soil are interactive and coupled effect to 

further explain the variation in soil water and heat flux 

in the C+, C, and C- site. Only in lower water content 

status the heat transport in soil is significant. On the 

contrary in relatively high water content condition the 

heat transport is not significant which also indicates the 

effect of temperature gradients on water movement is 

not so significant. 

These results suggest that in arid area like Hetao 

Irrigation District, China, water loss by evaporation 

should be reduced for preventing salt from 

accumulating on soil surface or rooting zone hazarded 

to seed germination and growth at the spring. 
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Evaluation of Corn Stalks Treated Biologically with Aspergillus 
niger as feed for growing rabbits 
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Abstract: A total of sixty-four male New Zealand White (NZW) rabbits weaned at 5 weeks of age, were randomly 
divided into four groups (sixteen rabbits/group) according to their initial live body weight (850 gm approximately to 
evaluate the possibility of feeding rabbits on diets containing corn stalks treated biologically with Aspergillus niger 
(A. Niger); and their response to growth performance, slaugher and carcass characteristics, edible organs as well as 
different blood parameters.The rabbits of the first three groups were fed on rations contained corn stalks treated 
biologically with A. niger, with 10%, 20% or 30% respectively, whilst those of the fourth group were give ration 
without A. niger (0% e.g. the commercial diet). At the end of the experimental period, three rabbits from each 
treatment were selected and slaughtered to study the different carcass characteristics. Blood samples were taken 
during slaughtering process in heparinized test tubes and centrifuged at 3000 rpm for 15 minutes, the plasma were 
collected and preserved in a deep freezer at -20°C until time of the analysis. The different blood plasma chemical 
parameters were calorimetrically determined using the proper commercial kits, following the same steps as 
described by the manufactures. All the results were subjected to analysis of variance. The most important results 
obtained in the present investigation could be summarized in the following points; 1). It was observed that the 
different biological treatments did not affect the live body weight gains. On the other hand, feed consumption had 
been influenced significantly by the treatment differences. 2).The present study showed that introducing biological 
treated corn stalks at the rate of 10% of the concentrate feed mixture improves feed conversion of growing rabbits. 
3). The data of slaughter weight (SW), carcass weight (CW), empty body weight (EBW) and dressing percentage 
(DP) were not significantly affected by the different biological treatments. 4). With the exceptions of testis, no 
significant effects were detected in absolute or relative weights of edible organs. On the other hand, marked 
differential effects due to the biological treatments had been noticed on weights and percentages of testis. However, 
upon the basis of the present results one may suggest that the biological treatments may have on important role on 
the testis. 5). Results of the statistical analysis revealed that weights and percentages of the different carcass cuts 
were not significantly affected by the biological treatments. 6). No significant effects were detected in blood 
constituents of the experimental rabbits due to the different biological treatments. Likewise, it was observed that the 
data of the present investigation lies within the normal levels. 7). It was concluded from the present study that the 
biological treatments used in the present experiment have no deleterious effects on the liver and kidneys functions 
since levels of blood chemical constituents were not significantly changed. 8).Finally upon the basis of the obtained 
results, it could be suggested that A. niger can be used safely and successfully to enrich poor quality roughages such 
as corn stalks. [Journal of American Science. 2010;6(10):355-363]. (ISSN: 1545-1003). 

Keywords: Rabbits – Corn stalks – Biological treatments – Growth – Carcass – Blood components. 
 
1. Introduction 

In many tropical and sub-tropical countries, 
there is a gap between available and required animal 
feeds. Moreover, the competition between humans 
and livestock on concentrates is very obvious. 
Therefore, improving the nutritive value of poor 
quality roughages e.g. stalks, straws and other fibrous 
agricultural by-products might be one solution for 
this problem. 

However, at the present time, most of these 
low quality roughages are not only wasting natural 
resources, but also an important source of 
environmental pollution. Therefore, legal laws are 
already being taken in many countries in the world to 

forbidden and ban the burning of stalks, straws and 
stubbles from grasses, grains, fruits and other crops. 

In summary, however, in many developing 
countries, animals suffer from shortages of feed that 
are continuously increasing in their costs. At the 
same time, many thousand tons of agricultural wastes 
and residues per year are produced from processing 
of fruits and vegetables. 

However, in Egypt, there are about 22 
million tons of plants by products produced annually. 
However, although rice straw and wheat straw are 
already being fully utilized by many farmers, either 
for feeding livestock or for bedding poultry farms, 
yet corn stalks is not being studied on large scale. 
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While, the problem of feeding stalks and 
other fibrous by-products to animals, which limits 
their use in animal ration can be summarized in the 
following statements: high crude fiber content; low 
protein content, low digestibility and poor feed 
palatability. Therefore, biological, chemical and 
physical treatments can be used. 

Moreover, corn is considered as an 
important main summer field crop in Egypt and 
occupies a large area of available cultivated land. 
Therefore, corn stalks had been selected to be 
investigated as one of the most important low quality 
roughage used as an untraditional animal feeds to 
increase its protein content by the biological 
treatment. Likewise, the aim of the present 
investigation was to study influence of feeding 
biologically treated corn stalks on growth 
performance carcass traits and blood components of 
growing rabbits. 
 
2. Material and Methods  

The present experiment was carried out at 
the faculty of Agriculture, Banha University, 
Moshtohor. The chemical analysis and the 
microbiological studies of the present investigation 
were carried out at the laboratories of National 
Research Centre (NRC) and the medical service unit 
(MSU) of NRC, Dokki, Egypt. 

The main objective of the present trial was 
to study effect of feeding biological treated corn 
stalks with Aspergillus niger on growth performance, 
feed conversion, carcass characteristics and blood 
plasma constituents of growing Newzealand white 
rabbits. 
The biological treatments: 
(a) Aspergillus niger enrichment: 

A heap of 10 kgs. chopped corn stalks (CS) 
was treated with 400 ml. standard inoculums of 
Aspergillus niger and following additives were added 
to the treated corn stalks: 

250gm. Molasses, 100gm. Urea, 100 gm. 
Super phosphate, 100 gm. Ammonium sulfate, 250 
gm Sodium chloride, 50 gm. active dry yeast 
(Saccharomyces cevervisiae) and 20 liters water to 
keep the moisture content at about 66%. The 
composting heap was covered with polyethylene 
sheets and left for 14 days. The protein was analyzed. 
(b) Inoculum preparation: 

pure culture of Aspergillus niger preserved 
on potato dextrose agar (PDA) solution was 
employed for laboratory inoculum preparation as 
follows: 

The culture was renewed on PDA medium, 
then incubated for 72 hrs. at 28°C + 2. Ten ml. 
Sterilized water was used to crush fungal growth to 
be used as inoculum at 10% (v/w). 500 ml. of conical 

flasks each containing 25 gm sugar beet pulp (SBP) 
moistened at solid liquid ratio 1:2 with solution 
containing (g/L) urea, 2.0 Ammonium sulphates 2.0 
potassium hydrogen phosphate, 2.0 magnesium 
sulphate, 0.05 and 50 gm. sugar cane molasses. The 
flasks were autoclaved at 121°C for 30 minutes. The 
cooled sterilized flasks was inoculated then incubated 
at room temperature 30°C + 2 for 72 hrs. 
(c) Propagation of fungal inoculum: 

Five liters flasks capacity each containing 
300 gm. sugar beet pulp (SBP) moistened at solid: 
liquid ratio 1:2 with the same above nutrient solution. 
The sterilized flasks were inoculated with fungal 
growth obtained from previous step at 10% (w/w), 
then incubated at room temperature 30°C + 2 for 5 
days. 
(d) Scalling up the biological treatment: 

The prepared corn stalks in all biological 
steps were moistened with nutrient solution at solid: 
liquid ratio 1:2 containing urea 1.5%, ammonium 
sulphate 1.0%, magnesium sulphate 0.05%, molasses 
2.5% and active dry yeast S. cevervisiae F.25 0.01%. 
The following steps were applied: 
1- Ten kg of prepared corn stalks was inoculated 

with above prepared inoculum at 10% (w/w) and 
incubated in polyethylene bags 75x120 cm on 
room temperature for 7 days. 

2- The fermented corn stalk from the first step was 
mixed with 90 kg. moistened corn stalks, then left 
to ferment for ten days at room temperature. 

3- Fermented corn stalk from the second step was 
well mixed with 400 kg. Prepared corn stalks and 
left to ferment for ten days at room temperature. 
The corn stalks treated was down up day after day 
to end of biological period. 

The obtained product was air dried, preserved to 
analysis for using in feeding trials. 

Manufacturing the pelleted feed: 
The air dried compact have been transferred 

to the feed mill (the united company) for preparing 
the experimental pelled feed by substitution of 
berssem hay with corn stalks treated biological with 
Aspergillus niger at the rate of 33%, 66% from 
berseem hay, in addition to 100% (complete 
substitution of berseem hay with corn stalks). 
Animals used: 

Sixty four New Zealand white weaned 
rabbits of five weeks old were allocated into four 
equal groups of 16 rabbits in each with nearly similar 
initial weight. The animals were housed individually 
in galvanized wire hutches of rabbit batteries. 

The rabbits were offered a commercial diet 
for about seven days before starting the trial. The 
experimental rations were offered ad.lib. twice daily 
at 9.00 a.m. and 3.00 pm. in addition to fresh water 
which was available all time. Residuals of feed were 
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weighed daily and then subtracted from the offered 
amounts to obtain the actual accumulated feed 
consumed per week. The rabbits were individually 
weighed to the nearest five grams every week before 
morning meal during the experimental period. 
Feeding treatments: 

Four experimental diets of iso-nutritive 
value but differ in their components according to the 
purpose of the present study were formulated. The 
experimental diets were adjusted to cover the nutrient 
requirements of growing rabbits according to the 
NRC, (1977) recommendations. The experimental 
animals were fed on complete diets contained 
different amount of biologically treated corn stalks in 
combination with berseem hay. 
The chemical analysis of the experimental diets: 

The chemical analysis of the experimental 
diets were determined as described by Association of 
Official Analytical Chemists (AOAC, 1990). 
The slaughter experiments and carcass 
characteristics: 

At the end of the experimental period, three 
representative rabbits from each feeding group were 
randomly taken to study the different carcass 
characters. Those animals were fasted for 
approximately 12 hours before slaughtering and then 
individually weighed and slaughtered by severing the 
neck with a sharp knife according to the Islamic 
religion. Empty body weight (EBW) was obtained as 
stated in the following equation: 
EBW = body weight (BW) – (full digestive tract – empty    
digestive tract) 

The dressing percentage (DP) was 
calculated based on empty body weight (EBW); e.g. 
DP = CW/EBW. After skinning the carcass, the 
different edible organs (e.g. liver, kidneys, heart, 
spleen, lungs and testis) were separated and weighed. 
The weights and percentages of these edible organs 
relative to empty carcass weights (EBW) were 
calculated. 

Chemical analysis of blood samples: 
Blood samples were taken during 

slaughtering process in heparinized test tubes an 
centrifuged at 3000 rpm for 15 minutes, the plasma 
were collected and preserved in a deep freezer at -
20°C until the time of analysis. Various blood plasma 
chemical parameters; e.g. GPT, GOT, alkaline 
phosphatase, uric acid, creatinine, total lipids and 
cholesterol were colorimetrically determined using 
commercial kits following the same steps as 
described by manufactures. 

Statistical Analysis: 

Data of all variables were statistically 
analyzed according to user's Guide SAS (1996). The 
model used was: 

Yij = µ + Ti + Eij 
Yij = the observation of ij 
µ = The overall mean 
Ti = The effect of i (treatments). 
Eij = the experimental random error. 
Data of percentages were subjected to arc-

sine transformation to approximate normal 
distribution before being analyzed. Variables having 
significant F-test were compared using Duncan's 
multiple range test (Duncan, 1955). All statements of 
statistical significance were based on probability (P < 
0.05). 
 
3. Results and Discussion 
Effect of fungal treatments on chemical 
constituents of corn stalks. 

The chemical analysis of untreated and 
treated corn stalks with Aspergillus niger and the 
chemical components of the experimental rations are 
presented in table (1), whilest the composition of the 
experimental rations (%) are presented in table (2), it 
is interested, to mote from the present results (table 
1) that there is improving in both crude protein and 
nitrogen free extract percentages and decreasing in 
crude fiber content of biologically treated corn stalks. 
However, the most probable explanations of the 
increasing in protein content of biologically treated 
corn stalks may be due to the release of water soluble 
sugar from polysaccharides might have led to faster 
growth of fungus which in turn resulted in higher 
crude protein content or may be due to the release of 
addition of basal mineral media containing nitrogen 
salts as has been suggested by Grajek (1988) and 
Garcia et al., (1993). 

On the other hand, it would be of interest, 
however, to note that the decreasing in crude fiber 
content of biological treated corn stalks in 
comparison with untreated ones may be due to the 
utilization of crude fiber by the fungi for their growth 
since fungi among the microorganisms which have 
capability in decomposing different agricultural by-
products as had been suggested by Kim et al. (1985). 

Effect of the biologically treated corn stalks on 
growth performance of the experimental animals: 

Table (3) shows the influence of using 
different percentages of the biologically treated corn 
stalks on the growth performance of the experimental 
rabbits. It is interesting, however, to state that the 
initial live body weights of the rabbits ranged from 
845.0 gm to 868.0 gm (+ 24.01), the differences were 
non-significant. It is of special interest, however, to 
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note that the biological treatments did not affect 
significantly the live body weight gains. 

It is worth mentioning that, the 
disappearance of the significant effect may be due to 
the existence of great individual variations within 
treatment in the experiment. However, the 
demonstration of such variations, would require to 
use number of animals so large as to minimize the 
individual variations and experimental error. 

Worthy of note is that, the daily body weight 
gains wee ranged between 14 gm/day to 16 gm/day 
(+ 0.59) as shown in table (3). The present results, 
however, are compatible with those of El-Adawy et 
al. (2001), El Sayaad et al. (2009), El Shahat et al. 
(2006) and Khayyal et al. (2009) using the same 
breed (e.g. Newzealand white rabbits).  

On the other hand, results of the present 
work are somewhat lower than those stated by El 
Sayaad et al. (1996) and Soliman et al. (2000). 
However, differences in managements, ages of 
animals, feeding treatments and other environmental 
conditions may be account for the lower data 
obtained in the present experiment. 

It would be of interest, however, to observe 
that feed intake had been influenced significantly (P< 
0.05) by the different percentages of the biologically 
treated corn stalks (Table 3). The present results 
however, revealed that the rabbits raised under 
treatment two consumed the least amount of rations. 
However, the most probable explanation for this 
observation is that the partly replacement of 20% 
berseem hay by treated corn stalks with (A. niger) 
may depress appetite of rabbits. 

On the other hand, the animals reared on 
untreated biologically diet (treatment four) consumed 
the greatest amount of ration. Based upon the present 
results, however, one may suggest that the untreated 
biologically diet may be more palatable to rabbits 
then the other ones and increase the appetite of 
animals. 

Results of feed conversion (Table 3) 
revealed that the animals reared under treatment one 
were the best, whilst those raised on the untreated 
diet were the poorest. However, upon the basis of the 
present finding, it is comprehensible to suggest that 
he biological treatment may improve feed conversion 
efficiency. 
Effects of the biological treatments on same carcass 
aspects. 
(i) Effect on slaughter weight carcass weight, empty 

body weight and dressing percentages. 
The mean values of slaughter weight (SW), 

carcass weight (CW), empty body weight (EBW) and 
dressing percentages (DP) as affected by the different 
biologically treatments are shown in table (4). 

Worthy of note is that mean values of 
slaughter and carcass characteristics were not 
affected by the different biological treatments. Based 
upon the present results, however, one may suggest 
that differences in crude fiber content of the 
experimental rations did not show any significant 
effect on these slaughter and carcass traits. 

However, the present suggestion is in 
accordance generally with those of Anber (1986), 
Khashaba (1988), Soliman et al. (2000) andEl 
Shahat, et al. (2006) who noticed that differences in 
crude fiber levels did not show any significant effect 
on those slaughter and carcass characters of rabbits. 

The present results, however, elucidate also 
that carcass weight were increased in the groups 
exhibiting heavier slaughter weights. However, 
empty body weight is considered to be valuable 
character in comparing animals of different 
treatments because variations in gut "fill" are 
eliminated. However, the value of excluding gut "fill" 
lies in the fact that, not only does it vary, with the 
environment, feeding treatments, etc, but it also 
represents an increasing proportion of the live body 
weight as an animal gets older and heavier. 

It would be of interest, however, to state that 
the dressing percentage is a factor of obvious 
important in evaluating the product from animal 
production experiments. However, the weights of the 
contents of the digestive tract which termed the "fill" 
is generally an uncontrolled variable and introduces 
an unknown error in the individual case, as had been 
mentioned previously. However, it is possible to 
obtain dressing percentage which involves no error 
from "fill". This is done by calculating carcass weight 
(CW) as a percentage of empty body weight (EBW). 
There is much in favour of this method for determing 
dressing percentage. Therefore, in the present 
investigation the dressing percentage (DP) is 
determined by this method, e.g. carcass weight (CW) 
as a percentage of empty body weight. 

It is of special interest, however, to state that 
the dressing percentage is of considerable 
importance, since it determines to much extent the 
output of edible tissues from an animal. 

The present results showed clearly that the 
mean values of the dressing percent aged ranged 
from 51.57 to 61.23 with no significant differences 
among the different treatments. The present data, 
however, are compatible generally with those of 
Ayyat et al. (2003), Radwan (2002), Purnima et al., 
(2003), El Shehat et al. (2006) and Khayyal et al. 
(2009). On the other hand, the present values of the 
dressing percentages are somewhat higher than the 
reported by Ghazalah and El Shahat (1994), who 
reported ranges between 40.6% to 47.7% for rabbits. 
However, it is worth to state that their values were 
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calculated relative to slaughter weight and this 
explains the depression of their data compared to the 
obtained results of the present investigation. 
(ii) Effects on edible organs of carcasses: 

Mean values of weights and percentages of 
edible organs relative to empty body weight (EBW) 
as affected by the different biological treatments are 
presented in Table (5). 

It is worth noting that with the exception of 
weight and percentages of testis, the results revealed 
that no significant effects (P>0.05) were detected in 
absolute or relative weights of edible organs of rabbit 
carcass due to the different biological treatments used 
in the present investigation. 

The pattern of the present results are 
compatible generally with those of Abdel Razik 
(1996), Soliman et al. (2000), El Shahat et al. (2006) 
and Abdel-Azeem and El-Bordeny (2007) in showing 
that absolute and relative weights of edible organs of 
rabbits carcasses were not affected by different 
dietary treatments. However, until quite recently no 
detailed studies had been made on the influence of 
different biological treatments on carcass 
characteristics of growing animals. In the future, 
attention should be directed to this new scientific 
field. However, it seems that further experimental 
works are required before definite conclusion can be 
stated. Finally, based upon the results of the 
significant effects of different feeding treatments on 
weights and percentages of tests; one may suggest 
that the biological treatments may have an important 
role on tests. The mean weights and percentages of 
the different carcass cuts as affected by the feeding 
treatments are presented in table (6). Duncan's 
multiple range test is shown in the same table. 

It is worth noting, however, that the 
different carcass cuts were not affected by the 
biological treatments. However, the most interesting 
features of the results at hand, is that the hind legs 
had the biggest proportion (34.05 – 36.02) of the 
carcass, followed by the boin cuts (24.70-27.03) then 
the thoracic cage (20.85-23.25), while the fore legs 
cuts had the smallest proportion (15.98-17.30). 

In this context, it should be draw the 
attention to the fact that, the parts of the carcass 
containing the thickest muscular cuts such as the hind 
legs and the loin should make up high proportion of 
the carcass, whilst the fore legs and thoracic cage 
should be relatively low. 

It is worthy noting, however, to state that the 
high priced carcass cuts; e.g. the loin and the hind 
legs are more desirable by the consumers, 
representing nearly 59%-62% of the whole carcass 
weight. The present results, however, are in 

agreement generally with those of Radwan (2002) 
Pournima et al. (2003) and El Shahat et al., (2006). 

Effects on the chemical analysis of blood plasma 
parameter: 

The mean values of the chemical analysis of 
blood plasma parameters of the experimental animals 
as affected by the biological treatments are presented 
in table (7). 

The statistical analysis, however, revealed 
that the mean values of the different blood 
parameters were not affected significantly by the 
biological treatments. Based upon the present results, 
however, one may suggest that the different 
biological treatments used in the present investigation 
may not affect the blood plasma components of 
rabbits. Likewise, upon the basis of the present data, 
one may conclude that biological treatments used in 
present study may have no deleterious effects on liver 
and kidneys functions since levels of blood chemical 
analysis values were not significantly changed. 

The present data, however, are generally 
compatible with those reported by Chiericato et al. (1985) 
El-Gaafary et al. (1992), Tawfeek, et al. (1994), Hillyer 
and Quesenberry (1994), Mouse and Abdel Sammea 
(2002) Morad (2005) and Abdel-Azeem and El-Bordeny 
(2007). On the other hand, the present results, however, 
are same, what lower, then those observed by Soliman et 
al. (2000). However, the differences in feeding 
treatments, management and other environmental factors 
may account for the differences observed between the 
two experiments. 

However, the amount of knowledge relating 
to the effect of biological treatments on blood 
chemical analysis of rabbits is very scanty. However, 
in the future further investigations in this very open 
field of scientific work are required to supply such 
important additional knowledge's.  
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Table (1): Chemical analysis of untreated, treated corn stalks and complete rabbit diets. 

         
DM: dry matter                 O.M. Organic matter 
   CP: Crude protein  C.F.: Crude fiber 
   EE: ether extract  NFE: Nitrogen free extract 
   B.T.C.S. = Biologically treated corn stalks. 
 
Table (2): Ingredients constituents of the experimental diets (%). 
 

Experimental rations % 
Ingredients % 

T1 (10%) T2 (20%) T3 (30%) Control 
Yellow corn 18.00 18.00 18.00 18.00 
Barley 7.4 7.4 7.4 7.4 
Berseem hay 20.00 10.00 0.00 30.00 
Treated corn stalks 10.00 20.00 30.00 0.00 
Soybean meal 12.00 12.00 12.00 12.00 
Wheat bran 20.00 20.00 20.00 20.00 
Sun flower meal 7.00 7.00 7.00 7.00 
Sodium chloride 0.30 0.30 0.30 0.30 
Lime stone 2.00 2.00 2.00 2.00 
Vitamins and minerals(*) 0.20 0.20 0.20 0.20 
Molasses 3.10 3.10 3.10 3.10 
Total 100.00 100.00 100.00 100.00 
* Kg. of Vitamines and minerals premix contained Vit. A2000000. IU; Vit. D3 150000 IU; Vit. E 8.33g; Vit. B1 

0.33g; Vit. B2 1.00g; Vit B4 0.33; Vit. B6 8.33g; Vit. B12 1.70 mg; Panto thenic acid 3.33g; Biotine 33mg; Mg 
66.70g. Folic acid 0.83g; Choline chloride 200g; Zn 11.70 g., Fe 12.50g; Cu 0.50 g; Se 16.60 mg and Mn 5.00g. 

 
Table (3) Influence of treated corn stalks on growth performance, feed consumption and feed conversion of the 

experimental animals. 
Experimental rations % 

Items T1 
(10%) 

T2 
(20%) 

T3 
(30%) 

T4 
(Control) 

+ S.E. Significances 

Initial weight (gm). 868 851 845 857 24.01 N.S. 

Mean weights at the end of the experiment (gm.) 2212 2027 2015 2201 29.05 N.S. 
Total body weight gains (gm.) 1344 1176 1260 1344 25.10 N.S. 
Daily body weight gain (gm.) 16.00 14.00 15.00 16.00 0.59 N.S. 

Daily feed intake (gm.) 89.60a 82.88a 97.50b 108.00b 2.27 *P 

Feed conversion (feed intake/BWgain) 5.60a 5.92ab 6.50b 6.75b 0.12 *P 
Means within the same row with different superscripts are significantly different. 
NS = not significant * P = significant at (P < 0.05). 
 
 

Chemical constituents on DM besis 
Item 

DM OM CP Ash CF EE NFE 

Corn stalks 93.76 89.51 4.61 10.53 44.51 3.45 36.79 

Biologically treated corn stalks 
(B.T.C.S.) 

89.60 81.40 15.07 17.55 24.75 0.72 42.95 

Complete animal diets 
 DM OM CP Ash CF EF NFE 

Ti (10% B.T.C.S.) 92.05 89.75 14.30 10.25 18.54 1.60 54.28 
T2 (20% B.T.C.S.) 92.73 89.30 14.71 10.75 18.35 1.87 53.53 

T3 (30% B.T.C.S.) 92.30 88.91 14.65 11.30 18.62 1.06 51.75 

T4 (Control, 0% B.T.C.S.) 92.68 89.01 14.79 11.21 18.03 1.71 50.97 
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Table (4) Mean values of slaughter and carcass characteristics of the experimental animals as influenced by feeding 
different levels of biologically treated corn stalks. 

Experimental groups 
 

Characters 

T1 
(10%) 

T2 
(20%) 

T3 
(30%) 

T4 
(Control) 

+ S.E. Significances 

Slaughter Wt. (gm) 2201 2011 1880 2180 68 N.S. 

Carcass Wt. (gm) 1150 981 935 1210 40 N.S. 

EBW (gm) 1962 1828 1813 1976 57 N.S. 

DP 58.61 53.67 51.57 61.23 0.65 N.S. 
      EBW: Empty body weight.            DP: dressing percentage.               NS: non-significant. 
 
Table (5)  Weights and percentages of edible organs relative to empty body weight (EBW) as affected by different 

feeding treatments. 
Experimental groups 

 
Characters 

T1 
(10%) 

T2 
(20%) 

T3 
(30%) 

T4 
(Control) 

+ S.E. Significances 

EBW (gm.) 1962 1828 1813 1976 57 N.S. 

Lungs weight (gm.) 12.82 12.33 12.15 12.91 0.73 N.S. 

Lungs/EBW (%) 0.56 0.67 0.67 0.65 0.01 N.S. 

Heart Weight (gm.) 6.83 5.75 5.59 7.01 0.35 N.S. 

Heart/EBW (%) 0.35 0.31 0.31 0.35 0.02 N.S. 

Spleen Weight (gm.) 5.75 6.03 5.45 6.50 0.57 N.S. 

Spleen/EBW (%) 0.29 0.33 0.30 0.33 0.02 N.S. 

Kidneys Wt. (gm.) 17.34 15.57 13.75 18.22 0.98 N.S. 

Kidneys/EBW (%) 0.88 0.85 0.75 0.92 0.03 N.S. 

Liver weight (gm.) 46.12 45.50 42.33 47.25 3.75 N.S. 

Liver/EBW (%) 2.35 2.49 2.33 2.39 0.10 N.S. 

Testis weight (gm) 9.14a 8.12b 7.50b 10.95a 0.65 *P 

Testis/EBW (%) 0.47a 0.44b 0.41b 0.55a 0.05 *P 
a and b: Means in the same row having different superscripts differ significantly (P<0.05). 
NS: not significant   *P: significant at 5% level. 

Table (6):  Mean weights and percentages of carcass cuts as affected by the different levels of biologically 
treated corn stalks. 

 

Treatments 
Carcass cuts 

T1 
(10%) 

T2 
(20%) 

T3 
(30%) 

T4 
(Control) 

+ S.E. Significances 

Carcass Wt. (gm.) 1150 981 935 1210 40 N.S. 

Thoracic cage       

Weight (gm.) 239.78b 228.08a 211.78a 268.62c 8.7 N.S. 

% 20.85 23.25 22.65 22.20 0.25 N.S. 

Loin:       

Weight (gm.) 310.85a 242.31b 243.18b 312.18a 12.50 N.S. 
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% 27.03 24.70 26.00 25.80 0.75 N.S. 

Fore-legs:       

Weight (gm.) 196.65a 164.32b 161.76b 193.36a 4.50 N.S. 

% 17.10 16.75 17.30 15.98 0.65 N.S. 

Hind legs:       

Weight (gm.) 402.73a 346.29b 318.37b 435.84a 21.70 N.S. 

% 35.02 35.30 34.05 36.02 0.83 N.S. 
a,b and c: means in the same row having different superscripts significantly differ at (P < 0.05).  
SE: standard errors.   NS: non-significant 

 
Table (7): Blood plasma components of the experimental rabbits as affected by the different feeding treatments. 

Treatments 
 

Blood plasma  
Constituents 

T1 
(10%) 

T2 
(20%) 

T3 
(30%) 

T4 
(Control) 

+ S.E. Significances 

Liver function       

GPT (U/L) 68.95 73.85 79.50 65.93 7.75 N.S. 

GOT (U/L) 133.27 110.95 142.53 99.97 9.30 N.S. 

Alkaline phosphatase (IU/L). 68.55 65.73 60.95 70.12 3.95 N.S. 

Kidneys Function       

Urea-N (mg/dl.) 46.93 51.67 55.75 62.10 4.51 N.S. 

Creatinine (mg/dl.) 1.37 1.51 1.03 1.42 0.05 N.S. 

Uric acid (mg./dl.) 0.53 0.65 0.43 0.76 0.08 N.S. 

Fat Fractions       

Total lipids (mg/dl). 70.35c 63.57a 61.95a 65.00b 2.93 N.S. 

Total cholesterol (mg/dl.) 69.45a 73.56b 65.91a 81.05c 3.70 N.S. 
a,b, and c: Means in the same row having different superscripts differ significantly at P< 0.05.   NS: Non significant. 
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In Vitro And In Vivo Evaluation Of The Antidiabetic Effect Of 
Different Extracts Of Nepeta Cataria In Streptozotocin Induced 

Diabetic Rats 
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ABSTRACT: Both in vitro and in vivo studies were performed in the present research to investigate the 
pharmacological effects of successive Nepeta cataria extracts on some biochemical parameters in Streptozotocin 
diabetic rats compared to the currently used drug, Glicalized. These involved some biochemical parameters such as 
glucose, insulin, carbohydrate hydrolyzing enzymes; α –amylase, α- glucosidase, β- galactosidase, liver steoteosis; 
total cholesterol,  HDL-cholesterol, LDL–cholesterol, triglycerides, total lipid, liver function enzymes; alanin 
aminotransferase(ALT), aspatrate aminotransferase (AST), alkaline phosphates (ALP) and total protein, oxidative 
stress markers; NO and  DPPH. In addition histopathological investigations were performed. The results obtained 
revealed that in vitro analysis, different successive extracts of Nepeta cataria exhibited inhibitory effect on oxidative 
stress indices ( NO and DPPH) and  carbohydrate hydrolyzing enzymes (α-amylase,  α-glucosidase and β-
galactosidase) in linear relationships to some extent with concentration of inhibitors (dose dependant). Total ethanol 
(70%), petroleum ether and chloroform extracts showed respectively the most potent reducing power, while ethyl 
acetate and ethanol soxhlet appeared moderate or low reducing activity. In addition the in vivo anti-glycemic, 
antioxidant, antilipidemic effects of chloroform, petroleum ether as well as crude ethanol extracts in comparison 
with gliclazide as reference antidiabetic drug showed, these extracts have significant beneficial glycemic control, 
scavenging free radicals, normalized liver function, inhibited lipid synthesis associated with diabetic complication,  
as well as they have principle role in  treatment and normalized liver and pancreas architecture. Hence, it could be 
concluded that Nepeta cataria extracts may be applied clinically for reducing complications against diabetes 
mellitus together with the ideal anti- diabetic drug glicalized. [Journal of American Science. 2010;6(10):364-386]. 
(ISSN: 1545-1003). 
 
Keywords: Diabetes mellitus; Nepeta cataria; oxidative stress; liver function; carbohydrate hydrolyzing enzymes 
 
INTRODUCTION 

Diabetes mellitus (DM) is a serious health 
problem being the third greatest cause of death all over 
the world, and if not treated, it is responsible for many 
complications affecting various organs in the body. 
Diabetes mellitus is a disease results from abnormality 
of carbohydrate metabolism and characterized by 
absolute (type І) or relative (type ІІ) deficiencies in 
insulin secretion or receptor insensitivity to 
endogenous insulin, resulting in hyperglycemia (EL-
Hilaly etal., 2007).  

Hyperglycemia resulting from unregulated 
glucose level is widely recognized as the causal link 
between diabetes and diabetic complications. It was 
found that hyperglycemia cause tissue damage by 
mechanisms involving repeated changes in cellular 
metabolism. One of the key metabolic pathways as 
being major contributors to hyperglycemia induced cell 
damage, is the non enzymatic reaction between excess 
glucose and several proteins (as hemoglobin and 
albumin) to form advanced glycosylated  end product 
(AGE). Production of AGE interferes with cell 
integrity by modifying protein function or by inducing 
receptors mediated production of reactive oxygen 
species (ROS)(Thornalley , 2002). Hyperglycemia-

evoked oxidative stress plays a crucial role in the 
development of diabetic complications, including 
nephropathy, neuropathy, retinopathy and hepatopathy, 
which are considered to result from augmented reactive 
oxygen species generation, which probably results 
from both an excessive generation of reactive oxygen 
species and decreased antioxidant defenses(Tepa et al., 
2007). 

Hypoglycemic plants are still prevalent in 
developing countries , where they have been used to 
treat diabetes for many centuries  More than 1200 
species of plants have been used empirically for their 
alleged hypoglycemic activity This fact is attributed to 
the high cost and the lack of availability of current 
therapies for the majority of patients in developing 
countries. Nevertheless, many medicinal plants claimed 
effective by folk medicine require scientific 
investigation to ascertain their effectiveness, toxicity 
and then provide alternative drugs and therapeutic 
strategies(Marles and Farnsworth , 1994). There are 
more than 200 compounds from plant sources that have 
been reported to show blood glucose lowering effect. 
The wide variety of chemicals classes indicates that a 
variety of mechanisms of action are likely to be 
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involved in lowering blood glucose levels (Kim et al ., 
2008) 
 Nepata cataria L.( family , Limiaceae; order 
Lamiales) , comprises about 400 spesies, most of 
which found in the Eastern Mediterranean, Southern 
Asia and China, is commonly known as Catnip or 
Catmint because of its irresistible action on cats. Due 
to lemony mint flavor it finds the ways in the herbal 
teas as well as in cooking. Medicinally, the plants is 
used in gastrointestinal and respiratory hyperactive 
disorders such, as colic, diarrhea, cough, asthma and 
bronchosis (Miceli et al., 2005). A limited number of 
studies exists on its biological activities include 
antibacterial (Kalpoutzakis et al., 2001), antifungal 
(Nostro et al., 2001) and analgesic (Aydin et al., 
1998). Various compounds have been identified by 
different groups of workers in the essential oil of 
Nepeta cataria the main constituents so far identified, 
include β-caryophyllene, caryophyllene oxide, 1,8 –
cineol, citronellol , geraniol , elemol , nerol (Mortuza 
–Semmani  and Saeedi ,2004 ; Schultz et al., 2004 ; 
Sajjadi , 2005).Also, urosolic acid, β–sisoterol, 
campesterol, α -amyrin, β-amyrin , and sitosterol β-
glucopyranoside have been reported previously (Miceli 
et al ., 2005). In addition the plant also contained 
neptalactones and alkaloids, such as actinidine and 
iridomyecine (Kalpoutzakis et al., 2001). 

So the present study was  designed to evaluate  
in vitro  the inhibitory effect of different successive 
extracts of Nepeta cataria on oxidative stress markers( 
DPPH and NO)  and carbohydrate hydrolyzing 
enzymes ( α- amylase , α –glucosidase and β- 
galactosidase ) . In addition the research is extended in 
vivo to demonstrate the hypoglycemic efficiency of 
petroleum ether, chloroform as well as 70% ethyl 
alcohol extracts of Nepeta cataria [compared with 
antidiabetic Gliclazide (diamicron)  reference drug] in 
Streptozotocin induced diabetes mellitus in rats  
through measuring glucose, insulin levels, 
carbohydrate hydrolyzing enzymes, (α-amylase, α–
glucosidase and β- galactosidase ), free radical 
scavenger effects( NO) liver function enzymes ( ALT, 
AST, ALP and total protein ), lipid profile ( total 
cholesterol , HDL-cholesterol , LDL –cholesterol , 
triglycerides and  total lipid). Moreover histological 
examination of liver and pancreas was performed. 

 
MATERIALS AND METHODS 
Chemicals: 

All chemicals in the present study were of 
analytical grade, product of Sigma, Merck and Aldrich. 
All kits were the products of Biosystems (Spain) , 
Sigma Chemical Company (USA), Biodiagnostic 
(Egypt). 
Plant materials:  

Seeds of catnip (Nepeta cataria L.) was 

obtained from company of Jelitto staudensamen, 
Schwarmstedt, Germany). The seeds of the plant were 
cultivated in the experimental farm of the Cultivation 
and Production of Aromatic Plants Department of the 
National Research Center, Giza, during two successive 
seasons of 2006 and 2007.  

The seeds of catnip were sown in nursery on 
15th of October in the two seasons. Two months later 
after sowing, the seedlings were transplanted in 8 cm 
pots in medium of 1:1:1 loam, sand and peat moss (by 
volume). The seedlings were planted in the field on 
15th of March in hills 25 cm apart on rows 60 cm in-
between. 

The flowering aerial parts of Nepeta cataria was 
collected from the plants cultivated in the experimental 
farm of the Cultivation and Production of Aromatic 
Plants Department of the National Research Center, 
Giza, during two successive seasons of 2006 and 2007, 
and raised from seeds obtained from company of 
(Jelitto staudensamen ,  Schwarmstedt, Germany)  
 
2. Phytochemical study 
2.1. Phytochemical screening 

The powdered air-dried aerial parts of Nepeta 
cataria was screened for carbohydrates and/or 
glycosides, flavonoids, tannins, saponins, coumarins, 
unsaturated sterols and/or triterpenes and alkaloids, 
applying chemical tests  and thin layer chromatography 
(Wagner et al., 1983). 

 
2.2. Preparation of extracts and fractions 

The powdered air-dried aerial parts of Nepeta 
cataria (720 g) was extracted with petroleum ether (60-
80), chloroform, ethyl acetate and ethanol, in 
succession, to afford 35, 28, 4.5 and 29 g of extracts, 
respectively. 
1- in vitro antioxidant study: 

   i-The antioxidant scavenging activity of 
serial concentrations of different plant extracts 
(10:1000µg/ml) on  DPPH free radical was performed 
according to the method of Chen, et al.,( 2007). The 
non reacted radical form of DPPH, absorbed in the 
visible range, and the spectroscopic method is based on 
the measurement of color intensity at 518 nm against 
blank solution. The decrease in optical density of 
DPPH- was calculated in relation to control as follows: 
 % Inhibition =          A control -   A sample           x 100 
                       
                                   A control 

  ii- Determination of NO- free radical 
scavenging activity: The NO-scavenging activity of 
extracts  was determined according to the method of 
Sreejayan and Rao (1997). The absorbance of the 
chromophore formed during diazotization of nitrite 
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with sulphanilamide and its subsequent coupling with 
N-(1) naphthyl ethylene diamide was read at 546nm. 

iii- Determination of α-Amylase inhibitory 
activity: α- Amylase was determined according to the 
method of Ali et al., (2006) which is the modified 
method of Bernfeld (1955). α-Amylase activity was 
determined by measuring absorbance at 540 nm. 

iv- Determination of β-galactosidase inhibitory 
activity: β-galactosidase inhibitory activity was measured 
by the method of Sanchez and Hardisson (1979), where 
the resulting colour of O-nitrophenolate ions was measured 
at 420 nm. Standard curve was done using different 
concentrations of O.nitrophenol. 

v- Inhibition assay for α-glucosidase activity: α-
glucosidase inhibitory activity was determined according to 
the method of Kim et al., (2005), where reducing activity 
was estimated by measuring release of p-nitrophenol from 
p-nitrophenyl α-D-glucopyranoside at 400 nm. Standard 
curve was done using different concentrations of 
p.nitrophenol. 

 
II- Determination of hypoglycemic activity 
of Nepeta cataria  in vivo: 
Animals:  

98 male Wister albino rats (120-150g.) were 
obtained from animal house of National Research 
Centre, Dokki, Giza, Egypt. Rats were fed on a 
standard diet and free access to tap water. They were 
kept for one week to be acclimatized to the 
environmental conditions. 
Toxicity studies: 

Four main groups of male Wister albino rats 
were selected to study the acute toxicity of all plant 
extracts under investigation. Each main group was 
subdivided to 4 subgroups (6 rats each). All groups 
received one oral dose of 100, 300, 500 and 1000mg of 
plant extract/kg body weight. After 24 hours, there 
were no died animals; representing the safety action of 
all extracts.   
Doses: 
  All plant extracts were administrated orally 
with a dose of 50 mg/kg body weight for 30 
consecutive days. The dose was selected according the 
toxicity study, which were safety for all doses used. 
The selected dose was also confirmed by (Miceli et al. 
2005) who used a dose of 50mg/kg body weight of the 
methanol extract of Nepeta sibthorpii Bentham 
(Lamiacae) leaves and flowers. Rabbani et al. (2007) 
who used a ranged dose between 25 and 400mg/kg 
body weight of the hydro alcoholic extract of Nepeta 
persica given at a dose 50 mg/kg body weight. Dose of 
the plant extract seemed to be the optimal dose. 
Experimental design:  

98 male albino rats were selected for this 
study and divided to fourteen groups (seven  rats  in 
each group) as follows:  

Group 1: normal healthy control rats. 
Groups 2-4: normal healthy rats orally administrated 
with different plant extracts (50 mg/kg body weight 
daily for 30 days , each rat received 7.5 mg /0.5 ml 
bidistilled water 15% w/v) . 
Groups 5-7: considered as diabetic groups; where type 
1 diabetes was induced by streptozotocin, each rat was 
injected intraperitoneally with a single dose of 
streptozotocin (65mg/Kg body weight dissolved in 
0.01M citrate buffer immediately before use, each rat 
was received 9.75 mg /0.5ml  citrate buffer 19.5 w/v  ) 
(Vats et al., 2004). After injection, animals had free 
access to food and water and were given 5% glucose 
solution to drink overnight to counter hypoglycemic 
shock (Bhandari, et al., 2005). After 2 days of STZ 
injection fasting blood samples were obtained and 
fasting blood sugar is determined (>300 mg/dl). 
Hyperglycemic rats were used for the experiment and 
classified as follows: 
Group5: Diabetic +ve control group sacrificed after 2 
days of STZ injection  
Group 6: Diabetic +ve control group sacrificed after 
10 days of STZ injection  
Group 7: Diabetic +ve control group sacrificed after 
40 days of STZ injection and considered as recovery 
group.  
Group 8: Diabetic animals treated with petroleum 
ether extract 50g/kg body weight for30 days, each rat 
received 7.5 mg /0.5 ml bidistilled water 15% w/v)  
Group 9: Diabetic animals treated with chloroform 
extract (the same as group 8). 
Group 10: Diabetic animals treated with 70% ethanol 
extract. (the same as group 9). 
Group11: Diabetic animals treated with glicalized 
10mg /kg body weight (each rat received 1.5 mg/0.5 
bidstilled water 3% w/v) gliclazide (diamicron) and 
considered as reference drug. 
Group 12-14: healthy control group sacrificed after 2, 
10 and 40 days and considered as control groups for 
body weight , liver weight and liver weight / body 
weight ratio of diabetic  groups sacrificed 
after2,10and 40 days respectively.  
Sample preparations:  

Serum sample: Each animal was weighed, 
Blood collected by puncture the sub-tongual vein in 
clean and dry test tube, left 10 minutes to clot and 
centrifuged at 3000 r.p.m for serum separation. The 
separated serum was stored at -80oC for further 
determinations of lipid profile, liver function tests, 
oxidative stress marker carbohydrate metabolizing 
enzymes and serum total protein.  
Tissue sample: liver tissue was weighed and 
homogenized in cold 0.9 N NaCl (1:20 w/v), 
centrifuged at 3000 r.p.m for 10 minutes, separated the 
supernatant and stored at -80oC for further  
determinations. For determination of  NO in liver tissue 



Journal of American Science                                                                                                 2010;6(10)   

  

 367

the extraction method was carried out using 1g tissue 
and  homogenized in 10 ml  10% trichloroacetic acid 
(to give 10% homogenate  1%w/v ).Then  the sample 
was  Centrifuge at 3,000 rpm for 10 min.  and the 
supernatant was separated and stored . 
Blood biochemical analysis: 
i-Determination of blood glucose:-  

Glucose was determined in serum by 
colorimetric assay according to Goldstein et al., 
(1994).  
ii- Human Insulin Enzyme Immunoassay :  

Insulin was determined by Insulin 
quantitative test kit according the method of Sacks 
(1994) based on a solid phase enzyme-linked 
immunosorbent assay. The colour is changed to yellow 
and measured spectrophotometrically at 450 nm. The 
concentration of Insulin is directly proportional to the 
colour intensity of the test sample. 
iii- Determination of  total cholesterol in 
rat serum: 

Cholesterol was determined by the method of 
Stein (1986) The cholesterol is determined after 
enzymatic hydrolysis and oxidation. The quinoneimine 
is formed from hydrogen peroxide and 4-
aminoantipyrine in the presence of phenol and 
peroxidase. Free and esterified cholesterol in the 
sample originates by the means of the coupled 
reactions, a coloured complex that can be measured at 
500nm spectrophotometrically. 
iv- Determination of cholesterol - HDL in 
rat serum: 

Cholesterol- HDL was determined by the 
method of Stein (1986).  

Phosphotungstic acid and magnesium ions 
selectively precipitating all lipoproteins except the HDL 
– cholesterol present in the supernatant can be 
determined by the same method used for total 
cholesterol. Low density lipoprotein (LDL) in the 
sample is precipitated with phosphotungstate and 
magnesium ions. The supernatant contains high density 
lipoprotein (HDL). The HDL-cholesterol is then 
measured spectrophotometrically at 500 nm by the 
means of the coupled reactions. 
v- Determination of cholesterol- LDL in 
rat serum: 

Cholesterol- LDL was determined by the 
method of Assmann et al. (2004).  
Low density lipoprotein (LDL) in the sample precipitate 
with polyvinylsulphate their concentration is calculated 
from the difference between the serum total cholesterol 
and cholesterol in the supernatant after centrifugation. 
The cholesterol is then measured spectrophotometrically 
at 500 nm by the means of the coupled reactions. 
vi- Determination of triglyceride:  

Triglyceride was measured by the method of Wahelfed (1974) Triglycerides in the sample originates by the means of the coupled reactions,

vii- Determination of total lipids in rat 
serum: 

 Total lipids was measured by the method 
of Zollner and Kirsch (1962) . 

Lipids react with sulphuric, phosphoric acids & vanillin 
to form pink colored complex which measured 
calorimetrically at 545 nm. 
viii- Determination of alkaline 
phosphatase in rat serum: 

Alakaline phosphatase was measured by the method of 
Belfield and Goldberg (1971).  

The liberated phenol is measured colorimetrically at 
520 nm in the presence of 4- aminophenazone and 
potassium. 
x- Determination of aspartate 
aminotransferase (AST) and alanine 
aminotransferase in rat serum: 

 AST and ALT were measured by the method of Reitman and Frankel (1957)
Determination of AST or ALT activities were based on 
the keto acids pyruvate or oxaloacetate formed which 
is measured colorimetrically at 505 nm in its derivative 
form, 2,4-dinitrophenylhydrazone . 
xi- Determination of total proteins: 

Total proteins was assayed in rat serum  by 
colorimetric assay according to  the method of 
Bradford, (1976 ).Total proteins react  with Bradford 
reagent to give a blue complex which is measured 
colorimetrically at wavelength 595 nm. Standard curve 
of protein was assessed using serial concentration of 
bovine serum albumin. 
xii-Determination of  nitric oxide (NO )in liver 
tissue homogenates:- 

NO was determined in liver tissue homogentes 
according to Moshage et al., (1995). 
Promega΄s Griess Reagent system is based on the 
chemical reaction between sulfanilamide and N-1- 
naphthylethylenediamine dihydrochloride ( NED) 
under acidic condition to give colored azo colored –
compound which can be measured colormetrically  at 
520-550nm . 
xiii- Determination of α- amylase in liver tissue 
homogenates : 

α- amylase activity was performed in liver 
tissue homogenate according to the method of 
Caraway, (1959). The test is based on the hydrolysis 
of starch by α- amylase and the blue –black complex 
that forms when iodine reacts with starch. The amount 
of starch remains at the end of the incubation period is 
shown by produces a blue black color. The amylase 
activity is measured by the differences in absorbance of 
the starch –iodine complex at 660nm.  

α-Glucosidase and β-galactosidase were 
performed in liver tissue homogenates by the same 
methods as in vitro, also total protein content was 
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estimated in liver homogenates by the same method as 
in serum.  
III- Histopathology : 

Liver and pancreas specimens were fixed in 
10% formalin, processed to paraffin blocks, sectioned 
(4 µm thick) and stained with Hematoxyline and Eosin 
stain. They were examined using light microscopy for 
demonstration of pancreatic and haptic pathological 
changes including degeneration of β-cell of langerhans, 
atrophy, cell destruction, necrosis and the efficiency of 
Nepeta cataria extracts to ameliorate these 
pathological features.  
Statistical analysis :  

Data were analyzed by comparing values for 
different treatment groups with the values for 
individual controls. Results are expressed as mean ± 
S.D. The significant differences among values were 
analyzed using analysis of variance (one-way Anova) 
coupled with post-Hoc least significance difference 
(LSD) Anova at p ≤ 0.05 using Co-stat program. 
 
RESULTS 

The present results demonstrated in vitro the 
inhibitory effect of different successive extracts, 
petroleum ether, chloroform, ethyl acetate and  ethanol  
as well as 70% ethanol extract of Nepeta  cataria , in 
addition the research is  extended  to evaluate e the in 
vivo  biochemical effects, mechanism(s) of the 
hypoglycemic actions of the most potent extracts  of 
Nepeta cataria and  to investigate its possible 
hepatoprotective effects against liver disorders induced 
by reactive oxygen species associated with diabetic 
complications in diabetic rat. The investigated 
parameters included blood glucose, insulin ( to 
investigate diabetic condition),  total cholesterol, HDL-
cholesterol, LDL-cholesterol, triglycerides, total 
protein, total lipid content as indices of liver steatosis, 
alanine aminotransferase (ALT), aspartate  
aminotransferase (AST), alkaline phosphatase (ALP) 
and total protein content as  markers of liver functions, 
as well as hepatic nitric oxide (marker of lipid 
peroxidation )  in addition  hepatic α - amaylase,  α- 
glucosidase and  β- galactosidase indices for 
carbohydrate hydrolyzing enzymes . 

Table (1) and Fig (1) show the DPPH free 
radical scavenging effects of different successive 
extracts of Nepeta cataria. All the tested extracts show 
appreciable free radical scavenging activities. 70% 
ethanol extract has the strongest radical scavenging 
activity at different concentrations compared to other 
successive extracts followed by petroleum ether and 
chloroform. However ethanol extract shows the lowest 
radical scavenging activity. A dose –response 
relationship is found in the DPPH radical scavenging 
activity, the activity increased as the concentration of 
extract increased for each individual extract. Total 

ethanol extract is able to reduce the stable radical, 
DPPH to the yellow –colored 2,2-diphenyl-1- picryl 
hydrazyl to give significant inhibitory  percent 
47.7±0.84, 60.53 ±0.50, 66.45± 0.29, 69.52 ± 52 and 
72.19±0.69 %  at concentration of inhibitor 10, 50, 
100, 500 and 1000  µg/ml  respectively. While 
petroleum ether extract shows reducing inhibitory 
percent of  DPPH amounted 26.31 ± 0.50 %,  
26.00±1.38%,  34.04 ± 0.94 % , 37.39±1.10 % and 
40.17±0.9%  at the same concentrations of inhibitors 
respectively . On the other hand, chloroform shows 
significant reducing activity of 16.39±4.63, 22.38 
±1.23, 32.54±1.42 and 35.94±1.42 and 38.48±0.70 %, 
respectively. In addition, ethyl acetate and ethanol 
extracts exhibit the lowest reducing activity power 
when compared to other extracts.  

Table (2) and Fig (2) illustrate NO free 
radicals scavenging capacities of the different 
successive extracts of Nepeta cataria .The expression 
of antioxidant activity is thought to be concomitant 
with the development of reductons as these species are 
known to be free radical chain terminators. Therefore it 
was considered important to determine the reductive 
capacity of the different successive Nepeta cataria 
extracts as these may indicate their potential as 
antioxidants. The most reducing capacities is also 
considered for 70% ethanol extract which is capable of 
significantly reducing activity of NO by 37.60±1.68%, 
39.16±9.13% ,52.13 ± 6.06%, 56.58±3.46% and 
53.85±5.12 % with various concentrations of inhibitors 
(10-1000 µg/ml) and more or less did so in a linear 
concentration –dependent fashion. The reducing power 
of petroleum ether extract which has been used as one 
of antioxidant capability indicators is shown to be 
came later total ethanol extract and exhibits significant 
reducing activity of 15.26± 6.94, 24.94± 2.89, 33.30 
±2.65, 36.29 ±5.18 and 44.64 ± 4.29 %. From the 
percentage scavenging values, it can be seen that 
chloroform, ethyl acetate and ethanol as successive 
extracts demonstrate a moderate scavenging effect with 
linear relationship in a dose dependent manner and 
record significant maximum reducing percent of 
41.24±3.27, 38.17±3.01 and 36.14±2.93 % at 
concentration of inhibitors 1000 µg/ml respectively.  

Table (3) and Fig (3) show five successive 
extracts of Nepeta cataria that are tested to evaluate 
their effect on α -amylase carbohydrate hydrolyzing 
enzyme activity. Among them total ethanol extract as 
well as successive petroleum ether, chloroform and 
ethyl acetate extracts  show interesting and 
comparatively potent α-amylase inhibitory activity 
which may be potentially useful in control of obesity 
and diabetes. The inhibition of α-amylase by 
chloroform and ethyl acetate extracts appear to be also 
a dose dependent and are found to have the highest 
significant reducing activity 44.59± 1.55 and 43.64 ± 
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1.79 % at concentration of inhibitor 1000µg/ml. The 
extent of α-amylase inhibition activity appears with 
crude ethanol extract since the inhibiting effect is most 
dramatic at 10 and 50 µg/ml inhibitors to give 
insignificant reducing activity 92.00±1.21 and 
94.35±2.69 % respectively. While inhibitory activity 
recorded 88.40±7.29 % at 1000 µg /ml extract. 
Petroleum ether is shown to follow directly 70% 
ethanol extract as a second potent inhibitory effect on α 
-amylase by recorded significant inhibitory percent of 
18.26± 3.97, 24 .55 ±4.03, 32.56±2.07, 37.14±0.89 and 
37.97±1.86% in a dose dependent manner at 10,50.500 
and 1000 ug/ml inhibitors respectively. Considering 
ethanol as a successive extract, shows the lowest 
inhibitory activity so it is demonstrated as a weaker α-
amylase –inhibitory activity, in spite of it appears 
significant reducing power at concentration of inhibitor 
1000µg/ml (38.13±0.64). 

Table (4) and Fig (4) manipulated the 
inhibitory effect of different successive extracts of 
Nepeta cataria on α- glucosidase carbohydrate 
hydrolyzing enzyme activity. Remarkable inhibitory 
effect of total ethanol, petroleum ether, and chloroform 
is obtained greater than ethyl acetate or ethanol as 
successive extracts. The inhibition mode of the 
different extracts against α-glucosidas  is similar, gives 
significant highest percent of reducing activity at 100 
and 1000 µg / ml inhibitors reached to 40.44± 4.34, 
40.55± 3.08, 32.22 ±3.96 , 28.95± 1.44 and 44.21 
±2.87% for petroleum ether, chloroform,  ethyl acetate, 
ethanol as successive extracts and 70% ethanol extracts 
at 100µg/ml, respectively .While at concentration of 
inhibitors 1000µg /ml, the reducing activity amounted 
39.32± 2.60, 38.11 ±2.70, 29.42± 0.62, 27.65± 2.37 
and 42.50± 2.24%  for the same previous reported 
extracts respectively. However, the inhibition percent 
appears to some extent be significant correlated with 
increase in concentration of inhibitors.  

Table (5) and Fig (5) show β-galactosidase 
inhibitory activity against five extracts of Nepeta 
cataria. 70% ethanol, petroleum ether and chloroform 
extracts a gain provided additional support for the 
previous finding by having the strongest reducing 
activity at various concentration of inhibitors. Since 
total ethanol extract at 500 and 1000µg/ ml gives 
significant highest  inhibitory percent amounted 67.82± 
3.94 and 66.86 ± 3.79%, respectively followed by 
petroleum ether(62.63 ± 1.89 and 62.12± 4.37%, 
respectively) and chloroform (54.13 ± 2.44 and 55.08 ± 
5.11 %, respectively). It can be noticed that ethyl 
acetate and ethanol successive extracts have 
comparable insignificant inhibitory activity of 45.89± 
4.91, 43.77 ± 4.5, 46.58 ± 8.22 and 42.21± 5.28 % at 
500 and 1000 µg/ml inhibitors respectively, and they 
are considered much weaker β-galactosidase inhibiting 
activity. From the table of inhibition we can deduce 

that, significant increase in reducing activity with 
increase in concentrations of the individual extracts 
(linear relationship) and at low doses the reducing 
activity shows insignificant change.   

Table (6) and Fig (6) demonstrated the blood 
glucose and insulin levels in serum of control, normal - 
treated, diabetic and diabetic – treated groups. It is 
obvious that, there is no significant change between 
normal control and different control –treated groups 
either in blood glucose or in insulin levels except 
normal control –treated with 70% ethanol extract 
which exhibits significant reduction in blood glucose 
level amounted 94.50±16.05 mg/dl at P≤ 0.05 with 
percentage reduction -13.69%. Concerning diabetic 
groups, significant increase is noticed in blood glucose 
levels which is concomitant with significant reduction 
in insulin levels at day 2, 10 and 40 post injection of 
STZ drug record 373.00±2.94, 363.00±2.94 and 
364.25±3.77 mg/dL with percentage increase +240.64 
,+231.51 and +232.62% for glucose, respectively and 
0.59±0.01, 0.34±0.05 and 0.35±0.01 µIU/ml with 
percentage reduction reached to -88.97, -93.64 and -
93.45%, for insulin, respectively. Significant 
amelioration is noticed in blood glucose and insulin 
levels in all diabetic – treated groups recorded  the 
most pronounced effect for 70% ethanol extract (-
5.94% for glucose and -14.21%.for insulin ) followed 
by petroleum ether extract (+17.12 and -22.8%, 
respectively) then glicalized  as a reference drug 
(+20.55and -27.66% respectively ) and  finally 
chloroform extract (+21.46 and  -28.41%, respectively 
).  

Table( 7) and Fig ( 7) show the levels of lipid 
profile, total cholesterol, HDL- cholesterol, LDL- 
cholesterol, triglycerides and total lipid in control, 
normal - treated, diabetic and diabetic – treated groups. 
It can be easily noticed that, there is no significant 
change in total cholesterol, HDL- cholesterol , LDL- 
cholesterol and total lipid between different control – 
treated groups as compared to untreated  control one. 
While triglycerides show significant reduction in crude 
ethanol extract treated – control group reached to 
93.32±22.07 mg/dl with percentage reduction 
amounted -15.84% as compared to normal control 
group. With regard to diabetic groups, significant 
elevation in lipid profile is observed 2 days post STZ 
injection as compared to normal control group  record 
202.50±4.5, 81.62 ±3.35, 163.22±4.57, 211.75 ±8.22 
and 1687.19 ±202.10 mg/dl  with percent of elevation  
+54.17, +21.75 , +94.75, +90.97 and +72.05% for total 
cholesterol, HDL-cholesterol, LDL– cholesterol, 
triglycerides and total lipid, respectively. On the other 
hand, nearly simultaneously elevated levels  in lipid 
profile  is recorded 10 and 40 days post STZ injection  
with percentage of increase +82.66 , +35.37 ,+151.46, 
+177.57 and +84.12% for 10 day and+82.54,+35.37, 
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+151.46,  +178.45  and  +84.45% for 40 day, 
respectively. All diabetic – treated groups(G8- G11) 
show significant enhancement in lipid profile level  as 
compared to the normal control group,  since in 
petroleum ether –treated diabetic group, total 
cholesterol record 145.99± 10.97mg/dl  with 
percentage increase amounted +11.15%.While in both 
total ethanol extract and chloroform, total cholesterol 
reach to 150.81±6.46 and 158.15±8.20 mg /dl, 
respectively with percent of  +14.82 and +20.41%, 
respectively. With respect to gliclazide as reference 
drug, total cholesterol amounted 72.75±0.96 mg/dl 
with percent of reduction - 44.61% as compared to 
normal control group. Concerning HDL –cholesterol 
nearly similar results is obtained for different extracts-
treated diabetic groups and gliclazide as reference 
drug, where insignificant change is observed either 
compared to each other or  to normal control group. In 
addition, significant improvement is noticed in LDL- 
cholesterol level post treatment of diabetic rats with 
different extracts where insignificant change is 
observed as compared to each other and significant 
increase as compared to normal control group 
amounted 107.89±14.17, 118.02±11.50 and 
111.25±2.15 mg /dl with percentage of elevation + 
28.73,+40.82  and +32.74% for petroleum ether 
,chloroform and 70% ethanol extracts,  respectively. 
Controversy gliclazide -treated diabetic group exhibits 
insignificant change as compared to normal control and 
significant decrease as compared to other extracts. 
Remarkable, significant enhancement is noticed in  
triglycerides level  post different types of treatments, 
where insignificant change is recorded as compared to 
normal control except  for petroleum ether-treated 
diabetic  rats, significant increase is noticed amounted 
125.74±  10.83 mg/dl  (+13.40%) as compared to 
normal control  group. Total lipid reveals an enhanced 
significant  mean value of 1373.17±41.65, 
1414.58±195.92 , 1325±99.71 and 1237.50±33.04 for 
petroleum ether , chloroform , 7 ethanol extracts and 
gliclazide drug as compared to normal 
control(980.62±30.71) with percent +40.03, 
+44.25.,+35.12 and +26.20%, respectively. 

Table (8) and Fig (8) demonstrate the level of 
liver function enzymes AST, ALT, ALP and total 
protein in serum of control, normal treated, diabetic 
and diabetic treated groups. It is obvious that 
insignificant change is recorded in AST level in serum 
of normal control treated either with chloroform or 
crude ethanol extracts. On the contrary significant 
inhibition is noticed in AST activity in normal control 
treated with petroleum ether extract amounted 
1.97±0.25 umole /mg protein /min (-12.83 %.). With 
respect to ALT and Total protein, insignificant change 
is observed in their level in different control- treated 
groups as compared to untreated control one. 

Concerning ALP, significant inhibition is noticed in all 
control–treated groups recorded 2.94±0.40, 2.74±0.25 
and 2.78±0.26 umole/mg protein/min with percentage 
decrease amounted -17.99 ,-13.27 and -19.17%  for 
chloroform, 70% ethanol and petroleum ether extracts 
respectively as compared to the normal control group. 
With regard to diabetic condition, significant increase 
in all enzyme activities is noticed at day 2,10 and 40 
post STZ injection reached to 2.73±0.24, 3.23±0.23, 
3.37±0.11 µmole / mg protein/min for AST with  
percentage increase +20.80,+42.92 and +49.12%, 
respectively. While , ALT recorded 1.97±0.09, 2.44 
±0.17 and 2.48±0.08 µmole/ mg protein /min with 
percentage increase +23.13,+52.50 and +55.00%, 
respectively. ALP shows a value of 4.51± 0.36, 
5.55±0.60 and 5.61±0.13 µmole/mg protein/min with 
percentage of elevation +33.04, +63.72 and +65.49%, 
respectively. Total protein content shows insignificant 
change at day 2 and 10 post STZ injection, while 
marked significant reduction at day 40 amounted 84.3 
±1.74 mg / ml (-22.12%). The curative effect of 
petroleum ether, chloroform, 70% ethanol extracts and 
gliclazide drug on diabetic rats can easily be noticed 
through the normalization of all enzymes tested 
returned more or less to the level of normal control, 
where an insignificant change is observed. While total 
protein content still recorded significant reduction post 
petroleum ether, chloroform and total ethanol extracts 
treatment. (In spite of its normalization with gliclazide 
drug) amounted 83.25±5.37, 89.25±4.92 and 
83.50±5.06 mg/ml. with percentage decrease -23.09, -
17.55 and -22.86%, respectively. 

Table (9) and Fig (9) show the manipulation 
of NO in liver tissue homogenates of control, normal 
treated, diabetic and diabetic–treated groups. It can be 
easily noticed that  NO level is insignificantly affected 
post various extracts- treated normal control rats as 
compared to untreated control one. In response to 
diabetic state, NO shows significant increase in its 
level of a value 62.96±2.32, 72.55±1.87 and 72.55 
±2.00 µg/g tissue for NO with percentage increase 
+42.86,+64.62  and +64.62 %.at day 2, 10 and 40 post 
STZ injection, respectively. The level of NO is 
significantly improved as a result of different 
treatments, shows the best pronounced effect for 70% 
ethanol extract and petroleum ether, where 
insignificant change is recorded either as compared to 
normal control or diabetic– gliclazide treated groups. 
In spite of, significant elevation in NO level is noticed 
in diabetic –chloroform treated group amounted 51.30 
±2.69µg /g tissue with percent +16.41 %. 

Table (10) and Fig (10) recorded the level of 
carbohydrate metabolic enzymes α - amylase, β- 
galactosidase and α -glucosidase in liver tissue 
homogenates of the different studied groups. Careful 
inspection of the data would reveal that α - amylase 
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and β- galactosidase show insignificant change in 
different control- treated groups as compared to the 
normal untreated control one. While α-glucosidase 
shows significant increase as a result of treatment with 
both total ethanol (0.342±0.04 µmole/mg protein/min) 
and petroleum ether extracts (0.370±0.06 µmole/mg 
protein/min) with percentage increase amounted 
+25.74 and +36.03 %, respectively. On the other hand, 
total protein content reveals a significant reduction 
with a value of 39.50±8.22, 36.25±10.30 and 
41.25±8.54 mg/g tissue in response to treatment of 
normal control rats with petroleum ether, chloroform 
and 70% ethanol extracts  with percent -21.0, -27.5 and 
-17.5 %, respectively. It can be deduced that 
carbohydrate metabolizing enzymes are strongly 
affected with diabetic condition show significant 
inhibition at day 2, 10 and 40 post STZ injection 
reached to  20.07 ±1.40, 17.79 ±0.68 and 18.32 ±0.69  
µmole/ mg protein/min for α-amylase with percent of 
change -38.27, - 45.28  and -43.65%, respectively. 
While, β-galactosidase enzyme activity recorded 
0.052±0.02, 0.037±0.01 and 0.050±0.01 µmol/mg 
protein / min with percent -68.86, - 77.84 and -70.06 
%, respectively. In addition, α-glucosidase shows a 
value of 0.192± 0.01, 0.187±0.01 and 0.190± 0.01 
µmole/ mg protein /min with percent of change -29.41, 
-31.25 and -30.15 % respectively. On the contrary, 
total protein content show insignificant change at the 
different duration post STZ injection.  
Treatment of the diabetic rats with the different 
extracts of Nepeta cataria produce obvious 
enhancement in all carbohydrate hydrolyzing enzymes 
tested. This can be easily seen through normalization of 
α-amylase level to show insignificant change as a result 
of treatment diabetic rats with crude ethanol extract 
and as compared to either normal or diabetic glicalized 
treated groups (reference drug). While α-amylase 
shows significant increase post treatments with 
petroleum ether (52.90±6.22 µmole /mg protein/min) 
and chloroform extracts (40.94±2.2 µmole/mg 
protein/min) with percentage increase +62.72 and 
+25.93 % respectively. The curative effect of the 
different extracts can be also seen through 
improvement in β- galactosidase level that is returned 
to its normal value as compared to both normal control 
and reference drug. In addition α -glucosidase activity 
shows insignificant change post chloroform treatment, 
while it recorded significant increase post petroleum 
ether, 70% ethanol extracts and gliclazide drug( 
0.335±0.02, 0.357±0.02 and 0.372.±0.03 µmole/ mg 
protein / min, respectively) with percentage increase 
+23.16,  +31.25 and +36.76 %, respectively as 
compared to normal control. Concerning total protein 
content, insignificant change is observed in all diabetic 
–treated groups except in petroleum ether extract 
treated- diabetic rats, significant reduction is obtained   

amounted  35.00 ±8.16 mg /g tissue used with 
percentage -30 % as compared to normal control.  

Table (11) and Fig (11) illustrate body 
weight, liver weight and liver weight / body weight 
ratio in control, different normal –treated, diabetic and 
diabetic – treated groups. It is obvious that body weight 
of normal control rats recorded significant increase 
(181.00 ±2.58 gm) with concomitant increase in liver 
weight (6.90±0.297) at day 40 post experiment as 
compared to body weight and liver weight at zero time 
with percentage increase amounted +19.47 and +16.50 
%, respectively. While, body weight and liver weight 
show insignificant change at other durations (2 and 10 
days). Moreover normal liver weight/body weight ratio 
shows insignificant change at different durations as 
compared to zero time. On the other hand, body weight 
and liver weight /body weight ratio of control rats 
treated - chloroform, total ethanol and petroleum ether 
show insignificant change either as compared to 
normal control at 40 day post start of experiment or as 
compared to each other. Liver weight of normal control 
70% ethanol extract treated  rats –exhibits significant 
increase amounted 8.50 ±0.37 g with percentage 
reached to + 23.14 %.While it shows insignificant 
change in other treatments. It is clearly noticed from 
the present study that diabetic condition is always 
associated with a significant reduction in body weight. 
This result is ascertained through the degradable  
remarkable significant reduction in body weight at day 
2, 10 and 40  post STZ – induce diabetes amounted 
142.25±4.34, 112.75 ±8.77 and 98.50±5.68 g with 
percentage of reduction -5.79, - 28.86 and -45.58%, 
respectively. On the contrary, liver weight and liver 
weight / body weight ratio manipulated significant 
increase of 7.67 ± 0.87, 9.56±1.86 and 8.25±0.42 g 
with percent +26.96, +53.49 and +22.06 % for liver 
weight and 0.0525±0.005, 0.085±0.013 and 
0.088±0.005 for liver weight / body weight ratio with 
percentage increase +31.25, +112.50 and +118.75 % at 
day 2, 10 and 40 post STZ injection, respectively. 
Treatment of diabetic rats with different extracts 
produced obvious improvement in body weight, liver 
weight and their ratios, while chloroform extract 
treated diabetic rats shows significant increase in body 
weight amounted 123.50 ±6.02 with percent increase 
+25.38 % as compared to untreated diabetic group at 
day 40 (recovery group), but with respect to normal 
control rats at day 40, significant reduction is recorded 
(-31.77%). Nearly the same results are achieved for 
70% ethanol extract treated– diabetic rats. In addition, 
diabetic rats –treated  petroleum ether extract  and 
gliclazide drug show significant increase in body 
weight amounted 131.00±4.24 and 153.25 ± 2.36 g 
with percent +32.99  and +55.58  %, respectively as 
compared to diabetic - untreated one while as 
compared to normal control, significant reduction is 
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noticed (-27.62  and -15.33 %, respectively). 
Concerning liver weight, insignificant change is 
observed in chloroform extract treated- diabetic rats 
and gliclazide drug, while significant reduction is 
recorded in petroleum ether and total ethanol extracts 
amounted 5.00±0.47 and 5.26±0.50 g with percentage -
27.56 and -23.83%, respectively as compared to 
normal control rats (40 days ).  Liver weight /body 
weight ratio exhibit insignificant change in all diabetic 
–treated groups except chloroform extract which shows 
significant increase as compared to normal control 
group at day 40 (0.055±0.02) with percentage of 
increase +37.5%. In addition significant reduction  is 
observed in liver weight and liver weight / body weight 
ratio  in all diabetic –treated groups as compared to 
diabetic untreated one(40 days).  
III. Histological studies on pancreas and liver: 

Normal architecture in liver and pancreas of 
treated –control groups at the cellular level as 
compared to the normal un-treated one. Gradual 
cellular changes include imperfection, reduction in β-
cells counts, number of islet and atrophic changes are 
appears in pancreas of Streptozotocin - treated groups 
at different durations (figs 5-7 1st sheet) .On the other 
hand, sections  of  diabetic liver at day 2,10 and 40 
show degeneration of hepatocytes, necrosis and 
congestion of central vein (5-7 2nd sheets). 

Different successive extracts of Nepeta 
cataria and gliclazide drug (8-11) appear to regulate 
diabetes at the cellular level resulting in restoration of 
near normal architecture pancreatic islets of langerhans 
and hepatocytes in the Streptozocin treated -groups, 
this suggests a possible regeneration or repair of the 
cells in diabetic - treated groups. 
 
DISCUSSION 

Reactive oxygen species (ROS), superoxide 
anion, hydrogen peroxide and hydroxyl, nitric oxide 
and peroxynitrite radicals, play an important role in 
oxidative stress related to the pathogenesis of various 
important diseases. In healthy individuals, the 
production of free radicals is balanced by the 
antioxidative defense system (Shyur et al., 2005). 
Moreover knowledge and application of such potential 
antioxidant activities in reducing oxidative stresses in 
vitro has prompted many investigators to search for 
potent and cost –effective antioxidants from various 
plant sources (Cesquini et al., 2003) . 

Scavenging activity for free radicals of 1,1 – 
diphenyl -2- picrylhydrazyl (DPPH) has been widely 
used in vitro to evaluate the antioxidant activity of 
natural products from plant and microbial sources. 
Crude ethanol extracts and successive extracts 
(petroleum ether, chloroform, ethyl acetate, ethanol as 
successive) were prepared for investigation of their 
antioxidant activities .The dosage of extract is 

expressed in µg of dry weight of the extract 
(compound) per ml of the assay mixture. 

The present results indicated that crude extract 
(70% total ethanol extract) exhibited the strongest 
DPPH  free radical inhibitory effect  at a dose response 
relationship compared to other successive extracts 
followed by petroleum ether  and chloroform. 
However, ethanol as successive  showed the lowest 
scavenging activity at concentration of inhibitor 10, 50, 
100, 500 and 1000 µg/ml. In a good agreement with the 
present results Shyur et al., (2005) found Prunella 
vulgaris plant species (Labiatae) extracts dose 
dependently and significantly inhibited DPPH free 
radical activity. Moreover and in close agreement with 
the present data Souri et al., (2008) attributed the 
potent  antioxidant and  DPPH radical scavenging 
activities of   Mentha spicata (Labiatae ) to wide 
variety of antioxidant constituents such as phenolics, 
ascorbate, carotenoide and terpenoides. Tepe  et al., 
(2007) examined  the antioxidant activity of essential 
oil and various extracts ( hexan , dichlorometane and 
methanol  sub-fractions) of Nepeta flavida (Labiatae) 
and found, among the extracts, the strongest activity 
was exhibited by polar sub-fraction of the methanol 
extract, that ascertained correlation between  the 
polarity and antioxidant activity. In addition, the 
amount of total phenolics was highest in the polar and 
non polar sub-fractions. Particularly, a positive 
correlation was observed between the total phenolics 
content and the antioxidant activity of the extracts .The 
amount of phenolic compounds were less in hexan and 
dichloromethane extracts than in the others. However 
Dasmalchi et al., (2007) used successive extracts of 
Moldavian balm (Dracocephalum moldavica L. 
Labiatae), petroleum ether, dichloromethane, 
acetonitrile, ethyle acetate, methanol, n- butanol and 
water. Results of the DPPH free radical scavenging 
activity suggested that components within the extracts 
(hydroxylated cinnamic acids, their derivative and 
flavonoids), except for the petrol and dichloromethane 
extracts are capable of scavenging free radicals via 
electron –or hydrogen –donating mechanisms and thus 
should be able to prevent the initiation of deleterious 
free radical mediated chain reactions in susceptible 
matrices as biological membranes. In accordance to the 
present findings Tsai et al., (2007) reported  that 
Labiatae family  including rosemary , oregano, 
marjoram and thyme, revealed significant DPPH 
inhibitory activity and phenolic compounds were 
considered as the main contributors responsible for the 
free radical scavenging activity (Tsai et al., 2005). 

Nitric oxide synthase (NOS) catalyzes the 
production of nitric oxide (NO). Inducible nitric oxide 
synthase (iNOS) is expressed by vascular endothelial 
cells and smooth muscle cells in response to cytokines, 
unlike the two other types of NOS, which are 
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constitutive. NO produced by iNOS is implicated in 
inflammatory diseases (Brinker et al., 2007).  

The present results revealed that all successive 
extracts of Nepeta cataria were capable of suppressing 
NO activity with the most reducing abilities for crude 
ethanol extract. Petroleum ether was found to be came 
later after total ethanol extract (70%). Chloroform, 
ethyl acetate and ethanol extracts demonstrated a 
moderate reducing power at the different 
concentrations of inhibitors (10-1000ug/ml). Tsai et 
al., (2007) reported that food and phytochemicals 
exerts NO –supressing activity via three different 
pathways: the blocking of iNOS expression, 
inactivation of iNOS catalytic function and the 
scavenging NO. While, NO suppressing effect 
primarily through regulation of cellular iNOS 
expression. In concomitant with the present results 
Kim et al., (1998) found that Labiatae family exhibited 
strong suppressing activity upon NO production and 
thus provided further convincing evidence to illustrate, 
at least partially, the relative benefits of this family as 
anti -inflammation , anticancer or antioxidant. It seems 
that the extracts do not only exert NO-suppressing 
effect through direct scavenging of NO radicals but 
also through inhibition of NOS catalytic activity and 
/or suppression of iNOS expression (Sheu et al., 2001). 
The complexity of the extract composition one could 
speculate that the relative contribution of the 
polyphenolic compounds or the triterpenes on the 
suppressing activity of NO production may be the 
result of the synergistic/ antagonist effects between 
different classes of compounds (Diouf et al., 2009).  It 
has been found that the presence of a catechol group in 
a flvonoides is essential required for excellent NO-
scavenging ability and that gallic acid linked to flavan -
3-ol also plays an important role in the NO scavenging 
of catechines (Nakagawa and Yokozawa ,2002). 
Furthermore, the rather striking NO –suppressing 
activity of rosemary (Labiatae) has been documented 
according to one of its constituents, namely carnosol a 
compound which inhibits iNOS by blocking the 
activation of tumor necrosis factor β (Manosroi et al., 
2006). Cinnamic aldehyde , a  compound found to be 
present in, specifically, the essential oil cinnamon as 
well as several flavonoides have been reported to 
decrease the transcriptional activity of iNOS gene 
(Diouf et al., 2009). Moreover , (Dudhgaonkar et 
al.,2009) demonstrated the suppression  of the 
oxidative stress and  inflammatory response related to 
diabetes  through the inhibition of tumor necrosis 
factor β- (TNF- β) signaling. Natural triterpenes such 
as ginsenosid Rh1, triterpene isolated from Panax 
ginseng, inhibited iNOS expression and the activation 
of NF- β. In addition oleanolic acid glycoside isolated 
from Ampelopsis radix, markedly suppressed the 
activity of NF-β and production of NO. 

One therapeutic approach for treating diabetes 
is to decrease the post –prandial hyperglycemia .This is 
done by retarding the absorption of glucose through the 
inhibition of the carbohydrate hydrolyzing enzymes α- 
amylase, α -glucosidase  and β –galactosidase in the 
digestive tract. Inhibition of these enzymes delay 
carbohydrate digestion and prolong overall 
carbohydrate digestion time, causing a reduction in the 
rate of glucose absorption and consequently blunting 
the post prandial plasma glucose rise (Rhabasa –
Lhoret and Chiasson ,2004). Many natural resources 
have been investigated with respect to the antidiabetic 
and suppression of glucose. The fact that α –
glucosidase and α-amylase showed different inhibition 
kinetics seemed to be due to structural differences 
related to the origin of the enzymes (Kim et al., 2005). 
In this aspects successive as well as crude ethanol 
extracts of Nepeta cataria were used in vitro to 
demonstrate their efficiency on carbohydrate 
hydrolyzing enzymes. The present results revealed that 
crude ethanol extract exhibited the highest reducing 
activity of amylase at concentration of inhibitor 10 an 
50 ug /ml (92.00±1.21 and 94.35±2.69%, respectively) 
while petroleum ether showed reducing activity of 
18.26± 3.97 and 24.55± 4.03%, respectively  at the 
same concentration of inhibitor, then chloroform, ethyl 
acetate and ethanol as successive . While at 1000 µg 
/ml, crude extract demonstrated reducing activity of 
88.40± 7.29% compared to 44.59± 1.55, 43.64±1.79 
and 37.97±1.86 % for chloroform, ethyl acetate and 
petroleum ether, respectively. Considering ethanol as 
successive extract, the lowest reducing activity was 
noticed. (Kim et al., 2005) demonstrated that the 
triterpenoid acids showed a significant inhibition effect 
on α-amylase. Moreover urosolic acid, pentacyclic 
triterpenoids and oleanolic acid derivatives exhibited 
the strongest α- amaylase suppressing activity and are 
responsible for a major part of the activity of the total 
hexan extract of many antidiabetic plants. (Manosroi 
et al., 2006) and (Brinker et al., 2007) attributed the 
anti-dibetic, anti-inflammatory anti-tumor and anti-
proliferative effect of many Labiatae species, to their  
essential oil which are composed of mono, 
sesquiterpenes, phenolic compounds and flavonoides  
such as cinnamic acid, caffeic acid and rosmarinic acid. 
In a parallel results (McCue and Shetty 2004) 
illustrated that the amylase activity was inhibited in the 
presence of herbal extracts containing rosmarinic acid 
(RA-Labiatae) and the extent of  amylase inhibition 
correlated with increased concentration of RA. The 
anti- amylase inhibitory activity may be due to the 
ability of phenolic compounds to interact with and / or 
inhibit proteins enzymes (Rohn et al., 2002). The same 
authors  added that phenolic substances that are able to 
form quinines (such as caffeic acid, chlorogenic acid, 
gallic acid, etc) are more reactive than those phenolics 
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that cannot form quinines and suggested that semi-
quinones formed may react with amino acid side chains 
and free thiol groups on the enzyme. 

The present results showed remarkable 
suppressing effect of petroleum ether, chloroform and 
crude extracts greater than chloroform or ethanol as 
successive on carbohydrate hydrolyzing enzyme α- 
glucosidase at concentration of inhibitors 100 and 1000 
µg /ml and these extracts demonstrated significant 
dose dependent enzyme inhibitory activities. In 
addition, the inhibitory activity of the various 
successive and crude extracts of Nepeta cateria on 
carbohydrate β-galactosidase hydrolyzing enzyme 
indicated that crude ethanol, petroleum ether and 
chloroform extracts possessed, respectively the most 
powerful reducing activity at the different 
concentration of inhibitors. While, ethyl acetate and 
ethanol extracts exhibited the lowest reducing effect. 
Linear relationship was demonstrated between 
reducing activity and concentration of inhibitors. 

Although inflammation is important in 
preventing diseases, there are numerous autoimmune 
disorders that involved deleterious inflammatory 
response, including rheumatoid arthritis, psoriasis and 
Type 1 diabetes. It was found that triptolide, 
diterpenes, sesquiterpenes and triterpenes inhibited the 
transcription of proinflammatory genes by blocking the 
transactivation of NF-β so these compounds acts as 
antiiflammatory and autoimmune conditions (Brinker 
et al., 2007). On the other hand, (Ali et al., 2006) 
demonstrated several compounds isolated from many 
antidibetic plants such as flavanone glycoside, 
thiosugar kotalanol and luteolin (flavonoid) and proved 
to have inhibitory effect on α-glucosidase. In close 
agreement, (Tepa et al., 2007) and (Dudhgaonkar et 
al., 2009) returned  the antidiabetic or antiiflammatory 
effects of Nepeta  species to  a biatene diterpenes, 
triterpenes and iridoid glycosides. However, 
(Bhandari et al., 2008) attributed the antidiabetic 
effect through inhibition of digestive enzyme α- 
glucosidase to the potential enzyme inhibitors -3- O- 
galloylepicatechin and -3-O- galloylcatechin extracted 
from Nepalese herb Pakhanbhed( Nepeta species).  

The present research  is also extended to 
evaluate the in vivo possible improved effect of the 
most potent successive  Nepeta cataria extracts  
(petroleum ether  and chloroform as well as 70% crude  
ethanol extracts ) against liver disorders associated 
with diabetic complications in STZ diabetic rats 
compared to the currently available antidiabetic 
gliclazide ( diamicron drug), especially with respect to 
liver function enzymes( AST, ALT, ALP and total 
protein) , lipid profile (total cholesterol, HDL 
cholesterol, LDL-cholesterol, triglycerides and  total 
lipid), oxidative stress marker (NO), hepatic 
carbohydrate hydrolyzing enzymes (α-amylase, α – 

glucosidase and β-galactosidase). The histological 
architectures of liver and pancreas were also studied. 
Diabetes mellitus (DM) is  a chronic disease caused by 
inherited or acquired deficiency in insulin 
secretion(IDDM) or  by decreased responsiveness of 
the organs to secreted insulin( Non IDDM),  resulting  
in increased blood glucose level, This  in turn can 
damage many of the body's systems, including blood 
vessels, nerves  and causes oxidative tissue damage  
(Matsui et al ., 2007).  

The potential role of the medicinal plants as 
hypoglycemic agents has been reviewed by several 
authors, supported by the ethnobotanical surveys and 
traditional medicines of different cultures (Yeh et al., 
2003; Biesalski , 2004 ; Li et al ., 2004). 

The current study has demonstrated 
insignificant change between normal control and 
different normal –treated groups (G1-G5) either in 
blood glucose or insulin levels except for normal rats 
treated with 70% ethanol extract, that recorded 
significant decrease in blood glucose level (13.69%). 
Injection of rats with  Streptozotocin (STZ) (G6-G8) 
induced significant elevation in fasting blood glucose  
with concomitant reduction in insulin  levels  at day 2 
,10 and 40 post STZ treatment as compared to control 
untreated group(G1) (from109.5± 6.65 mg/dl  to 
373.00±2.94, 363.00±2.94 and 364.25±3.77 mg /dl, 
respectively for glucose and 5.35µIU/ml  to 0.59 ±0.01, 
0.34±0.05 and 0.35±0.01 µIU/ml for insulin, 
respectively). 

The present  histological examinations at the 
cellular level, revealed atrophy, necrosis and 
degenerative changes in both hepatocytes and β-cells of 
pancreas, indicating establishment of diabetic state ( 
Figs,5-7 liver and pancreas). (Holemans et al., 1997) 
that, Streptozotocin induced beta cells destruction by 
necrosis. STZ is an antibiotic and anticancer agent 
which is widely used for inducing diabetes (Type 1 
IDDM) in a variety of animals. It interferes with 
cellular metabolic oxidative mechanisms (Bagri et al., 
2008). It selectively induces degenerative alterations 
and necrosis of pancreatic β-cells resulting in insulin 
deficiency and impairment in glucose oxidation 
(DeCarvalho et al., 2005). In the present study the 
change in the shape of pancreas cells can be attributed 
to partial damage of Streptozotocin to some beta cells. 
(Ikebukuro et al., 2002) have reported that use of 
lower dose of Streptozotocin produced an incomplete 
destruction of pancreatic beta cells even though rats 
became permanently diabetic. In accordance to the 
present study (Figs 5-7 liver and pancreas), (Mitra et 
al.,1996) earlier reported that, the diabetic liver showed 
degeneration and congestation two hours after injection 
of STZ, hyperglycemia is observed with a concomitant 
drop in blood insulin level. The changes in blood 
glucose and insulin concentrations reflect abnormalities 
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in beta cell functions. The fluctuation in the blood 
sugar might also be attributed to the sensitivity to STZ 
that varies with species, strain, sex and nutritional state 
and there are batch differences in activity (Mir et al., 
2008). In a good agreement with the present results, 
(Akbarzadeh et al., 2007) confirmed the destruction of 
islet cells in pancreatic biopsy of diabetic rats due to 
the effect of Streptozotocin  and added that  60 mg /kg 
dose of STZ ensured induction of diabetes in rats and 
hyperglycemia, hypoinsulinemia, polyphagia, polyuria 
and polydipsia were seen in adult rats within 3 days of 
STZ treatment and the amounts of the relevant factors 
were almost stable , which indicates irreversible 
destruction of langerhans islets cells.  Previous studies 
have reported that Streptozotocin enters the beta cells 
via a glucose transporter and causes alkylation of 
DNA. DNA damage induces activation of poly ADP 
ribosylation, a process that is more important for the 
diabetogenecity of Streptozotocin than DNA damage 
itself. Poly ADP- ribosylation leads to depletion of 
cellular NAD and ATP. Enhanced ATP 
dephosphorylation after Streptozotocin treatment 
supplies a substrate for xanthine oxidase resulting in 
the formation of super oxide radicals. Consequantly, 
hydrogen peroxide and hydroxyl radicals are generated. 
Furthermore Streptozotocin liberates toxic amounts of 
nitric oxide that inhibits aconitase activity and 
participates in DNA damage (Fiordaliso et al., 2000). 

In diabetes state, degradation of liver 
glycogen and gluconeogensis are increased while 
glucose utilization is inhibited. Glucose -6- 
phosphatase increases in the liver, facilitating glucose 
release into the blood. The opposing enzyme which 
phosphorlyates glucose, i.e hexokinase, is unaffected 
by insulin while glucokinase is decreased in diabetes. 
As a result, the liver continues to produce glucose even 
with severe hyperglycemia. Under these circumstances 
the normal liver would shut off and deposit glycogen 
(Shelila and james, 1993). 

The present results revealed significant 
amelioration in blood glucose and insulin levels post 
treatment of diabetic rats with the crude ethanol, 
petroleum ether and chloroform extracts of Nepeta 
cataria with percent of improvement amounted 239.68, 
215.29 and 211.19 % for glucose and 79.25, 70.65 and 
65.05% for insulin, respectively. The current 
investigation also showed that treatment of diabetic rats 
with gliclazide (reference drug) modulated the 
alterations in blood glucose and insulin within its 
normal levels (212.10 and 65.79%, respectively). In 
addition, the histological examination showed 
improvement in hepatocytes and pancreas β- cells (Figs 
8-11 liver and pancreas). In line with the present study 
(Vats et al., 2004) found that the crude ethanol extract 
of Ocimum sanctum(Labiatae) leaves significantly 
improve β–cells function and enhances  insulin 

secretion leading  to lowering blood glucose level. 
These  authors added that the antihyperglycemic effect 
of Ocimum sanctum is at least partially dependent upon 
insulin release from the pancreas and significantly 
increased the activity of three key enzymes involved in 
carbohydrate metabolism, namely 
phosphofructokinase, glucokinase and hexokinase 
(PFK, GK, HK) towards normal levels. In addition it 
increases glycogen in muscle and liver by stimulating 
glycogen synthase, suggesting that the 
antihyperglycemic action is the result of an increased 
glucose utilization at the level of skeletal muscle as 
well as liver. The authors added that inhibition of 
disaccharide enzymes sucrose and maltase seems to be 
one of the factors which explain the hypoglycemic 
action of many antidiabetic plant extracts. Immune-
stimulation also might be one of the mechanisms 
contributing towards the protective actions of Ocimum 
sanctum (Sembulingam et al., 2005). In addition, 
(Zheng et al., 2007) studied the hypoglycemic effect of 
the aqueous ethanol extract of Prunella vulgaris L. 
(Labiatae) in STZ diabetic mice and attributed the 
hypoglycemic effect to increase the insulin sensitivity 
of target tissues and the antihyperglycemic effect of 
insulin is enhanced and prolonged, which could result 
from increased tissue metabolism or from suppressed 
levels of non- esterified fatty acids (NEFA). Excess 
plasma NEFA can inhibit insulin – stimulated glucose 
utilization in muscle and promote hepatic production of 
glucose .Whereas, reduction of plasma NEFA 
concentration improves glucose utilization and 
enhances the suppression of hepatic glucose production 
by insulin. Stimulation of glucose uptake by peripheral 
tissues and inhibition of endogenous glucose 
production may be involved in hypoglycemic 
mechanisms of Labiatae family. Some constituents in 
the Prunella vulgaris L. has been identified such as 
phenolic acids (rosmarinic, caffeic), triterpenoids 
(methyl oleanolate, methyl ursolate, methyl maslinate), 
flavonoides (quercetin, campherol, rutin), tannis and 
polysaccharide . The antihyperglycemic activity of 
Prunella vulgaris L. (Labiatae) may be due to any one 
or more of the constituents in the extracts. At this basis, 
The hypoglycemic action of the crude ethanol, 
petroleum and chloroform extracts of Nepeta cateria 
may be insulin –mediated by mechanisms in common 
with gliclazide.  Another  explanation for  the 
hypoglycemic action of Nepeta cataria extracts is 
based on the presence of antioxidants such as 
flavonoides which  may prevent the progressive 
impairment of pancreatic beta-cell function due to 
oxidative stress and may thus reduce the occurrence of 
type 2 diabetes (Li, et al., 2004;  Bhandari et al., 
2008). Nepeta cataria was found to possess relatively 
high percentage of essential oil (nerol, geraniol and 
citral as well as ursolic acid), and polyphenols 
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(favonoids, phenolic acid) and the antihyperglycemic, 
antisplasmodic and myorelaxant effects may be related 
to these constituents (Gilani et al., 2009).  

With respect to lipid profile, the current 
results demonstrated insignificant change in total 
cholesterol, HDL-cholesterol, LDL-cholesterol and 
total lipid in different normal- treated groups, with 
significant reduction in triglycerides in normal - crude 
ethanol treated group. Meanwhile, significant elevation 
in lipid profile was noticed at day 2, 10 and 40 post 
STZ injections. In addition to abnormal glucose 
metabolism, DM often involves abnormal lipid 
metabolism which is considered an additional 
metabolic disorder, in diabetic complications. The 
same results were achieved by (Sethi et al., 2004) who 
found significant elevation in lipid profile in serum of 
diabetic rats.  In  a good agreement with the present 
data, some authors revealed that hyperglycemia 
produced marked increased level of serum 
triglycerides, total –cholesterol and  LDL- cholesterol 
(LDL-C), while in contrast to the present data HDL- 
cholesterol (HDL-C) showed reduced concentration in 
diabetic rats (Abou –Seif and Youssef ,2004 ; 
Jurgonski et al., 2008). Levinthal and (Tavill, 1999) 
reported that, hepatic fat accumulation is a well –
recognized complication of DM. The most common 
clinical presentation in DM is hepatomegaly.  This 
hyperlipidemia associated with DM may be attributed 
to insulin deficiency (Morel and Chisolm, 1989) and 
elevated cortisol level, which have an important role in 
the process of fat accumulation (Hristova and Aloe, 
2006). Under normal circumstances insulin activates 
lipoprotein lipase which hydrolyzes triglycerides. 
Insulin deficiency results in failure to activate the 
enzyme, thereby causing hyper-triglyceridemia 
(Shirwaikar et al., 2004). On the other hand, in insulin 
deficiency, the plasma free fatty acids concentration is 
elevated as a result of increased free fatty acids outflow 
from fat depots, where balance of the free fatty acids 
estrification, triglycerides lipolysis is displaced in 
favour of lipolysis (Shirwaikar et al., 2004). Also 
elevated cortisol promotes liberation of free fatty acids 
from adipose tissue into blood stream by inducing and 
maintaining synthesis of the hormone sensitive lipase, 
thus increasing free fatty acids level which contribute 
to cardio-vascular risk (Lundberg, 2005). 

The elevation in cardioprotective HDL-C 
means increase of cholesterol afflux from the tissues, 
the first step in reverse cholesterol transport from the 
peripheral tissues to the liver. The antioxidant and 
antiatherogenic activities of HDL-C are enhanced 
when its circulating level is increased. LDL- C 
particles become small and dense which undergo 
oxidative modification, thus leading to a diabetic 
complication (Kalousova et al., 2002). In addition, 
(Mir et al., 2008) reported hypercholesterolemia, 

hypertriglyceridemia associated with DM and 
explained these increments at the basis of 
Streptozotocin induced  diabetes. There is excess of 
fatty acids in the serum , which promotes conversion of 
excess fatty acids into phospholipids and cholesterol in 
liver. These two substances along with excess 
triglycerides formed at the same time in liver may be 
discharged into blood in the form of lipoproteins. 

In parallel results (Mir et al., 2008) found  
high concentration of  total  lipid  in serum of diabetic 
rabbits and  attributed this elevation mainly  to 
increased  mobilization of free fatty acids from the 
peripheral fat depots, since insulin inhibits the hormone 
sensitive lipase.  

Significant amelioration in lipid indices was 
observed after treatment of diabetic rats with the test  
extracts with percentage of amelioration amounting to  
71.51, 62.13 , 67.75 %,  respectively for total  
cholesterol( as compared to 127.15%  in gliclazide- 
treated diabetic group).   HDL-cholesterol recorded 
enhanced level of 41.02, 39.35, 43.00 %, respectively 
as compared to 44.00% for gliclazide. The improved  
level of LDL- cholesterol reached to 122.73, 110.64, 
118.72 %, respectively (153.74 %for gliclazide).  
Triglycerides showed normalized level of 165.05, 
169.18, 176.77% respectively and 166.17 % for 
gliclazide. Total lipid recorded percent of improvement 
amounted to 40.19, 44.42, 49.33%, respectively 
(58.25% for gliclazide). In concomitant with the 
present results El-Hilaly and Lyoussi 2002); Brinker 
et al.,2007) found relative high percentage of essential 
oil with nerol, geraniol and citrol as well as ursolic 
acid, polyphenols (flavonoids , phenolic acid ) and 
steroids in Nepeta cataria (Lbiatae) which may related 
to hypolipidemic and cholesterol –lowering effect. The 
mechanism(s) of hypolipidemic effect of many 
medicinal plants such as Ajuga iva (L.) Schreber L. 
(Liabiatae) was mediated through insulin –enhancing  
lipolytic activity by inhibition of hormone –sensitive 
lipase (Al- Shamaony et al., 1994) or lipogenic 
enzymes (Pari and Venkates, 2004) , and / or 
activation of lipoprotein lipase (Ahmed et al., 2001). 
In addition, the hypolidimic lowering effect  may be 
related to several  active constituents extracted  such as 
diglycerides , ecdysones , ecdysterones , iridoides , 
phenylcarboxylic acids , steroid compounds which is 
considered as anti-inflammatory agents (Brinker et al., 
2007) , thus the mechanism(s) of action of such family 
(Labiatae) as antihyperlipidemia may involve insulin – 
like effect (Khushbaktova et al., 2001). 

However (Sethi et al., 2004) found that, 
leaves of Ocimum sanctum (Labiatae) significantly  
reduce lipid profile in serum and tissue in normal and 
diabetic rats through inhibition of oxygen free radical 
incorporated in pathogenesis of diabetes and 
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enhancement of  cellular enzymatic (SOD) and non 
enzymatic antioxidants ( GSH).   

The present results demonstrated, insignificant 
change in AST level in serum of normal treated rats 
either with chloroform or total ethanol extracts, while 
significant inhibition was noticed with petroleum ether 
extract. Serum total protein content and ALT showed 
insignificant change in different normal –treated 
groups. Considering ALP, significant inhibition was 
noticed in all normal treated groups. With respect to 
different diabetic- groups, high serum levels of these 
enzymes at day 2, 10 and 40 post STZ treatment was 
recorded which are associated with inflammation and 
/or injury to liver cells , a condition known as 
hepatocellular liver injury  and apopotosis Fiordaliso et 
al.(2000). Histological examination of diabetic rat liver 
showed congestion, destruction of cells by necrosis and 
hepatocytes degeneration. In parallel with the present 
work, Hickman et al. (2008) revealed significant 
increased activities of serum enzymes relative to their 
normal levels. Supporting our findings, it has been 
found that hyperglycemia resulted in hepatolysis 
reflected by histopathological investigation and 
increased blood serum aminotransferase as one of the 
consequences of diabetic complication. The increment 
of such serum markers may be due to the leakage of 
these enzymes  from the liver cytosol into the blood 
stream as a result of hepatomegaly (fatty liver) 
(Muhammad et al., 2008). 

The present results revealed also, insignificant 
change in serum  total protein content at day 2, 10 post 
STZ injection and significant reduction at day 40. In 
concomitant with the present results (Otsuki and 
Williams, 1982) found significant reduction in serum 
total protein concentrations in diabetic rats and this 
may be due to reduction in the three major phases in 
protein secretion, intracellular transport and discharge. 
Also, (Alderson et al., 2004) demonstrated a 
significant increase of total protein excretion, 
albuminuria, glucosuria and urinary urea levels 
indicating impaired renal function. The reduction in 
serum total protein content in the present results may 
be related to reduction in albumin which is the most 
abundant blood plasma protein (70%) produced in 
liver. Non –enzymatic glycation of albumin was found 
the potential to alter its biological structure and 
function (Mendez et al., 2005). It is mainly due to  the 
formation of a Schiff base between amino – group of 
lysine ( and sometimes arginine) residues and excess 
glucose molecules in blood to form glycoalbumin. 
Elevated glycoalbumin was observed in diabetes 
mellitus accompanied by decrease in albumin and this 
is confirmed with early studies suggested that the level 
of glycosylated albumin may indeed be a sensitive 
indicator of moderate hyperglycemia and of early 
glucose intolerance (Miwa et al., 2005). 

Hypoalbuminemia is one of the factors responsible for 
the onset of ascites related to liver fibrosis (Horie et 
al., 1998).   

Significant improvement in liver function 
enzyme markers was noticed in treatment of diabetic 
rats with  petroleum ether , chloroform as well as crude  
ethanol  extracts with percent of amelioration  
amounted to  42.48, 39.38, 42.92%, respectively for 
AST as compared to 37.17% for gliclazide .While ALT 
recorded 55.63, 47.5, 55.63 %, respectively (58.13 % 
for reference drug). ALP showed ameliorated level 
amounted to 94.39, 101.18, 91.15% respectively as 
well as 100.88% for  gliclazide drug. It was shown that 
administration of successive extracts and crude  ethanol 
one  to diabetic rats reflect an improvement of cellular 
damage as determined in the current research  by 
histopathological examination of liver and pancreas 
(Figs 8-11) and as shown by normalization of altered 
liver enzymes in response to diabetic complications. 
Our results are consistent with previous studies that 
administration of some antioxidants (as zinc , selenium 
, vitamin C  and E) to diabetic rats , normalized the 
elevated activities of liver function enzymes AST, 
ALT, ALP induced in response to diabetes mellitus 
(Abdel Mageed, 2005). The mechanism of 
hepatoprotective ability of extracts may be attributed to 
numerous bioactive compoundas such as terpenoids, 
flavonoids, sterols, essential oil, alkaloids and 
polysaccharides. Most of them (especially falvonoids, 
triterpenoids such as ursolic acid) showed a mechanism 
to improve the function of liver and pancreas cells and 
hence normalization of  liver enzymes (El Hilaly and 
Lyoussi , 2002; Li et al., 2004 ; Zheng et al. 2007 ; 
Gilani et al., 2009).  

Significant decrease was observed in serum 
total protein content in different–diabetic -treated 
groups  as compared to both  normal control and  
gliclazide -treated diabetic group  .In contrast, (Otsuki 
and Williams 1982); Sethi et al., 2004) demonstrated 
enhanced level of serum proteins  post treatment of 
diabetic rats with  aqueous extract  of Ocimum sanctum 
( Labiatae) and attributed this effect  to insulin –like 
factors contained in the extract  , since  insulin is 
reported to increase protein synthesis. In addition, the 
total thiols in Labiatae family  play a vital role in the 
structure , activity and transport function of proteins , 
membranes and enzymes. 

With respect to oxidative stress marker NO, 
insignificant change was observed in normal control 
treated group as compared to untreated one, while a 
significant increase is noticed in various diabetic 
groups.  It was reported that NO over production has 
been linked to a variety of clinical inflammatory 
diseases (Kim et al., 2002). Experimental studies 
suggested that NO may be responsible for increased 
liver injury (Ma et al., 1995). The direct toxicity of NO 
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is enhanced by reacting with superoxide radical to give 
powerful secondary toxic oxidizing species, such as 
peroxynitrite (ONOO) which is capable of oxidizing 
cellular structure and causes lipid peroxidation (Sayed 
Ahmed  et al., 2001), a process leading to membrane 
damage and considered the proximal cause of cell 
death . Lipids peroxidation can damage protein , lipid , 
carbohydrates and nucleic acids . Also it has been 
found that lipid peroxidation is one of the risk factor of 
protein glycation.  The present results indicated 
significant elevation in NO  in liver of diabetic rats. 
This increment may be due to oxidative stress which is 
considered  as one of the necessary causative factors 
that link diabetes with the pathogenic complications of 
several tissues (Anwar and Meki , 2003) .  

Significant improvement in NO level post 
various treatments  with percent amounted  146.15, 
176.92 , 169.23% for chloroform, petroleum and crude 
ethanol extracts respectively and 169.23% for 
gliclazide  . In a good agreement with the  present 
research , (Sethi et al. 2004) ; (Vats et al., 2004) found  
that treatment of diabetic rats either with aqueous or 
ethanolic extracts of Ocimum sanctum ( OS -Labiatae)  
significantly increased activity of two antioxidant 
enzymes in liver  namely , superoxide dismutase 
(SOD) and catalase . The protective effect of the plant 
extracts can be brought about directly by scavenging 
free radicals or indirectly by elevating glutathione 
levels (GSH). GSH protects the cell against oxidative 
stress by reacting with peroxiodes and hydroperoxides . 
SOD detoxifies superoxide radicals and converts them 
to H2O2 which is further converted to H2O by catalase. 
Thus, the antihyperglycemic activity of OS 
supplemented with its adaptogenic and antioxidant 
activity will be an ideal multi-prolonged treatment for 
managing diabetes as it will target the stress, 
catabolism and glycemic effects  associated with 
disease. Moreover, (Sembulingam et al. 2005) 
ascertained the reduction in the NO  level by the 
component ursolic acid separated from OS. Essential 
oil in many species in the Labiatae family are 
composed of mono –and – sesquiterpenes  in addition 
to phenolic compound and favonoids such as cinnamic 
acid , caffeic acid , sinapic acid , ferulic acid and 
rosmarinic acid have also been reported as antioxidants 
, free radical scavengers and metal chelators 
(Manosroi et al.,2006). In this context , Tepa et al., 
2007) proved  that Nepeta flavida( Nepeta species)  
essential oils have various biological effects , including 
antioxidant activity due to the presence of 1,8-cineole , 
phenolic compounds especially terpenoids and 
phenolic acids. Furthermore, (Souri et al., 2008) found  
that, different antioxidant and radical scavenging 
activity  of several array of medicinal plants may partly 
be due to wide variety of antioxidant   constituents 
such as phenolics, ascorbate and carotenoids .   

Concerning carbohydrate hydrolyzing 
enzymes ,  ά- amylase , ά- glucosidase , β-
galactosidase as well as liver total protein content 
,insignificant change was observed in  ά- amylase, β-
galactosidase post different normal -treated  groups  as 
compared to untreated one . While significant increase 
in ά- glucosidase post treatment of normal rats with 
petroleum ether and total ethanol extracts.  Liver total 
protein content exhibited significant reduction in all 
normal –treated groups.  Significant inhibition of all 
carbohydrate hydrolyzing enzymes was noticed in 
diabetic rats at the different durations post STZ 
treatment. However total protein content showed 
insignificant change. (Messer and Dean 1975) 
reported that liver and serum amylases are 
immunological identity and both are very similar to 
parotid gland  and their differences from pancreatic 
amylase strengthens previous suggestion that liver is 
the main source of serum amylase and , further , 
eliminates the possibility of the pancreas being a 
source . In the same context, (Terada and Nakanuma 
1995) found pancreatic enzymes in bile ducts and 
hepatocytes due to common cell lineage. The results of 
present study in agreement with the previous reports 
that indicated a decreased in pancreatic amylase 
activity in diabetic rats (Otsuki and Williams, 1982). 
Moreover, the pancreatic content of ribonuclease is 
also significantly reduced in diabetic acini's. The fall in 
amylase content either in pancreas or in liver is may be 
due to increased secretion or intracellular degradation 
in vivo and a decreased rate of synthesis. In addition 
the reduction in amylase content is paralleled by a 
change in specific messenger RNA content suggesting 
that insulin regulates the synthesis of amylase at the 
level of transcription (Otsuki and Williams, 1982).  
Kim et al., 1990) has  reported that STZ induced 
diabetes resulted in reductions in glandular contents of 
DNA,   RNA and amylase protein . However, the 
changes in amylase protein and its mRNA levels did 
not exactly parallel each other during diabetogenesis or 
subsequent insulin treatment. One reason for this 
discrepancy might be related to fluctuations in glands 
contents of amylase protein due to variations in the 
secretary activity of the glands in diabetic rats. The 
possibilities exists that the lower level of parotid 
amylase was related to an elevated rate of secretion due 
to increased mastication associated with hyperphagia in 
diabetic rats (Anderson, 1983). However, it is unlikely 
that the level of a secretary protein (amylase) mRNA 
will be reduced in glands with an increased secretary 
activity. The increase in secretary activity is likely to 
affect the glandular levels of all secretary proteins 
equally. Furthermore, (Roy et al., 2005) found a 
decrease in amylase level in liver, parotid glands and 
pancreas   during STZ induced diabetes and this is due 
to a decrease in the gene expression of amylase RNA. 
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With regard to α-glucosidase and β- 
glactosidase in liver of diabetic rat, significant 
inhibition was  demonstrated that is parallel with the 
results of  (Otsuki and Williams, 1982) who noticed 
reduced maximal amounts of digestive enzymes 
released from acini of diabetic rats and explained this 
inhibition reduced secretary capacity, alterations in 
nutritional or other hormones states, a decrease of 
secretagogues or a combination of these factors.  

Significant improvement in all carbohydrate 
hydrolyzing enzymes post chloroform, petroleum ether 
as  well as crude ethanol extracts  amounted 69.58, 
106.37, 48.60%,  respectively  for amylase (as 
compared to 59.30 % for gliclazide);  33.82, 53.31, 
61.39 %  respectively for α- glucosidase comparing to 
66.91% in gliclazide- treated diabetic group and 88.02, 
68.88, 59.88%  respectively  for β-galactosidase 
(77.84% for gliclazide). The enhanced levels of 
carbohydrate hydrolyzing enzymes α-amylase, α- 
glucosidase and β-galactosidase may be related to the 
phenolic compounds inhibited the disaccharide enzyme 
activities as mucosal sucrase and maltase .The 
inhibition of glycolytic activity of brush border 
enzymes by polyphenolic compounds seems to be one 
of the factors which explain the discussed 
hypoglycemic action of  Nepeta cataria (Jurgonski et 
al., 2008).   The improvement in the level of 
carbohydrate metabolizing enzymes can be also 
explained at the basis of Nepeta cataria extracts  
contained fluctuated level of flavonoids . Flavonoids , 
like antioxidants may prevent the progressive 
impairment of pancreatic beta cell function due to 
oxidative stress and may thus reduce the occurrence of  
type 2 diabetes (Bhandari et al., 2008). 

The present results demonstrated  insignificant 
change in normal -treated  body weight, liver weight 
(except for liver weight treated with crude ethanol 
extract which recorded significant increase as 
compared to normal control at day 40),  and liver 
weight/ body weight ratio post treatment with 
chloroform ,petroleum ether and 70% ethanol extracts. 
Gradual significant reduction is noticed in body weight 
with concomitant increase in liver weight and liver 
weight / body weight ratio at day 2, 10 and 40 post 
STZ injection .In concomitant with the present results 
several authors (Vats  et al., 2004; Akbarzadeh et al. 
,2007;Mir et al. ,2008) reported that diabetes state is 
usually accompanied by weight loss and increase in 
liver weight were seen in adult rats within three days of 
streptozotocin induction. The literature regarding the 
effect of diabetes on liver weight is contradictory as 
some workers have shown an increase in hepatic 
weight in animals (Chen and Ianuzzo , 1982 ;Sadique 
et al., 1987)  as well as human (Van Lancker , 1976) 
while others have reported no change (Gupta et al., 
1999). Exact reasons of hepatic hypertrophy are not 

known, however fat deposition has been proposed to be 
the cause. The pattern of increase in liver weight /body 
weight ratio was manifested by the reduction in body 
weight and increase in liver weight of diabetic rats 
(Vats et al., 2004).  

Significant amelioration in body weight, liver 
weight and liver weight /body weight ratio post 
treatment of diabetic rats with  chloroform , petroleum 
ether and  70% ethanol extracts as well as gliclazide as 
reference drug  amounted 13.81, 13.95 , 17.96, 
30.25%, respectively for body weight 20.54, 49.62, 
45.89, 30.79%  respectively for liver weight and 81.25, 
112.5, 112.5 , 118.75%  respectively  for liver weight 
/body weight ratio .The enhancement in body weight 
may be attributed to anabolic action of ecdysones and 
ecdysterones found in Lbiatae family (EL Hilaly and 
Lyoussi, 2002). In concomitant with the present results 
(Vats et al., 2004) and Sembulingam et al.(2005) 
reported  that Ocimum sanctum treated rats showed  
higher and significant gain in body weight in 
comparison to diabetic controls but was lower than in 
the normal controls. These authors added that ethanol 
extracts of Ocimum sanctum prevents increase in organ 
weight due to the protective action of urosolic acid 
concerned with free radical inhibition. Based on this 
findings, the ameliorative effect of Nepeta cataria may 
be due to various investigated phytochemicals 
compounds that can ameliorate physiological response 
to stress (Gilani et al.,2009).  

In conclusion, the present study demonstrated  
in vitro analysis that, different successive extracts of 
Nepeta cataria exhibited inhibitory effect on oxidative 
stress indices ( NO and DPPH) and  carbohydrate 
hydrolyzing enzymes ( α-amlase,  α-glucosidase and β-
galactosidase ) in  linear relationships to some extent 
with concentration of inhibitors (dose dependant) 
.Total ethanol, petroleum ether and chloroform extracts  
showed respectively  the most potent reducing power , 
while ethyl acetate and ethanol soxhlet appeared 
moderate or low  reducing activity. The present 
research was extended also to evaluate the in vivo anti-
glycemic, antioxidant, antilipidemic effects of 
chloroform, petroleum ether and crude ethanol extracts 
in comparison with gliclazide as reference antidiabetic 
drug. The present data revealed that these extracts have 
significant beneficial glycemic control, scavenging free 
radical, normalized liver function, inhibited lipid 
synthesis associated with diabetic complication, as well 
as they have principle role in  treatment and 
amelioration liver damage at the cellular level  caused 
by hyperglycemia. Thus, the safely promising 
therapeutic dose used in the current study, can be 
effective in treatment and enhanced liver tissue from 
the damage induced by diabetes and may candidate as 
natural antidiabetic drugs. 
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Table (1) Percent of  DPPH Inhibition in different successive extracts and 70% ethanol extract of Nepeta cataria  plant 
Groups 

Concentrations 
Petroleum 

ether extract 
Chloroform 

extract 
Ethyl acetate 

extract 
Ethanol  
extract 

70% Ethanol 
extract 

10 µg/mL 26.31 ± 0.50 d 16.39± 4.63 d 11.75 ±  5.57 d 10.85 ± 5.42 c 47.7 ±  0.84 e 
50 µg/mL 26.00 ± 1.38 d 22.38 ± 1.23 c 12.08 ±1.60 d 10.77 ±  2.09 c 60.53 ±  0.50 d 
100 µg/mL 34.04 ± 0.94 c 32.54 ± 2.14 b 18.47± 0.19 c 18.09± 1.13 b 66.45 ±   0.29 c 
500 µg/mL 37.39± 1.10 b 35.94 ± 1.42 ab 26.01 ± 2.84 b 22.81 ± 1.81 b 69.52 ±  0.97 b 
1000 µg/mL 40.17 ±  0.9 a 38.48 ± 0.70 a 33.29±  2.21 a 30.64 ±  0.60 a 72.19 ±  0.69 a 
LSD 5 % 1.83 4.46 5.55 5.06 1.26 

DPPH is expressed in µg /ml; Data are mean ±SD of 3 replicates. 
Statistical analysis is carried out using one way analysis of variance (ANOVA) using  CoStat  computer program. 
Unshared superscript letters between treatments are significance values at P<0.001 
Table (2) Inhibition percent of nitric oxide (NO) in different successive extracts  and 70% ethanol extract of Nepeta cataria plant 

Groups 
Concentrations 

Petroleum 
ether extract 

Chloroform 
extract 

Ethyl acetate 
extract 

Ethanol  
extract 

70% Ethanol 
extract 

10 µg/mL 15.26 ±  6.94 d 13.50 ± 5.53 d 12.38 ±  6.22 d 10.30  ± 4.29 c 37.60 ±  1.68 e 
50 µg/mL 24.94  ± 2.89 c 21.41 ± 4.42 c 18.57 ±  6.11 cd 16.92 ±  3.25 c 39.16 ±   9.31 d 
100 µg/mL 33.30 ±  2.65 bc 27.80 ± 4.32 bc 26.76 ±  3.20 bc 21.95 ±  2.86 b 52.13 ±  6.06 c 
500 µg/mL 36.29 ±  5.18 ab 30.32±  2.74 b 27.32 ±  2.52 b 23.59 ±  1.01 b 56.58 ±  3.46 b 
1000 µg/mL 44.64 ± 4.29 a 41.24 ±  3.27 a 38.17  ± 3.01 a 36.14  ±  2.93 a 53.85 ± 5.12 a 
LSD 5% 8.49 7.59 5.55 5.06 1.28 

 Nitric oxide (NO) is expressed in µg /ml; Data are mean ±SD of 3 replicates. 
Statistical analysis is carried out using one way analysis of variance (ANOVA) using  CoStat  computer program. 
Unshared superscript letters between treatments are significance values at P<0.001 

Table (3) Percent of α-amylase inhibition in different successive extracts and 70% ethanol extract of Nepeta cataria  plant 
Groups 

Concentrations 
Petroleum 

ether extract 
Chloroform 

extract 
Ethyl acetate 

extract 
Ethanol  
extract 

70% Ethanol 
extract 

10 µg/mL 18.26 ± 3.97 d 15.44 ±  2.68 e 12.17± 3.38 e 7.41 ± 2.61 e 92.00 ± 1.21  
50 µg/mL 24.55± 4.03 c 21.72 ± 3.20 d 20.19 ±  0.57 d 18.75 ±  2.04 d 94.35 ±  2.69  
100 µg/mL 32.56 ±  2.07 b 27.38 ± 1.73 c 24.57 ± 2.18 c 24.27 ± 3.07 c 85.22 ±  4.92 
500 µg/mL 37.14 ± 0.89 ab 33.75 ± 2.31 b 31.21 ± 1.02 b 29.05± 1.47 b 89.38  ± 8.22 
1000 µg/mL 37.97 ± 1.86 a 44.59 ±1.55 a 43.64 ± 1.79 a 38.13± 0.64 a 88.40 ± 7.29 
LSD 5% 5.18 4.32 3.71 3.9 NS 

α-amylase is expressed in µg /ml; Data are mean ±SD of 3 replicates. 
Statistical analysis is carried out using one way analysis of variance (ANOVA) using  CoStat  computer program. 
Unshared superscript letters between treatments are significance values at P<0.001 

Table (4) Percent of α-glucosidase inhibition in different successive extracts and 70% ethanol extract of Nepeta cataria plant 
Groups 

 
Concentrations 

Petroleum 
ether extract 

Chloroform 
extract 

Ethyl acetate 
extract 

Ethanol  
extract 

70% Ethanol 
extract 

10 µg/mL 25.45± 4.04 c 23.47± 4.56 c 9.16 ± 2.99 d 8.06± 3.51 c 28.05± 1.63 c 
50 µg/mL 33.91 ± 3.15 b 33.49± 1.76 b 23.60 ± 1.51 c 21.08± 4.68 b 37.80 ± 2.55 b 

100 µg/mL 40.44± 4.34 a 40.55± 3.08 a 32.22 ± 3.96 a 28.95 ±1.44 a 44.21± 2.87 a 
500 µg/mL 37.42± 1.14 ab 36.01 ±1..78 ab 27.13± 3.24 bc 27.24± 3.45 a 41.19± 1.59 ab 
1000 µg/mL 39.32± 2.60 ab 38.11 ± 2.70 ab 29.42± 0.62 ab 27.65± 2.37 a 42.5± 2.24 a 

LSD 5% 5.93 5.93 5.01 5.97 4.14 
β- galactosidase is expressed in µg /ml; Data are mean ±SD of 3 replicates. 
Statistical analysis is carried out using one way analysis of variance (ANOVA) using  CoStat  computer program. 
Unshared superscript letters between treatments are significance values at P<0.001 

 
Table (5) Percent of β- galactosidase inhibition in different successive extracts and 70% ethanol extract of Nepeta cataria plant 

Groups 
Concentrations 

Petroleum 
ether extract 

Chloroform 
extract 

Ethyl acetate 
extract 

Ethanol  
extract 

70% Ethanol 
extract 

10 µg/mL 23.09 ± 8.33 b 17.24 ± 6.39 c 5.47± 5.73 c 11.45 ±11.54 b 51.35± 5.24 b 
50 µg/mL 34.78 ±11.03 b 35.35± 9.72 b 33.19 ± 18.04 ab 31.58 ± 22.03 ab 39.62± 8.53 bc 
100 µg/mL 36.49 ±8.35 b 33.53 ± 11.38 b 24.12 ±16.46 bc 27.37 ±13.18 ab 34.49± 11.82 c 
500 µg/mL 62.63 ± 1.89 a 54.13 ±  2.44 a 45.89± 4.91 a 46.58± 8.22 a 67.82 ±3.94 a 
1000 µg/mL 62.12± 4.37 a 55.08±  5.11 a 43.77± 4.57 ab 42.21± 5.28 a 66.86± 3.79 a 

LSD 5% 13.7 14.02 21.13 24.24 13.26 
β- galactosidase is expressed in µg /ml; Data are mean ±SD of 3 replicates. 
Statistical analysis is carried out using one way analysis of variance (ANOVA) using  CoStat  computer program. 
Unshared superscript letters between treatments are significance values at P<0.001 
 
Table (6): Evaleuation of various successive extracts and 70% ethanol extract of Nepeta cataria on blood glucose and insulin levels in control, normal treated, diabetic and 

diabetic-treated groups 
Treatments                Glucose (mg/dL) Insulin (uIU/ml) 
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Parameters 
Normal control 109.5 ±6.65 de 5.35± 0.62 a 
Normal treated chloroform extract 105.25± 7.36 de 5.21 ±1.07 ab 
Normal treated 70% ethanol extract 94.50 ±16.05 f 5.07 ±1.47 ab 
Normaltreated petroleum ether extract 113.75 ±1.25 d 5.03 ±1.66 abc 
Diabetes after 2 days 373.00± 2.94 a 0.59± 0.01 e 
Diabetes after 10 days 363.00± 2.94 b 0.34± 0.05 e 
Diabetes after 40 days 364.25± 3.77 ab 0.35 ±0.01 e 
Diabetes treated chloroform extract 133.00± 5.35 c 3.83 ±0.59 d 
Diabetes treated 70% ethanol extract 103.00± 2.44 ef 4.59± 0.59 abcd 
Diabetes treated petroleum ether extract 128.25± 2.87 c 4.13± 0.57 bcd 
Diabetes treated gliclazide (Ref.Drug) 132.00± 2.44 c 3.87± 0.05cd 
LSD 5% 9.08 1.19 

 
Table (7): Evaluation of different successive extracts as well as 70% ethanol extract of Nepeta cataria on lipid profile in serum of control , normal 

treated, diabetic and diabetic-treated groups. 
Treatments                            

Parameters T- cholesterol HDL- Cho LDL- Cho Tri glycride Total lipid 
Normal control 131.34± 6.26 e 67.04±3.00 cd 83.81± 2.27 d 110.88±7.36 de 980.62± 30.71 d 
Normal treated chloroform extract 126.72± 6.16 e 65.45 ±3.89 cd 81.99± 5.27 d 103.61± 7.55 ef 1033.50± 23.70 d 
Normal treated 70% ethanol extract 128.79± 7.54 e 69.00 ±4.54 c 80.01± 7.29 d 93.32 ±22.07 f 931.94± 145.94 d 
Normal treated petroleum ether extract 125.50± 6.40 e 65.00 ±4.16 cd 83.30± 6.08 d 114.06 ±11.09 cde 1049.00± 11.04 d 
Diabetes after 2 days 202.50± 4.51 b 81.62± 3.35 b 163.22± 4.57 b 211.75± 8.22 b 1687.19 ±202.10 a 
Diabetes after 10 days 239.91 ±10.89 a 90.75 ±1.89 a 210.72 ±9.96 a 307.77± 8.60 a 1805.55 ±103.93 a 
Diabetes after 40 days 239.75 ±4.11 a 90.75±0.95 a 210.75± 4.98 a 308.75 ±1.25 a 1808.75± 8.54 a 
Diabetes treated chloroform extract 158.15± 8.20 c 64.37±4.53 cd 118.02± 11.50 c 121.16± 4.65 cd 1414.58 ±195.92 b 
Diabetes treated 70% ethanol extract 150.81± 6.46 cd 61.92 ±6.46 d 111.25± 2.15 c 112.72± 5.57 cde 1325.00 ±99.71 bc 
Diabetes treated petroleum ether extract 145.99± 10.97 d 63.25 ±7.36 cd 107.89± 14.17 c 125.74±10.83 c 1373.17± 41.65 bc 
Diabetes treated gliclazide (Ref.Drug) 72.75 ±0.96 f 61.25± 0.95c 81.90± 1.68 d 124.50± 4.20 cd 1237.50± 33.04 c 
LSD 5% 10.27 6.06 10.7 14.07 153.84 

Lipid profile (total chloesterol,HDL-cholesterol,LDL-cholesterol,Triglycride and Total Lipid) are expressed in mg/dL. 
Data are mean ±SD of 7 rats in each group. 
Statistical analysis is carried out using one way analysis of variance (ANOVA) using  CoStat  computer program. 
Unshared superscript letters between treatments are significance values at P<0.001 

 
Table (8) Evaluation of different successive extracts and 70% ethanol extract of  Nepeta cataria on Liver function enzymes in serum of control, normal -treated , 

diabetic and diabetic-treated groups 
Treatments                            

Parameters 
AST ALT ALP Total Protein 

Normal control 2.26 ±0.02 c 1.60± 0.09 cd 3.39± 0.13 c 108.25± 5.67 ab 
Normal treated chloroform extract 2.48 ±0.08 bc 1.72± 0.14 c 2.94± 0.40 d 112± 1.41 a 
Normal treated 70% ethanol extract 2.50 ±0.07 bc 1.65 ±0.03 cd 2.74± 0.25 de 109± 6.21 ab 
Normal treated petroleum ether extract 1.97± 0.25 d 1.64± 0.19 cd 2.78± 0.26 de 102± 7.70 b 
Diabetes after 2 days 2.73± 0.24  b 1.97 ±0.09 b 4.51± 0.36 b 104.5± 8.42 ab 
Diabetes after 10 days 3.23 ±0.23 a 2.44 ±0.17 a 5.55 ±0.60 a 108.75 ± 6.29 ab 
Diabetes after 40 days 3.37 ±0.11 a 2.48 ±0.08 a 5.61 ±0.13 a 84.3± 1.74 c 
Diabetes treated chloroform extract 2.48 ±0.36 bc 1.72± 0.04 c 2.41 ±0.08 ef 89.25± 4.92 c 
Diabetes treated 70% ethanol extract 2.40± 0.27 c 1.66± 0.04 cd 2.52 ±0.31 def 83.5± 5.06 c 
Diabetes treated petroleum ether extract 2.41± 0.13 c 1.59±0.11 cd 2.18± 0.17 f 83.25± 5.37 c 
Diabetes treated gliclazide (Ref.Drug) 2.53 ±0.03 bc 1.55±0.04 d 2.19 ±0.08f 101.25 ± 5.05 b 
LSD 5% 0.28 0.16 0.42 8.11 

AST,ALT and ALP are expressed in µ mole/mg protein/min 
Total protein is expressed in mg /ml 
Data are mean ±SD of 7 rats in each group. 
Statistical analysis is carried out using one way analysis of variance (ANOVA) using CoStat  computer program. 
Unshared superscript letters between treatments are significance values at P<0.001 

 
Table (9) Evaluation of different successive extracts as well as 70% ethanol extract of  Nepeta cataria on nitric oxide free radical in liver of control, normal-trated, 

diabetic and diabetic-treated groups 
Treatments                            

Parameters NO 
Normal control 44.07 ±1.37 d 
Normal treated chloroform extract 43.32 ±0.70 d 
Normal treated 70% ethanol extract 44.03± 0.96 d 
Normal treated petroleum ether extract 43.45 ±1.25 d 
Diabetes after 2 days 62.96 ±2.32 b 
Diabetes after 10 days 72.55 ±1.87 a 
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Diabetes after 40 days 72.55 ±2.00 a 
Diabetes treated chloroform extract 51.30± 2.69 c 
Diabetes treated 70% ethanol extract 43.92± 1.47 d 
Diabetes treated petroleum ether extract 43.12 ±0.83 d 
Diabetes treated gliclazide (Ref.Drug) 44.75 ±1.70 d 
LSD 5% 2.4 

Nitric oxide (NO) and  is expressed in µg/g tissue; Data are mean ±SD of 7 rats in each group. 
Statistical analysis is carried out using one way analysis of variance (ANOVA) using  CoStat  computer program. 
Unshared superscript letters between treatments are significance values at P<0.001 
 
Table (10) Evaluation of different successive extracts and 70% ethanol extract of  Nepeta cataria  on carbohydrate hydrolyzing enzymes in liver of control, normal 

treated, diabetic and diabetic-treated groups. 
Treatments                            

Parameters 
α- amylase β- glactosidase α- glucosidase Total  protein 

Normal control 32.51 ±4.49 de 0.167± 0.02 bc 0.272± 0.02 c 50.00±10.80 abc 
Normal  treated chloroform extract 32.36± 4.06 e 0.167± 0.03 bc 0.305± 0.01 bc 36.25± 10.30 d 
Normal treated 70% ethanol extract 38.08± 5.43 bc 0.142± 0.03 c 0.342± 0.04 ab 41.25± 8.54 bcd 
Normal treated petroleum ether extract 35.83 ±2.20 bcde 0.167± 0.01 bc 0.370± 0.06 a 39.50 ±822 cd 
Diabetes after 2 days 20.07± 1.44 f 0.052± 0.02 d 0.192± 0.01 d 55.00 ±9.13 a 
Diabetes after 10 days 17.79 ±0.68 f 0.037± 0.01 d 0.187± 0.01 d 48.75± 11.08 abc 
Diabetes after 40 days 18.32 ±0.69 f 0.050± 0.01 d 0.190± 0.01 d 56.50± 2.38 a 
Diabetes treated chloroform extract 40.94± 2.29 b 0.197± 0.02 a 0.282± 0.04 c 51.25±8.54 abc 
Diabetes treated 70% ethanol extract 34.12 ±4.18 cde 0.150± 0.02 c 0.357± 0.02 a 52.50 ±6.45 ab 
Diabetes treated petroleum ether extract 52.90 ±6.22 a 0.165± 0.01 bc 0.335± 0.02 ab 35.00± 8.16 d 
Diabetes treated diamicron (Ref drug) 37.60 ±2.06 bcd 0.180± 0.01 ab 0.372± 0.03 a 53.92± 1.78 a 
LSD 5% 5.13 0.029 0.044 11.95 

Enzymes (α-amylase,β- glactosidase and α- glucosidase) are expressed in  µmole/mg protein /min 
Total protein is expressed in  mg /g tissue; Data are mean ±SD of 7 rats in each group. 
Statistical analysis is carried out using one way analysis of variance (ANOVA) using  CoStat  computer program. 
Unshared superscript letters between treatments are significance values at P<0.001 
 
Table (11):Evaluation of different successive extracts and 70% ethanol extract of Nepeta cateria on body weight, liver weight and liver weight/body 

weight ratio in control, normal treated, diabetic and diabetic-treated groups 
Treatments 

Parameters 
Body weigh Liver weight Liver weight/ 

body weight 
Normal control zero time 151.50 ± 1.29 b 5.925 ± 0.25 def 0.04±  0 c 
Normal control after 2 days 151.00 ± 5.47 b 6.0375±  0.149 def 0.04 ±  0 c 
Normal control after10-days 158.50 ± 3.10 b 6.225 ± 0.22 def 0.04 ±  0 c 
Normal control after 40-days 181.00± 2.58 a 6.9025± 0.297 cd 0.04 ±  0.008 c 
Normal treated chloroform extract 186.5.00± 10.96 a 7.81±  0.64 bc 0.04 ± 0 c 
Normal treated 70% ethanol extract 187.75  ± 3.5 a 8.50±  0.37 ab 0.0475±  0.005 bc 
Normal treated petroleum ether extract 184.00±  4.69 a 7.7925±  0.80 bc 0.04 ±  0 c 
Diabetes after 2 days 142.25±  4.34 c 7.665±  0.87 bc 0.0525± 0.005 b 
Diabetes after 10-days 112.75± 8.77 e 9.555 ± 1.86 a 0.085 ± 0.0129 a 
Diabetes after 40-days 98.50±  5.68 f 8.425±  0.419 ab 0.0875± 0.005 a 
Diabetes treated chloroform extract 123.50±  6.02 d 7.0075±  2.248 cd 0.055±  0.017 b 
Diabetes treated 70% ethanol extract 123.75 ± 3.68 d 5.2575±  0.50 ef 0.0425± 0.005 c 
Diabetes treated petroleum ether extract 131.00±  4.24 d 5.00±  0.467 f 0.0425± 0.005 c 
Diabetes treated gliclazide (Ref.Drug) 153.25± 2.36 b 6.30±  0.29 de 0.04±  0 c 
LSD 5% 7.66 1.29 0.009 
Body weight, liver weight and liver weight/body weight ratio are expressed in g 
Data are mean ±SD of 7 rats in each group; Statistical analysis is carried out using one way analysis of variance (ANOVA) using  CoStat  computer 
program. 
Unshared superscript letters between treatments are significance values at P<0.001 
 
 
 
 

 
 
 
 

 
Fig (1) Inhibition Percent of DPPH in different successive extracts and 
70% ethanol extract of Nepeta cataria  in vitro 

 

 
 
 
 
 
 
 
 
 
Fig (2) Inhibition percent of nitric oxide (NO) in different successive 
extracts  and 70% ethanol extract of Nepeta cataria 
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Fig (3): Inhibition Percent of α-amylase in different 
successive extracts and 70% ethanol extract of Nepeta 
cataria 
 
 
 
 
 
 
 
 
 
 
 
 
Fig (4) Inhibition Percent of α-glucosidase in different successive extracts 
and 70% ethanol extract of Nepeta cataria 

 
 
 
 
 
 
 
 
 

 
 

Fig (5) Inhibition Percent of β-galactosidase in different successive extracts and 

70% ethanol extract of Nepeta cataria 
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Fig. (6): Effect of Nepeta cataria extracts on blood glucose 

and insulin levels in normal control and 
various treated groups. 
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Fig. (7): Effect of Nepeta cataria extracts on blood 

lipid profile in normal control and various 
treated groups. 
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Fig. (8): Effect of Nepeta cataria extracts on liver function 

enzymes in normal control and various treated 
groups. 
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Fig. (9): Effect of Nepeta cataria extracts on nitric oxide (NO) 

free radical  in liver of normal control and 
various treated groups. 
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Fig. (10): Effect of Nepeta cataria extracts on 

carbohydrate metabolizing enzymes control 
and various treated groups. 
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Fig. (11): Effect of Nepeta cataria extracts on body 

weight, liver weight and liver weight/body 
weight ratio in different control treated, 
diabetic and diabetic treated groups. 
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Abstract: Moringa oleifera (M.O.) has been used as a natural coagulant in water treatment. The present study aims 
to determine the effect of drying M.O. seed powder that has been extracted with salt (NaNO3) on the coagulation of 
synthetic (kaolin) water of 200±5 NTU. The optimum quantity of M.O. was 5 mg for both 10 and 200 g/l 
concentrations of the non-spray-dried salt-extracted M.O. (MOC-SC) solutions, with turbidity removal of 87%. This 
maximum turbidity removal was achieved with 1 M and 0.5 M of NaNO3 salt in the former and latter concentrations, 
respectively. The spray-dried M.O. (MOC-SC-SD) solutions exhibited better maximum turbidity removal of more 
than 95%, which also occurred at 5 mg of M.O., for both concentrations. Finally, the duration of storage of MOC-
SC-SD did not affect its performance in the removal of turbidity. [Journal of American Science 2010;6(10):387-
392]. (ISSN: 1545-1003).  
 
Keywords: Coagulation; Moringa oleifera; spray drying; turbidity removal; water treatment 
 
1. Introduction 

A coagulant is one of the key components 
for removing turbidity in a water treatment process 
(Warhurst et al., 1996; Katayon et al., 2006). 
Chemical salts such as aluminum and iron are most 
widely used in the coagulation process (Okuda et al., 
1999). Also there are problems of low efficiency 
coagulation in cold water and reduction of alum with 
natural alkalinity presence in water which lead to a 
reduction of pH (Haarhoff and Cleasby, 1988). The 
high cost of imported chemicals such as alum is also 
considered as a burden to the economy of a 
developing country (Schulz and Okun, 1983).  

Recently, researchers have shown an 
increased interest in using healthy products as natural 
coagulants (Schulz and Okun, 1983; Lee et al., 1995). 
Among these, Moringa oleifera (M.O.) seeds are 
quite commonly used as a primary coagulant for 
water treatment (Muyibi et al., 2002a, b). Many 
studies have been carried out to assess the 
performance of Moringa oleifera coagulant extracted 
with distilled water (MOC-DW) for removing 
turbidity. The mechanism of suspended solids 
removal by the coagulation active component in 
M.O. has been described (Ndabigengesere and 
Narasiah, 1998). Salt water has also been used to 
extract the active coagulation component from M.O. 
seeds and compared with the conventional method of 
extraction using distilled water (Okuda et al., 2001). 
Prasad (2009) found no differences in the coagulation 
efficiency for M.O. extracts using each of the 

solutions of NaCl, KNO3, KCl, NH4Cl and NaNO3 
with distilled water.  

In the coagulation process turbidity has been 
categorised into four, namely; low turbidity (smaller 
than 50 NTU), medium turbidity (50 – 100 NTU), 
high turbidity (100–200 NTU), and very high 
turbidity (greater than 300 NTU). A study showed 
that M.O. might not be an effective coagulant for low 
and medium turbid water, whereby only 50% 
turbidity removal was achieved with low turbidity 
water sample (23 - 90 NTU) (Katayon et al., 2006).  

The effects of salt-extracted M.O. to remove 
an anionic surfactant have also been investigated. 
The improvement in extraction efficiency by salt was 
ascribed to the salting-in mechanism, which 
increased the ionic strength and solubility of the 
active components (Ndabigengesere and Narasiah, 
1998). The M.O. coagulant extracted with salt 
(MOC-SC) differs in the molecular weight of the 
active component from that of the MOC-DW 
(Gassenschmidt et al., 1991; 1995). 

Spray-drying is one of the techniques 
available for micro-encapsulation process, in which 
tiny particles or droplets are surrounded by a coating 
that can enhance the absorption or extraction process 
(Jafari et al., 2008). Several studies investigating 
encapsulation have been carried out. Encapsulation 
by spray drying process was responsible for the 
increase in the lycopene extraction from 96.4 to 
98.1% (Fuchs et al., 2006; Nunes and Mercadante, 
2007). Another study found that improvement in oil 
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extraction in the supercritical fluid extraction method 
could be achieved by the encapsulation mechanism 
(Shih and Daigle, 2001).  Drying is one of the most 
widely used processes to reduce the weight and 
increase the storage life of numerous products and 
materials. The spray drying method is widely used in 
food industry, and the food ingredients processed 
under optimal processing conditions have a high 
degree of solubility, good emulsifying properties, 
good drying properties, no hygroscopic character, 
bland taste, no reactivity, and low cost (Murúa-
Pagola et al., 2009). In addition, the high temperature 
spray drying process is reported to have no effect on 
a product (Cano-Chauca et al., 2005).  

Although numerous studies have been 
attempted to find the Moringa oleifera’s efficiency as 
a coagulant, the effects of M.O. encapsulation by 
spray-drying process on its performance have not 
been established. Thus, the aim of the present study is 
to investigate the effect of spray drying on the 
performance of M.O. in coagulation, including the 
effect of storage duration.  
 
2. Material and Methods  

2.1 Preparation of Moringa oleifera seeds powder 
The M.O. seeds were obtained from 

locations within the Universiti Putra Malaysia. High 
quality seeds, those which were new and not infected 
with disease, were selected. Seeds were opened and 
then dried in an oven (Memmert, ULE 400, 
Germany) for 24 hr at 50°C. A rice husk-removing 
machine (Satake, THU class) was used to remove the 
hulls and wings from the kernels. The kernels were 
crushed and ground to a medium fine powder with a 
domestic food blender (National De-Luxe Kitchen 
Family, Japan). The process of preparing the M.O. 
seed powder is shown in Figure 1. 

2.2 Preparation of Moringa oleifera solution 
The MOC-SC was prepared following the 

procedure used by {(Okuda et al., 1999). In the 
present study, M.O. solutions of 10 g/l and 200 g/l 
concentrations were used. Appropriate quantities of 
M.O. seeds powder were placed in six beakers that 
contained 500 ml of distilled water each. For each 
concentration, 1.5 M, 1 M or 0.5 M of NaNO3 salt 
was added. All mixtures were blended for 1 min 
using a domestic food blender at high speed to extract 
the active ingredient of M.O. The suspension was 
then filtered through a muslin cloth into a beaker to 
form the stock solution for each combination of 
concentration and molarities above. This filtrate is 
referred to as MOC-SC while the M.O. filtrate 
prepared in the same manner, but using distilled 
water only is referred to as MOC-DW.  

 

 
Figure 1:  Preparation of Moringa oleifera seeds 
powder 
 

2.3 Preparation of turbid water  
Synthetic turbid water was prepared by 

adding kaolin (R and M Marketing, Essex, UK) into 
distilled water to obtain the required turbidity. The 
suspension was stirred slowly at 120 rpm for 1 hr in a 
jar test apparatus for uniform dispersion of kaolin 
particles. The suspension was then allowed to stand 
for 24 h to allow for complete hydration of the 
kaolin. This kaolin suspension was used as the stock 
solution for the preparation of water samples in the 
coagulation tests. In this study, only water samples 
with high turbidity (200 NTU) were tested. 

2.4 Spray drying process 
A spray dryer (LabPlant SD-05, UK) was 

the device used in the spray drying process. A 
solution is fed into the dryer and it then converts the 
constituents into solids and vapour. The liquid input 
stream is sprayed through a nozzle into a hot vapour 
stream and vapourised. Solids form as moisture 
quickly leaves the droplets. The solid particles are 
collected in a cyclone. The 500 ml MOC-SC with 
concentrations of 10 g/l and 200 g/l were used in the 
spray drying process. Table 1 shows the conditions in 
which the spray drying process was performed.  

 
The powder that resulted from spray drying, 

known as MOC-SC-SD, was collected and packed in 
a sealed container, covered with aluminium foil and 
stored in a refrigerator. The efficiency of the spray 
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drying process, evaluated on the basis of its yield 
(percent of spray dried produced/initial content), was 
found to be between 40 and 66%. The amount of 
solid lost during the process depends on the 
percentage of solid that sticks to the wall to the 
amount of powder eliminated with the exhausted gas. 
For the preparation MOC-SC-SD solution, distilled 
water (DW) was added to the MOC-SC-SD based on 
the original molarities.  

Table 1: Spray drying conditions 

C
o

n
d

itio
n

 Concentration 
(g/l) 

Inlet 
Temp. 

ºC 

Sample 
amount 

(ml) 

Outlet 
temp. 

ºC 

Pump 
rate 

(rpm) 

A 10 120 100 
75 - 
103 15 

B 10 130 100 
81 - 
105 15 

C 10 140 100 
83 - 
112 15 

D 200 120 100 73 - 91 15 
E 200 130 100 78 - 97 15 

F 200 140 100 
89 - 
103 15 

 

2.5 Coagulation test 
A set of experimental runs were carried out 

to determine the optimum quantities of the MOC-
DW, MOC-SC and MOC-SC-SD for coagulation of 
water samples. The coagulation tests were carried out 
using the jar test (BIBBY Stuart Scientific, UK). The 
tests involved rapid mixing, followed by slow mixing 
and sedimentation in a batch process. Six beakers 
were filled with 500 ml of the synthetic turbid water 
samples, and placed on the floc illuminator and 
agitated at the preselected speed of rapid mixing as 
shown in Table 2. During the rapid mixing, a known 
dosage of M.O. was added to each beaker 
simultaneously using 20 ml test tubes. After the rapid 
mixing, the preselected speed of slow mixing was 
quickly established and when this was completed the 
beakers were then carefully removed from the floc 
illuminator and left for the sedimentation phase. 
After settling, 20 ml of the sample was taken from 
the middle of each beaker for turbidity measurement. 
The dosage that gave the lowest turbidity was the 
optimum dosage for this particular water sample. 
Turbidity measurements were conducted using a 
turbidity meter (HACH, 2100AN). All tests were 
repeated twice. All the dosages were expressed in 
term of the mass of M.O. powder (mg) in order to 
compare the effect of the different concentrations (10 
and 200 g/l). 

 

Table 2: Operating variables used to run the jar test 
 (Muyibi and Evison, 1995; Okuda et al., 2001) 

Rapid 
mix 

speed 
(rpm) 

Rapid 
mix 

duration 
(min) 

Slow 
mix 

speed 
(rpm) 

Slow mix 
duration 

(min) 

Settling 
time 
(min) 

100 4 40 25 30 

2.6 Statistical analyses 
The Minitab statistical package (Version 14) 

was used for all statistical analyses of the 
experimental results. All statistical significance was 
evaluated at the level of 95%. One-way analysis of 
variance (ANOVA), with Tukey multiple range test 
was carried out to verify the significance of 
differences between the means. 
 
3. Results and Discussion 

3.1 Optimum dosage of Moringa oleifera  
The results of the coagulation tests using the 

M.O. extracted with distilled water (MOC-DW) are 
shown in Figure 2. It can be seen that the optimum 
turbidity removals of about 77% were achieved with 
80 mg of M.O. for both 10 g/l and 200 g/l 
concentrations. In the case of the tests on MOC-SC, 
the results by the different molarities with the 10 g/l 
and 200 g/l concentrations are shown in Figures 3 
and 4, respectively. For both concentrations, 
optimum turbidity removals of 87% were obtained, 
which occurred when 5 mg of M.O. was used. 
However, for the 10 g/l solution, the optimum 
removal occurred with 1 M of NaNO3, whereas in the 
case of 200 g/l solution, the optimum removal 
occurred with 0.5 M of NaNO3. The optimum 
turbidity removal in this study was significantly 
higher than those obtained by a previous study 
(Gassenschmidt et al., 1991) which reported that the 
maximum turbidity removal of around 70% was 
obtained with 0.25 M salt solution. This difference 
might be due to the difference in experimental 
conditions employed such as settling time, mixing 
velocity gradient or it might also be due to the usage 
of different species of M.O. (Jahn, 1988). It is 
obvious from these results that the efficiency of 
MOC-SC in terms of the amount of M.O. powder 
required to produce the optimum performance was 16 
times better than that of MOC-DW, in addition to the 
higher turbidity removal of the former. The present 
findings seem to be consistent with other researchers 
that found improvement in coagulation mechanism 
by the increase in ionic strength with salt that in turn 
caused the increase in the solubility of the active 
components (Muyibi and Evison, 1995; 1996).  
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Figure 2:   Average residual turbidity after 
coagulation with the MOC-DW solution of 10 g/l and 
200 concentrations 

 
Figure 3:  Average residual turbidity after 
coagulation with the MOC-SC solution of 10 g/l 
concentration 

 
Figure 4:  Average residual turbidity after 
coagulation with the MOC-SC solution of 200 g/l 
concentration 

3.2 Effect of the drying process on the coagulation 
efficiency 

Using the optimum molarities found above, 
coagulation tests were further conducted using the 
spray dried salt extracted M.O. (MOC-SC-SD) with 1 
M and 0.5 M salts for the 10 g/l and 200 g/l solutions 
respectively. The optimum amounts of MOC-SC-SD 
with these concentrations are shown in Figure 5. The 
maximum removal was obtained with 5 mg of MOC-
SC-SD in both concentrations tested. These optimum 
powders removed turbidity by more than 95% 
(conditions A and D). The coagulation tests for the 
spray dried powder obtained from each condition 
were done after the spray drying process. It was 
found that there were no significant differences (P < 
0.05) in coagulation performance between each 
concentration for both optimum conditions (condition 
A: 10 g/l and D: 200 g/l).  

 
Figure 5: Average residual turbidity after coagulation 
with MOC-SC-SD solutions  
 

3.3 Coagulation performance of non-spray-dried 
and spray-dried salt-extracted Moringa oleifera 

Figure 6 presents the residual turbidity using 
MOC-SC and MOC-SC-SD after coagulation. The 
result shows that the optimum turbidity removal by 1 
and 0.5 M MOC-SC in 10 and 200 g/l concentrations 
was 87% at 5 mg M.O. powder respectively. On the 
other hand, for the MOC-SC-SD 1 and 0.5 M salt 
extracted spray dried conditions A, D (10 and 200 g/l 
concentration) the removal turbidity was 96.4 and 
95.3% at 5 mg M.O. powder. There was a significant 
difference in performance between MOC-SC-SD and 
MOC-SC turbidity removal. It is possible to relate 
these results to the encapsulation of M.O in powder 
by salt using spray drying. Coagulation activity of 
MOC also improved due to increased M.O extraction 
efficiency of spray drying process. This is in 
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agreement with the findings of several published 
studies which discussed the effect of the spray drying 
process on active component extraction yield (Shih 
and Daigle, 2001; Fuchs et al., 2006; Nunes and 
Mercadante, 2007; Jafari et al., 2008).  

 

 
Figure 6: Coagulation performance of MOC-SC and 
MOC-SC-SD solutions 
 

3.4 Effect of storage duration on coagulation 
efficiency 

The M.O. spray dried powder of condition A 
was kept in a refrigerator at 3°C for 1, 2 and 3 weeks. 
Residual turbidity of coagulated water using M.O. 
stored for different durations was determined and the 
results are shown in Figure 7. It should be noted that 
the turbidity before coagulation for all durations was 
200±5 NTU. These results showed that the 
coagulation performance did not decrease 
significantly at P > 0.05 with storage duration. This 
finding is in agreement with that reported by a 
previous study (Haarhoff and Cleasby, 1988). They 
also reported that there is no difference between the 
turbidity removal efficiency of M.O. kept in a 
refrigerator and in room temperature. 

4. Conclusions 

Coagulation performance of the salt 
extracted Moringa oleifera solution is not only 
affected by its concentration but also by the 
molarities of the salt used in the solution. The present 
study clearly shows that spray drying is an 
appropriate method to produce M.O. seeds that can 
be used to reduce turbidity in water treatment. Better 
coagulation performance and higher turbidity 
removal was achieved with a proper combination of 
M.O. solution concentration and salt molarities. 

 

 
Figure 7: Effect of storage duration of M.O. powder 

on residual turbidity 
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Response of Klamata Olive Young Trees to Mineral, Organic 
Nitrogen Fertilization and Some Other Treatments 
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Abstract: This study was carried out through two successive seasons (2007& 2008) on Klamata olive young trees 
grown at the Research Station Farm of National Research Center, El Nobarya, El Behera governorate. The 
investigation aimed to study the effect of applying mineral, organic fertilizers and some other treatments on leaf 
mineral contents at the first two years of planting. Planting holes were prepared for control plants in the first season 
only. Each treatment received 100 g actual nitrogen/plant/year as recommended by M.A.R.L. (2007). The following 
treatments were applied: T1 : control ( mineral nitrogen + planting hole preparation), T2(100%mineral nitrogen), 
T3(100% organic N as cattle manure), T4(50% mineral N + 50% organic N as chicken manure), T5 (100%mineral 
nitrogen + humic acid as soil application), T6(100% mineral nitrogen + activated dry yeast as soil application), T7 
(100%mineral nitrogen + GA3 spray) and T8 (100% mineral nitrogen + sea algae as soil application).At the end of 
each season, leaves dry weight per plant, and leaf mineral content were determined and recorded. The obtained 
results revealed that as follow: Leaves dry weight per plant the fifth treatment with humic acid showed higher value 
in the first season. In the second season, insignificant differences among treatments were found. Leaf nitrogen 
content with the second and fifth treatments showed the highest significant values compared with all other 
treatments in the first season. In the second season, the second treatment had higher significant value than those of 
the seventh and the eighth treatments. [Journal of American Science 2010;6(10):393-399]. (ISSN: 1545-1003).  

 
Key words: Klamata Olive; Nitrogen Fertilization; Mineral.  
 
1. Introduction 
               The olive tree (Olea  europaea L.) Family 
Oleaceae is a widely distributed tree grown in many 
arid areas of the world. The Mediterranean region is 
its native habitat. Olive is   adapted to extremely arid  
conditions  because  of its  special leaf structure and 
ramified root system.The olive tree is an evergreen, 
one of the oldest cultivated  tree, about   8000  years  
ago. 
             World   olive   production   perform   an   
important  role   in the   economy of many countries 
such as Spain, Italy,Greece, Turkey and Tunisia.The 
olive tree yield has two main products:oil and  table 
olives, produced from several cultivars such as 
Coratin,Klamata,Picual.  The Egyptian olive    
production  reached  about   507053   tons produced  
from   110764   Feddan   according  to  the  staticics 
of  M.A.L.R (2007a) 
              Xiloyannis et. al. (2000) working on mineral 
nutrient uptake from the soil in irrigated olive trees, 
cultivar Coratina, over six years after planting they 
recorded that, the nutrient demand was relatively 
steady during the different stages of the year. The 
results showed that demand for P and K is minimal 
during the first four years after planting and can be 
fulfilled by naturally supplied soils. Low doses of N 
should be applied through localized fertilization 
during the year. Nawaf and Yara (2006) found that, 
young olive trees benefit from low levels of NPK and 

N alone and additional fertilizers would not be 
significant. However, NPK are consider to be 
essential element for plant growth and development. 
The 16 g NPK and 32 g N significantly gave the 
highest shoot and root dry weight, this probably due 
to nitrogen concentration which increased dry matter 
accumulation in roots and decreased shoot: root ratio.  
              Monge et. al.(2000) reported that, organic 
wastes fertilization did not lead to significant 
increases in olive mineral leaf concentrations in the 
first year trial. Hegazy et. al.(2007) studied the effect 
of organic and bio-fertilization on vegetative growth 
and flowering of Picual olive trees, they recorded 
that, N and K contents in leaf increased significantly 
with applying 100% organic fertilization (poultry 
manure), but no significant difference was observed 
on leaf P content in both seasons. The same treatment 
gave the highest Fe leaf content in both seasons and 
Mn in the second season, while leaf Zn content 
increased in second season with using 100% mineral 
fertilization.   
             Fernández-Escobar  et. al.(1999) mentioned 
that, Under field conditions, foliar application of 
leonardite extracts(humic substances extracted) 
stimulated shoot growth and promoted the 
accumulation of K, B, Mg, Ca and Fe in leaves. 
However, when leaf N and leaf K values were below 
the threshold limit for the sufficiency range, foliar 
application of humic substances was ineffective to 
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promote accumulation of these nutrients in leaves.      
Abdel Fatah et. al.(2008) mentioned that, soil drench 
application of humic acid to Tifway Bermodagrass 
hybrid improved growth parameters and NPK leaves 
cotents. 
                    Mostafa and Abou Raya (2003) recorded 
that, all dry yeast soil application improved growth 
parameters of Grand Nain banana cv. compared with 
control without dry yeast treatment.  
                 Smith and  Schwabe( 1984)  recorded that, 
top growth of Quercus robur could be further 
accelerated by application of gibberellic acid (GA3) 

as foliar spray.   
                Eman and Abd-Allah (2008) reported that, 
progressive increase on percentages of N, P, and K in 
the Superior grapevine leaves was observed as a 
results of increasing concentration of algae till 50%. 
                 This investigation aimed to study the effect 
of mineral and organic nitrogen fertilization sources 
and some other treatments( humic acid, activated dry 
yeast, GA3 and sea algae)on leaf mineral contents of 
Kalamata young trees at first two years of planting. 
That to improve and push tree growth through these 
years.  

 

2. Material and Methods 
            This study was carried out through two 
successive     seasons (2007& 2008) on  Kalamata cv. 
young trees in the Expermental research station of 
National Research Center at El Nobarya, El Behera 
governorate Egypt. The investigation aimed to study 
the effect of applying mineral, organic nitrogen 
fertilizers and some other treatments on  leaf mineral 
contents of young Picual olive  trees at the first two 
years of planting. The soil was characterized by : pH 
= 8.82, EC =1.11 dS/m, organic matter = 0.31%, 
CaCO3 =12.8 %, Sand = 63 %,Silt = 13 % and clay = 
3%. The soil texture grade was sandy. Drip irrigation 
system was applied using river Nile water. Planting 
distance was 5 × 5 meters apart. 
          . In control plots,  planting holes were 
prepared by adding 50 kg cattle manure, 1kg super 
phosphate, 1/4 kg potassium sulfate and   1/2 kg 
agricultural sulfur and each treatment received 100 g 
actual nitrogen/plant/year in each season as 
recommended by M.A.R.L. (2007a).   
The following treatments were applied: 

1- Control: recommendation of M.A.R.L. 
(2007a) (100g actual nitrogen 500 g 
ammonium sulfate as mineral nitrogen 
source) + planting holes preparation.    

2- Mineral nitrogen only 100 %. 
3- Organic nitrogen source 100 % (cattle 

manure 100g actual nitrogen). 
4- Mineral nitrogen source 50 % + organic 

nitrogen source 50 % (chicken manure). 

5- Mineral nitrogen source 100 % + humic acid 
(monthly doses from March to November 
each 20 ml/plant). 

6-  Mineral nitrogen source 100 % + actived 
dry yeast as drench treatment three times in 
March, July and October each at 30 g/plant. 

7- Mineral nitrogen source 100 % + one spray 
of GA3 acid at 50 ppm in March. 

8- Mineral nitrogen source 50 % + sea algae in 
March and June each at 50 g/plant.  

Cattle manure analysis was: N = 1.6%, P = 0 46% 
and K = 0.51%. 
Chicken manure analysis was: N =3.47%, P =0.67% 
and K = 0.64%.  
Sea algae analysis: N =8%, P = 2%, K = 4%, chelate 
microelements = 4% and traces of vitamins + amino 
acids.   
      Ammonium sulfate was divided into five 
equal doses through growing season. All these 
treatments were repeated in the second season except 
holes preparation with control plants only in the first 
season. The treatments were arranged in randomized 
complete block design in a simple experiment with 
four replicates for each treatment and each replicate 
was represented by one plant. At the end of each 
season at mid November four plants as replicates for 
each treatment were removed genteelly with their 
root system to estimate and record the following data 
for each cv individually: 
1- Leaves dry weight (g) per plant. 
2-Leaf mineral content was determined as follow: 
The leaves of each young tree at the end of each 
season were washed several times with tap water then 
rinsed with distilled water, dried at 70oC in an electric 
oven, grounded in electric mill and digested 
according to (Chapman and Prat, 1961). Nitrogen 
analyses were determined by MicroKjeldahl method 
(Jakson, 1967). Phosphorus was determined by the 
method of (Truog and Meyer, 1929). Potassium   was 
determined by the the flame photometer according to 
the method of (Brown and Lilleland, 1946). Calcium 
and magnesium were determined by titration against 
versenate solution (Chapman and Pratt, 1961).  Iron, 
zinc and manganese were determined by using 
Atomic Absorption technique. All these macro and 
micro elements were determined through the two 
studied seasons. Data obtained throughout this study 
were statistically analyzed using the analysis of 
variance method as reported by (Snedecor and 
Cochran, 1980), and the differences between means 
were differentiated by using Duncan's range test.  

 
3. Result Analysis 
 

1- Leaves dry weight per plant:  
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Fig.  (1) show that, with the fifth treatment with 
humic acid showed higher value (14.8 g.) than the 
third one in the first season, on the other hand, in the 
second season, insignificant differences among 
treatments were found. However, data illustrated that 

,the third treatment with  100% cattle manure  and the 
eighth treatment with  sea algae recorded the lowest 
values compared with other treatments (43.5 g.&43 
g.). 
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Fig. (1): Effect of mineral, organic nitrogen and some other treatments on leaves dry weight/plant (g) of Klamata 

olive cv. young trees in 2007 and 2008 seasons. 
 
2-Effect of treatments on leaf minerals content: 
A-leaf macro minerals contents. 
 
Leaf nitrogen content 
Fig. (2) show that, Leaf nitrogen content with the 
second and fifth treatments showed the highest 
significant values (1.64 %& 1.55%) compared with all 
other treatments in the first season.In the second 
season, the second treatment had higher significant 
value (1.63%) than those of the seventh and the eighth 
treatments( 1.07% &1.29% ). 
 
Leaf phosphorus content  
Fig. (3 ) show that, Leaf phosphorus content were the 
significantly lowest with the third and eighth 
treatments(023% & 0.23%),respectively in the first 
season. In the second season, the fifth treatment with 
humic acid recorded higher significant value 
(0.67%)than third treat. 
 
 Leaf potassium content  
Fig. (4 ) show that, Leaf potassium content showed the 
lowest significant values with the third and eighth 
treatments (0.93%& 0.92%) compared with all other 

treatments in the first season. In the second season, the 
third treatment (100% cattle manure) showed the 
highest significant value (1.03%) compared with all 
other treatments. 
 
Leaf calcium content  
Fig. (5) shows that, Leaf calcium content was 
significantly lower in the sixth ,seventh and eighth 
treatments  than other studied treatments in the first 
season . In the second season the fifth treatment 
recorded the highest value (1.65%) and the lowest 
value was achieved by the eighth treatment although 
differences among all treatments are insignificant in 
such season. 
 
Leaf magnesium content  
Fig. (6) show that,  no significant differences in leaf 
Mg% were detected among all studied treatments in 
first season. Whereas in the second season both 
seventh and eighth treatments showed significantly 
lower content than the other studied treatments 
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Fig. (2): Effect of mineral, organic nitrogen and some other treatments on leaf nitrogen content(%) of Klamata olive 
cv. young trees in 2007 and 2008 seasons. 
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Fig. (3): Effect of mineral, organic nitrogen and some other treatments on leaf phosphorus content(%) of Klamata 
olive cv. young trees in 2007 and 2008 seasons. 
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Fig. (4): Effect of mineral, organic nitrogen and some other treatments on leaf potassium content(%) of Klamata 
olive cv. young trees in 2007 and 2008 seasons. 
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Fig. (6): Effect of mineral, organic nitrogen and some other treatments on leaf magnesium content (%)of Klamata 
olive cv. young trees in 2007 and 2008 seasons. 
B-Leaf micro minerals content:  
 
Leaf iron content  
Fig. ( 7) show that, Treatments 2,4 and 5 showed the 
significantly higher values than other treatments in 
the first season.In the second season,treat.4 exhibited 
the significantly greatest leaf Fe content (655ppm) 
followed in a decreasing order by treat.3(319ppm), 
then other studied treatments. Meanwhile, 
treat.7recorded the significantly lowest Fe content 
(64ppm).  
 
Leaf zinc content  
Fig. (8 ) show that, Leaf zinc content was the lowest 

significantly with the third, fourth and eighth 
treatments (10, 10 ppm & 9 ppm) respectively 
compared with all other treatments in the first seasons. 
In the second season, the first treatment (control) 
showed the highest significant value (22 ppm) 
compared with treat.3 and 6.(10 ppm &5ppm). 
 
Leaf manganese content  
Fig. ( 9) show that, Results indicated that treatments 
2, 4 and 5 exhibited significantly higher leaf  Mn 
content as compared with other studied treatments in 
the first season. On the other hand, treatments 
1,2,3and 7 showed lower values than other treatments 
in the second season.  
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Fig. (7): Effect of mineral, organic nitrogen and some other treatments on  leaf iron content(ppm) of Klamata 

olive cv. young trees in 2007 and 2008 seasons. 



Journal of American Science                                                 2010;6(10)   

  

http://www.sciencepub.net/nature   naturesciencej@gmail.com 398 

b

aaa

bb

aa

abab

b

ab
ab

b
ab

a

0

5

10

15

20

25

T1 T2 T3 T4 T5 T6 T7 T8

Treatments

Z
in

c
 c

o
n

te
n

t(
p

p
m

)

2007

2008
 

 
Fig. (8): Effect of mineral, organic nitrogen and some other treatments on leaf zinc content(ppm) of Klamata olive 
cv. young trees in 2007 and 2008 seasons. 
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Fig. (9): Effect of mineral, organic nitrogen and some other treatments on leaf manganese content(ppm) of Klamata 
olive cv. young trees in 2007 and 2008 seasons. 

 
         Finally it could be noticed that, leaves dry 
weight per plant  the fifth treatment with humic acid 
showed higher value in the first season, in the second 
season, insignificant differences among treatments were 
found. Leaf nitrogen content with the second and fifth 
treatments showed the highest significant values 
compared with all other treatments in the first season .In 
the second season, the second treatment had higher 
significant value than those of the seventh and the 
eighth treatments. These results are harmony with those 
found by Fernández-Escobar  et. al.(1999) they 
reported that, foliar application of leonardite 
extracts(humic substances extracted)  under field 
conditions, stimulated plant growth of young olive 
plants. Moreover we can added that, growth parameters 
were not affected by most treatment may be attributed 
to low nutritional demand of young olive trees as 
mentioned by Xiloyannis et. al. (2000) They showed 
that, demand of irrigated olive trees, cultivar Coratina 

for P and K is minimal during the first four years after 
planting and can be fulfilled by naturally supplied soils. 
Low doses of N should be applied through localized 
fertilization during the year. Moreover Nawaf and Yara 
(2006) found that, young olive trees benefit from low 
levels of NPK and N alone and additional fertilizers 
would not be significant. However, NPK are consider to 
be essential element for plant growth and development. 
The 16 g NPK and 32 g N significantly gave the highest 
shoot and root dry weight, this probably due to nitrogen 
concentration which increased dry matter accumulation 
in roots and decreased shoot: root ratio. From obtained 
data P, K, Ca and Mg were higher than their critical 
levels but nitrogen was lower than it’s critical level with 
most treatments especially in the second season that 
may be attributed to more vegetative growth in second 
season than first one which need more demand of 
nitrogen. These results are contrary with those found by 
Hegazy et. al.(2007)  Whose reported that the applying 
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100% organic fertilization (poultry manure) to Picual 
olive trees gave the highest Fe leaf content in both 
seasons and Mn in the second season, while leaf Zn 
content increased in second season with using 100% 
mineral fertilization. 
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Abstract: Image processing is a dynamic field and face recognition techniques are computer applications which 
mechanically verify the shape of an object from the source file. By comparing the selected facial features from the 
source file stored in a database we will get some resemblances. Different techniques are used in facial matching but 
this research is comparative study of geometric or photometric technique, which is statistical approach that purifies 
an image into values and comparing the values with source file to eliminate variances. Second approach is semantic 
based approach. This technique is dynamic which uses 3-D sensors to take the information about the shape of a 
object. This information is then used to identify characteristic features on the surface of a face, such as the shape of 
the eye, nose, and chin etc. semantic based approach is for better than photometric because  its results are mainly 
used in biological sciences, Aerospace and nuclear sciences which gives the best results as compared to the other 
techniques. [Journal of American Science 2010;6(10):400-404]. (ISSN: 1545-1003).  
 
 
Keywords: semantic based model, 3D level, photometry 
 
1. Introduction: Digital Image processing is multi 
dimensional field. One of its domains is facial 
recognition system which is computer-based safety 
systems which are able to automatically, sense and 
recognize human faces. These systems depend on a 
recognition algorithm, such as eigenface or the 
hidden Markov model [1]. The basic step for a facial 
recognition system is to identify a human face and 
extract it from the rest of the scene.  
       Secondly, the system measures points on the 
face, such as the space between the eyes, the shape of 
the cheekbones and other apparent features. These 
points are then compared to the points computed 
from a database of snaps in order to find a match. 
These systems are partial and based on the different 
angles of the face measured and the other constraints 
like darkness or lightening also has impact on its 
conditions. 
            Latest methodology is recently in progress to 
establish semantic based approach (SB Models) of an 
object based on digital snaps to measure more data 
for evaluation. However, this technology is 
essentially at risk to error, given that, the computer 
extracts the information (verbal information of face 
object like nose, chin, forehead, hair etc) and match 
these features to target one. Compare the 
characteristic of source and target file and make the 
difference between these two objects. It is observed 
that human eye can perceive in different way but 
computer can measure the difference accurate and 
precise way [2,3]. 

 
2. Material and Methods: Some facial recognition 
algorithms recognize faces by extracting the facial 
characteristics, from an image of the subject's face. 
For example, an algorithm may examine the relative 
location, size, shape of the eyes, nose, cheekbones, 
and mouth. These features are then used to search for 
other images with matching features. Other 
algorithms control a face images and then compress 
the face data, only saving the data in the image that is 
useful for face recognition [4]. A search image is 
then compared with the face data. Basic feature of 
face matching is the template matching techniques 

applied to a set of prominent facial features, 
providing a sort of compressed face representation. 
Popular recognition algorithms include principal 
component Analysis which eigenface, Linear 
Discriminate Analysis, Elastic Bunch Graph 
Matching fisher face, the Hidden Markov model, and 
the neuronal motivated dynamic link matching. 
 
2.2 Photometric Approach: Two techniques have 
been discussed. The photometric and the semantic -
based approaches. The photometric approach relies 
on the input images in the presence of light and the 
geometric location of different angles. The 
photometric transformation is implemented on the 
source image, does not take into account photometric 
changes, i.e. changes in the pixel. These changes 
occur for example when lighting change between the 
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acquisitions of the two images are used incorporating 
a photometric [5]. 

 

 
 

Figure 1 
 

Figure 2 
 

 
2.1 Photometric based Modeling 

The purpose of photometric approach is to 
reduce the variation between the face in the real 
world surroundings and this model directly at the 3D 
level, and can be seen as a substitute and stylish 
technique to other 2D view (based techniques). 
Motivated by the reconstruction possibility of an 
arbitrary illuminated view, in the present study by 
applying photometric, vertical and angular 
measurements of men faces taken and compared with 
each other is the measurement of the properties of 
light, the study of light, especially color and the 
geometry of image. 
 
2.3 Human eye detection: 

The human eye is not uniformly responsive 
to all wavelengths of visible light. Photometry 
attempts are done by considering the wavelength of 
light with a factor that represents how responsive the 
eye is at that wavelength [7]. The consistent model of 
the eye's response to light as a function of wavelength 
is given by the shine function. Note that the eye has 
unusual responses as a function of wavelength when 
it is adapted to light conditions (photopic) and dark 
conditions (scotopic). Photometry is typically based 
on the eye's photopic response, and so photometric 
measurements may not accurately indicate the 
perceived brightness of sources in faint lighting 

conditions where colors are not visible in the 
darkness. The height of object in eye is measured by 
given formula: 
15/100=h/17 
H=2.25mm 

          

 
Figure 3              

  
           In photometric quantities every wavelength is 
weighted according to how sensitive the human eye 
is to it, while radiometric amount use unweighted 
complete power [10]. For example, the eye reacts 
much more powerfully to green light as compared to 
red, so a green light will have greater luminous flux 
than a red light with the same radiant flux.  Radiant 
energy outside the visible range does not contribute 
to photometric quantities and color always exist 
between 0 and 1 range Composition as a Color 
function of x(red) and y (green) and1 z (blue). It is 
observed that in this approach image mostly depends 
upon the light and give better result in light as 
compared to darkness(( 

Red X=X/X+Y+Z   0------1 

Green Y=Y/X+Y+Z     0------1 

 Blue Z /X+Y+Z       0------1 

 Z (blue) = 1-((x+y)  

Green Pt: G (62% R (25%) and B (13%) 

 
2.4 Threshold based Methods 

  

a) image with dark background and a light 
objects  
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b) image with dark background and two light 
objects 
Fig. 4 Image with dark background  
 
2.5 Semantic Based facial Technique 
 

 
 

 
 
 
 
 
 
. 

 
 
 
 
 
 
Figure 5: Semantic based Facial Model  
 
We suggest a semantic face matching technique for 
managing user face image on the bases of his/her 
features. It is also called feature based facial 
recognition technique. Facial image depends upon 
semantic face attributes like, skin color, nose, eyes, 
hair these features are organized as a semantic face 
model and compared these features to the source 
image. It is observed that human eye can not detect 
the image difference accurately so for obtaining best 

result computer is involved. when we have to extract 
the particular  image in database then we will give 
the query to system “ image with black skin face 
color and small eyes” then it will generate the result 
particular to that one[6]. 
 
2.6 Semantic Based facial Model: 
In semantic based model different images are stored 
in the database. From this repository different images 
data has been extracted on bases of semantic like skin 
color, eyebrow, forehead, nose lips etc.The extracted 
data from the database match the master file which is 
already stored in the data store [9]. There is decision 
time for system. If yes then save it and show the 
result otherwise return back to the database and finds 
the new image. 
3. Results and Discussions: 
 
3.1 Comparison between Photometric & Semantic 
based Techniques: 
There are different face recognition techniques which 
are used in image processing but in this research we 
have comparison between photometric called static 
facial approach and the semantic based facial called 
dynamic approach. We have taken four images and 
the apply the both techniques on these images. 
Different results show that these techniques have 
their own characteristics [8]. It is not easy to say 
which one is better but on different scenarios it shows 
the importance of different technique. When we 
undergo the face recognition in light then photometry 
shows the best result but in darkness it is vice versa. 
When we matching the facial image on semantic 
based then it will give best result for large amount of 
data images but not 100% accurate. In this research 
we have assigned a specific weight for semantic 
features like nose hair, skin color and photometric 
based view also consider then given figures (a, b, c, 
d).

 

                       
a b                               c                                                              d 
 
Fig. 6 
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Consider the given formula calculate the 

values in semantic table1 

f= features of the image 

i=total number of features which are under 

observation i=1, 2, 3……n 

We will used the formula to count the 

average values of the given features 

1
/

n

i
fi n

=∑  

 
 

3.2 Semantic based face features 
Table 1  
Face features Semantic based face features 

 
Face color Black=5 White=4 Reddish=3 Fair=4 
Nose Long=4.5 Wide=4 Small=3 Big=3.5 

Lips Thin=4 Thick=3.5 Small=3  Big=4 
Eyes Color Dark Brown=5 Light 

Brown=4 
Black=3 Brown=3.5 

Hair  Dark Black=4.5 Dark 
Brown=4 

White=3.5 Curly=3 

Average value of Semantic based face feature (Face color) =5+4+3+4/4=4 
 

3.3 Photometric based Face Analysis Technique 
Table 2 
Face Measurement   Face Detection  Measurement  
Normal front face 
detection in light 

Excellent=5 V.Good=4 Good=3 Fair=2.5 
 

Side view  face 
detection in light 

V.Good=4.5 Good=3.5 Satisfactory=3 Fair=2.5 

Normal front face 
detection darkness 

V.Good= 4 Good= 3 Satisfactory=2.5 Fair=2 
 

Side view  face 
detection in 
darkness 

V.Good =3 Good =2.5 Satisfactory=2 Fair=1.75 

Average value of Normal front face detection in darkness =4+3+2.5+2/4=2.875 
 

3.4 Statistical Analysis: 
We compared the semantic based (Average value of 
Semantic based face feature e-g Face color) and 
photometric based (Normal front face detection in 
darkness) techniques and the result shows that 
semantic based technique is better as compared to 
photometric based technique  

 

 
 

 

 
3.5 Statistical Analysis: 
We compared the semantic based and  
Photometric based techniques in line  
graph and the result shows that semantic  
based technique is better as compared to  
Photometric based technique.  
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3.6 Statistical Analysis: 
We compared the semantic based and photometric 
based techniques in Pie chart and the result shows 
that semantic based technique is better as compared 
to photometric based technique.  

 

Pie Chart of Semantic and 

Photometric Based Facial Analysis 

4, 58%

2.875, 42%
Semantic Based

Photometric
Based

 
 

4. Conclusion: 
In this study, we compared the semantic based facial 
with photometric based technique. By comparing 
these two techniques, it is showed that semantic 
based facial technique is better for performance point 
of view as compared to photometric based technique. 
The results showed that the semantic based facial 
technique has better performance in this research and 
the benchmark technique. 
 
5. Future Work  
This research focus on the semantic based facial 
technique and defined a comparison between 
semantic based facial and photometric based 
technique and derived a comparative best 
performance for these calculated results. For future 
Extension, this area requires the improvement in the 
semantic based implementation technique, like 
searching algorithms, Best search technique, Greedy 
Algorithm and specific image detection. on the bases 
of face model and geometry of the face image.  
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Abstract: - The present communication pertains to the effects of weeds on the yield of wheat crop in tehsil 
Nowshera of district Rajouri. During the course of study the authors have selected two plots of 01 hectare each (P1 
and P2) in village Jaba of tehsil Nowhera during the year 2009-10. The plot P1 was marked as Weed Free plot 
(WF) and plot P2 as Weedy Plot (WP). Both the plots were ploughed and the seed beds were prepared by adding 
equal amount of NPK fertilizer (Urea150 kg, DAP 100 kg and Potash 40 kg/hq). Same variety of wheat seeds were 
sown in both the plots during first weak of Nov. 2009. Nitrogen fertilizer urea was given in split doses (50kg before 
sowing, 50 kg 40 DAS and 50 kg before flowering). In plot P1 (WF) 35 days after sowing two types of herbicides 
were sprayed i.e. 2, 4-D and isoproturon @ 0.75 kg/hq. for broad leaved and narrow leaved weeds respt. and 
deweeding (hand pulling and eradicating weeds with the help of digger and sickle) was done during the month of 
Feb.-Mar. 2010. In plot P2 (WP) no herbicide was sprayed and no deweeding was done as a result 28 weeds were 
reported from this plot. After ripening the crop was harvested (during first weak of May 2010) from both the plots 
and threshed separately. The grains collected in different bags were weighed. A total of 28.4 quintal of wheat grains 
were collected from plot P1 (WF) and 21.2 quintal from plot P2 (WP). The weeds competes with wheat crop in plot 
P2 (WP) and hence reduced the yield by 25.35%. [Journal of American Science 2010;6(10):405-407]. (ISSN: 1545-
1003). 
 
Key words: - Wheat, Weeds, Plot, Yield. 
 

1. Introduction: - Weeds are unwanted plant 
species growing in the domesticated crops. The 
concept of weeds as unwanted plant was born when 
man started to grow plants deliberately for food and 
other purposes. Holm, et.al 1979 estimated 250 weed 
species which are important for agricultural crops 
throughout the world. As cropland is an artificial 
ecosystem where the plants desired by man (crops) 
are cultivated  but the weeds do come up into the 
crop fields and competes with crops mainly for space, 
sunlight, moisture, nutrients and reduces the quantity 
as well as quality of production.  The competition of 
weeds for nutrients may results in such obvious 
responses as dwarfing in plant size, nutrient starved 
conditions, wilting and actual dying out of plants 
(Anderson 1996). Weed seeds germinate earlier to 
crops, their seedlings grows faster and aggressive so 
that they crowd out all other plants which possesses 
more value able properties and establish a kingdom 
of their own within a short period of time. Weed 
species mature ahead of crops so that their seeds are 
collected with the crop harvest and get distributed to 
other places. 
                  Some weed species caused damage to 
crops by harboring pests and disease agents (Younkin 
1942 and Peters 1955) reported that weeds acts as 
host for bacteria, viruses and nematodes that causes 
diseases in crop plants.  Weeds show allelopathic 
effects on agricultural crops by secreting 

allelochemicals that inhibit their growth and 
germination (Oudhia, P and Tripathi, R.S. 1998a). 
The weedy crops may sometime leads to complete 
failure. The cost of removing weeds adds to the cost 
of production of crops, thus producers losses part of 
their investment and the country suffers a reduction 
in agricultural products. 
              Wheat (Triticum aestivum Linn.) is an 
important cereal Rabi crop. It is a dietary mainstay 
for approximately one-third of the total world 
population (Johnson 1984). Being staple food wheat 
plays an important role in the economy of India, 
hence occupies a central position in agricultural 
policy making. The average per hectare yield of 
wheat is 2.71 tons (Anon, 1997) which is far less as 
compared to other advanced countries due to many 
factors out of which the problem of weeds is also 
prominent. Tiwari and Parihar (1993) reported that 
weeds reduced the yield of wheat crop by 34.3% 
which is more than the combined losses caused by 
insects, pests and diseases. 
      The present study area i.e tehsil Nowshera 
is located at an elevation range of 470-1200 m. asl 
and situated at latitude of 33O -10' and longitude of 
740-41'. The boundaries of tehsil Nowshera is 
bounded on the eastern side with Kalakote and 
Sunderbani blocks, on the northern side with Rajouri, 
its southern and western boundaries are bounded with 
Pakistan. 
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 2. Material and methods: - The present study 
was undertaken to find out the effects of weeds on 
the yield of wheat crop. The study was conducted in 
village Jaba (irrigated area) of tehsil Nowshera in the 
year 2009-10. During the course of study the author’s 
have selected two plots (P1 and P2) of 01 hectare 
each. Both the plots were ploughed with the help of 
tractor, the exposed weed roots, rhizomes and other 
germplasm were collected and burned. The seed beds 
were prepared by adding equal amount of NPK 
fertilizer (Urea 150 kg, DAP 100 kg, Potash 40 
kg/hq.) in both the plots. The plot (P1) was marked as 
weed Free plot (WF) and plot (P2) as weedy plot 
(WP). In both the plots (P1 and P2) the wheat seeds 
of PBW 343(dwarf variety) were sown during first 
weak of November 2009. The nitrogen fertilizer 
(Urea) was given in split doses (50kg before sowing, 
50 kg 40 DAS and 50 kg before flowering). In plot 
P1 (WF) 35 days after sowing two types of 
herbicides were sprayed i.e 2, 4-D and isoproturon @ 
0.75 kg/hq for broad leaved and narrow leaved weeds 
respectively. The deweeding, hand pulling and 
eradicating weeds with the help of digger and sickle 
was done during the month of Feb. – Mar. 2010. In 
plot P2 (WP) no herbicide was sprayed and no 
deweeding was done. In first weak of May 2010 the 
ripened crop was harvested from both the plots (P1 
and P2) and kept separately. The harvested crop was 
threshed and the grains were collected in different 
bags. The grains from two plots (P1 and P2) 
collected in different bags were weighed separately to 
determine the effect of weeds on the yield of wheat 
crop.  

3. Result: - A good yield of wheat crop was 
obtained from Weed Free plot (P1) as compared to 
Weedy Plot (P2). A total of 28.4 quintal of wheat 
grains were obtained from Weed Free plot (P1) and 
21.2 quintal from Weedy Plot (P2). This clearly 
indicated that weeds compete with wheat crop in plot 
P2 for space, sunlight, moisture, nutrients and hence 
reduced the yield of crop.Moreover, the grains of plot 
P2 were contaminated with weed seeds and was of 
low quality. The percentage (%) of yield loss can be 
calculated by using the following formula:-  
{Total amount of wheat grains obtained from Weed 
Free plot (P1) – Total amount of wheat grains 
obtained from Weedy Plot (P2) ÷Total amount of 
wheat grains obtained from Weed Free plot 
(P1)}×100 
= {28.4-21.2÷28.4} ×100 
=7.2÷28.4×100 
=25.35%  
Thus the weeds reduced the yield of Wheat crop by 
25.35% in village Jaba of tehsil Nowshera.  

    The yield of wheat crop in plot P1 (WF) and P2 
(WP) is indicated in Fig. A and the reduction of crop 
yield in plot P2 (WP) is shown in Fig. B 

 
                                                          

 
 Fig. A. showing the yield of wheat crop in terms 
of quintal in plot P1 and P2 

                                                           

 
Fig. B. Line showing decrease in yield of Wheat 
crop in Plot P2 (WP) 

 
4. Discussions:-Wheat is the major Rabi crop of 
tehsil Nowshera but along with Wheat, Onion and 
Mustard are also grown on small scale. The economy 
of this tehsil revolves around production of its  cash 
crops  but the per hectare yield is less as compared to 
other parts of India due to many factors out of which 
the factor of weeds is also major contributor. In the 
study area it has been reported that weeds reduces the 
yield of wheat crop by 25.35% and caused enormous 
loss to the producers. In plot P1 (WF) the yield of 
wheat crop was 28.4 quintal because 35 days after 
sowing when wheat crop reached 4-6 leaved stage the 
herbicides were sprayed which destroyed the weed 
species at early stages of competition, moreover the 
deweeding operation (hand pulling and eradicating 
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the weeds with the help of digger and sickle) carried 
in the month of Feb. – Mar. also help in destroying 
the remaining weeds. But in plot P2 (WP) where 
equal amount of NPK fertilizer was added and same 
variety of wheat seeds were sown the yield of crop 
was 21.2 quintal because no herbicide was sprayed 
and no deweeding was done due to which many weed 
species grows and competes with crop plants for 
space, sunlight, moisture, nutrients and thus reduced 
the yield by 25.35% besides reducing the yield they 
also reduces the quality of germplasm because the 
grains of plot P2 (WP) were contaminated with weed 
seeds. The 28 weed species reported from plot P2 
were:- Achyranthes aspera, Amaranthus spinosus, 
Amaranthus viridis, Anagallis arvense, Avena fatua, 
Bidens pilosa, Cannabis sativa, Capsella bursa-
pastoris, Chenopodium album, C. murale, 
Convolvulus arvensis, Datura stramonium, Fumaria 
parviflora, Galium aparine, Lathyrus aphaca, 
Malvestrum coromandelianum, Medicago 
denticulata, Oxalis corniculata, Parthenium 
hysterophorus, Phalaris minor, Polygonum 
barbatum, Ranunculus scleratus, Rumex dentatus, 
Silene conoidea, Stelleria media, Taraxacum 
officinale, Vicia hirsuta and Vicia sativa etc. 
Although some weed species reported from plot P2 
i.e Achyranthes aspera, Cannabis sativa, 
Chenopodium album, Datura stramonium and 
Taraxacum officinale etc. are of medicinal 
importance. Weeds like Amaranthus viridis, 
Chenopodium album, Lathyrus aphaca, Vicia hirsuta 
and Vicia sativa are also used in some cooking 
rasapies of the study area. 
  The present study may be helpful for farmers and 
agriculturists to find out the effects of weeds on the 
yield of crops and also helps in finding the role of 
herbicides in controlling the weeds. It also helps the 
scientists involved in the management of weeds. 

 
5. Conclusion: - We may suggest that weeds are 
serious competitor of crops. They play a significant 
role in reducing the crop yield. In study area they 
reduce the yield of Wheat crop by 25.35% and cause 

enormous loss to the producers.     
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Abstract: This study was carried out in plant tissue culture Laboratory, Agriculture development Systems project 
(ADS) at Giza, Egypt during the period from 1999-2003. This study aimed to investigate the effect of different 
sources of explant and basal nutrient media on in vitro growth of bitter almond cuttings during establishment and 
proliferation stages. From the results of the study the following conclusions were derived: One node cuttings 
surpassed shoot-tip in in vitro growth (Survival percentage (96.67 and 63.33), No. of leaves / explant (11.0 and 6.33) 
and shoot length (cm.) / explant) (2.83 and 1.33) of bitter almond respectively. Murashige and Skoog medium (MS) 
(Liquid or solid) was superior in in vitro growth of explant establishment in (No. of shoots / explant, No. of leaves / 
explant and shoot length / explant cm.) of bitter almond nodal cuttings. DKW medium was the poorest medium for 
almond, while WP medium came in between of all measured parameters for explant establishment.  Higher effect of 
solid MS basal nutrient medium on enhancing the activity of bitter almond established nodal cuttings for the 
production of shoots and leaves and also for stimulating the elongation of bitter almond proliferated shoots. [Journal 
of American Science 2010;6(10):408-411]. (ISSN: 1545-1003).  
  
Keywords: basal nutrient; establishment; proliferation stages 
 
1. Introduction 
     Selection of the promising explant is crucial 
step in the starting of any in vitro study 0.4-0.7mm 
shoot tips of almond are preferable as explants as it 
was stated by Antonelli and Chiariotti (1988) . 
               On the other hand, shoot – tip explants 
recorded lower percentage of survival as compared 
with one–node cuttings of bitter almond (Saeed 1995)  
Shoot-tips surpassed one-node cuttings in explant 
establishment of Neplus ultra and bitter almond 
(Zaied 1997). 
               In addition, shoot tips of Nonpareil and 
Neplus ultra almond cv. Surpassed nodal explant 
(Saeed 1998). Ingredients of the culture medium vary 
with kind of plant and the propagation stage of which 
one is working. These ingredients include (a) 
inorganic salts, (b) organic compound, (c) natural 
ingredients and (d) inert support (Hartmann and 
Kaster, 1992). Ms Medium proved to be the most 
suitable medium for successful explant development 
of stone fruit (almond, apricot and peach), (Zaied 
1997). Shoot-tips nodal explants of Neplus ultra and 
Nonpareil almond cultivars were imitated on 
modified 8.MS free from hormones and 
supplemented with 0.5 mg / L BAP and 0.1 mg / L 
IBA.(Saeed 1998) . 
          On the other hand, single nodal explant of 
paradox walnut (Juglans hindsii x J. regia) performed 
better on woody plant medium (WPM) (Lloyd and 
McCown, 1980). (Driver and Kuniyuki 1984). WPM 
was more effective than MS basal nutrient medium 

on enhancing the activity of Canino and Amar 
established nodal cutting for the production of shoots 
and leaves (Kandil 2001).  
 
2. Material and Methods  
             This study was carried out in plant tissue 
culture Laboratory, Agriculture development Systems 
project (ADS) at Giza, Egypt during the period from 
1999-2003. 
           This study aimed to investigate the effect of 
different sources of explant and basal nutrient media 
on in vitro growth of bitter almond cuttings during 
establishment and proliferation stages. 
Source of explant 
           Active growing new shoots of about 5cm in 
length were excised from one year old seedlings of 
bitter almond rootstock, at the orchard of faculty of 
Agriculture, Cairo University, Giza, Egypt. Shoot 
were collected in April and they were brought to the 
laboratory in plastic pags. In the laboratory were 
washed with detergent under running tap water for 60 
min. The shoots were stripped of their leaves. 
Tow types of explants were prepared: 
a- Shoot tips were excised from terminal portion with 
0.5-1.0cm. long containing apical meristem and 2-3 
leaf primordial. 
b- Nodal cuttings with one node were prepared by 
dividing the rest of the shoot into           1.0-1.5     cm 
segments. 
 
Nutrient media 
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a- Effect of nutrient medium: 
                 Different nutrient media i.e. MS, WPM 
and DKW were tested to find out the suitable starting 
nutrient medium supplemented with 3.0 % sucrose, 
0.5 mg / L BA (6-benzyleadenine, 0.1 mg / L IBA 
(Indole butyric acid and 7 g / L difico bacto agar for 6 
weeks for in vitro shoot-tips and nodal cuttings 
establishment. 
b- Effect of liquid and solid medium: 
                 Both liquid and solid MS media were 
tested to find out the suitable nutrient medium 
supplemented with 3.0 % sucrose, 0.5 mg/L BA , 
0.1 mg/L IBA and 7.0 g/L difico bacto agar (for 
solid media) for 6 weeks for in in vitro shoot-tips 
and nodal cutting establishment of bitter almond 
rootstock . 
                 Each treatment contained of three replicates (3 
explant / each replicate). Data were recorded after 6 weeks. 
The following growth parameters were determined: 
           a- survival percentage  
           b- Number of leaves / explant c- Shoot length / explant 
 
3. Results and Discussion 
 
Establishment Stage  
Effect of explant type        

             Results in Table (1) showed the effect of two 
different explant types shoot-tips and one-node 
cuttings of bitter almond rootstock on in vitro growth 
of explants.It was observed that, one- node cutting 
scored higher significant value ov survival percentage 
(96.67 %) as it was compared with shoot-tip (63.33 
%). The same trend was obtained with both numbers 
of leaves / explant and shoot length / explant as one-
node cutting resulted in greater number of leaves / 
explant (11.0) and longer explant (2.83 cm). 
             Generally, it can be concluded that one-node 
cutting surpassed shoot-tip in terms of survival 
percentage, no. of leaves / explant and shoot length / 
explant. This result is in agreement with (Saeed, 
1995; Zaied, 1997 and Saeed, 1998) on almond. 
 
Effect of basal nutrient media 
a- Liquid media              
            Data in Table (2) showed the effect of 
different liquid (L.) basal media i.e. (MS, WPM and 
DKW) on No. of shoots / explant,No. leaves / explant 
and shoot length of bitter almond nodal cutting 
rootstock. It was noticed that L.M.S. medium resulted 
in the significant highest number of shoot / explant 
(3.66) followed by WPM (2.50) and DKW (1.33) 
respectively. 

 
Table (1): Effect of explant types on in vitro growth of bitter almond rootstock during Establishment stage                                                                                                                    
    

Shoot length (cm) No. of leaves / explant 
Survival 
percentage 

    Growth Parameters       
 
 
       Explant type 

1.33B 6.33B 63.33B Shoot tip 

2.83A 11.00A 96.67A One-node cutting 

         Means having the same letters are not significantly different at 5% level. 
 
Table (2): Effect of different liquid basal nutrient media on in vitro growth of bitter almond nodal cutting 
during establishment stage 

Shoot length (cm) No. of leaves / explant 
No. of shoots / 
explant 

         Growth              
    measurement      
 
 
          Liquid basal media 

2.33A 12.00A 3.66A MS 
1.40B 7.33B 2.50B WPM 

0.70C 3.33C 1.33C DKW 
Means having the same letters are not significantly different at 5% level.

As for number of leaves / explant, it is clear that 
L.M.S. medium gave the highest significant number 
of leaves / explant (12.00) compared with WPM or 
DKW (7.33 and 3.33) respectively. Concerning the 
effect of shoot length, it was obvious that, L.M.S. 

medium scored the highest significant shoot length / 
explant (2.33) followed by WPM orDKW (1.40 and 
0.70) respectively. 
             Generally, it appeared that L.M.S. medium 
surpassed WPM and DKW as it gave the greatest 
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number of shoot / explant, highest number of leaves / 
explant and longest shoot compared with other media 
.This result is in harmony with Hammerschlag(1982a 
& b) and Sari El Deen et al (1998) who found that 
optimum growth of peach shoot tip and both shoot tip 
and nodal explant of Nemaguard and Okenawa peach 
was obtained on liquid MS  medium . 
 
b- Agar-gelled media (Solid) 
                Results in Table (3) showed the effect of 
three different basal solid nutrient media of number 
of shoot / explant, number of leaves / explant and 
shoot longest of bitter almond nodal cuttings. It 
appeared that, MS medium gave the highest 
significant average number of shoots / explant (3.50) 
followed by WPM and DKW (2.20 and 1.0) 
respectively. 
              As for both No. of leaves / explant and shoot 
length, it was notice that the same trend was obtained 
as MS agar-gelled medium resulted in the greatest 
number of leaves / explant and longest  shoot / 
explant followed by WPM and DKW . 
              This result is in line with (Miller et al, 1982) 
;( Hammerschlag 1982b); (Rugini and Verma 1983); 
(Zaied, 1997) ; (Saeed 1998) and (Sari El-deen et al 
1998) . It was found that MS medium was suitable 
for the establishment of peach, almond and apricot as 
it gave best growth results. 

 
Proliferation stage 
Effect of different basal nutrient media 
          Results in Table (4) showed the effect of three 
different solid basal nutrient media (MS, WPM and 
DKW) on values of number of shoot / explant, 
number of leaves / explant and shoot longest (cm.) of 
bitter almond nodal cuttings. 
           Results showed that number of shoots 
developed from explants cultures on MS medium 
gave the highest significant average number of shoots 
/ explant (47.0) followed by WP medium (30.0) while 
DKW medium scored the least number of shoots / 
explant (11.0) . 
            As for both average number of leaves and 
shoot length it was noticed that same trend was 
detected as MS medium gave the greatest significant 
number of leaves / explant and the longest explant 
compared with other media. 
              Generally, it could be concluded that, MS 
basal medium affected shoot proliferation as it 
recorded the highest number of shoots / explant, 
greatest number of leaves / explant and longest 
explant. 
               These result are in harmony with (Rugini 
and Verma 1983); (Caboni, 1994); and Saeed, (1998). 
They found that MS medium gave the highest shoot 
multiplication rate and growth of almond. 

 
Table (3): Effect of different agar-gelled medium on in vitro growth of bitter almond Rootstock during 
establishment stage.                                     

Shoot length (cm) 
No. of leaves / 
explant 

No. of shoots / 
explant 

    Growth     
  measurement    
 
 
     Basal media 

1.83A 10.00A 3.50A MS 
1.16B 4.50B 2.20B WPM 
0.43C 3.00C 1.00C DKW 

         Means having the same letters in column are not significantly different at 5% level 
  
Table (4) : Effect of different soiled basal media on in vitro growth of bitter  almond Rootstock during 
proliferation stage . 
                              

Shoot length (cm) 
No. of leaves / 
explant 

No. of shoots / 
explant 

                  Growth               
measurement                  
 
 
 
       Basal media 

4.33A 8.01A 47.00A MS 

3.10B 4.45B 30.00B WPM 

2.00C 0.84C 11.00C DKW 

Means having the same letters in column are not significantly different at 5% level 
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Abstract 
  Background:  Psoriasis is a chronic inflammatory T-cell-mediated skin disease, with a preponderance of type 1 
cytokines that contribute in the induction and persistence of the inflammatory process. Leptin, a peptide hormone 
secreted mainly from the adipocytes of white fat is known to regulate a wide range of biological responses. 
Recently, leptin has been considered a cytokine -like hormone that modulates T-helper cell activity, it promotes type 
1 cytokine synthesis and suppresses type 2 cytokine production. Accordingly, leptin was suggested to have a role in 
the pathogenesis of several chronic inflammatory diseases including psoriasis. However, the relationship between 
leptin and the severity of the disease still needs further studies. 
Objective:  This study aims at investigating the suggested relationship between leptin levels in both serum and 
tissue and the severity of psoriasis vulgaris. 
Patients and Methods:  This study included forty patients with chronic psoriasis vulgaris and forty healthy 
volunteers as a control group. Psoriasis area and severity index (PASI) was scored for all patients. Serum leptin 
levels were estimated using an Enzyme Linked Immunosorbant Assay (ELISA) technique. Skin biopsies were taken 
from lesional and non lesional skin of psoriatic patients as well as from normal skin of the control group. Tissue 
leptin levels were studied by both ELISA and reverse transcription-polymerase chain reaction (RT-PCR) in all 
patients and controls. 
  Results:   Tissue leptin levels were found to be significantly higher in psoriatic lesions  (p < 0.05) when compared 
to controls, as well as significantly higher when compared to the non lesional skin of the patients themselves 
(p<0.05) when studied by both ELISA and R-T PCR techniques. Moreover, tissue leptin levels were found to be 
significantly higher in the non lesional skin of psoriatic patients when compared to controls (p<0.05). Serum leptin 
levels, lesional and non lesional tissue leptin levels were found to be significantly higher in patients with severe 
psoriasis vulgaris than mild to moderate psoriasis than controls (p<0.05). A statistically significant correlation was 
found between serum leptin levels, lesional tissue leptin levels and PASI score in patients with severe psoriasis 
vulgaris (r=0.68, p=0.001, r=0.793, p=0.000).  
Conclusion:   Serum and tissue leptin levels are elevated in   patients with severe psoriasis vulgaris and leptin level 
might serve as a marker of severity.   [Journal of American Science 2010;6(10):412-422]. (ISSN: 1545-1003). 
 
 
Keywords:   Psoriasis, PASI, and leptin 
  
1. Introduction      
       Psoriasis is a chronic cutaneous inflammatory 
skin disease. It is characterized by excessive, but 
controlled cellular proliferation, fibroblast activation, 
vascular expansion, leucocyte infiltration and 
alterations of cytokine production (Kapp, 1993). The 
disturbed keratinocyte proliferation and 
differentiation are a consequence of the abnormal 
immune activity with persistent T-lymphocyte 
activation ( Prinz, 2003 ). These activated T-helper 
cells produce a variety of cytokines including INF-
gama, TNF-alfa, and various interleukins that play an 
important role in its pathogenesis (Kristina and 
Krueger 2009). Recently, leptin an adipokine has 
been identified in the keratinocytes of psoriatic 
lesions suggesting its possible role in the 
pathogenesis of the disease ( Cerman et al., 2008 ).   

           Leptin is a hormone synthesized and secreted 
by adipocytes. It is a 16 - kD non-glycosylated 
polypeptide that consists of 167 amino acids. The  
structure of leptin contains four interconnected anti-
parallel á-helices, which is in high similarity to 
members of the long-chain helical cytokines such as 
interleukin-6 (IL-6), IL-11, IL-12, granulocyte 
colony stimulating factor (G-CSF), and others            
( Auwerx and Steals 1998 Hidetoshi et al. 2009). 

Leptin regulates body weight through inhibiting 
food intake and stimulating energy consumption        
(Muoio et al., 2002). It has been also recognized as a 
key factor in regulating many biological responses 
including blood pressure, haematopoiesis, 
neuroendocrine function, angiogenesis, bone 
formation and reproduction (Lu and Li 2000). Leptin 
receptors are expressed primarily in the 
hypothalamus, but also expressed in other tissues as 
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keratinocytes, fibroblasts, endothelial cells, and 
peripheral blood mononuclear cells ( Tartaglia,1997).  

 Leptin has an important role in inflammation 
and in immunoregulation. It activates 
monocyte/macrophage cells and potentiates 
production of the proinflammatory cytokines, tumor 
necrosis factor alpha (TNF - á), interleukin (IL) - 6, 
and directs T cell differentiation to Th1 phenotype, 
expressing interferon gamma (INF)-ã and IL-2  
( Otero et al., 2005). On the other hand, it shows 
certain anti-inflammatory properties by releasing  
IL-1 receptor antagonist ( Gabay et al., 2001 ).  Thus 
it has been implicated in the pathogenesis of 
autoimmune inflammatory conditions such as chronic 
bowel disease, and rheumatoid arthritis  
( Everkhlioglu et al., 2002 and Lee et al., 2006 ). 
Recent studies have shown that leptin stimulates 
keratinocyte proliferation, expresses adhesion 
molecules and promotes angiogenesis as well as 
endothelial cell growth 
 ( Bernotiene et al., 2006 and Murad et al., 2003 ). 
Accordingly, a strong relation seems to exist between 
the immunopathogenesis of psoriasis and the 
proliferative and immunological effects of leptin.  
    Previous studies have suggested the role of leptin 
in the pathogenesis of psoriasis vulgaris ( Cerman et 
al., 2008 and Wang et al., 2008 ) but its role in the 
severity of the disease still needs further studies. This 
study was performed in order to; investigate the 
suggested relationship between serum and tissue 
leptin levels with the severity of the disease.  
  
2. Subjects and Methods 
 
2. 1. Patients and Controls  
     This study included forty non obese patients with 
chronic stable psoriasis vulgaris recruited from the 
dermatology outpatient clinic of Cairo University 
Hospital. The diagnosis was made clinically, based 
on the presence of characteristic plaque-type psoriatic 
lesions. Forty healthy age and sex matched non obese 
volunteers with no family history of psoriasis were 
included in the study as a control group. The purpose 
and nature of the study were explained to all subjects. 
All included subjects have consented to be enrolled 
in this study. 
 
2. 2. Exclusion Criteria 
     Obese subjects with history of acute or chronic 
infections, liver disease, renal disease, recent history 
of cardiovascular disorder, hypertension, 
neurological disease, or diabetes mellitus were 
excluded from the study. Moreover, patients who had 
received oral or topical antipsoriatic therapy within 
four weeks before taking samples were not included 
in the study. 

2. 3. Method 
2. 3.1.  Clinical Assessment 
     All participants were subjected to thorough history 
taking and skin examination.   The degree of severity 
of psoriasis was clinically assessed by psoriasis area 
and severity index (PASI) score for each patient 
 ( Fredriksson and Petterson 1978 ). It includes 
assessment and recording of erythema, infiltration, 
desquamation and extent of the disease ( area % ) by 
using numerical rating of 0 - 4 for each of the 
parameter: 0 for absent; 1 for slight ( light pink, rare 
scales, no elevation with area involvement < 10 % ) ; 
2 for moderate ( light red, poorly defined scales, 
slight elevation with area involvement 10 � 30 % ); 3 
for severe ( red, defined scales, moderate elevation 
with area involvement 30 � 50 % ); and 4 for very 
severe ( very red, heavy scales, marked elevation 
with area involvement 50 � 70 % ). Accordingly, 
mild to moderate psoriasis and severe psoriasis were 
defined as PASI <15 and PASI > 15, respectively. 
 
2. 3. 2. Blood Sampling 
         10 ml venous blood samples were withdrawn 
from twelve hour fasting non obese patients and 
controls. Blood was collected in vacutainer tubes, left 
for 20 min at 37°C in order to clot and then 

centrifuged for 10 min at 3000 r.p.m.to separate the 
serum. Serum samples were divided into several 
aliquots and stored at - 80°C until subsequent 

analysis.  
 
2. 3.3. Tissue Sampling 
      4 mm punch skin biopsy samples were taken 
from the active plaques and the non lesional skin of 
twelve hour fasting non obese patients with psoriasis 
vulgaris. Normal tissue samples were taken from the 
extensor surface of the extremities of the healthy 
fasting non obese volunteers who served as a control 
group. Tissue samples were stored under - 80°C till 

assessed. 
 
2. 3.4. Laboratory Investigations 
       Routine laboratory investigations including;  
blood sugar, blood cell count, sedimentation rate, 
liver and renal function tests were done for all 
participants to exclude any organic disease or 
inflammation.  
 
2. 3.5. Leptin Measurements 

(A) Serum and tissue leptin analysis by ELISA 
      The quantitative determination of leptin was 
conducted in serum and tissue by an Enzyme Linked 
Immunosorbant Assay (ELISA) technique, using a 
commercial available kit, (DRG® ELISA EIA-2395). 
Every sample was run in duplicate, measurements 
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differed by less than 10%, and the mean value was 
calculated and used for statistical analysis.   
Principle of the test 
 The DRG Leptin ELISA Kit is a solid phase Enzyme 
Linked Immunosorbant Assay based on the sandwich 
principle. The micro titer wells are coated with a 
monoclonal antibody directed towards a unique 
antigenic site on a leptin molecule. An aliquot of 
patient sample containing endogenous leptin is 
incubated in the coated well with a specific rabbit 
anti leptin antibody. A sandwich complex is formed. 
After incubation the unbound material is washed off 
and an anti rabbit peroxidase conjugate is added for 
detection of the bound leptin. Having added the 
substrate solution, the intensity of colour developed 
is proportional to the concentration of leptin in the 
patient sample 
( Considine et al., 1996 and Guillaume and 
Björntorp 1996 ). 
 
(B) Tissue leptin analysis by detecting the leptin 

gene by Reverse transcription-Polymerase Chain 
Reaction (RT-PCR) 
 

1-RNA Extraction:  
          Total RNA was extracted from skin tissue 
homogenate by the acid guanidinum thiocyanate-
phenol-chloroform method (Promega) R1. According 
to the manufacturers recommendation, the RNA 
obtained content and purity were measured by an UV 
spectrophotometer with absorbance at 260 nm  
( Chomkczynski  and Sacchi 1987 ).  
 
2-RT �PCR Analysis: 
       RT-PCR was done using the extracted RNA for 
detection of leptin gene. For amplification of the 
target gene, RT and PCR were run in two separate 
steps. Reaction mixture of RT reaction containing 1 
ìg total RNA, 0.5 ìg random primer, 5×RT buffer, 

2.5 mmol/L dNTP, 20 U RNase inhibitor and 200 U 
moloney murine leukemia virus reverse transcriptase 
(MMLV) (Promega) in a total volume of 25 µl. The 

reaction was incubated at 37ºC for sixty minutes, and 

then heated to 95 ºC for 5 minutes to inactivate 

MMLV. PCR was carried out with 1.5 ìl RT 

products, 10 × PCR buffer (without Mg
2+) 2.5 ìl, 2.0 

ìl dNTP (2.5 mmol/L), 2.0 ìl MgCl2 (25 mmol/L), 
0.5 ìl each primer (20 ìmol/L) of â-actin, 0.5 ìl each 

primer of leptin gene (20 ìmol/L) and 1 U of Taq 

DNA polymerase (Promega), in a final volume of 25 
ìl. The reaction profile consisted of an initial 

denaturation at 97°C for 5 minutes followed by 35 

cycles of PCR at 96°C for 1.5 minutes (denaturation), 

72°C for 1.5 minutes (annealing) and 72°C for 1.5 

minutes (extension). A final extension cycle of 72 oC 
for 15 min was included. The fluorescence emitted 

was captured at the end of the extension step of each 
cycle at 530nm. Results were normalized to the 
expression of the housekeeping gene 18S ribosomal 
RNA.  The appropriate primer pairs, annealing 
temperature and product size in are shown in  
table (2). 
 
3-Agarose gel electrophoresis:  
       The amplified PCR products of leptin were 
electrophoresed on 2% agarose gel with size marker 
of 100bp, stained with ethidium bromide and 
visualized by an UV transilluminator fig (1, 2).  
 
4- Semi-quantitative determination of PCR 
products: 
        Semi-quantitation was performed using the gel 
documentation system (BioDO, Analyser) supplied 
by Biometra. According to the following 
amplification procedure, relative expression of each 
studied gene (R) was calculated following the 
formula: R= Densitometrical Units of each studied 
gene/ Densitometrical Units of -actin. 
 
2. 3.6. Statistical analysis 
   All data were coded and entered using the program 
statistical package for social sciences (SPSS) version 
15 under windows XP. Descriptive data was 
summarized using mean, standard deviation (SD) and 
range for quantitative variables and numbers and 
percent for qualitative variables. Inter group 
comparisons were conducted using Pearson Chi-
square for qualitative variables and independent 
sample T test for normally qualitative variables. Non 
parametrical tests (Mann-Whitney U-test and 
Wilcoxon signed ranks test) were used for 
quantitative variables. Pearsons correlation co-
efficient (r) test was used to test for linear relation 
between quantitative variables. Linear regression 
analysis was done to test for significant predictors for 
psoriasis severity as measured by PASI score. P 
values < 0.05 were considered statistically 
significant. 
 
3. Results 
 
3.1. Clinical Data: 
The results of this study are demonstrated in tables 
 (1 to 3) and figures (1 to 7). Forty non obese patients 
with psoriasis vulgaris were included in this study. 
Twenty of the patients had mild to moderate psoriasis 
(PASI <15), while the other twenty had severe 
psoriasis (PASI > 15). Of the forty patients, 26 were 
females (65%) and 14 were males (35%). Their age 
ranged between 18 � 62 years. The mean age and 
standard deviation (SD) was 38.50 ± 12.83 years. The 

duration of the disease ranged between 4 months to 
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180 months, with a mean ± SD 57.05 ± 54.08. The 

PASI score for clinical assessment ranged between 
3.5 - 28.5, the mean ± SD was 14.61 ± 6.6. The 
control group included 29 females (74.5%) and 11 
males (25.5%). Their age ranged between 18 - 54 
years with mean ± SD 35.70 ± 9.09. Controls were 

age and sex matched.  
 
         Linear regression analysis was done, using 
constant predictors; age, gender, duration, serum 
leptin levels (ELISA), lesional tissue leptin levels 
(ELISA), and lesional tissue leptin expression (PCR) 
against PASI score as a dependent variable. Lesional 
tissue leptin levels tested by ELISA technique was 
presented as a model of specific predicator, p<0.00 as 
shown in (Table 3).  

  
Estimation of serum leptin levels by ELISA 
technique: 
The serum leptin level estimated in patients with 
psoriasis ranged between 12.5 - 98.2 ng/ml, with a 
mean ± SD of 40.9 ± 28.4.  While in the control 

group it ranged between 18.6 - 56.7 ng/ml, with a 
mean ± SD of 33.85 ± 11.56. No statistically 

significant difference was found in the serum leptin 
level between patients and controls (p = 0.87). 
However, when serum leptin level was evaluated in 
relation to disease severity according to PASI score, 
serum leptin level was found to be significantly 
higher in severe psoriasis ( PASI > 15 ), (62.1 ± 

25.8ng/ml) than mild to moderate psoriasis (PASI 
<15  ) (19.72 ± 5.61), and also for controls (33.8 ± 

11.56) ( p < 0.05). Serum leptin level showed a 
statistically significant correlation with PASI score (r 
= 0.681, p =0.001). Moreover, there was a strong 
statistically significant correlation between serum 
leptin levels and tissue leptin levels in both lesional 
and non lesional skin of the patients 
( r = 0.648, p = 0.002, r = 0.589 p = 0.006 
respectively) ) (Table 1).   
 
Estimation of tissue leptin levels by ELISA 
technique: 
     The tissue leptin level in lesional and non lesional 
skin of patients, ranged between 11.1 - 19.7 ng/ml, 
with mean ± SD of 16.05 ± 2.53, and 8.6 -14 ng/ml 
with mean ± SD of 10.93 ± 1.5 respectively. In the 

control group, tissue leptin level ranged between 
10.10 -19.8 ng/ml, with mean ± SD of 13.82 ± 3.1. A 

statistically significant difference was found between 
lesional tissue leptin level and controls (p=0.017). 
Also, a high statistically significant difference was 
found between lesional and non lesional tissue leptin 
levels (p< 0.001). When patients were evaluated 
according to disease severity, tissue leptins level 
were significantly higher in patients with severe 

psoriasis (17.8 ± 1.25) than patients with mild to 

moderate psoriasis (14.2 ± 2.13), and controls (13.82 

± 3.1) (p<0.05). Moreover, tissue leptin level in 
lesional skin showed a statistically significant 
correlation with PASI score (r = 0.79, 3 p=0.000) 
(Table 1).  
 
Tissue leptin gene expression by RT-PCR 
technique:      
     Tissue leptin gene expression in both lesional and 
non lesional skin of patients ranged between 1.02 - 
1.9 ng/ml, with mean ± SD of 1.49 ± 0.34, and 0.52 - 
1.04 with mean ± SD 0.79 ± 0.15 respectively. In the 

control group tissue leptin levels ranged between 0.2-
0.94 ng/ml, their mean ± SD was 0.62 ± 0.22. A high 

statistically significant difference was found between 
tissue leptin gene expression in lesional and non 
lesional skin (p< 0.001). Moreover, when patients 
were evaluated according to disease severity, leptin 
gene expression was significantly higher in patients 
with severe psoriasis than patients with mild to 
moderate psoraiasis, and control (p < 0.05) (Table1). 
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Table (1): Leptin levels in serum and tissue of psoriatic patients and controls in relation to disease severity.  
 
  

Mean ±  SD 
 
P Value 

 
Serum leptin level ng/ml   (ELISA) 
Control 
Psoriatic patients 
PASI < 15 ( mild to moderate psoriasis ) 
PASI > 15  (severe psoriasis ) 

 
 
33.85 ± 11.56 
40.96 ± 28.41 

 19.72 ± 5.61  
62.19 ± 25.88 

 
 
 
0.087* 
 
0.001** 

 
Tissue leptin level ng/ml   (ELISA) 
Control 
Lesional psoriatic patients skin  
Lesional psoriatic patients skin    PASI < 15 
Lesional psoriatic patients skin     PASI > 15 
Non - Lesional psoriatic patients skin 
Non - Lesional psoriatic patients skin  PASI < 15 
Non - Lesional psoriatic patients skin   PASI > 15 

 
 
13.82 ± 3.10 
16.05 ± 2.53 
14.22 ±  2.13 
17.87 ±  1.25 
10.93 ± 1.54 
11.73 ± 1.24 
10.13 ± 1.42 

 
 
 
0.017*** 
0.001**** 
 
 
 0.001+ 

0.018++ 
 
Tissue leptin level (PCR) 
Control 
Lesional psoriatic patients skin  
Lesional psoriatic patients skin    PASI < 15 
Lesional psoriatic patients skin     PASI > 15 
Non - lesional psoriatic patients skin 
Non - lesional psoriatic patients skin  PASI < 15 
Non - lesional psoriatic patients skin   PASI > 15 

 
 
0.62 ± 0.22 
1.49 ± 0.34 
1.33 ± 0.30 
1.65 ± 0.32 
0.76 ± 0.79 
0.76 ± 0.15 
0.83 ± 0.14 

 
 
 
0.001- 
 
0.028-- 

 

 

0.403--- 
 
P value < 0.05 is significant. 
  * : Serum control  versus  psoriatic patients by ELISA.  
 ** : Serum  PASI < 15 versus PASI > 15 by ELISA. 
*** : Tissue  control versus lesional psoriatic patients skin by ELISA. 
**** : Tissue lesional psoriatic patients skin PASI < 15 versus lesional PASI > 15 by ELISA. 
+ :  Tissue control versus non - lesional psoriatic patients skin by ELISA. 
++ :  Tissue non - lesional psoriatic patients skin  PASI < 15 versus non - lesional PASI > 15 by ELISA. 
- :  Tissue control versus lesional psoriatic patients skin by PCR. 
-- : Tissue lesional psoriatic patients skin PASI < 15 versus lesional PASI > 15 by PCR. 
--- : Tissue non - lesional psoriatic patients skin  PASI < 15 versus non - lesional PASI > 15 by PCR. 
 
 
Table ( 2 ) :The oligonucleotide primers sequence of studied genes  
 

  
Primer sequence 

 
Annealing 

temperature 

 
Product size 

 
Leptin 

 
Forward primer : 5' CATTACTGAACAGTTCATTGTCTCC -3'  
Reverse primer : 5'  5'- CTTCCTTCATATTGTACTCTTTGCA -3' 

 
65°C 

 
126 bp 

 
Beta  actin 

 
Forward primer : 5'TGTTGTCCCTGTATGCCTCT-3' 
Reverse primer : 5'TAATGTCACGCACGATTTCC 3'. 

 
60°C 

 
166 bp 
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Table (3): Leptin levels in lesional tissue (ELISA) as a model of specific predicator 

 
 
 
 
Fig.(1): An agarose gel electrophoresis shows PCR products of leptin gene in different studied groups 
 

 
      M                              1                     2                   3                          4               5                   6 
Lane M : PCR marker with 100 bp 
Lane 1& 2: PCR products of leptin gene in control group 
Lane 3 & 4: PCR products of leptin gene in psoriatic (lesional) group 
Lane 5 & 6: PCR products of leptin gene in psoriatic (non lesional) group.  
 
 
 
 
Fig. (2): An agarose gel electrophoresis shows PCR products of beta actin as housekeeping gene in different 
studied groups 
 

 
        M                          1                     2                   3                          4                      5                   6 
 
 
 
 
 
 
 
 
 

Model of  specific  Predicator 
Regression coeiffient (B) 

  T p value 
95% Confidence Interval for B 

(B) Lower Bound Upper Bound 

Leptin levels in lesional tissue (ELISA)           1.453  3.386 0.005        0.526 2.38 
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Fig (3): The correlation of lesional tissue leptin levels with Psoriasis Area and Severity Index (PASI) 
 as determined by ELISA. 

 
 
 
 
 
 
 
 
 

Fig (4): The correlation of lesional tissue leptin with Psoriasis Area and Severity Index (PASI) 
as determined by PCR. 

 

P<0.05 
r=0.79 

P<0.05 
r=0.46 
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Fig (5):  The correlation of serum leptin levels with Psoriasis and Area Severity Index (PASI) 
 as determined by ELISA 

 
 

 
 
 

Fig ( 6 ): Tissue mean leptin levels ± SD in lesional and non - lesional skin as 
determined by PCR. 

 
 
 

P<0.05 
r=0.68 
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Fig (7): Mean leptin levels ± SD in blood, lesional and non - lesional skin as 
determined by ELISA. 

 
 

 
4. Discussion:  
        In this study, both serum and tissue leptin levels 
were investigated by the ELISA technique aiming at 
studying the suggested relationship between leptin 
levels and the severity of psoriasis vulgaris. In 
addition, tissue samples from all subjects were 
subjected to RT-PCR examination for leptin gene 
expression. All patients included in the study did not 
receive any topical or systemic steroid therapy for four 
weeks before taking serum or tissue samples, in order 
not to disturb any cytokine production. 
  
     The results of this study showed that the mean 
serum leptin level in psoriatic patients was higher than 
the mean serum leptin level in the controls. However, 
the difference was not statistically significant ( p = 
0.87 ). When serum leptin levels were studied 
according to the severity of the disease, they were 
found to be significantly higher in patients with severe 
psoriasis than patients with mild to moderate psoriasis 
and also significantly higher than controls ( p = 0.001  
). This could be explained on the basis of previous 
studies which demonstrated that leptin has an 
important role in the pathogenesis of immune - 
mediated inflammatory diseases ( Gabay et al., 
2001and Otero et al., 2005 ).  
 

Serum leptin levels were reported to be 
elevated in patients with Behcets syndrome and  

 
 
 

rheumatoid arthritis and were correlated with the 
disease activity ( Everkhlioglu et al., 2002 and Lee et 
al., 2006 ).  Also, a previous study suggested that 
hyperleptinaemia is not a disease specific finding, but 
could be a marker for severity ( Cerman et al., 2008 ). 
Our findings seem to support the suggestions of that 
study. 
    
         Recently, it has been suggested that 
hyperleptinaemia may play an important role in 
cardiovascular diseases including atherosclerosis.  
Patients with severe psoriasis are known to be highly 
susceptible to cardiovascular diseases ( Neimann et al., 
2006 ). Leptin, is known to induce endothelial 
dysfunction, stimulates platelet aggregation, and 
proliferation of vascular smooth muscle cells. 
Therefore, elevated serum leptin levels in patients with 
severe psoriasis may be one of the factors for the 
increased prevalence of cardiovascular diseases  
( Beltowski, 2006 ). Probably more studies should be 
made on psoriatic patients with cardiovascular disease, 
in order to further study any suggested relationship. 
This could be helpful in preventing serious 
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cardiovascular complications among patients with 
severe psoriasis. 
 
        Studies concerning the possible relationship 
between leptin levels (in tissue and serum) and 
psoriasis are still controversial.  Aktan et al., in  2007 
did not support this possible relationship. The 
measured serum leptin levels in the psoriatic patients 
in their study did not correlate with PASI score or 
duration of the disease. This may be due to the 
relatively small number of subjects with relatively low 
mean PASI scores included in that study. On the other 
hand, Wang et al., in 2008 reported that serum leptin 
levels were elevated in patients with severe forms of 
psoriasis (erythrodermic, pustular and arthropathic 
forms). Serum leptin levels were also correlated with 
body mass index but not with PASI score.  
       
       Few studies have been performed to investigate 
the possible role of tissue leptin levels in the 
pathogenesis of psoriasis (Cerman et al., 2008 and 
Johnston et al., 2008). Using  both ELISA and R-T 
PCR techniques in this study, we could demonstrate 
that  the mean tissue leptin levels in lesional skin of 
psoriatic patients was higher than the mean tissue 
leptin level in the controls and the difference was 
statistically significant (p<0.05). This might be 
explained in view of previous studies (Otero et al., 
2005 and Bernotiene et al., 2006), that showed that 
leptin modulates T-helper cell activity.  In those 
studies, leptin was found to activate monocytes and 
macrophages, potentiating the production of various 
proinflammatory cytokines TNF - á, IL-6 and 
directing T- cell differentiation to Th1 phenotype 
(Bernotiene et al., 2006). Also, leptin has been shown 
to stimulate keratinocyte proliferation, expression of 
adhesion molecules and angiogenesis (Cao et al., 
2001). Accordingly, it seems that the immunological 
role of leptin and the immunopathogenesis of psoriasis 
may overlap. Recently, it was found that high 
concentrations of leptin in psoriatic tissue may induce 
local production of amphiregulin, an endothelial 
growth factor which, together with leptin and resistin 
stimulates the production of chemokine (CXCL8) in 
cultured psoriatic cells. This was suggested to drive 
the keratinocyte proliferation which is characteristic 
for psoriasis (Johnston et al., 2008). 
       
          In the present study, tissue leptin levels in non 
lesional skin of psoriatic patients were found to be 
significantly higher than controls (p<0.05). This result 
may indicate that normally looking skin of psoriatic 
patients is possibly undergoing an immunological 
reaction. This seems in agreement with previous 
studies that considered psoriasis as a whole skin 
disease, and that the apparently normal skin may be in 

the pre-psoriatic stage in the form of immunological 
changes which are not yet detectable (Nickoloff  et al., 
2000 and Fawzi  and  Shaker 2002).    
        Another remarkable result of this study is that , 
when the lesional tissue leptin levels were studied by 
both the ELISA and  R-T PCR techniques according to 
the severity of the disease, they were found to be 
significantly higher in patients with severe psoriasis 
vulgaris than patients with mild to moderate disease 
and also higher than controls (p<0.005). It is 
noteworthy that our results showed this positive 
correlation between disease severity and serum leptin 
levels although we have excluded obese and 
cardiovascular patients.   
        
      In this study, serum and tissue specimens were 
taken from twelve hours fasting patients and controls 
in order to avoid fallacies, also all subjects were of 
average body weight and with no systemic disease.  
Other factors have been suggested to have influence on 
the severity of psoriasis such as persistent 
environmental stress and smoking (Naldi et al., 2005). 
Moreover, it was suggested that serum leptin levels 
may vary between different populations (Cerman et 
al., 2008) and consequently, tissue leptin levels might 
vary as well. This might explain the elevated leptin 
levels in our psoriatic patients in spite of absence of 
obesity and cardiac disease.   
 
        The results of this study seem to agree with 
Cerman et al., 2008 who used an 
immunohistochemical technique.  They could 
demonstrate diffuse leptin receptor immunostaining in 
the epidermis and strong immunoreactivity in the 
dermal fibroblasts, of psoriatic patients and healthy 
controls. They suggested that the increased epidermal 
staining was due to an increased epidermal turnover. 
They also demonstrated that serum leptin levels 
showed a significant correlation with the PASI score. 
On the other hand, they were not able to demonstrate a 
correlation between the tissue leptin levels and leptin 
receptor expression with the PASI scores. This may be 
due to the less sensitive and semiquantitative 
technique of the immuneohistochemistry , which they 
used as compared to the more sensitive  R-T PCR 
technique for expressing leptin gene which we used in 
this study.  
 
        In conclusion, the results of this study support the 
possible relationship between leptin levels in both 
serum and tissue and the severity of psoriasis vulgaris. 
Moreover, this study demonstrated that leptin might 
serve as a marker of severity as tested by linear 
regression analysis in psoriasis vulgaris patients. 
Further studies might be done on different types of 
psoriasis within obese patients with and without 
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cardiovascular disease for better understanding of the 
role of leptin in severe psoriasis vulgaris.  
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Abstract: Background: Psoriasis has been characterized by hyperproliferation accompanied by acanthosis and 
aberrant differentiation of keratinocytes. Several growth factors and cytokines, are assumed to be important. Recent 
studies indicate that various cytokines including tumor necrosis factor - α ( TNF - α ), IL - 2R and IL - 6 play an 
essential role in the induction and maintenance of psoriatic lesion. Objectives: To analyse relevant inflammatory 
mediators in the serum of patients with active psoriasis ( Psoriasis vulgaris  ) of mild-to-moderate  and severe psoriasis  
compared to healthy controls. Patients / Methods: Forty psoriasis patients were recruited from the dermatology 
outpatient clinic of Cairo University Hospital. Patients body mass index ( BMI ), waist circumference and psoriasis 
area and severity index.  (PASI ) were recorded. Fasting serum samples were obtained on enrolment. All the patients 
did not receive any treatment (locally or systemically), for at least four weeks before enrolment. Age, sex and ( BMI ) 
matched with forty healthy controls were also recruited. Serum TNF - α, IL - 2R and IL - 6 levels were estimated using 
an Enzyme-Linked Immunosorbant Assay ( ELISA ) technique. The patients group were subdivided to two groups 
according to the diseases severity, PASI , into, mild-to-moderate psoriasis group and severe psoriasis group. Results: 
Serum TNF - α, IL - 2R and IL - 6 were all statistically significant elevated in the patients group compared to healthy 
controls ( p < 0.05 ). Also they were all statistically significant increased in severe psoriasis compared to mild-to-
moderate psoriasis ( p <0.05 ). Conclusions: These data support the view that serum TNF - α, IL - 2R and IL - 6 are 
involved in the pathogenesis of psoriasis, possibly by induction and maintenance of psoriatic lesion. We recommend a 
use of an array of these cytokines as a useful follow-up marker for monitoring of psoriatic patients and optimizing 
therapeutic strategies. Also we suggest the study of antisense therapy using the antibody of these cytokines in psoriatic 
patients. [Journal of American Science 2010;6(10):423-429]. (ISSN: 1545-1003).  
 
Keywords: Psoriasis vulgaris, Cytokines, TNF - α, IL - 2R and IL - 6.  
 
1. Introduction 

Psoriasis is relatively common, chronic, 
inflammatory and hyperproliferative skin disease that 
may appear at any age and affect any part of the skin. It 
affects 1.4 % to 2.0 % of the population and comprises 
2.6% of skin related visits to primary care physicians, or 
between 0.3% and 1.6% of all visits to family 
physicians. It is a very troublesome disease with a high 
economic impact ( Ulrich and Kristian 2009 ).    The 
disease often persists for life, and the patient has an 
increased risk of cardiovascular diseases and their 
complications. One out of five patients develops 
psoriatic arthritis. The clinical picture of psoriasis is 
highly variable with regard to lesional characteristics 
and the severity of disease ( Batya et al. 2010). 

Psoriasis vulgaris is a multifactorial heritable 
disease characterized by severe inflammation resulting 
in poorly differentiated, hyperproliferative 
keratinocytes. It is including genetic background, 
environmental factors, and vascular and immune system 
disturbances. Current research is dominated by the 
hypothesis that an immunological disorder with 
inflammatory reaction, mediated through T-

lymphocytes, plays a key role in the pathogenesis of 
psoriasis (Nograles  et al. 2010). 

The characteristic histological features of the 
disease are epidermal hyperproliferation and infiltration 
of both dermis and epidermis by inflammatory cells 
including neutrophils, lymphocytes, macrophages and 
mast cells. Interactions between infiltrating T cells and 
skin resident cells (keratinocytes, fibroblasts, 
endothelial cells) are often mediated by the synthesis 
and release of different proinflammatory cytokines ( 
Krueger and Ellis 2005 ). 

Recently, much attention has been directed 
towards the influence of cytokines in psoriasis, as they 
play an important role in inflammatory diseases. In 
addition, a number of studies have suggested that 
various cytokines released by keratinocytes and 
inflammatory leucocytes could contribute to the 
induction or persistence of the inflammatory processes 
in psoriasis; however, the precise mechanism of their 
involvement in psoriasis remains unclear. Few studies 
have been reported on serum cytokine levels that may 
be expected to alter if they are involved in the 
pathogenesis of psoriasis (Kristina and Krueger 2009). 
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Although the cytokine mediated response is an 
essential part of the natural protective mechanism, 
excessive production of pro-inflammatory cytokines, or 
production of cytokines in the wrong biological context 
are associated with the pathology in a wide range of 
diseases including psoriasis. At the present time, one of 
the main areas of research in the psoriasis field concerns 
the role of cytokines in the pathogenesis of this disease. 
Different cytokines play a part in sustaining the two 
main characteristics of a psoriatic lesion; keratinocyte 
hyperproliferation and inflammation               ( Stephen 
and Gelfand 2008 ). 

Interleukin - 2 ( IL – 2 ), interleukin - 6 ( IL – 6), 
and tumor necrosis factor alpha (TNF - α) are the 
hallmark cytokines in a psoriatic cytokine network. 
Several investigators have suggested the possible use of 
TNF - α , IL - 6, IL - 8 and soluble interleukin - 2 
receptor ( IL - 2R ) as markers of disease severity in 
psoriasis. The interleukin - 2 receptor (IL - 2R) is a 
heterotrimeric protein expressed on the surface of 
certain immune cells, such as lymphocytes, that binds 
and responds to a cytokine called interleukin 2 
( Hidetoshi et al. 2009 ). 

Recent studies indicate that various cytokines 
including tumor necrosis factor  alpha ( TNF – α ) play 
an essential role in the induction and maintenance of 
psoriatic lesion. TNF - α is a 17 - k D polypeptide that 
plays a central role in the regulation of innate immune 
responses. It is involved in stimulating the production of 
inflammatory cyokines, inducing the expression of cell 
surface adhesion molecules, enhancing the 
phagocytic/bactericidal properties of macrophages, and 
activating apoptotic pathways. TNF - α is produced by a 
wide variety of cells, ranging from lymphocytes and 
monocytes, to keratinocytes, mast cells and antigen 
presenting cells in the skin. It is believed to contribute to 
the pathogenesis of psoriasis through its ability to both 
promote immune cell trafficking to the skin and induce 
keratinocyte proliferation ( Gottlieb et al. 2003 ). 

Overexpression of IL - 6 has been implicated in 
the pathology of numerous autoimmune and chronic 
inflammatory diseases, including psoriasis  ( Kristina 
and Krueger 2009 ). Cytokine IL - 6 is a 
multifunctional immunoinflammatory mediator with a 
MW of 25 to 30 kDa protein ( Kawano et al. 1988 ). It 
is produced by a number of different cell types 
including keratinocytes ( Kupper et al. 1989 ) and 
leukocytes ( Baumann et al. 1984 ). It also stimulates 
the proliferation of human keratinocytes in culture  
( Krueger et al. 1991 ) and this proliferative effects are 
suggested to be mediated indirectly via the epidermal 
growth factor/transforming growth factor alpha  
receptor ( Elder et al. 1992 ). Thus IL - 6 has been 
speculated to play an important role in the pathogenesis 
of psoriasis, and in fact, its enhanced expression was 
demonstrated in the psoriatic lesional skin ( Ohta et al. 

1991 ), together with the reports of its increased 
production by monocytes and of its elevated circulating 
levels ( Neuner et al. 1991 ). Overexpression of IL - 6 
has been implicated in the pathology of numerous 
autoimmune and chronic inflammatory diseases, 
including psoriasis ( Wojciech et al. 2008 ). 
 
2. Aim of the work  

This study aimed to evaluate the association of a 
panel of some proinflammatory cytokines (TNF - α , IL 
- 6, and soluble interleukin - 2 receptor ( IL -2R ), in the 
serum of patients with active psoriasis  
( Psoriasis vulgaris ) and  compare them  to healthy 
controls.  

Also, to investigate which would be an attractive, 
patient-independent, and observer-independent marker 
of disease severity. And, to determine the use of these 
cytokines as markers of disease severity in patients of 
mild – to - moderate and severe psoriasis. 
 
3. Material and Methods  
 
3.1. Subjects  

This study comprised forty consecutive patients of 
psoriasis were recruited from the dermatology 
outpatient clinic of Cairo University Hospital. All the 
patients were subjected to detailed examination 
including the elicitation of dermatological and 
psychiatric complaints. The diagnosis was made 
clinically, based on the presence of characteristic 
plaque-type psoriatic lesions. All the patients were 
asked to provide socio-demographic data, medical 
history, and family history. Other questions included the 
duration of disease, age of onset of the disease, any 
treatment taken and use of psychotropic drugs. 
Dermatological examination, hairs, mucosal 
involvement and nail changes were recorded. The 
patients group were subclassified to two groups 
according to the diseases severity, severity index  
( PASI ) into, mild-to-moderate psoriasis group and 
severe psoriasis group. Forty healthy age and sex 
matched volunteers with no family history of psoriasis 
were included in the study as a control group. The 
purpose and nature of the study were explained to all 
subjects. All included subjects have consented to be 
enrolled in this study.  
 
3.2. Exclusion Criteria 

Obese subjects with history of acute or chronic 
infections, liver disease, renal disease, recent history of 
cardiovascular disorder, hypertension, neurological 
disease, or diabetes mellitus were excluded from the 
study. Moreover, patients who had received oral or 
topical antipsoriatic therapy within four weeks were not 
included in the study. 
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3.3 Methods 

3.3.1. Clinical Assessment 
Disease severity was monitored by assessing the 

psoriasis area and severity index ( PASI ). It includes 
assessment and recording of erythema, infiltration, 
desquamation and extent of the disease ( area % ) by 
using numerical rating of 0 - 4 for each of the 
parameter:  

0 for absent; 1 for slight (light pink, rare scales, no 
elevation with area involvement < 10 % ) ; 2 for 
moderate ( light red, poorly defined scales, slight 
elevation with area involvement 10 - 30 %); 3 for severe 
( red, defined scales, moderate elevation with area 
involvement 30 – 50 % ); and 4 for very severe (very 
red, heavy scales, marked elevation with area 
involvement 50 – 70 % ). Accordingly, mild-moderate 
psoriasis and severe psoriasis were defined as PASI < 
15 and PASI >15, respectively. 
 
3.3.2.  Blood Sampling 

Blood samples (10 ml) were collected from 
patients and control subjects in serum separator 
vacutainers ( BD Vacutainer Systems, Plymouth, UK). 
Sera were separated and immediately stored at − 80° C 
until analysis. 

 
3.3.3.  Laboratory Investigations 

Major laboratory parameters, including blood 
sedimentation rate, liver and renal function tests, blood 
cell counts; random blood sugar, were evaluated at the 
same time points for all participants to exclude any 
organic disease or inflammation. 

 
3.3.4. Serum Cytokines Measurements 

The quantitative determination of TNF - α, IL - 2R 
and IL - 6 levels were conducted by an Enzyme-Linked 
Immunosorbant Assay ( ELISA ) technique, using a 
commercial available kit, Every sample was run in 
duplicate, measurements differed by less than 10 %, and 
the mean value was calculated and used for statistical 
analysis. 
Assessment of plasma TNF-alpha : Analysis was 
performed by TNF- alpha ELISA Kit, Diaclone 
research, (URS) - France (Catalog Number 
850.090.096) . 
Assessment of human sIL-2R: Human sIL-2R levels 
were measured using commercially available kit 
(ELISA) based on the sandwich principle, manufactured 
by T-Cell diagnostics (Endogen Inc., Cambridge, CA). 
The human sIL-2R concentrations were determined 
from the standard curve after being run concurrently 
with the standards . 
Assessment of plasma IL-6:  Analysis was performed 
using commercially available kit (IL-6 ELISA Kit), 

Diaclone Research, (URS), - France  (Catalog Number 
850. 030 .096).  

The minimum detectable dose of IL-6 is less than 
2pg/ml. Intra and Inter - Assay coefficients of variation 
of the assay were 0.83-3.86% and 1.89-5.84%. 
 
3.3.5. Statistical analysis  

All data were coded and entered using the program 
statistical package for social sciences (SPSS) version 15 
under windows XP. Descriptive data was summarized 
using mean, standard deviation (SD). Linear regression 
analysis was done to test for significant predictors for 
psoriasis severity as measured by PASI score. P values 
<  0.05 were considered statistically significant. 
 
4.  Results  
4. 1. Clinical Data  

Forty patients with psoriasis vulgaris were 
included in this study. Twenty of the patients had mild 
to moderate psoriasis (PASI <15), while the other 
twenty had severe psoriasis (PASI > 15). Of the forty 
patients, 26 were females (65%) and 14 were males 
(35%). Their age ranged between 18 – 62 years. The 
mean age and standard deviation (SD) was 38.50 ± 
12.83 years. The duration of the disease ranged between 
4 months to 180 months, with a mean ± SD 57.05 ± 
54.08. The PASI score for clinical assessment ranged 
between 3.5 - 28.5, the mean ± SD was 14.61 ± 6.6. The 
control group included 29 females (74.5%) and 11 
males (25.5%). Their age ranged between 18 - 54 years 
with mean ± SD 35.70 ± 9.09. Controls were age and 
sex matched.  
4. 2. Estimation of serum cytokines levels by ELISA 
technique 

The demographic, clinical and biochemical data of 
the studied subjects are showed in Table ( 1, 2 ). 

In this study we compare the serum levels of TNF 
- α, IL - 2R and IL - 6 between forty psoriasis patients 
and forty age- and sex-matched healthy controls from 
the Egyptian population. All the patients were untreated, 
both locally and systemically, for at least four weeks 
before enrolment. It was also ensured that control 
subjects had no medication during the 4 weeks before 
blood sampling. 

The mean value ( mean ± SD ) of serum TNF - α 
level estimated in patients with mild to moderate 
psoriasis  was ( 121.24 ± 59.35 pg/ml ) and controls 
( 30.85 ± 25.45 pg / ml ). A statistically significant 
difference was found in the serum TNF- α level between 
patients and controls (P < 0.05). However, when 
patients were evaluated according to disease severity, 
serum TNF - α level was significantly higher in patients 
with severe psoriasis  ( 173.23 ± 70. 45 pg/ml ) than 
patients with mild to moderate psoriasis and controls ( p 
< 0.05 ) ( fig.1 ). 
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The mean value (mean ±   SD) of serum s IL - 2R level 
estimated in patients with mild to moderate psoriasis 
was ( 355.32 ± 104.21 pg/ml ) and controls 
 ( 144.65 ± 69.44 pg / ml).  A statistically significant 
difference was found in the serum s IL - 2R level 
between patients and controls ( P < 0.05 ). However, 
when patients were evaluated according to disease 
severity, serum s IL - 2R level was significantly higher 
in patients with severe psoriasis ( 475.45 ± 111.45 
pg/ml) than patients with mild to moderate psoriasis and 
controls ( p < 0.05 ) ( fig.2 ). 

The mean value (mean ± SD) of serum IL - 6 level 
estimated in patients with mild to moderate psoriasis 
was (15.24 ± 8.58 pg/ml) and controls         
(5.99±1.34pg/ml). A statistically significant difference 
was found in the serum IL - 6 levels between patients 
and controls ( P < 0.05 ). However, when patients were 
evaluated according to disease severity, serum IL - 6 
level was significantly higher in patients with severe 
psoriasis 
 (33.76 ± 11.34 pg/ml) than patients with mild to 
moderate psoriasis and controls ( p < 0.05 ) ( fig.3 ).  
 
Table (1):  The demographic data of the studied 
subjects 
 

 Control Psoriasis patients 
Number 40 40 

Age ( years ) 
Range 

mean ± SD 

 
18 – 54 

35.7 ± 9.09 

 
18 – 62 

38.5 ± 12.83 

Sex 
Male 

Female 

 
11 ( 25.5 % ) 
29 ( 74.5 % ) 

 
14 ( 35 % ) 
26 ( 65 % ) 

Duration of illness (months) 
mean duration ± SD 

 
 

4 – 180 
57.05 ± 54.08 

PASI 
Range 

Mean ± SD 

 
 
 

 
3.5 – 28.5 

14.61 ± 6.6 
 

 
(Table 2):  Serum levels of the studied cytokines in 
patients with  Psoriasis vulgaris  compared to  
  healthy controls ( mean ± SD ) 
 

 
Cytokines 

 

 
Mild to Moderate 
Psoriasis ( n = 20 ) 

 
Severe Psoriasis 

( n = 20 ) 

 
Control 
( n = 40 ) 

 
TNF – α ( pg / ml ) 

P value 

 
121.24 ± 59.35 

* 
** 

 
173.23 ± 70. 45 

* 
** 

 
30.85 ± 25.45 

 
s IL - 2R ( pg / ml) 

P value 

 
355.32 ± 104.21 

* 
** 

 
475.45 ± 111.45 

* 
** 

 
144.65 ± 69.44 

 
IL - 6 ( pg / ml ) 

P value 

 
15.24 ± 8.58 

* 
** 

 
33.76 ± 11.34 

* 
** 

 
5.99 ± 1.34 

Values are mean ± SD (pg/ml of serum). 
*P: compared to control 
**P:  comparison between mild to moderate psoriasis 
and severe Psoriasis significant (P < 0.05 ) ( t - test ). 
 

 
 

TNF – α 

0

50

100

150

200

Control Mild-Moderate

Psoriasis

Severe

Psoriasis

M
e
a

n
 v

a
lu

e
 p

g
 /
 m

l

  
( Fig. 1 ) :  Serum levels of TNF – α in patients with  

psoriasis vulgaris 
compared to  healthy controls 
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( Fig. 2 ) :  Serum levels of s IL - 2R  in patients with  

psoriasis vulgaris 
compared to  healthy controls 
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( Fig. 3 ) :  Serum levels of IL - 6  in patients with  

psoriasis vulgaris compared to 
healthy controls 

 
5. Discussion 

Psoriasis is a common inflammatory disease of the 
skin and joints. Its aetiology remains unknown, 
however, it has been linked to complex interactions 
between predisposing genes and the environment. The 
pathophysiology of psoriasis is characterized by 
epidermal hyperproliferation, enhanced antigen 
presentation, T helper ( Th -1 ) cytokine production, T 
cell expansion, and angiogenesis. Tremendous advances 
in understanding of this disorder has led to the 
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development of novel therapeutics and the FDA 
approval of more systemic agents for its treatment in the 
last 5 years than in the previous 50 years combined. 
Improved understanding of the pathogenesis of psoriasis 
has led to epidemiologic studies that have contributed 
towards further characterizing its natural history ( 
Stephen and Gelfand 2008 ).   In this study we focused 
on the impact of serum levels of proinflammatory 
cytokines (TNF- α, IL - 2R and IL - 6  ) in psoriasis 
vulgaris In Egyptian patients which are of major clinical 
relevance to the clinician. 

Sagawa et al.  ( 1993 ) pointed out that TNF - α in 
combination with other cytokines like IL-6 may be 
highly injurious due to complex interactions between 
these cytokines, suggesting a rationale for monitoring of 
multiple cytokines in the sera of psoriatic patients. 
Moreover, the cytokine assay results may vary due to 
the clinical stage and type of disease, methods used for 
cytokines detection and their sensitivities, lesion 
activity, interferences due to different drugs used, 
demographic differences in the patient groups, and the 
effect of concomitant pathologies. 

We evaluated the association of serum levels of 
some proinflammatory cytokines in vivo and their 
correlation with severity of psoriasis. The serum levels 
of cytokines levels were determined with the use of the 
ELISA method. All mean values of patients were 
significantly higher than those of controls. There was a 
significant relation between serum levels of TNF -  α, IL 
- 2R and IL - 6 and the severity of the disease. The 
clinical severity and activity of psoriasis, and those 
measurements of serum levels of these cytokines may 
be objective parameters for the disease severity. 

In an  earlier studies that was performed by 
Ameglio et al., in 1994, they shown that there was an 
observed significant reduction in IL - 6, IL - 8, IL - 2R 
and TNF - α levels following effective therapies in 
psoriasis patients. Also, Deeva et al. in 2010 had 
investigated in their study patients affected by very 
severe forms of psoriasis and they were characterized by 
increased plasma levels of IL - 4, IL - 6, MCP -1, 
VEGF. Also, in mild to moderate psoriasis patients, they 
had showed higher levels of  IL - 4, IL - 6, IL - 10, and 
IL - 13 when compared to healthy controls. 

In our results the increment of the investigated 
cytokines, showed a significant increase in severe 
psoriasis than in  mild-to-moderate ones which are not 
in agreement to the results obtained by Deeva et al. in 
2010 who found that there is no correlation between 
psoriasis severity assessed by PASI ( Psoriasis Area and 
Severity Index ) and levels of these mediators. 

Our results are in agreement with earlier studies 
demonstrated by Mohammad in 2005, who showed a 
significant increase in levels of serum IL-6, IL-8, IL-2R 
and TNF- α in Saudi psoriasis patients as compared with 
healthy controls. And he has been suggested that 

proinflammatory cytokines not only play a fundamental 
role in the worsening of the disease or activating its 
pathogenetic mechanisms, but are also directly related 
to the clinical symptoms and disease evolution after 
effective therapy. 

Eiko et al. in 2006 had shown that psoriatic lesions 
showed elevated mRNA expression for type 1 cytokines 
( IFN - gamma, IL - 2, and TNF- α ), compared with 
lesion-free psoriatic skin and normal skin, without a 
significant component of type 2 cytokines ( IL - 4, IL - 
5, and IL -10 ) which confirm our results in the 
increment of the studied serum cytokines .  

Also, similar to our results  Ozer et al. in 2005 
have demonstrated that, serum TNF -[alpha], IFN -
[gamma], IL - 6, IL - 8, IL - 12, and IL - 18 levels were 
significantly higher in active psoriatic patients than in 
controls. Furthermore, high levels of these parameters 
have been  correlated with the clinical severity and 
activity of psoriasis, and they concluded that 
measurements of  serum levels of these cytokines may 
be objective parameters for the disease severity. 

in Japanese patients with psoriasis, Takahashi  et 
al. in 2009 have shown that serum levels of tumour 
necrosis factor ( TNF )-alpha, interferon ( IFN ) - 
gamma, interleukin  IL-2, IL - 6, IL - 7, IL - 8, IL - 12, 
IL - 17, IL - 18 and vascular endothelial growth factor ( 
VEGF ) were significantly increased in patients with 
psoriasis compared with those of healthy controls. And, 
increased serum levels of these cytokines were 
correlated with PASI. Furthermore, these cytokine 
levels were decreased after psoriasis treatment. 

As we gain further insight into the 
immunopathogenesis of psoriasis, we hope it will 
provide the basis for the development of safer, more 
efficacious, and more durable therapeutics in the future. 
Given its enormous toll on patient health and quality of 
life, steps should be taken to prevent or decrease the risk 
of psoriasis associated co-morbidities. 
 
Conclusion 

Psoriasis is a common chronic relapsing and 
remitting papulosquamous skin disease that may appear 
at any age and affect any part of the skin. The systemic 
overexpression of a variety of proinflammatory 
cytokines such as TNF - α, IL - 2 and IL - 6 have been 
evaluated in this study. We found that these cytokines 
are significantly elevated in patients suffering from 
psoriasis when compared to control. With increase of 
the severity of the disease, these cytokines are 
significantly elevated in  severe psoriasis patients than 
in mild to moderate one which is attributed to the role of 
these cytokines in the pathogenesis and progress of 
psoriasis and their elevation is responsible for the 
development, maintenance and resolution of psoriatic 
lesions. 
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We suggest that, a use of an array of these 
cytokines may be considered as a useful follow-up 
marker for monitoring of psoriatic patients and 
optimizing therapeutic strategies. However, detailed 
time-course studies on sequential analysis of these 
cytokines in relation to disease severity and / or 
treatment modalities are warranted to ascertain its real 
application. 
Finally, we recommend the study of the effectiveness of 
use of antisense therapy using the antibody of these 
cytokines in psoriatic patients, in particular anti - TNF 
therapy. 
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Abstract: Different attitudes and beliefs towards the presence of mosquitoes in the environment in the three urban 
centers of Imo State were investigated. Structured questionnaire were randomly distributed and the responses 
recorded accordingly, among the 461 respondents that participated in the study. The attitudes of killing it / 
controlling it topped the lists of the responses. Other attitudes are irritating, bad/ very bitter, negative/ concern, 
hatred / inimical and sleeplessness/ restlessness which could reflect strong attitudes that can induce change in 
behavior. The various attitudes towards disease treatment rated as very effective (VE), fairly effective (FE), not 
effective (NE) and aggravate the sickness (AS) may reflect their perception of the seriousness of mosquito – borne 
diseases. The number that felt that mosquito – borne diseases was mild and not serious will definitely display 
attitudinal responses saddled with levity particularly towards treatment. Possibly they may not feel inclined to 
carefully adhere to drug dosage prescription. Differential misconceptions of mosquito and associated diseases 
reported by the respondents included:    malaria is caused by drinking unclean water; hot sun predisposes people to 
malaria, prolonged malaria brings about yellow fever and mosquitoes carry AIDS virus etc. More enlightenment 
efforts should focus on the nature and severity of mosquito – borne diseases. [Journal of American Science 
2010;6(10):430-434]. (ISSN: 1545-1003).

Keywords: Mosquitoes, Attitudes, Beliefs, Insurgence Diseases

1. Introduction
The importance of knowledge, attitudes and 

practices of people concerning mosquito control 
cannot be over – emphasized. The control and 
prevention measures for mosquito associated diseases 
can succeed when it starts from homes with people 
developing proper attitudes against mosquitoes. 
There is need to have an idea of the   disease causal 
agents and its vectorial capacity which ultimately, 
will enforce the necessary attitudes / behaviors
towards it. Rakhshani(2004) states that before people 
start to behave differently about their health 
conditions, they need to:

* know about the new behavior
* have a positive attitude about it (be   
willing to try it out)
* remove any barrier to the new health 
practices

. The importance of the mosquito – borne 
diseases can be seen in the various strategies mapped 
out to control mosquitoes in Imo State. This is 
evident in the launching of Roll Back (RBM) global 
partnership for malaria control in 1998 with the aim 
of reducing the burden of malaria by the year 2010. 
Imo State was said to be among the foremost State to 
launch the implementation of RBM mandates in 
2001. Coupled with this is the declaration of 25th

April each year as Africa malaria day. Report from 
Ministry of Health (MoH, 1997), Imo State, says that 
this day is set aside to achieve the greatest 

mobilization and sensitization of the people for a 
robust fight against the scourge of mosquitoes. Also, 
behavioral changes and mass mobilization are 
achieved through social channel like the distribution 
of Information, Education and Communication (IEC) 
materials and participation of stakeholders in 
radio/TV discussion program. Government on the 
other hand, has provided project vehicles, equipment 
and chemical for vector control as well as making 
environmental sanitation a priority activity in its 
clean and green initiative program coupled with free 
distribution of insecticide treated nets (ITNs), 
courtesy of UNICEF. All these efforts presupposed
that people’s beliefs and attitudes could be harnessed 
to achieve tangible result in mosquito control.

As such, perception may significantly 
impact on the effectiveness of any control measures. 
And for the success of all these community based 
intervention programs highlighted above, it is 
necessary to know as a first step, the community’s 
perceptions about mosquito and disease transmission 
and how best the community can participate in the 
control efforts. No information is presently available 
on people’s attitudes, perceptions and local beliefs 
related to mosquitoes and their associated diseases in 
Imo State. The work is therefore aimed at 
ascertaining prevailing extent of attitudes and 
perception of the residents concerning mosquitoes 
and their disease vector potentials.
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2. Materials and Methods
2.1 Description of the study area

Imo State is located in the rainforest zone of 
West Africa, with climatic conditions favoring the 
proliferation of arthropods including mosquitoes. Imo 
State occupies a landmass of 5,100 sq kilometers 
with a population of 2.4million persons and an annual 
growth of 2.8%, distributed in the 27 local 
government areas situated in the 3 geopolitical zones 
(MIC, 2000).The study areas comprised of Owerri 
(where the state capital is situated), Orlu and Okigwe 
constituting the major urban centers in the State. The 
rate of growth of these urban centers is becoming 
alarming with a concomitant increase in infectious 
diseases including vector – borne diseases in these 
areas. In Imo State, with particular reference to these 
three urban centers, there has actually been a gross 
population increase; this can be attributed to rural-
urban migration due to the presence of several 
industries, higher institutions and infrastructural 
facilities. The State once was tagged as the cleanest 
State in the country due to the fact that there used to 
be a strict observance of monthly environmental 
clean – up exercise by the entire citizenry, this has 
suddenly fizzled out with the result that there is now 
indiscriminate dumping of wastes and grasses are left  
overgrown.  Consequent upon all these, most 
mosquito species will always find favorable breeding 
ground all year round. 

2.2 Sample Collection
Structural questionnaire was used to elicit 

information on the attitudes, perceptions and local 
beliefs of people concerning mosquitoes and their 
disease vector potentials. The questionnaire was 
administered by the three recruited research groups 
made up of residents of the 3 towns, between the 
months of January and July 2008. Administration of 
the questionnaire was to all categories of people 
among which were the civil servants, students, 
farmers, artisans, traders etc. Those who could not 
read and write were assisted by the research team. 
Several assumptions and ideas about mosquitoes and 
their disease potentials and how they react to various 
treatment methods were recorded. Data obtained 
were analyzed using descriptive statistical analysis.

3. Result
A total of 461 respondents comprising of 

240(52.1%) females and 221(47.9%) males aged-
between 14 and 44 year old participated in this study. 
Participants consisted of 145(31.5%) from Owerri, 
160(34.7%) from Orlu and 156(33.8%) from Okigwe. 
Of the 461 participants 414(89.8%) claimed 
knowledge of mosquito as a vector while 47(10.2%) 
had no knowledge. Greater number of Orlu residents 

31(19.4%) than 16(10.3%) in Okigwe denied 
knowledge of mosquito as a vector while all the 
participants (100%) from Owerri had knowledge of 
mosquito as a vector (Table 1) 

Table 1: Knowledge of mosquito as a vector
Number of Respondents (%)

Knowledge Owerri
(n=145)

Orlu
(n=160)

Okigwe
(n=156)

Total
(n=461)

Idea 145
(100.0)

129
(80.6)

140
(89.7)

414
(89.8)

No Idea 0
(0.0)

31
(19.4)

16
(10.3)

47
(10.2)

Various attitudes expressed by the 
respondents, out of which the attitude of Killing it 
/Controlling it 189(41.0%) ranked highest in the three 
study areas followed by Irritating 56(12.1%), details 
shown in the Table 2. Some claimed no attitudes until 
sick 4(0.9%) and finally Frustrating and Unwelcome 
attitudes 2(0.4%) were the least mentioned attitudes. 
Out of 461 participants, 105(22.8%) reported no 
attitude at all. Orlu 54(33.8%) had more respondents 
with no attitudes than Okigwe 32(20.5%) and Owerri 
19(13.1%).

Table 2: Attitude(s) of respondents towards the 
presence of mosquitoes in the environment in the three 
urban centers of Imo State.
                                     Number of respondents (%) 

Attitudes
0werri
(n= 
145)

0rlu
(n=160)

Okigwe
(n=156)

Total
(n=461)

Irritating 33(22.8) 14(8.8) 9(5.8) 56(12.2)
Hatred/Inimical 5(3.5) 2(1.3) 1(0.6) 8(1.7)
Killing it/controlling it 40(27.6) 69(43.1) 80(51.3) 189(41.0)
Appalling 5(3.5) 7(4.4) 2(1.3) 14(3.0)
Sleepless/Uncomfortable 24(16.6) 10(6.3) 17(10.9) 51(11.1)
Aggressive/Resentment 4(2.8) 0(0.0) 0(0.0) 4(0.7)
Concerned 4(2.8) 1(0.6) 5(3.2) 10(2.2)
Frustrating 1(0.7) 1(0.6) 0(0.0) 2(0.4)
Bad/ Very bitter 7(4.8) 2(1.3) 7(4.5) 16(3.5)
Unwelcome 1(0.7) 0(0.0) 1(0.6) 2(0.4)
No attitude until sick 2(1.4) 0(0.0) 2(1.3) 4(0.9)

No attitudes at all 19(13.1) 54(33.8) 32(20.5) 105(22.8)

Table 3 shows the results of the reports by 
respondents of the mosquito – borne diseases 
suffered. Malaria 430(93.3%) was major disease 
followed by yellow fever 60(13.0%) and filariasis 
7(1.5%). All the study population in Owerri145 
(100.0%) claimed to have suffered malaria while 
153(95.6%) of the respondents in Orlu mentioned 
malaria and 132(84.6%) of the study population in 
Okigwe also claimed to have suffered malaria. 
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Table 3:  Records of mosquito borne – diseases 
suffered based on Questionnaire responses (n = 461)
                     Number of responses (%)
Diseases Owerri 

(n=145)
Orlu 
(n=160)

Okigwe 
(n=156)

Total 
(n=461)

Malaria 145(100.0) 153(95.6) 132(84.6) 430(93.3)
Filariasis 2(1.4) 0(0.0) 5(3.2) 7(1.5)
Dengue 0(0.0) 1(0.6) 0(0.0) 1(0.2)
Yellow-
fever

5(3.5) 24(15.0) 31(19.9) 60(13.0)

Table 4 represents the reports by 
respondents on the attitude towards mosquito – borne 
diseases. 188(40.8%) of all respondents believed 
mosquito – borne diseases as very serious diseases. 
100(21.7%) regarded them as serious diseases, 
80(17.4%) claimed them to be mild diseases, 
23(5.0%) considered them not a serious diseases 
while 70(15.2%) acknowledged no knowledge. There 
were variations in the responses in the three study 
areas. 92(63.5%) and 70(44.9%) of participants from 
Owerri and Okigwe respectively claimed mosquito –
borne diseases a very serious one. Greater percentage 
of Orlu people 62(63.5 %%) believed mosquito borne 
disease as mild disease. 33(21.2%), 30(18.8%) both 
in Okigwe and Orlu lacked knowledge of the 
seriousness of mosquito borne diseases while only 
7(4.8%) in Owerri reported “Don’t know”.

Table 4: Attitude to and rating of mosquito – borne 
diseases by respondents (n= 461). 

Number of Respondents (%)
Mosquito-
borne 
diseases, 
how serious?

Owerri
(n=145)

Orlu 
(n=160)

Okigwe
(n=156)

Total
(n=461)

Very serious 
disease

92(63.5) 26(16.3) 70(44.9) 188(40.8)

Serious 
disease

27(18.6) 32(20.0) 41(26.3) 100(21.7)

Mild disease 13(9.0) 62(38.8) 5(3.2) 80(17.4)

Not a serious 
disease

6(4.1) 10(6.3) 7(4.5) 23(5.0)

Don’t know 7(4.8) 30(18.8) 33(21.2) 70(15.2)

Results of the attitudes of the respondents 
towards treatments are highlighted in Table 5 which 
shows that 318(69.0%) persons claimed that the anti -
malarial drugs they used were very effective, 
107(23.2%) stated fairly effective while 8(1.7%) and 
5(1.1%) reported use of drug as not effective and 
aggravate the sickness respectively. Also 19(4.1%) of 
herb users believed it to be very effective, 9(2.0%) 
and 8(1.7%) confirmed not effective and aggravate 
the sickness respectively while 1(0.2%) regarded 
herb to be fairly effective. On the other hand, 
1(0.2%) claimed prayers as a very effective means of 

treatment, 7(1.5%) stated fairly effective. Among 
those that claimed drug usage as very effective, 
greater percentage were Okigwe (79.5%) followed by 
Owerri (64.1%) and Orlu (63.1%).

Among those that believed their treatments 
with herbs were effective, 14(8.8%) of them were 
respondents from Orlu, 4(2.6%) from Okigwe and 
only 1(0.7%) from Owerri. However , those who 
resorted prayers as means of treatment, only 1 person 
from Okigwe confirmed prayers to be very effective, 
5(3.2%) and 2(1.3%) in Orlu Okigwe believed 
prayers were fairly effective.

Results of the misconceptions about 
mosquitoes among the three areas of study are 
presented below.  Owerri residents believed that 
mosquitoes are caused by witchcrafts; that it is 
ngalayala anwu (chief mosquito) that causes akom 
(malaria) and mosquitoes are as old as man and too 
hard to eradicate. Orlu respondents however, 
believed that malaria is caused by drinking unclean 
water; hot sun predisposes people to malaria and 
fried things like groundnuts and oil cause malaria. On 
other hand, residents in Okigwe reported that too 
much mosquito bite makes a woman barren; 
prolonged malaria brings about yellow fever; 
mosquitoes are curse from the gods; mosquitoes carry 
AIDS virus and bites are cured by applying herbs.

Table 5:   Attitude towards treatment based on 
Questionnaire analysis (n = 461)

Number of Respondents (%)
Treatment 
method, 
how 
effective?

Owerri 
(n=145)

Orlu 
(n= 160)

Okigwe 
 (n= 156)

Total
 (n= 461)

DRUGS
VE 93(63.1) 101(63.1) 124(79.5) 318(69.0)
FE 47(32.4) 35(21.9) 25(16.0) 107(23.2)
NE 1(0.7) 6(3.8) 1(0.6) 8(1.7)
AS 3(2.1 2(1.3) 0(0.0) 5(1.1)
HERBS
VE 1(0.7) 14(8.8) 4(2.6) 19(4.1)
FE 0(0.0) 1(0.6) 0(0.0) 1(0.2)
NE 0(0.0) 0(0.0) 9(5.8) 9(1.9)
AS 0(0.0) 0(0.0) 2(1.3) 8(1.7)
PRAYER
VE 0(0.0) 0(0.0) 1(0.6) 1(0.2)
FE 0(0.0) 5(3.2) 2(1.3) 7(1.5)
NE 0(0.0) 0(0.0) 0(0.0) 0(0.0)
AS 0(0.0) 0(0.0) 0(0.0) 0(0.0)

KEY:  VE = very effective
FE = fairly effective
NE = not effective
AS = aggravate the sickness
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Observations on local beliefs regarding 
mosquitoes and mosquito – borne diseases among the 
study population. 
Owerri

 Mosquitoes are caused by witchcrafts
 It is the ‘Ngalayala anwu’ (chief mosquito) 

that caused ‘akom’ (malaria)
 Mosquitoes suck blood
 Mosquitoes are as old as man and hard to 

eradicate
Orlu

 Malaria is caused by drinking unclean water
 Hot sun predisposes people to malaria
 Prolonged malaria causes little madness
 Fried things like groundnut causes malaria
 Much pepper clears malaria
 Eating too much oil causes malaria 

Okigwes
 Too much mosquito bites makes a woman 

barren
 Prolonged malaria brings about yellow fever
 Mosquito is a curse from the gods
 Mosquitoes carry AIDS virus
 Mosquito bites are cured by applying herbs  

4. Discussion
Differential attitudes towards the presence 

of mosquitoes in the environment were expressed by
the respondents in the 3 areas in which the attitude of 
killing it/controlling it topped lists. This can however 
have a positive impact on the practice of prevention 
and control of mosquito incursion. Other attitudes 
such as irritating, bad/very bitter, negative/concern, 
hatred/inimical and sleeplessness/restlessness, all 
which reflect strong attitudes, Sears, et al (1991) 
stated that stronger attitudes will likely affect 
behavior.  Attitude basically is influenced by beliefs 
and existing bodies of knowledge. However, 
anything that contributes to stronger attitude may 
likely increase attitude – behavior consistency. 0.87% 
of respondents from Owerri and Okigwe declared no 
attitudes until sick and 22.8% of the study population 
that made up of 13.1%Owerri, 33.8%Orlu and 20.5% 
Okigwe that expressed practically no attitude can 
affect mosquito control and prevention due to the fact 
that they lacked the basic attitudes that could give 
rise to behavioral change. 0.9% that reported no 
attitude at all is an indication of nonchalant attitude 
which of course will impact on control.

The result on attitude towards mosquito –
borne diseases revealed that 80(17.4%) believed 
mosquito - borne diseases were mild diseases, 
23(5.0%) considered them not a serious diseases 
together with 70(15.2%) that reported no knowledge 

on the seriousness of mosquito – borne diseases, 
inadvertently may impose a serious impact on control 
(Winch et al, 1991). This is because any measure for 
prevention/control will be ignored merely for the fact 
that they lacked strong attitude required for a change 
in behavior. There is a need for awareness and 
enlightenment program on severity of the diseases 
transmitted by mosquitoes that will bring about 
change in perception. This becomes essentially 
important considering respondents from Owerri that 
showed 100% knowledge of mosquito as a vector but 
6(4.1%) failed to understand the seriousness of the 
diseases. Indeed, many had referred to mosquito –
borne diseases as ordinary and inconsequential 
neglecting their devastating effects. 

 In response to attitude towards treatment, 
the respondents believed in the use of drugs, herbs 
and prayers with differential attitudes to treatment 
methods. The various attitudes rated as very effective 
(VE), fairly effective (FE), not effective (NE) and 
aggravate the sickness (AG) may reflect their 
perception of mosquito –borne diseases. The number 
that felt that mosquito – borne diseases were mild and 
not serious will definitely display attitudinal 
responses saddled with levity particularly towards 
treatment. Possibly, they may not feel inclined to 
carefully adhere to drug – dosage prescription. It 
could be noted from the result that greater proportion 
of the respondents opted for drugs of which 69.0% 
reported their drug use very effective. Most stated 
that their reason for choosing drugs was because they 
knew drugs to be the only available method of 
treatment while others claimed that anti-malarial 
drugs were superior to any other. Also, 3.0%(Orlu) 
and 8.8%(Okigwe) of respondents that used herbs 
reported their treatment with herbal mixtures very 
effective (VE). This observation calls for in-depth 
basic and strategic research on this method of 
treatment that could support the use of herbs in 
disease control. The development of Quinghasu into 
various brands of artesemini is a significant evolution 
from the Chinese local healers (WHO, 1991). It was 
observed that some individuals that reported FE, NE 
and AS as attitudes were largely determined by the 
fact that herbal medicines were free, readily 
accessible and, in fact self administered. However, 
prayers was adopted as a means of treatment but their 
disposition towards it could show a picture of 
ineffectiveness of this method yet some  insisted their 
application in event of sickness. However, the use of 
prayers has not been previously reported by 
researchers in their studies.

 A wide range of local beliefs were observed 
in the 3 study areas. Though, the studied populations 
were socio – culturally homogenous but there still 
existed differential beliefs. However, this could be 
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attributed to the fact that these urban centers 
consisted of residents that migrated from the hinter 
lands of the state and beyond. The misconceptions 
that surrounded the local beliefs included that 
mosquitoes are caused by the witchcraft (Owerri), 
drinking unclean water causes malaria and hot sun 
predisposes people to malaria (Orlu) and prolonged 
malaria bring about yellow fever and that malaria is 
caused by eating oily foods (Okigwe). Studies have 
shown that local knowledge of disease causation in 
endemic communities has generally shown a variety 
of alternative causal explanations (Evans et al, 1993). 
For example, filariasis has been attributed to contact 
with cold water (Schultz, 1988), consumption of 
contaminated food or drinks (Carme et al, 1979, 
Haliza, 1986) and aggravation of physical injury 
(Carme et al, 1979). A study of an endemic area in 
Haiti showed that only 13% of residents who 
recognized filariasis attributed disease to mosquito 
transmission while 48% attributed the disease to 
contaminated soil or water (Eberhand et al, 1996).

Also, it has been widely assumed that local 
ideas about disease etiology may explain the 
underlying motivation in the context of disease 
prevention and control. Generally, the local beliefs 
observed in the course of this research may as a 
consequence impact considerably on the practice of 
control as their efforts may fail to be directed to 
proper application of anti - vector and anti - parasitic 
measures. Evans et al (1993) corroborated this by 
stating that high prevalence of alternative explanation 
for disease causation has significant implication for 
the potential efficacy of intervention program.

Conclusion
The result showed that some individuals 

among the studied population had a strong belief that 
mosquito – borne diseases were not severe and this 
compounded by lots of misconceptions and local 
beliefs concerning mosquitoes reported in this study 
may likely hamper control efforts. Also, it was 
observed that some individuals that reported FE, NE 
and AS as attitudes were largely determined by the 
fact that herbal medicines were free, readily 
accessible and, in fact self administered and not 
really on their effectiveness.  

Recommendation
More efforts be intensified on enlightenment 

that will focus more on the nature and severity of 
mosquito – borne diseases. Ultimately this will drive 
home the real picture of these diseases in people’s 
minds and at the same time enhance the development 
of necessary attitudes against mosquitoes 
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Abstract: The activities of ethanol extracts of A. indica, O. gratissimium and C. citratus on Ae. aegypti larvae were 
investigated at 96 hours exposure. Mortalities were observed to increase with concentration (P  0.05).The larvae of 
Ae. aegypti exhibited differential susceptibility to the extracts of the three plants.. In C. citratrus, mortality was 
recorded all through the exposure period of 96hours comparing to A. indica and O. gratissimum in which activities 
ceased at 48 hours. Comparative evaluation of the LC50 of three plant extracts showed significantly high toxicities 
with A indica showing the greatest toxicity having LC50 at 8.32mg/ml, while on the other hand O. gratissimum and 
C. citratus had LC50 19.50mg/ml and 34.67mg/ml on Aedes aegypti  respectively. There were also variations in the 
composition of the phytochemicals in the 3 plants with A. indica having highest amount of all the phytohemicals 
relative to other plants except flavonoids, while glycosides were completely absent in the 3 plants. [Journal of 
American Science 2010;6(10):435-440]. (ISSN: 1545-1003).  
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1. Introduction

Mosquitoes are vectors of many different 
disease agents around the world. Depending on the 
species, mosquitoes are vectors of protozoa (e.g 
Plasmodium species) that cause malaria, the 
nematode worms that cause filariasis (e.g Wuchereria 
brugia) and a large number of arboviruses (e.g 
yellow fever and dengue viruses) including two of 
great impact in the tropical and subtropical regions 
(i.e yellow fever and dengue viruses). Service (1990) 
recorded 2 million people primarily in tropical 
countries as being at risk from mosquito - borne 
diseases. Though, mosquito – borne diseases 
currently represent a greater health problem in 
tropical and subtropical climates, no part of the world 
is immune to this risk (Fradin and Day, 2002).  

Control of mosquito – borne diseases is 
becoming increasingly difficult because of increasing 
resistance of mosquitoes to pesticides (Ranson, 
2001). However, the discovery of the insecticide 
Dichloro – diphenyl – trichloroethane (DDT) in the 
1940s was a major breakthrough in the control of 
vector borne diseases. The insecticide was highly 
effective for killing indoor – resting mosquitoes when 
it was sprayed on the walls of houses. Moreover, it 
was cheap to produce and active over a period of 
time. The application of these chemical insecticides, 
which has been in use for decades, has met with 
tremendous setbacks in the light of the development 
of vector resistance and some attendant 
environmental hazards. Don – Pedro and Adegbite 
(1995) showed the ease with which resistance 
develops in their study in the health center and 
surroundings of the University of Lagos, where 

despite spraying Dichlovos insecticides on a two 
weekly basis for four years, a high mosquito 
population still persisted. In addition, Don – Pedro 
(1976) reported other deleterious effects of 
insecticides on non – target organisms. With these 
problems in focus, it becomes increasingly necessary 
to search for an alternative in the development of 
environmentally safe; biodegradable, low cost, 
indigenous methods for mosquito control which can 
be used with minimum care by individuals and 
communities in specific situations. This work aims at 
determining the comparative efficacy of A. indica, O. 
gratissimium and C. citratus extracts on Aedes 
mosquito.   
 
2. MATERIALS AND METHOD 
Study site 

Imo State is located between latitude 50 12 
and 50 56 North of equator and longitude 6038 and 
7025 East of the Greenwich meridian. It is located in 
the tropical rain forest zone of West Africa with 
climatic conditions favoring the proliferation of 
arthropods including mosquitoes. Average 
temperatures are 340C during the dry season and 
300C in the rainy season while the relative humidity 
ranges between 75% and 85%. Imo State occupies a 
landmass of 5,100sq kilometers with a population of 
2.4million persons and an annual growth of 2.8%, 
distributed in the 27 local government areas situated 
in the 3 geopolitical zones (MIC, 2000) The State has 
the tropical rainforest zone characterized by heavy 
rainfall and high and equable temperatures. The dry 
season is between October and March while the rainy 
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season is from April to September. The wet season 
supports the growth and development of larvae and 
pupae stages and abundant recruitment of the young 
adults and higher prevalence levels of mosquito - 
borne diseases. The onset of rainfall supports the 
development of additional mosquito breeding sites, 
hatching of eggs following oviposition and growth of 
vegetation cover and shaded environment enhance 
further development of aquatic stages and 
recruitment of young adults and their survival. 

 
Preparation of Plant Extracts 

Control trials were set up using – 
Azadirechta indica (neem), O. gratissimium and C. 
citratus. Fresh leaves of these plants were obtained in 
and around Owerri, Imo State, South eastern, Nigeria. 
The leaves were transported to the Chemistry 
laboratory of the Project Development Agency, 
Enugu, Enugu state, Nigeria for the extraction and 
phytochemical analysis. The leaves were washed in 
tap water, shade-dried for 5 days and ground into fine 
powder. Ethanol extract was made by extraction of 
150g of the powder in 2500mls of ethanol using 
soxhlet apparatus. The extracts were concentrated in 
a rotary vacuum evaporator to yield dark residue 
which were further reduced to pastes by heating. 
Stock solution was prepared by dissolving 5g of the 
extract in 150mls of water and 3 drops of acetone 
were used to emulsify the oils in water and then 
making it up to 250ml by mixing with distilled water 
in standard flask. All the test solutions were made by 
pipetting 2.5mg/ml, 12.5mg/ml, 25mg/ml, 
37.5mg/ml, and 50.0mg/ml of the stock solution and 
introduced into 250mls of water in separate labeled 
500ml bowls. 
     
Rearing of mosquito larvae 

The mosquito larvae were recruited from the 
egg colony held at the Arbovirus Vector Research 
Center, Enugu, Enugu State, where they were reared 
in the laboratory. The eggs were washed with 0.01% 
formaldehyde solution for 30 – 40 minutes as 
recommended by Al - Masghadani et al (1980).  This 
is necessary as a precaution against possible 
microsporidian infections which might interfere with 
the normal development of the immature stages of 
mosquitoes (Anosike and Onwuliri, 1992) and soaked 
in water to facilitate hatching. After hatching, first 
instar larvae were distributed in bowls 30cm in 
diameter and 12.5m in depth. Care was taken to 
prevent overcrowding until development to early 4tth 
instar larvae required for the study.  
  The larvae were kept in the plastic buckets 
half filled with tap water and fed with quaker oat 
once a day initially and twice during the later stages 
of development. Water in rearing container was 

refreshed every day by removing a little quantity of 
water from the rearing buckets and replacing with 
fresh water. This was aimed at preventing scum from 
forming on the water surface.  
 
Bioassay 

Standard methods for testing the 
susceptibility of mosquito larvae to insecticides as 
stipulated by WHO (1996) were followed. The 
bioassay were performed at a room temperature of 27 
± 10C, Relative humidity 70-85%, Photoperiod 14:0 
(light: dark) and pH 7.0 of distilled water. Twenty 
five (25) larvae selected by means of rubber pipette 
were placed in 4 small separate specimen bottles 
containing 25ml distilled water,  and then exposed to 
each of the concentrations of the extracts in a final 
volume of 245ml distilled water taken in 500ml 
plastic bowls. This is done by tripping the contents of 
smaller specimen bottles into the 500ml plastic 
bowls.  The larvae in all the bowls were fed every 
twenty four hours on equal amount of quacker oat 
powder which was spread evenly across the water 
surface. 

Four replicates for each of the test 
concentration and control (without plant extracts) 
were tested for anti – larval effects. The larval 
mortalities were recorded at intervals of 24, 48, 72 
and 96 hours exposure using NAO / NAVC / 2000 
form (used for biological pesticide tests) obtained at 
the National Arbovirus Research Center, Enugu. All 
the mortalities were counted and recorded as in 
percentages. Probit analysis (Finney, 1971) was used 
to determine the median lethal concentration LC50. 

(Woolf, 1968, Wardlaw, 2000).  
  
1   Glycosides (Evans, 2002) 
 Two drops of the plant extract were placed 
in a small beaker. 15ml of distilled water and 3mls of 
10% sulphuric acid were added and the mixture 
boiled for 15 minutes. The boiled mixture was then 
made alkaline by adding 10ml solution of 5% 
Potssium hydroxide. 10% of Fehling’s solution was 
added and boiled for 3 minutes. The occurrence of a 
brick precipitate was indicative of the presence of 
glycosides. 
 
2 Tannins 
 The presence of tannins was determined 
using the method described by Evans (2002). The 
filtrate obtained from boiling 2g of the samples with 
20ml of 45% ethanol for 5 minutes was used for 
these tests. 
 
 a. Ferric chloride test. 
 One ml of filtrate was diluted with 2ml of 
distilled water and 2 drops of ferric chloride solution 
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added and observed for transient greenish to black 
colour. 
 
b. Lead acetate test 
 1ml of filtrate was added to 3 drops of 5% 
lead acetate solution and observed for gelatinous     
precipitate. 
  
3. Alkaloids (Evans, 2002) 
 
a. Dragendorff’s test prepared  
 Two drops of the extract were dissolved in 
1% dilute sulphuric acid and boiled. The mixture was 
filtered hot and a drop of freshly prepared 
Dragendorff’s reagent was added. The formation of 
pink or red precipitate was taken as a positive test. 
 
b. Mayer’s test 
 Two drops of the extract were dissolved in 
10% dilute H2SO4 and boiled .The mixture was 
filtered hot and a few drops Mayer’s reagent were 
added. A white or yellow precipitate was taken as a 
positive test. 
 
4  Saponin  
 The Frothing test was used. 0.1g of the 
powdered sample was boiled with some distilled 
water for 5 minutes and decanted while hot. 1ml of 
the filtrate was diluted with 4ml of distilled water and 
the mixture shaken vigorously and observed for 
stable froth on standing (Evans, 2002). 
 
5 Flavonoids 
 The Shinoda test was used. 0.5g of the 
powdered sample was extracted in ethanol by boiling 
in a water bath for 5 minutes, this was filtered and 
cooled. To the filtrate was added 4 pieces of 
Magnesium fillings followed by few drops of 
concentrated HCL. A pink or red colour indicated the 
presence of flavonoids (Harborne, 1984) 
 
6 Steriods and Terpenes 
 5g of the powdered sample was extracted by 
maceration with 50ml of ethyl alcohol (95%), filtered 
and the filtrate evaporated to dryness and used for the 
Liberman acid test. A portion of the organic extract 
was treated with drops of acetic anhydrate, and then 
concentrated H2SO4 acid was carefully added by the 
side of the test tube. The presence of a brown color at 
the boundary of the mixture was taken as positive 
result (Evans, 2002). 
 
STATISTICAL ANALYSIS 

A 3 × 6 factorial experiment in completely 
randomized block design analysis of variance 
(ANOVA) was performed. Fisher’s least significant 

difference (FLSD) was used to separate the means of 
the main factors (plant extract, concentration and 
their interactions). 
 
3. Result 
 
Table 1:  Mean mortality of Aedes aegypti larvae 
after treatmeat with different levels of botanical (A. 
indica, C. citratus and O. gratissimium) extracts on 
24 hourly intervals. 
 
                            Mean mortality 
Botanical 
 Material 

Levels  
of 
application 
(mg/ml) 

24 hours 48hours 72 
hours 

96 
hours 

Azadrichta  
Indica 

2.5 5.0e(20) 8.0c(32) 0.0a(0) 0.0a(0) 

 12.5 6.0d(24) 10.0b(40) 0.0a(0) 0.0a(0) 
 25.0 8.0c(32) 13.0a(52) 0.0a(0) 0.0a(0) 
 37.5 10.0b(40) 13.0a(52) 0.0a(0) 0.0a(0) 
 50.0 14.0a(52) 10.0b(40) 0.0a(0) 0.0a(0) 

 Control 0.0f(0) 0.0d(0) 0.0a(0) 0.0a(0) 
Cymbopogon 
 Citrates 

2.5 0.0 d(0) 2.0d(8) 4.0c(16) 0.0c(0) 

 12.5 1.0 c(4) 1.0d(4) 5.0b(20) 2.0b(8) 

 25.0 1.0 c(4) 2.0c(8) 6.0 

a(24) 
0.0 c(0) 

 37.5 3.0 b(12) 3.0b(12) 6.0 

a(24) 
2.0b(8) 

 50.0 5.0a(20) 4.0a(16) 5.0 

b(20) 
3.0a(12) 

 Control 0.0d(0) 1.0d(4) 1.0d(4) 0.0c(0) 

Ocimium 
gratissimium 

2.5 3.0e(12) 3.0c(12) 0.0a(0) 0.0a(0) 

 12.5 6.0d(24) 3.0c(12) 0.0a(0) 0.0a(0) 
 25.0 9.0c(36) 5.0a(20) 0.0a(0) 0.0a(0) 

 37.5 10.0b(40) 4.0b(16) 0.0a(0) 0.0a (0) 
 50.0 13.0a(52) 1.0c(4) 0.0a(0) 0.0a(0) 
 Control 1.0f(4) 2.0d(8) 0.0a(0) 0.0a(0) 

 
Means in the same column under the same 

botanical material and having the same letter 
(superscript) are not significantly different at P  0.05 
(LSD). Numbers in parenthesis represent percentage 
mortalities 

Results of the activities of A. indica, O. 
gratissimum and C. citratus on the Aedes aegypti 
larvae at 96 hours exposure are shown in Table 1.  
ANOVA analysis showed significant difference in 
the mean mortality of larvae among the various 
treatment concentrations of the three plant extracts (P 
 0.05). The activities of the extracts of A. indica and 
O. gratissimum were pronounced only at 24 and 48 
hours respectively. At 72 and 96 hours the extract of 
the two plants seemed to have lost their potency on 
the larvae of Aedes as no further death was recorded. 
Similarly, treatment level 50mg/ml exhibited highest 
mortality rates for the two extracts. This was 
significantly different from the mean mortalities 
recorded for the other concentrations. In C. citratus, 
the activity of the extract seemed to increase with 
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exposure time as higher percentage of larvae died at 
48 and 72 hours than 24 hours. The residual effect of 
the extract is significant with time (P< 0.05).  The 
table also showed that the concentration 50mg/ml 
recorded the highest mean mortality of Ae. aegypti at 
the various time intervals. The various concentrations 
of C. citratus were significantly different from the 
mean mortality of the larvae recorded in the control. 

However, A indica, O. gratissimum and C. 
citratus demonstrated LC50 at 8.32 mg/ml, 19.50 
mg/ml and 34.67 mg/ml on Aedes aegypti (Fig 1, 
2&3). 
 
Table 2:  Phytochemical composition of the three 
botanicals (A. indica, C. citratus and O 
.gratissimium) 
Phytochemical 
 Compounds 

A. indica  
(%) 

C. citratus 
(%) 

O.gratissimium 
(%) 

Alkaliods 5.24 0.804 1.28 

Saponin 0.715 0.038 0.22 

Flavonoids 0.98 1.08 0.04 

Steriods 1.14 0.039 0.64 

Tannins 0.73 0.02 0.18 

Glycosides  -  -   - 

 
The result of phytochemical composition of  

the three botanicals (A. indica, C. citrats and  O. 
gratissimum) presented in  table 2 showed that  A. 
indica  had greater amounts of all the phytohemicals 
relative to others except Flavonoids which was 1.08 
in C. citratus but 0.98 in A. indica and 0.04% in  O. 
gratissImum. Glycosides were completely absent in 
the 3 plants.  On the other hand, these compounds 
were found to be higher in O. gratissimum than C.  
citratus with the exception of flavonoids. There were 
variations in percentage composition of these 
compounds in the 3 plants. 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 1.The Activity of A. indica on aegypti 
showing LC50.  
   

 

 
 

 
 
 
 
 
                                             
 
                                                     

 

 

 

 
Figure 2. The Activity of O. gratissimium on A. 
aegypti showing  LC50     
 
 
                      
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. The Activity of on C. citratus A aegypti 
showing LC50 
 
4.  Discussion 

The extensive use of synthetic organic 
chemical insecticides results in environmental 
hazards and resistance in major vector species and 
this has necessitated the need to develop a more 
potent and environmentally safe pesticide. 
Phytochemicals serving as suitable alternative to 
synthetic insecticide are relatively safe, inexpensive 
and readily available in many areas of the world. A 
number of these plants are traditionally used as 
medicinal plants for the treatments of malarial fevers, 
liver problems and other symptoms caused by 
malarial infections. Several studies have focused on 
natural products for controlling mosquitoes as 
larvicides and insecticides with varied results 
(Sivagnaname and Kalyanasundra, 2004; Rajkumma 
and Jabanesa, 2005; Cavalcanti et al, 2004; Singh et 
al, 2006 and Patil et al, 2006). This study was carried 
out to examine the effects of three plants; 
Azadirechta indica, Ocimum gratissimum and 
Cymbopogon citratus on Aedes aegypti.  

The results from the study showed the three 
plants exhibited good larvicidal activities on the 
mosquito with varying susceptibility. The varying 
susceptibility observed here is in line with reports 
from previous findings that various mosquito species 
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showed differential susceptibility to different plant 
extracts (Pathak et al, 2000). A. indica showed very 
high potency at 24 hours and 48 hours with 92% 
mortality rate. Mortalities increased with 
concentration (P  0.05). This confirms the report of 
Shadia et al (2007) that there is a positive correlation 
between concentration and the percentage of the 
larval mortality. Singh (1984) found that a 
concentration of 32.1ppm of deoiled neem seed 
kernel extract yielded 85% mortality in Cx. 
quinquefasciatus after 12 days of exposure. The 
results in this work revealed that the cumulative 
effects which neem showed at 96hours exposure was 
68% mortality at 24hours and 96% at 48 hours on 
Aedes respectively, while O. gratissimum killed 56% 
Aedes at 48 hours, respectively at 50mg/ml treatment 
levels. These results were obtained by exposing these 
larvae at maximum exposure limit of this experiment; 
it is likely that diluting these concentrations further 
and extending the period beyond 96 hours would 
procure much better results than that reported by 
Singh (1984). 

However, O. gratissimium exhibited a 
higher larvicidal potential than C. citrates as recorded 
in the result. This result disagrees with Cavalcanti et 
al, (2004) who reported that the essential oils of O. 
americanum and O. gratissimum were as potent as L. 
sidoides and C. citratus in the larvicidal activity 
against Ae aegypti by causing 100% mortality at a 
concentration of 100ppm. .However, the residual 
effect displayed by C. citratus in relation to the 
exposure period of 96 hours interval cannot be 
overlooked, for this could be an advantage it has over 
others. Significant growth inhibition and mortality of 
Ae, aegypti by C. citratus had been reported by 
Sukumar et al (1991).   
          The results also confirmed the toxicity of these 
plants, which have been described as being toxic or 
are more traditionally used for their toxicity. The 
toxic activity of the 3 plants could be attributed to a 
wide range of chemicals including alkoloids, 
glycosides, tannins, quinines, terpenoids, non – 
metabolized amino acids which are part of the 
chemical resistance mechanisms of various plant 
groups against the degradation of herbivorous insects 
(Hedin, 1983). However, neem had higher 
concentration of alkoliods, saponins, tannins and 
steroids than the other plants; C. citratus and O. 
gratissimum. This could account for the observed 
high activity of neem against the mosquito. The 
possible reason for the death of the larvae subjected 
to the extracts could be attributed to the presence of 
feeding inhibiting substances in the extracts. Schluter 
and Schulz (1983) reported that azadirechtin (a 
tetranorterpenoid) which was responsible for causing 
degradation on larval epidermis preventing the larvae 

from molting. On the other hand, Al – Sharook et al 
(1991) reported that the death of treated insects may 
be due to the inability of the molting bodies to 
swallow sufficient volume of air to split the old 
cuticle and expand the new one during ecdysis or to a 
metamorphosis inhibiting effect of the plant extract 
which is possibly based on the disturbance of the 
hormonal regulation  Sukumar et al (1991)  
investigating the analysis of essential oils of C. 
citatrus reported major components to include 
geranial 60.3% and neral 39.9% (which possibly 
could have caused the observed growth inhibition on 
the 3 mosquito species. Cavalcanti et al (2004) 
reported the essential oil components of O. 
gratissimum to be eugenol 43.7% and cineole 32.7% 
while Pessoa et al (2002) observed that both eugenol 
and O. gratissimum oil presented anti - helminthic 
activities against Haemonchus contortus, the main 
nematode of ovines and caprines in Northeastern 
Brazil. 
 The results of the LC50 of the extracts of the 
3 plants showed that A. indica, O. gratissimum, and 
C. citratus had LC50s at 8.32mg/ml; 19.50mg/ml and 
34.67mg/ml on Aedes respectively. Since LC50 is a 
measure of a dose effect that quickly kills an 
organism, it does account for chronic effect. A lower 
LC50 means that a substance is more toxic and would 
require less of the substance to kill the organism 
ingesting it.   

This result has therefore demonstrated a 
greater potential of A. indica for larvicidal activity on 
Aedes than O. gratissimum and C. citratus while also 
O gratissimium exhibited greater action than C. 
citratus. However the result in this study significantly 
contrasts the result obtained with the measurement of 
LC50 of 9 plants widely found in Brazil, the result 
showed that O. gratissimum and O. americanum have 
LC50 of 67ppm and 60ppm respectively, compared to 
63ppm for L. sidoides and 69ppm of C. citratus 
(Cavalcanti et al, 2004). The present result clearly 
demonstrated close to 100% larvicidal potential of O. 
gratissimum on Aedes than C. citratus when their 
LC50s are compared. However, all the 3 plant extracts 
have shown a high level of larvicidal activities in this 
work and in fact could serve as effective replacement 
for the chemical insecticides.  
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Abstract: Edam cheese is a type of semi hard cheese having a wide distribution among consumers in Egypt. Zinc 
has a very important and effective role in human nutrition and body metabolism. The objective of this study was to 
elucidate the effect of fortification of cheese curd with zinc on the properties of the Edam cheese.  Edam cheese was 
fortified by different sources of dietary zinc such as zinc acetate, zinc chloride and zinc sulphate at a level of 150 
mg zinc / kg cheese curd. The resultant cheese was analyzed fresh and during storage at 5°±1 at refrigerator each 2 
weeks until 12 weeks.  Results showed that Edam cheese fortified with zinc was higher in acidity, acid value and 
protein fractions during storage period than control. On the other hand, Edam cheese fortified with zinc acetate 
recorded the highest organoleptical scores, which more pronounced and preferable compared to control and other 
treatments. Fortified Edam cheese with zinc could be recommended as a good source to promote human dietary zinc 
intake. [Journal of American Science 2010;6(10):441-446]. (ISSN: 1545-1003).  

 
Key words: Edam cheese, Zinc fortification, properties of Edam cheese. 
 
1. Introduction: 
             Cheese is a rich source of essential nutrients; 
in particular, proteins, bioactive peptides, amino acids, 
fat, fatty acids, vitamins and minerals (Barbara 
Walther et al., 2008).  
              Edam cheese originated in Holland in the 
village of Edam .It is a type of semi hard cheese 
having a wide distribution among consumers in Egypt. 
Milk or other dairy products are poor sources of 
various trace elements or their levels are not sufficient 
for human dairy requirements and do not present a 
healthy body (Jayasekarel et al., 1992). Therefore, 
consumers need to obtain their requirements of the 
trace elements from other products rather than milks 
or fortified by it.  

 Among all various trace elements; zinc has a 
very important, effective role in human nutrition and 
body metabolisms. It has structural and regulatory 
roles in many enzymes e.g. alkaline phosphatase, 
nucleic acid polymerases and others. It participates in 
mechanisms of major metabolic pathways and heme 
synthesis. Also, it is involved in tissue synthesis, gene 
expression and embryogensis (Fayed and Abou-Zikri, 
1997). Regarding this shortage of milk zinc content; 
daily produced dairy intake do not sufficient for the 
dietary requirements and its mean value is markedly 
lower than those (8 mg/day) for adults and 
adolescence (Institute of Medicine, Food and 
Nutrition Board, 2001). Some investigations have 
been dealt with fortification and enrichment of milk, 
cheese or beverages with zinc (Hermanson et al., 
1995; Degheidi & Abd-Rabou 1998 and Abd-Rabou 
2002). The aim of this work was to study the effect of 
zinc salts on some properties of Edam cheese which 

has manufactured from fortified curd with different 
sources of food grade zinc salts. 
 
2-Materials and methods: 
2.1-Materials: 

   Zinc chloride, zinc acetate and zinc 
sulphate, food grade were obtained from CID, 
Company for Drugs, Cairo, Egypt. Fresh cow's milk 
(11.78%TS, 3.38%TP and 3.2%Fat) was obtained 
from the farm of Faculty of Agriculture, Cairo 
University, Egypt. 

 
2.2-Cheese making: 

Edam cheese was manufactured as described 
by (Fox, 1987). Four treatments of Edam cheese were 
carried out using 20 kg of milk for each one. The first 
treatment (T1) was made by adding zinc chloride, the 
second treatment (T2) was made by zinc acetate, 
while the third treatment (T3) was made by zinc 
sulphate. In all treatments zinc was added at level of 
150 mg zinc/kg cheese curd. The forth treatment was 
a control sample (C) made without zinc salt addition. 
All cheese treatments were ripened for 12 weeks. 
Three replicates were made from each treatment. 

 
2.3-Chemical analysis of cheese: 

  The cheeses were analyzed for moisture, 
titratable acidity, acid value, total nitrogen (TN), and 
soluble nitrogen (SN) contents according to the 
methods described by A.O.A.C. (2000). The minerals 
content was determined in ash by using Atomic 
Absorption Spectrophotometer (IL-S-12) according to 
the method described by Jackson (1958). 
Thiobarbituric acid value (TBA) was carried out 
spectrophotometrically at 580 nm as described by 
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Keeny (1971). Peroxide value (PV) was colorimetric 
estimated according to IDF (1974) using spekol 
colorimetri 11 (Carlzeiss Jena at 500 nm). 

 
2.4-Sensory evaluation: 

    The sensory properties of cheese samples 
were assessed by a panel test after 6, 8, 10, and 12 
weeks of ripening .It was carried out by twenty 
member whose selected among the staff of Dairy 
Science Department, National Research Center, Cairo, 
Egypt. The panelists were asked to score the cheese 
for: taste and flavour intensity (out of 60 points) 
taste30, flavour 10, saltiness 10, acidity 10; Body (15 
points); Texture (15 points); Colour and appearance 
(10 points) according to Larmond (1987).  
 
3-Results and discussion: 
3.1. Zinc content in fortified Edam cheese: 
              Results showed that cheese fortified with zinc 
acetate shows highest zinc recovery (72.13%) than 
other treatments (table 1), whereas cheese fortified 
with zinc chloride had gained (70.93%). On the other 
hand cheese fortified with zinc sulphate showed 
lowest recovery (69.0%) than other treatments. This 
may be due to difference of zinc sources. This results 
was in agreement with those obtained by Abd-Rabou 
(2002). 
 

Table 1: zinc content in fresh curd cheese. 

Cheese treatments Total  zinc 
in cheese (mg/kg) 

Zinc recovered 
in cheese % 

Control 4.39 - 
T1 106.4 70.93 
T2 108.2 72.13 
T3 103.5 69.00 

T1: Cheese with zinc chloride. T2: Cheese with zinc acetate.T3: 
Cheese with zinc sulphate. 
 
3.2. Element contents in fortified Edam cheese: 

 Concentration of the major elements, Ca, P., 
K and Mg% were illustrated in Table 2. The 
concentrations of these elements in fresh cheeses were 
not the same. Cheese fortified with zinc acetate was 
the highest in Ca, and P % (0.89 and 0.69% 
respectively), while cheese fortified with zinc chloride 

was the highest in Mg (1.86%) than other treatments. 
Control cheese recorded the highest K content being 
0.683%. In the other side, the content of trace 
elements in cheeses (Mn, Cd, Cr and Cu) in µg/kg 
was not the same in both fortified cheeses or in 
control.  Cheese fortified with zinc sulphate showed 
the highest content of Mn 5.6 and Cu 2.8 µg/kg, while 
cheese fortified with zinc chloride was the highest in 
Cr content (1.8 µg/ kg).  
 
3.3. Titratable acidity of cheese:  

    Table 3 shows that, the titratable acidity of 
cheese fortified with zinc was higher (in all 
treatments) than in control cheese along the ripening 
period. A gradual increase in the acidity of cheeses 
was observed during the first stage of ripening in all 
cheese samples. The acidity of cheese fortified with 
zinc acetate (T2) was slightly higher than other 
treatments during ripening period and reached 1.28%, 
while it was1.25 % and 1.20% in cheese with zinc 
sulphate and zinc chloride respectively. Acidity in 
control cheese had the lowest value 1.16%. The 
increase of acidity in fortified cheese might be 
attributed to proteolysis and increase in nitrogen 
fractions during ripening as a result of the stimulating 
effect of trace elements on acid producing 
bacteriaAmer et al., (1977) and Degheidi and Abd-
Rabou (1998). 

 
3.4. Acid value of cheese fat: 

  Fat acidity of cheese fat (Table 3), were the 
same in all fresh cheese samples, then they gradually 
increased with different levels till the end of ripening 
period (12 weeks). Cheeses fortified with zinc salts 
recorded high values of fat acidity, zinc acetate was 
the highest than the control and other treatments; this 
is probably due to the effect of zinc salt. These results 
are in agreement with previous studies by Abd El 
Salam et al (1973) and Degheidi and Abd-Rabou 
(1998) who reported that the addition of trace 
elements to Ras cheese had increased the rate of 
production of fatty acids such as acetic, propionic and 
butyric during ripening period.   

 
Table 2:  Some minerals content in fresh curd cheese. 

Cheese 
treatments 

Ca 
% 

P 
% 

K 
% 

Mg 
% 

Mn 
(µg/kg) 

Cd 
(µg/kg) 

Cr 
(µg/kg) 

Cu 
(µg/kg) 

Control 0.78 0.66 0.683 1.65 2.9 0.606 1.6 1.51 
T1 0.79 0.62 0.618 1.86 3.9 0.317 1.8 2.17 
T2 0.89 0.69 0.517 1.75 4.4 0.223 1.6 2.51 
T3 0.77 0.58 0.645 1.58 5.6 0.256 1.5 2.80 

T1: Cheese with zinc chloride. T2: Cheese with zinc acetate. T3: Cheese with zinc sulphate. 
 
 
 



Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 443

Table 3: Effect of zinc fortification on the moisture, titratable acidity and acid value content of         
              Edam cheeese during ripening. 

                              Repining period (weeks) 

Cheese treatments Fresh 2  4 6 8 10 12 

       Moisture % 

Control 42.9 39.2 38.5 38.1 37.6 37.5 37.2 

T1 42.9  39.4 38.7 38.3 37.7 37.5 37.4 

T2 42.7 39.5 38.9 38.2 37.9 37.7 37.5 

T3  42.4 39.4 38.7 38.2 37.8 37.6 37.3 

    Acidity % 

Control 0.42 0.50 0.61 0.73 0.85 1.02 1.16 

T1 0.42 0.53 0.67 0.82 0.88 1.08 1.20 

T2 0.43 0.58 0.73 0.87 0.93 1.16 1.28 

T3  0.41 0.54 0.71 0.85 0.91 1.13 1.25 

      Acid value % 

Control 0.96 1.62 2.16 2.37 2.60 3.00 3.10 

T1 0.96 1.79 2.48 2.61 2.80 3.27 3.71 

T2 0.98 2.10 2.57 2.80 3.10 3.68 3.90 

T3  0.96 2.03 2.52 2.78 2.98 3.56 3.86 

T1: Cheese with zinc chloride        T2: Cheese with zinc acetate          T3: Cheese with zinc sulphate 
 

3.5. Total and soluble nitrogen contents: 
     Changes of soluble nitrogen of Edam cheese as affected by zinc fortification are illustrated in figure (1). 

Data showed that nitrogen content in cheese samples gradually increased as a result of progress of ripening period. 
Negligible differences existed between different treatments until the end of ripening period. These changes in 
soluble nitrogen could be attributed to the changes in the moisture content during cheese ripening. S.N/T.N % in 
cheese samples were not the same (Figure2). Their Levels in all treatment cheeses were higher than in control 
cheese during ripening periods. This was more remarked in cheese treated with zinc acetate (18.88%) at the end of 
ripening period, while they were18.68% and 17.20%   in cheeses treated with zinc sulphate and zinc chloride 
respectively. With control cheese S.N/T.N%, reached 16.50% at the end of ripening period (12 weeks). The increase 
in S.N/T.N% in Edam cheese fortified with zinc during ripening could be attributed to the effect of zinc salts as a 
stimulating agent for proteolytic activity and more rapid protein breakdown occurred along cheese ripening then 
accelerate its ripening process.  Similar results were reported for Ras cheese Degheidi and Abd-Rabou (1998) and 
for Domiati cheese Abd-Rabou (2002). 

 
3.6. Changes in thiobarbituric acid values (TBA) of Edam cheese as affected by zinc fortification:   

 Figure (3) showed the changes in the thiobarbituric acid values (TBA) as affected by zinc fortification of 
Edam cheese. The average of TBA values as optical density (O.D.) was gradually increased along the ripening 
period. These values were higher in treated cheeses than in control one. The TBA value of cheese fortified with zinc 
chloride was higher than other treatments, which reached 0.085 as O.D at the end of ripening period (12 weeks), but 
they were 0.047 and 0.035 for treatments with zinc acetate and zinc sulphate respectively. While it was 0.023 in 
control cheese. 

 
3.7. Changes of peroxide value (PV) of Edam cheese as affected by zinc fortification. 

 Figure (4) Showed that the average of peroxide values (as ml. equiv. /kg ) was increased gradually with 
different levels up to 6 weeks of ripening period, then the values began to decrease up to the end of ripening period 
(12 weeks). Cheese treated with zinc chloride (T1) showed higher PV value, than other cheeses along the ripening 
period. PV value reached 0.051, 0.032 and 0.017 ml equiv. /kg for treatments T1 & T2 and T3 respectively, while 
the lowest PV value was recorded in control cheese (0.013 ml equiv/kg). This indicated that fortification of Edam 
cheese with different zinc salts had an increasing effect on PV values along the ripening period.  These results are in 
agreement with Degheidi and Abd-Rabou (1998). 
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Ripening period (weeks) 
 
Figure 1: Changes in soluble nitrogen % of Edam cheese fortified with zinc during ripening. 
 C: Control cheese. T1: Cheese with zinc chloride.    T2: Cheese with zinc acetate.   T3: 
Cheese with zinc sulphate. 

 
 
 
 
 
 
 
 
 
 
 

Ripening period (weeks) 
Figure 2: Changes in soluble nitrogen/total nitrogen of Edam cheese fortified with zinc during 

ripening   C: Control cheese. T1: Cheese with zinc chloride.    T2: Cheese with zinc 
acetate.   T3: Cheese with zinc sulphate. 

 
 
 
 
 
 
 
 
 
 
 
 

Ripening period (weeks) 
Figure 3: Changes in thiobarbeturic acid (TBA) value of Edam cheese fortified with zinc salts 

during ripening period. C: Control cheese. T1: Cheese with zinc chloride.    T2: Cheese with 
zinc acetate.   T3: Cheese with zinc sulphate 

  
 

0

1

2

3

4

5

6

Fr esh 2 4 6 8 10 12

s
o

lu
b
le

 n
it

ro
g

e
n
 %

 

C T1 T2 T3

0

5

10

15

20

Fresh 2 4 6 8 10 12

s
o

lu
b

le
 n

it
ro

g
e
n

/t
o

ta
l 

n
it

ro
g

e
n

 C T1 T2 T3

0
0.01

0.02
0.03
0.04
0.05
0.06

0.07
0.08
0.09

Fresh 2 4 6 8 10 12

th
io

b
a

rb
e

tu
ri

c
 a

c
id

 (
O

.D
.) C T1 T2 T3



Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 445

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Ripening period (weeks) 
Figure 4: Changes in peroxide value (PV) of Edam cheese fortified with zinc during ripening period.  C: 

Control cheese.T1: Cheese with zinc chloride. T2: Cheese with zinc acetate T3: Cheese with zinc sulphate. 
 
 
Table 4: Sensory scores of Edam cheese fortified with zinc during ripening.        

 Age of cheese (weeks) 
 Sensory properties 6    8   10  12  

 C T1 T2 T3 C  T1 T2 T3 C  T1 T2 T3 C  T1 T2 T3 
 Taste and Flavour 
     (60 point) 

 

   Taste   30 22.1 22.5 23.4 22.8 23.3 23.8 24.0 23.7 25.1 26.8 28.8 27.5 25.5 28.1 29.2 28.3 

   Flavour    10 8.1 8.2 8.3 8.3 8.2 8.3 8.6 8.5 8.4 8.7 8.9 8.7 8.5 8.8 9.1 8.8 

   Saltness   10 8.1 8.4 8.4 8.5 8.4 8.6 8.7 8.8 8.8 9.3 9.8 9.5 9.0 9.5 9.6 9.6 

   Acidity    10 7.3 7.3 7.5 7.5 7.5 7.6 7.7 7.8 8.0 8.1 8.2 8.3 8.1 8.3 8.5 8.7 

Body & texture (30)    
   Body      15  11.8 12.1 12.2 12.2 12.2 12.3 12.4 12.5 12.2 12.6 13.1 12.6 12.5 12.8 12.2 12.9 

   Texture  15 11.6 11.8 12.0 11.8 12.1 12.3 12.6 12.3 12.5 12.7 13.5 13.2 12.6 13.2 12.7 13.1 

Colour&appearance 10 7.6 7.7 7.8 7.8 7.7 7.9 8.2 8.2 8.0 8.1 8.5 8.3 8.5 8.5 9.0 8.7 

Total scores (100) 76.6 78.0 79.6 78.9 79.4 80.8 82.2 81.8 83.0 86.3 90.8 88.1 84.7 89.2 90.3 90.1 

C: Control cheese.     T1: Cheese with zinc chloride.     T2: Cheese with zinc acetate.    T3: Cheese with zinc sulphat 
 
3.8. Sensory properties of Edam cheese: 
             Results of the sensory panel’s assessment of 
cheese quality during ripening for 6, 8, 10 and 12 
weeks were given in Table (4). All score’s properties 
of Edam cheese samples were increased generally 
during ripening period. It seems that, high remarked 
scores for fortified cheeses with zinc salts was it’s to 
be perceived properties more tasty, flavour intensity, 
body and texture, colour and appearance. 

Edam cheese fortified with zinc acetate had 
better properties along the ripening period and 
reached the highest scores earlier than the other 
treated cheeses or control, except for body and texture 
properties which were decreased in the last week. The 
present results are in accordance with that reported by 
Salama and Nadia (2002) and Omar et. al, (2008). 
 
4. Conclusion: 
           On the light of the above mentioned results, it 
could be concluded that addition of zinc acetate or 

zinc chloride was more effective for improving the 
organoleptic properties of Edam cheese and accelerate 
its ripening process. For zinc recoveries, fortified 
Edam cheese with different zinc salts used could be 
recommended as a good source to promote human 
dietary intake. 
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Abstract: The objective of this study was to monitor the changes in water activity (aw), color characteristics (color 
values and parameters) and sensory evaluation of Egyptian Gouda cheese during 60 days of ripening, and to 
determine the correlations between the changes in water activity or sensory evaluation and color parameters during 
the ripening time of cheese. Intravarietal comparison of water activity and color values in Egyptian Gouda cheese 
was performed by evaluation of instrumental values (aw) and color parameters in terms of CIELAB color space (L*, 
a*, and b*). In addition to water activity and color parameters, color parameters and sensory tests were performed. 
The results were evaluated with statistical methods (single valued and multivariate analysis). During the first 15 
days of ripening, a decrease in water activity values occurred. Simultaneously, L* and H* values decreased. After 60 
days of ripening a*, b*, C* and visual color increased. The ripening time of Egyptian Gouda cheeses can be 
estimated with 6 variables: L*, a*, b*, H*, C* and a visual color. Evaluation of water activity, color characteristics 
and related sensory characteristics of Egyptian Gouda cheese (with 60 days of ripening) revealed correlations 
between these parameters. [Journal of American Science 2010;6(10):447-453]. (ISSN: 1545-1003).  
 
Key Words: Egyptian Gouda cheese • Water activity • color • sensory • ripening 
 

1. Introduction: 
Cheese is one of the most popular food 

products consumed in the world. It is high in protein, 
calcium, essential fatty acids as well as nutritive 
values. The history of cheese dates back thousands of 
years - with the techniques and cultures often taken 
from one society to another by conquering forces. 
The individual characteristics of each cheese variety 
are due to the type of milk, the microbial starter 
culture and the make procedure used. Many 
consumers do not realize the difference between 
natural vs. processed cheese varieties. Natural cheese 
is produced by the culture of milk to form a cheese 
curd; through a series of steps to remove moisture, 
this curd becomes the finished cheese. Natural cheese 
is most often classified according to moisture content 
with the higher moisture content of the cheese 
correlated with a shorter shelf-life. Very high 
moisture cheeses, such as cream and cottage, are not 
aged and, thus, are often called “fresh cheeses.” 
Gouda is also a semi hard Dutch cheese which first 
made in the town of its name in Holland. Gouda is a 
wheel-shaped cheese typically ranging in size from 8 
to 45 pounds. Gouda cheese is a sweet curd cheese 
with a limited number of eyes (wong, 1974, Zall, 
1992 and Kosikowski and Mistry 1997). 

Color is an essential ingredient in cheese 
product. Gouda cheese slice individually wrapped 
singles and cheese sauces all rely on color to provide 
an appetizing appearance. Cheese colors may range 

from pale yellow to deep red-orange, depending upon 
the application and consumer preference.  

Color of food is mostly due to the presence 
of natural coloring stuffs material present. Moreover 
color can also be changed by enzymatic and non-
enzymatic reactions. The optical characteristics of 
foodstuffs are complex and depend on chemical 
composition and surface texture. Any color can be 
matched by mixing together suitable proportions of 
three primary lights, that is red, blue and green. 
Expressing each color proportion in a mixture as a 
fraction, a color space is transformed to the two 
dimensional chromaticity diagram. Hence, 
coordinates x and y define position of a color on the 
chromaticity diagram. An alternative method of 
determining the color of food is measuring surface 
reflectance instrumentally. Included in these are the 
tristimulus colorimetric method, which locate a color 
as a point in three-dimensional space using, in the 
case of the Hunter Color Meter, the L (white-black), 
A (green-red) and B (blue-yellow) axes (Francis, 
1980). 

Texture and color are important criteria used 
to evaluate cheese quality; these 2 parameters are 
often a primary consideration of consumers when 
making purchasing decisions. This is especially true 
for "Protected Denomination of Origin" (PDO) 
cheeses, which often represent a large variety of 
textures and tastes. Ensuring consistently high-quality 
cheeses continues to be a challenge for people 
involved in the chain of production. Thus, there is an 
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increasing need for characterization of PDO cheeses, 
including study of changes that occur during ripening 
and intravarietal comparison (Lebecque et al., 2001). 
For this reason, some research groups have carried 
out studies on chemical, physical, and sensory 
characteristics of different cheese varieties (Bertola et 
al., 2000; Bugaud et al., 2001; Lebecque et al., 2001; 
Romani et al., 2002; Gómez-Ruiz et al., 2002; 
Pillonel et al., 2002; Pinho et al., 2004), helping to 
assess maturity and preventing such cheeses from 
adulterations and imitations.  

The consumption of cheese is dependent 
upon the good consumer perception (IDF, 2001). The 
chemical aspects of cheese ripening include many 
significant changes in the constituents and properties 
of cheese, contribute very much to the development 
of it physico – chemical, color and organoleptic 
properties (Vasterdis, 1989). During cheese ripening 
characteristic flavor and texture of the individual 
cheese verities develop as a result of chemical, color 
and physical changes, which are more complex and 
their monitoring is difficult (Farkye and Fox, 1990). 
The sensory value is a determinate of food quality, it 
is greatly influenced by the sensory properties much 
as taste, behavior body and texture (Molnar, 1991). 
Determination of quality level of cheese is based on 
applying standard sensory tests. These sensory tests 
usually screen the deficiencies originating from the 
technology as from microbiological contamination, 
but partially grade the degree of maturity. Based on 
the abovementioned background it was thought while 
to study the consolation between chemical, physical 
and color properties of cheese and its sensory 
properties during ripening. The aim of this study is to 
establishment the degree of response of cheese and to 
traces the changes in color characteristics and 
organoleptic properties. 
Therefore, the main objective of this work was to 
determine of cheese color characteristics, water 
activity released low molecular weight components, 
organoleptic properties and ripening indices. 
 
2. Materials and Methods: 

Gouda cheese was manufactured under the 
Egyptian marketing conditions in DEINA dairy 
factory according to the method described by Scott, 
(1981). Gouda cheese samples were ripened at 15o C 
for 0, 15, 30 and 60 days  
 
Methods of analysis: 
Water activity (aw) determination: 

Water activity (aw) determination was 
carried out using ROTRONIC HYGROSKOP DT 
(USA). This method was based on placing of Gouda 
cheese sample in an air tight chamber. As long as the 
quantity of water in the sample is much larger than 

the quantity of water in the air of the chamber, the 
measurement is accurate. The water activity was 
calculated as ERH i.e. equilibrium relative humidity. 
 
Color assessment of Gouda Cheese: 

Gouda cheese color was determined 
according to Hunter (1975). Color of Egyptian Gouda 
cheese was measured using spectro-colorimeter 
(Tristimulus Color Machine) with the CIE lab color 
scale (International Commission on Illumination). 
This color assessment system is based on the Hunter 
L*-, a*- and b*- coordinates.  Whereas, L*- 
represents lightness and darkness, + a*- redness, -a*- 
greenness, + b*- yellowness and - b*- blueness 
(Hunter, LabScan XE, USA). The instrument was 
standardized against a White Tile of Hunter Lab 
Color Standard (LX No.16379): X= 77.26, Y= 81.94 
and Z= 88.14. ) (Sapers and Douglas, 1987). Color 
difference, Delta E, was calculated from a*, b* and 
L* parameters, using Hunter-Scotfield’s equation 
(Hunter., 1975) as follows.  

Delta E = (delta a2+ delta b2 + delta L2) 1/2  
…………..(1) 

where: a-ao, b-bo and L-Lo; subscript "o" indicates 
color of control or untreated sample. 

The Hue angle (H*) and Chroma (C*) were 
calculated according to the method of Palou et al., 
(1999) as follows: 

H* = tan-1 [b*/a*]……………….…………….(2) 

C* = square root of [a2* + b2*]....…………….(3) 
 
Sensory evaluation: 

Panel for judging Gouda cheese 
manufactured at the dairy factory of DINA, 
agricultural investments during ripening period 
(fresh, 15, 30, 60 days) included 20 experienced 
panelists. The attributes such as: flavour intensity, 
body, texture and color were organolptically assessed 
at stated by Nelson and Trout (1956) using a 10 
points scale. 
 
Statistical analysis:  

The ability of the descriptive vocabulary to 
discriminate between cheese was tested using one-
way analysis of variance (ANOVA) and least 
Significant Difference (LSD) multiple comparison 
test of the panel mean scores for each cheese. These 
analyses were carried out using SPSS V6.1 (SPSS 
Inc, Chicago IL 60611, USA) Duplicate scores were 
subsequently averaged, standardized (1/standard 
deviation of the mean score for each attribute) and 
analysed using Principle Components Analysis 
(PCA). (PCA was carried out using Unscrambler 
V6.1 (CAMO AS, N-7041 Trondheim Noway). How 
each Principle Component (PC) discriminated 
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between the sensory characters of the cheese was 
then investigated using ANOVA (SPSS V6.1, SPSS 
Inc) according to Piggott and Sharman (1986).  

                
3. Results and Discussion:  
Effect of ripening on water activity (aw) of Egyptian 
Gouda cheese: 

The water activity of fresh and ripened 
Gouda cheese was determined and presented in 
Figure (1). It is obvious that (aw) markedly lowered 
during ripening, it was 0.93 for fresh Gouda cheese at 
zero time  and decreased to 0.75, 0.54, 0.51 for 15, 30 
and 60 days ripening of old Gouda cheese, 
respectively. These results are quite similar to those 
reported for Trappist and Hajdu cheese (Bara-
Herezegh et al., 2000). These results are close the 
results of Walter and Seeger, (1990) who found no 

relationship between total moisture content of 
selected ethnic foods and aw. 

The results are partially confirmed by those 
results of Todorova and Kozev, (1995) who 
concluded that water activity (aw) was > 0.965 and 
combined with water contents of samples. Water 
activity (aw) was proposed as an appropriate index 
for Kachkaval cheese quality determination. Also, the 
results of Sendra et al, (1999) showed that 
composition, moisture loss, water activity, lipolysis. 
There were no differences in moisture loss in chesses 
made from frozen curd that had 'ripened for 60 days. 
Proteolysis increased in all curds and cheeses. Water 
activity decreased in all cheeses with increasing of 
ripening for 60 days.  
 

 

Figure (1): Effect of ripening on water activity (aw) of Egyptian Gouda cheese
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Effect of ripening time on Color characteristics of 
Egyptian Gouda Cheese: 

Tristimulus Reflectance Colorimetry (TRC) 
measuring the reflectance L*, a* and b* values was 
used to follow the extent of browning in cheese and 
change of color in foods (Sapers and Douglas., 1987). 
The results illustrated in figure (2) showed the effect 
of ripening time on Gouda cheese color. 

These results illustrated the changes in color 
of Gouda cheese in terms of redness a*, yellowness 
b* and lightness L* during 60 days of ripening. It can 
be observed that the a*-value of the fresh Gouda 
cheese was 25.2 compared to 20.4 after 15 days, 15.1 
after 30 days and increased 20.0 after 60 days, as 
seen in Fig 2 . 

Regarding the lightness L* and the 
yellowness b*. It is clear that the lightness L* as well 
as the yellowness b* were decreased as a result of 
increasing the time of ripening up to 60 days. The 
effect of ripening time on increasing the a*-value 
from 15.0 at 30 Says to 20.0 after 60 days was 
noticed. The change in color may be referred to 

chemical changes occurred during ripening. Kumar et 
al. (2006) confirmed that cheese is a biologically and 
biochemically dynamic product in which series of 
sequential changes take place through its 
manufactured and subsequent ripening. 

The analysis of variance identified the 
significant (p<0:05) effect of ripening time on Hunter 
values of Egyptian Gouda cheeses. Although the a-
value showed a definite increased trend throughout 
ripening, the L-value decreased and the b-value 
increased as the cheese aged, as seen in Figure (1). 
Previous research on cheese colour as a function of 
ripening time by Rohm and Jaros (1996a) reported a 
decrease of L-value and an increase of a- and b-
values during ripening of Gouda cheese. Martin et al., 
(2001) showed that the a-value did not show a 
definite trend throughout ripening, the L-value 
decreased and the b-value increasedas the cheese 
aged. Ginzinger et al. (1999) reported that yellowness 
index, a one dimensional measure of cheese colour 
highly correlated with b; increased as cheese aged.  
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Fig (2): Effect of different ripening time on Hunter color values (CIELab) of Egyptian 

Gouda cheese
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Color parameters during ripening time of Gouda 
cheese: 

In addition to determination of the lightness 
L*, redness a* and yellowness b*, for experimented 
Egyptian Gouda cheese. Hue angle (H*) as well as 
the chromaticity (C*) were determined. Hue is the 
aspect of color that we describe by words such as 
green, blue, yellow or red. The chroma refers to 
reflection at given wavelength and indicates how 
much a color differs from gray (Eissa and Moharam, 
2001). The equations No. 1, 2 and 3 are showed the 
DE, H* and C*. 

The results in Table (1) show that the H* 
values were closely stable in all samples with 
increasing of ripening time up to 60 days at 15°C. 

The chromaticity (C*) increased by the 
increasing of ripening time in Gouda cheese up to 30 
days. Thereafter, no relation was noticed. It can be 
concluded that the ripening of Gouda cheese slightly 
inhibited the changes in color of cheese.  
The total color differences (DE) increased by the 
increasing of ripening time in Gouda cheese up to 30 
days As presented in Table 1, total colour differences 
of Egyptian Gouda cheeses were small, which almost 
correspond to the sensory difference threshold (Rohm 
& Jaros, 1996b). However, greatly different values of 
DE were found for cheeses at 15, 30 and60 days of 
ripening. The almost identical colour values found in 
cheeses could be attributed to their similar structure.  

 
Table (1): Correlation between the different color parameters instrumentally measured L*, a*, b*, C* and 
H* and the visual color score during 30 days ripening at 150C.  

Ripening time (days) L* a* b* H* C* DE aW visual color 
Fresh 84.51 8.46 31.10 0.064 32.230 0.00 0.93 6.55 
15 days 79.05 9.54 32.86 0.060 34.217 5.84 0.75 8.70 
30 days 76.57 9.99 35.05 0.061 36.446 9.00 0.54 8.85 
60 days NR NR NR NR NR NR NR NR 
R2-values 0.94 0.95 0.75 0.91 0.77 0.92 0.76  

NR = no relation 
 
Sensory evaluation of Egyptian Gouda cheese: 

Sensory evaluation of the Egyptian Gouda 
cheese samples was carried out during 60 days of 
ripening at 15°C by 20 experienced panels using 10 
points scales at 0, 15, 30 and 60 days. Difference in 
sensory properties of cheese samples due to the effect 
of ripening Gouda cheese was determined by analysis 
of variance (ANOVA). 

The sensory scores for the quality attributes 
of the Egyptian Gouda cheese samples were given in 
Table (2). The scores were recorded at 0, 15, 30 days 
of ripening at 15°C. Anaylsis of variance showed 

high significant differences between Gouda cheese 
samples due to the source of samples. F-values were 
significant at 5% level.  

The mean value for color of Egyptian Gouda 
cheese scored during ripening period was 6.55, 8.70, 
8.85 and 9.70 at 0, 15, 30 and 60 days of ripening, 
respectively as seen in Table (2). Excellent color was 
related to the samples after 60 days of ripening. The 
scores for these samples were in the range of 6.55 to 
9.70. The low score value was 6.55 for fresh samples 
at zero time. 
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Table (2): Sensory evaluation during 60 days ripening at 15oC  of Egyptian Gouda cheese. 
Ripening time (days) Color Flavour Texture Body 

Fresh (zero time) 6.55C 6.95C 6.50C 6.85C 
15 days 8.70B 8.10B 8.35B 8.20B 
30 days 8.85B 8.15B 8.30B 8.20B 
60 days 9.70A 9.70A 9.75A 9.35A 

LSD 0.51038 0.50781 0.61942 0.57574 
 
The mean value of flavor scores for all 

treatments of Egyptian Gouda cheese stored was 
6.95, 8.10, 8.15 and 9.70 at 0, 15, 30 and 60 days of 
ripening respectively. Corresponding F-value for 
differences in flavor between the samples was 39.126 
for Gouda cheese tested at 0, 15, 30 and 60 days of 
ripening respectively. Excellent flavor was related to 
the samples after 60 days of ripening (Table. 2).  

The texture of the tested samples was 
affected by refrigeration. The over all mean score for 
the texture of Gouda cheese was only 6.50, 8.35, 8.30 
and 9.75 at 0, 15, 30 and 60 days of ripening 
respectively. Corresponding calculated F-value for 
differences in texture between the samples was 
36.690 for Gouda cheese at 0, 15, 30 and 60 days 
ripening respectively. Like color and flavor ripening 
time showed the highest score for texture, being 6.55, 
8.35, 8.30 and 9.75 at 0, 15, 30 and 60 days ripening 
respectively (Table 2). 

The overall mean score for the body of the 
tested samples of Gouda cheese was 6.85, 8.20, 8.20 
and 9.35. at 0, 15, 30 and 60 days of ripening period 
at 15°C, respectively. Corresponding calculated F-
value for differences in body between the samples 
was 25.014 for Gouda cheese at 0, 15, 30 and 60 days 
of ripening respectively. These levels of score 
indicate the importance of the ripening period in 
keeping a body for the tested Gouda cheese. 
However, there were significant differences between 
the individual ripening. Samples ripened for 60 days 
showed the highest score (9.8) in body stored at 
15°C. 

All these results are in agreement with the 
results of Davide et. al., (1988) who found that the 
buffalo milk Gouda cheese requires a longer ripening 
period in order to develop the characteristic Gouda 
flavor as compared with % the cow Gouda, which 
develops its characteristics flavour, aroma, body and 
texture after 2 months. The buffalo Gouda acquires 
these sensory properties, although to a slightly lower 
degree, after a longer ripening period of 4 months. 

Also, Kampf and Nussinovitch, (2000) 
found that the coating contributed to a better color 
and gloss. The roughness of the coated cheese 
decreased after coating, since the film filled in 
surface ruggedness. Advantages in the textural 
properties of the coated cheese were observed, since 
the coated cheese lose less water by evaporation, a 
desirable softer and a less brittle texture was detected. 

. 
The relation between the color values of Gouda 
cheese slices according to the visual judgment and 
those of color parameters obtained by instrumental 
determination as well as with water activity (aw): 

Table (1) lists the values of the different 
color parameters L*, a*, b*, C* and H* as well as the 
mean visual color and water activity (aw) of the 
Gouda cheese ripened for 60 days at 15°C. A 
technique of regression analysis was used to predict 
the coefficient of the correlation between the visual 
color score and each of the five color parameters. The 
estimated values of r was found to range between 
0.77 (in case of C*) to 0.95 (in case of a*) after 30 
days of ripening at 15°C for Gouda cheese slices. 
Also, it was 0.76 (in case of aw) after 30 days 
ripening at 15°C Gouda cheese slices. However, the 
results showed that the characteristic color was 
different in all color parameters or no relationship 
after 60 days of ripening at 15°C but increased to 
9.70 as a visual color. The relation between the water 
activity (aw) of the Egyptian Gouda cheese slices and 
those of color parameters obtained by instrumental 
determination: 

Table (3) lists the values of the different 
color parameters L*, a*, b*, C* and H* as well as the 
water activity (aw) of the Gouda cheese slices for 60 
days ripening at 15°C. a technique of regression 
analysis was used to predict the coefficient of the 
correlation between the water activity (aw) and each 
of the five color parameters. 

 

 
Table (3): Correlation between tKe different color parameters instrumentally measured L*, a*, b*, C* and 

H* and water activity (aw) during 60 days ripening at 15oC. 
Ripening time (days) L* a* b* H* C* DE aW 
Fresh 84.51 8.46 31.10 0.064 32.230 0.00 0.93 
15 days 79.05 9.54 32.86 0.060 34.217 5.84 0.75 
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30 days 76.57 9.99 35.05 0.061 36.446 9.00 0.54 
60 days NR NR NR NR NR NR NR 
R2-values 0.93 0.92 0.99 0.47 0.99 0.95 - 

NR = no relation 
 
The estimated values of R2 was found to 

range between 0.99 (in case of b* and C*) and 0.95 
(in case of DE) to 0.92 (in case of a*) after 30 days of 
ripening at 15°C of Gouda cheese slices. Also, it was 
0.93 (in case of L*) after 30 days of ripening at 15°C. 
The results are partially confirmed by those of 
Todorova and Kozev, (1995) who proved that a 
relationship was found between water activity and 
water contents during cheese storage, and 
consequently organoliptic characteristics (taste, color 
and flavor). Also, they concluded that the water 
activity (aw) indexes could be used for predicting the 
keeping quality of both Vitosha and Balkan 
Kachkaval cheeses. The high relationship between 
DE or b* -value and water activity (R2-value=0.99) 
was confirmed by those of Frau et al., (2000). 
However, the results showed that the characteristic 
color was different in all color parameters and water 
activity (aw). No relationship between color and 
water activity (aw) after 60 days of ripening at 15°C. 
 
4. Conclusions: 

Color evaluation showed significant 
differences between Egyptian Gouda cheese related 
to ripening time, although due to the similar structure 
the cheeses, the more identical values were found for 
Water activity and sensory evaluation in Egyptian 
Gouda cheese. 
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Abstract: In this study, effect of taro peel and taro pulp extracts compared with those of cabbage on oxidative 
enzyme activities of frozen apple pulp and dried apple rings was investigated. Therefore, fresh apple rings were 
dipped in natural extracts from cabbage, taro peel and taro pulp. The effects of this pretreatment, freezing and drying 
on oxidative enzymes activity, colour characteristics, and total phenol contents of apple pulp and rings were 
recorded. The best used concentration of cabbage, taro peel and pulp extracts pre-treatment was found to be 15%, 
hence it improved the final acceptability and inhibited oxidative enzymes (PPO, POD and catalase) activity for apple 
pulp and rings. However, it could be noticed that addition of taro pulp extract at 15% in the soaking solution took 
place, hence  the inhibition was 62. 22 %, 65.40 % and 28.68 % for PPO, POD and CAT, respectively in apple pulp. 
Meanwhile, such addition showed 44.75%, 46.66 % and 80.35 % of PPO, POD and CAT, respectively inhibition in 
apple rings. Generally, the result showed that utilization of taro pulp extracts at 15% prevented any browning for all 
frozen apple pulp and dried apple rings compared with untreated samples. The apple pulp and rings pretreated with 
taro pulp extract caused the highest reduction of oxidative enzyme activities followed by Taro peel extract. Results 
indicated that the treatment with cabbage and taro pulp extracts inhibited PPO, POD and CAT activity after dipping 
reached to 44.75 % and 80.35%, respectively. Dried treated apple rings had the highest values for inhibition 
oxidative enzymes activity compared with frozen apple pulp and untreated samples. Also, results showed a decrease 
in the total phenols content of dried apple rings comparing with those of frozen apple pulp after pre-treatment with 
cabbage and taro extracts. [Journal of American Science 2010;6(10):454-464]. (ISSN: 1545-1003).  

 
Key words: Apple, pulp, rings, drying, polyphenoloxidase, peroxidase, catalase, colour, extracts, browning, 

cabbage, taro. 
 

1. Introduction: 
  The freezing and drying preservation of 

fruits is one of the growing food industries in Egypt 
in the last decade. Frozen and dried products find an 
extending market. Prevention of browning in the 
apple slices is difficult to achieve because of rapidity 
of the enzymatic oxidation of phenolic substrates. 
The most serious problem in the freezing and drying 
preservation of fruits is the activity of the oxidative 
enzymes, which results in quality and nutritional 
deterioration of the food product during the frozen 
and dried storage. Drying fruits is an established in 
Egypt, while freezing apple is a promising new trend 
to produce an intermediate product for many food 
processed products. Enzymatic browning is one of 
the most studied reactions in fruits, vegetables and 
sea foods. Prevention of browning in the apple slices 
is difficult to achieve because of rapidity of the 
enzymatic oxidation of phenolic substrates [Annese 
et al., 1997 and Kim et al., 1993]. A common 
approach to prevent the enzymatic browning is the 
use of antibrowning agents that act primarily on 

enzymes or react with substrates and/or products of 
enzymatic catalysis, so that the pigment formation is 
inhibited [McEvily et al., 1992]. The prevalent use of 
sulfites as inhibitors of enzymatic browning in foods 
has been restricted by the Food and Drug 
Administration [Anon, 1987] due to allergic reactions 
produced sometimes in individuals with respiratory 
ailments.  

The objectives of our study were to: (i) 
evaluate the potential of taro pulp and peel extracts 
for inhibition of oxidative enzymes activity (PPO, 
POD and CAT) in frozen apple pulp and dried apple 
rings, as compared with the effectiveness of cabbage 
extract; (ii) study the changes in oxidative enzymes 
activity and colour characteristics after freezing or 
drying during storage time for two months at -18o C 
or for four months at room temperature, respectively. 
 
2. Materials and Methods: 
Source of fruit samples: 

Commercially grown apple (Anna delicious) 
used for this study was obtained from a local 
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supermarket in Cairo.   Fruits were placed in 
refrigerator at 4o C before using.  These fruits were in 
the early ripening stage (green yellow colour of 
apple. The selected fruits had a good maturity, 
colour, free from any undesirable odor, free from any 
spoilage by microorganisms or enzymes or accidents 
from transporting process and/or premature or have 
increasing in maturity. 

 

Preparation of fruit material:  

One hour prior to use, fruits were removed 
from the refrigerator and equilibrated to room 
temperature. Each apple fruit was rinsed with water, 
sectioned to slices at least 1.0 cm from the skin end 
(to exclude the effects of bruising), exposing fresh 
surface then immediately placed in glass beakers.  

 

Natural extracts pretreatments: 

Preparation of Vegetable Extracts: The 
leaves of white cabbage (Brassica oleracea L.). Taro 
pulp and peel were mixed with hot water (55oC) at 
the concentration of 20% (w/v) for 30 sec., cooled, 
and filtered. Apple rings were dipped in different 
natural vegetable extracts at 60-65oC for 10 minutes. 
All natural extracts pretreatments were carried out 
under atmospheric pressure with different 
concentrations to reach each 5, 10, 15, 20 and 25%. 

At the end of each pretreatment, apple 
samples were drained and immediately evaluated or 
subsequent analysis which was carried out for 
enzyme activities of PPO, POD and CAT. Each 
pretreatment was analyzed similarly to the initial 
control. Control samples were dipped in distilled 
water as shown by Eissa and Salama, (2002). 

 

Storage fruit pulp by freezing: 

Natural extracts pretreatment including 
apple treated and untreated were blended with stab 
mixer (Braun Type 4169, Spin) to obtain the required  
apple pulp and packed in glass bottles and stored at -
18°C in frozen storage until sample analysis  of PPO, 
POD and CAT enzyme activities and colour  
characteristics which was carried out at 0, 2, 4, 6 and 
8 weeks of frozen storage. 

 

Storage fruit rings by drying: 

Natural extracts pretreatment including 
apple rings treated and untreated were dehydrated by 
air-oven dehydration. The trays with apple rings were 
put in an air ventilation oven (SHEL LAB 1370 FX, 
Germany) at 50°C for 20-22 h. The dried apple rings 
were placed in unsealed individual polyethylene film 

bags and kept at room temperature (25°C) in dried 
storage until sample analysis of PPO, POD and CAT 
enzyme activities and colour  characteristics, which 
was carried out at 0, 1, 2, 3 and 4 months of dried 
storage. 

 

Analytical methods 

Enzyme activities determinations 

 Extraction of different enzymes under investigation: 
Extraction of polyphenoloxidase (PPO, E.C. 

1.14.18.1.) peroxidase (POD, E.C. 1.11.1.7) and 
calalase (CAT, E.C. 1.11.1.6) was carried out using 
the method described by Galeazi et al., [1981]. Crude 
enzymes extracts were prepared from the tested 
samples by extracting with sodium phosphate buffers 
as follows: 10 g of fresh juices were mixed for 30 
sec. with 100 ml of a 0.2 M sodium phosphate buffer 
at pH 7.0, the suspension was centrifuged at 4oC for 
15min at 5000 rpm, HERMLE Z 323 K Germane. 
The enzyme activity remained in the supernatant as 
crude of different enzymes.  

 

Assay of polyphenoloxidase (E.C. 1.14.18.1) enzyme 

activity: 

The enzyme activity was assayed according 
to the method described by Oktay et al., [1995]. 
Where, PPO enzyme activity was determined by 
measuring the increase of absorbance at 420 nm and 
25o C with, Spectrophotometer UVD-3500, 
Labomed, USA. 

The sample cuvette contained 2.0 ml of 
0.1M catechol in sodium phosphate buffer (pH 7.0) 
with 1.0 ml of the crude enzyme extract. The 
absorbance at 420 nm was recorded every 30sec., 
from the recorded time the enzyme extract was added 
for 3 min at room temperature. 

 

 Assay of peroxidase (E.C. 1.11.1.7) enzyme activity: 

To a clean dry cuvette of a 
spectrophotometer, 1.0 ml of crude enzyme extract 
(from different samples) was added and mixed with 5 
ml sodium phosphate buffer solution (pH 7.0), 0.5 ml 
of 2% O-phenylene diamine, 0.5 ml of 0.3% H2O2 
and 1ml redistilled water. The optical density of the 
mixture was recorded at zero time and every 30 sec at 
450 nm for the first 3 min of reaction using 
Spectrophotometer, UVD-3500, Labomed, USA as 
described by Olmos et al., [1997]. 

 

Assay of catalase (E.C. 1.11.1.6) enzyme activity: 
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Catalase (CAT) enzyme activity was 
measured by titrimetric method as described by Aebi, 
(1983).  

 

Colour determinations: 

Hunter a*, b* and L* parameters were 
measured with a colour difference meter using a 
spectrocolourimeter (Tristimulus Colour Machine) 
with the CIE lab colour scale (Hunter, Lab Scan XE - 
Reston VA, USA) in the reflection mode. The 
instrument was standardized each time with white tile 
of Hunter Lab Colour Standard as shown by Sapers 
and Douglas [1987]. 

The Hue-Angle (H)*, Chroma (C)* and 
Browning Index (BI) were calculated according to 
the method of Palou et al., [1999]. 

 

Total phenol determination: 

Total phenol contents of the untreated and 
treated samples were measured by the method of 
Amerine and Ough [1980], the absorbance was 
measured at 765nm using Spectrophotometer, UVD-
3500, Labomed, USA and the results were expressed 
as milligram of garlic acid as standard equivalent per 
gram. 

                
3. Results and Discussion:  

Effect of natural extracts on oxidative 
enzymes of apple pulp and rings:  

The effect of natural extracts treatments 
(cabbage, taro pulp and taro peel) at different 
concentrations, 5, 10, 15, 20 and 25% on 
polyphenoloxidase (PPO), peroxidase (POD) and 
catalase (CAT) in apple pulp and apple rings was 
evaluated. The obtained results are recorded in tables 
(1 and 2). From the obtained results (Table 1), it 
could be seen that the activity of polyphenoloxidase 
(PPO) of fresh apple pulp (control) was 
0.0045units/mg, while in 5%cabbage treated pulp 
was 0.0033units/mg. The activity of peroxidase 
(POD) of fresh apple pulp was 0.185 units/mg, while 
in (15%) cabbage treated apple pulp was 0.062 
units/mg. Also, the activity of catalase (CAT) of fresh 
apple pulp was 0.336 units / mg, while in 
15%cabbage treated apple pulp 0.241 units/mg and in 
(15%) taro pulp treated apple pulp was 
0.261units/mg. The maximum percent of inhibition  
of polyphenoloxidase PPO enzymes was 46.44, 62.22 
and 57.77 in apple pulp treated by cabbage, taro pulp 
and taro peel (15%), respectively.  

At the same natural extracts and same 
concentrations the maximum percent of inhibition of 
catalase CAT enzymes was 34.15, 23.22 and 23.22 in 
apple pulp treated with 15% of cabbage, taro pulp 

and taro peel respectively. A process for the 
inhibition of enzymatic browning (PPO) in fruit 
juices by the third mechanism, involving the use of 
cyclodextrins, was described by Sapers et al., [1989].  

Results in Table (2) showed that the percent 
of inhibition of PPO, POD and CAT was high in 15% 
of taro pulp and peel treated apple rings (44.75, 46.66 
and 75.89 %) versus in 43.91, 44.44 and 71.72% 
cabbage treated rings. It was also observed that the 
cabbage, taro pulp and taro peel extracts from 5 to 
15% treated apple rings had a positive effect 
controlling or retarding colour changes and inhibition 
of oxidative enzymatic browning (PPO, POD and 
CAT) when applied to natural dried apple rings and 
apple and apple pulp. Therefore, the use of cabbage, 
taro pulp and taro peel extracts for reducing  total 
phenols as well as the inhibition of oxidative 
enzymatic browning can be suggested to improve 
quality and safety of the dried apple rings or apple 
pulp. 

 

Effect of natural extracts on oxidative enzymes in 
total phenol contents of apple pulp and apple rings:  

The obtained results (Fig. 1) showed a good 
relationship between total phenols content (mg/100 
ml) and the percent of browning inhibition with the 
increasing of cabbage, taro pulp and taro peel extracts 
concentration from 5% to 15% at room temperature. 
Total phenols contents were 0.17, 0.20 and 0.21 
mg/100 ml in cabbage, taro pulp and taro peel 
extracts with the concentration of 15%,  respectively. 
However, total phenols content was increased from 
0.13 to 0.14 mg/100 ml in the apple pulp treated with 
15% extracts, while total phenols content was 
increased from 0.13 to 0.14 mg/100 ml in the apple 
rings treated with 15% extracts.  The obtained results 
are in agreement with those results of Singh et al., 
[2006].  

Figure (2) showed that the inhibition 
percentage of PPO was higher in taro pulp extracts 
treated apple rings than that of cabbage extracts, also 
it was lower in taro peel extracts in apple pulp than 
other treatments. However, taro and cabbage extracts 
inhibited PPO enzyme activity up to 54 - 44% in all 
apple pulp and rings products.. These results are in 
agreement with that reported by Alonso et al. [2006].     

Figure (3) showed that the inhibition 
percentage of POD was higher in taro pulp extracts 
treated apple rings than other treatments, but it was 
lower in taro peel extracts in apple pulp than other 
treatments. However, taro and cabbage extracts 
inhibited POD enzyme activity to be higher than 42 - 
46% in all apple pulp and rings products. These 
results are in agreement with that reported by Unal, 
[2007] 
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Figure (4) showed that the inhibition 
percentage of CAT was higher in taro pulp extracts 
treated apple pulp and rings products. However, taro 
and cabbage extracts inhibited CAT enzyme activity 
to be higher than 50 - 55% in all apple pulp and rings 
products. Also, the inhibition percentage of CAT by 
all extracts was in all apple products higher than PPO 
and POD inhibition. These results are in agreement 
with the results of Singh et al., [2006]. 

 

Effect of natural extracts on colour characteristics of 
frozen apple pulp and dried apple rings during 
storage:  

The surface colour of apple pulp was 
measured with a colour difference meter, using the 
Hunter Lab colour scale. The inhibitory effect of 
various natural cabbage and taro extracts pre-
treatments based on measurements at their maximum 
concentrations is shown in table (3). Treated apple 
pulp colour, was found to be in a decreasing order as 
follows: taro peel > taro pulp > cabbage. It is obvious 
that taro pulp and peel extract pre-treatments of apple 
pulp decreased the development of red colour a*-
value as non-enzymatic browning. The Hunter colour 
values of taro peel extract samples in apple pulp were 
lower than those of taro pulp extract samples. 

Moreover, the Hunter colour values of taro 
peel pretreatment in apple pulp was lower than that of 
cabbage and taro pulp extracts pre-treatments. These 
results indicated that the browning (redness) 
increased in control samples than in cabbage and taro 
extract samples for apple pulp, as well as PPO and 
POD enzyme activity were higher in control samples 
than in cabbage and taro extracts samples (Table 3). 
The main colour change in untreated apple pulp and 
those pretreated by cabbage, taro pulp and taro peel 
extracts was due to increase in BI and a*-value, 
which were in high correlation with browning 
measurement. Other colour parameters such as hue 
angle and chroma also indicated that heat caused a 
slight colour change. Taro pulp extract samples had a 
BI lower than cabbage and taro peel extracts samples. 
But BI values of Taro extracts treated samples were 
lower than those of cabbage-treated samples and 
lower than that of untreated samples (Table 3). These 
results are in a good agreement with those of Ozoglu 
and Bayindirh [2002] and Eissa et al., [2003]. In 
general, taro pulp, taro peel and cabbage extract 
pretreatments improved the colour of apple pulp 
(Table 3). From the above mentioned results it could 
be concluded that the pretreated apple pulp with taro 
peel extracts have the best colour values (a* and BI) 
and lower non-enzymatic browning compared with 
the other extracts pretreatments.  

The inhibitory effect of cabbage, taro pulp 
and taro peel extracts pre-treatments based on 
measurements at their maximum concentrations is 
shown in table (4).Treated dried apple inhibitory, was 
found to be in the following decreasing order: taro 
peel > taro pulp > cabbage. It is obvious that cabbage, 
taro pulp and taro peel extracts pretreatments of dried 
apple decreased the development of red colour a*-
value as non-enzymatic browning. The Hunter colour 
values of taro peel extract samples in dried apple 
were lower than those of taro pulp extract samples.  

However, PPO and POD enzyme activity 
was higher in control samples than in cabbage and 
taro extracts pre-treatment samples. These results 
indicated that the browning (redness) increased in 
control samples than in natural cabbage and taro 
extracts pre-treatments samples for (Tables 4). The 
main colour change in untreated dried apple and 
those pretreated by cabbage, taro peel and pulp 
extracts was due to increase in BI and a*-value, 
which were in high correlation with browning 
measurement. Other colour parameters such as hue 
angle and chroma also indicated that heat caused a 
slight colour change. Taro pulp extracts samples had 
a BI lower than taro peel extract and cabbage extract 
samples. But BI values of Taro extracts treated 
samples were lower than those of cabbage-treated 
samples and lower than that of untreated samples 
(Table 4).  

These results are in a good agreement with 
those of Ozoglu & Bayindirh [2002] and Eissa et al., 
[2003]. In general, taro pulp and peel extract 
pretreatments improved the colour of dried apple. 
However, cabbage taro pulp and taro peel extracts 
samples had the same colour values as evidenced by 
optical density (A420nm), compared with increasing 
of colour values in untreated dried apple samples.  

From the above mentioned results it could 
be concluded that the pretreated dried apple with taro 
peel extracts had the best colour values (a* and BI) 
and lower non-enzymatic browning compared with 
the other pretreatments. The best inhibition of 
oxidative enzymes (PPO and POD), good colour 
characteristics and lower non-enzymatic browning in 
dried apple were due to pretreatment with taro pulp, 
taro peel and cabbage extracts (15%). 

 

Effect of freezing storage on the inhibition of 
oxidative enzymes activity of apple pulp: 

Results in Fig. (5) showed that the apple 
pulp characteristics were affected by different natural 
extracts pre-treatments. Treated apple caused 
inhibition for PPO enzyme compared to untreated 
apple.  The inhibition percentages for cabbage, taro 
pulp and taro peel extracts treatment were 39.01-
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29.72%, 45.45-40.54 and 39.39 - 29.72% at the same 
time, respectively.  

Results in Fig. (6) showed that the apple 
pulp characteristics were affected by different natural 
extracts pre-treatments. Treated apple caused 
inhibition for POD enzyme compared to untreated 
apple. The percentage of inhibition for cabbage 
extract were 52.49-39.47%, while taro pulp and taro 
peel extracts the inhibition values were 54.90-42.10 
and 49.01-36.84%, respectively at the same time.  

Results in Fig. (7) showed that natural 
extract treated apple pulp caused inhibition for 
catalase (CAT) enzyme compared to untreated apple. 
The inhibition percentage for cabbage, taro pulp and 
taro peel extracts treatment were 52.83-41.93%, 
53.12 - 42.74% and 52.54 - 42.33% at the same time 
respectively.  

Finally, natural extracts treatment lead to 
PPO, POD and CAT inhibition. It is safe for health 
and more stable during storage compared to chemical 
pretreatment. These results are in agreement with the 
results of Eissa and Salama [2002] and Lee et al., 
[2007]. 

 

Effect of drying storage on the inhibition of oxidative 
enzymes activity of apple rings: 

Effect of  drying storage of apple rings for a 
period of 4 months after pre-treatments with cabbage 
extract 15%, taro extract 15%, and taro peel extract 

15% is shown in Fig (8). The obtained results 
indicated that treated apple caused an inhibition for 
the PPO enzyme compared to untreated apple. The 
percentage of inhibition for cabbage extract was 
89.31-37.36%, while for taro pulp and taro peel 
extracts the inhibition values were 91.98-37.82% and 
90.83-37.67%, respectively at the same time.  

From results of Fig. (9), it is clear that the 
apple rings characteristics were affected by different 
treatments. Treated apple caused inhibition in POD 
enzyme compared to untreated apple.  

The percentage of inhibition for cabbage 
extract was 81.06 - 38.46%, while for taro pulp and 
taro peel extracts the inhibition values were 81.48 - 
43.58% and 81.27-41.02%, respectively at the same 
time.  

Also, natural extract treated apple rings 
caused an inhibition in catalase (CAT) enzyme 
compared to untreated apple (Fig. 10). The inhibition 
percentages for cabbage, taro pulp and taro peel 
extracts treatment were 29.86-15.97%, 30.55-16.86% 
and 29.51-16.56% at the same time,  respectively.  

Finally, the results indicated that used 
natural extracts treatment caused a considerable 
inhibition for PPO, POD, CAT enzymes and that is 
safe for health and more stable during storage 
compared to chemical pre-treatment. These results 
are in agreement with those of Eissa and Salama 
[2002], Eissa et al., [2003] and Lee et al., [2007]. 

 

Table (1): Effect of Taro extracts pre-treatments on oxidative enzymes activity of fresh apple pulp. 

Extract Pretreatments 
PPO 

activity 
units/mg 

%  
inhibition 

POD 
activity 

units/mg 

%  
inhibition 

CAT 
activity 

units/mg 

%  
inhibition 

Control 0.0045 0.00 0.185 0.00 0.336 0.00 
Cabbage:       

5% 0.0033 26.66 0.145 21.62 0.284 22.40 
10% 0.0028 37.77 0.091 50.81 0.261 28.68 
15% 0.0016 46.44 0.062 66.48 0.241 34.15 
20% 0.0026 42.22 0.139 24.86 0.263 28.14 
25% 0.0036 20.00 0.145 21.62 0.268 26.77 

Taro pulp:       
5% 0.0034 24.44 0.131 29.18 0.281 23.22 
10% 0.0022 51.11 0.111 40.00 0.271 25.95 
15% 0.0017 62.22 0.064 65.40 0.261 28.68 
20% 0.0027 40.00 0.117 36.75 0.281 23.22 
25% 0.0029 35.55 0.153 17.29 0.290 20.76 

Taro peel:       
5% 0.0035 22.22 0.152 17.83 0.321 12.29 
10% 0.0024 46.66 0.114 38.37 0.311 15.02 
15% 0.0019 57.77 0.099 46.37 0.281 23.22 
20% 0.0029 35.55 0.125 32.43 0.291 20.49 
25% 0.0036 20.00 0.161 12.97 0.321 12.29 
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Table (2): Effect of Taro extracts treatments on oxidative enzymes activity of fresh apple rings. 

Extract Pretreatments 
PPO 

activity 
units/mg 

%  
inhibition 

POD 
activity 

units/mg 

%  
inhibition 

CAT 
activity 

units/mg 

%  
inhibition 

Control 0.715 0.00 0.045 0.00 0.448 0.00 
Cabbage:       

5% 0.624 12.72 0.039 13.33 0.435 29.01 
10% 0.515 27.97 0.032 28.88 0.424 53.57 
15% 0.401 43.91 0.025 44.44 0.413 71.72 
20% 0.497 30.48 0.035 22.22 0.425 51.33 
25% 0.585 18.18 0.039 13.33 0.440 17.85 

Taro pulp:       
5% 0.613 14.26 0.038 15.55 0.434 31.25 
10% 0.504 29.51 0.032 28.88 0.423 55.80 
15% 0.395 44.75 0.024 46.66 0.412 80.35 
20% 0.502 29.79 0.036 20.00 0.426 49.10 
25% 0.594 16.92 0.040 11.11 0.440 17.85 

Taro peel:       
5% 0.623 12.86 0.039 13.33 0.436 26.78 
10% 0.512 28.39 0.033 26.66 0.425 51.33 
15% 0.400 44.05 0.026 42.22 0.414 75.89 
20% 0.488 31.74 0.038 15.55 0.427 46.87 
25% 0.595 16.78 0.040 11.11 0.443 11.16 

 
 
 

Table (3): Effect of extract pre-treatments and storage time on colour characteristics  of frozen apple pulp. 

Extract 
Pretreatments 

Time 
(week) 

L a b A 420 C Htan-1 BI 

0 54.01 10.37 34.24 7.25 35.77 73.14 197.74 
2 54.21 10.21 34.12 7.13 35.61 73.33 195.39 
4 52.92 4.40 23.55 9.12 23.95 79.41 115.54 
6 55.76 5.74 29.34 8.96 29.89 78.93 144.81 

Fresh 

8 57.47 6.25 33.44 8.54 34.01 79.41 165.68 
0 62.56 3.65 22.42 14.29 22.71 80.75 86.92 
2 59.43 4.65 20.54 13.54 21.05 77.25 86.25 
4 57.59 3.57 19.47 12.49 19.79 79.60 81.96 
6 58.32 3.24 20.32 2.53 20.57 80.94 83.82 

Cabbage extract 

8 59.80 1.26 21.42 12.88 21.45 86.63 81.56 
0 59.72 3.10 23.29 12.97 23.49 82.4 94.82 
2 59.32 3.20 23.11 12.87 23.33 82.11 94.99 
4 56.80 3.22 22.16 11.62 22.39 81.73 95.54 
6 60.65 2.96 22.34 12.45 22.53 82.46 88.31 

Taro  
extract 

8 65.01 2.31 22.42 13.42 22.53 84.12 80.04 
0 56.85 4.16 24.85 10.71 25.19 80.49 111.71 
2 49.23 6.23 29.56 6.45 30.20 78.09 175.29 
4 45.06 10.44 34.19 3.99 35.74 72.99 259.21 
6 51.54 8.43 31.43 7.69 32.54 74.99 184.15 

Taro peel extract 

8 54.33 6.18 24.93 9.36 25.68 76.06 124.17 

L*, a* and b* values by Hunter Lab instruments. 
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Table (4): Effect of extract pre-treatments and storage time on colour characteristics  of dried apple rings.  

Extract 
Pretreatments 

Time 
(month) 

L a b A 420 C Htan-1 BI 

0 67.15 6.39 28.06 15.81 28.77 77.17 109.04 
1 65.34 7.56 28.00 14.56 29.00 74.88 115.11 
2 63.21 8.23 28.10 13.38 29.28 73.66 122.02 
3 60.43 9.09 28.42 11.40 29.83 72.28 132.92 

Fresh 

4 59.14 9.95 28.70 10.14 30.37 70.85 140.23 
0 59.89 4.66 19.51 14.33 20.05 76.58 80.91 
1 59.76 5.67 22.76 12.67 23.45 75.80 98.29 
2 58.65 7.45 23.84 11.57 24.97 72.65 110.13 
3 58.63 8.65 26.47 10.34 27.84 71.90 126.57 

Cabbage extract 

4 58.63 9.74 27.39 10.69 29.07 70.41 134.09 
0 55.86 9.43 27.46 9.05 29.03 71.03 142.38 
1 55.96 9.43 27.34 8.94 28.92 70.97 141.34 
2 55.84 9.34 27.09 8.65 28.65 70.97 140.05 
3 54.43 9.23 26.20 8.45 27.77 70.60 139.13 

Taro  
extract 

4 54.34 9.05 26.86 8.50 28.34 71.39 142.96 
0 48.54 10.95 27.37 6.23 29.47 68.20 175.28 
1 46.77 10.99 27.37 5.43 29.49 68.20 184.49 
2 44.65 11.65 27.45 4.62 29.81 67.04 199.40 
3 42.83 12.03 27.65 3.55 30.15 66.50 214.49 

Taro peel 
extract 

4 41.84 12.77 27.70 3.74 30.50 65.26 224.58 
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Figure (2): Effect of natural extract on polyphenol oxidase enzyme 

inhibition of apple pulp and rings.
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Figure (3): Effect of natural extract on peroxidase enzyme inhibition of  apple 

pulp and rings.
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Figure (4): Effect of natural extract on catalase enzyme inhibition of 

apple pulp and rings.
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4. Conclusions: 

There are numerous natural extracts 
compounds capable of reducing the oxidative 
enzymatic browning. The use of cabbage and taro 
extracts pre-treatments is still stimulated to meet the 
demands for production of healthy fruit products 
having high quality. Therefore, studying and 
evaluating the efficiency of cabbage and taro extracts 
pre-treatments to inhibit the enzymatic browning 
(PPO, POD and CAT) in both frozen apple pulp and 
dried apple rings were carried out. Also, the most 
fruits that have high ratio of the enzymatic browning 
(PPO, POD and CAT) should be treated with safety 
anti-browning agents to inhibit these enzymes 
without any efficient effect on sensory properties in 
fruits for consumer. 
Natural extracts pre-treatments, especially cabbage 
and taro extracts may effectively inhibit the PPO-
catalyzed browning. Cabbage extract itself was not so 
effective as taro extracts for inhibiting browning in 
dried apple rings and frozen apple pulp. Our data 
suggest that the pre-treatments of apple rings with 
cabbage and taro extracts incorporating the anti-
browning compounds. Dried apple rings and frozen 
apple pulp after pre-treatment with cabbage and taro 
peel extracts maintained higher total phenol contents, 
retained colour stable (white and red peel), had no 
browning and an indicative of better maintenance of 
quality. Also, this technique is an important to get a 
good quality product.. 
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ABSTRACT: When Charles Darwin published “On the Origins of Species” in 1859, he introduced the world to the 
theory of evolution that challenged the widely accepted biblical belief in creation. This paper suggests Darwin’s 
evolution was the second of two distinctly different types of evolution occurring hundreds of millions of years apart.  
The first evolution (referenced in this paper as “Reverse Evolution”) and unknown to Darwin and today’s scientific 
community is suggested in a passage in Genesis found in the Old Testament of the Bible.  Genesis is referenced 
because it provides the only available explanation as to the catalysis responsible for Reverse Evolution.  The 
occurrence of this first evolution both supports the creation theory and provides the logic for the evolution Darwin 
witnessed.  Discussed is the rationale for Reverse Evolutions beginning, the mechanics of its operation, the scientific 
method to confirm it occurred and why the need to find a “missing link” is no longer appropriate. [Journal of 
American Science 2010;6(10):465-469]. (ISSN: 1545-1003).  
 
KEY WORDS: Reverse Evolution, DNA-Singularity  
 
        This paper contains key passages from the epilogue of the book Reverse Evolution scheduled for publication in 
summer 2011. 
 
INTRODUCTION 
 
        Evolution is defined in the New Lexicon 
Webster’s Dictionary of the English Language as “A 
theory that all living things have changed in response 
to environmental conditions by the natural selection of 
randomly occurring mutations, developing from 
simpler forms to more complex forms which are more 
prolific and stronger due to their better adaptation to 
their environment (1).”  
        Webster defines biblical creation as “The creation 
of the world by God described in Genesis.”  Genesis is 
the first of 39 books in the Old Testament written 
mostly in Hebrew, revised, edited and re-edited 
between approximately 1000 BC and 100 AD. 
Genesis describes in detail God’s creation of the world 
in six days.  
        Evolution suggests that a new species can result 
from changes in response to environmental conditions 
by randomly occurring mutations.  This flies in the 
face of creationists, who believe all different species 
of today’s living things were created at once and the 
environment can cause only minor mutations such as 
color and size. 
• Creationists say: God did it. 
• Evolutionists say: Nature did it by itself. 
• So which one is right or are they both right?    
 

        Charles Darwin recognized as the father of the 
evolution theory, believed in creation in his early 
twenties and actually considered entering the clergy 
(2). His father encouraged him to enter medical school 
at Edinburgh University.  At Edinburgh he developed 
an interest in entomology (insects) that expanded to 
other scientific interests such as fossil hunting & 
geology.  He dropped out of Edinburgh but in 1831 
received a degree in Divinity from the University of 
Cambridge. 
        John Stevens Henslow, one of Darwin’s botany 
professors at Edinburgh, who recognized Darwin’s 
prowess in the natural sciences, recommended Darwin 
be named the official naturalist aboard the British 
admiralty ship, the HMS Beagle.  The royal ship was 
to sail around the world for two years (later extended 
to five) and collect specimens of plants, insects, 
fossils, animals, birds, etc. In December 1831, at the 
age of twenty-two, Darwin accepted the appointment 
and left England aboard the HMS Beagle as its 
naturalist.   
        Within a year of returning from his voyage in 
1836, Darwin realized that among the specimens he 
had collected from the different Galapagos Islands 
(600 miles from South America off the northeastern 
tip of the continent) were some finches that appeared 
to have differences in appearance. The birds were 
collected from different islands within the Galapagos 
chain. He hypothesized that all of the finches were just 
minor variations of a single species.  In-depth 



Journal of American Science                                                                                                                 2010;6(10)   

  

 466

examination though, proved that each bird was a 
totally different species, not just minor variations of a 
single species. After more study and many more 
observations, Darwin developed his theory of 
evolution that challenged creationists’ belief that God 
created all species of life during the 6 days of creation. 
        He spent the next 20 years making more voyages 
and more observations to convince himself that his 
theory of evolution was correct.  In 1859, he published 
his book “On the Origin of Species”.   It was an 
immediate success.   
        In his book, which challenged creation as defined 
by Genesis, Darwin states that the different forms of 
life on earth were the result of natural selection over 
long periods of time. This contradicted the creation 
theory that Darwin strongly believed in before he left 
on his first voyage.  
        For thousands of years prior to Darwin’s theory, 
creation was the only game in town.  The Bible was its 
reference and no one was about to challenge it.  Some 
tried.  In 1600, Italian philosopher Giordano Bruno 
was burned at the stake as a heretic for speculating 
that planets besides earth could be inhabited.  In the 
1630’s, the Italian astronomer Galileo challenged the 
bible when he told Pope Urban VIII that he supported 
Copernicus’s theory that the earth is not the center of 
the universe.  Galileo was imprisoned and forced by 
the Inquisition to recant his theory in 1633.  
        Darwin was at the right place and time when he 
published his theory on evolution.  If he had published 
his book in the 1600’s he would have been burned at 
the stake for heresy. Science has shown that evolution 
happened in the past, is happening now, and will 
continue to happen in the future. 
 
METHODS 

Here’s where we “Jump the Shark,” 
(1970’s U.S.A. expression meaning “going far over 
the line”).   
        There were two totally different types of 
evolution.  The evolution that Darwin detected and 
wrote about was actually the second evolution.  He 
never knew the first evolution existed.  In this the 21st 
century, the first evolution still remains undiscovered 
and unreported by the scientific community.  The first 
evolution made it possible for the second evolution to 
occur. 
When and where did this first evolution occur? 
        Genesis reveals the answer (3).  The passage we 
refer to appears after Adam and Eve are expelled from 
Eden for disobedience, made mortal and subjected to 
death.  
         Genesis 4:1-2 “…..And Adam knew Eve his 
wife and she conceived, and bare Cain… 
         And she again bare his brother Abel.”  

        This passage reveals what their creator did to 
change Adam and Eve’s genome (the total of all the 
genes in a specific life form) to prevent the extinction 
of their species after they were made mortal, subject to 
death as a punishment for their disobedience.   He 
gave them a sex gene that allowed them to have 
offspring, which prevented their species from dying 
out.  
        When Adam and Eve were originally created as 
an immortal male and female, a sex gene was not 
necessary to create their gender.  When they became 
mortal subject to death, their creator placed an "X" sex 
gene in Eve’s DNA and a "Y" sex gene in Adam’s 
DNA by giving them an extra chromosome to contain 
this new gene.. 
        Today, humans have 22 paired chromosomes in 
their DNA that contain all 20,000 + genes (4).. We 
also have a 23rd chromosome, which is not paired and 
contains only the X and Y sex gene. It’s all by itself 
and now we know why and when it was put there. 
When two X genes combine, the offspring is female. 
When an X and Y gene combine, it is a male.  
        The sex gene became a double-edged sword. It 
prevented the species from dying out but it also 
corrupted a once perfect genome when it was added. 
This "punishment" was made universal upon all living 
things after the disobedience of Adam and Eve. . 
        What scientific data do we have that suggests 
when the “X” and “Y” sex gene were created and thus 
when Adam and Eve were ejected from the Garden of 
Eden? 
        In a Business Week magazine article, published 
on November 15,1999, the scientists David Page at the 
Whitehead Institute for Biological Research in 
Cambridge, Massachusetts and Bruce T. Lahu of the 
University of Chicago were quoted in the well 
respected magazine SCIENCE that the first 
appearance of the “X” and “Y” chromosomes that 
determine sex appeared some 250 million years ago.  
The formation of the earth’s largest landmass occurred 
250-260 million years ago. At that time, all the current 
five continents were joined together as one large 
landmass called Pangaea (5). It is most likely during 
this period that Adam and Eve were created and 
eventually ejected from the Garden of Eden.   
        The DNA of all Adam and Eve’s offspring 
became more corrupt with each generation because of 
this added chromosome containing the “X” and “Y” 
gene.  After millions and millions of years, the DNA 
deteriorated until it reached its very bottom and most 
basic structure. This is the DNA- Singularity.  When 
this point was reached the descendents of Adam and 
Eve no longer resembled their original parents.  Their 
physical appearance was reduced to that of primates 
that resembled chimpanzees.  This degeneration 
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process that occurred over millions of years can best 
be described as “Reverse Evolution”. 
        Webster has no definition for “Reverse 
Evolution” but defines “reverse” as “causing 
backward movement.”   Putting together the definition 
of “evolution” with the definition of “reverse”, we can 
define “Reverse Evolution” as an evolution going in 
the opposite direction.  Reverse Evolution degenerates 
a complex system to a more simple system. It does the 
opposite of evolution.  
        During human reverse evolution, the DNA 
degenerated. Adam and Eve’s perfect DNA contained 
three billion active steps that made up their spiral 
DNA staircase and created millions of genes. A gene 
contains a sequence of nucleotide letters on the DNA 
strand that alter cell functions.  They are designated by 
the letters commonly referred to as ATCG.  These 
three billion active steps that created millions of genes 
were the reason for Adam and Eve’s immortality. 
        Humans today still have three billion steps in 
their DNA but only 10% are active creating only 
20,000+ genes. .  The remaining 90% of the inactive 
steps have been commonly referred to as “junk DNA”.   
Originally, Adam and Eve had no “Junk DNA”.  Their 
DNA was perfect containing millions of genes and the 
reason for their immortality.  
        It took millions and millions of years before the 
three billion active steps through reverse evolution 
were reduced down to a basic structure (DNA-
Singularity) with only a small number of active steps 
creating a small number of genes.  Until the DNA 
reached this low level, the genome was too well 
organized to be influenced by the outside 
environment. Once reaching DNA- Singularity, 
evolution could begin.  The outside environment was 
able to re-stimulate DNA steps that became inactive 
during reverse evolution. When this transition 
occurs it marks the end of the creation cycle and 
the beginning of the evolution cycle.  This is as 
close as one will get to a missing link. 
        What is most important to remember is that the 3 
billion-step blueprint for a perfect DNA remained 
intact in the DNA, during the reverse evolution 
process. Although most of the steps became inactive 
over the generations, the blueprint remained.  
 
RESULTS 
 
How do we prove Reverse Evolution occurred? 
        Evolution is confirmed by comparing very old 
fossils with relatively modern fossils of the same 
species.  The differences between the two show the 
effect of evolution on that species over time.  During 
the evolution process, the species advances from a 
simple form to a more advanced form.  In Reverse 
Evolution we have the opposite affect.  A 

sophisticated, complex species degenerates over time 
to a simpler species but not a new one. 
        Proving that reverse evolution occurred in 
humans requires comparing the fossilized bones of the 
same species from two different time periods.  One 
would be the pre-historic period (3-5 million years 
ago) versus the Pangaea period, (250+ million years 
ago), the time of Adam’s creation.  
        As of 2009, Paleontologists have discovered only 
two hominid fossilized skeletons from the pre-historic 
period.  Enough remains were unearthed to determine 
their adult structure and appearance.  Both were 
females.  
        The first skeleton was discovered in 1974 in the 
desert of Ethiopia near Hadar (6). She was 3.2 million 
years old, three and one half feet tall, with an 
estimated weight of sixty pounds. The March, 1996 
issue of DISCOVER magazine reported that 
anthropologists named her “Lucy” because the Beatles 
song “Lucy In The Sky With Diamonds” was playing 
on the radio at the time of her discovery.  Her 
scientific name is Australopithecus afarensis.  Lucy 
closely resembled a chimpanzee.  
        The second fossilized hominid skeleton was 
discovered in 1994 in the Awash River bed in 
Ethiopia close to where “Lucy” was discovered (7).   
This new discovery was 4.4 million years old (one 
million years older than ‘Lucy”), four feet tall and 
weighing 110 pounds. She was nicknamed “Ardi”, 
after her scientific name Ardipithecus rumibus.  It 
took fifteen years to remove enough bones from 
hardened sediment to discern Ardi’s appearance. The 
small size and large number of bones in the human 
body contributed to the difficulty in locating and 
removing enough bone fragments to calculate overall 
body size, structure and appearance. Results were 
published in the October 2, 2009 issue of SCIENCE. 
        At only one million years older than Lucy, Ardi 
shows some significant differences that surprised 
paleontologists.   She was less chimp like than Lucy, 
just the opposite of what was expected of a humanoid 
living one million years earlier.  
        Ardi lacked many typical features of 
chimpanzees.  She had a chimp-size brain but it was 
positioned more like modern humans.  Her upper 
canine teeth were close in size to those of modern 
humans and not the large canine teeth of chimps.  The 
large bones of her upper pelvis allowed her to walk on 
two legs without the side-to-side lurching typical of 
chimps. She did not walk on her knuckles like 
chimpanzees and her face did not project forward as is 
typical of modern apes. Ardi lacked arches but had a 
thumb-like big toe to facilitate tree climbing.  

Ardi’s profile suggests she was more modern 
than Lucy, even though she was one million years 
older.  
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DISCUSSION 
        If Reverse Evolution occurred, the further back in 
time we go towards the Pangaea period the more 
modern looking human fossils should appear.  It may 
take another 25, 50 or 100 years to locate and unearth 
human remains old enough to confirm Reverse 
Evolution occurred. 
        However, we may not have to wait decades to 
prove Reverse Evolution. Genesis speaks not only of 
the creation of Adam and Eve, but also of the many 
other life forms placed in the Garden of Eden for 
Adam’s pleasure. 
        When Adam and Eve were ejected from Eden so 
too were all the animals.  The same punishment that 
befell Adam and Eve was passed on to all the other 
life forms in Eden.  Reverse Evolution was passed on 
to all living creatures.   
        What if paleontologists can prove that one of the 
pre-historic animals that existed on earth was the 
result of reverse evolution?  Whether it happened in 
humans or in animals, Reverse Evolution confirms 
that these entities originally came into being as 
completed species and thus were created.  
        Scientists agree that there is overwhelming 
evidence that today’s bird evolved from small 
predatory dinosaur’s known as theropods (8).  If 
today’s birds evolved from dinosaurs through 
evolution, is there evidence to indicate that dinosaurs 
devolved from birds through Reverse Evolution? 
 
The answer is yes. 
 
Where did the original birds come from? 
 
Genesis tells us. 
 
Genesis 1:20:  “…and God said, let the waters bring 
forth abundantly the moving creatures that hath life, 
and fowl that may fly above the earth….”  
 
        As Adam and Eve were created perfect, so too 
were all the creatures that were placed in the Garden 
of Eden.  When God punished Adam and Eve for 
disobedience, they were ejected from Eden and made 
mortal with the inclusion of the sex gene.  So too were 
all the creatures of Eden.  Their genomes were also 
corrupted with a sex gene to keep their species from 
dying out. 
 
How did birds devolve into dinosaurs? 
 
The same way dinosaurs evolved into today’s birds 
with one major difference.   
 
.  
 

        Reverse Evolution was the force that transformed 
a particular bird DNA from the Garden of Eden into a 
dinosaur.  The added sex gene corrupted their once 
perfect genome.  Each succeeding generation 
compounded the corruption until it reached its lowest 
point, DNA Singularity. This may sound impossible 
but not any more so than today’s scientists telling us 
modern birds are descendants from dinosaurs.   
        Dinosaurs’ first appeared on earth during what is 
called the Triassic period (248 million years ago) (9).  
Dinosaurs ruled over the earth for more than 150 
million years.  Over 500 species existed.  The most 
famous was the flesh-eating dinosaur, Tyrannosaurus 
rex.  It weighed in at seven tons, was forty feet long 
stood eighteen feet high and had sixty teeth, some a 
foot long.  It ruled over the earth for more than two 
million years (67 – 65 million years ago).  
        One of the most notable oddities in the 
appearance of the Tyrannosaurus rex dinosaur were 
those two vestigial forelimbs that are very small 
relative to overall body size and had severely limited 
function.  In addition, each forelimb had two fingers 
that had restricted capabilities and could not even 
reach its mouth.  The arms were not the result of a 
defective gene, but most likely non-functioning genes.  
Those arms on Tyrannosaurus rex were once wings on 
a bird.  As Reverse Evolution degenerated the bird’s 
genome to a land animal, the need for wings 
disappeared. In time, the gene became non-
functioning and T-rex wound up with those severely 
“puny” forearms.  
        Since 2000, there have been numerous 
discoveries linking dinosaurs’ ancestors to birds. 
The following are just a few of the noted discoveries.  
 

In 2002, a finding was reported in NATURE 
magazine of a 128 million year old, three-foot 
fossil of a dinosaur, Dromaeosaur (10). It had 
full-fledged mature feathers identical to those 
found on modern birds including plumage on its 
hind legs and tail that had hollowed bones like a 
bird. 
 
NATURE magazine also reported in January 
2003, a new dinosaur called Microraptor gui that 
lived 120 million years ago (11).  It was a four-
winged flesh-eating dinosaur that glided down on 
its prey from trees. It didn’t fly. 
 
October, 2004, NATURE reported that a 120 
million year old dinosaur, Dilong paradoxus, a T. 
rex predecessor, had primitive feather coverings 
called profeathers on its tail and jaw (12). 
 
January 2010, SCIENCE NEWS cited an article in 
the Sept. 2009 issue of NATURE which reported 
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a pheasant- sized-feathered dinosaur, Anchiornis 
huxleyi, unearthed in northeastern China 
(September 24 Nature) that lived 151 – 161 
million years ago (13). It had two types of 
feathers. One type resembles feathers of modern-
day birds on its legs giving it “wings” on each of 
its four limbs. A similar configuration is seen in 
other feathered dinosaurs (SN: 1/27/07 P. 53) 

 
        Evidence suggests that Tyrannosaurus rex 
devolved from birds as the result of Reverse 
Evolution. However, not until paleontologists show 
reverse evolution occurred in humans, will creation be 
confirmed by the scientific community to everyone’s 
satisfaction. . 
 
        In 1839, shortly after Darwin returned from his 
five-year voyage aboard HMS Beagle, he published 
“The Voyage of the Beagle.”  This publication made 
him a famous naturalist.  In 1842, Darwin moved to a 
remote farmhouse outside of London called Down 
House.  There he wrote  “On the Origin of Species”, 
published in 1859.  Darwin’s book challenged creation 
and subjected him to severe criticism from his friends 
and clergy.  Deeply troubled, he stayed at this 
sanctuary for the rest of his life, where he wrote 
thousands of letters to colleagues. He died in 1882 at 
the age of 73. 
 
CONCLUSION 

When Reverse Evolution is confirmed, 
Darwin’s evolution will no longer challenge creation. 
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Abstract: Physicochemical properties of equimolar ratio of pure NiO/Fe2O3 system and that doped with 2 and 4% 

Ag2O were investigated using DTA, XRD and BET. All solid mixtures were calcined at 500, 800 and 1000 ºC. The 

catalytic activity was studied through isopropanol conversion in flow system under normal pressure. X-ray 

diffraction showed the formation of NiO, α-Fe2O3 and NiFe2O4. The activation energy (ΔE) of NiFe2O4 phase 

formation of pure and doped samples was determined .Ag2O doping enhances the formation of NiFe2O4 and 
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1. Introduction: 

         A great deal of fundamental research has been 

done on mixed oxide catalysts in the field  of 

heterogeneous catalysis 1-3.These mixed systems may 

be more active than their individual components4.The 

mixed oxide catalysts are often produced by thermal 

decomposition of mixed solid components of 

transition metals 5. Metal nitrates (hydrates) are the 

most popular precursor components for the 

preparation of oxides and metallic materials with 

wide spread properties, such as high surface catalysts 
6-8. Ferrites have found wide uses in many industrial 

applications such as electronic inductors, 

transformers, electromagnets and semiconductors 9-11. 

Several preparation methods were used such as 

hydrothermal synthesis 12,13 , sol-gel 14,15 or co-

precipitation16 techniques. Solid-state interactions 

may be formed as a result of thermal treatment 

depending on the prehistory of parent solids, their 

ratio and also by the addition of foreign oxides17-23. 

Ferrites crystallize in three crystal types, namely, 

spinel, garnet and magnetoplumbite 24.The general 

chemical formula of ferrite is (MFe2O4) n where M 

represents a metallic cation, it is often divalent but 

other valences are possible if the number of anions is 

doubled. 

      MIBK (methyl isobutyl ketone) is an important 

product used as useful solvent for paints and resin-

based protective coating systems25, 26, an important 

reagent dewaxing mineral oils26 extracting agent for 

the production of antibiotics and commercial 

lubricating oils and intermediate for production of 

various plastics and resins27. MIBK is produced by 

using bifunctional catalyst, indirectly during the 

conversion of iso-propanol as follow: (i) 

dehydrogenation of iso-propanol to acetone, (ii) self-

condensation of the resulting acetone to meistyle 

oxide (MO) and (iii) hydrogenation of MO to MIBK 
28.      

      The present work reports the results of a study on 

the effects of calcination temperature and doping 

with different amounts of Ag2O on the physical and 

catalytic properties of NiO/Fe2O3 system. The pure 

and doped samples were calcined at 500, 800 and 

1000ºC for 3 hours and characterized by DTA, XRD 

and BET techniques. The catalytic activity of all 

solids was measured by using catalytic conversion of 

iso-propanol in flow system under normal pressure. 

 

2. Materials and Experimental: 

2.1. Materials 

           Equimolar mixtures of ferric nitrate and nickel 

nitrate were dissolved in the least amount of distilled 

water, dried at 110°C then heated in air at 

temperatures 500, 800 and 1000 °C for 3 hr. Two 

doped mixed solid samples were obtained by treating 

a known mass of thermally untreated mixed solids 

with calculated amount of silver nitrate dissolved in 

the minimum amount of distilled water, dried at 110 

°C, then calcined at 500, 800 and 1000°C for 3 hr. 

The concentrations of silver oxide were 2and 4 

mol%.  All chemicals used were of analytical grade 

supplied by BDH. 

2.2. Techniques  

         DTA curves for the pure and doped uncalcined 

samples were performed in air atmosphere using a 
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Shimadzu Japan50M thermal analyzer .The parent 

mixtures were heated from ambient up to 1000°C 

under a heating rate of 5°C / min.  

  X-ray diffractograms for the calcined samples 

were recorded via Philips model diffiractometer type 

X Pert MPD at   = 1.54 cm-1 with a source of Cu-Kα 

radiation and gravite monochromator at35 kV and 

20mA. Data were collected over the range 4 < 2 < 

90 with continuous scan mode. The d-spacing were 

calculated for all samples and compared with relative 

intensities and characteristic spacing of ASTM cards 
29. 

        The surface area of pure and doped samples 

calcined at 500, 800 and 1000°C were determined 

from nitrogen adsorption isotherms measured at -

196°C after degassing at 250°C for 2hr to eliminate 

air and water vapour 30. 

       The catalytic activity was measured using a flow 

technique31. The catalyst sample was introduced into 

the quartz reactor, and reactivated in situ by 

calcinations at 500°C for 2hr in a current of dry air free 

from CO2 .The activated catalyst was then cooled to the 

required reaction temperature. The isopropyl alcohol 

was introduced using micro dose pump (Unipan 335A). 

The speed of feeding was kept constant at 7.2 × 10-1 

min-1, and the reaction temperature was in the range of 

250 –450°C. The gaseous and liquid products were 

analyzed by gas – liquid chromatography (Perkin Elmer 

8600) with flame ionization detector on column5% 

CW1540 on CSORB (GAW-DMCS) using nitrogen as 

a carrier gas.                

 

3. Results and Discussion:  

3.1. Thermal behavior  

       Figure 1 shows the DTA curves of pure mixed 

solids of nickel and ferric nitrates and that doped 

with Ag2O. From this figure it can be shown for the 

pure mixed solid three endothermic peaks located at 

83, 161 and 273°C   indicating the removal of 

physisorbed water, water of crystallization and NO2 

produced from the thermal decomposition of 

nitrates.  

       The DTA curve of 2% Ag2O –doped mixed solid 

shows three endothermic peaks at 81, 161and 266 °C. 

The DTA curve of 4% Ag2O –doped mixed solid 

shows three endothermic peaks located at 72, 165 and 

261. 

         The comparison of DTA curves of pure and 

doped solids revealed that silver –doping enhanced 

the removal of water and thermal decomposition of 

both nickel nitrate and ferric nitrate into their 

corresponding oxides. The endothermic peak relative 

to this process shifted from 273.5to 266 and 261 °C 

respectively.  

 

3.3. XRD investigation 

         Figures (2- 4) represent the X-ray diffractograms 

of pure NiO/Fe2O3 and various Ag2O –doped samples 

calcined at 500, 800 and 1000°C.Table 2 shows the 

effect of Ag2O doping and calcination temperature of 

the mixed oxide  system on the crystal size of  NiO and 

NiFe2O4 phases. It was observed that doping with 

Ag2O enhancing the formation of nanosize nickel 

oxide and nickel ferrite crystals. The sample doped 

with 4% Ag2O exhibits the lowest crystal size of 

12nm. Increasing the calcination temperature increases 

the crystal size. At 1000 °C all samples form phases 

with crystal size (60-66nm). The characteristic 

diffraction lines of nickel ferrite of high intensity at d-

spacing of 2.51Å (100%) and 1.47 Å (40%) are 

common between α- Fe2O3 and NiO, to talk about 

solid-solid interaction El-Shobaky et al.17  suggested 

that diffraction lines at d-spacing values of 2.94 and 

4.81 Å are characteristic „key- lines‟ of  the  NiFe2O4 

phase. The variation of the peak heights of the 

characteristic diffraction lines are listed in Table 2 

which indicates the formation of NiFe2O4 phase 23 .The 

obtained data emphasized that:  (i)    pure and doped 

samples calcined at 500 °C consisted of diffraction 

lines of NiO, Fe2O3 and NiFe2O4 phases with the 

disappearance of any diffraction lines corresponding to 

silver phase in the doped samples. (ii) The peak 

heights and the degree of crystallinity of NiO, Fe2O3 

and NiFe2O4 phases were found to decrease with silver 

doping at 500°C which may be attributed to the 

formation of amorphous silver ferrite at this low 

temperature. (iii) The crystal size of NiFe2O4 phase 

formed over pure and doped samples calcined at500°C 

exhibit nanosize of 20, 15 and 12nm respectively. The 

degree of crystallinity and peak height of NiFe2O4 

phase were decreased with increasing silver doping. 

(iv)The X-ray patterns of pure and variously doped 

solids calcined at 800 °C   consisted of NiO, Fe2O3 and 

NiFe2O4 phases with the appearance of new diffraction 

lines of Ag metal. (v) Further increase in calcination 

temperature to 1000 °C for pure sample resulted in 

decrease in NiO  peak‟s height and disappearance of 

Fe2O3 diffraction lines accompanying with increasing 

of NiFe2O4 peak‟s height. (vi)Diffractograms of doped 

samples calcined at 1000°C show increase in 

crystallinity of NiO and NiFe2O4 phases, the existence 

of the diffraction lines of Fe2O3 and Ag metal at this 

temperature emphasized the formation of Ag2Fe2O4 at 

low temperature which decomposed at higher 

temperature. 

      Inspection of the above results indicates that: (i) 

Solid-solid interactions take place between NiO and 

Fe2O3 when the samples calcined at 500°C. (ii)The 

presence of diffraction lines of free oxides at 1000°C 

indicate that the complete conversion of these oxides 

into NiFe2O4 requires a prolonged heating at 

temperature 1000°C or higher. (iii) Doping the 
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investigated system with 2and 4% Ag2O enhanced 

the formation of nickel ferrite and decreased the 

crystal size of formed phases. 

      According to Arrhenius equation the activation 

energy of nickel ferrite formation (ΔE) for pure and 

doped solids can be determined by plotting the peak 

height of the diffraction line at d-spacing 2.94 Å 

versus 1/T, a straight line is obtained its slope 

determines (ΔE) value 23 . The computed (ΔE) values 

were 30, 34 and 40 kJ mol-1for pure NiO/Fe2O3, 

NiO/Fe2O3 +2%Ag2O and NiO/Fe2O3 +4% Ag2O. 

  

3.2. BET measurements 

      The specific surface area (SBET) conducted at -

196°C of pure and doped samples calcined at 500, 

800 and 1000°C was determined from nitrogen 

adsorption isotherms. Fig.5. represents the 

corresponding isotherms of the samples calcined at 

500 °C, they are of type III, reflecting the very low 

affinity of nitrogen to the surface. Table 1 indicates 

very low surface area for the prepared samples which 

is slightly changed with Ag2O doping %. 

 

3.4. Catalytic measurements  

               The catalytic conversion of iso-propanol 

was studied using flow system under normal pressure 

over pure and doped NiO/Fe2O3 samples precalcined 

at 500, 800 and 1000ºC. 

       Preliminary experiments showed significant 

catalytic activity and the durability of the investigated 

catalysts. This was done by carrying out the 

experiment on one and the same catalyst five times 

showing the same catalytic activity towards iso-

propanol conversion. The reaction products indicate 

that the reaction proceeds via two processes: 1-

dehydration and 2- dehydrogenation. The products 

are propene, diisopropyl ether and acetone which is 

the major product as emphasized with GLC. Another 

side reaction takes place which is the self-

condensation of the produced acetone followed by 

hydrogenation to give methyl isobutyl ketone 

(MIBK) 32 . The total conversion of iso-propanol and 

catalyst selectivity towards various products was 

much affected by the amount of dopant, calcination 

temperature and reaction temperature. 

       Figure 6 shows the variation of the total 

conversion % of iso-propanol over pure and doped 

calcined samples with different temperatures, where 

(a) represents the un-doped sample, (b) sample doped 

with 2% Ag2O and (c) that doped with 4% Ag2O .It is 

obvious  that the catalytic activity decreases with 

calcination temperature. The maximum catalytic 

conversion over pure and doped samples was 

observed at 400 °C for all samples calcined at 500 

and 800°C while the samples calcined at 1000°C 

have the highest conversion at 450°C, generally the 

sample doped with 4% Ag2O and calcined at 500 °C 

is the most active one, and the catalyst doped with 

2% Ag2O is the least active one.  

      Figure 7 shows the variation of products % of iso-

propanol conversion over the investigated system 

calcined at 500°C. Acetone is the main product and 

the highest yield is produced over sample doped with 

4% Ag2O, the others are propene, diisopropyl ether 

and methyl isobutyl ketone. 

    Figure 8 reveals that the order of catalytic activity 

is (NiO/Fe2O3+ 4%Ag2O) > (NiO/Fe2O3) > 

(NiO/Fe2O3+ 2%Ag2O).  

       Inspection of the obtained data given in Table 3 

and Figs. 6-8, we can observe that; i) All the 

investigated solids act as dehydrogenation and 

dehydration catalysts and more selective towards 

acetone formation. ii) Dehydration process proceeds 

with limited quantities forming propene and 

diisopropylether. The latter produced in limited 

quantities with all investigated samples and its 

selectivity slightly changed with calcination 

temperatures, reaction temperatures and Ag2O doping 

%. Propene was observed only with solid calcined at 

500°C. iii) Aldol condensation takes place over 

doped and pure system forming (MIBK) and the 

maximum selectivity and yield were observed with 

catalyst calcined at 500°C. The yield  and selectivity 

% increase with doping % and slightly changed with 

reaction temperature, 4% dopant system at 400°C 

gives maximum yield 7.75% and the selectivity to 

MIBK is 13.30%. iv) Total conversion and selectivity 

toward acetone formation increase with reaction 

temperature and Ag2O doping %. The mixed solid 

system calcined at 500°C exhibit maximum total 

conversion for iso-propanol. It was 58.25% over 

catalyst doping with 4% Ag2O at 400°C while 

maximum yield of acetone was 41.09% over the 

same solid at 450°C. 

      These results can be discussed in the light of the 

following: i) Pure and doped NiO/ Fe2O3 system 

showed high catalytic activity in the 

dehydrogenation of iso-propanol this is attributed to 

the fact that besides the one-component sites Ni+2 or 

Fe+3 there will also be the mixed sites (Ni+2 -Fe+3) 5, 

in addition to the early formation of NiFe2O4 as 

detected by X-ray diffraction.  ii) Doping with Ag2O 

(2 and/or 4%) followed by calcination at 500°C 

increases the total conversion of iso-propanol and 

enhances the selectivity to acetone formation and to 

MIBK. This may be explained in the light of the 

nature of catalytic material used in MIBK synthesis 

from iso-propanol in one step. This material 

contains in intimate contact the metallic and acid –

base sites required for consecutive reactions leading 

to MIBK. iii) Further increase in calcination 

temperature to 800 and 1000°C decreases the 
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catalytic activity of the investigated system this may 

be due to sintering effect, but the investigated 

catalyst still have detectable catalytic activity and 

selectivity to acetone formation and MIBK. This 

may be attributed to the increase of concentration of 

NiFe2O4 compound. 

 

 

 

Table 1: The variation of crystal size of nickel ferrite and nickel oxide with calcination temperature and doping % of 

Ag2O 

Samples Crystal size of NiFe2O4,nm Crystal size of 

NiO,nm 

(ΔE)of NiFe2O4 formation,kJ 

mol-1 

500    800        1000,    ˚C      500     800      1000, ˚C  

NiO/Fe2O3 20 28 60 40 50 60 29.9 

NiO/Fe2O3+2%Ag2O 15 48 60 39 55 61 34.2 

NiO/Fe2O3+4%Ag2O 12 36 66 33 54 65 40.4 

 

 

 

Table 2 : Effect of calcination temperature and Ag2O-doping of NiO/Fe2O3 system on the peak height of main diffraction 

lines of NiO, Fe2O3 , NiFe2O4 and Ag phases 

Pure and doped 

samples 

Calcination 

temperature,            

°C 

SBET 

m2/g 

NiO(a.u.) 

(d=2.08)  

  (100%)    

Fe2O3 (a.u.) 

(d=2.69) 

(100%) 

NiFe2O4 

(d=2.94 

(29%) 

 Ag(a.u.) 

(d=2.35) 

  (100%) 

NiO/Fe2O3 500 10.3 1358 263 87 ---- 

2% Ag2O 500 10.1 1225 217 88 ---- 

4% Ag2O 500 12.2 1032 175 60 ---- 

       

NiO/Fe2O3 800 5.6 1527 88 259 ---- 

2% Ag2O 800 5.0 1417 107 521 54.7 

4% Ag2O 800 4.6 1367 34 447 28.7 

       

NiO/Fe2O3 1000 2.4 1346 --- 581 ---- 

2% Ag2O 1000 2.3 1642 38 654 43 

4% Ag2O 1000 2.3 1639 40 639 162 

 

 

 

Table 3: Effect of calcination temperature and Ag2O –doping of NiO/Fe2O3 on total conversion of isopropanol, selectivity 

to propene, acetone, diisopropylether and MIBK using pure and doped samples at reaction temperature 400°C 

  Solid(NiO/Fe2O3)+dopant 

concentration 

Calcination 

temperature, 

     °C 

ΔE, 

kJ 

Total conv.                  

% 

Spropene       

       % 

Sacetone   

% 

Sdiisopropylether 

        % 

SMIBK  

   % 

                        at     400 °C 

Pure solid NiO/Fe2O3 500 44.38 34.45 7.02 60.26 7.07 7.58 

NiO/Fe2O3 +2% Ag2O 500 44.82 29.97 2.47 61.09 8.31 8.54 

NiO/Fe2O3 +4% Ag2O 500 43.03 58.25 1.58 64.26 13.30 8.64 

Pure solid 800 49.34 32.02 7.04 63.87 4.59 5.84 

NiO/Fe2O3 +2% Ag2O 800 59.74 28.42 _ 68.61 5.42 6.58 

NiO/Fe2O3 +4% Ag2O 800 51.20 44.44 - 71.49 8.55 6.82 

Pure solid 1000 44.40 16.19 - 75.11 7.53 5.68 

NiO/Fe2O3 +2% Ag2O 1000 50.37 15.54 - 56.43 6.31 9.52 

NiO/Fe2O3 +4% Ag2O 1000 50.67 17.46 - 71.82 4.29 7.27 
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Fig.1. DTA of pure and doped mixed solids with formula (NiNO3.9H2O+3Fe (NO3)3. 9H2O  +2or 4%AgNO3). 

 

 

 
Fig.2. XRD patterns of pure and doped solids precalcined at 500˚C (a) pure, (b)doped with   2%Ag2O and  

(c) doped with 4%Ag2O  [1-NiO, 2-Fe2O3 and 3-NiFe2O4]. 
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Fig.3. XRD patterns of pure and doped solids precalcined at 800˚C (a) pure, (b)doped with 2%Ag2Oand 

          (c) doped with 4%Ag2O   [1-NiO, 2-Fe2O3 and 3-NiFe2O4]. 

 
Fig.4. XRD patterns of pure and doped solids precalcined at 1000˚C a) pure, (b) doped with 2%Ag2Oand 

        (c) doped with 4%Ag2O  [1-NiO, 2-Fe2O3, 3-NiFe2O4 and 4-Ag2O]. 
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Fig.5. N2 adsorption-desorption isotherms of pure and doped samples calcined at 500˚C (a) pure, (b)doped 

with 2%Ag2O and (c) doped with 4%Ag2O. 

 

 
Fig.6. Catalytic conversion of iso-propanol on pure and doped samples calcined at 500, 800 and 1000˚C. 
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Fig.7.Products % of IPA conversion on pure and doped samples calcined at 500˚C. 

 

 

 
 

Fig.8. Effect of Ag2O doping % on the catalytic conversion of IPA over pure and doped samples calcined 

          at 500˚C. 

 

 

4. Conclusions      

1. Treatment of equimolar proportions of nickel 

nitrate and ferric nitrate with AgNO3 (2 and 4%) 

enhanced the thermal decomposition of these 

salts to NiO and Fe2O3. 

2. Solid interaction between α-Fe2O3 and NiO 

occurred at temperatures starting from 500°C to 

produce nanocrystalline NiFe2O4  and NiO. This 

was accompanying with the formation of silver 

ferrite which decomposed at higher temperature 

yielding silver metal and ferric oxide. The 

activation energy of  NiFe2O4 formation was 

found to be 30, 34 and 40 kJ mol-1   respectively. 

3. The surface area of NiO/ Fe2O3 system was found 

to be of small value with type III adsorption 

isotherms.  Doping with a small amount of Ag2O 

slightly increase the surface area ,while heating 

the studied samples to 800 and 1000 °C results in 

a sharp decreased in surface area.  

4.  The catalytic conversion of iso-propanol using 

pure NiO/ Fe2O3 and Ag2O-doped shows that 

acetone is produced as the major product and 

another side reaction takes place which is the 

self-condensation of acetone to methyl isobutyl 

ketone (MIBK). Ag2O-doping of NiO/ Fe2O3 

system enhances the total conversion of iso- 

propanol and the selectivity to MIBK to 7.75 and 
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13.30 % respectively. This may be attributed to 

the presence of the pairs of active sites. 

5. Catalytic activity and selectivity to MIBK did 

not decrease by rising the reaction temperature to 

400°C with doped system which may be 

attributed to the fact that, Ag2O-doping decreases 

coke formation.  
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Abstract:  Taxonomic relationships of 12 species representing three tribes of Momosoideae were studied using both 
the morphological characters and pollen grain characters as well as molecular data obtained by RAPD-PCR, AFLP 
and ISSR analysis. Nei coeffidient was used to compute the similarity matrices and the UPGMA method was to plot 
five dendograms demonstrating the relationships among the examined species. The 1st based on morphological and 
pollen grain character, the 2nd based on molecular criteria obtained by RAPD-PCR analysis, the 3rd based on ISSR 
analysis, the 4th based on ALFP analysis, and the 5th was based on all the information based on all the molecular 
parameters. The overall work culminated in discussion of the taxonomic position which was suggested by other 
workers. The collective dendogram based on the molecular data, even though apparently different from that based 
on morphological characters show similar relationships with the morphologically based dendogram. For instance, it 
shows a close relation among Albizia julibrissin, Al. lebbek (originally both belong to Ingeae) and Faidherbia albida 
(originally belongs to Acacieae). Calliandra haematocephala was separated from other species compared with 
morphological based dendogram which also separated it but within the same group with Albizia julibrissin, Al. 
lebbek and Faidherbia albida. This supports the view that Calliandra haematocephala represnts a distinctive 
character in the Mimosoideae.  [Journal of American Science 2010;6(10):479-491]. (ISSN: 1545-1003).  
 
Keywords: Mimosoideae, Genetic relationships. 
 
1. Introduction: 
  The subfamily Mimosoideae includes three 
tribes Acacieae Benth. Ingeae Benth. and Mimoseae 
Born (Bentham, 1842). Tribe Acacieae includes only a 
single genus Acacia Mill as stated by Bentham (1875). 
However, Vassal (1972&1981) stated that tribe 
Acacieae contains two genera; the large cosmopolitan 
genus Acacia and the monotypic African genus 
Faidherbia A. Chev. Guinet (1981) stated that 
Faidherbia is troublesome as it has stamens that are 
shortly united at base and has pollen similar to taxa of 
the Ingeae, but was placed in Acacieae. The tribe 
Mimoseae Bron shares the character state of free 
stamens with the Acacieae, but the Mimoseae has as 
many or twice as many stamens as petals while the 
Acacieae has numerous stamens (Vassal, 1981). 
Guinet (1990) noted that the pollen structural 
symmetry was shared by some Mimoseae and Acacia 
subgenus Acacia. She concluded that such conflicting 
character states would lead to difficulty in making a 
classification based solely on morphological 
characters. El Azab (2005) concluded that the genus 
Faidherbia of the tribe Acacieae is better transferred 
into the tribe Ingeae based on the character of stamen 
and pollen grains. She suggested that some Acacia 
specie may be differentiated into different groups 
according to pollen characters. She also noted similar 
pollen characters in some Acacia and Albizia.   
           Many investigators have described in details 
the use of PCR technique to detect polymorphism 

among different plants (Weining & Langridge, 1991; 
Waugh & Powell, 1992). Rashmi et al. (2004) studied 
identification and genetic relationships in six tree 
species of Acacia using RAPD markers. A total 253 
distinct DNA fragments were amplified by using 17 
random primers which revealed a wide range of 
variability within the species. They concluded that 
these RAPD markers have the potential for 
conservation and characterization of genetic 
relatedness among the species. Bessaga et al., (2004) 
analyzed natural populations of Prosopis species 
(Leguminosae: Mimosoideae) by the RAPD technique 
with the purpose of obtaining markers for species and 
hybrid identification. Five bands provided a tool for 
identifying any of the Prosopis species studied. 
Mattagajasingh et al., (2006) employed RAPD 
technique using 22 primers to assess genetic diversity 
and inter-specific relationships among nine taxa of 
calliandra (Leguminosae: Mimosoideae). They stated 
that the intra-generic classification and phylogeny 
inferred from molecular markers support the 
traditional classification of the genus based on 
morphological characters but one species showed 
different position. Josiah et al., (2008) used ISSR and 
RAPD markers to detect genetic variation within and 
among four Kenyan populations of Acacia senegal, 
which were considered as a multipurpose tree species, 
highly valued for Arabic gum production. The 
populations were delimited in two groups reflecting 
geographical sub-structuring and concluded that 
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conservation should target individual trees within 
populations and cover the entire ecological amplitude 
of the populations. Hemeida et al., (2004) used the 
AFLP marker to fingerprint five Acacia species. 
AFLP data were also analyzed to evaluate the species 
relationships using different clustering algorithms.    
They found that AFLP revealed great generic 
variation in Acacia. Finally, they concluded that 
AFLP is a reliable technique and provides one of the 
most informative approaches to ascertain genetic 
relationships in Acacia, which may also be true for 
other related genera. 
 
2. Materials and Methods: 
I. Materials 
   Table 1 shows the source of the studied species and 
assigned to their tribes as proposed by Elias (1981).  
 
II. Methods 
A. Vegetative and Pollen Grain Characters 
   Morphology of the examined species were carefully 
described from trees growing in their sites. Characters 
not investigated by the authors were compiled from 
Bailey (1976) and Täechkolm (1974). The pollen 
characters are cited from El Azab (2005).  

 
B. Molecular   
   This work was carried out at the Environmental 
Stress Laboratory (ESL), at the Agricultural Genetic 
Engineering Research Institute (AGERI), Agricultural 
Research Center (ARC), Giza, Egypt, in cooperation 
with the Department of Botany, Faculty of Science, 
Ain Shams University.  
 
DNA Extraction 

Several protocols for plant DNA isolation 
failed to produce good quality DNA from plants. We 
therfore developed a protocol based on Del Rio et al., 
1996 and the Anna Maria et al., 2001 methods by 
adding absolute methanol to the exraction buffer leaf 
in order to reduce complex polysaccharide and 
secondary metabolites. 

RAPD-PCR reactions were conducted using 
23 random 10-mer primers with the sequences shown 
in table 2. Amplification was carried out in a Hybaid 
thermocycler   programmed as follows: 94oC/4 min (1 
cycle); 94 oC/1 min, 37 oC/1 min, 72 oC/2 min (40 
cycles); 72 oC/7 min (1 cycle) and 4 oC (infinitive).   

 
Table 1: The studied species are assigned to their taxonomic position according to Elias (1981). 

Subfamily Tribe Species and Synonomy Sources 

Acacieae 

1. Acacia laeta R.Br.ex.Benth. 
2. A. nilotica (L.) Dellile 
3. A. saligna (Labill.) H.L.Wendl. 
4. A. seyal Delile 
5. Faidherbia albida (Delile) A. Chev.= (A.albida Del.) 

Botanic Garden of  Aswan  
Cairo-Alex. Agri.  road (K55)  
Cairo-Suez road (K 66)  
Orman Botanic Garden Botanic 
Garden of Aswan 

Ingeae 
6. Albizia julibrissin Durazz. 
7. Al. lebbek (L.) Benth. 
8. Calliandra haematocephala Haussk. 

Orman Botanic Garden Orman 
Botanic Garden Education Botanic 
Garden & Orman Botanic Garden Mimosoideae 

Mimoseae 

9. Adenanthera pavonina L. 
10. Dichrostachys cineria (L.) Wight & Arn. = (Mimosa 

cineria (L.)) 
11. Prosopis cineraria (L.) Druce = (Prosopis spicigera 

(L.)) 
12. P. juliflora (Swartz.) DC. = (Mimosa juliflora (Swartz.) 

Sw.  

Orman Botanic Garden  
Orman Botanic Garden  
 
Zoo Garden – Giza – Egypt 
Zoo Garden – Giza – Egypt 

 
Table (2): The 23 random 10-mer primer codes and their basic sequences. 

  Primer code Base sequence   Primer code Base sequence 
1 A14 5′   TCTGTGCTGG   3′ 13 O08 5′  CCTCCAGTGT  3′ 
2 B04 5′   GGACTGGAGT  3′ 14 O09 5′  TCCCACGCAA  3′ 
3 B17 5′  AGGGAACGAG  3′ 15 O10 5′  TCAGAGCGCC  3′ 
4 B20 5′  GGACCCTTAC    3′ 16 O11 5′  GACAGGAGGT  3′ 
5 C05 5′  GATGACCGCC   3′ 17 O12 5′  CAGTGCTGTG  3′ 
6 C11 5′  CTCACCGTCC    3′ 18 O14 5′  AGCATGGCTC  3′ 
7 F01 5′  ACGGATCCTG   3′ 19 O16 5′  TCGGCGGTTC  3′ 
8 F09 5′  GAGGATCCCT   3′ 20 O18 5′  CTCGCTATCC  3′ 
9 O03 5′  CTGTTGCTAC    3′ 21 O19 5′  GGTGCACGTT  3′ 
10 O04 5′  AAGTCCGCTC   3′ 22 O20 5′  ACACACGCTG  3′ 
11 O05 5′  CCCAGTCACT   3′ 23 Z13 5′  GACTAAGCCC  3′ 
12 O06 5′  CCACGGGAAG  3′  
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ISSR reactions were conducting using 7 
specific primers (Wolfe & Liston, 1998), as presented 
in table 3. Amplification was performed according to 
Nagoka & Ogihara (1997). The reaction mixture 
consisted of Hot Start Master Mix 12.5 µl, Primer (10 
mM) 2.0 µl, Template DNA (50 ng/µl) 1.0 µl, H2O 
(dd) Up to 25 µl. Amplification was carried out in a 
Hybaid thermocycler programmed as follows: 94oC/4 
min (1 cycle); 94 oC/1 min, 45 oC/1 min, 72 oC/2 min 
(40 cycles); 72 oC/7 min (1 cycle) and 4 oC (infinitive). 
A marker of 1 Kb of a total 14 bands ranging from 
10000 to 250 bp (Ameresco) was used as DNA 
molecular size standard. For both RAPD and ISSR 
finger printing bands were visualized on UV – 
transilluminator.  

 
Table 3: ISSR primer names and their nucleotide 

sequences. 
Primer name Sequence Primer name Sequence 

HB9 (GT)6 GG 814 (CT) 8TG 
HB11 (GT) 6 CC 844A (CT)8  AC 
HB15 (GTG) 3 GC 844B (CT) 8 GC 

17899A (CA) 6 AG   

     
   AFLP analysis was applied according to Vos et al., 
(1995) using the AFLP® Analysis System I - 
invitrogen (cat. no. 10544-013) according to the 
manufacturer's protocol. Samples were prepared by 
cutting the genomic DNA with two restriction 
enzymes (EcoRI and MseI) and ligating with double 
stranded EcoRI and MseI adaptors. The adaptors were 
ligated with the overhanging sticky ends produced by 
the restriction enzymes. Four combinations of EcoRI 
and MseI were used (E-AAC/M-CAC, E-AAC/M-
CTC, E-ACC/M-CTA and E-ACA/M-CAT) used in. 
AFLP products were detected by electrophoresis in 
polyacrylamide denaturing sequencing gel. DNA 
silver staining system (promega, CA, USA) was used 
for band detection. Only sharp PCR fragments were 
scored. Fragments at low intensities were only scored 
as present when they were reproducible in repeated 
experiments using Gelworks 1D advanced software 
(UVP Co., UK). 
 
Data analysis  
   Morphological characters, pollen grain characters as 
well as PCR amplification products were scored 
independently as 1 and 0 for each for the presence or 
absence, respectively for both characters and bands, 
and the obtained binary data were used for the 
analyses.  
   The genetic similarity among studied species was 
determined by Nei’s genetic distance (Nei, 1987) 
modified to accommodate dominant markers (Labate, 
2000) (e.g., RAPD, ISSR and AFLP). A dendrogram 
was constructed based on a distance matrix using the 

Unweighted Pair Group Method with Arithmetic 
averages (UPGMA). All analysis were performed with 
the NTSYS-pc version 2.02 software package 
(Numerical Taxonomy System, Exeter Software) 
(Rohlf, 2000). In addition, correspondence of the 
morphological character, RAPD, ISSR and AFLP 
similarity matrices were performed by means of 
MXCOMP procedure of NTSYS-pc with the null 
hypothesis that there is no association between these 
three similarity matrices. The statistical stability of the 
clusters was estimated by a bootstrap analysis with 
1000 replications using Winboot software (Yap & 
Nelson, 1996).  
               
3. Results and Discussion:  
I- Cluster Analysis as Revealed by Morphological and 
Pollen Attributes. 
        Description of 79 morphological and pollen 
characters used for computation and their binary codes 
(1 & 0) are given in table 4 for numerical analysis. 
The cluster analysis of both morphological and pollen 
characters is shown in figure 1. Similarity indices 
among the studied species (table 5) shows the 
strongest relationships was between A. nilotica and A. 
seyal with similarity index of 89%, followed by that 
between Prosopis cineraria and P. juliflora with 
similarity index of 72%; meanwhile the  weakest 
relationships was scored between Albizia julibrissin 
and P. juliflora with a similarity index of 29%.    
   The dendogram revealed also that the studied 
species were split into two main clusters. The first 
cluster contains Prosopis cineraria and P. juliflora 
while the second cluster contains the rest of the 
species. The second cluster was subdivided into two 
sub-clusters, the first contains Acacia nilotica, A. seyal 
and A. saligna, the second contains two groups. The 
first group was subdivided into two subgroups; one of 
them comprises Calliandra haematocephala while the 
second contained Albizia lebbek, Al. julibrissin and 
Faidherbia albida. The second group contained 
Dichrostachys cineria, Adenanthera pavonina and 
Acacia laeta.  
   Compared to Elias (1981) the above results could be 
discussed as follows:  
 
1- At the cluster level 

The splitting into two main clusters depends on 
the number of associated monads whereas, the first 
cluster including Prosopis cineraria and P. juliflora 
characterized with single pollen grain and the second 
cluster contains the rest of the species which have 
compound pollen grains.   
 
2- At the sub-cluster level 
   The first sub-cluster contains Acacia nilotica, A. 
seyal and A. saligna which are separated at taxonomic 
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distance 0.59 have common morphological characters 
evergreen leaves, symmetrical leaf base, head 
inflorescence , many distinct stamens   heteropolar 
pollen). The clustering of  these Acacia agrees with 
Elias (1981). El Azab (2005) proposed that the 
transfer of A. saligna from Acacieae to Mimoseae due 
to the occurrence of some common features of pollen 
characters which was also stated by Guinet (1969) and 
Sorsa (1969). However, results in the present work do 
not support their proposal.   
   In the second sub-cluster Calliandra 
haematocephala which was separated at taxonomic 
distance 0.58 represents a distinctive taxon confirming 
the view of   Guinet & Hernandez (1989) who stated 
that Calliandra haematocephala is very isolated genus 
within Mimosoideae. In sub-group two Albizia lebbek, 
Al. julibrissin and Faidherbia albida were separated at 
taxonomic distance of 0.62; all have in common many 
stamens connate at the base and common pollen grain 
characters (numerous monads, heteropolar and 
porate). Guinet (1981) stated that the genus 
Faidherbia (which originally belongs to Acacieae) 
raise the problem of limits between Ingeae and 
Acacieae. In this work, the genus Faidherbia is better 
included within the Ingeae. This claim is supported by 
El Azab (2005) who found that this genus differs 
mainly from Acacieae in having 28 to 32 monads; 
thus resembling the Ingeae species. In this context, 
Elias (1981) stated that this genus is distinct from 
Acacieae in pollen characters; and is better transferred 
to tribe Ingeae or at least it represents a link based on 
the many distinct stamens which become connate at 
base. Earlier to this Bentham (1842) suggested that 
Acacieae and Ingeae are very close. Guinet (1990) 
also believed that Acacieae and Ingeae have always 
been considered as very close entities. In conclusion, 
the Acacieae can be distinguished from Ingeae by 
having free staminal filaments while Ingeae has united 
filaments. Vassal (1981) reached the same conclusion. 
In the present work, unless the filament character is 
concerned, no morphological characters can separate 
Ingeae from Acacieae.    

The second group contains Dichrostachys cineria, 
Adenanthera pavonina and Acacia laeta which are 
separated at taxonomic distance of 0.64, all having 
common morphological characters (free stamen, 
asymmetrical leaf base, spike inflorescence and 
straight pod) and also have common pollen characters 
(16 monads, acalymmate and heteropolar). The 
separation of Acacia laeta with the Mimoseae species 
is in agreement with Guinet (1969), who stated that 
there is close pollen similarity between Acacieae and 
Mimoseae. However, El Azazb (2005) on pollen bases 
stated that this species is better included within 
Ingeae. The classification of Acacia laeta as well as 
Faidherbia albida and Acacia saligna should better be 

based on both parameters viz. morphological and 
pollen character.   

 
2.  Polymorphism detected by RAPD analysis 
   RAPD analysis for the studied 12 species utilizing 
23 primers produced 277 total bands incuding 60 
specific markers table 6. All species gave a specific 
marker ranging from one band for Dichrostachys 
cineria to ten bands for Faidherbia albida. Primer 
B17 scored the largest number of markers (6 markers) 
while B04, O12 & O20 gave no specific markers. 
 
Genetic relationships and cluster analysis as revealed 
by RAPD data 
   The dendogram based on RAPD-PCR divided the 
studied taxa into two main clusters; the first cluster 
includes Faidherbia albida and Albizia lebbek, while 
the second cluster includes the remaining taxa. The 
highest similarity index 60.5% was recorded between 
Prosopis juliflora and P. cineraria, while the lowest 
similarity index (25%) was recorded between 
Calliandra haematocephala and Prosopis juliflora 
(Table 7; Fig. 2) 
 
Polymorphism detected by ISSR analysis 
    A high level of polymorphism was generated 
utilizing the seven ISSR primers. A total number of 50 
ISSR bands were obtained. Of these, 49 bands were 
polymorphic (98%) and only one was monomorphic 
(2%) banding (Table 8). The specific markers 
generated by ISSR primers were including 8 positive 
markers and one negative marker ( Table 9).  
    Seven species (Acacia laeta, A. seyal, Albizia 
julibrissin, Calliandra haematocephala, 
Dichrostachys cineria, and Prosopis cineraria ) did 
not reveal specific marker while the largest number of 
markers was produced by A. nilotica, 2 positive 
markers, with fragment size 2120 bp and 1905 bp with 
HB11 and 814 respectively. 
   Similarly, Adenanthera pavonina produced 2 
positive markers with fragment size 2120 bp and 395 
bp against HB15 and 844A respectively. The lowest 
number of markers, 1 positive marker, was produced 
by Faidherbia albida with fragment size 350 bp 
against HB11, Albisia lebbek with fragment size 390 
bp against 814 and Acacia saligna with fragment size 
775 bp against 17899A. P. juliflora produced 1 
negative marker with fragment size 1345 against HB9. 
775 bp against 17899A. P. juliflora produced 1 
negative marker with fragment size 1345 against HB9. 
In conclusion, all ISSR primers used in the present 
study successfully distinguished between the studied 
species in term of all banding pattern. This is in 
agreement with Wolfe et al., (1998) who stated that 
the main advantages of ISSR are higher variability and 
rigid banding pattern. 
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3. Cluster Analysis and Genetic Relationships as 
Revealed by ISSR Data 
   The similarity indices of the studied species utilizing 
ISSR analysis are given in table 10. The strongest 
genetic relationships based on ISSR data was scored 
between A. saligna and A. seyal with similarity index 
of 81% followed by those between Al. julibrissin and 
A. seyal (69%) and between Al. lebbek and Calliandra 
haematocephala (65%). Similarly, the similarity index 
was 65% between Dichrostachys cineria and P. 
cineraria. Low genetic similarity was scored between 
A. saligna and P. juliflora (21%) followed by that 
between Al. julibrissin and P. juliflora (32%).   
   The dendogram developed for the studied species 
divided them into two clusters as shown in figure 3. 
The first cluster is subdivided into two sub-clusters; 
the first sub-cluster separated Adenanthera pavonina 
as a single taxon. The second group is subdivided into 
two subgroups; the first contains Dichrostachys 
cineria and P. cineraria and the second includes P. 
juliflora only. The second sub-cluster contains two 
groups; first separated Faidherbia albida and the 
second contains Albizia lebbek and Calliandra 
haematocephala. The second cluster is subdivided 
into two sub-clusters; the first contains A. laeta and A. 
nilotica. The second is subdivided into two groups; 
the first group includes A. saligna and A. seyal, while 
the second group separated Al. julibrissin alone. 
 
Polymorphism detected by AFLP analysis 
   A total of 433 major AFLP bands were observed 
with 100% polymorphism. The number of amplicons / 
combinations were 137, 125, 86 and 85 amplicon and 
the fragment size scored ranged from 1171 to 193 bp, 
936 to 111 bp, 1173 to 49 bp and 952 to 214 bp with 
the primer pair combination E-AAC / M-CAC, E-
AAC/M-CTC, E-ACC/M-CTA and E-ACA/M-CAT 
respectively (Table 11). 
 
Species-Specific Markers Based on AFLP 
   In the current study, a total of 104 AFLP species-
specific markers from 433 bands were identified. All 
species produced specific positive markers identified 
by the four AFLP combinations (Table 11). The 
highest number of specific markers (35) was detected 
by the primer combination E-AAC/M-CTC followed 
by 26 markers scored by the primer combinations E-
ACC/M-CTA and E-AAC/M-CAC. While the lowest 
number of specific marker, 17, was detected by the 

primer combination E-ACA/M-CAT. AFLP analysis 
generated the highest number of bands due to the high 
number of loci identified and showed a higher 
discriminatory power to detect genetic variability 
among species.    
 
4. Cluster Analysis and Genetic Relationships as 
Revealed by AFLP Data 
   In the present work, the genetic similarity indices 
(Table 12) show the strongest relationship between 
Dichrostachys cineria and Prosopis juliflora (43%) 
and the lowest (19%) between Prosopis cineraria and 
Acacia laeta.  
   The dendogram based on AFLP data separated A. 
nilotica as one distinct taxon,   the rest of the species 
as shown in figure 4. The latter is subdivided into six 
groups. The first group includes Acacia laeta and 
Acacia saligna; the second group contains A. seyal 
and Faidherbia albida; the third group contains 
Albizia julibrissin; the fourth group includes 
Dichrostachys cineria, Prosopis juliflora and 
Adenanthera pavonina; the fifth group contains 
Prosopis cineraria; and the sixth group includes Al. 
lebbek and Calliandra haematocephala. 
 
5. Cluster Analysis and Genetic Relationships Based 
on Combined Data (RAPD, ISSR and AFLP) 
    The similarity index based on the combined data 
(Table 13) showed that the strongest genetic 
relationship scored was 44% between Dichrostachys 
cineria and Prosopis cineraria, while the lowest 
genetic relationship scored was 22% between Acacia 
laeta and Calliandra haematocephala. The 
dendogram subdivided the species into two clusters as 
shown in figure 5. The first cluster contains Acacia 
laeta and A. nilotica at genetic distance 0.39. The 
second cluster contains the rest of the species. The 
latter is subdivided into two subclusters, the first 
separated Calliandra haematocephala at a genetic 
distance of 0.33; while the second subcluster contains 
two groups, the first group contains Albizia julibrissin, 
Al. lebbek and Faidherbia albida at a genetic distance 
of 0.34 and the second group contains Acacia saligna 
and A. seyal at a genetic distance of 0.40 in the first 
subgroup; while the second subgroup separated 
Adenanthera pavonina at a genetic distance of 0.38; 
the third subgroup contains Dichrostachys cineria, 
Prosopis cineraria and P. juliflora at a genetic 
distance of 0.44. 

 
Table 4: Data matrix of vegetative and pollen morphology of the studied species 

Attributes Characters  1 2 3 4 5 6 7 8 9 10 11 12 
Ever green 1 1 1 1 1 0 0 0 0 1 1 0 

Whole Plant Duration 
Deciduous 0 0 0 0 0 1 1 1 1 0 0 1 
Glabrous 0 0 0 0 0 1 1 1 0 0 0 0 Stem Texture 
Pubscent 0 0 1 0 0 0 0 0 1 1 0 0 
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Spiny (prickly) 1 1 0 1 1 0 0 0 0 0 1 1 
Compound 1 1 0 1 1 1 1 1 1 1 1 1 

Composition 
Phyllode 0 0 1 0 0 0 0 0 0 0 0 0 
Opposite 1 1 1 1 1 1 1 1 0 1 1 1 

Pinnae Arrangement 
Alternate 0 0 0 0 0 0 0 0 1 0 0 0 
Obovate 1 0 0 0 0 0 0 0 0 0 0 0 
Ovate 0 0 0 0 1 0 1 0 1 0 1 1 

Oblong 1 0 0 1 1 1 1 1 1 0 0 0 
Lanceolate 0 0 1 0 0 0 0 1 0 0 0 0 

Pinnae Shape 

Linear 0 0 1 0 0 0 0 0 0 1 0 1 
Acute 0 0 1 0 0 1 0 0 0 1 0 0 
Obtuse 1 1 0 1 0 0 1 1 1 1 0 1 Pinnae Apex 

Mucronate 0 0 0 0 1 0 1 1 0 0 1 0 
Symmetrical 0 1 1 1 0 1 0 1 0 0 1 0 

Pinnae Base 
Asymmetrical 1 0 0 0 1 0 1 0 1 1 0 1 

Present 1 1 0 1 1 0 0 1 0 1 1 1 
Absent 0 0 1 0 0 1 1 0 1 0 0 0 

Foliceous / scaly 1 0 0 0 0 0 0 1 0 0 1 0 
Stipules 

Spiny 0 1 0 1 1 0 0 0 0 1 0 1 
Main Rachis 0 0 0 0 1 0 1 0 0 0 0 0 

Petiole 0 1 0 1 0 0 0 0 0 0 0 0 

 
 
 
 
 
 
 
 
 

Leaf 

Glands 

Pinnae 0 1 0 1 0 0 0 0 0 0 0 0 
Head 0 1 1 1 0 1 1 1 0 0 0 0 

Inflorescent type 
Spike 1 0 0 0 1 0 0 0 1 1 1 1 
Green 0 1 1 1 1 1 1 1 1 1 1 1 

Calyx color 
Colored 1 0 0 0 0 0 0 0 0 0 0 0 
Green 0 0 0 0 0 0 0 0 0 0 0 1 

Yellow 0 1 1 1 1 0 1 0 1 1 1 0 Crolla (color) 

Pink 1 0 0 0 0 1 0 1 0 1 0 0 
Ten 0 0 0 0 0 0 0 0 1 1 1 1 

Many 1 1 1 1 1 1 1 1 0 0 0 0 
Distinct 1 1 1 1 0 0 0 0 1 1 1 1 

Flower 

Stamen no. 

Connate 0 0 0 0 1 1 1 1 0 0 0 0 
Linear 1 1 1 1 0 0 0 1 1 1 1 1 

Shape 
Strap 0 0 0 0 1 1 1 0 0 0 0 0 

Fruit (Pod) 
Hardness 

Hard 
Soft 

0 
1 

0 
1 

0 
1 

0 
1 

1 
0 

0 
1 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

Fruit (Pod) Dehiscence 
Dehiscent 

Indihescent 
1 
0 

0 
1 

1 
0 

0 
1 

0 
1 

0 
1 

0 
1 

1 
0 

1 
0 

0 
1 

0 
1 

0 
1 

 Constriction Present 0 1 1 1 0 0 0 0 0 0 0 1 
  Absent 1 0 0 0 1 1 1 1 1 1 1 0 
 Apex Beaked 0 0 0 0 0 0 0 0 0 0 0 1 
  Beakless 1 1 1 1 1 1 1 1 1 1 1 0 
 Texture Glabrous 1 0 1 1 1 1 0 0 1 1 1 1 
  Hairy 0 1 0 0 0 0 1 1 0 0 0 0 
 Color Straw-yellow 0 0 1 0 0 0 1 0 0 0 1 1 
  Red-brown 1 1 0 1 1 1 0 1 1 1 0 0 
 Pod appearance Twisted 0 0 0 1 1 0 0 0 0 0 0 0 
  Straight 1 1 1 0 0 1 1 1 1 1 1 1 

Pollen  Morphology Number/anther Numerous 0 0 0 0 0 0 0 0 1 1 1 1 
  Eight (polyads) 1 1 1 1 1 1 1 0 0 0 0 0 
  Eight (octads) 0 0 0 0 0 0 0 1 0 0 0 0 
 No. of monads Single 0 0 0 0 0 0 0 0 0 0 1 1 
  Numerous 1 1 1 1 1 1 1 1 1 1 0 0 
 Polarity Isopolar 0 0 0 0 0 0 0 0 0 0 1 1 
  Heteropolar 1 1 1 1 1 1 1 1 1 1 0 0 
 Type Calymmate 0 0 0 0 0 0 0 1 0 0 0 0 
  Aclaymmate 1 1 1 1 1 1 1 0 1 1 0 0 
 Aperture occurrence Distal 1 1 1 1 1 1 1 1 1 1 1 1 
  Proximal 1 1 1 1 1 1 1 0 1 1 1 1 
 Aperture type Porate 1 0 0 0 1 1 1 1 0 1 0 0 
  Colporate 0 1 0 1 0 0 0 0 0 0 0 0 
  Pseudocolpi 0 0 1 0 0 0 0 0 1 0 0 0 
  Composite 0 0 0 0 0 0 0 0 0 0 1 1 
 Pollen collumela Distinct 0 1 0 1 1 0 0 1 0 1 1 1 
  Indistinct 1 0 1 0 0 1 1 0 1 0 0 0 
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 Pollen Sculpturing Faint reticulate 1 0 0 0 0 0 0 0 0 0 0 0 
  Faveolate 0 1 0 0 0 0 0 0 0 0 0 0 
  Faint reticulate-psilate 0 0 1 0 0 0 0 0 0 0 0 0 
  Psilate-faveolate 0 0 0 1 0 1 1 0 0 0 0 0 
  Faveolate-rugulate 0 0 0 0 1 0 0 0 0 0 0 0 
  Rugulate-fossulate 0 0 0 0 0 0 0 1 0 0 0 1 
  Scabrate-psilate 0 0 0 0 0 0 0 0 1 0 0 0 
  Verrucate 0 0 0 0 0 0 0 0 0 1 0 0 
  Faveolate-psilate 0 0 0 0 0 0 0 0 0 0 1 0 

 
Table 5: Similarity index of the studied species based on morphological data. 

Species 1 2 3 4 5 6 7 8 9 10 11 12 

1 1            
2 0.585 1           
3 0.563 0.603 1          
4 0.606 0.892 0.594 1         
5 0.606 0.585 0.406 0.667 1        
6 0.603 0.548 0.59 0.603 0.603 1       
7 0.515 0.523 0.5 0.515 0.697 0.762 1      
8 0.554 0.531 0.413 0.492 0.523 0.613 0.615 1     
9 0.625 0.444 0.548 0.469 0.531 0.525 0.594 0.476 1    

10 0.667 0.615 0.531 0.606 0.667 0.54 0.515 0.523 0.688 1   
11 0.476 0.516 0.426 0.508 0.571 0.367 0.444 0.452 0.525 0.635 1  
12 0.406 0.476 0.355 0.469 0.469 0.295 0.406 0.381 0.516 0.625 0.721 1 

    

 
Figure 1: Dendogram indicating the relationships between the studied species based on morphological 

analysis. SP1 up to SP12 refer to the species indicated in table 1.  
 

  
Table 6: Number of amplified fragments and specific markers of the studied species based on RAPD-PCR 

analysis. 
1 2 3 4 5 6 7 8 9 10 11 12 TSM Primers TAF PB 

AF SM AF SM AF SM AF SM AF SMAF SM AF SM AF SM AF SM AF SM AF SM AF SM  
A14 10 10 2 0 2 2 4 1 1 0 2 0 1 0 2 0 2 0 3 1 1 0 1 0 3 0 4 
B04 12 12 7 0 5 0 6 0 6 0 2 0 3 0 1 0 4 0 7 0 6 0 3 0 0 0 0 
B17 17 17 6 0 5 0 3 1 4 0 8 2 7 0 4 0 4 1 6 1 4 0 7 0 9 1 6 
B20 12 12 3 1 3 0 2 1 3 0 4 0 3 0 3 1 1 1 2 0 1 0 2 0 3 0 4 
C05 11 11 5 0 4 0 2 0 5 0 4 0 3 0 4 1 2 0 4 0 3 0 5 1 4 0 2 
C11 7 7 3 0 2 0 1 0 1 0 1 1 2 0 3 1 1 1 1 0 2 0 3 0 1 0 3 
F01 13 13 5 0 5 0 3 0 4 0 6 1 5 0 5 0 3 0 4 0 4 0 4 0 5 0 1 
F09 14 14 4 0 5 0 4 0 3 0 4 0 4 1 3 0 2 0 6 1 5 0 6 1 4 0 3 
O03 12 12 1 0 1 0 3 1 4 1 3 1 3 0 4 0 1 0 3 0 3 0 3 0 4 2 5 
O04 17 17 5 0 3 0 5 1 6 0 5 1 6 1 4 0 5 0 5 0 5 0 5 0 6 1 4 
O05 12 12 4 0 5 0 2 0 2 0 4 0 3 0 2 0 6 1 4 0 2 0 2 0 2 0 1 
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O06 11 11 4 0 2 0 4 0 2 0 2 0 1 0 5 1 2 0 2 0 4 0 5 0 4 0 1 
O08 8 8 3 1 3 0 4 1 4 0 2 0 2 0 2 0 2 1 2 0 3 0 3 0 2 0 2 
O09 12 12 3 1 1 0 4 0 4 0 3 1 3 0 4 0 2 0 2 0 4 0 5 0 4 0 3 
O10 8 8 3 1 3 0 4 1 2 0 2 0 2 0 3 0 1 0 1 0 4 0 3 0 3 0 2 
O11 13 13 3 0 3 0 3 0 3 0 4 0 5 0 5 0 4 0 4 0 4 1 3 0 3 1 2 
O12 16 16 7 0 5 0 6 0 7 0 3 0 6 0 5 0 7 0 7 0 6 0 6 0 3 0 0 
O14 11 11 6 0 6 0 7 0 6 1 5 0 4 0 4 0 5 0 2 0 2 0 3 0 5 0 1 
O16 13 13 2 1 4 0 2 0 3 1 2 0 3 1 3 0 2 0 3 0 3 0 3 0 4 0 3 
O18 16 16 4 0 5 0 2 0 4 0 8 1 5 0 4 2 2 0 4 0 4 0 3 1 2 0 4 
O19 9 9 3 0 3 0 2 1 1 0 3 2 4 1 2 0 2 0 2 0 2 0 2 1 2 0 5 
O20 11 11 2 0 2 0 2 0 4 0 4 0 4 0 3 0 3 0 3 0 4 0 3 0 2 0 0 

Z13 12 12 3 0 3 0 4 1 3 0 5 0 4 1 5 0 3 1 3 0 3 0 5 1 2 0 4 
Total 277 277 88 5 80 2 79 9 82 3 86 10 83 5 80 6 66 6 80 3 79 1 85 5 77 5 60 

 
TAF= Total Amplified Fragment; PB= Polymorphic Bands; AF= Amplified fragment per taxa; SM= Specific 
marker per taxa including either the presence or absence of a band in specific taxa; TSM= Total number of Specific 
Marker across taxa; 1-12 species as listed in table 1. 

 
Table 7: Similarity index of the studied species based on RAPD data. 

Sp. 1 2 3 4 5 6 7 8 9 10 11 12 

1 1            

2 0.536 1           

3 0.369 0.3 1          
4 0.318 0.321 0.457 1         
5 0.307 0.357 0.31 0.318 1        
6 0.351 0.331 0.429 0.376 0.398 1       

7 0.343 0.41 0.261 0.294 0.379 0.402 1      
8 0.271 0.272 0.286 0.268 0.31 0.28 0.311 1     
9 0.371 0.44 0.352 0.385 0.323 0.333 0.288 0.452 1    
10 0.443 0.34 0.377 0.435 0.323 0.346 0.3 0.384 0.544 1   
11 0.393 0.412 0.339 0.371 0.312 0.345 0.313 0.289 0.39 0.476 1  

12 0.364 0.382 0.357 0.377 0.339 0.35 0.316 0.25 0.333 0.41 0.605 1 

 
 

Figure 2: Dendogram illustrating the relationships between the studied species based on RAPD 
analysis. SP1 up to SP12 refer to the species names as indicated in table 1. 

 
 

Sp1 
Sp2 
Sp1
Sp1
Sp8 

Sp9 
Sp1
Sp3 
Sp4 
Sp6 

Sp5 
Sp7 



Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 

 
487

Table 8: Number of amplified fragments and specific markers of studied species based on ISSR analysis. 

 
 
Table  9: Species-Specific markers based on PCR with RAPD and ISSR Primers 

 
TAF= Total Amplified Fragment; PB= Polymorphic Bands; AF= Amplified Fragment per taxa; SM= Specific 
Marker including either the presence or absence of a band in specific taxa; TSM= Total number of Specific Marker 
across taxa. 

 
Table 10: Similarity index of the studied species based on ISSR data. 

Species 1 2 3 4 5 6 7 8 9 10 11 12 
1 1                    

2 0.59 1                   
3 0.57 0.50 1                
4 0.48 0.53 0.81 1               

5 0.34 0.38 0.45 0.42   1              

6 0.51 0.50 0.65 0.69 0.55 1            
7 0.57 0.50 0.53 0.56 0.55 0.59 1          

8 0.47 0.51 0.38 0.46 0.56 0.43 0.65 1        
9 0.46 0.50 0.35 0.38 0.45 0.53 0.53 0.49 1       
10 0.51 0.45 0.42 0.44 0.55 0.47 0.53 0.44 0.47 1     

11 0.65 0.53 0.44 0.41 0.43 0.56 0.56 0.46 0.61 0.65 1   

12 0.46 0.45 0.21 0.28 0.55 0.32 0.37 0.44 0.47 0.62 0.60 1 

1 2 3 4 5 6 7 8 9 10 11 12 TSM 
Primers TAF PB 

AF SM AF SM AF SM AF SM AF SM AF SM AF SM AF SM AF SM AF SM AF SM AF SM  
HB9 6 6 1 0 2 0 3 0 3 0 3 0 2 0 2 0 4 0 2 0 2 0 3 0 2 1 1 
HB11 8 8 3 0 3 1 2 0 2 0 3 1 3 0 1 0 3 0 1 0 5 0 3 0 4 0 2 
HB15 9 9 2 0 2 0 1 0 2 0 4 0 2 0 3 0 4 0 2 1 2 0 2 0 4 0 1 

17899A 6 6 2 0 2 0 1 1 1 0 4 0 2 0 2 0 2 0 4 0 3 0 3 0 4 0 1 
814 9 9 4 0 3 1 3 0 1 0 4 0 3 0 4 1 2 0 2 0 4 0 3 0 2 0 2 

844A 8 8 3 0 5 0 4 0 4 0 3 0 3 0 2 0 2 0 3 1 2 0 2 0 2 0 1 
844B 4 3 3 0 2 0 3 0 2 0 2 0 2 0 3 0 3 0 3 0 3 0 3 0 3 0 0 
Total 50 49 18 0 19 2 17 1 15 0 23 1 17 0 17 1 20 0 17 2 21 0 19 0 21 1 8 

RAPD-PCR ISSR 
Species 

+ve Markers -ve Markers +ve Markers -ve Markers 
1 RA-B20-1800 bp, RA-O08-595 bp 

RA-O09-305 bp, RA-O10-525 bp 
RA-O16-240 bp 

- - - 

2 RA-A14-460 bp, RA-A14-655 bp - HB11-2120 bp 
814-1905 bp 

- 

3 RA-A14-1560 bp, RA-B17-425 bp, RA-B20-450 bp, RA-O03-135 bp, RA-O04-205 bp, 
RA-O08-2600bp, RA-O10-1455 bp, RA-O19-1155 bp, RA-Z13-2500 bp 

- 17899A-775 bp - 

4 RA-O03-165 bp, RA-O14-210 bp, RA-O16-1005 bp - - - 
5 RA-B17-1595 bp , RA-B17-230 bp, RA-C11-720 bp, RA-F01-235 bp, RA-O03-335 bp, 

RA-O04-2585 bp, RA-O09-970 bp, RA-O18-55 bp, RA-O19-1915 bp, RA-O19-925 bp 
- HB11-350 bp - 

6 RA-F09-415 bp, RA-O04-176- bp, RA-O16-350 bp, RA-O19-360 bp, RA-Z13-1145 bp - - - 
7 RA-B20-2255 bp, RA-C05-865 bp, RA-C11-125 bp, RA-O06-1240 bp, RA-O18-310 bp, 

RA-O18-125 bp 
- 814-390 bp - 

8 RA-B17-345 bp, RA-B20-1360 bp, RA-C11-285 bp, RA-O05-200 bp, RA-O09-1920 bp, 
RA-Z13-750 bp 

- - - 

9 RA-A14-285 bp, RA-B17-2620 bp, RA-F09-835 bp - HB15-2120 bp 
844A-395 bp 

- 

10 RA-O11-1360 bp - - - 
11 RA-C05-425 bp, RA-F09-750 bp, RA-O18-11- bp, RA-O19-615 bp, RA-Z13-1040 bp - - - 
12 RA-B17-2980 bp, RA-O03-1065 bp, RA-O03-675 bp, RA-O04-285 bp, RA-O11-730 bp - - HB9-1345 bp 
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Figure 3: Dendogram illustrating the relationships between the studied species based on ISSR 

analysis. SP1 up to SP12 refer to the species indicated in table (1). 
 
Table (11): Number of amplified fragments and specific markers of the studied species based on AFLP 

analysis. 
Species Specific Markers (SM) TSM Primer Combination TAF PB 

1 2 3 4 5 6 7 8 9 10   11 12  
E-AAC/M-CAC 137 137 2 6 3 1 0 3 5 1 1 0 3 1 26 
E-AAC/M-CTC 125 125 1 3 4 3 4 6 2 4 4 1 0 3 35 
E-ACC/M-CTA 86 86 3 3 6 1 0 3 4 3 0 0 2 1 26 
E-ACA/M-CAT 85 85 0 1 3 0 0 0 2 1 5 1 3 1 17 

Total 433 433 6 13 16 5 4 12 13 9 10 2 8 6 104 

TAF= Total Amplified Fragment; PB= Polymorphic Bands; TSM= Total number of Specific 
Marker across taxa. 

 
Table 12: Similarity index of the studied species based on AFLP data. 

Species 1 2 3 4 5 6 7 8 9 10 11 12 

1 1            
2 0.201 1           
3 0.3 0.265 1          
4 0.223 0.281 0.3 1         
5 0.302 0.193 0.277 0.39 1        
6 0.26 0.224 0.269 0.274 0.231 1       
7 0.223 0.237 0.281 0.233 0.336 0.362 1      
8 0.144 0.251 0.301 0.318 0.332 0.258 0.376 1     
9 0.194 0.218 0.282 0.243 0.235 0.331 0.355 0.263 1    
10 0.312 0.286 0.344 0.356 0.352 0.351 0.308 0.338 0.412 1   
11 0.201 0.194 0.27 0.302 0.296 0.294 0.256 0.329 0.275 0.424 1  
12 0.218 0.201 0.308 0.316 0.329 0.363 0.338 0.299 0.339 0.435 0.301 1 

 
Table 13: Similarity index of the studied species based on combined data. 

 
 
 
 
 
 
 
 
 
 
 
 
 

  Species 1 2 3 4 5 6 7 8 9 10 11 12 
1 1            
2 0.392 1           
3 0.347 0.306 1          
4 0.29 0.331 0.404 1         
5 0.304 0.286 0.312 0.374 1        
6 0.315 0.299 0.358 0.344 0.329 1       
7 0.301 0.331 0.304 0.283 0.369 0.395 1      
8 0.226 0.287 0.313 0.322 0.33 0.282 0.366 1     
9 0.284 0.319 0.308 0.311 0.29 0.344 0.336 0.356 1    

10 0.387 0.331 0.37 0.399 0.359 0.362 0.322 0.366 0.465 1   
11 0.317 0.305 0.319 0.346 0.311 0.335 0.299 0.327 0.34 0.47 1  
12 0.305 0.298 0.317 0.344 0.348 0.356 0.335 0.296 0.348 0.447 0.45 1 
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Figure 4: Dendogram illustrating the relationships between the studied species based on AFLP analysis. SP1 

up to SP12 refer to the species indicated in table 1. 
 

 
Figure 5: Dendogram illustrating the relationships between the studied species based on 

combined analysis. SP1 up to SP12 refer to the species as listed in table 1. 
 
4. Conclusions: 
The collective dendogram based on the molecular 
data, even though apparently different from that based 
on morphological characters show similar 
relationships with the morphologically based 
dendogram. For instance, it shows a close relation 
among Albizia julibrissin, Al. lebbek (originally both 
belong to Ingeae) and Faidherbia albida (originally 
belongs to Acacieae) as mentioned by Joseph et al., 
(2001) who stated that the tribe Ingeae is nested 
within Acacieae. This claim is also supported by Elias 
(1981) and El Azab (2005) who recommended that the 
genus Faidherbia is better included within the Ingeae. 
   The collective dendogram clearly separated 
Calliandra haematocephala from other species 
compared with morphological based dendogram 
which also separated it but within the same group with 

Albizia julibrissin, Al. lebbek and Faidherbia albida. 
This supports the view that Calliandra 
haematocephala represnts a distinctive character in 
the Mimosoideae. This is in agreement with Guinet & 
Hernandez (1989) who stated that Calliandra is a very 
isolated genus within Mimosoideae. However, the 
combined dendogram grouped Adenanthera pavonina, 
Dichrostachys cineria, Prosopis cineraria and P. 
juliflora (originally Mimoseae as stated by Elias, 
1981) without changes in their position in 
Mimosoideae; and also grouped Acacia saligna and A. 
seyal together grouped Acacia laeta and A. nilotica 
without any change in their position in tribe Acacieae. 
   The combined dendogram show some differences as 
compared with the dendograms of RAPD and AFLP 
due to the difference in number of markers. 
Nevertheless, ISSR dendogram is almost similar to the 
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collective dendogram and morphologicaly based 
dendogram. At the cluster level, first cluster contains 
A. laeta, A. nilotica, A. saligna, A. seyal and Al. 
julibrissin confirms the close relationships between 
Ingeae and Acacieae (Bentham, 1842). The second 
cluster was subdivided into two sub-clusters, the 1st 
contain Faidherbia albida (originally tribe Acacieae), 
Albizia lebbek and Calliandra haematocephala 
(originally tribe Ingeae). This supports the proposed 
transfer  Faidherbia albida from Ingeae to Acacieae. 
This view is also supported by Elias (1981), Guinet 
(1981) and ElAzab (2005) on the basis of pollen grain 
characters. In second sub-cluster, Adenanthera 
pavonina, Dichrostachys cineria, P. cineraria and P. 
juliflora (originally belongs to Mimoseae). This is in 
agreement with Elias (1981). 
 
Acknowledgment 
The authors dedicated to the soul of the late prof. Dr. 
Sayed farag khalifa acknowledging his contribution to 
this work. 
 
Corresponding author  
M. M. Mourad 
Ain Shams University, Faculty of Science 

*mouradmagdy@yahoo.com 
 
5. References: 

1. Anna Maria, Merja, H., Terttu, K.and Anja, 
H., 2001. DNA Isolation Methods for 
Medicinal and Aromatic Plants. Plant M. 
Biology Report 19: 273a-f. Printed in 
Canada. 

2. Bailey, L. H., 1976. Hortus Third: Aconcise 
Dictionary of Plants Cultivated in the United 
States and Canada. Macmillan Publishing 
Co., Inc.New York, 1290 pp. 

3. Bentham, G, 1842. Notes on Mimoseae, with 
a Synopsis of Species. London Journal of 
Botany 1: 318-392, 494-528. 

4. Bentham, G., 1875. Revision of Suborder 
Mimoseae. Transactions of the Linnean 
Society of London 30: 335-670. 

5. Bessaga, C., Juan, C. V. & Beatiz O. S., 
2004. First Report on RAPDs Patterns Able 
to Differentiate Some Species of Prosopis 
Leguminosae. Genetica 121: 33-42, 
Netherland. 

6. Del Rio, S. A., Marino, M.A. and Belgrader, 
P., 1996. DNA Extraction Techniques for 
PCR in Rain Forest Plants Species. 
Biotechniques 20: 974-978. USA. 

7. El Azab. H.M., 2005. The Pollen 
Morphology of Certain Leguminosae 
(Subfamily: Mimosoideae) and Its Sharing in 

the Taxonomy of the Studied Taxa. Ph.D. 
Thesis, Fac. Of Sci., Ain Shams Univ. Egypt. 

8. Elias, T. S., 1981. Mimosoideae. In: R.M. 
Polhill and P.H. Raven (Editors), Advances 
in Legume Systematics, part 1. R. Bot. Gard., 
Kew pp. 143-151. 

9. Guinet, P. 1969. Les Mimosacees Etude de 
Palynology Fundamental, Correlations, 
Evolution. Travaux de la Section Scientifique 
et Technique, Institut Francais de 
Pondichery, 10: 1-293. 

10. Guinet, P. 1981. Mimosoideae: The 
Characters of their Pollen Grains. In: R.M. 
Polhill and P.H. Raven (Editors). Advances 
in Legume systsematics. Part 2. Kew: Royal 
Botanic Gardens, 835-855. 

11. Guinet, P., 1990. The Genus Acacia 
(Leguminosae, Mimosoideae): Its Affinities 
as Borne Out by Its Pollen Characters. Plant 
Systematics and Evolution 5: 81-90. 

12. Guinet, P. & Hernandez, H., 1989. Pollen 
Characters in the Genera Zapoteca and 
Calliandra (Leguminosae, Mimosoideae) 
Their Systematic and Phylogenetic 
Relevance. Pollen et Spores 31: 5-22.  

13. Hemeida, A. A., Mohamed T. H. Hassan and 
James A. Saunders (2004). Identification of 
Some Acacia species    by Amplified 
Fragment Length Polymorphism (AFLP) 
Molecular Marker.Proced. Int. Conf. Eng.& 
Appl. (April, 8-11,2004): 197-211.  

14. Joobeur, T., N. Periam, M.C. de Vicente, G.J. 
King and P. Arus, 2000. Development of a 
Second Generation Linkage Map for Almond 
Using RAPD and SSR Markers. Genome, 43: 
649-655. 

15. Joseph, T.Miller and Randall J. Bayer, 2001. 
Molecular Phylogeetics of Acacia (Fabaceae: 
Mimosoideae) Based on the Choloroplast 
MATK Coding Sequence and Flanking TRNK 
Intron Space Regions. American Journal of 
Botany 88(4): 697-705. 

16. Josiah, C.C., George, O.D., Eleazar, O.M. 
and Nyamu, W.F., 2008. Genetic Diversity in 
Kenyan Populations of Acacia senegal (l.) 
Wild Revealed by Combined RAPD and 
ISSR markers. African Journal of 
Biotechnology Vol. 7 (14), pp. 2333-2340.  

17. Labate Joanne A., 2000. Software for 
Population Genetic Analyses of Molecular 
Marker Data. Crop Sci 40:1521–1528  

18. Mattagajasingh, I., Acharya, L, Mukherjee,, 
A.K., Panda, P.C. & Das, P., 2006. Genetic 
Relationship Among Nine Cultivated Taxa of 
Calliandra Benth. (Leguminosae: 
Mimosoideae) using Random Amplified 



Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 

 
491

Polymorphic DNA Markers. Scientia 
Horticulturae Vol. 110, Issue 1, pp. 98-103. 

19. Nagaoka, T. and Ogihara, Y., 1997. 
Applicability of Inter-simple Sequence 
Repeat Polymorphisms in Wheat for Use as 
DNA Markers in Comaprison to RFLP and 
RAPD Marker. Theoretical and Applied 
Genetics 94: 597-602. 

20. Nei, M., 1987. Estimation of Average 
Heterozygosity and Genetic Distance From a 
Small Number of Individuals. Genetics 
83:583–590. 

21. Rashmi, M.N., Nayak S. & Rout, G.R., 2004. 
Studies on Genteic Relatedness of Acacia 
Tree Species Using RAPD Markers. 
Biologia, Bratislava, 59/1:115-120. 

22. Rohlf, F. J., 2000. NTSYS-PC: Numerical 
Taxonomy and Multivariate Analysis 
System, Version 2.1. Exeter Software, New 
York. 

23. Sorsa, P., 1969. Pollen Morphological 
Studies on the Mimosaceae. Ann. Bot. Fenn. 
6: 1-34. 

24. Täckholm, V., 1974. Student’s Flora of 
Egypt. Second Editon. Published by Cairo 
Univ. Printed in Beirut. 

25. Vassal, J., 1972. Apport des Recherches 
Ontogeniques et Seminologiques a l’Etudes 
Morphologique, Taxonomique et 
Phylogenique du Genre Acacia. Bulletin de la 
Societe d’Histoire Naturelle de Toulouse 
108 : 105-247. 

26. Vassal, J., 1981. Acacieae. In R. M. Pohill 
and P. H. Raven (Editors), Advances in 
Legume Systematics, Part I, 169-171. Royal 
Botanic Garden, Kew, Richmond, Surrey, 
UK. 

27. Vos, P., R. Rogers, M. Bleeker, M. Reijans, 
T. Van de Lee, M. Hornes, A. Fijters, J. Pot, 
J. Peleman, M. Kuiper and M. Zabeau 
(1995). AFLP, a new technique for DNA 
fingerprinting. Nucleic Acids Res., 23: 4407-
4414.  

28. Waugh and Powell, 1992: Using RAPD 
Markers for Crops Improvement. TIBTECH, 
101:186-191. 

29. Weining, S. and Langridge, P., 1991: 
Identification and Mapping of 
Polymorphisms in Cereals Based on The 
Polymerase Chain Reaction. Theor. Appl. 
Genet., 82: 209-216. 

30. Wolfe, A.D. and A. Liston,1998. Molecular 
Systematic of Plants II: DNA sequencing. pp. 
43-86 Boston. 

31. Wolfe, A.D., Xiang, Q.Y., Kephart, S.R., 
1998. Diploid Hybrid Speciation in 
Penstemon (Scrophulariaceae). Proceedings 
of the National Academy of Science, USA 
94: 5112-5115. 

32. Yap IV and Nelson RJ, 1996. Winboot: A 
Program for Performing Bootstrap Analysis 
of Binary Data to Determine the Confidence 
Limits of UPGMA-based Dendrograms. 
Manila, IRRI. 

 
7/7/2010 



Journal of American Science                                                                                                                 2010;6(10)   

 

 492

Estimating the Groundwater Storage from the Electrical Resistivity 

Measurements in Wadi El-Natrun Area, Western Desert, Egypt 
 

Abdallah Ibrahim Ammar 

Research Institute for Groundwater, National Water Research Center, El-Kanater El-Khairiya, Cairo, Egypt. 

Abdallah_ammar_708@hotmail.com  

 

Abstract: Forty-three vertical electrical sounding stations (VESes) were measured in Wadi El-Natrun area, northern 

western desert. The analysis of the given well log data was used to estimate the groundwater storage. These VESes 

were interpreted to determine the subsurface layers and the true resistivities, lithologies and thicknesses variations of 

such layers. The result of this geoelectrical analysis is the subdivision of the shallow section into five geoelectric 

layers throughout the study area, except in some parts, where the surface layer disappeared; and the fifth layer is not 

reached. These layers varied in their resistivities from very low to high values. However, the groundwater is 

generally contained in the second layer of the unconfined Nile Delta aquifer (Quaternary period), in the third and 

fourth layers of the confined and semi-confined Wadi El-Natrun aquifer (Pliocene period), then in the fifth layer of 

the Moghra aquifer (Lower Miocene period). Also, the effective zones of the second, third and fourth layers were 

separated from the electrical interpretations. However, the variation in the net and effective thickness of each layer 

was calculated and represented in maps. The well log data of the resistivity, SP and gamma-ray logs were used for 

evaluating the rock units encountered in fifteen wells. The results of these data arrive at determining the shale and 

non-shale contents, water saturation and the effective zones as petrophysical parameters to the second, third and 

fourth layers. However, the variation in the water saturation percentages, net thickness and effective thickness was 

represented in maps. Then, the statistical analysis from the true resistivity that derived from the geoelectric analysis, 

and water saturation that deduced from the well log analysis, was carried out, only to the third layer. At the end, a 

comparison between the net and effective thickness values from the electric and well log interpretations was made, 

and then by applying the resulted mathematical equations, the groundwater amounts were calculated to the three 

layers. The results of these calculations showed that, the third layer as high groundwater content, then the fourth 

layer, but the second layer contains the least amounts. Therefore, the electrical resistivity measurements can be used 

for estimating the groundwater amounts in case of availability the geological information and the well log data are 

not available. [Journal of American Science 2010;6(10):492-502]. (ISSN: 1545-1003). 

Keywords: Vertical Electrical Sounding Stations (VESes); Geoelectrical; Groundwater Storage; Western Desert 

1. Introduction 

      The study area lies in the northeastern 

corner of the Western Desert, to the west of the Nile 

Delta. It is bounded by longitudes 30
o
 03` 19`` and 30

o
 

37` 6.3`` E and latitudes 30
o
 13` 51`` and 30

o
 36` 13`` 

N, or stretched between kilometer 78 to kilometer 136 

at the Cairo-Alexandria Desert Road from Cairo city 

toward the northwestern direction. Wadi El-Natrun 

depression extends parallel to Cairo-Alexandria Desert 

Road and it is located about 86km North West of 

Cairo city (Fig.1). The surface and subsurface 

geologic information of the study area are available 

and contained in the works of Said (1962), Shata et al. 

(1962), El-Fayoumy (1964), El-Shazly et al. (1975 

and 1978) and others.  

I) Geomorphology 

      The study area, having low relief, occupies a 

portion of the initial Nile Delta basin and it is western 

fringes. In this area, there are several geomorphic 

units. These units are the young alluvial plain occupies 
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Figure (1) Location map of the study area. 

much of the present flood plain of the Nile Delta and it 

is underlain by a silty clay layer. Its elevation varies 

from 12m to 14m (+MSL). The old alluvial plain 

occupies the area stretched between Wadi El-Natrun 

depression on the western side and Rosetta branch on 

the eastern side, and it underlain by dark brown gravel 

and coarse sand. Its elevation ranges between 50m and 
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20m (+MSL). The structural plain occupies the area to 

the south and southeast of Wadi El-Natrun, where the 

surface of this plain is underlain by sandstone beds. Its 

elevation varies from about 200m to 100m (+MSL). 

Wadi El-Natrun depression result from morpho-

tectonic activities and its elevation is close to sea 

level. 

II) Regional geology 

       Most of the area is occupied by Late 

Cenozoic rocks; where the Cenozoic Era is classified 

into two periods, the Quaternary period and the 

Tertiary period. The Tertiary period includes the 

Pliocene, lower Miocene and Oligocene series. The 

Cenozoic section is dominated by clastic sediments 

and it is rather thin and hardly exceeds 200m. 

(i)  Quaternary period 

       The Quaternary period includes the 

Holocene age and the Pleistocene age. The Holocene 

age is characterized by four rock units:-  The first rock 

unit is the sand dunes and surficial deposits and its 

thickness is ranged between 10m and 30m. The second 

rock unit is the sabkha deposits and its thickness is 

less than 10m. The third rock unit is the silty and 

sandy clay, with a thickness of +30m. Finally, the 

fourth rock unit is the undifferentiated Quaternary, 

where the thickness is +20m. The Pleistocene is 

characterized graded sand and gravel, that intercalated 

by clay lenses. The thickness is ranged between 100m 

and 250m or even 300m. 

(ii)  Tertiary period 

      The Tertiary period is characterized by four 

rock units, as the alternating sandstone and clay with 

limestone at the top of Hagif and Hanzi Formations of 

the first rock unit during the Pliocene age. Its 

thickness is +130m and composed of clay in the 

surface determining the base of the Nile Delta. The 

second rock unit is the coarse sandstone and gravel 

with clay intercalations of the Lower Miocene age 

“Moghra Formation” and its thickness is +600m and 

increases to be 900m to the northwest”. The third rock 

unit is the sand and gravel layers (Oligocene age), 

where the thickness is 100m. The fourth rock unit is 

mainly in the subsurface; its thickness is varied from 

100m to 400m and is formed from a sequence of shale 

(Oligocene age). 

III) Hydrogeology 
      From the previous hydrogeological studies, 

the West Delta area is characterized by three aquifer 

systems. These aquifers are:- 

(i) Quaternary alluvial aquifer system (Nile Delta 

aquifer). 

(ii) Pliocene fluvio-marine aquifer system (Wadi 

El-Natrun aquifer). 

(iii) Lower Miocene fluvio-marine aquifer system 

(Moghra aquifer). 

      The first and second aquifers will be 

discussed because they are the two main aquifers 

under study as follow:- 

(i)  The Nile Delta aquifer system: It covers the 

greater portion of the area to the north and northeast 

sides. This aquifer is considered the main aquifer, not 

only at this area, but almost allover the delta region. 

However, there is more than one hydrogeological unit 

share together in the formation of this aquifer. It is 

overlain by silty clay layer “Semi-confined layer” in 

the Nile Delta area, but this layer is appears in the 

desert areas to the west, where the aquifer is 

unconfined. The base of this aquifer consists of a clay 

layer (Pliocene) having a thickness exceeds 100m and 

it acts as an aquiclude (it will be discussed on Figure 

3). 

      This aquifer is recharged continuously from 

the Nile itself, from the canals and through the 

infiltration of excess irrigation water. But, the 

discharge take place through a part of the Rosetta 

branch, through the main canals and through the 

extraction from the drilled wells, and this aquifer is 

characterized by low salinity fresh water, which is 

generally less than 1000ppm. 

(ii) The Wadi El-Natrun aquifer system: It occupies 

the northwestern part of the area, where the depth 

increases from W to E and from S to N “from Wadi 

El-Natrun to the Nile Delta”. The groundwater of this 

aquifer exists under both the confined and semi-

confined conditions. This aquifer is underlain by 

either a thick clay beds “Pliocene aquiclude” or by the 

Lower Miocene sands “Moghra Formation” (it will be 

discussed on Figure 3). 

               This aquifer is recharged from the Nile Delta 

aquifer from the excess irrigation water and some 

authors believed that, this aquifer is recharged from 

the Moghra aquifer “underlying it” and from local rain 

storms. But, the discharging may result from a lateral 

flow towards Wadi El-Natrun depression, which acts 

as a natural discharging area of the Nile Delta aquifer 

or take place through the natural springs, open 

galleries, drilled wells, seepage zones, evaporation and 

evapotranspiration. The salinity of this aquifer is 

ranged between 800ppm and 5000ppm. 

2. Electrical Analysis: 

                 By the Schlumberger array, a forty-three 

vertical electrical soundings (VESes) [with AB/2 

ranged between 400m and 1000m] were carried out in 

the area of study by using JESSE electric instrument 
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through Wadi El-Natrun project by RIGW staff at 

locations permitting the construction of seventeen 

geoelectric cross sections. Each cross section passes 

through a number of VESes, added to the available 

water wells (Fig. 2). 
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Figure (2) Wells, vertical electrical soundings 

(VESes) and geoelectrical cross sections 

distribution map of the study area. 

I) Quantitative interpretation of the field data 

       The quantitative interpretation of the 

geoelectrical data obtained for the present study 

includes the following: 

(1)  Interpretation of the vertical electrical sounding 

curves (VESes) using ZOHDY’S technique (1989) 

and RINVERT’S Software program (1999). 

(2)  Construction and analysis of the geoelectrical 

cross sections.  

(3)  Construction of the net and effective thickness 

maps of the recorded geoelectric layers.  

i)  Results of the interpretation  

       The results of quantitative interpretation of 

the vertical electrical sounding curves reveal the 

number of layers in Wadi El-Natrun area varies from 

three to five layers. Generally, the true resistivity 

values of these layers are ranged between very low 

(2Ω.m) and high values (982.5Ω.m), and the 

thicknesses are varied from (0.9m) to (197.3m). The 

reported lithologies of the five layers are as follow; the 

first layer consists of sands, gravels and rock 

fragments and missed in some parts as surface layer; 

the second layer is formed from marly and shaly sand, 

and in some parts include lenses of shale (Nile Delta 

aquifer); the third layer is made up of clayey and 

sandy gravels (Wadi El-Natrun aquifer) and changed 

to clays (Pliocene clay) at the middle part of the study 

area; the fourth layer is composed of clayey sands and 

gravels (Wadi El-Natrun aquifer) and the fifth layer is 

constituted from sandstones (Moghra aquifer). All the 

previous layers were recorded and discussed on the 

profile (I-I`), which considered as a traverse cross 

section (Fig. 3). 

Figure (3) Geoelectrical cross section I-I
\ 

(after 

Ammar, 2002). 

ii) Estimating the net and effective thicknesses 

from the geoelectric analysis. 

      Generally, the construction of the net and 

effective thickness maps from the geoelectric data of 

the detected layers depends upon their rock and water 

contents. For these reasons, if the resistivity values of 

the layer under investigations had reflected the 

occurrence of low water content in the pores of this 

layer or this layer was dry or has high content of 

shales, it will be excluded and do not take into 

account. Then, the net thickness maps will be 

constructed to estimate the net thickness variation of 

the saturated layers. But, the effective thickness maps 

will be constructed to determine the effective variation 

of the saturated clastic zones. 

a) Net and effective thickness maps of the second 

geoelectric layer 

               These maps (Figs. 4&5) are constructed from 

the geoelectric data to delineate the thicknesses of the 

effective zones of this layers that by isolating the high 

true resistivity values, which reflected the dryness of 

the formation. Also, the very low or low true 

resistivity values, which referred to the occurrence of 

high shale content, were separated. Generally on this 

map (Fig. 5), the thicknesses of the effective zones 

increase toward the northern and northeastern 

directions, as located in the B and E sites, where the 

recharging by the surface water increases and 

decreases toward the southern, southwestern and 

northwestern directions, as located in the A, C and D 

sites of the study area. The previous increase and 

decrease were reflected by the medium and high 

resistivity values of this layer, respectively. 
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Figure (4) Net thickness map of the second 

geoelectric layer from the geoelectric analysis. 
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Figure (5) Effective thickness map of the second 

geoelectric layer from the geoelectric analysis.  

b) Net and effective thickness maps of the third 

geoelectric layer 

      These maps (Figs. 6&7) are constructed from 

the geoelectric data by the same mentioned way. The 

thicknesses of the effective zones (Fig. 7) increase 

toward the northeastern directions, where the 

thickness of the Quaternary aquifer increases and 

decreases toward the southwestern and northwestern 

directions and to the southern and southeastern 

directions of the study area. The previous increase of 

this thickness appears in site B, but the decrease clears 

in sites A, D and C.  

c) Net and Effective thickness maps of the fourth 

geoelectric layer 

       On these maps (Figs. 8&9), the sites A, C 

and D reflect the decrease of the effective zones. This 

decrease is toward the northeastern and northwestern 

directions. But the site B, which occurred in the 

southwestern part, reflects the increase of the effective 

zones. 
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Figure (6) Net thickness map of the third 

geoelectric layer from the geoelectric analysis. 
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Figure (7) Effective thickness map of the third 

geoelectric layer from the geoelectric analysis. 
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Figure (8) Net thickness map of the fourth 

geoelectric layer from the geoelectric analysis. 
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Figure (9) Effective thickness map of the fourth 

geoelectric layer from the geoelectric analysis. 

3. Well Logging Interpretation 

I) Well logging data 

      The present study used the available well 

logs (SP, Normal Resistivity and Gamma-ray) of 

fifteen water wells scattered in the study area (Fig. 2). 

Fifteen composite logs are prepared and zonation of 

these logs on the basis of varying deflections of the 

different records is done. The depth and thickness of 

each zone are calculated. Also, the different records of 

the Spontaneous Potential (mv), Short Normal (16") 

and Long Normal (64") resistivities (Ω.m), and 

Gamma-ray (G.P.S) are calculated for each zone. 

i)  Output Data 

a) Shale volume (Vsh%): In the present study, the 

volume of shale (Vsh%) is calculated for each zone of 

the different composite logs, utilizing the gamma-ray 

logs, by using the following equation: 

Vsh  = 

GR

GR
log

max

 - GR
min

 
- GR

min
……………………... (1) 

where: Vsh is the volume of shale. 

   GRlog is the one measured gamma-ray value. 

  GRmax is the maximum gamma-ray value (shale 

zone). 

  GRmin is the minimum gamma-ray value (clean 

zone). 

      On the basis of the volume of shale 

percentage of each zone, the rock zones can be 

divided into three categories, as follows:- 

-  Clean rock:  where Vsh < 10%; 

-  Shaly rock:  where 10% < Vsh < 33%; 

-  Shale rock:  where Vsh > 33%. 

      From these, the clean zones and the shaly 

zones are considered the interesting zones, which 

reveal the effective zones in the present study. For 

each effective zone, the saturation of water is 

calculated as follows: 

b) Water saturation (Sw%): The water saturation 

of the principal effective zones in each layer is 

calculated graphically using the maximum separation 

between the short-normal (16") and the long-normal 

(64") resistivity deflections opposite to the effective 

zones, where these zones are fully saturated with 

water (100% saturated with water). 

       From that, the water saturation (Sw%) for 

each effective zone in each layer will be ranged 

between 0% and 100% (0%<Sw<100%).  Also, the 

water saturation (Sw%) of the fluid in any zone of the 

layer will be considered the ratio of the volume 

occupied by the fluid (Vw) at that zone to the total 

pore volume (Vp), as expressed by the maximum 

separation of the resistivity logs, where Sw%=
V
Vp

w , i.e 

it is the fraction of porosity, that occupied by the 

particular fluid. Thus, the following ratio will be used: 

0 %< Sw<100%: Sw%=100
Vp
Vw ………………...… (2) 

      All these parameters (depth, thickness, Vsh 

and Sw) are used at this study to evaluate the vertical 

distribution of groundwater saturation in each 

effective zone and in each layer of the studied wells. 

The weighted net thicknesses (Hnet) and the weighted 

water saturations (Sw) of the evaluated layers in the 

studied wells of the investigated area are calculated as 

follows: 

Net thickness (Hnet) = H

hhhh n .....  
321

++++
…… (3) 

where: h1, h2, h3, ...,hn are the calculated thicknesses of 

the different effective zones of the studied layers.  

H is the calculated total thickness of the studied 

layers. 

 And   Sw =
H

hShShShS wnwww n332211
 ...   ++++

. …....(4) 

where: Sw1, Sw2, Sw3, ........,Swn are the calculated water  

saturations for the  different zones of the studied 

layers. 

 Sw1h1, Sw2h2, Sw3h3......,Swnhn are the water 

saturations of the   effective zones thicknesses of 

the studied layers. 

       Finally; the present study used these 

calculated parameters (hef, Hnet and Sw) of each layer 

for preparing nine maps to evaluate the lateral 

variations of these parameters throughout the study 

area. 

II) Iso-parametric maps 

i)  Water saturation maps 

      Three maps are constructed, by using the 

calculated percentages of water saturation (Sw%) of 

the effective zones, for the second, third and fourth 
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layers of the studied section. These maps are very 

useful to give a clear picture about the lateral variation 

of the water occurrences in the water-bearing layers of 

the succession and help to indicate the most promising 

sites of high water saturation throughout the study 

area. 

a) Water saturation map of the second geoelectric  

layer 

                 This map (Fig. 10) reveals the presence of 

three anomalous sites (A, B and C). Two of them (A 

and C sites), that occupy the extreme parts of the area, 

reflect the presence of low percentage of water 

saturation, while the third one (B), that locates the 

central part, reveals the presence of high percentage of 

water saturation (considerable water accumulation). 
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Figure (10) Water saturation map of the second 

geoelectric layer (after Ammar, 2002). 

b) Water saturation map of the third geoelectric 

layer 

                  This map (Fig. 11) shows four sites of high 

percentages of water saturation (A, B, C, and D). But, 

the other sites (E, F, and G) are of low percentages of 

water saturation. From these, the western, southern 

and northern parts of the study area are considered the 

best sites to water accumulations at this layer. 

c) Water saturation map of the fourth geoelectric 

layer 

       This map (Fig. 12) exhibits some sort of 

analogy for the water saturation sites with those of the 

second geoelectric layer (Fig. 10), in which among 

three sites reported in this layer (A, B and C), (A) is 

the maximum, while the other two (B and C) are the 

minimum.       

        However, similarity in the distribution of 

the high and low water saturation anomalies between 

the second and fourth layers, with the dissimilarity of 

these in the third layer, introduces another evidence 

for separating the third and fourth layers from being 

indivisible bigger one. 
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Figure (11) Water saturation map of the third 

geoelectric layer (after Ammar, 2002). 
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Figure (12) Water saturation map of the fourth 

geoelectric layer (after Ammar, 2002). 

ii) Net and effective thicknesses maps 

                 The net and effective thicknesses maps are 

constructed to show the lateral variations of the net 

and effective zones thicknesses throughout the study 

area of the evaluated layers at the sites of drilling 

wells. These maps are drawn for the second, third and 

fourth layers to reflect their thickenings and thinnings 

across the study area. 

a) Net and effective thicknesses maps of the second 

geoelectric layer 

                 These maps (Figs. 13 & 14) are constructed 

to show the lateral variations of the net and effective 

zones thicknesses of the second layer. There are three 

thickening sites (A, B and C) at the southeastern and 

northwestern parts of the area of study. Also, there are 

two thinning sites (D and E) occupying the central and 

southeastern parts of the concerned area.  However, 

the northwestward increase of the total net thickness 

of this layer is observed, reflecting a comparable 

subsidence of the basin of deposition at this direction, 
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consequently increasing the probability of producing 

groundwater from the wells drilled in that 

direction.
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Figure (13) Net thickness map of the second 

geoelectric layer from the well logging analysis 

(after Ammar, 2002). 
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Figure (14) Effective thickness map of the second 

geoelectric layer from the well logging analysis. 

b) Net and effective thicknesses maps of the third 

geoelectric layer 

                   These maps (Figs. 15 & 16) are prepared 

to reflect the thinning and thickening of the effective 

zones through the third geoelectric layer.  By this way, 

the thick and thin parts of this layer are mostly look 

like those of the mentioned one. Accordingly, the 

thick parts (A, B, C and D) and thin parts (E and F) 

occupy nearly similar locations to those of the second 

layer. The only exception is in the southeastward 

spreading of the thick part A, in a way vanishes the far 

southeastern thin part (E) of the second layer.  Also, 

the thin part (F) is accentuated with respect to the two 

surrounding thick parts (B and D), in a way 

configuration the thick wide part (C) of the third layer 

as compared to the second one. 
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Figure (15) Net thickness map of the third 

geoelectric layer from the well logging analysis 

(after Ammar, 2002). 
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Figure (16) Effective thickness map of the third 

geoelectric layer from the well logging analysis. 

c) Net and effective thicknesses maps of the fourth 

geoelectric layer 

            The net and effective thicknesses maps 

of this layer (Figs. 17 & 18), show two thin parts (B 

and C) subtending between them a thick one (A). The 

thin features occupy the southeastern and 

northwestern parts, while the thick one locates the 

central eastern part. By this way, the entire central part 

of the considered area is characterized by an 

intermediate gradient of dashed contours. This may be 

due the limitation of the penetrated electric current to 

the whole depth range of the fourth layer, in a way 

skips the details of the in-between net thickness 

features of positive and negative polarities.     

           Also, there is a general southeastward 

increase of the net thickness of this layer in a reversed 

direction to what happens for the second layer.  

However, the varied net thickness features 

distribution, beside the general net thickness reversal 

of the fourth layer, as compared to the second layer 

added a further evidence of check to the separation 

between the third and fourth geoelectric layers. 
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Figure (17) Net thickness map of the fourth 

geoelectric layer from the well logging analysis 

(after Ammar, 2002). 
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Figure (18) Effective thickness map of the fourth 

geoelectric layer from the well logging analysis. 

4. The Relationship between True Resistivity (Ρt  

Ω.M) and Water Saturation Percentage (Sw%) 

        The deduction of a relationship between the 

true resistivity and water saturation percentage was 

carried out by MINITAB statistical software package. 

This package was used for fitting the data to obtain an 

optimal estimation of the model's parameters. The 

outputs of this program were included the descriptive 

statistics, parameter estimation, statistical hypothesis 

testing and the basic linear regression, which consists 

of linear regression, analysis of variance (ANOVA) 

table and model fit validation. Then, by applying the 

previous statistical concepts, the relationship between 

the true resistivity and water saturation will be 

deduced, especially for the third geoelectric layer. 

Because the base of this layer was reached by the 

drilling wells and electric current, and also referred to 

the same constituents of Wadi El-Natrun aquifer, that 

includes the third and fourth geoelectric layers.       

        Generally, decreasing the resistivity of 

rocks gives an indication about the increase of water 

saturation into the pores of these rocks (Sw ∝ 1/ρt). By 

judging the previous relationship, the distribution is 

normal and identical, the general trend of the data is 

linear and the model fit is valid. But, because the T 

and F values are high, the P-value is decreased to zero. 

This reflects that, the evidence between the two 

variables is strong and this relationship is different. 

The correlation between these variables is high (-

0.884; P-value = 0.0), see Figure (19). There is a 

strong evidence of a relationship between both and 

this relationship is linear and it means that, Sw% differ 

significantly for different ρt (Ω.m). The R
2 

of the two 

variables is around 78.1%, that refers to ρt (Ω.m) of 

Wadi El-Natrun aquifer/Pliocene fluvio-marine 

aquifer system in Wadi El-Natrun area can not be 

interpreted more than 78.1% of Sw% or around 21.9 of 

Sw% can not be interpreted by ρt (Ω.m). This resulted 

from the effect of shale distribution, connection and 

saturation of the pores of the aquifer, besides the 

effect of salinity on the conductivity of water in the 

pores. Hence, it can use the following linear 

regression for estimating Sw% from ρt (Ω.m):  

Sw% = 0.416652 − 0.00434 ρt................................... (5) 
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Figure (19) the relation between true resistivity and 

water saturation percentages of the   third layer 

(Wadi El-Natrun aquifer). 

5. Groundwater Potential 

      The amounts of groundwater for the 

evaluated geoelectric layers in the studied sections, 

generally, depend upon the thicknesses of the water-

bearing layers, the thicknesses of the effective zones 

of the layers, the porosity which depends upon the 

lithology of the layers, and the water saturation 

percentages of the layers across the area of study. 

      Generally, the potentialities of groundwater 

for any layer give indication about the ability of any 

layer to produce specific amounts of groundwater, that 

depend on the fulfilling of the formerly established 

parameters. So, the assessment of the groundwater 

potentialities requires the construction of the water 
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saturation map and the net thickness and effective 

thickness variation maps of each analyzed layer in the 

studied section. In this respect, the evaluation will be 

primary confined to the second, third and the fourth 

geoelectric layers, which are collectively considered 

the shallow two aquifers. 

II)  Estimating the groundwater potential from the 

well logging and geoelectric analysis 

       From the comparison between the calculated 

total effective (TAV) and net (TNAV) thickness values 

from the well logging and geoelectric analyses, the 

following results in table (1) will be used for 

estimating the groundwater potential.   

Table (1) Comparison between the calculated total 

effective and net thickness values estimated from 

the well logging and geoelectric analyses. 
Geoelectric 

Layers TAV (m) TAV  (m) TNAV % TNAV % 

 

(from 

Well 

Logging 

Analysis) 

(from 

Geoelectric 

Analysis) 

(from Well 

Logging 

Analysis) 

(from 

Geoelectric 

Analysis) 

Second Layer 18.56 19.12 0.416 0.488 

Third Layer 110.3 107.23 0.581 0.662 

Fourth Layer 71.7 87 0.52 0.63 

      As shown earlier, estimating the 

groundwater potential of the evaluated layers requires 

the construction of the water saturation map to 

calculate the water percentages, the net thickness map 

to determine the thickness variations and the effective 

thickness map to determine the effective thickness 

variations of the clastic zones, that are saturated with 

water. These will be achieved for the second, third and 

fourth geoelectric layers at the study area. 

      To estimate the groundwater volume (Vw), 

the following equations will be used for calculating 

the groundwater amounts as follow: 

      when         Sw= 

V
V

p

w ……………..…..… (6) 

      and            φT = 

V
V

T

P ….………..….…… (7) 

                             (Serra, 1984) 

where: Vw is the volume (amount) of    water. 

   VP is the volume of all the empty spaces (occupied 

by water). 

   VT is the total volume of the rock. 

   φT is the total porosity; consists of all the void spaces 

(pores, channels, fissures and vugs) between the 

solid components.  

Then, from equations 6 & 7: 

                     Vp= 

S
V

W

w  ……………….......…. (8) 

  and             Vp=φT*VT …..………..….….… (9)  

  Also, from equations 8 & 9:  

                 When    Vp=Vp 

                   

S
V

W

w =φT*VT ……………..…..... (10) 

  Then        Vw=φT%*VT*Sw% ………….…......… (11) 

When         VT=L*W*Tav    ………………….....… (12)  

  And     VE = VT*TNav%…………….….….… (13) 

Hence, based on the above mentioned equations, the 

present author modified and illustrated how to derive 

an equation relating φT%, (VT, TNav%) or VE, Sw%, can 

be used regionally to estimate the volume (amount) of 

water (Vw ) in site as shown as follow: 

      Vw= φT%*VT*TNav%* Sw%...………..……..... (14) 

        Or    Vw= φT%*VE*Sw% ……………..….......(15) 

where: VT is the total volume of the  average thickness 

of the evaluated layer.  

L is the length of the evaluated layer along the area of 

study. 

W is the width of the evaluated layer across the area of 

study.  

Tav is the average thickness of the effective zones of 

the evaluated layer. 

VE is the effective thickness   volume of the evaluated 

layer. 

TNav% is the net thickness average of the effective 

zones of the evaluated layer. 

φT% is the porosity of lithology of the evaluated layer. 

Sw% is the water saturation percentage of the 

evaluated layer. 

i- Estimating the groundwater volume of the second 

geoelectric   layer 

      By applying the last equations (12 - 15) and 

substituting the input values of this layer (Table 2), 

where: L =9cm, W =2cm, Swav=0.373%, Scale 

factor=

2

45.1

1000








= 47562426 m

2
 

Table (2) Comparison between the estimated 

groundwater volume of the second layer from the 

well logging and geoelectric analyses. 
Input and 

output 

parameters 

Tav 

(m) 

TNav

% 
VT (m3) VE (m3) 

Vw (m3) 
When 

φ=10% 

Vw (m3) 
When 

φ=20% 

From well 
logging 

analysis 

18.56 0.416 1.5889655
10

 6.6100966
09

 2.465566
08

   4.931132
08

 

From 

geoelectric 
analysis 

19.12 0.488 1.6369084
10

 7.9881132
09

 2.9795662
08

   5.9591324
08

 

ii- Estimating the groundwater  volume of the 

third geoelectric layer  

      From the application of the last equations (12 

- 15) and substituting the input values of this layer 

(Table 3), where: L =9.5cm, W =2.7cm, Swav=0.393%, 

Scale fact.= 47562426 m
2
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Table (3) Comparison between the estimated 

groundwater volume of the third layer from the 

well logging and geoelectric analyses. 
Input and 

output 

parameter

s 

Tav 

(m) 

TNav

% 
VT (m3) VE (m3) 

Vw (m3) 

When 

φφφφ=10% 

Vw (m3) 

When 

φφφφ=20% 

From well 

logging 

analysis 

110.3 0.581 1.3456338
11

 7.8181322
10

 3.072526
09

 6.1450519
09

 

From 

geoelectric 

analysis 

107. 3 0.662 1.3081805
11

 8.6601549
10

 3.4034409
09

 6.8068818
09

 

iii- Estimating the groundwater volume of the 

fourth  geoelectric layer  

      Also, from the application of the last 

equations (12-15) and substituting the input values of 

this layer (Table 4), Where: L =9cm, W =2.3cm, 

Swav=0.428%, Scale factor= 47562426 m
2
 

Table (4) Comparison between the estimated 

groundwater volume of the fourth layer from the 

well logging and geoelectric analyses. 
Input and 

output 

parameters 

Tav 

(m) 

TNav

% 
VT (m3) VE (m3) 

Vw (m3) 

When 

φφφφ=10% 

Vw (m3) 

When 

φφφφ=20% 

From well 

logging 

analysis 

71.1 0.52 7.0591677
10

 3.6707672
10

 1.5710884
09

 3.1421767
09

 

From 

geoelectric 

analysis 

87 0.63 8.5655173
10

 5.3962759
10

 2.3096061
09

 4.6192121
09

 

      Finally; from the above mentioned results, 

that depend essentially on the effective thickness and 

net thickness variations of the three water-bearing 

layers (second, third and fourth geoelectric layers) and 

when the porosity (φ) is assumed to be 10% and 20%, 

it can be concluded that, the groundwater potential of 

the third layer is better than that of the fourth layer, 

and these in-turn are far better than that of the second 

layer for the shallow aquifer of the studied area. So, 

water productivity is ranked by the same way when 

the water wells are drilled in this area. 

      Unfortunately, the lack of porosity tools 

(density, sonic and neutron logs) from the well 

logging data of this area makes it difficult to 

determine accurately the rock porosities of the 

assessed layers, consequently defining more realistic 

figures about the amounts, potential and productivity 

of the groundwater for this shallow aquifer of Wadi 

El-Natrun area of the northeastern part of the Western 

Desert of Egypt. 

6. Summary and Conclusions: 

      The interpretation of forty-three geoelectric 

stations added to the analysis of resistivity, SP and 

gamma-ray logs of fifteen water wells were used for 

determining the expected subsurface geologic and 

hydrogeologic features of the water-bearing deposits 

and to estimate the groundwater potential of Wadi El-

Natrun area. 

      The geoelectric interpretation, carried out 

through ZOHDY’S method and RINVERT’S method, 

referred to the number of detected layers is varied 

from three to fives, and their resistivities are ranged 

between very low (2Ω.m) and high values 

(982.5Ω.m), and the thicknesses are varied from 

(0.9m) to (197.3m). The lithology of the first layer 

consists of sand, gravel and rock fragments; the 

second layer is formed from marly and shaly sand, 

and include lenses of shale; the third layer is made up 

of clayey and sandy gravel and changed to clay; the 

fourth layer is composed of clayey sand and gravel, 

and the fifth layer is constituted from sandstone. The 

layers from the second to the fifth have varying 

amounts of groundwater, where the second layer is 

dated to Quaternary period and the third to the fifth 

layers are belonged to the Tertiary period. These 

layers revealed the presence of unconfined Nile Delta 

aquifer of the second layer; confined and unconfined 

Wadi El-Natrun aquifer (Pliocene aquifer) of the third 

and fourth layers, and the Moghra aquifer (Lower 

Miocene aquifer) of the fifth layer. The second to the 

fourth layers were under consideration in estimating 

the groundwater potential of the area. 

       Estimating the groundwater volume of these 

layers was required through the construction of water 

saturation, net thickness and effective thickness of the 

clastic zones, that hold free water. From the 

geoelectric analysis, the net and effective thickness 

maps of the second to the fourth layers were 

constructed by using the true resistivity values in 

separating and excluding the thicknesses of low water 

content and high volumes of shale. These maps 

reflected the increase of the effective zones in the sites 

B and E of the second layer, the site E of the third 

layer and the site B of the fourth layer. 

       From the interpretation of the well log data 

of fifteen water wells, the shale content, matrix 

content, water saturation, net thickness of the water-

bearing layers of the second, third and fourth layers 

were evaluated petrophysically. The water saturation 

maps are referred to the site B at the second layer, site 

C at the third layer and site A at the fourth layer 

reflect high water saturation percentages. Also, the net 

and effective thickness maps of the fore-mentioned 

layers reveal three thickening sites A, B and C at the 

southeastern and northwestern parts of the second 

layer, four thickening sites A, B, C and D at the third 

layer, while there is only one thick site A locates the 

central eastern part of the fourth layer.  

      The construction of the relationship between 

the true resistivity (ρt Ω.m), derived from the 
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geoelectric analysis, and water saturation (Sw%),  

extracted from the well logging analysis, was 

restricted only to the third layer by using MINITAB 

statistical program. From the statistical analysis of the 

previous parameters, the water saturation percentage 

can be calculated from the true resistivity, when the 

well logging data are missed. 

     From the comparison between the calculated 

net and effective thickness values derived from the 

geoelectric interpretation and well logging analysis, it 

is appeared that, there is a small discrepancy between 

the estimated values. Then, from the application of the 

resulted mathematical equations for calculating the 

groundwater potential, the maximum volume of 

groundwater was contained at the third layer, then 

followed by the fourth layer and then came the second 

layer. This reveals that, the best layer which has high 

groundwater potentialities is the third layer, followed 

by those of the fourth layer, while the potentialities of 

the groundwater of the second layer are low. The 

estimated water quantities for these layers, assuming 

porosity of 10% were 3.4034409
09

 m
3
, 2.3096061

09
 m

3
 

and 2.9795662
08

 m
3
 from the geoelectric 

interpretation, and were 3.072526
09

 m
3
, 1.5710884

09 

m
3
 and 2.465566

08
 m

3
 from the well logging analysis.  

      At the end, from the previous outputs, the 

geoelectric data can be used for estimating the 

groundwater potential in case of having the same 

geological features and when the well log data are not 

available.               
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Abstract: The aim of performance evaluation is to determine certain performance measures for existing systems or 
for models of systems to develop new analytical and methodological foundations for certain aspects of performance 
evaluation, find ways to apply theoretical approaches in creating and evaluating performance models. In this paper 
measurement based performance evaluation techniques have been applied to two hard disks of same storage capacity 
but of different rotational speeds. Results have been studied, plotted and discussed. [Journal of American Science 
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1 Introduction 

Performance is a essential yardstick in the 
procurement, design, and use of computer systems. 
The hardware design reflects the improvement in 
performance [8]  As such, the aim of computer 
systems engineers, scientists, analysts, and users is to 
get the highest performance for a given cost. To 
achieve that goal, computer systems professionals 
need, at least, a basic knowledge of performance 
evaluation terminology and techniques [2]. Anyone 
associated with computer systems should be able to 
state the performance requirements of their systems 
and should be able to compare different alternatives 
to find the one that best meets their requirements. 
The hardware improvement [9] are not the criteria for 
performance measurement for this paper. 
Performance evaluation techniques are applied in 
many fields: computer and communication systems, 
fabrication plants, logistics, etc [6]. This text is 
mostly concerned with the methodological aspects of 
performance evaluation, which are pretty much 
independent from the application area. However, the 
examples provided will be mostly from the context of 
communication networks and computer systems [5]. 
S. Sharma1 at el. calculated the effectiveness of 
current day contemporary simulation tools for 
modeling head-slap events by comparing computing 
and measuring head velocity histories [1]. 
 

2 Goals of Performance Evaluation 

Roughly speaking, the field of performance 
evaluation covers three related aspects [5]: 

• Determine certain performance measures for 
existing systems or for models of systems. 

• Develop new analytical and methodological 
foundations for certain aspects of performance 
evaluation, e.g. seek for advances in queuing 
theory or time series analysis of measurement 
and simulation results. 

• Find ways to apply theoretical approaches in 
creating and evaluating performance models. 

This paper is concerned mainly with the first aspect 
only.  
 

3 A Systematic Approach to Performance 
Evaluation 

According to, a systematic approach to 
performance evaluation is, [4] 

• Define goals and describe the system 
• Itemize features and outcomes 
• Chose metrics 
• Enlist parameters 
• Choose factors to study 
• Choose assessment technique 
• Choose workload 
• Devise experiments 
• Examine and explain data 
• Depict  results 
• Repeat 
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4 Main Performance Evaluation Techniques 

To assess the performance of one or multiple 
systems, we have to apply performance evaluation 
techniques. We can broadly distinguish three main 
techniques [5]: 
 
4.1 Measurements 
When the system under study already exists and is 
accessible with reasonable effort, measurement based 
techniques can be used. 
 
4.2 Analytical Modeling 
When the system does not exist or is too large 
(complex, unhandy, not available, etc.), then a 
performance model has to be developed. This can be 
either an analytical model, which uses mathematical 
concepts and mathematical notations to describe the 
model.  
 
4.3 Simulation Modeling 
In contrast, a simulation model is basically a 
computer program, which mimics the important 
aspects of the system under study. 
 
4.4 Measurements Based Performance Analysis 
The technique of measurements can be applied to 
existing systems, either single computer systems or 
networked computer systems. In a very general 
architecture we can conceptually distinguish the 
following entities. 
 
4.5 SUT (System Under Test) 
The system under study is just the system (computer 
system, network) we want to make a performance 
judgment of. In this study we are studying the 
performance two hard disks of 40GB capacity but of 
different RPM. One is 7200RPM and the other is of 
5400RPM. 
 
4.6 CUT(Component Under Test) 
The Component Under Test may be part of a 
computer system or a computer network. 
 
4.7 Workload 
Work demanded by users from a system [4]. 
Workload specifies the series of requests the system 
has to handle. There are different types of workloads. 
 
4.8 Probe  
A probe picks up measurement values (e.g. values of 
certain variables), adds some meta-information (e.g. 
timestamps) and stores them in a buffer. 
 

4.9 Monitor 
The monitor collects data from the agents, analyzes 
and interprets (or provides at least support functions 
for human interpretation) and displays it to the user. 
The monitor uses a query protocol to collect the data 
from the agent. 
 
4.10 Agent 
The agent delivers the values from the buffer upon 
request to the monitor. The agent may also perform 
some preprocessing of the sampled data. 
 

5 Case Study 

In this paper we have compared two hard disks of 
Maxtor Company, both are of same capacity i-e 
40GB, but there is a speed difference in terms of 
RPM. One is 7200 RPM and the other is 5400 RPM. 
The aim is to evaluate the performance of the two 
hard disks through measurement based technique and 
tell which of the two is better and why? Figures 1  ( 
[7] & [11] ) are the two hard disks which would be 
studied for performance evaluation. Both these hard 
disks belong to same brand i-e Maxtor, but their 
model is different. The models are 2F040L0 
(7200RPM) & 2F040L0 (5400RPM). 
 
 
 
 
 
 
 
 
 
 
 
5.1 Metrics 
Quantitative measures to evaluate the performance of 
various components of a system are the metrics. 
The following parameters have been measured. 

• Burst Speed 
• Sequential Read Speed  
• CPU Utilization 
• Random Access 
• Transfer Rate Minimum  
• Transfer Rate Maximum  
• Transfer Rate Average 
• Buffer size 

These parameters are measured for both of the hard 
disks under identical conditions i-e same operating 
system (windows XP) and same hardware (Intel(R) 
Pentium(R) 4 CPU 1400MHz & 256MB RAM). For 
measurement of these parameters we used HD Tach 
3.0.1.0 (shareware) & HD Tune (Freeware) softwares 

Fig. 1  Maxtor 2F040L0 (5400RPM) & 
Maxtor  6L040J2 (7200RPM) 
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that are available as freeware or shareware from [3], 
the Benchmarking, system, information monitoring 
software archive. There are many benchmarking 
software monitors available in [3] but we have used 
only the following two. 
 
5.2 Type of Benchmarks 
J. K. Jones performed a comparative analysis of a 
variety of HDD performance software packages [10]. 
There are number of benchmarks softwares available 
from [3]. For example Active SMART 2.42, 
CHDDSPEED, Disk Bench, Disk Speed, 
DiskSpeed32, Drive!, Drive Speed Checker, FD Tach 
0.9, HDDScan, HD_Speed, HD_Speed, HDD Speed 
2.1, HD Tach 3.0.1.0, HD Tune, IDEdrive 2, Iometer, 
QDI Mark, Quick Bench, Victoria 3.52, etc. 

 
5.3  HD Tach 3.0.1.0 (Shareware) 
For flash devices, RAID arrays, ZIP drives, random 
access R/W storage devices HD Rach is a good low 
level hardware benchmark. To avoid as many layers 
of software as likely and get as near to the physical 
performance of the device achievable, HD Tach 
utilizes custom device drivers and different low level 
Windows interfaces. This benchmark tool can 
measure CPU utilization, random access speed, 
interface burst speed, random access speed, 
sequential read speed and sequential write testing at 
different locations of the device. [3].      
 
5.4 HD Tune (Freeware). 
This hard disk utility has the capabilities to measure 
various important parameters such as temperature, 
buffer size, firmware version, SMART parameters 
from the hard disk., etc [3]. 
 
5.5 Results Presentation 
The plotted results of measurements by the HD Tune 
for the 7200 rpm disk are shown in figure 3. 
Following are parameters measured by HD Tune for 
this model (6L040J2). 

Transfer Rate Minimum  : 21.8 MB/sec 
Transfer Rate Maximum : 40.0 MB/sec 
Transfer Rate Average    : 34.1 MB/sec 
Access Time                    : 12.6 ms 
Burst Rate                        : 72.9 MB/sec 
CPU Usage                      : 11.2% 
Buffer size                       :  1819.5 KB 
 

 
Fig. 2   Measurement results for the 7200RPM disk. 
 
For the 5400 rpm disk the plotted results are shown 
in the figure 4. The parameters measured are as 
follows; 

Transfer Rate Minimum  : 27.0 MB/sec 
Transfer Rate Maximum : 46.1 MB/sec 
Transfer Rate Average    : 39.8 MB/sec 
Access Time                    : 21.5 ms 
Burst Rate                        : 89.2 MB/sec 
CPU Usage                      : 11.5% 
Buffer size                       : 2048 KB 
 

 
Fig. 3   Measurement results for the 5400RPM disk. 
 
Now the results measured by the HD Tach 
benchmarking software for the 5400 rpm disk are 
shown in the figure 5. This benchmark measures the 
following parameters; 

Random access   :  22.7 ms 
CPU utilization   :  6%(+/- 2%) 
Average read      :  41.7  MB/s 
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Fig. 4   Measurement results for the 5400RPM disk 
 

For the 7200 rpm hard disk the results 
measured by the HD Tach are shown in the figure 6. 
The corresponding parameters measured are; 

 
Random access   :  12.0 ms 
CPU utilization   :  8%(+/- 2%) 
Average read      :  35.7  MB/s 

 
 

 
 
Fig. 5   Measurement results for the 7200RPM disk 
 

Figure 7 shows the comparison of both the 
disks as graphed by the HD Tach benchmarking 
software. The Blue plot is the sequential read speed 
of the Maxtor 5400 rpm disk & the red plot is the 
sequential read speed for the Maxtor 7200 rpm disk. 
 
 
 
 
 
 
 

 

 
 
Fig. 6 comparison of results for the both disks 
 

6 Results & Discussion  

The results from both the benchmarks i-e HD Tune 
and HD Tach 3.0.1.0 clearly shows that the 
performance of the 5400 rpm hard disk is little bit 
superior to the 7200 rpm hard disk. The comparison 
of measured parameters is shown in the Table 1. 
 
Table 1 Comparison of measured parameters. 

Parameters 5400 RPM Disk 5400 RPM Disk 

Transfer Rate Minimum  27.0 MB/sec 21.8 MB/sec 

Transfer Rate Maximum  46.1 MB/sec 40.0 MB/sec 

Transfer Rate Average   39.8 MB/sec 34.1 MB/sec 

Access Time                21.5 ms 12.6 ms 

Burst Rate                     89.2 MB/sec 72.9 MB/sec 

CPU Usage                   11.50% 11.20% 

Buffer size            2048 KB 1819.5 KB 

   
From the table 1 it is clear that the overall transfer 
rate (in MB/sec) is higher for the hard disk having 
less RPM. Although the access time for the 5400 
RPM disk is 8.9 ms higher than the access time of the 
7200 RPM but it has slightly higher buffer size i-e 
228.5 KB. This slight increase in the buffer size had a 
great impact on the overall throughput. This fact is 
also clear from the figure number 7. 
 
6.1 Confidence Interval test 

We shall use the Confidence Interval (CI) for 
small samples.  For a confidence level of 100(1-α)% 
and sample size less than 30 values, confidence 
interval is given by [4]; 
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Where t [1-α/2; n-1] = (1-α/2)-quantile of a 
t-variate with n-1 degrees of freedom. 

The table 2 shows the throughput or the 
transfer rate in MB/s for the 5400 rpm disk and the 
7200 rpm disk. 
 
Table 2: Transfer rates for the two disks 

Percent of 
Disk 

Transfer rate 5400 
RPM (MB/s) 

Transfer rate 7200 
RPM 

(MB/s) 

2.75% 48 42.5 

15.25% 47 41 

27.75% 46 40.5 

40.25% 45.5 39.5 

52.75% 44.1 37.5 

65.25% 41 33 

77.75% 37 31.1 

90.25% 34.1 27.5 

100.00% 29.5 23 

 
The differences and the squared deviation of 

the values given in table 2 are shown in the table 3. 
 
Table 3 Differences & squared deviation for values 
in table 2. 

Percent of Disk Differences Squared Deviation 

2.75% 5.5 0.622345679 

15.25% 6 0.08345679 

27.75% 5.5 0.622345679 

40.25% 6 0.08345679 

52.75% 6.6 0.096790123 

65.25% 8 2.927901235 

77.75% 5.9 0.151234568 

90.25% 6.6 0.096790123 

N = 9 
Mean Value = µ = 6.28 
Sum of Squared Deviation = 4.73 
 

Standard Deviation = 
1

)( 2

−

−∑
N

x µ
 

                                 =  
19

73.4

−
 

                                 =    0.768 
Now at 90% Confidence Level the CI for the Mean is 
given by  
 

90 %  CI   = 
N

s
t N ]1,2/1[ −−± αµ  

                   = 
9

768.0
28.6 ]19,2/1.01[ −−± t  

                     

                   =
9

768.0
28.6 ]8,95.0[t±  

                   = 
9

768.0
)86.1(28.6 ±  

                   =  476.028.6 ±  
Hence 
90 %  CI    =  [6.765, 5.813] 
 

The Confidence Interval does not include zero 
therefore we can say with say with 90 % Confidence 
Level that the two hard disks are different in their 
performance. So we can say with 90 % confidence 
level that the 5400 rpm disk is better than 7200 rpm 
disk. The difference in the performance is due the 
larger buffer size.  

 

7 Conclusion 

We performed the measurement based 
performance analysis on the Quantum fire ball 5400 
rpm and the Quantum fireball 7200 rpm disks. Two 
different benchmarking softwares were used to 
measure different parameters for the two hard disks. 
Both the benchmarking tools showed that the 5400 
rpm disk has higher overall data transfer rate than the 
7200 rpm hard disk. Then confidence interval test 
was applied to the data measured for both the hard 
disks.  It was found that higher rotational speed may 
not necessarily give more throughput. In this analysis 
we discovered that a larger buffer size can give more 
throughput even with lesser rotational speed. Lesser 
rotational speed also has an added advantage that it 
has less vibration and data can be read more reliably. 
So higher rotational speed hard disk does not 
necessarily gives you more performance in terms of 
over all throughput or the data transfer rate. Some 
time higher rotational speed can lag in reliability in 
terms of read/write data to the hard disk. 
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Abstract: Visfatin is a newly discovered adipokine found in abundance in visceral fat.  It lowers plasma glucose in 
human and mice.  In this study, we investigated the role of genetic variant (G – 948 T) of visfatin on  serum visfatin 
and  biochemical markers in type 2 diabetic patients. In a case control study 40 diabetic obese type2 compared to 20 
healthy controls age and sex matched. Laboratory and anthropometric measurements were included fasting blood 
glucose, HbA1C, lipid profile, serum visfatin serum insulin, Body Mass Index (BMI), waist hip ratio. Visfatin G – 
948Tgene polymorphism was performed using the real-time PCR method. Our results showed significant correlation 
between visfatin  BMI, waist, WH ratio, fasting glucose,   fasting insulin, HOMAIR, cholesterol, triglycerides, LDL 
but negative correlation with HDL in obese diabetics. G-allele had higher BMI, fasting blood glucose, cholesterol, 
triglyceride, HOMAIR, fasting insulin than T-allele carrier however not statistically significant. In conclusion: 
Variants of  visfatin  allele might be responsible for changes in visfatin expression and biochemical markers in 
unrelated Egyptian type 2 diabetic obese patients, visfatin G-948T polymorphism  G allele may account for the 
development of insulin resistance.  [Journal of American Science 2010;6(10):509-514]. (ISSN: 1545-1003). 
 
Key words: Visfatin ; Gene polymorphism ;Diabetes; Obesity 
 
1-Introduction: 

The messenger RNA expression of the 
adipokine visfatin was known as Pre-B-Colony-
enhancing Factor 1(PBEF 1) increases during the 
development of obesity and its plasma level strongly 
correlates with the amount of visceral fat.1   Visfatin 
was reported to imitiate the action of insulin through a 
distinct binding site on the insulin receptor, resulting 
in lower blood glucose level however its 
concentration in plasma is much lower than 
insulin.Visfatin is higher two folds in type 2 diabetic 
patients than non diabetic control.  Suggesting the role 
of visfatin in glucose metabolism and in the 
pathogenesis of type 2 diabetes.1  

It has been reported that variations of the 
genes for other adipocytokines, can influence the risk 
of type 2 diabetes but the relation between, visfatin 
gene polymorphism and type 2 diabetic remain un  
known3  

The relation of visfatin plasma levels, obesity 
and type 2 diabetes mellitus have been inconsistent.  It 
is possible that genetic variation in PBEF1 contributes 
to these conflicting results.   

The aim of this study is to investigate if 
single nucleotide polymorphism (G-948) variant allele 
might be responsible for changes in visfatin 
expression and biochemical markers in unrelated 
Egyptian type 2 diabetic obese patients in a case 
control study.   

2-Research Design and Methods: 
2.1. Patients: 
60 unrelated Egyptians were included in the study 
with age ranging from 31-72.Forty diabetic patients 
BMI>30 recruited from outpatient clinic at Kasr El-
Aini University Hospital from  November 2009 to 
May 2010.   
Twenty healthy volunteers matched for age and sex 
(control group) with no family history of type 2 
diabetes mellitus. All the participants gave their oral 
consent for approval to participate in the study 
 
Exclusion Criteria: 
1.  Acute and chronic inflammatory conditions. 
2.  Sepsis. 
3.  Renal disease. 
4.  Liver disease. 
5.  Congestive heart failure. 
All of these groups were excluded from the study due 
to increase of serum level of visfatin leading to false 
positive results. 
2. 2All patients are subjected to: Complete history 
taking. Detailed physical examination.,Fundus 
examination,. Body mass index (BMI) as calculated 
by dividing the subject's weight by the square   height 
(BMI = weight in kilograms / height in meters2). 
Waist Hip Ratio (WHR): Waist and hip 
circumferences were measured to nearest 0.1 cm, 
waist measured at narrowest point between lowest 
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ribs; hip measured at upper most lateral border of 
right iliac crest  

Laboratory investigation done after an 
overnight fast Fasting blood glucose, Serum 
creatinine, blood urea nitrogen, total cholesterol, 
triglyceride, high density lipoprotein, low density 
lipoprotein. Homeostasis Model Assessment of 
insulin resistance (HOMAIR) test was calculated from 
fasting insulin and fasting glucose by the following 
equation: 
HOMAIR = fasting insulin (uU/ml) x Fasting glucose 
(mmol/liter)/ 22.5 
 
Visfatin serum level. 
      Samples were drawn after overnight fast,fasting 
plasma glucose,total cholesterol,triglyceride and HDL 
were measured by enzymatic colorimetric method 
with Olympus AU 600 auto analyzer using reagents 
from Olympus Diagnostics GmbH (Hamburg, 
Germany).  

LDL calculated by Friendwald’s formula.The 
serum basal insulin level was determined by the 
coated tube method (DPC,Los Angeles,CA,USA)). 
For Visfatin and insulin measurements samples were          
kept at -80c. 

Plasma visfatin levels was determined by 
ELISA method(Human visfatin ELISA kit,phoenix 
pharmaceuticals,Belmont,CA, USA).  

The serum basal insulin level was 
determined by the coated tube method (DPC, Los 
Angeles, CA, USA)). 
 
2.3Genotyping: 

The TaqMan allelic discrimination assay 
(Custom TaqMan SNP Genotyping Assay; Applied 
Biosystems). The TaqMan genotyping reaction was 
amplified on a GeneAmp PCR system 7500 (95 C for 
10 min and then 95 C for 15 sec and 62 C for 1 min 
for 38 cycles), and fluorescence was detected on an 
ABI PRISM 7700 sequence detector (Applied 
Biosystems). all genotypes matched initial designated 
molecular study of single nucleotide polymorphisms 
(SNP) in the visfatin gene (948 G>T) for genotyping 
,genomic DNA was extracted and then SNP 
genotyping was performed using the rapid and reliable 
allele-specific real-time PCR method .The single 
nucleotide variations were discriminated by the 3end 
of the allele-specific primer.Blood was collected 
under sterile a septic technique and placed in a sterile 
EDTA tube .DNA was extracted from whole blood 
using DNA extraction kit (BioRad,Italy) The average 
DNA concentration was determined by absorbance at 
260 nm using perkin elmer spectrophotometer and 
The integrity of the DNA was checked electrophoresis 
on 0.8 % agarose gel with an ethidium bromide. the 

affected exon considered was amplified using 
genotypes . 
 
2.4. Statistical Methods 

Data was coded and entered using the 
statistical package SPSS version 15.  Data was 
summarized using mean and standard deviation for 
quantitative variables and number and percent for 
qualitative variables.  Comparison between groups 
was done using chi-square tests for qualitative 
variables while analysis of variants with post HOC 
tests. Independent sample T test were used for 
normally distributed quantitative variables. While non 
parametrical Kruskal- Wallis test and Mann – 
Whitney test were used for quantitative variables not 
normally distributed correlations were done to test for 
linear relations between quantitative variables, p-
values less than 0.05 were considered as statistically 
significant. The frequencies of alleles or genotypes 
were compared by x ² analysis,differences of 
continous variables among genotypes were evaluated 
by one way ANOVA. 
 
3. Results 

The Characteristics of the study group and 
the control are given in Table (1). 
Age – sex distribution were similar among the two 
groups. 
Table (1) Patients  Characteristics in our Study. 
 Diabetic 

Obese 
Control P. 

Sex (male/female) 40 (5/32) 20 (8/12) 0.022 
 

Age (y) 54.7 43.7 *<0.001 
BMI  (Kg/m2) 31.7 23.4 *<0.001 
Waist (cm) 93.2 74.8 *<0.001 
WH Ratio 0.9092 0.872 *<0.001 
Systolic B.P 136.1 120.25 *<0.001 
Diastolic B.P 83.25 76.5 *<0.001 
Fasting glucose 
(mmol/L) 

7.8 3.9 *<0.001 

Fasting insulin (uU/ml) 20.8 11.0 *<0.001 
HOMAIR 7.4 1.9 *<0.001 
Cholesterol(mg/dl) 326.3 194.3 *<0.001 
Triglyceride 96.9 73.9 *<0.001 
LDL (mg/dL) 83.9 62.5 *<0.001 
HDL (mg/dL) 38.4 49.9 *<0.001 

Visfatin(ng/ml) 13.1 9.4 *<0.001 
 

Data are median. 
* P-value <0.05 is significant. 
HOMAIR indicates homeostasis model assessment 
index of insulin 

We analyzed PBEF1, single nucleotide 
polymorphism G – 948T in cases and control. There 
were no significant differences between cases and 
controls concerning allele frequencies (P=0.173) 
neither with genotype distribution (P=0.352) table (2). 
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Table (2) Comparison of genotype and allele 
distribution of G-948T for diabetic subjects 
and control. 

Allele 
Frequency 

Genotype 
distribution 

 

G T 

P-
value 

T/T T/G G/G 

P 

T2DM     
(n=40) 
Table 
(4). 

37 43 16 11 13 

Control  
(n=20) 

13 27 

0.173 

10 7 3 

0.352 

 
G-allele had higher BMI, fasting blood 

glucose, cholesterol, triglyceride, HOMAIR, fasting 
insulin than T-allele carrier however not statistically 
significant, shown in table (3) 
 
Table 3) Genotypes of G-948T gene polymorphism  

and clinical data of diabetic patients.  
  

T/T 
 
T/G 

 
G/G 

T/T 
(VS) 
GG 
(P-
value) 

T/T 
(VS) 
TG 
(P-
valueee) 

BMI  
(kg/m2) 

30.962 31.1 33.3 0.987 1 

Fasting glucose 
(mmol/L) 

7.0 7.3 9.0 0.013 1.0 

Fasting insulin  
(uU/ml) 

19.0 20.2 23.6 0.169 1 

Total cholesterol 
(mg/dL) 

319.5 321.5 338.9 0.893 1 

Triglyceride  
(mg/dL) 

94.5 93.9 102.5 0.471 1 

HDL 
(mg/dL) 

39 39 37.3 1 1 

HOMAIR 
 

5.9 12.65 9.6 0.012 1 

Visfatin(ng/ml) 
 

13.03 12.65 13.59 0.885 1 

 
 
We next analyzed the correlation between plasma 
levels of visfatin anthropometric and laboratory 
parameters in diabetics. There was a significant 
Correlation between visfatin BMI, waist, WH ratio, 
fasting glucose,   fasting insulin, HOMAIR, 
cholesterol triglycerides LDL Negative correlation 
with HDL, shown in table (4) 
 
Table (4) Correlation between visfatin and 

anthropometric parameters in diabetics   
 visfatin Level 
Age r = -0.58 

p = 0.723 
Duration of diabetes r = -0.123 

p = 0.451 
BMI r = 0.555  

 * p <0.01 
Waist  r = 0.49 

*p = 0.001 

WH ratio r = 0.108 
p = 0.505 

Systolic B.P r = 0.223 
p= 0.167 

Diastolic B.P r = 0.128 
p = 0.432 

Fasting glucose(mmol/L) r = 0.331 
p = 0.037 

Fasting insulin(uU/ml) r = 0.542 
*p<0.01 

HOMA IR r = 0.515 
*p <0.001 

Cholesterol(mg/dl) r = 0.534 
*P <0.01 

Triglyceride(mg/dl) r = 0.62 
*p<0.02 

LDL(mg/dl) r = 0.432 
*p = 0.005 

HDL(mg/dl) r = -0.514 
*p = 0.001 

*p value significant if<0.05 
 
4.  Discussion 

Obesity   , abdominal obesity in particular is 
strongly associated with dyslipdeamia and increased 
risk for type 2 diabetes and metabolic syndrome 1,2  
Visfatin is a visceral adipokine  playing a role in 
diabetes and metabolic syndrome  , with potentially 
important effects on glucose metabolism and 
atherosclerosis16.  visfatin is a 473-amino acid protein 
with a molecular mass of 52 kd   mainly expressed in 
liver,skeletal muscle adipose tissue and bone marrow. 
It has been linked to several inflammatory conditions, 
beta cell function, and cardiovascular disease. The 
growing number of publications on the subject will 
give a better insight about the complex 
intercorrelation between adiposity and glucose 
metabolism4,8,9 

Visfatin   have insulin sensitizing properties 
through a distinct binding site on the insulin receptor 
resulting in lowering blood glucose level 17 

It  was shown to stimulate glucose uptake 
into adipocytes and muscle cells and suppress glucose 
release from hepatocytes in vitro.Moreover, Fukuhara 
showed that visfatin induced phosphorylation of 
signal transduction proteins downstream of insulin 
receptor1.Although Berndt, could not show significant 
differences in  visfatin m RNA expression ,BMI and 
percent body fat .The findings of Fukuhara and Berndt 
suggest a potential relationship between visfatin and  
glucose homeostasis or adipocyte proliferation  and 
indicate the possibility that abnormalities  of the 
visfatin  gene could contribute to the genetic 
predisposition for diabetes and   could play a role in 
the association between obesity and type 2 D.M1,17 . 
However its concentration in plasma is much lower 
than insulin1. 

The variation of adipocytokines gene mainly 
visfatin can influence the risk of type 2 diabetes but 
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the relation between visfatin gene polymorphism and 
type 2 diabetes remain inconsistent 4,13,17,18,19  
The physiological mechanism by which   visfatin 
948G→T polymorphism affect changes in glucose 
metabolism ,body fat content ,and 
visceral/subcutaneous fat ratio of mRNA expression is 
unclear, however increased amount proinflammatory 
cytokines such as TNFα or IL-6 may explain 
increased level of visfatin in visceral fat5 

To clarify the relation between visfatin 948-
T and  metabolic syndrome we studied the role of 
visfatin gene G-948-T polymorphism in the 
predisposition to metabolic syndrome. Our results 
showed that G-allele carrier had higher BMI,  
WHR,fasting blood glucose , insulin  ,  lipid profile , 
HOMAIR and Visfatin level than T-allele carrier 
however not statistically significant. 
Various studies showing results similar to our 
study6,10,11,12,14,15 

Variants in the promoter region of PBEF1 
have earlier been found to correlate with fasting 
insulin, fasting glucose. (rs 9770242, G-948T and rs 
1319501) indicating a possible association with 
insulin resistance.6,10,11,12 

Several reports have shown a positive 
association between visfatin and HDL cholesterol in 
various populations.  These findings are likely a 
reflection of differences in insulin sensitivity between 
the subjects resulting in typical dyslipdemia, insulin 
resistance and metabolic syndrome. Indicating a 
possible association between visfatin  and  insulin 
resistance3,5,6,7,19 .Our study showed a negative 
correlation between visfatin and HDL(r=-
0.541,p=0.001) 

Bottcher et al, investigated the role of  
visfatin  gene in pathophysiology of obesity in  type 2 
diabetes  in a case control study (503 diabetec subjects 
and 476 healthy controls )seven single nucleotide 
polymorphisms were identified three SNPS (rs 
9770242, - 948G→T, rs 473030153) .That were 
representatives for  their  linkage disequilibrium   
groups  genotyped in Caucasians from Germany with 
a wide range of body fat distribution and insulin 
sensitivity.  Visfatin mRNA expression was positively 
associated with all three genetic polymorphisms ( P < 
0.05) More over the 948 G→T variant was associated 
with increased 2h – plasma glucose and fasting insulin 
concentrations( P < 0.05) in non diabetic subjects 
concluding that genetic variation in the visfatin gene 
may have a minor role in the development of obesity 
and type 2 D M13 

However Bottcher result were contrary to our 
findings as we found positive correlation between 
visfatin and fasting glucose,fasting insulin (p=0.037, 
p<0.01 respectively) 

In study done by Johnason et al, on obese 
Scandinavian subjects (n = 235) in a case control 
study.   In this study, they investigated if 2 single 
nucleotide polymorphisms, ts 4730153 and G – 948T 
were associated with obesity  and whether they 
influence the (m-RNA) levels of visfatin in visceral or 
subcutaneous adipose tissue (VAT ad SAT).  They 
found that obese carriers of visfatin G-948T G variant 
allele had significantly higher level of HDL 
cholesterol (GG 1.1 (0.97 – 1.3) mmo/L GT + 77, 1.3 
(1-1.5) mmo//L p=0.02 However neither rs 4730/153 
nor G – 948T had any major impact on any of the 
obesity related , no difference in mRNA expression 
between phenotypes in visceral and subcuteanous 
adipose tissue .However  a significant correlation was 
observed between body Mass index and PBEF1 M-
RNA expression in SAT (r = 0.37, P = 0.03) but not in 
VAT (r = 0.26, P = 0.12).In Conclusion, PBEF1 G-
948T is associated with increased HDL cholesterol, 
but genetic variation in  visfatin does not seem to have 
a major impact on the development of obesity or on 
the expression of the gene14  

Our results were similar in a way  to 
Johnason et al, G-allele had higher BMI, fasting blood 
glucose, cholesterol, triglyceride, HOMAIR, fasting 
insulin than  

T-allele carrier however not statistically 
significant 
Jian et al, determined association between the visfatin 
gene, type 2 diabetes and other metabolic and 
anthropometric parameters, they found that visfatin 
gene was associated with increased    glucose and 
lipid profile. They explained their finding by the 
location of The visfatin gene at 7q22.2 which has 
been reported as a linkage region with metabolic 
syndrome, BMI HDL and triglycerides15.  

The relation of Visfatin genotyping with 
diabetes and metabolic syndrome in different 
populations was published in different studies as that 
of Tokunaga et al,Mirzaei et al. 

Tokunaga et al, investigated the role of 
genetic variation in the visfatin gene in the 
pathophysiology of type 2 diabetes   in Japanese 
subjects. The 11 exons, and the promoter region of the 
visfatin gene were screened for single nucleotide 
polymorphisms (SNPs) by PCR-direct sequencing. 
Tokunaga et al found SNPs in the promoter region 
(SNP - 1535T>C), exon 2 (SNP + 131C>G, 
Thr44Arg), and exon 7 (SNP + 903G>A). The allele 
and genotype frequencies of these SNPs showed no 
significant differences between (448) diabetic and 
(333) control subjects. However, the -1535T/T 
genotype was associated with lower serum 
triglyceride levels (T/T vs. T/C + C/C (p = 0.015) and 
T/T vs. C/C (p = 0.043)) and higher HDL-cholesterol 
levels (T/T vs. C/C, p = 0.0496) in the nondiabetic 
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subjects. Reporter gene assay of 3T3-L1 adipocytes 
revealed that the promoter activity of -1535T and -
1535C were similar, suggesting that the observed 
association may reflect linkage disequilibrium 
between -1535T>C and causative variations of the 
visfatin gene.6 

Mirzaei et al,investigated the role of -
4689G/T promoter variant of the visfatin gene on 
serum visfatin concentration and biochemical markers 
in type 2 diabetic(93)diabetic Iranian patients 
(FBG,OGTT,HbA1C,lipid profile ,fasting serum 
visfatin,serum insulin,weigh,BMI,WHR) Genotyping 
for visfatin gene was performed by using the PCR-
RFLP method  
Results :significant difference in levels of lipid profile 
, fasting insulin,among various types of visfatin 
genotypes (TT,GG,GT) A  significant correlation 
between circulating levels of visfatin and 
weight,BMI,hs-CRP and fasting insulin20 

. 
5. Conclusion: 

Our results showed significant correlation 
between visfatin, BMI, waist, WH ratio, fasting 
glucose,   fasting insulin, HOMAIR, cholesterol, 
triglycerides, LDL but negative correlation with HDL 
in obese diabetics.  
G-allele had higher BMI,fasting blood glucose, 
cholesterol, Triglyceride, HOMAIR, fasting insulin 
than  

T-allele  carrier however not statistically 
significant. 

In conclusion. visfatin G-948T 
polymorphisim may account for the development of 
insulin resistance . 
 
6. Limitation: 

We didn’t study other SNPS (Single 
Nucleotide Polymorphisms) reported   in Caucasian 
subjects including SNPS-1458T>C, SNP – 1001 G>T, 
SNP – 520G>A, SNP- 422G>A ,SNP – 422G>T, SNP 
– 194C>T, SNP 129C>T  which might   give a better 
linkage of visfatin gene polymorphism to diabetes and 
metabolic syndrome. The limited sample size in the 
present study means that longitudinal studies with 
more patients will be needed. 
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Abstract: Sixty food samples were collected from 60 random restaurants of fast and traditional fast foods in El 
Qassium, Saudi Arabia and were investigated for bacteria species using different temperature degrees (10oC, 20oC, 
30oC, 40oC and 50oC) wrere incubated for 24-48 hours and analyzed for fungi and yeasts incubated at 25oC. The 
results revealed that from 45 sample of traditional foods, yielded a total twenty two species of eighteen genera of 
bacteria. A fourteen species of twelve genera of fungi and three species of three genera of yeasts. While fast food 
results revealed that from 15 fast food samples collected from 15 restaurants a total ten species of ten genera of bacteria. A 
total eight species of seven genera of fungi. The species of bacteria isolated in this study namely, Acetobacter spp., 
Achromobacter spp., Bacillus coagulans, B. Subtilis, Clostridium perfringens, Erwinia carotovora,p Escherichia coli, 
Flavobacterium spp., Klebsiella pneumoniae, Lactobacillus plantarum, Leuconostoc mesenteroides, Listeria 
monocytogenes, Microbacterium lacticum, Micrococcus spp., Pseudomonas aeruginosa, Pseudomonas fluorescens, 
Pseudomonas putrefaciens, Salmonella spp., Staphylococcus aureus, Streptococcus lactis, Streptococcus thermophilus, 
Campylobacter jejuni, Citrobacter fruendii, Proteus vulgaris and Yersinia sp. The occurrence of some these bacteria 
illustrate that fast foods in these restaurants may act as a reservoir of pathogenic bacteria for human. Fungi isolated namely 
Aspergillus glaucus, A. niger, Alternaria sp., Cheotomium candidum, Cladosporium herbarum, Fusarium sp., Monilia sp., 
Mucor rouxii, Neuropora sp., Penicillium expansum, Penicillium sp., Rhizopus nigricans, Sporotrichum carinis and 
Thamnidium elegans. Yeasts were represented namely Torulopsis caroliniana, Saccharomyces rouxii and 
Zygosaccharomyces sp. Total viable count of bacteria (CFU) was higher in foods containing vegetable salad and fresh 
vegetables more than heated foods (e.g., chicken Shawarma, Beef burger). Some bacteria resist heat and grow at 50oC. 
Contamination occurred  through raw foods, use of polluted irrigation waters,  human handling and use of contaminated 
containers. The binge-eating of fast food can lead to measurable signs of liver injury, inflammation and inexpensive fat-
and calorie-packed foods make as the fattest. Food poisoning can be controlled by the adjustment of pH, water activity, 
temperature control. Prevention of toxins in fast foods must become a cooperative effort on the part of all involved in food 
production. Prevent multiply the microorganisms by washing and dry hands before preparing any foods and after handling 
raw foods (meat, poultry, vegetables or fruits), food preparation areas, equipment must be cleaned, kitchen areas, 
restaurants and foods protected from insects, pests and other animals. Patients should not handle foods in restaurants. 
[Journal of American Science 2010;6(10):515-531]. (ISSN: 1545-1003).  
 
Key words:  Fast food, traditional fast food, bacteria, fungi, yeasts, temperatures, contamination, poisoning food. 
 

 
1. Introduction: 

 Food is a chemically complex matrix, and 
predicting whether, or how fast, microorganisms will 
grow in any given food is difficult.  Most foods contain 
sufficient nutrients to support microbial growth. Several 
factors encourage, prevent, or limit the growth of 
microorganisms in foods, the most important factor are 
water availability, pH, and temperature (Dockins and 
Mefeters, 1978; Troller and Stinson, 1978; Bryan et al., 
1980; ICMSF (eds), 1980a, 1996; Roberts, 1982; 
Makukutu  and Guthrie, 1986; Smith and Fratamico, 
1995). 

The busy and hectic life schedule has opened the 
way for the fast food industry in most parts of the world. 
The traditional or conventional way of cooking is over 
and the fast food joints are visible everywhere. Fast food 
does not only include the traditional fast food items like 

pizza, burger or French fries but it also includes Chinese 
as well as Indian. The most typical fast food meals eaten 
in Germany are similar to those eaten in American namely 
burger, Pizza and freis from well-known chains such as 
MacDonald's burger king and Pizza Hut. Other popular 
meals are (a sliced sausage with ketchup and 
mayonnaise), Kebab (the meat is served in flatbread along 
with lettue, onion, cucumber, tomatoes) (Ockerman and 
Stec, 1980; El-Sherif et al., 1991; Lock and Board, 1994). 
Although fast food restaurants are often viewed as a 
representation of modern technology, the concept of 
"ready-cooked food to go" is as old as cities themselves; 
unique variations are historical in various cultures. 
Ancient Roman cities had bread-and-olive stands, flat 
bread and falafel are ubiquitous in Middle East. Food 
habits, pattern and behavior vary widely from culture to 
culture. Popular Saudi Arabian traditional foods include 
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meat, rice, wheat, vegetables and species that give these 
recipes a special flavor. 

There are many popular foods in Saudi Arabia 
like Jarish, Qursan, Saliq, Masapep, Keshta, Mataziz, 
Freek, Hunayni and Harisah (Print edition of Saudi 
Aramco World, 1975). 

In recent years just about all the quick service 
restaurants have added salads fresh vegetables (Leuttuce, 
Cabbage, Carrot, Cucumber, Onion, Ketchup, Mayonise). 
Some foods will be cooked prior to consumption others 
will be eaten raw. Products that might be classed with 
both fresh and processed vegetables are the chopped salad 
ingredients sold in the grocery store and to the 
institutional trade. Although essentially fresh produce, 
contamination during processing, and changes in 
microbial growth patterns during storage, may later to 
microflora of these foods quantitatively and qualitatively. 
The inner tissues of healthy plants and animals are free of 
microorganisms. However, the surfaces of raw vegetables 
and meats are contaminated with a variety of 
microorganisms and this depends on the condition of the 
raw product, the method of handling, the time and 
conditions of storage (Albrecht et al., 1995; Al-Mohizea, 
1996; Wood-Ward, 1996; Odumeru et al., 1997; Kaneko 
et al., 1999 and Pelczar et al., 2006). 

Microbial food safety is an increasing public 
health concern worldwide. It is estimated that each year in 
the United States there are approximately 76 million food 
borne illnesses (Mead et al., 2000). Cases are caused by 
Campylobacter spp., nontyphoidal salmonella, pathogenic 
Escherichia coli all colonize the gastrointestinal tracts of a 
wide range of wild and domestic animals, especially 
animals raised for human consumption (Meng and Doyle, 
1998). Food contamination with these pathogens can 
occur at multiple steps along the food chain, including 
production, processing, distribution, retail marketing and 
handling or preparation. It was reported that numerous 
epidemiological reports have implicated foods of animal 
origin as the major vehicles associated with illnesses 
caused by food-borne pathogens (Todd, 1997; Petersen 
and James, 1998). 

Contaminated raw or undercooked poultry and 
red meats are particularly important in transmitting these 
food borne pathogens. Other sources of human infections 
include contaminated produce and contact with farm 
animals and pets. Person-to person transmission has also 
been described (Sofos et al., 1999). Dangerous 
microorganisms are found in soil, water, animals and 
people. These microorganisms are carried on hands, 
wiping cloths and utensils, especially chooping boards. 
The slightest contact can transfer then to food and cause 
food borne disease. examples of zoonotic pathogens that 
may be transmitted  in this way include Salmonella, 
Campylobacter, Escherichia coli and eggs of the tape 

worm, Taenia solium (Meng and Doyle, 1998; Adams and 
Moss, 2000). 

The gut is the most important source of bacteria, 
contributing Clostridium perfringens, Coliforms, 
Salmonella and Staphylococcus to the meat surface. 
Mesophiles, including pathogens, cannot grow on chilled 
carcasses, but psychrotrophs of the pseudomonas, 
Achromobacter grow readily, and eventually spoil the 
meat (Meng and Doyle, 1998). The conditions in a well 
wrapped  piece of meat encourage the growth of the 
Lactobacilli at the expese of the Pseudomonas, 
Achromobacter group (Petersen and James, 1998). 

The bacterial level in chilled meats after 
transportation and storage at the retail level has little or no 
relationship to that at the processor's level because 
bacterial growth has continued (Todd, 1997).      

Pathogenic microorganisms on raw vegetables 
and fruits suggested that the use of poor quality water for 
irrigation could increase the incidence of enteric 
pathogens (E. coli). Erwinia spp., Aeromonas, Serratia 
spp. and some gram negative bacteria, Pseudomonas spp., 
Citroacter freundii, Clostridium and Xanthomonas and 
also Staphylococcus aureus, Corynebacterium, Listeria 
spp., Lactobacillus spp., Streptococcus spp., Micrococcus 
spp., as gram positive bacteria. The consumption of fast 
foods, raw milk and raw milk products have been reported 
to be associated with serious health problems (De Boer 
and Hahne, 1990; Adesiyun, 1993; Lin et al., 1996; 
Anonymous, 1997; Pacini et al., 1997; Bell and 
Kyriakides, 1998; Adams and Moss, 2000; Food and 
Drug Administration (FDA), 2000 and Pelczar et al., 
2006). 

Microorganisms in fast and traditional fast foods 
are responsible for many human disease (Evenson et al., 
1988; Bean and Griffin, 1990; Qadri et al., 1991a; 
Chowdhury and El-Eissa, 1992; Woodward, 1996; 
Anonymous, 1997; Al-Turki et al., 1998; Uyttendaele et 
al., 1999; Angelillo et al., 2000; Chandler et al., 2000; 
Mead, 2000). 

Salmonella bacteria is a common cause of food 
borne illness, particularly in undercooked chicken and 
chicken eggs (Arumugaswany, 1995; Lin et al., 1996; 
Anonymous, 1997; Kaneko et al., 1999). 

However, some studies suggested the incidence 
of Listeria spp. in retail foods, ready-cooked chicken, on 
the hands of food workers, food stuffs, human faeces, 
sewage and soil from urban sources (Kerr, 1993; 
MacGowan et al., 1994; Ng and Seath, 1995). 

Furthermore, it was reported the prevalence of 
Campylobacter spp., Staphylococcus spp., Escherichia 
coli, Salmonella spp., Yersinia Spp. and Listeria on meat, 
sea foods, vegetable ingredients, chicken shawarmas, raw 
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and cooked foods, raw chicken, beef burger sandwiches, 
ready-to eat salad vegetables, commercial mayonnaise, 
frozen chicken, poultry products and on the hands of food 
workers (Kerr et al., 1993; Kaneko et al., 1999 and 
Pelczar et al., 2006).  

Uzeh et al. (2009) reported that microorganisms 
isolated from salad containing raw vegetables include 
Mucor sp., Aspergillus fumigatus, Trichoderma, 
Neurospora crassa and Aspergillus niger (Deak and 
Beuchat, 1996; Adams and Moss, 2000). 

It was investigated that fast food contains high 
levels of refined sugar, white flour, trans fat and 
polyunsaturated fat, salts and numerous food additives, at 
the same time it is lacking in proteins, vitamins and fiber. 
Consumption of fast food in the world has been associated 
with obesity leading to many diseases (The Center for 
Disease Control for American, 2001; Canadian Institute 
for Health Information, 2007). 

Raw materials, including water, ice and milk, 
may be contaminated with dangerous microorganisms. 
Toxic chemicals may be formed in damaged and mouldy 
foods. Care in selection of raw material sand simple 
measures such as washing and peeling, may reduce the 
risk. Contaminated water, for example, has been 
associated with outbreaks of Salmonella, Campylobacter 
and Escherichia coli, whilst infections with Salmonella, 
Campylobacter, Mycobacteria (TB),  Brucella and 
Escherichia coli can be acquired through the consumption 
of contaminated milk or dairy products that are not 
pasteurized (Meng and Doyle, 1998). When raw milk is 
left standing for a while, it turns "sour" this is the result of 
fermentation, where lactic acid bacteria ferment the 
lactose inside the milk into lactic acid. Prolonged 
fermentation may render the milk unpleasant to consume. 
This fermentation process is  exploited by the introduction 
of bacterial cultures (e.g.,  Lactobacilli spp., Streptococcus 
spp., Leuconostoc sp. …etc) to produce a variety of 
fermented milk products. The reduced pH from lactic acid 
accumulation denatures protein and caused the milk to 
undergo a variety of different transformations in 
appearance an texture. Fast foods sold in a restaurant or 
store with low quality preparation and served to the 
customer in a packaged form for take out/take away. In 
most fast food operations, menu items are generally made 
from processed ingredients prepared at a central supply 
facility and then shipped to individual outlets where they 
are reheated, cooked (usually by microwave or deep 
frying) or assembled in a short amount of time, fast food 
are often very high in calories, saturated fat and sodium 
that can make us fatter, clog our arteries and send our 
blood pressure soaring. Some items from McDonald's  
menu in particular include chicken, hamburgers, Frensh 
fries, Egg McMuffins-Premium salad, chicken 
sandwiches, yogurt parfaits and fruit salads. Food 

substances that have been prepared by a fermentative 
process, or have been exposed to microbial contamination 
during aging or storage, are likely to contain amines. 
Alcoholic beverages such as beers can contain biogenic 
amines, as do some other fermented foods such as 
sauerkraut and soy bean products (Sanchez, 2009). 
Amines were also considered as endogenous to plant 
substance that is commonly used for food, where some 
vegetables and fruits were found to contain high 
concentrations of various amines. The biogenic amine 
content of various foods  and feed have been widely 
studied and found in cheese, fish, meat products, eggs and 
mushrooms. Biogenic amines may also be considered as 
carinogens because of their ability to react with nitrites to 
form potentially carcinogenic nitrosamines. The toxicity 
of biogenic amines to chicks in terms of loss of weight 
and mortality was also reported (Heaton and Jones, 2008 
and Rahn et al., 1998). 

Meat, produce and soft cheeses (e.g., brie, 
cheese, cottage cheese) have more water content, allowing 
any bacteria, viruses or molds present to multiply quickly 
(Bichai et al., 2008; Ono and Yamamoto, 1999). 

It was suggested that ensure that food should 
cook thoroughly to the correct temperature because proper 
cooking kills almost all dangerous microorganisms. 
Studies have shown that cooking food to a temperature of 
70oC can help ensure that it is safe for consumption. For 
example poultry, minced meat products (e.g., hamburger 
and sausages). Ideally, the center of the food should reach 
a temperature of 70oC for at least two minutes (Makukutu 
and Guthrie, 1986; Lock and Board, 1994). Chilled, ready 
to eat foods must be kept to temperature below 5oC. Hot 
foods must be kept at temperatures above 60oC before 
serving. Cool rapidly and refrigerate left over foods if they 
are not to be used within 2 hours. Food should be cold 
before placing in the refrigerator since it may take a while 
to cool off in the refrigerator and hot food may warm up 
other foods (Kaneka et al., 1999). Some of the highest 
aerobic counts have been reported for tubers and other 
vegetables that are in contact with the soil e.g., lettuce, 
carrots, potatoes and cabbage and flafel with fresh 
vegetable salads record the highest count of 
microorganism (Kaneko et al., 1999 and Mead et al., 
2000). The high acid and sugar content of fruits often 
permits yeasts and molds to predominate, while the high 
carbohydrate content of many vegetables favors the lactic 
acid bacteria. It was  reported that the major source of the 
organisms on frozen vegetables is contaminated 
equipment. Operations that have been especially 
troublesome chopers, slicers, conveyor and inspection 
helts, and filling machines. Some of these units possess 
surface that are difficult to reach for proper cleaning. Belts 
may present problems because of the tenacity with which 
organisms adhere to certain surfaces, and because some 
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fabrics absorb moisture and thus permit a microbial build 
up within the belt interior (Norberg, 1981). 

Many microorganisms do not survive at a low 
pH environment; for example, Salmonella and Shigella 
die off rapidly in citrus juices. 

Contamination of eggs and egg products: Contamination 
of the egg shell occurs after laying nesting material, dirt, 
and fecal matter. It was reported that the flora of egg 
shells is dominated by gram positive cocci while the gram 
negative rods are present in numbers. The contents of 
shell eggs may become contain with organisms from the 
shell surface by improper washing and storage methods. 
The most common genera of bacteria found in liquid eggs 
are gram negative types, including Pseudomonas, Proteus 
and Escherichia. In commercial egg breaking operations 
the egg shell is a source of contamination and may 
contribute large numbers of gram positive cocci to the 
liquid egg (Administration Urged to Boost Food Safety, 
2009). Colonization of the shell contents is  characterized 
by a mixed flora of gram negative bacteria. The most 
common contaminants are the Coliforms, Achromobacter, 
Pseudomonas, Serratia, Proteus, Alcaligenes and 
Citrobacter (Finegold and Martin, 1982; Uyttendaele et 
al., 1999).  

The major which pathogen associated with eggs 
and egg products is salmonella.  

Ready to eat meat and poultry meat: 

Some meat products such as flame seared beef 
patties and cooked beef are processed at lower 
temperatures. These temperatures are  sufficient to destroy 
pathogens, but the final bacterial counts include some of 
the more heat resistant vegetative bacteria such as the 
enterococci. For these products, the final bacterial 
numbers normally may be at levels of about 103 to 104. 
Unless cooked products are packaged hot and 
immediately frozen, recontamination invariably occurs 
from equipment, food handlers, raw products or dust 
(Talarico et al., 1997; Angelillo  et al., 2000). 

Human health and mycotoxicoses: It was reported that the 
ubiquitous fungal strains involved could utilize wide 
variety of foodstuffs for toxin production. Several 
mycotoxins have been verified as naturally occurring 
foods and feeds (Barnett et al., 2000). 

Mycotoxins and toxigenic fungi: Most mycotoxicoses of 
man or animals have been recognized by observation of 
the toxicity of moldy foods and feeds. The toxigenic 
storage fungi are primarily Aspergillus penicillium, while 
some like Fusarium may be either field or storage 
organisms. The mycotoxins presently considered to 
present the most potential for human health hazard are the 
toxins of the storage fungi in the genera, Aspergillus, 

Penicillium and Fusarium are those elaborating 
mycotoxins which are more important in foods and feeds. 

Some of the mycotoxin findings reported 
represent extensive survey, others are very limited. Fungi, 
such as the moulds commonly seen on bread, can also 
cause illness while viruses such as hepatitis A may also be 
food borne (Wart, 1989; Barnett et al., 2000). It was 
reported that  when foods such as meat, spaghetti sauce or 
vegetables are canned, the oxygen can't get in therefore 
growth of aerobic organisms is controlled and the food is 
preserved. Some microorganisms will grow only in 
anaerobic conditions. Botulism is a rare type of food 
borne illness caused by microorganism that prefers  
anaerobic conditions. Home canned food that haven't been 
preserved properly are the most common source of this 
type of food borne illness (Evenson et al., 1988; Kao and 
Shih, 1993; Pacini et al., 1997).   

The objectives of this study were to determine 
the presence of pathogenic bacteria, fungi and yeasts in 
fast foods and in traditional foods in some restaurants 
causing human diseases, and to investigate the association 
of microbial contamination with component, type, 
temperature, season of foods. This study carried out to 
give information about the methods of prevention of 
diseases due to food borne pathogens and how to control 
it. 
 
2. Materials and Methods: 

Sixty restaurants were used in the present study. 
Fast and traditional foods samples were obtained form fast 
food and traditional fast food restaurants in El Qassim, 
Saudi Arabia in summer. The Centers for Disease Control 
Food Borne Diseases Active Surveillance Network (Food 
net) data indicate that outbreaks and clusters of food-
borne infections peak during the warmest months of the 
year (Centers for Disease Control and Prevention, 2001; 
Fotadar et al., 2005). 

Samples of foods: A) Traditional foods: The 
traditional fast foods which were used in the research: 1. 
Jarish: composed of yorgot, animal fats, crush wheat, oil, 
salts and speices. Jarish may be simply boiled and served 
with a topping of chopped hot paper and onion or it may 
be browned in butter or oil and then cooked into a sort of 
pilaf with a chunks of meat, chopped onion and tomato 
for the richly flavored dish. 2. Mataziz:  composed of 
flour, meat, cucurbita, onion, oil, spices, tomato and salt. 
3. Qursan: included meat, oil, different vegetables 
onion, tomato, limon and salt. 4. Keshta: included of 
palm, butter and flour. 5. Mathbib: Contained eggs, oil, 
flour, salt and sugar. 6. Freek:  composed of eggs, 
flour, sugar, small amount of salt and cinnamum 
zeylani. 7. Hunayni: included palm, bread, butter, 
spices and water. 8. Saliq: contained chicken, rice, 
milk and spices. The rice first half cooked in meat or 
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chicken both and then with milk for one.  9. Harees: 
composed of meat, sugar, butter, wheat, salt and 
cinnamum zeylani.  

B) Fast foods: 1. Chicken shawrmas with salads. 2. 
Hamburger (beef burger) with salads. 3. Flafel with 
salads (leuttuce, tomato, onion, cucumber).  

1. Collection of samples: A total of 60 samples were 
obtained from 60 restaurant at temperature 35oC-37oC in 
summer. The food samples were  taken from restaurant in 
sterile plastic bags in Ice-Box, according to Chessbrough 
(1984) 

2. Preparation of food samples: From each sample 25 g 
was aseptically weighed and macerated and 225 mls of 
sterile distilled water was added. Sterile dilution was 
carried out using sterile distilled water as diluents. From 
each dilution 1 ml was plated using the pour  plate 
methods of Swanson et al. (1992). 

3. Isolation of Bacteria: Samples were cultivated on 
different media. The inoculated media were cultured at 
different temperatures. Pure cultures of the 
microorganisms were identified  using the standard 
procedures of (Barrow and Feltham, 1993). The test 
employed for the identification of isolates was the gram 
stain, biochemical test, pigments and colony morphology. 

The streak plate method for the recovery of the 
various bacteria species. The Total Viable Count (TVC) 
of bacteria species was done on different media. The 
inculated plates of bacteria were incubated at different 
temperatures 10oC, 20oC, 30oC, 40oC and 50oC for 24-48 
hours.  The colony forming units (CFU) were counted 
with a Gallenkamp colony counter, the result reported as 
(CFU) per ml of sample. The same process was repeated 
in respect of fungi and yeasts, which were incubated at 
(25-30oC).  

I- Isolation of bacteria: The culture media used were  

1. Nutrient agar medium: was used for total bacterial 
count (enumeration of bacteria). The medium  
containing (per liter of distilled  water) according to 
Atals (1993), beef extract 2.0 g, peptone 5.0 g., yeast 
extract 1 gm, sodium chloride 5 g., agar 15.0 g., 
distilled water up to 1 liter. at pH 7.3±0.2 (Swanson 
et al., 1992). 

2. MacConkey agar medium: MacConkey agar is a 
differential and low selectivity medium used to 
distinguish lactose fermenting (e.g, klebsiella and 
Esherichia coli) from non lactose fermenting bacteria 
(Pseudomonas aeruginosa, Salmonella species and 
Proteus mirabilis. It composed of gelatin 17 g., casein 
1.5 g., peptic of animal tissue 1.5 g., lactose 10 g., 
bile salts 1.5 g., sodium chloride 5 g., neutral red 0.03 
g., crystal violet 0.001 g., agar 13.5 g., and distillated 
water up to liter (Oxoid 1992). 

3. Salmonella-Shigella agar medium:  was used for 
isolation of Salmonella and Shigella and incubation 
at 35oC for 24-48 hours (Feng et al., 2007). 

4. Violet red bile agar was used to distinguish coliform 
bacteria, and Eosin-Methylene blue Agar (EMB) was 
used for isolation of Escherichia coli (Oxoid, 1992). 

5. Mannitol salt agar: Mannitol salt agar is a 
differential and selective plate medium used to 
isolate Staphylococcus aureus . the medium is 
available in dehydrated from Oxoid Ltd. Mannitol is 
fermented by Staphylococcus aureus (yellow in 
medium)(Finegold and Martin, 1982). 

6. Staphylococcus medium (No. 110): Staphylococcus 
medium used for isolation of Staphylococcus spp. 
and Micrococcus spp. (gram +ve bacteria), it 
composed of (per liter) yeast extract 2.5 g., 
tryptone 10 g., gelatin 30g., lactose 2 g., D/mantol 
10 g., Nacl 75 g., dipotassium phosphate 5 g., agar 
15 g., pH 7±0.02 According to (Matthews et al., 
1997). 

7. Rosef broth:  Campylobacter strains were grown 
in stationary cultures in 5 ml of Rosef broth 
without antibiotics for 48 hours in anaerobic 
atmosphere created by using BBL gas peak plus 
anaerobic system envelops without the palladium 
catalyst. Rosef broth contains (per liter) peptone 
10 g., Labelmco (oxid) 8 g., yeast extract 1 g., 
Nacl 5 g., Rezasurin solution (0.025% wt/ vol.) 
1.6g (Ryan and Ray, 2004). 

Clostridium perfringers were grown in a 
stationary culture in an anaerobic atmosphere and 
subsequently diluted in sterile Rosef broth or sterile 
saline to concentrations of 106 to 108 CFU per ml 
(Baumgart et al., 2007). 

8.  MRS Broth (de Man, Rogosa and Sharpe): 
Lactobacilli bacteria were counted with M.R.S. 
agar medium which is composed of casein peptone 
10 g., meat extract 10 g., yeast extract 5 g., 
glucose 20 g., tween 80 1.0g., K2mpo4 2 g., 
sodium acetate 5 g., diammonium citrate 2 g., 
MnSO4 0.2 g., and distilled water up to 1 liter 
(Laner and Kandier, 1980). After incubation, 
colonies that developed on the plate were counted. 
The plates with between 30 and 300 colony recorded 
as colony  forming  units [total viable count 
(CFU/ml)]. Pure cultures of the isolates were 
obtained by subsequent sub  culturing on fresh agar 
plates. 

Identification of microbial isolates:  

Isolates of bacteria were identified by the API 
20E system following the method adapted by Collins et 
al. (1995). This was done based on cultural, 
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morphological and biochemical characteristics of the 
isolates, the method of bacterial classification, was the 
gram stain method, as described by Barrow and Feltham 
(1993); Inglis et al. (1994) and Bergey's (1989). 

II- Isolation and identification of fungi  

 The purpose of screening was to isolate potent 
pure cultures from different samples of fast and traditional 
foods. Test-samples were plate on the surface using the 
dilution plate method Swanson et al., 1992) using (1) 
Sabourauds Dextrose agar (SDA) (2) Potato Dextrose 
agar (PDA). Identification to the genus level was carried 
out throughout macroscopic and microscopic 
examination, followed by more accurate identification to 
the species level according to John (1979), Domsch et al. 
(1993); Robert et al. (2000); Watanabe (2002). 

III- Isolation of yeasts: Yeats were isolated from samples 
of traditional and fast foods by using the dilution plate 
method of Swanson et al. (1992), media were used (1) 
Peptone Yeast molt agar (PYM), (2) Dextrose-Yeast broth 
(DYB), (3) Nutrient agar (NA). Yeasts isolates were 
identified according to (Arex, 1981; Barnett et al., 2000). 

Statistical analysis:  

Statistical analysis was carried out using 
statistical program SAS (1988). Duncan's multiple range 
tests was used to separate means.  
 
3. Results: 

(1) Microorganisms isolated from traditional foods 
samples:  The results of isolation of some species of 
microorganisms from 60 food samples collected from 
different 60 restaurants at El Qassim revealed that, a total 
of twenty two species in eighteen genera of bacteria were 
isolated. A fourteen species in twelve genera of fungi. A 
three species of three genera of yeasts were isolated are 
recorded in table (1, 2 and 3).  

(2) Bacteria  isolated from fast foods samples: The results 
of isolation of bacteria from 15 fast food samples 
collected from 15 restaurants at El Qassim revealed that a 
total ten species of ten genera were isolated (table 4). 

(3) Effect of different temperatures on isolated bacteria: 
The occurrence of isolated bacteria at different 
temperatures (isolated from traditional foods and fast 
foods) at 10oC, 20oC, 30oC, 40oC and 50oC (table 5 and 
6).  

(4) Fungi isolated from fast foods samples: The results of 
isolation of fungi from 15 fast food samples collected 
from 15 restaurants revealed that eight species of seven 
genera were isolated (table 7). 

The total bacterial count from traditional foods: In the 
present study the restaurants were chosen because of 
people in these localities are more exposed to pathogenic 

fungi, bacteria, yeasts which may transmitted to them 
from foods, soil or hands of workers and also from person 
to another. The total bacterial count was higher in food 
samples from Mathabib, Jarish and Qursan than those 
from samples from Hunayni, Mataziz and Keshta. The 
total bacterial count was lower in food samples from 
Freek and Saliq and the lowest number shows from 
Harees (table 8). 

Table (1) shows the bacteria isolated from 
traditional foods include Acetobacter spp., 
Achromobacter, spp., Bacillus coagulans, Bacillus 
subtilis, Clostridium perfringens, Escherichia coli, 
Erwinia carotovora, Flavobacterium spp., Klebsiella 
pneumoniae, Lactobacillus plantarum, Lactobacillus spp., 
Listeria monocytogenes, Micrococcus spp., 
Microbacterium lacticum, Proteus vulgaris, Pseudomonas 
aeruginosa, Pseudomonas putrefactens, Staphylococcus 
aureus, Streptococcus lactis, Streptococcus thermophilus 
and Leuconostoc mesenteroides.   

The total bacterial count from fast foods:  

Bacteria of this group of fast foods samples may 
cause disease to man. Bacteria isolated include 
Campylobacter jejuni, Citrobacter fruendii, Bacillus 
subtilis, Escherichia coli, Listeria monocytogenes, 
Proteus vulgaris, Pseudomonas aeruginosa, 
Staphylococcus aureus, Salmonella sp., and Yersinia spp. 
(Table 4). 

On the other hand we can divide the isolated 
bacteria from fast and traditional samples into:  

1. Gram negative bacteria: isolated from traditional 
foods and fast foods are: Campylobacter Jejuni, 
Escherichia coli, Klebsiella pneumoniae, 
Salmonella sp., Yersinia sp., Proteus vulgaris, 
Acetobacter sp., Flavobacterium spp., 
Pseudomonas aeruginosa, Citrobacter freundii, 
Erwinia carotovora, Pseudomonas fluorescens, 
pseudomonas putrefaciens, Achromobacter spp. 

2. Gram positive cocci: Isolated from traditional 
foods and fast foods are: Leconostoc 
mesenteroides, Micrococcus spp., Staphylococcus 
aureus, Streptococcus Lactis and Streptococcus 
thermophilus.  

3. Gram positive rode, non sporing: Listeria 
monocytogenes and Lactobacilli plantarum were 
isolated from traditional foods and fast foods. 

4. Gram positive rods irregular, nonsporing: 
Microbacterium sp. isolated from traditional foods 
only.  

5. Gram-positive rods and cocci (endospores): 
Isolated from traditional foods and fast foods are: 
Bacillus coagulans, Bacillus subtilis, Clostridium 
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perfringens. Regarding traditional foods and fast 
foods sharing in some bacteria as Escherichia coli, 
Bacillus subtilis, Listeria monocyenes, Pseudomonas 
aeruginosa, Salmonella sp. and Staphylococcus 
aureus. Concerning fast foods, Campylobacter 
jejuni, Proteus  vulgaris, Citrobacter fruendii and 
Yersinia sp. the isolated species which not isolated 
from traditional foods.  

It was noticed that the samples of traditional 
foods included many bacteria not isolated from the 
samples collected from fast foods such as Clostridium 
perfringens, Acetobacter spp., Bacillus coagulans, 
Erwinia carotovora, Flavobacterium Klebsiella 
pneumoniae, Lactobacillus plantarum, Leconostoc 
mesenteroides, Microbacterium spp. Micrococcus spp., 
Pseudomonas Fluorescens, Pseudomonas putrefaciens, 
Streptococcus, Lactis, Streptococcus thermophilus and 
Achromobacter spp. 

Matching the results recorded in table (1) with 
the results recorded in table (4), it was noticed that many 
species of pathogenic bacteria were isolated from 
traditional foods and fast foods causing many diseases for 
human (Fig. 1). 

The total count of bacteria was the highest in 
Flafel with vegetable salads samples following by Beef 
burger sample and the bacterial count was lower in 
chicken sharwma samples (table 9). 

As shown in table (10) pathogenic bacteria, 
important diseases and prevention of each disease were 
recorded to indicate the possible causative factor.  

Isolation of fungi: A- From traditional foods  

Isolation and identification of fungi were 
performed those include Alternaria sp., Aspergillus niger, 
Aspergillus glaucus, Cheotomium candidium, 
Cladosporium herbarum, Fusarium sp., Monilia sp., 
Mucor rouxii, Neurospora sp., Penicillium expansum, 
Penicillium sp., Rhizopus nigricans, Sporotrichum carnis 
and Thamnidium (table 2). 

B- From fast foods: The fungi isolated from fast foods 
samples include Aspergillus fumigatus, Aspergillus niger, 
Mucor sp., Rhizopus nigricans, Trichoderma sp., 
Alternaria sp., Penicillium sp., and Cladosporium 
herbarum (table 7). 

(5) Isolation of yeasts from traditional foods: In the 
present study yeasts were isolated from traditional food 
samples include Saccharomyces rouxii, Torulopsis 
caroliniana and Zygosaccharomyces sp., as shown in 
table (3).  

 

Table (1): Bacteria isolated from traditional foods  
No.  Sample Bacteria isolated from samples 
1 Jarish  Escherichia coli, Lactobacillus plantarum, 

Pseudomonas putrefactens, Streptococcus 
thermophilus.  

2 Mataziz  Acetobacter sp., Erwinia carotovora, 
Micrococcus sp., Pseudomonas aeruginosa, 
Staphylococcus aureus, Clostridium perfringens   

3 Qursan  Acetobacter sp., Escherichia coli, pseudomonas 
aeruginosa, Erwinia carotovora, Lactobacillus 
sp., 

4 Keshta  Klebsiella pneumoniae, Micrococcus sp., 
Staphylococcus aureus  

5 Mathabib  Bacillus subtilis, Flavobacterium sp., Klebsiella 
pneumoniae, Micrococcus sp., Pseudomonas 
aeruginosa, Microbacterium lacticum, 
Leuconostoc, mesenteroides.  

6 Freek  Bacillus subtilis, Listeria monocytogenes, 
Proteus vulgaris, Micrococcus sp., Pseudmonas 
putrefactens, Staphylococcus aureus.   

7 Hunayni  Bacillus coagulans, Micrococcus sp., 
Pseudomonas fluorescens, Staphylococcus 
aureus   

8 Saliq  Escherichia coli, Listeria monocytogenes, 
Lactobacillus plantarum, Micrococcus sp., 
Achromobacter sp., Staphylococcus aureus, 
Streptococcus lactis. 

9 Harees  Flavobacterium sp., Micrococcus sp., 
Staphylococcus aureus.  

Table (2): Fungal species isolated from traditional foods  
No.  Sample Fungal species  

1 Jarish  Aspergillus niger, Alternaria sp., Fusarium sp., 
Neurospora sp.  

2 Mataziz  Penicillium expansum, Cheotomium candidum   

3 Qursan  Aspergillus glaucus, Penicillium expansum, 
Neurospora sp., Cheotonium candidum, Mucor 
rouxii, Alternaria sp. 

4 Keshta  Penicillium expansum, Rhizopus nigricans  
5 Mathabib  Aspergillus niger, Cladosporium herbarum, 

Penicillium sp.   
6 Freek  Aspergillus glaucus, Cladosporium herbarum, 

Monilia sp., Rhizopus nigricans 
7 Hunayni  Alternaria sp., Thamnidium elegans 
8 Saliq  Sporotrichum carnis, Penicillium sp.  
9 Harees  Alternaria sp., Penicillium sp.,  

Table (3): Yeast species isolated from traditional foods  

No.  Sample Yeast species  
1 Jarish  Torulopsis caroliniana  

2 Mataziz  - 
3 Qursan  Torulopsis caroliniana  

4 Keshta  Saccharomyces rouxii, Torulopsis caroliniana, 
Zygosaccharomyces sp.  

5 Mathabib  Torulopsis caroliniana  

6 Freek  Torulopsis caroliniana  

7 Hunayni  Saccharomyces rouxii, Torulopsis caroliniana  
8 Saliq  Torulopsis caroliniana, Saccharomyces rouxxi  
9 Harees  Torulopsis caroliniana  
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Table (4):Bacteria isolated from different  fast foods  
Type of 
sample  

Bacteria isolated from samples 

Chicken 
Shawarmas  

Campylobacter jejuni, Escheirchia coli, Listeira 
monocytogenes, Salmonella sp.  

Hamburger 
(beef 
burger)  

Listeria monocytogenes, Salmonella sp., 
Staphylococcus aureus, Yersinia sp.    

Flafel with 
salads 
(Lettuces, 
Tomato, 
Cucumber 

Campylobacter jejuni, Escherichia coli, Listeria 
monocytognees, Salmonella sp., Pseudomonas 
aeruginosa, Citrobacter fruendii, Proteus vulgaris, 
Bacillus subtilis  

Table (5): Occurrence of bacteria at different temperatures 
isolated from traditional foods from different restaurants  

Temperature No. Bacterial species 
10oC 20oC 30oC 40oC 50oC 

1 Acetobacter sp.  - + + - - 
2 Acrhomobacter 

sp.  
+ + - - - 

3 Bacillus 
coagulans  

+ + + + + 

4 Bacillus subtilis  + + + + + 
5 Clostridium 

perfringens  
- - - - + 

6 Erwinia 
carotovora  

- + + + - 

7 Escherichia coli  + + + + + 
8 Flavobacterium 

sp.  
+ + + - - 

9 Klebsiella 
(Aerobacter) 
pneumoniae  

- + + + - 

10 Lactobacillus 
plantarum  

+ + + - - 

11 Leuconostoc 
mesenteroides  

- + + - - 

12 Listeria 
monocytogenes  

+ + + + - 

13 Microbacterium 
sp.  

- + + + + 

14 Micrococcus 
lacticum  

+ + + + - 

15 Proteus vulgaris  - - - - + 
16 Pseudomonas 

aeruginosa  
- + + + - 

17 Pseudomonas 
fluorescens  

+ + - - - 

18 Pseudomoas 
putrefactens  

+ + + + - 

19 Salmonella sp.  - - + + - 

20 Staphylococcus 
aureus  

+ + + + + 

21 Streptococcus 
lactis  

+ + + - + 

22 Streptococcus 
thermophilus  

- + + + + 

 

 

 

Table (6): Occurrence of bacteria at different temperatures 
isolated from fast foods from different restaurants  

Temperature No. Bacterial species 
10oC 20oC 30oC 40oC 50oC 

1 Campylobacter 
jejuni  

- + + + - 

2 Escherichia coli  - + + + - 
3 Listeria 

monocytogenes  
+ + + + - 

4 Salmonella sp.  - - + + - 
5 Staphylococcus  

aureus  
- + + + - 

6 Pseudomonas 
aeruginosa  

+ + + + - 

7 Citrobacter 
fruendii  

- + + + - 

8 Proteus vulgaris  + + + + - 
9 Bacillus subtilis  + + + + + 
10 Yersinia sp.  + + + + - 

Table (7): Occurrence of fungi isolated from different fast foods 
at 25oC 

Temperature 

No. 
Bacterial 
species Chicken 

shawarma  
Beef burger  

Flafel with 
vegetable 
salads  

1 Aspergillus 
fumigatus  

- + + 

2 Aspergillus 
niger  

- - + 

3 Mucor sp.  + - - 
4 Rhizopus 

nigricans  
- - + 

5 Trichoderma 
sp.  

- - + 

6 Alternaria sp.  + - + 
7 Penicillium sp.  - + - 
8 Cladosporium 

sp.  
- + - 

Table (8): Total viable count of bacteria from traditional samples 

No.  Sample Total viable count (Log 10 cfu/gm) 
1 Jarish  5.20 
2 Mataziz  5.07 
3 Qursan  5.20 
4 Keshta  1.02 
5 Mathabib  5.38 
6 Freek  0.94 
7 Hunayni  5.15 
8 Saliq  0.94 
9 Harees  0.59 

cfu: colony forming unit 

Table (9): Total viable count of bacteria from fast foods  

Type of sample  
Total count of bacteria (Log 10 
cfu/gm) 

Chicken shawarmas  5.28 
Beef burger  5.53 
Flafel with vegetable salads 
(lettuces, tomato, cucumber)  

5.76 

cfu: colony forming unit  
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Table (10): Pathogenic bacteria, important diseases and prevention of each disease (bacteria isolated from fast and 
traditional foods) 

Organisms Where they be found Important diseases Prevention 
Campylobacter jejuni  Contaminated drinking water and 

unpasteurized milk, contaminated 
food, with incorected prepared 
meat and poultry  

Human gastroenteritis in the world, 
food poisoning, abdominal pain 
diarrhea, fever, and malaise  

Treated with antibiotics in severe 
cases such as ciprofloxacin, 
erythromycin, azithromycin or 
norfloxacin  

Escherichia coli  Food or water or with the 
individuals handling the infant's 
child, unwashed vegetables or 
undercooked meat, raw ground 
beef, raw seed  sprouts, raw milk, 
unpasteurized juice, and foods 
contaminated, by infected food 
workers via fecal-oral route. Found 
in recreational waters and its 
presence is used to indicate the 
presence of recent fecal 
contamination  

Most E. coli strains are harmless, 
but some can cause serious food 
poisoning in humans, and are 
occasionally responsible for 
product recalls, the  harmless 
strains are part of the  normal flora  
of the gut. Produce potentially 
lethal toxins, food poisoning, 
diarrhea in humans, rabbis, dogs, 
cats and horses, urinary tract 
infections  

Cooking food property, preventing 
cross-contamination instituting 
barriers such as gloves for food 
workers, pasteurization of juice or 
dairy products and proper hand 
washing requirements treated with 
antibiotics.   

Listeria monocytogenes  Foods as raw milk, pasteurizede 
fluid milk, cheeses, ice cream, raw 
vegetables, fermented raw meat 
sausages, raw and cooked poultry, 
raw meats (of all types), and raw 
and smoked fish and refrigerated 
foods. Isolated also from soil and 
silage. 

It is the causative agent of 
listeriosis. It is one of the most 
virulent food borne pathogens with 
fatality rates exceeding even 
Salmonella and Clostridium 
botulinum Gastrointestinal 
symptoms such as nausea, 
vomiting, and diarrhea    

For gastrointestinal using antacids 
or cimetidine. 
May using also Vancomycin or 
Ampicillin  
Alcohol as an effective topical 
sanitizer or quaternary ammonium 
added to alcohol.  

 
Table (10): Pathogenic bacteria, important diseases and prevention of each disease (bacteria isolated from fast and 

traditional foods) (Cont…) 

Pseudmonas aeruginosa  It is found in soil, water, skin flora, in normal 
atmospheres and also in little oxygen. This 
bacterium is also found on  and in medical 
equipment including catheters, causing cross 
infections in hospital and clinics   

It infects the pulmonary tract, 
urinary tract, burns wounds, and also 
causes other blood infections, 
gastrointestinal infection and 
external ear infection  

Many antibiotics, for example, 
ear infections or nail infections, 
topical gentamicin or colistin 
may be used.  

Salmonella sp. It can be transmitted by humans to animals and vice 
versa. Transmitted to humans by eating foods 
contaminated with animal feces. Contaminated 
food such as beef,  poultry, milk, or eggs, any food 
including vegetables, food also become 
contaminated by the hands of an infected food 
handler who did not wash hands with soap after 
using the bathroom. The human pathogen of 
salmonella abdominals transmission by contact and 
infected food, water or fly. Contamined foodstuffs. 

  

Diarrhea, fever, or abdominal 
cramps, food poisoning.  

Food be heated for at least ten 
minutes at 75oC (167oF) so that 
the center of the food reaches this 
temperature. It is not destroyed 
by freezing.  

 
Table (10): Pathogenic bacteria, important diseases and prevention of each disease (bacteria isolated from fast and 

traditional foods) (Cont…) 

Staphylococcus aureus   Part of the skin floral found in the nose 
and on skin. It presents in prepared 
foods left too long at room 
temperature (e.g., cooked hamburger, 
salads dairy products). 

It can cause skin infections, 
pneumoniae, meningitis 
osteomyelitis, endocarditis, toxic 
shock syndrome, bacteremia and 
septicemia, food poisoning.  

Treatment using penicillin, 
gentamicin.  

Yersinia sp.  Food products (especially vegetables, 
milk-derived products and meat) 

Gastroenteritis  By oxidizing agents such as 
hydrogen peroxide and potassium 
permanganate  solutions  

Shigella sp. Salads, milk and dairy products, and 
unclean water  

Bacillary dysentery, bacteramia   Wash and dry hands before 
preparing any food and after 
handling raw foods, especially raw 
meat or poultry. Ensure that food is 
cooked thoroughly to the correct 
temperature.  
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4. Discussion: 
The effect of microorganisms on human health has 

been reported, the present study was performed to give 
information of the distribution and presence of 
pathogenic microorganisms in traditional fast foods 
and fast foods from different restaurants, that important 
to human and to discus their role in the food poising 
and also the causation of many human diseases. Studies 
on isolation of pathogenic bacteria, fungi and yeasts 
from fast foods and traditional foods in this 
investigation indicated that some gram negative 
bacteria and gram positive bacteria recorded in table (1 
& 4). The food bacteria of greatest important to human 
pathology are the most common causes of human 
infection and extensively widespread in the 
environment using fast foods. Our results are in 
agreement with the above studies and are supported by 
many researches (Kay et al., 1994). His findings are 
consistent with our results that revealed some 
pathogenic bacteria, fungi and yeasts were found in fast 
foods, traditional fast foods. Most investigators 
indicated that bacteria, fungi and yeasts may exert their 
pathogenic action either thorugh infection of body, or 
as a source of toxic substances demonstrated in 
contaminated foods. The most common infections 
causing food poisoning and other diseases are those 
associated with contaminations due to fast foods and 
traditional fast foods (Kay et al., 1994; Al-Turki et al., 
1998). 

More recent studies have focused attention on the 
food poisoning diseases due to several pathogenic 
microorganisms. Many disease of human associated 
with contamination of fast and traditional fast foods. 
Many  workers reported that raw food, especially meat, 
poultry and sea food, and their juices, can contain 
dangerous microorganisms, such as Salmonella, 
Campylobacter, Listeria and Escherichia coli, which 
may be transferred onto other foods during food 
preparation and storage (Lin et al., 1996; Uyttendaele 
et al., 1999; Chapman et al., 2001). Our work is in 
agreement with the above studies. In raw milk, the 
presence of lactic acid producing bacteria, under 
suitable conditions ferments the lactose present to 
lactic acid. The increasing acidity in turn prevents the 
growth of other organisms, or slows their growth 
significantly. During pasteurization however, these 
lactic acid bacteria are mostly destroyed (McGee, 
Harold, 2004; Christison and Ivany, 2006; Chen et al., 
2007). These results are agreement with the results of 
our study.     

Feng et al. (2007) reported that some 
microorganisms are harmful and cause disease while 
others are benevolent neutral, or even helpful. Some 
help us to produce certain foods (e.g., Streptococcus 
lactis to make butter milk break down toxins in our 
environment, while others can sick as (e.g., 

contaminants in food like Escherichia coli or 
Salmonella), or can kill us for example, Proteus  cause 
amoebic dysentery, fungi cause athelete's food and 
ringworm, bacteria cause pneumonia, legionmaire's  
disease, streptococcus, throat, tetanus and other 
diseases. 

Some animal diseases bacteria can cause human 
disease with close animal-man contact. Some of these 
are Brucella enteropathgoenic E. coli, Corynebacteria, 
Mycobacterium, Leptospira, Coxiella burneti and 
Clostridium tetani. Heaton and Jones (2008) suggested 
that coliforms, E. coli, enterococci, S. aureus, C. 
perfringens and Salmonella are often present on fresh 
tissues since slaughter process does not include a 
bacterial step. The frequency and levels of these 
bacteria will vary, depending upon farm, climatic, and 
processing conditions.   

Recent studies indicated that Staphylococcus 
aureus, Clostridium perfringens, and Salmonella 
frequently are present in low numbers on raw meat 
surface Clostridium botulinum occurs infrequently. 
These species are most hazardous when they grow 
without competition as in cooked foods (Talarico et al., 
1997; Baumgart et al., 2007). Our results are also in 
agreement with the previous studies. The hazard 
potential from foods precooked in commercial 
establishment is high but the incidence of outbreaks 
has been low. The Center for Disease Control reports 
that although more than half of all food borne disease 
outbreak can be traced to meat and poultry products, 
there was a serious departure from good practices at the 
serving level (homes, restaurants, institutions) in nearly 
all instances.  

Baumgart et al. (2007) showed that the heating 
step in the production of cooked cured meats destroyes 
the typical raw meat flora except for the spores. Salt 
and nitrite in the cure inhibit the growth of survivors 
and contaminats somewhat selectively. These agreed 
with our results (table 9). 

Rayan and Ray (editors) (2004) found that upon 
prolonged refrigeration, lactic acid bacteria, 
micrococci, enterobacteria, bacillus, and yeast may 
grow and form slime. If the product is in a tight, gas 
impermeable package, the package may swell. 
Products of bacterial action sometimes combine with 
meat pigments to form a green color.  Human contact 
may sometimes introduce a few Escherichia coli or 
Staphylococcus aureus. These results are in agreement 
with our results. The food grade bacteria associated 
with food fermentation are capable of producing 
different types of metabolites they have antimicrobial 
properties (organic acids e.g., lactic, cetic pyopionic, 
aldehydes, ketones, and alcohols (ethanol, diacetyl and 
acetaldehyde), hydrogen peroxide, reuterine and 
bacteroides. It was reported that in the presence of the 
mesophilic lactic acid bacteria (e.g., lactococcus lactis, 
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some lactobacillus species, and Pediococcus sp.), the 
growth of psychrotrophic spoilage and pathogenic 
bacteria is reported to be controlled. 

Studies were conducted by adding lactic acid 
bacteria to fresh meat, seafoods, liquid egg., and some 
processed meat products, such as bacon, against 
Clostridium botulinum, Salmonella serovars, and 
Staphylococcus arueus. Our results are supported by 
the presence of many researches agreed with our data 
(Feng et al., 2007; Heaton and Jones, 2008). 

In refrigerated raw milk, meat, egg., and seafood, 
cells of lactobacillus, Lactococcus and Leuconostoc 
species were added to control the growth of 
psychorotrophic spoilage bacteria such as 
Pseudomonas spp. The inhibitory property could be 
due to the release of antimicrobial compounds from the 
cells by the nonmetabolizing lactic acid bacteria.  

It was reported that some strains of Lactobacillus 
reuteric, found in the gastrointestinal tract of humans 
and animals, produce a small molecule, reuterine that is 
antimicrobial against gram-positive and gram negative 
bacteria (Daeschel and Penner, 1992). It produces 
antibacterial action by inactivation some important 
enzymes such as ribonucleotide reductase. Many 
strains of species from genera lactococcus, 
Streptococcus Leuconostoc, Pediococcus, 
Bifidobacterium, and  propionibacte used in food 
fermentation have been reported to produce different 
bacteriocins (Daeschel and Penner, 1992). 

Moreover, many organisms was found in our data 
is in agreement with many researches,  several yeast 
isolates normally present on the surface of fruits and 
vegetables were reported to prevent spoilage of the 
products by molds. Some of the inhibitory compounds 
are small proteins, while some others are enzymes.  It 
was reported that cells of one such yeast isolate were 
found to adhere tightly with the mold mycelia and 
produce B-gluconase that degrades the cell wall of the 
molds and kills them. As many of these yeasts are 
normally present in fruits and vegetables that are eaten 
raw, they are not consider pathogenic and thus human 
may be sick when eat it or when used in salads in fast 
foods or traditional foods (Barnett et al., 2000). 

Uzeh et al. (2009) showed that decay caused by 
molds and certain bacteria accounts for much of  
spoilage of fresh fruits and vegetables. Many of  these 
organisms are true plant pathogens in that they can  
invade healthy plant tissue.  While bacterial rot is 
caused mainly by genus Erwinia, numerous mold such 
as Alternaria, Botrytis, Phytophtora  are  responsible 
for a variety of market diseases from these results 
above we can observed that our data is in agreement 
with them.  

Bichai et al. (2008) showed that, the presence of 
Escherichia coli can be related to use of polluted 
irrigation waters during growth. Contamination 

through human handling, the use of contaminated 
containers, or washing after harvest  with polluted 
water. It was suggested that it could increase the 
incidence of enteric pathogens (Angelillo et al., 2000; 
Kramer et al., 2000).        Products fresh or processed 
vegetables are the chapped salad ingredients (Lettuce, 
cabbage, carrots, tometo, cucumber….etc) sold in the 
grocery store and to the institutional trade (Kaneko et 
al., 1999). 

Ali (1999) reported that biogenic amines are 
natural antinutrition factors and are important form a 
hygienic point of view as they have been implicated as 
the causative agents in a number of food poisoning 
episodes, and they are able to initiate various 
pharmacological reaction. Histamine, putrescine, 
cadaverine, tyramine, tryptam, B-phenylethylamine, 
spermine, and spermidine are considered to be the most 
important biogenic amines occurring in foods. 

It was suggested that the binge-eating of fast food 
can lead to measurable signs of liver injury and 
inflammation. The plentiful availability of relatively in 
expensive fat-and calorie-packed foods, has helped to 
make us the fattest (Robert et al., 2008). 

Fats which are commonly found in fast food have 
been shown in many tests to have a negative health 
effect on the body (Hathcox et al., 1995; Todd, 1997; 
Ono and Yamamoto, 1999). 

It was suggested that fast food consumption has 
been shown to increase calorie intake, promote weight 
gain, and elevate risk for diabetes (David Ludwing, 
2004). A food may start with a pH which precludes 
bacterial growth but as a result of the metabolism of 
other microorganisms (yeasts or molds), pH shifts may 
occur and permit bacterial growth.  

Interplay of factors affecting microbial growth in 
foods: The interplay between the factors (water 
activity, pH, temperature) ultimately determines 
whether a microorganism will grow in a given food. 
Often, the results of such interplay are unpredictable, 
as poorly understood synergism or antagonism may 
occur (Wart, 1989; Smith and Fratamico, 1995). 

Richard et al. (2007) reported that some 
pathogenic bacteria cause sick  for  human when eat 
fast foods these bacteria such as: Listeria 
monocytogenes has been associated with such foods as 
raw milk, pasteurize fluid milk, cheeses,, ice cream, 
raw vegtables, fermented raw-meat sausages, raw and 
cooked poultry, raw meats (of all types), and raw and 
smoked fish. Its  ability to grow at temperature as low 
as 0oC permits multiplication in refrigerated foods. In 
refrigeration temperature such as 4oC the amount of 
ferric iron promotes the growth of L. monocytogenes 
(Shanal et al., 1986; Dykes and Dworacze, 2002;  Gray 
et al., 2004; Ramaswamy et al., 2007; Dharmarha and 
Vaishali, 2009; Farber and Peterkin, 2009). 
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Richard et al. (2007) showed that gastrointestinal 
disease has been reported by eating raw or 
inadequately cooked meat containing bacillus spores. 
B. cereus causes food poisoning by means of 
enterotoxins, reported that the prevention, because of 
the resistance of endospores to chemical disinfectants, 
autoclaving is the only reliable means of 
decontamination. B. subtilis, B. coagulans were 
isolated from traditional food samples (table 1) and 
(table 4) from fast food samples of our study. 

Campylobacter jejuni is widely distributed in 
nature, it infects the intestine, where it can cause  
ulcerative, inflammatory lesions in the jejunum, ileum, 
or colon. It is the leading cause of food  born disease. 
Prevention and treatment: diarrhea should be treated 
using fluids, if disease is severe  ciprofloxacin is the 
drug of choice.  Prevention by good hygiene avoiding 
contaminated water, pasteurizing milk and milk 
products, and thoroughly cooking potentially 
contaminated food (e.g., poultry). C. jejuni was 
isolated from fast food samples only (table 4) (Ryan 
and Ray, 2004). 

Richard et al. (2007) showed that Clostridium 
perfringen: is part of the normal flora of the vagina and 
gastrointestinal tract. Its spores are found in soil. Acute 
food poisoning is caused by the generation of spores in 
improperly cooked food, resulting in the production of 
enterotoxin in the small intestine. Treatment of food 
poisoning requires only supportive care prevention of 
food poisoning is a matter of appropriate food handling 
practices. It was isolated from traditional food samples 
(table 1). 

Feng et al. (2007) suggested that Escherichia coli 
is part of the normal flora in the colon of human and 
other animals, but can be pathogenic both within and 
outside the gastrointestinal tract. Enterotoxigenic E. 
coli (ETEC), this organism is a common cause of 
"traveler's diarrhea" in developing countries, it infects 
only humans, with transmission occurring through food 
and water contaminated with human waste, or by 
person to person contact. Treatment and prevention by 
trimethoprim, sulfamethoxazole or ciprofloxacin are 
the drugs of choice and diarrhea can be prevented by 
taking precaution in food and water consumption, hand 
washing and disinfection. E. coli was isolated from 
traditional food samples (table 1) and from fast food 
samples (table 4) (Nataro and Kaper, 1998; Fotadar et 
al., 2005; Vogt and Dippold, 2005; Baumgart et al., 
2007). 

AVI Biopharma (2008) suggested that 
Pseudomonas aeruginosa  often includes identifying 
the production of both pyocyanin and fluorescein, as 
well as its ability to grow at 42oC. P. aeruginosa is 
capable of growth in diesel and jet fuel, where it is 
known as a hydrocarbon-utilizing microorganism (or 
HUM bug), causing microbial corrosion. It creates dark 

gellish mats sometimes called "algae" because of their 
appearance. Several studies indicated that P. 
aeruginosa is the common cause of infections of burn 
injuries and of the external ear (otitis externa), and is 
the most frequent colonizer of medical devices (e.g., 
catheters). However, research indicates that salicylic 
acid can inhibit pyocyanin production (Prithiviraj et al., 
2005). 

P. aeruginosa  widely distributed in nature (soil, 
water, plants, animals). P. aeruginosa can grow in 
distilled water, laboratory hot water baths, hot tubes, 
wet IV tubing, and other water containing vessels. This 
explains why the organism is responsible for so many 
nosocomial infections. This result is in agreement with 
our results (Heaton and Jones, 2008). 

P. aeruginosa was isolated from traditional food 
samples and was isolated from fast food samples (table 
1 and 4). 

Pseudomonas putrefactens was isolated from 
samples (table 1 and 4). Prevention and treatment by 
aminoglycoside antibiotic and an antipseudomonas 
lactam.  

To protect against Salmonella  infection, it is 
recommended that food be heated for at least ten 
minutes at 75oC (167oF) so that the center of the food 
reaches this temperature.  

Salmonella is not destroyed by freezing. It can 
survive several weeks in a dry enviornmetn and several 
months in water thus, they are frequently found in 
polluted water, contaminated from the excrement of 
carrier animals being particularly important (Giannella, 
1996; Administration Urged to Boost Food Safety, 
2009; FDA/CFSAN-Food Safety, 2009). S. typhi is 
transmitted generally through food or water 
contaminated by human feces. Public food handlers or 
health care delivers who are carriers can present a 
serious public health problem. Salmonella sp. was 
isolated from fast food samples (Table 4). Our results 
goes with the previous studies as FDA-Center for Food 
Safety (2009). 

Staphylococcal gastroenteritis is caused by 
ingestion of food contaminated with toxin produced by 
Staphylococcus aureus superantigen. 

Some strains of S. aureus are capable of producing 
staphyloxanthin a carotenoid pigment that act as a 
virulence factor. It has an antioxidant action that helps 
the microbe to evade killing with reactive oxygen used 
by the host immune system. It is though that 
staphyloxanthin is responsible for S. aureus 
characteristic golden colour (Claudiz et al., 2006). 

It was reported that emphasis on basic hand 
washing techniques are therefore effective in 
preventing the transmission of S. aureus.  The use of 
disposable approves and gloves by staff reduces skin-
to-skin contact that therefore further reduces the risk of 
transmission (Neely and Maley, 2000). 
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Recent reports have demonstrated that many 
researches showed that introduction of Staphylococcus 
aureus into the blood stream can lead to various 
complications including, but not limited to, 
endocarditis, meningitis, and if it is widespread, sepsis-
toxins infecting the entire (Liu et al., 2008; Cosgrove et 
al., 2009). From the above studies, our results are also 
in agreement with many researches (table 1 and 4). 
Exotoxins including enterotoxins cause food poisoning 
can preventing by infection control procedures such as 
barrier precautions, washing of hands and disinfection 
of fomites are important in the control of nosocomial 
staphylococcus epidermidis, aureus.  

Streptococcus lactis, streptococcus thermophilus 
were isolated from traditional food samples (table 1). 

Streptococcus pneumoniae (diplococcus 
pneumoniae), an important cause of meningitis and 
bacteremia/sepsis. S. pneumoniae is carried in the 
nasopharynx of many healthy  individuals. Infection 
can be either endogenous (in a carrier or exogenous (by 
droplets from the nose of a carrier). Treatment and 
prevention by penicillin G has been the drug of choice, 
using an anti-pneumococcal capsular polysaccharide 
vaccine.  

Yersinia species is endemic distributed worldwide. 
Infection is transmitted by fleas, the organism can also 
be transmitted by ingestion of contaminated animal 
tissues, or via the respiratory route Y. pestis  was 
isolated from fast food samples (table 1). 

Some members of yersinia are pathogenic in 
humans, in particular, Y. pestis is the causative agent 
of the bubonic plaque. Rodents are the natural 
reservoirs of yersinia, less frequently other mammals 
serve as the host. Infection may occur either through 
blood (in the case of Y. pestis) or in an alimentary 
fashion, occasionally via consumption of food products 
(especially vegetables, milk-derived products and 
meat) contaminated with infected urine or feces (Ryan 
and Ray, 2004; Bichai et al., 2008 and Malekzadeh et 
al., 2009). These results were agreed with our results 
obtained. Yersinia may be associated with Crohn's 
disease, an inflammatory autoimmune condition of the 
gut. Treatment and prevention, Streptomycinis the drug 
of choice, gentamicin and tetracycline are acceptable 
alternatives.  

For individuals in enzootic areas, efforts to 
minimize exposure to rodents and fleas is important. 
The above studies and discussion are in agreement with 
our research.  

Barnett et al. (2000) reported that many 
mycotoxins found in various foods:  

Aspergillus toxins: (a) Aflatoxins: Aspergillus and 
Pencillium sp. have been reported to produce 
aflatoxins, and the aflatoxins have been isolated from 
legumes, grains, fruits, meats,  spices,  cheeses, milk, 
rice, corn, cotton seeds, others compounds with 

carcinogenic, hemorrhagic, heptaotoxic, neurotoxic and  
uterotrophic properties have been isolated form food 
stuff and  identified as metabolites of fungi common to 
a variety of agricultural commondities. The potential 
for economic loss and human health effects make mold 
contamination of agricultural products doubly 
significant (Shank et al., 1972). (b) Ochratoxins: these 
substances are a group of closely related compounds 
produced by Aspergillus ochraceus, A., sulphureus, 
and A. melleus. A. ochraceus group is common in soils 
and decaying vegetation, grains, wheat, corn, cotton 
seeds, legumes, peppers, onions and pears (Raper and 
Fennell, 1965; Adams and Moss, 2000). (c) 
Sterigmatocystin: another common food contaminant is 
Aspergillus versicolor, A. nidulans, a compound 
bearing some structural resemblance to the aflatoxins 
in that, it produces liver and kidney damage and is like 
the aflatoxing a hepatocarcinogen (Stack and 
Rodericks, 1973). (d) Other Aspergillus toxins: there 
are a number of other metabolites of this genus which 
have been shown to toxic to animals, which are 
potential food contaminants.  

Penicillium toxins: (a) Patulin: among the more 
important of the large number of mycotoxins produced 
by the penicillia is the potent antibiotic, patulin. 
Species have been described as patulin producers: P. 
claviforme, p. divergens, P. expansum, P. 
griseofulvum, P. patulum, P. novozealandia and P. 
Lapidosum (Harwig et al., 1973). Penicillic acid, 
rubrotoxin, and tremorgens and cyclopiazonic acid, 
that compounds elaborate a toxin and have potential 
carcinogenic agents (Horwig et al., 1973). (b) Rice 
toxins: Storage fungi proliferate in improperly stored 
rice. Most are of the genera Aspergillus and 
Pencillium, and about 10% of the isolates tested are 
toxigenic. The toxic effects of these substances 
interactiosn among them, and their natural occurrence 
have been reported (Saito et al., 1971). A polyenic 
compound called citreoviridin and an acidic compound 
known as citreomycetin. Some of these toxins affect 
the liver and kidney, some are neurotoxic.   

Fusarium toxins: (a) Zearalenone, trichothecenes 
(diacetoxyscirpenol) and other toxigenic fungi, their 
potential for human health effects is probably realized 
by growth of Fusarium sp. on grains after harvest in a 
high moisture condition. This mycotoxin has been 
associated with outbreaks of vulvovaginal swine. It 
was reported that it is probably one of the more 
common mycotoxin contamination of food and feed 
(Pelczar et al., 2006).  (b) Trichothecenes: There are 
mold metabolites which have structural features similar 
to those of the compound known as diacetoxyscirpenol. 
The acute toxicity of some of mycotoxin trichothecenes 
cause hemorrhage on the lip and mouth, throat, and 
entire gastrointestinal tract. 
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International commission on microbiological 
specifications for foods (ICMSF, 1999) reported that 
there are hundred of fungal species which have been 
shown to be toxigenic from animal feeds, peanuts, and 
seeds, flour, spaghetti, black and red peppers the 
following genera showed toxic isolates: Alternaria; 
Cheotomium, Cladosporium, Curvularia, Gliocladium, 
Rhizoctonia, Scopulariopsis, Trichoderma, 
Trichothecium. Pithomyces chartarum produce mold 
metabolites known as sporidesmins and Rhizoctonia 
leguminicola produce Slaframine causing diarrhea for 
animals.   

ICMSF (1996) suggested that control of fungal 
toxin production can be occurred by the adjustment of 
pH, water activity, and temperature control.   

Temperature does not protect from all toxigenic 
molds, however, for many will grow at refrigeration 
temperatures (ICMSF) found several toxigenic species 
capable of growth and toxin production at temperatures 
down to 10oC. There is evidence that some strains may 
be more toxigenic at low temperatures than at optimum 
growth temperatures. Adjustment of water activity is 
the best means of controlling growth of 
microorganisms in foods. e.g., Campylobacter cells 
when ingested with food or water, it enter the host 
intestine via the stomach and colonize the distal ileum 
and colon (Ketley, 1995). The most effective means of 
eliminating human exposure to mycotoxins in foods is 
by the prevention of toxin formation. This requires 
agricultural and industry practices designed to reduce 
the opportunity for fungal growth from harvest to 
ultimate commodity use. Prevention of mycotoxins 
must become a cooperative effort on the part of all 
involved in food production.   

However, the need for good hygienic practices, 
proper handling, storage and retail of salads in clean 
environment and at refrigeration temperature can not 
be over emphasized to ensure good quality and safe 
salads.  

WHO's (2007) was reported that, it is important to 
handle food in such a way that the microorganisms 
present do not have a chance to multiply and to prevent 
food from becoming contaminated with other 
microorganisms by: 

1. Wash and dry hands before preparing any food and 
after handling raw foods (meat, poultry, vegetables 
or fruits). 

2. Ensure that food preparation areas and equipment 
are clean.  

3. Protect kitchen areas or restaurants and food from 
insects, pests and other animals.  

4. People with gastrointestinal illness, such as 
vomiting or diarrhoea, should not handle food 
intended for consumption by others.  

We can concluded that if people have meals 
regularly and in suitable quantities, there will not be 
any health problems, relating habits concerning to 
nutrition according to  what the healthy nutritional 
experts specify, if all the society follow right 
nutritional habits, healthy foods, they have health. 
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Abstract: The people of Garhwal, a part of central Himalaya, follow ancestral worship and animism in the form of 
deity worship, with the central focus on worship in forest patches. These social boundaries help to conserve the 
entire organisms as a whole, which stand the concept of sacred or protected groves. The pleasing of deities is 
performed every year by the villagers around the sacred groves, in honour of the deities and to gain their favour. 
Indigenous cultural and rituals practices of the local people in sacred groves serve as a tool for conserving 
biodiversity. Protected or sacred groves are distributed over a wide ecosystem and help in conservation of rare and 
endemic species. Well-preserved protected groves are store houses of valuable medicinal and other plants having 
high economic value, and serve as a refuge to threatened species. Thirty sacred and protected groves were 
inventoried in six districts of Garhwal Himalaya. Detailed studies were carried out in four selected groves, to 
understand the importance of biodiversity status and vegetation characteristics. A total of 271 plant species 
representing 211 genera under 88 families were recorded through baseline floristic survey. The species diversity 
indices were compared among the four studied groves. The vegetation composition and community characteristics 
were recorded. Ethnobotanical uses of species were examined, which reveal that 90% of species were used as 
medicine for the treatment of various ailments. A few of the medicinal plants which have disappeared from the 
locality are now confined only to the groves. Socio- cultural aspects were investigated taking into account the 
attitudes of local people, which indicates social beliefs and taboo are eroding simultaneously degrading the degree of 
protection of sacred and protected groves. Therefore, conservation measures of protected groves need to be 
formulated considering the factor of degradation and the basic necessities of the local people. Until and unless a 
viable option is provided to the local people for sustaining their economic condition, no step for conservation of 
biodiversity will be successful.  
[Tapendra Singh Bisht, Radha Ballabha and A. B. Bhatt. Protected Groves of Garhwal Himalaya, India: Biodiversity 
Status and Strategies for their Conservation. Journal of American Science 2010;6(10):532-541]. (ISSN: 1545-1003). 
 
Keywords: Garhwal Himalaya, Protected groves, Biodiversity value, Conservation status.  
 
1. Introduction 

In India as elsewhere in many parts of world a 
number of communities practice different form of 
nature worship. One significant tradition of nature 
worship is that of providing protection to patches of 
forest dedicated to deities or ancestral sprits. These 
patches of forests are known as sacred or protected 
groves. The institution of sacred groves is very ancient 
and once was widespread in most parts of the world 
with over 50,000 sacred groves so far reported from 
different parts of India. Sacred groves are the rich 
heritage of India, and play an important role in the 
religious and socio cultural life of the local people. 
Sacred groves are ecosystems by themselves and 
perform all the ecological function. Many threatened 
endangered, and rare species find safe refuge in the 
sacred groves.  Himalaya has been a perennial source 
of attraction, curiosity and challenge to human intellect 
throughout the ages. Uttarakhand possesses luxuriant 
and varied vegetation within the Himalayan region.  
Almost every plant has economic importance from 
either a nutritional, aesthetic or medicinal viewpoint.  
In fact, large percentage of crude drugs in the Indian 
market comes from this Himalayan area (Badoni 1990).  

Nearly thirty species from the Garhwal Himalaya have 
been listed in various categories under threat in the 
Indian Red Data Book (Nayar and Sastry, 1987, 1988 
and 1990) of which 24 species are from high altitude 
alpine region.     

Garhwal Himalaya in India commonly 
referred to as Dev Bhumi (land of the Gods) houses 
many important religious shrines like Badrinath, 
Kedarnath, Yamanotri and Gangotri etc. besides the 
sacred confluence of five tributaries of holy Ganga. It 
is interesting to note here that many a time an entire 
landscape represented by a variety of species and 
ecosystems had been considered sacred or protected 
and conserved as such in pristine condition by 
forbidding the use of any resource from it. This 
strategy seems to be quite analogous to the present 
day’s concept of species conservation through 
sanctuaries, national parks and biosphere reserves. The 
examples of forest community conservation are the 
well known Chipko, Raksha Sutra and Maity 
movements. These are among the pioneer social 
movements towards the conservation and regional 
environment initiated in the Central Himalaya.  All 
these movements had one common objectives i.e., to 



Journal of American Science                                                                                                                 2010;6(10)   

 

       http://www.americanscience.org                                                                           editor@americanscience.org 

 
533 

conserve the serenity of the environment by 
maintaining the natural forest wealth. The Chipko and 
Raksha Sutra were aimed to prevent the forests by 
deforestation while Maity movement aimed to raise 
new forest through plantation programs. Many 
traditional societies all over the world revered and 
worshipped nature and considered certain plants and 
animals as sacred. Some communities also followed the 
practice of setting aside certain patches of land or 
forest as "sacred groves" dedicated to a deity or village 
God, protected and worshipped. In India sacred groves 
are found all over the country and abundantly along the 
Western Ghats and the West coast and in several parts 
of Kerala, Karnataka, Tamil Nadu, Maharashtra, 
Madhya Pradesh, Rajasthan, Orissa and Himachal 
Pradesh.  

Sacred groves in different states are locally 
known by different names. In Kerala there are 
hundreds of small jungles dedicated to snakes called 
Sarpakavu (sarpa meaning snake and kavu meaning 
jungle). There are the Ayyappan kavus dedicated to 
Lord Ayyapan, the most famous of which is 
Sabarimala, visited by millions of devotees every year. 
These areas have protected many rare and endangered 
species, including valuable medicinal plants. In 
Maharashtra, the sacred groves are known as deonus 
and are found in the Western Ghats region. Known as 
samas in Bihar, such groves are seen in the 
Chotanagpur regions, established by the Munda tribe as 
abodes of their godly spirits. In the arid regions of 
Rajasthan there are many sacred groves, variously 
called as Oraans, Vanis, and Kenking. The Bishnois of 
Rajasthan have also been responsible for preserving the 
habitats of the Khejadi tree (Prosopis cineraria).  

The role of sacred groves in the conservation 
of biodiversity has long been recognized (Kosambi, 
1962; Gadgil and Vartak, 1976; Haridasan and Rao, 
1985; Khan et al. 1997). All forms of vegetation in the 
sacred groves are supposed to be under the protection 
of the reigning deity of that grove, and the removal of 
even a small twig is taboo (Vartak and Gadgil, 1973). It 
is believed that sacred virgin forests date back to 
several thousands of years when human society was in 
the primitive state. Gadgil and Vartak (1973) have 
traced this historical link of the sacred groves to the 
pre-agricultural, hunting and gathering societies. 
Hughes and Chandran (1997) have presented an 
overview on the distribution of sacred groves around 
the earth in Asia, Africa, Australia, Europe and 
America.  

In India, the earliest documented work on 
sacred groves is that of the first Inspector General of 
Forests, Brandis (1897). Burman (1992) has reported 
the existence of sacred groves all along the Himalaya 
from the northwest to northeast, western Himalaya of 
Kumaun and Garhwal, Darjeeling and Meghalaya. 

Ramakrishnan (1996) also identified sacred groves 
from different parts of India, known by different names 
given to them in ethnic terms. Many scholars have been 
working on conservation of sacred groves through 
socio-cultural practices in different parts of India 
(Gadgil and Vartak, 1975; Boojh and Ramakrishnan, 
1983; Rodgers, 1994; King, 1997; Tiwari et al., 1998; 
Sinha and Maikhuri, 1998. 

However, little information is available on 
protected groves and conservation of the biodiversity 
of Garhwal Himalaya, in Uttarakhand.  People of 
Garhwal follow ancestral worship and animism in the 
form of deity worship, with the central focus of 
worship on forest patches which signify protected or 
sacred groves.  The area of protected groves range from 
a few square meters to several hectares situated in 
different altitudinal gradients and natural ecosystems 
which helps in conservation of biodiversity.  But 
unfortunately, due to population explosion, various 
encroachment and activities, protected groves have also 
become the victim of encroachment and exploitation, 
though the extent of degradation in the groves is less 
when compared with the other forests.  Degradation of 
groves not only signifies loss of rich and relict 
vegetation but also the loss of rich cultural diversity.  
Therefore, it has become an urgent need to make an 
extensive inventory of the groves, their biodiversity 
and ethnobotanical importance, and analyze the role of 
associated cultural and religious beliefs, and their 
conservation.  

Affection towards nature was a zoolatry 
(worshipping of animals), totem (considering plants 
and animals sacred), etc., which in turn led to a sort of 
prudent conservation. Religious beliefs, traditions and 
customs of Indians bear an allegiance in restricting the 
exhaustive use of natural resources. In the present 
study, an attempt has been made to document and 
analyze the vegetation composition and ethnobotanical 
uses of plant species in protected groves of Garhwal 
Himalaya. People's attributes towards the sacred groves 
were investigated to find out the causes of degradation 
and to develop strategies for their conservation. 
 
2.  Identification of Protected groves 

An extensive field survey was undertaken to 
identify the protected groves of Garhwal Himalaya 
(Figure1). Records of local government and literature 
was screened to locate the grove and to ascertain their 
historical background.  Traditional institutes such as 
village headman, priests and priestesses or the local 
folk, denizens and caretakers of the protected groves 
etc. were approached for identifying groves in the area 
under investigation. Data on protected groves were 
collected through various sources including informal 
and formal interviews and by visiting the groves and 
using a transect or quadrat. 

F
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Figure 1. Map of Uttarakhand showing distribution of 
Protected Groves in Garhwal Himalaya. (5 ) Indicates 
the location of selected groves for the present study. 
From left to right are Kukuru Shah PG (PG 1), 
Dubakoti PG (PG 2), Hariyali Devi Sacred grove (PG 3) 
and Karuna Devi PG (PG4) 

 
Table 1. General characteristics of the selected 
protected groves 

Name of grove Locality Area 
Sq.km. 

Aspect and 
position 

Elevation 
range 

(meters) 
Kukuru shah van 

(PG1) 
Lawa (Tehri) 1.1  Eastern  

Valley 
950-1200 

Dobakoti van 
(PG2) 

Gaja (Tehri) 2.5  Western hill 
slope 

1700-1900 

Hariyali Devi 
sacred Van 

(PG3) 

Kodima 
(Rudraprayag) 

5.5. Northwest hill top2800-3200 

Karuna sacred 
van (PG4) 

Maruraghad 
(Tehri) 

1  Eastern 
Valley 

850-1200 

 
The identified groves were listed accordingly.  

Most of the protected groves were open and did not 
have well- demarcated boundaries, and therefore, the 
area measured for a given grove was mainly based on 
the information collected from the concerned village 
headman and through measurement based on an 
imaginary lines or boundary around the groves. The 
information about the protected groves has been 
obtained from multiple sources like interviewing large 
number of people around the groves, specially the 
people concerned with running and maintaining such 
places of worship. Inventories of thirty protected 
groves from the six districts of Garhwal Himalaya were 
collected and four protected groves from two districts 
were selected for the purpose of detailed studies on 
floristic composition and ethnobotanical importance. 
The selection of these four groves was made taking 
into consideration their size, vegetation and location. 
The selected protected groves were Kukuru Shah (PG 1) 
Dobakoti (PG2) Hariyali Devi (PG3) and Karuna van 
(PG4). Among these one is temperate and rests are sub-
tropical forests as their dominant vegetation. General 
information about these four groves is summarized in 
Table 1. 

 

Table 2. Physicochemical features of the sorts of four 
groves 

Parameters PG 1 PG 2 PG 3 PG 4 

Organic carbon (%) 1.07 1.04 1.12 0.98 

Total Nitrogen (%) 0.047 0.10 0.15 0.14 

Soluble Phosphorus (kg/ha) 12.31 14.44 12.99 12.82 

Exchangeable Potassium 212 197.66 200 176.66 

pH 6.09 6.07 6.04 6.11 

Plant diversity (Total no. of 
species) 

110 129 84 114 

 
3. Methodology 

The Lesser Himalaya and Shivalik region of 
Gahwal Himalaya was surveyed for two successive 
years (December 2005- July 2007). Phytosociological 
studies in the groves were carried out by quadrat 
method. Ten quadrats of 10 x 10m were laid randomly 
in each grove for tree species. Ten quadrats of 5 x 5m 
for shrubs and 20 quadrats of 1 x 1m size for herbs 
were laid within the same 10 x 10m quadrats that were 
laid for the study of tree species. Density (tree ha-1) 
and basal area values were calculated for each species. 
Importance Value Index (IVI) of each species was 
calculated as per Misra (1968). The similarity index 
(Sorensen 1948), species diversity index (Shannon and 
Weiner 1963), concentration of dominance of the 
community (Simpson 1949), species richness index 
(Menthinick 1964) and evenness index (Pielou 1969) 
were calculated following the formula as given by them. 

 
4. Results and discussion  

An ethnobotanical survey was carried out to 
collect information on the uses of plants in medicinal 
and other purposes by local people who reside near the 
groves. Detail information on herbal drug plants was 
gathered from the local 'Vaidys' to whom the 
traditionation knowledge was passed on from their 
ancestors. Other ethnobotanical data were prepared, 
including the collection of information through folk, 
oral tradition, etc. The floristic composition of the four 
groves is summarized in Table 3. Angiospermic flora, 
of the study site comprises total 271 species 
respectively 87 families, 250 species were dicotyledons 
(75 families) and 21 species of monocotyledons (12 
families) collected during the study period. Out of 87 
angiospermic families, Lamiaceae contributed 
maximum share 8.9% (24 species), followed by 
Asteraceae 8.5% (23 species) Euphorbiaceae 7.0% (19 
species) and Rosaceae 5.5% (15 species), Apiaceae and 
Ranunculaceae both 3.3% (9 species each), 
Acanthaceae 3.0% (8 species). Out of 87 families, 
single genera and species, 46 families with single 
genera but two to more species represented 6 families 
(Table 3).  
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Table 3. Floristic composition of four protected groves. 
Family Genera Percentage Species Percentage 
 No.      No.      
     
Acanthaceae  6 2.8 8 3.0 
Amarantaceae 2 0.9 3 1.1 
Anacardiaceae 6 1.9 6 1.8 
Apiaceae 7 3.3 9 3.3 
Apocynaceae 1 0.5 1 0.4 
Aquifoliaceae 1 0.5 1 0.4 
Araceae 1 0.5 1 0.4 
Araliaceae 1 0.5 1 0.4 
Asclepiadaceae 1 0.5                    1 0.4 
Asteraceae 20 9.5 23 8.5 
Balsaminaceae 1 0.5 2 0.7 
Berberidaceae 1 0.5 1 0.4 
Betulaceae 2 0.9 2 0.7 
Bombacaeae 1 0.5 1 0.4 
Boraginaceae 1 0.5 2 0.7 
Brassicaceae 1 0.5 1 0.4 
Buddlejaceae 1 0.5 1 0.4 
Burseraceae 1 0.5 1 0.4 
Buxaceae 1 0.5 1 0.4 
Caesalpinaceae 2 0.9 6 2.2 
Cannabinaceae 1 0.5 1 0.4 
Caprifoliaceae 3 1.4 3 1.1 
Caryophyllaceae 3 1.4 3 1.1 
Celastraceae 1 0.5 1 0.4 
Chenopodiaceae 1 0.5 1 0.4 
Combretaceae 1 0.5 1 0.4 
Convolvulaceae 1 0.5 4 1.5 
Cornaceae 1 0.5 1 0.4 
Crassulaceae 1 0.5 1 0.4 
Cucurbitaceae 1 0.5 1 0.4 
Cupressaceae 1 0.5 1 0.4 
Cuscutaceae 1 0.5 1 0.4 
Cyperaceae 1 0.5 1 0.4 
Dipsacaceae 1 0.5 1 0.4 
Elaeagnaceae 1 0.5 1 0.4 
Ericaceae 2 0.9 3 1.1 
Euphorbiaceae 12 5.7 19 7.0 
Fabaceae 3 1.4 4 1.5 
Fagaceae 1 0.5 3 1.1 
Gentianaceae 3 1.4 5 1.8 
Geraniaceae 1 0.5 1 0.4 
Hippocastanaceae 1 0.5 1 0.4 
Hydrangeaceae 1 0.5 1 0.4 
Hypericaceae 1 0.5 2 0.7 
Juglandaceae 1 0.5 1 0.4 
Lamiaceae 18 8.5 24 8.9 
Lauraceae 3 1.4 3 1.1 
Linaceae 1 0.5 1 0.4 
Lythraceae 1 0.5 1 0.4 
Malvaceae 3 1.4 4 1.5 
Meliaceae 2 0.9 2 0.7 
Menispermaceae 1 0.5 1 0.4 
Mimosaceae 2 0.9 3 1.1 
Moraceae 2 0.9 6 2.2 
Myricaceae 2 0.9 2 0.7 
Myrsinacaeae 1 0.5 1 0.4 
Nyctaginaceae 1 0.5 1 0.4 
Oleaceae 1 0.5 1 0.4 
Onagraceae 2 0.9 2 0.7 
Oxalidaceae 1 0.5 2 0.7 
Papaveraceae 1 0.5 1 0.4 
Pinaceae 3 1.4 4 1.5 
Piperaceae 1 0.5 1 0.4 
Poaceae 7 3.3 7 2.6 
Polygonaceae 2 0.9 4 1.5 
Ranunculaceae 5 2.4 9 3.3 
Rhamnaceae 1 0.5 2 0.7 
Rosaceae 12 5.7 15 5.5 
Rubiaceae 4 1.9 4 1.5 
Rutaceae 5 2.4 6 2.2 
Salicaceae 1 0.5 1 0.4 
Santalaceae 1 0.5 1 0.4 
Sapotaceae 1 0.5 1 0.4 
Saxifragaceae 2 0.9 2 0.7 
Scrophulariaceae 4 1.9 4 1.5 
Smilacaceae 1 0.5 1 0.4 
Solanaceae 3 1.4 4 1.5 
Sterculiaceae 1 0.5 1 0.4 
Symplocaceae 1 0.5 1 0.4 
Urticaceae 5 2.4 5 1.8 

 
Verbenaceae       2             0.9  2              0.7 
Violaceae           1              0.5          3              1.1 
Zingiberaceae    1              0.5          1               0.4 

 
Table 4. Similarity (based on Sorensen similarity index 
(%) among the tree, shrub and herb species occurring 
in the selected Protected groves (T – trees, S – shrubs 
and H – herbs). 

 
GROVES  (PG2)    (PG2)    (PG4)   

 T S H T S H T S H 

 (PG1)          

T 11.76   7.27   76.05   

S  7.01   7.69   78.68  

H   11.42   14.95   85.33 

(PG2)          

T    28.57   10.34   

S     23.72   14.7  

H      20.97   11.53 

 (PG3)          

T 33.35      6.19   

S  23.72      7.17  

H   23.77      12.85 

 
 

 
4.2. Comparison of diversity of the four protected 
groves  

The similarity index among the four protected 
groves varied considerably (Table 4). The highest 
similarity index was observed between groves 1 and 3 
exhibiting 80.02% and lowest between groves 1 and 2 
(1.06%). While considering the similarity index value 
among the tree, shrub and herb species separately, the 
maximum similarity value (%) was evinced between 
groves 1 and 4 contributing 76.05% for tree, 78.68% 
for shrub and 85.33% for herb species (Table 4). 
Groves 3 and 4 were least similar in terms of tree 
species having 7.17% similarity index, while groves 1 
and 2 showed least similarity (11.42%) for herb species.  

The maximum similarity index value for 
shrubs was displayed between groves 1 and 4 
exhibiting 78.68% and groves 2 and 3 recording 
28.57%. The density and IVI values of each species are 
given in Table 5 Some groves with least common 
species among the four groves may be due to diverse 
natural ecosystems, altitudinal variation, edaphic, 
physiographic and micro environment factors. The 
transition of vegetation type and habitat complexity in 
each grove may restrict the occurrence of similar 
species in different groves. The vegetation of the two 
groves located in the similar areas (1 and 4) was found 
to be similar. The reason may be attributed to close 
altitudinal range, physiographic, soil and climatic 
conditions, etc.  
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Table 5 Density (plant ha-1) and Importance value index (IVI) of different plant species occurring in the selected 
protected groves of Garhwal Himalaya. 
SPECIES PG1  PG2  PG3  PG4  

 
Density 

/ha IVI 
Density 

/ha IVI 
Density 

/ha IVI 
Density 

/ha IVI 
TREE         
Acacia catechu 2.9 11.6     4.4 12.77 
Benthamedia capitata   6.3 14.43 5.8 9.01   
Betula alnoides     106.6 15.70   
Bomax ceiba 1.3 10.91     1.7 11.27 
Emblica officinalis   4.2 13.56     
Ficus auriculata 2.3 12.19     4.3 13.75 
Ficus palmate 2.6 10.23 6.9 16.53   3.2 10.2 
Garuga pinnata   6.3 19.94     
Buchanania lanzan 7.6 22.46       
Lannea coromandelica 3.1 12.67     4.1 13.09 
Lyonia ovalifolia     133.5 19.16   
Madhuca longifolia   5.5 15.51     
Mallotus philippensis 3.9 13.06     5.4 13.76 
Myrica esculenta   10.3 22.18 22.60 14.61   
Picea smithiana     2 13.94   
Pinus roxburghii 1.4 12.3     2.6 13.18 
Pinus wallichiana     8.3 20.86   
Pyrus pashia 2.3 11.14 6.1 16.23 7.5 7.44 3.5 12.19 
Quercus floribunda   9.4 22.91 19.5 21.55   
Quercus leucotrichophora   7.9 22.39 183.2 25.73   
Quercus semecarpifolia   8.5 24.33 256 31.68   
Rhododendron arboreum   10.6 29.63 403.4 42.96   
Rhododendron barbatum     16.3 16.65   
Syzygium cumini 0.8 11.04     1.2 11.64 
Tectona grandis 0.9 10.18     1.7 11.3 
Toona ciliate 0.8 12.21     1.6 13.42 
SHRUB         
Artemisia roxburghiana   4.8 11.68     
Berberis asiatica     9 12.33   
Boenninghausenia albiflora   3.6 9.6 6.1 11.62   
Bambusa arundinacea 1.4 14.57     2.4 15.1 
Buddleja asiatica   3.8 10.28     
Cassia tora 3.1 11.36     5.1 12.3 
Cotoneaster microphyllus   3.9 11.13     
Daphne papyracea   2.2 6.9 7.8 11.37   
Debregeasia longifolia     8.7 13.34   
Desmodium elegans     7.3 13.6   
Deutzia compacta     11.7 15.5   
Euphorbia royleana 2.8 33.78     4.6 34.63 
Indigofera heterantha   2.7 11.3 4 8.41   
Inula cappa   2.7 13     
Murraya paniculata 4.8 13.16     5.8 12.57 
Prinsepia utilis   4.5 12.41 5.4 9.59   
Reinwardtia indica 5.1 11.84     6.9 11.94 
Rhus ellipticus 1.4 12.82     3.4 14.32 
Rhus parviflora 3.7 11.73 4.7 11.97   3.7 10.53 
Rosa brunoni 3.4 8.28 6.3 14.64 6 10.91 3.8 7.56 
Roylea cinerea 6.1 13.82     6.4 12.12 
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Rubus ellipticus   5.5 13.29     
Sarcocca saligna     7.1 12.8   
Spiraea bella   4 10.16 4.9 13.92   
Viburnum cotinifolium     7.4 11.47   
Woodfordia fruiticosa 3.9 14.52 5 11.31   5.4 14.72 
Zanthoxylum armatum 3.5 21.97   4.7 9.48 2.9 20.25 
HERB         
Ageratum conyzoides 16.7 4.61 21.9 3.01 10.6 3.48 16.7 62 
Agrimonia pilosa     16.3 4.91   
Apluda mutica 27.3 5.02     27.3 5.02 
Argemone mexicana 24.3 5.11     24.3 5.12 
Arisaema intermedium     13 4.36   
Arisaema jacquemontii     13.4 4.43   
Bryophyllum pinnatum   10.7 1.64 17 4.79   
Bupleurum falcatum   24.5 3.18     
Centella asiatica 21.9 5.29     21.9 5.3 
Crotalaria medicaginea   19.8 2.87     
Cynodon dactylon 34.4 6.43     34.4 6.44 
Desmodium heterocarpon   22.5 2.89     
Erigeron canadensis   7.6 3.73     
Gerbera gossypina   22.8 3.07     
Justicia procumbens     13.7 4.48   
Lespedeza juncea     14.4 4.35   
Leucas cephalotes 19.6 4.74     19.6 4.75 
Origanum vulgare   16 1.99 14.6 4.39   
Pimpinella diversifolia   20.6 2.92 13 3.39   
Plectranthus mollis   22.2 3.03     
Poa annua 36 5.66     36 5.56 
Potentilla fulgens   23 3.08 9.9 3.85   
Ranunculus laetus     15.6 4.31   
Stellarea media 28 5.59   12.8 3.6 28 5.6 
Tagetes minuta   23.5 2.96     
Tridax procumbens 19 4.91     19 4.92 
Urtica dioica     15.3 4.5   
Viola betonicifoila 20.3 5.08 16.1 2 4.5 2.22 20.3 5.09 
Viola biflora     18.2 4.5   

 
 

Table 6. Species richness (SR), species richness index (SRI), diversity index (H'), concentration of dominance (Cd) 
and Evenness index (E) computed in selected groves. 

 
 
 
 

 
 
 

GROVES SR   SRI   H'   Cd   E   
 T S H T S H T S H T S H T S H 

PG 1 32 25 52 1.39 0.94 0.59 3.21 3.18 3.84 0.05 0.04 0.02 0.93 0.98 0.97 
 

PG 2 19 31 84 0.51 0.93 0.75 2.78 3.35 4.5 0.07 0.04 0.01 0.98 0.98 1 
 

PG3 23 27 55 0.52 0.65 0.72 2.94 3.26 3.98 0.06 0.04 0.02 0.94 0.99 0.99 
 

PG 4 29 36 68 1.15 0.81 0.6 3.27 3.21 3.84 0.04 0.04 0.02 0.94 0.98 0.97 
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Table 7. Species similarity (based on Sorensen 
similarity index (%) among the select protected groves. 

 
Species richness is one of the major criteria in 

recognizing the importance of an area for conservation. 
In general, species richness in grove 2 is greater than 
the other three groves. Species richness, species 
richness index, species diversity, concentration of 
dominance and evenness index recorded for the four 
protected groves are given in Table 7. The highest 
species richness for tree species was recorded for PG I 
(32 species) and lowest for PG II (19 species). In case 
of species richness index of tree species it was again set 
highest in PG I (1.39) and lowest in PG II (0.51).  

The number of shrub species in the grove was 
smaller than the tree and herb species. Groves 1 and 2 
showed 25 and 31 species each, grove 3 recorded 27 
species and grove 4 attained the highest number having 
36 species. The maximum species of herbs were 
recorded in PG 1 and 4 with 84 and 68 species each 
and the minimum in PG 1 with 52 species only.  

The species richness index of shrubs ranged 
from 0.65 (PG 3) to 0.94 (PG 1), whereas for herbs it 
varied from 0.59 (PG 1) to 0.75 (PG 2).The value of 
Shannon and Wiener species diversity index for tree 
species fluctuated from 2.78 (PG 2) to 3.27 (PG 4). For 
shrubs, it ranged from 3.21 (PG 4) to 3.35 (PG 2), 
while for herb species the value was maximum in PG 2 
(3.35) and minimum in PG 4 (3.21). It is apparent from 
Table 7 that PG1 and 4 exhibited highest similarity 
followed by PG 2 and PG 4. The reason for highest 
similarity coefficient lies in common aspect (eastern 
valley) and elevation range.   
 
5. Ethnobotanical uses of species and conservation 
status 

Ethnobotanical use of plants has been known 
since time immemorial in the history of human 
civilization and without these medicinal plants good 
health in the past would have been impossible. 
Ethnobotany explains the holistic scope of the 
relationship between plant and human being. Still, 
many communities of Garhwal depend largely on 
medicinal plants. The utilization of plants and animals 
for medicinal purposes is closely related with their 
culture and ritual practices which have been developed 

by their forefathers through trial and error methods and 
passed on orally from generation to generation. 
Traditional knowledge systems of folk, oral tradition 
and the published and unpublished manuscripts are the 
important sources of locating the potential of 
bioresources. Unfortunately, the lack of written data, 
communication and intermingling due to the varying 
ways of life, many of the earlier remedies that survived 
only by word of mouth from generation to generation 
are slowly disappearing.  

Moreover, herbal healers had a strong 
tendency to keep their knowledge secret without any 
documentation until the end of their life. Out of 271 
species altogether recorded from the four protected 
groves, 220 species are found to be of medicinal value. 
Indeed, it is evident that sacred groves are the 
storehouse of many useful medicinal plants. Therefore, 
protection and conservation of protected groves is 
essential for the conservation of medicinal plants. Four 
species, Arisaema jacquemontii, Barleria cristata, 
Delphinium denudatum and Rubia manjith among the 
220 medicinal plants, are used especially for the 
treatment of snake bite. Besides their medicinal values, 
some of the species are employed in different uses like 
traditional soap and detergent, hair lotion and 
sericulture. The products of Dioscorea deltoides and 
Sapindus mukorossi are used in preparation of 
traditional soap and detergents for washing clothes by 
the people of Garhwal Himalaya. Ageratum conyzoides, 
Artemisia nilagirica, Oxalis corniculata, and 
Phyllanthus emblica are the species used as an 
ingredient for the preparation of indigenous hair lotion. 
Litsea umbrosa and Quercus serrata are the sericulture 
trees. A few of the sacred species found in the groves 
are associated in rituals or are believed to be the icon of 
the deity. Different faith and beliefs related to the 
sacred species include curing sickness, purifying 
household, purifying of the person before entering the 
shrine etc. various medicinal plants are also used as 
vegetables, spices etc. Interesting information comes 
through interviews with the local people who reside 
near the groves. Many people revealed that they had 
never consulted any doctor till date nor taken any 
tablets or pills. Headache, fever, cold, body pain can 
easily be cured with the help of medicinal plants. Some 
people used to consume daily a little amount of bitter, 
sour or sweet exudates from the plant parts which 
protects them from physical problems.  

Many people of Garhwal Himalaya still 
depend on herbal medicine, though they are highly 
adjustable with the influences of modern practices and 
widespread use of allopathic medicine. Therefore, it is 
necessary to know the potential and values of 
medicinal plants for the improvement of health and 
hygiene in an eco-friendly manner. The data generated 
from the present study regarding the medicinal plants 

SACRED 
GROVE PG 2 PG 3 PG 4 

 
PG 1 1.06 9.97 80.02 

 
PG 2 100 24.42 12.19 

 
PG 3 26.94 100 8.73 
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may be helpful for the conservation strategies of 
protected groves by the government authority and other 
concerned organizations. Proper documentation of such 
plants and necessary action plans for their conservation 

are needed to taken up in time. It also required 
maintaining a sustainable use of such plants for their 
natural regeneration. 

 
 
 
 
Table 8.  Ethnobotanical Importance of Plants 
 
Botanical name Vernacular name Disease/aliment Part used/mode of application 
Aconitum atrox           Meetha Bish   Rheumatism, Paralysis 

Dyspepsia, Phthisis & fever 
Paste of rhizomes fried in Ghee 
for external used. 

Actaea acuminate Mamira Bronchial Decoction of root 
Allium consanguineum Pharan Indigestion Leaves   
Anemone polyanthes Ratanjot Food poisoning Seed decoction 
Angelica glauca Choru Flatulence, colic Root-stocks 
Arisaema wallichianum  Meen erysipelas Erysipelas and Scabies Root-past (externally) 
Arnebia benthamii  Laljari  balchari Cuts and wounds Juice of fresh root 
Asparagus filicinus Jhirni Urinogenital disorders Power of dried tuberous root 
Bergenia stracheyi Shilphari Kidney stones, sores, 

jaundice 
Decoction of roots 

Caltha palustris Kushnya Abscesses Leave juice 
Dactylorrhiza hatagirea Salampanja Cuts and wounds Power of the root 
Delphinium denudatum Nirbishi Contusions Root paste 
Dioscorea bulbifera  Genthi                      Bronchial coughs                         Tubers 
Dioscorea deltoides Tairu  spermatonorrhoea Rhizomes 
Euphorbia hirta Dudhibari Piles Entire plant with curd  
Fumaria indica Pitapapra Fever Juice of entire plant 
Gentiana stipitata Bumlya Urinary infection Root decoction 
Geranium wallichiana Neenai Dysentery and diarrhoea Root decoction 
Hippophae rhamnoides Dhooplakkar Cardiac trouble Fruit juice 
Megacarpea polyandra Barmoola Fever, stomachache Root 
Morina longifolia Bishkandara Snake-bite Root-decoction 
Origanum vulgare Bantulsi Whooping cough Extract of leave 
Paris polyphylla Satwa Diarrheoa Root power 
Picrorrhiza 
scrophulariflora 

Kutki Server coughing, fever Root power  

Rheum australe Dolu Bone-ache, muscular pains. Root paste mixed with turmeric. 

Solanum nigrum Makoi Spleen Infusion of leaves and stem 
Swertia chirayita Chirayata Fever Decoction of entire plant 
Taraxacum officinale  Dudhli Gall stones Power of root 
Thalictrum foliolosum Pilijari Eye-inflammation Root-decoction 
Thymus linearis Van Ajwain Asthmatic cough Extract of leaves and floral heads 
Typhonium 
diversifolium 

Nakdoon Anorexia and as an 
energetic 

Root power mixed with honey 

Urgenia indica  Vanpyaz Intestinal colic Juice of tubers 
Urtica ardens Kandali Dysmenorrheal Decoction of entire plant 
Vitex negundo Shinwali Arthritis, Gout  Leave-decoction 
Woodfordia fruticosa        Dhaula Vaginitis Powder of dried flowers   
Zanthoxylum armatum   Timru Tooth-ache, Tooth decay                                                      Seed power, Stem bark 
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Table 9. Beliefs associated with plants                               
Botanical name  Vernacular names Families Belief /use 
Acacia catechu Khair Mimosaceae Sacred tree 
Aegle marmelos Bel Rutaceae Sacred tree 
Artemisia nilagarica Kunja Asteraceae Use in rituals 
Azadirachtia indica Neem Meliaceae Sacred tree 
Betula utilis Bhoj Betulaceae Use in rituals 
Bombax ceiba  Semal flower                                    Bombaceae Use in rituals 
Cedrus deodara Deodar Pinaceae Sacred tree 
Colebrookia oppositifolia Binda Lamiaceae Use in rituals 
Cynodon dactylon Dubla Poaceae Use in rituals 
Daphne papyracea Satpura Thymelaeaceae  Use in rituals 
Ficus benghalensis Bar Moraceae Use in rituals 
Ficus religiosa Pipal Moraceae Sacred tree 
Mallotus philippensis Ruina Euphorbiaceae Use in rituals 
Mangifera indica Aam Anacardiaceae Sacred tree 
Musa paradisiaca Kela Musaceae Use in rituals 
Nardostachys grandiflora Jatamanshi Valerianaceae  Use in rituals 
Phyllanthus emblica Amla Euphorbiaceae Sacred tree 
Pinus roxburghii Kulain, chir Pinaceae Use in rituals 
Prunus cerasoides  Paiyan Rosaceae Use in rituals 
Quercus leucotrichophora Oak  Fagaceae Sacred tree 
Reinwardtia indica Phulei Linaceae Use in rituals 
Rhododendron arboreum Burans Ericaeae Use in rituals 
Rhus parviflora Tungla Anacardiaceae Use in rituals 
Sassurea obvallata Brahm- kamal Asteraceae Use in rituals 
Sesamum orientale Til Pedalaceae Use in rituals 
Taxus baccata Thuner Taxaceae Sacred tree 
Urtica dioica kandali Urticaceae Use in rituals 
Vitex negundo Shiwali Verbenaceae Use in rituals 
Zanthoxylum armatum Timuroo Rutaceae Sacred tree 
 
 
6.5 Conservation status of protected groves:  

Earlier sacred groves were indicator of the 
phenomenon of ethno-environmental management. Our 
ancestors were fully aware that the natural resources 
that sustained them must be conserved for the 
sustenance of future generations. But, at present, fast 
growth of infra-structural facilities and on-farm 
activities is the prime cause of deteriorating quality 
status of the groves. As in the forest, many of the tree 
species are valuable timber species, they have been 
largely extracted for timber during the past few decades 
and thus, subsequently replacing the climax forests 
(oak) to early successional pine forests. This has done 
considerable ecological damage in the region, making 
the soil more acidic and adversely affecting nutrient 
cycling and soil fertility.  Growth of tourism industry is 
also deteriorating the faith towards deity and groves. 
Protected groves are the victims of this grim tragedy. 
The groves located near the settlements are 
disappearing at a faster rate.  Only few protected 
groves are in their pristine condition. These are 
Hariyali, Dubakoti, Kukuru Shah and Tardkeshwar in 

Garhwal Himalaya. Other groves are disappearing, as 
the forests are being cleared and utilized for 
construction and repairing of deity houses. Most of the 
temple groves are seen disappearing due to inevitable 
factors like animal grazing and human interference. 

Protected groves are a social institution, which 
permits management of biotic resources through 
people’s participation. A scientific understanding of the 
protected groves would be significantly important for 
designing strategies for rehabilitation of degraded 
landscapes, involving local people’s participation, and 
training for promotion of traditional and social norms. 
There is a need of preservation, restoration and proper 
management of existing groves. 

Various traditional approaches to conservation 
of nature require a belief system, which includes a 
number of prescriptions and proscriptions for restrained 
resource use. These forestlands need proper 
conservation and protection by formulating consistent 
conservation strategies in order to save them from the 
verge of further degradation. Proper legislative support 
and specific policies should be provided. Mushrooming 
infrastructure facilities in the area are deteriorating the 
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proper functioning of social institutions, which reflect 
that protected or sacred groves are no longer getting the 
privilege they had in the past. Human interference 
should be regulated by encoding various indigenous 
practices along with scientific implications rather than 
only old religious prescriptions and proscriptions. 
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Department of Botany and Microbiology 
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Abstract: Nile tilapia is the main cultured species in Egypt; the Egyptian fish farms are irrigated with 
agricultural drainage which contains pesticides residues or their metabolites which may affect fish. This 
study concerned with the pathologic and clinicopathologic findings due to chronic exposure to the 
organophosphate fungicide edifenphos on Nile tilapia Oreochromis niloticus. Eight weeks exposure to 1/10 
96 hours LC50 (0.1 ppm) led to adverse effect on some serum parameters including AST, ALT, ALP, 
cholinesterase activity, total protein, blood urea nitrogen and creatinine. Also some of hematological 
parameters such as RBCs count, Hb content and blood indices were affected negatively. Histopathological 
investigations revealed various degrees of pathological lesions in different organs like gills, hepatopancreas, 
spleen, kidney, brain, and others. From this study it was obvious that edifenphos caused harmful effects on 
Nile tilapia fish. [Journal of American Science 2010;6(10):542-551]. (ISSN: 1545-1003).  
 
 
Keywords: Edifenphos, Hinosan, Oreochromis niloticus, tilapia, organophosphate, histopathology. 
 
 
1. Introduction 

Chemical pesticides are well recognized 
as an economic approach to control pests, at the 
same time such chemicals are highly toxic to 
other species in the environment. Now there is 
growing concern worldwide over the 
indiscriminate use of such chemicals, which 
result in environmental pollution and toxicity risk 
to nontarget organisms. 

Most of pesticides find their way into rivers, 
lakes and pond, and have been found to be highly 
toxic not only to fishes but also to the organisms 
which contribute to the food chain of fishes (Anees, 
1975). 

The organophosphate fungicide edifenphos 
(Hinosan) is cutinase inhibitors and displays a 
specific antipenetrant action, but in practice its 
therapeutic activity may also involve direct 
fungitoxicity (Sisler, 1986). As organophosphate 
pesticide, it causes irreversible inhibition of the 
cholinesterase enzymes (Haddad and Winchester, 
1983). A lot of fish toxicity studies; including 
histopathological and clinicopathological studies; 
were conducted upon organophosphate pesticides. 

For instance (Jauch 1980) confirmed gill 
pathology in Herotilapia multispinosa and Tilapia 
leucostica ranging from hyperplasia and separation 
of the respiratory epithelium in the secondary 
lamellae with congestion and numerous 
telangiectasis, while studying the toxic effects of 
Lebaycid R on fish gills. Also (Joshi and Desai 
1981) assessed that exposure of O. mossambica to 
monocrotophos increased activity of acid and 
alkaline phosphatase and correlatedthis result with 
necrosis of hepatic and renal tissues. Meanwhile 
(Prasada and Ramana 1984) stated the increase of 
activity levels of (AST), (ALT) and (ATPase) in 
muscle, gill, hepatopancreas and brain tissues of 
methyl parathion exposed fish. While (El-Zahaby 
1986) stated that acid and alkaline phosphatase 
activities showed a slight elevation in mucosal 
intestinal epithelial cells of cyolane-injected Clarias 
Lazera. (El-Sheikh et al. 1990) assessed the 
biochemical changes of (AST) and (ALT) and acid 
and alkaline phosphatase in Oreochromis niloticus 
fingerlings exposed to a nonlethal concentration of 
Ofunac and Sumithion for a period of 28 days. Also 
(El-Aulaimi et al. 1994) recorded abnormalities in 
some hematological parameters; (RBCs) count, (Hb) 
content, (Ht) value and (MCV) in Sarotherodon 



Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org           editor@americanscience.org 543

galilaeus exposed to dimethoate. The data obtained 
here revealed marked reduction in (RBCs) count, 
(Hb) contents and (Ht) values in fish exposed to 
dimethoate. While (MCV) displayed significant 
increase in its values. Also (Sherif and Eisa 1994) 
exposed Tilapia zillii to sublethal concentrations of 
chlorpyrifos and recorded histopathological changes 
in the gills such as, dilation of the blood vessels, 
tilangectasis in the secondary lamellae with slight 
proliferative changes of the epithelial covering, and 
hepatopancreas showed vacuolar degeneration and 
necrosis of hepatocytes together with activation of 
pancreatic acini. 

While somewhat few studies are 
conducted using edifenphos, (El-Gendy et al. 1996) 
stated the depressive effect of edifenphos on the 
activities of acetylcholinesterase (AChE), adenosine 
triphosphatase (ATPase) and glutathion-S-transferase 
(GST) with the elevation of catalase activity in 
tissues of O. niloticus. Also (Aly 1996) found the 
same results in addition to decrease of serum 
protein and reduced response of splenocytes to 
mitogens. In the same year (Ramadhan 1996) 
investigated the probable genotoxic effects of 
edifenphos on common carp fish and found a 
significant changes in the relative proportions of 
protein fractions in the electrophoretic patterns of 
hepatopancreas and brain esterase isozyme of the 
fish. 

On the same way (Rezq-Allah et al. 1997) 
revealed the same results with edifenphos on the 
electropherograms of sarcoplasmic proteins of 
common carp (Cyprinus carpio). Again (El-Gendy et 
al. 1998) investigated the effects of 1/1000 field 
recommended concentration of edifenphos on the 
immune response and protein contents of O. niloticus 
and found that The cell mediated immune response 
assessed by proliferative response of splenocytes to 
mitogens; phytohemagglutinin (PHA) and 
concanavalin A (Con A) for T cell and 
lipopolysaccharide (LPS) for B cell decreased 
significantly in terms of the level of stimulation index 
in the treated fish and reached maximal depression 
after 4 weeks. 

Humoral immunity assessed as splenic 
antibody plaque forming cells (PFC) measured after 5 
days in vitro immunization to sheep erythrocytes 
(SRBC's) were suppressed in a concentration 
dependent pattern of the used pesticide. 
 
2. Material and Methods  

Edifenphos is presented as 50% solution 
(Hinosan EC 50® Bayer). The acute 96 hours LC50 
value of edifenphos in Nile tilapia was 1 ppm (Gaafar 
2005). 

The levels of serum acetyl cholinesterase 
activity, alkaline phosphatase, transaminases, total 
protein, total serum bilirubin, blood urea nitrogen and 
serum creatinine were estimated by using kits 
obtained from BioMérieux – France. 

A total No. of 150 fish (80±20 g. B.W); 
were divided into 2 groups. The 1st group was 100 
fish exposed to 1/10 LC50 of edifenphos (0.1 mg/ℓ) 
were divided into four (50 liters). The 2nd (control 
group) was 50 fish placed in two (50 liters) aquaria. 
The experiment lasted for 8 weeks, collection of 
blood samples and scarification of fish were done on 
weekly interval. 

Blood samples were collected from the 
caudal vein of each fish, 1 ml of each blood sample 
was mixed wis anticoagulant for estimation of the 
blood parameters: Total erythrocytic count (Kanaev, 
1985), Hemoglobin content, Hematocrit value (PCV) 
(Tietz, 1976), Mean Corpuscular Volume (MCV), 
Mean Corpuscular Hemoglobin (MCH), Mean 
Corpuscular Hemoglobin Concentration (MCHC) 
(Hrubec et al., 2000). Also another one ml of blood 
was left to coagulate, centrifuged and serum was 
collected to evaluate the following biochemical 
parameters: Serum cholinesterase activity, alkaline 
phosphatase, transaminases: aspartate 
aminotransferase (AST) and alanine aminotransferase 
(ALT), total serum protein, total serum bilirubin, 
blood urea Nitrogen and creatinine, according to the 
methods mentioned by the Kits manufacturer. 

One ml citrated blood was collected to 
perform the following haematological parameters:  
Following necropsy, the specimens were collected 
from sacrificed fish. Tissue specimen from the skin 
with the underlying musculature, gills, liver, spleen, 
intestine, brain, heart and kidneys were taken weekly 
from 5 fish of treated and 3 of control group.  

Tissue specimens were rapidly fixed in 10% 
neutral buffered formalin. The fixed specimens were 
processed through the conventional paraffin 
embedding technique. Paraffin blocks were prepared, 
from which 5 microns thick sections were obtained. 
These sections were stained by Hematoxyline and 
Eosin (H&E) according to the method described by 
Culling (1983). 

 
Statistical analysis 

Statistical analysis of the obtained data was 
by using the SPSS 11 computer program (SPSS Inc. 
Chicago, Illinois, USA). Using analysis of variance 
(One-way ANOVA). 
 
3. Results and Discussion: 
Clinical signs:  

Respiratory distress after 3 days, nervous 
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manifestations, including hyperexcitability by erratic 
movements appeared after 6 days. Paleness of the 
gills appeared after 1 week. After 12 days there was 
paleness of whole body surface (Fig.1) with slimness. 
Severe convulsive reflexes upon stimulation were 
abundant after 3 weeks. After 5 weeks the fish shows 
lethargy and slowing of all movements. 

Biochemical parameters: 

Biochemical analysis of fish revealed that 
AST level was significantly increased during the 1st 
and 4th week with a significant decrease during the 
2nd week. While ALT showed only a significant 
increase on the 1st week. ALP level also was 
significantly increased during the 1st and 3rd weeks 

then showed a significant decrease from the 4th week 
till the end of the experiment. 

Regarding total protein showed only a 
significant increase on the 4th and 5th weeks with 
general significant decrease during the rest of the 
experimental period. 

Creatinine also showed a significant 
decrease only on the 3rd week and a significant 
increase on the 5th week. On the other hand blood 
urea nitrogen levels was significantly decreased on 
the 1st ,4th and 6th weeks and increased significantly 
on the 2nd ,5th and 7th week respectively. 

The activity of cholinesterase was 
significantly decreased during the entire period. 
All of these results are included in (Table 1). 

 
Table (1): Effect of chronic exposure of Oreochromis niloticus to 1/10 LC50 of  edifenphos on serum aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), total protein, creatinine and 
blood urea nitrogen and serum cholinesterase for 8 weeks. 

Parameter AST (IU/l) ALT (IU/l) ALP (IU/l) Total protein 

(g/dl) 

Creatinine 
(mg/dl) 

Blood Urea 

Nitrogen 

(BUN) (mg/dl) 

Cholinesterase 
(U/l) 

  Treatment 
 
Time 
(Weeks) 

Ctrl ED Ctrl ED Ctrl ED Ctrl ED Ctrl ED Ctrl ED Ctrl ED 

1 33.9 ei 
± 0.66 

42.55 l 
± 1.06 

82.24 ac 
± 0.66 

140.88 i 
± 7.17 

25.43 j 
± 0.66 

45.06 k 
± 0.73 

4 mo 
± 0.01 

2.85 dh 
± 0.32 

0.2 eg 
± 
0.007 

0.2 eg 
± 
0.016 

47.98 dh 
± 0.66 

43.88 bc 
± 8.57 

57023 l 
± 529.52 

44353 i 
± 14.65 

2 38.39 k 
± 0.66 

30.05 
bd 
± 0.69 

92.68 ae 
± 0.66 

100.63 
cf 
± 5.5 

16.62 
ef 
± 0.66 

17.35 
fg 
± 0.73 

3.45 im 
± 0.01 

2.85 dh 
± 0.26 

0.21 fh 
± 
0.007 

0.19 cf 
± 
0.002 

40.13 a 
± 0.66 

45.17 cd 
± 0.99 

53826 k 
± 129.47 

52351 k 
± 
404.95 

3 28.13 
ab 
± 0.66 

31.01 

be 
± 0.29 

86.71 ad 
± 0.66 

93.54 ae 
± 10.42 

22.36 i 
± 0.66 

24.63 j 
± 0.73 

3.33 hl 
± 0.01 

2.65 dg 
± 0.14 

0.24 hi 
± 
0.007 

0.19 df 
± 
0.002 

48.74 eh 
± 0.66 

50.53 gj 
± 0.58 

48598 j 
± 561.31 

33883 ef 
± 311.6 

4 25.89 a 
± 0.66 

29.49 
bc 
± 0.3 

79.63 ab 
± 0.66 

87.58 ad 
± 3.09 

22.36 i 
± 0.66 

12.17 b 
± 0.73 

2.92 ei 
± 0.01 

4.1 no 
± 0.32 

0.29 kl 
± 
0.007 

0.28 jk 
± 
0.011 

52.67 j 
± 0.66 

47.43 dg 
± 0.74 

53014 k 
± 940.67 

29108 c 
± 
332.58 

5 34.71 fi 
± 0.66 

32.29 
cg 
± 0.38 

77.02 a 
± 0.66 

93.54 ae 
± 3.76 

16.48 
df 
± 0.66 

17.35 

fg 
± 0.73 

2.29 bd 
± 0.01 

3.54 jn 
± 0.09 

0.11 a 
± 
0.007 

0.16 bd 
± 
0.009 

40.43 a 
± 0.66 

47.28 df 
± 1.12 

47095 j 
± 865.07 

25410 b 
± 
231.27 

6 35.03 
gj 
± 0.66 

32.69 
dh 
± 0.26 

107.58 
eg 
± 0.66 

97.64 bf 
± 1.52 

19.42 
gh 
± 0.66 

13.01 
bc 
± 0.73 

3.33 hi 
± 0.01 

2.5 cf 
± 0.18 

0.18 cf 
± 
0.007 

0.15 bc 
± 
0.016 

52.36 ij 
± 0.66 

45.02 cd 
± 0.68 

41638 h 
± 327.39 

33614 df 
± 43.63 

7 38.23 
jk 
± 0.66 

38.14 
jk 
± 0.65 

107.21 
eg 
± 0.66 

98.76 bf 
± 2.35 

17.04 f 
± 0.66 

14.41 
cd 
± 0.73 

3.73 lo 
± 0.01 

2.99 fj 
± 0.14 

0.15 bc 
± 
0.007 

0.16 bd 
± 
0.003 

41.34 ab 
± 0.66 

50.98 hj 
± 1.9 

53135 k 
± 819.87 

33549 df 
± 25.16 

8 36.47 
ik 
± 0.66 

35.82 
hk 
± 1.66 

104.6 dg 
± 0.66 

90.94 ae 
± 1.19 

12.98 
bc 
± 0.66 

6.68 a 
± 0.73 

3.63 ko 
± 0.01 

1.38 a 
± 0.05 

0.18 cf 
± 
0.007 

0.17 be 
± 
0.002 

47.38 dg 
± 0.66 

47.81 dh 
± 0.31 

53890 k 
± 
1263.85 

21977 a 
± 
395.16 

- *Ctrl = Control fish 
-**ED = Edifenphos treated fish. 
- Means with the same letter(s) of the same parameter are not significantly different at p ≥ 0.05.     
- Data are represented as Mean ± SE              SE = Standard error. 

- Number of observation in each mean =5 
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Hematological parameters: 

Hematological parameters of fish 
revealed that PCV and RBCs count showed a 
significant decrease mostly during the entire 
period except the 2nd week in PCV and the 5th 
week in RBCs count. While Hb showed a 
significant decrease only on the 3rd ,5th and 6th 

weeks respectively. Blood indices such as MCV 
showed a significant increase during 1st ,2nd ,4th 
and 7th weeks. While MCH showed a significant 
increase during the entire period except the 5th 
week, MCHC showed a significant decrease on 
the 1st ,3rd and 4th weeks with a significant  
increase on the 2nd ,5th and 8th weeks (Table 2). 

 
Table (2): Effect of chronic exposure of Oreochromis niloticus to 1/10 LC50 of Edifenphos (ED) on some 
blood parameters for 8 weeks. 

Parameter PCV% Hb (g/dl) RBCs x106 MCV (fl) MCH (pg) MCHC (g/dl) 

  Treatment 
 
Time (Weeks) 

Ctrl* ED** Ctrl ED Ctrl ED Ctrl ED Ctrl ED Ctrl ED 

1 7.36 j 
± 0.13 

5.30 bc 
± 0.07 

7.36 bc 
± 0.13 

5.30 ce 
± 0.07 

5.20 m 
± 0.01 

2.20 eg 
± 0.10 

36.48 a 
± 0.16 

88.51 gh 
± 5.51 

14.15 a 
± 0.22 

24.37 cf 
± 1.34 

38.78 ce 
± 0.43 

27.63 ab 
± 0.74 

2 6.76 hi 
± 0.13 

6.70 hi 
± 0.07 

6.76 hi 
± 0.13 

6.70 hi 
± 0.07 

3.50 l 
± 0.01 

2.11 df 
± 0.07 

62.62 bf 
± 0.14 

85.14 gh 
± 1.40 

19.25 be 
± 0.30 

31.78 h 
± 0.76 

30.74 ad 
± 0.41 

37.36 ce 
± 0.99 

3 7.56 j 
± 0.13 

5.90 ef 
± 0.34 

7.56 ef 
± 0.13 

5.90 gh 
± 0.34 

3.50 l 
± 0.01 

2.06 ce 
± 0.03 

54.06 bd 
± 0.17 

72.94 dg 
± 2.65 

21.54 bd 
± 0.30 

28.72 fh 
± 1.68 

39.83 de 
± 0.42 

39.33 de 
± 1.48 

4 6.56 gh 
± 0.13 

5.50 ce 
± 0.07 

6.56 ce 
± 0.13 

5.50 ef 
± 0.07 

3.20 jl 
± 0.01 

1.91 be 
± 0.03 

62.44 bf 
± 0.15 

96.49 h 
± 2.71 

20.50 bc 
± 0.33 

28.73 fh 
± 0.22 

32.82 ae 
± 0.44 

29.89 ac 
± 1.06 

5 7.46 j 
± 0.13 

6.10 f 
± 0.11 

7.46 f 
± 0.13 

6.10 a 
± 0.11 

2.61 gi 
± 0.01 

2.17 dg 
± 0.05 

72.46 dg 
± 0.14 

76.00 fg 
± 3.65 

28.48 fh 
± 0.36 

28.06 fh 
± 0.21 

39.30 de 
± 0.42 

37.31 ce 
± 2.05 

6 6.76 hi 
± 0.13 

4.60 a 
± 0.07 

6.76 a 
± 0.13 

4.60 cd 
± 0.07 

3.00 ik 
± 0.01 

1.62 ac 
± 0.10 

59.73 bf 
± 0.18 

71.21 cg 
± 6.75 

22.46 be 
± 0.34 

28.88 fh 
± 1.31 

37.59 ce 
± 0.46 

41.55 e 
± 2.89 

7 7.16 ij 
± 0.13 

5.80 df 
± 0.07 

7.16 df 
± 0.13 

5.80 fg 
± 0.07 

3.40 kl 
± 0.01 

1.23 ac 
± 0.05 

55.82 be 
± 0.17 

117.96 i 
± 9.56 

21.06 bc 
± 0.31 

47.43 i 
± 2.63 

37.72 ce 
± 0.43 

41.09 e 
± 3.35 

8 36.47 ik 
± 0.66 

5.10 bc 
± 0.11 

7.16 bc 
± 0.13 

5.10 ab 
± 0.11 

3.54 l 
± 0.02 

1.70 bd 
± 0.12 

56.27 be 
± 0.16 

52.66 ac 
± 5.95 

20.16 bc 
± 0.30 

30.52 gh 
± 1.52 

35.83 be 
± 0.42 

60.94 g 
± 7.21 

- *Ctrl = Control fish 
-**ED = Edifenphos treated fish. 
- Means with the same letter(s) of the same parameter are not significantly different at p ≥ 0.05.     
- Data are represented as Mean ± SE              SE = Standard error. 
- Number of observation in each mean =5 
 

Histopathological changes: 

Hepatopancreas: 
After the 1st week of treatment till the 

end of the study, the detectable lesions were 
congestion of hepatic sinusoids and diffuse 
vacuolar degeneration of the hepatocytes with 
necrotic focal areas with some presence of 
Esinophilic granular (EG) cells (Fig. 3) with 
progression of the severity of the lesions with the 
progression of the experimental period. 
 

Gills:  
After the 1st week till the end of the 8th 

weeks of treatment, the mostly recorded lesions 
were congestion, separation between surface 
epithelium and capillary beds, and telangiectasis 
(Fig. 4, 5). Then after the 2nd week filamentous 
clubbing of tips of primary gill filaments due to 
hyperplasia and fusion of the secondary lamellae 
(Fig. 6) and edema and epithelial hyperplasia at 
the base of secondary lamellae were noticed. 
After the 3rd week congestion and edema in the 
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gill arch were observed. The before-mentioned 
lesions continued till the end of the experiment. 
Kidneys: 

Alterations exhibited in the posterior 
kidney of Oreochromis niloticus during the 8 
weeks of the experiment and directly after the 1st 
week were congestion, diffuse cloudy swelling 
and hyaline droplet degeneration of renal tubules 
with depletion of interstitial hemopoietic tissue 
and activation of melanomacrophage centers 
(Fig. 7,8). Moreover, the anterior kidney 
revealed severe activation of melanomacrophage 
centers with necrosis and depletion of the 
haemopoietic tissues. 
Spleen: 

The histopathologic examination from 
the beginning of the 1st till the end of the 8th 
week revealed activation of melanomacrophage 
centers with diffuse reduction of the spleenic 
haemopoietic tissues. From the 2nd week 
hyperplasia of spleenic ellipsoid and multifocal 
necrotic areas surrounded by the activated 
melanomacrophage centers were common (Fig. 
9). 
Brain: 

The brain revealed that there was severe 
congestion of cerebral blood vessels after the 2nd 
week till the end of the experimental period, with 
concurrent congestion of meningeal blood 
vessels (Fig. 10) with neuronal degeneration 
after the 3rd week there were pyknotic Purkinje 
cells and necrotic areas in the inner granular 
layer of the cerebellum (Fig. 11). 
Skin: 

After the 2nd week it showed mild 
vacuolar degeneration of epidermal cells, 
proliferation of club cell and hyperactivation of 
the melanophores (Fig. 12) from then till the end 
of experimental period. 
Intestine: 

After the 1st week of treatment, the 
histopathologic examination revealed that there 
was esinophilic granular (EG) cell infiltration in 
the submucosa then after the 2nd week epithelial 
degeneration and submucosal edema were 
observed till the end of the 8 weeks. 

In this study, the fishes were exposed to 
edifenphos concentration equal to 1/10 96 hours 
LC50 (0.1 ppm), the clinical signs and post 
mortem changes of edifenphos were in the form 
of nervous manifestations. Respiratory distress 
reflected by congestion then paleness of the gills, 
chocolate discolouration of most internal organs 
and severe distention of gall bladder, cachexia 

with prominent paleness of whole body surface 
with slimness. These results supports that 
edifenphos has the same nervous toxic effect of 
its chemical group the organophosphate as 
described by Jauch (1980) and Joshi and Desai 
(1981) with unique anemic action leading to 
cachexia with prominent paleness of whole body 
surface as observed by El-Aulaimi et al. (1994) 
while investigating dimethoate. 

The results of serum biochemistry 
revealed a significant increase in serum ALT and 
AST and ALP at the beginning of the 
experiment, these findings supported the 
hypothesis that the increased serum 
transaminases (ALT and AST) may reflect 
hepatic toxicity which leads to extensive 
liberation of the enzymes into the blood 
circulation (Daabees et al., 1992). Then after 
that, the enzymes suffered from a significant 
decrease in their levels. ALP level also showed 
significant increase then significant decrease 
towards the end of the experiment. The decrease 
in activity of AST, ALT and ALP in fish 
exposed to pesticides was also reported by 
different authors (El-Boushy, 1994 and Begum, 
2004). Agius and Coushman (1986) linked the 
increased activity of ALP in fish to the increased 
catabolic tissue breakdown in 
melanomacrophage centers. 

Saeed (1983) attributed the decrease in 
liver transaminases activity to the decrease in 
protein content in serum and tissues due to the 
resultant hepatic necrosis of fish exposed to 
pesticides. Also the severe hepatic necrosis leads 
to lack of cells from which the enzymes are 
produced. These findings indicated that decrease 
in liver function was occurred which may lead to 
major dangerous sequelae in body metabolism.  

Total serum proteins showed general 
significant decrease after exposure to edifenphos. 
This may be due to liver damage where most of 
plasma protein synthesis usually occurs in the 
liver, this result agreed with that of Singh et al. 
(1998). 

Creatinine also showed some sort of 
significant increase after the 5th week. Also 
blood urea nitrogen levels generally showed 
significant increase. These results supported that 
edifenphos exerts harmfull effects on kidney 
tissue. 

Acetyle cholinesterase (ACHase) 
Showed total decrease in activity, this agreed 
with many authors (Gosselin, 1984). This may 
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be attributed to that edifenphos is a potent 
anticholinesterase which results in accumulation 
of acetylecholine at the synapsis of neurons 
leading to nervous manifestations. Decreased 
ACHase activity may be used as boindicator of 
pollution by such pesticides in the environment. 

The hematological changes during the 
chronic toxicosis of edifenphos showed a 
significant decrease mostly during the entire 
period in Hb, RBCs count and PCV, this reveals 
the prominent anemic effect of edifenphos which 
is confirmed by the results of the blood indices. 
Which in turns revealed the hemolytic effect of 
edifenphos, and may explain the chocolate 
discoloration of parynchymatus organs, as 
hemoglobin may be converted into 
methemoglobin with resultant hemolysis and 
reduced blood oxygen carrying capacity which 
accumulates with the irritant effect of edifenphos 
causing respiratory distress to the fish? The 
severity of anemia also is magnified by the 
hypoproteinemic effect showed by edifenphos. 
The haemolytic and destructive effects of the 
pesticides on blood cells was supported by El-
Boushy (1994) and Robert (2001).  

The marked decrease in RBCs count 
was in agreement with those reported by other 
workers, Rani et al. (1987) and 
Venkateshwarthlu et al. (1990) proved these 
changes in blood parameters in catfish 
intoxicated with the organophosphate pesticide 
dichlorvos. 

The histopathological changes during 
the chronic toxicosis of edifenphos were various. 
The hepatic tissue showed congestion with 
various degrees of degenerative changes starting 
firstly with granular degeneration then vacuolar 
degeneration with progression towards hepatic 
cell necrosis after 1 week of exposure. These 
changes may be attributed to direct toxic effect 
of edifenphos on hepatocytes since the 
hepatopancreas is the site of detoxification of all 
types of toxins and chemicals (Robert, 2001). 

Congestion and various degrees of 
pathological harm in gills were evident. The 
firstly observed lesion was lamellar edema 
which is frequent following exposure to 
chemical pollutants. Complete edematous 
separation of the respiratory epithelium of 
primary and secondary lamellae with necrosis 
of lamellar epithelial cells and severe, often 
lethal,  r espiratory and osmoregulatory 
distr ess may supervene (Yang and 
Albright, 1992). 

Also severe epithelial proliferation of 
secondary gill lamellae, which resulted as a 
response of the malpighian cells to chemical 
irritation, as they migrate distally, often in the 
early stages, resulting in an accumulation of cells 
at the leading edge of the secondary lamella, 
progression of this migration leads to lamellar 
fusion and terminal lamellar clubbing (Robert, 
2001). This may be attributed to that edifenphos 
has a direct effect on gill filaments as cytotoxic 
and irritating substance which resulted in 
proliferation and fusion of secondary lamellae. 
Moreover, gills are important not only for 
gaseous exchange but also for osmoregulation 
and excretion of toxic waste products (Robert, 
2001), thus any harm in the gills leads to 
impairment of such vital functions revealing 
respiratory distress, impaired osmoregulation 
and retention of toxic wastes . Hyperplasia may 
in some situations represent an adaptation by the 
organism to protect underlying tissues from any 
irritant. However, increased thickness of the 
epithelial layers including mucous cell 
hyperplasia and fusion of adjacent secondary 
lamellae as the result of hyperplasia will not only 
decrease the surface area available for oxygen 
extraction but also will increase the oxygen 
diffusion distance between water and blood 
(Kumaraguru et al., 1982). Also exposure to 
pollutants, including pesticides can cause rupture 
of the retaining pillar, or pilaster cells, which 
normally join the dorsal surface of secondary 
lamellae to the ventral one. The result will be 
dilation of the lamellar capillary and pooling of 
the blood, thrombosis and eventually fibrosis. 
Fusion with adjacent lamella, leads to the 
telangiectasis which is a characteristic 
pathological change of the gill associated with 
physical or chemical trauma (Robert, 2001). 

The skin of the fish showed varied 
degrees of vacuolar degeneration of epidermal 
cells, proliferation of club cell and 
hyperactivation of the melanophores this may be 
attributed to that being in contact with 
edifenphos causes direct cytotoxic and irritating 
effect on dermal cells 

The renal tissue of posterior kidney 
exhibited congestion, diffuse granular and 
vacuolar degenerative changes and focal hyaline 
droplet degeneration after 1 week of exposure 
and the marked depletion in haemopoietic 
elements which was evident in spleen and 
anterior and posterior kidney were probably 
caused by direct cytotoxic effect of edifenphos. 
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As neurotoxin, edifenphos caused 
degenerative effect on the brain tissue as 
revealed in this study appeared as severe 
congestion of cerebral blood vessels with 
neuronal degeneration led to necrotic areas in the 
brain tissue. 

The activation of melanomacrophage 
centers either in spleen, hepatopancreas, or 
anterior and posterior kidney was a prominent 
and constant lesion. It is quite known as an 
unusual sequel to infection or irritation in fish 
belonging to fish immune response (Robert, 
2001). 

From the results of the present work, it 
can be concluded that: 
Edifenphos should be listed under the highly 
toxic pollutants to Oreochromis niloticus fish 
even at sublethal dose (1 ppm) where it may 
cause toxicity or death, not only to rice fungi but 
also to fish. 
Prolonged exposure of Oreochromis niloticus to 
low doses of edifenphos pesticide (0.1 ppm) 
caused damage in kidney, liver, spleen and gills 
tissues. 
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Abstract: Field experiments were conducted at Nubareia Agricultural Research Station Farm on a calcareous soil 
under drip irrigation system to study the effect of adding humic acid (20 g/l) as well as foliar application with 
putrescine (1.0 mg/l), novavol (2.5 ml/l) and vegimax (0.2 ml/l) on growth, yield and its components as well as 
chemical composition of snap bean plants cv. Paulista. The obtained results indicated that, application of humic 
acid, novavol or vegimax significantly increased all of the studied growth characters, i.e. plant height, number of 
leaves and branches/plant, leaf area as well as dry weight of shoots and roots at both samples. However, putrescine 
did not show a clear trend for various studied growth characters. Moreover, addition of humic acid as well as foliar 
application by novavol, putrescine and vegimax significantly increased yield and its components, i.e. total green pod 
yield, number of pods/plant, pods weights/plant, average pod weight and pod diameter at both pickings. Plant 
pigments, i.e. chlorophyll a, total chlorophyll and caroenoids concentrations either in leaves or pods significantly 
increased at both samples when the plants treated with humic acid, novavol and vegimax. In shoots, P, K, Ca, Mg, 
Zn and Fe concentrations significantly increased at both samples with all studied applications. Meanwhile in pods, 
addition of humic acid significantly affected on N, K, Fe and Cu concentrations, whereas foliar application with 
novavol and vegimax significantly improved N, K, Mg, Zn, Mn and Fe concentration at both pickings. On the other 
hand, application of any treatments significantly decreased Na and Cl concentrations in both shoots and pods at both 
samples. Results also showed that all studied applications significantly increased some organic compounds, i.e. total 
sugar, total free amino acids and total soluble phenols concentrations at both of shoots and pods in both samples as 
well as protein concentration in pods. Meanwhile, all studied applications significantly decreased pods bending % 
and fiber content in pods at both pickings as well as pod humidity % and nitrate concentrations with humic acid, 
putrescine and vegimax treatments. [Journal of American Science 2010;6(10):552-569]. (ISSN: 1545-1003). 
 
Keywords: Field; drip irrigation system; humic acid  
 
1. Introduction: 

Snap bean (Phaseolus vulgaris, L.) is one of 
the most important members of leguminous crops 
grown in Egypt for either local consumption or 
exportation.  

Bean plants are relatively sensitive under 
sandy soil conditions compared to most vegetable 
crops. In Egypt, the newly reclaimed land at Nubaria 
region reach about 900.000 feddan 290.000 feddan 
from its are calcareous (El-Zaher et al., 2001). 
Calcareous soils are considered the most important 
limiting factors for nutrients availability due to many 
problems, i.e. hardness and compaction of soil 
surface, less organic contents, low availability of N, P 
as well as micronutrients (Xudan, 1986 and Kulikova 
et al., 2002) and more holding water. 

Many investigators reported that improving 
the tolerance of snap bean plants to such pure soil 
conditions could be achieved by application of 
different natural and chemical substances to enhance 

its growth and maximizing the yield. It was found 
that, humic substances (humic and fulvic acids) are 
the major components of soil organic matter. The 
humic substances in the soil might have both direct 
and indirect effects on plant growth (Chen and 
Aviad, 1990). Indirect effects involved improvement 
of soil properties such as aggregation, aeration, 
permeability, water holding capacity, ions transport 
and availability through pH buffering (Tan, 2003). 
Direct effects are those, the uptake of humic 
substances into the plant tissue resulting in various 
biochemical effects through elvat nutrient uptake and 
maintaining vitamins and amino acids level in plant 
tissues. In addition, putrescine is considered one of 
the important bio-regulating growth substances 
affecting plant development processes under stress 
conditions (Galston et al., 1997). The metabolic 
adjustment of putrescine is of adaptive significance 
by regulation of cellular ionic state, maintenance of 
membrane integrity, prevention of chlorophull loss 
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and cell wall stability (Evans and Malmberg, 1989) 
as well as shifting in hormonal balance by increasing 
endogenous phytohormones in plants subjected to 
stress (Bijay, 1999). Vitamins are among the organic 
or co-factor for many enzymes which the plants or all 
living organisms required for its. In legumes, 
vitamins stimulated root growth and so, they resulted 
higher water and nutrients uptake as well as provided 
larger surface area for rhizobium infection leading to 
increase root nodules formation. Amino acids as 
organic nitrogenous compounds stimulated cell 
growth acting as buffers maintaining favorable pH 
value within the plant cell as well as synthesizing 
other organic compounds, such as protein, amines, 
purines and pyrimidines, alkaloids, vitamins, 
enzymes, terpenoids and others (Goss, 1973).    
Applications of macro and micronutrients is crucial 
for achieving higher yields. N, P and K are essential 
nutrients and have prime importance in crop 
nutrition. Six micronutrients, i.e. Mn, Fe, Cu, Zn, B 
and Mo are involved in photosynthesis, N-fixation, 
respiration and other biochemical pathways 
(Marschner, 1986). Both macro and micronutrients 
availability is influenced by soil chemical and 
physical properties. Furthermore, sulphur is an 

essential component of important metabolic and 
structural compounds. In calcareous soils, sulphur 
reduced soil pH values by oxidation of sulphur to 
sulphuric acid through species of soil 
microorganisms (El-Eweddy et al., 2005). 
Decreasing soil pH improved the availability of 
microelements, i.e. Fe, Zn, Mn and Cu (Hetter, 1985) 
and improving chemical properties of alkaline soil as 
well as yield productivity and its related 
characteristics (Kineber et al., 2004). 
 
2. Materials and Methods: 

Two field experiments were conducted 
during the two early summer seasons of 2006 and 
2007 at El-Nubareia Horticulture Research Station 
(El-Behira governorate), Horticulture Research 
Center (A.R.C.), Giza, Egypt, to investigate the 
influence of soil amendment with humic acid and the 
foliar application with novavol, putrescine and 
vegimax on growth, yield and its components as well 
as chemical composition of snap bean plants. 

The soil type under study was sandy loam, 
with the mechanical and chemical analysis as shown 
in the following Table (1) according to Jackson 
(1973).  

 

Table (1): Mechanical and chemical analysis of soil.  

Value Characters 
2006 2007 

Sand% 68.08 69.68 
Silt% 16.00 10.00 

Clay% 15.92 20.32 
Particle size distribution 

Textural class Sandy loam Sandy loam 
pH (1:2.5) 8.50 8.40 

CaCO3 21.70 22.7 
 

Soil chemical analysis: 
EC mmohs/cm 1.27 4.4 

Ca++ 3.38 13.6 
Mg++ 3.62 10.4 

Na+ 3.23 21.7 
Soluble cations meq/l: 

K+ 0.49 0.9 

HCO3
- 1.12 0.82 

Cl- 1.5 12.2 Soluble anions meq/l: 

SO4
- 9.1 33.4 

N 30.00 35.00 
P 20.00 21.00 Macro-elements (ppm): 

K 368.00 480.00 
Zn 0.28 0.30 
Mn 2.50 2.00 
Fe 3.70 3.02 

Micro-elements (ppm): 

Cu 0.96 1.00 

 

Seeds of snap bean (Phaseolus vulgaris, L.) 
cv. Paulista were sown in 15th March in both seasons. 
The area of each experimental plot was 21m2 and 
consisted of one row (35m long with 0.60m width), 
with distance of 25cm between plants. 

Fertilization was carried out according to 
the recommendation of the Ministry of Agriculture as 
follow: 1. Organic manure in the form of poultry 
manure was added during soil preparation at the rate 
of 30 m3/feddan (Fed=4200 m2), and 2. Mineral 
fertilizers added in the timing and the rate as shown 
in Table (2). 
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Table (2.) Program of snap bean fertilization under calcareous soil (Added per feddan/week). 

Timing (dayes after sowing) Ammonium nitrate Calcium nitrate Potassium sulphate Phosphoric acid 

30 15 kg  - 10 kg 5 L 

45 25 kg 5 kg 25 kg 5 L 

60 15 kg  5 kg  20 kg 5 L 

75  10 kg 5 kg 15 kg 5 L 

 

Humic acid was added to snap bean plants at 
the rate 20g/l. Novavol was a commercial fertilizers 
containing 6.45% N, 5.17% P2O5, 2.00% CaO and 
29.7% amino acids) at the rate of 2.5ml/l. Diamine 
putrescine (C4H12N2) was sprayed at the rate of 
1.0mg/l. Vegimax was a commercial fertilizer 
containing mineral elements (0.05% Zn, 0.16% Fe, 
0.08% Mn, 0.03% Cu, 0.04% B, 0.34% Mg, 0.46% 
Ca, 0.40% S and 0.005% Co), amino acids 
(mg/100ml) (aspartic acid, 249; therionine, 45; 
serine, 56; glutamic, 55; glycine, 50; alanine, 100; 
proline, 38; valine, 68; cystine, 44; methionine, 18; 
iso-lucine, 52; tyrosine, 38; phenylalanine, 32; 
histedine, 12; lycine, 40; arginine, 20 and 
tryptophane, 20) as well as vitamins (mg/100ml) (B1, 
0.08; B2, 2.4; B6, 1.2; B12, 0.82; folic acid, 4.2; 
pantothenic acid, 0.53 and niacin, 1.14) at the rate of 
0.2ml/l, in addition to distilled water was sprayed as a 
control treatment. Spraying was carried out twice 
applications at 40 and 60 days after sowing. 

Each treatment had four replicates and 
arranged in the field using a randomized complete 
block design.  

Data recorded: 

A. Plant growth: random samples of four 
plants were taken at 50 and 70 days after sowing 
from each plot to measure plant growth parameters, 
i.e. plant height (cm), number of leaves and 
branches/plant, leaf area (cm2) as well as dry weight 
of shoot and roots (g).  

B. Pod yield and its components:  two 
harvesting samples were taken 75 and 80 days after 
sowing to determine yield characters, i.e. total green 
pod yield (ton/fed), number of pods/plant, weight of 
pods/plant, average pod weight (g), pod length (cm), 
pod diameter (mm), pod bending (%) and pod 
humidity%. 

C. Chemical composition: the pigments 
concentrations, i.e. chlorophyll a, chlorophyll b, total 
chlorophyll and carotenoids of leaves and pods were 
determined according to Nornai (1982). 
Determination of N, P, K, Ca, Mg, Zn, Mn, Fe, Cu, 
Na and Cl concentrations were carried out on the 
ground dry materials of shoots and pods. Nitrogen 

was determined using the modified “microkjeldahl” 
method as described by Jackson (1973). Phosphorus 
was colorimetrically estimated by using 
chlorostannous reduced molybdophosphoric blue 
colour method according to Jackson (1973).  
Potassium and sodium were determined using the 
flame photometer. Calcium, magnesium, zinc, 
manganese, iron and copper were determined using 
Atomic Absorption Spectrophotometer, D. P. 3300 
Parken Elemer. Chloride concentration was analyzed 
by potentiometric titration with AgNO3 of the 
aqueous extract as described by Johnson et al. (1958). 
Total protein in the pods were calculated by 
multiplying Nitrogen% in 6.25 as described by 
Stewart (1989). Nitrate concentration in the pods was 
coloremetrically measured by using salicylic acid 
reagent according to Cataldo et al. (1975). Fiber 
content in the pods was determined according to 
(A.O.A.C., 2000).  

Total sugar, total free amino acids and the 
total soluble phenols concentrations were determined 
in ethanol extract of shoots and pods. Total sugar 
concentration was determined by using phenol-
sulphuric acid method according to Dubois et al. 
(1956). Total free amino acids concentration was 
determined using ninhydrin reagent (Moore and 
Stein, 1954). Total soluble phenols concentration was 
determined by using the folin-ciocateu colorimetric 
method (Swain and Hillis, 1959). Free proline 
concentration was colorimetrically measured in 
shoots and pods using ninhydrin reagent according to 
Bates et al. (1973). 

All data were processed by analysis of 
variance according to the method described by Steel 
and Torrie (1960) and the means were compared 
using the least significant difference test (L.S.D.) at 
5% (Snedecor and Cochran, 1980). 
 
3. Results and Discussion:  

The present experiment was twice conducted 
under the same conditions during two successive 
seasons 2006 and 2007. Therefore, the tabulated and 
discussed data of the various determinations represent 
in combined analysis system for the two seasons.  

V.1. Vegetative growth parameters 
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Data showed that addition of humic acid 
significantly increased all the studied growth 
characters, i.e. plant height, number of leaves and 
branches/plant, leaf   area as well as dry weight of 
shoots and roots of snap bean plants in both samples 
except of plant height in the first sample comparing 
with control plants (Table 3).  

Meanwhile, foliar application of novavol 
significantly increased all growth characters in both 

samples except of plant height at the second sample. 
Also, vegimax treatment significantly increased all 
growth characters in both samples except of plant 
height and dry weight of shoots in the first sample as 
well as number of leaves/plant in the second sample 
as compared to control plants. While, putrescine did 
not show a clear trend for various studied growth 
characters.  

 

Table (3): Effect of soil amendments with humic acid and foliar application with novavol, putrescine and 
vegimax on growth characters of snap bean plants 

Plant height 
(cm) 

No. of leaves/plant 
No. of 
branches/plant 

Leaf area (cm2) 
Dry weight of 
shoots (g) 

Dry weight of 
roots  (g) Treatments 

1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 

Control 27.4 29.5 9.3 10.8 4.3 5.4 308.5 480.4 3.27 6.87 0.52 0.8 

Humic acid 28.8 33.2 11.7 13.3 4.9 5.9 395.9 648.1 4.27 7.47 0.65 1.13 

Novavol 29.1 30.9 11.7 13.2 4.7 6.4 525.7 634.7 4.99 7.87 0.64 0.97 

Putrescine 28.0 30.9 9.3 12.2 4.2 5.3 354.4 494.6 3.95 8.09 0.55 0.97 

Vegimax 27.8 31.4 10.8 11.8 4.9 5.8 501.6 634.0 4.05 8.87 0.62 0.98 

L.S.D. at 0.05 1.57 1.51 1.38 1.49 0.25 0.31 37.24 39.78 0.35 0.39 0.08 0.11 

 
The beneficial effects of humic acid on plant 

growth could be referred to its acting as source of 
plant growth hormones. Nardi et al. (1999) 
mentioned that humic had a gibberellins and auxin 
exhibiting higher amounts of phenolic compounds 
and considerable amount of acids. In Egypt, the soils 
tended to be alkaloidy, thus the quantity of available 
micronutrients to plants at any one time was not only 
affected by its binding chelating substances, but also 
by transformation carried out by micro-organisms 
(Stevenson, 1982). Therefore, the application of 
humic acid through the irrigation water might 
increase the soil organic matter which improved 
retention of nutrients also increased the soil microbial 
activity, which convert the nutrients from organic to 
mineralized form as reported by Stevenson (1994). In 
this respect, Kaya et al. (2005) studied the effect of  

foliar of humic acid (2000 ml/ha) on common 
bean plants and found that it significantly increased 
plant height. El-Bassiony et al. (2010) showed that 
foliar application by humic acid (at 1, 2 or 3 g/l) 
significantly affected on all the vegetative growth 
parameters, i.e. plant height, number of leaves and 
branches as well as fresh and dry weight of whole 
snap bean plants (Phaseolus vulgaris, L.) cv. Paulesta 
grown under sandy soil conditions comparing with 
control plants.    

The stimulative effects induced by putrescine 
application on vegetative growth characters could be 
explained by Popvic et al. (1979) and Besford et al. 
(1993), they found that putrescine inhibited stress-
induced senescence of barley leaf through 

stabilization of thylakoid membranes. They added 
that putrescine effectively protected D1 and D2 
proteins, and cytochrome F of the thylakoid 
membranes as well as rubisco large subunit and 
chlorophyll from osmotically stressed leaf tissue. It is 
probably due its binding to thylakoid membranes, 
thus preventing them from lipid peroxidation and 
proteolitic action. Consequently, the anti-senescence 
properties of polyamines and their correlation to cell 
proliferation and differentiation tended to support 
their action as growth factors, especially under stress 
conditions. In several dicotyledonous plants, 
putrescine retarded senescence of leaves by 
preventing chlorophyll, protein and RNA breakdown 
(Kaur- Sawhney and Galston, 1979) and by 
increasing mitotic activity in protoplasts (Kaur- 
Sawhney et al., 1980). In this concern, Gharib and 
Hanafy Ahmed (2005) postulated that spraying pea 
plants with putrescine at 1 or 2 ppm significantly 
increased plant height and shoot dry weight.  

On the contrary, Zeid (2004) reported that foliar 
application of putrescine at (10-2mM) did not affect 
growth characters, i.e. shoot length, leaf area, fresh 
and dry weight of leaves on bean plants grown under 
salinity stress conditions. 

Concerning the effect of amino acids which it is 
the main component of novavol and vegimax, 
Bidwell (1980) stated that, the importance of amino 
acids came from their widely uses for the 
biosynthesis of a large variety of non-protein 
nitrogenous materials, i.e. pigment, vitamins, 
coenzymes, purine and pyrimidine bases. Amino 
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acids could directly or indirectly influence the 
physiological activities of plant growth and 
development, through their regulatory effects on 
production of gibberellins in plant tissues (Waller and 
Nowaki, 1978). In this concern, El-Ghamry et al. 
(2009) cleared that foliar application of amino acids 
significantly increased plant height as well as number 
of leaves and branches/plant of faba bean plants.  

Regarding to the effects of vitamins as a main 
constituent of vegimax were discussed by 
Kodandaramaiah and Gopala Rao (1985) who stated 
that vitamins compounds act as co-enzymes in a 
number of enzyme systems and thus take part in the 
regulation of metabolism, participated in plant 
growth and development indirectly by enhancing the 
endogenous levels of various growth factors such as 
cytokinins and gibberellins. Treating legume crops 
with B-vitamins could increase Rhizobium infection 
leading to increase root nodules formation and this in 
turn manifested in better growth and higher 
productivity (Simiullah and Afridi, 1988). In this 
respect, El-Tohamy and El-Greadly (2007) indicated 
that foliar application by Vit. E (0.1 or 0.3 ml/l) 
significantly increased plant height, number of leaves 
as well as plant fresh weight of snap bean plants. 
Omaima Mohamed et al. (2009) found that spraying 
snap bean plants with Vit. B1 at 25 ppm significantly 
increased number of branches, dry weight of shoots 
and total dry weight in both seasons.  
 
V.2. Yield and its components 

Data in Table 4 revealed that addition of humic 
acid significantly increased total pod yield, number of 

pods/plant, pods weight /plant, average pod weight as 
well as pod diameter in both pickings of snap bean 
plants comparing with control plants. 

Meanwhile, foliar application of novavol and 
vegimax significantly increased total pod yield, 
number of pods/plant, pods weight/plant, average pod 
weight as well as pod diameter in both pickings 
except of total pod yield with vegimax and pod 
diameter with novavol in the first picking as well as 
average pod weight in the first picking with both 
foliar treatments. Furthermore, putrescine treatment 
significantly increased pods weight/plant in both 
pickings, whereas total pod yield and average pod 
weight were significantly increased in the first 
picking as well as number of pods/plant and pods 
diameter in the second picking as compared with 
control plants. On the other hand, all studied 
applications did not affect on pod length in snap bean 
plants at both pickings, except of vegimax in the 
second picking which showed a significant increase 
as compared with control plants. 

Humic acids are considered as a important 
source of organic matter and their effects on yield and 
its components could be through their enhancing 
effect on increase soil moisture holding capacity, 
improve soil texture as well as promote the uptake of 
nutrients leading to stimulation of plant growth 
(higher biomass production) and consequently on 
total pods yield and its components (Zhang et al., 
2003). Schnitzer and Skinner (1962) stated that 
humic acids increased yield and its components by 
increasing the availability of nutrients through its 
chelating capacity with micronutrients. 

 

Table (4): Effect of soil amendments with humic acid and foliar application with novavol, putrescine and 
vegimax on yield and its componenets 

Total pod yield 
(ton/fed) 

No. of 
pods/plant 

pods weight/plant 
(g) 

Average pod 
weight (g) 

Pod length 
(cm) 

Pod diameter 
(mm) Treatments 

1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 

Control 0.635 0.737 9.7 11.1 22.69 26.31 2.30 2.34 12.0 11.9 6.9 7.0 

Humic acid 1.219 1.100 15.3 13.5 42.16 39.28 2.80 2.93 11.9 12.1 7.1 7.4 

Novavol 1.029 1.067 13.7 14.1 31.88 38.08 2.39 2.76 12.2 11.8 7.0 7.2 

Putrescine 0.801 0.905 11.6 13.7 28.59 32.30 2.57 2.37 12.0 11.6 6.9 7.3 

Vegimax 0.780 1.048 12.4 14.4 27.83 37.40 2.39 2.59 12.1 12.4 7.2 7.4 

L.S.D. at 0.05 0.16 0.27 2.20 2.40 3.30 3.41 0.23 0.19 0.28 0.22 0.20 0.17 

 
Additionally, humic acid could improve the 

chemical properties of soil by counteracting soil 
alkalinity (Ghabbour and Davies, 1998). 
Furthermore, humic acid could increase dry matter of 
foliage, lateral root growth and N uptake under saline 
irrigation water (Tattini et al., 1991). This might 
contribute to regulate the nutritional and the 
adaptability state of stressed plants (Jianguo et al., 

1998). In this respect, Kaya et al. (2005) mentioned 
that foliar application of common bean by humic acid 
at 2000 ml/ha significantly increased number of 
seeds/plant and seed weight/plant. Zaky et  al. (2006) 
found that application of humic acids as foliar 
application (1 g/l), injection application (50 g/m3) 
through the irrigation water or their combined 
application gave a significant superior effect over 
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non-treated plant on number of pods/plant, total pod 
yield/plant and average pod fresh weight of common 
bean. El-Bassiony et al. (2010) stated that green pod 
yield of snap bean plants (Phaseolus vulgaris, L.) cv. 
Paulesta grown under sandy soil conditions 
significantly increased by increasing the spray of 
humic acid from 0 to 1 up to 2 g/l. 

The effects of putrescine application on yield and 
its components could be explained by Galston (1983) 
who indicated that the diamine Put and PAs, Spd and 
Spm have been frequently described as endogenous 
plant growth regulators or intracellular second 
messengers mediating the effects of phytohormones. 
Therefore, PAs have been implicated to affect a 
variety of molecular and cellular functions (Tiburcio 
et al., 1993) thereby influencing various 
physiological and developmental processes (Galston 
and Kaur-Sawhney, 1990 and Rajam, 1993) including 
pollen fertility (Martin-Tanguy et al., 1982) and in 
flowering and fruit ripening (Kakkar and Rai, 1993). 
Kaur-Sawhney et al. (1990) found that putrescine 
seem to play a regulatory role in morphogenetic 
processes preceding fruit set; that is, in the formation 
of the flowers. Galston et al. (1994) proposed that 
increasing in putrescine immediately proceeded the 
activation of cell division in meristems passing from 
the vegetative to the floral stage. In addition, Crisosto 
et al. (1988) reported that putrescine was found to 
improve pears fruit set, delayed senescence of the 
ovules and enhanced pollen germination and 
fertilization by two days. Iannotta et al. (1996) 
revealed that putrescine foliar application (10-4 mM) 
on olive trees reduced ovary abortion and improved 
fruit set. In this concern, Gharib and Hanafy Ahmed 
(2005) recorded that foliar spraying of putrescine (1 
or 2 ppm) significantly increased weight and number 
of pods/plant as well as total fresh yield/fed of pea 
plants.  

Concerning the effects of amino acids as a main 
component of novavol and vegimax, Waller and 
Nowaki (1978) suggested that the pronounced effects 
of amino acids on plant development and yield might 
be due to the regulatory influence on enhancing 

production of gibberellins in plant tissues. In this 
respect, Melouk (2007) showed that spraying 
Thompson seedless grapevine with phenyalanine at 
400 ppm significantly increased the vine yield. Amira 
Abdul Qados (2009) revealed that pretreatment of 
wheat grains with 1.25 mM arginine significantly 
increased the most of yield components of wheat 
plant irrigated with different salinity levels (from 
2000 up to 8000 ppm).  

The effects of vitamins as a main constituent of 
vegimax were discussed by Alscher et al. (1997) who 
suggested that vitamins could represent a natural and 
safety antioxidants substances, having the ability to 
quench free radicals and thereby form a protective 
screen around plant cells and hence increasing plant 
resistance to stress. It was suggested that B-vitamins 
participated in plant growth and development 
indirectly by enhancing the endogenous levels of 
various growth factors such as cytokinins and 
gibberellins (Kodandaramaiah and Gopala Rao, 
1985).  In this respect, El-Tohamy and El-Greadly 
(2007) showed that foliar application of snap bean 
plants with vitamin E at 0.1 or 0.3 ml/l significantly 
increased number of pods and fresh weight of pods. 
Omaima Mohammed et al. (2009) mentioned that 
spraying snap bean plants with Vit. B1 at 25ppm 
increased number of pods/plant and total pod 
yield/fed in both seasons. 

In addition, data in Table 5 recorded that all 
studied applications significantly decreased pods 
bending % and fiber % of snap bean plants at both 
pickings as compared to control plants. Moreover, 
addition of humic acid or vegimax treatments 
significantly decreased pods humidity percentage of 
snap bean plants in the first picking. However, 
vegimax significantly increased pods humidity 
percentage in the second picking comparing with 
control plants. 

It was found that humic substances possess 
auxin-like activity, leading to increase water 
permeability through plant membranes and hence 
could indirectly increased the water holding capacity 
for harvested pods (Pascual et al., 1999). 

Table (5): Effect of soil amendments with humic acid and foliar application with novavol, putrescine and 
vegimax on bending pods%, humidity and fiber % 

Bending pods% Humidity in pods% 
 
Fiber % Treatments 

1 st 2 nd 1 st 2 nd 1 st 2 nd 

Control 74.08 55.37 89.48 85.76 11.22 11.51 

Humic acid 66.64 48.11 88.43 86.28 9.19 9.65 

Novavol 63.59 50.29 89.40 86.07 9.74 10.13 

 Putrescine 64.49 52.11 89.14 85.92 10.10 10.33 

Vegimax 66.80 51.63 88.80 86.57 9.94 10.35 

L.S.D. at 0.05 3.07 2.99 0.63 0.68 0.30 0.28 
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The effect of putrescine on decreasing pod 
bending % might be due to their effect as endogenous 
plant growth regulators. Therefore, polyamins have 
been implicated to affect a variety of molecular and 
cellular functions inducing cell elongation (Tiburcio 
et al., 1993). 

The effect of amino acids as a main component 
of novavol on pod bending % might be referred to 
their role as chelating agent for micronutrients. Some 
of these micronutrients could play a role in plant 
resistance by regulating the levels of auxin in plant 
tissues, thus affecting cell elongation and pod 
bending. 

 In this respect, Szot and Tys (1979) reported 
that an important problem in the cultivation of 
leguminous plants is the tendency of pods to 
convexing and bursting, leading to considerable seed 
losses. The susceptibility of pods to bursting is 
conditioned by their anatomic-morphological 
structure (Esau, 1973 and Hejnowicz, 1985). The 
main characteristic causing pod bursting is the 
structure of the endocarp cell wall, which consists of  

fiber layers with stringly thickened 
sclerenchymatic cells obliquely arranged to the fruit 
axis. As a result of various micro-fibril arrangement 
in cell wall, these layers of thick-walled parchment 
stratum shrink in various directions during drying and 
this causes pod cracking along the “abdominal” seam 
(at carpel fusion) and dorsal seam (the main vain/rib). 

Other significant factors determining the pod 
strength are its moisture content (Kuzniar and 
Sosnowski, 2000) and shape (Szwed et al. 1999). 
Furthermore,  Kuzniar and Sosnowski (2000) stated 
that   the dependence of the susceptibility of bean 
pods to cracking on their moisture content resulted 
from the pericarp structure, which inner surface 
(endocarp) consists of two parts of thick-walled 
ligneous cells. As a result of different alignment of 
the micro-fibrils in the cell walls, the two parts of 
endocarp shrinked in different directions as they 
dried out, thus creating internal forces tending to 
open the pod (Esau, 1973). Tomaszewska (1954) 
revealed that the lupine pods which shells have 
thicker endocarp and thinner mesocarp (parenchyma 
cells) exibited higher tendency to cracking. 

Moreover, Kuzniar and Sosnowski (2002) 
showed that an increase in the shape factor with a 
rising moisture content of pods was recorded for all 
studied bean cultivars. It means that internal stress on 
sclerenchyma, which increased with pod drying, 
tended to open the pod and increased the convexity of 
the shells of those fruits, and the more convex the 
pod the less force is required for its opening. The 
reduction in the shape factor, recorded for studied 
cultivars as they were drying, which means that 

internal stress in fiber layer, which increased with 
pod drying and increased its convexity.  

Szwed et al. (1999) suggested that the opening 
of more convex pods requires smaller force, because 
smaller curve radii increase the arm of the pod shell 
bending moment in the perpendicular plane to the 
direction of the parchment layer fibers. 

The results of humic acid, novavol and vegimax 
on pod humidity % are in conformity with those 
obtained from Faten Abd El-Aal et al. (2005) 
revealed that application of potassium humate with 
irrigation water (6 L/fed) significantly increased 
onion bulb dry weight Also, Salman et al. (2005) 
stated that applied humic acid with water irrigation 
(2, 4 or 6 L/fed) significantly increased dry matter of 
watermelon fruits.  

Al-Said and Kamal (2008) who found that 
individually foliar application of folic acid (50 or 100 
ppm), methionine (25 ppm), lysine (50 ppm) or 
cysteine (50 ppm) did not significantly affect sweet 
pepper fruit dry weight. However, the mixtures 
between them significantly increased fruit dry weight 
as compared to control plants. Dawa et al. (2003) 
reported that combination between Vit. B1 (50 ppm) 
and yeast extract (25 m/l) gave the highest total dry 
seed of pea yield/fed. Amer (2004) mentioned that 
yeast extract (1 or 2 g/l)  significantly increased 
common bean dry seed yield. Awad et al. (2007) 
showed that foliar application of glycine and lysine 
(100 ppm) either alone or in combination 
significantly increased dry matter content in potato 
plants comparing with control plants. 

Concerning the effect of different treatments on 
decreasing fiber content in snap bean pods, these 
results are in harmony with those reported by El-
Tohamy and El-Greadly (2007) who showed that 
foliar application by vitamin E (at 0.1 or 0.3 g/l) 
significantly decreased fiber content of snap bean 
pods. Furthermore, Neveen Turky (2007) pointed out 
that spraying snap bean plants either with Ascopen 
(ascorbic acid plus citric acid 38%) at 2 g/l or Delfan 
(11% free amino acid) at 2 cm/l significantly 
decreased fiber content of snap bean pods. Shereen 
El-Sayed (2007) stated that spraying snap bean plants 
either with Faster (contains 0.1% ascorbic acid, 1% 
citric acid, 30% K2O and 5% P2O5) at 250 cm3/100 
l water or Setter-2 ( contains 5000 ppm ascorbic acid, 
5000 ppm citric acid, 5000 ppm nitrogen, 1000 ppm 
copper, 90000 ppm chelated calcium, 15000 ppm 
chelated boron and 1000 ppm manganese) at 500 
cm3/200 l water significantly decreased in snap bean 
pods. Moreover, El-Bassiony et al (2010) revealed 
that fiber content significantly decreased in snap bean 
pods with increasing the level of humic acid from 0 
to 1, 2 up to 3 g/l.    
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V.3. Chemical composition 
V.3.1. Plant pigments 
V.3.1.1. Leaves 

Data in Table 6 indicated that addition of humic 
acid significantly increased chlorophyll a, total 
chlorophylls and carotenoids concentrations in leaves 
of snap bean plants of both samples except of 
chlorophyll a in the second sample comparing with 
control plants. 

Meanwhile, foliar application of novavol and 
vegimax significantly increased chlorophyll a, total 
chlorophylls and carotenoids concentrations in leaves 
of both samples as compared to control plants. 
However, putrescine treatment significantly increased 

chlorophyll a, total chlorophyll and carotenoids 
concentrations but only in the first sample as 
compared to control plants. 
 
V.3.1.2. Pods 

Data in Table 7 revealed that all studied 
applications significantly increased chlorophyll a, 
total chlorophyll and carotenoids concentrations in 
snap bean pods of both pickings comparing with 
control pods, except of chlorophyll a and total 
chlorophyll with putrescine in the second picking as 
well as carotenoids with novavol and putrescine in 
the first picking as compared with control plants. 

 

Table (6): Effect of soil amendments with humic acid and foliar application with novavol, putrescine and vegimax on 
leave pigments concentration (mg/g F.W.) 

Chlorophyll a Chlorophyll b Total chlorophyll Carotenoids 
Treatments 

1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 

Control 0.871 0.962 0.199 0.451 1.070 1.413 0.617 0.927 

Humic acid 1.080 1.129 0.245 0.453 1.325 1.581 0.843 1.028 

Novavol 1.116 1.179 0.261 0.415 1.377 1.593 0.873 1.019 

 Putrescine 1.100 1.129 0.272 0.398 1.372 1.526 0.925 1.004 

Vegimax 1.358 1.379 0.336 0.396 1.694 1.775 1.042 1.145 

L.S.D. at 0.05 0.18 0.18 0.09 0.11 0.18 0.15 0.110 0.090 

 

Table (7): Effect of soil amendments with humic acid and foliar application with novavol, putrescine and 
vegimax on pod pigments concentration (mg/g F.W.) 

Chlorophyll a Chlorophyll b Total chlorophyll Carotenoids 
Treatments 

1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 

Control 0.343 0.531 0.167 0.199 0.509 0.731 0.310 0.390 

Humic acid 0.442 0.653 0.123 0.21 0.564 0.862 0.492 0.709 

Novavol 0.502 0.738 0.157 0.210 0.659 0.947 0.462 0.805 

 Putrescine 0.434 0.541 0.131 0.203 0.564 0.744 0.437 0.753 

Vegimax 0.539 0.686 0.232 0.259 0.77 0.945 0.591 0.803 

L.S.D. at 0.05 0.06 0.08 0.07 0.04 0.06 0.09 0.16 0.12 

 
The stimulatory effects of humic acid on 

increasing chlorophyll concentration in leaves and 
pods might be attributed to the lowering of pH value 
through yielding intermediate organic acids as well as 
increasing the activity of soil organisms to liberate 
more nutrients from the unavailable reserves, i.e. 
correcting iron deficiency of chlorotic sensitive to 
plant species when grown in calcareous soil (Wallace 
and Khadr, 1996). Moreover, Dekock (1955) reported 
that humic substances prevented immobilization of  
Fe and P and facilitated their translocation from roots 
to shoots. In addition, Schnitzer and Khan (1972) 
suggested that humic substances exert two types of 
effects in relation to plants, a) indirect effects through 
acting as suppliers and regulators of plant nutrients 
similar to synthetic ion exchangers and b) direct 
effects through uptake of humic substances by plant 
roots. 

In this respect, Zaky et al. (2006) reported that 
application of humate acid either foliar (at 1g/l every 
seven days interval until the first harvest) or injection 
application (at 50 g/m3 through the irrigation water 
seven days interval until the first harvest) gave a 
significant increase in total chlorophyll of pods of 
common bean plants (Phaseolus vulgaris, L.) cv. 
Xera. On the other hand, HA application and control 
treatment exhibited a similar effect on total protein 
and carbohydrate in pods under low tunnels and open 
field during both seasons. Habashy et al. (2008) 
revealed that applied of micronutrients as chelating 
compounds for humic acid significantly increased 
total chlorophyll of tomato plants grown under 
salinity conditions. El-Ghamry et al. (2009) cleared 
that foliar application by humic acid and amino acids 
either alone or in combination significantly increased 
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chlorophyll a, b and carotenoids concentrations of 
faba bean leaves. 

The effects of putrescine are explained by Kaur-
Sawhney and Galston (1991) who reported that 
polyamines retarded senescence, regulated cell 
proliferation and differentiation. Also, polyamines 
were important factor for growth regulation, protein 
biosynthesis as well as stabilizing chloroplasts 
thylakoid membranes and retarding chlorophyll 
degradation. In this respect, Zeid (2004) found that 
application of putrescine at 10-2mM markedly 
increased chlorophyll a, b and carotenoids content in 
bean leaves of stressed seedlings.  

Concerning the stimulative effects of novavol 
and vegimax on plant pigments might be due to 
introducing amino acids into biosynthesis of large 
group of nonproteinic nitrogenous compounds, i.e. 
pigments, vitamins, Co-enzymes, purine and 
perimidine bases (Strove, 1989). 

 The enhancing effect of vitamins as a main 
constituent of vagimax on plant pigments might be 
attributed to their role in improve mineral uptake by 
plant shoots and hence improved plant growth, 
accordingly this was reflected on plant productivity 
and pod quality.   In this respect, Hess (1993) stated 
that vitamin E played unique role as an antioxidant 
and a stabilizer for biological membranes as well as 
protects chlorophyll. El-Tohamy and El-Greadly 
(2007) indicated that foliar application with vitamin 
E (0.1 or 0.3ml/l) significantly increased total 
chlorophyll content of snap bean leaves. Sharaf et al. 
(2009) noticed that contents of chlorophyll a, b, and 
total chlorophyll of broad bean and lupin leaves were 
significantly increased in response to the application 
of vit. B (75ppm).   

 
V.3.2. Macro-elements 
V.3.2.1. Shoots 

Data in Table 8 recorded that all treatments did 
not show any significant differences among nitrogen 
concentration in snap bean shoots of both samples 
except of vegimax treatment which showed a 
significant increase in the first sample. On the other 
hand, phosphorus and calcium concentrations 
increased only in the first sample by all applications 
comparing with the control.  

Meanwhile, potassium concentration was 
increased in both samples by addition novavol or 
vegimax as compared to control plants. However, 
humic acid and putrescine increased K concentration 
in leaves of second and first sample, respectively as 
compared to control plants. In addition, all studied 
treatments significantly increased magnesium 
concentration in the second sample as well as with 
novavol in the first sample as compared with control 
untreated plants. 

 
V.3.2.2. Pods 

Data in Table 9 indicated that humic acid, 
novavol and vegimax applications significantly 
increased nitrogen, potassium and magnesium 
concentrations in both pickings of snap bean pods 
except of humic acid on magnesium in the first 
picking as well as novavol on potassium in the 
second picking comparing with control plants. 

The simulative effect of humic acid on minerals 
uptake might be due to their effect on stability of 
membrane permeability (Zientara, 1983), and this is 
related to the surface activity of humic substances 
containing both hydrophilic and hydrophobic sites 
(Chen and Schnitzer, 1978). Moreover, humic acid 
appeared to be associated with its chelating power of 
nutrients along with its impact on physicochemical 
and biological properties of soil. 

In addition, humic acid as a good manure state 
causing more availability for the nutrients in the soil 
(Taha and Modaihsh, 2003 and Modaihsh et al., 
2005) by lowering soil pH value through yielding 
intermediate organic acid as well as increasing the 
activity of soil organisms to liberate more nutrients 
from the unavailable reserves. 

In related to this results, Sharif (2002) revealed 
that addition of humic acid (0.5 or 1 kg/ha) 
significantly improved N and P concentrations in 
wheat and maize plants grown under alkaline soil. 

Akinci et al. (2009) showed that addition of 
humic acid to broad bean plants significantly 
increased K content, whereas Ca content was not 
significantly increased. In addition, El-Ghamry et al. 
(2009) found significant increases of N, P and K 
content in seed and straw of faba bean plants as 
response to humic acid added (at 1000, 2000 or 3000 
ppm). Katkat et al. (2009) reported that soil 
application with humus (1 g/kg) limited the decrease 
in negative effects of lime levels on mineral elements 
uptake, i.e. N, P, K, Ca and Mg of wheat plants 
grown under calcareous soil.  

The results of putrescine on macro-elements 
concentrations in snap bean shoots are in harmony 
with those obtained from Manoj-Sharma et al. (1997) 
working on chickpea, as well as Gharib and Hanafy 
Ahmed (2005) working on pea plants. In this 
concern, El-Tohamy et al. (2008) showed that foliar 
application with putrescine (at 25 or 50 ppm) 
significantly increased N, P and K contents in 
eggplant leaves. 

The effect of amino acids and vitamins as the 
main components of novavol and vegimax might be 
due to their roles in enhancing many physiological 
processes including nutrients uptake by roots and 
their metabolism in treated plants. In this respect, El-
Tohamy et al. (2008) reported that foliar application 
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with vitamin C (at 100 or 200ppm) increased the 
concentration of N, P and K in eggplant leaves. The 
influence of riboflavin (vit. B2) on the mechanism of 
ions uptake might be related to their effect on 
membrane permeability and thus on ion entry through 
the membrane. On the other hand, increasing of Ca 
could maintaining the turgor of tissues under stress 
conditions, thus ameliorating the deleterious effects 
of stress on growth and yield (Sivritepe et al., 2003). 

Furthermore, Awad et al. (2007) revealed that foliar 
application with mixture of glycine plus lysine each 
at 100 ppm gave the highest values of N, P, and K 
contents in leaves of potato plants. In this concern, 
El-Ghamry  et al. (2009) stated that foliar application 
by peptone (6% free amino acid + 12% organic 
nitrogen + 3.5% K2O) at the rate of 1000, 2000 or 
3000 ppm significantly increased N, P and K contents 
in seeds and straw of faba bean. 

Table (8): Effect of soil amendments with humic acid and foliar application with novavol, putrescine and 
vegimax on macro-elements (N, P, K, Ca and Mg) concentrations (mg/g D.W.) in shoots 

Nitrogen Phosphorus Potassium Calcium Magnesium 
Treatments 

1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 

Control 14.88 20.00 3.12 3.46 12.58 12.48 8.63 16.63 9.93 8.58 

Humic acid 14.63 20.00 5.28 2.94 13.83 17.36 13.38 14.38 10.15 13.02 

Novavol 14.13 20.38 5.57 3.56 25.72 14.49 12.75 16.00 11.80 13.62 

 Putrescine 15.88 19.00 4.55 2.39 14.31 12.48 13.00 17.00 10.68 12.63 

Vegimax 22.00 21.00 6.16 5.01 19.01 17.70 13.13 16.13 10.68 13.55 

L.S.D. at 0.05 1.73 1.50 1.34 0.99 1.53 1.45 1.20 0.96 1.36 1.32 

 

Table (9): Effect of soil amendments with humic acid and foliar application with novavol, putrescine and 
vegimax on macro-elements (N, P, K, Ca and Mg)  concentrations (mg/g D.W.) in pods 

Nitrogen Phosphorus Potassium Calcium Magnesium 
Treatments 

1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 

Control 17.75 17.25 6.57 7.64 19.23 17.29 5.50 3.75 8.80 8.95 

Humic acid 19.75 18.88 6.75 8.17 22.04 18.94 5.13 3.63 9.78 11.50 

Novavol 20.50 19.88 7.18 7.51 22.49 18.24 4.63 3.63 11.13 11.05 

 Putrescine 18.63 17.88 5.43 7.63 20.72 17.86 5.00 4.25 9.18 9.70 

Vegimax 20.38 19.75 5.70 7.68 23.02 19.00 4.50 3.75 11.28 13.02 

L.S.D. at 0.05 1.47 1.44 1.23 1.24 1.15 1.20 1.11 1.31 1.35 1.47 

 
V.3.3. Micro-elements 
V.3.3.1. Shoots 

Data in Table 10 revealed that all 
compounds used in this study significantly increased 
zinc concentration in both samples in shoots of snap 
bean plants except of vegimax in the second sample. 
Meanwhile, manganese concentration was 
significantly increased only in the first sample by 
putrescine and vegimax treatment as compared with 
control plants.  

Moreover, iron concentration was 
significantly increased in both samples with novavol 
or vegimax treatments as well as humic acid at the 
second sample of snap bean shoots. In addition, 
copper concentration was significantly increased only 
in leaves of the second sample by humic acid 
treatment comparing with control plants. 

On the other hand, addition of humic acid, 
putrescine or vegimax significantly decreased sodium 
concentration in shoots of the first sample. However, 
chloride concentration was not affected in both 

samples by any studied applications as compared to 
control plants. 

 

V.3.3.2. Pods 

Data in Table 11 showed that addition of 
humic acid significantly increased iron and copper 
concentrations in the pods of both pickings except of 
copper in the second picking. Meanwhile, foliar 
application of novavol, putrescine or vegimax 
significantly increased zinc concentration in pods of 
both pickings except of vegimax in the second 
picking. Manganese and iron concentrations in pods 
were significantly increased in both pickings by 
spraying the plants with novavol or vegimax except 
of manganese in the second picking. Moreover, it was 
found that novavol or putrescine significantly 
increased copper concentration in pods but only in 
the first picking. In addition, all studied applications 
significantly decreased chloride concentration in pods 
but only in the first picking as compared with control 
plants. 
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Table (10): Effect of soil amendments with humic acid and foliar application with novavol, putrescine and 
vegimax on micro-elements (Zn, Mn, Fe and Cu) concentrations (ppm) as well as ionic salts (Na+ 
and Cl-) concentrations  (mg/g D.W.) of snap bean shoots 

Zinc Manganese Iron Copper Sodium Chloride 
Treatments 

1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 

Control 63.75 75.00 89.07 103.14 68.75 68.75 23.75 53.45 0.74 0.53 3.57 4.12 

Humic acid 75.00 86.25 80.63 98.43 70.00 86.25 16.25 57.22 0.62 0.50 3.48 4.03 

Novavol 72.50 93.75 91.88 98.47 81.25 93.75 18.75 51.59 0.70 0.56 3.66 3.39 

Putrescine 73.75 93.75 94.69 90.94 70.00 63.75 25.00 47.84 0.63 0.47 3.57 4.21 

Vegimax 85.00 80.00 98.43 103.47 87.50 93.75 15.00 49.72 0.62 0.56 3.66 4.12 

L.S.D. at 0.05 6.30 6.02 5.59 6.06 3.02 1.52 3.08 2.78 0.09 0.07 0.21 0.19 

Table (11): Effect of soil amendments with humic acid and foliar application with novavol, putrescine and 
vegimax on micro-elements (Zn, Mn, Fe and Cu) concentrations (ppm) as well as ionic salts (Na+ 
and Cl-) concentrations  (mg/g D.W.)of snap bean pods 

Zinc Manganese Iron Copper Sodium Chloride 
Treatments 

1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 

Control 60.00 63.75 63.76 60.94 65.00 68.75 31.25 32.50 0.69 0.59 2.84 2.38 

Humic acid 50.00 67.50 65.63 61.88 82.50 77.50 35.00 23.75 0.66 0.54 2.01 2.19 

Novavol 76.25 72.50 73.13 57.82 75.00 77.50 36.25 25.00 0.68 0.58 2.29 2.38 

Putrescine 67.50 73.75 61.88 56.25 63.75 62.50 36.25 33.75 0.66 0.55 2.20 2.20 

Vegimax 66.25 62.50 84.38 64.69 75.00 82.50 26.25 26.25 0.64 0.60 2.01 2.38 

L.S.D. at 0.05 5.31 5.09 5.33 5.43 3.32 2.93 3.36 3.39 0.07 0.06 0.25 0.24 

 
The stimulative effect of humic acid on 

micronutrients concentrations might be explained by 
David et al. (1994) who indicated that humic acid 
enhanced cell permeability, which in turn made more 
rapid entry of minerals into root cells and so resulted 
in higher uptake of plant nutrients. In addition, the 
application of soil humus has a number of potential 
benefits for plants, i.e. increased water and nutritional 
capacity, increased reserve of slow release nutrients, 
enhanced solubility of zinc, iron, manganese and 
copper as well as increased resistance to soil pH 
change. 

In addition, humic acid is the most significant 
component of organic substances (Mecan and 
Petrovic, 1995), so, their application particularly as 
soil treatment, effectively minimized the negative 
effects of salinity. It also found that humic acid 
substances promoted lateral growth and N uptake rate 
(Tattini et al., 1991). 

According to that, the effects of humic acid on 
increasing Fe and Zn concentrations in the shoots 
might be due to their effect on the reduction of Fe3+ 
to Fe2+, making iron chelates are readily available to 
the plants (Gregor and Powerll, 1988). Moreover, 
humic acid might prevent the formation of insoluble 
complexes of zinc and facilitated their uptake by 
plants. The obtained results of humic acid on micro 
elements concentrations of snap bean pods were in 
conformity with those obtained by Katkat et al. 
(2009) working on wheat plants grown under 
calcareous soil, who found that addition of humic 
acid (1 g/kg) increased Fe, Cu and Mn uptake. Taha 
et al. (2006) reported that humic acid significantly 

increased N, P, K, Fe, Mn, Zn and Cu uptake by 
wheat plants grown under calcareous soil conditions. 
Moreover,  Faten Abd El-Aal et al. (2005) mentioned 
that humic acid (12 l/fed) increased the contents of 
Fe, Mn, Cu and Zn in onion bulbs. Furthermore, El-
Naggar and El-Ghamry (2007) showed that foliar 
application of humic acid (1500 ppm) increased Fe, 
Zn, Mn and Cu concentrations in wheat grains and 
straw. Asik et al. (2009) indicated that addition of 
humus at 1 or 2 g/kg enhanced wheat uptake of N, P, 
K, Ca, Mg, Na, Fe, Cu, Mn and Cu, especially under 
60 mM NaCl treatment.  

The effects of humic acid on reducing the 
concentrations of Na  and Cl in pods of snap bean 
plants might be due to their benefit effects on soil 
(Tan, 1998; Nardi et al., 2002; Cimrin and Yilmaz, 
2005; Sangeetha et al., 2006), which might reflect on 
nutrient uptake then on plant growth and productivity 
(Chen and Aviad, 1990).  

The effects of novavol and vegimax treatments 
as a source of amino acids on micro elements of snap 
bean plants might be due to their enhancing effect on 
hormones and vitamins produced by plants, their 
regulatory roles in plant development (Waller and 
Nowaki, 1978) as well as synthesis of alkaloids and 
various secondary metabolites which could affect pod 
quality, which indirectly improve minerals 
compositions of the shoots. 

The effects of putrescine on decreasing Na and 
Cl concentrations in pods of snap bean plants could 
reflect better selectivity under salt and osmotic stress 
(Erdei et al., 1996), and better adaptability to salt 
stress. In this respect, Hanafy Ahmed et al. (2002) 
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stated that putrescine foliar application reduced   Na  
value in stressed Myrtus communis plants. Again, 
putrescine effect could be explained by its ability to 
stabilize membrane and maintaining cation-anion 
balance in plant tissues. 

The effects of amino acids on reducing 
concentrations of Na  and Cl in pods of snap bean 
plants might be due to its role as components of salt 
tolerance mechanism build up a favorable osmotic 
potential materials inside the cell. In this concern, 
Amira Abdul Qados (2009) reported that spraying 
arginine (1.25 mM) decreased Na and Cl 
concentrations in wheat grains obtained from plants 
irrigated with salinized water (2000-8000 ppm). 

The effect of vitamins as a main component of 
vegimax on microelements concentration might be 
referred to their ability to quench free radicals and 
thereby form a protective screen around plant cells 
and hence increasing plant resistance against the 
deleterious effects of abiotic stresses (Alscher et al., 
1997). The resistance to abiotic stress might depend 
partially at least on the inhibition of ROS (reactive 
oxygen species) production and/or the enhancement 
of antioxidant level as well as the osmotic adjustment 
mechanism during plant development. So, the 
strategy of osmotic adjustment in salinized seedlings 
treated with vitamins might be mediated by 
accumulation of some compatible solutes (amino 
acids, sugars or proline) acting as osmolytes.  

 

V.3.4. Organic compounds  
V.3.4.1. Shoots 

A studied application significantly increased 
total sugar and total free amino acids concentrations 
in shoots of snap bean plants during both samples 
except of total free amino acids with humic acid and 
putrescine in the second sample as well as total sugar 
in the second sample with putrescine comparing with 
control plants (Table 12). As well as, significantly 
increased total soluble phenols and proline 
concentrations in snap bean shoots of both samples 
except of proline concentration in the second sample 
with novavol or vegimax treatments comparing with 
control plants (Table 12). 
 
V.3.4.2. Pods 

Data in Table 13 showed that all 
applications significantly increased total sugars, total 
free amino acids, total soluble phenols and protein 
concentrations in snap bean pods during both 
pickings except of humic acid with total sugar in the 
second picking, putrescine and vegimax with total 
soluble phenols in the first picking as well as 
putrescine with protein in the first picking comparing 
with control plants. Moreover, application of 
putrescine in the first picking as well as vegimax in 
the second picking significantly increased proline 
concentration in snap bean pods comparing with 
control plants. 

Table (12): Effect of soil amendments with humic acid and foliar application with novavol, putrescine and 
vegimax on total sugars, total free amino acids and total soluble phenols concentrations (mg/g 
F.W.) as well as proline concentration (mg/g D.W.) of snap bean shoots 

Total sugars Total free amino acids Total soluble phenoles Proline 
Treatments 

1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 

Control 3.99 2.96 3.61 3.66 0.43 0.51 0.80 0.59 

Humic acid 4.19 3.49 4.51 3.87 0.60 0.59 1.07 0.74 

Novavol 4.77 3.41 4.43 4.85 0.58 0.59 0.95 0.59 

Putrescine 4.21 3.04 4.70 3.97 0.64 0.63 0.94 0.81 

Vegimax 4.68 4.35 4.86 4.52 0.59 0.64 0.97 0.52 

L.S.D. at 0.05 0.16 0.17 0.60 0.52 0.11 0.07 0.10 0.10 

  

Table (13): Effect of soil amendments with humic acid and foliar application with novavol, putrescine and 
vegimax on total sugars, total free amino acids and total soluble phenols concentrations (mg/g 
F.W.) as well as proline (mg/g D.W.), protein (%) and nitrate (mg/g D.W.) concentrations of snap 
bean pods 

Total sugars 
Total free amino 
acids 

Total soluble 
phenoles 

Proline Protein Nitrate 
Treatments 

1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 1 st 2 nd 

Control 7.19 5.79 3.86 3.62 0.12 0.10 0.40 0.24 11.10 10.10 7.04 3.36 

Humic acid 9.46 5.88 5.67 5.31 0.18 0.17 0.42 0.26 12.35 11.80 6.12 2.40 

Novavol 8.63 6.62 5.16 5.00 0.24 0.13 0.40 0.24 12.82 12.43 6.72 2.67 

Putrescine 8.80 6.55 4.66 4.67 0.14 0.13 0.46 0.26 11.64 11.17 5.98 1.94 

Vegimax 8.18 7.07 5.49 5.09 0.15 0.18 0.40 0.30 12.74 12.35 6.62 3.13 

L.S.D. at 0.05 0.37 0.28 0.72 0.62 0.05 0.02 0.05 0.05 0.57 0.57 0.92 0.88 



Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 564

The effects of humic acid on increasing some 
organic compounds, i.e. total sugars, total free amino 
acids, total soluble phenols and proline in snap bean 
plants might be directly related to their role in 
increase plant tolerance against a biotic stress or 
indirectly through improvement of soil properties 
such as aggregation, aeration, permeability, water 
holding capacity, and hence increased the activity of 
immune plant system, i.e. total soluble phenols 
against stress conditions. Adani et al. (1998) stated 
that the use of humic substances has often been 
proposed as a method to improve crop production as 
well as soil amendment for plant protection against 
various a biotic stresses. Moreover, Kulikova et al. 
(2005) and Xudan (1986) pointed out that humic 
substances might show anti-stress effects under a 
biotic stress conditions. In addition, Randhawa and 
Broadbent (1965) reported that humic acid produced 
ligands capable of complexing nutrient elements and 
these complexes elements remained more available to 
plants roots as complexation shields them against 
immobilization in soil. Inhibition of urease activity 
by humic acid (Vaughan and Ord, 1991), led to 
reduce loss of N by volatilization, as described by 
Flaig (1984) thus could increase availability of 
nitrogen to plants, leading to the enhancement of free 
amino acids and protein synthesis (Guminiski, 1968). 

Similarly, Sahar Zagloul et al. (2009) revealed 
that the highest shoots sugar content of Thuya 
orientalis, L. was obtained from plants treated with 
2.0 or 2.5% potassium humate. Also, Chen and Aviad 
(1990) added that humic acid correcting plant 
chlorosis and thus enhanced photosynthetic potential 
as well as increasing total sugar content in plants. 
Omar and Abd El-Aal (2005) revealed that addition 
of humic acid (6, 9 or 12 l/fed) significantly 
decreased proline concentration shoots of superior 
seedless vines grown under saline conditions. 

The results of putrescine on some organic 
compounds, i.e. total sugars, total free amino acids, 
total soluble phenols and proline  in snap bean pods 
were similar to those obtained by Hanafy Ahmed et 
al. (2002) working on Myrtus communis plants found 
that putrescine (0.1 ppm) enhanced amino acids, 
especially proline concentration in both shoots and 
roots. They suggested that putrescine is involved in 
ionic balance and DNA, RNA and protein 
stabilization, hence leading to the enhancement of 
free amino acids and protein synthesis. Zeid (2004) 
mentioned that exogenous putrescine treatment (10-2 
mM) significantly increased proline content of bean 
seedlings grown under salinity stress comparing with 
control plants. Gharib and Hanafy Ahmed (2005) 
stated that putrescine foliar application (1 or 2 ppm) 
increased total soluble phenols of pea shoots. 
Moreover, Neveen (2003) mentioned that putrescine 

foliar application 1 and 2 ppm enhanced total soluble 
phenols in sweet pepper shoots.  

The effects of novavol and vegimax on 
increasing the organic compounds, i.e. total sugars, 
total free amino acids, total soluble phenols and 
proline in snap bean pods were agreement with those 
obtained by Winicov (1998) demonstrated that the 
relationship between proline biosynthesis and 
increasing in concentrations of related metabolites 
such as polyamines, ammonia, arginine, ornithine, 
glutamine and glutamate. Thus, the increase in 
proline concentration might be related to the applied 
foliar amino acids, leading to proline accumulation in 
plant tissues exposed to environmental stress 
(Silveira et al., 2002). In this respect, Azooz (2009) 
showed that foliar application of riboflavin (100 
ppm) exhibited stimulatory effect on the 
accumulation of proline in Hibiscus sabdariffa plants 
grown under salinity stress.  

 Nahed Abd El-Aziz et al. (2006) reported that 
foliar application of ascorbic acid (200 or 400 ppm) 
significantly increased total sugar percentage of 
Khaya senegalensis under salinized water irrigation  
plant. Moreover, Nahed Abd El-Aziz and Laila 
Balbaa (2007) showed that application of tyrosine 
(100 ppm) significantly increased sugar and free 
amino acids content in cuttings of Salvia farinacea. 
Furthermore, Al-Said and Kamal (2008) mentioned 
that foliar application of methionine, lysine and 
cysteine mixture at 25, 50 and 50 ppm, respectively 
resulted in the highest significant total sugar in 
pepper leaves comparing with control (tap water).  

 Emam and Helal (2008) revealed that foliar 
application of folic acid (20 µM), ascorbic acid (0.5 
µM) or coblamin (2 µM) accumulated total 
carbohydrate and free amino acids contents at the 
expense of the soluble one in flax plants grown under 
salt conditions. Whereas, coblamine treatment (2 µM) 
resulted a pronounced increase in proline content of 
salinized flax seedlings.  Nahed Abd El-Aziz et al. 
(2009b) noticed that foliar application of 
phenylalanine or tryptophan (50 or 100 ppm) 
significantly increased total sugar and total free 
amino acids contents in Antirrhinum majus plants.  

El-Desuki and Nadia El-Greadly (2006) stated 
that foliar application with yeast extract increased the 
concentration of free amino acid in pea plants 
comparing with control plants. Karima Gamal El-Din 
and Abd El-Wahed (2005), stated that both foliar 
application of proline and phenylalanine at 150 mg/l 
significantly increased total phenol contents in 
vegetative parts of chamomile plants. Furthermore, 
Nahed Abd El-Aziz et al. (2009a) noticed that foliar 
application of ascorbic acid or thiamine, each at 50, 
100 or 200 ppm increased total phenol contents in 
gladiolus plants. Moreover, Azooz (2009) showed 
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that foliar application of riboflavin (100 ppm) 
accumulated proline in Hibiscus sabdariffa plants 
grown under salinity stress.  

 
V.3.5. Protein  

Protein was significantly increased 
concentration in snap bean pods during both pickings 
except of putrescine in the first picking comparing 
with control plants (Table 13). Similarly results 
obtained using humic acid treatment enhancing 
protein concentration in pods of snap bean plants 
(Zaky et al.,2006). Moreover, Atak et al. (2005) 
found that, humic acids as foliar treatment 
significantly increased yield and protein contents of 
common bean. 

The favorable effects of humic acid on 
increasing protein concentration in pods might be due 
to their effect on improving soil nitrogen uptake and 
encourage potassium, calcium, magnesium and 
phosphorus availability to plant root system (Singer 
et al., 1998; Piccolo et al., 1997; Pascual et al., 1999). 
Furthermore, McDonnell et al. (2001) reported that 
humic substances represented an important soil 
component because they constituted a stable fraction 
of carbon and improved water holding capacity, pH 
buffering and thermal insulation. 

The favorable effects of putrescine on 
increasing protein concentration in pods of snap bean 
plants was similar to that obtained from Gharib and 
Hanafy Ahmed (2005) working on pea plants. 

Improving total protein in seeds by putrescine 
application might be due to the role of putrescine on 
improving plant growth, photosynthetic pigments 
content and endogenous phytohormones especially 
under stress. In this regard, Sawsan-Suleiman and 
Grieve (2002) and Zeid (2004) mentioned that 
putrescine application resulted an increase in the 
biosynthesis of nucleic acids, synthesis of 
macromolecules particularly protein and 
photosynthesis pigments. 

Concerning the effects of amino acids and 
vitamins on increasing protein concentration in pods 
of snap bean plants were found to be similar to that 
obtained by El-Desuki and Nadia El-Gereadly (2006) 
on pea. In this respect, El-Tohamy and El-Gereadly 
(2007) stated that foliar application with vitamin E 
(0.1 or 0.3 m/l) or yeast extract (5 or 10 g/l) 
significantly improved protein of snap bean pods 
comparing with control plants. 

 
V.3.6. Nitrate 

The addition of humic acid or putrescine 
treatment showed significantly decreased nitrate 
concentration in snap bean pods of both pickings. On 
the other hand, novavol and vegimax treatments did 
not show any obvious trend for nitrate concentration 

in pods of both pickings comparing with control 
plants (Table 13).  

 The reduction effect of humic acid on nitrate 
concentration of pods are in agreement with those 
obtained by Hassanpanah et al. (2007) who 
mentioned that potassium humates decreased nitrate 
accumulation in potato tubers. Humic acid might 
activated nitrate reductase leading to reducing nitrate 
concentration in the pods (Gadimov et al., 2007). On 
the contrary, Awad and El-Ghamry (2007) reported 
that addition of humic acid (100 ml/plant) 
significantly increased nitrate concentration in potato 
tubers of both seasons. 

The results of putrescine on reducing nitrate 
concentration in pods are in harmony with those 
obtained by Zeid (2004) who found that nitrate 
reductase activity increased in roots of bean plants 
under 10-2 mM putrescine. Moreover, Slocum and 
Flores (1991) and Cohen (1998) showed the diverse 
roles of polyamines in plants which include storing 
excess N and reducing NH4/NO3 toxicity. 

In this respect, it can be suggested that, the 
reduction in nitrate concentration might be due to 
increasing the level of organic compounds, i.e. total 
sugar, total free amino acids, total soluble phenols 
and proline. In this respect, Seginer et al. (1998) 
working on lettuce plants concluded that there is a 
negative correlation between the concentrations of 
soluble carbohydrates and nitrate in the cell sap. This 
correlation reflects the equivalent roles of nitrate and 
organic solutes in the maintenance of cell turgor. In 
addition, Kirkby (1981) mentioned that plants contain 
adequate concentrations of sugars are able to 
assimilate nitrate at a faster rate than comparable 
plants containing lower concentrations of sugars. 
Moreover,  Aslam and Huffaker (1984) reported that 
the rate of nitrate in the primary leaves of barley was 
much more affected by the concentration of sugars 
than the rate of nitrate uptake into the plants. 
Moreover, Hanafy Ahmed (1996) suggested that 
increasing sugars and free amino acids concentrations 
under high supply of calcium (as calcium chloride) 
may replace nitrate in the vacuole of lettuce cell. In 
this connection, Blom-Zandstra and Lampe (1985) 
and Blom-Zandstra et al. (1988) pointed out that NO3 
accumulation was inversely related to accumulation 
of sugars and organic acids. They also mentioned that 
the availability of sugars might affect the need for 
nitrate as an osmoticum. 
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Abstract: UF- soft cheese was prepared from UF milk retentate (1.5% fat) and supplemented with 1-5% rosemary 
extract (RE) and cold stored for 30 days. The total phenolic content (TPC) and antioxidant capacity were evaluated 
using DPPH and FRAP methods in retentate before and after pasteurization and salting and in the resultant cheese. 
Also, the chemical composition and sensory properties were evaluated. Fortification of retentate with rosemary 
extract increased its content of phenolic content and consequently, its antioxidant activity. Pasteurization increased 
the TPC and antioxidant activity. Addition of 3% Nacl reduced slightly the TPC, RSA% and FRAP values. 
Moreover, it was noticed that UF- soft cheese fortified with 1% rosemary extract retained more TPC and antioxidant 
activity; also, increasing the concentration of rosemary extract to 5% had more acceptable flavor, body and texture, 
and antioxidant activity until 30 days. Furthermore, the rate of decrease in TPC , RSA% and FRAP values in cheese 
samples with rosemary extract after 30 days of storage were less comparable to control cheese (without RE). 
[Journal of American Science 2010;6(10):570-579]. (ISSN: 1545-1003).  
 

Keywords: UF milk retentate, UF-Soft Cheese, Rosemary Extract, Antioxidant. 

 

1. Introduction:
Recent advances in nutrition science have 

highlighted the contribution of UF- soft cheese to 
nutrition and health owing to the retention of whey 
proteins into intermediate concentrated retentate, 
which act as a cysteine delivery system in inhibiting 
tumor growth (Sukkar and Bounous 2004). Also, the 
focus of nutrition research has shifted towards 
specific food ingredients contributing to nutrition and 
health. 
     Rosemary (Rosemarinus offcinalis) has always 
been known a versatile, aromatic herb and addition to 
being used as a food flavoring is also known 
medicinally for its powerful antioxidant activity, 
antibacterial and antimutagenic properties (Oluwatuyi 
et al 2004). Moreover, its extract contains several 
beneficial substances with antioxidant properties. It 
contains chemicals called quinines which can inhibit 
carcinogens. Therefore, rosemary antioxidant extract 
is ranked high on the list of cancer-prevention and 
reduction foods (Mahmoud et al 2005). 
     The interaction between food additives and 
nutrient within the food matrix is an era of future 
interest. Consequently the objectives of the present 
study were to develop UF- soft cheese, high in 
antioxidant activity and phenolic compounds. 

 
 
2. Materials and Methods: 
 Materials  

Buffalo's Skim Milk Retentate was obtained 

from Dairy Industry Units, Animal Production 
Research Institute, Ministry of agriculture, Giza, 
Egypt. Rosemary herb was purchased from the 
commercial market for medicinal and herbal plants in 
Cairo, Egypt. Commercial rennet powder: Valirren 
150-microbial cheese rennet was obtained from 
valley Reasearch, Inc.,USA.(1:150000Mcu/gr). 
 
Methods: 
1- Total phenolic contents (TPC)  
     Total phenolic compounds were determined 
According to Zheng & Wang (2001) by using Folin-
Ciocalteu reagent and expressed as milligrams of 
Gallic acid equivalents (GAE) per 100 gm. 
 
Antioxidant Capacity  
A-Radical Scavenging Activity (RSA %) assay 
     Free radical Scavenging activity (RSA) of the 
samples was measured using the method of Brand-
Williams et al (1995) and expressed as percentage 
inhibition of the DPPH radical and was determined 
by the following equation: 
RSA% =   Abs control – Abs sample x 100 
                       Abs control 
 
B - The Ferric Reducing Antioxidant Power (FRAP) 
assay 
     Antioxidant activity was measured using the ferric 
antioxidant power (FRAP) assay of Benzie and Strain 
(1996). 



Journal of American Science                                                         2010;6(10)       

http://www.sciencepub.net/nature   naturesciencej@gmail.com 571 

Preparation of rosemary extract: 
     The ground sample (10g) was infused in 90 ml hot 
water then stirred for 2h and allowed to stand in the 
refrigerator overnight. Then it was filtered through a 
four-layer of cloth cheese.  
 
Cheese manufacture (supplementation with rosemary 
extract) 
     Retentate 1.5% milk fat was supplemented with 
rosemary extract at the rate of 1,2,3,4 and 5% and 
well mixed with a blender with high speed. All 
treatments pasteurized at 65 ºC for 30 min and 
immediately cooled to 45 ºC. Calcium chloride and 
sodium chloride were added at the rate of 0.02% and 
3% respectively with stirring until completely 
dissolved then renneted at 37ºC and stirring for 1 
min, dispensed into plastic containers and kept at 
37ºC±2ºC until a proper coagulum was formed after 
about one hour and then transferred to refrigerator at 
5ºC±2ºC. Total phenolic, and antioxidant capacity 
(RSA% and FRAP) were determined in both 
retentates before and after pasteurization and after 
salting, as well as, the resultant cheeses when fresh 
and after 7, 15 and 30 days. In addition, the chemical 
composition and sensory evaluation of fresh and 
stored cheeses were carried out. All experiments were 
reported in triplicates and determinations in 
duplicated and average resultant were tabulated. 
 
Chemical composition 
     Cheese samples were analyzed for its total solids 
and titeratable acidity (AOAC 2000), total nitrogen, 
soluble nitrogen using micro-kjeldahl method and 
calcium (IDF 2000) while pH was determined using 
pH meter (Knic Digital pH meter 646) 
 
Sensory Evaluation  
     Ten trained panelists from the staff members of the 
Dairy Science Department, National Research Center, 
Egypt used a quality rating score card for evaluation 
of flavor (30 points) and body and texture (60 points) 
and appearance (10 points) (Body felt et al 1998). 

 

Statistical analysis 
     All data are presented as the mean ± SD. 

Two-ways analysis of variance (ANOVA) using PC-
STAT (P ≥0.05) was the level of significance.  
 
3. Results and Discussion: 
 Retentate - rosemary extract mixture  
Total Phenolic Content (TPC): 
            The total phenolic content (TPC) of retentate 
supplemented with rosemary extract before and after 
pasteurizing and salting the mixture was presented in 
table (1) and fig (1). It was obvious that, as the 

concentration of rosemary extract increased, the TPC 
of the mixture was considerably increased as a result 
of the high TPC of rosemary extract (965 mg Gallic 
acid/100g) which ascribed to the phenolic diterpenes 
of extract. In this respect Schwarz et al 1992, 
Debersac et al 2001 and Ibanez et al 2003 reported 
that the main compounds responsible for rosemary’s 
antioxidant properties have been identified as 
phenolic diterpenes, such as carnosic acid, carnosol, 
rosmanol, epi and iso-rosmanol, rosmadial and 
methyl carnosate. Other compounds, such as 
rosmarinic acid, caffeic acid and flavonoids, have 
also been associated with the antioxidant activity of 
rosemary (Del Bano et al 2003, Stefanovits-Banjai et 
al 2003 and Suhaj 2006). Wojdylo et al (2007) 
demonstrated that rosemary posed higher amount in 
total phenolic content and this confirmed the previous 
results by Cosio et al (2006) and Parejo et al (2002).      
     The obtained data clearly showed that adding 1% 
rosemary extract highly increased the TPC of the 
mixture by 131.553% , then this rate gradually 
increased to reach  210.679%  by adding 5% 
rosemary extract.      
     It was noticed that pasteurizing the mixture 
increased its content of phenolic compounds for all 
treatments. Stewart et al (2000) found that heat 
treatment (cooking) increased the level of free 
flavonols and this was confirmed by Turkmen et al 
(2005). This ascribed to the effect of pasteurization 
on the hydrogen bonds between the phenolic 
hydroxyl group and the receptor group of the proteins 
such as NH and CO Bartolome et al (2000). 
         Salting the previous pasteurized samples 
slightly decreased its content of phenolics, but it was 
still higher than the corresponding values before heat 
treatment (pasteurization). This was presumably 
caused by the effect of salting on the ionic strength of 
the media, hence, the hydrophilic capacity of it was 
increased, consequently, the association partially 
increased, hiding again the approach of PC to react 
with Folin reagent.  
 
Antioxidant Capacity  
          Preliminary studies confirm that a multi 
method approach is necessary in the antioxidant 
activity assessment. A rapid and reproducible 
methods should be used whenever an antioxidant 
activity is designed (Frankel and Meyer 2000, Parjo 
et al 2002 and Deepa et al 2007). Two 
spectrophotometric methods were used, DPPH assay 
to determine the free radical scavenging ability and 
the FRAP assay to measure ferric reducing ability 
were used. 
 
Radical Scavenging Activity (RSA):   
         Many investigators reported that milk and its 
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components had different antioxidant properties 
(Chen et al 2003, Kitts 2005 and El-Din and El-
Messery 2007).  Supplementing retentate with 
rosemary extract increased its RSA [table (2) and fig 
(2)]. The rate of increase in RSA by adding 1% and 
5% rosemary extract were 45.373% and 97.611% 
respectively. Perez et al (2007) reported that phenolic 
compounds appear to be not the only compounds 
responsible for antioxidant activity of the rosemary 
extracts (water, methanol and ethanol). Also, they 
revealed that rosemary extracts could act as hydrogen 
and/or electron donors and react with free radicals 
converting than into more stable products and in this 
way terminating radical chain reactions. 
     Also, Wojdylo et al (2007) found that rosemary 
exhibited twice as good activity in scavenging the 
DPPH radical, this was in agreement with that 
reported by Houlihan et al (1984) and Cosio et al 
(2006).    
     Regarding to the effect of heat treatment it was 
noticed that pasteurizing the previous mixtures 
increased its RSA as a result of the intermediate 
oxidation state of the polyphenols which increased its 
ability to donate hydrogen atom from the aromatic 
hydroxyl group to a free radical Kaur and Kappor 
(2001). While salting the previous mixtures slightly 
reduced its radical scavenging activity but still higher 
than before pasteurization for all treatments. 
 
Ferric Reducing Antioxidant Power (FRAP): 
         The ability of the sample to reduce Fe3+-TPTZ 
to Fe2+ -TPTZ was used as         a criterion on 
antioxidant capacity. Results illustrated in table (3) 
and fig (3) showed that supplementing retentate with 
rosemary extract greatly increased its FRAP values as 
a result of the high value of FRAP rosemary extract 
(90 mmol/l). Since the FRAP assay treats the 
antioxidants contained in the samples as reduction in 
a red-linked colorimetric reactor and the value 
reflects the reducing power of the antioxidants (Li et 
al 2006). The rate of increase in FRAP values by 
adding 1% and 5% rosemary extract were 90.697% 
and 234.883% respectively. Pasteurizing the previous 
samples increased it's FRAP values for all treatments. 
This ascribed to the increment of total phenolic 
content of the samples as mentioned before and 
presumably to some reductants compounds as a result 
of the heat treatment indicating that pasteurized 
retentate- rosemary extract mixture has more 
potential antioxidant activity. 
        Adding 3% NaCl to the previous pasteurized 
samples slightly decreased its ability to reduce ferric-
TPTZ complex, but it was still more than the 
corresponding values of the mixture before heat 
treatment. 
 

The Resultant UF-Soft Cheese 
Chemical Composition: 
     The moisture content of the resultant UF-soft 
cheese supplemented with different concentration of 
rosemary extract during cold storage was shown in 
fig (4). It was obvious that increasing the conc. of 
extract significantly increased the moisture content 
for all cheese samples and this trend was observed 
throughout storage periods as a result of retaining the 
whey proteins in the texture of the cheese which had 
water binding capacity much higher than casein 
(Galal et al 2003 and Romeih et al 2004). 
         As shown in fig (5), the soluble nitrogen (SN) 
of UF-soft cheese slightly decreased with increasing 
the concentration of rosemary extract added, while it 
had slight effect on the SN/TN% fig (6) and 
SN/DM% fig (7). The later increased with prolonged 
storage of cheese samples until 30 days as a result of 
the proteolytic activity of the residues microbial 
rennet in cheese curd and the proteinases enzymes in 
milk .This finding was in agreement with that 
reported by Galal et al (2003) and Foda et al (2008). 
     Lactose content and lactose/DM% of the resultant 
UF-soft cheese supplemented with rosemary extract 
were shown in fig (8, 9). It was evident that 
prolonged the cold storage until 30 days gradually 
reduced the lactose content for all samples , this may 
be  caused by the easy hydrolysis of lactose with 
increasing the moisture content of cheese samples . 
     Regarding to the total calcium content of UF-soft 
cheese samples as illustrated in fig (10). It was clear 
that the calcium content slightly decreased as a 
function of rosemary extract addition in fresh cheese 
samples. Prolonged the storage until 30 days 
gradually decreased total calcium content for all 
treatments, this may be ascribed to the lowness of pH 
values during storage. These results agreed with that 
reported by McMahon et al (2005) and Choi et al 
(2008). 
     Fig (11, 12) showed a slight decrease in pH and 
increase in acidity values of fresh cheese samples 
with increasing the concentration of extract added. 
While during storage, a continues decrease and 
increase in pH and acidity values were clearly 
observed for all cheese samples. Also, it was noticed 
that after 30 days of storage, the acidity of control 
and experimental cheese samples were nearly the 
same. 
 
Total Phenolic Content (TPC): 
     Table (4) and fig (13) demonstrated that, there 
was highly increase in TPC in cheese samples 
supplemented with rosemary extract and was 
proportional to the concentration of extract added. 
This ascribed to the TPC of rosemary extract as 
mentioned before which remained in cheese curd. 
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The rate of increase in TPC in fresh cheese samples 
supplemented with 1%, 5% rosemary extract was 
120.627% and 196.412% respectively. During cold 
storage, the TPC gradually decreased for all treated 
samples, this may attributed to the transformation of 
PC which highly unstable compounds and undergo 
numerous enzymatic and chemical reactions during 
food storage as stated by Legrand et al (2005). After 
30 days, cheese had more TPC than control by 
166.66% and 272.73% for cheese samples 
supplemented with 1% and 5% rosemary extract 
respectively. 
 
Antioxidant Capacity 
Radical Scavenging Activity (RSA) 
          Data presented in table (5) and fig (14) 
revealed that, supplementing retentate with rosemary 
extract increased the RSA in the resultant UF-soft 
cheese by increasing the percentage of added 
rosemary extract. It was noticed that, RSA% of fresh 
cheese supplemented with 1% and 5% extract 
increased by 38.554% and 83.015% respectively, 
while the corresponding rates after 30 days of storage 
were 63.883% and 119.401% in the same order. 
However, the percentage of RSA gradually decreased 
during cold storage for all cheese treatments.  
 
Ferric Reducing Antioxidant Power (FRAP)        
         Table (6) and fig (15) Showed that 
supplementing retentate with rosemary extract 
proportionally increased the FRAP values of the 
resultant fresh cheese by increasing the additive 
concentration. This ascribed to the FRAP assay which 
permits the overall estimation of water - soluble 
compounds influencing the total antioxidant. The rate 
of increase in FRAP values for fresh UF cheese 
samples supplemented with 1, 5% extract was 
86.956% and 221.739% respectively.  
Also, it is noteworthy that the reducing power of 
control cheese samples was more affected by storage 
rather than the fortified samples. After 30 days , the 
FRAP values of cheese samples supplemented with 
1% and 5% extract were more by 175% and 416.66% 
than the corresponding value of control cheese. 
 
Sensory evaluation of the resultant cheese 
     Organoleptic evaluation of UF-soft cheese 
supplemented with rosemary extract during cold 
storage (6°C±2°C) were demonstrated in table (7). 
Data revealed that cheese samples with rosemary 
extract until 3% concentration gained similar scores 
as control for their appearance when fresh and after 
30 days of storage, while, cheese samples with more 
than 3% rosemary extract were highly acceptable by 
most panelists and had significantly (p≥0.05) higher 
scores for flavor than control cheese (without 

rosemary extract) when fresh and throughout storage 
periods. This ascribed to the aroma and intensity 
flavor of rosemary extract which were accepted 
particularly at the end of storage (30 days). The rate 
of increasing flavors scores in cheese samples was 
parallel to the concentration of extract added. Also, it 
was noticed that cheese body and texture did not 
highly changed significantly (p≥0.05) with rosemary 
extract added. In general, UF- soft cheese 
supplemented with rosemary extract had higher total 
scores than control cheese (without extract) when 
fresh and allover the storage periods. 
     From the foregoing results one can conclude 
that, supplementing retentate with rosemary extract 
increased its antioxidant activity (TPC, RSA, 
reducing power). Pasteurization increased these 
parameters; the resultant UF-soft cheese fortified 
with 1% rosemary extract had TPC, RSA and FRAP 
values (antioxidant activity) greater than control 
cheese (without extract). 
     Moreover, the rate of decrease in TPC after 30 
days of storage comparable to the content of the 
mixture of retentate and rosemary extract before 
pasteurization was 8% with adding 1,5% extract, 
while it was 20% for control cheese (fig 16). 
The RSA% was decreased by 15% with the same 
concentration (1, 5%) where as the corresponding 
decrease for control cheese was 25% g fig (17). Also, 
it was noticed from fig (18) that , the FRAP values of 
control cheese at 30 days storage decreased by 44%, 
while this reduction of FRAP values were 20% and 
14% for cheese samples supplemented with 1,5% 
extract this means that UF-soft cheese fortified with 
1% rosemary extract retained more TPC and 
antioxidant activity . Also, increasing the 
concentration of extract to 5% had more acceptable 
flavor, body and texture and antioxidant activity until 
30 days and close to ideal recommended for human 
diet. 
 
Table (1): Total Phenolic content (equivalent mg 

Gallic acid/ 100 gm) of retentates 
supplemented with rosemary extract 
(Average of 3 replicates). 

Conc. of 
extract 

Before 
pasteurization 

After 
pasteurization 

After 
salting 

0 206 249 229 
1% 477 530 500 
2% 521 571 550 
3% 560 600 585 
4% 600 645 630 
5% 640 689 670 
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Fig (1): Total Phenolic content (equivalent mg 
Gallic acid/ 100 gm) of retentates 
supplemented with rosemary extract 
(Average of 3 replicates). 

 
 
Table (2): RSA% of retentates supplemented with 
rosemary extract (Average of 3 replicates). 
 

Conc. of 
extract 

Before 
pasteurization 

After 
pasteurization 

After 
salting 

0 33.5 40.747 38.1 
1% 48.7 54.479 52.25 
2% 53.555 58.365 56.149 
3% 57.704 62.875 60.9 
4% 61.5 66.148 64.048 
5% 66.2 71.006 69 
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Fig (2): RSA% of retentates supplemented with 
rosemary extract (Average of 3 replicates). 

 
 
 
 

 
 
Table (3): FRAP (mmol/l) of retentates 

supplemented with rosemary extract 
(Average of 3 replicates). 

 
Conc. of 
extract 

Before 
pasteurization 

After 
pasteurization 

After 
salting 

0 21.5 26 24.6 
1% 41 48 45 
2% 49.8 56 53.5 
3% 56 62 60 
4% 63 68 66 
5% 72 79 76 
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Fig (3): FRAP (mmol/l) of retentates 
supplemented with rosemary extract 
(Average of 3 replicates). 
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Fig (4): Moisture of low fat UF soft cheese with 
rosemary extract during storage (5±2 ºC). 
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Fig (5): Soluble nitrogen% of low fat UF soft 
cheese with rosemary extract during storage 
(5±2 ºC). 
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Fig (6): Soluble nitrogen /Total nitrogen (S.N /T.N 
%) of low fat UF soft cheese with rosemary extract 
during storage (5±2 ºC). 
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Fig (7): Soluble nitrogen /DM % of low fat UF soft 
cheese with rosemary extract during storage (5±2 
ºC). 
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Fig (8): Lactose% of low fat UF soft cheese with 
rosemary extract during storage (5±2 ºC). 
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Fig (9): Lactose/D.M% of low fat UF soft cheese 
with rosemary extract rosemary extract 
during storage (5±2 ºC). 
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Fig (10): Calcium (mg/100ml) of low fat UF soft 
cheese with rosemary extract during storage (5±2 
ºC). 
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Fig (11): pH of low fat UF soft cheese with 

rosemary extract during storage (5±2 ºC). 
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Fig (12): Acidity% of low fat UF soft cheese with 
rosemary extract during storage (5±2 ºC). 

 
 

Table (4): Total Phenolic content (equivalent mg 
Gallic acid/ 100 gm) of low fat UF soft 
cheese with rosemary extract during storage 
(5±2 ºC). 

Conc. of 
extract 

Fresh 7 days 15 
days 

30day
s 

0 223 201 182 165 
1% 492 480 465 440 
2% 541 530 510 488 
3% 580 563 545 522 
4% 620 608 590 569 
5% 661 647 630 615 
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Fig (13): Total Phenolic content (equivalent mg 

Gallic acid/ 100 gm) of low fat UF soft 
cheese with green bell pepper juice during 
storage (5±2 ºC). 

 
 
Table (5): RSA% of low fat UF soft cheese with 
rosemary extract during storage (5±2 ºC). 
Conc. of 
extract 

Fresh 7 days 15 days 30days 

0 36.128 33 30.047 25.21 

1% 50.057 48 45.157 41.315 

2% 53.007 50 47.06 42.213 

3% 57.31 53.361 50 45.069 

4% 62.148 59.047 55.075 51.048 

5% 66.12 63 60.147 55.311 
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Fig (14): RSA% of low fat UF soft cheese with 
green bell pepper juice during storage (5±2 ºC). 

 
 
 
  
 
 



Journal of American Science                                                         2010;6(10)       

http://www.sciencepub.net/nature   naturesciencej@gmail.com 577 

Table (6): FRAP (mmol/l) of low fat UF soft cheese 
with rosemary extract during storage (5±2 ºC). 
Conc. of 
extract 

Fresh 7 days 15 days 30days 

0 23 18 16 12 

1% 43 40 37 33 

2% 51 49 47 42 

3% 57 55 53 46 

4% 63 61 58 53 

5% 74 71 68 62 
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Fig (15): FRAP (mmol/l) of low fat UF soft cheese 
with rosemary extract during storage (5±2 ºC). 

 

 
Table (7): Sensory evaluation of low fat UF soft cheese with rosemary extract during storage. 

 
Appearance (10) Flavor (30) Body and Texture (60) Total (100) 

 Fresh 7 d. 15 d. 30 d. Fresh 7 d. 15 d. 30 d. Fresh 7 d. 15 d. 30 d. Fresh 7 d. 15 d. 30 d. 

0 10Aa 9Ab 7.4Bc 6Ad 27.3Ca 26.3Cb 26.1Cb 25Bc 58.2Ba 56.5Cb 56.9Bb 55.8Bc 95.5Ca 91.8Cb 90.4Cc 86.8Cd 

1% 10Aa 9.5Ab 7.7Bc 6.2 Ad 27.8Ca 26.8Cb 26.4Cb 25.3Bc 58.5Ba 58.1Aa 57.6Ab 56.1Ac 96.3Ba 94.4Ab 91.7Bc 87.6Bd 

2% 10Aa 8.7Bb 8Ab 6.6Ac 28.1Ba 27.2Bb 26.7Cc 25.7Bd 58.8Ba 58.4Aa 57.4Ab 56.3Ac 96.9Ba 94.3Ab 92.1Ac 88.6Ad 

3% 9.5Ba 8.5Bb 7.2Bc 6.9 Ad 28.5Ba 27.5Bb 27.2Bb 26.1Ac 59.3Aa 57.6Bb 57.1Ab 55.4Bc 97.3Aa 93.6Bb 91.5Bc 88.4Ad 

4% 9.1Ba 7.9Cb 6.8C c 5.8 Bd 28.7Ba 28 Aa 27.6Bb 26.5Ac 58Ba 57.3Bb 56.6Bc 55.2Bd 95.8Ca 93.2Bb 91Bc 87.5Bd 

5% 9Ba 7.7Cb 6.5C c 5.5Bd 29 Aa 28.5Ab 28Ab 26.9Ac 57.7Ca 57Ba 56.5Bb 55Bc 95.7Ca 93.2Bb 91Bc 87.4Bd 

 

Fig (16) Phenolic compound (equivalent mg 
Gallic acid/100mg) of the retentate-rosemary 
extract and the resultant UF-soft cheese 
during cold storage. 

 
 

 
 

 

 
Fig (17) RSA% of the retentate-rosemary extract 

and the resultant UF-soft cheese during cold 
storage. 

 
 

 
 
 



Journal of American Science                                                         2010;6(10)       

http://www.sciencepub.net/nature   naturesciencej@gmail.com 578 

 
Fig (18) FRAP (mmol/l) of the retentate-rosemary 

extract and the resultant UF-soft cheese 
during cold storage. 
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Abstract: One of the important problems that ever exist in performance evaluation of any segmentation algorithm is 
that, when we ingrain the obtained results in a specific application, these results may not be expandable to any other 
application. So, it is very difficult to appraise whether one algorithm produces more precise segmentation than the 
other one. This paper, presents a novel technique through which the evaluation of the effectiveness of Region 
Growing and Edge Detection segmentation algorithms is carried out. The proposed evaluation metric is based on the 
EXOR measure approach, which was originally proposed for the evaluation of skin tumor borders [1]. This 
performance measure is then extended to a condition where the evaluation of these two image segmentation 
algorithms can be compared in a suitable and appropriate manner. In order to validate the proposed performance 
measure, we used 300 images from the publicly available Berkley Segmentation Dataset. These images are 
classified into seven groups of images, according to the dominant image. The evaluation and comparison results 
shows that the effectiveness of edge detection segmentation algorithm is better than region growing segmentation 
algorithm in many applications. [Journal of American Science 2010;6(10):580-587]. (ISSN: 1545-1003).  
 

Keywords: Region Growing, Edge Detection, EXOR 
 
1. Introduction 

Nowadays, Image Segmentation has different 
application in our real world. The most important 
ones include: Face recognition, Image-guided 
surgery, Fingerprint recognition, and automated 
inspection of industrial parts.  

             Image segmentation is the process of 
partitioning the digital image into different regions 
that can be associated with the properties of one or 
more criterion. Regions are elementary picture 
elements in a segmented image, formed as an 
aggregation of pixels. Their internal properties, like 
color, texture, intensity, shape, etc. help us to identify 
regions clearly with their external relations; like 
adjacency, inclusion, and similarity of properties.  

              These relations are used to build groups of 
regions that have a particular meaning in a more 
abstract context. The combination of regions forming 
the group is again a region with both internal and 
external properties and relations. We cannot easily 
identify an object in a given picture by simply 
searching for a region with single color or texture; it 
is the collection of projected surface spaces that 
allow the recognition of that object in a picture.  

The correctness of segmentation is highly 
dependent on the success or failure of each 

computerized analysis procedure. After the 
segmentation process is over, we should know which 
pixel belongs to which object, the discontinuities 
where abrupt changes lie, tell us the locations of 
boundaries of regions.  
The connectedness of any two pixels is identified 
when there exists a connected path wholly within the 
set, where a connected path is a path that always 
moves between neighboring pixels. Therefore, region 
is a set of adjacent connected pixels. 

Extensive researches have been made in 
designing and creating different segmentation 
algorithms [2, 3], however, still no algorithm is found 
from the researches results that can be accepted and 
appropriate for all kinds of images, obviously, all 
segmentation algorithms cannot be equally applicable 
to a certain application. For this reason, this paper 
presents a novel technique, through which we can 
evaluate and compare the effectiveness of two 
different segmentation algorithms on many different 
images, which are drawn from the publicly available 
Berkley Segmentation Dataset [4], these images are 
classified into seven groups of images according to 
the dominant image. 

Even though there exist different kinds of 
segmentation algorithms, only region growing and 
edge detection segmentation algorithms are 
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considered in this paper, where they are assumed to 
have strong correlation, their effectiveness are 
evaluated by different parameters which will be 
discussed later.  

This paper is organized as follows: In 
Section 2, we provide an overview of the previous 
related works on objective segmentation evaluation 
that relate most closely to our proposal evaluation 
method. In Section 3, we describe in some details, the 
region growing and edge detection algorithms. The 
proposed evaluation and comparison technique is 
presented in Section 4. Results and analysis are 
presented in Section 5. Finally, Section 6 concludes 
the paper. 
 
2. Material and Methods 
  
1. Related work 

 
While they do not require ground truth 

image segmentation as the reference, a number of 
researches on the evaluation of image segmentation 
have been developed in the past few decades. In these 
evaluation methods, the segmentation performance is 
usually measured by some contextual and perceptual 
properties. This is done by subdividing an image into 
its constituent parts and extracting the interesting 
parts. In [5], the evaluation of segmentation 
algorithm is a visual-based evaluation method, in 
which the average value of the gray level of all pixels 
inside a region can be used to identify that region.  

 
This method has its own problem, i.e. the 

difficulty of evaluating the goodness of the 
segmentation arises when two adjacent regions have 
similar values of average gray level. Besides, the 
human eye is not able to distinguish between regions 
which have very close gray levels. In [6], the authors 
presented a segmentation technique which basically 
depends on the conventional region growing 
segmentation algorithm.  

The unseeded region growing segmentation 
algorithm does not depend on tuning of parameters, 
nor does it requires seeds from which the region 
growing process starts. In [7], the author's 
quantitavily compare three segmentation algorithms 
namely; mean shift, efficient graph based, and hybrid 
segmentation, where the comparison is based on the 
normalized probabilistic rand index as performance 
metric, accompanied with experimental results. 
 
 The segmentation algorithms that we are 
going to compare in this paper are Region Growing 
and Edge Detection, which are absolutely different 
from the algorithms that the above authors worked 

on. Besides, we will be using the performance metric, 
i.e., the more elaborate measure, EXOR along with 
other different kinds of evaluation techniques.  

 
2. Region Growing and Edge Detection 
Algorithms. 

 
This paper focuses on evaluating the Region 

growing and Edge detection segmentation techniques 
as they both are well-developed fields on their own 
within image processing and Region boundaries. 
Edges are closely related, since there is often a sharp 
adjustment in intensity at the region boundaries. 

 
A region in an image can be defined by its 

border (edge) or it's interior. If we know the interior 
part of the image, then we can always define the 
border and vice versa. Because of this, image 
segmentation approaches can typically be divided 
into two categories, edge and region based. 

 
2.1 Region Growing Algorithm 

 
Region growing is one of the image 

segmentation algorithms and as its name indicates, it 
is the process of merging neighboring areas into 
larger regions to segment an image, based on the 
similarity of pixels and works by selecting seed 
pixels as starting point. 

 
The aim of region-based segmentation 

techniques is to extract the homogeneous sectors 
from the given input image, i.e. to partition an image 
into regions. Regions as aggregations of primitive 
pixels play an extremely important role in nearly 
every image analysis task. In mathematical sense, the 
segmentation of image I which is a set of pixels, is 
the partition of I into n disjoint sets R1, R2, . . . , Rn, 
called segments or regions, such that the union of all 
regions equals I [8]. 
 

I =R1 U R2 U….. U Rn 

 

This segmentation approach examines the 
neighboring pixels of the initial seed point, then 
decides whether the pixel to be added to the seed 
point or not. The regions are iteratively grown by 
comparing the pixels that are not allocated to the 
regions until all pixels are allocated. The basic 
formulation for Region-Based Segmentation can be 
given as follows [9, 10]: 

 
A. i=1

n Ri=R 
B. Ri is a connected region , i = 1,2,3…..,n. 
C. Ri∩Rj = ø for all, i and j and i ≠ j 
D. P(Ri) = TRUE for i =1,2,3…..,n. 
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E. P(Ri U Rj)=false for any adjacent Region Ri i ≠ j. 
 
Where: P (Ri) is a logical predicate defined over the 
points in set P (Rk) and  is the null set.  
(A) Indicates that the segmentation must be 
complete; that is, every pixel must belong to a region. 
(B) Indicates that pixels in a region must be 
connected (i.e. all pixels have the same homogeneity 
values) 
(C) Indicates that the regions must be disjoint (i.e. 
Pixels in each Region must have different values). 
(D) States that pixels in a region must all share the 
same property – The logic predicate     
 P (Ri) over a   Region must return TRUE for each 
point in that region. 
(E) Indicates that region Ri and Rj are different in the 
sense of predicate P. 
 
 2.2. Edge Detection Algorithm. 

Edge detection is currently becoming a 
problem of fundamental importance in image 
analysis, even if it is one of the different image 
segmentation techniques. In typical images, edges 
characterize object boundaries, and are therefore 
useful for segmentation and detection of objects in a 
scene. 

Edge detection is a term in image processing 
and computer vision, it refers to algorithms which 
aim at identifying points in a digital image at which 
there is an abrupt change in image brightness or more 
formally, has discontinuities or simply where there is 
a jump in intensity from one pixel to the next [11]. 

 
There are many ways to perform edge detection; 

however, the majority of different methods may be 
grouped into two categories: [12] 

 
F Gradient:  The gradient method detects the edges 

by looking for the maximum and minimum in 
the first derivative of the image. 

F Laplacian:  The Laplacian method searches for 
zero crossings in the second derivative of the 
image to find edges. An edge has the one-
dimensional shape of a ramp/slope/rise, 
calculating the derivative of the image can 
highlight its location. 

 
 
 
3. The proposed evaluation and comparison 
technique. 

In our image segmentation evaluation 
methods, ground-truth of the Berkley Data set [4] 
which contains a total of 300 images, is used as a 
reference against segmented input images, the 

performance is measured by calculating the 
discrepancy between the considered segmentation 
and the ground-truth segmentation. Besides, data that 
contains the output of the users feelings are collected 
and analyzed as users are expected to be the end 
users from the segmented outputs. The proposed 
evaluation and comparison method, is based on 
EXOR measure, this technique involves the 
following points: 

 
§ We create a procedure for algorithm evaluation 

through an example of evaluating the two most 
known image segmentation algorithms: Region 
Growing and Edge Detection algorithm. 

§ We used the 300 images from the publicly 
available Berkeley Segmentation Data Set and 
divide it into seven groups of images according 
to the dominant image, in order to validate the 
proposed performance measure. 

§ The proposed technique is different from other 
former techniques, where it considers not only 
evaluation techniques but also comparisons that 
involve the end users. 

§ As evaluation must be from all walks of life, 
treating source images that have more unwanted 
signals than the wanted ones, as well as more 
wanted signals than the unwanted ones are 
considered, the cons and pros of each of the 
obtained outputs are presented. 

§ The performance measure we used is based on 
the EXOR measure approach, which was 
originally proposed for the evaluation of skin 
tumor borders. This performance measure 
(EXOR) is then extended to a condition where 
the evaluation of the two image segmentation 
algorithms can be compared in a suitable and 
appropriate manner. 

 
3. Results and analysis 

 
In this section, the outputs obtained from 

Region Growing and Edge Detection segmentation 
algorithms are presented, as shown in figures 1 and 2, 
respectively. Then, the evaluation and comparison for 
these two algorithms follow next. 
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Figure 1: Results obtained using Region Growing Algorithm, the input Images (Left) and  The Segmented Image 
results (Right). 
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Figure 2: Results obtained using Edge Detection Algorithm, the input Images (Left) and   The Segmented Image 
results (Right). 
 
4.1 Comparison by Empirical Goodness Method. 

Empirical Goodness method evaluates the 
effectiveness of Region Growing and Edge Detection 
segmentation algorithms based on “How well it is 
equivalent to the desired characteristics of a good 
segmentation”. This is based on human judgements, 
therefore, a total number of 150 people’s judgment 
about the segmented results is obtained. The People’s 
judgments are classified into 5 categories, where each 
one assigned to a certain rank as follows:  
 

Excellent=5, Very Good=4, Good=3, 
Poor=2, and Unacceptable=1. 

The Empirical Goodness Method is carried 
out on 300 images of Berkley dataset [4]. The images 
are grouped into seven groups. The ranks values to an 
image are averaged, and the segmentation evaluation 
is based on the calculated attained value X as 
follows: X< 2.5 àUnacceptable segmentation, and 
X>=2.5àAcceptable Segmentation. The obtained 
results are shown in Figures 3 and 4. 

 

 
 
 
 
 
 
 
  
 
 
 

Figure 3: Results for Region Growing                   
algorithm for the seven groups obtained 
from users’ comparison. 

Figure 4: Results for Edge detection 
algorithm for the seven groups obtained                                                                  
from users’ comparison. 
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Looking at Figures 3 and 4, we feel that the 
Edge detection segmentation method is more 
successful than the Region Growing on the same 
input images like G1, G5, G6 and G7. In our opinion, 
the achievement of the edge detection method over 
region growing can be due to the fact that; the objects 
of our interest shown in the image contains more 
number of pixels and therefore, it is easy to recognize 
the signal from the noise since it has a visible 
resolution. But this case might fail in areas where 
objects of our interest absorb very little number of 
pixels.  
 
4.2 Comparison using Empirical Discrepancy 
Method: The EXOR Measure 

The XOR measure, first used by Hance et al. 
[1] quantifies the percentage border detection error 
by: 

 

( )
( )MArea

AMArea
Error

⊕
=  

Where M⊕ A is the difference between the region in 
the manual, and the region in the automatic 
Segmentation. Area (M) or Area (A) calculates the 
number of pixels in the image. 

 
In the following section, quantitative 

evaluation technique is used, the methodology and 
techniques used to quantitatively evaluate the two 
segmentation algorithms, is described below.  

 
Assume that we have a manually segmented 

image which is known to be a Ground Truth, as 
shown in figure 5.  
 

 
Figure 5: Manually segmented Image. 

 
The original input Image is segmented using 

the two segmentation algorithms, figure 6 shows the 
output obtained.  
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Result from the Automatic segmentation. 
 

For each region, we can identify target and 
background. Target is all pixels that make up the 
region. Background is equal to all pixels in the 
picture minus target pixels of the region. For 
example, for the manual segmentation of region 1 
(A1): 
Target = {(1, 1), (1, 2)} 
Background ={(1,3),(2,1),(2,2),(2,3),(3,1),(3,2),(3,3)} 
 

Similarly, for the automatic segmentation of 
region 3 (A3), we can define Target and Background 
as: 
Target = {(2, 2), (3, 2), (3, 3)} 
Background = {(1,1) ,(1,2),(1,3),(2,1) ,(2,3),(3,1)} 

 
To compare the similarity of regions in the 

automatic and manual segmentations we can define 
the error as follows using XOR: 

( )
( )MArea

AMArea
Error

⊕
=   =   (FT + FB)/ (TT+TB) 

 
Note that, FT = False Target, FB = False 
Background, TT = True Target, and TB = True 
Background. 
 
The meaning of these values is shown in Table 1. 
 

Table 1: Meaning of detected values. 
Detected as 

 Target Background 
 

Target 
 

TT 
 

FB 
 

 
 
 

Actual 
Pixel 

 
Background 

 
FT 

 
TB 

 
 
 
 

   

   

   

   

    

                  

M1 
M2 

M3 

A1 

A2 A4 
A3 
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For example, if a background pixel is 
detected as target, it is considered as FT. Then, we 
can compare each region of the manual segmentation, 
with all regions of the automatic segmentation, and 
take the minimum value.  

For example, when region 1 (A1) of the 
manual segmentation is compared with all four 
regions of the automatic segmentation, the error is 
calculated as follows: 

( )
( )MArea

AMArea
Error

⊕
=   = (FT + FB)/ (TT+FB) 

With region A1:   Error = (0+0)/ (2+0) = 0 
With region A2:   Error= (2+2)/ (0+2) = 4/2 
With region A3:   Error= (3+2)/ (0+2) = 5/2 
With region A4:   Error= (2+2)/ (0+2) = 4/2 
 
Table 2 shows all comparisons: 

  
 
Table 2: Comparisons between Manual and Automatic Segmentation. 

Manual Regions  
1 2 3 

1 0 5/3 6/4 
2 4/2 1/3 6/4 
3 5/2 4/3 3/4 

 
 

Automatic 
Regions 

4 4/2 5/3 2/4 
Minimum 0 1/3 2/4 
Average = (0 + 1/3 + 2/4)/ (3) = 10/36 

 
From Table 2, we can see that the minimum is taken, 
then the average is taken as the error of the automatic 
segmentation when compared to the ground truth. 
The same process is followed for each of the 
remaining regions. Finally, the mean is computed for 
the two segmentation algorithms considered (Region 
growing and Edge detection). Then, the minimum 
error value is taken as the best segmentation 
algorithm. 

After calculating the error for all regions in both 
segmentation algorithms, the mean is obtained, 
analyzed and depicted in Figures 7 and 8. 
 
The following result is obtained by applying the 
above parameter on each of the segmentation 
algorithms, for each group G1, G2,…, and G7. 
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Figure 8: Result of Edge Detection Algorithm for 
the seven groups obtained by EXOR measure. 

Figure 7: Result of Region Growing Algorithm 
for the seven groups obtained by EXOR measure. 
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From the above results shown in Figures 7 and 8 for 
the two image segmentation algorithms, Region 
Growing segmentation algorithms offers a satisfying 
performance results. In general, we summarize the 
results obtained with the following two points: 
  

• The implemented Region Growing Algorithm is 
expected to face source images with regions with 
almost constant pixel characteristics.  

• The edge detection algorithm is implemented 
with input images that have more unwanted 
signals, which are hard to be distinguished from 
the desired signals. In contrast regions, unlike 
edge detection algorithm, cover more number of 
pixels and thus we can have more information 
available in order to attain our regions of interest. 

 
5. Conclusions 
 

This paper specifically evaluates the 
effectiveness of the Region Growing and Edge 
Detection segmentation algorithms. Achieving results 
with all the desired segmentation result is actually 
difficult, since there is no theory of image 
segmentation, nor the ad hoc nature of image 
segmentation techniques.  
 

From the above results, we can conclude 
that the excellence of the segmented results, highly 
depends on the sharpness of the source image for 
both image segmentation algorithms, i.e., if the 
original image is very sharp edged and does not have 
noise, the result reaches perfection so that the 
segmented image results will have simple regions 
having significantly different values, and boundaries 
that are simple and easy to visualize.  
 

The evaluation and comparison results 
shows that the effectiveness of edge detection 
segmentation algorithm is better than region growing 
segmentation algorithm in many applications.  

With the data obtained, we showed 
significant differences in the image segmentation 
algorithm performances, also we illustrated clear 
dissimilarities that arise from the input or source 
images provided. In general, our results enable high 
effectiveness performance comparison between 
Region Growing and Edge Detection algorithms; also 
provide possible guidelines in selecting suitable 
algorithms for the desired applications. 
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Abstract: The present study was designed to investigate the effect of supplementing of protein additives (PA) in 
forms of 10% ovine amniotic fluid (OAF), 10% fetal bovine serum (FBS) and 10% sheep serum (SS), individually 
to culture media (TCM-199 or RPMI-1640) on in vitro nuclear maturation (IVM) of sheep oocytes. In addition, the 
effect of seasonal variations on the yield and quality of recovered sheep oocytes was also evaluated. Sheep ovaries 
were collected from local slaughterhouse. Cumulus-oocytes complexes (COCs) and denuded oocytes (DOs) were 
aspirated and matured in culture media (TCM-199 or RPMI -1640) for 26-29h at 39°C under 5% CO2 in air and 
95% humidity. The results showed that the supplementation of protein additives (PA)  in forms  of OAF, FBS or 
SS to culture media (TCM-199 or RPMI-1640) are  required for IVM of sheep oocytes. The supplementing of 
PA to culture media was more efficacious in TCM-199 than RPMI-1640 for IVM of oocytes. The COCs were 
more response for PA than denuded oocytes. The spring was the best season for recovery of COCs which have 
a worthy competence to be matured in vitro. In conclusion, the study demonstrated the importance of PA with 
the suitable culture media during the proper season for IVM of sheep oocytes as an abundant source for 
production of  transgenics and cloning. [Journal of American Science 2010;6(10):588-599]. (ISSN: 1545-1003).  

Key words: Protein additives, nuclear maturation, sheep, oocytes, season, quality. 
 
1. Introduction: 

In vitro production of embryos is a multi – 
step process: oocytes maturation, fertilization and 
embryo culture. Oocyte maturation is the first and the 
most critical step towards successful in vitro embryo 
production. In vitro maturation (IVM) of oocytes 
provide an excellent opportunity for cheap and 
abundant embryos for carrying out basic research and 
for the application of emerging biotechnologies like 
cloning and transgenic (Li et al., 2006).  

 Several workers have studied different 
aspects of IVM in mammalian oocytes (Roa et al., 
2002 and Kharche et al., 2005). The maturation 
media with the selection of protein supplements and 
hormones play an important role for IVM in and 
subsequent for IVF and in vitro development 
(Motlagh et al., 2008).  In most studies on IVM of 
animal oocytes, the basic medium is supplemented 
with different kinds of sera. (Motlagh et al., 2008 and 
Hegab et al., 2009). The importance of sera may due 
to its contents of hormones, trace nutrients and 
proteins such as globulin and futuin (Hsu et al., 
1987). The addition of serum to the culture medium 
provides a source of albumin that balances the 
osmolarity and acts as a free radical scavenger 
(Thompson, 2000).  

 Also, in some experiments, the protein 
additives of the same species were utilized for in 
vitro maturation of their occytes. Examples of such 
protein additives were estrous goat serum for caprine 
occytes (Keskintepe et al., 1994), water buffalo 
follicular fluid for buffalo oocytes (Tajik et al., 
2000), porcine follicular fluid for porcine oocytes 
(Funahashi et al., 1997), and equine follicular fluid 
for equine oocytes (Hinrichs et al., 1995).  

 Sheep oocytes have also been studied for 
different aspects of maturation (Roa et al., 2002). In 
all experiments, maturation media was supplemented 
with FCS (Ghasemzadeh- Nava and Tajik, 2000), 
estrous sheep serum (ESS) (Ghasemzadeh- Nava and 
Tajk, 2000), human serum (Thomson et al., 1998) 
and mare serum (Motlagh et al., 2008).  

 Ovine amniotic fluid (OAF) has not been 
previously knowed to be used as a protein additive to 
culture media for IVM of sheep oocytes. Moreover, 
little informations are available about the use of 
sheep serum (SS) and fetal bovine serum (FBS) for 
IVM of Egyptian sheep oocytes. On the other hand, 
the success of IVM in livestock species depends on 
the quality and quantity of oocytes recovered per 
ovary from the slaughtered animals.  
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Seasonal effect was found to have an 
important consideration in this respect, especially in 
buffalo (Kadoom, 1995 and Das et al., 1996), mare 
(Bruck et al., 1996 and Colleoni et al., 2004) and 
cattle (Silva et al., 2006). However, such effect in 
sheep has not been recognized during previous 
studies.  

Therefore, the present study was designed (i) to 
investigate the effect of addition of OAF, SS and FBS 
individually to culture media (TCM-199 or RPMI-
1640) on in vitro nuclear maturation rate of sheep 
oocytes; also (ii) to evaluate the effect of seasonal 
variations on the yield and quality of recovered 
follicular sheep oocytes. 
 
2. Materials and Methods: 
2.1. Chemicals 

 Chemicals used during this study were 
purchased from sigma chemicals Co. (St. Louis, Mo, 
USA) unless otherwise indicated. Solutions expressed 
as percents were prepared as volume-to-volume (v/v) 
dilutions. All media used for IVM were incubated at 
38.5-39°C and 5% CO2 with maximum humidity for 
4h before use. Concerning ovine amniotic fluid 
(OAF) and sheep serum (SS), they were prepared 
according the methods of Ocana- Quero et al. (1994) 
and Rao et al. (2002), respectively as follows:  

a- Preparation of OAF: 

 Uteri were removed from pregnant ewes at a 
local slaughterhouse and transported to the laboratory 
in an ice box within 2h. Gestational stages were 
estimated by the length of the embryos to be 4 to 6wk 
(3.6 to 4cm). After opening the uteri and exposing the 
amniotic membrane, sterile amniotic fluid was 
aspirated with a 50 ml syringe equipped with an 18 
ga needle. The amniotic fluid was centrifuged at 500 
g for 10 min to remove the cellular component. The 
supernatant was heat- inactivated at 56°C for 30 min, 
filtered using 0.22 μm millipore filter, alliquated and 
stored at -20°C until being used for the culture of 
oocytes (Ocana-Quero et al., 1994).  

b- Preparation of SS  

 Blood samples were obtained from ewes 
during slaughtering (exsanguinations). These samples 
were collected in sterile conical tubes and left to clot 
for 1-2h at room temperature (~25°C). After blood 
clotting, tubes were transferred to a refrigerator (4-
5°C) and the serum was allowed to separate. The 
serum was carefully collected and centrifuged at 
1000g for 10 min. The serum was heat- inactivated, 
filtered, alliquated and stored at -20°C until use (Rao 
et al., 2002).  

 Considering fetal bovine serum (FBS), it 
was purchased from sigma chemicals Co., heat-
inactivated, allocated and stored at -20°C until use.  

2.2. Collection of ovaries  

 Ovaries of sheep were obtained at an 
abattoir about 15-20 min after slaughering. They 
were transported within 2-3 h to the laboratory in 
0.9% saline supplemented with 50 μg/ml gentamycin 
sulfate at 30 to 35°C.  

2.3. Experiments  

2.3.1. Experiment 1 

 During this experiment, the effect of 
addition of OAF, SS and FBS individually to culture 
media (TCM-199 or RPMI-1640) on in vitro 
maturation of sheep oocytes was studied. Oocytes 
from all visible antral follicles (2 to 6 mm in a 
diameter) in collected ovaries were aspirated with a 
20 ga hypodermic needle attached to a 5 ml 
disposable syring containing 1 ml of aspiration 
medium. The aspiration medium consisted of 
Dulbecco's phosphate buffer saline (D-PBS) 
supplemented with 0.03 g/ml bovine serum albumin 
and 50 ug/ml gentamycin sulfate (Chauhan et al., 
1997).  

 Cumulus –oocytes complexes (COCs) (with 
an unexpanded mass cumulus cells and homogenous 
cytoplasm) and denuded oocytes (DOs) (with 
homogenous cytoplasm) were recovered under a 
stereomicroscope. Both the COCs and DOs were 
individually washed once with aspiration medium 
and twice in basic culture medium TCM -199 or 
RPMI-1640. These media (TCM-199 or RPMI-1640) 
enriched with 50 μg/ml gentamycin sulfate and 
without any hormone or serum supplementation. The 
same non-supplemented medium (TCM-199 or 
RPMI-1640) was used as control for three different 
culture media supplements as follows : (1) TCM-199  
or RPMI-1640 medium supplemented with 10% 
(OAF); (2) TCM-199 or RPMI-1640 medium 
supplemented with 10% (SS); (3) TCM-199 or 
RPMI-1640 medium supplemented with 10% (FBS).  

 Each treatment was consisted of about 8 
replicates. The non- supplemented media (controls) 
or the media enriched with protein supplements were 
sterilized by using 0.22 μm Millipore filter. For all 
experiments, 10-15 oocytes of COCs or DOs were 
transferred separately into a 50μl drop of each type of 
culture media (control medium or medium plus 
protein supplements), and covered with sterile 
mineral oil in a polystyrene culture dish (3.5 mm x 10 
mm) which had been previously kept for about 2h in 
a CO2 incubator before the oocytes were added. 
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Oocytes (COCs or DOs) were cultured for 26-29h at 
39°C in an atmosphere of 5% CO2 in air with 95% 
humidity.  

 Following culture period, the degrees of 
cumulus expansion of COCs were determined. The 
criteria used for assessing the degrees of cumulus 
expansion were as follows: Degree O: no expansion; 
Degree 1- denoted few expansion of cumulus layers  
or cumulus cells were non – homogeneously spread 
and clustered cells were still observed; Degree 2- was 
a moderate expansion of cumulus layers and Degree 
3- was the full expansion of cumulus layers. In 
addition, DOs were classified into two types 
according to the homogeneity of the cytoplasm, either 
homo- or heterogenous cytoplasm. All in vitro 
matured occytes (COCs) were used for assisting the 
rate of nuclear maturation, irrespective of the degree 
of expansion (Bolamba et al., 2006).  
 

2.3.1.1. Assessment of the nuclear maturation by 
cytogenetic analysis 

 For examining the rate of nuclear maturation 
(the proportion of oocytes which their nuclei reached 
metaphase II), cumulus cells of COCs were removed 
by vortexing. The cumulus- free COCs and DOs with 
homogenous cytoplasm were then fixed individually 
in acetic: ethanol (1: 3 v/v) in culture dishes (35 x 10 
mm) for at least 45h at 4°C. After that, the oocytes 
(COCs and DOs) were stained separately for 30 min 
with 1% (w/v) orcein in 45% (v/v) acetic acid (Rao et 
al., 2002). Oocytes were examined under a light 
microscope (1000 x magnification) and classified as 
being at one of the following stages: germinal vesicle 
stage (GV), germinal vesicle breakdown (GVBD), 
metaphase I (MI), anaphase I (AI), telophase I (TI) 
and metaphase II (M II). Oocytes with no visible or 
abnormal chromatin configuration were classified as 
degenerated (Beker et al., 2000).  

2.3.2. Experiment 2 

 During this experiment, the effects of 
breeding and non-breeding seasons on oocyte yield 
and quality in the sheep ovaries were studied. Ovaries 
from unknown reproductive status or age were 
collected and transported to the laboratory as before, 
during winter, spring, summer and autumn seasons. 
Oocytes were collected and classified into four 
categories based on their cumulus investment and 
granularity of ooplasm as follows: Grade A 
(Excellent oocytes) : corresponded to immature 
COCs which were completely invested with several 
layers of dense cumulus cells and homogenous 
cytoplasm; Grade B (good oocytes) : COCs which 
had fewer layers (2-4 layers) of compact cumulus 
investment with homogenous cytoplasm ; Grade C 

(denuded oocytes): oocytes which had no layers of 
cumulus  cells but they had a homogenous cytoplasm; 
Grad D: that were defined as those with one or more 
of the following characteristics: very expanded 
cumulus, fragmented nucleus, misshaped, partially 
absent or vacuolated cytoplasm, empty zona 
pellucida (Wang et al., 1998).  
 

2.4. Statistical analysis 

 The obtained data for the effect of 
supplementation protein additives to culture media 
(TCM-199 or RPMI-1640) on in vitro nuclear 
maturation rate of sheep oocytes were statistically 
analyzed by ANOVA using SAS program (SAS, 
2001). Fisher's least significant difference (LSD) at 
5% significant level (P<0.05) was used to test the 
differences between means of treatments. Data for the 
effect of protein additives on IVM rate of sheep 
oocytes based on the type of media and oocytes 
quality were analyzed using Chi-square test 
(Snedecor and Cochran, 1989). 

                
3. Results:  
3.1. Effect of supplementation of protein additives 
(PA) in forms of OAF, FBS or SS to TCM-199 
medium on IVM rate of sheep oocytes   

3.1.1. The effect on COCs  

 Present results (Table 1) indicated that 
supplementation of the maturation medium  (TCM -
199) with protein additives OAF or FBS or SS 
individually improved oocytes maturation rate, as 
indicated by the mean percentage of oocytes 
developing nuclear MII. This improvement in the 
oocytes nuclear maturation was significant (P<0.05) 
in OAF supplemented group, and highly significant 
(P<0.01) in FBS or SS supplemented groups 
compared to the control group (9.60; 17.87 and 20.00 
vs. 0.0 %, respectively). 

 Table (1) revealed also that the proportion of 
oocytes reaching MII was comparatively  increased 
(P<0.05) in either FBS or SS supplemented groups 
than that found in OAF supplemented group. While, 
the difference between FBS supplemented group and 
SS supplemented group for the proportion of oocytes 
reaching MII was not significant.  

 It was found that the proportion of full 
expansion of cumulus cells in oocytes that were 
cultured in the basic medium (TCM-199) enriched 
with OAF or with SS was higher than those 
cultured in TCM-199 medium alone (43.10 and 
48.83 vs. 40.50%, respectively). In addition, the 
proportion of full expansion of cumulus cells in 
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FBS supplemented group (40.33) was 
approximately similar to that observed in the 
control group (40.50). In conclusion, it could be 
noticed that cumulus cell expansion was more 
pronounced with OAF or SS than with FBS. 
Whereas, the difference in the proportion of full 
expanded cumulus cells between OAF or FBS 
supplemented groups and the control group was not 
significant. 

  Statistical analysis showed that the 
proportion of full expansion of cumulus cells was 
significantly elevated (P<0.05) in SS supplemented 
group when compared with control, OAF or FBS 
supplemented one.  
 

3.1.2. The effect on the denuded oocytes  

Cytogenetical examination (Table 2) 
revealed that the proportion of oocytes reaching MII 
were absent in the control and SS supplemented 
groups. However, the addition of OAF but not FBS to 
TCM-199 medium significantly improved (P<0.05) 
the maturation rate of denuded oocytes compared to 
control group (1.79 and 0.48 vs 0.0%, respectively)  
 

3.2. Effect of adding different protein additives (PA) 
in forms of OAF or FBS or SS to culture medium 
(RPMI-1640) on in vitro maturation rate of sheep 
oocytes:  

3.2.1. The effect on COCs 

 As shown in Table (3), supplementing 
maturation medium with protein additives (OAF or 
SS) improved oocytes maturation rate. This 
improvement in the IVM of the oocyte was highly 
increased significantly (P<0.001 or P<0.01) in OAF 
or SS supplemented groups compared to the control 
group (11.11 or 10.00 vs 4.69%, respectively). 
However, the addition of FBS to RPMI-1640 
medium significantly  decreased (P<0.05) oocytes 
nuclear maturation rate compared to RPMI-1640 
medium alone (2.53 vs. 4.69%, respectively).  

 Concerning the incidence of cumulus cell 
expansion, it was found that the proportions of full 
expanded cumulus cells of COCs in FBS 
supplemented group were approximately similar with 
those found in the control group (48.71 and 49.32%, 
respectively). Whereas the proportions of full 
expanded cells lowered in OAF and SS 
supplemented groups than those of the control (33.15 
and 33.48 vs 49.32%, respectively).   

3.2.2. The effect on denuded oocytes 

 As shown in Table (4), the proportion of 
oocytes reaching MII was absent for oocytes groups 

cultured in both of RPMI-1640 medium alone 
(control) and RPMI-1640 medium supplemented 
with protein additives groups. On the other hand, the 
addition of OAF to RPMI-1640 medium significantly 
(P<0.01) improved the proportion of denuded 
oocytes reaching AI (as matured oocytes) compared 
to the control medium (1.67 vs. 0.54%, respectively).  

3.3. Effect of PA on IVM rate of sheep ocytes based 
on the type of culture media 

 As shoen in Table (5 a and b) showed that 
the supplementation of PA to TCM-199 medium was 
the most efficacious for IVM of sheep oocytes 
(COCs or DOs) than the supplementation of PA to 
RPMI -1640. The proportion of COCs reaching MII 
(Table 5a) increased in groups that were matured in 
TCM-199 medium plus PA (OAF, FBS or SS) than 
that were cultured in RPMI-1640 medium plus PA 
(13.51, 14.29 and 17.72 vs. 6.12, 3.08 and 2.78%, 
respectively). This increase was significant (P<0.05) 
in both FBS and SS supplemented groups.  

 The proportion of DOs reaching MII (Table, 
5b) was comparatively increased in groups that were 
matured in TCM-199 medium plus PA (OAF, FBS 
and SS) than that were matured in RPMI-1640 
medium plus PA (1.38,0.64 and 0.0 vs – 0.0, 0.0 and 
0.0%, respectively).  
 

3.4. Effect of PA on IVM rate of sheep oocytes based 
on oocytes quality  

 As shown in Table (6a and b), the effect of 
PA on the improvement of IVM rate of sheep 
oocytes were more obvious in COCs than denuded 
oocytes. The proportion of COCs reaching MII 
(Table, 6a) Significantly (P<0.01) increased than 
denuded oocytes when these oocytes were cultured in 
TCM-199 medium plus PA (13.51; 14.29 and 17.72 
vs 1.38, 0.64 and 0.0%, respectively). Also, the 
proportion of COCs reaching MII (Table 6b) 
increased than denuded oocytes when these oocytes 
were matured in RPMI-1640 plus PA (6.12 , 3.08 and 
2.78 vs 0.0, 0.0 and 0.0%, respectively). These 
increases were only significant in OAF supplemented 
group.  
 

3.5. Seasonal effect on yield and quality of sheep 
oocytes  

 Table (7) revealed that the average numbers 
of recovered oocytes per ovary were 3.45. 4.31, 3.68 
and 3.39 during winter, spring, summer and autumn 
seasons, respectively. It was evident that more 
oocytes (4.31) per ovary have been aspirated 
during spring than those collected during other 
seasons. On the other hand, it was found that the 
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lowest average number of collected oocytes per 
ovary was during autumn (3.39). While, the 
average number of harvested oocytes per ovary 
during summer was slightly higher (3.68) than 
those observed during winter (3.45). Statistical 
analysis showed that there was a significant 
difference (P<0.05) between the average number 
of collected oocytes per ovary during spring and 
those collected during other seasons.  

 Concerning the three studied classes of 
sheep oocytes, irrespective of degenerated oocytes it 
was observed that the mean value of recovered 
excellent oocytes increased during spring than those 
collected during other seasons; winter, summer and 
autumn (0.45 vs. 0.31, 0.34 and 0.26, respectively). 
This increase was higher (P<0.05) than those found 
during winter or during autumn. While, the 
difference among winter, summer and autumn in the 
mean percentage of recovered excellent oocytes 
was not significant. 

 Also, in the present study, it was found that 
the mean value of recovered good oocytes was higher 
(P<0.05) in spring than those collected during winter, 
summer and autumn (1.04 vs. 0.95, 0.97 and 0.73%, 
respectively). While, the difference among spring; 
winter and summer in the mean percentage of 
recovered good oocytes was not significant. 
Moreover, the mean value of recovered COCs 
(excellent +good oocytes)  significantly (P<0.05 or 
P<0.01) increased during spring than those collected 
during winter, summer and autumn (1.49 vs. 1.26, 
1.31 and 0.99%, respectively). Also, the mean 
percentage of harvested COCs significantly elevated 
(P<0.05) during winter and summer than that found 
during autumn (3.45 or 3.68 vs. 3.39%, respectively).  

Concerning the denuded oocytes, the present 
results showed that the mean value of recovered 
denuded oocytes significantly (P<0.01 or P<0.05) 
increased during spring than those collected during 
other seasons; winter, summer and autumn (2.08 vs. 
1.64, 1.63 and 1.94, respectively). Also, the mean 
value of denuded oocytes obtained during autumn 
was comparatively elevated (P<0.05) than those 
harvested during winter or during summer. 
 
4. Discussion: 
4.1. The effect of adding protein additives to 
culture media (TCM-199) or (RPMI-1640) on the 
nuclear maturation rate of sheep oocytes 

 Results illustrated in Tables (1, 2, 3 and 4) 
revealed that the supplementation  of protein 
additives (OAF, FBS or SS) to the culture media 
(TCM-199 or RPMI-1640) provided better 
maturation rates of sheep oocytes than the control 

ones (TCM-199 or RPMI-1640 alone). In some 
treatments when SS or FBS were added to the culture 
media, they surpassed OAF as maturation promotive 
factors for sheep oocytes. However, in other 
treatments, supplementing culture media with OAF 
induced better results in nuclear maturation rate 
compared to the addition of FBS or SS. Similarly, 
Ghasemzadeh-Nava and Tajik (2000) compared the 
effect of FBS and estrus sheep serum (ESS) on IVM 
of sheep oocytes and concluded that ESS could 
support the in vitro maturation of the oocytes slightly 
better. Values were 70, 68 and 61% maturation rates 
for 10, 15 and 20% of FBS, respectively. Also, the 
addition of FCS, ESS or LS (Lamb serum) to the 
culture media (TCM-199 or Ham's F-10) provided 
better maturation rate of ovine oocytes (Attia, 2001) 
than BSA. However, ESS surpassed FCS and LS as 
maturation promotive factor. Furthermore, Rao et al. 
(2002) recorded higher maturation rate of sheep 
oocytes cultured in media supplemented with ESS as 
compared to those cultured in the same media 
supplemented with bovine embryonic fluid, ovine 
follicular fluid, granulosa cell  culture and without 
serum (86 vs. 77, 76, 82 and 58%, respectively).  

 Sarseifi (2007) reported that the addition of 
human menopausal serum, ESS and EGS to 
maturation medium can enhance the IVM and IVF of 
sheep oocytes rather than ovine and bovine follicular 
fluid. Also, in goats, Seydou et al. (1999) reported 
that the maturation rate of caprine oocytes was 
significantly higher in the presence of fetal bovine 
serum (FBS) compared to goat serum (GS) (100 vs. 
43%; P<0.05). These authors were also concluded 
that FBS is a superior serum source than GS for in 
vitro maturation of goat oocytes. While, Tajik and 
Shams-Esfandabadi (2003) found that the addition of 
ESS, FBS or EGS to TCM-199 medium improved the 
in vitro maturation rate of caprine oocytes compared 
to the control medium and no significant differences 
were observed between the different sera. In contrast, 
Zheng (2007) found that the addition of sera  was not 
necessary for IVM of rhesus monkey oocytes.  

 Concerning the influence of OAF on IVM of 
ovine oocytes, the improvement of IVM rate of 
oocytes which was observed in the present study due 
to the use of OAF was also supported by the report of 
Ocaña-Quero et al. (1994) on cattle oocytes which 
concluded that the IVM rate of cattle oocytes was 
significantly increased (P <0.001) when oocytes were 
cultured in medium supplemented with bovine 
amniotic fluid (bAF) than those cultured in the same 
medium supplemented with bovine follicular fluid 
(bFF) (77 vs. 52%, respectively).  
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As shown in Tables (3 and 7), the addition 
of SS to the culture media (TCM-199) did not 
improve the IVM of denuded oocytes. Also, 
supplementing RPMI-1640 medium with FBS was 
ineffective in improving the maturation of COCs 
of sheep oocytes. Moreover, the addition of OAF 
or FBS or SS to RPMI-1640 did not improve the 
IVM rate of denuded oocytes. These findings 
were similar with that reported by El-Maghraby 
(2004) who found that the addition of BSA and EES 
to TCM-199 medium did not improve the nuclear 
maturation rate of sheep oocytes compared to the 
control medium. Our results were also supported by 
the report of Zheng and Sirard (1992) who found that 
the addition of BSA to the maturation media inhibited 
the maturation of porcine oocyte.  

 Moreover, Pawshe et al. (1996) 
demonstrated that the addition of estrous goat serum 
(EGS) or fetal calf serum (FCS) to TCM-199 medium 
was ineffective in improving the maturation of goat 
oocytes.  In addition, Ali and Sirard (2002) found that 
the presence of BSA alone in the culture medium 
possibly had a toxic effect and delayed the maturation 
process of bovine oocytes.  
 

4.2. The effect of protein additives on cumulus cell 
expansion 

 In the present study, cumulus cell expansion 
was found to be activated with the PA, especially SS 
or OAF  when added to the culture medium (TCM-
199). These findings were approximately similar with 
those reported by Braun (1988) who found that FCS 
but not BSA was able to support cumulus expansion 
of sheep oocytes. Also, Chen et al. (1994) suggested 
that addition of FCS or FBS to culture media led to 
enhance cumulus expansion of bovine oocytes. In 
addition, Barile et al. (1990) showed that 69.4% of 
buffalo oocytes reached full cumulus expansion after 
maturation in media supplemented with FCS.  
 

4.3. Effect of PA on IVM rate of sheep oocytes based 
on the type of culture media  

 The present investigation showed that the 
addition of PA to TCM-199 medium was more 
efficacious for in vitro maturation of sheep oocytes 
than addition of PA to RPMI-1640 medium. The 
proportion of COCs or denuded oocytes reaching MII 
was comparatively increased in the groups that were 
cultured in TCM-199 medium supplemented with PA 
than those cultured in RPMI-1640 medium 
supplemented with PA (19.84 or 2.5 vs. 3.7 or 1.07, 
respectively). Similarly, Attia (2001) found that the 
maturation rate of ovine oocytes cultured in TCM-
199 medium plus 10% FCS was significantly higher 

(p<0.01) than those matured in Ham's F-10 medium 
plus 10% FCS (83.33 vs. 70%, respectively). 
Moreover,  Hegab et al. (2009) revealed that the 
supplementation of maturation media with FCS led to 
higher maturation rates (75.6% on average) of buffalo 
oocytes, without any significant variation between 
different media, than BSA (71.3% on average). 
However, those authors found that the 
supplementation of Ferti cult medium with BSA 
resulted in a significant increase in the IVM rate of 
buffalo oocytes (80%) than its addition to other 
media (TCM-199, Ham's F-10 or MEM). In 
consistence, a higher rate of maturation in goats 
(Pawshe et al., 1996) and buffalo (Totey et al., 1993) 
oocytes achieved in TCM -199 than Ham's F-10 
medium.  

 In other circumstances, Rexroad and Powell 
(1988) reported that TCM-199 plus FCS supported 
more cleavage of in vitro fertilized sheep oocytes 
than did Ham's F-10 plus FCS. They concluded that 
the improved cleavage index could be related to 
additional factors in TCM-199 such as insulin which 
stimulates DNA and RNA synthesis and enhances 
cell division. Also, Krisher and Bavister (1998) 
reported that the differences between different culture 
media in oocytes IVM may be due to the composition 
of the medium. Maturation media supplemented with 
essential and non-essential amino acids supported 
maturation and development after fertilization more 
than that supplemented with essential amino acids 
alone.  

 Therefore, the higher maturation rate in vitro 
of sheep oocytes which achieved with TCM-199 
medium than RPMI-1640 medium in the present 
work may be attributed to the differences in their 
ionic and energy sources concentrations in both 
media (Gordon, 2003). 
 

4.4. Effect of PA on IVM rate of sheep oocytes based 
on oocytes quality 

 Addition of PA for culturing of COCs 
caused higher maturation rate (P<0.05) compared to 
use of PA for culturing of denuded oocytes in either 
TCM-199 (15.3 vs. 1.4, respectively) or in RPMI-
1640 supplemented groups (5.82 vs. 0.53, 
respectively) medium.  

The importance of PA may due to its 
contents of hormones, trace nutrients, globulin and 
futuin that promote the maturation of oocytes (Madan 
et al., 1994). The presence of cumulus cells 
surrounding the oocytes play an important role for 
facilitating the transport of nutrients, signals and 
other promoting factors for maturation into and out of 
the oocytes (Byskov et al., 1997).  One of the routes 
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by which the factors (e.g. meiosis activating 
components, glutathione or its substrates glutamine 
and cysteine, regulatory molecules of less than 1KDa, 
low molecular weight substrates such as Ca+2 
nucleotides an amino a c i d s )  are transmitted from 
cumulus cells to the oocyte is the gap junctional 
communication "GJC" (Webb et al., 2002). 
Therefore the higher nuclear maturation rate which 
achieved by COCs compared to the poor quality 
oocytes (denuded) may due to the presence of 
cumulus cells surrounding the oocytes.  

 Similar results were detected by El-
Maghraby (2004) who revealed that, sheep COCs 
(from class A and B) recorded higher maturation rate 
(P<0.05) compared to denuded oocytes (class C). The 
proportions of oocytes reaching MII in the three 
classes A, B and C were 86.7, 84.0 and 59.7, 
respectively. Moreover, Shirazi et al. (2007) found 
that the percentage of MII of sheep oocytes of COCs 
groups was significantly higher (P<0.05) than that of 
denuded groups (82.2 vs. 4.8, respectively). Also, the 
present results were in consistence with those 
obtained in bovine by Kim et al. (1997) who found 
that the maturation rate of cumulus intact bovine 
oocytes reached 86.2% compared to 54.3% of 
denuded oocytes. Present findings were also 
supported by Datta and Goswami (1999) who 
reported that nearly 70% of the good quality buffalo 
oocytes reached MII compared to 22% of the poor 
quality oocytes. In addition, Das et al., (1997) found 
that the maturation of denuded buffalo oocytes was 
significantly lower (P<0.05) compared to that of 
cumulus oocytes complexes (COCs).  
 

4.5. Seasonal effect on the recovery rate and 
quality of sheep oocytes 

 The present results revealed that more 
categories COCs and the total number of 
recovered oocytes per ovary were aspirated during 
spring than those collected during winter, summer 
and autumn seasons (1.49; 4.31 vs. 1.26; 3.45 or 
1.31; 3.68 and 0.99; 3.39, respectively). This may 
attributed to the presence of more follicles during 
the breeding season. These findings are similar to 
those reported on sheep by Attia (2001), who 
found that the reduction in the proportion of good 
culturabel oocytes (class A and B) was evident 
among those recovered during summer and autumn 
(16.46%, 24.19% and 15.76%, 23.57%, 
respectively) than those harvested during winter 
and spring (50.83%, 57.77% and 28.90%, 28.88%, 
respectively). It could be suggest that oocytes were 
compromised during development and 
differentiation when climatic factor are not ideal 
for reproduction. 

 The present findings were also supported 
by Datta and Goswami (1998) who observed that, 
the average number, as well as, the proportion of 
good quality oocytes that were retrieved from 
buffalo ovaries during cool months (<25°C) was 
significantly higher than the corresponding values 
obtained during moderately hot (25-30°C) and hot 
(>30°C) months. They suggested that oocytes are 
compromised during development and 
differentiation when climatic factor are not ideal 
for reproduction. Also, Zohier et al (2007) found 
that the proportion of collected number of good 
buffalo oocytes significantly increased during 
spring and winter than those collected during 
summer and autumn (71 and 74.6 vs. 50 and 
56.9%, respectively). In addition, Brück et al. 
(1996) revealed that the rate of oocytes recovery in 
mare was significantly higher in May/June 
(57.3%) than in August / September (44%). Also, 
more category (I) and total oocytes per ovary in 
camel were recovered during the breeding season 
than non breeding season (Abdoon 2001). This 
author attributed this difference to the presence of 
more follicles during the breeding season.  

 During our study, the average number of 
COCs categories and total oocytes per ovary were 
slightly raised during summer than those collected 
during winter (1.31; 3.68 vs. 1.26; 3.45, 
respectively). These findings are similar to those 
reported by Gou et al. (2009) who observed that 
proportion of sheep COCs was significantly (P<0.05) 
decreased in winter compared to summer and autumn 
(51.4 vs. 84.9 and 83.6%, respectively). Also these 
findings are in agreement with those reported by 
Kadoom (1995) who found that, the total recovery 
rate of oocytes from buffalo ovaries was higher in 
summer season than in other seasons. The same 
findings were also obtained by Seydou et al. (1999) 
in goat.   

 

5. Conclusions 

In conclusion, the present study 
demonstrated that the supplementation of protein 
additives (PA) in forms OAF, FBS or SS to culture 
media (TCM-199 or RPMI-1640) are required for 
IVM of sheep oocytes. The supplementing of PA 
to culture media was more efficacious in TCM-199 
than RPMI-1640 for IVM of oocytes. The COCs 
were more response for PA than denuded oocytes. 
The spring was the best season for recovery of 
COCs which have a worthy competence to be 
matured in vitro. 
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Table (1): Effect of adding different protein additives to TCM-199 medium on the maturation rate of COCs 
of the sheep. 

Degrees of cumulus cells expansion Nuclear maturation of COCs 

0 1 2 3 GV GVBD Ml AI TI MIl Deg. Treatment 
No. of 
COCs 

No. 
 (M %) 

No.  
(M %) 

No.  
(M %) 

No.  
(M %) 

No. 
 (M %) 

No.  
(M %) 

No.  
(M %) 

No.  
(M %) 

No.  
(M %) 

No. 
 (M %) 

No.  
(M %) 

M1 
(Control) 

71 
4 

(5.83)c 
15 

(20.73)b 
24 

(32.90)a 
28 

(40.50)b 
5 

(7.63)b 
33 

(44.90)a 
27 

(40.83)a 
3 

(2.90)b 
2 

(2.37)d 
0 

(0.00)c 
1 

(1.40)b 

 
M1+OAF 

74 
4 

(5.90)c 
15 

(24.67)a 
20 

(26.33)b 
35 

(43.1)b 
7 

(8.40)a 
26 

(44.47)a 
25 

(30.70)bc 
0 

(0.00)c 
6 

(6.83)c 
10 

(9.60)b 
0 

(0.00)c 

M1+ FBS 77 
12 

(17.70)a 
12 

(13.10)c 
26 

(28.83)b 
27 

(40.33)b 
1 

(2.80)d 
14 

(20.23)c 
27 

(33.57)b 
5 

(8.87)a 
9 

(7.90)b 
11 

(17.87)a 
10 

(8.80)a 

M1+ SS 79 
13 

(12.83)b 
12 

(12.57)d 
19 

(25.70)b 
35 

(48.93)a 
2 

(3.20)c 
24 

(28.33)b 
23 

(29.00)c 
0 

(0.00)c 
7 

(10.50)a 
14 

(20.00)a 
9 

(9.00)a 

 
-  Values in the same column with different superscripts differ significantly (P <0.05). 
-  Table represents mean numbers of oocytes (%) in each stage of maturation (M %). 
-  M2 = RPMI-1640 medium, OAF = ovine amniotic fluid, FBS = fetal bovine serum, SS = sheep serum. 
 -  GV = Germinal vesicle. GVBD = Germinal vesicle breakdown, MI= Metaphase I, AI = Anaphase I, 
TI=Telophase, MII=Metaphase II, and  Deg. =Degenerate 
 
Table (2): Effect of different protein additives to TCM-199 medium on the maturation rate of denuded 
oocytes. 

Homogeneity of cytoplasm Nuclear maturation of homogenous denuded oocytes 

GV GVBD Ml AI TI MIl Deg. Treatment 
No. of 

denuded 
oocytes Homo-genous Heter-genous No. 

 (M %) 
No.  

(M %) 
No.  

(M %) 
No.  

(M %) 
No.  

(M %) 
No. 

 (M %) 
No.  

(M %) 

M1 
(Control) 127 126 1 

53 
(43.59)b 

42 
(32.63)b 

20 
(16.37)a 

6 
(3.41)a 

0 
(0.00)b 

0 
(0.00)b 

5 
(4.01)b 

 
M1+OAF 

145 145 0 
70 

(39.73)b 
48 

(38.25)a 
22 

(17.90)a 
0 

(0.00)b 
0 

(0.00)b 
2 

(1.79)a 
3 

(2.34)c 

M1+ FBS 160 157 3 
90 

(53.89)a 
35 

(26.12)c 
27 

(14.49)ab 
0 

(0.00)b 
1 

(0.48)a 
1 

(0.48)ab 
3 

(4.55)b 

M1 + SS 186 182  4 
107 

(53.71)a 
48 

(27.41)bc 
18 

(11.62)b 
1 

(0.85)b 
0 

(0.00)b 
0 

(0.00)b 
8 

(6.41)a 

 
- Values in the same column with different superscripts differ significantly (P <0.05) 
- Table represents mean numbers of oocytes (%) in each stage of   maturation. (M %). 
- M1 = TCM-199 medium, OAF = ovine amniotic fluid, FBS = fetal bovine serum, and SS = sheep serum.  
- GV = Germinal vesicle, GVBD = Germinal vesicle breakdown, MI= Metaphase I, AI= Anaphase I, TI = Telophase 
I, MII = Metaphase II, and Deg. = Degenerated. 
 
Table(3): Effect of different protein supplements to RPMI-1640 medium on the maturation rate of COCs of 
the sheep. 
 

Degrees of cumulus cells expansion Nuclear maturation of COCs 

0 1 2 3 GV GVBD Ml AI TI MIl Deg. Treatment 
No. of 
COCs 

No. 
 (M %) 

No.  
(M %) 

No.  
(M %) 

No.  
(M %) 

No. 
 (M %) 

No.  
(M %) 

No.  
(M %) 

No.  
(M %) 

No.  
(M %) 

No. 
 (M %) 

No.  
(M %) 

M2 
(Control) 66 

0 
(0.00)b 

10 
(20.68)c 20 (30.00)b 36 (49.32)b 1 

(3.13)b 29 (45.11)cd 25 
(33.86)b 

4 
(6.36)b 

3 
(4.09)b 

2 
(4.69)d 

2 
(2.78)d 

 
M2+OAF 

49 
2 

(8.10)a 12 (24.48)b 17 (34.28)b 18 (33.15)° 
3 

(7.50)a 23 (43.29)d 6 
(10.16)c 

4 
(8.89)a 

0 
(0.00)c 

3 
(11.11)a 

10 
(19.05)a 

M2+ FBS 65 
6 

(9.19)a 
8 

(10.31)d 22 (31.79)b 29 
(48.7 l)b 

0 
(0.00)d 35 (58.33)b 22 

(29.78)b 
1 

(1.10)cd 
4 

(7.16)a 
2 

(2.53)c 
1 

(1.10)f 

M2 + SS 36 
1 

(l0.00)a 13 (43.38)a 
8 

(13.14)b 14 (33.48)c 0 
(0.00)d 23 (69.29)a 6 

(12.14)c 
0 

(0.00)d 
0 

(0.00)c 
1 

(10.00)b 
6 

(8.57)b 

 
-  Values in the same column with different superscripts differ significantly (P <0.05). 
-  Table represents mean numbers of oocytes (%) in each stage of maturation (M %). 
-  M2 = RPMI-1640 medium, OAF = ovine amniotic fluid, FBS = fetal bovine serum, SS = sheep serum. 
-  GV = Germinal vesicle. GVBD = Germinal vesicle breakdown, MI= Metaphase I, AI = Anaphase I, 

TI=Telophase, MII=Metaphase II, and Deg. = Degenerated. 
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Table (4): Effect of adding different protein supplements to RPM1-1640 medium on the nuclear maturation 
rate of denuded oocytes 

 

Homogeneity of cytoplasm Nuclear maturation of homogenous denuded oocytes 

GV GVBD MI AI Tl MII Deg. Treatment 
No. of  

denuded oocytes Homo-
genous 

Hetero-
genous No. 

(M %) 
No. 

(M %) 
No. 

(M %) 
No. 

(M%) 
No. 

(M %) 
No. 

(M %) 
No. 

(M %) 

M2 
(Control) 

120 117 3 
3 

(2.1l)d 
61 

(48.14)c 35 (35.74)a 1 
(0.54)c 

0 
(0.00)b 

0 
(0.00)b 

17 
(13.47)c 

M2+OAF 76 74 2 
0 

(0.00)e 53 (73.76)a 3 
(3.4 l)c 

1 
(1.67)a 

0 
(0.00)b 

0 
(0.00)b 

17 
(21.17)b 

M2 + FBS 82 78 4 
3 

(4.76)c 
41 

(53.03)c 
8 

(11.04)b 
0 

(0.00)d 
0 

(0.00)b 
0 

(0.00)b 26 (31.17)a 

M2 + SS 73 69 4 
9 

(13.09)a 
39 (60.40)b 

5 
(5.54)c 

0 
(0.00)d 

0 
(0.00)b 

0 
(0.00)b 

16 
(20.97)b 

 
- Values in the same column with different superscripts differ significantly (P <0.05). 
- Table represents mean numbers of oocytes (%) in each stage of maturation (M %). 
- M2 = RPMI-1640 medium, OAF= ovine amniotic fluid, FBS - fetal bovine serum, SS = sheep serum. 
- GV = Germinal vesicle, GVBD = Germinal vesicle breakdown, MI= Metaphase I, AI= Anaphase I, TI = Telophase 

1, MII = Metaphase II, and Deg. = Degenerated 
 
Table (5.a): Effect of PA on IVM rate of COCs of sheep oocytes based on the type of culture media. 

Maturation stages 

GV GVBD MI AI TI MII Deg. 
Protein 
source  

Type of 
media  

No. of 
cultured 
oocytes 

N % n % n % n % n % n % n % 

TCM 74 7 9.46 26 35.14 25 33.78** 0.00 0.0 6 8.11* 10 13.51 0 0.0 
OAF 

RPMI 79 3 6.12 23 46.94 6 12.24 4 8.16* 0.00 0.0 3 6.12 10 20.41** 

TCM 77 1 1.29 14 18.18 27 35.06 5 6.49 9 11.69 11 14.29* 10 12.99* 
FBS 

RPMI 65 0.00 0.0 35 53.85** 22 33.85 1 1.54 4 6.15 2 3.08 1 1.54 

TCM 79 2 2.53 24 30.38** 23 29.11 0.00 0.0 7 8.86 14 17.72* 9 11.39 
SS 

RPMI 36 0.00 0.0 23 63.89** 6 16.67 0.00 0.0 0.00 0.0 1 2.78 6 16.67 

* Significant at P<0.05; ** Significant at P<0.01. 

 

Table (5.b): Effect of PA on IVM rate of denuded sheep oocytes based on the type of culture media. 

Maturation stages 

GV GVBD MI AI TI MII Deg. 
Protein 
source  

Type of 
media  

No. of 
cultured 
oocytes 

n % n % n % n % n % n % n % 

TCM 145 70 48.28** 48 33.10 22 15.17* 0.00 0.0 0.00 0.0 2 1.38 3 2.07** 

OAF 
RPMI 74 0.00 0.0 53 71.62** 3 4.05 1 1.35 0.00 0.0 0.00 0.0 17 22.97** 

TCM 157 90 57.32** 35 22.29 27 17.19 0.00 0.0 1 0.64 1 0.64 3 1.91 
FBS 

RPMI 78 3 3.85 41 52.56** 8 10.26 0.00 0.0 0.00 0.0 0.00 0.0 26 33.33** 

TCM 182 107 58.79** 48 26.37 18 9.89 1 0.55 0.00 0.0 0.00 0.0 8 4.39 
SS 

RPMI 69 9 13.04 39 56.52** 5 7.25 0.00 0.0 0.00 0.0 0.00 0.0 16 23.19** 

* Significant at P<0.05; ** Significant at P<0.01. 

 

Table (6.a): Effect of PA on IVM rate of sheep oocytes based on oocyte quality: The oocytes (COCs or DOs) 
were cultured in TCM-199.   

Maturation stages 

GV GVBD MI AI TI MII Deg. 
Protein 
source  

Oocyte 
quality 

No. of 
cultured 
oocytes 

n % n % n % n % n % n % n % 

OAF COC 74 7 9.46 26 35.14 25 33.78** 0.0 0.0 6 8.11** 10 13.51** 0.0 0.0 
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Denuded  145 70 48.28** 48 33.10 22 15.17 0.0 0.0 0.0 0.0 2 1.38 3 2.07 

COC 77 1 1.29 14 18.18 27 35.06** 5 6.49** 9 11.69** 11 14.29** 10 12.99** 

FBS 
Denuded 157 90 57.32** 35 22.29 27 17.19 0.0 0.0 1 0.64 1 0.64 3 1.91 

COC 79 2 2.53 24 30.38 23 29.11** 0.0 0.0 7 8.86** 14 17.72** 9 11.39** 
SS 

Denuded  182 107 58.79** 48 26.37 18 9.89 1 0.55 0.0 0.0 0.0 0.0 8 4.39 

** Significant at P<0.01 

 

Table (6.b): Effect of PA on IVM rate of sheep oocytes based on oocyte quality: The oocytes (COCs or DOs) 
were cultured in RPMI-1640.  

Maturation stages 

GV GVBD MI AI TI MII Deg. Protein source  
Oocyte 
quality 

No. of 
cultured 
oocytes 

n % n % n % n % n % n % n % 

COC 49 3 6.12* 23 46.94 6 12.24 4 8.16 0.0 0.0 3 6.12* 10 20.41 
OAF 

Denuded  74 0.0 0.0 53 71.62** 3 4.05 1 1.35 0.0 0.0 0.0 0.0 17 22.97 

COC 65 0.0 0.0 35 53.85 22 33.85** 1 1.54 4 6.15* 2 3.08 1 1.54 
FBS 

Denuded 78 3 3.85 41 52.56 8 10.26 0.0 0.0 0.0 0.0 0.0 0.0 26 33.33** 

COC 36 0.0 0.0 23 63.89 6 16.67 0.0 0.0 0.0 0.0 1 2.78 6 16.67 
SS 

Denuded  69 9 13.04* 39 56.52 5 7.25 0.0 0.0 0.0 0.0 0.0 0.0 16 23.19 

* Significant at <0.05; ** Significant at P<0.01   

 
Table (7):  Seasonal effect on the recovery rate and quality of sheep oocytes. 

No. of oocytes Oocytes quality 

Excellent Good 
COCs  

(excellent + good) 
Denuded Degenerated 

Season 
No. of 
ovaries 

Total 
No. 

RR 
(mean) No. RR 

(mean) 
% No. RR 

(mean) 
% No. RR 

(mean) 
% No. RR 

(mean) 
% No. RR 

(mean) 
% 

Winter 155 529 (3.45)b 43 (0.31)b 8.13 151 (0.95)a 28.54 194 (1.26)b 36.67 251 (1.64)c 47.45 84 (0.55)b 15.88 

Spring 137 589 (4.31)a 59 (0.45)a 10.02 145 (1.04)a 24.62 204 (1.49)a 34.63 285 (2.08)a 48.39 100 (0.74)a 16.98 

Summer 148 488 (3.68)b 38 (0.34)ab 7.79 119 (0.97)a 24.39 157 (1.31)b 32.17 213 (1.63)c 43.65 118 (0.74)a 24.18 

Autumn 228 720 (3.39)b 56 (0.26)b 7.87 164 (0.73)b 22.78 220 (0.99)c 30.56 411 (1.94)b 57.08 89 (0.47)c 12.36 

- Values in the same column with different superscripts differ significantly (P <0.05). 
- Table represents mean numbers of collected oocytes.  
- RR=recovery rate (no. of oocytes/no. of ovaries), %= no. of oocytes/total no. of oocytes/10 
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Abstract: This study aimed to reveal the effect of oral administration of aloe vera and opuntia ficus watery juice on 
gastric acid secretion and healing of acute gastric ulcer in rats. The experiment was performed on 49 rats distributed 
into 7 equal groups. One group of rats was kept as a negative control while, the other 6 groups were orally given 
10% aspirin solution (200 mg/Kg b.wt. ) on an empty stomach (fasting period of 18 hrs.) for induction of acute 
gastric ulcer. One group of rats with experimental gastric ulcer was kept as a positive control, while the other groups 
were orally given aloe vera, opuntia ficus and their combination as a watery juice daily for 2 weeks.  At the end of 
experiment, all rats were sacrificed and volume, total acidity and pepsin concentration in the gastric juice were 
determined. Gastric ulcer indexes were calculated and the histopathology of stomachs was carried out. Results 
showed that oral administration of the watery juice of aloe vera in combination with opuntia ficus at 20 % for 2 
weeks to rats with experimental ulcer caused significant antisecretory and anti-ulcer effects. The combined juice of 
both plants decreased volume and total acidity of the gastric juice and inhibited pepsin outflow. It also increased in 
curative ratio from gastric ulcer and ameliorated of histopathological lesions caused by aspirin. Therefore, intake 
aloe vera combined with opuntia ficus at 20 % for 2 weeks as a drink with a sweet substance may be useful in the 
management of gastric ulcer. The study recommends conducting this experiment on patients suffering from acute 
gastric ulcer. [Journal of American Science 2010;6(10):600-605]. (ISSN: 1545-1003).  
 
Keywords: Aloe vera, Opuntia ficus, Gastric secretion, Gastric ulcer, Histopathology, Rats.                    
 
1. Introduction 

 Peptic ulcers are erosions in the lining 
epithelium of the stomach (gastric ulcers) or the 
duodenum (duodenal ulcers). On contrary to popular 
belief, ulcers are not caused by spicy food but are 
most commonly due to an infection by Helicobacter 
pylori (H. pylori) bacteria, which are now recognized 
as the primary cause for most ulcers. The second most 
common cause of ulcers is long-term use of non 
steroidal anti-inflammatory drugs as aspirin (Khayyal, 
et.al. 2001). 
     Botanical materials have been traditionally 
used by herbalists for the prevention and treatment of 
peptic ulcers. Botanical compounds with anti-ulcer 
activity include flavonoids (e.g. quercetin, naringin, 
and anthocyanosides) saponins; (from Panax 
japonicus and Kochia scoparia); tannins (from 
Linderae umbellatae); gums and mucilages (e.g. 
myrrh). Among plant kingdom, some plants such as 
liquorice (Dehpour et.al., 1995, Langmead and 
Rampton, 2001 and Adel et. al., 2004); aloe vera 
(Suvitayavat et. al., 2003); capsicum or chilli (Yeoh 
et. al., 1995; Teng et. al., 1998 and Borrelli and Izzo, 
2000); cabbage (Noumi and Dibakto, 2000) and 
ginger (Chaudhuri, et. al., 2004) have been used 
extensively and their clinical efficacy was 
documented. The plant kingdom might provide a 
useful source of new anti-ulcer compounds (Borrelli 
and Izzo, 2000). 

    This study aimed to reveal the effect of oral 
administration of aloe vera and opuntia ficus watery 
juices alone and in combination, on gastric acid 
secretion and healing of acute gastric ulcer induced by 
aspirin in male rats. 
 
2. Material and Methods 
Plants: 

Fresh green leaves of Aloe vera (Family 
Liliaceae) and Opuntia ficus (Family Cactaceae) were 
obtained from the farm of Agricultural research 
Center, ministry of Agriculture, Giza, Egypt. The 
leaves were authenticated in the Botany Department, 
Faculty of Agriculture, Cairo University.  

 
 Aspirin (Acetyl salicylic acid, Aspegic ®):   

 It was obtained in the form of 1 gm vials 
from Ameriya Company for Pharmaceutical and 
Chemical Industries, Cairo, Egypt.  

 
Rats: 

Male mature albino rats (175 – 185 gm b.wt 
and 12 – 14 weeks age) of Sprague Dawley strain 
were obtained from the Laboratory Animal Colony, 
Helwan, Egypt. Rats were kept in plastic cages under 
strict hygienic conditions and fed on the basal diet for 
one week before start of the experiment for 
acclimatization. Water was provided ad libitum.  
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Preparation of basal diet: 
   The basal diet was prepared according to 

Reeves et. al. (1993). It is consisted of 20 % protein 
(casein), 10% sucrose, 4.7% corn oil, 2% choline 
chloride, 1% vitamin mixture, 3.5 % salt mixture and 
5% fibers. The remainder was corn starch upto100 %.  
 
Preparation of watery juice of the plants: 

     The fresh green leaves (pads) of aloe vera 
and opuntia ficus were incised several times 
longitudinally in the middle using a sharp cutter. The 
released viscous substance was collected in 250 ml 
glass beaker. To 150 gm of this substance, 600 ml 
distilled water were added and mixed in a blender for 
15 minutes to obtain 20 % watery  juice which kept in a 
refrigerator till use.     
 
Experiment and grouping of rats: 

 Forty nine male albino rats were divided into 
two main groups; the first main group (7 rats) was fed 
on the basal diet and kept as a negative control(C-ve). 
The second main group (42 rats) was orally given 
aspirin by stomach tube; aspirin was freshly prepared 
by dissolving one vial (1 gm) in 10 ml distilled water 
to obtain 10% solution. Aspirin solution was orally 
given to the rats on an empty stomach at a dose of 200 
mg/Kg b.wt. for induction of acute gastric ulcer 
according to the method described by Agrawal et. al. 
(2000). Rats with gastric ulcer were distributed into 
six subgroups (n=7 rats) and received for 2 weeks the 
following treatments: 

Subgroup 1: None treated (positive control group, C 
+ve). 
Subgroup 2: Given orally 10% aloe vera watery 
juice. 
Subgroup 3: Given orally 20% aloe vera watery 
juice. 
Subgroup 4: Given orally 10% opuntia ficus watery 
juice. 
Subgroup 5: Given orally 20% opuntia ficus watery 
juice. 
Subgroup 6: Given orally 10% aloe vera + 10% 
opuntia ficus watery juice. 

 
Determination of Gastric ulcer index:       

 On the last day of experiment period, all rats 
were fasted for 18 hours and in morning of the next day 
all rats were sacrificed and their stomachs were ligated 
around both openings (cardiac and pyloric). Each 
stomach was injected by 2ml distilled water and the 
gastric juices were collected in petri dishes after removal 
of the ligature around one opening and then their volume 
was measured. The stomachs were then opened 
longitudinally, washed with saline solution and 
examined using a magnifying lens. The length of gastric 
ulcer was measured and expressed as ulcer index (UI). 

The curative ratioes from the ulcer were calculated for 
the treated groups according to the method described by 
Akhtar and Ahmad (1995) using the following equation: 
                                LUC – LUT     
Curative Ratio =  —————— × 100 
                                LUC 
Where:  
  LUC = length of ulcer in the positive control group. 
  LUT = length of ulcer in the treated group. 
 
Measurement of volume of gastric juice: 
  Gastric juices from all groups were collected 
in test tubes, centrifuged at 5000 r.p.m. for 10 minutes 
and their volume of were measured by a graduated 
cylinder. Percentages of the decrease in volume of the 
gastric juice of the treated groups compared to the 
positive(C+ve) control group were calculated 
according to the method described by Agrawal et. al. 
(2000) using the following equation:  
                                            VJC – VJT     
Percentage of the decrease = —————— × 100 
                                                 VJC 
Where: 
VJC = Volume of gastric juice of the positive control 
group 
VJT = Volume of gastric juice of the treated group. 
 
Determination of total acidity in gastric juice:  
    Total acidity of the collected gastric juices 
was determined by titration of gastric juice with 0.1N 
sodium hydroxide solution (NaOH). In a conical flask, 
1ml of the gastric juice was added to 10 ml distilled 
water and 1 ml of oxalic acid. Two drops of 
phenolphthalein as indicator were added to the flask. 
NaOH solution was dropped from a graduated burette 
till the end point (pink color) is reached. The volume 
of NaOH solution required to produce neutralization 
was measured and the total acidity was determined 
according to the method described in A.O.A.C. 
(1995). Percentages of the decrease in total acidity of 
gastric juice of the treated groups compared to the 
positive(C+ve) control group were calculated using 
the following equation:  
                                          TAC – TAT     
Percentage of the decrease = —————— × 100 
                                                TAC                                  
Where:  
TAC = Total acidity of gastric juice of the positive 
control group 
TAT = Total acidity of gastric juice of the treated 
group. 
 
Determination of pepsin concentration in gastric 
juice: 

 Concentrations of pepsin (a proteolytic 
enzyme that degrades dietary protein) in the collected 
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gastric juices were measured chemically using 
spectrophotometer at 313 nm according to the method 
described by Schniath (1989).   
 
Histopathological examination: 

 Stomachs of the sacrificed rats were taken 
and immersed in 10% formalin solution. The 
specimens were then trimmed, washed and dehydrated 
in ascending grades of alcohol. Dehydrated specimens 
were cleared in xylol, embedded in paraffin, sectioned 
at 4-6 microns thickness and stained with 
Heamtoxylin and Eosin stain for histopathological 
examination according to the method described by 
Carleton (1979). 
 
Statistical analysis:  
  Data were presented as means ± SE and 
statistically analyzed using one-way ANOVA offered 
by Duncan’s multiple range tests according to 
Snedecor and Cochran (1986). P < 0.05 was used to 
indicate significance. 
 
3. Results and Discussion 

The obtained results are recorded in Tables 
(1) to (4) and shown in Figs.(1) to (5). Results 
revealed that oral administration of aloe vera watery 
juice at 10 and 20 % to male rats with gastric ulcer 
significantly (P < 0.05) decreased the volume of 
gastric juice by 31.7 and 35.6%, respectively as 
compared to the control positive group. Opuntia ficus 
watery juice at 10 and 20 % when given orally to rats 
with gastric ulcer decreased the volume of gastric 
juice by 12.15 and 25.50 % respectively. The 
combined juice of aloe vera and opuntia ficus 
significantly (P < 0.05) decreased the volume of 
gastric juice by 57.25% compared to the positive 
control group as depicted in Table (1).   

The decrease in volume of gastric juice 
caused by aloe vera juice reported in the present study 
agreed with the findings of Borrelli and Izzo (2000); 
Suvitayavet et al. (2003), Yusuf et al. (2004) and 
Kallaya et al. (2006). The previous authors reported 
that aloe vera juice decreased the volume of gastric 
juice and produced an antiulcer activity in rats. 
Concerning opuntia ficus watery juice, the decrease in 
volume of gastric juice caused by its administration to 
rats was in agreement with that obtained by Galati, 
et.al. (2003).The authors reported that opuntia ficus 
juice inhibited the ulcerogenic activity of ethanol in 
treated rats and examination by light microscopy 
showed restoration of the normal gastric mucosal 
architecture. The high decrease in volume of gastric 
juice caused by juice of both of aloe vera and opuntia 
ficus in the treated rats may be attributed to the 
additive effect of both juices. The antisecretory and 
acid lowering effects of aloe vera and opuntia ficus 

juices were previously reported by Noumi and 
Dibakto (2000) and Borrelli and Izzo (2000) in rats.  
 
Table (1): Effect of oral administration of aloe vera, 

opuntia ficus watery juice and their combination on 
volume of the gastric juice. (n= 7 male)    

 
Volume of gastric juice (ml) 

 

 
Groups and treatments 

Mean ± SE 
Decrease (%) 

1- Control (C-ve) 

1.07± 0.04 e --- 

2- Aspirin (C+ve) 
2.55± 0.02 a --- 

3- Aloe vera juice 10%  
1.74 ± 0.01 c 31.7 

4- Aloe vera juice 20% 
1.64 ± 0.03 c 35.6 

5- Opuntia ficus juice 10% 2.24± 0.02  b 12.15 

6- Opuntia ficus juice 20% 1.90 ± 0.01 c 25.50 

7- Combined juice 20 % 1.09± 0.04  d 57.25 

Means with different superscript letters differ 
significantly (P ≤ 0.05) using ANOVA test. 

 
Table (2): Effect of oral administration of aloe vera, 
opuntia ficus watery juice and their combination on 
total acidity of the gastric juice. (n=7 male)                                                                                                         

Titratable acidity of gastric juice ( mg equiv./L) Groups and 
treatments 

Mean ± SE Decrease (%) 

1- Control 
(C-ve) 

1.140± 0.03 d --- 
2- Aspirin 
(C+ve) 2.361 ± 0.02 a --- 

3- Aloe vera 
juice 10% 1.399± 0.05 b 40.7 

4- Aloe vera 
juice 20% 1.349± 0.03 b 42.88 

5- Opuntia 
ficus juice 
10% 1.591± 0.02 c 32.6 
6- Opuntia 
ficus juice 
20% 1.422 ± 0.04 c 39.8 
7- Combined 
juice 20 % 1.150± 0.01 d 51.3 

           Means with different superscript letters differ 
significantly (P ≤ 0.05) using ANOVA test.  
 

As shown in Table (2) oral administration of 
aloe vera juice at 10 and 20 % or opuntia ficus juice at 
10 and 20% to rats with aspirin induced gastric ulcer 
decreased the total titratable acidity (TTA) of gastric 
juice by 40.7 and 42.88% or by 32.6 and 39.8%, 
respectively. The combined juice of aloe vera and 
opuntia ficus caused a decrease in TTA of gastric 
juice by 51.3% as compared the control positive 
group. Similar findings were previously reported by 
Borrelli and Izzo, (2000), Yusuf et al. (2004) and 
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Kallaya et al. (2006) for aloe vera juice and by Park 
et.al. (1998) and Galati, et.al. (2003) for opuntia ficus 
juice.  

 Chemical analysis of gastric juice of rats 
given orally the watery juice of aloe vera at 10 and 20 
% or opuntia ficus at 10 and 20% revealed significant 
decreases in pepsin concentration by 9.87 and 24.30% 
or by 8.10 and 17.72%, respectively as compared to 
the positive control group. The combined juice of both 
plants at 20% decreased pepsin concentration by 
46.07% as recorded in Table (3). Similar results were 
obtained by Saito et.al. (1989) and Yusuf et al. (2004) 
for aloe vera juice and by Galati, et.al. (2003) for 
opuntia ficus juice.  
   Data recorded in Table (4) show that the 
gastric ulcer index in male rats with experimental 
gastric ulcer (positive control) was 8.45 ± 0.24 mm 
compared to zero (no ulcer) in the negative control 
group (normal rats). Oral administration of aloe vera 
and opuntia ficus watery juice to male rats for 2 weeks 
resulted in a decrease in gastric ulcer index and an 
increase in the curative ratio from gastric ulcer. The 
curative ratios from ulcer were 27.2; 42.0; 32.5; 36.6 
and 56.8 % for 10 and 20% of aloe vera and 10 and 
20% of opuntia ficus respectively.  

The ulcer healing effect was greater by use of 
the combined juice of both aloe vera and opuntia ficus 
at 20 %. The reported anti-ulcer effect of aloe vera 
juice was similar to that previously obtained by 
Noumi and Dibakto (2000), Suvitayavat et.al. (2003), 
Yusuf et.al. (2004) and Kallaya et al. (2006) in rats 
who concluded that aloe vera promote gastric ulcer 
healing. The authors attributed the anti-ulcer effect of 
aloe vera juice to its acid lowering effect and 
antiinflamatory activity. The most beneficial ulcer 
healing activity was reported by administration the 
combined juice of both aloe vera and opuntia ficus 
and this could be explained by their additive effect.  

Histopathological examination of stomachs 
of the negative control (normal) rats revealed normal 
histology of gastric mucosa as shown in Fig. (1). 
Stomachs of the positive control rats (given aspirin) 
showed focal necrosis, desquamation of gastric 
mucosa and leucocytic cells infiltration (Fig.(2)  
Examined sections of stomachs of the rats given 20% 
aloe vera watery juice showed only mild necrotic 
changes of gastric mucosa (Fig. 3). Examined sections 
of the stomachs of rats given 20% opuntia ficus 
watery juice showed mild necrotic changes in gastric 
mucosa and submucosal edema as shown in Fig (4). In 
rats given 20% aloe vera and opuntia ficus watery 
juice, the examination revealed normal histology of 
stomach as shown in Fig.(5). 

Results of histopathological examination of 
stomachs of rats, reported in this study, confirm the 
finding of in vivo anti-secretory and ulcer healing 

activity of aloe vera and opuntia ficus watery juice. 
The cytoprotective effect of aloe vera on gastric 
mucosa could be partly due to its anti-inflammatory 
effect that reported by Langmead et.al. (2004)  or due 
to the antioxidant effect of anthocyanins content of 
aloe vera as mentioned by Bolkent (2004). 
Concerning opuntia ficus, Galati, et.al. (2003) 
reported that opuntia ficus juice produced antioxidant 
and antiulcerogenic activities. It also caused 
restoration of the normal gastric mucosal architecture 
in rats with experimental gastric lesions. The authors 
attributed the antiulcerogenic effect of opuntia ficus to 
presence of mucilage content in its juice.  
 
Table (3): Effect of oral administration of aloe vera, 
opuntia ficus watery juice and their combination on 
pepsin concentration in gastric juice.     (n=7 male)  

Means with different superscript letters differ 
significantly (P ≤ 0.05) using ANOVA test.  

 
Table (4): Effect of oral administration of aloe vera, 
opuntia ficus watery juice and their combination on 
gastric ulcer index. (n= 7 male)                                

 
Means with different superscript letters differ 
significantly (P ≤ 0.05) using ANOVA test.  

 
 
In conclusion, oral administration of watery 

juice of aloe vera and opuntia ficus at 20% for 2 
weeks to rats with aspirin induced - gastric ulcer 
produces antisecretory, cytoprotective and gastric 
ulcer healing activities. The major goal for treating 
patients with peptic ulcer disease is to avoid the 
extreme elevation of gastric acid secretion and the 
direct irritation of gastric mucosa.  

Therefore, intake of aloe vera and opuntia 
ficus juice as a drink with a sweet substance may be 
useful for peptic ulcer patients. This study 

pepsin concentration  (mg/ml) Groups and treatments 

Mean ± SE Decrease (%) 

1- Control (C-ve) 20.9 ± 1.5 d --- 

2- Aspirin (C+ve)  39.5 ± 3.3 a --- 

3- Aloe vera juice 10%   35.6 ± 2.4 b 9.87 

4- Aloe vera juice 20%  29.9 ± 1.8 c 24.30 

5- Opuntia ficus juice 10%  36.3 ± 1.6 b 8.10 

6- Opuntia ficus juice 20%  32.5 ± 1.4 b 17.72 

7- Combined juice 20 % 21.3 ± 1.7c 46.07 

Groups and treatments Gastric ulcer index 
Mean ± SE (mm) 

Curative 
ratio (%) 

1- Control (C-ve) --- --- 

2- Aspirin (C+ve)        8.45 ± 0.24 a --- 

3- Aloe vera juice 10%      6.15 ± 0.18 b 27.2   

4- Aloe vera juice 20%    4.90± 0.21 c 42.0   

5- Opuntia ficus juice 10%     5.70± 0.14  c 32.5   

6- Opuntia ficus juice 20%      5.35 ± 0.18 c     36.6  

7- Combined juice 20 %     3.65± 0.18 d 56.8 
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Fig. (1) 

Fig. (2) 

recommends conducting this experiment on patients 
suffering from gastric ulcer disease. 
 
Cross sections in stomachs of rats showing:     

     
Fig. (1) Stomach of - ve control (normal) rat showing 
normal histology of stomach.  (H and E x 200) 

 

  
Fig. (2) Stomach of +ve control rat showing focal 
necrosis, desquamation of gastric mucosa and 
leucocytic cells infiltration.  (H and E x 100) 
 

                                  
Fig. (3) Stomach of a rat given 20% aloe vera watery 
juice showing only mild necrotic changes gastric 
mucosa.  (H and E x 200) 

 

 

 
                                 

Fig. (4) Stomach of a rat given 20% opuntia ficus 
watery juice showing mild necrotic changes and 
submucosal edema.   (Hand E x 100)    

 

 
 

                                                                                                              
Fig (5) Stomach of a rat given 20% aloe vera and 
opuntia ficus watery juice showing nearly normal 
histology of stomach.  (H and E x 100)   
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Abstract: Extraction by using supercritical fluids is one of the procedures for separating specific substances which 
are not separable by common methods. (Like separating bimolecular from foods).one of the most important 
properties of bimolecular which makes using supercritical fluids method useful to separate them is great change of 
solubility in supercritical solvents with change in pressure and temperature. Intermolecular energy parameters, 
critical properties, acenteric factor, and molecular interactions are some parameters that restrict us in using 
thermodynamic simple equations in modeling supercritical interactions. In this research, four state equations (third 
order) was used in modeling colza oil extraction (oleic oily acid) by supercritical carbon dioxide that consisted of 
Vandervalse, Redlish-Quang,Ping-Robinson and Mohsen nia-Mansori- Modares(MMM) corrected equation. 
[Journal of American Science 2010;6(10):606-611]. (ISSN: 1545-1003).  
 
Keywords: Supercritical fluid, Extraction, Canola Oil, Thermodynamic model. 
 
1. Introduction 
             Fluids in super critical condition have some 
properties which in some aspects are like gas and in 
some other aspects are like liquid. A super critical 
fluid is like a liquid in some physical properties such 
Density and in some transition properties such 
permeability, viscosity and low surface tension is like 
a liquid [1]. Supercritical fluids because of low 
viscosity and high permeability solve all the 
substances in specific pressure and temperature in 
supercritical region and because of high volatility 
separated simply from extracted substances. 
             One of the specific properties of supercritical 
solvent is high isothermal compressibility of them in 
compare to liquids, while those are same to liquids in 
density. Good solvability for supercritical fluid is 
cause high density of them. Moreover, with change in 
pressure and temperature, we can change the 
solubility of this in a broad range. For this purpose, 
after solving the extracted substance in solvent, we 
can separate it from solvent by change in pressure or 
operational temperature under critical point. Also, 
with use of supercritical fluids with low critical 
temperature, we can extract substances which are 
sensible to temperature (like medicinal material in 
foods) without any destruction. Carbon dioxide gas is 
used as supercritical solvent in extraction processes 
because of non flammable and non poisonous 
properties, inexpensiveness, availability and low 
supercritical condition and is one of the most 
common and appropriate substances gas. Thus, with 
regard to these properties, an appropriable potential is 
used for this kind of fluid (especially carbon dioxide) 

in separation process. Therefore, considering these 
special properties of supercritical fluids we use from 
extrication system with supercritical fluids (SCFE- 
supercritical fluid extrication) to extract and separate 
some specific, sensible, expensive, scarce subschema, 
this is an appropriate method. 
 
2. Application of supercritical extraction 

In early of 1970s, energy price increase 
unexpectedly, because of some events in the world 
that it was a great problem for industrial   countries.                 
              Therefore most of the research centers and 
universities, concentrated on processes with lower 
energy consumptions. Use of supercritical fluids to 
separating and extraction of plant extract was one of 
these processes. In this process, solvent recycle is 
performed by using of sudden expansion, and for 
example, such liquid- liquid extraction, there is no 
need of distillation operation (sox ell operation) thus 
this subject is due to considerable decrease in energy 
consumption and also high quality of extracted 
substance. Some of diverse usages of supercritical 
technology are: 

Pharmaceutical industry, Bioenvironmental 
industry, food industry, such as oily extract, 
Medicinal and herbal extract (subject of this 
research), Protein, vitamin, and…. 

In this research, oil extraction from oily 
extract from colza oily grain (canola) has been 
investigated. 

Plant oils, from the health protection and 
adoption to human body, have priority over animal 
oils because they have a lot of unsaturated oily acids 
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and those are considerable especially in recent 
decade. Generally plant oils extract from corn, Soya, 
canola, sunflower, olive, safflower, and grape seeds.      
              In comparison with oil extracted from these 
seeds, with increase in saturated oily acids, the 
quality of that oil and it’s resistance against 
temperature rise, will be increase. Also, from an 
economical point of view, the amount of oil in oily 
grain is of special importance. In selecting a high 
quality oily grain for oil extraction, some important 
factors such as quality of oil from physical and 
chemical point of view, the amount of oil in oily 
grain, easy extraction, inexpensiveness of oily grain, 
easiness in planting seeds, availability in all seasons 
are importance. Colza in European language is 
famous with these names: rapeseed, colza and raps.              
             Oily colza is the most important species of 
brassica type and probably wild species of it limited 
to Europe and North Africa.  

The most probable habitation of it is where 
brassica campetris and brassica oleraces overacts 
grew adjacent, since, canola (brassica napus) is 
created by compounding these two species and 
equalize hypoid chromosome. In remainder trace of 
Neolithic age in Egypt and in hendo writing, which is 
found between 1500  - 2000 AD, and especially in 
Greece, Rome and Chinese inscriptions, which is 
remained from  200-500AD, refer to oily plants of 
brassica species their medicinal valve. 

Canola oily grain entered Iran in last year’s. 
And several researches have done on it. In recent 
years, because of more attention and advances in 
under cultivation canola, the amount of it shows 
considerable increase and in 2001, 2002, under 
cultivation of canola reaches 70000   heaters. 

Specific characteristic and adoption of 
canola to different climatic, made this product more 
important and it is a promising product in providing 
necessary edible oils in our country. In this regard we 
can say: 

 We can cultivate canola with barley and 
wheat, which cause decrease in plant 
disease and weeds and also increase in 
seeds Activity. 

 Autumn and winter and moderate types 
provide possibility of cultivating canola in 
different climate. 

 In autumn cultivation need less irrigation 
and rain and raining in autumn and winter is 
enough for it. 

 Canola has a high activate, potential and 
among oily grain has the highest oil (40 to 
45 percent). 

 In rice field, after harvesting the rice, we 
can use cultivable premature colza.            

 Growth season of canola is different from 
other oily grains, and when extraction units 
are out of capacity, this plant harvested. 

 Because canola harvest is early in summer, 
we can use the land for cultivating wheat. 

 With right managing and use of simple 
methods, provide possibility of cultivating, 
storage, and harvest, in different conditions 
and with local facilities. 

 This plant is useful because of favorable 
plant leftover and positive effect on amount 
of organic matter of soil in providing 
required provender for farmers. 

 This plant has important role in expansion 
of beekeeping industry. 

 Canola is an autumn plant and don’t 
compete with spring profitable products. 
Lack of water in some regions, make 
cultivating premature canola a good choice 
and solve the problem of shortage of water. 

 With cultivating premature canola in dry 
farming regions that have appropriate rain 
in autumn and dryness in spring. There is a 
better result of cultivating. 
Considering mentioned instances, canola 

oily grain because of high oil percentage, high 
physical and chemical quality, inexpensiveness, high 
under cultivating in all seasons and all regions, was 
subject of attention in recent years. Here we compare 
the extracted oil of some oily grains with each others.  

As you see in table 4 Canola oil with 94% 
unsaturated fatty oil, has highest quality and high 
edible value among other foods. 

Most of the oily grains have 12 to 65 percent 
of oil and with regard to existence of oil in oily 
grains, to extract this oil, two methods of extraction 
by press and extraction by solvents was used. For 
grains that have more than 20 percents oil, only 
extraction by solvent was used and for grains with 
high percent of oil, first extraction by press and then 
extraction by solvent was used. In fact, the 
mechanism of extraction process, is like leaching of 
extracting inside solid by liquid (solvent) and it 
means that oil before that solvent solubility that is 
hexane normal is not saturated in it and exit of 
porosities of oily grains and when solubility in 
hexane is saturating, an equilibrium existed between 
outside liquids (Misla) and liquid inside solid (oil and 
misla), so that oil molecules enter solid phase.  

Two basis methods of immersion and 
percolation were used to extract oil. Factors such as 
temperature, time of extraction, amount of solvent, 
grain humidity, geometric figure, and size of flake 
particles effect on extraction process. One of the most 
important problems in using this method is use of 
poisonous solvent of normal hexane and 
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inseparability of oil from denude phase of process 
(sox ell) and this process cause small amount of 
hexane normal enter the extracted oil and cause low 
quality of it. In extracting method by supercritical 
fluids cause of complete separating of carbon dioxide 
(solvent) from extracted oil, gain high quality of oil 
and healthiness of it. Thus, in this research, we want 
to use a thermodynamic model, calculate best 
condition of oil extraction from colza grain, and 
compare suggested model with experimental data. To 
extract experimental data from supercritical fluids 
extractions, this equipment is designed (SCFE- 
supercritical fluids extractions).  
 
 
3. Experimental pilot plant and experiments  

The following picture indicate supercritical 
extraction pilot which was used in this research. This 
apparatus was used to extract liquid from solid in 
supercritical conditions. This apparatus also has 
capacity to work in 1000 Psi pressure and 
temperature of 100 degree of centigrade. As you saw 
in figure, this apparatus has capacity to work in 
dynamic and static conditions with distinct 
characteristics. In designing and manufacturing this 
experimental pilot, specific capacity was planned 
such as: 

1: Possibility of work in dynamic and static 
conditions 

2: Possibility of observing how supercritical 
phase forms considering specific design of extraction 
container (equipped with lateral glass)  

3: Great decrease in energy consumption in 
addition not using of compressor to compress the 
solvent. 

4: Possibility of changes in operational 
condition and simultaneous sampling without need to 
opening the system. 

5: Unique designs of high pressure pump to 
move supercritical fluids in two phase state.  

6: Lack of pressure oscillation in system 
with regard to unique design of pressure supplying 
system in pilot 

7: Possibility of change in solvent flow rate 
with the use of setting approaches of pump. 

In this research with the extraction 
equipment, more than 50 experimental data in 
relation to extraction of oil from canola oily grain by 
supercritical carbon dioxide solvent were obtained 
which was in different operational conditions, 
temperature of 35 to 60 degree of centigrade, 
pressure of 1500 to 2750 Psi, supercritical carbon 
dioxide flow rate of 2 lit/min to 7/5 lit/min, size of 
colza oily particles 80 to 200 micrometer, and after 
data evaluating, size of 120 micrometer, solvent flow 
rate of 5/5 lit/min, pressure of 2250 Psi and 

temperature of 55 degree of centigrade, was specified 
as the best most appropriate operational condition in 
extracting. In table 1, experimental data has shown.  
 
4.Thermodynamic modeling 

To estimate phase equilibrium between 
supercritical phase and extracted phase (density 
phase), knowing the fugacity coefficients of each 
component in each phase is necessary. The solubility 
of extracted substances in gas phase in sup ercritical 
conditions (yi) was calculated from below equation 
[walas 1985]: 
 
                                                                           (1)    
                                                                              
  

To simplifying this formula, we assume that 
supercritical solvent dose not solve in density phase 
at all. Saturated pressure of extracted substances 
(density phase) was very low (Pi

sat) and thus we can 
assume the fugacity coefficient is one                 .  

If we assume that molar volume of density 

phase   is independent of pressure, equation 1 

changes to this equation: 

)( S
i

 
                                                                                      

                                                                               (2)    
 

Fugacity coefficient of extracted substances 

in gas phase   was shown by using 

thermodynamic state equation in this equation: 

)( V
i

 
                                                                                      

                                                                               (3) 
 
 
 Which in this equation:   
 

                                                 
 
In table 2, three types of thermodynamic 

state equations (third order) listed to calculate 
fugacity coefficient.  

Considering present component of canola oil 
based on analysis on extracted sample, more than 
85% of canola oil components are oleic acid. Thus in 
this research, we assume that colza oil is single part 
and all the physical and chemical parameters and is 
equal to oleic acid.  

Considering present data, supercritical 
properties of oleic acid and carbon dioxide is 
presented in table 2. 

Critical properties of oleic acid were 
calculated by using JOBACK method, and 

obtained from Schulz reference (1991). To S
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calculate oleic acid gas pressure, the method 
presented by Hasan Orbey (1998) and final formula 
was explained as this: 
 
 

                                                                             (4) 5.1/09 7 TLnp 
 
 

  That in this formula, gas pressure was based 
on Pascal and temperature was based on Kelvin. Also 
to calculate oleic acid density, JAVA method was 
used. All critical properties of carbon dioxide were 
obtained from TRC reference. Finally with using 
thermodynamic state equations and applying 
correction factor on MMM state equation solubility 
of oleic acid in supercritical carbon dioxide solvent is 
estimated and compare with experimental data. 
 
5. Discussions  

Considering experimental data with using 
data mathematics conformity with MMM model, all 
coefficients in equation is investigated and finally 
equation explained as this: 
 
 
 
                                                                   (5)         
 

With regard to corrected state equation, 
solubility of oleic acid in supercritical carbon dioxide 
with using state equations VdW ،RK 
،PNG،MMM ,  C-MMM estimated and calculated 
and obtained result compare with experimental data 
shown in Fig1 and Fig2. 

As you can see in Figure 1 and 2, in high 
pressure, solubility of oleic acid in carbon dioxide 
with high temperature has little changes and 
solubility is under control the pressure completely.     
              The reason of this is increase in 
neighborhood number in high pressure and tangible 
increase in solvent density and finally is increase in 
solubility. Also high pressure of 2250 Psi, is cause 
increase in solubility and after this pressure, increase 
in pressure dose not effect on solubility.  

As you see in used state equations in this 
research, these equations have two adjustable 
parameters (a and b) and have a molecular interaction 
parameter Kij. Extract calculation of adjustable 
parameters and appropriate selection of Kij 
parameter, has effect on data adjusting with 
mathematical model and total error of system 
changes considerably. To adjust Kij parameter, in 
each state equation, decrease in total error of system 
was used as the following: 
 
 
                                                                   (6) 

 
So in this equation; N presents the number 

of experimental data. Total error of all state 
equations, is presented in Figure 3. As you see in 
Figure 3, thermodynamic model of C-MMM has the 
least error and the best adjusting with experimental 
data. 

 
Table 1: Extracted oily concentration experimental data with 
pressure and temperature difference in operational conditions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Other conditions: 

 Particles size 120  micrometer 

 Solvent flow rate 5/5  liter per minute 

 Consumption gas volume 2017/38 cubic centimeter 

 Static time 60  minute 

 
Table 2: Thermodynamic Models 

 

 
 
 
 
 
 
 
 
 
 
 
 
Table 3. Considering present data, supercritical properties of oleic 

acid and carbon dioxide is presented 

 
 
 
 

Table 4. Comparison between components in all kind of oral oil  
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Fig 1: Solubility of oleic acid in supercritical carbon dioxide, with 
different equation  in compare to experimental data in 

temperature of 55 degree of centigrade. equations 

)0( ijK

)0( ijK  in 

optimum state, pressure 2250 Psi and 55 degree of centigrade 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Fig 2:  Amount of total error of estimation the oleic acid in 
supercritical carbon dioxide with use of thermodynamic state 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Bar figure.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4: Schematic diagram of the Supercritical Fluid Extraction 
System (SCFE) for Extraction of oil from canola seed with 
supercritical carbon dioxide. 
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Abstract: Reliability is one of the main salient assets of modern weapon systems. The estimation of the failure rate 
of the major subsystems of military defence systems is of utmost importance in the design of any country's overall 
defence system. The results of a study to estimate the failure rate of the main computer system of the launcher of a 
shore to sea missile launcher is presented in this study. The effect of this failure rate on the reliability of the launcher 
and the overall availability of the missile guidance, launch and control system are studied considering the vast 
region to be covered along the Persian Gulf and the Oman Sea area by such a defence system. Since aging of parts 
reduces a system's availability, the availability of the coastal missile defence system is studied based on the 
availability of each subsystem indicating the extent of work required for the reliability growth of the missile defence 
system along the coast. [Journal of American Science 2010;6(10):612-616]. (ISSN: 1545-1003).  
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NOMENCLATURE 

The symbols used throughout the paper are as follows:  
 
MTTF = Mean Time to Failure in Hours 
GM = Ground Mobile Conditions  
ML = Missile Launch Conditions 

 = Failure rate in Failures Per Million Hours 
A = Availability 

 
1. Introduction 

Reliability indices are the most important measures 
available in the engineering and management of military 
defence systems. The successful deployment of missile 
defence systems highly depends on the proper 
understanding and use of reliability indices and 
reliability growth techniques. In general, reliability is 
defined as the probability of successful operation of a 
mission over a specified mission period and under 
predefined conditions. Reliability studies not only affect 
the successful operation of military defence systems, but 
they also have extensive application in the analysis, 
design, prototyping, manufacturing, testing, storing, 
field deployment, and maintenance and repair of such 
systems.  

Meeker (1985) discussed the laboratory test facility 
at the pacific missile test center where measurements of 
the mean time to failure (MTTF) of missiles carried by 
aircraft are measured. In this laboratory, electrical, 
thermal and vibration stresses on the missile are 
reproduced in order to expose the weapon system to 
more realistic test conditions. 

In another study, Elliot (1985) reported on the use 
of parametric and non-parametric techniques to analyze 
in-service data on two types of air-to-air guided missiles 
each type produced by two different manufactures. In 
order to detect and evaluate the presence of early 
failures and the 'useful life' period, Weibull analysis was 
used in this study. The non-parametric technique 
consisted of hypothesized extension of the factory 
environmental stress screening at the full assembly 
level. The mean-time-to-failure (MTTF) of the inventory 
was calculated. Then increments of time were taken off 
each missile and the MTTF of the new hypothesized 
inventory was calculated to see the change in MTTF as a 
function of additional screening time. They concluded 
that there is a need for stress screening at the full 
assembly level. 

Li and others (2009) performed a detailed reliability 
analysis on the power equipment of a certain new 
ground-to-air missile weapon system, including the 
main engine generating system and external power 
supply system which contains the generator set, the 
control device, the junction box and the cable. They also 
obtained the reliability model of this power equipment 
according to its instance in battle and training.  

Both experimental and theoretical approaches to 
reliability estimation and lifetime prediction may be 
used in the analysis and design of reliable coastal missile 
defence systems. The present study relies on failure rate 
estimation based on MIL-HDBK-217F (DOD 1995), 
and the Nonelectronic Parts Reliabilty Data (RAC 
1995). 
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2. The Coastal Missile Defence System and its 
Availability  

The coastal missile defence system is a vital part of 
the overall missile defence system of the country. Due to 
the strategic importance of the Persian Gulf and the 
Oman sea, the coastal missile defence system plays a 
highly important defence role. The system is usually 
composed of several missile sites each responsible for 
the coverage and protection of a given section of the 
coastal waters. Each site consists of several subsystems 
responsible for command, launch, guidance and control 
of the system. As the subsystems are composed of parts 
which have a limited lifetime, the overall system is of 
limited reliability. It may even be the case that some of 
the subsystems fail due to experiencing overstresses that 
may lead to early wearout and/or failure. Should this 
condition coincide with the need to fend off a potential 
threat by deploying the missile site, we may experience 
a tragic condition which could have grave consequences. 
The consequences may include damage done to the 
armed forces, the destruction of vital assets and strategic 
points in the country, failure of the mission of the 
defence forces, loss of opportunity to fend off the enemy 
approaching our coastal regions, and even the potential 
infiltration of the enemies into our land territories. 
However, the successful operation of the coastal missile 
defence system on certain strategic targets may hinder 
the enemy from further attacks.  

Iran possesses around 5440 Kilometers of borders. 
About 740 Kilometers of this is at the Caspian sea and 
about 2440 Kilometers is in the Persian Gulf region. The 
extent of this region and the strategic position of the 
Persian Gulf make the reliability and availability of 
Iran's coastal missile defence system vital to her 
integrity. 

The present study reports results of the reliability 
estimation of the main computer of a missile defence 
system and the effect of the availability of each site on 
the availability of the overall coastal missile defence 
system given the conditions along the coastal regions of 
the Persian Gulf and the Oman Sea.  
 

Fig. 1 The coastal regions of the Persian Gulf and the 
Oman Sea 
 
2. Reliability Estimation 

Even early in the design stage and in the absence of 
any physical prototypes, a product's reliability may be 
estimated using existing failure rate databases such as 
MIL-HDBK-217F (1995), 217Plus, SPIDR, PRISM, 
FIDES, Telcordia SR-332, EPRD, HRD4, CNET, 
299B, NSWC, NPRD, etc. Usually a system must 
undergo a reliability program before it matures into a 
high reliability product. Early life reliability 
predictions may be used to decide whether a product 
meets a specific early life reliability requirements or it 
should undergo reliability growth programs. The 
system under study basically operates under two 
conditions, namely the Ground Mobile and the Missile 
Launch conditions per MIL-HDBK-217F. The failure 
rate and the mean time to failure of the main computer 
of the missile launch system that is composed of 
several subsystems as shown in Table 1 is estimated 
based on MIL-HDBK-217F and the results are shown 
in Figures 2 and 3 below. 

.   
Table 1 Estimated failure rate and MTTF for the Main Computer under Ground Mobile and Missile Launch Conditions 

ML
MTTF  

GM
MTTF  

ML
  

GM
  

Name of subsystem Subsystem 
Number 

5578.15016 20945.2771 179.2709 47.74346 Main computer case 1 

5013.89008 1841.3628 199.445936 54.108564 CPU Module 2 

8172.5877 30025.1634 122.360265 33.3053974 IO Module 3 

3885.92309 16737.751 257.339113 59.7451833 D/A Module 4 

5149.05484 23535.3814 194.2104 42.48922 B01 Supply Module 5 

6349.21602 33926.7 157.49976 29.47531 B02 Supply Module 6 

53792.3615 236127.509 18.59 4.235 Power Supply Module 7 
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Fig 2 The estimated failure rate of each subsystem of the main computer under ground mobile conditions 
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Fig 3 The estimated failure rate of each subsystem of the main computer under missile launch conditions 

 
 
3. The Availability of the Overall Coastal Missile 
Defence System 

The extensive sophistication and the mixture of 
technologies involved in a missile defence system 
make the analysis of its reliability extremely difficult. 
On the other hand, the deployment of systems with 
partially worn out parts, parts of a low quality, or 
parts with a potential intrinsic mode of failure is 
unavoidable. Since the failure of parts is of a 
stochastic nature and the exact time of need for the 

operation of the site is not predictable, it is vital to 
study ways to maintain a high level of availability for 
the defence system. High system availability coupled 
with preparedness of the forces who are supposed to 
deploy these systems is the key to successful 
operation of the mission of such systems. 

The extensive war on our western borders for 
several years during the 1980s plus the many years of 
reconstruction in the post war years led to a drastic 
reduction of military spending and the reliability of 
the defence systems. Later on, with the increasing 
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threats in the area more attention was paid to this 
sector.  

The need to pay close attention to the reliability of 
the defence system is being felt more than ever 
before. This includes all aspects of planning, design, 
testing, manufacturing, maintenance and repair, and 
logistics. 

Given that we have obtained the reliability 
measures for the main computer of the launcher, we 
may use the same procedure to obtain the reliability 
of the whole launcher. To study the availability of the 
overall coastal missile defence system, we must 
develop a simple model so as to avoid complex 
computations. If we assume that the availability of 
each of the six subsystems that exist at each missile 
site are equal to each other, say A, then the 

availability of the site will be equal to . The 

availability of the overall missile defence system 

including n sites would be equal to . To show the 
importance of the availability of each subsystem on 
the availability of the overall missile defence system, 
the availability of the overall system is computed for 
systems assuming 5 and 10 subsystems. Of course, 
given the 2440 kilometes of coastal regions in the 
south and the fact that the typical range of such 
missiles is in the order of 100 to 150 kilometes, it is 
clear that more than 10 such sites are needed for full 
coastal coverage. It should be remembered that these 
systems have a slow mobility, and may be attacked 
once deployed. This fact indicates the need for even a 
larger number of such systems in the overall coastal 
defence system in the Persian Gulf region.  

6A

6nA

 

 
Table 2. The availability of the overall missile defence systems assuming various levels of availability for each of 

the subsystems at a given site 
AAvailability of the 

overall system given 
that each subsystem 
has an availability of 
A=0.9 

vailability of the 
overall system given 
that each subsystem 
has an availability of 
A=0.99 

Availability of the 
overall system given 
that each subsystem 
has an availability of 
A=0.8 

Availability of the 
rall system given 

hat each subsystem 
has an availability of 
A=0.7 

ove
t

Assumed 
number of 
sites in the 
overall coastal 
defence 
system 

0.942  0  .530.262  0.118  1 

0.742  0.042  31.235 10x 
 

52.29 10x 
 

5 

0  .5531.479 10x 
 

61.524 10x 
 

1
 

05.23 10x 10 

 
 
Note that it is highly expensive to achieve very high 
availability rates for each subsystem at a given site. A 
review of the results shown in Table 2 indicates the 
importance of maintaining high availability for each 
subsystem at each site to provide for a reasonable 
level of availability for the overall coastal missile 
defence system. Reliability growth for the system 

may be achieved by improving the reliability of each 
subsystem. This is indicated by the results shown in 
Table 3 which show the percent reliability growth in 
the overall coastal defence system assuming that the 
availability of each subsystem is raised from 0.7 to 
the new values indicated in the first row of the Table. 
 

 
Table 3 Percent growth in the reliability of the coastal defence system due to an increase in the availability of each 

subsystem form 0.7 to values indicated in row 1. 
 

2 0.  99A 2  0.9A 2  0.8A Assumed number of sites in the missile defence 
system 

%698 %349 %122 1 
%3240074 %183306% %5293 5 
%1051625238 %334416726 %2291295 10 

 
 
Of course, it is not so easy to raise the availability 

of each site. It requires a lot of investment, 
engineering work and reliability testing before any 
reliability growth may be achieved. 

An integrated reliability program usually includes 
reliability testing programs that should be 
implemented such that all the reliability needs for the 
product are covered. The design of an optimal 
reliability testing program will also help reduce the 
overall life cycle costs of the product. The reliability 
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of a system is affected by the reliability of its 
components and the way they are interconnected and 
manufactured. One may improve a product's 
reliability by using more reliable components of a 
higher quality or system redesign using high 
reliability parts from newer technologies.  

Reliability growth can also be achieved by other 
means such as derating of parts (Radu, 2003), use of 
redundancy in design and proper design of 
accelerated life testing and environmental stress 
testing (Gatelani, 2007). To ensure that the systems 
deployed in the field have a high reliability, proper 
environmental stress screening programs must be 
designed and implemented (Yang, 1998). 

 
4. Conclusions 

Given the need to protect the integrity of the 
country against potential threats from the Persian 
Gulf and the Oman Sea regions, Iran needs a strong 
coastal missile defence system. Considering the 
typical range of shore to sea missiles considered in 
this study and the vast region under coverage, a lot of 
reliability improvement is needed to maintain an 
acceptable level of availability for the missile defence 
system.  
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Abstract: The plants of Lagenaria siceraria were inoculated with 02, 20, 200, 2,000 and 20,000 
juveniles of root- knot nematode (Meloidogyne javanica) per pot, under green house condition. Significant and 
maximum reduction in plant growth and yield was noticed at the highest inoculum level (T4 and T5) plant.  Non-
significant reduction in the length and weight of the root and shoot of Lagenaria siceraria in T1 and T2 plants, 
plants were inoculated with 2 and 20 juveniles/plants. The number of galls was greatly influenced by the 
initial population of the nematode. The maximum number and size of galls were noticed in T4 and T5 plants. 
The juveniles caused rupturing of epidermis of the root of Lagenaria siceraria while penetrating into the 
inner tissues. In young roots the juveniles migrated towards differentiating vascular tissues. Their migration 
was intra and inter cellular. In older roots, they migrated through the cortex. They caused the formation of 
giant cells in the form of clusters. In a giant cell cluster these are five to twelve giant cells, each having 
dense cytoplasm and enlarged nuclei. All the nuclei enclosed one to few nucleoli. The giant cell clusters 
modify the internal morphology of the affected tissue. In addition, abnormal xylem and  abnormal  phloem  
also  occupy  a  major  portion  near  the  giant  cells.    
[Tanweer Azam, Hisamuddin and Merajul Islam Robab. Effect of Initial Inoculation of Meloidogyne javanica 
on Growth and Yield of Lagenaria siceraria. Journal of American Science 2010;6(10):617‐622]. (ISSN: 
1545‐1003). 
 
 
Keywords: Lagenaria siceraria; Meloidogyne javanica;giant cell 
 
 
 
 
1. Introduction 
 

Meloidogyne javanica, a plant parasitic 
nematode causes severe damage to a large number 
of plant species including the members of the 
family Cucurbitaceae. Singh and Goswami (2000) 
reported significant growth reduction over control 
in cowpea with initial population of 1,000 
nematodes per 500 g soil. Maximum reduction in 
plant height, root length and root weight of 
sunflower plants recorded at 2500J2 (Bhatt et al., 
2001). Parasitism by root knot nematode is 
characterized by establishment of permanent 
feeding sites comprising of giant cells in the   
cortex,   endodermis,   pericycle,   and   vascular 
tissues of the host roots. In addition, deformation 
and blockage of vascular tissues at the feeding sites 
limit the translocation of water and nutrients, 
which further suppresses plant growth and crop 

yield, (Hussey and Williamson, 1997). Low or 
high population densities of these nematodes 
produce different effects on plants.  

Wallace (1971) found an increased rate of 
plant growth at lower, and decreased at higher 
population densities. 
 The following study was carried out to 
determine the effects of different inoculum levels 
on (i)  the  plant  growth  (ii)  the  plant  yield,  (iii)  
the number and size of galls (iv) the number of egg 
masses  per  plant,  (v) Nematode  population,  
(vii) reproduction factor. 
 
2. Materials and Methods 
 
2.1 Raising and maintenance of test plant 
 

The seeds of Lagenaria siceraria were 
surface sterilized with 0.5% sodium hypochlorite 
NaOCl for four minutes and thoroughly washed 
five times with distilled water.  The axenized 
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seeds were sown in 30 cm diameter clay pots 
containing steam sterilized soil (7 clay: 3 sand: 
1 farmyard manure) and   allowed   to   germinate.   
The   seedlings   were thinned to one seedling per 
pot, before inoculation. 
 
2.2 Inoculation with nematode 

Meloidogyne javanica was selected as a 
test pathogen. To perform experiment during the 
period of research, pure culture of M. javanica was 
maintained on egg plant (Solanum melongena L.) 
roots in a glass house by using single egg mass. 
The egg masses from the galled roots of egg plant 
were picked with the help of sterilized forceps and 
allowed to hatch. The second stage – juveniles 
were collected in sterilized distilled water and 
counted with the help of counting dish. Three leaf 
stage seedlings were inoculated by making holes of 
5-7 cm depth around the plant within the radius of 
two centimeters. The second stage juveniles, at the 
rate of 2J2, 20J2, 200J2, 2,000J2, and 20,000J2 per 10 
ml water, were pipette into the holes, which were 
covered with the soil soon after inoculation. Each 
treatment was replicated five times and the pots 
were arranged in randomized complete block 
design. Uninoculated set of plants served as 
control. 
 
C  : control  

T1 : 2J2/pot  

T2  : 20J2/pot 

T3 : 200J2/pot 
 
T4 : 2,000J2/pot 
 
T5 : 20,000J2/pot 
 

Watering was done regularly at an 
interval of two days. The plants were uprooted 
after 60 days of inoculation. The data for different 
parameters were collected and statistically 
analyzed. 
 
 
3. Parameters 
 
3.1 Plant growth 
 

After 60 days of inoculation, the mature 
plants were uprooted with the help of hoe and 
gently washed with running tap water. The plants 
were cut at the margin of the root and the shoot. 
Length of the root and the shoot was measured in 
centimeter with the help of meter scale.  Fresh 
weight of root and shoot was determined by 

physical balance. Roots and shoots were kept, 
separately, in bamboo paper envelopes and kept in 
an incubator maintained at 72 ºC temperature for 5 
days. Dry weight of the root and the shoot was 
determined. 
 
3.2 Number of flowers and fruits 
 

The numbers of flowers, number of 
fruits per plant were counted visually. 
 
3.3 Number and size of galls 
 

The   number   of   the   gall   was   
counted visually. And the size of gall was obtained 
by measuring in maximum length and width (in 
mm2) on meter scale. 
 
 
3.4 Number of mature female 
 

For counting the number of mature 
females the root sample taken from each treatment 
were blended with 200 ml water in a warring 
blender for 30 seconds at low speed. The 
resultant suspension was passed through coarse 
and 100 mesh sieves in order to separate root 
tissue. The total female population was counted 
with the help of counting dish. Total number of 
female nematodes in the suspension was divided 
by the weight of each root system to derive 
population per gram root. 
 
3.5 Number of egg masses 
 

The number of egg masses per root 
system on infected roots was counted after staining 
with phloxin B, prepared by dissolving 0.12 g 
phloxin B per liter of water.   The galled roots 
were placed in this solution for 15-20 minutes. 
The roots were gently rinsed in tap water. The egg 
masses were stained red and counted directly. 

 
3.6 Nematode population (Root and Soil) 
 

Root nematode population was 
determined by macerating 5g of infected root in a 
warring blender and suspensions were passed 
through 100 to 400 mesh sieves and the juvenile 
catch on the 400-mesh sieve was collected in a 
beaker. Soil of each pot was thoroughly mixed 
with and juveniles were extracted by Cobb’s 
sieve and decanting and Baermann funnel methods. 
The number of nematodes per root system and per 
kilogram soil was counted using counting dish. 
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3.7 Reproduction factor 
 

Reproduction factor (Rf) was calculated 
by the formula: 
 
Rf   = Pf/Pi 

 
Where Pf is the final population and Pi is 

the initial population. 
 
 
4. Results 
 
4.1 Root and shoot length 
 

In comparison to control, non-significant 
decrease in the root and the shoot length was 
observed at Pi = 02J2   and Pi = 20J2, when 
compared to control. In comparison to control, a 
significant (P≤0.05) decrease in the root and the 
shoot was observed at an initial inoculum level of 
Pi = 200J2. Significant (P≤0.01) and highest 
reduction occurred in the root and the shoot length 
of plant at the initial inoculum level of Pi = 
2,000J2 and 20,000J2, in comparison to control 
plant (Table-1). 
 
4.2 Root and shoot weight 
 

Highest and significant (P≤0.01) 
reduction in the fresh and the dry weight of the 
root and the shoot weight was occurred at Pi = 
2,000J2   and 20,000J2, when compared with 
control plant. A significant   (P≤0.05) reduction in 
comparison to control was noticed at Pi = 200J2. 
Non-significant reduction in the fresh and dry 
weight of the root and shoot was observed at Pi = 
02J2 and 20J2 (Table-1). 
 
4.3 Number of flowers and fruits 
 

The number of flowers and fruits decrease 
with an increase the initial inoculum level. The 
number of flowers and fruits decreased non- 
significantly at initial inoculum level of Pi = 02J2 

and 20J2, when compared with control. The 
number of flowers and fruits decrease significantly 
(P≤0.05) decreased at initial inoculum level of Pi = 
200J2. A significant   (P≤0.01)   decrease   in   the   
number   of flowers and fruits was observed at an 
initial inoculum level of Pi = 2,000 J2 and Pi = 
20,000J2 (Table-1). 
 
4.4 Number and size of galls 
 
 The number and size of galls were small 

at the initial inoculum level of Pi = 02J2. A non- 
significant increase in the number and size of galls 
were observed in the plants at Pi = 20J2, when 
compared to lowest inoculum level. A significant 
(P≤0.01) increase in the number and size of galls 
were observed at Pi = 2,000J2, when compared 
with the number and size of the gall at Pi = 02J2. 
The highest number of gall and attained maximum 
size at highest inoculum level of Pi = 20,000J2 

which were significantly (P≤0.01) larger than the 
galls at all the lower inoculum levels (Table- 2). 
 
4.5 Number of mature female 
 

The number of mature females recovered 
from the roots increased with an increase in the 
initial inoculum level. The number of mature 
females per gram of root was two at initial 
inoculum level of Pi = 02J2. A non-significant 
increase in the number of matures female per 
gram of root was noticed at Pi = 20J2 as compared 
with that at Pi = 02J2. The number of mature 
females per gram of root significantly (P≤0.01) 
increased at the initial inoculum level of Pi = 
2,000J2   than at the initial levels of Pi = 02J2, 
20J2, and 200J2. Maximum number of mature 
female was collected from the roots of the plant at 
the highest inoculum level Pi = 20,000 followed by 
Pi = 2,000J2, Pi = 200J2, Pi = 20J2 and Pi = 02J2 

(Table-2). 
 
4.6 Number of egg masses 
 
 The number of egg masses per plant 
increased as the number of juveniles introduced 
per plant increased. A non-significant increase in 
the number of egg masses was observed at the 
initial inoculum level Pi = 02J2. A significant 
(P≤0.01) increased in the number of egg masses 
per plant was found at Pi   =200J2, 2,000J2 and 
20,000J2, in comparison to the lower inoculum 
levels (Pi = 02 and Pi = 20J2) (Table-2). 
 
 
4.7 Reproduction factor and rate of p opulation 
increase 
 

Reproduction factor (Rf) decreased with 
increase in initial inoculum level. Maximum being 
at the lowest and minimum at highest inoculum 
level (Table-2). 
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Table-1: Effect of initial inoculum of nematode on plant growth and yield of Lagenaria siceraria 
 

Plant Length (cm) Fresh Weight (g) Dry Weight (g)  
Treatments  

Root 
 

Shoot 
 

Root 
 

Shoot 
 

Root 
 

Shoot 

No of 
flowers 
plant-1 

No. of 
fruits plant-1

Control 27.40 99.90 4.98 22.46 1.32 6.05 20.35 13.15 
02J2/pot 27.10 99.50 4.80 20.25 1.20 5.70 19.65 12.70 
20J2/pot 24.90 92.65 4.72 19.65 1.15 4.95 17.28 12.10 
200J2/pot 18.30 87.15 3.48 18.80 0.99 4.40 14.78 9.70 
2,000J2/pot 15.45 73.75 3.05 16.55 0.82 3.25 12.20 7.90 
20,000J2/pot 10.25 54.35 2.75 12.35 0.68 2.48 9.54 6.15 
L.S.D≤0.05 7.16 11.30 1.24 3.26 0.24 1.36 4.13 2.42 
L.S.D≤0.01 9.43 14.88 1.57 4.19 0.35 1.74 5.62 3.48 
 
 
 
Table-2: Effect of initial inoculum of nematode on gall, egg masses, population and reproduction factor. 
 

 
 
Treatments 

 

No of 
galls 

plant-1 

 

Size of 
gall 

(mm2) 

No of 
female 
per (g) 

root 

No of 
egg 

masses 
plant-1 

 
Root 
Population 

 

 
Soil 
Population 

 

 
Total 
Population 

 
 
RF 

Control - - - - - - - 
02J2/pot 2.05 3.05 5.65 2 275 555 830 415 
20J2/pot 27.55 5.32 17.15 40.68 2085 4260 6345 317.25 
200J2/pot 73.68 7.95 27.34 158.00 2670 5462 8132 40.66 
2,000J2/pot 112.35 13.10 51.55 245.25 3590 7230 10820 5.41 
20,000J2/pot 174.75 20.55 58.01 405.00 9890 16845 26735 1.33 
L.S.D≤0.05 34.80 2.70 17.08 39.12 - - - - 
L.S.D≤0.01 47.75 4.91 23.43 53.69 - - - - 

 

 
5. Discussion 
 
 Tomato plants, inoculated with second 
stage of juveniles of Meloidogyne javanica caused 
reduction in plant length plant weight and other 
yield parameters.  An increase in the number of 
juveniles per plant decreased length and weight of 
the plants. Increase in inoculum level from 2J2  to 
20,000J2 per pot gradually decreased plant weight, 
stunting of the plant, chlorosis of the leaves, loss 
in plant weight are the characteristic symptoms  
of root-knot nematode infected plants, Which  
were observed in tomato infected with M. javanica.  
Reductions in plant length and weight have been 
reported by several workers like (Shukla and 
Haseeb, 1998; Jonathan and Rajendran, 2000; 
Nehra and Trivedi, 2002; Hisamuddin et al, 2005;   
Azam   and  Hisamuddin 2008; Azam et al., 2008). 
Reduction in growth of L. esculentum was due to 
the infection caused by M. incognita. There was 
reduction in the number of flowers and fruits on 
nematode infected plants. Deleterious effects of the 
pathogen were reflected not only on plant growth 
but also on yield of L. siceraria. Highest 

reductions had occurred at the highest inoculum 
level as in evident from the finding. The loss in 
yield due to root – knot nematode infection has 
been reported by several workers on different 
plants (Chitwood,  2003;  Hisamuddin  et  al.,  
2003, 2004; Niyaz  and  Hisamuddin  2008;  
Tiyagi  et  al, 2001). 
 

Gall formation on the root of L. siceraria 
further supports that the nematode was 
successfully established in the roots and had 
become the agent of loss of growth and yield. 
The size of gall indicated the magnitude of 
inoculum density. Smaller galls indicated low level 
and larger gall indicated higher level of inoculum. 
Maximum numbers of galls were observed at 
20,000J2 per pot. Gall number and the gall size 
were found proportionate to the amount of 
inoculum. At lower inoculum levels fewer galls 
were formed, on the other hand, at higher 
inoculum levels many galls were developed. The 
finding are in accordance with the earlier reports, 
(Niyaz and Hisamuddin 2008; Parveen 2006; 
Azam 2008). 
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From the findings it is evident that L. 
siceraria reported positively towards host-parasite 
relationship. 
 

The number of egg masses per plant 
increased as the level of inoculum increased. Egg 
mass number being higher at higher inoculum level 
indicated that large number of juveniles entered the 
roots and induced gall formation. As the females 
matured simultaneously and laid eggs. There was a 
great relationship between the number of egg 
masses per plant and the initial inoculum level. 
The relationship between number of eggs per 
egg mass was inversely proportional. The egg 
masses obtained from the gall at lower inoculum 
level contained higher number of eggs and on the 
contrary, the egg masses at higher inoculum level 
contained lower number of eggs. From this 
finding it is evident that the developing females 
obtained sufficient amount of food from the plant 
at lower inoculum level. The nematode had to face 
a competition for food at higher inoculum level. 
Perveen (2006) and Niyaz and Hisamuddin (2008) 
had encountered the same relationship. 
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Abstract: Several algorithms of different order and complexity are available for particle simulations. In this study, 
the actual results of measurements of self heating times as a measure of accuracy of a single species one dimensional 
electrostatic simulation of thermal plasmas are presented using zero order weightings (NGP), linear weighting 

(CIC), and quadratic spline (QS) weighting. Optimal range of parameters is found to be along  for 

zero order weightings and  for linear and quadratic spline weighting. Considerable increase in self 

heating time is achieved through truncation in k-space. The results are useful in the optimum choice of simulation 
algorithm and indicate that using a higher order simulation algorithm is highly recommended, especially when 
k-space truncation is used. [Journal of American Science 2010;6(10):623-628]. (ISSN: 1545-1003).  
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Nomenclature 

eT
T

=electron temperature 

i


=ion temperature 
=Boltzman's constant 

em
m

=electron mass 

i =ion mass 

p =plasma frequency 

D =Debye length 
x =simulation grid size 
t =simulation time step 

0n =particle density 

DN =number of particles in a Debye length 

CN =number of particles in a grid spacing 

h =self-heating time 

t

k
v =electron thermal temperature 

max

k
=maximum allowable mode 

last =last mode kept 
 
1. Introduction 

The choice of which algorithm to use in particle 
simulations involving many particles is highly 
important since it determines both the computational 
expense and the accuracy involved since each algorithm 
naturally introduces some errors due to discretization of 
both time and space. 

Particle simulations have been carried out to study 
the behavior of electron beams in vacuum tubes and 

have later developed into the simulations of both 
electrostatic and electromagnetic plasmas. 

Linear interpolation or other higher order 
interpolation schemes are almost always used in 
particle-in-cell simulation because of their lower noise 
characteristics and accuracy relative to the 
nearest-grid-point method. The higher order 
interpolation schemes are chosen because of their 
optimal performance, balancing a smaller number of 
particles against more computer operations per particle 
per time step. However, this is not always the case. 
Parker (2002) presented large-scale gyrokinetic particle 
simulations, where sometimes nearest-grid-point 
interpolation is used with results virtually identical to 
those of linear interpolation using the same number of 
particles. He presented a comparison and analysis of 
nearest-grid-point and linear interpolation schemes 
showing why nearest-grid-point interpolation can be 
optimal.  

Li et al. (2009) proposed improved particle-in-cell 
(PIC) algorithms including volume weighting 
cloud-in-cell model, geometry profile considered 
explosive electron emission model and divergence error 
diffused perfectly matched layer boundary in order to 
increase the precision of the algorithm and decreased 
the numerical noise. Their model resulted in the 
development of a user-friendly, 2.5-dimensional PIC 
code called UNIPIC to simulate high power microwave 
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source devices and used for their geometry optimization 
in x-y, z-r and r-φ coordinate systems. Results of 
simulation of a relativistic magnetron, magnetically 
insulated line oscillator, virtual cathode oscillator have 
all shown good physics image and beam-wave 
interaction characteristics. 

In the electrostatic simulations, the model consists 
of charged moving particles experiencing both the force 
due to themselves and due to the externally applied 
fields. Maxwell's equations and Newton's Lorentz 
equations are both applied to follow the motion of these 
particles. Simulations are done both in discrete space 
and time. Thus, the models used affect the accuracy and 
stability of the simulations. The simplest model used is 
the zero order particle and field weighting called 
nearest-gid-point (NGP). A better weighting would be 
first order weighting that smoothes the density and field 
fluctuations at the expense of accessing two grid points 
for each particle twice each step. This is called 
cloud-in-cell (CIC). A higher order weighting is 
quadratic spline (QS) that further rounds off the 
roughness of the particle shape. 

The non-physical self heating times of a one 
dimensional electrostatic simulation of thermal plasma 
are presented using zero order weigthing or the 
nearest-grid-point (NGP), linear weighting cloud-in-cell 
(CIC-PIC), and quadratic spline weighting (QS) in a 
momentum conserving code called ES1 that was written 
around 1972 (Birdsall and Langdon, 2005). It is 
noteworthy that even energy conserving codes show 
self-heating for . In such codes, energy is 
conserved only in the limit of zero for . ES1 is a 
"particle-in-cell" simulation of the Vlasov Eq. for 
"1-Dimensional" (in space, plus the corresponding 
velocity dimension) periodic problems. One may use 
ES1 to develop insight into plasma behavior and the 
properties of the Vlasov equation, including surprising 
nonlinear results. ES1 tracks several thousand 
individual particles in phase space. Thus, it effectively 
solves a Klimontovich-Dupree Equation which in the 
limit of a very large number of particles should 
converge to the equivalent problem of solving the 
Vlasov Eq. for a smooth f(x,v,t). 

0t 

t

It has been found that the temperature of thermal 
plasmas increases linearly with time. Self heating time 

h is defined as the time taken for the thermal energy 
( ) of the system to double in value. A one 
dimensional electrostatic plasma model consisting of a 

mobile electron species and immobile neutralizing ion 
background was used in this study. For this system, this 
is the time in which the average kinetic energy of an 
electron increases by 

2r vT o

0.5 T . This increase in energy is 
numerical in origin and of a stochastic nature. It arises 
due to the fluctuations in the force due to the presence 
of finite grids in space and time. Therefore, the self 
heating time strongly depends on  and t x . A 
Maxwellian velocity loader with first and second 
moment correction was used (Gitomer 1971). 

Hockney (1971) empirically obtained the 
self-heating times for a two dimensional plasma with 
ions and electrons using , e iT T / 6m m 4i e   
with further refinements by Hockney et al. (1974). 

Quadratic spline weightings were added to the 
scope in this study and our results indicate that self 
heating times are longest for  for NGP 
and  for CIC and QS.  

/ x  3tv t  / 2

/ 1 /tv t x   2

t
 
2. Choice of p  in the determination of self 
heating time h  

Results of simulations carried out with ES1 for the 
typical growth in time of the thermal energy indicate 
that the energy increases linearly with time for 

. This implies a random process. Therefore, 
this study will be restricted to this range of values of 

p

0.6
p

t  

t  .The growth observed in thermal energy for larger 
values of 

p
t   is like with . This implies 

some other form of growth as yet unexplained. The 
same change in growth pattern was observed for the 
thermal energy for  using both CIC-PIC 
and QS weightings. Thus, 

nt

p
t  

1n

0.6

p h
   was determined from 

similar histories with unity slope. In obtaining h , the 
zero in time and the initial thermal energies were 
assigned to the beginning of growth linear in time.  
 
3. Dependence of h on  

0 0

 The results of simulations for self-heating times 
are shown in Fig. 1 in units of electron plasma 
frequency 

, ( )
D D

n n x   

p h
   vs. 

0 DDN n   and 

0 D
)x(nC DN N   

CN
where 

0
is varying. Here 

denotes the number of particles in a grid,  spacing, 
n

DN
n

denotes the number of particles in a Debye length, 

0  is the particle density, x is the simulation grid 
size and D is the Debye length. 
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Fig. 1 Self heating times vs 
0 0

 for NGP, 
CIC showing linear dependence 

0
, ( )

D
n n x   

Fig. 2 shows the results of simulations for 
self-heating times plotted as electron plasma frequency 

p h   vs. C DN N
/

D


for two different ratios of 
 and  for NGP. Similar 

results were observed for CIC. 
0.5 /

D
x 2.0x 

Fig. 2 Self heating times vs C DN N for 
different ratios of /

D
x 

p h

indicating a linear 
dependence of   on for fixed CN N D

/
D

x  for NGP 
 

4. Dependence of /
D

x   and optimum choice of 
 /tv t x 

The self heating times plotted as electron plasma 

frequency p h   divided by C DN N vs. 
/

D
x  are shown in Fig. 3, 4 and 5 for different values 

of p t  . The dashed line drawn through the different 
graphs indicates for NGP and 

t  for CIC and QS. The longest heating 
times occur at about these values of . 

/ 1tv t x   .5

D

/ x 0.5v t 
/v t x t

Fig 3. Self heating times divided by CN N vs. 
/

D
x  for several values of p t  for NGP 

 

Fig 4 Self heating times divided by C DN N vs. 
/

D
x  for several values of for CIC 

p
t 
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Fig 5 Self heating times divided by C DN N vs. 
/

D
x  for several values of p t  for QS 

 
5. Comparison of results and the gain of going to a 
higher order plasma simulation algorithm 

As a comparison of the different algorithms studied, 
ratios of self-heating times of quadratic-spline (QS) to 
nearest-grid-point (NGP) and cloud-in-cell (CIC) to 
nearest-grid-point (NGP)  are plotted in Figs. 6, 7 and 
8 for 0.1,0.2,0.3p t   , respectively. 

Fig. 6 Ratios of self-heating times vs. /
D

x  for 
0.1tp    

Fig. 7 Ratios of self-heating times vs /
D

x  for 
0.2tp    

Fig. 8 Ratios of self-heating times vs /
D

x  for 
0.3p t    

 
These figures indicate that CIC self heating times 

are as much as 70 times longer than NGP, and that the 
self heating times of QS is as much as 650 times longer 
than NGP. Such increases in heating times come at the 
expense of much longer computational times. Actual 
measurement of the cost of running the plasma 
simulations per time step on a computer at the Lawrence 
Livermore Laboratory show that T=5, 11.6 and 24 
microseconds/particle/time step for NGP, CIC and QS, 
respectively. Hence, we need a measure of accounting 
for this cost. Therefore, the gain of using a higher order 
weighting scheme for the simulations can be defined as 
follows: 
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g through timal p e willGoin the op ath, w  get gains as 
n in Table te that ns of g higher 

r weighting oing fr GP to r going 
om CIC to QS are roughly one order of magnitude, 

muc an the gains in the self heating times 

show  1. No the gai  usin
orde s, i.e. g om N CIC o
fr

h less th h . 
 
T e 1 –A comparison of gains in going to a higher 
order simulation algorithm indicating ratios of increase 
in self-heating times or reduced error in energy over 
increase in cost determined on a computer at the 
Lawrence Livermore Laboratory 

p

abl

t   CIC/NGP 

Gain 

QS/NGP 

Gain 

QS/CIC 

Gain 

0. 1 1 11.9 72.9 6.
0. 5 2 20.8 135.4 6.
0. 0 3 30.4 91.6 3.
 

6. I
  thermal 
plasm creased by 
sm oothing 

here 
ll the modes beyond are dropped as shown in Fig. 

Fig 9. Smoothing factor used in k-space truncation 
 
Fig. 10 shows the self-heating times plotted as electron 
plasma frequency 

 
ncrease in gain due to k-space smoothing 

The self heating times of one dimensional
a simulations can be considerably in

oothing the charge density in k-space. The sm
factor used was simple Fourier space truncation, w
a lastk
9. 

p h 
d by k
schem

 and is

max
( /k k

hus, k-s
IC/NGP

 vs. for the 
different schemes use eeping xed and 
varying for each e. Th self-heating 
time due to k-space truncation is alm st proportional to 

r NGP  close t not quite 
 to C and 
for QS. T further 
gain of C QS/CIS. 

max
/

last
k k

everything fi
e gain in 

o
o but 

for CI
ace truncation 

NGP and 

last
k

last
fo

onal
3)
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/k k

proporti
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p
, QS/

 

 
Fig. 10 Self-heating times plotted as electron plasma 
requef ncy p h   vs. 

max
/

last
k k for NGP, CIC and 

an for cloud-in-cell, wh
 self heating times are one 

increa
space 

max

QS. 

ile 
order of 

 
7. Conclusion 
 The self heating times of one dimensional 
electrostatic plasma simulation were found to be the 
longest for / 1.5tv t x    for NGP and 

/ 0.5tv t x    for CIC and QS. Roughly speaking, 
the quadratic spline self heating times are one order of 

agnitude longer thm
cloud-in-cell
magnitude longer than the nearest-grid-point algorithm, 
considering both the gain in heating times and the 

sed computational cost. Smoothing by Fourier 
truncation considerably increases the self-heating 

times and this increase is roughly proportional to 
1( / )n

last
k k   where n is the order of the weighting 

e, i.e. n=0 for NGP, n=1 for CIC and n=2 for QS. 
ore, using a higher order algorithm is highly 
mended, especially when k-space truncation is 

schem
Theref
recom
used. 
 
 

increase in self heating
Gain 

time

increase i r sim imen compute ulation t
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Abstract: The study examined the effect of spacing on extra early yellow maize variety TZESR —Y in Mubi 
Adamawa state with the objective of finding the most appropriate spacing for optimum yield. The effect of four 
spacing viz: 75cm x 25cm, 75cm x 20cm, 75cm x 15cm and 75cm x 10cm respectively were evaluated. The 
experiment was laid in a randomized complete block design (RCBD) replicated three times. Data were taken on nine 
parameters viz: plant height, plant leaves, length of cob, diameter of cob, stem girth, 1000 seed weight, days to 50% 
tasseling, days to physiological maturity and yield per plot. Results were obtained after subjecting the data to 
analysis of variance (ANOVA). Results shows that spacing has great significance on the performance of maize. S1 
(75cm x 25cm) gave the highest number of days to 50% tasseling (48), length of cob (12.13), diameter of cob 
(13.27), stem girth (13.02), 1000 seed weight (1000g) and yield per plot (1900kg/ha) respectively. It was observed 
also that these values were significantly (p=0.05) different with other means. [Journal of American Science 
2010;6(10):629-633]. (ISSN: 1545-1003).  

Key Words: Zea mays, spacing, performance, variety, physiological, maturity. 

1. Introduction  

Maize (Zea mays L.) is an important cereal 
crop in the world and ranks second, following wheat 
in the world’s cereal crops production. It accounts for 
about 11.2% of grain produced in Nigeria (Lajide, 
1998; Emeasor, 2002).Maize forms a major part of 
the cereal crops consumed by man and serves as a 
source of dietary carbohydrate (Asawalam and 
Adesiyan, 2001). Maize has a wide range of tolerance 
to environmental conditions and also larger number 
of varieties with different maturity periods (Rehn and 
Espig, 1991). Increase in the use of maize has led 
farmers to reduce spacing among plants thus, 
population density is increased with attendant 
increased quantity of maize grain produced. Tropical 
maize yields an average of 1.2 to 2.0 t/ha under sole 
cropping with a varying population density (Rehn 
and Espig, 1991; Jennifer, 1996). When crops are 
grown sole, spacing and planting pattern differ from 
when intercropped. Ogunbodede and Olakojo (2001) 
recommended that maize should be sown at 75cm x 
75cm at two seeds per hill or 50cm x 50cm at one 
seed per hill in sole cropping.  

For good maize yield, adequate spacing is an 
important factor. Rowland (1993) viewed that widely 
spaced maize tends to have excessive vegetative 

growth during early stage which may result in severe 
competition for water. He further observed that 
spacing and plant population can be determined after 
considering a number of factors like variety, amount 
of water expected to be available during the growing 
season and its distribution through time, soil fertility 
especially nitrogen availability, planting, pest and 
disease considerations etc. Wider spacing encourages 
growth of weed and thus, more labour and increase 
cost of production. Whiteman (1981) opined that 
there may be interaction between pest, damage and 
spacing in maize. Hay and Walker (1992) observed 
the influence of plant population density on maize 
dry matter yield where an increase up to plateau 
value to moderate densities were seen and significant 
reduction only at very high densities. Grain yield 
therefore tends to respond to population densities of 
maize and spacing. At high plant densities and close 
spacing, the low yield is as a result of decreasing 
plant size. Harper (1999) showed the relationship 
between final from yield of crop. Plant population 
can either be asymptotic or parabolic. In the 
asymptotic relation, yields increase linearly with 
increase population over the lower range of 
population. However, in parabolic the total yield 
decline at higher population and there is an 
identifiable optimum value. Closer spacing results in 
a progressive decline in the number of seed per cob 
because the cobs are smaller but sometimes produce 
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no cobs. Adetola (2004) reported that variety that 
mature early have the potential for drought tolerance 
with production value very superior to the general 
average. Raemaekers (2001) reported that the optimal 
plant density should be adjusted to the local condition 
and the type of varieties to be grown. Generally 
maize is grown on low densities in Africa with a 
density of 15, 00 — 35,000 plant per hectare. In view 
of the rapidly expanding population in Nigeria and 
the general acceptability of corn as a popular staple 
food among small scale farmers and the desert 
encroachment in the North, there is the need to 
increase production through the use of correct 
spacing and appropriate variety to ensure optimal 
productivity. This study therefore sought to evaluate 
the appropriate spacing that will ensure optimal 
production of maize in northern guinea savanna. 

2. Materials and Methods  

The experiment was conducted at the 
Research and Teaching farm of Department of Crop 
Science Faculty of Agriculture Adamawa State 
University Mubi during the 2008 cropping season 
during rain fed condition. Mubi lies within latitude of 
10   o8’ N and 10  30’ N and longitude 13° 10’ E and 
13° 25’ E  at  696m above sea level is located in the 
northern guinea savanna zone of Nigeria with annual 
rainfall ranges of 700mm — 1000mm with peaks in 
July to September. Soil in the trial site is Typic 
Ustisapment (Rayar, 1986). The physio—chemical 
characteristics of the experimental area are shown in 
Table 1.  

 
Table 1. Physio—Chemical Characteristics of the 
Soil from the Experimental Site. 
Chemical analysis  
PH in water 6.80 
Organic Carbon (%) 0.65 
Carbon to Nitrogen ratio (C:N ratio) 1: 40 
Available Nitrogen (%) 0.40 
Available Phosphorus (PPM) 6.60 
Available Calcium (Me/100g) 4.20 
Available Sodium (Me/100g) 0.35 
Available Potassium (Me/100g) 0.49 
  
Particle Size Analysis  
Clay (%) 3.00 
Sand (%) 56.50 
Silt (%) 40.50 
Soil Texture Sandy Loam 
  
Maximum Water Holding Capacity 
(%) 

39.7 

The result from chemical analysis shows 
that the soil was slightly acidic. Although the organic 
carbon (0.65%) and available nitrogen (0.40%) 
values were low, there was a high concentration of 
available phosphorus 6.6 (ppm). The particle size 
analysis show that, the soil type of the experimental 
area was sandy loam with a high proportion of sand 
(56.5%) and silt (40.5%) and less clay (3.0%). The 
soil had a high water — holding capacity with a 
maximum of (39.7%). 

The maize variety TZESR — Y used for the 
experiment was purchased from Tropical Agro 
Center Yola. The experimental design consists of 
four different spacing viz: 75cm x 25cm, 75cm x 
20cm, 75cm x 15cm, and 75cm xl0cm respectively 
which was replicated three times. The experiment 
was laid in a Randomized Complete Block Design 
(RCBD) on a 1 7m x 1 5m land area. Three seeds 
were planted per hole by dibbling method, and later 
thinned to two, two weeks after sowing (WAS). 
Sowing was done after the experimental site was 
ploughed, harrowed then leveled. Maize seeds were 
dressed with Apron — plus 50DS (Metalaxyl) at the 
rate of 3kg of seed per sachet of l0g of the seed 
dressing chemical before sowing in order to control 
soil — borne diseases and seedling pests. Each plot 
measured 3m x 4m (12m2) with 0.5m between each 
plot and in between replicates. All plots were weeded 
two times manually with a hand hoe at 3 and 6 WAS.  

Records were taken from 10 randomly 
chosen plants from three central rows of each plot. 
Data were collected on plant height, number of 
leaves, and number of days to physiological maturity, 
diameter of cob, length of cob, 1000 seed weight and 
yield. Data collected were subjected to Analysis of 
Variance (ANOVA) to evaluate treatment effects 
using the procedure outlined by Gomez and Gomez 
(1984) for randomized complete block design. Mean 
separation was based on the least significant 
differences (LSD) at the 3% probability level.  

3. Results  

      Results obtained from the study on the effect of 
spacing on plant height at 4 WAS and 8 WAS, days 
to 50% tasseling and days to physiological maturity 
of maize variety TZESR — Y is presented in table 2 
whereas the effect of spacing on length of cob, 
diameter of cob, stem girth, 1000 seed weight and 
yield is presented in table 3, the study reveals that 
plant height at 4WAS and 8WAS were significantly 
(P=0.05) influenced. The t allest height of 40.67 cm 
was recorded with S4 — 75cm x 10cm at 4WAS. 
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Similarly at 8WAS the tallest height of 160.33cm 
was recorded with S4. 

Table 2: Effect of Spacing on Plant Height at 4 WAS 
and 8 WAS, Number of Leaves at 4WAS and 
,8WAS, Days to Tasseling and Days to Physiological 
Maturity on Extra Early Yellow Maize Variety 
TZESR — Y in Mubi. 

 

Table 3. Effect of Spacing on Length of Cob (cm), 
Diameter of Cob (cm), Stem Girth, 1000 Seed 
Weight/Plot, Yield/Plot (kg/ha) on Extra Early 

Yellow maize Variety TZESR — Y in Mubi.  

The mean number of leaves at 4 WAS and 8 
WAS shows that there was no significant effect 
among all treatments. However S3 (75cm x 15cm) at 
4 WAS and S4 (75cm x 10cm) at 8 WAS recorded the 
highest number of leaves of 8.34 and 11.33 
respectively. Significant effect (P 0.05) for days to 
50% tasseling and days to physiological maturity as 
influenced by different spacing was recommended.  

Result on the effect of spacing on the length 
of cob as shown Table 3 below indicates no 
significant (P = 0.05) difference though S1 (75cm x 
25cm) recorded the longest cob (12.13cm) while S3 
(75cm x 15cm) recording the least (9.01cm). The 
diameter of cob shows significant (P = 0.05) 
difference where S1 (75cm x 25cm) recorded the 
largest cob (13.27cm) whereas S3 (75cm x 15cm) 
gave the least (9.13 cm). The effect of spacing on 
stem girth, 1000 seed weight and yield gave a 
significant (P = 0.05) difference statistically. 
However S1 (75cm x 25cm) recorded the highest 
1000 seed weight (1100g) and yield per plot 
(1,900kg) respectively. 

 

4. Discussion  

The positive effects observed in the yield 
and yield determining parameters (tables 2 and 3) 
under score the idea that spacing plays a key role in 
maize production. The growth recorded supports the 
findings of Schuthesis (2007) who observed that even 
distribution of rainfall enhance early uniform 
emergence and good growth of corn. The marked 
effect observed on growth could be due to rainfall 
distribution but not intensity. Plant height was 
evaluated to determine the vegetative growth of 

maize in line with the findings of Pfeiffer and 
Harris (1990) who observed and suggested that 
plant measurement are used as an indicator of 
vegetative growth. The performance of maize 
variety TZESR — Y was enhanced vegetatively at 
S4 (75 cm x 10cm) which gave clear lead of plant 
height. The low density had greater canopy light 
interception than the high density. The greater 
closeness encourages greater etiolation which 
resulted in taller plants. The wider spacing enjoyed 
a temporal difference which helped in reducing 
competition for the growth factor such as light. 
Weak stems that encouraged lodging was observed 
during this research which might be due to closer 
spacing that might lead to etiolation. Other factors 
like crop variables, amount of water expected 
during growing season and distribution may also be 

responsible. The findings from this study 
corroborates that of Rowland (1993) who found that 
narrow spacing in maize encourages plant growth 
with weak stems and also encourages lodging. 
Characters that determine the overall performance of 
the crop were used to evaluate the yield. This is 
necessary because yield is a quantitative character 
and therefore influenced by a number of traits acting 
singly or interacting with each other. Positive effect 

Spacing 
(cm) 

Length 
of Cob 
(cm) 

Diameter 
of Cob 
(cm) 

Stem  
Girth 
(cm) 

1000 
Seed 

Weight 

Yield/Plot 
(kg/ha) 

S1=75x25 12.13 13.27 13.02 1100.00 1,900.00 

S2=75x20 10.53 12.20 9.56 930.00 1,650.00 

S3=75x15 9.01 9.13 10.17 970.00 1,590.00 

S4=75x10 10.53 11.10 9.10 1000.00 1,800.00 

LSD (P =  
0.05) 

NS 1.56 1.42 16.25 38.75 

Spacing 
(cm) 

Plant Height 
(cm) 

Number of 
Leaves 

Days to 
50% 

Tasseli-
ng 

Days to 
Physiological 

Maturity 

 4 
WAS  

8 
WAS  

4 
WAS  

8WAS    

S1=75x25 35.87  143.07  7.67  11.0  48 70 

S2=75x20 
 

33.93  147.87  8.33  10.67  43 75 

S3=75x 
15 

38.40  156.80  8.34  10.67  50 69 

S4=75 x 
10 

40.67 160.33 7.68  11.33  45 67 

LSD 
(P=0.05) 

3.37 8.63 NS NS 2.06 4.03 
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was observed in the yield and yield determining 
parameters. S1 (75cm x 25cm) gave the highest 1000 
seed weight (1100g) and yield of (1900kg/ha) 
respectively. This study is in total agreement with 
Rehn and Espig, (1991) and Jenniffer (1996) who 
found that tropical maize yield an average of 1.2 to 
2.0 t/ ha under sole cropping with a varying 
population density. However, S1 (75cm x25cm) that 
gave the highest yield of 1900kg/ha in this study is 
contrary to the findings of Ogunbodede and Olakojo 
(2001) who recommended that maize should be sown 
at 75cm x75cm at 2 seeds per hill or 50cm x 50cm at 
one per hill in sole cropping. 

5. Conclusion  

From the results of this study, it could be 
concluded that spacing has varied effect on the 
growth and development of maize. The maize variety 
TZESR — Y performed better in terms of growth and 
yield at S1 (75cm x25cm) with a yield of 1900kg/ha 
whereas  S1 (75cm x 25cm) recorded the lowest yield 
of 1590kg/ha. This study has provided useful 
information on the effect of varied spacing on maize 
that  increases its growth potential for commercial 
production in Mubi. Based on the results obtained 
from the study, S1 (75cm x 25cm) gave the highest 
yield of 1900kg/ha and is therefore recommended for 
optimum production of maize in Mubi. Further 
comparative study on the effect of spacing on maize 
variety TZESR — Y research is suggested.  
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Abstract: The effect of inclusion level on nutrient intake, digestibility, nitrogen balance and haematological 

parameters of West African Dwarf (WAD) sheep fed Moringa oleifera as supplements to Panicum maximum was 

investigated in a completely randomized design experiment using twenty WAD rams with average initial weight of 

16.1kg. There were five treatments 1 – 5 with 0, 25, 50, 75 and 100 % M. oleifera inclusion levels respectively. M. 

oleifera had better nutrient profile with 29.68% CP and 16.98% CF contents than P. maximum with 9.17% CP and 

40.37% CF. Inclusion of M. oleifera as supplement to P. maximum in the diets of WAD sheep significantly lowered 

(P<0.05) DM intake especially at higher (>50%) inclusion rates. OM, EE and NFE intakes were similar but CP 

intake increased while CF intake decreased (P<0.05) as inclusion level increases. The best DM, organic matter 

(OM), CP and Nitrogen-free extract (NFE) digestibility were obtained at 100 % Moringa inclusion while CF and 

ether extract (EE) digestibility were highest at 25 % inclusion level which also gave similar DM and CP digestibility 

with 100 % inclusion. N balance and retention were best under 25 % M. oleifera and least under 75 % M. oleifera. 

Packed cell volume (PCV), Haemoglobin (Hb), red blood cell (RBC) and white blood cell (WBC) counts for 

animals on browse supplementation were within the normal physiological range for healthy sheep, in contrast with 

those without supplementation which were below the range. The blood profile was best for animals on 25 % 

Moringa inclusion. [Journal of American Science 2010;6(10):634-643]. (ISSN: 1545-1003).   

Key words: Digestibility, haematological profile, WAD sheep, Moringa  

 

1. Introduction 

One of the major factors limiting the 

productivity of small ruminants in developing 

countries is the over-dependence on low digestibility 

feeds which at certain periods of the year cannot meet 

even the maintenance requirements of these animals. 

Jayasuriya (2002) categorized these feed resources as 

high fibre low protein feeds having organic matter 

digestibility between 30 – 45 % and they include 

native grasses, crop residues and fibrous agro-

industrial waste products. They form the bulk of feed 

consumed by small ruminants in tropical countries 

because they are produced in large quantities and are 

relatively cheap since they are not competed for by 

man or monogastric animals. 

 According to Leng (1997), the poor condition 

of livestock in the tropics is more likely as a result of 

inefficient digestion in the rumen and inefficient 

utilization of the nutrients absorbed from low quality 

feeds. Several attempts which have been made to 

improve the nutritive quality of this class of livestock 

feeds include physical, chemical and biological 

treatments, use of feed additives as well as 

supplementation with non-protein nitrogen sources 

such as urea and molasses (Adegbola 2002). Alkali 

treatment of fibrous crop residues have been well 

researched and proven to increase the potential 

feeding value of crop residues (Preston and Leng 

1987). Moreover, the possibility of using urea as a 

cheap readily available source of nitrogen in ruminant 

diets led to the expectation of rapid improvement in 

ruminant productivity in developing countries. 

However for various reasons these technologies have 

not been widely adopted as expected and animal 

productivity is still poor (Owen and Jayasuriya 1989). 

In recent years there has been a growing 

interest in many tropical countries to identify 

potentially important feed sources among shrubs and 
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trees for inclusion in the ruminant diet to provide 

green fodder that is high in protein to supplement the 

available low protein forage. This has been recognized 

as one of the most effective means of improving 

animal performance in smallholder livestock 

production (Blair 1989). Moringa oleifera is a well 

known tree in West Africa especially in semi-arid 

areas where it is often cultivated as a living fence 

around people’s gardens and consumed in various 

forms as food. Leaves of the tree are noted for high 

content of crude protein, essential vitamins, minerals 

and amino acids (Makkar and Becker 1997; Gidamis 

et al. 2003). However, according to Akinbamijo et al. 

(2004), the value of the tree and its benefits as a high-

quality supplement to low-quality roughages in 

ruminant feeding systems have not been fully known 

nor widely exploited. 

Evaluation of the blood profile of animals 

may give some insight as to the potentials of a dietary 

treatment to meet the metabolic needs of the animal 

since according to Church et al. (1984), dietary 

components have measurable effects on blood 

constituents such that significant changes in their 

values can be used to draw inference on the nutritive 

value of feeds offered to the animals. The assertion of 

Ikhimoya and Imasuen (2007) that most of the 

available information on haematological parameters of 

goats in the humid tropics is based on disease 

prognosis is also applicable to sheep from the region. 

Thus, data on blood profile of West African dwarf 

(WAD) sheep offered foliages from non-conventional 

fodder sources are scanty. The objective of this study 

therefore was to evaluate the nutrient digestibility, 

nitrogen balance and haematological profile of WAD 

sheep as affected by dietary inclusions of Moringa 

oleifera as supplement to Panicum maximum.  

2. Materials and Methods 

The experiment was carried out at the 

Teaching and Research Farm of the Federal 

University of Technology, Akure, Nigeria. Matured 

WAD rams (n=20) averagely weighing 16.08kg were 

used in a completely randomized design experiment. 

The animals were housed in individual metabolic 

cages. They were divided into five groups of four 

animals each after balancing for weight and each 

group randomly assigned to one of five treatments 

namely: 

Treatment 1: 100 % Panicum maximum (control) 

Treatment 2: 75 % Panicum maximum + 25 % 

Moringa oleifera; 

Treatment 3: 50 % Panicum maximum + 50 % 

Moringa oleifera; 

Treatment 4: 25 % Panicum maximum + 75 % 

Moringa oleifera; 

Treatment 5: 100 % Moringa oleifera. 

  Fresh Moringa foliage was harvested from 

established plantation in the Federal College of 

Agriculture, Akure while fresh Panicum were sourced 

from the pasture within FUTA campus. Both were 

allowed to wilt overnight before feeding to the 

animals. Measured quantities of the leaves were 

offered to the animals each day and the quantity left 

over was weighed the following morning to determine 

daily feed intake. Water was provided ad-libitum. The 

experiment lasted for 6 weeks. 

Digestibility Trial  
In the last week of the experiment, total 

faecal and urinary outputs were collected from each 

animal daily and weighed. 10% of daily faecal output 

were dried, bulked together and stored until needed 

for proximate analysis while 10% of the daily urine 

output preserved with 50% sulphuric acid was frozen 

till it was required for nitrogen analysis. 

Chemical Analysis 

Feed and faecal samples were oven-dried, 

ground to pass through 1mm screen and analyzed for 

proximate compositions (AOAC 1995). Nitrogen in 

urine was determined by microkjedahl methods. 

Results obtained were used to calculate the nutrients 

intake, digestibility, N balance and retention. 

Haematological Studies 

Blood was collected from the jugular vein of 

the experimental animals at the termination of the 

experiment in a vial containing ethylene diamine tetra-

acetic acid (EDTA).  The bottles were immediately 

capped and the content mixed gently for about a 

minute by repeated inversion or rocking. Blood 

samples were analyzed immediately after collection 

for packed cell volume (PCV) and haemoglobin (Hb) 

concentration as described by Benson et al. (1989) and 

Jain (1993). Red blood cells (RBC), white blood cell 

(WBC) as well as the differential WBC counts were 

determined using the Neubauer haemocytometer after 

appropriate dilution (Lamb, 1981). Values for the 

constants: mean corpuscular haemoglobin 

concentration (MCHC), mean corpuscular 

haemoglobin (MCH) and mean corpuscular volume 

(MCV) were calculated from RBC, Hb and PCV 

values as described by Jain (1993). 
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Statistical Analysis 

  The data collected were subjected to analysis 

of variance (ANOVA) using the general linear model 

(GLM) procedure of MINITAB (2000) and where 

significant F-values for treatment effect were found, 

means were compared by Least Significant Difference 

(LSD). Linear correlation and regression analyses 

were carried out according to SAS (1999). 

3. Results and Discussion 

Nutrient composition      
The proximate composition of Moringa and 

Panicum depicted in Table 1 show that both plants 

had comparable dry matter (DM) contents (21.48% 

and 24.27% respectively). The crude protein (CP) 

content of Moringa at 29.68% is higher than that for 

Panicum (9.17%) and it exceed by far the minimum 

protein requirements for ruminants recommended by 

ARC (1985). Odee (1998) reported a CP content of 

29% for M. oleifera, similar to what was obtained in 

this study. However, the CP values obtained in this 

experiment differ from values reported by other 

authors. For example, Makkar and Becker (1996) and 

Manh et al. (2005) obtained CP values of 25.1 and 

26.4 % respectively for Moringa while Aganga and 

Tshwenyane (2004) and Arigbede et al. (2005) 

obtained 7.8 – 20.5 and 8.5 % CP respectively for 

Panicum. Variability in the nutrient content of 

browses has been attributed to within species 

differences, plant parts, season, harvesting regime, 

location, soil type and age (Norton 1994).   

 

Table 1: Proximate composition (%) of Moringa 

oleifera and Panicum maximum 

Composition M. oleifera P. maximum SEM 

DM* 21.48 24.27 1.40 

OM 92.46 88.08 2.19 

CP 29.68 9.17 5.76 

CF 16.98 40.37 7.20 

EE 5.78 4.07 0.86 

ASH 7.54 11.92 2.19 

NFE 40.11 34.47 2.82 

* DM, % in fresh sample, others % in DM. 

 

Crude fiber (CF) content in Panicum was 

similar to 33.4 % reported by Aganga and 

Tshwenyane (2004) and was higher than the value 

obtained for Moringa, which compares very well with 

the average of 19.8 % CF for selected multipurpose 

trees (Fadiyimu 2000). This is consistent with the 

observation of Okoli et al. (2003) that CF content of 

tropical grasses is usually higher than that for browse 

shrubs and trees. 

Nutrient Intake 

Table 2 shows the nutrient intake by WAD 

sheep fed dietary inclusions of Moringa and Panicum. 

DM intake was highest (P<0.05) in treatment 1 but it 

is comparable with values for treatments 2 and 3 while 

lower values were recorded in treatments 4 and 5. The 

higher DM intake for treatment 1 could be due to the 

fact that small ruminants have affinity for guinea grass 

and since it was offered as sole feed, the animals have 

no choice than to eat what was served (Babayemi and 

Bamikole 2006). Mean DM intake in this study is low 

compared with 428.5 g/day obtained by Manh et al. 

(2005) and this could be due to the method of offering 

the forage as it has been shown that small ruminants 

have difficulty in picking up isolated leaves from the 

feed trough as compared with ‘plucking’ them from 

intact branches, resulting in lower DM intakes for the 

former (Toum et al. 2004). According to Theng et al. 

(2003), it appears that small ruminants find it easier to 

bite the leaves when they are attached to stems 

offering some resistance to the action of eating 

compared with the foliage placed in the feed trough. 

The average CP intake obtained in this study 

at 58.0 g day
-1

 is comparable to the 57.1 g day
-1

 

obtained by Osakwe et al. (2004) for Daniella oliveri. 

Table 2 also shows that as Moringa inclusion 

increases, CP intake increased and CF intake reduced. 

This suggest that high levels of Moringa 

supplementation may probably lead to a lower 

microbial protein turn-over in the rumen since 

according to Leng (1997), the rate of microbial growth 

on protein is approximately half that of carbohydrates 

and that protein: energy (P/E) ratios are lower when 

protein is degraded in the rumen in comparison to 

carbohydrates. Therefore supplementation of P. 

maximum with M. oleifera is probably better at the 

lower (25-50 %) than at the higher (75-100 %) 

inclusion levels. 

Table 3 shows that there was significant 

(P<0.05) indirect relationship between DM intake and 

level of Moringa inclusion. This contradicts the 

findings of Arigbede et al. (2005) and Odeyinka and 

Ademosun (1995) who reported increasing DM intake 

with increasing level of browse supplementation. It 

however agrees with Fasae et al. (2005) who reported 

a decreasing DM consumption with increasing level of 

Leucaena supplementation in Yankasa sheep diets. On 
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the other hand, CP intake had a significant (P<0.05) 

direct relationship with the level of Moringa inclusion 

in the diets. This agrees with the observation of 

McDonalds et al. (1988) that ruminant animals show 

higher N intake with feed high in crude protein 

contents. Also, the significant (P<0.05) positive 

relationship between Moringa inclusion and both CP 

and NFE intakes is probably a reflection of the 

increasing quality of the diets with increasing level of 

Moringa supplementation since according to Ventura 

et al. (1975), forage quality increases as nutrient 

intake increase.  

Nutrient Digestibility 
Table 4 shows the DM and nutrient 

digestibility in WAD sheep fed dietary inclusions of 

Moringa. Values recorded for DM and OM 

digestibilities in the control treatment are comparable 

with 52.2 and 55.4 % respectively obtained by 

Arigbede et al. (2005) in WAD goats fed 100 % 

Panicum. With the exception of CF, nutrient 

digestibilities were significantly higher (P<0.05) in 

supplemented diets than in the control. Among the 

Moringa-supplemented diets, DM, OM and NFE 

digestibility were highest in treatment 5 while CF and 

EE digestibility were best in treatment 2. Conversely, 

the least DM, OM, CF and EE digestibilities were 

obtained in treatment 4 while the poorest NFE 

digestibility was recorded in treatment 3.   

CP digestibilities in treatments with dietary 

levels of Moringa were statistically similar and were 

all significantly higher (P<0.05) than in the control. 

This is probably because Moringa fodder consists of 

more degradable components especially crude protein 

than Panicum and thus could serve as supplement to 

the former in ruminant diets. The higher CF 

digestibility in treatments 2 and 3 equally suggests an 

increase in the activities of fibrolytic bacteria in the 

rumen probably as a result of the availability of 

essential nutrients especially protein, energy and 

minerals in balanced proportions to enhance microbial 

growth and multiplication. 

In Table 5, level of Moringa supplementation 

was directly correlated with each of DM, OM, CP and 

NFE digestibilities and indirectly related to CF and EE 

digestibilities. However, the correlation coefficient 

was significant (P<0.05) for only NFE digestibility 

suggesting that up to 100 % inclusion, increasing level 

of Moringa supplementation will probably enhance 

the utilization of the soluble carbohydrate components 

of the dietary organic matter. 

Nitrogen Balance  

Table 6 depicts the nitrogen (N) balance 

when graded Moringa leaves were fed to WAD sheep. 

N intake increased progressively from treatment 1 to 

treatment 5 hence it has significant (P<0.05) direct 

relationship with dietary level of Moringa (Table 7). 

This is probably due to increased CP intake with 

increasing level of Moringa inclusion in the 

experimental diets as reported above. The average N 

intake is similar to 9.2 g day
-1

 obtained by Alli-

Balogun et al. (2003) for Yankasa/WAD sheep crosses 

fed grass supplemented with cassava foliage or 

groundnut hay. 

Faecal N did not differ (P>0.05) among the 

diets in agreement with Black et al. (1978) that faecal 

N was not significantly affected by N intake. On the 

other hand, urinary N increased progressively from 

diets 2 to 5, a result which tally with Ahamefule et al. 

(2006). Table 7 also show that N digestion is directly 

correlated with level of Moringa inclusion hence 

values of N digestion recorded for the supplemented 

diets were significantly higher (P<0.05) than the 

control. This suggests that additional N consumed by 

the animals on Moringa supplementation was well 

digested and absorbed. Total N output followed the 

same pattern as urinary N, with treatments 1 and 2 

having the least values in both parameters, and from 

treatment 3 the values increased (P<0.05) steadily up 

to treatment 5. This is probably because the protein 

moiety of the Moringa-supplemented diets was more 

soluble than that of the control.  

According to Brooker et al. (1995), when 

feed is high in soluble plant protein, N metabolism 

occur mainly in the rumen rather than in the lower 

digestive tracts leading to the production of large 

quantities of ammonia N in excess of the requirements 

of rumen microorganisms. The ammonia N not 

utilized by the bacteria is converted to urea by the 

animal and excreted in urine. This means that more 

rumen ammonia would be produced with the 

Moringa-supplemented diets which would have 

increased as N intake increases from treatments 2 to 5. 

This perhaps explain why significantly higher 

(P<0.05) values of urinary N and total N output were 

recorded as the level of Moringa supplementation 

increased in this study. 

All the treatments gave positive N balance 

and N retention values, an indication that the protein 

requirement for maintenance in the experimental 

animals was adequately met by the dietary treatments. 

Treatment 2 had the highest (P<0.05) N balance and N 
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retention, and the values were similar to that obtained 

by Lamidi et al. (1998) for WAD sheep fed Ficus 

thonningi at the same (25 %) level of 

supplementation. The implications of treatment 2 

having the best N balance and N retention in this study 

is that the optimum level of replacement of P. 

maximum with M. oleifera is probably at about 25 % 

and that at higher inclusion levels efficiency of protein 

utilization decreases. 

Haematological Studies  

The data presented in Table 8 show that 

except for packed cell volume (PCV) and mean cell 

volume (MCV) which were significantly different 

(P<0.05), other erythrocyte indices were apparently 

similar across the treatments. Even though the red 

blood cell (RBC) counts did not differ significantly 

(P>0.05), only values obtained for treatments 2, 3 and 

5 were within the normal physiological range of 9.0-

15.0x10
6
 mm

-3
 for healthy sheep (Jain 1993). RBC 

count aid in the characterization of anemia (Ikhimioya 

and Imasuen 2007). Thus the abnormally low values 

recorded for treatments A and D is an indication of a 

likely high susceptibility to anemia-related disease 

conditions by these animals. This is corroborated by 

the fact that animals in these treatments also recorded 

MCV values that were comparatively at the high end 

of the normal physiological range of 28.0 – 40.0 µm 

(Jain 1993) which according to MERCK (1979) 

increases the probability of the release of immature 

red blood cells into the circulatory system. 

Mean PCV was highest in treatment 2 and 

lowest in the control diet. However, only the control 

recorded PCV value outside the physiological range of 

27.0 – 45.0 % given by Jain (1993). Similarly, 

haemoglobin (Hb) concentration was least 

numerically in the control diet which together with 

treatment 5 also had values outside the physiological 

range (9.0-15.0 g/100ml) as reported by Jain (1993). 

Aikhuomobhogbe and Orheruata (2006) asserted that 

low PCV results in anemia which causes reduced 

oxygen carrying-capacity of blood, increased pulse 

rate and consequently heart failure. Therefore, the 

abnormally low (P<0.05) PCV and Hb values 

recorded for treatment 1 (control) is an indication that 

feeding P. maximum alone to small ruminants could 

predispose the animals to pernicious anemia while 

supplementation with M. oleifera especially up to 50% 

level of inclusion could probably alleviate it. 

The fact that only the sheep on treatment 2 

had PCV level above 32 % which is stated to be 

normal for circulatory system in sheep (Frandson 

1986) means that it is probably only at the 25 % level 

of Moringa supplementation that small ruminants 

could have a high probability of a return of PCV to 

normal level following an infection through 

compensatory accelerated production (Dargie and 

Allonby 1975). This is in tandem with the findings of 

Ikhimioya and Imasuen (2007) who recorded the best 

PCV level in WAD goats at 25% level of Newbouldia 

laevis supplementation.   

Table 8 also presents the total and differential 

leucocytes counts of WAD sheep when offered M. 

oleifera as replacement to P. maximum. Mean white 

blood cell (WBC) count for the supplemented diets at 

7.8x10
3 

mm
-3

 is comparable with 8.0x10
3
 mm

-3
 stated 

as ideal for clinically healthy sheep (Heath and 

Olusanya 1988) whereas the value obtained for the 

control diet is outside the physiological range of 4.0 – 

12.0x10
3
 mm

-3 
(Jain1993). The abnormally high WBC 

count of the control animals could be in response to 

poor health status as a result of under-nourishment and 

this can probably be reversed by supplementation with 

M. oleifera by ensuring intake of balanced nutrients. 

Out of all the differential leucocyte 

parameters, only lymphocyte and neutrophil counts 

showed significant differences (P<0.05). 

Aikhuomobhogbe and Orheruata (2006) pointed out 

that varying lymphocyte values indicate different 

levels of immune status of farm animals and Lazzaro 

(2001) further expatiated that depressed levels of 

lymphocytes might indicate either a depleted immune 

system or elevated neutrophil level in an active 

infection. However, lymphocyte and neutrophil counts 

obtained in this study fall within the physiological 

range of 40 – 75 % and 10 – 50 % respectively for 

healthy sheep (Jain 1993).  

The trend of the result as set out in Table 8 

also showed that treatments 2 and 3 with  significantly  

low  (P<0.05)  lymphocyte  counts had  significantly  

high  (P<0.05)  neutrophil  counts  while  the  reverse  

was  the case for treatments 1, 4 and 5. Further 

statistical analysis revealed that neutrophil and 

lymphocyte counts had significant (P<0.05) negative 

correlation (r = –0.96). This is in agreement with the 

observation of Osueni (2001), Lazzaro (2001) and 

Aikhuomobhogbe and Orheruata (2006) that an 

increase in neutrophils is associated with a decrease in 

lymphocytes and vice versa. However, as shown in 

Table 9, all the haematological parameters had 

variable but non-significant correlations (P>0.05) with 

Moringa inclusions, suggesting that the probability of 
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predicting haematological profile of WAD sheep from 

levels of dietary inclusion of M. oleifera is low. 

4. Conclusion 

This study revealed that M. oleifera had 

significantly higher crude protein and lower crude 

fibre contents than Panicum maximum and its 

inclusion in the diets of West African Dwarf (WAD) 

sheep as supplement to the grass resulted in 

significantly higher crude protein intake, higher dry 

matter and nutrient digestibilities, higher nitrogen 

retention and better haematological profile in the 

supplemented than non-supplemented animals. It was 

found out that Moringa can satisfactorily supplement 

P. maximum up to 100 % inclusion but the optimum 

inclusion level at which the best nitrogen balance, 

nitrogen retention and haematological profile was 

recorded was at 25 % Moringa inclusion. 

 

Table 2: Nutrient intake (g day
-1

) of WAD sheep fed dietary inclusions of Moringa oleifera and Panicum maximum 

Parameters Treatments Mean±SEM 

1 2 3 4 5  

DM intake 236.59a 232.92a 226.43ab 215.12b 212.05b 222.62±12.11 

OM intake 208.39 207.49 204.12 197.00 196.04 200.61±8.08 

CP intake 47.65c 53.70bc 59.22b 59.72b 69.71a 58.00±7.31 

CF intake 82.24a 72.42b 61.55c 48.10d 39.67e 60.80±15.51 

EE intake 33.62 33.68 33.69 31.33 33.46 33.16±0.92 

NFE intake 43.72 46.35 48.48 46.88 52.35 47.56±2.48 
a, b, c, d, e Means along the same row with different superscripts are significantly different (P<0.05); SEM = standard error of the 

means  

 

Table 3: Linear correlation and regression analyses between Moringa oleifera inclusions (X) and nutrient intake (Y) 

Moringa inclusions vs. Correlation Coefficient Regression Equation 

DM intake -0.90* Y = 238.0 – 0.31X 

OM intake -0.79NS Y = 209.65 – 0.81X 

CP intake +0.97* Y = 47 97 + 0.20X 

CF intake -1.00* Y = 82.69 – 0.44X 

EE intake -0.41NS Y = 33.69 – 0.01X 

NFE intake +0.88* Y = 44.0 + 0.07X 

*(P<0.05); NS = Not significant 

 

Table 4: Nutrient digestibility (%) of WAD sheep fed dietary inclusions of   Moringa oleifera and Panicum 

maximum 

Parameters Treatments Mean±SEM 

1 2 3 4 5 

DM digestibility 55.74c 70.80a 66.51ab 63.02b 71.57a 65.53±5.79 

OM digestibility 49.63c 64.80ab 62.38b 60.24b 70.16a 61.44±6.67 

CP digestibility 64.69b 79.64a 77.04a 79.54a 84.96a 77.17±6.76 

CF digestibility 70.57a 76.93a 76.14a 72.53a 68.04b 69.08±8.38 

EE digestibility 64.33b 74.69a 69.56ab 64.77b 65.98ab 67.87±3.98 

NFE digestibility 12.93c 56.03b 49.80b 61.94ab 75.82a 51.30±21.03 
a, b, c, d, e 

Means along the same row with different superscripts are significantly different (P<0.05); SEM = Standard 

error of the mean 
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Table 5: Linear correlation and regression analyses between M. oleifera inclusions (X) and nutrient digestibility (Y) 

Moringa inclusions vs. Correlation Coefficient Regression Equation 

DM digestibility +0.58 NS Y = 60.75 + 0.10X 

OM digestibility +0.76 NS Y = 54.14 + 0.15X 

CP digestibility +0.85 NS Y = 69.09 + 0.16X 

CF digestibility -0.48 NS Y = 74.73 – 0.11X 

EE digestibility -0.24 NS Y = 69.19 – 0.03X 

NFE digestibility +0.89* Y = 24.97 + 0.53X 

  *Significant (P<0.05); NS = Not significant 

 

 

 

 

Table 6: Nitrogen balance in WAD sheep fed Moringa oleifera as replacement for Panicum maximum 

Parameters TREATMENTS Mean±SEM 

1 2 3 4 5 

N intake, g day-1 7.62c 8.59bc 9.47b 9.55b 11.15a 9.28±1.17 

Faecal N, g day-1  2.69 1.75 2.18 1.92 1.69 2.05±0.36 

N digestion, g day-1 4.93c 6.84b 7.29ab 7.63ab 9.46a 7.23±1.45 

Urinary N, g day-1 3.98b 3.85b 5.28ab 6.20ab 8.08a 5.48±1.56 

Total N output, g day-1 6.67b 5.60b 7.46ab 8.12a 9.77a 7.52±1.40 

N balance, g day-1 0.95bc 2.99a 2.01a 1.43c 1.38ab 1.75±0.70 

N retention, % intake 12.50ab 34.85a 21.22ab 14.97ab 12.35ab 19.17±8.47 

N retention, % digestion 19.27bc 43.71a 27.57b 18.74bc 14.59c 24.78±10.36 
a, b, c, d,  

Means along the same row with different superscripts are significantly different (P<0.05); SEM = Standard 

error of the mean 

 

 

 

 

 

 

Table 7: Linear correlation and regression analyses between M. oleifera inclusions (X) and nitrogen balance 

parameters (Y) 

Moringa inclusions vs. Correlation Coefficient Regression Equation 

N intake +0.97* Y = 7.67 + 0.03X 

Faecal N -0.71 NS Y = 2.41 - 0.007X 

N digestion +0.96* Y = 5.26 + 0.04X 

Urinary N +0.96* Y = 3.37 + 0.05X 

N output +0.89* Y = 5.78 + 0.04X 

N balance -0.27 NS Y = 1.89 - 0.007X 

N retention -0.43 NS Y = 23.21 – 0.13X 

   *Significant (P<0.05); NS = Not significant 
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Table 8: Effect of different levels of Panicum maximum replacement with Moringa oleifera on the haematological indices 

of WAD sheep 

PARAMETER TREATMENT  MEAN±S.E 

1 2 3 4 5  

RBC count (×106 mm-3) 7.87 11.29 11.03 8.21 10.06 9.69±1.41 

Haemoglobin (g 100ml-1) 8.15 10.75 10.43 9.02 8.22 9.31±1.09 

PCV (%) 25.33 c 32.33 a 31.33 ab 28.00 bc 29.83 ab 29.36±2.49 

ESR (mm hr-1) 0.67 0.53 0.52 0.60 0.70 0.60±0.07 

MCHC (%) 32.22 33.29 33.28 32.17 30.08 32.21±1.17 

MCH (pg) 11.93 9.66 10.87 11.22 8.25 10.39±1.30 

MCV (µm3) 36.77 a 29.11 ab 32.77 a 35.07 a 26.85 b 32.11±3.68 

WBC count (×103 mm-3) 12.66 a 5.39 c 6.93 bc 8.26 bc 10.44 ab 8.73±2.57 

Monocytes (%) 8.33 9.00 7.50 8.33 7.83 8.20±0.51 

Lymphocytes (%) 56.50 a 50.33 b 51.50b 54.83a 55.67a 53.77±2.42 

Neutrophils (%) 31.17b 36.83a 37.83a 33.17b 32.67b 34.33±2.55 

Eosinophils (%) 2.50 2.67 2.33 2.67 2.67 2.57±0.14 

Basophils (%) 1.50 1.17 0.83 1.00 1.00 1.10±0.23 
a, b, c,   Means along the same row with different superscripts are significantly different (P<0.05); S.E = standard error of the means 
 

Table 9: Linear correlation and regression analyses between M. oleifera inclusions (X) and haematological parameters (Y) 

Moringa inclusions vs. Correlation Coefficient Regression Equation 

RBC count +0.13NS Y = 9.43 + 0.005X 

Haemoglobin –0.21NS Y = 9.63 – 0.006X 

PCV +0.27 NS Y = 28.43 + 0.02X 

ESR +0.25 NS Y = 0.58 + 0.0005X 

MCHC –0.65NS Y = 33.29 – 0.02X 

MCH –0.63 NS Y = 11.55 – 0.02X 

MCV –0.53 NS Y = 34.89 – 0.06X 

WBC count –0.09 NS Y = 9.05 – 0.006X 

Lymphocyte +0.17 NS Y = 53.20 + 0.01X 

Monocyte –0.46 NS Y = 8.53 – 0.007X 

Neutrophils –0.04 NS Y = 34.47 – 0.003X 

Eosinophils +0.35 NS Y = 2.50 + 0.001X 

Basophils –0.73 NS Y = 1.33 – 0.005X 

NS = Not significant   
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Abstract :   Field and screen house trials were conducted in 1999 and 2000 at Samaru in the northern Guinea 
savanna ecological zone of Nigeria to evaluate the reaction of 36 groundnut (Arachis hypogaea L.) genotypes to 
artificial inoculation with Alectra vogelii (Benth.).The field trial was conducted on a plot that was inoculated with 
about 24,000 Alectra seeds per each groundnut hill in the previous season.  Every year, the trial plots were further 
inoculated with 2,700 Alectra seeds per hill and laid out in randomized complete block design(RCBD) with three 
replications. In the screen house, half of the experimental pots were inoculated with about 64,500 Alectra seeds per 
pot while the remaining half was used as un-inoculated control. Two out of the 36 groundnut genotypes screened 
ISG NIG 701 and SAMNUT-18, exhibited low pod yield reduction in the screen house and hosted low to moderate 
Alectra shoot number in both the field and screen house. These genotypes therefore appeared to be moderately 
resistant to Alectra. Two other genotypes, ISG NIG 174 and SAMNUT-11 which had very low pod yield reduction 
in the screen house and  moderate to high Alectra shoot population in the screen house as well as the field could be 
regarded as being tolerant  to Alectra. Groundnut genotypes, ISN NIG 858, ISG NIG 251, ISG NIG 826, ISG NIG 
200B and ISG NIG 222 which had less pod yield reduction than ISG NIG 174 and SAMNUT-11 and supported 
moderate to high number of Alectra shoots both in the field and screen house were considered to be moderately 
tolerant to Alectra. Other groundnut genotypes supported high Alectra shoots in both the field and screen house and 
had high pod yield reduction in the screen house and were therefore highly susceptible to Alectra parasitism. 
[Journal of American Science 2010;6(10):644-651]. (ISSN: 1545-1003).   

Key words: Alectra vogelii, Reaction, Resistance, Tolerance.  

Introduction                                                                   

                Alectra vogelii (Benth), a root hemi-
parasite of the family scrophulariaceae, is a stoutly-
stemmed annual herb (Lind and Tallantire, 1962). It 
parasitizes on legumes such as cowpea, groundnut, 
bambara groundnut and soybean (Kureh et al., 1996; 
Mabosa and Lagoke, 1991). The scourge of Alectra 
is more prevalent in the northern and southern 
Guinea savanna ecological zone of West Africa (sub-
humid region) and the yield reduction can be as high 
as 100% in severe cases (Emechebe et al., 1991; 
Alonge et al., 2002). Alectra has also been reported 
to be widespread in East and southern Africa (Singh 
et al., 2002). The parasite depletes the host of 
nutrients with resultant debilitating effect on the 
susceptible host plant. The damage is accentuated by 
the poor nutrient status of the soils of the West 
African savanna.   

Groundnut (Arachis hypogaea L.) is one of 
the major oil seed crops in Nigeria. The crop is 
consumed mostly by local industries for the 
production of edible vegetable oil and groundnut 

cake for the livestock industry. Groundnut is also a 
ready source of vegetable protein to the populace. 
However the effect of Alectra on groundnut and other 
legumes could be devastating under high infestation 
(Mabosa and Lagoke, 1991). Despite the scourge of 
Alectra on groundnut and other legumes, relatively 
less work has been done on its control. Control of 
Alectra is difficult for peasant farmers as it produces 
large numbers of seed and up to 75% of crop damage 
could be done before it emerges from the soil (Singh, 
et al., 2002). Although different methods have been 
used for the control of parasitic weeds, the most 
economical and environmentally friendly method is 
host-plant resistance (El-Hiweris, 1987; Lane et al., 
1991). While a number of improved, high yielding 
Striga/Alectraresistant cowpea genotypes have been 
developed and are fast becoming popular with 
farmers in West African savanna (Singh et al., 2002; 
Kamara et al., 2008), the same cannot be said for 
groundnut.  

             The bulk of the Nigerian groundnut 
production takes place in the sub-humid savanna but 
this zone is highly prone to Alectra infestation. This 
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study was therefore undertaken to screen some of the 
existing and ntroduced groundnut genotypes for their 
reaction to Alectra infestation in the northern Guinea 
savanna of Nigeria.  

2. Materials and Methods                

                Field and screen house evaluations were 
done at the experimental farm of the Institute for 
Agricultural Research (IAR), Samaru (11° 11’ N; 07° 
38’ E) in the northern Guinea savanna ecological 
zone of Nigeria. The field trials were conducted 
during the rainy seasons in 1999 and 2000 while the 
screen house trial was conducted in 2000. The soil of 
the area is broadly classified as alfisols. The soil of 
the experimental site was loam with pH of 5.8, 
available P 10.1 mg kg-1 and total nitrogen 0.2 g kg -1 
soil. Thirty-six groundnut genotypes out of which 30 
were from International Research Institute for Semi-
Arid Tropics (1CRISAT) and six from IAR were 
screened. Fifteen of the genotypes are early maturing 
(90-110 days) while the remaining twenty-one are 
late maturing (130-145 days). The treatments were 
laid in randomized complete block design (RCBD) 
with three replications. Although the trial was 
conducted in a field that was naturally infested with 
Alectra, artificial inoculation with Alectra seeds 
(about 2,700 seeds per hill ) was done to add to the 
pool of Alectra seeds in the soil. In both years, 
Alectra inoculation stock was prepared by thoroughly 
mixing 2g of Alectra seeds with 0.88kg of sand from 
which 5g was used to inoculate each planting   
hill just before sowing.    
                Sowing was done in the first week of July 
in 1999 and in mid-June in 2000. Two seeds were 
sown per hill at the spacing of 75cm by 25cm. 
Individual plot size was 9 m2, comprising of four 
ridges, spaced 75 cm apart and of 3 m length. 
Phosphorus was applied by side placement of single 
super-phosphate at the rate of 22 kg P ha-1 two weeks 
after sowing (WAS). Hand weeding was done at 2, 5 
and 8 WAS. Greater care was taken by hand pulling 
during the last two weeding to avoid tampering with 
the un-emerged and emerged Alectra shoots.                               
             In the screen house trial, the 36 groundnut 
genotypes were sown in pots under Alectra 
inoculated and un-inoculated conditions . The 
experiment was arranged in randomized complete 
block design with three replications corresponding to 
pot size (26.3cm x 24.7cm; 21.6cm  x 23.5cm; 
20.0cm  x 19.7cm) . The stock mixture used for 
inoculation was prepared by thoroughly mixing 100g 
of Alectra seeds with 1 .76kg of sand in a polythene 
bag. Each pot was inoculated using l0g of the Alectra 
stock mixture (about 24,000 Alectra seeds) further 

mixed with 0.77kg of soil taken from the pot and 
transferred back into the pot.  The pots were then 
watered for two weeks to precondition the Alectra 
seeds before the sowing of groundnut. Four 
groundnut seeds were sown per pot in the first week 
of October, 2000 and thinned to two plants at 2WAS. 
The experimental pots were watered to field capacity. 
in the course of the research. Emerged shoots were 
counted weekly from the time the first emerged 
Alectra shoot was observed in the trial. In the field 
trial, pod yield was determined at maturity from a net 
plot area of 4.5 m2 comprising the two inner rows of 
each plot. Pod yield as a percentage of the control 
was carried out in the screen house trial. Data were 
subjected to analysis of variance and treatment means 
were separated using Duncan’s Multiple Range Test 
(Duncan, 1955).  
 
3. Results 

                In both the field and screen house, Alectra 
shoots emerged on all groundnut genotypes at 12 and 
15 WAS (Tables 1 and 2). However, in the field, the 
groundnut genotypes varied significantly in their 
support for Alectra shoots in year 2000 and the 
combined analysis only (Table 1). At 12 and 15 WAS 
in year 2000 and the combined analysis, the 
genotypes that exhibited the lowest support for 
Alectra shoots were ISG NIG 174, SAMNUT-11, 
SAMNUT-14, ISG NIG 859, ISG NIG 701, ISG NIG 
793, SAMNUT-18 and ISG NIG 513, while ISG NIG 
128B hosted the highest number of Alectra shoots. 
Genotypes ISG NIG 174 and ISG NIG 859 gave 
significantly lower number of Alectra shoots than 
ISG NIG 790, ISG NIG 128B, SAMNUT-20 and ISG 
NIG 532. The combined analysis indicated that ISG 
NIG 251 and ISG NIG 386 also hosted high number 
of Alectra shoot  In the screen house, there were 
significant differences in the number of Alectra 
shoots hosted by the genotypes at I5WAS (Table 2). 
At this stage, ISG NIG 701 recorded the least Alectra 
shoot count, which was significantly lower than the 
high population hosted by SAMNUT-l0, 1SG NIG 
13, ISG NIG 200B and ISG NIG 513. Other 
genotypes that also had fewer number of Alectra 
shoots than the latter four genotypes were  
SAMNUT-11, SAMNUT-14, ISG NIG 793, ISG 
NIG 784, ISG NIG 532, ISG NIG 199, ISG NIG 816, 
1SG NIG 610, 1SG NIG 585, ISG NIG 253, ISG 
NIG 857B and 1SG NIG 251. The genotype ISG NIG 
13 supported the highest number of Alectra shoots.  

                The genotypes differed significantly with 
respect to pod yield in both years and the combined 
analysis (Table 3). In both years, ISG NIG 790 and 

 645



Journal of American Science                                                                                                                 2010;6(10) 

 

 646

ISG NIG 793 gave the highest pod yields. Averaged 
over the two years these genotypes yielded over 2.00 
tonnes pod/ha. Genotypes that gave comparable 
yields with the highest yielder include SAMNUT-20, 
SAMNUT-11, SAMNUT-16, ISG NIG  611, ISG 
NIG 784, ISG NIG  826B, ISG  NIG 13, ISG NIG  
857B, ISG NIG  776 and ISG NIG  251, which are all 
late maturing. The early maturing genotypes 
produced relatively lower pod yields.     In the screen 
house, when averaged over genotypes, Alectra 
infection resulted in 41% reduction in pod yield 
(Table 4). Under infection,   the highest pod yielder 
was ISG NIG 199 followed by ISG NIG 859, 
SAMNUT -11, ISG NIG 826, ISG N1G 953, ISG 
NIG 858, and ISG NIG200B and ISG NIG251in that 
order. All these genotype s produced up to 3.0g pod 
yield per pot and were comparable to ISG NIG 199. 

Genotype ISG NIG 814 failed to produce pods under 
Alectra infection while ISG NIG 386, ISG NIG 532, 
ISG NIG 816, ISG NIG 776, ISG NIG 13, ISG NIG 
784 and SAMNUT-20 had low (less than 1.0g) pod 
yields. The best pod yielder under uninfected 
condition was ISG NIG 598, which was at par with 
ISG NIG 200 and ISG NIG 199 only. The latter two 
genotypes, in turn, out-yielded ISG NIG 174, ISG 
NIG 814, ISG NIG 78, ISG NIG 784, ISG NIG 816 
and ISG NIG 386. The percentage pod yield 
reduction showed that the genotypes 1SG NIG 814 
had the highest pod yield reduction of 100% (Table 
4). Other genotypes that recorded high percentage 
(84-88%) pod yield reduction were ISG NIG 13, ISG 
NIG 816 and ISG NIG 386. The least percentage (-
42.8%) yield reduction was exhibited by 1SG NIG 
174.  

 

Table 1. Effect of genotype on the number of Alectra shoots in groundnut grown under Alectra infestation at Samaru 
in 1999 and 2000 rainy seasons 

Number of Alectra shoots/4.5m2 

                                            12WAS                                                  15WAS 

Genotype     1999     2000              1999/2000                               1999             2000             
1999/2000             Combined                                                 combined  

SAMNUT-l0   6.0   6.0cd   6.0c      7.0 12.7a-f 9.8a-e  
ISG NIG 174    6.0   2.0d   4.0c    7.3 2.0f      2.7e  
SAMNUT-20      11.0  10.7cd   10.8bc                    21.7 19.7abc 20.7a  
SAMNUT-16    6.7  11.7bcd   9.2c      7.0  11.0a-f 9.3a-e  
SAMNUT-11    3.7  3.7d   3.7c      15.0 4.3def 9.7a-e  
SAMNUT-14    9.0  3.0d   6.0c      7.0 2.7ef 4.8cde  
ISGNIG 200    12.0 6.0cd   9.0c      11.7 8.7b-f 10.2a-e  
ISG NIG 859    11.3 2.3d   6.8c      4.3 1.7f 3.0e  
ISG NIG 790    15.7 19.6b   17.5ab    18.0 24.7a 21.3a  
ISG NIG 701    5.7 3.7d   4.7c      9.3 4.0def 6.7b-e  
ISG NIG 793    10.3 4.0d   7.2c      14.7 9.0b-f 11.8a-e  
ISG NIG 826    5.7 10.3bcd   8.0c        3.7  18.3a-d 11.0a-e  
ISG NIG 814    4.0 5.7cd   4.8c      5.0 9.0b-f 7.0b-e  
ISG NIG 78    6.0 5.0cd   5.5c     7.3 5.3c-f 6.3b-e  
ISG NIG 784    6.7 5.3cd   6.Oc      11.0 16.0a-f 13.7a-e  
ISG NIG 532    2.3 10.0bcd   6.2c        3.0 18.0a-d 10.5a-e  
SAMNUT-18    6.7 3.7d   5.2c       5.0 4.0def 4.5de  
ISG NIG 199    9.0  5.3cd   7.2c        6.3 7.3b-f 6.8b-e  
ISG NIG8I6    7.3 4.0d   5.7c        10.7 13.3a-f 12.0a-e  
ISG NIG826B    15.3 4.4cd   10.3bc        21.7 11.0a-f 16.3a-d  
ISG NIG610    5.0 4.7cd   4.8c        11.0 14.3a-f 12.7a-e  
ISG NIG858   12.7  5.0cd   8.Sc                                  5.3 9Th-f 7.5b-e  
ISG NIG253    8.3 4.3cd   6.3c         8.3 4.3def 6.3b-e  
ISGNIG222    5.7 6.7bcd   6.2é         3.3 8.0b-f 5.7b-e  
ISG NIG13   18.0 17.7bc   17.8ab        17.3 17.0a-f 17.2abc  
ISG NIG 128B    4.3 34.3a   19.3a        15.7 20.3ab 18.0ab  
ISG NIG598    5.3 5.0cd   5.2c        5.7 7.0b-f 6.3b-e  
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ISG NIG953    5.0 7.0bcd  6.0c        5.0 6.0b-f 5.5b-e  
ISG NIG200B    7.7 8.3bcd   8.0c                       7.0 5.3c-f 6.2b-e  
ISG NIG857B    15.0 6.0cd  10.Sbc                      18.7 13.7a-f 16.2a-d  
ISG NIG533    8.7 5.3cd  7.0c       13.3 7.3b-f 10.3a-e  
ISG NIG766    8.3 7.7bcd  8.0c          15.0 18.7a-f 16.8a-d  
ISG NIG611    7.0 4.0d  5.5c         10.7 12.7a-f 11.7d-e  
ISG NIG386    7.7 8.3bcd  8.0c         21.0 12.0a-f 16.3a-d  
ISG NIG513    3.0 4.0d  3.5c       5.0 7.7Th-f 6.3b-e  
ISG NIG251    9.3 4.7cd  7.0c         21.7 11.0a-f 16.3a-d  
SE±    3.62 3.83  2.64          5.72 4.24 3.56  
Means followed by the same letters in a column are not significantly different at 5% level of probability using 
Duncan Multiple Range Test.  
WAS = Weeks after sowing.  

Table 2: Influence of genotype on the number of Alectra shoots per pot of groundnut plants grown under artificial 
Alectra infestation at Samaru in October 2000.   

------------------------------------------------------------------------------------------------------------------------------------------ 

 Number of Alectra shoots per pot at 

Genotype   I2WAS  I5WAS  
SAMNUT-l0   21.3  45.3ab  
ISG NIG174   20.7   28.0a-e  
SAMNUT-20   11.7  13.7cde  
SAMNUT-16   11.0   20.7bc  
SAMNUT-Il   3.3   7.7de  
SAMNUT-14   3.3   10.7de  
ISG NIG 200   9.3   18.3b-e  
ISG NIG859   10.0   15.7b-e  
ISG NIG790   16.3   22.3b-e  
ISG NIG701   3.0   2.7e  
ISG NIG793   10.3   6.3de  
ISG NIG826   11.7   14.7b-e  
ISG NIG814   10.3   33.7a-e  
ISG NIG78   13.0   27.3a-e  
ISG NIG784   7.0   6.0de  
ISG NIG532   6.3   8.0de  
SAMNUT-18   8.0   18.7b-e  
ISG NIG199   9.3   9.7de  
ISG NIG816   5.3   8.7de  
ISG NIG826B   6.3   14.7b-e  
ISG NIG610   2.0   13.0de  
ISG NIG858   5.0   8.0de  
ISG NIG253   7.7   6.7de  
ISG NIG222   8.3   19.0b-e  
ISG NIG13   24.7   55.7a  
ISG NIGI28B    5.0   21.0b-e  
ISG NIG598    7.0   32.0a-e  
ISG NIG953   11.3   13.7cde  
ISG NIG200B    18.0  44.3abc  
ISG NIG857B    6.3   7.3de  
ISGNIG533    12.7   25.3b-e  
ISG NIG766    9.0   17.7b-e 
ISG NIG611    7.0   26.0b-e  
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ISG NIG386    7.7   21.7b-e  
ISG NIG5I3    33.0   36.7a-d  
ISG NIG25I    3.7   9.7de  
SE±     5.37   8.94  
--------------------------------------------------------------------------------- 
Means followed by the same letter(s) in a column are not significantly different at 5% level of probability using 
Duncan Multiple Range Test.  
WAS = Weeks after Sowing.  
ns = Not significant at 5% level of probability.  

Table 3.Pod yield of groundnut genotypes grown under Alectra infestation at Samaru in 1999 and 2000 rainy 
seasons.  

Pod yield (kg/ha)  
 
Genotype                1999   2000   1999/2000 combined 

SAMNUT-l0    1180a-h  1922a-f   155lc-j  
ISG NIG 174      926d-h  1109g.-k                 1018k-n  
SAMNUT-20    1630a  1961a-f  1769a-e  
SAMNUT-16    1418a-d 2316ab  lS67abc  
SAMNUT-11    1433a-d 1810a-h  1621a-h  
SAMNUT-14    846fgh 846ijk  846Lmm  
ISG NIG 200         8l0fgh  7jk   794mn  
ISG NIG 859     1242a-h 995ijk  1119j-n              
ISG NIG 790                   1625a       2462a             2044ab                 
ISG NIG701    738h  823jk   780mn  
ISG NIG793    1698a  2457a   2078a  
ISG NIG826    998c-h l0S0h-k  1039k-n  
ISG NIG814    1180c-b 1627b-c  1404c-k  
ISG NIG78    899d-h 106Th-k  983k-n  
ISG NIG784    1493abc  104a-e   1799a-c  
ISG NIG532    845fgh 1438d-j  1141j-n  
SAMNUT-18    1012b-h 475k   743n  
ISG NIG199    1319a-f 1280f-j  1300f-i  
ISG NIG816    864d-h 2236abc  1550e-j  
ISG NIG826B    1405a-e 2273ab  1839a-d  
ISG NIG610    988c-h  1450d-j   1219j-m  
ISG NIG858    1020b-h                964ijk   992k-n  
ISG NIG253    1193a-h  1345e-j   1269g-i  
ISG NIG222    1163a-h  1265f-j   1214g-n  
ISG NIG13    1224a-h 2290ab   1757a-f  
ISG NIG128B    916d-h  1870a-g                 193d-k  
ISG NIG598    987c-h  1126g-k                 1057k-n  
ISG NIG953    756gh  9251jk                 841lmn  
ISG NIG200B    1049b-h  1228f-k   1138i-n  
ISG NIG8578         1550ab 2138a-d  1844a-d  
ISG N1G533    1263a-h 1475c-j  1369e-k  
ISG NIG766    1325a-f 1970a-f  1647a-g  
ISG NIG611    1555ab  2159a-d                1857a-d  
ISG NIG386    1199a-h  1992a-f   1596b-i  
ISG NIG513    1067b-h  1284f-j   1176h-n  
ISG NIG251    1296a-g  2170a-d                1733a-f  
SE±     156.9  228.4   138.6  
 
Means followed by the same letter(s) in a column are not significantly different at 5% level of probability using 
Duncan Multiple Range Test.  
ns significant at 5% level of probability.  
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Table 4. Pod yield per plant and percentage pod yield reduction of groundnut genotypes grown under artificial 
Alectra infestation in the screen house at Samaru, October 2000.  

Pod yield/plant (g) 

infected  2.0b Percentage 

un-infected  3.4a Pod yield 
SE± 1.0 Reduction 
 Infected Un-infected  
SAMNUT-l0 1.6c-i 4.0b-f  61.3a-e  
ISGNIG 174  2.3a-g  1.7gh -42.8g  
SAMNUT- 20  0.9f-i  3 .4b-g 75. 8abc  
SAMNUT-16 l.0e-i  3.8b-g 69.7a-e  
SAMNUT-11  3.5abc  3.2b-g -22.9fg  
SAMNUT-14 2.2b-g  3.Ib-h 31.3a-g  
ISG NIG 200  2.7a-f  4.7ab 36.0g.-f  
ISG NIG 859  4.0ab  4.0b-f -6.3d-g  
ISGNIG 790  1.3d-i  3.9b-f 67. la-c  
ISG NIG 701  2.9a-d  2.4c-h -42.7g  
ISG NIG 793  1.6c-i  3.5b-g 59.0a-e  
ISG NIG 826  3.5abc  4.0b-f 14.2b-g  
ISG NIG 814 0.0i  1.0h  l00.0a  
ISG NIG 78  1.8c-i  3.7b-g  51.0a-f  
ISG NIG 784  0.6g-i  2. Ic-h  70.8a-d  
ISG NIG 532  0.3hi  2.lc-h  79.Iabc  
SAMNUT-18   2.lb-h  3.lb-h  12.7b-g  
ISG NIG 199  4.2a  4.5abc  4.8c-g  
ISG NIG 816  0.3hi  2.2dh  86.0ab  
ISG NIG 826B  1.0e-i  3.2b-g  75.4abc  
ISG NIG 610 1.6c-i  2.6b-h  33.9a-f  
ISG NIG 858 3.la-d  3.0b-h  -3.ld-g  
ISG NIG 253  2.5a-f  4.3bcd  42.2a-f  
ISG NIG 222 2.7a-f  3.5b-g  21.4b-g  
ISG NIG 13  0.6g-i  3.9b-f  88.2ab  
ISG NIG 128B  2.9a-d  4.2b-e  30.8a-g  
ISG NIG 598 2.8a-e  6.4a  59.7a-e  
ISG NIG 953  3.2a-d  3.9b-f  16.8a-e  
ISG NIG 200B  3.0a-d  3.9b-f  13.6b-g  
ISG NIG 857B 1 .4d-i  4.0b-f  64.9a-e  
ISG NIG 533  1.3d-i  3.5b-g  55.7a-e  
ISG NIG 766  0.5g.-i  3.2b-g  78.6abc  
ISG NIG 611  1.8c-i  4.lb-f  53.6a-f  
ISG NIG 386 0.2i  1.9fgli  84.9ab  
ISG NIG 513  
SE-

+ 
3.0a-d  
0.54  

3.0b-h  
0.63  

-7.5efg  
22.3  

Means followed by the same letter(s) in a column are not significantly different at 5% level of probability using 
Duncan Multiple Range Test.  

4. Discussions 

                This field and screen house study showed 
that groundnut genotypes differed in their reaction to 
Alectra parasitism, which had marked effect on their 
performance. Among the genotypes tested, ISG NIG 

701 and SAMNUT- 18 exhibited moderate resistance 
to Alectra both in the field and the screen house                             
This was demonstrated by their having low pod yield 
reduction in the screen house, and low to moderate 
shoot number in the screen house as well as the field. 
The low pod yield reduction implies that Alectra 
parasitism was not able toeffect significant yield 



Journal of American Science                                                                                                                 2010;6(10) 

 

reduction in these genotypes. Low Alectra shoot 
number has been associated with resistance to Alectra 
in cowpea (Magani, 1994) and soybeans (Kureh et 
al., 1996). The moderate resistance in these 
groundnut genotypes might have been achieved 
through low production of germination stimulant 
which is one of the resistance mechanism advocated 
by some authors (El-Hiweris, 1987; Obilana, 1987, 
Ramaiah, 1978, Ramaiah, 1991). The low production 
of germination stimulant signifies less chemical 
available that could induce Alectra seed germination 
consequently       Low parasitism and its effect. 
                The other group of genotypes that exhibited 
very low podyield reduction in spite of hosting high 
number of Alectra shoots can be considered as 
tolerant cultivars. Mussell (1980) defined tolerance as 
the ability to produce good crops despite the insult of 
pathogen. The genotypes that fell into this category 
were ISG NIG 174 and SAMNUT-11. While the 
genotype ISG NIG 174 had moderate number of 
Alectra shoots in the field, it hosted high number of 
Alectra shoots in the screen house. Kim (1997) noted 
that variations occur in the field with respect to 
parasitic weed infection. This may account for the 
difference observed in the Alectra support of this 
genotype in the field and the screen house. 
Nevertheless, since it had very low yield reduction 
despite high infestation in the screen house, therefore 
it can be considered as being tolerant to Alectra. The 
other genotype SAMNUT-11 appeared to support 
low to moderate Alectra shoot number at the early 
growth stage but high density at later stage, 
especially in the field. Its ability to sustain high yield 
in spite of the high Alectra infestation marks it out as 
a tolerant genotype. Low Alectra damage in tolerant 
soybean cultivars has been reported by Kureh and 
Alabi (2003). Tolerance can be considered as a type 
of horizontal resistance which is polygenic in contrast 
to vertical resistance which is monogenic (Kim, 
1997). The horizontal resistance allows for the co-
existence of the host and the parasite and it is more 
sustainable than vertical resistance which breaks 
down faster with time. Since the tolerant genotypes 
can produce high yield in spite of high parasitism, it 
implies they have to be very efficient in the 
production of assimilates to support the parasites and 
still have enough to give high yields. According to 
MuselI (1980), such genotypes are able to achieve 
this by judiciously allocating minerals, energy and 
food resources for the production of valuable output 
despite being infested.  

The genotypes ISG NIG 858, ISG NIG 251, 
ISG NIG 826, ISG NIG 200B and 1SG NIG 222 also 
had low pod yield reduction, but to a lesser extent 

compared to the aforementioned genotypes. They 
supported moderate to high number of Alectra shoots 
both in the field and the screen house. Therefore, they 
may be considered as being moderately tolerant to 
Alectra. Other genotypes ISG N1G 199, 1SG NIG 
953, ISG NIG 128B, and SAMNUT-14 showed 
inconsistent support for Alectra shoots. The 22 
genotypes which had high pod yield reduction (over 
30%) could be regarded as being susceptible. The 
reaction syndrome displayed by these susceptible 
cultivars was that of chlorosis, scorching and 
premature defoliation. Similar chlorotic symptoms 
have been reported on cowpea by Magani (1994). 
The resultant chlorosis could be due to chlorophyll 
degradation in susceptible host as suggested by 
Knuston (1979). Furthermore, the premature 
defoliation may possibly be attributed to elevated 
level of abscisic acid as observed in Striga infected 
sorghum by Stewart (1987). Thus reduction in 
photosynthetic site might be responsible for the yield 
reduction in susceptible genotypes. The negative 
effect of Alectra parasitism in depleting the host plant 
of assimilates was reflected in depressed pod number 
and pod yield per pot in the screen house. Similar 
observations were reported on cowpea by Magani 
(1994) and Alonge et al (2002).  
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Abstract: The present study  aimed to evaluate the PCR assays (using Universal and specific primers) for detection 

of the major pathogens of bubaline subclinical mastitis directly from 160 buffaloes milk samples compared to 

bacterial examination. The bacteriological examinations showed incidence of 23.75%, 15.62%, 3.12% and 0.62% 

for E. coli, S. aureus, S. agalactiae and S. dysgalactiae respectively. PCR was better in sensitivity and specificity 

than the conventional culture as it detected more positive results in culturally negative milk samples. The level of 

sensitivity achieved in our experiments (5x10
1
CFU/ml of milk) is applicable to milk sample analysis without sample 

enrichment. The results suggest that PCR assay especially the one working with universal primers could be used as 

an alternative method in routine diagnosis for rapid, sensitive, and specific simultaneous detection of E. coli, S. 

aureus, S. agalactiae and S. dysgalactiae in milk samples. [Journal of American Science 2010; 6(10):652-660]. 

(ISSN: 1545-1003).    
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1. Introduction: 

Buffaloes are the main dairy animals in 

some developing countries worldwide despite this 

species tends to have relatively slow rate of 

reproduction  and more reproductive problems such 

as inactive ovaries, long calving intervals and mastitis 

(Hussein,2002 ;Piccinini et al.,2006). 

Subclinical mastitis is a major problem 

affecting dairy animals all over the world. It causes 

enormous losses for breeders and consequently 

influences the national income of the country 

(McDougall et al., 2009). Economic losses are due to 

(a) loss in milk production,(b) discarding abnormal 

milk and milk withheld from cows treated with 

antibiotics, (c) degrading of milk quality and price 

due to high bacterial or somatic cell count (SCC), (d) 

costs of drugs, (e) veterinary services and increased 

labor costs, (f) increased risk of subsequent mastitis, 

(g) herd replacement, and (h) problems related to 

antibiotics residues in milk and its products (Bramely 

et al., 1996; Getahun et al.,2008). 

Health status of mammary gland in milking 

animals contributes greatly in the economic 

importance of the farm animals. Despite 

susceptibility to mastitis is low in buffaloes when 

compared to cattle (Saleh, 2005), the poor 

management conditions practiced by small buffalo 

holders in rural areas may anticipate in increased 

percentage of subclinical mastitis.  

Subclinical mastitis causes reduction in milk 

quality and its market value as well as it is 

responsible for up to 70% of the losses in mastitis 

(Kirk and Bartlett, 1988). Moreover, quarter-wise 

prevalence of intramammary infection in buffalo was 

66%, especially during the periparturient period, 

whereas the incidence is highest during the 30 days 

after calving (Moroni et al., 2006). 

Subclinically infected cows are intermittent 

shedders of organisms and may cycle through low 

and high shedding patterns during lactation. Milk 

culture may yield no bacteria from truly subclinically 

infected glands due to the presence of very low 

numbers of pathogens when samples are collected 

(Cai et al., 2003). Negative cultures may also be due 

to bacteria inhibited by residual therapeutic 

antimicrobials or leukocytes. Environmental 

contaminants and intracisternal microorganisms can 

also represent a major problem in the interpretation of 

culture results. Moreover, microbiological culture of 

milk is time consuming. Species identification by 

standard biochemical methods requires more than 48 

h to complete (Phuektes et al., 2001).  

Due to the limitations of conventional 

culture, simplex and multiplex PCR protocols have 

been developed for identification of the various 
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mastitis pathogens (Daly et al., 2002; Meiri-Bendek 

et al., 2002; Anand Kumar, 2009; Kozytska et al., 

2010). These PCR methods offer the option of 

identification of bacteria within hours. PCR can also 

improve the level of detection because of its ability to 

detect low numbers of organisms. Mastitis pathogens 

could probably be detected in carrier animals or at 

earlier stages of infection in clinical cases. PCR also 

has the potential to be extremely specific and to 

discriminate between closely related microorganisms, 

such as S. parauberis and S. uberis (Jayarao et al., 

1991).  

The aim of this study was to improve direct 

diagnosis of subclinical mastitis in buffaloes by 

simple and specific method, a Polymerase Chain 

Reaction (PCR) assay. PCR was developed using 

universal and specific primers for simultaneous 

detection of the four major bacterial causes of bovine 

mastitis, Escherichia coli, Staphylococcus aureus, 

Streptococcus agalactiae and Streptococcus 

dysgalactiae. 

 

2. Material and Methods: 

The current work was carried out on dairy 

buffaloes reared by local farmers at villages of 

different Egyptian governorates (Menufia and 

Kalubia) during the period between 2009-2010. 

 

Milk Samples 

A total of 160 forequarter milk samples from 

40 buffaloes with subclinical mastitis based on the 

absence of visible abnormalities of milk secretions 

and positive California Mastitis Test (CMT) were 

used in this study. 

The examined udders were thoroughly 

washed, dried with a clean towel and the teats were 

sprayed with 70% ethanol. After that the first few jets 

of milk were discarded and 50 ml of milk samples 

from each quarter were collected in a sterile 

McCartney bottle (Blood and Henderson, 1986). All 

samples were tested by the CMT, and then kept at 4 

ºC and transported immediately to the laboratory. 

Each sample was divided into two parts, each in a 

sterile McCartney bottles. One was incubated at 24 h 

for bacteriological examination and the other part 

was stored in a freezer (at approximately -20 ºC) for 

PCR testing. 

 

California Mastitis test 

California mastitis test (CMT) was carried 

out according to Schalm and Noorlander (1957). 

According to the changes of colour and grade of gel 

formation, results were interpreted as negative, trace, 

1+, 2+, and 3+, as described by Schalm et al. (1971). 

 

 

Bacteriological Examination  

Milk samples were incubated aerobically at 

37ºC for 24 h then centrifuged at 3000 rpm for 20 

minutes. The supernatant fluid was discarded and a 

loopful from the sediment was streaked onto the 

surface of mannitol salt agar, blood agar and 

MacConkey agar plates. The plates were incubated at 

37ºC for 24-48 h, and examined for bacterial growth. 

The isolated colonies were identified according to 

Finegold and Baron (1986). 

 

Polymerase Chain Reaction 

1- Bacterial Strains and Growth conditions.  

The organisms used in this study include E. 

coli, S. aureus, S. agalactiae and S. dysgalactiae 

isolated from bovine mastitis which were kindly 

offered by the dairy unit of the Institute of Animal 

Reproduction and identified biochemically by the 

API Staph and Strep systems accordingly. All 

organisms were cultured in TSB (Difco Laboratories, 

Detroit, Mich.) at 37°C for about 17 h before DNA 

extraction. Cell numbers were determined by the 

preparation of serial dilutions of an overnight culture 

in phosphate-buffered saline (PBS) and plating on 

blood agar (Columbia agar base supplemented with 

5% defibrinated sheep blood). 

 

2-Preparation of Bacterial DNA for PCR Using the 

Dneasy Blood & Tissue Kit (Qiagen Co., Cat. no. 

69504) with Some Modifications 

 Bacteria were grown overnight in 20 ml of 

TSB, and then 1.5 ml of this culture was centrifuged 

at 5,000 Xg for 10 min. then heat in heat block at 

95ºC for 10 min then put on ice The Dneasy Tissue 

kit from Qiagen was used by following the 

manufacturer’s recommendation. 

 

3-Phenol-Chloroform Extraction of DNA from Milk 

Samples 

Frozen milk was thawed at room 

temperature and 500 µl of sample were mixed with 

199 µl of NET buffer and 100 µl of 24% sodium 

dodecyl sulphate (SDS). After incubation at 80ºC for 

10 minutes, the mixture was cooled on ice. Proteinase 

K was added to the mixture at a concentration of (325 

mg/ml), then the mixture was incubated at 50ºC for 

1.5 hours, followed by treatment with phenol: 

chloroform: isoamyl alcohol (25:24:1)  as reported by 

Romero and Lopez-Goni (1999).The pellet was dried 

and dissolved in 25 µl sterile distilled water and 

stored at -20ºC. 

 

4-PCR Primers  

PCR primers were designed from highly 

divergent and species specific regions of the DNA 

coding for 16S and 23S rRNA based on previously 
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published sequence entries available in the Gene 

Bank database (E. coli, GI no. 42756; S. aureus, GI 

no. 288516; S. agalactiae, GI no. 2353759; S. 

dysgalactiae, GI no. 560494). Genes encoding rRNA 

were used as target sequences rather than genes 

encoding mRNA because of signal enhancement due 

to presence of several copies of genes encoding 

rRNA in the genome (Riffon et al., 2001). The 

sequences, specificities, and G+C contents are 

summarized in Table 1. The primer combinations, the 

annealing temperatures, and the lengths of the 

amplified products are summarized in Table 2.  

 

TABLE 1. Oligonucleotide primer sequences used for PCR 

Primer Specificity Sequence (5´-3´) G+C Content (%) 

Uni 678 Universal AGT GGA ATT CCA TGT GTA GC 45 

Uni 888 Universal GAG TGC TTA ATG CGT TAG CT 45 

Eco 2083 E. coli GCT TGA CAC TGA ACA TTG AG 45 

Eco 2745 E. coli GCA CTT ATC TCT TCC GCA TT 45 

Sau 327 S. aureus GGA CGA CAT TAG ACG AAT CA 45 

Sau 1645 S. aureus CGG GCA CCT ATT TTC TAT CT 45 

Sag 40 S. agalactiae CGC TGA GGT TTG GTG TTT ACA 48 

Sag 445 S. agalactiae CAC TCC TAC CAA CGT TCT TC 50 

Sdy 105 S. dysgalactiae AAA GGT GCA ACT GCA TCA CTA 43 

Sdy 386 S. dysgalactiae GTC ACA TGG TGG ATT TTC CA 45 

 

TABLE 2.  Primer Conditions During PCR 

Forward Primer Reverse Primer Annealing Temp (ºC) 
Size of Product 

Amplified (bp) 

Uni 678 Uni 888 56 210 

Eco 2083 Eco 2745 57 662 

Sau 327 Sau 1645 64 1,318 

Sag 40 Sag 445 60 405 

Sdy 105 Sdy 386 57 281 

 

5- PCR Amplification With Modification of the 

Method Reported by Riffon et al. (2001). 

All reactions were carried out in a final 

volume of 50 ml. Volumes of 200 ng of extracted 

DNA template or 5 µl of bacterial preparation, 5 µM 

primer, 25 µl of Taq PCR Master Mix (Taq PCR 

Master Mix Kit, Cat no 201443, Qiagen
®
), were 

added to a 0.5 ml microcentrifuge tube. A pre-PCR 

step at 95°C for 2 min was applied. A total of 35 PCR 

cycles were run under the following conditions: 

denaturation at 94°C for 45s, annealing (at the 

temperature in Table 2) for 45s, and extension at 

72°C for 45s. After the final cycle, the preparation 

was kept at 72°C for 10 min to complete the reaction. 

The PCR products were analyzed by electrophoresis 

on 1.5% agarose gel. 

 

6-Sensitivity Test 

This work concentrated on the sensitivity of 

the universal primers (Uni 678 and Uni 888) for 

future use in diagnosis of mastitis on tank milk. We 

used S. aureus as a model for testing. Tenfold serial 

dilution was made from the inoculated milk samples 

using uninoculated pasteurized milk as a diluent. 

Parallel dilutions of S. aureus were also made in 

distilled water. These dilutions were then plated on 

sheep blood agar and after incubation numbers of 

bacterial colonies were counted. DNA was extracted 

by the previously mentioned method and the 

sensitivity of PCR was then compared with dilutions 

containing organisms at 5x10
10

cfu/ml to 5x10
1
cfu/ml 

using the PCR conditions described above. 

                

3. Results:  
Isolation and Identification of the Isolated 

Organisms.          

The bacteriological examination of milk 

samples collected from sub-mastitic buffaloes shown 

in Table (3) reported an incidence of 23.75% for E. 

coli infection followed by S. aureus (15.62%), S. 

agalactiae (3.12%) and S. dysgalactiae (0.62%). 
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TABLE 3. Screening of Mastitic Milk Samples for Selected Pathogens of Bubaline Mastitis by PCR Test 

Bubaline Mastitis 

Pathogens 

No.&% of Mastitic Milk 

Positive in Culture Test 

No.&% of Mastitic Milk 

Positive in Uni-PCR Test 

No.&% of Mastitic Milk 

Positive in Sp-PCR Test 

E. coli 38 (23.75%) 38 (23.75%) 37   (23.12%) 

S. aureus 25 (15.62%) 25 (15.62%) 23   (14.37%) 

S. agalactiae 5    (3.12%) 5    (3.12%) 5    (3.12%) 

S. dysgalactiae 1   (0.62%) 1   (0.62%) 1 (0.6%) 

 

The results of Uni-PCR (using Uni 678 and 

Uni 888 primers) shown in Table 3 were identical to 

that of the bacterial isolation (23.75%, 15.60%, 

3.12% and 0.62%). This means that the Uni-PCR was 

as sensitive as the bacterial isolation. 

Using the specific primers, the results of Sp-PCR 

were less in sensitivity than bacterial isolation and 

Uni-PCR concerning E. coli and S. aureus only 

(23.12% and 14.37% respectively). 

Table 4 showed that the PCR using universal 

primers in culturally positive milk samples was as 

sensitive as the bacterial isolation, while the PCR 

using specific primers was less sensitive than both the 

bacterial examination and Uni-PCR. 

Also using Uni-PCR there were positive results in 

culturally negative milk samples in all the previous 

bacterial strains especially in S. aureus but not in S. 

agalactiae. 

On the other hand the same was noticed 

using the Sp-PCR but with less extent and only for E. 

coli and S. aureus as shown in Table 4. 

 

TABLE 4. Comparison of Detection of E. coli, S. aureus, S. agalactiae and S. dysgalactiae in Milk Samples by 

Culture, Uni-PCR and Sp-PCR. 

___________________________________________________________________________________________ 

Organism Culture Uni-PCR Sp-PCR Total 

  (+) (-) (+) (-)  

E. coli (+) 38 0 37 1 38 

 (-) 2 120 3 119 122 

 Total 40 120 40 120 160 

S. aureus (+) 25 0 23 22 5 

 (-) 8 127 3 132 135 

 Total 33 127 26 134 160 

S. agalactiae (+) 5 0 5 0 5 

 (-) 0 155 0 155 155 

 Total 5 155 5 155 160 

S. dysgalactiae (+) 1 0 1 0 1 

 (-) 1 158 0 159 159 

 Total 2 158 1 159 160 

Uni-PCR: PCR using universal primers, Sp-PCR: PCR using specific primers 
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                Fig.1                                                          Fig.2                                                                 Fig.3 

Fig. 1. PCR amplification (210 bp) of purified bacterial DNA by using universal primers. Lanes: (A), E. coli; 

(B), 100 bp DNA ladder; (C), negative control without DNA; (D), S. aureus; (E), S. agalactiae, (F), S. 

dysgalactiae. 

Fig. 2. Agarose gel showing amplification products (662 bp) with E.coli using the Eco 2083 and Eco 2745 

primer pairs. Lanes (A&B), E. coli DNA only; Lane (C), 100 bp DNA ladder; Lanes (D, E and F), DNA 

extracted from E. coli in milk. 

Fig. 3. Agarose gel showing amplification products (1,318  bp) with S. aureus, using the Sau 327 and Sau 1645 

primer pairs. Lane (A), DNA extracted from S. aureus in milk; Lane (B), S. aureus DNA only; Lane 

(C), 100 bp DNA ladder. 

 

                                  
          Fig.4                                                                               Fig.5 

 

Fig. 4. Agarose gel showing amplification products (405 bp) with S. agalactiae, using the Sag 40 and Sag 445 

primer pairs. Lane (A),100-bp DNA ladder; Lane (B), S. agalactiae DNA only, Lane (C&D), DNA 

extracted from S. agalactiae in milk; Lane (E), negative control. 

Fig. 5. Agarose gel showing amplification products (281 bp) with S. dysgalactiae, using the Sdy 105 and Sdy 

386 primer pairs. Lane (A),100 bp DNA ladder; Lane (B), S. agalactiae DNA only, Lane (C), DNA 

extracted from S. dysgalactiae in milk 
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Fig.6 

 

Fig.6. Sensitivity of PCR assay in detecting DNA from milk spiked with S. aureus. Universal Primers Uni 678 

and Uni 888 were used. Lane 1: 100 bp ladder, Lanes 2&3: negative control, Lanes 4 to lanes 13: 

amount of bacteria used (5x10
1
 to 5x10

10
) 

 

The Uni 678 and Uni 888 primer set reacted 

with S. aureus spiked milk samples from 5×10
10

 

CFU/ml to 5×10
1
 CFU/ml and the intensity of PCR 

products were good. The intensity of the PCR 

product was very faint at 5×10
1
 CFU/ml (Fig.6). 

 

4. Discussion: 

Subclinical mastitis is the most serious type 

of disease as the infected animal shows no obvious 

symptoms and secrets apparently normal milk for a 

long time, during which causative organisms spread 

infection in the herd, so it is an important feature of 

the epidemiology of many forms of bovine mastitis 

(Bakken and Gudding, 1982).  

The present study aimed to screen the 

subclinical form of mastitis as it is considered 15-40 

times more prevalent than clinical form and accounts 

for greater losses in terms of milk production 

(Harmon et al., 1994) and represents a reservoir of 

infectious organisms, besides it is related to 

approximately 70% of economic losses of mastitis 

(Varshney and Naresh, 2004). Moreover, subclinical 

mastitis is 3–40 times more prevalent than its clinical 

counterpart and causes greater economic losses than 

clinical mastitis (Almaw et al. 2008; George et al. 

2008). 

Because mastitis is one of the most costly 

and troublesome diseases in dairy cows in Egypt 

(Seleim et al., 2002), its vital importance in its 

association with many zoonotic diseases in which 

milk acts as a vehicle of pathogens causing 

tuberculosis and brucellosis (Shoshani et al., 2000) 

and because in its subclinical form a major part of the 

cow's udder has already been affected and the quality 

and quantity of milk reduced (Harmon et al., 1994), 

therefore its detection in its subclinical form is very 

important . 

Early diagnosis of mastitis is a must for 

reduction of production losses and for enhancing the 

prospects of recovery. Also, the identification of sub 

clinically infected gland is urgently required for 

successful control of mastitis in dairy animals 

(Ahmed et al., 2008) 

The present study was designed to 

investigate subclinical mastitis in the main Egyptian 

dairy animals which are buffaloes that produce 65% 

of dairy product with special concept to find a 

practical marker for its early diagnosis. 

The CMT is a  reliable, easy, rapid and 

cheap tool helping in diagnosis and controlling the 

disease as it directs attention to individual mammary 

quarter that is secreting milk of high somatic cell 

content (SCC) (Leslie et al., 2002;Abdel-Rady and 

Sayed, 2009). Moreover, Park et al. (1982) reported 

that CMT was in a good agreement with 

bacteriological results.  

Because quantification of SCC is not 

possible in many countries in which buffalo farming 

is developing, the simple CMT may be a practical 

alternative as reported by Bhindwale et al. (1992) and 

Dhakal (1994). Therefore in this study a total of 160 

quarter foremilk samples (QFS) from 40 buffaloes 

with subclinical mastitis based on the absence of 

visible abnormalities of milk secretions and positive 

CMT were analyzed. 

From table (3) we can find that the incidence 

of subclinical mastitis in buffaloes depending on the 

bacterial cultivation was the highest in E. coli 

infection (23.75%), S. aureus (15.62%) followed by, 

S. agalactiae (3.12%) and S. dysgalactiae (0.62%). 

This comes in agreement with El-Khodery and 

Osman (2008) who reported that the  bacteriological 

examination of buffaloes milk samples with acute 

mastitis revealed that coliform bacteria was the most 

common pathogen followed by S. aureus then S. 

uberis, and S. agalactiae . 

This also came to some extent with Ahmed et 

al.(2008) who reported high incidence of bacteria 

isolated from milk samples of Egyptian buffalo-cows 

suffering from sub-clinical mastitis where the most 
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prevalent isolates were E. coli (94.99%), S. 

epidermidis (78.33%), C. bovis (55%), Klebsiella 

spp. (51.67%), S. uberis (46/67%), S. aureus 

(33.33%) and S. agalactiae (31.67%). 

Our study revealed high incidence of E. coli 

infection in Egyptian buffaloes compared with its 

incidence in previous reports of subclinical mastitis 

in the Egyptian cattle (16.25%) as reported by Abdel-

Rady and Sayed, (2009), this may be due to the 

presence of some characteristics in buffaloes that may 

contribute to greater risk of mastitis such as more 

pendulous udder and longer teats. Besides, 

Krishnaswamy et al. (1965) stated that teat sphincter 

of buffaloes have smoother muscular fiber in such a 

way it constitutes a better barrier to microorganism 

invasion than cow’s teat sphincter. This is logic with 

the hygienic measures concerning buffaloes with 

small holders in Egypt. 

Although PCR assays were earlier 

developed to detect the major pathogens of mastitis in 

cow’s milk (Riffon et al. 2001; Phuektes et al. 2001), 

the processing of mastitic milk samples was not 

simplified and also the PCR assays were not adopted 

for identification of the mastitis pathogens of 

buffaloes. Therefore this study aimed to evaluate the 

PCR test for detecting the major pathogens of bovine 

mastitis (BM) directly from the mastitic milk samples 

of buffaloes, with simple and inexpensive method of 

sample processing. 

Specific primers described here (Table 1 and 

Fig. 1-5) were proven to be specific since on agarose 

gel only one band was observed for each set of 

primers and no signal was detected with negative 

controls. 

The primers for E. coli, S. aureus were 

designed based on a DNA sequence coding for 23S 

rRNA, while primers for S. agalactiae and S. 

dysgalactiae were based on DNA coding for 16S 

rRNA. All the signals were very obvious. The 

difference of signal cannot be explained by the 

amount of DNA used for PCR because the same 

amount (200 ng) was used for all bacteria. Therefore, 

it is possible that the difference in the copy numbers 

of the coding regions for these particular probes 

could explain the phenomenon (Bentley and Leigh, 

1995). 

The universal primer sets used as positive 

controls, Uni 678 plus Uni 888 were designed from 

DNA regions coding for 16S and 23S rRNA, 

respectively. Even though the nucleotide sequence 

data comparison (BLASTN 2.0) showed that the two 

universal primers are conserved in all pathogens of 

BM, the sequences can vary by 1 or 2 nucleotides, 

therefore varying the signal intensity. 

When PCR with universal primers was used 

to detect pathogens directly in milk samples as shown 

in table 4, it was as sensitive as the bacterial isolation 

but it was less sensitive than conventional culture 

when used with the specific primers (only for E. coli 

and S. aureus). These findings suggest that PCR 

inhibition was the problem encountered when PCR 

was used on milk samples (Higuchi, 1989; Toye et 

al., 1998). PCR-inhibiting substances may remain in 

the samples despite the use of DNA purification 

methods.  

In subclinical mastitis, samples with no 

bacterial growth are generally very common; in 

various studies on subclinical mastitis, the percentage 

of culture-negative samples ranged from 28.7% to 

38.6% as reported by Koivula et al. (2007) and 

Bradley et al. (2007) respectively. 

The ability of PCR using either universal or 

specific primers to detect positive reactors in 

culturally negative milk samples shown in table 4, 

may be due to the inability of bacteria to grow even 

after 48 h of conventional culture in more than 30% 

of milk samples from clinical and subclinical bovine 

mastitis. The “no-growth” samples are problematic 

for mastitis laboratories, veterinarians, and dairy 

producers as reported by Taponen et al. (2009). 

Presence of many antibacterial substances in milk 

such as lactoferrin, lysozyme, lactoperoxidase, 

components of complement, and immunoglobulins 

may be another reason (Rainardand Riollet, 2006). 

Their concentrations remain at a low level in healthy 

quarters, but substantially increase during mastitis. It 

can be hypothesized that these substances operating 

in synergy with milk leukocytes could contribute to 

death of bacteria in mastitic milk (Taponen et al., 

2009). 

Compared with culture, this PCR is less time 

consuming. It takes less than 24 h to complete, while 

identification of bacteria to the species levels by 

conventional microbiological and biochemical 

methods requires more than 48 h. 

In the aim to evaluate the sensitivity level of 

PCR test and to reduce its cost and duration, a study 

to compare the sensitivities of the test with universal 

primers Uni 678 and Uni 888 (using sterile milk 

samples spiked with different concentrations of S. 

aureus from 5x10
10

CFU/ml of milk till 5x 

10
1
CFU/ml) was performed. This Uni-PCR 

succeeded to detect up to 5x10
1
CFU of S. aureus/ml 

of milk. This result is better than that of Riffon et al. 

(2001) who indicated a detection limit between 

3.12x10
2
- 1.25x10

3
CFU/ml of milk, also was better 

than that of Cremonesi et al. (2006) and Anand 

Kumar (2009) who reported detection limit of 

7x10
1
CFU/ml and 5.5x10

2
CFU/ml respectively. The 

detection limit of Uni- PCR was sensitive enough to 

be used as diagnostic tool for direct identification of 

the pathogens in buffaloes milk. 
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In conclusion, a simple and rapid PCR-based 

assay for the detection of the major pathogens 

involved in BM is described here. The test, directly 

performed from milk samples without a culture step, 

is specific for E. coli, S. aureus, S. agalactiae and S. 

dysgalactiae. The Uni-PCR is suitable for further 

studies on tank milk. 
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Abstract: River Nile is considered as one of the most important rivers in the world, it suffers from severe increase 
in pollutants' levels due to the direct discharge of industrial effluents into its water body. In an effort at developing 
active microbial strains that could be relevance in the bioremediation of these pollutants, eighteen hydrocarbon 
degrading bacterial isolates were purified from five sites along the river's main stream. The most potent bacterial 
isolate was identified according to the BioLog TM microplate assay as Bacillus amyloliquefaciens. In a trial to 
promote its degradation potentiality it was subjected to different He-Ne laser (7.3 mW, 632.8nm) irradiation doses. 
The chromatographic analysis of the residual substrates revealed that the irradiated isolate was able to degrade 
98.12% of the paraffinic fraction and completely degrade the polynuclear aromatic fraction after 30hrs of 
incubation, these results supports its future usage in the bioremediation strategy of industrial effluents. [Journal of 
American Science 2010;6(10):661-670]. (ISSN: 1545-1003).   
 
Key Words: Bacillus amyloliquefaciens, He-Ne laser radiation, Paraffinic hydrocarbons, polynuclear aromatic 

hydrocarbons, Bioremediation. 
 

1. Introduction: 
Egypt faces a rapidly increasing deterioration of 

its surface water due to the increasing discharge of 
heavily polluted domestic and industrial effluents into 
its water ways. The Egyptian industries use 
638M.m3/yr of water, of which 549M.m3/yr is 
discharged into the drainage system. The river Nile 
supplies 65% of the industrial water needs and 
receives more than 57% of its effluents (Wahaab and 
Badawy, 2004). 

Aliphatic and polycyclic aromatic hydrocarbon 
(PAH) fractions of petroleum have received a lot of 
attention due to their ubiquitous distribution in water 
and sediments (Wang et al., 2006).They induce a 
number of adverse effects such as immunotoxicity, 
genotoxicity and carcinogenicity (Sahinkaya and 
Dilek, 2005, Qiao et al., 2006 and Haritash and 
Kaushik, 2009). 

Biodegradation is the process by which organic 
substances are broken down by the enzymes 
produced by living organisms (Marinescu et al., 
2009). It is an efficient, economic and 
environmentally safe treatment technique; its 
quantitative and qualitative aspects depend on the 
type of hydrocarbons present and also the 
environmental conditions as temperature, pH, 
oxygen, nutrients and salinity (Abalos et al., 2004). 

The inadequate bioavailability of the 
hydrocarbons to microorganisms is a limiting step in 
biodegradation. So, it must be found a method to 

increase the microbial degradation activity (Molnar et 
al., 2005).  

The activation of microorganisms by laser 
radiation "Biostimultion" is of the most      interest. 
The most commonly used sources of laser radiation 
are the helium-neon laser (He-Ne,λ=632.8nm), the 
gallium-aluminum laser (Ga-Al ,λ=630-685nm), the 
helium-neon-arsenate laser (He-Ne-As , λ=780-
870nm) and the gallium arsenate laser (Ga-As, 
λ=904nm) (Geweely et al., 2006). It was found that 
the dynamics of cell bioenergetic processes are 
known to increase after the exposure of the microbial 
population to laser light of specific wave length 
(Hilszczanska et al., 1999). Vladimirov et al., (2004) 
reported that low power laser radiation can brought 
about acceleration in the cell division and enhanced 
the protein synthesis in various microorganisms. 
However higher doses are inhibitory to the microbial 
growth. 

The aim of the present work was to isolate and 
identify a hydrocarbon degrading bacteria and to 
investigate the effect of He-Ne laser radiation on 
stimulating its biodegradation potentiality to be used 
in clearing up hydrocarbon contaminated water. 

 
2. Materials and Methods: 
I-Sampling area: 

Surface water samples were collected from 
five locations extending for about 60Km along the 
main stream of the river Nile in greater Cairo 
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segment. The sampling sites were at Kafr Elelw , El 
Maasara, El Giza , Embaba and El Galatma. 
 
II-Determination of hydrocarbon pollutants: 
II.1-Gravimetric estimation of hydrocarbon: 

One liter of each water sample was acidified to 
pH 2using HCl and poured into a separating funnel, 
Hydrocarbon extracted with chloroform then 
gravimetrically estimated according to ASTM-
2007(1999) standard method. 
 
II.2-Fractionation of the extracted hydrocarbons via 
capillary gas chromatography (CGC):  

The extracted hydrocarbons were subjected to 
chromatographic analysis to determine iso and 
normal paraffins as well as the unresolved mixture 
(UCM). The analysis was performed according to IP-
318(1995) standard method using Agilent 6890 plus 
gas chromatograph equipped with flame ionization 
detector (FID) and fused silica capillary column Hp-5 
of 30m length, 0.35 mm internal diameter and 0.5um 
film thickness. The column was heated isothermally 
at 100 C for separation of the individual 
components, while for the paraffinic hydrocarbons it 
was heated at temperature programming started at 
80C and ended at 250C with a rate of 5C min-1 and 
final time 20 min till the end of the program. The 
injector and detector temperatures are 250C and 
300C respectively. Nitrogen was used as a carrier 
gas at a flow rate 2 ml min-1. Degradation was 
estimated by the integration of the area under the 
resolved chromatographic profile. 

 
Ш-Determination of the most potent hydrocarbon 
degrading bacterial isolate: 
III.1- Isolation: 

The hydrocarbon degrading bacterial 
isolates were isolated by plating 0.1ml of the water 
samples on the surface of basal mineral salts (BMS) 
agar medium [composition (g/L) NaNO3, 3; KH2PO4, 
1; MgSO4. 7H2O, 0.5; KCl, 0.5; yeast extract, 1 and 
agar, 20 (pH 4.5)] supplemented with 0.5% V/V 
paraffinic oil as a sole carbon source. After 48 hrs of 
incubation at 30C all the hydrocarbon degrading 
bacterial isolates were purified (April et al., 2000). 
 
III.2-Screening: 

The screening of the most potent bacterial 
isolate was monitored by recultivation of all the 
purified isolates (104 CFU/ml) on BMS agar medium 
seeded with normal octane (n C8) and ethyl benzene 
(EB) (0.5% V/V) individually as carbon sources. 
After 24 hrs of incubation at 37C the isolate with the 
maximum colony forming unit (CFU) count 

percentage on both substrates was selected for further 
studies. 
 
III.3-Identification: 

The selected bacterial isolate was purified 
and identified using the BiologTM micro-plate system 
(Biolog, Inc. 3938 Trust way, Hayward, CA 94545, 
USA) which is based on the simultaneous 
examination of utilization of 95  different  carbon 
sources , this utilization was demonstrated by the 
formation of purple color as compared to a negative 
control (Winding,1994). 
 
IV-Stimulation of the degradation potentiality using 
He-Ne laser radiation: 

The laser used was He-Ne Laser (NEC, 
Japan) with an output power of 7.3 mW, =632.8nm 
and beam diameter of 1.3mm. 

The bacterial suspension was prepared and 
subjected to different radiation doses by varying the 
exposure durations for 1, 3 and 6 mins. Non 
irradiated suspensions were used as control (Geweely 
et al., 2006). Inocula of cell density 104 CFU/ml were 
seeded in 250ml screw capped bottles each 
containing 100ml BMS broth medium adjusted at pH 
6 and supplemented with n C8 and EB individually 
and in combination as sole carbon sources. The 
residual substrates were extracted and 
chromatographically analyzed after 4, 8 and 12 hrs of 
incubation at 37C under shaking conditions (150 
rpm). 
 
V- Assessment of the degradation ability of paraffinic 
and polynuclear aromatic mixtures: 

The paraffinic and the polynuclear aromatic 
fractions used were obtained from the distillation cuts 
of crude oil using the proper solvents (Central 
Analytical Lab, Egyptian Petroleum Research 
Institute, EPRI). They were added to the BMS broth 
individually at the level of 0.5% V/V; the media were 
inoculated with the selected isolate before and after 
its exposure to He-Ne laser for 3 mins. After 
incubation for 12 hrs and 30 hrs under shaking 
conditions (150 rpm) the residual substrates were 
extracted and chromatographically analyzed. The 
CGC conditions were the same   as described for 
hydrocarbons, while the PAH fraction  was 
determined by high performance liquid 
chromatography (HPLC) according to the ASTM-
4657(1992) standard method using HPLC model 
Waters 600E equipped with auto sampler Waters 717 
plus and dual wave length absorbance detector 
Waters 2487 set at 254 nm. The condition of 
operation is as follows: column: LC-PAH of 15cm 
length, 4.6mm internal diameter, 5mm particle size. 
The mobile phase is acetonitrile (Water HPLC 
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Table (1): Concentrations of the hydrocarbon 
pollutants in the collected water samples  
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grades), gradient from 50:50 to 100% acetonitrile. 
Flow rate: gradient program, 0-2 min., 0.2ml min-1. A 
reference sample of PAHs was injected under the 
same conditions, the retention times and areas of its 
peaks were used to determine quantitatively each 
compound in the residue. 

Sampling 
sites 

Concentration of 
hydrocarbon pollutants (ppm) 

Kafr Elelw  40.3 
El-Maasara  38.3 
El-Giza  37.5 
Embaba  34.7 
El-Galatma  41.5 

                
3. Results and Discussion:  
I-Estimation of the hydrocarbon pollutants in the 
collected water samples: 
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The hydrocarbon content in each water 
sample was estimated gravimetrically, the obtained 
results (Table, 1) indicated that their concentrations 
were ranging between 34.4ppm and 41.5ppm. These 
values gave an indication that the studied sites  
at the time of samples collection were highly polluted 
according to law 4/1994, which illustrates the 
characteristics of fresh water bodies that should 
remain within certain standards and specifications 
after the discharge of treated industrial effluents 
(EEAA, 1998). The chromatographic profiles (Fig.1) 
show a series of homologous iso and normal paraffins 
imposed over a hump comprising the UCM which is 
formed mainly of naphthenes, aromatics and cyclo 
alkanes. This configuration indicates petrogenic 
hydrocarbon contamination (Readman et al., 2002 
and DeOteysa et al , 2006). 
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El Maasara 

The predominance of n-C25 peak indicates 
biogenic hydrocarbon contamination from living 
organisms (Medeiros et al., 2005).  
The higher values of the weight percentages of UCM 
(from 65.27% to 84.15%) compared with that of the 
resolved peaks (from 15.85% to 34.73%) observed in 
fig. 2 were due to that the later are more naturally 
degradable also they gave an indication of a chronic 
petrogenic pollution (De Oteysa et al ,2006). These 
obtained results indicated that river Nile receives 
huge amounts of industrial effluents resulting in an 
increase in the concentration of pollutants levels in 
greater Cairo segment (Abd El Shafy and Aly, 2002, 
Wahaab and Badawy, 2004 & El- Sayed and Ouf, 
2009). 
II-Isolation, purification and screening of the most 
potent hydrocarbon degrading bacterial isolate: 

Eighteen paraffinic oil degrading bacterial 
isolates were isolated and purified from the studied 
five locations. All the isolates were recultivated on 
BMS agar medium supplemented with nC8 and EB. 
The isolate No 4 from Embaba site was the most 
efficient one, as the results in Table (2) showed that it 
has the ability to grow on the two studied substrates 
with the highest CFU count percentage and this was 
an indication of its ability to utilize the paraffinic and 
aromatic hydrocarbon pollutants present in the river 
Nile water (Sood and Lal, 2009). 

Fig. (1): Gas chromatographic tracings of the 
extracted hydrocarbons in the collected water 
samples.  
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Fig. (2): Weight percentages of the total paraffinic hydrocarbons and the UCM in the collected water samples. 

 

Table (2): Count Percentage of nC8 and EB degrading bacterial isolates: 

Kafr Elelw El Massara    El Giza    Embaba El Galatma 

                                CFU count percentage (%)  Isolate No. 

n C8 EB n C8 EB n C8 EB n C8 EB n C8 EB 

1 89.0 84.9 89.5 84.9 87.3 83.1 87.6 81.4 88.9 52.8 

2 87.6 80.1 89.8 77.8 92.0 89.2 88.6 82.5 88.6 84.0 

3 85.8 83.6 88.6 81.4 91.6 88.6 59.0 58.1 88.0 88.3 

4 89.5 88.9   89.8 88.6 93.1 90.8   

 
III- Identification of the bacterial isolate: 

The most potent bacterial isolate was 
identified as Bacillus amyloliquefaciens according to 
the BiologTM microplate assay (Winding, 1994), 
which gives a characteristic reaction pattern called 
the metabolic finger print that is then keyed into the 
Biolog's identification data base. 
 
IV-Stimulation of the degradation ability of B. 
amyloliquefaciens using He- Ne laser radiation: 

As the focus has turned to enhance the rate 
and efficiency of the biodegradation technology. It 
was found that the bioenergitic processes of the 
microbial cells are known to increase after their 
exposure to laser light of specific wave length. This in 
turn results in the increase in the rate of cell division 
and protein synthesis, also the enhancement of the 
production of extracellular enzymes related to 
biodegradation (Vladimirov et al., 2004, Geweely et  

 

 

al., 2006 and Jiang et al., 2007). In this regard the cell 
suspensions of the bacterial isolate was subjected to 
different doses of low intensity He-Ne laser. From 
Table (4) it was found that 1 min of exposure had 
induced a significant increase in the percentage of 
degradation of the studied substrates. So after 12 hrs 
of incubation complete degradation was achieved. 
Extending the exposure duration to 3 mins resulted in 
an increase in the degradation potentiality of the 
bacterial isolate .Complete degradation of the studied 
substrates was achieved only after 8 hrs of 
incubation. On the other hand the percentage of 
degraded substrates had decreased after their 
inoculation by bacterial suspensions irradiated for 6 
mins, this is due to that large doses of laser can evoke 
damage in cell structures and morphological 
deformations associated with enzymatic suppression 
(Popov et al., 2007). 
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Table 3: Weight percentage of degraded substrates using the bacterial suspensions after their exposure to different 
durations of He-Ne laser radiation. 

Weight Percentage of degraded substrate (%) 

 
n-C8 

n-C8 
in mix 

EB 
EB 

in mix 
n-C8 

n-C8 

 in mix
EB 

EB 
in mix

n-C8 
n-C8 

 in mix 
EB 

EB 
in mix

 

Incubation time 

Exposure 
Time (mins) 

4 hrs 8 hrs 12 hrs 

Zero 31.43 26.17 15.07 21.40 42.11 34.33 19.31 23.36 55.01 43.24 25.75 30.02 

1 70.63 64.88 51.57 57.51 79.58 70.29 70.86 74.54 100 100 100 100 

3 81.37 73.49 71.90 79.39 100 100 100 100     

6 26.03 19.62 10.11 13.22 33.72 28.81 13.07 19.01 40.13 33.62 19.02 26.13 

 
V-Degradation of paraffinic hydrocarbons: 

Paraffinic hydrocarbons are considered the 
most wide spread organic contaminants related to soil 
and water (Margesin and Schinner, 2001). However 
Bacillus is one of the most predominant genera associated 
with the degradation of paraffinic pollutants in fresh water 
(Queiroga et al., 2003 and Zhao et al., 2007). The CGC 
profile of the paraffinic hydrocarbon mixture before 
treatment exhibits iso and normal paraffins which 
ranged from undecane C11 to octatricontane C38. After 
its microbial inoculation and incubation for 12hrs, 
complete degradation of both heavy n-paraffinic 
fraction (C34 to C38) and nearly the corresponding iso 
paraffinic fraction (C29 to C37) was achieved and this 
was reflected on the increase of the concentration of 
the light paraffinic hydrocarbons. The residual iso-
paraffins were found to be higher than that of the 
control sample; this may be due to the degradation of 
the heavy paraffinic hydrocarbons to produce other 
components of lower molecular weights. The 
percentage of degradation increases as a function of 
incubation period, so after 30hrs complete 
degradation of the most heavy iso components (>C20) 
was achieved. 

Irradiation of the bacterial cells leads to 
more increase in enzyme activity. So the weight 
percentage of residual paraffins was decreased to 
12.36% after only 12hrs of incubation. Increasing the 
incubation period to 30hrs results in degradation of  
 
 

 
 
98.12% of the paraffinic hydrocarbon mixture 
leaving trace values of 1.33% and 0.55% for normal 
and iso paraffins respectively (Table, 4 and Fig.3). 

Carbon preference index (CPI) is expressed 
numerically as the ratio between the summation of 
the weight percentages of odd carbons and even 
carbons ((Medeiros et al., 2005). It is a useful 
indicator of odd/even carbon selectivity (Ali, 2006). 
From the results it was found that the CPI value was 
around unity, indicating that B.amyloliquefaciens 
(before and after irradiation) had the ability to 
degrade odd and even carbon number compounds by 
nearly the same ratio. 

The geochemical markers n-C17/pr and n-C18/ph 
ratios were used as indicators for biodegradation (Tehrani 
et al., 2006 and Adebusoye et al., 2007). It was found that 
the ratios n-C17/pr and n-C18/ph were decreased after the 
two studied incubation times, these implied that the 
isolated bacterial strain before and after irradiation had 
mianly high ability to degrade paraffinic hydrocarbons 
and especially normal paraffins. 

From the previous results it was clear that, 
the irradiated bacterial suspension was efficient to 
cause nearly complete degradation of the paraffinic 
hydrocarbon mixture after 30hrs of incubation. Also, 
the potentiality of the irradiated bacterial suspension 
on the degradation of the paraffinic hydrocarbon 
mixture after 12hrs of incubation was higher than that 
of the non-irradiated bacterial suspension after 30hrs 
of incubation. 
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Table, 4: Weight percentage of the residual paraffins in the control sample and the treated samples with 
B.amyloliquefaciens (before and after irradiation). 

 
Weight percentage of residual components (%) 

12hrs 30hrs 
Control 

Before irradiation After irradiation Before irradiation After irradiation
Compound 

name 
Iso- Normal Iso- Normal Iso- Normal Iso- Normal Iso- Normal 

Nonane C9 0.00 0.00 2.58 2.09 0.00 0.00 0.00 0.00 0.00 0.00 
Decane C10 0.00 0.00 1.73 3.17 0.00 0.01 0.00 0.16 0.00 0.00 
Undecane C11 0.00 0.26 2.28 5.39 0.17 0.42 0.78 0.15 0.00 0.00 
Dodecane C12 0.36 1.16 1.64 4.10 0.27 0.58 0.53 1.28 0.00 0.03 
Tridecane C13 1.22 4.69 2.69 4.38 0.54 0.69 0.96 2.05 0.10 0.07 
Tetradecane C14 1.18 5.88 1.90 4.51 0.30 0.74 0.76 2.42 0.02 0.11 
Pentadecane C15 4.24 7.36 3.56 4.30 0.73 0.60 1.15 2.72 0.07 0.13 
Hexadecane C16 2.68 7.01 0.86 3.76 0.29 0.69 1.78 2.62 0.05 0.12 
Heptadecane C17 3.32 10.22 1.38 3.16 0.39 0.74 1.40 1.78 0.04 0.12 
Pristane (pr)  3.61  3.83  0.91  2.36  0.17  
Octadecane C18 1.80 5.83 0.52 2.65 0.03 0.54 4.72 1.49 0.00 0.11 
Phytane (ph)  1.28  0.86  0.19  0.82  0.08  
Nonadecane C19 1.09 5.69 2.58 0.33 0.03 0.51 0.06 1.30 0.02 0.10 
Eicosane C20 1.00 4.59 0.20 2.01 0.01 0.44 2.16 0.92 0.00 0.09 
Heneicosane C21 0.34 3.46 1.93 0.21 0.01 0.41 0.00 1.51 0.00 0.08 
Docosane C22 0.43 3.17 0.15 1.50 0.04 0.34 0.00 1.04 0.00 0.07 
Tricosane C23 0.36 2.99 0.19 1.42 0.01 0.35 0.00 0.83 0.00 0.06 
Tetracosane C24 0.25 2.44 0.07 0.98 0.01 0.29 0.00 0.53 0.00 0.05 
Pentacosane C25 0.30 2.18 0.10 0.81 0.01 0.26 0.00 0.36 0.00 0.04 
Hexacosane C26 0.24 1.69 0.07 0.56 0.01 0.19 0.00 0.21 0.00 0.03 
Heptacosane C27 0.16 1.53 0.04 0.45 0.00 0.17 0.00 0.16 0.00 0.03 
Octacosane C28 0.22 1.06 0.05 0.27 0.00 0.12 0.00 0.10 0.00 0.02 
Nonacosane C29 0.18 0.90 0.00 0.20 0.00 0.10 0.00 0.08 0.00 0.02 
Triacontane C30 0.16 0.63 0.00 0.10 0.00 0.06 0.00 0.04 0.00 0.01 
Entriacontane C31 0.06 0.98 0.00 0.14 0.00 0.10 0.00 0.06 0.00 0.02 
Dotriacotane C32 0.08 0.61 0.00 0.02 0.00 0.02 0.00 0.01 0.00 0.01 
Tritriacontane C33 0.09 0.44 0.00 0.05 0.00 0.04 0.00 0.00 0.00 0.01 
Tetratriacontane C34 0.15 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pentatriacontane C35 0.04 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hexatriacontane C36 0.01 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Heptatriacotane C37 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Octatriacotane C38 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 24.86 75.14 29.21 46.56 3.95 8.41 17.48 21.82 0.55 1.33 
CPI  1.19  0.97  1.09  1.02  1.10 

n-C17/pr ratio 2.83 0.83 0.81 0.75 0.71 
n-C18/ph ratio 4.55 3.08 2.84 1.82 1.38 
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Fig. (3): Gas chromatographic tracings of the residual paraffins in the control sample and the treated samples 

using irradiated (A and C) and non irradiated (B and D) bacterial suspensions. 
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VI-Degradation of poly nuclear aromatic 
hydrocarbons (PAHs):  

PAHs are fused ring aromatic compounds 
(2-7 rings). They are of  intermediate 
biodegradability, but of the most concern owing to 
their toxicity and tendency to bioaccumulation (Lily 
et al., 2009).Adverse group of bacterial strains 

belonging to the genus Bacillus were identified as they 
can partially degrade or mineralize   some high 
molecular  weight PAHs (Neves and Durrant, 2004 and 
Cunha et al., 2006). 
In the present work nine polynuclear aromatic 
hydrocarbons (Fig. 4), have been selected for studying 
the effect of the selected bacterial isolate. 

Fluoranthene
202.3g  

Pyrene
202.3g  

Benz[a]anthracene
228.3g  

Chrysene
228.3g  

Benzo[b]fluoranthene
252.3g  

Benzo[a]pyrene
252.3g  

Dibenz[a,h]anthracene
278.4g  

Indeno[1,2,3-c,d]pyrene
276.3g  

Benzo[g,h,i]perylene
276.3g  

Fig. (4): Chemical structure and molecular weights of the studied nine polynuclear aromatic hydrocarbons. 
 
The residual aromatics before and after 

degradation by B.amyloliquefaciens were extracted and 
analyzed using HPLC. The results given in (Table, 5) 
revealed that, B.amyloliquefaciens was able to attack four; 
five and six member rings polynuclear aromatic 
hydrocarbons. This in turn reflects its broad oxidative 
capacity. 

A remarkable decrease in the concentration 
of the studied compounds was observed on increasing  

 
the incubation time to 30hrs. The irradiated bacterial 
suspension exhibited higher degradation power than 
the non irradiated one at the two studied incubation 
periods. After 30hrs of incubation complete 
degradation capacity (100%) was achieved on 
treating the mixture of PAHs with the irradiated 
bacterial suspension. 
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 (Table, 5): Concentrations of the undegraded (control) and degraded polynuclear aromatic hydrocarbons using 
B.amyloliquefaciens (before and after irradiation). 

Concentration of residual 
polynuclear aromatic compounds (g/ml) 

Incubation time12hrs Incubation time30hrs 
Polynuclear aromatic hydrocarbons 

Control
Before irradiation After irradiation Before irradiation After irradiation

Fluoranthene 0.76 0.42 0.20 0.22 Nil 

Pyrene 0.16 0.09 0.06 0.07 Nil 

Benz (a) anthracene 1.36 0.57 0.44 0.50 Nil 

Chrysene 0.99 0.42 0.30 0.32 Nil 

Benzo (b) fluoranthene 0.17 0.10 0.07 0.09 Nil 

Benzo (a) pyrene 0.19 0.11 0.06 0.09 Nil 

Dibenz (a,h) anthracene 0.67 0.39 0.19 0.19 Nil 

Benzo (g, h, i) perylene 0.27 0.13 0.07 0.09 Nil 

Indeno (1, 2, 3-c, d) pyrene 0.66 0.56 0.12 0.21 Nil 

Weight percentage of degraded polynuclear aromatic mixture 
(%) 

 46.65 71.13 65.97 100 

 
4. Conclusions 
    From the previous results it was concluded that: 
1-     The surface water of the river Nile in greater 
Cairo is subjected to severe hydrocarbon pollution of 
mixed petrogenic and biogenic origins, so application 
of a cleaning technology is a must. 
2-B.amyloliquefaciens was considered as the most 
promising hydrocarbon degrading bacterial isolate 
within the area under study.  
3-The degradation potentiality of the bacterial 
suspension was increased by its exposure to low 
power He-Ne laser (7.3mW, =632.8 nm) for 3mins. 
4-The irradiated isolate causes degradation of 98.12% 
of the paraffinic fraction and 100% of the polynuclear 
aromatic fraction only after 30 hrs of incubation, this 
reveals its superiority and supports its future use in 
the bioremediation strategy 
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Abstract: Five cowpea varieties were evaluated in 2009 to determine their grain yield attributes. The experiment 
was conducted at the Research and Teaching Farm of Department of Crop Science, Adamawa State University Mubi 
laid in randomized complete block design in three replicates. Data were collected on plant height, number of leaves 
per plant, number of branches per plant, number of days to flowering, pod filling period, days to physiological 
maturity, pods per plant, pod length, number of seeds per pods, number of seeds per plant, 1000 seed weight and 
yield per hectare. Data collected were subjected to analysis of variance. Most of the yield and yield determining 
attributes recorded significant (P = 0.05) difference due to treatment effects. These varieties flowered between 38.02 
days to 50.12 days after planting and the maturity period did not exceed 71 days. Average grain yield ranged 
between 14,000.3kg/ha to 20, 000.20kg/ha. V2 (Brown  Kananado) recorded the highest yield of 20,000.20kg/ha  
with V5 (Ife - Brown) giving the least yield of 14,000.30kg/ha. The need to develop varieties with different 
attributes and resistance to major biotic and abiotic constraints to suite the needs of different agro – ecological zones 
can not be over emphasized. This is because varietal requirements in terms of plant type, seed type, maturity, yield 
for cowpea varies from one agro – ecological region to another. [Journal of American Science 2010;6(10):671-674]. 
(ISSN: 1545-1003).   
 
Key Words: Cowpea, Genotypes, Optimum, Evaluation, Yield Components 
 
1. Introduction 
        Cowpea (Vigna unguiculata (L) Walp) is a 
nutritious legume crop that is of considerable 
importance in Nigeria and other Sub sahelian 
countries. Cowpea constitutes a significant 
proportion of the total dietary protein and energy 
intake of Nigerians (Davio et al; 1976 and Ologhbo 
and Fetuga, 1987). The two types of cowpea 
cultivated in Nigeria are the grain and vegetable 
cowpea. Legumes like cowpea serves as alternatives 
or supplements to animal proteins, particularly in 
parts of the world where there is paucity of animal 
proteins due to socio economic constraints 
(Ojimelukwe, 2002). The grain cowpea is a crop 
predominantly of drier regions, but with advances in 
the crop development has given opportunities for its 
production in other agro – ecological zones of the 
country. This can be achieved through more efficient 
manipulation of the crop duration, reduction in the 
severity of pests and diseases. .  
        Yield evaluation of some cowpea cultivars has 
continued to generate interest among researchers in 
Nigeria (Ndon and Ndaeyo, 2001). Yield evaluation 
usually involves the consideration of other characters 
that determine the overall of the genotypes. This is 
important because yield is a quantitative character 
and therefore influenced by a number of traits acting 
singly or interacting with each other. Earliness 
(Number of days to flowering, pod filling period and 

number of days to physiological maturity), number of 
branches per plant, pod length, number of seeds per 
pod and 1000 seed weight are the necessary 
agronomic traits of cowpea that contribute to seed 
yield (Ogunbodede, 1989; Okeleye et al; 1999). 
When the aim is to increase seed yield in cowpea 
these traits and their inter – relationship are important 
factors to consider. 

Cowpea tolerate heat and dry conditions but 
intolerant to frost. The ability of cowpea to tolerate 
heat and dry conditions makes it unique in fixing 
nitrogen.Cowpea is adapted to warm weather and 
requires less rainfall than most crops ; therefore, it is 
cultivated in the semi-arid regions of lowland tropics 
and subtropics, where soils are poor and rainfall is 
limited [Mortimore et al; 1997]. Under developed 
parts of the world attach importance to cowpea 
cultivation as the crop is drought resistant and do 
well under various kinds of cropping systems (Singh 
et al; 1997). Yield potential of cowpea is high 
averaging 1.5 – 3t/ha (Rosalind et al; 2000). The fast 
growth and spreading habit of traditional cowpea 
varieties suppress weeds and soil nitrogen increased. 
Agronomic practices such as date of planting, plant 
populations, maintenance of physical and chemical 
properties of the soil, weed control and manipulation 
of cropping systems strongly influence cowpea 
yields.  
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2. Materials and Methods 
        This experiment was conducted in the 
experimental field of the Department of Crop 
Science, Faculty of Agriculture Adamawa State 
University Mubi which is located (10o 11' N, 13o 19' 
E) at an altitude of 696m. The experiment was 
conducted in 2009 cropping season. The mean annual 
rainfall of Mubi is about 1016mm with sandy loam 
soil texture (Rayar, 1986). Treatments consisted of 
five varieties of cowpea which were laid in 
randomized complete block deign (RCBD) with three 
replicates. Two varieties were obtained from ADADP 
Yola and the other three were local genotypes 
obtained from Mubi market. Each experimental plot 
measured 4m x4m where appropriate varieties were 
planted at 50cm x 50cm. Three seeds were planted 
per hole and later thinned to two per hole one week 
after .seedling emergence. Weeding was done twice 
using manual labour at 4 and 8 weeks after sowing. 
Spraying against insect pests were done twice 
commencing the onset of seed formation and 
repeated after 4 weeks. Data were collected on plant 
height, number of leaves per plant, number of 
branches per plant, number of days to flowering, pod 
filling period, number of days to physiological 
maturity, number of pods per plant, pod length, 
number of seeds per pod, number of seeds per plant, 
1000 seed weight and yield per hectare. The data was 
subjected to analysis of variance (ANOVA) using the 
statistical analysis system (SAS). Means were 
separated using the Least Significant Difference 
(LSD) at P = 0.05 
 
3. Results and Discussion 
        The physio-chemical characteristics of the 
experimental areas are shown in Table 1.The result 
from the chemical analysis show that the soil was 
slightly acidic. Although the organic carbon (0.65%) 
and available nitrogen (0.40%) values were low there 
was a high concentration of available phosphorus 6.6 
(ppm). The particle size analysis show that, the soil 
type of the experimental area was sandy loam with a 
high proportion of sand (56.5%) and silt (40.5%) and 
less clay (3.0%). The soil had a high water holding 
capacity with a maximum of (39.7%). 

Table 2 summarizes the effect of varietal 
difference on plant height, number of leaves per 
plant, number of branches per plant, number of days 
to flowering, pod filling and number of days to 
physiological maturity. 

The result showed a significant (P=0.05) 
difference in plant height. Highest means of 
190.41cm was recorded with V1 (White Kananado), 
followed by 181.30cm with V2 (Brown Kananado). 
V3 (White Borno Local) significantly recorded the 
least plant height of 56.71cm compared to other 

treatments. Significant (P=0.05), difference was 
recorded on the number of leaves. The highest mean 
number of leaves per plant (71.31) was obtained with 
V2 (Brown Kananado) followed by 66.07 with V5 
(Ife-brown). The least mean of 38.91 was recorded 
with V3 (White Borno Local). The variations in plant 
height, number of leaves and the mean were very 
high. Plant height and number of leaves were 
evaluated and determined by the vegetative growth of 
the 5 cowpea varieties. This is in conformity with 
suggestion by Pfeiffer and Harris (1990) who 
observed and reported that measurement are used as 
indicator of vegetative growth.The soil texture of the 
experimental area based on the particle size analysis 
is sandy loam. The good performance of the cowpea 
in the study area with sandy loam soil is in total 
conformity with the findings of Rayar[1986] who 
observed that legumes can do well on sandy loam 
soils which can help in producing an extensive root 
system that extracts moisture from lower depth of 
soil. 
 
 
Table 1: Physioco–Chemical Characteristics of the 
Soil From the Experimental Area  
Chemical analysis  

PH in water 6.80 

Organic Carbon (%) 0.65 

Carbon to Nitrogen ratio (C:N ratio) 1: 40 

Available Nitrogen (%) 0.40 

Available Phosphorus (PPM) 6.60 

Available Calcium (Me/100g) 4.20 

Available Sodium (Me/100g) 0.35 

Available Potassium (Me/100g) 0.49 

  
Particle Size Analysis  

Clay (%) 3.00 

Sand (%) 56.50 

Silt (%) 40.50 

Soil Texture Sandy 
Loam 

  
Maximum water Holding Capacity (%) 39.7 
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Table 2: Plant height, number of leaves per plant, 
number of branches per plant, number of days to 50% 
flowering, pod filling period, number of days to 
physiological maturity of some cowpea varieties. 
Treatment Plant 

Height 
(cm) 

Number 
of Leaves 
Per Plant 

Number of 
Branches 
Per Plant 

Number of 
Days to 

Flowering 

Pod 
Filling 

Number of 
Days to 

Physiological 
Maturity 

V1 190.41 65.02 5.62 45.03 22.01 63.27
V2 181.30 71.31 5.27 44.27 22.03 62.09
V3 56.710 38.91 3.72 38.02 19.00 53.18
V4 65.240 41.20 3.40 38.71 21.49 53.00
V5 170.02 66.07 4.19 50.12 24.00 70.49

LSD(P=0.05) 33.43 6.790 NS 3.030 1.250 4.370
  

V1 = White Kananado 
V2 = Brown Kananado 
V3 = White Borno Local 
V4 = Brown Borno Local 
V5 = Ife – Brown  
 
Table 3: Number of pods per plant , pod length, 
number of seeds per pod , number of seeds per plant, 
1000 seed weight and yield per hectare of some 
cowpea varieties. 
 

 
The result revealed that no significant 

(P=0.05) difference was recorded among the 
treatments although there were higher number of 
branches with V1 (White Kanando) compared to 
other treatments. Number of branches ranged from 
3.40 to 5.62. Days to flowering statistically differ in 
all the treatments. Longer days to flowering 50.12 
were recorded with V5 (Ife- Brown). These varieties 
flowered between 38.02 days to 50.12 days; while the 
period between flowering and maturity implies that 
these varieties must fill their seeds very fast and this 
is an important trait in areas where water availability 
is very low. It is worth interesting to note that the 
number of days to physiological maturity did not 
exceed 71 days. Another interesting fact about this 
result is that V3and V4 matured before 54 days 
making them more adaptable in drought –prone 
areas. Similar result were reported by (Ndaeyo  et al; 
1995) who found that seed colour preference and use 
differed from region to region and the maturity, 
growth habit and photosensitivity requirement 
depends upon the cropping systems. Furthermore, 
this result is corroborated by [Grema,1995 and 

IITA,1998] who found that no single variety of 
cowpea can be suitable for all conditions. 
        The mean number of pods per plant pod length 
number of seeds per pod, number of seeds per plant, 
1000 seed weight and yield per hectare of some 
cowpea varieties are presented in Table 3. Significant 
(P=0.05) difference was observed for all the yield 
components. The result showed that number of pods 
per plant ranged 23.34 in V5 to 35.77 in V2. 
Significantly longer pods 20.03 were recorded with 
V4 while the least 13.23 was recorded with V1. 
There was significant difference in the number of 
seeds per pod which ranged from 12.41 to 17.11. The 
number of seeds per plant was significantly higher 
420.16 with V2 and also significantly lower 258.21 
with V5. Significant difference was observed for all 
the treatments which ranged from 120.00g to 168.04g 
for 1000 seed weight. Grain yield (kg/ha) was 
significantly (P = 0.05) superior 20,000.20 with V2, 
although V5 recorded the lowest yield 14,000.30 in 
the mean where significant difference was observed 

due to treatment effects. This result showed that 
where there were more pods per plant and more 
number of seeds per plant the yield was increased. 
Based on the result from the present study cowpea 
yield in Nigeria is low. The use of early maturing 
varieties as adopted in this study can help in 
minimizing these problems. This study agrees with 
the earlier views of [Ofori and Djagbletey 1995; 
Okeleye et al; and Ndon and Ndaeyo, 2001] who 
reported that early maturing Cowpea genotypes 
have been shown to yield as much as or more than 

the late maturing varieties with added advantage of 
being suitable in areas with unreliable rainfall in 
terms of total amount,distribution and duration where 
crop failure is often attributed to early cessation of 
rains and there by making it adaptive to different 
agro-ecological environments in Nigeria.Varietal 
requirements in terms of plant type, seed type, 
maturity, yield for  cowpea  varies from region to 
region thus the importance of selection of varieties. 
 
4. Conclusion 
        It can be concluded from this study that early 
maturing cowpea can perform very well in Northern 
Guinea Savanna. V1 (White Kananado) and V2 
(Brown Kananado) recorded the highest yield of 
19,012.10kg/ha and 20,000.20kg/ha respectively.The 
yield ranged from 14,000.30kg/ha to 20,000.20kg/ha. 
The earliness character (days to flowing, pod filling 
and days to physiological maturity enables them to 
flower, pod fill and mature early and therefore escape 
the dryness of November and December). From the 
findings of this study the yield of V1 and V2 were 
quite high and encouraging. Since V1 and V2 
performed better, they are recommended to farmers 

Treat
ment 

Number 
of Pod 
Per 
Plant 

Pod 
Lengt
h 
(cm) 

Number 
of 
Seeds 
Per Pod 

Number 
of Seeds 
Per Plant 

1000 
Seed 
Weight 

Yield Per 
Hectare 
(Kg/Ha) 

V1 33.40 13.23 17.11 415.08 160.13 19,012.10 
V2 35.72 14.81 16.24 420.16 168.04 20,000.20 
V3 30.90 19.00 14.28 312.41 120.00 16,000.00 
V4 32.41 20.03 12.41 310.10 121.40 15,214.80 
V5 23.34 17.50 13.14 258.21 140.91 14,000.30 
LSD 
(0.05) 

8.38 1.70 1.18 40.49 12.01 315.1000 
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of this area based on their optimal performance for 
adoption. 
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Abstract: An experiment was carried out under laboratory condition to tackle low temperature stress by using 
salicylic acid (SA). Seeds of six common bean varieties (Polista, Nebraska, Goro, Helda, Duel and Giza 6) were 
soaked in water or 10−4 M aerated solution of salicylic acid (SA) for 6 h. Treated and untreated seeds were 
germinated at 25○C (optimal temperature) and at 15○C (suboptimal temperature or chilling stress) under dark 
controlled conditions for 9 and 30 days , respectively. Germination and seedling growth of the six tested varieties 
were significantly hindered under low temperature. Seed treatments with SA significantly improved germination 
percentage, germination rate and seedling criteria, compared with control seeds under optimal and low temperature 
stress conditions. The content of Indolacetic acid (IAA), Gibberellic acid (GA3) and Abscisic acid (ABA) increased 
in the different varieties under study, in response to seed soaking in 10−4M SA at 15°C. GA3/ABA ratio showed 
maximum increase in Duel and Helda, while the lowest ratio was observed in Giza 6 and Nebraska seedlings. At the 
same low temperature, catalase activity was decreased, whereas that of polyphenol oxidase increased on using 10-4M 
SA. Peroxidase isozymes indicated five to three isozymes in seedlings of the six bean varieties. Salicylic acid 
treatment resulted in detecting (in Duel) and disappearance (in Nebraska) of peroxidase isozymes at Rf: 0.37, which 
might be responsible for tolerance and sensitivity mechanism, respectively. The present results indicated that, 
salicylic acid stimulated various growth aspects of bean seedlings perhaps through interference with the enzymatic 
activities responsible for biosynthesis and/or catabolism of growth promoting and inhibiting substances. Thus, it 
might be concluded that, SA could eliminate the adverse effects of cold stress in common bean. [Journal of 
American Science 2010;6(10):675-683]. (ISSN: 1545-1003).   
 
Key words: Common bean, germination, seed soaking, seedling growth, salicylic acid, cold stress, phytohormones, 

enzymes activity. 
 
1. Introduction: 
              Common bean (Phaseolus vulgaris L.) is 
grown over a wide range of environments, including 
sites with low or high soil temperatures at sowing 
time. Bean plant is sensitive to chilling soil 
temperatures often encountered during early sowing. 
Early sown seeds that are subjected to chilling 
temperatures were smaller, suffered reductions in the 
rate of emergence and maximal emergence than late 
sowing (Rodiño et al., 2007).  
              Salicylic acid (SA) is a phenolic compound 
naturally occuring in plants in very low amounts. 
Phenolics participate in some way on auxin 
metabolism by regulating IAA degradation or by 
controlling the formation of IAA conjugates (El-
Mergawi et al., 2007). The sustained level of salicylic 
acid may be a prerequisite for the synthesis of auxin 
and/or cytokinin (Metwally et al., 2003). SA is a 
common plant-produced signal molecule responsible 
for inducing resistance to a number of biotic and  
 

abiotic stresses (Karlidag et al., 2009). SA is involved 
in establishing the local and systemic disease 
resistance response of plants after pathogen attack 
(Kachroo et al., 2005).  
             The role of SA at a certain level with 
moderate and severe abiotic stress may be different 
and can be attributed to redox regulations in plant 
cells (Shu and Hui, 2008) and protection of the cell 
structure under cold-stress (Zhang et al., 2007). SA 
plays important roles in response to external 
stimulation and activating defense system in plants. 
Activation of phospholipase D is an early response to 
low temperature, involved in the accumulation of free 
SA and the development of thermotolerance induced 
by low temperature acclimation in grape berries (Bao 
et al., 2009). Pretreatment with 20 µ g/ml SA 
significantly improved germination potential and 
growth criteria of maize seedlings at both 25 and     15 
◦C (Bedi and Dhingra, 2008). Pepper seed treatment 
with 10-4 M SA and sulfosalicylic acid induced a 
better growth recovery manifested as tall seedlings 
and high plant fresh and dry weights in the seedlings 
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subjected to low temperature (Benavides et al., 2002). 
Application of 3- 5 mM SA increased growth criteria 
in faba bean but reduced growth in maize plants (El-
Mergawi et al., 2007). Moreovere, SA could alleviate 
the injury caused by low temperature in maize (Farooq 
et al., 2009), strawberry (Karlidag et al., 2009) and 
cucumber through the alteration of antioxidant- 
enzyme activities (Cao et al., 2009; Tao et al., 2010). 
Activity of one peroxidase isoform in leaves of red 
oak seedlings was enhanced modestly by treatment 
with salicylate (Steven  and Jack, 2004). Certain 
enzymes were activated by SA treatment, while 
others, like catalase, were inhibited. Catalase seems to 
be a key enzyme in salicylic acid-induced stress 
tolerance, since it was shown to bind SA in vitro 
(Chen et al., 1993) and was inhibited by SA in several 
plant species (Conrath et al., 1995).  
            The present study intended to characterize 
variability for low temperature (15ºC) tolerance in six 
different common bean varieties (Polista, Nebraska, 
Goro, Helda, Duel and Giza 6) presoaked in water or 
10-4M salicylic acid. Endogenous phytohormones as 
well as activities of certain related enzymes and 
peroxidase isozymes were determined in the seedlings 
(30- day- old) grown at  suboptimal temperature. 
 
2. Materials and Methods 
Time course experiment 
                 Seeds of six bean (Phaseolus vulgaris L.) 
varieties (Polista, Nebraska, Goro, Helda, Duel and 
Giza 6) were provided by the Horticulture Research 
Institute, Agriculture Research Center, Ministry of 
Agriculture, Giza, Egypt. The seed indexes, i.e. 
weight of 100 seeds of the used varieties are shown in 
the following table: 

Varieties Polista Nebraska Goro Helda Dule Giza 
6 

Wt. of 100 
seeds (g) 20.02 54.17 23.92 43.92 15.89 45.20 

  The seeds were surface sterilized and then 
washed thoroughly with bidistilled water. Afterwards, 
seeds of each variety were equally divided into two 
groups. The first group was soaked for 6 h in SA 
solution (10-4M). The second group was soaked for 6 
h in water to serve as control. The two groups were 
allowed to germinate in rolled paper towels in 
controlled cabinet (at Vegetable Crop Seed Production 
and Technology Department). Fifty seeds replicated 
four times from each lot and each treatment was 
planted in the trays according to ISTA rules (2009). 
The germination percentage (%) and germination rate 
(days to complete germination) were calculated. At 
least 10 randomly choice seedlings (9- and 30- day-
old grown at 25 or 15 °C, respectively) were taken 
from each treatment for measurements of different 
growth criteria (seedling length (cm), seedling root 
length (cm), fresh and dry weights (g) per seedling). 

According to ISTA rules, seedling measurements can 
be taken after 9 days at optimal temperature (25°C), 
but at suboptimal condition (15°C) it takes 30 days for 
seedling to reach almost the same criteria.  
  The experiment for growth criteria was 
carried out in a split plot design with four replicates. 
The main plots represented the two treatments 
(soaking seeds for 6 h in either water or SA). The sub-
plots represented the six bean varieties. 
The collected samples from each group were either 
directly kept in a deepfreeze for enzyme extraction or  
kept in distilled cold ethanol in the refrigerator, ready 
for hormone extraction and estimation.  
 
Endogenous phytohormones 

Seedlings of the six bean varieties presoaked 
for 6 h in 10-4M salicylic acids or water (control) and 
grown at 15°C were used. The method of extraction 
was essentially similar to that adopted by Shindy and 
Smith (1975). The frozen samples were ground in cold 
80% methanol, followed by triple extraction with 
fresh methanol for 2 hours at 0°C. To estimate the 
amounts of acidic hormones, the plant hormone 
fractions and standards were methylated according to 
Vogel (1975), ready for gas chromatography (GC) 
analysis. The retention time (RT) and the area of 
peaks of authentic samples were used for the 
identification and characterization of peaks of samples 
under investigation. 
 
Enzyme activities 

Catalase and polyphenol oxidase were 
assayed in seedlings of the six bean varieties 
presoaked for 6 h in water (control) or 10-4M SA and 
grown at 15°C, following the method of Kar and 
Mishra (1976) with some modification as described by 
Iturbe-Ormaetxe et al., (1998). Polyphenol oxidase 
activity was expressed as the change in optical density 
g-1 fresh weigh hour-1 at 430 nm. Catalase activity was 
expressed as µM H2O2 destroyed g-1 fresh weight 
hour-1. 
 
Peroxidase isozymes 
Extraction, preparation and detection 
  Peroxidase isozyme patterns were detected in 
seedlings of the six bean varieties presoaked for 6 h in 
water (control) or 10-4M SA and grown at 15°C using 
polyacrylamide gel electrophoresis. Crude extracts 
were prepared by macerating 300 mg of each sample 
in 50 µl of the extraction buffer [0.1M Tris- HCl 
buffer at pH 7.5, containing 0.01 M EDTA, 0.01 M 
potassium chloride, 0.01M magnesium chloride 
hexahydrate, 0.1M dithioteritol (DTT), 4% polyvinyl 
pyrrolidone (PVP) and 10% sucrose] (Gottlieb, 1981). 
The macerates were placed in a refrigerator for 2 
hours, then centrifuged at 14.000 rpm for 20 minutes 
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at 40ºC. The residue was discarded and the 
supernatant was used for isozymes study. The 
separating gel of 10% acrylamide was prepared 
following the method of Laemmli (1970). Aliquots of 
10 µl of the extract were electrophorized in 10% slab 
polyacrylamide gel at constant voltage of 150 V and 
15 mA ⁄gel at low temperature for approximately 2 
hours using Hoefer Vertical slab gel unit, Model SE-
400. Following the removal of the gel from 
electrophoretic assembly, it was stained for peroxidase 
enzyme according to Soltis et al. (1983). The gel was 
incubated in 100 ml staining solution of 0.05 M 
acetate buffer, pH 5.0, containing 65 mg benzidine 
dissolved in 1 ml ethanol. Two ml of 0.1 M CaCl2 
were added as co-enzyme. Finally, two ml H2O2 were 
added as the substrate in refrigerator until dark brown 
bands appeared. The stained gels were washed with 
distilled water and fixed in 50% glycerol, then 
photographed and diagrammed.  

            editor@americanscience.org 677

 
Statistic analysis 
           The data were tabulated and statistically 
analyzed, using the analyses of variance method and 
the treatment means were compared using the Duncan 
Multiple Range Test (Duncan, 1965). 
 
3. Results and Discussion: 
Germination potential and growth parameters 

Germination criteria for the six bean varieties 
under investigation at optimal temperature (25○C) are 
shown in Table (1). The results demonstrated that 
there was no significant difference between the main 
treatments (i.e. soaking in water and SA). But, for 
seedling fresh and dry weights, soaking in SA caused 
a significant increase. Nebraska and Helda varieties 
(as big seeds) recorded higher values in most studied 
growth criteria. Interaction between treatments and 
varieties demonstrated that variety Nebraska also 
showed the highest values, while variety Polista (as a 
small seed) recorded the lowest values. On the other 
hand, it is evident from the data presented in Table (2) 
that SA significantly increased the germination 
percentage and all the studied growth traits of the six 
investigated bean varieties grown at suboptimal 
temperature (15○C). Duel variety, recorded the highest 
germination percentage and lowest germination rate 
(i.e. it took lowest number of days for complete 
germination). In the other growth traits, Nebraska 
recorded the highest significant values. Interaction 
between treatments and varieties indicated that 
salicylic acid could overcome cold stress in bean 
(Table 2). Soaking in 10−4M SA clearly enhanced 
germination percentage and subsequent seedling 
criteria, compared with corresponding control. In this 
connection, pretreatment of maize seeds with SA 
significantly improved the percent of germination, 

emergence and mean days to emergence, primary root 
and shoot lengths at both 25 and 15 ○C. the results 
obtained herein agreed to a wide extent with those of 
other authors. Thus, mean days to germination 
decreased while seedling vigor index and dry weight 
increased with SA at 15 ○C (Farooq et al., 2008 and 
Bedi and Dhingra, 2008). Priming pepper seeds in the 
presence of 0.1 mM Acetyl SA improved germination 
performance and resulted in the highest seedling shoot 
fresh and dry weights at 15 ○C (Korkmaz, 2005). 
Moreover, soaking rice seeds in 5.0 m mol/ liter SA 
promoted the length of roots and buds and biological 
yield at low temperatur  (Ling e  al., 2001). e t 
 
Changes in Endogenous phytohormones 

It is apparent from the data recorded in Table 
(3) that the contents of indolacetic acid (IAA), 
gibberellic acid (GA3) and abscisic acid (ABA) 
showed marked increases in the six bean varieties 
under investigation, in response to presoaking seeds in 
10-4M SA, as compared with corresponding controls at 
15ºC. The highest concentration of IAA was recorded 
in Duel and Helda, while the lowest concentration was 
shown in Giza 6 and Nebraska seedlings, compared to 
corresponding control. In this connection, spraying 
faba bean plants with SA at 4 mM tended to cause 
increases in free IAA (113%), decreases in ester IAA 
(44%) of control and interfered with IAA-conjugation 
(El-Mergawi et al., 2007). 

Cold induced the transcription of a range of 
genes (Nguyen et al., 2009). Gene expression plays 
multiple roles in abiotic and biotic resistance 
pathways, as well as in plant growth. The expression 
of ZF1 and GmERF3 showed no obvious changes 
under cold stress, while was increased as a result of 
treatments with ABA, SA, GA3, IAA and H2O2 (Chen 
et al., 2009; Yun et al., 2010). Furthermore, the 
expression of PgSAM (S-adenosyl-L-methionine 
synthetase (SAMS) gene) and a NAC gene CarNAC1 
(for Cicer arietinum L. NAC gene 1) was strongly 
induced by cold, SA, IAA, GA3, which might help to 
protect the plants against various abiotic stress 
responses (Pulla  et al., 2009; Hui et al., 2010). Table 
(3) shows that, on using 10-4M salicylic acids, both 
IAA and ABA were generally increased. A more or 
less similar trend, but to a higher extent was also 
observed with GA3. On the bases of these results, it 
could be concluded that the steep increase in 
GA3/ABA ratio seemed to correlate with the pattern 
obtained with germination and subsequent seedling 
growth. This ratio showed maximum increase in 
varieties Duel and Helda, and lowest ratio in Nebraska 
and Giza 6 seedlings, respectively, using 10-4M 
salicylic acids compared with corresponding controls. 
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Table (1): Changes in germination potentials and growth criteria of seedlings (9- day- old) of the six bean varieties as affected by presoaking for 6 h in 
water (control) or 10-4 M salicylic acid (SA). The rate of germination represents time (days) required for maximum germination at 25 ºC. Each 
value represents the mean of 4 replicates (each of 50 seeds) for germination potential or 10 replicates for growth criteria.  

Germination % Germination Rate Seedling Length Seedling  Root Length Seedling F. wt. Seedling D. wt. 
Var. 

H2O SA mean H2O SA mean H2O SA mean H2O SA mean H2O SA mean H2O SA mean 

Polista 97.0 ab 95.5 ab 96.25 A 2.083 ab 2.029 c 2.056AB 26.25 g 27.23 fg 26.74 D 11.38 e 12.49 de 11.93 D 1.385 f 1.617 de 1.501 C 0.076 l 0.100 j 0.088F 

Nebraska 92.0 ab 96.0 ab 94.00 A 2.123 a 2.061 bc 2.092 A 35.28 ab 36.84 a 36.06 A 16.63 a 17.02 a 16.83 A 2.980 b 3.475 a 3.228 A 0.358 b 0.416 a 0.387A 

Goro 93.0 ab 98.0 ab 95.50 A 2.082 ab 2.040 bc 2.062 AB 28.53 ef 29.21 de 28.87 C 12.31 de 13.49 bcd 12.90CD 1.449 ef 1.658 d 1.553 C 0.095 k 0.119 h 0.107 E 

Helda 97.0 ab 98.0 ab 97.50 A 2.062 bc 2.020 c 2.041 B 32.81 c 34.03 bc 33.42 B 14.65 bc 14.69 b 14.67 B 2.745 c 3.387 a 3.066 A 0.269 d 0.332 c 0.301 B 

Dule 87.0 b 99.0 a 93.00 A 2.052 bc 2.021 c 2.036 B 31.00 d 32.75 c 31.88 B 13.44 cd 14.40 bc 13.92 BC 1.585de 1.689 d 1.637 C 0.112 i 0.123 g 0.117 D 

Giza 6 92.0 ab 95.0 ab 93.50 A 2.070 bc 2.053 bc 2.062 AB 29.88 de 30.55 d 30.21 C 12.84 d 14.23 bc 13.53 BC 2.597 c 2.937 b 2.767 B 0.253 f 0.259 e 0.256 C 

Mean 93.0 A 96.92 A  2.079 A 2.037 A  30.62 A 31.77 A  13.54 A 14.39 A  2.123 B 2.461 A  0.194 B 0.225 A  

Values within the same column followed by the same letters are not significantly different, using Duncan's Multiple Range Test at 5% level. 

 
Table (2): Changes in germination potentials and growth criteria of seedlings (30- day- old) of the six bean varieties as affected by presoaking for 6 h in 

water (control) or 10-4 M salicylic acid (SA). The rate of germination represents time (days) required for maximum germination at 15 ºC. Each 
value represents the mean of 4 replicates (each of 50 seeds) for germination potential or 10 replicates for growth criteria.  

Germination % Germination Rate Seedling Length (g) Seedling  root Length (g) Seedling F. W. (g) Seedling D. W. (g)  

Var. H2O SA mean H2O SA mean H2O SA mean H2O SA mean H2O SA mean H2O SA mean 

Polista 75. 0 d 96.0 a 85.50B 7.06 d 5.17 g 6.12 D 16.55 h 20.03 f 18.29 E 9.69 g 11.01 f 10.35 E 1.16 f 1.23 f 1.19 D 0.0998 k 0.111 h 0.106 F 

Nebraska 62. 0 ef 88.0 b 75.00C 9.77 a 6.58 e 8.18 A 24.25 c 31.75 a 28.00 A 14.27 b 18.16 a 16.22 A 2.32 c 3.79 a 3.05 A 0.322 b 0.356 a 0.339 A 

Goro 66.0 e 96.0 a 81.00B 8.35 c 5.31 g 6.83 C 17.98 g 21.20 e 19.59 D 10.59 f 11.75 e 11.17 D 1.17 f 1.41 e 1.29 D 0.102 j 0.117 g 0.109 E 

Helda 84.0 bc 99.0 a 91.50A 6.96 d 5.14 g 6.05 D 20.70 ef 26.79 b 23.74 B 12.50cd 14.05 b 13.27 B 2.26 c 2.81 b 2.54 B 0.249 e 0.296 c 0.273 B 

Dule 89.0 b 99.0 a 94.00A 6.17 f 5.02 g 5.59 E 19.79 f 23.21 d 21.50 C 11.95de 12.96 c 12.46 C 1.26 f 1.55 d 1.41 C 0.104 i 0.120 f 0.112 D 

Giza 6 58.25 f 82.0 c 70.13C 9.07 b 6.26 f 7.67 B 18.23 g 22.33 d 20.28 D 10.65 f 12.31cde 11.48 D 2.26 c 2.77 b 2.52 B 0.248 e 0.251 d 0.249 C 

Mean 72.38 B 93.33A  7.89 A 5.58 B  19.58 B 24.22 A  11.61 B 13.38 A  1.74 B 2.26 A  0.188 B 0.209 A  

Values within the same column followed by the same letters are not significantly different, using Duncan's Multiple Range Test at 5% level 
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In this connection, the GA3/ABA ratio might 
represent the primary hormonal signal. This 
assumption was based on the postulation that seed 
germination is regulated by a balance between the 
relative amounts of endogenous GA and ABA in the 
seeds and sensitivities of their tissues to these 
hormones. Bewley (1997) suggested that in tomato 
seeds, GAs (and/ or cytokinins) move as a chemical 
signal from the embryonic axis via the cotyledons to 
the endosperm where they induce de novo synthesis 
of hydrolytic enzymes for germination, whereby this 
process is repressed by ABA. Thus, the obtained 

changes in IAA, GA3 and ABA due to 10-4M salicylic 
application as a monophenol might be involved in 
gene expression regulating the signaling activities 
and/ or levels of growth regulating substances 
through direct impact on the activities of oxido-
reductive enzymes related to the hormonal 
metabolism. In this connection, Bialczyk et al. (1998) 
have drawn a positive correlation between kinetin 
level and accumulation of polyphenols at the expense 
of monophenols in Rubus protoplast and leaf blades 
of tomato. 

 
Table (3): Changes in the contents of endogenous hormone concentrations (µg/1 g fresh wt. equivalents) in      

seedlings (30- day- old) of the six bean varieties as affected by presoaking seeds for 6 h in water 
(control) or 10-4M salicylic acid (SA)  at 15 ºC.  

Concentrations (µg/1 g fresh wt.) 

 IAA  GA3 ABA GA3/ABA 

      Solution 
 
Varieties 

H2O SA H2O SA H2O SA H2O SA 

Polista 82.94 88.72 115.89 826.26 24.24 86.43 4.78 9.56 
Nebraska 38.43 41.11 176.53 1742.83 70.75 355.74 2.50 4.90 
Goro 52.80 56.48 154.11 1006.09 25.78 100.77 5.98 9.98 
Helda 86.08 92.08 191.57 1154.24 30.78 77.80 6.23 14.84 
Duel 171.14 183.06 81.22 500.19 12.28 20.17 6.62 24.80 
Giza 6 34.84 37.27 162.57 1134.14 44.27 206.14 3.67 5.50 

  
Changes in Enzyme activities 
          The data presented in Fig. (1) indicate a 
general increase in polyphenol oxidase activity in the 
six bean varieties under investigation grown at 15 ºC, 
in response to presoaking seeds in 10-4M SA, as 
compared with corresponding controls; a more or less 
opposite trend to that obtained with catalase activity. 
CATs and other scavenger enzymes such as 
peroxidase (POD) and superoxide dismutase (SOD) 
may be coordinately regulated during development, 
but differentially expressed in response to different 
stresses for controlling reactive oxygen species 
homeostasis (Yan et al., 2008).  The maximum 
activity of polyphenol oxidase was obtained in cases 
of Duel and Goro seedlings, whereas the minimum 
activity was recorded in Nebraska and Giza 6 
seedlings, respectively. Similarly, SA improved cold 
resistance to watermelon and lupine by increasing the 
activities of POD and SOD. The activities of 
antioxidative enzymes were more significantly 
increased in the cold tolerant watermelon germplasm  
than that of the chilling sensitive germplasm (El-
Bahy 2002 and Hua et al., 2008). On the other hand,  
 
 

 
 
the activities of catalase, were several fold lower, in 
response to  presoaking bean seeds in 10-4 M SA, as 
compared with corresponding controls and this might 
increase their chilling tolerance. Similarly, SA 
decreased catalase (CAT) and peroxidase activities 
and induced chilling tolerance in maize (Horváth et 
al., 2002; Ping and Rui 2007 and Bedi and Dhingra, 
2008), winter wheat plants (Tasgn et al., 2006) and 
increased disease defense (Scandalios, 1993 and 
Conrath et al., 1995). On the contrary, SA 
pretreatment reduced H2O2 overproduction, increased 
catalase activities and  participated in enhancing 
chilling tolerance of banana plants (Zhang et al., 
2003); maize seedlings (Kun et al., 2005) and Manila 
grass (Wang et al., 2009). SA increased CAT and 
SOD activities and induced heat tolerance in 
Kentucky bluegrass due to AOS scavenging (He et 
al., 2005). During late embryogenesis in maize, total 
CAT activity in scutella increased dramatically with 
SA treatment, which was contributed to the 
accumulation of CAT2 transcripts (Guan and 
Scandalios, 1995). 
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Figure (1): Changes in some enzymatic activities of seedlings (30- day- old) of the six bean varieties as affected 

by presoaking seeds for 6 h in water (control) or 10-4M salicylic acid (SA)  at 15 ºC. The values 
listed are expressed as changes in enzymatic activity. (g-1 fresh  weight hour-1). Vertical bars 
represent ± standard deviations.  

 
Peroxidase isozymes  
          Electrophoretic study of peroxidase isozymes 
of six bean varieties (Polista, Nebraska, Goro , Helda, 
Duel and Giza 6) indicated differences in isozyme 
patterns and intensity by soaking seeds in 10-4 M SA, 
as compared with corresponding control seedlings at   
15 ºC. Data in Table (4) and Figure (2) show that five 
different peroxidase isozymes were detected in the 
control and salicylic acid treatments in (Polista, Goro 
and Giza 6 varieties) at Rf: 0.09, 0.24, 0.37, 0.49 and 
0.67 with general increase in intensity of peroxidase 
isozymes at Rf: 0.37 as a result of SA treatment. In 
this connection, the activity of one peroxidase 
isoform in leaves of Quercus rubra L. seedlings was 
enhanced due to treatment with salicylate (Steven and 
Jack, 2004). In contrast, salicylic acid treatment 
resulted in the disappearance of peroxidase isozymes 
at Rf: 0.37 in Nebraska (the most sensitive variety) 
which might be responsible for sensitivity 
mechanism. In Helda variety, four peroxidase 
isozymes were detected in the control and salicylic 
acid treatments at Rfs: 0.09, 0.37, 0.49 and 0.67.  
Generally, band intensity at Rf: 0.37 recorded the 
highest concentration being 61.74, 54.88% for the  
 

 
control and SA treated seedlings, respectively. On the 
other hand, Duel variety showed three isozymes at 
Rf: 0.09, 0.24 and 0.49. The first and second ones 
positioned at Rfs: 0.09, 0.24 were found in low 
concentration in SA seedlings (6.91, 44.46%), 
respectively compared with (12.31, 69.51%) for their 
controls. The third isozyme positioned at Rf: 0.49 
was present at a higher level (24.20%) in salicylic 
acid treatment compared with (18.18%) for the 
control. Moreover, salicylic acid treatments resulted 
in detecting a new isozyme (Rf: 0.37) with a 
concentration of 24.43% in Duel variety which might 
be responsible of tolerance mechanism at low 
temperature. Similarly, acibenzolar-S-methyl 
treatment increased peroxidase specific activity and 
produced two unique isoforms (Bargabus et al., 
2002). In maize there was, among the peroxidase 
isoenzymes, a band which could be seen only in SA-
treated plants (Janda, et al., 1999). Also, dipping 
tomato roots in solutions of 1.0 μM salicylic 
hydrazide induced an acidic isozyme of peroxidase 
(Miyazawa et al., 1998). 
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Table (4): Electrophoretic patterns of peroxidase isozymes (Band intensity %) of seedlings (30-day-old) of the 

six bean varieties as affected by presoaking seeds for 6 h in water (control) or 10-4 M salicylic acid 
(SA) at 15 ºC. 

Giza 6 Duel Helda  Goro  Nebraska  Polista  Variety 

SA H2O SA H2O SA H2O SA H2O SA H2O SA H2O Soaking 
solution 

      Rf 
11.06 7.76 6.91 12.31 8.98 6.82 5.36 8.53 8.61 9.23 7.59 12.16 0.09 
41.34 44.72 44.46 69.51     ---      --- 38.34 41.63 60.44 43.66 26.92 23.03 0.24 
23.28 21.68 24.43      --- 54.88 61.74 25.01 21.11      --- 10.06 29.40 25.16 0.37 
15.28 15.44 24.20 18.18 11.81 9.04 22.51 22.12 15.48 18.63 17.54 18.08 0.49 
9.03 10.39    ---      --- 24.33 22.40 8.79 6.61 15.47 18.41 18.54 21.57 0.67 

     5       5      4       3      4       4      5       5       4       5      5      5 No. of 
bands 

 
  

                        
 

Figure (2): Zymogram analysis of peroxidase  isozymes (band intensity %) of seedlings (30- day- old) of 
six bean varieties [Polista lanes (1, 7); Nebraska lanes (2, 8); Goro lanes (3, 9); Helda lanes (4, 
10); Duel lanes (5, 11) and Giza 6 lanes (6, 12)] as affected by presoaking seeds for 6 h in 
water lanes (1 - 6) or 10-4M salicylic acid (SA) lanes (7- 12)  at 15 ºC. 

 
4. Conclusion 

Salicylic acid (SA) significantly improved 
the germination performance of bean at both 25 ○C 
(optimal temperature) and at 15 ○C (suboptimal 
temperature or chilling stress). Presoaking bean seeds 
in 10-4 M SA could be used to eliminate the adverse 
effects of cold stress and enhance common bean 
germination at low temperature. Duel was the most 
promising variety that could germinate at highest rate 
under cool temperatures (15 °C) while, Nebraska and 
Giza 6 were the most sensitive varieties.  
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Abstract: The study was carried out to use hydrocolloids for improving quality of corn-wheat pan bread. The use of 
composite flour for bread making is gradually gaining prominence world wide due to some economic and nutritional 
reasons. However, the wheat-corn bread is suffering from many technological problems. This study examines the 
functional role of gum arabic and pectin on dough properties and pan bread from corn wheat flour. Addition of gum 
arabic or pectin was 1, 2 and 3% levels to wheat-corn flour mixture (80:20). Rheological properties of dough, baking 
quality and organoleptic properties of bread were investigated. Bread was stored at room temperature for 5 days and 
staling rate was also studied. Results showed that wheat-corn flour had lesser water absorption, dough stability, 
extensibility, resistance to extension and dough energy than wheat flour dough. However, addition of gum arabic or 
pectin to wheat-corn flour dough caused a noticeable increase in the above parameters and yielding strengthened 
doughs. Loaf volume, specific loaf volume and crumb moisture were improved upon the addition of gum arabic or 
pectin. Both two hydrocolloids made bread more fresh than the control. Pectin addition caused higher values of 
alkaline water retention capacity than gum arabic. It was found that gum arabic or pectin could be effectively used to 
improve dough handling, baking quality, sensory acceptability and retarded staling of corn-wheat bread up to 2 and 
3%, respectively. [Journal of American Science 2010;6(10):684-790]. (ISSN: 1545-1003).   
 
Key words: gum arabic, pectin, corn flour, wheat flour, pan bread quality 
 
 
1. Introduction: 

In Egypt, the total yield of wheat grain does 
not satisfy the needs of the   The population total 
production of wheat grains covers only about 55% of 
the total needs. The way to overcome this problem is 
to search for the native cereal sources which could be 
used with wheat flour bread making. Recently, the 
Egyptian Government replaced wheat flour using 
corn flour up to 20% as economically view. 
Meanwhile, the blended bread is suffering from many 
technical problems and fast staling characteristics. 
Consequently, loss of bread which led to negative 
economically trend. 

Hydrocolloids have specifically found a 
wide application as additives in bread and baked 
products. The functional effects of hydrocolloids 
stem from their ability to modify dough or batter 
rheology (or handling) and keeping qualities of 
finished baked products. They are often used as 
gluten substitutes in gluten-free breads (Toufeili et 
al., (1994). Carboxy methyl cellulose (CMC), guar 
gum and xanthan gum have been added to rye bread 
and cassava-bread recipes to improve  their quality 
and extending the shelf- life (Mettler and Seible, 
1993 and Shittu et al., 2009). Hydroxyl propyl 
methyl cellulose (HPMC) and apple pectin have been 
used as improvers and anti-staling agents in wheat 
bread, yielding higher specific volume, softer crumb 
and enhanced sensory characteristics (Collar et al., 

1999; Rosell et al., 2001 and Yaseen et al., 2001). On 
the other hand, Kegoya-Yoshino (1997) reported that 
pectin can be effectively used to improve the shelf-
life of bread. 

Although, it has been shown in previous 
studies that substitution of wheat flour up to 20% 
level is possible to give acceptable composite bread 
loaf (Gujral et al., 2003; Hsu et al., 2004 and Khalil 
et al., 2000), generally increasing substitution of 
wheat with other flours progressively reduced the 
quality of bread. This has been attributed to reduced 
flour strength and gas retention capacity due to 
reducing gluten content, thereby reducing bread 
volume and the sensory appeal of most baked 
composite bread (Shittu et al., 2009). 

Thus, the present study was designed to 
investigate improving quality of pan bread of 
composite flour 80:20%, (wheat-corn flour)  , 
respectively through using hydrocolloids (pectin and 
gum arabic).  The study included the evaluation of 
rheological properties, baking tests and staling of 
composite bread as affected by hydrocolloids. 
 
2. Materials and Methods: 
Materials: 

Wheat flour (72% extraction) and corn flour 
(97% extraction) were obtained from South Cairo 
Mill Company, Giza, Egypt. Pectin and gum arabic 
were purchased from Sigma Company, Germany. 
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Other ingredients such as salt (sodium chloride), 
shortening, sugar, bread improver and active dry 
yeast (Saccharomyces cerevisiae) were purchased 
from local market.  
 

Methods: 
Preparation of flour blends 

Wheat flour 72% extraction was well 
blended with corn flour 97% extraction to produce 
mixture containing 80% wheat flour and 20% corn 
flour. Hydrocolloids (pectin and gum arabic) were 
added to corn-wheat mixture at 1, 2 and 3% levels. 
All samples were stored in airtight containers and 
kept at 5-7°C until required. 
 

Rheological properties  
Rheological properties of doughs were 

evaluated using farinograph and extensograph 
according to AACC methods No. 54 -10 and 54 – 21 
(1983), respectively. 
 
Preparation of pan bread 

Pan bread was prepared as follow: yeast 
(1%) was dissolved in warm water (35°C) then added 
to the dry ingredients (2% NaCl, 1% sugar, 1% bread 
improver and 100g wheat-corn flour and shortening 
(2%), then the mixture was kneaded. The dough was 
fermented at 30 °C and 80-85% relative humidity for 
45 min in a fermentation cabinet, then the dough was 
divided into 150g pieces and placed in the pan and 
proofed under the same conditions for 45 min. Bread 
dough loaves were baked at 230 °C for 20–25 min 
following steaming for 10s. Baked loaves were 
cooled down at room temperature for 60 min and 
packed.  
 
Physical evaluation of bread 

Volumes of cold loaves were measured by 
rape seed displacement method. Specific volumes 
were calculated from loaf volume and loaf weight 
taken after 1h of baking. 

 
Sensory evaluation of bread 

Sensory evaluation of bread was performed 
by 10 trained panelists as described by Kulp et al. 
(1985) for symmetry of shape (5), crust color (10), 
break & shred (10), crumb texture (15), crumb color 
(10), aroma (20), taste (20) and mouthfeel (10).  
 
Freshness of bread 

The freshness of bread samples was tested at 
1,3 and 5 days of storage at room temperature by 
alkaline water retention capacity (AWRC) according 
to method of Yamazaki (1953), as modified by 
Kitterman and Rubenthaler (1971). 
 
Chemical analysis 

Moisture, ash, crude protein, fat and crude 
fiber contents were determined according to AOAC 
methods 14.004, 14.006, 2.057, 14.018 and 7.065 
(2000), respectively. Carbohydrates were calculated 
by difference. 
 
Statistical analysis 

The obtained results were statistically 
analyzed by analysis of variance (ANOVA) and least 
significant difference (LSD) was calculated according 
to McClave and Benson (1991). 

                
3. Results and Discussion:  
Chemical composition of wheat and corn flour 

Chemical composition of wheat and corn 
flour is given in Table (1). Corn flour has higher 
content of fat, crude fiber and ash and lower content 
of protein and carbohydrate than that of wheat flour. 
These values agreed with those reported by Khorshid 
et al., (1996). They found that the total protein, fat, 
ash, crude fiber and starch of corn flour were 9.17, 
4.32, 2.36, 2.27 and 70.75%, respectively. 

Table (1): Chemical composition of wheat and corn flours (%on dry weight basis)* 

Sample Moisture Protein Fat Fiber Ash CHO** 

Wheat flour (72%) 12.9±0.40 11.9±0.04 1.7±0.08 0.7±0.07 0.6±0.121 85.1±0.70 

Corn flour (97%) 12.5±0.18 9.8±0.08 4.5±0.24 2.1±0.12 2.3±0.10 81..3±0.72 
*values are the average of three determinations. 
**Total carbohydrates was calculated by differences.     
Rheological properties of dough 

The effect of replacing wheat flour with corn 
flour at 20% level and hydrocolloids at 1, 2 and 3% 
levels on the farinograph test is presented in Table 
(2). The water absorption of wheat flour doughs was 
68.5% and decreased by the addition of corn flour to 
66.5%. This reduction in water absorption could be 
attributed to the ability of wheat starch to absorb 

water (2.47 times) more than corn starch (2.40 times) 
(Whistler et al., 1984). Also, because of the 
significant positive correlation between water 
absorption and protein content. The higher protein 
content of flour, the higher of water absorption 
obtained as shown in table (1). 

Data in the same table showed that water 
absorption of wheat-corn flour dough increased   
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from 66.5 to 70.0% for all treatments by adding gum 
arabic or pectin. However, flour-pectin showed 
higher capacity or water absorption compared to 
flour-gum arabic. Dough development time of wheat 
and corn flour blends increased from 2 min to 4.5 
min, this increase might be due to higher gluten 
content in wheat flour than the sample  of corn flour. 
Moreover, dough stability was decreased and dough 
weakening was increased by adding corn flour, which 
could be attributed to the reduction in protein content, 
consequently, gluten in the blend.  Also, the protein 
in corn flour contains zein instead of gliadin in wheat 
flour, which has  much lower molecular weight 
(about 20.000) compared to wheat gliadin (30.000-

40.000). This indicates the reduction in the total 
gliadin of the blend and hence the formed gluten and 
its network. 

With respect to the effect of hydrocolloids 
on dough stability and wakening the results in Table 
(2) revealed that, stability of the dough increased and 
dough weakening decreased with increasing the level 
of addition of gum arabic or pectin. These results 
indicated that dough, which contained hydrocolloids 
exhibited higher tolerance index to over mixing. This 
advantage is preferred on  industrial scale. This result 
supported by the data obtained by Rosell et al., 
(2001).   

Table (2): Effect of corn flour and hydrocolloids on farinograph parameters. 

Sample 
Water 

absorption   
 (%) 

Arrival time 
(min) 

Dough 
developmen

t time        
(min) 

Dough 
stability 

(min) 

Mixing 
tolerance 

index  
(BU) 

Dough 
weakening 

   (BU) 

Control (100% 
WF)  

68.5 2.0 1.5 8.5 20 170 

80% WF + 
20% CF  

66.5 4.5 5.0 5.0 65 210 

Gum Arabic (%) 
1 66.5 4.0 4.5 5.5 70 160 
2 67.0 3.0 3.0 6.5 30 150 
3 67.4 3.0 7.5 7.5 60 160 

Pectin (%) 
1 67.0 3.0 2.5 5.0 40 160 
2 68.5 2.5 2.0 5.0 30 150 
3 70.0 2.0 2.5 6.0 30 155 

WF = wheat flour                                   CF = corn flour 

The results in Table (3) indicate that there 
are remarkable differences between the wheat and 
wheat-corn flour in all extensogram parameters. 
Wheat corn flour has less extensibility, resistance to 
extension and energy than wheat flour dough. This 
decrement may be due to the deficiency of gliadin 
and glutenin in corn protein. These results are in 

agreement with the findings of Mohy El-Din (2004). 
However, addition of hydrocolloids e.g. gum arabic 
or pectin to wheat-corn flour dough caused a 
noticeable increase in extensibility, resistant to 
extension and dough energy. Such findings were also  
observed by Lazaridou et al., (2007) and Shittu et al., 
(2009).    

Table (3): Effect of corn flour and hydrocolloids on extensograph parameters. 

Sample 
Extensibility 

(E) 
(mm) 

Resistance to 
extension (R) 

(BU) 

Proportional 
number 

(R/E) 

Dough energy    
(cm2) 

Control (100% WF)  90 270 3.0 70 
80% WF + 20% CF  60 200 3.3 50 

Gum Arabic (%) 
1 80 230 2.88 60 
2 85 250 2.94 65 
3 90 260 2.89 65 

Pectin (%) 
1 80 240 2.80 60 
2 80 260 2.89 68 
3 70 260 2.89 68 

WF = wheat flour                                             CF = corn flour 
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Baking quality and moisture content of pan bread 

Data presented in Table (4) show the results 
of baking quality and moisture content of bread. For 
control bread, loaf volume and specific volume were 
388 cc and 2.9, while 20% addition of corn flour 
caused 25 and 28% reduction of these parameters, 
respectively. The reduction of volume was due to the 
dilution of gluten as a result of adding corn flour to 
wheat flour. Meanwhile, the bread sample treated 
with corn flour showed approximately no differences 
in loaf weight, when compared with control sample. 

Loaf volume and specific volume were 
improved upon the addition of gum arabic and pectin. 
For instance, when 3% pectin or gum arabic were 
mixed with wheat-corn flour dough, the improvement  
of loaf volume and specific volume reached 27 and 
29%, 25 and 24%, respectively. The previous 
changes could be explained by the pectin and gum 
arabic appeared to act by improving gas-cell stability 
of gluten. This result  supported by Hsu et al. (2004) 
and Shittu et al. (2009). 

 
Table (4): Effect of corn flour and hydrocolloids on baking quality and moisture content of bread crumb.  

Sample 
Weight 

(g) 
Volume  

(cc) 
Specific volume 

(cc/g) 
Crumb moisture 

 (%) 
Control (100% 

WF)  
135±0.76 388±9.61 2.9±0.13 35.20±0.57 

80% WF + 20% 
CF  

135±1.76 290±10.41 2.1±0.19 34.00±0.76 

Gum Arabic (%) 
1 136±0.76 332±4.51 2.4±0.16 36.10±0.55 
2 136±1.0 347±6.66 2.6±0.18 35.40±0.46 
3 137±0.50 362±5.13 2.6±0.14 37.60±0.74 

Pectin (%) 
1 136±0.50 337±4.58 2.5±0.11 36.30±0.50 
2 137±0.76 358±6.66 2.6±0.15 37.40±0.65 
3 138±0.50 369±6.81 2.7±0.16 38.50±0.60 

WF = wheat flour                                             CF = corn flour 
 

Results in Table (4) shows that the moisture 
content of loaves varied between samples. After 
baking, the moisture content of fresh bread was 
35.0% for what flour bread and 34.0% for wheat-corn 
bread. The reduction was 3.4% when wheat flour was 
replaced up to 20%. Meanwhile, the bread samples 
treated with gum arabic or pectin showed 
improvement in loaf moisture, when compared with 
wheat-corn bread. For instance, when 3% gum arabic 
or pectin were mixed with wheat-corn flour dough, 
the improvement in loaf moisture reached 11 and 
13%, respectively. This is partially due to the higher 
amount of water required for bread preparation in the 
case of hydrocolloids, either gum arabic or pectin. 
Hydrocolloids, commonly can bind as much as 100 
times of their weight from water (Ward, 1997). 
 
Sensory evaluation of bread 

The mean scores from the sensory 
evaluation test of the bread samples are shown in 
Table (5). As seen in this table, corn-wheat bread was 
significantly rated lower scores than the control bread 
in all sensory characteristics. These results agreed 
with those reported by Mohy El-Din (2004).Seleem 

(2000)found that addition of corn meals at 5 and 10% 
to wheat flour gave an average mean values for the 
organoleptic characteristics of the bread loaves 
almost as those from wheat flour doughs. Moreover 
the mean values were significantly affected by corn 
varieties at 5 and 10%.  

It is clear that adding gum arabic or pectin 
improved the organoleptic properties of pan bread. At 
2% of gum arabic or pectin all sensory characteristics 
were superior to the corn-wheat bread. Shittu et al. 
(2009) reported that inclusion of xanthan gum had 
significant effects on the dough consistency and 
sensory acceptability of fresh composite bread. The 
oven spring, specific volumes of bead loaf and crum 
softness were higher when 1% xanthan was added. 
As the concentration increased, the surface roughness 
and dryness of bread increased. The crispiness of 
bread crust has been explained in terms of the amount 
of water available, extent of starch gelatinization and 
protein modification during baking as well as the 
water activity of the baked product (Primo-Martin et 
al., 2006). 
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Table (5): Effect of hydrocolloids on the sensory properties of composite corn-wheat bread. 

Sample 

Sym-
metry of  

Shape 
(5) 

Crust 
color 
(10) 

Break & 
shred 
(10) 

Crumb 
texture 

(15) 

Crumb 
color 
(10) 

Aroma 
(20) 

Taste 
(20) 

Mouth 
feel (10) 

Control (100% WF)  4.5a 8.7 a 8.7 a 13.8a 8.9 a 18.2 a 18.2 a 8.5 a 
80% WF + 20% CF  3.5b  6.5c  6.7d  10.3c  7.1c  14.8c  14.0d  6.5c  

Gum Arabic (%) 
1 3.9ab  7.5abc  7.3cd  10.7c  7.2bc 15.0bc 14.4cd  7.0bc  
2 4.0ab 7.5abc 8.1abc 12.8ab 8.0abc 16.5abc 16.8ab  7.7 ab 
3 4.2ab 8.5ab 8.5ab 13.1ab 8.5a 17.1abc 17.3ab 8.3a  

Pectin (%) 
1 3.7ab  6.9bc  7.5bcd 11.7bc 7.8abc 16.2abc 15.5bcd 7.1bc 
2 3.9ab 7.7abc 8.0abc 12.11abc 8.4ab  16.4abc  16.3abc 7.7ab 
3 4.2ab 8.3ab 8.5ab 13.3ab 8.5a 17.3ab 17.3ab 8.4a 

LSD 0.942 1.577 1.014 1.782 1.283 2.440 1.890 0.997 
WF = wheat flour                                             CF = corn flour 
 
Staling rate of bread 

Alkaline water retention capacity (AWRC) 
is a simple and quick test to follow staling of bread. 
Higher values of AWRC mean higher freshness of 
bread. The changes occurring in freshness 
characteristics of pan bread at zero time and after 1.3 
and 5 days of storage at room temperature are shown 
in Table (6). It can be observed that wheat bread was 
more fresh than wheat-corn bread (20% corn flour) 
under the same conditions , consequently, the staling 
rate was increased for the later. This means that 
wheat-corn bread staled faster than the wheat bread 
sample. This might be due to the loss of moisture 
content in the former than the later. Similar findings 
were observed by Seleem (2000), who found that 
adding 20% corn flour decreased freshness to 24.37, 
26.09 and 27.92% after 24, 48 and 72 
hrs,respectively. 

Data in the same table show that, gum arabic 
or pectin made bread more fresh than the wheat-corn 
bread. Pectin caused higher values of AWRC than 
gum arabic. The freshness reductions were 11.97, 
19.01 and 27.82% for 3% pectin at 1,3 and 5 days 
,respectively . At the same level of gum arabic these 
values reached 12.27, 20.97 and 30.14% being 16.98, 
35.85 and 66.04% for wheat-corn bread. These 
results confirmed the data presented by Yaseen et al. 
(2001) and Guarda et al. (2004). Also, the results of 
Shittu et al. (2009) could explain the above-
mentioned values. They stated that moisture loss and 
crumb firming during bread storage were less 
reduced when 1% xanthan gum was added to bread 
formulations. According to Davidou et al. (1996), the 
softening effect of bread was attributed to the 
increasing hindrance of gluten-starch interactions in 
the presence of hydrocolloids molecules.  

 

Table (6): Freshness properties of stored pan bread. 

Alkaline water retention capacity (%) Loss of freshness (%) 

Sample 

0 day 1 day 3 day 5 day 1 day 3 day 5 day 

Control (100% 
WF)  

296 
268 220 

140 9.46 25.68 52.10 

80% WF + 20% 
CF  

265 
220 170 

90 16.98 35.83 66.04 

Gum Arabic (%) 

1 373 240 200 120 12.10 26.74 56.04 

2 280 248 206 125 11.43 26.43 55.36 

3 282 246 210 130 12.77 25.53 53.90 

Pectin (%) 

1 276 244 205 130 11.59 25.72 52.90 

2 281 255 212 140 9.25 23.49 50.17 

3 284 250 225 142 1197 20.77 50.00 
WF = wheat flour                                             CF = corn flour 

http://www.americanscience.org            editor@americanscience.org 688



Journal of American Science                                                                                                                 2010;6(10) 

 

Chemical composition of bread 
Data presented in Table (7) show gross chemical 
composition of corn-wheat bread in comparison with 
the wheat bread. Corn-wheat bread was lower in 
protein and carbohydrates and higher in fat content 

than wheat bread. Addition of gum arabic or pectin to 
corn-wheat bread did not appreciably change the 
chemical composition of bread samples except the 
carbohydrate content.  
 

 
Table (7): Chemical composition of pan bread (% on dry weight basis). 

Sample  Protein  Fat  Ash  Fiber  CHO 
Control (100% 

WF)  
12.20±0.35 3.2±0.30 1.3±0.05 1.2±0.09 82.1±0.79 

80% WF + 20% 
CF  

11.82±0.17 3.7±0.29 1.6±0.05 1.5±0.11 81.4±0.62 

Gum Arabic (%) 
1 11.85±0.40 3.7±0.36 1.6±0.10 1.5±0.08 81.4±0.94 
2 11.90±0.31 3.8±0.30 1.7±0.11 1.5±0.11 81.1±0.83 
3 11.95±0.23 3.8±0.46 1.8±0.06 1.7±0.16 80.8±0.91 

Pectin (%) 
1 11.92±0.20 3.7±0.31 1.6±0.07 1.6±0.08 81.1±0.66 
2 11.96±0.33 3.8±0.21 1.6±0.7 1.6±0.09 80.9±0.72 
3 12.00±0.34 3.9±0.40 1.8±0.17 1.8±0.10 80.5±0.97 

WF = wheat flour              CF = corn flour               CHO = Carbohydrate 
 
4. Conclusion: 

On the basis of this study, addition of gum 
arabic or pectin to wheat-corn bread improved 
volume and specific volume, enhanced sensory 
characteristics and retarded staling of bread. The best 
levels of gum arabic and pectin were 2 and 3%, 
respectively. 
 
Corresponding author  
Attia A. Yaseen 
Food Technology Dept., National Research Centre, 
Dokki, Cairo, Egypt 
Ayaseen565@yahoo.com 
 
5. References: 

1. AACC. Approved Methods of the American 
Association of Cereal Chemists, St. Paul, 
Minnesota, USA. 1983. 

2. AOAC. Official Methods of Analysis of 
AOAC International. (17th ed.) by Horwitz, 
W. Suite 500, 481 North Fredric avenue 
Gaithersburg, Maryland, USA. 2000:2877-
2417  

3. Collar, C.; Andreu, P.; Martinez, J. C. and 
Armero, E. Optimization of hydrocolloid 
addition to improve wheat bread dough 
functionality: a respone surface 
methodology study. Food Hydrocolloids, 
1999; 13:375-383. 

 

 

4. Davidou, S.; Le Meste, M.; Debever, E. and 
Bekaert, D.  A contribution to the study of 
staling of white bread: effect of water and 
hydrocolloid. Food Hydrocolloids, 1996; 
10:375-383. 

5. Guarda, A.; Rosell, C. M.; Benedito, C. and 
Galotto, M. J. Different hydrocolloids as 
bread improvers and antistaling agents. Food 
Hydrocolloids, 2004; 18:241-247. 

6. Guiral, H. S.; Guardiola, L.; Carbonell J. V. 
and Rosell, C. M.  Effect of cyclo-dextrinase 
on dough rheology and bread quality from 
rice flour. J. Agric. Food chem., 2003; 
51:3814-3818. 

7. Hsu, C. L.; Hurang, S. L.; Chen, W.; Weng, 
Y. M. and Tseng, C. Y. Qualities and 
antioxidant properties of bread as affected 
by the incorporation of Yam flour in the 
formulation. Intr. J. Food Sci. Technol., 
2004; 39:231-238. 

8. Kegoya-Yoshino, Y. Improvmet of bread 
shell-life by the addition of pectin. J. 
Applied Glycoscience, 1997; 44:165-168.  

9. Khalil, H.; Mansour, E. H. and Daoud, F. M.  
Influence of malt on rheological and baking 
property of wheat-cassava composite flour. 
Lebensmittel-Wissenschaft und 
Technologie, 2000; 33:159-164. 

10. Korshed, A. M.; Emam, M. S. and Mansour, 
S. M.  Effect of preparatuion techniques of 
bread quality produced from whole maize 

http://www.americanscience.org            editor@americanscience.org 689

mailto:Ayaseen565@yahoo.com


Journal of American Science                                                                                                                 2010;6(10) 

 

kernel. 2nd Intrnational Conf. on Food Sci. & 
Tecchnol.17-19 sept. Cairo, Egypt, 1996. 

11. Kitterman, J.S. and Rubenthaler, G.L.  
Assessing the quality of early generation 
wheat selection with the micro AWRC test. 
Cereal Sci. Today, 1971;16: 313-316, 328. 

12. Kulp, K.; Chung, H.; Martinez-Anaya, M. 
A. and Doerry, W. Fermentation of water 
ferments and bread quality. Cereal Chem., 
1985; 32:55-59. 

13. Lazaridou, A.; Duta, D.; Papageorgiou, M.; 
Belc, N. and Biliaderis, C. G. Effects of 
hydrocolloids on dough rheology and bread 
quality parameters in gluten-free 
formulations. Journal of Food Engineering, 
2007; 79:1033–1047. 

14. McClave, J. T. and Benson, P. G.  Statistical 
for business and economics. Max Well 
Macmillan International editions. Dellen 
Publishing Co. USA. 1991:272-295. 

15. Mettler, E. and Seibel, W.  Effect of 
emulsifier and hydrocolloids on whole 
wheat bread quality: a response surface 
methodology study. Cereal Chem., 1993; 
70:373-376. 

16. Mohy El-Din, F. B.  Studies on 
improvement of quality characteristics of 
Egyptian balady bread. Ph.D. Thesis, Dept. 
of Food Science, Fac. of Agric., Cairo Univ., 
Egypt. 2004 

17. Primo-Martin, C.; van de Pijpekamp, A.; 
van Vliet, T.; de Jongh, H. H. J.; Plijter, J. J.; 
and Hamer, R. J.  The role of the gluten 
network in the crispness of bread crust. J. 
Cereal Sci., 2006; 43:342-352. 

18. Rosell, C. M.; Rojas, J. A. and Benedito de 
Barber, C. Influence of hydrocolloids on 
dough rheology and bread quality. Food 
Hydrocolloids, 2001; 15:75-81. 

19. Seleem, C. M.; Rojas, J. A. and Benedito, C.  
Influence of hydrocolloids on dough 
rheology and bread quality. Food 
Hydrocolloids, 2001; 15:75-81. 

20. Shittu, T. A.; Rashidat, a. A. and Abuloude, 
E. O.  Functional effect of xanthan gum on 
composite cassava-wheat dough and bread. 
Food Hydrocolloids, 2009; 23:2254-2260. 

21. Toufeili, I.; Dagher, S.; Shadarevian, S.; 
Noureddine, A.; Sarakbi, M. and Farran, M. 
T. Formulation of gluten-free pocket- type 

flat breads: optimization of methylcellulose, 
gum arabic, and egg albumen levels by 
response surface methodology. Cereal 
Chem., 1994; 71:594-601. 

22. Ward, F. M. Hydrocolloids system as fat 
mimics in bakery products, glazes and 
Fillings. Cereal Food World, 1997; 42:386-
390. 

23. Whistler, R. L.; Bemiller, J. N. and Paschall, 
E. Starch: chemistry and technology, 
Academic Press, Inco. Orlando, San Deigo, 
New York, London, Toronto, Montarl, 
Sydney, Tokyo. 1984 

24. Yamazaki, W.T. An alkaline water retention 
capacity test for the evaluation of cookie 
baking potentialities of soft winter wheat 
flours. Cereal Chem., 1953; 30:242-246. 

25. Yaseen, A. A. E.; Shouk, A. A.; Sadowska, 
J.; Fornal, J. and Jelinski, T. Effect of pectin 
and α-amylase on the microstructure and 
staling of bread. Pol. J. Food Nutr. Sci., 
2001;10/51:19-25.  

 
8/1/2010 

http://www.americanscience.org            editor@americanscience.org 690



Journal of American Science                                                                                                                 2010;6(10) 

 

Utilization of Grantitoid Rocks in Taif Area as Raw Materials in 
Ceramic Bodies 

 
A. El-Maghraby, a*, b; M. A. Abou ElMaaty a, c; G. A. Khater d and Nasser Y. Mostafa a,e 

 
a Department of Chemistry, Faculty of Science, Taif 888, University, Saudi Arabia 

b Ceramic Dept., cGelogical Dept., dGlass Dept., National Research Center, Tahrir Str., Dokki, Cairo, Egypt. 
e Chemistry Department, Faculty of Science, Suez Canal University, Ismailia, Egypt. 

*Aelmaghraby60@hotmail.com 
 
Abstract: Traditionally, granite is used to produce porcelain and stoneware in Saudi Arab. In the present 
investigation, the granite raw materials were collected from Taif area (Wade Elnoman). The nature granite was 
characterized with respect to their mineralogical composition by X-ray diffraction, chemical analysis, DTA analysis 
and microscopic examination. In the second part of the work, the magnetic separation method give a final non-
magnetic concentrate (conc.) with relatively high of K2O and Na2O and minimal amount of Fe2O3 and TiO2. All the 
obtained final non-magnetic concentrate fulfills the chemical and mineralogical constitution required in ceramic 
industry. In third part of the work, the preparation and characterizing of ceramic bodies with nature granite, 
concentrate granite and feldspar were studies.  Ceramic batch's were made by wet-mixing, drying, pressing (semi-
dry press) and fired at temperatures from 1000 to 1350 C. The technological properties determined by physical 
properties and mechanical strength.  Microstructure and phases analysis of the fired bodies were carried out by XRD 
and SEM.  [Journal of American Science 2010;6(10):691-701]. (ISSN: 1545-1003).   
 
Keywords: granite, magnetic separation, ceramic bodies, XRD, XRF, DTA, SEM 
 
1. Introduction: 

Granite is a common and widely occurring 
type of intrusive, felsic, igneous rock. Granites are 
usually medium to coarse grained, occasionally with 
some individual crystals larger than the ground mass 
forming a rock known as porphyry. Granites are pink 
to dark gray or even black, depending on their 
chemistry and mineralogy (Xiaa et al., 2008). Saudi 
Arabia is becoming a relatively large market for local 
and foreign granite usage. New practices have been 
introduced in house construction that includes usage 
of granite tiling of houses. Even when old houses are 
renovated conventional tiles are replaced with 
granites (Al-Jarallah et al., 2005).  

Granite marbles are the natural stone which 
are formed under the earth at the compression of heat 
and fusion. It is an igneous and metamorphic rock 
which is resistant to extreme temperature, stress and 
heat. It is easy to wash and clean the dirt, stains and 
spills using the strong cleaning agent. Granite is the 
ideal material for countertop, because of its hardest 
and durable substance. It is a stylish material which 
combines its natural beauty along with durability. It 
is subject to heat, water, moisture and stain resistant 
and also for abrasive material. It can be used for both 
indoor and outdoor decorations (Xiaa et al., 2008).  

Fluxes are raw materials with a high amount 
of alkaline oxides, mainly K2O and Na2O, which, in 
reaction with silica and alumina, promote liquid 
phase formation that facilitates the densification. The 

liquid phase surrounds the solid particles and by 
surface tension enables the particles approach, 
closing the porosity (Vieira el al., 2004; Kingery, 
1975; Emiliani et al., 1999; Schmidt-Reinholz and 
Schmidt, 1995). Granite is considered as flux 
material due to its large content of alkaline oxides. 
These oxides derive from feldspars and micaceous 
minerals that are common constituents of granite 
rocks (Vieira el al., 2004).  

Previous works have utilized granite (Vieira 
el al., 2004; Mohamed et al. 1992; Robert et al. 1992) 
in the production of ceramic products. The major 
observations were that granite shows physical and 
mineralogical characteristics similar to the raw 
materials used in the body composition and that the 
technological properties of some mixture fulfill the 
required properties. The incorporation of granite in a 
conventional porcelain stoneware body improved the 
sintering process and reduced the water absorption 
(Vieira el al., 2004; Hernández-Crespo and Rincón 
2001). However, results obtained by incorporating 
granite into red ceramic bodies for bricks (Vieira el 
al., 2004; Menezes et al., 2002), indicated a reduction 
in mechanical strength and increase in water 
absorption (Vieira el al., 2004).  

In the development and manufacture of 
ceramics using granite materials, the properties of 
fired bodies are determined basically by the 
combination of raw materials and process parameters. 
When the processing conditions are kept constant, a 
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number of properties of dried and fired bodies are 
determined principally by the combination (or 
mixture) of raw materials (Menezes, 2008; Cornell, 
2002). That is the basic assumption in the statistical 
design of mixture experiments to obtain a response 
surface using mathematical and statistical techniques 
(Menezes, 2008; Myers and Montgomery, 2002; 
Cornell, 2002). To this end, it is necessary first to 
select the appropriate mixtures from which the 
response surface might be calculated. With the 
response surface in hand, a prediction of the property 
value can then be obtained for any mixture, based on 
changes in the proportions of its components 
(Menezes, 2008; Cornell, 2002; Correia et al., 2004). 
This methodology has found important applications 
in various areas and is becoming popular in the field 
of glasses and ceramics (Cornell, 2002; Correia et al, 
2004; Chick and Piepel, 1984; Nardi et al., 2004; 
Yoon and Lee, 2004; Khalfaoui et al., 2006). In every 
reported case, the methodology has led to greater 
efficiency and confidence in the results obtained 
(Correia et al., 2008) and has simultaneously 
optimized the content of raw materials with a 
minimum of experiments (Menezes, 2008 ).  

Some researchers (Nardi et al., 2004; 
Abdrakhimova and Abdrakhimov, 2006) have 
reported using waste materials (Menezes, 2008). One 
technological method, which is already being tested 
to decrease porosity, is the incorporation of granite 
wastes from the sawing process (Monteiro et al., 
2004; Souto et al., 2000; Patrı´cio et al., 1998). 
Granite is a rock with large amount of quartz, 
feldspars and mica. In the initial stages of firing, 
these minerals act as non plastic agents which permit 
the use of lower amount of water in body forming. 
This makes for an easier drying operation. During 
firing the quartz generally behaves as an inert 
material but may also partially dissolve in liquid 
phases, should they occur. Both the feldspars and 
mica favor the formation of liquid phases and 
contribute to lower the porosity of the final ceramic 
product (Monteiro et al., 2004).  

In the present paper the effect of granite on 
ceramic bodies was investigated to find out the 
optimum incorporation. An attempt was made to give 
an explanation for the technological results obtained 
in terms of flux action on the decreasing of porosity 
and their effect on the sintering/densification 
behavior and mechanical properties of a ceramic 
material. 
 
2. 2.  Experimental procedure: 
2.1. Materials and methods 

Samples of materials weighting from 0.5 to 
2.0 kg were collected from construction sites and 
local suppliers. Six samples of the granite from 

different locations in the wade elnoman western taif, 
45km from Maka and Gamgom area northern east 
Jeddah parts of Saudi Arabia were also collected. It 
Can be used the waste of granite from block granite 
decoration. This waste granite is different size 
between 170 x220 cm.  The average dimension of the 
waste granite samples was around 12x12x2 cm3 and 
their mass varied from 0.5 to 1.7 kg.  

For ceramic bodies, it can be used granite in 
wade elnoman in Saudi, feldspar from red sea area 
(Safaga in Egypt), Quartz from Alqoser in area and 
kaolin from Sinai in Egypt.      
 
2.2. Rock granite description and samples preparation 

The raw materials used in this investigation 
were collected from location. These raw materials 
were dried at 110 ◦C, manually crushed before 
representative samples were separated by quartering. 
The second stage grandee's process for samples was 
separated by sieves analysis. This particle size which 
apparently corresponds to the liberation size, as 
confirmed by independent mineralogical analyses, 
was found to be optimum after a series of grinding 
tests. 
 
2.3. Magnetic separation 

The representative ore sample used in 
studies was obtained from Wade Elnoman , in Saudi 
Arabia . According to the chemical analysis and the 
mineralogical studies included microscopic 
examination of thin sections; the representative ore 
sample contains microcline, albite, quartz and opaque 
minerals. To obtain high quality product and 
recovery, high intensity of wet magnetic separator 
was used for _200 and 100 µm particle sizes.  

Flotation experiments were conducted with 
_200 and _100 μm test samples in a self-aerated 
laboratory flotation cell. Conditioning time kept 
constant as 5 min for rougher circuit and 3 min for 
cleaning circuits. Potassium oleate (1000 g/t) was 
added at 4 steps in natural pH of 7.6. Pine oil was 
used as a frothier in the first stage and in subsequent 
stages.  

The characterization included chemical 
composition (X-ray fluorescence, EDX-700, 
Shimadzu), mineralogical composition (X-ray 
diffraction, XRD of 0.5 g of randomly oriented 
powder was carried out in a Sheifert model URD 65, 
diffractometer, equipped with a graphite 
monochromator, operating with Cu K_ radiation for a 
2θ range from 5◦ to 40◦), The chemical composition 
was carried out by fluorescence spectrometry 
(Philips, PW 2400) on 7.8 g of pressed powder 
pellets. The loss on ignition (L.O.I) was obtained by 
determining the weight difference between samples 
calcinated at 1000 ◦C and dried at 110 ◦C, thermal 

http://www.americanscience.org            editor@americanscience.org 692



Journal of American Science                                                                                                                 2010;6(10) 

 

http://www.americanscience.org            editor@americanscience.org 693

behavior (Differential thermal analysis. DTA was run 
with a coupled (SETARAM TG/DTA 92) DTA-TGA 
instrument) and The microstructure of the samples 
was studied by scanning electron microscopy, SEM, 
using a Zeiss model DSM 962 equipment. The thin 
sections were investigated by LEITZ SM-LUX POL 
microscope with the light source from the bottom.  

 
2.4. Preparation of ceramic bodies 

Selected five ceramic mixtures containing 
25% feldspar, 25-30% granite and 25-30% 
concentrated granite after processing were prepared 
and homogenized for 4 h in a planetary mill with 
alumina grinding balls (see in Table1).  

 
Table 1: Batches composition (mass %) of the ceramic bodies. 

Granite % Feldspar % Quartz    %  Kaolin   %   Batches  

------------  25    15            60             Batch 1 

25      ---------  15           60             Batch 2  

30     ---------  10           60             Batch 3  

25(conc.) ---------  15           60             Batch 4  

30(conc.)  ---------  10           60             Batch 5  

 
The powders were uniaxially pressed into 

test disc (25 mm diameter x 5mm thickness) and bars 
(50x10x10 mm3) under a load of 20 MPa. All 
specimens were dried at room temperature for 48 h 
and then at 110 ºC in a laboratory oven until constant 
weight were achieved. Powder compacts and drying 
were sintered at temperatures between 1000 and 1350 
ºC for 2 h, with a heating rate of 300 ºC/h. The 
heating rate and the sintering time used in this work 
were chosen to simulate the actual sintering process 
used in the ceramic industry. 

Five batches for each composition were then 
tested to obtain the firing technological properties 
related to the bulk density, water absorption and three 
points flexural rupture strength. The bulk density was 
measured dividing the dry mass by the external 
volume. Water absorption was determined by using 
the Archimedes water displacement method, as 
specified by the ISO 10545-3 standard. The flexural 
rupture strength was determined in an Instron 5500 
Universal Testing Machine, according to standard 
procedure (ASTM, 1977). 

                
3. Results and Discussion:  
3.1. Characteristics of the rock granite   

Table 2 shows the chemical composition of 
the raw materials. The chemical composition of the 
granite is typical of feldspar-based material with high 
amount of silica oxide, low amounts of alkaline 
oxides and relatively low amount of Al2O3. The 
chemical composition of the granite, in addition to 
SiO2 and Al2O3, shows a relatively low amount of 

alkaline and alkaline earth oxides. The granite is 
containing 3.77% Fe2O3, 0.45% TiO2, 3.37% Na2O 
and 6.25% K2O. This confirms the flux potential of 
the granite. The significant amount of Fe2O3 in the 
raw materials is responsible for the reddish color of 
the specimen after firing. 

Fig. 1 shows the XRD patterns of the granite 
raw materials. These diffractograms indicate that the 
granite presence of a micaceous mineral, quartz, 
albite and microcline can be observed. Albite and 
microcline are sources of alkaline flux materials, such 
as K2O and Na2O, which favor the formation of a 
liquid phase above 700 ºC (Reed, 1976). The fluxing 
capacity of the granite, which is associated with 
lower porosity after firing, is also confirm by the 
presence of K2O and Na2O containing minerals. The 
granite is the sources of K2O and Na2O, which act as 
fluxes to improve the sintering process. 

Fig. 2 shows the thermal behavior of the 
granite. The DTA curve shows two endothermic 
peaks at 40.70 and 736.46 °C that are associated with 
the weight loss. Fig. 2 shows also an exothermic peak 
at 1112 °C, that can be attributed to the formation of 
mullite (3Al2O3·2SiO2). 

The mineralogical analyses reveal that 
granite ore is composed of quartz, microcline, 
orthoclase, plagioclase and albite. The microscopic 
examination is presented in Figs. 3 and 4 which 
indicate that the rock granite characterizes by 
hypidomorphic texture at particles size between 
medium and big size. It is containing two type of 
feldspar as plagioclase and microcline. 
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Table 2: Chemical analysis of granite raw materials from wade elnoman area. 

oxide P2O5 

% 

SO3 

% 

MnO 

% 

K2O 

% 

Na2O 

% 

MgO 

% 

CaO 

% 

TiO2  

%  

Al2O3 SiO2 Fe2O3 

%  % % sample No. 

0.05  ≤0.05 0.12 6.00 3.55 0.13 1.09 0.65 5.50 14.00 68.10 1 

0,05 0.05 0.10 6.50 3.25 0.06 1.13 0.45 3.70 14.1 70.35 2 

0.05  0.05  0.11 6.40 3.45 0.07 0.99 0.50 4.10 13.33 70.56  3 

0.05  0.05  0.09  6.22  3.30  0.05  0.74 0.38 3.30 13.96 71.60 4 

0.05  0.05  0.09  6.24  3.35  0.05  0.84 0.37 3.20 14.00 71.63  5 

0.05  0.05  0.07  6.15  3.20  0.07  0.85 0.35 2.84 14.05  71.95 6  

0.05  0.05  0.1 6.25  3.37  0.08  0.94 0.45 3.77  13.91 70.70 Average  
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Fig.1: XRD pattern of raw granite.Q: quartz, M: 

microcline, A: albite, F:  iron oxide. 
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Fig. 2: DTA of the behavior of raw granite 
material. 

 

 

 
 
Fig.3: Equigranular texture of quartz (Q), 

orthoclase perthite (OPr), microcline 
perthite. Microcline crystal shows cross-
hatched twining (MPr), plagioclase (P), 
biotite (B) and iron oxides (Fe).  

 

 
 
Fig.4:  Perthitic texture is also occurring due to 

the exsolution of albite within K-feldspar 
(Pr). Plagioclase (P) shows lamellar twining 
with somewhat altered to sericite. 
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The main constitutes of rock granite consist of 
feldspar and quartz minerals and secondary minerals 
as biotite, fluorite and iron oxide. The quartz in 
granite is characteristic by crystal face incomplete 
which represented crystallization in equilibrium 
crystallization environment and containing some 
small crystal inter the monoclinic feldspar. Feldspar 
consists of orthoclase crystal incomplete or 
microcline crystal, both crystals reflection as perthite 
texture on small crystal from oriented albite grains.  
 
3.2. Magnetic separation  
3.2.1. Dry magnetic separation  

The sample between _200 and + 38 µm was 
fed to high intensity dry magnetic separator. The 
granite concentrate containing 0.27% Fe2O3 and 
0.12% TiO2 was produced by the weight of 84.5%. 
 
3.2.2. Flotation after magnetic separation  

In this study, the granite ore was first 
subjected to magnetic separation then the concentrate 
was cleaned of colored impurities using flotation with 
the optimum conditions. At the end of the high 
intensity dry magnetic separation followed by 
flotation tests performed with _200 and + 38µm, a 
concentrate containing 0.18% Fe2O3 and 0.05% 
TiO2 was obtained by the weight of 76.6%.  

The magnetic separation method gives a 
final non-magnetic concentrate (conc.) containing 
0.18% Fe2O3 and 0.05% TiO2, with relatively high 
of K2O and Na2O show in Table 3. The anther part is 
tailing contain high amount of Fe2O3 and TiO2. All 
the obtained final non-magnetic concentrate fulfills 
the chemical and mineralogical constitution required 
in ceramic industry. The curves in Fig 5, respectively, 
illustrate the XRD patterns of granite and granite 
concentrate; the latter indicates that the intensity of 
quartz and albite peaks decreases compared to the 
granite raw. But, the intensity of orthoclase peaks 
increases; these results clearly indicate the success of 
selective separation. 
 
3.3. Behaviors of granite (conc.) in the ceramic 
bodies. 
3.3.1. Characteristics of the raw materials in ceramic 
bodies. 

Table 4 gives the chemical compositions of 
the raw materials used in this work. The clay material 
presents a typical composition and is constituted 
mainly by silica and alumina and minor contents of 
Mg, Ti, Ca, Na and K oxides. The significant amount 
of iron oxide (2.73 wt. %) is responsible for a white 
beige coloring of the sintered samples. The loss on 
ignition (13.22%) is within usual range for white-clay 
material and is associated with volatile components 
and organic matter. The raw of granite is formed 

basically by SiO2, Al2O3, K2O and Na2O with small 
amounts of MgO, Fe2O3 and CaO. The high alkaline 
earth oxide content (particularly K2O and Na2O); 
present in the granite material will act as a fluxing 
agent during the sintering process. Fig. 1 shows the 
X-ray diffraction patterns of granite material. It can 
be noted that the granite contains quartz, microcline 
and albite. The crystalline phases identified are in 
agreement with the results observed by XRF (Table 
2). Table (5) presents the calculated chemical 
composition of the investigated mixtures. One should 
notice that with increasing concentrated granite 
addition there occurs an increase in the percentage of 
alkaline fluxes and alumina content as compared to 
the simple ceramic body in batch 1 (see in Table 1) . 
 
3.3.2. Physical properties  

Figures 6- 7 show the graphs corresponding 
to the results of the technological properties after 
firing. The maturing temperature of ceramics batches 
were studies. The batches 1 and 4 are containing 
feldspar and concentrated granite at 25% have 
maturing temperature at 1300 ºC while the batches 2 
and 3 are containing raw granite at 25-30% have 
maturing temperature at 1200ºC. But, the batch 5 
contains concentrated granite at 30% has maturing 
temperature at 1350 ºC. These results indicate that the 
concentrated granite addition increases the bulk 
density (see in Fig. 7), while the water absorption in 
Fig. 6 is decreased. The increase bulk densities as 
well as the decrease in water absorption with 
concentrated granite and feldspar addition are 
consequences of the higher fluxes content in Table 5, 
as compared to that of the raw granite as batches 2 
and 3. But, the result indicate that the concentrated 
granite batches 4 and 5 increase the bulk density and 
decreased the water absorption are better than 
feldspar addition in batch 1(see in Fig. 6 and 7). At 
higher temperatures the fluxes agent cause an 
increase in the liquid phase promoting densification 
(Vieira el al., 2004, Hernández-Crespo and Rincón 
2001).   

This indicates that the observed differences 
on the technological properties of the batches are not 
influenced by the bulk density or compactness of the 
ceramic. It is also important to mention the 
significant reduction observed on the water 
absorption with concentrated granite addition. For 
example, the body with 25 and 30 wt. % of 
concentrated granite as batches 4 and 5, shows water 
absorption 0.47% , 0.67% lower than the body 
contain feldspar as batch1, the water absorption 
0.87% , and with raw granite as batches 2 and 3 the 
water absorption 0.66% and 1.40%. This is an 
indication that the formation of a larger amount of 
liquid phase contributes to reduce porosity. 
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The result indicates the behavior of raw 
granite less than concentrated granite and feldspar 
from maturing temperature at 1200 ºC due to the 

impurities of Fe2O3 which act as reflux agent in 
ceramic bodies.   

  
 

Table 3: Chemical analysis of concentrate granite after magnetic separation  

average 4  3  2 1  Oxide  

74.35  75.75  73.80  73.85  74.05 SiO2  

13.17  12.50  13.50  13.66  13.00 Al2O3  

0.18  0.07  0.30  0.06  0.30 Fe2O3  

0.05  0.05  0.05  0.05  0.05 TiO2  

0.25  0.16  0.30  0.42  0.11 CaO  

0.05  0.05  0.05  0.05  0.05  MgO  

4.00  3.92  3.90  4.20  3.88 Na2O  

7.80  7.15  8.00  7.44  8.30 K2O  

0.05  0.05  0.05  0.05  0.05  MnO  

0.05  0.05  0.05  0.05  0.05  SO3  

0.05  0.05  0.05  0.05  0.05  P2O3  

 
Table 4: Chemical composition (wt. %) of the granite conc. and raw materials used for bodies' composition 
design. 

Oxide LoI 

% 

P2O5  

%  

MnO 

% 

K2O 

% 

Na2O 

% 

MgO 

% 

CaO 

% 

TiO2 

% 

Fe2O3 

% 

Al2O3 

% 

SiO2 

% Unite 

0.4 0.05 0.05 6.25 3 .37 0.08 0.94 0.45 3.77 13.91 70.70 Raw  granite 

0.40  0.05 0.05  7.80  4.00  0.05  0.25  0.05  0.18  13.17 74.00 Granite  conc.  

0.33 0.01 --- 10.78 3.00 0.17 1.48 0.04 0.41 16.45 67.33 Feldspar 

---- ---- ---  ---- ---- ---- ---- --- 0.15 0.55 99.25 Quartz 

13.22 0.08 0.05 1.82 0.58 0.82 0.43 0.72 2.73 27.45 52.10 Kaolin  

 
Table 5:  Chemical analysis of the mixtures (wt. %) for bodies' composition design. 

LoI P2O5  MnO K2O Na2O MgO CaO TiO2 Fe2O3 Al2O3 SiO2 
Oxide 

Batches   

%  %  %  %  %  %  %  %  %  %  %  Unite 

8.06 0.02 0.02 3.80 1.10 0.53 0.63 0.44 1.76 20.66 62.98 Batch1 

8.10 0.02 0.02 2.66 1.19 0.51 0.50 0.54 2,60 20.03 63.83 Batch2  

8.12 0.02 0.02 2.98 1.36 0.51 0.53 0.57 2.79 20.70 62.40 Batch3 

8.14 0.01 0.01 3.05 1.35 0.50 0.31 0.44 1.71 19.83 64.65 Batch4  

8.10 0.02 0.02 3.46 1.55 0.51 0.33 0.45 1.71 20.48 63.39 Batch5  
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Fig.5:  XRD pattern of granite (G1) and granite 

concentrate (G2). 
  Q: quartz, M: microline, A: albite, F: iron oxide. 
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Fig.6:  Water absorption of fired ceramic bodies 

with temperatures  
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Fig.7:  Bulk density of fired ceramic bodies with 

temperatures 
 
 
3.3.3. Mineralogical composition of the ceramics 
bodies 

The sintering behavior is closely related to 
the mineral phases formed during the firing process 
and the materials obtained by firing show the smaller 
percentage of water and maximum bulk density. The 
chemical composition of the tested bodies is shown in 
Table 2. It has been detected by XRD that the 
crystalline phases of the fired samples at the 
corresponding temperatures (Fig.8). Therefore, it has 
been demonstrated that the firing products of the 
batches 1,2,3,4 and 5, at temperatures of 1200, 1300 
and 1350 ºC respectively, are constituted by quartz 
and mullite minerals coming from the kaolin, granite 
and concentrated granite.  

Mullite is formed by the reaction of the 
metakaolinite that is provided by the dehydroxilation 
process of the kaolinitic materials. This mullite phase 
is hardly detected by XRD, which indicates that it can 
be considered as a primary mullite and secondary is 
extremely big.  The mullite peaks could be clearly 
detected at 1200 ºC especially for the batches 2 and 3. 
The intensity of the quartz peaks tend to decrease 
with increasing sintering temperatures due to their 
gradual dissolution into glassy phase. This was more 
evident for batches 2 and 3. The intensity of fluxing 
minerals, Fe2O3 included, tends to decrease for 
temperatures, as expected. Batches 1,4 and 5 have 
been high intensity of mullite peaks tend to 
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increasing sintering temperature due to their growth 
the mullite phases. 

In general, firing resulted in the formation of 
mullite and glassy phase, with some non-dissolved 
quartz still remaining in the sintered bodies.  As the 
concentrated granite addition increases, the peak 
intensities of mullite also increase. The common 
crystalline phases between batches 1,2,3,4 and 5 are 
quartz and mullite. While quartz is a residual phase, 
mullite results from spinel phase, with an 
approximate composition of 2Al2O3. 3SiO2 formed at 
temperatures around 925 ºC (De La Fuente et al., 
1990; Johns, 1965).  
 
3.3.4. Mechanical strength 

The flexural strength is a property strongly 
dependent on the porosity and microstructural defects 
of the specimen. In principle, due to the densification, 
one would expect an increase on the flexural strength 
with the concentrated granite addition (see in Table 
6). This result can be explained by the higher amount 
of quartz content, Table 5, introduced with the granite 
and concentrated granite addition. The quartz can 
promote the appearance of micro-cracks due to their 
volumetric variation at 573 ◦C. These micro-cracks 
are known to act as stress raisers, contributing to 
reduce the mechanical strength (Abajo, 2000; 
Kilikoglou et al., 1995).  

All ceramic bodies increase their flexural 
strength with temperature in approximately the same 
way. There is a tendency toward higher strength 
values for the experimental ceramic body batch 5, 
which has the greater amount 30% in Table 1 of 
concentrated granite. For this class of materials, the 
mechanical strength is determined by the stress 
concentration in structural defects such as pores, 
voids and microcracks (Schneider, 2000). The 
bending strength for fired bodies at maturing 
temperature is increased from 31.1 to 45.4 MPa with 
increase the bulk density from 2.3062 -2.5119 g/cm3 
(see in Table 6). The ceramic bodies which 

containing concentrated granite higher in bulk density 
and bending strength than the raw granite and pure 
feldspar in Table 6. The ceramic batch 5 has high 
bulk density at 2.5119 g/cm3 and bending strength at 
45.4 MPa, because high amount of concentrated 
granite.  
 
3.3.4. Microstructure 

The morphologies of the crystalline 
materials were different from those observed in 
ceramics bodies. This difference in the crystal 
morphology may be due to the difference in the 
characteristic of raw materials used in conventional 
ceramic viz. clay, quartz and feldspar. Fig. 8 shows 
SEM observations on the fracture of the ceramic 
body fired at 1200-1350 ºC. It is observed the typical 
grain and bond microstructure of porcelain consisting 
of quartz grains held together by a finer matrix or 
bond that is almost fully dense (Lee and Rainforth, 
1995). The matrix is composed by primary mullite, 
originated from pure clay agglomerate relicts and 
consisting in aggregates of small scaly crystals and 
secondary mullite composed of elongated needle 
shape crystals derived from feldspar–clay relicts 
(iqbal and Lee, 1999; Ludin, 1964). The SEM of the 
ceramic bodies 1, 4 is containing quartz crystal and 
mullet. This mullite showed a needle-like 
microstructure (mullite whiskers), which is 
characteristic of mullite obtained by the 
decomposition of feldspar or concentrated granite 
(see in Fig.9 and 11). The sintering bodies 1, 4 and 5 
have high mechanical strength because 
microstructure formation of mullite whiskers. Figures 
10 is shows small crystalline quartz dissolving in a 
glassy matrix and mullite crystals.  This mullite was a 
needle crystal form and little mullite whiskers in 
sintering bodies 2 and 3, this crystals form is effect 
on mechanical strength. The sintering bodies 2 and 3 
are less mechanical strength than sintering bodies 1, 4 
and 5 because the crystal form of mullite is strong 
influence on the microstructure formation.  

 
 
Table 6:  Properties of the  firing ceramic bodies. 

Batches Maturing 
temperature  ºC 

   Water 
absorption % 

Bulk density 
(g/cm3) 

Bending strength     
(MPa) 

   Batch  1        1300        0.87          2.33          40.5 
   Batch  2        1200       0.66          2.31          32.5  
    Batch 3        1200       1.40         2.31          31.1 
   Batch  4        1300       0.47         2.37          41.7 
    Batch 5        1350       0.67         2.51          45.4 
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Fig.8:  X-ray diffraction patterns of the ceramic 

bodies fired at sintering. 
                      +: mullite; * quartz 
 

  
Fig.9: SEM of fired ceramic bodies (1) at 1300 ºC. 
 

  
Fig.10. SEM of fired ceramic bodies (2 and 3) at 

1200 ºC. 

 

  
Fig.11. SEM of fired ceramic bodies (4 and 5) at 

1300 ºC  
 
4. Conclusions  
1- The chemical composition of the granite is typical 
of feldspar-based material with high amount of silica 
oxide, low amounts of alkaline oxides. 
2. According to the mineralogical studies, the 
representative ore granite contains microcline, albite 
and quartz. 
3. The intensity of the magnetic separation and 
flotation methods were applied separately and 
combined on the raw granite to produce an alternative 
raw material to feldspar using ceramic industries.  
4- The incorporation of granite raw and concentrated 
granite up to 30 wt. % in ceramic bodies has led to 
the following conclusions: 
• The concentrated granite incorporation decreases 
the open porosity of the fired bodies. Consequently, 
the water absorption decreased with the concentrated 
granite content and increases the bulk density. The 
flexural strength is a property strongly dependent on 
the porosity, bulk density and microstructure.  
• The SEM microstructure analysis showed that the 
composition with 30 wt. % of concentrated granite 
has a finer fracture surface with fewer defects as 
compared to the granite raw incorporation.  
• XRD analysis indicated that no significant effect on 
the crystalline phases was observed with concentrated 
granite incorporation. 
• The use of concentrated granite in ceramic bodies 
can be a technological solution to the problems 
caused by the indiscriminate disposal into the 
environment. 
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Abstract: Aim of the work: Assessing the chemoprotective effect of turmeric, clove, chili  and cardamom  on 
correcting iron overload -inducing liver injury ,oxidative stress  and serum lipid profile in rat models. 
Methods: Design of the Study: Thirty sex male wistar rats weighing 145.81 ±12.10g (mean ±S.D) were divided into 
6 groups. The first group served as a control and consumed a standard diet according to (AIN – 93).  The other 5 
groups were injected intraperitoneally with a single dose 30 mg Fe / kg body weight. One group was kept without 
further treatment and served as a positive control. Groups 3, 4, 5 and 6 consumed diets to which finely ground 2 % 
turmeric, clove, and chili and cardamom flour were incorporated   , respectively. The feeding trial continued for five 
weeks. At the end of the experiments, the animals were sacrificed, blood samples were collected, and the liver was 
separated and saved frozen for subsequent biochemical analysis. Laboratory investigations Consisted of liver 
function test [ALT, AST, ALP], complete lipid profile, measurement of lipid peroxidation indices and the 
antioxidative catalase enzyme activity.  In addition liver iron  was determined to test  the magnitude of liver toxicity 
and the antioxidant potential of the supplements. Results: The iron overload was associated with significant 
increases in the activities of the liver enzymes AST, ALT, ALP (P< 0.05) compared with the respective mean 
control values.  All parameters of lipid profile (i.e., serum total cholesterol, triacylglycerol, LDL-cholesterol, 
phospholipids), total bilirubin and   MDA showed significant increase.  On the other hand, the mean HDL – 
cholesterol and the activity of serum catalase were lower than the respective mean values of the control. Liver iron 
deposition also increased significantly after the iron overload.  The incorporation of the turmeric, clove, chili, or 
cardamom in the diet at 2 % significantly restored the enzyme activities of the liver AST, ALT, ALP to normal 
level. The mean values of lipid profile, the MDA and serum total bilirubin were also reduced. The liver iron 
deposition was reduced with significant increase in the activity of mean serum catalase and HDL-cholesterol 
compared with the respective mean values obtained with the positive control group overloaded with iron. 
Conclusion: The observed improvement in the liver functions suggests that the chemo-protective effect of the 
turmeric, clove, chili and cardamom is attributed to chelation with iron followed by excretion of the complex. This 
result may find application among populations at risk of iron overload; either acquired or inherited. [Journal of 
American Science 2010;6(10):702-712]. (ISSN: 1545-1003).   
                                               
Key words: Iron overload, liver injury, oxidative stress, turmeric, clove, chili and cardamom. 
 
1. Introduction: 

Iron is an essential cofactor for important 
biological activities and biochemical reactions, 
including the transport of oxygen via red blood cells 
and its reduction to water during respiration. While 
iron's bioavailability is generally limited, pathological 
accumulation of the metal within tissues aggravates 
the generation of reactive oxygen species (ROS) and 
elicits toxic effects, which are mainly related to 
oxidative stress (Galaris  and  Pantopoulos .,2008). 
As a redox-active transition metal, iron generates 
reactive oxygen species (ROS) via the Fenton and 
Haber–Weiss reactions. ROS react directly with 
proteins, lipids and nucleic acids and induce 
oxidative stress by depleting cellular stores of 
antioxidants. ROS also influence multiple cell 

signaling pathways important to cell survival, 
proliferation and death (Valko et al.,2005). 
Iron overload can cause liver toxicity and increase the 
risk of liver failure or hepatocellular carcinoma in 
humans (Messner et al., 2009) 

Iron overload syndromes are classified as 
genetic (hereditary hemochromatosis) or secondary 
(most commonly in patients who require long-term 
blood transfusions, as in severe anemias and 
thalassemia). In addition, there are many diseases that 
show mild iron deposition or dysregulation of body 
iron distribution. Such conditions include chronic 
hepatitis C, alcoholic liver disease and non-alcoholic 
teatohepatitis (Britton et al., 1994; Kohgo et al., 
2008). 

In addition, it has been demonstrated that 
FeNTA–induced oxidative stress could lead to 
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hepatocyte apoptosis (Yajun et al., 2005), DNA 
damage and liver necrosis in rats (Matos et al., 2001).  
Several phytochemicals, derived from vegetables, 
fruits, herbs and spices, have demonstrated excellent 
chemopreventive properties against carcinogenesis by 
regulating the redox status of the cells during 
oxidative stress. (Acharya et al.,  2010). 

Galaris and  Pantopoulos (2008) reported 
that turmeric (Curcuma longa rhizomes), commonly 
used as a spice, is well documented for its medicinal 
properties in Indian and Chinese systems of 
medicine. It has been widely used for the treatment of 
several types of diseases (Maheshwari et al., 2006). 
Turmeric consumption may reduce the risk of some 
form of cancers and render other protective biological 
effects.(Balcerek et al ., 2005) . These biological 
effects of turmeric have been attributed to its 
constituent curcumin  that has been widely studied 
for its antioxidant, anti-infl ammatory, anti-
angiogenic, wound-healing and anti-cancer effects( 
Duvoix  et al., 2005 ).Also it has potential therapeutic 
effects against neurodegenerative, cardiovascular, 
pulmonary,  metabolic and autoimmune diseases 
(Aggarwal and Harikumar, 2009). In addition, 
curcumin exerted hepatoprotective effects in various 
animal models of liver injury such as carbon 
tetrachloride (Park et al., 2000; Fu et al., 2008), 
endotoxin (Kaur et al., 2006) and thioacetamide 
(Shapiro et al., 2006).  

Red chili (RC) (Capsicum frutescens L.) is 
widely used as a spice for flavoring foods, 
particularly in South- East Asian and Latin-American 
countries. The major active ingredients of RC are 
pungent capsaicinoids (capsaicin, dihydrocapsaincin), 
antioxidant vitamins (ascorbic acid, vitamin E), 
carotenoids (β-carotene, β- cryptoxanthine) and 
several organic acids and minerals (Antonious et al., 
2006; Conforti et al., 2007). Oboh et al., 2006 
reported that hot peppers prevent Fe2+-induced lipid 
peroxidation, 

Jirovetz et al . (2006) indicated  that clove 
(Eugenia Caryophyllata) and cardamom(Amomum 
Subulatum) are among the widely used spices .Clove 
is used to help digestion ,prevent vomiting in 
pregnancy and has inhibitory effect on histamine 
production .whereas ,Kikuzaki et al., 2001 showed 
that cardamom has antispasmodic action. Also clove 
was classified (Sharma et al., 2001) as a source for 
power antioxidant activity, whereas, cardamom had a 
medium level antioxidant. In addition to its 
effectiveness in reducing LDL susceptibility to 
oxidation (Nair et al., 1998). 

The present study was designed to determine 
and to compare the chemo-protective effect of 
turmeric (curcuma longa) , Red Chili (Capsicum 
frutescens L.), Cloves (Syzygium aromaticum), 

Cardamom (disambiguation) on correcting  iron 
overload-induced liver injury, oxidative stress  and 
serum lipid profile  in rat models. 
 
2. Materials and Methods 
Materials:  
Chemicals:  

All chemicals were fine grade, chemicals 
purchased from local distributer (Sigma chemical) 
Cairo.Egypt.  

Spices including turmeric (curcuma longa) , 
Red Chili (Capsicum frutescens L.), Cloves 
(Syzygium aromaticum), Cardamom 
(disambiguation)  powder where purchased from a 
local market ,Cairo, Egypt   and was mixed with 
basal diet. 

The basal standard diet was prepared in 
accordance with AIN-93 formulation (Revees et al., 
1993).  
 
Animals   

In the present study 36 male rats of wistar 
strain weighing (145.81 ±12.10g) obtained from 
Institute of Ophthalmology (Cairo, Egypt) were used 
in this study. The rats were maintained under 
standard laboratory conditions in an air conditioned 
room and housed in stainless steel cages one per cage 
at temperature 22±3 C and relative humidity 30-70 
%. The animal diet was given ad libitum . Animals 
were acclimatized for one week prior to experimen. 

Thirty sex rats were divided into 6 groups 
each of 6 rats.  
Group 1(G1): served as normal control and received 
standard diet. 

Each animal in the Fe-loaded group(group2) 
and the other four treated groups(group3, 4 ,5 and 6) 
received a single I.P injection of an iron dextran 
complex (Sigma Chemical Co., St. Louis, MO, USA) 
at a dose of 30 mg elemental iron/kg body weight. 
Group 2(G2): served as control positive and received 
standard diet   
Group 3(G3): received standard diet + 2% turmeric. 
Group 4(G4): received standard diet + 2% clove. 
Group 5(G5): received standard diet + 2% red 
pepper. 
Group 6(G6): received standard die + 2% cardamom. 

Treatments started one week before and 
concurrently after iron administration. 
The experiment lasted for 5 weeks. 
 
Assays: 
       At the end of experimental period , all rats were 
fasted overnight and then anesthetized by ether and 
sacrificed. Blood was collected and allowed to clot; 
serum was separated by centrifugation at 3000 rpm 
for 15 minutes serum was then transferred into 
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properly labeled sterile vials and stored at -20° C till 
the performance of Laboratory analysis. 

Liver, kidney and spleen were excised, 
rinsed in chilled saline solution and then blotted on 
filter paper, weighed separately to calculate the 
relative weight.  
The relative weight of organ = absolute weight of organ   × 100 
                                               Final body weight of rat  

Tissue homogenate: Liver was excised, 
washed with saline and stored at 70C till estimation 
of liver iron. 

Serum was used for determination of AST 
and ALT activities according to (Henry et al., 1960), 
serum ALP according to (King and King, 1954). 
Serum phospholipids was assayed according to 
(Connerty  et al ., 1961) and total bilirubin was 
determined by the method of (Fevery et al ., 
1976).Serum total cholesterol was assayed by the 
method of Richmond , (1973)  , serum triacylglycerol 
according to Fossati  and Prencipe , (1982) , serum 
HDL by the method of Steele et al ., (1976 )  while 
serum LDL-cholesterol  by the use of the equation of 
Friedewald et al ., (1972)  . MDA was measured as an 
indication of lipid peroxidation using  the 
colorimetric method described by Draper and Hadly 
,(1990) .Serum catalase was assayed according to 
Vanizor et al ., (2003). Liver samples were digested 
using advanced microwave digestion 
system."ETHOS1Liver iron deposition was. Liver 
iron was measured using ICP Spectrometer (ICPA 
6000 SERIES;thermo scientific )according to Imre  et 
al ., (2005 ). 
 
 Statistical analysis: 

Statistical analysis: were performed using 
SPSS for Windows 10.0(SPSS Inc,Chicago.IL.USA). 
Data were expressed as mean ± S.D. One way 
analysis of variance (ANOVA) at ( p < 0.05 ) was 
used to compare mean values of continous variable in 
cases and control. 
 
3. Results 
  The present findings indicated that there is 
no significant difference in weight gain and food 
intake/day (Table1) between all treatment group. 
However, there is a significant increase (p<0.05) in 
relative weights (g\100g body wt) of liver and kidney 
in iron overloaded- rats compared to control group 
(group 1). Relative weight of liver was significantly 

decreased (p <0.05) with treatment of either 2% 
turmeric, clove, chili, or cardamom (Table 1) 

As showen in table 2 there is a significant 
increase (p < 0.05) in the activities of AST, ALT, 
ALP,total bilirubin, in group 2 as compared to control 
group (group1), Supplementation with either 2% 
turmeric , clove, chili,  or cardamom significantly 
decreased(p < 0.05)  serum AST, ALT, ALP, total 
bilirubin compared to iron overloaded group with the 
lowest value in group 4 fed 2% clove. 

Iron overload caused many adverse effects 
reflected on the significant increase(p < 0.05) of 
serum total cholesterol , triacylglycerol ,LDL-C 
,VLDL- C, phospholipids  in group 2 as compared to 
all five groups. Supplementation with either 2% 
turmeric , clove, chijli,  or cardamom significantly 
decreased (p < 0.05)  serum total cholesterol , 
triacylglycerol ,LDL-C ,VLDL-C, phospholipids 
compared to  iron overloaded group with the lowest 
values  in group 3 fed 2% turmeric  except for 
triacylglycerol where the lowest value was for group 
6 fed 2% Cardamom (Table 3). 

 On the other hand there is a significant 
decrease (p <0.05) in serum HDL-cholesterol in 
group 2 compared to the control group (group1). 
Supplementation with either 2% turmeric, clove, 
chili, or cardamom significantly increased (p < 0.05) 
serum HDL-cholesterol when compared to control 
positive iron overloaded group with the highest value 
in group 5 fed 2% chili (Table3). 

There is a significant increase (p < 0.05) of 
serum MDA and liver iron deposition in group 2 as 
compared to control group (group1). 
Supplementation with either 2% turmeric, clove, 
chili, or cardamom significantly decreased (p < 0.05) 
serum MDA and liver iron deposition compared to 
iron overloaded group with the lowest value in group 
4 fed 2% clove (Table 4). 

On the other hand there is a significant 
decrease (p<0.05) in serum catalase in group 2 
compared to the control group (group1). 
Supplementation with either 2% turmeric, clove, 
chili, or cardamom significantly increased (p < 0.05) 
serum catalase when compared to iron overloaded 
group with the highest value in group 4 fed 2% clove 
(Table 4). 
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Table (1): Effect of turmeric, clove, chili, and cardamom on weight gain, food intake/day and relative weights 
of different organs (liver, kidney& spleen) In Iron overloaded- rats (Mean ± S.D.). 

 
 

Groups 
 
 
Parameters 

Group 
(1) 

Normal control 

Group 
(2) 

Iron 
overload 

Group 
(3) 

Turmeric 
+ Iron 

overload 

Group 
(4) 

Clove 
+ Iron 

overload 

Group 
(5) 

Chili 
+ Iron 

overload 

Group 
(6) 

Cardamom 
+ Iron 

overload 
 

Weight gain(g) 
                57.12± 

11.67 
               

59.33  ± 11.11 
 

      
56.50 ± 8.11 

 
50.17 ± 5.53 

 
56.17 ± 8.2 

              
58.33 ± 5.13 

 
Food intake(g\day) 

 
16.35 ± 1.25 

 
15.68 ± .84 

 
15.60 ± 1.78 

 
16.10 ± 1.65 

 
15.93 ± 1.44 

 
15.90 ± 1.47 

 
Relative weight of 

liver (g%) 

 
2.34 ± 0.16 

a 
2.92 ± 0.04 

a,b 
2.76 ± 0.16 

a,b 
2.68 ± 0.21  

b 
2.54 ± 0.11 

b 
2.60 ± 0.28 

 
Relative weight of 

kidney (g%) 

 
0.49 ±0.07 

 

a 
0.62 ±0.04 

a 
0.61 ± 0.03 

 
0.56 ± 0.03 

a 
0.61 ± 0.02 

a 
0.61 ± 0.02 

Relative weight of 
spleen (g%) 

 
0.25 ± 3.08 

 
0.242 ± 1.52 

 
0.21 ± 1.40 

c,e,f 
0.26 ± 7.38 

a,d 
0.19 ± 2.33 

 
0.21 ± 2.88 

 
Significant difference (P < 0.05):   (a) compared to group 1,  (b): to group 2,  (c): to group 3,  (d): to group 4,  (e): to 
group 5,  (f): to group 6. 
 
Table (2) : Effect of turmeric , clove, chili,  and cardamom on serum ALT , AST , ALP and on serum total 

bilirubin in iron overloaded- rats (Mean ± S.D.). 
 
 

Groups 
 
 
Parameters 

Group 
(1) 

Normal control 

Group 
(2) 

Iron 
overload 

Group 
(3) 

Turmeric 
+ Iron 

overload 

Group 
(4) 

Clove 
+ Iron 

overload 

Group 
(5) 

Chili 
+ Iron 

overload 

Group 
(6) 

Cardamom 
+ Iron 

overload 
 

ALT(U\L) 
 

26.61± 0.59 
A 

43.94 ± 2.63 
b 

27.06 ± 0.99 
a,b,c 

24.43 ± 0.51 
b 

25.81 ± 0.69 
b,c 

25.45 ± 0.73 
 

AST(U\L) 
 

31.48 ± 0.51 
a 

44.44 ± 1.47 
b 

32.35 ± 1.37 
a,b,c 

30.33 ± 0.41 
b 

31.58 ± 0.46 
b,d 

31.48 ± 0.52 
 

ALP (U\L) 
 

38.58 ± 0.13 
A 

49.40 ± 1.08 
a,b 

39.73 ± 1.12 
b,c 

38.53 ± 0.85 
b,c 

38.57 ± 0.56 
b 

38.87 ± 0.73 
 

Total bilirubin(mg\dl) 
 

5.42 ± 0.45 
A 

9.23 ± 0.65 
a,b 

8.23 ± 0.12 
a,b 

7.82 ± 0.17 
a,b,c,d 

8.77 ± 0.37  
a,b,d 

8.44 ± 0.25 

 
Significant difference (P < 0.05):   (a) compared to group 1,  (b): to group 2,  (c): to group 3,  (d): to group 4,  (e): to 
group 5,  (f): to group 6. 
 
Table (3) : Effect of turmeric , clove, chili,  and cardamom on serum total- cholesterol; triacylglycerol; LDL-

C ; HDL-C ;VLDL-C and phospholipids on iron overloaded- rats(Mean ± S.D.). 
 

Groups 
 
 
Parameters 

Group 
(1) 

Normal 
control 

Group 
(2) 

Iron 
overload 

Group 
(3) 

Turmeric 
+ Iron 

overload 

Group 
(4) 

Clove 
+ Iron 

overload 

Group 
(5) 

Chili 
+ Iron 

overload 

Group 
(6) 

Cardamom 
+ Iron 

overload 

 
Total- cholesterol 

(TC ,mg/dl) 

 
96.30 ± 1.34 

a 
 168.00 ± 1.49 

a,b 
110.15 ± 3.25 

b,c 
123.62 ± 1.29 

a,b,c,d 
123.37 ± 1.83 

a,b,c,d,e 
118.65 ± 1.17 

 
Triacylglycerol (mg/dl) 

 
97.44 ± 1.12 

a 
138.80± 1.53 

a,b 
110.70 ± 1.50 

a,b,c 
115.78 ± 1.20 

a,b,c,d 
117.66 ± 0.86 

a,b,c,d,e 
108.08± 1.06 

High density lipoprotein 
cholesterol (mg/dl) 

 
45.03 ± 2.16 

a 
38.23 ± 1.02 

b 
44.34 ± 1.58 

b 
45.51 ± 0.92 

a,b,c,d 
47.38 ± 0.46 

b,e 
44.65 ± 0.82 

Low density lipoprotein 
cholesterol mg/dl) 

 
31.76 ± 1.14 

a 
102.00 ± 1.85 

a,b 
43.72 ± 2.47 

a,b,c 
54.95 ± 0.94 

a,b,c 
52.45 ± 1.80 

a,b,c, 
54.61 ± 5.98 
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Very low density 
lipoprotein cholesterol 

(mg/dl) 

 
19.49 ± 0.22 

a 
 27.77± 0.29 

a,b 
22.14 ± 0.299 

a,b,c 
23.16 ± 0.24 

a,b,c,d 
21.63 ± 0.21 

a,b,c,d,e 
22.95 ± 2.56 

 
Phospholipids (mg/dl) 

 
36.54 ± 0.69 

a 
86.53 ± 0.82 

a,b 
46.88 ± 0.74 

a,b,c, 
49.72 ± 1.16 

a,b,c, 
49.21 ± 0.68 

a,b,c,d,e 
47.85 ± 0.71 

 
Significant difference (P < 0.05):   (a) compared to group 1,  (b): to group 2,  (c): to group 3,  (d): to group 4,  
(e): to group 5,  (f): to group 6. 
 
Table (4) : Effect of turmeric , clove, chili,  and cardamom on serum MDA and serum catalase as well on liver 

iron  in iron overloaded- rats(Mean ± S.D.). 
 

 
Groups 

 
Parameters 

Group 
(1) 

Normal control 

Group 
(2) 

Iron 
overload 

Group 
(3) 

Turmeric 
+ Iron 

overload 

Group 
(4) 

Clove 
+ Iron 

overload 

Group 
(5) 

Chili 
+ Iron 

overload 

Group 
(6) 

Cardamom 
+ Iron 

overload 
 

MDA (nmol\l) 
 

 
1.82 ± 0.39 

a 
3.89 ± 0.49 

b,f 
2.22 ± 0.35 

b,c, 
1.68 ± 0.37  

b 
1.95 ± 0.35  

a,b,d 
2.47 ± 0.38 

 
Catalase (U\L) 

 

 
407.87± 1.14 

a 
385.62 ± 0.92 

a,b 
401.13 ±2.19 

a,b,c 
 

404.35 ± 2.51 

a,b,d 
300.37 ± 3.04 

a,b,d 
398.77 ± 2.52 

 
Liver iron 

 (mg\ 100 g) 
 

 
20.03 ± 1.47 

a 
39.86 ± 1.72 

a,b 
24.79 ± 1.00 

a,b 
19.48 ± 1.64 

a,b,c,d 
22.57 ± 0.78 

a,b,d 
28.90 ± 0.36 

 
Significant difference (P < 0.05):   (a) compared to group 1,  (b): to group 2,  (c): to group 3,  (d): to group 4,  (e): to 
group 5,  (f): to group 6.
 
4. Discussion      

Significant increase (p<0.05) in relative 
weights(g\100g body wt) of  liver , kidney  in iron 
overloaded- rats is in agreement with those of 
Whittaker  and Chanderbhan  ,(2001) who found  that 
there was an enlargement of the liver and heart with 
increasing Fe dose when comparing the organ 
weights to body weight. 

Relative weight of liver is significantly 
decreased (p <0.05) with either 2% turmeric, clove, 
chili, or cardamom   

Naik , et al., (2010) showed that the increase 
in relative weight of liver and heart in CCl(4) induced 
liver injury and isoproterenol induced cardiac 
necrosis were reduced by curcumin treatment. 

Iron overload caused many adverse effects 
including a  significant increase (p < 0.05) in the 
activities of AST, ALT, ALP, total bilirubin, in group 
2 as compared to control group (group1).These 
results are in accordance with Whittaker  and 
Chanderbhan , (2001) who found that iron overload 
caused many adverse effects reflected the significant 
increase of serum ,AST, ALT and  ALP and Pulla 
Reddy  and Lokesh  , (1996) who found that male 
wistar rats injected i.p. with 30 mg Fe2+/kg body 
weight show hepatic damage as measured by an 
increase in lipid peroxides which correlated with 

elevated serum enzymes, (ALT), (AST) and lactate 
dehydrogenase (LDH). In another study by 
Manjunatha and Srinivasan .,  (2006) ,rats injected 
with iron showed hepatic toxicity as measured by an 
increase in lipid peroxides and elevated serum 
enzymes, ALT, AST and LDH. Such increased 
activities might be attributed to the leakage of these 
enzymes from the injured liver cells into the blood 
stream because of the altered liver membrane 
permeability. 

Supplementation with either 2% turmeric , 
clove, chili,  or cardamom significantly decreased (p< 
0.05)  serum AST, ALT, ALP, total bilirubin 
compared to iron overloaded group with the lowest 
value in group 4 fed 2% clove .These results are in 
agreement with Pulla Reddy  and Lokesh  ,(1996)  
Who found that oral administration of spice 
principles, curcumin from turmeric (30 mg/kg body 
weight) or eugenol from cloves (100 mg/kg body 
weight), for 10 days lowered the liver and serum lipid 
peroxide levels, serum ALT, AST and LDH, 
enhanced by  i.p. injection of iron. This study 
indicates that curcumin or eugenol reduces the iron-
induced hepatic damage by lowering lipid 
peroxidation. EL-Maraghy et al ., (2009)  
demonstrated a reduction in the severity of iron-
induced hepatotoxicity by curcumin through the 
correction of the altered liver function indices. Reyes-
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Gordillo K., et al., (2008)  reported that curcumin 
was effective in preventing and reversing cirrhosis, 
probably by its ability of reducing transforming 
growth factor-beta (TGF-beta) expression.Thus 
curcumin might be an effective antifibrotic and 
fibrolitic drug in the treatment of chronic hepatic 
diseases. 

Also Fu Y,et al., (2008) demonstrated that 
curcumin significantly protects the liver from injury 
by reducing the activities of serum AST, ALT, and 
ALP, and by improving the histological architecture 
of the liver.  

The effect of curcumin on prevention of 
acute liver damage can be explained by at least two 
mechanisms: acting as an antioxidant and by 
inhibiting NF-kappaB activation and thus production 
of proinflammatory cytokines.( Reyes-Gordillo K et 
al ., 2007). Naik SR, et al., (2010) showed that 
crcumin treatment reversed elevated serum marker 
enzymes, (AST), (ALT) and (ALP), increased lipid 
peroxidation, decreased gluthione (GSH), glutathione 
peroxidase (GPx) and superoxide dismutase (SOD) in 
edematous, granulomatus, liver and heart tissues 
during inflammation, liver injury and cardiac 
necrosis, respectively. Abdel-Wahab ., (2005) 
observed that treatment with clove and cardamom 
effectively decreased liver enzyme levels in the 
serum. This can be attributed to the presence of 
antioxidant in clove and cardamom which contain 
phenolic compounds that can act by scavenging free 
radicals. 

Nagababu  et al ., (2010) reported that 
eugenol significantly inhibited the  rise in SGOT 
activity and cell necrosis without protecting the 
endoplasmic reticulum (ER) damage as assessed by 
its failure to prevent a decrease in cytochrome p450 
and G-6-phosphatase activity. 

The significant increase (p < 0.05) of serum 
total cholesterol , triacylglycerol ,LDL-cholesterol 
,VLDL- cholesterol, phospholipids and the 
significant decrease (p <0.05) in serum HDL-
cholesterol in group 2 compared to the control group 
are in line with similar finding reported by Whittaker  
and Chanderbhan  , (2001)  who found that serum 
cholesterol concentration increased directly with Fe 
supplementation . Also, Brunet et al ., (1999)  found a 
significant increase in cholesterol and triglycerides in 
iron overloaded rats when compared with control 
animals. They also found a reduction in 3-hydroxy-3-
methylglutaryl-Co A reductase and cholesterol 7a-
hydroxylase, and an enhancement of acyl-Co A–
cholesterol acyltransferase activity. They reported 
that this may have been a result of marked membrane 
lipid peroxidation that brings about fluidity drop in 
microsomes of Fe-loaded rats.     Dabbagh et al ., 
(1994) also found that Fe overload in male Sprague–

Dawley rats caused a significant increase in plasma 
cholesterol and moderately increased lipid 
peroxidation in the liver. The increase in plasma 
cholesterol was explained by a decrease in 
antioxidant levels in plasma and liver. Sylvain  et al ., 
(2003) found  iron-overload rats showed a significant 
increase in triglycerides , free cholesterol , cholesteryl 
ester . 

Whittaker and Chanderbhan, (2001) 
,reported that lipid peroxidation and cytotoxicity are 
important in altering lipid metabolism, possibly by 
their effect on lipogenesis-related genes (Foretz et al. 
1999) and key enzymes for cholesterol homeostasis 
(Brunet et al. 1999). Damage to cellular lipids may 
result in structural alterations,such as membrane 
fluidity and fragility, and in functional alterations. 
Oxidative changes in lipoproteins may result in 
altered lipoprotein-receptor interaction in 
extrahepatic target cells, leading to changes in serum 
lipid profiles. The oxidative change in the liver may 
result in alterations in sterol synthesis, leading to 
increased serum cholesterol levels with concurrent 
increases in serum phospholipids and changes in the 
ratios of their saturated to unsaturated fatty acids. 

The significant cholesterol lowering effect 
of turmeric and chili disagree to some extent with 
finding of Manjunatha and Srinivasan, (2007) who 
reported that curcumin, capsaicin, and their 
combination produced only a slight decrease in serum 
total cholesterol in animals.  However, they reported 
that serum alpha-tocopherol content was increased by 
dietary curcumin, capsaicin, and their combination in 
high-fat-fed rats. Serum total thiol content in high-
fat-fed animals and serum ascorbic acid in normal 
animals were elevated by feeding a combination of 
curcumin and capsaicin ,whereas , lipid peroxide 
level was reduced by dietary curcumin and 
combination of curcumin and capsaicin in high-fat-
fed animals. Serum glutathione peroxidase and 
glutathione transferase in high-fat-fed rats were 
generally higher as a result of dietary curcumin, 
capsaicin, and the combination of curcumin and 
capsaicin. 

 Manjunatha and Srinivasan (2006)  
demonstrated that, individually, both dietary 
curcumin and capsaicin significantly inhibited the in 
vivo iron-induced LDL oxidation, as well as copper-
induced oxidation of LDL in vitro. The protective 
effect of the combination of curcumin and capsaicin 
on LDL oxidation was greater than that of individual 
compounds. This protective influence of spice 
principles was also indicated by the relative anodic 
electrophoretic mobility of oxidized LDL on agarose 
gel. It has been suggested  that dietary curcumin and 
capsaicin individually are protective to LDL 
oxidation both in vivo and in vitro, to iron-induced 
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hepatotoxicity . This beneficial effect was higher 
when the two compounds were fed in combination. 

Kempaiah  and  Srinivasan, (2004)  
confirmed that dietary hypolipidemic spices 
(curcumin, capsaicin and garlic) were effective in 
reducing the oxidant stress, which was indicated by 
countering the depleted antioxidant molecules and 
antioxidant enzymes in erythrocytes and liver, and 
decreasing the elevated lipid peroxide content. 

Cholesterol lowering effect of clove and 
cardamom was reported by EL-Segay  et al ., (2007)  
who showed that ethanol feeding caused elevation of 
serum liver enzymes and serum total lipid, total 
cholesterol and triglyceride levels. Also, there was 
significant increase in lipid peroxidation product, 
malonaldehyde (MDA), and decrease in antioxidant 
enzyme, trace element levels in liver homogenate. On 
the other hand, the hepatoprotective effect of 
cardamom and clove was reflected by the 
significantly lower level of liver enzymes and serum 
lipid profile in rats pretreated with their extract before 
ethanol. On the other hand, MDA level was 
significantly reduced as compared to ethanol fed 
group, whereas, levels of SOD, and GSH-Rd activity 
and trace element level were significantly increased 
by clove and cardamom pretreatment. El-Segaey et 
al., (2007) reported decreased serum triglyceride and 
cholesterol levels in cardamom and clove pretreated 
rats reflecting their protective hepatocellular effects 
Furthermore,it has been reported that spices may 
inhibit hepatic –HMG-CoA reductase activity , 
resulting in lowering hepatic and serum cholesterol 
levels. Shobana and Naidu. (2001). Clove was 
classified by Sharma et al., 2001 as a source for 
powerful antioxidant activity, whereas, cardamom 
had a medium level antioxidant power, in addition to 
its effectiveness in reducting LDL susceptibility to 
oxidation (Nair et al., 1998). Shamee et al ., (2007)  
found that  Aqueous suspensions of cinnamon and 
cardamom enhance the level of detoxifying enzyme 
(GST activity) with simultaneous decrease in lipid 
peroxidation levels in the treatment groups when 
compared to that of the carcinogen control group. 

There is a significant increase (p < 0.05) of 
serum MDA and liver iron deposition in group 2 and 
the significant decrease (p <0.05) in serum catalase 
are in agreement with similar finding by Whittaker 
and Chanderbhan ., (2001) who reported that  feeding 
rats diets supplemented with carbonyl Fe resulted in 
dose-related increases in liver nonhaem Fe and lipid 
peroxidation. EL-Maraghy et al. (2009) demonstrared 
that administration of FeNTA induced a significant 
deposition of iron in rat liver associated with 
exacerbated oxidative stress status and a remarkable 
increase in hepatic nitric oxide level.  

A possible mechanism for tissue damage 
from chronic Fe overload may be the effect of free 
radical formation and lipid peroxidation (Whittaker 
and Chanderbhan, 2001).  Whittaker et al. (1996b) 
previously reported that liver lipid peroxides were 
significantly increased in Fe-overloaded rats.  

Supplementation with either 2% turmeric , 
clove, chili,  or cardamom significantly decreased (p< 
0.05)  serum MDA and liver iron deposition 
compared to  iron overloaded group with the lowest 
value in group 4 fed 2% clove . On the other hand,  a 
significant increase (p < 0.05 ) in serum catalase in 
groups supplemented with different spices was 
reported with the highest  value in group 4 fed 2% 
clove . 

Several studies have demonstrated that 
curcumin can bind iron and it has properties of an 
iron chelator (Jiao et al., 2006; Messner et al., 2009).  

These results are in line with those of 
Manjunatha and Srinivasan, (2006) who reported that 
dietary curcumin, capsaicin and their combination 
reduced the activities of elevated serum enzymes, 
ALT, AST and LDH which were elevated by iron 
injection, and lowered the liver lipid peroxide, 
indicating amelioration of the severity of iron-
induced hepatotoxicity. Oboh et al., (2007) concluded 
that hot peppers prevent Fe2+-induced lipid 
peroxidation. 

Pulla Reddy and  Lokesh  , (1996) reported 
that oral administration of spice principles, curcumin 
from turmeric (30 mg/kg body weight) or eugenol 
from cloves (100 mg/kg body weight), for 10 days 
lowered the liver and serum lipid peroxide levels,It 
have been shown that curcumin reduced iron-
dependent oxidative stress and iron toxicity in T51B 
cells without blocking iron uptake(Messner et al ., 
2009)Thephinlap et al ., (2009) found  that , 
Curcuminoids are effective in chelation of plasma 
NTBI in iron-loaded thalassemic mice. Consequently, 
it can alleviate iron toxicity and harmfulness of free 
radicals.  

Our results agreed with Srichairatanakool  et 
al ., (2007) who found that  curcumin acts as an iron 
chelator, mice that were fed diets supplemented with 
curcumin exhibited a decline in levels of ferritin 
protein in the liver. These results suggest that iron 
chelation may be an additional mode of action of 
curcumin. 

Lipid peroxidation catalyzed by soybean 
lipoxygenase was inhibited by eugenol in a 
concentration-dependent manner. The inhibitory 
mechanism implies that eugenol does not inactivate 
the enzyme directly but may interfere with fatty acid 
radical intermediates due to its hydroxy radical 
scavenging ability and thus play a role in inhibiting 
the propagation of lipid peroxidation(Naidu , 1995). 
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Curcumin and eugenol  also prevented the 
oxidation of Fe2+ in Fentons reaction which 
generates .OH radicals.(Reddy  and Lokesh ., 1994). 

Fu ,et al., 2008  demonstrated that, curcumin 
attenuates oxidative stress by increasing the content 
of hepatic glutathione, leading to the reduction in the 
level of lipid hydroperoxide.  

It has been reported that In in vitro 
experiments curcumin inhibited iron catalyzed lipid 
peroxidation in liver homogenates, scavenged nitric 
oxide spontaneously generated from nitroprusside 
and inhibited heat induced hemolysis of rat 
erythrocytes. (Naik , et al.,2010). 

Dairam  et al. (2008) investigated the 
antioxidant and metal-binding properties of 
curcumin, capsaicin, and S-allylcysteine, which are 
major components found in commonly used dietary 
spice ingredients turmeric, chili, and garlic, 
respectively. They demonstrated that these 
compounds readily scavenge free radicals. These 
compounds significantly curtail iron- (Fe2+) and 
quinolinic acid (QA)-induced lipid peroxidation .The 
ferrozine assay demonstrated that these compounds 
bind Fe2+ and Fe3+ and prevent the redox cycling of 
iron, suggesting that this may be an additional 
method through which these agents reduce Fe2+-
induced lipid peroxidation.  

Nagababu et al. (2010) reported that, 
Eugenol (4-allyl-2 methoxyphenol) is one such 
naturally occurring phenolic compound. The 
antioxidant activity of eugenol was evaluated by the 
extent of protection offered against free radical-
mediated lipid peroxidation using both in vitro and in 
vivo studies. Eugenol completely inhibited both iron 
and Fenton reagent-mediated lipid peroxidation. The 
inhibitory activity of eugenol was about five fold 
higher than that observed for α-tocopherol.  

It has been reported that  the antioxidant 
activity of clove and cardamom could be attributed to 
its phytochemical contents which increases the 
amount or increase the activity of antioxidant 
enzymes (Rock et al ., 1996), or due to their trace 
element contents which are required for the 
antioxidant enzyme activity (Lamp (1999; Sharma et 
al .,2001). 

As previously reported by Khan .,2003 
analysis of clove and cardamom extracts 
demonstrated that they contain copper  and 
manganese while selenium and zinc are absent 
.Copper and manganese are required for superoxide 
dismutase enzyme .Their presence in clove and 
cardamom extracts stimulated superoxide dismutase 
which is an antioxidant enzyme leading to decreased 
lipid peroxidation in rats pre-fed with them.  

 Acharya et al., (2010) reported that, 
phytochemicals in cardamom have not been explored 

in great details but limonene and cineole demonstrate 
promising effects against carcinogenesis.  

 
5. Conclusion:  

The observed improvement in the liver 
functions, lipid profile and antioxidant stress in iron-
overloaded rats suggests that the chemo-protective 
effect of the turmeric, clove, chili and cardamom is 
attributed to chelation with iron followed by 
excretion of the complex. This result may find 
application among populations at risk of iron 
overload, either acquired or inherited.  
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Abstract: Aim: to evaluate efficacy of breast conservation surgery in loco-regional control of early & locally 
advanced breast surgery. Methods: the study included 2 groups; group A: 30 patients with early breast cancer & 
group B: 32 patients with 33 locally advanced breast cancer which were furtherly subdivided into 2 subgroups: 1-
FAC group: 24 patients with 25 breast cancer received  3 cycles of FAC regimen, 2-TAC group: 8 patients received 
3 cycles of TAC regimen. Group A patients were submitted to quadrentectomy & axillary evacuation, group B 
patients were submitted to quadrentectomy & axillary evacuation or modified radical mastectomy according to their 
response to neoadjuvant chemotherapy. Results: in group A, 1 patient developed local recurrence & submitted to 
completion mastectomy, in group B, overall response to neoadjuvant chemotherapy was 54.5%. 14 patients in group 
B underwent breast conservation surgery, 18 patients underwent modified radical mastectomy, 5 patients in group B 
developed treatment failure. Conclusion: breast conservation surgery is safe surgical technique for local control of 
both early & locally advanced breast cancer after downstaging by neoadjuvant chemotherapy. Neoadjuvant 
chemotherapy has significant anti-tumour activity & it increases the ability to perform breast conservation surgery. 
[Journal of American Science 2010;6(10):713-720]. (ISSN: 1545-1003).   
 
Keywords: Breast conservation surgery, neoadjuvant chemotherapy. 
 
1. Introduction: 
       Randomized controlled trials over the past two 
decades have now established that mastectomy and 
breast conserving surgery are equivalent in terms of 
survival (veronesi et al, 2002).Breast conservation 
surgery can be used also for treatment of locally 
advanced breast cancer after downstaging by the use 
of neoadjuvant chemotherapy. Neoadjuvant 
chemotherapy for breast cancer was initially used 
during the seventies of the last century in locally 
advanced or inoperable disease in order to achieve 
surgical resection. It was then extended to operable 
breast cancer with a view to downstaging tumours to 
facilitate breast conserving surgery. Increasingly, it is 
being considered as a treatment for earlier-disease 
stage (Charfare et al, 2005). Neoadjuvant 
chemotherapy serves as an in vivo sensitivity test, it 
decreases the incidence of  growth spurt at the site of 
micrometastasis after primary tumour resection & it 
facilitates the study of cancer biology with the same 
overall survival & recurrence-free survival rates as 
the adjuvant chemotherapy (Ikeda et al , 
2002).Although the chemotherapy regimens have 
varied widely among studies,  most clinical trials 
have used anthracycline-based regimens e.g. a 
combination of 5-fluorouracil, doxorubicin & 
cyclophosphamide (FAC). These regimens are 
generally prefered because of the higher response rate 
observed in the metastatic setting (Esteva & 

Hortobagyi, 1999).  The appearance of taxanes has 
stimulated new excitement in this field, not only 
because of their high level of activity against 
metastatic breast cancer as single agents, but also 
because of their lack of cross-resistance with other 
drugs, including anthracyclines (Goble & Bear, 
2003). 
 
2. Patients and Methods: 

This prospective study included two groups: 
Group A: included 30 patients with early 

breast cancer (T1, 2 N0, M0, or T0, 1, 2 N1, M0) 
according to Feig et al., 1999 

Group B: included 32 female patients with 
33 locally advanced breast cancer (one patient was 
presented with bilateral disease) (stage IIB: T3 N0 
M0, stage IIIA: T0, 1, 2 N2 M0 & T3 N1, 2 M0, & 
stage IIIB: T4 N0, 1, 2 M0, or stage IIIC: any T N3 
M0) according to Feig et al., 1999 admitted into The 
Oncology Unit, General Surgery Department, and 
Clinical Oncology Department, Tanta University 
Hospital. All the patients were informed by this study 
& written consents were taken from cases underwent 
surgery. The study extended from January 2007 to 
January 2010, with a minimal follow- up period of 6 
months.  

Inclusion criteria of studied patients were: 
(a) age not less than 18 (b) satisfactory liver and renal 
function, (c) life expectancy ≥9 months, and (d) full 
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clinical-pathological examination and good staging 
for the patients including mammography, 
mammosonography, tissue diagnosis that was 
obtained by FNAC or open biopsy, & evaluation of 
the cardiac status by ECG & echo-cardiogram done 
for all the patients before the start of the 
anthracycline-based chemotherapy regimens 
(Charfare et al.,2005)after the third cycle , and at the 
end of chemotherapy to detect any cardiac toxicity. 

Exclusion criteria included:  Age greater 
than 75 years or less than 18 years,  complete bowel 
obstruction or the presence of symptomatic brain 
metastases, ventricular arrhythmia, congestive heart 
failure, or documented myocardial infarction, 
inadequate bone marrow function (WBC count < 3.0 
x 109/L or platelet count < 100 x 109/L), inadequate 
renal function (serum creatinine of no more than 1.25 
x upper normal limit or creatinine clearance < 60 
mL/min/1.73 m2), and inadequate liver function 
(serum bilirubin of no more than 1.25 x upper normal 
limit).  

On completion of all of these investigations, 
the patients of group A were submitted to 
quadrentectomy & axillary evacuation (Nasr et al., 
2009), while patients of group B were subdivided 
into 2 groups:  

1- FAC group: included 24 patients 
presented with 25 breast cancers. These patients 
received neoadjuvant chemotherapy in the form of 3 
cycles of FAC regimen (5-flourouracil 500 mg/ m2 
I.V. day 1, adriamycin 50 mg/ m2 I.V. day 1, & 
cyclophosphamide 500mg/ m2 I.V. day 1) with 21 
days interval between each two successive cycles 
(Danforth et al., 1998).  

 2- TAC Group: included 8 premenopausal 
patients with relatively more advanced disease e.g 
extensive lymph node involvement, with suspicion of 
presence of micrometastases. They received 3 cycles 
of TAC regimen (docetaxel 75 mg/ m2 as a one hour 
I.V. infusion day 1, adriamycin  50 g/m2 I.V. day 1, 
and cyclophosphamide 500mg / m2 I.V. day 1) with 
21 days interval between each 2 successive cycles 
(Goble and Bear, 2003). These patients were pre-
medicated with 8 mg of oral dexamethasone twice 
daily for 5 days, starting 1 day prior to docetaxel 
administration. Growth factor support with 
granulocyte colony stimulating factor (G-CSF) e.g. 
fligrastim (Neupogen) was provided to patients who 
developed neutropenia with or without fever (and 
was initiated prophylactically to those patients on 
subsequent cycles)  

After each cycle of the neoadjuvant 
chemotherapy, every patient was examined for the 
size of the tumor (using the sono-mammograph) & 
the regional lymph nodes status. After the third cycle 

of the neoadjuvant chemotherapy, bilateral 
mammography & breast ultrasonography were done. 
The response to the neoadjuvant chemotherapy was 
categorized according to Dixon et al (1998) 
classification into:    

Complete clinical response (CR): complete 
disappearance of the tumour both clinically & 
mammographically. 

Partial response (PR): decrease of 50% or more 
in the total tumour size.  

No response (NR) : decrease of less than 50% or 
increase of less than 25% in total tumour size.  

Progressive disease (PD): increase of 25% or 
more in total tumour size.  

    The patients who responded to induction 
chemotherapy & downstaged to the extent that make 
them eligible for breast conservation surgery were 
submitted to quadrantectomy and axillary evacuation. 
These patients showed the following tumour 
characteristics based on complete clinical and 
radiological examination (by combined breast 
ultrasound and mammography):  
1- Complete resolution of skin edema.  
2- Residual tumour size of less than 5 cm.  
3- No  evidence of multicenteric disease.  
4- Absence of extensive lymph nodes involvement or 
extensive microclafication .  
On the other hand, the patients who failed to respond 
to the neoadjuvant chemotherapy were submitted to 
modified radical mastectomy (MRM).  
 
Adjuvant treatment:  

After removal of the stiches, patients of 
group A received 6 cycles, while patients of group B 
received 3 cycles of FAC regimen as an adjuvant 
therapy.  

After completion of chemotherapy, 
radiotherapy was given using 60Co starting 1 week 
after the 6th cycle of chemotherapy (Tinterri et al., 
2009). Radiotherapy was given to the preserved 
breast and supraclavicular lymph nodes after 
conservative breast surgery (CBS), while it was given 
to the chest wall and supraclavicular lymph nodes 
after MRM.  The total dose of radiotherapy was 50 
Gy for every patient divided into 25 fractions each 
fraction was 2 Gy given daily for 5 days each week 
for 5 weeks. After this dose, patients with CBS 
received a boost dose of 10 Gy delivered to the 
tumour bed divided into 5 fractions, each fraction 
was 2 Gy given daily for 5 days.  

ER+ve premenopausal patients & all 
postmenopausal patients (either ER+ve or ER-ve) 
received tamoxifen in the dose of 20 mg daily for 5 
years starting after completion of radiotherapy. 
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Follow up of the patients:  
Every patient was followed up on 3-months 

basis in the 1st postoperative year & at 6-months 
intervals later on. On each follow up visit, 
mammography (bilateral after CBS and on the 
contralateral breast after MRM), Chest X-ray, pelvi-
abdominal ultrasonography were also done. MRI was 
selectively requested for 1 case to role in or out local 
recurrence after CBS (Liu et al., 2009).   

C.A. 15.3 and isotope bone scan was 
requested for all cases one year after the operation 
and at one year intervals later on during the follow up 
period. However, it was requested at shorter intervals 
if needed. 
              
3. Results:  

The response to the neoadjuvant 
chemotherapy in group B was assessed both 
clinically & mammographically. The overall response 
was 54.5% (18/33).  As shown in table 3, the overall 
response rate in the FAC group was 52% (13/25) 
while it was 62.5% (5/8) in the TAC group. One 
patient of those who received the FAC regimen 
developed complete clinical response.  Seventeen 
patients (12 in the FAC group & 5 in the TAC group) 
showed partial response; thirteen out of them 
underwent breast conservation surgery, while the 
remaining 4 patients (3 in FAC group & 1 in TAC 
group) showed partial response but not to the degree 
that make them eligible for breast conservation 
surgery, so, they underwent modified radical 
mastectomy. Hence, patients who underwent CBS 
represented 44% (14/32) of the patients included in 
group B. 

 Fifteen patients (12 in FAC group & 3 in 
TAC group) showed no response (NR). Progressive 
disease (PD) was not recorded in either regimens. 

Table 4 shows that before induction 
chemotherapy T3 & T4 tumours represented 96% 
(24/25) in FAC group & 100% (8/8) in TAC group. 
This ratio is markedly decreased to 60% (15/25) for 
the FAC group & 50% (4/8) for the TAC group after 
induction chemotherapy. This change in the tumour 
size was found to be statistically significant (P = 
0.004 for the FAC regimen & 0.046 for the TAC 
regimen).  

With the use of the neoadjuvant 
chemotherapy, 10 cases (40%) in FAC group & 4 
cases (50%) in TAC group were downstaged to T0, 
T1, & T2 allowing breast conservation surgery. 

Table 5 shows that N2 & N3 tumours 
represented 24% (6/25) in FAC group & 37.5% (3/8) 
in TAC group before the neoadjuvant chemotherapy. 
These ratios were reduced after neoadjuvant 
chemotherapy to 8% (2/25) in FAC group & 0% (0/8) 
in TAC group. N0 nodes represented 0% (0/25) 
before & 16% (4/25) after the neoadjuvant 
chemotherapy in FAC group, while they represented 
0% (0/8) before & 12.5% (1/8) after neoadjuvant 
chemotherapy in TAC group. N1 nodes represented 
76% (19/25) before & the same percentage after 
neoadjuvant chemotherapy in FAC group, while they 
represented 62.5% (5/8) before & 87.5% (7/8) after 
neoadjuvant chemotherapy in TAC group. However, 
this change in the nodal state was found to be 
significant only for the FAC regimen ( P = 0.007) & 
not for the TAC regimen ( P = 0.059).  

Follow up results:  
With a follow up period ranged from10 to 

36 months, treatment failure developed in 1 patient in 
group A (3.3%) who developed local breast 
recurrence & submitted to completion mastectomy, 
while in group B treatment failure occurred in 5 
patients (15.5%). Three patients were included in the 
TAC group: one patient developed lung metastasis, 
another one developed a new primary cancer in the 
contralateral breast, & the third one developed chest 
wall reccurence & opposite breast & bone metastasis. 
Treatment failure developed in 2 patients of the FAC 
group: one patient developed chest wall recurrence & 
the other one developed bone metastasis. 

 
4. Discussion: 

Breast conserving therapy (BCT) including 
postoperative irradiation of the remaining breast 
tissue is generally accepted as the best treatment for 
the majority of patients with early-stage breast cancer 
(Tinterri et al, 2009). In recent years, an increasing 
number of patients with locally advanced breast 
cancer (LABC) are being treated with neoadjuvant 
chemotherapy, followed by breast conservation 
surgery with axillary dissection and radiation as a 
part of the multimodality management ( Tewari et al, 
2009). 
Neoadjuvant chemotherapy is now accepted to be a 
standard milestone in the treatment of locally 
advanced breast cancer as it induces down staging in 
a significant proportion of cases and renders 
inoperable cases amenable for curative resection (El-
Didi et al., 2000). 
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Table 1: Patients Characteristics 
Group A 
(No=30) 

Group B(No=32 with 33 cancers) 
Patient characteristic 

No % No % 
Age in years 

< 35 
35- < 45 

> 45 

 
5 
9 

16 

 
17 
30 
53 

 
7 
9 

16 

 
22 
28 
50 

Menstrual status 
Premenopausal 
Postmenopausal  

 
18 
12 

 
60 
40 

 
15 
17 

 
47 
53 

Marital status 
Married 
single 

 
22 
8 

 
73 
27 

 
23 
9 

 
72 
28 

Normal lactation 
+ve 
-ve 

 
17 
13 

 
57 
43 

 
19 
13 

 
59 
41 

Oral contraceptives 
+ ve history 
- ve history 

 
13 
17 

 
43 
57 

 
12 
20 

 
37.5 
62.5 

History of breast lesions 
breast abscess 

Excision of benign mass 

 
1 
1 

 
3 
3 

 
0 
0 

 
0 
0 

Family history 
+ ve 
- ve 

 
6 

24 

 
20 
80 

 
5 

28 

 
15 
85 

 
Table 2: Tumour Characteristics 

Group A 
(No=30) 

Group B (No=32 with 33 cancers)  
Tumour characteristic 

No % No % 
Clinical presentation : 

Breast mass 
 

29 
 

97 
 

32 
 

97 
N0 13 43 0 0 
N1 17 57 24 73 
N 2 0 0 7 21 
N3 0 0 2 6 

Skin ulceration 0 0 1 3 
Skin redness 0 0 2 6 
Skin edema 0 0 8 24.5 
Laterality: 
Right breast 18 60 23 70 
Left breast 12 40 9 27 
Bilateral 0 0 1 3 

Primary tumour site: 
Upper outer quadrant 19 63 14 42.5 
Upper inner quadrant 5 17 8 24.5 
Lower outer quadrant 2 7 5 15 
Lower inner quadrant 4 13 2 6 
Retroareolar region 0 0 2 6 

Occupying more than one quadrant 0 0 2 6 
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Table 3. The clinical response after neoadjuvant chemotherapy in group B 
Clinical response F.A.C. Group T.A.C. Group Total 

Complete response 1 (4) 0 (0) 1 
Partial response 12 (48) 5 (62.5) 17 

No response 12 (48) 3 (37.5) 15 
Progressive disease 0 (0) 0 (0) 0 

Total 25 (100) 8 (100) 33 
 

Table 4. Tumour size assessment 
Group B 

F.A.C. regimen T.A.C. regimen 
Tumour 
size (T) 

Group A 
Before (%) After (%) Before (%) After (%) 

T0 1 1 (4) 2 (8) 0 (0) 0 (0) 
T1 14 0 (0) 3 (12) 0 (0) 3 (37.5) 
T2 15 0 (0) 5 (20) 0 (0) 1 (12.5) 
T3 0 16 (64) 10 (40) 5 (62.5) 2 (25) 
T4 0 8 (32) 5 (20) 3 (37.5) 2 (25) 

Total 30(100) 25 (100) 25 (100) 8 (100) 8 (100) 

 
Table  5. Nodal state assessment 

Group B 
F.A.C. regimen T.A.C. regimen 

Nodal State 
(N) 

 
Group 
A(%)  

Before (%) 
 

After (%) 
 

Before (%) 
 

After (%) 
N0 13(43) 0 (0) 4 (16) 0 (0) 1 (12.5) 
N1 17(57) 19 (76) 19 (76) 5 (62.5) 7 (87.5) 
N2 0 5 (20) 2 (8) 2 (25) 0 (0) 
N3 0 1 (4) 0 (0) 1 (12.5) 0 (0) 

Total 30(100) 25 (100) 25 (100) 8 (100) 8 (100) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: A mammogram shows T1 

tumour 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Incisions for conservative breast surgery. 
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Figure 3: The removed specimen from the 

breast & the axilla. 
 
 

 
 
 
 
 
 
 
 
 
 
 

            A                               B 
Figure 4:  
a- A mammogram of breast mass before 

neoadjuvant treatment 
 b- A mammogram of the same mass after 

neoadjuvant treatment with partial response 

 
 
 
 
 
 
 
 
 
 
 

Fig.5a  
Figure 5: a- A mammogram of breast 

mass before neoadjuvant 
treatment 

 
 
 
 
 
 
 
 
 
 
 

Fig.5b 
Figure 5: b- A mammogram of the same mass after 

neoadjuvant treatment with complete 
response 

 
In the present study, patients age ranged 

between 27 & 69 years with a mean age of 
47.2+10.44 years. The premenopausal patients 
represented 53.2% of all the patients. Pierga et al 
(2000) reported a mean age of 47 years & 75% of 
their patients were premenopausal, while Yoshimoto 
et al (2004) reported a mean age of 53 years & only 
44.6% of the patients were premenopausal.  

Neoadjuvant chemotherapy was given to 32 
patients in the present study. The overall response 
rate to neoadjuvant chemotherapy was 54.5%; one 
patient with CR (3%) & 17 patients with PR (51.5%). 
These results are consistent with Kim et al (2004) 
who reported that the overall response rate to 
neoadjuvant chemotherapy is 60% (4% CR & 56% 
PR). However, extreme reports came from Ciarmiello 
et al (1998) who reported a low overall response rate 
of only 38.5%, & Abraham et al (1996) Who 

reported a high overall response rate of 83%  (28% 
CR & 55% PR). The tumour shrinkage after 
neoadjuvant chemotherapy was statistically 
significant for both FAC (P = 0.004) & TAC (P = 
0.046) regimens. The change in the nodal state was 
statistically significant only in the FAC regimen (P = 
0.007). 

After neoadjuvant chemotherapy, 14 patients 
became suitable candidates for breast conservation 
surgery. These patients represent 44% of the patients 
who received neoadjuvant chemotherapy. These 
results are supported by Rouzier et al (2004) who 
used anthracycline-based neoadjuvant chemotherapy 
for 594 patients with invasive breast cancer who were 
ineligible for breast conservation surgery & they 
found that 287 (48%) of them became eligible for 
breast preservation. However, lower figures were 
reported by other authors. Danforth et al (1998) 
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conducted their study on 126 patients with locally 
advanced breast cancer who received neoadjuvant 
chemotherapy. They found that 42 (33%) of them 
were downstaged to the extent that breast 
conservation surgery became a feasible technique for 
them. In another study, Hortobagyi et al (2000) 
reported that only 23% of patients with locally 
advanced breast cancer are good candidates for breast 
conservation surgery after neoadjuvant chemotherapy 
provided that they are carefully selected.  

Liu et al (2009) reported 5-year local 
relapse-free rate of 98.3% for patients presented with 
early breast cancer. This is compatible with the 
results of our study that showed a local treatment 
failure rate of 3.3% for group A patients. However, 
some other studies showed a higher local relapse 
rates like Nasr et al (2009) who reported local failure 
rate of 14.3%. 

In the present study, 5 patients (15.5%) of 
group B developed treatment failure during the 
follow up period. These results are comparable to 
those of Shen et al (2004) who conducted a study on 
33 patients with stage IIIB & IIIC breast cancer 
treated with neoadjuvant chemotherapy followed by 
lumpectomy & they found that the 5-year disease-
free survival was 70%. Also, Inaji et al (2002) found 
local recurrence rate of 4.7% after conservative breast 
surgery in patients with locally advanced breast 
cancer. 

The results of this prospective study 
demonstrated that conservative breast surgery could 
be performed safely for patients presented with early 
breast cancer as well as those presented with locally 
advanced breast cancer after down staging with 
neoadjuvant chemotherapy. Neoadjuvant 
chemotherapy has significant anti-tumour activity, 
and it increases the ability to perform breast 
conservation surgery with the same overall & disease 
free survival rates as the adjuvant chemotherapy. 
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Abstract: The study was carried out to use hydrocolloids for improving quality of corn-wheat pan bread. The use of 
composite flour for bread making is gradually gaining prominence world wide due to some economic and nutritional 
reasons. However, the wheat-corn bread is suffering from many technological problems. This study examines the 
functional role of gum arabic and pectin on dough properties and pan bread from corn wheat flour. Addition of gum 
arabic or pectin was 1, 2 and 3% levels to wheat-corn flour mixture (80:20). Rheological properties of dough, baking 
quality and organoleptic properties of bread were investigated. Bread was stored at room temperature for 5 days and 
staling rate was also studied. Results showed that wheat-corn flour had lesser water absorption, dough stability, 
extensibility, resistance to extension and dough energy than wheat flour dough. However, addition of gum arabic or 
pectin to wheat-corn flour dough caused a noticeable increase in the above parameters and yielding strengthened 
doughs. Loaf volume, specific loaf volume and crumb moisture were improved upon the addition of gum arabic or 
pectin. Both two hydrocolloids made bread more fresh than the control. Pectin addition caused higher values of 
alkaline water retention capacity than gum arabic. It was found that gum arabic or pectin could be effectively used to 
improve dough handling, baking quality, sensory acceptability and retarded staling of corn-wheat bread up to 2 and 
3%, respectively. [Journal of American Science 2010;6(10):721-727]. (ISSN: 1545-1003).   
 
Key words: gum arabic, pectin, corn flour, wheat flour, pan bread quality 
 
1. Introduction: 

In Egypt, the total yield of wheat grain does 
not satisfy the needs of the   The population total 
production of wheat grains covers only about 55% of 
the total needs. The way to overcome this problem is 
to search for the native cereal sources which could be 
used with wheat flour bread making. Recently, the 
Egyptian Government replaced wheat flour using 
corn flour up to 20% as economically view. 
Meanwhile, the blended bread is suffering from many 
technical problems and fast staling characteristics. 
Consequently, loss of bread which led to negative 
economically trend. 

Hydrocolloids have specifically found a 
wide application as additives in bread and baked 
products. The functional effects of hydrocolloids 
stem from their ability to modify dough or batter 
rheology (or handling) and keeping qualities of 
finished baked products. They are often used as 
gluten substitutes in gluten-free breads (Toufeili et 
al., (1994). Carboxy methyl cellulose (CMC), guar 
gum and xanthan gum have been added to rye bread 
and cassava-bread recipes to improve  their quality 
and extending the shelf- life (Mettler and Seible, 
1993 and Shittu et al., 2009). Hydroxyl propyl 
methyl cellulose (HPMC) and apple pectin have been 
used as improvers and anti-staling agents in wheat 
bread, yielding higher specific volume, softer crumb 
and enhanced sensory characteristics (Collar et al., 
1999; Rosell et al., 2001 and Yaseen et al., 2001). On 
the other hand, Kegoya-Yoshino (1997) reported that 

pectin can be effectively used to improve the shelf-
life of bread. 

Although, it has been shown in previous 
studies that substitution of wheat flour up to 20% 
level is possible to give acceptable composite bread 
loaf (Gujral et al., 2003; Hsu et al., 2004 and Khalil 
et al., 2000), generally increasing substitution of 
wheat with other flours progressively reduced the 
quality of bread. This has been attributed to reduced 
flour strength and gas retention capacity due to 
reducing gluten content, thereby reducing bread 
volume and the sensory appeal of most baked 
composite bread (Shittu et al., 2009). 

Thus, the present study was designed to 
investigate improving quality of pan bread of 
composite flour 80:20%, (wheat-corn flour)  , 
respectively through using hydrocolloids (pectin and 
gum arabic).  The study included the evaluation of 
rheological properties, baking tests and staling of 
composite bread as affected by hydrocolloids. 
 
2. Materials and Methods: 
Materials: 

Wheat flour (72% extraction) and corn flour 
(97% extraction) were obtained from South Cairo 
Mill Company, Giza, Egypt. Pectin and gum arabic 
were purchased from Sigma Company, Germany. 
Other ingredients such as salt (sodium chloride), 
shortening, sugar, bread improver and active dry 
yeast (Saccharomyces cerevisiae) were purchased 
from local market.  
 

http://www.americanscience.org            editor@americanscience.org 721

mailto:Ayaseen565@yahoo.com


Journal of American Science                                                                                                                 2010;6(10) 

 

Methods: 
Preparation of flour blends 

Wheat flour 72% extraction was well 
blended with corn flour 97% extraction to produce 
mixture containing 80% wheat flour and 20% corn 
flour. Hydrocolloids (pectin and gum arabic) were 
added to corn-wheat mixture at 1, 2 and 3% levels. 
All samples were stored in airtight containers and 
kept at 5-7°C until required. 
 

Rheological properties  
Rheological properties of doughs were 

evaluated using farinograph and extensograph 
according to AACC methods No. 54 -10 and 54 – 21 
(1983), respectively. 
 
Preparation of pan bread 

Pan bread was prepared as follow: yeast 
(1%) was dissolved in warm water (35°C) then added 
to the dry ingredients (2% NaCl, 1% sugar, 1% bread 
improver and 100g wheat-corn flour and shortening 
(2%), then the mixture was kneaded. The dough was 
fermented at 30 °C and 80-85% relative humidity for 
45 min in a fermentation cabinet, then the dough was 
divided into 150g pieces and placed in the pan and 
proofed under the same conditions for 45 min. Bread 
dough loaves were baked at 230 °C for 20–25 min 
following steaming for 10s. Baked loaves were 
cooled down at room temperature for 60 min and 
packed.  
 
Physical evaluation of bread 

Volumes of cold loaves were measured by 
rape seed displacement method. Specific volumes 
were calculated from loaf volume and loaf weight 
taken after 1h of baking. 
 
 

Sensory evaluation of bread 
Sensory evaluation of bread was performed 

by 10 trained panelists as described by Kulp et al. 
(1985) for symmetry of shape (5), crust color (10), 
break & shred (10), crumb texture (15), crumb color 
(10), aroma (20), taste (20) and mouthfeel (10).  
 
Freshness of bread 

The freshness of bread samples was tested at 
1,3 and 5 days of storage at room temperature by 
alkaline water retention capacity (AWRC) according 
to method of Yamazaki (1953), as modified by 
Kitterman and Rubenthaler (1971). 
 
Chemical analysis 

Moisture, ash, crude protein, fat and crude 
fiber contents were determined according to AOAC 
methods 14.004, 14.006, 2.057, 14.018 and 7.065 
(2000), respectively. Carbohydrates were calculated 
by difference. 
 
Statistical analysis 

The obtained results were statistically 
analyzed by analysis of variance (ANOVA) and least 
significant difference (LSD) was calculated according 
to McClave and Benson (1991). 

                
3. Results and Discussion:  
Chemical composition of wheat and corn flour 

Chemical composition of wheat and corn 
flour is given in Table (1). Corn flour has higher 
content of fat, crude fiber and ash and lower content 
of protein and carbohydrate than that of wheat flour. 
These values agreed with those reported by Khorshid 
et al., (1996). They found that the total protein, fat, 
ash, crude fiber and starch of corn flour were 9.17, 
4.32, 2.36, 2.27 and 70.75%, respectively. 

Table (1): Chemical composition of wheat and corn flours (%on dry weight basis)* 

Sample Moisture Protein Fat Fiber Ash CHO** 

Wheat flour (72%) 12.9±0.40 11.9±0.04 1.7±0.08 0.7±0.07 0.6±0.121 85.1±0.70 

Corn flour (97%) 12.5±0.18 9.8±0.08 4.5±0.24 2.1±0.12 2.3±0.10 81..3±0.72 
*values are the average of three determinations. 
**Total carbohydrates was calculated by differences.    
  
Rheological properties of dough 

The effect of replacing wheat flour with corn 
flour at 20% level and hydrocolloids at 1, 2 and 3% 
levels on the farinograph test is presented in Table 
(2). The water absorption of wheat flour doughs was 
68.5% and decreased by the addition of corn flour to 
66.5%. This reduction in water absorption could be 
attributed to the ability of wheat starch to absorb 
water (2.47 times) more than corn starch (2.40 times) 

(Whistler et al., 1984). Also, because of the 
significant positive correlation between water 
absorption and protein content. The higher protein 
content of flour, the higher of water absorption 
obtained as shown in table (1). 

Data in the same table showed that water 
absorption of wheat-corn flour dough increased   
from 66.5 to 70.0% for all treatments by adding gum 
arabic or pectin. However, flour-pectin showed 
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higher capacity or water absorption compared to 
flour-gum arabic. Dough development time of wheat 
and corn flour blends increased from 2 min to 4.5 
min, this increase might be due to higher gluten 
content in wheat flour than the sample  of corn flour. 
Moreover, dough stability was decreased and dough 
weakening was increased by adding corn flour, which 
could be attributed to the reduction in protein content, 
consequently, gluten in the blend.  Also, the protein 
in corn flour contains zein instead of gliadin in wheat 
flour, which has  much lower molecular weight 
(about 20.000) compared to wheat gliadin (30.000-
40.000). This indicates the reduction in the total 

gliadin of the blend and hence the formed gluten and 
its network. 

With respect to the effect of hydrocolloids 
on dough stability and wakening the results in Table 
(2) revealed that, stability of the dough increased and 
dough weakening decreased with increasing the level 
of addition of gum arabic or pectin. These results 
indicated that dough, which contained hydrocolloids 
exhibited higher tolerance index to over mixing. This 
advantage is preferred on  industrial scale. This result 
supported by the data obtained by Rosell et al., 
(2001).   

Table (2): Effect of corn flour and hydrocolloids on farinograph parameters. 

Sample 
Water 

absorption   
 (%) 

Arrival time 
(min) 

Dough 
developmen
t time (min) 

Dough 
stability 

(min) 

Mixing 
tolerance 

index (BU) 

Dough 
weakening 

   (BU) 
Control (100% 

WF)  
68.5 2.0 1.5 8.5 20 170 

80% WF + 
20% CF  

66.5 4.5 5.0 5.0 65 210 

Gum Arabic (%) 
1 66.5 4.0 4.5 5.5 70 160 
2 67.0 3.0 3.0 6.5 30 150 
3 67.4 3.0 7.5 7.5 60 160 

Pectin (%) 
1 67.0 3.0 2.5 5.0 40 160 
2 68.5 2.5 2.0 5.0 30 150 
3 70.0 2.0 2.5 6.0 30 155 

WF = wheat flour                                   CF = corn flour 

The results in Table (3) indicate that there 
are remarkable differences between the wheat and 
wheat-corn flour in all extensogram parameters. 
Wheat corn flour has less extensibility, resistance to 
extension and energy than wheat flour dough. This 
decrement may be due to the deficiency of gliadin 
and glutenin in corn protein. These results are in 

agreement with the findings of Mohy El-Din (2004). 
However, addition of hydrocolloids e.g. gum arabic 
or pectin to wheat-corn flour dough caused a 
noticeable increase in extensibility, resistant to 
extension and dough energy. Such findings were also  
observed by Lazaridou et al., (2007) and Shittu et al., 
(2009).    

 
Table (3): Effect of corn flour and hydrocolloids on extensograph parameters. 

Sample 
Extensibility 

(E) (mm) 

Resistance to 
extension (R) 

(BU) 

Proportional 
number (R/E) 

Dough energy    
(cm2) 

Control (100% WF)  90 270 3.0 70 
80% WF + 20% CF  60 200 3.3 50 

Gum Arabic (%) 
1 80 230 2.88 60 
2 85 250 2.94 65 
3 90 260 2.89 65 

Pectin (%) 
1 80 240 2.80 60 
2 80 260 2.89 68 
3 70 260 2.89 68 

WF = wheat flour                                             CF = corn flour 
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Baking quality and moisture content of pan bread 

Data presented in Table (4) show the results 
of baking quality and moisture content of bread. For 
control bread, loaf volume and specific volume were 
388 cc and 2.9, while 20% addition of corn flour 
caused 25 and 28% reduction of these parameters, 
respectively. The reduction of volume was due to the 
dilution of gluten as a result of adding corn flour to 
wheat flour. Meanwhile, the bread sample treated 
with corn flour showed approximately no differences 
in loaf weight, when compared with control sample. 

Loaf volume and specific volume were 
improved upon the addition of gum arabic and pectin. 
For instance, when 3% pectin or gum arabic were 
mixed with wheat-corn flour dough, the improvement  
of loaf volume and specific volume reached 27 and 
29%, 25 and 24%, respectively. The previous 
changes could be explained by the pectin and gum 
arabic appeared to act by improving gas-cell stability 
of gluten. This result  supported by Hsu et al. (2004) 
and Shittu et al. (2009). 

 
Table (4): Effect of corn flour and hydrocolloids on baking quality and moisture content of bread crumb.  

Sample 
Weight 

(g) 
Volume  

(cc) 
Specific volume 

(cc/g) 
Crumb moisture 

 (%) 
Control (100% 

WF)  
135±0.76 388±9.61 2.9±0.13 35.20±0.57 

80% WF + 20% 
CF  

135±1.76 290±10.41 2.1±0.19 34.00±0.76 

Gum Arabic (%) 
1 136±0.76 332±4.51 2.4±0.16 36.10±0.55 
2 136±1.0 347±6.66 2.6±0.18 35.40±0.46 
3 137±0.50 362±5.13 2.6±0.14 37.60±0.74 

Pectin (%) 
1 136±0.50 337±4.58 2.5±0.11 36.30±0.50 
2 137±0.76 358±6.66 2.6±0.15 37.40±0.65 
3 138±0.50 369±6.81 2.7±0.16 38.50±0.60 

WF = wheat flour                                             CF = corn flour 
 

Results in Table (4) shows that the moisture 
content of loaves varied between samples. After 
baking, the moisture content of fresh bread was 
35.0% for what flour bread and 34.0% for wheat-corn 
bread. The reduction was 3.4% when wheat flour was 
replaced up to 20%. Meanwhile, the bread samples 
treated with gum arabic or pectin showed 
improvement in loaf moisture, when compared with 
wheat-corn bread. For instance, when 3% gum arabic 
or pectin were mixed with wheat-corn flour dough, 
the improvement in loaf moisture reached 11 and 
13%, respectively. This is partially due to the higher 
amount of water required for bread preparation in the 
case of hydrocolloids, either gum arabic or pectin. 
Hydrocolloids, commonly can bind as much as 100 
times of their weight from water (Ward, 1997). 
 
Sensory evaluation of bread 

The mean scores from the sensory 
evaluation test of the bread samples are shown in 
Table (5). As seen in this table, corn-wheat bread was 
significantly rated lower scores than the control bread 
in all sensory characteristics. These results agreed 
with those reported by Mohy El-Din (2004).Seleem 

(2000)found that addition of corn meals at 5 and 10% 
to wheat flour gave an average mean values for the 
organoleptic characteristics of the bread loaves 
almost as those from wheat flour doughs. Moreover 
the mean values were significantly affected by corn 
varieties at 5 and 10%.  

It is clear that adding gum arabic or pectin 
improved the organoleptic properties of pan bread. At 
2% of gum arabic or pectin all sensory characteristics 
were superior to the corn-wheat bread. Shittu et al. 
(2009) reported that inclusion of xanthan gum had 
significant effects on the dough consistency and 
sensory acceptability of fresh composite bread. The 
oven spring, specific volumes of bead loaf and crum 
softness were higher when 1% xanthan was added. 
As the concentration increased, the surface roughness 
and dryness of bread increased. The crispiness of 
bread crust has been explained in terms of the amount 
of water available, extent of starch gelatinization and 
protein modification during baking as well as the 
water activity of the baked product (Primo-Martin et 
al., 2006). 
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Table (5): Effect of hydrocolloids on the sensory properties of composite corn-wheat bread. 

Sample 

Sym-
metry of  

Shape  
(5) 

Crust 
color 
(10) 

Break & 
shred 
(10) 

Crumb 
texture 

(15) 

Crumb 
color 
(10) 

Aroma 
(20) 

Taste 
(20) 

Mouth 
feel (10) 

Control (100% WF)  4.5a 8.7 a 8.7 a 13.8a 8.9 a 18.2 a 18.2 a 8.5 a 
80% WF + 20% CF  3.5b  6.5c  6.7d  10.3c  7.1c  14.8c  14.0d  6.5c  

Gum Arabic (%) 
1 3.9ab  7.5abc  7.3cd  10.7c  7.2bc 15.0bc 14.4cd  7.0bc  
2 4.0ab 7.5abc 8.1abc 12.8ab 8.0abc 16.5abc 16.8ab  7.7 ab 
3 4.2ab 8.5ab 8.5ab 13.1ab 8.5a 17.1abc 17.3ab 8.3a  

Pectin (%) 
1 3.7ab  6.9bc  7.5bcd 11.7bc 7.8abc 16.2abc 15.5bcd 7.1bc 
2 3.9ab 7.7abc 8.0abc 12.11abc 8.4ab  16.4abc  16.3abc 7.7ab 
3 4.2ab 8.3ab 8.5ab 13.3ab 8.5a 17.3ab 17.3ab 8.4a 

LSD 0.942 1.577 1.014 1.782 1.283 2.440 1.890 0.997 
WF = wheat flour                                             CF = corn flour 
 
Staling rate of bread 

Alkaline water retention capacity (AWRC) 
is a simple and quick test to follow staling of bread. 
Higher values of AWRC mean higher freshness of 
bread. The changes occurring in freshness 
characteristics of pan bread at zero time and after 1.3 
and 5 days of storage at room temperature are shown 
in Table (6). It can be observed that wheat bread was 
more fresh than wheat-corn bread (20% corn flour) 
under the same conditions , consequently, the staling 
rate was increased for the later. This means that 
wheat-corn bread staled faster than the wheat bread 
sample. This might be due to the loss of moisture 
content in the former than the later. Similar findings 
were observed by Seleem (2000), who found that 
adding 20% corn flour decreased freshness to 24.37, 
26.09 and 27.92% after 24, 48 and 72 
hrs,respectively. 

Data in the same table show that, gum arabic 
or pectin made bread more fresh than the wheat-corn 
bread. Pectin caused higher values of AWRC than 
gum arabic. The freshness reductions were 11.97, 
19.01 and 27.82% for 3% pectin at 1,3 and 5 days 
,respectively . At the same level of gum arabic these 
values reached 12.27, 20.97 and 30.14% being 16.98, 
35.85 and 66.04% for wheat-corn bread. These 
results confirmed the data presented by Yaseen et al. 
(2001) and Guarda et al. (2004). Also, the results of 
Shittu et al. (2009) could explain the above-
mentioned values. They stated that moisture loss and 
crumb firming during bread storage were less 
reduced when 1% xanthan gum was added to bread 
formulations. According to Davidou et al. (1996), the 
softening effect of bread was attributed to the 
increasing hindrance of gluten-starch interactions in 
the presence of hydrocolloids molecules.  

 

 
Table (6): Freshness properties of stored pan bread. 

Alkaline water retention capacity (%) Loss of freshness (%) 
Sample 

0 day 1 day 3 day 5 day 1 day 3 day 5 day 
Control (100% 

WF)  
296 

268 220 
140 9.46 25.68 52.10 

80% WF + 20% 
CF  

265 
220 170 

90 16.98 35.83 66.04 

Gum Arabic (%) 

1 373 240 200 120 12.10 26.74 56.04 

2 280 248 206 125 11.43 26.43 55.36 

3 282 246 210 130 12.77 25.53 53.90 

Pectin (%) 

1 276 244 205 130 11.59 25.72 52.90 

2 281 255 212 140 9.25 23.49 50.17 

3 284 250 225 142 1197 20.77 50.00 
WF = wheat flour                                             CF = corn flour 
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Chemical composition of bread 
Data presented in Table (7) show gross 

chemical composition of corn-wheat bread in 
comparison with the wheat bread. Corn-wheat bread 
was lower in protein and carbohydrates and higher in 

fat content than wheat bread. Addition of gum arabic 
or pectin to corn-wheat bread did not appreciably 
change the chemical composition of bread samples 
except the carbohydrate content.  
 

 
Table (7): Chemical composition of pan bread (% on dry weight basis). 

Sample  Protein  Fat  Ash  Fiber  CHO 
Control (100% 

WF)  
12.20±0.35 3.2±0.30 1.3±0.05 1.2±0.09 82.1±0.79 

80% WF + 20% 
CF  

11.82±0.17 3.7±0.29 1.6±0.05 1.5±0.11 81.4±0.62 

Gum Arabic (%) 
1 11.85±0.40 3.7±0.36 1.6±0.10 1.5±0.08 81.4±0.94 
2 11.90±0.31 3.8±0.30 1.7±0.11 1.5±0.11 81.1±0.83 
3 11.95±0.23 3.8±0.46 1.8±0.06 1.7±0.16 80.8±0.91 

Pectin (%) 
1 11.92±0.20 3.7±0.31 1.6±0.07 1.6±0.08 81.1±0.66 
2 11.96±0.33 3.8±0.21 1.6±0.7 1.6±0.09 80.9±0.72 
3 12.00±0.34 3.9±0.40 1.8±0.17 1.8±0.10 80.5±0.97 

WF = wheat flour              CF = corn flour               CHO = Carbohydrate 
 
4. Conclusion: 

On the basis of this study, addition of gum 
arabic or pectin to wheat-corn bread improved 
volume and specific volume, enhanced sensory 
characteristics and retarded staling of bread. The best 
levels of gum arabic and pectin were 2 and 3%, 
respectively. 
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Abstract: A total of 170 strains were isolated from 40 traditional Rayeb milk samples that were collected from 
different areas in Egypt. The Lactic acid bacteria (LAB) dominated the microbial population of Rayeb milk and 
were identified on basis of their morphological, physiological and biochemical (API) characteristics. Among the 
isolates, the Lactobacilli were dominant. The distribution of the isolates by genus was as fallows: Lactobacilli 
(30%), Leuconostoc (26%), Enterococcus (20%), Streptococcus (18%) and Aerococcus (6%). Thirty eight 
representative LAB strains were identified to species level belonging to species Str. thermophilus, L. bulgaricus, L. 
helviticus, L .acidophilus, L. delbuerkii, Leu. cremoris, Ent. faecium, Str. durans, Str. acidomonas and Aer. viridans. 
The identified strains were then evaluated for some technological properties. Most strains of lactobacilli produced 
EPS and two strains only had antagonistic properties against E. coli and S. aureus. [Journal of American Science 
2010;6(10):728-735]. (ISSN: 1545-1003).   
 
Key words: Traditional Egyption Rayeb milk, LAB, API technique.  
 
1. Introduction: 

Dairy products made from locally produced 
raw milk are still a very important part of the daily 
diet; the nature of these products is different from one 
region to another depending on the local indigenous 
microflora, which in turn reflects the climatic 
conditions of the area. These products have one 
feature in common: fermentation by lactic acid 
bacteria (LAB) is an integral part of their 
manufacture.  
 Rayeb milk is a traditional fermented milk 
product popular in rural areas of Egypt; Rayeb milk 
is traditionally made from raw buffalo milk by 
spontaneously fermentation. The raw milk is left to 
sour spontaneously at room temperature until it 
coagulate; it contains a mixed culture of lactic acid 
bacteria and other fermentative organisms. 

Lactic acid bacterial (LAB) have a long 
history of safe use in fermented foods. Today, LAB 
still play an essential role in the majority of food 
fermentations and one of the most important 
contributions of these microorganisms is the extended 
shelf life of fermented products. However, they also 
have beneficial influence on nutritional and sensory 
characteristics as well as on the standardization of 
end products (De vuyst and Leroy, 2007 and Olaoye 
and Onilude, 2008) 

 Nowadays, consumers demand large 
variations in flavour of dairy products besides 
consistency in overall quality. Therefore, the dairy 
industry is keen on exploring new possibilities for 
expanding the diversity of its product range. 
Accordingly, there is great interest in searching for 

potential starter organisms from the pool of wild 
LAB recoverable from raw milk or raw milk products 
(Wouters et al., 2002).  The need for new products 
requires the use of new microbial strains with novel 
properties. This has led to a request for novel strains 
for the innovation and diversification of dairy 
products. This novel strain can be achieved either by 
exploring the biodiversity within natural from various 
ecological niches or by genetic modification of 
known production strains. The wild lactic acid 
bacterial flora represents a natural reservoir for 
cultures that were not exposed to any industrial 
selection. Some interesting characteristics of these 
microorganism are their ability to produce acid at a 
high and predictable rate, proteolytic activity, 
synthesize EPS and produce antimicrobial 
compounds which is essential in fermented milk 
starter strains (El Soda et al ;2003). 

Therefore, the isolation and identification of 
new strains from the Egyptian traditional Rayeb milk 
is necessary in order to bring novel strains to the 
industry. Phenotypic methods relying on 
physiological and biochemical criteria have been 
widely used for LAB identification. The use of 
phenotypic mean of identification of LAB from 
different sources has been reported (Guessas and  
kihal, 2004 and Nair and surendran,2005). 
 The objective of this study was to 
characterize and identify dominant  LAB that occur 
naturally in the  Egyptian traditional Rayeb milk by 
using both physiological and biochemical methods 
and to determine  their technological properties . 
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2. Materials and Methods 
1- Collection of samples: 

Forty samples of Rayeb milk made by 
traditional method were collected aseptically from 
local producers from Giza, Mnofeya, Sharkeya, 
Mansoura and Fayoum governorates (eight samples 
from each governorate). Samples were brought to the 
laboratory at 4-5 ° C by using of an icebox and stored 
in laboratory under refrigeration at 4° C until used. 

 
2- Microbial population counting:  
2.1- Lactic acid bacterial count: 

Lactic acid  bacterial count (LAB) was estimated 
using tomato juice agar medium as described by 
Oxoid Manual (1982). 
2.2- Coliform Count: 

Coliforms were counted using Violet Red Bile 
Agar medium as reported by American public Health 
Association (APHA,1992). 
2.3- Staphylococci Count : 

Staphylococci count were determined using 
Baird Parker Base medium ,according to Niskanen 
and Aalto (1978). 
2.4- Mould and yeasts count 

Moulds and yeasts count were determined 
using Malt-Extract Agar medium as suggested by 
Harrigan and Mc Conce (1976). 

 
3- Isolation of lactic acid bacteria: 

Ten milliliters of each Rayeb milk samples were 
aseptically added into 90 ml of sterile 0.9% NaCl 
solution and mixed thoroughly. Serial dilutions (10-1 
to 10-7) performed and 1 ml aliquots of appropriate 
dilution were directly inoculated in triplicate on the 
following media: 
 (a) MRS agar (Oxoide, UK), incubated anaerobically 

in an Anaerobic Gas-Pack system (Biomerieux, 
France) for 48 h at 37° C for isolation of 
lactobacilli(De Man et al .,1960);  

(b) M17 agar  (Oxoide), incubated aerobically for 48 
h at 37oC for isolation of lactobacilli, enterococci 
and Streptococcus thermophilus (Therzaghi and 
Sandine,1975); 

(c) MRS agar containing 30 μgml-1 vancomycin 
(Sigma, USA) incubated anaerobically for 72 h at 
25 ° C for isolation of leuconostoc (Florez et 
al.,2006). 

After incubation, all colonies from plates 
representing 15-20 colonies were further purified by 
successive streaking on the corresponding agar. 
 One hundred and seventy purified isolates 
were obtained from the above mentioned samples. 
These isolates were preserved in sterile skim milk 
supplemented with 15% (v/v) glycerol as 
cryoprotective agent and stored at -20 °C until further 
tests. 

 
4- Identification of lactic acid bacteria  
4.1. Preliminary characterization of isolates: 

All isolates were microscopically examined for 
Gram stain reaction, cell morphology and cellular 
arrangement(Gerhardt etal.,1981 and Sneath et 
al.,1986). Catalase activity and production of CO2 
from glucose (Harrigan and McCance,1976) were 
also determined to identify the isolates at the genus 
level. Only Gram-positive and Catalase negative 
isolates were identified at species level. 
4.1.1. Catalase test: 

A drop of 3 percent hydrogen peroxide was 
placed on a clean microscopic slide. A visible amount 
of bacterial growth was added with the inoculating 
loop. Both were mixed and observed for gas bubble 
production. 
4.1.2. CO2 production from glucose: 

Fifty μl of overnight cultures were transferred 
into the 8 ml of MRS and M17 broth media with 
inverted Durham tube. After incubation for 5 days at 
30 °C, gas accumulation in Durham tubes was taken 
as the evidence for CO2 production from glucose. 
4.2. API Systems: 

The API 50 CHL test strips (Biomerieux, 
France) was used for the identification of lactobacilli, 
lactococci, leuconostoc, pediococcus and S. 
thermophilus strains while API 20 STREP 
(Biomerieux, France) was used for the enzymatic and 
carbohydrate fermentation patterns of enterococci 
strains. The API system was preformed according to 
the manufacture’s instructions. The API LAB PLUS 
database (Bio Merieux, France) was used for the 
interpretation of the result. 

 
5- Performance tests: 
5-1 Acid production: 

Acid production ability was assayed by 
inoculating 10% skim milk with 24 h old cultures at 
1% level and incubation at 30 C. Acidity was 
determined every 1 h to 7 h of incubation. 
5-2 Antibacterial activity: 
 LAB isolates were screened for antibacterial 
activity by the agar well diffusion method of 
(Varadaraj et al., 1993). The indicator strains used 
included E. coli and Staph. aureus. Pure isolated 
strains were cultivated in broth media and were added 
at 0.1 ml to each well and the petri plates were kept at 
4 C for 2h to facilitate diffusion of culture into the 
medium. The plates were then incubated at 37 C for 
24h. The plates were checked for zones of inhibition 
surrounding the producer strain colonies (Geis et al., 
1983). 
 
5-3 Exopolysaccharides production: 
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The screening of EPS production was 
limited to the strains showing weak pellet after 
centrifugation. The procedure used was that 
described by (Prescott et al., 1996). The strain 
producing capsules were plated on the suitable media 
and incubated at the optimum growth temperature for 
24hr. They were tested for slime formation using the 
loop. 
 
3. Results and Discussion: 
Microbial population of traditional Rayeb milk:  

The mean log counts (cfug-1) of the dominant 
microbial groups of the forty batches of Rayeb milk 
collected from five Egyptian governorates are 

summarized in Table (1). Counts of coliform, mould 
and yeasts and Staphylococci groups were high in all 
samples from different governorates, and ranged from 
1.02×10-2 to 9.89×10-2 cfug-1. All these populations rose 
from around 102cfug-1 to 104 cfug-1. These results can be 
explained by the fact that the methods of production of 
the various traditional foods are usually primitive and 
the major risk enhancing factors are the use of 
contaminated raw materials, lack of pasteurization and 
inadequate fermentation and storage conditions 
(Savadogo et al.,2004) .Despite the large number of 
different bacterial species of the  lactic acid bacteria 
(LAB) group dominated the microbiota, in all samples 
to reach a final population of around 106 to 107 cfug-1 . 

 
Table (1): Mean log counts *(cfug-1) of microbial groups found in Rayeb milk samples obtained from different Egyptian 

governorates. 

Egyptian governorates** Microbial 
groups 

A B C D E 
LAB 2.2×106±278 1.66×106±307 2.2×106±214 2.30×107±312 2.0×106±221 
Coliform 1.99 ×102±379 1.42×102±387 4.62×102±126 3.30×102±840 2.33×102±362 
M & Y 1.02×102±1.52 3.57×102±3.52 4.87×102±411 4.68×102±952 6.74×102±801 

Staph 3.99×102±411 7.87×102±892 2.28×102±389 9.89×102±2.51 1.16×102±2.96 
* Mean log counts±SD  **A: Giza         B: Mnofeya        C: Sharkeya      D: Mansoura      E:  Fayoum 
 

Isolation and identification of LAB: 
LAB was the predominant microbial group 

in Rayeb milk, which is important because of the key 
role it plays in fermentation processes and its 
production of lactic acid and antimicrobial 
substances, as well as its potential use as a starter of 
Rayeb milk in standardized production. For these 
reasons, LAB strains were isolated and identified.  

One hundred and seventy LAB isolated from 
Rayeb milk samples were identified phenotypically. 
The isolates were grouped on the basis of Gram stain 
reaction, cell shape, cellular arrangement, production 
of acid from glucose and lactose ,production of gas 
from glucose and catalase activity (Data not shown) . 
Based on phenotypic characteristics, the majority of 

isolates were Gram-positive and catalase-negative. 
Table (2) summarizes the results above described and 
distribution of isolates from the different media as 
follows: 67 isolates on M17 agar, 57 isolates on MRS 
agar and 46 isolates on MRS+V agar. According to 
these results, the estimated selectivity of M17 was 
80.6, 94.1 and 100% for Streptococcus, Enterococcus 
and Aerococcus, respectively . The selectivity of the 
MRS medium was 92.0% for Lactobacilli and it was 
<10% for other genera, while the selectivity of the 
MRS+V medium was 88% for Leuconostoc and it 
was <10% for other genera. Similar results were 
reported in Florez et al., 2006 who found that the 
estimated selectivity was 67.1, 59.3 and 93.6% for 
M17, MRS and MRS+V, respectively . 

 
Table (2): Grouping of representative strains of LAB isolated  from traditional Rayeb milk using different media  

Culture medium* 
Genus 

M17 MRS MRS+V 
Total 

Streptococci 25 4 2 31 

Lactobacilli - 46 4 50 
Leuconostoc - 5 40 45 
Enterococci 32 2 - 34 
Aerococcus 10 - - 10 

Total 67 57 46 170 
*Culture media utilized for counting of the different lactic acid bacteria groups:  
M17 for streptococci         MRS for lactobacilli            MRS plus vancomycin (  μg ml-1) for leuconostoc spp. 
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Fig.(1) illustrates the distribution  at genus 
Level of 170 LAB identified from Rayeb milk .  The 
isolates were divided into five genera: lactobacilli 
(30%), Leuconostoc (26%), enterococci (20%) 
Streptococci (18%) and aerococcus (6%) (Fig1). 
Similar results were reported by Savadogo et al. 
(2004) and Harun-ur-Rashid et al. (2007) who 
identified six genera from traditional fermented milk 
:leuconostoc, lactococcus, lactobacillus, 
enterococcus, streptococcus and pediococcus. 

Leuconostoc 
26%

Enterococci
20%

Aerococcus 
6%

Streptococci, 
18%

Lactobacilli, 
30%

 
Fig (1): Distribution of LAB at genus level isolated from 

traditional Rayeb milk in Egypt.  
 

The dominance of lactobacillus among the 
isolated strains is consistent with the finding of El-
Shafei (2002), as the Rayeb milk is the heterogeneous 
mixture of different microorganisms. Moreover, The 
buffalo milk, which is commonly used for the 
preparation of this fermented milk , might favour the 
growth of these species .Lactobacillus is able to 
survive in highly acidic environment of pH=4 to 5 or 
even lower ,and due to these properties, lactobacillus 
is responsible for final stages of fermentation in the 
products . This further showed that low pH 
conditions favour the growth of lactobacillus( 
Soomro and Masud,2007). 
 
Identification of LAB to species level: 

The isolated LAB were identified on basis of 
their morphological characteristics, gas and acid 
production from glucose and lactose (Table 3). 

Based on phenotypic characteristics and 
interpretation of the API database, thirty eight strains 
were satisfactorily identified, of which 22 were 
identified using a sugar – fermentation profile API 20 
STREP and 16were identified using API 50  as 
shown in Table (4). These strains were tentatively 
identified as Str. thermophilus, L. bulgaricus, L. 
helviticus, L. acidophilus, L. delbuerkii, Leu. 
cremoris, Ent. faecium, Str. durans, Str. acidomonas 
and Aer. viridans. 

 
 
Table (3): Morphological and simple physiological Characterization of LAB isolated from the traditional Rayeb 

milk  

Species 
No. of 

isolates 
Cell 

shape 

Gram 
stain 

reaction 

Catalase 
activity 

Acid 
from 

glucose 

Acid 
from 

lactose 

CO2 
from 

glucose 

Cellular 
arrangement 

Enterococcus 
faecium 

11 spherical (11)    + (11)   -   (11)  + (11)  + 2/9 
pairs and short 

chains 
Aerococcus 

viridians 
7 Cocci  (7)    + (7)   -  (7)  + (7)  + 1/6 single and pairs 

Str. Acidomonas 4 spherical (4)   + (4) - (4)  + (4)  + 0/4 short chains 

Lb. bulgaricus  4 Rods (4)   + (4)  -   (4)  + (4)  + 0/4 
single, pairs and 

short chains 

Lb. acidophilus  3 Rods (3)   + (3)   - (3)   + (3)   + 0/3 
single, pairs and 

short chains 

3 spherical (3)   +  (3)   - Str. Thermophilus (3)   + (3)   + 0/3 
pairs and long 

chains 

Lb. delbuerkii  2 Rods (2)     + (2)  - (2)  + (2)  + 0/2 
single, pairs and 

short chains 

Leu. Cremoris   2 Cocci (2)   +  (2)  -   (2)  +   (2)  - 2/0 
pairs and short 

chains 

Lb. helviticus 1 Rods (1)   +  (1)  - (1)  +   (1)  + 0/1 
single, pairs and 

short chains 

Str. Durans  1 Cocci (1)   +   (1)- (1)  + 0/1 
pairs and short 

chains 
(1)   + 

( +) all strain positive            ( - ) all strain negative             (-/-) number of positive /negative strain 
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Table (4): API results of isolated strains 

Species identified using API 
system 

No. of identified 
strains 

Frequency (%) in 
total 

Frequency (%) in 
genus 

Enterococcus faecium 11 28.9 100 
Aerococcus viridans 7 18.4 100 
Str. acidomonas 4 10.5 50 
Lb. bulgaricus 4 10.5 40 

Lb. acidophilus 3 7.9 30 

Str. thermophilus 3 7.9 37.5 

Lb. delbuerkii 2 5.3 20 

Leu. cremoris 2 5.3 100 

Lb. helviticus 1 2.6 10 

Str. durans 1 2.6 12.5 

 
Based on API 20 STREP identification, 11 

isolates (28.9%) were registered as Ent. faecium, 7 
isolates (18.4%) as Aer. viridans and 4 isolates 
(10.5%) as Str. acidominimus (Table 4). The high 
percentage of Ent. faecium is an indicator of the key 
role played by these bacteria in the Rayeb milk 
fermentation process , analogous behavior has been 
reported in a  large variety of Egyptian dairy products 
(EL.Soda etal.,2003 ). S. acidominimus was identified 
as the etiologic agent of community – acquired 
pneumonia, pericardits and meningitis in an adult 
male (Akaike et al.,1988). 

As shown in Table (4), identified 
Lactobacillus strains (26.3%) were classified into 4 
species. L. bulgaricus was the predominant species 
(10.5%) followed by L. acidophilus (7.9%), L. 
delbuerkii (5.3%) and L. heliviticus (2.6%). Similar 
results were obtained by (Hamza et al. (2009) who 
found that 33.3% of isolates from Sudanese sour   
milk (Rayeb) was general lactobacillus.  Beukes et al. 
(2001) and Harun-ur-Rashid et al. (2007) reported 
that five genera of LAB (streptococcus, 
Lactobacillus, Enterococcus, Leuconostoc and 
Lactococcus) were found in traditionally fermented 
South African milk. Among the other species found 
in the Rayeb is the Str.thermophilus which 
represented 7.9% as identified by the API 50 CHL 
identification system. Two of the 38 representative 
isolates (5.3%) were identified as Leu. mesenteroides 
subsp. cremoris. Analysis of the representative of 
these isolates (38 isolates) showed that 2.6% 
belonged to the species Str. durans.  

The predominance of lactobacillus genera 
due to these types of bacteria are commonly 
associated with the warm climatic condition of 
productive regions (Cueto et al., 2007). While 
Leuconostoc strains were found at low level because 
they are mesophilic bacteria, complex nutritional 

requirements and show a weak competitiveness 
during milk fermentation (Mathara et al., 2004). 

All these species identified can contribute to 
the quality of Rayeb traditional fermented milk by 
acid, flavour and aroma production. 
 
Technological properties of LAB isolates: 
 Study of technological properties of LAB 
strains isolated from traditional Rayeb milk is an 
important criterion for selection of starter cultures to 
be used in the standardized production of Rayeb 
milk. 
 
1- Acidifying activity: 

Table (5) showed the technological activities 
of isolates from the traditional Rayeb milk (acid and 
EPS production and antibacterial activity). 
 The ability of LAB strains for acid 
production at 30 °C were performed. The obtained 
results revealed that the acidifying activity of 
Lactobacillus strains was significantly higher than the 
activity of the other species. The data in  Table (5) 
shows a typical example of ten cultures with different 
acidifying rates. The acidity was higher at 5h 
especially for L. helveticus reach the maximum 
values (1.5%). All strains of L. bulgaricus. L. 
acidophilus and L. delbuerkii are considered to 
produce higher titratable acidity reach 0.79-0.81%. 
These results concur with those reported by other 
authors (Alonso-Calleja et al., 2002 and Badis et al., 
2004a). 

The acidifying capacity of the S. thermopilus 
isolates obtained was relatively homogeneous, after 
5h incubation. However, the values were around 
0.58% after 5h. The speed of acidification was slow 
by comparison with the Lactobacillus isolates. These 
results are in agreement with Zourari et al., 1992 and 
Badis et al., 2004b. 
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Among the other isolated strains found in 
the present study are Ent. faecium, Aer. viridans, Str. 
acidomonas and Str. durans which produced acidity 
varied between 0.52 and 0.73% after 5h of 
incubation. Slow acidifying activity was found in 
leuconostoc isolates. This genus is heterofermentative 
and sensitive to growth at low pH (Kihal et al., 1996). 
 The difference observed from one lactic acid 
bacteria species to another were explained by Badis 
et al., 2004. In fact, the acidifying activity of each 
strain is related to its specific capacity to break down 
the substances in the medium and render the  

capable of assimilation. On occasion, differences are 
also due to the presence or absence of nutrient 
transport systems (Albenzio et al., 2001). 

m 

 From the date in Table (5), it can be noticed 
that, L.helveticus only caused coagulation of milk 
after 3h. However, all isolated strains except Leu. 
cremoris caused coagulation of milk after 5h with 
different rate of acid production. Coagulation of milk 
by LAB strains shows their potential as starters or 
adjunct cultures in the production of fermented milk 
products. 

 
Table (5): Technological activities of isolates (antibacterial activity, acid and EPS production) from traditional 

Rayeb milk 
Antibacterial activity 
E. coli S. aureus 

EPS Acidification and coagulation 
Strains 

No. of 
isolates 

- + - + - + 3hr 4hr 5hr 
Enterococcus 

Faecium 
11 11 - 11 - 11 - -(0.37) -(0.48) +(0.71) 

Aerococcus 
Viridians 

7 7 - 7 - 7 - -(0.38) -(0.42) +(0.52) 

Str. Acidomonas 
 

4 - 4 - 4 1 3 -(0.44) +(0.65) +(0.73) 

Lb. bulgaricus 
 

4 3 1 2 2 - 4 -(0.36) -(0.59) +(0.81) 

Lb. acidophilus 
 

3 3 - 3 - 3 - -(0.35) +(0.63) +(0.81) 

Str. Thermophilus 
 

3 3 - 3 - 1 2 -(0.25) -(0.50) +(0.58) 

Lb. delbuerkii 
 

2 2 - 2 - 1 1 -(0.43) +(0.73) +(0.79) 

Leu. Cremoris 
 

2 1 1 2 - 2 - -(0.19) -(0.25) -(0.28) 

Lb. helviticus 
 

1 1 - 1 - - 1 +(0.65) +(0.97) +(1.5) 

Str. Durans 
  1 1 - 1 - 1 - -(0.38) -(0.46) +(0.65) 

 
 
2- EPS production: 
 Microbial exopolysaccharides are used as 
thickeners or viscosifiers, stabilizing or emulsifying 
agents, and as gelling and water-binding agents or 
texturizers. From Table(5) showing the ability of 38 
strains to produce EPS, it appears that all L. 
bulgaricus isolates, 2 of 3 S. thermophilus, 1 of 2 L. 
delbuerkii and L. helviticus isolates were able to 
produce EPS. These cultures will be used for their 
ability to improve the texture of Rayeb milk 
(Marshall and Rawson, 1999). 
 
3- Antibacterial activity: 
 The culture of LAB, that included 38 
isolates of genera of lactobacillus, streptococcus, 

leuconostoc, enteococcus and aerococcus isolated 
from traditional Rayeb milk were tested by well 
diffusion method to know if the antibacterial 
metabolites produced. From the results (Table 5), it 
could be noticed that none of Enterococcus, 
Aerococcus, S. thermophilus, L. acidophilus, L. 
delbuerkii and L. helviticus isolates showed 
antibacterial activity against indicator strains of E. 
coli and S. aureus. Among the L. bulgaricus strains, 
one strain showed antibacterial activity against E. coli 
and S. aureus, while the another strain showed 
antibacterial activity against S. aureus only. This 
suggests that antimicrobial properties of such strains 
can reduce the number of other undesired 
microorganisms in milk products as well as perform 
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essential roles in the preservation of product for 
human consumption (Mufandaedza et al., 2006). 
 In conclusion, this study on traditional 
Egyptian Rayeb milk showed that lactic acid bacteria 
are the dominant microflora, which have a significant 
effect on the overall  quality of  Rayeb milk. Some of 
the isolated and identified LAB showed outstanding 
performances that were similar to commercialy 
available cultures. The further study will be focus on 
the genotypic characterization of these isolates 
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Abstract: Plants produce a diverse range of bioactive molecules, making them a rich source of different types of 
medicines. A regular and widespread use of herbs throughout the world has increased serious concern over their 
quality, safety and efficacy. Thus, a proper scientific evidence or assessment has become the criteria for acceptance 
of herbal health claims. In the present study, we examined the anti-oxidant effects of leaves of Tinospora cordifolia. 
Dried and powered leaves of T. cordifolia were extracted with hexane, chloroform, methanol, ethanol and water. 
Total phenolic and flavonoid contents of different solvent extracts were determined. Of the different solvent 
extracts, ethanol extract had the highest phenol and flavonoid content of 5.1±0.25 mg/g and 0.52±0.02 mg/g 
respectively. Antioxidant assays were carried out by using different in vitro models such as total reducing power, 
total antioxidant activity, lipid peroxidation inhibitory activity, DPPH radical scavenging activity and superoxide 
radical scavenging activity. Ethanol extract showed the highest total antioxidant activity of 41.4±0.45 µM Fe(II)/g. 
The EC50 values of ethanol extract for lipid peroxidation inhibitory activity and DPPH radical scavenging activity 
was found to be 0.1 and 0.5 mg/ml respectively. The anti-oxidant activities of other solvent extracts were poor when 
compared to the ethanol extract. These results suggest that, the active antioxidant compounds are better extracted in 
ethanol and there is a direct correlation between the total polyphenols extracted and its anti-oxidant activity. The in 
vitro anti-oxidant activity of T. cordifolia justifies the ethno medical use of this plant. [Journal of American Science 
2010;6(10):736-743]. (ISSN: 1545-1003).   
 
Key words: Medicinal plant; Tinospora cordifolia; solvent extracts; anti-oxidant activity 

 

1. Introduction 
      Plants have been a source of medicine in the past 
centuries and today scientists and the general public 
recognize their value as a source of new or 
complimentary medicinal products. Recently, wide 
array of research investigations highlight the 
potential health beneficial principles from phytal 
sources. Over the past twenty years, interest in 
medicinal plants has grown enormously from the use 
of herbal products as natural cosmetics and for self-
medication by the general public to the scientific 
investigations of plants for their biological effects in 
human beings. Beyond this pharmaceutical approach 
to plants, there is a wide tendency to utilize herbal 
product to supplement the diet, mainly with the 
intention of improving the quality of life and 
preventing the diseases of elderly people (Maffei, 
2003). 
      The WHO estimates that up to 80% of people still 
rely mainly on traditional remedies such as herbs for 
their medicine (Tripathi and Tripathi, 2003). India 
has been identified as a major resourceful area in the 
traditional and alternative medicines globally. Multi-
factorial health beneficial activity of these plant 
extracts has been attributed to multi-potent anti-
oxidant, anti-microbial, anti-cancer, anti-ulcerative 
and anti-diabetic properties. Generally, anti-oxidants 

have been identified as major health beneficial 
compounds reported from varieties of medicinal 
plants and are sources for alternative medicines 
(Daniel, 2005). 
     Free radicals or reactive oxygen species (ROS) are 
formed in our body as a result of biological 
oxidation. The over production of free radicals such 
as hydroxyl radical, super oxide anion radical, 
hydrogen peroxide can cause damage to the body and 
contribute to oxidative stress (Diplock, 1994; 
Thomson, 1995). Oxidative damage of proteins, 
DNA and lipid is associated with chronic 
degenerative diseases including cancer, coronary 
artery disease, hypertension, diabetes etc (Lee et al., 
2000) and compounds that can scavenge free radicals 
have great potential in ameliorating these disease 
processes (Kris-Etherton et al., 2002; Di Malteo and 
Esposito, 2003; Behera et al., 2006). Most of the 
reactive oxygen species are scavenged by 
endogenous defense systems such as catalase, 
superoxide dismutase and peroxidase-glutathione 
system (Rice-Evans and Bourdan, 1993). But these 
systems may not be completely efficient requiring 
them to depend on exogenous anti-oxidants from 
natural sources.  
     Medicinal plants constitute one of the main 
sources of new pharmaceuticals and health care 
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products. A whole range of plant derived dietary 
supplements, phytochemicals and pro-vitamins that 
assist in maintaining good health and combating 
disease are now being described as functional 
ingredients and neutraceuticals. The role of medicinal 
plants in disease prevention or control has been 
attributed to antioxidant properties of their 
constituents (Ivanova et al., 2005). The protective 
effect of plant products are due to the presence of 
several components such as enzymes, proteins, 
vitamins (Halliwell, 1996), carotenoids (Edge et al., 
1997), flavonoids (Zhang and Wang, 2002) and other 
phenolic compounds (Argolo et al., 2004). 
     Since synthetic anti-oxidants, such as butylated 
hydroxyanisole (BHA) and butylated hydroxytoluene 
(BHT) have restricted use in foods, the search for 
natural anti-oxidants has greatly increased in the 
recent years. The researchers have focused on natural 
anti-oxidants and numerous crude extracts and pure 
natural compounds have been recognized to have 
beneficial effects against free radicals in biological 
systems as anti-oxidants (Reena et al., 2004; Hazra et 
al., 2008; Demiray et al., 2009).  
     Tinospora cordifolia Miers. is a widely used shrub 
in folk and Ayurvedic systems of medicine. It is a 
large, glabrous, deciduous climbing shrub belonging 
to the family menispermaceae. It is distributed 
throughout tropical Indian subcontinent and China. It 
is reported to possess anti-spasmodic, anti-
inflammatory, anti-allergic, anti-diabetic, anti-
oxidant properties (Singh et al., 2003). 
     The objective of the present study was to 
determine the anti-oxidant activity of T. cordifolia 
leaves in different solvent extracts using standard 
methods. The findings from this work may add to the 
overall value of the medicinal potential of the shrub, 
since most of the studies have focused on antioxidant 
activities of root and stem of T. cordifolia. 
 
2. Materials and Methods 
2.1. Plant material 
       Fresh and healthy leaves of T. cordifolia were 
collected from local growers. The leaves were 
washed thoroughly in distilled water and the surface 
water was removed by air drying under shade. The 
leaves were subsequently dried in a hot air oven at 40 
0C for 48h, powdered and used for extraction. 
 
2.2. Preparation of aqueous extract 
       Fifty grams of powdered leaves of T. cordifolia 
was macerated with 100 ml sterile distilled water in a 
blender for 10 min. The macerate was first filtered 
through double layered muslin cloth and centrifuged 
at 4000 g for 30 min. The supernatant was filtered 
through Whatman No.1 filter paper and heat 
sterilized at 120 0C for 30 min. The extract was 

preserved aseptically in a brown bottle at 4 0C until 
further use. 
 
2.3. Preparation of solvent extract 
       Fifty grams of shade dried powered leaf material 
was extracted successively with chloroform, hexane, 
methanol and ethanol until the plant material became 
colorless. It was then filtered with sterile Whatman 
filter paper into a clean conical flask and the filtrate 
was transferred into the sample holder of the rotary 
flash evaporator. The extracts so obtained was 
weighed and preserved at 4 0C in airtight bottles until 
further use.  
 
2.4. Total phenolic content 
       Total soluble phenolic content was estimated by 
Folin-Ciocalteau reagent method (Malick & Singh, 
1980) using gallic acid as a standard phenolic 
compound. One ml of stock solutions of different 
solvent extracts was prepared (1g/ml) from which 
different aliquots were pipetted out into test tubes. 
The volume was made up to 3 ml with distilled water 
to which freshly prepared Folin-Ciocalteau reagent 
was added. After 3 min, 2 ml of 20% sodium 
carbonate solution was added to each tube and mixed 
thoroughly. The tubes were placed in boiling water 
for one minute, cooled and the absorbance was 
measured at 650 nm in a spectrophotometer against a 
reagent blank. The concentrations of the total 
phenolic compounds in the extracts were obtained by 
extrapolating the absorbance of gallic acid on 
standard gallic acid graph. The experiment was 
repeated thrice and concentration of total phenols was 
expressed as mg /g of dry extract. 
 
2.5. Total flavonoid content        
       The total soluble flavonoid content was 
estimated by aluminium chloride colorimetric method 
for both aqueous and solvent extracts (Woisky & 
Salatino, 1998). 0.5ml of stock solution (1g/ml) of 
the extract, 1.5 ml methanol, 0.1ml potassium acetate 
(1M) was added to reaction test tubes and volume 
was made up to 5 ml with distilled water. After 
incubation at room temperature for 30 min, the 
absorbance of the reaction mixture was measured at 
415 nm. Total flavonoid content was calculated by 
extrapolating the absorbance of reaction mixture on 
standard curve of rutin. The experiment was repeated 
thrice and the total flavonoid content was expressed 
as equivalent to rutin in mg/ g of the extracts. 
 
2.6. Antioxidant activity assays 
2.6.1. Total reducing power 
          The determination of reducing power was 
performed as described by Yen and Duh (1993). 
Various extracts (0.1 - 0.9 mg/ml) were mixed with 
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phosphate buffer (500 µl, 20 mM, pH 6.6) and 1% 
potassium ferricyanide (500 µl), and incubated at 50 
0C for 20 min; 500 µl of 10% trichloro acetic acid 
were added, and the mixture was centrifuged at 2500 
rpm for 10 min. The supernatant was mixed with 
distilled water (1.5 ml) and 0.1% ferric chloride (300 
µl) and the absorbance was read at 700 nm. The 
experiment was repeated thrice. Increase in the 
absorbance of the reactions mixture indicated 
increase in the reducing power. 
 
2.6.2. Ferrous reducing antioxidant power assay 
(Total antioxidant activity assay) 
          The method employed was a modification 
method of Benzie & Strain (1996) method. The stock 
solutions included 300 mM acetate buffer (pH 3.6), 
10 mM 2, 4, 6-tripyridyl-s-tri-azine solution in 40 
mM HCl, and 20 mM FeCl3.6H2O solution. The fresh 
working solution was prepared by mixing 25 ml 
acetate buffer, 2.5 ml TPTZ and 2.5 ml FeCl3.6H2O. 
The temperature of the solution was raised to 37 0C 
before using. Plant extracts (150 µl) were allowed to 
react with 2850 µl of the FRAP solution for 30 min 
in the dark condition. Readings of colored product 
(ferrous tripyridyltriazine complex) were taken at 593 
nm. The experiment was repeated thrice. Results 
were expressed in µM Fe (II)/g dry mass and 
compared with that of BHT. 
 
2.6.3. Lipid peroxidation inhibitory activity 
          The lipid peroxidation inhibitory activity of the 
leaf extracts was determined according to the method 
of Duh & Yen (1997). Egg lecithin (3 mg/ml 
phosphate buffer, pH 7.4) was sonicated in an 
ultrasonic sonicator for 10 min to ensure proper 
liposome formation. Test samples (100 µl) of 
different concentrations (0.1 - 0.9 mg/ml) were added 
to liposome mixture (1 ml); the control was without 
test sample. Lipid peroxidation was induced by 
adding ferric chloride (10 µl, 400 mM) and L-
ascorbic acid (10 µl, 200 mM). After incubation for 1 
h at 370 C the reaction was stopped by adding 
hydrochloric acid (2 ml, 0.25 N) containing 
trichloroacetic acid (150 mg/ml) and thiobarbutyric 
acid (3.75 mg/ml). The reaction mixture was 
subsequently boiled for 15 min, cooled, centrifuged 
at 1000 rpm for 15 min and the absorbance of the 
supernatant was measured at 532 nm and compared 
with that of BHA.  Percentage radical scavenging 
was calculated using the following formula: 
% Inhibition = [(Acontrol – (Asamaple - Asampleblank / 
Acontrol] x 100 
 
2.6.4. DPPH radical scavenging activity 
          The free radical scavenging activity of the leaf 
extracts was assayed using a stable free radical, 1, 1-

diphenyl-2-picryl hydrazyl (DPPH). The DPPH 
scavenging assay employed in the present study was 
a modification of the procedure of Moon & Terao 
(1998). 0.1 ml of test sample at different 
concentration (0.1 - 0.9 mg/ml) was mixed with 0.9 
ml of Tris-HCl buffer (pH 7.4); then 1 ml of DPPH 
(500 µM in ethanol) was added. The mixture was 
shaken vigorously and left to stand for 30 min. The 
absorbance of the resulting solution was measured at 
517 nm in a spectrophotometer and compared with 
that of BHA. The experiment was repeated thrice. 
The percentage of DPPH scavenging was calculated 
using the following formula: 
% Scavenging = [(Acontrol – (Asamaple - Asampleblank / 
Acontrol] x 100 
 
2.6.5. Superoxide radical scavenging activity 
          The measurement of superoxide anion 
scavenging activity was based on the method by 
Fontana, Mosca, & Rosei (2001). Superoxide radical 
is generated in phenazine methosulfate-nicotinamide 
adenine dinucleotide (PMS-NADH) systems by 
oxidation of NADH and assayed by the reduction of 
nitroblue tetrazolium (NBT) to a purple formazan. 
The 1 ml reaction mixture contained phosphate buffer 
(20 mM, pH 7.4), NADH (73 µM), NBT (50 µM), 
PMS (15 µM) and various concentrations of sample 
solution. After incubation for 5 min at ambient 
temperature, the absorbance at 562 nm was measured 
against an appropriate blank to determine the quantity 
of formazan generated. The experiment was repeated 
thrice. The results were compared with that of 
quercetin. The % inhibition of superoxide anion 
generation was calculated using the following 
formula: 
% Scavenging = [(Acontrol – (Asamaple - Asampleblank / 
Acontrol] x 100 
 
3. Results 
     In this study, some of the biological activities of 
T. cordifolia leaves have been investigated, whereby; 
hexane, chloroform, methanol, ethanol and aqueous 
extracts were assayed for their total phenolic and 
flavonoid contents and anti-oxidant activities using 
different in vitro models.  
 
3.1. Total phenolic and flavonoid content 
       Results obtained in the present study revealed 
that the level pf polyphenols in the ethanol extract 
was 5.1±0.25 mg/g which was higher when compared 
to methanol, chloroform, hexane and aqueous 
extracts of T. cordifolia. Ethanol extract of the leaves 
had a flavonoid content of 0.52±0.02 mg/g. The 
flavonoid content of other extracts tested was lower 
than the ethanol extract. Aqueous extract had the 
least polyphenol and flavonoid content (Table 1). 
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Table 1: Polyphenol and Flavonoid content of Tinospora cordifolia leaves in different solvent extracts 
 

Solvents Total phenols (mg/g) Flavonoid content (mg/g) 
Ethanol 5.1±0.25 0.52±0.02 

Methanol 4.2±0.30 0.45±0.03 
Chloroform 2.1±0.25 0.25±0.02 

Hexane 1.5±0.35 0.19±0.04 
Aqueous 1.1±0.05 0.12±0.02 

 
3.2. Antioxidant activity assays 
3.2.1. Total reducing power 
          The reducing power of different solvent 
extracts using the potassium ferricyanide method is 
shown in Figure 1. The result indicates that the 

reducing ability of the extracts increased with the 
concentration. Among all the extracts tested for their 
reducing abilities ethanol extract of T. cordifolia 
showed better reducing power as shown by the 
increasing optical density at 700 nm. 
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Figure 1: Reducing power of Tinospora cordifolia leaf extract at different concentrations (mg/ml). 
 
3.2.2. Total antioxidant activity 
          The ability of the plant extracts to reduce ferric 
ions was determined by FRAP assay (Figure 2). An 
anti-oxidant capable of donating a single electron to 
the ferric-TPTZ (Fe (II)-TPTZ) complex would cause 
the reduction of the complex into the blue ferrous 
TPTZ (Fe (II)-TPTZ) complex which absorbs 

strongly at 593 nm. The FRAP values for the extracts 
were lower than that of BHT (63±0.35 µm/g fw). 
Among the extracts tested, ethanol extract had a total 
anti-oxidant activity of 41.4±0.45 µm/g fw followed 
by methanol 33.9±0.49 µm/g fw. Aqueous extract 
had the least reducing ability of 4.8±0.30 µm/g fw. 
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Figure 2: Total Antioxidant activity of Tinospora cordifolia solvent extracts (µM Fe (II)/g).  
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3.2.3. Lipid peroxidation inhibitory activity 
          The anti-oxidative action of T. cordifolia leaf 
extracts in the liposome model, induced by ferric 
chloride plus ascorbic acid and determined by 
thiobarbutyric acid method is shown in Figure 3. 
Ethanol extract had an EC50 value of 0.1 mg/ml 
which showed an inhibition of 57.5%. EC50 value 
could be achieved only with methanol extract at a 

concentration of 0.7 mg/ml. As with other extracts, 
50% inhibition could not be achieved even at 0.9 
mg/ml. BHA showed very strong lipid peroxidation 
inhibitory activity with an EC50 value 12 µg/ml. Lipid 
peroxidation inhibitory activity of ethanol extract 
gradually decreased with an increase in 
concentration. 
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Figure 3: Lipid peroxidation inhibitory activity of Tinospora cordifolia leaf extract at different concentrations 
(mg/ml). 
 
3.2.4. DPPH radical scavenging activity 
          The DPPH radical scavenging activity of T. 
cordifolia leaf extracts is shown in Figure 4. Among 
the extracts tested, ethanol extract had better 

scavenging activity (EC50 value of 0.5 mg/ml) 
followed by methanol (EC50 value of 0.9 mg/ml). 
When compared to BHA which had an EC50 value of 
5.3 µg/ml, the e EC50 value of ethanol was quite high. 
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Figure 4: DPPH radical scavenging activity of Tinospora cordifolia leaf extract at different concentrations 
(mg/ml).  
 
3.2.5. Superoxide radical scavenging activity 
          The superoxide radical generated from 
dissolved oxygen by PMS-NADH coupling can be 
measured by their ability to reduce NBT. The 
decrease in absorbance at 562 nm with the plant 
extracts and the reference compound quercetin 
indicates their abilities to quench superoxide radicals 
in the reaction mixture. As shown in Figure 5 the 

quenching ability generally was low with all the 
solvent and aqueous extracts. As with ethanol extract, 
even at 0.7 mg/ml concentration the percentage 
radical scavenging was 40.1%. Percent radical 
scavenging abilities of other extracts were lower than 
ethanol extract. Quercetin was found potent with an 
EC50 value of 155 µg/ml. 
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Figure 5: Superoxide radical scavenging activity of Tinospora cordifolia leaf extract at different 
concentrations (mg/ml). 
 
4. Discussion 
4.1. Total phenolic and flavonoid content 
       Medicinal plants are an important source of 
antioxidants (Rice-Evans, 2004). Natural anti-
oxidants increase the anti-oxidant capacity of the 
plasma and reduce the risk of certain diseases (Prior 
and Cao, 2000). Polyphenols are the major plant 
compounds with anti-oxidant activity. Typical 
phenolics that possess anti-oxidant activity are 
known to be mainly phenolic acids and flavonoids 
(Demiray et al., 2009). It is reported that the 
phenolics are responsible for the variation in the anti-
oxidant activity of the plant (Luo et al., 2004). They 
exhibit anti-oxidant activity by inactivating lipid free 
radicals or preventing decomposition of hydro 
peroxides into free radicals (Pokorny 2001; Pitchaon 
et al., 2007). Flavonoids are phenolic acids which 
serve as an important source of anti-oxidants found in 
different medicinal plants and related phytomedicies 
(Pietta, 1998). The anti-oxidant activity of flavonoids 
is due to their ability to reduce free radical formation 
and to scavenge free radicals.  
 
4.2. Antioxidant activity assays 
4.2.1. Total reducing power 
          Reducing power is associated with its anti-
oxidant activity and may serve as a significant 
reflection of the anti-oxidant activity (Oktay et al., 
2003). Compounds with reducing power indicate that 
they are electron donars and can reduce the oxidized 
intermediates of lipid peroxidation processes, so that 
they can act as primary and secondary anti-oxidants 
(Yen and Chen, 1995). 
 
4.2.2. Total antioxidant activity 
          FRAP assay is based on the ability of anti-
oxidants to reduce Fe3+ to Fe2+  in the presence of 2, 
4, 6-tri (2-pyridyl)-s-triazine (TPTZ) forming an 
intense blue Fe2+ -TPTZ complex with an absorption 

maximum at 593 nm. This reaction is PH dependent 
(optimum PH 3.6). The absorbance decrease is 
proportional to the anti-oxidant content (Benzie and 
Strain, 1996). In the present study there was an 
increase in the anti-oxidant activity which was 
proportional to the polyphenol content. Ethanol 
extract exhibited high anti-oxidant activity due to its 
high polyphenol content. Similar results have been 
observed in Calpurnia aurea leaf and stem extracts, 
where in methanolic stem extract has shown high 
anti-oxidant activity than the leaf extract due to high 
polyphenol content (Adedapo et al., 2008). 
 
4.2.3. Lipid peroxidation inhibitory activity 
          To evaluate the lipid peroxidation inhibitory 
activity of the leaf extracts of T. cordifolia, a 
liposome model was used. Anti-oxidant effect of 
polyphenols (flavonoids) on lipid peroxidation is the 
result of scavenging of hydroxyl radicals at the stage 
of initiation and termination of peroxyl radicals has 
been reported by Hussain et al. (1987). Earlier study 
by Prasad et al. (2005) has shown the lipid 
peroxidation inhibitory activity of a flavonoid 
isolated from Ipomea aquatica leaf. From the present 
study, it was found that the percent inhibition of lipid 
peroxidation by ethanol leaf extract decreased after a 
certain concentration which may be due to the 
degradation or peroxidation of the source.  
 
4.2.4. DPPH radical scavenging activity 
          The stable radical DPPH has been used widely 
for the determination of primary anti-oxidant activity 
(Brand-Williams et al., 1995; Katalinic et al., 2004). 
The DPPH anti-oxidant assay is based on the ability 
of DPPH a stable free radical, to decolorize in the 
presence of anti-oxidants (Ara and Nur, 2009). The 
present study indicates that the IC50 value of ethanol 
leaf extract is quite high when compared to the 
standard which may be attributed to its poor proton 
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donating ability (Voravuthikunchai et al., 2009). A 
study carried out by Hasan et al. (2009) has shown 
the DPPH radical scavenging activity of T. cordifolia 
aerial parts with an EC50 value of 0.02 mg/ml. The 
difference in the EC50 value can be attributed to the 
distribution of secondary metabolites that may 
fluctuate between different plant organs (Lissiewska 
et al., 2006).  
 
4.2.5. Superoxide radical scavenging activity  
          Although superoxide anion is a weak oxidant, 
it gives rise to generation of powerful and dangerous 
hydroxyl radicals as well as singlet oxygen, both of 
which contribute to oxidative stress (Meyer and 
Isaker, 1995). Among the extracts of T. cordifolia, 
ethanol extract showed mild scavenging activity and 
EC50 value could not reached even at 0.9 mg/ml 
concentration. The result supports the earlier study by 
Mathew and Kuttan (1997), which showed that the 
EC50 value for superoxide scavenging could be as 
high as 6 mg/ml.  
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Abstract: The aim of this study was to explore the real time changes in the vascularity of growing superovulated 
follicles and to establish whether the blood flow of growing follicles can affect superovulation variability. Eight 
Holstein-Freisian cows received PGF2α 10 days after spontaneous ovulation. After 36 hours, all follicles larger than 
5 mm were aspirated at day 0 (D0). Animals were given 28 Armour units (A.U) FSH 24h after aspiration and for 4 
days (twice daily, 12h interval). On day 5, animals received a GnRH analogue. Blood samples were then collected 
daily and were used to detect estradiol (E2), progesterone (P4) and insulin like growth factor-1 (IGF-1) using an 
enzyme immunoassay (EIA). Results showed that neither the follicular diameter nor the follicle sectional areas (SA) 
are reliable parameters to predict the superovulation response. On the other hand, the blood area (BA) and blood 
area percentage were significantly (P<0.05) higher for ovulated (OF) than non-ovulated follicles (NOF). The (NOF) 
became atretic or continued to form luteal cysts. The P4 level was below 1ng/ml while E2 increased on day 3 to 
reach the peak. IGF-1 decreased on day 3 and then started to increase until ovulation. In conclusion, the 
haemodynamics of superovulated follicle could be considered a major source of superovulated variability and play a 
crucial role in controlling the superovulation result. [Journal of American Science 2010;6(10):744-751]. (ISSN: 
1545-1003).   
 
Key words: Cattle; superovulation; blood flow; color Doppler imaging, cyst 

 
1. Introduction: 

Superovulation variability constitutes one of 
the greatest problems associated with embryo transfer 
in cattle [1]. This variability in ovarian response has 
been related to many factors including 1) 
Gonadotrophin preparation, total dose and method of 
administration[1], 2) Ovarian status at the time of 
gonadotrophin treatment [2], 3) Environmental 
influence, age, breed, species and nutrition [1]. 

There have been many attempts to improve 
ovarian response using different gonadotrophin 
preparation such as follicle stimulating hormone 
(FSH) [3-5], equine chorionic gonadotrophin (eCG) 
[6, 7] and human menopausal gonadotrophin (hMG) 
[8, 9]. Some studies improved the number of the 
recruited follicles by administering Growth hormone 
(GH) as a pretreatment of FSH which increased the 
ovulation rate and number of transferable embryo 
[10]. Similarly, controlling the ovarian status at the 
time of gonadotrophin treatment by removing the 
dominant follicles mechanically [11-13], 
physiologically [14] and or removing the CL [15] 
improved the response but did not control the 
variability. Failure of many superovulated follicles, 
within the same animals, to ovulate has also been 
considered as crucial source of variability [16].  

The importance of the follicle capillary 
angiogenesis and degeneration was confirmed as a 

determining factor of the fate of the follicles 
(continued growth versus atresia) [17]. It has been  
reported that the haemodynamic changes are involved 
in the cyclic remodeling of ovarian tissue during 
follicular growth, ovulation and new corpus luteum 
development [18]. It has also been reported that 
following selection of the dominant follicle, the blood 
flow area of the subordinate follicle disappeared; this 
was following by an increase of the blood flow area 
in the future dominant follicle [19]. In a 
superovulation regime, the FSH overcomes the 
selection stage because it is equally distributed over 
the entire growing follicles. However, many 
superovulated follicles still cannot ovulate.  

The aim of this work is to study the 
haemodynamic changes of the superstimulated 
follicles and to establish whether the blood flow of 
growing follicles can affect superovulation 
variability. 
 
2. Materials and Methods 

Eight non-pregnant (Holstein-Fresian), four 
to five year old cows and of a body weight ranging 
from 400 to 500 kilograms were kept under normal 
management program at the Animal Science and 
Agriculture Farm, Obihiro University, Japan. From 
the gynaecological point of view, all animals were of 
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normal health, reproductive soundness, and were 
exhibiting normal estrous cycles. 
 
Experimental design: 

Eight animals were examined daily until 
spontaneous ovulation. On day 10 all animals 
received prostaglandin F2α (PGF2α; Estrumate, 5ml, 
Sumitomo pharm. Co., Osaka, Japan). After 36 hour, 
all follicles (≥ 5mm) were aspirated at day 0 (D0) by 
transvaginal ultrasound-guided follicle aspiration. For 
the ultrasound guidance of the aspiration needle, 
ultrasound scanner (SSD-5500, ALOKA CO., Ltd., 
Tokyo, Japan) was used and equipped with a 7.5 
MHz transvaginal convex transducer (UST-M15-
21079, ALOKA CO., Ltd.) with an 18-gauge single-
lumen attached stainless steel needle guide.  

All animals were given 5, 4, 3, 2 Armour 
units (A.U.) of porcine FSH (ANTRIN R 10, 
Kawasaki Pharm. Co., Kawasaki Japan) twice daily 
at 12 hour intervals for four consecutive days, 
respectively. On Day 5, ovulation was induced by 
GnRH analogue (Fertirelin acetate 100µg; Conceral; 
Nagase Pharm. Co., Osaka, Japan) which was 
injected 12h after the last dose of FSH. 
 
Monitoring of the follicular development: 

The growing follicles (≥ 2mm) were 
examined by transrectal ultrasonography. All scans 
were performed by the same investigator. Each 
follicle diameter was measured at its maximum 
diameter. After morphological evaluation, the power 
flow mode of the ultrasound scanner was activated 
for blood flow mapping. Colour signals were used to 
evaluate the blood flow around the entire perimeter of 
the follicle. The sectional area (SA) of the follicle 
was estimated by the following equation SA= π/4x 
(SD)2, where SD is the sectional diameter [18]. The 
coloured area in the image that was obtained at the 
maximum diameter of the follicle was used as 
quantitative index to express the blood flow within 
the follicular wall. Areas of colour represent regions 
with a flow velocity higher than 2 cm-1. Scan 
recorded images were stored on a Magneto optical 
(MO) disk drive (Maxoplix Corporation). The 
sectional area was calculated and the blood flow area 
(BA) was quantified using Image J program (version 
1.62) developed at the USA National Instituted of 
Health (http://rsb.inf.nih.gov/ij). The daily changes in 
the superovulated follicles were profiled using 
retrospective evaluation of ovarian sketches that 
provided topographical, dimensional and colored 
area. To overcome the problem of tracking large 
number of superovulated follicles, a sectional method 
of sketching follicles was used in which a multiple 
ovarian maps was made for each ovary, while 
moving the transducer from medial to lateral aspect 

of the ovary [20]. After ovulation, non-ovulated 
follicles (NOF) were examined. Follicles larger than 
20 mm and sustained for 9 days with thick wall were 
considered as luteal cysts. 
 
Blood collection and hormonal determination: 

The blood samples were collected on D1 and 
every 24-h until D8 by caudal venipuncture using 10 
ml heparinized tube. The concentration of P4 was 
determined by double- antibody enzyme 
immunoassays (EIA) [21]. The recovery rate was 
87%. The standard curve ranged from 0.05 to 
50ng/ml, and the ED50 (effective dose 50) of the assay 
was 7.3ng/ml. Intra- and interassay coefficients of 
variations (CVs) were 2.9 and 9.3%, respectively. 
EIA for estradiol-17β (E2) was conducted as 
described previously[22]. The recovery rate was 
85%. The standard curve ranged from 2 to 
2,000pg/ml and ED50 of the assay was 126.2pg/ml. 
Intra- and interassay (CVs) were 10.4 and 15.5%, 
respectively. The determination of insulin like growth 
factor (IGF-1) in plasma was performed by EIA as 
previously described [23]. The standard curve ranged 
from 0.39 to 50 ng/ml and ED50 of assay was 4.0 
ng/ml. Intra- and interassay (CVs) were 3.1 and 5.6 
%, respectively. 
 
Statistical analysis: 

The day of follicular aspiration was 
considered as (=D0). The data of hormonal 
concentration, follicular sectional diameter (SD), 
follicular sectional area (SA), blood area (BA) and 
blood area percent were expressed as mean ± SEM. 
All data of ovulated (OF) and non-ovulated follicles 
(NOF) were analysed by repeated measures analysis 
of variance (ANOVA) to determine main effects of 
group and interaction of group by day. When main 
effect of group or group by day was observed, the 
difference of group means at specific time point were 
analyzed by the Student’s t-test using JMP statistical 
software (version 5.1; SAS Institute, Cary, NC, 
USA). The different means were significant at 
P<0.05. 
 
3. Results: 
Ovarian response to FSH treatment 

The emergence of follicular growth started 
24 h after aspiration. The recruited superovulated 
follicles (3-5mm) had nearly the same diameter and 
growth rate until the day of ovulation under complete 
absence of CL. The ovulation occurred 24-36h after 
GnRH treatment. The number of growing follicles, 
CL and cyst for each trial is presented in table 1.  
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Table 1: The result of superovulation treatment.  
 
Animal 
number 
(n=8) 

No. of 
growing 
follicles 

No. of 
CL 

No of 
Cyst 

% of 
ovulated 
follicles 

1 27 11 4 40.7 
2 11 8 2 72.7 
3 21 12 4 57.1 

4 19 15 2 78.9 
5 16 5 8 31.3 

6 12 8 1 66.6 
7 10 10 0 100 
8 11 11 0 100 

 
Follicular growth and hemodynamic changes from 
D1 to D5: 

Images of (OF) and (NOF) during the course 
of treatment are presented in Fig 1. The follicular 
diameter and sectional area (SA) of the (OF) and 
(NOF) showed no significant difference (Fig 2, a, b). 
However, the percent of the blood area of (OF) was 
significantly (P<0.05) larger than that of (NOF) 
(12.3±1.01 Vs 2.9±0.47%; Fig 2.c). The blood 

sectional area (BA) o (OF) and (NOF) was similar on 
day 2 then significantly (P<0.05) diverted at day 3 
and continued to increase concomitantly with the 
growth of the ovulated follicles (OF) (Fig 2.d). 

The ovulatory follicles on day 5 were well 
vascularised with large area (0.14±0.02 cm2) of 
detected blood flow that surrounds their bases (Fig 
1).  
 
Hormonal profile during the Days of treatment: 
  Until D5, P4 concentration was lower than 
1ng/ml. The P4 level started to increase on day 6 
(following ovulation), while E2 level increased on 
day 3. IGF-1 showed a transient decrease on day 3 
(Fig 3).  
 
Non-ovulated follicle (NOF) from day 7 to day 16: 

The NOF get regressed or continued to grow 
and were then converted to luteal cyst with a 
diameter above the 20 mm on day 9 of the treatment. 
Although the blood sectional area (BA) of luteal cyst 
started to increase after D6 through D14, the percent 
of the blood area did not change (Fig 4).  

 

 
 
Fig. 1 Representative images of the superovulated follicles of cows showing a gradual increase in the blood flow 

area as ovulation approaches (D5). Ovulatory follicle (*) and non-ovulatory follicle (Close arrow) show a clear 
difference in the vascular blood flow area (BA). Red colour indicates blood flow toward the transducer, and 
blue indicate blood flow away from the transducer. The colour gain of the flow mode was set to detect 
movement of at least 2cm s-1. 
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Fig. 2. Changes in (a,b) the diameter and follicular sectional area and (c,d) percent of detected blood flow area and 

blood flow area (BA) in the follicular wall. Data points show mean ± SEM for each time period (n=8 cows). 
a,b Values with different letters are significantly different (P<0.05).  
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Fig. 3. Changes in the plasma concentration of progesterone (P4), estradiol (E2) and Insulin like growth factors-1 

(IGF-1). Data points show mean ± SEM for each time period (n=8 cows). 
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Fig. 4. Changes (a) in the non-ovulatory follicular area and blood flow in the follicular wall and (b) diameter of the 

cystic non ovulatory follicles and percent of detected blood flow area. Data points show mean ± SEM for 
each time period (n=8 cows).  

 

Fig.5. Schematic diagram explain the mechanism by which the blood vasculature of superovulated follicles causing 
a variability in the superovulation response. At the beginning of the treatment, the blood vascular area did not 
differ significantly among recruited follicles. At day 3, all follicles were subjected to a transient decrease of 
IGF-1 with a transient and significant increase of the E2 level. Thus, E2 dominated the intra-follicular fluid of 
healthy follicle stimulating the production of VEGF which consequently increased the blood vascular area. 
At day 5, after the injection of the GnRH, the response of follicles to the LH surge was not influenced by LH 
pattern or frequency but by the amount of LH received by each follicle through its blood vascular network. 
So the follicles which had a large blood area ovulated while the follicle with small area converted to luteal 
cyst.  

 
4. Discussion: 

To our knowledge, this report is the first to 
document the follicular hemodynamic changes during 
superovulation in cattle.  

In this superovulation protocol, the ovarian 
status was controlled in order to minimize the 
variability. Aspiration of all follicles larger than 5mm 
before the LH surge eliminated the negative effect of 
the dominant follicles and synchronized the follicular 
wave emergence [11-13], it suppressed the CL 
formation and maintained a nadir of P4 concentration 
[24] which improved the number of growing follicles 

[15]. However, not all superovulated follicles 
responded to GnRH treatment. 

Results showed that the diameter and 
sectional area (SA) of the growing follicles were 
unreliable parameters to predict the superovulation 
response. On the contrary, the blood area percent was 
significantly different between small follicles from 
the commencement of the treatment. It was reported 
that the microvasculature of the growing follicles 
play an important role in folliculogenesis, ovulation 
and ovarian hormone production [25]. Although, the 
small follicles were nearly equal in size there was a 
certain degree of heterogeneity in follicular 
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vasculature which determined the fate of developing 
follicles. Scanning electron microscopy showed that 
the small atretic follicles had capillary vascular 
degeneration in comparison to the small healthy 
follicles [17]. 

The blood area (BA) of the (OF) and (NOF) 
in the current study differed significantly on D3. 
Such different was important in order to switch off 
the angiogenesis in the atretic follicles (NOF) and 
divert the ovarian blood flow to the (OF). Similarly, 
the blood flow area disappeared from the wall of 
subordinate follicle after the selection stage in order 
to divert the ovarian blood flow to the dominant 
follicle [19]. In gilt, the diversion between the same 
size follicles was controlled by vascular endothelial 
growth factors (VEGF) [26] which was not equally 
distributed on the same sized superovulated follicles. 
It was reported that injection of the VEGF directly in 
the ovary decrease the atretic follicles and increased 
the development of the antral follicles by increasing 
the thecal vasculature [27].  

The E2 level was increased at D3. It was 
reported that the follicular fluid of healthy growing 
follicles was always E2-dominant while the fluid of 
the regressed follicles was P4-dominant [28]. This E2 
could stimulate the production of VEGF [29] which 
increased the blood flow area to give the sufficient 
nutrient for the growing follicles. Moreover it 
increased the vessel permeability to deliver large size 
precursor like lipids or lipoproteins that is used by 
follicle cells to build up steroids [26]. 

 The transient decrease of IGF-1 on day 3 
may be the factor that switched off the angiogenesis 
in the degenerative follicles (NOF) to the healthy 
growing follicles (OF) by decreasing the level VEGF 
of (NOF). It has been reported that IGF-1 increased 
the production of VEGF in cattle granulosa cells 
culture [30] while injection of IGF-1 binding protein 
intra-follicular decreased the VEGF in mare [31]. 

The ovulatory follicles (OF) on day 5 were 
vascularised with large area of detected blood flow 
which surrounded their bases. Such changes in the 
region of blood flow were recorded in cattle[18, 19] 
and human ovulatory follicles [32]. Thus, the 
decrease in blood flow at the apex of ovulatory 
follicles could cause a localized necrosis in this area 
and facilitate the breakdown of the follicular wall 
[32]. On the other hand, the increase of the vascular 
blood flow at the base of the follicles raised the 
follicular permeability and consequently the intra-
follicular pressure.  

In this study, the (NOF) continued to grow 
and converted to luteal cyst which was confirmed by 
the ultrasonography changes in the wall [33]. It was 
previously hypothesized that the primary cause of the 
cystic formation is the deficiency in the pre-ovulatory 

LH surge or an aberrant release pattern of this 
hormone [34]. In the current study, giving external 
GnRH on day 5 controlled the LH surge and pattern 
[18]. So it seems that the capability of the blood 
vasculature network surrounding the follicle played a 
significant role in the distribution and the response to 
the LH surge. Follicles which had a large blood area 
(BA) and blood area percent received a sufficient LH 
amount for ovulation while the non-ovulatory 
follicles (small blood area and percent) converted to 
cyst. 

Taken together, a mechanism whereby the 
superovulation response maybe affected by the blood 
vasculature of the follicles is hypothesized (Fig 5). 

On commencing the treatment, the blood 
vascular area did not differ significantly among 
recruited follicles. On day 3, all follicles were 
subjected to a transient decrease of IGF-1 with a 
transient and significant increase of the E2 level. 
Thus, E2 dominated the intra-follicular fluid of 
healthy follicle stimulating the production of VEGF 
which consequently increased the blood vascular 
area. On day 5, following the injection of the GnRH, 
the response of follicles to the LH surge was not 
influenced by LH pattern or frequency but by the 
amount of LH received by each follicle through its 
blood vascular network. So the follicles which had a 
large blood area ovulated while the follicle with small 
area converted to a luteal cyst. 

 In conclusion, the haemodynamics of 
superovulated follicle is considered as a major source 
of superovulation variability and can play a crucial 
role in controlling the superovulation outcome.  
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Abstract: Women, as citizens and human resources, have the same rights, duties, responsibilities and opportunities 

as men in all aspects of life and development activities. Thus, women‟s participation in society and their role in 

development have been accorded significant importance. Recently, policy makers and NGO programmers have 

realized how women can play an important role in the development of their society. However, some factors such as 

norms, beliefs, customs and values constrained the women participation, particularly in Third World countries. This 

study attempts to examine the effect of NGO‟s function to promote participation among women in capacity building 

programmes. Indeed, this paper discovered that the local NGOs have high impact on the participation of women in 

Shiraz, Iran. Data was collected from 195 women who involved in NGO‟s activities. The result of study revealed 

that the mean score of the women‟s participation are different among the four functions of NGOs, based on the 

mean score. The result of study also showed that the function of “mobilizing women to participate in programme” 

had higher impact compare to other functions. In short, the study concluded that the NGOs in Shiraz could act as 

medium to encourage women‟s participation and subsequently has the potential to empower them. [Journal of 

American Science 2010;6(10):752-761]. (ISSN: 1545-1003).   

Keywords: non-governmental organization, NGO‟s function and activities, participation, Iran, women and 

empowerment 

 

Introduction 

         Participation is a central concept in, and 

foundation principle of, community development. 

Community participation is sometimes used to 

indicate community activities, which are usually under 

taken by government agency or the community on its 

own. Most important agencies of development 

emphasis on participation as a key concept on 

development, and they believed that without 

participation sustainable development difficult to 

achieve. Thus, participation occupies a central place in 

development thinking and practice. Governments, 

funding agencies, donors, and civil society actors 

including NGOs and multi-lateral agencies like the 

World Bank and the International Monetary Fund 

have all arrived at a consensus that development 

cannot be sustainable and long-lasting unless people's 

participation is made central to the development 

process. Even, on the gender basic, participation 

among women in development is also paramount. 

Less participation and too dependent on man among 

women is problematic.  Many feminists have noted 

the lack of economic power of women and their 

economic dependence on men as the heart of women‟s 

lower status and power (Burn, 2005). 

Apparently, women are low in power and status 

economically and politically. For instance, in most 

countries, voting rights have only been awarded to 
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women in the last thirty years. According to Inter-

Parliamentary Union (2003) only 15 percent of the 

worlds‟ lawmakers are women and fifteen countries 

had no women representatives. In stead, women, as 

citizens and human resources for development, have 

the same rights, duties, responsibilities and 

opportunities as men in all aspects of national life and 

development activities. International organizations 

like the World Bank and the United Nations have 

focused on women‟s issues, especially empowerment 

of women (World Bank, 2001). In this regard, 

women‟s participation in society and their role in 

development have been accorded significant 

importance.  Thus, the issue of women‟s participation 

in decision making has become one of the focuses of 

several Non-Government Organizations (NGOs).  

The previous researches have pay little attention 

to the NGO‟ functions and participation of women.  

Therefore, this paper attempts to highlight the 

functions of NGOs in promoting women‟s 

participation in capacity building programmes. The 

paper is based on a study which was carried out in 

Shiraz, Iran. The specific objectives of the study were 

to identify the level of women‟s participation and to 

determine which NGOs‟ functions have the high 

impact on women participation.  

 

Literature review; Role of NGOs & participation 

Western political theorists, sometimes, divide 

society into three basic components: the state, private 

enterprise and civil society. This has been represented 

by the metaphor of the prince, who represents 

governmental power; the merchant, representing 

economic power; and the citizen, who embodies 

people‟s power (Korten, 1990). Civil society has been 

further identified as the public space between 

individual citizens and the state, in which their 

activities occur collectively and in an organized form 

(Stewart, 1997). As their name indicates, non-

governmental organizations are an important part of 

civil society and therefore, they are distinct from both 

the state and private enterprise; NGOs are nonprofit as 

well as non-governmental (Makumbe, 1998). 

Nongovernmental organizations, or NGOs as 

they are commonly called, are increasingly making 

their presence known in the popular media as well as 

international politics. Non-governmental organizations 

play important roles, to involving and enabling 

communities to develop and use their own initiatives 

to develop themselves (Hbitat, 1998 in Agbola, 1994). 

In addition, Strreten (1997) have mentioned that 

NGOs have been particularly determined to empower 

the poor, the weak, and the marginalized to encourage 

people to take decisions themselves, to become 

agents, rather than treating them as target groups or 

passive recipients of benefits. 

Similarly, Pattnaik and Panda (2005)  attempt to 

look at the role of grass-roots NGOs from the new 

social movement perspective. They have asserted that 

NGOs contributed toward new social movements 

through their intense campaigns, people‟s 

mobilization programs and effective networks. In the 

light of these, NGOs as a social force, facilitates 

collective action and people‟s mobilization (Sharan, 

2006). 

Rodriguez et al, (1994) have been summarized 

advantages of NGOs in development. They are 

effective at service delivery; able to promote and 

motivate local participation; effective in reaching 

vulnerable groups such as women and minorities; 

quick and innovative in service delivery and, thus able 

to respond quickly to emergency situations; and able 

to accurately articulate and respond to the needs of the 

communities which they serve (Rodriguez et al., 

1994). 

Baccaro (2006) has mentioned that the NGOs 

are aiming to improve of people situation specially in 

poor countries through some activities and 

programmes such as funding projects, engaging in 

service provision and capacity building, contributing 

to awareness raising, promoting the self-organization 

of various groups.  

Stromquist (2002) has pointed out three major 

functions for NGOs such as : (1) service delivery (e.g., 

relief, welfare, basic skills); (2) educational provision 

(e.g., basic skills and often critical analysis of social 

environments); and (3) public policy advocacy (e.g., 

lobbying for international assistance for specific 

purposes and monitoring or promoting pertinent state 

policies). 

On the other hands, based on Craplet (1997), 

NGOs can intervene flexibly in all the fields of 

information, training, advocacy and assistance. He 

considered some services for NGOs such as: 

information centers (information to general public), 

counseling services; educational programs; and raising 

public awareness. 

NGOs working at community level can play an 

important role in supporting women to challenge 
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customs, ideas, and beliefs which perpetuate unequal 

gender relations. In this relation, Desai (2005) referred 

to some activities and programs for NGOs that are: 

counseling and support services, awareness raising 

and advocacy, legal aid and microfinance services.  

A review of the literature on participation as 

well as the ways in which participation is 

operationalized in different development interventions 

reveals that participation is conceptualized and 

understood differently.  

According to Pretty et al (1995),  participation 

can be considered as a spectrum with passive 

participation at one end and self-mobilization at the 

other end. Passive participation is where people are 

told what to do. However, self-mobilization is where 

the local people themselves are in total control. As one 

moves from passive participation to self-mobilization, 

the control of the local people and external agencies 

over the processes varies. In the case of passive 

participation, people‟s control is almost non-existent 

while at the other end, self-mobilization, people have 

almost total control over the processes and the role of 

external agency is at best minimal. It is also possible 

to have manipulative participation where people have 

no role in decision-making processes (Kumar, 2002). 

Another typology of participation belongs to 

Arnstein‟s work. Arnstein (1969) proposed a model of 

participation which makes the contested nature of the 

concept clear. The implications of these different 

meanings for power are also clear from her „ladder of 

citizen participation‟. From that typology, it is clear 

that what may be referred to as „participation‟ can 

range from manipulation by power holders to citizens 

having control over decisions which affect their lives . 

A typology of eight levels of participation is arranged 

in a ladder pattern with each rung corresponding to the 

extent of citizens‟ power in determining the end 

product. The bottom rungs of the ladder are (1) 

Manipulation and (2) Therapy; these two rungs 

describe the levels of „non-participation‟ that have 

been pretend by some to substitute for genuine 

participation. Their real objective is not to enable 

people to participate in planning or conducting 

programs, but to enable the power holders to „educate‟ 

or „cure‟ the participants. Further up the ladder are 

levels of citizen power with increasing degrees of 

decision-making power. Citizens can enter into a (6) 

Partnership that enables them to negotiate and engage 

in trade-offs with traditional power holders. At the 

topmost rungs, (7) Delegated Power and (8) Citizen 

Control, noted that citizens can obtain the majority of 

decision-making seats, or full managerial power. 

On a similar vein, according to Cohen and 

Uphoff (1980), participation includes people‟s 

involvement in decision-making processes, in 

implementing programs, their sharing in benefits of 

development programs and their involvement in the 

efforts to evaluate such programs. The real meaning of 

popular participation is the collective effort by the 

people concerned to pool their efforts and whatever 

other resources they decide to pool together, to attain 

objectives they set for themselves. In this regard, 

participation is viewed as an active process in which 

the participants take initiatives and actions that are 

stimulated by their own thinking and by deliberations 

over which they exert effective control. The idea of 

passive participation which only involves the people 

in actions that have been thought out or designed by 

others and controlled by others is unacceptable. This 

study made use of the Cohen and Uphoff model 

because of its compatibility with the objectives of this 

study. 

Research methodology  

The central theme of this study was to determine 

the women‟s participation and NGOs function with 

regards to developing them. This study used 

quantitative approach in the inquiry process to 

understand and explain the issues study. Survey 

research design was used in this study. it is a 

procedure in quantitative approach which help the 

researchers to administer a questionnaire in order to 

identify trends in the attitudes, opinion, behavior or 

characteristic of population (Creswell, 2005).  

At the same time, this study also employed 

qualitative technique to answer and understand the 

function of NGOs.  As Creswell mentioned the 

qualitative method is very much dependent to nature 

of research questions, thus the researcher used the 

qualitative technique in attempt to understand the 

NGOs activities, programs, functions and approaches 

to impact the empowerment of women. The researcher 

uses the in-depth interviews with principals of NGOs 

in order to collect perspective information as 

mentioned above. In other words, NGO‟s functions in 

this study were identified through the qualitative 

method. A total eleven in-depth interviews with 

eleven NGO‟s principals were conducted. By 

examining their program and activities, they were 

categorized into some functions groups which will be 

discussed in next chapter. 

The model of participation which has been 

chosen in this study was adopted by Cohen and 

Uphoff (1980). According to this model participation 
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includes some levels such as, problem identification, 

setting goals, strategies, implementation and 

evaluation. The first three levels were equal to 

decision making in Cohen and Uphoff model.  

Problem identification: it is refers to identify the 

community problems. To identify the level of 

women‟s participation three items based on five point 

Likert scale were used. The items are “Normally, the 

NGO identifies what‟s problem”, “The women play 

important role to identify the problem”, and “NGO 

takes the women‟s opinion and then they identify their 

problems together”. 

Setting goals: it is a part of decision making 

process and relates to identify the objective of the 

programmes in community. To determine the level of 

women‟s participation in these process three items 

based on five point Likert scale were applied. The 

items are; “Usually NGO decide about the goals of 

programs”, “Women identify the purpose of 

programmes”, and “NGO to set the goals of the 

programmes after giving the women‟s opinion 

together”. 

Strategies: to examine the level of women‟s 

involvement in strategizing the project in community 

three items based on five point liker scale were 

performed. The items include; “Since the women are 

lack of expertise knowledge, so NGO provide the 

strategies to solve the women‟s problem”, “The 

women present some strategies to NGO, and NGO use 

of these strategies”, and “Women and NGO together 

recognize the strategy to achieve their goals” . 

Implementation: it is refers to implement of the 

project at the community level. To identify the level of 

women‟s participation in implementation of a project 

three items were applied such as “Actually, the 

women will implement the programmes by 

themselves”, “ Women can not perform the 

programmes, thus, the NGO will do for them”, and 

“NGO with collaborate of women implements the 

programmes”. 

Evaluation: it is the evaluation of the 

programmes carrying out in the community. To 

determine the role of women in evaluating process, 

three following items were comprised. “Women will 

evaluate and monitor the programs”, “Women and 

NGO together monitor the programs”, and “Only the 

NGO can evaluate the progress of programs”. 

Each of items had a response category that is, 

strongly agree (5), agree (4), neither agree nor 

disagree (3), disagree (2) and strongly disagree (1). 

Some of the questions were asked in a reverse manner, 

so that the scores would have to be adjusted 

accordingly. Scores of the scale formed by the 

combination of all items ranged from 15 to 75. The 

scale had a Cronbach‟s Alpha value of .933, indicating 

that it had a very high degree of reliability or internal 

consistency.  

Findings  

NGO’s functions 

This part discusses the function of NGOs in 

which was acquired after in-depth interviewing with 

principals of NGOs, review the activities of NGOs 

and study of vision and mission. In this study, four 

functions were discovered for NGOs. However, the 

division of the function is not mutually, exclusively, 

this is due to some of the functions may be similar or 

overlap with each other. The functions include, 

developing individual ability, educational functions, 

awareness building and mobilizing women to 

participate in projects. The following discussion 

below is the deliberation of the respective function. 

 Developing individual ability stresses on the 

need for development of women‟s abilities and 

potentials. NGOs performed some roles and organized 

activities such as increasing women‟s self-esteem and 

making decision about themselves and their family 

that shape the personality of women. Below are the 

details of the explanations. 

  Increase the women‟s self-esteem:  The 

principal NGO of „Kimiyay Salamat Pars‟ (Pars 

Prosperity Alchemy) said,  

„We build up the women‟s self-esteem through 

some activities such as consciousness raising and 

increase the knowledge of women‟.  

Another NGO that is related to this function is 

„Anjoman Omid‟ (Esperance Association). The 

principal of this NGO says, 

 „We conduct some sessions that help the 

women be aware of their ability, when they were not 

able to discover their potentialities by themselves, 

however, we provide them with some useful books to 

improve their self-esteem‟. 

Increase the ability to make decision:  The 

NGOs also help the women to make better decision 

about their lives. The principal of „Kimiyay Salamat 

Pars‟ (Pars Prosperity Alchemy) states that 
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 „We do some activities such as counseling 

meetings, educational class regarding family issues in 

which help women to get more information and 

knowledge about their roles and situations at the 

household and society level”.  

These activities develop the ability of women to 

make decision towards the improvement of their lives. 

The principal of Anjoman Omid (Esperance 

Association) evaluates the ability of women to make 

decision is not good. She notes that there are some 

activities help women to improve abilities such as 

increase the women knowledge, and holding problem-

solving workshop. She mentioned that organization 

held many workshops and seminars to improve this 

ability among the women. After reviewing the 

activities and programmes conducted by these NGOs, 

it is possible to categories the NGOs under this 

function, developing individual ability. Therefore, two 

NGOs were classified under this function are; 

Kimiyaye Salamate Pars (Pars Prosperity Alchemy), 

and Anjoman Omid (Esperance Association).  These 

NGOs emphasized on developing individual abilities. 

This function is also similar to some services such as 

counseling service as reported by Craplet (1997) and  

Desai (2005) who pointed out that NGOs proposed a 

range of different kind of counseling and support 

including guidance on marriage and divorce, anger 

management, and working to relive stress. 

  Educational function was another NGOs‟ 

function which was discovered in this study. It was 

related to projects and programs that organized by the 

NGOs to empower women. In this sense, many roles 

and activities such as educational program and 

teaching of skill in different context were held by the 

NGOs as deliberated below.   

Educational program: The principal of Alzahra‟s 

Rahpooyan Charity (Al-Zahra Charity) states that,  

„Beside the charity activities we have many 

educational program that help the women to improve 

their lives such as, organizing religious class, 

counseling sessions, family education class, art-

cultural education and some workshops‟.  

The principal of Anjoman Hami Khorshid 

(Association of Sun Sponsor) as another NGO has 

noted many educational program like Alzahra Charity. 

She says, 

“We organized many educational classes related 

to women empowerment, psychological and 

counseling workshops, life skills. We invite some 

psychologists and consultants to provide these classes 

and workshops”. 

Mosharakate Zenan Nikokare Ryhane (Reyhane 

Association) organized a range of educational 

programs to help the women who were supported by 

the NGO. The principal of this NGO says, 

 “We have many classes and workshops to assist 

the women such as, holding the self-esteem classes, 

life skills education, religious and cultural activities, 

some educational workshops, education of health 

issues, holding the sport classes and other activities”.  

All these program and activities will help 

women to improve their lives, educate them, and 

finally become empowered. 

Teaching of skills: Teaching of skills is another 

role of educational functions. NGOs teach a range of 

different skills to women to get job, to earn income, to 

learn life skills etc. Anjoman Hami Khorshid 

(Association of Sun Sponsor) offers many skills to 

help the women. The principal of this NGO 

mentioned, 

 “We provide some skill training for women 

such as, tailoring skill, carpet making, knitting skill, 

computer training and life skill”.  

According to her, women participated and 

learned in this programme are able to seek for a job 

and subsequently have a better situation in their lives. 

Meanwhile, Alzahra‟s Rahpooyan Charity has the 

same activity and skill training like Anjoman Hami 

Khorshid (Association of Sun Sponsor). The manager 

of this NGO said, 

 “Our programs include the tailoring skill, 

packing of food materials, teaching of life skill, 

artifacts education and so on”.  

Mosharakate Zenan Nikokare Ryhane(Reyhane 

Association) is another NGO that help the women to 

learn some skills for improving their lives 

economically, socially and individually. According to 

the principal of this NGO, they educate some skills 

such as; tailoring skills, household management, life 

skill training and so on. 

  Another NGO that works in relation with 

teaching skills is Hamyaran Salamte Ravan Ejtemaee 

(Helpers of Mental Health). The most important 

function of this NGO is on the teaching skills and 
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knowledge of the women in a broader context. The 

principal of NGO mentioned that.  

“ We conduct some activities such as, holding 

educational class in different contexts, holding group 

discussion and stimulating the women to participate in 

discussion, sharing experience, teaching skills to find 

a job, and the handicraft skills such as carpet making, 

tailoring, food packaging, teaching the life skills such 

as how to control stress, how to manage the home, 

how to make a good relationship with husband and 

children are some of activities that organized by NGO 

toward improve the situation of women”.   

Based on interviewing the leaderships of these 

NGOs and after reviewing of their programmes and 

activities, five NGOs have been placed under this 

function, i.e. educational function. They are, Alzahra‟s 

Rahpooyan Charity, Anjoman Hami Khorshid 

(Association of Sun Sponsor), Mosharakate zenan 

nikokare Ryhane (Reyhane Association) and 

Hamyaran Salamat Ravan Ejtemaee(1&2) (Helpers of 

Mental Health1&2).  This function is accordance with 

Stromquist (1998) who has pointed out one of the 

major functions for NGOs is  educational provision 

(e.g., basic skills). 

Community awareness building is related to 

increase the knowledge of women about their situation 

in the community and society. By conducting many 

activities, the NGO helps the women to raise their 

consciousness and equipped them with information 

about themselves, their problems and find solutions to 

their problems. 

 The Principal of Anjomane Sibe Kal (Unripe 

Apple Community) said that, 

 “We organize the social and cultural activities 

that help the women to increase awareness and 

encourage them to participate in these activities. The 

NGO holds some seminars and workshop focusing on 

social and cultural situations. We also prepare some 

books, magazine for women. Through these activities, 

the awareness of women increased”. 

The Principal of Naranan‟s NGO (Naranan 

NGO) also asserts that,  

“The most important activity of our NGO is to 

raise the consciousness and awareness about the 

women‟s problems, their situation and roles and 

seeking solution to improve their quality of life. Thus, 

we organized some workshops and classes. The 

women share experience and knowledge with other 

members”.  

Two NGOs in Shiraz laid their emphasis on 

awareness building of community. They were 

Anjomane Sibe Kal (Unripe Apple Community) and 

Naranan. 

The activities conducted and organized by the 

respective NGOs as described above possessed certain 

functions. The functions resembled the study carried 

out by some scholars of NGO. For example, Bodja 

(2006) has noted that information access has been 

largely widened as a result of an activity commonly 

referred to as „awareness rising‟ by the NGOs. 

Streeten (1997) mentioned that NGOs are contributing 

to the reduction of human suffering and to 

development in poor countries (Streeten, 1997) 

through some activities such as, contributing to 

awareness raising. Further, NGOs through awareness 

raising and information provision programme enable 

the individuals, the households, and communities to 

address their immediate needs. NGOs raise awareness 

building among poor people about equality, social 

justice, gender sensitivity (Desai, 2005). 

Mobilizing women to participate in projects was 

the last function of the NGOs. The NGOs encourages 

women to take part in the projects that organized by 

the community. Through participation in a project the 

women will be actively involved in the community 

and then they can play important roles in society. 

Thus, by conducting some activities, the NGO are able 

to mobilize the women to be more active participate in 

the projects from the initiation, implementation and 

maintaining the projects.  

The principal of Moasesse Atiye (Atiye 

Community Based Organization) said,  

“When we have a celebration, we appreciate the 

women who have been active in the NGO and we give 

them present and reward in front of others‟. Through 

these activities we stimulate women to be active in the 

NGO‟s programme”. 

 Mosharakat Ejtemaee Banovane Fars 

(Association of Women Participation) is another most 

active NGO that encourages women to participate in 

social and cultural activities in Shiraz. The principal 

of NGO says, 

 “We prepared some opportunities that stimulate 

women to involve in these activities. We justified and 

explain the benefits of program to women and 
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encourage them to participate in the projects. We 

organized some exhibitions that manage and held by 

the women. We performed some cultural shows and 

other activities that help of the women”. 

The two NGOs that were involved in mobilizing 

the women to participate in NGO‟s programmes are; 

Mosharakat Ejtemaee Banovane fars, (Association of 

Women Participation) and Moassesse Atiye(CBO) 

(Atiye Community Based Organization). The function 

performed by the respective NGO in Shiraz is similar 

to that described by Panda(2007) who noted that 

mobilizing people to participate in a projects is a 

major strategy adopted by NGOs. NGOs acting as 

pressure groups organize people to stage protest 

against adversarial decisions and the policies that go 

against local interests, their environment and habitat. 

According to Pattnaik and Panda(2005) who 

attempt to look at the role of grass-roots NGOs 

describe it as New Social Movements through their 

intense campaigns, people‟s mobilization programs 

and effective networks. In the light of these, NGOs as 

a social force, facilitates collective action and people 

mobilization.  

2. Women’s participation  

The  participation in this study was adopted 

based on Cohen & Uphoff (1980) model combined of 

fifteen (15) items, five point Likert scales. The 

variable ranged from 32 to 64 with the mean score of 

M=51.00 and standard deviation SD= 6.95. Table 1 

shows the mean score, standard deviation, minimum, 

maximum and normality of level of women 

participation. The data obtained from the Table 

showed that the distribution of all dimensions were 

normal.  

 

Table 1: Women participation and its Mean score, SD, 

Minimum, and Maximum 

Variable  Mean SD Min Max Skewness 

Women‟s participation  51.00 6.95 32 64 -.67 

 

Table 2 illustrates that most of the 

respondents (48.7%) participated at the NGO‟s 

programme at the moderate level. And less than half 

of the respondents (38.5%) were at the high level of 

participation. It can be concluded that the level of 

women participation tend to be high level among the 

women in Shiraz. 

Table 2: Level of women‟s participation  

Level frequency % 

Low(32-42) 

Moderate (43-53) 

High (54-64) 

25 

95 

75 

12.8 

48.7 

38.5 

 

3. The effect of NGO’s function on women’s 

participation  

 One- way ANOVA was performed to 

examine the difference of the mean score of women‟s 

participation among the four NGO‟s functions namely 

developing individual ability, educational functions, 

awareness building, and mobilizing women. The 

results of the ANOVA test in Table 3 indicated that 

there is statistically significant difference in women‟s 

participation score among four groups of NGO‟s 

functions, F (3, 191)=14.85, P=.000.  

Table 3: One-Way ANOVA Summary Table of 

NGO‟s function and women‟s participation and its 

Scores 

Functions  N.NGOs N=195  Mean
  

P η2      F 

Developing 
individual ability 

Educational 

functions 

Awareness building         

Mobilizing women 

    2 

 

    3 

    3 

    3 

45 

 

55 

35 

60 

48.57         

 

48.07 

51.65 

55.13 

.000 .189  14.85 

 

 

 Furthermore, to evaluate the differences 

between the mean score of women‟s participation, 

post hoc multiple comparisons were selected (Table 

4). The result of test revealed there is statistically 

significant difference in the mean between the 

following pairs only; mobilizing women and 

educational functions, mobilizing women and 

developing individual ability, and awareness building 

and educational function since p<.05 were reported for 

the three functions. These comparative result 

suggested that the mean scores of participation at the 

function of mobilizing women (M=55.13, SD=5.01) 

was significantly higher than educational functions 
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(M=48.07, SD=7.31) and developing individual ability 

(M=48.57, SD=6.75). On the other hand, awareness 

building (M=51.65, SD= 6.02) was significantly 

higher than educational functions (M=48.07, 

SD=7.31). Based on Cohen (1988) guidelines, 

mentioned previously, the effect size (eta-squared) of 

NGO‟s functions as independent variable was .18 

indicating that the mean differences between items is 

high. 

 

Table 4: Post hoc multiple comparison of NGO‟s functions and women participation 

Dependent variable  (I)NGO‟s functions (J)NGO‟s functions Mean difference Sig 

Women‟s participation   Developing individual ability Educational functions 

Awareness building 

.50 

-3.07 

.979 

.137 

  Mobilizing women -6.55* .000 

 Educational functions Developing individual ability -.50 .979 

  Awareness building -3.58* .046 

  Mobilizing women -7.06* .000 

 Awareness building Developing individual ability 3.07 .137 

  Educational functions 3.58* .046 

  Mobilizing women -3.47 .050 

 Mobilizing women Developing individual ability 6.55* .000 

  Educational functions 7.06* .000 

  Awareness building 3.47 .050 

 

 

These differences might be due to the NGO‟s 

activities that help to mobilize the women. The NGOs 

those have classified under this function, have applied 

some activities such as holding some cultural show 

and other meetings, explaining about projects and its 

benefits, stimulating people to participate such as 

giving the present in front of others, holding some 

exhibitions, and giving responsibility to women. All 

these activities encourage the women to participate in 

the project organized by NGOs. This sort of people 

involvement, according to Panda (2007) is an 

indicator of bottom-up approach. Bottom-up 

approach, according to Finger (1994) emphasizes 

community participation, grassroots movements and 

local decision making. Indeed, bottom-up approach 

has the high effect on participation.  

Conclusion  

 This study revealed that NGOs are able to 

promote women participation in programmes. Though 

the existence of women NGO‟s in Iran is a new 

phenomenon, this study uncovered that they can play 

multiple roles such as addressing some issues 

concerning on social needs, raising public awareness 

and conducting educational activities and tackling 

tough social issues with extensive community 

participation. 

Four functions carried out by women NGO‟s in 

Iran, namely developing individual ability‟ (2 NGOs), 

„educational functions‟ (3NGOs), „awareness 

building‟ (3NGOs), and „mobilizing women to 

participation‟ (3 NGOs). The results revealed that 

NGOs could contribute to encourage the women to 

participate in programmes. 

Nevertheless, the study discovered that those 

NGO‟s focusing on „mobilizing women‟ has greater 
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effect on participation. This finding is in line with the 

Finger (1994) who mentioned that the mobilizing 

people in participation are considered as an indicator 

of bottom-up approach. This indicates that 

participation from the below is important to 

implement the successful programmes towards 

improvement of women‟s situation, as suggested by 

Kabeer women must be an agent to change their 

situation. This finding also, supported by Oakley 

(1989) who mentioned participation as an end is 

created and moduled by the participants. It is an active 

form of participation, responding to local needs and 

changing circumstance. More generally, participation 

as an end in itself presupposes the building-up of 

influence or involvement from the bottom up wards 

(Also see, Nikkhah & Ma'rof, 2009). In short, since in 

Iran tradition women are not welcome to get involve 

in social, economic and political activities, but 

through NGO is problem could be enlightened which 

ultimately is a medium to empower local Iran women. 
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ABSTRACT: Liver is prone to xenobiotic-induced injury because of its central role in xenobiotics metabolism, its 
portal location within the circulation, and its anatomic and physiologic structure (Jones, 1996). Herbal medicine is 
the most widely used form of medicine in the world today where the medicinal plants contain curative bioactive 
ingredients such as alkaloids, coumarins, saponins and flavonoids (Halberstein, 2005). The present work was 
planned to evaluate the potential hepatoprotective effects of morus alba and calendula officinalis extracts against 
cytotoxicity and oxidative stress induced by carbon tetrachloride (CCl4 ) in isolated primary rat hepatocytes. 
Hepatocytes were isolated by collagenase perfusion two steps technique. Cytotoxicity was determined by assessing 
cell viability and leakage of cytosolic enzymes, such as alanine aminotransferase (ALT), aspartate aminotransferase 
(AST) and lactate dehydrogenase (LDH). Oxidative stress was assessed by determining reduced glutathione (GSH) 
level and lipid peroxidation as indicated by thiobarbituric acid reactive substances (TBARS) production. Exposure 
of isolated rat hepatocytes to CCl4 caused cytotoxicity and oxidative injury, manifested by loss of cell viability and 
significant increase in ALT, AST and LDH leakages. As well as, CCl4 caused progressive depletion of intracellular 
GSH content and significant enhancement of TBARS accumulation. Pre- incubation of hepatocytes with either 
morus alba and calendula officinalis extracts ameliorated the hepatotoxicity and oxidative stress induced by CCl4, as 
indicated by significant improvement in cell viability and enzymes leakages (ALT, AST and LDH). Also, significant 
improvement of GSH content and significant decrease in TBARS formation as compared to CCl4 treated cells.   The 
present study indicate the morus alba and calendula officinalis extracts possess a highly promising hepatoprotective 
effects against CCl4 - induced hepatotoxicity. [Journal of American Science 2010;6(10):762-773]. (ISSN: 1545-
1003).   
 
Keywords: Egyptian medicinal plants, heptotoxicity, isolated hepatocytes. 
 

INTRODUCTION 

Liver plays a vital role in maintaining health 
and in the same time is highly susceptible to disease 
and injury. The liver diseases are a major cause of 
illness and death worldwide; Hepatitis and cirrhosis 
are particularly common liver disorders (Cubero and 
Nieto, 2006 and Ajith et al., 2007). 

Large number of xenobiotics is reported to be 
potentially hepatotoxic. Free radicals generated from 
the xenobiotic metabolism can induce lesions of the 
liver and react with the basic cellular constituents such 
as proteins, lipids, RNA and DNA (Ajith et al., 2007).  

CCl4 is a potent environmental hepatotoxin , 
has been served as a model compound for study of 
hepatotoxicity and the cellular mechanisms behind 
oxidative damage and further was used to evaluate the 
therapeutic potential of drugs and dietary antioxidants 
(Basu , 2003 and Prasenjit et al., 2006 ) . 

Nowadays, many investigators have been 
focused for searching for the best approach in 
treatment of liver diseases using the effective herbal 
preparations. 

Natural products are gaining a revitalized 
attention in medical community and their therapeutic 
uses are gradually increasing. As many synthetic drugs 
have revealed serious side effects. Therefore, a better 
strategy is to look for natural substances with strong 
pharmacological action and less cytotoxicity. In the 
last few years much attention was directed to the 
potential health promoting properties of phenolic 
phytochemicals (Block, 1992; Block and Langseth, 
1994 and Kartal, 2007). Plants containing phenolic 
compounds have been proved to possess many 
pharmacological effects such as hepatoprotective, 
antioxidant, anti-inflammatory, cardio protective and 
anticancer properties (Croft, 1999). 
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Mulberry trees especially Morus Alba is a 

widely found plant in Egypt. It is a wild plant 
available all over the year and found in a large amount 
in Beni-Suef governorate mainly in Beni-Suef 
villages. Morus Alba leaves used in flavored mulberry 
tea and also used as a feed for ruminants and other 
animals due to its high contents of crude protein (15-
25%) (Sanchez, 2000). 

Calendula Officinalis is a widely used plant 
in Egypt. It is a cultivated plant and found in large 
quantities in Beni-Suef governorate mainly in Beni-
Suef gardens. Its leaves are very rich in vitamins and 
minerals. The fresh petals are chopped and added to 
salads, however the dried petals have a more 
concentrated flavor and used as a seasoning in soups, 
cakes. In addition the petals offers an edible yellow 
dye used as a saffron substitute to color and flavor 
rice, soups etc (Allardice, 1993). 

Therefore; the aim of the present study is to 
investigate and shed some light on the 
hepatoprotective effects of ethanolic extracts of morus 
alba and calendula officinalis as a most popular and 
available plants in Beni-suef governorate against 
cytotoxicity and oxidative stress induced by carbon 
tetrachloride in primary isolated rat hepatocytes in 
comparable with silymarin as standard 
hepatoprotective agent. 

 
MATERIALS AND METHODS 
Animals and Chemicals   

Thirty Male Sprague–Dawley rats of locally 
bred strains (200–250 g) were used in this study. They 
were supplied from Faculty of Veterinary Medicine, 
Cairo University, Egypt. They were kept under good 
ventilation and standard hygienic conditions and 
allowed free access to balanced standard diet pellets 
and tap water ad libitum. Bovine serum albumin, 
carbon tetrachloride, collagenase (type IV), dimethyl 
sulfoxide (DMSO), GSH, thiobarbituric acid (TBA), 
triton X-100 and Silymarin were purchased from 
Sigma Chemical Co. (St. Louis, MO., USA. All 
chemicals were of the highest analytical grade. 

A- Preparation and Extraction of the plant 
materials:        

        Four kilograms from Morus Alba plant (leaves) 
were collected from mulberry trees which cultivated in 
Faculty of Veterinary Medicine, Beni-Suef University 
in Beni-Suef governorate. One kilogram from 

Calendula officinalis plant (flowers) was collected 
from Beni-Suef gardens. 

        The collected plant samples were identified by 
the department of botany, Faculty of Science, Beni-
Suef University. The selected fresh parts of the plants 
were dried at a temperature not exceeding 40 oC and 
powdered (2mm mesh size). The investigated dried 
powdered plant materials were separately extracted 
with 70% ethanol. The ethanolic plant extracts were 
filtered and the combined filtrates evaporated to 
dryness in vacuo at a temperature not exceeding 50 
oC. The dried plant extracts were kept in dark bottle 
for investigation. 

Isolation of Hepatocytes: 

           Hepatocytes were isolated using a collagenase 
two-step perfusion technique as described by Berry 
and Friend (1969) with slight modifications as 
published by El-Tawil and Abdel-Rahman (1997). 

Briefly, a rat was anaesthetized by 
subcutaneous injection with 100 mg ketamine/kg 
(Ketalar, Park-Davis, Morris Plains, NJ, USA), 
restrained, and an incision was made in the abdominal 
cavity to expose the portal vein. A polyethylene 
canola was inserted into the portal vein and the liver 
was perfused in situ for 8 min with calcium-free 
Hank`s bicarbonate buffer maintained at 37oC. The 
liver was then mechanically dislocated from the 
abdomen with the cannula in place and recirculated 
for 10 min in collagenase (0.67 mg/ ml) containing 5 
mM calcium chloride. The isolated liver cells were 
filtered through four layer of cotton gauze and 
centrifuged for two minutes at 50 g. The cells were 
washed twice and suspended in HEPES-bicarbonate 
buffer (pH 7.4) containing 0.5% bovine albumin. The 
isolated hepatocytes were counted in a 
hemocytometer, while the viability of the cells was 
assessed by 0.4% trypan blue exclusion technique 
(Baur et al., 1985). Freshly prepared cell suspension 
had 90% or greater viability prior to each experiment. 

Incubation and treatment of hepatocytes 

            Freshly isolated hepatocytes (2 X 106 cells/ ml) 
were suspended in a HEPES-bicarbonate buffer (pH 
7.4) and incubated at 37oC in a shaking water bath at 
30 oscillations per minute.The hepatocytes were 
incubated in plastic vials equipped with covers and 
used for determination of CCl4 cytotoxicity and the 
possible protection with Mentha longifolia and 
Chichorium endivia and compared with silymarin as a 
known hepatoprotective agent at different incubation 
time intervals (30, 60, 120 min). 
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CCl4 and silymarin, were dissolved in 0.5% 

dimethyl sulphoxide (DMSO) and their concentrations 
in the incubation medium were adjusted to reach a 
final concentration of 5mM CCl4 (Dvorak et al., 
2003) and 0.5mM silymarin (Farghali et  al., 2000). 
The concentrations of Mentha longifolia and 
Chichorium endivia plant extracts were selected 
according to the dose response experiment using 4 
different concentrations from each plant extract (1, 10, 
100 and 1000µg/ml) dissolved in DMSO. Five 
replicates were used for each chemical and plant 
extracts. Cytotoxicity and Cytoprotection were 
determined by assessing of cell viability using trypan 
blue exclusion method, cytosolic enzymes leakage 
percent [lactate dehydrogenase (LDH), alanine 
aminotransferase (ALT) and aspartate 
aminotransferase (AST)], GSH content and 
thiobarbituric acid reactive substances (TBARS) 
accumulation. Control replicates were carried out 
simultaneously under the same conditions and at the 
same time intervals, using DMSO at a final 
concentration of 0.5% (Dvorak et al., 2003). 

Sample preparation for enzyme leakage 

Enzyme activities (LDH, ALT and AST) 
were monitored using Sigma kits (Sigma Chemical 
Co., St. Louis, MO., USA) in an aliquot of cell-free 
medium and compared to the total activity achieved 
after lysis of the cells (Moldeus et al., 1978). The cell-
free medium was obtained by centrifugation of the 
aliquots at 1300 g for 15 min to obtain the supernatant. 
Lysate was obtained by addition of 1% triton X-100 
and shaking for 15 min followed by centrifugation at 
1300 g. The leakage was expressed as percentage of 
total lysate activity at each time point. 

Assay for cellular GSH 

         Because GSH accounts for the majority of 
soluble- reduced sulphydryls in cells (Kosower and 
Kosower, 1978), Reduced GSH levels in hepatocytes 
were determined by measuring total soluble-reduced 
sulphydryl content using a ready made kit according to 
the method described by Beutler et al. (1963). 

Lipid peroxidation assay 

Lipid peroxidation was assessed by 
determining thiobarbituric acid reactive substances 
(TBARS) in hepatocyte culture media by the method 
of Uchiyama and Mihara (1978). TBARS content 
was always expressed as nanomoles per milligram 
protein. Protein was determined by the method of 
Lowry et al. (1951) with bovine serum albumin as the 
standard. 

 

Data Analysis    

           The GRAPHPAD (ISI Software, Philadelphia, 
PA, USA) computer program was used to conduct 
regression analysis and to plot collected data. Data 
were expressed as means  standard error of means 
(SEM). Assessment of the results was performed 
using one-way analysis of variance (ANOVA) 
procedure followed by Tukey-Kramer multiple 
comparison post-tests. Statistical analyses were 
performed using Software GRAPHPAD INSTAT 
(Version 2). The 0.05 level of probability was used as 
the criterion for significance. 

 
RESULTS 
  Table (1) demonstrates the dose response 
effect of different concentrations of Morus Alba and 
Calendula Officinalis extracts (1, 10, 100 and 1000 
µg/ml) on CCl4 induced decrease in the viability% of 
isolated rat hepatocytes. The results revealed that 
CCl4 (5 mM) induced significant decrease in the 
viability% of isolated rat hepatocytes after 30 min of 
incubation period. This decrease in the viability was a 
time dependant compared to a control group.  
 However, preincubation of hepatocytes with 
Morus alba or Calendula officinalis plant extracts at 
concentrations (1 and 10µg/ml) for 30 min before 
CCl4 addition showed protective effect against CCl4 
effect, but the data  of Morus alba and Calendula 
officinalis plant extracts at concentrations (1 and 
10µg/ml) are not closely related to control values. 
 While preincubation of hepatocytes with  Morus 
Alba or Calendula Officinalis  plant extract at 
concentrations (100 and 1000 µg/ml)  for 30 min 
before CCl4 addition exhibited a significant protective 
effect against CCl4 effect. A marked protection was 
detected as early as 30min after CCl4 exposure. There 
was a simple significant difference between the effects 
of (100 and 1000 µg/ml) as compared to CCl4 group. 
Table (2,3) shows the dose response effect of 
different concentrations of Morus Alba or  Calendula 
Officinalis extracts (1, 10, 100 and 1000 µg/ml) on 
CCl4 induced lactate dehydrogenase leakage % and 
lipid peroxidation as  idicated by TBARS formation in 
isolated hepatocytes respectively. The results revealed 
that CCl4treated group showed a significant increase 
in LDH leakage %  and increase in a the rate of lipid 
peroxidation formation which indicated by elevation 
in TBARS level as early as 30 min after addition of 
CCl4 as compared to control group. These effects of 
CCl4 continued throughout the whole experimental 
period. While pre-incubation of hepatocytes with 
Morus Alba or Calendula Officinalis extracts at 
concentrations (100 and 1000 µg /ml) for 30 min 
before CCl4addition exhibited a significant protection 
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against CCl4-induced LDH enzyme leakage % or 
increase in the rate of lipid peroxidation formation at 
60 and 120 min incubation time. 
 Cell survival was assessed by trypan blue 
exclusion method. CCl4 induced significant 
progressive time dependent decrease in cell viability 
as early as 30 min after exposure compared to control 
cells. On the other hand, concomitant incubation of 
the cells with 100 µg /ml of Morus Alba or Calendula 
Officinalis extracts inhibited the decrease in the cell 
viability caused by CCl4.  Co-incubation with 
silymarin showed similar protective effect (Figure 1). 

  Plasma membrane damages assessed by 
monitoring LDH, ALT and AST enzyme leakages 
from hepatocytes. Figure (2) demonstrates the time 
course of LDH leakage in the perfusion medium of 
hepatocytes treated with CCl4 alone and those 
pretreated with Morus Alba or Calendula Officinalis 
extracts or silymarin. Exposure of hepatocytes to CCl4 
resulted in a significant increase in the leakage of 
LDH enzyme into the culture medium as early as 30 
min of incubation. Pretreatment of hepatocytes with 
both plant extracts or silymarin ameliorated the effects 
of CCl4 on LDH enzyme leakage. 
 Figure (3) demonstrates the effect of CCl4, 
Morus Alba or Calendula Officinalis extracts and 
silymarin on ALT leakage % of isolated hepatocytes. 
CCl4 caused time- dependent significant increase in 
the leakage of ALT in comparison to control. On the 
other hand, Pre-incubation of isolated hepatocytes 
with Morus Alba or Calendula Officinalis extracts or 

silymarin decreased the ALT leakage compared to 
CCl4 treated cells.  
 The effect of  CCl4   and   Morus Alba or 
Calendula Officinalis extracts on  AST leakage from 
isolated hepatocytes is demonstrated in Figure (4). 
CCl4 caused significant time-dependent increase in 
AST leakage in comparison to control. Both  Morus 
Alba or Calendula Officinalis extracts significantly 
decreased the AST leakage in hepatocyte medium 
induced by CCl4. Silymarin showed a similar 
protective effect on AST leakage at the time points 
studied. 
 Assessment of oxidative stress-induced by 
CCl4 in isolated hepatocytes was done by measuring 
of lipid peroxidation and cellular GSH level . 
The effects of CCl4, Morus Alba , Calendula 
Officinalis extracts and silymarin on lipid 
peroxidation, as indicated by TBARS formation, was 
estimated. Figure (5) shows a significant increase of 
TBARS production in hepatocytes exposed to CCl4 as 
early as 30 min of incubation. Both plant extracts and 
silymarin significantly decreased the TBARS 
formation induced by CCl4.  
 Figure (6) depicts the time-course effects of CCl4 on 
hepatocytes glutathione content and its possible 
protection by either Morus Alba or Calendula 
Officinalis extracts or silymarin. CCl4 caused 
significant depletion of glutathione content from 
isolated rat hepatocytes compared to control cells 
during the 2-h incubation period. Concomitant 
incubation of cells with Mentha longifolia or 
Chichorium endivia or silymarin prevented the 
depletion of glutathione induced by CCl4 exposure.  

 
Table (1): Effects of Carbon Tetrachloride (CCl4) and Different Concentrations of Morus Alba and Calendula 
officinalis Plant Extracts on Viability % of Isolated Rat Hepatocytes 

Incubation times 
 

Groups 
30 Min 60 Min 120 Min 

Control 91.07 ± 0.82 88.69 ± 1.16 86.12 ± 0.71 

CCl4 57.94 ± 1.18a 47.61 ± 2a 41.47± 2.28a 

CCl4+Silymarin 87.63 ± 0.91 b 83.01±1.14 b 80.85± 1.02b 

CCl4+Morus(1µg) 78.63±1.93 ab 71.13 ± 2.9ab 67.02±2.53ab 

CCl4+Morus(10µg) 81.22 ± 1.6 ab 75.11±1.59ab 72.5 ± 1.79ab 

CCl4+Morus(100µg) 89.19 ± 1.37 b 82.2 ± 1.59 b 79.99 ±2.31b 

CCl4+Morus(1000µg) 90.59 ± 1.63 b 84.57±1.56 b 81.56±1.12 b 

CCl4+C.officinalis 
(1µg) 

79.28±1.66ab 75.88±1.67ab 72.09±2.25ab 

CCl4+C.officinalis 
(10µg) 

81.82±1.45ab 79.45±1.08ab 73.01±2.66ab 

CCl4+C.officinalis 
(100µg) 

90.95±1.32 b 84.04 ± 1.1 b 81.73± 1.32b 
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CCl4+C.officinalis 
(1000µg) 

91.64 ± 2.1 b 87.35±1.42 b 83.06±1.63 b 

-Data expressed as mean ± S.E. (n= 5replicates). 

-(a) Significantly different from control group by One-way ANOVA at       P≤0.05. 

(b) Significantly different from CCl4 treated group by One-way ANOVA at P≤0.05. 

- CCl4 incubated with hepatocytes at concentration (5 mM). 

- Different concentration of Morus Alba and Calendula officinalis plant extracts (1, 10, 100, 1000 µg/ml) and 
silymarin (0.5 mM) were preincubated with hepatocytes 30 min prior to CCl4. 

 
Table (2): Effects Of Carbon Tetrachloride (CCl4) And Different Concentrations of Morus Alba and 
Calendula officinalis Plant Extracts on LDH  Leakage % of Isolated Rat Hepatocytes  

 

Incubation times 
 

Groups 
30 Min 60 Min 120 Min 

CONTROL 27.13 ± 1.43 29.70 ± 1.26 31.93 ± 1.25 

CCl4 68.04±1.26a 71.53 ±2.18a 74.65 ±2.97a 

CCl4+Silymarin 30.71± 1.66b 32.65± 1.34b 34.3 ± 1.47b 

CCl4+Morus(1µg) 59.55±3.53a 63.76± 3.1a 66.57±3.1a 

CCl4+Morus(10µg) 58.35±3.8a 62.69±5.27a 65.12± 3.43a 

CCl4+Morus(100µg) 36.22 ± 1.8ab 38.09± 1.96b 40.01± 1.88b 

CCl4+Morus(1000µg) 34.77± 1.74b 36 ± 1.79b 38.02± 1.58b 

CCl4+C.officinalis 
(1µg) 

54.69±2.17ab 57.28±3.19ab 60.77±2.91ab 

CCl4+C.officinalis 
(10µg) 

52.03±2.68ab 55.89±2.26ab 58.35±2.26ab 

CCl4+C.officinalis 
(100µg) 

29.15± 1.12b 31.54± 1.54b 33.85±1.84b 

CCl4+C.officinalis 
(1000µg) 

28.56±1.59b 30.93± 1.69b 32.85± 1.97b 

 

- Data expressed as mean ± S.E. (n= 5 replicates). 

- (a) Significantly different from control group by One-way ANOVA at P≤0.05. 

- (b) Significantly different from CCl4  treated group by One-way ANOVA at P≤0.05. 

- CCl4 incubated with hepatocytes at concentration (5 mM). 

- Different concentrations of Morus Alba and Calendula officinalis plant extracts (1, 10, 100, 1000 µg/ml) and 
silymarin (0.5 mM) were preincubated with hepatocytes 30 min prior to CCl4. 

 
Table (3): Effects of Carbon Tetrachloride (CCl4) and Different Concentrations of Morus Alba and Calendula 
officinalis Plant Extracts on Lipid Peroxidation of Isolated Rat Hepatocytes 

 

Incubation times 
 

Groups 
30 Min 60 Min 120 Min 

CONTROL 25.3 ± 1.14 27.62 ± 0.93 29.64 ±0.52 

 766



Journal of American Science                                                                                                                 2010;6(10) 

 

 767

CCl4 49.1± 1.68 a 54.22± 1.61a 60.2 ± 1.44a 

CCl4+Silymarin 28 ± 0.71b 31.12± 0.99b 33.23±1.31b 

CCl4+Morus(1µg) 46.36± 1.27a 50.99± 0.88a 55.82±1.36a 

CCl4+Morus(10µg) 45.05± 1.08a 49.2 ± 1.21a 53.79±1.27a 

CCl4+Morus(100µg) 28.17± 0.51b 32.26± 0.86b 35.06±1.23b 

CCl4+Morus(1000µg) 28.05 ±0.47b 30.23± 0.33b 33.31±1.47b 

CCl4+C.officinalis 
(1µg) 

44.06± 2.16a 51.41± 1.13a 57.31±1.29a 

CCl4+C.officinalis 
(10µg) 

43.39± 1.51a 50.27± 0.87a 56.09±1.49a 

CCl4+C.officinalis 
(100µg)  

25.99± 0.59b 29.61± 1.66b 32.9 ± 1.02b 

CCl4+C.officinalis 
(1000µg) 

25.23± 0.51b 28.9 ± 1.53b 31.94±1.13b 

- Data expressed as mean ± S.E. (n=5 replicates). 

- (a) Significantly different from control group by One-way ANOVA at P≤0.05. 

- (b) Significantly different from CCl4 treated group by One-way ANOVA at P≤0.05. 

- CCl4 incubated with hepatocytes at concentration (5 mM). 

- Different concentration of Morus Alba and Calendula officinalis plant extracts (1, 10, 100, 1000 µg/ml) and 
silymarin (0.5 mM) were preincubated with hepatocytes 30 min prior to CCl4. 

 

 

- The Morus Alba and Calendula officinalis plant 
extracts (100µg/ml) and silymarin (0.5 mM) were 
preincubated with hepatocytes 30 min prior to CCl4. 
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Figure(1): Effects of Carbon tetrachloride (CCl4) and Plant Extracts 

Of Morus Alba (100ug) andCalendula Officinalis (100ug) On Viability % 
of Isolated Rat Hepatocytes
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Figure (2): Effects of Carbon tetrachloride(CCl4) and Plant Extracts of 
Morus Alba(100ug) and Calendula Officinalis (100ug) on LDH Leakage% of 
Isolated Rat Hepatocytes
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Data expressed as mean ± S.E. (n= 5 replicates). 

-(a)Significantly different from control group by One-
way ANOVA tP≤0.05. 

Data expressed as mean ± S.E. (n= 5 replicates). -(b) Significantly different from CCl4  treated group 
by One-way ANOVA at P≤0.05. - (a)Significantly different from control group by One-

way ANOVA at p≤0.05. - CCl4 incubated with hepatocytes at concentration (5 
mM) 
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- (b) Significantly different from CCl4 treated group 
by One-way ANOVA at p≤0.05. 

- CCl4 incubated with hepatocytes at concentration (5 
mM). 

- The Morus Alba and Calendula officinalis plant 
extracts (100µg/ml) and silymarin (0.5 mM) were 
preincubated with hepatocytes 30 min prior to CCl4. 
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Figure(3): Effects of Carbon Tetrachloride (CCl4) and Plant Extracts of 
Morus Alba (100ug) and Calendula Officinalis (100ug) On ALT Leakage% of 
Isolated Rat Hepatocytes
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- Data expressed as mean ± S.E. (n= 5 replicates). 

- (a) Significantly different from control group by 
One-way ANOVA at P≤ 0.05. 

- (b) Significantly different from CCl4 treated group 
by One-way ANOVA at P≤ 0.05. 

- CCl4 incubated with hepatocytes at concentration (5 
mM). 

- The Morus Alba and Calendula officinalis plant 
extracts at concentration (100µg/ml) and silymarin 
(0.5 mM) were preincubated with hepatocytes 30 min 
prior to CCl4. 
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Figure(4): Effects of Carbon tetrachloride (CCl4) and Plant Extracts of 
Morus Alba (100ug) and Calendula Officinalis (100ug) On AST Leakage% of 
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- Data expressed as mean ± S.E. (n= 5 replicates). 

-(a)Significantly different from control group by One-
way ANOVA at p≤0.05. 

- (b) Significantly different from CCl4  treated group 
by One-way ANOVA at p≤0.05. 

- CCl4 incubated with hepatocytes at concentration (5 
mM). 

- The Morus Alba and Calendula officinalis plant 
extracts at concentration (100µg/ml) and silymarin 
(0.5 mM) were preincubated with hepatocytes 30 min 
prior to CCl4. 
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Figure (5): Effects of Carbon tetrachloride (CCl4) and Plant Extracts of 
Morus Alba (100ug) and Calendula Officinalis (100ug) on Lipid Peroxidation 
of Isolated Rat Hepatocytes
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- Data expressed as mean ± S.E. (n=5 replicates). 

- (a) Significantly different from control group by 
One-way ANOVA at P≤0.05. 

- (b) Significantly different from CCl4 treated group 
by One-way ANOVA at P≤0.05. 

- CCl4 incubated with hepatocytes at concentration (5 
mM). 

- The Morus Alba and Calendula officinalis plant 
extracts (100µg/ml) and silymarin (0.5 mM) were 
preincubated with hepatocytes 30 min prior to CCl4. 
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- Data expressed as mean ± S.E. (n= 5   replicates). 

- (a) Significantly different from control group by 
One-way ANOVA at P≤0.05. 

 768



Journal of American Science                                                                                                                 2010;6(10) 

 
- (b) Significantly different from CCl4  treated group 
by One-way ANOVA at P≤0.05. 

- CCl4 incubated with hepatocytes at concentration (5 
mM). 

- The Morus Alba and Calendula officinalis plant 
extracts at concentration (100µg/ml) and silymarin 
(0.5 mM) were preincubated with hepatocytes 30 min 
prior to CCl4. 

DISCUSSION 
The liver diseases and its treatment clearly 

remain an important problem and in the spotlight of 
society where maintenance of healthy liver is 
important to over all health (Smets et al., 2008). 

     CCl4 as a potent hepatotoxin cause a wide spectrum 
of hepatocellular dysfunctions including surface 
bleeding, decreased lipid secretion, fatty liver 
(Masuda, 2006). Also CCl4 induced characteristics 
liver damage which may be ended by liver cirrhosis 
and in some instance liver cancer (Park et al., 2008), 
CCl4 is used for cytotoxicity and genotoxicity 
screening, evaluation of potential hepatoprotective 
capacity of different compounds, study of toxic injury 
and characterization of hepatotoxicity mechanisms. So 
it selected as a model of chemically induced liver 
injury in this study. 

The isolated perfused liver is a one of the 
most important systems for study of toxicity and 
metabolic activity of many compounds in vitro, where 
ethical, economic, legislative, research and other 
reasons do not allow testing all of newly-synthesized 
compounds in vivo conditions. Hence new methods 
and approaches for hepatotoxicity testing in vitro have 
been developing (Kucera et al., 2006). 

Isolated hepatocytes have been extensively 
used to characterize the metabolism of xenobiotics. 
They offer the possibility of analyzing the pathways of 
metabolism in a model system under different 
conditions where largely maintaining the cell integrity 
and the intracellular inter- relation ship between 
enzyme systems and cofactors (Schlemper et al., 
1993). 

Today, Complementary and Alternative 
Medicine (CAM), including herbal medicine, are 
popular and gaining attention in the general 
population worldwide. The reasons for such shift 
toward the use of herbals include the expensive cost of 
conventional drugs, adverse drug reactions, and their 
inefficacy (Ozcakir et al., 2007). 

 Silymarin as a mixture of flavonolignans 
extracted from the seeds of Silybum marianum, is a 
most widely used as a remedy for liver diseases and is 
a one of the most important therapeutics strategies in 
acute alcohol hepatitis treatment (Naveau, 2001 and 
Kvasnicka et al., 2003). It is used in our  study as the 
standard  hepatoprotective  drug. 

Mulberry trees including Morus Alba are 
widely distributed as ornamental or wild plant in 
marginal areas it was used in numerous industrial and 
pharmaceutical purposes (Sanchez, 2000). It has been 
reported to have a great pharmacological activities 
such as hepatoprotective, antioxidant, neuroprotective 
(Oh et al., 2002). 

Calendula officinalis is an aromatic and erect 
herb. The flowers contain calenduline, which is the 
major constituent. The extract of flower shows 
antimicrobial effect. Various studies have proved the 
antiinflammatory, hepatoprotective, antioxidant, 
antibacterial, immunomodulatory, and antiedematous 
activities (Korakhashvili  et al., 2007). 

Therefore, the primary target of the present 
study was to shed some light on the potential 
hepatoprotective effects of the alcoholic plant extracts 
of Morus Alba and Calendula Officinalis against 
CCl4-induced cytotoxicty in vitro using isolated rat 
hepatocytes 

    The data presented reflect the utilization of 
isolated liver cells to investigate the hepatoprotective 
effects of Morus Alba and Calendula Officinalis 
against CCl4 induced toxicity using different 
parameters and compared with silymarin as standard 
hepatoprotective. As membrane damage occurs, 
hepatocytes release the cytosolic enzymes into 
incubation media and lose the ability to exclude trypan 
blue. In this study, trypan blue exclusion was used to 
assess cell viability. Staining of the cells by trypan 
blue indicates severe irreversible damage and reflects 
the end point to evaluate the toxic effect of CCl4 
(Baur et al., 1985). Consequently, cell damage 
exhibits a good correlation with enzyme leakage (Du 
et al., 2003). 

In the present study the toxic effect of CCl4 
on cell membrane integrity was indicated by a 
significant decrease in the viability% of isolated rat 
hepatocytes and a significant increase in the leakage% 
of intracellular enzymes (ALT, AST and LDH) into 
the incubation medium. These results are in agreement 
with many reports of Park et al., (2008); Xu et al., 
(2007). 
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The decrease in hepatocytes viability% and 

the increase in leakage% of intracellular enzymes after 
CCl4 exposure was a time dependant and detected as 
early as 30 min post exposure.  

Viability% of hepatocyte depletion as well as 
increasing of intracellular enzymes leakage% were 
observed in different studies after exposure to CCl4. 
These alterations may be attributed to the free 
trichloromethyl radicals (CCl3) that initiate lipid per 
oxidation chain reactions which start with abstracting 
hydrogen ions from polyunsaturated fatty acids 
(PUFA) of the endoplasmic reticulum membrane 
phospholipids and these processes consequently 
leading to functional and structural disruption of cell 
membrane and intracellular organelle membrane 
followed by cell damage and an  increasing the 
leakage% of intracellular enzymes (Basu, 2003) 

Wu et al., (2006) and Weber et al., (2003) 
also mentioned that, CCl3 affects the permeability of 
mitochondria, endoplasmic reticulum, and plasma 
membranes, resulting in the loss of cellular calcium 
sequestration and homeostasis, which can contribute 
heavily to subsequent cell damage and decrease 
hepatocytes viability. 

CCl4 produces decrease in adhesive 
interaction of cellular surface in area of simple 
connection that lead to increase deformity of 
hepatocytes surface leading to decrease viability% and 
increase leakage% of intracellular enzymes (James et 
al., 2006).  

The present study indicated that CCl4 has an 
oxidative stress on isolated rat hepatocytes where our 
data revealed significant increase in TBARS and 
decrease in GSH level. These results are in the 
harmony with those of other investigators who 
reported the association between CCl4 toxicity and 
lipid per oxidation (Park et al., 2008; and Krasteva 
et al., 2007). The significant increase in lipid per 
oxidation which manifested as increase the level of 
TBARS may be attributed to metabolism of CCl4 lead 
to production of highly reactive trichloromethyl 
radical CCl3 which attack membrane phospholipids 
stimulating lipid per oxidation and cell lyses (Akatay 
et al., 2000). 

Also our results are in agreement with  (Boll 
et al., 2001b and Visen et al., 1998) who stated that 
CCl4 as a model of hepatotoxicty  is converted, during 
their intracellular metabolism, to active species which 
can be radical species or electrophilic intermediates. 
In most cases the activation is catalyzed by the 
microsomal mixed function oxidase system, Radical 
species can bind covalently to cellular 

macromolecules and can promote lipid peroxidation in 
cellular membranes.  

Thus, Silymarin used in our  study as the 
standard  hepatoprotective  drug and it revealed 
marked protective effects against CCl4-induced 
cytotoxicity which was indicated by increasing the 
viability% of isolated hepatocytes, decreasing of 
intracellular enzymes leakage (AST, ALT, LDH) in 
the medium, decreasing of lipid peroxidation and 
prevent the depletion of GSH content compared with 
CCl4 treated group. In parallel with our results those 
results observed by Pradeep et al., (2007); 
Vengerovskiĭ and Khazanov (2007). 

Farghali et al., (2000) concluded that 
silymarin hepatoprotective effect is due to the 
inhibition of lipid peroxidation and that the 
modulation of hepatocyte Ca (2+). Moreover 
silymarin plays a pivotal role in maintenance the 
status of glutathione and its conjugating enzymes, an 
effect that could have been due to the strong 
antioxidant and free radical scavenging properties of 
silymarin (victorrajmohan et al., 2005) 

           The results of the present investigation showed 
that prior incubation of hepatocytes with Morus Alba 
and Calendula officinalis plant extracts afforded a 
protection against CCl4 induced hepatocyte toxicity. 
This was manifested by an increase in the viability%, 
decrease in elevated enzymes leakage% of (ALT, 
AST, and LDH). They also improve intracellular level 
of GSH and decrease lipid peroxide level this result 
was in agreement with Hyun et al., (2005). 

 The hepatoprotective effect of Morus Alba 
plant extract against oxidative stress induced by CCl4 
mainly attributed to its antioxidant and free radical 
scavenging properties which have been demonstrated 
in various studies (Oh et al., 2002). 

Morus Alba plant extract significantly 
improved the antioxidant status in vivo and in vitro 
which was more pronounced in the reduction of CCl4-
mediaited lipid per oxidation. This effect was returned 
to mulberroside A and oxyresveratrol obtained from 
Morus Alba plant extract. Also these compounds 
showed an inhibitory effect against FeSo4/H2O2-
induced lipid per oxidation in rat microsomes and a 
scavenging effect on1, 1-diphenyl-2-picrylhydrazyl 
(DPPH) radical (Chungo et al., 2003). 

Oh et al., (2002) stated that the 
hepatoprotective effect of the Morus Alba plant 
extract. This effect returned to presence of some 

 770

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vengerovski%C4%AD%20AI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Khazanov%20VA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus


Journal of American Science                                                                                                                 2010;6(10) 

 
compounds isolated from plant extract. 5, 7-
dihydroxycoumarin 7-methyle ether and oxyres- 
veratrol showed superoxide scavenging effect with 
IC50 values of 19.1 and 3.81 uM, respectively .In 
addition to inhibitory effect oxyresveratrol on 1, 1-
diphenyl-2-picrylhydrazyl (stable radical). 
Cudraflavone B as well as oxyresveratrol showed 
hepatoprotective effects with the EC50 values of 10.3 
and 32.3 uM respectively, on tarcine-induced 
cytotoxicity in liver. 

Mulberry extract contain anthocyanins as 
natural colorant , have been well characterized to be 
involved in various bioactive properties and are 
widely used for their antioxidant properties .The 
number of peroxyl radicals trapped by these molecules 
in the trapping reaction, was the fundamental aspect of 
the antioxidant action (Rossetto et al., 2007). 

           The results of the present investigation showed 
that prior incubation of hepatocytes with plant extract 
of Calendula officinalis at concentration (100 µg/ml) 
induced hepatoprotective effect against CCl4 induced 
hepatocyte toxicity. This was manifested by an 
increase in the viability%, decrease in the enzymes 
leakage% of (ALT, AST, and LDH). It also improve 
intracellular level of GSH and decrease lipid peroxide 
level, this results was in parallel with the result 
obtained by Rusu et al., (2005) and Bele et al., 
(2004).  

 The hepatoprotective effect of Calendula 
officinalis plant extract may be attributed to a 
significant free radical scavenging and antioxidant 
activity as mentioned by Cordova et al., (2002) who 
mentioned that Calendula officinalis plant extract is 
rich in a variety of bioactive metabolites including 
flavonoids and terpenoids. These bioactive ingredients 
have potent activities for scavenger the Superoxide 
radicals (O (2) (*-)) and hydroxyl radicals (HO (*)) 
resulted from CCl4 metablites. 

Herold et al., (2003) measured the 
antioxidant effect of the hydroalcoholic extract of 
Calendula officinalis using a colorimetric assay. 
Calendula officinalis extract showed strong reactive 
oxygen species scavenging property so, the plant 
extract can be used in different anti-
inflammatory/allergic diseases and it could be a useful 
tool for obtaining new antioxidant/anti-inflammatory 
agents.  

In conclusions, our study revealed that Morus 
Alba and Calendula officinalis plant extracts 
significantly improved cell survival and played an 
essential role to maintain the cellular membranes 

integrity against CCl4 that indicated by reduction of 
(ALT, AST and LDH) elevated enzymes. Moreover, 
plant extracts of Morus Alba and Calendula officinalis 
protect the intracellular antioxidant defense system as 
shown by preservation of GSH and inhibition of lipid 
peroxidation.  

The previous mentioned effects were 
probably returned to presence of the predominant 
biologically active compounds in plant extracts that 
have potant antioxidant and free radical scavenger 
properties. Thus, the present study confirmed that the 
Morus Alba and Calendula officinalis plant extracts 
have hepatoprotective effect against CCl4 induced 
cytotoxicity and oxidative stress in isolated rat 
hepatocytes. 
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Abstract: Multidrug resistance (MDR), defined as resistance to at least isoniazid (INH) and rifampin (RMP) which 
have the most effective bactericidal activity to M. tuberculosis, is now common throughout the world, with average 

rates of resistance of 15% in high-burden countries. Exposure of bacterial cells to low doses of ionizing radiation 
induces mutations that lead to genetic and subsequent phenotypic effects. Our aim was to study the effect of a low 
dose of gamma radiation, which is commonly used for treatment of most cancer patients, in altering the resistance of 
M. tuberculosis and analyze their effect on repairing gene mutations in the rpoB and KatG involving M. tuberculosis 
resistance to RMP and INH. M. tuberculosis strains resistant to RMP and INH were isolated, identified and exposed 
to 24.41Gy in-vitro gamma irradiation. The susceptibility tests to RMP and INH after irradiation were performed.  
Mutations in   the rpoB and katG gene were analyzed by DNA sequencing of   M. tuberculosis MDR clinical 
isolates before and after exposure to gamma radiation. The results revealed that after exposure 61.1% were sensitive 
to RMP and INH, 22.2% sensitive to RMP and resistant to INH while 16.7% remained MDR. As a result of 
comparing mutations of rpoB and katG gene before and after irradiation with respect to their mutations conferring 
RMP and INH resistance, a marked difference in the distribution of mutations was observed. Knowledge of the 
effect of radiation on M. tuberculosis would help to improve the treatment of tuberculosis. [Journal of American 
Science 2010;6(10):774‐780]. (ISSN: 1545‐1003).   
 
Key words: Multidrug-resistant tuberculosis (MDR-TB); isoniazid (INH); rifampicin (RMP); katG gene; rpoB 
gene; mutations; in- vitro gamma irradiation. 
 
Introduction 

Tuberculosis (TB) is a common and deadly 
infectious disease caused by mycobacterium, mainly 
Mycobacterium tuberculosis (M. tuberculosis). One-
third of the world's population has been exposed to the 
TB bacterium.   It has fatality rate of approximately 
20%, even with intensive treatment (Bartzatt et al., 
2008).  Major anti-TB drugs include isoniazid (INH), 
rifampin (RMP), and ethambutol (EMB).  Drug-
resistant M. tuberculosis strains are rapidly becoming 
the next global health emergency (Klingeren et al., 
2007, Richter et al., 2009 and Sangare et al., 2010).  
MDR strains are difficult to cure and are more likely 
to remain sources of infection for long period of time 
than drug susceptible strains (Zumia and Grange, 
2001).  Multidrug-resistant MDRTB, defined as 
simultaneous resistance to at least isoniazid (INH) and 
rifampin (RMP), is a serious problem (Bifani et al., 
2002, and Nalini et al., 2010).  Strains of MDRTB 
appear to result from the stepwise acquisition of 
mutations in the genes encoding drug targets or drug-
converting enzymes (Gillespie, 2002 and Parrish et 
al., 2007).  Resistance to RMP in M.tuberculosis 
strains is usually caused by the point mutations in an 
81bp region, (named core rpoB, or RMP-resistance 
determining region PRDR), which is part of the rpoB 

gene encoding the beta subunit of the DNA 
polymerase.   Because synonymous changes are very 
uncommon in this region, the detection of any 
nucleotidic substitution within this genetic region is a 
marker for resistance.  Although a single point 
mutation is sufficient for developing RMP resistance, 
a number of articles described multiple rpoB 
mutations for M.tuberculosis (Pozzi et al., 1999; 
Mani et al., 2001 and Hristea et al., 2010).  For INH 
resistance mutations have been reported to map in at 
least four different genetic loci; katG,   inhA, ahpC, 
and oxyR (Banerjee et al., 1994, Kelly et al., 1997).  
Despite this, one codon, katG 315 is most frequently 
associated with resistance to INH (often at high level), 
and therefore, the detection of resistance in many 
cases is simplified (Wada, et al., 2004 and 
Hillemann, et al., 2005).  Several molecular methods 
to detect drug-resistant in M. tuberculosis have been 
reported (Garcia de Viedma, 2003).  These methods 
are fundamentally based on the detection of point 
mutations. PCR-DNA sequencing is a straightforward 
technology to detect mutation (Kapur, 1994 and   
Parrish et al., 2007).   The importance of TB as a 
major public health problem has been dramatically 
reinforced due to the human immunodeficiency 
diseases and the emergence of multi-drug-resistant M. 
tuberculosis (MDRTB) strains (Allix-Béguec et al., 
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2008). The association of tuberculosis and cancer has 
been described and explained by many authors in 
many diverse ways (Kaplan et al., 1974, Pandey et 
al., 2003 and Hofmeyr et al., 2007).  Radiation 
therapy is one of the most important methods of 
cancer treatment; at least 50 % of all cancer patients 
will receive radiotherapy at some stage during the 
course of their illness. (Tobias, 1992 and Spira and 
Ettinger, 2004). It is well known that, exposure of 
microbial cells to ionizing radiation presents an 
additional stress to the cells which tends to disturb 
their organization. Nucleic acids, especially DNA, are 
the primary target for cell damage from ionizing 
radiation. Breaks in the DNA chain disrupt function of 
the molecule in several ways (Scala, 1995). Gamma 
radiation induced three types of damage in DNA, 
single strand breaks, double strand breaks and 
nucleotide damage which include base damage and 
damage in the sugar moiety. The base damage is a 
major component of damage induced by ionizing 
radiation (Pouget et al., 2002). After irradiation, some 
bacterial cells contain abnormal sets of chromosomes 
or transmit their chromosomes abnormally, while 
others exhibit heritable changes (Scala, 1995). 

To this end, as radiotherapy of cancer patients 
exerts many effects on microbial cells, and in order to 
treat patients with MDR-TB now and in the future,  
new approaches to anti-tuberculosis treatment are 
needed urgently as no new drugs specifically 
evaluated for the treatment of TB has been introduced 
since rifampicin entered treatment regimens in the late 
1960s and early 1970s, the present work aimed to 
study the antibiotic adjuvant activity of low dose of 
gamma radiation commonly used in the treatment of 
lung cancer patients against  MDR-TB with respect to 
their resistance to RMP and INH in an attempt to 
successfully combat this global problem. 

 
Materials and methods 

Strains and resistance testing: A set of 
Eighteen Rifampin and Isoniazid resistant M. 
tuberculosis strains obtained from sputum specimens 
of patients referred to Abbasia chest hospital, Cairo, 
Egypt were included in the study.  The sputum 
specimens were digested and decontaminated by N-
acetyl L-cystiene (NALC) and sodium hydroxide 
(NaOH) as described previously (Kent and kubica, 
1985).  All specimen sediment was finally re-
suspended in 2.2 ml of 0.067 M phosphate buffer (pH 
6.8). For all specimens, half of the sediment was 
inoculated onto the culture medium and used for acid-
fast staining. All manipulations of specimens were 
done in the certified level II biosafety cabinet to 
contain the aerosols that potentially generated by 
adding reagents. 
 

Microscopy. Smears were stained by Ziehl-
Neelsen staining (Heifets and Good, 1994). 

Culture. Aliquots of the processed sediment 
were inoculated onto Lowenstein-Jensen medium for 
isolation of the acid fast bacilli (BBL). Slants were 
incubated at 37°C for 8 weeks in a 5% CO2 
atmosphere. Identification of the isolates was done 
according to colony morphology, growth rate, niacin 
accumulation and nitrate reduction (Kent and 
Kubica, 1985).   

From culture strains: Few colonies of 
previously well-characterized M. tuberculosis clinical 
isolates that were grown on Lowenstein-Jensen slants 
were used. A one McFarland suspension was made 
and was divided to 3 parts. The first part was used for 
susceptibility test and  DNA was extracted from the 
second one. The third part was exposed to gamma 
radiation then the susceptibility test and DNA 
extraction were done on the irradiated suspension.   

The susceptibility tests to RMP and INH 
(before and after radiation) were determined using 
Mycobacterium growth indicator tube (MGIT). MGIT 
culture tube contains 7ml of modified Middlebrook 
7H9 broth base, to which 0.8 ml was added an 
enrichment supplement containing oleic acid, 
albumin, dextrose, and catalase (BBL MGIT OADC) 
and 0.1ml antibiotic mixture of polymyxin B, 
amphotericin B, nalidixic acid, trimethoprim, and 
azlocillin (BBL MGIT PANTA).  

Antimycobacterial drugs: Lyophilized drugs   
(Becton Dickinson) were dissolved according to the 
manufacturer's instructions.   The final drugs 
concentrations used were 0.1 µg/ml for INH and 1.0 
µg/ml for RMP (Rüsch-Gerdes, et al., 1999).   Finally 
0.5 ml of the test inoculums (1 McFarland) was added. 
For each isolate, a growth control tube with Growth 
Supplement and without drug was included.   If the 
relative growth in the drug-containing tube was equal 
to or exceeded that of the growth control tube, the 
isolate was considered drug resistant; otherwise the 
isolate was considered drug susceptible.   

DNA extraction: Bacteria were harvested from 
the Lowenstein Jensen slopes, heat-killed.  DNA was 
extracted using Genomic DNA isolation kit 
(Fermentas life Science, EU) as per manufacture 
protocol. The extracted DNAs were stored at -20°C. 

DNA target sequences DNA target sequences 
were the 363-bp M. tuberculosis rpoB gene and the 
206-bp M. tuberculosis katG gene. 

PCR Specific for rpoB gene and katG gene: 
A 363-bp segment of rpoB species was amplified 
using (5'ACACCGCAGACGTTGATCA3') and 
(5'CTAGTGATGGCGGTCAGGT AC3') 
oligonucleotide primers (Wada, et al., 2004). A 206-
bp segment of katG species was amplified using 
(5′GAAACAGCGGCGCTGGATCGT'3) and (5′ 
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GTTGTCCATTTCGTCG GGG'3) oligonucleotide 
primers (Kim, et al., 2006). The primers were 
synthesized from the Biotechnology Facility at the 
University of Connecticut, USA.   PCR reaction for 
both was performed in a 50 ul volume with master 
mix contained final concentration of 1.25U Taq DNA 
polymerase, 50 mM KCl, 30mM Tris HCl, 1.5mM 
Mg+2, 0.1% lgepal CA630 and 200uM of each dNTP 
(Eppendorf, NY, USA) with 100 pmol of primers with 
100 ng of DNA template. The PCR amplification was 
carried out with an  initial denaturation at 94ºC for 10 
min. followed by 40 cycles of denaturation at 94ºC for 
30 s, annealing at 60 ºC for 30s, and extension at 72ºC 
for 30 s.  The PCR sample heated at 72ºC for 30 min 
for a final extension for rpoB gene. While, the PCR 
cycle for katG was consisted of  initial denaturation at 
94ºC for 10 min. followed by 30 cycles of 
denaturation at 94ºC for 45 s, annealing at 63 ºC for 
30s, and extension at 72ºC for 30s.  For final 
extension the samples were heated at 72ºC for 5 min. 
 

Detection of amplified PCR Products: 
Agarose gel electrophoresis was used to detect PCR 
products. Ten micro liter volumes of PCR products 
separated through a 1.5% agarose horizontal gel by 
electrophoresis at 84 volts. Gels were stained with 
ethidium bromide (0.5 ug/ml), and visualized by 
ultraviolet light and photographed. 

Purification of PCR products and DNA 
sequencing: The PCR products of rpoB and katG 
segments were purified by Gene Jex PCR purification 
kit as manufacture instructions (Fermentas Life 
sciences, EU).  The purified DNA was submitted for 
sequencing.  The same primers used for PCR were 
used for the sequencing of forward and reverse 
fragments.   

Sequencing reactions were performed in a MJ 
Research PTC-225 Peltier Thermal Cycler using a 
ABI PRISM, BigDyeTM Terminator Cycle 
Sequencing Kits with AmpliTaq DNA polymerase (FS 
enzyme) (Applied Biosystems), following the 
protocols supplied by the manufacturer. Single-pass 
sequencing was performed on each template selected 
primer. The fluorescent-labeled fragments were 
purified from the unincorporated terminators with an 
ethanol precipitation protocol. The samples were re-
suspended in distilled water and subjected to 
electrophoresis in an ABI 3730xl sequencer (Applied 
Biosystems). The Blast sequences computer program 
was used for DNA sequence comparisons (http:// 
www. ncbi. nlm. nih.gov/BLAST/). 

Irradiation source: 137C Gamma cell 40, 
Atomic Energy of Canada Limited, Commercial 
Products located at National Center for Radiation 
Research and Technology (Cairo, Egypt) was the 
irradiation source used. The dose rate was 1.30 

Rad/Sec at the time of experiments. In- vitro 24.41 Gy 
gamma irradiation was given. This total single dose is 
biologically equivalent to the fractionated multiple 
therapeutic doses of 70 Gy/35 fractions used in the 
treatment of some cancer patients and was calculated 
by using the linear quadratic (LQ) formula described 
by Barton, (1995).   
 
Results and Discussion 

A major point of concern is that patients 
infected with MDR-TB strains are more difficult to 
treat and are more likely to remain as sources of 
infection for longer periods of time than patients with 
drug-susceptible strains (Zumia & Grange 2001).  In 
this study eighteen M. tuberculosis isolates identified 
according to colony morphology, growth rate, niacin 
production and nitrate reduction. Clinical isolates 
were selected according to multidrug resistance 
characteristic of strains (resistance to RMP and INH). 

Drug sensitivity after in- vitro gamma 
irradiation: The eighteen M. tuberculosis isolates 
were resistant to RMP and INH before exposure to 
gamma radiation by MGIT. The susceptibility test of 
MDR resistant M. tuberculosis clinical isolates after 
irradiation revealed the following changes 61.1% were 
sensitive to RMP and INH which have previous been 
identified as MDR before radiation. While 22.2% 
were sensitive to RMP and resistance to INH and 
16.7% remained MDR. ‘spectrum’ of mutations 
produced by γ-radiation which is significantly 
different from that occurring spontaneously leading to 
multi-drug resistance could be attributed to the 
random effects of radiation, whether such effects are 
direct or indirect. When ionizing radiation is incident 
on biologic systems (microbial cells) energy is 
transferred into the system according to fundamental 
physical principles. The effect is often not so 
predictable (Scala,1995). To date, little reports were 
cover such area. 

Molecular analysis: All isolates before and 
after radiation contained rpoB and katG based upon 
PCR amplification of a 363 bp and 206 bp 
respectively as shown in figure 1 and 2. No complete 
deletions of the katG gene were found among the 
strains.  Genomic DNA of three isolates was analyzed 
for mutations in the 363-pb fragment of the rpoB gene 
and 206-bp for katG gene by sequencing. These three 
strains picked according to their change from MDR to 
sensitive strains after gamma irradiation. 

Mutations in the 81-bp core region of rpoB 
gene were identified in the three RMP resistance 
isolates of M. tuberculosis included in the study. 
Genetic studies have demonstrated that more than 
95% of RMP resistance is associated with a mutation 
in the 81-bp core region of the rpoB gene (Telenti, et 
al., 1993 and Ramaswamy and Musser, 1998).  
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Before exposure to gamma radiation, mutations 
affecting codons 531or 526 were present in  the RMP-
resistant M. tuberculosis strains Fig.3. In our study 
there were substitution of TCG to TTG in codon 531 
in two strains and substitution of CAC to TAC in 
codon 526 were present in one strain. Mutations at 
Codon 531 of rpoB gene followed by Codon 526 was 
reported as the location of the most frequent mutations 
associated with RMP resistance (Chaves, et al., 2000 
and Venkatesh, et al., 2003).   Mutations in the katG 
gene were identified in the three INH resistance 
isolates at codon 315 the missense mutation AGC — 
ACC was found. Studies investigating strains with 
high level INH resistance have documented that 50 to 
100% have mutations located in codon 315 of the 
katG gene (Musser, et al., 1996 and Hillemann, et 
al., 2005).  After irradiation, as a result of comparing 
mutations of rpoB and katG genes before and after 
irradiation with respect to their mutations conferring 
RMP and INH resistance, a marked difference in the 
distribution of mutations was observed as illustrated in 
figure 3 and 4. DNA sequence analysis of rpoB 
segments showed that two had more than one 
mutation, and one had single mutation in the 81-bp 
RRDR of the rpoB gene. One isolate has contained 
five mutations at codons 510, 522 (had two base pair 
mutations), 529 and 531.  The second one had 
contained 11 mutations at codons 508, 511, 514, 515, 
517, 518,519, 522, 525, 527 and 528 some of these 
codons had more than one mutation.  The third one 
had one mutation at codon 533. DNA sequence 
analysis of katG gene after radiation revealed that in 
one isolate there were mutations at codons 311, 320 
and 326.  The second one there was mutations in 
codons 319, 322 and 325, While, the third one had 
double mutations at codons 310 and 321.  There is 
considerable evidence suggesting that nucleic acids 
are the primary target for cell damage by ionizing 
radiation. Gamma radiation induced three types of 
damage in DNA. The base damage is a major 
component of damage induced by ionizing radiation in 
prokaryotic systems. Thus irradiation produces 
damage which can cause mutations leading to change 
of some or all cell activities (Scala, 1995 and Pouget 
et al., 1999).  The biological effects of radiation occur 
as a result of discrete changes in the nucleus and 
molecular structure of the irradiated cells. 
Chromosomal alterations, resulting from the 
absorption of ionizing radiations, play a key role in the 
development of initial molecular lesions to their 
eventual expression either in the reproductive death of 
cells and subsequent tissue damage, or permanent 
hereditary changes in surviving cells that may lead to 
genetic damage affecting succeeding generations 

(Hall et al., 1988). Figs (3) &(4) show that, there is 
evidence of stable DNA lesions produced in cells in 
response to ionizing radiation which include 
modifications to thymine, adenine, guanine and 
cytosine (substitutions), such effect could be attributed 
to the formation of clustered lesions or multiply 
damaged sites (MDSs) produced from the gamma ray 
track near the DNA and which are defined as ≥2 
lesions within a distance of 10–15 base pairs (bp) and 
which may be situated on the same strand or in 
opposite strands (Sutherland et al.,2000; Nikjoo et 
al., 2001 and  Malyarchuk et al.,,2003).  Some 
authors,  Joiner et al., (1996) reported that there is no 
doubt of the existence of stress responses that are 
upregulated in response to exposure of bacterial cells 
to small doses of ionizing radiation and other DNA-
damaging agents. Changed expression of some genes, 
only in response to low and not high doses, may occur 
within a few hours of irradiation. When cells are 
irradiated, lethal damage can occur, or postirradiation 
conditions are modified to allow repair. Repair 
saturation invokes the production by irradiation of a 
class of DNA damage that is accurately and efficiently 
repaired at low radiation doses, but as the dose 
increases the repair process becomes saturated and 
"damage fixation"  begins to complete. Damage 
fixation is the progression of the damage to a state in 
which it can no longer be repaired.   Misrepair could 
occur either by error-prone repair system or by repair 
occurring on a template from which base sequence 
information has been lost (Tobias,1985 and Hellman, 
2001).   The evidence of new mutations in this study 
indicates that mutations could be altered by gamma 
radiation. The RMP and INH resistance alteration in 
these isolates may be due either to the presence of a 
mutation in this gene or to some other mechanism 
caused by radiation.  
 
Conclusions 

With the significant worldwide reservoir of M. 
tuberculosis infection and the threat of MDR-TB, 
there is a need for novel approaches to this age-old 
disease. Exploration of the role of low doses of 
gamma radiation on MDR-TB revealed substantial 
induced genetic and subsequent phenotypic variability 
and shifts in antimicrobial resistance towards 
susceptibility. Mutagenic treatment by ionizing 
gamma radiation tumor-treating doses in the arsenal of 
anti-TB therapy require further in- vivo investigations. 
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Figure (1): Agarose gel electrophoresis of positive 363 
bp PCR products of rpoB. M, 1 kbp ladder gene, M, 1 

 

Figure (2): Agarose gel electrophoresis of positive 
206bp PCR products of katG gene. M, 1 kbp ladder   

M 1 kb l dd

  778



Journal of American Science                                                                                                                 2010;6(10) 

Mycobacterium Tuberculosis by Various Small 
Molecule Hydrazides Letters in Drug Design & 
Discovery, 5( 3), 162-168 

6. Chaves, F.; Alonso-Sanz, M.; Rebollo, M.J.; 
Tercero, J.C.; Jimenez, M.S.and Noriega, A.R. 
(2000): rpoB mutations as an epidemiologic 
marker in rifampin-resistant Mycobacterium 
tuberculosis. Int J Tuberc Lung Dis, 4: 765– 70. 

7. Garcia de Viedma, D. (2003): Rapid detection of 
resistance in Mycobacterium tuberculosis: a 
review discussing molecular approaches. Clin. 
Microbiol. Infect, 9: 349-359. 

8. Gillespie, S. H. (2002): Evolution of drug 
resistance in Mycobacterium tuberculosis: clinical 
and molecular perspective. Antimicrob. Agents 
Chemother.46:267–274. 

9. Hall, E.J.; Astor, M.; Bedford, J.; Borek, C.; 
Curtis,S.B., Fry, M.,  Geard,C.; Hei,T.; 
Mitchell,J.; Oleinick,N.; Rubbin,J.;Tu,A.; 
Ullrich,R.; Waldren,C. and Ward, J. (1988): 
Basic radiobiology. Am.J.Clin.Oncol. (CCT), 
11(3):220-252. 

10. Hellman, S. (2001): Principles of cancer 
management: Radiation therapy. In: De Vita, 
V.T.Jr.; Hellman, S. and Rosenberg, S.A. 
(eds.),"Cancer Principles and Practice of 
Oncology", 6th ed., Ch.16, P.265-288. Lippincott 
Williams & Wilkins.  

11. Heifets, L.B.  and Good, R.C.   (1994): Current 
laboratory methods for the diagnosis of 
tuberculosis, p. 85–110. In B. R. Bloom (ed.), 
Tuberculosis: pathogenesis, protection, and 
control. American Society for Microbiology, 
Washington, D.C. 

12. Hillemann, D.; Kubica, T.; Agzamova, R.; 
Venera, B.; Rusch-Gerdes, S. and Niemann, S. 
(2005): Rifampicin and isoniazid resistance 
mutations in Mycobacterium tuberculosis strains 
isolated from patients in Kazakhstan. Int. J. 
Tuberc. Lung Dis, 9:1161-1167.  

13.  Hofmeyr, A.; Lau W.F. and Slavin, M.A. 
(2007):  Mycobacterium tuberculosis infection in 
patients with cancer, the role of 18-
fluorodeoxyglucose positron emission 
tomography for diagnosis and monitoring 
treatment response. Tuberculosis,87(5):459-463. 

14. Hristea A., D. Otelea, S. Paraschiv, A. Macri, 
C. Baicus, O. Moldovan, M. Tinischi, V. 
Arama, A. Streinu-Cercel  (2010). Detection of 
Mycobacterium tuberculosis resistance mutations 
to rifampin and isoniazid by real-time PCR.  Ind J 
Med microbiol: 28 : 3: 211-216 

15. Joiner, M.C.; Lambin, P.; Malaise, E.P.; 
Robson, T.; Arrand, J.E.; Skov, K.A. and 
Marples, B.(1996): Sensitivity to very-low single 
radiation doses. Its relationship to the adaptive 

response and induced radio-resistance. Mutation-
Research, 358:171-183. 

16. Kaplan MH, Armstrong D and Rosen P. 
(1974): Tuberculosis complicating neoplastic 
disease: a review of 201 cases. Cancer., 33:850-
858. 

17. Kapur, V.;  Li, L.L;  Iordanescu, S.; Hamrick, 
M.R.; Wanger, A.; Kreiswirth, B.N. and  
Musser, J.M. (1994): Characterization by 
automated DNA sequencing of mutations in the 
gene (rpoB) encoding the RNA polymerase beta 
subunit in rifampin-resistant Mycobacterium 
tuberculosis strains from New York City and 
Texas. J. Clin. Microbiol, 32:1095-1098. 

18. Kelley, C. L.; Rouse, D.A. and Morris, S. L. 
(1997): Analysis of ahpC gene mutations in 
isoniazid-resistant clinical isolates of 
Mycobacterium tuberculosis. Antimicrob. Agents 
Chemother. 41:2057-2058.  

19. Kent BS, and G. P. Kubica. (1985): Public 
health mycobacteriology: a guide for the level III 
laboratory US department of health and humans 
services. Publication No. 86-8230, Washington, 
DC. 1985. 

20. Kim, S.; Park, Y.; Song, E.; Jang, H.; Kim, C.; 
Yoo, J. and Kang, S. (2006): Evaluation of the 
combichip mycobacteria drug resistance detection 
DNA chip for identifying mutations associated 
with resistance to isoniazide and rifampin in 
Mycobacterium tuberculosis. Diag. Microbiol. 
Infec. Dis, 54: 203-210. 

21. Klingeren B. v., Dessens-Kroon M., van der 
Laan T., K. Kremer, and D. van Soolingen 
(2007): Drug Susceptibility Testing of 
Mycobacterium tuberculosis Complex by Use of 
a High-Throughput, Reproducible, Absolute 
Concentration Method. Journal of Clinical 
Microbiology, 45 (8): 2662-2668. 

22. Mani, C.; Selvakumar, N.; Narayanan, S. and 
Narayanan, P.R. (2001): Mutations in the rpoB 
gene of multidrug-resistant Mycobacterium 
tuberculosis clinical isolates from India. J Clin 
Microbiol, 39:2987–90. 

23. Musser, J. M., Kapur, V.; Williams, D.L.; 
Kreiswirth, B.N.; van Soolingen, D. and van 
Embden, J.D. (1996): Characterization of the 
catalase-peroxidase gene (katG) and inhA locus in 
isoniazid-resistant and -susceptible strains of 
Mycobacterium tuberculosis by automated DNA 
sequencing: restricted array of mutations 
associated with drug resistance. J. Infect. Dis, 
173:196-202. 

24. Malyarchuk, S.; Youngblood, R. and Landry, 
A.M. (2003): The mutation frequency of 8-oxo-
7,8-dihydroguanine (8-oxodG) situated in a 
multiply damaged site: comparison of a single 

  779

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11474030&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11474030&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11474030&dopt=Abstract


Journal of American Science                                                                                                                 2010;6(10) 

  780

and two closely opposed 8-oxodG in Escherichia 
coli.DNA Repair, 2:695-705. 

25. Nalini; S., R Lakshmi, K Devika, D 
Ravikumar, R Ramachandran (2010):  
Combined drug medium with isoniazid and 
rifampicin for identification of multi-drug 
resistant Mycobacterium tuberculosis. Ind J Med 
microbiol: 28  : 2: 162-163. 

26. Nikjoo; H.; O’Neill, P.; Wilson, W.E. and 
Goodhead, D.T.(2001):Computational approach 
for determining the spectrum of DNA damage 
induced by ionizing radiation. Radiat. Res., 
156:577–583. 

27. Parrish N., G. Osterhout, K. Dionne, A. 
Sweeney, N. Kwiatkowski, K.Carroll, K. C. 
Jost Jr., and  J. Dick  (2007): Rapid, 
Standardized Method for Determination of 
Mycobacterium tuberculosis Drug Susceptibility 
by Use of Mycolic Acid Analysis J Clin 
Microbiology, p. 3915-3920, Vol. 45, No. 12. 

28. Pandey , M.,  Abraham , E.K.,  Chandramohan 
K1 and   Rajan, B. (2003): Case 
reportTuberculosis and metastatic carcinoma 
coexistence in axillary lymph node: A case report. 
World Journal of Surgical Oncology., 1:3 

29. Pouget ,J.P.; Ravanat, J.L. ;Douki, T.; 
Richard, M.J. and Cadet, J. 
(1999):Measurements of DNA base damage in 
cells exposed to low doses of gamma radiation: 
Comparison between HPLC-Ec and comet assays. 
Int.J.Radiat.Biol.,75(1):51-58. 

30. Pozzi, G.; Meloni, M.; Iona, E.; Orru, G.; 
Thoresen, O.F.; Ricci, M.L.; Oggioni, M.R.; 
Fattorini, L. and Orefici, G. (1999): rpoB 
mutations in multi-drug resistant strains of 
Mycobacterium tuberculosis isolated in Italy. J 
Clin Microbiol, 37:1197–9. 

31. Pouget, J.-P.; Frelon, S.; Ravanat, J.-L.;  
Testard, I.;  Odin, F. and Cadet, J. (2002): 
Formation of modified DNA bases in cells 
exposed either to gamma radiation or to high 
LET-particles. Radiat. Res. ,157: 589–595. 

32. Ramaswamy, S. and Musser, J.M. (1998): 
Molecular genetic basis of antimicrobial agent 
resistance in Mycobacterium tuberculosis: 1998 
update. Tuber. Lung Dis, 79:3-29. 

33. Richter E, Rüsch-Gerdes S, Hillemann D 
(2009). Drug-susceptibility testing in TB: current 
status and future prospects. Expert Rev Respir 
Med; 3(5):497-510. 

34. Rüsch-Gerdes, S., Domehl, C., Nardi, G., 
Gismondo, M.R., Welscher, H.M. and Pfyffer, 
G.E. (1999): Multicenter evaluation of the 
Mycobacteria Growth Indicator Tube for testing 
susceptibility of Mycobacterium tuberculosis to 
first-line drugs. J. Clin. Microbiol., 37:45-48. 

35. L Sangare, S Diande, S Kouanda, BI 
Dingtoumda, A Mourfou, F Ouedraogo, I 
Sawadogo, B Nebie, A Gueye, LT Sawadogo, 
AS Traore (2010):  Mycobacterium tuberculosis 
drug-resistance in previously treated patients in 
Ouagadougou, Burkina Faso. Annals of African 
Medicine: 9: 1: 15-19 

36. Scala, R.J. (1995): Biological effects of ionizing 
radiation. In: Early, P.J. and Sodee, D.B.(eds.), 
"Principles and Practice of Nuclear Medicine", 
Second edition, Ch.9,P.118-130.Mosby-Year 
Book, Inc 

37. Spira, A. and Ettinger, D.S. (2004): 
Multidisciplinary management of lung cancer. N. 
Engl J Med., 350:379-392. 

38. Sutherland, B.M.; Bennett, P.V.; Sidorkina, O. 
and  Laval, J.(2000):  Clustered damages and 
total lesions induced in DNA by ionizing 
radiation: oxidized bases and strand breaks. 
Biochemistry, 39 : 8026–8031. 

39. Telenti, A.; Marchesi, F.; Balz, M.; Bally, F.; 
Bottger, E.C. and Bodmer, T. (1993): Rapid 
identification of mycobacteria to the species level 
by polymerase chain reaction and restriction 
enzyme analysis. J. Clinc. Microbiol, 31: 175-
178. 

40. Tobias,C.A.(1985): The repair-misrepair model 
in radiobiology: Comparison to other models. 
Radiat. Res., 104:S77-95. 

41. Venkatesh, J.; Kumar, P.; Krishna, P.S.M.; 
Manjunath, R. and Varshnay, U. (2003): 
Importance of uracil DNA glycosylase in 
Pseudomonas aeruginosa and Mycobacterium 
smegmatis, G+C rich bacteria, in mutation 
prevention, tolerance to acidified nitrite, and 
endurance in mouse macrophages. J Biol. Chem, 
278:24350–8. 

42. Wada, T.; Maeda, S.; Tamaru, A.; Imai, S.; 
Hase, A. and Kobayashi, K. (2004): Dual probe 
assay for rapid detection of drug resistant M. 
tuberculosis by real - time PCR. J. Clin. 
Microbiol, 42: 5277-85 

43. Zumia, A. and Grange, J.M. (2001): Multidrug-
resistant tuberculosis—can the tide be turned? 
Lancet Infect. Dis, 1:199-202. 

 
8/16/2010 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Oggioni%20MR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fattorini%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Orefici%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10074552&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10074552&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10074552&dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Richter%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22R%C3%BCsch-Gerdes%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hillemann%20D%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Expert%20Rev%20Respir%20Med.');
javascript:AL_get(this,%20'jour',%20'Expert%20Rev%20Respir%20Med.');
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12679366&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12679366&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12679366&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12679366&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12679366&dopt=Abstract


Journal of American Science                                                                                                                 2010;6(10) 

 

In vitro studies and RAPD analysis of Echinacea angustifolia. 
 

H. S. Taha1 , I. I. Lashin2, A. M. Sharaf 2, , I. I. Farghal2 and M. K. El- Bahr1 

 

1- Plant Biotechnology Dept., National Research  Centre, Cairo, Egypt. 
2-Botany and Microbiology Dept., Faculty of Science, Al-Azhar Univerisity , Cairo, Egypt. 

E. mail corresponding auther: Hussein.taha2@yahoo.com 
 
ABSTRACT: The goal of this research was to establish   protocol for micropropagation and RAPD analysis of 
Echinacea angustifolia. The obtained data revealed that seeds sterilization with 5% clorox for 20 min and 0.1% 
mercuric chloride (MC) for 1 min, gave the best results for seeds germination and survival percentage. Three type of 
explants i.e., leaf, petiole and root were used for callus formation. The best results were obtained with MS medium 
supplemented with 1.0 mg/L-1 BA + 1.0 mg/L-1 NAA from leaf and petiole explant, respectively. However, 
supplementation of MS medium with 0.2 mg/L of BA gave the highest number of shootlets regeneration from root 
explants compared with other explants. Moreover, culturing the regenerated shoots on MS medium supplemented 
with 0.2 mg/L-1 IBA and 1 g/l activated charcoal enhanced of roots formation within two weeks. Furthermore, there 
is no evidence of somaclonal variations were recorded between the in vitro derived plantlets and those  mother plant 
that revaluated highly similarity using RAPD–based DNA fingerprint analysis.  [Journal of American Science 
2010;6(10):781-790]. (ISSN: 1545-1003).   

 
Key words: Calli, regeneration, Echinacea angustifolia, RAPD 
 
INTRODUCTION 

      Echinacea species are members of the family 
Asteraceae (perry et al., 2001). The word Echinacea is 
derived from the Greek Echinos for sea urchin or 
hedge hog, a reference to the spiny appearance of the 
plant (Speroni et al., 2002). Echinacea species, 
commonly known as purple coneflower, comprise a 
genus native to north America, occurring primarily in 
the USA and in South- Central  of Canada (Mc 
Gregor, 1968).   

       Echinacea species have long been recognized 
as important medicinal plants used by Native 
Americans for the treatment of many diseases, 
including colds, toothaches, snake bites, rabies and 
wound infections (Bauer and Wagner, 1991). For 
sterilization of explants clorox and murcuric chloride 
can be used as reported by Sujatha (1997) on Guizotia 
abyssinica, and Abou Dahab et al., (2005) on Russcus 
hypoglossum. Murch et al., (2006) reported that seeds 
of E. purpurea were surface sterilizated by immersion 
in 70% ethanol for 30 s and then in 5.4% sodium 
hypochloride for 18 min which proved highly efficient 
in ensuring contamination free seeds germination. 
Furthermore, Korach et al., (2003) in their study on 
Echinacea pallida they found that callus were derived 
from leaf tissue explants when placed on MS medium 
supplemented with  BA and NAA combinations. In 
addition when Subbaiah et al., (2003)  used another 
strains of Echinacea they reported that callus were 
induced from leaf segments of mature plants of E. 
purpurea placed on MS medium supplemented with 
0.5 mgl-1 NAA and 2.5 mgl-1BA. Plant regeneration 
from petiole explants of E. purpurea was achieved 

using only a small amount of BA (Choffe et al., 2000). 
However, Coker and Camper (2000) used MS 
medium with NAA and kinetin to induce shoots from 
sterile seedlings of E. purpurea. Furthermore, plantlets 
of Echinacea purpurea were rooted on MS medium 
alone or in combination with different concentration of 
IBA. Moreover, Koroch et al. (2002) reported that 
high rooting and survival percentage were achieved 
using MS medium without plant growth regulators. 
The use of (RAPD) Random Amplified Polymorphic 
DNA for identification of cultivars through DNA 
profiling is the current method of choice in measuring 
genetic variation within germplasm collections 
(Williams et al., 1990; Trujillo et al., 1995; Paull et 
al., 1998 and Hernendez et al., 2001). Due to 
technical simplicity and speed, RAPD methodology 
was used for diversity analyses in several crops 
(Demek et al., 1996). PCR-based RAPD markers are 
dominant markers that are extensively used in genetic 
mapping (Chalmers et al., 2001) and identification of 
genetic polymorphisms (Bai et al., 2003 and Sun et 
al., 2003).                      
 Therefore, the current expermints were 
achieved on E. angustifolia to investigate the effect of 
various media ingredients on callus production, 
shootlets proliferation and roots formation in vitro.  
 
MATERAILS AND METHODS 
 This investigation was carried out on 
Echinacea angustifolia at the Department of Plant 
Biotechnology, National Research Centre. The 
objective of this study was to establish protocol for 
callus production, micropropagation and RAPD 
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analysis of the in vitro derived plantlets compared 
with the mother plant. 
 
Explants source and disinfection 
           Seeds of E. angustifolia were obtained from 
Horticulture Division, Faculty of Agriculture, Cairo 
University, Egypt. These seeds were soaked for 1 min 
in 70% ethanol under aseptic condition and treated 
with 5% of commercial Clorox with a few drops of 
tween-20 for 20 min followed by 0.1% of mercuric 
chloride (MC) for 1 min. Finally, they were rinsed 
three times with steril-distiled water. Sterilized seeds 
were cultured onto growth regulator-free MS-medium 
(five replicate per treatment). After three weeks of 
culturing germinated seeds were used as a source of 
leaf, petiole and root explants.. 
 
Culture media and conditions 
 For callus induction, shootlets proliferation 
and rooting experiments, all used media were enriched 
with 30 g/l sucrose and 7 g/l agar. All type of media 
were adjusted to pH 5.80.1 and autoclaved at 121C 
and 1.2 kg/cm2 for 20 min before using. The different 
explants i.e. leaf; petiole and root were placed 
vertically in 200 ml capacity galss containing 25 ml 
media. The culture media were incubated at 26 1C 
under fluorescent white lamps with light intensity of 
3000 lux at 16-hours photoperiod and the other 
cultures were maintained in dark conditions at 25C to 
determined the callus formation. 
 
Callus induction 
          Leaf, petiole and root segments (3-4mm) were 
excised from sterilized in vitro  germinated plantlets 
cultured on MS medium (Murashige and Skoog, 1962) 
supplemented with different concentrations of BA at 
the rate of 0, 1, 3, 5 (mg/l) and 1mg/l NAA. In all 
treatments twenty explants in five replicates were 
cultured for one month and subcultured onto same 
treatment for three times. The callus value were 
recorded by presented as coefficient (+ or -). 
 
Shootlets regeneration 
 An equal pieces of calli cultures (~ 250 
mg/jar) produced from leaf, petiole and root explant 
were recultured on MS medium supplemented with 
different concentrations of BA at the rate of 0, 0.2, 
0.4, 0.6, 0.8, or 1.0 (mg/l). In all treatments twenty 
derived calli in five replicates were cultured for one 
month and subcultured onto same treatment for three 
times. The number of shootlets, shootlet length (cm) 
and number of leaves per shootlet were recorded.  
 
Roots formation 
 In this experiment, shootlets (1-2 cm length) 
were recultured onto MS-free- growth regulators 

medium supplemented with 1 g/l activated charcoal 
(AC) or on MS medium supplemented with different 
concentration of IBA. Twenty shootlets in five 
replicated were used in each treatment for one month 
and then the percentage of root formation, number of 
roots per shoot and root length (cm) were recorded. 
     The obtained results were statistically analyzed 
using SPSS multiple range test at 0.001 & 0.05 level 
of significance according to Snedecor and Cochran 
(1982).  
 
Genomic DNA extraction and RAPD analysis. 
          Genomic DNA was isolated using CTAB 
method according to Doyle and Doyle (1990). RAPD-
PCR analysis, PCR amplification was performed in 20 
ul reaction mix containing 20 ng genomic DNA, 1 unit 
taq polymerase (Gibco), 200 uM each of dATP, 
dCTP, dGTP, dTTP, 20 pmole of random primers 
(Operon) as shown in Table (1) and appropriate 
amplification buffer. The mixture was assembled on 
ice, overlaid with a drop of mineral oil. Amplification 
was performed according to Williams et al., (1990) 
for 45 cycles, using Biometera Uno Thermal Cycler, 
one cycle at 92°C for 3 min and then 44 cycles at 
92°C for 30 sec, 35°C for 60 sec and 72 °C for 2 min 
(for denaturation, annealing and extension stages, 
respectively). Reaction was finally incubated at 72 °C 
for 10 min and further for 10 min at 62°C. 
 
Table (1): The random primer names and 
sequences used for RAPD analysis. 

 RAPD primers 
No. 

Name Sequences 5'--------- 3' 

1 AM1 CTTCGGCAGCATCTCTTCAT  

2 AM2 CAGTGTGGAAGCCGATTATG 

3 AM3 ATGTGTTGTCTGGCTTGGTA 

 

Electrophoresis, the amplification products were 
analyzed by electrophoresis according to Sambrook et al., 
(1989) in 2% agarose in TAE buffer (for each litre of 50X 
TAE Stock solution: 242 g Tris Base, 57.1 mL glacial 
acetic acid and 100 mL 0.5 M EDTA). Then the products 
were stained with 0.2 ug/ml ethidium bromide. Nucleic 
acids bands were photographed and detected under short 
wave of UV light. 

  
Expermintal design and data analysis  
 Completly ramdomized design was employed 
in all of the executed experiments. Data analysis of 
variance was carried out according to Stell and 
Torrie (1980). 
 
RESULTS AND DISSCUSION 
Seeds disinfection 
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Disinfection of the seeds and subsequently 
germination is an important process to obtaine a 
success explants under the establishment stage and 
complet the following stages of tissue culture. Data in 
Table (2) referred that sterilization with Clorox 20% 
for 20 min resulted in highest percentage of free 
contamination (76.25%) compared to 10 min, which 
gave (47.50%). The highest percentage of survival and 
germinated seeds were recorded with 10 min 
(82.50%), however, sterilization for 20 min recorded 
the lowest percentage of survival (42.50%). These 
finding are in agreement with Zobayed and Saxena 
(2005) on Echinacea purpurea they found that using 
Clorox at different concentrations had a great effect on 
sterile seeds. 
 
Callus induction 
         Data tabulated in Table (3) and Fig. (1) show the 
effect of supplementation of MS medium with 1 or 3 
or 5 mg/l of BA in combination with 1mg/l NAA on 
percentage of callus formation  from leaf, petiole and  
root explants cultured and incubated under light or 
dark condition. The highest observation of callus 
formation was remarket with leaves and petiole 
explants, respectively. The equal concentration of BA 
and NAA resulted the best results of callus formation 
compared with other concentration. However, 
increasing of BA concentration to 5mg/l stimulated of 
callus induction from root explants. The obtained 

results are in agreement with those obtained by 
Koroch et al. (2002) on Echinacea purpurea they 
found that incubation of leaf explants with MS basal 
medium supplemented with a suitable ratio of 
auxin/cytokinin achieved of callus formation after 4 
weeks of incubation.       

 
Shootlets formation   
 Data in Tables (4,5) and Fig. (2) show the 
effect of MS medium supplemented with different 
concentrations of BA on number of shootlets 
formation, length of shoot and number of leaves/shoot 

The obtained results of Table (4) revealed 
that leaflet derived calli gave the maximum number of 
shootlets regeneration (1.85) compared to petiole 
(1.74) and root (0.23) calli respectively. Moreover, 
data on Table (4) demonstrated both the effect of 
different concentrations of BA and type of calli on the 
length of the regenerated shootlets. The longest 
shootlets (1.05 cm) was recorded with leaf calli as 
compared with petiole (0.84 cm) and root (0.53 cm) 
calli cultures respectively. These data are in agreement 
with those Koroch et. al., (2002) which found that 
lower concentration of BA (0.44-8.88 μM) with leaf 
calli of E. purpurea showed adventitious shoots 
formation after 4 weeks. Lucchesini et al., (2009) 
reported that CH basal medium supplemented with 0.5 
mgL-1 BA gave the best results of shootlets formation 
from Echinacea angustifolia.  

 
Table (2): Effect of some sterilization treatments on free contamination and survival seeds (%) from 

Echinacea angustifolia  cultured in vitro. 
Free contamination % Survival %  

Time 
Clorox% 

10 min 15 min 20 min Mean B 10 min 15 min 20  
min 

Mean B 

5% 
10% 
15% 
20% 

10.0 
20.0 
70.0 
90.0 

45.0 
55.0 
80.0 
75.0 

60.0 
65.0 
85.0 
95.0 

38.33 
46.67 
78.33 
86.67 

100.0 
90.0 
85.0 
55.0 

45.0 
75.0 
85.0 
50.0 

70.0 
55.0 
35.0 
10.0 

71.67 
73.33 
68.33 
38.33 

Mean A 47.50 63.75 76.25  82.50 63.75 42.50  
 
Table (3): Influence of MS medium supplemented with BA and NAA on percentage of  callus   formation 

from leaf, petiole and root explants of E. angustifolia. Cultures were incubated under light or 
dark condition at 26+1 oC for 4 weeks. 

Explants MS supplemented 
with mg/l              leaves              petiole             root 

BA NAA light dark light dark light dark 
0 0 - - - - - - 

1.0 1.0 +++ ++ +++ + - - 

3.0 1.0 ++ - ++ + - - 
5.0 1.0 ++ + - - ++ - 

Data are presented as coefficient (+ or -).             (―)  = No response 
 (+)     = low, (++)   = medium, (+++) = high 
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Fig.1. Callus formation from leaf explants under light (A), under dark (B); from petiole explants under light 

(C) and dark (D) conditions. 
 
 
 
Table (4): Effect of MS medium supplemented with (0.2,0.4,0.6,0.8 and 1 mg/l) BA on number of shootlets 

and length of shootlets regenerated from leaf, petiole and root calli  of E. angustifolia.  
Number of shootlets regenerated from callus 

of :  
Length of shootlets (cm) regenerated  

from callus of : MS medium 
supplemented 

with: Leaf  Petiole  Root  Leaf               Petiole                  Root  

Control 0.53±.07 (a) 0.50±.00 (a) .50±.06 (a) 2.88±.15 (a)      1.13±.05 (a)    2.00±.25 (a) 

0.2 mg/l BA 2.89±.08 (b) 3.87±.12 (b) .90±.12 (b) 1.38±.10 (b)      1.06±.00 (a)    1.22±.05 (b) 

0.4 mg/l BA 5.55±0.44 (c) 3.00±.11 (c) .00±.00 (c) 1.15±.09 (b)     1.05±.03 (a)    .00±.00 (c) 

0.6 mg/l BA 2.13±0.12(d) 2.10±.14 (d) .00±.00 (c) .98±.05 (b)      .86±.05 (a)        .00±.00 (c) 

0.8mg/l  BA .00±.00 (a) 1.00±.15 (a) .00±.00 (c) .00±.00 (c)       .98±.07 (a)       .00±.00 (c) 

1.0 mg/l BA .00±.00 (a) .00±.00 (e) .00±.00 (c) .00±.00 (c)       .00±.00 (b)       .00±.00 (c) 

Mean 1.85 1.74 0.23 1.05                     0.84             0.53 

F ratio  316.787 198.45 52.8 154.81          90.226              67.992  

P value *** *** ***           ***           ***         *** 

Means in a Column with similar letters are not significantly different according to LSD. *** = significant at P < 
0.001. 
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Table (5): Effect of MS medium supplemented with (0.2,0.4,0.6,0.8 and 1 mg/l)  BA on number of leaves from 
leaf, petiole and root calli of E. angustifolia.  

Number of leaves/ shootlets regenerated from callus of : MS medium 
supplemented 

with: Leaf  Petiole  Root  

Control 2.18±.10 (a) 2.00±.00 (a) 1.59±.08 (a) 

0.2 mg/l BA 5.88±.09 (b) 6.93±.02 (b) 2.40±.08 (b) 

0.4 mg/l BA 6.87±.053 (c) 6.10±.08 (c) .00±.00 (c) 

0.6 mg/l BA 5.05±.06 (d) 5.20±.04 (d) .00±.00 (c) 

0.8mg/l  BA .00±.00 (e) 3.60±.15 (e) .00±.00 (c) 

1.0 mg/l BA .00±.00 (e) 0.00±0.00 (f) .00±.00 (c) 

Mean 3.32 3.97 0.66 

F ratio  2180.329 1334.666 522.638 

P value *** *** *** 

Means in a Column with similar letters are not significantly different according to LSD.  
*** = significant at P < 0.001. 
 
 A                                     B                                       C 
 

 
 
 
 
 
 
 
 
 
 

Fig (2). Effect of MS medium supplemented with 0.4 mg/l BA on shootlets regeneration from leaf (A), petiole 
(B) and root (C) calli culture of E. angustifolia, after 4 weeks of cultivation under light condition. 

                     
 
Moreover, data of Table (5) show the effect of different concentration of BA and the type of explants on 

number of leaves/shootlet formation. The highest number of leaves (3.97) was recorded with MS medium 
supplemented with 0.2 mgL-1 BA. 
 
Roots formation 
 Data in Table (6) revealed that MS-medium with or without addition of 1 g/l activated charcoal (AC) and 
with or without 0.2mg/l IBA induced shootlet root formation in an equal rate (100%). Data Showed that the highest 
significant of roots number (1.8) and root length (5.21 cm/shoot) were recorded with MS + 1g/l AC+0.2mgL-1 IBA. 
However, the lowest significant of root number (0.8), and shortage of root length (3.54 cm/shoot) were recorded 
with MS medium free growth regulators. In close of the obtained results, George and Ravishankar (1997) on Vanilla 
planifolia found that the best rooting formation was observed in half-strength of MS-medium with or without 
activated charcoal. 
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Table (6): Effect of MS-medium supplemented with or without activated charcoal (1 g/l) and 0.2 mg/l IBA on 
formation roots of E. angustifolia. 

Culture medium Rooting % Number of roots Length of root (cm) 

 MS 100          0.8 d              3.54 c 

 MS+ 0.2mgL-1 IBA 100          1.2 c 4.65 a b 

 MS + AC 100 1.4 a b              3.66 c 

 MS + AC+0.2mgL-1 IB 100          1.8 a              5.21 a 

Mean NS 1.3 4.26 

 
 
  A                                                                        B  

 
 
 
 
 
 
 
 

   Fig. (3) Effect of MS medium supplemented with or without 1 g/l activated charcoal and 0.2 mg/l IBA. (A) MS 
with 0.2mgL-1 IBA (B) MS with 0.2mgL-1 IBA and activated charcoal. 

 

RAPD analysis of in vivo and in vitro E.angustifolia. 
Three random primers (AM1, AM2 and AM3) were screened in RAPD analysis for their ability to produce 

sufficient amplification products. The results of DNA fingerprints generated by PCR amplification using the three 
primers are presented in Figs (4,5 and 6) and Tables (7,8 and 9).The number of fragments generated per primer 
varied between 1-6, 1-4 and 1-3. The primer AM1 gave the highest number of bands (6) and the percentage of 
polymorphism were 89.5 and 86.9 with primer AM1 and AM2 respectively, the primer AM3 gave the highest 
percentage of polymorphism (100) and the number of bands was (3).                                                                                            

RAPD marker generated with primer (AM1) shown in Fig (4) and Table(7) showed that the same DNA 
amplification with the mother plant. The differences showed with three fragments with treatments 5 and 6, at 791, 
475 and 368 bp, respectively between them and the mother plant. Also, presents data showed that there are five 
common bands in all treatments and the mother plant.   

RAPD marker generated with primer (AM2) in Fig (5) and Table (8) showed minimal DNA amplification 
differences between the treatments and the mother plant. In treatment 5 there is one fragment at 791 bp, one band 
with treatments 2, 3, 4, 5, and 6 at 700 bp and tow bands with treatments 5 and 6 at 187 and 121 bp are not showed 
in the mother plant, and tow bands are common with all treatments and mother plant at 568 and 368 bp.  Primer 
(AM3) in Fig. (6) and Table (9) showed that there are no differences between all treatments and the mother plant.   
However, these polymorphisms are considered to be primarily due to the variation in the primer annealing sites. 
RAPDs have been used for many purposes, ranging from studies at the individual levels (e.g. genetic identity) to 
studies involving closely related species. Due to their high genomic abundance, RAPDs have also been applied in 
gene mapping studies (Williams et al., 1990). In this respect, RAPD markers have been able to access the genetic 
stability of micropropagated plants of Deutzia scabra (Sayed and Gabr, 2009) almonds (Martins et al., 2004), 
cassava (Angel et al., 1996), ginger (Rout et al., 1998), sweet potato (Dixit et al., 2003), turmeric (Tyagi et al., 
2007), and yams (Ahuja et al., 2002). As RAPD markers amplify different regions of the genome, their 
simultaneous analyses give a better interpretation of the genetic stability of the in vitro regenerants (Martins et al., 
2004). While, De Masi et al., (2003) reported that, they used the RAPD analysis to distinguish the two more largely 
widespread fig cultivars in Italy ( Bianco del Cilento and Dottato) and their clones. RAPD- PCR produced 
amplification patterns that did not significantly vary between the two cultivars. However, RAPD analysis allowed 
clone differentiate using a single primer.  
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Fig (4). RAPD pattern of the in vitro treatments of Echinacea angustifolia with primer AM1.  
             Where: M. DNA marker (100 – 1000 pb). (1) Mother plant. (2) Callus from leaf in light. (3) Callus from 

petiole in light.(4) Callus from root in light (5) Callus from leaf in dark.(6) Callus from petiole in 
dark.(7)regeneration plant.    

                             
Table (7): RAPD-PCR analysis of Echinacea angustifolia using AM1 primer.  

  Band 
No. 

M 1 2 3 4 5 6 7 

1 1000 + + + - - - - 
2 966 + + + + + + + 
3 791 - - - - + + - 
4 700 + + + + + + + 
5 586 + + + + + + + 
6 475 - - - - + + - 
7 368 - - - - + + - 
8 267 + + + + + + + 
9 187 - - - - + + - 

10 121 + + + + + + + 
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Fig (5). RAPD pattern of the in vitro treatments of Echinacea angustifolia with primerAM2.  

Where: M. DNA marker (100 – 1000 pb). (1) Mother plant. (2) Callus from leaf in light. (3) Callus from 
petiole in light. (4) Callus from root in light. (5) Callus from leaf in dark. (6) Callus from petiole in dark. (7) 
regeneration plant.                           
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Table (8): RAPD-PCR analysis of E. angustifolia using AM2 primer. 
Band 
No. 

M 1 2 3 4 5 6 7 

1 791 - - - - + - - 
2 700 - + + + + + - 
3 586 + + + + + + + 
4 475 + + - - - - + 
5 368 + + + + + + + 
6 267 + + - - + + + 
7 187 - - - - + + - 
8 121 - - - - + + - 
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Fig (6). RAPD pattern of the in vitro treatments of Echinacea angustifolia with primer AM3. 

Where M. DNA marker (100 – 1000 pb). (1) Mother plant. (2) Callus from leaf in light. (3) Callus from 
petiole in light.(4) Callus from root in light (5) Callus from leaf in dark.(6) Callus from petiole in 
dark.(7)regeneration plant.  
                     

 
Table (9): RAPD-PCR analysis of Echinacea angustifolia using AM3 primer. 

Band 
No. 

MW 
kbp 

1 2 3 4 5 6 7 

1 586 + + + + + + + 
2 475 + + + + + + + 
3 267 + + + + + + + 

 
 
 
Table (10): Polymorphism percentage of treatments and mother plant based on  
                    RAPD product of AM1, AM2 and AM3 primers.                                                         

Primers No. of 
polymorphism 

Total No. of 
polymorphism 

Polymorphism % 

AM1 6 47/7= 7.8 6/7.8*100=89.5 
AM2 4 32/7= 4.6 4/4.6*100= 86.9 
AM3 3 21/7= 3 3/3*100= 100 
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Abstract : This study aimed to measure the economic value in Rawapening. This study is expected to be able to 
seen as an environmentally sound tourist attractions. Because the benefits of natural attractions usually have a 
variety of natural resources such as biodiversity, benefit directly, and indirectly related to important ecological 
functions that are not only considered as a tourist attraction an sich. This study uses primary data. The primary data 
obtained from field surveys to the perpetrator who was visiting tourist Rawapening. The analytical method used two 
methods. There are ordinary least square and logit estimation. The study found that annual consumer surplus value is 
greater than the total value of benefits per year. [Journal of American Science 2010;6(10):791-794]. (ISSN: 1545-
1003).   
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1. Introduction 
 Rawapening region located in the district of 
Semarang, Central Java Province, which is physically 
located in four districts, including District Banyubiru, 
District Tuntang, District Bawen, and District 
Ambarawa. 
 Rawapening itself is a vast lake, when the 
rainy season the pond water surface area can reach 
2500 hectares, is the extent of the dry season of about 
650 Ha. Rawapening own water sourced from 
rainwater, rivers, and springs. The main rivers and 
springs that fill the reservoir is derived from the 
River Rawapening, emergence, Kedungringin, 
Rengas, Galeh, Parat, Tolong, Panjang, Legi, and 
Petung. While for the spring comes from 
Rawapening, emergence, Jonjang, Petet, Parat. 
Regions Rawapening included in the Watershed 
(DAS) Tuntang flowing from the south towards the 
north or east-northeast, empties into the Java Sea. 
Rawapening can be said is Tuntang River because the 
river upstream from around Mount Ungaran in the 
west and from Mount Merbabu that flow south into 
Rawapening majority, then from the entrance from 
Rawapening to the River Tuntang. 
 Potential tourism areas in RawaPening has 
potential for being developed. Tourism potential in 
the area surrounding the Rawapening and can be 
presented to the tourists is the natural and cultural 
potential of society as well as tourism objects 
existing both newly initiated or who has not been 
excavated. Potential natural scenery, among others, a 
beautiful lake or swamp, a fairly cool climate is 
perfect for a place to rest, beside the coffee 
plantations and hilly topography which can provide 
varied atmosphere. The potential for such community 
cultural life of rural communities, traditional art, 

traditions and customs, handicraft industry, and 
others. 
 However, in development, the natural 
attractions such as Rawapening as if not treated as 
economic goods, but the character of public goods. 
This treatment affected the activities related to the 
rehabilitation, development, and utilization of natural 
attractions tend to be evaluated in accordance with 
economic principles. Although we know that nature 
tourism has a very diverse benefits, including 
Rawapening tourist area located in the district of 
Semarang, Central Java Province. 
 Therefore, this study is expected to be able 
to see how far the role of nature tourism is seen as an 
environmentally sound tourist attractions. Because 
the benefits of natural attractions usually have a 
variety of natural resources such as biodiversity, 
benefit directly, and indirectly related to important 
ecological functions that are not only considered as a 
tourist attraction an sich. 
 By looking at the background description 
above, the study objectives to be achieved by the 
authors was to find out how the economic value of 
tourism object in Rawapening Regions. It can be the 
basis of investment for the development of tourism. 
 
2. Methodology 
2.1 Methods and Survey Instruments 
 Surveying the field with the object of 
research Regions Rawapening conducted with a 
sample of all 225 respondents.  
 The questionnaire consisted of five sections, 
covering (1) information objects of study and 
research purposes, (2) motivations, desires, and 
activities of the respondent, (3) demographic 
characteristics of respondents; (4) respondents 
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perception towards tourism, and (5) respondents 
rating for environmental services of a tourist 
attraction. Questionnaire consisted of multiple choice 
questions, dichotomous yes or no, and rank-ordered 
response. In addition there is also an open question 
that is useful to provide further explanation and offer 
real value to the ticket if there was an increased 
quality of tourism in the area Rawapening. 
 
2.2  Payment Options 
 Payment option is very important for 
researchers to select a payment option within the 
contingency valuation survey. This payment option 
scenario represents willingness to pay of respondents. 
Many payment options that can be used as entrance 
fees, sales tax, utility bills, license fees, or 
endowment funds. However, the entrance fee into the 
payment options on this survey. Lee ( 1997 ) and 
Barral et.al ( 2008 ) used entrance fee as payment 
options in their study. 
 
2.3  Hyphotetical Market Scenario 
 Scenario market hypothesis in this study to 
obtain valid responses from respondents. The first 
question in the form of contingency valuation "if the 
sights Rawapening improved so that better 
management of the environment, natural resources, 
fishing, culture, swimming, farming, and recreation. 
Would you agree if the admission price was 
increased by Rp Y, - per person? ". 
 
2.4  Model Specification 
 Model established in the study of 
contingency valuation method assumes that 
individuals in this visitor attractions will receive 
offers admission price to maximize their utility, 
which can be described in the following equation 
(Hanemann, 1984; Bowker & Stoll, 1988; Lee, 1997 ; 
Lee & Han, 2002; Adjaye & Tapsuwan, 2008): 

01 );,0();,1(   SYVSAYV ...........(2.1) 

and vice versa, or in this case the individual visitor 
attractions will reject the bid price of admission if not 
able to maximize utilitinya, this condition can be 
described as follows: 

01 );,0();,1(   SYVSAYV …..........(2.2) 

 In both the above equation V is the indirect 
utility function, Y is income (household income per 
month), A is the bid or offer price of admission, S 
represents socio-economic characteristics of 
individuals or known by demographic characteristics, 
as well as ε0 and ε1 is the stochastic component, 
variable random independently distributed with mean 
zero or known by the independently distributed 
random variables with zero mean. 

 According to Bowker & Stoll (1988) has 
been described previously Hanemann, a theoretical 
model of hicksian compensating and equivalent 
surpluses that can be obtained from the dichotomous 
choice, discrete response data. In this case, 
Hanemann follow a framework willingness to pay 
(WTP) for a measurement of the individual or the 
individual surplus equivalent surplus. Individual 
respondents are assumed to know their utility 
functions are determined from the following 
variables ie income, whether there is any 
improvement attractions, and individual demographic 
conditions. 
 Individuals who are faced with a choice of 
whether to accept or reject the bid level market 
hypothesis, would have a probability (Pi), where the 
individuals who will receive offers ticket prices could 
be expressed in logarithm or log-logit model as 
follows: 
Prob ( yes )  = F      

    =   1
1

 Ve  

   =  SYAe 3211

1
 

................(2.3) 

Where F is the cumulative distribution function, α 

is intercept, and i represents the coefficient of the 

variable price offer admission, income, demographic 
conditions, and respondent perceptions. In 
econometric form, can be written as follows : 

iii SOCECONBidPROB 21    

iiPERCP   3 .........................(2.4) 

 Logit model in equation (2.4) above, then 
estimated using the method of maximum likelihood 
(ML), which is a technique commonly used to 
estimate the logit model.  
 Next, the travel cost model in this study 
assumes that the individual's demand for recreation to 
places affected by the cost of travel, individual 
preferences, as well as socioeconomic characteristics 
or socio-economic or demographic characteristics, 
and respondent perceptions. Thus, the general form 
that is expressed in econometric notation, can be 
written again as follows: 

iii EXPERTCVISITS 21  
 

iii PERCPSOCECON   43 .(2.5) 

 Travel cost model trying to estimate the 
dependent variable is the number of visits that an 
individual or a respondent who is affected by the 
independent variable, which in this case the 
independent variables such as travel expenses, visited 
experiences, socioeconomic characteristics, and 
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respondent perceptions. Techniques used to estimate 
the ordinary least square. One thing to be aware that 
this study did not calculate an annuity visitor 
spending but spending visitors only at the time of 
their visits to area attractions Rawapening so it is 
assumed that the respondents no longer make visits to 
the Regions Rawapening after the survey period. 
 
3. Results and Discussion 
3.1 Estimation Results  
 Estimated travel cost method, the number of 
tourist visits to the Regions Rawapening influenced 
by experience (exper), travel costs (travel costs), 
income respondents per month (income), age (age), 
gender (gend), education level (educ) , and 
perception. While the estimates and contingency 
valuation method, willingness of respondents 
accepted the offer price of tickets in the scenario 
market hypothesis (resp) to attractions in the area 
Rawapening influenced by experience (exper), 
nominal supply (bid), respondent income per month 
(income), age (age ), gender (gend), education level 
(educ), and perception. The results are as follows: 

Table 3.1 Estimation Results in OLS and Logit 
OLS Logit 

Variable 
n = 225 

Variabel 
n = 225 

-0.54457** 
Exper 

(-0.05912) 
 

-0.32774** 1.50163** 
TC 

(-0.07441) 
Bid 

(-0.23485) 
0.17581** 0.28094* 

Income 
(-0.07334) 

Income 
(-0.17486) 

0.22387** -0.20758 
Age 

(-0.0614) 
Age 

(-0.23377) 
0.01262 0.21403 

Gend 
(-0.05287) 

Gend 
(-0.44715) 

-0.06728 0.74907** 
Educ 

(-0.06662) 
Educ 

(-0.27049) 
-0.14890** 0.23516 

PERCP1 
(-0.05794) 

PERCP1 
(-0.2186) 

0.07937 -0.10184 
PERCP2 

(-0.05775) 
PERCP2 

(-0.18143) 
-0.04805 0.01185 

PERCP3 
(-0.05438) 

PERCP3 
(-0.16727) 

0.16298** 0.01101 
PERCP4 

(-0.05529) 
PERCP4 

(-0.17165) 
R2 0.47226 McFadden 

R2 
0.32192 

Adj R2   0.45017 LR statistic 
(6 df) 

98.44465 

** sig α = 5% 
*   sig α = 10% 

  Based on Table 3.1 can be obtained by 
finding that the factors that influence the number of 
visits to attractions in the area visited respondents 
Rawapening is experience (exper), travel costs (tc), 
the respondents monthly income (income), age (age), 
the perception of respondents that associated with the 
decision to visit the area in general Rawapening 
(percp1), and perceptions related to the preference of 
respondents to the tourism attraction in the area 
Rawapening (percp4). 
  From Table 3.1, we can be known that the 
factors that influence the willingness of the 
respondents accepted the offer price of tickets in the 
market to hypothesize scenarios in Regions 
Rawapening attractions are offering a nominal 
admission price to a market hypothesis that is given 
to the respondent (bid), monthly income of 
respondents (income), and educational level of 
respondents (educ). 
  Another variable is not significant, such as 
age and sex suggest that visitors who come into a 
tourist attraction in the area Rawapening not 
segmented in the range of age groups and specific 
gender specific, as shown in the above demographic 
profile. Instead, visitors will also not provide a good 
assessment for tourism in the area Rawapening, as 
shown in the perception that the majority of variable 
rate casual. 
3.2 Economic Value in Rawapening  
  Results in Table 3.2 shows that the value of 
consumer surplus spelled Rawapening high, and 
reached Rp 7,410 billion. When compared with the 
value of benefits per year Rawapening namely equal 
to Rp 1,654 billion. Of course this comparison pretty 
far. However, when calculated with the monetary 
value can be seen that visitors who come to 
Rawapening enormous benefit. 

Table 3.2 
Benefit Value and Surplus Per Year ( Rp ) 

Variable Value 
Benefit Per Year       1.654.893.456 
Surplus Per Year           7.410.798.912 

  
 If you see the results above, it should be a 
commitment to the preservation of natural and social 
responsibility. For that we need no support from the 
residents around and visitors to the area of tourism 
development program Rawapening. In addition, with 
attention to the environmental costs, including the 
existence of value, or price of natural resource use 
over time or between generations, future generations 
can be expected to contribute to enjoy the natural 
beauty and the benefits are felt by the current 
generation. 
 



Journal of American Science                                                                                                                 2010;6(10) 

 
 

  http://www.americanscience.org  editor@americanscience.org 794

4. Conclusion 
  Conclusion of this study is the value of 
consumer surplus and the value of benefits in the 
Regions Rawapening apparently given the finding 
that the value of consumer surplus is greater than the 
benefits. This study is in line with the findings of Du 
Yaping (2003), Sri Rejeki (2005), and Mayor et al 
(2007). The value of consumer surplus in 
Rawapening amounted to Rp 7,41 billion; while the 
value of benefits in Rawapening amounted to Rp 
1,654 billion. 
  Recommendations that can be given to the 
District Government of Semarang and Central Java 
Provincial Government to develop an 
environmentally sound Rawapening Regions both in 
the management and preservation of tourism in the 
region. Efforts that can be done by withdrawing 
charges for environmental management in other 
natural attractions, not least in Rawapening. 
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 Abstract:  A dynamic mechanistic mathematical model of water flow through the xylem of growing plant is 
developed. We describe current theories about the physiology of xylem that necessitated the development of internal 
processes to supply all part of the plant with water. The model via Navier-Stokes equations is known to be a good 
tool for interpreting the phenomena of water transport in vascular tissues from roots hairs to the leaves. We derive 
the Hagen-Poiseuille formula for circular cross sectional xylem and determine the amount of flow in an annular 
cross sectional xylem. Some results of the model show that the increase in boundary of the annular cross sectional 
xylem compared with the circular-sectional xylem makes the coefficient in the velocity equation different. Hence a 
normalized annular xylem is presented where outer radius of xylem is fixed and the inner radius varied.  [Journal of 
American Science 2010;6(10):795-798]. (ISSN: 1545-1003). 
 
Keywords: dynamic mechanistic mathematical model; xylem; plant 
 
1. Introduction 

A Navier-Stokes equations (Lapidus and 
Pinder, 1999) is a model example of Newton`s law of 
motion. It is a good tool for interpreting some 
interesting phenomena appearing in engineering 
flows. Nevertheless, the coverage is limited to 
physiology of xylem (Thornley, 1979), since non-
linear partial differential equations are difficult to 
solve analytically with few exceptions. However, due 
to the widespread use of computers, obtaining any 
numerical solutions is feasible. The simplest one will 
be finite element method which includes several 
versions. Another reason for limiting the coverage lies 
in difficulty in finding easy and interesting examples 
beyond Hagen-Poiseuille’s law (HP) for quasi-static 
pressure gradient. 

Let us compare the xylem system of plants 
with the more familiar human vascular system. In 
contrast to the human circulatory system, the xylem 
system of plants is responsible for the transport of 
water from the roots throughout the plant. Water 
transport in vascular tissue where xylem carries water 
and mineral ions from roots hairs to the leaves (Kosh, 
Stephen and Gregory, 2004). Unlike the blood vessels 
of human physiology, the conduits of plants are 
formed of individual plant cells placed adjacent to one 
another. During cell differentiation the common walls 
of two adjacent cells develop holes, which permit 

fluid to pass between them. It has been proven that 
water moves across each cell by osmosis (Landsberg 
ans Fowkes, 1979), ( Fred, 1981) provided the 
mechanism that forces water up the plant in various 
ways – when xylem is dead at its mature stage then 
water travels up the plant, not due to any pumping 
mechanism by live cell. Pericycle provides the force 
for lifting the water up the xylem is a process called 
transpiration stream and this moves against the force 
of gravity because of root pressure and capillary 
action.  

(Upadhyaya, 2004, 2002 and 1998) claimed 
that roots are not needed; the solution was drawn up 
the trunk, killing nearby tissues as it went. Leaves are 
needed for upward movement of water. Hence this 
transport is not powered by energy spent by the 
tracheary element contained in the xylem while the 
phloem contains sieve element that remain 
metabolically active, (Northington and Goodin, 1984).       

Blood vessels are often modeled as elastic 
tubes since their deformation may be significant due 
to the pulsatile nature of the flow. In plants, however, 
the flow is quasi-steady and the vascular cells have 
stiff cell walls, making a rigid-tube model appropriate. 
Reynolds numbers for flow in the human aorta and in 
the xylem of a plant are respectively about 2000 and 
0.02. This means that there exists slow viscous flow. 
Kenyon, (1960,), Slatyer, (2000)   whereby the inertia 
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terms are neglected in the Navier-Stokes equations. In 
this paper, the Hagen – Poiseuille formula for circular 
cross sectional xylem using the Navier-Stokes and 

continuity equation was derived with the 
determination of amount of flow in an annular cross 
sectional xylem. 

 
 
Model Formulation For Water Flow In Xylem 

For viscous incompressible fluid, a combination of the Navier-Stokes equation and the Continuity equation 
are given as 
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For incompressible fluids, the last term of equation (1) reduces to 
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The derivation of a formula for the flow of water in the xylem of a plant, requires that we write out the Navier-
Stokes equation and the continuity equation in cylindrical coordinators. This shows that the pressure difference 
changes only in the z - direction while the velocity in the z - direction remains constant. Therefore reduce the 

Navier-Stokes equation to a simplified equation in cylindrical coordinates ( zr ,, ) are given as: 
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where  respectively are the pressure and velocity and vandp   is the mass density and   the coefficient of 

viscosity with the  assumption that there is no rotational velocity, hence we have 

    (6) 0,0  rvv
and that the flow is steady state, and  even flow 
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 Apply Equ (7) to Equ (3) and (4) gives 
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Then Equ (5) becomes 
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Equation (2) in cylindrical coordinates gives 
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Applying (6) to Equ (10) gives 
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Thus Equ (9) simplified to  
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we assume that the velocity is the z - direction with respect to   is constant. 

Therefore ,0
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Equation (11) then becomes  
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; but the left hand side of Equ (12) does not depend on 

so the two sides are constant. z
Therefore (12) can be rewrite as 
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On integration, the result appears to be 
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The constant  must be equal to zero since the velocity must remain finite at the centre of the xylem. The constant 

is determined from the requirement that 

a
b 0v  for RwhereRr ,  is the radius of the xylem. 
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and the expression for volume rate of flow is given  

by                     (16) 
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Hence the Hagen Poiseuille formular for a circular pipe is derived. 
Now to determine the amount of flow in an annular cross sectional xylem, the computation is the same as for the 
circular cross-sectional xylem. 

Let  210 RrandRrwhenv   

Where  are inner radius and outer radius respectively. 21 RandR
Equation (15) can be rewritten as 
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And for volume rates of flow, we have 
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Equation (19) can be rewritten as 
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 where denotes the flow in the annular region of xylem. aQ

  is the flow in a cylindrical region of radius . cQandRrR 21  2R
 
Results 

We noted that equations (18 and 20) hold for laminar incompressible flow. The Reynolds number should be 
smaller than 0.02 otherwise the transition and/or turbulence will be set up. 

The flow in both circular cross sectional xylem and annular cross-sectional xylem is reduced to equation 
(20). A resulting graphical normalized annular xylem is shown in Figure 1. The result shows a normalized annular 

xylem where  is fixed and ranges from . Hence the flow rate of water in xylem is affected by 

chemical concentration and hydrostatic pressure gradient. 
2R 1R 20 Rto

 
Conclusion 

In this paper, we have introduced a simple model for flow rate on the basis of the simplified version of 
Navier Stokes equations. In the physiology of xylem in plants, it is observed that this model will contribute 
immensely towards the effective flow of water in green plants. This model will serve as a second fiddle in 
investigating other similar problems of cavitation column of water in the xylem that may interrupt its flow. One 
possible problem will be in the water flow in curved phloem of green plants. 
 
Nomeclature 
p  Pressure gradient 

  Mass density 

v  Velocity 
  Coefficient of viscosity 

Q Volume flow rate 

 rR  Radius of cross-sectional xylem 

zr ,,  Cylindrical coordinates  
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Utilization of Grantitoid Rocks in Taif Area as Raw Materials in 
Ceramic Bodies 
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Abstract: Traditionally, granite is used to produce porcelain and stoneware in Saudi Arab. In the present 
investigation, the granite raw materials were collected from Taif area (Wade Elnoman). The nature granite was 
characterized with respect to their mineralogical composition by X-ray diffraction, chemical analysis, DTA analysis 
and microscopic examination. In the second part of the work, the magnetic separation method give a final non-
magnetic concentrate (conc.) with relatively high of K2O and Na2O and minimal amount of Fe2O3 and TiO2. All the 
obtained final non-magnetic concentrate fulfills the chemical and mineralogical constitution required in ceramic 
industry. In third part of the work, the preparation and characterizing of ceramic bodies with nature granite, 
concentrate granite and feldspar were studies.  Ceramic batch's were made by wet-mixing, drying, pressing (semi-
dry press) and fired at temperatures from 1000 to 1350 C. The technological properties determined by physical 
properties and mechanical strength.  Microstructure and phases analysis of the fired bodies were carried out by XRD 
and SEM.  [Journal of American Science 2010;6(10):799-809]. (ISSN: 1545-1003).  
 
Keywords: granite, magnetic separation, ceramic bodies, XRD, XRF, DTA, SEM 
 
1. Introduction: 

Granite is a common and widely occurring 
type of intrusive, felsic, igneous rock. Granites are 
usually medium to coarse grained, occasionally with 
some individual crystals larger than the ground mass 
forming a rock known as porphyry. Granites are pink 
to dark gray or even black, depending on their 
chemistry and mineralogy (Xiaa et al., 2008). Saudi 
Arabia is becoming a relatively large market for local 
and foreign granite usage. New practices have been 
introduced in house construction that includes usage 
of granite tiling of houses. Even when old houses are 
renovated conventional tiles are replaced with 
granites (Al-Jarallah et al., 2005).  

Granite marbles are the natural stone which 
are formed under the earth at the compression of heat 
and fusion. It is an igneous and metamorphic rock 
which is resistant to extreme temperature, stress and 
heat. It is easy to wash and clean the dirt, stains and 
spills using the strong cleaning agent. Granite is the 
ideal material for countertop, because of its hardest 
and durable substance. It is a stylish material which 
combines its natural beauty along with durability. It 
is subject to heat, water, moisture and stain resistant 
and also for abrasive material. It can be used for both 
indoor and outdoor decorations (Xiaa et al., 2008).  

Fluxes are raw materials with a high amount 
of alkaline oxides, mainly K2O and Na2O, which, in 
reaction with silica and alumina, promote liquid 
phase formation that facilitates the densification. The 

liquid phase surrounds the solid particles and by 
surface tension enables the particles approach, 
closing the porosity (Vieira el al., 2004; Kingery, 
1975; Emiliani et al., 1999; Schmidt-Reinholz and 
Schmidt, 1995). Granite is considered as flux 
material due to its large content of alkaline oxides. 
These oxides derive from feldspars and micaceous 
minerals that are common constituents of granite 
rocks (Vieira el al., 2004).  

Previous works have utilized granite (Vieira 
el al., 2004; Mohamed et al. 1992; Robert et al. 1992) 
in the production of ceramic products. The major 
observations were that granite shows physical and 
mineralogical characteristics similar to the raw 
materials used in the body composition and that the 
technological properties of some mixture fulfill the 
required properties. The incorporation of granite in a 
conventional porcelain stoneware body improved the 
sintering process and reduced the water absorption 
(Vieira el al., 2004; Hernández-Crespo and Rincón 
2001). However, results obtained by incorporating 
granite into red ceramic bodies for bricks (Vieira el 
al., 2004; Menezes et al., 2002), indicated a reduction 
in mechanical strength and increase in water 
absorption (Vieira el al., 2004).  

In the development and manufacture of 
ceramics using granite materials, the properties of 
fired bodies are determined basically by the 
combination of raw materials and process parameters. 
When the processing conditions are kept constant, a 

http://www.americanscience.org            editor@americanscience.org 799

mailto:Aelmaghraby60@hotmail.com


Journal of American Science                                                                                                                 2010;6(10) 

 

number of properties of dried and fired bodies are 
determined principally by the combination (or 
mixture) of raw materials (Menezes, 2008; Cornell, 
2002). That is the basic assumption in the statistical 
design of mixture experiments to obtain a response 
surface using mathematical and statistical techniques 
(Menezes, 2008; Myers and Montgomery, 2002; 
Cornell, 2002). To this end, it is necessary first to 
select the appropriate mixtures from which the 
response surface might be calculated. With the 
response surface in hand, a prediction of the property 
value can then be obtained for any mixture, based on 
changes in the proportions of its components 
(Menezes, 2008; Cornell, 2002; Correia et al., 2004). 
This methodology has found important applications 
in various areas and is becoming popular in the field 
of glasses and ceramics (Cornell, 2002; Correia et al, 
2004; Chick and Piepel, 1984; Nardi et al., 2004; 
Yoon and Lee, 2004; Khalfaoui et al., 2006). In every 
reported case, the methodology has led to greater 
efficiency and confidence in the results obtained 
(Correia et al., 2008) and has simultaneously 
optimized the content of raw materials with a 
minimum of experiments (Menezes, 2008 ).  

Some researchers (Nardi et al., 2004; 
Abdrakhimova and Abdrakhimov, 2006) have 
reported using waste materials (Menezes, 2008). One 
technological method, which is already being tested 
to decrease porosity, is the incorporation of granite 
wastes from the sawing process (Monteiro et al., 
2004; Souto et al., 2000; Patrı´cio et al., 1998). 
Granite is a rock with large amount of quartz, 
feldspars and mica. In the initial stages of firing, 
these minerals act as non plastic agents which permit 
the use of lower amount of water in body forming. 
This makes for an easier drying operation. During 
firing the quartz generally behaves as an inert 
material but may also partially dissolve in liquid 
phases, should they occur. Both the feldspars and 
mica favor the formation of liquid phases and 
contribute to lower the porosity of the final ceramic 
product (Monteiro et al., 2004). In the present paper 
the effect of granite on ceramic bodies was 
investigated to find out the optimum incorporation. 
An attempt was made to give an explanation for the 
technological results obtained in terms of flux action 
on the decreasing of porosity and their effect on the 
sintering/densification behavior and mechanical 
properties of a ceramic material. 
 
2. 2.  Experimental procedure: 
2.1. Materials and methods 

Samples of materials weighting from 0.5 to 
2.0 kg were collected from construction sites and 
local suppliers. Six samples of the granite from 
different locations in the wade elnoman western taif, 

45km from Maka and Gamgom area northern east 
Jeddah parts of Saudi Arabia were also collected. It 
Can be used the waste of granite from block granite 
decoration. This waste granite is different size 
between 170 x220 cm.  The average dimension of the 
waste granite samples was around 12x12x2 cm3 and 
their mass varied from 0.5 to 1.7 kg.  

For ceramic bodies, it can be used granite in 
wade elnoman in Saudi, feldspar from red sea area 
(Safaga in Egypt), Quartz from Alqoser in area and 
kaolin from Sinai in Egypt.      
 
2.2. Rock granite description and samples preparation 

The raw materials used in this investigation 
were collected from location. These raw materials 
were dried at 110◦C, manually crushed before 
representative samples were separated by quartering. 
The second stage grandee's process for samples was 
separated by sieves analysis. This particle size which 
apparently corresponds to the liberation size, as 
confirmed by independent mineralogical analyses, 
was found to be optimum after a series of grinding 
tests. 
 
2.3. Magnetic separation 

The representative ore sample used in 
studies was obtained from Wade Elnoman , in Saudi 
Arabia . According to the chemical analysis and the 
mineralogical studies included microscopic 
examination of thin sections; the representative ore 
sample contains microcline, albite, quartz and opaque 
minerals. To obtain high quality product and 
recovery, high intensity of wet magnetic separator 
was used for _200 and 100 µm particle sizes. 
Flotation experiments were conducted with _200 and 
_100 μm test samples in a self-aerated laboratory 
flotation cell. Conditioning time kept constant as 5 
min for rougher circuit and 3 min for cleaning 
circuits. Potassium oleate (1000 g/t) was added at 4 
steps in natural pH of 7.6. Pine oil was used as a 
frothier in the first stage and in subsequent stages.  

The characterization included chemical 
composition (X-ray fluorescence, EDX-700, 
Shimadzu), mineralogical composition (X-ray 
diffraction, XRD of 0.5 g of randomly oriented 
powder was carried out in a Sheifert model URD 65, 
diffractometer, equipped with a graphite 
monochromator, operating with Cu K_ radiation for a 
2θ range from 5◦ to 40◦), The chemical composition 
was carried out by fluorescence spectrometry 
(Philips, PW 2400) on 7.8 g of pressed powder 
pellets. The loss on ignition (L.O.I) was obtained by 
determining the weight difference between samples 
calcinated at 1000 ◦C and dried at 110 ◦C, thermal 
behavior (Differential thermal analysis. DTA was run 
with a coupled (SETARAM TG/DTA 92) DTA-TGA 
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instrument) and The microstructure of the samples 
was studied by scanning electron microscopy, SEM, 
using a Zeiss model DSM 962 equipment. The thin 
sections were investigated by LEITZ SM-LUX POL 
microscope with the light source from the bottom.  
 

2.4. Preparation of ceramic bodies 
Selected five ceramic mixtures containing 

25% feldspar, 25-30% granite and 25-30% 
concentrated granite after processing were prepared 
and homogenized for 4 h in a planetary mill with 
alumina grinding balls (see in Table1).  

 
Table 1: Batches composition (mass %) of the ceramic bodies. 

Granite % Feldspar % Quartz    % Kaolin   % Batches 

 ------------  25 15  60 Batch 1 

25 ---------  15 60 Batch 2  

30 ---------  10 60 Batch 3  

25(conc.) ---------  15 60 Batch 4  

30(conc.)  ---------  10 60 Batch 5  

 
The powders were uniaxially pressed into 

test disc (25 mm diameter x 5mm thickness) and bars 
(50x10x10 mm3) under a load of 20 MPa. All 
specimens were dried at room temperature for 48 h 
and then at 110 ºC in a laboratory oven until constant 
weight were achieved. Powder compacts and drying 
were sintered at temperatures between 1000 and 1350 
ºC for 2 h, with a heating rate of 300 ºC/h. The 
heating rate and the sintering time used in this work 
were chosen to simulate the actual sintering process 
used in the ceramic industry. 

Five batches for each composition were then 
tested to obtain the firing technological properties 
related to the bulk density, water absorption and three 
points flexural rupture strength. The bulk density was 
measured dividing the dry mass by the external 
volume. Water absorption was determined by using 
the Archimedes water displacement method, as 
specified by the ISO 10545-3 standard. The flexural 
rupture strength was determined in an Instron 5500 
Universal Testing Machine, according to standard 
procedure (ASTM, 1977). 

                
3. Results and Discussion:  
3.1. Characteristics of the rock granite   

Table 2 shows the chemical composition of 
the raw materials. The chemical composition of the 
granite is typical of feldspar-based material with high 
amount of silica oxide, low amounts of alkaline 
oxides and relatively low amount of Al2O3. The 
chemical composition of the granite, in addition to 
SiO2 and Al2O3, shows a relatively low amount of 
alkaline and alkaline earth oxides. The granite is 
containing 3.77% Fe2O3, 0.45% TiO2, 3.37% Na2O 
and 6.25% K2O. This confirms the flux potential of 
the granite. The significant amount of Fe2O3 in the 
raw materials is responsible for the reddish color of 
the specimen after firing. 

Fig. 1 shows the XRD patterns of the granite 
raw materials. These diffractograms indicate that the 
granite presence of a micaceous mineral, quartz, 
albite and microcline can be observed. Albite and 
microcline are sources of alkaline flux materials, such 
as K2O and Na2O, which favor the formation of a 
liquid phase above 700 ºC (Reed, 1976). The fluxing 
capacity of the granite, which is associated with 
lower porosity after firing, is also confirm by the 
presence of K2O and Na2O containing minerals. The 
granite is the sources of K2O and Na2O, which act as 
fluxes to improve the sintering process. 

Fig. 2 shows the thermal behavior of the 
granite. The DTA curve shows two endothermic 
peaks at 40.70 and 736.46 °C that are associated with 
the weight loss. Fig. 2 shows also an exothermic peak 
at 1112 °C, that can be attributed to the formation of 
mullite (3Al2O3·2SiO2). 

The mineralogical analyses reveal that 
granite ore is composed of quartz, microcline, 
orthoclase, plagioclase and albite. The microscopic 
examination is presented in Figs. 3 and 4 which 
indicate that the rock granite characterizes by 
hypidomorphic texture at particles size between 
medium and big size. It is containing two type of 
feldspar as plagioclase and microcline. The main 
constitutes of rock granite consist of feldspar and 
quartz minerals and secondary minerals as biotite, 
fluorite and iron oxide. The quartz in granite is 
characteristic by crystal face incomplete which 
represented crystallization in equilibrium 
crystallization environment and containing some 
small crystal inter the monoclinic feldspar. Feldspar 
consists of orthoclase crystal incomplete or 
microcline crystal, both crystals reflection as perthite 
texture on small crystal from oriented albite grains. 
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Table 2: Chemical analysis of granite raw materials from wade elnoman area. 

oxide P2O5 

% 

SO3 

% 

MnO 

% 

K2O 

% 

Na2O 

% 

MgO 

% 

CaO 

% 

TiO2  

%  

Al2O3 SiO2 Fe2O3 

%  % % sample No. 

0.05  ≤0.05 0.12 6.00 3.55 0.13 1.09 0.65 5.50 14.00 68.10 1 

0,05 0.05 0.10 6.50 3.25 0.06 1.13 0.45 3.70 14.1 70.35 2 

0.05  0.05  0.11 6.40 3.45 0.07 0.99 0.50 4.10 13.33 70.56  3 

0.05  0.05  0.09  6.22  3.30  0.05  0.74 0.38 3.30 13.96 71.60 4 

0.05  0.05  0.09  6.24  3.35  0.05  0.84 0.37 3.20 14.00 71.63  5 

0.05  0.05  0.07  6.15  3.20  0.07  0.85 0.35 2.84 14.05  71.95 6  

0.05  0.05  0.1 6.25  3.37  0.08  0.94 0.45 3.77  13.91 70.70 Average  
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Fig.1: XRD pattern of raw granite.Q: quartz, M: 
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Fig.3: Equigranular texture of quartz (Q), 

orthoclase perthite (OPr), microcline 
perthite. Microcline crystal shows cross-
hatched twining (MPr), plagioclase (P), 
biotite (B) and iron oxides (Fe).  

 

 
 
Fig.4:  Perthitic texture is also occurring due to 

the exsolution of albite within K-feldspar 
(Pr). Plagioclase (P) shows lamellar twining 
with somewhat altered to sericite. 
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3.2. Magnetic separation  
3.2.1. Dry magnetic separation  

The sample between _200 and + 38 µm was 
fed to high intensity dry magnetic separator. The 
granite concentrate containing 0.27% Fe2O3 and 
0.12% TiO2 was produced by the weight of 84.5%. 
 
3.2.2. Flotation after magnetic separation  

In this study, the granite ore was first 
subjected to magnetic separation then the concentrate 
was cleaned of colored impurities using flotation with 
the optimum conditions. At the end of the high 
intensity dry magnetic separation followed by 
flotation tests performed with _200 and + 38µm, a 
concentrate containing 0.18% Fe2O3 and 0.05% 
TiO2 was obtained by the weight of 76.6%.  

The magnetic separation method gives a 
final non-magnetic concentrate (conc.) containing 
0.18% Fe2O3 and 0.05% TiO2, with relatively high 
of K2O and Na2O show in Table 3. The anther part is 
tailing contain high amount of Fe2O3 and TiO2. All 
the obtained final non-magnetic concentrate fulfills 
the chemical and mineralogical constitution required 
in ceramic industry. The curves in Fig 5, respectively, 
illustrate the XRD patterns of granite and granite 
concentrate; the latter indicates that the intensity of 
quartz and albite peaks decreases compared to the 
granite raw. But, the intensity of orthoclase peaks 
increases; these results clearly indicate the success of 
selective separation. 
 
3.3. Behaviors of granite (conc.) in the ceramic 
bodies. 
3.3.1. Characteristics of the raw materials in ceramic 
bodies. 

Table 4 gives the chemical compositions of 
the raw materials used in this work. The clay material 
presents a typical composition and is constituted 
mainly by silica and alumina and minor contents of 
Mg, Ti, Ca, Na and K oxides. The significant amount 
of iron oxide (2.73 wt. %) is responsible for a white 
beige coloring of the sintered samples. The loss on 
ignition (13.22%) is within usual range for white-clay 
material and is associated with volatile components 
and organic matter. The raw of granite is formed 
basically by SiO2, Al2O3, K2O and Na2O with small 
amounts of MgO, Fe2O3 and CaO. The high alkaline 
earth oxide content (particularly K2O and Na2O); 
present in the granite material will act as a fluxing 
agent during the sintering process. Fig. 1 shows the 
X-ray diffraction patterns of granite material. It can 
be noted that the granite contains quartz, microcline 
and albite. The crystalline phases identified are in 
agreement with the results observed by XRF (Table 

2). Table (5) presents the calculated chemical 
composition of the investigated mixtures. One should 
notice that with increasing concentrated granite 
addition there occurs an increase in the percentage of 
alkaline fluxes and alumina content as compared to 
the simple ceramic body in batch 1 (see in Table 1) . 
 
3.3.2. Physical properties  

Figures 6- 7 show the graphs corresponding 
to the results of the technological properties after 
firing. The maturing temperature of ceramics batches 
were studies. The batches 1 and 4 are containing 
feldspar and concentrated granite at 25% have 
maturing temperature at 1300 ºC while the batches 2 
and 3 are containing raw granite at 25-30% have 
maturing temperature at 1200ºC. But, the batch 5 
contains concentrated granite at 30% has maturing 
temperature at 1350 ºC. These results indicate that the 
concentrated granite addition increases the bulk 
density (see in Fig. 7), while the water absorption in 
Fig. 6 is decreased. The increase bulk densities as 
well as the decrease in water absorption with 
concentrated granite and feldspar addition are 
consequences of the higher fluxes content in Table 5, 
as compared to that of the raw granite as batches 2 
and 3. But, the result indicate that the concentrated 
granite batches 4 and 5 increase the bulk density and 
decreased the water absorption are better than 
feldspar addition in batch 1(see in Fig. 6 and 7). At 
higher temperatures the fluxes agent cause an 
increase in the liquid phase promoting densification 
(Vieira el al., 2004, Hernández-Crespo and Rincón 
2001).   

This indicates that the observed differences 
on the technological properties of the batches are not 
influenced by the bulk density or compactness of the 
ceramic. It is also important to mention the 
significant reduction observed on the water 
absorption with concentrated granite addition. For 
example, the body with 25 and 30 wt. % of 
concentrated granite as batches 4 and 5, shows water 
absorption 0.47% , 0.67% lower than the body 
contain feldspar as batch1, the water absorption 
0.87% , and with raw granite as batches 2 and 3 the 
water absorption 0.66% and 1.40%. This is an 
indication that the formation of a larger amount of 
liquid phase contributes to reduce porosity. 

The result indicates the behavior of raw 
granite less than concentrated granite and feldspar 
from maturing temperature at 1200 ºC due to the 
impurities of Fe2O3 which act as reflux agent in 
ceramic bodies.   
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Table 3: Chemical analysis of concentrate granite after magnetic separation  

4  average 3  2 1  Oxide  

74.35  75.75  73.80  73.85  74.05 SiO2  

13.17  12.50  13.50  13.66  13.00 Al2O3  

0.18  0.07  0.30  0.06  0.30 Fe2O3  

0.05  0.05  0.05  0.05  0.05 TiO2  

0.25  0.16  0.30  0.42  0.11 CaO  

0.05  0.05  0.05  0.05  0.05  MgO  

4.00  3.92  3.90  4.20  3.88 Na2O  

7.80  7.15  8.00  7.44  8.30 K2O  

0.05  0.05  0.05  0.05  0.05  MnO  

0.05  0.05  0.05  0.05  0.05  SO3  

0.05  0.05  0.05  0.05  0.05  P2O3  

 
Table 4: Chemical composition (wt. %) of the granite conc. and raw materials used for bodies' composition 
design. 

Oxide SiO2 Al2O3 Fe2O3 TiO2 CaO MgO Na2O K2O LoI 

% 

P2O5  MnO 

% % % % % % % % %  % Unite 

0.4 0.05 0.05 6.25 3 .37 0.08 0.94 0.45 3.77 13.91 70.70 Raw  granite 

0.40  0.05 0.05  7.80  4.00  0.05  0.25  0.05  0.18  13.17 74.00 Granite  conc.  

0.33 0.01 --- 10.78 3.00 0.17 1.48 0.04 0.41 16.45 67.33 Feldspar 

---- ---- ---  ---- ---- ---- ---- --- 0.15 0.55 99.25 Quartz 

13.22 0.08 0.05 1.82 0.58 0.82 0.43 0.72 2.73 27.45 52.10 Kaolin  

 
Table 5:  Chemical analysis of the mixtures (wt. %) for bodies' composition design. 

LoI P2O5  MnO K2O Na2O MgO CaO TiO2 Fe2O3 Al2O3 SiO2 
Oxide 

Batches   

%  %  %  %  %  %  %  %  %  %  %  Unite 

8.06 0.02 0.02 3.80 1.10 0.53 0.63 0.44 1.76 20.66 62.98 Batch1 

8.10 0.02 0.02 2.66 1.19 0.51 0.50 0.54 2,60 20.03 63.83 Batch2  

8.12 0.02 0.02 2.98 1.36 0.51 0.53 0.57 2.79 20.70 62.40 Batch3 

8.14 0.01 0.01 3.05 1.35 0.50 0.31 0.44 1.71 19.83 64.65 Batch4  

8.10 0.02 0.02 3.46 1.55 0.51 0.33 0.45 1.71 20.48 63.39 Batch5  
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Fig.5:  XRD pattern of granite (G1) and granite 

concentrate (G2). 
  Q: quartz, M: microline, A: albite, F: iron oxide. 
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Fig.6:  Water absorption of fired ceramic bodies 

with temperatures  
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Fig.7:  Bulk density of fired ceramic bodies with

 

.3.3. Mineralogical composition of the ceramics 

The sintering behavior is closely related to 
the mine

d by the reaction of the 
metakaol

firing resulted in the formation of 
mullite and glassy phase, with some non-dissolved 

 
temperatures 

 
3
bodies 

ral phases formed during the firing process 
and the materials obtained by firing show the smaller 
percentage of water and maximum bulk density. The 
chemical composition of the tested bodies is shown in 
Table 2. It has been detected by XRD that the 
crystalline phases of the fired samples at the 
corresponding temperatures (Fig.8). Therefore, it has 
been demonstrated that the firing products of the 
batches 1,2,3,4 and 5, at temperatures of 1200, 1300 
and 1350 ºC respectively, are constituted by quartz 
and mullite minerals coming from the kaolin, granite 
and concentrated granite.  

Mullite is forme
inite that is provided by the dehydroxilation 

process of the kaolinitic materials. This mullite phase 
is hardly detected by XRD, which indicates that it can 
be considered as a primary mullite and secondary is 
extremely big.  The mullite peaks could be clearly 
detected at 1200 ºC especially for the batches 2 and 3. 
The intensity of the quartz peaks tend to decrease 
with increasing sintering temperatures due to their 
gradual dissolution into glassy phase. This was more 
evident for batches 2 and 3. The intensity of fluxing 
minerals, Fe2O3 included, tends to decrease for 
temperatures, as expected. Batches 1,4 and 5 have 
been high intensity of mullite peaks tend to 
increasing sintering temperature due to their growth 
the mullite phases. 

In general, 
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able 6:  Properties of the  firing ceramic bodies. 

tem  % 
Bulk density Bendin

till remaining in the sintered bodies.  As the 
concentrated granite addition increases, the peak 
intensities of mullite also increase. The common 
crystalline phases between batches 1,2,3,4 and 5 are 
quartz and mullite. While quartz is a residual phase, 
mullite results from spinel phase, with an 
approximate composition of 2Al2O3. 3SiO2 formed at 
temperatures around 925 ºC (De La Fuente et al., 
1990; Johns, 1965).  
 
3.3.4. Mechanical stre

dependent on the porosity a
ecimen. In principle, due to the densification, 

one would expect an increase on the flexural strength 
with the concentrated granite addition (see in Table 
6). This result can be explained by the higher amount 
of quartz content, Table 5, introduced with the granite 
and concentrated granite addition. The quartz can 
promote the appearance of micro-cracks due to their 
volumetric variation at 573 ◦C. These micro-cracks 
are known to act as stress raisers, contributing to 
reduce the mechanical strength (Abajo, 2000; 
Kilikoglou et al., 1995).  

All ceramic bodies increase their flexural 
strength with temperature

ere is a tendency toward higher strength 
values for the experimental ceramic body batch 5, 
which has the greater amount 30% in Table 1 of 
concentrated granite. For this class of materials, the 
mechanical strength is determined by the stress 
concentration in structural defects such as pores, 
voids and microcracks (Schneider, 2000). The 
bending strength for fired bodies at maturing 
temperature is increased from 31.1 to 45.4 MPa with 
increase the bulk density from 2.3062 -2.5119 g/cm3 
(see in Table 6). The ceramic bodies which 
containing concentrated granite higher in bulk density 
and bending strength than the raw granite and pure 

feldspar in Table 6. The ceramic batch 5 has high 
bulk density at 2.5119 g/cm3 and bending strength at 
45.4 MPa, because high amount of concentrated 
granite.  
 

 

3
The morph

s were different from those observed in 
ceramics bodies. This difference in the crystal 
morphology may be due to the difference in the 
characteristic of raw materials used in conventional 
ceramic viz. clay, quartz and feldspar. Fig. 8 shows 
SEM observations on the fracture of the ceramic 
body fired at 1200-1350 ºC. It is observed the typical 
grain and bond microstructure of porcelain consisting 
of quartz grains held together by a finer matrix or 
bond that is almost fully dense (Lee and Rainforth, 
1995). The matrix is composed by primary mullite, 
originated from pure clay agglomerate relicts and 
consisting in aggregates of small scaly crystals and 
secondary mullite composed of elongated needle 
shape crystals derived from feldspar–clay relicts 
(iqbal and Lee, 1999; Ludin, 1964). The SEM of the 
ceramic bodies 1, 4 is containing quartz crystal and 
mullet. This mullite showed a needle-like 
microstructure (mullite whiskers), which is 
characteristic of mullite obtained by the 
decomposition of feldspar or concentrated granite 
(see in Fig.9 and 11). The sintering bodies 1, 4 and 5 
have high mechanical strength because 
microstructure formation of mullite whiskers. Figures 
10 is shows small crystalline quartz dissolving in a 
glassy matrix and mullite crystals.  This mullite was a 
needle crystal form and little mullite whiskers in 
sintering bodies 2 and 3, this crystals form is effect 
on mechanical strength. The sintering bodies 2 and 3 
are less mechanical strength than sintering bodies 1, 4 
and 5 because the crystal form of mullite is strong 
influence on the microstructure formation.  

 
T

Batches Maturing    Water 
perature  ºC absorption (g/cm3) 

g strength     
(MPa) 

   Batch  1                  4     1300        0.87    2.33 0.5 
   Batch  2        1200       0.66          2.31          32.5  
    Batch 3        1200       1.40         2.31          31.1 
   Batch  4        1300       0.47         2.37          41.7 
    Batch 5        1350       0.67         2.51          45.4 
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Fig.8:  X-ray diffraction patterns of the ceramic 

bodies fired at sintering. 
                      +: mullite; * quartz 
 

  
Fig.9: SEM of fired ceramic bodies (1) at 1300 ºC. 
 

  
Fig.10. SEM of fired ceramic bodies (2 and 3) at 

1200 ºC. 

 

  
Fig.11. SEM of fired ceramic bodies (4 and 5) at 

1300 ºC  
 
4. Conclusions  
1- The chemical composition of the granite is typical 
of feldspar-based material with high amount of silica 
oxide, low amounts of alkaline oxides. 
2. According to the mineralogical studies, the 
representative ore granite contains microcline, albite 
and quartz. 
3. The intensity of the magnetic separation and 
flotation methods were applied separately and 
combined on the raw granite to produce an alternative 
raw material to feldspar using ceramic industries.  
4- The incorporation of granite raw and concentrated 
granite up to 30 wt. % in ceramic bodies has led to 
the following conclusions: 
• The concentrated granite incorporation decreases 
the open porosity of the fired bodies. Consequently, 
the water absorption decreased with the concentrated 
granite content and increases the bulk density. The 
flexural strength is a property strongly dependent on 
the porosity, bulk density and microstructure.  
• The SEM microstructure analysis showed that the 
composition with 30 wt. % of concentrated granite 
has a finer fracture surface with fewer defects as 
compared to the granite raw incorporation.  
• XRD analysis indicated that no significant effect on 
the crystalline phases was observed with concentrated 
granite incorporation. 
• The use of concentrated granite in ceramic bodies 
can be a technological solution to the problems 
caused by the indiscriminate disposal into the 
environment. 
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Abstract: The present study was conducted to evaluate the ability of twelve non-encapsulated and encapsulated 
lactic acid and bifidobacteria strains to withstand environmental conditions similar to the human digestion tract. 
Selection criteria employed included the ability of these strains to survive at low pH and relatively high bile 
concentrations. Cholesterol assimilation and the effects of exposure to simulated gastric and intestinal juices were 
also investigated to explore the effect of encapsulation on health beneficial effect of the tested strains. The results 
obtained clearly declared that encapsulation effectively protected the microorganisms from the hostile environment 
and gastrointestinal tract, thus potentially preventing cell loss. The survival rate of encapsulated bacteria at pH 2.0 
increased and attained a mean value of 58.9 % as compared with the corresponding value for non-encapsulated 
strains, being 46.9 %. Encapsulated cultures attained the highest tolerance % at different bile concentrations up to 
1.0 %. Continuously, the survival percent of the double effects of pH and bile salt showed higher values and ranged 
from 34.15 % to 57.71 % for encapsulated bacteria, while free cells ranked lower figures varied from 17.15 % to 
43.20 %. The assimilative reductions of cholesterol by non-encapsulated and encapsulated strains were clearly 
differed and varied from 32.6 % to 89.3 % and 27.9 % to 85.1 % respectively. The survival of encapsulated tested 
cultures in simulated gastric environment (SGJ) was noticeably better than those of non-encapsulated strains. In 
contrast, either free cells or encapsulated bacteria survival well in simulated intestinal juice (SIJ). [Journal of 
American Science 2010;6(10):810-819]. (ISSN: 1545-1003). 
 
Keywords: encapsulated lactic acid; bifidobacteria; human digestion tract; simulated gastric environment (SGJ) 
 
1. Introduction: 

Probiotic bacteria are frequently used as the 
active ingredient in functional foods such as bio-
yoghurts, dietary adjuncts and health-related  
products (Brassart and Schiffrin, 1997). The health 
benefits attributed to probiotic bacteria can be 
categorized as either nutritional benefits or 
therapeutic benefits. Nutritional benefits include: 
their role in enhancing the bio-availability of calcium, 
zinc, iron, manganese, copper and phosphorus 
(McDonough et al., 1983) and synthesis of vitamins 
(Deeth and Tamime, 1981). While the  therapeutic 
benefits of these bacteria including antimicrobial 
activity, ability to assimilate cholesterol, improved 
lactose intolerance and anti-carcinogenic activity 
(Chou and Weimer, 1999).  

The majority of probiotic bacteria belong to 
two bacterial genera: i.e. Lactobacillus and 
Bifidobacterium. A stringent selection criteria for 
identification of probiotic strains is required in order 
to achieve consistent and positive probiotic effects. 
Most recently Collins et al. (1998) have compiled a 
list of 12 important criteria for selecting a potential 
probiotic strains. Essentially, these criteria suggest 
the selected strains must be safe, viable and 
metabolically active within the gastrointestinal tract 
in order to exert a beneficial impact on the host. 
Therefore, International Dairy Federation (IDF) has 
suggested that a minimum of 107  probiotic bacteria 

cells should be alive at the time of consumption per 
gram of the product (Homayouni et al. 2007c). In 
order to improve the survival of probiotic bacteria 
many attempts have been carried out (Modler et al., 
1990; Mituoka, 1992; Ravula and Shah, 1998; Chou 
and Weimer, 1999 and Sultana et al., 2000). 
However, these trails had only a limited success.  

Therefore, encapsulation technique have 
been investigated as a physical protection of 
probiotics for improving its viability and survival 
(Sultana et al., 2000; Chandramouli et al., 2004 and 
Picot and Lacroix, 2004).  
Thus, the objective of this study was to screen the 
tested strains for functional characteristics of 
probiotics in order to gain more information 
concerning their ability to tolerate acid, bile, 
assimilate cholesterol and resist the digestion in the 
intestinal tract. In addition, the main target was to 
evaluate the feasibility of encapsulation to improve 
the probiotic survival of encapsulated cultures under 
the hostile environment and gastrointestinal tract. 
 
2. Materials and methods 
Bacterial strains: 
 Eight strains of lactic acid bacteria and four 
strains of bifidobacteria were obtained from different 
cultures collections which summarized in Table 1. 

Lactic acid cultures were maintained and 
subcultured in MRS broth using a 1 % inoculum and 
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18 to 20 hr. of incubation at 37ºC. Bifidobacteria  
were enumerated according to Dave and Shah 
(1996) using  modified MRS agar medium (m-MRS), 

supplemented with 0.05 % L-cysteine HCL and 0.3 
% lithium chloride and cultures were propagated at 
37ºC for 24 h. 

 
Table (1): Source of various bacterial strains used in the present investigation: 

Bacterial strains Source  
Lb. delbrukii subsp bulgaricus EMCC 11102 Cairo MIRCEN 
Lb. johnsonii ATCC 33200 ATCC 
Lb. casei EMCC 11093 Cairo MIRCEN 
Lb. acidophilus ATCC 4356 ATCC 
Lb. acidophilus ATCC 20552 ATCC 
Lc. lactis subsp. cremoris ATCC 19257 Dairy Department, Minia University 

Lc. lactis subsp. lactis  EMCC 11552 Dairy Department, Minia University 
Str. thermophilus EMCC11044 Cairo MIRCEN 
Bif. bifidum 2203 Cairo MIRCEN 
Bif. bifidum ATCC 15696 Cairo MIRCEN 

Bif. angulatum 2338 Cairo MIRCEN 
Bif. longum ATCC 2259 ATCC 

Abbreviations: EMCC, Egyption Microbial Culture Collection. 
ATCC, American Type Culture Collection.  
Cairo MIRCEN, Cairo Microbiological Resources Center, Faculty of   Agriculture, Ain Shams University. 
 
Acid tolerance: 

All tested cultures were evaluated for their 
ability to grow in low pH 2 and 3 according to 
Pereira and Gibson (2002) with some modifications: 
Cultures were grown to stationary phase (16 hr.) in 
either  MRS or mMRS broth to an optical density 
(OD650) of 1.2 – 1.3 with fresh media. Tested cultures 
were inoculated (10 % vol./vol.) into MRS or mMRS 
broth previously adjusted to pH 2 and 3 with HCl. 
The mixtures were incubated at 37°C for 90 minutes. 
Cultures were monitored for growth 
spectrophotometrically at 650nm. at 0, 30, 60 and 90 
minutes. The experiments were repeated three times.   
 
Bile tolerance: 

Overnight cultures were inoculated (1 % 
vol./vol.) into mMRS broth and m-MRS broth 
containing 0.3, 0.5, 0.7 and 1.0 % (wt/vol.) oxgall 
and incubated at 37°C for 12 hr. Cultures were 
monitored for growth spectrophotometrically at 
650nm. Comparison of cultures was based on their 
growth rates in each broth. The experiments were 
repeated three times in triplicate (Pereira and Gibson, 
2002). 
 
Bile and Acid tolerance: 
 Active culture were inoculated (10 % 
vol./vol.) into either MRS or m-MRS broth 
previously adjusted to pH 3.0 with HCl and incubated 
at 37°C for 24 hours. Pre-exposed cells were 
resuspended in MRS or m-MRS broth containing bile 
salt at final concentration of 0.3 % (wt/vol) oxgall.  
 

 
Tested culture was incubated again at 37°C for 12 hr. 
and the growth was monitored 
spectrophotometrically at 650nm. (Prasad et al., 1998). 
 
Assimilation of cholesterol: 

The ability of tested cultures to assimilate 
cholesterol was determined according to Danielson et 
al. (1989) with some modifications as described by 
Pereira and Gibson (2002). Bile  concentrations of 
0.3 % (w/v) oxgall was used to mimic approximate 
levels in the intestinal tract (Sjovall, 1959). The 
cholesterol in the spent broth was first extracted by 
the procedure described by Gilliland et al. (1985). 
While, the total cholesterol concentration of the 
evaporated residues was then determined by the 
enzymatic assay described by Sale et al. (1984).  
 
Preparation of simulated gastric juice (SGJ): 

The SGJ was prepared with pH adjusted 
MRS broth to 1.4 or 7.0 (control) with 5 mol/L HCl 
or 1 mol/L NaOH sterilized solution. Suspending 
pepsin (1000 unit/ml) in MRS was sterile-filtered 
through a membrane filter and 0.1 ml of suspending 
pepsin was inoculated to 9.9 ml of SGJ (Kim et al. 
2008).  
 
Preparation of simulated small intestinal juice (SSIJ): 
 The SSIJ was prepared by dissolving 
pancreatin (Sigma) from porcine pancreas (1g/L) in 
sterile saline (5g/L) according to Charteris et al. 
(1998). Subsequently, the pH of the pancreatic juice 
was adjusted to pH 8 with 0.1 M NaOH. A 0.1 ml 
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pancreatic solution was added to 9.9 ml of MRS 
broth and sterilized at 121°C for 15 min. 
 
Survival to simulated gastric juice (SGJ) or simulated 
small intestinal juice (SSIJ): 

Each tested culture was incubated in MRS 
broth at 30°C for 24 h. A one ml aliquot of the tested 
culture was centrifuged at 5000×g for 10 min at 4°C 
and washed three times in sterile PBS. The washed 
cells were resuspended in PBS.  

To assay the SGJ or SSIJ tolerance, about 0.2 
ml of each washed cell suspension mixed with 1 ml 
of gastric or intestinal juice, after brief vortexing, the 
mixture was incubated at 37°C. When assaying 
gastric tolerance, aliquots of 0.1 ml was removed 
after 5, 40 and 180 min and the growth was 
monitored spectrophotometrically at 650nm. For 
assaying small intestinal juice tolerance, the sampling 
times were 5, 240 and 360 min. The experiment was 
repeated twice, and each reading represents the mean 
of three observations (Guerra et al. 2007). 
 
Encapsulation procedure:  

All glasswares and solutions used in the 
protocols were sterilized at 121ºC for 15 min. 
Alginate beads were produced a modified 
encapsulation method originally reported by Sheu 
and Marshall (1993) and Sultana et al. (2000). A 2 % 
alginate mixture was prepared containing 2 % Hi-
maize resistant starch and 0.1 % culture. The mixture 
was dropped into oil, containing Tween 80 (0.02 %). 
After the dropping was completed, the mixture was 
stirred vigorously till it was emulsified and appeared 
creamy. A solution of 0.1 M calcium chloride was 
then added quickly along the side of the beaker, the 
phase separation of oil /water emulsion occurred. The 
mixture was allowed to stand for 30 min for the 
calcium-alginate beads to separate and settle at the 
bottom of the calcium chloride layer. The oil layer 
was drained and beads were collected by low speed 
centrifugation (350×g, 15 min), washed once with 0.9 
% saline containing 5 % glycerol, and stored at 4ºC. 
 
3. Results and Discussion:  

Bacteria used as probiotic adjuncts are 
commonly delivered in a food system and therefore 
begin their journey to the lower intestinal tract via the 
mouth, the time from entrance to release from the 
stomach   about 90 min. (Berrada et al., 1991). 
Although cellular stress begins in the stomach, which 
has pH as low as 1.5 (Lankaputhra and Shah, 1995), 
in most in vitro assays pH 3.0 has been preferred 
(Garriga et al., 1998 and Suskovic et al., 1997). Thus, 
preliminary screening of all tested cultures for 
tolerance to low pH 2.0 and 3.0 was conducted. 

Moreover, several studies indicate that the 
bacteria may not survive in sufficient numbers during 
their passage through the gastrointestinal tract (Dave 
and Shah, 1996 and Hamilton-Miller et al., 1999). 
Providing probiotic living cells with a physical 
barrier against adverse environmental conditions is 
therefore an approach currently considerable interest 
(Kailasapathy, 2002). Thus, encapsulation technique 
have been applied to increase the survival and 
delivery of bacterial cultures (Sultana et al., 2000).  

Results presented in Table (2) indicated that 
all non- encapsulated tested strains were strongly 
affected at pH 2.0, while relatively moderate 
tolerance obtained at pH 3.0. In this respect, Maffei 
and Nobrega (1975) stated that the bactericidal effect 
of acid is evident at pH values below 2.5. Also, data 
obtained revealed that growth inhibition for non- 
encapsulated tested strains were gradually increased 
with prolongation of incubation time till 90 min at 
either pH 2.0 or pH 3.0. These results are generally in 
harmony with those reported by Shah and Jelen 
(1990), they mentioned that the survival of the lactic 
acid bacteria were reduced as incubation time 
increased and pH decreased. 

 As shown from Table 2, encapsulated 
bacteria survived well in low pH 2.0 compared to 
non-encapsulated free bacterial cells. However, the 
survival rate of encapsulated bacteria increased and 
varied from 42.64 to 72.93 % with a mean value of 
58.9 %, as compared with the corresponding value 
for non-encapsulated strains ranged from 34.03 to 
68.10 % with a mean value, actually 46.9 %. As 
expected, at pH 3.0, better protection of bacterial 
cells was achieved. However, the same trend of result 
was previously reported by Sultana et al. (2000) and 
Chandramouli et al. (2004). 

Although the bile concentration of the 
human gastrointestinal tract varies, the mean 
intestinal bile concentration is believed to be 0.3 % 
w/v. (Suskovic et al., 1997 and Garriga et al., 1998). 
Therefore, four different bile concentrations were 
used 0.3, 0.5, 0.7 and 1.0 % (w/v) oxgall, to mimic 
approximate levels in the intestinal tract. 

From the data presented in Table 3, it could 
be pointed out that tolerance to bile varied among the 
tested strains and bile concentrations. In general, 
encapsulated strains exhibited more bile resistance 
compared to free cells under similar conditions. 
Continuously, encapsulated cultures attained the 
highest tolerance percent at bile concentrations up to 
1.0 % (w/v), being 90.26, 87.75, 86.36 and 84.38 % 
at 0.3, 0.5, 0.7 and 1.0 % (w/v), respectively. Similar 
improvements in survival have previously reported 
for lactobacilli and bifidobacteria encapsulated strains 
by Chandramouli et al. (2004) and Kim et al. (2008). 
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Obviously, inability of non-encapsulated 
tested strains to survive the double effects of pH and 
bile salt was clearly detected in the free cells where 
their survival rate declined and varied from 17.15 % 
to 43.20 % after 12 h of incubation at 0.3 % (w/v) 
oxgall. On the other hand, encapsulated bacteria 
survived better under the same conditions and their 
survival percent showed higher value and ranged 
from 34.15 to 57.71 % (Table 4). 

Increased serum cholesterol correlate highly 
with the incidence of coronary heart disease (Kern, 

1991). However, dietary adjustments is one way to 
decrease serum cholesterol, thereby reducing the risk 
of coronary heart disease. 

In our study, the ability of non-encapsulated 
and encapsulated strains to assimilate cholesterol was 
carried out and the data obtained presented in Table 
5. Viewing these results, it might be deduced that all 
tested cultures grew well in the presence of oxgall 
and reduced  cholesterol concentration in the culture 
broth. 

 
 
Table (2): Effect of low pH on viability and survival of non-encapsulated and encapsulated strains. 

Non-encapsulated Encapsulated 

Incubation time / min. decrease of OD650 Tested strains pH 

Zero 30 60 90 Survival% Zero 30 60 90 Survival%

2 1.252 0.820 0.534 0.426 34.03 1.407 1.010 0.715 0.600 42.64 L. bulgaricus 
EMCC 11102 3 1.255 0.936 0.74 0.544 43.35 1.410 1.131 0.925 0.722 51.21 

2 1.260 0.884 0.834 0.493 39.13 1.415 1.074 1.015 0.667 47.14 L. johnsonii 
ATCC 33200 3 1.265 1.067 0.901 0.670 52.96 1.420 1.262 1.086 0.848 59.72 

2 1.252 0.955 0.638 0.448 35.78 1.407 1.145 0.820 0.622 44.21 L. casei 
EMCC 11093 3 1.254 0.985 0.718 0.486 38.76 1.409 1.180 0.903 0.664 47.13 

2 1.253 0.899 0.592 0.494 39.43 1.408 1.089 0.773 0.668 47.44 L. acidophilus 
ATCC 4356 3 1.254 0.945 0.779 0.667 53.19 1.409 1.140 0.964 0.845 59.97 

2 1.260 0.884 0.740 0.613 48.65 1.415 1.074 0.921 0.787 55.62 L. acidophilus 
ATCC 20552 3 1.263 0.954 0.929 0.807 63.90 1.418 1.149 1.114 0.985 69.46 

2 1.252 1.054 0.866 0.646 51.60 1.407 1.244 1.047 0.820 58.28 Lc. Lactis 
subsp. 
cremoris 3 1.254 1.157 0.927 0.737 58.77 1.409 1.352 1.112 0.915 64.94 

2 1.256 0.889 0.759 0.581 46.26 1.411 1.079 0.940 0.755 53.51 Lc. Lactis 
subsp. lactis 3 1.259 0.983 0.915 0.638 50.68 1.414 1.178 1.100 0.816 57.71 

2 1.260 1.073 1.015 0.858 68.10 1.415 1.263 1.196 1.032 72.93 Str. 
thermophilus 
EMCC11044 3 1.264 1.245 1.135 0.972 76.90 1.419 1.401 1.320 1.150 81.04 

2 1.258 1.024 0.813 0.645 51.27 1.413 1.214 0.994 0.819 57.96 Bif. bifidum 
2203 3 1.262 1.109 0.951 0.827 65.53 1.417 1.304 1.135 1.005 70.92 

2 1.257 0.971 0.789 0.609 48.45 1.412 1.161 0.969 0.783 55.45 Bif. bifidum 
ATCC 15696 3 1.259 1.071 0.958 0.794 63.07 1.414 1.266 1.140 0.972 68.74 

2 1.255 1.109 0.878 0.691 55.06 1.410 1.299 1.058 0.865 61.35 Bif.angulatum 
2338 3 1.260 1.165 0.980 0.844 66.98 1.415 1.360 1.164 1.022 72.23 

2 1.251 0.960 0.769 0.561 44.84 1.406 1.150 0.950 0.735 52.28 Bif. longum 
ATCC 2259 3 1.260 1.096 0.931 0.646 51.27 1.415 1.291 1.117 0.824 58.23 
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Table (3): Survival of non-encapsulated and encapsulated tested cultures after exposure to different concentrations of 
bile salt.  

Non-encapsulated Encapsulated 

Incubation time / hr. decrease of OD650 Tested strains Bile % 

zero 12 hr. Survival% zero 12 hr. Survival% 
0.3 1.132 0.812 71.73 1.405 1.265 90.04 
0.5 1.134 0.755 66.58 1.407 1.222 86.85 
0.7 1.134 0.703 61.99 1.407 1.206 85.71 

L. bulgaricus 
EMCC 11102 

1 1.136 0.645 56.78 1.410 1.168 82.84 
0.3 1.132 0.801 70.76 1.405 1.264 89.96 
0.5 1.133 0.743 65.58 1.406 1.220 86.77 
0.7 1.134 0.689 60.76 1.407 1.204 85.57 

L. johnsonii 
ATCC 33200 

1 1.134 0.628 55.38 1.408 1.173 83.31 
0.3 1.132 0.942 83.22 1.405 1.266 90.11 
0.5 1.134 0.831 73.28 1.407 1.225 87.06 
0.7 1.134 0.815 71.87 1.407 1.208 85.86 

L. casei 
EMCC 11093 

1 1.136 0.646 56.87 1.409 1.179 83.68 
0.3 1.133 0.802 70.79 1.407 1.267 90.05 
0.5 1.135 0.738 65.02 1.409 1.231 87.37 
0.7 1.136 0.668 58.80 1.409 1.211 85.95 

L. acidophilus 
ATCC 4356 

1 1.136 0.594 52.29 1.410 1.179 83.62 
0.3 1.132 0.932 82.33 1.404 1.261 89.81 
0.5 1.134 0.852 75.13 1.407 1.221 86.78 
0.7 1.135 0.719 63.35 1.408 1.214 86.22 

L. acidophilus 
ATCC 20552 

1 1.137 0.658 57.87 1.409 1.182 83.89 
0.3 1.133 0.722 63.72 1.404 1.263 89.96 
0.5 1.135 0.609 53.66 1.405 1.218 86.69 
0.7 1.136 0.532 46.83 1.406 1.209 85.99 

Lc. lactis subsp. 
cremoris 

1 1.138 0.376 33.04 1.408 1.188 84.38 
0.3 1.133 0.924 81.55 1.407 1.270 90.26 
0.5 1.135 0.788 69.43 1.409 1.228 87.15 
0.7 1.136 0.672 59.15 1.409 1.207 85.66 

Lc. lactis subsp. 
lactis 

1 1.136 0.602 52.99 1.411 1.174 83.20 
0.3 1.130 0.744 65.84 1.402 1.259 89.80 
0.5 1.132 0.623 55.04 1.405 1.224 87.12 
0.7 1.133 0.511 45.10 1.407 1.205 85.64 

Str. thermophilus 

1 1.135 0.444 39.12 1.409 1.186 84.17 
0.3 1.136 0.921 81.07 1.406 1.266 90.04 
0.5 1.138 0.863 75.83 1.406 1.218 86.63 
0.7 1.138 0.811 71.27 1.408 1.213 86.15 

Bif. bifidum  
2203 

1 1.139 0.723 63.48 1.411 1.184 83.91 
0.3 1.132 0.982 86.75 1.403 1.258 89.67 
0.5 1.135 0.917 80.79 1.405 1.214 86.41 
0.7 1.137 0.862 75.81 1.407 1.208 85.86 

Bif. bifidum 
ATCC 15696 

1 1.138 0.800 70.30 1.409 1.185 84.10 
0.3 1.131 0.969 85.68 1.403 1.255 89.45 
0.5 1.133 0.902 79.61 1.406 1.226 87.20 
0.7 1.134 0.854 75.31 1.408 1.216 86.36 

Bif. angulatum 2338 

1 1.135 0.795 70.04 1.409 1.182 83.89 
0.3 1.134 0.994 87.65 1.404 1.248 88.89 
0.5 1.136 0.923 81.25 1.404 1.232 87.75 
0.7 1.137 0.875 76.96 1.407 1.214 86.28 

Bif. longum 
ATCC 2259 

1 1.137 0.821 72.21 1.410 1.177 83.48 
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Table (4): Effect of low pH and bile salt 0.3 % oxgall on non-encapsulated and encapsulated tested strains. 
Non-encapsulated Encapsulated 

OD650 after incubation 
time 

OD650 after incubation 
time 

Tested strains Zero/ 
Survival 

% 24 h 6 h 12 h 

Zero/ 
Survival 

% 24 h 6 h 12 h 

1.255 0.360 0.344 0.254 1.412 0.637 0.605 0.522 L. bulgaricus 
EMCC 11102 Survival% 28.69 27.41 20.24 Survival% 45.11 42.85 36.97 

1.265 0.445 0.398 0.362 1.410 0.722 0.675 0.630 L. johnsonii 
ATCC 33200 Survival% 35.18 31.46 28.62 Survival% 51.21 47.87 44.68 

1.254 0.311 0.284 0.215 1.420 0.588 0.539 0.485 L. casei 
EMCC 11093 Survival% 24.80 22.65 17.15 Survival% 41.41 37.96 34.15 

1.254 0.482 0.362 0.275 1.409 0.759 0.636 0.535 L. acidophilus 
ATCC 4356 Survival% 38.44 28.87 21.93 Survival% 53.87 45.14 37.97 

1.263 0.618 0.544 0.462 1.409 0.891 0.811 0.733 L. acidophilus 
ATCC 20552 Survival% 48.93 43.07 36.58 Survival% 63.24 57.56 52.02 

1.254 0.555 0.435 0.382 1.418 0.832 0.708 0.644 Lc. lactis subsp. 
cremoris Survival% 44.26 34.69 30.46 Survival% 58.67 49.93 45.42 

1.259 0.471 0.359 0.273 1.409 0.748 0.633 0.551 Lc. lactis subsp. 
lacti Survival% 37.41 28.51 21.68 Survival% 53.09 44.93 39.11 

1.264 0.798 0.642 0.546 1.414 1.072 0.912 0.816 Str.thermophilus 
EMCC11044 Survival% 63.13 50.79 43.20 Survival% 75.81 64.50 57.71 

1.262 0.657 0.536 0.421 1.419 0.931 0.807 0.691 Bif. bifidum 
2203 Survival% 52.06 42.47 33.36 Survival% 65.61 56.87 48.70 

1.259 0.602 0.482 0.376 1.417 0.873 0.753 0.648 Bif. bifidum 
ATCC 15696 Survival% 47.82 38.28 29.86 Survival% 61.61 53.14 45.73 

1.260 0.673 0.545 0.461 1.414 0.943 0.817 0.703 Bif. angulatum 
2338 Survival% 53.41 43.25 36.59 Survival% 66.69 57.78 49.72 

1.260 0.485 0.381 0.301 1.415 0.758 0.646 0.571 Bif. longum 
ATCC 2259 Survival% 38.49 30.24 23.89 Survival% 53.57 45.65 40.35 

 
It is clear that the cell dry weight was 

approximately the same with non-encapsulated and 
encapsulated cells, varied from 1.0 to 2.3 and 0.9 to 
2.4 g/L, respectively. Moreover, the non- 
encapsulated strains ranked higher cholesterol uptake 
percent, varied from 36.2 to 52.5 %, while the 
corresponding figures in the encapsulated cells 
ranged from 27.9 to 42.6 %. Additionally, from 
obtained results it could be observed that the amount  
of cholesterol removed from the broth was higher 
actually varied from 32.6 to 89.3 mg/L for cell free 
strains, while the effect of encapsulated cultures was 
lower, actually ranged from 27.9 to 85.1 mg/L. In this  
 
respect, Kim et al. (2008) stated that encapsulation 
reduce the ability of lactic acid bacteria to assimilate 

cholesterol. The same phenomenon was also detected 
by Khater (2009). 

Survival of bacteria in human gastric juice is 
of a more accurate indication of the ability of strains 
to survive transit through the stomach (Mathara et al., 
2008). Therefore, the tolerance of the tested culture to 
simulated gastric juice was determined and results 
obtained presented in Table 6. Generally, all tested 
strains showed slight/moderate decreases varied from 
0.53 % to 10.40 % through 180 min of exposure. 
However, the survival of encapsulated tested cultures 
in gastric environment was noticeably better than 
those of non-encapsulated strains. The survivors 
encapsulated strains in SGJ maintained above    92 % 
after 3 hours of incubation. In contrast, free cells 
were more sensitive to gastric conditions and suffered 
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a reduction in their survival rate which actually 
varied from 89.60 to 92.93 %. Similar trend of result 
was previously recorded by Chan and Zhang (2005) 
and Chandramouli et al. (2004). 

In order to exert positive health effects, 
probiotic bacteria resist the stressful conditions of the 
stomach and upper intestine that contain bile (Chou 
and Weimer, 1999). Thus, survivals of tested cultures 
were monitored up to 360 min after exposure to SIJ. 

It was obvious, as the data in Table 7, that 
either non-encapsulated or encapsulated bacteria 
survived well in simulated intestinal juice (SIJ). In 
this connection, Charteris et al. (1998) reported that 
the majority of probiotic strains were intrinsically 
resistant to simulated pancreatic juice and showed no 
reduction in viability up to 4 hours. In addition, Buck 
and Gilliland (1994) and Sultana et al. (2000) stated 
that the encapsulated bacteria did not demonstrate a 
significant increase in survival when subjected to in 

vitro SIJ. Also, it was of interest to notice that 
viability of L. acidophilus ATCC 4356 in SIJ 
remained constant after 6 h. of incubation wither 
encapsulated or not. 

Generally, from the forgoing results, it could 
be concluded that tested cultures selected for this 
study differed widely in their probiotic 
characteristics. On the other hand, the results 
obtained revealed that encapsulation can increase the 
survival rate of probiotic bacteria in low pH and 
different concentrations of bile salt. In contrast, our 
study showed that encapsulated gave little injury to 
tested cultures in assimilation of cholesterol. While 
the process enhanced the survival rate of the tested 
cultures in the simulated gastric environment. 

However, future studies need to be carried 
out in order to monitor the effect of encapsulation on 
bacteria in the gut, using animal models, as well as 
studying other parameters.  

 
Table (5): Assimilation of cholesterol by non-encapsulated and encapsulated lactic acid and bifidobacteria 

strains. 

DCW g/L 
Residual cholesterol 

mg/L 

Cholesterol uptake 
(%cholesterol g dry 

weight) 
Tested strains 

Non En. Non En. Non En. 
L. bulgaricus 
EMCC 11102 

2.1 1.9 21.84 20.20 42.12 37.32 

L. johnsonii 
ATCC 33200 

2.0 1.7 10.70 14.90 52.50 42.60 

L. casei 
EMCC 11093 

1.9 2.3 11.30 16.60 46.70 36.10 

L. acidophilus 
ATCC 4356 

2.2 2.4 11.70 16.90 40.10 34.60 

L. acidophilus 
ATCC 20552 

2.0 2.3 18.90 25.30 40.60 32.50 

Lc. lactis subsp.  
cremoris 

2.1 1.8 20.51 33.22 44.14 37.13 

Lc. lactis subsp. 
 lacti 

1.9 2.3 11.50 16.50 46.60 36.30 

Str. thermophilus 
EMCC11044 

1.8 2.1 11.90 17.20 48.90 39.40 

Bif. bifidum 
 2203 

1.8 2.1 18.70 25.30 42.80 35.60 

Bif. bifidum 
ATCC 15696 

2.3 1.9 21.82 25.31 46.02 39.31 

Bif. angulatum  
2338 

1.0 0.9 67.40 72.10 36.20 27.9 

Bif. longum 
ATCC 2259 

1.9 2.2 18.60 25.20 42.80 34.00 

 DCW= Dry cell weight     Non= non-encapsulated   En.= encapsulated 
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Table (6): Effect of simulated gastric juice (SGJ) on viability of lactic acid bacteria and bifidobacteria strains. 

Non-encapsulated and  Encapsulated 
Incubation time (min.) 

Zero 5 40 180 Zero 5 40 180 
Tested strains 

OD650 
OD65

0 
OD65

0 
OD65

0 

Surviv
al 
% 

OD65
0 

OD65
0 

OD65
0 

OD65
0 

Surviv
al 
% 

L. delbruckii subsp. 
bulgaricus EMCC 11102 

1.320 1.310 1.280 1.220 92.93 1.430 1.430 1.410 1.360 95.03 

L. johnsonii ATCC 33200 1.300 1.280 1.250 1.180 90.79 1.420 1.400 1.380 1.320 93.37 

L. casei EMCC 11093 1.290 1.280 1.250 1.180 91.16 1.400 1.400 1.390 1.330 94.80 

L. acidophilus ATCC 4356 1.310 1.290 1.250 1.170 89.60 1.420 1.410 1.380 1.280 90.15 

L. acidophilus ATCC 
20552 

1.300 1.270 1.270 1.210 92.84 1.410 1.380 1.380 1.340 94.62 

Lc. lactis subsp. cremoris 
ATCC 19257 

1.310 1.300 1.280 1.220 92.84 1.430 1.420 1.400 1.370 95.66 

Lc. lactis subsp. lactis 
EMCC 11552 

1.290 1.270 1.240 1.170 90.18 1.410 1.390 1.370 1.310 92.82 

Str. thermophilus 
EMCC11044 

1.310 1.300 1.280 1.220 92.68 1.430 1.420 1.410 1.350 94.88 

Bif. bifidum 2303 1.320 1.310 1.280 1.220 92.05 1.430 1.430 1.400 1.360 94.56 

Bif. bifidum ATCC 15696 1.300 1.280 1.250 1.180 90.32 1.420 1.400 1.380 1.310 92.44 

Bif. angulatum 2238 1.330 1.320 1.280 1.220 91.30 1.450 1.430 1.410 1.350 93.09 

Bif. longum ATCC 2259 1.320 1.300 1.270 1.200 90.92 1.450 1.420 1.390 1.350 92.64 

 
Table (7): Effect of simulated intestinal juice (SIJ) on viability of lactic acid bacteria and bifidobacteria strains. 

Non-encapsulated and  Encapsulated 
Incubation time (min.) 

Zero 5 240 360 Zero 5 240 360 
Tested strains 

OD650 OD650 OD650 OD650 

Survival 
% 

OD650 OD650 OD650 OD650 

Survival 
% 

L. delbruckii subsp. 
bulgaricus EMCC 
11102 

1.313 1.313 1.307 1.294 98.55 1.428 1.428 1.426 1.417 99.23 

L. johnsonii ATCC 
33200 

1.302 1.298 1.293 1.293 99.31 1.416 1.414 1.412 1.411 99.65 

L. casei EMCC 
11093 

1.288 1.283 1.279 1.270 98.60 1.403 1.399 1.396 1.389 99.00 

L. acidophilus 
ATCC 4356 

1.305 1.305 1.305 1.305 100.00 1.419 1.419 1.419 1.419 100.00 

L. acidophilus 
ATCC 20552 

1.297 1.292 1.284 1.283 98.92 1.411 1.411 1.402 1.397 99.01 

Lc. lactis subsp. 
cremoris ATCC 
19257 

1.310 1.307 1.296 1.285 98.09 1.425 1.422 1.413 1.401 98.32 

Lc. lactis subsp. 
lactis EMCC 1552 

1.293 1.293 1.287 1.274 98.53 1.407 1.407 1.404 1.404 99.79 

Str. thermophilus 
EMCC11044 

1.308 1.307 1.304 1.298 99.24 1.424 1.420 1.420 1.414 99.30 

Bif. bifidum 2203 1.319 1.319 1.317 1.313 99.55 1.433 1.429 1.428 1.428 99.65 

Bif. bifidum ATCC 
15696 

1.298 1.294 1.286 1.275 98.23 1.412 1.409 1.403 1.394 98.73 

Bif. angulatum 2338 1.331 1.328 1.320 1.316 98.87 1.445 1.444 1.437 1.424 98.55 

Bif. longum ATCC 
2259 

1.320 1.320 1.316 1.309 99.17 1.434 1.430 1.432 1.426 99.44 
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Abstract: Essential oils are the volatile fraction of aromatic and medicinal plants after extraction by steam or water 
distillation. They have been used for their pharmaceutical potential since early times, and even now are still subject 
to a great deal of attention. In this study citrus essential oils isolated from mandarin (C. reticulate), orange (C. 
aurantium), lemon (C. limon), and tangerine (C. aurantium) species were analyzed by gas chromatography-mass 
spectrometry (GC-MS). Main constituents separated in mandarin oil were dl-limonene (20.88%), neo-dihydrocaveol 
(4.96%), and allo-ocimene (4.78%). In orange oil, the principal compounds were linalool (10.5%), α-terpinolene 
(7.06%), and nonyl-aldehyde (4.79%). In lemon oil, camphene (19.31%), α-citral (17.13%), citronellal (13.64%), 
and limonene (6.55%) were among the principal components. Major constituents presented in tangerine oil were 
limonene (14.08%), citronellal (9.56%), and α-terpinene (4.68%). The chemical compositions of citrus essential oils 
were highly different which may be due to the difference in their genetic make up. The effect of different 
concentrations (25-150µl/ml) of citrus essential oils on the viability of Ehrlich ascites carcinoma cells (EACC) was 
tested in vitro.  Generally, it was found that incubation of tumor cells with different concentrations of essential oils 
reduced the viability of these cells. The activity of glutathione-S- transferase (GST), glutathione content (GSH), and 
lipid peroxidation (LPO) were studied in EACC tumor cells treated by essential oils. The essential oils treatments 
increased the activities of GST, increased the cellular GSH level and inhibited lipid peroxidation. These findings 
support the hypothesis that citrus essential oils may possess significant antitumor and antioxidant effects on EACC 
cell lines. [Journal of American Science 2010;6(10):820-826]. (ISSN: 1545-1003).  
 
Keywords: Essential oil; glutathione; GC/MS; limonene; lipid peroxidation 
 
1. Introduction 

Essential oils (EOs), also called volatile oils 
are aromatic oily liquids obtained from different plant 
parts and widely used as food flavors. The 
constituents of the essential oils are mainly 
monoterpenes and sesquiterpines which are 
hydrocarbons with the general formula (C5H8)n. 
Oxygenated compounds derived from these 
hydrocarbons include alcohols, aldehydes, esters, 
ethers, ketones, phenols and oxides. Volatile oils 
have been reported to exhibit various antibacterial, 
antifungal, antiviral and antioxidant properties 
(Prabuseenivasan et al., 2006). Citrus is one of the 
most important commercial fruit crops grown in the 
world. The genus citrus includes various species of 
oranges, mandarins, limes, tangerines, lemons and 
grapefruit. In current citrus industry, citrus fruits are 
marketed fresh or as processed juices which provide 
multitude health benefits not only from vitamin-C but 
also from other compounds. These compounds 
include the bitter limonods, carotenoids (especially β-
carotene), flavonoids, folic acid and dietary fiber and 

have been shown to prevent a variety of cancers and 
cardiovascular diseases. Nevertheless, citrus essential 
oils contain large amounts of terpens, aliphatic 
sesquiterpene, oxygenated derivatives and aromatic 
hydrocarbons (Merle et al., 2004). The composition 
of the terpenic mix varies depending on the examined 
citrus species to which it owns. The mix of each 
species is in different proportion made of:  limonene, 
α–pinene, β-pinene, myrcene, linalool and terpinen.  
Monoterpenes are important constituents of citrus 
essential oil and other plants. A number of these 
monoterpenes have an antitumor activity. For 
example, d-limonene which comprises > 90% of the 
orange peel oil has chemopreventive activity against 
skin, liver, lung and  forestomach cancers (Crowel, 
1999) and has been reported to induce apoptosis on 
tumor cells (Hata et al., 2003). Similarly, perillyl 
alcohol, a hydroxylated limonene analog, exhibits 
chemopreventive activity against liver, mammary 
gland, pancreas and colon cancer in rodent (Reddy, 
1997). It is presumed that a number of volatile oils 
could act as potential novel antiproliferative agents 
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(Dorman et al., 1995). A rapid enzyme assay for the 
screening of potential inhibitors of chemical 
carcinogenesis has been developed on the basis of 
induction of the detoxifying enzymes such as 
glutathione -S-transferase (GST) and NAD(P)H 
quinone oxidoreductase (NQO1). Moreover; GST 

catalyzies a wide range of reactions involving the 
conjugation of glutathione (GSH) to electrophilic 
carcinogenic compounds to form less toxic 
conjugates for excretion. Cellular glutathione and 
related enzymes such as glutathione peroxidase and 
glutathione reductase are among the principal 
protective mechanisms against endogenous and 
exogenous toxic substances and free radicals-
mediated damage in liver tissue (Hayes and Mclellan, 
1999). Thus any compound that can induce an 
increase in the activity of these detoxifying enzymes 
may be considered as potential inhibitors or 
anticarcinogene (Lam et al., 1994). However, there is 
strong evidence that dietary supplementation with the 
citrus limonoids and limonin activates glutathione-S-
transferase in the liver and small intestine of the rat 
(Lam and Hasegawa, 1989). From this viewpoint the 
present study was carried out to  investigate the 
chemical composition of four citrus essential oils 
(mandarin, orange, lemon and tangerine) as well as 
the bioactivity of these oils as antitumor and 
antioxidant  agents ( GST activity, GSH level and the 
level of MDA) in order to evaluate their medicinal 
potential. 
 
2. Material and Methods  
2.1 Materials 

Four citrus essential oils of mandarin (C. 
reticulate), orange (C. aurantium) lemon (C. limon), 
and tangerine (C. aurantium) was purchased from 
Katto Aromatic Co., Giza, Egypt (Producers of plant 
essential oils and aromatic substances); quality of the 
oils was ascertained to be more than 98% pure. These 
oils were stored at -20 0C for subsequent analysis. 

 
2.2 Essential oil analysis 

Samples of the essential oils (0.5 mg) were  
suspended in 1 ml of ethyl acetate (P.A., Merck, 
Germany) and 5 µl of this solution was analyzed by 
gas chromatography coupled with mass spectrometer 
(GC/MS, Hewlett- Packard GC-MS Model 5890 
series II) equipped with a fused silica capillary 
column DB-5 (30 m x 0.25 mm x 0.25 Am). The 
electron impact technique (70 eV) was used and 
injector temperature was 240 0C and that of the 
detector was 230 0C. The carrier gas was helium at 
the working rate of 1.7 ml/min. The column 
temperature was initially 50 0C and then was 
gradually increased at the rate of 5 0C /min up to 180 
0C and after that, the temperature was increased up to 

240 0C at the rate of 8 0C. For detection of the oil 
components a flame ionization detector was used, set 
up at 230 0C. Components of the oils were identified 
by comparison of their mass spectra and retention 
indices with those published in the literature (Adams, 
1995).  

 
2.3 Viability of Ehrlich ascites carcinoma cells 

Female Swiss albino mice, weighing 18-22 
g, 8-10 week old were used. Animals were kept under 
environmental and nutritional conditions for 2 weeks 
then injected intraperitoneal by Ehrlich ascites 
carcinoma cells (EACC). The animals were used for 
tumor cell preparation (cell line). 

 
2.4 Tumor cells (cell line)  

A line of Ehrlich ascites carcinoma resistant 
to Endoxan has been used (El-Merzabani and Tawfik, 
1976). The parent line was first supplied through the 
courtesy of Dr. G. Klein, Amsterdam, Holland. The 
tumor line is maintained in the National Cancer 
Institute, Cairo-Egypt, in female Swiss albino mice 
by weekly transplantation of 2 x 106 cells. The cells 
were taken from tumor transplanted animals after 7 
days of transplantation. The cells were centrifuged at 
1000 rpm for 5 min, washed with saline then the 
needed number of cells was prepared by suspending 
the cells in the a appropriate volume of saline.  

 
2.5 In vitro cytotoxicity 

The viability percentage of tumor cells was 
measured by the modified cytotoxic trypan blue-
exclusion method as described by Bennett et al., 
(1991). The culture medium used was prepared using 
RPMI 1640 media, 10% fetal bovine serum and L-
glutamine (Gibco). Two ml of cells (containing 2x106 
cells) were incubated over night, with the examined 
essential oils (essential oils as well as sterile saline 
solution as control) at five concentrations; 25, 50, 75, 

100 and 150 µl/ml which transferred into a set of 
tubes. The tubes were incubated at 370C under 5% 
CO2. Thereafter, the tubes were centrifuged at 1000 
rpm for 5 min and the separated cells were suspended 
in saline. For each examined extract and control, a 
new small test tube was used and 10 µl of cell 
suspension, 80 µl saline and 10 µl trypan blue were 
added and mixed. The number of living cells was 
calculated using a hemocytometer slide. Cells were 
counted in duplicates under light microscope at 100 
x.  Cells that showed signs of staining were 
considered to be dead, whereas those that excluded 
trypan blue were considered as viable. 
Cell viability % = No of viable cells (unstained cells) 
/ Total No of cells (stained and unstained) x l00 
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2.6 Determination of GST activity 
GST activity was determined in treated (at 

100 and 150 µl/ml essential oils) and untreated tumor 
cells solution (2 ml containing 2x106 cells) as 
described by Habig et al., (1974). Reaction mixture 
containing 50 mM phosphate buffer, pH 7.5, 1 mM 
of 1-chloro- 2, 4 dinitrobenzene (CDNB) and a 
appropriate volume of cell lines. The reaction was 
initiated by the addition of reduced glutathione 
(GSH) and formation of S-(2, 4-dinitro phenyl) 
glutathione (DNP-GS) was monitored as an increase 
in absorbance at 334 nm. The result was expressed as 
µmol of CDNB conjugation formed /mg protein /min. 

 
2.7 Determination of GSH level 

The level of total SH compound (GSH) was 
determined with Ellman’s reagent according to 
Tukendorf and Rauser (1990). GSH was assayed by 
adding 2 ml of 0.5 Mm 5, 5’ –dithio-bis -2-nitro 
benzoic acid, (DTNB) prepared in 0.2 M phosphate 
buffer, pH 8.0 to appropriate volume of treated cell 
lines solution. The GSH reacts with DTNB and forms 
a yellow colored complex with DTNB. The 
absorbance at 412 mm was read after 2 min (Σ=13.6 
mM-1cm-1). 

 
2.8 Lipid peroxidation (TBARS test) 

The level of lipid peroxidation products was 
assayed through the formation of  2- thiobarbituric 
acid reactive substance (TBARS) according to Buege 
and Aust (1990), based on the reaction of 
malondialdehyde (MDA ) with thiobarbituric acid 
(TBA) at 95 oC. The absorbance of the end product of 
lipid peroxidation (mainly malondialdehyde, MDA) 
was measured at 535 nm and corrected for non-
specific turbidity by subtracting the absorbance at 
600 nm. The results were expressed as n mol MDA / 
mg protein. 

 
2.9 Determination of total protein 
 Protein levels were determined spectrophoto-
metrically at 595 nm, using comassie blue G 250 as a 
protein binding dye (Bradford, 1976). Bovine serum 
albumin (BSA) was used as a protein standard. 
 
Statistical analysis:  

The Software COSTAT for Windows 
(version 10.0) was used for the statistical evaluation 
of the results. Statistical significance was determined 
by analysis of variance (ANOVA) and by the least 
significant differences (LSD) tests corrected for the 
number of comparisons. The probability level of 0.05 
was used as the criterion for significance in all 
procedures according to Little and Hills (1992). All 
results were expressed as mean and standard 
deviation of the mean (SD). 

3. Results and Discussions 

3.1 Chemical composition of essential oils 
The analytical results of mandarin and 

orange essential oils are shown in table (1), the 
principal components of the mandarin oil were dl-
limonene (20.88%), neo-dihydrocaveol (4.96%), allo-
ocimene (4.78%), camphene (4.47%), and linalool 
(3.52 %), which represented (38.61 %)  of the total 
mandarin oil. For the orange oil, the linalool was 
detected at a level of (10.5%) as a major compound. 
Other important compounds were α-terpinolene 
(7.06%) and nonyl-aldehyde (4.79 %), carvone 
(4.52%) and citronellol (3.97 %) which was found as 
a major compound in orange oil. On the other hand, 
camphene   (19.31   %) was the major percentage of 
the lemon oil followed by α-citral (17.13%) as shown 
in table (2). The major compounds identified in 
tangerine oil, were limonene (14.08%), citronellal 
(9.56%), α-terpinene (4.68%) and trace levels (below 
0.1%) of α-pinene (0.07%) and globulol (0.08%) 
respectively.  
 
Table 1. Major components (in %) of mandarin and 
orange oils separated by Gas Chromato-graphy-Mass 
spectroscopy. 

Mandarin oil Orange oil 
Compound 
name 

Rt % Compound 
name 

Rt % 

Alpha-Pinene 3.38 3.27 Beta-
Phellandrene 

3.24 2.82 

dl-Limonene 5.03 20.8
8 

Myrcene 3.58 1.03 

Allo-ocimene 6.34 4.78 Alpha-
terpinolene 

5.2 7.06 

Neo-
dihydrocaveol 

6.5 4.96 Nonyl-
aldehyde 

7.12 4.79 

Cis-Limonene 
oxide 

9.59 2.19 Cis-
Limonene 
oxide 

7.73 0.79 

Linalool 11.99 3.52 Decanal 8.73 0.76 
Camphene 12.04 4.47 Linalool 9.01 10.5 
Linalyl acetate 12.12 0.08 Verbenol 10.3 2.87 
Farnesene 13.87 0.7 Carvone 12.2 4.52 
Sabinene 22.16 1.06 Mentha- 

triene 
12.9 0.11 

Alpha-
Farnesene 

22.82 0.07 Perilladehyde 13.1 1.28 

Borneol 25.05 3.03 Cis-Carveol 14.1 0.46 
Limonene 
glycol 

25.84 2.29 Caprylic acid 17.0 0.15 

Undecanoic 
acid 

27.3 2.01 Cinnamic- 
aldehyde 

17.1 3.81 

Methly- 
anthranilate 

29.69 0.09 Farnesene 17.9 1.04 

Benzaldehyde 30.18 0.49 Citronellol 19.8 3.97 
Carvone 31.9 1.5 Heptadecanol 20.4 0.08 
Unknowns 21.7 4.5 Unknowns 16.8 9.8 
Rt; Retention time (min) 
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These results are in accordance with the 
previous findings regarding GC separation of 
essential oils from sweet orange, tangerine, 
bergamote, and grapefruit peel. (Gancel et al., 2002; 

Hognadottir and Russell, 2003; Khanum et al., 2004). 

They found terpenes and oxygenated compounds 
such as limonene, γ-terpinene, β-pinene, α-pinene, 
myrcene, valencene, linalool, octanal, decanal, and 
butylebutyrate  as the major constituents through GC 
separation Steam-distilled volatile peel oil of Indian 
orange when analyzed through GC and GC-MS, 
limonene was found more dominant followed by 
myrcene, α-terpinolene and β-pinene (Kirbaslar and 
Kirbaslar, 2003). Almost similar results were 
reported by Feger et al., (2003); Tu et al., (2003) 

while working on orange and tangerine essential oils. 
 
Table 2. Major components (in %) of lemon and 
tangerine oils (%) separated by Gas Chromato-
graphy-Mass spectroscopy. 
 

Mandarin oil Orange oil 
Compound 
name 

Rt % Compound 
name 

Rt % 

Alpha-Pinene 3.01 2.31 Alpha-Pinene 3.17 0.07 
Alpha-
Fenchene 

3.27 1.17 Limonene 4.77 14.08 

Cyclohexane 4.77 4.9 Citronellal 7.66 9.56 
Limonene 6.14 6.55 Aloxiprin 8.31 0.11 
Citronellal 9.41 13.64 Alpha-

Terpinene 
9.65 4.68 

Cis-Carveol 9.9 0.41 Linalool 10.63 0.18 
Alpha-
Fenchene 

12.13 4.87 Heptadiene 10.98 0.25 

Camphene 13.62 19.31 Trans- 
menthadiene 

12.05 2.76 

Alpha-Citral 14.51 17.13 Tarns-
Ocimene 

13.32 1.72 

Carvacol 16.88 0.95 Cis-Limonene 
oxide 

14.23 1.95 

Terpniol 15.22 1.2 Trans-
Carveol 

15.07 2.19 

Thymol 20.83 1.54 Methyl- 
heptadiene 

16.05  5.0 

Carvacrol 21.21 0.23 Limonene 
dioxide 

17.91 0.74 

Heptanal 22.19 0.32 Perillyl 
alcohol  

18.05 0.53 

Citral 29.07 0.53 Cyclo-
octanone 

19.92 0.43 

Dihydroiso-
pimaric 

30.88 0.65 Ledol 21.12 0.15 

Dihydro-
abitec 

35.28 0.1 Trans-
Decalone 

22.26 1.8 

Unknowns 19.9 13.13 Globulol 22.48 0.08 
   Benzyl-

dicarboxylic 
22.93 0.94 

   Unknowns 19.1 9.88 

Rt; Retention time (min) 
 
 
 
 

 
3.2 Antitumor activity of citrus oils 

Antitumor activity of citrus essential oils 
was evaluated on the basis of “Trypan blue exclusion 
assay”. The viability of Ehrlich ascites carcinoma 
cells (EACC) after incubation for 2 hr with different 
concentration of essential oils was evaluated and the 
obtained data are presented in table (3). Data showed 
that, the incubation of tumor cells with different 
concentration of essential oils affected the percent of 
cell viability. All concentration ranges showed 
decrease in cell viability as compared to that of 
control treatment. Among all tested oils, by mandarin 
and orange oils showed the best activity on the tumor 
cells at the concentration of 150 µl/ml (the value of 
dead cells was 81 and 85% respectively). These both 
essential oils contained much dl-limonene (20.88%) 
and linalool (10.5%) respectively, and the same trend 
was found in case of lemon oil. However, samples 
treated by tangerine oil showed its best activity at the 
concentration of 100 µl/ml (the value of dead cells 
was 62 %), this oil contained much limonene 
(14.08%) and citronellal (9.56%). In case of 
mandarin oil, the survival rate of the normal cells 
(control) was 3% of viable cells. The killing effect of 
citrus essential oils may be due to the role of 
camphore and limonene which were able to increase 
the cytoplasm membrane permeability. Also, 
probably because their capability of dissolving into 
the phospholipids bilayer aligning between the fatty 
acid chains and causing a distortion of the membrane 
physical structure in various tumor cell lines 
(Monajemi et al., 2005). Based on these finding it has 
been expected that essential oils with a higher 
percentage of limonene, show greater cytotoxicity. 
However, other  mechanism for limonene action have 
been suggested, including the induction of carcinogen 
metabolizing enzymes, growth factor receptor 
expression, and inhibition of 3-hydroxy-3-methyl 
glutraryl CoA reductase (Poon et al., 1996). 
Additionally, d-limonene oxygenated derivates, e.g. 
perillyl alcohol, carveol, carvone, geraniol and 
menthol, have shown biological activity in vivo 
against certain types of malignant tumors (Crowell, 
1999). Hence, it can be concluded that these 
components may have great cytotoxic effects. 

 
3.3 Effect of citrus oils on antioxidant compounds 

The effect of essential oils at the selected 
concentration (100 and 150 µl/ml) on the glutathione 
S- transferase (GST), glutathione content (GSH), and 
lipid peroxidation (LPO) in Ehrlisch ascites 
carcinoma cells was given in table (4). Generally, 
activity of the anti-oxidative enzyme GST was 
enhanced by essential oils treatment compared to 
control group.  Mandarin oil treatment at 150 µl/ml 



Journal of American Science                                                                                                                 2010;6(10) 

  

http://www.americanscience.org            editor@americanscience.org 824 

had a higher GST activity (the value was 3.2 µmol 
/mg protein /min) than in orange, lemon and 
tangerine oils (2.4, 1.99, and 2.1 µmol /mg protein 
/min) respectively. The increasing % of GST in 
EACC cells treated by  150 µl/ml mandarin, orange, 

lemon, and tangerine oils  were 336.8, 252.6, 209.5 
and 221.1 % respectively, (control values 100%). 
 
3.2 Antitumor activity of citrus oils 
 

 
Table 3. Effect of different concentrations of essential oils on the viability of Ehrlich ascites 

 
Control: Tumor cells + saline solution ±SE refers to standard error (n=6) 
 

Glutathione (GSH) content was higher in 
treated cells compared to control treatment. GSH 
content was gradually increased by increasing of oil 
concentration. At 150 µl/ml, the level of GSH was 
increased by 242.8, 142.8, 133.3 and 152.4% of the 
control 100% in mandarin, orange, lemon, and 
tangerine respectively. However, GSH may play a 
protective role in scavenging of single oxygen, 
peroxides and hydroxyl radicals (Sander, 2003). The 
active ingredients of essential oils may disturb the 
metabolic behavior of tumor cells in special 
GSH/GSSG Redox System. This phenomenon was 
previously illustrated by Gupta et al., (2004) who 
studied the relationship between antitumor activity 
and antioxidant role in Ehrlich ascites. The increase 
in the GST activity in general, used as indication for 
the antitumor activity of the tested materials in both 
normal and tumor transplanted animals. Therefore, 
this enzyme has been used as antitumor factor (Oude-
Ophuis et al., 1998). In the tumor cells, the increase 
of cellular enzymes that regulate the cell oxidative 
stress such as SOD and GST and antioxidants such as 
GSH induced cancer regression and stimulated large 
number of tumor necrosis factor-alpha (TNF). Tumor 
necrosis factor (TNF) is one of the most important 
growth modulatory cytokines produced by almost all 
cell types of the immune system. This factor is 
related to GSH level in cancer cells and the 
sensitivity of these cells to TNF depends on GSH 
content and their rate of proliferation (Obrador et al., 
1997). ROS formed in cells tissues results in lipid 
peroxidation and subsequently to increase in 
malondialdehyde (MDA) level. Table (4) depicts the 

levels of MDA in carcinoma cells; the levels were 
lower in treated cells when compared with untreated 
cells. After treatment by 150 µl/ml of essential oils, 
the level of lipid peroxidation in mandarin, orange, 
lemon, and tangerine oils were reduced by 59.2, 42.8, 
38.8 and 75.5 %, respectively in comparison to 
control treatment (100%). Several researchers have 
tried to correlate GSH levels with tumors. It has been 
reported, for instance, that many tumors can be 
considered GSH-dependent and it is suspected that 
cancer cells use GSH for protection against oxidative 
damage. Also, increased levels of GSH in tumors are 
related to anti-chemotherapeutic effects and 
multidrug resistance (Shimura et al., 2000). Lipid 
peroxide formed in the primary site would be 
transferred through the circulation and provoke 
damage by propagating the process of lipid 
peroxidation MDA, the end product of lipid 
peroxidation was reported to be higher in tumor  
tissue than in non diseased organs (Yagi , 1991).  

 
4 Conclusions  

In conclusion, major aroma compounds 
found in essential oils of citrus; in particular 
limonene, linalool, α-terpinolene, carvone, citronellal 
and camphene; exhibit potent antitumor and 
antioxidant activities. Furthermore,   ingestion of 
these aroma compounds may help to prevent in vivo 
oxidation damage such as lipid peroxidation, which is 
associated with cancer, premature aging and diabetes. 
To confirm this conclusion investigation of cytotoxic 
effects of highly pure compounds of citrus oils is 
suggested. 

Essential oils 
Mandarin oil Orange oil Lemon oil Tangerine oil 

Tumor cells + 
 Essential oils 
 (µl/ml) 

% of 
viable 
cells 

% of 
dead 
cells 

% of 
viable 
cells 

% of 
dead 
cells 

% of 
viable 
cells 

% of 
dead 
cells 

% of 
viable 
cells 

% of 
dead 
cells 

25 71±0.2 29±0.1 75±0.5 25±0.3 82±0.2 18±0.1 80±1.1 20±0.5 
50 55±0.4 45±0.7 66±0.2 34±0.5 78±0.5 22±1.2 73±0.6 27±1.2 
75 38±0.2 62±0.4 52±0.7 48±0.7 71±0.6 29±0.6 59±1.1 41±0.6 
100 30±0.5 70±1.2 34±1.5 66±0.1 62±1.2 38±0.6 38±0.9 62±0.4 
150 19±0.1 81±1.0 15±1.1 85±1.7 53±0.8 47±0.2 45±0.4 55±0.3 
Control  97±0.8  3±0.5 98±0.9  2±0.5 98±0.9  2±0.3 99±1.0  1±0.1 
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Table 4. The activity of glutathione S-trausferase (GST), reduced glutathione (GSH) and lipid peroxidation (LPO) in 
Ehrlisch ascites carcinoma cells treated with volatile oils. 
 

GST* GSH** LPO*** Essential 
oils 

Treatments 
(µl/ml) Sp. activity Rel. 

content 
Level Rel. 

content 
MDA Rel. 

content 
Mandarin 100 

150 
2.2d±0.1 
3.2e±1.09 

231.5 
336.8 

4.4c±0.05 
5.1d±0d.19 

209.5 
242.8 

3.4d±0.02 
2.9c±0.03 

69.4 
59.2 

Orange  100 
150 

2.0d±0.08 
2.4d±018 

210.5 
252.6 

2.4a±0.07 
3.0b±0.17 

114.3 
142.8 

2.8bc±0.04 
2.1a±0.08 

57.1 
42.8 

Lemon  100 
150 

1.2b±0.04 
1.99a±0.24 

126.3 
209.5 

2.3a±0.11 
2.8b±0.41 

109.5 
133.3 

2.6b±0.02 
1.9a±0.06 

59.2 
38.8 

Tangerine  100 
150 

1.6c±0.29 
2.1a±0.29 

168.4 
221.1 

2.9b±0.01 
3.2b±0.21 

138.1 
152.4 

4.1f±0.09 
3.7e±0.07 

83.7 
75.5 

Control  0.95a±0.14 100 2.1a±0.3 100 4.9g±0.02 100 T
um

or
 c

el
ls

 +
 d

if
fe

re
nt

 c
on

. o
f 

es
se

nt
ia

l o
ils

 

LSD 0.05  0.245  0.3437  0.217  
*Specific activity of GST: µmol /mg protein /min. 
**GSH level: µmol /mg protein  
***LPO: n mol MDA /mg protein 
Rel. content: relative content 

±SE refers to standard error (n=6) 
MDA: Malondialdehyde 
Control: Tumor cells + saline solution 
 
References
[1] Adams, R.P. Identification of essential oil 
components by gas cromatography/ mass 
spectroscopy, Allured Publ. Corp. Carol Stream 
1995, p. 468. 
[2] Bradford MM. A rapid and sensitive method for 
the quantitation of microgram quantities of protein 
utilizing the principle of protein-dye binding. 
Analytical Biochemistry 1976; 72: 248 – 254. 
[3] Bennett J M, Catovsky D, Daniel MT, Flandrin G, 
Galton DA, Gralnick H R, Sultan C. Proposal for the 
recognition of minimally differentiated acute myeloid 
leukemia (AML-MO). Br. J. Haematol 1991; 78: 

325–330.  
[4] Buege JA, Aust SD. Diabetic Heart and Kidney 
exhibit increased resistance to lipid peroxidation, 
Biochemical Biophysical Acta 1990; 1047: 63-69 
[5] Crowel PL. Prevention and therapy of cancer by 
dietary monoterpenes. J. Nutr. 1999; 129: 775-778. 
[6] Dorman HJD, Deans SG, Noble RC, Surai P. 
Evaluation in vitro of plant essential oils as natural 
antioxidants. J. Essent. Oil Res. 1995; 7: 645 – 651. 
[7] El-Merzabani MM, Tawfik NH. Quantitative 
evaluation of the anticancer activity of two 
Methanesulfonic acid esters of aminoglycols with 
mice bearing Ehrlich ascites carcinoma. Med. J of 
Cairo Univ. 1976; 41:  395-399. 
[8] Feger W, Brandauer H, Ziegler H. Analytical 
investigation of Murcott (Honey) Tangerine oil. J. 
Essent. Oil Res. 2003; 15: 143-147. 

[9] Gancel A, Olle DL, Ollitrault P, Luro F, Brillouet 
JM.  Leaf and peel volatile compounds of an inter-
specific citrus somatic hybrid (C. aurantifolia and C. 
paradisi). Flav.& Frag. J. 2002; 17; 416-424. 
[10] Gupta M, Mazumder UK, Kumar RS, Kumar 
TS. Antitumor activity and antioxident role of 
Bauhinia racemosa against Ehrlich ascites carcinoma 
in Swiss albino mice. Acta Pharmacol. Sin. 2004; 25 

(8): 1070-1076. 
[11] Habig WH, Pabst MJ, Jakoby WB. Glutathione 
Stransferases the first enzymatic step in mercapturic 
acid formation. J. of Biol. Chem. 1974; 249(22–25): 
7130–7139. 
[12] Hata T, Sakaguchi I, Mori M, Ikeda N. Induction 
of apoptosis by citrus paradise essential oil in human 
leukemic (HL-60) cells. In Vivo. 2003; 17: 553-559. 
[13] Hayes JD, Mclellan LI. Glutathione and 
glutathione-dependent enzymes represent a 
coordinately regulated defense against oxidative 
stress. Free Radic. Res. 1999; 31: 273–300. 
[14] Hognadottir A, Russell RI. Identification of 
aroma active compounds in orange essence oil using 
gas chromatography-olafactometry and gas 
chromatography-mass spectrometry. J. Chromatogr. 
2003; 998: 201-211. 
[15] Khanum R, Mahmud S, Waheed A, Nazir T. 
Physico-chemical studies of the essential oil of C. 
sinensis (var. Mousambi). Chemical Society of 
Pakistan, 4th Intl. and 14th National Chemistry 



Journal of American Science                                                                                                                 2010;6(10) 

  

http://www.americanscience.org            editor@americanscience.org 826 

Conference. Organized by Chemical Society of 
Pakistan, Lahore. 2004; p.209. 
[16] Kirbaslar FG, Kirbasler SI. Composition of cold 
pressed bitter orange oil from Turkey. J. Essent. Oil 
Res. 2003; 15:6-9. 
[17] Lam LKT, Hasegawa S. Inhibition of 
benzo(a)pyrene-induced forestomach   neoplasia in 
by citrus limonoids. Nutr Cancer. 1989; 12; 43-7. 
[18] Lam LKT, Zhang J, Hasegawa S. Citrus 
limonoid reduction of chemically induced    
tumorigenesis. Food Technol. 1994; 48; 104-108. 
[19] Little J M, Hills FJ. In: Statistical methods in 
agriculture research. Agric Extens Univ Calif. Davis, 
USA. 1992. 
[20] Merle H, Morón M, Blázquez AM, Boira H. 
Taxonomical contribution of essential oils in 
mandarins cultivars. Biocheml. Systematic & Eco. 
2004; 32: 491- 497. 
[21] Monajemi R, Oryan S, Haeri-Roohani A, 
Ghannadi A, Jafarian A. Cytotoxic Effects of 
Essential Oils of Some Iranian Citrus Peels. Iranian J. 
of Pharm. Res. 2005; 3: 183-187. 
[22] Obrador E, Navarro J, Mompo J, Asensi M, 
Pellicer J, Estrela J. Glutathione and the rate of 
cellular proliferation determine tumor cell sensitivity 
to tumor necrosis factor in vivo. Bioch. J. 1997; 325 

(1): 183-9. 
[23] Oude-Ophuis MB, Mulder TPJ, Peters WHM, 
Manni JJ. Plasma glutathione S-transferase PI-1 
levels in patients with head and neck squamous cell 
carcinoma. Cancer 1998; 82 (12): 2434-2438. 
[24] Poon GK, Vigushin D, Griggs LJ. Identification 
and characterization of limonene metabolites in 
patients with advanced cancer by liquid 
choromatography/ mass spectrometry. Drug Metab. 
Dispos. 1999; 24:  565-571. 
[25] Prabuseenivasan S, Jayakumar M, Ignacimuthu  
S. In vitro antibacterial activity of some plant 
essential oils. BMC Complementary and Alternative 
Medicine. 2006; 6(1): 39-44. 
[26] Reddy BS, Wang CX, Samaha H, Lubert R, 
Steel VE. Chemoprevention of colon carcinogenesis 
by dietary perillyl alcohol. Cancer Res. 1997; 57: 
420-425. 
[27] Sander CS. Oxidative stress in malignant 
melanoma and non-melanoma skin cancer. Br. J.  
Dermatol. 2003; 148(5): 913 – 922. 
[28] Shimura N, Musya A, Hashimoto T, Kojima S, 
Kubodera A, Sasaki T. Usefulness of 99Tc-d, 1 
HMPAO for estimation of GSH content in tumor 
tissues. Nuc. Med. and Biol. 2000; 27: 577–580.  
[29] Tukendorf A, Rauser WE. Changes in 
glutathione and phytochelatins in roots of maize 
seedlings exposed to cadmium. Plant Sci. 1990; 70: 

155–166. 

[30] Tu NTM, Onish Y, Choi HS, Kondo Y, Ukeda 
H, Sawamura M. Characteristic odour components of 
Citrus sp. (Kiyookadaidai) cold pressed peel oil. 
Flav. Frag. J. 2003; 18: 515- 520. 
[31] Yagi K. Lipid peroxides and human diseases. 
Chem. Physiol. Lip. 1991; 45: 337-351. 
 

 
 

 
8/23/2010 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 



827

Journal of American Science                                                                                                                 2010;6(10) 

  

 

Mistletoes and their hosts in Karnataka 
 

M.C. Thriveni*, G.R. Shivamurthy, K.N. Amruthesh, C.R. Vijay and G.R. Kavitha  
 

Department of Studies in Botany, Manasagangotri, University of Mysore, Mysore-570 006, Karnataka, India 
 

*email: thrivenimc@gmail.com 
 

 
Abstract: Mistletoes (Loranthaceae and Viscaceae) constitute the most important parasitic plants that have been 
recognized as damaging agents of many of our fruit yielding, timber yielding and commercial trees. Their damaging 
effects make the parasitic angiosperms true threats to silviculture and horticultural crops, especially in developing 
countries. The mistletoes are represented by 8 genera and 20 species in Karnataka. A total of 242 species belonging to 
38 families of dicotyledons are recognized as hosts parasitized by mistletoes. The present paper enlists the binomials 
and families of host plants parasitized by the particular species of mistletoes. Host range, host preference and host 
specificity are discussed in the light of previous literatures. [Journal of American Science 2010;6(10):827-835]. 
(ISSN: 1545-1003). 
 
Key Words: Host generalists, Host preference, Host range, Host specificity, Mistletoes. 
 

Introduction 
           Mistletoes  are  the  predominant  group  of 
Angiosperm  shoot  or  stem  hemi  parasites,  which 
grow on the branches of host trees or shrubs and take 
water, water-conducted nutrients and organic solutes 
from the host’s vasculature. Mistletoes include 
notorious parasites and are capable of destroying the 
trees and shrubs of economic and aesthetic value. 
Though Mistletoes are widely recognized as damaging 
agents to various medicinal, ornamental, horticultural, 
timber yielding and other forest trees (Gill and 
Hawksworth, 1961), they do not seem to have received  
much  attention  from  both  Botanists and common 
man. The reason for this could be that they only attack 
the woody plants which are not staple food plants and 
hence do not enjoy the same economic status as the 
cereals or pulses. However, they can attack a large 
number of varieties of taxonomically unrelated hosts 
and their attack has been proved to be fatal to various 
trees and shrubs (Docteres Van Leeuwen, 1954; Kuijt, 
1964). Most of the fruit trees and timber yielding trees 
are severely infested with the mistletoes. There is less 
information on the extent to which mistletoes damage 
the yield of forest trees. The adaptability of mistletoes 
has made them to victimize a large number of plant 
species, all of them are dicotyledons. The degree of 
damage varies with the species of mistletoe, its 
longevity and intensity of parasitism. The effect of 
mistletoes on their hosts may include reduced vigour 
and growth rates, poor fruit yield or seed set, 
malformation of woody tissues, sparse foliage, top 
dying, predisposition to insect and other disease attack 
and premature death (Gill and Hawksworth, 1961). In 
spite of this, a very little has been known about the host 

range of mistletoes in Karnataka. Most of the earlier 
reports were all concentrated only on the host range of 
one taxon i.e., Dendrophthoe falcata (Loranthaceae). 
Further, many authors have contributed to host range of 
D. falcata and its distribution. But a list of hosts 
attacked by other taxa of mistletoes occurring in 
Karnataka is much wanting. Such a list would definitely 
help us to assess the loss of yield and to propose 
management strategies for the effective integrated 
management of these pests in forestry and horticulture. 
In this regard a serious attempt has been made to record 
the plant species that are attacked by the mistletoes and 
the frequency of their distribution in Karnataka. 
 
Materials and Methods 
          The present work was carried out during the 
years 2007-2009.  Intensive plant exploration trips 
were conducted to different parts of Karnataka to 
collect the plant specimens belonging to Loranthaceae 
and Viscaceae. Both the host and the parasites 
collected were identified, mainly by using the Flora of 
the Presidency of Madras (Gamble, 1967) and Flora of 
t h e  Presidency of Bombay (Cooke, 1967) and Flora 
of Karnataka Vol-II (Saldanha, 1996). During 1925 to 
1929 Danser worked extensively on mistletoes and 
published several monographs. Various mistletoe 
groups were brought to taxonomic order by Danser. On 
this foundation contemporary mistletoe experts such as 
J. Kuijt, B.A. Barlow, D.Wiens and S. Balle have built 
our present day understanding. For collection and 
preservation, the procedures provided by Jain and Rao 
(1977) were generally followed. 

 
 

 

Observation 
The following are the list of hosts recorded 

for each mistletoe species during the present 

investigation. 
 

Loranthaceae 
 

mailto:thrivenimc@gmail.com


828

Journal of American Science                                                                                                                 2010;6(10) 

  

 

Dendrophthoe falcata (L.f.) Ettingsh 
1. Acacia auriculiformis, A. Cunn. ex Benth. 

(Mimosaceae) 

2. Acacia chundra, (Rottl.) Willd. (Mimosaceae) 
3. Acacia concinna, (Willd.) DC. (Mimosaceae) 

4. Acacia decurrens, Willd. (Mimosaceae) 
5. Acacia ferruginea, DC. (Mimosaceae) 
6. Acacia nilotica, (L.) Del. (Mimosaceae) 
7. Acacia sinuata, (Lour.) Merr. (Mimosaceae) 
8. Acacia suma, Buch.-Ham. (Mimosaceae) 
9. Achras sapota, L. (Sapotaceae) 
10. Aegle marmelos, Corr. (Rutaceae) 
11. Albizzia amara, Boiv. (Mimosaceae) 
12. Albizzia lebbeck, Benth. (Mimosaceae) 
13. Albizzia odoratissima, Benth. (Mimosaceae) 
14. Amoora rohituka, Wt. & Arn. (Meliaceae) 
15. Anogeissus latifolia, Wall. (Combretaceae) 
16. Annona squamosa, L. (Annonaceae) 
17. Artocarpus integrifolia, L. (Moraceae) 
18. Azadirachta indica, A. Juss. (Meliaceae) 
19. Barringtonia acutangula, Gaetrn. 

(Lecythidaceae) 
20. Bauhinia purpurea, L. (Caesalpiniaceae) 
21. Bauhinia racemosa, Lam. (Caesalpiniaceae) 
22. Bauhinia variegata, L. (Caesalpiniaceae) 
23. Bombax ceiba, L. (Bombacaceae) 
24. Bombax malabaricum, DC. (Malvaceae) 
25. Bridelia scandens, Gehrm. (Euphorbiaceae) 
26. Calotropis gigantea, R. Br. (Euphorbiaceae) 
27. Canthium dicoccum, (Gaetrn.) Teys. & Binn. 

(Rubiaceae) 
28. Careya arborea, Roxb. (Lecythidaceae) 
29. Cassia fistula, L. (Caesalpiniaceae) 
30. Cassia montana, Heyne (Caesalpiniaceae) 
31. Cassia siamea, Lam. (Caesalpiniaceae) 
32. Cassia sp. (Caesalpiniaceae) 
33. Catunaregam spinosa, (Thunb.) 

Triv. (Rubiaceae) 
34. Cedrela toona, Roxb. (Meliaceae) 
35. Ceiba pentandra, (L.) Gaetrn. (Bombacaceae) 
36. Citrus medica, L. (Rutaceae) 
37. Dalbergia latifolia, Roxb. (Papilionaceae) 
38. Dalbergia paniculata, Roxb. (Papilionaceae) 
39. Dalbergia sissoo, Roxb. (Papilionaceae) 
40. Delonix regia, Raf. (Caesalpiniaceae) 
41. Dolichandrone sp. (Bignoniaceae) 
42. Elaeodendron glaucum, Pers. (Celastraceae) 
43. Enterolobium saman, Prain (Mimosaceae) 
44. Ervatamia coronaria, Stapf (Apocynaceae) 

45. Eucalyptus sp. (Myrtaceae) 
46. Feronia elephantum, Corr. (Rutaceae) 
47. Ficus carica, L. (Moraceae) 
48. Ficus hispida, L.f. (Moraceae) 
49. Ficus religiosa, L. (Moraceae) 
50. Grevillea robusta, A. Cunn. (Proteaceae) 
51. Grewia sp. (Tiliaceae) 
52. Grewia tilaefolia, Vahl (Tiliaceae) 
53. Hardwickia binata, Roxb. (Papilionaceae) 
54. Hibiscus Rosa-sinensis, L. (Malvaceae) 
55. Holoptelea integrifolia, Pl. (Ulmaceae) 
56. Jacaranda mimosifolia, D.Don 

(Bignoniaceae) 
57. Kydia calycina, Roxb. (Malvaceae) 
58. Lagerstroemea indica, L. (Lythraceae) 
59. Lagerstroemia lanceolata, Wall. (Lythraceae) 
60. Macaranga peltata, M. Arg. (Euphorbiaceae) 
61. Mangifera indica, L. (Anacardiaceae) 
62. Melia composita, Willd. (Meliaceae) 
63. Mitragyna parvifolia, Korth. (Rubiaceae) 
64. Moringa oleifera, Lam. (Moringaceae) 
65. Morus alba, L. (Moraceae) 
66. Muntingia calabura, L. (Tiliaceae) 
67. Murraya königi, Spr. (Rutaceae) 
68. Naringi crenulata, (Roxb.) Nicolson 

(Rutaceae) 
69. Nerium odorum, Ait. (Apocynaceae) 
70. Nyctanthes arbor-tristis, L. (Nyctaginaceae) 
71. Persea macrantha, (Nees) 

Kosterm. (Lauraceae) 
72. Phyllanthus acidus, (L.) Skeel. 

(Euphorbiaceae) 
73. Pithecolobium dulce, Benth. (Mimosaceae) 
74. Pithecolobium saman, (Mimosaceae) 
75. Plectronia didyma, Kurz. (Rubiaceae) 
76. Psidium guajava, L. (Myrtaceae) 
77. Punica granatum, Vent. (Punicaceae) 
78. Radermachera xylocarpa, 

K.Schum. (Bignoniaceae) 
79. Salix tetrasperma, Roxb. (Salicaceae) 
80. Samanea saman, (Jacq.) Merr. (Mimosaceae) 
81. Stereospermum suaveolens, DC. 

(Bignoniaceae) 

82. Swietenia mahagoni, L. (Meliaceae) 
83. Syzygium jambolanum, DC. (Myrtaceae) 
84. Tabebuia argentia, (Bur. & Schum.) Britt. 

(Bignoniaceae) 
85. Tamarindus indica, L. (Caesalpinaceae) 
86. Tecoma argentia, Don. (Bignoniaceae) 

87. Tectona grandis, L.f. (Verbenaceae) 
88. Terminalia arjuna, Wt. & Arn. 

(Combretaceae) 
89. Terminalia bellerica, Roxb. (Combretaceae) 
90. Terminalia catappa, L. (Combretaceae) 

91. Terminalia chebula, Retz. 
(Combretaceae) 

92. Terminalia crenulata, Roth. (Combretaceae) 

93. Terminalia paniculata, Roth. (Combretaceae) 

94. Terminalia tomentosa, Wt. & 
Arn. (Combretaceae) 

95. Thevetia nerifolia, Juss. (Apocynaceae) 

96. Trema orientalis, Bl. (Ulmaceae) 
97. Vitex altissima, L.f. (Verbenaceae) 
98. Zizyphus jujuba, Lam. (Rhamnaceae) 
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Dendrophthoe trigona (Wt. & Arn.) Danser 
1. Achras sapota, L. (Sapotaceae) 
2. Aegle marmelos, Corr. (Rutaceae) 
3. Artocarpus integrifolia, L. (Moraceae) 
4. Calotropis gigantea, R.Br. (Asclepiadaceae) 
5. Dalbergia latifolia,Roxb. (Papilionaceae) 
6. Eugenia sp., (Myrtaceae) 
7. Ficus asperima, Roxb. (Moraceae) 
8. Ficus bengalensis, L. (Moraceae) 
9. Ficus infectoria, Roxb. (Moraceae) 
10. Ficus glomerata, Roxb.  (Moraceae) 
11. Ficus mysorensis, Heyne. (Moraceae) 
12. Ficus religiosa, L. (Moraceae) 
13. Mangifera indica, L. (Anacardiaceae) 
14. Murraya königii, Spr. (Rutaceae) 
15. Salix tetrasperma, Roxb. (Salicaceae) 
16. Swietenia mahagoni, L. (Meliaceae)  
17. Syzigium caryophyllaeum, Gaertn. (Myrtaceae) 

 
Dendrophthoe memecylifolia (Wt. & Arn.) Danser 

1. Lagerstroemia lanceolata, Wall. (Lythraceae) 
 
Helicanthes elasticus (Desr.) Danser 

1. Anacardium occidentale, L. (Anacardiaceae) 
2. Aporosa lindleyana, Baill. (Euphorbiaceae) 
3. Artocarpus integrifolia, L. (Moraceae) 
4. Casuarina equisetifolia, Forst. 

(Casuarinaceae) 
5. Ceiba pentandra, (L.) Gaetrn. (Bombacaceae) 
6. Chukrasia tabularis, Adr.Juss.(Meliaceae) 
7. Evodia lunu-akenda, Merr. (Rutaceae) 
8. Ficus glomerata, Roxb. (Moraceae) 
9. Lagerstroemia flos-reginae, Retz. 

(Lythraceae) 
10. Mallotus philippinensis, M. Arg. 

(Euphorbiaceae) 
11. Mangifera indica, L. (Anacardiaceae) 
12. Muntingia calabura, L. (Tiliaceae) 
13. Psidium guajava, L. (Myrtaceae) 
14. Swietenia mahagoni, L. (Meliaceae) 

 
Helixanthera hookeriana (Wt. & Arn.) Danser 

1. Aporosa lindleyana, Baill. (Euphorbiaceae) 
2. Artocarpus integrifolia, L. (Moraceae) 
3. Casuarina equisetifolia, Forst. 

(Casuarinaceae) 
4. Celtis tetrandra, Roxb. (Ulmaceae) 
5. Citrus aurantium, L. (Rutaceae) 
6. Dalbergia sissoo, Roxb. (Papilionaceae) 
7. Evodia lunu-akenda, Merr. (Rutaceae) 
8. Ficus glomerata, Roxb. (Moraceae) 
9. Neolitsea zeylanicum, Merr. (Lauraceae) 
10. Terminalia tomentosa, Wt. & Arn. 

(Combretaceae) 
 
Helixanthera obtusata (Schultes) Danser 

1. Aporosa lindleyana, Baill. (Euphorbiaceae) 
2. Casuarina equisetifolia, 

Forst. (Casuarinaceae) 
3. Citrus aurantium, L. (Rutaceae) 

 
Helixanthera wallichianus (Schultes) Danser 

1. Citrus aurantium, L. (Rutaceae) 
2. Coffea arabica, L. (Rubiaceae). 
3. Mamecylon talbotianum, Brandis 

(Melastomaceae) 
4. Mamecylon umbellatum, 

Burm.f. (Melastomaceae) 
5. Neolitsea zeylanica, Merr. (Lauraceae) 

 
Macrosolen parasiticus (L.) Danser 

1. Acacia decurrens, Willd. (Mimosaceae) 
2. Acacia sp. (Mimosaceae) 
3. Ailanthus sp. (Simarubaceae) 
4. Anacardium occidentale, L. (Anacardiaceae) 
5. Anogeissus latifolia, Wall. (Combretaceae) 
6. Artocarpus integrifolia, L. (Moraceae) 
7. Bauhinia racemosa, Lam. (Caesalpiniaceae) 
8. Dalbergia lanceolaria, L.f. (Papilionaceae) 
9. Dalbergia latifolia, Roxb. (Moraceae) 
10. Ficus infectoria, Roxb. (Moraceae) 
11. Lagerstroemia lanceolata, Wall. (Lythraceae) 
12. Mangifera indica, L. (Anacardiaceae) 
13. Mimusops elengi, L. (Sapotaceae) 
14. Syzigium caryophyllaeum, 

Gaertn. (Myrtaceae) 
15. Terminalia paniculata, Roth. 

(Combretaceae) 
16. Terminalia tomentosa, Wt. & 

Arn. (Combretaceae) 
 
Macrosolen capitellatus (Wt. & Arn.) Danser 

1. Anogeissus latifolia, Wall. (Combretaceae) 
2. Artocarpus integrifolia, L. (Moraceae) 
3. Ehretia laevis, Roxb. (Boraginaceae) 
4. Elaeodendron glaucum, Pers. (Celastraceae) 
5. Ficus religiosa, L. (Moraceae) 
6. Ficus infectoria, Roxb. (Moraceae) 
7. Flacourtia montana, Grah. (Bixaceae) 
8. Mangifera indica, L. (Anacardiaceae) 
9. Mitragyna parvifolia, Korth. (Rubiaceae) 
10. Terminalia paniculata, Roth. (Combretaceae) 
11. Terminalia tomentosa, Wt. & 

Arn. (Combretaceae) 
12. Schefflera venulosa, (Wt. & Arn.) Harms 

(Araliaceae) 
 
Scurrula parasitica Linn. 

1. Acacia decurrens, Willd. (Mimosaceae) 
2. Albizzia sp. (Mimosaceae) 
3. Anacardium occidentale, L. (Anacardiaceae) 
4. Artocarpus integrifolia, L. (Moraceae) 
5. Buahinia racemosa, Lam. (Caesalpiniaceae) 
6. Citrus medica, L. (Rutaceae) 
7. Cordia myxa, Roxb. (Boraginaceae) 
8. Dalbergia paniculata, Roxb. (Papilionaceae) 
9. Ficus infectoria, Roxb. (Moraceae) 
10. Garuga pinnata,Roxb. (Burseraceae) 
11. Gmelina arborea, Roxb. (Verbenaceae) 
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12. Grewia sp. (Tiliaceae) 
13. Holoptelea integrifolia, Pl. (Ulmaceae) 
14. Litsea floribunda, Gamb. (Lauraceae) 
15. Morinda citrifolia,L. (Rubiaceae) 
16. Pithecolobium dulce, (Roxb.) Benth. 

(Mimosaceae) 
17. Pithecolobium bigeminum, Mart. 

(Mimosaceae) 
18. Psidium guajava, L. (Myrtaceae) 
19. Sceleropyrum wallichianum, Arn. 

(Santalaceae) 
20. Tectona grandis, L.f. (Verbenaceae) 
21. Terminalia bellerica, Roxb. (Combretaceae) 
22. Vitex altissima, L.f. (Verbenaceae) 
23. Vitex negundo, L. (Verbenaceae) 
24. Zanthoxylum rhetsa, DC. (Rutaceae) 

 
Scurrula cordifolia (Wall.) G. Don. 

1. Butea monosperma, (Lam.) Taub. 
(Papilionaceae) 

2. Cordia myxa, Roxb. (Boraginaceae) 

3. Dalbergia sp. (Papilionaceae) 
4. Lagerstroemia flos-reginae, Retz. 

(Lythraceae) 
 
 
Taxillus cuneatus (Roth.) Danser 

1. Anogeissus latifolia, Wall. (Combretaceae) 
2. Bauhinia racemosa, Lam. (Caesalpiniaceae) 
3. Grewia orientalis, L. (Tiliaceae) 
4. Premna tomentosa, Willd. (Verbenaceae) 

 
Taxillus recurvus (DC.) Van Tiegh. 

1. Anogeissus latifolia, Wall. (Combretaceae) 
2. Emblica officinalis, Gaertn. (Euphorbiaceae) 
3. Grewia sp. (Tiliaceae) 
4. Plectronia didyma, Kurz. (Rubiaceae) 
5. Punica granatum, Vent. (Punicaceae) 
6. Soymidia febrifuga, A. Juss. (Meliaceae) 
7. Xylia xylocarpa, (Roxb.) 

Taub.(Papilionaceae)

Taxillus tomentosus (Roth.) Van Tiegh. 
1. Anogeissus latifolia, Wall. (Combretaceae) 
2. Casuarina equisetifolia, Forst. 

(Casuarinaceae) 
3. Chuckrasia sp. (Meliaceae) 
4. Dalbergia paniculata, Roxb. (Papilionaceae) 
5. Emblica officinalis, Gaertn. (Euphorbiaceae) 
6. Muntingia calabura, L. (Tiliaceae) 
7. Spondias acuminata, Roxb. (Anacardiaceae) 
8. Terminalia tomentosa, Wt. & Arn. 

(Combretaceae) 
9. Grewia tilaefolia, Vahl (Tiliaceae) 

 
 
 
Tolypanthes lagenifer (Wt.) Van Tiegh. 

1. Hopea ponga, (Dennst.) Mabberly 
(Dipterocarpaceae) 

 
Viscaceae 
 

Viscum angulatum Heyne. 
1. Schrebera swietenioides, Roxb. (Oleaceae) 
2. Terminalia tomentosa, Wt. & 

Arn. (Combretaceae) 
  
Viscum capitellatum Sm. 

1. Dendrophthoe falcata, (L.f.) Ettingsh 
2. Dendrophthoe trigona, (Wt. & Arn.) Danser 
3. Helixanthera hookeriana, (Wt. & Arn.) 

Danser 
 
Viscum orientale Willd. 

1. Albizzia amara, Boiv. (Mimosaceae) 
2. Albizzia sp. (Mimosaceae) 
3. Flacourtia indica,  (Burm.) 

Merr. (Flacuortiaceae) 
4. Holoptelia integrifolia, Pl. (Ulmaceae) 
5. Pongamia pinnata, (L.) Pierre (Papilionaceae) 
6. Punica granatum, Vent. (Punicaceae) 
7. Dalbergia paniculata, Roxb. (Papilionaceae) 
8. Macaranga peltata, M. Arg. (Euphorbiaceae) 

  
Viscum nepalense Spr. (=V. articulatum Bl.) 

1. Cassia fistula, L. (Caesalpiniaceae) 
2. Cordia sp. (Boraginaceae) 
3. Dalbergia latifolia, Roxb. (Papilionaceae) 
4. Dalbergia paniculata, Roxb. (Papilionaceae) 
5. Diospyros montana, Roxb. (Ebenaceae) 
6. Ehretia laevis, Roxb. (Boraginaceae) 
7. Erythroxylon monogynum, Roxb. (Linaceae) 
8. Gmelina arborea, Roxb.( Verbanceae) 

9. Grewia orientalis, L. (Tiliaceae) 
10. Grewia sp. (Tiliaceae) 
11. Grewia tilaefolia, Vahl (Tiliaceae) 
12. Randia dumatorium, L. (Rubiaceae) 
13. Rhus mysorensis, Heyne (Anacardiaceae) 
14. Termianlia paniculata, Roxb. (Combretaceae) 
15. Terminalia tomentosa, Wt. & 

Arn. (Combretaceae) 
16. Zizyphus oenoplia, Mill. (Rhamnaceae) 

 
Viscum ramosissimum Wall. 

1. Bauhinia racemosa, Lam. (Caesalpiniaceae) 

2. Erythroxylon monogynum, Roxb. (Linaceae) 

3. Ficus bengalensis, L. (Moraceae) 

4. Grewia orientalis, L. (Tiliaceae) 
5. Holoptelea integrifolia, Pl. (Ulmaceae) 
6. Schrebera swietenioides, Roxb. (Oleaceae) 
7. Zizyphus jujuba, Lam. (Rhamnaceae) 
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8. Zizyphus oenoplea, Lam. (Rhamnaceae) 
 
 
Hyper parasitism 

1. Viscum capitellatum on Dendrophthoe falcata 
on Dalbergia sp. 

2. Viscum sp. on Dendrophthoe trigona on Ficus 
bengalensis 

3. Taxillus cuneatus on Viscum articulatum on 
Grewia sp. 

4. Viscum capitellatum on Helixanthera 
hookeriana on Terminalia paniculata 

5. Viscum capitellatum on Dendrophthoe falcata 
on Nyctanthes arbor-tristis 

6. Viscum capitellatum on Dendrophthoe falcata 
on Azadirachta indica 

 
Double parasitism 

1. Dendrophthoe falcata and Viscum orientale on 
Albizzia amara 

2. Dendrophthoe falcata and Viscum orientale on 
Punica granatum 

3. Dendrophthoe trigona and Macrosolen 
parasiticus on Syzigium 
caryophyllaeum 

4. Dendrophthoe falcata and Dendrophthoe 
trigona on Jacaranda mimosifolia 

5. Dendrophthoe falcata and Viscum 
capitellatum on Bauhinia racemosa 

6. Macrosolen capitellatus and Dendrophthoe 
falcata on Anogeissus latifolia 

7. Macrosolen capitellatus and Dendrophthoe 
falcata on Terminalia tomentosa 

8. Dendrophthoe falcata and Viscum 
capitellatum on Mitragyna parviflora 

9. Dendrophthoe falcata and Scurrula parasitica 
on Albizzia odoratissima 

10. Viscum ramosissimum and Dendrophthoe 
trigona on Ficus bengalensis 

11. Viscum sp. and Dendrophthoe trigona on 
Ficus bengalensis 

12. Viscum articulatum and Taxillus cuneatus on 
Grewia sp. 

13. Scurrula parasitica and Viscum articulatum on 
Cordia sp. 

14. Dendrophthoe falcata and 
Dendrophthoe trigona on Achras 
sapota 

15. Dendrophthoe falcata and Macrosolen 
parasiticus on Terminalia paniculata 

16. Scurrula parasitica and Viscum 
articulatum on Gmelina arborea  

17. Helicanthes elasticus and 
Dendrophthoe falcata on Mangifera 
indica 

18. Macrosolen capitellatus and 
Taxillus tomentosus on Muntingia 
calabura 

19. Scurrula parasitica and Helicanthes 

elasticus on Psidium guajava 
 
 
Triple parasitism 

1. Dendrophthoe falcata, Viscum nepalense 
and Scurrula parasitica on Dalbergia sp. 

 
 
 
 
 
 
 
 
 
 
Results: 

A total of 293 species belonging to 93 genera, 
and 38 families were recorded as mistletoe hosts. Of 
the 93 genera, 6 did not contain host records 
identified to species level, eg. Ailanthus sp., Albizzia 
sp., etc. T he   remaining host genera were all 
determined up to species rank. The number of host 
species recorded per mistletoe species ranged from 1 
to 93. The major genera of host species were Ficus, 
Artocarpus, Acacia and Terminalia. There were eight 
species of Ficus and six species of Terminalia and 
Acacia. The number of host species in each genus 
ranged from 1 to 7 (Ficus species). The number of 
records for each host species ranged from 1 to 7. 

All the recorded host plants were dicotyledonous 
angiosperms, without even a single taxa from the 
monocotyledons. No host species were herbaceous (as 
expected for woody aerial parasites), although many 
of the   host genera included are herbaceous species. 

The most amazing observation, during the 
present study is the propensity of mistletoes to 
parasitize other mistletoes. If the host choice involved 
mistletoe such association is termed hyperparasitism 
(Fig. 1) (Visser, 1982; Wiens and Calvin, 1987). 
Another fascinating aspect of mistletoes is the 
parasitization of two or three different species on the 
same host is called as double parasitism (Fig. 2) and 
triple parasitism respectively. 
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Discussion: 

The current catalogue of host species of mistletoes 
in Karnataka indicates a great diversity of plant 
species which can be parasitized.  It would almost 
appear that no tree or shrub is immune to mistletoe   
attack   under   the   right   conditions.   In addition, it 
is very important to distinguish the terms like host 
range, host preference and host specificity. Host range 
refers to the total number of plant species that can be 
parasitized. If a parasite appears only on some   group 
of hosts and not on others, such a condition may be 
considered as host preference. Usually the number of 
preferred hosts is much narrower.  Based on the limited 
number of host species, it cannot be called as host 
specific. 

In one locality, a species of mistletoe will show 
distinct preference for certain hosts where as in another, 
the preference may change to an entirely new group. In 
most instances the preference is not associated with 
close phylogenetic relationship between hosts (Gill and 
Hawksworth, 1961). 

Mistletoes have the capacity to infest a large 
number of unrelated hosts and are considered as non 
host specific or host generalists. For example 
Dendrophthoe falcata is the most common parasite 
belonging to Loranthaceae present in each and every 
geographical location and has been reported on 93 
host species of 28 families in Karnataka. It has been 
widely recognized as a parasite containing a broad host 
range. In contrast, some have very few host species. 

The fact that a tree does not have mistletoe plants 
growing on it even though neighboring trees do, may 
or may not indicate a kind of resistance. The general 
trend in the mistletoes is towards a very low degree of a 
host-specificity (Abbiatti, 1946; Docteres Van 
Leeuwen, 1954; Kuijt, 1964). 

Fischer (1926) reported that the trees with resinous 
sap were comparatively free from parasites unlike those 
hosts which had milky juice. Similarly trees with dense 
evergreen foliage are thick scaly bark were less 
frequently parasitized. Fischer attributed the failure of 
parasite to attack a particular host to “definitive 
repulsion or inhibition of some kind” as on 
Loranthaceous plants which do not grow on plants of 
their own species. But Singh (1954) has observed the 
cases of autoparasitism in Dendrophthoe falcata. He 
marked that failure to grow on its own species may not 
due to repulsion or inhibition (as suggested by Fischer), 
“but merely due to the lack of nutrition in an unsuitable 
position”. Occasionally, some species does not get 
infected in one locality but reverse is the case in another 
locality. According to Singh, this is due to the fact that 
“the parasitic species which appear morphologically 
identical consist of biological races, as in rusts”.   

The understanding of the interactions between 
parasitic angiosperms and their host species lags behind 
that of other plant symbiotic associations (Musselman 
and Press, 1995). The role host species play in this 

parasitic interaction is rarely considered to be 
important. However, the host species may play a   role   
in   determining   its   parasitic   constituents, through 
host resistance to haustorial penetration and chemical 
incompatibility (Kuijt, 1969). The plants which are 
growing besides the trees highly infested with 
mistletoes may not be its host always.  This could be 
due to the dissemination of mistletoe seeds. Birds are 
considered the primary source of mistletoe 
dissemination. The feeding habit of birds may also 
account for hyperparasitism that is a parasite on another 
of the same or different species. Viscum capitellatum 
hyperparasitizes Dendrophthoe falcata and the latter on 
Dalbergia species. 

However, host specificity is considered as an 
advanced feature in parasitic angiosperms. A better 
understanding of the mechanism related to host 
specificity would have applications to mistletoe 
control, particularly in developing greater host 
resistance (Shamoun and Dewald, 2002). The control 
of any plants is risky if the host ranges of the parasite 
are broad. It is hoped that the compilation of these 
lists generate interest in mistletoe host species in 
Karnataka. 
 
Conclusion: 
        Until now the knowledge of host species for each 
of the 20 species of mistletoes has been less 
documented. The current study has established a 
baseline for the study of host-mistletoe combination 
in Karnataka. Not all woody plants species are 
parasitized by mistletoes; in fact all the species of a 
genus or all the genera of a family are not parasitized.  
The number of host species for each mistletoe were 
found to vary considerably. Several mistletoe species 
share many common host genera; this could be due to 
the result of the distribution of both host and mistletoe 
by the dispersal agents (generally the birds). Future 
studies should address the relationship between 
mistletoe distribution, their host species and dispersal 
agents; so that we can safe guard our valuable trees 
from the adverse effects of mistletoes. 
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Abstract: The present study was conducted to evaluate the ability of twelve non-encapsulated and encapsulated 
lactic acid and bifidobacteria strains to withstand environmental conditions similar to the human digestion tract. 
Selection criteria employed included the ability of these strains to survive at low pH and relatively high bile 
concentrations. Cholesterol assimilation and the effects of exposure to simulated gastric and intestinal juices were 
also investigated to explore the effect of encapsulation on health beneficial effect of the tested strains. The results 
obtained clearly declared that encapsulation effectively protected the microorganisms from the hostile environment 
and gastrointestinal tract, thus potentially preventing cell loss. The survival rate of encapsulated bacteria at pH 2.0 
increased and attained a mean value of 58.9 % as compared with the corresponding value for non-encapsulated 
strains, being 46.9 %. Encapsulated cultures attained the highest tolerance % at different bile concentrations up to 
1.0 %. Continuously, the survival percent of the double effects of pH and bile salt showed higher values and ranged 
from 34.15 % to 57.71 % for encapsulated bacteria, while free cells ranked lower figures varied from 17.15 % to 
43.20 %. The assimilative reductions of cholesterol by non-encapsulated and encapsulated strains were clearly 
differed and varied from 32.6 % to 89.3 % and 27.9 % to 85.1 % respectively. The survival of encapsulated tested 
cultures in simulated gastric environment (SGJ) was noticeably better than those of non-encapsulated strains. In 
contrast, either free cells or encapsulated bacteria survival well in simulated intestinal juice (SIJ). [Journal of 
American Science 2010;6(10):836-845]. (ISSN: 1545-1003). 
 
Keywords: lactic acid; bifidobacteria strain; withstand environmental condition; digestion tract 
 
1. Introduction: 

Probiotic bacteria are frequently used as the 
active ingredient in functional foods such as bio-
yoghurts, dietary adjuncts and health-related  
products (Brassart and Schiffrin, 1997). The health 
benefits attributed to probiotic bacteria can be 
categorized as either nutritional benefits or 
therapeutic benefits. Nutritional benefits include: 
their role in enhancing the bio-availability of calcium, 
zinc, iron, manganese, copper and phosphorus 
(McDonough et al., 1983) and synthesis of vitamins 
(Deeth and Tamime, 1981). While the  therapeutic 
benefits of these bacteria including antimicrobial 
activity, ability to assimilate cholesterol, improved 
lactose intolerance and anti-carcinogenic activity 
(Chou and Weimer, 1999).  

The majority of probiotic bacteria belong to 
two bacterial genera: i.e. Lactobacillus and 
Bifidobacterium. A stringent selection criteria for 
identification of probiotic strains is required in order 
to achieve consistent and positive probiotic effects. 
Most recently Collins et al. (1998) have compiled a 
list of 12 important criteria for selecting a potential 
probiotic strains. Essentially, these criteria suggest 
the selected strains must be safe, viable and 
metabolically active within the gastrointestinal tract 
in order to exert a beneficial impact on the host. 
Therefore, International Dairy Federation (IDF) has 

suggested that a minimum of 107  probiotic bacteria 
cells should be alive at the time of consumption per 
gram of the product (Homayouni et al. 2007c). In 
order to improve the survival of probiotic bacteria 
many attempts have been carried out (Modler et al., 
1990; Mituoka, 1992; Ravula and Shah, 1998; Chou 
and Weimer, 1999 and Sultana et al., 2000). 
However, these trails had only a limited success.  

Therefore, encapsulation technique have 
been investigated as a physical protection of 
probiotics for improving its viability and survival 
(Sultana et al., 2000; Chandramouli et al., 2004 and 
Picot and Lacroix, 2004).  
              Thus, the objective of this study was to 
screen the tested strains for functional characteristics 
of probiotics in order to gain more information 
concerning their ability to tolerate acid, bile, 
assimilate cholesterol and resist the digestion in the 
intestinal tract. In addition, the main target was to 
evaluate the feasibility of encapsulation to improve 
the probiotic survival of encapsulated cultures under 
the hostile environment and gastrointestinal tract. 
 
2. Materials and methods 
Bacterial strains: 
 Eight strains of lactic acid bacteria and four 
strains of bifidobacteria were obtained from different 
cultures collections which summarized in Table 1. 
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Lactic acid cultures were maintained and 
subcultured in MRS broth using a 1 % inoculum and 
18 to 20 hr. of incubation at 37ºC. Bifidobacteria  
were enumerated according to Dave and Shah (1996) 

using  modified MRS agar medium (m-MRS), 
supplemented with 0.05 % L-cysteine HCL and 0.3 
% lithium chloride and cultures were propagated at 
37ºC for 24 h. 

 
Table (1): Source of various bacterial strains used in the present investigation: 

Bacterial strains Source  

Lb. delbrukii subsp bulgaricus EMCC 11102 Cairo MIRCEN 
Lb. johnsonii ATCC 33200 ATCC 
Lb. casei EMCC 11093 Cairo MIRCEN 
Lb. acidophilus ATCC 4356 ATCC 
Lb. acidophilus ATCC 20552 ATCC 
Lc. lactis subsp. cremoris ATCC 19257 Dairy Department, Minia University 
Lc. lactis subsp. lactis  EMCC 11552 Dairy Department, Minia University 
Str. thermophilus EMCC11044 Cairo MIRCEN 
Bif. bifidum 2203 Cairo MIRCEN 
Bif. bifidum ATCC 15696 Cairo MIRCEN 
Bif. angulatum 2338 Cairo MIRCEN 
Bif. longum ATCC 2259 ATCC 

Abbreviations: EMCC, Egyption Microbial Culture Collection. 
ATCC, American Type Culture Collection.  
Cairo MIRCEN, Cairo Microbiological Resources Center, Faculty of   Agriculture, Ain Shams University. 
 
Acid tolerance: 

All tested cultures were evaluated for their 
ability to grow in low pH 2 and 3 according to 
Pereira and Gibson (2002) with some modifications: 
Cultures were grown to stationary phase (16 hr.) in 
either  MRS or mMRS broth to an optical density 
(OD650) of 1.2 – 1.3 with fresh media. Tested cultures 
were inoculated (10 % vol./vol.) into MRS or mMRS 
broth previously adjusted to pH 2 and 3 with HCl. 
The mixtures were incubated at 37°C for 90 minutes. 
Cultures were monitored for growth 
spectrophotometrically at 650nm. at 0, 30, 60 and 90 
minutes. The experiments were repeated three times.   
 
Bile tolerance: 

Overnight cultures were inoculated (1 % 
vol./vol.) into mMRS broth and m-MRS broth 
containing 0.3, 0.5, 0.7 and 1.0 % (wt/vol.) oxgall 
and incubated at 37°C for 12 hr. Cultures were 
monitored for growth spectrophotometrically at 
650nm. Comparison of cultures was based on their 
growth rates in each broth. The experiments were 
repeated three times in triplicate (Pereira and Gibson, 
2002). 
 
Bile and Acid tolerance: 

Active culture were inoculated (10 % 
vol./vol.) into either MRS or m-MRS broth 
previously adjusted to pH 3.0 with HCl and incubated 
at 37°C for 24 hours. Pre-exposed cells were 
resuspended in MRS or m-MRS broth containing bile 
salt at final concentration of 0.3 % (wt/vol) oxgall.  

Tested culture was incubated again at 37°C 
for 12 hr. and the growth was monitored 
spectrophotometrically at 650nm. (Prasad et al., 1998). 
 
Assimilation of cholesterol: 

The ability of tested cultures to assimilate 
cholesterol was determined according to Danielson et 
al. (1989) with some modifications as described by 
Pereira and Gibson (2002). Bile  concentrations of 
0.3 % (w/v) oxgall was used to mimic approximate 
levels in the intestinal tract (Sjovall, 1959). The 
cholesterol in the spent broth was first extracted by 
the procedure described by Gilliland et al. (1985). 
While, the total cholesterol concentration of the 
evaporated residues was then determined by the 
enzymatic assay described by Sale et al. (1984).  
 
Preparation of simulated gastric juice (SGJ): 

The SGJ was prepared with pH adjusted 
MRS broth to 1.4 or 7.0 (control) with 5 mol/L HCl 
or 1 mol/L NaOH sterilized solution. Suspending 
pepsin (1000 unit/ml) in MRS was sterile-filtered 
through a membrane filter and 0.1 ml of suspending 
pepsin was inoculated to 9.9 ml of SGJ (Kim et al. 
2008).  
 
Preparation of simulated small intestinal juice (SSIJ): 

The SSIJ was prepared by dissolving 
pancreatin (Sigma) from porcine pancreas (1g/L) in 
sterile saline (5g/L) according to Charteris et al. 
(1998). Subsequently, the pH of the pancreatic juice 
was adjusted to pH 8 with 0.1 M NaOH. A 0.1 ml 
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pancreatic solution was added to 9.9 ml of MRS 
broth and sterilized at 121°C for 15 min. 
 
Survival to simulated gastric juice (SGJ) or simulated 
small intestinal juice (SSIJ): 

Each tested culture was incubated in MRS 
broth at 30°C for 24 h. A one ml aliquot of the tested 
culture was centrifuged at 5000×g for 10 min at 4°C 
and washed three times in sterile PBS. The washed 
cells were resuspended in PBS.  

To assay the SGJ or SSIJ tolerance, about 0.2 
ml of each washed cell suspension mixed with 1 ml 
of gastric or intestinal juice, after brief vortexing, the 
mixture was incubated at 37°C. When assaying 
gastric tolerance, aliquots of 0.1 ml was removed 
after 5, 40 and 180 min and the growth was 
monitored spectrophotometrically at 650nm. For 
assaying small intestinal juice tolerance, the sampling 
times were 5, 240 and 360 min. The experiment was 
repeated twice, and each reading represents the mean 
of three observations (Guerra et al. 2007). 
 
Encapsulation procedure:  

All glasswares and solutions used in the 
protocols were sterilized at 121ºC for 15 min. 
Alginate beads were produced a modified 
encapsulation method originally reported by Sheu 
and Marshall (1993) and Sultana et al. (2000). A 2 % 
alginate mixture was prepared containing 2 % Hi-
maize resistant starch and 0.1 % culture. The mixture 
was dropped into oil, containing Tween 80 (0.02 %). 
After the dropping was completed, the mixture was 
stirred vigorously till it was emulsified and appeared 
creamy. A solution of 0.1 M calcium chloride was 
then added quickly along the side of the beaker, the 
phase separation of oil /water emulsion occurred. The 
mixture was allowed to stand for 30 min for the 
calcium-alginate beads to separate and settle at the 
bottom of the calcium chloride layer. The oil layer 
was drained and beads were collected by low speed 
centrifugation (350×g, 15 min), washed once with 0.9 
% saline containing 5 % glycerol, and stored at 4ºC. 
 
3. Results and Discussion:  

Bacteria used as probiotic adjuncts are 
commonly delivered in a food system and therefore 
begin their journey to the lower intestinal tract via the 
mouth, the time from entrance to release from the 
stomach   about 90 min. (Berrada et al., 1991). 
Although cellular stress begins in the stomach, which 
has pH as low as 1.5 (Lankaputhra and Shah, 1995), 
in most in vitro assays pH 3.0 has been preferred 
(Garriga et al., 1998 and Suskovic et al., 1997). Thus, 
preliminary screening of all tested cultures for 
tolerance to low pH 2.0 and 3.0 was conducted. 

Moreover, several studies indicate that the 
bacteria may not survive in sufficient numbers during 
their passage through the gastrointestinal tract (Dave 
and Shah, 1996 and Hamilton-Miller et al., 1999). 
Providing probiotic living cells with a physical 
barrier against adverse environmental conditions is 
therefore an approach currently considerable interest 
(Kailasapathy, 2002). Thus, encapsulation technique 
have been applied to increase the survival and 
delivery of bacterial cultures (Sultana et al., 2000).  

Results presented in Table (2) indicated that 
all non- encapsulated tested strains were strongly 
affected at pH 2.0, while relatively moderate 
tolerance obtained at pH 3.0. In this respect, Maffei 
and Nobrega (1975) stated that the bactericidal effect 
of acid is evident at pH values below 2.5. Also, data 
obtained revealed that growth inhibition for non- 
encapsulated tested strains were gradually increased 
with prolongation of incubation time till 90 min at 
either pH 2.0 or pH 3.0. These results are generally in 
harmony with those reported by Shah and Jelen 
(1990), they mentioned that the survival of the lactic 
acid bacteria were reduced as incubation time 
increased and pH decreased. 

 As shown from Table 2, encapsulated 
bacteria survived well in low pH 2.0 compared to 
non-encapsulated free bacterial cells. However, the 
survival rate of encapsulated bacteria increased and 
varied from 42.64 to 72.93 % with a mean value of 
58.9 %, as compared with the corresponding value 
for non-encapsulated strains ranged from 34.03 to 
68.10 % with a mean value, actually 46.9 %. As 
expected, at pH 3.0, better protection of bacterial 
cells was achieved. However, the same trend of result 
was previously reported by Sultana et al. (2000) and 
Chandramouli et al. (2004). 

Although the bile concentration of the 
human gastrointestinal tract varies, the mean 
intestinal bile concentration is believed to be 0.3 % 
w/v. (Suskovic et al., 1997 and Garriga et al., 1998). 
Therefore, four different bile concentrations were 
used 0.3, 0.5, 0.7 and 1.0 % (w/v) oxgall, to mimic 
approximate levels in the intestinal tract. 

From the data presented in Table 3, it could 
be pointed out that tolerance to bile varied among the 
tested strains and bile concentrations. In general, 
encapsulated strains exhibited more bile resistance 
compared to free cells under similar conditions. 
Continuously, encapsulated cultures attained the 
highest tolerance percent at bile concentrations up to 
1.0 % (w/v), being 90.26, 87.75, 86.36 and 84.38 % 
at 0.3, 0.5, 0.7 and 1.0 % (w/v), respectively. Similar 
improvements in survival have previously reported 
for lactobacilli and bifidobacteria encapsulated strains 
by Chandramouli et al. (2004) and Kim et al. (2008). 
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Obviously, inability of non-encapsulated 
tested strains to survive the double effects of pH and 
bile salt was clearly detected in the free cells where 
their survival rate declined and varied from 17.15 % 
to 43.20 % after 12 h of incubation at 0.3 % (w/v) 
oxgall. On the other hand, encapsulated bacteria 
survived better under the same conditions and their 
survival percent showed higher value and ranged 
from 34.15 to 57.71 % (Table 4). 

Increased serum cholesterol correlate highly 
with the incidence of coronary heart disease (Kern, 

1991). However, dietary adjustments is one way to 
decrease serum cholesterol, thereby reducing the risk 
of coronary heart disease. 

In our study, the ability of non-encapsulated 
and encapsulated strains to assimilate cholesterol was 
carried out and the data obtained presented in Table 
5. Viewing these results, it might be deduced that all 
tested cultures grew well in the presence of oxgall 
and reduced  cholesterol concentration in the culture 
broth. 

 
 
Table (2): Effect of low pH on viability and survival of non-encapsulated and encapsulated strains. 

Non-encapsulated Encapsulated 

Incubation time / min. decrease of OD650 Tested strains pH 

Zero 30 60 90 Survival% Zero 30 60 90 Survival%

2 1.252 0.820 0.534 0.426 34.03 1.407 1.010 0.715 0.600 42.64 L. bulgaricus 
EMCC 
11102 3 1.255 0.936 0.74 0.544 43.35 1.410 1.131 0.925 0.722 51.21 

2 1.260 0.884 0.834 0.493 39.13 1.415 1.074 1.015 0.667 47.14 L. johnsonii 
ATCC 
33200 3 1.265 1.067 0.901 0.670 52.96 1.420 1.262 1.086 0.848 59.72 

2 1.252 0.955 0.638 0.448 35.78 1.407 1.145 0.820 0.622 44.21 L. casei 
EMCC 
11093 3 1.254 0.985 0.718 0.486 38.76 1.409 1.180 0.903 0.664 47.13 

2 1.253 0.899 0.592 0.494 39.43 1.408 1.089 0.773 0.668 47.44 L. 
acidophilus 
ATCC 4356 3 1.254 0.945 0.779 0.667 53.19 1.409 1.140 0.964 0.845 59.97 

2 1.260 0.884 0.740 0.613 48.65 1.415 1.074 0.921 0.787 55.62 L. 
acidophilus 
ATCC 
20552 

3 1.263 0.954 0.929 0.807 63.90 1.418 1.149 1.114 0.985 69.46 

2 1.252 1.054 0.866 0.646 51.60 1.407 1.244 1.047 0.820 58.28 Lc. lactis 
subsp. 
cremoris 3 1.254 1.157 0.927 0.737 58.77 1.409 1.352 1.112 0.915 64.94 

2 1.256 0.889 0.759 0.581 46.26 1.411 1.079 0.940 0.755 53.51 Lc. lactis 
subsp. lactis 3 1.259 0.983 0.915 0.638 50.68 1.414 1.178 1.100 0.816 57.71 

2 1.260 1.073 1.015 0.858 68.10 1.415 1.263 1.196 1.032 72.93 Str. 
thermophilus 
EMCC11044 3 1.264 1.245 1.135 0.972 76.90 1.419 1.401 1.320 1.150 81.04 

2 1.258 1.024 0.813 0.645 51.27 1.413 1.214 0.994 0.819 57.96 Bif. bifidum 
2203 3 1.262 1.109 0.951 0.827 65.53 1.417 1.304 1.135 1.005 70.92 

2 1.257 0.971 0.789 0.609 48.45 1.412 1.161 0.969 0.783 55.45 Bif. bifidum 
ATCC 15696 3 1.259 1.071 0.958 0.794 63.07 1.414 1.266 1.140 0.972 68.74 

2 1.255 1.109 0.878 0.691 55.06 1.410 1.299 1.058 0.865 61.35 Bif. 
angulatum 
2338 3 1.260 1.165 0.980 0.844 66.98 1.415 1.360 1.164 1.022 72.23 

2 1.251 0.960 0.769 0.561 44.84 1.406 1.150 0.950 0.735 52.28 Bif. longum 
ATCC 2259 3 1.260 1.096 0.931 0.646 51.27 1.415 1.291 1.117 0.824 58.23 
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          Table (3): Survival of non-encapsulated and encapsulated tested cultures after exposure to different 
                            concentrations of bile salt.  

Non-encapsulated Encapsulated 

Incubation time / hr. decrease of OD650 Tested strains Bile % 

zero 12 hr. Survival% zero 12 hr. Survival% 
0.3 1.132 0.812 71.73 1.405 1.265 90.04 
0.5 1.134 0.755 66.58 1.407 1.222 86.85 
0.7 1.134 0.703 61.99 1.407 1.206 85.71 

L. bulgaricus 
EMCC 11102 

1 1.136 0.645 56.78 1.410 1.168 82.84 
0.3 1.132 0.801 70.76 1.405 1.264 89.96 
0.5 1.133 0.743 65.58 1.406 1.220 86.77 
0.7 1.134 0.689 60.76 1.407 1.204 85.57 

L. johnsonii 
ATCC 33200 

1 1.134 0.628 55.38 1.408 1.173 83.31 
0.3 1.132 0.942 83.22 1.405 1.266 90.11 
0.5 1.134 0.831 73.28 1.407 1.225 87.06 
0.7 1.134 0.815 71.87 1.407 1.208 85.86 

L. casei 
EMCC 11093 

1 1.136 0.646 56.87 1.409 1.179 83.68 
0.3 1.133 0.802 70.79 1.407 1.267 90.05 
0.5 1.135 0.738 65.02 1.409 1.231 87.37 
0.7 1.136 0.668 58.80 1.409 1.211 85.95 

L. acidophilus 
ATCC 4356 

1 1.136 0.594 52.29 1.410 1.179 83.62 
0.3 1.132 0.932 82.33 1.404 1.261 89.81 
0.5 1.134 0.852 75.13 1.407 1.221 86.78 
0.7 1.135 0.719 63.35 1.408 1.214 86.22 

L. acidophilus 
ATCC 20552 

1 1.137 0.658 57.87 1.409 1.182 83.89 
0.3 1.133 0.722 63.72 1.404 1.263 89.96 
0.5 1.135 0.609 53.66 1.405 1.218 86.69 
0.7 1.136 0.532 46.83 1.406 1.209 85.99 

Lc. lactis subsp. 
cremoris 

1 1.138 0.376 33.04 1.408 1.188 84.38 
0.3 1.133 0.924 81.55 1.407 1.270 90.26 
0.5 1.135 0.788 69.43 1.409 1.228 87.15 
0.7 1.136 0.672 59.15 1.409 1.207 85.66 

Lc. lactis subsp. 
lactis 

1 1.136 0.602 52.99 1.411 1.174 83.20 
0.3 1.130 0.744 65.84 1.402 1.259 89.80 
0.5 1.132 0.623 55.04 1.405 1.224 87.12 
0.7 1.133 0.511 45.10 1.407 1.205 85.64 

Str. Thermophilus 
EMCC11044 

1 1.135 0.444 39.12 1.409 1.186 84.17 
0.3 1.136 0.921 81.07 1.406 1.266 90.04 
0.5 1.138 0.863 75.83 1.406 1.218 86.63 
0.7 1.138 0.811 71.27 1.408 1.213 86.15 

Bif. bifidum  
2203 

1 1.139 0.723 63.48 1.411 1.184 83.91 
0.3 1.132 0.982 86.75 1.403 1.258 89.67 
0.5 1.135 0.917 80.79 1.405 1.214 86.41 
0.7 1.137 0.862 75.81 1.407 1.208 85.86 

Bif. bifidum 
ATCC 15696 

1 1.138 0.800 70.30 1.409 1.185 84.10 
0.3 1.131 0.969 85.68 1.403 1.255 89.45 
0.5 1.133 0.902 79.61 1.406 1.226 87.20 
0.7 1.134 0.854 75.31 1.408 1.216 86.36 

Bif. angulatum  
2338 

1 1.135 0.795 70.04 1.409 1.182 83.89 
0.3 1.134 0.994 87.65 1.404 1.248 88.89 
0.5 1.136 0.923 81.25 1.404 1.232 87.75 
0.7 1.137 0.875 76.96 1.407 1.214 86.28 

Bif. longum 
ATCC 2259 

1 1.137 0.821 72.21 1.410 1.177 83.48 
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Table (4): Effect of low pH and bile salt 0.3 % oxgall on non-encapsulated and encapsulated tested strains. 

Non-encapsulated Encapsulated 

OD650 after incubation 
time 

OD650 after incubation 
time 

Tested strains Zero/ 
Survival 

% 24 h 6 h 12 h 

Zero/ 
Survival 

% 24 h 6 h 12 h 

1.255 0.360 0.344 0.254 1.412 0.637 0.605 0.522 L. bulgaricus 
EMCC 11102 Survival% 28.69 27.41 20.24 Survival% 45.11 42.85 36.97 

1.265 0.445 0.398 0.362 1.410 0.722 0.675 0.630 L. johnsonii 
ATCC 33200 Survival% 35.18 31.46 28.62 Survival% 51.21 47.87 44.68 

1.254 0.311 0.284 0.215 1.420 0.588 0.539 0.485 L. casei 
EMCC 11093 Survival% 24.80 22.65 17.15 Survival% 41.41 37.96 34.15 

1.254 0.482 0.362 0.275 1.409 0.759 0.636 0.535 L. acidophilus 
ATCC 4356 Survival% 38.44 28.87 21.93 Survival% 53.87 45.14 37.97 

1.263 0.618 0.544 0.462 1.409 0.891 0.811 0.733 L. acidophilus 
ATCC 20552 Survival% 48.93 43.07 36.58 Survival% 63.24 57.56 52.02 

1.254 0.555 0.435 0.382 1.418 0.832 0.708 0.644 Lc. lactis subsp. 
cremoris Survival% 44.26 34.69 30.46 Survival% 58.67 49.93 45.42 

1.259 0.471 0.359 0.273 1.409 0.748 0.633 0.551 Lc. lactis subsp. 
lacti Survival% 37.41 28.51 21.68 Survival% 53.09 44.93 39.11 

1.264 0.798 0.642 0.546 1.414 1.072 0.912 0.816 Str. thermophilus 
EMCC11044 Survival% 63.13 50.79 43.20 Survival% 75.81 64.50 57.71 

1.262 0.657 0.536 0.421 1.419 0.931 0.807 0.691 Bif. bifidum 
2203 Survival% 52.06 42.47 33.36 Survival% 65.61 56.87 48.70 

1.259 0.602 0.482 0.376 1.417 0.873 0.753 0.648 Bif. bifidum 
ATCC 15696 Survival% 47.82 38.28 29.86 Survival% 61.61 53.14 45.73 

1.260 0.673 0.545 0.461 1.414 0.943 0.817 0.703 Bif. angulatum 
2338 Survival% 53.41 43.25 36.59 Survival% 66.69 57.78 49.72 

1.260 0.485 0.381 0.301 1.415 0.758 0.646 0.571 Bif. longum 
ATCC 2259 Survival% 38.49 30.24 23.89 Survival% 53.57 45.65 40.35 

 
It is clear that the cell dry weight was 

approximately the same with non-encapsulated and 
encapsulated cells, varied from 1.0 to 2.3 and 0.9 to 
2.4 g/L, respectively. Moreover, the non- 
encapsulated strains ranked higher cholesterol uptake 
percent, varied from 36.2 to 52.5 %, while the 
corresponding figures in the encapsulated cells 
ranged from 27.9 to 42.6 %. Additionally, from 
obtained results it could be observed that the amount  
of cholesterol removed from the broth was higher 
actually varied from 32.6 to 89.3 mg/L for cell free 
strains, while the effect of encapsulated cultures was 
lower, actually ranged from 27.9 to 85.1 mg/L. In this  

 
respect, Kim et al. (2008) stated that encapsulation 
reduce the ability of lactic acid bacteria to assimilate 
cholesterol. The same phenomenon was also detected 
by Khater (2009). 

Survival of bacteria in human gastric juice is 
of a more accurate indication of the ability of strains 
to survive transit through the stomach (Mathara et al., 
2008). Therefore, the tolerance of the tested culture to 
simulated gastric juice was determined and results 
obtained presented in Table 6. Generally, all tested 
strains showed slight/moderate decreases varied from 
0.53 % to 10.40 % through 180 min of exposure. 
However, the survival of encapsulated tested cultures 
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in gastric environment was noticeably better than 
those of non-encapsulated strains. The survivors 
encapsulated strains in SGJ maintained above    92 % 
after 3 hours of incubation. In contrast, free cells 
were more sensitive to gastric conditions and suffered 
a reduction in their survival rate which actually 
varied from 89.60 to 92.93 %. Similar trend of result 
was previously recorded by Chan and Zhang (2005) 
and Chandramouli et al. (2004). 

In order to exert positive health effects, 
probiotic bacteria resist the stressful conditions of the 
stomach and upper intestine that contain bile (Chou 
and Weimer, 1999). Thus, survivals of tested cultures 
were monitored up to 360 min after exposure to SIJ. 

It was obvious, as the data in Table 7, that 
either non-encapsulated or encapsulated bacteria 
survived well in simulated intestinal juice (SIJ). In 
this connection, Charteris et al. (1998) reported that 
the majority of probiotic strains were intrinsically 
resistant to simulated pancreatic juice and showed no 
reduction in viability up to 4 hours. In addition, Buck 
and Gilliland (1994) and Sultana et al. (2000) stated 

that the encapsulated bacteria did not demonstrate a 
significant increase in survival when subjected to in 
vitro SIJ. Also, it was of interest to notice that 
viability of L. acidophilus ATCC 4356 in SIJ 
remained constant after 6 h. of incubation wither 
encapsulated or not. 

Generally, from the forgoing results, it could 
be concluded that tested cultures selected for this 
study differed widely in their probiotic 
characteristics. On the other hand, the results 
obtained revealed that encapsulation can increase the 
survival rate of probiotic bacteria in low pH and 
different concentrations of bile salt. In contrast, our 
study showed that encapsulated gave little injury to 
tested cultures in assimilation of cholesterol. While 
the process enhanced the survival rate of the tested 
cultures in the simulated gastric environment. 

However, future studies need to be carried 
out in order to monitor the effect of encapsulation on 
bacteria in the gut, using animal models, as well as 
studying other parameters. 
 

 
Table (5): Assimilation of cholesterol by non-encapsulated and encapsulated lactic acid and bifidobacteria 

strains. 

DCW g/L 
Residual cholesterol 

mg/L 

Cholesterol uptake 
(%cholesterol g dry 

weight) 
Tested strains 

Non En. Non En. Non En. 
L. bulgaricus 
EMCC 11102 

2.1 1.9 21.84 20.20 42.12 37.32 

L. johnsonii 
ATCC 33200 

2.0 1.7 10.70 14.90 52.50 42.60 

L. casei 
EMCC 11093 

1.9 2.3 11.30 16.60 46.70 36.10 

L. acidophilus 
ATCC 4356 

2.2 2.4 11.70 16.90 40.10 34.60 

L. acidophilus 
ATCC 20552 

2.0 2.3 18.90 25.30 40.60 32.50 

Lc. lactis subsp.  
cremoris 

2.1 1.8 20.51 33.22 44.14 37.13 

Lc. lactis subsp. 
 lacti 

1.9 2.3 11.50 16.50 46.60 36.30 

Str. thermophilus 
EMCC11044 

1.8 2.1 11.90 17.20 48.90 39.40 

Bif. bifidum 
 2203 

1.8 2.1 18.70 25.30 42.80 35.60 

Bif. bifidum 
ATCC 15696 

2.3 1.9 21.82 25.31 46.02 39.31 

Bif. angulatum  
2338 

1.0 0.9 67.40 72.10 36.20 27.9 

Bif. longum 
ATCC 2259 

1.9 2.2 18.60 25.20 42.80 34.00 

            DCW= Dry cell weight     Non= non-encapsulated   En.= encapsulated 

http://www.americanscience.org            editor@americanscience.org 842



Journal of American Science                                                                                                                 2010;6(10) 

  

Table (6): Effect of simulated gastric juice (SGJ) on viability of lactic acid bacteria and bifidobacteria strains. 

Non-encapsulated and  Encapsulated 
Incubation time (min.) 

Zero 5 40 180 Zero 5 40 180 
Tested strains 

OD650 OD650 OD650 OD650 

Survival 
% 

OD650 OD650 OD650 OD650 

Survival 
% 

L. delbruckii subsp. 
bulgaricus EMCC 11102 

1.320 1.310 1.280 1.220 92.93 1.430 1.430 1.410 1.360 95.03 

L. johnsonii ATCC 33200 1.300 1.280 1.250 1.180 90.79 1.420 1.400 1.380 1.320 93.37 

L. casei EMCC 11093 1.290 1.280 1.250 1.180 91.16 1.400 1.400 1.390 1.330 94.80 

L. acidophilus ATCC 4356 1.310 1.290 1.250 1.170 89.60 1.420 1.410 1.380 1.280 90.15 

L. acidophilus ATCC 
20552 

1.300 1.270 1.270 1.210 92.84 1.410 1.380 1.380 1.340 94.62 

Lc. lactis subsp. cremoris 
ATCC 19257 

1.310 1.300 1.280 1.220 92.84 1.430 1.420 1.400 1.370 95.66 

Lc. lactis subsp. lactis 
EMCC 11552 

1.290 1.270 1.240 1.170 90.18 1.410 1.390 1.370 1.310 92.82 

Str. thermophilus 
EMCC11044 

1.310 1.300 1.280 1.220 92.68 1.430 1.420 1.410 1.350 94.88 

Bif. bifidum 2303 1.320 1.310 1.280 1.220 92.05 1.430 1.430 1.400 1.360 94.56 

Bif. bifidum ATCC 15696 1.300 1.280 1.250 1.180 90.32 1.420 1.400 1.380 1.310 92.44 

Bif. angulatum 2238 1.330 1.320 1.280 1.220 91.30 1.450 1.430 1.410 1.350 93.09 

Bif. longum ATCC 2259 1.320 1.300 1.270 1.200 90.92 1.450 1.420 1.390 1.350 92.64 

 
Table (7): Effect of simulated intestinal juice (SIJ) on viability of lactic acid bacteria and bifidobacteria strains. 

Non-encapsulated and  Encapsulated 
Incubation time (min.) 

Zero 5 240 360 Zero 5 240 360 
Tested strains 

OD650 OD650 OD650 OD650 

Survival 
% 

OD650 OD650 OD650 OD650 

Survival 
% 

L. delbruckii subsp. 
bulgaricus EMCC 
11102 

1.313 1.313 1.307 1.294 98.55 1.428 1.428 1.426 1.417 99.23 

L. johnsonii ATCC 
33200 

1.302 1.298 1.293 1.293 99.31 1.416 1.414 1.412 1.411 99.65 

L. casei EMCC 
11093 

1.288 1.283 1.279 1.270 98.60 1.403 1.399 1.396 1.389 99.00 

L. acidophilus 
ATCC 4356 

1.305 1.305 1.305 1.305 100.00 1.419 1.419 1.419 1.419 100.00 

L. acidophilus 
ATCC 20552 

1.297 1.292 1.284 1.283 98.92 1.411 1.411 1.402 1.397 99.01 

Lc. lactis subsp. 
cremoris ATCC 
19257 

1.310 1.307 1.296 1.285 98.09 1.425 1.422 1.413 1.401 98.32 

Lc. lactis subsp. 
lactis EMCC 1552 

1.293 1.293 1.287 1.274 98.53 1.407 1.407 1.404 1.404 99.79 

Str. thermophilus 
EMCC11044 

1.308 1.307 1.304 1.298 99.24 1.424 1.420 1.420 1.414 99.30 

Bif. bifidum 2203 1.319 1.319 1.317 1.313 99.55 1.433 1.429 1.428 1.428 99.65 

Bif. bifidum ATCC 
15696 

1.298 1.294 1.286 1.275 98.23 1.412 1.409 1.403 1.394 98.73 

Bif. angulatum 2338 1.331 1.328 1.320 1.316 98.87 1.445 1.444 1.437 1.424 98.55 

Bif. longum ATCC 
2259 

1.320 1.320 1.316 1.309 99.17 1.434 1.430 1.432 1.426 99.44 
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Abstract: Beads have been prepared from naturally occurring polymers, sodium alginate (an anionic 
polysaccharide). The beads forming technology applied in this study, encapsulation is based on the principle that a 
laminar liquid jet is broken into equally sized droplets by a superimposed vibration. The efficiency of alginate beads 
for methylene blue (MB) dye removal from colored effluents in dynamic batch mode has been investigated. 
Parameters affecting dye removal such as particle size and pH, and thus adsorption kinetics have been studied. The 
prepared alginate beads showed high adsorption capacity for MB, where they removed up to 85% of the dye content 
throughout twenty minutes.  Moreover, a mathematical model has been developed to indicate mechanism of dye 
removal by these porous polymeric beads. The flow pattern through such porous beads has been resolved using 
Navier Stock equations and couple the equations of motion with mass balance equations through the multiphysics 
module (COMSOL). [Journal of American Science 2010; 6 (10):846-851]. (ISSN: 1545-1003). 
 

Keywords: Alginate micro-beads; Encapsulation; Methylene blue; Dye removal; Mathematical modeling  

 
1. Introduction  
         
Various techniques are being used to remove 
pollutants from aqueous waste, with sorption being 
one of the most promising technologies for water 
purification. The most used adsorbents in this 
concern including clay minerals [1,2], activated 
carbon [3] and polymers [4,5]. Thus, there is a 
growing interest in the use of bio-based materials 
such as polymers obtained from natural resources due 
to their environmental friendly properties and 
renewable abundance [6-8]. Alginate is a natural 
polysaccharide extracted from brown seaweeds. This 
linear polymer is composed of β-D-mannuronate (M) 
and α-L-guluronate (G) units linked by β-1, 4 and α-
1, 4 glycosidic bonds. M and G units are organized in 
MM, GG and MG blocks, the proportion of these 
blocks varying with the source of the polymer. This 
natural polymer is one of the most extensively 
studied biopolymers because of being inexpensive, 
non-toxic and efficient for removal of pollutants from 
aqueous solution. Therefore, its beads are a common 
and well-known support material used in bioscience 
application for immobilization of enzymes [9] and 
living cells [10]. In the environmental field, alginate 
beads have been used for the removal of some heavy 
metal ions and organic pollutants [11-13].  

      
      In this work, the impact of various factors 
controlling the adsorption process of dye on alginate 
beads such as particle size, time, and pH, have been 
investigated. In this study, the encapsulation process 
was used to form alginate micro-beads. This 
technology that developed by Inotech company is 
based on the principle that a laminar liquid jet is 
broken into equally sized droplets by a superimposed 
vibration. In the late 19th century, Lord Rayleigh 
theoretically analyzed the instability of liquid jets. He 
showed that the frequency for maximum instability is 
related to the velocity of the jet and the nozzle 
diameter. The optimal vibration parameters have to 
be determined in the light of the incorporated 
stroboscope. Once determined, the parameters can be 
reset in the future, making the process highly 
reproducible. Generally, by using this type of 
encapsulators, the bead diameter can be set in the 
range of 0.1 - 1.5 mm [14]. The adsorption capacity 
of the prepared alginate micro-beads for methylene 
blue has been measured,  and also mathematical 
adsorption modelling has been studied. In earlier 
studies, each of film diffusion, intra-particle pore 
diffusion, and pore surface diffusion mechanisms 
have been examined individually or in a combination 
[15,16]. 
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            The aim of this study is, to study the 
efficiency of alginate micro-beads for removal of 
methylene blue dye, optimize the adsorption process, 
and to verify a mathematical model fitting with the 
results of the experimental studies.  
 

2. Materials and methods 

Materials 
 
Cationic MB dye, C16H18N3SCl.3H2O, 

supplied from (NICE CHEMICALS Pvt. Ltd., 
COCHIN). Sodium alginate (Na-ALG) with a 
medium viscosity was purchased from Sigma-Aldrich 
Company. Calcium Chloride (CaCl2) was supplied 
from Riedel-de Hean Company. 
 
Methods 
 
Beads preparation 

 
 Sodium alginate solution (1.5%) was 

prepared by dissolving 1gm of sodium alginate in 
100 ml of hot distilled water with stirring until the 
solution become homogenous. For preparation of 
beads, the prepared viscous solution was injected in 
the encapsulator, where it has the ability to charge the 
surface of the beads. The voltage applied lies in the 
range of 400-1700 V. This surface charge transforms 
the one-dimensional droplet chain in a funnel-like 
multiline stream. This prevents beads from hitting 
each other in flight, and from hitting each other as 
they enter the hardening solution. The process has 
been described in Figure 1. 
 
Dye adsorption  
         
             Dye solution was prepared by dissolving 50 
mg of methylene blue in 1000 ml distilled water to 
obtain 50 mg/L initial dye concentrations. 
  
            Adsorption experiments were taken place 
using an aliquot of 100 ml MB dye solution 
containing 50 mg/l that was mixed with certain 
amount of alginate micro-beads at room temperature 
with mechanical stirring at 250 rpm. Samples of 0.5 
ml were drawn at time interval 5 min. for 60 min. and 
placed in test tubes with adding 1.5 ml distilled water 
to be further analyzed by spectrophotometer. 
 

 
 

Figure 1: Schematic diagram represents the formation 
of alginate beads using encapsulator. 

 
          
        
          The concentration of MB remaining in the 
supernatant after and before adsorption was 
determined with a 1.0 cm light path quartz cells using 
spectrophotometer at λ max of 665 nm. Prior to the 
measurement, a calibration curve was obtained by 
using the standard MB solutions series with known 
concentrations. 
   
           The % dye removal is calculated for each 
sample according to the following relation: 

 
              % dyes removal = (1 - C/Co) × 100          (1) 
 
Where; 

            
                Co  is the initial concentration of the dye.  
                C   is the concentration at time (t).  

 
          To study the effect of a certain variable on the 
uptake of the dye, all the other variables are fixed 
throughout the experiments. 
 
Beads size measurements  
          
          The particle size distribution of beads was 
determined by Beckman Coulter Laser Diffraction 
Analyzers using photon correlation spectroscopy 
(PCS), which determines particle size by measuring 
the rate of fluctuations in laser light intensity 
scattered by particles as they diffuse through a fluid 
operating at a 25 mW laser. A constant amount of 
beads was dispersed in distilled water to prepare a 
concentration of 1% and was kept at 37 oC under 
agitation at 150 rpm. 
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3. Results and Discussion 
 
3.1. Particle size  

 
Alginate has the ability of quick gelling on 

contact with CaCl2 solution. The size of the formed 
beads depends on many factors; Nozzle diameter, 
charge applied to the beads surface, viscosity and 
concentration of the used polymeric material. In 
encapsulation system, the Process allows a very 
narrow bead size distribution. The desired diameter 
can be set and controlled by choosing the right nozzle 
diameter, mass flow and superimposed frequency. It 
is well – known that the beads having small size will 
possess the high surface area that is associated with 
high adsorption capacity. For this reason, before dye 
removal test, the effect of factors affecting beads size 
distribution were examined  to determine the 
optimum formation conditions resulting beads with 
smaller size and narrow size distribution. The 
encapsulation conditions have been settled to produce 
micro-beads with size average of 500 µm as shown in 
Figure 2.    

 
Figure 3 illustrates the effect of beads size 

on the dye removal was very prominent, showing a 
continuous increase of removal efficiency with 
lowering size of the bead. This of course related to 
high surface area of the beads with much smaller size 
and high availability of function groups, which 
responsible for dye adsorption over beads surface.  

 
 
 

 

 
 

              Figure 2: Size distribution of the beads 

 

 
Figure 3: Effect of variation in size of alginate beads 

on dye removal 
 

3.2. Adsorption Kinetics  

Figure 4 shows the effect of contact time on 
the removal of MB of initial concentration 
(1 mmol L−1). Fast uptake of the dyes has been 
observed within the first minutes of the adsorption 
process. Since 50% of dye amount has been 
approximately removed after 15 min from the 
experiment start point and the equilibrium time has 
been measured to be 150 min of 24 h, the time setup 
for the experiment. The fast adsorption stage was 
followed by slower stage to reach its equilibrium 
value. 
 

 
 

       Figure 4: Adsorbed amount of methylene blue by    
                   alginate beads as a function of time 
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Several kinetic models are available to study 
the mechanisms of the sorption process and to fit the 
experimental data. Among them the pseudo-second-
order equation is often successfully used to describe 
the kinetics of the fixation reaction of pollutants on 
the adsorbent.  

 
 

                        (2) 
 
 

 
              Where k (gmmol−1 min−1) is the second-
order rate constant, Qeq (mmol g−1, wet bead) is the 
amount of dye adsorbed at equilibrium and Qt (mmol 
g−1, wet bead) is the amount of dye adsorbed at any 
time t (min). Integrating this equation with the 
boundary conditions t=0 (Qt =0) to teq (Qt =Qeq) 
and then linearizing leads to 

 
 

(3) 
 

 
Where constant, k and Qeq values were 

calculated from the slope and intercepts of the t/Qt 
versus t plot. A linear relationship with high 
correlation coefficients was observed between t/Qt 
and t, indicating the applicability of the pseudo-
second-order model to describe the sorption process. 
The correlation coefficients R2, the second-order 
constants k and the calculated and experimental 
equilibrium sorption capacities Qeq has been shown in 
Table 1.  

 
3.3. Effect of PH 

 
Figure 5 shows the effect of pH on the 

removal of dye by composite beads, the results shows 
that no apparent effect of pH on the removal of dye, 
this observation reflects the fact that the removal of 
dye is mainly due to the presence of AC which is not 
a pH sensitive.  

Figure 5: Effect of pH on removal of methylene blue 
dye by alginate beads 

 
3.4. Performance modeling and analysis  
         
               Porous particles are widely used in the 
chemical industry and are extensively treated in the 
chemical engineering. The beads are in most cases 
fluidized the action of gas or liquid flowing through a 
reactor. The fluid enters at the bottom of a bed of 
particles and the particles are fluidized or made to 
(float) by the shear force that the fluid exerts on their 
surface, at the same time, species dissolved in the 
fluid reaction on the surface and inside the porous 
particles. 

 
In this study, cross-section of spherical 

polymer particle has been modeled. The spherical 
polymer particles are subjected to the dye which will 
be removed. The flow pattern and concentration field 
surrounding the spherical polymer particle and 
concentration field inside and outside the particle will 
be resolved. 

 
Model Definition 
         
                The spherical polymer particles transposed 
to dye which will be removed is usually solved by 
assuming a uniform thick diffusion layer around the 
porous particle, which requires amass transfer 
coefficient to describe transport through the diffusion 
layer. The mass transfer coefficient as determined 
from the wall structure of the particle and transport 
properties of the fluid. 
        
                The flow pattern around the porous particle 
will be resolved using Navier Stock equations and 
couple the equations of motion and the mass balance 
equations through the multiphysics module 
(COMSOL). The structure of the diffusion layer will 

 
Table 1 : Adsorption kinetic constants, modelled by a 

pseudo-second-order equation  
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be known from the simultaneous solution of these 
equations. 
         
            Symmetry is assumed at the vertical 
boundaries, implying symmetry in the y-axis and that 
the modeled unit cell is typical for the system .the 
fluid density will be assumed constant. 

 
The set of equation which will be used in the 

fluid sub domain denoted by Φf are 
 

  µ 2u+ρ (u. )u+ p=0   in Φf  .                       (4)  
 

   u=0.                              in Φf                                (5) 
 
            Where µ denotes the dynamic viscosity 
(kg/m.s), u is the velocity vector (m/s),ρ is the fluid 
density(kg/m3) and p denotes pressure (pa). 
The coupling of motion equation to the mass 
transport equation, for the reactant in he fluid at 
steady-state, through:  
 
       . (-D C+CU)=0.              in Φf                              (6) 
 
            Where D denotes the diffusion coefficient 
(m2/s) and C the concentration (mol/ m3) 

The mass balance in the pellet by using an 
effective diffusion coefficient in the porous media is 
defined as following: 
 
          .(Deff C) -KC2)=0        in Φpl                            (7) 
 
            Where, Deff denotes the effective diffusion 
coefficient (m2/s) and K the rate constant fir the 
second order reaction (m3/s.mol). Deff is related to the 
porosity and tortuosity of the pellet.  
             
              The boundary conditions of the fluid flow as 
following: 
 
         u.n=uo            at inlet                                       (8) 
 
         u.n=0             at δΦfl                                        (9) 
 
         u =(0,0)         at δΦpl.1                                    (10) 
 

      p=0               at δΦoutlet                              (11) 
 
            Where δΦpl is sub domain boundary, since the 
Navier Stockes equation and continuity equations are 
not defined in the pellet domain. 
 
           The boundary conditions for the mass 
transport equation can be defined by assuming that 
the inlet concentration of the die in water is known 
 

 C = Co                           at δΦinlet                           (12) 
 

 (-D C+CU). N = 0     at δΦf,1 and   δΦf,2            (13) 
 

 (Deff C).n = 0            at δΦpl                               (14) 
          
(-D C+CU).n = Cu.n                                           (15) 
 

Figure 6 shows a schematic representation 
of the domain that will be modeled. The dye is 
introduced at the bottom of the picture and exits at 
the top. Symmetry is assumed at the vertical 
boundaries, implying symmetry in the y-axis and that 
the modeled unit cell is typical for the system. 
Furthermore, It will be assumed that the density of 
the fluid does not change due to the sorption process 
on the beads.  
 

Figure 7 shows the diffusion layer, in the 
free fluid surrounding the particle, is of non uniform 
thickness. This results in a non-symmetrical 
concentration distribution along the outer surface of 
the particle. The diffusion layer at the particle 
surface, facing the inlet of the dye, is far thinner than 
that obtained behind the particle. Moreover, depletion 
of the dye, along the main direction of flow, 
influences the concentration around the surface of the 
particle.  

 
Figure 6: Schematic diagram of the domain that will 

be modeled. 

 
Figure 7: Contour lines of concentration 
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        It is seen from figure 8 that the maximum 
velocity occurs in the contraction between the 
particle and the symmetry line on the right side. 
There are two stagnation zones in front and behind 
the particle.  
  

 
Figure 8: Flow pattern of dye around the beads 

Conclusion 

        In the last two decades, many researches have 
been taken place on the removal of environmental 
pollutants using adsorption on various absorbents 
either those from agro-waste or those extracted from 
renewable resources such as biopolymers because of 
being inexpensive and efficient items in this respect. 
Notwithstanding, little researches have been carried 
out on the modeling and simulation of these 
processes. Our study has focused on forming alginate 
micro-beads using encapsulation technique, the 
prepared beads exhibited high adsorption capacity for 
MB where removed 85% of the dye content within 
twenty minutes. Significant effect has been exhibited 
for the size of alginate beads on adsorption capacity 
for MB. However, there is no significant effect has 
been shown for pH. The mathematical model 
developed in this study indicated that the dye 
removal by these micro-beads hasn’t just based on 
the surface adsorption, but MB dye interpenetrates 
the internal layers of the beads.   
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Abstract: Background: The 1ry indication for scleral fixation of intraocular lenses (IOL) is dislocation as a 
principal complication of cataract surgery. Inadequate capsular support is the most common cause of IOL 
dislocation. Other indications include traumatic phakic lens dislocation (cataractous or clear), surgically aphakic 
eyes or anterior chamber IOL with complications (persistent hyphema, uveitis). Methods: 20 eyes of 20 patients 
were done, surgery was done only when the IOL was dislocated peripheral to the visual axis and was causing 
symptoms of visual loss sufficient to interfere with the patient’s activities of daily living, or patients who were left 
aphakic for a 2ry implantation procedure. A modification of the technique was done which made the procedure 
faster and preserved the surrounding conjunctiva. Results: Best corrected visual acuity (BCVA) preoperatively 
ranged from 1/60 -6/60 and postoperatively between 6/60 – 6/6.  Statistical analysis of the logarithm of the 
minimum angle of resolution (LogMAR) between the preoperative and postoperative visual acuity revealed 
significant improvement (p≤0.05 ). Intraoperative complications included one case of accidental iris injury, two 
cases of mild vitreous hemorrhage, two cases of moderate vitreous hemorrhage. Early postoperative complications 
included pupillary block. Midterm post operative complications occurred in one case with the occurrence of cystoid 
macular edema. Conclusion: Scleral fixation of IOL is a safe procedure with minimal complications, but needs 
surgical skills to be managed optimally. [Journal of American Science 2010;6(10):852-859]. (ISSN: 1545-1003). 
 

Key words: Scleral fixation, Intraocular lenses, Aphakia, IOL dislocation. 
 
1. Introduction: 

The indication for intraocular lens (IOL) 
scleral fixation is widely variable. The 1ry  indication 
is IOL dislocation as a principal complication of 
cataract surgery, with early reports of  13% rate of  
IOL dislocation (1) . Inadequate capsular support is 
the most common cause of IOL dislocation and most 
commonly manifests in the early postoperative period 
(2). Fixation of intraocular lenses in cases of 
insufficient or no capsular support is challenging and 
requires a large armamentarium of techniques to 
resolve different situations (3-24). Other indications 
include traumatic phakic lens dislocation (cataractous 
or clear), surgically aphakic eyes or anterior chamber 
IOL with complications (persistent hyphema, 
uveitis). The reported incidence of dislocation of 
rigid posterior chamber IOLs (PCIOLs) is from 0.2% 
to 2% (25,26) . Management decisions are based on the 
clinical features of every individual case and surgeon 
preference. Management options described for 
dislocated PCIOLs include IOL repositioning with or 
without scleral fixation sutures (depending on 
residual capsular support) and IOL removal (with or 
without reimplantation of the same or alternative 
IOL) (19,27,28). IOL repositioning without scleral 
fixation suture is generally preferred technique if 
there is adequate capsular support. In the absence of 
adequate capsular support, the dislocated PCIOL may 
be sutured to the sclera or exchanged. The scleral 
suture fixation technique requires undamaged open-

loop haptics.  A PCIOL may be exchanged for a 
sutured PCIOL or an anterior chamber IOL (ACIOL 
(29,30). Dislocation of the phakic human lens is 
uncommon but serious complication, as it requires 
sophisticated techniques to remove safely, especially 
if it is dislocated in the vitreous cavity. Dislocation of 
a PCIOL into the vitreous cavity is another 
uncommon but serious complication with numerous 
techniques for its management (3,5,6,13,14,17,18,31-41). 
During surgical intervention, an important 
consideration is whether to remove, reposition, or 
exchange the dislocated PCIOL after performing a 
pars plana vitrectomy. If adequate capsular support is 
found to be present, the same intraocular lens may be 
positioned into the ciliary sulcus. Alternatively, the 
dislocated PCIOL may be sutured to the sclera if 
capsular support seems inadequate. If the PCIOL is 
removed, the patient may be left aphakic if 
intraocular lens implantation is contraindicated for 
any reason. However, when there is no 
contraindication to lens insertion, the patient may 
receive either a sutured PCIOL or an anterior 
chamber intraocular lens (ACIOL). Historically, 
ACIOLs, especially rigid and closed-loop lenses, 
have been associated with a higher rate of 
complications compared with PCIOLs (42). These 
complications can lead to poor visual results and 
include bullous keratopathy, glaucoma, uveitis, 
hyphema, and cystoid macular edema. Newer, open-
loop ACIOL designs, however, seem to have a lower 
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rate of complications (43).  In case of ACIOL 
complications, exchange of the anterior chamber IOL 
to a scleraly fixated PCIOL is done.  Previous studies 
describing the visual results in subjects who 
underwent intraocular lens exchange have reached 
conflicting conclusions. Some studies have found 
similar final visual results between eyes that received 
an ACIOL and those that received a PCIOL (44). 
whereas other studies have found better postoperative 
visual results in eyes that received a PCIOL (45). 
 
2. Patients and Methods 

The study cohort included 20 eyes of 20 
patients. Preoperative data included age, gender, type 
& duration of dislocation (surgery , trauma) or 
aphakia , coexisting ocular diseases, preoperative 
best-corrected visual acuity (BCVA), preoperative 
type of IOL, category of IOL dislocation (in the bag), 
and previous surgery including pars plana vitrectomy, 
sclera buckling procedure, or neodyminium:yttrium-
aluminium-garnet (Nd:YAG) capsulotomy. Surgery 
is recommended only when the IOL was dislocated 
peripheral to the visual axis and was causing 
symptoms of visual loss sufficient to interfere with 
the patient’s activities of daily living, or patients who 
were left aphakic for a 2ry implantation procedure. 
The scleral suture fixation technique for acrylic IOLs 
was previously reported (18, 46)    A modofication of 
the technique was done which made the procedure 
faster and preserved the surrounding conjunctiva (fig. 
1). All surgeries were done by one surgeon ( 1st 
author A.S.) 
 
Scleral fixation technique:  

We followed the technique reported by 
Richard Hoffmann (fig 1) where, Two limbal vertical 
incisions half corneal thickness 2.5 mm in length 
were done at 1:30 and 7:30 meridians. A 2.6  mm 
crescent knife was used to create a reversed sclera 
pocket 2.5mm backwards across the limbus into the 
sclera subconjunctivally. Polypropylene sutures (10-
0) on a straight needle were introduced 1 mm 
posterior to the limbus through the wall of the scleral 
pocket traversing the conjunctiva, sclera pocket and 
into the eye. The needle is passed across the eye 
behind the iris and delivered from the opposite side 1 
mm behind the limbus through guidance by a 25 G 
needle introduced through the sclera pocket of the 
other side 180 degrees away. This needle is again 
introduced into the eye 1mm adjacent to its exit to 
pass to the opposite side in the same manner 
previously described. Finally, we have two 10/0 
threads passing across the eye and 2 separate ends on 
either side of the limbus. A two step corneal incision 
7mm is done. The two 10/0 threads are retrieved 
through the wound by a sinsky hook. Every two ends 

are tied to the hole on the haptic of sclera fixation 
PMMA 6.50 optic IOL, whenever the diopteric 
power was available or on the haptics if not. The two 
ends were pulled to centralize the IOL. The corneal 
wound in closed with 3 interrupted 10/0 nylon 
stitches. The 2 10/0 prolene threads on either side 
were retrieved from the corneal side of the scleral 
pocket and tied to one another on either side 
separately and buried in the sclera pocket. 

In vitreous dislocated IOLs; 3 port 20 Gauge 
pars plana vitrectomy was done in the usual manner 
with perflurodecalin floatation of the dislocated IOL 
and retrieval with serrated vitrectomy forceps and 
into the anterior chamber above the iris, where it is 
removed through corneal incision. In cases where 
there was traumatic dislocation of the cataractous 
lens, the same former technique was done with 
removal of the lens by phacofragmatome. In cases 
where total vitrectomy was performed, peripheral 
retinal indentation was done with intraocular laser 
treatment to any suspicious peripheral tears and fluid 
air exchange was done with the eye left with air 
tamponade with no traction on the retina. In case of 
surgical aphakia, conjunctiva was not opened and 
anterior chamber vitrectomy was done either through 
two corneal  side ports or through the main corneal 
wound. In cases of anterior chamber IOL sublaxation, 
anterior vitrectomy was done through 2 corneal side 
ports and IOL was fixated with an anteriorly opened 
needle introducing the 10/0 prolene through the 
sclera pocket and retrieving it in the manner 
described earlier. The anterior chamber iris captured 
IOL was removed through corneal incision with 
anterior vitrectomy, All were followed by sclera 
fixation of a 6.5 optic Polymethylmethaacrylate 
(PMMA) IOL. Visual acuity was converted to the 
logarithm of minimum angle of resolution for 
statistical analysis. 
 
Statistical analysis: 

The mean differences in paired designs were 
applied using paired t-test to analyze the differences 
in logMAR of visual acuity in the collected sample of 
this study at a confidence interval 95% and 
significance level 0.05 quality. 
 
 
 
 
 
 
 
 
 
 

A
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A      B    

C        D  

E         F  

G       H  
 
Figure1: Steps of scleral fixation: A- Limbal incision. B- Tunnel dissection. C- 10/0 prolene introduction and 

retrieval. D- 10/ 0 prolene thread retrieval. E-Haptic tying.  F- 10/0 prolene pocket retrieval. G- 
10/0 prolene tying and embedding in the sclera pocket. H- Final picture with no conjunctival 
opening. 

 
 
 

  

http://www.americanscience.org            editor@americanscience.org 854



Journal of American Science                                                                                                                 2010;6(10)   

  

3. Results: 
Preoperative Characteristics 

The study cohort included 20 eyes of 20 
patients (8 males, 12 females), with mean age of the 
patients was 52.9 years (range, 25-70 years; (Table 
1). There were 11 (55%) right eyes. The median 
interval from 1ry procedure to the present procedure 
is 66 days (range, 14–120 days).The indications for 
scleral fixation  were vitreous IOL dislocation during 
the 1ry procedure in 3(15%) eyes; surgical aphakia 
without enough capsular support for 1ry IOL 
implantation in 9 (45%) eyes;  Traumatic cataractous 
phakic lens vitreal dislocation in 5 (25%) eyes;  IOL 
sublaxation with the optic bisecting the pupil and 
peripheral anterior synechea and residual cortical 
matter in 2 (10%) eyes; Anterior chamber captured 
IOL suffering from chronic iritis in one (5%) eye. 
The preoperative mean BCVA logarithm of minimum 
angle of resolution was 1.67 (range of Snellen visual 
acuity, 1/60 – 6/60). There were 2 (10 %) polymethyl 
methacrylate (PMMA) IOLs, 3 (15%) one piece 
acrylic IOLs,  and 1 (5%) ACIOLs (Table 1). 
 
Table 1. Baseline Characteristics 
No. of patients  20 
Eyes 20 

Gender (%)    Female 12 eyes    
60 % 

Age (yrs)        Mean 52.9   
Range 25–70 

Right    11eyes   55 % 
Types of dislocated IOL               
(n-6) 

 

PMMA 1-piece                             2  (10 %) 

1-Piece acrylic IOL 3  (15 %) 

ACIOL                                          1  (5 %) 
Preoperative BCVA  
Mean logMAR                1.67 
Range (Snellen)                            1/60 – 6/60 
Interval from IOL implantation 
to dislocation    

Range 14 day to 
120  days 

 
ACIOL anterior chamber intraocular lens; BCVA 
best corrected visual acuity; IOL intraocular lens; 
logMAR logarithm of minimal angle resolution; 
PMMA polymethylmethacrylate. 

 
The median follow-up after dislocated IOL 

management or implantation was  18 months (range, 
11monts-24months). The postoperative mean BCVA 
logarithm of minimum angle of resolution was 0.24 
(range of Snellen visual acuity, 6/60 – 6/6). 
Intraoperative complications included one case of 
accidental iris injury during anterior vitrectomy 
(Table 2). Two cases of mild vitreous hg which 

resolved after 2 weeks of bed rest (Fowler position). 
Two cases of moderate vitreous hg which mandated 
doing total vitrectomy during the procedure. Early 
postoperative complications included pupillary block 
with elevation of the IOP which resolved completely 
after a course of mydriatics. Mid term post operative 
complications occurred in one case with the 
occurrence of cystoid macular oedema (Irvine gass 
syndrome). 
 
Table 2: complications. 
Complications   
  Intraoperative accidental iris injury                      

(n:1) 
 Mild vitreous hemorrhage             

(n:2) 
 Moderate vitreous hemorrhage   

(n:2) 
 Retinal tears                                   

(n:2) 
  Postoperative    
    Early Papillary block   

(n:1) 
    Midterm Cystoid macular oedema               

(n:1) 
 

Best corrected visual acuity (BCVA) 
preoperatively ranged from 1/60 -6/60 and 
postoperatively between 6/60 – 6/6 (Figure 2, 3). 
Statistical analysis of the logarithm of the minimum 
angle of resolution (LogMAR) between the 
preoperative and postoperative visual acuity revealed 
significant improvement  (p≤0.05 ). 
 
4. Discussion: 

Previous studies have not definitively set 
surgical indications and optimal timing for 
management of dislocated IOLs; neither did this 
study. The management approach depends on 
surgeon preferences and individual case specifics, 
including integrity of capsule remnants, type of IOLs, 
and coexisting ocular pathology (47-50). The surgical 
approach in this series was influenced by the 
specialty (vitreoretinal) and the preferences of the 
operating surgeon (AS), but standardization was 
established regarding the scleral fixation itself, while 
the remainder of the procedure was determined by the 
case pathology and operative circumstances.  The 
stability and centralization of the scleraly fixated 
IOLs in this study were excellent during the follow 
up period with no rotation or sublaxation. The visual 
acuity significantly improved postoperatively.   
Postoperative retinal detachment has been reported in 
3%21 to 14%10 of cases. In the current study, 
postoperative retinal detachment didn’t develop in 
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any case postoperatively. In cases where total 
vitrectomy was performed, peripheral retinal 
indentation was done with intraocular laser treatment 
to any suspicious peripheral tears and fluid air 
exchange was done with the eye left with air 
tamponade with no traction on the retina. Knot 
exposure, intraocular hemorrhage, trans-scleral suture 
fistulas, and endophthalmitis have been reported with 
transscleral sutures, but none with the present 
technique.  The scleral pocket technique done 
minimized this incidence. Intraoperative and 
postoperative intraocular hemorrhage is usually self-
limited, with two cases resolved after 2 weeks  but 2 
(10%) patients received vitrectomy during the scleral 
fixation  owing to moderate nature of the  
hemorrhage, which was related to the transscleral 
suture passes. Cystoid macular edema occurred in 
one case and was treated accordingly. Recent case 
studies of in-the-bag IOL dislocation have suggested 
predisposing factors of pseudoexofoliation, uveitis, 
trauma, status after vitrectomy, and long axial length 
(27,33,48,51-59). Postoperative retinal detachment 
occurred more commonly with in-the-bag IOL 

dislocation compared with extracapsular dislocation, 
but none in this study. Intraoperative retinal breaks 
were encountered in 2 eyes; 10%) in this study during 
the course of vitrectomy and were treated with 
intraocular laser. Suturing of a dislocated PCIOL to 
the sclera could be technically demanding, potentially 
resulting in an increased number of intraoperative 
and postoperative complications such as intraocular 
hemorrhage, retinal tears, and retinal detachment, 
with a long-term risk of lens rotation, as well as 
endophthalmitis (36,48,60,61). Repositioning a dislocated 
PCIOL into the ciliary sulcus is easier and less 
traumatic than suturing a lens into the sclera, 
however, there is the possibility of postoperative lens 
dislocation because of inadequate capsular support 
(35).  Finally, although technically easier to place, 
ACIOLs may be associated with a higher long term 
risk of corneal decompensation, glaucoma, and 
uveitis (42,43,62). In contrast, PCIOLs have a long-term 
safety record in eyes with other ocular diseases such 
as glaucoma, uveitis, and diabetic retinopathy (63,64). 
This series is rather few, but it adds to the belief of 
the safety and stability of scleraly fixated IOLs. 

 

2    3  
 
Figure2: graph of visual acuity pre and postoperative by 3 months, Figure3: graph of visual acuity LogMar 
conversion pre and postoperative by 3 months. 

 
Corresponding author  3- 3-Anand R, Bowman RW. Simplified technique 

for suturing dislocated posterior chamber 
intraocular lens to the ciliary sulcus(letter). Arch 
Ophthalmol.1990;108:1205-1206. 

Ayman Shouman 
Ophthalmology Department, Research Institute of 
Ophthalmology, Giza, Egypt 

4- Azar DT, Wiley WF.Double-Knot transscleral 
suture fixation technique for displaced 
intraocular lenses. Am J 
Ophthalmol.1990;128:644-646. 

shoumanaaes@yahoo.co.uk 
 
5. References: 
1- Ridley H. Intra-ocular acrylic lenses—past, 

present and future. Trans Ophthalmol Soc UK 
1964;84:5–14. 

5- -Bloom SM, Wyszynski RE, Brucker AJ. Scleral 
fixation suture for dislocated posterior chamber 
lens.Ophthalmic Surg.1990;21:851-854. 2- Smith SG, Lindstrom RL. Malpositioned 

posterior chamber lenses: etiology, prevention, 
and management. J Am Intraocular Implant Soc 
1985;11:584 –91 

6- Chan CK. An improved technique for 
management of dislocated posteror chamber 
implants. Ophthalmology. 1992; 99:51-57.      

            editor@americanscience.org 856

mailto:shoumanaaes@yahoo.co.uk


Journal of American Science                                                                                                                 2010;6(10)   

  

7- Chang S. perflurocarbon liquids in vitreoretinal 
surgery. Int Ophthalmol clin. 1992; 32:153:163. 

8- Chang S, Coll GE. Surgical techniques for 
repositioning a dislocated intraocular lens, repair 
of iridodialysis, and secondary intraocular lens 
implantayion using innovative 25-gauge forceps. 
Am J Ophthalmol.1995; 119:165-174. 

9- Fanous MM, Friedman SM. Ciliary sulcus 
fixation of a dislocated posterior chamber 
intraocular lens using liquid 
perfluorophenanthrene. Ophthalmic Surg. 1992; 
23:551-552. 

10- Friedberg MA, Plikerton AR. Anew technique 
for repositioning and fixating a dislocated 
intraocular lens. Arch Ophthalmol. 
1992;110:413-415.   

11- Kokame GT, Yamamoto I, Mandel H, Scleral 
fixation of dislocated posterior chamber 
intraocular lenses; temporary haptic 
externalization through a clear corneal incision. J 
cataract Refract Surg.2004; 30:1049-1056. 

12- Little BC, Rosen PH, Orr G, Aylward GW.trans-
scleral fixation of dislocated posterior chamber 
intraocular lenses using a 9/0 microsurgical 
polypropylene snare. Eye.1993; 7:740-743. 

13- Maguire AM, Blumenkranz MS, Ward TG, 
Winkelman JZ. Scleral loop fixation for 
posteriorly dislocated intraocular lenses, 
operative technique and long-term results. Arch 
Ophthalmol.1991; 109:1754-1758. 

14- Nabors G, Varley MP, Charles S. Ciliary sulcus 
suturing of a posterior chamber intraocular lens. 
Ophthalmic Surg. 1990; 21:263-265. 

15- -Schneiderman TE, Johnson MW, Smiddy WE, 
et al. Surgical management of posteriorly 
dislocated silicone plate haptic intraocular lenses. 
Am J Ophthalmol. 1997;123:629-635. 

16- Shin DH, Hu BV, Hong YJ, Gibbs KA. Posterior 
Chamber lens implantation in the absence of 
posterior capsular support ( letter and reply by 
WJ Stark, GL Goodman, JD Gottsch )ophthalmic 
Surg.1988;19: 606=607. 

17- Smiddy WE. Dislocated posterior chamber 
intraocular lens; a new technique of 
management. Arch Ophthalmol.1989; 107: 1678-
1680. 

18- Smiddy WE, Flynn HW Jr, Needle assisted 
scleral fixation suture technique for relocating 
posteriorly dislocated IOLs(letter) Arch 
Ophthalmol.1993;111:161-162. 

19- Smiddy WE, Ibanez GV, Alfonso E, Flynn HW 
Jr. Surgical management of dislocated 
intraocular lenses. J Cataract Refract Surg. 1995; 
21:64-66. 

20- Thach AB, Dugel PU, Sipperley JO, et al. 
Outcome of sulcus fixation of dislocated 

posterior chamber intraocular lenses using 
temporary externalization of the haptics. 
Ophthalmology.2000;107:480-484; discussion 
by WF Mieler, 485. 

21- Koch HJ, Kim CY, Lim SJ, Kwon OW. Scleral 
fixation technique using 2 corneal tunnels for a 
dislocated intraocular lens. J Cataract Refract 
Surg. 2000; 26: 1439-1441.  

22- Lewis JS .Ab externo sulcus fixation. 
Ophthalmic surgery. 1991; 22: 692-695. 

23- Mohr A, Hengerer F, Eckardt C. Retropupillare 
fixation der irisklauenlinse bei aphakie; 
Einjahresergebnisse einer neuen 
implantationstechnik. ( Retropupillary fixation of 
the iris claw lens in aphakia; 1 year outcome of a 
new implantation technique. ) Ophthalmologe. 
2002;99: 580-583. 

24- Teichmann KD, Teichmann IAM. The torque 
and tilt gamble. J Cataract refract Surg. 1997;23: 
413-418. 

25- Stark WJ Jr, Maumenee AE, Datiles M, et al. 
Intraocular lenses: complications and visual 
results. Trans Am Ophthalmol Soc 1983;81:280 
–309. 

26- Smith SG, Lindstrom RL. Malpositioned 
posterior chamber lenses: etiology, prevention, 
and management. J Am Intraocular Implant Soc 
1985;11:584 –91. 

27-  Sarrafizadeh R, Ruby AJ, Hassan TS, et al. A 
comparison of visual results and complications in 
eyes with posterior chamber intraocular lens 
dislocation treated with pars plana vitrectomy 
and lens repositioning or lens exchange. 
Ophthalmology 2001;108:82–9. 

28- Mittra RA, Connor TB, Han DP, et al. Removal 
of dislocated intraocular lenses using pars plana 
vitrectomy with placement of an open-loop, 
flexible anterior chamber lens. Ophthalmology 
1998;105:1011– 4. 

29- Gonzalez GA, Irvine AR. Posterior dislocation of 
plate haptic silicone lenses [letter]. Arch 
Ophthalmol 1996;114:775– 6. 

30- Whiteside SB, Apple DJ, Peng Q, et al. Fixation 
elements on plate intraocular lens: large 
positioning holes to improve security of capsular 
fixation. Ophthalmology 1998;105:837– 42. 

31- Stark WJ, Michels RG, Bruner WE. 
Management of posteriorly dislocated intraocular 
lenses. Ophthalmic Surg 1980;11: 495–7. 

32- Sternberg P Jr, Michels RG. Treatment of 
dislocated posterior chamber intraocular lenses 
[case report]. Arch Ophthalmol 1986;104:1391–
3. 

33- McCluskey P, Harrisberg B. Long-term results 
using scleralfixated posterior chamber 

http://www.americanscience.org            editor@americanscience.org 857



Journal of American Science                                                                                                                 2010;6(10)   

  

intraocular lenses. J Cataract Refract Surg 
1994;20:34 –9. 

34- Smiddy WE, Flynn HW Jr. Management of 
dislocated posterior chamber intraocular lenses. 
Ophthalmology 1991;98: 889–94. 

35-  Panton RW, Sulewski ME, Parker JS, et al. 
Surgical management of subluxed posterior-
chamber intraocular lenses. Arch Ophthalmol 
1993;111:919 –26. 

36- Insler MS, Mani H, Peyman GA. A new surgical 
technique for dislocated posterior chamber 
intraocular lenses [case report]. Ophthalmic Surg 
1988;19:480 –1. 

37- Campo RV, Chung KD, Oyakawa RT. Pars 
plana vitrectomy in the management of 
dislocated posterior chamber lenses. Am J 
Ophthalmol 1989;108:529 –34. 

38- Bowman CB, Hansen SO, Olson RJ. 
Noninvasive repositioning of a posterior 
chamber intraocular lens following papillary 
capture. J Cataract Refract Surg 1991;17:843–7. 

39- Hu BV, Shin DH, Gibbs KA, Hong YJ. 
Implantation of posterior chamber lens in the 
absence of capsular and zonular support. Arch 
Ophthalmol 1988;106:416 –20. 

40- Stark WJ, Gottsch JD, Goodman DF, et al. 
Posterior chamber intraocular lens implantation 
in the absence of capsular support. Arch 
Ophthalmol 1989;107:1078–83. 

41- Ruiz-Moreno JM. Repositioning dislocated 
posterior chamber intraocular lenses. Retina 
1998;18:330–4. 

42- Smith PW, Wong SK, Stark WJ, et al. 
Complications of semiflexible, closed-loop 
anterior chamber intraocular lenses. Arch 
Ophthalmol 1987;105:52–7. 

43- Lim ES, Apple DJ, Tsai JC, et al. An analysis of 
flexible anterior chamber lenses with special 
reference to the normalized rate of lens 
explantation. Ophthalmology 1991;98: 243– 6. 

44- Mamalis N, Crandall AS, Pulsipher MW, et al. 
Intraocular lens explantation and exchange: a 
review of lens styles, clin- ical indications, 
clinical results, and visual outcome. J Cataract 
Refract Surg 1991;17:811– 8. 

45- Lyle WA, Jin JC. An analysis of intraocular lens 
exchange. Ophthalmic Surg 1992;23:453– 8. 

46- Smiddy WE. Modification of scleral suture 
fixation technique for dislocated posterior 
chamber intraocular lens implants [letter]. Arch 
Ophthalmol 1998;116:967. 

47- Chan CK, Agarwal A, Agarwal S, Agarwal A. 
Management of dislocated intraocular implants. 
Ophthalmol Clin North Am 2001;14:681–93. 

48- Sung Soo Kim, MD, PhD,2 William E. Smiddy, 
MD,1 William Feuer, MS,1 Wei Shi, MS1 

Management of Dislocated Intraocular Lenses. 
Ophthalmology 2008;115:1699–1704. 

49- Kazemi S, Wirostko WJ, Sinha S, et al. 
Combined pars plana lensectomy-vitrectomy 
with open-loop flexible anterior chamber 
intraocular lens (AC IOL) implantation for 
subluxated lenses. Trans Am Ophthalmol Soc 
2000;98:247–51. 

50- Mello MO Jr, Scott IU, Smiddy WE, et al. 
Surgical management and outcomes of 
dislocated intraocular lenses. Ophthalmology 
2000;107:62–7. 

51- Smiddy WE, Flynn HW Jr, Kim JE. Retinal 
detachment in patients with retained lens 
fragments or dislocated posterior chamber 
intraocular lenses. Ophthalmic Surg Lasers 
1996;27: 856 – 61. 

52- Epstein E. Suture problems [letter]. J Cataract 
Refract Surg 1989;15:116. 

53- Lanzettta P, Menchini U, Virgili G, et al. Scleral 
fixated intraocular lenses: an angiographic study. 
Retina 1998;18: 515–20. 

54- Hayashi K, Hayashi H, Nakao F, Hayashi F. 
Intraocular lens tilt and decentration, anterior 
chamber depth, and refractive error after trans-
scleral suture fixation surgery. Ophthalmology 
1999;106:878 – 82. 

55- Masket S, Osher RH. Late complications with 
intraocular lens dislocation after capsulorhexis in 
pseudoexfoliation syndrome. J Cataract Refract 
Surg 2002;28:1481– 4. 

56- Brilakis HS, Lustbader JM. Bilateral dislocation 
of in-the-bag posterior chamber intraocular 
lenses in a patient with intermediate uveitis. J 
Cataract Refract Surg 2003;29:2013– 4. 

57- Zech JC, Tanniere P, Denis P, Trepsat C. 
Posterior chamber intraocular lens dislocation 
with the bag. J Cataract Refract Surg 
1999;25:1168 –9. 

58- Yasuda A, Ohkoshi K, Orihara Y, et al. 
Spontaneous luxation of encapsulated intraocular 
lens onto the retina after a triple procedure of 
vitrectomy, phacoemulsification, and intraocular 
lens implantation. Am J Ophthalmol 2000;130: 
836 –7. 

59- -Shigeeda T, Nagahara M, Kato S, et al. 
Spontaneous posterior dislocation of intraocular 
lenses fixated in the capsular bag. J Cataract 
Refract Surg 2002;28:1689 –93. 

60- Rao GN, Stevens RE, Harris JK, Aquavella JV. 
Long-term changes in corneal endothelium 
following intraocular lens implantation. 
Ophthalmology 1981;88:386 –97. 

61- Cousins S, Boniuk I, Okun E, et al. 
Pseudophakic retinal detachments in the 

http://www.americanscience.org            editor@americanscience.org 858



Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 859

presence of various IOL types. Ophthalmology 
1986;93:1198 –208. 

62- Champion R, McDonnell PJ, Green WR. 
Intraocular lenses. Histopathologic 
characteristics of a large series of autopsy eyes 
[review]. Surv Ophthalmol 1985;30:1–32. 

63- Lewis H, Sanchez G. The use of perfluorocarbon 
liquids in the repositioning of posteriorly 
dislocated intraocular lenses. Ophthalmology 
1993;100:1055–9. 

64- -Heilskov T, Joondeph BC, Olsen KR, 
Blankenship GW. Late endophthalmitis after 
transscleral fixation of a posterior chamber 
intraocular lens [case report]. Arch Ophthalmol 
1989;107:1427. 

 
 
 
8/8/2010 



Journal of American Science                                                                                                                 2010;6(10)   

  

Induction of Chromosomal Aberrations in the Somatic and Germ 
Cells of Mice after Long-Term Exposure to Low-Dose-Rate 

Gamma-Irradiation 
 

HALA   F. ABDEL HAMID a, ADEL ASHOURb, HASSAN  MOAWADc AND ABDELMOHSEN M.  
SOLIMANd* 

 
a Chemistry of Pesticides Dept. b Clinical Genetics dept. cAgricultural Biotechnology Dept. d Therapeutic Chemistry 

Dept. National Research Centre,  El-Behoos St., Dokki, Cairo, Egypt. P.O.Box: 12622 
*solimanmohsen@yahoo.com    

 
Abstract: The induction of chromosomal aberrations in the bone marrow and spleen (as somatic cells) and in the 
spermatocytes (as germ cells) was used to evaluate the mutagenic effects after long-term exposure to low-dose-rate 
gamma-irradiation in mice. Chromosome aberration rate in mouse splenocytes after long-term exposure to low-
dose-rate (LDR) gamma-rays was serially determined by conventional Giemsa method and the fluorescence in situ 
hybridisation (FISH) technique. Incidence of dicentrics and centric rings increased almost linearly up to 8000 mGy 
following irradiation for about 100 days at an LDR of 20 mGy/day. It was found that long-term exposure to (LDR) 
gamma-rays induced a marked changes in the percentage of aberrations in both somatic and germ cells. Clear dose-
rate effects were observed in the chromosome aberration frequencies between dose rates of 40 mGy/day and 200 
Gy/day. Furthermore, the frequencies of complex aberrations increased as accumulated doses increased in LDR 
irradiation. Chromosome aberrations seem to be induced indirectly after radiation exposure and thus the results 
indicate that continuous gamma-ray irradiation for 100 days at LDR of 20 mGy/day induced chromosomal 
instability in mice. These results are important to evaluate the biological effects of long-term exposure to LDR 
radiation in humans. [Journal of American Science 2010;6(10):860-866]. (ISSN: 1545-1003).  
 
Keywords: chromosomal aberrations, low dose radiation LDS, FISH, chromosome instability, micronucleus. 
 
1. Introduction: 

Chronological changes of chromosomal 
aberration rates related to accumulated doses of a 
low-dose-rate (LDR) of radiation have not been well 
studied in animals or humans (Tanaka etal 2008). 
Chromosome instability has been identified as a 
genetic instability induced by radiation after several 
cell divisions in cultured rodent and human cells 
(Kadhim etal 1992 and 1994), which is also 
expressed as hypoxanthine-guanine 
phosphoribosyltransferase (HPRT) mutations and 
apoptosis (Seymore etal 1986 and Gorgojo etal 
1989). It is well known that delayed (or late-arising) 
chromosome aberrations are induced by acute 
irradiation at a high dose rate after several cell 
divisions in cultured human cells ( Morgan etal 1996) 
and also in mice(Niwa, 2003). Radiation induced 
genomic (chromosome) instability is defined as 
nonclonal DNA (chromosomal) damage that arises or 
increases in several cell generations after exposure to 
radiation (Mozdarani etal 2009). Genetic 
(chromosome) instability might be related to cancer, 
although the mechanism is not understood (Jacquet, 
2004). However, little information is available 
regarding chromosome instability in vivo induced by 
long-term irradiation with γ – ray at LDR, although it 

will be important for the assessment of low-dose 
radiation in human health (Forand etal 2004). 

Cytogenetic methods, such as conventional 
chromosome analysis (Zhang etal 2006), 
micronucleus assay (Fomenko etal 2006) and the 
fluorescence in situ hybridisation (FISH) technique 
(Barrans etal 2003) have been used as suitable 
methods for evaluating delayed chromosome 
aberrations, because they can score the aberration rate 
at each cell level and measure its distribution among 
cells under observation. The present study was 
performed in mice with the use of 137Cs γ – rays 
irradiations at an LDR of 20 mGy/22h/day (0.91 
mGy/h) for several tens to hundreds of days, up to 
400 days, to observe chronological changes of 
chromosome rates related with accumulated dose and 
to observe whether chromosome instability can be 
induced in vivo. 
 
2. Materials and methods 
Mice 

Male albino mice 7-week-old weighing 18-
20 g were used in the present study. The experiment 
was done in the National Research Center animal 
house in wide cages and well aerated rooms and they 
will be fed on special diets and clean water. 
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Mice were used for long- or short-term irradiation 
with 137Cs γ – rays irradiation. 
Radiation exposure 

At least 5-7 mice were grouped for 
irradiation with each total dose together with non-
irradiated mice as controls. Gamma-irradiation was 

�performed using a 137Cs -ray irradiation device 
(74GBq and 740GBq, respectively; Yoshizawa LA 
Co. Ltd., Japan). Groups of mice were irradiated with 
total doses of 100, 140, 250, 500, 750, 800, 1000, 
2000, 4000, 6000, and 8000 mGy at dose rate of 20 
mGy/22h/day (0.91 mGy/h) for 1- 40 days with the 
use of 137Cs γ – ray irradiation device. The daily dose 
of 200 mGy/day and 20 mGy/day, respectively, is 
described in this paper. 
 
Spleen cell cultures 

Mice were sacrificed under ether anaesthesia 
immediately after the cessation of irradiation, and 
spleens were sterilely removed. All reagents were 
obtained from Sigma, St Louis, MI, USA except 
where noted. For chromosome analysis, spleen cells 
were isolated and cultured in RPMI 1640 medium 
(Invitrogen Corp., Carlsbad, CA, USA) containing 
lipopolysacharide (LPS, 10 g/ml), concanavalin A 
(ConA, 3 g/ml), and 2-mercapto-ethanol (2-ME, 50 
M) under 5% CO2 atmosphere with 95% humidity at 
37˚ C. For micronucleus assay, cytochalasin B (0.5 
g/ml) which is a cell-permeable mycotoxin. that 
inhibits cytoplasmic division by blocking the 
formation of contractile microfilaments, was added 
24 h before harvesting to obtain binucleated cells. 
 
Spermatocytes chromosomal preparations 

Mice were sacrificed under ether anaesthesia 
2 hrs after the cessation of irradiation. The testes 
were removed and meiotic chromosomal preparations 
were done according to the air dry technique (Evans 
etal 1964).  
 
Conventional Giemsa staining method 

The conventional Giemsa staining method 
(Zhang etal 2006) was suitable for the analysis of 
large numbers of chromosome metaphases of LDR-
irradiated mice, because the procedure is simple and 
rapid. Chromosomal aberrations such as dicentric 
chromosomes (Dic), centric ring chromosomes (Rc), 
acentric ring chromosomes (Ra), fragments,minutes 
(min) and deletions (del), hyperploids and chromatid-
type aberrations such as gaps (ctg), breaks (ctb) and 
exchanges (exc) were observed in 500–1000 
metaphases per mouse under a light microscope 
(Olympus Bx50, Olympus, Tokyo, Japan). 
 
Micronucleus assay in spleen and bone marrow 

Three to five mice were analysed in each 
experimental group at the total doses of 5000, 6000 
and 8000 mGy with irradiation at a dose rate of 20 
mGy/day by micronucleus assay to observe 
micronucleus incidence in splenocytes. Non-
irradiated mice of the same age were also analysed as 
a control group. 
 
Interphase fluorescence in situ hybridization (FISH) 
analysis 

Five mice were analysed at 8000 mGy with 
irradiation of the 20 mGy/day dose rate by FISH 
method (Barrans etal 2003) using centromere probes 
of chromosomes 5, 15, and 18 to observe the 
numerical chromosome aberration rate in 
splenocytes. Five non-irradiated control mice of the 
same age as irradiated mice were used as a control. 
 
Statistical analysis 

The standard error for yields of chromosome 
aberrations was estimated by regression analysis (Sen 
and Srivastava, 1990). 
 
3. Results and Discussion: 
 Incidences of dicentric and centric ring 
chromosomes 

Total aberrations of dicentric and centric 
rings in mice exposed to γ – rays at the dose rate of 
either 200 mGy/day or 20 mGy/day and age-matched 
non-irradiated control mice were estimated. The 
frequencies of aberrations per 100 cells at 8000 mGy 
at 20 mGy/day were 17.2 times higher than those of 
non-irradiated mice and increased as accumulated 
doses increased (Figure 1). Dose-response 
relationship between the incidences of dicentrics and 
centric rings and total accumulated doses up to 8000 
mGy at both dose rates of 200 mGy/day and 20 
mGy/day were obtained respectively. The dose-
response curve for both 200 mGy/day and 20 
mGy/day were almost linear up to 8000 mGy, 
indicating that these aberrations increased with 
accumulated dose for both dose rates.   

The rate of chromatid-type aberrations also 
slightly increased with the accumulated dose of 
irradiation of 200 mGy/day and 20 mGy/day (Figure 
1). The Equation obtained is shown in Figure 1 for 20 
mGy/day and 200 mGy/day. The value of 0.086 at 0 
Gy was obtained as the mean number of aberrations 
of dicentric and centric rings per 100 cells from the 
observation of 25 non-irradaiated 8-week-old mice at 
the beginning of irradiation. 
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Figure 1. Frequencies of dicentrics and centric rings 
from mice after irradiation of less than 8000 mGy at 
LDR of 20 mGy/day (■) and 200 mGy/day (□). Each 
dot indicates the value obtained from individual mice. 
 

The incidence of aberrations as dicentric and 
centric ring chromosomes were compared at two 
different dose rates (200 mGy/day and 20 mGy/day) 
at several identical total doses (Figure 1). The ratios 
of aberration frequencies between the two different 
dose rates at total doses of 8000 mGy, 4000 mGy, 
1000 mGy and 800 mGy were 4.15, 2.78, 4.01, 5.06, 
and 6.58, respectively. Clear dose-rate effect was 
observed within these two different dose rates in the 
frequencies of dicentrics and centric rings. The 
present study revealed dicentric and centric ring 
aberrations in splenocytes continued to increase 
almost linearly up to 8000 mGy at dose rates of 20 
mGy/day and 200 mGy/day as accumulated total 
doses rates increased. Dicentric chromosome 
aberrations from peripheral blood lymphocytes and 
Dlb-1 mutations induced in the small intestine in 
mice showed no statistical difference in the dose 
responses between three different doses rates (550 
mGy/day, 185 mGy/day and 64 mGy/day) as 
described by Sen etal (1990). Inverse radiation dose-
rate effects have been seen for somatic and germ line 
mutations and DNA damage (Tucker  et al 1998).  
Dose-rate effects on mutations rates in the mouse 
spermatogonia and spermatid were observed at the 
dose rates of 900 mGy/min to 0.8 mGy/min (1056 
mGy/22 h/day), but not as much lower dose rate of 
0.007 mGy/min (9.24 mGy/ 22 h/ day)  as reported 
by Vilenchik et al (2000). Since the dose rate of 20 
mGy/day (0.91 mGy/min when calculated for 22 h in 
a day) is approximately 20-200 times lower than 
those used in most other laboratories to observe 

adaptive response and dose-rate effects on mutation 
(Russel and Kelly, 1982). 

The results obtained will be valuable for risk 
assessment of low-dose radiation. Splenocytes 
proliferated by ConA and LPS stimulation are 
considered to be mostly T- and B-lymphocytes, 
respectively. Lymphocytes with unstable-type 
aberrations could be eliminated in each cell division 
during long-term exposure to LDR γ – rays. It is 
possible that spleen is a reservoir for lymphocyte 
populations which could migrate into the spleen from 
other tissues including the bone marrow, thymus, and 
lymph nodes of mice continuously irradiated for a 
long period. Another possibility is that a long-lived 
lymphocyte subset may be relevant for the linear 
increase of dicentric and centric ring chromosomes. 
The directly observed chromosome aberration rates 
of dicentric and centric rings between dose rates of 
20 mGy/day and 200 mGy/day were compared at 
several doses to identify the existence of any dose-
rate effect. 

y=0.0012x+0.086 
R2=0.8812 

 (□) 200 mGy/day  
 (■) 20 mGy/day  

y
=
0

 
Chromosome instability detects by unstable-type 
aberrations 

Tables 1 and 2 indicate that the mean 
percentage of chromosome aberrations in bone 
marrow cells and spermatocytes induced in irradiated 
mice has increased after LDR irradiation in 
comparison with non-irradiated mice. 

On the other hand, the complexity of 
chromosomal aberrations in terms of number of 
unstable-type aberrations per cell will be a suitable 
cytogenetic index for evaluating chromosome 
instability after prolonged LDR irradiation. 

Chromosomal aberrations such as Dic, Rc, 
Ra, Fg, min and del were scored and the total number 
of aberrations per cell was calculated using only 
aberrant cells in each mouse. Complexity was 
determined as a total number of unstable-type 
aberrations (Dic + Rc + Ra + Fg + min + del) divided 
by a total number of abnormal cells with 
chromosome-type aberrations. The results are 
summarised in Figure 2a and 2b. Their complexity 
started to increase from more than 200 mGy in the 
irradiation at 200 mGy/day and from more than 500 
mGy in the irradiation at 20 mGy/day, and both 
increase from early days, 8 days and 1 day after 
initial irradiation, respectively (Figure 2b). On the 
other hand, our preliminary observation of 
translocation in spleen calls from mice with 
prolonged irradiation at 20 mGy/day showed that the 
complexity increased after 200 days after initial 
irradiation (more than 4000 mGy). The number of 
aberrations per cell was not different between 
unstable-type aberrations and translocations. 
Chromosome complexity was also compared at the 
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same irradiation period within 40 days between dose 
rates of 20 mGy/day and 200 mGy/day (Figure 2b). 
Complex aberrations were enhanced by irradiation 
with a dose rate of 200 mGy/day than 20 mGy/day 

indicating an influence of dose rate on chromosome 
instability.  
 

 
Table 1. Percentage of chromosomal aberrations in bone marrow from mice irradiated with LDR at 20 

mGy/day. 
Dose 
[mGy/day] 

No. of 
mice 

Number 
of observed 
metaphases 
in cells 
 

Number 
of observed 
metaphases with 
chromosomal 
aberrations 

Percentage 
of metaphases with 
chromosomal 
aberrations 
(mean+S.E.) 

Significance 
P < 

0 5 296 14 4.74+0.36 - 
250 5 250 19 9.5+0.5      P < 0.01 
5000 5 250 45 22.3+0.63 P < 0.001 
6000 4 200 59 23.9+1.33 P < 0.001 
8000 4 200 69 27.8+1.52 P < 0.001 
 
Table 2. Percentage of chromosomal aberrations in spermatocytes from mice irradiated with LDR at 20 

mGy/day. 
Dose 
[mGy/day] 

No. of 
mice 

Number 
of observed 
metaphases 
in cells 
 

Number 
of observed 
metaphases with 
chromosomal 
aberrations 

Percentage 
of metaphases with 
chromosomal 
aberrations 
(mean+S.E.) 

Significance 
P < 

0 5 220 7 3.51 + 0.61 - 
250 5 200 16 10.5 + 0.9 P  < 0.01 
5000 5 200 25 12.7 + 0.84 P < 0.001 
6000 4 160 39 19.8 + 1.03 P < 0.001 
8000 4 160 42 21.6 + 1.16 P < 0.001 
 

On the other hand, the incidences of 
hyperploidy and complexity of chromatid-type 
aberrations which are determined as total number of 
ctg, ctb and exc divided by a total number of 
abnormal cells with chromatid-type aberrations did 
not increase with accumulated dose, although these 
two types of chromosome aberrations have been used 
as suitable markers for establishing chromosome 
instability (Farooqi and Kesavan, 1993). 

It can be noticed that cells with heavy DNA 
damage may be eliminated by apoptosis whereas 
cells able to survive after exposure may have a higher 
probability of developing a mutation, and cells 
surviving after ionising radiation lead to genomic 
(chromosome) instability. Radiation-induced 
genomic instability arising at a large stage is 
demonstrated by increased rates of mutation, 
decreased cell survival, and various chromosome 
aberrations. An acute low dose to mice in utero 
induced high incidences of chromatid breaks and 
fragments and polyploidy cells in bone marrow cells 
after birth (Devi and Hossain, 2000a)]. Persistent 
chromatid-type aberrations were commonly observed 
in cells long-term cultured from haematopoetic and 
solid mouse tissues exposed to γ – rays (Devi and 

Hossain, 2000b  and Watoson et al 2001). Lung cells 
from rates injected with superoxide dismutate showed 
a reduced number of micronuclei, which indicates the 
involvement of oxygen radicals in chromosome 
instability (Turker et al. 2004). Cells with chromatid-
type aberrations result in one chromosomal deletion 
and one normal cell at the next cell division. Since 
unstable-type chromosome aberrations such as 
dicentric chromosomes are unstable and do not 
persist through the next cell cycle, a high percentage 
of these aberrations occurring by irradiation are 
eliminated after many cell generations. Radiation-
induced chromosome or genetic instability has been 
demonstrated mostly with the use of accurate 
irradiation at high-dose rates (Cai and Cherian, 
2001). Few studies have addressed whether low-dose 
radiation LDR can induce chromosome or genomic 
instability long-term after irradiation (Osipov et al, 
2004). In this connection (Abrahmsson-Zetterberg et 
al, 2000)  reported that exposure to radiation within a 
dose rate of 20 – 2000 mGy/h of mouse embryos 
showed no increase of chromosome instability at 35 
days after birth, which indicates that LDR radiation 
doses might permit sufficient DNA repair. However, 
the present observation of exposure to 20 mGy/day 



Journal of American Science                                                                                                                 2010;6(10)   

  

(0.91 mGy/h), which is much lower than reported by 
Nakano et al (2007), clearly showed chromosome 
instability. 

From these experiments it was concluded 
that unstable-type aberrations, chromatid-type 
aberrations, and polyploidy cells are likely to be 
suitable markers for detecting chromosome instability 
in vivo after long-term LDR radiation, although the 
precise classification of direct radiation-induced 
aberrations and delayed chromosome aberrations 
could be difficult. Thus, the complexity of unstable-
type and stable-type chromosome aberrations will 

also be used as a suitable cytogenetic marker of 
chromosome instability. 

Moreover, it can be concluded that cells 
with chromosome instability can persist for a long 
period after irradiation and some form a benign or 
malignant clone which may develop into neoplastic 
transformation implicating the biological significance 
of continuous long-term exposure to LDR radiation. 
Information on the incidence of chromosome 
aberration frequencies and chromosome instability in 
persistent translocations will become more important 
for low-dose radiation-induced risk in humans. 
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Figure 2a. Chromosome complexity (total number of unstable-type (Cu) aberrations per cell in abnormal cells) from 
mice after irradiation of less than 8000 mGy at LDR of 20 mGy/day (■) and 200 mGy/day   (□). Each value 
indicates the mean ± standard error (S.E.) of data from at least seven mice. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2b. Chromosome complexity (total number of unstable-type (Cu) aberrations per cell in abnormal cells) from 
mice after irradiation for 40 days at LDR of 20 mGy/day (■) and 200 mGy/day (□). Each value indicates the mean ± 
standard error (S.E.) of data from at least seven mice. 
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Abstract: An experiment was conducted to detect the effect of some legume crops on soil nitrogen recovery in the 
degraded soils of north Ethiopia. Faba beans, field peas, vetches, lentils and alfalfa were sown. The effect was 
observed by measuring plant dry matter production, nodule numbers, soil N contents before and after plantation and 
N content of leaves. All data from crops were taken at 50% flowering. The study showed a significant difference 
between treatments on dry mater production and nodule numbers. There was also a positive correlation between dry 
matter production and nodule numbers (r=0.97*, r= 0.855*, r=0.98*, r=0.45* and r=0.51* for faba beans, field peas, 
vetches, lentils and alfalfa, respectively). Faba beans have produced the highest dry matter and largest number of 
nodules per plant. The highest soil N was also recovered from the plots where faba beans were grown. Moreover, 
the highest content of N was found in the leaves of faba beans. Despite the fact that faba beans performed better than 
other legumes for soil N recovery producing the highest dry matter, they failed to survive and bear grains due to 
inadequate rainfall encountered during the grain formation period of the growing cycle. Thus, this study concludes 
that firstly growing legume crops on the degraded soils will help restored soil fertility quickly and inexpensively 
thereby crop productivity can be enhanced. Secondly, lentils and field peas were screened as the most suitable 
legume crops for the study area as both withstood drought conditions comparatively. [Journal of American Science 
2010;6(10):867-870]. (ISSN: 1545-1003).  
     

Keyword: Degraded soils, legume crops, dry matter production, nodules, soil nitrogen recovery 

 
Introduction  

Agricultural production in low potential 
areas of north Ethiopia is constrained by declining 
soil fertility, unpredictable and erratic rainfall. 
Farmers are further hampered by inefficient input 
supply systems and markets for produce, and have 
limited opportunities to earn off-farm income, 
insufficient credit schemes and cash for investment, 
inadequate extension services, insecure land tenure 
and poor infrastructure (Fassil, 2002). Consequently, 
intensification is the major option available to 
increase production, and this inevitably means an 
increase in the use of organic and inorganic fertilizers 
(Fassil, 2002). 

Improved productivity and food self 
sufficiency requirement is expected to come as a 
result of increased farm input such as fertilizer. 
However the enormous rise in cost of chemical 
fertilizer, non-availability of fertilizer industry in 
Ethiopia and the health hazards and damage caused 
though environmental pollution has made the country 
to search alternative source to increase food 
production (ESSS, 1993).          

In Ethiopia, at least seven types of pulses, 
namely horse beans, chick peas, haricot beans, field 
peas, lentils, soyabean and vetch are grown.  Pulses 

account for about 10.5 per cent of the total food grain 
production area of the country. Pulse yields, are 
estimated at about 9.6 kgha-1(FAO, 1992). 

There is high genetic variability within 
legume species is their effectiveness at biological N-
fixation. Haricot bean (Phaseolus vulgrais) is a 
commonly grown legume in Africa. In Kenya, it is 
estimated that Phaseolus bean draws 43-52 percents 
of its N requirement from the atmosphere, which 
amount to 74-91 kg N per ha (Smaling, 1993).  

The important N-fixation crops are food 
grain legumes; faba-beans, field peas, chickpeas and 
lentils, which are cultivated in the central and 
northern highlands of Ethiopia. There is an enormous 
potential in Ethiopia to intensify crop production 
through legume rotation and intercropping. Also 
indigenous forage legume (vetch, Trifolium, etc.) are 
remarkably abundant in the higher altitudes and well 
nodulated with good potential for N-fixation and 
those are useful components of cropping system. 
Particularly where a fallow period is maintained 
currently the cropping pattern is dominated by cereal 
monocropping, as farmers do not favor legume due to 
their lower field compared to cereals (Elias, 2002), 
and the need to produce enough cereals for household 
food security. 
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Thus, the objective of this paper is to 
communicate with information on the importance of 
legume crops for soil nitrogen recovery in the 
degraded areas of north Ethiopia. 

 
2 Materials and Methods 
Location 

This study was conducted in the 
Experimental Site of Mekelle University (Main 
campus), which is located at 1328’N and 399’E and 
3 kms away from Mekelle town with a total area 
covering 349 ha. 
 
Climate 

As part of the Ethiopian highlands, Mekelle 
has generally a cool tropical semi-arid climate. The 
yearly rainfall average is about 500 mm. The rainfall 
in the study site tends to be unimodal, with more than 
85% of rain falling within a period of four months 
from June to September. The highest average 
maximum temperature is recorded in June (28 C) 
while the lowest average minimum temperature 
occurs in December (9 C). At the on set of the rainy 
season the mean maximum temperature drops 
suddenly.  

Soil Type 

The major soil types found in the study area 
are Cambisols, Vertisols, vertic Cambisol, Luvisols, 
Regosols and Leptosols. Almost all these soil types 
are degraded due to several factors, one of which is 
overcultivation. This study was carried on Cambisols 
as these soils comparatively cover huge agriculturally 
important areas. 

Experimental lay out  

The experiment was laid out in randomized 
complete block design (RCBD), with five treatments 
replicating four times on a plot size of 3x5m with an 
inter row spacing of 20cm.  
 
Soil N analysis  

Composite soil samples were collected from 
depth of 0-30 cm before sowing and at flowering 
stage. The samples were air dried, ground and sieved 
to pass 2 mm mesh. Then total soil N was determined 

by Kjeldahl method in the Soils Research Laboratory 
of Mekelle University.  
 
Plant data collection  

At 50% flowering stage, nodule count was 
made for randomly selected plants from each plot. 
When the field was sufficiently dried for field 
operation, crop roots were carefully recovered and 
effective nodule (pink-red in color) numbers were 
counted by placing them on a tray. Plant biomass 
area of 1m2 was counted and multiplied by average 
number of nodule. Dry weight was determined by 
drying the shoots each crop found in 1m2 in an oven 
at 65˚ C for 24 hours. Finally, the nitrogen content of 
the fresh leaves was analyzed by Kjeldahl method. 
 
Data analysis  

Analysis of variance was made for nodule 
numbers and dry matter. Duncan’s Multiple Range 
Test (DMRT) was also used to separate the means of 
the treatments. Linear correlation and regression 
analyses were made between nodule numbers and dry 
matter to get an insight on the degrees of relationship 
between N fixation by a given treatment.  

 
4 Results and discussions 
Nodulation  

Table 1 shows nodule numbers of individual 
legumes. Relatively low number of nodules was 
counted from vetches due to low generation rate (30-
40%). Maximum number of nodules was found on 
lentil roots, which was ranged from 6000-8000 
nodules per m2, due to high germination rate (90-
96%) and the minimum was found on alfalfa root 
(26-34 nodule plant-1). Besides, the highest number 
of active nodules per plant was observed on the roots 
of faba beans, i.e., 109-120 nodule plant-1and the 
lowest was found on alfalfa root (26-34 nodule plant-

1). The difference in number of nodule in m-2 between 
treatments was highly significant, since they were 
different in their germination rate while difference 
between replication was not observed. This 
difference was also valid when number per plant 
considered. DMRT shows in that lentil had the 
highest number of nodules per m2 whereas faba beans 
and field peas showed minor difference between their 
mean (Table 1).  
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Table 1. DMRT of nodule numbers in m2 of legume crops 
DMRTb DMRTb Mean number of 

nodule plant-1a 
Treatment  Mean number of 

nodule m-2a 
Faba bean 
Field pea 
Vetch 
Lentil 
Alfalfa 

5810.25 
6409.5 
2466.25 
7503 
3904 

ac 
ab 
d 
a 

bc 

112.25 
             82.00 
             60.00 
             49.00 

  31.25 

a 
b 
c 
d 
e 

a average of four replication 
b different letter within a treatment represent significant difference at 5% level of significance. 
  
Dry matter production 

From ANOVA all treatments differed significantly in terms of dry matter production. Also there was 
significant difference within replicas. DMRT results as is shown in Fig 1 faba beans have significantly high dry 
matter yield than the rest though field pea and lentil produce more dry matter. Even though there was no difference 
between the mean of alfalfa and vetch they produced less amount of dry matter. As is described in Table 2 dry 
matter yield showed positive correlation r=0.97*, r=0.85*, r=0. 99*, r=45* and r=0.51* for faba bean, field pea, 
vetches, lentil and alfalfa, respectively to nodule numbers. Dry matter production mostly depends on shoot strength 
and capacity to hold water. Hence, field peas and faba beans had significantly high biomass production. The dry to 
wet ratio of both species was between 40%-45%. Lentil, vetch and alfalfa have low water content in their biomass.  
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Fig 1. Mean dry matter production and mean nodule numbers of legume crops  
              

Table 2.  DMRT of dry matter per m2 
 

DMRTb Treatment Mean of dry matter kg 
ha-1 a 

Correlation 

Faba bean 
Field pea  
Vetch 
Lentil 
Alfalfa 

        3316.25 
        2549.15 
          629.55 
        1129.00 
          429.80 

a 
b 
d 
c 
d 

r=0.970* 
r=0.855* 
r=0. 980* 
r=0.880* 
r=0.870* 

a average of four replication 
b different letter within a treatment represent significant different at the 5% level of significance 
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Soil N recovery and N content in a plant 
As is shown in Table 3, all the five legume crops have significantly increased the soil N contents. The soil 

N contents were improved 10.6, 8.0, 6.6, 7.6, and 5.6 times more than the original soil N content (0.014%) from the 
plots where faba beans, field peas, vetch, lentils and alfalfa were grown, respectively. Besides, high amount of N 
level was found from the leaves of these legume crops. The leaves of N levels were summarized in importance order 
of faba beans> vetches> alfalfa> field peas > lentils. Seemingly, these plants can be grown as a green manure in the 
study area for recovering soil N quickly and cheaply. 
 

           Table 3.  Nitrogen content (%) in the leaves and soils  
 

Treatment N in the leaves % N in the soil % 
Faba bean 
Field pea 
Vetch 
Lentil 
Alfalfa 
Soil before plantation 

4.05 
3.20 
3.99 
2.49 
3.37 

- 

0.149 
0.112 
0.093 
0.107 
0.079 
0.014 

 
Conclusions and Recommendation 

The currently accepted paradigm for tropical 
soil fertility management, Integrated Soil Fertility 
Management (ISFM), advocates the maximum use of 
locally available resources and the combined use of 
organic and mineral inputs, in an economically and 
socially acceptable way (Vanlauwe, 2004). Thus this 
study concludes that legume crops can be cost-
effective and environmental friendly means for 
combating nutrient depletion in Adigudom area. 
Moreover, this study recommends growing more 
lentils and field peas than faba beans, vetch and 
alfalfa as both legumes are more suitable to the 
ecology of the study area. Finally, further research is 
recommended on the improvement of nodulation 
through Rhizobium inoculation, increasing biomass 
production, nitrogen fixation enhancement and 
increasing role of useful soil microorganism. 
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Abstract-The main effect of poultry manure on soil physico-chemical properties, leaf nutrients contents and yield of 
yam (Dioscorea rotundata) was investigated in a factorial experiment involving tillage at five levels- ploughing, 
ploughing plus harrowing, manual ridging, manual heaping and zero-tillage; poultry manure at 0 t/ha and 10 t/ha 
laid out in a split-plot design at two locations in Ondo, Nigeria. The data obtained indicated that poultry manure 
application improved soil physical properties; it reduced soil bulk density, temperature and also increased total 
porosity and soil moisture retention capacity. It also, improved soil organic matter, total N, available P, 
exchangeable Mg, Ca, K and lowered exchange acidity. It also increased nutrient uptake, growth and yield of yam 
significantly. The use of poultry manure in crop production is recommended as it will ensure stability of soil 
structure; improve soil organic matter status, nutrients availability and high crop yield. [Journal of American Science 
2010;6(10):871-878]. (ISSN: 1545-1003). 
 
Key words: Bulk density, moisture retention, organic matter, nutrient uptake, exchange acidity  
 
1. Introduction: 
 Small holder farmers in southwestern 
Nigeria depend upon root and tuber crops especially 
cassava and yam as a dietary supplement and a major 
source of energy and nutritional requirements. There 
is an increasing gap between the levels of supply and 
demand for yam. 

This arises from the subsistence system of 
its production, high production costs, and the need 
for appropriate land improvement for restoring, 
replenishing, conserving and maintaining the quality 
of agricultural land Land improvement techniques 
used for yam production in southwestern Nigeria 
include mulching, bush fallow and crop rotation. 
Population pressures have enforced the shortening of 
the fallow period and field rotation cycle resulting in 
the loss of soil productivity with a consequent 
reduction in yam yield. 

Nutrient deficiencies and imbalances are the 
main constraints to crop production in southwestern 
Nigeria (Ojeniyi, 1990). Application of fertilizers 
constitutes a practice by farmers in an attempt to 
correct the deficiencies of nutrient elements. 
Increases in productivity associated with the use of 
mineral fertilizer are undisputable. However, 
fertilizer costs remain high. At the farm level, 
inefficient distribution systems often prevent 
fertilizer being available. Another major problem, is 
the indiscriminate use of mineral fertilizer without 
soil test, this is adversely affecting the soil chemical 

and physical properties causing nutrient imbalance 
(Nottidge et al, 2005). In addition, the use of mineral 
fertilizers on continuous basis in tropical soils has 
been associated with reduced crops yield, increased 
soil acidity and nutrient imbalance (Ojeniyi, 2002; 
Mbah and Mbagwu, 2006). 

Problems that militate against the use of 
chemical fertilizers on yam include high cost, 
unavailability, misused of chemical fertilizers and the 
belief by the peasant farmers that chemical fertilizers 
promote weeds, vegetative growth rather than tuber 
formation and yield of poor qualities in terms of taste 
and storage life (Daramola, 1989). Bamire and 
Amujoyegbe (2005) revealed that apart from high 
cost and scarcity of inorganic fertilizers, it destroys 
the quality of ‘pounded yam’ a highly preferred food 
of the people in southwestern Nigeria. The high cost 
of mineral fertilizer and the difficulties involved in its 
used has awakened interest in the use of organic 
wastes as nutrient sources. Several studies carried out 
indicate positive effects of organic wastes on soil 
productivity. The use of organic manures is 
considered less likely to have detrimental effect on 
soil physico-chemical properties compared with 
mineral fertilizers.  

The use of poultry manure as soil 
amendments to sustain adequate crop yields has been 
found effective for cereals and vegetable crops in 
southwestern Nigeria.  
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However, there appears to be scarcity of 
research information on the use of poultry manure in 
yam production in southwestern Nigeria Hence, this 
study aimed at evaluating the potential of poultry 
manure in enhancing soil fertility and yam production 
in southwestern Nigeria. 
 
2. Materials and Methods: 
Site Description 

Field experiments were carried out at two 
sites namely; Adeyemi College and Gbajia in Ondo 
(070  05N, 040 55) in the rainforest zone of 
southwestern Nigeria for two farming seasons (2007 
and 2008). The soil is sandy loam and belongs to 
Ondo series (Egbeda Fasc) and is classified as alfisol 
(Oxic tropul dalf) (Hapstead, 1974). The plots at the 
two sites were gently sloppy and have been 
previously cultivated to arable crops such as maize 
and cassava. The two sites have been under bush 
fallow for two years. 

 
Field Experiments and Experimental Design: 

The trials consisted of five soil preparation 
methods, namely ploughing (p), ploughing plus 
harrowing (PH), manual ridging (MR), manual  
heaping (MH) and zero tillage (ZT) each combined 
with and without poultry manure at the rate of 10 t/ha 
in a factorial experiment of 5 by 2 to produce 10 
treatment combinations. The experimental design 
used was split-plot design. A total land area of 110m 
by 50m was marked out for the experiment. The site 
was divided into three blocks and the adjacent blocks 
were demarcated by 5-metre alley ways. Each block 
was further divided into 10 plots of 5m by 5m. The 
treatments were allorted to the plots and each 
treatment replicated three (3) times. The same treated 
plots were maintained for the two planting seasons. 
Yam setts having an average weight of 300g were 
planted two weeks after poultry manure had been 
applied. Individual emerged yam stands were 
separately staked, while manual weeding with hoe 
was subsequently used to control weeds in all the 
treated plots. 
 
Determination of Soil Physical Properties 

Soil bulk density was determined from 
oven-dried undistributed core samples collected to 
the depth of 10cm by core method (Stolte et al, 
1992). Total porosity (Ps) was calculated from bulk 
density (Db), assuming a particle density (Dp) of 
2.65 g cm-3, using the relationship between particle 
density (Dp) and bulk density (Db) i.e. Ps = 100 (1- 
Db/ Dp). Soil temperature was measured at 15.00 
hours using a soil thermometer inserted to 10cm 
depth. Soil moisture content was measured with the 
TDR-100 moisture meter. These soil physical 

properties were measured a month after the 
treatments were applied and at a 4-weekly intervals 
there after until the week 20 of field experimentation. 

 
Growth and Yield Data: 
 Ten yam stands were selected per replicate 
(plot) for the measurement of growth and yield 
parameters at harvest. Vine girth was measured at 
15cm above heap level using a pair of vernier 
calipers. The vine length was measured with a 
measuring tape. The number of branches from the 
main vine and the number of leaves per plant were 
recorded. Tuber weight was determined using a 
weighing balance and tuber length with a measuring 
tape. Leaf area was determined graphically. 
 
Leaf Nutrient Contents Analysis: 
 At five months after planting, mature leaves 
were collected from the 10 tagged yam stands per 
plot. The leaf samples were oven-dried at 650C for 48 
hours and ground for routine chemical analysis. Leaf 
N was determined using the micro-kjeldahl digestion 
method. P was determined colormetrically by 
vanadomolybdate method, K by flame photometer 
and Ca and Mg by the atomic absorption 
spectrophotometer. 
 
Soil Sampling and Chemical Analysis: 
 Surface soil samples (0 - 15cm) were taken 
prior to the application of treatments.  The pre-
treatment samples comprised of a composite sample 
made up of 15 cores per experimental site. Another 
set of soil samples were taken at the end of each 
planting season. The sample comprised of a 
composite sample of 2 cores per plot. 
The soil samples were air-dried, sieved to pass 
through a 2-mm mesh and chemically analysed. The 
soil pH was determined using glass electrode pH 
meter in a 1:2 soil – water ratio. Organic carbon 
content was determined by Walkley-Black 
dichromate oxidation method. Total N was 
determined by the micro-kjeldahl method. Available 
P was extracted by the Bray-1 method and 
determined colorimetrically. Exchangeable Ca, K, 
Mg, and Na were extracted with 1.0N NH4OAc using 
a soil: solution volume ratio of 1:10. The K and Na in 
the extract were read using a flame photometer, while 
Ca and Mg were determined by Atomic Absorption 
Spectrophotometer (AAS). Exchange acidity was 
determined from 1.0N KCl extract and titrated with 
1.0N HCl. Cation exchange capacity was determined 
by the summation of NH4OAc-extractive cations and 
KCl-exchange acidity. The micro nutrients (Fe, Cu, 
Zn, Mn) were extracted with 1.0N HCl and 
determined on Perkin Elmer 20 AAS. 
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Data Analysis: 
 Data on the soil physical, soil chemical, 
plant growth and yield were subjected to analysis of 
variance using Statistical Analysis System Institute 
Package (SAS) and the mean values were compared 
using the Least Significant Difference (LSD) at 
P<0.05. 
 
3. Results 

The data on initial physico-chemical 
properties of soils at the sites of experiment are 
presented in Table 1. The data indicated that the soils 
were sandy loam with high sand particles. The soils 
were slightly acidic, low in organic matter (OM), 
available phosphorus (P), cation exchange capacity 
(CEC) exchangeable calcium (Ca) and potassium K. 
Exchangeable magnesium (Mg) was adequate. 
Micronutrients such as iron (Fe) manganese (Mn), 
copper (Cu) and zinc (Zn) were high. 

Table 2 shows the influence of poultry 
manure on some soil physical properties. Plots 
amended with poultry manure had significantly (P< 
0.05) higher soil moisture content than plots without 
poultry manure application. For the two planting 
seasons, at Adeyemi Site, plots amended with poultry 
manure had a mean moisture content value of 72.29 g 
kg-1 and plots without poultry manure application had 
a mean moisture content value of 53.74 g kg-1.  

At Gbajia site, poultry manure amended 
plots had a mean moisture content value of 73.07 g 
kg-1 and plots without poultry manure had a mean 
moisture content value of 56.36 g kg-1 for the two 
planting seasons. Poultry manure treated plots had 
relatively lower soil temperature compared with plots 
without poultry manure application. Influence of 
poultry manure on soil temperature was not 
significant (P < 0.05). At Adeyemi site, for two 
cropping seasons, plots with poultry manure 
application had a mean temperature value of 31.1oC 

and plots without poultry manure had a mean 
temperature value of 32oC. the corresponding mean 
soil temperature value at Gbajia were 30.9oC and 

31.8oC respectively. Poultry manure amended plots 
had relatively lower soil bulk density compared with 
plots without poultry manure application. At 
Adeyemi site, application of poultry manure reduced 
soil bulk density by 4.23% in the first cropping 
(2007) and 3.85% in second cropping (2008); while 
at Gbajia site, application of poultry manure reduced 
soil bulk density by 6.29% in the first cropping 
(2007) and in the second cropping (2008) by 5.3%. 
Soil bulk density and total porosity were significantly 
(P< 0.05) influenced by the application of poultry 
manure. Plots amended with poultry manure had 
higher soil total porosity than plots without poultry 
manure application. Poultry manure application 

increased soil total porosity by 4.87% and 7.36% in 
the first cropping (2007) at Adeyemi and Gbajia sites 
respectively. In the second cropping (2008), poultry 
manure application increased soil total porosity by 
5.52% and 8.4% for Adeyemi and Gbajia sites 
respectively.  

Tables 3 and 4 show the influence of poultry 
manure on soil chemical properties. Application of 
poultry manure increased soil pH, organic matter 
content, total –N, available P, exchangeable cations 
(Ca, Mg, and K), cation exchange capacity and 
percent base saturation. It also reduced exchange 
acidity and the concentration of micro-nutrients when 
compared with plots without poultry manure. The 
improvements in the soil chemical characteristics in 
plots amended with poultry manure at the end of the 
first cropping (2007) were marginal. However, at the 
end of the second cropping (2008), the improvement 
in soil chemical characteristics of plots amended with 
poultry manure when compared with plots without 
poultry manure application were more pronounced. 
Also, there were reductions in most of the soil 
chemical characteristics except exchange acidity and 
the micro-nutrients in plots without poultry manure 
application at the end of the second cropping (200). 

 Table 5 shows the influence of poultry 
manure on leaf nutrients concentration of yam. Plots 
amended with poultry manure had higher 
concentration of leaf nutrient than plots without 
poultry manure application. At Adeyemi site, poultry 
manure application increased leaf N, P, K, Ca and 
Mg concentration by 25%, 27% 18%, 20% and 21% 
respectively over plots without poultry manure 
application. At Gbajia site, leaf N, P, K, Ca and Mg 
increased by 42%, 8%, 17%, 16% and 25% 
respectively when compared to leaf nutrients 
concentration of yam grown on plots without poultry 
manure application. Leaf nutrients concentration of 
plots amended with poultry manure in the second 
cropping (2008) were higher than those of first 
cropping (2007), while yam leaf nutrients 
concentration of plots without poultry manure 
decreased in the second cropping (2008).  

Table 6 shows the influence of poultry 
manure on the vegetative parameters of yam. 
Vegetative parameters of yam were significantly (P< 
0.05) influenced by the application of poultry manure 
at both sites and cropping seasons. Vegetative growth 
parameters were better enhanced in plots amended 
with poultry manure than plots without poultry 
manure application. Table 7 shows the influence of 
poultry manure on yam yield parameters. Poultry 
manure significantly enhanced yam yield parameters 
of yam at both sites and cropping seasons. Plots 
amended with poultry manure had higher yield 
parameters than plots without poultry manure 
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application. At second cropping (2008), yam tuber 
yield in plots amended with poultry manure were 
better than the first cropping (2007) although at 
marginal degree. However, the tuber yields from 
plots without poultry manure application at second 
cropping (2008) were poorer than the yield at first 
cropping. At Adeyemi site, yam tuber yield at the 
second cropping from plots without poultry manure 
application reduced by 10.22% whereas yam tuber 
yield from plots amended with poultry manure 
increased by 1.50%. Also, at Gbajia site, yam tuber 
yield from plots without poultry manure application 
reduced by 17.06% and the increase in yam tuber 
yield from plots amended with poultry manure was 
3.87%. 
4 Discussion 

The soils at the sites of experiment 
contained less than 2%N, 25 mg kg-1 available P, 
0.40 cmolkg-1K, 0.65 cmolkg-1 Ca nutrients critical 
levels determined for yam in the southwestern 
Nigeria (Ibedu et al, 1988). Soils below these critical 
levels are regarded being low in these nutrients for 
optimum yam production. The low fertility level of 
these soils justifies the need for appropriate soil 
management techniques for sustaining soil and yam 
productivity. 
 Poultry manure application improved the soil 
moisture content this improvement in soil moisture 
content might be due to the colloidal and 
hydrophobic nature of the poultry manure. This 
finding is line with the finding of Mbah and Mbagwu 
(2006). Similarly, enhancement of soil water 
retention capacity due to animal manure, according to 
Khaleel et al (1981) could be probably be due to 
structural improvement i.e. increase in total porosity 
and the fraction of porosity involved in soil water 
storage. Plots amended with poultry manure had 
lower soil temperature compared with plots without 
poultry manure application. This could be related to 
the improved soil organic matter content of plots 
amended with poultry manure which might have 
enhanced water retention capacity of the soil and 
consequently reduced soil temperature of the plots. 
Organic matter is known to improve soil physical 
properties (Adesodun et al, 2005, Aluko and 
Oyeleke, 2005). Addition of poultry manure to the 
plots reduced the soil bulk density; this reduction in 
soil bulk density could make appreciable difference 
in the root growth and proliferation of yam. This is in 
line with the reports of Obi and Ebo (1995)., Obi and 
Ofonduru (1997). Improvement in soil total porosity 
due to poultry manure application might be as a result 
of the improved soil particle aggregation brought 
about by the improved soil organic matter content of 
the plots amended with manure. Addition of poultry 
manure improved the soil physical properties; it 

reduced the soil bulk density and also increased 
porosity and water holding capacity of the soils. 
These findings confirmed the earlier reports of 
Lombin et al (1991); Mbal et al (2004) that 
application of organic manures improve and 
ameliorate several soil physical properties such as 
bulk density, total porosity, penetration resistance 
and cohesion force. 
 Addition of poultry manure brought about 
improvement in most of the soil chemical properties. 
Soil pH, organic matter, total nitrogen, available 
phosphorus, exchangeable cations and percent base 
saturation were improved. Improvement in nutrient 
status of poultry manure amended plots implies that 
poultry manure could be used for soil management 
for sustainable production of yam. In support of this, 
Ano and Agwu (2006) had found that animal manure 
increased soil pH and macronutrients of soil in 
southern Nigeria. Also, Bahl and Torr (2002); Salako 
(2008) reported that poultry manure improved 
surface P and other major nutrients and yield of 
maize. These findings confirmed earlier report by 
Lombin et al (1991) that animal manure improved 
soil productivity in two ways; through improvement 
of the physical conditions of the soil and through the 
nutrient it supplies to the soil. The reduction in 
exchange acidity in plots amended with poultry 
manure suggests the ability of poultry manure in 
lowering soil Al3+ and Fe2+ concentration in the soil. 
The higher pH of poultry manure amended plots 
compared to plots without poultry manure application 
might partially be due to the calcium supplied to the 
soil by poultry manure (Cooper and Warman, 1997). 
In support of these findings, recent studies had shown 
that poultry manure increased soil organic matter, 
nitrogen, pH, phosphorus, CEC (Adeniyan and 
Ojeniyi, 2003; Mbah and Mbagwu, 2006; Ayeni et al, 
2008). 
 Poultry manure improved leaf nutrient 
concentration significantly. Cumulative effect of 
poultry manure application was observed in the leaf 
nutrient concentration during the second cropping. 
This observation is in agreement with the reports of 
Colacicco (1982) and Adenawoola and Adejoro 
(2005) that the cumulative agronomic value of some 
organic manure applied to agricultural soils could be 
more than five times greater in the post-application 
period than the value realized during the year of 
application. Poultry manure influenced the yam 
growth parameters significantly and this could be 
attributed to the ability of poultry manure in 
supplying nutrients and organic matter to the soil and 
in improving the soil physical conditions. Better yield 
parameters obtained in poultry manure amended plots 
might also be due to the improved soil physical 
properties and nutrients status.  
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This finding is also in agreement with the 
findings of Salako (2008) and Ayeni et al (2008) that 
plots amended with poultry manure produced the 

highest grain yield of maize when compared with 
plots with no manure treatments. 

 
 

Table 1: Pre-treatment Soil Chemical Properties at the Sites of Field Experiment. 
Soil Parameters Adeyemi College Gbajia 
pH (H20) 5.73 5.92 
Org. M. (%) 2.45 3.26 
Total N (g/kg) 3.50 4.60 
Av.P (mg/kg) 9.11 5.41 
Ca (cmol/kg) 0.59 0.13 
Mg         " 1.36 1.36 
Na          " 0.52 0.55 
K            " 0.23 0.34 
Ex. Ac    " 0.60 0.60 
CEC       " 3.30 2.98 
B.Sat. (%) 81.82 79.86 
Mn  (mg/kg) 3.60 4.70 
Fe          " 9.60 4.80 
Cu          "  1.60 4.70 
Zn          " 10.00 8.80 
Sand (%) 75.80 79.80 
Clay        "  10.80 10.80 
Silt           " 13.40 9.40 

 
 

Table 2: Effect of Poultry Manure on Soil Physical Properties 
Year   

Treatment  
Moisturecontent  
      (g/kg) 
Adeyemi Gbajia 

   Temperature 
       (oC) 
Adeyemi Gbajia 

 Bulk density  
    (g/cm3) 

Adeyemi Gbajia 

Total Porosity  
        (%) 
Adeyemi Gbajia 

2007 No manure 51.93   55.14 31.97  32.24 1.42     1.43  46.42   46.04 
 10 t/ha manure 73.80   74.71 30.89  31.18 1.36     1.34  48.68   49.43 
 LSD (0.05)   5.43    5.68 NS    NS 0.03     0.04    1.24   1.24 

2008 No manure  55.56   57.32 32.09  31.36 1.56     1.58  41.13   40.38 
 10 t/ha manure 70.78   71.42 31.26  30.79 1.50     1.49  43.40   43.77 
 LSD (0.05)   6.01    6.23 NS    NS 0.01     0.03    0.58     0.58 

 
 

Table 3: Effect of Poultry Manure on Soil Chemical Properties at Adeyemi Site. 
 

Treatment  pH 
(H20) 

O.M 
(%) 

Tot.-
N 
(%) 

Av. P 
mg/kg 

   Ca Mg Na K                            
cmol/k 

Ex.Ac. CEC 
 

B.S 
(%) 

Mn Fe 
mg/kg 

Cu Zn 

2007                
No manure 5.86 2.63 0.34 19.80 0.73 1.50 0.61 0.13 0.80 3.77 78.77 4.93 6.61 2.89 8.63 
10 t/ha 
manure 

6.03 3.00 0.43 25.30 0.96 1.73 0.67 0.23 0.51 3.14 83.76 4.13 6.00 3.27 8.90 

LSD (0.05) 0.01 0.03 0.05 1.21 0.01 0.05 0.01 0.04 0.02 0.03 1.01 0.04 0.01 0.03 0.01 
2008                
No manure 5.43 2.41 0.31 31.oo 0.93 1.19 0.53 0.19 1.46 4.30 66.05 4.02 7.00 3.57 8.70

  
10 t/ha 
manure 

6.20 3.32 0.50 44.45 1.00 1.34 0.51 0.23 0.74 3.82 80.63 3.58 6.46 4.05 7.40 

LSD (0.05) 0.01 0.04 0.06 2.14 0.01 0.02 NS 0.02 0.06 0.02 3.64 0.21 0.01 0.04 1.01 
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Table 4: Effect of Poultry Manure on Soil Chemical Properties at Gbajia Site 
Treatment pH 

(H20) 
O.M 
(%) 

Tot.-N 
(%) 

Av.P 
(mg/kg) 

Ca        Mg Na         K      Ex.Ac.   CEC 
       cmol/kg 

B.S 
(%) 

Mn        Fe 
             
mg/kg 

Cu         Zn 

2007                
No manure 6.01 2.62 0.32 14.90 0.84 1.04 0.54 0.22 0.84 3.48 75.86 4.32 7.28 3.70 8.49 
10 t/ha manure 6.45 3.62 0.44 22.68 0.95 1.24 0.58 0.24 0.48 3.49 89.25 3.76 5.78 3.66 8.87 
LSD (0.05) 0.01 0.06 0.01 5.06 0.01 0.04   S NS 0.03 NS 1.21 0.01 0.02 NS 0.02 
2008                
No manure 5.88 2.44 0.29 35.09 0.78 1.08 0.59 0.18 0.37 3.00 87.67 5.27 7.00 3.38 8.18 
10 t/ha manure 6.36 3.42 0.47 94.05 0.91 1.47 0.52 0.21 0.36 3.47 89.62 5.06 6.55 2.86 9.38 
LSD (0.05) 0.01 0.04 0.06 12.01 0.02 0.03 NS 0.01 NS 0.01 0.03 0.01 0.01 0.05 0.48 
 

 
Table 5: Effect of Poultry Manure on Leaf Nutrient Concentration of Yam (Dioscorea rotundata) 
Treatment         N (%) 

2007 2008 
        P (%) 
2007 2008 

         K (%) 
2007  2008 

      Ca (%) 
2007   2008 

     Mg (%) 
2007   2008 

     Na (%) 
2007   2008 

Adeyemi Site             
No manure 4.13 3.88 0.22 0.21 0.48 0.41 0.14 0.15 0.14 0.14 0.10 0.11 
10 t/ha manure 4.80 5.26 0.25 0.30 0.50 0.56 0.16 0.19 0.16 0.18 0.11 0.14 
LSD (0.05) 0.21 0.56 0.01 0.01 NS 0.03 NS  0.01 NS 0.01 NS NS 
Gbajia Site             
No manure 3.14 3.21 0.23 0.23 0.39 0.41 0.12 0.13 0.15 0.13 0.11 0.11 
10 t/ha manure  3.53 5.48 0.24 0.26 0.42 0.51 0.13 0.16 0.17 0.18 0.12 0.13 
LSD (0.05) 0.02 0.58 NS 0.01 0.01 0.03 NS 0.01 0.01 0.01 NS NS 
 
 
Table 6: Effect of Poultry Manure on Vegetative Growth Parameters of Yam (Dioscorea rotundata) 
 

      
Treatment     Vine  Length 

          (cm) 
2007         2008            

Vine Girth 
     (cm) 
2007  2008          

  Leaves /plant 
 
2007         2008 

Branches/plant 
 
2007     2008 

  Leaf Area 
 
2007    2008 

Adeyemi Site           
No manure 198.32 181.78 1.41 1.39 358.24 334.61 26.24 27.71 28.34 24.28 
10 t/ha manure 245.15 251.01 1.68 1.65 498.93 453.17 34.61 36.84 34.67 33.89 
LSD (0.05) 28.32 32.04 0.07 0.03 34.68 31.81 0.24 0.18 0.68 0.64 
Gbajia Site           
No manure 217.65 213.44 1.54 1.47 368.89 366.16 26.02 24.68 26.01 25.67 
10 t/ha manure 231.15 241.63 1.56 1.66 380.47 493.56 29.91 32.20 26.21 28.11 
LSD (0.05) 4.28 5.71 NS 0.02 6.27 12.48 0.10 0.12 NS 0.34 

 
 
Table 7: Effect of Poultry Manure on Yield Parameters of Yam (Dioscorea rotundata) 
 
Treatment  Tuber length (cm) 

2007        2008 
 Tuber Girth (cm) 
2007     2008 

Tuber weight (kg/stand) 
2007      2008 

Tuber Yield (t/ha) 
2007      2008 

Adeyemi Site         
No manure 29.13 25.53 34.71 31.67 2.71 2.43 27.11 24.34 
10 t/ha manure 35.26 30.03 37.01 41.71 3.26 3.31 32.63 33.12 
LSD (0.05) 1.58 1.53 0.78 1.24 0.32 0.34 0.64 0.71 
Gbajia Site         
No manure 24.13 22.79 31.27 29.56 2.39 1.98 23.91 19.83 
10 t/ha manure 26.87 29.34 33.53 34.69 2.68 2.58 25.84 26.84 
LSD (0.05) 0.46 2.68 0.37 0.43 0.13 0.18 0.73 1.71 
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5. Conclusion: 
 The use of poultry manure in crop production 
on alfisols located in southwestern Nigeria is 
considered desirable. The use of poultry manure will 
ensures stability of soil structure; improve soil 
organic matter status, nutrients availability and high 
crop yield. 
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Abstract: The commercial production of fish is a rapidly growing industry. Concurrent with this growth, fish 
culturing is expanding worldwide, especially in Egypt. One of the main factors affecting fish production and 
efficiency is disease that results from both viral and bacterial infections. In Egypt, spring viremia of carp (SVCV) 
was recently reported, and it causes severe economic losses among cultured common carp. In the present study, a 
mixed viral infection was recorded during an outbreak in cultured common carp. Primary isolation was achieved 
using a common carp ovary cell line. The first isolated virus was identified as SVCV by immunohistochemistry with 
the aid of a specific monoclonal antibody, as well as by the presence of heleck shapes upon electron microscopic 
examination. The second virus was identified as Rhabdovirus carpio (RHC), which presents in the form of electron-
dense particles with a clear halo. Of 60 examined common carp, 20 fish were positive for SVCV, and two displayed 
mixed infections (SVCV and RHC). Cytopathic effects on the carp's ovaries were assessed, and histopathological 
examinations were carried out. This mixed viral infection is considered to be the first ever recorded in Egypt. 
[Journal of American Science 2010;6(10):879-885]. (ISSN: 1545-1003). 
 
Keywords: Spring viremia of carp, Viral infection, Rhadbdovirus carpio 
 
1. Introduction 

Aquaculture has become a major contributor 
to total fish production in Egypt. Therefore, the 
aquaculture sector has expanded dramatically during 
the past few years. As a result, aquaculture 
production increased from 139,400 tons in 1998 to 
461,535 mt in 2005, representing 58% of the total 
fish production in Egypt [9]. 

Tilapias, carps and mullets comprise over 95% 
of total aquaculture production [9]. Typically, these 
fish species are cultured semi-intensively in 
polyculture systems [8]. A number of disease 
outbreaks have recently been recorded in many fish 
farms throughout the country. The spring viremia of 
carp virus (SVCV) and Rhabdovirus carpio (RHC) 
are the most important viral diseases affecting 
cultured fishes, causing high mortality (30-60%), 
especially among common carp and silver carp [13]. 
It has been reported that SVCV and a newly isolated 
strain of RHC cause high mortality in carp, both in 
acute and chronic forms, during the spring of the year 
[13, 17, 1]. 

However, studies on the effects of viral 
diseases on wild and farmed fishes have been limited, 
particularly in tropical and subtropical regions of the 
world. This is partially due to the higher water 
temperature and very short life span of fish viruses in 

the aquatic environment. The inaccessibility of tissue 
culture techniques and cell lines for examination of 
fish viruses and their high cost additionally make 
such studies more difficult [16]  

Thus, viral fish diseases in Egypt have not 
received sufficient attention. The prevalence of these 
viruses remains unknown, as does their impact. Very 
few studies have been conducted on SVCV isolated 
from carp species in Egypt [17, 1], and it is clear that 
more work is urgently needed on the identification, 
isolation, description, symptoms and treatment of the 
major viral diseases infecting cultured and wild fishes 
in Egypt.  

To determine the source(s) of the lesions and 
mortality affecting cage-cultured common carp 
(Cyprinus carpio L) during a disease outbreak in a 
private fish farm in Kafr-El-Shikh governorate in 
Egypt, we isolated and characterised SVCV and 
Rhabdovirus carpio. 
 
2. Material and Methods  

2.1. Fish sampling and examination  

Twenty naturally infected common carp with 
an average body weight of 300±5 g were collected 
from a private cage fish farm in Kafr El-Shikh 
governorate, Egypt. The fish were transported alive 

http://www.americanscience.org            editor@americanscience.org 879

mailto:Elzahra2002@hotmail.com


Journal of American Science                                                                                                                 2010;6(10)   

  

in plastic bags containing oxygenated water to the 
Fish Disease Laboratory, Department of Poultry and 
Fish Diseases, Faculty of Veterinary Medicine, 
Alexandria University, Egypt. Immediately after 
arrival, the fish were subjected to clinical, 
bacteriological, mycological and parasitological 
examinations according to [5] and [15]. 

2.2. Virus isolation 

Samples from the fish's liver, kidney, spleen, 
muscles, intestine, heart, brain and gas bladder were 
collected, mixed with sterile sand, ground in a sterile 
mortar and then frozen and thawed three times. Three 
drops each of 1000 IU/ml mycostatin, 1000 mg/ml 
penicillin, streptomycin and 500 IU/ml nystatin were 
added to the supernatant. The supernatant was 
collected in small flasks, filtered through 0.22-�m 
millipore filters and stored at -20°C until use [5, 17]. 

2.3. Electron microscopic investigation  

Samples for electron microscopic examination 
were prepared from collected organs and fixed in 
glutaraldehyde as described by [12].  

2.4. Immunohistochemical studies  

Immunohistochemical studies were carried out 
on samples preserved in formalin paraffin by using 
an SVCV monoclonal antibody and anti-mouse IgG, 
according to [14] and [1]. 

 2.5. Histopathological examination  

Specimens from brain, liver, kidney, muscles, 
intestine and gas bladder were collected from 
infected fish, fixed in formalin buffered with 10% 
saline and used for histopathological examination, 
according to [7].   

2.6. Tissue culture 

Cell lines were prepared from the ovary of a 
mature common carp according to the steps described 
by [10]. The supernatant was added to tissue culture 
to assess the cytopathic effect (CPE), as reported by 
[19].  
 
3. Results  

3.1. Clinical signs  

The clinical signs and post-mortem lesions of 
naturally infected common carp included skin 
darkening, tail and fin rot, ulceration, haemorrhage 
on the abdomen, ascites and redness of the isthmus 
and head region. Postmortem lesions also included 
congestion of all internal organs, distended gall 
bladder, haemorrhagic gas bladder, exophthalmia and 
swelling of the anal opening (Fig 1, 2, and 3). 
Moreover, the mortality rate was~5% in the infected 

farm. 

3.2 Bacteriological, mycological and 
parasitological investigation  

The results of tests for bacteriological, 
mycological and parasitological infections were 
negative in all fish examined. 

3.3. Electron microscopic examination 

 The infected fish samples contained virions of two 
different shapes: a heleck shape (which indicates the 
occurrence of SVCV) and another type arranged in 
the form of electron-dense particles with a clear halo 
(Core), which is indicative of Rhabdovirus carpio. 
Moreover, ultra-structural changes in the liver 
included vacuolated cytoplasm lacking organelles 
and undifferentiated cytoplasmic inclusions 
resembling virus-like particles. The viral particles 
replaced the cytoplasmic organelles. The 
euchromatin-like inclusions had electron-dense 
particles with a clear halo (Core). Aggregates of both 
viral particles in the cytoplasm could be identified by 
the presence of envelopes (virions).  

The kidneys showed vacuolated nuclei with 
dark dense bodies of virions attached to the nuclear 
envelope and vesicles surrounded the virions and 
virus-like particles. Moreover, brain tissue showed 
intracytoplasmic inclusion bodies lacking a myelin 
sheath. Under high magnification, there were 
different sizes and shapes of virus-like particles 
consisting of capsid particles with a visible core and 
homogenous electron-dense empty capsids, which 
indicated a mixed infection. Large quantities of virus 
nucleocapsids with viral matrix precursor materials 
were found. In the brain, tunica granulosa cell nuclei 
formed intra-cytoplasmic inclusion bodies, and 
vacuolated cytoplasm was observed. The viral 
particles replaced the cytoplasmic organelles, 
whereas the myelin sheath was absent (Figs. 4, 5 and 
6). The air bladders of the infected fishes contained 
intracytoplasmic inclusion bodies with viral 
nucleocapsids. 

3.4. Immunohistochemistry 

Immunohistochemical examination with an 
anti-SVCV monoclonal antibody was used on 
paraffin-embedded sections of various organs of the 
common carp. The intensity of infection was 
recorded according to the degree of positivity as 
follows: –ve, negative; ++ve, moderate; +++ve, 
marked; ++++ve, strong and +++++ve, intense.  

Among the hepatopancreatic cells in the liver, 
anti-SVCV detection revealed marked positive signs 
of infection in all exocrine pancreatic cells. Positive 
signals were also detected in the kidney, with the 
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3.6. Histopathological changes in infected fishes   proximal tubular cells exhibiting a large amount of 
virus precipitate. Moreover, there was marked 
positivity in the epithelial cells and moderate 
positivity in the sub-mucosa of the air bladders. The 
brain showed strong positivity in granulosa cell 
membranes, and an intense signal was found in the 
nerve fibres. In muscle tissue, the 
immunohistochemical detection of SVC antigen 
revealed marked positive brown granulation in most 
of the myofibrillar cells and in most of the cloudy 
swelling muscle fibres (Figs. 7 and 8). 

The histopathological changes induced 
through natural infection of common carp by the two 
isolated viruses (SVCV and RHC) were degeneration 
and necrosis of hepatic cells, congestion of the liver 
sinusoids and portal tract, vacuolated cytoplasm and 
appearance of the nuclei of hepatopancreatic cells in 
the liver.  

In the kidney, degenerative hematopoietic 
tissue, necrosis and fibrosis were recognised in renal 
tubules and glomeruli. The brain showed dissolution 
of neural substance through the loss of stainable 
substances within the cytoplasm and chromatolysis. 
The nuclei were shifted to eccentric positions against 
the margins of the cells. Severely congested blood 
vessel aggregations were found around distended gas 
bladders. Moreover, the intestine showed a mild 
inflammatory reaction and haemorrhaging with 
oedema of the submucosa. In muscle, basophilic 
nuclei appeared, myofibrillar striations disappeared, 
and the tissues showed hyaline degeneration, cloudy 
swelling of the muscular fibres and pale eosinophilic 
myofibrils (Figs. 11, 12 and 13). 

3.5. Cell line formation and CPE due to viral 
infection    

Cultured ovarian cells formed a monolayer 
sheet by 48 h post-incubation; the cells were spindle-
shaped. The number of cells increased rapidly, and a 
confluent monolayer sheet was formed within 48-72 
h (Fig. 9). The CPE occurred within 3-4 days post-
infection, wherein cells changed from spindle-shaped 
to round. They then detached and formed plaque-like 
structures, leading to the death and detachment of 
these cells. The degree and severity of CPE increased 
with increasing concentrations of the virus and 
decreasing time for the virus to cause CPE, and vice 
versa (Fig. 10). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                           Fig (1).                                                                                                 Fig (2). 

Fig (1). Naturally infected Common carp showing congestion of head region and eyes. 

Fig (2). Naturally infected Common carp showing severe congetion of  internal organ.  
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                     Fig (3).                                                                                                 Fig (4). 

Fig (3) Naturally infected Common carp showing hemorrhagic gas bladder surface. 

Fig (4). Electron micrograph of Common carp kidneys showing rounded form of Rhabdovirus carpio (L) and helices 
form of  SVCV, indicating mixed-viral infection. (Formalin+ PTAX40,000). 
 
 
 
 
 
 
 
 
 
 
 
 
                          Fig (5).                                                                                                              Fig (6). 

Fig (5). Electron micrograph of  Common carp liver, with high magnification showing the intracytoplasm inclusion 
bodies.  Most virion are encapsulated electron dense particle with clear core(x). (Formalin+ PTAX40,000). 

Fig. (6). Electron micrograph of  Common carp brain, with para-crystalline of virus like particles in  the cytoplasm. 
(PTAX 20,000). 
 
 
 
 
 
 
 
 
 
 
 
 
 
                       Fig (7).                                                                                                 Fig (8). 

Fig (7). Paraffin section of air-sacs of  Common carp, naturally infected with  virus,  showing marked  positive anti-
SVCV in both layer of gas bladder. (DAB X 400).  

Fig (8). Paraffin section of Common carp brain, naturally  infected with   virus, showing  strong  positive of anti-
SVCV in granulosa membrane and nuclei (arrows) as well of blood capillary and nerve connective tissue.  (X) 
(DAB X 400). 
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                            Fig (9).                                                                                            Fig (10). 

Fig (9). Normal cell line after 72 hrs post-incubation. 

Fig. (10). Severe degree of CPE due to injection of virus (10–1) typified by rounding, detached and dead cells with 
clear plaque formation. 
 
 
 
 
 
 
 
 
 
 
 
 
                                   Fig (11).                                                                                         Fig (12). 

Fig (11). Gills of naturally infected Common carp showing marked swelling of a primary filament with goblet cells 
hyperplasia . The neighboring filament was necrotic . H, E. (X 250). 

Fig (12). Kidney of naturally infected Common carp showing severe hyaline droplet degeneration of some 
convoluted tubules with high eosinophilic infiltration. 
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Fig (13) 

Fig (13). Hepatopancreas of naturally infected Common carp showing diffuse hydropic degeneration of the 
hepatocytes. H, E. (X 160). 
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4. Discussions  

This study assessed the clinical signs and post-
mortem lesions in common carp during a disease 
outbreak. We observed respiratory and nervous 
manifestations, congestion, ulcerated gill covers and 
abdomens and redness of the tail, fins and mouth. 
Infected fish exhibited haemorrhagic spots on the 
eyes, with clear exophthalmia, inflammation of the 
anal opening, gill paleness and skin darkening. The 
darkening of the skin may have been due to viral 
stimulation of spleen melanocytes leading to an 
increase in melanin pigment secretion, as suggested 
by [16]. The melanin is deposited under the skin 
causing the surface of the body to darken. 

Post-mortem lesions occurred in the form of 
redness, haemorrhaging of the gas bladder and 
congestion of all internal viscera. The nervous 
manifestations that appeared in the infected fish may 
have been due to the destructive effect of the viruses 
on the internal organs, especially the brain, as 
reported by [17].  

Tissue culture inoculation confirmed the 
presence of the virus by the appearance of cellular 
vacuolation in ovary cell culture within 3–4 days 
post-infection by samples from the infected common 
carp [5].   

The electron microscope is an important tool 
for the identification and diagnosis of SVCV and 
RHC, as suggested by [3]. For example, [5] used 
electron microscopy (EM) to show that the virus 
particles in common carp were extra-cellular bullet-
shaped bodies with a diameter of approximately 70 
nm. In the present study, EM examination revealed 
that the liver was characterised by vacuolated 
cytoplasm and undifferentiated inclusion-like viral 
particles in the cytoplasm. Therefore, EM 
examination confirmed the SVCV and RHC infection 
in these common carp. 

The presence in infected tissues of both 
electron-dense inclusions and a clear halo (core), 
which may indicate the presence of RHCV, together 
with the bullet shape of Rhabdoviruses suggests that 
the outbreak in the present study may have been 
caused by a mixed viral infection rather than a single 
viral infection.   

The severity of infection and concentration of 
SVCV in the different tissues of infected fish that we 
observed in immunohistochemical studies agrees 
with the results of [6]. They found that brown-
labelling granules depended mainly on the level of 
antigen antibody reaction (SVCV antigen reacts with 
the SVCV antibodies). They attributed this to the 
destructive action of the virus.  

Respiratory manifestations are attributed to 
SVCV causing paleness of the gills and destroying 
gill lamellae [16]. The other PM lesions may be 
attributable to inhibition of protein and DNA 
synthesis by the virus, as well as destruction of the 
cells of the internal organs, as suggested by [4].  

The congestion of the internal organs may 
have also been caused by SVCV and RHCV, which 
are intra-cellular microorganisms mainly affecting 
the tunica intema of blood vessels. This leads to 
oozing of blood outside the blood vessels and causes 
the haemorrhagic appearance and petechial 
haemorrhaging. Moreover, the distance 
between blood vessels cells increases, leading to 
congestion, ascites, exophthalmia and haemorrhaging 
in all internal organs, especially the haemobiotic 
organs [16]. 

Moreover, [2] and [11] report that the clinical 
signs of viral infection are external and internal 
haemorrhaging, peritonitis and ascites. They also 
state that fish infected with SVCV show degradation 
of kidney, spleen and liver tissues, leading to 
haemorrhaging, loss of the water-salt balance and 
impaired immune responses.  

The infected fish in the present study showed 
histopathological changes in various organs in the 
form of pyknosis, with hepatic cell atrophy and 
reduced eosinophilic granules in the cytoplasm. 
Moreover, there was vacuolar degeneration and red-
coloured nuclei, which indicate virus infection. The 
degeneration of haemobiotic tissues, renal tubule 
necrosis and congestion of blood vessels in the air 
sacs may be attributed to the destructive effect of the 
two viruses, as reported by [18]. 

5. Conclusion 

Our results suggest that the clinical signs and 
mortality of cultured common carp in an infected 
farm may be due to a mixed viral infection, as 
evidenced by both electron microscopic and 
immunohistochemical examinations. To the best of 
our knowledge, this is the first record of a mixed viral 
infection among cultured common carp in Egypt and 
likely in the entire Middle East. 
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Abstract: In this study results of experimental study on scour depth around a T-shape spur dike in a 180 degree 
channel bend are presented. Experiments were conducted in a laboratory channel to measure the variations of bed 
topography under a clear water condition. Experiments were conducted for different locations, lengths and wings of 
T-shape spur dikes at the bend with various Froude number. In this study, the time development of the local scour 
around the T-shape spur dike plates was studied. It was found that by increasing the Froude number and length  and 
wing length of T-shape spur dike the amount of scour depth increases and increases depth of scour occurs at location 
of 60 drgree. Measuring depth of scouring based on experimental observation, an empirical relation is developed 
with high regression coefficient 97%. [Journal of American Science 2010;6(10):886-892]. (ISSN: 1545-1003).  
 
Keywords: T-shape spur dike; Scouring; 180degree channel bend; Equilibrium scour 
 
1. Introduction 

A spur dike may be defined as a structure 
extending outward from the bank of a stream for the 
purpose of eflecting the current away from the bank 
to protect it from erosion. In addition to bank 
protection, spur dikes have also been used to enhance 
aquatic habitat by creating stable pools in unstable 
streams (Klingeman, P. C., Kehe, S. M., and Owusu, 
Y. A., 1984). 

Local scour holes form around spur dikes 
due to the action of flow against these obstructions. 
Estimates can be made of the maximum local scour 
likely to occur for a foundation under given flow and 
sediment conditions. It then becomes necessary to 
understand the development of local scour with time. 
The rapid development of scour depths under live-
bed conditions means that equilibrium scour depths 
are obtained rapidly for such flows, with rates of 
scour development less important to the designer.  

Result of spur dike construction against flow  
there will be a difference in hydrostatic pressure at 
upstream and downstream of the construct which will 
cause a whirlpool disturbance around it. These  
whirlpool  flows  account  for  the main local scoring 
mechanism which in long term, produce large vortexs 
at spur dike head and this lead to construct failure. 
One of the important indictors in determining 
specifications  of  scoring and predicating the 
position and expanding range is maximum scoring 
depth. 

Estimation of the depth of scour in the 
vicinity of spur dikes has been the main concern of 
engineers for years. Therefore, knowledge of the 

anticipated maximum depth of scour for a given 
discharge is a significant criterion for the proper 
design of a spur dike foundation. 

 Cardoso and Bettess (1999) studied the 
effects of time and channel geometry on scour at 
bridge abutments and suggested an exponential 
function. Oliveto and Hager (2002) studied the 
temporal evolution of clear-water pier and abutment 
scour and found that the principal parameter 
influencing the scour process is the densimetric 
particle Froude number so suggested an logarithmic 
formula. 

Coleman et al. (2003) studied clear-water 
scour development at bridge abutments  and 
suggested an logarithmic formula. The dimensionless 
time to equilibrium for scour development from 
plane-bed conditions can be expressed as a function 
of relative flow intensity and relative abutment 
length.  Recently Ghodsian and Mousavi (2006) 
correlated the maximum scour depth in a channel 
bend to densimetric Froude number, relative bend 
radius and relative depth of flow. 

Fazli et al. (2008) studied the scour and flow 
field at a spur dike in a 90 degree channel. It is 
obvious that there is lack of knowledge regarding the 
scour and flow pattern around the spur dike in a 
curved channel. Also the characteristics of flow 
pattern have been shown to be affected by the 
location of spur dike. It was found that: Bed 
topography in the bend is influenced by location of 
spur dike in the bend. When the spur dike is located 
in the second half of the bend, deposition is occurred 
near the outer bank at the exit of the bend. When spur 
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dike is located in the first half of the bend erosion 
occurred in this region. Diversion of water by the 
spur dike cause a narrow zone of degradation in the 
channel from upstream stagnation zone up to 
downstream of standing eddy zone. Froude number is 
an important parameter and has a direct relation to 
maximum relative scour depth and height of point 
bar. By increasing the Froude number these 
parameters increases. By increasing the length of 
spur dike, the scour depth increases. New empirical 
equation for estimation of maximum scour depth is 
presented. 

Ghodsian and Vaghefi (2009) studied scour 
and flow field in a scour hole around a T-shape spur 
dike in a 90 degree bend. The effects of the length of 
the spur dike, the wing length of the spur dike and 
Froude number on the scour and flow field around a 
T-shape spur dike in a 90 degree bend were 
investigated in this study. The main results of this 
experimental study are: At the upstream of the spur 
dike, a main vortex with anti-clock wise direction is 
formed in the zone of the spur dike. At section 77.5 
degree of the bend a vortex having a clock wise 
direction is formed between the spur dike wing and 
the channel wall. The maximum value of the 
longitudinal velocity component at section 65 degree 
of the bend is close to the outer wall of the channel 
and near the water surface. By increasing Froude 
number the maximum scour depth and the volume of 
scour hole increases. The dimensions of the scour 
hole increase as a result of increase in the length of 
the spur dike. The amount of scour at the upstream of 
spur dike is much more as compare to that at the 
downstream of spur dike. 

Masjedi et al. (2010) studied on the time 
development of local scour at a spur dike in a 180 
degree flume bend. Tests were conducted using one 
spur dike with 110 mm length in position of 60 
degree under four flow conditions. In this study, the 
time development of the local scour around the spur 
dike plates was studied. The effects of various flow 
intensities (u*/u*c) on the temporal development of 
scour depth at the spur dike were also studied. The 
time development of the scour hole around the model 
spur dike installed was compared with similar studies 
on spur dikes. The results of the model study 
indicated that the maximum depth of scour is highly 
dependent on the experimental duration. It was 
observed that, as flow intensities (u*/u*c) increases, 
the scour increases. Measuring time and depth of 
scouring based on experimental observation, an 
empirical relation is developed with high regression 
coefficient 97%.  

The scour geometry around a T-shape spur 
dike in a bend depends on channel geometry (channel 
width, channel radius and bed slope), spur dike 

characteristics (length and wing spur dike, angle with 
bank, location in bend), flow conditions (approach 
depth and discharge or velocity), sediment properties 
(specific gravity, grain size, friction angle), and fluid 
parameters (density and viscosity). Therefore for 
depth of scour one can write: ds

 
                                                      (1) 

 
 tRdgVSBylLfds s ,,,,,,,,,,,,,,, 500 

 
in which L is length of spur dike, l is wing 

of spur dike,  is angle of spur dike with bank,  is 
location of spur dike in bend, y is approach flow 

depth, B is channel width,  is bed slope, V is 

approached flow velocity, g is gravitational 

acceleration,  is median grain size, R is radius of 

bend,

0S

50d

s  is density of sediment,  is friction angle of 

sediment,   is density of fluid,   is viscosity of 

fluid and t  is time of scour. Using dimensional 
analysis, Eq. (2) can be written as: 
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in which Fr is approach Froude number, 

is Reynolds number and te  is maximum of time 
development of scour. After simplification of above 
equation and eliminating the parameters with 
constant values, one can have:  

Re
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2. Material and Methods  

All of the experiments were conducted in a 
flume located at hydraulic laboratory of Islamic Azad 
University of Ahwaz. The flume channel is 
recirculation, with central angle of 180degree, central 
radius (Rc) of 2.8 m and width (B) of 60 cm. Straight 
entrance flume with the length of 9.1 m was 
connected to the 180degree bend flume. This bend 
flume is connected to another straight flume with the 
length of 5.5 m. Relative curvature of bend (Rc/B) 
was 4.7 which defines it as a mild bend. The test area 
of the flume is made up of an aluminum bottom and 
Plexiglas sidewalls along one side for most of its 
length to facilitate visual observations. At the end of 
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this flume a controlling gate was designed to adjust 
the water surface height at the desired levels (Fig.1).  
 

 
   Figure1. The experimental setup (Plan) 
 

The experiments was carried out using four 
length for spur dike (i.e. L =10%,15%, 20% and 25%  
of the channel width) and four wing length of spur 
dike (i.e. l =25%,50%,75% and 100% of the spur 
dike length) were used (Donat, M .,1995). Figure 2 
shows a schematic illustration of a T-spur dike in 
flume. 

 

 
Figure2. A T-shape spur dike (Plan) 

 
The spur dikes were made of Plexiglas T-

shape in plan and located at section 30, 45, 60 and 75 
degree in the bend. The T-shape spur dikes were of 
10mm thick and 55 cm high. 
Uniform sediment with median size of d50 = 2 mm 
and geometric standard deviation σg = 1.7 was used 
with a thickness of 0.2m and covered the total length 
of channel (Dey S., Bose S. K., and Sastry G. L. N., 
1995). 

 In this study the experiments were 
performed under clear-water conditions at four 
different flow intensities (U / Uc ) of 0.61,0.68,0.74 
and 0.85 corresponding to a shear stress levels of 
37%,48%,57% and 78% of the critical shear stress 
level based on Shields stress, respectively (Miller, M. 
C., McCave, I. N., and Komar, P. D.,1977). Here U is 
approach flow velocity and Uc is critical velocity for 
sediment movement. Four Froude numbers of 
0.23,0.25,0.28 and 0.35 were applied in order to 
investigate the effect of flow conditions on the 
scouring. 

Equilibrium scour occurs when the scour 
depth does not change appreciably with time. For this 
purpose the experiments were conducted with spur 

dike having l/L=0.25, Froude number 0.35 which 
corresponds to U/Uc= 0.85 respectively and locations 
of 30, 45, 60 and 75 degree a T-shape spur dike. 
Experiments were run under clear water scour regime 
for a period of more than 24 hrs when movement of 
sediment from scour hole was almost negligible and 
equilibrium state of scour reached. The results are 
shown in Fig.3. As it can be seen approximately 93% 
of scouring occurs during the first 3 hours. Therefore 
in all remaining of our experimental tests, duration of 
3 hours was selected for each test. 
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Figure3. Equilibrium time in the different position for 
a T-shape spur dike 

 
The following procedure was used for each 

experimental run. Before the experiment with the T-
shape spur dike model in place, the sediment bed 
surface was leveled with a scraper blade mounted on 
a carriage that rode on the steel rods. After the bed 
was completely wetted and drained. The flume was 
then filled with water to obtain the desired depth. 
Before the pump was started an initial set of  
transects of the anticipated scour region was 
collected. At the completion of each test, the pump 
was shut down to allow the flume to slowly drain 
without disturbing the scour topography. The flume 
bed was then allowed to dry, during which time 
photos of the scour topography around the pier were 
taken, and the final maximum scour depth was 
recorded using the point gauge having an accuracy of 
±0.01mm (Fig.4). 
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Figure4. Scour pattern at the end of a test 

 
3. Results  

Effect of Froude Number on the Scour: 
Figure 5 shows effect of Froude number on the time 
development for L/B=0.15,  l/L=0.25 and location of 
45 degree at 180 degree flume bend. Four different 
Froude numbers 0.23,0.25,0.28 and 0.35 were 
applied in order to investigate the effect of flow 
conditions on the scouring. Increasing Froude 
number is associated by increase in the flow velocity, 
as a result the amount of scour increases.  

The influence of Froude number on the 
relative maximum scour depth dsmax/y is shown in 
Fig. 6 for L/B=0.15 and l/L=0.25. It is evident from 
this figure that by increasing Froude number the 
maximum relative scours depth increases. 
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Figure5. Time development of scour for different 
Froude number  
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Figure6. Effect of Froude number on relative 
maximum depth of scour 

 
 

Effect of Length of T-shape Spur Dike on 
the Scour: Figure 7 shows effect of length of T-
shape spur dike on the time development for Fr=0.35 
and location of 45 degree at 180 degree flume bend. 
Four different length of T-shape spur dike L/B=0.25, 
L/B=0.20,L/B=0.15 and L/B=0.10 were applied in 
order to investigate the effect of length of T-shape 
spur dike on the scouring. As it can be seen from 
Figure 8, all lengths, at  location of 45 degree results 
maximum increases in scour depth.   

Figure 8 shows, typical dimensionless 
graphs for the relative maximum depth of scour 
dsmax/y against L/B. This figure corresponds to Fr = 
0.35 for four location. It is evident from this figure 
that by increasing length of the T-shape spur dike the 
maximum relative scours depth increases. The main 
reason of such finding is that  increase in length, 
value of vortex maximum. 
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Figure7. Time development of scour for different 
lengths 
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Figure8. Effect of length on relative maximum depth 
of scour 

 
Effect of Wing Length of T-shape Spur 

Dike on the Scour: Figure 9 shows typical 
influences of the wing length of the T-shape spur 
dike on the time development for Fr=0.35, L/B=0.15 
and location of 45 degree. Four different wing length 
of T-shape spur dike l/L=0.25, l/L=0.50, l/L=0.75 
and l/L=1.00 were applied in order to investigate the 
effect of wing length of T-shape spur dike on the 
scouring.  It was found that as the wing length in the 
T-shape spur dike decreases from l/L=1.00 to 
l/L=0.25, the scour dimensions increases.  

Figure 10 show typical dimensionless 
graphs for the relative maximum depth of scour 
dsmax/y against l/L respectively. This figure 
corresponds to Fr = 0.35 for four location. It is clear 
that the wing length of the spur dike increase, the 
maximum depth of scour decreases. 
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Figure9. Time development of scour for different 
wing lengths  
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Figure10. Effect of wing length on relative maximum 
depth of scour 

 
Effect of Location of T-shape Spur Dike 

on the Scour: Figure 11 shows typical influences of 
the location of the T-shape spur dike on the time 
development for Fr=0.35, l/L=0.25 and L/B=0.15. 
Four different location of T-shape spur dike Ө=30, 
Ө=45, Ө=60 and Ө=75 degree were applied in order 
to investigate the effect of location of T-shape spur 
dike on the scouring.  As it can be seen from Figure 
12, at  location of 60 degree results maximum 
increases in scour depth.  

 Figure 12 show typical dimensionless 
graphs for the relative maximum depth of scour 
dsmax/y against Ө/180 respectively. This figure 
corresponds to L/B=0.15 and Fr = 0.35 for four l/L. It 
is clear that the location of the spur dike increase at 
bend, the maximum depth of scour increase. 
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Figure11. Time development of scour for different 
locations  
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Equation for Scour Depth: The equation 

(3) can be written as: 
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in which a, b ,c, d ,e and f are empirical 

constants and can be found using experimental data. 
By using least squares method for all the data it was 
found. Therefore, equation (4) can be written as: 

(5)                                            
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with regression coefficient of 0.97. Here θ is 

in radian. Figure 13 shows the comparison of 
calculated values with use to Eq. (5) and tested 
values of relative maximum scour depth. It is evident 
that Eq. (5) predicts the maximum scour depth with 
acceptable accuracy. 
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Figure13. Comparison of measured and predicted 
scour depth 
 

4. Discussions  
The effects of Froude number, the length, 

the wing length and location of spur dike on the scour 
and flow field around a T-shape spur dike in a 180 
degree bend were investigated in this study. It was 
found that: 

 By increasing Froude number the maximum 
scour depth increases. 

 By increasing the length of the T-shape spur 
dike the maximum scour depth increases. 

 By increasing the wing length of the spur 
dike, the maximum depth of scour 
decreases. 

 Increases depth of scour occurs at location 
of 75 drgree. 

 The comparison of the present study data 
with predicts formula shows good accuracy. 

 Measuring depth of scouring based on 
experimental observation, an empirical 
relation is developed with high regression 
coefficient 97%.  
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Abstract: In this study, investigation of effect of wing shape on control of local scour at a L-shape spur dike in a 
180 degree flume bend are presented. Spur dikes are structures constructed in rivers to maintain a suitable measures 
for bank protection and flood control. In this study, the time development of the local scour around the L-shape spur 
dike plates was studied. The study was conducted using in a 180 degree laboratory flume bend. Experiments were 
conducted for three wing shapes of L-shape spur dikes (Rectangular, Oblong, Rectangular chamfered) at the bend 
with various Froude number. The results of the model study indicated that the maximum depth of scour is highly 
dependent on the experimental duration. It was observed that, as Froude number increases, the scour increases. All 
Froude numbers, oblong wing at location of 60 degree results maximum reduction in scour depth. [Journal of 
American Science 2010;6(10):893-897]. (ISSN: 1545-1003).  
 
 Key words: Local scour; Wing shape;  L-shaped spur dike;  Froude number; Time development 
 
1.Introduction 

A spur dike may be defined as a structure 
extending outward from the bank of a stream for the 
purpose of deflecting the current away from the bank 
to protect it from erosion. In addition to bank 
protection, spur dikes have also been used to enhance 
aquatic habitat by creating stable pools in unstable 
streams (Klingeman et al. 1984).  
Designers of bank stabilization structures should, 
where possible, select spur geometry which stabilizes 
the bank and provides the largest scour volume 
subject to cost constraints. 

The volume of local scour in the vicinity of a 
spur dike is difficult to estimate accurately. Most 
investigations in this field have just measured the 
maximum depth of scour and not the geometry of the 
scour hole. Few studies have been made which 
measured the velocity distribution associated with 
spur dikes and scour holes (e.g. Rajaratnam and 
Nwachukwu 1983), and none to our knowledge 
which measure the velocity distribution as the scour 
hole evolves. 

Local scour around the spur dikes 
foundations failured spur dikes. In recent years, flood 
waters have closed many highways and local roads as 
well as interstate highways, and caused scour that 
damaged many spur dikes and even resulted in loss of 
life. 

Result of spur dike construction against 
flow, there will be a difference in hydrostatic 
pressure at upstream and downstream of the construct 
which will cause a whirlpool disturbance around it.  

These whirlpool flows account  for  the main local 
scoring mechanism which in long term, produce large 
vortexs at spur dike head and this lead to construct 
failure. One of the important indictors in determining 
specifications of scoring and predicating the position 
and expanding range is maximum scoring depth. 

The scour in channel bend has been studied 
extensively by different researchers. Coleman et al. 
(2003) studied clear-water scour development at 
bridge abutments and suggested an logarithmic 
formula.  Recently Ghodsian and Mousavi (2006) 
correlated the maximum scour depth in a channel 
bend to densimetric Froude number, relative bend 
radius and relative depth of flow. 

Fazli et al. (2008) studied the scour and flow 
field at a spur dike in a 90 degree channel. It is 
obvious that there is lack of knowledge regarding the 
scour and flow pattern around the spur dike in a 
curved channel. Ghodsian and Vaghefi (2009) 
studied scour and flow field in a scour hole around a 
T-shape spur dike in a 90 degree bend. The effects of 
the length of the spur dike, the wing length of the 
spur dike and Froude number on the scour and flow 
field around a T-shape spur dike in a 90 degree bend 
were investigated in this study. The main results of 
this experimental study are: At the upstream of the 
spur dike, a main vortex with anti-clock wise 
direction is formed in the zone of the spur dike. At 
section 77.5 degree of the bend a vortex having a 
clock wise direction is formed between the spur dike 
wing and the channel wall. The maximum value of 
the longitudinal velocity component at section 65 
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degree of the bend is close to the outer wall of the 
channel and near the water surface. By increasing 
Froude number the maximum scour depth and the 
volume of scour hole increases. The dimensions of 
the scour hole increase as a result of increase in the 
length of the spur dike. The amount of scour at the 
upstream of spur dike is much more as compare to 
that at the downstream of spur dike. 

Masjedi et al. (2010) studied on the time 
development of local scour at a spur dike in a 180 
degree flume bend. Tests were conducted using one 
spur dike with 110 mm length in position of 60 
degree under four flow conditions. In this study, the 
time development of the local scour around the spur 
dike plates was studied. The effects of various flow 
intensities (u*/u*c) on the temporal development of 
scour depth at the spur dike were also studied. The 
time development of the scour hole around the model 
spur dike installed was compared with similar studies 
on spur dikes. The results of the model study 
indicated that the maximum depth of scour is highly 
dependent on the experimental duration. It was 
observed that, as flow intensities (u*/u*c) increases, 
the scour increases. Measuring time and depth of 
scouring based on experimental observation, an 
empirical relation is developed with high regression 
coefficient 97%.  

As it can be seen from the forgoing 
paragraphs, fast majority of researches on scour at 
spur dike are conducted at a straight flume. In 
practice there are many examples where the spur dike 
the flume bend. In such a case the flow patterns 
which are mostly the cause of scour would not be the 
same as the case of straight flume and therefore it is 
the principal objective of this study is to carry out 
experimental tests on the effect of wing shape on 
time development of scour at L-shape spur dike in 
location of  60 degree in a 180 degree flume bend.  

The scour geometry around an L-shape spur 
dike in a bend depends on channel geometry (channel 
width, channel radius and bed slope), spur dike 
characteristics (length and wing spur dike, wing 
form, angle with bank, location in bend), flow 
conditions (approach depth and discharge or 
velocity), sediment properties (specific gravity, grain 
size, friction angle), and fluid parameters (density 

and viscosity). Therefore for depth of scour one 
can write: 

ds

(1)  tRdgVSBylLfds s ,,,,,,,,,,,,,,,, 500   

in which L is length of spur dike,l is wing of spur 
dike,  is angle of spur dike with bank,  is location 
of spur dike in bend,y is approach flow depth, B is 

channel width,  is bed slope,V is approached flow 

velocity, g is gravitational acceleration,  is 

median grain size, R is radius of bend,

0S

50d

s  is density 

of sediment,  is friction angle of sediment,   is 

density of fluid,   is viscosity of fluid,  is 

coefficient of wing form and t is time of scour. Using 
dimensional analysis, Eq. (2) can be written as: 

                            
(2)                             
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in which Fr is approach Froude number, Re is 
Reynolds number and te is maximum of time 
development of scour. After simplification of above 
equation and eliminating the parameters with 
constant values, one can have: 

 







 ,,

te

t
Frf

y

ds
                                          (3) 

                                                                                       
2. Materials and Methods 

All of the experiments were conducted in a 
flume located at hydraulic laboratory of Islamic Azad 
University of Ahwaz. The flume channel was 
conducted in a recirculation flume, with central angle 
of 180 degree, central radius of Rc=2.8m and width 
of B=60cm. Relative curvature of bend was Rc/B=4.7 
which defines it as a mild bend. The test area of the 
flume is made up of an aluminum bottom and 
Plexiglas sidewalls along one side for most of its 
length to facilitate visual observations. At the end of 
this flume a controlling gate was designed to adjust 
the water surface height at the desired levels (Fig. 1).  
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Figure 1. The experimental setup (Plan) 
 

 
In this study to maintain the clear water 

condition without formation of ripple, uniform 
sediment with median size of d50 = 2 mm, and 
geometric standard deviation of σg ~ 1.7 were used ( 
Dey et al., 1995 ) was used with a thickness of 0.2m 
and covered the total length of channel. The spur 
dikes were made of Plexiglas L-shape in plan and 

located at section 60 degree in the bend. The L-shape 
spur dikes were of 1 cm thick and 60 cm high. 

The experiments was carried out using one 
length for spur dike (i.e. L = 20%  of the channel 
width), one wing length of spur dike (i.e. l = 100% of 
the spur dike length) (Donat ,1995) and three 
different wing shapes of oblong, rectangulat 
chamfered and rectangular were used (Fig.2). 

 

 
 

Figure 2. Schematic illustration of a L-shape spur dike with different wing shapes 
 

 
In this study the experiments were 

performed under clear-water conditions at four 
different flow intensities (u*/u*c) of 0.61,0.68,0.74 
and 0.85 corresponding to a shear stress levels of 
37%,48%,57% and 78% of the critical shear stress 
level based on Shields stress, respectively. The 
symbols u* and u*c are the shear velocity and the 
critical shear velocity, respectively. 

 Four Froude numbers of 0.23,0.26,0.28 and 
0.32 were applied in order to investigate the effect of 
flow conditions on the scouring. All the experimental 
tests where conducted under the same flow depth and 

in two location of 60 degree in 180 degree flume 
bend.   

In this study, a long time experiment was 
conducted at a Froude number of 0.34 and location of 
60 degree for an L-shape spur dike of rectangular 
wing. The results are shown in Fig.3. As it can be 
seen approximately 94% of scouring occurs during 
the first 3 hours. Therefore in all remaining of our 
experimental tests, duration of 3 hours was selected 
for each test. 

 

 



Journal of American Science                                                                                                    
2010;6(10)   

  
 

http://www.americanscience.org           editor@americanscience.org 
 

896

Equilibrium time

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 500 1000 1500

Time (min)

D
im

e
n

s
io

n
le

s
s

 s
c

o
u

r 
d

e
p

th
 (

d
s

/y
)

Location of 60 deg.

 
 
Figure 3. Equilibrium time in the location of 60 degree for an L-shape spur dike of rectangular wing 

 
 The following procedure was used for each 

experimental run. Before the experiment with the L-
shape spur dike model in place, the sediment bed 
surface was leveled with a scraper blade mounted on 
a carriage that rode on the steel rods. After the bed 
was completely wetted and drained. The flume was 
then filled with water to obtain the desired depth. 
Before the pump was started an initial set of transects 
of the anticipated scour region was collected. At the 
completion of each test, the pump was shut down to 
allow the flume to slowly drain without disturbing the 
scour topography. The flume bed was then allowed to 
dry, during which time photos of the scour 
topography around the pier were taken, and the final 
maximum scour depth was recorded using the point 
gauge having an accuracy of ±0.01mm (Fig.4). 

 

 
 

Figure 4. Scour pattern at the end of a test 
 

3. Results  
Figure 5 shows the time development of the 

local scour around the L-shape spur dike for three 
different wing shapes were used at location 60 degree 

in flume bend. In all Froude number, at wing shape of 
oblong results maximum reduction in scour depth and 
gives a maximum reduction in scour depth and at 
wing shape of rectangular results minimum reduction 
in scour depth and gives a minimum reduction in 
scour depth.  The main reason of such finding is that 
minimum value of vortex at wing shape of oblong 
and maximum of vortex at wing shape of rectangular. 
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Figure 5. Time development of scour for different 
wing shapes 

 
4. Discussions  

In this study, investigation on the time 
development of local scour  on around a L-shape spur 
dike with three different wing shapes in a 180 degree 
flume bend are presented. The experiments was 
carried out using one length for spur dike (i.e. L = 
20%  of the channel width),  one wing length of spur 
dike (i.e. l = 100% of the spur dike length) were used. 
Experiments were at location 60 degree in flume 
bend with four Froude numbers of 0.23,0.26,0.28 and 
0.32. The characteristics of the scour hole have been 
shown to be affected by the shape of spur dike in the 
bend and Froude number. It was found that: 
 Wing shape of Rectangular results maximum in 

scour depth.  
 By increasing the Froude number, the scour 

increases. 
 Maximum depth of scour occurs for the Fr=0.34. 
 Wing shape of oblong results maximum reduction 

in scour depth and gives a maximum reduction in 
scour depth. 
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Abstract: In this paper, a novel circuit design idea is proposed for improving the noise immunity of domino logic 
circuits that are especially useful for wide fan in gates. Leakage current is the most important issue in ultra deep 
submicron technologies. This is the main motivation for proposing a new idea for decreasing sub-threshold leakage 
current in domino logic circuits for deep submicron technologies. The proposed circuit design enhances the noise 
immunity at least by a factor of 2.02X to 8.16X compared with other conventional domino circuits and does not 
suffer from the disadvantages of our previously proposed design. The proposed circuit design has been simulated 
using the Predictive Technology Models (PTM) for 70nm CMOS technology. [Journal of American Science 
2010;6(10):898-903]. (ISSN: 1545-1003). 
 
Keywords: Domino logic, Noise immunity, wide gates, high performance. 
 
 
1. Introduction 

Dynamic gates are widely used for high 
performance processors and are also used in full 
adders that are the most important part of a CPU. 
Domino logic circuit techniques are widely used 
compared with CMOS static circuits due to their high 
performance and area characteristics. The high speed 
characteristics of domino logic circuits are primarily 
due to their low noise margin [1-3]. However, this 
low noise margin increases the sensitivity of domino 
logic circuits to noise. As the noise margin of domino 
logic circuits increases with the down-scaling of the 
manufacturing technology and the increasing of their 
operational frequency, the error-free operation of 
domino logic circuits is the most important challenge. 
The decreased threshold voltage with scaling down 
the voltage supply increases the speed while it places 
the power consumption at an acceptable level. 
However, the decreased threshold voltage decreases 
the noise immunity because of the increasing sub-
threshold leakage current. Sub-threshold leakage 
current increases exponentially with scaling down of 
the manufacturing technology especially for UDSM 
technologies, and the increase in temperature. 

The dynamic power due to scaling the supply voltage is 
controlled, but the static power is increased with the 
technology scaling if we only scale down the supply 
voltage of devices. We also have to scale down the 
threshold voltage; otherwise, the delay will increase 
significantly. Thus, the decreased threshold voltage 
exponentially increases the sub-threshold leakage 
according to the following equation: 

/ ( ) ( / )( ) [1GS T DSq n KT V V V q KT

SUB o OX

W
I C Ae e

L
     ]

where W and L are the effective channel width and length, 
respectively. Moreover, A=(KT/q)2e1.8. VDSAT=VGS-Vt  and 

.
0 DSSTt VVVV   , 0  is the zero bias 

mobility, COX is the gate oxide capacitance per unit area, 

n is the sub-threshold swing coefficient for the transistor, 

and is the zero bias threshold voltage. The body effect 

for small values of VS is nearly linear. It is represented by 

the term

0TV

SV   where   is the linearized body effect 

coefficient and  is the drain-induced barrier lowering 

coefficient (DIBL) [6]. 
As a result, static power will constitute a 

significant portion of total power dissipation in 
dynamic logic circuits [4]. It has been shown that the 
share of static power consumption in gates is 
increasing rapidly compared with that of dynamic 
power dissipation as the technology scales down. 
This static power is mainly due to leakage. Various 
circuits have been proposed for leakage reduction, 
increasing the speed or improving performance and 
robustness simultaneously [5]. Dual-Vt techniques 
have been proposed in the literature [6-7] and 
Alvandpour et al. [8] have proposed the conditional 
keeper logic circuit. A new circuit design technique is 
proposed in this paper.  

As a result, static power will constitute a 
significant portion of total power dissipation in 
dynamic logic circuits [4]. 
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It has been shown that the share of static power 
consumption in gates is increasing rapidly compared 
with that of dynamic power dissipation as the 
technology scales down. This static power is mainly 
due to leakage. Various circuits have been proposed 
for leakage reduction, increasing the speed or 
improving performance and robustness 
simultaneously [5]. Dual-Vt techniques have been 
proposed in the literature [6-7] and Alvandpour et al. 
[8] have proposed the conditional keeper logic 
ci

sults 
ill be presented in section IV. Finally, the 

eshold leakage current degrades the 
dy

ses 

iations on sub-threshold current is 
sh

ransistor. We can use this point 
in

 level. It may even cause 
n erroneous output value. 

 

 
Fig 3: (K 1)-input AND GATE adopted from [9] 

rcuit. A new circuit design technique is proposed in 
this paper.  

The paper is organized as follows: Section II 
describes dynamic node characteristics and effective 
items that degrade the waveform of the dynamic node 
for standard domino logic circuits. The proposed 
circuit is presented in section III. Simulation re
w
conclusions will be presented in the last section. 
 
2. Characteristics of the dynamic node  

The main motivation for using dynamic gates in 
circuit design lies in the fact that they require much 
less complexity and need much smaller die area. 
They also have higher speed and use fewer number of 
transistors that is approximately 50% that of an 
equivalent circuit in static logic designs. The keeper 
transistor is used to maintain the state of the dynamic 
node in the presence of coupling noise, charge 
sharing and sub-threshold leakage current. The 
keeper transistor is on in the pre-charge mode. So, it 
helps charge the dynamic node to VDD. But when the 
clock is high, i.e. we are in the evaluation phase, the 
keeper transistor stays on in the primarily time of 
evaluation phase independent of any input signals 
applied to the evaluation network. For wide OR 
gates, the sub-thr

namic node to such an extent that it may even 
change its state. 

The sub-threshold leakage current increa in a 
quadratic fashion with increasing temperature as 
illustrated in Fig. 1. So, for a temperature of 110 C , the 
leakage current is significantly affected. One of the 
possible ways for reducing the sub-threshold current 
is using a heat sink for the circuit. Other parameters 
that affect the sub-threshold leakage current are 
threshold voltage and gate-to-source voltage. 
Unfortunately, scaling down the power supply 
voltage in order to decrease the dynamic power 
would increase the delay. Therefore, we have to scale 
down the threshold voltage too. Scaling down the 
threshold voltage would significantly increase the 
sub-threshold leakage current due to the exponential 
relationship that holds between sub-threshold current 

drain to source would increase this current according 
to the sub-threshold current equation. The effect of 
power supply var

and threshold voltage. Also, increasing the voltage of 
capacitance of those transistors which are turned on. 

own in Fig. 2.  
In the standby mode, if the gate to source voltage is 

decreased the sub-threshold current would decrease 
significantly. Fig. 1 shows the variations of the sub-
threshold current vs. gate to source voltage with 
voltage of drain equal to VDD. The simulation results 
are for single NMOS t

 our circuit designs. 
Another factor that degrades the state of the 

dynamic node is charge sharing. Charge sharing 
which occurs in any CMOS domino gate may 
degrade the output voltage
a

+
 

As we mentioned before domino gates have two 
basic phases of operation. They are in the precharge 
phase when the clock is low and are in the evaluation 
phase when the clock is high. During the precharge 
phase, the capacitance C0 will be charged to a high 
state. During the evaluation phase, if all the inputs Ini 
are high, the voltage of the dynamic node Vx in Fig. 
3 is pulled to ground. Despite several advantages, 
domino circuits require special care to avoid the 
charge-sharing problem that may result in erroneous 
output values. Consider the domino (K-input) AND 
gate shown in Fig. 3. During the evaluation phase, 
suppose all inputs Ini are high except for Ink, that is 
located next to the clocked transistor Mn  which is 
assumed to be low. Since Ink is low, ideally the value 
of Vx, should remains high. However, the charge in 
C0 loaded in the precharge phase is shared or 
redistributed to the (source-drain) junction 

VDD VDD 

In0 

 

Ink 

C0 

C 
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Se

during the idle mode. A two-fold reduction in 
st

kage power of a 32-bit instruction decoder 
bl

better noise 
immunity, reduced leakage current and considerable 

re

sive die area consumption and mismatch 
pr

odels (PTM) for 70nm CMOS 
te

 to compare the UNG of different circuit styles 
[1]. 

CLOCK 

veral researchers have attempted to solve the 
charge sharing problem in domino logic designs [9]. 

Next, we shall describe the effect called stacking. 
Leakage current through a stack of two or more “off” 
transistors is an order of magnitude smaller than a 
single devise. The stacking effect becomes stronger 
with technology scaling-down while DIBL (Drain 
Induced Barrel Lowering) worsens. Many circuit 
blocks in a microprocessor already contain a 
significant number of transistor stacks in complex 
logic gates. Thus, there can be a reduction in leakage 
power by activating the “minimum leakage” input 
vector 

andby leakage power is achievable for a 32-bit 
adder. 

In addition, transistors that are not performance-
critical can be converted into stacks to reduce leakage 
without any impact on the overall processor 
performance. Thus, forcing stack allows us to 
emulate the behavior of high-VT devices that are not 
available in the process technology. Using, a simple-
VT process in conjunction with “stack forcing” can 
reduce lea

ock by 3X without any performance degradation 
[10-12].  

Peiravi et al. [13] proposed a novel conditional 
footer domino logic circuit that used a current source 
to maintain the output state during static conditions. 
The proposed logic circuit provided for 

duction of static power consumption.  
In this paper, an improved version of the 

conditional footer domino novel circuit design is 
proposed. The present design for domino logic helps 
the circuits to become tolerant to sources of noise. 
We call this improved conditional footer logic 
(ICFL). The proposed circuit improves both the 
robustness and the leakage tolerance of high fan-in 
domino gates. This techniques uses a smaller keeper 
transistor that results in less contention between 
keeper and evaluation transistors. The improved 
conditional footer domino logic results in a lesser 
gain in noise immunity compared with the previously 
proposed conditional footer domino. Although the 
new logic has added small size transistors in the foot 
logic compared to our previously proposed logic [13], 
there is an overall die area reduction since it no 
longer requires the current mirror that may suffer 
from exces

oblems. 
We have simulated our circuits in HSPICE using 

the Predictive M
chnology [14].  
The rest of the paper describes the proposed circuit 

and compares it with conventional domino logic 
styles for wide OR gates since they constitute a major 
circuit element in many digital designs. We have used 
an existing metric for noise (leakage) immunity. It is 
used
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Fig 4. The proposed WIDE-OR ICFL circuit 
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Fig 5: Waveforms of ICFL 
 

. high) if all the inputs to the 
ev

ntional styles as 
se

 HSPICE. The 
re

f 8 to 64. Noise immunity can be improved 
en further by upsizing delay inverters and the keeper 

tr

ilar conditions of 
d ICFL  co l 
FLSDL otless stand mino
Fan-in FLSDL ICFL Improvem

3. The Proposed Circuit 

Next let us present a new domino logic circuit called 
conditional footer logic (ICFL) as illustrated in Fig. 4. This 
circuit works as follows. When clock is low, the circuit is in 
the precharge phase like a conventional domino circuit. In 
the precharge mode, MP1 is turned on. Therefore, the 
dynamic node starts to charge to VDD. After a small delay, 
the keeper transistor is turned on and helps achieve a faster 
transition from low to high in the dynamic node. Now, what 
happens to the circuitry added to conventional domino 
circuit? The dynamic node is high, and the clock is low. 
Thererefore, the gate voltage of MN1 is high. This causes 
N_foot node to be connected to ground. But, in the 
evaluation phase when the clock is high the dynamic node 
maintains its previous state (e.g

aluation transistors are low. 
So, after the delays for inverters, both inputs to NAND 

gate are high. Then after the delay for the NAND gate, the 
gate voltage of MN1 goes low and then MN1 is turned off. 
This behavior can be seen in Fig. 5. But if just one input to 
the evaluation network is high, the voltage of gate of MN1 
remains high and MN1 stays on. The noise immunity of 
ICFL is improved compared with conve

en from the results indicated in Table 1. 
We have simulated the proposed circuit using the 

predictive model for 70nm CMOS technology, in 
bottleneck temperature (T=110C). The simulation for 8, 16, 
32, 64 OR gates have been carried out with

sults for CFL have been listed in Table.1.  
We have also compared the UNG of CFL in same delay 

condition with other conventional domino logic circuit. The 
UNG of the proposed CFL circuit has improved from 2X to 
8.1X for fan in o
ev

ansistor [13]. 
 

Table1: Comparison of UNG under sim
elay ( =improved nditiona footer logic, 

=fo ard do  logic) 
ent 

8 0.17 0.345 2.02X 

16 0.13 0.292 2.24X 
32 0.09 0.275 3.05X 

64 0.03 0.245 8.16X 
 
4. Conclusions 

In this study, an improved conditional footer domino 
logic circuit design style is proposed that has somewhat 
lower noise immunity compared with the Conditional 
Footer Logic (CFL) that we proposed earlier. However, this 
circuit improves noise immunity, has an acceptable 
performance for high fan-in gates compared to 
conventional domino logic styles, and does not suffer from 
the potential problems of the mirror circuit in the previous 
design. Our proposed circuit enables robust use of high fan-

d ultra deep submicron technology. 
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Abstract: The mutual relationships between the pineal gland and the thyroid have for a long time been a subject of 
intensive research. Thus, this study was performed in order to determine the effect of melatonin and/or propylthiouracil 
on oxidative stress in a model of hyperthyroidism. This study was carried out on 35 adult male albino rats (245-276 g) 
divided into 4 groups: G1: control rats, G2: hyperthyroid rats fed with standard chow diet, G3: hyperthyroid rats treated 
with propylthiouracil, G4: hyperthyroid rats treated with propylthiouracil & melatonin. At the end of the experimental 
period, rats were anaesthetized and electrocardiograph (ECG) recordings were obtained. Hearts & liver were subjected 
to histopathological examinations. Blood was collected for determination of hemoglobin (Hb), serum total tT3, tT4, 
thyroid stimulating hormone (TSH), and blood superoxide dismutase (SOD), plasma glutathione (GSH) and 
malondialdehyde (MDA). ECG recording revealed significant increase in HR and R voltage in G2 compared to control 
rats. Biochemical studies showed significant decrease in blood SOD, Hb and serum TSH in the three experimental trial 
groups compared to the control group. Plasma MDA level showed significant increase in G2 and G3 compared to 
control group, as well as significant decrease was observed in G4 compared to G2 and G3. Concerning GSH a 
significant decrease was observed in G2 compared to control group, upon addition of melatonin, significant increase 
was observed compared to G2 and G3. As regard serum tT4, significant increases was observed in the three trial groups 
compared to control group. Concerning serum tT3 level, a significant decrease in its level in treated hyperthyroid rats 
(G3) compared to G2. Histopathological examination of hearts of G2 showed vacuolation of cardiac myocytes and 
myolysis. These changes were ameliorated upon addition of melatonin to propylthiouracil than propylthiouracil alone. 
Histopathological examination of liver of hyperthyroid rats showed kupffer cells activation, focal area of hepatic 
necrosis and leucocytic cell infiltration. Rats treated with propylthiouracil showed only congestion of central vein. Upon 
addition of melatonin to propylthiouracil, no change was observed in the liver except a slight congestion of central vein.  
These findings indicate that hyperthyroid associated-oxidative stress contributes to early cardiac & hepatic 
complications of hyperthyroidism and that addition of melatonin to anti-thyroid drugs could be beneficial in 
amelioration of these complications. [Journal of American Science 2010;6(10):904-914]. (ISSN: 1545-1003).  

 
Key words: Propylthiouracil, melatonine, oxidative stress 
 
1. Introduction: 

Hypertrophic cardiomyopathy is a major heart 
disease which causes a large number of deaths globally 
(Ghosh et al., 2007). Extrinsic stimuli include pressure 
overload, volume overload, abnormal hormone levels, 
intrinsic stimuli include contractile abnormalities 
(Feldman et al., 1993); as in prolonged hyperthyroidism 
(Cohn 1996).  

In hyperthyroidism, cardiac hypertrophy is 
accompanied by an overall increase in metabolic rate and 
enhanced lipolysis (Woeber 1992). Accumulating 
evidence has suggested that the hyper-metabolic state in 
hyperthyroidism is associated with increases risk in free 
radical production and lipid peroxide levels in several 
target tissues (Videla 2000). Recent study on liver, 
muscle, and heart suggest that this oxidative stress is due 
to increased reactive oxygen species released from 
mitochondria (Venditti et al., 2003).   

Despite methimazole and propylthiouracil 
having been used for more than a century to treat 
hyperthyroidism, controversy still exists in antithyroid 
drug therapy (Nakamura et al., 2007). 

Melatonin (N-acetyl-S methoxy tryptamine), the 
main secretory product of the pineal gland is a well 
known antioxidant and free radical scavenger, widely 
distributed in the organism. Mutual relationships 
between the pineal gland and the thyroid have for long 
time been a subject of intensive research. It is highly 
probable that under physiological conditions, melatonin 
and possibly other antioxidants regulate ROS generation 
for thyroid hormone synthesis (Karbownik and Lewinski, 
2003). Thus, this study was performed in order to 
determine the effect of melatonin and/or thiouracil on 
oxidative stress in a model of medical hyperthyroidism. 
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2. Material and Methods 
Experimental animals: 

This study was carried out on 35 adult male 
albino rats weighing 245- 276  gm at start of the study, 
rats were purchased from Experimental Animal farm of 
Helwan and housed individually in suspended wire-mesh 
cages and maintained in Nutrition National Institute 
animal house under standard conditions of boarding. All 
rats were fed standard rat chow before starting the 
experiment.  The standard rat chow diet (AIN-93 M diet 
formulated for adult rodents) was prepared according to 
the National Research Council (NRC) 1978 and Reeves 
et al., (1993). 
 
Experimental protocol: 
The rats were allocated into 4 groups 
a. Group 1 include control rats (n=8). These rats were 

treated with intraperitoneal injection of normal saline 
in a similar volume as test group. 

b. Group 2 include untreated hyperthyroid rats (n=10). 
Hyperthyroidism was induced by daily intraperitoneal 
injection of tetra-iodo-thyronine in a dose of 10 
g/100 g BW for 30 days (40 g dissolved in 1 ml 
normal saline) as described by Venditti et al., (2006).  

c. Group 3 (n=9): Hyperthyroid rats treated with 
propylthiouracil; hyperthyroidism was induced as 
previous group for 30 days. Propylthiouracil therapy 
was started in the last 10 days of the study at a dose 
of 0.04 g/100 ml drinking water, as described by Delp 
et al., (1995).   

d. Group 4 (n=8): Hyperthyroid rats treated with 
propylthiouracil and melatonin. Hyperthyroidism and 
propylthiourcail therapy was started as the previous 
group. Melatonin was given by intraperitoneal 
injection in a dose of 10 mg/kg started in the last 10 
days of the experiment as described by Baydas & 
Merai (2005).  
 
Tetra-iodo-thyronine, Propylthiouracil and Melatonin 

were purchased from (Sigma- Aldrich, St Louis, MO, 
USA) 
 
Experimental procedure: 

At the end of the experimental period, all rats 
were fasted overnight, weighed and anaesthetized with 
intraperitoneal thiopental sodium (40 mg/Kg BW). 
Height (from the tip of the nose to the anus) was 
measured and ECG was recorded for each rat, a midline 
incision was made, then the abdominal aorta was 
exposed and blood samples were collected in three 
centrifuge tubes; plain tube to obtain serum and 2 
Na2EDTA tubes to  obtain whole blood and plasma. 
Tubes were centrifuged at 4000 r.p.m. for 15 minutes for 
separation of serum and plasma and were stored at –20o 
till used for determination of biochemical measurements. 
 

1-ECG recording:  
Needle electrodes were placed under the skin of 

the 4 limbs of the animal near the paws, and connected 
through an ECG coupler to a 2 channel oscillograph 
(Cardimax FX 121, Fukuda Denshi Co, LTD, Tokyo, 
Japan). The electro-cardiographic tracing was recorded 
using standard limbs. From lead II-ECG tracing with 
paper speed of 25 mm/sec, heart rate (HR), P-R interval, 
QRS duration, QT interval, Q wave voltage, R wave 
voltage and ST segment deviation were measured. The 
heart rate was calculated using the following formula: 

Heart rate (HR) =7500 / Distance in mm 
between 6 successive peaks of R waves----------
------------------                                                                 

2-Organs:  
Organs as hearts and livers were removed, 

washed with sterilized saline, dried between filter papers 
and weighed. 
 
3-Histopathological examination: 

Harts and livers were kept in 10% formaline for 
histopathological examination, dehydrated, cleared in 
zylol and embedded in parablast. Paraffin sections were 
cut serially at 6 m thickness and stained by hematoxylin 
and eosin (Hx & E) as described by Drury and 
Wallington (1980). 
 
4-Biochemical measurements: 
a. Serum total T3 (tT3) (Monobind USA, ELISA 

microwells: 225-300), according to the method 
described by Gharib et al., (1971) and Chopra (1977).  

b. Serum total T4 (tT4) (Monobind USA, ELISA 
microwells: 225-300), according to the method 
described by Chopra et al., (1971). 

c. Serum thyroid stimulating hormone (TSH) (RIA), Rat 
TSH kit (Amersham life Science, Buckinghamshire, 
UK). 

d. Blood superoxide dismutase (SOD), according to the 
method described by Concetti et al., (1976). 

e. Plasma malonyldialdehyde (MDA), according to the 
method described by Draper and Hadley (1990). 

f. Plasma glutathione (GSH), according to the method 
described by Beutler et al., (1963). 

g. Haemoglobin (Hb) level was measured using the 
cyanomethaemoglobin method using Randox kits, 
Randox: Laboratories, USA, as described by Dacie 
and Lewis (1975). 

 
Statistical Analysis (Armitage and Berry 1987):  
 All statistical data and significance tests 
were performed by using SPSS (Statistical Program 
for Social Science) statistical package (SPSS Inc) 
version 11. Statistical significance was determined 
by one-way ANOVA (analysis of variance) for 
differences between means of different groups; 
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further analysis was made by LSD (least 
significance difference) multiple-range test to find 
inter-group differences; a probability of P< 0.05 was 
considered statistically significant. 
 
3. Results 

Results encountered in the present study are 
displayed in tables (1-5) and figures (1-12). Results 
are expressed as Mean  SEM. 

 
1-Measured parameters: 

Concerning ECG parameters, significant 
increase in HR was observed in untreated 
hyperthyroidism compared to control rats. In 
addition, significant increase (p<0.001) in R voltage 
in untreated hyperthyroidism and hyperthyroidism + 
thiouracil compared to control one. Upon addition of 
melatonin to propylthiouracil, significant decrease 
(P< 0.001) in R voltage was observed compared to 
untreated and treated hyperthyroidism with 
propylthiouracil, although the level was significantly 
higher (P< 0.001) than the control group (Table 1, 
figure 3 a, b, c, d). 

Body weight and diet intake along the 
period of the study are shown in figures (1&2). 
Despite matched body weight at start of the study 
(P> 0.05), table (2) demonstrated significant 
decrease (P< 0.001) in the body weight and body 
mass index in the three trial groups compared to the 
control one. 

As regard liver weights; a significant 
increase was observed in untreated hyperthyroidism 
compared to control one, and to treated 
hyperthyroidism. Upon calculation LW/BW ratios, a 
significant increase were found in the three trial 
groups compared to control one. 
 Concerning heart weights; a significant 
increase (P< 0.001) was observed in untreated 
hyperthyroidism and treated hyperthyroidism with 
thiouracil group compared to control one, upon 
addition of melatonin significant decrease (P< 
0.001) was observed compared to untreated 
hyperthyroidism group. Upon calculation HW/BW 
ratio, significances mentioned before were still 
present, in addition significant decrease in HW/BW 
ratio was found upon addition of melatonin to 
antithyroid drug compared to treated 
hyperthyroidism with thiouracil. 
 
2-Biochemical studies:  
 As regard plasma SOD; significant 
decrease (P< 0.001) was observed in the three trial 
groups compared to the control one. Plasma MDA 

level showed significant increases in untreated 
hyperthyroidism and treated hyperthyroidism with 
thiouracil groups compared to control group. Upon 
addition of melatonin, a significant decrease was 
observed in MDA level to match the level recorded 
in the control group. Concerning GSH, significant 
decrease was observed in untreated hyperthyroidism 
and treated hyperthyroidism with thiouracil groups 
compared to control group, upon addition of 
melatonin, significant increase was observed to 
match the level recorded in the control group.  
 Concerning Hb level, a significant decrease 
(P< 0.001) was observed in the three trial groups 
compared to control group. However, upon addition 
of melatonin a significant increase in Hb level was 
observed compared to untreated hyperthyroid group. 

As regard serum tT3 and tT4; significant 
increase was observed in untreated hyperthyroidism 
and treated hyperthyroidism with thiouracil groups 
compared to control group, upon addition of 
melatonin, tT3 level showed significant decrease (P< 
0.001) compared to untreated hyperthyroidism and 
to treated hyperthyroidism with thiouracil. While, 
serum TSH levels showed significant decrease (P< 
0.05) in the three trial groups compared to control 
one. 

Histopathological examination of hearts 
isolated from control rats revealed normal cardiac 
myocytes (Fig. 4). Meanwhile, hearts of untreated 
hyperthyroid rats showed vacuolation of cardiac 
myocytes (Fig. 5), and myolysis of individual 
cardiac myocytes (Fig. 6). On the other hand hearts 
of rats isolated from thiouracil treated group 
revealed only slight congestion of intermuscular 
blood capillaries (Fig. 7) while hearts isolated from 
hyperthyroid rats treated by melatonin and thiouracil 
showed no apparent histopathological changes (Fig. 
8). 

Histopathological examination of livers 
isolated from control rats revealed normal 
histological structure of hepatic lobule (Fig. 9). 
Untreated hyperthyroid rats showed kupffer cells 
activation & focal area of hepatic necrosis and 
leucocytic cell infiltration (Fig. 10). Rats treated 
with propylthiouracil showed only congestion of 
central vein (Fig. 11). Upon addition of melatonin to 
propylthiouracil, no changes were observed in the 
liver except slight congestion of central vein (Fig. 
12). 
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Table (1): Changes in ECG parameters; heart rate (HR, beats/min), P-R interval (msec), QRS wave (msec),  QT (msec), Q 
wave (v), R wave (v), and ST segment elevation (v) in the four studied groups. 

Groups No.
HR 

(beats/min)
P-R 

(msec) 
QRS 

(msec) 
QT 

(msec) 
Q 

(v) 
R 

(v) 
ST 

(v) 
Control  8 474  11 52.5  3.1 50  4.2 75  5.4 65.6  4.5 406.3  25.8 50  4.7
Hyperthyroid 10 527  17* 54  3.1 44  2.7 79  2.3 57.5  3.8 805  13.8* 62.5  4.2
Hyperthyroid+thiouracil  9 459  18** 61.1  2.6 45.6  2.9 80  3.7 58.3   4.2 677.8  29*,** 58.3  4.2
Hyperthyroid+thiouracil+melatonin  8 452  16** 61.3  3.0 50  4.2 76.3  3.8 62.5  4.7 537.5  28*, **, *** 56.3  4.1
P  < 0.05 NS NS NS NS < 0.001 NS 

P:Significance by one-way ANOVA  among the 4 studied groups. *: Significance by LSD at P< 0.05 from control group;  
**: Significance by LSD at P< 0.05 from untreated hyperthyroidism; 
***: Significance by LSD at P< 0.05 from hyperthyroidism+ thiouracil.  In parenthesis is the number of rats.  NS: not significant. 
 

Table (2): Changes in body weight (BW, g), height (cm), body mass index (BMI, Kg/m2), in the four studied groups. 
Groups BW (g) Height (cm) BMI (Kg/m2) 

Control (8) 318.3  7.3 20  0.3 8.0  0.2 
Hyperthyroid (10) 214.8  4.8* 20.1  0.3 5.4  0.2* 
Hyperthyroid +thiouracil (9) 206.9  4.8* 19.9  0.3 5.2  0.2* 
Hyperthyroid+thiouracil+ + melatonin (8) 217.5  3.2* 20.3  0.2 5.3  0.1* 
P < 0.001 NS < 0.001 

P:Significance by one-way ANOVA  among the 4 studied groups. *: Significance by LSD at P< 0.05 from control group;  
**: Significance by LSD at P< 0.05 from untreated hyperthyroidism; 
***: Significance by LSD at P< 0.05 from hyperthyroidism+ thiouracil.  In parenthesis is the number of rats.  NS: not significant. 
2 
 

Table (3): Changes in liver weight (LW,g), liver weight / body weight (LW/BW), heart weight  (HW, g), heart weight/ 
body weight (HW/BW) in the four studied groups. 

Groups LW (g) LW/BW  HW (g) HW/BW  
Control (8) 5.8  0.3 18.2  0.7 0.663  0.04 2.1  0.08 
Hyperthyroid (10) 7.9  0.4* 36.7  1.6* 1.11  0.03* 5.1  0.1* 
Hyperthyroid + thiouracil (9) 5.2  0.4** 24.9  1.7*, ** 0.809  0.04*,** 3.9  0.2*,** 
Hyperthyroid + thiouracil+melatonin (8) 5.5  0.4** 25.4  2.1*, ** 0.755 + 0.03** 3.5   0.1*,**,*** 
P < 0.001 < 0.001 < 0.001 < 0.001 

P:Significance by one-way ANOVA  among the 4 studied groups. *: Significance by LSD at P< 0.05 from control group;  
**: Significance by LSD at P< 0.05 from untreated hyperthyroidism; 
***: Significance by LSD at P< 0.05 from hyperthyroidism+ thiouracil.  In parenthesis is the number of rats.  NS: not significant. 
 

Table (4): Changes in plasma superoxide dismutase (SOD, g/ml), plasma malondialdehyde (MDA,mol/L), plasma 
glutathione peroxidase (GSH, mg/dl),  Hb level (g/dl) in the four studied groups . 

Groups 
Plasma SOD 
(g/ ml) 

Plasma MDA 
(mol/L) 

Plasma GSH 
(mg/dl) 

Hb 
( g/dl) 

Control (8) 54.8  1.5 74.2  3.9 45.7  1.8 12.5  0.34 
Hyperthyroid (10) 39.4  1.1* 106.9  2.8* 35.9  1.3* 9.7  0.37* 
Hyperthyroid  +thiouracil (9) 49.5  1.0*,** 98.1  1.6*,** 39.5  0.9*,** 10.4  0.36* 
Hyperthyroid+   thiouracil+melatonin (8) 40.9  0.6*,*** 79.4  1.0**,*** 43.6  0.8**,*** 11.1  0.35*,** 

P < 0.001 < 0.001 < 0.001 < 0.001 
P:Significance by one-way ANOVA  among the 4 studied groups. *: Significance by LSD at P< 0.05 from control group;  
**: Significance by LSD at P< 0.05 from untreated hyperthyroidism; 
***: Significance by LSD at P< 0.05 from hyperthyroidism+ thiouracil.  In parenthesis is the number of rats.  NS: not significant. 
 

Table (5): Changes in serum tri-iodo-thyronine (tT3, ng/ml), serum tetra-iodo-thyronine (tT4, g/dl), and serum thyroid 
stimulating hormone (TSH,  IU/ml) levels in the four studied groups. 

Groups tT3 (ng/ml) tT4 (g/dl) TSH ( IU/ml) 
Control (8) 4.07  0.15 6.00  0.60 0.41  0.04 
Hyperthyroid (10) 7.1  0.16* 9.8  0.3* 0.32  0.02* 
Hyperthyroid+ thiouracil (9) 4.8  0.15*,** 8.3  0.44*,** 0.35  0.01* 
Hyperthyroid+ + thiouracil+melatonin (8) 4.3  0.09**,***  9.1  0.57* 0.35  0.009* 

P < 0.001 < 0.001 < 0.05 
P:Significance by one-way ANOVA  among the 4 studied groups. *: Significance by LSD at P< 0.05 from control group;  
**: Significance by LSD at P< 0.05 from untreated hyperthyroidism; 
***: Significance by LSD at P< 0.05 from hyperthyroidism+ thiouracil.  In parenthesis is the number of rats.  NS: not significant. 
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Figure (1): Chart of body weight (BW, grams) throughout 

the period of the study (4 weeks) showing Mean  
SEM in the 4 studied groups. 
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Figure (2): Chart of diet intake (diet, grams/week) 

throughout the period of the study (4 weeks) 
showing Mean  SEM in the 4 studie 
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Figure (3): ECG records (lead II) of: a)Control, b) Untreated Hyperthyroidism, c) Hyperthyroidism + 
Thiouracil, d) Hyperthyroidism + Thiouracil + Melatonin.  
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Fig (4): Heart of control rat showing normal 

cardiac myocytes (Hx & E X 200) 
 
 

 
 
Fig. (5): Heart of untreated hyperthyroid rat 

showing vacuolations of cardiac myocytes 
(Hx & E X 200). 

 

 
Fig. (6): Heart of untreated hyperthyroid rat 

showing myolysis of individual cardiac 
myocytes (Hx & E X 200). 

 

 
 
Fig. (7): Heart of hyperthyroid rat + thiouracil 

showing slight congestion of intermuscular 
blood capillaries (Hx & E X 200). 

 

 
Fig. (8): Heart of hyperthyroid rat + thiouracil + 

melatonin showing no apparent 
histopathological changes of cardiac 
myocytes (Hx & E X 200). 

 

 
Fig (9): Liver of control showing the normal 

histological structure of hepatic lobule (Hx & E 
X 200) 
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Fig. (10): Liver of untreated hyperthyroid rat 

showing focal area of hepatic necrosis replaced 
by leucocyte cell infiltration (Hx & E X 200). 

 
Fig. (11): Liver of untreated hyperthyroid rat + 

thiouracil showing congestion of central vein (Hx 
& E X 200). 

 

 
Fig. (12): Liver of hyperthyroid rat + thiouracil + 

melatonin showing slight congestion of central 
vein (Hx & E X 200). 

 

4. Discussion: 
           The present study demonstrates the 
contribution of free radicals to cardiac & hepatic 
complications of hyperthyroidism and the possible 
beneficial effects of adding an antioxidant like 
melatonin to the antithyroid drug propylthiouracil.   
         Untreated hyperthyroid rats in the present 
study had significant increases in serum tT4& tT3 as 
well as significant decrease in serum TSH. 
Untreated hyperthyroid rats showed significant 
decreases in body weight throughout the period of 
the study and body weight and BMI at the end of the 
study, despite significant increase in food intake. 
These findings indicate negative energy balance due 
to increased metabolic rate & energy expenditure 
(Ganong, 2010).  
         Hyperthyroid state for four weeks caused 
significant anemia despite balanced diet formula & 
increased food intake. This anemia is difficult to 
explain in the context of the present study, but we 
may predict that its cause may be due to a relative 
nutritional deficiency due to the hypermetabolic 
state which is associated with increased in free 
radicle production (Ganong, 2010) or due to liver 
damage as shown in histopathological examination 
of these rats (Venditti et al., 2003 & 2006). The 
improvement of anemia with propylthiouracil 
treatment inferred that control of the hyperthyroid 
state resulted in sparing of dietary elements needed 
for erythropoiesis. Addition of melatonin to 
antithyroid therapy ameliorated hemoglobin level 
suggesting that oxidative stress might contribute to 
hyperthyroid associated-anemia. In a study by 
Snyder and Reddy (2009), they reported that 
microcytic anemia accompany hyperthyroidism, 
which could be due to increased 2, 3 DPG which 
decreases oxygen affinity to hemoglobin, thus 
decreasing the drive for enhanced erythropoiesis 
(Snyder and Reddy, 2009). Another mechanisms; 
could be expanded blood volume, hemodilution & 
accelerated but ineffective erythropoiesis (Ganong, 
2010). 
      Hyperthyroid untreated rats exhibited significant 
sinus tachycardia& significant increase in R-voltage. 
Effects of an excess thyroid hormone on heart rate 
are related, in part, to an indirect adrenergic effect 
and, in part, to a direct intrinsic positive 
chronotropic effect (Abe et al., 1998). The increase 
in R-voltage could be explained by the decrease in 
the body weight at the end of the present study 
(Goldberger 2006).  

Regarding relative cardiac weights, a 
significant increase was observed in untreated 
hyperthyroid rats which could be due to the 
significant decrease in body weight (Ghosh et al., 
2007). However, the significant increase in absolute 
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cardiac weights indicates hyperthyroid induced-
cardiomyopathy (Liu et al., 1984) via increasing 
aterial natruretic peptide (ANP) mRNA production 
(Ghosh et al., 2007). Histopathological examination 
of the livers and hearts isolated from untreated 
hyperthyroid rats inferred hepatocyte and cardiac 
myocyte damage. Initial hypertrophy of cardiac 
myocytes followed by apoptosis was reported in 4 
week–hyperthyroid rats which may explain heart 
failure frequently encountered in hyperthyroid 
patients (Wang et al., 2010). Amelioration of cardiac 
enlargement in rats treated with propylthiouracil and 
melatonin provides evidence that inhibition of 
oxidative stress reduces myocyte hypertrophy and 
restores the activity of the antioxidant enzymes; 
SOD & GSH which suggest that a feedback 
inhibitory mechanism of endogenous antioxidant 
system operates against the deleterious effects of 
hyperthyroidism on cardiac muscle (Ghosh et al., 
2007 & Martinez-Cruz et al., 2002). As melatonin 
has no morphophysiological barriers and is readily 
available in the cytosol (Martinez-Cruz et al., 2002), 
it is likely that melatonin is an effective antioxidant 
in the cytosol (Baydas et al., 2002).  Microscopic 
examination of livers isolated from untreated 
hyperthyroid rats revealed hepatic damage & 
congestion which may be due to heart failure that 
was reported to occur in hyperthyroidism (Wang et 
al., 2010).  
     Increased oxidative stress & decreased 
antioxidant potential in untreated hyperthyroid rats 
in the present study came in accordance with 
previous literatures and could explain early hepatic 
& cardiac derangement associated with 
hyperthyroidism (Kumar et al., 2007, and 
Chattopadhyay et al., 2010). The hypermetabolic 
state in hyperthyroidism results in oxidative damage 
due to increased activity of mitochondrial 
respiratory chain components that would result in 
increased generation of superoxide at the site of 
ubiquinone (Sugden et al., 1999). tT3 induced-liver 
free radical generation was reported to occur in 
concomitance with enhanced respiratory burst 
activity and chemiluminescent response in both 
experimental and human studies (Fernandez and 
Videla 1995). Superoxide radical can lead to the 
formation of many other reactive species; including 
hydroxyl radicals, which can readily start the free 
radical process of lipid peroxidation with increased 
production of ROS in several tissues including the 
heart via lipid peroxidation and protein oxidation 
(Venditti et al., 2003). ROS markedly influence 
cardiac function in hyperthyroidism via inhibition of 
important metabolic genes such as GLUT4 (Ghosh 
et al., 2007). This may lead to an energy crisis & 
cardiac dysfunction because of reduced uptake of 

glucose by hypertrophic cardiomyocyte(Liu et al., 
1994), which is mainly stimulated by insulin & 
intracellular storage sites (Young et al., 1997). Thus, 
repression of GLUT4 expression takes place in the 
hyperthyroid rat heart in situation when the demand 
for energy is high to meet the increased heart rate & 
contractile activities in the hyperthyroid state.  
           Treatment of hyperthyroid rats with 
propylthiouracil  alone resulted in amelioration of 
hyperthyroid induced complications  including 
oxidative stress, hepatic & cardiac myocyte damage 
due to inhibition of peripheral  conversion of  T4  to 
T3 (Geffner et al., 1975). Addition of melatonin to 
propylthiouracil almost normalized all these 
complications. This indicates that oxidative stress 
associated with the hyperthyroid state contributes to 
or aggrevates the hyperthyroid induced–
complications, and that melatonin inhibits oxidative 
stress which may be explained by its inhibition to 
deiodinase 2 expression which is responsible for 
formation of deiodinase 2 which converts T4 into 
active T3, thus controlling local T3 concentrations 
as previously reported by Lechan and Fekete (2005). 
            Melatonin: The main secretory product of 
pineal gland can directly neutralize a number of free 
radicals and reactive oxygen species (Reiter et al., 
2002). Melatonin is more effective in neutralizing 
hydroxyl radicals (HO.), the free radical normally 
responsible for more than half of all free radical 
damage in the body (causing lipid peroxidation, 
DNA damage and protein oxidation] as well as 
superoxide, singlet oxygen, hydrogen peroxide & 
hypochlorous acid (Leon et al., 2005). Moreover, 
Melatonin stimulates gene expression & the activity 
of the antioxidant enzymes glutathione peroxidase, 
superoxide dismutase & catalase (Reiter et al., 2000 
and Rodriguez et al., 2004). As well, it is well 
known that melatonin function as free radical 
scavengers (Onuki et al., 2005). Free radical 
scavengers and antioxidants neutralize and/or 
metabolically remove reactive species from cells 
before they carry out their destructive activities 
(Reiter et al., 2002). While the antioxidative actions 
of most molecules are limited by their specific 
intercellular distribution, antioxidative actions of 
melatonin include the protection of lipids in cell 
membranes, proteins in cytosol and DNA in nuclei. 
Furthermore, melatonin can enter all cells in the 
organism (Reiter et al., 1999). Restoration of 
glucose uptake upon administration of melatonin in 
Ghosh et al., (2007) study; clearly indicates that this 
antioxidant may improve the cardiac function by 
correcting defects in GLUT4 gene expression 
(Ghosh et al.,  2007). 

   Results of the present study demonstrate 
that oxidative stress contributes to early 
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manifestations of hyperthyroidism like anemia, early 
cardiac & hepatic damage. The use of 
propylthiouracil alone produced partial 
improvement, while addition of melatonin to 
propylthiouracil restored the balance between 
oxidants and antioxidants and was more effective in 
reversing the complications of hyperthyroidism. 

Thus, we can conclude from the present 
study, that antioxidant treatment added to antithyroid 
drug makes hyperthyroid cardiomyopathy a 
potentially curable form of heart failure. 

 
Note: This study was approved by the high society 
of scientific ethic committee of GOTHI (General 
Organization for Teaching Hospitals and Institutes) 
no. IN 000033. 
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Abstract: In the present investigation, a trial was done to find a new antimicrobial agent producing microbe from 
soil microbiota of local habitats to control the problem of multiple drug resistance. Isolation of different 
microorganisms from some soils' rhizosphere in Al-Madinah Al-Munawwarah, viz. corn (Zea mays), datepalm 
(Phoenix dactylifera), catnip (Mentha piperita), sunflower (Helianthus), balessan (Amyris gileadensis), nabk-tree 
(Ziziphus Spina-Christi Willd), basil (Marrubium vulgare) was carried out. All microbial isolates were then screened 
for their antagonistic activity against the most resistant eight target bacteria isolated from caesarean section site 
infections (E.coli,  Klebsiella  spp., Pseudomonas spp., Proteus spp., Citrobacter spp., Acinetobacter spp., 
methicillin resistant Staphylococcus aureus MRSA, and coagulase negative Staphylococcus). Among the total 86 
fungal and bacterial isolates, only 15 of them (17.44%) were capable of biosynthesizing antimicrobial metabolites. 
One of the actinomycetes that was obtained from catnip rhizosphere,  Al-Ouayna district in Al-Madinah Al-
Munawwarah, found to exhibit the highest antimicrobial activity and it matched with Streptomyces ramulosus in the 
morphological, physiological and biochemical characters. Thus, it was given the suggested name Streptomyces 
ramulosus, A-MM-24. Therefore, microorganisms isolated from Al-Madinah Al-Munawwarah's soil could be an 
interesting source of antimicrobial bioactive substances. In addition, they are promising enough to deserve further 
purification, characterization and separation of the active metabolites from them. [Journal of American Science 
2010;6(10):915-925]. (ISSN: 1545-1003).  
 
Key words: Antimicrobial agent producing microbe, Al-Madinah Al-Munawwarah, resistant bacteria, soil 

microbiota, Streptomyces ramulosus A-MM-24. 
 
1. Introduction: 

Antibiotics are one of the pillars of modern 
medicine (Ball et al., 2004), but the rate of loss of 
efficacy of old antibiotics is outstripping their 
replacement with new ones for many species of 
pathogenic bacteria (Hancock, 2007). The emergence 
of antibiotic resistant bacteria is a problem of 
growing significance in dermatological and surgical 
wound infections (Colsky et al., 1998; Giacometti et 
al., 2000). In general, the most important resistance 
problems in the management of wounds have been 
observed with S. aureus and coagulase-negative 
staphylococci among the Gram-positive species and 
with E.coli, Klebsiella pneumoniae and P. 
aeruginosa among the Gram-negative species (Filius 
and Gyssens, 2002).  

Considerable research is being done in order 
to find new chemotherapeutic agents isolated from 
soil (Rondon et al., 2000; Crowe and Olsson, 2001; 
Courtis et al., 2003). Soil microbial communities are 
among the most complex, diverse and important 
assemblages of organisms in the biosphere; and they 
participate in various biological activities. 
Accordingly, they are an important source for the 

search of novel antimicrobial agents and molecules 
with biotechnological importance (Hackl et al., 
2004).  

 One of the areas in soil where one can find 
abundance in microbial populations is the 
rhizosphere. It is a thin layer of soil adhering to a root 
system which is rich in microbial diversity. The 
magnitude of this area depends on the plant and the 
size of the roots that the plant posses (Rondon et al., 
1999; Rondon et al., 2000 and Dakora & Phillips, 
2002).  

Many groups of microorganisms like Gram-
positive, Gram-negative bacteria and fungi have the 
ability of synthesizing antimicrobial agents and the 
top cultivable antimicrobial agent producers present 
in soils are the actinomycetes (Pandey et al., 2002).  

Accordingly, in the present investigation, we 
tried to find a new antimicrobial agent producing 
microbe from soil microbiota of local habitat. In 
addition, we aimed at selection and identification of 
the most potent antimicrobial producing one to 
control some multi-resistant isolates from caesarean 
section site infections (CSSIs). 
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2. Materials and Methods 
I. Isolation and antimicrobial activity of some 

microorganisms from different habitats of Al-
Madinah Al-Munawwarah  

 
I.1. Soil sampling  

Fourteen soil samples were collected from 
seven soils' rhizosphere, viz. corn (Zea mays), 
datepalm (Phoenix dactylifera), catnip (Mentha 
piperita), sunflower (Helianthus), balessan 
(Amyris gileadensis), nabk-tree (Ziziphus Spina-
Christi Willd), basil (Marrubium vulgare) in Al-
Madinah Al-Munawwarah and its surroundings 
at Al-Aziziah and Al-Owinah. All samples were 
collected aseptically in sterile plastic bags. 

 
I.2. Preparation of soil samples 
 The collected soil samples were sieved to 
remove various contaminants and divided into two 
parts.  A part was left as it is for isolation of bacteria 
and fungi. The other part was air-dried, mixed with 
CaCO3 and incubated for several days at 28 °C (Abu-
Elainin, 2004). The air drying and mixing the 
samples with CaCO3 will reduce the vegetative 
bacterial cells and allow many actinomycete spores to 
survive (Tsao et al., 1960).  
 
I.3. Isolation of antimicrobial agent producing 
microbes 
I.3.1. Media used for isolation  

Starch nitrate agar medium (Tadashi, 1975). 
It was used in isolation and maintenance of 
actinomycetes. 

Casein starch agar medium (Kuster and 
Williams, 1964). It was used in the isolation of 
actinomycetes. 

Yeast extract malt extract medium (ISP-2) 
(Pridham et al., 1957). It was used in the isolation 
and characterization of actinomycetes. 

Nutrient agar medium. It was used in the 
isolation and maintenance of other bacteria. 
Czapek-Dox agar medium. This medium was used in 
the isolation and maintenance of fungi. 
 
I.3.2. Isolation methods  

It was done using the soil dilution plate 
technique described by Johnson et al. (1959) and 
consecutive transfers and technical purification steps 
were carried out. 
 
I.3.3. Screening of the antimicrobial activity of the 
different soil isolates  
Selecting of the most resistant target strains from 
CSSI   

In-vitro antimicrobial activities of the 
different soil microbes were tested against the most 

resistant bacterial isolates from caesarean section site 
infections (CSSIs).  

Sixty seven isolates were obtained from cases 
with CSSIs in a previous study by Abo-Shadi & Al-
Mutrafy (2007). 73.1% of the total isolates were 
Gram-negative bacilli and the rest Gram-positive 
cocci. According to antibiotic susceptibility testing 
data of all these isolates, we chose the most resistant 
isolate from each species. They were found to be 
eight isolates, six Gram-negative (E.coli, I5; 
Klebsiella spp., I11; Pseudomonas spp., I6; Proteus 
spp., I1; Citrobacter spp., I1; Acinetobacter spp., I2); 
and two Gram-positive isolates (methicillin resistant 
Staphylococcus aureus MRSA, I3; and coagulase 
negative Staphylococcus CONS, I2). Tables 1 & 2 
show antibiotic susceptibility testing data of the 
selected target organisms. 
 
Preparation of the target suspension 
  This procedure was done according to 
Revira-Revira (2005). The eight target isolates were 
sub-cultured on slants of nutrient agar for 24 hours. 
Physiological saline solution (0.85%) was used in 
order to prepare suspension of each target resistant 
bacteria with a 0.08-0.1 absorbance. Absorbance of 
the target suspensions was determined by using a 
spectrophotometer set at 625 nm. The turbidity of this 
solution is equivalent to a 0.5 McFarland turbidity 
standard. 
  
 In vitro antibiosis 

Agar well method. This method was 
followed in assay of any soil isolate. Duplicate plates 
were used for each target organism. The detection of 
clear inhibition zones around the wells on the 
inoculated plates is an indication of antimicrobial 
activities.  

Cork borer method. It was followed in assay 
of any actinomycete isolate. 

Streak susceptibility testing was followed 
according to Madigan et al. (2003); Revira-Revira 
(2005) for the actinomycete isolates. 
 
I.3.4. Selection of the most potent antimicrobial agent 
producing microorganism (AAPM). All microbial 
isolates obtained from different soils were again 
screened for production of antimicrobial agents in 
order to select the most potent one, and the chosen 
strain was then subjected to characterization. 
 
II. Characterization of the most potent actinomycete 
isolates producing antimicrobial agent 

It was carried out in the National Research 
Centre (NRC), Cairo, Egypt. Identification process 
was performed to the species levels according to 
specific characteristics.    
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II.1 Morphological studies.  
Morphological characteristics of aerial 

hyphae, spore mass, spore surface, color of aerial and 
substrate mycelia and soluble pigments production 
were conducted by growing the organism on ISP- 
media. For this purpose the following media were 
used: Starch nitrate agar, glycerol asparagine agar 
(Pridham and Lyons, 1961), inorganic salt starch agar 
(Kuster, 1959), yeast malt extract agar and oatmeal 
agar medium (Kuster, 1959).  

The color of organism under investigation 
was identified using the ISCC-NBS color-name 
charts II illustrated with centroid detection of the 
aerial, substrate mycelia and soluble pigments 
(Kenneth and Deane, 1955).  
 
II.2. Physiological and biochemical characteristics. 

To study growth parameters as the salt 
tolerance and temperature, spores were inoculated in 
starch nitrate broth (50 ml) amended with 1, 3, 5, 7 
and 9% NaCl and incubated at 30 ˚C for 7 days. 
Similarly, starch nitrate agar slants inoculated with 
the actinomycete isolates were allowed to incubate at 
different growth temperatures till 40 ̊ C.  

Many characteristics were studied. 
Lecithinase was detected using egg yolk medium 
according to the method of Nitsh and Kutzner (1969); 
lipase (Elwan et al., 1977); protease (Chapman, 
1952); pectinase (Hankin et al., 1971); casein 
medium (Gorden et al, 1974); cellulytic activity 
(Ammar et al., 1998); urease activity (Cowan 1974), 
indole production (Cowan, 1974); α-amylase (Ammar 
et al., 1998), sensitivity to potassium cyanide 
(Cowan, 1974) and catalase test (Jones, 1949). 
Esculin broth and xanthine have been conducted 
according to Gordon et al. (1974), and nitrate 
reduction was performed according to the method of 
Gordon (1966). Melanin pigment (Pridham et al., 
1957); and hydrogen sulphide production was carried 
out according to Cowan (1974). The utilization of 
citrate (Cowan, 1974), different carbon and nitrogen 
sources was carried out according to Pridham and 
Gottlieb (1948). 
 Determination of Diaminopimelic acid 
(DAP) and sugar pattern was carried out according to 
Becker et al. (1964), and Lechevalier and Lechevaier 
(1970). 

In addition, the actinomycete isolate under 
study was tested for its ability to grow in the presence 
of different antibiotics. The antibiotic sensitivity 
assay was done by agar diffusion assay. Antibiotic 
discs were placed on the surface of agar plates pre-
inoculated with spores of isolates to be tested and 
zones of inhibition were measured after incubation at 
30 ˚C for 3 days. Clear zones of inhibition around the 
discs were the indication of antibiotic sensitivity of 

the isolates. Antibiotic discs of amoxicillin (30 µg), 
carbenicillin (100 µg), gentamycin (10 µg), 
cephradine (25 µg), chloramphinicol (30 µg), 
cloxacillin (1 µg), doxycycline (30 µg), erythromycin 
(15 µg), keflex (30 µg),   and augmentin (30 µg) were 
used. 

 
3. Results and Discussion: 

The increase in the frequency of multi-
resistant pathogenic bacteria is created an urgent 
demand in the pharmaceutical industry for more 
rational approaches and strategies to the screening of 
new antibiotics with a broad spectrum of activity, 
which resist the inactivation processes exploited by 
microbial enzymes (Saadoun and Gharaibeh, 2003; 
Motta et al., 2004).  

The species belonging to the genus 
Streptomyces constitute 50% of the total population 
of soil actinomycetes and 75-80% of the 
commercially and medicinally useful antibiotics have 
been derived from this genus (Mellouli et al., 2003). 
Screening and isolation of promising actinomycetes 
with potential antibiotics is still a thrust area of 
research and it is suggested that the exploration of 
materials from different areas and habitats have a 
vital role to play in the search for new microbes and 
novel metabolites and is urgent to counter the threats 
posed by the fast emerging phenomenon of antibiotic 
resistance (Saadoun and Gharaibeh, 2003). However, 
it appears that these niches, which should be first 
screened for bacteria that generate new antibiotics, 
are not exotic places, but rather, established 
collections of Streptomyces species (El-Naggar et al., 
2006). Thus, in the present work, different 
microorganisms were isolated from Saudi soils and 
then screened with regard to their potential to 
generate antibiotics. 

For the purpose of obtaining antimicrobial 
agents against resistant target bacteria from CSSI, 
isolation of different microorganisms from the 
rhizosphere of different soil localities was carried out. 
Table 3 shows the different soil localities at Al-
Madinah Al-Munawwarah from which, isolation of 
different organisms was carried out.  

Interactions that take place in the 
rhizosphere can be beneficial for the plant and also 
for the microbial community present. The Exudates 
released by plants have various effects in the 
surrounding ecosystem as altering the physical-
chemical properties of soil by inhibiting the growth 
of other plants, enhancing symbiotic relationships, 
and selecting the type of microbiota that can colonize 
the area. Also, the microflora present in the 
rhizosphere can produce antagonistic molecules that 
will inhibit or kill the pathogens present (Rondon et 
al., 1999; Rondon et al., 2000; Jaben et al., 2004).   
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Thus, in the rhizosphere, plants select for a specific 
composition of bacterial communities (Kowalchuk et 
al., 2002 and Kuske et al., 2002) depending on the 

type and amount of organic root exudates and of 
nutrients released from senescent or dead roots 
(Rangel-Castro et al., 2005).  

 
Table 1. Antimicrobial susceptibility pattern of the selected target Gram-negative bacterial isolates from 
CSSI cases. 

Isolate name AMP AUG FOX Cefuroxime Cefataxine Cefitriaxone CAZ AK GM Tienam ATM Norfl PIP KF TS 
E.coli, I5 R R R R R R R S R S S S R R R 
Klebsiella 

spp.,I11 R R S S S S S S R S S S R R R 

Pseudomonas 
spp.,I6 

R R S R R S R S S S R R R R S 

Proteus 
spp.,I1 

R S R R S R S S S S R S R R R 

Citrobacter 
spp., I1 

R R S S S S S S S S S S R R S 

Acintobacter 
spp.,I2 

R S S S S S S S S S R S R R S 

AMP= Ampicillin ,  AUG= Augmentin, FOX=Cefoxitin, CAZ=Ceftazidime, AK= Amikacin, ATM= Aztreonam, 
PIP=Piperacillin, KF= Cephalothin, TS=Cotrimoxazole, Norfl=Norfloxacin, GM= gentamycin.  I= isolate. 
 
Table 2. Antimicrobial susceptibility pattern of the selected target Gram-positive bacterial isolates from  
CSSI cases. 

Isolate name 
 

P 
 

 
Erythromycin 

 

 
KF 

 

 
TS 

 

 
Clindamycin 

 

 
Vancomycin 

 

 
AMP 

 

 
AUG 

 

 
AK 

 
S. aureus,I3 R R R R R S R R R 
CONS,I2   R R R R R S R R R 

P=Penicillin,   KF= Cephalothin,   TS= Cotrimozole,  AMP= Ampicillin,  AUG= Augmentin,  AK=Amikacin, I= 
isolate. 
 

Table 3. Soil samples from different localities for isolation of AAPM. 

Soil sample  District  Plant rhizosphere 

S1 Al-Ouayna  Sunflower 

S2 Al-Ouayna  Datepalm 

S3 Al-Ouayna  Nabk-tree 

S4 Al-Ouayna  Catnip 

S5 Al-Ouayna  Catnip 

S6 Al-Ouayna  Datepalm 

S7 Al-Aziziah Balessan 

S8 Al-Aziziah Nabk-tree 

S9 Al-Aziziah Date palm 

S10 Al-Aziziah Basil 

S11 Al-Aziziah Corn 

S12 Al-Aziziah Catnip 

S13 Al-Aziziah Date palm 

S14 Al-Aziziah Basil 

                                   S= soil sample 
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  In view of the present data, different fungi 
and bacteria were isolated from different soils on 
different cultural media. Their antimicrobial activity 
against the eight target resistant CSSIs isolates was 
tested. The total AAPM from the fourteen soil 
samples were 86 isolates (24 fungal, 30 bacterial and 
32 actinomycete isolates) after all purification steps. 

The microorganisms isolated and evidenced 
antibacterial potential against target organisms under 
study were only 4 out of the total 24 fungal isolates 
(16.67%) (Table 4), 7 isolates out of the total 32 
actinomycete strains (21.88%) (Table 5), and only 4 
out of the thirty other bacterial isolates (13.33%) 
(Table 6). The most potent producer strain was then 
selected and identified. Only actinomycete strain A24 
S4 was found to exhibit the broadest spectrum of 
antimicrobial activity esp. against MRSA, I3 and 
E.coli, I5 in comparison with other AAPMs under 
study. So, it was selected as the most potent AAPM. 
This actinomycete isolate A24 S4 obtained from catnip 
rhizosphere (Menthae piperitae) in Al-Ouayna 
district, Al-Madinah Al-Munawwarah, was subjected 
for characterization. 

Actinomycetes antagonism has been 
reported for a wide variety of fungal and bacterial 
pathogens. Several authors have screened soil 
samples collected from different parts all over the 
world for AAPMs as Brazil in study of Huddleston et 
al. (1997); Morocco (Yedir et al., 2001); India 
(Haque et al., 1992; Peela et al., 2005; Thakur et al., 
2007, Yadav  et al.; 2009); China (Li  et al.; 2008) 
and Egypt (Abu-Elainin, 2004; El-Naggar et al., 
2006). Unfortunately, we couldn't find any research 
done in this respect in KSA to compare with except 
Al-Zahrani (2007) who collected soil samples from 
various locations in Jazan region. 

 In the present study, the prevalence of soil 
actinomycetes that exhibited various degrees of 
antibacterial activities was 21.88% (7 out of 32). This 
ratio is higher than Yedir et al. (2001) (10%). On the 
other hand, it is lower than ratio of Peela et al. (2005) 
(68.75%) and Thakur et al. (2007) (59.09%). This 
discrepancy can be attributed to the multi resistance 
of our target organisms.  
Morphological characterization of actinomycete 
isolate A24 S4 
 Scanning electron micrograph of this isolate 
was represented in Figure 1. Furthermore, the cultural 
characteristics of this local actinomycete strain are 
provided in Table 7. The spores evidenced smooth 
surfaces, and were morphologically cylindrical. 
 
Biochemical characterization of actinomycete isolate 
A24 S4 
Regarding biochemical characterization, the 
actinomycete isolate A24S4 could hydrolyze protein, 

starch, lipid, pectin, cellulose, lecithin and casein. 
Degradation of esculin and xanthin, H2S production, 
and gelatin liquefaction were positive. Nitrate 
reduction was also positive. Thus, this strain is a 
nitrate reductase producer and hence this isolate may 
play a vital role in soil fertility of agricultural soil.  
Yadav et al. (2009) in their study also found that the 
actinomycete strain A160 was nitrate reductase 
producer.  

On the other hand, catalase, production of 
melanin pigment on different media, indole 
production, urea degradation, citrate and KCN 
utilization were negative.     

Concerning utilization of carbon sources, 
A24 S4 strain utilized mannose, mannitol, glucose, 
fructose, maltose, arabinose, rhamnose, raffinose, 
xylose sodium acetate, starch, but did not utilize 
sucrose, galactose, lactose and meso-inositol. 
Utilization of a variety of carbon sources by this 
actinomycete isolate will help in adaptation to a 
variety of inoculation sites and wide soil types 
(Yadav et al., 2009). 

Concerning utilization of nitrogen sources, 
the strain understudy utilized phenylalanine, arginine, 
serine, glycine, tryptophan, alanine, lysine, leucine, 
cystine and asparagine, but did not utilize valine & 
histidine.  

The strain was found to grow up to 10% of 
NaCl concentration. The strains of Yadav et al. 
(2009) showed high salt tolerance up to 7% of NaCl 
concentration and they reported that this is an 
important trait for their proliferation, colonization 
and for biological control of disease in crops in 
agricultural field for coastal area with high salt 
nature. Vasavada et al. (2006) also isolated a S. 
sannanensis strain RJT-1 from the alkali soil of 
Rajkot, India which grew in 9% NaCl. 

The growth was inhibited in the presence of 
phenol (0.01%) and crystal violet (0.001%) and no 
inhibition was detected in sodium azide (0.01%). 
Good growth was detected within a temperature 
range of 20 to 40 °C, with no growth above 40 °C. 
The cell wall hydrolysate contained LL-
diaminopimelic acid and sugar pattern were not 
detected.  
Furthermore, A24 S4 strain was resistant to 
amoxicillin, Keflex, cephardine, doxycycline, 
augmentin and chloramphinicol, erythromycin, 
cloxacillin, gentamycin and carbenicillin. Some 
earlier workers have also been reported on antibiotic 
resistance of actinomycetes (Kuske et al., 1997; 
Yadav et al., 2009). This resistance against an array 
of antibiotics is an added advantage for their survival 
in environment by combating against other microbes 
that produce antibiotics and allow their survival and 
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colonization significantly for long duration in the 
inoculated soil (Yadav et al., 2009).  

The cultural and physiological properties of 
the isolated local strain, as well as its carbon and 
nitrogen compound utilization characteristics were 
compared to those of the actinomycetes as described 
in the recommended international Keys (Lechevalier 
et al.; 1989; Hensyl, 1994). It could be stated that 
actinomycetes isolate belongs to the genus 
Streptomyces; and it is suggestive of being related to 
Streptomyces ramulosus, and thus given the name & 
the code number Streptomyces ramulosus, A-MM-24.  

In an extensive isolation study of Chinese 
soils, Xu et al. (1996) demonstrated that 
streptomycetes were the most numerous 
actinomycete group in soil. Actinomycetes are Gram-
positive bacteria characterized by the formation of 
aerial mycelium on solid media, presence of spores 
and high G + C content of DNA (60-70 mol %). They 
are important class of bacteria since they produce 
numerous natural products such as antibiotics and 
enzymes (De Schrijver and De Mot, 1999). On the 
basis of morphological and chemical criteria 
actinomycetes have been grouped into different 
genera. Streptomycetes is an actinomycetes with cell 
wall type I, belonging to the family 
Streptomycetaceae (Shirling and Gottlieb, 1968).  

 
 

The first time to discover S. ramulosus was 
carried out by Ettlinger et al. in 1958 from German 
soil. Also, S. ramulosus has been found again in 1983 
(Chen et al., 1983). 

 In a taxonomic study of the Genus 
Streptomyces on the basis of levels of AT-L30 N-
terminal amino acid sequence homology, Ochi (1995) 
constructed a phylogenetic tree on the basis of the 
levels of similarity of the amino acid sequences and 
revealed the existence of six clusters within the 
genus. The third cluster contains Streptomyces 
ramulosus and Streptomyces ochraceiscleroticus. 
More recently, Khalifa (2008) isolated S. ramulosus 
from Egyptian soil. 

In conclusion, the present data focusing on 
obtaining microbial local isolates which have the 
ability to produce antimicrobial agent. An interesting 
scope for further research would be to improve 
antimicrobial agent production by the strain 
Streptomyces ramulosus, A-MM-24, with purification 
and characterization of the antibiotic obtained from 
this isolate.  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Scanning electron micrograph of the actinomycete isolate A24 growing on starch nitrate agar medium,  showing 

spiral shaped spore chain and smooth spore surfaces (X 7, 500) 
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Table 4. Antimicrobial activities of fungal isolates from different soil samples from Al-Madinah Al-
Munawwarah. 

Fungal 
isolates 

Target organisms 
Klebsiella 
spp., I11 

Pseudomonas 
spp., I6 

Proteus 
spp., I1 

E.coli, 
I5 

Citrobacter 
spp., I1 

Acinetobacter 
spp., I2 

MRSA, 
I3 

CONS, 
I2 

F1S4 − − + − + + − − 
F2S5 − − − − − − − − 

F3S5 − − − + − + − − 

F4S4 − − + + + − − + 

F5S2 − − − + + − − + 

F6S4 − − − − − − − − 

F7S5 − − − − − − − − 

F8S3 − − − − − − −  − 

F9S4 − − − − − − − − 

F10S1 − − − − − − − − 

F11S2 − − − − − − − − 

F12S9 − − − − − − − − 

F13S12 − − − − − − − − 

F14S1 − − − − − − − − 

F15S2 − − − − − − − − 

F16S9 − − − − − − − − 

F17S10 − − − − − − − − 

F18S10 − − − − − − − − 

F19S10 − − − − − − − − 

F20S8 − − − − − − − − 

F21S8 − − − − − − − − 

F22S7 − − − − − − − − 

F23S7 − − − − − − − − 

F24S11 − − − − − − − − 
F=fungul & S= soil sample 
 
Table 5. Antimicrobial activities of different actinomycete isolates from different soil samples from Al-

Madinah Al-Munawwarah. 
Actinomycete 

isolates 
Target organisms 

Klebsiella 
spp., I11 

Pseudomonas 
spp., I6 

Proteus 
spp., I1 

E.coli, 
I5 

Citrobacter 
spp., I1 

Acinetobacter 
spp., I2 

MRSA, 
I3 

CONS, 
I2 

A1S7 − − − − + + − + 

A2S1 − − - − + − − + 

A3S14 + − − − + + − − 

A4S9 − − − − + − − − 

 A5S14 − − − − − − − − 

A6S8 − − − − − − + − 

A7S8 − − − − − − − − 

 A8S10 − − − − − − − − 

A9S3 − − − − − − − − 

  A10S14 − − − − − − − − 

A11S4 − − − − − − − − 

  A12S10 − − − − − − − − 

  A13S10 − − − − − − − − 
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A14S8 − − − − − − − − 

  A15S11 − − − − − − − − 

  A16S11 − − − − − − − − 

A17S9 − − − − − − − − 

A18S5 − − − − − − − − 

A19S3 − − − − − − − − 

A20S3 − − − − − − − − 

A21S2 − − − − − − − − 

A22S1 − − − − − − − − 

A23S2 − − − − − − − − 

A24S4 − + − + + − + + 

A25S5 − − − − − − − − 

A26S7 − − − − − − − − 

A27S4 − − − − − − − − 

A28S1 − − − − − − − − 

A30S1 − − − − − − − − 

31S6 − − − − + − − − 

 A32S13 − − − − − − − − 

A33S14 − − − − − − − − 

A= Actinomycete & S= soil sample 
 
Table 6. Antimicrobial activities of the different bacterial isolates from different soil samples from Al-
Madinah Al-Munawwarah. 
Bacterial 
isolates 

Target organisms 
Klebsiella 
spp., I11 

Pseudomonas 
spp., I6 

Proteus 
spp., I1 

E.coli, 
I5 

Citrobacter 
spp., I1 

Acinetobacter 
spp., I2 

MRSA, 
I3 

CONS, 
I2 

B1S4 − − − − − − − − 
B2SI − − − − − − − − 
B3S1 − − + − − − − − 
B4S1 − − − − − − − − 
B5S1 − − − − − − − + 
B6S3 − − + − − − − − 

B7S4 − − + − − − − + 

B8S3 − − − − − − − − 
B9S3 − − + + − − + − 
B10S2 − − + − − − + + 

B11S3 − − − − − − − − 

B12S1 − − + − − − + + 

B13S3 − − − − − − − − 

B14S3 − − − − − − − − 

B15S1 − − − − − − − − 

B16S3 − − − − − − − − 

B17S5 − − − − − − − − 

B18S4 − − − − − − − − 

B19S1 − − − − − − − − 

B20S4 − − − − − − − + 
B21S7 − − − − − − − + 
B22S11 − − − − − − − − 
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B23S13 − − − − − − − − 

B24S12 − − − − − − − − 

B25S10 − − − − − − − + 

B26S10 − − − − − − − − 

B27S7 − − − − − − − − 

B28S9 − − − − − − − − 

B29S9 − − − − − − − − 

B30S4 − − − − − − − − 
B= Bacterial & S= soil sample 
 
Table 7. Cultural characteristics of the most active antimicrobial agent producing actinomycete strain A24 S4. 

Medium Growth Aerial 
mycelium Substrate  mycelium Diffusible  pigments 

1-Tryptone yeast extract broth (ISP-1) - - - - 

2-Yeast extract malt extract agar (ISP-2) Good 265-1. gray 
Medium gray 

76-1-y-br 
Light yellowish Brown 

77—m.ybr 
moderate yellowish brown 

3- Oat-meal agar (ISP-3) - - - - 
4-Inorganic salts starch agar medium (ISP-4) Moderate 8-gy. pink 

Grayish pink 
73-p.OY 

Pall orange yellow 
67-brill.OY 

Brill. Orange yellow 
5-Glycerol  – asparagine agar (ISP-5) - 

 
- 
 

- 
 

- 
 

6-Peptone yeast extract iron agar (ISP-6) Good 265-1. gray 
medium gray 

76-1-y-br 
Light yellowish Brown 

58-m. Br 
Moderate brown 

7-Tyrosine agar (ISP-7) Good 264-1. gray 
light gray 

57-I. Br 
Light brown 

77—m.ybr 
moderate yellowish brown 

The color of organism under investigation was consulted using the ISCC-NBS Colour-Name Charts II illustrated with 
cenroid color. 
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Abstract: Background: The 1ry indication for scleral fixation of intraocular lenses (IOL) is dislocation as a 
principal complication of cataract surgery. Inadequate capsular support is the most common cause of IOL 
dislocation. Other indications include traumatic phakic lens dislocation (cataractous or clear), surgically aphakic 
eyes or anterior chamber IOL with complications (persistent hyphema, uveitis). Methods: 20 eyes of 20 patients 
were done, surgery was done only when the IOL was dislocated peripheral to the visual axis and was causing 
symptoms of visual loss sufficient to interfere with the patient’s activities of daily living, or patients who were left 
aphakic for a 2ry implantation procedure. A modification of the technique was done which made the procedure 
faster and preserved the surrounding conjunctiva. Results: Best corrected visual acuity (BCVA) preoperatively 
ranged from 1/60 -6/60 and postoperatively between 6/60 – 6/6.  Statistical analysis of the logarithm of the 
minimum angle of resolution (LogMAR) between the preoperative and postoperative visual acuity revealed 
significant improvement (p≤0.05 ). Intraoperative complications included one case of accidental iris injury, two 
cases of mild vitreous hemorrhage, two cases of moderate vitreous hemorrhage. Early postoperative complications 
included pupillary block. Midterm post operative complications occurred in one case with the occurrence of cystoid 
macular edema. Conclusion: Scleral fixation of IOL is a safe procedure with minimal complications, but needs 
surgical skills to be managed optimally. [Journal of American Science 2010;6(10):852-859]. (ISSN: 1545-1003). 
 

Key words: Scleral fixation, Intraocular lenses, Aphakia, IOL dislocation. 
 
1. Introduction: 

The indication for intraocular lens (IOL) 
scleral fixation is widely variable. The 1ry  indication 
is IOL dislocation as a principal complication of 
cataract surgery, with early reports of  13% rate of  
IOL dislocation (1) . Inadequate capsular support is 
the most common cause of IOL dislocation and most 
commonly manifests in the early postoperative period 
(2). Fixation of intraocular lenses in cases of 
insufficient or no capsular support is challenging and 
requires a large armamentarium of techniques to 
resolve different situations (3-24). Other indications 
include traumatic phakic lens dislocation (cataractous 
or clear), surgically aphakic eyes or anterior chamber 
IOL with complications (persistent hyphema, 
uveitis). The reported incidence of dislocation of 
rigid posterior chamber IOLs (PCIOLs) is from 0.2% 
to 2% (25,26) . Management decisions are based on the 
clinical features of every individual case and surgeon 
preference. Management options described for 
dislocated PCIOLs include IOL repositioning with or 
without scleral fixation sutures (depending on 
residual capsular support) and IOL removal (with or 
without reimplantation of the same or alternative 
IOL) (19,27,28). IOL repositioning without scleral 
fixation suture is generally preferred technique if 
there is adequate capsular support. In the absence of 
adequate capsular support, the dislocated PCIOL may 
be sutured to the sclera or exchanged. The scleral 
suture fixation technique requires undamaged open-

loop haptics.  A PCIOL may be exchanged for a 
sutured PCIOL or an anterior chamber IOL (ACIOL 
(29,30). Dislocation of the phakic human lens is 
uncommon but serious complication, as it requires 
sophisticated techniques to remove safely, especially 
if it is dislocated in the vitreous cavity. Dislocation of 
a PCIOL into the vitreous cavity is another 
uncommon but serious complication with numerous 
techniques for its management (3,5,6,13,14,17,18,31-41). 
During surgical intervention, an important 
consideration is whether to remove, reposition, or 
exchange the dislocated PCIOL after performing a 
pars plana vitrectomy. If adequate capsular support is 
found to be present, the same intraocular lens may be 
positioned into the ciliary sulcus. Alternatively, the 
dislocated PCIOL may be sutured to the sclera if 
capsular support seems inadequate. If the PCIOL is 
removed, the patient may be left aphakic if 
intraocular lens implantation is contraindicated for 
any reason. However, when there is no 
contraindication to lens insertion, the patient may 
receive either a sutured PCIOL or an anterior 
chamber intraocular lens (ACIOL). Historically, 
ACIOLs, especially rigid and closed-loop lenses, 
have been associated with a higher rate of 
complications compared with PCIOLs (42). These 
complications can lead to poor visual results and 
include bullous keratopathy, glaucoma, uveitis, 
hyphema, and cystoid macular edema. Newer, open-
loop ACIOL designs, however, seem to have a lower 
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rate of complications (43).  In case of ACIOL 
complications, exchange of the anterior chamber IOL 
to a scleraly fixated PCIOL is done.  Previous studies 
describing the visual results in subjects who 
underwent intraocular lens exchange have reached 
conflicting conclusions. Some studies have found 
similar final visual results between eyes that received 
an ACIOL and those that received a PCIOL (44). 
whereas other studies have found better postoperative 
visual results in eyes that received a PCIOL (45). 
 
2. Patients and Methods 

The study cohort included 20 eyes of 20 
patients. Preoperative data included age, gender, type 
& duration of dislocation (surgery , trauma) or 
aphakia , coexisting ocular diseases, preoperative 
best-corrected visual acuity (BCVA), preoperative 
type of IOL, category of IOL dislocation (in the bag), 
and previous surgery including pars plana vitrectomy, 
sclera buckling procedure, or neodyminium:yttrium-
aluminium-garnet (Nd:YAG) capsulotomy. Surgery 
is recommended only when the IOL was dislocated 
peripheral to the visual axis and was causing 
symptoms of visual loss sufficient to interfere with 
the patient’s activities of daily living, or patients who 
were left aphakic for a 2ry implantation procedure. 
The scleral suture fixation technique for acrylic IOLs 
was previously reported (18, 46)    A modofication of 
the technique was done which made the procedure 
faster and preserved the surrounding conjunctiva (fig. 
1). All surgeries were done by one surgeon ( 1st 
author A.S.) 
 
Scleral fixation technique:  

We followed the technique reported by 
Richard Hoffmann (fig 1) where, Two limbal vertical 
incisions half corneal thickness 2.5 mm in length 
were done at 1:30 and 7:30 meridians. A 2.6  mm 
crescent knife was used to create a reversed sclera 
pocket 2.5mm backwards across the limbus into the 
sclera subconjunctivally. Polypropylene sutures (10-
0) on a straight needle were introduced 1 mm 
posterior to the limbus through the wall of the scleral 
pocket traversing the conjunctiva, sclera pocket and 
into the eye. The needle is passed across the eye 
behind the iris and delivered from the opposite side 1 
mm behind the limbus through guidance by a 25 G 
needle introduced through the sclera pocket of the 
other side 180 degrees away. This needle is again 
introduced into the eye 1mm adjacent to its exit to 
pass to the opposite side in the same manner 
previously described. Finally, we have two 10/0 
threads passing across the eye and 2 separate ends on 
either side of the limbus. A two step corneal incision 
7mm is done. The two 10/0 threads are retrieved 
through the wound by a sinsky hook. Every two ends 

are tied to the hole on the haptic of sclera fixation 
PMMA 6.50 optic IOL, whenever the diopteric 
power was available or on the haptics if not. The two 
ends were pulled to centralize the IOL. The corneal 
wound in closed with 3 interrupted 10/0 nylon 
stitches. The 2 10/0 prolene threads on either side 
were retrieved from the corneal side of the scleral 
pocket and tied to one another on either side 
separately and buried in the sclera pocket. 

In vitreous dislocated IOLs; 3 port 20 Gauge 
pars plana vitrectomy was done in the usual manner 
with perflurodecalin floatation of the dislocated IOL 
and retrieval with serrated vitrectomy forceps and 
into the anterior chamber above the iris, where it is 
removed through corneal incision. In cases where 
there was traumatic dislocation of the cataractous 
lens, the same former technique was done with 
removal of the lens by phacofragmatome. In cases 
where total vitrectomy was performed, peripheral 
retinal indentation was done with intraocular laser 
treatment to any suspicious peripheral tears and fluid 
air exchange was done with the eye left with air 
tamponade with no traction on the retina. In case of 
surgical aphakia, conjunctiva was not opened and 
anterior chamber vitrectomy was done either through 
two corneal  side ports or through the main corneal 
wound. In cases of anterior chamber IOL sublaxation, 
anterior vitrectomy was done through 2 corneal side 
ports and IOL was fixated with an anteriorly opened 
needle introducing the 10/0 prolene through the 
sclera pocket and retrieving it in the manner 
described earlier. The anterior chamber iris captured 
IOL was removed through corneal incision with 
anterior vitrectomy, All were followed by sclera 
fixation of a 6.5 optic Polymethylmethaacrylate 
(PMMA) IOL. Visual acuity was converted to the 
logarithm of minimum angle of resolution for 
statistical analysis. 
 
Statistical analysis: 

The mean differences in paired designs were 
applied using paired t-test to analyze the differences 
in logMAR of visual acuity in the collected sample of 
this study at a confidence interval 95% and 
significance level 0.05 quality. 
 
 
 
 
 
 
 
 
 
 

A
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A      B    

C        D  

E         F  

G       H  
 
Figure1: Steps of scleral fixation: A- Limbal incision. B- Tunnel dissection. C- 10/0 prolene introduction and 

retrieval. D- 10/ 0 prolene thread retrieval. E-Haptic tying.  F- 10/0 prolene pocket retrieval. G- 
10/0 prolene tying and embedding in the sclera pocket. H- Final picture with no conjunctival 
opening. 

 
 
 

  

http://www.americanscience.org            editor@americanscience.org 854



Journal of American Science                                                                                                                 2010;6(10)   

  

3. Results: 
Preoperative Characteristics 

The study cohort included 20 eyes of 20 
patients (8 males, 12 females), with mean age of the 
patients was 52.9 years (range, 25-70 years; (Table 
1). There were 11 (55%) right eyes. The median 
interval from 1ry procedure to the present procedure 
is 66 days (range, 14–120 days).The indications for 
scleral fixation  were vitreous IOL dislocation during 
the 1ry procedure in 3(15%) eyes; surgical aphakia 
without enough capsular support for 1ry IOL 
implantation in 9 (45%) eyes;  Traumatic cataractous 
phakic lens vitreal dislocation in 5 (25%) eyes;  IOL 
sublaxation with the optic bisecting the pupil and 
peripheral anterior synechea and residual cortical 
matter in 2 (10%) eyes; Anterior chamber captured 
IOL suffering from chronic iritis in one (5%) eye. 
The preoperative mean BCVA logarithm of minimum 
angle of resolution was 1.67 (range of Snellen visual 
acuity, 1/60 – 6/60). There were 2 (10 %) polymethyl 
methacrylate (PMMA) IOLs, 3 (15%) one piece 
acrylic IOLs,  and 1 (5%) ACIOLs (Table 1). 
 
Table 1. Baseline Characteristics 
No. of patients  20 
Eyes 20 

Gender (%)    Female 12 eyes    
60 % 

Age (yrs)        Mean 52.9   
Range 25–70 

Right    11eyes   55 % 
Types of dislocated IOL               
(n-6) 

 

PMMA 1-piece                             2  (10 %) 

1-Piece acrylic IOL 3  (15 %) 

ACIOL                                          1  (5 %) 
Preoperative BCVA  
Mean logMAR                1.67 
Range (Snellen)                            1/60 – 6/60 
Interval from IOL implantation 
to dislocation    

Range 14 day to 
120  days 

 
ACIOL anterior chamber intraocular lens; BCVA 
best corrected visual acuity; IOL intraocular lens; 
logMAR logarithm of minimal angle resolution; 
PMMA polymethylmethacrylate. 

 
The median follow-up after dislocated IOL 

management or implantation was  18 months (range, 
11monts-24months). The postoperative mean BCVA 
logarithm of minimum angle of resolution was 0.24 
(range of Snellen visual acuity, 6/60 – 6/6). 
Intraoperative complications included one case of 
accidental iris injury during anterior vitrectomy 
(Table 2). Two cases of mild vitreous hg which 

resolved after 2 weeks of bed rest (Fowler position). 
Two cases of moderate vitreous hg which mandated 
doing total vitrectomy during the procedure. Early 
postoperative complications included pupillary block 
with elevation of the IOP which resolved completely 
after a course of mydriatics. Mid term post operative 
complications occurred in one case with the 
occurrence of cystoid macular oedema (Irvine gass 
syndrome). 
 
Table 2: complications. 
Complications   
  Intraoperative accidental iris injury                      

(n:1) 
 Mild vitreous hemorrhage             

(n:2) 
 Moderate vitreous hemorrhage   

(n:2) 
 Retinal tears                                   

(n:2) 
  Postoperative    
    Early Papillary block   

(n:1) 
    Midterm Cystoid macular oedema               

(n:1) 
 

Best corrected visual acuity (BCVA) 
preoperatively ranged from 1/60 -6/60 and 
postoperatively between 6/60 – 6/6 (Figure 2, 3). 
Statistical analysis of the logarithm of the minimum 
angle of resolution (LogMAR) between the 
preoperative and postoperative visual acuity revealed 
significant improvement  (p≤0.05 ). 
 
4. Discussion: 

Previous studies have not definitively set 
surgical indications and optimal timing for 
management of dislocated IOLs; neither did this 
study. The management approach depends on 
surgeon preferences and individual case specifics, 
including integrity of capsule remnants, type of IOLs, 
and coexisting ocular pathology (47-50). The surgical 
approach in this series was influenced by the 
specialty (vitreoretinal) and the preferences of the 
operating surgeon (AS), but standardization was 
established regarding the scleral fixation itself, while 
the remainder of the procedure was determined by the 
case pathology and operative circumstances.  The 
stability and centralization of the scleraly fixated 
IOLs in this study were excellent during the follow 
up period with no rotation or sublaxation. The visual 
acuity significantly improved postoperatively.   
Postoperative retinal detachment has been reported in 
3%21 to 14%10 of cases. In the current study, 
postoperative retinal detachment didn’t develop in 
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any case postoperatively. In cases where total 
vitrectomy was performed, peripheral retinal 
indentation was done with intraocular laser treatment 
to any suspicious peripheral tears and fluid air 
exchange was done with the eye left with air 
tamponade with no traction on the retina. Knot 
exposure, intraocular hemorrhage, trans-scleral suture 
fistulas, and endophthalmitis have been reported with 
transscleral sutures, but none with the present 
technique.  The scleral pocket technique done 
minimized this incidence. Intraoperative and 
postoperative intraocular hemorrhage is usually self-
limited, with two cases resolved after 2 weeks  but 2 
(10%) patients received vitrectomy during the scleral 
fixation  owing to moderate nature of the  
hemorrhage, which was related to the transscleral 
suture passes. Cystoid macular edema occurred in 
one case and was treated accordingly. Recent case 
studies of in-the-bag IOL dislocation have suggested 
predisposing factors of pseudoexofoliation, uveitis, 
trauma, status after vitrectomy, and long axial length 
(27,33,48,51-59). Postoperative retinal detachment 
occurred more commonly with in-the-bag IOL 

dislocation compared with extracapsular dislocation, 
but none in this study. Intraoperative retinal breaks 
were encountered in 2 eyes; 10%) in this study during 
the course of vitrectomy and were treated with 
intraocular laser. Suturing of a dislocated PCIOL to 
the sclera could be technically demanding, potentially 
resulting in an increased number of intraoperative 
and postoperative complications such as intraocular 
hemorrhage, retinal tears, and retinal detachment, 
with a long-term risk of lens rotation, as well as 
endophthalmitis (36,48,60,61). Repositioning a dislocated 
PCIOL into the ciliary sulcus is easier and less 
traumatic than suturing a lens into the sclera, 
however, there is the possibility of postoperative lens 
dislocation because of inadequate capsular support 
(35).  Finally, although technically easier to place, 
ACIOLs may be associated with a higher long term 
risk of corneal decompensation, glaucoma, and 
uveitis (42,43,62). In contrast, PCIOLs have a long-term 
safety record in eyes with other ocular diseases such 
as glaucoma, uveitis, and diabetic retinopathy (63,64). 
This series is rather few, but it adds to the belief of 
the safety and stability of scleraly fixated IOLs. 

 

2    3  
 
Figure2: graph of visual acuity pre and postoperative by 3 months, Figure3: graph of visual acuity LogMar 
conversion pre and postoperative by 3 months. 
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Abstract: The induction of chromosomal aberrations in the bone marrow and spleen (as somatic cells) and in the 
spermatocytes (as germ cells) was used to evaluate the mutagenic effects after long-term exposure to low-dose-rate 
gamma-irradiation in mice. Chromosome aberration rate in mouse splenocytes after long-term exposure to low-
dose-rate (LDR) gamma-rays was serially determined by conventional Giemsa method and the fluorescence in situ 
hybridisation (FISH) technique. Incidence of dicentrics and centric rings increased almost linearly up to 8000 mGy 
following irradiation for about 100 days at an LDR of 20 mGy/day. It was found that long-term exposure to (LDR) 
gamma-rays induced a marked changes in the percentage of aberrations in both somatic and germ cells. Clear dose-
rate effects were observed in the chromosome aberration frequencies between dose rates of 40 mGy/day and 200 
Gy/day. Furthermore, the frequencies of complex aberrations increased as accumulated doses increased in LDR 
irradiation. Chromosome aberrations seem to be induced indirectly after radiation exposure and thus the results 
indicate that continuous gamma-ray irradiation for 100 days at LDR of 20 mGy/day induced chromosomal 
instability in mice. These results are important to evaluate the biological effects of long-term exposure to LDR 
radiation in humans. [Journal of American Science 2010;6(10):860-866]. (ISSN: 1545-1003).  
 
Keywords: chromosomal aberrations, low dose radiation LDS, FISH, chromosome instability, micronucleus. 
 
1. Introduction: 

Chronological changes of chromosomal 
aberration rates related to accumulated doses of a 
low-dose-rate (LDR) of radiation have not been well 
studied in animals or humans (Tanaka etal 2008). 
Chromosome instability has been identified as a 
genetic instability induced by radiation after several 
cell divisions in cultured rodent and human cells 
(Kadhim etal 1992 and 1994), which is also 
expressed as hypoxanthine-guanine 
phosphoribosyltransferase (HPRT) mutations and 
apoptosis (Seymore etal 1986 and Gorgojo etal 
1989). It is well known that delayed (or late-arising) 
chromosome aberrations are induced by acute 
irradiation at a high dose rate after several cell 
divisions in cultured human cells ( Morgan etal 1996) 
and also in mice(Niwa, 2003). Radiation induced 
genomic (chromosome) instability is defined as 
nonclonal DNA (chromosomal) damage that arises or 
increases in several cell generations after exposure to 
radiation (Mozdarani etal 2009). Genetic 
(chromosome) instability might be related to cancer, 
although the mechanism is not understood (Jacquet, 
2004). However, little information is available 
regarding chromosome instability in vivo induced by 
long-term irradiation with γ – ray at LDR, although it 

will be important for the assessment of low-dose 
radiation in human health (Forand etal 2004). 

Cytogenetic methods, such as conventional 
chromosome analysis (Zhang etal 2006), 
micronucleus assay (Fomenko etal 2006) and the 
fluorescence in situ hybridisation (FISH) technique 
(Barrans etal 2003) have been used as suitable 
methods for evaluating delayed chromosome 
aberrations, because they can score the aberration rate 
at each cell level and measure its distribution among 
cells under observation. The present study was 
performed in mice with the use of 137Cs γ – rays 
irradiations at an LDR of 20 mGy/22h/day (0.91 
mGy/h) for several tens to hundreds of days, up to 
400 days, to observe chronological changes of 
chromosome rates related with accumulated dose and 
to observe whether chromosome instability can be 
induced in vivo. 
 
2. Materials and methods 
Mice 

Male albino mice 7-week-old weighing 18-
20 g were used in the present study. The experiment 
was done in the National Research Center animal 
house in wide cages and well aerated rooms and they 
will be fed on special diets and clean water. 
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Mice were used for long- or short-term irradiation 
with 137Cs γ – rays irradiation. 
Radiation exposure 

At least 5-7 mice were grouped for 
irradiation with each total dose together with non-
irradiated mice as controls. Gamma-irradiation was 

�performed using a 137Cs -ray irradiation device 
(74GBq and 740GBq, respectively; Yoshizawa LA 
Co. Ltd., Japan). Groups of mice were irradiated with 
total doses of 100, 140, 250, 500, 750, 800, 1000, 
2000, 4000, 6000, and 8000 mGy at dose rate of 20 
mGy/22h/day (0.91 mGy/h) for 1- 40 days with the 
use of 137Cs γ – ray irradiation device. The daily dose 
of 200 mGy/day and 20 mGy/day, respectively, is 
described in this paper. 
 
Spleen cell cultures 

Mice were sacrificed under ether anaesthesia 
immediately after the cessation of irradiation, and 
spleens were sterilely removed. All reagents were 
obtained from Sigma, St Louis, MI, USA except 
where noted. For chromosome analysis, spleen cells 
were isolated and cultured in RPMI 1640 medium 
(Invitrogen Corp., Carlsbad, CA, USA) containing 
lipopolysacharide (LPS, 10 g/ml), concanavalin A 
(ConA, 3 g/ml), and 2-mercapto-ethanol (2-ME, 50 
M) under 5% CO2 atmosphere with 95% humidity at 
37˚ C. For micronucleus assay, cytochalasin B (0.5 
g/ml) which is a cell-permeable mycotoxin. that 
inhibits cytoplasmic division by blocking the 
formation of contractile microfilaments, was added 
24 h before harvesting to obtain binucleated cells. 
 
Spermatocytes chromosomal preparations 

Mice were sacrificed under ether anaesthesia 
2 hrs after the cessation of irradiation. The testes 
were removed and meiotic chromosomal preparations 
were done according to the air dry technique (Evans 
etal 1964).  
 
Conventional Giemsa staining method 

The conventional Giemsa staining method 
(Zhang etal 2006) was suitable for the analysis of 
large numbers of chromosome metaphases of LDR-
irradiated mice, because the procedure is simple and 
rapid. Chromosomal aberrations such as dicentric 
chromosomes (Dic), centric ring chromosomes (Rc), 
acentric ring chromosomes (Ra), fragments,minutes 
(min) and deletions (del), hyperploids and chromatid-
type aberrations such as gaps (ctg), breaks (ctb) and 
exchanges (exc) were observed in 500–1000 
metaphases per mouse under a light microscope 
(Olympus Bx50, Olympus, Tokyo, Japan). 
 
Micronucleus assay in spleen and bone marrow 

Three to five mice were analysed in each 
experimental group at the total doses of 5000, 6000 
and 8000 mGy with irradiation at a dose rate of 20 
mGy/day by micronucleus assay to observe 
micronucleus incidence in splenocytes. Non-
irradiated mice of the same age were also analysed as 
a control group. 
 
Interphase fluorescence in situ hybridization (FISH) 
analysis 

Five mice were analysed at 8000 mGy with 
irradiation of the 20 mGy/day dose rate by FISH 
method (Barrans etal 2003) using centromere probes 
of chromosomes 5, 15, and 18 to observe the 
numerical chromosome aberration rate in 
splenocytes. Five non-irradiated control mice of the 
same age as irradiated mice were used as a control. 
 
Statistical analysis 

The standard error for yields of chromosome 
aberrations was estimated by regression analysis (Sen 
and Srivastava, 1990). 
 
3. Results and Discussion: 
 Incidences of dicentric and centric ring 
chromosomes 

Total aberrations of dicentric and centric 
rings in mice exposed to γ – rays at the dose rate of 
either 200 mGy/day or 20 mGy/day and age-matched 
non-irradiated control mice were estimated. The 
frequencies of aberrations per 100 cells at 8000 mGy 
at 20 mGy/day were 17.2 times higher than those of 
non-irradiated mice and increased as accumulated 
doses increased (Figure 1). Dose-response 
relationship between the incidences of dicentrics and 
centric rings and total accumulated doses up to 8000 
mGy at both dose rates of 200 mGy/day and 20 
mGy/day were obtained respectively. The dose-
response curve for both 200 mGy/day and 20 
mGy/day were almost linear up to 8000 mGy, 
indicating that these aberrations increased with 
accumulated dose for both dose rates.   

The rate of chromatid-type aberrations also 
slightly increased with the accumulated dose of 
irradiation of 200 mGy/day and 20 mGy/day (Figure 
1). The Equation obtained is shown in Figure 1 for 20 
mGy/day and 200 mGy/day. The value of 0.086 at 0 
Gy was obtained as the mean number of aberrations 
of dicentric and centric rings per 100 cells from the 
observation of 25 non-irradaiated 8-week-old mice at 
the beginning of irradiation. 
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Figure 1. Frequencies of dicentrics and centric rings 
from mice after irradiation of less than 8000 mGy at 
LDR of 20 mGy/day (■) and 200 mGy/day (□). Each 
dot indicates the value obtained from individual mice. 
 

The incidence of aberrations as dicentric and 
centric ring chromosomes were compared at two 
different dose rates (200 mGy/day and 20 mGy/day) 
at several identical total doses (Figure 1). The ratios 
of aberration frequencies between the two different 
dose rates at total doses of 8000 mGy, 4000 mGy, 
1000 mGy and 800 mGy were 4.15, 2.78, 4.01, 5.06, 
and 6.58, respectively. Clear dose-rate effect was 
observed within these two different dose rates in the 
frequencies of dicentrics and centric rings. The 
present study revealed dicentric and centric ring 
aberrations in splenocytes continued to increase 
almost linearly up to 8000 mGy at dose rates of 20 
mGy/day and 200 mGy/day as accumulated total 
doses rates increased. Dicentric chromosome 
aberrations from peripheral blood lymphocytes and 
Dlb-1 mutations induced in the small intestine in 
mice showed no statistical difference in the dose 
responses between three different doses rates (550 
mGy/day, 185 mGy/day and 64 mGy/day) as 
described by Sen etal (1990). Inverse radiation dose-
rate effects have been seen for somatic and germ line 
mutations and DNA damage (Tucker  et al 1998).  
Dose-rate effects on mutations rates in the mouse 
spermatogonia and spermatid were observed at the 
dose rates of 900 mGy/min to 0.8 mGy/min (1056 
mGy/22 h/day), but not as much lower dose rate of 
0.007 mGy/min (9.24 mGy/ 22 h/ day)  as reported 
by Vilenchik et al (2000). Since the dose rate of 20 
mGy/day (0.91 mGy/min when calculated for 22 h in 
a day) is approximately 20-200 times lower than 
those used in most other laboratories to observe 

adaptive response and dose-rate effects on mutation 
(Russel and Kelly, 1982). 

The results obtained will be valuable for risk 
assessment of low-dose radiation. Splenocytes 
proliferated by ConA and LPS stimulation are 
considered to be mostly T- and B-lymphocytes, 
respectively. Lymphocytes with unstable-type 
aberrations could be eliminated in each cell division 
during long-term exposure to LDR γ – rays. It is 
possible that spleen is a reservoir for lymphocyte 
populations which could migrate into the spleen from 
other tissues including the bone marrow, thymus, and 
lymph nodes of mice continuously irradiated for a 
long period. Another possibility is that a long-lived 
lymphocyte subset may be relevant for the linear 
increase of dicentric and centric ring chromosomes. 
The directly observed chromosome aberration rates 
of dicentric and centric rings between dose rates of 
20 mGy/day and 200 mGy/day were compared at 
several doses to identify the existence of any dose-
rate effect. 

y=0.0012x+0.086 
R2=0.8812 

 (□) 200 mGy/day  
 (■) 20 mGy/day  

y
=
0

 
Chromosome instability detects by unstable-type 
aberrations 

Tables 1 and 2 indicate that the mean 
percentage of chromosome aberrations in bone 
marrow cells and spermatocytes induced in irradiated 
mice has increased after LDR irradiation in 
comparison with non-irradiated mice. 

On the other hand, the complexity of 
chromosomal aberrations in terms of number of 
unstable-type aberrations per cell will be a suitable 
cytogenetic index for evaluating chromosome 
instability after prolonged LDR irradiation. 

Chromosomal aberrations such as Dic, Rc, 
Ra, Fg, min and del were scored and the total number 
of aberrations per cell was calculated using only 
aberrant cells in each mouse. Complexity was 
determined as a total number of unstable-type 
aberrations (Dic + Rc + Ra + Fg + min + del) divided 
by a total number of abnormal cells with 
chromosome-type aberrations. The results are 
summarised in Figure 2a and 2b. Their complexity 
started to increase from more than 200 mGy in the 
irradiation at 200 mGy/day and from more than 500 
mGy in the irradiation at 20 mGy/day, and both 
increase from early days, 8 days and 1 day after 
initial irradiation, respectively (Figure 2b). On the 
other hand, our preliminary observation of 
translocation in spleen calls from mice with 
prolonged irradiation at 20 mGy/day showed that the 
complexity increased after 200 days after initial 
irradiation (more than 4000 mGy). The number of 
aberrations per cell was not different between 
unstable-type aberrations and translocations. 
Chromosome complexity was also compared at the 
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same irradiation period within 40 days between dose 
rates of 20 mGy/day and 200 mGy/day (Figure 2b). 
Complex aberrations were enhanced by irradiation 
with a dose rate of 200 mGy/day than 20 mGy/day 

indicating an influence of dose rate on chromosome 
instability.  
 

 
Table 1. Percentage of chromosomal aberrations in bone marrow from mice irradiated with LDR at 20 

mGy/day. 
Dose 
[mGy/day] 

No. of 
mice 

Number 
of observed 
metaphases 
in cells 
 

Number 
of observed 
metaphases with 
chromosomal 
aberrations 

Percentage 
of metaphases with 
chromosomal 
aberrations 
(mean+S.E.) 

Significance 
P < 

0 5 296 14 4.74+0.36 - 
250 5 250 19 9.5+0.5      P < 0.01 
5000 5 250 45 22.3+0.63 P < 0.001 
6000 4 200 59 23.9+1.33 P < 0.001 
8000 4 200 69 27.8+1.52 P < 0.001 
 
Table 2. Percentage of chromosomal aberrations in spermatocytes from mice irradiated with LDR at 20 

mGy/day. 
Dose 
[mGy/day] 

No. of 
mice 

Number 
of observed 
metaphases 
in cells 
 

Number 
of observed 
metaphases with 
chromosomal 
aberrations 

Percentage 
of metaphases with 
chromosomal 
aberrations 
(mean+S.E.) 

Significance 
P < 

0 5 220 7 3.51 + 0.61 - 
250 5 200 16 10.5 + 0.9 P  < 0.01 
5000 5 200 25 12.7 + 0.84 P < 0.001 
6000 4 160 39 19.8 + 1.03 P < 0.001 
8000 4 160 42 21.6 + 1.16 P < 0.001 
 

On the other hand, the incidences of 
hyperploidy and complexity of chromatid-type 
aberrations which are determined as total number of 
ctg, ctb and exc divided by a total number of 
abnormal cells with chromatid-type aberrations did 
not increase with accumulated dose, although these 
two types of chromosome aberrations have been used 
as suitable markers for establishing chromosome 
instability (Farooqi and Kesavan, 1993). 

It can be noticed that cells with heavy DNA 
damage may be eliminated by apoptosis whereas 
cells able to survive after exposure may have a higher 
probability of developing a mutation, and cells 
surviving after ionising radiation lead to genomic 
(chromosome) instability. Radiation-induced 
genomic instability arising at a large stage is 
demonstrated by increased rates of mutation, 
decreased cell survival, and various chromosome 
aberrations. An acute low dose to mice in utero 
induced high incidences of chromatid breaks and 
fragments and polyploidy cells in bone marrow cells 
after birth (Devi and Hossain, 2000a)]. Persistent 
chromatid-type aberrations were commonly observed 
in cells long-term cultured from haematopoetic and 
solid mouse tissues exposed to γ – rays (Devi and 

Hossain, 2000b  and Watoson et al 2001). Lung cells 
from rates injected with superoxide dismutate showed 
a reduced number of micronuclei, which indicates the 
involvement of oxygen radicals in chromosome 
instability (Turker et al. 2004). Cells with chromatid-
type aberrations result in one chromosomal deletion 
and one normal cell at the next cell division. Since 
unstable-type chromosome aberrations such as 
dicentric chromosomes are unstable and do not 
persist through the next cell cycle, a high percentage 
of these aberrations occurring by irradiation are 
eliminated after many cell generations. Radiation-
induced chromosome or genetic instability has been 
demonstrated mostly with the use of accurate 
irradiation at high-dose rates (Cai and Cherian, 
2001). Few studies have addressed whether low-dose 
radiation LDR can induce chromosome or genomic 
instability long-term after irradiation (Osipov et al, 
2004). In this connection (Abrahmsson-Zetterberg et 
al, 2000)  reported that exposure to radiation within a 
dose rate of 20 – 2000 mGy/h of mouse embryos 
showed no increase of chromosome instability at 35 
days after birth, which indicates that LDR radiation 
doses might permit sufficient DNA repair. However, 
the present observation of exposure to 20 mGy/day 
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(0.91 mGy/h), which is much lower than reported by 
Nakano et al (2007), clearly showed chromosome 
instability. 

From these experiments it was concluded 
that unstable-type aberrations, chromatid-type 
aberrations, and polyploidy cells are likely to be 
suitable markers for detecting chromosome instability 
in vivo after long-term LDR radiation, although the 
precise classification of direct radiation-induced 
aberrations and delayed chromosome aberrations 
could be difficult. Thus, the complexity of unstable-
type and stable-type chromosome aberrations will 

also be used as a suitable cytogenetic marker of 
chromosome instability. 

Moreover, it can be concluded that cells 
with chromosome instability can persist for a long 
period after irradiation and some form a benign or 
malignant clone which may develop into neoplastic 
transformation implicating the biological significance 
of continuous long-term exposure to LDR radiation. 
Information on the incidence of chromosome 
aberration frequencies and chromosome instability in 
persistent translocations will become more important 
for low-dose radiation-induced risk in humans. 
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Figure 2a. Chromosome complexity (total number of unstable-type (Cu) aberrations per cell in abnormal cells) from 
mice after irradiation of less than 8000 mGy at LDR of 20 mGy/day (■) and 200 mGy/day   (□). Each value 
indicates the mean ± standard error (S.E.) of data from at least seven mice. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2b. Chromosome complexity (total number of unstable-type (Cu) aberrations per cell in abnormal cells) from 
mice after irradiation for 40 days at LDR of 20 mGy/day (■) and 200 mGy/day (□). Each value indicates the mean ± 
standard error (S.E.) of data from at least seven mice. 
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Abstract: An experiment was conducted to detect the effect of some legume crops on soil nitrogen recovery in the 
degraded soils of north Ethiopia. Faba beans, field peas, vetches, lentils and alfalfa were sown. The effect was 
observed by measuring plant dry matter production, nodule numbers, soil N contents before and after plantation and 
N content of leaves. All data from crops were taken at 50% flowering. The study showed a significant difference 
between treatments on dry mater production and nodule numbers. There was also a positive correlation between dry 
matter production and nodule numbers (r=0.97*, r= 0.855*, r=0.98*, r=0.45* and r=0.51* for faba beans, field peas, 
vetches, lentils and alfalfa, respectively). Faba beans have produced the highest dry matter and largest number of 
nodules per plant. The highest soil N was also recovered from the plots where faba beans were grown. Moreover, 
the highest content of N was found in the leaves of faba beans. Despite the fact that faba beans performed better than 
other legumes for soil N recovery producing the highest dry matter, they failed to survive and bear grains due to 
inadequate rainfall encountered during the grain formation period of the growing cycle. Thus, this study concludes 
that firstly growing legume crops on the degraded soils will help restored soil fertility quickly and inexpensively 
thereby crop productivity can be enhanced. Secondly, lentils and field peas were screened as the most suitable 
legume crops for the study area as both withstood drought conditions comparatively. [Journal of American Science 
2010;6(10):867-870]. (ISSN: 1545-1003).  
     

Keyword: Degraded soils, legume crops, dry matter production, nodules, soil nitrogen recovery 

 
Introduction  

Agricultural production in low potential 
areas of north Ethiopia is constrained by declining 
soil fertility, unpredictable and erratic rainfall. 
Farmers are further hampered by inefficient input 
supply systems and markets for produce, and have 
limited opportunities to earn off-farm income, 
insufficient credit schemes and cash for investment, 
inadequate extension services, insecure land tenure 
and poor infrastructure (Fassil, 2002). Consequently, 
intensification is the major option available to 
increase production, and this inevitably means an 
increase in the use of organic and inorganic fertilizers 
(Fassil, 2002). 

Improved productivity and food self 
sufficiency requirement is expected to come as a 
result of increased farm input such as fertilizer. 
However the enormous rise in cost of chemical 
fertilizer, non-availability of fertilizer industry in 
Ethiopia and the health hazards and damage caused 
though environmental pollution has made the country 
to search alternative source to increase food 
production (ESSS, 1993).          

In Ethiopia, at least seven types of pulses, 
namely horse beans, chick peas, haricot beans, field 
peas, lentils, soyabean and vetch are grown.  Pulses 

account for about 10.5 per cent of the total food grain 
production area of the country. Pulse yields, are 
estimated at about 9.6 kgha-1(FAO, 1992). 

There is high genetic variability within 
legume species is their effectiveness at biological N-
fixation. Haricot bean (Phaseolus vulgrais) is a 
commonly grown legume in Africa. In Kenya, it is 
estimated that Phaseolus bean draws 43-52 percents 
of its N requirement from the atmosphere, which 
amount to 74-91 kg N per ha (Smaling, 1993).  

The important N-fixation crops are food 
grain legumes; faba-beans, field peas, chickpeas and 
lentils, which are cultivated in the central and 
northern highlands of Ethiopia. There is an enormous 
potential in Ethiopia to intensify crop production 
through legume rotation and intercropping. Also 
indigenous forage legume (vetch, Trifolium, etc.) are 
remarkably abundant in the higher altitudes and well 
nodulated with good potential for N-fixation and 
those are useful components of cropping system. 
Particularly where a fallow period is maintained 
currently the cropping pattern is dominated by cereal 
monocropping, as farmers do not favor legume due to 
their lower field compared to cereals (Elias, 2002), 
and the need to produce enough cereals for household 
food security. 
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Thus, the objective of this paper is to 
communicate with information on the importance of 
legume crops for soil nitrogen recovery in the 
degraded areas of north Ethiopia. 

 
2 Materials and Methods 
Location 

This study was conducted in the 
Experimental Site of Mekelle University (Main 
campus), which is located at 1328’N and 399’E and 
3 kms away from Mekelle town with a total area 
covering 349 ha. 
 
Climate 

As part of the Ethiopian highlands, Mekelle 
has generally a cool tropical semi-arid climate. The 
yearly rainfall average is about 500 mm. The rainfall 
in the study site tends to be unimodal, with more than 
85% of rain falling within a period of four months 
from June to September. The highest average 
maximum temperature is recorded in June (28 C) 
while the lowest average minimum temperature 
occurs in December (9 C). At the on set of the rainy 
season the mean maximum temperature drops 
suddenly.  

Soil Type 

The major soil types found in the study area 
are Cambisols, Vertisols, vertic Cambisol, Luvisols, 
Regosols and Leptosols. Almost all these soil types 
are degraded due to several factors, one of which is 
overcultivation. This study was carried on Cambisols 
as these soils comparatively cover huge agriculturally 
important areas. 

Experimental lay out  

The experiment was laid out in randomized 
complete block design (RCBD), with five treatments 
replicating four times on a plot size of 3x5m with an 
inter row spacing of 20cm.  
 
Soil N analysis  

Composite soil samples were collected from 
depth of 0-30 cm before sowing and at flowering 
stage. The samples were air dried, ground and sieved 
to pass 2 mm mesh. Then total soil N was determined 

by Kjeldahl method in the Soils Research Laboratory 
of Mekelle University.  
 
Plant data collection  

At 50% flowering stage, nodule count was 
made for randomly selected plants from each plot. 
When the field was sufficiently dried for field 
operation, crop roots were carefully recovered and 
effective nodule (pink-red in color) numbers were 
counted by placing them on a tray. Plant biomass 
area of 1m2 was counted and multiplied by average 
number of nodule. Dry weight was determined by 
drying the shoots each crop found in 1m2 in an oven 
at 65˚ C for 24 hours. Finally, the nitrogen content of 
the fresh leaves was analyzed by Kjeldahl method. 
 
Data analysis  

Analysis of variance was made for nodule 
numbers and dry matter. Duncan’s Multiple Range 
Test (DMRT) was also used to separate the means of 
the treatments. Linear correlation and regression 
analyses were made between nodule numbers and dry 
matter to get an insight on the degrees of relationship 
between N fixation by a given treatment.  

 
4 Results and discussions 
Nodulation  

Table 1 shows nodule numbers of individual 
legumes. Relatively low number of nodules was 
counted from vetches due to low generation rate (30-
40%). Maximum number of nodules was found on 
lentil roots, which was ranged from 6000-8000 
nodules per m2, due to high germination rate (90-
96%) and the minimum was found on alfalfa root 
(26-34 nodule plant-1). Besides, the highest number 
of active nodules per plant was observed on the roots 
of faba beans, i.e., 109-120 nodule plant-1and the 
lowest was found on alfalfa root (26-34 nodule plant-

1). The difference in number of nodule in m-2 between 
treatments was highly significant, since they were 
different in their germination rate while difference 
between replication was not observed. This 
difference was also valid when number per plant 
considered. DMRT shows in that lentil had the 
highest number of nodules per m2 whereas faba beans 
and field peas showed minor difference between their 
mean (Table 1).  
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Table 1. DMRT of nodule numbers in m2 of legume crops 
DMRTb DMRTb Mean number of 

nodule plant-1a 
Treatment  Mean number of 

nodule m-2a 
Faba bean 
Field pea 
Vetch 
Lentil 
Alfalfa 

5810.25 
6409.5 
2466.25 
7503 
3904 

ac 
ab 
d 
a 

bc 

112.25 
             82.00 
             60.00 
             49.00 

  31.25 

a 
b 
c 
d 
e 

a average of four replication 
b different letter within a treatment represent significant difference at 5% level of significance. 
  
Dry matter production 

From ANOVA all treatments differed significantly in terms of dry matter production. Also there was 
significant difference within replicas. DMRT results as is shown in Fig 1 faba beans have significantly high dry 
matter yield than the rest though field pea and lentil produce more dry matter. Even though there was no difference 
between the mean of alfalfa and vetch they produced less amount of dry matter. As is described in Table 2 dry 
matter yield showed positive correlation r=0.97*, r=0.85*, r=0. 99*, r=45* and r=0.51* for faba bean, field pea, 
vetches, lentil and alfalfa, respectively to nodule numbers. Dry matter production mostly depends on shoot strength 
and capacity to hold water. Hence, field peas and faba beans had significantly high biomass production. The dry to 
wet ratio of both species was between 40%-45%. Lentil, vetch and alfalfa have low water content in their biomass.  
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Fig 1. Mean dry matter production and mean nodule numbers of legume crops  
              

Table 2.  DMRT of dry matter per m2 
 

DMRTb Treatment Mean of dry matter kg 
ha-1 a 

Correlation 

Faba bean 
Field pea  
Vetch 
Lentil 
Alfalfa 

        3316.25 
        2549.15 
          629.55 
        1129.00 
          429.80 

a 
b 
d 
c 
d 

r=0.970* 
r=0.855* 
r=0. 980* 
r=0.880* 
r=0.870* 

a average of four replication 
b different letter within a treatment represent significant different at the 5% level of significance 
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Soil N recovery and N content in a plant 
As is shown in Table 3, all the five legume crops have significantly increased the soil N contents. The soil 

N contents were improved 10.6, 8.0, 6.6, 7.6, and 5.6 times more than the original soil N content (0.014%) from the 
plots where faba beans, field peas, vetch, lentils and alfalfa were grown, respectively. Besides, high amount of N 
level was found from the leaves of these legume crops. The leaves of N levels were summarized in importance order 
of faba beans> vetches> alfalfa> field peas > lentils. Seemingly, these plants can be grown as a green manure in the 
study area for recovering soil N quickly and cheaply. 
 

           Table 3.  Nitrogen content (%) in the leaves and soils  
 

Treatment N in the leaves % N in the soil % 
Faba bean 
Field pea 
Vetch 
Lentil 
Alfalfa 
Soil before plantation 

4.05 
3.20 
3.99 
2.49 
3.37 

- 

0.149 
0.112 
0.093 
0.107 
0.079 
0.014 

 
Conclusions and Recommendation 

The currently accepted paradigm for tropical 
soil fertility management, Integrated Soil Fertility 
Management (ISFM), advocates the maximum use of 
locally available resources and the combined use of 
organic and mineral inputs, in an economically and 
socially acceptable way (Vanlauwe, 2004). Thus this 
study concludes that legume crops can be cost-
effective and environmental friendly means for 
combating nutrient depletion in Adigudom area. 
Moreover, this study recommends growing more 
lentils and field peas than faba beans, vetch and 
alfalfa as both legumes are more suitable to the 
ecology of the study area. Finally, further research is 
recommended on the improvement of nodulation 
through Rhizobium inoculation, increasing biomass 
production, nitrogen fixation enhancement and 
increasing role of useful soil microorganism. 
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Abstract-The main effect of poultry manure on soil physico-chemical properties, leaf nutrients contents and yield of 
yam (Dioscorea rotundata) was investigated in a factorial experiment involving tillage at five levels- ploughing, 
ploughing plus harrowing, manual ridging, manual heaping and zero-tillage; poultry manure at 0 t/ha and 10 t/ha 
laid out in a split-plot design at two locations in Ondo, Nigeria. The data obtained indicated that poultry manure 
application improved soil physical properties; it reduced soil bulk density, temperature and also increased total 
porosity and soil moisture retention capacity. It also, improved soil organic matter, total N, available P, 
exchangeable Mg, Ca, K and lowered exchange acidity. It also increased nutrient uptake, growth and yield of yam 
significantly. The use of poultry manure in crop production is recommended as it will ensure stability of soil 
structure; improve soil organic matter status, nutrients availability and high crop yield. [Journal of American Science 
2010;6(10):871-878]. (ISSN: 1545-1003). 
 
Key words: Bulk density, moisture retention, organic matter, nutrient uptake, exchange acidity  
 
1. Introduction: 
 Small holder farmers in southwestern 
Nigeria depend upon root and tuber crops especially 
cassava and yam as a dietary supplement and a major 
source of energy and nutritional requirements. There 
is an increasing gap between the levels of supply and 
demand for yam. 

This arises from the subsistence system of 
its production, high production costs, and the need 
for appropriate land improvement for restoring, 
replenishing, conserving and maintaining the quality 
of agricultural land Land improvement techniques 
used for yam production in southwestern Nigeria 
include mulching, bush fallow and crop rotation. 
Population pressures have enforced the shortening of 
the fallow period and field rotation cycle resulting in 
the loss of soil productivity with a consequent 
reduction in yam yield. 

Nutrient deficiencies and imbalances are the 
main constraints to crop production in southwestern 
Nigeria (Ojeniyi, 1990). Application of fertilizers 
constitutes a practice by farmers in an attempt to 
correct the deficiencies of nutrient elements. 
Increases in productivity associated with the use of 
mineral fertilizer are undisputable. However, 
fertilizer costs remain high. At the farm level, 
inefficient distribution systems often prevent 
fertilizer being available. Another major problem, is 
the indiscriminate use of mineral fertilizer without 
soil test, this is adversely affecting the soil chemical 

and physical properties causing nutrient imbalance 
(Nottidge et al, 2005). In addition, the use of mineral 
fertilizers on continuous basis in tropical soils has 
been associated with reduced crops yield, increased 
soil acidity and nutrient imbalance (Ojeniyi, 2002; 
Mbah and Mbagwu, 2006). 

Problems that militate against the use of 
chemical fertilizers on yam include high cost, 
unavailability, misused of chemical fertilizers and the 
belief by the peasant farmers that chemical fertilizers 
promote weeds, vegetative growth rather than tuber 
formation and yield of poor qualities in terms of taste 
and storage life (Daramola, 1989). Bamire and 
Amujoyegbe (2005) revealed that apart from high 
cost and scarcity of inorganic fertilizers, it destroys 
the quality of ‘pounded yam’ a highly preferred food 
of the people in southwestern Nigeria. The high cost 
of mineral fertilizer and the difficulties involved in its 
used has awakened interest in the use of organic 
wastes as nutrient sources. Several studies carried out 
indicate positive effects of organic wastes on soil 
productivity. The use of organic manures is 
considered less likely to have detrimental effect on 
soil physico-chemical properties compared with 
mineral fertilizers.  

The use of poultry manure as soil 
amendments to sustain adequate crop yields has been 
found effective for cereals and vegetable crops in 
southwestern Nigeria.  
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However, there appears to be scarcity of 
research information on the use of poultry manure in 
yam production in southwestern Nigeria Hence, this 
study aimed at evaluating the potential of poultry 
manure in enhancing soil fertility and yam production 
in southwestern Nigeria. 
 
2. Materials and Methods: 
Site Description 

Field experiments were carried out at two 
sites namely; Adeyemi College and Gbajia in Ondo 
(070  05N, 040 55) in the rainforest zone of 
southwestern Nigeria for two farming seasons (2007 
and 2008). The soil is sandy loam and belongs to 
Ondo series (Egbeda Fasc) and is classified as alfisol 
(Oxic tropul dalf) (Hapstead, 1974). The plots at the 
two sites were gently sloppy and have been 
previously cultivated to arable crops such as maize 
and cassava. The two sites have been under bush 
fallow for two years. 

 
Field Experiments and Experimental Design: 

The trials consisted of five soil preparation 
methods, namely ploughing (p), ploughing plus 
harrowing (PH), manual ridging (MR), manual  
heaping (MH) and zero tillage (ZT) each combined 
with and without poultry manure at the rate of 10 t/ha 
in a factorial experiment of 5 by 2 to produce 10 
treatment combinations. The experimental design 
used was split-plot design. A total land area of 110m 
by 50m was marked out for the experiment. The site 
was divided into three blocks and the adjacent blocks 
were demarcated by 5-metre alley ways. Each block 
was further divided into 10 plots of 5m by 5m. The 
treatments were allorted to the plots and each 
treatment replicated three (3) times. The same treated 
plots were maintained for the two planting seasons. 
Yam setts having an average weight of 300g were 
planted two weeks after poultry manure had been 
applied. Individual emerged yam stands were 
separately staked, while manual weeding with hoe 
was subsequently used to control weeds in all the 
treated plots. 
 
Determination of Soil Physical Properties 

Soil bulk density was determined from 
oven-dried undistributed core samples collected to 
the depth of 10cm by core method (Stolte et al, 
1992). Total porosity (Ps) was calculated from bulk 
density (Db), assuming a particle density (Dp) of 
2.65 g cm-3, using the relationship between particle 
density (Dp) and bulk density (Db) i.e. Ps = 100 (1- 
Db/ Dp). Soil temperature was measured at 15.00 
hours using a soil thermometer inserted to 10cm 
depth. Soil moisture content was measured with the 
TDR-100 moisture meter. These soil physical 

properties were measured a month after the 
treatments were applied and at a 4-weekly intervals 
there after until the week 20 of field experimentation. 

 
Growth and Yield Data: 
 Ten yam stands were selected per replicate 
(plot) for the measurement of growth and yield 
parameters at harvest. Vine girth was measured at 
15cm above heap level using a pair of vernier 
calipers. The vine length was measured with a 
measuring tape. The number of branches from the 
main vine and the number of leaves per plant were 
recorded. Tuber weight was determined using a 
weighing balance and tuber length with a measuring 
tape. Leaf area was determined graphically. 
 
Leaf Nutrient Contents Analysis: 
 At five months after planting, mature leaves 
were collected from the 10 tagged yam stands per 
plot. The leaf samples were oven-dried at 650C for 48 
hours and ground for routine chemical analysis. Leaf 
N was determined using the micro-kjeldahl digestion 
method. P was determined colormetrically by 
vanadomolybdate method, K by flame photometer 
and Ca and Mg by the atomic absorption 
spectrophotometer. 
 
Soil Sampling and Chemical Analysis: 
 Surface soil samples (0 - 15cm) were taken 
prior to the application of treatments.  The pre-
treatment samples comprised of a composite sample 
made up of 15 cores per experimental site. Another 
set of soil samples were taken at the end of each 
planting season. The sample comprised of a 
composite sample of 2 cores per plot. 
The soil samples were air-dried, sieved to pass 
through a 2-mm mesh and chemically analysed. The 
soil pH was determined using glass electrode pH 
meter in a 1:2 soil – water ratio. Organic carbon 
content was determined by Walkley-Black 
dichromate oxidation method. Total N was 
determined by the micro-kjeldahl method. Available 
P was extracted by the Bray-1 method and 
determined colorimetrically. Exchangeable Ca, K, 
Mg, and Na were extracted with 1.0N NH4OAc using 
a soil: solution volume ratio of 1:10. The K and Na in 
the extract were read using a flame photometer, while 
Ca and Mg were determined by Atomic Absorption 
Spectrophotometer (AAS). Exchange acidity was 
determined from 1.0N KCl extract and titrated with 
1.0N HCl. Cation exchange capacity was determined 
by the summation of NH4OAc-extractive cations and 
KCl-exchange acidity. The micro nutrients (Fe, Cu, 
Zn, Mn) were extracted with 1.0N HCl and 
determined on Perkin Elmer 20 AAS. 
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Data Analysis: 
 Data on the soil physical, soil chemical, 
plant growth and yield were subjected to analysis of 
variance using Statistical Analysis System Institute 
Package (SAS) and the mean values were compared 
using the Least Significant Difference (LSD) at 
P<0.05. 
 
3. Results 

The data on initial physico-chemical 
properties of soils at the sites of experiment are 
presented in Table 1. The data indicated that the soils 
were sandy loam with high sand particles. The soils 
were slightly acidic, low in organic matter (OM), 
available phosphorus (P), cation exchange capacity 
(CEC) exchangeable calcium (Ca) and potassium K. 
Exchangeable magnesium (Mg) was adequate. 
Micronutrients such as iron (Fe) manganese (Mn), 
copper (Cu) and zinc (Zn) were high. 

Table 2 shows the influence of poultry 
manure on some soil physical properties. Plots 
amended with poultry manure had significantly (P< 
0.05) higher soil moisture content than plots without 
poultry manure application. For the two planting 
seasons, at Adeyemi Site, plots amended with poultry 
manure had a mean moisture content value of 72.29 g 
kg-1 and plots without poultry manure application had 
a mean moisture content value of 53.74 g kg-1.  

At Gbajia site, poultry manure amended 
plots had a mean moisture content value of 73.07 g 
kg-1 and plots without poultry manure had a mean 
moisture content value of 56.36 g kg-1 for the two 
planting seasons. Poultry manure treated plots had 
relatively lower soil temperature compared with plots 
without poultry manure application. Influence of 
poultry manure on soil temperature was not 
significant (P < 0.05). At Adeyemi site, for two 
cropping seasons, plots with poultry manure 
application had a mean temperature value of 31.1oC 

and plots without poultry manure had a mean 
temperature value of 32oC. the corresponding mean 
soil temperature value at Gbajia were 30.9oC and 

31.8oC respectively. Poultry manure amended plots 
had relatively lower soil bulk density compared with 
plots without poultry manure application. At 
Adeyemi site, application of poultry manure reduced 
soil bulk density by 4.23% in the first cropping 
(2007) and 3.85% in second cropping (2008); while 
at Gbajia site, application of poultry manure reduced 
soil bulk density by 6.29% in the first cropping 
(2007) and in the second cropping (2008) by 5.3%. 
Soil bulk density and total porosity were significantly 
(P< 0.05) influenced by the application of poultry 
manure. Plots amended with poultry manure had 
higher soil total porosity than plots without poultry 
manure application. Poultry manure application 

increased soil total porosity by 4.87% and 7.36% in 
the first cropping (2007) at Adeyemi and Gbajia sites 
respectively. In the second cropping (2008), poultry 
manure application increased soil total porosity by 
5.52% and 8.4% for Adeyemi and Gbajia sites 
respectively.  

Tables 3 and 4 show the influence of poultry 
manure on soil chemical properties. Application of 
poultry manure increased soil pH, organic matter 
content, total –N, available P, exchangeable cations 
(Ca, Mg, and K), cation exchange capacity and 
percent base saturation. It also reduced exchange 
acidity and the concentration of micro-nutrients when 
compared with plots without poultry manure. The 
improvements in the soil chemical characteristics in 
plots amended with poultry manure at the end of the 
first cropping (2007) were marginal. However, at the 
end of the second cropping (2008), the improvement 
in soil chemical characteristics of plots amended with 
poultry manure when compared with plots without 
poultry manure application were more pronounced. 
Also, there were reductions in most of the soil 
chemical characteristics except exchange acidity and 
the micro-nutrients in plots without poultry manure 
application at the end of the second cropping (200). 

 Table 5 shows the influence of poultry 
manure on leaf nutrients concentration of yam. Plots 
amended with poultry manure had higher 
concentration of leaf nutrient than plots without 
poultry manure application. At Adeyemi site, poultry 
manure application increased leaf N, P, K, Ca and 
Mg concentration by 25%, 27% 18%, 20% and 21% 
respectively over plots without poultry manure 
application. At Gbajia site, leaf N, P, K, Ca and Mg 
increased by 42%, 8%, 17%, 16% and 25% 
respectively when compared to leaf nutrients 
concentration of yam grown on plots without poultry 
manure application. Leaf nutrients concentration of 
plots amended with poultry manure in the second 
cropping (2008) were higher than those of first 
cropping (2007), while yam leaf nutrients 
concentration of plots without poultry manure 
decreased in the second cropping (2008).  

Table 6 shows the influence of poultry 
manure on the vegetative parameters of yam. 
Vegetative parameters of yam were significantly (P< 
0.05) influenced by the application of poultry manure 
at both sites and cropping seasons. Vegetative growth 
parameters were better enhanced in plots amended 
with poultry manure than plots without poultry 
manure application. Table 7 shows the influence of 
poultry manure on yam yield parameters. Poultry 
manure significantly enhanced yam yield parameters 
of yam at both sites and cropping seasons. Plots 
amended with poultry manure had higher yield 
parameters than plots without poultry manure 
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application. At second cropping (2008), yam tuber 
yield in plots amended with poultry manure were 
better than the first cropping (2007) although at 
marginal degree. However, the tuber yields from 
plots without poultry manure application at second 
cropping (2008) were poorer than the yield at first 
cropping. At Adeyemi site, yam tuber yield at the 
second cropping from plots without poultry manure 
application reduced by 10.22% whereas yam tuber 
yield from plots amended with poultry manure 
increased by 1.50%. Also, at Gbajia site, yam tuber 
yield from plots without poultry manure application 
reduced by 17.06% and the increase in yam tuber 
yield from plots amended with poultry manure was 
3.87%. 
4 Discussion 

The soils at the sites of experiment 
contained less than 2%N, 25 mg kg-1 available P, 
0.40 cmolkg-1K, 0.65 cmolkg-1 Ca nutrients critical 
levels determined for yam in the southwestern 
Nigeria (Ibedu et al, 1988). Soils below these critical 
levels are regarded being low in these nutrients for 
optimum yam production. The low fertility level of 
these soils justifies the need for appropriate soil 
management techniques for sustaining soil and yam 
productivity. 
 Poultry manure application improved the soil 
moisture content this improvement in soil moisture 
content might be due to the colloidal and 
hydrophobic nature of the poultry manure. This 
finding is line with the finding of Mbah and Mbagwu 
(2006). Similarly, enhancement of soil water 
retention capacity due to animal manure, according to 
Khaleel et al (1981) could be probably be due to 
structural improvement i.e. increase in total porosity 
and the fraction of porosity involved in soil water 
storage. Plots amended with poultry manure had 
lower soil temperature compared with plots without 
poultry manure application. This could be related to 
the improved soil organic matter content of plots 
amended with poultry manure which might have 
enhanced water retention capacity of the soil and 
consequently reduced soil temperature of the plots. 
Organic matter is known to improve soil physical 
properties (Adesodun et al, 2005, Aluko and 
Oyeleke, 2005). Addition of poultry manure to the 
plots reduced the soil bulk density; this reduction in 
soil bulk density could make appreciable difference 
in the root growth and proliferation of yam. This is in 
line with the reports of Obi and Ebo (1995)., Obi and 
Ofonduru (1997). Improvement in soil total porosity 
due to poultry manure application might be as a result 
of the improved soil particle aggregation brought 
about by the improved soil organic matter content of 
the plots amended with manure. Addition of poultry 
manure improved the soil physical properties; it 

reduced the soil bulk density and also increased 
porosity and water holding capacity of the soils. 
These findings confirmed the earlier reports of 
Lombin et al (1991); Mbal et al (2004) that 
application of organic manures improve and 
ameliorate several soil physical properties such as 
bulk density, total porosity, penetration resistance 
and cohesion force. 
 Addition of poultry manure brought about 
improvement in most of the soil chemical properties. 
Soil pH, organic matter, total nitrogen, available 
phosphorus, exchangeable cations and percent base 
saturation were improved. Improvement in nutrient 
status of poultry manure amended plots implies that 
poultry manure could be used for soil management 
for sustainable production of yam. In support of this, 
Ano and Agwu (2006) had found that animal manure 
increased soil pH and macronutrients of soil in 
southern Nigeria. Also, Bahl and Torr (2002); Salako 
(2008) reported that poultry manure improved 
surface P and other major nutrients and yield of 
maize. These findings confirmed earlier report by 
Lombin et al (1991) that animal manure improved 
soil productivity in two ways; through improvement 
of the physical conditions of the soil and through the 
nutrient it supplies to the soil. The reduction in 
exchange acidity in plots amended with poultry 
manure suggests the ability of poultry manure in 
lowering soil Al3+ and Fe2+ concentration in the soil. 
The higher pH of poultry manure amended plots 
compared to plots without poultry manure application 
might partially be due to the calcium supplied to the 
soil by poultry manure (Cooper and Warman, 1997). 
In support of these findings, recent studies had shown 
that poultry manure increased soil organic matter, 
nitrogen, pH, phosphorus, CEC (Adeniyan and 
Ojeniyi, 2003; Mbah and Mbagwu, 2006; Ayeni et al, 
2008). 
 Poultry manure improved leaf nutrient 
concentration significantly. Cumulative effect of 
poultry manure application was observed in the leaf 
nutrient concentration during the second cropping. 
This observation is in agreement with the reports of 
Colacicco (1982) and Adenawoola and Adejoro 
(2005) that the cumulative agronomic value of some 
organic manure applied to agricultural soils could be 
more than five times greater in the post-application 
period than the value realized during the year of 
application. Poultry manure influenced the yam 
growth parameters significantly and this could be 
attributed to the ability of poultry manure in 
supplying nutrients and organic matter to the soil and 
in improving the soil physical conditions. Better yield 
parameters obtained in poultry manure amended plots 
might also be due to the improved soil physical 
properties and nutrients status.  
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This finding is also in agreement with the 
findings of Salako (2008) and Ayeni et al (2008) that 
plots amended with poultry manure produced the 

highest grain yield of maize when compared with 
plots with no manure treatments. 

 
 

Table 1: Pre-treatment Soil Chemical Properties at the Sites of Field Experiment. 
Soil Parameters Adeyemi College Gbajia 
pH (H20) 5.73 5.92 
Org. M. (%) 2.45 3.26 
Total N (g/kg) 3.50 4.60 
Av.P (mg/kg) 9.11 5.41 
Ca (cmol/kg) 0.59 0.13 
Mg         " 1.36 1.36 
Na          " 0.52 0.55 
K            " 0.23 0.34 
Ex. Ac    " 0.60 0.60 
CEC       " 3.30 2.98 
B.Sat. (%) 81.82 79.86 
Mn  (mg/kg) 3.60 4.70 
Fe          " 9.60 4.80 
Cu          "  1.60 4.70 
Zn          " 10.00 8.80 
Sand (%) 75.80 79.80 
Clay        "  10.80 10.80 
Silt           " 13.40 9.40 

 
 

Table 2: Effect of Poultry Manure on Soil Physical Properties 
Year   

Treatment  
Moisturecontent  
      (g/kg) 
Adeyemi Gbajia 

   Temperature 
       (oC) 
Adeyemi Gbajia 

 Bulk density  
    (g/cm3) 

Adeyemi Gbajia 

Total Porosity  
        (%) 
Adeyemi Gbajia 

2007 No manure 51.93   55.14 31.97  32.24 1.42     1.43  46.42   46.04 
 10 t/ha manure 73.80   74.71 30.89  31.18 1.36     1.34  48.68   49.43 
 LSD (0.05)   5.43    5.68 NS    NS 0.03     0.04    1.24   1.24 

2008 No manure  55.56   57.32 32.09  31.36 1.56     1.58  41.13   40.38 
 10 t/ha manure 70.78   71.42 31.26  30.79 1.50     1.49  43.40   43.77 
 LSD (0.05)   6.01    6.23 NS    NS 0.01     0.03    0.58     0.58 

 
 

Table 3: Effect of Poultry Manure on Soil Chemical Properties at Adeyemi Site. 
 

Treatment  pH 
(H20) 

O.M 
(%) 

Tot.-
N 
(%) 

Av. P 
mg/kg 

   Ca Mg Na K                            
cmol/k 

Ex.Ac. CEC 
 

B.S 
(%) 

Mn Fe 
mg/kg 

Cu Zn 

2007                
No manure 5.86 2.63 0.34 19.80 0.73 1.50 0.61 0.13 0.80 3.77 78.77 4.93 6.61 2.89 8.63 
10 t/ha 
manure 

6.03 3.00 0.43 25.30 0.96 1.73 0.67 0.23 0.51 3.14 83.76 4.13 6.00 3.27 8.90 

LSD (0.05) 0.01 0.03 0.05 1.21 0.01 0.05 0.01 0.04 0.02 0.03 1.01 0.04 0.01 0.03 0.01 
2008                
No manure 5.43 2.41 0.31 31.oo 0.93 1.19 0.53 0.19 1.46 4.30 66.05 4.02 7.00 3.57 8.70

  
10 t/ha 
manure 

6.20 3.32 0.50 44.45 1.00 1.34 0.51 0.23 0.74 3.82 80.63 3.58 6.46 4.05 7.40 

LSD (0.05) 0.01 0.04 0.06 2.14 0.01 0.02 NS 0.02 0.06 0.02 3.64 0.21 0.01 0.04 1.01 
 
 
 



Journal of American Science                                                                                                                 2010;6(10) 

  

http://www.Americanscience.org                                                               editor@americanscience.org 876 

Table 4: Effect of Poultry Manure on Soil Chemical Properties at Gbajia Site 
Treatment pH 

(H20) 
O.M 
(%) 

Tot.-N 
(%) 

Av.P 
(mg/kg) 

Ca        Mg Na         K      Ex.Ac.   CEC 
       cmol/kg 

B.S 
(%) 

Mn        Fe 
             
mg/kg 

Cu         Zn 

2007                
No manure 6.01 2.62 0.32 14.90 0.84 1.04 0.54 0.22 0.84 3.48 75.86 4.32 7.28 3.70 8.49 
10 t/ha manure 6.45 3.62 0.44 22.68 0.95 1.24 0.58 0.24 0.48 3.49 89.25 3.76 5.78 3.66 8.87 
LSD (0.05) 0.01 0.06 0.01 5.06 0.01 0.04   S NS 0.03 NS 1.21 0.01 0.02 NS 0.02 
2008                
No manure 5.88 2.44 0.29 35.09 0.78 1.08 0.59 0.18 0.37 3.00 87.67 5.27 7.00 3.38 8.18 
10 t/ha manure 6.36 3.42 0.47 94.05 0.91 1.47 0.52 0.21 0.36 3.47 89.62 5.06 6.55 2.86 9.38 
LSD (0.05) 0.01 0.04 0.06 12.01 0.02 0.03 NS 0.01 NS 0.01 0.03 0.01 0.01 0.05 0.48 
 

 
Table 5: Effect of Poultry Manure on Leaf Nutrient Concentration of Yam (Dioscorea rotundata) 
Treatment         N (%) 

2007 2008 
        P (%) 
2007 2008 

         K (%) 
2007  2008 

      Ca (%) 
2007   2008 

     Mg (%) 
2007   2008 

     Na (%) 
2007   2008 

Adeyemi Site             
No manure 4.13 3.88 0.22 0.21 0.48 0.41 0.14 0.15 0.14 0.14 0.10 0.11 
10 t/ha manure 4.80 5.26 0.25 0.30 0.50 0.56 0.16 0.19 0.16 0.18 0.11 0.14 
LSD (0.05) 0.21 0.56 0.01 0.01 NS 0.03 NS  0.01 NS 0.01 NS NS 
Gbajia Site             
No manure 3.14 3.21 0.23 0.23 0.39 0.41 0.12 0.13 0.15 0.13 0.11 0.11 
10 t/ha manure  3.53 5.48 0.24 0.26 0.42 0.51 0.13 0.16 0.17 0.18 0.12 0.13 
LSD (0.05) 0.02 0.58 NS 0.01 0.01 0.03 NS 0.01 0.01 0.01 NS NS 
 
 
Table 6: Effect of Poultry Manure on Vegetative Growth Parameters of Yam (Dioscorea rotundata) 
 

      
Treatment     Vine  Length 

          (cm) 
2007         2008            

Vine Girth 
     (cm) 
2007  2008          

  Leaves /plant 
 
2007         2008 

Branches/plant 
 
2007     2008 

  Leaf Area 
 
2007    2008 

Adeyemi Site           
No manure 198.32 181.78 1.41 1.39 358.24 334.61 26.24 27.71 28.34 24.28 
10 t/ha manure 245.15 251.01 1.68 1.65 498.93 453.17 34.61 36.84 34.67 33.89 
LSD (0.05) 28.32 32.04 0.07 0.03 34.68 31.81 0.24 0.18 0.68 0.64 
Gbajia Site           
No manure 217.65 213.44 1.54 1.47 368.89 366.16 26.02 24.68 26.01 25.67 
10 t/ha manure 231.15 241.63 1.56 1.66 380.47 493.56 29.91 32.20 26.21 28.11 
LSD (0.05) 4.28 5.71 NS 0.02 6.27 12.48 0.10 0.12 NS 0.34 

 
 
Table 7: Effect of Poultry Manure on Yield Parameters of Yam (Dioscorea rotundata) 
 
Treatment  Tuber length (cm) 

2007        2008 
 Tuber Girth (cm) 
2007     2008 

Tuber weight (kg/stand) 
2007      2008 

Tuber Yield (t/ha) 
2007      2008 

Adeyemi Site         
No manure 29.13 25.53 34.71 31.67 2.71 2.43 27.11 24.34 
10 t/ha manure 35.26 30.03 37.01 41.71 3.26 3.31 32.63 33.12 
LSD (0.05) 1.58 1.53 0.78 1.24 0.32 0.34 0.64 0.71 
Gbajia Site         
No manure 24.13 22.79 31.27 29.56 2.39 1.98 23.91 19.83 
10 t/ha manure 26.87 29.34 33.53 34.69 2.68 2.58 25.84 26.84 
LSD (0.05) 0.46 2.68 0.37 0.43 0.13 0.18 0.73 1.71 
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5. Conclusion: 
 The use of poultry manure in crop production 
on alfisols located in southwestern Nigeria is 
considered desirable. The use of poultry manure will 
ensures stability of soil structure; improve soil 
organic matter status, nutrients availability and high 
crop yield. 
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Abstract: The commercial production of fish is a rapidly growing industry. Concurrent with this growth, fish 
culturing is expanding worldwide, especially in Egypt. One of the main factors affecting fish production and 
efficiency is disease that results from both viral and bacterial infections. In Egypt, spring viremia of carp (SVCV) 
was recently reported, and it causes severe economic losses among cultured common carp. In the present study, a 
mixed viral infection was recorded during an outbreak in cultured common carp. Primary isolation was achieved 
using a common carp ovary cell line. The first isolated virus was identified as SVCV by immunohistochemistry with 
the aid of a specific monoclonal antibody, as well as by the presence of heleck shapes upon electron microscopic 
examination. The second virus was identified as Rhabdovirus carpio (RHC), which presents in the form of electron-
dense particles with a clear halo. Of 60 examined common carp, 20 fish were positive for SVCV, and two displayed 
mixed infections (SVCV and RHC). Cytopathic effects on the carp's ovaries were assessed, and histopathological 
examinations were carried out. This mixed viral infection is considered to be the first ever recorded in Egypt. 
[Journal of American Science 2010;6(10):879-885]. (ISSN: 1545-1003). 
 
Keywords: Spring viremia of carp, Viral infection, Rhadbdovirus carpio 
 
1. Introduction 

Aquaculture has become a major contributor 
to total fish production in Egypt. Therefore, the 
aquaculture sector has expanded dramatically during 
the past few years. As a result, aquaculture 
production increased from 139,400 tons in 1998 to 
461,535 mt in 2005, representing 58% of the total 
fish production in Egypt [9]. 

Tilapias, carps and mullets comprise over 95% 
of total aquaculture production [9]. Typically, these 
fish species are cultured semi-intensively in 
polyculture systems [8]. A number of disease 
outbreaks have recently been recorded in many fish 
farms throughout the country. The spring viremia of 
carp virus (SVCV) and Rhabdovirus carpio (RHC) 
are the most important viral diseases affecting 
cultured fishes, causing high mortality (30-60%), 
especially among common carp and silver carp [13]. 
It has been reported that SVCV and a newly isolated 
strain of RHC cause high mortality in carp, both in 
acute and chronic forms, during the spring of the year 
[13, 17, 1]. 

However, studies on the effects of viral 
diseases on wild and farmed fishes have been limited, 
particularly in tropical and subtropical regions of the 
world. This is partially due to the higher water 
temperature and very short life span of fish viruses in 

the aquatic environment. The inaccessibility of tissue 
culture techniques and cell lines for examination of 
fish viruses and their high cost additionally make 
such studies more difficult [16]  

Thus, viral fish diseases in Egypt have not 
received sufficient attention. The prevalence of these 
viruses remains unknown, as does their impact. Very 
few studies have been conducted on SVCV isolated 
from carp species in Egypt [17, 1], and it is clear that 
more work is urgently needed on the identification, 
isolation, description, symptoms and treatment of the 
major viral diseases infecting cultured and wild fishes 
in Egypt.  

To determine the source(s) of the lesions and 
mortality affecting cage-cultured common carp 
(Cyprinus carpio L) during a disease outbreak in a 
private fish farm in Kafr-El-Shikh governorate in 
Egypt, we isolated and characterised SVCV and 
Rhabdovirus carpio. 
 
2. Material and Methods  

2.1. Fish sampling and examination  

Twenty naturally infected common carp with 
an average body weight of 300±5 g were collected 
from a private cage fish farm in Kafr El-Shikh 
governorate, Egypt. The fish were transported alive 
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in plastic bags containing oxygenated water to the 
Fish Disease Laboratory, Department of Poultry and 
Fish Diseases, Faculty of Veterinary Medicine, 
Alexandria University, Egypt. Immediately after 
arrival, the fish were subjected to clinical, 
bacteriological, mycological and parasitological 
examinations according to [5] and [15]. 

2.2. Virus isolation 

Samples from the fish's liver, kidney, spleen, 
muscles, intestine, heart, brain and gas bladder were 
collected, mixed with sterile sand, ground in a sterile 
mortar and then frozen and thawed three times. Three 
drops each of 1000 IU/ml mycostatin, 1000 mg/ml 
penicillin, streptomycin and 500 IU/ml nystatin were 
added to the supernatant. The supernatant was 
collected in small flasks, filtered through 0.22-�m 
millipore filters and stored at -20°C until use [5, 17]. 

2.3. Electron microscopic investigation  

Samples for electron microscopic examination 
were prepared from collected organs and fixed in 
glutaraldehyde as described by [12].  

2.4. Immunohistochemical studies  

Immunohistochemical studies were carried out 
on samples preserved in formalin paraffin by using 
an SVCV monoclonal antibody and anti-mouse IgG, 
according to [14] and [1]. 

 2.5. Histopathological examination  

Specimens from brain, liver, kidney, muscles, 
intestine and gas bladder were collected from 
infected fish, fixed in formalin buffered with 10% 
saline and used for histopathological examination, 
according to [7].   

2.6. Tissue culture 

Cell lines were prepared from the ovary of a 
mature common carp according to the steps described 
by [10]. The supernatant was added to tissue culture 
to assess the cytopathic effect (CPE), as reported by 
[19].  
 
3. Results  

3.1. Clinical signs  

The clinical signs and post-mortem lesions of 
naturally infected common carp included skin 
darkening, tail and fin rot, ulceration, haemorrhage 
on the abdomen, ascites and redness of the isthmus 
and head region. Postmortem lesions also included 
congestion of all internal organs, distended gall 
bladder, haemorrhagic gas bladder, exophthalmia and 
swelling of the anal opening (Fig 1, 2, and 3). 
Moreover, the mortality rate was~5% in the infected 

farm. 

3.2 Bacteriological, mycological and 
parasitological investigation  

The results of tests for bacteriological, 
mycological and parasitological infections were 
negative in all fish examined. 

3.3. Electron microscopic examination 

 The infected fish samples contained virions of two 
different shapes: a heleck shape (which indicates the 
occurrence of SVCV) and another type arranged in 
the form of electron-dense particles with a clear halo 
(Core), which is indicative of Rhabdovirus carpio. 
Moreover, ultra-structural changes in the liver 
included vacuolated cytoplasm lacking organelles 
and undifferentiated cytoplasmic inclusions 
resembling virus-like particles. The viral particles 
replaced the cytoplasmic organelles. The 
euchromatin-like inclusions had electron-dense 
particles with a clear halo (Core). Aggregates of both 
viral particles in the cytoplasm could be identified by 
the presence of envelopes (virions).  

The kidneys showed vacuolated nuclei with 
dark dense bodies of virions attached to the nuclear 
envelope and vesicles surrounded the virions and 
virus-like particles. Moreover, brain tissue showed 
intracytoplasmic inclusion bodies lacking a myelin 
sheath. Under high magnification, there were 
different sizes and shapes of virus-like particles 
consisting of capsid particles with a visible core and 
homogenous electron-dense empty capsids, which 
indicated a mixed infection. Large quantities of virus 
nucleocapsids with viral matrix precursor materials 
were found. In the brain, tunica granulosa cell nuclei 
formed intra-cytoplasmic inclusion bodies, and 
vacuolated cytoplasm was observed. The viral 
particles replaced the cytoplasmic organelles, 
whereas the myelin sheath was absent (Figs. 4, 5 and 
6). The air bladders of the infected fishes contained 
intracytoplasmic inclusion bodies with viral 
nucleocapsids. 

3.4. Immunohistochemistry 

Immunohistochemical examination with an 
anti-SVCV monoclonal antibody was used on 
paraffin-embedded sections of various organs of the 
common carp. The intensity of infection was 
recorded according to the degree of positivity as 
follows: –ve, negative; ++ve, moderate; +++ve, 
marked; ++++ve, strong and +++++ve, intense.  

Among the hepatopancreatic cells in the liver, 
anti-SVCV detection revealed marked positive signs 
of infection in all exocrine pancreatic cells. Positive 
signals were also detected in the kidney, with the 
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3.6. Histopathological changes in infected fishes   proximal tubular cells exhibiting a large amount of 
virus precipitate. Moreover, there was marked 
positivity in the epithelial cells and moderate 
positivity in the sub-mucosa of the air bladders. The 
brain showed strong positivity in granulosa cell 
membranes, and an intense signal was found in the 
nerve fibres. In muscle tissue, the 
immunohistochemical detection of SVC antigen 
revealed marked positive brown granulation in most 
of the myofibrillar cells and in most of the cloudy 
swelling muscle fibres (Figs. 7 and 8). 

The histopathological changes induced 
through natural infection of common carp by the two 
isolated viruses (SVCV and RHC) were degeneration 
and necrosis of hepatic cells, congestion of the liver 
sinusoids and portal tract, vacuolated cytoplasm and 
appearance of the nuclei of hepatopancreatic cells in 
the liver.  

In the kidney, degenerative hematopoietic 
tissue, necrosis and fibrosis were recognised in renal 
tubules and glomeruli. The brain showed dissolution 
of neural substance through the loss of stainable 
substances within the cytoplasm and chromatolysis. 
The nuclei were shifted to eccentric positions against 
the margins of the cells. Severely congested blood 
vessel aggregations were found around distended gas 
bladders. Moreover, the intestine showed a mild 
inflammatory reaction and haemorrhaging with 
oedema of the submucosa. In muscle, basophilic 
nuclei appeared, myofibrillar striations disappeared, 
and the tissues showed hyaline degeneration, cloudy 
swelling of the muscular fibres and pale eosinophilic 
myofibrils (Figs. 11, 12 and 13). 

3.5. Cell line formation and CPE due to viral 
infection    

Cultured ovarian cells formed a monolayer 
sheet by 48 h post-incubation; the cells were spindle-
shaped. The number of cells increased rapidly, and a 
confluent monolayer sheet was formed within 48-72 
h (Fig. 9). The CPE occurred within 3-4 days post-
infection, wherein cells changed from spindle-shaped 
to round. They then detached and formed plaque-like 
structures, leading to the death and detachment of 
these cells. The degree and severity of CPE increased 
with increasing concentrations of the virus and 
decreasing time for the virus to cause CPE, and vice 
versa (Fig. 10). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                           Fig (1).                                                                                                 Fig (2). 

Fig (1). Naturally infected Common carp showing congestion of head region and eyes. 

Fig (2). Naturally infected Common carp showing severe congetion of  internal organ.  
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                     Fig (3).                                                                                                 Fig (4). 

Fig (3) Naturally infected Common carp showing hemorrhagic gas bladder surface. 

Fig (4). Electron micrograph of Common carp kidneys showing rounded form of Rhabdovirus carpio (L) and helices 
form of  SVCV, indicating mixed-viral infection. (Formalin+ PTAX40,000). 
 
 
 
 
 
 
 
 
 
 
 
 
                          Fig (5).                                                                                                              Fig (6). 

Fig (5). Electron micrograph of  Common carp liver, with high magnification showing the intracytoplasm inclusion 
bodies.  Most virion are encapsulated electron dense particle with clear core(x). (Formalin+ PTAX40,000). 

Fig. (6). Electron micrograph of  Common carp brain, with para-crystalline of virus like particles in  the cytoplasm. 
(PTAX 20,000). 
 
 
 
 
 
 
 
 
 
 
 
 
 
                       Fig (7).                                                                                                 Fig (8). 

Fig (7). Paraffin section of air-sacs of  Common carp, naturally infected with  virus,  showing marked  positive anti-
SVCV in both layer of gas bladder. (DAB X 400).  

Fig (8). Paraffin section of Common carp brain, naturally  infected with   virus, showing  strong  positive of anti-
SVCV in granulosa membrane and nuclei (arrows) as well of blood capillary and nerve connective tissue.  (X) 
(DAB X 400). 
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                            Fig (9).                                                                                            Fig (10). 

Fig (9). Normal cell line after 72 hrs post-incubation. 

Fig. (10). Severe degree of CPE due to injection of virus (10–1) typified by rounding, detached and dead cells with 
clear plaque formation. 
 
 
 
 
 
 
 
 
 
 
 
 
                                   Fig (11).                                                                                         Fig (12). 

Fig (11). Gills of naturally infected Common carp showing marked swelling of a primary filament with goblet cells 
hyperplasia . The neighboring filament was necrotic . H, E. (X 250). 

Fig (12). Kidney of naturally infected Common carp showing severe hyaline droplet degeneration of some 
convoluted tubules with high eosinophilic infiltration. 
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Fig (13) 

Fig (13). Hepatopancreas of naturally infected Common carp showing diffuse hydropic degeneration of the 
hepatocytes. H, E. (X 160). 
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4. Discussions  

This study assessed the clinical signs and post-
mortem lesions in common carp during a disease 
outbreak. We observed respiratory and nervous 
manifestations, congestion, ulcerated gill covers and 
abdomens and redness of the tail, fins and mouth. 
Infected fish exhibited haemorrhagic spots on the 
eyes, with clear exophthalmia, inflammation of the 
anal opening, gill paleness and skin darkening. The 
darkening of the skin may have been due to viral 
stimulation of spleen melanocytes leading to an 
increase in melanin pigment secretion, as suggested 
by [16]. The melanin is deposited under the skin 
causing the surface of the body to darken. 

Post-mortem lesions occurred in the form of 
redness, haemorrhaging of the gas bladder and 
congestion of all internal viscera. The nervous 
manifestations that appeared in the infected fish may 
have been due to the destructive effect of the viruses 
on the internal organs, especially the brain, as 
reported by [17].  

Tissue culture inoculation confirmed the 
presence of the virus by the appearance of cellular 
vacuolation in ovary cell culture within 3–4 days 
post-infection by samples from the infected common 
carp [5].   

The electron microscope is an important tool 
for the identification and diagnosis of SVCV and 
RHC, as suggested by [3]. For example, [5] used 
electron microscopy (EM) to show that the virus 
particles in common carp were extra-cellular bullet-
shaped bodies with a diameter of approximately 70 
nm. In the present study, EM examination revealed 
that the liver was characterised by vacuolated 
cytoplasm and undifferentiated inclusion-like viral 
particles in the cytoplasm. Therefore, EM 
examination confirmed the SVCV and RHC infection 
in these common carp. 

The presence in infected tissues of both 
electron-dense inclusions and a clear halo (core), 
which may indicate the presence of RHCV, together 
with the bullet shape of Rhabdoviruses suggests that 
the outbreak in the present study may have been 
caused by a mixed viral infection rather than a single 
viral infection.   

The severity of infection and concentration of 
SVCV in the different tissues of infected fish that we 
observed in immunohistochemical studies agrees 
with the results of [6]. They found that brown-
labelling granules depended mainly on the level of 
antigen antibody reaction (SVCV antigen reacts with 
the SVCV antibodies). They attributed this to the 
destructive action of the virus.  

Respiratory manifestations are attributed to 
SVCV causing paleness of the gills and destroying 
gill lamellae [16]. The other PM lesions may be 
attributable to inhibition of protein and DNA 
synthesis by the virus, as well as destruction of the 
cells of the internal organs, as suggested by [4].  

The congestion of the internal organs may 
have also been caused by SVCV and RHCV, which 
are intra-cellular microorganisms mainly affecting 
the tunica intema of blood vessels. This leads to 
oozing of blood outside the blood vessels and causes 
the haemorrhagic appearance and petechial 
haemorrhaging. Moreover, the distance 
between blood vessels cells increases, leading to 
congestion, ascites, exophthalmia and haemorrhaging 
in all internal organs, especially the haemobiotic 
organs [16]. 

Moreover, [2] and [11] report that the clinical 
signs of viral infection are external and internal 
haemorrhaging, peritonitis and ascites. They also 
state that fish infected with SVCV show degradation 
of kidney, spleen and liver tissues, leading to 
haemorrhaging, loss of the water-salt balance and 
impaired immune responses.  

The infected fish in the present study showed 
histopathological changes in various organs in the 
form of pyknosis, with hepatic cell atrophy and 
reduced eosinophilic granules in the cytoplasm. 
Moreover, there was vacuolar degeneration and red-
coloured nuclei, which indicate virus infection. The 
degeneration of haemobiotic tissues, renal tubule 
necrosis and congestion of blood vessels in the air 
sacs may be attributed to the destructive effect of the 
two viruses, as reported by [18]. 

5. Conclusion 

Our results suggest that the clinical signs and 
mortality of cultured common carp in an infected 
farm may be due to a mixed viral infection, as 
evidenced by both electron microscopic and 
immunohistochemical examinations. To the best of 
our knowledge, this is the first record of a mixed viral 
infection among cultured common carp in Egypt and 
likely in the entire Middle East. 
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Abstract: In this study results of experimental study on scour depth around a T-shape spur dike in a 180 degree 
channel bend are presented. Experiments were conducted in a laboratory channel to measure the variations of bed 
topography under a clear water condition. Experiments were conducted for different locations, lengths and wings of 
T-shape spur dikes at the bend with various Froude number. In this study, the time development of the local scour 
around the T-shape spur dike plates was studied. It was found that by increasing the Froude number and length  and 
wing length of T-shape spur dike the amount of scour depth increases and increases depth of scour occurs at location 
of 60 drgree. Measuring depth of scouring based on experimental observation, an empirical relation is developed 
with high regression coefficient 97%. [Journal of American Science 2010;6(10):886-892]. (ISSN: 1545-1003).  
 
Keywords: T-shape spur dike; Scouring; 180degree channel bend; Equilibrium scour 
 
1. Introduction 

A spur dike may be defined as a structure 
extending outward from the bank of a stream for the 
purpose of eflecting the current away from the bank 
to protect it from erosion. In addition to bank 
protection, spur dikes have also been used to enhance 
aquatic habitat by creating stable pools in unstable 
streams (Klingeman, P. C., Kehe, S. M., and Owusu, 
Y. A., 1984). 

Local scour holes form around spur dikes 
due to the action of flow against these obstructions. 
Estimates can be made of the maximum local scour 
likely to occur for a foundation under given flow and 
sediment conditions. It then becomes necessary to 
understand the development of local scour with time. 
The rapid development of scour depths under live-
bed conditions means that equilibrium scour depths 
are obtained rapidly for such flows, with rates of 
scour development less important to the designer.  

Result of spur dike construction against flow  
there will be a difference in hydrostatic pressure at 
upstream and downstream of the construct which will 
cause a whirlpool disturbance around it. These  
whirlpool  flows  account  for  the main local scoring 
mechanism which in long term, produce large vortexs 
at spur dike head and this lead to construct failure. 
One of the important indictors in determining 
specifications  of  scoring and predicating the 
position and expanding range is maximum scoring 
depth. 

Estimation of the depth of scour in the 
vicinity of spur dikes has been the main concern of 
engineers for years. Therefore, knowledge of the 

anticipated maximum depth of scour for a given 
discharge is a significant criterion for the proper 
design of a spur dike foundation. 

 Cardoso and Bettess (1999) studied the 
effects of time and channel geometry on scour at 
bridge abutments and suggested an exponential 
function. Oliveto and Hager (2002) studied the 
temporal evolution of clear-water pier and abutment 
scour and found that the principal parameter 
influencing the scour process is the densimetric 
particle Froude number so suggested an logarithmic 
formula. 

Coleman et al. (2003) studied clear-water 
scour development at bridge abutments  and 
suggested an logarithmic formula. The dimensionless 
time to equilibrium for scour development from 
plane-bed conditions can be expressed as a function 
of relative flow intensity and relative abutment 
length.  Recently Ghodsian and Mousavi (2006) 
correlated the maximum scour depth in a channel 
bend to densimetric Froude number, relative bend 
radius and relative depth of flow. 

Fazli et al. (2008) studied the scour and flow 
field at a spur dike in a 90 degree channel. It is 
obvious that there is lack of knowledge regarding the 
scour and flow pattern around the spur dike in a 
curved channel. Also the characteristics of flow 
pattern have been shown to be affected by the 
location of spur dike. It was found that: Bed 
topography in the bend is influenced by location of 
spur dike in the bend. When the spur dike is located 
in the second half of the bend, deposition is occurred 
near the outer bank at the exit of the bend. When spur 
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dike is located in the first half of the bend erosion 
occurred in this region. Diversion of water by the 
spur dike cause a narrow zone of degradation in the 
channel from upstream stagnation zone up to 
downstream of standing eddy zone. Froude number is 
an important parameter and has a direct relation to 
maximum relative scour depth and height of point 
bar. By increasing the Froude number these 
parameters increases. By increasing the length of 
spur dike, the scour depth increases. New empirical 
equation for estimation of maximum scour depth is 
presented. 

Ghodsian and Vaghefi (2009) studied scour 
and flow field in a scour hole around a T-shape spur 
dike in a 90 degree bend. The effects of the length of 
the spur dike, the wing length of the spur dike and 
Froude number on the scour and flow field around a 
T-shape spur dike in a 90 degree bend were 
investigated in this study. The main results of this 
experimental study are: At the upstream of the spur 
dike, a main vortex with anti-clock wise direction is 
formed in the zone of the spur dike. At section 77.5 
degree of the bend a vortex having a clock wise 
direction is formed between the spur dike wing and 
the channel wall. The maximum value of the 
longitudinal velocity component at section 65 degree 
of the bend is close to the outer wall of the channel 
and near the water surface. By increasing Froude 
number the maximum scour depth and the volume of 
scour hole increases. The dimensions of the scour 
hole increase as a result of increase in the length of 
the spur dike. The amount of scour at the upstream of 
spur dike is much more as compare to that at the 
downstream of spur dike. 

Masjedi et al. (2010) studied on the time 
development of local scour at a spur dike in a 180 
degree flume bend. Tests were conducted using one 
spur dike with 110 mm length in position of 60 
degree under four flow conditions. In this study, the 
time development of the local scour around the spur 
dike plates was studied. The effects of various flow 
intensities (u*/u*c) on the temporal development of 
scour depth at the spur dike were also studied. The 
time development of the scour hole around the model 
spur dike installed was compared with similar studies 
on spur dikes. The results of the model study 
indicated that the maximum depth of scour is highly 
dependent on the experimental duration. It was 
observed that, as flow intensities (u*/u*c) increases, 
the scour increases. Measuring time and depth of 
scouring based on experimental observation, an 
empirical relation is developed with high regression 
coefficient 97%.  

The scour geometry around a T-shape spur 
dike in a bend depends on channel geometry (channel 
width, channel radius and bed slope), spur dike 

characteristics (length and wing spur dike, angle with 
bank, location in bend), flow conditions (approach 
depth and discharge or velocity), sediment properties 
(specific gravity, grain size, friction angle), and fluid 
parameters (density and viscosity). Therefore for 
depth of scour one can write: ds

 
                                                      (1) 

 
 tRdgVSBylLfds s ,,,,,,,,,,,,,,, 500 

 
in which L is length of spur dike, l is wing 

of spur dike,  is angle of spur dike with bank,  is 
location of spur dike in bend, y is approach flow 

depth, B is channel width,  is bed slope, V is 

approached flow velocity, g is gravitational 

acceleration,  is median grain size, R is radius of 

bend,

0S

50d

s  is density of sediment,  is friction angle of 

sediment,   is density of fluid,   is viscosity of 

fluid and t  is time of scour. Using dimensional 
analysis, Eq. (2) can be written as: 
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in which Fr is approach Froude number, 

is Reynolds number and te  is maximum of time 
development of scour. After simplification of above 
equation and eliminating the parameters with 
constant values, one can have:  
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2. Material and Methods  

All of the experiments were conducted in a 
flume located at hydraulic laboratory of Islamic Azad 
University of Ahwaz. The flume channel is 
recirculation, with central angle of 180degree, central 
radius (Rc) of 2.8 m and width (B) of 60 cm. Straight 
entrance flume with the length of 9.1 m was 
connected to the 180degree bend flume. This bend 
flume is connected to another straight flume with the 
length of 5.5 m. Relative curvature of bend (Rc/B) 
was 4.7 which defines it as a mild bend. The test area 
of the flume is made up of an aluminum bottom and 
Plexiglas sidewalls along one side for most of its 
length to facilitate visual observations. At the end of 
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this flume a controlling gate was designed to adjust 
the water surface height at the desired levels (Fig.1).  
 

 
   Figure1. The experimental setup (Plan) 
 

The experiments was carried out using four 
length for spur dike (i.e. L =10%,15%, 20% and 25%  
of the channel width) and four wing length of spur 
dike (i.e. l =25%,50%,75% and 100% of the spur 
dike length) were used (Donat, M .,1995). Figure 2 
shows a schematic illustration of a T-spur dike in 
flume. 

 

 
Figure2. A T-shape spur dike (Plan) 

 
The spur dikes were made of Plexiglas T-

shape in plan and located at section 30, 45, 60 and 75 
degree in the bend. The T-shape spur dikes were of 
10mm thick and 55 cm high. 
Uniform sediment with median size of d50 = 2 mm 
and geometric standard deviation σg = 1.7 was used 
with a thickness of 0.2m and covered the total length 
of channel (Dey S., Bose S. K., and Sastry G. L. N., 
1995). 

 In this study the experiments were 
performed under clear-water conditions at four 
different flow intensities (U / Uc ) of 0.61,0.68,0.74 
and 0.85 corresponding to a shear stress levels of 
37%,48%,57% and 78% of the critical shear stress 
level based on Shields stress, respectively (Miller, M. 
C., McCave, I. N., and Komar, P. D.,1977). Here U is 
approach flow velocity and Uc is critical velocity for 
sediment movement. Four Froude numbers of 
0.23,0.25,0.28 and 0.35 were applied in order to 
investigate the effect of flow conditions on the 
scouring. 

Equilibrium scour occurs when the scour 
depth does not change appreciably with time. For this 
purpose the experiments were conducted with spur 

dike having l/L=0.25, Froude number 0.35 which 
corresponds to U/Uc= 0.85 respectively and locations 
of 30, 45, 60 and 75 degree a T-shape spur dike. 
Experiments were run under clear water scour regime 
for a period of more than 24 hrs when movement of 
sediment from scour hole was almost negligible and 
equilibrium state of scour reached. The results are 
shown in Fig.3. As it can be seen approximately 93% 
of scouring occurs during the first 3 hours. Therefore 
in all remaining of our experimental tests, duration of 
3 hours was selected for each test. 
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Figure3. Equilibrium time in the different position for 
a T-shape spur dike 

 
The following procedure was used for each 

experimental run. Before the experiment with the T-
shape spur dike model in place, the sediment bed 
surface was leveled with a scraper blade mounted on 
a carriage that rode on the steel rods. After the bed 
was completely wetted and drained. The flume was 
then filled with water to obtain the desired depth. 
Before the pump was started an initial set of  
transects of the anticipated scour region was 
collected. At the completion of each test, the pump 
was shut down to allow the flume to slowly drain 
without disturbing the scour topography. The flume 
bed was then allowed to dry, during which time 
photos of the scour topography around the pier were 
taken, and the final maximum scour depth was 
recorded using the point gauge having an accuracy of 
±0.01mm (Fig.4). 
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Figure4. Scour pattern at the end of a test 

 
3. Results  

Effect of Froude Number on the Scour: 
Figure 5 shows effect of Froude number on the time 
development for L/B=0.15,  l/L=0.25 and location of 
45 degree at 180 degree flume bend. Four different 
Froude numbers 0.23,0.25,0.28 and 0.35 were 
applied in order to investigate the effect of flow 
conditions on the scouring. Increasing Froude 
number is associated by increase in the flow velocity, 
as a result the amount of scour increases.  

The influence of Froude number on the 
relative maximum scour depth dsmax/y is shown in 
Fig. 6 for L/B=0.15 and l/L=0.25. It is evident from 
this figure that by increasing Froude number the 
maximum relative scours depth increases. 
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Figure5. Time development of scour for different 
Froude number  
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Figure6. Effect of Froude number on relative 
maximum depth of scour 

 
 

Effect of Length of T-shape Spur Dike on 
the Scour: Figure 7 shows effect of length of T-
shape spur dike on the time development for Fr=0.35 
and location of 45 degree at 180 degree flume bend. 
Four different length of T-shape spur dike L/B=0.25, 
L/B=0.20,L/B=0.15 and L/B=0.10 were applied in 
order to investigate the effect of length of T-shape 
spur dike on the scouring. As it can be seen from 
Figure 8, all lengths, at  location of 45 degree results 
maximum increases in scour depth.   

Figure 8 shows, typical dimensionless 
graphs for the relative maximum depth of scour 
dsmax/y against L/B. This figure corresponds to Fr = 
0.35 for four location. It is evident from this figure 
that by increasing length of the T-shape spur dike the 
maximum relative scours depth increases. The main 
reason of such finding is that  increase in length, 
value of vortex maximum. 

 

0.0

0.2

0.4

0.6

0.8

1.0

0.0 0.2 0.4 0.6 0.8 1.0 1.2

Dimensionless time (t/te)

D
im

en
s

io
n

le
s

s
 s

co
u

r 
d

e
p

th
 (d

s
/y

)

L/B=0.10

L/B=0.15

L/B=0.20

L/B=0.25

 
Figure7. Time development of scour for different 
lengths 
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Figure8. Effect of length on relative maximum depth 
of scour 

 
Effect of Wing Length of T-shape Spur 

Dike on the Scour: Figure 9 shows typical 
influences of the wing length of the T-shape spur 
dike on the time development for Fr=0.35, L/B=0.15 
and location of 45 degree. Four different wing length 
of T-shape spur dike l/L=0.25, l/L=0.50, l/L=0.75 
and l/L=1.00 were applied in order to investigate the 
effect of wing length of T-shape spur dike on the 
scouring.  It was found that as the wing length in the 
T-shape spur dike decreases from l/L=1.00 to 
l/L=0.25, the scour dimensions increases.  

Figure 10 show typical dimensionless 
graphs for the relative maximum depth of scour 
dsmax/y against l/L respectively. This figure 
corresponds to Fr = 0.35 for four location. It is clear 
that the wing length of the spur dike increase, the 
maximum depth of scour decreases. 
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Figure9. Time development of scour for different 
wing lengths  
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Figure10. Effect of wing length on relative maximum 
depth of scour 

 
Effect of Location of T-shape Spur Dike 

on the Scour: Figure 11 shows typical influences of 
the location of the T-shape spur dike on the time 
development for Fr=0.35, l/L=0.25 and L/B=0.15. 
Four different location of T-shape spur dike Ө=30, 
Ө=45, Ө=60 and Ө=75 degree were applied in order 
to investigate the effect of location of T-shape spur 
dike on the scouring.  As it can be seen from Figure 
12, at  location of 60 degree results maximum 
increases in scour depth.  

 Figure 12 show typical dimensionless 
graphs for the relative maximum depth of scour 
dsmax/y against Ө/180 respectively. This figure 
corresponds to L/B=0.15 and Fr = 0.35 for four l/L. It 
is clear that the location of the spur dike increase at 
bend, the maximum depth of scour increase. 
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Figure11. Time development of scour for different 
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Equation for Scour Depth: The equation 

(3) can be written as: 
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in which a, b ,c, d ,e and f are empirical 

constants and can be found using experimental data. 
By using least squares method for all the data it was 
found. Therefore, equation (4) can be written as: 

(5)                                            
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with regression coefficient of 0.97. Here θ is 

in radian. Figure 13 shows the comparison of 
calculated values with use to Eq. (5) and tested 
values of relative maximum scour depth. It is evident 
that Eq. (5) predicts the maximum scour depth with 
acceptable accuracy. 
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Figure13. Comparison of measured and predicted 
scour depth 
 

4. Discussions  
The effects of Froude number, the length, 

the wing length and location of spur dike on the scour 
and flow field around a T-shape spur dike in a 180 
degree bend were investigated in this study. It was 
found that: 

 By increasing Froude number the maximum 
scour depth increases. 

 By increasing the length of the T-shape spur 
dike the maximum scour depth increases. 

 By increasing the wing length of the spur 
dike, the maximum depth of scour 
decreases. 

 Increases depth of scour occurs at location 
of 75 drgree. 

 The comparison of the present study data 
with predicts formula shows good accuracy. 

 Measuring depth of scouring based on 
experimental observation, an empirical 
relation is developed with high regression 
coefficient 97%.  
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Abstract: In this study, investigation of effect of wing shape on control of local scour at a L-shape spur dike in a 
180 degree flume bend are presented. Spur dikes are structures constructed in rivers to maintain a suitable measures 
for bank protection and flood control. In this study, the time development of the local scour around the L-shape spur 
dike plates was studied. The study was conducted using in a 180 degree laboratory flume bend. Experiments were 
conducted for three wing shapes of L-shape spur dikes (Rectangular, Oblong, Rectangular chamfered) at the bend 
with various Froude number. The results of the model study indicated that the maximum depth of scour is highly 
dependent on the experimental duration. It was observed that, as Froude number increases, the scour increases. All 
Froude numbers, oblong wing at location of 60 degree results maximum reduction in scour depth. [Journal of 
American Science 2010;6(10):893-897]. (ISSN: 1545-1003).  
 
 Key words: Local scour; Wing shape;  L-shaped spur dike;  Froude number; Time development 
 
1.Introduction 

A spur dike may be defined as a structure 
extending outward from the bank of a stream for the 
purpose of deflecting the current away from the bank 
to protect it from erosion. In addition to bank 
protection, spur dikes have also been used to enhance 
aquatic habitat by creating stable pools in unstable 
streams (Klingeman et al. 1984).  
Designers of bank stabilization structures should, 
where possible, select spur geometry which stabilizes 
the bank and provides the largest scour volume 
subject to cost constraints. 

The volume of local scour in the vicinity of a 
spur dike is difficult to estimate accurately. Most 
investigations in this field have just measured the 
maximum depth of scour and not the geometry of the 
scour hole. Few studies have been made which 
measured the velocity distribution associated with 
spur dikes and scour holes (e.g. Rajaratnam and 
Nwachukwu 1983), and none to our knowledge 
which measure the velocity distribution as the scour 
hole evolves. 

Local scour around the spur dikes 
foundations failured spur dikes. In recent years, flood 
waters have closed many highways and local roads as 
well as interstate highways, and caused scour that 
damaged many spur dikes and even resulted in loss of 
life. 

Result of spur dike construction against 
flow, there will be a difference in hydrostatic 
pressure at upstream and downstream of the construct 
which will cause a whirlpool disturbance around it.  

These whirlpool flows account  for  the main local 
scoring mechanism which in long term, produce large 
vortexs at spur dike head and this lead to construct 
failure. One of the important indictors in determining 
specifications of scoring and predicating the position 
and expanding range is maximum scoring depth. 

The scour in channel bend has been studied 
extensively by different researchers. Coleman et al. 
(2003) studied clear-water scour development at 
bridge abutments and suggested an logarithmic 
formula.  Recently Ghodsian and Mousavi (2006) 
correlated the maximum scour depth in a channel 
bend to densimetric Froude number, relative bend 
radius and relative depth of flow. 

Fazli et al. (2008) studied the scour and flow 
field at a spur dike in a 90 degree channel. It is 
obvious that there is lack of knowledge regarding the 
scour and flow pattern around the spur dike in a 
curved channel. Ghodsian and Vaghefi (2009) 
studied scour and flow field in a scour hole around a 
T-shape spur dike in a 90 degree bend. The effects of 
the length of the spur dike, the wing length of the 
spur dike and Froude number on the scour and flow 
field around a T-shape spur dike in a 90 degree bend 
were investigated in this study. The main results of 
this experimental study are: At the upstream of the 
spur dike, a main vortex with anti-clock wise 
direction is formed in the zone of the spur dike. At 
section 77.5 degree of the bend a vortex having a 
clock wise direction is formed between the spur dike 
wing and the channel wall. The maximum value of 
the longitudinal velocity component at section 65 
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degree of the bend is close to the outer wall of the 
channel and near the water surface. By increasing 
Froude number the maximum scour depth and the 
volume of scour hole increases. The dimensions of 
the scour hole increase as a result of increase in the 
length of the spur dike. The amount of scour at the 
upstream of spur dike is much more as compare to 
that at the downstream of spur dike. 

Masjedi et al. (2010) studied on the time 
development of local scour at a spur dike in a 180 
degree flume bend. Tests were conducted using one 
spur dike with 110 mm length in position of 60 
degree under four flow conditions. In this study, the 
time development of the local scour around the spur 
dike plates was studied. The effects of various flow 
intensities (u*/u*c) on the temporal development of 
scour depth at the spur dike were also studied. The 
time development of the scour hole around the model 
spur dike installed was compared with similar studies 
on spur dikes. The results of the model study 
indicated that the maximum depth of scour is highly 
dependent on the experimental duration. It was 
observed that, as flow intensities (u*/u*c) increases, 
the scour increases. Measuring time and depth of 
scouring based on experimental observation, an 
empirical relation is developed with high regression 
coefficient 97%.  

As it can be seen from the forgoing 
paragraphs, fast majority of researches on scour at 
spur dike are conducted at a straight flume. In 
practice there are many examples where the spur dike 
the flume bend. In such a case the flow patterns 
which are mostly the cause of scour would not be the 
same as the case of straight flume and therefore it is 
the principal objective of this study is to carry out 
experimental tests on the effect of wing shape on 
time development of scour at L-shape spur dike in 
location of  60 degree in a 180 degree flume bend.  

The scour geometry around an L-shape spur 
dike in a bend depends on channel geometry (channel 
width, channel radius and bed slope), spur dike 
characteristics (length and wing spur dike, wing 
form, angle with bank, location in bend), flow 
conditions (approach depth and discharge or 
velocity), sediment properties (specific gravity, grain 
size, friction angle), and fluid parameters (density 

and viscosity). Therefore for depth of scour one 
can write: 

ds

(1)  tRdgVSBylLfds s ,,,,,,,,,,,,,,,, 500   

in which L is length of spur dike,l is wing of spur 
dike,  is angle of spur dike with bank,  is location 
of spur dike in bend,y is approach flow depth, B is 

channel width,  is bed slope,V is approached flow 

velocity, g is gravitational acceleration,  is 

median grain size, R is radius of bend,

0S

50d

s  is density 

of sediment,  is friction angle of sediment,   is 

density of fluid,   is viscosity of fluid,  is 

coefficient of wing form and t is time of scour. Using 
dimensional analysis, Eq. (2) can be written as: 
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in which Fr is approach Froude number, Re is 
Reynolds number and te is maximum of time 
development of scour. After simplification of above 
equation and eliminating the parameters with 
constant values, one can have: 
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2. Materials and Methods 

All of the experiments were conducted in a 
flume located at hydraulic laboratory of Islamic Azad 
University of Ahwaz. The flume channel was 
conducted in a recirculation flume, with central angle 
of 180 degree, central radius of Rc=2.8m and width 
of B=60cm. Relative curvature of bend was Rc/B=4.7 
which defines it as a mild bend. The test area of the 
flume is made up of an aluminum bottom and 
Plexiglas sidewalls along one side for most of its 
length to facilitate visual observations. At the end of 
this flume a controlling gate was designed to adjust 
the water surface height at the desired levels (Fig. 1).  
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Figure 1. The experimental setup (Plan) 
 

 
In this study to maintain the clear water 

condition without formation of ripple, uniform 
sediment with median size of d50 = 2 mm, and 
geometric standard deviation of σg ~ 1.7 were used ( 
Dey et al., 1995 ) was used with a thickness of 0.2m 
and covered the total length of channel. The spur 
dikes were made of Plexiglas L-shape in plan and 

located at section 60 degree in the bend. The L-shape 
spur dikes were of 1 cm thick and 60 cm high. 

The experiments was carried out using one 
length for spur dike (i.e. L = 20%  of the channel 
width), one wing length of spur dike (i.e. l = 100% of 
the spur dike length) (Donat ,1995) and three 
different wing shapes of oblong, rectangulat 
chamfered and rectangular were used (Fig.2). 

 

 
 

Figure 2. Schematic illustration of a L-shape spur dike with different wing shapes 
 

 
In this study the experiments were 

performed under clear-water conditions at four 
different flow intensities (u*/u*c) of 0.61,0.68,0.74 
and 0.85 corresponding to a shear stress levels of 
37%,48%,57% and 78% of the critical shear stress 
level based on Shields stress, respectively. The 
symbols u* and u*c are the shear velocity and the 
critical shear velocity, respectively. 

 Four Froude numbers of 0.23,0.26,0.28 and 
0.32 were applied in order to investigate the effect of 
flow conditions on the scouring. All the experimental 
tests where conducted under the same flow depth and 

in two location of 60 degree in 180 degree flume 
bend.   

In this study, a long time experiment was 
conducted at a Froude number of 0.34 and location of 
60 degree for an L-shape spur dike of rectangular 
wing. The results are shown in Fig.3. As it can be 
seen approximately 94% of scouring occurs during 
the first 3 hours. Therefore in all remaining of our 
experimental tests, duration of 3 hours was selected 
for each test. 
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Figure 3. Equilibrium time in the location of 60 degree for an L-shape spur dike of rectangular wing 

 
 The following procedure was used for each 

experimental run. Before the experiment with the L-
shape spur dike model in place, the sediment bed 
surface was leveled with a scraper blade mounted on 
a carriage that rode on the steel rods. After the bed 
was completely wetted and drained. The flume was 
then filled with water to obtain the desired depth. 
Before the pump was started an initial set of transects 
of the anticipated scour region was collected. At the 
completion of each test, the pump was shut down to 
allow the flume to slowly drain without disturbing the 
scour topography. The flume bed was then allowed to 
dry, during which time photos of the scour 
topography around the pier were taken, and the final 
maximum scour depth was recorded using the point 
gauge having an accuracy of ±0.01mm (Fig.4). 

 

 
 

Figure 4. Scour pattern at the end of a test 
 

3. Results  
Figure 5 shows the time development of the 

local scour around the L-shape spur dike for three 
different wing shapes were used at location 60 degree 

in flume bend. In all Froude number, at wing shape of 
oblong results maximum reduction in scour depth and 
gives a maximum reduction in scour depth and at 
wing shape of rectangular results minimum reduction 
in scour depth and gives a minimum reduction in 
scour depth.  The main reason of such finding is that 
minimum value of vortex at wing shape of oblong 
and maximum of vortex at wing shape of rectangular. 
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 Time development of scour at Fr=0.28
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 Time development of scour at Fr=0.32
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Figure 5. Time development of scour for different 
wing shapes 

 
4. Discussions  

In this study, investigation on the time 
development of local scour  on around a L-shape spur 
dike with three different wing shapes in a 180 degree 
flume bend are presented. The experiments was 
carried out using one length for spur dike (i.e. L = 
20%  of the channel width),  one wing length of spur 
dike (i.e. l = 100% of the spur dike length) were used. 
Experiments were at location 60 degree in flume 
bend with four Froude numbers of 0.23,0.26,0.28 and 
0.32. The characteristics of the scour hole have been 
shown to be affected by the shape of spur dike in the 
bend and Froude number. It was found that: 
 Wing shape of Rectangular results maximum in 

scour depth.  
 By increasing the Froude number, the scour 

increases. 
 Maximum depth of scour occurs for the Fr=0.34. 
 Wing shape of oblong results maximum reduction 

in scour depth and gives a maximum reduction in 
scour depth. 
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Abstract: In this paper, a novel circuit design idea is proposed for improving the noise immunity of domino logic 
circuits that are especially useful for wide fan in gates. Leakage current is the most important issue in ultra deep 
submicron technologies. This is the main motivation for proposing a new idea for decreasing sub-threshold leakage 
current in domino logic circuits for deep submicron technologies. The proposed circuit design enhances the noise 
immunity at least by a factor of 2.02X to 8.16X compared with other conventional domino circuits and does not 
suffer from the disadvantages of our previously proposed design. The proposed circuit design has been simulated 
using the Predictive Technology Models (PTM) for 70nm CMOS technology. [Journal of American Science 
2010;6(10):898-903]. (ISSN: 1545-1003). 
 
Keywords: Domino logic, Noise immunity, wide gates, high performance. 
 
 
1. Introduction 

Dynamic gates are widely used for high 
performance processors and are also used in full 
adders that are the most important part of a CPU. 
Domino logic circuit techniques are widely used 
compared with CMOS static circuits due to their high 
performance and area characteristics. The high speed 
characteristics of domino logic circuits are primarily 
due to their low noise margin [1-3]. However, this 
low noise margin increases the sensitivity of domino 
logic circuits to noise. As the noise margin of domino 
logic circuits increases with the down-scaling of the 
manufacturing technology and the increasing of their 
operational frequency, the error-free operation of 
domino logic circuits is the most important challenge. 
The decreased threshold voltage with scaling down 
the voltage supply increases the speed while it places 
the power consumption at an acceptable level. 
However, the decreased threshold voltage decreases 
the noise immunity because of the increasing sub-
threshold leakage current. Sub-threshold leakage 
current increases exponentially with scaling down of 
the manufacturing technology especially for UDSM 
technologies, and the increase in temperature. 

The dynamic power due to scaling the supply voltage is 
controlled, but the static power is increased with the 
technology scaling if we only scale down the supply 
voltage of devices. We also have to scale down the 
threshold voltage; otherwise, the delay will increase 
significantly. Thus, the decreased threshold voltage 
exponentially increases the sub-threshold leakage 
according to the following equation: 

/ ( ) ( / )( ) [1GS T DSq n KT V V V q KT

SUB o OX

W
I C Ae e

L
     ]

where W and L are the effective channel width and length, 
respectively. Moreover, A=(KT/q)2e1.8. VDSAT=VGS-Vt  and 

.
0 DSSTt VVVV   , 0  is the zero bias 

mobility, COX is the gate oxide capacitance per unit area, 

n is the sub-threshold swing coefficient for the transistor, 

and is the zero bias threshold voltage. The body effect 

for small values of VS is nearly linear. It is represented by 

the term

0TV

SV   where   is the linearized body effect 

coefficient and  is the drain-induced barrier lowering 

coefficient (DIBL) [6]. 
As a result, static power will constitute a 

significant portion of total power dissipation in 
dynamic logic circuits [4]. It has been shown that the 
share of static power consumption in gates is 
increasing rapidly compared with that of dynamic 
power dissipation as the technology scales down. 
This static power is mainly due to leakage. Various 
circuits have been proposed for leakage reduction, 
increasing the speed or improving performance and 
robustness simultaneously [5]. Dual-Vt techniques 
have been proposed in the literature [6-7] and 
Alvandpour et al. [8] have proposed the conditional 
keeper logic circuit. A new circuit design technique is 
proposed in this paper.  

As a result, static power will constitute a 
significant portion of total power dissipation in 
dynamic logic circuits [4]. 
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Fig 2: IDS vs. VDS for different temperatures  
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It has been shown that the share of static power 
consumption in gates is increasing rapidly compared 
with that of dynamic power dissipation as the 
technology scales down. This static power is mainly 
due to leakage. Various circuits have been proposed 
for leakage reduction, increasing the speed or 
improving performance and robustness 
simultaneously [5]. Dual-Vt techniques have been 
proposed in the literature [6-7] and Alvandpour et al. 
[8] have proposed the conditional keeper logic 
ci

sults 
ill be presented in section IV. Finally, the 

eshold leakage current degrades the 
dy

ses 

iations on sub-threshold current is 
sh

ransistor. We can use this point 
in

 level. It may even cause 
n erroneous output value. 

 

 
Fig 3: (K 1)-input AND GATE adopted from [9] 

rcuit. A new circuit design technique is proposed in 
this paper.  

The paper is organized as follows: Section II 
describes dynamic node characteristics and effective 
items that degrade the waveform of the dynamic node 
for standard domino logic circuits. The proposed 
circuit is presented in section III. Simulation re
w
conclusions will be presented in the last section. 
 
2. Characteristics of the dynamic node  

The main motivation for using dynamic gates in 
circuit design lies in the fact that they require much 
less complexity and need much smaller die area. 
They also have higher speed and use fewer number of 
transistors that is approximately 50% that of an 
equivalent circuit in static logic designs. The keeper 
transistor is used to maintain the state of the dynamic 
node in the presence of coupling noise, charge 
sharing and sub-threshold leakage current. The 
keeper transistor is on in the pre-charge mode. So, it 
helps charge the dynamic node to VDD. But when the 
clock is high, i.e. we are in the evaluation phase, the 
keeper transistor stays on in the primarily time of 
evaluation phase independent of any input signals 
applied to the evaluation network. For wide OR 
gates, the sub-thr

namic node to such an extent that it may even 
change its state. 

The sub-threshold leakage current increa in a 
quadratic fashion with increasing temperature as 
illustrated in Fig. 1. So, for a temperature of 110 C , the 
leakage current is significantly affected. One of the 
possible ways for reducing the sub-threshold current 
is using a heat sink for the circuit. Other parameters 
that affect the sub-threshold leakage current are 
threshold voltage and gate-to-source voltage. 
Unfortunately, scaling down the power supply 
voltage in order to decrease the dynamic power 
would increase the delay. Therefore, we have to scale 
down the threshold voltage too. Scaling down the 
threshold voltage would significantly increase the 
sub-threshold leakage current due to the exponential 
relationship that holds between sub-threshold current 

drain to source would increase this current according 
to the sub-threshold current equation. The effect of 
power supply var

and threshold voltage. Also, increasing the voltage of 
capacitance of those transistors which are turned on. 

own in Fig. 2.  
In the standby mode, if the gate to source voltage is 

decreased the sub-threshold current would decrease 
significantly. Fig. 1 shows the variations of the sub-
threshold current vs. gate to source voltage with 
voltage of drain equal to VDD. The simulation results 
are for single NMOS t

 our circuit designs. 
Another factor that degrades the state of the 

dynamic node is charge sharing. Charge sharing 
which occurs in any CMOS domino gate may 
degrade the output voltage
a

+
 

As we mentioned before domino gates have two 
basic phases of operation. They are in the precharge 
phase when the clock is low and are in the evaluation 
phase when the clock is high. During the precharge 
phase, the capacitance C0 will be charged to a high 
state. During the evaluation phase, if all the inputs Ini 
are high, the voltage of the dynamic node Vx in Fig. 
3 is pulled to ground. Despite several advantages, 
domino circuits require special care to avoid the 
charge-sharing problem that may result in erroneous 
output values. Consider the domino (K-input) AND 
gate shown in Fig. 3. During the evaluation phase, 
suppose all inputs Ini are high except for Ink, that is 
located next to the clocked transistor Mn  which is 
assumed to be low. Since Ink is low, ideally the value 
of Vx, should remains high. However, the charge in 
C0 loaded in the precharge phase is shared or 
redistributed to the (source-drain) junction 

VDD VDD 

In0 

 

Ink 

C0 

C 
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Se

during the idle mode. A two-fold reduction in 
st

kage power of a 32-bit instruction decoder 
bl

better noise 
immunity, reduced leakage current and considerable 

re

sive die area consumption and mismatch 
pr

odels (PTM) for 70nm CMOS 
te

 to compare the UNG of different circuit styles 
[1]. 

CLOCK 

veral researchers have attempted to solve the 
charge sharing problem in domino logic designs [9]. 

Next, we shall describe the effect called stacking. 
Leakage current through a stack of two or more “off” 
transistors is an order of magnitude smaller than a 
single devise. The stacking effect becomes stronger 
with technology scaling-down while DIBL (Drain 
Induced Barrel Lowering) worsens. Many circuit 
blocks in a microprocessor already contain a 
significant number of transistor stacks in complex 
logic gates. Thus, there can be a reduction in leakage 
power by activating the “minimum leakage” input 
vector 

andby leakage power is achievable for a 32-bit 
adder. 

In addition, transistors that are not performance-
critical can be converted into stacks to reduce leakage 
without any impact on the overall processor 
performance. Thus, forcing stack allows us to 
emulate the behavior of high-VT devices that are not 
available in the process technology. Using, a simple-
VT process in conjunction with “stack forcing” can 
reduce lea

ock by 3X without any performance degradation 
[10-12].  

Peiravi et al. [13] proposed a novel conditional 
footer domino logic circuit that used a current source 
to maintain the output state during static conditions. 
The proposed logic circuit provided for 

duction of static power consumption.  
In this paper, an improved version of the 

conditional footer domino novel circuit design is 
proposed. The present design for domino logic helps 
the circuits to become tolerant to sources of noise. 
We call this improved conditional footer logic 
(ICFL). The proposed circuit improves both the 
robustness and the leakage tolerance of high fan-in 
domino gates. This techniques uses a smaller keeper 
transistor that results in less contention between 
keeper and evaluation transistors. The improved 
conditional footer domino logic results in a lesser 
gain in noise immunity compared with the previously 
proposed conditional footer domino. Although the 
new logic has added small size transistors in the foot 
logic compared to our previously proposed logic [13], 
there is an overall die area reduction since it no 
longer requires the current mirror that may suffer 
from exces

oblems. 
We have simulated our circuits in HSPICE using 

the Predictive M
chnology [14].  
The rest of the paper describes the proposed circuit 

and compares it with conventional domino logic 
styles for wide OR gates since they constitute a major 
circuit element in many digital designs. We have used 
an existing metric for noise (leakage) immunity. It is 
used

  

CL 

VDD

in0 in1
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Dynamic_node

MP1 MP2
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Fig 4. The proposed WIDE-OR ICFL circuit 
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Fig 5: Waveforms of ICFL 
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en further by upsizing delay inverters and the keeper 

tr

ilar conditions of 
d ICFL  co l 
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3. The Proposed Circuit 

Next let us present a new domino logic circuit called 
conditional footer logic (ICFL) as illustrated in Fig. 4. This 
circuit works as follows. When clock is low, the circuit is in 
the precharge phase like a conventional domino circuit. In 
the precharge mode, MP1 is turned on. Therefore, the 
dynamic node starts to charge to VDD. After a small delay, 
the keeper transistor is turned on and helps achieve a faster 
transition from low to high in the dynamic node. Now, what 
happens to the circuitry added to conventional domino 
circuit? The dynamic node is high, and the clock is low. 
Thererefore, the gate voltage of MN1 is high. This causes 
N_foot node to be connected to ground. But, in the 
evaluation phase when the clock is high the dynamic node 
maintains its previous state (e.g

aluation transistors are low. 
So, after the delays for inverters, both inputs to NAND 

gate are high. Then after the delay for the NAND gate, the 
gate voltage of MN1 goes low and then MN1 is turned off. 
This behavior can be seen in Fig. 5. But if just one input to 
the evaluation network is high, the voltage of gate of MN1 
remains high and MN1 stays on. The noise immunity of 
ICFL is improved compared with conve

en from the results indicated in Table 1. 
We have simulated the proposed circuit using the 

predictive model for 70nm CMOS technology, in 
bottleneck temperature (T=110C). The simulation for 8, 16, 
32, 64 OR gates have been carried out with

sults for CFL have been listed in Table.1.  
We have also compared the UNG of CFL in same delay 

condition with other conventional domino logic circuit. The 
UNG of the proposed CFL circuit has improved from 2X to 
8.1X for fan in o
ev

ansistor [13]. 
 

Table1: Comparison of UNG under sim
elay ( =improved nditiona footer logic, 

=fo ard do  logic) 
ent 

8 0.17 0.345 2.02X 

16 0.13 0.292 2.24X 
32 0.09 0.275 3.05X 

64 0.03 0.245 8.16X 
 
4. Conclusions 

In this study, an improved conditional footer domino 
logic circuit design style is proposed that has somewhat 
lower noise immunity compared with the Conditional 
Footer Logic (CFL) that we proposed earlier. However, this 
circuit improves noise immunity, has an acceptable 
performance for high fan-in gates compared to 
conventional domino logic styles, and does not suffer from 
the potential problems of the mirror circuit in the previous 
design. Our proposed circuit enables robust use of high fan-

d ultra deep submicron technology. 
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Abstract: The mutual relationships between the pineal gland and the thyroid have for a long time been a subject of 
intensive research. Thus, this study was performed in order to determine the effect of melatonin and/or propylthiouracil 
on oxidative stress in a model of hyperthyroidism. This study was carried out on 35 adult male albino rats (245-276 g) 
divided into 4 groups: G1: control rats, G2: hyperthyroid rats fed with standard chow diet, G3: hyperthyroid rats treated 
with propylthiouracil, G4: hyperthyroid rats treated with propylthiouracil & melatonin. At the end of the experimental 
period, rats were anaesthetized and electrocardiograph (ECG) recordings were obtained. Hearts & liver were subjected 
to histopathological examinations. Blood was collected for determination of hemoglobin (Hb), serum total tT3, tT4, 
thyroid stimulating hormone (TSH), and blood superoxide dismutase (SOD), plasma glutathione (GSH) and 
malondialdehyde (MDA). ECG recording revealed significant increase in HR and R voltage in G2 compared to control 
rats. Biochemical studies showed significant decrease in blood SOD, Hb and serum TSH in the three experimental trial 
groups compared to the control group. Plasma MDA level showed significant increase in G2 and G3 compared to 
control group, as well as significant decrease was observed in G4 compared to G2 and G3. Concerning GSH a 
significant decrease was observed in G2 compared to control group, upon addition of melatonin, significant increase 
was observed compared to G2 and G3. As regard serum tT4, significant increases was observed in the three trial groups 
compared to control group. Concerning serum tT3 level, a significant decrease in its level in treated hyperthyroid rats 
(G3) compared to G2. Histopathological examination of hearts of G2 showed vacuolation of cardiac myocytes and 
myolysis. These changes were ameliorated upon addition of melatonin to propylthiouracil than propylthiouracil alone. 
Histopathological examination of liver of hyperthyroid rats showed kupffer cells activation, focal area of hepatic 
necrosis and leucocytic cell infiltration. Rats treated with propylthiouracil showed only congestion of central vein. Upon 
addition of melatonin to propylthiouracil, no change was observed in the liver except a slight congestion of central vein.  
These findings indicate that hyperthyroid associated-oxidative stress contributes to early cardiac & hepatic 
complications of hyperthyroidism and that addition of melatonin to anti-thyroid drugs could be beneficial in 
amelioration of these complications. [Journal of American Science 2010;6(10):904-914]. (ISSN: 1545-1003).  

 
Key words: Propylthiouracil, melatonine, oxidative stress 
 
1. Introduction: 

Hypertrophic cardiomyopathy is a major heart 
disease which causes a large number of deaths globally 
(Ghosh et al., 2007). Extrinsic stimuli include pressure 
overload, volume overload, abnormal hormone levels, 
intrinsic stimuli include contractile abnormalities 
(Feldman et al., 1993); as in prolonged hyperthyroidism 
(Cohn 1996).  

In hyperthyroidism, cardiac hypertrophy is 
accompanied by an overall increase in metabolic rate and 
enhanced lipolysis (Woeber 1992). Accumulating 
evidence has suggested that the hyper-metabolic state in 
hyperthyroidism is associated with increases risk in free 
radical production and lipid peroxide levels in several 
target tissues (Videla 2000). Recent study on liver, 
muscle, and heart suggest that this oxidative stress is due 
to increased reactive oxygen species released from 
mitochondria (Venditti et al., 2003).   

Despite methimazole and propylthiouracil 
having been used for more than a century to treat 
hyperthyroidism, controversy still exists in antithyroid 
drug therapy (Nakamura et al., 2007). 

Melatonin (N-acetyl-S methoxy tryptamine), the 
main secretory product of the pineal gland is a well 
known antioxidant and free radical scavenger, widely 
distributed in the organism. Mutual relationships 
between the pineal gland and the thyroid have for long 
time been a subject of intensive research. It is highly 
probable that under physiological conditions, melatonin 
and possibly other antioxidants regulate ROS generation 
for thyroid hormone synthesis (Karbownik and Lewinski, 
2003). Thus, this study was performed in order to 
determine the effect of melatonin and/or thiouracil on 
oxidative stress in a model of medical hyperthyroidism. 
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2. Material and Methods 
Experimental animals: 

This study was carried out on 35 adult male 
albino rats weighing 245- 276  gm at start of the study, 
rats were purchased from Experimental Animal farm of 
Helwan and housed individually in suspended wire-mesh 
cages and maintained in Nutrition National Institute 
animal house under standard conditions of boarding. All 
rats were fed standard rat chow before starting the 
experiment.  The standard rat chow diet (AIN-93 M diet 
formulated for adult rodents) was prepared according to 
the National Research Council (NRC) 1978 and Reeves 
et al., (1993). 
 
Experimental protocol: 
The rats were allocated into 4 groups 
a. Group 1 include control rats (n=8). These rats were 

treated with intraperitoneal injection of normal saline 
in a similar volume as test group. 

b. Group 2 include untreated hyperthyroid rats (n=10). 
Hyperthyroidism was induced by daily intraperitoneal 
injection of tetra-iodo-thyronine in a dose of 10 
g/100 g BW for 30 days (40 g dissolved in 1 ml 
normal saline) as described by Venditti et al., (2006).  

c. Group 3 (n=9): Hyperthyroid rats treated with 
propylthiouracil; hyperthyroidism was induced as 
previous group for 30 days. Propylthiouracil therapy 
was started in the last 10 days of the study at a dose 
of 0.04 g/100 ml drinking water, as described by Delp 
et al., (1995).   

d. Group 4 (n=8): Hyperthyroid rats treated with 
propylthiouracil and melatonin. Hyperthyroidism and 
propylthiourcail therapy was started as the previous 
group. Melatonin was given by intraperitoneal 
injection in a dose of 10 mg/kg started in the last 10 
days of the experiment as described by Baydas & 
Merai (2005).  
 
Tetra-iodo-thyronine, Propylthiouracil and Melatonin 

were purchased from (Sigma- Aldrich, St Louis, MO, 
USA) 
 
Experimental procedure: 

At the end of the experimental period, all rats 
were fasted overnight, weighed and anaesthetized with 
intraperitoneal thiopental sodium (40 mg/Kg BW). 
Height (from the tip of the nose to the anus) was 
measured and ECG was recorded for each rat, a midline 
incision was made, then the abdominal aorta was 
exposed and blood samples were collected in three 
centrifuge tubes; plain tube to obtain serum and 2 
Na2EDTA tubes to  obtain whole blood and plasma. 
Tubes were centrifuged at 4000 r.p.m. for 15 minutes for 
separation of serum and plasma and were stored at –20o 
till used for determination of biochemical measurements. 
 

1-ECG recording:  
Needle electrodes were placed under the skin of 

the 4 limbs of the animal near the paws, and connected 
through an ECG coupler to a 2 channel oscillograph 
(Cardimax FX 121, Fukuda Denshi Co, LTD, Tokyo, 
Japan). The electro-cardiographic tracing was recorded 
using standard limbs. From lead II-ECG tracing with 
paper speed of 25 mm/sec, heart rate (HR), P-R interval, 
QRS duration, QT interval, Q wave voltage, R wave 
voltage and ST segment deviation were measured. The 
heart rate was calculated using the following formula: 

Heart rate (HR) =7500 / Distance in mm 
between 6 successive peaks of R waves----------
------------------                                                                 

2-Organs:  
Organs as hearts and livers were removed, 

washed with sterilized saline, dried between filter papers 
and weighed. 
 
3-Histopathological examination: 

Harts and livers were kept in 10% formaline for 
histopathological examination, dehydrated, cleared in 
zylol and embedded in parablast. Paraffin sections were 
cut serially at 6 m thickness and stained by hematoxylin 
and eosin (Hx & E) as described by Drury and 
Wallington (1980). 
 
4-Biochemical measurements: 
a. Serum total T3 (tT3) (Monobind USA, ELISA 

microwells: 225-300), according to the method 
described by Gharib et al., (1971) and Chopra (1977).  

b. Serum total T4 (tT4) (Monobind USA, ELISA 
microwells: 225-300), according to the method 
described by Chopra et al., (1971). 

c. Serum thyroid stimulating hormone (TSH) (RIA), Rat 
TSH kit (Amersham life Science, Buckinghamshire, 
UK). 

d. Blood superoxide dismutase (SOD), according to the 
method described by Concetti et al., (1976). 

e. Plasma malonyldialdehyde (MDA), according to the 
method described by Draper and Hadley (1990). 

f. Plasma glutathione (GSH), according to the method 
described by Beutler et al., (1963). 

g. Haemoglobin (Hb) level was measured using the 
cyanomethaemoglobin method using Randox kits, 
Randox: Laboratories, USA, as described by Dacie 
and Lewis (1975). 

 
Statistical Analysis (Armitage and Berry 1987):  
 All statistical data and significance tests 
were performed by using SPSS (Statistical Program 
for Social Science) statistical package (SPSS Inc) 
version 11. Statistical significance was determined 
by one-way ANOVA (analysis of variance) for 
differences between means of different groups; 
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further analysis was made by LSD (least 
significance difference) multiple-range test to find 
inter-group differences; a probability of P< 0.05 was 
considered statistically significant. 
 
3. Results 

Results encountered in the present study are 
displayed in tables (1-5) and figures (1-12). Results 
are expressed as Mean  SEM. 

 
1-Measured parameters: 

Concerning ECG parameters, significant 
increase in HR was observed in untreated 
hyperthyroidism compared to control rats. In 
addition, significant increase (p<0.001) in R voltage 
in untreated hyperthyroidism and hyperthyroidism + 
thiouracil compared to control one. Upon addition of 
melatonin to propylthiouracil, significant decrease 
(P< 0.001) in R voltage was observed compared to 
untreated and treated hyperthyroidism with 
propylthiouracil, although the level was significantly 
higher (P< 0.001) than the control group (Table 1, 
figure 3 a, b, c, d). 

Body weight and diet intake along the 
period of the study are shown in figures (1&2). 
Despite matched body weight at start of the study 
(P> 0.05), table (2) demonstrated significant 
decrease (P< 0.001) in the body weight and body 
mass index in the three trial groups compared to the 
control one. 

As regard liver weights; a significant 
increase was observed in untreated hyperthyroidism 
compared to control one, and to treated 
hyperthyroidism. Upon calculation LW/BW ratios, a 
significant increase were found in the three trial 
groups compared to control one. 
 Concerning heart weights; a significant 
increase (P< 0.001) was observed in untreated 
hyperthyroidism and treated hyperthyroidism with 
thiouracil group compared to control one, upon 
addition of melatonin significant decrease (P< 
0.001) was observed compared to untreated 
hyperthyroidism group. Upon calculation HW/BW 
ratio, significances mentioned before were still 
present, in addition significant decrease in HW/BW 
ratio was found upon addition of melatonin to 
antithyroid drug compared to treated 
hyperthyroidism with thiouracil. 
 
2-Biochemical studies:  
 As regard plasma SOD; significant 
decrease (P< 0.001) was observed in the three trial 
groups compared to the control one. Plasma MDA 

level showed significant increases in untreated 
hyperthyroidism and treated hyperthyroidism with 
thiouracil groups compared to control group. Upon 
addition of melatonin, a significant decrease was 
observed in MDA level to match the level recorded 
in the control group. Concerning GSH, significant 
decrease was observed in untreated hyperthyroidism 
and treated hyperthyroidism with thiouracil groups 
compared to control group, upon addition of 
melatonin, significant increase was observed to 
match the level recorded in the control group.  
 Concerning Hb level, a significant decrease 
(P< 0.001) was observed in the three trial groups 
compared to control group. However, upon addition 
of melatonin a significant increase in Hb level was 
observed compared to untreated hyperthyroid group. 

As regard serum tT3 and tT4; significant 
increase was observed in untreated hyperthyroidism 
and treated hyperthyroidism with thiouracil groups 
compared to control group, upon addition of 
melatonin, tT3 level showed significant decrease (P< 
0.001) compared to untreated hyperthyroidism and 
to treated hyperthyroidism with thiouracil. While, 
serum TSH levels showed significant decrease (P< 
0.05) in the three trial groups compared to control 
one. 

Histopathological examination of hearts 
isolated from control rats revealed normal cardiac 
myocytes (Fig. 4). Meanwhile, hearts of untreated 
hyperthyroid rats showed vacuolation of cardiac 
myocytes (Fig. 5), and myolysis of individual 
cardiac myocytes (Fig. 6). On the other hand hearts 
of rats isolated from thiouracil treated group 
revealed only slight congestion of intermuscular 
blood capillaries (Fig. 7) while hearts isolated from 
hyperthyroid rats treated by melatonin and thiouracil 
showed no apparent histopathological changes (Fig. 
8). 

Histopathological examination of livers 
isolated from control rats revealed normal 
histological structure of hepatic lobule (Fig. 9). 
Untreated hyperthyroid rats showed kupffer cells 
activation & focal area of hepatic necrosis and 
leucocytic cell infiltration (Fig. 10). Rats treated 
with propylthiouracil showed only congestion of 
central vein (Fig. 11). Upon addition of melatonin to 
propylthiouracil, no changes were observed in the 
liver except slight congestion of central vein (Fig. 
12). 
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Table (1): Changes in ECG parameters; heart rate (HR, beats/min), P-R interval (msec), QRS wave (msec),  QT (msec), Q 
wave (v), R wave (v), and ST segment elevation (v) in the four studied groups. 

Groups No.
HR 

(beats/min)
P-R 

(msec) 
QRS 

(msec) 
QT 

(msec) 
Q 

(v) 
R 

(v) 
ST 

(v) 
Control  8 474  11 52.5  3.1 50  4.2 75  5.4 65.6  4.5 406.3  25.8 50  4.7
Hyperthyroid 10 527  17* 54  3.1 44  2.7 79  2.3 57.5  3.8 805  13.8* 62.5  4.2
Hyperthyroid+thiouracil  9 459  18** 61.1  2.6 45.6  2.9 80  3.7 58.3   4.2 677.8  29*,** 58.3  4.2
Hyperthyroid+thiouracil+melatonin  8 452  16** 61.3  3.0 50  4.2 76.3  3.8 62.5  4.7 537.5  28*, **, *** 56.3  4.1
P  < 0.05 NS NS NS NS < 0.001 NS 

P:Significance by one-way ANOVA  among the 4 studied groups. *: Significance by LSD at P< 0.05 from control group;  
**: Significance by LSD at P< 0.05 from untreated hyperthyroidism; 
***: Significance by LSD at P< 0.05 from hyperthyroidism+ thiouracil.  In parenthesis is the number of rats.  NS: not significant. 
 

Table (2): Changes in body weight (BW, g), height (cm), body mass index (BMI, Kg/m2), in the four studied groups. 
Groups BW (g) Height (cm) BMI (Kg/m2) 

Control (8) 318.3  7.3 20  0.3 8.0  0.2 
Hyperthyroid (10) 214.8  4.8* 20.1  0.3 5.4  0.2* 
Hyperthyroid +thiouracil (9) 206.9  4.8* 19.9  0.3 5.2  0.2* 
Hyperthyroid+thiouracil+ + melatonin (8) 217.5  3.2* 20.3  0.2 5.3  0.1* 
P < 0.001 NS < 0.001 

P:Significance by one-way ANOVA  among the 4 studied groups. *: Significance by LSD at P< 0.05 from control group;  
**: Significance by LSD at P< 0.05 from untreated hyperthyroidism; 
***: Significance by LSD at P< 0.05 from hyperthyroidism+ thiouracil.  In parenthesis is the number of rats.  NS: not significant. 
2 
 

Table (3): Changes in liver weight (LW,g), liver weight / body weight (LW/BW), heart weight  (HW, g), heart weight/ 
body weight (HW/BW) in the four studied groups. 

Groups LW (g) LW/BW  HW (g) HW/BW  
Control (8) 5.8  0.3 18.2  0.7 0.663  0.04 2.1  0.08 
Hyperthyroid (10) 7.9  0.4* 36.7  1.6* 1.11  0.03* 5.1  0.1* 
Hyperthyroid + thiouracil (9) 5.2  0.4** 24.9  1.7*, ** 0.809  0.04*,** 3.9  0.2*,** 
Hyperthyroid + thiouracil+melatonin (8) 5.5  0.4** 25.4  2.1*, ** 0.755 + 0.03** 3.5   0.1*,**,*** 
P < 0.001 < 0.001 < 0.001 < 0.001 

P:Significance by one-way ANOVA  among the 4 studied groups. *: Significance by LSD at P< 0.05 from control group;  
**: Significance by LSD at P< 0.05 from untreated hyperthyroidism; 
***: Significance by LSD at P< 0.05 from hyperthyroidism+ thiouracil.  In parenthesis is the number of rats.  NS: not significant. 
 

Table (4): Changes in plasma superoxide dismutase (SOD, g/ml), plasma malondialdehyde (MDA,mol/L), plasma 
glutathione peroxidase (GSH, mg/dl),  Hb level (g/dl) in the four studied groups . 

Groups 
Plasma SOD 
(g/ ml) 

Plasma MDA 
(mol/L) 

Plasma GSH 
(mg/dl) 

Hb 
( g/dl) 

Control (8) 54.8  1.5 74.2  3.9 45.7  1.8 12.5  0.34 
Hyperthyroid (10) 39.4  1.1* 106.9  2.8* 35.9  1.3* 9.7  0.37* 
Hyperthyroid  +thiouracil (9) 49.5  1.0*,** 98.1  1.6*,** 39.5  0.9*,** 10.4  0.36* 
Hyperthyroid+   thiouracil+melatonin (8) 40.9  0.6*,*** 79.4  1.0**,*** 43.6  0.8**,*** 11.1  0.35*,** 

P < 0.001 < 0.001 < 0.001 < 0.001 
P:Significance by one-way ANOVA  among the 4 studied groups. *: Significance by LSD at P< 0.05 from control group;  
**: Significance by LSD at P< 0.05 from untreated hyperthyroidism; 
***: Significance by LSD at P< 0.05 from hyperthyroidism+ thiouracil.  In parenthesis is the number of rats.  NS: not significant. 
 

Table (5): Changes in serum tri-iodo-thyronine (tT3, ng/ml), serum tetra-iodo-thyronine (tT4, g/dl), and serum thyroid 
stimulating hormone (TSH,  IU/ml) levels in the four studied groups. 

Groups tT3 (ng/ml) tT4 (g/dl) TSH ( IU/ml) 
Control (8) 4.07  0.15 6.00  0.60 0.41  0.04 
Hyperthyroid (10) 7.1  0.16* 9.8  0.3* 0.32  0.02* 
Hyperthyroid+ thiouracil (9) 4.8  0.15*,** 8.3  0.44*,** 0.35  0.01* 
Hyperthyroid+ + thiouracil+melatonin (8) 4.3  0.09**,***  9.1  0.57* 0.35  0.009* 

P < 0.001 < 0.001 < 0.05 
P:Significance by one-way ANOVA  among the 4 studied groups. *: Significance by LSD at P< 0.05 from control group;  
**: Significance by LSD at P< 0.05 from untreated hyperthyroidism; 
***: Significance by LSD at P< 0.05 from hyperthyroidism+ thiouracil.  In parenthesis is the number of rats.  NS: not significant. 
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Figure (1): Chart of body weight (BW, grams) throughout 

the period of the study (4 weeks) showing Mean  
SEM in the 4 studied groups. 
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Figure (2): Chart of diet intake (diet, grams/week) 

throughout the period of the study (4 weeks) 
showing Mean  SEM in the 4 studie 

 
  
 

 

(A) 
 

 
(B) 

 

 
(C) 

 

 
(D) 

 
Figure (3): ECG records (lead II) of: a)Control, b) Untreated Hyperthyroidism, c) Hyperthyroidism + 
Thiouracil, d) Hyperthyroidism + Thiouracil + Melatonin.  
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Fig (4): Heart of control rat showing normal 

cardiac myocytes (Hx & E X 200) 
 
 

 
 
Fig. (5): Heart of untreated hyperthyroid rat 

showing vacuolations of cardiac myocytes 
(Hx & E X 200). 

 

 
Fig. (6): Heart of untreated hyperthyroid rat 

showing myolysis of individual cardiac 
myocytes (Hx & E X 200). 

 

 
 
Fig. (7): Heart of hyperthyroid rat + thiouracil 

showing slight congestion of intermuscular 
blood capillaries (Hx & E X 200). 

 

 
Fig. (8): Heart of hyperthyroid rat + thiouracil + 

melatonin showing no apparent 
histopathological changes of cardiac 
myocytes (Hx & E X 200). 

 

 
Fig (9): Liver of control showing the normal 

histological structure of hepatic lobule (Hx & E 
X 200) 
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Fig. (10): Liver of untreated hyperthyroid rat 

showing focal area of hepatic necrosis replaced 
by leucocyte cell infiltration (Hx & E X 200). 

 
Fig. (11): Liver of untreated hyperthyroid rat + 

thiouracil showing congestion of central vein (Hx 
& E X 200). 

 

 
Fig. (12): Liver of hyperthyroid rat + thiouracil + 

melatonin showing slight congestion of central 
vein (Hx & E X 200). 

 

4. Discussion: 
           The present study demonstrates the 
contribution of free radicals to cardiac & hepatic 
complications of hyperthyroidism and the possible 
beneficial effects of adding an antioxidant like 
melatonin to the antithyroid drug propylthiouracil.   
         Untreated hyperthyroid rats in the present 
study had significant increases in serum tT4& tT3 as 
well as significant decrease in serum TSH. 
Untreated hyperthyroid rats showed significant 
decreases in body weight throughout the period of 
the study and body weight and BMI at the end of the 
study, despite significant increase in food intake. 
These findings indicate negative energy balance due 
to increased metabolic rate & energy expenditure 
(Ganong, 2010).  
         Hyperthyroid state for four weeks caused 
significant anemia despite balanced diet formula & 
increased food intake. This anemia is difficult to 
explain in the context of the present study, but we 
may predict that its cause may be due to a relative 
nutritional deficiency due to the hypermetabolic 
state which is associated with increased in free 
radicle production (Ganong, 2010) or due to liver 
damage as shown in histopathological examination 
of these rats (Venditti et al., 2003 & 2006). The 
improvement of anemia with propylthiouracil 
treatment inferred that control of the hyperthyroid 
state resulted in sparing of dietary elements needed 
for erythropoiesis. Addition of melatonin to 
antithyroid therapy ameliorated hemoglobin level 
suggesting that oxidative stress might contribute to 
hyperthyroid associated-anemia. In a study by 
Snyder and Reddy (2009), they reported that 
microcytic anemia accompany hyperthyroidism, 
which could be due to increased 2, 3 DPG which 
decreases oxygen affinity to hemoglobin, thus 
decreasing the drive for enhanced erythropoiesis 
(Snyder and Reddy, 2009). Another mechanisms; 
could be expanded blood volume, hemodilution & 
accelerated but ineffective erythropoiesis (Ganong, 
2010). 
      Hyperthyroid untreated rats exhibited significant 
sinus tachycardia& significant increase in R-voltage. 
Effects of an excess thyroid hormone on heart rate 
are related, in part, to an indirect adrenergic effect 
and, in part, to a direct intrinsic positive 
chronotropic effect (Abe et al., 1998). The increase 
in R-voltage could be explained by the decrease in 
the body weight at the end of the present study 
(Goldberger 2006).  

Regarding relative cardiac weights, a 
significant increase was observed in untreated 
hyperthyroid rats which could be due to the 
significant decrease in body weight (Ghosh et al., 
2007). However, the significant increase in absolute 
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cardiac weights indicates hyperthyroid induced-
cardiomyopathy (Liu et al., 1984) via increasing 
aterial natruretic peptide (ANP) mRNA production 
(Ghosh et al., 2007). Histopathological examination 
of the livers and hearts isolated from untreated 
hyperthyroid rats inferred hepatocyte and cardiac 
myocyte damage. Initial hypertrophy of cardiac 
myocytes followed by apoptosis was reported in 4 
week–hyperthyroid rats which may explain heart 
failure frequently encountered in hyperthyroid 
patients (Wang et al., 2010). Amelioration of cardiac 
enlargement in rats treated with propylthiouracil and 
melatonin provides evidence that inhibition of 
oxidative stress reduces myocyte hypertrophy and 
restores the activity of the antioxidant enzymes; 
SOD & GSH which suggest that a feedback 
inhibitory mechanism of endogenous antioxidant 
system operates against the deleterious effects of 
hyperthyroidism on cardiac muscle (Ghosh et al., 
2007 & Martinez-Cruz et al., 2002). As melatonin 
has no morphophysiological barriers and is readily 
available in the cytosol (Martinez-Cruz et al., 2002), 
it is likely that melatonin is an effective antioxidant 
in the cytosol (Baydas et al., 2002).  Microscopic 
examination of livers isolated from untreated 
hyperthyroid rats revealed hepatic damage & 
congestion which may be due to heart failure that 
was reported to occur in hyperthyroidism (Wang et 
al., 2010).  
     Increased oxidative stress & decreased 
antioxidant potential in untreated hyperthyroid rats 
in the present study came in accordance with 
previous literatures and could explain early hepatic 
& cardiac derangement associated with 
hyperthyroidism (Kumar et al., 2007, and 
Chattopadhyay et al., 2010). The hypermetabolic 
state in hyperthyroidism results in oxidative damage 
due to increased activity of mitochondrial 
respiratory chain components that would result in 
increased generation of superoxide at the site of 
ubiquinone (Sugden et al., 1999). tT3 induced-liver 
free radical generation was reported to occur in 
concomitance with enhanced respiratory burst 
activity and chemiluminescent response in both 
experimental and human studies (Fernandez and 
Videla 1995). Superoxide radical can lead to the 
formation of many other reactive species; including 
hydroxyl radicals, which can readily start the free 
radical process of lipid peroxidation with increased 
production of ROS in several tissues including the 
heart via lipid peroxidation and protein oxidation 
(Venditti et al., 2003). ROS markedly influence 
cardiac function in hyperthyroidism via inhibition of 
important metabolic genes such as GLUT4 (Ghosh 
et al., 2007). This may lead to an energy crisis & 
cardiac dysfunction because of reduced uptake of 

glucose by hypertrophic cardiomyocyte(Liu et al., 
1994), which is mainly stimulated by insulin & 
intracellular storage sites (Young et al., 1997). Thus, 
repression of GLUT4 expression takes place in the 
hyperthyroid rat heart in situation when the demand 
for energy is high to meet the increased heart rate & 
contractile activities in the hyperthyroid state.  
           Treatment of hyperthyroid rats with 
propylthiouracil  alone resulted in amelioration of 
hyperthyroid induced complications  including 
oxidative stress, hepatic & cardiac myocyte damage 
due to inhibition of peripheral  conversion of  T4  to 
T3 (Geffner et al., 1975). Addition of melatonin to 
propylthiouracil almost normalized all these 
complications. This indicates that oxidative stress 
associated with the hyperthyroid state contributes to 
or aggrevates the hyperthyroid induced–
complications, and that melatonin inhibits oxidative 
stress which may be explained by its inhibition to 
deiodinase 2 expression which is responsible for 
formation of deiodinase 2 which converts T4 into 
active T3, thus controlling local T3 concentrations 
as previously reported by Lechan and Fekete (2005). 
            Melatonin: The main secretory product of 
pineal gland can directly neutralize a number of free 
radicals and reactive oxygen species (Reiter et al., 
2002). Melatonin is more effective in neutralizing 
hydroxyl radicals (HO.), the free radical normally 
responsible for more than half of all free radical 
damage in the body (causing lipid peroxidation, 
DNA damage and protein oxidation] as well as 
superoxide, singlet oxygen, hydrogen peroxide & 
hypochlorous acid (Leon et al., 2005). Moreover, 
Melatonin stimulates gene expression & the activity 
of the antioxidant enzymes glutathione peroxidase, 
superoxide dismutase & catalase (Reiter et al., 2000 
and Rodriguez et al., 2004). As well, it is well 
known that melatonin function as free radical 
scavengers (Onuki et al., 2005). Free radical 
scavengers and antioxidants neutralize and/or 
metabolically remove reactive species from cells 
before they carry out their destructive activities 
(Reiter et al., 2002). While the antioxidative actions 
of most molecules are limited by their specific 
intercellular distribution, antioxidative actions of 
melatonin include the protection of lipids in cell 
membranes, proteins in cytosol and DNA in nuclei. 
Furthermore, melatonin can enter all cells in the 
organism (Reiter et al., 1999). Restoration of 
glucose uptake upon administration of melatonin in 
Ghosh et al., (2007) study; clearly indicates that this 
antioxidant may improve the cardiac function by 
correcting defects in GLUT4 gene expression 
(Ghosh et al.,  2007). 

   Results of the present study demonstrate 
that oxidative stress contributes to early 
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manifestations of hyperthyroidism like anemia, early 
cardiac & hepatic damage. The use of 
propylthiouracil alone produced partial 
improvement, while addition of melatonin to 
propylthiouracil restored the balance between 
oxidants and antioxidants and was more effective in 
reversing the complications of hyperthyroidism. 

Thus, we can conclude from the present 
study, that antioxidant treatment added to antithyroid 
drug makes hyperthyroid cardiomyopathy a 
potentially curable form of heart failure. 

 
Note: This study was approved by the high society 
of scientific ethic committee of GOTHI (General 
Organization for Teaching Hospitals and Institutes) 
no. IN 000033. 
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Abstract: In the present investigation, a trial was done to find a new antimicrobial agent producing microbe from 
soil microbiota of local habitats to control the problem of multiple drug resistance. Isolation of different 
microorganisms from some soils' rhizosphere in Al-Madinah Al-Munawwarah, viz. corn (Zea mays), datepalm 
(Phoenix dactylifera), catnip (Mentha piperita), sunflower (Helianthus), balessan (Amyris gileadensis), nabk-tree 
(Ziziphus Spina-Christi Willd), basil (Marrubium vulgare) was carried out. All microbial isolates were then screened 
for their antagonistic activity against the most resistant eight target bacteria isolated from caesarean section site 
infections (E.coli,  Klebsiella  spp., Pseudomonas spp., Proteus spp., Citrobacter spp., Acinetobacter spp., 
methicillin resistant Staphylococcus aureus MRSA, and coagulase negative Staphylococcus). Among the total 86 
fungal and bacterial isolates, only 15 of them (17.44%) were capable of biosynthesizing antimicrobial metabolites. 
One of the actinomycetes that was obtained from catnip rhizosphere,  Al-Ouayna district in Al-Madinah Al-
Munawwarah, found to exhibit the highest antimicrobial activity and it matched with Streptomyces ramulosus in the 
morphological, physiological and biochemical characters. Thus, it was given the suggested name Streptomyces 
ramulosus, A-MM-24. Therefore, microorganisms isolated from Al-Madinah Al-Munawwarah's soil could be an 
interesting source of antimicrobial bioactive substances. In addition, they are promising enough to deserve further 
purification, characterization and separation of the active metabolites from them. [Journal of American Science 
2010;6(10):915-925]. (ISSN: 1545-1003).  
 
Key words: Antimicrobial agent producing microbe, Al-Madinah Al-Munawwarah, resistant bacteria, soil 

microbiota, Streptomyces ramulosus A-MM-24. 
 
1. Introduction: 

Antibiotics are one of the pillars of modern 
medicine (Ball et al., 2004), but the rate of loss of 
efficacy of old antibiotics is outstripping their 
replacement with new ones for many species of 
pathogenic bacteria (Hancock, 2007). The emergence 
of antibiotic resistant bacteria is a problem of 
growing significance in dermatological and surgical 
wound infections (Colsky et al., 1998; Giacometti et 
al., 2000). In general, the most important resistance 
problems in the management of wounds have been 
observed with S. aureus and coagulase-negative 
staphylococci among the Gram-positive species and 
with E.coli, Klebsiella pneumoniae and P. 
aeruginosa among the Gram-negative species (Filius 
and Gyssens, 2002).  

Considerable research is being done in order 
to find new chemotherapeutic agents isolated from 
soil (Rondon et al., 2000; Crowe and Olsson, 2001; 
Courtis et al., 2003). Soil microbial communities are 
among the most complex, diverse and important 
assemblages of organisms in the biosphere; and they 
participate in various biological activities. 
Accordingly, they are an important source for the 

search of novel antimicrobial agents and molecules 
with biotechnological importance (Hackl et al., 
2004).  

 One of the areas in soil where one can find 
abundance in microbial populations is the 
rhizosphere. It is a thin layer of soil adhering to a root 
system which is rich in microbial diversity. The 
magnitude of this area depends on the plant and the 
size of the roots that the plant posses (Rondon et al., 
1999; Rondon et al., 2000 and Dakora & Phillips, 
2002).  

Many groups of microorganisms like Gram-
positive, Gram-negative bacteria and fungi have the 
ability of synthesizing antimicrobial agents and the 
top cultivable antimicrobial agent producers present 
in soils are the actinomycetes (Pandey et al., 2002).  

Accordingly, in the present investigation, we 
tried to find a new antimicrobial agent producing 
microbe from soil microbiota of local habitat. In 
addition, we aimed at selection and identification of 
the most potent antimicrobial producing one to 
control some multi-resistant isolates from caesarean 
section site infections (CSSIs). 
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2. Materials and Methods 
I. Isolation and antimicrobial activity of some 

microorganisms from different habitats of Al-
Madinah Al-Munawwarah  

 
I.1. Soil sampling  

Fourteen soil samples were collected from 
seven soils' rhizosphere, viz. corn (Zea mays), 
datepalm (Phoenix dactylifera), catnip (Mentha 
piperita), sunflower (Helianthus), balessan 
(Amyris gileadensis), nabk-tree (Ziziphus Spina-
Christi Willd), basil (Marrubium vulgare) in Al-
Madinah Al-Munawwarah and its surroundings 
at Al-Aziziah and Al-Owinah. All samples were 
collected aseptically in sterile plastic bags. 

 
I.2. Preparation of soil samples 
 The collected soil samples were sieved to 
remove various contaminants and divided into two 
parts.  A part was left as it is for isolation of bacteria 
and fungi. The other part was air-dried, mixed with 
CaCO3 and incubated for several days at 28 °C (Abu-
Elainin, 2004). The air drying and mixing the 
samples with CaCO3 will reduce the vegetative 
bacterial cells and allow many actinomycete spores to 
survive (Tsao et al., 1960).  
 
I.3. Isolation of antimicrobial agent producing 
microbes 
I.3.1. Media used for isolation  

Starch nitrate agar medium (Tadashi, 1975). 
It was used in isolation and maintenance of 
actinomycetes. 

Casein starch agar medium (Kuster and 
Williams, 1964). It was used in the isolation of 
actinomycetes. 

Yeast extract malt extract medium (ISP-2) 
(Pridham et al., 1957). It was used in the isolation 
and characterization of actinomycetes. 

Nutrient agar medium. It was used in the 
isolation and maintenance of other bacteria. 
Czapek-Dox agar medium. This medium was used in 
the isolation and maintenance of fungi. 
 
I.3.2. Isolation methods  

It was done using the soil dilution plate 
technique described by Johnson et al. (1959) and 
consecutive transfers and technical purification steps 
were carried out. 
 
I.3.3. Screening of the antimicrobial activity of the 
different soil isolates  
Selecting of the most resistant target strains from 
CSSI   

In-vitro antimicrobial activities of the 
different soil microbes were tested against the most 

resistant bacterial isolates from caesarean section site 
infections (CSSIs).  

Sixty seven isolates were obtained from cases 
with CSSIs in a previous study by Abo-Shadi & Al-
Mutrafy (2007). 73.1% of the total isolates were 
Gram-negative bacilli and the rest Gram-positive 
cocci. According to antibiotic susceptibility testing 
data of all these isolates, we chose the most resistant 
isolate from each species. They were found to be 
eight isolates, six Gram-negative (E.coli, I5; 
Klebsiella spp., I11; Pseudomonas spp., I6; Proteus 
spp., I1; Citrobacter spp., I1; Acinetobacter spp., I2); 
and two Gram-positive isolates (methicillin resistant 
Staphylococcus aureus MRSA, I3; and coagulase 
negative Staphylococcus CONS, I2). Tables 1 & 2 
show antibiotic susceptibility testing data of the 
selected target organisms. 
 
Preparation of the target suspension 
  This procedure was done according to 
Revira-Revira (2005). The eight target isolates were 
sub-cultured on slants of nutrient agar for 24 hours. 
Physiological saline solution (0.85%) was used in 
order to prepare suspension of each target resistant 
bacteria with a 0.08-0.1 absorbance. Absorbance of 
the target suspensions was determined by using a 
spectrophotometer set at 625 nm. The turbidity of this 
solution is equivalent to a 0.5 McFarland turbidity 
standard. 
  
 In vitro antibiosis 

Agar well method. This method was 
followed in assay of any soil isolate. Duplicate plates 
were used for each target organism. The detection of 
clear inhibition zones around the wells on the 
inoculated plates is an indication of antimicrobial 
activities.  

Cork borer method. It was followed in assay 
of any actinomycete isolate. 

Streak susceptibility testing was followed 
according to Madigan et al. (2003); Revira-Revira 
(2005) for the actinomycete isolates. 
 
I.3.4. Selection of the most potent antimicrobial agent 
producing microorganism (AAPM). All microbial 
isolates obtained from different soils were again 
screened for production of antimicrobial agents in 
order to select the most potent one, and the chosen 
strain was then subjected to characterization. 
 
II. Characterization of the most potent actinomycete 
isolates producing antimicrobial agent 

It was carried out in the National Research 
Centre (NRC), Cairo, Egypt. Identification process 
was performed to the species levels according to 
specific characteristics.    
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II.1 Morphological studies.  
Morphological characteristics of aerial 

hyphae, spore mass, spore surface, color of aerial and 
substrate mycelia and soluble pigments production 
were conducted by growing the organism on ISP- 
media. For this purpose the following media were 
used: Starch nitrate agar, glycerol asparagine agar 
(Pridham and Lyons, 1961), inorganic salt starch agar 
(Kuster, 1959), yeast malt extract agar and oatmeal 
agar medium (Kuster, 1959).  

The color of organism under investigation 
was identified using the ISCC-NBS color-name 
charts II illustrated with centroid detection of the 
aerial, substrate mycelia and soluble pigments 
(Kenneth and Deane, 1955).  
 
II.2. Physiological and biochemical characteristics. 

To study growth parameters as the salt 
tolerance and temperature, spores were inoculated in 
starch nitrate broth (50 ml) amended with 1, 3, 5, 7 
and 9% NaCl and incubated at 30 ˚C for 7 days. 
Similarly, starch nitrate agar slants inoculated with 
the actinomycete isolates were allowed to incubate at 
different growth temperatures till 40 ̊ C.  

Many characteristics were studied. 
Lecithinase was detected using egg yolk medium 
according to the method of Nitsh and Kutzner (1969); 
lipase (Elwan et al., 1977); protease (Chapman, 
1952); pectinase (Hankin et al., 1971); casein 
medium (Gorden et al, 1974); cellulytic activity 
(Ammar et al., 1998); urease activity (Cowan 1974), 
indole production (Cowan, 1974); α-amylase (Ammar 
et al., 1998), sensitivity to potassium cyanide 
(Cowan, 1974) and catalase test (Jones, 1949). 
Esculin broth and xanthine have been conducted 
according to Gordon et al. (1974), and nitrate 
reduction was performed according to the method of 
Gordon (1966). Melanin pigment (Pridham et al., 
1957); and hydrogen sulphide production was carried 
out according to Cowan (1974). The utilization of 
citrate (Cowan, 1974), different carbon and nitrogen 
sources was carried out according to Pridham and 
Gottlieb (1948). 
 Determination of Diaminopimelic acid 
(DAP) and sugar pattern was carried out according to 
Becker et al. (1964), and Lechevalier and Lechevaier 
(1970). 

In addition, the actinomycete isolate under 
study was tested for its ability to grow in the presence 
of different antibiotics. The antibiotic sensitivity 
assay was done by agar diffusion assay. Antibiotic 
discs were placed on the surface of agar plates pre-
inoculated with spores of isolates to be tested and 
zones of inhibition were measured after incubation at 
30 ˚C for 3 days. Clear zones of inhibition around the 
discs were the indication of antibiotic sensitivity of 

the isolates. Antibiotic discs of amoxicillin (30 µg), 
carbenicillin (100 µg), gentamycin (10 µg), 
cephradine (25 µg), chloramphinicol (30 µg), 
cloxacillin (1 µg), doxycycline (30 µg), erythromycin 
(15 µg), keflex (30 µg),   and augmentin (30 µg) were 
used. 

 
3. Results and Discussion: 

The increase in the frequency of multi-
resistant pathogenic bacteria is created an urgent 
demand in the pharmaceutical industry for more 
rational approaches and strategies to the screening of 
new antibiotics with a broad spectrum of activity, 
which resist the inactivation processes exploited by 
microbial enzymes (Saadoun and Gharaibeh, 2003; 
Motta et al., 2004).  

The species belonging to the genus 
Streptomyces constitute 50% of the total population 
of soil actinomycetes and 75-80% of the 
commercially and medicinally useful antibiotics have 
been derived from this genus (Mellouli et al., 2003). 
Screening and isolation of promising actinomycetes 
with potential antibiotics is still a thrust area of 
research and it is suggested that the exploration of 
materials from different areas and habitats have a 
vital role to play in the search for new microbes and 
novel metabolites and is urgent to counter the threats 
posed by the fast emerging phenomenon of antibiotic 
resistance (Saadoun and Gharaibeh, 2003). However, 
it appears that these niches, which should be first 
screened for bacteria that generate new antibiotics, 
are not exotic places, but rather, established 
collections of Streptomyces species (El-Naggar et al., 
2006). Thus, in the present work, different 
microorganisms were isolated from Saudi soils and 
then screened with regard to their potential to 
generate antibiotics. 

For the purpose of obtaining antimicrobial 
agents against resistant target bacteria from CSSI, 
isolation of different microorganisms from the 
rhizosphere of different soil localities was carried out. 
Table 3 shows the different soil localities at Al-
Madinah Al-Munawwarah from which, isolation of 
different organisms was carried out.  

Interactions that take place in the 
rhizosphere can be beneficial for the plant and also 
for the microbial community present. The Exudates 
released by plants have various effects in the 
surrounding ecosystem as altering the physical-
chemical properties of soil by inhibiting the growth 
of other plants, enhancing symbiotic relationships, 
and selecting the type of microbiota that can colonize 
the area. Also, the microflora present in the 
rhizosphere can produce antagonistic molecules that 
will inhibit or kill the pathogens present (Rondon et 
al., 1999; Rondon et al., 2000; Jaben et al., 2004).   
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Thus, in the rhizosphere, plants select for a specific 
composition of bacterial communities (Kowalchuk et 
al., 2002 and Kuske et al., 2002) depending on the 

type and amount of organic root exudates and of 
nutrients released from senescent or dead roots 
(Rangel-Castro et al., 2005).  

 
Table 1. Antimicrobial susceptibility pattern of the selected target Gram-negative bacterial isolates from 
CSSI cases. 

Isolate name AMP AUG FOX Cefuroxime Cefataxine Cefitriaxone CAZ AK GM Tienam ATM Norfl PIP KF TS 
E.coli, I5 R R R R R R R S R S S S R R R 
Klebsiella 

spp.,I11 R R S S S S S S R S S S R R R 

Pseudomonas 
spp.,I6 

R R S R R S R S S S R R R R S 

Proteus 
spp.,I1 

R S R R S R S S S S R S R R R 

Citrobacter 
spp., I1 

R R S S S S S S S S S S R R S 

Acintobacter 
spp.,I2 

R S S S S S S S S S R S R R S 

AMP= Ampicillin ,  AUG= Augmentin, FOX=Cefoxitin, CAZ=Ceftazidime, AK= Amikacin, ATM= Aztreonam, 
PIP=Piperacillin, KF= Cephalothin, TS=Cotrimoxazole, Norfl=Norfloxacin, GM= gentamycin.  I= isolate. 
 
Table 2. Antimicrobial susceptibility pattern of the selected target Gram-positive bacterial isolates from  
CSSI cases. 

Isolate name 
 

P 
 

 
Erythromycin 

 

 
KF 

 

 
TS 

 

 
Clindamycin 

 

 
Vancomycin 

 

 
AMP 

 

 
AUG 

 

 
AK 

 
S. aureus,I3 R R R R R S R R R 
CONS,I2   R R R R R S R R R 

P=Penicillin,   KF= Cephalothin,   TS= Cotrimozole,  AMP= Ampicillin,  AUG= Augmentin,  AK=Amikacin, I= 
isolate. 
 

Table 3. Soil samples from different localities for isolation of AAPM. 

Soil sample  District  Plant rhizosphere 

S1 Al-Ouayna  Sunflower 

S2 Al-Ouayna  Datepalm 

S3 Al-Ouayna  Nabk-tree 

S4 Al-Ouayna  Catnip 

S5 Al-Ouayna  Catnip 

S6 Al-Ouayna  Datepalm 

S7 Al-Aziziah Balessan 

S8 Al-Aziziah Nabk-tree 

S9 Al-Aziziah Date palm 

S10 Al-Aziziah Basil 

S11 Al-Aziziah Corn 

S12 Al-Aziziah Catnip 

S13 Al-Aziziah Date palm 

S14 Al-Aziziah Basil 

                                   S= soil sample 
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  In view of the present data, different fungi 
and bacteria were isolated from different soils on 
different cultural media. Their antimicrobial activity 
against the eight target resistant CSSIs isolates was 
tested. The total AAPM from the fourteen soil 
samples were 86 isolates (24 fungal, 30 bacterial and 
32 actinomycete isolates) after all purification steps. 

The microorganisms isolated and evidenced 
antibacterial potential against target organisms under 
study were only 4 out of the total 24 fungal isolates 
(16.67%) (Table 4), 7 isolates out of the total 32 
actinomycete strains (21.88%) (Table 5), and only 4 
out of the thirty other bacterial isolates (13.33%) 
(Table 6). The most potent producer strain was then 
selected and identified. Only actinomycete strain A24 
S4 was found to exhibit the broadest spectrum of 
antimicrobial activity esp. against MRSA, I3 and 
E.coli, I5 in comparison with other AAPMs under 
study. So, it was selected as the most potent AAPM. 
This actinomycete isolate A24 S4 obtained from catnip 
rhizosphere (Menthae piperitae) in Al-Ouayna 
district, Al-Madinah Al-Munawwarah, was subjected 
for characterization. 

Actinomycetes antagonism has been 
reported for a wide variety of fungal and bacterial 
pathogens. Several authors have screened soil 
samples collected from different parts all over the 
world for AAPMs as Brazil in study of Huddleston et 
al. (1997); Morocco (Yedir et al., 2001); India 
(Haque et al., 1992; Peela et al., 2005; Thakur et al., 
2007, Yadav  et al.; 2009); China (Li  et al.; 2008) 
and Egypt (Abu-Elainin, 2004; El-Naggar et al., 
2006). Unfortunately, we couldn't find any research 
done in this respect in KSA to compare with except 
Al-Zahrani (2007) who collected soil samples from 
various locations in Jazan region. 

 In the present study, the prevalence of soil 
actinomycetes that exhibited various degrees of 
antibacterial activities was 21.88% (7 out of 32). This 
ratio is higher than Yedir et al. (2001) (10%). On the 
other hand, it is lower than ratio of Peela et al. (2005) 
(68.75%) and Thakur et al. (2007) (59.09%). This 
discrepancy can be attributed to the multi resistance 
of our target organisms.  
Morphological characterization of actinomycete 
isolate A24 S4 
 Scanning electron micrograph of this isolate 
was represented in Figure 1. Furthermore, the cultural 
characteristics of this local actinomycete strain are 
provided in Table 7. The spores evidenced smooth 
surfaces, and were morphologically cylindrical. 
 
Biochemical characterization of actinomycete isolate 
A24 S4 
Regarding biochemical characterization, the 
actinomycete isolate A24S4 could hydrolyze protein, 

starch, lipid, pectin, cellulose, lecithin and casein. 
Degradation of esculin and xanthin, H2S production, 
and gelatin liquefaction were positive. Nitrate 
reduction was also positive. Thus, this strain is a 
nitrate reductase producer and hence this isolate may 
play a vital role in soil fertility of agricultural soil.  
Yadav et al. (2009) in their study also found that the 
actinomycete strain A160 was nitrate reductase 
producer.  

On the other hand, catalase, production of 
melanin pigment on different media, indole 
production, urea degradation, citrate and KCN 
utilization were negative.     

Concerning utilization of carbon sources, 
A24 S4 strain utilized mannose, mannitol, glucose, 
fructose, maltose, arabinose, rhamnose, raffinose, 
xylose sodium acetate, starch, but did not utilize 
sucrose, galactose, lactose and meso-inositol. 
Utilization of a variety of carbon sources by this 
actinomycete isolate will help in adaptation to a 
variety of inoculation sites and wide soil types 
(Yadav et al., 2009). 

Concerning utilization of nitrogen sources, 
the strain understudy utilized phenylalanine, arginine, 
serine, glycine, tryptophan, alanine, lysine, leucine, 
cystine and asparagine, but did not utilize valine & 
histidine.  

The strain was found to grow up to 10% of 
NaCl concentration. The strains of Yadav et al. 
(2009) showed high salt tolerance up to 7% of NaCl 
concentration and they reported that this is an 
important trait for their proliferation, colonization 
and for biological control of disease in crops in 
agricultural field for coastal area with high salt 
nature. Vasavada et al. (2006) also isolated a S. 
sannanensis strain RJT-1 from the alkali soil of 
Rajkot, India which grew in 9% NaCl. 

The growth was inhibited in the presence of 
phenol (0.01%) and crystal violet (0.001%) and no 
inhibition was detected in sodium azide (0.01%). 
Good growth was detected within a temperature 
range of 20 to 40 °C, with no growth above 40 °C. 
The cell wall hydrolysate contained LL-
diaminopimelic acid and sugar pattern were not 
detected.  
Furthermore, A24 S4 strain was resistant to 
amoxicillin, Keflex, cephardine, doxycycline, 
augmentin and chloramphinicol, erythromycin, 
cloxacillin, gentamycin and carbenicillin. Some 
earlier workers have also been reported on antibiotic 
resistance of actinomycetes (Kuske et al., 1997; 
Yadav et al., 2009). This resistance against an array 
of antibiotics is an added advantage for their survival 
in environment by combating against other microbes 
that produce antibiotics and allow their survival and 
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colonization significantly for long duration in the 
inoculated soil (Yadav et al., 2009).  

The cultural and physiological properties of 
the isolated local strain, as well as its carbon and 
nitrogen compound utilization characteristics were 
compared to those of the actinomycetes as described 
in the recommended international Keys (Lechevalier 
et al.; 1989; Hensyl, 1994). It could be stated that 
actinomycetes isolate belongs to the genus 
Streptomyces; and it is suggestive of being related to 
Streptomyces ramulosus, and thus given the name & 
the code number Streptomyces ramulosus, A-MM-24.  

In an extensive isolation study of Chinese 
soils, Xu et al. (1996) demonstrated that 
streptomycetes were the most numerous 
actinomycete group in soil. Actinomycetes are Gram-
positive bacteria characterized by the formation of 
aerial mycelium on solid media, presence of spores 
and high G + C content of DNA (60-70 mol %). They 
are important class of bacteria since they produce 
numerous natural products such as antibiotics and 
enzymes (De Schrijver and De Mot, 1999). On the 
basis of morphological and chemical criteria 
actinomycetes have been grouped into different 
genera. Streptomycetes is an actinomycetes with cell 
wall type I, belonging to the family 
Streptomycetaceae (Shirling and Gottlieb, 1968).  

 
 

The first time to discover S. ramulosus was 
carried out by Ettlinger et al. in 1958 from German 
soil. Also, S. ramulosus has been found again in 1983 
(Chen et al., 1983). 

 In a taxonomic study of the Genus 
Streptomyces on the basis of levels of AT-L30 N-
terminal amino acid sequence homology, Ochi (1995) 
constructed a phylogenetic tree on the basis of the 
levels of similarity of the amino acid sequences and 
revealed the existence of six clusters within the 
genus. The third cluster contains Streptomyces 
ramulosus and Streptomyces ochraceiscleroticus. 
More recently, Khalifa (2008) isolated S. ramulosus 
from Egyptian soil. 

In conclusion, the present data focusing on 
obtaining microbial local isolates which have the 
ability to produce antimicrobial agent. An interesting 
scope for further research would be to improve 
antimicrobial agent production by the strain 
Streptomyces ramulosus, A-MM-24, with purification 
and characterization of the antibiotic obtained from 
this isolate.  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Scanning electron micrograph of the actinomycete isolate A24 growing on starch nitrate agar medium,  showing 

spiral shaped spore chain and smooth spore surfaces (X 7, 500) 
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Table 4. Antimicrobial activities of fungal isolates from different soil samples from Al-Madinah Al-
Munawwarah. 

Fungal 
isolates 

Target organisms 
Klebsiella 
spp., I11 

Pseudomonas 
spp., I6 

Proteus 
spp., I1 

E.coli, 
I5 

Citrobacter 
spp., I1 

Acinetobacter 
spp., I2 

MRSA, 
I3 

CONS, 
I2 

F1S4 − − + − + + − − 
F2S5 − − − − − − − − 

F3S5 − − − + − + − − 

F4S4 − − + + + − − + 

F5S2 − − − + + − − + 

F6S4 − − − − − − − − 

F7S5 − − − − − − − − 

F8S3 − − − − − − −  − 

F9S4 − − − − − − − − 

F10S1 − − − − − − − − 

F11S2 − − − − − − − − 

F12S9 − − − − − − − − 

F13S12 − − − − − − − − 

F14S1 − − − − − − − − 

F15S2 − − − − − − − − 

F16S9 − − − − − − − − 

F17S10 − − − − − − − − 

F18S10 − − − − − − − − 

F19S10 − − − − − − − − 

F20S8 − − − − − − − − 

F21S8 − − − − − − − − 

F22S7 − − − − − − − − 

F23S7 − − − − − − − − 

F24S11 − − − − − − − − 
F=fungul & S= soil sample 
 
Table 5. Antimicrobial activities of different actinomycete isolates from different soil samples from Al-

Madinah Al-Munawwarah. 
Actinomycete 

isolates 
Target organisms 

Klebsiella 
spp., I11 

Pseudomonas 
spp., I6 

Proteus 
spp., I1 

E.coli, 
I5 

Citrobacter 
spp., I1 

Acinetobacter 
spp., I2 

MRSA, 
I3 

CONS, 
I2 

A1S7 − − − − + + − + 

A2S1 − − - − + − − + 

A3S14 + − − − + + − − 

A4S9 − − − − + − − − 

 A5S14 − − − − − − − − 

A6S8 − − − − − − + − 

A7S8 − − − − − − − − 

 A8S10 − − − − − − − − 

A9S3 − − − − − − − − 

  A10S14 − − − − − − − − 

A11S4 − − − − − − − − 

  A12S10 − − − − − − − − 

  A13S10 − − − − − − − − 
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A14S8 − − − − − − − − 

  A15S11 − − − − − − − − 

  A16S11 − − − − − − − − 

A17S9 − − − − − − − − 

A18S5 − − − − − − − − 

A19S3 − − − − − − − − 

A20S3 − − − − − − − − 

A21S2 − − − − − − − − 

A22S1 − − − − − − − − 

A23S2 − − − − − − − − 

A24S4 − + − + + − + + 

A25S5 − − − − − − − − 

A26S7 − − − − − − − − 

A27S4 − − − − − − − − 

A28S1 − − − − − − − − 

A30S1 − − − − − − − − 

31S6 − − − − + − − − 

 A32S13 − − − − − − − − 

A33S14 − − − − − − − − 

A= Actinomycete & S= soil sample 
 
Table 6. Antimicrobial activities of the different bacterial isolates from different soil samples from Al-
Madinah Al-Munawwarah. 
Bacterial 
isolates 

Target organisms 
Klebsiella 
spp., I11 

Pseudomonas 
spp., I6 

Proteus 
spp., I1 

E.coli, 
I5 

Citrobacter 
spp., I1 

Acinetobacter 
spp., I2 

MRSA, 
I3 

CONS, 
I2 

B1S4 − − − − − − − − 
B2SI − − − − − − − − 
B3S1 − − + − − − − − 
B4S1 − − − − − − − − 
B5S1 − − − − − − − + 
B6S3 − − + − − − − − 

B7S4 − − + − − − − + 

B8S3 − − − − − − − − 
B9S3 − − + + − − + − 
B10S2 − − + − − − + + 

B11S3 − − − − − − − − 

B12S1 − − + − − − + + 

B13S3 − − − − − − − − 

B14S3 − − − − − − − − 

B15S1 − − − − − − − − 

B16S3 − − − − − − − − 

B17S5 − − − − − − − − 

B18S4 − − − − − − − − 

B19S1 − − − − − − − − 

B20S4 − − − − − − − + 
B21S7 − − − − − − − + 
B22S11 − − − − − − − − 
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B23S13 − − − − − − − − 

B24S12 − − − − − − − − 

B25S10 − − − − − − − + 

B26S10 − − − − − − − − 

B27S7 − − − − − − − − 

B28S9 − − − − − − − − 

B29S9 − − − − − − − − 

B30S4 − − − − − − − − 
B= Bacterial & S= soil sample 
 
Table 7. Cultural characteristics of the most active antimicrobial agent producing actinomycete strain A24 S4. 

Medium Growth Aerial 
mycelium Substrate  mycelium Diffusible  pigments 

1-Tryptone yeast extract broth (ISP-1) - - - - 

2-Yeast extract malt extract agar (ISP-2) Good 265-1. gray 
Medium gray 

76-1-y-br 
Light yellowish Brown 

77—m.ybr 
moderate yellowish brown 

3- Oat-meal agar (ISP-3) - - - - 
4-Inorganic salts starch agar medium (ISP-4) Moderate 8-gy. pink 

Grayish pink 
73-p.OY 

Pall orange yellow 
67-brill.OY 

Brill. Orange yellow 
5-Glycerol  – asparagine agar (ISP-5) - 

 
- 
 

- 
 

- 
 

6-Peptone yeast extract iron agar (ISP-6) Good 265-1. gray 
medium gray 

76-1-y-br 
Light yellowish Brown 

58-m. Br 
Moderate brown 

7-Tyrosine agar (ISP-7) Good 264-1. gray 
light gray 

57-I. Br 
Light brown 

77—m.ybr 
moderate yellowish brown 

The color of organism under investigation was consulted using the ISCC-NBS Colour-Name Charts II illustrated with 
cenroid color. 
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Abstract: Wastes from food and drinks industries are becoming an increasing problem. The present study was 
focusing on the possibility of using different fermented enviro-agro-industrial wastes as very cheap and available 
substrates for obtaining microbial α-amylases that are of great industrial importance. Seventy three fungi and 
bacteria were isolated from twenty different wastes, e.g. food-industrial wastes, daily home wastes, expired 
foodstuff wastes, and some agricultural wastes from Al-Madinah Al-Munawwarah, KSA. Using these wastes as the 
sole carbon source, 38 fungi and 11 bacteria were isolated at 30 °C; 23 bacteria and one fungus were isolated at 
55°C & 45°C, respectively. All isolates were then screened for α-amylase production and isolate Aspergillus flavus, 
F2Mbb was selected as the most potent. Some environmental and nutritional parameters affecting the biosynthesis of 
α-amylases from Aspergillus flavus, F2Mbb using bran as a sole carbon source were studied. It exhibited maximum 
amylase production at the following optimal conditions: incubation temperature, 37˚C; pH, 6.0 using phosphate 
buffer; shaking condition at 200 rpm; incubation period, 6 days; inoculum size of 13.0×108 spore/ml on Modified 
Czapek-Dox wheat bran agar medium (MCDWB); a substrate concentration of 20% bran; chemical treatment of 
bran with 6 N phosphoric acid; carbon source, corn gluten; nitrogen source, NaNO3; amino acid, methionine; and a 
mixture of different salts (100 ppm MgSO4; 200 ppm KCl; 50 ppm K2HPO4 and 50 ppm NiSO4). [Journal of 
American Science 2010;6(10):926-939]. (ISSN: 1545-1003).  
 
Key words: Enviro-agro-industrial wastes, α-amylase production, Aspergillus flavus, KSA, environmental 

parameters, nutritional parameters. 
 
 
1. Introduction: 

Biomass generate large amounts of organic 
wastes: agricultural wastes, such as wheat straw, corn 
cobs, oat hulls, and sugarcane bagasse; residues from 
logging and timber milling; spoiled products and 
food-processing wastes; and urban solid waste such 
as paper, cardboard, kitchen and garden refuse 
(Glazer and Nikaido, 2007) and it is of vital 
importance that waste is managed in such a way that 
it does not cause any harm to either human health or 
to the environment (Rizvi, 2004).  

Biodegradation is a breakdown of organic 
contaminants that occurs due to production of 
extracellular enzymes by microorganisms. These 
contaminants can be considered as the microbial food 
source or substrate (Maier et al., 2000).  

Enzymes have attracted attention of researchers 
all over the world because of wide range of 
physiological, analytical and industrial application; 
especially from microorganisms because of their 
broad biochemical diversity, feasibility of mass 
culture and ease of genetic manipulation 
(Chakrabortya et al., 2009).  

Amylases are hydrolytic enzymes that are 
widespread in nature, being found in animals, 
microorganisms and plants (Octávio et al., 2000). 
With the advent of new frontiers in biotechnology, 
the amylase family enzyme finds potential 
application in a number of industrial processes such 
as bread making, brewing, starch processing, 
pharmacy, textile and paper industries (Pandey et al., 
2000, Alva et al., 2007; Kammoun et al., 2008). 
Amylases constitute a class of industrial enzymes 
representing approximately 25-33% of the world 
enzyme market (Nguyen et al., 2002;Van der Maarel 
et al., 2002) have almost completely replaced 
chemical hydrolysis of starch in starch processing 
industry (Pandey et al., 2000). 

Each application of α-amylase requires unique 
properties with respect to specificity, stability, 
temperature and pH dependence (McTigue et al., 
1995). Screening of microorganisms with higher α-
amylase activities could therefore, facilitate the 
discovery of novel amylases suitable to new 
industrial applications (Gupta et al., 2003; Wanderley 
et al., 2004). For these reasons, certain agricultural, 

http://www.americanscience.org/�
mailto:editor@americanscience.org�
mailto:*m_a_shadi@hotmail.com�


Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 927 

industrial and environmental wastes were 
investigated for their ability to induce α-amylase 
production.  

The optimization of fermentation conditions, 
particularly physical and chemical parameters are of 
primary importance in the development of any 
fermentation process owing to their impact on the 
economy and practicability of the process (Wenster-
Botz, 2000). 
The purpose of this work was basically to examine 
the possible utilization of different enviro-agro-
industrial wastes in KSA for α-amylase production. 
This purpose was achieved through different steps; 
isolation of α-amylase producing microorganisms 
from the different wastes; selection and identification 
of the most potent isolate producing the enzyme 
while utilizing the solid; and optimization of culture 
conditions affecting α-amylase biosynthesis by the 
preselected isolate. 
 
2. Materials and Methods 
Collection of samples 
 Twenty samples from food-industrial wastes 
(e.g, baggase and juice wastes), daily home wastes 
(white bread, brown bread, cooked chicken, cooked 
dough, cooked rice, macaroni and tea bags), expired 
foodstuff wastes (soya bean, white pepper, yellow 
lentils, brown lentils, seasam, white bean), and some 
agricultural wastes (palm leaves,  banana) were 
collected from different districts of Al-Madinah Al-
Munawwarah, KSA. Different samples from lab air 
were also collected. 
 All waste samples were dried, grinded and stored 
in sterile containers. One gram of each grinded waste 
was wet with sterile distilled water in small sterile 
tubes. A group of tubes were left for about 7 days in 
the incubator at 30 ºC for isolation of mesophilic 
fungi and bacteria. Another group was incubated at 
45 ºC for five days for isolation of thermophilic 
fungi, and the third group at 55 ºC for three days for 
isolation of thermophilic bacteria. The fermented 
samples were considered as a source of microbial 
isolates. 
                           
Culture media    
• Czapek-Dox medium (Czapek's, 1902 and 
Dox, 1910) was used in purification and 
maintenance of isolates. Furthermore, this medium 
can be used as a basal medium but without the 
addition of agar and sucrose. This medium 
contained (g/l): NaNO3, 3; K2H PO4, 1; MgSO4 
.7H2O, 0.5; KCl, 0.5; FeSO4.7H2O, 0.01; agar, 15; 
sucrose, 20 at initial pH of 6.  
• Modified Czapek-Dox Waste Agar 
(MCDWA). It was used as a primary isolation 
medium. Only 1% (w/v) of the previously prepared 

waste was used as the sole carbon source. It was 
used also as a production medium but without 
addition of agar.  
 

Isolation and purification of amylolytic microbial 
cultures 
 Three groups of  MCDWA medium and 
nutrient agar plates were prepared, one incubated at 
30°C for isolation of mesophilic microorganisms, 
and the other groups incubated at 55°C and 45°C for 
isolation of thermophilic bacteria and fungi, 
respectively. The plates were routinely checked for 
any microbial growth for at least 7 days. All colonies 
of different forms and colors showing separate 
growth on Czapek-Dox medium or nutrient agar 
medium, were picked up; and technical purification 
steps were carried out.  

 
Screening of microbial isolates for their amylolytic 
productivities 
α-amylase assay 

This was performed according to starch clearing 
zone (SCZ) technique of Elwan et al. (1986) 
standardized later by Ammar et al. (1998). The assay 
medium contained (g/l): starch, 10 and agar-agar, 15 
and prepared according to the method of Gomori 
(1955). The activity of the α-amylase enzyme was 
estimated in terms of mean  diameter of clearing 
zones (mm) using a special standard curve 
constructed for such a purpose and covering the range 
of 100 to 50000 µg/ml (Fig. 1). 
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Figure 1. The standard curve of sigma α-amylase 
enzyme using starch clearing zone technique.      

 The production medium was prepared, 
inoculated by a specific isolate (each isolate was 
cultured on the same specified isolation medium), 
then incubated at the same isolation temperature for 6 
days in case of fungi and two days for bacterial 
isolates. At the end of incubation, filtration was 
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carried out. The filtrate represented as a source of 
extracellular microbial α-amylase. 
  
Characterization of the most potent isolate  

The most potent isolate which shows the 
highest α-amylase productivity among all the 
mesophilic and thermophilic isolates, was selected 
for characterization. Its characterization was carried 
out in the Regional Center of Mycology and 
Biotechnology, Al-Azhar Univ., Cairo, Egypt. Isolate 
preliminarily identified, based on macroscopic and 
microscopic morphology on Czapek-Dox agar 
(CDA). The identification was made based on gross 
colony morphology and color and on microscopic 
features (magnification of 100× and 400×) in 
lactophenol cotton blue-stained wet mounts and 
according to international key. 
Optimization of medium and culture conditions for α-
amylase productivity by the selected isolate 

The following factors were done to elucidate 
the best favorable conditions for the production of α-
amylase by the most potent organism.  

The strain was propagated on Czapek-Dox 
slants at 30 °C and monthly transferred. Stock 
cultures were maintained in spore suspension frozen 
in 25% glycerol (Djekrif-Dakhmouche et al., 2006).  
Inocula in each case (triplicate sets) was prepared on 
250 ml flask with 50 ml MCDW medium. Spores 
were suspended under agitation with a magnetic 
stirrer and counted by haemocytometer. Incubation 
was performed at 30 °C for 7 days. The deduced 
optimal condition resulted from each experiment was 
taken into consideration in the subsequent 
parameters. At the end of incubation period, the 
triplicate samples were harvested and the cells were 
separated by centrifugation. The supernatant was 
used for enzyme assay as determined before.  

Many parameters were studied as: Different 
incubation temperatures in two types of media: 
MCDPF and MCDWB that contain crushed palm 
leaves and white beans, respectively; pH using 2 
buffers (Phosphate buffer & Citrate phosphate 
Buffer) covering a pH range of 3.5-7.5; different 
incubation periods, different concentrations of wheat 
bran waste; Different inocula from spore suspension; 
different carbon sources; Different N-sources; and 
different salts. 

 
3. Results and Discussion: 

The possibility of depuration of wastes from 
food industry, by using them as substrates for various 
bioproductions of potential economic interest has 
been reported before (Murado et al., 1993; Roukas, 
1999; Guerra & Pastrana, 2003). The biological 
treatment of wastes was found to be an efficient way 

for reducing their initial chemical oxygen demand 
(COD) by more than 90% (Murado et al., 1993). 

Amylases are important enzymes employed 
in the starch processing industries for the hydrolysis 
of polysaccharides (Alva et al., 2007). Microbial 
amylases meet industrial demands; a large number of 
them are available commercially (Kathiresan and 
Manivannan, 2006). Enzymes from fungal and 
bacterial sources have dominated applications in 
industrial sectors. Fungal sources are confined to 
terrestrial isolates, mostly to Aspergillus and 
Penicillium species (Kathiresan and Manivannan, 
2006; Alva et al., 2007). 

In our study, Seventy-three microbial 
isolates were isolated from the twenty different 
waste samples (Tables 1,2). These isolates were 
screened for their ability to produce amylase. As a 
result of this study, we were determined many 
isolates having the ability to produce amylase at 
different levels. In the present investigation, 38 
fungal isolates were isolated from different wastes 
and from air of the lab under mesophilic condition 
(30°C). All mesophilic fungal isolates were positive 
for α-amylase production (0.1-158.5 mg/ml) and the 
most potent isolates were F2Mbb, F5Mcd, F6Mcr, 
F20Mse, F32Mla, F33Mla, F34Mla and F36Mla (Table 
1). Out of the 11 mesophilic bacterial isolates, 6 
were α-amylase producers and the most potent 
isolates were B4M bl and B9M wbe.    
Among the 24 thermophilic isolates under study, 
only three bacterial isolates (B13Tcd, B19Twbe, 
B23Tyl) and the fungal isolate (FT pl) were exhibited 
the highest α-amylase production (Table 2). 

In the present investigation, reevaluation of 
the most potent 14 mesophilic and thermophilic 
isolates (B4M bl, B9M wbe, F2M bb, F5M cd, F6M 
cr, F20M se, F32M la, F33M la, F34M la, F36M la, 
B13T cd, B19T wbe, B23T yl and FT pl) regarding α-
amylase production was carried out on different food 
stuff wastes (Brown bread BB, Cooked rice CR, 
Soya bean SB, Palm leaves PL, White bean WBe 
and Wheat bran WB). The mesophilic isolate F2Mbb 
had the ability to grow on different enviro-agro-
industrial wastes with high α-amylase activity and it 
was selected as the most potent α-amylase producer. 
Moreover, wheat WB bran was the best waste that 
stimulated the highest enzyme productivity followed 
by PL and was selected for its availability and 
simplicity to manipulate it.   
         Fungal isolate F2Mbb was found belong to 
Aspergillus flavus, so it was given the name and the 
code no (Aspergillus flavus, F2Mbb).  Figure 2 
shows a microscopic picture by phase contrast 
microscope of it. This strain was maintained for 
using at the advanced experiments such as amylase 
production. 

http://www.americanscience.org/�
mailto:editor@americanscience.org�


Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 929 

Table 1. Isolation of mesophilic microbes from different wastes and their α-amylase activity. 
Bacterial 

B)/Fungal (F)  
code no 

Isolation place 
(waste) 

Isolation 
medium 

α-amylase 
production 

(mg/ml) 

Bacterial 
B)/Fungal (F)  

code no 

Isolation place 
(waste) 

Isolation 
medium 

α-amylase 
production 

(mg/ml) 

B1M bw Banana Waste ( BW) MCD BW 2.2 B4M bl Brown Lentils ( BL) MCD BL 89 

B2M bb Brown Bread ( BB) MCD BB 21.2 B5M bl Brown Lentils ( BL) MCD BL 5.6 

B3M bb Brown Bread ( BB) MCD BB 5.6 B6M bl Brown Lentils( BL) MCD BL 0 

B7M cc Cooked Chicken ( CC) MCD CC 0 B9M wbe White Bean ( WBe) MCD WBe 
33.6 

B8M jw Juice Waste ( JW) MCD JW 0 B10M wp White Pepper (WP) MCD WP 0 

B11M yl Yellow Lentils ( YL) MCD YL 0 F20M se Seasam ( Se)  MCD Se 79.4 

F1M b Baggase ( B) MCD B 0.3 F21M se Seasam ( Se) MCD Se 3.1 

F2M bb Brown Bread ( BB) MCD BB 119.1 F22M sb Soya Bean ( SB) MCD SB 44.7 

F3M bb Brown Bread ( BB) MCD BB 5.01 F23M t Tea Bags ( T) MCD T 22.4 

F4M cc Cooked Chicken ( CC) MCD CC 1.1 F24M t Tea Bags ( T) MCD T 19.1 

F5M cd Cooked Dough ( CD) MCD CD 63.1 F25M wbr White Bread ( WBr) MCD WBr 28.2 

F6M cr Cooked Rice ( CR) MCD CR 79.4 F26M wbr White Bread ( WBr) MCD WBr 19.1 

F7M jw Juice Waste ( JW) MCD JW 1.1 F27M wp White Pepper ( WP) MCD WP 0.8 

F8M jw Juice Waste ( JW) MCD JW 19.1 F28M wp White Pepper ( WP) MCD WP 1.1 

F9M ls Leaf Surface ( LS) MCD LS 0.1 F29M yl Yellow Lentils ( YL) MCD YL 3.1 

F10M ls Leaf Surface ( LS) MCD LS 0.1 F30M la Lab Air (LA) CDM 3.1 

F11M mw Macaroni Waste ( MW) MCD MW 3.1 F31M la Lab Air (LA) CDM 28.2 

F12M m Mallow ( M) MCD M 8.9 F32M la Lab Air (LA) CDM 100 

F13M m Mallow (M) MCD M 0.6 F33M la Lab Air (LA) CDM 100 

F14M mnw Mango Waste ( MnW) MCD MnW 0.6 F34M la Lab Air (LA) CDM 158.5 

F15M mnw Mango Waste ( MnW) MCD MnW 0.3 F35M la Lab Air (LA) CDM 3.2 

F16M pl Palm Leaves ( PL) MCD PL 0.5 F36M la Lab Air (LA) CDM 63.1 

F17M pl Palm Leaves ( PL) MCD PL 25.1 F37M la Lab Air (LA) CDM 3.1 

F18M se Seasam ( Se) MCD Se 2.5 F38M la Lab Air (LA) CDM 19.1 

F19M se Seasam ( Se) MCD Se 0.3     
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Table 2. Isolation of thermophilic bacteria and fungi from different wastes and their α-amylase activity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B: bacteria, T: thermophilic, F: fugus, MCD: Modified Czapek-Dox medium. Y: Yeast extract 

α-amylase 
production 

(mg/ml) 

Isolation 
medium Isolation place Bacterial B)/Fungal (F)  

code no 

1.1 MCDY B Baggase ( B) B1T b 

19.1 MCDY B Baggase ( B) B2T b 

0 MCDY B Baggase ( B) B3T b 

0.4 MCDY BW Banana Waste ( BW) B4T bw 

0.5 MCDY BW Banana Waste ( BW) B5T bw 

19.1 MCDY BB Brown Bread ( BB) B6T bb 

7.1 MCDY BB Brown Bread ( BB) B7T bb 

0.5 MCDY BL Brown Lentils ( BL) B8T bl 

0.5 MCDY BL Brown Lentils ( BL) B9T bl 

3.1 MCDY CC Cooked Chicken ( CC) B10T cc 

15.9 MCDY CC Cooked Chicken ( CC) B11T cc 

19.1 MCDY CC Cooked Chicken ( CC) B12T cc 

177.8 MCDY CD Cooked Dough ( CD) B13T cd 

0 MCDY CR Cooked Rice ( CR) B14T cr 

0 MCDY CR Cooked Rice ( CR) B15T cr 

0.5 MCDY CR Cooked Rice ( CR) B16T cr 

0 MCDY CR Cooked Rice ( CR) B17T cr 

0 MCDY WBe White Bean ( WBe) B18T wbe 

89.1 MCDY WBe White Bean ( WBe) B19T wbe 

0.4 MCDY WBe White Bean ( WBe) B20T wbe 

1.8 MCDY WBr White Bread ( WBr) B21T wbr 

0.8 MCDY YL Yellow Lentils ( WL) B22T yl 

141.3 MCDY YL Yellow Lentils ( WL) B23T yl 

33.6 MCDY PL Palm leaves ( PL) FT pl 
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Figure 2.  A microscopic picture by phase contrast 

microscope of the most potent fungal isolate 
Aspergillus flavus, F2Mbb. 

 
Many microbial species have already been 

identified as good amylase producers. Studies of 
amylases from bacteria and fungi are well 
documented (Dey et al., 1991; Babu and 
Satyanarayana, 1995; Murado et al., 1997; Sidhu et 
al., 1997; Coronado et al., 2000; Yuguo et al., 2000; 
Jin et al., 2001; Stamford et al., 2001). The 
Aspergillus species produce a large variety of 
extracellular enzymes of which amylases and 
proteases are of significant industrial importance 
(Pandey et al., 2000).  
  Also, Abou-Zeid (1997) screened 
filamentous fungi isolated from cereals for their 
ability to produce alpha-amylase (1,4-alpha-glucan 
glucanohydrolase, EC 3.2.1.1) and the selected strain 
was identified as Aspergillus flavus showed high 
enzymatic activity. 
  The environmental and nutritional 
parameters controlling α-amylase production by the 
most potent fungal isolate F2Mbb on Czapek-Dox 
palm leaves agar medium MCDPL & Czapek-Dox 
wheat bran agar medium MCDWB were investigated. 
It is clear that 37 °C was the optimum temperature 
for the highest α-amylase production by Aspergillus 
flavus, F2Mbb for both types of substrates as shown 
in Table 3.  
 The present findings are in accordance with 
other authors who found that the optimum 
temperature for amylase production was in a range 
between 25 and 37 °C for the mesophilic fungi (Ueno 
et al., 1987; Gupta et al., 2003; Kathiresan and 
Manivannan, 2006). Moreover, Sani et al. (1992) 
indicated that, Aspergillus flavus and Aspergillus 
niger produce extracellular amylase into the culture 
medium at maximum activity at the growth 
temperature of 29.0±1°C. Recently, Shafique et al. 
(2010) determined that 30 °C was the optimum 
temperature for maximum alpha-amylase enzyme 
activity for Aspergillus niger FCBP-198. 

Concerning the effect of different incubation 
time by the most potent fungal isolate, the fourth and 
sixth day of incubation exhibited the highest α-
amylase production with MCDPL & MCDWB 
respectively (Table 4). In accordance to this result, 
the highest enzyme production was obtained after 4 
days by A. niger (Al-Azhary et al. 1984a,b and Pandey 
1991); and by Aspergillus flavus var. columnaris 
(Ammar and El-Safey, 2003).  
  The medium MCDWB was chosen to 
complete the present work because it gave better 
results than MCDPL in the previous two 
experiments.   

In the present investigation, shaking 
condition proved to play a role in the α-amylase 
biosynthesis by the most potent fungal isolate 
Aspergillus flavus, F2Mbb when allowed to grow on 
MCDWB (Table 5). In view of the findings of other 
investigators, alpha-amylases could be produced 
under the submerged culture condition (Bose and 
Das, 1996; Egas et al., 1998; Aguilar et al., 2000). 
Also, Gupta et al. (2003) reported that, agitation 
intensity influences the mixing and oxygen transfer 
rates in much fungal fermentation and thus controls 
mycelial morphology and α-amylase formation. In 
addition, Olama and Sabry (1989) reported that, the 
maximal amylase productivity of the two mold fungi 
A. flavus and P. purpurescence when grown on 
starch-containing medium in shaked flasks.  

However, Kammoun et al. (2008) indicated 
that, the speed of agitation shows limited positive 
effect on the enzyme production. An increase of the 
agitation, on such limits, causes an enzyme 
production enhancement since the aeration is an 
important factor for the growth of aerobic strains. 
According to Amanullah et al. (2000); Djekrif-
Dakhmouche et al. (2006), α-amylase production is 
independent of the speed of agitation. In the 
investigation of Gonzalez et al. (1992), a rotary speed 
of agitation at 200 rpm has caused an increase in the 
α-amylase production of A. niger. 
 According to Soni et al. (1992), the 
synthesis of the extra-cellular α-amylase is affected 
by pH, just like its secretion and the stability of the 
amylolytic system (Fogarty, 1983). 
By studying the effect of buffers of different pH 
(Table 6), a pH 6 of phosphate buffer induced the 
highest productivity of α-amylase production by 
F2Mbb. This is in accordance with De-Mot and 
Verachtert (1986) who reported that the majority 
members of Aspergilli producing amylases required 
acidic media (3.0-6.5). Moreover, optimal amylase 
production was obtained at pH 5.0 by Aspergillus 
ochraceus (Nahas and Waldemarin, 2002); pH 4 by 
Aspergillus flavus var. columnaris, s-9KP (Ammar 
and El-Safey, 2003); pH 4.5 by Aspergillus niger 
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FCBP-198 (Shafique et al., 2010); the variation in the 
pH from 5 to 6 has a positive effect on the production 
of both α-amylase by the Aspergillus niger ATCC 
16404 fungus (Djekrif-Dakhmouche et al., 2006).  
 Concerning the different inoculum size (Table 7), 
an inocula of 13 x 108 spore/ml induced the highest α-
amylase production by the most potent fungal isolate 
F2Mbb on MCDWB. Francis et al. (2003) and Jiff et al. 
(1998) reported that inoculum size was a parameter 
which affects greatly the production of α-amylase in A. 
oryzae. Similarly, Mulimani et al. (2000) reported that 
inoculum volume per gram of substrate was among the 
most effective parameters in stimulating amylase 
production by Gibberella fujikuroi.  

Similarly, a concentration of 3x108 
spores/ml exerted the highest amylolytic activity of 
Aspergillus flavus,  F7 (Sidkey et al., 1996); 0.0637 x 
106 /ml-1 of  Aspergillus flavus var. columnaris, s-
9KP (Ammar and El-Safey (2003); 5 x106 spores per 
flask were used for enzyme production by 
Aspergillus niger ATCC 16404 (Djekrif-
Dakhmouche  et al., 2006)     
 Concerning the relation between different 
chemical treatments of the MCDWB (viz: HCl, H2SO4, 
H3PO4 and NH3) and α-amylase production by the most 
potent fungal isolate, phosphoric acid was the best 
treatment among the other treatments used in this study 
(Table 8). Doelle et al. (1992) reported the ability to 
pre-treat (chemically or mechanically) some of the 
substrates before using in solid state fermentation (SSF) 
processes, making them more easily accessible for 
microbial growth. Also, Alani and Smith (1988) and 
Doran et al. (1994) showed that, the pre-treatment of 
agricultural waste has often been found useful to 
improve its digestibility and easy access for microbial 
attack (by removing core and noncore lignin fractions).   

Doelle et al. (1992) indicated that, the 
selection of a substrate for enzyme production 
depends upon several factors, mainly related with 
cost and availability of the substrate, and thus may 
involve screening of several agro-industrial residues.  

Many literatures were obtained in this 
respect, Pandey (1990) reported that, wheat bran 
however holds the key, and has most commonly been 
used, in various processes.  

Growth on wheat bran gave the highest 
amylase activity in SSF by Bacillus coagulans B49 
(Babu and Satyanarayana, 1995); Thermomyces 
lanuginosus (Kunamneni et al., 2005); Aspergillus 
oryzae using 14 agro-industrial wastes 
(Sivaramakrishnan et al., 2007).  
  A concentration of 20% of wheat bran 
exhibited the highest α-amylase productivity. Above or 
below that concentration a sharp decrease was noticed 
(Table 9). However, Djekrif-Dakhmouche  et al. (2006) 

indicated that, the production medium containing 
orange waste powder (2% w/v) favoring enzyme 
production by Aspergillus niger ATCC 16404. 
Moustafa (2002) proved that, a concentration of 20% 
(g/l) water hyacinth ground preparation as the sole 
carbon source stimulated the highest amylolytic activity 
for both fungal and bacterial isolates Thermomyces 
lanuginosus, F4 and Streptobacillus moniliformis, B7, 
respectively. 
Concerning the effect of different carbon sources on 
α-amylase production by the most potent fungal 
isolate F2Mbb (Table 10), starch soluble followed by 
the corn gluten were the best followed by the 
disaccharides lactose and galactose. The results 
indicated that, the produced α-amylase enzyme is an 
inducible enzyme. Corn gluten was preferred in this 
study as it is considered a carbon as well as a 
nitrogen source. This is in accordance to Djekrif-
Dakhmouche et al. (2006) who recorded that the 
addition of starch during fermentation increases the 
α-amylase. The α-amylase synthesis necessitates 
therefore, the presence of starch, an enzyme 
substrate, because of its inductive effect (Tani et al., 
2000; Ray, 2001), its remarkable efficiency in the 
production of enzyme, being an inexhaustible source 
of carbon compared to other carbon sources (Le 
Mense et al., 1947; McTigue et al., 1994), and 
because of its role in stabilizing the enzyme 
(Santamaria et al., 1999; Aguilar et al., 2000). 

      Similarly, Olama and Sabry (1989) 
reported that, the two mold fungi A. flavus and P. 
purpurescence produce extracellular amylase when 
grown on starch-containing medium as a sole carbon 
source.  

However, Ammar and El-Safey (2003) 
reported that, the carbon source for α-amylase 
production by Aspergillus flavus var. columnaris, s-
9KP allowed to grow on natural substrates, was 
ribose for maize meal and lactose for rice husk under 
SSF conditions. 
  Regarding effect of different nitrogen 
sources on α-amylase production by the most potent 
fungal isolate F2Mbb (Table 11), sodium nitrate 
followed by yeast extract exhibited the highest 
biosynthesis. In view of the findings of other workers 
of the nitrogen sources stimulated the highest yield of 
amylase were casamino acids, ammonium nitrate and 
sodium nitrate by A. ochraceus (Nahas and 
Waldemarin, 2002); and sodium nitrate by 
Aspergillus flavus var. columnaris, s-9KP (El-Safey 
and Ammar, 2002) and Aspergillus niger FCBP-198 
(Shafique et al., 2010).On the other hand, some 
investigators reported that organic nitrogen sources 
are preferred for the production of α-amylase. A 
maximum α-amylase production was supported by 
yeast extract; peptone or beef extract (Krishnan and 
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Chandra, 1982; Emanuilova and Toda, 1984; 
Hayashida et al., 1988; Hamilton et al., 1999). 
Recently, Kammoun et al. (2008) indicated that, the 
organic nitrogen source, like casein acid hydrolysate 
and soybean meal hydrolysate, have traditionally a 
positive effect over inorganic ones since they are also 
carbon sources and contain trace of minerals and ions 
that could enhance the enzyme secretion. 
 In this work, the sulfur containing 
amino acid methionine exhibited the highest enzyme 
productivity among the different 24 amino acids 
(Table 12). 

On the other hand, Sidkey et al. (1996) 
found that the acidic amino acid groups (glutamic 
acid and aspartic acid) were the best sources for 
inducing the highest amylase productivity by 
Aspergillus flavus, S-7. Moustafa (2002) also 
observed the maximal α-amylase productivity with 
the acidic amino acids groups. These amino acids are 
represented by aspartic and glutamic acids in case of 
Thermomyces lanuginosus, F4 while DL-alanine 
exhibited the highest α-amylase(s) productivity in 
case of Streptobacillus moniliformis B7.  

In the present investigation, to be sure of the 
proceeded results, different materials (viz; corn 
gluten, methionine and NaNO3) which exhibited the 
highest α-amylase production by the most potent 
fungal isolate F2Mbb were studied. The mentioned 
materials above were added separately or in 
combinations. A combination of methionine + corn 
gluten 0.5g + NaNO3 was found to stimulate the 

highest α-amylase productivity when allowed to grow 
on wheat bran as the sole carbon source (Table 13).  

Salts have a positive effect on the 
production of α-amylase (Table 14). These results 
support other investigations of the same enzyme 
belonging to other microbial species (whether fungal 
or bacterial) (Ilori et al., 1997; Narang 
&Satyanarayana, 2001; Djekrif-Dakhmouche et al. 
2006). By studying the effect of different salts, a 
concentration of 200 ppm of KCl, 50 ppm of 
K2HPO4, 100-200 ppm of MgSO4 and 50 ppm of 
NiSO4 were induced the highest α-amylase 
productivity by the most potent fungal isolate F2Mbb. 

Certain microorganisms are sensitive to 
microelements in the medium, resulting either in 
suppression or stimulation of growth and enzyme 
yield (Mohamed, 1976). Furthermore, the salts that 
gave the highest productivity were added together in 
a mixture. The mixing of the different salts with corn 
gluten (C), NaNO3 (N) in the presence of amino acid 
(methionine) gave the highest α-amylase productivity 
by most potent fungal isolate as shown in Table 15.  

Phosphate has a main regulatory role in the 
synthesis of primary and secondary metabolites in 
microorganisms and likewise it affects the growth of 
the organism and production of α-amylase (Gupta et 
al., 2003). In view of the other findings, Kammoun et 
al. (2008) reported that, KH2PO4, (NH4)2SO4, CoCl2, 
MgSO4 were selected based on their positive 
influence on α-amylase formation by Aspergillus 
oryzae CBS. They also elucidated that, phosphate and 
magnesium seem to play important roles on the 
expression of alpha amylase.  

 
 
Table 3. Effect of different incubation temperatures on α-amylase production by the most potent fungal isolate 

F2Mbb on MCDPL & MCDWB. 
 

α-amylase production (mg/ml) Incubation temperature 
 (°C) MCD WB MCD PL 

0 0 10 
0 0 15 

68.88 6.6 20 

105.11 9.85 25 
42.40 90.65 30 
247.00 156.2 37 
31.89 27.5625 40 
1.49 1.15 45 

0 0 50 
MCDPL=Czapek-Dox palm leaves agar medium, MCDWB= Czapek-Dox wheat bran agar medium.  
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Table 4. Effect of different incubation time on α-amylase production by the most potent fungal isolate F2Mbb on 
MCDPL & MCDWB. 

 

 

 

 

 

 
 

Table 5. Effect of static and shaking incubation on α-amylase production by the most potent fungal isolate F2Mbb on 
MCDWB. 

α-amylase production (mg/ml) Incubation condition 
4.2125 Static 
2925.425 Shaking 

 
Table 6. Effect of different pH on α.amylase production by the most potent fungal isolate F2Mbb on MCDWB. 

α-amylase production (mg/ml) pH 

7682.35 3.6 
8371.075 4.2 
5530.3 4.8 
5917.6 5.4 

9796.5625 6 
8672.5 6.5 
5851.725 7 
4021.1 7.5 

 
Table 7. Effect of different inculum size on α-amylase production by the most potent fungal isolate F2Mbb on 

MCDWB.  
α-amylase production (mg/ml) Inoculum Size (spores/ml) x 108 

11443.5375 3.5 
9145.675 6.5 
16270.95 13 
9145.675 26 

9021.9625 39 
7682.35 52 

 
 
Table 8. Effect of chemical treatment of the waste on α-amylase production by the most potent fungal isolate F2Mbb 

on MCDWB. 
 
 

 

 

 

 

 

 

 

α-amylase production (mg/ml) Incubation time 
(Days) MCD WB MCD PL 

199.9125 202.875 2 
393.9125 314.225 4 
721.8875 63.1 6 
586.45 100 8 
362.45 63.1 10 

α-amylase production (mg/ml)  Chemical Treatment (6N) 

5097.125 HCl 
2330.575 H2SO4 
5668.075 H3PO4 

3496.375 NH3 
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Table 9. Effect of different substrate concentrations on α-amylase production by the most potent fungal isolate 
F2Mbb on MCDWB. 

α-amylase production (mg/ml) Substrate concentration (%) 
474.55 0.25 
655.7 0.5 

1197.45 1 
1685.075 2 
2708.95 4 
2173.5 8 
2043.2 12 
3114.1 16 
9918.7 20 
3924.4 30 

 
Table 10. Effect of different carbon sources on α-amylase production by the most potent fungal isolate F2Mbb on 

MCDWB. 
α-amylase production (mg/ml) Carbon source 

16913.9 Control 
21046.25 Galactose 
18291.35 Dextrose 

10286 Fructose 
16742.15 Sucrose  
17516.75 Glucose 
23801.15 Lactose 
18291.35 Maltose 

30701.075 Starch soluble 
9144.1 Starch insoluble 

27019.425 Corn gluten 
 
Table 11. Effect of different nitrogen sources on α-amylase production by the most potent fungal isolate F2Mbb on 

MCDWB. 
α-amylase production (mg/ml) Nitrogen source 

9511.4 NaNO2 
19668.8 NaNO3 
14222.8 NH4HPO4 
13448.2 (NH4)2SO4 
10326 NH4Cl 
5943.3 NH4 citrate  
6493 Peptone 

12609.8 Urea 
14458.35 Yeast extract 

 
Table 12. Effect of different amino acids on α-amylase production by the most potent fungal isolate F2Mbb on MCDWB. 

α-amylase production (mg/ml) Amino acid α-amylase production (mg/ml) Amino acid 
5084.65 L-leucine 1782.6 Alanine 

2825 L-lysin-HCl 4933.85 Amino buteric acid 
11835.2 Methionine 2825 Arginine-HCl 
1782.6 Ornithine 2853.5 Asparagine 
1392.5 Phenyl alanine 4137.8 Aspartic acid 

1587.55 Proline 1782.6 Cycteine-HCl 
1782.6 Serine 1392.5 DL- alanine 
2564.4 Threonine 11060.6 DL-nor leucine 
1002.4 Tryptophan 6350.6 Glutamic acid 
1782.6 Tyrosin 6493 Glycine 
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3380.4 Valine 1782.6 Hystidine-HCl 
1392.5 Control 1782.6 Iso-leucine 

  9348.25 L-cysteine 
 

Table 13.  Effect of different combinations of (corn gluten+NaNO3+methionine) on α-amylase production by the most 
potent fungal isolate F2Mbb on MCDWB. 

α-amylase production (mg/ml) Carbon +Nitrogen +Amino acid 

6992.75 Control (no addition of C or N or amino acids.) 

7267.6 Corn gluten 0.5 g 

5483.55 Corn gluten 1 g 
4841.4 Methionine 
5758.4 NaNO3 

11060.6 Corn gluten 0.5 g + Methionine 
8776.8 Corn gluten 0.5 g +NaNO3 

16570.4 Methionine + NaNO3 

17676.625 Methionine + Corn gluten 0 .5 g + NaNO3 

 
Table 14. Effect of different salts on α-amylase production by the most potent fungal isolate F2Mbb on MCDWB. 

α-amylase  
production 

(mg/ml) 
Minerals (ppm) 

α-amylase  
production 

(mg/ml) 
Minerals (ppm) 

α-amylase 
 production 

(mg/ml) 
Minerals (ppm) 

 MgSO4  CdSO4  AgNO3 
3388.95 50 2853.5 50 8739.65 50 
25178.6 100 13041.6 100 12732.525 100 
25178.6 200 12638.6 200 10486.55 200 

 MnSO4  CuSO4  CaCl2 
10062.5 50 16225.65 50 2592.9 50 
2555.05 100 5758.4 100 2853.5 100 
9252.2 200 21046.25 200 9014.5 200 

 NiSO4  FeSO4  CaHPO4 

25178.6 50 20874.5 50 6900.3 50 

1069.1 100 5644.85 100 11116.6 100 

16570.4 200 20874.5 200 11764.325 200 

4566.55 Control  KCl  Ca(OH)2 
  10114.25 50 4545.1 50 

  4872.4 100 20735.025 100 

  25178.6 200 11899 200 
   K2HPO4  CaSO4 
  25178.6 50 3979 50 

  13316.45 100 13080.9 100 

  3388.95 200 9184.1 200 
 
Table 15. Effect of different combinations on α-amylase production by the most potent fungal isolate F2Mbb on MCDWB. 

α-amylase production (mg/ml) Minerals concentration (ppm) 

16977.7 Control + C& N sources (without salts & methionine) 

39905.2 Salts + C& N sources 

54773.9 Salts + C& N sources + Methionine 
Where salts= (100 ppm MgSO4; 200 ppm KCl; 50 ppm K2HPO4 and 50 ppm NiSO4), C source: corn gluten, N source: NaNO3 
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According to bibliographic studies, the 
effects of P- and Cl- ions on the stability of α-amylase 
have been well recognized (Chessa et al., 1999; 
Pandey et al., 2000). 

Kundu et al. (1973) indicated that, Ca2+ was 
inhibitory to amylase production by A. oryzae EI 212 
although, Ca2+ has been reported as essential for alpha 
amylase stability (Gupta et al., 2003). In addition, 
McTigue et al. (1994) indicated that both calcium and 
manganese are necessary for the α-amylase 
biosynthesis. Also Djekrif-Dakhmouche et al. (2006) 
proved that the use of manganese, iron sulfates as well 
as magnesium chloride seems to increase the 
production of α-amylase,  
 In conclusion, the present data focusing on 
obtaining microbial isolates which have the ability to 
use different enviro-agro-industrial wastes as very 
cheap and available substrates for obtaining fungal 
amylases. An interesting scope for further research 
would be to use the optimized medium for the 
synthesis of Aspergillus flavus, F2Mbb α-amylase, 
characterization and the investigation of enzyme 
kinetics for determination of industrially availability. 
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Abstract: This study was performed to investigate the effects of ginger roots and cinnamon bark extracts on fertility 
of male diabetic rats and levels of blood glucose as well as serum insulin and testosterone hormones. The 
experiment was carried out on sixty mature male Sprague Dawley rats distributed into 6 groups of 10 rats each. One 
group was kept as normal control, while rats of the other five groups were rendered diabetic by intraperitoneal 
injection of alloxan in a dose of 120 mg/kg b.wt., as a single daily dose for 3 days. Group (2) was left as diabetic 
control, while rats of groups (3) and (4) were given orally ginger extract at 250 and 500 mg/kg b.wt., respectively, 
daily for 65 days to cover the period of spermatogenesis in the rat. Rats of groups (5) and (6) were given orally 
cinnamon extract at the same doses of ginger and for the same period. The results showed that oral administration 
ginger extract at 250 and 500 mg/kg and cinnamon extract at 500 mg/kg to diabetic male rats for 65 days increased 
the weight of testes and seminal vesicles; improved semen quality and quantity; decreased blood glucose level and 
increased serum insulin and testosterone levels. The extracts also ameliorated the degenerative lesions which seen in 
the testes of diabetic rats. This study recommends that intake of ginger roots or cinnamon bark as a drink may be 
beneficial for diabetic patients who suffer from sexual impotency as their extracts induce antidiabetic activity and 
enhance male fertility in diabetic rats. [Journal of American Science 2010;6(10):940-947]. (ISSN: 1545-1003).  
 
Keywords: Ginger, Cinnamon, Male fertility, Diabetes, Biochemistry, Histopathology, Rats 
 
1. Introduction: 

Infertility is one of the major health 
problems in life, and approximately 30 % of this 
problem is due to male factors (Isidori et al., 2006). 
Several factors can interfere with the process of 
spermatogenesis and reduce sperm quality and 
quantity. Some diseases and conditions such as 
coronary heart diseases; diabetes mellitus; chronic 
liver diseases; chronic smoking; insecticide 
contaminants; air pollutants and insufficient vitamins 
intake have been reported to cause deleterious effects 
on spermatogenesis (Mosher and Pratt, 1991). On the 
other hand, previous study reported that intake of 
antioxidants and vitamins A, B, C and E can increase 
stability of testicular blood barrier and protect sperm 
DNA from oxidative stress caused by active free 
radicals (Jedlinska et al., 2006).  
        Diabetes mellitus is a chronic metabolic 
disease which affects millions of people all over the 
world. The disease is characterized by hyperglycemia 
due to insulin deficiency or insulin resistance. 
Hyperglycemia occurs when the liver and skeletal 
muscles can not store glycogen and/or the cells 
become unable to utilize glucose. The prevalent 
treatment of diabetes mellitus besides controlling 
food intake; treating obesity; proper exercise and 
changing life style includes administration of oral 
hypoglycemic drugs and subcutaneous injection of 
insulin (Rang and Dale, 1991). 
     Several medicinal plants were examined for 

their hypoglycemic and antidiabetic activities and 
some of them have been selected to develop new 
drug sources to be safety used for treating diabetes 
mellitus (Eskander and Jun, 1995). Some of these 
plants decreased the blood glucose level in 
experimental animals such as Zizyphus spina christi 
(Glombitza et al., 1994); Fenugreek (Al Habori and 
Abdel Rhaman, 1998); Urtica dioica (Bijan-Farzamie 
et al., 2003); and Balanites aegyptiaca (Shalaby and 
Khater, 2007). Other plants increased the level of 
insulin in man, rats and mice such as Rhazya stricta 
(Ali, 1997); Viscum album (Gray and Flatt, 1999) and 
Urtica dioica (Bijan-Farzamie et al., 2003).  
    Ginger (Zingiber officinale L., Family 
Zingiberaceae) roots are commonly used as culinary 
spice and medicinally used for its antioxidant 
(Sekiwa et al., 2000), androgenic (Kamtchouing et 
al., 2002) and hypoglycemic (AL-Amin et al., 2006) 
activities which were reported in animal models. The 
active ingredients of ginger roots and leaves such as 
zingerone, gingerdiol, zingibrene, gingerols and 
shogaols produced antioxidant activity (Zancan et al., 
2002). The natural antioxidants can protect DNA and 
other molecules from cell damage induced by 
oxidation and can improve sperm quality and 
increase reproductive efficiency of men (Yang et al., 
2006). Ginger was also found to possess a protective 
effect against DNA damage induced by H2O2 and 
enhanced sperm healthy parameters in rats (Khaki et 
al., (2009).  

http://www.americanscience.org            editor@americanscience.org 940

mailto:*daliaij_2000@yahoo.com
mailto:*daliaij_2000@yahoo.com


Journal of American Science                                                                                                                 2010;6(10)   

  

    Cinnamon (C. zeylanicum, Family 
Lauraceae) bark is commonly used in Arabian 
countries as a spice for most foods. In Eastern and 
Western folk medicine it used for treating abdominal 
and chest pains, chronic diarrhea, hypertension, 
kidney disorders and rheumatism. Intake of 3g or 6g 
of cinnamon bark reduced serum glucose in people 
with type 2 diabetes (Khan et al., 2003). Cinnamon 
extracts have also demonstrated hepatoprotective and 
antioxidant effects in CCL4 - intoxicated rats 
(Moselhy and Ali, 2009). 
    The present study was designed to 
investigate the effects of ginger roots and cinnamon 
bark extracts on male fertility in diabetic rats and 
levels of blood glucose as well as serum insulin and 
testosterone hormones.  

 
2. Materials and Methods: 
2.1 Plants: 
   Ginger (Zingiber officinale L., Family 
Zingiberaceae) dried roots and cinnamon (C. 
zeylanicum, Family Lauraceae) dried bark were 
obtained from local market of Herbs and Medicinal 
plants, Cairo, Egypt. Authentication of both plants 
was carried out by staff members of Botany 
Department, Faculty of Science, Cairo University, 
Egypt.  
 
2.2 Rats:  

Sixty mature male albino rats each weighing 
180-190 gm b.wt. and 14-16 weeks old of Sprague 
Dawley strain were obtained from the Laboratory 
Animal Colony, Helwan, Egypt.  Rats were kept 
under hygienic conditions in plastic cages, fed on 
basal diet and water was provided ad libitum.  
 
2.3 Alloxan: 
    It was purchased from El-Gomhoryia Company for 
Chemicals; Cairo, Egypt in the form of white powder 
packed in tightly closed bottles each containing 25gm 
alloxan monohydrate. 
 
2.4 Biochemical kits: 

Glucose enzymatic kits of BioMeriuex were 
purchased from Alkan Company for Chemicals and 
Biodiagnostics, Dokki, Egypt for determination of 
serum glucose level. Radioimmunoassay kits were 
obtained from Gamma Trade Company, Egypt for 
estimating of the levels of serum insulin and 
testosterone hormones in treated rats. 

 
2.5 Preparation of basal diet: 

Basal diet was prepared according to Reeves 
et al. (1993). It was consisted of 20 % protein 
(casein), 10% sucrose, 4.7% corn oil, 2% choline 
chloride, 1% vitamin mixture, 3.5 % salt mixture and 

5% fibers (cellulose). The remainder was corn starch.  
 

2.6 Preparation of plant extract: 
The method of plant extraction was 

described by Shalaby and Hamowieh (2010). In this 
method, the dried powder of ginger or cinnamon (500 
gm from each plant) was soaked in 2 liter of 90% 
ethyl alcohol overnight and extracted till complete 
exhaustion by percolation several times with ethanol 
as a solvent. The solvent was evaporated by using 
Rotavapour apparatus (made in Russia) connected to 
a vacuum pump and the temperature was adjusted to 
50ċ till yielding a semisolid ethanolic extract.  
Known grams of the obtained extract were dissolved 
in few drops of Tween 80 as a suspending agent, and 
then distilled water was added to prepare a solution 
of desired concentration.  
 
2.7 Experiment and Grouping of rats: 
  The rats were divided into 6 groups of 10 
animals each. The 1st group was fed on the basal diet 
and served as normal control, while the other five 
groups were given alloxan by intraperitoneal 
injection of a single daily dose of 120 mg/Kg b.wt. 
for 3 days to induce moderate stable diabetes as 
described by Ashok et al.  (2007). The 2nd group of 
rats was left as diabetic control, while diabetic rats of 
the 3rd and 4th groups were given orally ginger extract 
at 250 and 500 mg/kg b.wt., respectively, for 65 days 
to cover the period of spermatogenesis in the rat.The 
5th and 6th groups of diabetic rats were given orally 
cinnamon extract at the same doses of ginger and for 
the same period. At the end of experiment period, 
blood samples were taken for separation of serum 
which was used for estimating the levels of blood 
glucose and insulin and testosterone hormones. Rats 
were anaesthetized and epididymal contents were 
taken from the tail of epididymis for semen analysis. 
The rats were then sacrificed and the testes, seminal 
vesicle and prostate gland were dissected out and 
weighed. The testes were preserved in 10% neutral 
formalin solution till processed for histopathological 
examination. 
 
2.8 Blood sampling and biochemical analyses:  

Blood samples were collected from the 
orbital plexus of veins by capillary microtube and left 
to clot for separating the serum after centrifugation at 
3000 rpm for 15 minutes. Serum samples were 
directly frozen at –10 Ċ till biochemical analyses.   
Estimation of blood glucose was carried out using 
enzymatic glucose kits according to the method 
described by Siest et al. (1981). Serum insulin was 
determined using radioimmunoassay method as 
described by Yallow and Bauman (1983).  Serum 
testosterone concentration was determined according 
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to the method of Wilke and Utley (1987) using 
gamma counter apparatus (made in West Germany).  
 
2.9 Semen analysis: 

Epididymal contents of the treated rats were 
obtained after cutting the tail of epididymis, 
squeezing it gently on clean slide and the sperm 
progressive motility and cell count were determined 
according to the method described by Bearden and 
Fluquary (1980). Microscopic examinations of the 
seminal smears stained with Eosin Nigrosin stain 
were carried out to determine the percentages of 
sperm viability (ratio of alive/dead) and sperm cell 
abnormality according to Amman (1982). 
 
2.10 Histopathological examination: 

Testes of the treated rats were taken and 
fixed in 10 % neutral formalin solution. The fixed 
specimens were then trimmed, washed and 
dehydrated in ascending grades of alcohol. These 
specimens were cleared in xylene, embedded in 
paraffin, sectioned at 4-6 microns thickness and 
stained with Hematoxylen and Eosin (H &E) then 
examined microscopically according to the method 
described by Luna (1968). 
 
2.11 Statistical analysis: 

Data were expressed as means ± S.E. and 
statistical analysis was carried using computerized 
SPSS program. Significance was performed using the 
least significant difference and paired Student ''t'' test 
according to Snedecor and Cochran (1986). 
 
3. Results: 

Interaperiotenal administration of alloxan to 
normal rats in a dose of 120 mg/kg b.wt. caused 
significant (P < 0. 01) decreases in the weight of 

testes, seminal vesicle and prostate glands. Oral 
administration of ginger extract at 250 and 500 mg/kg 
b.wt. to diabetic rats for 65 days significantly 
increased the weight of testes and seminal vesicle and 
did not affect the weight of prostate glands as 
compared to the diabetic control group. Cinnamon 
extract when given to diabetic rats by the same doses 
and for the same period did not significantly affect 
the weight of the above mentioned sexual organs as 
shown in Table (1).     

Concerning semen picture, it was found that 
alloxan decreased the sperm progressive motility, 
sperm count and viability, but increased the 
percentage of sperm cell abnormality in diabetic rats 
as recorded in Table (2). The most frequently seen 
sperm cell abnormalities in the seminal smears of 
diabetic rats were detached head and coiled tails as 
demonstrated in Fig. (1A and B).  Oral administration 
of either ginger or cinnamon extract at 250 and 500 
mg/kg b.wt. for 65 days to diabetic rats induced 
significant (P < 0.001) increases the sperm 
progressive motility, sperm count and viability as 
well as decreases in the percentage of sperm cell 
abnormality.  

    As shown in Table (3), the serum glucose and 
insulin hormone levels of diabetic rats were 225.5 ± 
4.6 mg/dL and 3.66±1.2 µU/ml versus 95.8 ± 3.5 
mg/dL and 6.40±1.5 µU/ml of normal rats, 
respectively. Oral administration of ginger extract at 
250 and 500 mg/kg b.wt. for 65 days to diabetic rats 
significantly (P < 0. 01) decreased serum glucose 
concentration and increased insulin level as compared 
to the diabetic control group. Cinnamon extract when 
given to diabetic rats at the same doses and for the 
same period significantly (P < 0. 05) reduced serum 
glucose level, but did not affect the level of insulin 
hormone as compared to the diabetic control group. 

 
 
Table (1): Effect of oral administration of extracts of ginger and cinnamon for 65 days on the weight of sexual 

organs of male diabetic rats. (n= 10 animals) 
Mean ± SE of sexual organs weight (g) Groups and Treatment 

Testes Seminal vesicles Prostate glands 
Normal  control  

Distilled water  (1 ml) 
2.80 

±0.22 
1.75 ± 0.15          0.66 ± 0.01 

Diabetic control 
Alloxan (120 mg/kg) 

1.65** 
±0.12 

  1.00** ± 0.14    0.23** ± 0.01 

Ginger extract (250 mg/kg) 
2.15** 
±0.33 

1.51* ± 0.16  0.35 ± 0.03 

Ginger extract (500 mg/kg) 
2.40** 
±0.26 

1.65* ± 0.18 0.39 ± 0.02 

Cinnamon ext. (250 mg/kg) 
1.65 

±0.13 
0.87 ± 0.15 0.22 ± 0.04 

Cinnamon ext. (500 mg/kg) 
1.90 

±0.22 
1.12 ± 0.12 0.33 ± 0.01 

  The treated groups were compared to the diabetic control group using Student 't' test     
  * Significant at P < 0. 05                 ** Significant at P < 0. 01
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                                            (A)                                          (B) 
     Fig (1): Seminal smear obtained from a diabetic control rat given alloxan showing   detached head (A) and 

coiled tails (B).    (Eosin Nigrosin stain X 60).   
 
Table (2): Effect of oral administration of extracts of ginger and cinnamon for 65 days on sperm cell 

characteristics of male diabetic rats.  (n= 10 animals)  
Sperm cell characteristics (Mean ± S.E.)  

Groups and Treatments Motility 
(%) 

Count (106/ 
epididymis) 

Viability 
(%) 

Abnormality 
(%) 

Normal control  
Distilled water (1ml) 

90.00 
  ± 1.0 

 77.67 
± 0.48 

     89.0 
   ± 0.12 

3.67 
± 0.18 

Diabetic control 
Alloxan (120 mg/kg) 

  50.00*** 

 ± 1.03 
55.00*** 

      ± 0.33 
60.0*** 

   ± 0.16 
8.25 

± 0.08 

Ginger extract (250 mg/kg) 
  64.00*** 

 ± 2.30 
64.67*** 

     ± 0.43 
65.0*** 

   ± 0.10 
4.33 

± 0.18 

Ginger extract (500 mg/kg) 
  85.0*** 
± 0.22 

72.67*** 

     ± 0.28 
75.0*** 

   ± 0.13 
3.76 

± 0.18 

Cinnamon ext. (250 mg/kg) 
  60.00*** 

  ± 0.12 
58.00*** 

     ± 0.35 
66.0*** 

   ± 0.15 
5.43 

± 0.18 

Cinnamon ext. (500 mg/kg) 
  65.00*** 

  ± 0.20 
59.00*** 

     ± 0.30 
     72.0*** 
    ± 0.13 

4.24 
± 0.24 

      The treated groups were compared to the diabetic control group using Student 't' test     
       *** Significant at P < 0.001 
 
Table (3): Effect of oral administration of extracts of ginger 

and cinnamon for 65days on blood glucose and 
insulin hormone levels in male diabetic rats. (n= 10 
rats) 

  Groups and Treatments  
Glucose level 

(mg/dL) 
Insulin level 

(µU/ml) 

Normal control  
Distilled water (1 ml) 

95.80 ± 3.5 6.40 ± 1.5 

Diabetic control 
Alloxan (120 mg/kg) 

225.50** ± 4.6 3.66** ± 1.2 

Ginger extract (250 mg/kg) 212.97** ± 5.9 4.90* ± 1.4 

Ginger extract (500 mg/kg) 195.90** ± 6.2 5.10** ± 1.2 

Cinnamon ext. (250 mg/kg) 216.22* ± 7.3 4.00 ± 1.4 

Cinnamon ext. (500 mg/kg) 218.50 * ± 8.5 4.10 ± 1.3 

The treated groups were compared to the diabetic control group 
using Student 't' test     * Significant at P < 0. 05       ** Significant 
at P < 0. 01 

Data in Table (4) show that intraperitoneal 
administration of alloxan to normal rats at a dose of 
120 mg/kg b.wt. induced a significant (P < 0. 01) 
decrease in serum testosterone hormone to 3.3 ± 0.13 
ng/dL versus to 7.7 ± 0.14 ng/dL in the normal 
control rats. Oral administration of either ginger or 
cinnamon extract at 25o and 500 mg/kg for 65 days 
to diabetic rats caused significant (P < 0. 01) 
increases in serum testosterone levels as compared to 
the diabetic control rats. 
     Histopathological examination of the testes 
of normal rats showed normal histological structure 
of active mature functioning seminiferous tubules 
associated with complete spermatogenic series as 
demonstrated in Fig. (2). The testes of alloxan – 
induced diabetic rats revealed  marked degeneration  
of most seminiferous tubules with absence of 
spermatogenic series in tubular lumen as shown in 
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Fig.(3). Microscopic examination of the testes of rats 
given ginger extract at 250 and 500 mg/kg b.wt. 
revealed normal histological structure of most 
seminiferous tubules with normal spermatogenic 
series as illustrated in Fig (4) and Fig.(5). The testes 
of rats given orally cinnamon extract at 250 mg/kg 
b.wt. showed mild degeneration of most 
seminiferous tubules associated with normal 
spermatogenic series as demonstrated in Fig (6). 
Examination of the testes of rats given cinnamon 
extract at 500 mg/kg b.wt. revealed showing normal 
histological structure of most seminiferous tubules 
with normal spermatogenic series as shown in Fig. 
(7). 
 
Table (4): Effect of oral administration of extracts 

of ginger and cinnamon for 65 days on 
serum testosterone hormone in male 
diabetic rats. (n= 10 rats)  

Groups and Treatments 
Testosterone 
level (ng/dL) 

 
Normal control  
Distilled water (1 ml) 

7.73    ±  0.14  

Diabetic control
Alloxan (120 mg/kg) 

3.30** ±  0.13 

Ginger extract (250 mg/kg) 5.18**  ±  0.11 
Ginger extract (500 mg/kg) 6.46** ±  0.14 
Cinnamon ext. (250 mg/kg) 5.46**  ±  0.13 
Cinnamon ext. (500 mg/kg) 5.64** ±  0.15 
The treated groups were compared to the diabetic 
control group using Student 't' test     
       ** Significant at P < 0. 01 
                                                                                   
        

Fig (2) Fig (3) 

Fig (4) Fig (5) 

Fig (6) Fig (7) 
Fig. (2):  Testis of a control rat showing normal 

histological structure of active mature functioning 
seminiferous tubules(S) associated with complete 
spermatogenic series. 

Fig. (3): Testis of a diabetic rat showing marked 
degeneration (d) of most seminiferous tubules 
with absence of spermatogenic series in tubular 
lumen.  

Fig. (4): Testis of a rat given of ginger extract at 250 
mg/kg b.wt. for 65 days showing normal 
histological structure of most seminiferous tubules 
with normal spermatogenic series. 

Fig. (5): Testis of a rat given ginger extract at 500 
mg/kg b.wt. for 65 days showing normal  
histological structure of most seminiferous tubules 
with normal spermatogenic series. 

Fig. (6): Testis of a rat given cinnamon extract at 250 
mg/kg b.wt. for 65 days showing mild  
degeneration of most seminiferous tubules with 
normal spermatogenic series. 

Fig. (7): Testis of a rat given cinnamon extract at 500 
mg/kg b.wt. for 65 days showing normal 
histological structure of most seminiferous tubules 
with normal spermatogenic series. (H & EX 40) 

 
4. Discussion:  

The current study was carried out to 
determine the effect of extracts of ginger roots and 
cinnamon bark on fertility of male diabetic rats 
following oral administration for 65 days (period of 
spermatogenesis in the rat). In addition, their effects 
on the levels of blood glucose and insulin and 
testosterone hormones were also estimated. 

 The obtained results revealed that 
intraperitoneal administration of alloxan to normal 
male rats in a dose of 120 mg/kg b.wt. for 3 days 
decreased the weight of testes, seminal vesicle and 
prostate glands, induced marked testicular 
degeneration, lowered semen quality and quantity, 
increased blood glucose and decreased serum insulin 
and testosterone levels. It is well known that diabetes 
is positively associated with lowered male fertility 
and sexual dysfunction (Mosher and Pratt, 1991). 
Recently, Sandra et al. (2008) concluded that the 
neuropathy and vascular insufficiency which caused 
by diabetes may be related to sexual dysfunction  
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    Concerning ginger extract, the obtained 
results showed that its oral administration at 250 and 
500 mg/kg for 65 days to male diabetic rats caused 
increases in the weight of testes and seminal vesicle, 
a decrease in blood glucose associated with increases 
in serum insulin and testosterone levels and an 
improvement of sperm motility and quantity as well 
as alleviation testicular degenerative changes that 
seen in the testis of diabetic rats. These findings agree 
with those reported by Morakino et al. (2008) and 
Khaki et al. (2009) who concluded that ginger may 
be promising in enhancing sperm healthy parameters. 
The authors attributed the improvement of 
reproductive functions of male rats by ginger to its 
antioxidant and androgenic activities. The alleviation 
of testicular lesions seem in diabetic rats after oral 
administration alcoholic extract of ginger, that 
reported in this study, may be explained by the 
previously reported antioxidant and androgenic 
effects of ginger and/or by its antidiabetic activity. 
The reported antidiabetic activity of ginger that 
evident by hypoglycemia and hyperinsulinemia by 
large dose of ginger, in this study, was similar to that 
those obtained by Akhani et al. (2004), Kadnur and 
Goyal (2005), Ojewole (2006) and Nammi et al. 
(2009). The authors concluded that the ethanolic 
extract of ginger roots produces an antidiabetic effect 
and increases insulin secretion in streptozotocin-
induced diabetic rats. The improvement of male 
reproductive function by ginger reported in this study 
could be explained by its direct cytoprotective 
activity on testicular tissue that seem by 
histopathological examination or indirectly via 
increasing serum testosterone or lowering serum 
glucose and increasing serum insulin levels.  
     With regard to cinnamon extract, the present 
data revealed that its oral administration at the large 
dose (500 mg/kg b.wt.) decreased blood glucose level 
associated with increases in serum insulin and 
testosterone levels and an improvement of sperm 
motility and quantity as well as alleviation of 
testicular degenerative changes that seen in the testis 
of diabetic rats. These findings are partially similar to 
those reported by Khan et al. (2003) who concluded 
that intake of 3 gram or 6 gram of cinnamon reduces 
the fasting serum glucose in people with type 
2diabetes. The hypoglycemic effect cinnamon extract 
which reported her it may be due to its 
hyperinsulinemia that evident in this study. The 
improvement in fertility parameters that caused by 
large dose of cinnamon extract could be attributed to 
its antioxidant activity that previously reported by 
Moselhy and Ali (2009). The authors concluded that 
cinnamon extracts have an antioxidant effect in 
CCL4 - intoxicated rats. Yang et al. (2006) concluded 
that the natural antioxidants can protect DNA and 

other molecules from cell damage induced by 
oxidation and can improve sperm quality and 
increase reproductive efficiency of men. Jedlinska et 
al. (2006) reported that intake of antioxidants and 
vitamins A, B, C, and E can increase stability of 
testicular blood barrier and protect sperm DNA from 
oxidative stress caused by active free radicals. In 
addition, the enhancement of fertility properties 
which produced by cinnamon extract could be 
explained by its direct effect on the testes causing an 
increase in testosterone secretion which reported in 
this study.  
     In conclusion, the oral administration ginger 
extract at 250 and 500 mg/kg or cinnamon extract at 
500 mg/kg to diabetic male rats for 65 days increased 
the weight of testes and seminal vesicles, improved 
semen quality and quantity; reduced blood glucose 
level and increased serum insulin and testosterone 
levels. It also alleviated the degenerative lesions 
which seen in the testes of diabetic rats. Therefore, 
this study recommends that intake of ginger roots or 
cinnamon bark as a drink may be useful for diabetic 
patients who suffer from sexual impotency as their 
extracts produce antidiabetic activity and exhibit 
fertility enhancing properties in male diabetic rats.                                  
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Abstract: This study is an attempt to prevent or minimize the negative effects due to ingesting feed contaminated 
with aflatoxins (AFs). An exposure study extended for two different stages was conducted using eighteen Egyptian 
male sheep. The 1st stage (pre-treatment) was suggested to compare the performance of animal groupings under the 
normal conditions before receiving any treatment, either level of contamination(s) or dosage(s) of additive, such 
stage extended for 2 weeks. The 2nd stage (treatment), animals received aflatoxin(s)-contaminated diets (10 
mg/kilogram concentrated diet) and / or the thyme oil at two levels (250 and 500 mg / head / day), such stage 
extended for 4 weeks. The average body weights, body weight gains and feed conversion ratios were dramatically 
affected during the exposure stage to AFs. The thyme oil treatment reduced the adverse effects of aflatoxins and 
improved the rumen activity and motility and animal performance in general, either at low or high dose. The 
activities of gamma-glutamyl transferase (γGT); aspartate aminotransferase (AST) and alkaline phosphatase (ALP) 
enzymes, were significantly elevated during exposure to aflatoxins. Also, serum uric acid level was increased; but 
the levels of serum glucose and albumin were decreased by dietary aflatoxin. On the other hand, the use of thyme oil 
either 250 or 500 mg / head / day; approximately normalizing such levels. The major excretory route of aflatoxins 
and their metabolites was found to be the urine (accounting for 39.71% to  68.32% of the tatoal AFs-excretion 
forms, whereas less than 10% of these forms were excreted in the feces. Only about 52% of the dose was recovered 
in the feces and urine in identifiable forms, mainly aflatoxin B2α (AFB2α) and unchanged aflatoxin B1(AFB1) 
without any detectable amount of aflatoxicol. In conclusion, our results may lead us to suggest that there is a 
significant liver dysfunction in these groups, 10 mg of aflatoxin/kg of diet was sufficient to impair performance and 
cause liver damage in male sheep, the thyme oil could be considered a potential natural antitoxicant for sheep and 
could protect sheep from hepato-toxicities which induced by aflatoxin-contaminated diet when used as a sole diet. 
[Journal of American Science 2010;6(10):948-960]. (ISSN: 1545-1003). 
 
Keywords: aflatoxins (AFs); Egyptian; sheep; gamma-glutamyl transferase (γGT); aspartate aminotransferase 
(AST); alkaline phosphatase (ALP) 
 
1. Introduction: 

Aflatoxins (AFs), a group of closely related, 
biologically active mycotoxins, are produced by 
strains of Aspergillus flavus and A. parasiticus and 
occur naturally in several important animal feeds, 
including corn, cotton seed, and peanuts (Moos, 
2002). Acute aflatoxicosis causes hepatitis, icterus, 
hemorrhage, and death. Reduced growth rate is the 
most sensitive clinical sign of chronic aflatoxicosis, 
and it may be the only readily detectable abnormality 
(Pier, 1992; Casado et al., 2001). Although the exact 
mechanism by which aflatoxins reduce growth rate is 
not known, disturbances in protein, carbohydrate, 
and lipid metabolism are probably involved (Cheeke 
and Shull, 1985). More attention has focused on the 
alleviation or prevention of aflatoxicosis by 
manipulation of dietary nutrients (Abdel-Wahab et 
al., 2007; Saad and Abdel-Fattah, 2008) or the 
inclusion of chemiadsorptive compounds (Kubena et 
al., 1991; Schell et al., 1993a,b). Reports concerning 
aflatoxicosis in ruminants, in sheep in particular, 

vary. Some experiments showed that ruminants are 
more resistant to AF poisoning than monogastric 
animals (Pier, 1992). However, the data in the 
literature on the extent of ruminal degradation of AF 
and its effects on rumen microbial activity are not 
consistent (Jouany and Diaz, 2005).  Harvey et al., 
(1991) reported a dose of 2.6 mg of AFB1 kg of diet 
significantly reduced feed intake and BW gain and 
increased serum enzyme activities indicative of liver 
damage.  

Essential oils are one of the three main 
groups produced as a plant secondary metabolites. 
Some essential oils have antimicrobial activities and 
are currently considered safe for human and animal 
consumption, and are categorized as GRAS. 
Rrecently,  the potential use of essential oils in 
ruminant diets has been reviewed by Ultee et al., 
(2002); Calsamiglia et al., (2007) and Benchaar et 
al., (2007) and some reported that the compounds 
with phenolic structures, such as thymol and 
carvacrol, are more effective as antimicrobials in 
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comparison with other non-phenolic secondary plant 
metabolites due to the presence of a hydroxyl group 
in the phenolic structure.  

Ruminal ciliate protozoa play an important 
role in biodegradation of plant toxins and mycotoxins 
(Yiannikouris and Jouany, 2002). Moreover, 
Ruminal ciliates play an important role in regulation 
of ruminal condition such as pH. Ruminal ciliate 
protozoa eliminate certain pathogens from the 
digestive tract of ruminant, protecting them from 
disease and so improving the food safety of edible 
animal products (McIntosh et al., 2003). 

There is no available data dealing with the 
efficacy of essential oils on the protozoal activities 
and its ability to biodegradation of chemicals that 
have negative effect on rumen ecosystems (such as 
mycotoxins). So, the objective of the present study 
was to evaluate thyme oil, as natural additive to diets 
of sheep, on digestibility of nutrients, growth 
performance, feed utilization, increasing the 
protozoal activities and its ability to minimize the 
adverse effects of aflatoxin-contaminated diet fet to 
Egyptian male sheep at level 10 mg/kg contaminated 
diet. Thyme oil was offered in encapsulated form to 
prevent palatability problems reported in previous 
studies (Cardozo et al., 2006 and Busquet et al., 
2003). 
 
2. Materials and Methods 
1-The general layout of the study 

Eighteen apparently healthy Egyptian male 
Baladi sheep with a mean  body  weight of 38.25 ± 
2.34 kg, and age from 6 to 8 months; were selected 
from a local private farm of Kalubia province, Egypt, 
passed through two main stages, which lasted six 
weeks as follows: the 1st pre-treatment stage extended 
for two weeks to make the animal will be adapted for 
the tested diet, and to avoid any differences in both 
type and number of ruminal microflora before 
treatment. During this stage, all experimental animals 
were fed sound rations (without aflatoxins or thyme 
oil), checked and observed for any abnormalities. The 
daily ration contained 70 % concentrated diet (60 % 
wheat, 9 % soy meal and 1 % mineral/vitamin 
mixture) and 30 % hay as roughage. The 2nd 
treatment stage, was extended for further four weeks. 
The experimental design during this stage is shown in 
Table (1). Feeds Were offered in two equal portions 
at 0700 a.m and 1800 p.m. to meet NRC nutritional 
requirements (NRC, 1985). Berseem hay ( BH) was 
offered once daily at 2100 p.m. Fresh water was 
freely available to animals. Animals were biweekly 
weighed in the morning before  offering any feed or 
water. Live body weight changes and feed intakes 
were recorded at biweekly intervals. Chemical 
analysis and aflatoxins estimation were conducted at 

Laboratory of Food toxins and contaminants, 
National Research Centre, Egypt. The protozoal 
count were conducted at Regional Center for Food 
and Feed ( RCFF), Agricultural Research Center, 
Ministry of Agriculture, Egypt. 
 
2- Animals and rations: 

At the treatment stage, the tested animals (N 
=18) divided randomly into six experimental groups 
in equal numbers (N=3) of animals after 
approximately similar weight and age ( 6 to 8 
months), and the first three groups served as control 
groups and fed on sound rations (free from 
ochratoxins) The 1st one fed on non polluted ration 
and had no additive to act as “negative control”. The 
2nd and 3rd groups acted as “positive control”, in 
which the 2nd group fed on non polluted ration + 1 
capsule (250 mg thyme oil) from examined thyme oil 
/ head /day; but the 3rd group fed on non polluted 
ration + 2 capsules (500 mg thyme oil) / head /day. 
On the other hand, the 4th group fed on AFs-polluted 
ration only without any additive oil, but 5th group fed 
on polluted ration + 1 capsule (250 mg thyme oil) 
from examined oil / head /day. 6th group fed on 
polluted ration + 2 capsules (500 mg thyme oil) /head 
/day. The selected dose of AFB1, the selected dose of 
thyme oil and duration period of AFs-exporure, were 
literature based (Benchaar et al., 2006b; Cardozo et 
al., 2006 and Castillejos et al., 2006). 
 
3- Digestibility trial:  

At the end of 3rd week of the treatment 
period, all animals from each group were taken to 
determine the digestibility and nutritive value of  
expermintal diets. Samples of rations, refusal, feces 
and urine were taken daily, for seven days. Refusals 
were collected daily at 07.30h, weighed, sampled, 
and then stored. Total daily fecal output for each 
animal was also collected, weighed, homogenised 
and  10% of feces samples were dried at 70º C for 24 
hr , then blended and kept for aflatoxins analysis 
according to AOAC methods (1990). Different 
parameters of digestibility of the different six feeding 
treatments were measured as: dry matter intake, 
digestible crude protein intake, percentage of total 
digestible nutrients (TDN, %), total digestible 
nutrient intake (TDNI) and percentage digestible 
crude protein (DCP, %). Nutrient consumed during 
the digesitibility trail were calculated according to 
feeds consumed and their chemical composition 
(AOAC, 1980) as follows: 
TDN % = % DCP + % DCF + % DNFE + 2, 25 x % DCEE 
  With        DCP: digestible crude protein 
                    DCF: digestible crude fibre 
                     DNFE: digestible nitrogen-free energy 
                     DCEE: digestible crude ether extract 
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TDNI = TDN%  x DMI 
With   DMI: Dry Matter Intake (DM eaten) 
 

 
Digestibility (D)% = (DMI – DMO/DMI) x 100% 
With        DMO: Dry Matter Output (DM in faeces)                  
DCP % = (DCP/DMI) x 100% 

 
Table (1) Chemical composition of various ratios (% DM basis ), offered to male sheep during the treatment 
stage of experiment (four weeks). 

Groups, DM composition %: Item 
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 

%Ingredient  
 

Wheat (Aflatoxin free) 
 

Soy meal 
 

aAFs- contaminated 
material (wheat) 

 
Berseem hay 

 

bMinerals/vitamin mixture 
 

cThyme oil (as capsule) 
 

%, Chemical compositiond 
 

Crude protein (CP) 
 

Crude fiber (CF) 
 

Ether Extract  (EE) 
Nitrogen 

 
Free Extract (NFE) 

 
Organic matter (OM) 

 
Ash 
 

DE K cal/kg* 
 

Moisture 

 
 

60 
 
9 
 
0.0 

 
30 
 
1 

 
0.0 
  
  
 

11.82 
 

27.03 
 

2.87 
 
 

58.28 
 

94.94 
 

5.06 
 

2.93 
 

8.86 

 
 
60 
 
9 
 
0.0 

 
30 
 
1 

 
1 
 
 

 
11.79 

 
27.09 

 
2.92 
 
 

58.20 
 

94.98 
 

5.02 
 

2.93 
 

8.64 

 
 
60 
 
9 
 
0.0 

 
30 
 
1 

 
2 
 
 

 
11.98 

 
26.88 

 
2.98 
 
 

58.16 
 

94.97 
 

5.03 
 

2.93 
 

8.55 

 
 

57.30 
 
9 
 
2.7 

 
30 
 
1 

 
0 
 
 

 
12.05 

 
27.05 

 
2.87 
 
 

58.03 
 

94.96 
 

5.04 
 

2.93 
 

7.75 

 
 

57.30 
 
9 
 
2.7 

 
30 
 
1 

 
1 
 
 

 
11.93 

 
27.11 

 
2.92 
 
 

58.4 
 

94.96 
 

5.04 
 

2.93 
 

9.71 

 
 

57.30 
 
9 
 
2.7 

 
30 
 
1 

 
2 
 
 

 
11.84 

 
27.09  

 
2.98 
 
 

58.09 
 

94.95 
 

5.05 
 

2.93 
 

11.07 

N.B. a- 2.70 % AFs- contaminated material equal to 10 mg AFs or 6.48 mg AFB1/kg concentrated feed on dry 
matter bases. All ingredients except AFB1-cont.wheat were AFB1- free 
b- Other ingridients: 1.2% limestone, .24% calcium phosphate, .38% KCl, .4% Co-I salt, .5% trace mineral mix, and 
20% vitamin mix. The trace mineral mix was formulated to provide 22 mg of &SO,, .ll mg of Se, 28 mg of ZnO, 
28.5 mg of MnO, 750 mg of MgO, 2.0 g of KC1, and 1.6 g of Co-I NaCl per kilogram of mixed diet. The vitamin 
mix was formulated to provide 7,000 IU of vitamin A, 3,000 IU of vitamin D3, and 6 IU of vitamin E per kilogram 
of mixed diet. 
c- Each one capsule contains 250 mg thyme oil. 
d- DM, OM, CP, CF, EE and NFE; are means of dry matter, organic matter, crude protein, crude fiber, ether extract, 
and nitrogen free extract, respectively. 
*DE = 4.36-0.049×NDFDF = 28.924 + 0.657 ( CF%) according to Cheeke (1987). 
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4- Sampling  
4.1- Blood samples:  

Blood samples were taken weekly from the 
jugular vein prior to the morning feeding, at the 
following times: 0, 6, 13, 20 and 27 days of treatment 
period. Blood samples were placed on ice, allowed to 
clot and after centrifugation, serum was separated 
and frozen at -20 °C until it was analyzed for AFB 1, 
AFB2α and aflatoxicol. 
 

4.2- Sampling of rumen liquor. 
Rumen fluid samples were collected from 

all animals groups using a rubber  stomach tube at 3 
hrs post feeding and handled according to Nsabimana 
et al., (2003). For experiment, approximately 250 ml 
of ruminal contents was collected from sheep by 
stomach tube, separated into two portions; the first 
was used for immediate determination of pH using 
digital pH-meter, while the 2nd portoin was 
transported to the laboratory at 39°C in anaerobic 
condition to be used for rumen  protozoal count, 
identification and activity estimation. Tubes and 
equipments were rinsed with 5% formalin and then 
saline following each use to prevent artificial 
inoculation of viable protozoa among animals. 
 
4.3- Sampling of feces and urine   

During the 3rd wk of the experiment, total 
feces and urine of animals were collected twice daily 
over a 7-days period. Urine was collected from an 
indwelling cyatic catheter, which was also placed 1-
day before the toxin administration. Feces were 
collected in fecal bags. Following the collection 
period, total samples of urine and feces from each 
animal were homogenized, and aliquot samples were 
stored at -20°C until further analysis.  
 
5- Plant materials 

The leaves of Thymus volgaris (5.75 kg) 
were was purchased from local market,, Cairo, 
Egypt.  
 
6- Analytical methods 
6.1- Preparation of aflatoxin(s)- artificially 
contaminated ingredient. 

Aflatoxins (AFs) which were used in this 
study were produced by a culture of Aspergillus 
parasiticus NRRL 2999 (obtained from the 
Mycotoxin Lab., N.R.C., Dokki, Giza, Egypt.) on 
wheat which was used as a basal material (Shotwell 
et al., 1966). Each 500 gm quantity of wheat was 
potted in sealed 2.8 L-Fernbach flask with sufficient 
tap water to give 30% water by weight, and then 
autoclaved at 121 °C for 15 min. Autoclaved samples 
were cooled  at room  temperature, and inoculated 
with 10 ml suspension of Aspergillus parasiticus 

spores scraped from a 14 day-old potato dextrose 
agar (PDA) slant. The infected medium was 
incubated for 17 days at 28 °C. 

Qualitative and quantitative assay has been 
caried out using HPLC (Agilent Technologies, 
Waldbronn, Germany) as recommended by AOAC 
(1990). The AFs within the wheat material consisted 
of 240 mg B1, 30 mg B2, 85 mg G1 and 15 mg G2 
/kg. The wheat meal was incorporated into the basal 
diet in the ratio 2.7. % of the daily ration, to provide 
the desired level of 10 mg of total AFs or 6.48 mg 
AFB1/Kg diet. The diet containing AFs was analyzed 
and the presence of parent AFs was confirmed by 
HPLC. 
 
6.2 Extraction of thyme Oil.  

Briefly, 250 g fresh plant material of the 
plant was put in a round bottom flask and 1000 mL 
distilled water was added before subjecting to hydro 
distillation (Bankole and Joda, 2004) for 6 hours. The 
oil was recovered and dried over anhydrous sodium 
sulphate.  
 
6.3- Mycotoxins analysis:  

All standards of Mycotoxins were 
purchased from sigma company, USA. All 
Chemicals and solvents used were of ACS grade. 
Thin layer TLC aluminum plates recoated with  0.25 
mm silicagel 60 ( Merk). Aflatoxin(s) in feed and 
feces samples were extracted by B.F. method as 
described in AOAC (1998). Extracts were dissolved 
in soul chloform and vortex, 20μl aliquot and 10μ of 
the standards were stopped on TLC plates and 
developed in dark room with chloroform : actone  
(90:10). After drying the spots were examined with 
U.V at A wave length of 365 nm.  
 
Analysis of aflatoxins. 

The AFB1 and its metabolites B2α and 
aflatoxicol were analyzed in the feces, urine, and 
serum samples according to method of Richarda and 
Lyona (1986). 

Visualization and quantitation of aflatoxin B1, 
aflatoxicol and aflatoxin B2α. 

AFB1, aflatoxicol and AFB2α, were located 
by UV exposure. The plates or the fractions from the 
purification of the metabolites by high-pressure 
liquid chromatography were placed at the filter 
surface of a trans illuminator with an intensity of 
6,000 LW/cm2 at a wavelength of 365 nm. For the 
quantitative determination of the compounds, the 
silica plates were developed in solvent system 
(chloroform :actone , 90:10 ) and scanned in a 
Vitatron LTD 100 densitometer equipped with a 
mercury lamp (excitation at 366 nm and emission at 
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460 mm). The recorded areas of the spots were 
compared with standards of the respective 
compounds. 

6.4- The chemical composition of the diet and feces:  

The chemical analysis of feeds and feces 
were carried out according to AOAC (1998). Feed 
samples were collected on days: 0, 14, and 28; and 
composited. Samples of each group diet were 
analyzed for determination of dry matter (DM), 
organic matter (OM), percentage of crude protein 
(CP), ether extract (EE), crude fibers (CF), and 
nitrogen-free extract (NFE), (AOAC, 1990). 
Concentrates, hay, and feces were successively 
ground in mills with 3- and 1-mm screens. Nitrogen 
was determined using the standard Kjeldahl 
procedure with K2SO4 and CuSO4 as catalysts. The 
OM was determined by ashing at 550°C overnight. 
The NDF (cell wall), ADF, and 72% H2SO4 lignin 
were analyzed as described by Van Soest et al., 
(1991), except that NaSO3 was not used in the NDF 
preparation.  

6.5- Rumen protozoal count in rumen content: 

The total protozoal count was conducted 
according to Abou El-Naga (1967). Two 5 ml 
duplicate liquors of rumen content were separately 
taken and diluted five times by addition of 15 ml 
saline solution and 5ml of lugol's iodine solution. 
Immediately after gentle shaking, one ml liquor was 
taken up in a one ml wide mouthed graduated pipette. 
As quickly as possible, exactly 0.1 ml was pour on a 
dry clean slide which was then carefully covered by a 
dry clean cover slide with a dimensions of 23 × 51 
mm (total area of 1173 mm2). Counting was carried 
out using the low power; 30 fields in each slide were 
counted and  chosen as representative to the whole 
area.  The average count in 30 fields, which 
represents the protozoal count per one square mm 
area of the field, was multiplied by 1173 (the area of 
the cover slide) to give the protozoal count in 0.1 ml 
of the diluted sample, which represents 0.02 ml of 
original sample. Therefore, the total protozoal count 
/1 ml rumen content = average count in 30 field 
×1173×50. Each of the two diluted duplicate was 
counted and average was calculated.  
 
6.6- Evaluation of protozoal activity and motility: 

Survival rate was evaluated according to 
Nsabimana et al., (2003). The survival rate was 
estimated by counting the proportion of motile ciliate 
under a microscope. Motility of ciliates was 
examined and counts were repeated 5 times per 
sample and the mean was calculated to be considered 
as individual reading.  
 

6.7- Determination of ruminal pH:  
The pH values of the collected rumen juice 

samples were estimated by means of an electric pH–
meter ( Wissens Chaftlish tehcnisch werkstatten D 
8/20 weitheim Ph 40 ) according to Nassar (1971).  
 .   
6.8- Determination of several metabolic variables: 

Aspartate transaminase (AST), alkaline 
phosphatase (ALP) and gamma glutamate transferase 
(γGT) activities; and the concentrations of albumin, 
uric acid and glucose in serum, were measured 
colourmetrically using spectrophotometer 
(Instruction Manual UV-1201, Shimadzu) and 
commercial kits. AST, ALP and γGT kits were 
purchased from (Stanbio Laboratory, North Main, 
Boerne, TX USA). Albumin, uric acid and glucose 
kits were purchased from Randox Laboratories Co., 
UK.  
 
7- Statistical analysis: 

The differences in feed intake, average daily 
gain, nutritive values and apparent digestibility 
coeffecients, were examined using F- Test through 
the analysis of variance (ANOVA) according to 
Snedecor and Cochran, (1982). The differences 
among periods were tested using Duncan' s multiple 
range test (Duncan, 1955). All data were represented 
by means ± standard error (SE). All differences were 
considered statistically significant at (P < 0.05). 
 
3. Results and Discussion 
1- Animal performance 

Sheep data for daily feed intake, daily gain, 
and feed efficiency are presented in Table (2). When 
examined during the entire 28-d feeding period, 
sheep fed aflatoxins-contaminated rations with or 
without thyme oil had significantly lower (P< 0.05) 
daily feed intake, TDN, DCP and body weight gain, 
the greatest decrease was seen in sheep fed AFs- 
contaminated diet only. However, Thyme oil 
treatment significantly (P< 0.05) imoproved the 
recorded numbers of those parameters especially at 
high dose of thyme oil. The average daily body 
weight gain values were 0.103, 0.113, 0.132, 0.039, 
0.076 and 0.081 kg for groups, 1, 2, 3, 4, 5 and 6, 
respectively. Also, DM intake increased significantly 
(P< 0.05) by thyme oil treatment, especially at high 
dose treatment. In this respect, The use of thyme oil, 
as feed supplement to sheep diet in this study, had no 
adverse effect on DM intake or average daily gain 
where aflatoxins may disrupt growth and function of 
ruminal microorganisms and together with changes 
in volatile fetty acids (VFA) production may be 
responsible, in part, for the decreased growth and 
performance seen in ruminants fed aflatoxins 
Mertens (1979). On the other hand, supplemented oil 
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to growing heifers fed 10: 90 forage to concentrate 
diet had a trend to increase DM intake (Cardozo et 
al., 2006).  

Feed conversion expressed as kg DM /kg 
gain indicated that addition of thyme oil to sheep 
diets improved DM conversion by 11.96, 25.08, -
59.97, -24.58 and -22.26% for groups, 2, 3, 5 and 6; 
respectively ; over the negative control group.  The 
same trend was observed with TDN and DCP 
conversion, however group 3 tended to get better 
feed conversion with DM, TDN and DCP 
conversion. There is no a clear reason for thes 
observations, But we suggest that thyme oil may 
increased rumen microbial fermentation in the 
direction which total VFA and ammonia-N 
concentrations increased. The results of Molero, et 
al., (2004) may support this hypothesis. Our results 
were not in agreement with those obtained in vitro by 
Castillejos et al., (2006), who found that thymol at 
higher doses (500 mg/L) decreased total VFA and 
ammonia-N concentrations, and increased the acetate 
to propionate ratio. Differences in those results than 

our results may attributed to other factors (Oil 
ingredients and dosing level,  Composition of the diet 
and /or others). Several in vitro studies suggested that 
the effects of thymol are diet and pH dependent 
(Castillejos et al., 2006; Cardozo et al., 2005).
  
Decreased growth rate is considered the most 
common effect of chronic aflatoxicosis in young 
livestock. Additional signs of poisoning include loss 
of appetite, decreased feed efficiency, and 
immunosuppression (Raisbeck et al., 1991; Pier, 
1992). In this study, feeding AFs markedly decreased 
feed intake and daily gain remained lower in sheep 
fed AFs, particularly in sheep fed dietary aflatoxins 
alone. The exact mechanism by which AFs impairs 
growth is unknown, but it is probably multifactorial, 
involving disturbances in carbohydrate, lipid, and 
protein metabolism, nutrient interactions, and 
disturbances in hormonal metabolism (Raisbeck et 
al., 1991). Additionally, poor appetite and reduced 
feed intake, common in chronic aflatoxicosis, may 
account (at least partially) for reduced performance.  

 
Table 2: The efficacy of thyme oil and / or aflatoxin(s)-contaminated diet on sheep performance (Nutrients intake, 

nutritive values, body weight gain and feed conversion) during the study. 
Expermental groups (Means ±SE) Parameters 

 Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 
LSD 

(P<0.05) 
DailyDM intake, gm 

 
Body weight 

 
Initial B.W. 

 
Final B.W. 

 
Total B.W. gain 

 
B.W. gain (gm/day) 

 
Nutritive values: 

 
TDN intake (gm/day) 

 
DCP intake (gm/day) 

 
TDN% 
DCP% 

 
% Feed conversion ,as  

 
B.W. gain / DMI, kg 

 
TDN/ DMI, kg 

 
DCP/ DMI, kg 

 
1715 ± 23.2b 

 
 

39.17±0.48a 
 

42.06 ±0.86b 
 

2.89 ±0.23 c 

 
103.21 ±2.13 b 

 
 
 
958.17 ±16.7d 

 
203.06 ±11.5d 

 
55.87 
11.84 

 
 

 
6.02±0.13b 

 
55.87±4.8c 

 
11.84±0.11c 

 
1685 ± 31.5 b 

 
 

38.67 ±0.69 a 
 

41.85±0.89b 
 

3.18 ±0.34 c 
 
113.57 ±3.60b 

 
 
 
966.63±28.40d 
 
200.34±16.9c 

 
56.18 
11.89 

 
 

 
6.74±0.09b 

 
57.37±7.8c 

 
11.89±0.15c 

 
1755 ± 18.6 c 

 
 

38.52 ±1.12 a 
 

42.22±0.63 b 
 

3.70±0.19 c 
 
132.14±1.65c 

 
 

 
1063.42±14.8

c 
 
213.23±14.d 

 
56.89 
12.15 

 
 

 
7.53±0.17c 

 
60.59±6.5d 

 
12.15±0.4c 

 
1630± 26.5 a 

 
 

37.88±1.23 a 
 

38.98±0.92a 
 

1.10±0.09a 
 
39.28±1.14 a 

 
 

 
641.57±22.5a 
 
131.05±25.5a 

 
39.36 
8.04 

 

 

 
2.41±0.14a 

 
39.36±8.5a 

 
8.04±0.6a 

 
1690 ±34.1 b 

 
 

38.45 ±0.62 a 
 

40.60 ±1.23b  
 

2.15 ±0.19b 
 

76.78 ±3.11b 
 
 

 
823.87 ±19.48b  

 
178.29 ±13.45b 

 
48.75 
10.55 

 

 

 
4.54±0.12d 

 
48.75±5.9b 

 
10.55±0.16b 

 
1740 ± 22.6c 

 
 

39.45 ±0.93 a 
 

41.73 ±2.03b  
 

2.28 ±0.66 b 
 

81.43 ±2.25b 
 
 

 
899.76±26.1c 

 
191.05 ±16.8 c 

 
48.90 
10.98 

 
 

 
4.68±0.10d 

 
51.71±8.3b 

 
10.98±0.4b 

 
36.5 

 
 

1.64 
 

1.51 
 

0.43 
 

18.40 
 

 
 

23.15 
 

12.59 
 
- 
- 
 
 
 

0.83 
 

3.0 
 

1.1 

a,b,c,d Means in the same row having different superscripts are significantly different at ( p<0.05) 
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2- The efficacy of thyme oil and / or aflatoxin(s)-
contaminated diet on some rumen liquor parameters:  

Results of pH values, protozoal count, 
motility and activity of rumen protozoa are presented 
in Tables (3, 4, and 5). Aflatoxin(s)-treated groups 
recorded higher pH values, decreased protozoal 
count and reduced protozoal motility and activity at 
three hours post feeding; compared with the control 
groups. Adding thyme oil, improved the negative 
effects of aflatoxin treatment, and these effects of oil 
increased as their level increased (Tables, 3,4 and 5). 
These results are in agreement with those found by 

Mahmoud, (1994) and Evans and Martin (2000). 
These differences in pH values may be related to 
fermentation process of both non-structural and 
structural carbohydrates and production of volatile 
fatty acids (VFAs) as which affected the pH to same 
limit until they were proportionally and relatively 
absorbed from the rumen wall. This assumption is in 
agreement with the conclusion of Reddy and Reddy 
(1985), who stated that the pH values were inversely 
related to VFAs.  
 

Table (3) Mean pH values after three hours post feeding during the study. 
Stages of experiment 

Four week treatment stage 
groups 

Two weeks before 
treatment Zero time After two weeks After four weeks 

Group 1 
 

Group 2 
 

Group 3 
 

Group 4 
 

Group 5 
 

Group 6 

6.08±.001Aa 

  
6.30±  .006Ab  

 
6.38±.053Ab 

  
5.82±  .003Aa 

 
5.96± .008 Ab 

 

5.70± .006Ab  

5.41 ±.012Aa 

 
5.85 ±.017Ab 

 
6.02±.007 Ab 

 
5.46 ±.008Aa 

  
5.90 ±.016Ab 

 
5.88 ±.043Ab  

5.99±.003Ba 

  
5.12±  .028Aa 

 
5.35±.016Aa 

 
6.56± .031 Bb 

 
5.20± .016Aa 

 
5.07±  .004Aa  

5.68±.009Aa 

 
5.23±.035Aa  

 
5.18±.017Aa 

 
6.68±.012Bb 

 
5.15±.015Aa 

 
5.13±.026Aa  

LSD 0.61 
N.B: Different capital letters in columns between means denote significant difference between treatment in the same 
period at ( p<0.05) and vice versa. But means in the same row having different small superscripts denote significant 
change between periods in the same treatment and vice versa.  
 

The results of protozoal count, motility and 
activity showed that animals fed aflatoxin(s)-
contaminated diets with or without natural oil, were 
also affected with supplementation compared with 
the control groups (groups: 1, 2 and 3).  
Our results were contrast with those obtained by 
Busquet et al., (2005a), who reported that in vitro, 
the main thyme oil componants, Carvacrol and 
thymol at higher doses (300 mg/L ); increased pH 
values and butyrate proportion, and decreased acetate 
and propionate proportions, and total VFA 
concentration. Benchaar et al., (2006b and 2007) 
reported that feeding essential oils to dairy cattle 
increased ruminal pH and ADF digestion, but had no 
effects on protozoal counts or animal performance. 
Benchaar et al., (2006a) also reported no effects of 
the addition of CRINA (A blend of essential oils 
containing thymol, eugenol, vanillin and limonene, 
among other compounds; patent EP 0646321 B1; 
Rossi, 1999) on DM intake and growth rate of beef 
cattle. The differences in results may attributed to 
differences in the experimental conditions (Feeding 
and animal type, treatment period, the tested 
material, etc).  

 
Ruminal motility may be affected by single acutely 
toxic doses of AFs (Cook et al., 1986); however, 
effects of lower, more environmentally prevalent 
concentrations have not been determined. Such 
effects on ruminal motility would potentially 
contribute to the decreased gain seen in chronic 
intoxication.  
 
3- Some biochemical analysis of sheep serum (liver 
and kidney function tests) as affected by dietary 
aflatoxin and / or thyme oil treatment. 

Metabolic indicators did not show a 
consistent pattern as influenced by the mycotoxin or 
the two levels of thyme oil. Data for selected serum 
constituents are presented, from the beginning and 
the end of the treatment period, in Table (6). In the 
present study, serum activities of AST and γGT were 
elevated in sheep fed AFs-contaminated diets. Serum 
activities of aspartate amino transferase (AST) of 
animals fed dietary AFs only, had elevated (p ≤ 0.05) 
compared with those fed sound rations with or 
without thyme oil. Similarly, γGT activity was higher 
(p ≤ 0.05) at the end of the treatment period for group 
which fed AFs-contaminated diet only (group 4). 
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However, no significant differences were noted for 
groups fed AFs-contaminated diets plus thyme oil 
either at low or high levels (groups, 5 and 6).  
Serum enzyme activities of AST, γGT, and ALP are 
generally elevated in aflatoxicosis and indicate 
hepatocyte damage. It is of interest to mention that in 

animals fed diets contaminated with toxicants, the 
serum levels of these enzymes increased after liver 
damage because of increased membrane permeability 
or because of liver cell necrosis and cytosol leakage 
into the serum (Abdel-Wahhab, et al., 2002 ; Saad 
and Abdel-Fattah, 2008 and Ozer et al., 2008). 

 
Table (4) Mean protozoal count ± SD (cell / mL rumen liquer) after three hours post feeding  dietary 
aflatoxins and / or thyme oil during the study.  

Stages of experiment 
Four week treatment stage 

groups 
Two weeks 

before 
 treatment 

Zero Zero time After two weeks After four 
weeks 

Group 1 
 

Group 2 
 

Group 3 
 

Group 4 
 

Group 5 
 

Group 6 

328225±  430Aa 

  
316225± 908Aa  

 
303450±759Aa 

  
313225±  503Ac 

 
321225± 712 Ab 

 

297725± 558Ab 

  

356125 ±.553Aa 

 
328125 ±629Aa 

 
331225±415 Ac 

 
356350.±758Ac 

  
351900 ±.189Ab 

 

305235±348Ab  

352800±287Aa 

  
342025±  153Ab 

 
365050±560Aa 

 
263925± 830 Bb 

 
244375±  129Ba 

 

297355±550Ca  

339675±603Ba 

 
313475±484Bb  

 
381800±512Cb 

 
215050±314Aa 

 
234600±940Aa 

 

271450±940Ca  

LSD 28715 
N.B: Different capital letters in columns between means denote significant difference between treatment in the same 
period at ( p<0.05) and vice versa. But means in the same row having different small superscripts denote significant 
change between periods in the same treatment and vice versa.  
 
Table (5) : Evaluation of protozoal activity and motility. 

Stages of experiment 

Four week treatment stage 

groups 

Two weeks 
before 

 treatment Zero time After two weeks After four weeks 

Group 1 
 

Group 2 
 

Group 3 
 

Group 4 
 

Group 5 

Group 6 

+ + + + 
 

+ + + + 
 

+ + + + 
 

+ + + + 

+ + + + + + + + + + + + 

 
+ + + + 

 
+ + + + 

 
+ + + + 

 
+ + + + 

 
+ + + + 

 
+ + + + 

 
+ + + + 

 
+ + + + 

 
+ + + + 

 
+ + 

 
+ + + 

 
+ + + 

 
+ + + 

 
+ + + + 

 
+ + 

 
+ + + 

 
+ + +  

The semi-quantitative determination of both motility and activity of rumen protozoa classified the obtained results 
into four degrees with certain symbols. The 1st (+), 2nd (++), 3rd (+++) and 4th (++++) degrees refer to weak, 
moderate, good and extremely of protozoal motility and activity, respectively. 

The effects of AFs on liver function can 
vary with the amount and duration of intoxication. In 
dairy sheep, the ingestion of pure AFB1 did not alter 

liver enzymatic activity when the daily intake ranged 
between 32 and 128 μg/d for an exposure period of 1 
wk (Battacone et al., 2005). In contrast, when sheep 
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Data represented in Table (3), also indicate 
that Dietary AFs increased the levels of serum uric 
acid. As mentioned by (Farombi et al., 2005), the 
levels of serum uric acid may not change 
significantly until 50% of renal function is impared. 
The increased levels of uric acid in our study may us 
could suggest that the level of AFB1 used in this 
study may have impaired normal protein synthesis 
and/or kidney dysfunction and consistent with those 
reported of aflatoxicosis (Abdel-Wahhab et al., 2002; 
Abdel-Wahhab and Aly 2003; and Farombi et al., 
2005), and thyme oil could protect sheep from the 
adverse effects of aflatoxins.  

were fed 128 μg/d of AFB1 for a longer period of 
intoxication (2 wk), glutamic pyruvic transaminase 
(GPT) activity increased significantly (Battacone et 
al., 2003). In lambs fed 2.5 mg of AF/kg of diet for 
35 to 67 d, serum contents of AST and γGT 
increased, indicating a transient alteration of liver 
enzymatic activities (Edrington et al., 1994). Our 
results were similar with those observed by Harvey et 
al., (1991), who reported that a dose of 2.6 mg of 
AF/kg of diet significantly increased serum enzyme 
activities as indicative of liver damage. Similar 
findings have been reported in sheep (Harvey et al., 
1991), goats (Clark et al., 1984), cattle (Helferich et 
al., 1986), pigs (Lindemann et al., 1993), and in rats 
(Abdel-Wahhab, et al., 2002; Saad and Abdel-Fattah, 
2008).  

Alkaline phosphatase (ALP) activity 
exhibited a different pattern of change. The enzyme 
activity increased significantly (p ≤ 0.05) with AF 
exposure, this suggests that the level of AFs used in 
this study caused hepatocyte damage and such 
increase was reduced significantly (p ≤ 0.05) with 
thyme oil treatment (Table 3). Finding of the present 
study could be attributed to previous reports (Schell  
et al., 1993a; Harvey et al., 1994; Rastogi et al., 
2001; and Karakilcik et al., 2004).  

Serum albumin concentration was decreased 
by feeding AFs-contaminated diet. However, the uric 
acid concentration was higher. Lower serum albumin 
concentration support hypothesis that dietary AFs 
impaired protein synthesis. In this respect, Harvey et 
al., (1988) and Lindemann et al., (1993) reported 
lower serum albumin, total protein, and urea nitrogen 
concentrations in swine, suggesting that AFB1 
impaired protein synthesis.  

Serum glucose concentrations were 
decreased by dietary AFs, lower than normal levels 
in all groups (Table, 3) and thyme oil treatment 
improved the negative effects of aflatoxin treatment. 
Decreased serum glucose concentration probably 
reflected a lower nutritional state in sheep fed AFs 
that was probably related to lowered feed intake 
(Table, 2). Similar results for glucose were observed 
by many researchers who have reported that glucose 
and its metabolite concentrations were affected by 
aflatoxicosis (Edrington et al., 1994 and Rastogi et 
al., 2001).  

Our results may lead us to suggest that there 
is a significant liver dysfunction in these groups, 10 
mg of AFs/kg of diet was sufficient to impair 
performance and cause liver damage in male sheep, 
but thyme oil could protect sheep from hepato-
toxicities which induced by AFs-contaminated diet 
when used as a sole diet for sheep. 

aGGT (U/L) AST  (U/L) 
Albumin 
(gm/dL) 

AL-P (U/L) 
Glucose, 
mg/dL 

Uric acid 
(U/L) 

Items 

 

groups 
Day  (0) 

Day  
(27) 

Day  
(0) 

Day  
(27) 

Day  
(0) 

Day  
(27) 

Day  
(0) 

Day  
(27) 

Day  
(0) 

Day  
(27) 

Day  (0) Day  (27) 

Group 1 
 
 
Group 2 
 
 
Group 3 
 
 
Group 4 
 
 
Group 5 
 
 
Group 6 

62 ± 
3.03A 

 
54 ± 
3.0A 

 
68± 
5.1A 

 
69± 

2.09A 

 

63± 
4.2A 

 
74± 

12.9A 

69± 
4.1A 

 
48 ± 
1.08A 

 
71± 
2.7A 

 
158± 
13.7C 

 

112± 
17.5B 

 

97± 
8.2B 

54± 
3.7A 

 
57± 
2.8A 

 
51± 
7.1A 

 
67± 
4.4A 

 
58± 
3.2A 

 
60± 
6.4A 

61± 
6.1A 

 
65± 
4.5A 

 
48± 
5.2A 

 
139± 
12.5C 

 
87± 

10.5B 
 

89± 
7.5B 

2.87± 
0.70A 

 
2.63± 
0.70A 

 
2.91± 
0.50A 

 
2.77± 
0.09A 

 
2.67± 
0.13A 

 
2.38± 
0.19A 

2.91± 
0.08C 

 
2.70± 
0.42C 

 
2.85± 
0.53C 

 
1.49± 
0.82A 

 
1.78± 
0.14A 

 
1.96± 
0.45B 

605± 
43.5A 

 
690± 
39.7A 

 
701± 
42.0B 

 
568± 
36.5A 

 
680± 
29.4B 

 
653± 
47.5B 

620± 
35.5A 

 
723± 
27.1B 

 
705± 
22.3B 

 
985± 
55.4C 

 
690± 
13.5B 

 
587± 
28.9A 

115± 
9.2A 

 
100± 
7.5A 

 
98± 
4.6A 

 
108± 
4.3A 

 
113± 
10.1A 

 
105± 
3.9A 

109± 
8.4C 

 
103± 
3.5B 

 
101± 
7.4B 

 
69± 
6.1A 

 
89± 
5.8B 

 
89± 
4.1B 

0.48± 
0.03A 

 
0.41± 
0.03A 

 
0.46± 
0.02A 

 
0.39± 
0.01A 

 
0.43± 
0.03A 

 
0.52± 
0.01A 

0.55± 0.03A 
 

0.51± 0.01A 
 

0.46± 0.02A 
 

1.54± 
0.05C 

 
1.05± 0.07B 

 
0.89± 0.03B 

LSD p≤0.05 21.03 25.3 15.5 19.8 0.61 0.53 60 35.5 17.5 15.7 0.14 0.17 
N.B.: 1- The same capital litters in columns denotes no significant difference between treatments in the same period at (p ≤ 0.05) and vise versa. 
2- a GGT = gamma-glutamyl transferase; AST = aspartate aminotransferase; and AL-P = alkaline phosphatase. 
Day (0): Beginning of the experiment                                   Day (28): End of the experiment 
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4- Proportional urinary and fecal excretion of 
aflatoxib B1, and its corresponding metabolites 
(AFB2α , aflatoxicol), for sheep fed AFs-contaminated 
diets. 

The proportional excretions of AFB1 and its 
metabolites (AFB2α and aflatoxicol) via feces and 
urine are shown in Table (7). The concentrations of 
AFB1 and AFB2α in feces and urine varied according 
to dietary treatment. The cumulative excretion of 
AFB2α is expressed in terms of AFB1 equivalents. 
Data represented in Table (7) indicate that in groups 
treated with dietary aflatoxin plus thyme oil, most of 
the excreted AFB1 was found as the metabolite 
AFB2α in the urine (59.04 to 62.88%), whereas 
approximately 5.71 to 8.82% was found as AFB2α in 
feces. Relatively small amounts of intact AFB1 were 
excreted in the urine (5.44 to 6.00% of AFs intake) 
and feces (0.82 to 1.52% of AFs intake). In contrast, 
fecal and urinary excretion of AFB2α  in the group 
fed dietary aflatoxin only was very low (2.51 and 
8.82%, respectively). No aflatoxicol amount was 
detected neither in feces nor urine samples tested. 
These results indicate that the major excretory route 
was found to be the urine (accounting for 39.71% to  
68.32% of the tatal AFs-excretion forms, whereas 
less than 10% of these forms were excreted in the 
feces. Only about 52% of the dose was recovered in 
the feces and urine in identifiable forms, mainly 
AFB2α and unchanged AFB1 without any detectable 

amount of aflatoxicol. In this respect, our results 
were in contrast with those observed by Richarda and 
Lyona (1986) in pigs.  

Thyme oil-treatment significantly reduced 
fecal excretion of AFB2α, this might be explained by 
a more pronounced renal elimination, which in turn 
might result in lower biliary secretion of AFB2α in 
these groups. The highly percentages of AFB2α in 
blood serum for groups fed dietary aflatoxin plus 
thyme oil, may explained these results (Table, 6). 
Our reslts were in the same trend with those observed 
by (Bennett et al., 1981), who found that the lower 
toxicities of AFB1 and AFB2α in mammals are mainly 
as a result of a faster rate of clearance via urine and 
feces compared with that of AFB1. The half-life of 
aflatoxins in the blood is directly related, in part, to 
the ability of plasma proteins to bind aflatoxins. Our 
results indicated that AFB1 metabolites are cleared at 
a much faster rate than AFB1. Hence, the rate of 
AFB1 biotransformation represents the main 
mechanism through which detoxification occurs. 
Therefore, processes that enhance the conversion of 
AFB1 to AFB2α will tend to reduce the general 
toxicity of AFB1 in the animal itself or the toxic 
potential of AF-contaminated feed (e.g., when 
dietary aflatoxin is administered to ruminants rather 
than to non ruminants).  

Table (7) Proportional urinary (ng/mL) and fecal excretions (ng/gm) of aflatoxin B1, and its corresponding 
metabolites (AFB2α, aflatoxicol), of sheep fed aflatoxin(s)-contaminated diets. 

Groups 
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 

LSD 
(p≤0.05) Item 

M+SD % M+SD % M+SD % M+SD % M+SD % M+SD %  

AFB1 0 ±0A 0.0 0 ±0A 0.0 
0 ±0A 

 
0.0 885 ±23.1C 0.60 

1290± 
24.8D 

.82 
208± 
13.6B 

1. 52 24.5 

AFB2α 0 ±0A 0.0 0 ±0A 0.0 0 ±0A 0.0 
1005±17.5B 

 8.82 3120±13.5C 5..92 
3395± 
25.8D 5.71 37.4 

Feces 

Aflatoxicol 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 

AFB1 0 ±0A 0.0 0 ±0A 0.0 
 

0 ±0A 
0.0 1615±28.3C 37.20 80 ± 4.1B 5.44 76± 

4.7 B 
6.00 18.5 

AFB2α 0 ±0A 0.0 0 ±0A 0.0 0 ±0A 0.0 23582 
±36.5D 2 ..51 1365±19.5C 62.88 1297± 

24.5 B 59.04 49.5 
Urine 

Aflatoxicol 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 
Total  recovery, %               0.0               0.0               0.0                        49.13                         75.06                 72.27 - 

N.B: 1- The same capital litters in columns denotes no significant difference between treatments in the same raw at 
(p ≤ 0.05) and vice versa. 
2- Excretion of AFB2α expressed in terms of AFB1 equivalents as calculated from the molecular weight of AFB1 
/molecular weight of AFB2α (412/430) x mg of AFB2α. 
 
4. Conclusions 

In conclusion, Aflatoxins contaminated 
rations induced significant decrease in daily feed 
intake, TDN, DCP and body weight gain. 
Additionally, serum constituents and ruminal 
measurements indicated impaired liver function and 
digestive disturbances in sheep fed aflatoxin. An 
addition of thyme oil at doses between 250 and 500 

mg/head/day, for exactlly 28 days, were able to 
modify rumen fermentation by changing protozoal 
activity and motility and could approximately 
normalized the adverse  effects of aflatoxin, perhaps 
attributed to its effect on ruminal pH and improving 
digestibility and animal performance. The exact 
mode of antitoxic action may need further 
clarification and there is an urgent need to conduct 
further in vivo studies with thyme oil, which may 
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provide a useful tool to improve efficiency of nutrient 
utilization in the rumen and could be recommended 
to sheep diet with possibility of aflatoxin 
contamination 
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Abstract: Aflatoxins are the most potent natural mutagen known. They induce genotoxicity and cytotoxicity to all 
the farm animals and poultry. This investigation is conducted to evaluate the genotoxicity effect of yeast cell wall 
and clay hydrated sodium calcium aluminosilicate and their ability to protect against Aflatoxin-induced cell damage 
in vivo. Total number of 224 one-day old unsexed Ross chicks was randomly distributed among eight treated 
groups. Five birds from each group were selected randomly and slaughtered. Samples from bone marrow of the 
femurs were collected to carry out micronucleus and chromosomal aberrations. Meanwhile, liver samples to assay 
the percentage of DNA fragmentation. Aflatoxin induced significant increase (P<0.05) in the frequency of 
micronucleated cells, mean percentage of DNA fragmentation in liver cells and chromosomal aberrations as 
compared with all negative control groups. In addition to, they have cytotoxic and genotoxic effects in bone marrow 
and liver cells of chickens. In conclusion, the results suggested that the YCW and HSCAS, either singly or in 
combination, had antigenotoxic effect against Aflatoxin in poultry as monitored by significant decrease in the mean 
percentages of DNA fragmentation of liver cells, frequencies of micronucleated in bone marrow cells and the 
incidence of chromosomal aberrations. [Journal of American Science 2010;6(10):961-967]. (ISSN: 1545-1003).  
 
Key Words: Aflatoxicosis, Poultry, YCW, HSCAS, Genotoxicity, DNA Fragmentation, micronucleus, 

chromosomal aberrations. 
 
1. Introduction: 

Mycotoxins are natural contaminants of 
cereals and other food commodities throughout the 
world and they significantly impact human and 
animal health. Mycotoxins are toxic secondary 
metabolites produced by species of filamentous fungi 
growing on grains before harvest and in storage. 
When ingested, inhaled, or absorbed through skin.  
Mycotoxins may reduce appetite and general 
performance, and cause sickness or death in humans 
(Reddy et al., 2010).  

Aflatoxins (AFT) are biologically active 
metabolites produced by the Aspergillus strains A. 
flavus, A. parasiticus, A. nomius, and A. 
pseudotamarii. The biological response to aflatoxin 
B1 (AFB1) in terms of genotoxicity and cytotoxicity 
depends on the metabolic formation of AFB1-8,9-
epoxide, which can covalently bind to nucleic acids 
or proteins, provoking cell membrane damage, 
necrosis and mutagenesis in the affected cells (Reddy 
et al., 2010). 

With respect to its genotoxic potential, 
AFB1 is one of the most potent procarcinogens 
known. AFT has been evaluated in vitro and in vivo 
systems where it has been shown to increase the rate 
of DNA adducts, histidine revertants, chromosomal 
aberrations, and sister chromatid exchanges (SCEs) 

(El-Zawahri et al., 1990; Anwar et al., 1994; Neal, 
1995 and Raj et al., 1998).  Also, Aflatoxin B, 
(AFB1) is known as a clastogen that causes cellular 
damage by covalent modification of nucleic acids 
(Hafiz, 2007 and Hassanane et al., 2009). 

Saccharomyces cerevisiae (Sc), in particular, 
has proven to benefit health in several ways including 
stimulation of the growth of intestinal microflore in 
mammals, pH modulation in ruminants (which gives 
rise to an increase in the rate of celulitic bacteria), 
improvement of reproductive parameters in milk 
cows and fowls (fertility and fetal development), as 
well as reduction in the number of pathogenic 
microorganisms in monogastric animals (Dawson, 
1993 and Wallace, 1994& 1998).  

In mice, Sc cell wall (glucan) reduced the 
frequency of micronuclei (MN) induced by 
cyclophosphamide. Protective effect caused by 
constituents of Yeast Cell Wall against the DNA 
damage induced by AFB1was studied by 
(Chovatovicova and Mavarova, 1992). 

  The yeast cell wall consists mainly of 
homopolysaccharides (mannans and glucans) and a 
minor proportion of heteropolysaccharides 
(glucomannans, galactomannans and xilomannans), 
proteins, chitin and lipids. There is evidence of the 
antimutagenic capacity of these oligosaccharides, 
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specifically mannan (mannose with links α-1, 6 and 
ramifications α-1, 2 and α-1,3) and glucans (glucoses 
with links α-1,6 and ramifications β-1,2 and β-1,3) 
against antineoplastic compounds such as 
cyclophosphamide and mitomycin C (Madrigal-
Santillan,2006). 

Several reports have indicated that the 
phyllosilicate clay, HSCAS, which is currently used 
as an anti-caking agent for animal feeds, may prevent 
disease associated with aflatoxicosis in farm animals 
and poultry (Phillips, 1999). Moreover, HSCAS, 
bentonite and montmorillonite were found to protect 
laboratory animals from toxic and teratogenic effects 
of Aflatoxin (Phillips et al., 1988; and Abdel-
Wahhab, 2002). The adsorbing capacity of bentonite 
and/or montmorillonite was found to be higher than 
that of other clay minerals. As a result of the bigger 
surface area of these clays, which characteristically 
undergo more extensive swelling (Phillips, 1999). Up 
to 85% of the toxic effects of Aflatoxins such as liver 
damage and chromosomal aberrations were reversed 
by the addition of 0.5 g clay per kg of contaminated 
diet (Abdel-Wahhab et al., 1998&1999).  

This work were done to investigate whether 
the addition of Sc yeast cell wall (YCW) and 
Hydrated Sodium Calcium Aluminosilicate (HSCAS) 
alone or in combination to Aflatoxins contaminated 
feed reduces the genotoxicity produced by the 
mycotoxin in poultry during a 40 days assay. 

 
2. Materials and Methods 
Animals: 
 Total number of 224 one-day old unsexed 
Ross chicks were obtained from a commercial 
hatchery and were randomly distributed among eight 
treated groups (each of 28 chicks) , in a washed 
fumigated batteries .   
  Groups:  
  Group 1: control -v (AFT free normal diet ) 
  Group 2: control -v + HSCAS  
  Group 3: control -v + YCW  
  Group 4: control -v + HSCAS + YCW 
  Group 5: control +v (AFTcontaminated diet ) 
  Group 6: control +v + HSCAS  
  Group 7: control +v   + YCW  
  Group 8: control +v   + HSCAS + YCW  
 
Treatments: 
HSCAS: Hydrated Sodium Calcium Aluminosilicate 
100 % (origin -USA)                  Regesterated in 
Ministry of Agriculture, Egypt (No. : 1661 - 
26/8/2008), and given at a dose 2 kg/ ton feed.  
YCW: Yeast (Saccharomyces cerevisiae) cell wall 98 
% contains: Mannan - oligosaccharides 10 %Beta –
Glucans 24%.Regesterated in Ministry of 
Agriculture, Egypt (No. :  9764 -18/9/2007), under 

commercial name ALPHAMUNE (origin -USA) and 
given at a dose 0.5 kg/ ton feed. 
AFT: (Aflatoxin) tested dose was (50B1 + 18.85B2 + 
140.3 G1 + 3G2) µg , give a  total  AFT  211.88 µg  / 
kg feed. 
 Feed and water were provided ad-labium. 
Feed was formulated in Regional Center for Food and 
Feed to be Isonitrogenous , Isocaloric and Aflatoxin-
free .Light was provided 24 hrs daily throughout the 
period ( 40 days). Temperature keep to the required 
during brooding period. 
 The chicks were weighed individually on 40 
day old. Feed intake was recorded throughout the 
period on a group basis. The feed conversion ratio 
(unit feed / unit gain) was calculated. 
 
Sampling: 

 At the end of the experiment, five  birds 
from each group were selected randomly and 
slaughtered after they were prevented from feed for 
12 hr. Weights of  hot carcass and liver of each 
animal were recorded. Carcasses of all groups were 
observed for P/ M examination just after 
slaughtering.  Collection of samples from bone 
marrow of the femurs bone was performed to carry 
out chromosomal aberrations and micronucleus. 
Meanwhile, liver tissue samples to assay percentage 
of DNA fragmentation. 
 
Aflatoxin production and assessment:                                                     

Aflatoxin production was carried out 
according to Davis et al. (1966) using liquid yeast 
medium and Aspergillus Flavus strain (NRRL 3145). 
The media which contain detectable amount of 
Aflatoxin was mixed well with the basal diet to get 
the aflatoxin - contaminated diet. 
 Aflatoxin in liquid medium , diet , tissues 
and excreta were determined according to Roos et al. 
(1997) and A.O.A.C (2005) using HPLC technique 
(Agillent 1100 Series U.S.A. with column C18  
,Lichrospher 100 RP-18 ,5µm x 25cm). 

Micronucleus Assay 
The bone marrow of five chicken of control 

groups and all the treated groups were extracted , 
smear preparations made by using fetal calf serum 
according to the method of  Deflora et al. (1993)  and 
stained with 10% phosphate buffered Giemsa (pH 
6.8) for 5min. since Giemsa stains the nuclear 
material more darkly than the cytoplasmic material 
does micronuclei are readily visible next to the 
normal nuclei of erythrocyte cells with microscopic 
observation of x100, two thousand erythrocyte per 
specimen were analyzed to determine the frequency 
of cells with micronuclei. 
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DNA Fragmentation  
The method of DNA fragmentation was 

carried out according to Perandones et al. (1993). 
About 0.25g of the liver tissues was mechanically 
dissociated in 400 μl hypotonic lysis buffer (10mM 
tris, 1mM EDTA and 0.2% triton X-100, ph 8.0). The 
cell lysate was centrifuged at 12.000 Xg for 15 min. 
the supernatant containing small DNA fragments was 
immediately separated as well as the pellet containing 
large pieces of DNA, were used for the 
diphenylamine (DPA) assay. The pellet was 
resuspended in 400 μl of hypotonic lysis buffer. 
400μl 10% trichloroacetic acid (TCA) was added to 
both the supernatant and the resuspended pellet and 
incubated at room temperature for10 min. The tubes 
were centrifuged at 2000 rpm for 15 min. at 4°C. 
After discarding the supernatant, the precipitate was 
resuspended in 400 μl 5% TCA, incubated at 80°C 
for 30 min. and then allowed to cool at room 
temperature. After centrifugation, one volume of the 
extracted DNA was added to two volumes of 
colorimetric solution (0.088 M diphenylamine 
(DPA), 98% V/V glacial acetic acid, 1.5%V/V 
sulphoric acid and 0.5% V/V 1.6% Acetaldehyde 
solution). The samples were stored at 4°C for 48h. 
The colorimetric reaction was quantities 
spectrophotometrically at 578 nm. The percentage of 
DNA fragmentation was expressed by the formula: 
                                                      O.D supernatant 
DNA fragmentation percentage = ------------------------------ X 100 
                                                    O.D supernatant+ O.D pellet 

 
Chromosomal aberrations for Bone marrow cells: 

These cytogenetical procedures were carried 
out according to the method of Christidis (1989). 

The birds were slaughtered; bone marrow of 
one or both of the intact femurs was extracted in 5 ml 
saline 0.9% Nacl and cleaned from muscular tissues. 
The mixtures were centrifuged at 1000 r.p.m. for 15 
minutes. Hypotonic solution was added to the pellet 
while agitating the tube to disperse the pellet. The 
most suitable hypotonic solution was that consists of 
0.56% Potassium Chloride (5ml) incubated for 40 
minutes at 37°C in a water bath. The hypotonic 
treatment help to better disperse of the chromosomes 
in the metaphase. The mixture was recentrifuged at 
1000 r.p.m. for 15 minutes then the supernatant was 
discarded. The cells were agitated dropwise addition 
of freshly prepared cold fixative (three parts of 
absolute methanol and one part of glacial acetic acid). 
The fixative was changed after 10 minutes for the 
second fixation step, then re-changed after another 10 
minutes for the third fixation step. The mixture then 
left in the refrigerator at 4°C for at least one hour 
which can be extended to the next day. The fixative 
should be changed just prior to slide preparation. 

Two drops of cell suspension were dropped on a 
clean slide covered with cold ethanol 70% (at 4°C) to 
help in rapid spread of the cell suspension. Drying the 
smears was accelerated by passing the slides 
carefully through a flame. The slides were stained by 
immersing them in 10% Giemsa stain solution for 40 
minutes. Then the slides were washed in phosphate 
buffer (KH2PO4 7% and Na2HPO4 3% in distilled 
water) several times, then dried. Approximately 250 
metaphase were examined per group and the 
chromosomal changes were recorded. 
 
Statistical Analysis:  

The experiment followed complete 
randomized (C R D). The obtained data were 
subjected to analysis of variance (ANOVA) 
according to Snedecor and Cochran (1980). Least 
significant differences (L S D) were used to compare 
between means of treatments according to Walter and 
Duncan, 1969 at probability 5%. 

 
3. Results 
Micronucleus Assay (MN):  

The frequencies of micronucleated cells in 
bone marrow cells observed in chicken bone marrow 
cells of all control and treated groups are presented in 
table (1).  

It was found that, the Aflatoxin induced 
highly significant increase (P<0.05) in the frequency 
of micronucleated cells (32.40 ± 0.93) as compared 
with all negative control groups.  Meanwhile, in 
groups 6, 7 and 8, there were a significant decrease 
(P<0.05) in the frequency of micronucleated cells 
(8.40±0.51, 7.20 ± 0.37 and 6.20 ± 0.37) as compared 
with aflatoxicosis positive control group   
(32.40±0.93). Moreover, significant decrease 
(P<0.05) in the frequency of micronucleated cells in 
bone marrow cells in group 8 which treated with both 
combined of YCW and HSCAS (6.20±0.37) as 
compared with groups 6 and 7 treated with either 
YCW or HSCAS singly (8.40±0.51and 7.20 ± 0.37 , 
respectively ). 

These results indicated that the YCW and 
HSCAS, either singly or in combination had 
antigenotoxic effect against aflatoxin as observed by 
decreasing the frequencies of micronucleated cells in 
bone marrow. 
 
DNA fragmentation: 

The results of the mean percentages of DNA 
fragmentation were illustrated in table (2). Where, the 
mean percentages of DNA fragmentation showed 
significant elevation (P<0.05) in aflatoxicosis 
positive control group (42.40±0.93) as compared with 
control groups: G1, G2, G3 and G4   (10.40±0.51, 
11.0±0.71, 9.60 ± 0.51and 10.20 ± 0.58), 
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Table (1): Frequency of micronuclei (MN) in bone 
marrow cells of chicken with different treatments 

respectively. The mean percentages of DNA 
fragmentation was significantly decreased (P<0.05) 
in treatment groups G6, G7 and G8 (31.60±1.08, 
28.80±0.58 and 23.80±0.58) as compared with 
aflatoxicosis positive control group G5 (42.40±0.93). 
Moreover, in aflatoxicosis group treated with 
combined of   YCW and HSCAS (G8) showed 
significant decrease (P<0.05) in the mean percentage 
of DNA fragmentation(23.80±0.58)  as compared 
with other aflatoxicosis groups treated with either 
YCW or HSCAS alone (31.60±1.08 and 28.80±0.58), 
respectively. These results indicated that the YCW 
and HSCAS, either singly or in combination had 
antigenotoxic effect against Aflatoxin as observed by 
decreasing the mean percentages of DNA 
fragmentation.  

Micronucleated 
polychromatic 
erythrocytes 

No. of 
examined 

cells 

Treatment 

3.40±0.51 d 10000 G1 
3.20±0.58 d 10000 G2 
2.40±0.60 d 10000 G3 
4.0±0.45 d 10000 G4 

32.40±0.93 a 10000 G5 
8.40±0.51 b 10000 G6 
7.20±0.37 bc 10000 G7 
6.20±0.37 c 10000 G8 

 
Data were expressed as mean ± S.E. 

 Different superscript letters indicate significant 
(P<0.05). Analysis of Bone Marrow Chromosomal Aberrations: 

The frequencies of different chromosomal 
aberrations observed in chicken bone marrow cells of 
all control and treated groups are presented in table 
(3).Where, a significant decreased (P<0.05) in the 
mean frequency of the normal cells was noted in 
positive and all treated groups: G5, G6, G7 and G8 
(40.80 ± 0.37, 43.60 ± 0.51, and 44.60 ± 0.51, 
respectively) as compared with the control groups: 
G1, G2, G3 and G4 (48.80±0.49, 49.0±0.45, 
49.20±0.37and 49.20±0.37, respectively).  

G1=Control pure 
G2= Control+ silicate 
G3= Control+ Sacaromysis 
G4=Control+silicate+Sacaromysis 
G5= Aflatoxin 
G6= Aflatoxin+ Silicate 
G7= Aflatoxin+Sacaromycis 
G8= Aflatoxin+Sacaromycis+Silicate 
 
 

A significant increase (P<0.05) in the mean 
frequencies of the total structural chromosomal 
aberrations was observed in aflatoxicosis and treated 
groups: G5, G6, G7 and G8 (9.20±0.37, 6.40±0.51, 
5.40±0.51 and 3.80±0.37, respectively) as compared 
with the control groups: G1, G2, G3 and G4 
(1.0±0.45,  1.0 ±0.45, 0.80±0.37 and 0.80±0.37 
respectively).  

Table (2): Mean percentage of DNA 
fragmentation in liver cells of chicken 
treated with different types of treatments. 

Percentages of DNA 
fragmentation 

Treatment 

10.40±0.51 e G1 
11.0±0.71 e G2 
9.60±0.51 e G3 

10.20±0.58 e G4 
42.40±0.93 a G5 
31.60±1.08 b G6 
28.80±0.58 c G7 
23.80±0.58 d G8 

However, in aflatoxicosis group treated with 
combined of YCW and HSCAS (G8) the mean 
frequency of the total structural chromosomal 
aberrations was significant decreased (P<0.05) was 
(3.80±0.37) as compared with (G5) positive control 
group (9.20±0.37).    Moreover, in aflatoxicosis 
group treated with combined of   YCW and HSCAS 
(G8) the mean frequency of the total structural 
chromosomal aberrations was significant decreased 
(3.80±0.37)  as compared with other aflatoxicosis 
groups treated with either YCW or HSCAS alone (G6 
: 6.40±0.51  and G7 : 5.40±0.51). 

Data were expressed as mean ± S.E. 
Different superscript letters indicate significant 
(P<0.05). 
G1=Control pure 
G2= Control+ silicate 
G3= Control+ Sacaromysis 

These results suggested that the YCW and 
HSCAS, either singly or in combination, had 
antigenotoxic effect against aflatoxin as monitored by 
decreasing the incidence of chromosomal aberrations. 

G4=Control+silicate+Sacaromysis 
G5= Aflatoxin 
G6= Aflatoxin+ Silicate 
G7= Aflatoxin+Sacaromycis 

 G8= Aflatoxin+Sacaromycis+Silicate 
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Table (3): chromosomal aberrations induced by different types of treatments 
Structural abnormalities 

Total 
without gap 

Total with 
gap 

C.A deletion break gap 
Normal cells Treatment 

0.80±0.49 d 1.0±0.45 d 0.20±0.20 c 0.40±0.40 bc 0.20±0.20 d 0.20±0.20 c 48.80±0.49 a G1 
0.80±0.37 d 1.0±0.45 d 0.20±0.20 c 0.40±0.25 bc 0.20±0.20 d 0.20±0.20 c 49.0±0.45 a G2 
0.60±0.40 d 0.80±0.37 d 0.20±0.20 c 0.0±0.0 c 0.40±0.25 cd 0.20±0.20 c 49.20±0.37 a G3 
0.60±0.25 d 0.80±0.37 d 0.20±0.20 c 0.20±0.20 c 0.20±0.20 d 0.20±0.20 c 49.20±0.37 a G4 
6.0±0.32 a 9.20±0.37 a 1.40±0.25 ab 1.60±0.25 a 3.0±0.32 a 3.20±0.20 a 40.80±0.37 d G5 
4.80±0.49 b 6.40±0.51 b 0.80±0.20 bc 1.40±0.51 a 2.60±0.25 a 1.60±0.25b 43.60±0.51 c G6 
4.60±0.51 b 5.40±0.51 b 1.60±0.25 a 1.60±0.25 a 1.40±0.25 b 0.80±0.20 c 44.60±0.51 c G7 
3.40±0.25 c 3.80±0.37 c 1.20±0.20 ab 1.20±0.20 ab 1.0±0.0 bc 0.40±0.25 c 46.20±0.37 b G8 

Data were expressed as mean ± S.E. 
Different superscript letters indicate significant (P<0.05) 
C.A: Centromeric attenuation. 
G1= Control pure 
G2= Control+aluminum silicate 
G3= Control+ Sacaromysis 
G4= Control+silicate+Sacaromysis    G5=Control (+ve) aflatoxin         
G6= Aflatoxin+ Silicate    G7= Aflatoxin+Sacaromycis   G8= Aflatoxin+Sacaromycis+Silicate 
 
4. Discussion 

Aflatoxins are well documented to induce 
DNA adducts, induce mutations by intercalating to 
DNA by forming adduct with guanine moiety in the 
DNA (Smela and Curier 2001). The micronucleated 
(MN) assessment is recommended for determining 
genotoxicity quickly and efficiently by quantifying 
broken chromosomes and whole chromosomes 
abnormally distributed to daughter cells (Hafiz and 
Hanafy, 2009).  

 In our study, a significant increased in the 
frequency of micronucleated cells observed in 
aflatoxicosis positive control group when compared 
with other all negative control groups. This finding is 
similar to that reported by (Smith et al., 1994), it is 
reported that AFB1 was selective inhibitor of DNA 
synthesis in mammalian cells. This inhibition is not 
limited to nuclear DNA but it is extended to 
mitochondrial DNA (Friedman et al., 1978).  

On the other hand, the results revealed that 
reduction in the frequency of micronucleated cells 
were observed by adding either YCW or HSCAS 
singly to the feed infected with Aflatoxin. This 
finding was agreed with that reported by (Abbes et 
al., 2007, where, the administration of HSCAS with 
mycotoxin resulted in the reduction in the number of 
micronucleated polychromatic erythrocytes 
(PCEMN) in bone-marrow cells. Also, the study 
conducted by Chorvatovicova et al., 1999, where, the 
addition of YCW reduced the frequency of MN 
induced by Cyclophosphamide. As well as, yeast 
reduces 47% of the MN induced by mytomicin C in  
 
 

 
an acute study made in mouse bone marrow (Zhang 
and Ohta, 1993). 

 Meanwhile, the addition of yeast that not 
specifically manufactured as a mycotoxin- 
sequestering agent did not reduce the transfer of 
Aflatoxin (AFM1) from feed to milk (Battacona et 
al., 2009). The efficacy of YCW in reduction of the 
frequency of MN may be attributed to the Sc 
adsorbent capacity, particularly due to chemical 
interaction between the AFT and the components of 
the cell wall of yeast (Madrigal-Santillan et al., 
2006). Our results revealed that, significant reduction 
in the frequency of MN occurs by adding 
combinations of both YCW and HSCAS. The results 
is similar that reported by (Groopman et al., 1996 and 
Abdel-Wahhab et al. 1998).  

Our results revealed that, mean percentages 
of DNA fragmentation showed significant increased 
in aflatoxicosis positive control groups. This finding 
is similar that reported by (Metcalfe and Neal, 1983) 
which observed Nucleosomal DNA fragmentation in 
cells treated with AFB1. The addition of YCW and 
HSCAS either alone or in combination reduced the 
mean percentages of DNA fragmentation (Abbes et 
al., 2007). 

A significant increased in structural 
chromosomal aberrations in an aflatoxicosis positive 
control group in the form of gap, break and deletions. 
This findings agree with Hassanane et al. (2009), 
were found Aflatoxins to induce chromosomal 
abnormalities and sister chromatid exchange. The 
chromosomal abnormalities caused by Aflatoxin in 
rat and hamster bone marrow cell consisted mainly of 
gap and break types (El-Khatib et al., 1998 and shebl 
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et al., 2004). From another side Aflatoxins were 
found to induce chromosomal abnormalities and 
sister chromatid exchange in the Cells from Chinese 
hamster cell line V79 (Batt et al., 1980). 

 Our data cleared that, the chromosomal 
abnormalities had reduced by 20% in groups treated 
with either YCW or HSCAS alone. Moreover, in the 
present study, adding combination of YCW and 
HSCAS reduce 44% of the chromosomal 
abnormalities induced by Aflatoxins. The results of 
micronucleus assay and DNA fragmentation coincide 
also with chromosomal aberrations in reducing of 
DNA damage. 

 HSCAS and bentonite are effective in the 
protection against Aflatoxin B1 by preventing its 
toxic and clastogenic effects, as was reflected by 
ameliorating the alterations in serum biochemical 
parameters and suppressing chromosomal aberrations 
(Abdel-Wahhab et al. 1998)  

Addition of HSCAS to Aflatoxin, during this 
study, resulted in a significant decrease in the 
frequency of MN and chromosomal aberrations. This 
may attributed to be due to the complex structure of 
HSCAS, which increases the adsorption of organic 
compounds, pathogenic agents including rotavirus, 
Escherichia coli, Campylobacter, bile salts and non-
digested sugars in each of its layers (Fushiwaki et al., 
2001). 

Also, this finding is similar that reported by 
(Hassan, 2006) which showed an antigenotoxic effect 
caused by constituents of Yeast Cell Wall (YCW) 
against chromosomal abnormalities and  the DNA 
damage induced by AFB1.  

It could be concluded that YCW and 
HSCAS either alone or in combination were safe and 
efficient in the prevention of toxic effect of AFT. 
They had antigenotoxic effect against Aflatoxin in 
poultry as monitored by significant decrease in the 
mean percentages of DNA fragmentation of liver 
cells, frequencies of micronucleated in bone marrow 
cells and the incidence of chromosomal aberrations. 
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Abstract: Aim of  the work  : Assessing the  Effect of green, roasted and decaffeinated coffee on serum glucose, 
insulin and serum lipid profile  in diabetic rat models. Methods: Design of  the  study  :Thirty female wistar rats 
weighing 124.5 ±5.41g (mean ±S.D)were divided into 5 groups. The first group served as  a control and consumed a 
standard diet according to ( AIN – 93).  The other 4 groups were injected intraperitoneally with  105 mg / kg body 
weight  of alloxan. One group was kept without further treatment and served as a positive diabetic control. Groups 3, 
4, 5 consumed 5% green, roasted and decaffeinated coffee in drinking water, respectively. The feeding trial 
continued for four weeks. At the end of the experiments, the animals were sacrificed, blood samples were collected, 
and the liver, kidney, spleen and heart were separated, washed, dried and weighed. Laboratory  investigations 
Consisted of serum glucose, insulin, calcium, phosphorus and  complete lipid profile was determined to test  the 
magnitude of antioxidant potential green, roasted and decaffeinated coffee. Results:  The present study show a 
significant difference  (p  < 0.05) in body weight gain and food intake between all  treatment groups , with non 
significant difference in water intake , relative weight of organs including liver , kidney , spleen and heart . the study 
also shows significant elevation (p  < 0.05) in serum glucose and insulin in diabetic control group as compared to 
normal control group. This indicates uncontrolled hyperglycemia in alloxan diabetic rats. While consumption of 
green, roasted and decaffeinated coffee resulted in a decrease in serum glucose and insulin  (p  < 0.05) .There is a 
significant decrease (p  < 0.05)  in serum calcium and serum phosphorus in groups 3,4 and 5 fed green, roasted and 
decaffeinated coffee respectively indicating an association between coffee consumption and bone health. our results 
also shows that alloxan injection produced a significant increase(p  < 0.05) in serum total- cholesterol(TC); 
triacylglycerol(TAG); LDL-C ; VLDL-C and in LDL\ HDL ratio and TC \ HDL ratio however  a significant 
decrease (p  < 0.05) in serum  HDL-C is observed ;  In diabetic rats compared to normal control green, roasted and 
decaffeinated coffee resulted in a significant decrease (p  < 0.05) in triacylglycerol(TAG); LDL-C ; VLDL-C and in 
LDL\ HDL ratio and TC \ HDL ratio .on the other hand  a significant increase (p  < 0.05) in serum  HDL-C is 
observed  in green, roasted and decaffeinated coffee groups compared to diabetic rats compared to  normal control 
with the highest value for green coffee .Non significant effect on serum total- cholesterol(TC) reported in this study. 
Conclusion  :   The  observed improvement in glucose  ,insulin profile , triacylglycerol  and HDL-C confirm the 
potent biological action of green, roasted and decaffeinated coffee and suggest that chlorogenic acid (a component in 
coffee ) might have an antagonistic effect on glucose transport. Suggesting  a novel function of coffee on lowering 
the risk factors of diabetes and delaying the progress of diabetes complications as well. [Journal of American Science 
2010;6(10):968‐977]. (ISSN: 1545‐1003). 

Key words: green, roasted, decaffeinated coffee, glucose, insulin and lipid profile. 

 

Introduction

 

Type 2 diabetes is a chronic disease associated with 
high rates of morbidity and premature 
mortality(Nathan  , 1993)1 An alarming increase in the 
prevalence of type 2 diabetes is expected,( Wild  et al ., 
2004 ) and the need for preventive action is widely 

acknowledged. While increased physical activity and 
restriction of energy intake can substantially reduce the 
incidence of type 2 diabetes(Tuomilehto et al ., 2001  
Knowler et al ., 2002) , insight into the role of other 
lifestyle factors may contribute to additional prevention 
strategies for type 2 diabetes. 
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Coffee is considered one of the most popular beverages 
consumed in the world due to its pleasant flavor and 
pharmacological properties(DÓREA and  COSTA ., 
2005). Prospective and  epidemiologic studies of green 
and especially of roasted coffee consumption has been 
carried out to investigate its biological effects on lipids, 
blood pressure and   glycaemia(CORTI  et al ., 2002 ; 
DAGLIA et al ., 2000 and ROBINSON et al. ,2004) . 
Scientific evidences have demonstrated that green and 
regular coffee beverages present high antioxidant 
properties in vivo and in vitro( KARAKAWA , 2004  
and SOMOZA et al. ., 2003). Few recent studies have 
indicated that soluble extracts of green coffee were 
effective against the high blood pressure in 
mice(SUZUKI, A. et al. ,2000) and in 
human(KOZUM. et al. , 2005 and OCHIAI, . et al. 
2004). It is possible that its antihypertensive action be 
related to vasoreactive factors produced and released 
from the vascular endothelium(OCHIAI, R. et al. 
2004). 

 

The roasting process causes a loss of water from the 
green bean and degradation of many of the compounds 
including the antioxidant polyphenols; however, there 
is very little difference in total antioxidants between 
the different roasts of a bean ( Daglia et al ., 2000).   

There are three main methods of coffee preparation; 
boiled unfiltered coffee, filtered coffee, and 
decaffeinated coffee, the latter primarily consumed as 
instant coffee. 

 
There are over a thousand compounds, many formed 
during the roasting process,which produce the unique 
taste and smell of coffee(Parliament et al ., 2005). 
However, from the point of view of concentration in 
coffee, prior detection of the parent compound or 
metabolites in the body, and physiological effects, 
there are essentially only three ingredients that are 
important; caffeine, the diterpene alcohols cafestol and 
kahweol, and chlorogenic acid and other polyphenols. 
In specialty coffees consumed outside the home the 
range is 18–80 mg/cup and decaffeinated coffees 
averaged 5 mg/cup(McCusker  et al ., 2003) . Coffee is 
an important source of caffeine; it provides 71% of the 
caffeine in the US diet (Frary  et al ., 2005)[8]. The 
diterpenoid alcohols are the oils in coffee and their 
concentration depends on the how the coffee is 
prepared. Filtered coffee has less than 0.1 mg/100 ml, 
i.e. essentially none, and unfiltered coffee can have 
between 0.2 and 18 mg/100 ml depending on the 
method. 

 
High consumption of unfiltered types of coffee, such as 
French press and boiled coffee, has been shown to 
increase low-density-lipoprotein-cholesterol 
concentrations. In addition, limiting caffeinated coffee 
intake during pregnancy seems a prudent choice. 
However, evidence has been accumulating that 
frequent consumption of coffee may reduce risk of type 
2 diabetes and liver cancer(van Dam ., 2008).  

Higher habitual coffee consumption was associated 
with higher insulin sensitivity (Arnlov  et al ., 2004) 
and a lower risk for type 2 diabetes(van Dam et al ., 
2002 ; Rosengren et al ., 2004 ; Salazar-Martinez et al 
., 2004 ; Tuomilehto et al ., 2004 and Carlsson et al ., 
2004) in diverse populations. In contrast, short-term 
metabolic studies showed that caffeine intake can 
acutely lower insulin sensitivity (Keijzers  et al ., 2002 
and Thong et al ., 2002 ) and increase glucose 
concentrations(Mougios et al ., 2003 and Lane et al ., 
2004 ) 

 
Tunnicliffe  and  Shearer , 2008  found that Coffee 
consumption may also mediate levels of gut peptides 
(glucose-dependent insulinotropic polypeptide and 
glucagon-like peptide-1), hormones intimately 
involved in the regulation of satiety and insulin 
secretion. Finally, coffee may have prebiotic-like 
properties, altering gut flora and ultimately digestion.  

 
It has been reported that Coffee intake might have an 
antiatherogenic property by increasing of ATP-binding 
cassette transporter (ABC)G1 and scavenger receptor 
class B type I (SR-BI)  expression and enhancing 
HDL-mediated cholesterol efflux from the 
macrophages via its plasma phenolic acids(Uto-Kondo 
et al ., 2010). 

Materials and Methods 

 Materials :  

Chemicals : All chemicals including alloxan were fine 
grade, chemicals purchased from local distributer 
(Sigma chemical) Cairo.Egypt.  

green , roasted and decaffeinated coffee  where 
purchased from a local market ,Cairo, Egypt   and was 
added to drinking water at a concentration of 5 g%.  

The basal standard diet was prepared in accordance 
with AIN-93 formulation (Revees et al., 1993).   

Composition of diet (g/100g)  
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Corn starch 62.07;casein 14 ;sucrose 10 ;cellulose 5 
;corn oil 4 ;salt mixture 3.5 ; vitamin mixture 1;L-
cystine0.18; choline bitratrate 0.25 and 
tert.butylhydroxy quinine 0.008.  

 Animals   

In the present study 30 female rats of wistar strain 
weighing ( 124.50  ±5.41 g) obtained from Institute of 
Ophthalmology(Cairo, Egypt) were used in this study . 
The rats were maintained under standard laboratory 
conditions in an air conditioned room and housed in 
stainless steel cages one per cage at temperature 22±3 
C and relative humidity 30-70 %. The animal diet was 
given ad libitum . Animals were acclimatized for one 
week prior to experiment. 

Thirty rats were divided into 6 groups each of 6 rats.  

Group 1( G1): Served as normal control and received 
standard diet. 

Group 2( G2): Diabetic control group. green , roasted 
and decaffeinated coffee   

Group 3( G3): Diabetic group which  received 5 % 
green coffee in drinking water . 

Group 4( G4): Diabetic group which  received 5 % 
roasted coffee in drinking water . 

Group 5( G5 Diabetic group which  received 5 % 
decaffeinated coffee in drinking water . 

The experiment lasted for 4 weeks.  

 Assays: 

       At the end of experimental period , all rats were 
fasted overnight and then anesthetized by ether and 
sacrificed. Blood was collected and allowed to clot 
;serum was separated by centrifugation at 3000 rpm for 
15 minutes serum was then transferred into properly 
labeled sterile vials and stored at -20° C till the 
performance of Laboratory analysis.  

liver , kidney and spleen  and heart were excised, 
rinsed in chilled saline solution and then blotted on 
filter paper ,weighed separately to calculate the relative 
weight.   

  absolute  weight of =The relative weight of organ 
 100×  organ  

                                                         final body weight of 
rat   

Serum was used for determination of  seum glucose 
according to Barham and Trinder , (1972)  . Serum 
insulin was determined according to Vuppugalla et al., 
(2003). Serum total cholesterol was assayed by the 
method of Richmond , (1973)  , serum triacylglycerol 
according to Fossati  and Prencipe , (1982) , serum 
HDL by the method of Steele et al ., (1976 )  while 
serum LDL-cholesterol  by the use of the equation of 
Friedewald et al ., (1972)  .   

 Statistical analysis:  

Statistical analysis: were performed using SPSS for 
Windows 10.0(SPSS Inc,Chicago.IL.USA). Data were 
expressed as mean ± S.D. One way analysis of variance 
(ANOVA) at ( p < 0.05 ) was used to compare mean 
values of continuous variable in cases and control. 

 3. Results  

The present study show a significant difference  (p  < 
0.05) in body weight gain and food intake between all  
treatment groups , with non significant difference in 
water intake , relative weight of organs including liver , 
kidney , spleen and heart .these data suggesting that 
green, roasted and decaffeinated coffee did not 
influence the relative organ weight and caused the 
reduction in food intake and gain weight in diabetic 
rats as compared to normal control group.(Table 1). 

Table 2 shows significant elevation (p  < 0.05) in 
serum glucose and insulin in diabetic control group as 
compared to normal control group at the end of 
experiment. This indicates uncontrolled hyperglycemia 
in alloxan diabetic rats. While consumption of green, 
roasted and decaffeinated coffee resulted in a decrease 
in serum glucose and insulin  (p  < 0.05) with the 
lowest glucose value observed with green coffee and 
with decaffeinated coffee for insulin. 

There is a significant decrease (p  < 0.05)  in serum 
calcium and serum phosphorus in groups 3,4 and 5 fed 
green and roasted coffee respectively indicating an 
association between caffeine consumption and bone 
health.(Table 3) 

Table (4) shows that alloxan injection produced a 
significant increase(p  < 0.05) in serum total- 
cholesterol(TC);triacylglycerol(TAG); LDL-C ; 
VLDL-C and in LDL\ HDL ratio and TC \ HDL ratio 
however  a significant decrease (p  < 0.05) in serum  
HDL-C is observed ;  In diabetic rats compared to 
normal control . 

Green, roasted and decaffeinated coffee resulted in a 
significant decrease (p  < 0.05) in 
triacylglycerol(TAG); LDL-C ; VLDL-C and in LDL\ 
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HDL ratio and TC \ HDL ratio .on the other hand  a 
significant increase (p  < 0.05) in serum  HDL-C is 
observed  in green, roasted and decaffeinated coffee 
groups compared to diabetic rats with the highest value 
for green coffee .Non significant effect on serum total- 
cholesterol(TC) reported in this study . 

Discussion: 

In this study the observed decrease in body weight is in 
agreement with animal studies and the prospective 
epidemiologic studies on weight loss (Muroyama  et al 
., 2003 and van Dam et al., 2006 ) suggest that long-
term caffeine and coffee consumption could decrease 
body weight in humans. 

 
Shimod et al., (2006)   showed that consumption of 
green coffee bean extract (GCBE) for 14 days caused a 
suppressive effect on weight gain and visceral fat 
accumulation in mice. GCBE contains 10% caffeine 
and 27% chlorogenic acid as the principal constituents, 
and these constituents showed a tendency to suppress 
body weight gain and visceral fat accumulation. Thus, 
these constituents are  suggested to be partially 
involved in the suppressive effect of GCBE on body 
weight gain and visceral fat accumulation. Caffeine is 
known to be a lipolytic compound. On the other hand, 
the effect of chlorogenic acid on body weight gain has 
not yet been established. 

 Elevated serum glucose and insulin in diabetic control 
group as compared to normal control group confirm 
uncontrolled hyperglycemia ,whereas green, roasted 
and decaffeinated coffee decreased serum glucose and 
insulin  (p  < 0.05) with the lowest glucose value 
observed with green coffee and with decaffeinated 
coffee for insulin. 

These results are with the line of van Dam ., (2008 ) 
who found that frequent consumption of coffee may 
reduce risk of type 2 diabetes and liver cancer. 

Several plausible mechanisms for a beneficial effect of 
coffee on glucose metabolism exist. Coffee has been 
shown to be a major contributor to the total in vitro 
antioxidant capacity of the diet (Pulido  et al ., 2003) 
which may be relevant as oxidative stress can 
contribute to the development of type 2 diabetes. 
Coffee is the major source of the phenol chlorogenic 
acid.( Clifford 2000) Intake of chlorogenic acid has 
been shown to reduce glucose concentrations in 
rats(Andrade-Cetto and  Wiedenfeld ., 2001  and 
Rodriguez de Sotillo and Hadley 2002 and intake of 
quinides, degradation products of chlorogenic acids, 
increased insulin sensitivity in rats.( Shearer  et al ., 
2003) Chlorogenic acid contributes to the antioxidant 

effects of coffee, ( Clifford 2000) may reduce hepatic 
glucose output through inhibition of glucose-6-
phosphatase, (Arion et al ., 1997 )and may improve 
tissue mineral distribution through its action as a metal 
chelator. (Rodriguez de Sotillo and Hadley 2002). In 
addition, chlorogenic acid acts as a competitive 
inhibitor of glucose absorption in the intestine. ( 
Clifford 2000)Indeed, decaffeinated coffee seemed to 
delay intestinal absorption of glucose and increased 
glucagon-like peptide-1 concentrations in an 
intervention study in humans.( Johnston et al ., 2003) 
Glucagon-like peptide-1 is well known for its 
beneficial effects on glucose-induced insulin secretion 
and insulin action.( Drucker 1998) This effect may 
explain the observation that higher coffee consumption 
was associated with lower postload, rather than fasting, 
glucose concentrations.( Yamaji  et al ., 2004 and )  

Caffeine ingestion can acutely reduce glucose storage, 
but beneficial effects of caffeine on lipid oxidation and 
uncoupling protein-3 expression have also been 
suggested.( Yoshioka  et al ., 2004) In US studies, 
decaffeinated coffee consumption was inversely 
associated with risk of type 2 diabetes.( Salazar-
Martinez et al., 2004) In addition, in a Japanese study, 
the inverse association with hyperglycemia was 
stronger for coffee than for caffeine.( Isogawa  et al ., 
2003) These observations suggest that coffee 
components other than caffeine may have beneficial 
effects on risk of type 2 diabetes. Coffee also contains 
substantial amounts of magnesium, which has been 
linked to better insulin sensitivity and insulin 
secretion.( de Valk 1999) However, adjustment for 
magnesium intake did not explain the association 
between coffee consumption and risk of type 2 
diabetes(Salazar-Martinez et al., 2004)  

As the beneficial effects of coffee consumption exist 
for both decaffeinated and caffeinated coffee, a 
component of coffee other than caffeine must be 
responsible. Tunnicliffe and Shearer2008  reported that 
,being plant-derived, coffee contains many beneficial 
compounds found in fruits and vegetables, including 
antioxidants. In fact, coffee is the largest source of 
dietary antioxidants in industrialized nations. When 
green coffee is roasted at high temperatures, Maillard 
reactions create a number of unique compounds. 
Roasting causes a portion of the antioxidant, 
chlorogenic acid, to be transformed into quinides. 

Decreased serum insulin in this study is in agreement 
with The decreased insulin secretion reported by 
Tianying et al ., (2009)  is consistent with the increased 
insulin sensitivity observed by Arnlov et al.,(2004). In 
contrast, Arnlov et al.,2004 did not observe a decrease 
in insulin secretion as assessed by early insulin 
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response under glucose stimulation. However, C-
peptide has a longer half-life than insulin and thus may 
better represent insulin secretion than insulin levels do 
(Chen et al ., 1999).The independent association 
between decaffeinated coffee and C-peptide indicates 
active ingredients other than caffeine. Antioxidants 
may improve insulin sensitivity Bruce  et al ., 2003(in 
type 2 diabetes and decrease insulin levels in rats 
(Thirunavukkarasu  ., 2004). 

Tianying et al ., (2009) concluded caffeinated and 
decaffeinated coffee consumption might prove to be an 
effective strategy for reducing insulin resistance, 
especially in overweight women. 

Oka  ., 2007 demonstrated that the prophylactic effects 
of coffee on diabetes involve pleiotropy of plural 
components in accordance to the degree of the roasting. 
A new concept of nutritional blended coffee may be 
important to optimize the prophylactic effects of coffee 
on lowering the risk factors of diabetes and delaying 
the progress of diabetes complications as well. 

  On the other hand  Contrary to our study Kempf  et 
al., 2010 demonstrated that  coffee consumption led to 
an increase in coffee-derived compounds, mainly 
serum caffeine, chlorogenic acid, and caffeic acid 
metabolites. , Whereas no changes were seen for 
markers of glucose metabolism in an oral-glucose-
tolerance test. 

On the other hand Robinson et al ., 2004 found 
evidence of a non significant caffeine-induced increase 
in insulin secretion in men with type 2 diabetes, and 
Petrie et al ., 2004 found no increase in such insulin 
secretion in obese men.  

In this study the significant decrease  in serum calcium 
and serum phosphorus in groups 3,4 and 5 fed green, 
roasted coffee respectively is in agreement with the 
finding of Barrett-Connor et al ., (1994) who reported 
that caffeinated coffee intake equivalent to two cups 
per day is associated with decreased bone density in 
older women who do not drink milk on a daily basis.  

Also are in agreement with those of Rapuri, et al ., 
(2001) who reported that Intakes of caffeine in 
amounts >300 mg/d ( 514 g, or 18 oz, brewed coffee) 
accelerate bone loss at the spine in elderly 
postmenopausal women. They found a significant 
negative correlation between caffeine intake and 
calcium intake and suggested that high caffeine 
consumption per se has a negative effect on bone 
mineral density (BMD), which may be further 
accentuated by low calcium intakes. However ,they 
could not gain insight into the mechanism of how 

caffeine exerts its negative effect because we found no 
significant changes in any of the biochemical indexes 
measured. 

The decrease in serum calcium may be due to the effect 
of  coffee consumption which caused an increase in 
endogenous fecal calcium and urinary calcium 
excretion . 

our results on the other hand disagree with those of  
Sakamoto et al ., (2001) reported that strongly indicates 
that coffee does not stimulate bone loss in rats. They 
clarify the relationship between coffee consumption 
and bone metabolism using male Wistar rats. assigned 
to three treatment groups including a control-diet group 
, a 0.62% coffee-diet group, and a 1.36% coffee-diet 
group. They indicated no significant differences in 
body weight change, serum and urinary biochemical 
markers of bone metabolism, and bone 
histomorphometry were found between the coffee-diet 
groups and the control-diet group, except that urinary 
phosphorus excretion after 140 days of both coffee 
diets was significantly increased compared with 
controls (p < 0.05). In addition, the coffee diets were 
not associated with differences in tumor necrosis 
factor-α and interleukin-6, which have been implicated 
in the pathogenesis of bone loss together with 
interleukin-1β. 

Green, roasted and decaffeinated coffee resulted in a 
significant decrease (p  < 0.05) in triacylglycerol 
(TAG); LDL-C ; VLDL-C and in LDL\ HDL ratio and 
TC \ HDL ratio . on the other hand  a significant 
increase (p  < 0.05) in serum  HDL-C is observed  in 
green, roasted and decaffeinated coffee groups 
compared to diabetic rats compared to  normal control 
with the highest value for green coffee ,with non 
significant effect on serum total- cholesterol(TC) 
reported in this study . 

Our results are in agreement with those of Kempf  et 
al., 2010 who reported that  coffee consumption led to 
an increase in coffee-derived compounds, mainly 
serum caffeine, chlorogenic acid, and caffeic acid 
metabolites. Significant changes were also observed for 
serum concentrations of interleukin-18, 8-isoprostane, 
and adiponectin  (8 compared with 0 cups coffee/d) . 
Serum concentrations of total cholesterol, HDL 
cholesterol, and apolipoprotein A-I increased 
significantly by r, whereas the ratios of LDL to HDL 
cholesterol and of apolipoprotein B to apolipoprotein 
A-I decreased significantly by 8% and 9%, respectively 
(8 compared with 0 cups coffee/d). this indicate that 
coffee consumption appears to have beneficial effects 
on subclinical inflammation and HDL cholesterol. 
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In accordance to our study Shimod et al.,( 2006)  
reported that serum and hepatic TG levels were 
lowered with intravenous administration of chlorogenic 
acid in Zucker fa/fa rats. However, the TG level in the 
adipose tissue was not lowered. Therefore, chlorogenic 
acid is suspected to be effective on hepatic TG, and not 
adipose TG. Chlorogenic acid is also a dietary 
polyphenolic compound with antioxidative activity. 
Thus, it is suggested that caffeine, chlorogenic acid and 
other polyphenolic compounds in GCBE act 
synergistically to suppress body weight gain and 
visceral fat accumulation in mice. 

Uto-Kondo       et al ., 2010  hypothesized that coffee 
may enhance reverse cholesterol transport (RCT) as the 
antiatherogenic properties of high-density lipoprotein 
(HDL). Caffeic acid and ferulic acid, the major 
phenolic acids of coffee, enhanced cholesterol efflux 
from THP-1 macrophages mediated by HDL, but not 
apoA-I. Furthermore, .they concluded that  Coffee 
intake might have an antiatherogenic property by 
increasing of ATP-binding cassette transporter 
(ABC)G1 and scavenger receptor class B type I (SR-
BI) expression and enhancing HDL-mediated 
cholesterol efflux from the macrophages via its plasma 
phenolic acids. 

Lee ., 2009 demonstrated that coffee may guard against 
Alzheimer's disease and other forms of dementia and 
somehow soften the blow of a heart attack. 

Ozercana  et al.,( 2006) found  that lipid peroxidation 
products that increased in the plasma and liver tissue of 
the CCl4 group decreased by( instant coffee) IC 
administration. There was an increase in the measured 
antioxidant parameters, which were total antioxidant 
capacity (TAOC), sulphydryl (SH) and ceruloplasmin 
levels. They concluded that IC had a protective role in 
acute liver injury induced by CCl4, but did not affect 
steatosis.Lopez-Garcia  et al ., (2006) reported that 
there is no evidence that coffee consumption increases 
the risk of CHD. 

our results on the other hand disagree with the fnding 
of  Rodrigues and Klein., (2006) who found that 
Caffeine is the most widely consumed psychostimulant 
drug in the world that mostly is consumed in the form 
of coffee.  They examined the effects of caffeine 
intake, both alone and via coffee consumption, on key 
blood markers of CVD risk: lipoproteins (cholesterol, 
triglycerides), fibrinogen (a biomarker of blood 
clotting) and C-reactive protein (CRP; a biomarker of 
inflammation). They indicated a strong relationship 
between boiled, unfiltered coffee consumption and 
elevated cholesterol levels. 

Also disagree with those of Ricketts  et al ., (1993 )who 
suggest that caffeine consumption is associated with 
increased serum cholesterol and/or low density 
lipoprotein cholesterol. They confirmed that when 
consumption of caffeine reaches 200 mg or more total 
cholesterol significantly increased in males. Low 
density lipoprotein cholesterol concentrations were 
somewhat increased in males who consumed 200 mg 
or more. In women, triglyceride levels significantly 
increased when dietary caffeine intake was 200 mg or 
higher. Dietary caffeine intake may be a factor to 
consider when evaluating serum lipid levels. 

Conclusion  :  The  observed improvement in glucose  
,insulin profile , triacylglycerol  and HDL-C confirm 
the potent biological action of green, roasted and 
decaffeinated coffee and suggest that chlorogenic acid 
(a component in coffee ) might have an antagonistic 
effect on glucose transport. Suggesting  a novel 
function of coffee on lowering the risk factors of 
diabetes and delaying the progress of diabetes 
complications as well. 
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Abstract: Aluminum (Al) is an important element with known toxicity in the human body, mainly in the central 
nervous system. Vitamin E (Vit E) is known as antioxidant, free radical scavenger and metal chelator. This study 
was aimed to investigate the neurotoxic oxidative damage of aluminum chloride(AlCl3) and the protective effect of 
vit E on neurotoxic effect of AlCl3 on brain of male albino rats exposed to the metal. Sixty male rats were divided 
into three treatment groups.  The first group treated with AlCl3 1600 mg/L. In the second group, the rats were given 
AlCl3 with vitamin E in a dose of 2.5 mg/kg BW orally. The third group was received no treatment and was kept as 
control group. Administrations of AlCl3 with or without Vit E were carried out daily for one month. The present data 
revealed a significant increase in acetylecholinesterase (AchE) activity and malondialdhyde content (MDA) while 
the enzymatic antioxidant activities as glutathione-s-transferase (GST), glutathione peroxides (GPX) and glutathione  
reductase (GR) were significantly decreased in aluminum treated group. Also in the same group significant elevation 
in nitric oxide(NO) content and amino acid concentrations (glutamic acid, gamma amino butyric acid (GABA), 
tyrosine, methionine, aspartic acid, leucine, alanine, valine, phenylealanine and isoleucin were recorded ,with 
marked histopathological changes as focal and diffuse gliosis with pericellular edema in cerebral cortex in addition 
to neurophagia and neuronal degeneration  . Vit E supplementation resulted in a marked appreciable improvement in 
all previous abnormal alteration observed in AlCl3 treated rats. Therefore, the study revealed that Vit E has a 
potential ability to exhibit neuroprotective role in conditions of Al-induced oxidative stress and neurotoxic effect in 
rat brain. 
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1. Introduction: 

Nervous system is a vulnerable target for 
toxicants due to critical voltages which must be 
maintained in the cells and the all responses when 
voltages reach threshold levels. Aluminum (Al) has 
the potential to be neurotoxic in human and animals. 
It presents in many manufactured foods and 
medicines and is also added to drinking water for 
purification purposes (Newairy et al., 2009). Al is 
widely used in antacid drugs, as well as in food 
additives and tooth paste (Abbasali et al., 2005). 
Environmental pollution with different aluminium 
containing compounds, especially those in industrial 
waste expose people to higher than normal levels of 
Al (Kloppel et al., 1997). Particulate matters 
distributed by cement – producing factories contain, 
high amount of Al, and animals and populations 
residing in the vicinity are exposed to the pollution 
(Shehla et al., 2001). Although aluminum has been 
implicated in Alzheimer's disease, Parkinsonism, 
Dementia complex and causes extensive damage to 

the nervous system, to date the mechanism of Al 
neurotoxicity has not been fully elucidated (Niu et 
al., 2007). In recent researches, aluminum have been 
reported to accelerate oxidative damage to 
biomolecules like lipid, protein and nucleic acids 
(Jyoti et al., 2007). Vit E (ά- Tocopherol and its 
derivatives) is a predominant chain breaking lipid - 
soluble antioxidant and is believed to be the primary 
free radical scavenger and prevent lipid peroxidation 
(Cerolini et al., 2000). 

Therefore, the present study was carried out 
to investigate the alteration in biochemical 
parameters including free radicals, enzymes 
activities, amino acids concentrations and 
histopathological alterations induced by AlCl3 in 
brain tissue of male rats in addition to the role of 
vitamin E in altering the oxidative damage and 
neurotoxic effects of aluminum.
 
2. Material and methods: 
Materials 
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I- Tested substances:- 
1- AlCl3 is a white powder , was purchased from 
Aldrich chemical company (Milwaukeewis, USA). 
2- Vitamin E: As E-viton capsules (Vit E tocopherol 
acetate) 100 mg obtained from Kahira 
Pharmaceutical and Chemicals Ind. Co. 
 
II-   Experimental animals:  

Sixty apparently healthy adult male albino 
rats with initial weight of 90 – 100 g were supplied 
from Animal House of National Research Center. 
Animals were left for one week before the start of 
experiment for acclimatization. They were fed on 
balanced commercial rat diet with free access of food 
and water. Rats were randomized and divided into 
three groups, treated  and control groups twenty rats 
each , the rat in the  first group were given daily 
AlCl3 via their drinking water containing 1600 mg / L 
AlCl3 for one month  (Nedzvetsky et al., 2007). In the 
second group,  rats were administered AlCl3 as in the 
first group in addition to vit E as E. Viton in a dose 
level of 2.5 ml / kg BW (Paget and Barnes, 1964) 
orally by using stomach tube. The  animal in the third 
group served as control and received no treatment. 
Administrations of AlCl3 with or without Vit E were 
carried out daily for 30 successive days. 
 
Sampling: 

Five animals from each experimental group 
were sacrificed every week and their brains were 
taken in order to carry out biochemical and 
histological examination. For biochemical analysis , 
brain samples were stored at -20 °C, while another 
brain samples were preserved in 25% neutral 
formalin for histopathological examination. 
 
2- Methods: 
1- Preparation of brain samples:  
a- preparation of brain samples for determination of 
some biochemical constituents: Brain samples were 
rapidly removed, rinsed from blood using distilled 
water, blotted between two damp filter papers, then 
weighted. The whole brain was placed in pre-chilled 
glass tube with calculated volume of cold saline and 
the tube surrounding by cooling mixture (ice + 
sodium chloride + acetone) then homogenized by 
homogenizer, the final homogenate was 10% weight /  
volume, this homogenate is centrifuged and the 
supernatants were taken for different biochemical 
studies. 
b- Preparation of brain samples for estimation of 
GABA, glutamic acid and other amino acids 
concentrations:  Brain samples were homogenized 
with 1:4 w/v 0.5% sodium dodecylsulphate (SDS) 
with homogenizer then incubate at room temperature 
for 15 min. then 4% sulpho salicylic acid solution 

(1:6 V/V) was added and the samples were vortexed 
and centrifuged at 12000 rpm for 15 min. The 
supernatant was frozen at -20 oC until the analysis of 
GABA, glutamic acid and other amino acids 
concentrations. 
 
2- Biochemical studies: Determination of the 
activities of acetylcholinesterase and lipid 
peroxidation (malondialdhyde concentration) were 
performed according to the method of Kendel and 
Bottger (1967) and Okhawa et al. (1979) 
respectively. Determination of glutathione-s- 
transferase , glutathione peroxidase and glutathione 
reductase activities were carried out using the 
methods described by Goldberg and Spooner, (1983) 
Pagila and Valentin, (1967) and Habig et al ,(1974) 
respectively. Also Nitric oxide was determined after 
the method of Montogometry and Doymock(1961). 
 
3- Concentration of GABA, glutamic acid and other 
amino acids: They were determined in brain samples 
on the basis of retention time and quantified using a 
Beckman 6300 automate amino acid analyzer 
according to the method of Bechman method for 
analysis of physiological fluids (Beckman system 
application notes October, 1985 cited by Romano et 
al., (1990). 
 
4- Histopathological examination: histopathological 
examination of brain samples were performed 
according to the method of Banchroft et al., 1996 
5- Statistical analysis: Data were compared across 
group using one way analysis of variance  ANOVA  
followed by  least significant difference (LSD) test at  
5% and 1% within groups according to  (Sendecor 
and Cochran, 1982). 

 
3. Results 
Effect on AchE activity:- 

The present data revealed significant 
increase in the activity of AchE in brain homogenate 
of AlCl3 -treated rats all over the experimental period 
while in group of rats treated with AlCl3 and Vit. E, 
the present data showed significant decrease in the 
mean value of the elevated enzymatic activity of 
AchE in comparison with the control group (Table, 
1). 
Effect on brain lipid peroxidation:- 

Results presented in table (1) indicated that 
in AlCl3- treated rats the mean values of lipid 
peroxidation (malondialdhyde concentration) in brain 
tissue significantly increased from the 1st week of the 
experiment and lasted till the end while in the 2nd 
group that received Vit. E in association with AlCl3, 
the mean values of lipid peroxidation showed no 
alteration in comparison with the control group. 
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Effect on antioxidant enzymes activities and nitric 
oxide content:-  

Effect of AlCl3 on brain antioxidant enzyme 
activities of treated male rats was recorded in table 
(1). It was evident from this data that oral 
administration of AlCl3 significantly inhibited the 
activities of GST, GPX and GR with significant 
increase in NO content. Vit E in association with 
AlCl3 posses a protective effect against the effect of 
AlCl3 on the antioxidant enzymes status  and nitric 
oxide content which represented by  a significant 
improvement in the previous abnormal parameters. 
Effect on amino acids concentrations in brain tissue:- 

Results presented in table(2) showed that 
glutamic acid and aspartic acid concentration 
significantly increased  from 1st week till the end of 
the experiment while the concentration of GABA, 
tyrosin and methionine significantly increased  from 
1st week till the end of the third week, while co-
administration of AlCl3 and Vit E decreased the 
elevated amino acid concentration to levels that are 
nearly similar to control group (Table, 2). 

Data in table (3 ) denoted that AlCl3 when 
administered to male rat in a dose level of 1600 mg/L 
for one month induced a  significant increase in  
leucin  concentration from the beginning till the end 
of the experiment while the increase in alanine 
concentration was observed from the beginning till 
the third period of the experiment. Effect of AlCl3 on 
valine, phenyl analine and isoleucin concentrations in 
brain homogenates were evaluated in table 3. 
Concentrations of these amino acids significantly 
increased during 1st and 2nd week in Al -treated rats 
while cotreatment of Vit E with Alcl3 decreased the 
previous elevated concentrations. 
Histopathological finding:- 

Microscopical examination of brain in AlCl3 
treated rats that administrated AlCl3 for 15 days 
revealed focal as well as diffuse gliosis in the cerebral 
cortex with sever dilatation and congestion in 
meningeal blood vessels (Fig. 1). The cerebral cortex 
of rat's brain of this group showed pericellular odema 
and congestion of cerebral blood vessels  and 
capillaries ( Figs. 2,3). In group of rats administrated 
AlCl3 for one month, the histopathological 
examination showed sever and massive diffuse 
gliosis as well as sever pericellular odema in the 
cerebral tissue (Fig 4), encephalomylacia with focal 
gliosis (Fig. 5) and neuronophagia with neuronal 
degeneration were detected in the brain matrix of rats 
in this group (Fig. 6). 

Histopathological examination of the 2nd 
group that received Vit E in association with AlCl3 
for 15 days showed mild diffuse gliosis in cerebral 
cortex (Fig. 7). Mild pericellular odema were noticed 
in cerebral tissue (Fig.8) in the brain of rat 

administrated aluminum and protected by Vit E for 
one month. 
 
4.  Discussion 
The obtained data revealed that AlCl3 induced 
significant increase in AchE activity in brain tissue of 
treated male rates. This result was parallel to those 
recorded by (Bihaqi et al., 2009). They observed a 
significant increase in AchE activity in rat treated 
with AlCl3 (50 mg/kg) daily for three months. Also 
Kumar (1998) reported that AchE activity in different 
brain regions increased after 4 and 14 day from oral 
administration of AlCl3 at a dose of 320 mg/kg BW. 
This elevation in AchE activity in may be attributed 
to the direct neurotoxic effect of metal or perhaps a 
disarrangement of the cell membrane caused by 
increased lipid peroxidation  as reported by Kaizer et 
al.( 2005). Lipid peroxidation is one of the main 
manifestations of oxidative damage and  it has  been 
found that LPO plays an important role in toxicity 
and carcinogenicity of many xenobiotics (Anane and 
creppy, 2001). Concerning the data obtained, our 
results revealed elevation of LPO in brain of Al- 
treated rats which were evidenced by the increased  
production of MDA .  Similar result were mentioned 
by Nedzvetsky et al. (2007) who stated that Al  
induced significant increase in  MDA concentration  
in hippocampus and frontal cortex of rats 
administered daily AlCl3 via drinking water for six 
weeks. Nearly similar finding to our data that was 
obtained by Jyoti et al. (2007) who demonstrated that 
administration of AlCl3in dose level of ( 50 
mg/kg/day) in drinking water for a month induced 
oxidative damage with accumulation of lipid damage 
peroxidation. Yang et al. (2006) reported that 
intraperitoneal injection of AlCl3 solution for 60 days 
at different dose can accelerate lipid peroxidation in 
rat's brain which may be one of the most important 
intoxication mechanisms.  This elevation of MDA 
could be attributed to the ability of aluminum itself 
and its different salts to accelerate oxidative damage 
to biomolecules like lipids, protein and nucleic acids 
(Strong et al., 1996). Also, Al is able to cross the 
blood brain barrier and is deposited in rat brain and 
increase LPO (Deloncle et al., 1990). Therefore, the 
estimation of free radical generation and antioxidant 
defense has become an important aspect of 
investigation in mammals. The obtained data 
revealed significant inhibition in activities of GST, 
GPX and GR in brain tissue of Al- treated rats, these 
results were recorded in table1. Our findings were 
consistent with results of several investigators who 
revealed marked decrease in endogenous antioxidant 
after administration of different salts of Al (Katyal et 
al., 1997 and Dua and Gill, 2001). 
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Table (1): Acetyl choline esterase (AchE) activity malondialdhyde(MDA) concentration, enzyme activities of glutathione –s- transferase( GST) , 
glutathione  peroxidase (GPX),  and  glutathione reductase (GR )and nitric  oxide NO content in the brain of treated and control rat groups 
(mean ± SE). 

                
NO 

(µ mol / L) 
GR 

(U/ L) 
GPX 

(mU/ mL)            
GST 

U / g)( 
MDA 

nmol / g)( 
AchE 
 (U/ L) 

Group Time 
 

22.81±   0.09 39.19  ± 0.31 0.2037   ± 0.0195 0.01175± 0.0007 47.64 ±  1.94 218.56   ± 2.37 AL 
11.39±  0.19 55.62 ± 0.55 0.3132   ± 0.0027 0.023± 0.0011 23.46 ±  0.29 162.05  ±    0.3 AL+E 

7.86 ±  0.42 86.29 ± 0.35 0.3265 ±  0.0027 0.027± 0.0019 24.67 ±  0.56 143.15 ±  0.77 C 

 
 

1St Week 
 

30.45 ±  0.37 42.035  ±  0.42 0.1622    ±  0.27   0.0155± 0.0007 48.36 ± 0.11 239.85  ± 1.38 AL 
15.93 ±  0.50 61.99 ±  0.26 0.332  ±     0.0032 0.0295±  0.0015 31.34 ± 0.53 184.92 ±  0.71 AL+E 
8.93 ±   0.48 92.42   ±   0.74 0.3402 ±   0.0078 0.0305± 0.0019 35.94 ±  0.63 172.96 ±  0.67 C 

 
 

2nd Week 
23.27± 0.15 43.49 ±  0.97 0.1632  ±   0.0007 0.0645± 0.0242 44.68± 0.53 205.75 ± 1.45 AL 
12.35±  0.31 54.155 ±   0.45 0.3315   ±  0.0031 0.0787± 0.0213 32.41± 1.88 181.75  ±   0.34 AL+E 

9.06  ±  0.33 92.6   ±  0.46 0.353±0.0061  0.0870 ± 0.0286 32.12± 0.47 160.72 ±    0.41 C 

 
3rd Week 

 

 25.55± 0.19 44.61  ±  0.43 0.1622  ±  0.0003 0.0137± 0.0006 45.85± 1.01 232.8  ±  0.51 AL 
14.05 ±  0.25 61.12 ±  0.25 0.3232 ± 0.0032 0.0322± 0.002 34.54± 0.54 176.11±   0.19 AL+E 

10.88 ±   0.18 90.72±  0.27   0.347 ±  0.0089 0.033± 0.0009 32.33 ± 0.40 164.83 ±   0.65 C 

 
4th Week 

3.86 5.009 0. 0232 0.007 6.43 20.46 LSD at 
5% 

5.54 7.196 0. 0333 0.009 9.25 29.40 LSD at 
1% 

LSD   

                                    
              Data were expressed as mean and standard errors (means±SE) 

  

              AL: Aluminum 
              E: Vit E 

C: control group 
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Table (2): Mean values ± SE of Glutamic acid, GABA, Tyrosine, Methionine  and Aspartic acid amino acids 

concentrations  in brain tissue of treated and control rat groups.(means ±SE)  
 

Time Groups Glutamic acid GABA Tyrosine Methionine Aspartic acid 

AL 6.12±0.72 5.57±0.46 2.34±0.21 1.90±0.22 1.16±0.06 

AL+E 1.57±0.32 4.37±0.42 0.96±0.04 0.95±0.06 0.57±0.02 1st 
week 

C 0.62±0.02 2.16±0.22 0.119±0.01 0.30±0.02 0.15±0.01 

AL 2.66±0.22 6.62±0.69 3.55±0.32 5.05±0.23 1.33±0.12 

AL+E 1.72±0.34 4.89±0.46 1.65±0.113 3.03±0.25 0.53±0.02 2nd 
week 

C 0.57±0.02 1.68±0.13 0.16±0.01 0.28±0.02 0.18±0.04 

AL 2.34±0.37 4.88±0.37 1.15±0.07 2.34±0.25 0.79±0.03 

AL+E 1.30±0.13 2.92±0.28 0.77±0.03 1.60±0.08 0.51±0.02 3rd

Week 

C 0.55±0.03 1.56±0.09 0.115±0.01 0.34±0.02 0.19±0.02 

AL 1.98±0.08 2.20±0.08 1.35±0.08 1.25±0.05 0.62±0.02 

AL+E 0.97±0.07 1.25±0.07 0.72±0.04 0.37±0.03 0.42±0.01 4th  
Week 

C 0.52±0.03 1.21±0.08 0.134±0.01 0.22±0.01 0.16±0.01 

LSD at 5% 1.115 3.270 1.569 1.553 0.364 
LSD 

LSD at 1% 2.712 4.609 2.555 1.944 0.534 

         Data were expressed as mean and standard errors (means±SE) 
         AL: Aluminum 
         E: Vit E 
         C: control group                                                  
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Table  (3): Mean values ± SE of Leucine,Alanine, Valine, Phenyle alanine and Iso-leucine amino acids 

concentrations  in brain tissue of treated and control rat groups.  
 

Time groups Leucine Alanine Valine Phenyle alanine Iso-leucine 

AL 9.63±0.58 9.82±1.28 6.12±0.55 2.98±0.26 4.34±0.33 

AL+E 5.42±0.38 4.70±0.17 4.87±0.26 1.18±0.07 1.63±0.06 1st week 

C 0.62±0.02 1.25±0.06 0.72±0.05 0.118±0.01 0.119±0.01 

AL 11.25±1.12 8.59±0.56 3.52±0.41 3.50±0.37 5.56±0.42 

AL+E 7.45±0.62 5.98±0.18 1.38±0.07 1.87±0.11 2.75±0.18 2nd

Week 

C 0.52±0.02 1.21±0.08 0.636±0.02 0.117±0.01 0.137±0.02 

AL 8.16±0.53 6.52±0.71 1.86±0.05 1.30±0.05 2.27±0.14 

AL+E 4.56±0.42 3.45±0.35 0.97±0.03 0.74±0.04 1.98±0.07 3 rd 
Week 

C 0.48±0.03 1.23±0.09 0.512±0.02 0.16±0.01 0.116±0.01 

AL 4.52±0.36 4.53±0.13 0.93±0.03 0.94±0.04 2.22±0.21 

AL+E 2.60±0.14 1.97±0.07 0.45±0.02 0.24±0.01 1.25±0.09 4th week 

C 0.51±0.03 0.98±0.05 0.36±0.01 0.15±0.01 0.115±0.01 

LSD at 5% 2.758 4.125 2.347 1.374 2.941 
LSD  

LSD at 1% 6.005  6.523 5.372 2.549 4.226 

Data were expressed as mean and standard errors (means±SE) 
         AL: Aluminum 
         E: Vit E 
         C: control group                                                  
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Fig (1):- Brain of rat administrated aluminum for 15 days showing focal as well as diffuse gliosis (arrow)in 

cerebral cortex with sever dilatation and congestion in meningeal blood (v)H&E X 40 
 

  
 
Fig. (2):- Brain of rat administrated aluminum for 15 days showing Pericellular oedema in cerebral cortex 

(arrow) H&E X 64. 
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Fig. (3):- Brain of rat administrated aluminum for 15 days showing sever congestion in the blood vessels and 

capillaries of cerebral cortex. H&E X40 
 

 
 
Fig. (4):-  Brain of rat administrated aluminum  for one month showing sever and massive diffuse gliosis as 

well as sever pericellular oedema in the cerebral tissue H&E X 4                      
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Fig. (5):- Brain of rat administrated aluminum for one month showing encephalomylacia o brain matrix ( C ) 

with gliosis (g) H&E X 160. 
 

  
 
Fig. (6):- Brain of rat administrated aluminum for one month showing neurophagia (arrow) with 

degeneration of neuronal cells. H&E X 160. 
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Fig. (7):- Brain of rat administrated aluminum and vitamin E for 15 days showing mild diffuse gliosis in 

cerebral cortex (C). H&E X 40. 
 

 
 
 Fig. (8):- Brain of the rat administrated aluminum and vitamin E for one month showing mild precellular 

oedema (arrow). H&E X 64. 

http://www.americanscience.org            editor@americanscience.org 987



Journal of American Science                                                                                                                 2010;6(10)   

  
El-Demerdash (2004) reported that 

administration of 34 mg AlCl3 /kg Bw significantly 
(p<0.05) induced free radicals (TBARS) and 
decreased the activity of glutamate-s- tansferase. Also 
Mokhtar ( 2004) mentioned that administration of 
AlCl3 34mg/kg Bw (1/25 LD 50) to male rabbit every 
other day for 16 weeks induced decline in the activity 
of GST and level of sulfhydryl group (SH) in brain, 
liver, plasma, kidney and testes. Bihaqi et al. (2009) 
observed a significant decrease in the enzymatic 
activities of antioxidant enzymes like glutathione 
peroxidase   and glutathionr S transerase during 
treatment with 50 mg/kg BW AlCl3 daily for 3 
months. Newairy et al. (2009) revealed that the level 
of TBARS  was increased and the activities of GST,  
super oxide dismutase (SOD), catalase and GPX were 
decreased in liver, kidney and brain of rat treated 
with 34 mg/kg BW AlCl3 daily for 70 days. 
Furthermore, Dua and Gill (2001) reported that the 
exposure to Al phosphide resulted in significant 
increase in neuronal lipoperoxidation damage with 
concomitant alteration in the antioxidant defence 
status thus having serious bearing of the functional 
and structural status of CNS. The reduction in 
activities of GST, GPX and GR may be attributed to 
the elevated level of protein and lipid oxidative 
products due to oxidative damage effect of Al on 
biomolecules. This inhibition of these enzymes 
activities also may be referred to the effect of Al in 
declining the expression of mRNA of endogenous 
antioxidants (Gonzalez et al., 2007).  

`The obtained data revealed a significant 
increase in nitric oxide content in AlCl3- treated 
group parallel to our results those recorded by 
Stevanovic et al. (2009) who reported that 
intrahippocampal injections of AlCl3  in wistar rat 
induced significant increase in nitric oxide and 
malondialdehyde concentrations and reduced the 
glutathione contents at 3hrs. and 30 days after 
treatment. Also Satoh et al. (2007) recorded that 
treatment of PC12 cells with 150 microM aluminum 
–maltol complex for 48 hrs induced significant 
increase in nitric oxide generation which was 
involved in the onset mechanism of aluminum-maltol 
induced cell death. This elevation in nitric oxide 
could be attributed to the ability of aluminum to 
generate reactive oxygen species and free radicals 
(Parakash and Rao, 1996). One of the multiple 
pathways to increase free radicals mediated 
neurotoxicity is the formation of peroxynitrite by 
reaction of nitric oxide and superoxide radical (Yao 
et al., 2004). 

The statistical analysis of the present results 
revealed a significant increase in concentration of 
glutamic acid, GABA, tyrosin, methionine and 
aspartic acid . Also, a significant increase of leucine, 

alanine, valine, phenyl alanine and isoleucine which 
were recorded in table (3). In this aspect, our results 
were correlated with those mentioned by Nayak and 
Chatterjee (2001) who mentioned that intraperitoneal 
injection of AlCl3 and hexahydrates by for 4 week 
induced significant increase in brain glutamic acid 
and GABA with other alteration in enzymes of 
glutamate-GABS system. One of the contribuitory 
factors for this increase in glutamic acid level may be 
the Al- induced inhibition of glutamate transport by 
synaptic vesicles (Wong et al., 1981) or inhibition of 
glutamate release by aluminum (Provan and Yokel, 
1992). The elevation of GABA concentration may be 
attributed to the increased level of glutamate which 
undergo decarboxylation by action of glutamic acid 
decarboxylase enzyme (GAD) to produce GABA, 
where GAD is the sole enzyme responsible for 
decarboxylation of glutamate. Also, Al induced 
modification of the enzyme activities may be either 
due to the direct impact of aluminum or due to 
aluminum-induced changes in the cellular 
environment and the differential regional 
accumulation of glutamate or other alteration in 
enzymes of the glutamate-GABA system which were 
induced by aluminum and may be considered as one 
of the causes of aluminum induced neurotoxicity 
(Nayak and chatterjee, 2001). 

Jabaudon et al. (2000) revealed that when 
extracellular glutamate concentration increase, it 
become excitotoxic and reaching levels that activate 
N-methyle-D-aspartate type of glutamate receptor 
(NMDAR) thereby causing neuronal death. From the 
present study, it is clear that glutamate itself and its 
metabolizing enzymes as well as its metabolites are 
prone to Al-induced alteration. The role of glutamate 
in Al- induced neuronal degeneration may be 
multifaceted. Elevated glutamate can directly produce 
excitotoxicity in neuronal cell or affect cells through 
its metabolites. The present data indicated a 
significant increase in aspartic acid in AlCl3 -treated 
group. This result is in the harmony with those of Jia 
et al. (2001) who studied the effect of long term 
exposure to aluminum on amino acid transmitters in 
hippocampus of rats, and he found that the contents 
of aspartate and glutamine were significantly 
increased at the dose of 111.9 mg AlCl3/ kg BW. 

The obtained data revealed significant 
increase in tyrosine, methionine, ieucine, alanine, 
valine, phenylealanine and isoleucin. Our results are 
in agreement with high cumulative concentrations of 
aluminum absorbed over a lifetime result in increased 
amounts of proline, lysine, arginine and other amino 
acids in brain cells, leading to an alteration in 
neuronal excitability, resulting in the erratic and 
convulsive effects seen in aluminum neurotoxicity 
(Wenk and Stemmer, 1981,1982). The altered content 
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of amino acid neurotransmitters might be one of the 
important mechanisms of aluminum neurotoxicity. 

Exposure to Al may cause marked 
histophathological alterations in the brain tissue 
which were represented by focal as well as diffuse 
gliosion in cerebral cortex, odema and inflammatory 
cell infiltration and pericellular odema in cerebral 
cortex, encephalomylacia with neuronal 
degeneration. Parallel to our findings, those recorded 
by Bihaqi et al. (2009) who found that AlCl3 causes 
histopathological lesions in cerebral cortex including 
neuronal degeneration as cytoplasmic vacuolization 
hemorrhage, ghost cell and gliosis. Our 
histopathological  findings are correlated to those of 
Matyja (2000) who noticed that exposure to 
aluminum causes marked histopathological alteration 
in the cerebral cortex including neuronal 
degeneration, precellualr odema and gliosis. 

Antioxidants are known to reduce oxidative 
radical induced reaction. α tocopherol is an important 
antioxidant in biological systems. It inhibits 
peroxidation of membrane lipid by scavenging lipid 
peroxyl radical with formation of tocopheroxyl 
radical as a consequence (Arita et al., 1998). 

The present data showed that the presence of 
vit E with Al alleviated its harmful effect on all above 
measured parameters and their levels become near to 
the normal values of control. These results are in 
good accordance with those obtained by Ithayarasi 
and Devi (1997) and El-Demerdash (2001) who 
found that α-tocopherol maintained the levels of 
antioxidant membrane-bound enzyme and the 
activities of antioxidant enzymes near the normal 
value thus emphasizing their effect as antioxidant. 
Chinoy and Memon (2001) demonstrated that Vit E 
has a very significant bearing on the amelioration of 
Al toxicity in human. Parallel to our result, those 
mentioned by El-Demerdash (2004) who stated that 
Vit E or selenium in combination with Al 
significantly decreased level of free radicals and 
increased the activity of GST and SH. The protective 
effect of Vit E against the neurotoxic effect of AlCl3 
may be attributed to the ability of Vit E to appear as 
the first line of defense against peroxidation of 
polyunsaturated fatty acid contained in cellular and 
subcellular membrane phospholipids. Tochopherol 
act as antioxidant breaking free radical chain reaction 
as a result of their ability to transfer a phenolic 
hydrogen to peroxyl free radical of peroxidized 
polyunsaturated fatty acid (Murry et al., 2000). Also 
Vit E ameliorates glial activation and reduces the 
release of proinflammatory cytokinses induced by 
aluminum (Nedzvetsky et al., 2007). Vit E 
counteracts aluminum harmful effects not only by 
preventing free radical formation but also by favoring 
Al disposal (Gonzalez et al., 2007). Also, 

histopathological examination of rat’s brain in AlCl3 
and Vit E -treated group showed only mild gliosis 
and mild precellular odema in cerebral cortex that 
confirm the marked protective effect of Vit E against 
the toxic effect of AL   

 In conclusion the present study 
demonstrated that Vit E in combination with 
aluminum minimized its harmful effect. Vit E proved 
to be effective in decreasing level of free radicals and 
increasing the activity of antioxidant enzymes with 
improvement of brain amino acids concentration to 
be close to normal values. Consequently, efforts must 
be done to reduce the exposure to aluminum  as well 
as  using diet rich in Vit E may be beneficial in 
alleviating aluminum toxicity. 
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Abstract: An in vitro experiment was conducted to investigate the protective effect of ascorbic acid, mannitol and 
aminoguanidine at different concentrations against carbon tetrachloride induced toxicity and oxidative stress in 
hepatocytes cell line (BRL3A) from buffalo rats. Results were compared with those of vitamin E as standard 
hepatoprotective agent. Treatment of BRL3A with CcL4 lead to generation of free radicals detected after two hours 
incubation using ESR technique and produced cell injury demonstrated by increased leakage of LDH, ALT and AST 
to the media. Exposure to CcL4 caused apoptosis to cells but did not induce lipid peroxidation as tested by the 
TBARS technique. Treatment with vitamin E has significant hepatoprotective effect by lowering the leakage of 
intracellular enzymes, reducing the oxidation of proteins and decrease incidence of apoptosis. Ascorbic acid, 
mannitol and aminoguanidine were ineffective against CcL4 toxicity. [Journal of American Science 2010;6(10):992-
1003]. (ISSN: 1545-1003).  
 
Keywords: in vitro; ascorbic acid; mannitol; aminoguanidine 
 
1. Introduction: 

The liver occupies a vital role in the main 
functions of the organism. It is particularly 
susceptible to chemically induced injury due to its 
extensive metabolic capacity and cellular 
heterogeneity. Oxidative stress occurs when there is 
an imbalance between reactive oxygen species (ROS) 
formation and scavenging by antioxidants. Excess 
generation of ROS can cause oxidative damage to 
biomolecules resulting in lipid peroxidation, 
mutagenesis and carcinogenesis (Khan and Sultana, 
2009). 

 In vitro liver systems represent a better 
experimental approach to screen potential hepatotoxic 
compounds and to investigate the mechanism by 
which chemicals induce liver lesions (Kucera et al., 
2006). Liver cell lines are characterized by unlimited 
subcultivation and cell availability in large number) 
Guillouzo, 1998 .)The BRL3A cell line is an 
epithelial cell line from buffalo rat liver which is able 
to divide in the absence of serum. 

 Carbon tetrachloride (CcL4) has long been 
known as a model toxicant and has been the focus of 
many in vitro and in vivo toxicological studies 
(Manibusan et al., 2007). The liver is the major target 
organ of CcL4 toxicity owing to its high content of 
cytochrome P-450 (Södergren et al., 2001).  
Antioxidants are used to antagonize the deleterious 
action of free radicals and to protect hepatocytes from 
damage. Vitamin E (α-tocopherol) is considered the 
most important lipophilic antioxidant in biological 
tissues (Weber et al., 2003). Ascorbic acid is an 
important dietary antioxidant. It significantly 

decreases the adverse effect of reactive species such 
that can cause oxidative damage to macro-molecules 
such as lipids, DNA, and proteins (Alpsoy et al., 
2009). Mannitol is a polyol which develops an 
antioxidant activity by scavenging ROS (Mendoza et 
al., 2007). A number of physiological functions have 
been ascribed to mannitol, including serving as a 
reserve carbon source, as an antioxidant, and to store 
reducing power (Ruijter et al., 2003). 
Aminoguanidine is an irreversible inhibitor of the 
inducible form of nitric oxide synthase (iNOS), 
which also inhibits endothelial NOS (eNOS) and 
neuronal NOS (nNOS) (Mohamad et al., 2009). 

In the present study, in vitro antioxidant 
activities of ascorbic acid, mannitol and 
aminoguanidine were assesed in comparison with 
vitamin E against hepatotoxicity induced by carbon 
tetrachloride in liver cell line from rats. 
 
2. Material and methods: 
a. Material:-  

CcL4 (99.5%), vitamin E "α-tocopherol 
acetate" and L (+) ascorbic acid "vitamin C" were 
purchased from Wako Pure Chemicals Co., Japan. D- 
mannitol and aminoguanidine hemisulfate were 
obtained from Sigma-Aldrich   

Chemical Co., St. Louis, MO, USA. Ham’s 
F-12K media was used for hepatocytes'cell line 
culturing (Wako Pure Chemicals Co., Japan). LDH 
cytotoxicity detection kit (Takara Company, Tokyo, 
Japan), mitochondria extraction kit (Sigma-Aldrich 
Chemical Co., St. Louis, MO, USA.), Oxyblot 
protein oxidation detection kit (Chemicon 
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International Co., USA), Qproteome for detection of 
Apoptosis and In situ cell death detection kit (Roche 
Company, Germany). 
 
b. Methods: 
1- Cell culture, liver cells injury induction and 
treatment with different antioxidants:- 

Liver cell line BRL3A derived from buffalo 
rats (Nissley et al., 1977) was used. Approximately 
1x 105 cells/ml (5 ml final volume) were cultured into 
a 25 ml flask and incubated under standard conditions 
(37 °C and 5 % CO2) in Ham’s F-12K medium with 
L-Glutamine, phenol red and sodium pyurvate 
supplemented with 10% Fetal Bovine Serum (FBS) 
and penicillin and streptomycin as antibiotics. Carbon 
tetrachloride (7.5 µl) was added in the 25 ml 
headspace of the flask to a paper attached to the 
stopper. During incubation, CcL4 evaporated and 
equilibrium was reached between the gas phase and 
the medium (Azri et al., 1990). Media samples were 
collected at 30 min, 1, 3, 6, 9, 12, 14, 24 and 48 hrs. 
Different antioxidants (vitamin E, ascorbic acid, 
mannitol and aminoguanidine) were added separately 
to the media just before the addition of CCL4. Each 
agent was individually tested on the cells using a 
dose range. For vitamin E this was 100, 50 and 25 
µM; for ascorbic acid 500, 250 and 125 µM; for 
either mannitol or aminoguanidine the dose range 
was 400, 200 and 100 µM. Media samples were 
collected at 14, 24 and 48 hrs. 

2- Detection of Free radicals by Electron Spin 
Resonance (ESR) method:- 

Electron spin resonance signals were measured 
by preincubation of the hepatocytes in the presence of 
40 mM 5, 5-dimethyl-pyrroline-N-oxide (DMPO) 
(Matsuki, et al., 1999). After induction of CcL4 
toxicity, media samples were   collected after 1, 2, 4 
and 6 hrs. A control group was incubated with DMPO 
only. All ESR spectra were recorded at room 
temperature. AJEOL Model JES – FA 100 ESR 
spectrometer (JEOL Co., Tokyo Japan) was used. 
Spectrometer settings were; magnetic field 335.00±5 
mT, sweep time 8.0 min, modulation frequency 100 
kHz, modulation amplitude 0.2 mT, receiver gain 
8x103, time constant 0.03 S, microwave frequency 
9.418GHz and microwave power 12 mW. 

3- Leakage of intracellular enzymes as (Lactate 
dehydrogenase (LDH) and aminotransferase (ALT 
and AST) leakage in cell culture medium: Leakage of 
LDH enzyme in the cultured media was measured by 
a kit while the activities of ALT and AST were 
determined by using automatic multifunction-
biochemical analyzer (DRI-CHEM 5500, Japan). 

  4- Measurement of Lipid Peroxidation: It was 
carried out by measuring thiobarbituric acid – 
reactive species (TBARS) according to Kikugawa et 
al., (1992).   

5- Protein oxidation detection:  

Using Qproteome mitochondria extraction 
kit, mitochondria was extracted from control and 
treated cells after 24 hours incubation with CcL4 to 
assess the formation of protein carbonyl groups as an 
index of protein oxidation. Protein concentration was 
determined by the Bradford assay (Bio-Rad) 
according to Bradford (1976). An OxyBlot protein 
oxidation detection kit (Chemicon International Co., 
USA.) was used according to the manufacturer’s 
detailed protocol. Subsequently, 5 µL protein sample 
was added with 5 µL of 12% SDS and 10 µL of 1× 
DNPH solution into a tube. Ten microliters of 1× 
neutralization solution instead of the DNPH solution 
served as the negative control. Tubes were incubated 
at room temperature for 15 minutes. Neutralization 
solution (7.5 µL) was added to each tube. The DNP-
derivatized protein samples were separated by 
polyacrylamide gel electrophoresis followed by 
Western blotting. Following electrophoresis and 
transfer to nitrocellulose membranes, the membranes 
were blocked in Tris buffered saline containing 0.1% 
Tween 20 and 1% bovine serum albumin for 1 hour 
at room temperature. Membranes were incubated 
overnight at room temperature with the primary 
antibody stock (1:150) and then incubated with 
secondary antibodies (1:3000) at room temperature 
for 1 hour. Blots were developed by an enhanced 
chemiluminescence detection system. Proteins that 
underwent oxidative modification (i.e., carbonyl 
group formation) were identified as a band in the 
derivatized sample, but not in the negative control. 
Levels of oxidatively modified proteins were 
quantified and expressed via measurement of optical 
density using molecular analyst alias program. 

6- Analysis of oxidative DNA strand breaks by 
TUNEL assay:-  

          The principle of the test is that cleavage of DNA 
during apoptosis may yield double stranded as well as 
single strand breaks "nicks" which can be identified 
by labeling with modified nucleotides in an enzymatic 
reaction (TUNEL staining, according to Gavrieli et al., 
1992. Cells were grown on a small cover glass which 
was placed inside the flask. After induction of CcL4 
toxicity, cells were washed in PBS and fixed with 4 % 
paraformaldehyde buffered saline for 1 h at 15-25 °C. 
Permeablisation of the cells was carried out by 
incubation with 0.2% Triton X for 2 min. on ice (2-8 
°C). Positive control cells were made by treatment 
with DNAse I for 10 minutes to break up the DNA. 
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TUNEL reaction mixture (50 µl) was added on 
sample, for the negative control, 50 µl of label 
solution was added for 60 min. at 37 °C in a 
humidified atmosphere in the dark. The samples were 
analyzed under a fluorescence microscope using an 
excitation wavelength in the range of 450-500 nm. 
Converter AP (50 µl) was then added on sample, and 
incubated in a humidified chamber for 30 min. at 37 
°C. Substrate solution (100 µl) was added to the slides 
which were incubated for 10 min. at 15-25 °C in the 
dark. Cells were washed in PBS between each of these 
steps. The slides were counterstained with 
haematoxyline and eosin, examined under light 
microscope, and the apoptotic cells were counted in 10 
random fields. 

c. Statistical analyses:- 
Data are expressed as mean values ± SE. 

Student’s t-test was used for observations. One-way 
analysis of variance (ANOVA) was used to assess 
significant differences among treated groups 
followed by Tukey’s test. Statistical analyses were 
performed using GraphPad prism software 
(GraphPad, Inc., California USA). Differences were 
considered statistically significant when p <0.05. 
 
3. Results 
I- Toxic effect of CcL4 on BRL3A cell line:- 
a- Generation of free radicals 
           The ESR signals were observed after 2 hours 
incubation of BRL3A cell line with CcL4 and DMPO 
(Fig.1, A) reached its peak at 4 hr and began to 
decline at 6 hr (Fig.1, D&E). 
 
b. Leakage of intracellular enzymes:- 
    Activities of LDH, ALT and AST enzymes were 
increased significantly (P<0.05) at 14 and 48 hrs. 
(Table, 1).  

 
c- Lipids peroxidation:- 
    Lipids peroxidation revealed no significant change 
between control and treated cells with CcL4 (Table, 
1). 

 
d - Oxidation of proteins:- 
    The amount of protein carbonyls was markedly 
increased in cells treated with CcL4 compared with 
that of normal control group (Fig. 2, B). 
e - Oxidative DNA strand breaks :-  

 
Examination of control cells by the 

fluorescent microscope revealed no signals, while 
CcL4 treated cells showed fluorescent signals. The 
percent of apoptotic hepatocytes stained with the 
TUNEL method was significantly greater in the 

CcL4-treated cells (4.2%) than that in the control 
group (0.66%)  (Fig. 3) (Photo, 1)  
II- Effect of different antioxidants against CcL4-
induced hepatotoxicity    
      in BRL3A cell line:- 
A-Leakage of intracellular enzymes:- 

Comparing with the CcL4 treated group, All 
the used doses of vitamin E significantly (p<0.05) 
reduced leakage of LDH enzyme to the media. 
Ascorbic acid at a dose of 500 µM was able to reduce 
LDH enzyme leakage to the media after 24 and 48 
hrs. Mannitol failed to show reduction in leakage of 
LDH except at a dose of 200 µM at 48 hr, while 
aminoguanidine failed to show reduction in leakage 
of LDH. As regards to leakage of ALT and AST 
enzymes to the media, vitamin E treatment (100, 50 
and 25 µM) significantly (p<0.05) reduced enzymes' 
leakage. Ascorbic acid, mannitol and aminoguanidine 
at all doses were unable to reduce the leakage of ALT 
and AST enzymes to the culture media compared 
with CcL4 treated group throughout the experiment 
(Tables, 2,3 and 4).  
 
b- Oxidation of proteins:- 

Treatment with vitamin E showed marked 
reduction in the amount of protein carbonyls with all 
doses. Similar results were observed in Ascorbic acid 
treated groups. No changes in protein carbonyls were 
observed in groups treated with different doses of 
mannitol and aminoguanidine, (Figs. 4A & 4B),  
 
c- Oxidative DNA strand breaks:-  

Percentage of apoptotic cells stained with 
the TUNEL method was markedly decreased in 
vitamin E (VE) 100 µM treated group. The 
percentage of positive TUNEL cells was 0.85% in 
control group, 3.8 % in CcL4 group, 1.79 % in VE 
100 µM group, 2.1 % in VE 50 µM and 2.3 % in VE 
25 µM treated group (Fig. 3B). Ascorbic acid (AA) 
did not reduce the incidence of apoptosis in cells 
treated with CcL4. Percentage of positive apoptotic 
cells were 2.8% in AA 500 µM, 2.5% in AA 250 µM, 
2.8% in AA 125 µM and 3.2% in AA 62.5 µM 
treated group. Treatment with different doses of 
mannitol (M) did not show protective effect against 
CcL4 induced apoptosis in BRL3A cells. The 
percentages of positive TUNEL cells were 2.8% in M 
400µM, 2.6% in M 200 µM and 2.5% in 100 µM 
(Fig. 3C). Aminoguanidine failed to reduce the 
incidence of apoptosis occurred in BRL3A cells due 
to CcL4 toxicity. The percentage of apoptotic cells 
were 2.66% in AG 400 µM, 2.42% in AG 200 µM 
and 2.44% in AG 100 µM group (Fig. 5).  
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Table (1 -):  LDH, ALT and AST enzyme activities & TBARS values of BRL3A cell line treated with CcL4 at different incubation times. 

     Incubation time LDH 
(U/ml) 

ALT 
(U/L) 

AST 
(U/L) 

TBARS 
(µmol/L) 

0.026±0.001 1.667±0.333 9.000±1.723 Control 0.006±0.001 30 min 

CcL4 0.032±0.002 2.000±0.577 8.000±1.000 0.012±0.002 

Control 0.030±0.003 1.333±0.333 10.000±1.000 0.005±0.003 1 h 

0.025±0.001 1.678±0.333 10.000±1.000 CcL4 0.014±0.006 

Control 0.041±0.001 1.333±0.333 10.330±1.528 0.005±0.001 3 hs 

CcL4 0.042±0.002 1.770±0.667 13.670±1.528 0.005±0.003 

Control 0.044±0.000 3.333±0.882 6.670±0.333 0.007±0.002 6 hs 

CcL4 0.043±0.000 4.330±0.881 8.660±1.667 0.004±0.001 

0.040 ±0.001 4.000±0.577 Control 6.790±0.333 0.016±0.001 9 hs 

0.041±0.001 4.333±0.882 8.560±0.577 CcL4 0.026±0.007 

Control 0.039±0.001 6.000±0.577 3.667±0.333 0.017±0.001 12 hs 

0.042±0.002 7.333±0.882 4.667±0.067 CcL4 0.025±0.004 

Control 0.006±0.002 3.000±0.577 5.333±0.333 0.018±0.002 14 hs 

0.023±0.001** 7.335±0.333**  7.667±0.666* 0.024±0.006 CcL4 

0.013±0.003 4.333±0.333 6.300±0.330 Control 0.022±0.003 24 hs 

CcL4 0.028±0.001* 9.320±0.881** 11.67±0.333** 0.022±0.002 

0.126±0.002 6.000±0.577 11.33±0.577 0.022±0.000 
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 (*)   Significantly different from the control group at P < 0.05. 
(**) Significantly different from the control group at P < 0.001. 
 
Table (2):- Activities of LDH, ALT and AST enzymes of BRL3A cell line treated with different doses of vitamin E, ascorbic acid, 
mannitol and aminoguanidine for 14 hr against toxicity of CcL4. 

                                       Groups 
Antioxidant 

LDH 
(U/ml) 

ALT 
(U/L) 

AST 
(U/L) 

Control (0.5%ethanol) 0.005±0.002 4.33±0.333 3.670±0.333 
CcL4 0.077±0.003 a 9.670±0.333 a 11.330±1.202 a 
VE 100 µM+ CcL4 0.066±0.001 b 5.330±0.333 b 4.330±1.453 b 
VE 50 µM + CcL4 0.068±0.000 b 6.330±0.333 b 4.667±1.202 b 

Vitamin E 
(VE) 

VE 25 µM+ CcL4 0.062±0.000 b 7.000±0.577 b 3.000±1.155 b 
Control   0.028±0.000   4.00±0.577 3.67±0.333  
CcL4 0.036±0.001 a 9.00±0.577 a 8.00±0.577 a 
AA 500 µM+ CcL4 0.033±0.001 7.67±0.333 6.00±0.577 
AA 250 µM+ CcL4 0.036±0.000 7.33±0.333 6.33±0.881 

Ascorbic acid 
(AA) 

AA 125 µM+ CcL4 0.034±0.001 7.00±0.577 7.00±0.577 
Control 0.009±0.000 3.33±0.667 4.33±0.333 
CcL4  0.030±0.002 a 7.33±0.33 a 9.00±0.577 a 
M 400 µM+ CcL4 0.049±0.002 6.67±0.667 9.67±0.333 
M 200 µM+ CcL4 0.041±0.003 6.00±0.577 9.33±0.333 

Mannitol 
(M) 

M 100 µM+ CcL4 0.039±0.000 5.33±0.33 8.33±0.333 
Control 0.009±0.000 3.33±0.667 3.67±0.333 
CcL4  0.022±0.000 a 7.33±0.33 a 10.67±0.333 a 
AG 400 µM+ CcL4 0.039±0.001 7.34±0.882 10.33±0.333 
AG 200 µM+ CcL4 0.028±0.002 6.33±0.66 9.67±0.333 

 
Aminoguanidine 

(AG) 
AG 100 µM+ CcL4 0.027±0.002 5.67±0.67 10.00±0.577 

- (a) Significantly different from the control group at P<0.05. 
- (b) Significantly different from the CcL4 treated group at P<0.05 
- Other values proved no significance. 

Control 48 hs 
0.378±0.008** 12.67±1.453* 23.67±2.082** CcL4 0.031±0.004 
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Table (3):- Activities of LDH, ALT and AST enzymes of BRL3A cell line treated with different doses of vitamin E, ascorbic acid, 
mannitol and aminoguanidine for 24 hr against toxicity of CcL4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
- (a) Significantly different from the control group at P<0.05.    - (b) Significantly different from the Ccl4 treated group at P<0.05 
- Other values proved no significance. 
 
Table (4):- Activities of LDH, ALT and AST enzymes of BRL3A cell line treated withdifferent doses of vitamin E, ascorbic acid, 

mannitol and aminoguanidine for 48 hr against toxicity of CCL4. 
                                       Groups 

Antioxidant 
LDH  

(U/ml) 
ALT 

(U/L) 
AST 

(U/L) 
Control (0.5%ethanol) 0.004±0.000 6.000±0.577 18.000±0.577 
CcL4 0.031±0.001 a 11.000±0.577 a 25.000±0.577 a 
VE 100 µM+ CcL4 0.004±0.000 b 7.000±0.577 b 12.000±0.577 b 
VE 50 µM+ CcL4 0.012±0.000 b 5.000±0.577 b 14.000±0.577 b 

Vitamin E 
(VE) 

VE 25 µM+ CcL4 0.014±0.000 b 7.000±0.577 b 13.000±0.577 b 
Control (0.5%ethanol) 0.047±0.001 4.00±0.577 10.33±0.333 
CcL4 0.068±0.002 a 8.00±0.577 a 22.67±0.333 a 
VE 100 µM+ CcL4 0.058±0.002 b 8.00±0.577 20.00±0.577 
VE 50 µM+ CcL4 0.070±0.001 7.00±0.577 21.33±0.333 

Ascorbic acid 
(AA) 

VE 25 µM+ CcL4 0.068±0.002 6.00±0.577 21.33±0.882 
Control (0.5%ethanol) 0.018±0.003 5.00±0.577 12.00±0.577 
CcL4 0.031±0.004 a 8.00±0.577 a 23.00±0.577 a 
VE 100 µM+ CcL4 0.041±0.001 7.33±0.33 21.00±0.577 
VE 50 µM+ CcL4 0.045±0.001 5.00±0.577 b 21.00±0.577 

Mannitol 
(M) 

VE 25 µM+ CcL4 0.048±0.001 6.00±0.577 20.67±0.333 
 0.017±0.003 5.00±0.577 9.00±0.577 
 0.030±0.004 a 8.00±0.577 a 22.00±0.577 a 
 0.046±0.002 6.67±0.882 20.33±0.333 
 0.034±0.001 6.00±0.577 20.30±0.333 

 
Aminoguanidine 

(AG) 
 0.027±0.000 5.33±0.33 19.67±0.333 

 
- (a) Significantly different from the control group at P<0.05.   - (b) Significantly different from the CcL4 treated group at P<0.05 
- Other values proved no significance. 

                                     groups 
Antioxidant 

LDH 
(U/ml) 

ALT 
(U/L) 

AST 
(U/L) 

Control (0.5% ethanol) 0.004±0.000 8.000±0.577 7.670±0.333 

CcL4 0.045±0.002 a 15.330±0.882 a 14.660±0.333 a 

VE 100 µM+CcL4 0.007±0.000 b 6.330±0.881 b 8.660±0.333 b 

VE 50 µM+ CcL4 0.017±0.001 b 7.000±1.13 b 9.000±0.577 b 

Vitamin E 
(VE) 

VE 25 µM+ CcL4 0.020±0.000 b 10.000±0.577 b 9.330±0.333 b 

Control 0.029±0.000 5.00±0.577 4.67±0.333 
CcL4 0.041±0.001 a 10.33±0.333 a 10.00±0.577 a 

AA 500 µM+ CcL4 0.032±0.001 b 10.00±0.577 9.00±0.577 Ascorbic acid 

AA 250 µM +CcL4 0.042±0.000 12.00±0.577 9.00±0.577 
(AA) 

AA 125 µM+ CcL4 0.042±0.001 9.00±0.577 9.33±0.333 

Control 0.027±0.001 4.00±0.577 5.67±0.333 

CcL4 0.040±0.000 a 9.00±0.577 a  12.33±0.333 a 

M 400 µM +CcL4 0.073±0.000 7.33±0.33 11.30±0.667 Mannitol 

M 200 µM +CcL4 0.069±0.004 7.33±0.33 11.33±0.333 
(M) 

0.047±0.001 9.33±0.33 M 100 µM +CcL4 10.67±0.333 

Control 0.027±0.001 4.00±0.577 5.00±0.577 

CcL4 0.04±0.002 a 9.00±0.577 a 12.33±0.333 a 

AG 400 µM +CcL4 0.052±0.001 8.33±0.577 10.67±0.333 

AG 200 µM +CcL4 0.045±0.000 8.00±1.15 11.33±0.333 

Aminoguanidine 
(AG) 

AG 100 µM +CcL4 0.038±0.001 8.00±0.000 11.67±0.333 
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Fig. (1):- ESR spectra of supernatants of BRL3A cell line treated with CCL4 at     different periods of 

incubation. 
(Spectrum A) ESR spectra of the 40 mM DMPO adduct detected in BRL3A cell line.  (Spectrum B) Same as in 
spectrum A, but cells were incubated with Ccl4 for one hour. The spectrum shown in C is from cells incubated 2 
hours with CcL4, while the spectrum in D after 4 hours incubation with CcL4. Spectrum shown in E after 6 hour 
incubation period with CcL4. Instrumental settings of a JEOL Model JES-FA 100 ESR spectrometer: magnetic field 
335.000±5 mT, sweep time 8.0 min, modulation frequency 100 kHz, modulation amplitude 0.2 mT, receiver gain 
8x103, time constant 0.03 S, microwave frequency 9.418GHz and microwave power 12 mW. 
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Fig. (2,A):- Oxyblot of mitochondria of BRL3A in both control and CcL4 treated groups using oxyblot 

technique. 
Fig. (2,B):-Densitometeric measurement of the oxyblot lanes of fig. (2,A) 
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Fig. (3):- Quantitative evaluation of TUNEL positive cells in BRL3A cells treated with CcL4. 

 
Photo (1):- Cell apoptosis of BRL3A cell line after exposure to Ccl4 as detected with TUNEL assay under 

fluorescent microscope.  
 

 
 
Fig. (4,A):- Oxyblot of mitochondria of BRL3A incubated with Ccl4 and different dose of vitamin E (VE), 

ascorbic acid (AA), Mannitol (M) an aminoguanidine (AG). 
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Fig. (4,B  ):- Densitometeric measurement of the oxyblot lanes of Fig. (3,A) 
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Fig (5):- Quantitative evaluation of TUNEL positive cells in BRL3A cells treated with ccl4 and different doses 

of vitamin E (VE), ascorbic acid (AA), Mannitol (M) and aminoguanidine (AG). 
 
4.  Discussion 

Various pharmacological or chemical 
substances are known to cause hepatic injury. It is 
believed that the occurrence of drug/chemicals-
induced liver injury is especially associated with 
oxidative stress and a cellular imbalance between the 
production and elimination of free radicals (Castro 
and Freeman, 2001). Overproduction of free radicals 
could directly injure hepatocellular membrane by 
lipid peroxidation, or other means, followed by a 
series of cascades of cellular events such as massive 
release of inflammatory mediators or cytokines, 
which eventually lead to liver injury (Higuchi and 
Gores, 2003). Therefore, it is valuable to identify  

            editor@americanscience.org 999

 
natural drugs or compounds that can antagonize the 
deleterious action of free radicals and act as an 
antioxidant to protect hepatocytes from damage.  

In the present experiments, hepatocytes 
cultured cells were utilized. In an in vitro system, 

compounds affect the cells directly and continuously 
until the removal of compound -containing medium. 
In addition, when cells are cultured using single type 
of cells, there are no interactions from other 
interstitial cells (Kikkawa et al., 2006). 

Cytotoxicity of CcL4 has been selected as a 
model for induction of oxidative damage.  Carbon 
tetrachloride is one of the most extensively studied 
hepatotoxicants (Bhattacharjee and Sil, 2007). It is 
now generally believed that CcL4 hepatotoxicity 
depends on its reductive dehalogenation catalyzed by 
cytochrome P-450 enzyme in the endoplasmic 
reticulum of hepatic cells leading to the generation of 
an unstable complex trichloromethyl radical. The 
superoxide anion, H2O2, and the hydroxyl radical 
(OH) are reactive oxygen species (ROS) mainly 
produced in mitochondria (Wang et al., 2007). 

The possible protective effect of some 
antioxidants (ascorbic acid, mannitol and 
aminoguanidine) has been attempted on hepatocytes 
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cultured cells treated with CcL4. Trials were 
compared to vitamin E known to be important 
lipophilic antioxidant in biological tissues. The 
activity of an antioxidant may depend on its reactivity 
towards particular radicals, its ability to concentrate 
near the critical target in the cell or its inhibitory 
action on radical formation (Anderson and Phillips, 
1999). 

Electron spin resonance (ESR) was 
employed to measure directly reactive oxygen species 
(ROS) production in the liver of CcL4-treated 
hepatocytes cell line. Results indicated that ROS 
production was highly elevated in the cultured media 
of the cell line at 4 h after CcL4 treatment, thus 
further confirming that free radicals and oxidative 
damage certainly play a vital role in the pathogenesis 
of acute liver injury (Wu et al., 2007).     

Cell viability depends directly on the 
structure of the membrane, and damage to the cellular 
membrane can be detected by enzyme leakage. It has 
been generally accepted that leakage of the cytosolic 
enzyme LDH correlates well with cellular viability, 
thus being a useful indicator of plasmatic membrane 
damage (Grajeda-Cota et al., 2004). In the present 
study, observations revealed that CcL4 induced 
significant increase in the leakage of LDH, ALT and 
AST enzymes into the medium after 14 hr. The 
obtained results are in harmony with those reported 
by Chandan et al. (2007). It is interesting to note that 
there was difference in the degree of leakage of ALT 
and AST enzymes, where AST enzyme leakage was 
higher than ALT enzyme leakage. McQueen and 
Williams (1982) reported differences in the extent of 
leakage of enzymes from the cytosolic fraction of 
hepatocytes. These differences could be due to 
differences in the tightness of binding of cytosolic 
enzymes to cellular organelles and in the size of the 
enzyme molecule (Nakamura et al., 1985). Moreover, 
AST is present in two isozymes, one located in the 
cytoplasm and the other in the mitochondria (Latner, 
1975). The presence of enzymes outside the cell 
represents damage to the hepatic cell.  

Involvement of lipid peroxidation in the 
mechanism of carbon tetrachloride-induced 
hepatotoxicity has been a point of controversy. The 
present results denoted that CcL4 did not induce lipid 
peroxidation as there was no significant difference in 
the level of thiobarbituric acid-reactive substances 
(TBARS) between CcL4 treated cells and control 
cells. These data are comparable to that of Ikeda et al. 
(1998) who reported that TBARS, which are widely 
used index of lipid peroxidation, don't increased 
significantly in the liver of rats treated with CcL4. 
Previous investigators reported absence of lipid 
peroxidative degradation products in mice after 
exposure to carbon tetrachloride and have used this 

evidence against the hypothesis that lipid 
peroxidation is an integral part of the events that 
cause tissue damage (Lee et al., 1982).  On the 
contrary, Krithika et al. (2009) recently proved the 
involvement of lipid peroxidation on exposure to 
CcL4. 

 As regards to oxidation of proteins, the 
present study was able to detect that there was a 
significant increase in the formation of carbonyl 
proteins in the CcL4 treated cells comparing to 
control cells. Free radical-mediated oxidation of 
proteins results in the formation of carbonyl groups in 
quantities that reflect the intensity of the oxidative 
stress (Robinson et al.; 1999). Protein carbonyl 
content is widely used as both a marker for oxidative 
stress and a measure of oxidative damage (Luo and 
Wehr, 2009). Carbonyl (CO) groups (aldehydes and 
ketones) are produced on protein side chains when 
they are oxidized. These moieties are chemically 
stable, which is useful for both their detection and 
storage (Dalle-Donnea et al., 2003). Protein 
oxidation may play a role in the pathogenesis of CcL4 
induced liver injury and that the accumulation of 
oxidized proteins may be an early indication of CcL4 
induced liver damage(Sundari et al. 1997). The usage 
of protein (CO) groups as a marker may have some 
advantages in comparison with lipid peroxidation 
products because the formation of protein bound 
(CO) groups seems to be a common phenomenon of 
protein oxidation and because of the relatively early 
formation and stability of oxidized proteins (Dalle-
Donnea et al., 2003).  

Apoptosis is characterized by morphological 
changes such as membrane "blebbing", nuclear 
condensation and fragmentation (Ramage, et al., 
2006). These morphological changes are a result of a 
cascade of biochemical changes occurring within the 
cell, resulting in activation of caspases and DNA 
fragmentation (Hengartner, 2000). The present data 
indicate that along with oxidative damage, apoptosis 
plays a crucial role in CcL4 induced hepatotoxicity 
which was indicated by marked increase in DNA 
fragmentation (increase in the percent of TUNEL 
positive cells) in the CcL4 treated cells compared to 
control one. Apoptosis represents one of the 
mechanisms of cell death after CcL4 induced liver 
injury (Shi et al, 1998). 

 Effects of antioxidants on oxidative damage 
in vitro systems are variable. In most cases, 
endogenous antioxidant enzymes, particularly 
catalase, are very effective in preventing damage. 
Exogenous antioxidant chemicals, on the other hand, 
can have a pro-oxidant effect at high doses. The 
chemical composition of culture media and the doses 
of antioxidants that can be applied in culture systems 
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are major factors in confounding interpretation of in 
vitro results (Anderson and Phillips, 1999).  

Vitamin E antioxidant functions mainly in 
and around the membrane/lipid bilayers acting as the 
chain breaking antioxidants (Janero and Burghardt, 
1989). Results of the present experiments showed 
that incubation of hepatocytes with vitamin E at 
concentrations of 100, 50 and 25 µM induced 
hepatoprotective effect against CcL4 induced toxicity. 
This was manifested by an increase in the stability of 
the cell membrane and decreased leakage of 
cytoplasmic enzymes (LDH, ALT and AST). 
Although we cannot rule out a direct scavenging 
action of vitamin E on CcL3 radical, inhibition of 
lipid peroxidation is not a likely explanation for 
vitamin E effects in the present study. Although the 
ability of CcL4 to initiate lipid peroxidation in various 
biological systems has been equivocal, an important 
observation of the present study was that there was 
no evidence of CcL4 -initiated lipid peroxidation. 

 Ascorbic acid, in the present study, was 
ineffective against the elevation of enzymes leakage 
(LDH, ALT and AST). Also it was not able at any 
concentration to reduce the oxidation of protein. 
Ascorbic acid did not show any protective effect 
against DNA damage caused by CcL4. Similar results 
were obtained by Winter et al. (2005) who reported 
that ascorbic acid was ineffective at reducing 
oxidative DNA damage produced by 
camphorquinone which generates reactive oxygen 
species and causes oxidative DNA damage in vitro.  
On the contrary Qin et al. (2006) found that ascorbic 
acid reduced myocyte apoptosis and ameliorated 
myocardial damage after acute myocardial infarction. 
Park and Lee (2008) reported that high ascorbic acid 
concentrations might act as a pro-oxidant due to its 
auto-oxidizing properties.  

Mannitol is generally accepted as being a 
hydroxyl radical scavenger   (Van Zandwijk, 1995). 
Previous studies have used mannitol to determine 
whether hydroxyl radicals are the predominant 
species responsible for Copper mediated DNA 
damage (Li et al., 1995). However, these studies have 
found that mannitol is generally ineffective at 
preventing Cu- mediated oxidative damage in the 
presence of an ROS-generating system and at 
mannitol concentrations less than 100mM. The 
present results showed that mannitol did not 
effectively reduce CCL4 induced hepatotoxicity. It 
showed no reduction in the leakage of cytoplasmic 
enzymes, protein oxidation or DNA damage. Winter 
et al. (2005) reported that mannitol treatments of 
10.0, 5.0, 2.5, 1.0, and 0.5 mM did not influence the 
extent of DNA damage generated by 
camphorquinone. In explanation, it is possible that 
some ROS generated from CcL4 are not effectively 

scavenged by mannitol. Additionally, mannitol may 
not be a very potent hydroxyl radical scavenger or 
mannitol may not have adequate access to the 
damaging ROS (Winter et al., 2005). Shinar et al. 
(1983) demonstrated that mannitol effectively 
scavenged hydroxyl radicals at concentrations greater 
than 1M. 

In the present experiments, aminoguanidine 
(AG) treatment against CCL4 induced hepatoxicity 
was ineffective in reducing the leakage of enzymes, 
the oxidation of protein, and the DNA damage. A 
notable finding was that AG at a dose of 400 µM 
significantly increased leakage of LDH into the 
media comparing with CcL4 group. Our results 
confirmed reports of other investigators (Ou and 
Wolff, 1993 and Skamarauskas et al., 1996) that AG 
has pro-oxidant activity where it generates H2O2 at a 
low rate in vitro. 
 
In conclusion, the present study indicates that CcL4 
has a potential cytotoxic effect in BRL3A cell 
culture, and apoptosis represents one of the 
mechanisms of cell death after CcL4- induced liver 
injury. There was no evidence of CcL4 -initiated lipid 
peroxidation. Vitamin E seems effective and provides 
complete protection against CcL4 induced 
hepatotoxicity in culture cells. Ascorbic acid, 
mannitol and aminoguanidine were ineffective 
against CcL4 toxicity. Aminoguanidine, in addition, 
generates H2O2 in vitro, so it has pro-oxidant activity.  
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Abstract: The objective of this study was to investigate the association between serum and synovial fluid levels of 
both resistin and YKL-40 with markers of inflammation, disease activity and radiographic joint damage and to 
determine if they have a role in the pathogenesis of RA. This study was conducted on 30 patients with RA and 15 
healthy controls with acute post traumatic knee effusion. Serum and synovial fluid levels of both resistin and YKL-
40 were measured in patients and controls using ELISA technique. Plain x-ray of hands, wrists and feet were done 
for all patients and assessed according to Larsen score. Serum levels of resistin and YKL-40 were significantly 
higher in RA patients than controls and in active RA than in non active patients. Also, their levels significantly 
correlated with CRP, ESR, RF, disease activity parameters and Larsen score. Synovial YKL-40 levels showed 
significant correlation with CRP, ESR, RF, disease activity parameters and Larsen score. On the other hand, resistin 
synovial levels significantly correlated with CRP, ESR, RF and synovial leucocytic count. As a conclusion, serum 
and synovial resistin and YKL-40 provided new and direct information on local disease activity in rheumatoid 
arthritis. Our data supported the hypothesis that resistin and YKL-40 are involved in the pathogenesis of RA. Also, 
serum resistin and YKL-40 could be considered as a prognostic marker in RA as they predict radiographic 
progression of joint damage. The identified properties of resistin and YKL-40 make each of them a novel and 
interesting therapeutic target in rheumatoid arthritis. [Journal of American Science 2010;6(10):1004-1012]. (ISSN: 
1545-1003). 
 
Key words: resistin, YKL-40, rheumatoid arthritis 
 
1. Introduction: 

Rheumatoid arthritis (RA) is a chronic 
inflammatory disease characterized by the 
development of synovitis, which damages cartilage, 
bone, ligaments and tendons (Naredo et al., 2005). 
Efforts have been undertaken for the last two decades 
to find out reliable biomarkers of disease prognosis in 
early RA patients and biomarkers of disease activity 
to be used during different treatment regimens and 
follow up of RA patients  (Johansen,2006). 

White adipose tissue, which is now 
considered to be a frank endocrine organ, produces a 
large number of molecules that share the functional 
and structural properties of cytokines and are 
therefore called adipocytokines (Otero et al., 2006). 
Resistin is a newly described adipocytokine which 
was initially linked to insulin resistance by impairing 
insulin action and causing insulin resistance (Steppan 
and Lazar, 2004). More and more evidence indicated 
that resistin may also be involved in the inflammatory 
process (Kaser et al., 2003).  Recent studies have 
shown the regulation of proinflammatory cytokine 
expression by resistin (Bokarewa et al., 2005). Other 
evidence linking resistin to inflammation is that 
plasma resistin levels were found associated with 
many inflammatory markers in some 
pathophysiological conditions (Stejskal et al.,   2003). 
Moreover, intra-articular injection of recombinant 

resistin into the knee joint of healthy mouse caused 
arthritis accompanied by leukocytic infiltration and 
hyperplasia of the synovium (Bokarewa et al., 2005). 

YKL-40 is a human cartilage glycoprotein-
39 (HC gp-39) which is related in amino acid 
sequence to the chitinase protein family. YKL-40 is a 
major secretory protein of human chondrocytes and 
synoviocytes (Johansen et al., 1996). Their levels are 
low in normal human cartilage but are increased in 
both inflammatory and degenerative joint disease and 
therefore, YKL-40 may be a marker of cartilage 
turnover and synovitis   (Harvey et al., 1998). 

YKL-40 was detectable in synovial fluid 
from RA patients with concentrations from a few 
hundred nanograms to more than 5 micrograms per 
ml (Volck et al., 2001). Johansen (2006) suggested 
that YKL-40 may play a fundamental role in the 
pathophysiology of RA and that immunological 
tolerance of the protein may control disease activity 
in RA patients. YKL-40 stimulates the proliferation 
rate of synovial cells and chondrocytes in vitro ( De 
Ceuninck et al., 2001 & Recklies et al., 2002)         
indicating an autocrine function. YKL-40 is 
suggested to be a differentiation marker in 
chondrocytes (Imabayashi et al., 2003) and may 
protect the cells from undergoing apoptosis. Also, it 
has been reported that YKL-40 has a role as an 
autoantigen in rheumatoid arthritis- with the capacity 
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to induce a T-cell-mediated autoimmune response 
(Volck et al., 1998). 
                  The aim of this study was to investigate 
the association between serum and synovial fluid 
levels of both resistin and YKL-40 with markers of 
inflammation, disease activity and radiographic 
progression and to determine if they have a role in the 
pathogenesis of RA. 
 
2. Patients and Methods  

Thirty patients with rheumatoid arthritis 
diagnosed according to the American College of 
Rheumatology revised criteria (Arnet et al., 1988) 
were included in this study. They were collected from 
the Outpatient Clinic of Physical Medicine & 
Rehabilitation Department, Tanta University 
Hospitals. Laboratory investigations were performed 
in Clinical Pathology Department, Tanta University 
Hospitals. The 30 patients were 24 females and 6 
males and their ages ranged from 20 to 60 years with 
a mean value of 44.5 ± 6.4 years. The disease 
duration ranged from 2 to 15 years with a mean value 
of 6.88 ± 0.83 years.  

Regarding to therapy, all patients were 
receiving methotrexate and non-steroidal anti-
inflammatory drugs (NSAIDs), 5 of them were 
receiving also hydroxychloroquene.  

No patients had received intra-articular 
glucocorticoid therapy within the last 4 weeks. Also, 
RA patients with current infection or with cardiac, 
hepatic, renal, malignancy or other diseases which 
might affect the parameters to be investigated were 
excluded from the study. Also, diabetic patients were 
excluded. 

Fifteen healthy individuals with acute post-
traumatic knee effusion matched for age and sex were 
served as controls. 
 
All the patients were subjected to the following:  
1. Full history taking. 
2. Thorough clinical examination with stress on: 
        * Locomotor system examination. 
        * Assessment of disease activity according to 
Mallya and Mac (1981). 
 
3. Laboratory investigations: 
*Complete blood count (CBC): 
    It was done on coulter counter Sysmex and blood 
film was stained by leishman’s stain for differential 
leucocytic count. 

*Erythrocyte sedimentation rate (ESR) with 
Westergren method. 
*Rheumatoid factor (RF) concentration by a 
turbidimetric method suing SYNCHRON 
Rheumatoid Factor Reagent. 

*C-reactive protein (CRP) was assayed by 
nephelometry (Behringwerke, Marburg, Germany). 
*Synovial leucocytic count.  
*Serum and synovial resistin and YKL-40 were 
dermined by ELISA technique. 
   
Sampling:  

Blood samples were drawn from the cubital 
vein in patients and controls at the day of clinical 
examination after overnight fasting. Blood samples 
were collected and 0.5 cc of blood was added to a 
tube containing 50µ of di-potassium salt of 
anhydrous ethylendiamine tetra-acetic acid (EDTA) 
(10% conc.) for complete blood count then about 3 cc 
of blood samples allowed to clot at room temperature 
for 30 min and then centrifuged at 4°C at 1500 rpm 
for 10 min. Serum samples were either analysed 
immediately or stored at -70°C for later analysis.  

Synovial fluid was obtained by 
arthrocentesis of the knee joint under aseptic 
technique from fifteen of our RA cases and from all 
controls. The synovial fluid was withdrawn using a 
1.2 mm gauge heparinized needle and collected in 
two tubes; 2 mL in an anticoagulant tube (sodium 
heparin or liquid EDTA) for microscopic 
examination; and about 5 mL into a plain (no 
anticoagulant) tube for ELISA. Immediately after 
aspiration, the synovial fluid samples in the plain 
tubes were centrifuged at 3000 rpm for 10 min to 
remove cells and debris, and the supernatant was 
stored at -70oC until analysis. While Synovial fluid, 
in an anticoagulant tube, was counted for leucocytes 
using the heamocytometer. 
 
Resistin and YKL-40 measurement: 

Serum and synovial YKL-40 were assayed 
by a commercial two-site sandwich immunoassay in 
a microtitre stripwell format (Chondrex, Metra 
Biosystems, Inc, USA) using streptavidin- coated 
microplate wells, a biotinylated-Fab monoclonal 
capture antibody, and an alkaline phosphatase–
labeled polyclonal detection antibody. The sensitivity 
of the ELISA was 10 ng/ml. 

Resistin levels in serum and synovial fluid 
were measured by enzyme-linked immunosorbent 
assay (ELISA) kits according to the protocol 
provided by the manufacturer (human resistin ELISA 
kit, Biovendor Laboratory Medicine, Inc., Brno, 
Czech Republic). Briefly, matched samples of serum 
and synovial fluid were diluted 1/10 in BSA-PBS and 
introduced into the parallel strips coated with capture 
polyclonal anti-resistin Abs. Biotin-labeled anti-
resistin Abs, streptavidin-HRP conjugate, and 
corresponding substrate were used for color 
development. The obtained absorbance values were 
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compared with serial dilution of recombinant human 
resistin. Lowest detectable level was 1 ng/ml. 

 
4. Radiographic assessment: 

Post ero-anterior radiographs of hands, 
wrists and feet were examined for all patients and 
joint destruction was classified by comparison with 
standard reference films according to Larsen score 
(Larsen et al., 1977). 
Statistical analysis: 

The statistical analysis was performed with 
SPSS software system (SPSS Inc., Chicago, IL; 
version 12.0). Results were given as means and 
standard deviation. Comparison between groups was 
performed by student's t test. Correlation study was 
done using Spearman's rank correlation coefficient 
(r). A value of p < 0.05 was considered significant, 
while p < 0.001 was highly significant. 
 
3-Results: 

This study was conducted on 30 RA patients 
and 15 individuals with acute post-traumatic knee 
effusion matched for age and sex were served as 
controls. The patients were 6 males (20%) and 24 
females (80%), their ages ranged from 22 to 62 years 
with a mean value of 44.5±6.4 years. The duration of 
the disease ranged from 2 to 15 years with a mean 
value of 6.88 ± 0.83 years. The controls were 3 males 
(20%) and 12 females (80%). Their ages ranged from 
32 to 49 years with a mean value of 46.8±8.4 years 
(table, 1). The basic demographic clinical and 
laboratory data of RA patients were presented in table 
(1). 
  In this study, the serum level of resistin in 
RA patients ranged from 3.9 to 13.6 ng/ml with a 
mean of 7.96±2.46 ng/ml and that of synovial fluid 
ranged from 27.4 to 51.2 ng/ml with a mean of 
36.59±6.2 ng/ml. While in the control group the 
serum level of resistin ranged from 1.2 to 4.9 ng/ml 
with a mean of 3.61±1.24 ng/ml and that of synovial 
fluid ranged from 4.6 to 12.9 ng/ml with a mean of 
9.13± 1.8 ng/ml (table 1). 

Resistin levels in serum and synovial fluid 
were significantly higher in RA patients than 
controls. Also, resistin levels of RA patients were 
significantly higher in synovial fluid than in serum 
(table, 1). Moreover, no significant difference was 
found between males and females regarding serum 
and synovial resistin levels. 

Resistin levels in serum and synovial fluid 
showed statistically significant difference between 
patients with active and inactive disease (table, 2). 
Serum resistin levels were significantly correlated 
with clinical and laboratory parameters of disease 

activity and also, with RF and CRP as shown in table 
(3). On the other hand, non significant correlation 
was found between serum resistin levels and age and 
duration of the disease (table 3). 

The levels of synovial fluid resistin were not 
influenced by age, disease duration or parameters of 
disease activity, but significantly correlated with 
ESR, CRP, RF and synovial leucocytic count as 
shown in table (3). Also, significant positive 
correlation was found between serum and synovial 
resistin (table 3). No significant difference in serum 
and synovial resistin concentrations were found 
between males and females. 

In this study also, the serum level of YKL-
40 in RA patients ranged from 90 to 332 ng/ml with a 
mean of 117.08±43.83 ng/ml and that of synovial 
fluid ranged from 485 to 3598 ng/ml with a mean of 
1949.66±839.22 ng/ml. While in the control group 
the serum level of YKL-40 ranged from 25 to 89 
ng/ml with a mean of 42.6 ±18.9 ng/ml and that of 
synovial fluid ranged from 112 to 392 ng/ml with a 
mean of 309.4 ± 97.9 ng/ml (table 1). 

YKL-40 levels were significantly higher in 
synovial fluid than in serum in both patients and 
controls (p< 0.001). Moreover, YKL-40 levels were 
significantly higher in patients than in controls 
regarding serum and synovial fluid (p < 0.001) 
(table,1). No significant difference in serum and 
synovial YKL-40 concentrations were found between 
males and females. Also, statistically significant 
difference was found between patients with active 
and inactive disease regarding serum and synovial 
YKL-40 (p < 0.001) as shown in table (2). 

Statistically significant correlation was 
found between both serum & synovial YKL-40 and 
clinical & laboratory parameters of disease activity. 
Also, significant correlation was found between 
serum & synovial YKL-40 with RF and CRP. 
Moreover, YKL-40 in serum was correlated 
significantly with synovial YKL-40 (table, 3). On the 
other hand non significant correlation was found 
between serum & synovial YKL-40 and age & 
duration of the disease (table 4). 
 
Radiographic findings: 

Significant positive correlation was found 
between serum resistin levels and Larsen score for 
radiological joint damage, but the correlation was non 
significant regarding synovial resistin levels as shown 
in table (3). The concentration of   serum and 
synovial YKL-40 was significantly correlated with 
radiographic grading of Larsen score (table, 4). 
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Table (1): Basic demographic, clinical and laboratory data of rheumatoid arthritis patients  and controls 
RA patients (n=30) Controls (n=15) Parameter 

Mean ± SD Mean ± SD 
t P 

Age (years) 44.5 ± 6.4 46.8 ± 8.4 0.897 NS 
Sex:        Male: female 6:24 3:12   
Disease duration (years) 6.8 ± 0.83    

Morning stiffness (min) 126.84 ± 6.79    
Grip strength( mmHg) 112.1 ± 14.13    
RAI 18.5 ± 1.8    
Pain scale (VAS) 6.9 ± 0.53    
Hb (g/dl) 9.8 ± 0.92    
ESR 1st hour (mm/h) 60.0 ± 18.7 11.4 ± 1.6 5.3 HS 
Disease activity grade 3.2 ± 0.4    
CRP (mg/L) 39.2 ± 11.75 1.28 ± 0.15 6.7 HS 
RF (IU/mL) 200 ± 92.6    
Serum resistin (ng/ml) 7.96±2.46 3.61±1.24 5.8 HS 
Synovial resistin (ng/ml) 36.59±6.2* 9.13± 1.8 6.9 HS 
Serum YKL-40 (ng/ml) 117.08 ±43.83 42.6±18.9 4.1 HS 
Synovial YKL-40 (ng/ml) 1949.66 ±839** 309.4 ±97.9 5.4 HS 
-RAI: Ritchie articular index.                -VAS: visual analogue scale. 
-*Significant difference between serum and synovial resistin (p <0.001). 
-**Significant difference  between serum and synovial YKL-40 (p <0.001). 
 
Table (2): Comparison between serum & synovial resistin and YKL-40 in patients with active and 

inactive disease 
Active RA (n=12) Inactive RA (n =18) Parameter 

Mean ± SD Mean ± SD 
t p 

Serum resistin (ng/ml) 9.3 ± 2.01 7.6 ± 2.06 4.7 HS 
Synovial resistin(ng/ml) 39.8 ± 6.9 30.4 ± 7.2 5.9 HS 
Serum YKL-40(ng/ml) 154.9±32.7 99.2±17.05 6.4 HS 
Synovial YKL-40(ng/ml) 1994.9±432.4 1112.9±96.08 4.7 HS 
 
Table (3): Correlation of serum & synovial resistin with some clinical and laboratory parameters 

Resistin 
Serum Synovial 

Parameter 

r p r p 
Age (years) 0.16 NS 0.14 NS 
Disease duration (years) 0.15 NS 0.13 NS 
Morning stiffness (min) 0.36 S 0.22 NS 
Grip strength (mmHg) -0.35 S -0.12 NS 
RAI 0.57 HS 0.15 NS 
Pain scale (VAS) 0.57 HS 0.21 NS 

Hb (g/dl) -0.69 HS -0.23 NS 
ESR (mm/h) 0.35 S 0.37 S 
Disease activity grade 0.63 HS 0.18 NS 
CRP (mg/L) 0.58 S 0.44 HS 
RF (IU/mL) 0.37 S 0.39 S 
Serum resistin(ng/ml) - - 0.68 HS 
Synovial resistin(ng/ml) 0.49 HS - - 
Synovial leucocytic count - - 0.53 HS 
Larsen score 0.34 S 0.16 NS 
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Table (4): Correlation of serum & synovial YKL-40 with some clinical and laboratory parameters. 
YKL-40 

Serum Synovial 
Parameter 

r p r p 
Age (years) 0.15 NS 0.13 NS 
Disease duration (years) 0.18 NS 0.11 NS 
Morning stiffness (min) 0.51 S 0.53 HS 
Grip strength (mmHg) -0.34 S -0.36 S 
RAI 0.62 HS 0.61 HS 
Pain scale (VAS) 0.59 HS 0.61 HS 
Hb (g/dl) -0.47 HS -0.49 HS 
ESR (mm/h) 0.33 S 0.30 S 
Disease activity grade 0.54 HS 0.57 HS 
CRP (mg/L) 0.35 S 0.75 HS 
RF (IU/mL) 0.34 S 0.38 S 
Serum YKL-40 (ng/ml) - - 0.72 HS 
Synovial YKL-40 (ng/ml) 0.69 HS - - 
Larsen score 0.52 HS 0.76 HS 

 
4- Discussion:  

Chronic active inflammation of the 
rheumatoid joint often leads to irreversible 
destruction of articular cartilage and subchondral 
bone. Measurements of acute-phase response, 
serum CRP and ESR, are considered to be suitable 
biochemical markers for long-term monitoring of 
disease activity in RA. However, differences exist 
between clinical disease activity and the level of 
ESR or serum CRP. Normal values of ESR and 
CRP are found in patients with apparently 
clinically active disease (Emery and  Luqmani, 
1993) and the development of bone erosions in the 
hands from patients with early RA can occur 
independently of clinical symptoms and the acute–
phase response (Otterness, 1994). Additional 
biochemical markers are therefore needed. Among 
these markers are resistin and YKL-40. 

Resistin is an adipokine and a novel 
cytokine with a proinflammatory properties in 
human. The fact that resistin is abundantly 
expressed in bone marrow cells and, in particular, 
in leukocytes and macrophages, and that molecules 
of resistin like molecules (RELM) family are found 
in inflamed tissues suggests that resistin can play a 
role in the inflammatory process (Migita et al., 
2006). Several studies have suggested that YKL-40 
might be a useful new marker of severity for 
inflammatory and degenerative joint diseases and it 
may allow treating arthritis before its symptoms 
become painfully obvious (Johansen et al., 2001).    

The aim of this study was to investigate 
the association between serum and synovial fluid 
levels of both resistin and YKL-40 with markers of 
inflammation, disease activity and radiographic 

joint damage and to determine if they have a role in 
the pathogenesis of RA 
 
Serum & synovial resistin: 

In this study we found that the levels of 
serum and synovial resistin were significantly 
higher in RA patients than in controls and there is 
no significant difference between males and 
females. Furthermore, serum resistin levels showed 
a significant correlation with clinical and laboratory 
parameters of disease activity, with inflammatory 
markers as CRP and ESR, with RF and with Larsen 
score.  On the other hand, it showed no correlation 
with age and duration of disease. These findings 
are in accordance with that of Forsblad d'Elia et al., 
(2008) who found that serum resistin was 
significantly correlated with CRP and Larsen score 
in their RA patients and concluded that resistin was 
associated with increased inflammation and joint 
destruction. Also, these findings are in agreement 
with Gonzalez-Gray et al.( 2008) and Migita et al. 
(2006) who reported that serum levels of resistin in 
their RA patients were significantly higher than 
controls and that serum resistin levels significantly 
correlated with CRP, ESR and disease activity 
scores, but not with age, sex or disease duration. 
Also, Senolt et al. (2007) found that serum resistin 
levels significantly correlated with CRP and 
disease activity scores but not with age and sex. 
Rho et al., (2009) concluded that concentrations of 
adipocytokines are increased in patients with RA 
and may modulate radiographic joint damage. 

This study showed that the synovial 
resistin levels were significantly higher than in the 
sera of our RA patients and significantly correlated 
with CRP, ESR and RF but not correlated with age, 
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disease duration, disease activity parameters or 
Larsen score. These findings were confirmed by the 
results of Schäffler et al. (2003) and Bokarewa et 
al. (2005) who found that the synovial resistin 
levels were significantly higher than that in the sera 
of their RA patients and significantly correlated 
with CRP and ESR. The lower levels of resistin in 
the circulation compared with the that in the 
synovium was explained by Bokarewa et al. (2005) 
by increasing local production and/or a preferential 
accumulation of this molecule at the site of 
inflammation. This study also showed that serum 
and synovial resistin levels were significantly 
higher in active than in non active rheumatoid 
patients. 

This study also found significant positive 
correlation between serum and synovial resistin 
levels. Also, the synovial resistin levels correlated 
significantly with synovial leucocytic count which 
is known to indicate the severity of intra-articular 
inflammatory process, a finding which is coincided 
with that of Bokarewa et al (2005). In their study 
on resistin levels in synovial fluid and serum in 
RA. Senolt et al. (2007) suggested that serum 
resistin levels could be more relevant to systemic 
inflammation and/or disease activity, while 
synovial fluid resistin reflects the particular 
inflammatory process of the affected joint. 
  
Serum & synovial YKL-40: 

This study found that serum and synovial 
YKL-40 were significantly higher in RA patients 
than in controls. This finding is in agreement with 
Knudsen et al. (2009) and Knudsen et al. (2008) 
who found at the beginning of their study that all 
their RA patients had significantly  elevated 
serumYKL-40 compared to healthy controls. Also, 
Volck et al. (2001) found that the synovial fluid 
level of YKL-40 was higher in RA knees compared 
to normal knee joints. They also stated that this 
observation may indicate that the chondrocytes of 
the arthritic cartilage contribute to the high level of 
YKL-40 in synovial fluid from patients with RA. 
Also, they hypothesized that YKL-40 may play a 
role in cartilage remodeling in arthritic joints. Also, 
in this study, no significant difference in serum and 
synovial YKL-40 concentrations was found 
between males and females. This is in consistent 
with Johansen et al. (1996)  who found no 
difference in serum concentration of YKL-40 
between sex and different age groups. 

YKL-40 levels were significantly higher 
in synovial fluid of our RA patients than in serum 
and a significant positive correlation exists between 
levels of YKL-40 in serum and synovial fluid. 
These results are in agreement with Harvy et al 

(1998) and Conrozier et al. (2000) who reported 
that YKL-40 local production by joints was a 10-15 
fold higher in synovial fluid than in serum and 
suggested that the increased serum levels derived 
from arthritic joints. Also, Volck et al. (2001) 
concluded that a relationship exists between YKL-
40 in serum and synovial fluid. This finding could 
be explained as YKL-40 in synovial fluid is derived 
from cells in the inflamed synovium, chondrocytes 
and synovial fluid neutrophils, and the joint derived 
YKL-40 influences serum YKL-40 (Conrozier et 
al., 2000).  

In this study we found that serum and 
synovial YKL-40 were influenced by the disease 
activity as evaluated by clinical and laboratory 
markers of disease activity. There was statistically 
significant increase in serum and synovial YKL-40 
in active RA patients in comparison to inactive 
patients. This finding coincided with Johansen et 
al. (2001) who confirmed that serum YKL-40 was 
increased in 54% of RA patients with active 
disease. Also, Syversen et al., (2010) found 
association between YKL-40 and DAS28 in their 
RA patients. In our  study, a statistically significant 
correlation was found between serum &synovial 
YKL-40 and clinical and laboratory parameters of 
disease activity. This coincided with Volck et al. 
(2001) who also found significant correlation 
between serum & synovial fluid concentrations of 
YKL-40 in RA patients with ESR & CRP. This 
finding also was found by Johansen et al. (2001), 
Vos et al. (2000) and Matsumoto & Tsurumoto  
(2001). Johansen et al. (1999) stated that 
approximately 70% of their RA patients with 
elevated serum YKL-40 had also high ESR or 
serum CRP indicating that ESR, serum CRP and 
YKL-40 levels reflect inflammation of RA patients 
differently. Also, Syversen et al.,            (2010) 
stated that YKL-40 is a marker of joint 
inflammation in RA. 

Volck et al. (2001) stated that CRP and 
ESR, the gold standards of biochemical assessment 
of disease activity in RA, are produced in the liver 
by hepatocytes and thus an indirect measure of 
joint inflammation. By contrast, serum YKL-40 is 
more direct measure of joint inflammation as it is 
locally released in the arthritic joint.  

The results of this study showed no 
correlation between serum & synovial YKL-40 and 
age & disease duration. This coincided with the 
finding of Vos et al. (2000) and Peltomaa et al. 
(2001) who found no relation of serum YKL-40 
and age & duration of disease in their RA patients. 
On the other hand, we found significant positive 
correlation between serum & synovial YKL-40 and 
RF. This is in agreement with Vos et al. (2000).  
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This study showed that serum and 
synovial YKL-40 were significantly correlated with 
radiographic progression according to Larsen score. 
This finding is in agreement with Matsumoto et 
al.(2001), Peltomaa et al. (2001) and den Broeder 
et al.( 2002) who stated that serum YKL-40 
correlated with Larsen score, the number of bone 
erosions and Sharp score and RA patients with 
bone erosions had higher serum YKL-40 than 
patients without erosions. Two longitudinal studies 
of 1-3 years of patients with early RA have shown 
that the mean serum YKL-40 levels during the 
study periods were related with the progression in 
Larsen score and developed more bone erosions 
compared to patients with normal serum YKL-40 
(Johansen et al., 1999). So, serum YKL-40 had a 
predictive value for the risk of radiographic 
progression of joint damage in patients with early 
RA. On the contrary Syversen et al.,(2010) 
concluded that YKL-40 is not a predictor of 
progressive joint destruction in RA but only marker 
of joint inflammation and disease activity.  

5. Conclusion: 
Serum and synovial resistin and YKL-40 

provided new and direct information on local 
disease activity in rheumatoid arthritis. Our data 
supported the hypothesis that resistin and YKL-40 
are involved in the pathogenesis of RA. Also, 
serum resistin and YKL-40 could be considered as 
a prognostic marker in RA as they predict 
radiographic progression of joint damage. The 
identified properties of resistin and YKL-40 make 
each of them a novel and interesting therapeutic 
target in rheumatoid arthritis. 
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Abstract: Both exercise and estrogen augments bone metabolism and endothelial function in postmenopausal 
women. Osteoprotegrin (OPG) appears to represent the molecular link between bone resorption and vascular 
calcification.This study was conducted to determine the effects of acute bouts of dynamic exercise and oral estrogen 
on serum osteoprotegrin (OPG) and endothelial dependent flow mediated dilatation of brachial artery (FMD); to 
assess if these two interventions independently or together achieve same improvement and finally to find any 
relation between OPG and FMD. Twenty early osteoporotic postmenopausal women with endothelial dysfunction, 
their mean age (53±9 years) and 20 healthy premenopausal female controls with mean age (29±2 years) were 
included.  All subjects were subjected to assessment of OPG and FMD before the beginning of the study. Then OPG 
and FMD were quantified after 60 minutes of treadmill exercise  for one hour,  this protocol was repeated after 4 
weeks of oral estrogen therapy .We found that serum OPG was elevated significantly in postmenopausal women 
after exercise( post-ex) approximating double baseline value (4.8±0.3 vs 2.9±0.3). There was a significant difference 
between OPG level post exercise and estrogen (post ex-est) vs post estrogen (post-est) alone (5.3±0.2 vs 4.3±0.2) 
while there was no significant difference between post exercise (post-ex) versus post-est (4.8±0.3 vs 4.3±0.2). 
Regarding FMD there was a significant difference between post-ex vs baseline (11.4±0.4 vs 6.1±0.5), post-est vs 
baseline (11.5±1.5 vs 6.1±0.5), also between post ex-est and baseline value (10.5±1.6 vs 6.1±0.5) , while there was 
no significant difference between all interventions . Our results suggested that both exercise and estrogen augment 
bone metabolism and vascular reactivity to nearly equal values. So, this study reinforces the importance of exercise 
as a non pharmacological and alternative to oral estrogen in postmenopausal women and consider exercise as one of 
the mechanisms that protect against osteoporosis and atherosclerosis. [Journal of American Science 
2010;6(10):1013-1018]. (ISSN: 1545-1003). 
 
Keywords: estrogen; Osteoprotegrin (OPG); flow mediated dilatation (FMD); women; atherosclerosis. 
 
1. Introduction: 

After the onset of menopause, there is an 
increase in age related osteoporosis (Shargorodsky et 
al; 2009) and impairment of endothelial function 
(Verdis et al ; 2000). 

Both exercise and estrogen therapy augment 
bone metabolism (West et al . 2009) and endothelial 
function (Harvey et al; 2005).  

Osteoprotegrin (OPG) appears to represent the 
molecular link between bone resorption and vascular 
calcification, and may help to explain the high 
prevalence of atherosclerosis and osteoporosis in 
postmenopausal women (Saunders, 2009). OPG 
increases bone mineral density by its well established 
capacity to inhibite osteoclast differentiation and 
regulate bone remodeling. The production of OPG 
protein  in endothelium and vascular smooth muscle 
cell exerting antiapoptotic effects on endothelial 
cells, protecting them from cell death and regulate 
vascular inflammation and immunity (Shargorodsky 
et al;2009 ). 

Saunders, (2009) concluded that, while the effect 
of exercise appeared to improve arterial flow 
mediated vasodilatation (FMD).it may also be 
evident that the number of endothelial progenitor 
cells were increased in trained patients.  

Recently, alternations in bone remodeling have 
been demonstrated in amenorrheic women (De souza, 
2008). Furthermore, numerous investigators have 
demonstrated that exercising women who are 
estrogen deficient have negative alternations in bone 
turnover markers and /or BMD (De souza, 2008). 

Published controlled trials of estrogen 
administration for prevention of CVD have produced 
negative results (Hodis et al; 2003). However, 
estrogen has multiple complex pleiotropic effects on 
the CV system that may exert both beneficial and 
adverse events (Harvey et al; 2005).  

  Thus alternative interventions must be explored 
to protect against osteoporosis and endothelial 
dysfunction in early postmenopausal period.  
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The aim of this study was to determine the 
effects of acute bouts of dynamic exercise and oral 
estrogen on serum OPG and FMD; to assess if these 
two interventions independently or together achieve 
same improvement and finally to find any relation 
between OPG and FMD. 
 
2. Patients and Methods  

Twenty post menopausal women with early 
osteoporosis and endothelial dysfunction attending 
the outpatient clinic of Rheumatology & 
Rehabilitation and Internal Medicine Departments, 
Tanta University Hospitals Egypt, were included in 
this study. Their mean age was (53±9 ys).  Twenty 
healthy premenopausal women were studied as 
controls; their mean age was (29±2 ys). 

All subjects were neither sedentary nor 
extremely fit. 
 
Exclusion criteria: 
-Age above 60 years. 
-Secondary osteoporosis 
-Coronary heart disease 
-Unbalanced endocrine disease 
-History of gynacologial or breast cancer 
-Abnormal vaginal bleeding 
-On hormonal therapy before enrollment in the study 
-Any chronic disease (R.A, SLE, thyroid disease etc)  
-Deep vein thrombosis or peripheral vascular disease 
-Creatinine > 1.5 mg/dl or liver enzyme twice the 
upper normal value.  

All postmenopausal women were with early 
osteoporotic changes as suggested by BMD (T score 
at the hip and/or spine between -1 and -2.5) and had a 
history of amenorrhea for least 12 months. Ovarian 
hormonal level [follicle stimulating hormone and 
estrogen] was assessed to confirm menopausal status. 

All premenopausal women (controls) were 
without cardiovascular risk factors and have normal 
endothelial function (normal FMD). They were 
examined gynecologically to exclude any uterine or 
breast cancer or vaginal bleeding. They have regular 
menstrual cycle averaging (25-35) days, non was 
receiving any oral contraceptive formulation and 
were studied during follicular phase which defined as 
day 5 to 13 of menstrual cycle. Pregnancy was 
excluded by   a negative B human chorionic 
gonadotropin test. 

All included subjects premenopausal and post 
menopausal underwent.  
1- Through clinical examination 
2- Standard 12 ECG lead was carried out of all 

subjects to detect any abnormalities in the heart 
rate and rhythm. 

3- Echocardiogrfaphy and Doppler assessment for 
evaluation of left ventricular dimention, left 
ventricular function (systolic and diastolic).  

 
Biochemical parameters: 
 Blood sampling for full chemistry and 
metabolic parameters, including fasting glucose, lipid 
profile, calcium, phosphorus, PTH, creatinine, 
Albumin, and serum osteoprotegerin (OPG) were 
performed.  Serum OPG was assayed Using 
Sandwich Enzyme Linked Immunosorbent Assay 
(ELISA) provided by sigma (St. Louis, MO). 
 
Bone Mineral density (BMD): 

Bone status was evaluated at the lumbar 
spine and femoral neck at the time of the study using 
dual energy X-ray absorbiometry (DEXA) (9 Hologic 
ODR 1000/w, Waltham, MA, USA) osteopenia and 
osteoporosis were defined according to the criteria of 
World Health Organization. Osteoporosis is defined 
as a bone mineral density T scores at the hip and /or 
spine below -2.5. Osteopenia is defined as a T score 
between -1 and – 2.5, and established osteoporosis as 
a T score below – 2.5 in the presence of one or more 
fragility fractures. 
 
Study protocol: 

Baseline values (OPG and FMD) were acquired 
in the morning with all subjects (premenopausal and 
postmenopausal) resting supine.  Then 
postmenopausal women were exercised on treadmill 
for a total of one hour to provide similar exercise 
loads, the speed and grade of treadmill exercise were 
adjusted to maintain the Heart rate at 60% of each 
individual's VO2 max, as calculated from previously 
obtained cardiopulmonary stress test (Hara and 
Floras, 1995).  Post exercise measurements 
commenced at 60 minutes after exercise. .Heart rate 
and arterial BP were recorded continuously 
throughout the study. In postmenopausal subjects, 
this protocol was repeated 4 weeks after treatment 
with open-labeled oral estradiol 2mg/day. Subjects 
were instructed to take this estrogen at the same time 
every morning. After completion of the study 
protocol, women with uterus in situ were prescribed 
medroxyprogesterone acetate 10mg tablets once daily 
for a period of 12 days to convert the endometrium 
from the follicular to the secretory state. 

Assessment of endothelial function by flow 
mediated dilatation (FMD) (Chan et al ; 2003):  

Endothelial function was assessed non invasively 
using high external vascular ultrasound (10 MHZ) 
under a ray transducer connected to a vivid 7 
dimention ultrasound machine Briefly, the test was 
performed in the morning in a quite room and 
subjects were fasted. The brachial artery was scanned 
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5-15 cm above cubital fassa.  Resting diameter was 
measured then blood pressure cuff inflated to > 
200mm Hg for 4.5 minutes.  A second image 30 
seconds before cuff deflation and conlinued for 2 
minutes. FMD was calculated as follows: 
(post deflation diameter – resting diameter)/resting 
diameter X 100. 

The endothelial function was considered 
normal if FMD% is within 2 standard deviation of the 
mean FMD of control group. 
 
Statistical analysis: 

Using SPSS program, version 10 descriptive 
statistics for continuous variables were expressed as 
mean and standard deviation. Comparison between 
groups was done by paired t-test. Correlation between 
variables was done by Pearson's correlation method. 
Results were considered significant at P<0.05 and 
non significant at P > 0.05. 
 
3-Results: 

This study was conducted on 20 early 
osteoporotic post menopausal women with 
endothelial dysfunction and 20 healthy 
premenopausal controls. Demographic and clinical 
data of patients and controls are shown in table (1). 

Table (1) show that there was no significant 
difference between patients and controls regarding 
body mass index (BMI), cardiovascular risk factors 
and serum OPG (P>0.05), but there was significant 
difference regarding, FMD, and BMD (P<0.05). 

There was significant elevation of serum OPG 
post-exercise versus pre-exercise (4.8±0.3 vs 2.9±0.3) 
and post exercise versus premenopausal value 
(4.8±0.3 vs 2.22±0.3), but there was no significance 
difference between post exercise OPG and post 
estrogen OPG   (4.8±0.3 vs 4.3±0.2).There was 
significance difference between post exercise & 
estrogen versus post estrogen alone (5.3+0.2 vs 
4.3+0.2) (table 2).  

Regarding FMD there was a significant 
difference between post ex, post-est  and post ex-est 
versus baseline value (11.4±0.4, 11.5± 1.5 and 
10.5±1.6 versus 6.1±0.5) respectively ,while there 
was no significant difference between all 
interventions (table 2).  

In the present study, there was positive 
correlation between OPG and FMD (r=0.82, 
P<0.001) post exercise, and also positive correlation 
between serum OPG and FMD (r=0.38 P<0.003) post 
estrogen. (data not shown). 

 
Table (1): Demographic and clinical characteristics of patients and controls 

 Patients Controls P 
Age (ys) 53±9 29.1±2 S 
Weight (kg) 57.8±2.6 59.9±1.0 NS 
Hight (cm) 162.5±1.9 167.1±0.8 NS 
BMI (kg/m2) 22.3±0.9 21.8±0.3 NS 
Smoking (%) 0% 0% NS 
Fasting glucose (%) 85±7 83±2 NS 
Mean arterial press. MAP (mmHg) 78±1 76±3 NS 
Albumin (mg/dl) 3.9±0.1 4.0±0.2 NS 
Creatinine (mg/dl) 1.0±0.2 0.9±0.2 NS 
PTH (pg/ml) 65±45 64.2±49 NS 
OPG(pmol/L) 2.9±0.3 2.22±0.3 NS 
T score (1-2-l4) -1.9±0.0.2 -0.8±0.1 S 
FMD % 6.1±0.5 12±0.5 S 

BMI: body mass index; PTH: parathyroid Hormone; OPG: serum osteoprotegrin; FMD: brachial artery flow 
mediated dilatation   
 
Table (2): Mean arterial pressure( MAP), heart rate( HR) flow mediated dilatation( FMD) and  

osteoprotegrin( OPG) post ex, post est, and  post ex  &  est  
 Pre ex pre est Post ex Post est Post ex post est Controls 
MAP  78±1 73±1 75±3 60±3 75±6 
HR (beat/min) 61±3 76_2 75±2 71±2 68±3 
Baseline (mm) measurements 33.4±3.6 33.1±1.8 32.1±1.3 33.1±1.4 33.9±1.9 
Post occlusion measurments (mm) 35.41±2.5 36.9±1.6 35.8±1.5 36.6±1.3 39.1±1.8 
The absolute changes in brachial artery. 2.01±02 3.9±0.3 3.7±0.6 3.5±0.5 4.1±0.4 
FMD (%) 6.1±0.5 11.4±0.4** 11.5±1.5** 10.5±1.6** 12±0.5 
Serum OPG (Pmol/L) 2.9±0.3 4.8±0.3* 4.3±0.2* 5.3±0.2* 2.22±0.3 
*statistically significant difference versus baseline value and premenopausal value p<0.05 
**statistically significant difference versus baseline value p<0.05 
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Fig(1): Serum  OPG in premenopausal women  and in early osteoporotic post menopausal women with endothelial 
dysfunction  before and  after exercise & estrogen replacement. Values are mean ± SD p*<0.05versus PMP baseline 
and premenopausal value .There was a significant difference between post estrogen and exercise versus post 
estrogen alone but there was no significant difference between post estrogen and post exercise. Pre-MP, 
premenopausal; PMP, postmenopausal baseline; PMP-ex, postmenopausal post exercise: PMP-est; postmenopausal 
post estrogen, PMP-ex-est, postmenopausal post exercise and estrogen.  
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Fig.(2): Flow mediated dilatation (FMD) in premenopausal women and in early osteoporotic  postmenopausal women with 
endothelial dysfunction  before and after exercise and estrogen replacement. . Values are mean ± SD. *P < 0.05 vs PMP 
baseline. There was significant difference between all interventions and baseline value. But there was no significant difference 
in FMD in PreMP and either PMP-ex, PMP-est, or PMP-est-ex. PMP, postmenopausal, PreMP, premenopausal; baseline; 
PMP-ex, postmenopausal post exercise; PMP-est, postmenopausal post-estrogen replacement; PMP-est-ex, postmenopausal 
post-estrogen replacement and exercise. 
 
4-Discussion 

Estrogen and exercise both impact bone 
metabolism and serum OPG. Mechanical strain & 
various types of stress and strain on osteoblasts 
cells have been reported to significantly increase 
OPG levels (Kim et al; 2006).  

Serum  OPG functions as a decoy receptor 
(Holen  et al; 2006)  and aids in regulating bone 
loss by blocking the actions of the RANKL/RANK 
interaction (Wietzmann and Pacifici, 2006). OPG is 
proving to be important in the pathogenesis of bone 

loss in postmenopausal women (Hofbauer and 
Schoppet, 2004).  

Ziegler et al; (2005)  in his study for the 
evaluation of  the effects of running (long or short 
distance) ,  reported  acute increase in serum OPG 
immediately after running, suggesting the positive 
effect of exercise on OPG.  Moreover West et al 
;(2009) observed that exercising menstruating 
women had significantly high OPG compared to 
sedentary menstruating women, highlighting the 
positive effects of exercise training on serum OPG. 
These results are in accordance with our results. 

* 
* *

* 

*

*
*
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In this study, post exercise OPG level was 
significantly elevated comparing to baseline value 
and controls (P<0.05), but it was  non significantly 
elevated comparing to post estrogen therapy (P> 
0.05)  There was significant difference between 
post exercise & estrogen versus post estrogen 
alone. The absence of estrogen enhances the ratio 
of RANKL/OPG, promoting osteoclastogenesis and 
consequently the acceleration of bone loss 
(Hofbauer and Schoppet , 2004). 

Estrogen, a steroid with direct effects on bone 
metabolism, is another important contributer to 
bone health in women (Boyle et al ; 2003). 

Regarding the effect of estrogen on serum 
OPG, we found that serum OPG value was nearly 
similar to post exercise value, denoting that 
moderate intensity weight bearing exercise can 
substitute oral estrogen therapy in early 
osteoporotic postmenopausal women. Our results 
are similar to that reported by Kahl et al; (2005) 
where he studied anorexia nervosa patients (while 
there was estrogen deficiency) ,he found elevation 
of bone resorption and consequent suppretion in 
OPG. Also West et al (2009) concluded same 
results. 

Grinspoon et al. (2003) reported no differences 
in OPG between amenorrheic women on estrogen 
therapy versus women on placebo therapy. Also 
Herrmann and Herrmann (2004) concluded that 
exercising premonopausal atheletes, when 
compared to sedentary controls, had suppressed 
serum OPG.  These finding are discordant with our 
findings. However results remain equivocal 
(Munoz et al., 2007 and Galusca et al., 2008). 

This study investigates also the acute effects of 
a single bout of dynamic exercise on brachial artery 
dilatation (FMD) in early osteoporotic 
postmenopausal women with endothelial 
dysfunction.  Consistent with Taddei et al ;( 1996) 

and Harvey et al (2005), our study showed that at 
baseline rest, endothelium dependent FMD was 
significantly impaired in postmenopausal women 
compared to healthy premenopausal women. After 
a single bout of dynamic exercise the FMD was 
significantly augmented approximating the value of 
healthy premenopausal controls. At the same time 
after four weeks of oral estrogen FMD was 
significantly elevated to a value approximating 
healthy premenopausal controls. 

On the other hand, FMD was not augmented 
further by concurrent use of estrogen with exercise. 
So, in postmenopausal women acute dynamic 
exercise and oral estrogen effectively and 
independently normalize FMD, However when 
applied concurrently, the action of the two 
interventions were not additive. Our findings are 

similar to data reported by Stathokostals et al 
(2008), who concluded that there was no difference 
in maximum aerobic power (Max Vo2) in healthy 
exercising postmenopausal women taking HRT 
versus women not taking HRT.  These results 
support the concept that potential benefit of 
Hormone Replacement Therapy (HRT) on 
cardiovascular function   was not additive to the 
potential benefits of exercise.  Furthermore, this 
study is in agreement with Attipo et al  (2008), who 
investigated whether postmenopausal women on 
HRT would experience a greater reduction in 
oxidative stress (endothelial dysfunction) after 24 
weeks of aerobic exercise compared to women not 
taking HRT by measuring level of plasma 
barbituric acid reductive substances as an indicative 
of oxidative stress. They concluded that aerobic 
exercise training significantly decreased oxidative 
stress in postmenopausal women regardless using 
HRT or not. In the present study we found a 
positive correlation between OPG and FMD either 
post exercise or estrogen. Suggesting a potential 
link between OPG and vascular inflammation.  
These results are consistent with those reported by 
Shargorodsky et al; ( 2009) while these results are 
discordant with those reported by Mangiafico et al; 
(2008). 

5. Conclusion:  
Our results suggest that both exercise and 

estrogen augment bone metabolism and vascular 
reactivity to nearly equal values. So, this study 
reinforces the importance of exercise as a non 
pharmacological and alternative method to oral 
estrogen in early postmenopausal women and 
consider it as one of the mechanisms that protect 
against osteoporosis and atherosclerosis.  
 
6. Recommendation:  
               For every postmenopausal women regular 
moderate intensity weight bearing exercise must be 
continued to maintain improvement in your health.  
However, you don't have to spend hours in the gym 
to reap the benefits of exercise, but regular 
performance of daily activities (walking, bicycle 
riding and climbing stairs instead of the elevator) 
for half an hour per day or 3 lots of 10 minutes per 
day instead, this will increase your bone health and  
blood flow from your heart. 
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Abstract: A procedure for the regeneration of complete plantlets of Gigantochloa atroviolaceae through axillary 
shoot proliferation is described. Axillary bud break was accomplished in full strength liquid MS medium fortified 
with 25.0 µM BAP. Axillary shoots produced were multiplied on semi-solid MS medium supplemented with BAP 
(20µM) + NAA (3.0µM) giving a multiplication rate of 2.39. In vitro shoots were rooted on full strength MS 
medium supplemented with varying concentrations of auxins. Optimal rooting was achieved on medium 
supplemented with 35.0µM IBA. Regenerated plantlets were successfully hardened and acclimatized under net 
house conditions with over 80% survival. [Journal of American Science 2010;6(10):1019‐1025]. (ISSN: 1545‐1003). 
 
Keywords: Gigantochloa atroviolaceae, in vitro propagation, nodal explants, axillary shoot multiplication 
 
Abbreviations: MS: Murashige and Skoog (1962); PGR: Plant Growth Regulator; BAP: 6, Benzylaminopurine; 
Kn: 6- Furfurylaminopurine; NAA: α-Naphthalene Acetic Acid; IBA: Indole-3 Butyric Acid. 
 
1. Introduction 

Bamboo, the world’s fastest growing and 
environment-friendly giant grass, is now 
internationally recognized as an important, cost 
effective and safe alternative to wood. In India, the 
consumption of bamboo has increased considerably 
from 2.2 million tones in 1980 (Varmah and 
Bahadur, 1980) to 13.48 million tones in 2003 
(Planning Commission, 2003) due to rapid growth of 
bamboo based industries. In the current scenario, the 
largest consumer of bamboo in the country is 
construction sector (3.4 million tones) followed by an 
escalating demand for a variety of products viz. paper 
production, laminates, flooring, boards, ply etc. 
However, the sectors consuming bamboos are facing 
a shortage of bamboo supply. Due to limitations in 
conventional methods of propagation the potential of 
micropropagation has raised high hopes and a lot of 
research has been focused on the development of 
protocols for rapid and large scale propagation. 
Stimulation of axillary meristems into shoots using 
nodes with pre-formed buds in axils is the most 
commonly used method for mass propagation of 
bamboos.  Axillary shoots proliferating from these 
pre-formed meristems have the advantage of being 
the true compliment of explant source and hence 
selected superior stocks can be multiplied on mass 
scale.  

Gigantochloa atroviolaceae Widjaja 
(G.atter sensu Kurz.), commonly known as Black 
Bamboo, is a highly attractive ornamental bamboo 
from Java and Sumatra. It is an impressive, loosely 
tufted, clumped, sympodial branched bamboo having 
thin but strong and durable black culms with narrow 
white bands at the nodes and large leaves. The timber 
is used for building and furniture construction, 
musical instruments, craft items and ornamental 
purposes.  

The rapidly increasing bamboo-based industries 
have resulted in severe loss of forest stocks. 
Consequently, there is always a shortage of planting 
stock material of this bamboo due to its tremendous 
economical importance. The species is mainly 
propagated vegetatively by rhizome or culm cuttings. 
However cuttings are bulky, difficult to handle and 
transport. Moreover, propagules obtained via 
vegetative methods are successful only if they root.  
Root promoting substances (auxins) have little effect 
on bamboo rooting (mature cuttings) and planted 
material (vegetatively propagated plants) have been 
found to develop very slowly (Hassan, 1980). Further 
year round, vegetative propagation is difficult due to 
seasonal specificity of material (Saxena and 
Bhojwani, 1993). Therefore, it becomes imperative to 
adopt alternative methods for its rapid multiplication 
and tissue culture techniques offer a potent tool for 
the purpose.  The present work reports a suitable 
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method for rapid in vitro propagation of 
G.atroviolaceae through axillary shoot proliferation. 

 
2. Material and Methods 

 2.1 Initiation of cultures 
Young juvenile shoots were collected from 

the mature clump of Gigantochloa atroviolaceae 
growing at Tissue Culture Discipline, FRI, Dehradun 
(Figure A). Nodal segments containing single axillary 
bud were used as the source material for 
micropropagation. Explants were swabbed with 
alcohol soaked cotton and then pretreated with 1% 
Bavistin (50% carbendazim WP) for 15-20 minutes. 
Surface sterilization was done with 0.1% HgCl2 
solution for 12-14 minutes followed by 3-4 times 
washing with sterilized distilled water to remove the 
traces of steriliant. Surface disinfected explants were 
inoculated on liquid MS medium supplemented with 
BAP or Kn (5- 35µM) in different seasons of the 
year. The effect of cytokinins on bud-induction was 
assessed after a period of 4 weeks. 

 
2.2 In vitro Shoot Multiplication 
  After 4 weeks of inoculation, the axillary 
shoots sprouted from the nodal explant were excised 
and transferred on to semisolid MS medium 
supplemented with BAP or Kn (5- 30µM) alone and 
BAP (15, 20 25 µM) in combination with NAA (1.0, 
3.0, 5.0 µM) to test the effect of various PGRs on in 
vitro multiplication of shoots. Propagules of 3 shoots 
were used for the purpose. Observations were 
recorded after an interval of 4 weeks. Regular 
subculturing was carried out at periodic interval of  4 
weeks using MS medium supplemented with 20µM 
BAP + 3µM NAA.  
 
2.3 In vitro Rooting 

For in vitro rooting, clusters of 2-3 shoots 
(2-3cm) were kept on full- strength MS medium 
augmented with different concentrations of IBA (5- 
40 µM ) and NAA (5- 30 µM). Rooting response was 
recorded in terms of rooting percentage, average 
number of roots produced and average root length 
after a period of 4 weeks.  

All culture media contained 3% sucrose 
(w/v) and agarified with 0.7% agar in case of semi-
solid media. The pH of the medium was adjusted to 
5.8 prior to autoclaving the medium at 1210C and 
1.0×105 Pa for 15 minutes.  
 
2.4 Culture conditions 

All the cultures were grown under a 
photoperiod of 16 hours in light (illuminated by cool 

white fluorescent tubes (Philips, India) and for 8 
hours in dark in a culture room maintained at 25±20C. 
 
2.5 Hardening and acclimatization 

In vitro rooted shoots were  transferred to 
autoclaved 250 ml screw cap glass bottles containing 
1/3 volume of vermiculite and kept in culture room 
for three weeks. The plantlets were nurtured with half 
strength MS medium (without organics) twice a 
week.  Later these bottles were shifted to mist 
chamber under relative humidity of 80-90% 
maintained at 30 ± 20C temperature. The caps of 
bottles were removed and plantlets were allowed to 
remain in the bottle for 3-4 days before being 
transferred to polybags containing a mixture of sand, 
farmyard manure and soil in a ratio of 1:1:1.The 
polybags were subsequently shifted to shade house 
conditions and acclimatized plantlets were irrigated 
with tap-water  
 
2.6 Statistical analysis     

Data collected in the Completely Randomized 
Design (CRD) of experiments (Compton, 1994) was 
analyzed using Microsoft Excel ver. 2007 © 
Microsoft Technologies, USA. Experiments were 
repeated thrice and data represents the mean of three 
experiments. Each treatment consisted of minimum 
twelve replicates. Data was subjected to one way 
Analysis of Variance (ANOVA). Degree of variation 
was shown by Standard Error (SE), Critical 
Difference (CD) at 5%. The significance level was 
tested at 5%, 1% and 0.1%.  The significance of the 
data as ascertained by F-test and the CD values 
computed, were used for comparing differences in 
means of various treatments 

. 
3. Results 
3.1 Culture Initiation 

Treatment with 0.1% HgCl2 solution 
resulted in 85-90% aseptic and viable cultures. Nodal 
segments when cleaned with ethyl alcohol (70%) 
dipped cotton, prior to HgCl2 treatment, improved 
surface sterilization of explants. Pretreatment with 
fungicide (Bavistin) led to a significant reduction in 
fungal contamination.  

Bud break was obtained in both the 
cytokinins (BAP and Kn) fortified liquid medium 
within 2-3 weeks and number of shoots ranged from 
1-3. Axillary buds cultured on basal MS medium 
(without any plant growth regulator) yielded 15.88% 
bud break response, producing only 1.12 ± 0.08  
axillary shoots which did not survive. BAP treatment 
significantly increased the percent bud break 
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response. The optimal medium for axillary bud 
culture was MS medium (liquid) supplemented with 
25µM BAP, yielding maximum (57.53%) percentage 
bud break with maximum average number of shoots 
2.64 ± 0.07 and maximum average shoot length (cm) 
2.60 ± 0.18 after a period of 4 weeks (Graph 1, 
Figure B). The bud break response declined with 
increased concentration of BAP (30 - 35µM) 
resulting in small condensed shoots, most of them 
showing no further development. On Kn 
supplemented MS medium a maximum bud break 
response of only 38.67% was obtained with 20µM 
Kn with average shoot number 2.27 ± 0.15 and 

average shoot length of 1.39 ± 0.03 cm. However, the 
shoots were small, thin and weak and most of them 
did not show any further development. 

Significant effect of season was noted on 
percent bud- induction. Best results (57.53% bud-
induction) were obtained in the month of June-
August followed by 40.97% bud-break in the months 
of September-November. The months of December-
February and March –May proved to be unsuitable 
for obtaining optimal bud-induction, giving only 
20.50% and 21.50 % bud break, respectively (Graph 
2). 
 

 

 

 

Graph 1: Effect of PGRs on percent bud induction 
in nodal explants of  

Graph 2: Effect of Season on percent bud 
induction in nodal explants of  

G. atroviolaceae. Data recorded after 4 weeks.  G. atroviolaceae on MS + 25 µM BAP. Data 
recorded after 4 weeks.  

3.2 In vitro shoot multiplication 
The excised axillary shoots when cultured 

on basal MS medium (without PGR) exhibited a 
drastic declination in multiplication rate (0.70 ± 0.11) 
and shoots gradually died. This necessitated the 
incorporation of cytokinins in the medium. For in 
vitro shoot multiplication. MS medium supplemented 
with BAP at 20 µM concentration gave a maximum 
multiplication rate of 1.94 ± 0.15 folds with average 
shoot number 5.82 ± 0.04 and shoot length of 2.23 ± 
0.15 cm. An increase in BAP concentration beyond 
this level resulted in decreased multiplication 
potential (Table 1). In Kn supplemented medium, 
shoot multiplication rate significantly declined as 
compared to BAP fortified medium. A best response 
of only 1.32 ± 0.05 fold multiplication with mean 
shoot number 3.95 ± 0.16 and mean shoot length 1.88 
± 0.11 cm was obtained on MS medium 
supplemented with 20µM Kn. 
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A significant improvement in shoot 
multiplication response was observed when BAP in 
combination with lower concentrations of NAA was 

tried (Table 1). This is due to the synergistic effect of 
interaction of cytokinin with auxin in the medium.  
An average number of 7.17 ± 0.21 shoots with mean 
shoot length 2.17 ± 0.18 cm and multiplication rate of 
2.39 ± 0.07 folds was obtained on MS medium 
supplemented with 20µM BAP + 3µM NAA (Figure 
C). Since this interaction proved to be most effective, 
for maintenance of cultures regular subculturing of 
shoots was done in this media combination at 
periodic interval of 4 weeks. 

 
3.3 In vitro Rooting 

Full strength MS medium supplemented 
with 35 µM IBA gave the maximum rooting response 
(47.67%) with an average of 4.33± 0.22  roots per 
propagule and mean root length of 2.90 ± 0.22 cm 
(Table 2, Figure D). At lower concentrations of 
IBA (5-15µM) no rooting was obtained whereas 
higher concentration of IBA (40 µM) exhibited a 
decrease in in vitro root production.  
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On medium fortified with NAA 16.98% - 
31.93% rooting was obtained. The pattern of root 
induction and rooting percentage was found to be 
similar to that of IBA supplemented medium. Best 
response (31.93%) was on 15µM NAA supplemented 
MS medium with 3.29 ± 0.10 roots on an average per 
shoot propagules and average root length of 2.86 ± 
0.06 cm. 

 
3.4 Hardening and Acclimatization 

The tissue culture raised plants are 
heterotrophic in their mode of nutrition as they grow 
on medium rich in minerals and sugar and thus, 
cannot withstand the environmental conditions 

without proper hardening and acclimatization. In 4-5 
weeks of transfer to rooting medium, healthy 
plantlets with good roots and shoot system 
developed. For hardening the in vitro rooted plantlets 
were transferred to autoclaved culture bottles 
containing vermiculite. These plantlets were irrigated 
with half - strength MS medium without organics and 
maintained in culture room for three weeks. This was 
followed by transfer to mist chamber for three weeks 
at relative humidity of 80-90% and 30 ± 20C 
temperature. Plants were then shifted to polybags 
containing Sand: Soil: FYM in 1:1:1 proportion and 
maintained in the mist chamber where a survival rate 
of over 80% was recorded (Figure E). 

 
Table 1: Effect of PGRs in MS medium on shoot multiplication of G. atroviolaceae. 

Data recorded after 4 weeks (*: significant at 95%, *** : significant at 99.9%). 
 

PGR Concentration(µM) Mean shoot number 
Mean shoot length 

(cm) 
Multiplication rate 

 
Control 2.10 ± 0.32 1.42 ± 0.09 0.70 ± 0.11 
BAP  

5.0 2.97 ± 0.29 1.92 ± 0.10 0.99 ± 0.10 
10.0 4.12 ± 0.11 1.95 ± 0.15 1.37 ± 0.04 
15.0 5.50 ± 0.10 2.10 ± 0.25 1.83 ± 0.03 
20.0 5.82 ± 0.04 2.23 ± 0.15 1.94 ± 0.07 
25.0 5.62 ± 0.04 2.22 ± 0.09 1.87 ± 0.05 
30.0 4.35 ± 0.09 1.98 ± 0.14 1.45 ± 0.03 

Kn  
5.0 2.52 ± 0.15 1.72 ± 0.10 0.84 ± 0.05 

10.0 3.41 ± 0.13 1.75 ± 0.09 1.14 ± 0.04 
15.0 3.89 ± 0.18 1.98 ± 0.14 1.30 ± 0.06 
20.0 3.95 ± 0.16 1.88 ± 0.11 1.32 ± 0.05 
25.0 3.63 ± 0.15 1.91 ± 0.10 1.21 ± 0.05 
30.0 3.38 ± 0.09 1.66 ± 0.12 1.13 ± 0.03 

BAP + NAA  
15.0 + 1.0 5.97 ± 0.27 2.13 ± 0.14 1.99 ± 0.09 
15.0 + 3.0 6.77 ± 0.20 1.97 ± 0.15 2.26 ± 0.07 
15.0 + 5.0 6.02 ± 0.16 1.90 ± 0.13 2.01 ± 0.05 
20.0 + 1.0 6.44 ± 0.13 2.25 ± 0.18 2.15 ± 0.04 
20.0 + 3.0 7.17 ± 0.21 2.17 ± 0.18 2.39 ± 0.07 
20.0 + 5.0 6.90 ± 0.17 2.05 ± 0.13 2.30 ± 0.06 
25.0 + 1.0 6.48 ± 0.16 2.20 ± 0.23 2.16 ± 0.05 
25.0 + 3.0 6.17 ± 0.24 2.07 ± 0.19 2.06 ± 0.08 
25.0 + 5.0 5.53 ± 0.20 1.93 ± 0.17 1.84 ± 0.07 

Significance *** * *** 
CD at 5% 0.15 0.12 0.05 
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Table 2: Effect of auxins in MS medium on in vitro rooting in G. atroviolaceae. Data recorded after 4 weeks. 
(*** :significant at 99.9%) 

 
Auxin 
concentration(µM) 

Response % 
 

Mean root number 
 

Mean root length 
(cm) 

Control 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
IBA  

5.0 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
10.0 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
15.0 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
20.0 12.27 ± 4.36 1.50 ± 0.10 1.52 ± 0.14 
25.0 20.78 ± 4.79 2.58 ± 0.13 2.40 ± 0.26 
30.0 31.64 ± 3.45 3.94 ± 0.65 2.69 ± 0.14 
35.0 47.67 ± 3.98 4.33 ± 0.22 2.90 ± 0.22 
40.0 39.10 ± 3.18 3.89 ± 0.18 2.42 ± 0.29 

NAA  
5.0 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

10.0 16.98 ± 1.66 2.17 ± 0.22 1.58 ± 0.15 
15.0 31.93 ± 3.67 3.29 ± 0.10 2.86 ± 0.06 
20.0 28.41 ± 3.21 2.41 ± 0.13 2.59 ± 0.17 
25.0 26.05 ± 2.09 2.27 ± 0.12 2.46 ± 0.07 
30.0 21.29 ± 2.45 2.37 ± 0.06 2.28 ± 0.26 

Significance *** *** *** 
CD at 5% 4.12 0.30 0.26 

 
4.  Discussion 

Rapid growth, short rotation cycles and the 
development of newer bamboo products has led to 
bamboo gaining importance in social forestry 
programmes. However, cultivation of bamboo in 
India is still in its prime. About 99% of annual 
bamboo production in the country comes from 
natural stands in forests. Propagation of bamboos by 
a reliable alternative method of tissue culture, thus, 
becomes imperative. In the present study, axillary 
nodes from lateral branches were taken as the starting 
material for micropropagation. The suitability of 
nodal segments having axillary buds has been 
reported in micropropagation of several bamboos 
(Saxena, 1990; Bag et al., 2000; Arya et al., 2006). 

BAP is the most common cytokinin that is used 
for promotion of bud differentiation and further 
development. In our study also, incorporation of BAP 
into the medium improved the incidence of bud-
break. Maximum bud break (57.53%) was achieved 
with 25 µM BAP. Response of bud-induction on Kn 
supplemented medium was significantly lower as 
compared to the results in medium augmented with 
BAP. These results are in line with those of other 
workers indicating the efficiency of BAP for shoot 
culture initiation in several bamboos (Huang and 

Huang, 1995; Arya and Arya, 1997; Devi et al., 
2009). Besides, percentage of bud-induction was 
found to vary with seasonal change and best response 
was recorded in the months of June-August. The 
observations are compatible with previous 
investigations which have established that seasonal 
variations influence bud-break response in explants 
(Saxena and Bhojwani, 1993; Ramanayke and 
Yakandawa, 1997; Das and Pal, 2005; Yadav et al., 
2008).  

In the present study, browning was observed at 
the cut ends of explants because of which majority of 
explants turned black and eventually died. Such 
browning of explants was earlier reported by Nadgir 
et al., 1984; Chaturvedi et al., 1993; Bisht et al., 
2000. To overcome this problem, media were 
changed at every 2-3 days interval from the 
beginning of the cultures. 

In our study, cytokinins when tried alone for 
shoot multiplication, BAP gave superior results as 
compared to Kn. However, best results of  in vitro 
shoot multiplication, in terms of multiplication rate, 
mean shoot number and mean shoot length,were 
obtained on  full strength MS medium containing 
BAP (20 µM) and NAA (3.0µM). A reason of the 
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positive effect of auxin at low concentration in the 
culture media is that it nullifies the effect of higher 
cytokinin (Hu and Wang, 1983). A cyokinin /auxin 
combination has earlier proved to be efficient for in 
vitro shoot proliferation in Pseudoxytenanthera 
stocksii (Sanjaya et al., 2005), Thamnocalamus 
spathiflorus (Bag et al., 2000), Bambusa nutans 
(Yadav et al., 2008). Contrastingly, in some studies 
on micropropagation of bamboos, either BAP alone 
or a combination of BAP and Kn was found to give 
best results of shoot multiplication in vitro ( Nadgir et 
al.,1984; Ramanayke and Yakandwala , 1997; Sanjay 
et al., 2005; Das and Pal, 2005; Kapoor and Rao, 
2006). 

In the present study, apart from optimal 
supplement of the medium towards production of 
healthy shoots, regeneration capacity of the in vitro 
shoots was also found to be dependent upon the time 
of subculturing. 4 weeks period was found to be the 
best gestation period for recycling of shoots. 
Delaying of subculturing period resulted in gradual 
browning of the shoots followed by total blackening, 
mostly from the basal portion. Henceforth, 
subculturing period was recorded as the most crucial 
factor for obtaining optimal and described level of 
shoot regeneration. 

In vitro rooting was successfully achieved in 
regenerated shoots of G. atroviolaceae. The role of 
auxins in root development is well established 
(Torrey, 1976; Scott, 1972). A varied effect of auxins 
was observed in our study by incorporating different 
concentrations of IBA and NAA in full strength MS 
medium. Effective role of IBA in bamboos for 
rooting has previously been reported in D. giganteus 
and D. strictus (Das and Rout,1991), Bambusa 
nutans and D. memranaceous (Yashodha et al.,1997), 
D. asper (Arya et al., 2002), Pesudoxytenanthera 
stocksii (Sanjay et al., 2005). Similar are the results 
obtained in the present study on G. atroviolaceae 
where IBA at 35.0 µM concentration gave response 
with regards to all rooting parameters. Rooted 
plantlets were subsequently hardened under green 
house conditions followed by acclimatization in 
shade house with over 80% survival rate.  

To our knowledge, this is the first report on 
in vitro propagation of Gigantochola atroviolaceae 
via axillary shoot proliferation from nodal segments 
derived from field-grown material. The method can 
be used for rapid and mass propagation of this 
important bamboo species. 
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Micropropagation of Gigantochloa atroviolaceae. Fig. A: Mature Mother Clump; Fig. B: Axillary Bud Break:Fig. 
C: In vitro Multiplication; Fig. D: In vitro Rooting; Fig. E: Hardened Plants.  
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1. Introduction  

Electrochemical methods, especially anodic 
stripping voltammetry (ASV), are still recognized as 
the most convenient techniques for measuring trace 
heavy metals in various samples of environmental 
clinical and industrial origin contaminated water 
samples. Due to the capability of pre-concentrating 
analysis at/in the surface of the working electrode, 
ASV allows quantification of heavy metals down to a 
microgram or even nanogram per liter concentration 
level (Guzsvány et al., 2010 and Sonthalia et al., 
2004).  

A simple, fast and sensitive method has been 
developed for environmental water analysis using 
differential pulse stripping voltammetry (DPSV) 
performed on a hanging mercury drop electrode 
(HMDE) (Demetriades et al., 2004 and He Y et al., 
2007). 

Cadmium is a toxic and carcinogenic metal. 
The primary sources of cadmium exposure are 
cigarette smoke, food intake (shellfish, offal and 
certain vegetables), and ambient air, particularly in 
urban areas and in the vicinity of industrial settings, 
(Zhang et al., 2009). Inorganic lead is certainly the 
most extensively studied of all toxic agents. Toxic 
effects may occur in the central and peripheral 
nervous systems, blood, kidney, and cardiovascular, 
endocrine and immune systems, gastrointestinal tract, 
and male reproduction. Lead causes increase of blood 
pressure, (Skerfving and Bergdahl 2007 and Dragoe 
et al., 2006). Copper is a vital and toxic for many 
biological systems, so that its determination in water 
samples is warranted by the narrow window of 
concentration between essentiality and toxicity. It can 
be easily released from silicates, sulfites and oxides 
after some physical and chemical weathering and 
then transferred by water into soil and sediments 

(Faraji et al., 2009). Epidemiologic studies and case 
reports have shown that chronic exposure to selenium 
compounds is associated with several adverse health 
effects in humans. An early toxic effect of selenium 
is on endocrine function, and on the metabolism of 
growth hormone and insulin-like growth factor-1 
(Vinceti et al., 2001). Polyvinyl chloride and iron 
pipe materials differentially impacted manganese 
deposition within a drinking water distribution 
system that experiences black water problems 
because it receives soluble manganese from a surface 
water reservoir that undergoes biogeochemical 
cycling of manganese, (Cerrato et al., 2006 and Lieu 
et al., 2001). Zinc (Zn) is environmentally ubiquitous 
and essential for life; one estimate suggests 20% of 
the world's population is at risk of Zn deficiency. 
Manifestations include abortion, teratology, 
prematurity, retarded growth and development, low 
immunity, poor healing, dermatitis, low physical 
work capacity, abnormal neuropsychological 
functions, and other abnormalities (Harold et al., 
2007).                        

In this research, the estimation of Pb, Cd, 
Cu, Zn, Fe, Se concentrations in the tap water of 
Jeddah city in  Kingdom Of Saudi Arabia were 
accomplished using voltammetry techniques.  
 
2. Materials and methods                                            
Gathering samples                                                       
               Tap water samples were chosen from the 
tap water of Jeddah city for one-year. The northern 
districts of the city of Jeddah (Al- Bawadi, Al-Safa, 
Al-Zahra,Al-Hamra, Al-Rawda, Al-nwzha, Al-
Rabwa, Al-Faisalia, Al-Basatin, Al-Marwa) The 
media districts of the city of Jeddah (Al-Bagdadia, 
Al-shargia, Al-Bagdadia Al-garbia, Al-rehap, Al-
rhwise, Al-azizia, Al-kandra, Al-swhifa, Al-matar 
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algadim, Bani malik, Al-shrafia). The south districts 
of the city of Jeddah (Albalad, Alsabil, Alhindawih, 
Alkacikia, Madain Al-fahad, Alnwzla aliamania, 
Aleskan aljanobi,Algoraiat,Goizah,Hart almazlum). 
  
The apparatus used in the study 
           The concentration of trace elements were 
measured by Polargraph instrumental 746 VA trace 
analyzer with 747 VA stand or from Metrohm 
company. 
         
Sample preparation                                                     
              Immediately, upon taking the water sample, 
filter it through a micro-filter (0.45μm). The filtrates 
and filters with residues are treated separately. 
Acidify the filtrates, per litre, with 1 ml conc. HNO3. 
The pH value of the acidified filtrates should lie 
between 1.7 and 2.0. If not, more acid must be added.                                                       
            Organic matter often interferes with 
voltammetric determinations and therefore, sample 
solutions usually have to be digested (Van den Berg , 
1984).                                                                                                                                                       
                                                                           
Voltammetric determination of zinc, cadmium, 
lead and copper                                                           
            The concentration is determined by standard 
addition Zn, Cd, Pb, Cu are determined on the 
HMDE by anodic stripping voltammetry (ASV). 
                                                       
Reagents                                                                       
             All the used reagents must be of the purest 
quality possible (analytical grade).                               
Only ultrapure water should be used.                            
Sodium hydroxide solution, w (NaOH)=30 %               
Acetic acid, w (CH3COOH) = 100 % KCl,  
Standard solutions:  
(Zn2+) = 10 mg/L                         
(Cd2+) = 0.1 mg/L                                                        
(Pb2+) = 0.5 mg/L                                                        
(Cu2+) = 2.5 mg/L                                                       
Diluted solutions are prepared using [HNO3] = 0.014 
mol/L.                                                                            
                                                                           
Analysis                                                                        
Measuring solution:                                                      
10 mL (diluted) sample +1 mL KCl-sodium acetate 
solution, the pH of the solution should to 4.6 ± 0.2.     
The voltammogram is recorded with the following 
parameters:                                                                    
Working electrode HMDE                                            
Drop Size 4                                                                    
Stirrer/RDE 2000 rpm                                                   
Measurement mode DP 
Purge time 300 s 
Pulse amplitude 0.05 V 
Deposition potential - 1.15 V 

Deposition time 90 s 
Equilibration time 10 s 
Start potential - 1.15 V 
End potential 0.05 V 
Voltage step 0.006 V 
Voltage step time 0.1 s 
Sweep rate 0.06 V/s 
Peak potential (Zn) - 0.98 V 
Peak potential (Cd) - 0.56 V 
Peak potential (Pb) - 0.38 V 
Peak potential (Cu) - 0.10 V 
 
Voltammetric determination of selenium 
Cathodic Stripping voltammetry (CSV) enables 
selenium to be determined in mass down to                 
  (Se(IV)) = concentrations 0.3 μg/L.                            
                            
Reagents                                                                       
All of the used reagents must be of purest quality 
possible (p.a.). Only high purity water should be 
used. 
�Sulphuric acid,w(H2SO4) = 96% 
�Nitric acid, w(HNO3) = 65% 
�Sodium hydroxide solution, w(NaOH) = 30% 
�Ammonium sulphate 
�Na2EDTA dihydrate, 
�Cu standard stock solution: (Cu) = 1.0 g/L 
�Se  standard stock solution: (Se(IV)) = 1.0 g/L. 
 
Analysis of Se 
Measuring solution: 
10 mL (diluted) sample or digestion solution 
+ 3.3 g ammonium sulphate 
+ 1 mL EDTA solution 
+ 1 mL Cu solution 
Adjust the pH value of the solution with sulphuric 
acid to pH 2.2 ± 0.1, allow to cool. 
The voltammogram is recorded with the following 
parameters: 
working electrode HMDE 
stirrer speed 2000 rpm 
drop size 4 
mode DP 
purge time 300 s 
deposition potential -0.4 V 
deposition time 90 s 
equilibration time 10 s 
pulse amplitude 0.08 V 
start potential -0.45 V 
end potential -0.85 V 
voltage step 0.004 V 
voltage step time 0.1 s 
sweep rate 0.04 V/s 
peak potential Se -0.65 V(Papoff et al.,1998) 
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Adsorptive stripping voltammetry method for 
determination of Iron 
Theory 
            Triethanolamine forms a complex with iron; 
the formation of this complex prevents the 
precipitation of iron in the alkaline electrolyte used. 
The signal obtained during the measurement shows 
the reduction of iron (III) to iron (II). Fe3+ + e- → 
Fe2+ The potassium bromate contained in the 
supporting electrolyte then oxidizes Fe2+ back to 
Fe3+, which means that it is again available for 
reduction. In this way, a much higher iron 
concentration is simulated than is actually present. 
This catalytic enhancement leads to considerably 
larger signals. As this method is a direct 
voltammetric determination and not an adsorptive 
stripping voltammetry method, increasing the 
sensitivity by deposition of Fe triethanolamine 
complex and subsequent stripping is impossible.       
       
Reagents 
• Sodium hydroxide, w(NaOH) = 30%, 
• Triethanolamine. w(C6H15NO3)  98% 
• Potassium bromate . KBrO3 
• Fe3+ standard stock solution, β(Fe3+) = 1 g/L 
• Ultrapure water type 1 
(electrical resistivity > 18.2 MΩ·cm, TOC < 10 ppb) 
• Nitric acid, w(HNO3) = 65% 
• Citric acid anhydrous, w(C6H8O7) = 99.5%,  
 
Voltammetric parameters 
Working electrode HMDE 
Stirrer speed (rpm) 2000 
Mode DP 
Purge time 300 s 
Equilibration time 5 s 
Pulse amplitude 0.05 V 
Start potential -0.75 V 
End potential -1.2 V 
Voltage step 0.006 V 
Voltage step time 0.5 s 
Sweep rate 0.012 V/s 
Peak potential Fe(total) -0.96 V. 
Determination 
Measuring solution 
10 mL sample 
+ 2 mL supporting electrolyte 
pH = 12.3(Henze and Neeb,1986). 
 
3. Results and discussion 
              Anodic stripping voltammetry (ASV) is an 
established method for trace metal ion analysis in 
contaminated water samples (Sonthalia et al.,2004). 
            A simple, fast and sensitive  method has been 
developed for environmental water  analysis by using 
differential pulse  stripping voltammetry (DPSV) 

performed on a hanging mercury drop electrode 
(HMDE) (Yi He et al., 2007). 
              The estimation of Pb, Cd, Cu ,Zn ,Fe, Se 
concentrations in the tap water of Jeddah city in 
Kingdom Of  Saudi Arabia  was accomplished using 
voltammetry  techniques. It is clear from Figure 1.  
Voltammogram of  trace elements (Cu, Pb, Cd, Zn) 
in Tap water (voltage(V) with the current(A)), that 
the highest concentration is of Zn element in all Tap 
water  that is under the study , then Cu element 
concentration then Pb element concentration and 
finally Cd .  

  
  

Figure 1. Voltammogram of  the trace elements      
(Cu,Pb,Cd,Zn) in Tap water. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

               Also, it is shown  from Figure 2.that,  
Voltammogram of  Fe element  in Tap water that 
Peak at potential of  Fe (total) is  = -0.96 V,              
while Figure 3. clear Plot of  concentration (g/l) and 
current (A) Fe element  in Tap water . 
 
 

 

 
Figure  2. Voltammogram of  Fe in 
                       Tap water. 
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Figure 4. Voltammogram of Se element in Tap water, 
shows that  peak potential of  Se = -0.65 V , and  
Figure 5. Plot of concentration (µ/l) and current (nA)   
Se element in Tap water. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
                                              

 
 
 
 
 
 
 
 
 
 
 
  
 

Table1. Concentrations of essential trace                    
 

 
 

Figure 3. Plot of  concentration and 
current Fe element  in Tap               

      water.  

               elements in northern of Jeddah 
 

Concentrations of trace 
elements  in ppm ± S.D.  

Dist. 

Fe Cu Zn 
Al-Basatin 0.007±

0.0041 
0.0301±
0.0044 

0.065±0
.0633 

Al-nwzha 0.010±
0.0042 

0.0311±
0.0043 

0.018±0
.0632 

Al- Bawadi 0.017±
0.0040 

0.0321±
0.0041 

0.0456±
0.0631 

Al-Faisalia 0.008±
0.0038 

0.0324±
0.0040 

0.1411±
0.0629 

Al-Rabwa 0.009±
0.0037 

0.0357±
0.0042 

0.1235±
0.0628 

Al-Marwa 0.001±
0.0039 

0.0368±
0.0045 

0.1365±
0.0627 

Al-Hamra 0.011±
0.0035 

0.0387±
0.0046 

0.1536±
0.0626 

Al-Rawda 0.010±
0.0034 

0.0398±
0.0043 

0.1687±
0.0623 

Al-Zahra 0.012±
0.0033 

0.0411±
0.0041 

0.1869±
0.0622 

Al- Safa 0.013±
0.0032 

0.0423±
0.0047 

0.2134±
0.0621 

Figure  4. Voltammogram of  Se 
element 

 
          Table (1) shows that the concentration of 
essential elements which is under studies in the Tap 
water for the chosen the northern districts of the city 
of Jeddah. They have been analyzed using SPSS 
program, at significant ( p<0.01).                                
          The highest concentration was found with Fe 
noticed from the table is (0.017ppm) in Al- Bawadi 
district Taps water, while Al-Marwa district has the 
lower concentration it reached (0.001ppm); the order 
is:                                                                                 
  Al- Bawadi > Al- Safa >Al-Zahra > Al-Hamra > Al-
Rawda and Al-nwzha >Al-Rabwa>Al-Faisalia > Al-
Basatin >Al-Marwa.                                                      
         Also the study showed that the highest 
concentration Cu was in Al- safa Tap water 
(0.0423ppm) then lowest is in   Al-Basatin Tap water 
(0.0301ppm).                                                                 

 
Figure 5. Plot of  concentration (µ/l) 

and current (nA)  Se element  
 in Tap water. 

    The study approved that the highest concentration 
of Zn was (0.2134ppm) in Al- safa Tap water then 
Finally Al-nwzha Taps water where the concentration 
reached to (0.018ppm). 
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 Table 2. Concentrations of toxic trace                       

              elements in northern of Jeddah                        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          

                                               
           Table 2. Shows, the concentrations of toxic 
trace elements in northern of Jeddah. The study 
approved that the highest concentration of Se was 
found in Al- Bawadi Taps water, which reached 
(0.0066ppm), while in   Al-Basatin Tap water was the 
last and , reached (0.0011ppm).           
          The study approved that, the highest 
concentration of  Pb was (0.0389ppm) in Al- safa 
Taps water then Al-Zahra Taps water (0.0376ppm), 
then Al-Rawda Taps water reached to (0.0353ppm) 
after that Al-Hamra Taps water  reached  to 
(0.0321ppm), then Al-Marwa Taps water  reached to 
(0.0273ppm). Finally, Al-Basatin Taps water where 
the concentration reached to (0.022ppm).                                                                   

 6. Al-kandra Taps water; was the concentration of Fe 
element within (0.0012ppm), and the highest 
concentration of Zn within (0.1368ppm).                  
7. Al-swhifa Taps water; in that the highest 
concentration Zn was within (0.1538ppm) ,and it was 
lower in concentration Cd element within 
(0.0021ppm).                                                                 

      The highest concentration was found with Cd 
noticed from the table is (0.0031ppm) in Al-Basatin 
district Tap water, while Al-Hamra district has the 
lower concentration it reached (0.0011ppm).                        
 
1.Al-Bagdadia Al-shargia.  2. Al-Bagdadia Al-garbia  
3. Al-rehap.  4.Al-rhwise. 5.Al-azizia. 6.Al-kandra.  
7.Al-swhifa.8.Al-matar algadim.  9.Bani malik.  
10.Al-shrafia.       

 
 
Figure 6. clarified the differences between Trace's  
element concentration in Tap water in media of 
Jeddah. So that it  can be seen in:                                  
1. Al-Bagdadia Al-shargia Taps water, the 
concentration of Fe element is found (0.0071ppm)           
where the concentration of  Cu element reached to  
(0.0302ppm). Zn reached (0.2541ppm), following 
that Se element it reached (0.0022ppm). Pb reached 
to (0.0231ppm), following that, Cd element where it 
reached (0.0032ppm).                                      
2. Al-Bagdadia Al-garbia Taps water concerning Fe ;  
it was (0.0110ppm) following that Se within 
(0.0018ppm)  after  that  Zn within (0.0181ppm) then 
Pb within (0.0312ppm) after that Cu with in 
(0.0313ppm) following Cd within (0.0036ppm).  
3. Al-rehap Taps water; in that the concentration Fe 
was within (0.0172ppm),while it was in 
concentration Pb element within (0.0301ppm). 
4. Al-rhwise Taps water; it was the lowest 
concentration Cd element within (0.0039ppm), and 
the highest concentration Zn within (0.1412ppm). 
5. Al-azizia Taps water concerning Fe within 
(0.0093ppm) and Pb concentration reached to 
(0.0278ppm) while  the lowest concentration was in 
Cd element  where it reached to (0.0022ppm) and the 
highest concentration was  Zn element within 
(0.1238ppm).                                                                 

 8. Al-matar algadim Taps water concerning Fe 
within (0.0130ppm) and Pb concentration reached to 
(0.0327ppm) while the lowest concentration was in 
Cd element where it reached to (0.0022ppm) and the 

Concentrations of trace  
elements  in ppm ± S.D.  

 
Dist. 

Se Pb Cd 

Al-
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Figure 6. Concentrations of  trace 
elements in Tap water in media  

of Jeddah Dist.  

0.0011±
0.0018 

0.022±0
.00623 

0.0031±
0.00076 

Al-
nwzha 

0.0016±
0.0017 

0.023±0
.00638 

0.0026±
0.00075 

Al- 
Bawadi 

0.0066±
0.0016 

0.0241±
0.0069 

0.0028±
0.00073 

Al-
Faisalia 

0.0045±
0.0015 

0.0252±
0.0068 

0.0029±
0.00072 

Al-
Rabwa 

0.0056±
0.0014 

0.0261±
0.0066 

0.0012±
0.00077 

Al-
Marwa 

0.0023±
0.0013 

0.0273±
0.0067 

0.0014±
0.00066 

Al-
Hamra 

0.0032±
0.0012 

0.0321±
0.0065 

0.0011±
0.00056 

Al-
Rawda 

0.0021±
0.0011 

0.0353±
0.0061 

0.0022±
0.00046 

Al-Zahra 0.0022±
0.0010 

0.0376±
0.0064 

0.0021±
0.00036 

Al- Safa 0.0023±
0.0013 

0.0389±
0.0063 

0.0013±
0.00082 
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highest concentration was Zn element within 
(0.1689ppm).                                                            
9. Bani malik Taps water concerning Cd; it was the 
lowest concentration within (0.0023ppm) following 
that Se within (0.0032ppm)  after  that  Fe within 
(0.0124ppm) Then Pb within (0.0376ppm) after that 
Cu with in (0.0413ppm) following that Zn within 
(0.1879ppm).                                                            
10. Al-shrafia Taps water; in that the highest 
concentration Zn was within (0.2144ppm) ,and it  
was lower in concentration Cd element within 
(0.0024ppm).    
 
 

Table 3. Concentrations of essential trace                
          elements in Tap water of south of Jeddah           

 
Concentrations of trace 
elements  in ppm ± S.D. 

Dist. 

Fe Cu Zn 
Albalad 0.0072±

0.0044 
0.0312±
0.1080 

0.2542±
0.0713 

Alsabil 0.0114±
0.0043 

0.0323±
0.1070 

0.0182±
0.0711 

Alhindawiah 0.0175±
0.0042 

0.0334±
0.1060 

0.0459±
0.0712 

Alkacikia 0.0086±
0.0039 

0.0335±
0.1071 

0.1414±
0.0709 

Madain Al-
fahad 

0.0096±
0.0038 

0.0369±
0.1076 

0.1239±
0.0708 

Alnwzla 
aliamania 

0.0013±
0.0041 

0.0368±
0.1079 

0.1368±
0.0707 

Aleskan 
aljanobi 

0.0170±
0.0038 

0.0378±
0.1075 

0.1539±
0.0711 

Algoraiat 0.0130±
0.0036 

0.0500±
0.1074 

0.1711±
0.0711 

Goizah 0.0126±
0.0037 

0.0423±
0.1077 

0.1889±
0.0709 

Hart 
almazlum 

0.0138±
0.0039 

0.0424±
0.1078 

0.2145±
0.0712 

  
 

Table 3.showed concenterations of essential 
trace elements in Tap water of south of Jeddah .  The 
study approved that the highest concentration of  Fe 
was (0.0175ppm) in Alhindawiah Tap water. also 
showed that the highest concentration of  Cu  was 
(0.0500ppm) in Algoraiat Tap water. The highest 
concentration was found with Zn noticed from the 
table is (0.2542ppm) in Albalad district Tap water.      
 

  
  
  
 
 

Table 4. Concentrations of toxic trace elements          
        in Tap water of south of Jeddah 

 
Concentrations of trace 
elements  in ppm ± S.D. 

Dist. 

Se Pb Cd 
Albalad 0.0025±

0.0015 
0.0232±
0.0047 

0.0042±
0.0011 

Alsabil 0.0019±
0.0015 

0.0313±
0.0048 

0.0046±
0.0010 

Alhindawia
h 

0.0069±
0.0016 

0.0302±
0.0046 

0.0040±
0.0010 

Alkacikia 0.0046±
0.0015 

0.0299±
0.0047 

0.0049±
0.0011 

Madain Al-
fahad 

0.0068±
0.0016 

0.0288±
0.0048 

0.0023±
0.0009 

Alnwzla 
aliamania 

0.0046±
0.0015 

0.0289±
0.0047 

0.0019±
0.0006 

Aleskan 
aljanobi 

0.0045±
0.0016 

0.0317±
0.0048 

0.0022±
0.0008 

Algoraiat 0.0036±
0.0015 

0.0329±
0.0047 

0.0023±
0.0009 

Goizah 0.0036±
0.0016 

0.0379±
0.0046 

0.0024±
0.0011 

Hart 
almazlum 

0.0044±
0.0014 

0.0399±
0.0045 

0.0025±
0.0008 

 
Table 4 studies concentrations of toxic trace    

elements in Tap water of south of Jeddah     
The study showed that the highest 

concentration Se was (0.0069ppm) in Alhindawiah 
Tap water.               

The study approved that the highest 
concentration of Pb was (0.0399ppm) in Hart 
almazlum Tap water.      

The highest concentration was found with 
Cd noticed from the table is (0.0049ppm) in 
Alkacikia district Tap water.                                       
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 Figure 7. Mean concentration of trace    

        elements in Tap water of Jeddah  
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Also it is clarified from the Figure 7. mean 
concentration of  trace elements in Tap water of 
Jeddah dist                                                             
1. South Jeddah Taps water, the highest mean 
concentration Pb element is found, that it              
reached to (0.0314ppm) .                                          

   

2. North Jeddah Taps water concerning Cd; it was the 
lowest mean concentration within (0.0020ppm).    
3. South Jeddah Taps water; in that the highest mean 
concentration Cu was within (0.0717ppm) ,and it was 
lower in mean concentration Zn element within 
(0.0301ppm) in north Jeddah Tap water.                      
4. South Jeddah Tap water, the highest mean 
concentration Se element is found, that it reached to 
(0.0043ppm), also the highest mean concentration Fe 
element is found in South Jeddah Tap water, which it 
reached to (0.0112ppm).                                               
            The obtained results were lower than the 
average range of these elements in the maximum 
concentration as they were allowed to be by The 
World Health Organization (WHO). 
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Abstract: An effective protocol for in vitro shoots multiplication and plant regeneration of Plumbago zeylanica L. 
was reported here. A rapid shoot proliferation was observed on the nodal explants of P. zeylanica in MS medium 
supplemented with 1.0mg/L BA and 1.0 mg/L GA3. The highest length of shoot (5.88±0.44) was achieved after 1 
week of incubation. Regenerated shoots were rooted on half strength MS medium supplemented with 1.0mg/L BA 
and 0.5 mg/L IAA. The rooted plantlets were successfully established in soil with 100 percent survival rate.  
[Kalidass Chinnamadasamy, Daniel Arjunan, and Mohan Veerabahu Ramasamy. Rapid Micropropagation of 
Plumbago zeylanica L. An Important Medicinal Plant. Journal of American Science 2010;6(10):1027-1031]. (ISSN: 
1545-1003).  
 
Keywords: Plumbago zeylanica, medicinal plants, micropropagation.  
 
 
1. Introduction 

The use of medicinal plants is increasing 
worldwide. According to the World Health 
Organization (WHO), approximately 80% of the 
world’s population currently uses herbal medicines 
directly as teas, decocts or extracts with easily 
accessible liquids such as water, milk, or alcohol 
(Julsing et al., 2007). In-vitro propagation of plants 
holds tremendous potential for the production of 
high-quality plant-based medicines (Murch et al., 
2000).  
 Micropropagation has many advantages over 
conventional methods of vegetative propagation, 
which suffer from several limitations (Nehra et al., 
1994). Plumbago zeylanica L. belongs to the family 
plumbaginaceae. Its roots are the main source of 
plumbagin, an alkaloid used as anticancer drug 
(Krishnasamy and Purushothaman, 1980; Jayaraman, 
1987; Lin et al., 2003). It is also used as an irritant of 
the skin, in the treatment of rheumatism, piles, 
diarrhea and anasarca (Anonymous, 1989). Recently, 
antioxidant activity (Tilak et al., 2004) and anti 
allergic activity (Dai et al., 2004) reported from its 
stem and roots. There are number of reports 
elucidating the chemical and pharmacological 
properties of P. zeylanica. However, only limited 
work has been done on in vitro studies of this plant 
(Sivanesan, 2007). This study describes an effective 
protocol of direct regeneration from nodal explants of 
P.  zeylanica. 
 

2. Materials and Method 
         The Materials and Methods of Plant tissue 
culture were the standard methods as described in 
Plant Cell, Tissue and Organ Culture Fundamental 
methods (Gamborg and Phillips, 2004)  

The explants viz. nodal segment was excised 
from plant and washed with running tap water. It is 
then soaked in 2% Tween 20 solution for 5 min and 
with (0.1%) mercuric chloride for 2 minutes followed 
by washing with distilled water 5 times for surface 
sterilization. The sterilized explants were cultured on 
MS basal medium (Murashige & Skoog, 1962) 
supplemented with 3% of sucrose, 6% of agar and 
growth hormones BA (0.5 -1.5 mg/L) and GA3 (05-
1.5 mg/L). It is then transferred to a half strength 
rooting media supplemented with BA (0.5-1.5 mg/L) 
and IAA (0.5-1.5 mg/L). The pH of the media was 
adjusted to 5.6-5.8 before autoclaving at 121°C for 
15 minutes. The cultures were incubated under 16 
hours of photo period (2000 Lux) at 25±2°C for 3 
weeks. Plantlets with the developed roots were 
removed from culture tube, washed with running tap 
water and successfully transferred to pots. 

 
3. Results 

The shoots rapidly emerged on MS media 
containing BA and GA3. The maximum length of 
shoots (5.88±0.44) was observer on MS medium 
containing 1 mg/L BA and 1 mg/L GA3.  The highest 
percentage of shoot induction was also observed in 
the same combination (Table 1). The maximum of 3-

http://www.americanscience.org     editor@americanscience.org 1027



Journal of American Science                                                                                                                 2010; 6 (10) 

  

4 shoots were emmerged on the medium containing  
BA (1.0) + GA3 (1.5) with 87.5 percentage when 
compared to other combination. Some authors have 
also reported combination of BA and GA3  for 
achieving multiple shoot formation (Sarker et al 
2003; Sakila et al., 2007). Elongeted shoots were 4- 
5.8 cm long and subjected to roorting experiment. 
Regenerated shoots were transfered to half strength 
MS medium without growth regulators and found no 
root formation which is in correlation with report by  
Sivanesan, 2007. Shoots rooted on half strength MS 
media supplemented with 1 mg/L BA and 0.5 mg/L 
IAA within 7 days. Adventitious rooting was also 
observed on the same media. The role of BA and 

IAA in shoot and root formation have also been 
recorded in many other plant species ( Marta et al., 
2009; Taware et al., 2010). The formation of callus 
was also observed from cut ends of microshoots, this 
callus formation reduced the formation of roots. The 
result clearly shows that optimum concentration of 
IAA and BA would be a good inducer of adventitious 
rooting in P. zeylanica. Rooted plantlets were cleaned 
with tap water to remove agar traces. It is hardened 
and placed in the earth ware pots containing sterilized 
sand, soil and manure (1:1:1). Potted plantlets were 
slowly acclimatized and shifted to green house with 
100 % survival rate, which was an improved over 
90% survival obtained by Rout et at. (1999). 

 
 
Table 1: Effect of BA and GA3 on shoot initiation and elongation of Plumbago zeylanica. 
 
Plant growth regulators 

(mg/L) 
Shoot elongation mean ± 

S.D. 
Response Culture 

Establishment (%) 
BA (0.5) + GA3 (0.5) 
BA (0.5) + GA3 (1.0) 
BA (0.5) + GA3 (1.5) 
BA (1.0) + GA3 (0.5) 
BA (1.0) + GA3 (1.0) 
BA (1.0) + GA3 (1.5) 
BA (1.5) + GA3 (0.5) 
BA (1.5) + GA3 (1.0)  

1.83±0.42 
2.83±0.40 
4.00±0.38 
4.12±0.20 
5.88±0.44 
3.98±0.22 
2.93±0.13 
1.82±0.41 

Single shoot 
Single shoot 
Single shoot 

Multiple shoot 
Multiple shoot 
Multiple shoot 
Single shoot 
Single shoot 

75.0% 
87.5% 
87.5% 
87.5% 
60.0% 
75.0% 
87.5% 

100.0% 

 The data is based on 15 replicate cultures, the experiment was repeated thrice, SD= Standard deviation, 
mg/L = milligram per litter. 

 
 
 
Table 2: Effect of plant growth regulators on rooting medium after 30 days. 
 
Plant growth regulators 

(mg/L) 
Mean of root length ± 

S.D. 
Response Culture 

Establishment (%) 
BA (0.5) + IAA (0.5) 
BA (0.5) + IAA (1.0) 
BA (0.5) + IAA (1.5) 
BA (1.0) + IAA (0.5) 
BA (1.0) + IAA (1.0) 
BA (1.0) + IAA (1.5) 
BA (1.5) + IAA (0.5) 
BA (1.5) + IAA (1.0) 
BA (1.5) + IAA (1.5) 

- 
- 

3.41 ± 0.84 
4.81 ± 0.70 
3.24 ± 0.96 

- 
- 
- 
- 

- 
- 

Single rooting 
Profuse rooting 
Single rooting 

- 
- 
- 
- 

- 
- 

87.5 
100 
87.5 

- 
- 
- 
- 

* The data is based on 15 replicate cultures, the experiment was repeated thrice, SD= Standard deviation, mg/L = 
milligram per litter.  
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4. Discussion 

The addition of GA3 was found to favor 
shoot elongation (Deore and Johnson, 2008; Najaf- 
Abadi and Hamidoghli, 2009). It promotes cell 
division and elongation in the sub apical zone of the 
shoots (George 1993). Furthermore, application of 
GA3 in elongating regenerated shoots has also been 
described in many other plant species (Baburaj et al., 
1987; Sujatha and Reddy 1998). Along with GA3 the 
BA at the concentration of 1 mg/L showed promising 
results. The activity of BA compared to other 
cytokinins is also reported in many such plants i.e., 
Gymnema sylvestre (Komalavalli et al., 2000), 
Holostemma annulare (Sudha et al., 2000), Hyptis 
suaveolens (John Britto et al., 2001a), Anisomeles 
indica (John Britto et al., 2001b), Zehneria scabra 
(Anand and Jeyachandran 2004), Smilax zeylanica 

(Hassan and Roy 2004) and Phyllanthus urinaria 
(Kalidass and Mohan, 2009). Similarly, in our 
experiment combination of GA3 with BA was found 
effective during shoot initiation from the nodal 
explant.   
 Root formation was induced in the in vitro 
regenerated shoots by culturing them on half strength 
of MS medium with 1 mg/L BA and 0.5 mg/L IAA. 
IAA was found to be most effective at different 
concentrations tested for producing roots on the shoot 
cuttings. These results are in agreement with other 
studies (Reddy et al. 2001; Sudha et al. 2005; 
Mederos-Molina 2006). The percentage of shoots 
forming roots and days to rooting significantly varied 
with different concentrations and combination of 
IAA & BA. In contrast, Rout et al.1999 and 
Sivanesan, 2007 have reported root induction from 
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multiple shoots of Plumbago zeylanica in half 
strength MS media supplemented with NAA. In 
conclusion, the protocol standardized through this 
study demonstrates a rapid and effective method of in 
vitro shoots multiplication and plant regeneration of 
P. zeylanica.  
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Abstract: Metal complexes of N-phthaloyl glycine with Cu(II), Ag(I), Cd(II), Hg(II), and Pb(II) have been prepared 
in aqueous methanolic solution. The complexes have been characterized by elemental analysis, thermo gravimetric 
analysis (TG, DTG), and mass, infrared and 1H-NMR spectra. Infrared spectra were detected concerning, the final 
residual of the thermal decomposition of all the N-phthaloyl glycine complexes. N-phthaloyl glycine (Gly) molecule 
coordinated to the metal ions through its carboxylic group.  
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1. Introduction 

Amino acids have been repeatedly shown to 
produce wide complexes with transition metals 
repeatedly in the literature [1-11]. All of naturally 
occurring α-amino acids bind in what is known as the 
glycinato way. This means that a five-membered ring 
is formed with the metal, amine nitrogen and the 
carboxylic oxygen. This arrangement is always 
present for the natural human amino acids even when 
the side chain has a ligating group. If there is a 
ligating group on the side chain, it well typically 
binds apically in place of a solvent molecule.  The N-
protected amino acids are used for the synthesis of 
peptide bonds in solid phase syntheses [12,13]. The 
phthalimide group acts as a protecting group for 
amines and amino acids [14-17]. Several phthalimide 
derivatives have importance in medicinal chemistry 
and are used as antimicrobial reagents [18,19].  
Amino acid complexes are important in biology [20-
26] .  The metal complexes of N-protected α-amino 
acids are of great interest because they may be used 
as a basis for understanding metal-protein 
interactions [27]. Coordination chemistry of these 
amino acids with metals can give a basis for 
understanding the coordination chemistry for the 
protein at large.  

Much kind of proteins within the body need 
metal ions to work, that can also be activated or 
deactivated by metal ions. These reversible effects 
are caused by ligation of the metal ions and the 
protein. If one has an understanding of the basic 
metal ion N-protected α-amino acid complexation, 
then one could better identify the coordination site 
within the protein much more easily. Then one could 
simply use the N-protected α-amino acids as models 
of the binding sites of various proteins [28,29].   
 

2. Experimental 
All chemicals used in this work were 

analytical Analar grade. The N-phthaloyl glycine, 
C10H7NO4,(Gly) was synthesized according to 
procedure described before [11], its structure was 
given in formula 1. Carbon, nitrogen and hydrogen 
contents were determined using a Perkin-Elmer CHN 
2400. The metal content was gravimetrically  
determined by converting the compounds into their 
corresponding oxides.  

Infrared spectra were recorded for the free 
N-phthaloyl glycine and all the prepared complexes 
on Bruker FT-IR spectrophotometer (4000-400 cm-1) 
in KBr discs. 1H-NMR spectra of the free N-
phthaloyl glycine and its silver(I) complex were 
recorded on Varian Gemini 200 MHz spectrometer 
using DMSO- d6 as a solvent. Mass spectra for the 
free N-phthaloyl glycine ligand, and their copper(II) 
and silver complexes were measured by using AEI 
MS 30 mass spectrometer. 

Thermogravimetric data with the 
temperature range from 25 to 600 oC were recorded 
for the investigated complexes in a flowing nitrogen 
atmosphere with a heating rate of 10˚ C/min on a 
Shimadzu TGA-50H Thermal Analyzer. 
 
2.1 Synthesis of metal complexes: 
 All of the Cu(II), Ag(I), Cd(II), Hg(II), and 
Pb(II) complexes were prepared in an aqueous 
methanolic solution. Copper(II) complex was 
prepared with metal to ligand with a molar ratio of 1: 
2 . Silver(I) and lead(II) complexes were precipitated 
with a 1:1 metal to ligand molar ratio. Cadmium(II) 
and mercury(II) complexes were obtained with 1:6 
molar ratio. The precipitates were formed at once 
with stirring and gently heating. The resulted 
precipitates were filtered off, washed with a hot 

                                                                                                                                                            
                 

1032

mailto:sofahim@yahoo.com


Journal of American Science                                                                                                                 2010;6(10)   

  

methanol and then dried under vacuum over 
anhydrous CaCl2. The copper complex is blue 
crystalline precipitate while the other metal 
complexes are white powder. 
3. Results and discussion: 
 The elemental analysis data and some 
physical characteristics of the obtained metal 
complexes are given in Table 1. In the literatures [30-
37] the N-protected amino-acids coordinated to metal 
ions as a bidentate through its carboxylate group.  
 
3.1. Infrared spectra: 

Table 2 shows the infrared spectra and its 
band assignments for the free N- phthaloyl glycine 
and its complexes, [Cu(Gly)2.2H2O], [Cd(Gly)6], 
[Ag(Gly)], [Hg(Gly)6] and [Pb(Gly)NO3(H2O)4]. The 
spectra of all the prepared complexes exhibited shift 
in band frequencies and change in band intensities 
indicated that these complexes were formed, Figure 
1. The stretching frequency υ(OH) of acid form 
which appeared at 3563 cm-1 in the spectrum of free 
N- phthaloyl glycine was disappeared in the spectra 
of all metal complexes confirmed that, the hydrogen 
ion of carboxylate group of free N-phthaloyl glycine 
was substituted by the metal ions in all complexes. 
The presence of broad bands at 3317 and 3403 cm-1 
for Cu(II) and Pb(II) complexes, respectively, prove 
the presence of coordinated water molecules in these 
complexes [ 38, 39 ].  
 The stretching frequency υ(CO) of 
carboxylic group in free N- phthaloyl glycine shows 
two very strong bands at 1734 and 1713 cm-1. In case 
of the respective metal complexes one of these two 
bands was disappeared and the other shifted to 1702, 
1731, 1707, 1730 and 1722 cm-1 in Cu(II) , Cd(II) , 
Ag(II) , Hg(II) and Pb(II) complexes, respectively. 
 The infrared spectra of metal complexes 
exhibited new bands characteristic to   υ(COO-). 
These bands appeared at 1585 and 1563 cm-1 for 
copper(II); 1521 cm-1 for cadmium(II); 1575 cm-1 for 
silver(II); 1521 cm-1 for mercury(II) and at 1594 and 
1565 cm-1 for lead(II) complexes. The absence of 
stretching frequency υ(C-OH) at 1215 cm-1 and its 
bending frequency δ(C-OH) at 996 cm-1 in the 
spectra of all metal complexes proved the carboxylate 
coordination [30-37, 40]. 
 
3.2. 1HNMR spectra: 
 The proton magnetic resonance spectrum of 
the Ag(I) complex was analyzed in comparison with 
the spectrum of the free ligand , Figure 2 . The free 
N- phthaloyl glycine and its Ag(I) complex, 
[Ag(Gly)], structures were shown in Formula 1 and 
4, respectively. The shift recorded for the different 
signals of the protons in Table 3. The free ligand 
show a broad and strong signal at 13.02 ppm due to 

the hydrogen atom of carboxylate group. This signal 
was disappeared in the Ag(I) complex, indicated the 
occurrence of  coordination of the carboxylate group 
to the metal ion [11,41]. Two signals of the aromatic 
ring were disappeared, also the two signals of 
aliphatic –CH2 group were shifted to lower values 
indicating that the magnetic environment of the 
aromatic ring and CH2 aliphatic had changed with 
coordination. The suggested structures of the 
obtained complexes are given in formula 2-6.  

O

O

N CH2 COOH

 
Formula 1: Structure of the free Gly, C10H7NO4 

 

O

O

N CH2 C

O

O

NCH2

O

C

O

O O

Cu

H2O

H2O

 
Formula 2: Structure of the 
[Cu(Gly)2(H2O)2] complex 

 

Cd

Gly

Gly

Gly

Gly

Gly

Gly

 
Formula 3: Structure of the [Cd(Gly)6] 

complex 
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O

O

N CH2 C       O

O

Ag

 
Formula 4 Structure of the [Ag(Gly)] 
complex 
 

Hg

Gly

Gly

Gly

Gly

Gly

Gly

 
 
Formula 5: Structure of the [Hg(Gly)6] 

complex 

Pb

Gly

H2O

H2O

H2O

H2O

NO3

 
Formula 6: Structure of the [Pb(Gly)(NO3)(H2O)4] 

complex 
 
3.3. Mass spectra: 
 The mass spectra of the free N-phthaloyl 
glycine, [Cu(Gly)2(H2O)2] and [Ag(Gly)] complexes 
were measured, Figure 3. The corresponding mass 
fragmentation of the free ligand and the above 
mentioned two complexes were suggested in schemes 
1, 2, and 3. There are difference in fragmentation that 

was caused according to the nature of the attached 
metal ions. Mass spectral data of the free N- 
phthaloyl glycine and its Cu(II) as well as Ag(I) 
complexes were obtained in Table 4. Their signals 
give an idea about the construction of them. 
 
3.4. Thermogravimetric analysis: 
 Thermal analysis curves (TG and DTA) of 
all studied complexes were shown in Figure 4. The 
thermoanalytical data were summarized in Table 5. 
The thermogram curves of the complex 
[Cu(Gly)2(H2O)2] show that the decomposition takes 
place in four stages in the range of 25-600 ºC, Figure 
4a. The first stage occurred with endothermic peak at 
a maximum temperature of 120 ºC. This stage is due 
to the loss of two water molecules with a weight loss 
of 7.90 % while the theoretical weight loss 7.10 %. 
The second, third and forth stages in the range of 
250-500 ºC showing the decomposition of N-
phthaloyl glycine. Theses three stages were 
associated with a weight loss of 76.15 % and the 
calculated weight loss value in these three stages was 
77.32 %. The found total weight loss value was 84.05 
% with a residue equal 15.95 % which is 
corresponding to copper oxide CuO. These results are 
in a good agreement with the theoretical values, total 
loss equal 84.42% and residual 15.58 %.  
 The thermal degradation of the complex 
[Cd(Gly)6] occurred in one stage at maximum 
temperature of 256.07 ºC in the rang from 162-350 ºC 
giving cadmium metal as a final residue, Figure 4(b). 
The total weight loss value was 92.88 % with a final 
residue 7.12 % which is equivalent to the theoretical 
values 91.62 % and 8.38 %, respectively. 
 The complex [Ag(Gly)] shows one stage for 
the decomposition in its  thermogram curves in the 
range from 250-350ºC with a maximum value of 
303.13 ºC giving metallic silver as a final residue 
equal 35.35 % . The practical total weight loss value 
is 64.65 % and the calculated one was 65.41%, Table 
5, Figure 4 (c). 
 The mercury (II) N-phthaloyl glycine 
complex, [Hg(Gly)6] gives one stage of 
decomposition in their thermogram curves in the 
range from 180-300 ºC and at 271.18 ºC maximum 
temperature . The found total weight loss value was 
84.27 % giving a final residue of 15.73 % associated 
with metallic mercury, Table 5, Figure 4 (d). The 
theoretical total loss was 85.96 % and a final residue 
was 14.04 %. 
 The thermograms of the complex 
[Pb(Gly)(NO3)(H2O)4], Figure 4 (e), show three 
stages of decomposition. The first stage occurred in 
the range from 100-200 ºC corresponding to the loss 
of 4H2O molecules with a weight loss of 14.63 % 
while the calculated value was 13.18 %. The second 
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and third decomposition stages occurred in two steps 
in the range from 235-450 ºC and 450-600 ºC. These 
two steps associated with a weight loss value of 
44.43 % related to the loss of N-phthaloyl glycine 
and nitrate molecules parallel to the calculated value 

48.81 %. The found total weight loss value was 59.06 
% which is equivalent to the theoretical value of 
61.99 %. The resultant practical weight residue was 
40.94 % while the considered value was 38.00 % 
giving a metallic lead as a final residue. 
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Table 1: Elemental analyses data of the N-phthaloyl glycine complexes 
Content(found(calculated)) 

Complexes Mwt. 
% C % H % N 

Color m.p.,ºC 

[Cu(Gly)2(H2O)] 507 
47.35 
( 47.34) 

3.34 
(3.16) 

5.16 
(5.52) 

blue 300 

[Cd(Gly)6] 
1336 57.97 

(53.89) 
3.94 
(2.69) 

5.85 
(6.29) 

white 180 

[Ag(Gly)] 
311.87 38.36 

(38.47) 
1.15 
(1.92) 

4.54 
(4.49) 

white 310 

[Hg(Gly)6] 
1424 56.85 

(50.56) 
3.69 
(2.53) 

5.66 
(5.90) 

white 180 

[Pb(Gly)(NO3)(H2O)4] 
545.19 21.51 

(22.01) 
2.86 
(2.57) 

2.33 
(2.57) 

white 320 
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Table 2: Infrared frequencies(a) (cm-1) and band assignments for free N-phthaloyl glycine and their metal complexes 

Metal complexes Assignments(b) 
Free Gly Cu 

complex 
Cd 

complex 
Ag complex Hg 

complex
Pb 

complex
 

3563 m,br 3317 m,br    3403 m,br (O-H) acid 
(O-H) ; H2O coordinated 

3102 w 
3052 w 
2995 w 
2936 vw 
2898 vw,br 
2718 w,br 
2620 w,br 
2532 w,br 

3102 w 
3037 w 
2984 sh 
2969 vw 
2941 w 
2882 sh 

3140 sh 
3101 vw 
3068 w,br 
2988 w 
2960 vw 
2937 m 
2906 sh 
2782 vw 
2750 sh 
2658 w  
2573 m 

3095 w 
3027 m 
2977 w 
2935 w 
 

3078 vw 
3068 w 
2987 w 
2968 vw 
2936 w 
2890 sh 
2773 sh 
2750 sh 
2701 vw 
2658 w 
2573 w 

3093 sh 
3078 sh 
2991 w 
2950 vw 
 

s(C-H) +as(C-H)   


1775 vs 1773 s 1775 vs 1765 ms 1775 s 1771 ms  (C=O) , carbonyl
1734 vs 
1713 vs 

1702 vs 1731vs,br 1707 vs 1730 vs 1722 vs  (C=O) ,carboxylic 

1609 ms 1653 w 1613 m 1620 sh 1613 w  (C=C) 
-- 1585 sh 

1563 s,br 
1521 vw 1575 vs 1521 vw 1594 m 

1565 s 
as (COO-)

1489 sh 
1467 ms 
1425 vs 
1392 vs 
1320 s 
1248 vs 

1468 m 
1422 s 
1382 s 
1319 s 

1468 s 
1415 vs 
1390 w 
1319 s 
1248 vs 

1468 w 
1424 vs 
1377 s 
1331 ms 
1301 s 

1468 ms 
1415 s 
1390 w 
1343 sh 
1319 ms 
1247 s 

1464 m 
1420 vs 
1382 ms 
1302 s 
1250 vw 

s (COO-) + δCH2 +  ring

1215 vs -- -- -- -- --  (C-OH)
1122 s 
1089 m 

1193 m 
1171 vw 
1116 s 
1088 w 
1062 sh 
1042 w 

1195 m 
1148 sh 
1118 s 
1085 ms 
1000 sh 

1203 sh 
1193 m 
1177 m 
1123 ms 
1091 vw 
1054 sh 
1000 sh 

1195 w 
1156 sh 
1118 s 
1085 ms 
1015 sh 
1000 vw 

1188 w 
1156 vw 
1113 m 
1085 w 
1000 sh 
 

(C-C) + (C-N)
δ (CH) , in-plane bend  

996 m,br      δ (C-OH) 
957 vs 
894 m 
853 w 
801 s 
739 vs 
718 vs 
624 vs 
561 m 
531 ms 

961 s 
911 w 
856 w 
781 sh 
752 s 
716 s 
640 s 
570 vw 
558 w 
532 m 
468 w,br 
415 sh 

976 vw 
955 vs 
908 ms 
851 w 
800m 
739 vs 
713 vs 
622 vs 
561 ms 
531 s 

960 s 
858 w 
804 m 
743 s 
718 ms 
690 vw 
640 ms 
585 m 
560 m 
531 ms 
412 sh 

955 s 
907 m,br 
851 vw 
800 m 
739 s 
712 s 
622 s 
561 ms 
530 ms 

962 s 
929 w 
890 sh 
853 w 
799 w 
765 w 
745 ms 
714 s 
695 sh 
634 ms 
590 vw 
553 vw 
529 m 
470 w,br 

δ (CH) out of plane bend , skeletal 
vibration 
 

(a): s = strong, w = weak, m = medium, sh = shoulder, v = very, br = broad. (b): , stretching; , bending. 
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Table 3: The1HNMR spectral data (δ, ppm) for free N-phthaloyl glycine and its Ag(I) complex  

Compound H(1), COOH H(2),aromatic H(3),CH2 

C10H7NO4 13.02 (br) 

8.06 (m) 
7.91 
7.89 
7.73 

4.48 (s) 
4.15 

[Ag(Gly)] 
- 7.87 (s) 

7.86 
4.11 (m) 

4.09 
 

 

Table 4: Mass spectral data of free N-phthaloyl glycine, [Cu(Gly)2.2H2O] and [Ag(Gly)] complexes  

Compound m/z (%) 

C10H7NO4 

206(2.7%); 205(2%); 162(14%); 161(60%); 160(91%); 159(5%); 133(26%); 
132(6%); 131(0.8%); 130(5%); 118(0.8%); 117(4.7%); 106(1.6%); 105(25%); 

104(32%); 78(7%); 77(63%); 76(74.8%) 
75(37.6%); 74(35.3%); 73(14%); 67(2.3%); 66(17.8%);56(8.9%); 

54(1.6%);53(12%); 52(24.8%);51(33.3%); 50(100%) . 

[Cu(Gly)2.2H2O] 

238(4.7%); 237(4.7%); 223(2.3%); 222(3.5%); 162(10.5%); 161(44.2%); 
160(100%); 133(7%); 132(15%); 106(3.5%); 105(19.8%); 104(26.7%); 

102(11.6%); 78(10.5%); 77(61.6%); 76(30); 74(17.4%);73(8.1%);  65(5.8); 
61(3.5%);60(10.4%); 

59(5.8); 58(5.8%);57(7%);  56(7);55(3.5%);54(1.2%);52(12.8%); 
51(29.1%); 50(44.2%). 

[Ag(Gly)] 
160(34.1%); 135(19.5%); 120(29.3%); 119(34.1%); 91(34.1%); 80(41.5%); 

78(46.3%); 77(56.1%); 65(31.7%); 64(39%); 63(36.6%); 61(100%); 
60(12.2%); 53(43.9%); 52(26.8%); 51(43.9%); 50(51.2%). 

 

 
 
Table 5: Thermal data of N-phthaloyl glycine metal complexes 

        TG 
Weight loss (%) 

Compound Number 
of stages 

Temp. 
range (oC) 

Tmax,  (
oC) 

Found Calc. 

Decomposition 
species 

[Cu(Gly)2.2H2O] 
 
4 
 

88-173 
255-335 
335-414 
414-495 

120.15 
300.84 
371.88 

7.9 
76.15 
 

7.1 
77.32 

 
2H2O 
2 Gly 

[Cd(Gly)6] 1 162-280 256.07 7.12 8.38 6 Gly 
[Ag(Gly)] 1 250-350 303.13 64.65 65.41 Gly 
[Hg(Gly)6] 1 180-300 271.18 15.73 14.04 6 Gly 

[Pb(Gly)NO3.4H2O] 3 
100-200 
235-450 
450-600 

312.59 
14.63 
44.43 

13.18 
48.81 

4H2O 
Gly + NO3 
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(b)  
 
 
 
 
 
 
 
 

(c)  
 
 

  

(d) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(e)  
 
 
 
 

 
 
 
 
 (f) 
 
 
 
 

Figure 1: Infared spectra of (a) : free N-phthaloyl glycine(Gly) ,(b) : [ Cu(Gly)2 .2H2O] ,  
(c) : [Cd(Gly)6] , (d): [Ag(Gly)], (e): [Hg(Gly)6], (f): [Pb(Gly)NO3.4H2O] complexes 
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 Figure 3: Mass spectra of (a): free N-phthaloylglycine(Gly), (b) [Cu (Gly)2. 2H2O] 

and (c) [Ag (Gly)] complexes 
 

 
 
 
 

                                                                                                                                                            
                 

1041



Journal of American Science                                                                                                                 2010;6(10)   

  

                                                                                                                                                            
                 

1042

 
 
 
 
 

(a)  
 
 
 
 
 
 
 
 
 
 
 (b)  
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(e)  
 
 
 
 
 Figure 4 : Thermograms (TG and DTG) of (a): [Cu(Gly)2 .2H2O], (b): [Cd(Gly)6], (c): [Ag(Gly)], 

(d):[Hg(Gly)6] and (e): [Pb(Gly)NO3.4H2O] complexes   
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Abstract: This investigation was conducted to know the effect of low, medium and high doses of either chemical or 
organic fertilizers along with supplementary feeding on water quality in rearing tanks and growth performance of 
Nile tilapia. Dissolved oxygen concentrations in organic fertilizer treatments (10.03-10.71 mg/L) were lower than 
those of chemical fertilizer treatments (10.23-12.38 mg/L). Carbonate alkalinities were higher in the organic 
fertilizer treatments (42-53.8 mg/L) than those of the chemical fertilizer treatments (31.9-51.2 mg/L). This reflected 
a higher photosynthetic activities and increased algae production in the organic fertilizer treatments. Total 
Phosphorus concentrations had intermediate values in all treatments (0.214- 0.276 mg – P/L) except for that of the 
high organic fertilizer treatment (0.513 mg – P/L) which was significantly higher compared to all treatments (P < 
0.05).Soluble reactive phosphorus concentrations were similar among all treatments (0.061 – 0.093 mg- p/L) except 
for that of the high organic fertilizer treatment which had significantly higher orthophosphate concentration (0.256 
mg-P/L) (P<0.05). In the water quality experiment, growth rates of Nile tilapia were higher in organic fertilizer 
treatments (0.54-.62 gm/fish/day) compared to those of the chemical fertilizer treatments (0.47-0.51 gm/fish/day). In 
the fish production experiment, growth rate in terms of daily weight gain, was generally higher in Nile tilapia raised 
in the medium organic fertilizer treatment (0.92 gm/fish/day), followed by those of the medium chemical fertilizer 
and control treatments(0.83 and 0.82 gm/fish/day, respectively). The lowest daily weight gains were observed in the 
high chemical and high organic fertilizer treatments (0.46 and 0.58 gm/fish/day, respectively).  
[M.A. Elnady, A.I. Alkobaby, M.A. Salem, M. Abdel-Salam and B.M. Asran. Effect of Fertilization and Low 
Quality Feed on Water Quality Dynamics and Growth Performance of Nile tilapia (Oreochromis niloticus). Journal 
of American Science 2010;6(10):1044-1054]. (ISSN: 1545-1003). 
 
Key words: semi-intensive aquaculture, water quality, growth performances, fertilizers, Nile tilapia. 
 
1. Introduction: 

Fish provides an average of 25% of 
animal proteins consumed world-wide, and in some 
countries, this value can reach 50 %( Muller -Feuga, 
2000). Nile tilapia Orechromis niloticus is cultured 
world wide mostly in semi-intensive culture systems 
using fertilization. Nevertheless, variety of pond 
input schemes, including inorganic and /or organic 
fertilizers, formulated feed and combination of both, 
were involved in Nile tilapia production (Thakur et 
al., 2004). 

Asian aquaculture is dominated by 
semi-intensive freshwater, earthen pond culture 
systems. In these systems natural productivity is 
enhanced with fertilizers and the fish or shrimp are 
provided with supplemental feeds (Silva and Hasan, 
2007). 

Among the new trends in fish culture, 
integrated semi-intensive system seems to be the 
most acceptable one due to the fact that various 

agriculture wastes and low value feedstuff can be 
utilized as a cost-effective source of fish feed The 
growth of fish is strongly correlated with increase in 
phytoplankton and zooplankton productivity as a 
result of fertilization (Abbas and Hafeez-Ur-Rehman, 
2005). Fertilizers increase the level of primary 
productivity, dissolved oxygen, PH and total 
phosphorus (Qin et al., 1995).  
                   This study aimed to establish a low cost 
sustainable aquaculture method for the production of 
a major animal protein source by comparing the 
growth pattern and water quality parameters among 
different fertilizer programs along with using a fixed 
amount of supplementary feed during the whole 
experiment. 
 
2. Materials and methods 

This study was conducted at the Fish 
Research Unit, Faculty of Agriculture, Cairo 
University. A static outdoor rearing system was used 
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to carry out the experiment. Rectangular concrete 
tanks (2.2×1.2×1.0m) were filled with freshwater 
obtained from a well and were used as rearing units. 
Fourteen concrete tanks were used in the water 
quality experiment, while ten tanks were used in the 
fish production experiment. 

Two trials were conducted to evaluate the 
effect of different fertilization programs (using 
different doses of chemical or organic fertilizers) 
along with a fixed amount of supplementary diet on 
water quality parameters and growth performances of 
Nile tilapia. The first trial tested mainly the water 
quality parameters and lasted 90 days. While the 
second trial was designed to assess the effect of these 
fertilizer-supplementary feeding programs on growth 
and production of larger Nile tilapia in rearing tanks 
after another rearing period of 90 days. 

 
Experimental Design 

Nile tilapia juveniles were randomly 
distributed among experimental tanks and stocked at 
a rate of 6 juveniles (50.2-54.8 grams/fish) per tank 
in the first trial and 7 juveniles (131.3-137.7 
grams/fish) per tank in the second trial, with two 
replicate tanks per treatment. The water quality 
experiment consisted of three organic fertilizer 
treatments, three chemical fertilizer treatments and 
control treatment. The organic fertilizer treatments 
included the application of chicken manure at low, 
medium and high doses (7, 14, 28 grams dry 
matter/m2/week, respectively) while the chemical 
fertilizer treatments included a bi-weekly application 
of chemical fertilizers (ammonium nitrate, 33%N and 
superphosphate, 8%P) at low, medium and high 
doses (0.55, 1.1 and 1.65grams N/ m2 for nitrogen 
and 0.125, 0.25 and 0.38gramP/ m2 for phosphorus, 
respectively). The doses of chemical and organic 
fertilizers were calculated for each square meter 
surface water area in each tank according to the FAO 
training manual(1996) .All fertilizer treatments 
received supplementary diet (18% crude protein) at a 
fixed rate of 10.3 grams diet/tank/day, six days a 
week during the whole experiment. The control 
treatment included the application of complete diet 
(30% crude protein) as fish feed applied at a fixed 
rate of 10.3 grams diet/tank/day six days a week 
during the whole experiment. 

The fish production experiment consisted of 
two organic fertilizer treatments (medium and high 
doses), two chemical fertilizer treatments (medium 
and high doses) and control treatment as described in
the water quality experiment. The fish production 
experiment applied the same dose per square meter 
area at a weekly rate for both organic and chemical 
fertilizer and employed larger fish at the start of the 
experiment. Both supplementary diet (18% crude 

protein) and complete diet (30% crude protein) were 
provided at a fixed rate of 17 grams/tank/day, six 
days a week during the whole experiment. 

  

Mean fish weights and lengths were 
measured at the start and the end of the experiment to 
determine specific growth rates, daily weight gain 
and condition factor of fish. Feed performances were 
determined in terms of feed conversion ratio (FCR) 
and protein efficiency ratio (PER).Water from each 
tank was tested bi-weekly for temperature, dissolved 
oxygen (DO), secchi disk visibility (SD), pH, 
alkalinity, total phosphorus (TP), orthophosphate-
phosphorus (PO4-P). All determinations were carried 
out at the Central Laboratory for Environmental 
Quality Monitoring (CLEQM) according to the 
Standard Methods American Public Health 
Association (APHA, 1992). 

Statistical analysis was performed using the 
analysis of variance (ANOVA). Duncan’s Multiple 
Range Test (Duncan, 1955) was used to evaluate 
differences among treatment means for all parameters 
at the 0.5 significance level. One-way analysis of 
variance was used to test the effect of fertilizer and 
supplementary feeding on water quality and growth 
performance of Nile tilapia in rearing tanks. All 
statistical analyses were performed using the software 
package SPSS (SPSS for windows, Release 8.0) 
 
3. Results and Discussion: 
1-Water quality experiment: 
1-1-water quality parameters: 
Water temperature 

Averages of water temperature in culture 
units were similar among treatments during the 
experimental period and varied within a narrow 
range. At the start of the experiment, water 
temperature ranged 23-26 °C among treatments and 
gradually increased reaching 30.2-31.1 °C at the end 
of the study. The gradual increase in water 
temperature during the growing period was 
associated with the gradual rise in air temperature 
during summer season which affected the thermal 
pattern in water. Water temperature in rearing units 
was optimal for the growth of Nile tilapia during the 
experiment. These results are parallel with those 
mentioned by Chaudhair (2002) who reported that 
the optimum water temperature range for many 
species of warm water fishes is 24-30 °C. Water 
slightly warmer than optimum provides better 
growth and food conversion than low temperature. 

Dissolved oxygen 
Dissolved oxygen concentrations in the 

organic fertilizer treatments (10.03-10.71 mg/L) 
were lower than those of chemical fertilizer 
treatments (10.23-12.38 mg/L). The decline in 
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dissolved oxygen concentrations in organic fertilizer 
treatments could be due to the higher respiration 
demand of aerobic bacterial activities working on 
manure decomposition. Heterotrophic bacteria 
consume oxygen and release carbon dioxide while 
oxidizing organic matter content of chicken manure. 
This result is consistent with those reported by Qin 
et al(1995) who indicated that dissolved oxygen in 
ponds with organic fertilizer was significantly lower 
than that in pond without organic input and those 
reported by Zhu et al. (1990) who indicated that in 
manured ponds, the biological oxygen demand of 
the pond water increased by47%, indicating high 
concentration of organic material. The rate of 
bacterial decomposition in the water increased by 
36% and the NH4 concentration by 45%, indicating a 
higher rate of mineralization of the organic material.  

Dawn dissolved oxygen declined with 
increased manure loading rate. Moreover, when 
concentration at 60 kg dry matter of manure per 
hectare per day plus rice bran was applied, DO was 
frequently zero or close to zero Edwards et al 
(1994a). The adverse dissolved oxygen regime in 
buffalo manured ponds was probably due to the 
respiration demand of bacterial activity caused by 
high loading of     buffalo manure (Edwards et al., 
1994b). 

During this investigation dissolved oxygen 
concentrations in the control treatment (11.99 mg/L) 
was higher than other organic fertilizer treatments 
which may be due to the low organic load in water 
and lower bacterial activities in tanks without 
organic manuring. 

Dry chicken manure contains 60% organic 
matter and the chemical oxygen demand of 
particulate organic matter was 0.96 gram oxygen for 
each gram dry organic matter. Since chicken manure 
was applied at the rate of 2-4 grams dry 
manure/m2/day, the daily oxygen demand consumed 
during bacterial decomposition of manure could 
range 1.15-2.3 mg O2/m

2/day in organic fertilizer 
treatments. Since manure loading rates range 2.5-
10gram dry manure/m2/day in semi-intensive 
integrated aquaculture, a considerable amount of 
dissolved oxygen is consumed due to the respiration 
demand of bacterial activity (Boyd, 1990).  

 
Total alkalinity, bicarbonate and carbonate alkalinities 

In the present study, total alkalinities 
ranged between 292.2-355.5mg/L among treatments. 
Waters of higher alkalinity are considered more 
productive in terms of daily oxygen production and 
algal photosynthesis. Natural waters of river Nile in 
Egypt have higher total alkalinities (150-200 mg/L) 
and are considered the most productive water in 
terms of aquaculture production.  

 
Bicarbonate alkalinities were higher in the 

organic fertilizer treatments (321.5-355.5 mg/L) 
compared to those of chemical fertilizer treatments 
(292.2-306.9 mg/L). While bicarbonate alkalinity of 
the control treatment was (333.1 mg/L). The higher 
bicarbonate alkalinities in the organic fertilizer 
treatments could be explained by an increase in CO2 
production as a function of manure decomposition 
through bacterial activities. Organic matter 
decomposition serves as a continuous source of 
carbon dioxide (Boyd, 1990). 

Studies conducted else where, indicated 
that pond total alkalinity was significantly greater 
where organic fertilization and feeds were applied 
(Kumar et al., 2005). Alkalinity increased with 
organic fertilization because bacterially generated 
CO2 from manure decomposition dissolves calcium 
and magnesium carbonate in pond water into 
calcium and magnesium bicarbonate (Boyd, 1990, 
Mcnabb et al., 1991; Teichert-Coddington et al., 
1992). In addition, alkalinity was gradually 
increased influenced by the chemical composition of 
the manure applied (Kumar et al, 2005).  

Higher bicarbonate alkalinities in the 
organic fertilizer treatments could be attributed to 
the increased CO2 production resulting from the 
organic fertilizer decomposition by bacteria. Carbon 
dioxide reacts with calcium and magnesium 
carbonate in water and sediment forming calcium 
and magnesium bicarbonate in great volume 
compared to other treatments. These results were in 
agreement with those of Boyd (1990), Mcnabb et al. 
(1991) Teichertcoddington et al. (1992) and Kumar 
et al. (2005) who indicated that pond total alkalinity 
was significantly greater where organic fertilization 
and feed were applied. 

Carbonate alkalinities were higher in the 
organic fertilizer treatments (42.0-53.8)mg/L than 
those of the chemical fertilizer treatments (31.9-51.2 
mg/L). This reflected a higher photosynthetic 
activities and increased algae production as algae are 
rapidly removing carbon dioxide from water in the 
organic fertilizer treatments for use in 
photosynthesis and oxygen production. 

It is recommended also that alkalinity in the 
medium and high organic fertilizer treatments (330 
and 355.5 mg/L, respectively) was higher than those 
of chemical fertilizer treatments (306.9-294.2mg/L). 
Higher carbonate alkalinity in the medium and high 
organic fertilizer treatments were associated with 
high water PH (8.64-8.53), while lower carbonate 
alkalinity in chemical fertilizer treatments which 
were associated with lower PH values (8.25-8.22).  
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Early morning pH 

Higher early morning PH values were 
detected in the organic fertilizer treatments which 
reflected higher algal production and increased 
photosynthetic activities that resulted in higher algal 
concentration and abundances. Also these higher 
values were detected in organic fertilizer treatments 
(8.53-8.64) compared to those of chemical fertilizer 
treatments (8.22-8.72). This could be explained by 
the higher algae production in the organic fertilizer 
treatments. PH of water increases when plants are 
rapidly removing carbon dioxide from water for use 
in photosynthesis (Boyd, 1990). The control 
treatment had an intermediate value (8.43) compared 
to those of fertilizer treatments. There are 
interrelationships among various forms of CO2, 
photosynthesis, and PH. The importance of 
photosynthesis is obvious here, for plants can 
successively absorb CO2, and eliminate bicarbonates, 
precipitate carbonates, and form hydroxyl ions, all 
these events account for rises in PH. Removal of the 
CO2 and Photosynthesis will result in a rise of PH 
(Cole, 1979). 
 
Total phosphorus and orthophosphate 

Total Phosphorus concentrations had 
intermediate values in all treatments (0.214- 0.276 
mg – P/L) except for that of the high organic fertilizer 
treatment (0.513 mg – P/L) which was significantly 
higher (P < 0.05) compared to all treatments. Total 
phosphorus is considered as an index for 
phytoplankton abundance in water since it includes 
organic sestonic phosphorus and soluble reactive 
phosphate phosphorus. Seston concentration is 
associated with phytoplankton abundance in water 
(Hutchinson, 1975).  

 Nutrient assessment in pond water can be 
based on total nitrogen and total phosphorus 
measurements, and plankton abundance can be 
followed using secchi disk visibility measurements. 
Since the average secchi disk readings in the high 
organic fertilizer treatment (28.95 cm) was nearly 
similar to those the majority of other treatments 
(approximately 24.8 – 39.5 cm), the higher total 
phosphorus concentration in the high organic 
fertilizer treatment may be associated with the 
increase in both of soluble organic phosphorus and 
soluble reactive phosphorus produced during the 
decomposition of the heavy organic fertilizer dose 
(4g/m2/d) applied in that treatment. Aerobic bacteria 
work on organic fertilizer releasing both soluble 
organic phosphorus and orthophosphate during the 
process of organic fertilizer decomposition under 
aerobic conditions (Wudtisn and Boyd, 2005).  

 

Soluble reactive phosphorus concentrations 
were similar among all treatments (0.061 – 0.093 mg- 
p/L) except for that of the high organic fertilizer 
treatment which had significantly higher 
orthophosphate concentration (0.256 mg-P/L) 
compared to other treatments (P<0.05). This could be 
attributed to the high bacterial decomposition on the 
heavy organic fertilizer dose applied in that 
treatment. Both soluble organic phosphorus and 
soluble reactive phosphorus (orthophosphate) are the 
main end-products of bacterial activity on organic 
fertilizer under aerobic conditions.  

In a study of Boyd (1982); it was found that 
orthophosphate concentration represents a small 
fraction (usually <10%) of total phosphorus 
concentration. Also, The difference between total 
phosphorus and filterable orthophosphate 
concentrations may be used as an index of the 
Phosphorus contained in plankton and detritus In 
addition, The ratio of total phosphorus: soluble 
reactive phosphorus ranged between 2.7:1 and 3.5:1 
for all treatments except for the high organic fertilizer 
treatment which had TP: PO4 ratio of 2:1. The 
difference in concentration of total phosphorus and 
soluble reactive phosphorus represents the 
concentration of phosphorus present in phytoplankton 
and other particulate matter. Consequently, the 
difference between TP and PO4 concentrations in 
pond water could be considered as an index of the 
phytoplankton abundance in water. The TP- PO4 

difference among different treatments ranged 0.18-
0.25 for the organic fertilizer treatments and 0.15-
0.18 for the chemical fertilizer treatments, indicating 
similar phytoplankton abundances among treatments.  

Higher growth rate of fish is corresponded 
with the increase in planktonic life which showed 
their maximum densities at high phosphate 
concentration in the water (Sin, 1987).  

 
Secchi disk visibility 

Secchi disk visibility in the organic fertilizer 
treatments (range 24.8-39.5cm) was almost similar to 
those of the chemical fertilizer treatments (26-
35.2cm), with no significant differences among 
treatments (P>0.05). Phytoplankton abundances were 
within favorable conditions for fish growth in all 
treatments with an overall range of 24.8-39.5cm 
among treatments. The abundance of algal stocks 
(biological turbidity of water)was less in the control 
treatment due to the lower dissolved nitrogen and 
phosphorus salts being affected by the absence of 
fertilizer input in that treatment. 

In fish ponds, secchi disk transparency 
provides a rough estimate of plankton abundance. 
Water transparency showed an inverse correlation 
plankton abundance (Padmavathi and Prasad, 2007)  
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Semi-intensive aquaculture ponds often 
develop dense phytoplankton population 
(chlorophyll A>250μg/L, secchi disk 
visibility<20cm) in response to a high rate of 
nutrient input (Hargreaves, 1998). Ponds used for 
intensive fish culture are normally turbid with algae 
which grows in response to addition of fertilizer or 
fish feed (Boyd, 1990). In addition, ponds which 
received application of fish feed also had abundant 
phytoplankton growth because roughly 75 percent of 
the nutrients in feed are excretory products during 
the process of metabolism (Boyd, 1979)  

Water quality variables were the best 
explanatory variables for natural food availability, 
which in turn explained natural food ingestion best 
(Rahman et al, 2008). The results of the present study 
indicated that chemical and organic fertilizer 
treatments were approximately similar in terms of 
algal abundances although they were dissimilar in 
terms of rates of algal production as indicated by 
higher PH values and carbonate concentrations in the 
organic fertilizer treatments. 

 

Green et al. (1989) compared yields of 
tilapia (Oreochromis niloticus) in sets of ponds 
receiving chicken litter, cow manure or nitrogen and 
phosphorus inorganic chemical fertilizer. The added 
nitrogen was equal in all treatments. Chemical 
fertilization and cow manure supported similar fish 
yields (8.0and 8.6 kg per hectare per day, 
respectively). The yield with chicken manure was 
11.7 kg per hectare per day.Diana et al. (1991) 
reported that net fish yield was higher in organically 
than inorganically fertilized ponds inspite of similar 
primary production and chlorophyll "a" 
concentration. 

1-2-Growth performances and condition factor 
It is well known that Nile tilapia could 

obtain more than 50% of its nutritional requirements 
from feeding on algae and zooplankton, especially 
during the juvenile stage of growth. Consequently, 
using low cost fertilization programs can highly 
reduce nutritional requirements for dietary ration. 
The dry algal material contains 45-50% crude protein 
which is highly digestible (digestibility coefficient 
=65%).Consequently, algal matter is highly nutritious 
(Boyd, 1990) and is of parallel value to protein 
content of oil meals. 

In the water quality experiment, growth 
rates of Nile tilapia were higher in organic fertilizer 
treatments (0.54-.62 gm/fish/day) compared to those 
of the chemical fertilizer treatments (0.47-0.51 
gm/fish/day). This could be attributed to the effect of 
organic fertilizer which enhanced the production of 
zooplankton in rearing tanks. Zooplankton is 
considered a good nutritional material (animal 
protein source) for fish since it contains 70% crude 
protein Moreover, bacterial activities on manure 
help the release of soluble nitrogen and phosphorus 
salts from the decay of organic matter in manure, 
and thus increasing primary productivity of algae. 

In the organic fertilizer treatments, Nile 
tilapia feed on supplementary diet, zooplankton, 
algae and bacterial films contained in organic 
manure. While in the chemical fertilizer treatments, 
Nile tilapia would feed mostly on supplementary 
diet and algae since zooplankton and bacterial 
abundance would be less available. 
  

Chemical fertilizers stimulate the natural 
productivity of water through photosynthesis, 
whereas animal manures provide, upon 
decomposition, nutrients for both autotrophs and 
heterotrophs. The chicken manure treatments 
produced better growth due to its ability to stimulate 
the development of heterotrophs (bacteria), 
autotrophs (algae) and zooplankton organisms and to 
increase fish production in ponds (Nguenga et al, 
1997). 

Averages of condition factor of Nile tilapia 
at harvest in the organic fertilizer treatments (2.0-
2.21) were significantly higher than those of the 
chemical fertilizer treatments (1.7-2.0). The addition 
of organic manure in the rearing tanks had a positive 
effect on condition factor of Nile tilapia. This could 
be explained by the increase in natural food quality 
(zooplankton abundances) in the organic fertilizer 
treatments compared to those of the chemical 
fertilizer treatments. The condition factor of Nile 
tilapia fed the control diet (1.98) did not differ 
significantly from those of Nile tilapia in the chicken 
manure treatments. This indicated that Nile tilapia 
produced by the control and chicken manure 
treatments were of good quality and better shape 
compared to those produced in the chemical 
fertilizer treatments .Nile tilapia harvested from the 
organic fertilizer treatments were more round (better 
thickness) than those harvested from the chemical 
fertilizer treatments, indicating better quality of fish 
and better nourishment in the organic fertilizer 
treatments. 

Green et al. (1989) found that the mean net 
fish production was the greatest in the chicken litter 
treatment (1759 Kg per 150 per days), and 
production was different when dairy cow manure 
(1295 Kg per 150 per days) or chemical fertilizer 
(1194 Kg per 145 per days) were the nutrient 
sources. The greater fish production by chicken litter 
treatments, probably results from increased bacterial 
production or direct consumption of manure by fish 
(Popma,1982).Green et al (1989) reported that the 
final weight of fish was significantly greater for 
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chicken litter (203.9±16.1 g)than for the chemical 
fertilizer(150.4±17.9 g) treatments. 

 
2-Fish production experiment  
2-1- Growth performances 

Mean individual weights of fish at harvest 
after 90 days rearing were significantly higher in the 
medium organic fertilizer, medium chemical fertilizer 
and control treatments (218.1, 206.8 and207.4 
gm/fish, respectively). Nile tilapia reared in high 
chemical and high organic fertilizer treatments 
attained lower harvest size(179.4 and 189.9 gm/fish, 
respectively). The medium dose of either chemical or 
organic fertilizer treatments along with 
supplementary feeding produced heavier fish 
compared to those of the high chemical or high 
organic fertilizer treatments. 

The highest specific growth rate for Nile 
tilapia juveniles (0.53 % per day) was observed in the 
medium organic fertilizer treatment, followed by 
those of the medium chemical fertilizer and control 
treatments (0.49 and 0.48 %, respectively) the lowest 
growth performances were observed in the high 
chemical and the high organic fertilizer 
treatments(0.28 and0.36%, respectively). 

In the high manure and high chemical 
fertilizer treatments, water supported greater over-
abundance of algae compared to other treatments. 
High chemical and high manure doses in those 
treatments significantly increased water quality 
deterioration, especially in terms of dissolved 
oxygen. High algal blooms in the high chemical 
fertilizer and high manuring treatments reduced 
seechi disk to less than 10 cm by the end of the 
experiment. Dense algal blooms in those treatments 
resulted in low dissolved oxygen during nighttime 
over the duration of the experiment, lowering diet 
intake by fish during day-time.     

Large quantity of manure would rapidly 
deteriorate the water quality and result in a high 
mortality of fish, as observed in tank experiments 
(Kumar et al,2002). Pond fertilization using high 
amount of manure can lead to water quality 
deterioration, including the serve depletion of 
dissolved oxygen, high biological and chemical 
oxygen demand, and high ammonia levels (Boyd, 
1982). High organic manuring also lead to severe 
depletion of dissolved oxygen, leading to stress in 
cultured fish and loss of appetite (Parker, 1986). 

The gradual accumulation of organic matter 
in water body leads to the subsequent dominance of 
biodegradation and decomposition processes and 
causes an oxygen deficit (Pechar ,2000). Although it 
has been established that high fish yield in culture 
systems can be achieved by higher abundance of 
plankton through organic manuring, practical 

alternatives to pond manuring are needed because 
heavy manuring may reduce water quality (Prithwiraj 
et al., 2008). 

Growth rate in terms of daily weight gain, 
was generally higher in Nile tilapia raised in the 
medium organic fertilizer treatment (0.92 
gm/fish/day), followed by those of the medium 
chemical fertilizer and control treatments(0.83 and 
0.82 gm/fish/day, respectively). The higher daily 
weight gain observed in the medium organic and 
medium chemical fertilizer treatments were due to the 
higher availability of natural food along with better 
water quality. 

These results were parallel with those 
achieved by Dhawan and Kaur (2002) who reported 
that the higher availability of natural food resulted in 
higher growth of carps in natural ponds.In addition, 
animal wastes lead to increased biological 
productivity of pond through various path-way, 
which result in increase in fish production 
(Orhibhabor and Ansa, 2006). 

In the control one, fish were fed at 7 grams 
diet/m2/day. This high feeding rate resulted in the 
increase in concentrations of metabolic wastes by fish 
such as organic matter, nitrogen and phosphorus salts 
in the water column which increased algae growth 
and production in rearing tanks. These results are in 
accordance with Massout (1999) who reported that 
metabolic wastes such as phosphorus, ammonia, and 
nitrate serve as plant nutrients and stimulate 
phytoplankton growth in aquaculture ponds. 

The lowest daily weight gains were 
observed in the high chemical and high organic 
fertilizer treatments (0.46 and 0.58 gm/fish/day, 
respectively).which could be explained by the 
deterioration in oxygen concentration in water due to 
the high algal blooms. 
 
2-2- Feed performances   

The best feed conversion ratio was observed 
in the medium organic fertilizer treatments (2.1:1), 
followed by those of medium chemical fertilizer and 
control treatment (2.26 and 2.4:1, respectively). 
Better feed conversion ratios were obtained in the 
medium organic and medium chemical fertilizers and 
control treatments due to the high of availability of 
natural food along with better water quality in those 
treatments. 

Feed accounts for 40-60% of the production 
costs in aquaculture, with protein sources accounting 
for a significant proportion of this cost (Fotedar, 
2004). Nile tilapia are commonly grown in semi-
intensive culture using fertilization to increase 
primary production that is used by tilapia for food 
(Diana et al., 1991). Fertilizers can be used to reduce 
the quantity and expense of supplemental feeds. An 
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increase in natural food has a much greater effect on 
tilapia production (Bahnasawy, 2009).  

The high chemical and high organic 
fertilizer treatments produced the poorest feed 
conversion ratios (4.3 and 3.26:1, respectively) 
compared to all treatments, with significant 
differences among treatments (p>0.05). This could be 
explained by the loss of appetite to feed intake under 
water quality deterioration (i.e. oxygen deficit) 
caused by the high fertilizer doses applied in those 
treatments. Environmental deterioration in those 
treatments reduced growth performances of fish 
through the loss of fish appetite especially under low 
oxygen concentration stress. 

 Semi-intensive production in ponds using 
fertilizers and supplementary feeding is a mean of 
producing low-cost fish in developing countries. It 
can provide an opportunity to balance the use of 
supplementary feeding in correlation with the natural 
food availability and hence reduce the production 
cost (Suman and Samir,2009).Resource-poor farmers 
prefer semi-intensive carp polyculture because the 
capital needed to buy (expensive) artificial feeds is 
minimized, while the exploitation of natural foods in 
ponds is optimized. Nevertheless, there is a tendency 
by richer farmers to further increase production 
through the application of artificial feeds (Rahman, 
2006). 

The protein efficiency ratio (PER) ranged 
1.32-2.64 among treatments during the experimental 
period, with significant differences (P>0.05) among 
means. The best PER value was obtained in the 
medium organic fertilizer treatment (2.64), followed 
by that of the medium chemical fertilizer treatment 
(2.39). The high organic and chemical fertilizer 
treatments had lower protein efficiency ratios (1.68 
and 1.32, respectively) compared to those of the 
medium organic and medium chemical fertilizer 
treatments (P>0.05). The control treatment produced 
a low PER value (1.4) in spite of employing a high 
quality feed (30 % crude protein) in this dietary 
treatment. All fertilizer treatments used a low quality 
feed (18% crude protein) at the same feeding rate 
(7gm/m2/day).However, the low quality feed 
(supplementary feed, 18% crude protein) employed 
in the fertilizer treatments produced better feed 
conversion ratios, high protein efficiency ratios and 
high economic returns compared to the control 
treatment which employed complete high quality feed 
(30% crude protein). This was due to the direct effect 
of fertilizers on plankton production and fish 
nutrition. 

These results are parallel with those reported 
by Sumitra et al (1981) who detected  a significant 
increase in fish yield due to the effect of organic 
fertilizer on the planktonic productivity of a 

commercial pond and those of Aziz et al. (2002) who 
studied the growth performance of major carps in 
fertilized ponds supplemented with feed calculated 
the contribution of primary productivity towards 
increase in fish yield to be 57.40%.On the other hand, 
Akiyama (1993) demonstrated that the use of sub-
optimal quality feeds resulted in good, acceptable 
yields, comparable to those that are obtained with use 
of high-quality feeds.  

Based on analyses of stomach content, Lim 
(1989) reported that up to half the food intake of 
tilapia in intensively fed ponds was natural food, 
which indicated its substantial contribution to tilapia 
growth. As Nile tilapia derives most of their nutrition 
from phytoplankton (Colman and Edwards, 1987),a 
strong correlation between algae production and net 
fish yield was expected(Knud-Hansen and 
Batterson,1994). 

High expected harvests were observed in the 
medium organic, medium chemical fertilizer and 
control treatments (610,579 and 580 grams fish/ m2, 
respectively). These harvest rates are equivalent to 
2.56, 2.43 and 2.43 tons fish/acre/single harvest).As a 
result of low growth performances of fish and poor 
feed conversion ratios in the high chemical and high 
organic fertilizer treatment, expected harvests in 
those treatments were significantly lower than other 
treatments (2.11-2.23 tons fish/acre/single harvest)  

It can be concluded that the use of low-
quality feeds (18% crude protein) was superior to that 
of high-quality feeds (30% crude protein) in terms of 
producing good acceptable yield per acre and better 
economical returns. The use of low-quality feeds 
should be supported by the use of medium doses of 
either chemical or organic fertilizers in order to 
produce higher availability of natural food along with 
maintaining better water quality in rearing ponds.  
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Table (1): Water quality indices and growth performances during the first trial:  
Organic fertilizer  Chemical fertilizer  Parameter  

           
   

   
Treatment  

Low Medium High Low Medium High 
Control  

Water temperature 
(Cº) 

26.6± 
2.75 

26.9± 
2.59 

27.4± 
2.24 

27.5± 
1.90 

25.6± 
2.71 

26.8± 
2.47 

27.3± 
1.95 

Dissolved oxygen 
(mg/l) 

10.71± 
2.37 

10.09± 
1.1 

10.03± 
1.01 

10.23± 
2.78 

11.51± 
3.56 

12.38± 
1.45 

11.99± 
2.24 

Total alkalinity 
(mg CaCO3/l) 

321.5± 
40.2  

330.0± 
81.2  

355.5± 
91.9 

292.2± 
35.3 

306.9± 
46.8 

294.2± 
36.1 

333.1± 
53.8 

Bicarbonate 
alkalinity (mg 
CaCO3/l) 

278.1± 
36.9 

286.7± 
94.5 

301.61± 
66.3 

244.0± 
28.1 

294.01± 
13.5 

264.7± 
19.1 

294.01± 
54.6 

Carbonate 
alkalinity (mg 
CaCO3/l)  

42.0± 
13.1 ab 

45.0± 
19.5 ab 

53.8± 
31.0 a 

51.2± 
20.3 a 

31.9± 
14.1 b 

35.1± 
20.4 b 

40.0± 
16.5 ab 

pH 8.55± 
0.33  

8.64± 
0.53  

8.53± 
0.57  

8.72± 
0.56  

8.25± 
0.36  

8.22± 
0.26  

8.43± 
0.40 

Total phosphorus 
(mg p/l) 

.214± 
0.15 b 

.276± 
0.14 b 

.513± 
0.19 a 

.178± 
0.18b 

.236± 
0.2 b 

.227± 
0.19 b 

.215± 
0.14 b 

Orthophosphate 
(mg p/l) 

0.077± 
0.063 b 

0.093± 
0.073 b 

0.256± 
0.16 a 

0.061± 
0.07 b 

0.086± 
0.08 b 

0.089± 
0.08 b 

0.073± 
0.06 b 

Secchi disc 
visibility (cm) 

39.5± 

18.3  
24.8± 

4.4  
28.95± 

7.1 
31.7± 

9.3  
35.2± 

19.6  
26.0± 

9.1  
35.24± 

12.0 
Initial weight (gm/ 
fish) 

50.74± 
6.6 a 

51.33± 
6.79 a 

51.24± 
7.09 a 

50.22± 
5.29 a 

51.33± 
6.86 a 

50.22± 
4.09 a  

54.83± 
4.09 a 

Daily weight gain 
(gm/fish/day) 

0.54± 
.081 b 

0.54± 
.092 b 

0.62± 
.011 a 

0.47± 
.049 b 

0.49± 
.063 b 

0.51± 
.058 b 

0.51± 
.058 b 

Condition factor  2.21± 
0.2 a 

2.13± 
0.18 ab 

2.02± 
0.14 b 

1.83± 
0.21 c 

1.70± 
0.11 c 

2.02± 
0.15 b 

1.98± 
0.14 b 

 
 

Table (2): Growth performances during the production experiment:  
Parameter 

 
                     Treatment 

Medium 
chemical 
fertilizer   

High 
chemical 
fertilizer  

Medium 
organic 
fertilizer  

High organic 
fertilizer  

Control  

Initial weight 
(grams/fish) 

131.37 +  
3.2 a 

137.7 + 
4.0 a 

135.0 + 
12.1 

136.67 + 
0.83 a 

132.88 +  
0.66 a 

Final weight 
(grams/fish) 

206.85 + 
1.3 ab 

179.45 + 
13.8 c 

218.15 + 
0.15 a 

189.9 + 
4.1 bc 

207.4 + 
22.7 ab 

SGR 0.49 + 
3.5 ab 

0.28 + 
5.5 c 

0.53 + 
0.1 a 

0.36 + 
3.0 bc 

0.48 +  
0.11 ab 

DWG (g/fish/day) 0.83 + 
5.0 ab 

0.46 + 
0.11 c 

0.92 + 
0.14 a 

0.58 + 
5.5 bc 

0.82 + 
0.24 ab 

Condition Factor 1.6 +  
0.0 ab 

1.64 + 
7.8 ab 

1.68 + 
8.0 a 

1.56 + 
2.5 b 

1.58 + 
3.5 ab 

FCR 2.26 +  
0.15 b 

4.3 + 
1.01 a 

2.1 + 
0.3 b 

3.26 + 
0.3 ab 

2.46 + 
0.7 b 
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Table (3): Yield and feed performances during the production experiment:  
Parameter 

 
            Treatment 

Medium 
chemical  

High 
chemical  

Medium 
organic   

High organic  Control  

FCR 2.26  +  
0.15 b 

4.3 + 
1.01 a 

2.1 + 
0.30 b 

3.26 + 
0.30 ab 

2.4 + 
0.76 b 

PER 2.39 + 
0.14 a 

1.32 + 
0.31 b 

2.64 + 
0.39 a 

1.68 + 
1.55 b 

1.4 + 
0.4 b 

Yield/m2 579.18 + 
3.7 ab 

502.46 + 
38.7 c 

610.82 + 
0.42 a 

531.72 + 
11.4 bc 

580.72 + 
63.5 ab 

Expected Yield/ acre  2432 + 
16.0 ab 

2110 + 
163.0 c 

2565 + 
1.5 a 

2233 + 
48.0 bc 

2438 + 
266.5 ab 
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Abstract: Chemical composition of chickpea raw flour proved that protein, fat and ash contents were higher than 
that recorded in wheat flour. However, crude fiber and total carbohydrates were detected in wheat flour at higher 
levels than that found in chickpea raw flour. Protein, total nitrogen, non protein nitrogen content, and in-vitro protein 
digestibility (IVPD) as well as mineral content, functional properties, amino acid composition and amino acid scores 
were affected as different chickpea flour processing (traditional, microwave and fried).Wheat flour (72 % 
extraction) was replaced with different processed chickpea flours (10, 15, 20, 25 and 30 %.) to produce spaghetti. 
Chemical composition, cooking quality, color attributes and sensory evaluation of produced spaghetti were 
determined. Different treatment for chickpea flours tend to reduced the content of protein in all processed chickpea 
flours, lowered the contents of fat and ash by 7.96 % and 4.40 %, respectively. Generally, protein solubility values 
of all processed flours decreased in water and NaCl solution as compared with raw flour. As the replacement level in 
spaghetti samples with different processed chickpea flours increased, all the contents were increased except fibers 
and total carbohydrates contents where, values of fibers lowered with increasing the replacement level of samples 
with raw and fried chickpea flours. The content of minerals was high in spaghetti samples contained microwave 
cooking chickpea flour at different levels as compared with spaghetti samples contained traditional cooking and 
fried chickpea flours. The reduction in cooked weight and cooked volume was greater in spaghetti samples replaced 
with microwave cooked chickpea flour than samples replaced with the other different forms of chickpea flours. 
Cooking loss of replaced spaghetti was increased gradually with increase the level of replacement compared to the 
control spaghetti. Replacing wheat flour with different processed chickpea flours tend to reduced lightness and 
yellowness values, increased redness values of spaghetti samples from control. Spaghetti samples replaced with 
microwave chickpea flour at all levels had a better color values than those found in samples replaced with different 
processed chickpea flour. The highest values for all sensory characteristics were observed in control sample. 
Spaghetti samples replaced with microwave cooking flour at all levels were found to be the highest values for all 
evaluated sensory characteristics.  
[Esmat A. Abou Arab, I. M. F. Helmy and G. F. Bareh. Nutritional Evaluation and Functional Properties of 
Chickpea (Cicer arietinum L.) Flour and the Improvement of Spaghetti Produced from its. Journal of American 
Science 2010;6(10):1055-1072]. (ISSN: 1545-1003). 
 
Key words: Chickpea, functional properties, microwave, cooking and spaghetti. 
 
1. Introduction: 
            Pulses, including beans and chickpea are one of 
the most important crops in the world because of their 
nutritional quality. They are rich sources of complex 
carbohydrates, protein, vitamins and minerals (Costa et 
al., 2006 and Wang et al.,2010). Pulses have shown 
numerous health benefits, e.g. lower glycemic index 
for people with diabetes Goni and Valentine- Gamazo, 
2003), increased satiation and cancer prevention as 
well as protection against cardiovascular diseases due 
to their dietary fiber content (Chillo et al., 2008). 
         It is well known that plant proteins are an 
alternative to proteins from animal sources for human 
nutrition. Legumes are recognized as the best source of 
vegetable protein legumes (Molina et al., 2002). 

However, in recent years, there has been an increasing 
interest in other legumes such as chickpea (Cicer 
arietinum L.). 
        Chickpea is a popular crop in the arid and semi-
arid areas of North-Western China (Zhang and Wang 
2007). Due to their good balance of amino acid, high 
protein bioavailability and relatively low levels of anti-
nutritional factors, chickpea seed have been considered 
a suitable source of dietary proteins. 
        In Egypt chickpea seed are usually consumed at 
the raw green and tender stage (unripe stage), called 
Malana, or in the form of mature dry seeds after 
parching as a popular snack food. The dry seeds can 
also be consumed as whole or decorticated after 
cooking and processing in different ways. In addition 
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to these uses, the flour of decorticated chickpea seeds 
is used in several dishes and as a supplement in 
weaning food mixes, bread and biscuits (Alajaji and El-
Adawy, 2006).  
        The seeds of chickpea are large in size, salmon-
white in color, and contain high levels of carbohydrate 
(41.10 – 47.42 %) and protein (21.70 – 23.40 %). 
Starch is the major carbohydrate fraction, representing 
about 83.9 % of the total carbohydrate (El-Adawy 
2002). 
       Chickpea seed has a high protein digestibility, 
contains high levels of complex carbohydrates (low 
glycaemic index), is rich in vitamins and minerals and 
is relatively free from anti-nutritional factors (Muzquiz 
and Wood, 2007; Wood and Grusak, 2007). 
        In view of the increasing utilization of grain 
legumes in composite flours for various food 
formulations, their functional properties ( water 
absorption, oil absorption, emulsion capacity, emulsion 
stability, foaming capacity and foaming stability etc.) 
are assuming greater significance. Functional 
properties constitute the major criteria for the adoption 
and acceptability of proteins in food systems (Kaur and 
Singh 2005). Functionality has been defined as any 
property of a food ingredient, except its nutritional 
values, that has a great impact on its utilization 
(Mahajan and Dua, 2002). 
        Chickpea seed is processed and cooked in a 
variety of forms depending upon traditional practices 
and taste preferences. Different domestic processing 
methods (decortications, soaking, sprouting, 
fermentation, boiling, roasting, parching frying, and 
steaming) was used to obtain a suitable texture for the 
consumer, improvement in the nutritional factors and 
increase the protein digestibility (Attia, 1994 and 
Clemente, et al., 1998). 
       Cooking softens legumes and the determination of 
the most appropriate condition to obtain a tender 
products in several legumes has been reported 
(Uzogara et al., 1992). Studies have shown that 
microwave heating did affect nutrient content in foods 
more than conventional cooking due to shorter 
preparation times and smaller amounts of water (Finot 
and Merabet, 1993). 
        Cooking of chickpea by microwave has not been 
extensively studied but it has been shown to reduce 
anti-nutritive agents in soybean and have positive 
effects on protein digestibility (Khatoon and Prakash, 
2004) in eight whole legumes. 
        Heat treatment significantly improve protein 
quality in pulses by destruction or inactivation of heat 
labile anti-nutritional factors. Cooking results in 
significant reductions in phytic acid and tannins in 
pulses (Wang, et al.,2008). The chemical composition 
of pulses is also affected by cooking (Wang et al., 

2009). It reduces the nutritive value of pulses as the 
levels of some essential amino acids are markedly 
decreased..  
        The chemical composition and nutritive value of 
chickpea protein are both affected by processing 
method. An increase of in-vitro protein digestibility of 
legume seeds after heat treatment has been reported, 
probably resulting from protein denaturation and 
inactivation of protease (Salunke and Kadam, 1989). 
However, in spite of the general positive effect of 
cooking, the final protein digestibility seems to depend 
on the type of process applied (Barampama and 
Simard, 1994).  
        Digestibility of protein and bioavailability of its 
constituent amino acid are very important factors in 
determining protein quality (FAO/  WHO, 1990 and 
Clemente, et al., 1998). They found in vitro protein 
digestibility of Kabuli chickpea seed was only 71.8 % 
and could be improved significantly to 83.5 % after 
cooking. 
       Cooked chickpea seeds had a decrease of 
methionine, cysteine, tyrosine and leucine (Clement et 
al., 1998). The highest reductions being in cysteine (15 
%) and lysine (13.20 %). 
        The inclusion of pulses in cereal based food is 
known to increase the nutritive value by improving 
protein content and lysine availability (Reyes-Moreno 
et al., 2004; Wood and Grusak, 2007). Several studies 
have examined various aspects of chickpea 
incorporation into pasta Sabanis et al., 2006), however 
the end-product qualities of pasta produced from bean 
(dehulled desi chickpea flour) has not been thoroughly 
investigated. Pasta is traditional and highly popular 
cereal-based food product because of its convenience 
nutritional quality and palatability (Cubadda et al., 
2007). 
        Pasta, on the other hand, is a popular food with a 
high rate of acceptability in many population groups 
(fitness enthusiasts, children, adolescents, and the 
elderly). Moreover, new ingredients can be readily 
incorporated in industrial past-making processes (Goni 
and Valentine- Gamazo, 2003).Pasta also contains 11-
15 % proteins (dry basis) but is deficient in lysine and 
therionine (the first and second limiting amino acid), 
common to most cereal products .This provides an 
opportunity for the use of non-traditional raw materials 
to increase the nutritional quality of pasta Chillo et al., 
2008).Consequently, legumes and cereals are 
nutritionally complementary (Duranti, 2006). 
         Goni and Valentine- Gamazo (2003) showed that 
spaghetti containing 25 % chickpea flour had a 
significantly lower glycaemic index (G l) than 
traditional durum spaghetti chickpea inclusion also 
increased the mineral and fat content without affecting 
the total starch content. Zhao et al., (2005) incorporated 
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5-30 % of different pulse flour into spaghetti and found 
that trimness and color intensity increased, while 
overall quality decreased. On the other hand, Sabanis et 
al., (2006) investigated 5-50 % inclusion of chickpea 
flour in durum lasagna and found that the physical 
properties of the dough were improved, however, 
processing, handling and cooking characteristics 
deteriorated with the higher substitution levels. 
        The present investigation was carried out to study 
the nutritive evaluation and functional properties of 
chickpea flour as well as improve the nutritive value of 
spaghetti produced from wheat flour by replacement 
with different processed of chickpea flour at levels 10, 
15, 20, 25 and 30 % and evaluate the quality and 
sensory characteristics of produce spaghetti. 
 
2. Materials and methods: 
Materials:   
      Chickpea (Cicer aritinum, L.) variety Giza 88 
was obtained from the Field Crops Research Institute, 
Agricultural Research Centre (A.R.C.), Ministry of 
Agriculture, Giza, Egypt. Hard wheat flour (72 % ) 
extraction was purchased from the North Cairo Mills 
Company, Egypt. Trypsin enzyme which used for in-
vitro protein digestibility (IVPD) from  bovine 
pancreas type IIII, 16.500 BAEF Umg -1 and pepsin (P-
7000) were purchased from Sigma Chemical Company, 
St. Louis, MO, USA. 
  
Samples preparation: 
      Chickpea (Cicer aritinum, L.) seeds were 
manually sorted to remove split, wrinkled and moldy 
legumes and foreign materials. 
 
Soaking: 
      Chickpea seeds were soaked in distilled water 
(1:10, w/v) for 12hrs, at room temperature (~ 25 ºC). 
The soaked seeds were drained and dehulled and were 
divided into three parts for cooking.  
 
Cooking: 
Traditional cooking: 
      The first part was cooked in distilled water 
(1:20, w/v) in a beaker placed on a hot-plate for 90 min 
according to the method described by Alajaji and El-
Adawy (2006). The cooked sample was then drained 
through strainer. 
 
Microwave cooking: 
    The second part was cooked in distilled water 
(1:20, w/v) in beaker using microwave oven (Gold star 
model. No. ER-535MD, 245OMHZ, Egypt) with 
power level 10 for 5 min. according to the method 
described by Alajaji and EL-Adawy (2006).  
Frying: 

            The third part was fried in corn oil using 
frying pan at 170 ºC for 1 min according to the method 
described by Helmy (2003b). After frying, seeds were 
placed on filter paper to absorb oil residue. Fried seeds 
were defatted by the soxhlet procedure. 
           The cooked and fried seeds were mashed 
separately and dried at 50 ºC for 10 hrs, in an electric 
oven with a motor fan. Raw seeds after dehulling and 
processed seeds were ground to pass through a 30 mesh 
sieve and kept in polyethylene pouches until analysis. 
 
Analytical Methods: 
      Moisture, protein, fat, crude fiber and ash 
were determined in different samples (wheat and 
chickpea flours) according to the methods described in 
the A.O.A.C. (2000).A total carbohydrate was 
calculated by difference. All the measurement of 
analyzed samples were made in triplicate. 
 
Amino acids determination: 
      After hydrolysis of different samples flour 
with 6 N HCL at 110 ºC for 24 hrs, the HPLC 
apparatus (Waters Assoc, USA) was used for 
identifying the amino acids of the tested samples 
according to Millipore Cooperative (1987) modified 
PICO-TAG method.  
 
Evaluation of amino acids and nutritional parameters: 
      The different amino acids recovered were 
presented as g/100g protein. The nutritional values of 
chickpea were summarized  according to the method of 
Chavan, et al., (2001).  
                                            
                                        mg of *EAA in 1g of test protein 
Amino acid score (%) =    --------------------------------------  X    100 

                                      mg of EAA in 1g **reference protein       
 
*   Essential-amino acid. 
** FAO/WHO (1985). 
 
Minerals determination: 
          Mineral contents, i.e. copper (Cu), magnesium 
(Mg), manganese (Mn), iron (Fe) and zinc (Zn) were 
determined according to the method of A.O.A.C. 
(2000) using Atomic Absorption Spectrophotometer, 
Perkin-Elmer 2380. The flame photometer was applied 
for calcium (Ca), potassium (K) and sodium (Na) 
determination according to the method described by 
Pearson (1976).
 
In vitro protein digestibility procedure (IVPD): 
          In vitro digestibility of protein was determined 
by successive pepsin trypsin enzyme system according 
to method of Chavan et al., (2001) with minor 
modification. The procedure of digestibility was as 
follows: for pepsin digestion, in a 50 ml. centrifuge 
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tube, 0.5 g of protein sample was suspended in 9.5 ml. 
of 0.1 M HCL and then mixed with 5 mg pepsin in 0.5 
ml. of 0.1 M HCL. The mixture was gently shaken at 
37 ºC for 120 min. and then, the solution was 
neutralized with 1.0 M phosphate buffer (pH 8.0), 
followed by adding appropriate trypsin (100 : 1 ratio of 
substrate/enzyme ratio, w/w), and the tubes were 
covered and incubated again at 37 ºC for 120 min. 
     For digestibility evaluation, the trichloroacetic acid 
(TCA) soluble nitrogen released during digestion was 
determined as follows: after 10, 30, 60, 90, and 120 
min of incubation for pepsin or trypsin, enzyme 
activity was terminated by adding an equal volume 
TCA (10 % w/v). Samples were immediately 
transferred to an ice bath, and then all samples were 
centrifuged (6000g, 20 ºC) for 20 min. The content of 
TCA soluble nitrogen of the supernatant was 
determined by micro-kjeldahl nitrogen analysis. In 
vitro digestibility was reported as percentage 
enzymatic digestion, as given below:  

 
Enzymatic digestion (%) =    mg of NPN in supernatant  x 100 
                              mg of total N content of undigested 
sample  

                                                
Functional properties: 
Water absorption:  
      Water absorption capacity was determined 
using the method of Salunkhe (1985) modified by 
Adebowale and Lawal (2004) at room temperature. 
The values were expressed as g of water absorbed by 
100 g of flour.  
 
Oil absorption: 
           This was determined by the method of Sosulski 
and McCurdy (1987) at room temperature using refined 
corn oil. The oil absorption capacity was expressed as 
g of oil absorbed by 100 g of flour.  
 
Protein solubility: 
      protein solubility of raw and processed flours 
was determined according to Clemente et al., (1998) in 
water or in 0.5N NaCL at pH 7.0 and 1:2 (w/v) ratio . 
The pH was adjusted by 0.5 N HCL or 0.5 N NaOH. 
The suspension was shaken for 1h at room temperature 
and centrifuged at 6000 rpm for 15 min. Supernatant 
was analyzed for nitrogen by micro-kjeldahl method.  
Protein solubility is expressed as a percentage of the 
total protein  content (N x 6.25) in each sample. Total 
nitrogen and non-protein  nitrogen contents in samples 
were determined using a micro-kjeldahl method 
(A.O.A.C, 2000). Crude protein content was calculated 
using a factor of 6.25. An extraction of samples with 
10% trichloroacetic acid (TCA) was carried out for 
determination   of non-protein nitrogen (Singh and 
Jambunathan, 1981).  

 
Oil emulsification: 
         Emulsification capacity (EC) and emulsification 
stability (ES) of the samples were determined in 
triplicate according to the method described by Naczk 
et al., (1985) at room temperature. One gram sample 
was blended in a Braun mixer with 50 ml distilled 
water for 30 sec. at maximum speed. Refined corn oil 
was added continuously from a burette and blending 
continued until emulsion breakpoint was reached. The 
amount of oil added up to this was interpreted as the 
emulsifying capacity of the sample. 
 
Foaming properties:  
     Foaming capacity (FC) and foaming stability (FS) 
of the samples was determined in triplicate using the 
method described by Makri et al., (2005) at room 
temperature using 1% protein solution. Foaming 
capacity was expressed as the percentage increase in 
the volume after 30 sec. and foam stability was 
expressed as the foam volume measured after 10, 30, 
60, 90 and 120 min. 
 
Processing methods: 
Processing of spaghetti samples: 
      The spaghetti samples were prepared in the 
Food Technology Department, NRC, Cairo, Egypt, by 
using pasta matic 1000 simac Machine corporation, 
Millano, Italy. For preparation of replacement 
spaghetti, 10, 15, 20, 25 and 30 g of raw, cooked, 
microwave and fried chickpea flours were individually 
added to the base spaghetti recipe, substituting for an 
equivalent amount of wheat flour. The mixing time was 
4-6 min. at 30 rpm under vacuum value of 35 cm Hg. 
Spaghetti was hydrated under atmospheric air for 15 
min., then dried in a cabinet dryer at 40 ºC for 14 
hours. The samples were cooked enough at room 
temperature, then packed in polyethylene pouches and 
stored at room temperature until analysis.  
      Cooking quality of spaghetti weight increase, 
volume increase, and cooking loss were evaluated 
according to the methods described by AACC (2000). 
 
Spaghetti color: 
      Color of spaghetti was measured by using a 
spectro-colorimeter (tristimulus color machine with 
CIE lab color scale) (Hunter, Lab Scan X E, Reston 
VA) calibrated with a white standard tile of Hunter Lab 
color standard (LX No 16379); X = 77.26, Y = 81.94 
and Z = 88.14 (L*= 92.43, a*= - 0.86, b*= - 0.16) color 
difference (ΔE) was calculated from a, b, and L 
parameters, using Hunter-Scot field’s equation (Hunter. 
1975). 
                      ΔE = (Δa2 + Δb2  + ΔL2) % 
Where:     a = a - aº,      b = b - bº  and L = L - Lº . 
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Subscript *O* indicates color of control. Hue angle (t g 
-1 b/a) and saturation index ( √ a² + b² )    were also 
calculated 
 
Sensory evaluation and statistical analysis: 

      Appearance, color, taste, tenderness and 
stickiness of the spaghetti were evaluated 
organoleptically as described by Hallabo et al.,(1985). 
The results were statistically analyzed by analysis of 
variance and least significant difference (LSD) as 
reported by McClava and Benson (1991). 
 
3. Results and Discussion: 
Chemical composition of wheat and chickpea flours: 
         Data in (Table1) indicate that proximate 
composition varied among wheat flour as well as 
chickpea raw flour. Protein, fat and ash contents in 
chickpea raw flour were higher than that recorded in 
wheat flour. However, crude fiber and total 
carbohydrates were detected in wheat flour at higher 
level than that found in chickpea raw flour. These 
results confirmed by statistical analysis, which highly 
significant differences (P<0.05) were observed 
between the two type of flours. Data obtained proved 

that, the chemical composition of chickpea flour was 
affected as different cooking applied (traditional 
cooking on a hot plate for 90 min., microwave cooking 
with power level 10 for 5 min, and frying in corn oil at 
170 °C for 1 min.). Different treatments of chickpea 
flours tend to reduced the content of protein in all 
processed chickpea flours. The reduction (%) were 
1.06, 4.14 and 7.15 with traditional, microwave and 
fried treatments, respectively. Regarding to fat and ash 
content with, traditional and microwave processing 
decreased these components by (8.01 and 8.90 %) with 
fat and (5.76 and 6.97 %) with ash, respectively. On 
the contrary, fried treatment tends to increased in fat 
and ash contents by 41.64 and 33.33 %, respectively. 
On the other hand, crude fiber increased by 40 % with 
traditional cooking and 51.89 % with microwave 
cooking. However, with fried treatments, reduction 
(12.43 %) was observed. With total carbohydrates 
slightly reduction or increase were recorded. These 
results confirmed by statistical analysis. Data proved 
insignificant differences with protein and 
carbohydrates contents in different chickpea flour 
treatments. However, highly significant differences 
recorded with other components. 

 
 
Table (1). Chemical composition of wheat flour, raw and different processed chickpea flours (on dry weight 

basis). 
Different chickpea flour 

Components 
% 

Wheat 
flour Raw 

Traditional
cooking 

Microwave
Cooking  

Fried 
LSD 

(0.0 5 %) 

Protein 
24.63 a 

± 
1.33 

24.63 a 
± 

1.33 

24.37 a 
± 

1.21 

23.61 a 
± 

1.32 

22.87 a 
± 

1.29 
1.82 

Fat 
5.62 b 

± 
0.68 

5.62 b 
± 

0.68 

5.17 c 
± 

0.75 

5.12 c 
± 

0.78 

7.96 a 
± 

0.66 
1.83 

Ash 
3.30 b 

± 
0.25 

3.30 b 
± 

0.25 

3.11 c 
± 

0.28 

3.07d 
± 

0.22 

4.40 a 
± 

0.31 
1.83 

Crude fiber 
1.85 c 

± 
0.11 

1.85 c 

± 
0.11 

2.59 b 
± 

0.12 

2.81 a 
± 

0.14 

1.62d 
± 

0.10 
1.58 

*Total carbohydrates 
64.60 b 

± 
1.0 

64.60 b 
± 

1.0 

64.76 b 
± 

1.0 

65.39 b 
± 

1.0 

63.15 b 
± 

2.0 
2.30 

*Calculated by difference 
  -All values are means of triplicate determinations ± standard deviation (SD)                
  - Means within row with different letters are significantly different (P < 0.05) 
 
         Cooking treatments caused a decrease in protein, ash and fat contents, these decreases might be attributed to 
their diffusion into cooking water (Alajaji and El-Adawy, 2006). Crude fiber was increased by cooking treatments; 
this increase could have been due to protein-fiber complexes. Formed after possible chemical modification induced 
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by the soaking and cooking of dry seeds. These results are in agreement with those obtained by Guo et al., (2008) 
and Guo et al., (2010).       
 
Nitrogen compounds, protein solubility and IVPD values of chickpea flours: 
           Protein, total nitrogen and non protein nitrogen content as well as in-vitro protein digestibility (INPD) 
were affected as different chickpea flour processing (traditional, microwave and fried cooking) applied (Table 2). 
The highest reduction of protein (7.15 %) was observed with fried method followed by microwave (4.14 %) and 
traditional (1.06 %) cooking. Similar trend was recorded with total nitrogen contents. The reduction (%) was 
7.34, 4.30 and 1.52 % with fried, microwave and traditional cooking, respectively. Regarding to non-protein 
nitrogen contents, its reduced at higher levels during the different processing. The reduction (%) were, 51.02, 
30.61 and 20.41 with fried, microwave and traditional treatments, respectively. Protein solubility was also 
affected as different processing. The reduction (%) was 55.1, 37.99 and 6.84 protein solubility in water as well as 
46.12, 24.22 and 15.48 protein solubility in 0.5 N NaCI with fried, microwave and traditional methods, 
respectively. Regarding to INPD data proved that the different processing methods under investigation led to 
increased in their contents. The higher increase was found with microwave followed by traditional and fried 
which recorded 24.04, 13.57 and 3.88 %, respectively. These results indicated that the different cooking 
decreased the studied components and highly significant differences (P<0.05) was observed between the applied 
methods. 
 
Table (2): Nitrogen protein solubility and In-vitro protein digestibility (IVPD) value in raw and different 

processed chickpea flours. 
Chickpea flour samples  

LSD 
(0.05 
%) 

Fried 
Microwave 

cooking 
Traditional 

cooking 
Raw 

 
Components        

(%) 

1.04 22.87d±1.24 23.61c±1.20 24.37b±1.25 24.63a±1.22 
Protein 
 

1.97 3.66d±0.28 3.78c±0.25 3.89 b±0.28 3.95a±0.32 
Total nitrogen 
 

0.88 0.24d±0.04 0.34c±0.03 0.39b±0.04 0.49a±0.05 
Non-protein nitrogen 
 

 
1.88 
2.98 

 
35.56d±1.39 
27.19d±1.21 

 
49.11c±1.25 
38.24c±1.48 

 
73.78b±1.38 
42.65b±1.54 

 
79.20a±1.41 
50.46a±1.65 

Protein solubility 
In water  -  
-In(0.5N) NaCl 

2.98 63.62c±1.41 82.10a±1.38 75.17b±1.45 66.19c±1.66 
In-vitro protein digestibility 
(IVPD) 
 
-All values are means of triplicate determinations ± standard deviation (SD)  
- Means within row with different letters are significantly different (P < 0.05) 
 
     Negi et al., (2001), showed that, on microwave cooking of soaked seeds (12 hrs.) the protein digestibility of 
all the four varieties of moth bean improved to the extent of 17-19 % over the control. Cooking of chickpea by 
microwave has not been extensively studied but it has been shown to reduce ant-nutritive agents and have 
positive effects on protein digestibility (Khatoon and Prakash, 2004).The improvement in digestibility may be 
attributed to denaturation of  protein, destruction  of the trypsin inhibitor or reduction of tannins and phytic acid 
that are more vulnerable to enzyme action (Angulo-Bejarano et al., 2008 & Alajaji and El-Adawy, 2006).     
 
Minerals contents: 
     Minerals contents of wheat and raw chickpea flours as well as processed chickpea flour were investigated 
(Table 3). Data showed that major minerals (K, Ca, Na and Mg) and minor elements (Cu, Fe and Zn) were 
detected in raw chickpea flour at higher levels than that    observed in wheat flour. The content of K, Ca, Na, Mg, 
Cu, Fe and Zn in raw  chickpea flour were equal about 7.5, 3.6, 75.6, 1.7, 2.6, 2.5 and 1.7, respectively times of 
the content in  wheat flour. These levels were decreased as processing methods applied. The highest reduction 
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(%) was observed with fried method samples, which recorded 61.55, 34.46, 8.14, 19.52, 41.84, 21.02 and 30.81 
with K, Ca, Na, Mg, Cu, Fe and Zn, respectively.  
 
Table (3). Effect of different cooking methods on selected mineral  content of chickpea flour (mg/100 g dry 

weight  basis). 
 

 
Moderate reduction was detected with traditional cooking. The relative reduction (%) was 61.35, 30.06, 

6.47, 4.76, 34.69, 12.99 and 22.45 with K, Ca, Na, Mg, Cu, Fe and Zn, respectively. On the other hand, the 
lowest reduction was detected with microwave cooking treatments; the reduction (%) was 51.04, 26.61, 3.85, 
0.83, 16.33, 6.86 and 9.92, respectively. These results proved that different processing led to decreasing in the 
contents of minerals. This decrease is mainly due to the minerals leached from the chickpea seeds into the water 
during cooking treatments. From the data, microwave cooking resulted in the greatest retention of all minerals 
followed by traditional cooking, then fried. Similar finding were observed by Gupta et al., (2006), Wang et al., 
(2008) and Wang et al., (2010). They reported that, cooking beans and chickpeas in water significantly reduced 
the mineral contents.   
        
Functional properties: 
          Functional properties of chickpea flours was affected as the applied processing methods (Table 4). Raw 
chickpea flour had higher values of water absorption capacity, oil absorption capacity, emulsion capacity, 
emulsion stability, foaming capacity and foaming stability than that of different processed chickpea flours. 
Besides, it was noticed that, chickpea flour sample processed with microwave cooking had the highest values of 
all investigated functional properties compared with those of other chickpea flours processed with traditional 
cooking and fried. Statistical analysis proved that highly significant differences (P<0.05) was detected between 
the different cooking methods. According to Kaur and Sing (2005), flours with high water absorption have more 
hydrophilic constituents, such as polysaccharides. Therefore, the higher water absorption capacity of raw 
chickpea flour than the all processed flours could be attributed to the presence of greater amounts of hydrophilic 
constituents in them. The inherent proteins in raw chickpea flour may also have played some role in the higher 
water absorption capacity. On the other hand, oil absorption capacity of raw flour was high because it had more 
available non-polar side chains in its protein molecules than did processed chickpea flours (Seena and Sridhar, 
2005). The difference in total protein composition (soluble plus insoluble), as well as components other than 
proteins (possibly carbohydrates), may contribute substantially to the emulsification properties of protein-
containing products like legume flours. Also, the same trend of results was observed in values of foaming 

Different chickpea flour 

Fried 
Microwave 

Cooking 
Traditional 

cooking 
Raw 

Wheat flour 
Macro-elements 

(mg/100g) 

 
 

296.74  

 
102.33  

 
98.60  

 
122.79  

 
 

377.85  

 
114.58  

 
103.21 

 
151.31 

 
 

298.27  

 
109.20  

 
100.40  

 
145.31  

 
 

771.77  
 

156.13  
 

107.34  

 
152.58  

 
 

102.50 
 

42.91  

 
1.42  

 

89.87 

Major minerals 
 

Potassium (K) 
 

Calcium (Ca) 
 

Sodium (Na) 
 

Magnesium (Mg) 

 
 

0.57  

 
5.41  

 
2.65  

 
 

0.82  
 

6.38  

 
3.45  

 
 

0.64  
 

5.96  

 
2.97  

 

 

0.98  

 

6.85  

 
3.83  

 
 

0.38  

 
2.70  

 
2.19  

Minor heavy metals) 
 

Copper (Cu) 
 
Iron (Fe) 

 
Zinc (Zn) 
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capacity and foaming stability for raw chickpea flour where, it had higher values of foaming stability at all time 
periods. The values of foaming capacity and foaming stability of raw chickpea flour reached to the highest point 
compared to all processed flours, this result may be due to the increase in concentration of protein. Similar 
findings were found by Seena and Sridhar (2005) and agreement with those reported by Kaur and Singh (2005) 
and Alajaji and El-Adawy (2006).    
 
Table (4): Functional properties of different forms of chickpea flours 
 

Chickpea flours  
LSD 
(0.05) Fried 

Microwave 
Cooking 

Traditional 
cooking 

Raw 
Functional properties 

2.49 119.35d ±1.77 127.93 b ±1 .85 123.17 c± 1.91 132.64 a ± 2.11 
Water absorption capacity % 
(g.water/100g sample) 

1.88 95.62 d±1.48 105.25 b±1.65 100.49 c ±1.71 110.43 a  ± 1.81 
Oil absorption capacity  % (Ml 
oil/100g sample) 

1.88 130.50d± 2.13 140.71 b± 2.25 136.34 c± 2.12 
145.91 a  ± 2.21 

 
Emulsion capacity(EC)  
(ml oil/g  sample) 

1.87 63.81d± 1.17 73.62 b  ± 1.18 68.76 c  ± 1.14 79.35 a  ± 1.24 Emulsion stability 

1.77 228.94d± 2.48 239.30 b± 2.44 233.28 c±2.51 246.70 a ± 2.38 
Foaming capacity (FC)  
ml/g sample 
Foaming stability (FS)   
after time (min)  ml/g sample 

 

 

 

1.71 

1.70 

1.71 

1.70 

1.72 

 
 
 
 
 
 

57 d  ± 0.24 
 

34 d  ± 0.21 
 

25 d  ± 0.14 
 

17 d  ± 0.12 
 

10 d  ± 0.08 

 
 
 
 
 
 

69 b  ± 0.25 
 

47 b  ± 0.23 
 

36 b  ± 0.15 
 

24 b  ± 0.11 
 

16 b  ±  0.08 

 
 
 
 
 
 

62 c  ± 0.24 
 

41c ± 0.22 
 

30 c  ± 0.11 
 

20 c± 0.08 
 

13 c ± 0.05 

 
 
 
 
 
 

74 a  ± 0.25 
 

52 a  ± 0.20 
 

41 a ± 0.15 
 

28 a  ± 0.12 
 

19 a ± 0.08 

10 min 
 
30 min 
 
60 min 
 
90 min 
 
120 min 

All values are means of triplicate determinations ± standard deviation (SD)             
- Means within row with different letters are significantly different (P < 0.05) 
 
 

Amino acid composition: 
       Amino acids composition of wheat flour and different forms of chickpea flours are presented in Table (5). 
Essential amino acids except methionine and non-essential amino acids except glutamic acid and proline were 
higher in raw chickpea flour than that detected in wheat flour. Also, the total essential amino acids (39.89 g/100g 
protein) and total non-essential amino acids (58.64) in raw chickpea flour were higher than that determined in 
wheat flour which were 32.20 and 56.55 g/100 g protein, respectively. Boye et al., (2010) reported that glutamic 
acid was present in maximum concentration in the total amino acids content followed by aspartic acid and 
arginine, where as sulfur-containing amino acids were deficient. The effect of cooking (traditional, microwave 
and fried) in general on chickpea flour was  decreased all the essential and non- essential amino acids. The 
highest reduction of total essential amino acids (6.82 %) was observed with fried chickpea flour, followed by 
3.33 % with microwave and 1.63 % with traditional cooking. The same pattern was recorded with total non- 
essential amino acids.  
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Table (5): Amino acids profiles of wheat flour, raw chickpea and different processed chickpea flours 
(g/100g protein) 
 

Amino acid (g/100g protein) Amino acids  

Fried 
Microwave   

cooking 
Traditional 

cooking 
Raw 

Wheat 
flour 

Essential-amino acids 
 

7.14 7.44 7.48 7.59 6.96 Leucine 
4.42 4.61 4.69 4.76 4.25 Isolucine 
5.65 5.73 5.94 6.00 2.14 Lysine 
1.39 1.44 1.49 1.54 2.00 Methionine 
5.25 5.44 5.51 5.57 4.48 Phenyl alanine 
3.57 3.79 3.82 3.89 2.60 Therionine 
5.28 5.45 5.54 5.60 4.94 Valine 
1.22 1.26 1.30 1.36 1.33 Cystine 
3.25 3.40 3.47 3.58 3.50 Tyrosine 
37.17 38.56 39.24 39.89 32.20 Total essential amino acids 

     Non essential-amino acids 
4.52 4.80 4.82 4.88 3.94 Alanine 
7.40 7.70 7.79 7.82 3.61 Arginin 
10.45 10.87 10.92 11.18 4.64 Aspartic acid 
16.92 17.79 17.87 18.05 26.59 Glutamic acid 
3.98 4.20 4.24 4.30 3.36 Glycine 
2.72 2.82 2.89 2.96 2.45 Histidine 
2.49 2.60 2.62 4.68 8.11 Proline 
4.42 4.66 4.69 4.77 3.85 Serine 
52.90 55.44 55.84 58.64 56.55 Total non- essential amino acids 
90.07 94.00 95.08 98.53 88.75 Total determined amino acids 

EAA (essential amino acids) in proteins from chickpea flour. 
 

The reduction (%) was 9.79, 5.46 and 4.77 % with fried, microwave and traditional cooking chickpea 
flours, respectively. These results indicate that amino acids slightly affected as the applied cooking methods. The 
reduction in amino acids may be attributed to the denaturation of the protein during the heat treatment. Similar 
results obtained by Fadlallah et al., (2011) who reported that essential amino acids decreased during the cooking.  
 
Amino acid scores: 
      Amino acid score is very important to evaluate the content of essential amino acids in foods and also to cover 
the nutritional requirements of protein. The comparison between the amino acids content of wheat flour and 
processed chickpea flours (traditional, microwave and fried) with reference pattern (FAO/WHO, 1985) are given in 
(Table 6). The results showed that lysine, therionine and methionine + cystine were found to be the first, second 
and third limiting amino acids in wheat flour respectively. Methionine + cystine, therionine and lucine were the 
first, second and third limiting amino acids in raw, traditional cooking and fried chickpea flours, respectively. 
While methionine + cystine, therionine and lysine were the first, second and third limiting amino acids in 
microwave cooking chickpea flours. Similar results were observed by Angulo-Bejarano et al., (2008), they reported 
that, total sulfur (methionine + cystine) was the first limiting.  
 
Chemical composition of spaghetti replaced with raw and different processed chickpea flours. 
         Data in Table (7) indicate the chemical composition of spaghetti made from wheat flour as control and 
replaced by different levels (10, 15, 20, 25 and 30 %) of chickpea flours and cooked by different methods 
(traditional, microwave and fried). It was noticed that,  Spaghetti made from wheat flour (control) was lowered in 
all contents (protein, fat, ash and fiber) except total carbohydrates compared with spaghetti samples made from 
different forms for chickpea flour. As the replacement level in spaghetti samples with different processed chickpea 
flours increased, all the contents were increased except fibers and total carbohydrates contents where, values of 
fibers lowered with increasing the replacement level of samples with raw and fried chickpea flours. The reduction 
of total carbohydrates was noticeable in results for all spaghetti samples replaced with all different processed 
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chickpea flours. Regarding to the protein content, the replacing of wheat flour with all different forms of chickpea 
flour at different levels tend to increase the protein content in spaghetti samples and the maximum contents of 
protein in samples present in spaghetti contained raw chickpea flour were 14.71, 15.26, 15.81, 16.36 and 16.91 % at 
replacement levels 10, 15, 20, 25 and 30 %, respectively. Diaz et al., (2008) showed that, the protein content was 
improved in the pasta added with chickpea flour, a change that varied according to the legume / wheat ratio, where 
pasta added with  chickpea flour presented protein contents that ranged between 13.00 and 18.36 % (Sabanis et al., 
2006). The protein level in chickpea added pasta might be considered significant for the nutraceutical properties 
attributed to legume proteins (Duranti, 2006). High fat content was found in spaghetti samples contained fried 
chickpea flour compared to the other spaghetti samples. While, the replacing with raw chickpea tend to increase the 
fat content of spaghetti samples which increased with increasing the replacement levels from the other spaghetti 
samples contained traditional and microwave cooking flours. On the other hand, the fat content in chickpea flour 
was 5.20 %, (Iqbal et al., 2006) and 5.69 % (Zhao et al., 2005), which is appreciably higher than found in wheat 
flour. For ash and fiber values it was observed from the results in the same table that, spaghetti samples replaced 
with raw chickpea flour had high ash values compared to samples replaced with traditional and microwave cooking 
flours but high ash values was noticeable in samples replaced with fried chickpea flour from the other samples. A 
similar situation has been observed by Sabanis et al., (2006). Also, fiber content was lowered with increasing the 
replacing levels in spaghetti samples with raw and fiber chickpea flours while, the opposite was found in samples 
replaced with traditional and microwave chickpea flours. These results are agreement with those obtained by Diaz 
et al. (2008). 
 
Mineral analysis 
         Mineral analysis of spaghetti from wheat flour and different forms of chickpea flours are presented in Table 
(8). The results indicated that, as the level of replacement increased, values of mineral content in spaghetti samples 
increased. The highest mineral content was found in spaghetti samples replaced with raw chickpea flour. All values 
of mineral in spaghetti samples replaced with different forms of chickpea flour were higher than those found in 
control spaghetti sample. The content of minerals was high in spaghetti samples contained microwave cooking 
chickpea flour at different levels as compared with spaghetti samples contained traditional cooking and fried 
chickpea flours but, samples of spaghetti which had fried chickpea flour were represented the lowest mineral 
values. The reduction percent in mineral values for spaghetti samples contained different processed chickpea flours 
from spaghetti samples contained raw chickpea flour were ranged from 27.75 to 38.91 % for potassium, from 8.62 
to 15.89 % for calcium, from 1.15 to 5.69 % for sodium, from 0.49 to 2.61% for magnesium, from 8.93 to 16.67 % 
for copper, from 4.08 to 5.21 % for iron and from 6.30 to 6.90 % for zinc. These results are in agreement with those 
reported by Wang et al., (2008) and Wang et al., (2010). 
 

Table (6): Amino acid scores of wheat flour, raw chickpea  and different processed chickpea flours. 

Amino acid scores (%) Different chickpea flours 
Amino acids 

 

Fried 
Microwave 

cooking 

Traditional 
cooking 

 

Raw 
 

Wheat 
flour 

Ref. Pattern 
(FAO/WHO 

1985) Fried 
 

Microwave 
cooking 

Traditional 
cooking 

 
Raw 

Wheat 
flour 

Essential-amino 
acids 
(g/100g protein) 

 
102.00 106.29 106.86 108.43 99.43 7.00 7.14 7.44 7.48 7.59 6.96 

 
Leucine 

110.50 115.25 117.25 119.00 106.25 4.00 4.42 4.61 4.69 4.76 4.25 
 

Isolucine 

102.73 104.18 108.00 109.09 38.91 5.50 5.65 5.73 5.94 6.00  
2.14 

Lysine 

74.57 77.14 79.71 82.86 95.14 3.50 2.61 2.70 2.79 2.90 3.33 
 

Methionine+Cystine 

125.00 130.00 132.06 134.56 117.35 6.80 8.50 8.84 8.98 9.15 
7.98 

Phenyl alanine + 
Tyrosine 

89.25 94.75 95.50 97.25 65.00 4.00 3.57 3.79 3.82 3.89  
2.60 

Therionine 

105.60 109.00 110.80 112.00 98.80 5.00 5.28 5.45 5.54 5.60 4.94 
 

Valine 
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Table (7): Chemical composition of spaghetti replaced with raw and different processed chickpea flours (on 
dry weight basis). 

Components % 
Spaghetti with different 

 forms of  chickpea flours◌ِِ 
 

* Total     
carbohydrate 

Fiber Ash Fat Protein 
 

 
85.06a±2.0 
78.64 b±3.0 
77.87 b±2.0 
77.12 b±3.0 
76.33 b±3.0 
75.55 b±2.0 

4.53 

 
0.71f±0.12 
2.53a±0.20 
2.48 b±0.24 
2.42 c±0.19 
2.39 d±0.20 
2.36 e±0.18 

1.77 
 

 
0.87f±0.10 
1.91e±0.21 
1.99d±0.22 
2.07c±0.18 
2.14b±0.17 
2.22a±0.19 

1.78 

 
0.98f±0.11 
2.21e±0.12 
2.40d±0.15 
2.58c±0.14 
2.78b±0.12 
2.96a±0.15 

1.32 
 

 
12.38c± 0.31 
0.3514.71b± 
15.26ab±0.41 
15.81ab±0.38 
16.36ab±0.33 
16.91a± 0.28 

1.78 
 

Raw 
Control 
10 % 
15 % 
20 % 
25 % 
30 % 
LSD at (0.05 %) 
 

 
85.06a±3.0 
78.69 b±4.0 
77.86 b±3.0 
77.07 b±2.0 
76.25 b±3.0 
75.45 b±4.0 

4.82 

 
0.71e±b0.11 
2.58 d± 0.20 
2.61cd±0.19 
2.64c± 0.18 
2.68 b ±0.21 
2.72a± 0.20 

1.55 

 
0.87f±0.01 
1.89 e±0.15 
1.96 d±0.18 
2.03c±0.17 
2.10 b±0.20 
2.16a±0.18 

1.64 

 
0.98f±0.01 
2.16e±0.13 
2.34d±0.14 
2.49c±0.15 
2.67b±0.14 
2.83a±0.13 

1.99 

 
12.38 d±1.53 
14.68c± 0.27 
15.23 b±0.30 
15.76 b±0.32 
16.30a±0.28 
16.84a±0.30 

1.97 

Traditional cooking 
Control 
10 % 
15 % 
20 % 
25 % 
30 % 
LSD at (0.05 %) 
 

 
85.06a±3.0 
78.84 b±2.0 
78.03 b±3.0 
77.25 b±4.0 
76.47 b±3.0 
75.69 b±2.0 

4.04 

 
0.71e±0.02 
2.60±0.82 

2.63cd±0.71 
2.66bc±0.53 
2.70 b±1.06 
2.75a±0.05 

0.37 

 
0.87d±0.01 
1.80 c±0.62 
1.91bc± 0.30 
2.00ab±1.24 
2.07 b±0.38 
2.13a±0.48 

0.15 

 
0.98f± 0.01 
2.12e±0.12 
2.32d±0.63 
2.48c±0.11 
2.65b±0.21 
2.80a±1.26 

0.91 

 
12.38d±0.25 
14.61c± 0.27 
15.11 b±0.09 
15.61 b±1.29 
16.11a±1.42 
16.61a±1.59 

1.87 

Microwave  cooking 
Control 
10 % 
15 % 
20 % 
25 % 
30 % 
LSD at (0.05 %) 
 

 
85.06a±3.0 
78.50 b±2.0 
77.65 b±3.0 
76.80 b±2.0 
75.93 b±3.0 
75.10 b±2.0 

4.54 
 

 
0.71f± 0.02 
2.50a±0.26 
2.45 b±1.29 
2.40 c±1.18 
2.36d±1.23 
2.29 e± 0.01 

1.48 

 
0.87f± 0.01 
2.02 e±0.19 
2.15d± 0.28 
2.29 c±1.11 
2.42 b±0.89 
2.55a±0.02 

1.08 

 
0.98f±0.01 
2.44e±0.15 
2.75d±0.64 
3.05c±0.59 
3.36b±0.65 
3.67a±0.02 

1.48 

 
12.38 e ± 2.0 
14.54 d±1.35 
15.00 c±0.21 
15.46 b±1.20 
15.93ab±0.79 
16.39 a ± 2.0 

1.89 

Fried 
Control 
10 % 
15 %  
20 % 
25 % 
30 % 
LSD at (0.05 %) 

*Calculated by difference.          
-All values are means of triplicate determinations ± standard deviation (SD)  
- Means within column with different letters are significantly different (P < 0.05) 
- Control: wheat flour.  
                                   
 
Cooking quality:  
       Cooking quality (change in cooked weight, volume and loss %) of spaghetti replaced with raw, traditional 
cooked and microwave cooked chickpea flours are presented in Table (9). The results showed that, replacement 
with all different forms of chickpea flours caused gradually reduction in cooked weight and volume of spaghetti 
with the increase of replacement level compared to the control sample (100 %wheat flour). The reduction in 
cooked weight and cooked volume was greater in spaghetti samples replaced with microwave cooked chickpea 
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flour than samples replaced with the other different forms of chickpea flours. Also, in the same table, the results 
proved that, cooking loss of replaced spaghetti was increased gradually with increase the level of replacement 
compared to the control spaghetti. The increase of cooked loss in spaghetti samples replaced with fried chickpea 
flour was higher than control sample and samples contained all forms of chickpea flour. Helmy (2003a) reported  
that, all levels of replacement (10 % - 30 %) with different both type of faba bean and lentil flours (raw, 
germinated and blanched) decreased the change in cooked weight and volume and increased the change in 
cooked loss in produced spaghetti compared with control. Similar trend of results were obtained by Zhao et al., 
(2006), they reported that, spaghetti was made from semolina, containing 5 % to 30 % milled flours of green pea, 
yellow pea, chickpea, and lentil, respectively, cooking loss increased with an increase in legume flour content.      
 
Color evaluation:  
         Data presented in Table (10) show Hunter color values of spaghetti replaced with different forms of chickpea 
at levels 10, 15, 20, 25 and 30 %. Replacing wheat flour with different processed chickpea flours tend to reduced 
lightness and yellowness values, increased redness values of spaghetti samples from control. A great reduction was 
observed in lightness (L) results of spaghetti samples replaced with fried chickpea flour at different levels. Also 
results of redness (a) values reached to maximum values (4.43).The color of spaghetti samples contained raw, 
traditional cooking, microwave cooking and fried were became less bright and more red, less yellow when 
compared with control. Saturation values were decreased until reached to their high levels in spaghetti replaced 
with fried flour. As the level of different replaced chickpea flours increased values of lightness and Hue were 
decreased. Values of redness (a) were increased as the replacing level of different chickpea flours increased. A little 
effect in ΔE in spaghetti samples compared with control was noticed in results of samples replaced with raw 
chickpea flour at all replacing levels. Spaghetti samples replaced with microwave chickpea flour at all levels had a 
better color values than those found in samples replaced with different processed chickpea flour.  
         The color of all spaghetti samples became less bright (lower L*), more red (higher a*) and less yellow (lower 
b*) as the percentage of traditional cooking and microwave cooking chickpea flours replaced spaghetti were 
evaluated by the sensory panel as visually similar to the control, however the spaghetti fortified with 20 % or more 
tended to display an undesirable brownish tint (supported by L*, a*, and b* measurements, Table (10). These 
results are in agreement with those reported by Zhao et al., (2005) and Jennifer Ann Wood (2009).      
 
Sensory characteristics of spaghetti                                                       
       Data in Table (11) represent the mean scores for appearance, color, taste, tenderness and stickiness for 
prepared spaghetti replaced with raw and other processed chickpea flours at different levels. The highest 
values for all sensory characteristics were observed in control sample. Spaghetti samples replaced with 
microwave cooking flour at all levels were found to be the highest values for all evaluated sensory 
characteristics. There was no significant difference between control, replacement levels 10 and 15 % 
regarding appearance, color, taste, tenderness and stickiness in spaghetti samples contained raw, traditional 
cooking and microwave cooking flours. No significant differences were detected regarding the appearance of 
samples as a result of the presence of raw chickpea flour between levels 20 and 25 %. Also, the same trend 
was found between levels 25 and 30 % in samples contained traditional cooking chickpea flour and samples 
contained 15 and 20 % fried chickpea flour. Between samples contained 20 and 25 % raw chickpea flour, 25 
and 30 % traditional chickpea flour, 30 % microwave chickpea flour and 15, 20 and 25 % fried chickpea 
flour there was no significant differences in color. Taste of samples contained 25 and 30 % raw, traditional 
flours and samples contained fried flour at levels 20, 25 and 30 % was not different. The same observation 
for taste was found between samples replaced with raw and traditional chickpea flours at level 20 %, samples 
replaced with microwave cooking chickpea at levels 20, 25 and 30 % and spaghetti sample contained 15 % 
fried flour. Results in the same table indicated that replacement with traditional cooking flour at levels 20 and 
25 % and with microwave cooking flour at levels 25 and 30 % had no effect on tenderness. Also, the same 
trend was found in samples replaced with raw and fried chickpea flours at levels 20 and 25 % and spaghetti 
sample replaced with 30 % traditional cooking flour. Stickiness was not different between levels 20 and 25 % 
in samples contained raw and fried chickpea flours and between levels 20 and 25 % for samples replaced 
with traditional and microwave chickpea flours. Also, similar result was found between samples contained 30 
% raw, traditional cooking and microwave cooking flours. The obtained results confirmed these obtained by 
Zhao et al., (2006) and Wood (2009). 
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Table (8): Mineral analysis for spaghetti with different forms of chickpea flours (on dry weigh basis). 
 

Macro-elements (mg/100g) 
Minor (heavy metals) Major minerals 

Zinc 
(Zn) 

Iron 
(Fe) 

Copper (Cu) 
Magnesium 

(Mg) 
Sodium 

(Na) 
Calcium 

(Ca) 
Potassium (K) 

Spaghetti with  different 
forms of chickpea flours◌ِِ 

1.98 2.39 0.31 86.71 0.93 41.26 99.42 Control 

 
 
2.32 

2.41 

2.52 

2.61 

2.70 

 
3.07 

3.31 

3.49 

3.68 

3.92 

0.42 

0.46 

0.49 

0.52 

0.56 

95.78 

99.16 

101.34 

104.93 

108.61 

11.95 

17.27 

22.49 

27.64 

32.15 

53.14 

58.72 

64.90 

70.18 

76.52 

168.37 

200.79 

234.28 

266.25 

301.40 

Raw 

10 % 

15 % 

20 % 

25 % 

30 % 

 

2.11 

2.20 

2.29 

2.37 

2.41 

2.98 

3.10 

3.30 

3.49 

3.62 

0.37 

0.40 

0.42 

0.44 

0.46 

93.28 

96.14 

100.58 

103.29 

105.94 

11.27 

16.18 

21.20 

26.13 

31.07 

48.56 

52.61 

56.07 

59.15 

62.40 

121.64 

130.72 

139.52 

150.28 

158.47 

Traditional cooking 

10 % 

15 % 

20 % 

25 % 

30 % 

 

2.24 

2.36 

2.42 

2.49 

2.53 

2.97 

3.19 

3.38 

3.59 

3.76 

0.38 

0.41 

0.45 

0.48 

0.51 

95.83 

98.76 

101.54 

104.90 

108.12 

11.48 

16.62 

21.54 

26.39 

31.78 

49.36 

52.58 

56.70 

60.49 

64.36 

129.71 

142.30 

156.42 

170.26 

184.13 

Microwave  cooking 

10 % 

15 % 

20 % 

25 % 

30 % 

 

2.16 

2.19 

2.22 

2.26 

2.30 

2.91 

3.04 

3.20 

3.34 

3.48 

0.35 

0.38 

0.40 

0.43 

0.46 

91.67 

94.73 

96.39 

98.00 

99.63 

11.05 

15.90 

20.79 

25.68 

30.51 

47.94 

50.82 

53.65 

56.81 

60.49 

119.86 

130.43 

138.70 

149.95 

158.67 

Fried 

10 % 

15 %  

20 % 

25 % 

30 % 

- Control: wheat flour.                - Raw: Chickpea flour. 
 
 
 



Journal of American Science                                                                                                                 2010;6(10)   

  
 

http://www.americanscience.org            editor@americanscience.org 1068 

Table (9): Cooking quality of spaghetti replaced with raw and different processed chickpea flours.  
Change in cooked Loss Change in cooked volume Change in cooked weight 

Relative 
value 

% 
Relative 

value 
% 

Relative 
value 

% 
Spaghetti samples 

 

100.00 7.53d ±0.91 100.00 298.64a±0.62 100.00 315.92a±0.47 Control (100% wheat flour) 

      
Spaghetti replaced with raw 
chickpea flour at levels of: 

109.83 
114.74 
124.30 
129.48 
138.38 

8.27c± 0.28 
8.64c± 0.34 
9.36b± 0.30 
9.75b± 0.42 
10.42a±0.51 

85.82 
80.21 
73.31 
66.20 
63.50 

256.30b±0.41 
239.54c±0.73 
218.94d±0.65 
197.70e±0.42 
189.63f±0.36 

91.87 
89.95 
88.46 
81.16 
75.49 

290.25b±0.27 
284.17b±0.59 
279.46c±0.48 
256.39d±0.64 
238.50e±0.72 

10% 
15% 
20% 
25% 
30% 

 

      
Spaghetti replaced with 
traditional cooked chickpea flour 
at levels of: 

106.51 
107.62 
108.50 
114.48 
125.90 

8.02c± 0.24 
8.10c± 0.19 
8.17b±0.26 
8.62b±0.09 

9.48a ± 0.15 

83.25 
76.19 
70.59 
63.19 
60.02 

248.61b±0.06 
227.53c±0.08 
210.81d±0.10 
188.72e±0.16 
179.25f±0.35 

88.74 
86.33 
83.73 
79.70 
72.78 

280.36b±0.25 
272.72b±0.46 
264.51c±0.32 
251.80d±0.40 
229.93e±0.52 

10% 
15% 
20% 
25% 
30% 

 

      
Spaghetti replaced with 
microwave cooked  chickpea 
flour at levels of: 

104.12 
106.11 
107.44 
111.29 
122.84 

7.84c±0.12 
7.99c±0.14 
8.09b±0.19 
8.38b±0.23 
9.25±a 0.28 

81.14 
73.50 
69.25 
61.53 
58.36 

242.32b±0.73 
219.50c±0.62 
206.81d±0.51 
183.75e±0.42 
174.29f±0.79 

85.84 
83.65 
79.87 
77.12 
70.18 

271.19b±0.18 
264.26b±0.24 
252.34b±0.37 
243.65c±0.42 
221.72d±0.64 

10% 
15% 
20% 
25% 
30% 

 

      
Spaghetti replaced with fried 
chickpea flour at levels of: 

111.95 
115.54 
128.02 
131.74 
141.83 

8.43c±0.64 
8.70c±0.81 
9.64b±0.70 
9.92b±0.92 

10.68a±0.85 

88.61 
81.40 
75.18 
68.09 
65.78 

264.6 b±0.37 
243.10c±0.29 
224.51d±0.17 
203.35e±0.11 
196.46f±0.09 

93.50 
91.71 
88.84 
82.45 
76.40 

295.40b±0.49 
289.72b±0.76 

280.65c±0.68 
260.48d±0.54 
241.37e±0.81 

10% 
15% 
20% 
25% 
30% 

 

-All values are means of triplicate determinations ± standard deviation (SD)  
      - Means within column with different letters are significantly different (P < 0.05) 

                                                         
            Table (10): Hunter color values of spaghetti replaced with raw and different processed chickpea flours.  

∆E* Hue Saturation a / b b A L Spaghetti samples 
� 84.59 11.67 0.09 11.62 1.10 80.40 Control (100% wheat flour) 

       
Spaghetti replaced with raw chickpea flour at 
levels of: 

1.13 
3.10 
3.83 
6.33 
7.99 

82.60 
80.46 
77.61 
73.91 
68.96 

10.79 
9.96 
8.86 
7.80 
6.82 

0.13 
0.17 
0.22 
0.29 
0.38 

10.70 
9.82 
8.65 
7.49 
6.37 

1.39 
1.65 
1.90 
2.16 
2.45 

79.81 
77.94 
76.67 
75.72 
74.53 

10% 
15% 
20% 
25% 
30% 

 

       
Spaghetti replaced with Traditional cooking 
chickpea flour at levels of: 

6.29 
7.34 
8.46 
9.70 

80.05 
77.60 
73.66 
69.03 

11.51 
10.76 
10.02 
9.36 

0.18 
0.22 
0.29 
0.38 

11.34 
10.51 
9.62 
8.74 

1.99 
2.31 
2.82 
3.35 

74.18 
73.25 
72.36 
71.41 

10% 
15% 
20% 
25% 
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11.61 63.80 8.34 0.49 7.48 3.68 69.87 30% 
       Spaghetti replaced with microwave cooking 

chickpea  flour at levels of: 
3.23 
5.27 
6.24 
7.65 
9.83 

81.39 
78.34 
75.58 
72.11 
67.45 

11.42 
10.69 
10.04 
9.25 
8.24 

0.15 
0.21 
0.26 
0.32 
0.42 

11.29 
10.47 
9.72 
8.80 
7.61 

1.71 
2.16 
2.50 
2.84 
3.16 

77.25 
75.37 
74.64 
73.51 
71.49 

10% 
15% 
20% 
25% 
30% 

 

 
 

      Spaghetti replaced with fried chickpea flour 
at levels of:  

10.30 
12.29 
14.32 
16.34 
17.68 

77.87 
73.56 
70.17 
66.22 
58.33 

11.66 
11.09 
10.38 
9.77 
8.44 

0.21 
0.30 
0.36 
0.44 
0.62 

11.40 
10.64 
9.76 
8.94 
7.18 

2.45 
3.14 
3.52 
3.94 
4.43 

70.19 
68.32 
66.41 
64.53 
63.61 

10% 
15% 
20% 
25% 
30% 

  

*Color difference 
 
Table (11): Organoleptic evaluation of sensory characteristics for spaghetti sample replaced with raw and 
different processed chickpea flours. 

Characteristics 
 
Total 
(50) 

 
Stickiness 

(10) 

  
Tenderness 

(10) 

 
Taste 
 (10) 

Color 
(10) 

 
Appearance 

(10) 

Spaghetti replaced with 
different levels of raw and 
different processed 
chickpea flours 

44.66 8.62a±1.17 8.46a±0.53 8.81a±1.08 9.53a± 0.71 9.24a± 0.26 Control 
 

42.52 
41.85 
34.81 
32.58 
28.75 

 
8.43a±0.16 
8.27a±0.21 
6.50c±0.93 
6.39c±1.23 
5.80cd±0.71 

 
8.22a±0.09 
8.10a±0.12 
6.96c±0.76 
6.57c±1.37 
5.72d±0.96 

 
0.158.30a± 
8.14a±0.20 
0.086.78b± 

6.42bc±0.16 

5.63c±1.27 

8.82a±0.11 
8.70a±0.54 

7.25b±0.06 

6.61bc±0.32 

5.90c±1.13 

8.75a±0.07 
8.64a±0.85 
7.32c±  0.6 
6.59c±0.41 
5.70d±0.90 

Raw 
10 % 
15 % 
20 % 
25 % 
30 % 

 
43.17 
42.51 
39.75 
36.10 
33.64 

8.50a±1.30 
8.30a±0.54 

0.54   7.28b± 
7.13b±0.25

 

6.64c±0.17 

 
8.30a±0.32 
0.68

 8.18a± 
7.72ab±0.49 
7.45b±0.31

 

±1.286.90c 

 
±0.988.41a 

0.188.30a± 

7.56b±1.29
 

6.70bc±0.10
 

6.22c±0.24 

9.10a±1.20 
8.95a±0.39 
8.60a±1.37 

7.64b±1.02 

7.05b±o.40 

8.86 a±1.41 
8.78a±0.14 
8.59a±0.09 
7.18c±0.13 
6.83c±0.64 

Traditional cooking 
10 % 
15 % 
20 % 
25 % 
30 % 

 
43.78 
43.15 
41.05 
39.93 
36.91 

 
8.56a±0.9 
8.38a±0.62 
7.64b±1.12

 

7.55b±0.82 
6.97bc±0.5 

 
8.34a±0.14 
8.29a±1.05

 

7.91a±1.47 

7.76ab±0.26 

7.38b±1.13 

 
8.67a±1.18 
8.49a±0.33 
7.85ab±1.23

 

7.60ab±0.75
 

7.24b±1.16 

 
9.27a±1.25 

9.14a±0.29 
8.91a±0.47 
8.72a±0.17

 

7.86b±0.1 

8.94a±0.93 
8.85a±0.22 
8.74a±0.18 
8.30b±0.14 
7.46b±1.09 

Microwave  cooking 
10 % 
15 % 
20 % 
25 % 
30 % 

 
40.81 
38.67 
33.48 
31.63 
27.56 

 
8.25a±1.19 
8.14a±0.74 
6.29c±1.20 
6.10c±0.30 
5.61d±o.47 

 
8.06a±1.34 
7.83a±0.18 
6.67c±1.29 
6.39c±0.76 

±0.17  5.50d 

 
±0.67 7.89a 

7.64a±0.52 
6.51bc±0.29 
6.25c±o.63 
5.34c±o.41 

 
8.51a±0.34 
7.80b±0.89 
7.11b±0.62 

6.58bc± 0.50 
5.62c±0.38 

8.10±0.05 
7.26c±0.38 
6.90c±0.96 
6.31d±0.19 
5.49d±0.80 

Fried 
10 % 
15 %  
20 % 
25 % 
30 % 

 0.98 0.75 1.25 1.63 0.94 LSD (0.05) 
  -All values are means of triplicate determinations ± standard deviation (SD)  
- Means within column with different letters are significantly different (P < 0.05) 
- Control: wheat flour. 
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4. Conclusion 
       It could be concluded that, chemical composition, 
functional properties and amino acids of chickpea 
flour were affected by different processing methods 
(traditional, microwave and fried). Different treatment 
for chickpea flours reduced the content of protein in 
all processed chickpea flours. Protein solubility values 
of all processed flours decreased in water and NaCl 
solution as compared with raw flour.  Chickpea flour 
processed with microwave cooking had the highest 
value of IVPD and values of all macro-elements 
compared with the other treatments. All values of 
functional properties for microwave cooking flour 
were high compared with those of other chickpea 
flours. Methionine, cystine, and tyrosine were lowered 
in different processed chickpea flours. Methionine, 
cystine, therionine and lysine were the first, second 
and third limiting amino acids in microwave cooking 
chickpea flours. All values of chemical composition 
for Spaghetti replaced with different processed 
chickpea were increased except fibers and total 
carbohydrates contents. Spaghetti samples contained 
microwave cooking flour had lowest cooked weight 
and cooked volume than samples replaced with the 
other different forms of chickpea flours. Spaghetti 
samples contained microwave chickpea flour at all 
levels had a better color values and the highest values 
for all evaluated sensory characteristics compared 
with the other processed chickpea replaced Spaghetti 
samples. 
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Abstract: A pot experiment was conducted during 2008 and 2009 seasons at National Research Centre, Dokki, 
Cairo, Egypt to study the effect of biofertilizer microbien which is Rhizobia sp (multi-strain) bio-fertilizer at 10 gm 
incolum /pot or compost (Nile compost) 100 gm/pot on the growth and chemical composition of Schefflera 
arboricola L. seedlings.  Water salinized with NaCl and CaCl2 (1:1) by weight (0, 1000 and 2000 ppm) were used 
for irrigation after 3 weeks from transplanting for six months.  Results indicated that plants which  treated with 
saline water had decreased all growth parameters.  Total carbohydrates, N, P and K percentages were decreased at 
2000 ppm saline water.  On the other hand salinity levels increased Na percentage and proline concentration in 
shoots.  Microbein or compost treatments gave the highest growth parameters, carbohydrates content, and N, P and 
K percentages.  The interaction effects between biofertilizer microbien or compost and salinity levels showed a 
markedly decrease on Na percentage and proline concentration of shoots and increased all growth parameters , as 
well as N, P and K percentages increased at low level of salinity, similar trend was obtained for the uptake of 
concerned nutrients as previously mentioned for their concentrations. It can be concluded that microbien or compost 
application had decreased the hazard effect of salinity; also it had a favourable effect on growth and availability of 
chemical composition of Schefflera arboricola L. seedlings.  
[El-Quesni, F.E.M., Sahar, M. Zaghloul and Hanan, S.Siam. Effect of microbien and compost on growth and 
chemical composition of Schefflera arboricola L. under salt st. Journal of American Science 2010;6(10):1073-
1080]. (ISSN: 1545-1003). 
 
Keywords: Schefflera – Mocrobien – compost – salinity 
 
1. Introduction 

  Schefflera arboricola L. is a flowering 
plant in the family Araliaceae, native to Taiwan and 
Haiman. It is also goes by the common name “Dwarf 
Umbrella tree). It is evergreen shrub growing to 3-4 
m height, often trailing stems scrambling over other 
vegetation.  The leaves are palmately compound, 
with 7-9 leaflets, the leaflets 9-20 cm long and 4- 10 
cm broad.  The flowers are produced in a 20 cm 
pancil of small umbles, each umbel 7-10 mm 
diameter with 5-10 flowers. It is commonly grown as 
houseplant, popular for its tolerance of neglect and 
poor growing condition.  Numerous cultivars have 
been selected for variation of leaf colour (creamy 
white to yellow edges or centers, and dwarf forms).  
Scheffleras are delicate plants, often used to decorate 
public places, shopping malls and waiting rooms.  
Smaller Scheffleras are better studied for homes and 
small offices Uphof (1959). 

 Soils are considered saline when they 
contain soluble salts in quantities quit sufficient to 
interfere with the growth of most crop species.  In 
saline environment NaCl usually the most injurious 
and predominant salt but also other salts including 

Ca2+, Mg2+ and SO=
4 may be present.  The excise 

accumulation of such these ions causes ion toxicity 
for plant growth which associated with excessive 
uptake of mainly Cl- or Na+, these ions lead to 
nutrient imbalance and thus disturbed the uptake of 
essential mineral nutrients (Greenway and Munns, 
1980).  Most of the newly reclaimed lands depend on 
underground water of various degrees of salinity 
irrigation.  In addition, progressive salt accumulation 
becomes a serious problem in many tables.   

Morphological symptoms are the results of 
interaction of all injuries effects of salinity, salt stress 
may inhibit cell division and/or cell elongation in the 
growing tissues of roots, stems and leaves (Zidan et 
al, 1990) which lead to reduce plant height, dry 
weight of the plant parts and number of leaves of 
gerbera plant (Jimenz et al, 1997). In woody trees 
species the salinity may lead to leaf burn and 
defoliation.  Salt stress affects many aspects of plant 
metabolism which lead to reduction in plant growth 
osmotic inhibition, water uptake by root or specific 
ion effects.  In addition, plants may accumulate Cl- or 
Na+ions which can eventually, reach toxic levels 
(Bezona et al, 1996). These effects may be associated 
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with changes in enzymatic activities, hormonal 
imbalance and morphological modifications.  

In recent years, the safe agricultural is one 
of the main attitudes in the world (El-kouny, 2002). 
Also, recently there has been an increasing awareness 
of the undesirable impact of mineral fertilizers on the 
environment, as well as the potentially dangerous 
effects of chemical residues in plant tissues on the 
health of human and animal consumers. 

Inoculation and plant growth parameters 
induced by specific rhizobia species, this was proved 
by Mazher and El-Mesiry (1999) on Leucaena 
Leucocphala and Turky et al (2004) on Foenicwum 
vulgare.  Nasef et al (2004) reported that the 
application of N at different levels and inoculation 
with biofertilizer led to an increase in total porasity 
improves soil aggregation and possible moving salt 
soil under irrigation water. 

Balabel (1997) reported that inoculating 
orthoclase with Bacillus circulans (SDB) gave better 
effects on all vegetative and yield attributes, they also 
indicated that these effects were reflected on N, P and 
K content of tubers.  El-Banna (2001) indicated that 
using Basillus circulans gave rise to increase the 
vegetative growth characters. 
      The plants tolerated the lower salinity levels 
especially when combined with biofertilizer 
application where it counteracted the reduction of 
salinity on vegetative growth, pigment contents, total 
sugars and some minerals Mazher and El-Mesiry 
(1999) and Turky et al., (2004). 
      Composting of agricultural residues by 
supplying the natural microbial flora present on them, 
with their requirements of inorganic nutrients such as 
nitrogen and phosphorus and applying a proper 
moistening and turning resulted in the final product 
with high ability to improve soils and enhance plant 
growth reported by Lampkin (1990). 

The optimum values of faba bean and 
peanut yield were obtained by applying compost (10 
ton/fed) mixed with biofertilizer (El-Sedfy, 2002 and 
Awad et al, 2003).  From the microbiological point of 
view, green manure has two main positive effects : i) 
it provides nutrients rich in organic carbon for the 
microbial biomass which converts unavailable 
nutrients in plant residues to ones available for crops, 
and ii) it enhances biodiversity of soil micro-
organisms.  This positive effect on soil microbial 
populations can be increased by inserting different 
green manure selections in crop rotation programs 
(Bezdicek and Granatstein, 1989).  
 

2. Materials and Methods 
This investigation was carried out under the 

greenhouse of the National research Centre, Dokki, 
Cairo, Egypt, during two successive seasons of 2008 
and 2009. The investigated soil characterized by 
coarse sand 80.5 %, Fine sand 9.4%, silt 4.5 % and 
5.6 % clay with pH 7.8, EC 1.4 dSm-1, CaCO3 2.46 
%, K+, 0.3, Na+ 2.3, Ca++, 1.0, Mg++ 0.6, HCO-

3 2.3, 
Cl- 1.8, SO=4 0.1, meq L-1.   The seedlings of 
Schefflera arboricola L. were obtained from the 
nursery of the Forestry Department Horticulture 
Research Institute, Agricultural Research centre, the 
seedlings were planted at the first week of March 
during the two successive seasons, as one seedling 
/pot 30 cm in diameter filled with 10 kg soil, the 
average height of seedling was 18-20 cm.After 
planting seedlings were irrigated using tap water for 
21 days, two salinity levels were prepared with two 
salts: sodium chloride (NaCl) and calcium chloride 
(CaCl2) were mixed at 1:1 by weight for irrigation 
seedlings with previously prepared salinized.  The 
untreated plants (control) were irrigated with tap 
water 250 ml of saline water was added to each pot 
twice a week throughout the course of the study (6 
months), starting from March until one month before 
ending the experiment. Each pot was fertilized twice 
with 1.5 gm nitrogen as ammonium nitrate (33.5 %N) 
and 1.0 gm potassium as potassium sulphate (48.5 % 
K2O).  The fertilizers were applied at 30 and 60 days 
after planting. 
   Phosphorus as calcium superphosphate (15.5 
% P2O5) was mixed with soil before planting at 3.0 
gm/pot.  Other agricultural processes were performed 
according to normal practice. 

The biofertilizer was added (a fresh inocula 
was prepared by biofertilizer Lab.  Ministry of 
Agriculture, Egypt) at 0 and 10 gm/pot and sown 
mixing with the soil during preparation.  The 
compost fertilizer (Nile compost) was mixed well 
with the soil during preparation 100 g/pot, of the soil. 
       The statistical analysis of the experiment 
was a completely randomized design with 10 
treatments, three salinity levels (0, 1000and 2000 
ppm), biofertilizer and compost either alone or with 
combination with different salinity levels or with 
each other. E the greenhouse ach treatment included 
three replicates (3 pots). 

The following data were recorded, stem 
length cm, stem diameter (cm), number of 
leaves/plant, leaf area cm2, and fresh and dry weight 
(g) of plant organs and root length cm. 
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Table (1) Chemical properties of the Nile compost   used in study. 

Macronutrients % Micronutrients ppm 
N P K Fe Mn Zn Cu 

pH C/N OM (Nile 
compost) 

1.35 0.52 0.85 161 310 61 35 7.5 14.1 132.9 
 
Chemical constituents: 
     Chemical analysis was determined nitrogen, 
phosphorus and potassium according to the methods 
described by Cottenie et al (1982). Total proline 
content in leaves was determined using fresh material 
according to Bates et al (1973).Total carbohydrates 
percentages in leaves were determined according to 
Dubois et al (1956) 
    The physical and chemical properties of the 
soil were determined according to Chapman and Pratt 
(1961). All previous data were subjected to statistical 
analysis according to procedure outlined by Snedecor 
and Cochran (1980). 
 
3. Results and Discussion 
Growth characters 
     Data presented in Tables (2&3) indicate 
that the growth characters of  Schefflera arboricola L  
plant; plant height, number of leaves /plant, leaf area, 
fresh and dry weight of leaves and dry weight of 
stem, had slightly increased than the control plants, 
whereas decreased than other treatments under 
salinity 1000 ppm. From the same Tables, salinity at 
2000 ppm decreased stem diameter, number of 
leaves/plant and fresh and dry weight of leaves of 
Schefflera arboricola L plant, this could be attributed 
to the deleterious effect on the growth and 
physiological processes of growing plants as affected 
by soil moisture stress and nutrients balance disorder 
in root medium.  Also, the reduction in fresh and dry 
weight of leaves may be due to the suppressing cell 
enlargement and division and also to the inhibition of 
enzyme activities by salts, especially sodium ions 
(Marschener, 1995).  Moreover, salinity of the soil 
solution around root results in a general retardation of 
the enzymatic and photosynthetic processes 
(Amberger, 1997 and El-Sharawy et al, 1997). 
    Inoculation treatment increased number of 
leaves/plant, regarding the interaction between 
inoculation and salinity treatments, the data indicated 
that the mean number of  leaves /plant , fresh and dry 
weight of different plant organs were increased than 
the obtained from plants irrigated with the two levels 
of saline water.  This means that inoculation had an 
antagonistic effect to salinity irrigation treatments 
(Ghiath and Mudhar, 1980).  Concerning root length 
slightly increased by the two levels of salinity 
treatments.  Inoculation practice  with microbien was 
effective , where it increased root length than plants 
treated with saline water. 

Data in the same Tables demonstrated 
clearly that using compost, resulted an increase in 
plant height, leaf area, number of leaves/plant, fresh 
and dry weight for leaves, stems and roots than 
control plants and other treatments. 
    Compost with its content of humic 
substances and microbial fertilizers, has shown to 
improve soil physical, chemical and microbiological 
conditions, moisture content and reduce leaching of 
nutrients, water runoff and soil erosion (Amin et al , 
1999). 
    Concerning the effect of compost 
treatments under salinity levels significantly 
increased plant height, stem diameter, root length, 
number of leaves/plant, leaf area, fresh and dry 
weight of leaves, stems, and roots.  On the other 
hand, the same Tables demonstrated clearly that 
using biofertilizer (microbien) and compost, each 
alone or in combination, had a positive effect on the 
aforementioned growth characters. This might be 
related to the improvement of physical conditions of 
the soil provided energy for microorganisms activity 
and increase the availability and uptake of N, P, and 
K, which was positively reflected on the growth 
(Wani et al, 1988 and Romero et al, 2000). 
 
Minerals content 

Data presented in Tables (4 a, b, and c) 
revealed that nitrogen, phosphorus and potassium 
percentages were decreased in different plant organs, 
by increasing salinity concentration as compared with 
control plants.  In this respect, the decrease in 
nitrogen percentage might be attributed to the 
inhibition of cell division and cell elongation.  This 
inhibition in cell division and elongation might be as 
a result of the disturbance in nitrogen metabolism 
beside sugar synthesis, which might be affected by 
chlorophyll reduction (Nieman, 1962). 

Such decrease in phosphorus percentage 
might be due to the raising of soil pH which lowers 
the availability of phosphorus (Ashour et al, 1970).  
With potassium percentage obtained reduction might 
be refer to the existence of some diagnostic effects 
between Na and K that might be responsible for the 
diminished K concentration under saline condition 
(Ayers and Eberhard, 1960). 

The concerned elements under study were 
decreased as the salinity level of irrigation water 
increased. The diminishing values of nutrients uptake 
by plants irrigated with saline water were mainly due 
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to the depressive effect of high level of salinity on 
plant dry weight.  Similar findings were also reported 
by Saker et al (1992), who reported that K 
concentration and uptake were reduced due to 
composition of saline irrigation water used which 
tended to encourage the accumulation of Na, and in 
turn depressed concentration of K in Schefflera plant.   

The reduction in P uptake of different plant 
organs at 2000 ppm of salinity could be referred to 
decreasing the solubility and available P in soil 
irrigated with saline water.  On the other hand, 
inoculation with microbien increased N, P and K 
percentages compared with uninoculation plants.  As 
regarding the interactions of inoculation and stress, 
inoculation and salinity at 1000 ppm had the 
pronounced effect or increasing N, P and K 
percentages except microbien + 2000 ppm salinity in 
shoots compared with control plants. 

In roots, nitrogen, phosphorus and 
potassium percentages were decreased in roots and 
leaves by increasing salinity concentration, as 
compared with control plants. 
  Sodium percentages a gradual increase was 
found with the increase of salinity level.  The greatest 
absorption and accumulation of sodium by plants at 
high concentration may be attributed to the damage 
of protoplasm of plant cells and as a result the 
selective salt absorption is replaced by passive 

absorption which causes abnormal accumulation of 
salts in plant organs (Strongnov, 1962).Inoculation 
with microbien or compost under two salinity levels 
increased sodium percentages and sodium uptake in 
different plant organs as compared with control 
plants. 

Results in (Tables 4 a, b and c) illustrate that 
a positive effect of compost occurred on N, P and K 
concentration and uptake in schefflera plants, at 
different plant organs , as compared with control 
plants.  The interactive of compost to plants irrigated 
with saline water increased the uptake of N, P and K 
by  schefflera plant due to the beneficial effect of 
compost for improving the nutritional status 
particularly when added microbien. 

Finally, it could be concluded that the data 
presented in this work demonstrated the great 
importance of the appropriate role of compost and 
microbien improving soil characters and enhancing 
its productivity of schefflera as well as promotes the 
uptake of N, P and K by schefflera plants under the 
conditions of saline irrigation water.  It is of a great 
insignificance to point out that the use of compost 
and microbien in general, is of the minimum or no 
polluting effect on soil environment, comparing to 
the chemical fertilizers. 

 

  
Table (2) Effect of microbien and compost on growth parameters of Schefflera arboricola plants irrigated 

with saline water (mean of two seasons 2008 and 2009). 

                                   Growth 
characters 
Treatments 

Plant 
height 

cm 

Stem 
diameter  

cm 

Number of 
leaves/ 
plant 

Leaf 
area 
cm2 

Fresh 
weight of 

leaves 
gm 

Dry weight 
of leaves 

gm 

Control 37.33 0.86 14.0 2.28 32.55 13.65 

1000 ppm NaCl+ CaCl2 44.00 0.86 15.0 4.35 40.20 16.10 

2000 ppm NaCl+ CaCl2 38.50 0.80 13.0 3.32 29.16 12.75 

10 g Microbien 56.00 1.05 18.0 6.50 53.20 18.93 

100 g compost 66.00 1.15 19.0 7.50 60.15 26.67 

10 g Microbien+1000 ppm NaCl+ 

CaCl2 
46.00 0.95 16.0 4.90 44.28 17.35 

10 g Microbien+2000 ppm NaCl+ 

CaCl2 
41.00 0.85 14.0 3.80 36.35 20.43 

100 g compost+1000 ppm NaCl+ 

CaCl2 
52.15 0.98 17.0 5.62 48.12 21.24 

100 g compost+2000 ppm NaCl+ 

CaCl2 
43.25 0.91 15.0 4.35 40.18 16.17 

10 g Microbien + 100 g compost 69.36 1.33 21.0 8.10 63.48 27.85 

LSD 5% 2.50 0.04 0.89 0.48 1.37 5.74 
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Table (3) Effect of microbien and compost on fresh and dry weights and root length of Schefflera arboricola 

plants irrigated with saline water (mean of two seasons2008 and 2009). 
 

                        Growth characters 
Treatments 

Fresh 
weight of 
stem (gm) 

Dry weight 
of stem (gm) 

Fresh 
weight of 
root (gm) 

Dry 
weight of 
root (gm) 

Root 
length  

cm 

Control 16.00 10.10 26.11 10.89 27.00 
1000 ppm NaCl+ CaCl2 21.80 12.10 33.40 13.10 36.00 
2000 ppm NaCl+ CaCl2 17.11 10.26 30.08 12.09 30.00 
10 g Microbien 29.50 15.70 41.00 17.00 46.00 
100 g compost 34.50 18.60 45.17 19.20 49.00 
10 g Microbien+1000 ppm NaCl+ 
CaCl2 

23.00 13.80 35.94 15.27 40.60 

10 g Microbien+2000 ppm NaCl+ 
CaCl2 

19.12 11.25 29.12 13.75 37.00 

100 g compost+1000 ppm NaCl+ 
CaCl2 

30.00 12.20 37.00 16.89 42.80 

100 g compost+2000 ppm NaCl+ 
CaCl2 

21.85 12.20 31.50 14.62 39.00 

10 g Microbien + 100 g compost 37.85 20.15 48.30 21.38 52.10 
LSD 5% 1.09 1.02 4.08 0.66 1.44 

 
 
Table (4) Effect of microbien and compost on N, P and K concentration and uptake in shoots, roots and leaves 
of Schefflera arboricola plants irrigated with saline water (Mean of two seasons 2008 and 2009). 
 

A- Stems 

N P K Na                       Mineral content 
 
Treatments % 

Uptake 
mg/pot 

% 
Uptake 
mg/pot 

% 
Uptake 
mg/pot 

% 
Uptake 
mg/pot 

Control 0.62 62.62 0.45 45.45 1.07 108.07 0.25 25.25 
1000 ppm NaCl+ CaCl2 0.60 72.60 0.44 53.24 1.02 123.42 0.31 37.51 
2000 ppm NaCl+ CaCl2 0.54 55.40 0.40 41.04 0.91 93.37 0.39 40.01 
10 g Microbien 0.73 114.61 0.51 80.07 1.51 337.07 0.28 43.96 
100 g compost 0.78 145.08 0.55 102.30 1.66 308.76 0.32 59.52 
10 g Microbien+1000 ppm NaCl+ 
CaCl2 

0.64 88.32 0.47 64.86 1.30 179.40 0.29 40.02 

10 g Microbien+2000 ppm NaCl+ 
CaCl2 

0.59 66.38 0.42 47.25 1.10 123.75 0.33 37.13 

100 g compost+1000 ppm NaCl+ 
CaCl2 

0.68 102.68 0.50 75.50 1.39 209.89 0.26 39.26 

100 g compost+2000 ppm NaCl+ 
CaCl2 

0.63 76.23 0.44 53.68 1.28 156.16 0.099 12.08 

10 g Microbien + 100 g compost 0.83 167.25 0.59 118.89 1.73 348.60 0.25 50.38 
LSD 5% 0.02 5.32 0.02 3.07 0.04 9.72 0.02 2.69 
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B - Roots  

N P K Na        Mineral content 
 

Treatments % 
Uptake 
mg/pot 

% 
Uptake 
mg/pot 

% 
Uptake 
mg/pot 

% 
Uptake 
mg/pot 

Control 0.45 49.00 0.27 29.40 0.30 32.67 0.35 38.12 
1000 ppm NaCl+ CaCl2 0.41 53.71 0.29 37.99 0.27 35.37 0.76 99.56 
2000 ppm NaCl+ CaCl2 0.37 44.73 0.23 27.81 0.23 27.81 0.91 110.02 
10 g Microbien 0.49 83.30 0.36 61.20 0.31 52.70 0.40 68.00 
100 g compost 0.56 107.52 0.39 74.88 0.35 67.20 0.44 84.48 
10 g Microbien+1000 ppm NaCl+ 
CaCl2 

0.34 51.92 0.32 48.86 0.29 44.28 0.67 102.31 

10 g Microbien+2000 ppm NaCl+ 
CaCl2 

0.31 42.63 0.27 37.13 0.25 34.38 0.77 105.88 

100 g compost+1000 ppm NaCl+ 
CaCl2 

0.39 65.87 0.35 59.12 0.26 43.91 0.48 81.07 

100 g compost+2000 ppm NaCl+ 
CaCl2 

0.34 49.71 0.29 42.40 0.21 30.70 0.59 86.26 

10 g Microbien + 100 g compost 0.63 134.69 0.43 91.93 0.38 81.24 0.45 96.12 
LSD 5% 0.02 5.25 0.01 3.51 0.019 2.97 0.033 3.23 
 
C -Leaves 

  
The decrease in N, P and K content associated 
with an increase in proline content which might 
indicate disturbance:  

The decrease in N, P and K content 
associated with an increase in proline content which 
might indicate disturbance in protein metabolism.  
The interaction effects between microbien or 
compost under two salinity levels showed decreased 
in proline concentration, this could be due to the 
influence effect of microbien or compost on 
decreasing the hazard effect created by salinity 
treatments. 

     From the above mentioned results, it can be 
concluded that microbein or compost application had 
decreased the hazard effect of saline water.  In 
addition, had favorable effect on growth of Schefflera 
plant. 
 
Total carbohydrate percentage: 
      Data presented in (Table 5) showed that 
total carbohydrate percentage decreased by 
increasing salinity concentration compared with 
control plants. In this concern, Kabanov et al (1973) 
on pea plant mentioned that high salinity level caused 
a depression of photosynthetic activities resulting in 

N P K Na                   Mineral content 
 

Treatments % 
Uptake 
mg/pot 

% 
Uptake 
mg/pot 

% 
Uptake 
mg/pot 

% 
Uptake 
mg/pot 

Control 0.84 114.66 0.35 47.78 0.60 81.90 0.07 9.56 
1000 ppm NaCl+ CaCl2 0.81 130.41 0.34 54.74 0.53 85.33 0.14 22.54 
2000 ppm NaCl+ CaCl2 0.73 93.08 0.30 38.25 0.42 53.56 0.16 20.40 
10 g Microbien 0.95 182.40 0.44 84.48 0.65 124.80 0.11 21.12 
100 g compost 1.12 287.50 0.48 123.22 0.72 184.82 0.10 25.67 
10 g Microbien+1000 ppm NaCl+ 
CaCl2 

0.89 154.42 0.38 65.93 0.56 97.16 0.12 20.82 

10 g Microbien+2000 ppm NaCl+ 
CaCl2 

0.78 109.98 0.33 46.53 0.46 64.86 0.13 18.33 

100 g compost+1000 ppm NaCl+ 
CaCl2 

0.95 201.78 0.42 89.21 0.60 127.44 0.09 19.12 

100 g compost+2000 ppm NaCl+ 
CaCl2 

0.84 135.83 0.35 56.60 0.49 79.23 0.11 17.79 

10 g Microbien + 100 g compost 1.25 348.13 0.55 153.18 0.78 217.23 0.08 22.28 
LSD 5% 0.02 13.52 0.019 11.71 0.02 6.11 0.01 0.96 

http://www.americanscience.org            editor@americanscience.org 1078 



Journal of American Science                                                                                                                 2010;6(10)   

  

CO2 fixation.  Inoculation with microbien or compost 
increased total carbohydrate percentage compared 
with control plants.  This may be indicate the indirect 
effect of rhizobia on sugars; it increased plant 
growth, consequently sugar metabolism increased. 
     Regarding the interaction effect, showed 
that the plants treated with microbien + compost gave 
highest value of total carbohydrate percentages, 
followed by plants treated with microbein under the 
two salinity levels. 
 
Proline concentration: 
       Salt stress increased the proline content 
(Table5) in leaves   tissues with a gradual increase in 
its percentage, increased in the irrigation water. 
Similar results were obtained by Greenway and 
Munns(1980) who mentioned that proline 
concentration increased under salinity stress to make 
plants more adapted to this unsuitable conditions, 

Proline is considered as a cell stabilizer for osmotic 
potential and some enzymes synthesis. Inoculation 
with microbien or compost decreased proline 
concentration compared with untreated plants. 
      The decrease in N, P and K content with 
an increase in proline concentration which might 
indicate a disturbance in protein metabolism. The 
interaction effects between microbien or compost 
under two salinity levels showed a decreased in 
proline concentration, thus could be due to the 
influence effect of microbein or compost on 
decreasing the hazard effect created by salinity 
treatment.  
   From the above mentioned results, it can be 
concluded that microbien or compost application had 
decreased the hazard effect of saline water. In 
addition had a favourable effect on growth of 
Schefflera plant 

 
Table (5) Effect of microbien and compost on Proline and total Carbohydrate on leaves of Schefflera 
arboricola plants irrigated with saline water (Mean of two seasons 2008 and 2009). 
 

                               Chemical composition 
Treatments 

Proline  (μmg-1) Carbohydrate % 

Control  3.11 11.30 

1000 ppm NaCl+ CaCl2 7.00 10.28 
2000 ppm NaCl+ CaCl2 8.33 9.44 

10 g Microbien 2.81 23.31 

100 g compost 2.73 17.28 
10 g Microbien+1000 ppm NaCl+ CaCl2 5.31 18.97 

10 g Microbien+2000 ppm NaCl+ CaCl2 4.31 18.48 

100 g compost+1000 ppm NaCl+ CaCl2 5.66 16.27 

100 g compost+2000 ppm NaCl+ CaCl2 4.43 14.68 
10 g Microbien + 100 g compost 2.85 20.01 
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Abstract: This study aimed to assess extracellular matrix turnover in patients with rheumatoid arthritis (RA) and to 
find the relationship between serum and synovial fluid levels of metalloproteinase-3 (MMP3), tissue inhibitor of 
metallo-proteinase  (TIMP-1), chondroitin sulphate (monitior of cartilage degradation) and bone sialoprotein 
(monitor of bone degradation) and the degree of bone erosion of the knee joints.  Fifty six human subjects 
subdivided into three groups have participated in this study. Group I included ten apparently healthy individuals to 
represent the control group. Thirty RA patients were chosen to represent group II while sixteen patients with 
osteoarthritis were chosen to represent group III as a reference arthritis disease group. All patients of group II and III 
were presented with effusion of knee joints. Metalloproteinase-3 (MMP-3), tissune inhibitor of metalloproteinase-1 
(TIMP-1) and bone sialoprotein were assessed by ELISA technique while chondroitin sulphate was measured by a 
colorimetric method. All parameters were assessed in serum and synovial fluid. All indices were significantly higher 
in both serum and synovial fluid when compared to controls. Also serum levels of all parameters were correlated 
with synovial fluid levels. MMP-3 levels of both serum and synovial fluid were significantly higher in RA patients 
than OA patients. Such difference was not observed in other parameters indicating higher MMP3/ TIMP-1 in RA 
patients than OA patients. Synovial fluid levels of MMP3, TIMP-1, chondroitin sulphate and bone sialoprotein were 
all positively correlated with the degree of bone erosion indicating a strong role of MMP-3 in joint degradation in 
patients with RA. [Journal of American Science 2010;6(10):1081-1089]. (ISSN: 1545-1003). 

 

Keywords: extracellular matrix turnover; patient; rheumatoid arthritis (RA); metalloproteinase-3 (MMP3); metallo-
proteinase  (TIMP-1) 

 

Abbreviations 
ECM: Extracellular matrix                                          MMPS: Matrix metalloproteinases 
TIMPs: tissue inhibitors of metalloproteinase            RA: rheumatoid arthritis 
OA: osteoarthritis                                                        ND: non detectable  
RF: Rheumotoid factor                                               ANA: Antinuclear antibodies 
 
1. Introduction: 

Articular cartilage is composed of an 
abundant extracellular matrix (ECM) made up largely 
of aggrecans which consist of sulphated 
proteoglycans that are trapped within a fibrillar 
network of collagen. Proteoglycans are responsible 
for retaining water in the tissues that allows cartilage 
to resist compression (Eyre et al, 2006, Hardinpham,et 
al,1992). Other matrix non collagenous proteins are 
believed to mediate additional steps in matrix 
assembly. These include members of matrilin family 
and bone sialoprotein which is a bone specific matrix 
protein, especially enriched at the bone cartilage 

interface (Henning, et al (2004). Matrilins play a role 
in mediating interactions between major components 
of the extracellular matrix such as collagens and 
proteoglycans (Fauzen, et al (1985).    

The primary event in cartilage destruction in 
arthritis diseases involves active proteases degrading 
its ECM components. Matrix metalloproteinases 
(MMPs) are a family of structurally and functionally 
related zinc-dependent endopeptidases that are 
believed to play a pivotal role in tissue remodeling 
(Woessner, (1991)).  MMP-3 (stromolysin-1) has 
been proved to have broad substrate specificity that 
includes proteoglycans and other matrix 
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macromolecules (Nagase, and Woessner (1999)). The 
expression of MMP-3 has been shown to be enhanced 
by in vitro treating fibroblasts with proinflammatory 
cytokines (Distler, et al (2005)). Meanwhile the 
activity of MMPs is regulated by several naturally 
occurring inhibitors such as tissue inhibitors of 
metalloproteinases (TIMPs) and 2–macroglobulin 
(Brew, et al(2000)). TIMP-1 has been identified to be 
active against a wide variety of MMPs including 
MMP-3(Martel – Pelletieret al (2001)) with 
stochiometric ratio of 1: 1. An imbalance between 
tissue levels of MMPs and TIMPs towards higher 
levels of the former may account in part, for 
development of cartilage damage in arthritis diseases 
(Ishiguro, et al (1999)).  

Rheumatoid arthritis (RA) is a chronic auto-
immune inflammatory disease characterized by 
inflammation and destruction of articular structures in 
association with extraarticular manifestations (Woo, 
(1990)). Joint destruction in RA patients results from 
the invasion of cartilage and subcondral bone by the 
hyper-plastic synovium, with synovial fibroblasts and 
inflammatory cells.  The primary event is activation 
of synovial macrophages, monocytes and 
lymphocytes with concomitant release of 
proinflammatory cytokines that may initiate a 
cascade of events that ultimately ends with bone 
erosion (Smith, (1990)).  

This study has been conducted to evaluate 
serum and synovial fluid levels of MMP-3, TIMP-1, 
chondroitin sulphate and bone sialoprotein to assess 
ECM turnover in cartilage and bone of the knee joints 
of patients with RA when compared to the non 
inflammatory arthritis disease (osteoarthritis) (OA). 
The study is also a trial to clarify the correlation 
between these parameters and degree of radiographic 
alteration of the knee joint. 
 
2. Subjects and Methods 

This study has been conducted on three 
groups of human subjects. Group I included 10 
healthy individuals who represented the control 
group. Group II comprised 30 patients with RA. The 
diagnosis of RA was based on the revised criteria of 
the American Rheumatism Association(Arenett,  et al 
(1988)). All selected patients were presented with 
knee effusion. Twenty-three patients were receiving 
methotrexate alone while seven patients were being 
treated with methotrexate and hydroxychloroquine. 
Patients receiving oral or intraarticular steroids were 
not included. Group III included 16 patients with 
osteoarthritis (OA) who represented a reference 
group. These patients were diagnosed according to 
the criteria of clinical osteoarthritis(Altman,  (1991)) 
and were also presented with knee effusion. All RA 
and OA patients were attending the outpatient clinics 

of Department of Physical Medicine and 
Rehabilitation, Tanta University Hospital.   

All patients and controls were subjected to the 
following:-  

1- Full history taking and thorough clinical 
examination.  

2- Routine laboratory investigations including 
complete blood picture, liver function tests and 
kidney function tests. Patients with altered kidney or 
liver functions were excluded.  

3- Specific laboratory investigations for arthritis 
diseases including erythrocyte sedimentation rate 
(ESR), C-reactive protein (CRP), rheumatoid factor 
(RF) and antinuclear  antibody (ANA).  

4- Aliquots of serum samples were also frozen at – 
70o C until assayed for the required parameters in this 
study.  

5- Synovial fluid was collected from the knee joints of 
RA and OA patients under strict sterile conditions. 
Patients with purulent effusion were excluded from 
this study. Samples of synovial fluid were centrifuged 
at 3000 rpm for 10 minutes at 4oC and aliquots of the 
supernatants were kept frozen at – 70o C until 
assayed. 

6- Aliquots of sera and synovial fluids were assayed 
for the following.  

a- MMP – 3 by ELISA technique(Fujimoto, et al 
(1993)) using a commercial kit.  

b- TIMP-1by ELISA technique(Pay,  et al (2002)) 
using a commercial kit.  

c- Chondroitin sulphate following the colorimetric 
method of Mier and Wood (Mier and Wood (1969)) 
as modified by Shinmei  (Shinmei,  et al (1992)).  

d- Bone sialoprotein by ELISA technique(3) using a 
commercial kit. All commercial ELISA kits were 
obtained from Biotrak ELISA system, Amersham 
Pharmacia Biotech, Little Chalfont, UK.  

7- Radiographic imaging of the knee joints of RA and 
OA patients was carried out. Joint destruction on 
plain anteroposterior radiographs of affected joints 
was graded according to the method of Larsen et al 
(Larsen, (1995)). In this method grade O was given to 
normal joints, grade 1 was given to erosions of less 
than 1 mm or if joint space narrowing was found, 
grade 2 was given if one or more erosions greater 
than 1mm were present, grade 3 was given if erosions 
of significant size were present, grade 4 was given for 
severe erosions and grade 5 was given when the 
original articular surfaces have disappeared. In this 
study bone changes in RA and OA patients were 
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classified into mild (grade 0 and 1) moderate (grade 2 
and 3) and severe (greade 4 and 5). 

8-Statistical analysis of the collected data was carried 
out using student-t test, Chi- square testing and 
Spearman bivariate correlation r (Gianneli, et al 
(2004)).     
 
3. Results  

Table (1) shows the demographic and 
clinical data of the three studied groups.  

Table (2) demonstrates serum levels of the 
different studied parameters. RA and OA patients 
showed significantly higher levels of MMP-3 when 
compared to controls  Meanwhile MMP-3 serum 
levels were significantly higher in RA patients when 
compared to those of OA patients .Although TIMP-1 
was significantly higher in RA and OA patients when 
compared to control, there was no significant 
statistical difference between levels of TIMP-1 in RA 
patients when compared to OA patients. The same 
finding was reported to serum levels of Chondroitin 
sulphate and bone sialoprotein.  

Table (3) shows levels of MMP-3, TIMP-1, 
Chondroitin sulphate and bone sialoprotein in 
synovial fluid of knee joints of RA and OA patients. 
The only significant difference was reported to  
MMP-3 whose level exerted a significant increment 
in RA patients than in OA patients. Levels of TIMP-
1, Chondroitin sulphate and bone sialoprotein were 
not statistically different P> 0.05. 

Table (4) demonstrates the difference  
between serum levels and synovial fluid levels of 
different studied parameters in RA patients and OA 

patients. A significant increment of synovial fluid 
levels in comparison to serum levels was revealed for 
all parameters studied in both arthritis diseases. 

Table (5): Shows significant increase in 
MMP3/TIMP-1 ratio for RA in comparison with OA 
patients in both serum and synovial fluid  

Tables (6,7) demonstrates the difference 
between synovial fluid levels of different studied 
parameters in RA and OA patients with  degree of 
bone erosion.  

Table (8) shows a significant positive 
correlation between ESR and CRP in serum of RA 
patients. Also MMP3,TIMP-1, chondroitin sulphate 
and bone sialoprotein are significantly positive 
correlated to each other and to both  ESR and CRP. 

Table (9) shows a significant positive 
correlation between MMP3, TIMP-1, chondroitin 
sulphate and bone sialoprotein and with both ESR 
and CRP in RA patients.  

Table (10) shows a significant correlation 
between ESR and CRP in serum of OA patients. 
Also, MMP-3, TIMP-1, chordroitin  sulphate and 
bone sialoprotein are significantly correlated to each 
other and insignificantly correlated to both ESR and 
CRP. 

Table (11) shows a significant correlation of 
the increased synovial fluid levels of MMP-3, TIMP-
1, chordroitin sulphate and bone sialoprotein to each 
other in OA patients, however, their correlation to 
ESR and CRP is insignificant. 
 

 
Table (1): Demographic and clinical data of different groups under study 
 

 Control 
(n-10) 

RA patients 
n = 30 

OA patients 
(n=16) 

Age (years) 55.6+ 5.2 53.1+7.2 57.32+ 5.9 
Gender (M/F) 7/3 25/5 13/3 
ESR (mm/1st h.) 9.5+5.23 68.5+7.33 28.5+7.2 
CRP (mg/L) ND 89.6+17.75 7.1+2.04 
RF positive /negative 0/10 23/7 2/14 
ANA positive /negative 0/10 18/12 0/16 
 
Larson score 
Mild ( scores O and 1) 
Moderote (scores 2 and 3) 
Severe (scores 4 and 5) 

  
 

9 
11 
10 

 
 

6 
5 
5 

 



Journal of American Science                                                                                                                 2010;6(10)   

  

     Table (2): Serum levels of MMP-3, TIMP-1, chondroitin sulphate and bone sialoprotein in different groups 
under study. 

 Controls 
N=10 

R A patients 
N=30 

OA patients 
N=16 

Test of 
Significance (p values) 

MMP-3 
(ug/ml) 

2.46+0.96 64.13+22.33 27.16+12.78 P1 RA <0.001* 
P1OA <0.001* 
P2: < 0.001* 

TIMP-1 
(ug/ml) 

0.562+ 0.095 2.88 +1.08 3.11+1.45 P1 RA <0.001* 
P1OA <0.001*  
P2: > 0.05 

Chondroitin sulphate 
mmole/ml 

1.39+0.87 30.48+10.83 28.56+10.78 P1 RA <0.001* 
P1 OA <0.001* 
P2: > 0.05 

Bone sialoprotein 
(ng/ml) 

10.52+3.39 142.53+52.03 144.63+58.3 P1 RA <0.001* 
P1 OA <0.001* 
P2:  >0.05 

P1 RA and P1 OA vs control    P2: RA vs OA   * significant difference 
 
Table (3): Synovial fluid levels of MMP-3, TIMP-1, chordroitin sulphate and bone sialoprotein in RA patients 

(n=30) in comparison to OA patients (n= 16) . 
 RA patients 

(n=30) 
OA patents 

(n=16) 
P 

MMP-3 (ug/ml 301+112.62 107.88+15.84 <0.001* 
TIMP-1 (ug/ml) 14.62+6.0 15.51+7.22 >0.05 

chordroitin sulphate 
(mml/ml) 

166.20+52.8 171.93+64.76 >0.05 

Bone sialoprotein 
(ng/ml) 

534.20+204.28 572.88+220.94 >0.05 

    P: RAvsOA  * Significant difference 
 

Table (4): Difference between synovial fluid levels and serum levels of different studied parameters in RA patients 
and OA patients. 

MMP3 (ug/ml) TIMP1 
 (ug/ml) 

Chordroition sulphate 
(mmole/ml) 

Bone sialoprotein (ng/ml)  

Synovial 
fluid level 

Serum 
level 

Synovial 
fluid level 

Serum 
level 

Synovial 
fluid level 

Serum 
level 

Synovial fluid 
level 

Serum 
level 

RA 
(n=30) 

301+112.6 64+12 14.8+5.7 2.88+1.0
8 

166.2+52.
8 

30.48+10.
8 

534.2+204.3 142.5+
52 

p. 
value 

<0.001* <0.001* <0.001* <0.001* 

OA 
(n=16) 

107.8+15.8 27.1+12
.9 

15.5+7.5 3.1+1.5 171.9+64.8 28.6+1
0.9 

572.9+240.9 144.6+
58.3 

p. 
value 

<0.001* <0.001* <0.001* <0.001* 

* Significant difference  
 
Table (5): Shows MMP3/TIMP-1 ratio for RA and OA patients in both serum and synovial fluid  

Serum levels Synovial fluid levels   

MMP-3/ TIMP-1 
in RA  

MMP-3/ TIMP-1 
in OA  

MMP-3/ TIMP-1 
in RA  

MMP-3/ TIMP-1 in 
OA  

Mean + SD 22.26 + 9.71 8.72 + 4.8 20.33 + 11.2 6.95 + 2.1 
t. test 5.42 7.1 

p. value <0.001* <0.001* 
      * Significant difference 
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Table (6) Difference in synovial fluid levels of studied parameters between R A patients with mild moderate and 
severe bone erosion. 

 Mild 
N= 9 

Moderate 
N= 11 

Severe 
N= 10 

F 
Value 

 
P Value 

MMP-3 (ug/ml) 40.9+5.7 61.5+5.1 88+19.2 37.52 <0.001* 
TIMP-1 (ug/ml) 1.76+0.27 2.76+0.26 4.04+1.08 37.3 <0.001* 
chordroitin 
sulphate 
(mmole/ml) 

18.50+2.85 28.95+2.89 42.93+6.57 72.1 <0.001* 

Bone sialopretein 
(ng/ml) 

85.76+14.18 137.7+13.29 199+39.29 47.59 <0.001* 

Mild = grades 0 and 1  Moderate = grades 2 and 3 Severe = grades 4 and 5 
*Significant = severe>moderate> mild 
 

Table (7): Difference between synovial fluid levels of different studied parameters and O A patients with mild 
moderate and sever bone erosion in with OA (n= 16) .  

 Mild 
N= 6 

Moderate 
N= 5 

Severe 
N= 5 

F 
Value 

 
P value 

MMP-3 (ug/ml) 14.42+5.56 27.42+4.44 42.19+5.28 39.67 <0.001* 
TIMMP-1 
(ug/ml) 

1.8+0.14 2.78+0.29 5+0.74 70.19 <0.001* 

chordroitin 
sulphate 
(mml/ml) 

17.50+2.43 29+3.67 41.40+5.03 54.87 <0.001* 

Bone siloprotein 
(ng/ml) 

91.50+21.39 140+13.67 213+43.39 24.36 <0.001* 

Mild = grades 0 and 1  Moderate = grades 2 and 3 Severe = grades 4 and 5 
*Significant= severe>moderate> mild 
 

Table (8) Correlation between ESR ,CRP and studied serum biochemical parameters in RA patients.  
 ESR CRP MMP3 TIMP-1 Chondroitin sulphate 

CRP R- 
P- 

0.867 
<0.001* 

- - - - 

MMP3 R- 
P- 

0.922 
<0.001* 

0.904 
<0.001* 

- - - 

TIMP-1 R- 
P- 

0.915 
<0.001* 

0.964 
<0.001* 

0.997 
<0.001* 

- - 

Chondroitin 
sulphate 

R- 
P- 

0.421 
<0.05* 

0.555 
<0.05* 

0.499 
<0.05 

0.522 
<0.05* 

- 

Sialoprotien R- 
P- 

0.903 
<0.001* 

0.944 
<0.001* 

0.993 
<0.001* 

0.992 
<0.001* 

0.582 
<0.05* 

      * Significant difference 
 

Table (9) Correlation between ESR ,CRP and studied synovial  biochemical parameters in RA patients.  
 ESR CRP MMP3 TIMP-1 Chondroitin 

sulphate 
CRP R- 

P- 
0.867 

<0.001* 
- - - - 

MMP3 R- 
P- 

0.923 
<0.001* 

0.939 
<0.001* 

- - - 

TIMP-1 R- 
P- 

0.916 
<0.001* 

0.947 
<0.001* 

0.989 
<0.001* 

- - 

Chondroitin 
sulphate 

R- 
P- 

0.912 
<0.001* 

0.939 
<0.001* 

0.970 
<0.001* 

0.987 
<0.001* 

- 

Bone Sialoprotien R- 
P- 

0.898 
<0.001* 

0.937 
<0.001* 

0.989 
<0.001* 

0.993 
<0.001* 

0.979 
<0.001* 

      * Significant difference 
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Table (10) correlation matrix of different studied parameters in serum of OA patients to each other and with 
ESR. 

 ESR CRP MMP3 TIMP-1 Chondroitin 
sulphate 

CRP R- 
P- 

0.411 
>0.05 

- - - - 

MMP3 R- 
P- 

0.180 
>0.05 

0.308 
>0.05 

- - - 

TIMP-1 R- 
P- 

0.080 
>0.05 

0.273 
>0.05 

0.958 
<0.001* 

- - 

Chondroitin 
sulphate 

R- 
P- 

0.185 
>0.05 

0.302 
>0.05 

0.983 
<0.001* 

0.973 
<0.001* 

* 

Bone 
Sialoprotien 

R- 
P- 

0.229 
>0.05 

0.337 
>0.05 

0.976 
<0.001* 

0.969 
<0.001* 

0.973 
<0.001* 

      * Significant difference 
 

Table (11) correlation matrix of different studied parameters in synovial fluid of OA patients  to 
each other and ESR and CRP. 

 ESR CRP MMP3 TIMP-1 Chondroitin sulphate 
CRP R- 

P- 
0.411 
>0.05 

- - - - 

MMP3 R- 
P- 

0.168 
>0.05 

0.300 
>0.05 

- - - 

TIMP-1 R- 
P- 

0.085 
>0.05 

0.273 
>0.05 

0.955 
<0.001* 

- - 

Chondroitin 
sulphate 

R- 
P- 

0.196 
>0.05 

0.298 
>0.05 

0.981 
<0.001* 

0.970 
<0.001* 

- 

Bone Sialoprotien R- 
P- 

0.203 
>0.05 

0.316 
>0.05 

0.982 
<0.001* 

0.971 
<0.001* 

0.978 
<0.001* 

 
4. Discussion:  

MMP-3 is one of the most important 
metalloproteinases that can cause bone and cartilage 
erosions (Distler, et al. (2005). In this current study, 
MMP-3 levels have been shown to be significantly 
increased in serum of patients with RA and OA when 
compared to normal control subjects. Meanwhile 
serum and synovial fluid levels of MMP-3 showed 
highly significant elevation in RA patients when 
compared to OA patients. A positive correlation 
exists between serum levels and synovial fluid levels 
of MMP-3 in both groups of arthritis diseases 
indicating that the articular cartilage is the main site 
of increased MMP-3 expression. There has been a 
wide variety of evidences confirming the presence of 
high serum and synovial fluid levels of different 
MMPs in different arthritis diseases including OA 
and RA(Martel – Pelletier, et al (2001) and Gianneli,  
et al (2004)). Moreover the presence of augmented 
increase in MMP-3 in RA patients has been explained 
on the basis that joint destruction in RA results from 
the invasion of cartilage and subchondral bone by the 
hyperplastic synovium(Woo,  (1990)) with synovial 
fibroblasts and inflammatory cells mainly  

 

macrophages and lymphocytes playing a key role in 
this process(Smith, (1990) and Kanbe,  et al (2002)). 
Proinflammatory cytokines when released in such 
situations will promote critical events including 
induction of MMPs release (Distler, et al (2005). 
Also cytokine-induced overexpression of MMPs has 
been confirmed in tissue culture fibroblasts (Distler, 
et al. (2005) and in expiremental animals presented 
with autoimmune arthritis (Hegemann, et al (2003). 
The close association between MMP-3 
overexpression and the inflammatory process in RA 
was also confirmed in this study by the presence of a 
positive correlation between serum MMP-3 levels 
and values of ESR and CRP in RA in face of absence 
of such correlation in OA.  

Tissue inhibitors of MMPs are the major 
inhibitors of MMPs in joints (Brew, K., et al (2000). 
These inhibitors exhibit high affinity for binding with 
MMPs and eventually inhibiting them. In this current 
study serum levels of TIMP-1 were significantly 
elevated in patients with RA and OA when compared 
to normal controls. However serum and synovial 
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fluid levels of TIMP-1 although were slightly 
elevated in OA patients than those with RA, this 
elevation was not of significant difference. MMP-3 / 
TIMP-1 ratio were significantly higher in RA than 
those of OA. This may point to an imbalanced level 
of parameters of extracellular matrix turnover 
towards more joint degradation in RA joints. This 
finding was supported by Pay et al.,((2002). Grays, 
Firestein (2009) who reported elevated synovial fluid 
levels of MMP-3/ TIMP-1 ratio in patients with RA 
when compared to other arthritis disease including 
Behcets disease, Familial Meditrranean fever and 
OA.  

MMP-3 is active against different 
components of extracellular matrix including 
proteoglycans and other matrix macromolecules. 
Proteoglycans are major components of articular 
cartilage and it is believed that proteoglycan 
degradation is one of the initial events in the process 
of cartilage destruction (Mankin and Lippie loc 
(1971) and Rizkalla, et al (1992)). The release of 
sulphated glycosaminoglycans such as chondroitin 
sulphate is largely reflective of proteoglycan 
degradation (Fawthrop, et al. (1997). In this current 
study, levels of chondroitin sulphate were 
significantly elevated in sera of RA and OA patients 
when compared to normal control subjects. However 
serum and synovial fluid levels were not significantly 
different in RA when compared to OA patients. 
Serum levels and synovial fluid levels of chondroitin 
sulphate were positively correlated in both arthritis 
diseases. In RA patients serum and synovial fluid 
levels were correlated with the degree of bone 
erosion being highly elevated in patients with sever 
grades than other grades. (Charni-Ben and Garnero, 
2007). The same finding was reported in OA patients 
confirming the role of chondroitin sulphate in 
reflecting the degree of joint damage in arthritis 
diseases. Different studies have reported differences 
in proteoglycan levels among patients with RA and 
OA. Menicourt et al provided an evidence of 
increased rate of proteoglycan degradation in RA 
patients than those with OA while Yishiqura et 
al(Ishiquro,  (2001)) reported reduced proteoglycan 
aggrecan degradation in RA when compared to OA. 
However the lack of significant difference between 
chondroitin sulphate levels in RA and OA in face of 
higher MMP-3 / TIMP-1 ratio in the former may 
highlight a different mode of joint destruction in both 
arthritis diseases. In RA joints the extracellular 
matrix components are not affected by the aging 
process found in OA and higher levels of MMPs may 
be needed to destroy the joints (Pay,  et al (2002)).  

Bone sialoprotein is a bone specific matrix 
macromolecule that is mainly polydispersed in the 

immediate subchondral layer of bones. The levels of 
bone sialoprotein in the sera of RA and OA patients 
were significantly higher than their corresponding 
control subjects. Sera of OA patients were presented 
with higher but insignificant level of bone 
sialoprotein than those of RA patients. Serum and 
synovial fluid levels of bone sialoprotein were 
positively correlated with corresponding levels of 
MMP-3 indicating a possible role of this 
metalloproteinase in degrading bone sialoprotein. In 
RA increased levels of bone sialoprotein were also 
reported to be correlated with different grades of 
larsen classification with the highest level being 
expressed in sera and synovial fluid of patients with  
severe degree of erosion .These data can be supported 
by Mansson et al(Mansson,  (2001)) who were able to 
report significantly higher levels of bone sialoprotein 
in synovial fluid of RA patients with destructive than 
those with non destructive changes or in patients with 
psoriatic arthritis without bone involvement. 
However Conrazier et al(Conrozaie, (1998)) were able 
to provide an evidence of presence of normal serum 
level of bone sialoprotein in patients with hip 
osteoarthritis in face of higher levels in RA patients, a 
finding which was attributed also to the more 
aggressive and destructive coarse of joint destruction 
in RA patients.  

Thus it can be concluded that MMP-3 is 
playing a critical role in extracellular matrix turnover 
in joints of RA patients that may be induced by the 
inflammatory process. Strategies of inhibiting the 
inflammatory process or the release of 
proinflammatory cytokines are considered promising 
trials to alleviate the aggressive course of RA. 
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Abstract: This study was conducted to evaluate the effect of feeding buffalo cows on ration supplemented with two 
levels from iodine (I) during late pregnancy (three months before parturition) and postpartum period (six months 
after parturition) on nutrients digestibility, some blood constituent, birth weight of their offspring, Concentrations of 
immunoglobulin in colostrums, milk (yield and composition) and reproductive parameters. Eighteen buffalo cows 
(2-4 lactations) in late pregnancy period were selected to carry out the experimental work. The animals were 
divided into three similar groups (6 female buffaloes in each). Concentrate feed mixture (CFM), berseem hay (BH) 
and rice straw (RS) were given to animals as a control ration (I0) without supplementation, while the other groups I1 
and I2 received the control ration with iodine at levels of 0.3 and 0.5  mg I per kg DM intake /h/d, respectively. 
Results indicated that supplementation ration of buffalo cows with different levels of I had improved the 
digestibility of all nutrients, TDN, DCP at pre and post partum, feed efficiency, increased milk yield, 7% fat correct 
milk yield and its composition. Birth and weaning weight of calves in treated groups were higher than that control 
group. Immunoglobulin concentration in colostrums indicated higher values with animals feed supplemented rations 
than those fed the control. Moreover, addition of I improved RBC, WBC, Hb, PCV, plasma total protein, globulin, 
glucose, T3 and T4. Supplemented rations of buffalo cows with 0. 5 mg I/ h/ d tend to significantly (P< 0.05) higher 
in actual milk yield, 7% FCM yield, fat %, protein %, lactose %, SNF % and TS %, while supplemented with 0. 3 
mg I/ h/ d appeared to the same higher trend with no significantly differences. Moreover, better feed efficiency was 
observed with animals fed supplemented rations. The periods required for fetal membrane expulsion was 
significantly reduced in I2 group when compared to I1 or control groups. Moreover, only control group showed a 
case of abortion and still birth, while treated dams delivered 100% healthy calves. Buffaloes of group I2 had the 
least (P < 0.05) calving interval due to the shorter intervals for uterine involution, onset of the 1st postpartum heat 
and days open. Iodine supplementation showed significant differences among groups in studied parameters such as 
NSPC and CI. Mean period elapsed from calving until placenta drop significantly decreased I2 than the control 
group. Generally, it concluded that I supplementation for ration of buffalo cows improved immunity, nutrients 
digestibility, calves birth weight and increased milk (yield and composition) and showed better feed efficiency as 
well as higher some traits of reproductive performance.  
[Kh. I. I. Zeedan, O. M. El-Malky, Kh. M. M. Mousa, A. A. El.Giziry and K. E.I. Etman. Nutritional studies on 
some different sources of iodine on productive performance, ruminal fermentation and blood constituents of 
Buffalo. 1 – Effect of two different iodine levels on productive and reproductive performance of buffalo cows. 
Journal of American Science 2010;6(10):1090-1106]. (ISSN: 1545-1003). 
 
Keywords: buffalo cows, iodine, performance, reproductive parameters, blood components, milk yield, digestibility, 
immunity. 
 
1. Introduction 

Buffalos are the most favored milk animal in 
Egypt, as most Egyptians prefer buffalo milk to cow 
milk because of its white color, sweet taste and high 
fat percentage. Iodine is a key component in the 
formation of thyroid hormones that contributes to 
brain development during fetal life and metabolism 
thereafter. On  the  other  hand,  thyroid hormones  

are  major  regulators  of development,  metabolism  
and  homeostasis. Studies addressed that thyroid 
hormones influence both aspects of development; 
growth. A lack of iodine indirectly influences growth 
rate, milk production and feed consumption. Other 
deficiency symptoms include poor conception rates, 
abortions, longer gestation periods and the birth of 
dead, weak or hairless calves. Moreover, pregnant 
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animals are more susceptible to iodine deficiency 
than non-pregnant animals ,which in turn increase the 
incidence of prepartum and postpartum reproductive 
disorders. Also Lactating dairy cattle require more 
iodine than beef cattle because approximately 10% of 
the iodine intake is normally excreted in milk, and 
this percentage may increase as milk production 
increases.  
         NRC (1994, 1998, 2001) reported that the 
iodine requirements for dairy cows 0.5 mg/kg dry 
matter (DM). Sanchez  ( 1995  ) reported  that  iodine 
requirement  is 0.6 mg /Kg  of  DM  for  lactating  
cows and 0.25 for  calves,  and growing heifers.  
Although  cattle  can  tolerate  iodine  far in excess of 
their  requirements  , a level  of 50 mg I/ Kg of DM  
has  been suggested  as  the  maximum  tolerable  
level. Who added that low  levels  of  iodine  in  the 
diet  affect  reproduction  of cows  , causing  irregular  
oestrous  cycles,  low conception  rates  as well as 
desorbed  fetuses,  abortions,  stillbirths  or calves  
may  be  born  blind,  weak  or with goiter.  Male 
fertility may be also affected, decreasing libido and 
semen quality.  Severe iodine deficiency may reduce 
milk yield or growth rate.  Georgievskii et al.  (1990) 
found that the principal function of iodine is 
determined by its presence in the thyroid hormones. 
These hormones are known to regulate basic 
metabolism, consumption  of  carbohydrates,  
proteins  and  fats, and  heat  formation  processes, 
and  to affect  growth  , development and the  
reproductive function.  The effect of hormones on 
metabolism involves synthesis of respiratory and 
other enzymes, which affect intracellular processes of 
oxidation, oxidative phosphorylation and protein 
synthesis. Gaffarov and  Saliev  ( 1979  ) indicated  
that  supplement  of iodine for cow  rations  increased  
the  digestibility  of all nutrients . Gasanova  (1985) 
reported  that increasing  the  dietary  level of iodine  
from  basal  values  0.11-0.16  mg  /Kg DM to 0.59  - 
0.65 mg  / Kg DM improved  feed  utilization  for 
milk production. Hetzel (1990) reported that iodine  
deficiency  disorders  is  term  now  used,  instead  of 
goiter (enlarged  thyroid),  to  denote  all  effects  of l  
deficiency  on  growth  and  development.                        

Hoption (2006) reported that thyroidal 
hormones play a major role in the growth and 
development of brain and central nervous systems, 
control of several metabolic processes including 
carbohydrate, fat, protein, vitamin and mineral 
metabolism. Iodine deficiency affects reproductive 
capacity, brain development and progeny as well as 
growth. Smith and Chase (2004) reported that early 
research confirmed that nutrition played an important 
role in reproduction, but in most cases severe 
nutritional deficiencies were required to cause 
reproductive problems. They also said that 

reproduction is influenced through iodine’s action on 
the thyroid gland. Inadequate thyroid function 
reduces conception rate and ovarian activity. Lobb 
and Dorrington (1992) and Monget and Monniaux 
(1995) reported that the animals suffer from iodine 
deficiency then ovary become atrophy and decrease 
the milk production and there will be decrease 
calcium absorption capacity i.e. low calcium and high 
phosphorus in blood. Iodine acts on the thyroid 
gland. Metabolic activity of body also decreases slow 
growth due to Iodine deficiency. If we supply iodine, 
increase the function of thyroid gland, maintain the 
balance of Ca and P level, and increase metabolic 
activity of body, body weight and animal come in 
heat early. So hormone will be less effective in 
Iodine deficient cow. The mechanism by which 
massage brings back cows ovary to function is not 
clearly understood, but is probably the result of 
activation of intrinsic ovarian factors. 

Therefore, the present work aimed to 
study the effect of iodine dietary supplementation on 
birth weight of their offspring, milk (yield and 
composition), nutrients digestibility, immunoglobulin 
status, blood constituents and reproductive 
performance of Egyptian buffalo's cows.  

 
2. Material and Methods  

    The experimental procedures: 
     This study was carried out at EL-Gemmaiza 

Experimental Station belonging to Animal 
Production Research Institute, Agricultural Research 
Centre, Giza, Egypt. Eighteen Egyptian lactating 
buffalo cows (2-4 lactations) were used in this study. 
Animals were chosen in late pregnancy period at 
approximately 90 days prepartum and divided 
randomly into three similar experimental groups, (6 
animals in each group) to evaluate the effect of using 
iodine in feeding buffalo cows on nutrients 
digestibility, some blood parameters, birth weight of 
their offspring, immunoglobulin status, milk yield, 
milk composition and reproductive parameter. The 
control ration consisted of concentrate feed mixture 
(CFM), berseem hay (BH) and Rice straw 
(RS)which was given to buffaloes, (I0) without 
additives, while the other groups I1 and I2 fed the 
control ration supplemented with two levels of 
Iodine : 1st is 0.5 mg sodium iodide per kg DM intake 
/h/d (0.3 mg I per kg DM intake /h/d) and 2nd is  0.8 
mg sodium iodide per kg DM intake /h/d /h/d (0.5 
mg I per kg DM intake /h/d)respectively. I were well 
mixed with some of the ground concentrate feed 
mixture before feeding. Animals were individually 
fed according to Kearl (1982).  The animals were left 
for 4 weeks (as a preliminary period) on the same 
diet before receiving any samples. The experimental 
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treatments lasted nine months (three months before 
the expected calving date and continued up to six 
months of lactation period) to investigate the effect 
of I supplementation on productive and reproductive  
performance of buffaloe cows. 

 
Management and feeding: 

    All animals were housed in semi open pens 
until time of delivery then they were transferred to 
the maternity unit. Water was offered freely in water 
troughs except at the milking time. After delivery all 
buffalo cows were allowed to nurse their calves for 
only one week  postpartum (period of colostrums 
intake) thereafter, the dams were transferred to the 
milking unit and milked twice daily at 7a.m and 5 
p.m. and they were subjected to the regular 
managerial practices of the breeding stock. Dams 
were weighted before and after calving as well as 
their new born calves were also weight and recorded 
immediately after calving until weaning (90days). 
Milk yield was recorded. Composite and 
representative samples of milk (morning and evening 
samples) were mixed by ratio of 1% weight of milk 
and analyzed biweekly for fat, protein, lactose, solids 
non fat, total solids and ash using Milkoscan 
apparatus. Energy of milk was calculated by using 
the formula of Overman and Sanmann (1926) where 
energy of milk: 

 (Kcal) = 115.3 (2.51 +fat %).  
Actual milk yield was converted into 7% fat 
corrected milk (FCM) using the formula given by 
Raafat and Saleh, (1962) as follows:  

 7% FCM = 0.265 milk yield +10.5 fat yield.  
 Two digestibility trials were carried out at 60 

and180 days of the feeding trials using buffalo cows 
from all groups to determine the nutrients 
digestibility and nutritive value of the experimental 
rations. Acid Insoluble Ash (AlA) technique 
according to (Van Keulen and Young, 1977) was 
used as a marker for the determination of the 
nutrients digestibility. Digestibility of DM as well as 
all nutrients was determined with the following 
equations: 
% Nutrient digestibility =100-(% DM digestibility x 
% Nutrient in feces) / % Nutrient in feed).  

        At the 60 and 180 days of the trial, fecal 
samples were collected from the rectum twice daily 
every 10 hr at 7:00 and 17:00 hr starting at the 3rd 
day of the collection period. Feed and fecal samples 
were dried, ground and kept for later analysis. 
Chemical composition of the different ingredients 
and feces samples were analyzed according to A. O. 
A. C. (1990). 

 
Colostrums analysis:- 

             Colostrums samples were collected within 
one hour of parturition (first milking) from each dam 
at the 1st, 2nd and 3rd day postpartum for 
immunoglobulin studies. Determination of 
immunoglobulin's Ig A, Ig M and Ig G in colostrums 
was applied by Bovine radial immunodiffusion (RID) 
kit according to the procedure outlined by the 
manufacturer (The Binding Site Ltd, Birmingham, 
UK). The principle of the technique was derived from 
the work of Mancini et al. (1965) and Fahey and 
McKelvey (1965). 
 
Blood sampling:- 

Blood samples were collected biweekly 
via the jugular vein from each buffalo cows during 
late pregnancy (LP) and postpartum (PP) period. 
Count of red blood cell (RBC) and white blood cell 
(WBC) was determined using haemocytometer, 
packed cell volume (PCV%) was estimated using 
micro-hematocrit tube and micro hematocrit 
centrifuge at 10000 rpm for 5 min, while 
concentration of hemoglobin (Hb) was carried out 
using (Super+Ior®, Sahli's method) according to 
Sahli, (1905). Blood plasma was carefully separated 
after centrifugation at 4000 r.p.m. for 20 minutes, and 

then stored at -20 C
o
 until analysis for the different 

blood parameters. Plasma was used for determination 
of Glucose (Trinder, 1969), total protein (Armstrong 
and Carr 1964), blood urea nitrogen (Faweat and 
Scott, 1960), albumin (A) (Drupt, 1974), cholesterol 
(Kostner et al., 1979) and triglycerides (Schalm et 
al., 1975). Direct radioimmunoassay technique was 
performed for determination of progesterone, (P4) 
estradiol 17β, triiodothyronine (T3) and thyroxin (T4) 
hormones in representative plasma samples. Kits of 
‘‘Diagnostic Products Corporation, (DCP) Los 
Angles, USA ’’ with ready antibody coated tubes 
were used according to the procedure outlined by the 
manufacturer. 

 
Measurement of reproductive traits: 

          During postpartum period, the reproductive 
tract was rectally palpated once every two days till 21 
postpartum and once every three days after that in 
order to assess the uterine involution according to El-
Fadaly (1978).  All experimental buffalo cows were 
observed twice daily for estrous activity and buffalo 
cows in heat were inseminated 12 h after estrus 
detection. Animals were examined for pregnancy by 
rectal palpation after 50 days of insemination. 

            Immediately after parturition, the interval 
elapsed for complete fetal membranes drop (hour) 
and uterine involution period (day) were recorded.  
Also, the interval from calving to first detected estrus 
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(day), service period length (day), number of services 
per conception (NSPC), days open, pregnancy rate 
(%) and calving interval (CI/day) were recorded. 

6- Statistical analysis: 
Data were analyzed using GLM procedures of the 

SAS (SAS, 1996). Means were separated by using 
Duncan's multiple range test (Duncan, 1955). 
 

3. Results and Discussions 

Chemical composition of feedstuffs: 
The chemical composition of CFM, BH and RS 

(Table 1) are within the normal ranges reported in 
Egypt by several workers (El–Hosseiny, et al., 2008 
and Zeedan, et al., 2008 and 2010). 

 
Nutrients digestibility and nutritive values: 
             Results obtained from Table (2) indicated 
that digestibility of DM, OM, CF and EE was not 
influenced by I supplementation at 60 days. While 
digestibilityes of CP and NEF were significantly 
higher (P<0.05) for I2 than I0. Also, nutritive value as 
TDN was significantly (P<0.05) for I2 than I1 and I0. 
At 180 days the digestibility of all nutrients and 
nutritive value (TDN and DCP) tended to 
significantly (P<0.05) increase for the I2 compared to 
the I0. These results were in agreement with those 
obtained by Lubin et al. (1979), Gasanova (1985) and 
Lenina (1986). Pattanaik et al. (2001) found that 
digestibility  of DM, OM,  CP and EE  was not 
influenced  by  I supplementation  and  were  
comparable to the  control  values  during  the  first 
metabolism  trial (90 days). During the second  trial, 
conducted  at 165 days  post-feeding,  the  
digestibility  of nutrients  tended to  increase  for  the  
I supplemented  group  I50  compared to  the  control,  
but  the  differences  were  non-significant. El–
Hosseiny, et al. (2008) found that supplement of 
iodine for young camel, the digestibility of nutrients 
and nutritive value (TDN and DCP)   tended to 
increase, but the differences were non-significant. 
Also Gaffarov and  Saliev  ( 1979  ) indicated  that  
supplement  of iodine for cow  rations  increased  the  
digestibility  of all nutrients . 

          The improving of digestibility of most 
nutrients may be due to its effect on rumen bacteria 
especially rumen proteolytic bacteria and increasing 
the number of rumen cellulolytic bacteria (Hungate, 
1968 and Martinz and Church, 1969). Lawrence and 
Fowler (1997) reported that thyroid hormones 
influence the function of most organs and stimulate 
the basic metabolic rate through regulation of the 
metabolism of carbohydrates, proteins and lipids. 
Improvement of TDN and DCP might be due to the 
higher values of digestibility values of all nutrients 

by supplementation with different levels of I 
supplementation. Hoption (2006) reported that 
thyroidal hormones play a major role in the control 
of several metabolic processes including 
carbohydrate, fat, protein, vitamin and mineral 
metabolism. On the other hand, Sawal et al. (1996) 
found that digestibility of all organic nutrients 
decreased with female Gaddi sheep receiving iodine. 
     
Birth weight of born calves and dams: 
            Data of body weight (dams and calves) and 
daily gain of calves are summarized in Table 
(3).The dam body weight before parturition; late 
pregnancy (LP) was insignificant in all experimental 
groups. The same trend was observed with fetal fluid, 
but dam body weights after parturition, post-partum 
(PP) were significant (P<0.05). Also, fetal fluid was 
not significant in all treatments. Percentages of 
calving loss (CBW + fetal fluid) / DBW before 
parturition were 9.30%, 9.66% and 10.48 % for 
groups I0, I1and I2, respectively. Differences between 
groups in Calf birth weight (CBW) and CBW / Dam 
post-partum were significant (P<0.05) (Table 3). 
Group I2 achieved greater values of CBW / Dam 
post-partum, calf birth weight, weaning weight, total 
gain of calve and daily gain of calve than other 
groups. Improvement percentage was 8.62 and 
12.07%for daily gain of calves. The newly born 
calves from treated dams I showed higher CBW, 
weaning weight, total gain, daily gain and better 
vitality in comparison with the control group.  
Generally the calves from treated dams showed 
higher CBW, CBW / Dam post-partum, weaning 
weight, total gain and daily gain than the control 
group. The supplementation has improved the thyroid 
function at calving and weaning in the buffaloes, 
increased the digestion protein, TDN (60 and 180 
days), concentrations of immunoglobulin in 
colostrums, milk protein and milk lactose led to 
increase the calf birth weight and calf weaning 
weight. Gilles et al.  (2009) found that the selenium 
and iodine administration in prepartum cows may 
enhance the calf immune defences by improving the 
maternal mineral status. Sultana et al.  (2006) found 
that the highest live weight gain was found in Lugol’s 
iodine treated group (7.09%) followed by iodide salt 
treated group (5.28%) and common salt treated group 
(4.94%).They added that the lowest live weight gain 
was determined in control group (No iodine 
treatment). They added that the reason why might be 
due to anabolic effect of iodine on weight gain. 
Hoption (2006) reported that thyroidal hormones play 
a major role in the growth and development of brain 
and central nervous systems, control of several 
metabolic processes including carbohydrate, fat, 
protein, vitamin and mineral metabolism. Iodine 
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deficiency affects reproductive capacity, brain 
development and progeny as well as growth Lobb 
and Dorrington (1992) and Monget and Monniaux 
(1995) reported that the animals suffer from Iodine 
deficiency then decrease the milk production and 
there will be decrease calcium absorption capacity 
i.e. low calcium and high phosphorus in blood. Iodine 
acts on the thyroid gland. Metabolic activity of body 
also decreases slow growth due to Iodine deficiency. 
If we supply iodine, increase the function of thyroid 
gland, maintain the balance of ca and p level, and 
increase metabolic activity of body, body weight. 
Also, Mc Dowell, (2003) and Underwood and Suttle, 
(2001) found that both hormones have multiple 
functions in the energy metabolism of cells, in the 
growth, as a transmitter of nervous stimuli, and as an 
important factor in brain development. Also, 
Gasanov (1991) reported that Supplemented 
(injections of tetravitan and supplements of trivitan, 
potassium iodide, sodium selenite, calcium 
triphosphate, proserine, cobalt chloride or zinc 
sulphate) buffaloes had increased calf birth weight, 
decreased calving problems, increased milk yield and 
colostral density, and blood immunoglobulin 
concentrations. He added that buffaloes were 
deficient in selenium, cobalt and iodine which 
affected immune. 
                     
Concentrations of immunoglobulin in colostrums: 
                  As shown in table (4) concentrations of all 
Immunoglobulin (Ig) fractions in colostrum of 
buffaloes showed a descending trend with sequence 
sampling days after parturition. IgA, IgM and IgG 
were detected increasing for I1and I2 compared to I0. 
IgG were significantly (P<0.05) in group I2 in 
comparison with other groups. The control group I0 
had minimal concentration of IgA, IgM and IgG than 
other treated groups. The supplementation has 
improved the thyroid function at calving in the 
pregnant cows, increased the digestion both protein 
and TDN at 60 days led to increase immunoglobulin.  
Northeim et al. (1985) reported that the immune 
status of the newborn calves is dependent upon the 
passage of immunoglobulins from dams to the calves 
through the ingestion of colostrum and its subsequent 
absorption from small intestine. Nocek et al. (1984) 
demonstrated that IgG has been related to pre-
weaning growth. Consumption of colostrum is 
essential to provide animals with the antibodies and 
other proteins that calves need to stay healthy. The 
amount of colostrum and immunoglobulin, or IgG 
consumed determines amount of passive immunity 
and resistance to disease. When calves consume 
insufficient amounts of IgG from colostrum within 
the first 24 hours of life, calves are much more 
susceptible to developing disease and possibly dying. 

A major reason that pre-weaning mortality is higher 
than optimum (defined as less than 5% of calves born 
alive) is due to inadequate IgG intake (Quigley, 
2005). 
               Estimates of Ig in the current study are 
greater than those obtained by Salama et al. (1997) 
who observed that Ig contents in colostrum of 
Egyptian buffaloes at 24, 48 and 72 hr after calving 
were 26.1, 20.0 and 16.4 mg/ml in premiparous and 
26.0, 14.3 and 10.9 in pluriparous buffaloes. Gasanov 
(1991) reported that Supplemented (injections of 
tetravitan and supplements of trivitan, potassium 
iodide, sodium selenite, calcium triphosphate, 
proserine, cobalt chloride or zinc sulphate) buffaloes 
had decreased calving problems, increased colostral 
density, and blood immunoglobulin concentrations. 
Who added that buffaloes were deficient in selenium, 
cobalt and iodine which affected immune. 
                Generally Subsequently,  the amount of 
IgG in dam’s colostrum depended mainly upon  
prepartum  administration  of  immunopotentiators,  
and  in  calves  depended mainly  upon  consumption 
of colostrum directly after parturition.Also, iodine 
supplementation  may be improved the thyroid 
function led to increase concentrations of  
immunoglobulin in colostrums. 

           
Milk yield and composition: 

   Data presented in Table (5) showed that 
the actual milk, milk composition percentage and 
yields, 7% fat corrected milk (7% FCM) yield and 
milk energy (Kcal / Kg milk) of lactating buffalo 
cows. The actual milk yield (AMY) and 7% fat 
corrected milk (7% FCM) yield of dairy buffalo 
cows were significantly (P< 0.05) higher of I2 than 
that of I0. Similar results were obtained by 
Monastyrev (1980), Gasanova (1986), Kobeisy and 
Shetaewi (1992), Kobeisy et al. (1992) and Allam et 
al. (2003) they reported that addition of I to the ration 
of lactating cows and buffaloes increased milk 
production and 4 or 7% fat correct milk yield. 
Improvement and increasing in milk yield was 
observed with animal gropes fed supplemented ration 
with I, being 14.94 % and 28.67% with groups I1 and 
I2, respectively. The same increasing trend was 
shown with 7% FCM yield. The respective values 
were 16.00% and 45.5. Also Golubev and 
Sedov(1984), Drebickas et al.(1993) and Androsova 
(1994) showed that addition of potassium iodide to 
ration of lactating cows increase milk production by 
10 – 18%.   

The increase in milk yield with I 
supplementation may be due to higher nutrients 
digestibility at 180 days (Table 2) and increase in T3 
and T4. Hoption (2006) reported that thyroidal 
hormones play a major role in the control of several 
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metabolic processes including carbohydrate, fat, 
protein, vitamin and mineral metabolism. 
Georgievskii et al.  (1990) reported that the principal 
function of iodine is determined by its presence in the 
thyroid hormones. These hormones are known to 
regulate basic metabolism, consumption  of  
carbohydrates,  proteins  and  fats the effect of 
hormones on metabolism involves synthesis of 
respiratory and other enzymes, which affect 
intracellular processes of oxidation, oxidative 
phosphorylation and protein synthesis. Also, 
Lawrence and Fowler (1997) reported that thyroid 
hormones influence the function of most organs and 
stimulate the basic metabolic rate through regulation 
of the metabolism of carbohydrates, proteins and 
lipids. Gasanova (1985) reported  that increasing  the  
dietary  level of iodine  from  basal  values  0.11-0.16  
mg  /Kg DM to 0.59  - 0.65 mg  / Kg DM improved  
feed  utilization  for milk production.  
             Percentages and yield milk constituent (fat, 
protein, lactose, SNF, TS and milk energy) were 
significantly (P< 0.05) higher in groups I2 than those 
of I0 in (Table 5). Allam et al. (2003) reported that 
supplementing ration with iodine significantly (P< 
0.05) increase percentages fat, protein and energy 
contents. Angelow et al. (1993) reported that the 
differences between control and iodine (0.2 mg / kg 
as KI) for daily yield of milk fat and protein were 
significant.  Todorova et al.  (1995)  found that 
iodine deficiency decreased milk fat, protein yield of 
ewes.  Ehlers et al.  ( 1994) observed  that  there  was  
trend  towards  higher  milk protein  yield which  was  
attributed  to  higher  thyroxin  for dairy cows  given  
diet supplemented  with iodine. Kobeisy and 
Shetaewi (1992) found that milk fat% and milk TS% 
increased by iodine supplemented group in Egyptian 
buffaloes at mid lactation. Kobeisy et al. (1992) 
found that iodine supplementation in ration 
buffaloes increase percentages milk constituent 
(fat, protein, lactose and TS) compared the control 
group. On the other hand, Norouzian et al. (2009) 
pointed that no significant differences observed in all 
treatment by different level of iodine, for milk yield 
and milk composition. Also Nudda et al. (2009) 
found that milk yield and composition were not 
influenced by KI supplementation, but the first level 
of KI supplementation increased the content of milk 
fat significantly compared with that of the 
unsupplemented group. 
 
Feed intake and feed efficiency:- 
           Data in Table (6) indicated that lower dry 
matter intake was obtained for I1 and I2 than that of 
I0, with no significant differences among groups. 
Data presented in Table (6) showed that the DMI 
decreased with animal groups fed I1 and I2. 

Decreasing in DMI might be due decreasing intake 
of rice straw with there groups because of I 
supplementation make a favorable effect for animals 
to get the best ingredient from ration and also might 
be to higher digestibility and nutrients value for 
experimental rations. Norouzian et al. (2009) found 
that decrease of dry matter intake related to feeding 
high levels of iodine but no significant difference 
was observed between treatments for DMI. These 
results are in agreement with El–Hosseiny, et al. 
(2008), Allam et al. (2003) and Meyer et al. (2008) 
they found that I supplementation had no 
significant effect on feed intake. Total intake from 
both TDN and Total DCP showed no significant 
difference with I supplementation. Results obtained 
herein are in agreement with that of El–Hosseiny, et 
al. (2008) and Allam et al. (2003).  
              Feed efficiency was expressed as amount of 
either milk yield or 7% milk yield produced from one 
kg DM intake. Results obtained in Table (6) showed 
that the feed efficiency was significantly (p<0.05) 
higher with animal groups fed I2 than those fed I0 ,but 
the differences between groups fed I0  and I1 were not 
significant. Also, differences between groups fed I1 
and I2 were not significant. Generally, iodine 
supplementations tend to higher feed efficiency. 
Improvement in feed efficiency for groups consumed 
I supplementation might be attributed to lower DM 
intake and higher milk yield.  
                The same previous trend was observed with 
feed efficiency when expressed as 7% FCM/kg DCP, 
being 8.89, 9.98 and 12.13 for gropes fed rations I0, I1 
and I2, respectively. These results are in harmony 
with Allam et al. (2003) and Lenina (1986) they 
reported that supplements of I for cattle improve 
feed efficiency compared to control groups. 
                      
Blood parameters:- 
              Data in Table (7) illustrated that count of 
(RBC and WBC), Hb and PCV were significantly 
(P< 0.05) increased on LP and PP in treatment. This 
effect could be due to increased thyroid hormone and 
functions of hormone in treated animals. These 
results are in accordance with shcheglov and 
Gruzdev, (1989), Spiridon and Hebean. (1988) and 
Zygmunt (1987). Bedi et al. (2000) found that 
hemoglobin tended to increase, but the differences 
were non-significant by using level of KI. Also, 
Sultana et al. (2006) reported that the total 
erythrocyte count (TEC), hemoglobin percent and 
packed cell volume (PCV) were increased on 60 days 
of post-treatment in all groups (common salt, iodide 
salt and Lugol’s iodine) compared with control 
group. They added that the variation might be due to 
effect of iodine formulation on hemopoiesis. 
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              As shown in Table (7) total protein, T3 and 
T4 concentrations in blood plasma of I1 and I2 groups 
were significantly (P< 0.05) greater than of I0 within 
two stages LP and PP. Shetaewi et al. (1991) found 
that serum proteins tend to be higher in high 
treatment of KI than low of KI or control treatments. 
Vsyakikh et al. (1992) reported that total protein 
significantly increased during the second month of 
lactation in cows receiving KI. El–Hosseiny, et al. 
(2008) showed that serum total protein significantly 
increased by supplement of iodine. The increase in 
plasma protein with iodine addition may be due to the 
increase in protein synthesis, digestion of protein at 
the 60 and 180 days in Table (2) and increase in T3 
and T4. Freeman, (1983) and El-Masry and Habeeb, 
(1989) reported that the result of the elevation of 
anabolic hormone secretion that are responsible for 
utilization of amino acids and other physiological 
functions related to metabolic rate. Also, Lawrence 
and Fowler (1997) reported that thyroid hormones 
influence the function of most organs and stimulate 
the basic metabolic rate through regulation of the 
metabolism of carbohydrates, proteins and lipids. On 
the other hand Kobeisy and Shetaewi (1992) found 
that serum total proteins was lower (P<0.01) in I 
supplemented buffaloes compared with control. 
Pattanaik et al. (2001) found that T3 and T4 increased 

by I supplementation compared to control. Kobeisy 
and Shetaewi (1992) showed that iodine treated 
buffaloes had 40% higher (P<0.02) serum 
triiodothyronine than control buffalos. Khushdeep 
and Randhawa (2004) found that a significant 
elevation of plasma T4 concentration in buffaloes 
treated with 2 ml of iodized (containing 375 mg 
iodine / ml) subcutaneously in the brisket region. 
Also, Rose et al., (2007) found that supplementation 
with I was associated with higher levels of tri-
iodothyronine and thyroxin in the lambs at birth. 
Norouzian et al. (2009) found that average to T3 
were 90.75, 91.125, 99.50 and 104.75 for control, the 
control diet plus 2.5, 5 and 7.5 mg Potassium 
Iodide/kg diet DM, respectively, while T4 were 3.00, 
2.675, 3.237 and 2.80 at the same treatments.  In 
these study the increase in T3 and T4 concentrations 
with animals fed  I1 and I2 treated animals may be due 
to increasing the availability of I to the thyroid to 
meet the increasing demand of thyroid hormone 
during pregnant and lactation period. 
               No significant difference was observed 
among different treatments for albumin in LP but 
significant difference was observed during PP period 
(Table7). While, significant difference was observed 
among treatments for globulin during LP and PP 
period. Also no significant difference was observed 
among treatments for A / G ratio during LP and PP. 
The increase in serum albumin and globulin with 

iodine addition may be due to the increase in protein 
synthesis, total protein in blood and digestion of 
protein at the 60 and 180 days as show in Table (2). 
Shetaewi et al., (1991) founded that serum albumin 
tended to be higher in high iodine treatment than low 
iodine or control treatment. They added that serum 
globulin tended to be higher in iodine treatment than 
control treatment.  El–Hosseiny, et al. (2008) showed 
that serum albumin no significant by supplement of 
iodine. They added that globulin was significant by 
supplement of iodine. On the contrary Kobeisy and 
Shetaewi (1992) found that globulins was lower 
(P<0.01) and albumin tended to be lower in I2 
supplemented buffaloes compared with control. 
            Data in Table (7) illustrated that glucose was 
significantly (P< 0.05) increased with groups fed  I1 
and I2 during PP period  and it showed no significant 
difference during LP period. Bedi et al. (2000) 
reported that serum  glucose  level  was significantly 
(P<0.01) in goats by using level of KI. Davis et al. 
(1988) found that T4 injection (20 mg/d) for 4 days 
during successive 16 days experimental period 
increased mammary glucose uptake by 45%. Kobeisy 
and Shetaewi (1992) reported that serum glucose 
concentration was higher in iodine supplemented 
buffaloes than in control buffaloes. Draganov et al. 
(1991) found that supplemented diets (iodine, cobalt 
and copper) increased the concentration of blood 
glucose by 2.1 and 5.7 %. Vsyakikh et al. (1992) 
revealed  that  blood  glucose significantly  increased  
during  the second  month  of  lactating  in cows  
receiving  KI compared  with  control  group. These 
results also probably attributed to the higher of blood 
plasma glucose and albumin concentration of animals 
fed iodine supplemented ration as shown in Table (7). 
It led to an increase in milk lactose synthesis and a 
consequent increase in milk production.  This results 
may be due to the high demand for energy especially 
glucose as a main source of energy during late 
pregnancy. Manston and Allen (1981) reported that 
reduction in blood sugar level in the late pregnancy 
and 1 - 2 days after parturition indicates a heavy 
demand for glucose in late gestation and early 
lactation. Similar results were reported by El-Malky 
(2007) who found that Egyptian buffaloes blood 
glucose was decreased during late pregnancy and 
increased in the 3 months of postpartum. Significant 
Triglycerides was observed between treatments in LP 
and PP in Table (7). Kobeisy and Shetaewi (1992) 
showed that buffaloes treated with iodine in mid- 
lactation period had more 67% (P<0.05) triglycerides 
than control group. On the other hand, Davis, et al. 
(1988) found that was no detectable effect of T4 
injection on plasma triglycerides concentration. 
Lawrence and Fowler (1997) reported that thyroid 
hormones influence the function of most organs and 
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stimulate the basic metabolic rate through regulation 
of the metabolism of carbohydrates, proteins and 
lipids. 

           Also, the effect of treatment on blood urea 
nitrogen (BUN) was significant (P<0.05), whereas 
treated groups had a higher means compared with 
untreated group in both pre and postpartum periods. 
This effect could be due to increased thyroid 
hormone in treated animals which in turn result in a 
slight increase in protein catabolism.  Kobeisy and 
Shetaewi (1992) found that serum urea nitrogen 
tended to be slightly higher in buffaloes treated with 
I2 in mid- lactation period compared with control 
group.    

            Data in Table (7) showed that cholesterol was 
lower in I1 and I2 than I0 during LP and PP. It is 
interest to notice the reverse relationship between T3 
and cholesterol concentrations that occurred during 
treatments. Shetaewi et al., (1991) found that serum 
cholesterol concentration was 15% lower in lambs 
that received 80 mg KI/head/wk compared with 
controls. Also, Kobeisy and Shetaewi (1992) showed 
that cholesterol concentration was 20% less in treated 
group than that control group for buffaloes in mid 
lactation period supplemented with I2 in diet. Kaneko 
(1980) reported that serum cholesterol was 
previously used as an index of thyroid function 
because hypothyroidism is generally associated with 
an elevation in serum cholesterol. Bergersen (1979) 
suggested that thyroid hormones increase cholesterol 
synthesis and enhance the livers ability to excrete 
cholesterol in the bile. But the effect on cholesterol 
excretion is greater than that on cholesterol synthesis; 
the net result is a decrease in plasma cholesterol 
concentration. However, serum cholesterol varies 
with a variety of factors unrelated to thyroid activity 
such as the nature of the diet, hepatic function and 
other factors (Kaneko, 1980). 
           As shown in Table (7) EST 17β concentrations 
in blood of I1 and I2 groups were significantly (P< 
0.05) greater than that of I0 within two stages (late 
pregnancy LP and Postpartum PP). Data showed that 
level of plasma P4 was lower in treated groups in 
prepartum period than that in the control group. 
Concentrations of P4 tended to change slightly during 
the postpartum first months where the ovaries are still 
inactive. This may suggest that the sharp increase of 
EST17 β and decrease of P4 just before parturition 
was observed by Gordon (1996). Analysis of 
variance revealed that prepartum and postpartum P4 
concentration was affected significantly by different 
experimental groups. P4 concentration tended to be 
high in I2 than I1 and I in postpartum period. This 
finding indicated regression of corpus luteum in all 

cows at parturition (El-Moghazy, 2003). It is of 
interest to note that, average P4 concentration at 
postpartum period was tend to be high in treated 
groups than control group. In general, the presented 
data reflected that treatment lactating buffalo cows on 
different iodine levels did not affect P4 profile 
prepartum and postpartum periods. The diminished 
levels of P4 before parturition was also stated earlier 
by several authors ( Kamonpatana et al., 1981; 
Perera, 1981) working on buffaloes. Smith et al. 
(1973) reported that the decline of P4 stimulates the 
uterus to be under estrogen dominance at a time when 
coordinated uterine contractions begin in cattle. In 
contrary, Nanda et al. (1981) noticed that P4 levels in 
normal pregnant buffaloes remained almost constant 
from day 60 before calving to the last week of 
pregnancy. The importance of P4 drop before onset of 
calving is to prevent the inhibitory effect of P4 upon 
myometrial contraction as well as the release of 
oxytocin (Batra et al., 1982).  

              Data illustrate that the level of EST17 β 
increased linearly toward time of parturition in 
treated and untreated groups of buffalo, however 
clear differences were detected between both groups, 
whereas treated groups recorded higher EST17 β 
levels than control group. After delivery, 
concentrations of EST17 β decreased sharply in both 
groups of buffaloes in comparison with its level 
during late pregnancy. It seems likely that estradiol 
concentration in blood increases concomitantly with 
the decline in P4 concentration (El- Wardani et al., 
1998). Normal expulsion of fetal membranes  
requires a rise in EST-17β before calving 
accompanied by a gradual and sustained fall in P4 
(Prakash and Madan,1986). Moreover, normal 
calving requires softening and dilation of the cervix, 
particularly during late pregnancy due to the 
influence of relaxin and estrogen when P4 dominance 
decline and uterine prostaglandin production is 
increasing (Taverne, 1992). This, P4 decline is 
accompanied by a gradual increase in PGF2α until 24 
h before calving (Gordon, 1996). 

        The increase in blood studied constituents may 
be due to the role of iodine in improving all nutrient 
digestibility especially CP (Table, 2) of buffalos fed 
I, and also may be probably led to an increase in the 
absorption rate from the digestive tract, thus blood 
constituents of the supplemented animals reflected a 
corresponding increase of these values. These results 
are in agreement with Drebickas et al. (1993) who 
found that supplementary iodine improved chemical 
composition of blood in cows compared with the 
control diet. 
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Reproductive aspects: 
            Mean values of some reproductive traits of 
the experimental dams are presented in table (8). 
Prepartum treatment with iodine reduced the period 
of fetal membrane expulsion compared to the other 
groups (P<0.05). Buffaloes of group I2 had 
significant shorter intervals for uterine involution, 
onset of the 1st heat and days open when compared 
with other groups. In consequence, group I2 had the 
least (P < 0.05) calving interval (367.2±24.1 days). 
On the contrary to that, the control group I0 exhibited 
longer time to attain its uterine involution (52.6±9.16 
days) or reaching conceptive date (93.2±18.28). 
Buffaloes in group I2 required only one service to 
conceive. Gestation periods for groups fed ration 
containing 0.5 mg I (I2) were relatively less than that 
of the other groups, presumably due to amelioration 
in fetal growth imposed by increased metabolism. 
Group I2 achieved a smallest value in the number of 
services per conception followed by groups I1 and I0. 
It seems that positive impact of iodine treatments 
were shown on reproduction in buffaloes.  
             In coincidence with these findings, Sushma- 
Chhabra, et al., (2007) found that iodine 
supplementation improved oestrus signs, whereas the 
onset of oestrus in the treatment group ranged from 
4-33 days. Also, iodine treatment groups showed a 
better conception rate compared to the control group. 
Mavi and Bahga (2005) found that treatment groups 
improved reproductive efficiency, whereas eight 
heifers in the treatment group (44%) exhibited 
oestrus within 60 days of supplementation and four 
heifers (22%) conceived. In control group, only one 
heifer (12.5%) exhibited oestrus and none conceived 
in the same period. Panchal et al., (1991) found that 
the overall pregnancy rate in the treated animals 
(42.17%) was significantly higher than that of the 
untreated controls (17.05%).Bahga and Gangwar 
(1989) measuring plasma protein–bound iodine in 
buffaloes after calving during summer and winter 
seasons and found that values were lower in summer 
than in winter, and lower in buffaloes requiring less 
than 30 days for uterine involution than in those 
requiring more than 30 days: they were lowest in 
buffaloes requiring more than 50 days for restoration 
of ovarian follicular development. Bahga (1989) 
reported that poor reproductive efficiency, 
postpartum oestrus interval, service period and 
number of services for conception were observed in 
animals in the low plasma protein bound iodine 
group. Gasanov (1991) reported that supplemented 
buffaloes with injections of tetravitan and 
supplemented of trivitan, potassium iodide, sodium 
selenite, calcium triphosphate, proserine, cobalt 
chloride or zinc sulphate reduced service interval, 
improved conception to first service. 

             Sharawy et al., (1987) demonstrated that 
animals treated with patent thyroid preparation 
exhibited the highest percentage of heat appearance 
(86.7%) with 73.3% pregnancy rate, while group 
treated with supplements of crude iodinated casein 
revealed that 84.6% came in heat and 69.2% became 
pregnant and animals treated with potassium iodide 
revealed that 50% manifested heat while 40 
conceived. In sheep, Ferri et al., (2003) reported that 
100% of treated ewes mated with treated rams were 
pregnant vs 37% of the control ewes mated with 
control rams, also, results demonstrated that iodine 
supplementation restores fertility of sheep living in 
iodine deficient areas.  
          
Pregnancy rate: 
             Table (9) showed that in control group three 
buffaloes came in heat after 65 days after delivery, 
three of them ovulated and conceived. In the second 
group, fife animals manifested oestrus after 54 days 
and were ovulated while four of them got pregnant. 
In the third group all animals exhibited oestrus sings 
within 45 days, all were ovulated and all will 
pregnant (100%). Results revealed higher pregnancy 
rate in I2 (100%) than in groups I1 (66.67%) and I0 
(50.0%). This may in relation to level of iodine 
supplementation, being better with the high (0.5 mg I 
per kg DM intake /h/d) than low level (0.3 mg I per kg 
DM intake /h/d) of supplementation. The marked 
improvement in pregnancy rate of buffaloes 
supplemented with iodine in I2 compared with I0 is in 
agreement with the findings of Sharawy et al. (1987) 
who found that treatment with potassium iodide 
revealed that 50% of the treated animals came in heat 
while 40% got pregnant. Also, Glotra, et al., (1969) 
found that significant improvement in relation to heat 
appearance and pregnancy rate in buffaloes supplied 
by potassium iodide than in control. 
 
Health status of delivered calves: 

As shown in Table (10) the  control  dams  
delivered  only  4  calves  because there was one case 
of abortion and one case of  stillbirth,  meanwhile, 
treated dams delivered 12 healthy  calves. The calves 
from treated dams showed higher body weight, 
growth rate/day and better vitality in comparison with 
the control. Likewise, body weight and growth 
rate/day were higher in newly born calves from I2 
than I1 and I groups. In addition, no mortality in the 
1st month occurred between the newborn calves 
resulted from iodine treated buffaloes compared to 
the control group.  
         Moreover,  the  control  calves  showed  more  
severe  pneumonia  and enteritis as a result of which 
2  (33.33%) calves died.  The present results support 
the other views (Mavi et al., 2005) who found that, 
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iodine treatment to late pregnant dams induced better 
state of reproductive and delivery with no retained 
placenta or stillbirth in comparison with the control 
group. The newly born calves were of heavier body 
weight, better healthy status and highly resistance to 
disease. The pre and post-partum supplementation 
with iodine improved the reproductive efficiency of 
Egyptian buffaloes   (Sharawy et al., 1987). 
Consequently, a high immunoglobulin-G 
concentration was observed in calves supplemented 
with iodine. Circulating IgG had been related to pre-
weaning growth (Nocek, 1984) as well as long term 
performance of calves (Wittum, 1995), thus some 
commercial calf raisers will pay dairy producers a 
premium for providing calves with serum total 
protein that exceeds some critical threshold (usually 
>5.2 to 5.5 g of total protein/dl of serum). Others will 
reduce the amount they pay to the producer if total 
protein is too low. Although  passive  immunity  has  
an  important  effect on calf health, there are a 
number of other factors that influence the overall cost 
of morbidity and  mortality  on  a  calf  raising  
operation.  These other factors include the level of 
exposure of calves and level of stress to which calves 

are exposed. Another critical control point during the 
calf’s life is the first 24 hours. Consumption of 
colostrum is essential to provide animals with the 
antibodies and other proteins that calves need to stay 
healthy. The amount of colostrum (and 
immunoglobulin, or IgG) consumed determines 
amount of passive immunity and resistance to 
disease. When calves consume insufficient amounts 
of IgG from colostrum within the first 24 hours of 
life, they are much more susceptible to developing 
disease and possibly dying. A major reason that pre-
weaning mortality is higher than optimum) defined as 
less than 5% of calves born alive) is due to 
inadequate IgG intake (Quigley, 2005). Measuring a 
calf’s level of passive immunity within the first week 
of life allows the producer to know the effectiveness 
of the colostrum management and calf feeding 
program . Because this is so important to the health 
and survival  of  the  calf,  it  is  an  essential part  of 
monitoring  the  overall  heifer  operation.  However, 
the importance of achieving adequate levels of 
colostral immunoglobulins to protect the neonate 
from enteric disease and septicemia has long been 
recognized) Robinson, 1988).  

 
Table (1). The chemical composition of feed ingredients and the calculated composition of the Experimental rations. 

Chemical composition as DM basis (%) 
Items DM OM CP CF EE Ash NFE 

Chemical composition of the ingredients :
CFM* 
BH 
RS 

91.54 
90.17 
92.91 

92.92 
84.31 
81.51 

16.79 
14.89 
3.59 

10.31 
24.83 
41.80 

4.59 
1.78 
1.04 

7.08 
15.69 
18.49 

61.23 
42.81 
35.08 

Calculated chemical composition of tested rations: 
I0 
I1 
I2 

91.54 
91.49 
91.42 

88.92 
89.19 
89.57 

13.77 
14.15 
14.67 

19.51 
18.68 
17.54 

3.32 
3.40 
3.52 

11.08 
10.81 
10.43 

52.32 
52.96 
53.84 

       *CFM; concentrate feed mix contained in percentage; 37% yellow corn, 30% undecortecated cotton seed, 20%  
wheat bran,  6.5%  rice bran, 3%  molasses, 2.5% limestone, 1% common salt 

 
  Table (2). Effect of iodine supplementation on nutrients digestibility and nutritive value of the experimental 

rations fed to buffalo cows. 

60 Days 180 Days  
Items I0 I1 I2 

 
SEM I0 I1 I2 

 
SEM 

Digestibility coefficients (%) 

DM 65.42 65.99 66.21 0.32 66.96c 68.50b 71.23a 053 
OM 67.12 68.08 68.69 0.39 69.84b 71.53ab 73.34a 052 
CP 58.08b 59.22ab 60.08a 0.33 59.24c 61.99b 64.91a 066 
CF 52.31 52.50 53.30 0.27 53.11b 56.79a 58.50a 068 
EE 85.66 86.26 86.89 0.34 87.54c 89.82b 92.38a 060 
NFE 70.78b 71.61ab 72.74 a 0.34 71.58c 75.83b 78.83a 084 

Nutritive value (%) 
TDN 61.63 b 62.70 b 64.21 a 0.41 62.51c 67.08 b 69.54 a 0.95 
DCP 8.00 8.38 8.81 0.20 8.16b 8.77 a b 9.52a 0.15 

        Means bearing different superscripts in the same raw are significantly different (P < 0.05). 
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    Table (3). Effect of iodine supplementation on Body weight of buffalo dams during pre- and post- partum and 
new born calves in the different experimental groups. 

 
Items I0 I1 I2 SEM 

Dam body weight  LP (kg) 497 495 496 2.58 

Dam body weight  PP (kg) 451a 445b 439 c 1.90 

Calf birth weight (CBW) kg 35.80b 37.00b 41.00a 0.70 
Fetal fluid, kg 10.40 10.8 11.00 0.45 

CBW / Dam post-partum (%) 7.94b 8.31b 9.34a 0.48 

Calf weaning weight (kg) 88.00 c 93.40 b 99.20 a 1.40 

Total gain of calve (kg) 52.2 b 56.4 a 58.2 a 0.79 

Daily gain of calve (g/day) 0.58 b 0.63 ab 0.65 a 0.07 
                 Means bearing different superscripts in the same raw are significantly different (P < 0.05). 
 
 

    Table (4). Immunoglobulin concentration (mg/ml) in colostrums of buffaloes as affected by iodine   treatments.                             
    

 Treatments Ig fraction Day 
I0 I1 I2 SEM 

 
Ig A 

1st 
2nd 
3rd 

3.28b  
3.19 b  
2.65  

3.67ab  
3.26 b  
2.95 

4.25a  
4.16 a  
3.05 

0.14 
0.19 
0.24 

 
Ig M 

1st 
2nd 
3rd 

4.24  
3.75 b 
3.36 b 

4.71  
4.25 ab 
3.85 ab 

4.78 
4.50 a 
4.31 a 

0.17 
0.19 
0.19 

 
Ig G 

1st 
2nd 
3rd 

34.53 c  
33.98 b  
32.81 b  

42.50 b  
35.75 b  
34.00 b  

46.67 a 
40.20 a 
39.00 a  

1.03 
1.02 
1.05 

                 Means bearing different superscripts in the same raw are significantly different (P < 0.05). 
 
 
Table (5). Effect of Iodine supplementation on milk yield and composition of lactating buffalo cows. 
 

                         Item I0 I1 I2 SEM 
Actual milk yield, kg / day    8.30b 9.54ab 10.68 a 0.40 
7% fat correct milk yield (FCM), kg / day 8.00b 9.28ab 11.64a 0.58 

Milk composition ( % ) 
Fat, % 6.64b 6.72ab 7.79a 0.23 
Fat  yield (kg) 0.55b 0.64ab 0.83a 0.11 
Protein, % 4.12 b 4.77 ab 5.65a 0.24 
Protein yield (kg) 0.34b 0.46ab 0.60a 0.09 
Lactose, % 3.68b 4.37 ab 4.92a 0.22 
Lactose  yield (kg) 0.31b 0.42ab 0.53a 0.05 
Solid non fat (SNF), % 8.53b 9.82ab 11.14a 0.41 

SNF  yield (kg) 0.71b 0.94ab 1.19a 0.15 
Total solid (T.S), % 15.17b 16.54ab 18.93a 0.57 
T.S  yield (kg) 1.26b 1.58b 2.02a 0.23 
Ash, % 0.73a 0. 68 ab 0.61b 0.02 
Milk energy (Kcal / Kg milk) 943b 1064ab 1188a 35.69 

       Means bearing different superscripts in the same raw are significantly different (P < 0.05). 
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Table (6).  Feed intake and Feed efficiency of lactating buffalo cows as affected by the iodine supplementation levels.  
 

 Items I0 I1 I2 SEM 
Daily feed DM intake (Kg /h/d)  as: 

CFM 6.6 6.6 6.6 - 
  BH 2.2 2.2 2.2 - 
R.S 2.2 1.8 1.3 - 
Total DMI 11 10.6 10.1 0.11 
Total TDNI 6.88 7.11 7.02 0.07 

Total DCPI 0.90 0.93 0.96 0.01 
7% fat correct milk 
yield(FCM), kg  / day  

8.00b 9.28ab 11.64a 0.58 

Feed efficiency: 
Milk yield / DMI 0.75b 0.90ab 1.06a 0.05 
7% FCM / kg DM 0.73b 0.88 a b 1.15a 0.07 
7% FCM / kg TDN 1.16b 1.31ab 1.66a 0.06 
 7% FCM / kg DCP 8.89b 9.98b 12.13a 0.10 

          Means bearing different superscripts in the same raw are significantly different (P < 0.05). 
 
Table (7). Means concentrations of blood plasma of buffalo cows groups supplemented with 
                    dietary iodine.       

LP PP Items 
I0 I1 I2 

SEM 
 I0 I1 I2 

 
SEM 

RBC count x106/mm3 
 

6.45 b 6.65 b 7.94 a 0.08 7.11c 7.84 b 8.81a 0.11 

WBC count x103/mm3 
 

5.57 b 6.11b 6.97 a 0.11 7.44 b 7.74a b 8.22 a 0.07 

Hemoglobin (Hb) g/dl 7.14 c 7.72 b 8.97 a 0.09 7.85 c 9.58 b 11.24 a 0.10 

PCV (%) 30.58c 33.47b 34.42 a 0.50 31.83 c 34.33 b 35.62 a 0.56 

T. protein (g/dl) 6.22b 6.89a 7.18 a 0.11 7.14c 
 

7.96b 
 

8.35a 
 

0.13 
 

Albumin (A) (g/dl) 3.06 3.20 3.21 0.02 3.35b 
 

3.81ab 
 

3.90a 
 

0.03 
 

Globulin (G) (g/dl) 3.16b 3.69ab 3.97a 0.03 3.79b 

 
4.15ab 

 
4.45a 

 
0.05 

 
A / G  ratio 0.97 0.87 0.81 0.02 0.88 

 
0.92 

 
0.88 

 
0.01 

Glucose(mg/dl) 54.95 
 

55.84 56.71 0.27 60.24c 
 

65.46b 
 

70.12a 
 

0.24 

BUN (mg/dl) 30.52c 36.47 b 43.98 a 0.91 36.06b 45.10a 51.21a 0.85 

Triglycerides (mg/dl) 21.69 b 
 

23.47ab 24.55 a 0.31 21.49c 
 

25.75b 
 

28.52a 
 

0.34 

Cholesterol (mg/dl) 80.51 a 79.45a 75.11b 0.51 87.22a 
 

83.54c 
 

80.88b 
 

0.61 

T3  (ng/dl) 98.56c 110.45b 115.55a 2.42 103.25c 121.36b 130.59a 5.22 

T4 (ug/dl) 2.14b 3.54a 3.98a 0.22 2.74c 4.08b 4.97a 0.23 

P4 (ng/dl) 3.49 a 3.03c 3.32 b 0.16 1.39b 1.70a 1.76a 
 

0.11 

EST 17β (pg/ml) 79.49c 105.25b 118.58a 5.32 36.74c 40.79b 45.33a 1.38 

       Means bearing different superscripts in the same raw are significantly different (P < 0.05).   
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         Table (8). Means of some postpartum reproductive traits of buffaloes as affected by iodine  treatments. 
Treatments Item 

I0 I1 I2 SEM 
Placental expulsion (hr)  9.83b 8.73 b 6.51a 1..2 
Uterine involution (days) 52.6 a 43.1 b 31.1 c 9.16 
Onset of 1st heat 47.5 b 54.3 a 44.7 c 7.98 
No services / conception 2.25 1.71 1.00 0.58 
Days open 93.2 a 86.1 b 62.2 c 18.28 
Gestation period (days) 325.6 328.6 305.0  
Calving interval (days) 418.8 a 414.7 a 367.2 b 24.07 

            Means bearing different superscripts in the same raw are significantly different (P < 0.05). 
 
   Table (9). Effect of iodine administration on the incidence of estrus, ovulation and conception in buffaloes. 

Response of treatment 

Heat Ovulation Conception 

 
Groups No. of animals Days from delivery  until 

appearance of  1st heat No.          % No.         % No.         % 

I0 6 65 3            50.0 3           50.0 3         50.0 

I1 6 54 5            83.33 4           66.67 4         66.67 

I2 6 45 6           100.0 6          100.0 6       100.0 

 
   Table (10). Mean values of health status of newborns of buffaloes treated with iodine supplementation. 
 

Health status of delivered calves Items 
I0 I1 I2 

Aborted feti 1 0 0 
Still birth 1 0 0 
Mortality at 1st  month 2/6 (33.33%) 0/6 (0%) 0/6 (0%) 
Survival rate 4/6 (66.67%) 6/6 (100%) 6/6 (100%) 

 
4. Conclusion 

   It could be recommended that using iodine 
supplementation at level (0.5 mg I per kg DM intake 
/h/d)) in female buffaloes ration tended to improve 
the  digestion,  nutritive values, immunity, milk 
production,  milk composition  and Reproductive 
parameters.   
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Abstract: Oocysts of Eimeria species were collected from 8 Native breed chicken flocks aged 7-8 weeks. These 
chickens were suffering from bloody dropping, loss of weight, low conversion rate and variable mortalities 3-12% in 
6-10 days. Eimeria species' oocysts were sporulated and tested for their infectivity and pathogenicity in male 
commercial chicks aged 14 days old. The infected chicks showed general signs of ruffled feathers, off food, 
huddling together with loose dropping and/or bloody dropping with total mortality reached to 90%. The post mortem 
examination showed hemorrhagic foci in the duodenum, hemorrhagic mucosa in mid intestine and bloody caecal 
core in two caeci. Eimeria species developmental stages in duodenum, intestine and caecum were 
histopathologically detected at the 6th day post infection. The obtained sporulated oocysts were identified according 
to morphological features, and the calculated shape index were 1.14, 1.19, 1.25 and 1.23 suggestive to be E. tenella, 
E. necatrix, E. acervulina and E. praecox; respectively. Chicks kept individually in a wire cage were inoculated with 
one sporulated oocyst for obtaining pure isolate from morphologically identified 10 isolates and for detection the 
site of infection and histopathological features. Egyptian four local isolates in a pure form were obtained. These 
isolate, including E. tenella, E. acervulina, E. necatrix, and E. praecox.  This isolates were passed in the chicks 14th 
day old from increasing their number.  
[M.M. Amer, M.H.H. Awaad, Rabab M. El-Khateeb, Nadia M.T.N. Abu-Elezz, A. Sherein-Said, M.M. Ghetas and 
M.A. Kutkat. Isolation and Identification of Eimeria from Field Coccidiosis in Chickens. Journal of American 
Science 2010;6(10):1107-1114]. (ISSN: 1545-1003). 
 
Keywords: Oocysts; Eimeria species; sporulated oocyst; morphological features 
 
1. Introduction: 

Coccidiosis still as one of the most 
important worldwide diseases of poultry,  the disease  
caused by protozoa of the Phylum Apicomplexa 
which undergoes a direct life cycle with transmission 
between hosts by way of resistant oocysts. In the 
host, the parasite grows and multiplies intracellular in 
epithelial and subepithelial cells, usually in the gut 
inducing enteritis (Gordon and Jordan, 1982). Flocks 
infected as a result of mild to severe exposure usually 
shows a marked decrease in food and water 
consumption and birds become depressed and tend to 
huddle. Decreased weight gains occur as a result of 
the disruption of the intestinal mucosa where minimal 
absorption is taking place. Diarrhea may result as the 
host is trying to flush the organism from the body, 
which may induce dehydration. Lesions of the 
intestinal mucosa and loss of pigmentation may also 
become apparent during the latter stages of infection 
(Conaway and McKenzie, 1991; Edgar, 1992; 
Lillehoj and Trout, 1993; McDougald and Reid, 
1997).  

From the above mentioned our study was 
planned for isolation and identification of Eimeria 
from the field infected cases by morphology and 
detection of microscopic lesions in sight of infection 
with one oocyst as well as studying the pathogenicity 
of mixed field isolates. 
 
2. Materials and methods 
Samples for isolation of Eimeria oocysts:  

Field Eimeria species' oocysts were isolated 
from dropping, litter samples and intestine with the 
caecum of chickens from chicken flocks from 
naturally infected native breed chicken flocks aging 
7-8 weeks suspected to be infected with coccidiosis.  
 
Isolation of Eimeria oocysts: 

imeria oocysts were isolated according to 
the method of Davies et al. (1963) and Ryley et al.   
(1976), then kept for sporulation in 2.5% for 
sporulation according to Long et al. (1976). The 
McMaster chamber method was used for the oocyst 
count as mentioned by Long et al. (1976). 
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Solutions: 
Potassium dichromate solution was used in 

2.5% for sporulation and preservation of the parasite. 
Saturated Sodium chloride solution was used for 
flotation technique. Formole saline was used for 
fixation of tissues during histopathological work 
according to El-behairy, (2005). 

Ration: 
Anti coccidial-free commercial ration, 

containing not less than 21% crude protein, not less 
than 2.7% crude fat and not more than 2.6% crude 
fiber was used.   

Chicks: 
Two hundred and thirty; one day- old chicks 

(layer cocks) obtained from commercial hatchery 
were used for inoculation of one oocyst and 
pathogenicity of both purified and mixed isolates 
throughout this work. These chicks were fed on 
autoclaved ration after addition of commercial amino 
acids, vitamins and minerals. 

Histopathology: 
Intestinal tissues were fixed for 1-2 hour and 

washed it several changes of 50% alcohol for 4-6 
hour and stored in 70% alcohol then washed in 80%, 
90%, 95% and absolute, finally the specimens were 
embedded in paraffin wax, sectioned and stained with 
H&E. Urara et al. (2005). 

 Lesion score: 
The gross lesion score was recorded 

according to Johnson and Reid (1970) and Conway 
(1979).  

Identification of Eimeria: 
Obtained field sporulated oocysts were 

identified according to:  
1. Morphology: 

Morphological identification by measuring 
their length and width of 10 oocysts having similar 
morphological features using the ocular micrometer 
followed by calculation of oocyst index according to 
Edgar and Siebold (1964) and Norton and Joyner 
(1981).  

2. Purification and detection of infection site:  
For each morphologically identified 10 

oocysts (table1); 10, 14 day old individually wire 
caged Eimeria infection free chicks were inoculated 
with one sporulated oocyst. Other 5 chicks were left 
as non-inoculated control.  From the 3rd to the 10th dpi 
dropping of the inoculated birds was individually 
collected and examined by concentration flotation 
technique with a collection of the shed oocysts for 

sporulation. At the 10th day, all birds were sacrificed 
individually with a collection of intestinal content 
after examination. The suspected intestinal lesions 
were subjected to histopathological examination. 
Results are shown in table (2) figs. (2, 3 and 4). 

Pathogenicity of isolated field oocysts: 
1. Mixed oocysts. 
  Twenty, one day- old male LSL chicks were 
used. At the 14th day of life, 5 random birds were 
sacrificed, and their intestinal contents were 
examined to be free from coccidian infection.  Ten 
chicks were orally inoculated each with 0.5 ml 
containing approximately 5X104 sporulated oocysts, 
while the other 5 chicks were kept as uninfected 
controls. The inoculated chicken was kept in isolated 
wire floor cages and fed on autoclaved ration and 
water.  

From the 3rd to 10th dpi, dropping of the 
inoculated birds was individually collected and 
examined by concentration flotation technique. At 
10th dpi; all inoculated birds were sacrificed and their 
intestinal contents were collected for oocyst 
collection. The obtained results are shown in table (2) 
and fig. (5). 

2.   Purified sporulated oocysts:  
The collected purified sporulated oocysts 6 

isolates from inoculated chicks with one oocyst were 
inoculated each in 5, 14 day old chicks, and other 5 
chicks were kept as non inoculated control (Table 3).  
From the 3rd to 10th dpi dropping of the inoculated 
birds were individually collected and examined by 
concentration flotation. Dead birds and live birds to 
the 10th day all birds were sacrificed and examined 
then their intestinal contents were collected for 
collection of oocysts. Results are shown in (table 3). 

 
3. Results:  

Field's cases from eight chicken flocks 
showing, signs of bloody drooping, loss of weight, 
low conversion rate and mortalities ranging from 3-
12 % in 6-10 days.  

Dead birds showed intestinal lesions, 
including ballooned intestine, petechial hemorrhages 
and white foci in the middle intestinal mucosa. 
Caecal lesions ranged from hemorrhages to present of 
caecal cores. Duodenum of some cases showed 
thickened mucosa with petechial hemorrhages.  All 
specimens were positive in rate of 100%.   

1. Morphology and measurements: 
Detected oocyst measurements (table 1) 

indicated that obtained   oocysts were from mixed 
infection.  The calculated oocyst index (table1) 
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indicated that the measured oocysts were to be 
E.tenella (1.14), E.necatrix (1.2), E. acervulina 
(1.25), and morphological feature Fig. (1), indicated 
additional two species suspected to be E. maxima and 
E. mitis. There are many species were detected from 
the same bird or flock. 

            editor@americanscience.org 1109

2. Site of infection: 
 No 
obvious signs could be detected; oocyst could be 
detected in dropping of 27% chicks at 5th dpi. 
Variable intestinal lesions could be detected in oocyst 
shedders in the form of hemorrhagic foci in 
duodenum, hemorrhagic mucosa in the middle part 
and hemorrhagic caecal mucosa were detected in 27 
% of inoculated chickens; depending on suspected 
inoculums. The collected intestinal and caecal 
content at the 10th dpi proved to contain oocysts. Ten 
isolates were obtained including 1 E. tenella; 2 E. 
maxima; 2 E. necatrix; 3 E. acervulina;   and 2 E. 
praecox. 

Birds infected with mixed oocyst showed 
signs of ruffled feathers, off food and huddling 
together at the 3rd dpi with loose and/or bloody 
droppings. Dead birds were 2, 6 and 1 at 6th, 7th and 
9th dpi; respectively; with total 9/10 mortality (90%). 
The examined intestine from died and sacrificed birds 
at 10 dpi showed lesion scores of 2, 1, 1 and 3 in 
upper, middle, lower and caeci.  Histopathological 
examination of tissue sections at the 6th dpi (fig., 5) 
revealed the detection of developmental Eimerial 
stages in duodenum, mid intestine and cecum. 

Date, number and percentage of positive 
mortalities recorded in chicks inoculated with 
identified semi pure Eimeria strains (table 3).  One 
chick was died at the 5th dpi in E. tenella inoculated ( 
gr 1). Two chicks were died, 1 at 6th and 1 at 7th 
(40%) in E. necatrix infected (gr  3).  E. acervulina 
infected groups (4) and (5) showed each 1 dead bird 
at 7 and 6 day (20%); respectively. There were no 
mortalities in birds of groups 2, 4 and 7-10. Signs and 
lesions were representative of the inoculated species 
with variation in severity between the same species, 
especially in E. necatrix and E. acerviuolena 
inoculums. 

 
3. Pathogenicity: 

 
 
. 

 
 
Fig (1): Obtained measured Eimerial oocysts from chickens 
A: E. tenella; B: E.maxima; C: E.mitis; D: E.necatrix; E: E.acervulina; H: E.maxima (Ma) and E.praecox (Pr). 
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Table (1): Dimensions (µm) and shape index of Eimeria species oocyst isolates. 

Dimensions 
Isolates 

Length Width 

Shape 
 index 

Suspected 
species 

1 21.39 18.745 1.14   E. tenella  

2 21.275 17.71 1.20 

3 20.815 17.48 1.19 
E. necatrix 

4 22.770 17.94 1.27 
5 21.965 17.48 1.25 

E. acervulina 

6 20.240 16.675 1.21 
E. necatrix,  

 

7 22.310 17.48 1.27 

8 22.425 17.825 1.26 
E. acervulina 

9 23.690 19.205 1.23 E.praecox 
10 19.205 15.755 1.22  E. necatrix 

 
 
 

Table (2): Mortality of chicks infected with mixed sporulated oocysts at 14th day old chicks. 

Days post infection Mortality 

G
roup

 

In
fection

 

N
o. of 

ch
ick

s 5 6 7 8 9 10 Total % 

1 + 10 0 2 6 0 1  9 90 

2 - 5 0 0 0 

 
 
 
Table (3): Mortality of chicks infected with the purified sporulated oocst at 14th day   old chicks (n=5 chicks). 

Mortality 
Days post 
infection 

% Total 8 - 10 7 6 5 

Suspected 
species 

Group 
No. 

02 1 - - - 1 E. tenella  1 
0 0 - - - - 2 

40 2 - 1 1 - 
E. 

 necatrix 3 
0 0 - - - - 4 

20 1 - 1 - - 5 
20 1 - - 1 - 

E. acervulina 
6 

0 0 - - - - E.  E. necatrix 7-8 
 0 - - - - E. maxima 9-10 

0 0 - - - - control 11 
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Fig (2): Chicken duodenal sections stained with H&E of birds infected withoocysts suspected to be E. 
acervulina showing:  

 A: Submucosal parasitic stages (oocysts) (arrows) [X 200]. 
 B: Parasitic stages in the glandular epithelium (arrows) [X 100]. 
  C: Few parasitic stages (arrows) [X 200]. 
 

 
 

 
 

Fig (3): Sections in middle intestine of chickens infected with ocysts suspected to be E.necatrix showing: 
A: Mucosal invasion with parasitic stages (arrows) [X 200]. 
B: Mucosal invasion with parasitic stages (arrows) [X 100]. 
C: Parasitic stages in the mucosal epithelium (arrows) [X200]. 
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Fig (4): Caecal sections of chicken infected with oocysts uspected to be E. tenella showing: 
A: Mucosal parasitic stages (arrows) [X 100]. 
 B: high power of the previous lesions (arrows) [X 400]. 
C: Parasitic stages in the caecal glands. (arrows) [X100]. 
D: Glandular parasitic stages (arrows) [X 100]. 
E: Glandular parasitic stages (arrows) [X 200]. 
 

  
Fig (5): Tissue sections from different intestinal parts of Eimeria infected and noninfected control hikens at 6 

days post infection stained with H&E. 
A: Duodenum of  infected : different parasitic stages in duodenal glands (arrows) .  B Deudenum.of   
        non infected: normal histology.       
C: Intestine of  infected : different parasitic stages (arrows). D: Intestine of  non infected: normal          
            histological. 
 E: Cecum of Infected: Eimerial stages (oocysts) (arrows).  F: Cecum of non infected:  normal tissues.
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4. Discussion:  
Coccidiosis is one of the oldest important 

described poultry worldwide poultry parasites as 
Raillet and Lucet (1891) measured oocysts from ceca 
of chickens and described a new species named by 
Raillet (1913) to E.tenella and Fantham (1910) 
described details of the life cycle. There are 8 
Eimeria species affecting including E.tenella (Raillet 
and Lucet, 1891 and Fantham, 1909), E. acervulina, 
E.maxima, E.mitis (Tyzzer, 1929), E. necatrix, 
E.praecox (Johnson, 1930) E.brunetti (Levine, 1942) 
and E.mivati (Edgar and Seibold, 1964). Tyzzer 
(1929) and Johnson (1930 and 1933) detailed 
described of Eimeria species characteristic lesions , 
importance of sanitation and hygiene in reducing 
environmental contamination with the infective stage 
of the parasites  and advocated exposure of the host 
to low numbers of oocysts to allow acquire protective 
immunity. 

Coccidia are almost universally found 
wherever chickens are raised. It was exceedingly rare 
to find any commercial chicken flock not affected by 
Eimeria (Williams, 1999). Their strict host specificity 
eliminates wild birds as sources of infection. The 
most common means of spread of coccidia is 
mechanical, by personnel that move between pens, 
houses, or farms. Coccidial infections are self-
limiting and depend largely on the number of oocysts 
ingested and on the immune status of the bird 
(McDougald, 2003).  

Examined 8 naturally Field cases showing 
signs,  intestinal lesions  and mortalities ranging from 
3-12 % in 6-10 days was resulted in the collection of 
8 mixed Eimerial isolates. Our results subjected the 
wide distribution of Eimeria in poultry flocks. 
Williams, (1999) stated that commercial chicken 
flocks free from coccidian are extremely rare.   
The detected oocyst measurements (table, 1) and 
morphological features (fig., 1) indicated, that the 
obtained field oocysts are due to mixed infection and 
there are many species of Eimeria isolated from the 
same bird or flock. These finding were similar to 
those of Williams (1996) who found that multi 
species' infections were predominated in 95% farms; 
up to 6 species occurring together.  

Results of passage of one oocyst (purified) 
isolates to indicate that we obtained four purified 
local isolates; E. tenella, E. necatrix, E. acervulina 
and E. praecox. The shape index of these species 
were 1.14, 1.19, 1.25 and 1.23 respectively according 
to Edgar and Seibold (1964) and Norton and Joyner 
(1981). These results clearly showed that 4 Eimeria 
species are prevalent in tested chicken flocks. Khilfa 
(1982) stated that on the morphological basis of 
Eimeria oocysts from litter samples from different 
age chickens flocks the   E. tenella, E. necatrix, E. 

acervulina, E. mitis, E.praecox, E.maxima and E. 
hagani were prevalent, especially the first 4 species 
(10-70%.).     

Using the site of infection as a criterion for 
supportive identification of Eimeria species 14 days 
old chicks 4 species were only conferred.  This 
criterion was used previously by Karim and Trees 
(1990) who identified 5 Eimeria species; 
E.acervulina, E.tenella, E. maxima, E. brunette and E. 
necatrix; based on a lesion seen at post mortem 
examinations of naturally infected birds, dimensions 
of oocyst and lesion seen in experimentally infected 
chicks with single oocyst.  

In the present study 27% inoculated in 
chicks, each by one sporulated oocyst with was 
positive.  This result agreed with   Chapman and 
Rose (1986) where the success rate was 25% using 
direct injection of a single sporozoite into the caecum 
of chicks.  Disagree with Stephan et al. (1997) who 
obtained 52.6% success rate when packing the gelatin 
block carrying an oocyst into the crop of 10-day-old 
chick. Our result was higher than those of   Shirley 
and Harvey (1996) who had success rate of 12.5 % 
for single sporocyst of E. tenella given orally.  

Regarding pathogenicity of field mixed to 
isolate to 14 days old chicks, the obtained signs of 
ruffled feathers, off food and huddling together at the 
3rd dpi with loose and/or bloody droppings.  
The recorded of 90% mortality in the period of 6-9 
dpi indicates that the obtained mixed inoculums was 
pathogenic. The examined intestine from died and 
sacrificed birds at 10 dpi showed lesion scores of 2, 
1, 1 and 3 in upper, middle, lower and caeci.  
Histopathological examination of tissue sections at 
the 6th dpi (fig 5) revealed the detection of 
developmental Eimerial stages in duodenum, mid 
intestine and cecum.  

Date, number and percentage of positive 
mortalities recorded in chicks inoculated with 
identified semi pure Eimeria strains (table 3).  One 
chick was died at the 5th dpi in E. tenella inoculated 
(gr 1). Two chicks were died, 1 at 6th and 1 at 7th 
(40%) in E. necatrix infected (gr 3).  E. acervulina 
infected groups (4) and (5) showed each 1 dead bird 
at 7 and 6 day (20%); respectively. There were no 
mortalities in birds of groups 2, 4 and 7-10. Signs and 
lesions were representative to the inoculated species 
with variation in severity between the same species, 
especially in E. necatrix and E. acerviuolena 
inoculums. 
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Abstract: Three lisinopril-selective electrodes were developed with different techniques and in different polymeric 
matrices. Precipitation based technique with bathophenanthroline-ferrous as cationic exchanger in polyvinyl 
chloride (PVC) was used for the fabrication of sensor I (classical electrode) and sensor II (coated wire electrode). 
Hydroxypropyl ß cyclodextrin-based techniques were used for the fabrication of sensor III using tecoflex (graphite 
electrode).Linear responses were obtained for the three sensors  in the concentration ranges  10-7 – 10-4 M, 10-6 – 10-

3  M and 10-6 – 10-4  M   with slopes of  36.6 2,   32.66  and  - 50.37  mv/decade for sensors I , II and III; respectively. 
The average recoveries are of  99.75 ± 1.141 %, 99.51±  1.198%  and  99.79 ± 1.261%  for sensors I , II and III  
respectively  The effect of pH and temperature were studied for the three sensors . The sensors show good 
selectivity to the drug in presence of a variety of inorganic and organic interferents including drugs of related 
substances. The proposed procedures were compared to the British pharmacopoeial method and showed no 
significant difference. The effect of serum levels of electrolytes (145 mmol/L Na+, 4.3 mmol/L K+ and 1.26 mmol/L 
Ca2+) was also studied and was found to be negligible. The behavior of all three sensors in presence of bovine serum 
albumin (BSA), globulins and human plasma was studied. The three sensors were then used to determine lisinopril 
in plasma with average recoveries of  88.45 ±1.284 %, 83.42 ±  1.6% and 99.64 ± 0.972 % for sensors I , II and III; 
respectively.  
[Laila Abdel-Fattah, Amira El-Kosasy, Lobna Abdel-Aziz, Mariam Gaied. Novel Ion Selective Electrodes for 
Determination of Lisinopril: A Study of Plasma and Plasma Proteins Effect. Journal of American Science 
2010;6(10):1115-1121]. (ISSN: 1545-1003). 
 
Keywords: lisinopril-selective electrode; polymeric matrice; polyvinyl chloride (PVC); graphite electrode 
 
1. Introduction: 
                       Lisinipril, a lysine analogue of the 
nonsulfhydryl angiotensin converting enzyme (ACE) 
inhibitor enalapril, is used for the treatment of 
hypertension and congestive heart failure (1). 
Chemically, lisinopril is (2S)-1-[(2S)-6-amino-2-
[[(2S)-1-hydroxy-1-oxo-4-phenylbutan-2-yl]amino] 
hexanoyl] pyrrolidine-2-carboxylic acid (figure 1). 
The measurement of this drug in biological fluids is 
challenging since it has poor electromagnetic 
absorbance due to weak benzene chromophore. 
Reversed phase high performance liquid 
chromatography (RP-HPLC) of drugs containing 
proline or proline related residue may show peak 
splitting owing to slow cis-trans isomerization, 
caused by hindered rotation around the N-substituted 
peptide bond (2-4). Lisinopril, being an amphoteric 
peptide-like molecule, cannot be efficiently extracted 
from biological fluids with organic solvents (5). 
The official methods for the determination of 
lisinopril are potentiometric acid-base titration (6) and 
HPLC (7). Various methods have been developed for 
the determination of lisinopril in pharmaceutical 
preparations including spectrophotometric (8–10) 
spectrofluorimetric (8,9), HPLC (9), micellar 

electrokinetic chromatography (4) and gas liquid 
chromatography (11). Capillary electrophoresis was 
also applied to the determination of lisinopril in 
pharmaceutical tablets (12,13). Methodsfor 
determination of lisinopril in biological fluids include 
HPLC (5,14,15), fluoroimmunoassay (16), 
radioimmunoassay ( 17 ) and fluoroenzymatic assay( 18). 
 

 

 
Figure (1): Chemical structure of Lisinopril. 

 
               Modern ion selective electrodes (ISEs) 
based on material transport across a specific 
membrane are now widely used in the determination 
of trace amounts of analytes as well as drugs in pure 
form and pharmaceutical dosage forms (19). The 
material transport includes both neutral and charged 
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complex species, or simple ions (20,21). The high 
selectivity of these electrodes imparts a great 
advantage over other techniques (22). Analytes in 
colored, turbid or viscous samples can be determined 
accurately. They show rapid responses to changes in 
the concentration. Furthermore, they may be used for 
measurement over a wide concentration range. ISEs 
are generally tolerant of small pH changes. A further 
advantage is that they are relatively cheap and simple 
to develop, set up and run. Moreover, the chemical 
design of the electrodes has been developed to give 
superior selectivity and response (23). 

In the present work, three sensors were 
studied, two of which depend on the anionic 
properties of lisinopril which allow the use of 
precipitation-based technique with 
bathophenanthroline-ferrous both in classical and 
coated wire electrodes. The third sensor is 
hydroxypropyl ß-cyclodextrin -based using tecoflex 
(graphite microelectrode). This study also includes 
the behavior of all three electrodes in presence of 
plasma, bovine serum albumin (BSA) and globulins. 
 
2. Materials and methods 
2.1- Instruments 
                Jenco digital ion analyser Model 6209 pH/ 
mV/ °C meter, Orion, Ag /AgCl Double junction 
reference electrode, model 90-02 containing 10% 
w/v KNO3  in the outer compartment and Bandolin 
Sonorex, Rx 510 S, Magnetic stirrer. 
 
2.2- Materials 
                Lisinopril dihydrate pure sample was 
kindly supplied by Glopbal Napi pharmaceuticals, 6th 
October city, Egypt. Purity was reported to be 100 ± 
0.3 %. All reagents and solvents used were of 
analytical reagent grade. Water used was double 
distilled. Bathophenanthroline (4,7-diphenyl-1,10-
phenanthroline); Sigma,GmbH, Germany, (2-hydroxy 
propyl) ß-cyclodextrin ;Fluka Chemie Gmbh, 
Germany, Polyurethane (Tecoflex); Fluka Chemie 
Gmbh, Germany, Bovine serum albumin (BSA) ; 
Sigma, USA, Gamma Globulins ; Fluka , Germany , 
Frozen human plasma was obtained from 
VACCERA, Batch no 07/G. 
 
2.3- Procedures 
Precipitation- based technique for preparation of PVC 
sensor (sensor I) 
                   A 5 ml aliquot of 10-1 M aqueous 
lisinopril solution was treated with two drops of 10 % 
ammonia solution, mixed with 5 ml 
bathophenanthroline – ferrous solution and shaken 
for 5 minutes. The resultant precipitate formed was 
filtered using Whatmann no. 42 filter paper, washed 
with cold water, dried at room temperature (≈ 25°C) 

and ground to fine powder. In a glass petri dish ( 5 
cm diameter ) , 10 mg of lisinopril - ion exchanger 
was thoroughly mixed with 0.35 ml of DOP and 0.19 
g of PVC. The mixture was dissolved in 6 ml of THF. 
The petri dish was covered by a filter paper and left 
to stand for 24 hrs to allow solvent evaporation at 
room temperature. A master membrane of 0.1 mm 
thickness was obtained. From the master membrane, 
a disk (≈ 8 mm diameter) was cut using a cork borer 
and pasted using THF to an interchangeable PVC tip 
that was clipped into the end of the electrode glass 
body. Equal volumes of 10-2 M lisinopril and 10-2 M 
KCl were mixed and this solution was used as an 
internal reference solution. Ag/AgCl wire (1mm 
diameter) was immersed in the internal reference 
solution as an internal reference electrode. The 
electrode was preconditioned by immersing in 10-2 M 
lisinopril solution for 24 hours. Prior to use, the 
electrode was washed with distilled water.      
 
Fabrication of PVC based coated wire electrode 
(sensor II) 
                   The lisinopril – ion exchanger complex 
was prepared as mentioned previously. Then 10 mg 
of lisinopril - ion exchanger was thoroughly mixed 
with 0.35 ml of DOP and 0.19 g of PVC. The mixture 
was mixed with 3 ml of THF to obtain a colloidal 
solution. The electrode was prepared by applying 3 
layers of the membrane mixture onto a platinum wire 
tip ( 15 cm length, 1 mm diameter) at 20 minutes 
interval using a Pasteur pipette. The electrode was 
left standing at room temperature for 24 hours to dry. 
The platinum wire was covered by insulating 
polymer such that only the coated tip was exposed to 
the solution. Preconditioning was done by immersing 
the sensor in 10-2 M lisinopril solution for 2 hours. 
Prior to use, the electrode was washed with distilled 
water.      
 

Hydroxypropyl ß-cyclodextrin -based technique for 
the preparation of tecoflex-graphite sensors (sensor 
III) 
            A graphite rod is inserted in a PTFE tube such 
that its tip is exposed (0.5 mm diameter & 0.2 mm 
length). Electroactive membrane was prepared by 
thorough mixing of 0.04 g (2-hydroxypropyl) β-
cyclodextrin and 0.4 g 2-nitrophenyl octyl ether 
(NPOE) and 32.8% tecoflex till homogeneity. 
Mixture was then dissolved in 3 ml (THF). Solvent 
was slowly evaporated until an oily concentrated 
mixture was obtained. One drop of the mixture was 
applied to the surface of the graphite rod. It was then 
left standing at room temperature for 24 hours to dry.  

Calibration of the sensors. 
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 The sensors were conditioned by soaking in 
10-2 M aqueous lisinopril solution for 24 , 2 and 2 
hours for sensors  I, II and III; respectively. Storage 
was in the same solution when not in use. The 
conditioned sensors were calibrated by separately 
transferring 50 ml aliquots of solutions covering the 
concentration range of (1 x 10-8 to 1 x 10-3 M) 
lisinopril into a series of 100 ml beakers. The sensor 
and the reference electrode were immersed in each 
solution with constant stirring using a magnetic 
stirrer and recording the potential readings within  1 
mv. The sensor was washed in distilled water 
between measurements. The electrode potential was 
plotted versus negative logarithmic concentration of 
lisinopril. 
 
Study of the effect of plasma proteins. 
              PVC and Tecoflex lisinopril selective 
electrodes were transferred back and forth between 
aqueous solutions containing a simulated clinical 
electrolyte background (145 mmol/L Na+ , 4.3 
mmol/L K+ and 1.26 mmol/L Ca2+ ) , electrolytes 
solutions that contained BSA ( 10 g/L) and 
electrolytes solutions that contained gamma globulins 
(5 g/L). The ISE and the reference electrode were 
placed first in the aqueous analyte solution and the 
potential difference recorded after 20 min. The 
electrodes were then transferred to the protein 
containing solution and the potentials recorded after 
20 min. This is a standard method for measuring 
protein induced asymmetry potentials in calcium 
ISEs (24,25 ). All calibration measurements were made 
at 25  1ºC using a continuous dilution method 
described previously (26,27). 
 
Potentiometric determination of lisinopril in plasma. 

Lisinopril solutions were prepared by 
mixing 5 ml plasma with aliquots of stock solution 
and the volume was completed to 25 ml using 
phosphate buffer pH 8 to obtain concentrations (1 x 
10-6, 1 x 10-5 M and 1 x 10-4). The measurements 
were made using the procedure mentioned above. 
 
3. Results and Discussion: 
              Lisinopril behaves both as anion in basic 
medium and cation in acidic medium as it has four 
dissociation constants (pKa) of 2.5, 4, 6.7 and 10.1(28). 
The present study is based on the anionic properties 
of the drug in sensors I and II, where 
bathophenanthroline-ferrous was found to be 
optimum anionic exchanger due to its low solubility 
product and suitable grain size. Lisinopril was found 
to form 1:1 ion association complex with 
bathophenanthroline-ferrous as proven by elemental 
analysis and the obtained Nernstian slopes. 
             The third sensor is hydroxypropyl β- 
cyclodextrin-based coated on graphite matrix. 
Cyclodextrins are optically active oligosaccharides 
that form inclusion compounds in the aqueous and in 
solid state with organic molecules because their 
chemical structure provides well-defined inclusion 
cavities with a specific receptor function (29). 
Hydroxypropyl β- cyclodextrin shows better 
interaction with guest molecules than β- cyclodextrin 
owing to its greater hydrophobicity and its larger 
diameter relative to β- cyclodextrin (30). They can be 
applied as sensor ionophores to potentiometric ISEs 
(29,31). 
The electrochemical cell of the suggested electrodes 
for the determination of lisinopril can be illustrated 
diagrammatically as follows: 

Sensor I 

Double junction 
Ag/AgCl reference 
electrode 

Test solution 
(Lisinopril) 

Membrane 
(lisinopril-
association 
complex in  
PVC/DOP) 
 

Internal reference solution : 
10-2 M KCl + 10-2 M lisinopril 
in 1:1 ratio 

Ag/AgCl internal 
reference wire 

 
  Sensor II 

Double junction 
Ag/AgCl reference 
electrode 

Test solution 
(Lisinopril) 

Membrane 
(lisinopril-association 
complex in  PVC/DOP 

Platinum wire 

 
Sensor III 

Double junction Ag/AgCl 
reference electrode 

Test solution 
(Lisinopril) 

Membrane 
(Tecoflex/NPOE/ 
HP-β-CD) 

Graphite rod 
Metallic 
Mercury 
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          The electrochemical performance 
characteristics of the three investigated lisinopril-
selective electrode were evaluated according to the 
IUPAC recommendation data (32,33) and summarized 
in table (2). The electrodes displayed constant 
potential readings which did not vary by more than ± 

2 mV on the same day. Linearity range from day-to-
day and calibration slope did not change by more 
than ± 2.5 mV/decade concentration over a period of 
8, 6 and 12 weeks for sensors I, II and III; 
respectively (figure 2).  
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Figure (2): Profile of the potential in mV vs. –log concentration of lisinopril in M using the three studied 

electrodes: Lisinopril-bathophenanthroline-iron-PVC classical (sensor I), Lisinopril-
bathophenanthroline-iron-PVC coated wire (sensor II) and hydroxypropyl ß-CD-Tecoflex graphite 
(sensor III) 

 
       The influence of pH on the potential response of 
the three electrodes was studied using concentrations 
10−4 ,10−5 , 10−6 and 10−7  M for sensor I , 
concentrations 10−3 ,10−4 ,10−5 , and 10−6 M for sensor 
II and concentrations 10−4 ,10−5 , and 10−6  over the 
pH range 7.5 - 10. The studied pH range was selected 
based on the fact that lisinopril decomposes rapidly in 
acidic media and the decomposition is minimal at pH 
higher than 7(28). Fairly  constant potentials were 

obtained over the pH range of 8-9, 8-10 and 8-9 for 
sensors I , II and III; respectively .The  suggested 
electrodes exhibit slight increase in their potentials as 
the temperature rises in the range of 25 ─ 45 ◦C; 
however, the calibration graphs obtained at different 
temperatures were parallel. The limit of detection, 
slope and response time did not significantly vary 
with variation of temperature, indicating reasonable 
thermal stability up to 35 ◦C. 

 
Table (1): General characteristics of the three lisinopril -selective electrodes and validation parameters of 

assay. 
Parameter Sensor I Sensor II Sensor III 

Slope ( mV/ decade ) a 36.62 32.66 -50.367 
Intercept ( mV ) -86.31 -105.85 287.01 

LOD ( M ) b 7.94 *10-8 4.25 *10-7 4.98 *10-7 

Response Time (Sec.) 
30 for conc ≥ 10-5 to 60 

for conc ≤ 10-5 
40 40 

Working pH Range 8 – 9 8-10 8-9 
Concentration Range ( M ) 10-7 – 10-4 M 10-6 – 10-3  M 10-6 – 10-4  M 

Stability ( weeks) 8 6 10 
Average Recovery ( % ) ± SD a 99.75 ± 1.141 99.51 ± 1.198 99.79 ± 1.261 

Correlation coefficient 0.9997 0.9998 0.9999 
Repeatability      ( SDr ) 0.423 0.407 0.849 

Intermediate Precision ( SDint ) 0.421 0.406 0.961 
Ruggedness c 98.29 ±1.021 98.89  ±  1.313 99.22 ± 1.352 

a Average of five determinations   b Limit of Detection (measured by interception of the extrapolated arms of figure ) 
  c average recovery percent of determining 10-6, 10-5 and 10-4 M lisinopril for the studied  electrode using Jenway 
3310 digital ion analyzer instead of Jenco digital ion analyser Model 6209   
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                The effect of twelve interfering substances 
upon the performance of the sensor was studied by 
separate solution method using the rearranged 
Nicolsky–Eisenman equation (32): 

log  = [(EB – EA) / (2.303 RT / ZAF) ] + [1– 

(ZA / ZB)] log [A] 

Pot.

B A,K

 
Where EA is the potential measured in 10-4 M 
lisinopril solution, EB is the potential measured in 10-

4 M interferent solution, ZA and ZB are the charges of 
drug and interferent, respectively, and 2.303 RT/ZAF 
represents the slope of the calibration plot ( mV / 
concentration  decade).  
                 As shown in table (2), the 
selectivity of the three studied sensors in the 

presence of related substances, substances 
which may be present with lisinopril in 
dosage forms, amino acid and other 
antihypertensives. These include sodium 
lauryl sulphate, EDTA disodium salt, 
calcium chloride, zinc sulphate, 
hydrochlorothiazide diuretic, cystine, 
glycine, perindopril erbutamine, valsartan, 
losartan potassium, and candesartan. The 
results obtained prove that the proposed 
sensors have excellent selectivity in the 
presence of excipients, amino acids and 
electrolytes and reasonable selectivity in the 
presence of other antihypertensives.  

 
Table (2): Potentiometric selectivity coefficients for Lisinopril – selective electrode     

Interferent* Sensor I Sensor II Sensor III 

Ca Cl2 
5.48 × 10-4 2.23× 10-4 2.08× 10-4 

ZnSO4 6.06× 10-4 5.73× 10-4 1.2× 10-4 
Sodium lauryl sulphate 8.19× 10-4 5.52× 10-4 2.45× 10-4 

EDTA 2.78× 10-4 3.98× 10-4 3.89× 10-4 
O-phenanthroline 1.45× 10-4 2.36× 10-4 1.25× 10-4 

Glycine 5.87× 10-4 3.96× 10-4 5.48× 10-4 
Cystine 3.7× 10-4 8.4× 10-5 4.59× 10-4 

Perindopril 5.48× 10-4 4.62× 10-4 4.85× 10-4 
Candesartan 7.048× 10-4 1.39× 10-4 2.56× 10-4 

Hydrochlorothiazide 5.7× 10-4 9.56× 10-5 2.66× 10-4 
Losartan K 6.45× 10-4 3.7821936 1.56× 10-4 
Valsartan 9.53× 10-4 4.20× 10-4 2.82× 10-4 

*Aqueous solutions of 1× 10-4 M were used 
 
ISEs have been widely applied in the study 

of binding of ionic drugs to macromolecules such as 
proteins by monitoring the change in 
physicochemical property (potential) of the protein – 
drug system upon binding (34). The principle is based 
on the fact that in a solution containing protein 
molecules, free ionic ligand (drug) and protein bound 
ionic ligand, the ISE responds only to the free ionic 
ligand species. Because of their highly hydrophobic 
character, neither the protein molecules nor the 
protein - bound ions can penetrate into the organic 
solvent of the electrode membrane to cause a change 
in potential (35,36). Basic drugs tend to bind to α1 acid 
glycoprotein whereas acidic drugs mainly bind to 
albumin (37-39). However, in case of lisinopril protein 
binding is negligible as it only binds to Angiotensin 
converting enzyme to produce its pharmacological 
action (40,41). Thus the effect observed is attributed to 
the interaction of proteins with the sensors not the 
drug. 

For each of the three sensors, 3 calibration 
graphs were plotted by switching the sensor between 
aqueous electrolytes solution (145 mmol/L Na+, 4.3 
mmol/L K+ and 1.26 mmol/L Ca2+ ) , electrolytes 
solution containing BSA (10g/L) and electrolytes 
solution containing gamma globulins (5g/L). In all 
graphs, the slope of each electrode was checked 
within its linearity range. Nernestian responses were 
maintained despite the shifts in original electromotive 
forces (figures 3-5). For sensor I, BSA caused a drop 
in potential (≈2.82 mv) in comparison to original 
electromotive forces. Gamma globulins caused a drop 
in potential (≈1.92 mv). For sensor II, BSA caused a 
drop in potential (≈3.7 mv) in comparison to original 
electromotive forces. Gamma globulins caused a drop 
in potential (≈2.86 mv). Sensor III was not affected 
by the presence of neither BSA nor gamma globulins. 
Table (3) summarizes the average recoveries of 
lisinopril in BSA, gamma globulins and plasma for 
the three sensors. 
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Figure (3): Response curves for calibration of 

lisinopril (a) aqueous solution ; in presence 
of (b) 145 mmol/L Na+ , 4.3 mmol/L K+ and 
1.26 mmol/L Ca2+, (c) 145 mmol/L Na+ , 4.3 
mmol/L K+ and 1.26 mmol/L Ca2+ ) and 
BSA ( 10 g/L) ,   (d) 145 mmol/L Na+ , 4.3 
mmol/L K+ and 1.26 mmol/L Ca2+ ) and 
gamma globulins (5 g/L)  for sensor I  
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Figure (4): Response curves for calibration of 

lisinopril (a) aqueous solution ; in presence 
of (b) 145 mmol/L Na+ , 4.3 mmol/L K+ and 
1.26 mmol/L Ca2+, (c) 145 mmol/L Na+ , 4.3 
mmol/L K+ and 1.26 mmol/L Ca2+ ) and 
BSA ( 10 g/L) ,   (d) 145 mmol/L Na+ , 4.3 
mmol/L K+ and 1.26 mmol/L Ca2+ ) and 
gamma globulins (5 g/L) for sensor II  
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Figure (5): Response curves for calibration of 

lisinopril (a) aqueous solution ; in presence 
of (b) 145 mmol/L Na+ , 4.3 mmol/L K+ and 
1.26 mmol/L Ca2+, (c) 145 mmol/L Na+ , 4.3 
mmol/L K+ and 1.26 mmol/L Ca2+ ) and 
BSA ( 10 g/L) ,   (d) 145 mmol/L Na+ , 4.3 
mmol/L K+ and 1.26 mmol/L Ca2+ ) and 
gamma globulins (5 g/L) for sensor III  

 
The results obtained prove that, tecoflex-

based sensor gives stable results in both slopes and 
mv readings as revealed by the high accuracy and 
precision obtained in presence of proteins and 
plasma(42). Whereas, sensors incorporated in PVC 
polymer suffered a drop in potential accompanied by 
noise. This may be attributed to the fact that protein 
adherence to PVC matrix may lead to its fouling 
(42,43).     

   
Table (3): Average recoveries of lisinopril in 

presence of BSA (10 g/L),   gamma globulins 
(5 g/L) and plasma 

 Recovery % 
 Sensor I Sensor II Sensor II 

BSA 
91.78  ±  
0.933 

90.17 ± 1 
99.7 ± 
0.58 

Globulins 
95.38  ± 
1.061 

90.86 ±  
1.129 

99.86 ±  
0.751 

Plasma 
88.45  ±   
1.284 

83.42  ±  
1.6 

99.64 ± 
0.972 

 
4-Conclusion: 

Three lisinopril-selective sensors were 
constructed and successfully applied in the 
potentiometric determination of lisinopril. The 
advantages of the proposed sensors are the ease of 
construction, rapid manipulation, low cost, fast 
response, wide concentration range and applicability 
to to turbid and colored solutions. The methods offer 
sensitive, selective and convenient techniques for the 
determination of lisinopril in concentration ranges 10-

7 – 10-4 M, 10-6 – 10-3  M and 10-6 – 10-4  M  for 
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sensors I , II and III ; respectively. The three sensors 
were applied to study the effect of proteins such as 
BSA and gamma globulins as well as plasma. The 
results obtained were used to compare between the 
efficiency of polymers. Tecoflex proves to be more 
accurate and sensitive to the drug in plasma than 
PVC. Thus, tecoflex based sensor can be used for 
lisinopril determination in biological samples such as 
plasma without any pretreatment procedures. 
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Abstract: Our objective was  to optimize nutritional and environmental conditions of the isolated Serratia 
marcescens Ba-2 and Pseudomonas fluorescens Ba-11 for biomass production and to evaluate the bio-control agents 
against the root knot disease caused by Meloidogyne incognita on Faba bean plants under greenhouse conditions. 
Glycerol at 10.2 g/L and peptone as a nitrogen source were the most suitable for biomass and antagonistic efficiency 
of S. marcescens or P. fluorescens against Meloidogyne sp. Cultures of S. marcescens and P. fluorescens 
supplemented with 10 g/L peptone, reduced larvae to 91% and 95% respectively. Optimum biomass and 
antagonistic activity of either bacteria against larvae was at pH 7.6, and incubation temperature at 30oC. 100% 
reduction of larval density was achieved when  S. marcescens or P. fluorescens cultures were shaken at 120 and 160 
rpm respectively. S. marcescens and P. fluorescens were very effective as biocontrol agaents to reduce the root – 
knot nematodes. Our data also indicate a marked effect of the biocontrol agents and Rhizobia on the growth 
response of faba plants. The obtained results showed that both bacterial treatments significantly increased the 
growth parameters as well as shoot and root dry weights and number of pods.  

[Zeinat, Kamel M.; Nagwa, M. Atef; El-Sayed, S.A. and Abd El-Wahab G.S. Optimization of microbial biomass 
production as biocontrol agent against root knot nematode on faba plants. Journal of American Science 
2010;6(10):1122-1132]. (ISSN: 1545-1003). 

Keywords: Biological control, Serratia marcescens, Pseudomonas fluorescens, root-knot nematode, rhizobia. 
 
1. Introduction 

Root-knot nematodes are major pests that 
cause serious root damage of fruits and vegetables in 
temperate and tropical regions. Biological control of 
plant-parasitic nematodes with microbial agents is an 
alternative approach that received greater interest 
among nematologists in last decades, providing 
effective control against the target nematodes and 
avoiding environmental pollution. 

In their review, Tian et al. (2007) stated that 
nematophagous bacteria exhibit diverse modes of 
action: these include parasitizing, producing toxins, 
antibiotics, or enzymes, competing for nutrients, 
inducing systemic resistance of plants, and promoting 
plant health. 

Rhizobacteria are a subset of total 
rhizosphere bacteria which have the capacity, upon 
reintroduction to seed or vegetative plant parts (such 
as potato seed pieces), to colonize the developing 
root system in the presence of competing soil 
microflora (Kloepper et al. 1999). Fluorescent 
Pseudomonas spp. are among the most effective 
rhizosphere bacteria in reducing soil-borne diseases 

in disease – suppressive soils (Weller, 1988), where 
disease incidence is low, despite the presence of 
pathogens and environmental conditions conductive 
to disease prevalence. Pseudomonas isolates caused 
greater inhibitory effect on hatching and penetration 
of M. incognita than caused by isolates of Bacillus 
(Siddiqui et al., 2009). It was reported by Siddiqui et 
al. (2005) that Pseudomonas fluorescens CHAO 
mutant resulted in reduced biocontrol activity against 
the root-knot nematode Meloidogyne incognita 
during tomato and soybean infection. Exposure of 
root-knot nematode to culture filtrates of P. 
fluorescens under in vitro conditions significantly 
reduced egg hatch and caused substantial mortality of 
M. javanica juveniles (Siddiqui and Shaukat 2003). 
Ali (1996) found that the population density of 
nematode species was reduced by application of five 
bacterial isolates (Arthrobacterium sp., Bacillus sp., 
Corynebacterium sp., Serratia sp., and Streptomyces 
sp.). Reductions of nematode populations were 
ranged between 46% and 100%. Youssef et al. (1998) 
studied the potential of Azotobacter chroococcum, 
Bacillus megatherium and Rhizobium lupine for the 
control of Meloidogyne incognita infecting cowpea 
and tomato plants. They noticed number of both root 
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galls and egg masses of M. incognita were decreased 
in soil treated with Bacillus megatherium and 
Azotobacter chroococcum except Rhizobium lupine 
treated soil. El-Sherif et al. (1999) studied the effect 
of culture filtrates of 5 isolates for their nematotoxic 
effect against plant parasitic nematode (Bacillus sp. 
Corynebacterium sp., Serratia sp., Arthrobacterium 
sp., and Streptomyces sp.). The authors determined 
the culture filtrate concentration as 0.1% to inhibit 
the hatching of the eggs and 0.6% to be highly toxic 
to the juveniles. The toxic effect of the filtrate varied 
with the different nematode species. 

Our objectives were to investigate 
optimizing of nutritional and environmental 
conditions of the local isolates (Pseudomonas 
fluorescens Ba-11 and Serratia marcescens Ba-2) for 
biomass production. We aimed also to use the 
biomass greenhouse experiments as safe biological 
control agents of root-knot nematode disease. 

 
2. Material and Methods  

Bacterial strains, pathogen and plant: 

Antagonists Serratia marsescens and 
Pseudomones fluorescens were previously isolated 
from a rhizosphere soil from a farm, in Cairo, Egypt. 
The isolates were identified by Kamel et al. (2009) 
and it were used as potential sources of antagonistic 
bacteria. P. fluorescens was cultured on King's 
medium (King et al., 1954), whereas S. marsescens 
was grown on nutrient broth media. Faba bean seeds 
(Giza 714) were obtained from the Agriculture 
Research Center, Giza, Egypt. 

Nematode larvae extraction: Using Oosten brinks 
elutritor method (Goody, 1963).  

100)

napplicatioafter pot  control

  theofdensity  Population

napplicatio beforepot  control

  theofdensity  Population

napplicatio beforepot  treated

 in thedensity  Population

napplicatioafter pot  treated

 in thedensity  Population

(1 Propagation of the selected bacterial isolates in 
shake flasks: 

Conical flasks (250 ml capacity) containing 
100 ml of nutrient broth medium were inoculated by 
one ml of the selected bacterial isolates, then 
incubated on GFL rotatory shaker (120 rpm) at 28°C 
for 48 h. Oxygen absorption rate (OAR) was 0.22 
mMO2/L/min. In these experiments different carbon 
and nitrogen sources were tested to study their effect 
on the growth of bacterial isolates and reduction 
percentage of population density of root-knot 
nematode larvae. The amount of nitrogenous and 
carbon compounds added to the propagation broth 
medium were calculated to give the final nitrogen and 
carbon concentration equal to 0.8 and 0.4 g/L 
respectively. 

Potential antagonism of Serratia marcescens and 
Pseudomonas fluorescens against Meloidogyne 
incognita under greenhouse conditions. 
Pot experiment was conducted to explore 
effectiveness of both Serratia marcescens and 
Pseudomonas fluorescens to reduce population 
density of root-knot nematodes larvae, under 
greenhouse conditions. Seeds of faba bean (Giza, 
714) were sown in 30 cm pots containing autoclaved 
sandy loam soil (1:1). Five seeds were sown in each 
pot, then thinned to two plants/pot just 10 days after 
germination. Pots were divided into nine groups, each 
contained four replicates. Treatments were bio-agents 
of Serratia marcescens and Pseudomonas 
fluorescens, which were individually incorporated 
into the soil at dose rate of 20 ml/pot (109 cells/ml) 
every 10 days for four applications. Rhizobium 
leguminosarum bv. vaceae was used to inoculate faba 
bean seeds before planting using seed coating 
technique. 

Pots were arranged in a complete 
randomized block design, watered and received the 
normal agricultural practices. Pots nematodes 
infested were received newly hatched second stage 
larvae of M. incognita at dose rate of 20 ml/pot (50 
larvae/ml) after 10 days of planting. 

Two months later, the plants in each pot 
were uprooted and the roots were gently separated 
from soil, washed with flow water and dried by 
pressing lightly between blotting paper. Average 
numbers of galls and rhizobia nodules were counted. 
Nematode larvae population density after harvest (Pf) 
were extracted from soil and counted using Oosten 
brink's elutritor technique. Reduction of nematodes 
population density in soil sample was calculated 

according to Tilton formula, as follows: 
Tilton formula =  
 

The growth response of faba bean (roots, 
shoot dry wt and number of pods/plant) were also 
recorded. Data were subjected to statistical analysis 
and means compared using the least significant 
difference (L.S.D. at P = 0.01). 
Determinations of bacterial biomass dry weight: 
(White, 1954). 
Determination of oxygen absorption rate (OAR): 
Cooper et al., (1944). 
Determination of reducing sugars: Flood and 
Priestely method (1973). 
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Determination of glycerol: Was determined 
enzymatically in the fermented liquor using special 
kits according to Fossati & Prencipe (1982).  

Statistical analysis calculations: Were achieved 
according to Gomez and Gomez (1984).  
 
 

Table 1. Effect of different carbon sources on the bacterial biomass of S. marcescens or P. fluorescens on 
Meloidogyne sp. Larvae (I , S. marcescens; II, P. fluorescens). 

Biomass dry wt. 
(g/L) 

Bacterial cells 
count (log no./ml) 

Sugar 
consumption (g/L) 

Biomass yield 
efficiency (%) 

Nematodes 
larvae reduction 

(%) 

Carbon 
sources 

I II I II I II I II I II 

Glucose 

Fructose 

Sucrose 

Galactose 

Xylose  

Manitol 

Maltose 

Mannose 

Raffinose 

Glycerol 

2.20 

1.70 

2.00 

2.00 

0.70 

2.00 

1.60 

2.10 

0.60 

2.60 

2.10 

2.10 

2.40 

2.10 

1.20 

1.60 

2.00 

2.00 

0.80 

2.70 

7.58 

7.10 

7.57 

7.50 

6.89 

7.62 

7.00 

7.57 

6.658 

8.72 

7.56 

7.57 

8.12 

7.57 

6.30 

6.91 

7.45 

7.31 

6.10 

8.73 

9.20 

9.00 

8.90 

8.50 

7.30 

8.50 

7.90 

9.00 

7.10 

9.30 

9.40 

9.20 

8.90 

8.60 

7.30 

8.90 

9.50 

9.60 

7.30 

9.40 

23.90 

18.90 

22.47 

23.50 

09.58 

23.52 

22.80 

23.30 

08.46 

27.90 

22.30 

22.80 

26.90 

24.40 

16.40 

17.90 

24.20 

20.80 

21.90 

28.70 

89 

89 

89 

89 

79 

89 

89 

89 

70 

89 

90 

90 

93 

83 

83 

83 

90 

90 

79 

93 
 

Table 2. Effect of different concentrations of glycerol on the bacterial biomass and antagonist of S. 
marcescens or P. fluorescens on Meloidogyne sp. Larvae (I , S. marcescens; II, P. fluorescens). 

Biomass dry 
wt. 

 (g/L) 

Bacterial cells 
count  

(log no./ml) 

Sugar 
consumption  

(g/L) 

Biomass yield 
efficiency  

(%) 

Nematodes larvae 
reduction (%) 

Glycerol 
conc. (g/L) 

I II I II I II I II I II 

2.20 

4.20 

6.20 

8.20 

10.20 

12.20 

14.20 

16.20 

18.20 

20.20 

0.20 

0.60 

1.00 

2.00 

2.65 

2.60 

1.96 

1.80 

2.00 

1.90 

0.40 

0.80 

1.30 

1.85 

2.55 

2.60 

2.60 

2.40 

2.40 

2.40 

5.35 

5.35 

6.25 

7.43 

8.62 

8.62 

7.22 

7.15 

7.45 

7.25 

5.44 

6.16 

7.35 

7.95 

8.73 

8.72 

8.64 

8.63 

8.63 

8.64 

2.00 

4.00 

6.00 

8.00 

9.90 

11.88 

13.83 

14.00 

17.80 

19.85 

2.20 

4.00 

6.10 

7.90 

8.70 

11.20 

11.70 

13.70 

16.20 

16.60 

10.00 

15.00 

16.60 

22.20 

26.80 

14.16 

12.80 

11.24 

9.570 

9.572 

18.20 

20.00 

21.30 

23.40 

29.30 

22.30 

21.40 

17.50 

15.70 

14.50 

80 

80 

80 

89 

91 

91 

89 

89 

89 

89 

80 

80 

90 

90 

93 

93 

93 

93 

93 

93 
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Table 3. Effect of different organic and inorganic nitrogen sources on the bacterial biomass and antagonistic effect of S. 
marcescens or P. fluorescens against larvae of Meloidogyne sp (I , S. marcescens; II, P. fluorescens).  

Biomass dry 
wt. 

 (g/L) 

Bacterial cells 
count  

(log no./ml) 

Sugar 
consumption  

(g/L) 

Biomass yield 
efficiency 

 (%) 

Nematodes larvae 
reduction  

(%) Nitrogen source 

I II I II I II I II I II 

Organic sources 

Urea  

Peptone 

Yeast extract 

Tryptone 

Amm. acetate 

Inorganic sources 

Amm. chloride 

Amm. sulphate 

Amm. phosphate 

Amm. nitrate 

Potassium nitrate 

 

1.44 

2.54 

1.12 

1.90 

0.05 

 

0.60 

0.50 

0.62 

0.70 

1.20 

 

1.90 

2.88 

0.85 

2.55 

0.06 

 

0.70 

0.57 

0.80 

0.70 

0.65 

 

7.45 

8.81 

7.18 

7.75 

4.12 

 

6.650 

6.215 

6.711 

6.875 

7.115 

 

7.752 

8.712 

6.151 

8.011 

3.544 

 

6.892 

6.541 

6.910 

6.890 

6.710 

 

9.96 

10.00 

9.63 

9.76 

3.40 

 

8.04 

8.35 

9.85 

7.70 

9.85 

 

9.20 

10.00 

8.35 

9.91 

3.00 

 

7.30 

8.35 

8.00 

9.00 

8.85 

 

14.46 

25.40 

11.63 

19.40 

01.47 

 

7.40 

6.00 

6.29 

9.09 

12.18 

 

20.65 

28.80 

10.08 

25.73 

2.00 

 

9.60 

6.82 

10.00 

7.77 

7.34 

 

13.20 

90.00 

29.00 

85.00 

5.00 

 

14.00 

10.00 

13.90 

7.00 

15.00 

 

23.00 

94.00 

15.80 

93.90 

3.00 

 

10.00 

13.00 

11.00 

9.80 

26.00 

 

Table 4. Effect of different peptone concentrations on the bacterial biomass and antagonistic effect of S. marcescens or P. 
fluorescens against larvae of Meloidogyne sp, (I , S. marcescens; II, P. fluorescens). 

Biomass dry wt. 
(g/L) 

Bacterial cells count 

(log no./ml) 

Sugar consumption 

 (g/L) 

Biomass yield 
efficiency 

(%) 

Nematodes larvae 
reduction (%) 

Peptone 
concentrations 

(g/L) 

I II I II I II I II I II 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

0.790 

0.880 

0.980 

1.590 

2.520 

2.520 

2.350 

2.480 

2.530 

2.500 

0.880 

1.500 

1.900 

1.900 

2.700 

2.300 

1.700 

1.900 

1.650 

1.850 

6.810 

6.950 

7.121 

7.610 

8.810 

8.810 

8.711 

8.730 

8.810 

8.771 

6.961 

7.430 

7.830 

7.850 

8.680 

8.540 

7.462 

7.753 

7.431 

7.621 

8.350 

8.290 

9.000 

9.500 

10.000 

10.000 

9.900 

9.800 

10.000 

10.000 

9.850 

8.980 

8.390 

8.050 

9.040 

9.700 

9.790 

9.770 

9.900 

9.800 

9.460 

10.610 

10.890 

16.740 

25.200 

25.200 

23.740 

25.310 

25.300 

25.000 

8.930 

16.700 

22.650 

23.600 

29.800 

23.710 

17.360 

19.450 

16.670 

18.880 

80 

80 

90 

90 

90 

89 

90 

91 

91 

91 

80 

93 

90 

90 

95 

95 

90 

91 

90 

90 
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Table 5. Effect of the growth medium pH values on the biomass production of S. marcescens and antagonistic 
effect on Meloidogyne larvae.  

Medium pH value 
Initial  Final  

Biomass 
dry wt. g/l 

Bacterial  cells 
count (log 
no./ml) 

Sugar 
consumption g/l 

Biomass 
yield 
efficiency % 

Nematode 
larvae 
reduction % 

6.00 
6.20 
6.80 
7.20 
7.60 
7.80 
8.20 
8.40 
8.60 

7.80 
8.22 
8.00 
7.30 
7.80 
7.71 
8.30 
7.80 
7.70 

1.29 
1.38 
1.85 
2.42 
2.65 
2.00 
1.65 
1.31 
1.45 

6.35 
6.41 
7.32 
8.62 
9.09 
7.32 
7.21 
6.71 
6.43 

9.78 
9.80 
9.78 
9.78 
9.81 
9.94 
8.50 
8.00 
7.70 

13.19 
14.08 
18.92 
24.74 
27.01 
23.14 
19.41 
16.25 
18.83 

80 
80 
85 
90 
95 
85 
85 
80 
80 

Table 6. Effect of the growth medium pH values on the biomass production of P. fluorescens and antagonistic 
effect on Meloidogyne larvae.  

Medium pH value 
Initial  Final  

Biomass 
dry wt. g/l 

Bacterial  cells 
count (log 
no./ml) 

Sugar 
consumption g/l 

Biomass 
yield 
efficiency % 

Nematode 
larvae 
reduction % 

6.00 
6.20 
6.80 
7.20 
7.60 
7.80 
8.20 
8.40 
8.60 

7.40 
7.13 
7.51 
7.58 
7.42 
7.68 
7.66 
7.78 
7.80 

7.32 
1.39 
2.03 
2.62 
2.85 
2.35 
2.00 
1.05 
1.00 

6.55 
6.45 
7.85 
8.71 
9.21 
8.32 
7.41 
6.32 
6.21 

8.30 
8.40 
8.30 
9.00 
9.00 
8.30 
8.30 
8.00 
7.60 

15.90 
11.50 
24.45 
27.58 
31.67 
27.65 
24.09 
13.13 
13.16 

80 
80 
88 
95 
100 
92 
88 
81 
82 

 

Table 7. Effect of different incubation temperatures on the biomass production of S. marcescens or P. 
fluorescens. (I , S. marcescens; II, P. fluorescens).   

Biomass dry wt. 
(g/l) 

Bacterial cells 
count (log 
no./ml) 

Sugar 
consumption 
(g/L) 

Biomass yield 
efficiency (%) 

Nematodes 
larvae reduction 
(%) 

Incubation 
temperature 
oC 

I II I II I II I II I II 
20 
25 
30 
35 
40 

0.82 
2.45 
2.65 
2.55 
1.23 

0.75 
2.65 
2.85 
2.31 
1.57 

6.92 
8.63 
9.09 
8.74 
6.12 

6.74 
8.79 
9.31 
8.55 
6.61 

8.95 
9.80 
9.00 
9.75 
8.50 

8.78 
9.42 
10.00 
9.45 
8.75 

9.16 
25.00 
29.40 
26.15 
14.47 

8.54 
28.13 
28.50 
24.44 
17.26 

80 
90 
95 
86 
70 

80 
90 
100 
89 
76 

 

Table 8. Effect of different medium working volumes on the biomass production of S. marcescens or P. 
fluorescens. . (I , S. marcescens; II, P. fluorescens).   

Biomass dry wt. 
(g/l) 

Bacterial cells 
count (log no./ml) 

Sugar 
consumption 
(g/L) 

Biomass yield 
efficiency (%) 

Nematodes larvae 
reduction (%) 

Medium 
working 
volume 
(ml) I II I II I II I II I II 
25 
50 
100 
150 

2.03 
2.95 
2.66 
1.84 

2.50 
3.20 
2.81 
1.80 

7.85 
9.22 
9.09 
7.33 

8.74 
9.42 
9.21 
7.32 

9.10 
9.35 
9.81 
7.85 

9.00 
9.40 
9.31 
7.25 

22.31 
31.55 
27.01 
23.44 

27.78 
34.04 
30.18 
24.83 

88 
100 
95 
84 

95 
100 
100 
81 
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Table 9. Effect of different speed of shaking on the biomass production of S. marcescens or P. fluorescens. 
(OAR, Oxygen Absorption Rate ; I , S. marcescens; II, P. fluorescens).    

(OAR) 
mMO2/L/min 

Biomass dry 
wt. g/l 

Bacterial cells 
count (log 
no./ml) 

Sugar 
consumption 
(g/L) 

Biomass yield 
efficiency (%) 

Nematodes 
larvae 
reduction 
(%) 

Shaking 
speed 
(rpm) 

I II I II I II I II I II I II 
80 
120 
160 

0.18 
0.31 
0.52 

0.18 
0.31 
0.52 

2.75 
3.45 
1.95 

2.74 
2.91 
3.60 

8.82 
9.73 
7.45 

8.80 
9.51 
10.22 

9.04 
9.15 
8.25 

9.50 
10.00 
10.00 

30.42 
37.70 
23.64 

28.84 
29.10 
36.00 

90 
100 
90 

90 
100 
100 

 

Table 10. Extended effect of S. marcescens or P. fluorescens on the root-knot nematode Meloidogyne incognita 
infecting faba bean, under greenhouse conditions. (Mi, Meloidogyne incognita; S., Serratia 
marcescens; P., Pseudomonas fluorescens; Rh, Rhizobium leguminosarum; Pi, initial population 
density of nematodes in siol,; Pf, nematodes population density at harvest).  

Nematodes population density in 
soil 

No. of galls/roots 
system 

No. of rhizobia nodules/roots Treatments  

Pi Pf  Reduction %  Reduction %  Reduction % Increase % 
Mi+S.+Rh 
Mi+P.+Rh 
Mi+S. 
Mi+P. 
Mi+Rh 
S.+Rh 
P.+Rh 
Mi 
Rh 

1000 
1000 
1000 
1000 
1000 
0 
0 
1000 
0 

950 
830 
750 
650 
3900 
0 
0 
4100 
0 

77.2 
80.1 
82.0 
84.4 
0 
0 
0 
0 
0 

27 
23 
18 
10 
115 
0 
0 
104 
0 

74.04 
77.9 
82.7 
90.4 
0 
0 
0 
0 
0 

53 
61 
0 
0 
21 
56 
67 
0 
46 

0 
0 
0 
0 
54.35 
0 
0 
0 
0 

15.22 
32.61 
0 
0 
0 
21.75 
45.7 
0 
0 

LSD  0.01 
          0.05 

   16.6 
12.2 

 13.65 
9.87 

  

 

Table 11. The growth response of faba bean as affected by different treatments of S. marcescens or P. 
fluorescens on the root-knot nematodes. (Mi, Meloidogyne incognita; Se, Serratia marcescens; P., 
Pseudomonas fluorescens; Rh, Rhizobium leguminosarum). 

Shoot system weight (g) Root system weight (g) Treatments 
Fresh Dry Fresh Dry 

No. of Pods/pot 

Mi + Se +Rh 
Mi + Ps +Rh 

Mi + Se 
Mi + Ps 
Mi + Rh 
Se +Rh 
Ps +Rh 

Mi 
Rh 

62.25 
60.40 
55.50 
56.40 
34.63 
62.23 
71.23 
22.50 
55.25 

10.45 
10.23 
9.01 
9.25 
5.88 
10.58 
12.10 
3.83 
8.24 

6.93 
6.45 
4.30 
4.01 
8.13 
9.30 
9.43 
3.50 
6.03 

1.41 
1.23 
0.73 
0.70 
1.40 
1.58 
1.95 
0.76 
1.10 

25.20 
26.30 
16.20 
14.70 
11.50 
27.75 
30.50 
10.00 
21.00 

10.30 1.781 2.01 0.6848 5.59 LSD       0.01 
             0.05 7.51 1.289 1.454 0.4953 4.77 

Mi, Meloidogyne incognita; Se, Serratia marcescens; P., Pseudomonas fluorescens; Rh, Rhizobium leguminosarum 
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Results and Discussion  

Meloidogyne incognita belongs to a group of 
nematodes that cause important crop losses in 
developing countries (Luc et al., (1990) and Sasser 
and Freckmann (1987). The present study as well as 
those of previous studies (Overbeek et al., 1997; 
Marschner et al., 1999; Tian et al., 2000; Shapiro Ilan 
et al., 2006 and Siddiqui et al., 2009) demonstrated 
that nutritional factors have great impact on growth 
and on the antagonistic activity of the antagonist 
against the pathogen. In the present study, Serratia 
marcescens and Pseudomonas fluorescens are 
capable of using different carbohydrates as a sole 
carbon source (Table 1). Maximum biomass and 
antagonistic efficiency were obtained when glycerol 
was used as a carbon source for both organisms. The 
percentage reduction in population density of 
nematodes larvae ranged from 91% to 93% when S. 
marcescens and P. fluorescens were grown on 
glycerol concentration of 10.2% and 12.2% 
respectively (Table 2). Our results agree with those 
reported by Daffy and Defago (1999) who found that 
the antagonistic agent P. fluorescens was stimulated 
by glycerol but were inhibited by glucose. 

In the present study, organic nitrogen 
sources gave higher growth of both tested bacteria 
than the inorganic nitrogen sources (Table 3). 
Peptone and tryptone were the most effective sources, 
whereas, weak growth was obtained on ammonium 
acetate. Peptone also supported good level of 
antagonistic activity of S. marcescens and P. 
fluorescens, the reduction in population density of 
root-knot nematodes larvae of Meloidogyne sp. 
reached 90% and 94% respectively with peptone and 
85% and 93.9% with tryptone-containing medium, 
respectively. These results could be attributed to 
NH3+ produced during the decomposition of peptone 
or tryptone which was the principal element 
responsible for the population density reduction of 
nematodes larvae. Similar results were reported by 
Walker, (1971) and Zavaleta et al., (1989), who 
reported that volatile substances produced by S. 
marcescens have capability to inactivate root-knot 
nematodes larvae. These nematotoxic volatile 
substances were produced by S. marcescens when the 
nitrogen source in the growth medium was organic in 
the form of amino group. Table 4 shows that the 
optimum biomass yields for both bacterial species 
were detected at 10 g/l peptone concentration. 
Increasing peptone concentration more than 10 g/l 
resulted in decreasing bacterial growth of S. 
marcescens and P. fluorescens. The highest 
percentage in nematode larvae by S. marcescens was 
obtained in peptone-containing medium at 6 g/1 

whereas the nematicidal activity of P. fluorescens 
was recorded at 10 – 12 g/l peptone concentration. 
Increasing or decreasing the medium peptone 
concentration than 10 or 12 g/l, resulted in decreasing 
the reduction efficiency of the cells for larvae. This 
observation could be attributed to the number of 
viable cells as previously reported by Racke and 
Sikora, (1992), who found that the antagonistic 
activity of Agrobacterium radiobacter and Bacillus 
sphaericus against the nematode Globodera pallida 
was shown to be directly correlated with the number 
of colony forming units. Similarly results obtained by 
Weidenborner and Kunz (1993) revealed that the 
reduction of the concentration of peptone and yeast 
extract in the broth to 50 % increased the nematicidal 
activity of P. fluorescens to 70.8 %.  

The data represented in Tables 5 and 6, 
show that the highest growth of the selected two 
strains was achieved in media buffered at pH 7.6. The 
same pH was also optimal for nematicidal activity of 
both tested bacterial strains. This is in accordance 
with the previous findings of Slininger and Shea - 
Wilbur (1995) who found that the antagonistic 
activity of P. fluorescens was very sensitive to the 
culture pH, and pH 7 was the optimum. Data in tables 
5 and 6 show also that changing the pH value of the 
growth medium than pH 7.6 caused slight decrease in 
the efficiency of both tested strains to reduce 
nematodes larvae. These results could be attributed to 
the bacterial cells count, which was the principal 
element responsible for reducing the population 
density of nematodes larvae. Stirling and Sharma 
(1990) reported similar results, and they documented 
that increasing of bacterial cells number resulted in 
increasing numbers of cells attached to nematodes 
larvae. 

Many authors demonstrated the importance 
of incubation temperature on growth and metabolic 
activities of P. fluorescens (Tu, 1994; Slininger et al., 
1995) and S. marcescens (Pearson et al., 1997; Daffy 
and Defago, 1999). In this study, it has been found 
that good growth of either S. marcescens and P. 
fluorescens was obtained at incubation temperature 
ranged between 25°C to 35°C and the temperature 
30°C could be optimal (Table 7). The results also 
clearly indicate that the efficacy of the bio-control 
agents was closely correlated with the suitable 
incubation temperature for the optimal bacterial 
growth. Sharp decrease in biomass yield and 
nematicidal activity was detected when either 
bacterial strains were incubated at 20°C or 40°C. 
These results are in line with those reported by Racke 
and Sikora (1992) who found that the antagonistic 
activities of Agrobacterium radiobacter or Bacilltis 
sphericus against Globodera pallida were directly 
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correlated with the number of colony forming units. 
Significant reduction of root infection was recorded 
with bacterial density of 9.7x 109. 

Our study also represent that maximum 
biomass and nematicidal activity yield efficiencies of 
S. marcescens (Ba-2) and P. fluorescens (Ba-11) 
were achieved when medium volume to air ratio was 
1:4 (Table 8). The increase in medium volume to air 
ratio has led to a decrease in cultural growth. This 
result agrees with that obtained by Yousten and 
Wallis (1987). Increasing of biomass dry weight and 
biomass yield efficiency with decreasing the medium 
volume could be attributed to increase rate of oxygen 
absorption within the medium as reported by Karim 
et al., (1993). Similar results were obtained by Jaspe 
et al., (2000) on the effect of extra aeration on 
enzymatic activities and growth of P. fluorescens. 

Table 9 elucidate the effect of oxygen 
absorption rate (OAR) on the biomass production of 
both S. marcescens and P. fluorescens. The reached 
data reveal that high efficiency (100%) of the tested 
strains to reduce the population density of nematodes 
larvae was achieved when S. marcescens (Ba-2) or P. 
fluorescens (Ba-11) were shaked on rotary shaker at 
120 rpm (0.31 mMO2/L/min.) and 160 rpm (0.52 
mMO2/L/min.), respectively. Accordingly, nutritional 
and environmental factors are needed to secure the 
optimal growth of both isolates, by culturing them on 
modified growth medium containing glycerol (10.2 
g/1), peptone (10 g/1) and monobasic potassium 
phosphate (0.4 g/1) with pH value of 7.60 at 30°C for 
48 h. To achieve maximum growth of S. marcescens, 
it should be aerated with 0.31 mMO2/L/min. (OAR) 
within the growth medium (rotary shaker at 120 rpm, 
with working volume 50 ml) while, the optimal 
growth of P. fluorescens required 0.52 mMO2/L/min 
on a rotary shaker at 160 rpm and the medium 
occupied 20 % of the flask. 

Studies were conducted under greenhouse 
conditions to evaluate the biological control potential 
of P. fluorescens and S. marcescens as a soil 
treatment against Meloidogyne incognita infesting 
faba bean. Results in Table 10 indicate that 
populations of the nematode Meloidogyne incognita 
were affected by application of both bacterial 
isolates. The suppressive effect on the number of 
juveniles ranged between 77.2 % and 84.4 % during 
the growing season. The infectivity of the nematode 
was greatly affected in the presence of any of the 
bioagents, the number of galls per root system were 
significantly decreased, more prominently in pots 
inoculated with Rhizobium leguminosarum. The 
tested biocontrol agents not only reduced the 

infectivity of nematodes but also increased the 
number of rhizobia nodules on the root system. 

These results are in a line with those 
reported by Zavaleta et al. (1989), who reported 
potentiality of S. marcescens to suppress root-knot 
larvae of M. incognita, they attributed this effect to 
the volatile substances produced during its metabolic 
activity. Eklund (1970) and Tian et al. (2007) 
confirmed that Pseudomonads, are natural inhabitants 
on the root surface and primary consumers of root 
exudates rich in amino acids which are converted to 
ammonia along the root to maintain a micro-zone 
around the growing roots that would be suppressive 
to pathogens. The reduction of root galls number may 
be due to that the majority of the encumbered 
juveniles were not able to penetrate the host root. 
Davis et al. (1988); Stirling and Sharma, (1990) and 
El-Nagar et al. (1998), reported that Bacillus 
penetrans not only prevents reproduction of the root-
knot nematodes but also reduces the infectivity of the 
juveniles. Zaki et al. (2009) reported that 
Pseudomonas isolates caused greater effect on 
hatching and penetration of M. incognita that caused 
by isolates of Bacillus. 

A limited number of bacterial spp. have 
been reported as biocontrol agents for nematode 
diseases. The bacterium Bacillus penetrans (Sayre, 
(1988); Brown et al. (1985a); Davis et al. (1988); 
Stirling and Sharma, (1990); Abou-Eid et al. (1997) 
and El-Nagar et al. (1998) and Pasteura penetrans 
Daudi et al. (1990); Oostendorp et al. (1991) and Liu 
et al. (1995) were recognized as antagonistic to 
phyto-nematodes including root-knot nematodes. 
Entomopathogenic strains of S. entomophila were 
used as a bio-control in New Zealand as they induce 
inhibition of larval feeding activity and larval death 
1-3 months from the on set of infection (O'Callaghan 
and Jackson, (1993) and Villalobos et al. (1997)). 

Results in Table 10 show an increase in the 
number of root galls in the pots group of 
Meloidogyne + Rhizobia treatment in comparison 
with the control treatment. El-Bahrawy and Salem 
(1989), concluded that Rhizobia had stimulatory 
effect on M. incognita infecting broad bean. On the 
other hand, our results showed a 54.35 % reduction in 
rhizobia nodules in comparison with control. This 
reduction could be attributed to the deleterious effect 
of M. incognita on the development of rhizobia 
nodules, or to the interference of root-knot nematodes 
with nitrogen fixation in legume hosts treated with 
Rhizobium (Sharma and Sethi, 1976 and Chahal and 
Chahal, (1987)).  

Treating pepper seedlings, wheat plants, 
vitis vinifera, rice, potato roots or tomato plants with 
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isolates of P. fluorescens reduced the nematode 
damage caused by M. incognita (Eapen et al. (1997); 
Brimercombe et al. (1999); Shanthi et al. (1998); 
Ramakrishnan et al. (1999); Mani et al. (1998) and 
Duponnois et al. (1999)). 

Ali, (1996) and Mercer et al. (1992) 
suggested that chitinase of S. marcescens or P. 
fluorescens strains caused premature hatch of 
nematode eggs and could be used as an aid in the 
control of nematodes on sunflower plant. 

Regarding the effect of bacterial agents on 
faba bean growth, the obtained results in Table 11 
showed that all bacterial treatments significally (P < 
0.05 and 0.01), increased the plant growth parameters 
as compared with the control treatment (Mi, 
treatment) while. Mi + Rh treatment failed to cause 
significant increase. Results also, indicate that there 
was a marked effect of biocontrol agents (S. 
marcescens (Ba-2) or P. fluorescens (Ba-11)) and 
Rhizobia on the growth response of faba bean in 
either nematodes free pots or nematodes infested pots 
compared with that of control (Rh-treatment). Thus 
the application of S. marcescens resulted in 
increasing shoot, root dry weights and number of 
pods up to 28.40, 43.64 and 32.14 % over Rh-
treatment, respectively. The corresponding figures for 
P. fluorescens were 46.80, 77.27 and 45.24 %, 
respectively. 

The growth promotion of faba bean 
observed in the present study (Table 11) may be 
attributed to those bio-agents may benefit plant 
growth by providing growth factors or regulators or 
by producing toxic metabolites which may inhibit 
nematodes and exclude other deleterious 
microorganisms. The ability of S. marcescens and P. 
fluorescens isolated from soil and rhizosphere to 
produce biologically active compounds have been 
reported by several investigators (Daffy and Defago 
1999; Siddiqui and Shaukat, 2003; Shapira-Ilan et al. 
2006 and Burkett-Cadena et al. 2008 and others). 

Consequently, the introduction of such 
bacteria in soils, or cultural practices aimed to 
increase the activity of native strains of these bacteria 
could greatly contribute to the efficiency of nematode 
biocontrol with S. marcescens and P. fluorescens. 
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Abstract: The domestication of Arnebia benthamii was carried out successfully at low altitude. The species was 
exposed to a varied complex of conditions to screen conducive conditions for the cultivation and ex-situ 
conservation of the species. The species performed well under sunny conditions and grew nicely in soils of varied 
textures. The maximum survival was achieved on loamy soil followed by sandy and clayey textures. The species can 
be grown on acidic as well as alkaline soils within a PH range of 5-9. The species requires a good amount of 
moisture and therefore plants under exposed sunny conditions need to be irrigated twice a week. Frequent irrigations 
under shady conditions mar the survival of plants. Besides, waterlogging also proves detrimental for the species. The 
addition of fertilizers enhanced the herbage yield, with NPK mixture displaying maximum value in plants grown on 
loamy soil. Under sunny conditions in the hot summer input of potassium fertilizers reduced wilting and number of 
leaves showing wilting. Plants treated with potassium fertilizers showed luxuriant growth during hot summer. The 
cultivation time is from March to July with March to May being the ideal period of transplantation. For raising 
nursery, seeds should be sown to a depth of 0.5 cm in a 1:1 sand soil mixture.  
[Khursheed A Ganaie, Shabana Aslam and Irshad A Nawchoo. Development of Agro-technology for the Cultivation 
and Conservation of Arnebia benthamii - A Critically Endangered Medicinal Plant of North West Himalaya. Journal 
of American Science 2010;6(10):1133-1141]. (ISSN: 1545-1003).  
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1. Introduction: 
        The Valley of Kashmir is situated in the lap of 
Western Himalayas.  Himalaya is credited all over 
the world as a treasure of medicinal herbs providing 
refugee to these plants in its varied ecosystems (3, 
13). The alpine and sub alpine zones of Himalaya 
host a remarkably rich wealth of medicinal plants viz. 
Aconitum heterophyllum, Podophyllum hexandrum, 
Inula racemosa, Taxus baccata, Rheum emodi, 
Picrorhiza kurroa, Arnebia benthamii and Saussrea 
costus, etc. These plants have proved of tremendous 
medicinal potential, serving as a source of wonder 
drugs and withstanding the test of times (14). 
However, this biodiversity hot spot is experiencing a 
tremendous anthropogenic pressure in terms of 
overexploitation, overgrazing, habitat destruction, 
habitat fragmentation and degradation (6, 13). These 
biotic interferences have resulted in the depletion, 
dwindle and decline of this medicinal wealth (13). As 
a result, a considerable fraction of this bio-wealth is 
threatened with extinction, therefore, demanding and 
deserving conservation (3, 4). 

 For the last two decades there is a growing trend of 
domesticating and cultivating medicinal plants(8). 
Domestication serves twin benefits of (a) 
conservation and (b) source of plant material for drug 
extraction, relieving the pressure of collection and 
exploitation from the wild populations.  Cultivation 
of medicinal plants is encouraged all over the world 
in order to save them from extinction (8, 10). 
     Arnebia benthamii (Boraginaceae) commonly 
called as ‘Kahzaban’ is a perennial medicinal herb 
growing in the sub alpine and alpine zones of North 
West Himalaya. It finds use in the treatment of 
tongue and throat ailments, fevers, and heart 
ailments, and as antiseptic. The species witnesses 
tremendous decline in its populations (both in size 
and number) as a result of overexploitation and 
overgrazing (13). This biotic stress has brought the 
species to the brink of extinction, which calls for 
immediate conservation and cultivation. In order to 
domesticate the species at low altitudes, there is a 
need for the development of specific agro-techniques 
which aim at screening and selecting conducive 
conditions for their survival and growth. The present 
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study was aimed at developing such an agro-
technology for the cultivation and conservation of 
Arnebia benthamii. 
  
2. Materials and methods 
2.1 Collection and Domestication 
        For domesticating the species the propagules in 
terms of rhizomes and seeds were collected from 
many natural populations. They were transplanted 
into field and pots furnishing varied climato-edaphic 
conditions to screen the appropriate conditions for 
their survival and performance in terms of vigor and 
yield (Herbage). The seeds were germinated in 1:1 
sand soil mixture. The seedlings were transferred into 
pots with varied soil texture and reaction. The pots 
were kept under different set of conditions. Each set 
of pots consisted of 11 pots, with replicates for each 
nutrient treatment and a control. The above said 
activity of domestication and establishment of Gene 
bank was carried out at the Botanical Garden of 
Kashmir University (1450 m amsl). 
  
2.2  Soil Texture and Soil pH 

The texture of soil in the field was 
determined by the finger feel method, besides 
different textures for the study were prepared by 
mixing sand, clay and silt classes in different desired 
proportions. The soil pH was determined by using pH 
meter.  

 
2.3 Soil organic carbon  

Soil organic carbon was determined by Walkly and 
Black Method. 
 
2.4 Plant Performance 

The plant performance was measured in 
terms of plant height, number of leaves and then the 
biomass. After complete annual growth, the plants 
under different set of conditions were harvested, 
dried and then weighed. The climato-edaphic 
conditions in which plants showed maximum 
survival, growth and multiplication were recorded as 
ideal and conducive ex-situ conditions for the 
cultivation and conservation of species. 
 
3.  Results 
        For domesticating A. benthamii a complete agro 
technology was developed. The various eco edaphic 
conditions were screened which could result 
conducive for the growth and survival of the plants. 
The domestication of the species was carried out 
along the following lines: 
 
 3.1 Soil texture-Pot trials 
        The plants of A. benthamii grow nicely on soils 
of different textures. The plants thrived well on 
sandy, loamy, clayey, sandy loam, clayey loam 
textures. Under open sunny conditions the maximum 
survival of plants, 90% is witnessed in loamy texture, 
followed by 70% and 60% in sandy and clayey soils 
respectively as depicted in the graph. 
 

 

 
                         Figure 1: Survival of A. benthamii on different soil textures 
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In our present investigation, the plants of 
Arnebia benthamii show preference for sunny 
condition as compared to shady condition, as 
depicted by the survival percentage of plants. 

 3.2 Slope and Soil Reaction  
        The plants can be grown or cultivated on both 
sloppy as well as flat land with different soil textures 
and reactions as shown in Table  

 
        
 
Table 1: Soil characters of different natural habits of A. benthamii in  comparison to ex situ habitat  

 
Characteristics Natural habitat, 

Panchal, Nagabarn 
Soil used for different 

treatments (pot trials). 
Botanical 
 Garden 

Texture Silt  loam, sandy Sandy  Loamy Clayey  Clayey loam 

PH 5.8-6.0 8.6 8 7.8 7 

Organic C% 3.9%, 7.2% 0.3% 1.44% 1.68% 1.49% 

Organic matter 6.72% -7.24% 0.517% 2.48% 2.89% 2.56% 

 
 

Table 2:  Soil characteristics of different sub alpine and alpine sites where A. benthamii is growing 

 

S. No 

 

    Site 

 

%Organic Carbon 

 

   PH 

 

Nitrogen  

 1 Panchal         7.20  5.80  0.53% 

 2 Munwarsar       10.13  5.67  0.81% 

 3 Gulmarg 

Aparwat 

        6.69  5.74   0.55% 

 
 3.3 Irrigation 
        The studies revealed that under ex situ 
conditions plants should receive irrigation at least 
twice in a week. However during summer months 
plants need to be irrigated on need basis, with 
irrigation incidence sometimes shooting up to 5 times 
a week. This holds true for plants growing under 
open sunny conditions. Under shady conditions 
frequent irrigation deters survival. However under 
shady conditions survival is jeopardized when 
irrigation is carried out daily.  Under shady 
conditions irrigation after  intervals of three days and 
one week gave good results of survival-70% and 90% 
respectively. 

3.4 Water logging  
        Water logging is detrimental for the species 
resulting in rhizome rotting. The effects are reflected 
much earlier by plants grown in shade as compared to 
those growing under sunny open condition. 
 
3.5 Time of Cultivation  
        The plants can be transplanted from mid- March 
to July. However the studies revealed that the period 
between March to May is best for the cultivation of 
the species. 
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3.6 Seed Sowing  
        For raising plants in nursery, the seeds can be 
sown from March to July. The seeds should not be 
kept deep inside the soil, a depth of 0.5 cm is 
appropriate. A 1:1 sand - soil mixture proved ideal 
for germination. Seeds sown along with fruit wall 
witness a delayed germination pattern (2-3 months to 
germinate) as compared to those sown without fruit 
wall which usually germinate in 25-45 days. 
However the germination time was reduced 
successfully to just 15 days by pre-treating seeds with 
100 ppm Kinetin. Sowing seeds in March result in 
maximum percentage germination-75% with 66% 
seedlings surviving to mature stages. 
 
3.7 Propagation 
        The plants can be grown from seeds as well as 
by using vegetative propagules. At maturity, in ex-

situ conditions the plants produce about ten 
vegetative clums or buds which can be separated and 
transplanted to multiply the species.  
 
3.8 Nutrient Inputs-Pot Trials 
        Each plant responded positively to the 
application of nutrients which include N, P, K, NPK 
and Farmyard manure. However, on sandy soils with 
PH 8.6, the application of nitrogen as urea resulted in 
death of plants. On applying N as KNO3, plants 
survived and showed normal growth.Besides, 
maximum biomass of plants was observed on loamy 
soil with NPK treatment. On clayey soils the plants 
treated with farmyard manures showed maximum 
biomass and maximum number of leaves. In sandy 
texture, plants treated with P and K showed good 
performance. 

 

 

 

L- Light (sunny condition)  P - phosphorus 
L-Texture                  FyM - Farm yard manure 
N-Nitrogen    PNK -Mixture of NPK 
K-Potassium    
   

60 
Height in cms 
Number of Leaves50 

40 

30 

20 

10 

0 

          
    LLN1     LLN2     LLK1    LLK2       LLP1     LLP2       LLFYM1  LLFYM2 LLPNK1 LLPNK2  Control 

Nutrient Treatments 

Biomass in gms (dry wt.)

      Figure 2: Response of the Plant to various nutrient treatments under Sunny conditions on Loamy soil.  
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 L- Light (sunny condition)              P-phosphorus 
 C-Texture (Clayey)              FyM-Farmyard    
 N-Nitrogen               PNK-Mixture of NPK 
 K-Potassium   

    

           
Figure 3: Graphic representation of various treatments  and plant response under sunny conditions on clayey 
soils 

 
 
 
 
           L- Light (sunny condition)          P-phosphorus 
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 N-Nitrogen          PNK-Mixture of NPK 
 K-Potassium    

    

 
Figure 4:  Effect of various nutrient treatments under sunny conditions on sandy soils 
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 S- Shady   P-phosphorus 
 C- Clayey Texture  FyM-Farm yard manure 
 N-Nitrogen   P -Mixture of NPK NK

 K-Potassium       

 
Figure 5: Graphic representation of various treatments and plant response under shady conditions on clayey  

soils. (Abbreviations:SCN-Plant grown under shady condition on clayey soil with Nitrogen inputs) 
 

 
 
 

 S- Shady   P-phosphorus 
 S-Sandy Texture                              FyM-Farm yard manure 
 N-Nitrogen   PNK-Mixture of NPK 
 K-Potassium         

 
            Figure 6: Response of plants grown under shady conditions on sandy soils to various nutrients treatments. 
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Figure 7: Graphic representation of various treatments and plant response under shady conditions on loamy 
soils 
 
 
 3.9 Potassium Fertilizers Inputs 
        Under sunny conditions in the hot summer K 
(potassium) fertilizers reduced wilting and number of 
leaves showing wilting. Plants treated with K 
fertilizers showed luxuriant growth during hot 
summer. 
 
3.10 Pests 
        Under shady condition the green caterpillars of 
the insects order Lepidoptera were observed to feed 
voraciously on the leaves and stem axis of plants 
causing tremendous damage to them. However under 
sunny conditions no such attack was observed. 
 
3.11 Spacing 
        For better growth of plants, a spacing of 40-50 
centimetres is most appropriate. 
                          
4. Discussion 
        The successful introduction of a species and 
then its acclimatization are the two important aspects 
of a domestication process. The newly introduced 
plant species responds to the new environmental 
complex and its fate, survival or rejection (death) is 
determined by its ecological amplitude. The 
environmental complex (terrestrial) when analysed 
consists of edaphic factors (including soil texture, 

reaction, and nutrient conditions) light, temperature, 
precipitation, humidity, topography, biotic factors 
and a host of others. A plant species responds to these 
factors showing good amount of tolerance and 
demand for one factor and at the same time requiring 
the other factor in a narrow range. These specific 
requirements of a species showing temporal as well 
as spatial variation affect and are responsible for the 
distribution of the species. Thus a species growing on 
the alpines needs a specific set of environmental 
requirements (its ecological niche), which its habitat 
is fulfilling and making sure its survival and overall 
fitness. Such specific conditions are not met at low 
altitudes. Thus for cultivating such species growing 
on alpines at low altitudes, one needs creation of 
these conditions which should parallel those of its 
natural abode and falling within its tolerance limits. 
Therefore, agro techniques aim at screening, 
simulation and manipulation of conditions, which 
should prove conducive for the growth and survival 
of such species. Domestication of alpine plants like 
Picrrhiza kurroa has already been taken up (14) and 
according to him, these alpine plants pose a problem 
to get adapted at lower altitudes. A similar task of 
cultivating Arnebia benthamii (Kahzaban) an alpine 
herb, at low altitudes (1450m) was carried out and the 
results are encouraging. 
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        The plants of this species performed well and 
showed excellent adaptability when grown at an 
altitude of 1450m (Botanical Garden of Kashmir 
University).This adaptability can be credited to its 
breeding/genetic system where tremendous variations 
spring out. Outbreeding species normally show a 
wide tolerance and variability range. A.benthamii 
being an out breeding species also displayed 
tremendous tolerance of varied eco-edaphic 
conditions. At low altitudes, the plants performed 
well under open sunny conditions, as compared to 
shady conditions. Besides the yield in terms of 
overall biomass is less under shady conditions, than 
in sunny open conditions. Similar results were 
obtained by Jayachandran et al., (1991), while 
assessing the performance of Zingiber officinale 
under shade and open conditions. 
        Being a moisture loving plant, it requires good 
amount of moisture. The %age survival of plants 
under shady and sunny conditions is also related with 
the amount of moisture. Under shady conditions, 
irrigation after a week’s interval results in highest 
survival rates of the plant, while in sunny open 
conditions during summer frequent irrigation(2-5 
times in a week) is necessary for survival of plants. 
Under shady conditions daily irrigation drastically 
effected the survival of plants in sandy textured soils, 
possibly because of nutrient leaching and rhizome 
rotting. The impact of this daily irrigation under 
shady conditions, on the plants growing in other soils 
types was also negative resulting in mass death of 
plants, due to rotting of the underground rhizomes. 
The plants under shady conditions are comparatively 
much more sensitive to water logging than their 
counterparts in the open sunny conditions. Thus 
water logging is detrimental for the survival of A. 
benthamii plants as that of several species of Digitalis 
as reported by Singh et al. (1991). 
        Of the different factors affecting plant life, 
edaphic factor is very important as far as plant 
recruitment and survival is concerned. In its natural 
habitat, the plants of Arnebia benthamii grow on 
sandy, loamy silt soils, with pH ranging from 5-6.5. 
However, at low altitudes (1450m Botanical Garden 
of Kashmir University) the plant was grown nicely on 
different textural classes with soil pH ranging from 6-
9. Thus the plant enjoys and tolerates a wide range of 
soil texture and soil reaction. Similar results were 
obtained by Delabays (1990) in pot trials while 
working on Arnica montana in Switzerland. 
Although the plant grows nicely on various textural 
classes, maximum plant survival and vigorous 

growth, (giving maximum herbage yield) of A. 
benthamii plants is witnessed in loamy textural class, 
under both sunny and shady conditions, possibly 
because this texture offers little or no resistance for 
rooting and less leaching of nutrients than clayey 
(difficult in rooting) and sandy soils (maximum 
nutrient leaching). Clayey and sandy soils showed 
survival rates of 70% and 60% respectively.  
        The application of fertilizers increases the 
herbage yield, plant height, number of leaves, overall 
biomass and longevity of growth period as compared 
to control. The plants of A. benthamii responded to 
each nutrient treatment. Of the different nutrients, K- 
fertilizer is very important during hot summer, 
conditions where plants show maximum wilting. K-
fertilizer reduces the wilting of leaves, and the 
transpirational H2O loss, keeping plants turgid for 
longer periods and thus resulting in luxuriant growth 
of these plants. On the other hand, N and P-fertilized 
plants also performed well but the plants provided 
with NPK mixture, attained maximum height, 
maximum herbage, maximum biomass and maximum 
number of leaves especially on loamy texture of soil. 
Similar results of NPK fertilizer on growth and yield 
attributes were observed by Ramesh et al., (1989) on 
Plantago ovata, Sudeendra et al., (1993) on Celery, 
Singh and Neoparly (1993) on Zingiber officinale. 
        Sandy textured soils with high pH (8.6) when 
treated with nitrogen in the form of urea, witnessed 
the death of plants (A. benthamii). After repeating the 
experiment several times same results were obtained. 
The possible reason causing the death of the plants is 
Nitrite toxicity. The added urea dissociates to form 
ammonium, which gets converted to Nitrite. Under 
these soil conditions nitrite gets accumulated proving 
toxic to the plants, thus causing their death. However, 
adding Nitrogen directly in the form of nitrates 
(KNO3) the plants survive, grow nicely on these soil 
conditions (Sandy texture, high pH). 
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Abstract: Two field experiments were conducted with ten bread wheat genotypes (Triticum aestivum L.) evaluated 
in their sensitivity to lead pollutant under lead stress and normal conditions. The results showed that there were great 
differences among wheat genotypes for proline content, leaf chlorophyll content, flag leaf area as well as yield and 
its attributes. Wheat genotypes ACSAD 903, Sakha 94, ACSAD 939, Prl(S)/Pew(S), Tow(S)/Pew(S) and Gemmeiza 
5 were classified as tolerant to lead stress as they exhibited lead sensitivity index less than unity with high values of 
proline content, leaf chlorophyll content, flag leaf area and yield attributes in most cases. Whereas, ACSAD 925 was 
ranked in the first order in sensitivity to lead stress followed by Sids 6 and Tsi/Vee(S) while, Line 1 was relatively 
moderate sensitive to lead stress. Heritability estimates in broad sense were high under normal and moderate under 
lead stress conditions for proline content, leaf chlorophyll content and flag leaf area, however it was moderately high 
for yield attributes and low for grain yield/fed. under normal and stress conditions. Negative and significant 
association was observed between lead sensitivity index of grain yield and each of proline content, leaf chlorophyll 
content, flag leaf area and number of productive tillers/plant. Path coefficient analysis indicated that, the maximum 
direct effect on lead sensitivity index of grain yield was accounted for leaf chlorophyll content (22.268%) followed 
by flag leaf area (12.250%), proline content (5.697%) and then number of productive tillers/plant (1.397%).The 
highest indirect effect was registered for proline content via leaf chlorophyll content (12.241%) followed by leaf 
chlorophyll content  via flag leaf area (7.795%) and flag leaf area via number of productive tillers/plant(5.235%), 
therefore, simultaneous selection for the foregoing pair characters may have resulted in enhancement lead tolerance 
in wheat. The genetic variation and relationships among 10 wheat genotypes with different responses to lead 
tolerance were evaluated using Random amplified polymorphic DNA-polymerase chain reaction (RAPD-PCR) 
markers to establish specific DNA markers associated with lead tolerance.. A total of 40 DNA fragments were 
generated by 5 random primers, with an average of 8 easily detectable fragments per primer. The number of 
amplified fragments produced per primer ranged from 6 to 10 and size of the products ranged from 254 bp to 1930 
bp. The total number of polymorphic fragments and the percentage of polymorphism were 33 and 82.5, respectively. 
The greatest similarity was observed between ACSAD 903 and ACSAD 939 genotypes, whereas the lowest 
similarity showed between ACSAD 925 and Gemmeiza 5. The dendrogram separated all genotypes into three 
clusters. The patterns obtained with primer OPB-10 for genotypes suggested that this primer has the ability to 
produce lead tolerant markers. These results will be helpful in future wheat breeding programs.  
[Awaad, H. A., Youssef, M. A. H., Moustafa, E. S. A. Identification of Genetic Variation among Bread Wheat 
Genotypes for Lead Tolerance Using Morpho – Physiological and Molecular Markers. Journal of American Science 
2010;6(10):1142-1153]. (ISSN: 1545-1003). 
 
Keywords: Wheat genotypes; lead tolerance; RAPD-PCR; Dedrogram; Moro-physiological characters 
 
1. Introduction: 

Heavy metals such as lead (Pb) enter to the 
environment from natural and anthropogenic sources. 
The most important anthropogenic source of 
pollution to metals are industrial sludge sewage 
discharging, applying super phosphate fertilizers, 
burying the non-ferrous wastes in land and closing 
the agricultural fields to lead and zine mines or 
refining factories (Rowland et al.,1997). These 
metals contaminate food source and accumulate in 
both agricultural products and seafood through water, 

air and soil pollution (Lin et al., 2004). Lead is the 
most well-Known environmental intoxicants to 
humans. Lead is more toxic to plants, its highest 
uptake occurred during the heading-grain maturation 
period. Wheat leaf blade area, plant growth and 
development were reduced more markedly than the 
whole plant dry matter. Both water uptake and water 
loss are reduced by lead in wheat (Burzynski, 1987). 
The green tissues are more susceptible to Pb toxicity 
than etiolated tissues. The plastic and elastic 
extensibility of wheat coleopitle cell walls was 
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reduced and the hydration of sunflower hypocotyls 
segments was decreased (Gupta, 1997). Chlorophyll 
content of barley leaves decreased with added Pb in 
the Knop's solution (Kacabova and Natr, 1986). Lead 
inhibited apparent photosynthesis, photorespiration, 
CO2 uptake, stomata opening and transpiration of pea 
seedlings (Poskuta et al., 1987), and inhibits plant 
growth of rice cultivars (Yang YoungYell et al., 
2000). 

Plants tolerate heavy metals through 
sequestration with cysteine rich peptides, proline, 
Chlorophyll content and other physiological and 
biochemical characters (Lagriffoul et al., 1998; 
Mahgoub et al., 1998 and Harada et al., 2001). Crop 
tolerance to lead pollutant has been extensively 
investigated and genetic variation among cereal 
genotypes in their reaction to lead toxicity has been 
found in most cultivated species (Meyers et al.,1982; 
Kacabova and Natr,1986; Yang YoungYell et 
al.,2000 and Brkic et al.,2004). 

Molecular tools facilitate the identification 
of genomic locations linked to traits of interest and 
help in indirect selection of such complex traits 
beside the phenotypic measurements. Identification 
of DNA-makers linked to a gene governing mineral 
stress have been applied in several studies i.e. 
cadmium stress in durum wheat (Penner et al., 1995), 
aluminum tolerance in rice (Wu et al., 2000) and 
manganese efficiency in barley (Pallotta et al., 2000 
and Khobaz-Saberi et al., 2002). Welsh and 
McClelland (1990) and Williams et al., (1990) 
developed a new PCR-based genetic assay namely 
randomly amplified polymorphic DNA (RAPD). This 
procedure detects nucleotide sequence 
polymorphisms in DNA by using a single primer of 
arbitrary nucleotide sequence. On an average, each 

primer directs amplification of several discrete loci in 
the genome, making the assay useful for efficient 
screening of nucleotide sequence polymorphism 
between individuals. The use of RAPD for 
identification of cultivars through DNA profiling is 
the current method of choice in measuring genetic 
variation within germplasm collections (Williams et 
al., 1990 and Hernendez et al., 2001). PCR-based 
RAPD markers are dominant markers that are 
extensively used in genetic mapping (Chalmers et al., 
2001) and identification of loci linked with different 
traits ( Sun et al., 2003). Due to technical simplicity 
and speed, RAPD methodology has been used for 
diversity analyses in several crops (Demek et al., 
1996). Criteria for the estimation of genetic diversity 
can be different pedigree records, morphological 
traits or molecular markers (Heckenberger et al., 
2002). Molecular markers detect variation of the 
DNA sequences among cultivars and therefore 
directly bypass problems connected with 
environmental effects (Maric et al., 1998). 

The objective of this research was to 
determine the genetic variability, heritability for lead 
tolerance and the relative importance of some 
characters in lead tolerance variation, beside establish 
specific molecular markers associated with lead 
tolerance using RAPD-PCR to facilitate breeding of 
cultivars more tolerant to lead pollution.  
 
2. Materials and methods 

To study lead tolerance in bread wheat 
(Triticum aestivum L.), ten genotypes were screened 
and involved in this investigation (Table1). Field 
experiment was carried out during 2007/2008 and 
2008/2009 seasons at the Experimental Farm, Faculty 
of Agriculture, Zagazig University, Egypt. 

 
Table (1): Name, pedigree and origin of the studied ten bread wheat genotypes. 
Name Pedigree Origin 

 Sakha 94 Opta / Rayon / Kauz Egypt 
 Gemmeiza 5 Vee(S)/SWM6525 CGM4017-1GM-6GM-3GM-0GM Egypt 
 Sids 6 Maya(S)/Mon(S)//CMH74 

A592/3/Sakha8*2SD10002-4sd-3sd-1sd-0sd 
Egypt 

 ACSAD 903 ACSAD529/4/C182 24/C168 3/3/Cno*2/7c//Tob Acs-
W-8024-20IZ-3IZ-4IZ-0IZ 

Syria 

 ACSAD 925 GEN/3/GOV/AZ//MUS(s)/4/Sannine/Ald(s) ACS-W-
9174-10IZ-5IZ-3IZ-0IZ 

Syria 

 ACSAD 939 Maya(S)/ON//1160.147/3/BB/GLL/4/CHAT(s)/S/Vee(
s)Nac ACS-W-8163-2IZ-5IZ-0IZ 

Syria 

 Line 1 N.S.732/Pim//Veery(S)sd735-4sd-1sd-
osd/3/CM87688-02910Pm-5Y-0H-0sy-1M-0Y 

Egypt 

 Tsi/Vee(S) CM64335-3AP-IAp-0AP Mex/Syr 
 Prl(S)/Pew(S) CM59377-3AP-1AP-3AP-2AP-1AP-0AP Mex/Syr 
- Tow(S)/Pew(S) CM59443-4AP-1AP-4AP-1AP-0AP Mex/Syr 
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Ten wheat genotypes were treated under 
controlled conditions carefully at beginning heading 
stage by spraying heavy metal lead solution. Lead 
acetate Pb (CH3 Coo) 2 was used as source of lead in 
the present study. The concentration was 30 ppm Pb 
ion per liter of water (200 liter/fed.). Singh (2004) 
investigated that selection for mineral toxicity can be 
carried out in a field having mineral toxicity problem. 

 The same 10 wheat genotypes were used as 
control with pure water spraying. The other 
agronomic practices were followed in similar 
conditions. A complete randomized block design 
with three replications was followed in a factorial 
arrangement. Plot size was 1.5 m2 (4 rows, 2.5 meters 
length with 15 cm apart) and planted at rate of 300 
seed/m 2. Date of planting was Nov., 20th and 30th 
in the first and second season, respectively.  

At anthesis, ten guarded plants from each 
variety  in every replicate of treated and untreated 
plants were used to estimate flag leaf area, also leaf 
chlorophyll content was estimated using SPAD- 502 
apparatus(Castelli et al.,1996) and content of the 
amino acid proline (μ moles/g fresh weight) in leaves 
was determined using the procedure by Bates et al., 
(1973).At harvest,  number of fertile spikelets/spike, 
number of sterile spikelets/ spike, number of 
productive tillers/ plant, number of grains/ 
spike,1000-grain weight and grain yield (ard/fed.) 
were determined. The wheat grains of lead treatment 
were discarded after yield determination.  
Biometrical assessment: 

Analysis of variance was carried out as 
described by Snedecor and Cochran (1967). The 
expected mean squares from the components of 
variance were used to estimate broad sense 
heritability according to Hanson, Robinson and 
Comstock (1956), correlation and path coefficient 
analyses were computed according to Svab (1973).  
Data of wheat grain yield were used to estimate lead 
tolerance measurements as follows:  
1. Tolerance index (ToL)                          

 (Rosielle and Hambling, 1981). 
Tol= YP- Ys              
2. Lead sensitivity index (LSI)  

 (Fischer and Maurer, 1978) 
L.S.I= (1-YS/ YP)/SI    and SI= (1- ỲS/ỲP) 
Where, SI: lead stress intensity. 
3. Relative performance (P)  
           (Abo-Elwafa and Bakeit, 1999). 
P= (YS/YP)/R 
Where, R= (ỲS/ỲP)  
YP= Yield potential under normal conditions. 
YS= Yield potential under stress conditions. 
ỲS and YP= yield of all genotypes in the stress and 
normal conditions, respectively. 

RAPD-PCR amplification 
Plant material 

To study lead tolerance in bread wheat 
(Triticum aestivum L.) by using molecular markers, 
ten genotypes were used for the present study 
(Table1). This work was carried out in Molecular 
Genetics Lab. Genetic Dept., Fac. of Agric., Zagazig 
Univ. 
 
Table (2): Sequence and operon codes of the 

random primers used to detection of 
variation in 10 wheat genotypes. 

Primer codes Sequence (5- to 3- ) 
 

OPA-11 CAA TCG CCG T 
OPB-05 TGC GCC CTT C 
OPB-10 CTG CTG GGA C 
OPB-18 CCA CAG CAG T 
OPC-20 ACT TCG CCA C 

 
Isolation of DNA 

Total genomic DNA was extracted from 
frozen young leaves by the CTAB 
(cethyltrimethylammonium bromide) method (Doyle 
and Doyle, 1987) followed by an RNase-A treatment 
(Sigma, St. Louis, MO; R-4875) for 30 min at 37°C. 
The quality and quantity of DNA were checked by 
agarose gel electrophoresis. The final DNA 
concentration of each sample was adjusted to 25 
ng/μl. 
 
Primers:  

A set of twenty 10-mer oligonucleotides was 
analyzed for RAPD-PCR. Based on the accurate 
amplified bands profiles and the produced 
polymorphic patterns of DNA fingerprinting selected 
five different primers were chosen (Table 2). 
 
RAPD- PCR reactions 

The RAPD amplification reactions were 
carried out in 25 μl containing 25 ng/μl of template 
DNA, 10× buffer (NH4)2SO4; 2.5mM MgCl2 
(Fermentas), 10 mM dNTPs, 0.5 μM primer and 1 
Unit Taq DNA polymerase (Fermentas). The RAPD 
amplifications occurred under the following 
conditions: an initial denaturation step at 94 ºC for 7 
min and 30 cycles at 94 ºC for 1 min, 35 ºC for 1 min 
and 72 ºC for 2 min; the final elongation step was at 
72 ºC for 6 min. Amplification reactions were carried 
out on a Perkin-Elmer Gene Amp PCR system 
(model 2400), and each reaction was repeated twice. 
 
Band analysis:  

The reaction products were analyzed by 
electrophoresis on 1.5% agarose gels in 1X TBE 
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buffer at 100 V, stained with ethidium bromide and 
photographed under UV transilluminator by digital 
camera with UV filter adaptor. The synthetic DNA, 
ladder 100 bp (Pharmacia) was employed as 
molecular markers for bands molecular weight. Each 
amplified band profile was defined by the presence or 
absence of bands at particular positions on the gel. 
Profiles were considered different when at least one 
polymorphic band was identified. Fragments were 
scored as 1 if present or 0 if absent based on standard 
marker using GelAnalyzer 3 (Egygene) software. 
Pairwise combinations, genetic similarity and genetic 
distances were estimated following Lynch (1990 and 
1991). The computer package SPSS was used to 
construct a dendrogram based on the matrix of 
distance using Unweighted Pair Group Method with 

Arithmetic averages (UPGMA) (Sneath and Sokal 
1973). 
 
3. Results and Discussion: 
A. Mean performance and heritability: 
 A.I Moro-physiological characters: 

Mean performance for morph-physiological 
characters under both normal and lead stress 
environments are presented in Table (3). Significant 
differences were observed among wheat genotypes 
for proline content, leaf chlorophyll content and flag 
leaf area under normal and lead stress environments. 
These results indicate the presence of high degree of 
genetic variability among the studied wheat 
genotypes, valid for selecting and breeding new 
cultivars more tolerant to lead pollution. Similar 
interpretation was stated by Shutu et al.,(2000). 

 
Table (3): Genetic variation and heritability of ten bread wheat genotypes for proline content, leaf 

chlorophyll content and flag leaf area under normal and lead stress conditions. 

Character  Proline content 
(µmoles/g.f.w.) Leaf chlorophyll content Flag leaf area (cm2)  

Genotype Control Lead stress RI% Control Lead stress RD % Control Lead stress RD % 

Sakha 94 1.450 3.350 131.034 47.260 46.700 1.185 38.116 32.808 13.926 
Gemmeiza 5 1.375 4.350 216.364 46.800 42.566 9.047 41.69 39.023 6.397 

Sids 6 1.616 2.150 33.044 41.500 33.900 18.313 42.600 30.528 28.338 
ACSAD 903 1.600 4.625 189.063 43.560 41.300 5.188 51.707 45.623 11.766 
ACSAD 925 1.584 2.500 57.828 45.360 35.200 22.398 35.268 23.86 32.347 
ACSAD 939 1.715 2.300 34.111 42.830 39.200 8.475 67.760 62.566 7.665 

Line 1 1.900 3.750 97.368 53.160 35.700 32.844 60.422 50.693 16.102 
Tsi (S)/Vee(S) 1.825 1.900 4.109 52.400 37.900 27.672 54.200 47.100 13.099 
Pr1 (S)/Pew(S) 2.050 4.200 104.878 50.260 46.200 8.078 57.233 55.486 3.052 
Tow(S)/Pew(S) 1.750 3.700 111.428 45.260 39.700 12.285 49.866 48.536 2.667 
Grand mean 1.687 3.283 94.606 46.839 39.836 14.951 49.886 43.622 12.556 
L.S.D 0.05 0.548 1.295  4.420 5.438  8.653 10.290  

Tb%  87.200 30.090  70.130 34.170  76.800 36.500  
GxT 0.05                              *                               *                                    * 

* Significant at 0.05 level of probability.  
Tb%: heritability in broad sense as percentage. 
 

With respect to proline content, under normal 
conditions, Prl(S)/Pew(S), Line 1 and Tsi/Vee(S) 
surpassed significantly the other wheat genotypes, 
they exhibited higher values of proline content over 
the grand mean whereas, Gemmeiza 5, Sakha 94 and 
ACSAD 925 as group recorded the lowest values in 
proline content among the studied wheat genotypes, 
and exhibited lower values than the grand mean. The 
remaining wheat genotypes attained moderate values 
in proline content. On the other hand, under lead 
stress conditions, higher reaction in proline 
accumulation as a result of lead treatment was 
detected in Gemmeiza 5, ACSAD 903, Sakha 94, 
Tow(S)/Pew(S), Prl(S)/Pew(S) and Line 1 with 

relative increase percentage of 216.364, 189.063, 
131.034, 111.428, 104.878 and 97.368, respectively. 
However, Tsi/Vee(S), Sids 6, ACSAD 939 and 
ACSAD 925 were the lowest one with relative 
increase percentage of 4.109, 33.044, 34.039 and 
57.828%, respectively among the studied wheat 
genotypes. Relatively moderate values of proline 
content were detected by the rest genotypes. 

For leaf chlorophyll content, under normal 
conditions it ranged from 42.83 (ACSAD 939) to 
53.16 (Line1), with general mean of 46.839.While 
under lead stress conditions, leaf chlorophyll content 
was reduced, and the most affected wheat genotypes 
were Line 1 followed by Tsi/Vee(S), ACSAD 925, 
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Sids 6 with relative reduction percentage of 32.844, 
27.672, 22.398 and 18.313%, respectively. Whereas, 
the higher values of leaf chlorophyll content were 
recorded by Gemmeiza 5, ACSASD 939, Pr1(S) 
/Pew(S), ACSAD 903 and Sakha 94 with lower 
values of relative reduction percentage of 9.047, 
8.475, 8.078, 5.188 and 1.185, respectively. 
Moreover, moderate values of leaf chlorophyll 
content were recoded in the rest genotypes. 

Concerning flag leaf area, wheat genotypes 
under normal conditions varied significantly from 
35.268(ACSAD 925) to 67.760 cm2 (ACSAD 939), 
with grand mean of 49.886 cm2. On the other hand 
under lead stress conditions, flag leaf area was 
decreased in response to lead treatment and ranged 
from 23.86 (ACSAD 925) to 62.566 cm2 (ACSAD 
939) with grand mean of 43.622 cm2.The most 
affected wheat genotypes were the sensitive genotype 
ACSAD 925 followed by Sids 6 and Line1 with 
relative reduction of 32.347, 28.338 and 16.102%, 
respectively. Whereas, Toms (S)/Pew(S), 
Pr1(S)/Pew(S), Gemmeiza 5 and ACSAD 939 had 
the minimum reduction with values of 2.667, 3.052, 
6.397 and 7.665%, respectively. 

Based on, mean performance of wheat 
genotypes in respect to moro-physiological 
characters, Gemmeiza 5, ACSAD 903  and 
Pr1(S)/Pew(S) accumulated higher amounts of 
proline, leaf chlorophyll content with broader flag 
area under lead stress, also Sakha 94 exhibited higher 
values of proline and chlorophyll contents with 
smaller flag leaf area under lead stress. Whereas 
ACSAD 939 showed moderate values of leaf 
chlorophyll content with broader flag leaf area, but it 
exhibited relatively low value of proline content 
under lead stress treatment, these genotypes could be 
classified as tolerant ones to lead stress. Otherwise, 
Sids 6 and ACSAD 925 were the most affected 
genotypes by lead stress and might be considered as 
sensitive ones. Furthermore, Line 1, pronounced 
relatively high proline content with broader flag leaf 
area with low value of leaf chlorophyll content, it 
could be considered as moderate sensitive one. The 
significancy of interaction, demonstrate that wheat 
genotypes are affected by the studied treatments.  

Heritability estimates in broad sense were 
high under normal conditions and moderate under 
lead stress one. The values of heritability under 
normal and stress conditions were 87.20 and 30.09% 
for proline content; 70.13 and 34.17% for leaf 
chlorophyll content as well as 76.80 and 36.50% for 
flag leaf area. The decline estimates of heritability 
from normal to stress could be due to the effect of 
lead stress. The moderate heritability estimates under 
stress conditions might be suggest that breeding for 
lead tolerance based on morpho-physiological 

characters is feasible (Mahgoub et al., 1998 and 
Harada et al., 2001). 
 
A.2. Yield and its attributes:  

Mean performance for all wheat genotypes in 
yield and its attributes (Table 4), except number of 
sterile spikelets/spike were generally, decreased from 
normal to lead treatment. Significant differences were 
observed among wheat genotypes for yield attributes 
under normal and lead stress treatment, suggesting 
the presence of great amount of genetic variability 
among wheat genotypes. 

For spike characteristics, number of fertile 
spikelets/spike varied significantly under normal 
conditions from 18.83 (ACSAD 939) to 24.07 (Line 
l) with grand mean of 21.272, while under lead stress, 
it decreased and ranged from 16.07 (Sakha 94) to 
20.93 (Pr1(S)/Pew(S)) with grand mean of 18.353. 
The highest reduction percentage (22.47%) in 
number of fertile spikelets/spike was detected in 
Gemmeize 5, whereas the minimum one of (8.27%) 
was recorded by ACSAD 925. Number of sterile 
spikelets / spike varied from 0.98 (Line1) to 2.0 
(Pr1(S)/Pew(S)) under normal conditions, with grand 
mean of 1.463, while under lead stress it decreased 
significantly from 1.81 (ACSAD 903) to 2.87 
(Pr1(S)/Pew(S)). The highest values of relative 
increase (99.16%) in number of sterile spikelets/spike 
as a result of lead hazared was recorded by Tom 
(S)/Pew(S) followed by Line1, ACSAD 925 and 
Tsi/Vee(S) with values of 96.938, 93.460 and 91.150, 
respectively, whereas ACSAD 903 was the lowest 
one (0.56%).  
For grain yield (ard/fed.) and its components, it is 
clear that, under normal conditions, wheat genotypes 
varied significantly from 1.57 (ACSAD 10) to (3.67) 
(Line1) for number of spikes/plant; from 43.36 
(ACSAD 939) to 72.0 (Line 1) for number of grains / 
spike; from 39.86 (Tow(S)/Pew(S)) to 54.86 gm 
(Pr1(S)/Pew(S)) for 1000-grain weight and from 
10.066 (ACSAD 903) to 24.242 ard/fed. (Line1) for 
grain yield. Whereas, under lead stress conditions, 
yield and its components were reduced and varied 
from 1.33 (ACSAD 925) to 3.33 (Line1) for number 
of spikes / plant; 32.07 (Gemmeiza 5) to 69.0 (Line1) 
for number of grains / spike; 34.666 (ACSAD 925) to 
54.10gm (Pr1(S)/Pew(S)) for 1000-grain weight as 
well as from 7.406 (ACSAD 925) to 19.689 ard/fed. 
(Pr1(S)/Pew(S)) for grain yield. Significant 
interaction was registered for grain yield and its 
attributes, indicating that wheat genotypes differed 
significantly in their response to the studied 
treatments. 
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Table (4): Genetic variation and heritability of ten bread wheat genotypes, for grain yield and its attributes under 
normal and lead stress conditions. 

Character  No. of fertile 
spikelets/spike 

No. of sterile 
spikelets/spike No. of  spikes/ plant No. of  grains/ spike 1000 grain weight (g.) Grain yield/fed. 

Genotype Control Lead 
stress RD% Control Lead 

stress RI % Control Lead 
stress RD % Control Lead 

stress RD % Control Lead 
stress RD % Control Lead 

stress RD % 

Sakha 94 18.93 16.07 15.11 1.53 2.00 30.72 2.73 2.85 4.39 60.00 42.87 28.550 43.666 40.160 8.031 17.821 15.512 12.956 
Gemmeiza 5 22.87 17.73 22.47 1.25 2.07 65.60 2.63 2.67 1.52 62.66 32.70 48.819 53.310 48.200 9.585 18.948 15.601 17.664 

Sids 6 22.75 19.00 16.48 1.80 2.33 29.44 2.00 1.50 25.00 71.62 64.00 10.639 51.850 41.950 19.090 19.405 12.932 33.357 
ACSAD 903 19.67 17.67 10.17 1.80 1.81 0.56 2.67 2.40 10.11 43.40 39.00 10.138 42.460 40.660 4.239 10.066 9.504 5.583 
ACSAD 925 20.20 18.53 8.27 1.07 2.07 93.46 1.57 1.33 15.29 48.00 35.00 27.080 49.916 34.666 30.551 12.512 7.406 40.808 
ACSAD 939 18.83 16.00 15.03 1.87 1.93 3.21 3.33 2.88 20.12 43.36 41.93 3.290 45.325 41.700 7.998 13.802 11.996 13.085 

Line 1 24.07 20.80 13.59 0.98 1.93 96.94 3.67 3.33 9.26 72.00 69.00 4.160 54.50 49.550 9.083 24.242 18.063 25.489 
Tsi (S)/Vee(S) 20.80 18.00 13.46 1.13 2.16 91.15 3.10 2.66 14.19 52.26 46.07 11.840 41.076 35.366 13.901 16.811 12.424 26.096 

Pr1 (S) /Pew(S) 23.00 20.93 9.00 2.00 2.87 43.50 2.67 2.33 12.73 68.53 68.00 0.770 54.860 54.100 1.385 23.376 19.689 15.773 
Tow(S)/Pew(S) 21.60 18.80 12.96 1.20 2.39 99.16 2.33 2.30 1.29 62.50 43.60 30.240 39.860 37.750 5.294 13.531 11.174 17.419 
Grand mean 21.272 18.353 13.722 1.463 2.156 47.368 2.568 2.425 5.568 58.433 48.154 17.591 47.682 42.410 11.056 17.051 13.430 21.236 

L.S.D 0.05 2.139 2.928  0.340 0.728  1.354 1.255  8.118 6.39  5.28 3.36  4.04 3.07  
Tb%  61.71 59.92  74.74 54.39  47.35 38.54  61.00 42.18  84.6 53.5  28.23 21.75  

GxT 0.05              *               N.S                *                *                  *               * 

* Significant at 0.05 level of probability.  
Tb%: heritability in broad sense as percentage 
 

The lowest and highest reduction in wheat 
grain yield and its components due to lead stress were 
1.29 (Tow(S)/Pew(S)) to 25.0% (Sids 6) for number 
of productive tillers/plant; 0.77 (Pr1(S)/Pew(S)) to 
48.819% (Gemmeiza 5) for number of grains/spike; 
1.385 (Pr1 (S)/Pew(S)) to 30.55% (ACSAD 925) for 
1000-grain weight as well as 5.583 (ACSAD 903) to 
40.808% (ACSAD 925) for grain yield ard/fed. The 
decrease in grain yield characters due to lead stress 
could be attributed to its effects on pollination and 
fertilization processes and grain filling period, also 
reduction in photosynthesis and translocation of 
assimilates to grains (Gupta, 1997). Genetic variation 
among cereal genotypes in their reaction to lead 
stress has been registered for morph-physiological 
and biochemical characters by Kacabova and Natr, 
(1986), Harada et. al (2001) and Brkic et al, (2004). 

Heritability estimates varied from condition to 
another and from character to another. Generally, it 
was moderately high for yield attributes under both 
normal and stress environments and valued 61.71 and 
59.92% for number of fertile spikelets/spikes; 74.74 
and 54.39% for number of sterile spikelets/spike; 
47.35 and 38.54% for number of productive 
tillers/plant; 61.00 and 42.18% for number of 
grains/spike as well as 84.60 and 53.50% for 1000-
grain weight. However, heritability estimate for grain 
yield/fed was low and valued 28.23 and 21.75% 
under normal and stress conditions, respectively. 
Clarke et al., (1997) recorded high heritability 

estimates (78%) for grain cadmium concentration in 
five durum wheat crosses. 
 
B. Lead tolerance measurements: 

Data of lead tolerance measurements (Table 5) 
show that, wheat genotypes with highest values of 
relative performance (P) such as ACSAD 7, Sakha 
94, ACSAD 939, Pr1(S)/Pew(S), Tow(S)/Pew(S) and 
Gemmeiza 5, yielded less different values (Tolerance 
index ToL) between yield stress (YS) and yield 
potential (YP) and coupled with lead sensitivity index 
(LSI), where higher values of LSI (>1) indicated a 
higher degree of sensitivity to lead stress for 
genotypes and vice versa (Bruckner and Frohberg, 
1987). 

The results of (P) and (ToL) are coupled with 
(LSI) and indicated that ACSAD 925 ranked in the 
first order (1.911) in sensitivity to lead stress 
followed by Sids 6 (1.565) and Tsi (S) (1.223), 
whereas Line1, had L.S.I of 1.194 and might be 
considered as relatively moderate sensitive to lead 
stress. The results of lead tolerance measurements 
coupled with morpho-physiological characters, so 
ACSAD 925, Sids 6 and Tsi (S) exhibited lower 
values of proline content, leaf chlorophyll content 
and flag leaf area, also Line1 attained lower values of 
leaf chlorophyll content and flag leaf area, but 
supported by moderately high values of proline 
content (3.75 µmoles/g.f.w) as moderate sensitive 
cultivar. These genotypes exhibited low to moderate 
values of yield contributing characters. The 
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remaining wheat genotypes ACSAD 903, Sakha 94, 
ACSAD 939, Pr1(S)/Pew(S), Tom (S)/Pew(S) and 
Gemmeiza 5 appeared to be more tolerant to lead 
stress as they recorded L.S.I less than unity, these 
genotypes exhibited in general high values of proline 
content, leaf chlorophyll content, flag leaf area along 
with higher values of yield attributes, except ACSAD 
939 for proline content which exhibited low value 
(2.3 µmoles/g.f.w.) rather than the grand mean (3.283 
µmoles/g.f.w.), but it was good performance for the 
remaining characters. 
 
C. Correlation coefficient between lead sensitivity 
index with morpho-physiological and yield attributes 
characters: 

The correlation coefficient between lead 
sensitivity index and the studied characters were 
computed under both normal and stress conditions to 
demonstrate the important characters for developing 
lead tolerance in wheat genotypes.Results given in 
Table (6) show that lead sensitivity index under 
normal conditions appears to be positively but did not 
reach the level of significance with each of; proline 
content, leaf chlorophyll content, number of fertile 
spikelets/spike, number of grains/spike, 1000-grain 
weight and grain yield/fed. Whereas, negative 
association only was observed between LSI with the 
remaining characters. 

 
Table (5): Lead tolerance measurements of grain yield for ten bread wheat genotypes. 

Character  

Genotype 
Tolerance index Lead sensitivity index (LSI) Relative performance (P) 

Sakha 94 2.309 0.609 1.105 
Gemmeiza 5 3.347 0.829 1.045 

Sids 6 6.473 1.565 0.846 
ACSAD 903 0.562 0.263 1.199 
ACSAD 925 5.106 1.911 0.752 
ACSAD 939 1.806 0.614 1.103 

Line 1 6.179 1.194 0.946 
Tsi (S)/Vee(S) 4.387 1.223 0.938 
Pr1 (S)/Pew(S) 3.687 0.740 1.069 
Tow(S)/Pew(S) 2.357 0.815 1.049 
  

Table (6): Correlation coefficients between lead sensitivity index with the studied morpho-physiological and 
yield contributing characters under normal and lead stress treatments (Pooled data of the two 
seasons). 

Character  Normal Lead stress 
Proline content  0.034 - 0.609* 
Leaf chlorophyll content  0.074 - 0.734** 
Flag leaf area  -0.399 - 0.581* 
No. of fertile spikelets/spike 0.308 0.347 
No. of sterile spikelets/spike -0.485 0.121 
No. of productive tillers/plant -0.474 - 0.587* 
No. of grains /spike 0.231 0. 167 
1000-grain weight  0.354 - 0.291 
Grain yield/fed. 0.161 - 0.239 

* and ** significant at 0.05 and 0.01 levels of probability, respectively.  

Whereas, under stress conditions, it is clear 
that, LSI was negatively and significantly associated 
with the morpho-physiological characters, proline 
content, leaf chlorophyll content, flag leaf area in 
addition to number of productive tillers/plant .In 
continuous, the association was negative but did not 
reach the level of significance between LSI and each 
of 1000-grain weight and grain yield/fed. The 
obtained results reveal that proline content, leaf 

chlorophyll content, flag leaf area could be used as 
selection criteria for improving lead stress tolerance 
in wheat breeding programs. Also, increasing number 
of productive tillers/plant may be supported wheat 
grain yield under stress conditions and compensate 
the reduction in grain weight under lead stress. In this 
respect, Mahgoub et al. (1998) showed that the level 
of total chlorophyll, cartinoids and proline can serve 
as a simple, reliable and early indicator of 
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environmental pollution and represents a good model 
for the assessment of heavy metal toxicity in higher 
plants. 
 
D. Path coefficient analysis: 

Data presented in Table (7) show direct and 
joint effects of the studied characters i.e.; proline 
content, leaf chlorophyll content, flag leaf area and 
number of productive tillers/plant under lead stress 
conditions. It is important to mention that, the 
maximum direct effect on lead sensitivity index of 
wheat grain yield was accounted for leaf chlorophyll 
content (22.268%) followed by flag leaf area 
(12.250%), proline content (5.697%) and then 
number of productive tillers/plant (1.397%). Hereby, 
direct selection for leaf chlorophyll content, flag leaf 
area and proline content may have resulted in 
improving lead tolerance. 

 
Concerning the indirect effects, it is clear that, 

the highest indirect effects on lead sensitivity index 
of wheat grain yield variation were observed for 
proline content via leaf chlorophyll content 
(12.841%) followed by leaf chlorophyll content via 
flag leaf area (7.795%), flag leaf area via number of 

productive tillers/plant (5.253%), then leaf 
chlorophyll content via number of productive 
tillers/plant (4.127%). Therefore, simultaneous 
selection for the foregoing pair characters may have 
resulted in enhancing lead tolerance. 

It is evident to mention that, the studied 
characters accounted for by 76.478% of the total lead 
sensitivity index of wheat grain yield variation, 
however the residual effect was 23.522%. In this 
regard, total chlorophyll and proline content could be 
used as biochemical markers for increasing lead and 
cadmium tolerance in higher plants (Mahgoub et al., 
1998). 

 Generally, on the basis of the total 
contribution, the studied characters could be arranged 
according to its relative importance to lead sensitivity 
index of wheat grain yield variation as follows; leaf 
chlorophyll content (34.649%), flag leaf area 
(20.345%), proline content (14.543%) and then 
number of productive tillers/plant (6.941%). Hereby, 
leaf chlorophyll content, flag leaf area and proline 
content were the most important characters of both 
direct and indirect effects, which enhance their 
importance to be used as selection criteria amining to 
improve environmental pollutants tolerance. 

 
Table (7): Direct and joint effects of some morpho-physiological characters as percentage of lead sensitivity 

index variation of wheat grain yield (Pooled data of the two seasons). 
Source of variation  C.D RI% 

Proline content  0.05697 5.697 
Leaf chlorophyll content  0.22268 22.268 
Flag leaf area  0.1225 12.250 
No. of productive tillers/plant 0.01397 1.397 
Proline content x leaf chlorophyll content 0.12841 12.841 
Proline content x flag leaf area 0.03141 3.141 
Proline content x No. of Productive tillers/plant 0.01709 1.709 
Leaf chlorophyll content x flag leaf area 0.07795 7.795 
Leaf chlorophyll content x No. of productive tillers/plant 0.04127 4.127 
Flag leaf  area x No. of productive tillers/plant 0.05253 5.253 
R 2 0.76478 76.478 
Residual  0.23522 23.522 
Total  1.00000 100.000 
Total contribution    
Proline content  0.14543 14.543 
Leaf chlorophyll content 0.34649 34.649 
Flag leaf area  0.20345 20.345 
No. of productive tillers/plant 0.06941 6.941 

C.D: coefficient of determination 
RI%: relative importance 
 
RAPD analysis 

The total number of amplified fragments 
observed among the wheat genotypes based on 
RAPD analysis with all primer was 40 with an 
average of 8 easily detectable fragments per primer. 

The number of amplified fragments produced per 
primer ranged from 6 to 10 and size of the products 
ranged from 254 bp to 1930 bp. The total number of 
polymorphic fragments and the percentage of 
polymorphism were 33 and 82.5, respectively (Table 
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8). The primer OPB-05 presented the highest 
percentage of RAPD polymorphism (90 %). Some 
RAPD primers (OPA-11 and OPB-05) produced 
more bands (10) probably because genomic DNA 
sequences possess high frequency of annealing sites 
(Virk et al, 1995).Primer OPB-10 presented three 
unique bands (975 bp, 440 bp and 250bp) to Line 1, 
Gemmeiza 5 and Pr1(S)/Pew(S) genotypes, 
respectively (Figure 1) while, Primer OPB-18 
presented one unique band (1540 bp) to Line 1.  

The patterns obtained with primer OPB-10 
for genotypes suggested that this primer has the 
ability to produce lead tolerant markers. Since four 
fragments of about (700,790, 1290 and 1650 bp) were 
visualized using this primer in the genomic DNA of 
the lead tolerant genotypes while were absent in the 
sensitive genotypes, they can be considered as 
positive lead tolerant markers (Figure 1). These bands 
can be considered as potential markers to identify 
lead tolerant genotypes or may even be more useful 
when converted into a simple-sequence PCR-based 
marker that can be used for large-scale lead tolerance 
screening of genotypes. In this respect, many 
investigators exploited DNA markers and detected 
some markers to abiotic stress. Pakniyat and Tavakol 
(2007) found markers related to drought tolerance in 
bread wheat genotypes using RAPD markers. 
Pakniyat et al., (2004) introduced markers linked to 
salt tolerance in cultivated and wild barley using 
these markers. Also, Nazari and Pakniyat (2008) 
found markers associated with drought tolerance in 
wild and cultivated barley genotypes using RAPD 
markers. Youssef et al., (2010) found molecular 
markers for new promising drought tolerant lines of 
rice under drought stress via RAPD-PCR and ISSR 
markers. 

The similarity coefficients based on 40 
amplified fragments are presented in Table (9) and 
ranged from 0.35 to 1.00. ACSAD 903 and ACSAD 
939 genotypes showed the highest similarity index 

(1.00) and the lowest similarity index (0.35) showed 
between ACSAD 925 and Gemmeiza 5. Cluster 
analysis was performed based on the Jaccard’s 
similarity coefficient matrices, calculated from 
RAPD markers to generate a dendrogram of wheat 
genotypes. The dendrogram separated 10 genotypes 
into three clusters. The first cluster included ACSAD 
903, ACSAD 939, Tow(S)/Pew(S), Gemmeiza 5, 
Sakha 94 and Prl(S)/Pew(S) and the second cluster 
included Tsi/Vee(S), Sids 6 and ACSAD 925, while 
Line 1 formed the third  cluster (Figure 2). 

The development of DNA markers in wheat 
is somewhat problematic due to three features. 
Firstly, the size of the wheat genome (16 × 109 bp, 
compared to barley or maize with 5 × 109 bp), which 
makes the application of several marker techniques 
difficult. Secondly, the hexaploid nature of wheat 
adds complexity to many marker assays (Chao et al., 
1989). Three sets of bands usually appear (often in 
the same size range), which are difficult to manage 
and interpret. Thirdly, there is a generally low level 
of polymorphism in wheat relative to other cereal 
crops. This implies that a larger number of markers 
must be screened than in the case of rice, barley or 
maize (Chao et al., 1989 and Lui et al., 1990).  

Higher plants have been reported to produce 
varied responses to heavy metals in their environment 
and interfere with the genetic constitution of plants 
(De Wolf et al., 2004). Recently, the development of 
molecular marker technology has provided new tools 
for detection of genetic alteration in response to 
heavy metal tolerance by looking directly at the level 
of DNA sequence and structure. Random amplified 
polymorphic DNA (RAPD) is a PCR-based technique 
and extremely efficient for DNA analysis in complex 
genomes as it is relatively inexpensive and yields 
information on a large number of loci without having 
to obtain sequence data for primer design (DeWolf et 
al.,2004).

 
Table (8):  Number of monomorphic, polymorphic bands and polymorphism percentage produced by each 

RAPD primer for 10 wheat genotypes.  
PRIMERS bP RANGED Total No. of 

bands 
Monomorphic 

bands 
Polymorphic 

bands 
Polymorphism 

% 
OPA-11 266-1864 10 2 8 80.00 
OPB-05 254-1566 10 1 9 90.00 
OPB-10 311-1122 8 1 7 87.50 
OPB-18 310-1543 6 2 4 66.66 
OPC-20 343-1930 6 1 5 83.33 

Total  254-1930  40 7 33 82.50 
Average  8 1.2 6.6  
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Fig. (1): Results of RAPD-PCR amplification based on the use of primer OPB-10 in the 10 wheat genotypes 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. (2): The dendrogram of genetic distances among all tested genotypes based on band polymorphisms 

generated by RAPD-PCR after using the primers. 
 
Table (9): The similarity coefficient values among 10 wheat genotypes based on band polymorphisms 

generated by RAPD-PCR after using the primers 

Case Tsi/Vee(S) Prl(S)/Pew(S) Tow(S)/Pew(S) ACSAD 
903 

ACSAD 
939 

Sakha 
94 

Gemmeiza 
5 

Line 
1 

Sids 
6 

ACSAD 925 0.75 0.575 0.375 0.36 0.36 0.575 0.35 0.625 0.65 
Tsi/Vee(S)  0.475 0.575 0.6 0.6 0.725 0.55 0.475 0.75 
Prl(S)/Pew(S)    0.7 0.675 0.675 0.55 0.675 0.55 0.375 
Tow(S)/Pew(S)    0.975 0.975 0.75 0.925 0.5 0.575 
ACSAD 903     1 0.775 0.95 0.475 0.6 
ACSAD 939      0.775 0.95 0.475 0.6 
Sakha 94       0.725 0.65 0.625 
Gemmeiza 5        0.475 0.55 
Line 1         0.525 
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Abstract: Both exercise and estrogen augments bone metabolism and endothelial function in postmenopausal 
women. Osteoprotegrin (OPG) appears to represent the molecular link between bone resorption and vascular 
calcification.This study was conducted to determine the effects of acute bouts of dynamic exercise and oral estrogen 
on serum osteoprotegrin (OPG) and endothelial dependent flow mediated dilatation of brachial artery (FMD); to 
assess if these two interventions independently or together achieve same improvement and finally to find any 
relation between OPG and FMD. Twenty early osteoporotic postmenopausal women with endothelial dysfunction, 
their mean age (53±9 years) and 20 healthy premenopausal female controls with mean age (29±2 years) were 
included.  All subjects were subjected to assessment of OPG and FMD before the beginning of the study. Then OPG 
and FMD were quantified after 60 minutes of treadmill exercise  for one hour,  this protocol was repeated after 4 
weeks of oral estrogen therapy .We found that serum OPG was elevated significantly in postmenopausal women 
after exercise( post-ex) approximating double baseline value (4.8±0.3 vs 2.9±0.3). There was a significant difference 
between OPG level post exercise and estrogen (post ex-est) vs post estrogen (post-est) alone (5.3±0.2 vs 4.3±0.2) 
while there was no significant difference between post exercise (post-ex) versus post-est (4.8±0.3 vs 4.3±0.2). 
Regarding FMD there was a significant difference between post-ex vs baseline (11.4±0.4 vs 6.1±0.5), post-est vs 
baseline (11.5±1.5 vs 6.1±0.5), also between post ex-est and baseline value (10.5±1.6 vs 6.1±0.5) , while there was 
no significant difference between all interventions . Our results suggested that both exercise and estrogen augment 
bone metabolism and vascular reactivity to nearly equal values. So, this study reinforces the importance of exercise 
as a non pharmacological and alternative to oral estrogen in postmenopausal women and consider exercise as one of 
the mechanisms that protect against osteoporosis and atherosclerosis. 
[Exercise versus Estrogen Therapy in Osteoporotic Postmenopausal Women with Endothelial Dysfunction Mervat 
El-Sergany, Abeer Shahba and Lamia Al-Ahwal. Journal of American Science 2010;6(10):1154-1159]. (ISSN: 
1545-1003). 
Keywords: estrogen augments; bone metabolism; endothelial function; postmenopausal women; Osteoprotegrin 
(OPG); flow mediated dilatation of brachial artery (FMD);  
 
1. Introduction: 

After the onset of menopause, there is an 
increase in age related osteoporosis (Shargorodsky et 
al; 2009) and impairment of endothelial function 
(Verdis et al ; 2000). 

Both exercise and estrogen therapy augment 
bone metabolism (West et al . 2009) and endothelial 
function (Harvey et al; 2005).  

Osteoprotegrin (OPG) appears to represent the 
molecular link between bone resorption and vascular 
calcification, and may help to explain the high 
prevalence of atherosclerosis and osteoporosis in 
postmenopausal women (Saunders, 2009). OPG 
increases bone mineral density by its well established 
capacity to inhibite osteoclast differentiation and 
regulate bone remodeling. The production of OPG 
protein  in endothelium and vascular smooth muscle 
cell exerting antiapoptotic effects on endothelial 
cells, protecting them from cell death and regulate 
vascular inflammation and immunity (Shargorodsky 
et al;2009 )    . 

Saunders, (2009) concluded that, while the effect 
of exercise appeared to improve arterial flow 
mediated vasodilatation (FMD).it may also be 
evident that the number of endothelial progenitor 
cells were increased in trained patients 

Recently, alternations in bone remodeling have 
been demonstrated in amenorrheic women (De souza, 
2008). Furthermore, numerous investigators have 
demonstrated that exercising women who are 
estrogen deficient have negative alternations in bone 
turnover markers and /or BMD (De souza, 2008). 

Published controlled trials of estrogen 
administration for prevention of CVD have produced 
negative results (Hodis et al; 2003). However, 
estrogen has multiple complex pleiotropic effects on 
the CV system that may exert both beneficial and 
adverse events (Harvey et al; 2005).  

  Thus alternative interventions must be explored 
to protect against osteoporosis and endothelial 
dysfunction in early postmenopausal period.  

The aim of this study was to determine the 
effects of acute bouts of dynamic exercise and oral 
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estrogen on serum OPG and FMD; to assess if these 
two interventions independently or together achieve 
same improvement and finally to find any relation 
between OPG and FMD. 
 
2. Patients and Methods  

Twenty post menopausal women with early 
osteoporosis and endothelial dysfunction attending 
the outpatient clinic of Rheumatology & 
Rehabilitation and Internal Medicine Departments, 
Tanta University Hospitals Egypt, were included in 
this study. Their mean age was (53±9 ys).  Twenty 
healthy premenopausal women were studied as 
controls; their mean age was (29±2 ys). 

All subjects were neither sedentary nor 
extremely fit. 
 
Exclusion criteria: 
-Age above 60 years. 
-Secondary osteoporosis 
-Coronary heart disease 
-Unbalanced endocrine disease 
-History of gynacologial or breast cancer 
-Abnormal vaginal bleeding 
-On hormonal therapy before enrollment in the study 
-Any chronic disease (R.A, SLE, thyroid disease etc)  
-Deep vein thrombosis or peripheral vascular disease 
-Creatinine > 1.5 mg/dl or liver enzyme twice the 
upper normal value.  

All postmenopausal women were with early 
osteoporotic changes as suggested by BMD (T score 
at the hip and/or spine between -1 and -2.5) and had a 
history of amenorrhea for least 12 months. Ovarian 
hormonal level [follicle stimulating hormone and 
estrogen] was assessed to confirm menopausal status. 

All premenopausal women (controls) were 
without cardiovascular risk factors and have normal 
endothelial function (normal FMD). They were 
examined gynecologically to exclude any uterine or 
breast cancer or vaginal bleeding. They have regular 
menstrual cycle averaging (25-35) days, non was 
receiving any oral contraceptive formulation and 
were studied during follicular phase which defined as 
day 5 to 13 of menstrual cycle. Pregnancy was 
excluded by   a negative B human chorionic 
gonadotropin test. 

All included subjects premenopausal and post 
menopausal underwent.  

1- Through clinical examination 
2- Standard 12 ECG lead was carried out of all 

subjects to detect any abnormalities in the 
heart rate and rhythm. 

3- Echocardiogrfaphy and Doppler assessment 
for evaluation of left ventricular dimention, 
left ventricular function (systolic and 
diastolic).  

 
Biochemical parameters: 
 Blood sampling for full chemistry and 
metabolic parameters, including fasting glucose, lipid 
profile, calcium, phosphorus, PTH, creatinine, 
Albumin, and serum osteoprotegerin (OPG) were 
performed.  Serum OPG was assayed Using 
Sandwich Enzyme Linked Immunosorbent Assay 
(ELISA) provided by sigma (St. Louis, MO). 
 
Bone Mineral density (BMD): 

Bone status was evaluated at the lumbar 
spine and femoral neck at the time of the study using 
dual energy X-ray absorbiometry (DEXA) (9 Hologic 
ODR 1000/w, Waltham, MA, USA) osteopenia and 
osteoporosis were defined according to the criteria of 
World Health Organization. Osteoporosis is defined 
as a bone mineral density T scores at the hip and /or 
spine below -2.5. Osteopenia is defined as a T score 
between -1 and – 2.5, and established osteoporosis as 
a T score below – 2.5 in the presence of one or more 
fragility fractures. 
 
Study protocol: 

Baseline values (OPG and FMD) were acquired 
in the morning with all subjects (premenopausal and 
postmenopausal) resting supine.  Then 
postmenopausal women were exercised on treadmill 
for a total of one hour to provide similar exercise 
loads, the speed and grade of treadmill exercise were 
adjusted to maintain the Heart rate at 60% of each 
individual's VO2 max, as calculated from previously 
obtained cardiopulmonary stress test (Hara and 
Floras, 1995).  Post exercise measurements 
commenced at 60 minutes after exercise. .Heart rate 
and arterial BP were recorded continuously 
throughout the study 

In postmenopausal subjects, this protocol was 
repeated 4 weeks after treatment with open-labeled 
oral estradiol 2mg/day. Subjects were instructed to 
take this estrogen at the same time every morning. 
After completion of the study protocol, women with 
uterus in situ were prescribed medroxyprogesterone 
acetate 10mg tablets once daily for a period of 12 
days to convert the endometrium from the follicular 
to the secretory state. 

Assessment of endothelial function by flow 
mediated dilatation (FMD)(Chan et al ; 2003):  

Endothelial function was assessed non invasively 
using high external vascular ultrasound (10 MHZ) 
under a ray transducer connected to a vivid 7 
dimention ultrasound machine Briefly, the test was 
performed in the morning in a quite room and 
subjects were fasted.  The brachial artery was 
scanned 5-15 cm above cubital fassa.  Resting 
diameter was measured then blood pressure cuff 
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inflated to > 200mm Hg for 4.5 minutes.  A second 
image 30 seconds before cuff deflation and conlinued 
for 2 minutes. FMD was calculated as follows: 
(post deflation diameter – resting diameter)/resting 
diameter X 100.  
The endothelial function was considered normal if 
FMD% is within 2 standard deviation of the mean 
FMD of control group. 
 
Statistical analysis: 

Using SPSS program, version 10 descriptive 
statistics for continuous variables were expressed as 
mean and standard deviation. Comparison between 
groups was done by paired t-test. Correlation between 
variables was done by Pearson's correlation method. 
Results were considered significant at P<0.05 and 
non significant at P > 0.05. 
 
3-Results: 

This study was conducted on 20 early 
osteoporotic post menopausal women with 
endothelial dysfunction and 20 healthy 
premenopausal controls. Demographic and clinical 
data of patients and controls are shown in table (1). 

Table (1) show that there was no significant 
difference between patients and controls regarding 
body mass index (BMI), cardiovascular risk factors 
and serum OPG (P>0.05), but there was significant 
difference regarding, FMD, and BMD (P<0.05). 

There was significant elevation of serum OPG 
post-exercise versus pre-exercise (4.8±0.3 vs 2.9±0.3) 
and post exercise versus premenopausal value 
(4.8±0.3 vs 2.22±0.3), but there was no significance 
difference between post exercise OPG and post 
estrogen OPG   (4.8±0.3 vs 4.3±0.2).There was 
significance difference between post exercise & 
estrogen versus post estrogen alone (5.3+0.2 vs 
4.3+0.2) (table 2). Regarding FMD there was a 
significant difference between post ex, post-est  and 
post ex-est versus baseline value (11.4±0.4, 11.5± 1.5 
and 10.5±1.6 versus 6.1±0.5) respectively ,while 
there was no significant difference between all 
interventions (table 2). 

In the present study, there was positive 
correlation between OPG and FMD (r=0.82, 
P<0.001) post exercise, and also positive correlation 
between serum OPG and FMD (r=0.38 P<0.003) post 
estrogen. (data not shown). 

 
Table (1): Demographic and clinical characteristics of patients and controls 

 Patients Controls P 
Age (ys) 53±9 29.1±2 S 
Weight (kg) 57.8±2.6 59.9±1.0 NS 
Hight (cm) 162.5±1.9 167.1±0.8 NS 
BMI (kg/m2) 22.3±0.9 21.8±0.3 NS 
Smoking (%) 0% 0% NS 
Fasting glucose (%) 85±7 83±2 NS 
Mean arterial press. MAP (mmHg) 78±1 76±3 NS 
Albumin (mg/dl) 3.9±0.1 4.0±0.2 NS 
Creatinine (mg/dl) 1.0±0.2 0.9±0.2 NS 
PTH (pg/ml) 65±45 64.2±49 NS 
OPG(pmol/L) 2.9±0.3 2.22±0.3 NS 
T score (1-2-l4) -1.9±0.0.2 -0.8±0.1 S 
FMD % 6.1±0.5 12±0.5 S 

BMI: body mass index; PTH: parathyroid Hormone; OPG: serum osteoprotegrin; FMD: brachial artery flow 
mediated dilatation   
 
Table (2): Mean arterial pressure( MAP), heart rate( HR) flow mediated dilatation( FMD) and  

osteoprotegrin( OPG) post ex, post est, and  post ex  &  est  
 Pre ex pre est Post ex Post est Post ex post est Controls 
MAP  78±1 73±1 75±3 60±3 75±6 
HR (beat/min) 61±3 76_2 75±2 71±2 68±3 
Baseline (mm) measurements 33.4±3.6 33.1±1.8 32.1±1.3 33.1±1.4 33.9±1.9 
Post occlusion measurments (mm) 35.41±2.5 36.9±1.6 35.8±1.5 36.6±1.3 39.1±1.8 
The absolute changes in brachial artery. 2.01±02 3.9±0.3 3.7±0.6 3.5±0.5 4.1±0.4 
FMD (%) 6.1±0.5 11.4±0.4** 11.5±1.5** 10.5±1.6** 12±0.5 
Serum OPG (Pmol/L) 2.9±0.3 4.8±0.3* 4.3±0.2* 5.3±0.2* 2.22±0.3 
*statistically significant difference versus baseline value and premenopausal value p<0.05 
**statistically significant difference versus baseline value p<0.05 
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Fig(1): Serum  OPG in premenopausal women  and in early osteoporotic post menopausal women with 

endothelial dysfunction  before and  after exercise & estrogen replacement. Values are mean ± SD 
p*<0.05versus PMP baseline and premenopausal value .There was a significant difference between 
post estrogen and exercise versus post estrogen alone but there was no significant difference between 
post estrogen and post exercise. Pre-MP, premenopausal; PMP, postmenopausal baseline; PMP-ex, 
postmenopausal post exercise: PMP-est; postmenopausal post estrogen, PMP-ex-est, postmenopausal 
post exercise and estrogen.  
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Fig.(2): Flow mediated dilatation (FMD) in premenopausal women and in early osteoporotic  postmenopausal 
women with endothelial dysfunction  before and after exercise and estrogen replacement. . Values are mean ± SD. *P < 
0.05 vs PMP baseline. There was significant difference between all interventions and baseline value. But there was no 
significant difference in FMD in PreMP and either PMP-ex, PMP-est, or PMP-est-ex. PMP, postmenopausal, PreMP, 
premenopausal; baseline; PMP-ex, postmenopausal post exercise; PMP-est, postmenopausal post-estrogen re-
placement; PMP-est-ex, postmenopausal post-estrogen replacement and exercise. 
 
4-Discussion 

Estrogen and exercise both impact bone 
metabolism and serum OPG. Mechanical strain & 
various types of stress and strain on osteoblasts 
cells have been reported to significantly increase 
OPG levels (Kim et al; 2006).  

Serum  OPG functions as a decoy receptor 
(Holen  et al ; 2006)  and aids in regulating bone 
loss by blocking the actions of the RANKL/RANK 
interaction (Wietzmann and Pacifici , 2006)  .OPG 
is proving to be important in the pathogenesis of 

bone loss in postmenopausal women (Hofbauer and 
Schoppet , 2004) 

Ziegler et al; (2005)  in his study for the 
evaluation of  the effects of running (long or short 
distance) ,  reported  acute increase in serum OPG 
immediately after running, suggesting the positive 
effect of exercise on OPG.  Moreover West et al 
;(2009) observed that exercising menstruating 
women had significantly high OPG compared to 
sedentary menstruating women, highlighting the 
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positive effects of exercise training on serum OPG. 
These results are in accordance with our results. 

In this study, post exercise OPG level was 
significantly elevated comparing to baseline value 
and controls (P<0.05), but it was  non significantly 
elevated comparing to post estrogen therapy (P> 
0.05)  There was significant difference between 
post exercise & estrogen versus post estrogen 
alone. The absence of estrogen enhances the ratio 
of RANKL/OPG, promoting osteoclastogenesis and 
consequently the acceleration of bone loss 
(Hofbauer and Schoppet , 2004). 

Estrogen, a steroid with direct effects on bone 
metabolism, is another important contributer to 
bone health in women (Boyle et al ; 2003). 

Regarding the effect of estrogen on serum 
OPG, we found that serum OPG value was nearly 
similar to post exercise value, denoting that 
moderate intensity weight bearing exercise can 
substitute oral estrogen therapy in early 
osteoporotic postmenopausal women. Our results 
are similar to that reported by Kahl et al; (2005) 
where he studied anorexia nervosa patients (while 
there was estrogen deficiency) ,he found elevation 
of bone resorption and consequent suppretion in 
OPG. Also West et al (2009) concluded same 
results. 

Grinspoon et al. (2003) reported no differences 
in OPG between amenorrheic women on estrogen 
therapy versus women on placebo therapy. Also 
Herrmann and Herrmann (2004) concluded that 
exercising premonopausal atheletes, when 
compared to sedentary controls, had suppressed 
serum OPG.  These finding are discordant with our 
findings. However results remain equivocal 
(Munoz et al., 2007 and Galusca et al., 2008). 

This study investigates also the acute effects of 
a single bout of dynamic exercise on brachial artery 
dilatation (FMD) in early osteoporotic 
postmenopausal women with endothelial 
dysfunction.  Consistent with Taddei et al ;( 1996) 

and Harvey et al (2005), our study showed that at 
baseline rest, endothelium dependent FMD was 
significantly impaired in postmenopausal women 
compared to healthy premenopausal women. After 
a single bout of dynamic exercise the FMD was 
significantly augmented approximating the value of 
healthy premenopausal controls. At the same time 
after four weeks of oral estrogen FMD was 
significantly elevated to a value approximating 
healthy premenopausal controls. 

On the other hand, FMD was not augmented 
further by concurrent use of estrogen with exercise. 
So, in postmenopausal women acute dynamic 
exercise and oral estrogen effectively and 
independently normalize FMD, However when 

applied concurrently, the action of the two 
interventions were not additive. Our findings are 
similar to data reported by Stathokostals et al 
(2008), who concluded that there was no difference 
in maximum aerobic power (Max Vo2) in healthy 
exercising postmenopausal women taking HRT 
versus women not taking HRT.  These results 
support the concept that potential benefit of 
Hormone Replacement Therapy (HRT) on 
cardiovascular function   was not additive to the 
potential benefits of exercise.  Furthermore, this 
study is in agreement with Attipo et al  (2008), who 
investigated whether postmenopausal women on 
HRT would experience a greater reduction in 
oxidative stress (endothelial dysfunction) after 24 
weeks of aerobic exercise compared to women not 
taking HRT by measuring level of plasma 
barbituric acid reductive substances as an indicative 
of oxidative stress. They concluded that aerobic 
exercise training significantly decreased oxidative 
stress in postmenopausal women regardless using 
HRT or not. 

In the present study we found a positive 
correlation between OPG and FMD either post 
exercise or estrogen. 

Suggesting a potential link between OPG and 
vascular inflammation.  These results are consistent 
with those reported by Shargorodsky et al; ( 2009) 
while these results are discordant with those 
reported by Mangiafico et al; (2008). 

5. Conclusion:  
Our results suggest that both exercise and 

estrogen augment bone metabolism and vascular 
reactivity to nearly equal values. So, this study 
reinforces the importance of exercise as a non 
pharmacological and alternative method to oral 
estrogen in early postmenopausal women and 
consider it as one of the mechanisms that protect 
against osteoporosis and atherosclerosis.  
 
6. Recommendation:  
               For every postmenopausal women regular 
moderate intensity weight bearing exercise must be 
continued to maintain improvement in your health.  
However, you don't have to spend hours in the gym 
to reap the benefits of exercise, but regular 
performance of daily activities (walking, bicycle 
riding and climbing stairs instead of the elevator) 
for half an hour per day or 3 lots of 10 minutes per 
day instead, this will increase your bone health and  
blood flow from your heart 
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Abstract: Whole meal and flour (72%) of Gemmeiza 7, Gize 168, Sohage 3 and Sakha 93 wheat varieties were 
evaluated to produce pan bread, pasta and biscuits.  Pan bread of whole meal wheat varieties had higher contents of 
moisture, protein, fat, ash and fiber than wheat flour 72% of the same varieties. Pan bread of Sakha 93 was 
characterized by its higher baking quality (weight, volume and specific volume) than pan breads of other varieties. 
Crust color of pan bread was slightly affected with whole-meal wheat varieties, where its color score was 
maximized in case of Sakha 93 (7.7) and Sohage 3 (6.7). This result agreed with the obtained color parameter of 
Hunter, where lightness (L) was maximized to 55.95 and 49.79 in pan bread crust of Sohage 3 and Sakha 93, 
respectively. Pasta was characterized by its higher protein (13.12%), fat (2.59%) and crude fiber (2.82%) in case of 
using whole meal of Sohage 3, Giza 168 and Gemmeiza 7 varieties, respectively. Pasta cooking quality ranked first 
in case of using Sohage 3 whole meal, where its weight increase, volume increase and cooking loss reached to 
265%, 305.3% and 8.3%, respectively. Pasta color parameter showed that, wheat flour 72% and whole meal of 
Sakha 93 were characterized by their higher lightness (L). Sensory evaluation showed that, pasta of wheat flour 
(72%) accepted slightly more in appearance and color if compared with whole meal pasta of the same variety. In 
addition, there were no significant differences between pasta of wheat flour (72%) and whole meal in flavor, 
tenderness and stickiness. Biscuit of whole meal was characterized by its higher content of protein, fat, ash and 
crude fiber than wheat flour (72%). Whole meal biscuit of Sohage 3 was characterized with its higher protein 
(12.13%), fat (31.0%) and ash (2.51%) contents; and lowest carbohydrate content (52.18%). Biscuit of Sakha 93 
variety (whole meal or flour 72%) was higher in baking quality. Hunter color parameter and sensory evaluation 
showed that, biscuit of whole meal varieties was slightly darker than biscuit of wheat flour 72%. In addition, biscuits 
flavor, taste, texture, appearance and overall acceptability of wheat flour (72%) was not affected significantly in case 
of using whole meal flour of the same variety.  
[Ahmed M. S. Hussein, Mohie M. Kamil and Gamal H. Ragab. Technological Properties of some Egyptian New 
Wheat Varieties. Journal of American Science 2010;6(10):1160-1171]. (ISSN: 1545-1003). 
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flour 72%. 
 
1. Introduction: 

In Egypt, there is a gap between wheat 
production and consumption. Therefore, National 
Program for Wheat Research developed new wheat 
varieties characterized with its higher yield and 
persist pests, such as Gemmiza 7, Giza 168, Sohag 3 
and Sakha 93 (Anon., 2005). The importance of 
wheat is mainly due to its nutritive value and the fact 
that its seed can be ground into flour, semolina, etc., 
which form the basic ingredients of bread and other 
bakery products, as well as pastas.  
 Milling of wheat has two important 
purposes, one is to remove the bran and the other is to 
reduce the endosperm to small and fine particles. 
Such process decrease the nutritive value of wheat. 
Consequently, several researchers (Collins et al., 
1983; Finney et al., 1985; Jenkins et al, 1988; Lai et 
al., 1989a; Mugford, 1993; Shouk, 1996 and Czerny 
and Schieberle, 2002 ) studied the possibility of using 
whole meal grains (100%) in several products to 
make use of its bran and germ that contain several 

healthy and nutrient components, and to maximize 
the yield of flour and reduce the gape between wheat 
production and consumption.  
 The differences that usually occur in the 
wheat flour products depend on the wheat variety 
(hard or soft wheat), rate of flour milling and particle 
size. On the other hand, whole meal flour contains 
the whole product obtained from the milling of 
cleaned wheat. Bread can only legally be described as 
whole meal bread if the flour used in its manufacture 
is whole meal flour, and no other flour is added. 
Production of whole meal bread, which is produced 
from whole meal grains (100%), should reduce bread 
making cost. 
 This study aimed to evaluate processing 
quality of some new Egyptian wheat varieties (whole 
meal and flour 72%), through some important 
products that depend on hard wheat varieties (bread 
and pasta) and soft wheat varieties (biscuit). 
 
2. Materials and methods 
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Materials 

Wheat grains varieties of Gemmeza 7, Giza 
168, Sohage 3and Sakha 93 were obtained from Field 
Crops Department, Agricultural Research Centre, 
Ministry of Agriculture, Giza, Egypt. Shortening, 
sugar, salt and sodium bicarbonate were obtained 
from Egyptian local market.   

1. Analytical methods 

Moisture, ash, crude protein, fat and crude 
fiber contents of wheat products were determined 
according to the methods outlined in AOAC (2000), 
while carbohydrates were calculated by difference as 
mentioned by Tadrus (1989). 
2. Statistical analysis  

All results were evaluated statistically using 
analysis of variance as reported by McClave and 
Benson (1991). 

3. Methods of Processing: 

Wheat grains varieties were manually 
cleaned, tempered to 14% moisture content, then 
milled using Quadrumat Junior flour mill. The 
obtained flour represent whole flour mill (100% 
extraction), then sieved to obtain flours of 72% 
extraction. 
 
3.1 Preparation of Pan Bread  
 Pan bread baking carried out as described by 
Lazaridou et al. (2007) as follows: Firstly, yeast 
dissolved in warm water (35°C), then mixed and 
kneaded with flour, salt (1.5%) and sugar (1%). Then 
dough fermented at 30°C/30 min in a fermentation 
cabinet under 80-85% relative humidity. Dough was 
then placed in the pan (150 g/piece) and kept under 
the same fermentation condition for 45 min. Bread 
dough loaves were baked at 240 °C for 20–25 min in 
an electric oven (Mondial Formi, 4T 40/60, Italy), 
then subjected to steam for 10 sec to enhance the 
browning process of bread. The obtained pan bread 
was packed in polyethylene bags and stored at room 
temperature for evaluation and analysis. 
 
3.2 Preparation of Biscuits  

Two types of biscuits were prepared, biscuit 
of whole meal flour (100%) and traditional biscuit of 
wheat flour 72% extraction. Biscuits were prepared 
according to the method of AACC (2000) by using 
the following formula: wheat flour 100% or 72% 
extraction (100 g), sugar (50 g), shortening (28 g), 
salt (0.93 g), sodium bicarbonate (1.11g), 14.66 ml of 
dextrose solution (5.93%).  

3.3 Preparation of Pasta: 

Pasta samples were prepared in the Food Technology 
Department, National Research Centre, Cairo, Egypt, 
according to the method of AACC (2000) by using 
Pasta Matic 1000 Simac Machine Corporation, 
Milano, Italy. Pasta hydrated for 15 min under 
atmospheric air, dried in a cabinet dryer at 40ºC for 
14 hrs, then cooled at room temperature, packed in 
polyethylene bags and kept at room temperature for 
analysis.   
 
4. Baking quality of Pan Bread and Biscuit: 

Weight, volume and specific volume of 
manufactured pan bread were determined as 
described by AACC (1983). 

Biscuits Diameter, volume and thickness 
were determined according to the standard method of 
AACC (2000). The spread ratio (Diameter/thickness) 
was calculated according to standard methods of 
AACC (2000). 

5. Cooking quality of pasta 

Cooking quality of pasta were carried out by 
measuring the increases in weight, volume and 
cooking loss after cooking according the methods of 
AACC (2000). 

6. Color quality of Processed Products: 

The color of pan bread (crust and crumb), 
biscuit and pasta samples were evaluated using 
Hunter, Lab Scan XE, Reston VA., calibrated with a 
white standard tile of Hunter Lab color standard (LX 
No. 16379) x = 77.26, y = 81.94 and z = 88.14 (L* = 
92.43, a* = -0.88, b* = 0.21).  

7. Freshness of pan Bread  

Pan bread was packed in polyethylene bags 
and stored at room temperature. Loaves freshness of 
pan bread was tested at interval time (1, 3 and 5 days) 
using alkaline water retention capacity (AWRC) as 
described by Kitterman and Rubenthaler (1971). 

8. Sensory Evaluation of Processed Products: 

Sensory evaluation of pan bread was 
performed by 10 trained panelists as described by 
Kulp et al. (1985) for symmetry of shape (5), crust 
color (10), break & shred (10), crumb texture (15), 
crumb color (10), aroma (20), taste (20) and mouth 
feel (10). Cooked pasta were organoleptically 
evaluated by ten panelists for its appearance (10), 
color (10), flavor (10), tenderness (10) and stickiness 
(10) as described by Hallabo et al. (1985).  

Sensory characteristics of biscuits were 
evaluated by ten trained panelist for its color (10), 
flavor (10), taste (10), texture (10), appearance (10) 
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and overall acceptability (10) as mentioned by Zabic 
and Hoojjat (1984). 
 
3. Results and Discussion: 

Technological properties of wheat varieties: 
1 Pan Bread 
1.1 Chemical composition: 

Pan bread of whole meal or wheat flour 72% 
varieties were evaluated chemically and presented in 
Table (1). The obtained results showed that, pan 
bread of whole meal was characterized by its higher 
moisture content, compared with wheat flour 72% of 
all the studied varieties. In addition, moisture content 
of whole meal pan bread increased significantly to 
the highest level (37.02%) in Sohage 3 variety and 
decreased to the lowest level (33.09%) in gemmiza 7.  
Sohage 3 was characterized by its higher protein 
content; it reached 12.43% and 12.22% in pan bread 
of whole meal and wheat flour 72%, respectively. Fat 
content of whole meal ban bread decreased slightly in 
Giza 168, Sohage 3, Gemmiza 7 and Sakha 93 to 
reach 3.73, 3.42, 3.43 and 3.22%, respectively. The 
same trend was also observed in ash content of pan 
bread for the same varieties. Crude fibre of whole 
meal pan bread reached to the highest level in Sakha 
93 (3.07%) and lowest level in Sohage 3 (1.39%). 
Table (1) showed also that, all pan bread of wheat 
flour 72% varieties are characterized by its higher 
content of carbohydrate than whole meal, while 
whole meal had higher contents of moisture, protein, 

fat, ash and fiber. These results could be explained 
with the fact that, whole meal had all outer layers and 
germ of the wheat grains. 

1.2 Baking quality: 

Since quality of pan bread depends on flour 
type, so baking quality of whole meal flour and wheat 
flour 72% of the studied wheat varieties were 
evaluated. Data presented in Table (2) showed that, 
pan bread of whole meal varieties is characterized by 
its higher weight (133.3-143 g) compared with its 
wheat flour 72% varieties (131.0-134.8 g). In 
addition, the volume of pan bread whole meal was 
more and ranged between 265-312.5 cm3, while its 
wheat flour 72% less, ranged between 255-290 cm3. 
On other hand, pan bread of wheat flour 72% 
varieties is characterized by its higher specific 
volume (1.91-2.16), compared with its whole meal 
(1.94-2.25). The obtained results agree with those 
found by He and Hoseny (1992) and shouk (1996). 
Also, Pommeranz et al (1977), stated that, as the fiber 
content increase, loaf volume and weight increase. 
Chen et al (1988) stated that, the effect could result 
from the interaction between gluten and fiber.  

It can be concluded from Table (2) that, 
whole wheat meal and its flour 72% of Sakha 93 is 
characterized with higher baking quality (weight, 
volume and specific volume) for pan bread than 
Gemmeiza 7, Giza 168 and Sohage 3 varieties.    

 
Table 1: Effect of wheat varieties and extraction rate on chemical composition of pan bread. 

Sample Moisture  Protein  Fat    Ash  Crude fiber  Total Carb. 
Gemmeiza 7: 

Whole meal 
33.09c 
± 0.56 

11.26bc 

± 0.25 
3.43b 

± 0.07 
1.94b 
± 0.09 

2.86b 
± 0.03 

80.48de 

± 0.16 
Wheat flour 

72% 
29.37e 
± 1.35 

10.88c 
± 0.08 

2.50e 
±0.06 

1.06c 
± 0.13 

0.69b 
± 0.14 

84.91ab 
± 0.28 

Gize 168: 

Whole meal 
35.50b 
± 0.62 

11.25bc 
± 0.25 

3.73a 
± 0.15 

2.18a 
± 2.89 

3.00ab 

± 0.05 
79.72e 
± 0.34 

Extraction: 
72% 

31.26d 
± 0.91 

10.95c 
± 0.05 

2.57de 
± 0.06 

1.07c 
± 0.06 

0.88d 
± 0.04 

84.61b 
± 0.18 

Sohage 3: 

Whole meal 
37.02a 
± 0.58 

12.43a 
± 0.69 

3.48b 
± 0.03 

1.94b 
± 0.09 

1.39c 
± 0.03 

80.82d 
± 0.59 

 Wheat flour: 
72% 

30.15de 
± 0.45 

12.22a 
± 0.26 

2.64d 
± 4.20 

0.93cd 
± 0.07 

0.70d 
± 0.09 

83.51c 
± 0.26 

Sakha 93: 

Whole meal 
35.29b 
± 0.49 

11.53b 
± 0.30 

3.22c 
± 0.08 

1.82b 
± 0.12 

3.07a 
± 0.16 

80.35de 
± 0.43 

Wheat flour 
72% 

31.19d 
± 0.42 

10.95c 
± 0.13 

2.32f 
± 0.03 

0.85d 
± 0.10 

0.77d 
± 0.12 

85.24a 
± 0.07 

LSD at 0.05 1.27 0.54 0.13 0.16 0.17 0.57 
Total Carb. = Total carbohydrate. 
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Table (2): Effect of wheat varieties and extraction rate on baking quality of pan bread.  
Sample Weight (g) Volume (cc) Specific volume (cc/g) 

Gemmeiza 7: 
Whole meal 133.30c ± 1.50 274c ± 8.4 2.06bc ± 5.51 
Wheat flour 72% 131.00d ± 0.50 255e ± 5.0 1.95d ± 6.81 

Gize 168: 
Whole meal 135.30bc ± 1.52 305.0a ± 5.0 2.25a ± 4.93 
Wheat flour 72% 133.80c ± 1.75 267.5cd ± 2.5 1.99cd ±4.43 

Sohage 3: 
Whole meal 136.30b ± 0.763 265.0cde ± 5.0 1.94d ± 0.025 
Wheat flour 72% 134.80bc±0.289 257.5de ± 7.5 1.91d ± 0.049 

Sakha 93: 
Whole meal 140.00a ± 1.50 312.5a ± 10.5 2.23a ± 0.115 
Wheat flour 72% 134.20bc ± 1.52 290.0b ± 5.0 2.16ab ± 0.065 

LSD at .05 2.227 11.983 0.111 

1.3 Color quality:  
 Data presented in Table (3) represent color 
attributes of pan bread as affected by wheat varieties 
and its extraction rate (72%). The obtained results 
indicated that, the lightness color (L) of crust whole-
wheat meal is affected by wheat varieties, where it 
was maximized in Sohage 3 to reach 55.95 and 
minimized to 44.18 in Giza 168. In addition, 
extraction rate (72%) and wheat variety affected 
lightness. The values obtained were 60.06, 57.01, 
56.96 and 50.98 in Sohage, Giza 168, Gemmiza 7 
and Sakha93, respectively. The obtained results  

 
showed also that, the color parameter (a & b) of crust 
pan bread were affected with wheat varieties, except 
in case of crumb.  

As expected, crumb color layer was 
characterized with its higher whiteness than crust 
layer where lightness (L) score increased, and both 
redness and yellowness scores decreased. This result 
could be explained as stated by Kordonowy &Young 
(1985), Kim et al.(1997) and Ramy et al. (2002) that 
darkness increased in  whole-meal pan bread as a 
result of bran and germ present in whole-meal.

 

 
Table (3): Color quality of pan bread as affected by wheat varieties and extraction rate. 

Lightness “L” Redness    “a” Yellowness “b” 
Sample 

Crust Crumb Crust Crumb Crust Crumb 

Gemmeiza 7: 

Whole meal 
51.32c 
± 0.50 

53.80c 
± 3.31 

9.48f 
± 0.11 

6.48a 
± 0.16 

27.50d 
± 0.50 

25.46a 
± 2.02 

Wheat flour 
(72%) 

56.96b 
± 0.72 

64.46a 
± 3.41 

6.44f 
± 0.23 

3.41c 
± 1.19 

26.94d 
± 0.31 

25.73e 
± 3.35 

Gize 168: 

Whole meal 
44.18d 
± 0.55 

60.03ab 
± 2.92 

14.21b 
± 0.18 

5.93ab 
± 0.83 

24.80e 
± 1.79 

25.79a 
± 1.34 

Wheat flour 
(72%) 

57.01b 
± 2.92 

63.35a 
± 3.28 

10.05a 
± 0.46 

4.04c 
± 0.64 

30.79bc 
± 0.80 

25.26a 
± 1.26 

Sohage 3: 

Whole meal 
55.95b 
± 0.78 

59.12abc 
± 3.22 

11.72d 
± 1.01 

6.09ab 
± 0.60 

31.11b 

± 0.56 
25.28a 
± 0.97 

Wheat flour 
(72%) 

60.06a 
± 1.25 

64.96a 
± 4.16 

12.71c 
± 0.38 

4.83bc 
± 0.61 

33.91a 
± 0.23 

26.01a 
± 0.91 

Sakha 93: 

Whole meal 
49.79c 
± 0.34 

56.19bc 
± 3.49 

14.88ab 
± 0.30 

6.45a 
± 0.95 

29.35c 
± 0.39 

23.98a 
± 1.42 

Wheat flour 
(72%) 

50.98c
 

± 1.59 
63.63a 

± 4.49 
15.37a 
± 0.53 

3.92c 
± 0.71 

32.03b 
± 1.61 

23.55a 
± 1.62 

LSD at 0.05 2.33 6.15 0.83 1.32 1.66 2.70 
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1.4 Sensory Properties: 
Effect of wheat varieties on sensory 

properties of pan bread was evaluated and the results 
are presented in Table (4). The obtained results 
showed that, the symmetric shape of whole meal pan 
bread or its 72% extraction  was not affected 
significantly in case of using any one of the studied 
wheat varieties, where it ranged between 3.35 – 4.05. 
Crust color was slightly affected in case of whole-
meal wheat varieties, where its color score was 
highest in Sakha 93 (7.7) and Sohage 3 (6.7). These 
results agree with that measured by Hunter lab Scan 
(Table 6), where lightness (L) maximized to 55.95 
and 49.79 in pan bread crust of Sohage 3 and Sakha 
93, respectively. In addition, sensory property and 
Hunter color parameter not affected significantly with 
wheat varieties flour (72%) of pan-bread crumb.  

Comparing crust color pan bread of wheat 
flour (72%) with whole meal, it could state that, the 
crust color quality is related to maillard reaction that 
is affected by sugars content of flour. Therefore, 

wheat flour 72% had higher content of total and 
reducing sugars than whole meal, consequently crust 
color of wheat flour pan-bread was better than that of 
whole meal pan bread. This effect was observed in all 
samples of the prepared pan-bread regardless of 
wheat variety. These findings are in agreement with 
those obtained by Lai et al (1989b) and Shouk 
(1996). They proposed that, bran binds relativity 
large amount of water, changes the appearance and 
the handling properties of the dough. Therefore, the 
gluten is not properly hydrated and developed at 
normal absorption levels.  

Concerning break and shred, it's clear that 
pan bread of wheat flour 72% had better break and 
shred than that of whole meal pan bread. These 
findings were observed in all tested samples 
regardless of wheat variety. 

The same table showed that, crumb-texture, 
aroma, taste and mouse feel of pan bread wheat flour 
(72%) were better than whole meal pan bread 
regardless of wheat variety.             

 
Table 4: Effect of wheat varieties and extraction rate on sensory properties of pan bread. 

Gemmeiza 7 Gize 168 Sohage 3 Sakha 93 
Characterisctics Whole 

meal 
Flour 
72 % 

Whole 
meal 

Flour 72 
% 

Whole 
meal 

Flour 72 
% 

Whole 
meal 

Flour 
72 % 

L.S.D 
5% 

Symmetrical 
Shape (5) 

3.45 ± 
2.90 

3.50 ± 
1.01 

3.35 ± 
5.27 

3.95 ± 
0.79 

3.50 ± 
0.726 

3.6 ± 
0.768 

4.00 ± 
0.707 

4.05 ± 
0.726 

--- 

Crust color (10) 
7.6abc ± 

1.5 
8.20ab ± 

1.48 
7.65ab ± 

1.43 
8.60a ± 

1.0 
6.70c ± 

0.66 
7.2bc ± 
1.50 

7.7abc ± 
0.66 

7.8abc ± 
1.51 

1.222 

Break & shred 
(10) 

7.6a ± 
1.11 

8.00a ± 
1.73 

7.11a ± 
1.16 

7.88a ± 
0.78 

6.88a ± 
1.17 

7.7a 
1.30 

7.33a ± 
1.16 

7.8a ± 
0.86 

1.48 

Crumb texture 
(15) 

11.3a ± 
2.1 

12.13a 
± 2.28 

11.60a ± 
2.65 

12.10a ± 
2.65 

10.80a ± 
2.04 

11.1a ± 
2.00 

11.50a ± 
2.69 

11.8a ± 
2.06 

2.268 

Crumb color (10 
7.2a ± 
1.64 

8.00a ± 
1.11 

7.30a ± 
1.36 

8.20a ± 
1.2 

7.50a ± 
0.88 

7.9a ± 
1.41 

7.40 ± 
1.73 

7.8a ± 
1.26 

1.302 

Aroma (20) 
16.0ab ± 

2.39 
17.55a 
± 1.66 

16.33ab 
± 1.66 

16.66ab 
± 2.73 

15.22b ± 
2.73 

15.66ab 
± 2.70 

16.33ab 
± 2.29 

16.5ab 
± 2.60 

2.295 

Taste (20) 
17.0ab ± 

2.12 
17.33a 
± 1.80 

16.22ab 
± 1.20 

17.33a ± 
2.12 

15.44b ± 
1.66 

16.33ab 
± 2.29 

16.55ab 
± 1.24 

16.0ab 
± 1.66 

1.735 

Mouth feel (10) 
8.0a ± 
1.32 

8.1a ± 
1.52 

7.33a ± 
1.22 

7.7a ± 
0.08 

7.44a ± 
93 

7.52a ± 
53 

7.77a ± 
1.09 

7.8a ± 
0.87 

1.056 

- Significant at 0.05 probability level. 
- There is no significant difference between two means (within the same property) designed by the same 

letter.    *NS=Not Significant 
 

1.5 Freshness: 
Data in Table (5) show and compare the 

effect of whole meal, wheat flour (72%) and wheat 

varieties on the pan bread freshness that was stored at 
room temperature for 1, 3 and 5 days. The obtained 
results showed that, pan bread wheat flour 72% had 
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the lowest values of alkaline water retention capacity 
(AWRC) than that of whole meal pan-bread. 
Furthermore, all tested samples showed a noticeable 
decrease in AWRC values at 1, 3 and 5 days storage. 
This could be related to whole meal pan-bread that 
contained more fiber and protein than wheat flour 
72% bread consequently could retain more water. 
Mohamed et al. (2006) reported that bread samples 
with higher wheat flour (higher amylase) and lower 

protein content showed higher firmness values. In 
addition, Parker and Ring (2001) stated that, bread 
staling is caused by amylose and to a lesser extent, 
amylopectin retrogradation. The high protein content 
altered the macromolecular content of the bread and 
thus the overall glass transition of the system. The 
change in the glass transition directly related to the 
molecular relaxation of the bread, which in turn 
affected the staling process as explained.  

 
Table 5: Effect of wheat varieties and extraction rate on Freshness properties of stored pan bread. 

Storage period (days) 
1 3 5 Sample 

Moisture  Freshness Moisture Freshness Moisture Freshness 
Gemmeiza 7 : 

Whole meal 
33.09c 

± 0.56 
303.70d 
± 5.98 

31.27c 

± 0.48 
293.50a 

± 3.04 
27.45c 
± 0.57 

268.90a 

± 3.12 
Extraction: 

(72%) 
29.37e 

± 1.35 
252.47e 

± 7.29 
27.31e 
± 0.79 

231.96d 

± 0.83 
25.60e 

± 0.79 
215.50e 

± .5.20 

Gize 168: 

Whole meal 
35.50b 
± 0.62 

305.33b 
± 8.38 

32.95d 
± 0.43 

286.20a 
± 8.43 

30.03b 
± 0.39 

262.10b 
± 3.05 

Extraction: 
(72%) 

31.26d 
± 0.92 

275.00d 
± 5.00 

29.23d 
± 1.03 

255.27c 
± 5.20 

26.71cd 
± 0.61 

235.46d 
± 4.70 

Sohage 3: 

Whole meal 
37.02a 
± 0.58 

315.37a 
± 4.95 

34.99a 
± 0.54 

292.90a 

± 2.56 
31.97a 
± 0.79 

271.27a 
± 1.16 

Extraction: 
(72%) 

30.15de 
± 0.45 

278.33cd 
± 2.88 

28.18de 
± 0.49 

258.33bc 
± 2.88 

25.75de 
± 0.32 

238.60cd 
± 3.13 

Sakha 93: 

Whole meal 
35.29d 
± 0.48 

285.60c 
± 4.76 

32.89b 

± 0.56 
265.40b 

± 5.00 
29.84b 

± 0.67 
244.70c 
± 4.09 

Extraction: 
(72%) 

31.23d 
± 0.42 

251.83e 
± 2.75 

29.09d 
± 0.81 

232.13d
 

± 2.92 
26.36de 
± 0.66 

212.27e 
± 2.97 

LSD at 5% 1.27 9.63 1.16 7.66 1.07 6.27 
 
2. Pasta: 

Gemmeiza 7, Gize 168, Sohage 3 and Sakha 
93 wheat varieties were evaluated also to produce 
pasta from its whole meal and flour 72%. 
 
2.1 Chemical composition of pasta: 

Data presented in Table (6) showed that, 
moisture content of whole meal pasta was higher than 
pasta of wheat flour 72% in all studied varieties. This 
could be attributed to higher content of crude fiber 
(ranged between 1.65 to 2.82) in pasta of whole meal 
than pasta of wheat flour 72% (ranged between 0.5-
0.78). In addition, whole meal pasta of all wheat 
varieties were characterized by its higher protein, fat 
and ash contents than wheat flour 72% pasta. In 
contrast, whole meal pasta was lower in carbohydrate 
than flour 72% pasta. These results agreed with those 
found by Kent-Jones and Amos (1967) and Shouk 
(1996) where they stated that, whole meal wheat 

bread was higher than wheat flour 72% bread in 
protein, fat, ash and fiber content. Furthermore, 
whole meal pasta of Sohage 3, Giza 168 and 
Gemmeiza 7 were characterized by their higher 
protein (13.12%), fat (2.59%) and crude fiber 
(2.82%) contents than other studied varieties. 2.2 
Cooking quality: 

Table (7) showed that, cooked pasta of whole 
meal is characterized with its higher increase in 
weight (ranged between 219.%-265%) and volume 
(ranged between 247.4-305.3%), while weight and 
volume of wheat flour (72%) cooked pasta ranged 
between (175.8-230%) and (183.3-188%), 
respectively. Cooking loss (solids loss into cooking 
water) of wheat flour (72%) pasta was characterized 
by its lower loss (ranged between 6-8.8%), the values 
for whole meal pasta ranged between 8.3-12.8%. 
Regarding pasta cooking quality of studied varieties, 
Sohage 3 ranked first in both whole meal and wheat 
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flour (72%) pasta, followed by Giza 168, Sakha 93, 
and Gemmeiza 7. The increased weight of whole 
meal pasta could due to its high fiber content (table 
6), where fiber have a lower bulk density, more 
surface area, polar groups, and uronic acid groups 
leading to surrounding water, and increase in its 
swelling volume (Lo et al, 1991 and Bao & Chang, 
1991).  

The undesirable effect on cooking loss may be 
due to dilution of gluten, or the interaction between 
gluten and fiber that allows high starch to leach out 
from the pasta, consequently, resulting in an increase 
in cooking losses. 

 

Table 6: Effect of wheat varieties and extraction rate on chemical composition of pasta. 

Sample Moisture  Protein  Fat    Ash  
Crude 
fiber  

Total 
Carb. 

Gemmeiza 7 : 

Whole meal 
8.07a 

± 0.03 
11.05de 
± 0.06 

2.19d 
± 0.10 

2.52a 
± 0.03 

2.82a 
± 0.03 

81.42ab 
± 0.06 

Wheat flour 72% 
7.71c 

± 0.11 
10.69f 
± 0.45 

1.52g 
± 0.03 

0.99e 

±  0.03 
0.5d 

± 0.05 
86.3a 
± 0.9 

Gize 168: 

Whole meal 
7.82b 
± 0.03 

11.09d 
± 0.03 

2.59a 

± 0.04 
2.03b 
± 0.03 

2.17b 
± 0.17 

82.12ab 

± 0.03 

Wheat flour 72% 
7.23e 

± 0.06 
10.87ef 
± 0.03 

1.64f 
± 0.04 

0.98e 
± 0.03 

0.78d 
± 0.05 

85.73a 
± 0.04 

Sohage 3: 

Whole meal 
8.03a 

± 0.02 
13.12a 
± 0.11 

2.42c 
± 0.05 

1.91c 
± 0.10 

1.65d 
± 0.06 

80.90ab 
± 0.26 

Wheat flour 72% 
7.52d 
± 0.03 

12.05b 
± 0.06 

1.66f 
± 0.03 

0.97e 

± 0.08 
0.64d 
± 0.05 

84.58a 
± 0.12 

Sakha 93: 

Whole meal 
7.70c 

± 0.09 
11.45c 
± 0.29 

2.52b 
± 0.05 

1.70d 
± 0.02 

2.45b 
± 0.40 

81.88ab 
± 0.46 

Wheat flour 72% 
7.18e 

± 0.03 
10.82f 
± 0.06 

1.74e 

± 0.04 
0.84f 

± 0.09 
0.73d 
± 0.12 

85.87a 
± 0.19 

LSD at .05 0.9 0.6 0.21 0.10 0.29 18.79 
Total  Carb. = Total carbohydrate. 

 
Table 7: Effect of wheat varieties and extraction rate on cooking quality of pasta.  

Sample Weight increase (%) Volume increase (%) Cooking loss (%) 
Gemmeiza 7: 

Whole meal 219.6 c ±1.65 247.4 d ±1.72 11.9b±0.09 
Wheat flour 72% 177.2 d ±1.1 184.4 e±1.25 8.8c±0.25 

Gize 168: 
Whole meal 247.6 b ±2.51 285.0 b ±5.00 11.63c±0.15 
Wheat flour 72% 175.8 b ±1.40 183.3e ±1.71 8.6c±0.09 

Sohage 3: 
Whole meal 265 a ±5.0 305.3 a ±4.50 8.3d±0.25 
Wheat flour 72% 230.0 c ±5.0 265.7c±4.51 6.0e±0.21 

Sakha 93: 
Whole meal 248.3 b±7.63 263.8 c ±8.14 12.8a±0.25 
Wheat flour 72% 178.0de ±1.0 188.0 e ±2.00 8.5c±0.25 
LSD at .05 16.51 7.33 0.30 

   *Average of three determinations 

2.3 Color quality: 

Data presented in Table (8) showed the effect 
of wheat variety and extraction rate (whole meal and 

flour 72%) on the color quality of pasta. Regarding to 
pasta color parameter of the four wheat varieties, 
Sakha 93 ranked first in lightness (L) in its flour 
(72%) and whole meal, where L reached to 63.37 and 

http://www.americanscience.org            editor@americanscience.org 1166 



Journal of American Science                                                                                                                 2010;6(10)   

  

54.39, respectively. While, L value of pasta of other 
varieties ranged between 57.76-59.05 and 49.90-
52.12 in flour (72%) and whole meal, respectively. 
Pasta of whole meal Gemmeiza 7 is characterized by 
higher redness (a = 5.46) and yellowness (b = 20.62). 
Comparing pasta color of whole meal with that of 

flour (72%), pasta whole meal of studied varieties 
were darker, where its color parameter were lower in 
lightness (L) and higher in redness (a) and yellowness 
(b). These results could be due to the fact that pasta 
of whole meal contains higher level of fiber if 
compared with pasta of wheat flour (72%). 

 
Table (8): Effect of wheat varieties and extraction rate on color quality of pasta. 

Sample Lightness “L” Redness    “a” Yellowness “b” 

Gemmeiza 7 
Wheat flour 72% 59.05b±2.64 3.03d±0.27 18.85c±1.21 
Whole meal 49.98d±0.71 5.46 a±0.05 20.62 a±0.17 

Gize 168: 
Wheat flour 72% 58.86b±1.03 3.60 c±0.21 17.17 ab±0.25 
Whole meal 49.90d±1.87 5.32 a±0.24 20.1ab±0.52 

Sohage 3 
Wheat flour 72% 57.76b±2.64 3.02 d±0.12 18.49 c±0.36 
Whole meal 52.12cd±0.98 4.19b±0.30 19.49 bc±0.67 

Sakha 93 
Wheat flour 72% 63.37a±2.58 2.17e±0.02 14.52 e±0.74 
Whole meal 54.39b±1.69 3.83c±0.18 16.64 d±0.45 
LSD at .05 2.97 0.34 1.08 

 
2.4 Sensory evaluation: 

Pasta of studied wheat varieties (whole meal 
and wheat flour 72%) evaluated sensorially and the 
results are presented in Table (9). The obtained 
results showed that, pasta of wheat flour (72%) had 
better appearance and color, compared to whole meal 
pasta of the same variety. The obtained color score of 
sensory evaluation was agreed with the obtained 

measured color of Hunter lab Scan (Table 8). 
Kordonowy & Young (1985) reported that flavor, 
texture and color of no bran spaghetti were rated 
significantly higher than those of other samples 
containing bran. Table (9) indicated also that, there 
were no significant difference between wheat flour 
72% and whole meal regarding flavor, tenderness and 
stickiness. 

 
Table 9: Effect of wheat varieties and extraction rate on sensory properties of pasta. 

Sample Appearance (10)  Color (10) Flavor (10) Tenderness (10) Stickiness (10)  
Gemmeiza 7: 

Wheat flour 72% 7.8a ± 1.03 7.2ab ± 1.2 7.4 ± 1.6 7.2 ± 1.39 7.2ab ± 0.78 
Whole meal 6.4b ± 1.64 6.5ab ± 1.4 7.4 ± 1.4 7.0 ± 1.33 7.7a ± 0.91 

Gize 168: 
Wheat flour 72% 6.8ab ± 1.62 7.3a ± 1.4 6.5 ± 1.7 6.5 ± 1.27 6.8ab ± 1.13 
Whole meal 6.9ab ± 1.85 6.7ab ± 1.3 6.6 ± 1.3 6.7 ± 1.34 7.0ab ± 1.33 

Sohage 3: 
Wheat flour 72% 6.4ab ± 1.43 6.0b ± 1.8 6.7 ± 1.2 6.5 ± 1.35 6.8ab ± 0.92 
Whole meal 5.8b ± 1.37 6.1ab ± 1.5 6.5 ± 1.1 7.3 ± 1.30 6.3b ± 1.15 

Sakha 93: 
Wheat flour 72% 6.7ab ± 1.34 6.7ab ± 1.5 6.7 ± 1.2 7.3 ± 1.05 6.4b ± 1.07 
Whole meal 6.3b ± 1.25 6.4ab ± 1.1 7.1 ± 1.3 7.4 ± 1.05 6.7b ± 1.33 

LSD at 0.05 1.34 1.29 --- --- 1.00 
 
3 Biscuit 
3.1 Chemical composition of biscuit samples: 

The effect of using some Egyptian new 
wheat variety (whole meal, flour 72%) on gross 
chemical composition of biscuit was studied. Table  

(10) Showed that, whole meal biscuit is characterized 
by its higher content of protein, fat, ash and crude 
fiber than wheat flour (72%). While wheat flour 
(72%) biscuit was higher than whole meal in total 
carbohydrate (TC).  This result agreed with those 
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found by Kent-Jones and Amos (1967) and Shouk 
(1996), they stated that, whole meal wheat bread was 
higher than wheat flour 72% bread in protein, fat, ash 
and fiber. In addition, whole meal biscuit of Sohage 3 
was characterized with its higher protein (12.13%), 

fat (31.0%) and ash (2.51%) contents; and lower 
carbohydrate content (52.18%), while whole meal 
biscuit of Sakha 93 was characterized by its higher 
moisture (4.5%) and crude fiber contents (3.0%).  

 
Table 10: Effect of wheat varieties and extraction rate on chemical composition of biscuit. 

Sample Moisture  Protein  Fat    Ash  Crude fiber  Total Carb. 
Gemmeiza 7: 

Wheat flour 72% 
3.60ef 

± .005 
9.50f 

± 0.06 
29.08f 

± 0.10 
1.65d 

± 0.05 
1.10e 

± 0.09 
58.61a 

± 0.23 

Whole meal 
4.20c 

± 0.02 
10.34d 

± 0.14 
30.35c 

± 0.15 
2.12b 

± 0.10 
2.28b 

± 0.26 
54.91d 

± 0.62 
Gize 168: 

Wheat flour 72% 
3.64de 

± 0.04 
9.75e 

± 0.05 
2929e 

± 0.04 
1.83c 

± 005 
1.48de 

± 0.08 
57.65b 

± 0.09 

Whole meal 
4.31b 

± 0.08 
10.76c 

± 0.21 
30.51b 

± 0.04 
2.40a 

± 0.10 
2.24bc 

± 0.06 
54.18e 

± 0.11 
Sohage 3: 

Wheat flour 72% 
3.72d 

± 0.03 
11.34b 

± 0.14 
29.36e 

± 0.04 
1.75cd 

± 0.03 
1.85cd 

± 0.61 
56.37c 

± 0.20 

Whole meal 
4.55a 

± 0.05 
12.13a 

± 0.08 
31.00a 

± 0.06 
2.51a 

± 0.1e 
1.22e 

± 0.61 
52.18f 

± 0.15 
Sakha 93: 

Wheat flour 72% 
3.54f 

± 0.03 
9.86e 

± 0.05 
29.16f 

± 0.05 
1.42e 

± 0.09 
1.66d 

± 0.14 
57.89b 

± 0.29 

Whole meal 
4.55a 

± 0.05 
10.86c 

± 0.05 
30.22d 

± 0.03 
2.21b 

± 0.04 
3.00a 

± 0.15 
53.71e 

± 0.16 
LSD at 0.05 0.078 0.196 0.128 0.133 0.432 0.485 

Total Carb. = Total carbohydrate. 
 

2.3.2 Baking quality:  
Table (11) showed that, whole-meal biscuits 

were higher in weight and volume than biscuit of 
wheat flour 72%, where biscuit weight of whole meal 
and wheat flour 72% varieties ranged between 
(81.49-87.47g) and (74.38-81.51g), respectively. 
Biscuit volume of whole meal and wheat flour (72%) 
varieties ranged between (135.0-160.0cc) and (123.3-
143.30cc) respectively. Whole meal biscuits were 
also higher in height than wheat flour (72%) biscuits, 
where biscuits height of whole meal varieties ranged 
between (0.95-1.15cm). It decreased to a range 
between (0.87-1.01cm) in wheat flour (72%) 
varieties. This effect could be due to the increased 
level of crude fiber in biscuit of whole meal (Table 
10). In contrast, biscuits diameter and spread ratio of 
whole meal varieties were lower than biscuit of wheat 
flour (72%) varieties, the diameter and spread ratio of 
biscuit of whole meal varieties ranged between (6.78-
7.28cm) and (6.38-6.86diam/ht), and the values 
increased to (7.13-7.62cm) and (7.088.73diam/ht) in 
wheat flour (72%) varieties, respectively.  

It could be concluded from Table (11) that, 
the higher baking quality (specific volume and spread 

ratio) of whole meal biscuits or wheat flour (72%) 
was obtained in case of using Gemmeiza 7 or Giza 
168 varieties.  
 
2.3.3 Color quality: 

Biscuits color quality of whole meal and 
flour (72%) for Gemmeiza 7, Giza 168, Sohage 3 and 
Sakha 93 varieties were studied and presented in 
Table (12). As expected biscuits face or back of flour 
(72%) varieties was characterized by its higher 
lightness (L) than whole meal varieties. Where, (L) 
value of biscuits face and back of flour (72%) 
varieties ranged between (68.58-75.16) and (45.12-
63.46), respectively. The whole meal ranged between 
(64.28-72.69) and (41.28-51.56), respectively. In 
addition, biscuits face or back of flour (72%) 
varieties are characterized by its higher redness (a) 
than whole meal varieties. In contrast, yellowness (b) 
of biscuits face or back of flour (72%) varieties was 
decreased, compared with biscuit of whole meal 
varieties. From the obtained results of Hunter color 
parameter (Table 12), it was found that biscuit of 
whole meal varieties was slightly darker than biscuit 
of wheat flour (72%) varieties, where whole meal 
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contain higher level of dietary fiber. These results 
agreed with those found by Kim et al (1997) who 

stated that adding dietary fiber to bread dough 
increase darkness.   

 
 
Table 11: Effect of wheat varieties and extraction rate on biscuits baking quality.  

Samples Weight (g) 
Volume 

(cc) 
Specific 

volume (cc/g) 
Diameter 

(cm) 
Height 
(cm) 

Spread ratio 
(diam./ht.) 

Gemmeiza 7: 
Wheat flour 

(72%) 
81.51bc 
± 2.19 

135.0c 
± 5.00 

1.63b 

± 0.03 
7.62 a± 0.16 0.87d 

±0.01 
8.73a ±0.02 

Whole meal 87.47a 

±3.40 
135.0c 
± 5.00 

1.54d 
± 0.02 

6.92 e ±0.34 0.95 bc 
±0.09 

6.86e ±0.08 

Giza 168: 
Wheat flour 

(72%) 
74.38d 
± 1.73 

123.3d 
± 5.77 

1.81a 
± 0.02 

7.6 ab ±0.18 0.93cd 
±0.09 

8.49 b ±0.13 

Whole meal 83.95abc 
± 1.59 

138.5c 
± 2.89 

1.82a 
± 0.02 

6.78e ±0.09 1.01 b 
±0.04 

6.73f ±0.02 

Sohage 3: 
Wheat flour 

(72%) 
79.28c 
± 2.67 

143.00bc 
± 5.77 

1.52c 
± 0.02 

7.46 b ±0.13 0.99 bc 
±0.08 

7.55 c ±0.04 

Whole meal 81.49ab 
± 1.61 

152.33ab 
± 2.51 

1.62b 
± 0.03 

7.1 d 

±0.12 
1.1 a 

±0.05 
6.63 g ±0.09 

Sakha 93: 
Wheat flour 

(72%) 
79.28c 
± 2.81 

143.30bc 
± 5.70 

1.83a 
± 0.03 

7.13 cd 
±0.12 

1.01 b 
±0.09 

7.08d ±0.07 

Whole meal 85.33ab 
± 0.84 

160.00a 
± 10.00 

1.85a 

± 0.03 
7.28c ±0.08 1.15 b 

±0.09 
6.38h ±0.05 

LSD at .05 4.85 6.96 0.07 0.16 0.08 0.07 
  
Table 12: Effect of wheat varieties and extraction rate on biscuits color quality. 

Lightness “L” Redness    “a” Yellowness “b” 
 Sample 

Face  Back  Face  Back  Face  Back  
Gemmeiza 7: 

Wheat flour 
(72%) 

68.58de 
± 0.51 

63.46a 
± 1.20 

6.44a 
± 0.52 

15.61c 
± 0.29 

27.79b 
± 0.50 

34.71abc 
± 0.83 

Whole meal 
64.28f 
± 0.46 

51.56b 
± 1.24 

3.89c 
± 0.53 

12.08d 
± 1.0 

29.72a 
± 0.75 

36.62a 
± 0.57 

Giza 168: 
Wheat flour 

(72%) 
68.72d 
± 0.59 

45.12bcd 
± 6.22 

6.75a 
± 0.50 

17.34ab 
± 0.47 

29.67a 
± 0.68 

32.1cd 
± 3.02 

Whole meal 
68.09de 
± 0.37 

41.28d 
± 3.13 

6.7a 
± 0.48 

16.76b 
± 0.43 

29.27a 
± 0.67 

33.80abcd 
± 3.99 

Sohage 3: 
Wheat flour 

(72%) 
75.16a 
± 0.46 

48.81bc 
± 7.01 

3.59c 
± 0.34 

17.92a 
± 0.60 

29.27 a 

± 0..66 
36.25ab 
± 3.36 

Whole meal 
72.69b 
± 0.73 

45.64bcd 
± 3.71 

5.34b 
± 0.06 

17.50ab 
± 0.26 

30.11a 
± 1.14 

35.46abc 
± 1.25 

Sakha 93: 
Wheat flour 

(72%) 
70.37c

 

± 1.31 
46.12bc 

± 1.52 
7.26a 

± 0.89 
17.71a 
± 0.12 

29.43a 
± 0.9 

32.66bcd 
± 0.77 

Whole meal 
67.55e 
± 0.29 

42.40cd 
± 1.75 

6.73a 
± 0.21 

16.72b 
± 0.06 

26.28c 
± 0.57 

30.25d 
± 0.85 

LSD at 0.05 1.15 6.69 0.86 0.81 1.66 2.70 
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3.4 Sensory properties: 
Biscuits quality of whole meal and flour 

(72%) of studied wheat varieties evaluated 
sensorially and presented in Table (13). Biscuit color 
of wheat flour (72%) varieties ranged between (7.7-
8.17). Whole meal varieties showed non-significant 
decrease (range between 6.66-8.16). These results 

agreed with the obtained Hunter color parameter 
(Table 12), where biscuit of whole meal varieties was 
slightly darker than biscuit of wheat flour (72%) 
varieties. In addition, biscuits flavor, taste, texture, 
appearance and overall acceptability of wheat flour 
(72%) showed non-significant improvement 
compared with whole meal of the same variety.  

 

Table 13: Effect of wheat varieties and extraction rate on sensory properties of biscuits.  

Samples 
Color 
(10) 

Flavor (10) Taste (10) Texture (10) 
Appearance 

(10) 

Overall 
acceptability 

(10) 
Gemmeiza 7: 

Wheat flour (72%) 
8.17 a 
±1.64 

8.75 a ±1.08 8.5 a ±1.17 8.25 a ±1.3 8.25 a ±1.14 5.8 a ±1.08 

Whole meal 
7.9 a 

±1.08 
7.75 ab ±1.35 7.5 ab ±1.83 7.66 ab ±1.1 7.58ab ±1.73 7.83 ab ±1.61 

Giza 168: 

Wheat flour (72%) 
7.7 a 

±1.16 
7.75 ab ±1.46 7.3 ab ±2.03 7.5 ab ±1.83 7.58 ab±1.73 7.58 ab ±1.86 

Whole meal 
8.16 a 
±0.75 

7.08bc ±1.24 7.2 b ±1.69 7.2 ab±1.4 7.75 ab ±0.96 7.42 ab ±1.16 

Sohage 3: 

Wheat flour (72%) 
8.0 a 

±1.21 
7.5 bc ±1.0 7.6 ab ±1.55 7.7 ab ±1.32 7.92 ab±0.9 

7.58 bc 

±1.62 

Whole meal 
7.92 a 
±0.99 

6.83bc ±0.86 7.1 b ±1.24 7.6 ab ±1.08 7.58 ab±1.16 
7.17 bc 

±.40 
Sakha 93: 

Wheat flour (72%) 
7.7 a 

±0.98 
7.08 bc±1.38 7.5 ab ±0.80 7.0 b ±1.52 7.08bc ±0.79 7.33 bc±0.51 

Whole meal 
6.66 b 
± 0.96 

6.58c ±1.24 6.5 b ±2.02 6.6 b ±1.24 
6.25 c 

±0.62 
6.29 c 

±1.32 
LSD at 0.05 0.99 1.01 1.33 1.15 0.88 1.12 

 
 It could be concluded from the present work 
that, whole meal of the studied wheat varieties were 
able to produce high quality products (pan bread, 
biscuit and pasta) characterized with higher 
nutritional contents, therefore, we recommend to use 
Giza 168 and Sakha 93 for producing pan bread, 
Sohag 3 for pasta and Gemmiza 7 for biscuits as 
found in the obtained technological and sensorial 
evaluation. 
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Abstract: The resistance to IFN/ribavirin combination therapy in chronic hepatitis C genotype 4, the prevalent 
genotype in the Middle East and Africa are poorly documented. Several factors implicated in non response, viral 
quasispecies are one of these factors.  Thus our subject aimed to investigate whether the quasispeices population 
could be used as a predictor of response to antiviral therapy in Egyptian patients. To analyse the implication of 
quasispecies of genotype 4 in this phenomenon, we studied in 25 naïve Egyptian patients at zero, three, and six 
months following IFN/ribavirin combination therapy. Hypervariable region 1 within the E2/NS1 gene of the virus 
was analyzed by the single-strand conformation polymorphism (SSCP) technique after amplification. Pretreatment 
DNA bands by SSCP (2-7 bands) were detected in all patients. In those who achieved a complete virological 
response within six months (viral load <0.2 Meq/mL; n=7), bands ranged from 2-6 (mean = 3.71±1.25). In six of 
these seven patients, the number of SSCP bands remained either the same or decreased sequentially. In those 
patients who did not respond (viral load >0.2 Meq/mL; n=18), the bands also ranged from 2-7; mean 3.77±1.73. In 
six of these non-responding patients, the SSCP bands remained the same or decreased sequentially. There was no 
significant difference between pretreatment quasispecies composition and response (P=.53). Two of the four 
patients with pretreatment high viral load and the same or decreased composition of quasispecies bands responded to 
the therapy. In conclusion: quasispecies in our studied patients cannot be used to predict non response to treatment, 
but may be explained the failure of most HCV-4 patients response to IFN/ ribavirin therapy. 
[Essam Shawky Abd El Hady KHATTAB ◙, Hussien El Belbesi. Quasispecies Of Genotype 4 Of Hepatitis C Virus 
Genome In Egyptian Patients Treated With A Combination Therapy Of Interferon (Ifn) And Ribavirin. Journal of 
American Science 2010;6(10):1172-1178]. (ISSN: 1545-1003). 
 
Keywords: Genotype; Hepatitis C virus; Interferon; Ribavirin 
 
1. Introduction 

Hepatitis C virus (HCV) belongs to the 
genus Hepacivirus of the family Flaviviridae. HCV 
constitutes a major health problem globally and it is 
estimated that 170 to 200 million individuals are 
chronically infected with HCV worldwide, with more 
than one million new cases every year. [1] HCV has a 
genome of nearly 9.6 kb that encodes a single large 
open-reading frame that yields a 3000-amino acid 
polyprotein. The large polypeptide is further post-
translationally processed into several structural and 
non-structural proteins. [2],[3] The HCV genome 
contains two conserved regions at its 5' and 3' ends 
that are essential for translation of the polypeptide 
and for viral replication. [4] HCV replicates at a very 
high rate resulting in a daily production of nearly 10 

[12] virions, and the turnover of HCV virions is very 
short, reaching a maximum time of three hours. [5],[6] 
During replication, mutations in the virus genome are 
generated due to the limited fidelity of the viral 
RNA-dependent RNA polymerase. As a result, HCV 

circulates in an infected individual as a 
heterogeneous population of different, but closely 
related genomes, known as quasispecies. [7], [8]  

The hypervariable region 1 (HVR1) of 27 
amino acids, at the N terminus of the E2/NS1 region 
is considered the most variable in the HCV genome 
with a high frequency of mutations that exhibit 
significant amino acid variations between different 
genotypes and within the same genotype, during 
infection. [9] HVR1 is expressed on the surface of the 
virus and is thought to be the major epitope for 
neutralizing antibodies and for specific T cells. [10],[11] 
It has been suggested that genetic variations in the 
quasispecies in HVR1 are the direct result of the 
selective pressure of the immune response during 
infection. [12], [13] Many biological and clinical 
properties of the virus such as selection of the host 
immunity escape mutants and persistence of viral 
infection are attributed to the presence of 
quasispecies. [14], [15], [16], [17] Furthermore, HCV 
quasispecies may influence the progression of liver 
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diseases and the overall clinical and histological 
features after interferon alfa treatment. [18], [19], [20]  

The current FDA-approved treatment of 
HCV infection is a combination of ribavirin and 
polyethylene glycol interferon (PEG-IFN), which 
includes two forms namely PEG-interferon alfa-2a 
(PEG-INTRON) and PEG-interferon alfa-2b 
(PEGASYS). [21],[22] The attachment of PEG to 
interferon alfa extends its half-life and this reduces 
the number of injections of the drug. It was suggested 
that the quasispecies complexity of HCV may be a 
possible independent predictor of response to 
interferon alfa therapy. This conclusion was based on 
several studies that showed that the existence of a 
highly heterogeneous population of HVR1 sequences 
before treatment correlates with a lower rate of 
response to interferon alfa, independently of viral 
load and HCV genotype. [23], [24] We investigated the 
effects of interferon and ribavirin combination 
therapy on the evolution of HCV quasispecies in 25 
of patients at the Egyptian Hospital, with genotype 4 
(HCV-4), and determined whether the quasispecies 
population could be a predictor of sustained 
virological response among Egyptian patients. 

 
2. Material and Methods  

Twenty five Egyptian patients 
characteristics, clinical profiles, detection, 
quantification (viral load), and genotyping of serum 
HCV RNA were used for this study. Each of them 
received ribavirin (Virazol, ICN Pharmaceuticals 
Inc., Costa Mesa, CA, USA) at 1000 mg daily, in two 
divided doses and interferon alfa-2a (Intron-A, 
Schering-Plough International, Kenilworth, NJ, USA) 
at three million units, three times a week, for six 
months. All 25 Egyptian patients had HCV-4 
infection as confirmed by an InnoLiPA HCV II 
Genotyping Kit (Innogenetics, Belgium), which was 
used according to the manufacturer's instructions. 
HCV RNA was extracted from 100µL of serum, 
using the Q1Aamp Viral RNA Kit (QIAGEN Inc.  

Santa Clarita, CA, USA). 
Primers for nested PCR were selected from E1 to E2 
genes flanking the HVR1 region of the HCV genome. 
[27] The first round of amplification was carried out in 
a total volume of 50µL using 20µL of HCV cDNA 
preparation and 30µL of PCR master mix (10 mM 
Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl 2, 
0.01% gelatin, 0.2 mM of each of the dNTPs (dATP, 
dGTP, dCTP, and dTTP), 40 pmoles of outer primers 
QP1 and QP2). The sequences of QP1 (sense) and 
QP2 (antisense) were: 5′ 
AGAATGGCCTGGGACATGATG-3´(nt 1228-
1248) and 5′-CAGTGTTTAAGCTGTCATTGC-3′ 

(nt 1565-1585), respectively. A 'hot start' PCR 
reaction was initiated by the addition of 1.25 U of 
Amplitaq DNA polymerase. PCR cycling parameters 
consisted of denaturation at 94ο C for 1 minute, 
annealing at 55ο C for 1 minute, and extension at 72ο 
C for 1 minute, for 35 cycles. The second round was 
performed with 40 pmoles for each of the inner 
primers, with 2µl of the primary product as the 
template. The sequences of QP3 (sense) and QP4 
(antisense) were: 5′-ACTGGGGTGTCCTCGTGGG-
3′ (nt1334-1352) and 
5′AACAGCAATGGGAGCTGGCA-3′ (nt 1522-
1541), respectively. All primer sequences were from 
the GenBank database Accession Number Y11604.1. 
Thirty cycles of amplification were performed using 
the same cycling conditions as the first round except 
that the final extension step was increased to 7 
minutes, to allow the complete formation of duplex 
molecules. The amplified products (10µL) were 
analyzed on 2% agarose gel electrophoresis, stained 
with ethidium bromide (1µg/mL), and visualized 
under UV illumination.  

The concentration of the PCR products was 
determined by using the DNA Dip Stick Kit 
(Invitrogen, San Diego, CA). SSCP was performed as 
previously described. [28] Briefly, 20µl (15µg) of the 
amplicons were mixed with equal volume of a 
solution containing 98% formamide, 0.05% 
bromophenol blue, and 2% glycerol, and denatured 
by heating at 94ο C for 5 minutes, and immediately 
chilled on ice. The denatured samples were applied 
on 12.5% neutral polyacrylamide gels and separated 
at 200 V constant voltages at 25ο C for 2 hours. The 
DNA bands were visualized by silver staining 
(PhastGel, Pharmacia).  

The results were expressed as a mean ±SD. 
Differences in proportions were tested by the chi-
square test. Mean quantitative values were compared 
by the t-test. All P values were two-tailed and a level 
of less than 0.05 was considered statistically 
significant. 

 

3. Results  

E2/NS1 fragment containing a HVR1 of 
HCV-4 genome was amplified from the serum 
samples of egyptian patients at zero, three, and six 
months of interferon alfa and ribavirin combination 
therapy. The amplified products were used for SSCP 
analysis, to investigate the constitution of HVR1 
quasispecies in the patients. A positive virological 
response (responders) was assessed by the 
disappearance of the viral serum RNA (viral load 
<0.2 Meq/mL) as long as six months of treatment. 
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[Figure 1] a, b, and c illustrate the SSCP bands 
obtained. 

The pretreatment number of the SSCP bands 
in patients who responded to the therapy ranged from 
2 to 6 [mean number of SSCP bands=3.71±1.25], 
whereas, in the non-responding patients the range of 
SSCP bands was 2 to 7 [mean number of SSCP 
bands=3.77±1.73]. No significant difference was 
found between the pretreatment number of SSCP 
bands and response (P=.53). Seven patients (2, 4, 10, 
13, 19, 20, and 25) were considered responders, six 
of them (4, 10, 13, 19, 20, and 25) were with a 
sustained virological response, as they had no 
detectable levels of HCV RNA at three and six 
months of treatment [Table 1]. However, their SSCP 
bands varied. In all except one (patient 10), the SSCP 
band either remained the same or decreased. One of 
these patients (patient 25) had a low virus load (<1.0) 
before initiation of treatment, whereas, two patients 
(2 and 4) had a high virus load (>10.0). Three 
patients (13, 19, and 20) showed a decrease in the 
number of SSCP bands during the treatment period 
and had medium viral loads (1-10 Meq/mL) prior to 
initiation of treatment. Therefore, in patients who 
responded to interferon alfa and ribavirin therapy 
within six months, the HCV-4 quasispecies 
population in the majority of them either remained 
the same or decreased during the treatment period.  

Eighteen of the 25 patients with viral load 
>0.2 Meq/mL were considered as non-responders 
[Table 2]. Among them, four patients (16, 17, 23, and 
24) showed the same SSCP band number during the 
treatment period. Three patients (5, 8, and 21) 
showed a decrease and four patients (1, 3, 6, and 12) 
showed an increase in the number of SSCP bands 
during the treatment period. In seven patients (7, 9, 
11, 14, 15, 18, and 22), there were a variable number 
of SSCP bands in which there was a decrease at three 
months followed by an increase at six months and 
vice-versa. Among the patients in whom the number 
of SSCP bands either remained the same or 
decreased, a medium viral load (1-10 Meq/mL) prior 
to initiation of therapy was noted. Two (6 and 12) of 
the four patients who showed an increase in the 
number of SSCP bands had a medium pretreatment 
viral load, whereas, the other two patients (1 and 3) 
had a high pretreatment viral load (>10 Meq/mL). All 
patients with variable number of SSCP bands (7, 9, 
11, 14, 15, 18, and 22) had a medium pretreatment 
viral load (1-10 Meq/mL). Statistical analysis 
revealed no significant difference between 
pretreatment quasispecies composition and the 
response (P=.53). 

 

4. Discussions  

Patients with HCV infection show many 
HCV genetic variants of the same genotype, known 
as quasispecies, due to the frequent mutation of the 
virus as it replicates. Persistence, resistance to 
therapy, and the transformation seen in these patients 
have long been attributed to these variants. [29] We did 
not study the details and outcomes of the treatment 
modalities, but investigated the importance of 
quasispecies constituents during the therapy of HCV-
4 chronic infection, to determine if it could be used to 
predict the treatment outcomes in our population. The 
treatment has been discussed elsewhere. [25] 
Quasispecies heterogeneity was shown in different 
studies to be a possible independent predictor of 
response to interferon alfa therapy. Responsive 
patients typically possess less HCV quasispecies 
population in the pretreatment sera than do non-
responsive patients. [30],[31] A combination regimen of 
interferon alfa with ribavirin was demonstrated in 
clinical trials to produce higher rates of sustained 
virological, biochemical, and histological responses, 
particularly in patients with a relapse. [21],[32] 
However, the role of HCV quasispecies complexity 
on the outcome of interferon alfa and ribavirin 
combination therapy for HCV-4 infected Saudi 
patients, has not been studied. In a previous study to 
assess the effect of combination therapy of interferon 
alfa and ribavirin on chronic HCV-4 patients, we 
reported a poor response among the patients, with 
23% showing a sustained biochemical response and 
12% showing a sustained virological response at the 
end of a treatment period of 24 weeks (6 months). [25] 
In the present study we utilized SSCP analysis, a 
rapid and sensitive method for determining HCV 
heterogeneity, to evaluate HCV quasispecies 
complexity in the sera of 25 patients infected with 
HCV-4, before initiation of combination therapy and 
to assess changes in the quasispecies population after 
three and six months of therapy. The SSCP analysis 
was carried out on amplicons derived from the HVR1 
region. This region is known to be highly 
heterogeneous in the virus genome and is therefore 
considered to reflect most accurately the quasispecies 
nature of the virus in the serum of the individual 
patient. [13], [33] Previous studies of HCV quasispecies, 
using SSCP and heteroduplex gel shift analysis, have 
identified two types of populations circulating in the 
serum of an infected individual. [34],[35] The first type 
consists of simple quasispecies (single HCV species) 
characterized by a single SSCP band; the second is 
comprised of complex quasispecies characterized by 
multiple SSCP bands. Our SSCP data showed the 
presence of multiple bands in the pretreatment serum 
of both responder and non-responder patients. Hence 
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the pretreatment serum of all patients examined 
contained variable quasispecies population, although 
statistically no difference was found in the average 
number of SSCP bands between responsive and non-
responsive patients. The finding that none of our 
patients had homogenous HCV species in the 
pretreatment serum is significant and appears to be a 
unique feature of the HCV-4 virus not related to the 
pretreatment viral load. Indeed, despite the fact that 
patients in the study group were chosen randomly, a 
careful examination of the virus titer in the 
pretreatment serum supports this observation. Of 
seven patients who responded to the therapy, five had 
a low-to-medium viral load in the pretreatment 
serum. Of 18 patients who were non-responders, 16 
also had a low-to-Gmedium pretreatment viral load in 
the serum. Our findings were in agreement with 
previous studies carried out on patients with HCV-
1b, who were also recognized to respond poorly to 
interferon alfa treatment. [36] Sakuma et al. [37] 
detected multiple SSCP bands in the pretreatment 
sera of seven of eight patients who did not respond to 
interferon alfa treatment. Gonzalez-Peralta et al. [38] 
also reported that among chronic hepatitis C patients 
treated with interferon alfa, HCV-1 (unspecified 
subtype) was associated with an increased number of 
quasispecies, resulting in poor response. Zekri et al. 
[39] in Egypt recently reported the effect of HCV-4 

quasispecies on the treatment outcome. However, this 
study involved quasispecies from a less common area 
of the genome for this purpose (the 5' UTR) and not 
the usual HVR1, and the technique used was not the 
universally accepted SSCP. Another study reported 
that quasispecies were an important predictive factor 
for a sustained virological response for PEG-
interferon alfa and ribavirin treatment. [40] However, 
the investigators worked on HCV-1 for 12 weeks and 
also reported that it was no better than a viral load as 
a predictive factor. 

The presence of multiple HCV species in the 
pretreatment serum of HCV-4 patients could be one 
possible explanation for the resistance of HCV-4 
virus to both the interferon alfa and interferon alfa 
and ribavirin combination regimen. The small 
number of subjects in our study does not allow for 
analysis of other possible factors such as side effects 
and histological grading, but the study did 
demonstrate that regardless of the presence of 
multiple HCV species in pretreatment serum, patients 
with stable viral populations or those with viral 
populations that decreased in complexity following 
treatment tend to respond to therapy. Nonetheless, the 
determination of quasispecies population cannot be 
used as a reliable predictor for effective therapy of 
HCV-4 infection. 

 
Table 1: Viral load and quasispecies population of responder patients. 

(Pre T: pretreatment; M3: 3 months post treatment & M6: six months post treatment) 
Genome Copies/ml x 106  (number of SSCP bands)  

Patient Number Pre T M3 M6 
2 
4 
10 
13 
19 
20 
25 

15.2  (4) 
12.9  (2) 
 4.8  (4) 
 3.8  (4) 
 1.6  (6) 
 1.6  (3) 
 0.5  (3) 

  0.22 (4) 
‹ 0.2  (2) 
‹ 0.2  (3) 
‹ 0.2  (2) 
‹ 0.2  (4) 
‹ 0.2  (2) 
‹ 0.2  (3) 

‹ 0.2  (2) 
‹ 0.2  (2) 
‹ 0.2  (6) 
‹ 0.2  (1) 
‹ 0.2  (4) 
‹ 0.2  (2) 
‹ 0.2  (3) 

Mean ± SD of SSCP bands 3.7 (1.25) 2.9 (0.89) 2.9 (1.68) 
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Figure 1: Quasispecies population in each of the 25-genotype 4, HCV-positive specimens. (a) Pretreatment 
quasispecies population for all patients, (b) quasispecies population 3-months post-treatment, and (c) 6-months post 
treatment. Many bands may not be clearly seen as they were faint in the original gel due to lower concentration of 
the variants. 
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Table 2: Viral load and quasispecies population of non-responder patients. 

(Pre T: pretreatment; M3: 3 months post treatment & M6: six months post treatment) 
Genome Copies/ml x 106  (number of SSCP bands)  

Patient Number Pre T M3 M6 
1 
3 
5 
6 
7 
8 
9 
11 
12 
14 
15 
16 
17 
18 
21 
22 
23 
24 

40.8 (4) 
13.1 (3) 
 9.8 (4) 
 8.1 (2) 
 6.3 (7) 
 6.3 (5) 
 5.0 (4) 
 4.8 (3) 
 4.2 (2) 
 3.6 (2) 
 3.5 (3) 
 3.3 (3) 
 2.8 (2) 
 2.4 (7) 
 1.5 (6) 
 1.3 (6) 
 0.6 (3) 
 0.6 (3) 

 4.2 (6) 
 3.2 (3) 
‹ 0.2 (3) 
  3.4 (4) 
  2.2 (4) 
  0.7 (4) 
  5.2 (2) 
  0.9 (1) 
 19.4 (2) 
  0.3 (4) 
  0.3 (2) 
  0.3 (3) 
  1.0 (2) 
  0.7 (2) 
‹ 0.2 (5) 
  3.5 (3) 
‹ 0.2 (3) 
  1.0 (3) 

14.4 (5) 
 3.5 (4) 
22.2 (2) 
 5.3 (6) 
 1.3 (5) 
 7.7 (4) 
 0.3 (5) 
14.2 (3) 
21.7 (4) 
 0.9 (2) 
 0.9 (4) 
 2.4 (3) 
 0.9 (2) 
 0.6 (5) 
29.0 (3) 
 1.1 (5) 
 0.3 (3) 
 1.0 (3) 

Mean ± SD of SSCP bands 3.8 (1.73) 3.1 (1.23) 3.8 (1.22) 
 
 
Corresponding Author: 
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Department of Chemistry (biochemistry division), 
Faculty of Science;   Al Azhar University  
E-mail: khattab200x@yahoo.com 
 

References 

1. WHO. HCV. Wkly Epidemiol Rec, 2000; 75:17-28. 
2. Suzuki T, Aizaki H, Murakami K, Shoji I, Wakita T. 

Molecular biology of hepatitis C virus. J Gastroenterol 
2007; 42:411-23.  

3. Hellen CU, Pestova TV. Translation of hepatitis C 
virus RNA. J Viral Hepat 1999; 6:79-87.  

4. Kolykhalov AA, Mihalik K, Feinstone SM, Rice CM. 
Hepatitis C virus-encoded enzymatic activities and 
conserved RNA elements in the 3' nontranslated 
region are essential for virus replication in vivo. J 
Virol 2000; 74:2046-51.       

5. Okamoto H, Kojima M, Okada S, Yoshizawa H, 
Iizuka H, Tanaka T. Genetic drift of hepatitis C virus 
during an 8.2-year infection in a chimpanzee: 
Variability and stability. Virology 1992; 190:894-9.  

6. Neumann AU, Lam NP, Dahari H, Gretch DR, Wiley 
TE, Layden TJ, et al. Hepatitis C viral dynamics in 
vivo and the antiviral efficacy of interferon-alpha 
therapy. Science 1998; 282:103-7.    

7. Escarmís C, Lázaro E, Manrubia SC. Population 
bottlenecks in quasispecies dynamics. Curr Top 
Microbiol Immunol 2006; 299:141-70.          

8. Manrubia SC, Escarmís C, Domingo E, Lázaro E. 
High mutation rates, bottlenecks, and robustness of 
RNA viral quasispecies. Gene 2005; 347:273-82.  

9. Ogata N, Alter HJ, Miller RH, Purcell RH. Nucleotide 
sequence and mutation rate of the H strain of hepatitis 
C virus. Proc Natl Acad Sci U S A 1991; 88:3392-6. 

10. Kaplan M, Gawrieh S, Cotler SJ, Jensen DM. 
Neutralizing antibodies in hepatitis C virus infection: 
A review of immunological and clinical 
characteristics. Gastroenterology 2003; 125:597-
604.         

11. Mondelli MU, Cerino A, Lisa A, Brambilla S, Segagni 
L, Cividini A, et al. Antibody responses to hepatitis C 
virus hypervariable region 1: Evidence for cross-
reactivity and immune-mediated sequence variation. 
Hepatology 1999; 30:537-45.         

12. Yoshioka K, Aiyama T, Okumura A, Takayanagi M, 
Iwata K, Ishikawa T, et al. Humoral immune response 
to the hypervariable region of hepatitis C virus differs 
between genotypes 1b and 2a. J Infect Dis 
1997;175:505-10.         

13. Van Doorn LJ, Capriles I, Maertens G, DeLeys R, 
Murray K, Kos T, et al. Sequence evolution of the 
hypervariable region in the putative envelope region 
E2/NS1 of hepatitis C virus is correlated with specific 
humoral immune responses. J Virol 1995; 69:773-8.  

14. Korenaga M, Hino K, Katoh Y, Yamaguchi Y, Okuda 
M, Yoshioka K, et al. A possible role of hypervariable 
region 1 quasispecies in escape of hepatitis C virus 
particles from neutralization. J Viral Hepat 
2001;8:331-40.  

15. Shimizu YK, Hijikata M, Iwamoto A, Alter HJ, 
Purcell RH, Yoshikura H. Neutralizing antibodies 
against hepatitis C virus and the emergence of 
neutralization escape mutant viruses. J Virol 1994; 
68:1494-500.          



Journal of American Science                                                                                                                 2010;6(10)   

  

16. Kumagai N, Kaneko F, Tsunematsu S, Tsuchimoto K, 
Tada S, Saito H, et al. Complexity of the HVR-1 
quasispecies and disease activity in patients with 
hepatitis C. Eur J Clin Invest 2007;37:566-72.          

17. Kanazawa Y, Hayashi N, Mita E, Li T, Hagiwara H, 
Kasahara A, et al. Influence of viral quasispecies on 
effectiveness of interferon therapy in chronic hepatitis 
C patients. Hepatology 1994; 20:1121-30.        

18. Farci P, Quinti I, Farci S, Alter HJ, Strazzera R, 
Palomba E, et al. Evolution of hepatitis C viral 
quasispecies and hepatic injury in perinatally infected 
children followed prospectively. Proc Natl Acad Sci U 
S A 2006; 103:8475-80.          

19. Morishima C, Polyak SJ, Ray R, Doherty MC, Di 
Bisceglie AM, Malet PF, et al. Hepatitis C virus-
specific immune responses and quasi-species 
variability at baseline are associated with nonresponse 
to antiviral therapy during advanced hepatitis C. J 
Infect Dis 2006;193:931-40.          

20. Rothman AL, Morishima C, Bonkovsky HL, Polyak 
SJ, Ray R, Di Bisceglie AM, et al. Associations 
among clinical, immunological, and viral quasispecies 
measurements in advanced chronic hepatitis C. 
Hepatology 2005;41:617-25.    

21. Moreno-Otero R. Therapeutic modalities in hepatitis 
C: Challenges and development. J Viral Hepat 2005; 
12:10-9.          

22. Foster GR. Pegylated interferon with ribavirin therapy 
for chronic infection with the hepatitis C virus. Expert 
Opin Pharmacother 2003; 4:685-91.  

23. Le Guillou-Guillemette H, Vallet S, Gaudy-Graffin C, 
Payan C, Pivert A, Goudeau A, et al. Genetic diversity 
of the hepatitis C virus: Impact and issues in the 
antiviral therapy. World J Gastroenterol 2007; 
13:2416-26.    

24. Toyoda H, Kumada T, Nakano S, Takeda I, Sugiyama 
K, Osada T, et al. Quasispecies nature of hepatitis C 
virus and response to alpha interferon: Significance as 
a predictor of direct response to interferon. J Hepatol 
1997; 26:6-13.       

25. Chamberlain RW, Adams N, Saeed AA, Simmonds P, 
Elliott RM. Complete nucleotide sequence of a type 4 
hepatitis C virus variant, the predominant genotype in 
the Middle East. J Gen Virol 1997; 78:1341-7. 

26. Lee JH, Stripf T, Roth WK, Zeuzem S. Non-isotopic 
detection of hepatitis C virus quasispecies by single 
strand conformation polymorphism. J Med Virol 
1997; 53:245-51.      

27. Enomoto N, Sato C. Hepatitis C virus quasispecies 
populations during chronic hepatitis C infection. 
Trends Microbiol 1995; 3:445-7.         

28. Xu Z, Fan X, Xu Y, Di Bisceglie AM. Comparative 
analysis of nearly full-length hepatitis C virus 

quasispecies from patients experiencing viral 
breakthrough during antiviral therapy: Clustered 
mutations in three functional genes, E2, NS2, and 
NS5a. J Virol 2008; 82:9417-24.          

29. Polyak SJ, Faulkner G, Carithers RL Jr, Corey L, 
Gretch DR. Assessment of hepatitis C virus 
quasispecies heterogeneity by gel shift analysis: 
Correlation with response to interferon therapy. J 
Infect Dis 1997; 175:1101-7.      

30. McHutchison JG, Gordon SC, Schiff ER, Shiffman 
ML, Lee WM, Rustgi VK, et al. Interferon alfa-2b 
alone or in combination with ribavirin as initial 
treatment for chronic hepatitis C: Hepatitis 
Interventional Therapy Group. N Engl J Med 1998; 
339:1485-92.          

31. Pawlotsky JM, Pellerin M, Bouvier M, Roudot-
Thoraval F, Germanidis G, Bastie A, et al. Genetic 
complexity of the hypervariable region 1 (HVR1) of 
hepatitis C virus (HCV): Influence on the 
characteristics of the infection and responses to 
interferon alfa therapy in patients with chronic 
hepatitis C. J Med Virol 1998;54:256-64. 

32. Pawlotsky JM. Hepatitis C virus population dynamics 
during infection. Curr Top Microbiol Immunol 2006; 
299:261-84.          

33. de Mitri MS, Mele L, Chen CH, Piccinini A, Chianese 
R, D'Errico A, et al. Comparison of serum and liver 
hepatitis C virus quasispecies in HCV-related 
hepatocellular carcinoma. J Hepatol 1998; 29:887-92. 
    

34. Jardim AC, Yamasaki LH, de Queiróz AT, Bittar C, 
Pinho JR, Carareto CM, et al. Quasispecies of 
hepatitis C virus genotype 1 and treatment outcome 
with Peginterferon and Ribavirin. Infect Genet Evol 
2009; 9:689-98.          

35. Sakuma I, Enomoto N, Kurosaki M, Marumo F, Sato 
C. Selection of hepatitis C virus quasispecies during 
interferon treatment. Arch Virol 1996; 141:1921-32. 

36. González-Peralta RP, Qian K, She JY, Davis GL, 
Ohno T, Mizokami M, et al. Clinical implications of 
viral quasispecies heterogeneity in chronic hepatitis C. 
J Med Virol 1996;49:242-7.          

37. Zekri AR, El-Din HM, Bahnassy AA, Khaled MM, 
Omar A, Fouad I, et al. Genetic distance and 
heterogenecity between quasispecies is a critical 
predictor to IFN response in Egyptian patients with 
HCV genotype-4. Virol J 2007; 4:16. 

38. Salmerón J, Casado J, Rueda PM, Lafuente V, Diago 
M, Romero-Gómez M, et al. Quasispecies as 
predictive factor of rapid, early and sustained 
virological responses in chronic hepatitis C, genotype 
1, treated with peginterferon-ribavirin. J Clin Virol 
2008; 41:264-9. 

 

9/2/2010 

http://www.americanscience.org            editor@americanscience.org 1178 



Journal of American Science                                                                                                                 2010;6(10)   

  

Assessment of Temporal Fluctuations in Water Quality of the 
Coastal waters of Training Mole, Tarkwa Bay, Nigeria. 

 
Edokpayi, C.A1., Saliu, J.K.2, Eruteya, O.J.3 

1,3Department of Marine Sciences, University of Lagos, Nigeria. 
2 Department of Zoology, University of Lagos, Nigeria. 

1klemedokpayi@gmail.com, 2jksaliu@yahoo.com ,  3  jonathaneruteya@yahoo.com  
 
Abstract: Hydrochemistry of the coastal waters of Training Mole, Tarkwa Bay was studied for a period of one year. 
The general water quality was found to be affected by a suite of physicochemical factors such as temperature, pH, 
salinity, BOD5, DO, conductivity, precipitation, freshwater influx and nutrients (PO4-P, NO3-N and SO4

2-). The 
environmental parameters were assessed monthly, compared seasonwise, and found to fluctuate with seasons. The 
general distributions of nutrients; PO4-P, NO3-N and SO4

2- in raining season were within the range of 1.12-
3.00mg/L, 6.95-10.00mg/L respectively compared to a range of between 1.24-2.30mg/L, 5.24-8.03mg/L and 20.10-
26.30mg/L during the dry season for PO4-P, NO3-N and SO4

2- respectively. The Principal Component Analysis 
(PCA) on dataset during the raining produced three significant principal components accounting for >75% 
cumulative variance in water quality; PC1, PC2 and PC3 contributed 59.78%, 18.78% and 16.10% variance in water 
quality respectively. During the dry season PCA likewise produced three significant PCs; PC1, PC2 and PC3 
accounting for 54.10%, 27.38% and 13.03% variance in water quality respectively. Monthwise Cluster Analysis 
(CA) was used to discriminate the months with similar physicochemical behaviour. The study will be very useful for 
the determination of annual nutrient budget of Training Mole coastal waters and for the management of aquatic 
resources in the region.  
[Edokpayi, C.A, Saliu, J.K., Eruteya, O.J. Assessment of Temporal Fluctuations in Water Quality of the Coastal 
waters of Training Mole, Tarkwa Bay, Nigeria. Journal of American Science 2010;6(10):1179-1185]. (ISSN: 1545-
1003).  
 
Keywords: Training Mole, Nutrients, Water quality, Principal Component Analysis, Cluster Analysis. 
         
1. Introduction 

The coastal waters of Training mole, 
Tarkwa Bay is a unique marine environment in the 
tropical belt with marked maritime influences due to 
proximity to the Gulf of Guinea. The complex 
dynamism in physicochemical characteristics of the 
coastal waters of Training Mole is related to riverine 
flow, upwelling, atmospheric deposition, vertical 
mixing and other anthropogenic sources. There is 
hardly any information available on the water quality 
characteristics of the coastal waters of Training Mole 
compared to other Bays along the Gulf of Guinea. 
The balance in the concentrations of bio-geogenic 
elements in coastal waters reflects the healthy status 
of the water, while their excess supply as observed in 
the shallow coastal ecosystem and upwelling areas 
has been found to trigger high primary productivity 
(Longhurst,1995 and Berger, 1989). 

Nutrients are called biostimulants or 
fertilizers usually represented by the dissolved 
inorganic forms of nitrogen, phosphorus and silicon, 
utilized by photosynthetic organisms in the formation 
of organic matters (Saha, 2001 and Dutta, 2008). 
Nitrogen and phosphorus are described as being 
biolimiting elements because the concentrations of 
these elements limit biological growth (Ghosh, 1992 
and Sundaray, 2005). In recent years, there are signs 

of eutrophications of Nigeria’s coastal environments 
due to the release of nitrogen and phosphorus from 
excess fertilizers and sewage effluents (Ajao, 1990). 
      Understanding the behaviour of nutrients in 
coastal waters has important implications for global 
nutrient budget and controlling eutrophications of 
coastal ecosystems. Data gaps and research need to 
be filled in better characterization of physical factors 
including basic circulation, effects of weather 
patterns, climate change, and change in land use and 
resultant effect on nutrient delivery into the adjacent 
coastal waters. 

In the present study, the distribution and 
seasonal variation of different physicochemical 
parameters such as pH, salinity, Dissolved Oxygen 
(DO), Biochemical Oxygen Demand (BOD5) and 
nutrients (nitrate, phosphate and sulphate) were 
discussed. At present, there is no comprehensive 
coastal strategy to address the potentially worsening 
problems of estuarine and coastal nutrient enrichment 
in Nigeria. The results from the present study can 
provide the information necessary to guide the 
development of a comprehensive coastal strategy to 
reduce problems where they are presently observed 
and prevent further degradation of the Nigerian 
coastal waters.  
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2. Material and Methods  
2.1 Description of the Study Area. 
 

The rocky Moles of Tarkwa represent the 
only intertidal rocky shores in Nigeria. The rocky 
Moles of Tarkwa Bay were artificially constructed to 
protect the entrance of Lagos Harbour (Figure 1) 
which is one of the busiest commercial harbours in 
sub-Saharan Africa. The construction of the artificial 
breakwaters was more of economic purpose than to 
proffer solution to ecological problems (Nwankwo, 
2004 and Ibe, 1993). 

The study site lies on Latitude N06024ʹ 
25.5ʹʹ and Longitude E003023ʹ47.2ʹʹ along Training 
Mole of Tarkwa Bay, Lagos state, Nigeria (Figure 1). 
Training Mole was constructed with granitic boulders 
to bifurcate the East and West Mole. The 
construction of Training Mole in 1908 changed the 
natural configurations of the Tarkwa Bay beach to 
artificial assemblages of rocky shores. In all, the two 
principal seasons; raining and dry are experienced in 
the study area. The morphological structure of the 
environment is highly dynamic, where processes of 
erosion, accretion and deposition are active (Ibe, 
1993 and Awosika, 1992). Anthropogenic influences 
are more pronounced at Training Mole compared to 
the other Moles due to human settlement, industries, 
tourists and unregulated sewage discharges. 

 

 
 
Figure 1: Map of the Study Area (the red star 
indicates location of the sampling station) 
 

 
2.2 Collection of Water Samples. 

Water samples for physical and chemical 
parameters determination were collected monthly 
from the sampling station in Training Mole at 

monthly interval from April, 2008 to March, 2009. 
The samples were collected during high tides in 
prelabelled polyethene bottles and later transported to 
the laboratory for storage and analyses (after APHA 
standard method, 1998). 

 
2.3 Physicochemical Parameters Analysis. 

The pH measurements were made using a 
portable pH meter (Perkin Elmer, accuracy ±0.01 
after calibrating with NBS standard). Salinity was 
measured using an electrodeless induction type 
salinometer (DIGIAUTO model 3G, Tsurumi Seiki, 
Japan, accuracy ±0.001‰) after calibration with 
standard seawater. Dissolved Oxygen was analysed 
using the alkali-azide modification of Winkler’s 
technique. 

 
2.4 Nutrients Analyses. 

Phosphate-Phosphorus (PO4-P), Nitrate-
Nitrogen (NO3-N) and Sulphate (SO4

2-) in water 
samples was determined using portable datalogging 
spectrophotometer (HACH model) after reduction 
with appropriate solutions. Reagents used were of 
analytical grades and distilled water was used in 
preparation of all solutions in the laboratory. 

 
3.0 Result and Discussions. 

Descriptive statistics of the dataset for 
physicochemical variation in both raining and dry 
seasons are presented in Table 1 and Table 2. Sea 
surface temperature of the study station in raining 
seasons varied from 26.50C to 28.50C compared 
minimum and maximum value of 25.80C and 28.30C 
respectively during the dry season (Figure 2). The pH 
values did not show significant fluctuation during the 
present study with a range of 7.38 - 8.1 in the raining 
season and ranged between 7.0 – 8.08 in the dry 
season (Figure 2). The extensive buffering capacity 
of seawater may be the cause of change in pH within 
the narrow limit in the present study. As compared 
with other Bays along the Gulf of Guinea, tidal 
actions have a tremendous influence on the coastal 
waters of Training Mole (Ibe, 1988).  

The salinity was optimum during the dry 
season (25.8‰ – 33.8‰) compared to a lower range 
during the raining season (21.95‰ -31.83‰). 
Salinity was influenced by continental run-off and 
high precipitation resulting to lower salinity values 
during the raining season (Figure 2). 

The DO ranged between 4.6mg/L – 6.6mg/L 
during the raining season compared to a reduced 
range of 4.4mg/L – 6.1 mg/L in the Dry Season 
(Figure 4). Oxygenation in aquatic ecosystems is a 
result of an imbalance between the process of 
photosynthesis, degradation of organic matter, re-
aeration (Aston, 1980) and oceanographic properties 
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of water (Muller, 1988). During the present study, 
salinity was observed to be most important factors 
that controlled the level of DO in training mole 
coastal waters of Tarkwa. The concentration of DO in 
the raining season was large due to fresh water influx 
and photosynthetic products of water column algal 
species. 

The range of BOD5 in the dry season 
(3.0mg/L – 13.0mg/L) in the study area was higher 
compared to a minimum and maximum of 2.0mg/L 
and 4.0mg/L in the raining season respectively 
(Figure 4). The variation was a result of increased 
dilution and influx of fresh water during the raining 
season and sedimentation process during the dry 
season. 

 
Table 1: Descriptive Statistics of Physicochemical 
parameters determined along Training Mole during 
the Dry Season (Apr, 08 - Mar, 09). 
 

Parameters Min. Max. Mean S.E S.D 

Temp. 25.80 28.30 27.58 0.38 0.93 
pH 7.00 8.08 7.51 0.19 0.47 
Salinity 25.83 33.75 30.48 1.29 3.17 
Conduct. 25.9 29.5 27.65 0.52 1.28 
Sulphate  20.1 26.3 23.25 0.89 2.18 
Phosphate  1.22 2.30 1.75 0.18 0.43 
Nitrate  5.24 8.03 6.37 0.38 0.93 
COD  7.80 21.80 12.05 2.06 5.05 
DO  4.40 6.12 5.30 0.30 0.74 
BOD5  3.00 13.00 7.00 1.81 4.43 

 
Table 2: Descriptive Statistics of Physicochemical 
parameters determined along Training Mole during 
the Raining Season (Apr, 08 -Mar, 09). 

 
 
3.1    Seasonal Nutrient Dynamics 

The assessment of nutrient levels at both 
seasons were significant (P<0.05). Phosphate values 

range between 1.12mg/L – 3mg/L in raining season, 
conversely, these values were lower in the dry season 
(1.22mg/L – 2.30mg/L). This was due to reduced 
erosive force and lower hydrodynamic forces during 
the dry season (Table 1, Table 2 and Figure 3). 

 The minimum (6.95mg/L) and maximum 
(10.0mg/L) value of nitrate in the raining season was 
higher compared to a range of between 5.24mg/L to 
8.03 mg/L in the dry season(Table 1, Table 2 and 
Figure 3). The increase in nitrate value in the raining 
season is attributable to fresh water influx and 
predominantly the results of biologically activated 
reactions.  

The range of sulphate in the raining season 
(17mg/L – 24.5mg/L) was lower compared to the dry 
season (20mg/L – 26.3mg/L) (Table 1, Table 2 and 
Figure 3). Temporal variation in sulphate in Training 
mole coastal waters can be attributed to several 
factors, more importantly the proportional physical 
mixing of seawater with freshwater (Ghosh, 1992), 
adsorption of reactive sulphate into suspended 
sedimentary particles in overlay waters (Praus, 2005) 
and biological removal by phytoplankton especially 
by diatoms and silicoflagellates (Dutta, 2008).  

 

 
 
Figure 2: Variation in Temperature (OC), pH  and 
Salinity (‰). 
 

 
Figure 3: Variations in Nutrient (Sulphate, Phosphate 
and Nitrate). 

Parameters Min. Max. Mean S.E S.D 

Temp. 26.50 28.50 27.27 0.35 0.88 
pH 7.38 8.10 7.79 0.11 0.28 
Salinity 21.95 31.83 26.40 1.50 3.66 
Conduct. 20.76 29.6 26.02 1.35 3.30 
Sulphate 17.00 24.5 20.30 1.33 3.26 
Phosphate 1.12 3.00 2.41 0.27 0.67 
Nitrate 6.95 10.00 8.69 0.53 1.31 
COD 7.50 21.3 14.94 2.61 6.39 
DO  4.60 6.00 5.30 0.23 0.55 
BOD5  2.00 4-00 3.50 0.34 0.70 
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Figure 4: Variation in COD, DO and BOD   

3.2 ariations   
parameters. 

3.2.1 

 PC loading indicates a decrease (Aston, 
1980). 

      

    

l waters of Training Mole 
uring the raining season. 

 

5

 
Statistical Analysis of Seasonal V
of Physicochemical 
Raining Season 
Principal Component Analysis (PCA) was 

carried out on the dataset of physicochemical 
parameters obtained during the raining and dry 
season  to determine which variable contributes 
significantly to the variation in water quality of the 
coastal waters of Tarkwa Bay. Principal Components 
(PCs) are associated with eigenvalues; an eigenvalue 
greater than 1 suggests that the corresponding PC 
contributes to the variance in water quality. PC 
loadings are either positive or negative; positive 
loading indicates that the contribution of the variables 
increase with increasing loading in dimension while a 
negative

PCA analysis on the dataset during the 
raining season resulted in 3 significant PCs 
(eigenvalues>1) contributing a cumulative variance 
of 96.44% to the water quality of the coastal waters 
of Tarkwa Bay during the raining season (Figure 5). 
PC1 contributed 59.78% of the total variance because 
of a strong positive loadings of temperature (0.988), 
pH (0.984), phosphate (0.843) and BOD5 (0.865) 
compared to a strong negative loading of COD    
(-0.995), weak negative loading of salinity (-0.087), 
conductivity (-0.097) and moderate positive loading 
of DO (0.469), and nitrate (0.402). PC2 explains 
18.78% of the total variance with a strong positive 
PC loading of nitrate (0.808) and a moderate positive 
loading of DO(0.440), sulphate (0.311) and weak 
loading of temperature (0.040), COD(0.031) 
compared to a negative loading of conductivity     
(-0.922), BOD5 (-0.099) and pH(-0.048). PC3 
contributed 16% to the total variance in the water 
quality resulting from a strong positive loading of 
DO (0.729), weak positive loading of nitrate (0.351), 
BOD5 (0.375), conductivity (0.327) and a moderate 
loading of phosphate (0.500) compared to a poor 
positive loading of temperature (0.101), pH (0.088), 
sulphate (0.090) and COD (0.082) and strong 

negative load of salinity (-0.960) (Table 5). PC1 
attempts to describe nutrients variability while PC3 
describes a decrease in salinization in the raining 
season due to increase in precipitation and 
consequently an increase in runoff from the continent 
during the raining season. The results of the Pearson 
correlation (Table 3 ) on the data matrix during the 
raining season show that rainfall was strongly 
correlated with DO(0.846) and conductivity (0.657) 
and moderately correlated with COD(0.582), weakly 
correlated with salinity (0.226), sulphate (0.475), 
phosphate (0.156), nitrate (0.473) and negatively 
correlated with pH(-0.719), BOD5(-0.035). The 
positive correlation of dissolved nutrients with 
rainfall indicates a common allochthanous source, 
which means that the phosphate and nitrate content 
increases in low salinity water. The riverine water 
adds nutrients to the coasta
d

 
 
Figure 5: Scree plot between different Principal 
component and their corresponding percentage 

ariance during the raining and dry season. 

3.2.2 
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Dry Season. 
Similar to the raining season, PCA on the 

data matrix during the dry season resulted in 3 
significant PCs (eigenvalue > 1) contributing 94.50% 
cumulative variance in water quality of the coastal 
waters of Tarkwa Bay during the Dry Season (Figure 
5). PC1 explains 54.10% of the total variance 
associated with strong positive loading of salinity 
(0.686), BOD5(0.849) with a moderate loading of 
DO (0.552) and strong negative loading of nitrate  
(-0.793), COD (-0.748) and poor negative loading of 
temperature (-0.148), pH(-0.256),conductivity  
(-0.258), sulphate (-0.135). PC2 accounts for 27.38% 
of the total variance in water quality because of 
strong positive loading of DO(0.771), salinity 
(0.686), COD (0.664) and a moderate loading of 
nitrate (0.570), BOD5 (0.497) and strong negative 
loading of water temperature (-0.985), pH (-0.987), 
conductivity (-0.831), phosphate (-0.798) and poor 
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 with nitrate (0.43) and 
sulphate (0.20) (Table 4).  

negative loading of sulphate (-0.185). PC3 
contributed 13.03% of the total variance     associated 
with a strong positive loading of sulphate (0.946) and 
low loading of phosphate (0.401), BOD5 (0.175) and 
pH (0.212) and negative loading of temperature (-

0.004), conductivity (-0.040), DO (-0.141) and nitrate 
(-0.056) (Table 6). During this season, salinity was 
negatively correlated with rainfall (-0.22), phosphate 
(-0.77), weakly correlated

 
Table 3: Correlation Matrix between Physicochemical parameters during Raining Season. 
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Temp. 1           
pH -0.85 1          
Salinity 0.94 -0.79 1         
Conduct. 0.83 -0.86 0.81 1        
Sulphate 0.99 -0.88 0.90 0.87 1       
Phosphate -0.79 0.50 -0.86 -0.58 -0.76 1      
Nitrate 0.44 -0.55 0.29 0.18 0.41 0.07 1     
COD 0.96 -0.89 0.88 0.93 0.97 -0.65 0.44 1    
DO  0.69 -0.85 0.51 0.68 0.73 -0.12 0.80 0.79 1   
BOD5  -0.82 0.66 -0.82 -0.58 -0.81 0.93 -0.11 0.68 -0.30 1  
Rainfall  0.37 -0.71 0.23 0.66 0.48 0.16 0.47 0.58 0.84 -0.04 1 

 
Table 4: Correlation Matrix between Physicochemical parameters during Dry Season 
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Temp. 1           
pH 0.56 1          
Salinity -0.25 -0.93 1         
Conduct. 0.16 -0.41 0.65 1        
Sulphate 0.26 -0.01 0.20 0.67 1       
Phosphate -0.14 0.58 -0.77 -0.80 -0.21 1      
Nitrate 0.22 -0.16 0.43 0.94 0.57 -0.69 1     
COD 0.22 -0.04 0.28 0.87 0.52 -0.66 0.97 1    
DO  -0.50 -0.88 0.88 0.72 0.37 -0.68 0.53 0.44 1   
BOD5  -0.65 -0.82 0.67 0.20 0.26 -0.18 -0.08 -0.19 0.76 1  
Rainfall  0.72 0.47 -0.22 0.06 0.40 0.25 0.10 -0.01 -0.44 -0.38 1 
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Table 5: Principal component loadings, Eigenvalues and percentage variance computed during the Raining season. 
 
PRINICIPAL COMPONENTS PC1 PC2 PC3 PC4 PC5 
TEMPERATURE (OC) 0.988 0.043 0.101 -0.093 0.056 
pH 0.984 -0.048 0.089 -0.080 0.121 
SALINITY (‰) -0.087 0.116 -0.960 0.238 0.016 
CONDUCTIVITY(mS/cm) -0.097 -0.922 0.327 0.141 -0.119 
SULPHATE (mg/L) -0.764 0.311 0.090 -0.552 -0.083 
PHOSPHATE (mg/L) 0.843 0.040 0.500 0.191 -0.017 
NITRATE (mg/L) 0.402 0.808 0.351 0.233 -0.095 
COD (mg/L) -0.996 0.031 0.082 0.014 0.031 
DO (mg/L) 0.469 0.440 0.729 0.153 -0.177 
BOD5 (mg/L) 0.865 -0.099 0.375 0.253 0.193 
EIGENVALUE 4.212 1.623 1.402 0.452 0.064 
%VARIANCE 59.78 18.78 16.10 4.57 0.75 
CUMULATIVE VARIANCE 59.78 78.56 94.66 99.23 99.98 

 
 
Table 6: Principal component loadings, Eigenvalues and percentage variance computed during the Dry season. 
 
PRINCIPAL COMPONENTS PC1 PC2 PC3 PC4 PC5 
TEMPERATURE (OC) -0.148 -0.985 -0.004 0.056 -0.073 
pH -0.256 -0.907 0.212 0.255 0.044 
SALINITY (‰) 0.686 0.336 -0.633 -0.122 0.026 
CONDUCTIVITY(mS/cm) -0.258 -0.831 -0.040 0.462 0.168 
SULPHATE (mg/L) -0.135 -0.185 0.946 -0.229 0.032 
PHOSPHATE (mg/L) 0.149 -0.798 0.401 0.271 0.327 
NITRATE (mg/L) -0.793 0.570 -0.056 -0.046 0.202 
COD (mg/L) -0.748 0.664 0.015 0.021 -0.008 
DO (mg/L) 0.552 0.771 -0.141 0.283 0.025 
BOD5 (mg/L) 0.849 0.497 0.175 0.045 -0.012 
EIGENVALUE 4.411 2.438 1.296 0.451 0.110 
%VARIANCE 54.09 27.38 13.03 4.48 1.01 
CUMULATIVE VARIANCE 54.09 81.47 94.50 98.98 99.99 

 
 

3.3.3 Cluster Analysis (CA). 
Cluster analysis can be used as an important 

tool for analysing water quality data (Praus, 2005) to 
understand the relationship among seasons (months).  

Monthwise CA was carried on the data 
matrix of physicochemical parameters using  Ward’s 
method to group months based on similarity distance. 
The result of the CA shows 2 clusters; clusters 1 
comprising of the dry season months of Nov 08, Jan 
09, Feb 09, Mar 09 and Apr 08 while cluster 2 
comprises of the raining season month( Sep 08, Jun 
08, Aug 08 and Oct 08) with the exception of Dec 
2008 (Figure 6). The result of CA was able to 
discriminate physicochemical behaviour of the 
coastal waters of Tarkwa Bay into the two seasons 
operating in the study area; raining and dry season. 

 

 
 
Figure 6: Monthwise cluster Analysis grouping 
month with similar physicochemical behaviour. 
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4.0 Conclusion. 
The present study summarizes the seasonal 

fluctuations in physicochemical parameters in the 
coastal waters of the Training Mole. The result 
showed that the physicochemical properties of the 
Bay where significantly affected by fresh water 
influx during the raining season. The highest 
concentration for all the nutrients and DO were 
recorded during the raining season.  Conversely, 
salinity and conductivity were at their minimum level 
during the raining season. The distribution of 
dissolved inorganic nutrients in this tropical coastal 
water may be very much influenced by factors like 
tidal and physical stirring by currents and benthic 
invertebrates as well as drainage discharged from 
industries and human settlement  around the Training 
Mole. A significant increase in nitrate, phosphate, 
BOD5 and conversely sulphate, DO and conductivity 
were noticed during the dry season in the present 
study. CA and PCA were able discriminates temporal 
variability and significant physicochemical variables 
contributing significantly to the variance in water 
quality respectively. 
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Abstract: Polymers are common used in conservation of museum textiles. This study aims to evaluate some 
selected nano polymers in conservation of museum wool textiles. Nano polymers used in this study are 
microemulsion polymers prepared from Methyl methacrylate (MMA) and Hydroxy ethyl methacrylate (HEMA) 
monomers using Eco-friendly initiation system represented as ultrasonic mechanism. Wool textile samples were 
treated with different types of prepared nano polymers, to evaluate the long-term effect of these polymers on the 
physical and chemical properties of these materials. Two different types of accelerated ageing methods, heat and 
light were used in this evaluation. The change of the physical and chemical properties of the untreated and treated 
wool textiles after ageing was assessed by different methods. The results showed that all selected polymers improve 
the long-term durability of treated wool samples. However the results show that both treated and untreated wool 
samples became progressively darker and showed progressive losses in tensile strength after ageing by different 
methods. The results of this study will assist a conservator who seeks information about nano polymers suggested to 
be used in conservation of wool textiles.
[Omar Abdel-Kareem, Hanaa Nasr. Enhancing the Long-term Durability of Historical Wool Textiles Using Water 
Dispersed Nano Polymers. Journal of American Science 2010;6(10):1186-1194]. (ISSN: 1545-1003).

Keywords: Wool textiles; Methyl methacrylate (MMA),  Hydroxy ethyl methacrylate (HEMA),Nano Polymers, 
Ageing methods, Tensile Strength, FTIR, SEM, TG, Colour changes

1. Introduction:
The fragility of certain deteriorated textiles 

has caused particular conservation problems, and a 
wide variety of polymers have been used in an 
attempt enhance their long-term preservation. 
Polymers can be used as consolidating materials or 
adhesives in conservation of deteriorated textiles [1-
8]. Depending upon conservation needs, polymeric 
material should be characterised by physicochemical 
properties suitable for binding damaged fibres and 
yarns, imparting physical strength to the artefact or 
improving the adhesion between the artefact and a 
support fabric. The ideal properties should be 
flexibility, transparency, adhesion, cohesion, lack of 
colour, long-term durability, reversibility, possibility 
of reactivation for adhesives, ease and rapid 
application with no risks for the operators [9].

The most polymers widely used for textile 
conservation purposes are water dispersed polymers 
composed of ethylacrylate-co-methylmethacrylate 
polymers [1, 2&9]. Miniemulsion polymer having 
smaller particle size than emulsion polymer could be 
prepared using   ultrasonic irradiation in presence of 
little amount of chemical initiation materials [10-12]. 
The extended of this work, microemulsion 
polymerization can be used to prepare nanosized 
particle by the application of ultrasonic. Newly in a 
previous study new nano polymers were produced 

from methylmethacrylate to be used in textile 
conservation. These nano polymers are 
Microemulsion copolymers prepared from MMA and 
MMA/HEMA (having different monomers 
composition ratios) using Eco-friendly initiation 
system represented as ultrasonic mechanism [13].

When considering the use of a new polymer 
for the conservation of textile objects, several 
important factors must be addressed: will the 
treatment improve the physical, chemical or 
appearance properties of the object; and, if so, will 
the enhanced properties remain stable long enough so 
that the ‘‘useful lifetime’’ of the object will be 
substantially prolonged [14].  Accelerated tests are 
designed to find materials which can be safe for long-
term use and would not cause degradation of treated 
artefacts [15]. Accelerated light ageing is often used 
in evaluating the durability of materials used in 
conservation of artefacts [2, 14, 16 & 17]. The 
samples are exposed continuously to artificial light. 
In real museum conditions, lights are not on 
continuously and are at lower intensity. Based on a 
typical museum exposure of 3000 h per year (six 
days a week, 10 h a day), five years of continuous 
exposure to fluorescent lights at 700-800 lx is 
equivalent to about 200 years in a museum at 50 lx 
[17]. It was confirmed that 500 h of continuous 
exposure to artificial daylight is equivalent to about 
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100 years in a museum at 150 lx [18]. Feller 
presented a rough estimation of possible testing times 
for different classes of thermal stability based on the 
crude approximation that the rate of deterioration will 
double for a rise of 10 °C and on the statement that 
heating paper for 72 h (3 days) at 100 °C is 
equivalent to about 25 years of ageing under normal 
condition ageing. He also showed that heating paper 
for 36 h (3 days) at 140 °C is equivalent to about 100 
years of ageing under normal conditions [19]. 
               This paper aims to evaluate the use of new 
types of water dispersed nano polymers for 
enhancing the physical and chemical properties of 
museum wool textiles. Accelerated ageing techniques 
were used to predict the change in the properties of 
wool textiles with time under defined exposure 
conditions. The results of the ageing experiments can 
then be used by the conservator in defining a ‘‘useful 
lifetime’’ for treated wool textiles. Consideration 
must be given, in assessing the long-term durability 
of the treated wool textiles, to the environmental 
conditions that would be encountered in the display 
or storage of wool textile artefacts. Accelerated 
thermal and light ageing were carried out to 
determine the long term effect of selected polymers 
on the properties of wool textiles.

2. Experimental
Fabric

Scoured, plain wool textile fabric was used 
(from WOOLTEX manufactory, Egypt).

Chemicals
Methyl methacrylate (MMA) and Hydroxy 

ethyl methacrylate (HEMA) monomers were supplied 
by Merck-Schuchardt, Germany and redistilled 
before use.  The purified monomer was sealed and 
stored below 4 °C until further use. Sodium lauryl 
sulphate (SLS) was product of the BDH, Australia. 
Distilled water was used as the polymerization 
medium. 

Polymerization procedure
The polymerization reactions were carried out 

with a total sample volume of 100 ml, Specific 
amount of purified monomers (MMA & HEMA) 
(8gm), surfactant (SLS) (2 gm) and desired amount 
of distilled water (to complete the reaction volume 
100ml), were introduced into the reaction vessel  
conducted with circulated water to maintain the 
desired temperature. Then the ultrasonic generator 
(Branson Sonifier S-450 A, USA) was switched on 
and the reaction was subjected to ultrasonic 
irradiation. After a certain time of the reaction, 
ultrasonic irradiation was stopped. The power input 

was adjusted to be 0.1 W/ml.  The produced 
polymers used in this work are listed in Table 1.

Table (1): Recipe of micro emulsion polymerization of 
different composition ratios MMA/HEMA   at 
constant concentration of emulsifier 2 gm /l and 
ultrasonic irradiation

Sample code Feed monomer 
composition

ratio (%)

Average particle 
diameter Dv

(nm)
Polymer I MMA       

(100)
68

Copolymer II MMA/HEMA  
(93.75/6.25)

88

Copolymer III MMA/HEMA  
(87.5/12.5)

118

Copolymer IV MMA/HEMA 
(81.75/18.25)

129

Copolymer V MMA/HEMA  
(75/25)

140

Preparation of samples
Wool textile fabric samples were cut into 12x2 

cm (length x width) warp test specimens. The warp 
strips were produced by raveling away yarns on each 
side forming 1.5 cm wide strips with a 2.5 mm fringe 
down each side. Five samples were used for each test.

Treatments
Wool textile samples were treated with the 

selected polymers in 6% concentration according to 
the standard method.

Accelerated aging types
Thermal aging

The treated and untreated (control) wool 
textile samples were artificially thermally aged at 140 
°C in precision forced convection oven for 144 h 
according to Abdel-Kareem. [2].

Light aging
For ageing by exposure to light, tests were 

carried out according to international standard tests 
for colour fastness (ISO 105-B02:1994) [20]. The 
treated and untreated wool samples were mounted in 
standard specimen holders and were exposed to light 
irradiation for 200 h. Irradiation of the samples was 
carried out using Atlas Light Fastness Tester. Type of 
Atlas Fade-Ometer used in this study is 
XENOTEST®150S+). A light filter was used to 
simulate light in museums. Exposure conditions were 
50ºC and 55% of RH.

Testing and analysis
Colour differences were measured on 

Optimacth 3100 colour spectrophotometer using the 
CIELab colour system. The CIELab colour 
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coordinates for L, a, and b values were recorded. Five 
colour readings were made and averaged for each 
sample. Colour changes are the differences between 
aged and untreated unaged wool sample are 
expressed as ΔL, Δa, and Δb. Calculation of total 
colour change (ΔE) was achieved by the use of the 

following equations:  ΔE = [(ΔL)2 + Δa)2 + 

(Δb)2]0.5. Tensile strength and elongation of the 
treated and untreated wool samples before and after 
ageing by different methods were measured using a
Tensile Testing Machine Type Zwick 1445. These 
tests were done according to ASTM (2000) D 5035-
95 [21]. The initial jaw spacing was 50 mm and the 
test speed was 25 mm/min, temperature was 23 °C, 
and R.H. 65%. FTIR spectroscopy was carried out 
using Nicolet 380, Thermo FTIR spectrophotometer.   
The surface morphology of treated and untreated 
samples before and after aging was investigated by
scanning electron microscope. Very small pieces of 
wool samples were attached to a metal stub and 
coated with gold layer of about 200A thick. Then 
the coated samples were examined A JSM-400 
scanning electron microscope. The 
Thermogravimetric analysis (TGA) for the wool 
samples were carried out at a temperature range 
starting from 50oC to 700oC under nitrogen 
atmosphere with heating rate of 10oC/min using 
Shimadzu TGA-50 Japan. X-ray diffraction analysis 
(XRD) of the treated and untreated wool samples 
before and after ageing by different methods was 

carried out on a Philips X-ray diffractometer, type 
PW 1840, giving 40 kV Cu Ka radiation at 25 mA.

3. Results and Discussion:
Colour differences

The results of colour changes in both untreated 
and treated wool samples before and after the ageing 
by different methods are shown in Tables (2-6). The 
results in Table 2 confirm that there are no noticeable 
changes in the colour of wool textile samples after 
the treatment by all tested polymers before the 
ageing. The results in Tables (3-6) show that there are 
noticeable changes in both treated and untreated 
samples after ageing by light and heat. However the 
results confirm that there are no noticeable 
differences between the colour changes in the wool 
samples treated with polymers numbers I, II, III and 
untreated wool samples after the ageing by light. In 
the same time by comparing all obtained data it is 
clear that there is more decrease in the colour changes 
in the wool samples treated with polymers numbers 
IV, V than those treated with polymers (I, II, III) and 
untreated samples after light ageing. These results 
indicate that all tested polymers do not cause any 
increase in the color change of the treated samples 
after ageing by different methods. But polymers IV, 
V decreased the colour changes in the treated samples 
by light. This means that the polymers IV, V improve 
the durability of wool textiles against the 
deterioration by light.     

Table 2: The changes in the colour values for the control wool samples after treated with the selected 
polymers before any ageing

Polymer Colour values Changes in the colour
L A B ΔL Δa Δb ΔE

0 83.92 -1.37 11 0 0 0 0.00
I 83.12 -1.55 10.36 -0.8 -0.18 -0.64 1.04
II 83.19 -1.56 11.07 -0.73 -0.19 0.07 0.76
III 82.6 -1.59 10.99 -1.32 -0.22 -0.01 1.34
IV 82.26 -1.63 10.99 -1.66 -0.26 -0.01 1.68
V 83.02 -1.7 10.78 -0.9 -0.33 -0.22 0.98

Table 3: The colour values for the wool samples before and after light ageing
Polymer Before After

L A b L a B
0 83.92 -1.37 11 81.61 -2.47 22.93
I 83.12 -1.55 10.36 80.75 -2.72 20.14
II 83.19 -1.56 11.07 80.26 -2.4 20.24
III 82.6 -1.59 10.99 81.37 -2.21 24.12
IV 82.26 -1.63 10.99 79.67 -2.56 16.37
V 83.02 -1.7 10.78 78.94 -2.45 14.74
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Table 4: the changes in the colour values for the wool samples after light ageing
Polymer ΔL Δa Δb ΔE

0 -2.31 -1.1 11.93 12.20
I -2.37 -1.17 9.78 10.13
II -2.93 -0.84 9.17 9.66
III -1.23 -0.62 13.13 13.20
IV -2.59 -0.93 5.38 6.04
V -4.08 -0.75 3.96 5.74

Table 5: The colour values for the wool samples before and after heat ageing
Polymer Before After

L A B L A B
0 83.92 -1.37 11 79.61 -0.51 0.99
I 83.12 -1.55 10.36 77.85 -0.87 21.82
II 83.19 -1.56 11.07 79.28 -1.54 20.88
III 82.6 -1.59 10.99 78.26 -1.49 21.83
IV 82.26 -1.63 10.99 79.39 -1.46 23.34
V 83.02 -1.7 10.78 79.86 -2.14 21.52

Table 6: the changes in the colour values for the wool samples after heat ageing
Polymer ΔL Δa Δb ΔE

0 -4.31 0.86 -10.01 10.93
I -5.27 0.68 11.46 12.63
II -3.91 0.02 9.81 10.56
III -4.34 0.1 10.84 11.68
IV -2.87 0.17 12.35 12.68
V -3.16 -0.44 10.74 11.20

Tensile strength and Elongation
The results of changes in the tensile strength 

and elongation of wool samples after the treatment by 
tested nanopolymers in Figure (1) show that all tested 
polymers increase the tensile strength of wool 
samples after treatment by most of all tested 
polymers. These results show that most of all tested 
polymers improve the strength of wool samples. The 
results show that the percent of the increase in the 
tensile strength depends on type of the polymer. It is 
clear that the relationship between the percent of the 
improvement in tensile strength and the percent of 
HEMA in the nanopolymeric copolymers is an 
inverse relationship. But in the same time the results 
show that relationship between the percent of the 
improvement in elongation and percent of HEMA in 
the nanopolomeric copolymers is a direct 
relationship. It is clear that the samples treated with 
polymer I became more rigid as the elongation of the 
sample is decreased. While the samples treated with 
polymer V became more elastic as the elongation of 
the sample is increased. By comparing the results of 
both the tensile strength and elongation of all treated 
samples before any ageing it is clear that the most 
effective polymer among all tested polymer is

suitable for conservation of wool is polymer V. 
While the least polymer (among all tested polymers) 
suitable for conservation of wool is polymer I.

Figure (1): The changes in tensile strength and 
elongation of wool samples after the 
treatment with polymers
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The results in Figure 2 show the loss % in tensile 
strength of both treated and untreated wool aged by 
heat and light. The results show that the loss % in 
tensile strength of both treated and untreated wool 
aged by light are more than the loss % in tensile 
strength of these samples aged by heat. This means 
that the light ageing is more dangerous on untreated 
and treated wool samples than heat ageing. The 
results show that the loss % in tensile strength of 
wool samples treated by polymer V is too little 
compared with the loss % in tensile strength of 
untreated wool samples and wool samples treated 
with all other tested polymers. This result indicates 
that polymer V is the best polymer among all tested 
polymers and can be used in conservation of wool on 
the long term.

Figure (2): The loss % in tensile strength of 
untreated and treated wool samples after 
the aging. 

FTIR spectroscopy
Figures (3&4) show the FTIR–ATR spectrum 

for both untreated wool and wool fabric treated with 
nanopolymeric copolymer V respectively. The two 
spectrums consist of many broad bands that are 
characteristic for the wool functional groups. Bands 
at 3262, 3060 and 2922 cm–1 are attributed to the O–
H, N–H and C–H stretching modes, respectively. 
Moreover, major absorption bands at 1626 cm–1 for 
amide I, 1510 cm–1 for amide II and 1229 cm–1 for 
amide III are also observed in the spectrum. The band 
at 1446 cm–1 is caused by the C–H deformation of 
CH2 and CH3 bending modes. On the other hand, the 
presence of new characteristic band at 1730 cm–1, is 
related to C=O groups of acrylate ester, in the 
spectrum of figure 4 (pre-treated wool sample)  
confirms the presence of the nano-sized copolymer in 
the structure of the wool fabric [13]. 

Figure (3):  FTIR of untreated wool fabric

Figure (4): FTIR of treated wool fabric with 
nanopolymeric material (Copolymer III)

SEM investigation
The results of S.E.M. observation showed that 

all tested polymers do not cause noticeable changes 
in the morphology of the treated wool samples. It is 
clear that the surface morphology that is 
characteristic of wool fibers is too clear. These results 
indicate that the coating layer of all tested polymers 
on the wool surface is too thin and do not disappear 
the surface of wool. The results of SEM investigation 
show that the changes in surface morphology of wool 
samples treated with all tested polymers are less than 
the changes in the surface morphology of untreated 
wool samples after aging by both of heat and light. 
These results confirm that all tested polymers 
enhance the durability of surface morphology of wool 
against the light deterioration. However the results 
show that enhancing the long-term durability of wool 
depends on the used polymer. For example by 
comparing the results in Figures (5-7) it is clear that 
among all tested polymers the most polymers is 
polymer V while the least polymer is polymer I that 
can reduce the effect of light ageing on wool samples.
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Figur (5):  SEM images of untreated wool sample before and after light ageing, the uper is before ageing and 
the lower is after ageing 

Figur (6): SEM images of wool sample treated with polymer I before and after light ageing, the uper is before 
ageing and the lower is after ageing
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Figur (7): SEM images of wool sample treated with polymer V before and after light ageing, the uper is 
before ageing and the lower is after ageing

Thermogravimetric analysis
In this study the thermo-gravimetric analysis 

(TG) and derivative thermo-gravimrtey (DTG) was 
carried out for three selected samples namely, (a) 
wool fabric treated with polymer V; (b) wool fabric 
treated with polymer V and deteriorated with light as 
well as (c) wool fabric treated with polymer III and 
deteriorated with heat. TG curves for the studied 
samples are shown in Figure (8). As it evident, 
regardless of wool sample type, the spectrum shows 
two characteristic stages for decomposition. The first 
stage starts at 35 ± 5O C and end at 91± 5O C with 
weight loss of 8± 0.3 %. This could be attributed to 
the moisture content of the untreated and treated wool 
fabrics. This observation is in accordance with other 
related work [22]. The second stage related to the 
main decomposition of wool macromolecules occurs 
in one step of decomposition. For wool sample 
pretreated with the nanopolymeric copolymer 
(sample a), the main decomposition starts at 238O C 
and end at 343OC with maximum decomposition 
temperature of 303OC and weight loss of 43%. One 
the other hand, for deteriorated pretreated wool 
fabrics by light and heat the main decomposition 
starts at 246 ± 1OC and end at 315 ± 2OC with weight 
loss of 52& 59 % respectively. The remaining residue 
at 500OC was found to be 43; 52 & 59% for the three 

studied samples (a); (b) and (c) respectively. These 
findings demonstrate the role of the pretreated 
nanopolymeric material with a film forming covering 
the wool thread to reduce the degradation process. 

Figur (8): TG curves of wool samples treated with 
polymer III after ageing by different 
methods, (a) unaged sample, (b) sample 
aged by light, (c) sample aged by heat
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XRD Results
The results of XRD show that the peak that 

indicates the polymer is too small in all treated 
samples. This result confirms that the coating layer of 
the polymer is too little. Also the results show that 
there are no noticeable differences in the amorphous 
areas in the wool fabrics before and after the 
treatment with all tested polymers (see Figures 9, 10). 
This indicates that the wool textile samples are still 
elastic after the treatment with the tested polymers. 
Also the results show that there is no change in XRD 
pattern of untreated and treated wool samples after 
the ageing by different methods.

Figur (9): XRD pattern of untreated wool sample 
before and after light ageing, the uper is 
before ageing and the lower is after ageing

Figur (10): XRD pattern of wool sample treated 
with polymer V before and after light ageing, 
the uper is before ageing and the lower is 
after ageing

  
4. Conclusions:

All tested polymers were found to increase 
the strength of wool textiles. The elongation of the 
treated wool samples change according to percent of 
HEMA in the used copolymer. Polymer III is the 
most polymers among all the tested polymers that 
enhance the elongation of wool textiles. According to 
the results of the accelerated ageing techniques that 
are useful for detection if either the conservation 
materials adversely affected the normal degradation 
property rates of textile or the conservation materials 
act as a barrier to reduce the degradation rate. All 
tested polymers especially polymer III enhance the 
long-term preservation of wool textile. But there is 
not any polymer can completely prevent the 
deterioration.

Acknowledgements
This work has been supported by Science & 

Technology Development Fund (STDF) through the 
Project No. 604 entitled "New Strategies for 
Conservation of Ancient Egyptian Textiles with the 
Application on Some Selected Textile Objects in the 
Museum of Faculty of Archaeology, Cairo 
University"



Journal of American Science                                                                                                                 2010;6(10) 

http://www.americanscience.org     editor@americanscience.org1194

5. References:
1. Timar-Balazsy, A., Eastop D. Chemical 

principles of textile conservation. Butterworth; 
1998.

2. Abdel-Kareem, O. The Long-term Effect of 
Selected Conservation Materials used in 
Treatment of Museum Artefacts on some 
Properties of Textiles, In: Polymer Degradation 
and Stability, 87, 121-130 (2005).

3. Abdel-Kareem, O.; Zidan, Y.; Lokma, N.; and 
Ahmed, H., (2008): Conservation of A Rare 
Painted Ancient Egyptian Textile Object from 
the Egyptian Museum in Cairo, In e-Preservation 
Science Journal, 5, 1-9 (2008).

4. Takami, M., The Conservation of Korean 
Painted Silk Banner, C: 1800: Paint analysis and 
support Via solvent – reactivated acrylic 
adhesive, Preprints of the 13th Triennial Meeting 
of the ICOM Committee for Conservation, 747-
751( 2002).

5. Abdel-Kareem O., Microbiological studies to 
evaluate polymers and resins used in 
consolidation of ancient Egyptian linen textiles. 
In: Czasopismo Techniczne 1A/2000, Krakow, 
Poland: Wydawnictwo Politechniki 
Krakowskiej, 202-211 (2000).

6. Landi S. The textile conservator’s manual. 
London: Butterworth; 1998.

7. Peacock T. The repair of textiles using starch and 
cellulose-based adhesives. In: Cruickshank 
Pippa, Tinker Zenzie, editors. Starch and other 
carbohydrate adhesives for use in textile 
conservation. London: UKIC, 41-43 (1995).

8. Keyserlingk MA. The use of adhesives in textile 
conservation, Preprints of the Ninth Triennial 
Meeting of the ICOM Committee for 
Conservation, Dresden, Germany, 307-
312(1990).

9. Coccaa, M.; D’Arienzoa, L.; D’Oraziob, L.; 
Gentileb, G.; Mancarellab, C.; Martuscellia, E., 
and Polcaroa, C. Water dispersed polymers for 
textile conservation: a molecular, thermal, 
structural, mechanical and optical 
characterization, In: Journal of Cultural Heritage 
7, 236–243 (2006).

10. Bradley MA, Prescott SW, Schroonbrood  HAS, 
Landfester K, Grieser F, Miniemulsion 
Copolymerization of Methyl Methacrylate and 
Butyl Acrylate by Ultrasonic Initiation.
Macromolecules,; 38(15), 6346-6351(2005).

11. Aizpurua I.; Amalvy1 JI.; de la Cal JC. and 
Barandiaran MJ, High solids content 
miniemulsion polymerization of vinyl acetate in 
a continuous stirred tank reactor. Polymer, 42 (4) 
1417-1427 (2001).

12. Li M.; Daniels ES.; Dimonie V.; Sudol ED.; and 
El-Aasser MS.; Preparation of 
Polyurethane/Acrylic Hybrid Nanoparticles via a 
Miniemulsion Polymerization 
Process.Macromolecules, 38 (10) 4183- 4192 
(2005).

13. Nasr, H. E.; Gaafar, M.S.;  Abdel-Kareem, O.; 
and Abd El-Aziz, F.; Morphological, rheological 
and ultrasonic characterizations of ECO-friendly 
microemulsion latics based on acrylate 
monomers, The Journal of American 
Science,6(9)897-910(2010). 

14. Hansen E.F.; and Ginell W. S.; The conservation 
of silk with parylene-C. In: Historic textile and 
paper materials II, USA: American Chemical 
Society, 108-133 (1989).

15. Lee L.R.; and Thickett D.; Selection of materials 
for the storage or display of museum objects. 
London: British Museum (1996).

16. Becker M.A.; Hersh S.P.;and Tucker P.A.; The 
stabilization of silk to light and heat. In: Historic 
textile and paper materials II, USA: American 
Chemical Society, 94-107 (1989).

17. Down J.L.; MacDonald M.A; Tetreault J.; and 
Williams R.S.; Adhesives testing at the Canadian 
Conservation Institute - an evaluation of selected 
poly (vinyl acetate) and acrylic adhesives. In: 
Studies in conservation. Vol. 41(1) 19-44 (1996).

18. Feller, R.L., Light sources and factors that 
influence the deterioration effects of 
illumination. In: Textiles and museum lighting; 
7-22 (1980).

19. Feller RL. Accelerated aging, photochemical 
and thermal aspects. USA: The Getty 
Conservation Institute; (1994).

20. International Standard, Textiles- Tests for colour 
fastness-Part B02: Colour fastness to artificial 
light: Xenon arc fading lamp test (ISO 105-B02: 
1994).

21. ASTM. Standard test method for breaking force 
and elongation of textile fabrics (strip method), 
D 5035-95. In: Annual book of ASTM standards, 
USA, 07. (02) 682-8 (2000).

22. Forouharshad, M.; Montazer, M.; Moghadam, 
M.B.; and Saligher, O.; Flam retardancy of wool 
fabric with Zirconium oxychloride optimized by 
central composite design.  Journal of fire science, 
volume 00-month (2010).



Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 1195 

In Situ Emulsion Polymerization of Terpolymer / Montmorillonite 
Nanocomposites using redox initiation system 

 
*H.E.Nasr and W. S. Mohamed 

Department of Polymers and Pigments, National Research Centre, Dokki, Cairo Egypt 
*Hanaa_nasr@hotmail.com  

 
Abstract: Intercalated modification of MMT clay was carried out using cetyl ammonium bromide (CAB) in the 
presence of hydrochloric acid to produce modified MMT clay. The modified clays were characterized by XRD and 
SEM. The data shows an increase in d-spacing of modified clay as a result of cationic exchange. Modified MMT 
clay was used in the preparation of terpolymer/clay nanocomposites using emulsion polymerization of 
glycidylmethacrylate (GMA), methylmethacrylate (MMA) and butyl acrylate (BuA) with different monomer 
composition ratios and constant weight percentage of the modified clay. The structure and properties of the prepared 
terpolymers and nanocomposites were done by XRD, TGA, and SEM. The results clarified that increasing the MMA 
monomer content had positive effect for improving the thermal stability of the prepared terpolymers. Moreover, 
nanocomposites samples were higher thermal stability than its mates prepared in absence of modified clay. It is also 
obvious that the XRD and SEM show that the clay is more homogenous and produce exfoliated nanocomposite at 
higher BuA monomer ratio. 
[H.E. Nasr and W. S. Mohamed. In Situ Emulsion Polymerization of Terpolymer / Montmorillonite Nanocomposites 
using redox initiation system. Journal of American Science 2010;6(10):1195-1201]. (ISSN: 1545-1003).  
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1. Introduction: 

The chemical modification of the synthetic 
polymers provides the control of their properties and 
expands their applicability [1-2]. Recently, the co-or-
ter-polymerization reactions, involving two or three 
monomers for the synthesis of synthetic polymers, 
have been commonly used. The properties of 
available polymers can also be changed by these 
reactions and novel polymers can be obtained by such 
polymerization reactions. Thus, several useful co-or-
ter-polymers have been synthesized for different 
purposes [3-12]. Montmorillonite (MMT) clay is 
considered the common natural layered silicates and 
the suggested crystallographic structure of it based on 
pyrophyllite consisting of two fused tetrahedral silica 
sheets sandwiching an edge-shared octahedral sheet 
of either aluminium or magnesium hydroxide [13]. 
Cation exchange procedures are used to modify clay 
surfaces often with quaternary ammonium surfactants 
to enhance clay miscibility in organic systems [14. 
Different clay dispersion states in such polymer 
systems are commonly observed: an intercalated 
morphology in which the clay retains its ordered 
structure with polymer embedded in the interlayers, 
and complete delamination of the clay platelets to 
form exfoliated nanocomposites, or combinations of 
the two. Enhanced physical, mechanical, thermal and 
optical properties have been attributed primarily to 
the exfoliated clay state [15,16].  
Polymer–clay nanocomposites continue to attract 
significant research interest due to the potential of 

enhanced modulus, barrier resistance [17], gas 
permeability [18], thermal stability [19], flame 
retardancy [20], scratch/wear resistance [21] as well 
as optical [22], magnetic [23] and electrical 
properties [24] with incorporation of low clay 
concentrations. The improved material properties 
have been attributed to polymer–clay interactions 
based on inherent nanoscale dimensions of the clay 
platelets. 
                In this study, the structure and properties of 
terpolymer / clay nanocomposites prepared by in situ 
emulsion polymerization of glycidyl methacrylate 
(GMA), methyl methacrylate (MMA) and butyl 
acrylate (BuA) with different monomer composition 
ratios were investigated via FTIR, thermal  analysis, 
XRD and SEM. 
 
2. Experimental: 
Materials: 

Potassium persulphate (PPS), sodium 
bisulphite (SBS), sodium dodecyl sulphate (SDS), 
cetyl ammonium bromide (CAB), the monomers 
gLycidyl methacrylates (GMA), methyl methacrylate 
(MMA) and butyl acrylate (BuA) were provided by 
Merck, armstadt, Germany. The monomers were 
redistilled and stored at -20 oC. Polyoxyethelene 
monomethyl ether (MPOE) Union Carbide Company 
(USA) (M.wt. 5000 g/mol.), was dried in a vacuum 
oven at 70 oC for 24 hours prior to use.  
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Methods: 
                  Intercalated Modification of 
Montmorillonite (MMT) Clay [25] 

MMT (2.5g) was dispersed into 250 ml 
deionised water; the mixture was stirred for 1h and 
then heated to 70 oC to obtain an aqueous suspension 
of clay. 5 grams of cetyl ammonium bromide (2x 
concentrations of the clay based on cation exchange 
capacity (CEC))  in 50 ml deionised water was added 
into the mixture, The pH value of the solution was 
adjusted to 6.8 ±  0.1 using sodium carbonate/ acetic 
acid buffers and stirring was continued for 4h. A 
white liberated precipitate was filtered off and 
washed with deionised water. The obtained wet 
precipitate was dried under vacuum at 80 oC for 24h. 
 
Synthesis of terpolymer / clay nanocomposites[26] 

Terpolymer emulsion latices having 
different composition ratios of GMA, MMA and BuA 
was prepared by semicontinuous technique with a 
solid content of ca 30 ± 1% in absence or in presence 
of modified  MMT clay (3% ,wt%). The 
polymerization was carried out according to the 
following procedure: in a 250 ml three nicked flask, 
mixture of SDS (1gm) and MPOE (1gm) were 
dissolved in distilled water (30 ml). The desired 
amount of the monomers, according to the selected 
composition ratios (20/20/60, 20/40/40 &20/60/20 
GMA/MMA/BuA), were added and well emulsified 
in period of one hour using mechanical stirring 
(500rpm). A redox initiation system composed of 
PPS (0.27gm) and SBS (0.416 gm) dissolved in 40 
ml distilled water was added drop wise to the reaction 
mixture during 30 minutes. The polymerization 
reaction was carried out at 70oC under stirring at 500 
rpm. For nanocomposities terpolymer latices 
prepared in presence of MMT. The previous 
procedure was carried out in the presence of the 
modified clay in the flask.  

  
 

Characterization: 
X-ray diffraction (XRD) measurements were 

performed using a Philips powder-Diffractogram PW 
1050 with ADM software and with Ni-filtered Cu K 
radiation. The accelerating voltage was 40 KV, and 
the current was 30 mA. IR Spectroscopy was carried 
out using Bruker FTIR Spectrometer. The 
morphology and fracture surface of the composites 
were examined by Scanning electron microscope 
(SEM) analysis using Zeiss,DSM 962 microscope. 
Thermogravimetric analysis (TGA) was determined 
on TGA 7 thermogravimetric analyzer (Perkin–Elmer 
instrument) under a nitrogen flow at heating rate 
10oC min-1. 
 
3. Results and Discussion: 
A-Modification of MMT Clay 
I-SEM 

Pristine MMT clay was modified with CAB 
and then incorporated in terpolymerization of GMA, 
MMA and BuA with different monomer composition 
ratios to prepare terpolymer / MMT nanocomposites 
via in situ emulsion technique. When the 
modification of the clay is completed, the appearance 
of a colloid like suspension without any visible solid 
particles is obtained, a small portion of the stable 
suspension was dried to evaporate the water solvent 
and the residue was examined by scanning electron 
microscope. In order to investigate the effect of the 
modification, pristine Na-MMT was also deposited 
from water suspension free of any modifier and 
examined by scanning electron microscope. Figure 
1A &1B shows the SEM for each of pristine Na-
MMT and modified MMT. Pristine Na-MMT (Figure 
1A) exhibits agglomeration morphology due to its 
poor dispersion in the solvent, where modified MMT 
(Figure 1B) displays a uniform distribution implying 
a good dispersion in the solvent which can be 
attributed to an effective organophilic transformation 
of the MMT surface after modification [27]. 
 

                                   
A                                                                                     B 

Figure 1: SEM of (A) Pristine MMT and (B) Modified MMT 
 



Journal of American Science                                                                                                                 2010;6(10)   

  

http://www.americanscience.org            editor@americanscience.org 1197 

II-XRD 
Figure 2 shows XRD curves of pure MMT and 

modified MMT clays. These peaks are assigned to 
the d-spacing of MMT. It could be seen (Figure 2) 
that the d-spacing of the modified MMT clay were 

found to be 10.26 nm which is larger than the d-
spacing of pristine MMT (7.92nm). This indicates 
that MMT clay was successfully intercalated with 
cetyl ammonium bromide modifier.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: XRD patterns of pristine Na-MMT and modified MMT clays. 
 
 

III-FTIR
Figure 3 displays the FTIR of pristine MMT 

clay and MMT clay modified by cetyl ammonium 
bromide. From the figure it can be concluded that, the 
appearance of the absorption bands 2950 cm-1 and 

2850 cm-1 which are the characteristic bands of 
aliphatic groups [28] in the CAB modifier. This 
indicates the successful modification of MMT clay 
by using CAB.  

 
 
 
 
 
 
 
  

 
 
 
 
 
 
 
 
 

 
                                      Figure 3: FTIR spectra of  unmodified MMT and  modified MMT.
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B-Structure and properties of terpolymer latices and 
its nanocomposites  

I-   SEM 
The examination of the surface of the prepared 

samples was investigated by SEM. The SEM images 
indicated that the terpolymers with different 
composition ratios are intercalated in the interlayer of 
MMT clay to produce clay / polymer 
nanocomposites. 

Figure 4 shows SEM of pure terpolymer and 
its nanocomposites at monomer composition ratio 
(GMA/MMA/BuA = 20/60/20) where small 
aggregates of around 5 um in size together with few 
large aggregates are observed in the nanocomposite 
image, the presence of these aggregates indicate the 
poorly dispersed  MMT clay particles in the polymer 
matrix. On the other hand, Figure 5 shows SEM of 

the pure terpolymer and its nanocomposites at 
monomer composition ratio (GMA/MMA/BuA = 
20/20/60)  where MMT particles did not appear at 
micro level where the absence of large MMT 
particles indicates, that the agglomerate did not 
reveal the inorganic domain. Most of the MMT is 
well adherent to the polymer. This indicates that the 
mineral domains are sub microns and homogenous 
dispersion of MMT clay particles in the polymer 
matrix and also indicates that the terpolymer was 
intercalated in the interlayer of MMT clay in a 
homogenous matter [29]. 
From Figures 4 &5, It can be concluded that, 
increasing of the butyl acrylate ratio led to increasing 
the homogenous dispersion of MMT particles in the 
polymer matrix. 
 

 
                                    A                                                                                                  B 
Figure 4: SEM image of A) pure terpolymer and B) nanocomposite at composition ratio (GMA/MMA/BuA = 

20/60/20
 

 
                                    A                                                                                                                                                                                                 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: SEM image of A) pure terpolymer and B) nanocomposite at composition ratio (GMA/MMA/BuA = 
20/20/60). 

 
X-Ray diffraction (XRD): 

X-ray diffractograms of the prepared 
nanocomposites with different monomer composition 

ratios with CAB modified clay is used are illustrated 
in Figure 6. Fig. 6 shows that there is no noticeable 
organoclay peak reflection appearing in the 

B A 
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diffraction pattern for both composition ratio 
(GMA/MMA/BuA = 20/20/60) and composition 
ratio (GMA/MMA/BuA = 20/40/40) 
nanocomposites. This means that the silica layers 
were completely delaminated and led to production 

of exfoliated nanocomposites [30] with both ratios. 
On the other hand, intercalated nanocomposites were 
formed in case of the composition ratio 
(GMA/MMA/BuA = 20/60/20) and the diffraction 
peak was present at 2θ value 6.5o. 
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               Figure 6: XRD of the nanocomposites with different composition ratios of (GMA/MMA/BuA). 
 
Thermal Gravimetric Analysis (TGA):  
     Thermal stability of pure terpolymer and the 
prepared nanocomposites with different composition 
ratios and costant clay content was determined by 
measuring the thermogravimetric analysis (TGA) 
within the temperature range 50-600 oC, as shown in 
Figures 7 and 8. It is obvious, that increasing the 
MMA monomer content plays an effective role in 
increasing the thermal stability of both terpolymer 
and nanocomposites which can be explained by the 
increase in the homogenous dispersion between the 
individual layers which leads to increase the thermal 
stability.  It is also clear that, at the same composition 
ratio, all weight lose temperatures for the 
nanocomposites samples are higher than that of pure 
terpolymer which can be attributed to the restriction 
of the motion of organic chains attached to MMT 
clay [27]. The TGA results of pure terpolymer with 
different compositions and its nanocomposites are 
listed in Tables I which shows that the weight lose  

 
temperatures of nanocomposites are higher than that 
of pure terpolymer in all studied composition ratios. 
For example, in the composition ratio (MMA = 
20%), T10 (10% weight lose) of nanocomposite was 
higher than that of pure terpolymer by 40 oC, 29 oC 
and 26 oC when 20% , 40% and 60 % of MMA 
composition ratio was used respectively. Moreover, 
Tdc (central weight lose) of nanocomposite is higher 
than that of pure terpolymer by 15 oC, and 10 oC 
when 40% and 60 % of MMA monomer is used 
respectively. From the results listed in the table, it 
can also be concluded that, nanocomposites have 
more thermal resistance compared with pure 
terpolymer when using the same monomer 
composition ratio. Pure terpolymer loses the weight 
more rapidly and at lower temperature than its 
nanocomposites. 
 

Figure 7 :TGA thermograms of the prepared pure terpolymers of different monomer composition ratios 
(GMA/MMA/BuA).
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Figure 8 :TGA thermograms of the prepared nanocomposites of different  monomer composition ratios 
(GMA/MMA/BuA) and 3wt% of modified MMT clay. 

 
Table I: TGA data obtained for pure terpolymer and its nanocomposite at different monomer composition 

ratios 
Monomer composition ratio (GMA/MMA/BuA) 

20/20/60 20/40/40 20/60/20 
 
 

Degradation 
Temperature Terpolymer Nano-

composite 
Terpolymer Nano-

composite 
Terpolymer Nano-

composite 

T10 255 295 285 314 299 325 

T25 349 371 367 382 371 382 
Tdc 380 395 395 405 398 408 
T75 406 406 410 419 415 423 

Remain 434 436 436 458 433 452 
4. Conclusion: 
1- Montmorillonite clay (MMT) with interlayer 

spacing 7.92 nm and cation exchange capacity 
(CEC) 100 meq per 100g was successfully 
modified with cetyl ammonium bromide 
modifier. 

2- Pristine MMT exhibits agglomeration morphology 
due to its poor dispersion in the solvent, where 
modified MMT displays a uniform distribution 
implying a good dispersion in the solvent which 
can be attributed to an effective organophilic 
transformation of the MMT surface after 
modification. 

3- Terpolymer nanocomposites were successfully 
prepared by in situ emulsion polymerization of 
glycidyl methacrylate (GMA) methyl 
methacrylate (MMA) and Butyl acrylate (BuA) 
monomers using redox initiation systems. 

 4- X-ray diffraction (XRD) investigation showed 
that exfoliated structures were obtained during 
the preparation of terpolymer nanocomposites 
with monomer ratios (GMA/MMA/BuA = 
20/20/60) and (GMA/MMA/BuA = 20/40/40)  
where intercalated terpolymer nanocomposite 
was obtained during the preparation of 

terpolymer nanocomposites with monomer ratio 
(GMA/MMA/BuA = 20/60/20). 

5- Thermal gravimetric analysis (TGA) results show 
that all weight loses temperatures for the 
nanocomposite samples are higher than that of 
its pure terpolymers in all monomer ratio studied 
which can be attributed to the restriction of the 
motion of organic chains attached to MMT clay. 
It is also obvious that, increasing the MMA 
monomer content plays an effective role in the 
increase of thermal stability of the prepared 
terpolymer and nanocomposite which can be 
explained by the increasing in homogenous 
dispersion between the individual layers which 
lead to increasing in the thermal stability. 

 6- Scanning electron microscope SEM shows that 
MMT clay is poorly dispersed in the polymer 
matrix in case of monomer composition ratio 
(GMA/MMA/BuA = 20/60/20) where small 
aggregates of around 5 um in size together with 
few large aggregates are observed in the 
nanocomposite image. Where, terpolymer was 
intercalated in the interlayer of MMT clay in a 
homogenous matter in case of monomer 
composition ratio (GMA/MMA/BuA = 
20/20/60). 
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Abstract: The kinetics of emulsion polymerization of vinyl acetate in the presence of polyvinyl alcohol (PVA) of 
different molecular weights as protective colloid using potassium-persulphate / acetone sodium bisulphite as a redox 
initiation system was studied. The effect of polyvinyl alcohol on the rate of polymerization, maximum conversion as 
well as the morphological characteristics was investigated. The results showed that the rate of polymerization was 
found to be dependent on the initiator, protective colloid, and monomer concentrations to the powers 0.81, 0.65 and 
0.60 respectively, for polyvinyl alcohol of lowest molecular weight and to the powers 0.90, 0.61 and 0.66 for the 
medium molecular weight, also to the powers 1.20, 0.51 and 0.63 for the highest one. The activation energies values 
for the emulsion polymerization of VAc using different molecular weights are as follows 0.946x 104, 1.0613 x 104, 
and 0.932 x 104 J / mol for PVA of molecular weights (9000, 34000, 125000 ) respectively. The morphological 
studies of some prepared polyvinyl acetate latex particles reveal that increasing the initiator concentration decreases 

the volume average diameter ( D v) of some prepared latex particles and increases the number of polymer particles 

per unit volume of water. Also the D v of some prepared latex particles increases with increasing the molecular 
weight of the protective colloid, while the number of polymer particles per unit volume of water decreases. The 
viscosity average molecular weights Mv of some prepared latices decreases with increasing the initiator 
concentration.
[K.A. Shaffie,A.B.Moustafa, N.H. Saleh, H. E. Nasr. Effect of Polyvinyl Alcohol of Different Molecular Weights as 
Protective Colloids on the Kinetics of the Emulsion Polymerization of Vinyl Acetate. Journal of American Science 
2010;6(10):1202-1212]. (ISSN: 1545-1003).

Key words: Emulsion polymerization, kinetics, morphology, vinyl acetate, poly (vinyl alcohol), redox initiation 
system.

1. Introduction:
Emulsion polymerization is a free radical 

initiated chain polymerization in which a monomer or 
a mixture of monomers is polymerized in the 
presence of an aqueous solution of a surfactant to 
form a product known as latex. The latter is defined 
as a colloidal dispersion of polymer particles in an 
aqueous medium. Three types of processes are 
commonly used in emulsion polymerization, batch, 
semi continuous (or semibatch) and continuous. 
Semi-batch emulsion polymerization processes 
generate a large number of polymer particles 
compared with conventional batch processes (1, 2). 
Semi batch processes produce more particles than 
batch processes only if monomer droplets are 
depleted earlier than surfactant micelles.     

   The chemical composition of the surfactant 
influences the compatibility with the polymer, if the 
surfactant is similar to the polymer, it will dissolve 
and plasticize the polymer (3, 4) the amount of 
carboxylic groups in the shell of the particles can 

modify the chemical compatibility with the surfactant 
(5, 6). Polyvinyl alcohol PVA has been used 
industrially as a dispersant in the synthesis of the 
copolymer emulsions of vinyl acetate (VAc) .There 
are several reasons to adopt PVA in the commercial 
co polymer emulsions of VAc (7), the mechanical 
properties such as tensile strength and creep 
resistance are enhanced by PVA in the emulsion 
films. This is one of the most important points when 
the emulsion is utilized in the application field of 
adhesives.                      

The addition of alcohol (8) to the emulsion 
polymerization of VAc using ammonium persulphate 
(APS) and PVA as a protective colloid remarkably 
affected the particle formation, especially grafting. 
This is thought to be attributed to competition 
between hydrogen abstraction from PVA and alcohol 
with a sulphate radical. The addition of acetone to the 
system decreased grafting to a great extent resulting 
in an increase in the particle size together with an 
increase in the number of polymer molecules in a 
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polymer particle.  In the emulsion polymerization 
(9)of VAc using PVA as a protective colloid where a
small amount of VAc was employed , it is found that 
in the presence of  large amounts of PVA , the 
number of  new  particles smaller than 80 nm 
continued to increase during the polymerization , 
while there was not much increase in the particle 
diameter . In contrast, in the absence of PVA, the 
particles formed at the very early stage continued to 
grow and the number of particles did not increase so 
many, the (10) PVA blockiness did not influence 
greatly the polymerization kinetics in the emulsion 
polymerization of VAc using different types of PVA 
where three fractions of PVA are separated in the 
latex, free in the water phase, physically adsorbed 
onto the polymer particles and chemically grafted. 
The grafted fraction is relatively lower than the 
physically adsorbed fraction, and the grafted fraction 
is almost constant with different PVA types. Many 
authors studied the relation between the kinetics of 
emulsion polymerization of VAc and PVA molecular 
average molecular weight (11-13). Comparing the 
latexes (14) obtained in the semi-continuous 
polymerization of VAc, butyl acrylate BA, Veova 10, 
and hexafluorobutyl methacrylate using an anionic 
polymerizable fumaric surfactant a new surfmer and 
that obtained using sodiumdodecyl sulphate SDS, it is 
found that the new surfmer behaved much better with 
respect to the stability of the latexes and the water 
sensitivity of the films. A nonlinear relationship (15)

was observed between the rate of polymerization Rp 
and the number of particles (Np) and the final Np was 
independent of the degrees of blockiness of PVA on 
studying the role of grafting in the particle nucleation 
during the emulsion polymerization of VAc with 
partially hydrolyzed PVA as a protective colloid and 
potassium persulphate KPS as an initiator. On 
studying (16) the effect of the emulsion polymerization 
conditions of VAc on the viscosity fluctuation and 
the gelation behavior of the aqueous PVA solution at 
40, 50 and 60ºC, it is found that the viscosity is 
increased with increasing the molecular weight when 
other parameters are held constant. On  emulsion 
polymerization(17) of VAc in presence of  APS as an 
initiator ,  an ethoxylated nonylphenol as a nonionic 

surfactant and PVA as a protective colloid using 
semicontinuous process , the resultant latex viscosity 
decreased and the viscosity-average polymer 
molecular weight increased with increasing the 
ethoxylation degree of the nonionic surfactant. The 
increase in the ethoxylation degree did not seriously 
affect the surface tension of the resultant latex or the
surface free energy of the dried PVAc films.  

  The aim of this work is to study the 
kinetics of emulsion polymerization of vinyl acetate 
using different molecular weights of polyvinyl 
alcohol as protective colloids and potassium 
persulphate – acetone sodium bisulphite as a redox 
initiation system. The morphological characteristics 
of the obtained polymer and the viscosity average 
molecular weights of some prepared polyvinyl 
acetate latexes are to be determined using different 
initiator concentrations and the different molecular 
weights of the protective colloid.

2. Experimental

Vinyl acetate monomer (stabilized with 
14ppm hydroquinone) was provided by Sigma-
Aldrich chemical company Ltd. England was 
redistilled before use and stored at -20ºC. Potassium 
persulphate was recrystallized from water by 
methanol, and the final crystals were vacuum dried.
Poly vinyl alcohol of molecular weights (9000, 34000 
and 125000) are a product of Vinavil, Italy. All water 
used was purified by distillation. 

Techniques

The following ingredients were mixed in a 
250 ml three necked flask, the order of addition was 
as follows: water, initiator, PVA and VAc monomer 
according to the recipe in Table I. The polymerization 
reactions were carried out at the required temperature 
(±2 ºC) in an automatically controlled water bath. All 
the experiments were run with mechanical stirring at 
250 rpm; this speed is in the range where the 
agitation has no noticeable effect on the rate of 
polymerization .          

Table I: Recipe of emulsion polymerization of vinyl acetate
Ingredient Function Amount (Mol/l X10-3)

Vinyl acetate Monomer 0.54-2.165
PVA with different Mw 9000,

34000
And 125000

Emulsifier 0.1389-0.5556
0.0184-0.1103

0.01-0.04
Potassium persulphate/ acetone sodium bisulphite Oxidizing agent 2.5-15/5-30

Demineralized water Dispersion medium Variable
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The rate of emulsion polymerization of vinyl 
acetate  and the number of polymer particles per unit 
volume of water were calculated as mentioned 
previously (18). The polydispersity of polymer 
particles were calculated by a computerized image 
analyzer equipment to find the particle size, the 
number of polymer particles per unit volume of water 
and the polydispersity. The viscosity average 
molecular weight of different emulsion latices were 
measured using Ostwalled viscometer.

3. Results and Discussion:
Effect of initiator concentration on the rate of 
polymerization 
     Figures (1-3) demonstrate the conversion–time 
relationships for emulsion polymerization of VAc at 
500C using different concentrations of potassium 
persulphate – aceton sodium bisulphite KPS /AcSBS 
in presence of PVA with different Mw (9000, 34000 
and 125000). The monomer concentration was kept at 
1.083 mol /l. It is obvious that the rate of 
polymerization as well as maximum conversion 
increased with increasing initiator concentration. 

Moreover, the obtained conversion time curves show 
a sigmoidal shape similar to that revealed for the 
classical emulsion polymerization. From Figure (4) it 
is clear that the rate of polymerization (Rp) was 
found to be dependent on the initiator concentration 
to the power 0.81, 0.90, and 1.20 respectively for Mw 
9000, 34000 and 125000 respectively due to the 
organic nature of the reducing agent of the initiation 
system which is more easily attracted to the high 
molecular weight of PVA micelles than the lower 
molecular weight. These results are agreement with 
that obtained by Badran et al(18) which stated that the 
rate of polymerization was found to be 1.14 with 
respect to the initiator concentration. Another prove 
by this author that the emulsion polymerization of 
vinyl acetate was more efficiency in the presence of 
aliphatic adduct as reducing agent.  The rate equation 
with respect to initiator concentration is as follow: 
                                       Rp & [I] x  

Where [I] is the initiator concentration and X was 
found to be equal 0.81, 0.90, and 1.20.

Figure(1): Conversion-time plot of the emulsion 
polymerization of VAc in presence of PVA (M .w 9000) 

using different concentrations of KPS/AcSBS 
 -2.5*10-3 / 5*10-3  mol / l     ● - 5*10-3 / 10*10-3 mol / l
o - 10*10-3 / 20*10-3 mol / l     x-15*10-3 / 30*10-3 mol / l

Figure(2): Conversion-time plot of the emulsion 
polymerization of VAc in presence of PVA (M .w 34000) 

using different concentrations of KPS/AcSBS 
 -2.5*10-3 / 5*10-3  mol / l   ● - 5*10-3 / 10*10-3 mol / l
o - 10*10-3 / 20*10-3 mol / l   x-15*10-3 / 30*10-3 mol / l

Figure(3): Conversion-time plot of the emulsion polymerization of VAc in presence 
of PVA (M .w125000) using different concentrations of KPS/AcSBS 

 -2.5*10-3 / 5*10-3  mol / l     ● - 5*10-3 / 10*10-3 mol / l
o - 10*10-3 / 20*10-3 mol / l     x-15*10-3 / 30*10-3 mol / l
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Effect of Emulsifier concentration on the rate of 
polymerization  
      Figures (5-7) show the conversion–time 

relationships for emulsion polymerization of VAc at 
50oC using different concentrations for all studied 
Mw of PVA in presence of developed redox initiation 
system KPS/AcSBS. The monomer concentration 
was 1.083 mol /l. The conversion time curves show a 
sigmoidal shape of a conventional emulsion 
polymerization. From Figure (8) it is clear that the 

rate of polymerization (Rp) was found to be 
dependent on the concentration of PVA to the power 
0.65, 0.61 and 0.51 respectively for Mw 9000, 34000 
and 125000. This could be related to the grafting 
process which increases by increasing the molecular 
weight of PVA(12). The polymerization rate equation 
with respect to emulsifier concentration is as follow: 
                                       Rp & [E] Y    
Where [E] is the emulsifier concentration and Y was 
found to be equal 0.65, 0.61 and 0.51.

Figure (4): Double logarithmic plots of the Rp of VAc vs  the  concentrations  of KPS/AcSBS  
using  PVA  of different  molecular weights 1- ( M.w  9000)    2 - (M.w 34000)      3- ( M.w 125000)
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Effect of Monomer Concentration on the Rate of 
Polymerization  
    Figures (9-11) demonstrate the conversion–time 
relationships for emulsion polymerization of VAc at 
50Co using different concentrations of VAc, in 
presence of KPS/AcSBS and PVA with molecular 
weights (9000, 34000, 125000). Obviously, the rate 
of polymerization increased with increasing 
monomer concentration. Figure (12) shows the 
relationship between the log rate of polymerization 
versus the log monomer concentration. The rate of 
polymerization (Rp) was found to be dependent on 

the concentration of VAc to the power 0.60, 0.66 and 
0.63 respectively for PVA with molecular weights 
(9000, 34000, 125000). The rate equation with 
respect to the monomer concentration is as follow: 
                                            Rp & [M] z  

         Where [M] is the monomer concentration and Z 
equal 0.60, 0.66 and 0.63.

Figure(8): Double logarithmic plots of the Rp of VAc vs  the concentrations  of 
PVA using KPS/AcSBS  1- ( M.w  9000)   2 - (M.w 34000)   3 - (M.w 125000)

Figure (5 ): Conversion – time plot of the emulsion 
polymerization of VAc in presence of KPS /AcSBS using 

different concentrations of PVA (Mw  9000)

Figure(6): Conversion – time plot of the emulsion 
polymerization of VAc in presence of KPS /AcSBS using 

different concentrations of PVA (Mw 34000)
- 0.0184 x 10-3 mol/l         o- 0.0368 x 10-3 mol/l
●- 0.0735 x 10-3 mol/l          x - 0.1103 x 10-3 mol/l

Figure(7): Conversion – time plot of the emulsion polymerization of VAc in 
presence of KPS / AcSBS using different concentrations of PVA  (M.w 125000)

                 - 0.01 x 10-3 mol/l     ● - 0.02 x 10-3 mol/l
  o -   0.03 x 10-3 mol/l  x- 0.04 x 10-3   mol/l
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In our studies the proposed rate equations for the 
emulsion polymerization of vinyl acetate in presence 
of three different molecular weights of PVA are as 
follows   

Where [I], [E], [M] are initiator, protective colloid,
and monomer concentration respectively.

              

Calculation of the activation energy
The activation energies (Ea) for the 

emulsion polymerization of VAc using KPS/AcSBS 
and PVA with different molecular weights are 
determined. Figures (13-15) represented the 
conversion–time relationships for the previous 

system. Also the log rate vs 1/T is represented in 
Figure (16). The values of Ea obtained for the 
different molecular weights of PVA were 0.946x 10 
4, 1.0613 x 10 4, and 0.932 x 10 4 J/mol for PVA 
(9000, 34000, 125000) respectively. 

                                                     

Figure (9):conversion – time plot of the emulsion 
polymerization of VAc in presence of KPS /AcSBS and PVA 

(Mw 9000) using different concentrations of VAc
 - 2.165 mol/l   o -1.624 mol/l    ● - 1.083 mol/l    x - 0.54 mol/l

Figure(10): Conversion – time plot of the emulsion 
polymerization of VAc in presence of KPS / AcSBS and PVA 

(M.w 34000) using different concentrations of VAc                 
 - 2.165 mol/l   o -1.624 mol/l   ● - 1.083 mol/l   x -  0.54 mol/l

Figure (11): Conversion – time plot of the emulsion polymerization of VAc in 
presence of    KPS /AcSBS and PVA (Mw  125000) using different concentrations 

of VAc  – 2.165 mol/l       o –1.624 mol/l            ● - 1.083 mol/l      x – 0.54 mol/l

Figure (12)  Double logarithmic plots of the Rp of VAc vs the VAc concentrations in 
presence of KPS /AcSBS  using  PVA  with  different molecular weights                                              
1- (Mw 9000)           2 – (Mw 34000)        3- (Mw 125000). 
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Effect of concentration of developed redox initiation 
system on the morphological of the obtained latices
        Graph (17) shows the morphology of the 
obtained latex particles for the emulsion 

polymerization of VAc prepared using different 
concentration of the KPS/AcSBS and PVA (Mw 

9000). Table (2) shows the particle size D
v
, the 

Figure (16): Arrhenius plots of log Rp of VAc in presence of KPS/AcSBS and PVA
with different   molecular weights    1- (Mw 9000)     2 - (Mw 34000)     3 - (Mw 125000)

Figure(13): Conversion – time plot of the emulsion 
polymerization of VAc in presence of PVA (M.w 9000) 

using KPS / AcSBS at different temperatures
- 30 C o       o- 40 C o     ● - 50 C o    x- 60 C o

Figure (14): Conversion – time plot of the emulsion 
polymerization of VAc in presence of    PVA (M.w 34000) 

using KPS / AcSBS at different temperatures
 - 30 C o            o-40 C o        ●- 50 C o        x -60 C o

Figure(15): conversion – time plot of the emulsion polymerization of VAc in 
presence of PVA ( M.w  125000 ) using KPS / AcSBS  at different temperatures

- 30 Co          o - 40 Co         ●- 50 Co    x- 60 Co
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number of polymer particle per unit volume of water 

Nt, and the polydispersity D
w/ D

n, it is obvious that 
increasing the concentrations of the KPS/AcSBS 
decreasing the size of the polymer particles values 
and the number of polymer particles per unit volume 
of water increasing. The greater the number of Nt the 
better the film forming properties of the obtained 

latexes which means good application in surface 
coatings. Also the polydispersity values for the 
emulsion prepared were founded to be closely equal 
to 1. i.e monodisperse emulsion latexes. The graph 
obtained from TEM for such latexes reveal that the 
used redox initiation system produced more spherical 
emulsion latexes particles.             

Table (2): Morphology of particles prepared in presence of different concentrations of KPS/AcSBS  in 
presence of PVA (Mw 9000).

[Redox system] [ I ] x 10 3 (mol/l )       D v
(nm)

D n
( nm )

D w
( nm )

D w / D n
Nt ( x10-14)

KPS/AcSBS
2.5 / 5 31.61 32.72 31.65 0.97 36.4
5 / 10 25.41 26.25 25.41 0.97 76.6
10 / 20 21.21 21.87 21.24 0.96 152
15 / 30 19.46 20.031 19.533 0.98 198.7

Effect of Different Molecular Weights of the 
Protective Colloid on the Morphological 
Characteristics of the Obtained Latexes.
         Graph (18) shows the morphology of the 
obtained latex particles for the emulsion 
polymerization of VAc prepared using different 
molecular weights of PVA (9000, 34000, 125000) in 
presence of KPS/AcSBS. Table (3) shows the particle 

size D
v, the number of polymer particle per unit 

volume of water Nt, and the polydispersity D
w/ D

n, 

it is obvious that increasing the molecular weights of 
PVA increasing the size of the polymer particles 
values and the number of polymer particles per unit 
volume of water decreasing. Also the polydispersity 
values for the emulsion prepared were founded to be 

closely equal to 1. i.e monodisperse emulsion latexes. 
The graph obtained from TEM for such latexes reveal 
that the used molecular weight of PVA produced 
more spherical emulsion latexes particles.

Effect of Different Polymerization Conditions on 
the Viscosity Average Molecular Weight 
       The effect variation of the concentration of the 
redox initiation system on the viscosity average 
molecular weight of some prepared PVAc latex is 
represented in Table (4) it is clear that the molecular 
weight of PVAc decreases as the concentration of the 
initiator increases but it increases as the molecular 
weights of PVA increases.

Table (3): Morphology of particles prepared in presence of different molecular different molecular weights of PVA

M.w of 
PVA

D v
(nm)

D n
(nm)

D w
(nm)

D w/ D n
Nt
(x10-14)Type

[I] x 103 
(mol/l)

KPS/AcSBS 10/20.
9000
34000
125000

21.21
43.29
59.77

21.87
44.97
62.25

21.24
43.28
59.89

0.97
0.96
0.96

152..0
16.20
6.79
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Figure(17): Effect of different concentration of KPS/AcSBS on the morphological characteristic of PVAc 
latex using PVA (M.w.9000)  (a) 2.5*10-3 / 5*10-3    mol / l             (b)  5*10-3 / 10*10-3  mol / l ,

                                         (c)  10*10-3 / 20*10-3 mol / l             (d) 15*10-3 / 30*10-3 mol / l (magnification 40000)    

       

A B

C

A B

C D
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Figure (18): Effect of different molecular weight of PVA using KPS/AcSBS on the morphological 
characteristic of PVAc latex  (a) (M.w 9000)        (b) (M.w 34000)     (c) (M.w 125000)            
(magnification40000)

Table (4): Effect of polymerization conditions on the viscosity average molecular weight     

Mw of PVA [I] x 10 3 (mol / l) Mv of PVAc x10-5

9000
2.5 / 5 4.4
10 / 20 2.39
15 / 30 1.73

34000
5 / 10 5.43

10 / 20 3.03
15 / 30 2.93

125000
2.5 / 5 6.84
10 / 20 4.87
15 / 30 3.13

Mechanism of the reaction

Initiation   
                                              

           
Propagation

Termination
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Abstract: With respect to the age and gender the children’s emotional intelligence construct is still being developed 
with little empirical support. Hence, this research follows a specific objective for determination of the differences 
between construct of the children’s’ emotional intelligence (EI) and their personal characteristics such as age and 
gender.  The present study was carried out among 107 Iranian students in the Iranian primary schools in Kuala 
Lumpur, Malaysia.  The students (girls and boys) were clustered in three different age groups, 8, 9, and 10 years old.  
Data were collected using the Emotional Quotient Inventory Youth Version (Bar- on EQ-i; YV, 2000) and 
demographic questionnaire. The statistical findings, with respect to gender and ages, indicated that there was a 
noticeable difference between emotional intelligence of girls and boys in groups of ages.  
[Mojgan Mirza, Ma’rof Redzuan. Age and gender differences and construct of the children’s emotional intelligence. 
Journal of American Science 2010;6(10):1213-1221]. (ISSN:1545-1003) 

 
Keywords: Children’s Emotional Intelligence, Emotional Quotient Inventory Youth Version 
 
1. Introduction: 

The concept of Emotional Intelligence is a 
complex phenomenon that occurs in children. It is 
found to lead to strong personal relationships 
(Cooper, 1997) and to improve pro-social behavior 
and self-management skills in children (Bar-On & 
Parker, 2000). Research indicates that children who 
are able to regulate their emotional reactions in 
response to others’ emotions are more likely to have 
good social skills and to act pro-socially (Eisenberg 
et al., 1997).  

The emotional intelligence construct is a 
relatively new concept with little empirical research, 
particularly related to the link between five specific 
sub-components of the children’s emotional 
intelligence, and their age and gender.  

There has been a growing interest in the 
emotional functioning of children (Hubbard & Coie, 
1994; Pettit, Dodge & Brown, 1988, Stover, 2003) 
and the factors that influence it (Carson & Parke, 
1996; Eisenberg et al., 1996; Hooven, et al., 1995; 
Rossman, 1992; Saarni, 1989, Stover, 2003) in order 
to develop more integrated theories of development 
(Hesse & Cicchetti, 1982; Stover, 2003). 

According to Steven Stein (2004), women 
are more aware of their feelings and those of others, 
relate better interpersonally, and are significantly 
more socially responsible than men.  

Goleman (1995) offers counter views of 
emotionally intelligent men and women. By contrast, 
men who are high in emotional intelligence are 

socially poised, outgoing and cheerful, not prone to 
fearless or worried rumination. They have a 
noticeable capacity for commitment to people or 
causes, for taking responsibility, and for having an 
ethical outlook; they are sympathetic and caring in 
their relationships. Their emotional life is rich, but 
appropriate; they are comfortable with themselves, 
others, and the social universe they live in (Goleman, 
1995). 

The North American normative sample was 
conducted to examine the effect of gender on total 
EQi scores (Bar-on, 1997). With respects to gender, 
no differences have been revealed between males and 
females regarding overall EQi. However, statistically 
significant gender differences do exist for a few of 
the factors natured by the EQ-i, but the effects are 
small for the most part. Based on Bar-On’s research 
(1997), females appear to have stronger interpersonal 
skills than males, but the latter have a higher 
intrapersonal capacity, are better at managing 
emotions and are more adaptable than the former.  

Katyal and Awasthi (2005), in their research 
on gender differences in emotional intelligence, 150 
students of Xth class from different Government 
Schools in Chandigarh were selected randomly for 
assessment of gender differences in emotional 
intelligence. The data was collected through 
standardized "Emotional Intelligence Test". The 
findings revealed that majority of boys, girls and the 
total sample had good followed by low emotional 
intelligence. Girls were found to have higher 
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emotional intelligence than that of boys. However, 
the difference touched only 0.10 levels; hence, 
findings are just suggestive of the trend.  

Petrides (2000) has assessed the relationship 
between gender and emotional intelligence among 
260 predominantly white participants completed a 
measure of trait emotional intelligence (EI) and 
estimated their scores. Findings indicated that 
females scored higher than males on the “social 
skills” factor of measured trait emotional intelligence. 
However, it was demonstrated that males believed 
they had higher emotional intelligence than females. 
Most of the correlations between measured and self-
estimated scores were significant and positive, 
thereby indicating that people have some insight into 
their emotional intelligence. Correlations between 
measured and self-estimated scores were generally 
higher for males than females, and a regression 
analysis indicated that gender was a significant 
predictor of self-estimated emotional intelligence. 

Habibah Elias (2007) found that the mean 
EQ of at-risk students were rather low (mean= 57.67, 
SD=0.26). She also found that significant gender 
differences (t=4.103, p<.05) in EQ scores among at-
risk students with female students obtained a higher 
mean compared to the males.  

There are many assumptions about 
emotional intelligence and age. Steven Stein (2004) 
pointed that popular literature and “common sense” 
asserts that older people are more aware, wise, and 
restrained. Existing research indicates a slight 
relationship between emotional intelligence and age 
(Bar-on, 1997).   

Using the Six Seconds’ Emotional 
Intelligence Assessment, (SEI), a study of 405 
American people shows that emotional intelligence 
(EQ) increases slightly with age.  The relationship is r 
= 0.13 (p<.01), slight but significant. According to 
new Bar-on EQ-i and trade test results from multi-
Health Systems, the older you get, the more 
emotionally intelligent you become. The total EQ 
score increased significantly with age, peaking in the 
late forties or early fifties. 

Bar-on (1997), has discovered that older 
people are generally able to cope better with 
environmental demands and pressures than younger 
people. Moreover, older people are particularly, 1) 
more independent in their thinking and actions, 2) 
more aware of others' feelings, 3) more socially 
responsible, 4) more adaptable, 5) better at sizing up 
the immediate situation and solving  problems, and 6) 
able to manage stress better than younger people 

The North American normative sample 
(n=3,831) was conducted to examine the effect of age 
on EQi scores (Bar-on, 1997). The results indicated a 
few significant differences between the age groups 

that were compared; these differences are relatively 
small in magnitude. In brief, the older groups scored 
significantly higher than the younger groups on most 
of the EQi scales; and respondents in their late 40s 
obtained the highest mean scores. An increase in 
emotional intelligence, with respect to age, is also 
observed in children (Bar-on, Parker, 2000). 
 
2. Materials and Methods 

The purpose of this study was to examine 
differences between sub-components of the 
children’s emotional intelligence with respect to their 
age and gender among Iranian primary school 
students in Kuala Lumpur, Malaysia. The school was 
chosen based upon their location and programs of 
study. The population of research involved in this 
study consisted of all the Iranian students who 
enrolled in primary programs (193 students, 
academic year 2007-2008).  

The data were collected using Emotional 
Quotient Inventory Youth Version (Bar-On EQ-i:YV, 
2000) for assessing children’s emotional intelligence. 
In addition, a brief self-designed demographic 
questionnaire was also used to gather relevant 
background information of the subjects in this 
research.  

The research employed the Bar-On EQ-i:YV 
which comprises of 60 brief items and a five-point 
Likert style format response set (ranging from "Not 
True of Me" to "True of Me"). The Bar-On EQ-i 
instrument consists of the following five scales. Each 
scale briefly described as follow. The first scale, 
intrapersonal, involves the ability of the individual to 
understand their emotions as well as communicate 
and express feelings and needs. The second scale, 
interpersonal, measures one’s ability to form and 
maintain satisfying relationships with others. The 
adaptability scale involves measuring one’s ability to 
manage. The fourth scale, stress management, 
includes one’s ability to remain calm in the face of 
stressful events. The general mood scale measures 
optimism and positive outlook. Finally, the total EQ 
scale is a measure of one’s ability to be effective in 
dealing with daily demands while remaining happy or 
satisfied. 

The first step in ascertaining a respondent's 
EQ-i:YV results was to calculate raw five composite 
factors and each child’s total emotional intelligence.  
Each item is assigned with "points" ranging from one 
to five based on the respondent's responses. In this 
study, the internal consistency (reliability) of the 
EQi:YV was examined using the Cronbach’s alpha 
and the result was α= 0.91. Reliability indicates the 
extent to which individual differences in test scores 
are attributable to “True” differences in the 
characteristics under consideration (Anastasi, 1988). 
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Identical statistical procedures, t-test and 
ANOVA, were conducted for analyses of this 
research hypothesises. These statistical methods were 
used to determine the differences between variables. 
In this research, t-test was used for determine 
difference between score mean of emotional of 
groups of boy and girl as independent variables. In 
addition, ANOVA and Tokay’s HSD statistical 
methods were used to test the null hypothesis for 
determine differences between score mean of 
children’s emotional intelligence in three groups of 
ages (8, 9, and 10).  
 

3. Results and Discussion  
Description of the participants 

The study was wasout among 193 Iranian 
students. The sample (123) within the target 
community consisted of three age groups of the 
primary school children (8, 9, 10 years old). The 
respondents (107) for this study were the children 
with 36 boys and 71 girls. The sample was made up 
of 35.5% of students aged 8 (year two, n=38) of 
schooling, 31.8% of students aged 9 (year three, 
n=34), and 32.7% of students aged 10 (year four, 
n=35). Table 1 indicates the population and sample 
size of study.  

 
Table 1: Summary of population and sampling of the study 

 Age 7 
Year1 

Age 8 
Year2 

Age 9 
Year3 

Age 10 
Year4 

Size 

Population  40 55 48 50 N=193 
Samples   - 45 38 40 n=123 
Not responded  - 7 4 5 16 
Responded  - 38 34 35 107 

 
Participant’s students were asked to provide demographic information, which included gender and age of children. 
Table 2 presents the demographic information of study. 
 
Table 2: Summary of samples for children and fathers by Demographic Variables 
 

Demographic Variable n Percentage 
Sample 107 100.0 
 Children’s Gender   

Male (boy) 36 33.6 
Female (girl) 71 66.4 

 Children’s Age   
8 (year 2) 38 35.5 
9 (year 3) 34 31.8 
10 (year 4) 35 32.7 

Description of the Children’s Emotional 
Intelligence 

The descriptive analysis of children’s 
emotional intelligence (EI) scores and its subscales 
are presented in Table 3, which includes mean, 
standard deviations, kurtosis, and skewness of the all 
variables involved in the study. The total children’s 
EI scores demonstrate a slightly positive skew. The 

positive skew means that the tail of distribution 
extents to the right (mode<median<mean). In 
addition, kurtosis describes the height of the 
distribution. Kurtosis for the total EI score of children 
indicates a mildly peaked distribution. Both the 
Skewness and Kurtosis are low for the most part, 
indicating that the scores approximate a “normal 
distribution” or “bell-shaped curve”. 

 
Table 3: Descriptive information of the children’s emotional intelligence 

Variables Mean S D Kurtosis Skewness  
Intrapersonal   82.85 11.40 -1.24 -0.13 
Interpersonal 77.63 11.38 -1.22 -0.02 
Stress Management 65.84 7.70 -1.18 0.01 
Adaptability  68.98 8.17 -1.13 0.14 
General Mood 74.17 9.34 -1.16 0.26 

      Total EI 73.90 9.20 -1.05 0.37 
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Based on the Bar-On model, the mean and 
standard deviation of emotional intelligence are 100 
and 15 respectively. In addition, in order to increase 
overall emotional and social intelligence, emotional 
intelligence score between ranges 50 to 90 is 
considered low and fall in the category “that needs to 
be improved”. Scores between the ranges 90 to 110 is 

in average range indicating effective (satisfactory) 
functioning ranges. The range 110 to 150 is the high 
area of relative strength or enhanced skills range 
(Bar-On, 1997). The findings of this research show 
that the mean of the children’s emotional intelligence 
score is 73.9, which is in the category low average 
and “that needs to be improved”.  

 

73.9

74.17

68.98

65.84

77.63

82.85

50 60 70 80 90 100 110 120 130 140 150

Total EI 

Gen. Mood

Adaptability

Stress Man.

Interapersonal 

Interpersonal

   
Low Average High 

                          
 
 
 
 
Figure 1: Mean value score of children’s emotional intelligence and its category classes 
 

Figure 1 shows the score value of children’s 
emotional intelligence, ranges of these scores and its 
category classes in current study. Based on Figure 1, 
the children’s emotional intelligence scores and its 
variables are in categories of low average and need to 
be improved. The subscales of children’s emotional 
intelligence follow a ranking with interpersonal 
(M=82.85, SD=11.4), intrapersonal (M=77.63, SD= 
11.38), general mood (M=74.17, SD= 9.34), 
adaptability (M=68.98, SD= 8.17), and stress 

management (M=65.84, SD=7.7). 
This research also attempts to differentiate 

children’s emotional intelligence in terms of age and 
age group. Table 3 presents the descriptive statistics 
of   children’s emotional intelligence by age groups. 
The results show that the older children have the 
higher score on emotional intelligence, which reflects 
that emotional intelligence develops as children 
getting older. 

 
Table 3: Descriptive statistics of children’s emotional intelligence by age groups  

Year Age n Mean of EI SD Observed Range 
2 8 38 68.0 4.1 
3 9 34 77.6 4.4 
4 10 35 82.8 6.9 

Total  107 73.9 9.2 

58 - 71 
67 - 82 
65 - 91 
58 - 91 

 

Needs improvement Effective 
Function 

Enhanced Skills 

 
http://www.americanscience.org  editor@americanscience.org  

1216



Journal of American Science                                                                              2010;6(10)   

  

Meanwhile, Table 4 presents information on the mean scores of the subscales of emotional intelligence by 
age groups. Regardless of age groups, intrapersonal subscale has the highest mean score, while stress management 
has the lowest mean score. 
 
Table 4: Descriptive information of subscales and total of children’s emotional intelligence by group of Ages 
 

Subscales of EI Age 
 8(year2) 9(year3) 10(year4) 
 

Intrapersonal 
Interpersonal  
Stress Management 
Adaptability  
General Mood  
Total EI  

Mean 
88.8 
66.9 
58.6 
61.3 
64.7 
68.0 

Mean 
101.6 
76.8 
65.6 
69.0 
75.0 
77.6 

Mean 
103.5 
86.1 
71.4 
73.3 
79.7 
82.8 

 
Figure 2 shows mean score of children’s 

emotional intelligence and its category classes by age 
groups. The Figure shows that children have shown 
different mean value score of emotional intelligence 
by age group. Generally, based on Bar-On score scale 
most of the subscales of children’s emotional 

intelligence, with respect to age, are below the 
average standard ranges (90 -110). In addition, it is 
indicated that subscales of children’s emotional 
intelligence in different ages need to be improved and 
developed.    
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Figure 2: Mean value score of children’s EI and its category classes by age 
 

Mean value score of children’s emotional 
intelligence, with respect to gender (Table 5 and 
Figure 3) show a rank between subscales of 
emotional intelligence for both of boys and girls. This 
rank includes intrapersonal, interpersonal, general 
mood, adaptability and stress management, 

respectively. The statistical test on the difference 
between emotional intelligence of boys and girls is 
presented in the next section. However, based on the 
information from Table 5 and Figure 3, it shows that 
the girls have higher mean score in all subscales of 
emotional intelligence than boys. 

Needs improvement Effective 
Function 

Enhanced Skills 

High 
Low Average 
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Table 5:  Descriptive information of children’s emotional intelligence by gender 
 

Subscales of EI Boy 
n=36 

Girl 
n=71 

 Mean SD Mean SD 
Intrapersonal 78.6 8.6 116.1 12.0 
Interpersonal 72.0 7.7 80.5 11.9 
Stress Management 62.4 6.5 67.5 7.7 
Adaptability 64.2 5.1 71.4 8.3 
General Mood 69.0 7.7 76.8 9.0 
Total EI 69.3 6.6 82.5 9.5 

 
 

69.3

69

64.2
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82.5

76.8

71.4

67.5
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116.1
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Interapersonal

Interpersonal
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Figure 3: Mean value score of children’s emotional intelligence and its category classes by gender   
 
Gender differences in Children’s Emotional 
Intelligence 

With respect to gender, comparison between 
the means of two groups of study (boys and girls) 
which is presented by Table 5, indicate that the 
emotional intelligence of the girls (M=82.5, SD=9.5) 
is higher than emotional intelligence of boys 
(M=69.3, SD=6.6), apparently. The t-test technique 
was used to test the difference between emotional 

intelligence of two groups, boy and girl, statistically. 
The statistical findings indicate that there was a 
noticeable difference between emotional intelligence 
of girls and boys (t= 4.423, <.05). Table 6 presents 
the statistical information on children’s emotional 
intelligence by gender, and Table 7 shows the 
summary of t-test result. 
 

 
 Table 6: Descriptive and statistical information on children’s emotional intelligence by Gender 
 

 n Mean of EI SD SE Mean 
Boy 36 69.3 6.6 1.099 EI  
Girl 71 82.5 9.5 1.126 

 

Needs improvement Effective 
function 

Enhanced Skills 
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Table 7: Summary of t-test result for children’s emotional intelligence by gender  
 
 t-test for equality of means 

 t df Sig. Mean difference 
Equal variances assumed -3.941 105 .000 -6.96 

 
 

EI 

Equal variances not assumed -4.423 95 .000 -6.96 
ρ<.05* 

 
The result indicates that there was a 

significant difference between emotional intelligence 
of children between boys and girls. In other word, 
emotional intelligence of girls is significantly higher 
than emotional intelligence of boys, supporting 
findings in Katyal and Awasthi, (2005)’s study which 
suggested that the majority of boys and girls had 
“good” followed by “low emotional intelligence” and 
needed to be improved and enhanced.   

According to Stein (2004), findings of the 
previous research on comparison the emotional 
intelligence of samples according to their gender 
indicated that females are more aware of their 
feelings and those of other and relate better 
interpersonally than males. In addition, males seem to 
have stronger self-regard and cope better with 
immediate problems of stressful nature than females. 
For a younger age females, sometimes it is shown 
more empathy and sympathy than younger males 
(Denham, 1994; Saarni, 1999 and et al). Petrides and 
Furnham (2000) have demonstrated that males self-
believed they had higher emotional intelligence than 
females.  

However, with respect to gender, the 
differences in emotional intelligence scores is still 
being developed (Bar-On, 2007), and result of test of 

analysis of differences between emotional 
intelligence of boys and girls confirmed some 
findings of the previous research. 
 
Age differences in children’s emotional 
intelligence  

In this research, there are three groups of 
ages (8 [year2], 9 [year 3], and 10 [year 4]), and the  
analysis   is concerned with question of differences 
between children’s emotional intelligence.  The mean 
score of emotional intelligence of children, with 
respect to their age, which is presented by Table 3 are 
(M=68, SD=4.1), (M=77.6, SD=4.4) and (M=82.8, 
SD=6.9) respectively. The appropriate statistical 
method, Analysis of Variance (ANOVA), was used 
to test the differences between children’s emotional 
intelligence by respect to age. The ANOVA statistical 
method for the equally mean value scores of 
children’s emotional intelligence were conducted by 
using SPSS software. Results indicate that there is a 
statistical significant difference between emotional 
intelligence of children by ages, F=10.86, ρ<.05. 
Table 8 presents the results of the ANOVA for test of 
differences between the mean of children’s emotional 
intelligence by three age groups.   

 
Table 8: Summary information of ANOVA for children’s emotional intelligence by respect to age 
 

 SS df MS F Sig. 
Between groups  607.7 2 303.8 
Within groups 290.7 104 27.9 
Total 898.5 106  

 
10.86 

 
.000 

ρ<.05* 
 
A significant difference only suggests that there is a 
significant difference among the group means. 
However, it does not identify the group means that 
are significantly different. Hence, for determination 
the groups that are significantly different, Tukey’s 
HSD (Honestly Significant Different) were used 
(Table 9). Results of multiple comparisons of 
Tukey’s HSD indicates that there is a significant 

different between group of ages, Sig. =.000, ρ<.05. 
Consequently, multi comparisons of Tukey’s HSD 
confirmed the result of the ANOVA and supports the 
findings in Bar-On (1997)’s study which suggests 
that the older people are generally able to cope better 
with environmental demands and pressures than 
younger people. 
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Table 9: Multiple comparisons- Tukey’s HSD between mean of children’s emotional intelligence by different 
group of ages  
 

Multiple comparisons _Tukey’s HSD,  Dependent variable= EI of children 
95% co. Level (2=Year two, 3= Year three, 4= Year four ) MD 

 
SE Sig. 

Lower Upper 
3 -10.00* 1.24 .000 -12.96 -7.03  

2 4 -18.20* 1.23 .000 -21.15 -15.00 
2 10.00* 1.24 .000 7.03 12.26  

3 4 -8.20* 1.27 .000 -11.23 -5.17 
2 18.20* 1.23 .000 15.26 21.15  

4 3 8.20* 1.27 .000 5.17 11.23 
*. The mean difference is significant at the .05 level. 
 

Existing research indicates a slight positive 
relationship between emotional intelligence and age 
(r = .13, ρ<0.01) and it is significant (Bar-On, 2000). 
Sex differences in emotional intelligence and 
prosocial behavior tend to vary depending on age 
(Eisenberg & Fabes, 1998; Saarni, 1999; Zahn-
Waxler, Cole & Barrett, 1991, Bar-On, 2000) and the 
age differences in score of emotional intelligence are 
still being developed (Bar-On, 2007).  

The results of the current research confirmed 
the finding of previous research which shows that 
there is a slight difference between levels of 
emotional intelligence of children by ages. In 
addition, children’s emotional intelligence shows a 
difference by ranking the age groups of 10[year 4] 
(M=82.8, SD=6.9)> 9 [year 3] (M=77.6, SD=4.4)> 
and 8 [year 2] (M=68, SD=4.1), respectively. It 
means that while the children are growing up, their 
emotional intelligence would increase too, 
significantly.   
 
4. Conclusion 

This research concludes that the mean of the 
children’s emotional intelligence and its subscales, 
based on Bar-On model, were in the low category and 
“that needs to be improved”. In addition, the 
interpersonal scale of children’s emotional 
intelligence was in the highest and stress 
management in the lowest rank.  

With respect to gender, the statistical 
findings indicated that there was a noticeable 
difference between emotional intelligence of girls and 
boys. In addition, results indicated that there is 
statistical significant difference between emotional 
intelligence of children by ages and between groups 
of ages. It means that while the children are growing 
up, their emotional intelligence would be increase 
too, significantly. However, Bar-On, (2007) pointed 
out that with respect to gender and age, the 
differences in emotional intelligence scores is still 
being developed. 

Due to the exploratory nature of this study, 

as well as the relative novelty of the theory of 
emotional intelligence, significant findings should be 
considered for future research. It merely demonstrates 
the value of expanding future research on the 
relationship between children’s emotional 
intelligence and their personal characteristics. 
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Carbohydrate by-Products for Citric Acid Production 

 
Husseiny, S.M.*1; Helemish, F.A. 1; Younis, N.A. 2and Farag, S.S.2  

 

1Womens College, Ain Shams University, Cairo, Egypt. 
2Plant Research Dept., Nuclear Research Center, AEA. 

 
Abstract: Twenty strains isolates of A. niger were isolated from different sources, screened for their capacity to 
produce citric acid. All the isolated strains were able to produce All isolates were able to produce citric acid in 
different quantities at different time intervals i.e. 4, 8 and 12 days on indicator medium. The best incubation period 
for production for all isolates was 12 days. The best production obtained by isolates A1, A4 & A5, while A8, A16, 
A18 & A19 recorded weak production on that medium. Citric acid productivity was obtained by all strains isolates 
when using different concentrations of four carbohydrate by-products (maize straw, potato peel wastes, sugar beet 
pulp and molasses) when each used alone without any additions after 12 days incubation and the production 
enhanced when the fermentation medium amended with the same concentrations of the mentioned substrates. Type 
and concentration of carbohydrate by-product affect the production of citric acid by A. niger strains isolates under 
the study. Increasing substrate concentration led to increase in production, the best concentration for production was 
25% for all carbohydrate by-products. As recorded with indicator medium, A1, A4 & A5 recorded the best 
production when growing on the four carbohydrate by-products supplemented to the basal medium, while A8, A6, 
A16 A18 & A19 recorded the weak production with the carbohydrate by-products used. Further studies will be 
carried out as a trail to improve the production using the obtained (most potent & the weak) isolates after exposure 
to mutagenic agents. 
[Husseiny, S.M.*1; Helemish, F.A. 1; Younis, N.A. 2and Farag, S.S. Selection of Most Potent A. niger Isolates 
Growing on Different Carbohydrate by-Products for Citric Acid Production. Journal of American Science 
2010;6(10):1222-1229]. (ISSN: 1545-1003). 
 
Keywords: A. niger; citric acid; carbohydrate; by-product  
 
1. Introduction: 

Citric acid occurs naturally in various fruits 
such as lemons, oranges, gooseberries, pears, figs etc. 
It was isolated from lemon juice and has since been 
known as natural plant substance in many citric 
fruits. Citric acid obtained from fruits in known as 
natural citric acid as compared to synthetic produced 
by microbial fermentation (Prescott and Dunns 1987, 
Ranya et al., 1999). Citric acid (a tricarboxylic acid) 
is of industrial importance because it is widely used 
in dairy, medicine and biochemical industries. A. 
niger has been the organism of choice for citric acid 
production due to its ease of handlings, ability to use 
a variety of cheep raw material and high yields of 
citric acid (Mourya and Jauhri 2000; Vandenberghe 
et al., 2000; Sankpal et al., 2001; Asad ur-Rehman et 
al., 2003; Papagianni 2007; Torres and Garcia 2009 
and Alagarsamy & Nallusamy 2010). Considerable 
attention has been shown in using agriculture wastes 
for citric acid production (Prado et al., 2005; 
Khosravi & Zoghi 2008 and Khosravi et al., 2008). 
Different agro-industrial residues including, 
applepomace, wheat straw, coffehusk, pineapple 
waste, cassava bagasse, banana, sugar beet cosset and 
Kiwi fruit peel, etc., have been investigated with SSF 
technique for their potential to be used as substrates 

for citric acid production (Hang and Woodams 1995; 
Tran and Mitchell 1995; Pintado et al., 1998; Fatemi 
and Shojaosadati 1999; Luciana et al., 2000; Ali et 
al., 2002 and Abdulrahman et al., 2006). This 
investigation aims to isolate A. niger from different 
sources for citric acid production using various 
concentrations of different carbohydrate by-products 
in a fermentation medium to select the most potent 
isolates for production and also to detect the weak 
isolates, both for further studies 
 
2. Materials and methods 
Microorganisms:  

Twenty isolates of A. niger were isolated 
from different rotted sources (Table 1). 
 
Media used:  

Potato Dextrose agar (PDA) was used for 
isolation, purification and maintenance the isolates 
which were incubated at 28oC for 7 days. Indicator 
medium was used for screening the isolates and citric 
acid production (Chopra et al., 1983). 
 
Carbohydrate by-products:  

Maize straw and potato peel wastes were cut 
to small pieces, sugar beet pulp was grounded and 
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molasses was diluted by water (1:3), they were used 
as substrates for growing the isolates under the study 
without any additions at different concentrations and 
also used as carbon source in basal medium instead 
of glucose.  
 
Inoculums preparation and cultivation:  

Spore suspension (107 spores/ml) of isolates 
were prepared for inoculation, samples were taken 
after 6 and 12 days incubation at 30oC for citric acid 
production.  
 
Assay of citric acid:  

It was determined according to Marrier and 
Boulet (1958). Data recorded are the mean of three 
replicates. 
 
3. Results and Discussion: 

Twenty isolates of A. niger were isolated 
from different sources, screened for their capacity to 
produce citric acid. All isolates were able to produce 
citric acid in different quantities at different time 
intervals i.e. 4, 8 and 12 days on indicator medium. 
The best incubation period was 12 days for all 
isolates. A1, A4 & A5 recorded maximum production 
on indicator medium, while A8, A16, A18 & A19 
recorded weak production on the same medium as 

shown from (Table 2). Citric acid productivity were 
obtained by all isolates when using different 
concentrations i.e 5, 10, 15, 20 and 25% of four 
carbohydrate by-products (maize straw, potato peel 
wastes, sugar beet pulp and molasses) when each 
used alone without any additions after 12 days 
incubation (Tables 3, 5, 7 and 9) and the production 
enhanced when the fermentation medium amended 
with the same concentrations of the mentioned 
substrates (Tables 4, 6, 8 and 10). This means that 
citric acid production in basal medium amended with 
the substrates was better than with using the substrate 
alone in the four carbohydrate by-products under the 
study.  

 It can be noticed that increasing the substrate 
concentration led to increase the production and the 
best concentration for production was 25% for all 
carbohydrate by-products. Mourya and Jauhri (2000) 
reported that increasing concentration of substrate 
(maize starch hydrolysate) corresponding increase of 
citric acid by A. niger. As recorded with indicator 
medium, A1, A4 & A5 are also the most potent 
strains isolates for production when growing on the 
basal medium amended with the four carbohydrate 
by-products, while A8, A16, A18 & A19 recorded 
the weak production.  

 
       Table (1):. Source of A. niger isolates. 

Code number of A. niger 
isolates 

Source of isolates 

A1 Maize grains  
A2 Cheese 
A3 Peanut 
A4 Banana 
A5 Apple 
A6 Potato 
A7 Bread 
A8 Phylloplane of Solanum persicum 
A9 Orange  
A10 Peach  
A11 Bagasse  
A12 Tomato  
A13 Peach  
A14 Pickles  
A15 Yoghurt 
A16 Garlic  
A17 Lemon  
A18 Potato  
A19 Tomato sauce  
A20 Bread  
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Table (2): Diameter of clear zone (mm) and production of citric acid (mg/ml) by the Aspergillus niger isolates using 
indicator medium at different time intervals.  

Diameter of clear 
zone (mm) Citric acid production (mg/ml) Code number of A. 

niger isolates 
4 days 8 days 

4 days 8 days 12 days 
A1 50 90 0.3840.04 0.6700.03 0.9500.08 
A2 35 55 0.2500.09 0.5570.06 0.8100.09 
A3 45 80 0.3610.07 0.6480.10 0.9060.13 
A4 48 85 0.3780.03 0.6630.05 0.9350.07 
A5 51 92 0.3900.06 0.6820.08 0.9860.12 
A6 25 45 0.2120.07 0.5150.04 0.7600.10 
A7 27 47 0.2390.09 0.5300.09 0.7710.06 
A8 30 38 0.2040.09 0.4960.09 0.7350.04 
A9 37 70 0.3090.12 0.6030.11 0.8780.11 
A10 40 75 0.3420.04 0.6240.07 0.8830.08 
A11 36 55 0.2550.05 0.5610.06 0.8170.06 
A12 35 60 0.2650.03 0.5740.06 0.8400.07 
A13 23 42 0.204.09 0.5100.05 0.7630.09 
A14 38 65 0.2890.10 0.5900.13 0.8500.09 
A15 37 65 0.2920.11 0.5940.06 0.8570.11 
A16 22 30 0.1980.09 0.4770.08 0.7110.04 
A17 39 72 0.3220.09 0.6120.04 0.8990.07 
A18 25 30 0.1940.07 0.4710.09 0.6830.03 
A19 17 22 0.1720.03 0.4460.05 0.6240.05 
A20 38 62 0.2600.03 0.5780.07 0.8450.08 

 
Table (3):. Citric acid production (mg/ml) by the A. niger isolates grown on different concentrations of maize straw 

after 12 days incubation. 
Citric acid production (mg/ml) 

Maize straw (%) 
. 

Code number of A. 
niger isolates 5 10 15 20 25 

A1 0.260.07 0.310.02 0.450.07 0.550.05 0.680.04 
A2 0.190.02 0.250.05 0.380.05 0.400.03 0.510.07 
A3 0.240.06 0.280.03 0.400.06 0.530.05 0.630.03 
A4 0.220.08 0.300.09 0.440.03 0.540.11 0.640.05 
A5 0.270.03 0.330.08 0.460.07 0.580.09 0.700.09 
A6 0.220.05 0.240.06 0.330.09 0.390.07 0.510.08 
A7 0.210. 10 0.270.04 0.340.10 0.410.10 0.530.08 
A8 0.160.09 0.210.07 0.310.12 0.350.09 0.480.06 
A9 0.200.07 0.240.03 0.340.07 0.430.05 0.590.11 
A10 0.200.07 0.250.09 0.370.05 0.500.06 0.620.12 
A11 0.200.06 0.240.12 0.370.09 0.400.11 0.530.10 
A12 0.200.03 0.240.04 0.310.08 0.410.05 0.550.04 
A13 0.170.03 0.220.05 0.320.11 0.380.07 0.500.05 

A14 0.230.12 0.240.11 0.330.09 0.440.04 0.560.07 

A15 0.230.07 0.230.08 0.320.09 0.440.08 0.560.08 
A16 0.150.09 0.200.04 0.290.08 0.320.09 0.470.04 

A17 0.210.06 0.230.07 0.350.08 0.470.05 0.610.03 
A18 0.150.09 0.210.05 0.300.04 0.330.07 0.470.03 
A19 0.130.11 0.170.04 0.270.07 0.300.07 0.450.05 
A20 0.200.03 0.220.03 0.300.09 0.440.03 0.560.07 
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Table (4): Citric acid production (mg/ml) by the A. niger isolates growing on basal medium amended with different 
concentrations of maize straw after 12 days incubation. 

Citric acid production (mg/ml) 
Maize straw (%) 

Code number of 
A. niger isolates 

5 10 15 20 25 
A1 0.350.07 0.480.05 0.610.3 0.700.08 0.730.04 
A2 0.280.04 0.390.08 0.450.07 0.510.06 0.560.03 
A3 0.310.07 0.510.09 0.570.05 0.600.03 0.690.07 
A4 0.350.06 0.450.12 0.590.04 0.650.03 0.700.09 
A5 0.360.06 0.530.05 0.620.04 0.730.07 0.840.11 
A6 0.240.09 0.330.07 0.420.03 0.500.09 0.530.08 
A7 0.230.12 0.310.06 0.420.08 0.490.09 0.550.05 
A8 0.210.08 0.300.09 0.380.06 0.410.03 0.480.03 
A9 0.290.08 0.390.09 0.480.07 0.530.08 0.610.07 
A10 0.310.04 0.410.08 0.530.09 0.570.09 0.670.06 
A11 0.280.03 0.380.04 0.470.06 0.540.04 0.570.09 
A12 0.270.07 0.340.11 0.440.05 0.510.04 0.580.08 
A13 0.210.09 0.300.06 0.370.05 0.420.08 0.510.03 
A14 0.200.03 0.320.06 0.450.04 0.530.07 0.590.09 
A15 0.210.03 0.330.09 0.450.11 0.530.06 0.590.04 
A16 0.170.05 0.220.04 0.330.03 0.400.06 0.480.11 
A17 0.350.08 0.400.03 0.540.03 0.530.03 0.650.010 
A18 0.180.06 0.230.05 0.350.13 0.400.07 0.480.04 
A19 0.140.09 0.190.05 0.300.05 0.330.09 0.460.07 
A20 0.280.11 0.350.07 0.440.12 0.510.11 0.580.03 

 
Table (5): Citric acid production (mg/ml) by different isolates of A. niger grown on different concentrations of 
potato solid wastes after 12 days incubation.  

Citric acid production (mg/ml) 
Potato solid wastes (%) 

Code number of 
A. niger isolates 

5 10 15 20 25 
A1 0.370.11 0.480.08 0.550.04 0.670.07 0.750.06 
A2 0.230.04 0.350.07 0.440.12 0.530.10 0.600.08 
A3 0.330.09 0.460.10 0.540.02 0.640.04 0.710.05 
A4 0.350.03 0.470.07 0.540.08 0.650.04 0.740.09 
A5 0.380.07 0.490.09 0.570.03 0.680.04 0.760.07 
A6 0.220.11 0.310.08 0.480.07 0.570.06 0.590.04 
A7 0.220.07 0.320.05 0.470.03 0.560.09 0.590.05 
A8 0.210.08 0.280.09 0.420.04 0.510.03 0.560.03 
A9 0.280.06 0.440.07 0.510.08 0.570.04 0.650.07 
A10 0.300.06 0.450.05 0.530.03 0.610.04 0.680.03 
A11 0.230.09 0.290.03 0.440.06 0.570.03 0.610.09 
A12 0.240.04 0.400.03 0.470.07 0.590.05 0.630.10 
A13 0.210.07 0.300.06 0.450.09 0.510.12 0.570.9 
A14 0.270.03 0.420.07 0.490.09 0.580.14 0.640.11 
A15 0.260.03 0.420.09 0.470.12 0.570.08 0.640.04 
A16 0.200.11 0.250.07 0.430.03 0.500.09 0.550.07 
A17 0.290.09 0.450.06 0.520.08 0.600.05 0.670.03 
A18 0.200.03 0.260.09 0.430.06 0.500.07 0.530.06 
A19 0.180.04 0.220.08 0.400.09 0.480.03 0.510.05 
A20 0.250.05 0.420.70 0.490.04 0.570.03 0.640.07 
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 Table (6): Citric acid production (mg/ml) by different isolates of A. niger grown on basal medium amended with 
different concentrations of potato solid wastes after 12 days incubation.  

Citric acid production (mg/ml) 
Potato solid wastes (%) 

Code number of 
A. niger isolates 

5 10 15 20 25 

A1 0.360.05 0.580.04 0.770.07 0.850.09 0.940.03 

A2 0.290.07 0.480.08 0.510.06 0.550.11 0.690.09 
A3 0.340.03 0.560.08 0.740.04 0.780.12 0.880.10 

A4 0.340.08 0.570.05 0.760.07 0.800.06 0.910.08 
A5 0.370.06 0.580.04 0.770.08 0.890.10 0.980.09 
A6 0.260.03 0.370.09 0.460.08 0.540.03 0.650.07 
A7 0.260.07 0.380.08 0.480.04 0.560.04 0.660.03 
A8 0.250.10 0.360.12 0.430.03 0.540.07 0.620.08 
A9 0.300.08 0.410.04 0.650.03 0.690.06 0.790.05 
A10 0.320.07 0.430.05 0.690.06 0.750.06 0.840.12 
A11 0.290.03 0.470.09 0.510.09 0.550.09 0.680.09 
A12 0.300.07 0.460.11 0.580.04 0.630.03 0.750.04 
A13 0.280.05 0.370.04 0.440.03 0.540.09 0.630.03 
A14 0.330.04 0.480.05 0.610.07 0.650.04 0.770.05 
A15 0.330.03 0.490.06 0.620.09 0.660.07 0.780.05 
A16 0.240.03 0.370.08 0.410.09 0.520.07 0.600.07 
A17 0.310.08 0.510.09 0.660.10 0.700.10 0.810.11 
A18 0.250.09 0.380.03 0.410.013 0.510.08 0.600.09 
A19 0.230.09 0.350.03 0.380.04 0.490.07 0.580.05 
A20 0.300.11 0.430.07 0.650.05 0.710.07 0.800.06 

 
Table (7): Citric acid production (mg/ml) by different isolates of A. niger growing on different concentrations of 
sugar beet pulp after 12 days incubation. 

Citric acid production (mg/ml) 
Sugar beet pulp (%)  

Code number of A. 
niger isolates 

5 10 15 20 25 
A1 0.500.12 0.680.04 0.840.05 0.910.07 1.100.09 
A2 0.370.06 0.520.09 0.660.04 0.790.03 0.900.10 
A3 0.390.07 0.630.07 0.840.08 0.910.11 1.000.04 
A4 0.480.09 0.690.03 0.860.06 0.930.05 1.050.03 
A5 0.490.04 0.700.09 0.890.09 0.920.03 1.080.08 
A6 0.350.03 0.600.07 0.720.12 0.830.04 0.950.11 
A7 0.380.13 0.650.06 0.770.10 0.880.03 0.980.09 
A8 0.340.05 0.480.08 0.640.03 0.740.04 0.910.07 
A9 0.410.06 0.530.07 0.700.07 0.830.03 1.000.09 
A10 0.440.09 0.580.03 0.760.07 0.800.04 1.030.08 
A11 0.390.06 0.570.07 0.640.10 0.820.03 0.950.03 
A12 0.410.09 0.590.11 0.700.18 0.850.07 0.990.04 
A13 0.320.03 0.450.04 0.600.09 0.730.08 0.840.07 
A14 0.420.04 0.630.07 0.740.03 0.890.04 1.020.09 
A15 0.400.08 0.600.03 0.720.03 0.840.09 1.000.06 
A16 0.350.11 0.440.12 0.560.09 0.650.04 0.720.07 
A17 0.410.07 0.600.03 0.740.10 0.870.03 0.940.04 
A18 0.300.04 0.400.06 0.520.05 0.640.09 0.690.10 
A19 0.310.03 0.380.06 0.530.07 0.600.06 0.650.09 
A20 0.420.05 0.590.09 0.740.07 0.890.07 0.950.11 
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Table (8): Citric acid production (mg/ml) by different isolates of A. niger growing on basal liquid medium amended 
with different concentrations of sugar beet pulp after 12 days incubation.  

Citric acid production (mg/ml) 

Sugar beet pulp (%)  
Code number of A. 

niger isolates 
5 10 15 20 25 

A1 0.550.06 0.750.09 0.970.07 1.150.05 1.560.03 
A2 0.430.08 0.690.03 0.880.04 0.930.07 1.280.03 
A3 0.450.09 0.750.03 0.910.09 0.970.12 1.400.04 
A4 0.510.05 0.720.03 0.920.04 1.060.03 1.460.05 
A5 0.530.11 0.730.05 0.930.09 1.090.07 1.520.06 
A6 0.400.09 0.660.09 0.780.03 0.890.04 1.020.09 
A7 0.420.09 0.710.07 0.800.07 0.900.06 1.080.06 
A8 0.380.03 0.570.04 0.720.06 0.800.09 0.940.07 
A9 0.470.09 0.690.07 0.810.03 0.920.04 1.240.08 
A10 0.500.04 0.730.03 0.870.06 0.960.07 1.330.09 
A11 0.450.08 0.620.07 0.740.03 0.900.06 1.110.04 
A12 0.490.11 0.640.08 0.770.09 0.920.04 1.200.07 
A13 0.370.12 0.530.05 0.660.014 0.840.06 0.920.05 
A14 0.500.06 0.710.03 0.830.04 0.940.09 1.320.02 
A15 0.460.05 0.650.06 0.790.07 0.910.11 1.150.04 
A16 0.420.07 0.510.03 0.670.04 0.860.08 0.900.06 
A17 0.470.06 0.690.06 0.790.07 0.920.08 1.160.09 
A18 0.380.12 0.540.11 0.600.08 0.700.09 0.850.04 
A19 0.340.09 0.460.05 0.570.07 0.670.04 0.820.03 
A20 0.480.04 0.670.03 0.820.09 0.930.07 1.250.08 

 
Table (9): Citric acid production (mg/ml) by different isolates of A. niger growing on different concentrations of 

molasses after 12 days incubation.  
Citric acid production (mg/ml) 

Molasses (%)  
Code number of 
A. niger isolates 

5 10 15 20 25 

A1 0.450.06 0.600.08 0.750.07 0.830.04 0.940.11 

A2 0.310.05 0.450.03 0.520.07 0.670.08 0.770.09 
A3 0.350.04 0.520.09 0.700.08 0.740.04 0.820.03 
A4 0.300.03 0.490.04 0.700.05 0.750.07 0.840.06 
A5 0.430.08 0.560.07 0.710.03 0.780.03 0.860.09 
A6 0.270.03 0.360.05 0.490.04 0.570.05 0.760.10 
A7 0.290.05 0.410.08 0.520.05 0.630.08 0.770.08 
A8 0.300.06 0.390.07 0.590.08 0.660.06 0.720.04 
A9 0.380.04 0.460.14 0.620.16 0.710.03 0.830.03 
A10 0.420.08 0.490.09 0.670.03 0.780.05 0.870.05 
A11 0.340.06 0.460.10 0.530.04 0.670.03 0.870.08 
A12 0.390.07 0.540.07 0.660.09 0.770.04 0.890.07 
A13 0.260.10 0.370.07 0.510.05 0.660.03 0.720.09 
A14 0.350.12 0.540.03 0.650.09 0.810.07 0.980.04 
A15 0.330.06 0.550.07 0.610.08 0.790.03 0.870.10 
A16 0.280.03 0.350.09 0.490.06 0.580.09 0.670.03 
A17 0.390.09 0.540.04 0.690.12 0.850.10 0.900.04 
A18 0.240.04 0.330.07 0.440.08 0.560.09 0.650.65 

A19 0.230.03 0.310.08 0.450.07 0.510.06 0.590.04 

A20 0.380.09 0.510.03 0.640.04 0.850.10 0.900.07 
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Table (10): Citric acid production (mg/ml) by different isolates of A. niger growing on basal liquid medium 
amended with different concentrations of molasses after 12 days incubation. 

Citric acid production (mg/ml) 

Molasses (%)  
Code number of 
A. niger isolates 

5 10 15 20 25 

A1 0.520.04 0.690.03 0.870.06 0.980.09 1.170.04 

A2 0.390.03 0.540.05 0.630.09 0.760.07 0.920.08 
A3 0.430.03 0.670.09 0.820.04 0.900.07 0.980.06 
A4 0.410.07 0.650.09 0.840.06 0.940.09 1.040.03 
A5 0.510.10 0.700.07 0.870.03 0.860.04 1.150.09 
A6 0.300.04 0.480.03 0.610.09 0.770.08 0.850.07 
A7 0.340.03 0.500.11 0.660.08 0.790.03 0.870.08 
A8 0.330.07 0.450.07 0.630.06 0.740.12 0.800.03 
A9 0.450.06 0.640.05 0.740.07 0.900.05 1.020.11 
A10 0.500.09 0.680.10 0.790.03 0.860.03 1.090.09 
A11 0.400.11 0.520.09 0.640.03 0.750.13 0.940.10 
A12 0.430.08 0.600.08 0.710.05 0.870.03 0.990.05 
A13 0.310.04 0.420.05 0.600.03 0.700.06 0.780.14 
A14 0.410.05 0.620.03 0.800.06 0.890.16 1.030.04 
A15 0.400.08 0.610.13 0.760.08 0.880.04 0.970.05 
A16 0.310.03 0.440.09 0.590.08 0.700.08 0.780.09 
A17 0.480.03 0.670.08 0.780.04 0.920.09 1.050.11 
A18 0.280.04 0.410.07 0.560.03 0.650.06 0.760.07 
A19 0.290.06 0.380.04 0.500.05 0.580.10 0.650.10 
A20 0.440.05 0.630.08 0.780.10 0.910.05 1.000.09 

 
Production of citric acid (mg/ml) by the 

most potent isolates (A1, A4 & A5) after 12 days 
incubation respectively was: 

On indicator medium: 0.95, 0.94 and 0.99  
On basal medium with 25% maize straw: 0.73, 0.70 

and 0.84  
On basal medium with 25% potato peel wastes:  0.94, 

0.91 and 0.98  
On basal medium with 25% sugar beet pulp:  1.56, 

1.46 and 1.52  
On basal medium with 25% molasses: 1.17, 1.04 and 

1.15  

Production of citric aid (mg/ml) after 12 days by 
weak isolates (A8, A16, A18 & A19 respectively  

On indicator medium:  0.74, 0.71, 0.68 and 0.62 
On basal medium with 25% maize straw: 0.48, 0.48, 

0.48 and 0.46 
On basal medium with 25% potato peel wastes:  0.62, 

0.60, 0.60 and 0.58 
On basal medium with 25% sugar beet pulp:  0.94, 

0.90, 0.85 and 0.82 
On basal medium with 25% molasses: 0.80, 0.78, 

0.76 and 0.65 
  

 
It can be noticed that sugar beet pulp and 

molasses giving the highest yield of citric acid, while 
maize straw giving the lowest yield. The yield on 
indicator medium and potato peel wastes almost 
equal. This means that type of carbohydrate by-
product affect the production of citric acid by A. 
niger isolates under the study. Vandenberghe et al. 
(2000) compared citric acid production from cassava 
bagasse and two other substrates (sugar cane bagasse 
and coffee husk) in SSF using a culture of A. niger, 
cassava bagasse giving the highest yield of citric acid 
among the tested substrates.  

Further studies will be carried out using the 
most potent isolates A1, A4 & A5 and also the weak 
isolates A8, A16, A18 & A19 in a trail to improve the 
production after exposure to mutagenic agents.  
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Abstract: Purpose: To use optical coherence tomography (OCT) to characterize the intra-retinal changes associated 
with typical and atypical cases of retinitis pigmentosa. Design: Observational case series. Settings: Research 
Institute of ophthalmology Cairo- Egypt. Methods: 24 eyes of 16 patients complaining of night vision and 
diagnosed as RP by fundus, field of vision, FFA, and electrophysiological examinations. Their retinae were imaged 
by OCT using Humphrey2000 OCT system (Humphrey Co., SanLenardo,California). The following parameters 
were assessed; Retinal & nerve fiber layer (NFL) thickness.-Retinal pigment epithelium layer (RPEL) especially 
subfoveal area. -Presence of maculopathy (atrophic, cystoid, cellophane).Optic disc changes. Results: 16 cases, 24 
eyes, 10 males, 6 females. Mean age 24, 5 y   (range 10-38’) .BCVA was 3/60-, 6/36. Fundus photography of 10 
eyes of 5 patients had typical appearance of RP with gliotic waxy pallor of the optic nerve head, attenuation of the 
retinal arterioles, exaggerated choroidal pattern and mid peripheral bone specules. FFA showed delayed filling of the 
vessels, RPE transmission defect extending to the retinal mid-periphery, areas of blocked fluorescence 
corresponding to the bone specules in the mid periphery. OCT findings included: Retinal thickness was reduced in 
cases with typical as well as atypical fundus presentation.  The macula showed total macular volume reduction, 
decrease central foveal thickness (ranging from 87 to 150 microns) with enlargement of central foveal depression. 
Cases which had cystoid macular edema (CMO) had increase thickness  One Case  which had epiretinal membrane 
showed increase retinal thickness above average normal in the central quadrant, while the inner and outer retinal 
quadrant showed decrease thickness. There was no correlation between RPEL thickness and either degree of retinal 
pigmentation seen in fundus photos or the change in NFL thickness. RPE under the fovea was not affected in all 
typical cases. Findings in atypical cases: Eight eyes of 5 patients had cystoid macular edema. Three of these patients 
had bilateral CME which was evident as intra-retinal cystic spaces with pooling of the dye in FA. OCT disclosed 
increased retinal thickness, with areas of low intra-retinal reflectivity prevailing in the outer retinal layers, and loss 
of foveal depression. One case with 2 eyes had mottled fundus appearance with absence of bone specules (RP sin-
pigmenti). OCT showed generalized reduction of the retinal thickness, generalized RPE atrophy with partial sparing 
of subfoveal RPE. Another atypical case of retinitis pigmentosa albescence showed white dots scattered thought the 
mid periphery of the fundus. OCT showed thinning of the RPE within the macular area with enlarged central foveal 
depression and generalized reduction in foveal thickness. The sister of a typical RP case presented with a bilateral 
fundus picture of Bull’s eye maculopathy with waxy pallor of the optic disc. OCT showed total macular volume 
reduction, with marked decrease in NFL thickness and generalized RPE atrophy. Conclusion: OCT characterized 
the intra-retinal morphological changes in typical as well as atypical cases of RP. 
[Hisham A. Hashem, Mostafa M. Salaheldine, Sherif S. Karawya. & Hisham F. Kamal. Optical Coherence 
Tomography Study of Typical and Atypical Cases of Retinitis Pigmentosa. Journal of American Science 
2010;6(10):1230-1236 (ISSN: 1545-1003). 
 
Keywords: Retina, Retinitis pigmentosa, OCT 
 
1. Introduction 

Retinitis pigmentosa (RP) is a term used for 
a group of disorders that are characterized by 
inherited, progressive dysfunction, cell loss, and 
eventual atrophy of retinal tissue. RP is a slowly 
progressive disease, and typically affects the rods 
before the cones.  Initial involvement of 
photoreceptors leads to subsequent damage to the 
inner retinal cells.  Eventually there is widespread 
atrophy of several if not most layers of the retina. (1, 
2) RP can be an isolated finding, or it can be 
associated with other systemic conditions. Several 

genes have been found to be associated with RR, and 
it can be inherited as X-linked, autosomal dominant, 
or autosomal recessive condition. Cases with no 
inheritance pattern are known as RP simplex.(3) 
Diagnosis of RP is usually based on characteristic 
findings which typically include young adulthood 
onset of nyctalopia and peripheral vision loss, RPE 
disruption in the form of atrophy and “bone 
specules”, disc pallor, retinal vessel attenuation, and 
characteristic electro retinogram (ERG) appearance 
showing diffuse photoreceptor disease. Scotopic b-
wave reduction by about 50%, early cone system 
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affection with decrease amplitude of 30 Hz flicker 
ERG& delayed implicit time (1-3). RP can 
predispose patients to cystoid macular edema (CME), 
epiretinal membranes (ERM), posterior sub-capsular 
cataract, and syneresis of the anterior vitreous. 
Associated findings include; disc drusen, open angle 
glaucoma, keratoconus & myopia.  Atypical forms 
include retinitis punctate albescence, sectorial & 
pericentric with exudative vasculopathy. (1-4) 

Optical coherence tomography (OCT) is a 
non invasive imaging technique that uses low 
coherence interferometer to form cross-sectional 
images of the retina with axial resolution of I0 
micrometers (µm) and lateral resolution of 20 (µm). 
With high-resolution cross-sectional images of retinal 
structure, measurement of retinal thickness and 
reproducibility on sequential examinations, OCT 
provide clinically relevant, quantitative information 
regarding the retina and adjacent structures (5) 

Applicable to a broad range of retinal 
diseases OCT (Stratus OCT Model 3000, Carl Zeiss 
Meditec, Inc., Dublin, California) is increasingly 
utilized in the initial assessment and follow up 
examination of retinitis pigmentosa used in 
conjunction with comprehensive ophthalmic 
examination, photography and fluorescein 
angiography.(8,9)  

The purpose of this study is to analyze the 
OCT findings in different cases of retinitis 
pigmentosa especially typical forms and those with 
uncommon associations. 
 
2. Patients and Methods  

Sixteen patients (7 males and 9 females)   
presented to the Research Institute of 
Ophthalmology, Cairo from the period of January 
2006 to February 2007 were included in this study. 
They were complaining of night vision problems, and 
had characteristic retinal pigmentary changes, visual 
field and electroretinographic abnormalities 
suggestive of retinitis pigmentosa. A baseline best-
corrected Snellen visual acuity was obtained for each 
patient and slit-lamp biomicroscopy was performed.  

The pupils were dilated with one drop each 
of phenylephrine 2.5% and tropicamide 0.1% 
ophthalmic solutions. The magnitude of any lens 
opacity, if present, was recorded. A dilated fundus 
examination was performed. Fundus photography 
(FP) and fluorescein angiography (FA) were 
performed. Baseline OCT (Stratus 3.0, Humphrey 
Instruments, San Leandro, California, USA) was 
performed utilizing to 6-mm single scans at axis 30 
degrees, 60 degrees, 90 degrees, 180 degrees, 300 
degrees, and 330 degrees by means of an inner 
fixation target Or by manual localization of center of 
anatomical foveal in non fixing eye. For each eye 

OCT examination included a minimum of six vertical 
or horizontal scans of 5 mm. As it was our goal to 
find retinal lesions, we performed up to 12 OCT 
scans when no lesions were observed after six scans. 
The OCT scans were positioned so that the cross 
sectional cut would go through the bony specules 
based on color fundus photography and fundus 
blocked fluorescence in the fluorescence angiogram. 
The following parameters were assessed; 
 Retinal & nerve fiber layer (NFL) thickness.  
 Retinal pigment epithelium layer (RPEL) 

especially subfoveal area.            
 Presence of maculopathy (atrophic, cystoid, 

cellophane). 
 
3. Results  
  This study included twenty four eyes of 16 
patients. Mean age was 24.4 ranging from 10 to 38 
years old. Their best corrected visual acuity ranged 
from 4/60 to 6/36. The data of the patients is 
represented in Table (1) 
Analysis of fundus photography and fluorescein 
angiography 

Fundus photography of 8 eyes of 4 patients 
had typical appearance    of retinitis pigmentosa with 
gliotic waxy pallor of the optic nerve head, 
attenuation of the retinal arterioles, exaggerated 
choroidal pattern and mid peripheral bone specules.  
Fluorescein angiography showed delayed filling of 
the vessels, RPE transmission defect extending to the 
retinal mid-periphery, areas of blocked fluorescence 
corresponding to the bone specules in the mid 
periphery. (Fig. 1) 
 
Analysis of OCT findings: (Table 2) 
Retinal nerve fiber layer thickness:  
   Retinal thickness was reduced in central 
quadrant, inner and outer quadrant in cases with 
typical as well as atypical fundus presentation.  The 
macula showed total macular volume reduction, 
decrease central foveal thickness (ranging from 87 to 
150 microns) with enlargement of central foveal 
depression. (Fig.1a) 

These changes (Retinal thickness reduction) 
were noticed mainly in cases with pronounced waxy 
yellow optic disc color, generalized attenuation of 
blood vessels, heavier pigmentation and more RPE 
atrophy. 

Eight eyes of 5 patients had cystoid macular 
edema.( Fig.3) .Three of these patients had bilateral 
CME which was evident as intra-retinal cystic spaces 
with pooling of the dye in FA.  

OCT images of these eyes showed 
generalized reduction of retinal thickness. There was 
also increase thickness in central, all inner quadrants 
and superior and inferior outer quadrant, with areas 
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of low intra-retinal reflectivity prevailing in the outer 
retinal layers, and loss of foveal depression. (Fig.3a) 

One case which had epiretinal membrane 
(Fig.4) showed increase retinal thickness above 
average normal in the central quadrant, while the 
inner and outer retinal quadrants showed decrease 
thickness. (Fig.4a)  

In another case, evidence of epiretinal 
membrane was detected with partial thickness 
macular hole. (Fig. 5 &5a). 

 
OCT images in Retinal pigment epithelial (RPE) 
changes including subfoveal RPE: 

There was no correlation between RPEL 
thickness and either   degree of retinal pigmentation 
seen in fundus photos or the change in NFL 
thickness. 

In cases were bone specules were found, there was 
intra-neural hyper-reflectivity with cone shadow 
effect due to pigment deposits. The majority of the 
pigment deposits were in mid retinal layer. In other 
cases, the deposits were in the outer layer and peri-
vascular areas in the inner retinal layer. (Fig.6 &6a) 
Mid peripheral generalized retinal pigment epithelial 
(RPE) atrophy was represented by hyper-reflectivity 
and backscattering.  
RPE under the fovea was not affected in all typical 
cases. 
 
Findings in atypical cases: 

One eye had mottled fundus appearance 
with absence of bone specules; FIG.2 this patient was 
diagnosed as retinitis pigmentosa based on complaint 
of night blindness, visual field and 
electroretinographic abnormalities. FFA showed 
alteration between transmitted hyper fluorescence 
and blocked fluorescence and irregular FAZ. 

OCT of this case showed generalized reduction of 
the retinal thickness, generalized RPE atrophy with 
partial sparing of subfoveal RPE .(Fig.2a)  

Another atypical case of retinitis pigmentosa 
albescence showed white dots scattered through out 
the mid periphery of the fundus. FA showed mottled 
hyper fluorescence in the mid periphery, irregular 
enlarged FAZ.  

OCT showed thinning of the RPE within the 
macular area with enlarged central foveal depression 
and generalized reduction in foveal thickness. 

The sister of a typical case of retinitis pigmentosa 
presented with a bilateral fundus picture of Bull’s eye 
maculopathy with waxy pallor of the optic disc. FA 
revealed annular RPE transmission defect encircling 
the macular area and extending to the fundus mid 
periphery. FIG.7. OCT showed total macular volume 
reduction, with marked decrease in NFL thickness 
and generalized RPE atrophy.  

One case with high myopia (minus 10 diopters) 
showed macular hole which appeared as faint 
hyperfluorescent spot at the fovea showing window 
defect. OCT confirmed the presence, the stage and 
the measurement of the hole. 

 
4. Discussion 

Chauhan S et al 1999 found that invitro the 
mean thickness of the human inner OCT bands (131 
micron) was 7.3 times that of RNFL. The inner 
aspect of the outer OCT band corresponds to the 
apical RPE, but the mean thickness of this band in 
human tissue( 55 micron) was 2.6 times the thickness 
of RPE-Chorio-capillares complex, OCT 
measurement of total retinal thickness was 
accurate.(7) 

In our study retinal thickness was reduced in 
central quadrant, inner and outer quadrant in cases 
with typical as well as atypical fundus presentation .  
The macula showed total macular volume reduction, 
decrease central foveal thickness (ranging from 87 to 
150 microns) with enlargement of central foveal 
depression. These changes was noticed  mainly in 
cases with pronounced waxy yellow optic disc color, 
generalized attenuation of blood vessels, Heavier 
pigmentation and more RPE atrophy  

Sachiko et al 2000 studied 3 patients with 
retinitis pigmentosa (RP). OCT showed that retinal 
thickness was reduced in the retinal areas affected by 
RP (+/- 90 micron) & nearly normal in the unaffected 
macular area. Reflectivity was partially decreased in 
the affected retinal areas and pigment masses were 
hyper -reflective. Reflectivity of the macular area 
was nearly normal except when there is edema in the 
fovea it decreases. (8) KO TH. et al 2005,found that 
there is marked atrophy of photo receptor cells in the 
peripheral macular region, but other intraretinal 
layers appear normal except outer nuclear layer 
which becomes abnormally thin in the periphery of 
the macula. Progressive thinning of photo receptor 
inner segment & outer segment also occurs out side 
the foveal region. (9)  

Sandberg MA et al 2005, studied 162 RP 
patients, the retinal thickness (mean +/- SD) was 170 
+/- 3 micron at fixation. (6)  

In our study, there was no correlation 
between RPEL thickness and either degree of retinal 
pigmentation seen in fundus photos or the change in 
NFL thickness. In cases were bone specules were 
found, there was intra-neural hyper-reflectivity with 
cone shadow effect due to pigment deposites .Mid 
peripheral generalized retinal pigment epithelial 
(RPE) atrophy was represented by hyper-reflectivity 
and backscattering. RPE under the fovea was not 
affected in all typical cases.  
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Chauhan S et al 1999, performed OCT scans 
of RP patients. They found that although inner& 
outer band could be identified, the inner band was 
less intense. Scans passing through bony specules 
hyperpigmentations had discrete regions of very high 
signal and deep to inner most border of inner band. 
(7).  

In our study, one eye had mottled fundus 
appearance with absence of bone specules. 

Another atypical case of retinitis pigmentosa 
(albescence) showed white dots scattered throughout 
the mid periphery of the fundus. FA showed mottled 
hyper fluorescence in the mid periphery, irregular 
enlarged FAZ. OCT showed thinning of the RPE 
within the macular area with enlarged central foveal 
depression and generalized reduction in foveal 
thickness. Qureques G. et al. 2006 analyzed 26 cases 
with flecked retinae with OCT. The aim was to 
determine the precise localization of these flecks 
within the retinal layers. Hyper- reflective deposits 
classified into two types were observed on Stratus 
OCT: type 1 lesions (94% of eyes) presented as 
dome-shaped deposits located in the inner part of the 
retinal pigment epithelium (RPE) layer and type 2 
lesions (86% of eyes) presented as small linear 
deposits located at the level of the outer nuclear layer 
and clearly separated from the RPE layer. (10) 

In our cases eight eyes of 5 patients had 
cystoid macular edema. Three of these patients had 
bilateral CME which was evident as intra-retinal 
cystic spaces (13) OCT findings in CME include 
increased retinal thickness in the macula with areas 
of low intra -retinal reflectivity. Cystoid spaces 
appear as small round hyper reflective lacunae with 
well defined boundaries. Outer retinal swelling 
appears as ill defined wide spread hypo-reflective 
area of thickening (14-16). Catier A.  et al 2005 
reported on OCT  finding of the macular changes of 8 
RP patients.  Increased retinal thickness was 373 +/- 
55 mic.  Seven cases had external cystoid spaces, 5 
cases had central foveal cystoid space and 1 case had 
outer retinal swelling. None had partial vitreous 
detachment. (11) 

Sandberg MA et al 2005 found that 15 % of 
191 RP patients included in their study had CME. 
Cysts ranged from small vacules 50 mic, in height at 
the level of INL to multiple vacules of more than 400 
mic. in height that distorts the cysto-architecture .(6) 
In this study one case with RP & high myopia (minus 
10 diopters) showed macular hole which appeared as 
faint hyperfluoresent spot at the fovea showing 
window defect. OCT confirmed the presence, the 
stage and the measurement of the macular hole. Adel 
M et al 2004 found 6 % of cases with macular hole in 
their OCT study of 100 cases of high myopia, but 
none was diagnosed as RP (17) 

 

 
 
Fig. 1 Fundus colored photo and FFA of typical case 

of RP 
 
 
 

 
 
Fig.1a OCT photo of typical case of RP showing 
Hyper-reflective intra-retinal pigments deposited in 
mid retinal tissue with cone shadow effect and RPE 
atrophy 

 
 

 
 

Fig.2 Generalized RPE atrophy 
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Fig.2a OCT photo of generalized RPE atrophy 

 

 
Fig.3 Fundus photo of atypical case with cystoid 

macular edema. 

 
Fig.3a OCT photo of atypical case with Intra-retinal 
fluid accumulation in cystic spaces with large foveal 

cyst & intact subfoveal RPE 

 
Fig.4 Fundus photo of atypical case with epiretinal 

membrane 

 
Fig.4a: OCT photo of atypical case with tightly 
adherent hyper-reflective epiretinal membrane, 

retinal edema and intact sub-foveal RPE. 
 

 
Fig. 5 Fundus photo of atypical case with lamellar 

macular hole 

 
 

Fig.5a : OCT photo of atypical case with evidence of 
hyper-reflective tightly adherent RPE with lamellar 

macular hole. 

 
Fig. 6 Fundus picture of a typical case of RP with 

peri-vascular pigment deposits and bony specules. 
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Fig.6a OCT photo of a typical case with hyper-
reflective intra-retinal pigment deposited around the 
wall of retinal vessels in mid retinal tissue with cone 
shadow effect and RPE atrophy. 

 
Fig.7 Fundus colored photo and FFA of atypical case 

of RP with Bull’s eye like maculopathy 

 
     Table 1 Examples of data of patients included in the study 

 

Central macular 
thickness 

Foveal 
thickness 

FFA Colored Fundus 
photo 

Eye DOB Sex Name 

♂ OU 
 

7/1/63 Blocked F Bone spec. retinal 
atrophy 
Bone spec. 4 Q 
periphery 

184 
188 

133 + 3 
142 + 9 

M. Rabiea 

154 
164 

 Hypofl. 
Surrounded by 
hyperfl 

Bull’s eye macula OU 10/6/7
9 

♂ Amal M. 

115 OD 
110 OS 

86 + 4 
91 + 7 

Enlarged FAZ 
retinal mottling 

♀ OU 20/7/8
6 

Bone spec. retinal 
atrophy 

Mohamed 
Sayed 

130 
129 

102 + 5 
87 + 2 

Block F by 
specules 

Peripheral bone 
specules attenuated  
vessels 
Left same less 
spec/macular old 
exudates 

14/2/7
9 

♀ OU Nader S. 

100 _+3 122 
145 102  _  +4 

Retinal mottling 
window defect 

Bone specules OU 29/4/9
6 

♂ Amal 
Ramadan 

144 
203 

140 
180 
 

Retinal mottling 
window defect 
Cystoid 

Peripheral bone 
specules attenuated  
vessels 

OU 13/7/6
8 

♀ Esam 
Gomaa 

 
Table 2 OCT finding in Retinitis Pigmentosa 
 Main finding in all cases was generalized reduction in retinal thickness in most macular quadrants 

compared to normative data for patient’s age group. 
 All cases with reduced retinal thickness showed generalized RPE atrophy, characterized by loss of 

the RPE hyper-reflective reflex with increased back scattering of hyper-reflective signal from the 
choroidal layer and sclera. This was true even in atypical cases in which no pigmented deposits 
was found (bony specules) 

            editor@americanscience.org 
 

1235 



Journal of American Science                                                                                                                 2010;6(10)      

  

 In spite of the generalized RPE atrophy, the sub-foveal RPE was found to be intact in the majority 
of cases despite other macular pathology. 

 In typical cases  pigmented deposits were found  (bony specules. ) the deposits were found to be at 
different retinal layers .The majority were mid retinal  hyper reflective deposits, in others, deposits 
were found to be on outer retinal layers and para-vascular area in inner layers (retinal nerve layer). 
Fig 6&6a. 

 Macular pathology includes: 
‐ Cystoids edema with large intra foveal cyst. 
‐ Epiretinal membrane ERM  with diffused macular edema 
‐ Lamellar or full thickness macular hole due to rupture cyst or ERM traction. 
‐ Bull’s eye maculopathy 
 
5. Conclusion: 

OCT is very useful tool to define the 
pathological changes of cases of typical as well as 
atypical cases of retinitis pigmentosa. Not only that, 
but it can help prediction of the visual prognosis of 
these patients. Retinal thickness reduction was 
noticed  mainly in cases with pronounced waxy 
yellow optic disc color, generalized attenuation of 
blood vessels, heavier pigmentation and more RPE 
atrophy There was  no correlation between RPEL 
thickness and either  degree of retinal pigmentation 
seen in fundus photos or the change in NFL 
thickness. 
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Abstract: Polycyclic aromatic hydrocarbons (PAHs) are a group of chemicals composed of two or more fused 
aromatic rings that are formed from the incomplete combustion or high-temperature pyrolysis of coal, oil, gas, 
wood, fossil fuel, garbage or other organic substances, such as tobacco, charbroiled meat and exhaust from 
automobile and trucks. They enter the environment and release to air, soil, water and food. Some PAHs have shown 
to have toxicological, carcinogenic and mutagenic effects on animals and humans.   Biodegradation of PAHs in the 
presence of the three types of lactic acid bacteria  (Bifidobacterium bifidium, Streptococcus thermophilus and 
Lactobacillus bulgaricus) were studied during the different incubation periods (2, 4, 6,8,10,12,24,48 and 72 h) at 
37˚C. The reduction of PAHs concentration proved that these compounds were affected by the previous lactic acid 
bacteria. At the end of incubation period (72 h), the reduction percent were 46.6, 87.7 and 91.5% with 
Bifidobacterium bifidium, Streptococcus thermophilus and Lactobacillus bulgaricus, respectively. These results 
could be explained as the bacterial cell is a high proteinous material and so may adsorbs PAHs which could interfere 
with cellular metabolism. Also, the variation of pH values during the incubation periods may control in the adsorbed 
PAHs on the cells. The biodegradation of PAHs by yoghurt starter during yoghurt manufacture were studied. 
Slightly reduction was observed during the incubation periods (1, 2 and 3 h). The reduction percent was 3.46 at the 
final product. It could be revealing that the persistence of PAHs depend on a number of factors such as the type of 
microorganism, the interaction between microorganisms, the microbial concentration, the composition of the 
medium, and the microbial growth conditions of temperature and pH. The foregoing information reveal that extra 
care must be taken when comparing the results since in-vitro studies are not always relevant to real situation in food 
products.  
[Abou-Arab, A.A.K; Abou-Bakr Salim; Maher,R. A; El-Hendawy, H.H. and Awad, A.A. Degradation of Polycyclic 
Aromatic Hydrocarbons as Affected by some Lactic Acid Bacteria. Journal of American Science 2010;6(10):1237-
1246]. (ISSN: 1545-1003). 
 
Key words: PAHs, Lactic acid bacteria, Degradation, MRS, Milk, Yoghurt. 
 
1. Introduction: 

Polycyclic aromatic hydrocarbons (PAHs) 
are a group of chemicals composed of two or more 
fused aromatic rings  that are formed during the 
incomplete combustion or high-temperature pyrolysis 
of coal, oil, gas, wood, fossil fuels, garbage, or other 
substances, such as tobacco and charbroiled meat 
(Mottier et al.,2000). The quantity and composition 
of PAHs produced are closely related to the reaction 
conditions, temperature and amount of air and, 
therefore, may vary considerably (Vaessen et al., 
1988). Over 100 PAHs have been identified and 
occur as complex mixtures, never as individual 
components.                                                                                                                           
             PAHs comprise the largest class of known 
chemical carcinogens and have been detected in the 
environment especially in air, water, soil and foods. 
They enter the environment mostly as releases to air 
from volcanoes, forest fires, and residential wood 
burning, cigarette smoke, asphalt roads, coal, coal tar, 

agricultural burning, municipal, industrial waste 
incineration, hazardous waste sites and exhaust from 
automobiles and trucks.. They can also enter surface 
water through discharges from industrial plants and 
waste water treatment plants. These compounds can 
be released to soils at hazardous waste sites if they 
escape from storage containers (ATSDR 1995). The 
populations may be exposed to PAHs in the soil at or 
near hazardous waste sites. The movement of PAHs 
in the environment depends on properties such as 
how easily they dissolve in water, and how easily 
they evaporate into the air. PAHs in general do not 
easily dissolve in water. They are present in air as 
vapors or stuck to the surfaces of small solid 
particles. They can travel long distances before they 
return to earth in rainfall or particle settling (ATSDR 
1995). The PAHs content of plants and animals living 
on the land or in water can be many times higher than 
the content of PAHs in soil or water. 
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          Polycyclic aromatic hydrocarbons (PAHs) are 
proven animal carcinogens; in humans they are 
suspected of causing cancer. Clinical studies have 
shown that exposure a mixture of highly concentrated 
PAHs may cause various cancers, in skin, lung, 
stomach and liver. It is generally convinced that 
PAHs are responsible for the increasing cancer risks 
as PAHs are capable of damaging genetic materials 
and thus initiating the development of cancers 
(Schneider et al., 2000). Some of PAHs compounds 
such as benzo(a) pyrene and dibenzo (a,h) anthracene 
were reported to be the most carcinogenic     ( 
Schneider et al., 2000). So, the presence of these 
compounds in food has received considerable 
attention over the past three decades (Maga, 1988). 
Food quality and safety is a pertinent issue, 
consumers are concerned that their food should be 
both of high nutritional value and free from chemical 
residues.  
          As environment pollution in different countries 
is becoming a serious problem, it is possible that 
PAHs may be widely distributed in the environment 
and thus contaminates food. The occurrence of PAHs 
in food may result from their sorption from a 
contaminated environment or from food preparation. 
The variation in PAHs profile in food products also 
depends on the source of the contamination (Vaessen 
et al., 1988).   PAHs have been detected in fresh 
vegetables, fruits, and cereals as a result of the 
deposition of airborne PAHs, particularly near 
industrial sources or in areas with high traffic 
(Dennis, 1991). They have also been found in 
mussels, snails, and fish from contaminated waters 
(Speer et al., 1990). Kan et al. (2003) reviewed the 
occurrence of PAHs in animal products. In France, 
PAHs have been found in milk at total levels of 37 
and 27 ng/g fat (Grova et al., 2001). Concentrations 
up to 70 µg/kg were found in meat (SCF, 2002). 
PAHs are also present at elevated levels in some 
vegetable oils and margarine (Thomson et al., 1996), 
probably formed during processing. They are also 
formed during some methods of food preparation, 
such as char-broiling, grilling, roasting, frying, or 
baking (Yabiku et al., 1993).  
          PAHs can breakdown to longer-lasting 
products by reacting with sunlight and other 
chemicals in the air, generally over a period of days 
to weeks. Breakdown in soil and water generally 
takes weeks to months and is caused primarily by 
microorganisms (ATSDR 1995). Biodegradation of 
chemicals by living organisms is one of the most 
important mechanisms for the breakdown of organic 
compounds and the microorganisms are the most 
important agents for such degradation. However, 
degradation is a very specific process and the growth 
of some microorganisms can even be inhibited by a 

xenobiotic. If degradation does occur, it is likely to 
result from enzymatic activity and may either occur 
immediately or only after a period of adaptation to 
the chemicals (Boethling, 1993).  
          The study of degradation of such residues in 
these foodstuffs is very important because of their 
increasing rate of consumption world-wide. 
Therefore, technological procedures in food 
production should be developed to reduce the content 
pollutants hazardous to public health in food 
products. Nowadays, in the food industry it is very 
common to use starter cultures to improve the 
characteristics of the food products, and the 
possibility that these microorganisms would degrade 
these contaminants is of great interest because the de-
chlorinated products are generally less toxic to 
animals, less likely to bio-accumulate, and more 
susceptible to further microbial attack ( Bayarri et al., 
1997). 
          Report on microbial degradation of PAHs 
appear increasing numbers, but such investigation 
tend to be focused on soil or aquatic microorganisms 
(Luning and Pritchard, 2002 and  Story et al., 2004), 
while the activity of microorganisms associated with 
food fermentation has been less will investigated.   
          With this in view, the present work was 
conducted to unveil and throw more light on the 
biodegradation of the target PAHs as affected by 
some types of lactic acid bacteria (dairy and 
fermented foods starter) in different media. 
 
2. Materials and methods 
1. Polycyclic aromatic hydrocarbons (PAHs) 
reference standards 
          A mixture (16 compounds) of PAHs reference 
standards containing acetaphthene, acenaphthylene, 
anthracene, benzo(a)anthracene,  benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(g,h,i)perylene, 
chrysene, dibenz(a,h)anthracene, fluoranthene, 
fluorene, indeno(1,2,3,-cd)pyrene, naphthalene, 
phenanthrene, pyrene and 2-bromonaphthalene was 
purchased from Supelco company (Supleco Park, 
Bellefonte, PA, U.S.A.).  

 
2. Bacterial Strains 
          Strains of Bifidobacterium bifidium (B. 
bifidium), Streptococcus thermophilus (S. 
thermophilus) and Lactobacillus bulgaricus (L. 
bulgaricus) were obtained from Cairo 
Microbiological Research Center, Cairo MIRCEN, 
Faculty of Agriculture, Ain-Shams University, Egypt. 
The strains were stored at -18˚C until utilized . 
 
3. Degradation of polycyclic aromatic hydrocarbons 
(PAHs) by lactic acid bacteria 
      Sterilize liquid medium De Man-Rogosa-Sharpe 
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(MRS) was prepared (300ml) according to Man et al. 
(1960) and spiked by PAHs mixture containing 16 
compounds of  acetaphthene, acenaphthylene, 
anthracene, benzo(a)anthracene,  benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(g,h,i)perylene, 
chrysene, dibenz(a,h)anthracene, fluoranthene, 
fluorene, indeno(1,2,3,-cd)pyrene, naphthalene, 
phenanthrene, pyrene and 2-bromonaphthalene 
0.25µg of each/ml medium). The medium was 
divided into three portions. The first, second and third 
portions were inoculated by 1% B. bifidium, S. 
thermophilus and L. bulgaricus, respectively. All 
flasks incubated at 37˚C for 2, 4, 6, 8, 10, 12, 24, 48 
and 72 h .The collected samples (10 ml of each) were 

extracted according to the method of Hodgeson 
(1990) for PAHs residues. The extraction method was 
validated. The limit of detection (LOD) is equal to 3 
times the standard deviation (SD) of the lowest 
standard concentration used for the calibration curve 
(Chantra and Sangchan, 2009). Minimum detectable 
concentrations of PAHs in the present investigation 
were ranged between 0.007 to 0.020 µg/ml (Table 1). 
Recovery results refer to complete method with 
concentration of 0.25 µg/ml of each compound PAHs 
(total compounds of 16 was 4µg/ml) used in this 
study ranged from 88 to 96 % (Table 1). The 
experiment was repeated by injecting  a mixture of 16 
PAHs standards 6 times.  

              
Table 1. Validation  (detection limits and recovery) of PAHs 

Compound LOD (µg/ml) Recovery (%) 
1-Naphthalene 0.010 88.0 

2-Acenaphthylene 0.020 89.2 

3-2.Bromonaphthalene 0.010 94.0 

4-Acenaphthene 0.008 94.0 

5-Fluorene 0.010 94.0 
6-Anthracene 0.009 93.0 

7-Phenanthrene 0.008 90.0 

8-Pyrene 0.020 92.0 

9-Fluoranthene 0.008 90.0 

10-Chrysene 0.008 96.0 

11-Benzo(a)anthracene 0.007 94.0 
12-Benzo(k)fluoranthene 0.007 92.0 

13-Benzo(a)pyrene 0.008 96.0 

14-Benzo(ghi)perylene 0.009 94.0 

15-Dibenz(a,h)anthracene 0.008 94.0 
16-Indeno(1,2.3cd)pyrene 0.010 89.0 

           Measured volumes of the medium were 
serially extracted with dichloromethane. Sixty ml of 
dichloromethane was added to the sample in 
separating funnel with shaking for two minutes with 
periodic venting to release excess pressure. Then, the 
organic layer separated from the liquid phase and the 
dichloromethane extract collected in 250 ml 
Erlenmeyer flask. The extraction steps repeated by 
adding another 60 ml dichloromethane. A third 
extraction in the same manner was performed. The 
combined extracts of dichloromethane was dried 
through column containing about 10 cm of anhydrous 
sodium sulphate and the extracts were collected in 
Kuderna- Danish (K-D) concentrator and the K-D 
placed on a hot water bath (60-65˚C), so that the 
concentrator tube is partially immersed in hot water, 
and the entire lower rounded surface of the flask was  
bathed with hot vapor. When the apparatus volume of 
liquid reaches 0.5 ml, the K-D was removed and 
allowed it to drain and cool for at least 10 min. Then 

the synder column was removed. The flask and its 
lower joint into the concentrator tube were rinsed 
with   1-2 ml dichloromethane. The extract was 
evaporated with a gentle steam of N2 flow to defined 
volume. 
     One micro-liter of each sample extract was 
injected into a Hewlett Packard 5890 gas 
chromatograph fitted with a HP-5 fused silica 
capillary column (50m x 0.2mm x 0.33µm film 
thickness) and connected to Hewlett Packard 5970 
series mass selective detector. The carrier gas was 
helium, maintained at a flow rate of 1.0 ml/min. The 
injection port temperature was 275˚C with electron 
energy of 70 eV. The quadrupole temperature was 
280˚C. The oven programmed was as follows: 70˚C 
for 5 min, 3˚C/min to 290˚C for 30 min. The mass 
spectrometer is tuned by letting in a small amount of 
perfluorotributylamine (C12F27N) gas as a reference. 
The fragments of peak for m/z, 69, 219 and 502 were 
observed and tune results were recorded and the 
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masses are calibrated. The mass spectrum for each of 
the peaks from the resulting chromatogram from 
analyzed samples was observed by the total ion count 
(TIC) mode. Calibration was carried out by external 
standards, mixture of 16 compounds (Fig.1). The 

mass spectrometer was operated in selective ion 
monitoring mode using separate ions to identify and 
confirm compounds. Acquired mass spectrum in 
samples was compared with the standard and library 
spectra for identification. 

 
        Fig.1. Mixture of polycyclic aromatic hydrocarbons (PAHs) analyzed by GC/MS 
 
Degradation of PAHs by yoghurt starter 
           Mixture of buffalo's and cow's milk was 
heated at 80-82˚C for 20 min and cooled to 40˚C. The 
milk was polluted by polycyclic aromatic 
hydrocarbons (PAHs) mixture (16 compounds) to 
give concentration around 0. 02 µg/ml of each 
compound in the mixture and the PAHs concentration 
of the polluted mixture was determined.     
          Polluted milk was inoculated with 2% yoghurt 
starter (mixture of S. thermophilus and L. bulgaricus) 
and incubated at 40°C for 3.0 h as described by the 
Egyptian Organization for Standardization, EOS 
(1970). The samples were analyzed at zero time and 
after 1, 2 and 3 h (yoghurt product) intervals. The 
extracted samples for PAHs were applied and 
determined by GC/MS according to the method of 
Hodgeson (1990) as described before.  
 
Statistical analysis 
      The data were statistically analyzed by analysis of 
variance and least significant difference (L.S.D) at 
0.05 levels according to the method described by 

Snedecor and Cochran (1980). 
 

3. Results and Discussion: 
Degradation of polycyclic aromatic hydrocarbons 
(PAHs) by lactic acid bacteria: 
         MRS media  broth contaminated by PAHs (16 
compounds, 0.25 µg of each/ml media) and 
inoculated with B. bifidium, S. thermophilus  and L. 
bulgaricus and incubated at 37°C for 72 h, critical 
and significant role of lactic acid bacteria (LAB) in 
uptake and/or degrade PAHs was observed. It could 
be revealing that the persistence of PAHs depends on 
bacterial species and incubation period.  
         The obtained results revealed that PAHs was 
affected by B. bifidium strain during the incubation 
period (Table2). After 2 to 48 h of incubation, 
naphthalene, acenaphthylene, 2-bromonaphthalene 
and acenaphthene weren't detected in the various 
samples. However, 2-bromonaphthalene and 
acenaphthene were appeared after 72 h of incubation 
and the reduction (%) was 74.8 and 87.6, in this 
order. Regarding to the other compounds in different 
samples, they were detected  at fluctuation levels and 
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the sum of total mixture compounds was decreased 
during the incubation periods. 
          The same pattern was detected in case  of S. 
thermophilus (Table 3) except, the presence of 
residues of acenaphthylene, 2-bromonaphthalene and 

acenaphthene after 2 h incubation, beside presence of 
0.017 µg/ml of 2-bromonaphthalene when the 
incubation period was 72 h. Also, fluctuation levels 
were observed during the different period of 
incubation. 

 
Table 2. Persistence of PAHs in MRS media broth during incubation at 37°C as affected   by Bifidobacterium  

bifidium.     
Residues of PAHs (µg/ml) during the incubation period (hr) 

72 48 24 12 10 8 6 4 2 
PAHs compounds 

nd nd nd nd nd nd nd nd nd Naphthalene 
nd nd nd nd nd nd nd nd nd Acenaphthylene 

0.063 nd nd nd nd nd nd nd nd 2.Bromonaphthalene 
0.031 nd nd nd nd nd nd nd nd Acenaphthene 
0.110 nd 0.017 0.010 0.005 nd 0.017 nd 0.009 Fluorene 
0.182 0.071 0.204 0.012 0.038 0.024 0.059 0.248 0.076 Anthracene 
0.023 0.013 0.053 0.099 0.007 0.022 0.037 0.056 0.151 Phenanthrene 
0.220 0.203 0.103 0.121 0.057 0.102 0.068 0.143 0.089 Pyrene 
0.211 0.196 0.097 0.121 0.054 0.106 0.083 0.140 0.080 Fluoranthene 
0.185 0.112 0.059 0.101 0.012 0.085 0.061 0.155 0.008 Chrysene 
0.250 0.201 0.109 0.153 0.052 0.118 0.099 0.196 0.083 Benzo(a)anthracene 
0.128 0.127 0.078 0.105 0.045 0.028 0.095 0.163 0.084 Benzo(k)fluoranthene 
0.117 0.019 nd 0.009 0.003 0.012 0.015 0.093 nd Benzo(a)pyrene 
0.111 0.128 0.087 0.042 0.006 0.044 0.143 0.068 0.043 Benzo(ghi)perylene 
0.229 0.173 0.078 0.094 0.007 0.057 0.144 0.128 0.053 Dibenz(a,h)anthracene 
0.250 0.173 0.108 0.090 0.010 0.188 0.186 0.239 0.080 Indeno(1,2.3cd)pyrene 
2.138 1.428 0.993 0.957 0.296 0.786 1.007 1.629 0.756 Total (sum) 

-Total of mixture compounds (4.0 µg/ml, 0.25 µg of each 16 compounds). 
-nd: not detectable. 
 
 
Table 3. Persistence of PAHs in MRS media broth during incubation at 37°C as affected by Streptococcus 

thermophilus .  
Residues of PAHs (µg/ml) during the incubation period (hr) 

72 48 24 12 10 8 6 4 2 
PAHs compounds 

nd nd nd nd nd nd nd nd nd Naphthalene 
nd nd nd nd nd nd nd nd 0.023 Acenaphthylene 

0.017 nd nd nd nd nd nd nd 0.045 2-Bromonaphthalene 
nd nd nd nd nd nd nd nd 0.046 Acenaphthene 

0.017 0.008 0.037 0.003 0.005 0.015 nd nd 0.051 Fluorene 
0.072 0.078 0.249 0.004 0.008 0.065 0.202 0.049 0.060 Anthracene 
0.010 0.041 0.056 0.003 0.004 0.017 0.037 0.045 0.046 Phenanthrene 
0.068 0.135 0.241 0.028 0.037 0.071 0.152 0.048 0.066 Pyrene 
0.070 0.135 0.221 0.019 0.031 0.067 0.150 0.047 0.060 Fluoranthene 
0.046 0.071 0.187 0.003 0.008 0.052 0.129 0.024 0.011 Chrysene 
0.056 0.103 0.210 0.033 0.035 0.066 0.150 0.047 0.042 Benzo(a)anthracene 
0.015 0.080 0.180 0.002 0.037 0.070 0.167 0.058 0.023 Benzo(k)fluoranthene 
0.034 0.011 0.042 0.003 0.003 0.020 0.056 0.012 0.020 Benzo(a)pyrene 
0.025 0.079 0.168 0.005 0.004 0.063 0.147 0.056 nd Benzo(ghi)perylene 
0.045 0.098 0.088 0.018 0.009 0.034 0.003 0.003 nd Dibenz(a,h)anthracene 
0.019 0.150 0.248 0.028 0.019 0.048 0.193 0.071 nd Indeno(1,2,3cd)pyrene 
0.494 0.989 1.927 0.159 0.205 0.588 1.386 0.460 0.493 Total (sum) 

-Total of mixture compounds (4.0 µg/ml, 0.25 µg of each 16 compounds). 
-nd : not detectable. 
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          The effect of L. bulgaricus (Table 4) on PAHs 
was similar to that detected with B. bifidium. It was 
observed that naphthalene, acenaphthylene, 2-
bromonaphthalene and acenaphthene were 
disappeared during the incubation for 48 h. However, 

traces of either naphthalene (0.013 µg/ml) and 
acenaphthylene (0.003 µg/ml) were detected after 72 
h and 48 h incubations, respectively. With the other 
compounds, the same sequence was detected as in the 
other two strains. 

 

Table 4. Persistence of PAHs in MRS media broth during incubation at 37°C as affected by Lactobacillus 
bulgaricus . 

Residues of PAHs (µg/ml) during the incubation period (hr) 
72 48 24 12 10 8 6 4 2 

PAHs compounds 

0.013 nd nd nd nd nd nd nd nd Naphthalene 
nd nd nd nd nd nd nd nd nd Acenaphthylene 
nd nd nd nd nd nd nd nd nd 2.Bromonaphthalene 
nd 0.003 nd nd nd nd nd nd nd Acenaphthene 

0.003 nd nd nd nd 0.027 0.013 nd nd Fluorene 
0.032 0.016 0.034 0.019 0.025 0.029 0.013 0.068 0.041 Anthracene 
0.009 nd 0.033 0.019 0.016 0.007 nd 0.011 nd Phenanthrene 
0.037 0.047 0.029 0.073 0.061 0.084 0.115 0.125 0.035 Pyrene 
0.038 0.003 0.010 0.074 0.060 0.080 0.133 0.115 0.024 Fluoranthene 
0.039 0.072 0.090 0.037 0.051 0.057 0.053 0.047 nd Chrysene 
0.049 0.002 0.151 0.083 0.073 0.096 0.126 0.111 0.034 Benzo(a)anthracene 
0.033 0.049 0.031 0.087 0.065 0.069 0.094 0.051 0.092 Benzo(k)fluoranthene 
0.026 0.004 0.035 0.031 0.016 0.019 0.028 0.009 nd Benzo(a)pyrene 
0.006 0.021 0.140 0.032 0.049 0.039 0.029 0.089 0.087 Benzo(ghi)perylene 
0.024 0.027 0.217 0.073 0.043 0.036 0.045 0.095 0.081 Dibenz(a,h)anthracene 
0.032 0.062 0.121 0.071 0.102 0.023 0.172 0.047 0.140 Indeno(1,2,3cd)pyrene 
0.341 0.306 0.891 0.599 0.561 0.566 0.821 0.768 0.534 Total (sum) 

-Total of mixture compounds (4.0 µg/ml, 0.25 µg of each 16 compounds).                  -nd : not detectable. 
 
          Data presented in Table 5 proved the critical 
and significant role of LAB in uptake and/or degrade 
PAHs. During the incubation periods (2, 4, 6, 8, 10, 
12, 24, 48 and 72 h), the reduction (%) relative to  the 
initial concentration of PAHs (4 µg/ml) ranged from 
(46.6 to 92.9), (51.8 to 94.9) and (77.7 to 92.4), by B. 
bifidium, S. thermophilus and L. bulgaricus, 
respectively. It is worthy to mention that the highest 
reduction of PAHs by B. bifidium and S. 

thermophilus was observed after incubation for 10 
and 12 h, and was found to be 92.6 and 96.0 %, 
respectively. However, the highest reduction by L. 
bulgaricus was recorded after 48 h and was found to 
be 92.4%. In a descending order, the strains tested 
could be arranged according to their ability to 
assimilate the PAHs at the end of incubation (72 h), 
to be as follows: L. bulgaricus (91.5%), S. 
thermophilus (87.7%) and B. bifidium (46.6%) as 
shown in Table 5. 

Table 5. Persistence of polycyclic aromatic hydrocarbons ( PAHs) in MRS media broth during incubation at 
37°C as affected by lactic acid bacteria.(LAB). 

Lactobacillus  bulgaricus 
Streptococcus 
thermophilus . 

Bifidobacterium 
bifidium. 

Reduction 
(%) 

Residue 
(µg/ml) 

Reduction 
(%) 

Residue 
(µg/ml) 

Reduction 
(%) 

Residue 
(µg/ml) 

Incubation 
periods/ hr 

86.7 0.534 87.7 0.493 81.1 0.756 2 
80.8 0.768 88.5 0.460 59.3 1.629 4 
79.5 0.821 65.4 1.386 74.8 1.007 6 
85.9 0.566 85.3 0.588 80.4 0.786 8 
86.0 0.561 94.9 0.205 92.6 0.296 10 
85.0 0.599 96.0 0.159 76.1 0.957 12 
77.7 0.891 51.8 1.927 75.2 0.993 24 
92.4 0.306 75.3 0.989 64.3 1.428 48 
91.5 0.341 87.7 0.494 46.6 2.138 72 

-Zero time: 4.0 µg/ml of sum total mixture (16 compounds) of PAHs (0.25 µg of each).  
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Degradation of polycyclic aromatic hydrocarbons 
(PAHs) by yoghurt starter 
          The purpose of this item, is to determine the 
role of yoghurt starter (S. thermophilus and L 
.bulgaricus) in degradation of PAHs compounds by 
in milk as complex medium . During the manufacture 
of yoghurt, data in Table 6 proved slightly significant 
role of yoghurt starter in degradation of PAHs 
(0.4044 µg/ml). The mean reduction (%) after 1 h of 
incubation at 40°C was 1.11%. However, after 2 h 

and 3 h, the reduction (%) increased to 2.15 and 3.46 
% of sum PAHs compounds, respectively. These 
results indicate that the level of PAHs compounds 
were variable. The highest reduction were recorded 
with the compounds of indeno(1,2,3-cd)pyrene 
(5.81%), benzo (ghi) perylene (5.16%) followed by 
dibenz(a,h)anthracene (4.17%) at the end of 
incubation period (3 h). However, these reductions 
were slightly significant. 

 
Table 6. Concentrations (µg/g) of PAHs during incubation at 40°C as affected by yoghurt starter 

PAHs Zero time 1 hour  2 hour  3 hour  

 
concentration  

µg/g 
Concentration 

µg/g 
Reduction 

(%) 
Concentration 

µg/g 
Reduction   

(%) 
Concentration 

µg/g 
Reduction 

(%) 

Naphthalene 0.0261 0.0259 0.77 0.0257 1.53 0.0251 3.83 
Acenaphthylene 0.0228 0.0226 0.88 0.0224 1.60 0.0223 2.19 

2-Bromonaphthalene 0.0295 0.0293 0.84 0.0291 1.36 0.0288 2.35 

Acenaphthene 0.0258 0.0256 0.92 0.0253 1.92 0.025 3.10 
Fluorene 0.0299 0.0296 1.00 0.0294 1.67 0.0289 3.34 
Anthracene 0.0321 0.0317 1.25 0.0314 2.18 0.0311 3.12 
Phenanthrene 0.0291 0.0288 1.03 0.0285 2.06 0.0281 3.44 
Pyrene 0.0248 0.0245 1.21 0.0244 1.61 0.0239 3.63 
Fluoranthene 0.0268 0.0265 1.12 0.0261 2.61 0.0259 3.36 
Chrysene 0.0264 0.0259 1.89 0.0256 3.03 0.0253 4.17 
benzo(a)anthracene 0.0212 0.0209 1.42 0.0207 2.36 0.0206 2.83 

Benzo(k)fluoranthene 0.0220 0.0217 1.36 0.0215 2.27 0.0212 3.64 

Benzo(a)pyrene 0.0212 0.0210 0.94 0.0207 2.36 0.0204 3.77 
Benzo(ghi)perylene 0.0252 0.0248 1.59 0.0245 2.78 0.0239 5.16 

Dibenz(a,h)anthracene 0.0215 0.0213 0.93 0.0209 2.87 0.0207 3.72 

Indeno(1,2.3-d)pyrene 0.0200 0.0198 1.00 0.0195 2.50 0.1920 5.81 

Total (sum) 0.4044 0.3999 1.11 0.3957 2.15 0.3904 3.46 
-The intial pH of whole milk (O.T) was 6.8             -After 1 hr, pH was 6.1 
-After 2 hr, pH was 5.9                                               -After 3 hr, pH was 4.8 
 
4. Discussion: 
          Biodegradation is defined as the biologically 
catalyzed reduction in complexity of chemical 
compounds (Wilson and Jones, 1992). It is based on 
two processes: growth and co- metabolism. In the 
case of growth, organic pollutants are used as a sole 
source of carbon and energy. This process results in a 
complete degradation (mineralization) of organic 
pollutants. Co-metabolism is defined as the 
metabolism of an organic compound in the presence 
of a growth substrate which is used as the primary 
carbon and energy source.  
          Enzymatic key reactions of aerobic 
biodegradation are oxidations catalyzed by 
oxygenases and peroxidases. Oxygenases are 
oxidoreductases that used O2 to incorporate oxygen 
into the substrate. Degradative organisms need  

 
oxygen at two metabolic sites, at the initial attack of 
the substrate and at the end of the respiratory chain. 
Although the presence of PAHs in some types of 
food due to different treatments (FSA, 2002 and 
Falco el al., 2003), no information available on the 
degradation of PAHs by LAB or by pure cultures of 
microorganisms isolated from food and dairy 
products. Most investigations studied the microbial 
degradation of PAHs   in soil. 
           Factors that affect biodegradation include 
pollutant concentration and pure-exposure time. 
Microbial communities present in contaminated soil 
can metabolize PAHs at greater rates than soil 
microbial communities found in uncontaminated soils 
(Rathbone et al., 1998). Greater population density 
and diversity of microorganisms often result in 
increased degradation rates of PAHs in soil 
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(Rathbone et al., 1998). However, organic matter did 
not appear to increase the population of known PAH-
degrading microorganisms as much as general 
heterotrophic microorganisms (Carmichael and 
Pfaender, 1997). PAH degradation capabilities are 
associated with members of certain taxa such as 
Pseudomonas, Sphingomonas, and Burkholderia, 
independent of origin of the soil from which bacteria 
isolated (Mueller et al., 1997). Moreover, genes 
responsible for PAH degradation are homologous and 
ordered (Dagher et al., 1997). These genetic 
characteristics restrict enzymes diversity in microbial 
communities of pyrene and phenanthrene 
contaminated soils. 
           Biodegradation of PAHs in the present study 
by LAB, B. bifidium, S. thermophilus and L. 
bulgaricus were similarly to that recorded with PAHs 
degradation in soils. The reduction of PAHs 
concentration in this investigation proved that the 
studied microorganisms degraded the PAHs at 
different levels. The obtained results could be 
explained as the bacterial cell is a high proteinous 
material and so may adsorbs PAHs which could 
interfere with cellular metabolism. Also, the 
variations of PAHs levels detected during the 
incubation periods may be due to the lowering of 
PAHs values of the medium by the fermentation of 
their lactose contents. The variations of pH values 
during the incubation periods may determine whether 
PAHs could be adsorbed on the cells or became free 
in the MRS medium. The results of this study 
indicated that microbial communities exposed to 
PAHs contaminated media produced distinctive 
patterns of substrate utilization. The pattern indicated 
differences in community structure which resulted in 
a change in decomposition ability by the 
microorganisms. The PAHs have induced changes in 
type and amount of enzymes/or composition of the 
microbial population. The contaminants induced 
enzyme response from the microorganisms under 
their influence. The production of aromatic ring 
deoxygenase one of the PAH-degrading enzymes, 
was induced by the presence of PAH (Dagher et al., 
1997). However, organic matter did not appear to 
increase the population of known PAH-degrading 
microorganism's as much as general heterotrophic 
microorganisms (Carmichael and Pfaender, 1997). 
          The slightly reduction of PAHs by yoghurt 
starter may be related to the pH effects of the culture 
medium after or during the incubation period. In this 
sense, several authors labeled the pH as a factor that 
influences the microbial degradation process 
(Furukawa, 1982 and Fewson, 1988). On the other 
hand, the reduction of PAHs may be due to the 
protein affinity and/or adsorption ability of these 
compounds on the fat globule. Besides, the bacterial 

cell is high proteinous material and so may adsorb 
PAHs which could interfere with cellular 
metabolism. 
          The activity of microorganisms associated with 
food fermentation on the contaminants especially 
PAHs has been less will investigated. However, 
similar finding with pesticides (which represent the 
same group of PAHs, i.e. persistent organic 
pollutants) was recorded by Hantke and Bradley 
(1972) who found that adsorption of organochlorine 
pesticide residues was related to the interference with 
the cellular metabolism of organisms. Moreover, 
Chacko and Lockwood (1967) reported that bacterial 
cells can accumulate pesticide molecules. On the 
other hand, Kim and Harmon (1970) observed that 
amounts of dieldrin as pesticide are adsorbed or 
incorporated by the cells. In addition Abou-Arab 
(1996, 1999 and 2002) confirmed that the 
fermentation process in milk to produce dairy 
products (cheese) and meat products (fermented 
sausage) reduced pesticide residues and these 
reductions were due to the activity of milk or meat 
starter. Besides, the author reported that lactic acid 
bacteria decreased some types of pesticides (DDT, 
malathion and fenvalerate) during the incubation 
periods ranged from 2 to 12o h and the reduction (%) 
increase as incubation increased. 
          Slight reduction of PAHs during yoghurt 
manufacturing was observed.. This result coincides 
with those reported by Montoure and Muldon (1968), 
which explained the reduction in DDT content due to 
adsorption preferabilitiy by the milk protein, 
likewise, Hugunin and Bradley (1971) reported that 
significant amounts of dieldrin insecticide were 
associated with serum protein fraction in skimed milk 
. On the other hand, Abou-Arab (1987, 1991and 
2002) reported significant role of lactic acid bacteria 
in degradation of some types of pesticides. The 
author reported that yoghurt starter reduced lindane, 
β.BHC and DDT by 77.3, 9.0 and 2.0 %, 
respectively. On the other hand, the reduction of 
DDT and lindane was (24.1-32.5) and (27.9-40.0%), 
respectively with Micrococcus varians as meat 
starter. Moreover, Chacko et al. (1966) reported that 
bacterial cells can accumulate pesticide molecules. 
However, Kim and Harmon (1970) observed that 
amount of dieldrin are adsorbed by the cells.                                            
          It could be concluded that, LAB may affected 
by PAHs during the first time of incubation. 
Nevertheless, the microorganisms rapidly adapted 
with presence of such PAHs and grow fast. Then 
critical and significant role of these strains in uptake 
and/or degrade PAHs was observed.  But extra care 
must be taken when comparing the results since 
invitro studies are not always relevant to real 
situation in food products. This is due to the fact that 
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the biodegradation process may be affected by a 
number of factors such as the type of microorganism 
(even the type of strain), the interaction between 
microorganisms, the microbial concentration, the 
composition of the medium, whether the medium is 
liquid or solid, and the microbial growth conditions 
of temperature and pH. However, more studies must 
be done on the biodegradation of PAHs in food 
media. 
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Abstract: The present study provides a probable insight on the beneficial effects of medicinal plant in improving 
fertility and immunity of bucks. A total number of 50 male growing New Zealand rabbit were allotted and randomly 
divided into 5 equal groups, to study the effects of using radish, rocket and black cumin meal (at a level of 50%, 
respectively, as a replacement of soybean meal) and mixture of these meals at a level of 17% approximately for 
each, on semen characteristics, and seminal plasma and serum biochemical parameters. Each group received 
experimental diets containing nearly equal ratio of C/P under the same managerial conditions. The semen 
parameters revealed that the black cumin and the mixture diets gave the best results in case of reaction time, latency 
period, volume, motile sperm percentage, sperm concentration per ml, total sperm per ejaculate, total motile sperm 
and total function sperm fraction (8.47 vs. 7.67; 100.22 vs. 102.00; 0.79 vs. 0.79; 7.11 vs. 6.44; 82.56 vs. 87.22; 
565.56 vs. 510.22; 451.44 vs. 430.22; 377.52 vs. 378.09 and 320.28 vs. 323.41 respectively). On the other hand, 
radish showed good results concerning motile sperm percentage, motility percentage after one hour and the 
resazurin reduction activity (87.50, 70.83 and 4.18 respectively). Radish meal inclusion reduced significantly 
(P<0.0001) the production of free radicals in seminal plasma. Nigella sativa (NS), Raphanus sativus (RS) and Eruca 
sativa (ES) cakes contain different type of organic compound and antioxidant. The immunogenic results for the 
pervious cakes improve that, the RS giving the best results form the immunity point of view followed by the mixed 
cake and ES cake. While the NS cake giving just higher results than control. From the present study, we concluded 
that the inclusion of a mixture of equal quantities from radish, rocket and black cumin meals on the expense of 
approximately 50% soybean meal protein improved the semen characteristics and reduced free radicals in the 
seminal plasma. 
[Magda M El-Tohamy, El-Nattat WS and El-kady RI. The Beneficial Effects of Nigella sativa, Raphanus sativus 
and Eruca sativa Seed Cakes to Improve Male Rabbit Fertility, Immunity and Production. Journal of American 
Science 2010;6(10):1247-1255]. (ISSN: 1545-1003). 
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1. Introduction: 

The rabbit industry, especially in Egypt, needs 
new non traditional protein surceases cheap and 
enough in amount to overcome the expensiveness of 
traditional protein sources in the rabbit diet. These 
non traditional sources must have the privilege to 
ameliorate the animal health represented in 
supporting a good immunity, and animal production 
represented by the meat productivity and the animal 
fertility. Few studies were carried out on rabbit non-
conventional protein feed and literature available are 
not enough to overcome the nutritive issue, and its 
effects on animal health and reproduction.     

Production of Radish (Raphanus sativus), 
Rocket (Eruca sativa) and black cumin (Nigella 
sativa) meals in Egypt has been steadily increasing 
for the strong demand to volatile oils for 
pharmaceutical purpose. Those plants were found to 
incarnate natural substances that ameliorate health 
and promote the body condition to counteract the 
stress of illness (Eisenberg et al., 1993).  

Radish seeds were found to contain alkaloid like 
coumarins, saponins, flavonoids and anthocyanins 
(Sanaa, 2001). They decrease uric acid level in the 
serum which related to circulating markers of 
inflammation and free radical reactions (Zaman, 
2004). The anthocyanins are important group of 
dietary antioxidants that have many physiological 
functions. They protect living cells from oxidative 
damage resulting in the prevention of diseases 
(Matsufuji et al., 2003). Besides, radish seeds contain 
isothiocyanate that has antimicrobial activity, 
antimutagenic, anticarcinogenic.  The anthocyanins 
are important group of dietary antioxidants that have 
many physiological functions. They protect living 
cells from oxidative damage resulting in the 
prevention of diseases (Matsufuji et al., 2003). 
Besides, radish seeds contain isothiocyanate that has 
antimicrobial activity, antimutagenic, 
anticarcinogenic and antiatherosclerosis activity (Suh 
et al., 2006). The rocket seeds contain carotenoids, 
vitamin C, flavonoids such as appiin and luteolin and 
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glucosinolates the precursors of isothiocyanates and 
sulfaraphene (Talalay and Fahey, 2001), volatile oils 
like myristicin, apiole and �-phellandrene (Bradley, 
1992, and Leung and Foster, 1996). Glucosinolates 
were found to have several biological activities 
including anticarcinogenic, antifungal, antibacterial 
plus its antioxidant action (Kim et al., 2004). The 
major glucosinolate in seeds is Erucin which is 
potentially capable of protecting cells against 
oxidative stress via three mechanisms: (i) induction 
of phase II enzymes, (ii) scavenging hydrogen 
peroxide and alkyl hydroperoxides accumulated in 
cells and peripheral blood, and (iii) acting as a 
precursor of sulforaphene, a potent inducers 
detoxifying electrophiles and increase cellular 
antioxidant defenses (Barillari et al., 2005). They also 
contain Zn, Cu, Fe, Mg, Mn, and other elements 
(Abdo, 2003) which increase immune response and 
the reproductive performance. Carotenoids can 
protect phagocytic cells from antioxidative damage, 
enhance T and B lymphocyte proliferative responses 
and increase the production of certain interleukins 
(Bendich, 1989). Also, they increase plasma IgG 
concentration (Chew et al., 2000). 

The black cumin seeds contain thymoquinine 
that has antibacterial, diuretic, hypotensive and 
immuno-potentiating activities via increasing 
neutrophil percentage and hence increasing the 
defense mechanism of the body against infection 
(Kanter et al., 2005). Black cumin oil and its 
derivatives inhibit eicosanoid generation in 
leukocytes and membrane lipid peroxidation (El-
Dakhakhny et al., 2002).  The oil is also rich in fatty 
acid, (oleic, linoleic and linolenic acid) and carotene 
which is converted into vitamin A (Al-Jassir, 1992). 
Besides, the seeds contain eight essential amino acid 
that improve natural immune system activity (Omar, 
et al., 1999).  
                  Reports about using radish, rocket, black 
cumin or mixture of these meals as non-conventional 
feed proteins and their effects on production and 
immunity in rabbit diets are not enough. On the other 
hand, no reports were found on their effect on the 
reproductive performance of the animals. So, the 
present study aimed to monitor the effect of 
substitution a half part of soybean meal protein, by 
inclusion of radish, rocket, black cumin or mixture of 
these meals as cheap non-traditional sources of 
protein in rabbit bucks diet, on semen characteristics 
and reactive species in seminal plasma and serum,  
and carcass performance for male mature rabbits. 
 
2. Materials and methods 

The present study was carried out in the 
National Research Center Experimental Farm Station 
at Abou Rawash (Giza Governorate, Egypt). Feed 

stuffs and tested materials (radish, rocket and black 
cumin meals) were obtained after cooled extraction of 
oils at a commercial supplier. Meals were grounded 
to fine particles and chemically analyzed for 
moisture, crude protein (CP), crude fiber (CF), ether 
extract (EE), nitrogen free extract (NFE) and ash  
according to the procedures of AOAC (1995).  

A total number of fifty weaned white New 
Zealand male bunnies with average body weight of 
611.7 g (6 weeks old including one week adaptation 
period) were randomly allotted into five equal groups 
(n=10) in semi-automated horizontal steel batteries. 
Each bunny was caged separately. They were 
regimed on a photoperiod of 16 h light/day in the 
breeding season for Egypt. Feed and water were 
provided ad libitum. Five experimental diets (Table 
1) was formulated and prepared in the form of pellets 
at Meladico Company to cover the requirements of 
the five rabbits group according the NRC (1977). 

Radish, rocket and black cumin meals were 
incorporated to the control diet on the expense of 
soybean meal protein at a level of 50% and a mixture 
of these meals at a level about 17% for each, 
composing 4 dietary treatments (Table 1). Each 
experimental diet contained nearly equal ratio of 
calorie/protein (C/P) under the same managerial 
conditions. Experimental period lasted for 29 weeks.  
 
Blood samples:  

At the end of experimental period, blood 
was collected in clean sterile tubes from sacrificed 
rabbits. Samples were let to coagulate and transferred 
to lab. on ice to be centrifuged at 3500 rpm for 15 
min. at 4°C. Serum was separated and stored till 
assayed in ultra freeze – 80°C.   
 
Semen collection:  

Semen was collected twice weekly during 
the last 6 weeks of the experimental period. Bucks 
were trained to mount a teaser doe. Reaction time 
(the moment of subjecting a doe to the buck until the 
completion of erection estimated in seconds) was 
assessed using stopwatch. The latency period was 
assessed as the period between the dismount of the 
buck to the female and the second mount with 
complete erection (measured in seconds). Semen 
samples were collected twice weekly using an 
artificial vagina (IMV, France). Only the first 
ejaculate, white in color and gel-free was considered 
in the evaluation. Samples for reactive species and 
antioxidant assays were collected and centrifuged at 
1000 rpm for 15 min. in cooling centrifuge at 4°C. 
The supernatant seminal plasma was aspirated into 
enumerated ependorff then stored at -80°C till 
assayed. 
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Table (1). Composition and chemical analysis of tested diets. 
Mixed diet Nigella diet Rocket diet Radish diet Control diet Ingredients 

33.00 33.00 33.00 33.00 33.00 Clover hay 
19.00 19.00 19.00 19.00 21.00 Yellow corn 
30.10 30.10 30.10 30.10 30.10 Wheat bran 
7.00 7.00 7.00 7.00 14.00 Soybean meal 
3.00 -- -- 9.00 -- Radish seed meal 
3.00 -- 9.00 -- -- Rocket seed meal 
3.00 9.00 -- -- -- Nigella seed meal 
1.13 1.13 1.13 1.13 1.13 Limestone 
0.30 0.30 0.30 0.30 0.30 Vit+Min-Mix* 
0.30 0.30 0.30 0.30 0.30 Common salts 
0.17 0.17 0.17 0.17 0.17 DL-Methionine 

100.00 100.00 100.00 100.00 100.00 Total 
Chemical analysis determined (DM% basis) 

88.40 88.20 88.51 88.57 88.57 Dry matter (DM) 
89.33 89.14 89.24 89.54 89.48 Organic matter (OM) 
16.92 16.91 16.72 17.01 17.03 Crude protein (CP) 
12.70 12.80 12.60 12.70 12.73 Crude fiber (CF) 
3.80 3.90 3.70 3.80 2.79 Ether extract (EE) 
10.67 10.86 10.76 10.46 10.53 Crude ash 
55.91 55.53 56.22 56.03 56.92 Nitrogen free extract (NFE) 

2480 2450 2480 2508 2513 
Calculated analysis 

DE** (Kcal/Kg) 
0.87 0.87 0.87 0.87 0.92 Calcium 
0.45 0.45 0.45 0.45 0.50 Total phosphorus 

 
* One kilogram of Premix provides: 2000000 IU vit.A, 150000 IU vit. D, 8.33 g vit. E, 0.33 g vit. K, 0.33 g vit. B1, 
1.00 g vit. B2, 0.33 g vit. B6, 8.33 g vit. B5, 1.70 mg vit. B12, 3.33 g Pantothenic acid, 33.00 mg Biotin, 0.83 g Folic 
acid, 200.00 g Choline chloride, 11.70 g Zinc, 12.50 g Iodine, 16.60 mg  
Selenium, 16.60 mg Cobalt, 66.70 g Magnesium and 5.00 g Manganese. 
 
Semen evaluation and biochemistry: 

Immediately after semen collection, gel-free 
semen volume (using a graduated collection tube, 
IMV, France), pH (using a pH cooperative paper, 
ranged 5-9, Macherey-Nagel GmbH & Co, Düren, 
Germany), motility grade (0-9 score, according to the 
evaluation adopted by Petitjean, 1965) and 
percentage of motile sperm (PMS) were estimated 
(Boussit, 1989). Sperm cell concentration was 
estimated using an improved NeuBauer cell counter 
slide (GmbH+Co., Brandstwiete 4, 2000 Hamburg, 
Germany). . Total sperm per ejaculate was obtained 
by multiplying the total gel-free volume by the sperm 
cell concentration per ml. The percentages of motile 
sperm and motility grade were estimated by visual 
examination under low-power magnification (10×) 
using a light binocular microscope. Total number of 
motile sperm (TMS) was calculated by multiplying 
PMS x TSE. Percentage of live sperm (PLS) and 
abnormal morphology percentage (PAM) were 
assessed using an eosin-nigrosin blue staining 
mixture (Blom, 1950). Total functional sperm 
fraction (TFSF) was calculated as the product of TSE 

x PMS x PAM (Correa and Zavos, 1996). The 
motility after 1 hour (PMS after 1 hour) of incubation 
at 37°C was estimated. All the measurements were 
made by the same expert researcher during the whole 
experiment. The resazurin reduction test (RRT) 
depends on the ability of metabolically active 
spermatozoa in the semen sample to reduce blue 
resazurin dye (20 mmol/l) at 37°C. A clear pink color 
(resorufin) is measured at two optical densities of 580 
nm and 615 nm (Reddy and Bordekar, 1999). The 
antioxidative capacity was performed according to  
the method assumed by Montgomery and Dymock 
(1961). Blood samples were collected for 
biochemical a ssays. Semen were collected for 
evaluation.Total Antioxidant Capacity (TAC), Nitric 
Oxide (NO) Assay and Lipid peroxidation (LPO) 
assay (Malondialdehyde).  Lipid peroxidation (LPO) 
was performed according to the procedure accepted 
by Koracevic et al. (2001). The nitric oxide was 
estimated according to the method assumed by 
Montgomery and Dymock (1961). Green et al. 
(1982). Blood samples  and semen  were collected for  
evaluation. Of Total Antioxidant Capacity (TAC), 
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Nitric Oxide (NO) Assay and Lipid peroxidation 
(LPO) assay (Malondialdehyde).    All chemicals 
used in the study were of analytical grade and 
obtained from commercial suppliers. 
 
The immune response of the different groups was 
evaluated by: Estimate the antibody titre against 
Pasteurella vaccine by ELISA.and Detect nitric oxide 
and lysozyme levels in serum.   
ELISA test: The antigen used for ELISA was 
prepared by boiling Pasteurella multosida local 
isolate strain from rabbit (Manning, 1984). 
 
Statistical analysis: 

Data were statistically analyzed adopting one 
way ANOVA in the general linear model (GLM) 
utilizing the statistical analysis system (SAS, guide 
ver. 6.04, 1988). The least significant difference test 
(LSD) was used for comparing means at a confidence 
limit of 95% in results (Snedecor and Cochran, 
1980). 
 
3. Results and Discussion: 
Chemical composition of tested meals: 

The proximate chemical analysis of radish, 
rocket and black cumin meals (Table 1) showed that 
they contain reasonable amount of protein, NFE with 
little amount of CF. Concerning their feeding values, 
these nutrients may be considered as promising 
sources of energy (3345, 2988 and 2697 kcal DE / kg, 
respectively) and protein (35.30, 32.20 and 33.80 % 
respectively) in feeding rabbits. Osman et al. (2004) 
reported that radish meals contained 5.52% moisture, 
24.90% CP, 6.71% EE, 10.07% CF, 50.40% NFE and 
7.92% ash, while rocket meals contained 7.24% 
moisture, 36.03% CP, 7.64% EE, 7.69% CF, 36.81% 
NFE and 11.83% ash. The results of this study didn’t 
vary from those reported by Flanders and 
Abdulkarim (1985) who reported that rocket seeds 
meal contained 4.1% moisture, 27.8% oil, 27.4% 
protein, 6.6% ash and 1186 Ca (mg/100 g). Also, 
Srinibas et al. (2001) mentioned that the EE content 
of taramira (Eruca sativa) full fat seeds was 24.87%, 
while the CP content was 30.24% on a dry matter 
basis. Concerning the black cumin, El-Adawy (2004) 
reported that black cumin seeds meal contained 
6.53% moisture and the remained components % (on 
dry matter (DM) basis) were 94.58% OM, 34.21% 
CP, 3.07% CF, 8.81% EE, 48.49% NFE and 5.42% 
ash. Since, there is currently a lack of information on 
the composition of these experimental ingredients. A 
review of literature by Aherne and Kenelly (1982) 
and Ravindran and Blair (1992) have revealed that 
the differences between chemical compositions of oil 
seeds meals may be attributed to the variety of seeds, 
the processing method and the operators using the 

same techniques. This may have a pronounced 
reflection on the proportional content of different 
substances. 

 
Rabbit performance 

Final body weight and daily gain for rabbit 
received different experimental diets showed a 
significant (P<0.0001) increment by 19.3, 19.4 and 
14.2% and significantly decreased by 20.0% for 
radish, rocket, mixed meals diet and black cumin 
diets respectively compared to the control diet. 
While, daily feed intake for rabbits showed a 
significant (P<0.0001) variation and rocket diet 
revealed an increment by 10.9% compared to control 
diet. However, no significant differences were 
detected between radish or mixed meals or control 
diets in daily intake while black cumin diet showed a 
significant decrease by 9.4% in daily intake 
compared to the control diet Feed conversion ratio 
(P<0.0001) for rabbit received different diets showed 
an increment significantly affect feed consumption as 
compared to control diet group. However, rocket 
group consumed a significant highest feed than those 
of the other replacements. Similar results were 
observed by Ibrahim (2005) when the basal diet was 
supplemented with 1% rocket seeds to rabbits. 
Highest intake may be due to its beneficial effect for 
stimulating and activating the digestive system by 
improving the diet palatability and enhancing 
appetite. Similar results in broiler were observed by 
Namur et al. (1988). Radish, rocket and mixed meals 
gave the best feed conversion values that may be 
attributed to the properties of these materials that act 
not only as antibacterial, antiprotozoal and antifungal 
but also as antioxidant (Bradley, 1992 and Leung and 
Foster, 1996), while, black cumin diet gave the worst 
value, this agree with the results obtained by Amber 
et al. (2001).     

                                                           
Semen characters: 

On the other hand, semen evaluation 
indicated an important tool for clarifying the effect of 
external and internal agents affecting male 
reproduction. Data in the present study (Table 2) 
revealed that the black cumin and the mixture diets 
gave the best results in most of the semen parameters 
(9/14 parameters). They differed from each other in 
two parameters (motility grade and RRT) when 
compared to the control diet. Although, they were 
non significantly different when compared to each 
other. Whereas, the radish gave a score of 4/14 
followed by the control (3/14) and finally the rocket 
group (2/14). 3/14 parameters (pH, PLS and PAM) 
were non significant in the comparison between the 
five diets.  
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Table (2). The semen physical properties for male New Zealand bucks fed on diets including radish, rocket, 
black cumin meals or a mixture of them on the expense of soybean meal. 

Soybean substitution for 50% of its protein by 
Item Control diet 

Radish meal Rocket meal 
Black cumin 

meal 
Mixture 

meal 
Reaction time (sec.) 17.44a ± 

1.63 
10.61b ± 

0.78 
16.64a ± 

1.92 
8.47b ± 0.62 7.67b ± 1.03 

Latency period (sec.) 80.67b ± 
7.72 

134.14a ± 
14.94 

153.80a ± 
15.20 

100.22b ± 
10.63 

102.00b ± 
12.10 

Volume (ml) 0.58b ± 0.05 0.68ab ± 0.07 0.67ab ± 0.06 0.79a ± 0.08 0.79a ± 0.07 

pH 8.17a ± 0.17 8.08a ± 0.08 8.29a ± 0.10 8.06a ± 0.15 8.22a ± 0.09 

Motility grade (score 0-9) 7.11ab ± 0.26 6.50b ± 0.22 7.29a ± 0.42 7.11ab ± 0.31 6.44b ± 0.24 

Motile sperm % (PMS) 82.77ab ± 
3.55 

87.50a ± 
1.71 

81.43b ± 
2.61 

82.56ab ± 
1.94 

87.22ab ± 
0.88 

Live sperm % (PLS) 90.33a ± 
2.01 

92.33a ± 
0.84 

90.29a ± 
1.96 

92.44a ± 
0.93 

89.33a ± 
2.25 

Abnormal morphology % (PAM) 13.56a ± 
1.17 

13.50a ± 
0.72 

15.14a ± 
1.16 

15.89a ± 
0.59 

13.67a ± 
1.25 

Motility after one hour (%) 57.22b ± 
4.80 

70.83a ± 
0.83 

50.00b ± 
2.44 

37.78c ± 
3.34 

49.44b ± 
2.12 

Concentration (x 106/ml) 356.22bc ± 
36.65 

253.33c ± 
37.92 

482.00ab ± 
43.70 

565.56a ± 
76.87 

510.22a ± 
60.39 

Total sperm per ejaculate(TSE  
x 106) 

210.26b ± 
35.09 

166.30b ± 
11.44 

294.68ab ± 
20.45 

451.44a ± 
96.88 

430.22a ± 
81.22 

Total motile sperm (TMS %) 178.72b ± 
34.21 

145.40b ± 
10.05 

239.90ab ± 
17.32 

377.52a ± 
84.85 

378.09a ± 
73.83 

Total functional sperm fraction (TFSF) 154.72b ± 
29.99 

125.52b ± 
8.37 

204.28ab ± 
15.43 

320.28a ± 
74.33 

323.41a ± 
62.20 

RRT 2.54c ± 0.34 4.18a ± 0.11 1.75d ± 0.12 3.38b ± 0.07 3.69ab ± 0.18 

Data were recorded as Mean ± S.E.  
Different superscript within rows are significantly different at P<0.05 
 

Concerning the biochemical analysis in 
seminal plasma, the present results showed that the 
radish fed group had the lowest free radicals 
production. This was indicated by the lowest 
concentration of malondialdehyde and the reactive 
nitrogen species, particularly the powerful oxidant 
molecule peroxynitrite (ONOO-) (Zaman, 2004). 
Since, semen of includes white cells, so the 
production of reactive species is normal in certain 
limit due to cell activities. Thence, the lowering of 
production of these later products may be reasonable 
due to the presence of powerful antioxidant in radish 
(Matsufuji, et al, 2003 and Takaya, et al., 2003) that 
reins in the reactive species production. This is 
interpreted via the highest results obtained in case of 
RRT, PMS and the PMS after one hour where the 

reactive species are impeded. Although, in case of the 
serum, the best results were obtained in case of the 
control group. The black cumin was good in case of 
lipid peroxides output in the seminal plasma while it 
showed the highest reactive nitrogen species. The 
mixed diet stander in a mid-way as it included the 
three meals. This is confirmed by approximately 
good performance in case of most of the semen 
character (main characters and calculated characters). 
Black cumin diet was the most effective in most 
semen parameters followed by radish while the worst 
was the rocket. Salem (2005) found that both the oil 
of black cumin and its active ingredients, in particular 
thymoquinine, possess reproducible anti-oxidant 
effects through enhancing the oxidant scavenger 
system, which as a consequence lead to antitoxic 
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effects induced by several insults. The presence of 
antioxidant and other stimulant materials in the meals 
of the three seeds had the power to ameliorate semen 
characters. These results goes parallel to the 
investigation of Yousef (2005) on the Acasia saligna 
leaves fed to 8 weeks old white New Zealand male 
rabbits until maturity. He concluded that up to 40% 
Acacia leaves could be used successfully and safely 
in the diet of rabbits without adversely affecting their 
reproductive performance as their semen quality and 
characteristics were improved, besides the lowering 
of thiobarbituric acid reactive substances in seminal 
plasma. Replacement of Soya been cake with NS 
cake lead to increase in the antibody titre and nitric 
oxide level than control but less than the effect of RS 
and ES cakes. These results may be explained by 
Islam, et al. (2004) who stated that, in contrast to its 
enhancing effect on the T cell mediated immune 
response, NS constituents have shown a tendency to 
down regulate B cell-mediated immunity. 

From the present study, we concluded that the 
inclusion of a mixture of equal  
quantities from radish, rocket and black cumin meals 
on the expense of 51% soybean protein for 
maintenance and improving the semen 
characteristics, reduction of free radicals and the 
carcass performance of male rabbits.  .The results 
showed that the NS fed group had the lowest free 
radicals production. This was indicated by the lowest 
concentration of malondialdehyde and the reactive 
nitrogen species particularly the powerful oxidant 
molecule peroxynitrite.The immunogenic results 
showed that, the RS giving the best results form the 
immunity point of view followed by the mixed cake 
and ES cake. While the NS cake giving just higher 
results than control   In general, it could be 
recommended either to use Radish, Rocket, and 
mixture cakes at 50% replacement level of soybean 
meal in  rabbit diets as cheap non-conventional by 
products in order to get higher economic efficiency 
without adverse effects on rabbits performance  

 
Table (3). The reactive species and antioxidant indicators in serum and seminal plasma of male New Zealand 
bucks fed on diets including radish, rocket, black cumin meals or a mixture of them on the expense of 
soybean meal 

Soybean substitution for 50% of its protein by 
Item  Control 

Radish meal 
Rocket 
meal 

Black 
cumin meal 

Mixture 
meals 

Malondialdehyde nmol/ml      
In serum 10.84c  

± 0.31 
13.85b  
± 0.27 

14.87b 

± 0.27 
14.85b 

± 0.47 
19.14a 

± 1.59 

In semen 10.95b 

± 0.78 
9.24c 

± 0.24 
14.48a 

± 0.53 
10.03bc 

± 0.29 
9.31c 

± 0.05 

Nitric oxide  
�mol/L 

 
    

In serum 117.89c 

± 4.12 
158.58b 

± 4.06 
149.76b 

± 4.35 
132.11c 

± 0.96 
202.21a 

± 9.04 

In semen 103.39b 

± 1.49 
90.59d 

± 0.41 
98.31c 

± 0.82 
109.04a 

± 3.39 
97.18c 

± 0.16 

Total antioxidant capacity 
mmol/L 

 
    

In serum 0.487d 

± 0.006 
0.533cd 

± 0.013 
0.593bc 

± 0.045 
0.647b 

± 0.024 
0.740a 

± 0.031 

In semen 1.183bc 

± 0.026 
0.997c 

± 0.130 
1.813a 

± 0.069 
1.353b 

± 0.024 
1.760a 

± 0.024 

Data were recorded as Mean ± S.E.  
Different superscript in rows are significantly different at P<0.05. 

 
 
 
 

http://www.americanscience.org            editor@americanscience.org 1252



Journal of American Science                                                                                                                 2010;6(10)   

  

Table (4): Effect of different cakes on rabbit immune response to Pasteruella vaccine estimated by ELISA 
(optical density). 

 First  Second  Third  Fourth  Total  

Mixed 
0.502±.0.066 0.804±0.047 0.856±.025 0.385±0.039 0.637±0.012 

RS 
0.731±0.092 0.819±0.100 0.897±.069 0.402±0.042 0.712±0.037 

ES 
0.4167±0.043 0.591±0.072 0.843±.109 0.446±0.105 0.574±0.052 

NS 
0.564±0.143 0.529±0.127 0.707±.109 0.413±0.047 0.553±0.035 

Control 
0.362±0.035 0.481±0.054 0.658±.061 0.297±0.039 0.450±0.033 

RS= Raphanus sativus cake.                 ES = Eruca sativa cake.                 NS= Nigella sativa cake. 
 
 

Figure (1) serum nitric oxide (mg/ml) in different rabbit groups.
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Abstract: Urinary incontinence is one of the greatest problems that affect about third of adult women's quality of 
life. It also affects the sufferer's confidence, self respect, personal relationships and cause patients to cease 
employment, increase dependence on caregivers and restrict activities of daily life. Urinary incontinence is a basic 
nursing care issue, so nurses must be more creative, inventive, and bold in developing new approaches to preventing 
and managing urinary incontinence. The main objective of this study was to determine the impact of nursing 
interventions on the control of urinary incontinence (stress, urge, and/or mixed) among adult female patients. This 
study was conducted in the urodynamic outpatient clinic at Alexandria Main University Hospital. The subjects of the 
study consisted of 60 adult female patients. In relation to incontinence associated urinary symptoms, the results 
showed that, the majority of the studied patients were aware of the act of incontinence, and were not able to delay 
voiding. As regards measuring pelvic floor muscle tone, the results showed that, (16.7%) of the studied patients had 
poor contractions before applying the nursing interventions. As regards the amount of leakage (difference in pad 
weight using provocation test), the results revealed that (80%) of patients had damp pad (<0.5-7 gm). The reduction 
in incontinence episodes was most pronounced early in the second week and had its greatest effect at sixth week. 
There was a significant improvement in the pelvic floor muscle' tone, and the mean percent improvement was 
38.8%. In respect to percent reduction in incontinence episodes, the majority of patients (55%) achieved complete 
cure, while more than third of them improved, since they achieved (50>100%) reduction in incontinence episodes. 
Moreover, there was the significant reduction in the amount of leakage after applying the nursing interventions. The 
results illustrate that, there wasn't significant relationship between patients' age, gravidity, duration of symptoms and 
percent improvement of incontinence episodes after applying the nursing interventions. On the other hand, there was 
a positive significant correlation between the amount of leakage and incontinence episodes after applying the 
nursing interventions such as that patients with the smallest amount of leakage before interventions had the fewest 
episodes of incontinence after interventions.   
[Amany Y. Sharaf, Nahed A. El Sebai, Soheir M.Ewieda, Mohamed S.Shokry and  Maha A.Salem. The Impact of 
Nursing Interventions on the Control of Urinary Incontinence among Women. Journal of American Science 
2010;6(10):1256-1271]. (ISSN: 1545-1003). 
 
Keywords: Urinary incontinence; adult women; quality of life; patient  
 
1. Introduction: 

Recent years have brought enormous 
changes in the health care system. Health for all is 
not an achievable goal without considering women's 
health and their developments. An often neglected 
but important area of women's health involves the 
pelvic floor. However, the issues of pelvic floor 
health are often addressed only after symptoms have 
presented (1). Urinary incontinence is one of the 
greatest problems that affect women's quality of life, 
since it affects about third of adult women (1, 2).  

The international Continence Society 
defines urinary incontinence as: the condition in 
which the involuntary loss of urine is a social and 
demonstrable problem (2). Not only does it cause 
anxiety and embarrassment, but it also affects the 
sufferer's confidence and self respect. Urinary 

incontinence is associated with shame, anxiety, 
embarrassment and silence. It also affects the 
sufferer's confidence and self respect, since they often 
prefer to conceal the problem for as long as possible 

(3, 4). Moreover, Contillo (2007) mentioned that 
incontinence has been shown to affect personal 
relationships and cause patients  to cease 
employment, increase dependence on caregivers and 
restrict activities of daily life(3). Thus, it is difficult to 
establish the true prevalence of urinary incontinence. 
(5). 

However, it is estimated that incontinence is 
more common in women,  particularly those in the 
middle age, since it affects at least 30 % of women, 
up to 10 % of them wear sanitary protection against 
leakage(6). Palkhivala (2005) reported that women are 
more affected than men, since one in four adult 
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women and one in ten adult men are affected by 
urinary incontinence during their life time (7).  
According to statistical records of Alexandria Main 
University hospital, there are about 300 and 350 adult 
women suffering from urinary incontinence admitted 
to the urodynamic clinic during the years of 2008 and 
2009 respectively (8 ) . 

Urinary incontinence is defined as the 
involuntary loss of urine so severe to have a social 
and a hygienic problem. It can be produced by many 
pathological, anatomical, or physiological factors that 
cause intravesical pressure to exceed the maximum 
urethral pressure. Intravesical pressure can be raised 
by involuntary detrusor contractions (unstable 
bladder or detrusor hyperflexia), by acute or chronic 
bladder over distention (urinary retention with 
overflow), or by an increase in intra-abdominal 
pressure (9,10). 

Risk factors for developing urinary 
incontinence include factors contributing to excessive 
elevations of intra-abdominal pressure as constipation 
and obesity.  Other factors incorporate irritants to the 
bladder muscles which increase sensory awareness of 
bladder filling and sensory urgency, as well as, 
reduce bladder capacity. Irritants include: dietary 
(smoking, alcohol, caffeine, acidic foods); 
mechanical pressure as in fecal impaction, tumors of 
the bladder or pelvis; urinary tract infection; renal or 
bladder stones; reduced estrogen levels in 
postmenopausal women; benign prostatic 
enlargement which increases urethral resistance; and 
medical conditions as diabetes since glucosuria has 
an irritant effect on the bladder (11). Radiation therapy 
to the pelvis, medications as diuretics can directly 
contribute to bladder overactivity. In addition, 
neurologic condition compromise central nervous 
system control of the bladder causing urge 
incontinence (11, 12) 

Urinary incontinence encompasses three 
basic types: transient (acute), neurogenic, and 
established (persistent) (5). Transient incontinence is 
usually associated with an acute medical or surgical 
condition. Neurogenic incontinence, neurogenic 
bladder dysfunction, may have a sudden or 
progressive onset, depending on the disease or trauma 
that causes the lesion within the nervous system (5, 13). 
 The most commonly encountered clinical forms of 
established urinary incontinence in adults are stress 
incontinence, urge, overflow, and mixed urinary 
incontinence (3,5). Stress incontinence is sudden 
leakage of a small amount of urine that occurs with 
increased abdominal pressure such as laughing or 
coughing, it occurs when intravesical pressure 
exceeds  intrauretheral pressure in the absence of 
detrouser activity. Whereas, urge incontinence is 
leakage of moderate to a large amount of urine that 

occurs seconds to minutes after the first sensation to 
void as a result of detrouser instability. Mixed 
incontinence is defined as a combination of both urge 
and stress types. Overflow incontinence is 
characterized by continuous dribbling, it occurs when 
intravesical pressure exceeds intrauretheral pressure 
with bladder distention(5).   

Pires (2002) and Mason et al (2003) 
mentioned that the aim of urologic nursing 
assessment is to objectively confirm the incontinence, 
identify factors contributing to incontinence, and to 
identify persons who may need further evaluation to 
develop a nursing care plan that will maximize the 
patient potentials for urine control (12,14). Component 
of the assessment should include: history and 
physical examination with additional tests. 

Pires (2002) added that determining the 
severity of the problem in patients with incontinence 
may influence the type of treatment selected, and is 
essential if the response to treatment is to be judged 
(12). It is recommended that the actual amount of urine 
leakage should be measured because clinical 
examination can provide subjective information. 
Often leakage is not demonstrable when the patient is 
being examined, and therefore, its amount at other 
times can only be guessed (15). 

Provocation test and voiding record are 
recommended in assessing patients' condition and in 
evaluating the effectiveness of   the therapeutic 
exercise program (15, 17). It is performed by asking the 
patient to relax and cough vigorously while the 
examiner observes the urethra for loss of urine (16). If 
leakage occurs instantaneously, then stress urinary 
incontinence is suspected. If leakage is delayed or 
persists after the cough, then urge incontinence or 
detrusor over activity is suspected. This test is 
performed when the patient has a full bladder in both 
standing and supine positions (12,16). In women, this 
test had a 62% positive predictive ability for 
sphincteric incompetence (16). 

Burns (2000) stated that the simplest method 
of measuring urine loss is by weighing of a perineal 
pad before and after use. In general, pad test involves 
the patient's performance of provocative activities 
while wearing a pre-weighted pad. Upon completion 
of the activities, the pad is reweighed to determine 
the amount of urine loss during the test. An increase 
in urine loss of 2 gram is considered significant for 
the objective demonstration of incontinence (16)  be 
useful in the evaluation of patients with urinary 
incontinence include the use of voiding records. A 
voiding record, or a diary, is a tool to determine the 
frequency, timing, and amount of voiding. The 
patient is instructed to document each occurrence in 
the voiding diary for several days before starting the 
incontinence interventions. These records provide 
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clues to deciphering the underlying cause of patient’s 
urinary incontinence, as well as setting a base line to 
evaluate the efficacy of interventions (12). 

There are many successful options for the 
control of urinary incontinence which include; 
nursing interventions in the form of behavioral 
therapy, pharmacological agents, and surgical 
treatment. The Agency for Health Care Policy and 
Research recommended that the initial management 
of choice for urinary incontinence is behavioral 
modification techniques, since they are least invasive, 
least expensive, most successful, and have no 
reported side effects (20).  

Behavioral techniques incorporate: bladder 
training and pelvic floor muscle exercises PFM 
(Kegel exercise)(20,21). Bladder training is a voiding 
program that uses relaxation techniques (urge 
suppression technique) so; the patient can 
consciously inhibit the urge to void. Bladder training 
depends on patient education and voiding schedule 
(20). It improves the uretheral resistance through 
active contraction of the pubococcygeous muscles 
which exerts a closing force on the urethra and over 
time improves muscle support to the pelvic 
musculature (1).  

Pelvic floor muscle exercise action is 
improved using the electrical stimulation and 
biofeedback device.  Electrical stimulation stimulates 
the pudendal nerve which causes pelvic floor and 
preuretheral muscle contraction. Clinical results with 
the use of electrical stimulation are encouraging since 
it promotes a complete symptomatic relief and return 
of continence in the majority of patients (1,5).  

Biofeedback is an important milestone of 
pelvic muscle rehabilitation since it is used for 
teaching patients to isolate, contract, and relax the 
pelvic floor muscles, as well as it allows for 
evaluation of performance overtime. Moreover, 
biofeedback is a simple, non invasive, low risk, and 
provides the patient with a positive reward for 
accomplishing a control over the involuntary loss of 
urine (22).  

Nurses should play a leading role in 
preventing and managing urinary incontinence. 
Nursing research must be continued to explore and 
validate nursing interventions to identify the 
successful methods to control continence in patients 
with urinary incontinence. 

The nurse has a responsibility to maintain 
and restore continence for every patient who needs 
medical and/or nursing management. This means 
adopting a positive role in bladder management to 
anticipate and prevent problems, not just managing 
incontinence when it occurs. Nursing management 
for the incontinent patients involved a combination of 
interventions, which necessitates cooperation from 

members of the multidisciplinary team. Nursing 
management for the incontinent patients include: a 
logical sequence of assessment, planning, 
interventions, and evaluation of the outcomes (23). 
Nursing care of adults with urinary incontinence is an 
area of urologic nursing practice that continues to 
expand. In recent years, significant progress has been 
made toward professional and public education about 
the options and benefits of nursing interventions for 
urinary incontinence. In addition, there are 
increasingly opportunities for research, collaborative 
clinical practice, and direct nursing service to 
patients, families, and health care facilities. The 
urologic nurse, as a trained and experienced  
caregiver in matters associated with adult urinary 
incontinence, is a needed and valuable member of the 
health care team not only in  our current system of 
health care delivery, but in the reformed health care 
delivery system of the future(24).    

In addition, nurses are important resources 
to incontinent patients in assisting with the selection 
and management of techniques. In addition, nurses 
are the health professionals who spend the most time 
with patients and can develop a trusting relationship 
with them. Nurses are coordinators of care, 
communicating with family, and members of the 
health care team.  Moreover, the nurse may be the 
most cost- effective health care provider to deal with 
urinary incontinence (25). 

Managing the incontinent patient is an 
integral component of rehabilitation nursing practice, 
and it can be a very challenging and rewarding aspect 
of nursing care. Conclusively, nursing interventions 
for incontinent women can make the difference 
between continence and incontinence.     
This study aims to determine the impact of nursing 
interventions on the control of urinary incontinence 
(stress, urge, and/or mixed) among adult female 
patients. 
 
2. Materials and methods 
Research Design: 
   A Quasi-Experimental Study 
 
Materials:  
Setting:  
 This study was conducted in the urodynamic out 
patient clinic at Alexandria Main University Hospital. 
 
Subjects: 
 The subjects of the study consisted of 60 adult 
female patients. Subjects were selected according to 
the following criteria: 
1. Married or widow women, aged 35-60 years. 
2. Have stress, urge, or mixed urinary incontinence. 
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3. Have at least one episode of involuntary urine loss 
/ week. 
4. Functionally capable of independent toileting. 
- Subjects were excluded if they had continual 
leakage, unstable angina, uncontrolled congestive 
heart failure, diabetes mellitus, or impaired mental 
status. 
 
Tools of the study: 
    The following tools were developed or adapted by 
the researchers based on review of related literature. 
 
Tool I: Patient assessment sheet, it consisted of four 
parts: 
1. Demographic data 
2. Patient's history which included: 
- Characteristics of incontinence (onset, frequency, 
duration, precipitating circumstances, the amount of 
leakage, use of pads). 
 
*Frequency of incontinence was documented by 
using voiding record, which adapted    from Pires 
(2002)(24). It consisted initially of micturition 
schedule which established every 30 or 60 minutes 
based on the patient's base line day time voiding 
interval.- Incontinence time (day time, night time, 
both). 
 
- Associated urinary symptoms (awareness of bladder 
fullness, ability to delay voiding, sensation of 
incomplete bladder emptying, dribbling after 
urination.) 

- Relevant medications 

3. Physical examination which include:  

-Abdominal examination: To detect scars, distended 
bladder, or suprapubic tenderness. 

-Vaginal examination: To assess skin condition, signs 
of infection, and pelvic floor muscle tone. 

       *Vaginal digital test. It is adapted from Brink et 
al (1994) to evaluate pelvic floor muscle tone (54). It 
included inserting a gloved and lubricated finger into 
the patient's vagina and asking the patient to squeeze 
around the examiner's finger to assess her ability to 
contract the muscle. After application of the test, 
pelvic floor muscle tone is identified according to the 
following scale:  

0= No contraction. 

1= Poor contraction (slight pressure). 

2= good contraction (medium hard pressure for less 
than 5 seconds). 

3= strong contraction (powerful pressure for more 
than 5 seconds 

4. Provocation test: it is adapted from Hahn et al 
(l993) to evaluate amount of leakage(26). The test 
consisted of coughing vigorously for 5 times. During 
and after application of the test, leakage of urine is 
recorded according to scoring system as following: 

0= No leakage. 

1= Slight leakage. (a few drops of urine) 

2= Moderate leakage during approximately first half 
of the test. 

3= Severe leakage during the whole test 

Tool II Evaluation Tool. It consisted of three items: 

1. Voiding record: It was adapted from Pires 
(2002) to evaluate frequency of incontinence (12 ) 

2. Provocation test. To evaluate  amount of 
leakage (26). 

3. Pelvic floor muscle tone (vaginal digital test) is 
used to measure pelvic muscle tone after applying 
the nursing interventions (27). 

-Nursing interventions ( behavioral techniques ) it 
consisted of two areas: 

1. Informational area:` 

a) The researchers illustrated simple view about 
anatomy and physiology of lower urinary tract, and 
causes of incontinence. 

b) The researchers provided patients with instructions 
related to voiding schedule (it was scheduled every 
30 or 60 minutes based on the patient's baseline, day 
time voiding intervals.            

c) The researchers discussed information related to 
Kegel exercise. (Time of exercise, number, position, 
and muscle used for exercise)  

2. Practical area it included: 

a) Urge suppression technique (relaxation technique) 
(5, 7, and 28). To regulate the intervals between voiding.) 

b) Pelvic floor muscle exercise (Kegel exercise) (29, 30, 

31). To strengthen pelvic floor muscle  

     - Locating and identifying the pelvic floor muscle. 

     - Pelvic floor muscle training exercise. 

c)  Electrical stimulation (passive Kegel exercise) (32, 

33, 34). It included the use of a strong anal or vaginal 
continuous stimulation (maximum current up to 90 
mA, maximum voltage 38v lasting 30 minutes / 
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session) to excite the pudendal nerve leading to direct 
and reflex contractions of the pelvic floor muscles. 

d)  Bladder sphincter biofeedback device(35,36,37):  

It included the use of surface electrodes on perineal 
skin, which help patients in recognizing the pelvic 
floor muscles.  

Method: 

         Permission to carry out the study was obtained 
from the directors and the responsible specialist of 
the chosen setting after explaining the aim of the 
study.    Tool (I), Tool (II), and the nursing 
interventions were developed and/or adapted by the 
researchers based on the review of relevant literature 
and were revised by 10 experts in the fields of 
urology and medical surgical nursing for their content 
validity. The nursing interventions were translated 
into Arabic language and revised by the same experts 
and the necessary modifications were done. 

The researchers received a special training from 
the urologist about the use of the electrical stimulator, 
biofeedback device and performing the vaginal 
examination before starting the work field. Diagnosis 
and identifying treatment modalities was done by the 
urologist in the urodynamic clinic. Patients who met 
the selected criteria were referred to the researchers 
in the urodynamic clinic. At such time, aim of the 
study was clarified to patients and consent for 
participation was secured. 

Application of a tool I, tool II and the nursing 
interventions to the selected patients was done. The 
application was arranged upon weekly clinic session 
for 6 consecutive weeks. Each session lasted 
approximately 30 to 60 minutes. 

Statistical analysis: 

After data were collected, they were coded 
and transferred into specially designed formats so as 
to be suitable for computer feeding. Following data 
entry, checking and verification processes were 
carried out to avoid any errors during data entry. Data 
was analyzed using PC with statistical package for 
social science version 13.0.  

- The level of significance selected for this study was 
P ≥ 0.05, and the following statistical measures were 
used:    

A) Calculation of the percent improvement:  

The percent improvement was calculated based on 
the formula 
 Score before interventions - Score after interventions    
 ---------------------------------------------------------------   x100 
Score before interventions                                

B) Descriptive measures included: Count, percentage, 
arithmetic mean, and standard deviation, median. 

C) Statistical tests included:  

- Wilcoxon signed ranked test. It is non parametric 
test equivalent to t- test and is used to test the 
hypothesis that two related quantitative variables 
have the same distribution. 

- Mc Nemar chi square test: Is used for assessing the 
effectiveness of a treatment or an experimental 
procedure from related samples pre interventions- 
post intervention difference. 

- Kruskal wallis test It is a non-parametric test used 
for comparing two or more independent 
qualitative non-normally distributed valued. 

- Spearman correlation coefficient test. It is non-
parametric test used to measure the degree of 
association between qualitative values.  

D) Graphical presentation included: Pie, Bar, and line 
graph using Microsoft Excel. 
 
3. Results  

Nearly half of patients (45%) were between 
35 to less than 45 years old, and (48.3%) were 
illiterate. In addition, more than three quarter of the 
studied patients (80%) were not working, and 
(43.3%) of them had 3-5 times of gravida. (Table I) 
          The majority of patients (53.3%) didn't receive 
any medications (Fig. I), while (48.3%) of them had 
urinary incontinence for  1 year. Also, the majority 
of the studied patients (58.3%) had mixed urinary 
incontinence, and half of them (50%) had 1-2 
episodes of incontinence/day.  (Table II and III).  
In relation to precipitating circumstances of 
incontinence, the findings of the present study 
revealed that the majority of the studied patients 
(58.3%) are influenced by both straining activities 
(laughing, coughing, sneezing); and exertional 
activities (exercise, positional changes, lifting); as 
well as stimulating activities (hand washing). In 
addition, the table showed that straining activities 
alone affect (10%) of the studied patients. On the 
other hand, the table illustrated that (11.7%) of the 
studied patients didn't affect by precipitating 
circumstances of incontinence. (Table IV) 
           In relation to wearing protective pads, this 
table showed that, (43.3%) of the studied patients 
wore protective pads, and almost third of them 
(33.3%) were changing two pads/24 hours. As 
regards the amount of leakage,  the table also  
revealed that, more than three quarters of patients 
(80%) had damp pad (<0.5-7 gm), while only (20%) 
of them had wet pad (<7-75 gm). (Table V). 
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In relation to incontinence associated urinary 
symptoms, the table showed that the majority of the 
studied patients (95%) were aware of the act of 
incontinence and the majority of them (81.7%) were 
not able to delay voiding. In addition, two third of the 
studied patients (66.7%) had the sensation of 
incomplete bladder emptying after urination, and 
(60%) of them had been dribbling after urination, 
(Table VI). 

As regards previous management for urinary 
incontinence, only (21.7%) of the studied patients 
practiced pelvic floor exercise, while the rest of them 
didn't receive any management for urinary 
incontinence as vaginal repair or estrogen cream.  
(Table VII) 
           Concerning abdominal examination, (15%) of 
the studied patients had previous scars of 
appendectomy, while (11.7%) of them had previous 
scars of cesarean section. The table also revealed that 
all patients had intact skin and no signs of vaginal 
infection (Table VIII). 
As regards measuring pelvic floor muscle tone, three 
quarters of patients (75%) had good contractions, 
whereas (16.7%) of them had poor contractions, and 
only (8.3%) of patients had strong contractions. 
(Table IX) 

In relation to weekly changes in incontinent 
episodes by patients over the period of interventions, 
the results of the present study showed that the 
reduction in incontinence episodes was most 
pronounced early in the second week and progressed 
more gradually thereafter. The mean  SD at the base 
line was (19.912.9), while the mean  SD at the 
second week was (12.911.8) and this was 
statistically significant (Z= 5.98, P= 0.00). Moreover, 
the table showed that the interventions appear to be 
effective in the majority of patients at the fourth week 
and have its greatest effect at the sixth week, since 
the mean  SD at the fourth week was (6.18.2), 
while it was 3.97.6 at sixth week. (Table X)  
            The majority of the studied patients (95%) 
were aware of the act of incontinence, and the 
majority of them (81.7%) were not able to delay 
voiding. 66.7% had the sensation of incomplete 
bladder emptying after urination, and 60% of them 
had been dribbling after urination.  
The results of the present study showed that the mean 
percent improvement of incontinence episodes for 
patients who had 3-5 gravida was (76.142.6), while 
it was (96.40.0) for those who had 10 gravidas. 
According to Kruskal Wallis test, gravidity had no 
significant relationship with percent improvement of 
incontinence episodes (x2= 0.502, P= 0.918). (Table 
XI) 

It can be seen that the mean percent improvement of 
incontinence episodes for patients who had urinary 
incontinence for less than or equal one year was 
(92.612.3), while it was (85.932.5) for those who had 
urinary incontinence for 2 – 5 years. According to 
Krukal Wallis test, duration of symptoms had no 
significant relationship with percent improvement of 
incontinence episodes (x2= 1.202, P= 0.548). (Table 
XII)  

The results also showed that there is a 
negative correlation between patient's age, and 
incontinence episodes, but there is no significant 
difference, after applying the nursing interventions. 
Moreover, the table showed that there is no 
significant correlation between the gravidity, and 
incontinence episodes. The table  also showed that 
there is a positive significant correlation between 
duration of symptoms and incontinence episodes only 
before applying the nursing interventions, meaning 
that the longer the duration, the more incontinence 
episodes are encountered (r= 0.238, p= 0.044). The 
table revealed that there is a positive significant 
correlation between the amount of leakage and 
incontinence episodes after applying the nursing 
interventions (r=0.407, p=0.001) such that patients 
with the smallest amount of leakage before 
interventions had the fewest episodes of incontinence 
after interventions. (Table XIII)  

As regards the amount of leakage, the mean 
 SD was (3.6  3.6) gm before applying the nursing 
interventions, while it was (0.3  1.2) after applying 
the nursing interventions. According to Wilcoxon 
signed rank test, there is a significant reduction in the 
amount of leakage after applying the nursing 
interventions (z= 6.74, P= 0.00). (Table XIV)  
The results of this study demonstrated that the mean 
amount of leakage for patients who had 35  45 years 
old was (3.8  3.5) gm and (0.2  1) gm before and 
after applying the nursing interventions respectively. 
Furthermore, it can be seen that the mean amount of 
leakage for patients who suffered from urinary 
incontinence for 1>2 years was (1.6  0.5) gm and 
(0.0  0.0) gm before and after applying the nursing 
interventions respectively. In addition, the mean 
amount of leakage for those who experienced 10 
gravidas was (8.1  0.8) gm and (0.0  0.0) gm 
before and after applying the nursing interventions 
respectively. According to Kruskal Wallis test, there 
is no statistical significant relationship between age 
and amount of leakage either before or after applying 
the nursing interventions. On the other hand, the table 
showed that there is a positive significant relationship 
between duration of symptoms and amount of 
leakage only before applying the nursing 
interventions, meaning that the longer the duration, 
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the larger the amount of leakage (x2= 8.8, P= 0.0124). 
In addition, the table illustrated that there is a positive 
significant relationship between gravidity, and 
amount of leakage only before applying the nursing 

interventions, such that the higher the number of 
gravida, the larger the amount of leakage (x2= 14.8, 
p= 0.0020). (Table XV)  

Table (I) Distribution of the studied patients according to socio-demographic characteristics. (N=60) 

Characteristics of the studied patients NO Percent 
Age 
     35 > 45 years 
     45 > 55 years 
     55 ≥ 60 years 

 
27 
20 
13 

 
45.0 
35.0 
20.0 

Education 
Illiterate 
Read and write 
Diploma 
Bachelor degree 

 
29 
23 
   8 
   0 

 
    48.3 
    38.3 
    13.4 
       0.0 

Occupation 
      working: 
          laborer 
          clerical 
          professional 
      not working ( house wife) 

 
 
  0 
12 
  0 
 48 

 
 
       0.0 
     20.0    
        0.0 
      80.0 

Marital statues 
        Married 
        Widow 
        Divorced 

 
51 
  9 
  0 

 
    85.0 
    15.0 
      0.0 

Number of gravida: 
         ≥2 
         3-5 
         6-9 
        10 

 
  7 
26 
24 
 3   

 
     11.7 
     43.3 
    40.0 
  5 

Area of residence: 
        Urban 
        Rural 

 
43 
17 

 
     71.7 
      28.3 

 

 

Fig (I) Distribution of the studied patients according to receiving relevant    medications. 
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Table (II) Distribution of the studied patients according to duration and type of urinary incontinence (N=60) 

Characteristics of incontinence. NO Percent 
Duration of incontinence 
                  ≥ 1 year 
                 < 1 > 2 years 
                 2 - 5 years 

 
29 
   6 
 25 

 
48.3 
10.0 
41.7 

Type of incontinence 
           Urge 
            Stress 
            Mixed 

 
13 
12 
35 

 
21.7 
20.0 
58.3 

Table (III) Distribution of the studied patients according to time and frequency of urinary incontinence. 
(N=60) 

Characteristics of incontinence. NO Percent 

Incontinence Time: 
          Daytime  
          Both daytime & nighttime 

 
31 
29 

 
51.7 
48.3 

Frequency: 
          2 times /week 
          1-2 times / day 
          3-5 times /day 
          6-7 times /day 
          7- 

 
7 

30 
17 
6 
0 

 
11.7 
50.0 
28.3 
10.0 
0.0 

Table (IV) Distribution of the studied patients according to precipitating circumstances of incontinence. 

(N=60) 

Precipitating circumstances NO(N=60) Percent 
Straining activities (laughing, coughing, sneezing) 
Exertional activities (exercise, positional changes, lifting) 
Stimulating activities ( Hand washing). 
Both Straining and Exertional activities. 
Both Straining & stimulating activities. 
All (Straining, Exertional, and stimulating activities). 
Non of the above. 

6 
0 
0 
6 
6 
35 
7 

10 
0.0 
0.0 
10 
10 
58.3 
11.7 

Table (V) Distribution of the studied patients according to wearing, changing protective pads / 24 hours, and 
the amount of leakage (difference in pad weight using provocation test)(26). (N=60) 

 NO(N=60) Percent 
Wearing protective pads 
Yes 
No 

 
26 
34 

 
43.3 
56.7 

Frequency of changing pads /24 hours 
          Once 
          Twice 

 
6 
20 

 
10.0 
33.3 

Amount of leakage (difference in pad weight using 
provocation test) 
- Damp pad (<0.5 – 7 gm) 
- Wet pad (< 7 – 75 gm) 
- Saturating the outer clothing   

 
 
48 
12 
  0 

 
 
80.0 
20.0 
  0.0 

Total number of patients = 60 
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Table (VI) Distribution of the studied patients according to incontinence associated urinary symptoms. 
(N=60) 

Associated urinary symptoms NO(N=60) Percent 
Awareness of the act of incontinence 
             -Yes 
             - No 

 
57 
   3 

    
95.0 
   5.0 

Ability to delay voiding: 
             -Yes 
        - No  

 
11 
49 

 
18.3 
81.7 

Sense of incomplete bladder emptying after voiding 
             -Yes 
             - No 

 
40 
20 

 
66.7 
33.3 

Dribbling after urination 
             -Yes 
             - No 

 
36 
24 

 
60.0 
40.0 

Table (VII) Distribution of the studied patients according to previous management for urinary incontinence. 

Previous management for urinary incontinence NO(N=60) Percent 
      
    - Pelvic floor exercises 
    - Vaginal repair  
    - Estrogen cream  
    - Non 

 
13 
0 
0 
47 

 
21.7 
0.0 
0.0 
78.3 

Total 60 100.0 

 

Table (VIII) Distribution of the studied patients in relation to physical examination before applying the 
nursing interventions. (N=60) 

+ Physical examination No(N=60) Percent 
Abdominal examination: 
       Presence of scars: 
       Appendectomy 
        Cesarean section 
             Non 

 
 
9 
7 
44 

 
 
15 
11.7 
73.3 

Skin condition: 
 Intact 
 Break down 

 
60 
  0 

 
100.0 
0.0    

Signs of vaginal infection: 
    present 
    not 

 
  0 
 60 

 
     0.0 
 100.0 

 

Table (IX) Distribution of the studied patients according to pelvic floor muscle tone using vaginal digital test 
(N=60) 
        Muscle tone NO(N=60) 

Percent 

* Poor contraction 
** Good contraction 
***Strong contraction 

10 
45 
5 

16.7 
75.0 
8.3 

Total 60 100.0 
*    Slight pressure. 
**  Medium hard pressure for less than 5 seconds. 
*** Strong contraction (powerful pressure for more than 5 seconds) (44).  
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Table (X) Mean, median and difference in pattern of weekly number of incontinent episodes during and after 
interventions. (N=60) 

Wilcoxon signed rank test 
Time/week No Mean ±SD Median 

Z                P 

Baseline 60 19.9 ± 12.9 14.0  

Second 60 12.9 ± 11.8 6.5 5.980   *   0.000 

Third 60 9.4 ±11.1 3.5 6.607   *   0.000 

Fourth 60 6.1 ± 8.2 2.0 6.749   *   0.000 

Fifth 60 4.5 ± 7.8 1.0 6.559   *   0.000 

Sixth 60 3.9 ±7.6 0.5 6.430   *   0.000 

After 8th weeks 60 3.8 ±7.7 0.0 6.445   *   0.000 

- Significance are between the baseline and the above timing - Significance p ≥ 0.05 

Table (XI) Relationship between gravidity and percent improvement in incontinence episodes of the studied 
patients(N=60) 

Gravidity No Mean ±SD Median Kruskal Wallis test 

≥ 2 7 94.0  ± 7.5 100.0 

3-5 26 76.1  ± 42.6 100.0 

6-9 24 92.0  ± 12.9 96.4 

10  3 96.4  ± 0.0 96.4 

Total 60 85.6 ± 30.2 100 

X2 = 0.502 

P = 0.918 

Significance p ≥ 0.05 

                                        Baseline value – Final value  

Percent improvement =    -------------------------------------------- x 100 

                                                     Base line value 

Table (XII) Relationship between duration of symptoms and percent improvement in incontinence episodes 
of the studied patients. 

Duration of symptoms   No Mean ±SD Median Kruskal Wallis test 

≥1 year 29 92.6  ± 12.3 100.0 

<1> 2 years 6 50.0  ± 54.8 50.0 

2 - 5 years 25 85.9  ± 32.5 100.0 

Total 60 85.6  ± 30.2 100.0 

X2 = 1.202 

P = 0.548 

Significance p ≥ 0.05 
                                      Baseline value – Final value  
Percent improvement = -------------------------------------------- x 100 
                                                 Base line value 
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Table (XIII) Spearman Correlation coefficients between patients' age, gravidity, duration of symptoms, 
amount of leakage and incontinence episodes. 

incontinence episodes 
Items 

Before interventions After interventions 
Age r= 0.1878 

p=0.151 
r= -0.0703 
p=0.594 

Gravidity r= 0.1847 
p=0.158 

r= 0.1567 
p=0.232 

Duration of symptoms r= 0.2389 
p=0.044* 

r= 0.2398 
p=0.065 

Amount of leakage r= 0.4468 
p=0.000* 

r= 0.4078 
p=0.001* 

Significance p ≥ 0.05  

 

Table (XIV) Mean, median and difference of the studied patients according to amount of leakage before and 
after applying the nursing interventions. (N=60) 

Amount of leakage No Mean ±SD Median 
Wilcoxon signed rank 
test 

Before interventions 60 3.6  ± 3.6 1.9 

After interventions 60 0.3  ± 1.2 0.0 

 

Z = 6.74 

P = 0.000* 

Total 60 97.5 ± 10.8 100.0  

Significance p ≥ 0.05 

Table (XV) Relationship between patients' age, gravidity, duration of symptoms and amount of leakage. 

 Amount of leakage 
Mean ± SD Kruskal wallis test  No 
Before After Before After 

Age 
35- 
45- 
55-60 

 
27 
20 
13 

 
3.8± 3.5 
3.2± 3.5 
3.6± 4.2 

 
0.2±1 
0.5±1.64 
0.0±0.0 

Total 60 3.6± 3.6 0.3±1.2 

 
 
X² = 2.4 
P=0.3013 

 
 
X²=1.3 
P= 0.5101 
 

Duration of symptoms 
≥1 year 
<1>2 years 
2 -5 years 
 

 
29 
6 
25 

 
3.7± 4.6 
1.6± 0.5 
3.8± 2.4 

 
0.6±1.6 
0.0±0.0 
0.0±0.0 

Total 
60 3.6± 3.6 0.3±1.2 

 
 
 
X² = 8.8 
P=0.0124* 

 
 
 
X²=4.5 
P= 0.1055 
 

Gravidity 
≥ 2 
3- 5 
6- 9 
10  
 

7 
26 
24 
3 

7.4± 6.3 
2.2 ±1.5 
3.4± 3.3 
8.1± 0.8 

 
0.04±0.11 
0.0±0.0 
0.65±1.8 
0.0±0.0 
 

Total 60 3.6± 3.6 0.3±1.2 

 
 
X² = 14.8 
P=0.0020* 

 
 
X²=3.9 
P= 0.2677 
 

Significance p ≥ 0.05  
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4. Discussion 

Concerning the effect of applying the 
nursing interventions on percent reduction in 
incontinence episodes of the studied patients, the 
findings of the present study showed that more than 
half of the studied patients achieved complete cure, 
while more than third of them showed apparent 
improvement, since they achieved 
 (50 > 100%) reduction in incontinence episodes as 
compared with the base line. 

The previous finding is in agreement with 
Seidel(38)  who mentioned that the National 
Association For Continence reported that a 
proximately 80% of incontinent patients can be cured 
or improved. In this context, Pires(12), and Burgio et 
al(39) found that there were a significant cure rates, 
and reduction of incontinence episodes in patients 
who received behavioral interventions and electrical 
stimulation in conjunction with the biofeedback 
device, since they had a better attendance. 

The finding also revealed that (10%) of 
patients failed to respond to the interventions because 
they said that they didn’t perform the exercise 
conscientiously at home, and so may be considered 
patient rather than method failure. In this context, 10.
 Nygardt(10), and Goode et al(40) mentioned 
that the use of home trainers could increase 
adherence, which may improve intervention efficacy. 
In addition, Roe et al(41) found that among cognitively 
intact individuals, a nurse practitioner who 
administered home based behavioral therapy program 
that combined bladder training, pelvic floor exercise 
with the aid of the electrical stimulation and 
biofeedback device was significantly better than 
regular clinic visits by a nurse practitioner. 

In respect to correlation between duration of 
symptoms and percent improvement of incontinence 
episodes, the finding of this study illustrated that the 
mean percent improvement of incontinence episodes 
for patients who had urinary incontinence for = year 
was (92.6 d 12.3). Moreover, the results of the study 
proved that there was no significant relationship 
between duration of symptoms and percent 
improvement of incontinence episodes after applying 
the nursing interventions (x2 = 1.202, p= 0.548). On 
the other hand, the previous finding is in contrast 
with Henalla et al(31) who found that the interventions 
were more effective with a shorter duration of 
symptoms (=1 year) (P =0.05). 

As regards weekly changes in incontinence 
episodes, as compared with the base line, of patients 
over the period of interventions, the finding of this 
study illustrated that the reduction in incontinence 

episodes was most pronounced early in the second 
week and progressed more gradually thereafter. The 
mean ± SD at the base line was (19.9 ± 12.9), while 
the mean ± SD at the second week was (12.1 ± 11.8) 
and this was statistically significant (z = 5.98, p = 
0.00). 

Moreover, the finding showed that the 
nursing interventions appear to be effective for the 
majority of patients at the fourth week and had its 
greatest effect at the sixth week. Furthermore, the 
studied patients could  maintain their -improvement 
during the evaluation period, since there was a 
significant reduction in incontinence frequency after 
interventions as compared with frequency during 
base line (Z= 6.445, p= 0.00). More simply, this 
could be explained by fear of leakage following 
interventions, as patients often compensate for 
incontinence by frequent voiding in order to keep 
their bladder empty. 

The previous finding is consistent with 
Wyman et al(43) who used a six week intervention 
program for incontinent patients, including 
behavioral interventions and electrical stimulation in 
conjunction with the use of the biofeedback device. 
They found that the interventions became effective 
after 4-6 weeks of implementation. They clarified 
that the higher attendance rate at scheduled 
interventions visits gave patients greater interaction 
with the researcher and attention to their problem and 
thus could have led to initial differences. 

In relation to measuring pelvic floor 
muscle’s tone using vaginal digital test, the results of 
the present study revealed that (16.7 %) of patients 
had a poor contraction before interventions, while 
half of them had a strong contraction after applying 
the nursing interventions. In this regard, Fitz Gerald 
et al(44) reported that the nurse researchers have 
recognized the value of vaginal digital test in 
measuring pelvic floor muscle strength, and in 
evaluating the effectiveness of the nursing 
interventions in clinical settings. 

Correlation analysis proved that there was 
the significant improvement in pelvic floor muscle’s 
tone after applying the nursing interventions 
(X2=28.0, p=0.00). In addition, the mean percent 
improvement in pelvic floor muscle’s tone was 
38.8%. The previous finding is in line with Flecher 

(21) , Gray & David (22) who mentioned that 
performing Kegel exercises regularly  for 4-6 weeks 
helps to improve urethral resistance through active 
contraction of the pubococcygeus muscle which 
exerts a closing force on the urethra and overtime 
improves muscle support to the pelvic structures and 
strengthens the voluntary pen-urethral and pelvic 
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musculature. Moreover, strengthening the pelvic 
floor muscles helps to support the bladder, decreases 
frequency and urgency of urination. 

As regards the correlation link between 
patient’s age and incontinence episodes, the finding 
of this study indicated that there was a negative 
correlation between patients’ age and incontinence 
episodes after applying the nursing interventions, but 
this correlation was not significant. On the same line, 
Seidel (23) found that patient’s age was unrelated to 
percent improvement in incontinence episodes. On 
the other hand, the previous finding is in contrast 
with Slevin (25) who found that patients’ age was 
statistically correlated to incontinence episodes. In 
addition, she mentioned that the higher the age, the 
more the problem is encountered especially in post 
menopausal women due to hypoestrogenism which 
causes atrophy of vaginal tissues, resulting in 
friability, inflammation, susceptibility to infection 
and weakened pelvic floor muscles. 

Concerning gravidity, the results of the 
study showed that, more than third of the studied 
patients had 6- 9 gravidas. Also, the finding revealed 
that the mean percent improvement of incontinence 
episodes for patients who had 3 -5 gravida was (76.1 
± 42.6), while it was (96.4 ± 0.0) for those who had 
10 gravidas. In addition, correlation analysis 
indicated that gravidity had no significant 
relationship with percent improvement in 
incontinence episodes after applying the nursing 
interventions (X2=0.502, P=0.918). 

The previous finding is in accordance with 
Wyman (43) who found that there was no significant 
relationship between gravidity and percent 
improvement in incontinence episodes. On the other 
hand, Contillo(3) and Palkhivala(7 ) documented that 
women suffer from urinary incontinence four times 
more than men due to multiple trauma from child 
birth who affects urethral sphincter function. 

In respect to duration of urinary 
incontinence, the finding revealed that more than 
third of the studied patients were suffering from 
urinary incontinence for two to five years, and more 
than three quarter of the studied patients didn’t search 
for treatment. This may be due to the poor 
educational level of the studied patients, since the 
majority of them were illiterate, or just could read 
and write. Moreover, it may be related to the 
embarrassing nature of incontinence, which could 
prevent them from work since more than three 
quarters of the studied patients were not working. 
The long distance from health services and the high 
cost of transportation may have an effect, since the 
majority of the studied patients were from urban 

areas, whereas less than third of them was from rural 
areas. 

The previous finding is in line with Straus, 
et al (17) who stated that sufferers often prefer to 
conceal the problem for as long as possible, and go to 
extreme lengths to hide it even from family members. 
Moreover, Contillo (3) reported that, on average, 
women wait 5-6 years from the first time they 
experience symptoms until they obtain a diagnosis 
for their bladder control problems. Additionally, 
Palkhivala (7) stated that urinary incontinence has a 
great impact on quality of life, and it is a common 
cause of dependent lifestyle.  

In this field, Nygard (10) mentioned that up to 
70% of patients with urinary incontinence don’t seek 
help for their problem. This is due to several factors, 
including embarrassment, unawareness that help is 
available; under recognition as a significant clinical 
problem by health care providers; lack of orientation 
of health providers regarding new research findings; 
inadequate staffing in the long-term-care setting; and 
the persistent major gaps in our understanding of the 
natural history, pathophysiology, and most effective 
treatments of the common forms of urinary 
incontinence. 

Regarding the relationship between 
receiving sonic medications and urinary incontinence, 
the finding of the present study showed that the 
majority of the studied patients didn’t receive any 
medications, while the rest of them received 
antispasmodics, anti-inflammatory and antacids. In 
this context, Seidel (23) mentioned that these drugs 
often have side effects as confusion, or sedation, 
which leads to an inability to urinate properly, and 
unawareness of toileting needs. However, .Abdel 
Aziz(45) contradicted these findings and reported that 
there is no significant association between urinary 
incontinence and medications. Moreover, But (46) 
studied the relationship between medications and 
urinary incontinence retrospectively for 128 
incontinent patients, and found that patients were 
taking up to 18 medications but most of these 
patients, were unlikely to have a significant 
urological defect. 

 The results also indicated that the majority 
of the studied patients were influenced by 
precipitating circumstances of incontinence, as 
laughing, coughing, sneezing, exercise, positional 
changes, lifting heavy object, and hand washing. This 
finding was not surprising, since the majority of the 
studied patients had mixed urinary incontinence. The 
previous finding is in contrast with Burgio (39) who 
stated that mixed urinary incontinence, defined as the 
combination of stress and urge incontinence, 
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accounts for approximately 33% of all cases of 
incontinence in women. 

Regarding to some intervening factors 
related to urinary incontinence, it wasn’t surprising 
that all patients had intact skin and no signs of 
vaginal infection, since free from infection was a 
subject criterion to be included in this study. In this 
regard, Leduc and Straus et al (17) mentioned that 
recurrent urinary tract infection appears to be 
independently associated with urinary incontinence. 

In relation to using protective means for 
women with urinary incontinence, the results showed 
that nearly half of the studied patients wore protective 
pads, third of them were changing two pads/24 hours. 
In this context, Seidel (38) reported that, two third of 
women experiencing urinary incontinence do not use 
any product to manage their incontinence. 

As regards measuring the amount of leakage 
using provocation test, the finding of the present 
study revealed that the mean amount of leakage was 
(3.6 ± 3.6) gm and (0.3 ±1.2) gm before and after 
applying the nursing interventions respectively, and 
this was statistically significant (z = 6.74, p 0.00). In 
this field, Fitz et al  (44) reported that the use of 
behavioral interventions in combination with 
electrical stimulation is most effective in patients 
with mild urine loss. 

Additionally, the results revealed that there 
was a significant correlation between the amount of 
leakage and incontinence episodes after applying the 
nursing interventions (r=0.4078, p=0.001) such that 
patients with the smallest amount of leakage before 
interventions also had the fewest episodes of 
incontinence after interventions. Similar were 
obtained by Palkhivala (7) who found that the smaller 
the loss, the greater improvement in incontinence 
episodes. Also, the results demonstrated that patients’ 
age, duration of symptoms, and gravidity were 
unrelated to amount of leakage after ring the nursing 
interventions. The previous results are in contrast 
with Palkhivala (7) who found that the amount of loss 
after interventions was age- linked, meaning that 
older had smaller losses. 

 However, the previous results are promising 
for women suffering from urinary incontinence, since 
the cure could be achieved at any age, regardless 
duration of symptoms or gravidity. Moreover, these 
results could be used to develop strategies to change 
attitudes toward urinary incontinence and to improve 
continence care. 

In an environment where continence should 
compete with organ transplantation and gene therapy, 
nurses are challenged as never before to identify the 

successful methods to control continence in patients 
with urinary incontinence, so nurses must be more 
creative, inventive, and bold in developing new 
approaches to prevent and manage urinary 
incontinence.(25) 

Furthermore, urological nursing has a vital 
role to play in the promotion of continence. This role 
extends across the dimensions of research-based 
practice, education, training, development and 
implementation of high quality practice(25,33). In 
addition, one of the prevalent roles of nurses is 
teaching patients to maintain optimal health, to 
prevent complications, and to assist patients in the 
restoration of normal functions. Accordingly, nurses 
are important resources to incontinent patients in 
assisting with the selection and management of 
techniques. They are coordinators of care, 
communicating with family, and members of the 
health care team. Moreover, nurses may be the most 
cost- effective health care provider to deal with 
urinary incontinence(29). 

 

5. Conclusion and Recommendations 

Urinary incontinence is a basic nursing care 
issue, so nurses must be more creative, inventive, and 
bold in developing new approaches to prevent and 
manage urinary incontinence. The initial management 
of choice for urinary incontinence is behavioral 
modification techniques, since they are least invasive, 
least expensive, most successful, and have no 
reported side effects. Behavioral techniques 
incorporate bladder training, and pelvic floor 
exercise. They are enhanced using  the electrical 
stimulation, and biofeedback device. It can be 
concluded from the present study that the impact of 
nursing interventions on the control of urinary 
incontinence among the studied patients was 
satisfactory in respect to the significant reduction in 
incontinence episodes, the significant reduction in the 
amount of leakage, and the significant improvement 
in pelvic floor muscle tone after applying the nursing 
interventions. This could be related to the 
determination of the patients to practice the exercise 
regularly, the remarkable nursing support, and the 
outstanding equipment.  

From the ongoing conclusion, the following 
recommendations are forwarded:  

• Randomized clinical trials, including 
comparison between specific behavioral 
management (Kegel exercise, urge 
suppression technique, electrical stimulation, 
and biofeedback device) either alone or in 
combination. 
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• Epidemiologic studies with emphasis on the 
incidence, prevalence of urinary incontinence 
in Egypt.                                 

• Develop nursing care standards for 
incontinent patients. 

• Provide ongoing in-service education for 
nurses to update their knowledge related to 
take care oftaking care incontinent patients. 

• Integrate nursing researches, theories and 
concept into the practice environment.  

• Provide accurate information in the 
newspaper, magazine articles, radio, 
television programs, and special educational 
programs in senior centers. 

• Develop a manual booklet with simple 
instructions and illustrations, which can be 
used as a teaching aid for incontinent 
patients. 
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Abstract: Objectives:To assess the level of expression of the antiapoptotic signal "Survivin" in Egyptian patients 
with acute leukemias and to delineate any significant correlation between the level of Survivin with the clinical and 
haematological findings in those patients. Patients and Methods: Survivin expression was quantitatively determined 
by a real-time PCR technique in 30 acute leukemia patients; ALL and AML in two age groups; pediatric group (<18 
years) and adult group (18 years) and in age and sex matched control healthy subjects. Results: Statistically 
significant higher expression was noted in both ALL and AML groups when compared to the control group (p-value 
= 0.0001). A statistically significant negative correlation was detected between Survivin expression and RBCs 
count, HB level and Platelet count with p-values = 0.01, 0.01 and 0.0001 respectively. Positive correlations were 
found with T.L.C, peripheral blood blasts, bone marrow malignant cells, LDH , ALP and uric acid levels with p-
values = 0.0001, 0.0001, 0.03, 0.0001, 0.006 and 0.001 respectively. During the post-induction phase, Survivin 
expression showed a statistically insignificant difference between patients achieving complete remission and those 
showing unfavorable response with a p-value = 0.7. After follow up, the expression change between patients 
achieving complete remission and those showing unfavorable response was statistically insignificant with a p-value 
= 0.6. In summary, the previous data emphasized important correlations between Survivin expression and 
established risk factors in acute leukemia patients. Thus Survivin could be used as a marker for assessment of bone 
marrow infiltration that in future could be used to refine treatment stratification.  
[Hoda Sadek, Shadia Ragab, Hanaa Rasmy, Nancy M. El Guindy, Wafaa Ezzat, Mona Hamed. Expression of The 
Antiapoptotic Gene Survivin in Acute Leukemias. Journal of American Science 2010;6(10):1272-1282]. (ISSN: 
1545-1003). 
 
Keywords:  Survivin - Antiapoptosis function - Haematological malignancies  
 
1. Introduction 

The  balance  between  cell  death  and  cell  
viability  is  important in  tissue  homeostasis.  
Abnormalities  in  the  control  of  programmed cell  
death (apoptosis)  play  an  important  role  in  
tumorigenesis (Tazzari et al. 2008).  The  
evolutionarily  conserved multi-step  apoptosis  
cascade  is regulated  by  proteins  that  promote  or  
inhibit  apoptotic  cell death (Jakubowska et al. 
2007).  The  inhibitor  of  apoptosis Survivin is a 
member of the inhibitor of apoptosis protein (IAP) 
family that suppresses apoptosis or programmed cell 
death and regulates cell division and thereby 
integrates apoptosis and cell division  (Badran et al. 
2004). Six human IAPs have been identified: XIAP, 
cIAP1, cIAP2, NAIP, livin, and survivin. Because of 
their important role in regulating apoptosis, IAPs are 
being investigated as a potential prognostic factor as 
well as a treatment target in cancer patients 
(Wrzesień-Kuś et al. 2004). The survivin protein 
shuttles between the nucleus and the cytoplasm, 
where it effectively inhibits apoptosis, most likely by 

binding to second mitochondrial activator of  caspase 
(Smac) (Song et al. 2003). 

One of the clinically significant features of 
survivin is its differential distribution in many 
cancers compared with its limited expression in 
normal terminally differentiated tissues (Johnson and 
Howerth 2004). Very high levels of survivin have 
been described in a number of different tumors (Ito et 
al. 2000, Kato et al. 2001, Kawasaki et al. 1998, Lu et 
al. 1998, Monzo et. 1999, Saitoh et al. 1999, Satoh et 
al. 2001, Swana et al. 1999, Tanaka et al. 2000 & 
Yoshida et al. 2001). 

Overexpression of several IAPs has been 
detected in various hematological malignancies, 
including acute leukemias, myelodysplastic 
syndrome (MDS), chronic myeloid leukemia (CML), 
and many types of lymphoid malignancies, such as 
chronic lymphocytic leukemia (CLL) and diffuse 
large B-cell lymphoma (DLBCL). Many publications 
revealed significant correlation between a high level 
of IAPs, especially of XIAP and survivin, and tumor 
progression contributing to leukemogenesis due to 
deregulated apoptosis (Wrzesień-Kuś et al. 2004 & 
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Troeger et al. 2007). The expression of survivin may 
be a general feature of cancer and survivin alone or 
with other antiapoptosis genes such as Bcl-2 may 
extend the viability of transformed cells and regulate 

their susceptibility/resistance to apoptosis-based 
therapy. For this reason survivin may provide an ideal 
therapeutic target for its selective expression in 
neoplasia (Ambrosini et al. 1997). Various strategies 
have been developed to target IAPs for therapeutic 
purposes in leukemia and lymphoma cells, including 
small-molecule inhibitors and antisense 
oligonucleotides (Fulda 2009). 

The aim of this study is to assess the level of 
expression of the antiapoptotic signal "Survivin" in 
Egyptian patients with acute leukemias and to 
delineate any significant correlation between the 
level of Survivin with the clinical and haematological 
findings in those patients. Hence we can throw some 
lights upon the prognostic impact of surviving. 

2. Patients and Methods 
Thirty patients with untreated de' novo acute 

leukemia were included in the analysis for survivin 

expression. Patients were selected from the out 
patient clinic of medical and pediatric oncology 
departments of the National Cancer Institute (NCI), 
Cairo University and followed up for one year. 
According  to  the French-American-British  (FAB) 
standard there were 15 patients  with acute 
myeloblastic leukemia (AML) and 15 patients with 
acute lymphoblastic leukemia (ALL) consisting of 25 
males and 5 females . The leukemic patients were 
divided into two age groups; pediatric group (<18 
years): 16 patients and adult group (18 years): 14 
patients. The control group included 20 age and sex 
matched normal healthy volunteers, they were 14 
males and 6 females.  All patients of this study were 
treated according to the institute ongoing induction 
and consolidation regimens. Patients were followed 
up for one year and outcome was designated either 
favorable or unfavorable.   Favorable outcome was 
considered when complete remission (CR) was 
achieved; CR status was determined 4 weeks after 
induction chemotherapy, it is defined by neutrophil 
count at least (1.5 x103/µL), platelet count (> 100 
x103/µL), BM aspiration  and biopsy that 
demonstrate at least 20% cellularity, < 5% blasts and 
no auer rods as well as absence of extramedullary 
infiltration.  

Unfavorable outcome was considered with 
failure of remission, occurrence of relapse or death.   

An informed consent was obtained after 
complete description of the study from each adult 
participant and from parents or legal guardians of 
the children participants at the time of enrolment, 

according to guide line of the local ethical committee 
of the National Research Center. 

Diagnosis of de novo' acute leukemias was 
made based on morphological and cytochemical 
assessment [Myeloperoxidase (MPO), 
Nonspecificesterase (NSE) and NSE with sodium 
fluoride inhibition] of peripheral blood and bone 
marrow smears. Complete Immunophenotyping was 
routinely performed using Flowcytometer Patec III 
DAKO cytomation for evaluation of acute leukemia. 
In addition, all patients were subjected to CSF 
examination, chest x-ray and pelvi-abdominal 
ultrasound for extramedullary involvement detection. 
Sera were analyzed for lactate dehydrogenase (LDH), 
alkaline phosphatase (ALP) and uric acid levels using 
Synchron CX9PRO.  

Survivin Gene expression was quantitatively 
determined by real-time PCR technique. Extra 
peripheral blood samples were taken into tubes with 
K3EDTA from the patients (study group) and from 
healthy subjects (control group).  
 
RNA Extraction and complementary(c) DNA 
synthesis:  

Total RNA was extracted from whole 
blood using QIAamp RNA Blood Mini kit supplied 
by QIAGEN worldwide companies (Cat No. 52304) 
according to manufacture's protocol. The 
concentration and purity of RNA was determined 
by measuring its absorbance at 260 nm (A260) and 
280 nm (A280) in a UV visible spectrophotometer. 
Total RNA (2 µg) was reverse-transcribed to 
complementary DNA (cDNA) according to 
manufacturing instructions using Thermal Cycler 
(Biometra, Germany) with kit provided from Applied 
Biosystems. cDNAs were stored at -20◦C until real-
time quantitative PCR was performed.  

Gene expression relative quantitation: 
Polymerase chain reaction (PCR) amplification 
reaction mixtures (50 µL) contained cDNA, survivin 
forward primer (SF) 5`-
ACCAGGTGAGAAGTGAGGGA-3` and Survivin 
Reverse Primer (SR)5`-
AACAGTAGAGGAGCCAGGGA-3`. The Survivin 
RNA Genbank accession number is NM001168. The 
TaqMan Probe sequence was 
GCACCCCGGAGCGGAT. GAPDH primers were: 
GAPDH Forward Primer (GF) 5`-ACATCG 
CTCAGACACCATGG-3` and  GAPDH  Reverse 
Primer (GR) 5`-GTA GTTGAGGTCAATGAAGGG-
3`.GAPDH RNA Genbank accession number is 
NM33197. The TaqMan Probe sequence 
CAAGCTTCCCGTTCTCAGCC. All primers and 
probes were synthesized by Applied Biosystems- 
Perkinelmer . 
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Thermal cycle conditions included holding 
the reactions at 50°C for 2 minutes and at 95°C for 
10 minutes and cycling for 40 cycles between 95°C 
for 15 seconds and 60°C for 1 minute. Results were 
collected and analyzed by Applied Biosystems 
Perkin Elmer 7300 sequence detection system. 

Relative quantitation using comparative 
threshold (Ct) was used to determine the change in 
expression of a nucleic acid sequence (target) in the 
test and control samples. The Ct value for any sample 
was normalized to the endogenous housekeeping 
gene GAPDH. A negative control was included in 
each experiment. Survivin Gene expression levels 
were expressed as copy number per cell (c/cell).  
 
Statistical Methods : 

All data were collected from the patient 
charts and entered into a computerized 
spreadsheet. The fit of the data to the normal 
distribution were tested with Kolmogorov-Smirnov 
Test. Data was statistically described in terms of 
range, mean, standard deviation (SD), frequencies 
(number of cases ) and relative frequencies  
(percentages). Comparisons were made using 
Student's t-test, One-way ANOVA test and Pearson’s 
correlation coefficients were calculated between 
the assessed variables. Statistical Package for Social 
Science SPSS Inc., Chicago,IL,U.S.A.version 9.0 
was used for analysis of data. The null hypothesis 
was rejected with a two sided P value of < 0.05. 
 
3. Results 

Frequency distribution of demographic and 
clinical data of ALL and AML patients are shown in 
Table 1. Median percentage of leukemic blast cells in 
peripheral blood was 80% in ALL patients and 53% 
in AML patients. Frequency distribution of FAB 
subtypes and therapy response data of AML and ALL 
patients included in the study are shown in Table 2. 

Comparisons between haematological and 
biochemical data in the pediatric ALL patients, AML 
patients and control subjects are demonstrated in 
Table 3.  Comparisons between haematological and 
biochemical data in the adult ALL patients, AML 
patients and control subjects are demonstrated in 
Table 4. 

Survivin gene was expressed in 60.0% of ALL 
patients and in in 73.3% of AML patients. 
Statistically significant higher expression was noted 
in both ALL and AML groups when compared to the 
control group (p-value = 0.0001) as shown in Figure 
1and Table 5.  Survivin gene expression was 
significantly higher in pediatric groups of both ALL 
and AML patients than pediatric group of control 
subjects with a p-value = 0.004 (Figure 2). Also 
Survivin gene expression was significantly higher in 

adult groups of leukemia patients than adult group of 
control subjects with a p-value =0.0001 (Figure 3).   

In the correlation studies, no statistically 
significant correlation was found between Survivin 
gene expression and demographic and clinical data of 
patients.  

A statistically significant negative correlation 
was detected between Survivin gene expression and 
RBCs count, HB level and Platelet count with p-
values = 0.01, 0.01 and 0.0001 respectively. Positive 
correlations were found with T.L.C, peripheral blood 
blasts, bone marrow malignant cells, LDH , ALP and 
uric acid levels with p-values = 0.0001, 0.0001, 0.03, 
0.0001, 0.006 and 0.001 respectively ( Table 6) . 

No statistically significant difference could be 
determined between L1 and L2 FAB subtypes (p-
value= 1.0). Regarding immunophenotyping, 
Survivin expression level in C-ALLA patients 
showed a mean value of 1.3  0.7c/cell, whereas Pro 
B and Pre B patients showed a mean Survivin 
expression level of 0.6  0.8 c/cell and 0.8  0.7 
c/cell respectively with a p-value = 1.0 which is 
statistically insignificant. 

In an attempt to correlate between Survivin 
expression and some prognostic factors of AML: 
AML patients with normal LDH level showed a 
mean Survivin level of 0.4  0.3 c/cell, whereas AML 
patients with elevated LDH level showed a mean 
Survivin level of 1.6  0.6 c/cell with a p-value = 
0.003 which is statistically highly significant.  

During the post-induction phase, Survivin 
gene expression showed a statistically insignificant 
difference between leukemic patients achieving 
complete remission and those showing unfavorable 
response with a p-value = 0.7. After the follow up 
period, the difference between mean Survivin gene 
expression in patients achieving complete remission 
and those showing unfavorable response was 
statistically insignificant with a p-value = 0.6 (Table 
7). 

 
4. Discussion 

Survivin has been identified as one of the 
top 4 transcripts among 3.5 million human 
transcriptomes uniformly up-regulated in cancer 
tissues but not in normal tissues (Sugahara et al. 
2004). Therefore, we quantitatively determined the 
expression of survivin by a real-time polymerase 
chain reaction technique in 30 patients with acute 
leukemias ; acute lymphoblastic leukemia (ALL), and 
acute myeloblastic leukemia (AML) in two age 
groups; pediatric group (<18 years) and adult group 
(18 years) and in age and sex matched control 
healthy subjects. Age-related acute leukemia groups 
might be associated with distinct expression patterns 
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of apoptosis-related molecules leading to the distinct 
prognosis in adult and childhood acute leukemia. 

In the present study statistically significant 
higher survivin expression was noted in both ALL 
and AML groups when compared to the control 
group. We found statistically insignificant change in 
Survivin expression level between ALL and AML 
groups.  

Thus, the results of this study provide 
further evidence that survivin plays a role in the 
malignant process of acute leukemias. Survivin gene 
was expressed in 60.0% of ALL patients and in 
73.3% of AML patients. This could be  attributed to 
dysregulation of Survivin gene which is normally 
controlled by p53 and transcriptional factors as the 
Kruppel-like factor 5 (KLF5). Zhu et al. (2006) 
demonstrated that the transcription factor KLF5 is 
widely expressed in childhood ALL and is a positive 
regulator inducing the expression of the anti-
apoptotic protein Survivin. Suppression of apoptosis 
contributes to leukemogenesis by different 
mechanisms, including prolonging cell life span, thus 
facilitating the accumulation of gene mutations, 
permitting growth factor-independent cell survival, 
promoting resistance to immune-based cytotoxicity, 
and allowing disobeyance of cell cycle checkpoints 
which would normally induce apoptosis (Tamm et al. 
2004). Carter et al.( 2001) demonstrated that Survivin 
is highly expressed and is cytokine regulated in 
myeloid leukemias . In their study cytokine 
stimulation increased survivin expression in leukemic 
cell lines and in primary AML samples. In cultured 
primary samples, single-cytokine stimulation 

substantially increased survivin expression in 
comparison with control cells, and the combination of 
G-CSF, GM-CSF, and SCF increased survivin levels 
even further. Also  Badran et al. (2003) reported that 
the analysis of Ph (+) blastic crisis CML patients (4 
patients) revealed positive Survivin  expression in all 
patients (100%) . Data collected by Mori et al (2002) 
showed that Survivin was detected in 17 out of 31 
AML patients (54.8%) and 5 out of 7 patients with 
CML blastic crisis (71.4%). The variation in the 
frequency of Survivin expression among different 
investigators is a consequence of variation in the 
procedures used and the number of cycles performed 
in PCR assays which may influence the sensitivity 
and specificity of the detection method. However 
Tamm et al. (2004) put few limitations and concluded 
that cryopreservation may alter protein expression in 
samples. Freezing and DMSO are proapoptotic 
stimuli potentially influencing expression levels of 
the proteins measured. Also the average leukocyte 
count could influence the expression level. 

We did not find significant correlation between 
Survivin expression level and sex, organomegaly and 

lymphadenopathy. Survivin expression level showed 
statistically significant negative correlations with 
RBCs count, HB level and platelets count. Significant 
positive correlations with T.L.C, peripheral blood 
blasts, bone marrow malignant cells, LDH, ALP and 
uric acid were identified. This could be explained by 
the antiapoptotic function of Survivin thus offering a 
survival advantage to malignant cells that dominate 
the bone marrow at expense of other hematological 
elements with high cell destruction. These results are 
in accordance with Oto et al (2007). 

With respect to blast immaturity, a 
significant variation of Survivin expression level 
could not be identified in ALL patients. Also Troeger 
et al. (2007) showed that Survivin expression levels 
were comparable between the different 
immunophenotypes.  

Concerning the outcome of our studied 
patients, difference in Survivin expression level 
during the postinduction period between patients who 
achieved CR and those who didn't was statistically 
insignificant.  After the follow up period of one 
year, the leukemic patients who achieved CR showed 
insignificant change of expression when compared to 
those with unfavourable response. Tamm et al. 
(2004) could not determine a prognostic role for 
survivin in adult AML. Survivin is  a negative 
prognostic marker in a variety of solid tumors and 
diffuse large B-cell lymphomas (Adida et al. 2000a) 
For example, it has been reported that survivin 
expression in neuroblastomas correlates with 
clinically more aggressive, histologically unfavorable 
disease (Adida et al. 1998) . Adida et al. (2000b) 
found no significant difference in remission rate or 
survival in adult AML patients expressing high 
versus low levels of survivin. Also difference in 
outcome correlations between investigators could be 
attributed to various treatment strategies and duration 
of follow up.  

In summary:, The previous data emphasized 
important correlations between Survivin expression 
level and established risk factors in acute leukemia 
patients. Thus Survivin could be used as a marker for 
assessment of bone marrow infiltration that in future 
could be used to refine treatment stratification. 
Elevated survivin levels could be cytokine regulated, 
thus explaining the controversy in its prognostic 
impact. In future Survivin may even serve as a 
therapeutic target itself. Patients should be assessed 
for a considerable period of follow up to compare 
between Survivin level before , during and after 
therapy and to correlate between patients' outcome 
and Survivin level on a larger scale. 
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Table (1): Frequency distribution of demographic and clinical data of ALL and AML patients included in the 
study 

Variables ALL patients 
N (%) 

AML patients 
N (%) 

Sex:   
Males 13 (86.7) 12 (80) 
Females 2 (13.3) 3 (20) 
Organomegaly: Hepatomegaly   
Negative 3 (20) 9 (60) 
Positive 12 (80) 6 (40) 
Splenomegaly   
Negative 2 (13.3) 8 (53.3) 
Positive 13 (86.7) 7 (46.7) 
Lymphadenopathy   
Negative 5 (33.3) 11 (73.3) 
Positive 10 (66.7) 4 (26.7) 
Extramedullary involvement: CNS manifestations   
Negative 15 (100) 15 
Positive 0 (0.0) 0 
Testicular enlargement   
Negative 14 (93.3) - 
Positive 1 (6.7) - 

 
CNS : Central Nervous System              
N :  Number  
% :  Percentage  

 
 
Table (2): Frequency distribution of FAB subtypes and therapy response data of AML and ALL patients 

included in the study 
 

Variables ALL Patients 
N (%) 

AML Patients 
N (%) 

FAB Subtypes: 
M1 
M2 
M3 
M5a 

  
2   (13.3) 
10 (66.7) 
2   (13.3) 
1   (6.7) 

L1 
L2 
 

2 (13.3) 
13 (86.7)  

I.P.T: 
C-ALLA 
ProB 
PreB 

 
 
8 (53.4) 
2 (13.3) 
5 (33.3) 

 

Postinduction response: 
CR 
PR 
Death 

 
10 (66.7) 
 4  (26.7) 
 1  (6.6) 

 
9 (60) 
5 (33.3) 
1 (6.7) 

Follow up after one year: 
CR 
Relapse 
Death 

 
8 (53.3) 
3 (20) 
4 (26.7) 

4 (28.6) 
7 (50) 
3 (21.4) 
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N.B : one AML patient was lost, so 14AML patients only were assessed after 1 year of follow up.  
FAB :  French American British 
I.P.T :  Immunophenotyping 
C-
ALLA 

:  Common Acute Lymphoblastic Leukemia Antigen 

CR :  Complete Remission 
PR :  Partial Remission 
N :  Number  
% :  Percentage  

 
 
Table (3): Comparisons between haematological and biochemical data in pediatric groups (< 18 years) of 
ALL patients, AML patients and control subjects included in the study 
 

Variables AML pediatric patients 
Mean ± SD 

N = 5 

ALL pediatric 
patients Mean ± SD 

N = 11 

Control pediatric 
subjects 

Mean ± SD 
N = 9 

P-value 

Age (years) 11.4 ± 4.9 6.4 ±  5.6 8.8 ±  4.7 0.4 
Sex (M/F) 5/- 9/2 7/2  
RBCs (xl06/uL) 1.9±0.4a 2.5±0.8a 5.0±0.4b 0.0001* 
HB (gm/dL) 5.4±1.4a 6.5±2.0a 13.8±1.5b 0.0001* 
T.L.C. (x103/uL) 110.3±128.4a 39.8±54.6a 9.0±2.0b 0.04* 
Platelets (x103/uL) 32.0±30.5a 46.0±28.0a 281.1±85.1b 0.0001* 
P.B blasts (%) 48.4 ±27.4 52.8 ±38.6 - 0.9 
Bone Marrow malignant 
cells (%) 

56.4 ±26.5 86.6 ±17.4 - 0.06 

LDH (U/L) 1636.0±1313.9a 798.0 ±566.7b 297.2 ±37.6b 0.007* 
ALP ( U/L) 161.2±61.1 153.0 ±106.0 89.0 ±19.7 0.1 
Uric acid (mg/dL) 6.8±1.3a 6.9±1.7a 4.6±0.7b 0.001* 
 
RBCs  
HB  
T.L.C  
P. B blasts  
LDH 
ALP 
N 
SD 

Red Blood Corpuscles 
Haemoglobin 
Total Leucocytic Count 
Peripheral Blood blasts 
Lactate Dehydrogenase 
Alkaline Phosphatase 
Number 
Standard Deviation 

P-value is significant if <0.05*  
Different symbol indicates significance 
 
Table (4): Comparisons between haematological and biochemical data in adult groups (> 18 years) of ALL 
patients, AML patients and control subjects included in the study 
 

 Variables 
 

AML adult 
patients 

Mean ± SD 
N = 10 

ALL adult patients 
Mean ± SD  

N = 4 

Control adult subjects 
Mean ± SD 

N = 11 

P-value 

Age (years) 35.0 ± 12.4 51.3 ± 8.5 35.5 ± 12.3 0.4 
Sex (M/F) 7/3 4/- 7/4 - 
RBCs (xl06/uL) 2.3 ± 0.7a 2.1 ± 0.4a 4.7 ± 0.5b 0.0001* 
HB (gm/dL) 6.5 ±1.5a 5.2 ± 0.9a 13.9 ±1.2b 0.0001* 
T.L.C. (x103/uL) 44.8 ± 41.4a 126.0 ± 115.5b 6.7±1.8a 0.002* 
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Platelets (x103/uL) 39.3 ± 24.6a 28.8 ± 15.4a 227.2 ± 49.2b 0.0001* 
P.B blasts (%) 50.7 ± 27.7 77.0 ± 17.2 - 0.3 
Bone Marrow 
malignant cells (%) 

71.5 ± 21.4 89.8 ± 4.0 - 0.3 

LDH (U/L) 973.5 ± 848.3a 2218.8 ±1259.7b 311.6 ± 45.2C 0.001* 
ALP ( U/L) 146.0 ± 57.8a 291. 8 ± 146.0b 80.4 ± 20.0C 0.0001* 
Uric acid (mg/dL) 7.2 ± 1.7a 8.6 ± l.la 4.9 ± 1.3b 0.0001* 
 
RBCs 
HB 
T.L.C 
P.B blasts 
LDH  
ALP  
N 
SD 

Red Blood Corpuscles 
Haemoglobin 
Total Leucocytic Count 
Peripheral Blood blasts 
Lactate Dehydrogenase 
Alkaline Phosphatase 
Number 
Standard Deviation 

P-value is significant if < 0.05*  
Different symbol indicates significance 
 
Table (5): Comparison Between mean Survivin Gene expression levels (c/cell) in ALL patients, AML patients 
and Control subjects included in the study 
 
Variables Minimum Maximum Mean ± SD P-value 
ALL patients 0.02 2.3 1.0±0.8a 
AML patients 0.03 2.4 1.2 ±0.8a 
Control subjects undetectable 0.6 0.2 ± 0.2b 

0.0001* 

 

c/cell 
SD 

copy number per cell 
standard deviation 

P-value is significant if < 0.05*  
Different symbol indicates significance 
 

Table (6): Correlation of Survivin Gene expression level to biochemical and haematological data of AML  
patients included in the study 

Variables r P-value 

LDH (U/L) 0.8 0.0001* 

ALP ( U/L) 0.3 0.2 

Uric acid (mg/dL) 0.7 0.002* 

RBCs (x106/µL) - 0.7 0.004* 

HB (gm/dL) - 0.7 0.002* 

T.L.C. (x103/µL) 0.7 0.004* 

Platelets (x103/µL) - 0.4 0.1 

P.B blasts (%) 0.8 0.0001* 

Bone Marrow malignant cells (%) 0.7 0.008* 

 
LDH : Lactate Dehydrogenase 
ALP : Alkaline Phosphatase 
RBCs : Red Blood Corpuscles 
HB : Haemoglobin 
T.L.C : Total Leucocytic Count 
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P.B blasts : Peripheral Blood blasts 
% : Percentage 

                               P-value is significant if  < 0.05* 
Table (7): Relation of Survivin Gene expression level (c/cell) to therapy response data of acute leukemia 

patients  (n=30) 

Variables Mean ± SD P-value 

Postinduction response :   

Favourable  (CR)  n = 19 1.2 ± 0.8 

Unfavourable 
(PR, Relapse, Death ) 

n = 11 1.1 ± 0.8 

 

 

0.7 

Follow up after one year:   

Favourable (CR) n = 12 1.1 ± 0.8 

Unfavourable 
(PR, Relapse, Death ) 

n = 17 1.2 ± 0.7 

 

 

0.6 

 
CR : Complete Remission 
PR : Partial Remission 
n : number  
SD : Standard Deviation   
c/cell : copy number per cell  

         P-value is significant if  < 0.05* 
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Figure 1. Comparison between mean Survivin gene expression levels (c/cell) of AML patients, ALL patients 
and Control subjects 

 
Statistically significant higher expression was noted in both ALL and AML groups when compared to the control 
group (p-value = 0.0001) 
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Figure 2. Comparison between mean Survivin gene expression levels (c/cell) in pediatric groups (<18 years) of 
AML patients, ALL patients and control subjects 

 
Survivin gene expression was significantly higher in pediatric groups of both ALL and AML patients than pediatric 
group of control subjects with a p-value = 0.004 
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Figure 3. Comparison between mean Survivin gene expression levels (c/cell) in adult groups (>18 years) of 
AML patients, ALL patients and control subjects 
 
Survivin gene expression was significantly higher in adult groups of leukemia patients than adult group of control 
subjects with a p-value =0.0001 
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Abstract: Submerged batch cultures, Semi -pilot scale cultivations and Outdoor biomass production were performed 
to increase Spirulina platensis biomass which is  naturally grown   in El Khadra lake water body    . Comparing 
Chlorella vulgaris and Spirulina platensis showed higher protein contents of Spirulina as it reached 64%(w/w)so,it 
may be used  in agriculture as a nitrogen biofertilizer and as an animal and fish growth promoter.Bio- chemical 
analysis of Spirulina biomass showed   presence of 17 amino acids ,10%(w/w) carbohydrates,8%(w/w)fibers and 
8%(w/w)lipids..The biomass of Spirulina contained 0.04 ppm Mg,0.3 ppmCa,0.16ppm Mn.0.8 ppm Fe,0.16ppm 
Zn,11.3 ppmNa,0,003ppmSeand 5,6ppmK.It also contained 1ppm Cu,0.04 ppmHg,0.03 ppm Ni.0.9ppm Cr,0.1ppm 
Cd and 0.6 ppm Co. 
[Aly, M. S and Amber. S., Gad. Chemical Composition and Potential Application  of Spirulina platensis Biomass. 
Journal of American Science 2010;6(10):1283-1291]. (ISSN: 1545-1003). 
 
Key words: Spirulina platensi,,El Khadra lake, biofertilizer..  
 
1. Introduction: 
                The mixotrophic culture might be used as 
an alternative to conventional photoautotrophic mass 
culture systems for production of high value 
pharmaceuticals by Spirulina platensis. Chen (1996) 
satisfactorily cultured S. platensis in a mixotrophic 
mode   by using  a mix of different sources of energy 
and carbon ; glucose at high cell biomass densities 
10.24 (g/ L)  for the production of phycocyanin. 
Under mixotrophic conditions, some microalgae are 
known to grow rapidly and to have a higher growth 
rate than under photoautotrophic conditions, 
Samejima and Myers (1958). The algae usually not 
only contain nearly every required vitamin and 
mineral, but also have the effect of increasing oxygen 
while reducing nitrogen and carbon. Lee et al. (1996) 
cultured Chlorella sorokiniana mixotrophically in an 
outdoor enclosed tubular photobioreactor reaching an 
optimum biomass productivity of 10.2 (g /L/ d) 
during the day and 5.9( g /L/ d )during the night using 
an initial glucose concentration of 0.1 M. The daily 
volumetric productivity of photosynthetic Chlorella 
cultures in a similar tubular photobioreactor was 
about 3 times lower, Lee and Low (1992). These 
values are the highest reported for outdoor 
conditions, Ogbonna et al. (1997). Chen and Zhang 
(1997) stated that growing S. platensi under 
mixotrophic conditions reported a productivity 2.4-
fold higher than of photoautotrophic cultures. 
Mixotrophic cultivation is an alternative to 
photoautotrophic production of biomass. The growth 
rates and biomass concentrations increase, apparently 
due to a synergistic effect of light and the organic 

substrate, Cid et al. (1992). Mixotrophic cultivation is 
a dual limiting process in which low light intensities 
or low organic carbon substrate concentrations may 
limit cell growth; while high light intensities or high 
carbon substrate concentrations may inhibit cell 
growth, Chen (1996). The cellular concentrations of 
the photosynthetic products depend on the relative 
heterotrophic and photoautotrophic growth rates. At 
high cell concentrations, light becomes limiting and 
the contribution of the photoautotrophic growth to the 
overall growth rate is very low. Under this condition, 
both the protein and the chlorophyll contents of the 
cells are much lower than of those of the autotrophic 
cultures, Ogbonna et al. (1997).Heterotrophic growth 
of microalgae could eliminate the requirements for 
light, and thus may offer the possibility of greatly 
increasing the algal cell concentration and 
productivity on a large-scale; however, only a few 
industrial heterotrophic processes have been 
attempted to date, Chen and Johns (1995). This is 
probably because limited number of available 
heterotrophic algal species; increased potential of 
contamination by bacteria; inhibition of growth by 
organic substrates at low concentrations; and the 
inability to produce some light-induced products, 
such as pigments ,Chen (1996). Photosynthetic 
microorganisms are able to synthesis organic C, N, 
and P which allow treating wastewater and 
simultaneously producing useful biomass when 
intensive algal culture is employed in outdoor ponds 
as tertiary for the removal of waste residual 
compounds, Kim, et.al (2000). S.platensis cultivation 
is usually preformed in open ponds so that the solar 
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energy is used to fix inorganic carbon. Since 
heterotrophic metabolism is faster than autotrophic, 
simple carbon source is used to sustain growth. 
However, heterotrophic metabolism tends to suppress 
the photosynthetic activity, therefore a mixed 
heterotrophic and autotrophic (mixotrophic) culture 
could be preferable, Lee et al. (1992 and 1996). 
      The high content protein indicates relatively good 
amino acid profile and low metal content enabled the 
use of algal biomass as feed supplement. The use of 
micro- algae  in industry encourage the development 
of better cultivation system in order to optimize the 
production of algae rich  in active substances such as 
vitamins protein, amino acids,fatty acids and trace 
elements . This study aimed to evaluate the amino 
acid composition of corkscrew-shaped filament S. 
platensis microalgae grown in El Khafra lake water. 
This seaweed is also characterized by fast growth, 
(dividing three times a day) , Furthermore, the 
Spirulina has  advantages over  other seaweeds by 
having   the pleasant taste and thus it is  used   in  the 
preparations of Spirulina capsules or in foods such as 
beverages and pastes. Spirulina causes no problems 
for digestion and no toxicity to humans, in contrary to 
occur to other seaweeds such as Chlorella and 
Scenedesmus. Spirulina is also known for its 
antioxidant and hypocholesterolemic actions;Parikh 
et al. (2001); Mao et al.(2005) ; Colla,.  et al. ( 
2008)and Muthuraman et al. (2009). 
 
2. Materials and Methods: 
Micro-organisms:  
          Spirulina  platensis and Chlorella vulgaris  
isolates used in this study were   obtained  from   El-
Khadra lake at Wadi El Natroun, Egypt, 
characterized by  extreme conditions of  pH 10.5 and 
salt concentration of 0.55 M,,(Aly ,2000).   
 
Maintenance stock media: 
           Zarrouk’s synthetic solid medium (Zarrouk, 
1966) ,amended with 2%(w/v) agar was used for 
maintaining S.platensis  N-8 medium; Vonshak(1986 
)used to maintain  the unicellular green algae 
Chlorella vulgaris.  
 
     Inoculums preparation:  
               Spirulina stock cultures were propagated in 
50 ml Zarrouk’s synthetic broth  medium at 30±2 °C 
under continuous illumination  with fluorescent lights 
for seven days in 500 mL Erlenmeyer flasks; Colla et 
al. (2004). The inocula concentrations were 
determined by spectrophotometer using a standard 
curve. a calibrated at 560 nm ;Volkman(2008). 
Inoculation conditions of C.vulgaris were performed 
according to Mandalam and Polsson and (1998). 

 

Batch culture condition.   
       The S. platensis  batch culture was incubated  at 
agitation of  160 rpm, temperature, 30ºC and 
luminosity 5000 lux  in 250 mL Erlenmeyer flasks 
containing 50 ml of  both basal  Zarrouk medium, 
Zarrouk, (1966) , and El Khadra lake water   . 
Fermentations media were sterilized at 120○C for 20 
min. The stock cultures were transferred to outdoors 
130-L photobioreactor earlier 24 hours after 
inoculation .Cultivation conditions of C.vulgaris 
were performed according to Mandalam and Polsson 
and (1998). 

  
Semi -pilot scale condition: 
      The bioreactor was  inoculated by the previously 
prepared locally isolated  S.platensis and C. vulgaris  
with initial biomass concentration of 0.16 g/l,  These 
cyanophytes  were used  to inoculate  Zarrouk’s 
synthetic media ,Zarrouk, (1966) ; N-8 medium 
,Vonshak (1986) and El Khadra water respectively. 
Cultures were incubated at 30○C with 5000 lux/cm2 
and pH 10.5 for 7 days . Zarrouk’s medium contained 
(g/L ):NaHCO3, 16.8; K2HPO4, 0.5; NaNO3, 2.5; 
K2SO4, 1.0; NaCl, 1.0; MgSO4 · 7H2O, 0.2; CaCl2, 
0.04; FeSO4 · 7H2O, 0.01; EDTA, 0.08; H3BO3, 
2.86 mg/L; MnCl2· 4H2O, 1.81 mg/L; ZnSO4 · 
7H2O, 220 µg/L; CuSO4· 5H2O, 79 µg/L; MoO3  , 15 
µg/L; and Na2MoO4, 21 µg/L; Cases et al. (2001) ). 
All the reagents used were of analytical grade, 
obtained from Merck Chemical Co. (Darmstadt, 
Germany). Aeration was conducted using air pump 
according to Costa et al., (2002),and  was incubated 
for 7 days at 30○C under illumination with 
fluorescent lamps (5000 lux) with 12h light /dark 
photoperiod according to Vonshak et al., (1982). 
  It was supplied with flow rate of  0.03% 
CO2. (100ml /min) in a 3L batch fermentor of 2.5L 
working volume with air. Cultivation conditions of 
C.vulgaris were performed according to Mandalam 
and Polsson and (1998) .After seven days  , the 
biomass was filtered through a 20-µm membrane, 
thoroughly washed with distilled water, and stored 
after freeze drying . 
Outdoor Spirulina biomass production: 
         2 L Erlenmeyer flasks, containing 1.8 L of 
Zarrouk's nutritive medium (Zarrouk, 1966) were 
used as starter inocula. S. platensis were grown in 
water outdoor mass culture 130 L photobioreactor, 
Colla et al. (2004).  
 
Harvesting the biomass 
    At the end of seven days  , the algal biomass  was 
aseptically filtered  and washed with distilled water to 
remove the salts from the algal surface then,  
lyophilized and stored at 4-5هC ○until need according 
to ,Colla et al.(2004) or dried at 50○ C. The dried S. 
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platensis  was powdered and stored in plastic 
container till used. . 
 
Preparation of Spirulina aquous extract (SAE): 
           The air dried S.platensis cells (5 g) was mixed 
under cooling conditions with sterile dist. water. The 
slurry was filtered through 50 mesh polyester rope 
and centrifuged at 5000 rpm for 10min. The clear 
supernatant was taken and made up to 100 ml then, 
sterilized through Millipore membrane 0.25μ.This 
sterilized Spirulina aqueous extract (SAE) represents 
the stock sources used for chemical analysis. 

 
Analytical procedures.  

pH of El Khadra lake  was determined 
directly in the field with scan 2  pH meter . 
Determination of the protein content of the cultivated 
material according to Lowry et al. (1951). 

Determination of amino acids The amino 
acid profile was analyzed  in algal protein precipitate 
after HCl hydrolysis using LC3000 amino acid 
analyzer with a flow rate , 0.2 ml/min , pressure for 
buffer, 0-50 bar, pressure for reagent ninhydrin 0-150 
bar, column temp. 50○C.  

Total carbohydrates were determined as 
glucose according to Dubois et al. (1956). 
Fibers contents of S. platensis were determined 
according to the standard method of A.O.A.C. 
(1980). 
            Lipids were determined according to Folsh et 
al. (1975) method using extraction mixture of 
methanol – chloroform mixture (1:1,v/v ) at 28ºC for 
24 hrs in darkness followed by filtration. The extract 
was mixed thoroughly with half volume of 0.9% 
NaCl solution and the organic phase containing fatty 
acids was separated. The solvent was evaporated 
under nitrogen and the lipid content was 
gravimetrically estimated.  
           Heavy metals and minerals were analyzed by 
atomic absorption spectrophotometer varian A220, 
NRC, Cairo. 
 
Spirulina semi-pilot scale production studies: 
        100 mg axenic  culture prepared from  powder 
of the local  S.platensis; 15 mg PVP 
(polyvinylpyrrolidone) ; 10mg magnesium stearate  
and 300 mg avicel  .For all formulations with (5-
20,w/w) PVP the mixture was compressed using 
single punch tablet machine , hardness tester, 
disintegration apparatus and Roche Frabilator Erweka 
(GmbH. Frankfurt) in  the machine setting were 
adjusted to produce S.platensis  pellets  having 
approximately the same hardness and weight .  

 
3. Results and Discussion: 
Protein content of S. platensis and C.vulgaris grown 
in El Khadra Lake and on basal synthetic media. 

Fig(1) shows that the bluish-green seaweed 
Spirulina is characterized by  its high protein content 
(64.0,and 58,0 )% on dry weight basis  when grown 
in Zarrouks, and El Khadra lake water ,respectively  
compared to C. vulgaris grown in N-8 medium 
Vonshak (1986 )and El Khadra lake water .So, 
further studies will be focused on Spirulina .As a  
cyanobacterium, S. platensis does not contain a 
heterocyst necessary for nitrogen fixation. Thus, it 
must absorb nitrate from the media, and cultivation 
requires substantial inputs of soluble nitrogen. 
Exclusive use of sodium  nitrate is essential for  
biomass production. S. platensis grown on basal 
medium because of its high solubile nitrate..  
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Fig.(1)Protein content of Chlorella and Spirulina 

grown in basal media and Waadi El Natroun 
Khadra lake body water.  

 
The Biochemical analysis of S.platensis   
       Nitrate assimilation involves its uptake and 
sequential reduction by nitrate reductase (NR) and 
nitrite reductase (NiR) into ammonium ions, which 
are then incorporated into amino acids mainly by the 
glutamine synthetase/glutamate synthase 
(GS/GOGAT) pathway. In higher plants, these 
enzymes are induced by nitrate and regulated by 
light, hormones, sugars and carbon and nitrogen 
metabolites, Raghuram et al, (2006). The genes 
involved in these reactions have been cloned from 
many plants and mutants and transgenic lines are also 
available,Lochab et al. (2007). Spirulina contains at 
least 10-fold higher protein than rice, indicating a 
correspondingly high capacity for nitrate 
utilization,(Goto et al. 1998,;Kronzucker et al. 
2000;Ali et al.(2007). However, its biochemical basis 
is not known ,Vonshak (1997), except nitrate 
induction  by NR and its inhibition by nitrite and 
ammonium ions ,Jha et al., (2007), Characterization 
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of NiR (Yabuki et al., 1985; Ali et al. 2008), and 
regulation of nitrate assimilation by calcium and 
phosphate  were reported ,Singh and Singh (2000). 
Wong and Chan (1980) found that the protein content 
of sewage grown Spirulina was 45.6 %and fat was 
14.7% of the total dry weight  
         Results obtained in table (1) revealed the 
Spirulina high crude protein content which amounted 
64.00(% w/w) on Zarrouk medium. Crude fat was  
8% (w/w); 10%(w/w) total carbohydrate 
content;8%(w/w) fiber .Wong and 
Chan(1990)revealed that C.vulgaris and S.bijuga 
have a fiber content of 5-8%(w/w)and 10%(w/w) 
minerals. The protein malnutrition is a public health 
problem that has affected a large proportion of the 
world population for many years, especially in the 
developing countries indicates tremendous 
importance of this alga in nutritional, industrial and 
environmental biotechnology ,Vonshak (1997). 
However, it is not clear how the organism steers its 
nitrogen metabolism to produce so much protein. 
This alga  is a nitrate-utilizing, non-nitrogen fixing 
and  photosynthetic organism. The nitrate-utilizing 
ability of Spirulina has been exploited in the 
decontamination of nitrate-polluted waters and 
effluents (Kim et al., 2000; Lodi et al., 2003). 
Amino acid profile of S. platensis  
        Seventeen amino acids were detected in S. 
platensis grown on Zarrouks  growth media  as table 
(2) shows that  S. platensis contains wide spectrum of  
amino acids . Glutamic acid was the most common 
amino acid of the dry matter of S. platensis followed 
by aspartic acid  . Isoleucine was the most abundant 
essential amino acid as indicated in table (2).The 
phenyl aalanine is also present in comparatively high 
doses, therefore, people with phenylketonuria should 
avoid Spirulina. 

 
Table(1). The Biochemical analysis El Khada lake   

of S. platensis biomass grown in Zarrouks 
basal medium.  

Component 
Concentration  

(%w/w) 

Crude protein 64.00 
Fat (lipids) 8.00 

Total carbohydrate 10.00 
Fiber 8.00 

Minerals 
 

10.00 

  
 
       The  high protein and amino acid content of  the 
algae grown on agriculture drainage water could be 
attributed to the availability of essential elements in 
quite high amounts as well as the tendency of algae 
for bioaccumulation and incorporation of these 
element into their macromolecules .El Adel et al. 
(2003) reported that salinity ,inorganic N and P of 
agriculture drainage water resulted in  higher protein 
content in Spirulina especially due to the lack of 
organelles and intracellular transport constraints. The 
contents of proline and sulfur containing amino acid 
:methionine and cystine of the algae is low 
remarkably .  The results reported that amino acids 
aspartic, serine, alanine, leucine, and glycine 
collectively amounted 50% of the detected amino 
acid content while methionine, cystine, , tyrosine, and 
histidine collectively amounted less than 20 %. 

 
 

 
Table ( 2).Combined amino acids in the biomass  of S .platensis  grown on   Zarrouk's  basal  medium . 

Eessential 
Amino acid 

(μg/mg)  DW. 
Non essential 
Amino acid 

(ug/mg)DW. 

TTheorinnine 16.068 Alanine 29.564 
PPhenylalanine 11.537 Serine 16.109 

A  Arginine 23.359 Tyrosine 16.765 
Histidine 7.147 Proline 8.767 
Luecine 19.485 Glycine  

Isoluecine 37.325 Glutamic acid 52.159 
Lysine 13.460 Aspartic acid 38.186 
Valine 22.394 Cystine 1.1 

Methionine 4.840   
 
 
The amino acid profile of S.platensis biomass is a presented in Fig (2). 
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 ٍ◌Fig(2)-HPLC- chart amino acid profile  of combined amino acids of. S.platensis.  
(Amino acids in order from left to right)Aspartic-Theorinnine- Serine- Glutamic acid- Proline- Glycine- Alanine- 
Cystine Valine – Methionine-Luecine- Isoluecine- Phenylalanine- Tyrosine-Histidine- Lysine. 

 
Minerals in S. platensis 
            Table (3) shows that, Spirulina might 
concentrate ions found in its environment.  The 
natural El khadra lake waters Spirulina are so 
saturated with minerals originating from ancient soils 
and mountains while Spirulina favors to live in this 
aquatic environment no other plants can live there. 
Because Spirulina prefer to thrives in such alkaline 
waters, it incorporates and synthesizes many minerals 
and derivative compounds into their cells. The 
absorbed minerals are transformed into natural 
organic forms by Spirulina. Minerals become 
chelated with amino acids and  are become  more 
easily assimilated by the body .The biomass of S. 
platensis contained 0.04 ppm Mg, 0.3ppm Ca, 0.16 
ppm Mn,0.8 ppm Fe,0.16 ppm Zn,11.3 ppm 
Na,0.003pppse,and 5.6pppK. Potassium is a crucial 
mineral that regulates body electrolyte balance, Beck 
(2000). Its deficiency can cause heart arrest, 
hypertension, adrenal exhaustion and muscular 
collapse. Calcium is especially important to bone and 
dental health and also in neural transmissions to the 
muscles; Aloia, et al.(1996 ). Zinc is the pivot point 
of over thirty vital enzymatic reactions, with 
profound effects on mental health, skin tone, prostate 
function and healing capacity, Gonzalez(2009). 
Magnesium deficiency can lead to spasmodic muscle 
disorders, including cardiac irregularities. This 
element helps in  assimilation of C, B vitamins and 
proteins; Sawka and Montain(2000). Manganese at 
concentration of 0.16 (ppm) activates enzyme 
systems, along with zinc. It promotes the activity of 
neurotransmitter acetylcholine, and helps stabilize 
blood sugar ,Takeda(2003). Selenium was  originally 
believed to be a toxic heavy metal, but now known to 
be necessary for health. It retards aging, harmful 
oxidation and free radical formation, reduces and 
improves cardiac efficiency. Selenium is an essential 

trace mineral that functions as an antioxidant and 
promotes a healthy immune system; Cases et al. 
(2001),and Tsavachidou et al. (2009)). Iron is 
required in remarkably small amounts .It promotes 
formation of hemoglobin, the oxygen-carrying blood 
pigment found in healthy red blood cells. Iron 
deficiency is most common among women in their 
reproductive years, Steinberg (2001).. 

  
Table (3). The minerals content of S. Platensis .  
Mineral  Conc. (ppm) Mineral  )ppm. (Conc 
Mg+2 0.04 Zn+2 0.16 
Ca+2 9.3 Na+ 11.3 
Mn+2 0.16 Se+4 0.003  
Fe+2 0.8 K+ 5.9 

  
Heavy metals in S. platensis :  

The UN-FAO recognizes Spirulina as a 
potential weapon against malnutrition for the third 
world and has sponsored safety studies since the early 
1980. Table (4) shows the heavy metals content of 
Spirulina.  Phytoremediation potential of S. platensis: 
resemble Chlorella which known to bind to the heavy 
metals .Biosorption and toxicity probably most 
concern is Spirulina's ability to absorb and 
concentrate heavy metals such as lead and mercury if 
they are present in its environment The biomass of S. 
platensis contained 1.00 ppm Cu, 0.04 ppm Hg, 0.03 
ppm Ni,0.90 ppm Cr,0.10 ppm Cd,and 0.6 ppm Co.. 
However, Spirulina-associated hepatotoxicity and 
reactions from heavy metal contamination are 
possible. Spirulina is considered nontoxic to humans 
at usual levels of consumption .This justify the use of 
alga biomass  in nutrition if necessary; however, 
information is limited as insufficient clinical data to 
guide dosing of Spirulina for therapeutic effect.  
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Table (4).The Heavy metal content of S. Platensis  
Heavy 
metal 

Conc. 
(ppm) 

Heavy 
metal 

Conc. 
(ppm) 

Heavy meta 
Conc 
(ppm) 

Cu+2 1.00 Hg+2 0.04 Ni+3 0.03 
Cr+2 0.901 Cd+2 0.10 Co+3 0.60 

  
Therapeutic Spirulina pellets: 
    Because of the high cost of extraction of 
polyunsaturated fatty acids and other constituents 
from Spirulina ,it seems that the best way is to use 
Spirulina by direct consumption as a nutritional 
supplement,Kapoor and Mehta (1993), Spirulina can 
be used either as a food supplement or taken in 
capsule form.Capsules appeare to be the preferred 
form at present, Colla et al. (2004). 
   Table (5) shows that 5 % (w/w) poly vinyl 
pyrrylidone (PVP) is the most suitable for capsules 
formation.  Spirulina is sold as a feed additive for 
aquaculture and as a dietary supplement It has a long 
history of use as food and it is the nature’s richest and 
most complete source of organic nutrition. The 
concentrated nutritional profile of Spirulina occurs 
naturally, so it is ideal for those preferring a whole 
food supplement to artificial nutrient sources. 
Spirulina has a unique blend of nutrients that no 
single source can provide. It has been labeled as a 
powerful food, rich in proteins, carbohydrates, 
polyunsaturated fatty acids, sterols and some more 
vital elements like calcium, iron, zinc, magnesium, 
manganese and selenium. It is a natural source of 
vitamin B12, vitamin E, ascorbic acid, tocopherols 
and whole spectrum of natural mixed carotene and 
xanthophylls phyto-pigments (Chamorro et al., 1996; 
Pinero Estrada et al .2001; Chamorro et al., 2002, 
Islk et al., 2006, and Al Attat 2010).Spirulina is also 
used as a feed ingredient for pigmentation of 
ornamental fish, especially gold fish and fancy red 
carp. The spirulina is reported as a potent anti-cancer 

(Ismail et al., 2009), hypocholesterolemic and 
hypolipidemic (Colla et al., 2008), antidiabetic 
(Muthuraman et al., 2009) as well as   for health 
improvement (Annapurna et al., 1991; Cingi et al. 
2008, and Al Attar, 2010).             
           Despite considerable progress in medical 
therapy, there is no satisfactory drug to treat kidney 
stones. So, capsules  could be used for antilithiatic 
activity of Spirulina . In addition, the incidence of 
kidney stones has been increased in most societies in 
the last five decades, especially in association with 
economic development. In spite of tremendous 
advances in the field of medicine, there is no truly 
satisfactory drug for the treatment of nephrolithiasis. 
Recently, there is increasing evidence that many 
healthy natural food and medicinal herbal and 
supplements have the potential to become valuable 
complementary therapy in the treatment of various 
renal disorders and in the protection against 
iatrogenic nephrotoxicity. The administration of 
Spirulina solution to rats with ethylene glycol 
induced nephrolithiasis reduced and prevented the 
growth of kidney stones, renal and hepatic 
impairment  can be concluded that the food  
supplementation with Spirulina has a beneficial effect 
on nephrolithiasis induced by ethylene glycol ,Al-
Attar(2010). The Spirulina components which are 
responsible for these therapeutic properties are 
thought to be compounds with antioxidant abilities 
such as polyunsaturated fatty acids, phycocyanin and 
phenolics ,Colla et al. (2004),and Islk et al.(2006). 

 
Table ( 5).Physical characteristics of S. platensis pellets formulation. 

Disintegration 
time(min) 

Hardness(kg
) 

Friabilit
y(%)  

Thickness(±S
D) 

Weight 
mg(±CV)  

PVP 
conc.(%) 

0.22 6.43 1.05 0.321±0.80 300±1.70 5 
1.73 5.92 0.99 0.351±0.80 338±1.90  10 
2.76 5.77 0.06 .333±1.210  278±0.50 15 
6.28 6.99 0.05 .322±1.530 302±1.75 20 
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Abstract: This work was planed to study the immune response in sheep vaccinated with bivalent inactivated 
aluminum hydroxide gel (AL(OH)3 ) and oil adjuvant (Montanide ISA206) FMD vaccine by ELISA and SNT. 
Thirty sheep were used and were classified into three groups: 1st group (10 animals) vaccinated with bivalent 
AL(OH)3 gel inactivated FMD vaccines; 2nd group (10 animals) vaccinated with bivalent inactivated oil-adjuvant 
FMD vaccine and 3rd group (10 animals) non-vaccinated control group. The immune response in the 1st group 
revealed that specific FMD antibodies titers were detected after 2 weeks post vaccination (WPV) by ELISA (one or 
more log10) and after 3 WPV by SNT (1.2 or more log10); FMD serum antibodies were peaked at 8 WPV then 
gradually decreased until 18 WPV and 16 WPV for serotype O and A respectively and all vaccinated sheep became 
seronegative at 24 WPV. The duration of protective immunity with aluminum hydroxide gel bivalent (O1 and 
A/Egypt 2006) FMD vaccine was 12 -13 weeks by SNT and ELISA. Whereas the immune response in the 2nd group 
revealed that specific FMD antibodies were detected after 2 WPV by ELISA (one or more log10) and after 3 WPV 
by SNT (1.2 or more log10); FMD serum antibodies were peaked at 12 WPV then gradually decreased until 32WPV 
and all vaccinated sheep became seronegative at 40 WPV. The duration of protective immunity with oil adjuvant 
(Montanide ISA206) (O1 and A/Egypt 2006) FMD vaccine was 29-30 weeks by SNT and ELISA. All control 
animals were negative by SNT and ELISA a along time of the experiment. It could be concluded that vaccination of 
sheep with bivalent inactivated oil adjuvant Montanide ISA 206 vaccine gave higher long lasting immunity than AL 
(OH)3, and could replace the commercial aluminum hydroxide FMD vaccine. 
[Selim A.M.A.; Abouzeid N.Z.; Aggour A.M. and Sobhy N.M. Comparative Study for Immune Efficacy of Two 
Different Adjuvants Bivalent FMD Vaccines in Sheep. Journal of American Science 2010;6(10):1292-1298]. (ISSN: 
1545-1003). 
 
Keywords: Sheep, FMD, Bivalent inactivated vaccine, ELISA, SNT. 
 
1. Introduction: 

Foot and mouth disease (FMD) is a highly 
contagious disease affecting cloven-hoofed animals. 
It causes production loss and constraint imposed on 
international trade in live animals and their products 
(KO et al., 2009). FMD is associated with an 
aphthovirus (family Picomaviridae) which occurs as 
seven major serotypes: A, 0, C, Southern African 
Territories (SAT) 1, SAT 2, SAT 3 and Asia 1. 
However, there are a number of immunologically and 
serologically distinct subtypes with different degrees 
of virulence, especially within the A and 0 types. As 
there is no cross-immunity between serotypes, 
immunity to one type does not confer protection 
against the others (Knowles & Samuel, 2003 and 
Radostits et al., 2010).  

The typical severity of FMD and the level and 
duration of infectiousness vary widely among hosts, 
with sheep showing less clinical evidence of infection 
than cattle or pigs (Pay, 1988). All of the most recent 
outbreaks of FMD within and around the European 

Union member states have involved sheep 

(Donaldson &Doel, 1992; Kitching, 1996 and 
Ferguson, et al., 2001). In Egypt over the last forty – 
five years (1960-2005) only serotype O1 had been 
isolated yearly while FMD virus serotype A was not 
recorded in Egypt since 1956 and it was confirmed in 
Egypt since March 2006 through live animals 
importation (Abed El Rhaman et al., (2006).  
Newer techniques for identifying subtypes involve 
enzyme-linked immunosorbent assay (ELISA), 
reverse transcriptasepolymerase chain reaction (RT-
PCR) and nucleotide sequence analysis (Radostits et 
al., 2010). The virus neutralization test is the 
reference test to detect antibodies against FMDV (De 
Clercq, 2002). ELISA preferable in FMD diagnosis 
as it is serotype specific, sensitive, quantitative and 
quicker to perform (Mackay et al., 2001). 

In the endemic countries, eradication does not 
seem possible within the foreseeable future and 
countries free of the disease may require regional 
vaccination during outbreaks. Because of the 
increasing occurrence of antigenically dissimilar 
substrains, the production of vaccines from locally 
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isolated virus is becoming a more common practice 
(Radostits et al., 2010).  

The progress in FMD vaccine production was 
primarily directed towards safety of the vaccine, 
purity of the antigen, selection of proper adjuvant and 
endurance of immunity (Osama, 1992). An important 
consideration in the selection of an adjuvant system 
is that the vaccine should give minimal reaction in 
the vaccinated animal (Doel, 1999). Current research 
in Egypt is directed towards developing and 
evaluating adjuvants that result in a high and long 
lasting immunity (Deghaidy et al., 2002). In view of 
the above argument this work was planned to 
evaluate the immune response in sheep vaccinated 
either with bivalent inactivated aluminum hydroxide 
gel FMD or oil adjuvant (Montanide ISA206) FMD 
vaccine by SNT and ELISA.  
 
2. Materials and Methods  
2.1. Materials: 
2.1.1. Animals:  

Thirty apparently healthy local breed male 
sheep aged 10 -12 month and weighting about 25-30 
kg body weight used in this study. They were proved 
to be free from FMDV type “A, O” antibodies titers 
using SNT and ELISA. 
 
1.2. Serum Samples:  

Ten ml of blood were collected in clean 
sterile dry screw capped bottle from sheep jugular 
vein before and after vaccination. The collected 
blood were left to clot at room temperature for one 
hour and centrifuged at 3000 rpm for 15 minutes. 
Sera were aspirated by Pasteur pipette in other clean 
dry crocked bottle which labeled in a serial number 
and stored at –20 oC until used.  
 
2.1.3. Biological reagents: 
 2.1.3.1. FMDV:  

Locally isolated FMD virus type O strain 
(O1/3/93 Egypt) first appeared in Aga 1993 and 
FMD virus type A strain (A/EGY/1/2006) first 
appeared in Ismailia 2006  stored at -70 ºC and used 
for determination of antibodies against FMD virus 
type O and A. 
 
 2.1.3.2. Cell cultures (BHK21, clone13): 

 It was supplied from Institute of animal 
health, Pirbright, UK. and propagated in FMD 
department, Veterinary Serum and Vaccine Research 
Institute, Cairo according to the technique described 
by (Macpherson & Stocher, 1962). 
 
2. 1.3.3. New-born calf serum: (Sigma, Germany). 
Used as 8% in growth medium according to (Telling 
and Roblett, 1969). 

2.1.3.4. Bivalent inactivated FMD vaccine with AL 
(OH)3 gel and oil emulsion Montanide ISA206. 
Vaccines were kindly supplied by serum and vaccine 
research and production institute, Abassia, Cairo. 
2.1.4. Chemical reagents and buffers 
2.1.4.1. Reagents for SNT:  

It was performed using the micro technique 
as described by Ferreira, (1976). 
 
2.1.4.2. Reagents for ELISA:   

It was carried out according to the method 
described by Voller et al., (1976). 
 
2.2. Methods: 
2.2.1. Experimental vaccination of bivalent 
inactivated aluminum hydroxide gel and oil adjuvant 
(Montanide ISA206) FMD vaccine in sheep. 
The selected 30 sheep used in experimental 
vaccination were classified into three groups:  
 1st group (10 animals) administrated S/C with 1ml 

aluminium hydroxide gel inactivated FMD 
vaccines. 

 2nd group (10 animals) administrated I/M with 
1ml of inactivated oil-adjuvanted FMD vaccine.  

 3rd group (10 animal) non-vaccinated sheep and 
used as control group. 

Serum samples were collected from experimentally 
vaccinated and control sheep weekly interval for 8 
weeks then every 2 weeks until disappearance of 
antibodies. The serum samples were tested 
serologically by ELISA and SNT according to Voller 
et al., (1976) and Ferreira, (1976) respectively. 
 
2.2.2. Statistical analysis  

Data were analyzed using Microsoft office 
excel 2007 program and statistical analysis system 
(SPSS) package (Littell et al., 1991). 
 
3. Results  

The mean antibody titer by SNT reached to 
1.2 log10 or more in all vaccinated sheep with 
AL(OH)3 gel and oil adjuvant bivalent FMD vaccine 
after 3 WPV in both serotypes A, O. Antibody titers 
reached to the maximum mean titer (1.755 log10 and 
1.71 log10) at 8 WPV with in serotypes O and A 
respectively in AL(OH)3 adjuvant vaccine while in 
oil adjuvant vaccine maximum mean titer (2.52log10 
and 2.55log10 ) obtained at 12 WPV in both serotype 
A in serotype O.  In AL(OH)3 gel bivalent FMD 
vaccinated group antibodies showed gradually 
decreased until 16-18 WPV and all vaccinated sheep 
became seronegative at 24 WPV. While in oil 
adjuvant vaccinated group Antibodies showed 
gradually decreased until 32 WPV and all vaccinated 
sheep became seronegative at 40 WPV (Table 1). 
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Table (1) Comparative means of serum neutralizing antibody titers for sheep vaccinated by AL 
(OH)3  and Montanide ISA206 oil adjuvenated FMD bivalent (A,O) vaccines. 

(Log10) antibodies titers means obtained by SNT 
Type of vaccine AL(OH)3  Montanide ISA206 OIL  
FMD serotype A O A O 

0 0.24 0.295 0.389 0.499 
1 0.465 0.505 0.645 0.735 
2 0.915 0.915 1.065 1.095 
3 1.23 1.335 1.47 1.515 
4 1.38 1.41 1.65 1.74 
5 1.485 1.545 1.77 1.905 
6 1.56 1.65 1.95 2.025 
7 1.635 1.71 2.175 2.16 
8 1.71 1.755 2.25 2.295 
10 1.59 1.695 2.43 2.475 
12 1.53 1.545 2.52 2.55 
14 1.38 1.455 2.385 2.49 
16 1.32 1.35 2.325 2.46 
18 1.17 1.275 2.295 2.385 
20 1.11 1.185 2.16 2.34 
22 0.9 1.065 2.055 2.19 
24 0.73 0.855 1.905 2.04 
26 0.525 0.66 1.77 1.905 
28 N.D* N.D 1.65 1.74 
30 N.D N.D 1.515 1.605 
32 N.D N.D 1.35 1.395 
34 N.D N.D 1.155 1.17 
36 N.D N.D 1.005 1.05 
38 N.D N.D 0.765 0.84 W
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40 N.D N.D 0.615 0.585 
 All control animals were negative by serum neutralization test a along time of the experiment.  
 N.D* = not done because the results of the last three successive samples were less than the 

protective level. 
 
 

The mean antibody titer by ELISA reached to 
one log10 or more in all vaccinated sheep with AL 
(OH)3  gel and oil adjuvant bivalent FMD vaccine 
after 2 WPV in both serotypes A, O. Antibody titers 
reached to the maximum mean titer (2.054log10 and 
2.059log10) obtained at 8 WPV in serotypes O and A 
respectively in AL(OH)3 adjuvant vaccine, while in 
oil adjuvant vaccine maximum mean titer (2.844 

log10 and 2.858 log10) obtained at 12 WPV in both 
serotype A in serotype O.  In AL(OH)3  gel bivalent 
FMD vaccinated group antibodies showed gradually 
decreased until 16-18 WPV and all vaccinated sheep 
became seronegative at 24 WPV. While in oil 
adjuvant vaccinated group Antibodies showed 
gradually decreased until 32 WPV and all vaccinated 
sheep became seronegative at 40 WPV (Table 2). 

 
 
 
 
 
 
 
 
 
 
 

http://www.americanscience.org            editor@americanscience.org 
         

1294 



Journal of American Science                                                                                                                 2010;6(10)   

  

Table (2) Comparative means of ELISA antibody titers for sheep vaccinated by AL(OH)3  and 
Montanide ISA206 oil adjuvenated FMD bivalent (A,O) vaccines. 

(Log10) antibodies titers means obtained by ELISA 
Type of vaccine AL(OH)3  Montanide ISA206 OIL  
FMD serotype A O A O 

0 0.209 0.376 0.47 0.543 
1 0.48 0.599 0.728 0.86 
2 1.006 1.002 1.172 1.263 
3 1.339 1.468 1.67 1.695 
4 1.632 1.638 1.845 1.924 
5 1.747 1.795 2.025 2.117 
6 1.868 1.898 2.29 2.257 
7 2.009 2.041 2.465 2.47 
8 2.059 2.054 2.632 2.581 
10 1.898 1.971 2.728 2.83 
12 1.801 1.842 2.844 2.858 
14 1.743 1.752 2.796 2.803 
16 1.669 1.651 2.739 2.705 
18 1.518 1.477 2.65 2.6 
20 1.34 1.269 2.496 2.415 
22 1.173 1.046 2.378 2.271 
24 0.928 0.814 2.155 2.135 
26 0.605 0.537 2.012 1.981 
28 N.D* N.D 1.908 1.865 
30 N.D N.D 1.797 1.754 
32 N.D N.D 1.699 1.652 
34 N.D N.D 1.58 1.48 
36 N.D N.D 1.378 1.312 
38 N.D N.D 1.002 1.013 
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40 N.D N.D 0.838 0.833 
 All control animals were negative by ELISA test along time of the experiment.  
 N.D* = not done because the results of the last three successive samples were less than the 

protective level. 
 

4. Discussion 
In order to adopt a good vaccination program 

to control of FMD disease, it is essential to know the 
specific serotype and the best time for revaccination. 
Essentially, there are three important factors for the 
production of FMD vaccines. First, the viral antigens 
should be propagated for large-scale production. 
Second, the virus must be treated in such a way that 
no residual infectivity remains. Third, a non-toxic 
adjuvant should be added to enhance the immune 
response to a satisfactory level (Deghaidy et al., 
2002). Vaccination with good quality FMD vaccines 
helped in prevention of stock production losses and 
reduced the over all incidence of the disease (Hunter, 
1997). Barnett et al., (1996) suggested that some of 
oil adjuvants of the Montanide series appeared to be 
promising candidates for the new generation FMD 
vaccines.  

The immune response in sheep vaccinated 
with AL(OH)3 gel bivalent (O1 and A/Egypt 2006) 

FMD vaccine revealed that specific FMD antibodies 
titers were detected after 2 weeks post vaccination 
(WPV) by ELISA (one or more log10) and after 3 
WPV by SNT (1.2 or more log10). These results were 
concordant with those reported by Rweyemamu et 
al., (1978) who observed that FMD vaccine type O 
induced neutralizing antibody titres of 2.35 ± 0.4 at 
21 days post vaccination and Abeer, (1996) who 
detected that serum neutralizing antibody titre by 
SNT in sheep vaccinated group with FMD AL (OH)3 
monovalent O1 vaccine began at the first 2nd   week 
post vaccination. Whereas  Ehab, (2007) showed that 
immune response against FMDV in ewes vaccinated 
S/C with 1 ml inactivated monovalent AL(OH)3  
saponine FMDV/O1/93 started from the first WPV 
with mean antibody titer (0.48 and 0.78) log10 by 
SNT and ELISA respectively. This variation may be 
attributed to the difference of adjuvant use in 
vaccines. FMD serum antibodies were peaked at 8 
WPV then gradually decreased until 18 WPV and 16 
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WPV for serotype O and A respectively and all 
vaccinated sheep became seronegative at 24 WPV. 
The duration of protective immunity with AL(OH)3  
gel bivalent (O1 and A/Egypt 2006) FMD vaccine 
was 12 -13 weeks by SNT and ELISA.  Nearly 
similar results were reported by Abeer, (1996); 
Suhier  et al ., (1998) ; Ismail et al., (2000); Daoud et 
al., (2002);  Wafaa et al., (2002); Ahmed, (2007) and  
Ehab, (2007).   

Regarding to the immune response in sheep 
vaccinated with oil adjuvant Montanide ISA 206 
bivalent (O1 and A/Egypt 2006) FMD vaccine, the 
results revealed that specific FMD antibodies were 
detected after 2 WPV by ELISA (one or more log10) 
and after 3 WPV by SNT (1.2 log10). ELISA results 
were in parallel correlation with those obtained with 
SNT and this agreed with Fatthia, (2003) and 
Hamblin et al., (1986) who revealed that there was a 
linear correlation between SNT and ELISA test for 
detection of FMD antibody titer and ELISA test can 
detect antibodies earlier than the SNT.  FMD serum 
antibodies were peaked at 12 WPV then gradually 
decreased until 32WPV and all vaccinated sheep 
became seronegative at 40 WPV. The duration of 
protective immunity with oil adjuvant (Montanide 
ISA206) (O1 and A/Egypt 2006) FMD vaccine was 
29-30 weeks by SNT and ELISA (Table 1 &2). 
These results were similar to those reported by Cox et 
al., (2003) who found a rapid seroconversion in both 
sheep and pigs. The Montanide ISA 206 formulation 
gave longer lasting immunity than the conventional 
lower potency vaccines in ruminants. Emergency 
vaccination should be done with these high potency 
vaccines during an outbreak. The advantage of oil 
adjuvant was attributed to depot formation at the site 
of injection, a vehicle for transport of the antigen 
throughout the lymphatic system and slow antigen 
release with the stimulation of antibody producing 
cells. Moreover, being oil emulsion, Montanide 
ISA206 had various advantages, like viscosity, easy 
administration, greater stability and production of 
smaller nodules at the site of injection (Barnett et al., 
1996), compared to other oil adjuvants, making as an 
ideal adjuvant candidate for FMD vaccines.  The 
result of Barent and Cox (1999) has the superiority of 
the Montanide ISA206 preparation for longer term 
protection. It was also suggested that Montanide 
ISA206 could prevent the loss of potency was due to 
the proteolysis of VP1 or possibly the physical 
breakdown of the virus followed adsorption to the 
aluminum hydroxide gel (Doel and Pullen, 1990) and 
agree with the usage of Montanide ISA206 ready to 
formulate oil adjuvant can be sued in all target 
species is ideal for emergency vaccination (Barnett 
and Carabin, 2002). The usage of oil adjuvant 
(Montanide ISA206) improve, enhance cell mediated 

immunity and give higher level and long lasting 
immunity (Sonia, 2007). These results were in 
agreement with those reported by Fatthia, (2003) who 
observed that douple oil emulsion with Montanide 
ISA206 vaccine gave longer duration of protection 
than that obtained by alhydragel vaccine and both 
vaccines were safely used as they did not produce 
any local reaction at the site of inoculation; 
Mohamed, (1998) & Wafaa, (1999) detected that 
DOE vaccine containing Montanide ISA206 is highly 
efficient, fluidy with low viscosity which is easily 
dispersed from the place of injection and gave high 
Ab titers and longest duration of immunity than 
alhdyragel vaccine and  Daoud et al., (2002) reported 
that the duration of immunity elicited by gel FMD 
vaccine was short lived and antibody concentrations 
rapidly fall after administration, while oils 
adjuventated FMD vaccines gave a longer duration of 
immunity and suggested that the oil adjuvenated 
vaccines had potential as an alternative to the 
conventional aluminum hydroxide FMD vaccine. 
Moreover Patil et al., (2002) reported that the oil 
adjuvant elicited a better immune response at any 
time than did aluminum hydroxide gel FMD 
quadrivalent vaccines in goats, and the response 
developed quicker. Local tissue reactions such as 
granulomas and cysts to oil-adjuvants have been not 
detected. 

It could be concluded that the oil adjuvant 
vaccine elicited superior immune response at any 
given period of the study than AL (OH) 3 gel vaccine 
and immunity maintained for longer period. These 
observations suggest that the oil adjuvenated vaccine 
has potential to replace the commercial aluminum 
hydroxide FMD vaccine. 
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Abstract: An exploratory descriptive study was conducted at two Maternal and Child Health Centers (MCH) 
selected randomly in Albeheira Governorate to assess women’s awareness of danger signs of obstetric 
complications. The study subjects consisted of 200 pregnant women attending the previously mentioned setting for 
tetanus toxiod immunization during pregnancy was enrolled in the study. (100 from each) A structured interview 
schedule was developed by the researcher after reviewing of the relevant literature and used to collect the necessary 
data. It comprised the following parts: Part I: Socio-demographic data such as age, level of education, occupation 
and number of family members…etc Part II: Obstetric characteristics such as gravidity, parity, abortions, antenatal 
follow up and presence of any complications. etc. Part III: questions related to knowledge about signs of obstetric 
complications, complaining of any obstetric complication, what to do if the woman has any of these signs. The study 
revealed that slightly more than one quarter of the study subjects (26.5 %) were unaware of obstetric danger signs 
compared to almost the same proportion (26.0 %) that had good awareness about such signs, while 47.5 % of the 
study subjects exhibited fair awareness. Lack of awareness about obstetric danger signs was related younger age, 
low level of education, gravidity and parity, previous experiences with any obstetric complications and lack of 
antenatal care. This study reflects the need for strategic plane to increase the awareness to shape health seeking 
behavior of the public related to signs of obstetric complications.  
[Wafaa A. Rashad1 and Rasha M. Essa. Women’s Awareness of Danger Signs of Obstetrics Complications. Journal 
of American Science 2010;6(10):1299-1306]. (ISSN: 1545-1003). 
 
Keywords: obstetric danger signs, awareness, signs of obstetric complications 
 
1. Introduction: 

Pregnancy is a normal process that results in 
a series of both physiological and psychological 
changes in expectant mothers. However, normal 
pregnancy may be accompanied by some problems 
and complications which are potentially life 
threatening to the mother and / or the fetus. (Fraser et 
al, 2003)  

Globally, every minute, at least one woman 
dies from complications related to pregnancy or 
childbirth – that means 529 000 women a year. In 
addition, for every woman who dies in childbirth, 
around 20 more suffer injury, infection or disease – 
approximately 10 million women each year. (WHO, 
2005) 

In Egypt, maternal mortality ratio has 
declined dramatically from 174 / 100 000 live births 
in 1992-1993 to 67.6 / 100 000 live births in 2005, a 
further decline to 44.6 / 100 000  was also reported 
by 2009. (GHC, 2010; WHO, 2010)  
Five direct complications account for more than 70% 
of maternal deaths: hemorrhage (25%), infection 
(15%), unsafe abortion (13%), eclampsia (very high 
blood pressure leading to seizures – 12%), and 
obstructed labor (8%). A total of 99 % of all maternal 
deaths occur in developing countries, where 85 % of 

population lives. While these are the main causes of 
maternal death, unavailable, inaccessible, 
unaffordable, or poor quality care is fundamentally 
responsible. (WHO, 2010)  

Most maternal deaths are avoidable as the 
health care solutions to prevent or manage the 
complications are well known. This includes well 
functioning health system that provides accessible 
and high quality care from household to hospital 
level. Egyptian health officials have long been 
concerned about the country's preventable maternal 
deaths, with good reason. According to Egypt 
Demography and health Survey, slightly more than 
one quarter of Egyptian pregnant women do not 
receive antenatal care. However, among those who 
receive antenatal care only one third of them received 
advised about signs of obstetric complications and 
where and when to seek medical assistance.  (El-
Zanaty et al, 2008) 

Obstetric danger signs include persistent 
vomiting, severe persistent abdominal pain,  vaginal 
bleeding during pregnancy and delivery, severe 
vaginal bleeding after delivery, swelling of face , 
fingers and feet, blurring of vision, fits of pregnancy, 
severe recurrent frontal headache, high grade fever, 
marked change in fetal movement , awareness of 
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heart beats, high blood pressure, sudden escape of 
fluid from the vagina, dysuria, oliguria or anuria, 
prolonged labor, loss of consciousness and retained 
placenta. Awareness about the significance of 
symptoms and signs of obstetrics complications may 
lead to timely access to appropriate emergency 
obstetric care. (WHO, 2010) Obstetric nurse/ midwife 
plays a crucial role in promoting an awareness of the 
public health issues for the pregnant woman and her 
family, as well as helping the pregnant woman to 
recognize complications of pregnancy and where to 
seek medical assistance. 
 
Significance of the study  

Women need not to die in childbirth. 
Women die from a wide range of complications in 
pregnancy, childbirth or the postpartum period. 
Theses life threatening complications are treatable, 
and thus most of these deaths are avoidable if women 
with the complications are able to identify and seek 
appropriate emergency obstetric care which makes a 
difference between life and death. (3) Lack of 
awareness of the significance of symptoms of 
obstetric complications is one of the reasons of 
failure of women to identify and seek appropriate 
emergency care. Accordingly, assessment of 
women’s awareness of obstetric danger signs and 
associated factors contributes to their awareness.   
 
Aim of the study 

The aim of this study was to assess women’s 
awareness of danger signs of obstetric complications 
 
Research question 

Are women aware of danger signs of 
obstetric complications?  
 
2. Materials and methods 
Research design  
This is an exploratory descriptive study. 
 
Setting  

The study was conducted at two Maternal 
and Child Health Centers (MCH) selected randomly 
in Albeheira Governorate namely Mahmodya and 
Abu-Matameer.  
 
Subjects  

A convenient sample of 200 pregnant 
women attending the previously mentioned setting 
for tetanus toxiod immunization during pregnancy 
was enrolled in the study. (100 from each) 
Tool of data collection 

A structured interview schedule was 
developed by the researcher after reviewing of the 
relevant literature to collect the necessary data. It 

comprised the following parts: Part I: Socio-
demographic data such as age, level of education, 
occupation and number of family members…...etc  
Part II: Obstetric characteristics such as gravidity, 
parity, abortions, antenatal follow up and presence of 
any complications . etc. Part III: questions related to 
knowledge about signs of obstetric complications, 
complaining of any obstetric complication, what to 
do if the woman has any of these signs.      
 
Methods  
1. An official permission was obtained from the 

administration of the previously mentioned 
settings. 

2. The tool was developed after reviewing of 
relevant literature and content validity was tested 
by a jury from 3 experts in the field. 

3. A pilot study was carried out to ascertain the 
clarity and applicability of the tool. 

4. The researcher met the participants and explained 
the purpose of the study, and then an individual 
interview was carried out with the participants 
who accepted to participate in the study to collect 
the necessary data.  

5. A list of medically recognized life threatening 
obstetric signs was obtained from the women's 
responses.  

6. After data collection, responses were categorized, 
coded and analyzed by computer. 

 
Ethical considerations 

An individual interview was carried out with 
the participants who voluntarily accepted to 
participate in the study to ascertain privacy and 
confidentiality.  
 
Statistical analysis:  

The collected data was categorized, coded 
computerized, tabulated and analyzed using 
SPSS/version 17. Chi square test was used to 
demonstrate the difference between study subjects’ 
characteristics and level of awareness about obstetric 
danger signs. The level of significant selected for this 
study was p equal to or less than 0.05.  
Good awareness about obstetric danger signs is 
defined as the ability to mention 

> 75.0% recognized danger signs, fair 
awareness is the ability to mention 50-75% and the 
ability to mention up to 50 % of obstetric danger 
signs was considered poor awareness 
 
 
3. Results: 
  Table I shows the general characteristics of 
the study subjects. It is observed that, 23.5 % of the 
subjects were aged 20 to less than 25 years old, 34.5 
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% aged 25 to less than 30 years old and 30.5 % aged 
30 to less than 35 years old, while only 11.5 % were 
aged 35 years old and more. 

Regarding level of education, only 13.5 % of 
the study subjects had university education, 33.0 % 
finished secondary school, 19.5 % finished primary 
or preparatory school, 14.5 % were just able to read 
and write and 19.5 % were illiterate.  

As to their occupation, it is observed that, 
the majority of the study subjects (83.5 %) were 
housewives and 16.5 % were workers.  

As regards number of family member, it is 
found that, only 8.5 % of the study subjects live 
within large family size and less than one half live 
within family consists of 4 to five members.  
 
Table I: General characteristics of the study 

subjects 
General characteristics  n=200 % 
Age (years)   
20- 47 23.5 
25- 69 34.5 
30- 61 30.5 
35- 23 11.5 
Level of education    
Illiterate  39 19.5 
Read & write  29 14.5 
Primary/preparatory  39 19.5 
Secondary 66 33.0 
University or more 27 13.5 
Occupation    
Housewife  167 83.5 
Working 33 16.5 
Number of family members   
< 3 72 36.0 
4- 87 43.5 
6- 24 12.0 
8+ 17 8.5 

 
Table II shows that, 38.0 % and 34.5 % of 

the study subjects were pregnant two and three times 
respectively, 45.0 % and 29.5 % delivered two and 
three times respectively, 64.5 % of them delivered by 
cesarean section, only 4.0 % had normal spontaneous 
vaginal delivery and the majority (81.0 %) had no 
abortion. Places of delivery were home (5.5 %), 
governmental hospital (23.0 %), private hospital/ 
clinic (38.0 %) and health/ maternal and child health 
centers (32.5) 
Regarding their babies’ health, it is found that only 
9.0 % of the study subjects having babies with health 
problems. These problems are congenital 
malformations (5.0 %), small for date babies (1.5 %) 
macrosomic babies (1.0%) and mental retardation 
(1.0 %) . 

  
Table II: Obstetric characteristics of the study 

subjects  
Clinical characteristics  n=200 % 
Gravidity    
Once  13 6.5 
Twice  76 38.0 
3 times  69 34.5 
More than three times  42 21.0 
Parity    
None  12 6.0 
Once  90 45.0 
Twice  59 29.5 
3 times  21 10.5 
More than three times  18 9.0 
Types of delivery   
Normal   8 4.0 
Cesarean section   129 64.5 
Instrumental  58 29.0 
Others (induction) 5 2.5 
Place of delivery    
Home  11 5.5 
Governmental hospital  46 23.0 
Private hospital / Private 
doctor’s clinic 

76 38.0 

Health centers / Maternal 
and child health care 
center   

65 32.5 

No of abortions    
None  162 81.0 
Once  27 13.5 
Twice  9 4.5 
3 times  1 0.5 
More than three times  1 0.5 
Having babies with 
problems  

  

Yes  18 9.0 
No  182 91.0 
Types of problems    
Congenital 
malformations  

10 
5.0 

Small for date  3 1.5 
Macrosomic baby   2 1.0 
Mentally retarded  2 1.0 
Others  1 0.5 

 
Table III: shows the distribution of the study 

subjects according to attendance of antenatal care. It 
is observed that the majority of the study subjects 
(90.0 %) attended antenatal clinics, 49.4 % seek 
antenatal care at private hospital / doctor, 45.0 % at 
health / maternal and child health centers and only 
5.0 % attended governmental hospital for antenatal 
care. Only 20.6 % of the study subjects had more 
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than four antenatal visits, followed by 9.4 % had only 
four visits, and 36.7 % had three visits and 22.2 % 
had only two visits.  

 
Table III: Distribution of the study subjects 

according to attendance of antenatal care:  
Ante natal care  n=200 % 
Attendance of antenatal care    
Yes  180 90.0 
No  20 10.0 
Place of ante natal visits    
Governmental hospital  9  5.0 
Private hospital / doctor  89 49.4 
Health center  /  
Maternal and child health care 
center  

81 45.0 

Other  1 0.6 
Number of ante natal visits    
Once  20 11.1 
Twice  40 22.2 
Tree times  66 36.7 
Four times  17 9.4 
More than four  37 20.6 

 
Table IV presents the distribution of the 

study subjects according to presence of complications 
with last pregnancy. It is observed that, about half of 
the study subjects (46.5%) had complications with 
the last pregnancy. During pregnancy 17.2 % had 
threatened abortion or preeclampsia, and 15.1 % had 
placenta previa. During labor, 6.5 % had difficult 
labor and intrapartum bleeding, while during 
postpartum period 4.3 % had breast problems.   

Table V presents the distribution of the 
study subjects according to their awareness of 
obstetric danger signs. It is found that, slightly more 
than one quarter of the study subjects (26.5 %) were 
unaware of obstetric danger signs compared to almost 
the same proportion (26.0 %) that had good 
awareness about the obstetric danger signs, while 
47.5 % of the study subjects exhibited fair awareness.  

Table VI shows the relation between level of 
awareness of the study subjects and their general 
characteristics. It is observed that 68.1 % of the study 
subjects aged 20 to less than 24 years old had good 
awareness about obstetric danger signs, compared to 
21.7 % of those aged 25 to less than 30 years old. It is 
also observed that 29.5 % of the study subjects aged 
30 to less than 35 and 78.3 % aged 35 or more years 
old exhibit poor awareness regarding such signs. A 
statistical significant difference was observed 
between level of awareness and study subjects’ age. 
(p = 0.001) 

Table IV: Distribution of the study subjects 
according to presence of complications with 
last pregnancy  

Complications  n=200 % 
Presence of 
complications  

  

Yes  93 46.5 
No  107 53.5 
Types of complication    
During pregnancy    
Threatened abortion  16 17.2 
Vesicular mole  6 6.5 
Ectopic pregnancy  7 7.5 
Placenta previa  14 15.1 
Preeclampsia  16 17.2 
Intrauterine fetal death  6 6.5 
Others  7 7.5 
During labor    
Difficult labor  6 6.5 
Precipitous labor  2 2.2 
Bleeding  6 6.5 
Perineal tears  4 4.3 
Premature labor  4 4.3 
Postpartum    
Bleeding  2 2.2 
Puerperal infections  2 2.2 
Breast problems  4 4.3 
 
Table V: Distribution of the study subjects 

according to their awareness of obstetric 
danger signs 

Awareness of danger 
signs  

No =200 % 

Good 52 26.0 
Fair 95 47.5 
Poor  53 26.5 

The table also shows that the level of 
education played a positive role in relation to 
awareness of obstetric danger signs. Therefore, only 
11.1 % of the university graduate unaware of 
obstetric danger signs compared to more than two 
thirds (69.2%) of illiterate and the difference was 
statistically significant between level of awareness 
and level of education. ( p = 0.001) 
 Regarding occupation, it is observed that, 
about one third of housewives (31.7 %) exhibited 
poor awareness about obstetric danger signs, and the 
majority (90.9 %) of working women exhibited good 
awareness and the difference was statistically 
significant regarding level of awareness about 
obstetric danger signs and occupation.  (p = 0.0031) 

As regards number of family member it is 
observed that the 8.3 % and 5.9 %  of those who had 
6 and 8 or more family members respectively 
exhibited lack of awareness about obstetric danger 
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signs, compared to 45.8 % and 35.3 % of the same 
group who exhibit good awareness regarding such 
signs. A statistically significant difference was 

observed between awareness of women about 
obstetric danger signs and number of family 
members. ( p = 0.015) 

 
Table VI: Relation between study subjects’ level of awareness and their general characteristics.  
  Good  Faire Poor 

General characteristics  No. % No. % No. % 

p 

Age (years)           

20- 32 68.1 10 21.3 5 10.6 

25- 15 21.7 42 60.9 12 17.4 

30- 3 4.9 40 65.6 18 29.5 

35- 2 8.7 3 13.0 18 78.3 

 
 

0.001* 

Level of education              

Illiterate 0 0.0 12 30.8 27 69.2 

Read & write 3 10.3 16 55.2 10 34.5 

Primary/preparatory 
education  

19 48.7 18 46.2 2 5.1 

secondary education 22 33.3 33 50.0 11 16.7 

University or more 8 29.6 16 59.3 3 11.1 

 
 
 

0.001* 

Occupation              

Housewife 22 13.2 92 55.1 53 31.7 

Working 30 90.9 3 9.1 0 0.0 

 
0.0031* 

Number of family 
members 

            

< 3 25 34.7 22 30.6 25 34.7 

4- 10 11.5 52 59.8 25 28.7 

6- 11 45.8 11 45.8 2 8.3 

8+ 6 35.3 10 58.8 1 5.9 

 
 
 

0.015* 

Table VII presents the relation between level 
of awareness of the study subjects and their clinical 
characteristics. It is observed that 61.5 %  of those 
who were pregnant for the first time and 40.6 % those 
who were pregnant for three times exhibited good 
awareness about obstetric danger signs and 78.9 % of 
those who was pregnant for the second time had fair 
awareness about such signs. A statistically significant 
difference was found between awareness of obstetric 
danger signs and number of pregnancies. ( p = 0.014) 

Regarding parity it is observed that, 41.7 % 
of those who had no deliveries had either good or 
poor awareness about obstetric danger signs, the 
majority (66.7 %) of those who delivered once 
exhibited fair awareness about such signs. Almost the 
same proportions (42.4 % and 40.7 %) of those who 
delivered twice had either fair or poor awareness 
about such signs, and 57.1 % and 50.0 % of those 

who delivered for three and more times exhibited 
good awareness. The difference was statistically 
significant between awareness about obstetric danger 
signs and number of deliveries. ( p = 0.028) 

As regards to place of previous delivery, it is 
observed that, near one half (43.5 %) who delivered 
at governmental hospital had poor awareness about 
obstetric danger signs compared to one half  of those 
who delivered at private hospital/private clinics and 
61.5 % of those who delivered at Health centers/ 
MCH centers. The difference was statistically 
significant between awareness of women about 
obstetric danger signs and place of delivery. (p = 
0.001) 

Presence of complications during the last 
pregnancy did not influence the awareness of women 
about obstetric danger signs as 50.5 % of those who 
had complications exhibited poor awareness 
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compared to 5.6 % of those who had no 
complications, while 32.3 % of those with 
complications had fair knowledge compared to 60.7 
% of those who had no complications. The difference 
was statistically significant between occurrence of 
complications and the awareness about obstetric 
danger signs. (p = 0.0031)  

 Attendance of antenatal care positively 
affected the awareness of women about obstetric 
danger signs. The majority of those who attended the 
antenatal care had more awareness than those who 
did not. And the difference was statistically 
significant between the level of the study subjects 
about obstetric danger signs and attendance of 
antenatal care. (p = 0.001) 

Table VII: Relation between study subjects’ level of awareness and their clinical characteristics.  
  Good  Faire Poor 

Clinical characteristics  No. % No  % No  % 

p 

Gravidity              

Once 8 61.5 2 15.4 3 23.1 

Twice 5 6.6 60 78.9 11 14.5 

3 times 28 40.6 21 30.4 20 29.0 

More than three times 11 26.2 12 28.6 19 45.2 

 
 
0.014* 

Parity              

None 5 41.7 2 16.7 5 41.7 

Once 16 17.8 60 66.7 14 15.6 

Twice 10 16.9 25 42.4 24 40.7 

3 times 12 57.1 4 19.0 5 23.8 

More than three times 9 50.0 4 22.2 5 27.8 

 
 
 
0.028* 

Place of previous delivery              

Home 1 9.1 3 27.3 7 63.6 

Governmental hospital 12 26.1 14 30.4 20 43.5 

Private hospital / Private doctor’s 
clinic 

18 23.7 38 50.0 20 26.3 

Health centers / Maternal and 
child health care center  

20 30.8 40 61.5 5 7.7 

 
 
 
0.001* 

Presence of complications              

Yes  16 17.2 30 32.3 47 50.5 

No  36 33.6 65 60.7 6 5.6 

 
0.0031* 

Attendance of antenatal care         

Yes  49 27.2 92 51.1 39 21.7 

No  3 15.0 3 15.0 14 70.0 

 
0.001* 

4. Discussion: 
The current challenge worldwide is to 

decrease maternal mortality rate. Reproductive health 
is closely related to maternal mortality. McCarthy & 
Main (1992) mentioned that health status and 
reproduction status of women belong to intermediate 
variables determine maternal mortality. Health status 
of women concerning nutritional status; history of 

pregnancy morbidity such as infectious or chronic 
diseases; it is clear that women’s health status plays a 
significant role in their reproductive function. 
Reproductive status consists of maternal age, parity 
and marital status which is directly related to 
maternal mortality.  

The vast majority of maternal deaths could 
be prevented if women know when and where to seek 
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medical care because if the pregnant women do not 
have appropriate information about pregnancy and 
childbirth they would be unable to make a choice that 
will contribute to their own well-being, the question 
is are women aware of the warning signs of obstetric 
complications?  

The present study aimed to answer the 
research question whether women in a certain rural 
area in Egypt are aware of obstetric danger signs? 
This is important because in rural areas in Egypt it is 
generally believed that pregnancy is a natural 
phenomenon and a part of women’s reproductive 
functions, and problems or complications during 
pregnancy are being viewed by some women as 
natural to pregnancy. Such beliefs contribute to lack 
of utilization of medical services which in turn leads 
to undetected and untreated complications 
consequently increased maternal mortality rate.  
In the current study only about one-quarter of the 
study subjects exhibited good awareness about 
obstetric danger signs. This awareness indicates the 
existence of knowledge which can be in turn 
transferred into action. The importance of knowledge 
to shape health seeking behaviors which contribute to 
save women’s live from preventable causes of 
maternal deaths is stressed by many authors (Myer & 
Harisson 2003; Smith et al 2004; Stekelenburg et al 
2004; Sugiarto 2007)  
 Unfortunately, almost the same proportion 
of the study subjects was unaware of obstetric danger 
signs which reflect lack of knowledge regarding such 
signs even though such knowledge is very important. 
This could be explained by poor counseling of 
pregnancy danger signs among those who attended 
antenatal clinics as the majority of the study subjects 
attended antenatal clinics, among them about two-
thirds had three visits. This emphasizes the needs to 
ensure that nurse/midwives inform all antenatal 
clients about obstetric danger signs  
 Women’s awareness of potential obstetric 
danger signs is expected to influence their decisions 
regarding when to decide to seek medical care.  
Accordingly, awareness of obstetric danger signs is 
expected to help women to early recognize signs 
when the complications occur and limit the time to 
make a faster decision to seek medical care which 
makes a difference between life and death if all such 
signs are well known. . This makes it very important 
to women to be aware of all obstetric danger signs. 
However, the results of the present study revealed 
that nearly one half of the study subjects had fair 
awareness of obstetric danger signs; it means they 
were able to identify 50-75% of such signs. This 
could be explained by the fact that 26.4 % of 
Egyptian women does not receive antenatal care, 
among them 34.1 % told about signs obstetric 

complications and 31.4 % told where to go if had any 
of complications (EDHS 2008). Therefore, this study 
reflects the needs for strategic plan to increase the 
awareness to shape health seeking behaviors of the 
public related to obstetric complications.  
 The present study revealed that age, 
education, occupation, gravidity, parity, presence of 
complication and attendance of antenatal care are 
associated with awareness of women about obstetric 
complications. Increased awareness among older and 
multigravida and multiparous women may be related 
to their own experiences of pregnancy and delivery 
which is an important source of their information 
specially those who had complications associated 
with their pregnancy. This is in line with Pembe et al 
(2009) who stated that young women in their first 
pregnancy may need more consideration when 
providing counseling and health education. 

In the current study education seems to play 
a positive role in increasing the awareness of women 
about signs of complications. This is in agreement 
with Anya et al (2008) who stated that, educated 
women have better pregnancy outcome compared 
with uneducated women; this may be partly because 
they are better informed and make better choices. 
Moreover, occupation seems to influence the level of 
women awareness about signs of obstetric 
complications. This could be explained by the fact 
that, working women have better opportunity to share 
experiences with others than housewives. 
Furthermore, in rural areas sources of information are 
limited unlike urban areas in addition to the 
prevalence of illiteracy which may contribute to this 
result. 

The findings of the present study revealed 
that attendance of antenatal had positive effects on 
increasing the awareness of women about the signs of 
obstetric danger signs. This is online with Anya 
(2008) who stated that high antenatal coverage and 
relatively high frequency of visits provides an 
excellent opportunity for information, education and 
communication. However, this finding is incongruent 
with Pembe et al (2010) who reported deficiencies in 
the counseling of pregnancy danger signs in his study 
and a significant proportion of the clients were not 
informed about pregnancy danger signs. Similar 
results are documented by NBS (2004/5), Nikiema et 
al (2009), von Both et al (2006) and Boller et al 
(2003)         
 
Limitation of the study:  

Women were not asked about the source of 
their information and to whom they should report if 
they experience any complication in addition to the 
immediate intervention they should receive.   
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5. Conclusion: 
Based on the findings of the present study, it 

can be concluded that lack of awareness about 
obstetric danger signs was related younger age, low 
level of education, gravidity and parity, previous 
experiences with any obstetric complications and lack 
of antenatal care. These factors stressed the need for a 
plan to increase the awareness of the public about 
such signs. This information will help the services 
providers for improving the quality of antenatal care 
services.  
From this study the need for strategic plan to increase 
the awareness of women about signs of obstetric 
complications is highly recommended. 
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Abstract: Chloroacetonitrile (CAN) is a disinfectant by-product of drinking water chlorination. The present work 
was designed to investigate the cytotoxic effects as well as the oxidative stress induced by CAN in isolated rat 
hepatocytes. Hepatocytes were exposed to different concentrations of CAN (5–40 µM) in a time-course experiment 
for up to 2 h. CAN exposure induced a significant decrease in cell viability and a significant increase in the leakage 
of hepatic enzymes in a concentration and time-related manner. In addition, CAN exposure results in a significant 
decrease in cellular GSH content as well as a significant enhancement of TBARS accumulation in a concentration 
and time-related manners. Also, a subsequent experiment was designed to evaluate the role of GSH modulation and 
oxidative stress in CAN toxicity in hepatocytes at 2 h. Pretreatment with the GSH-depleting agents enhanced the 
cytotoxicity of CAN. Conversely, pretreatment with GSH or sulfhydryl compounds attenuated CAN toxicity. 
Similarly, co-incubation with enzymatic antioxidants, or iron chelator, or hydroxyl radical scavengers exhibited 
significant protection against CAN cytotoxicity. In conclusion, our results suggest that CAN has a potential 
cytotoxic effect in isolated rat hepatocytes; and GSH modulation can play a critical role against CAN-induced 
cellular damage. 
[Osama S. El-Tawil, Ali H. Abou-Hadeed, Abeir A. Shalaby and Samar M. Mouneir. Chloroacetonitrile-Induced 
Cytotoxicity and Oxidative Stress in Isolated Rat Hepatocytes. Journal of American Science 2010;6(10):1307-1316]. 
(ISSN: 1545-1003). 
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1. Introduction: 

Haloacetonitriles (HAN) have been 
identified in the environment as by-products of the 
chlorination of ground and surface water for 
disinfection of drinking-water supplies (Oliver, 1983; 
IARC, 1991). The only known route of 
environmental release of HAN is as a constituent of 
potable water supplies (IARC, 1991). However, 
residual chlorine in drinking water could also result 
in formation of HAN in vivo following consumption 
of chlorinated water (Mink et al, 1983; Mark et al., 
2007). HAN is used as insecticides for stored grains 
(Cotton and Walkden, 1968), and as common 
laboratory chemicals (Barcelo et al., 1987). 

An association between exposure to 
chlorinated water and the occurrence of 
gastrointestinal cancers has been reported in 
epidemiological studies (Flaten, 1992). Previous 
reports have indicated that levels of HAN in drinking 
water should be lower than those currently proposed 
by WHO (1994). It has been reported that HAN is 
metabolized in vivo to cyanide ion (CN−), which is 
subsequently excreted in urine as thiocyanate (Silver 
et al., 1982; Tanii and Hashimoto, 1984). Animal 

studies indicate that HAN causes GSH depletion and 
inhibits glutathione-S-transferase (GST) in liver and 
gastrointestinal tract (Ahmed et al., 1991). 

Chloroactonitrile (CAN, Cl-CH2-CN), a 
member of the HAN group, possesses a chlorine 
substitution on the alpha carbon atom of the 
acetonitrile molecule. The potential mutagenic and 
carcinogenic activity of CAN was previously 
reported (IARC, 1991). It was shown that CAN 
increases the unscheduled DNA synthesis in cultured 
embryos after its maternal administration to animals 
(Shouman et al., 1993). Furthermore, CAN induced 
sister chromatid exchange in Chinese hamster ovary 
(CHO) cells and DNA strand breaks in human 
lymphoblast cell lines (Bull et al., 1985). Also, CAN 
showed mutagenic activity on Salmonella 
typhimurium strain TA100 and exhibited a 
clastogenic effect on the peripheral blood 
erythrocytes of Pleurodeles waltl larvae (Le Curieux 
et al., 1995). Also, CAN was shown to be mutagenic 
in the Ames fluctuation test and induced DNA 
damage in HeLa S3 cells (Muller-Pillet et al., 2000). 
Maternal exposure to CAN adversely affects mouse 
fetal livers as evidenced by the induction of oxidative 
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stress, apoptosis and histopathological changes 
(Abdel-Naim et al., 2009). CAN was shown to be 
toxic to rat gastric epithelial cells in vitro 
(Mohamadin and Abdel-Naim, 1999) and  
quantitative whole body autoradiographic studies in 
mice indicated that the gastrointestinal tract is a 
potential target site of CAN toxicity (Ahmed et al., 
1991; Jacob et al., 1998). 

 Although, the exact mechanism of CAN 
toxicity is not fully explored (Abdel-Naim and 
Mohamadin, 2004). Free radicals derived from 
chemicals have been implicated in liver injury 
(Farber et al., 1990). 

The objective of the present study was to 
investigate the potential cytotoxic effects and the 
oxidative stress induced by CAN in isolated rat 
hepatocytes as well as the role of glutathione 
modulation and free radical scavengers on CAN 
toxicity. 
 
2. Materials and methods 
1-Chemicals:  

Bovine albumin, buthionine sulfoximine 
(BSO), bis(chloroethyl)-nitrosurea (BCNU), 
chloroactonitrile (CAN), chlorodinitrobenzene 
(CDNB), catalase (CAT), collagenase (type IV), 
cysteine (CYS), desferrioxamine (DFO), 
dimethylsulfoxide (DMSO), dithiothreitol (DTT), 
GSH, methionine (MT), superoxide dismutase 
(SOD), thiobarbituric acid (TBA) and tritonX-100 
were purchased from Sigma–Aldrich Chemical Co. 
(St. Louis, MO, USA). All other chemicals were of 
the highest purity grade. 
 
2-Animals: 

Adult male Sprague Dawley rats (225-250 
g) were obtained from the animal facility of Faculty 
of Veterinary Medicine, Cairo University, Egypt. 
Rats were housed in controlled- environment rooms, 
three per cage and were maintained on a 12 hour 
light/dark cycle at constant temperature (23-25 0C) 
and humidity (50-55%). Animals were fed standard 
laboratory chow (El-Nasr Co., Abo-Zaable, Egypt) 
and tap water ad libitum and quarantined for one 
week prior to use. They were maintained in 
accordance with NIH guidelines for the care and use 
of laboratory animals. 
 
3-1 Isolation of Hepatocytes 

Hepatocytes were isolated using a 
collagenase two-step perfusion technique as 
described by Berry and Friend (1969) with slight 
modifications as published by El-Tawil and Abdel-
Rahman, (1997). The isolated liver cells were filtered 
through four layer of cotton gauze and centrifuged for 
two minutes at 600 rpm’s. The cells were washed 

twice and suspended in HEPES-bicarbonate buffer 
(pH 7.4) containing 0.5% bovine albumin. All buffers 
were bubbled with carbogen (95% O2, 5% CO2) 
prior to use.  The isolated hepatocytes were counted 
in a hemocytometer, while the viability of the cells 
was assessed by 0.4% trypan blue exclusion test 
(Baur et al., 1985). Freshly prepared cell suspension 
had 90% or greater viability prior to each experiment. 

 
3-2 Incubation and treatment of hepatocytes 

Freshly isolated hepatocytes (5 X 106 cells/ 
ml) were suspended in a HEPES-bicarbonate buffer 
(pH 7.4) and incubated at 370C in a shaking water 
bath at 30 oscillations per minute. Hepatocytes were 
incubated in plastic vials equipped with covers. 

 

4-Two main experiments were performed:- 

The first experiment involved determination 
of CAN cytotoxicity in isolated rat hepatocytes in a 
concentration- response as well as a time-course 
experiment. Different concentrations of CAN (5, 10, 
20 and 40 µM) incubated with isolated hepatocytes at 
different time intervals (30, 60, and 120 min). Twelve 
replicates were used for each concentration. 
Cytotoxicity was determined by assessing of cell 
viability using trypan blue exclusion method, 
enzymes leakages percent {alanine aminotransferase 
(ALT), asparate aminotransferase (AST) and lactate 
dehydrogenase (LDH)}, GSH content and 
thiobarbituric acid reactive substances (TBARS) 
accumulation. Control replicates were carried out 
simultaneously under the same conditions and at the 
same time intervals.  

The second experiment was designed to 
substantiate the role of oxidative stress in CAN (10 
µM) toxicity in hepatocytes at 2 h. LDH release and 
TBARS generations were assessed in cultured 
hepatocytes as indicators of CAN–induced 
cytotoxicity and oxidative stress. The oxidative status 
of the cultured hepatocytes was enhanced by using 
SOD (100 U/ml), CAT (100 U/ml, DFO (20 mM), 
and dimethylsulfoxide (DMSO) (100 M). GSH and 
non-protein sulfhydryl content was boosted using MT 
(0.5 mM), CYS (0.5 mM) and DTT (0.5 mM). On the 
other hand, GSH was depleted by using BCNU (0.5 
mM), BSO (5 mM) and CDNB (0.25 mM).  All the 
modulating chemicals were added 30 min before the 
addition of CAN except DFO, which was added 60 
min before exposure to CAN. Concentrations as well 
as time of incubation of the aforementioned 
modulating chemicals were consistent with those 
published in the literature (Adamson and 
Harman, 1993; Wu et al., 1996 and 
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1997). Control replicates were carried out 
simultaneously under the same conditions. 

 
5-Sample preparation for enzyme leakage : 

Enzymes activity (ALT), (AST) and (LDH) 
was monitored using Sigma–Aldrich ready made kits 
(Sigma Chemical Co., St. Louis, MO, USA) in an 
aliquot of cell-free medium and compared to the total 
activity achieved after lyses of the cells (Moldeus et 
al., 1978). The cell-free medium was obtained by 
centrifugation of the aliquots at 2200 rpm’s for 15 
min. Lysate was obtained by addition of 1% triton X-
100 and shaking for 15 min followed by 
centrifugation at 2200 rpm’s. The leakage was 
expressed as percentage of total lysate activity at each 
time point.  

 
6-Glutathione (GSH) assay 

Reduced GSH levels in hepatocytes were 
determined by measuring total soluble-reduced 
sulfhydryl content. Aliquots were collected at 
specified time points and centrifuged with phosphate 
buffer saline (PBS) at 3000 g for 5 min. The obtained 
precipitate was mixed with 0.7 ml of 0.2% triton X-
100 and 2.5% sulfosalicylic acid. Solutions were 
centrifuged at 3000 g for 5 min. A 0.5 ml aliquot of 
the acid-soluble supernatant medium was then added 
to 1.0 ml of 0.3 M Na2HPO4 solution. 
Spectrophotometric determinations were performed 
at 412 nm immediately after the addition of 0.125 ml 
of 5,5`-dithiobis-(2-nitrobenzoic acid) (Beutler et al., 
1963). 

 
7-Lipid peroxidation assay 

Lipid peroxidation was assessed by 
determining thiobarbituric acid reactive substances 
(TBARS) in hepatocyte culture media by the method 
of Uchiyama and Mihara (1978). Protein 
concentration was determined by the method of 
Lowry et al. (1951) using bovine serum albumin as 
standard. 
 
8-Data Analysis 
 The GRAPHPAD (ISI Software, 
Philadelphia, PA, USA) computer program was used 
to conduct regression analysis and to plot collected 
data. Data were expressed as means  standard error 
of means (SEM). Assessment of the results was 
performed using one-way analysis of variance 
(ANOVA) procedure followed by Tukey-Kramer 
multiple comparison post-tests. Statistical analysis 
were performed using Software GRAPHPAD 
INSTAT (Version 2). The 0.05 level of probability 
was used as the criterion for significance. 

 
3. Results  
Assessment of CAN cytotoxicity 

Cell survival was assessed by trypan blue 
exclusion method after exposing rat hepatocytes to 
different concentrations of CAN (5–40 µM). 
Incubation of hepatocytes for 120 min with CAN 
showed significant decreases (p<0.05) in cell 
viability in a concentration and time-related manner 
(Fig.1). The decreased in cell viability started as early 
as 30 min after incubation with the highest 
concentrations (10, 20 and 40 µM) and reached the 
maximum cytotoxicity at 120 min. However, 
exposing hepatocytes to of 5 µM caused a significant 
decrease(p<0.05) in cell viability at 60 min and 120 
min of incubation.  

Plasma membrane damage was assessed by 
monitoring LDH, ALT and AST enzyme leakages 
from intracellular compartment of hepatocytes into 
the extracellular space. Incubation of hepatocytes 
with different concentrations of CAN (5–40 µM) for 
120 min showed a significant increase(p<0.05) in 
LDH leakage compared to the control incubations. 
This effect was concentration and time-dependent 
(Fig. 2). Throughout the time course studied, a 
significant increase in LDH leakage was observed 
after incubation with the concentrations 10, 20 and 40 
µM. However, the significant effect of concentrations 
5 µM on LDH leakage started to appear at 120 min of 
incubation.  

The data in Fig (3) illustrate the time course 
of ALT leakage from hepatocytes exposed to CAN 
(5- 40 µM). Incubation of hepatocytes with the 
highest concentrations of CAN (10, 20, and 40 µM) 
caused significant increase(p<0.05) in ALT leakage 
during all the time points studied. However, the 5 µM 
concentration significantly increased ALT leakage 
only at 120 min of incubation. Elevation in AST 
leakage has been also associated with hepatocellular 
injury. The effect of CAN on AST leakage from 
hepatocytes is illustrated in Fig (4). As early as 30 
min of incubation with 40 µM CAN a significant 
increase (p<0.05) in AST leakage was observed. This 
effect continued throughout the experiment. The 
concentrations of 10 µM and 20 µM significantly 
increased AST leakage at 60 min and 120 min. 
However, the 5 µM concentrations had significant 
effect (p<0.05) on AST leakage only at 120 min of 
incubation. 
Assessment of oxidative stress-induced by CAN 

Incubating hepatocytes in the presence of 
different CAN concentrations (5–40 µM) resulted in 
an observable concentration and time-dependent loss 
of cellular GSH (Fig. 5). In the time–course 
experiment, cellular GSH levels were significantly 
depleted after incubation with all concentrations at all 
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time intervals compared to the corresponding control 
values. GSH depletion was maximal at 120 min after 
CAN addition. 

The effect of various concentrations of CAN 
(5–40 µM) on lipid peroxidation, as indicated by 
TBARS formation, was estimated. Fig (6) shows a 
significant (p<0.05) and concentration –related 
increase of TBARS production in hepatocytes as 
compared with the control value. In the time–course 
experiment, CAN (10, 20 and 40 µM) resulted in a 
significant increase in the production of TBARS in 
hepatocytes, which occurred early at 30 min of 
incubation and reached its maximum level after 120 
min. However, the 5µM CAN concentrations induced 
significant increase (0.05) in the production of 
TBARS only at 60 min and 120 min of incubation. 
From all the studied parameters, it was observed that 
the effects of CAN at a concentration of 10 µM at 2 h 
of incubation were significantly different from 
corresponding control and were not maximal. In 
addition, a period of 2 h was practically convenient. 
Therefore, subsequent mechanistic experiments were 
performed using the submaximal CAN concentration 
(10 µM) and 120 min incubation time point.  
 
Assessment of potential protective effects of different 
antioxidants 

The protective effects of different thiol-
containing compounds on CAN -induced LDH 
release and lipid peroxidation in hepatocytes are 
illustrated in Table (1). All of the tested compounds 
(GSH, MT, NAC and DTT) could significantly 
reduce LDH release by about 29, 20, 37 and 34 %, 

respectively, as compared with CAN alone-treated 
incubations. Similar protective effects offered by 
these compounds were also observed on CAN -
induced TBARS production (33, 50, 57 and 37 % for 
GSH, MT, NAC and DTT, respectively). However, 
pretreatment with thiol-containing compounds did 
not restore the basal levels of LDH release or lipid 
peroxidation. On the other hand, the GSH-depleting 
agents BSO, CDNB and BCNU significantly 
(p<0.05) enhanced CAN cytotoxicity by increasing 
LDH release by 140, 129 and 155 % respectively. 
The TBARS generation was also elevated by about 
153, 169 and 184% respectively compared to the 
CAN alone incubations (Table 2).  

 The potential protective effects of 
antioxidant enzymes (SOD and CAT) as well as the 
hydroxyl radical scavenger DMSO and the iron 
chelator DFO against LDH leakage and lipid 
peroxidation in hepatocytes exposed to 10 mM CAN 
for 120 min were also evaluated (Table 3). It was 
found that pretreatment of hepatocytes with either 
SOD (100 U/ml) or CAT (100 U/ml) significantly 
(p<0.05) inhibited LDH leakage by approximately 25 
and 34 %, respectively as compared with CAN alone-
treated cells. Also, both of two antioxidant enzymes 
significantly diminished the TBARS production-
induced by CAN by 30 and 49%, respectively. 
Pretreatment of hepatocytes with DMSO or DFO 
diminished CAN -induced LDH leakage by 20 and 
30% of total leakage, respectively, and TBARS 
production by 25 and 34%, respectively. However, 
none of the used protectors could restore LDH 
leakage or TBARS to control values. 

 
Table (1): Effects of thiol-containing compounds on CAN-induced LDH leakage and lipid peroxidation in 

isolated rat hepatocytes 
 
Addition 

LDH leakage 
(% of total) 

TBARS 
(nmol/mg protein) 

None (control) 24.8  1.40 0.62  0.04 
CAN (10 µM) 56.4  3.80 a 2.79  0.13a 
CAN + GSH (0.5 mM)  40.1  2.10 a, b 1.88  0.09 a, b 

CAN + MT (0.5 mM 45.3  3.20 a, b 1.40  0.10 a, b 

CAN + NAC  (0.5 mM 35.8  1.80  a, b 1.21  0.09 a, b 

CAN + DTT (0.5 mM) 37.2  2.70 a, b 1.76  0.14 a, b 

- Data are presented as mean  SEM of twelve replicates.  
- GSH, reduced glutathione; MT, methionine; NAC, N-acetyl-L cystiene; DTT, dithiothreitol. All thiol compounds 
were added 30min before the addition of CAN. 
- LDH and TBARS were determined 120min after the addition of CAN. 
(a) Significantly different from corresponding control group at p < 0.05 
(b) Significantly different from CAN alone-treated group at p < 0.05. 
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Table (2): Effects of GSH depleting agents on CAN-induced LDH leakage and Lipid peroxidation in isolated 

rat hepatocytes 
 
Addition 

LDH leakage 
(% of total) 

TBARS  
(nmol/mg protein) 

None (control) 24.8  1.40 0.62  0.04 
CAN (10 µM) 56.4  3.80 a 2.79  0.13 a 
CAN + BCNU (0.5 mM) 79.1  4.20 a, b 4.28  2.80 a, b 

CAN + BSO (5 mM) 72.8  3.80 a, b 4.73  3.20 a, b 

CAN + CDNB (0.25 mM) 87.4  5.10 a, b 5.12  3.80 a, b 

- Data are presented as mean  SEM of twelve replicates.  
- BCNU, bis(chloroethyl)-nitrosurea;  BSO, buthionine sulfoximine; CDNB, chlorodinitrobenzene. All compounds 
were added 30 min before the addition of CAN.  
- LDH and TBARS were determined 120min after the addition of CAN. 
(a) Significantly different from corresponding control group at p < 0.05 
(b) Significantly different from CAN alone-treated group at p < 0.05. 

 
Table (3): Effects of SOD, CAT, DMSO and DFO on CAN-induced LDH leakage and lipid peroxidation in 

isolated rat hepatocytes 
 
Addition 

LDH leakage 
(% of total) 

TBARS  
(nmol/mg protein) 

None (control) 24.8  1.40 0.62  0.04 
CAN (10 µM) 56.4  3.80 a 2.79  0.13 a 
CAN + SOD (100 U/ml) 42.4  3.40 a, b 1.95  0.11 a, b 
CAN + CAT (100 U/ml) 37.2  2.40 a, b 1.42  0.11 a, b 
CAN + DMSO (100 M)  45.1  3.20 a, b 2.10  0.16 a, b 
CAN + DFO (20 mM) 39.6  2.80 a, b 1.84  0.12 a, b 

- Data are presented as mean  SEM of twelve replicates. 
- SOD, superoxide dismutase; CAT, catalase; DMSO, dimethyl sulfoxide; DFO, desferrioxamine. All antioxidants 
were added 30 min before the addition of CAN.  
- LDH and TBARS were determined 120min after the addition of CAN. 
(a) Significantly different from corresponding control group at p < 0.05 
(b) Significantly different from CAN alone-treated group at p < 0.05 
. 
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4. Discussions: 

The data presented reflect the utilization of 
isolated liver cells to investigate the toxic effects of 
CAN using different parameters. As membrane 
damage occurs, hepatocytes release the cytosolic 
enzymes into incubation media and lose the ability to 
exclude trypan blue. In this study, trypan blue 
exclusion was used to assess cell viability. Staining 
of the cells by trypan blue indicates severe 
irreversible damage and reflects the end point to 
evaluate the effect of CAN (Baur et al., 1985). 
Consequently, cell damage exhibits a good 
correlation with enzyme leakage (Berg and Aune, 
1987). ALT and LDH leakage and cell viability 
parameters are indices to measure the degree of the 
cell membrane damage produced by toxicant, while 
mitochondrial damage is responsible for the major 
portion of AST leakage (Story et al., 1983). 

Although the gastrointestinal tract is one of 
the most important target organs for CAN (Farooqui 

and Ahmed, 1983; Jacob and Ahmed, 2003), there is 
a scanty of information regarding CAN 
hepatotoxicity. Therefore, the present study aimed to 
investigate the potential cytotoxic effects as well as 
the oxidative stress induced by CAN in isolated 
primary rat hepatocytes.  

Our data indicated that CAN had a potent 
cytotoxic effect on isolated rat hepatocytes as 
evidenced by decreased hepatocytes viability and 
increased enzymes leakages. This effect was 
concentration and time-related. The cytotoxic effect 
of CAN was accompanied by observed GSH 
depletion and significant elevation of lipid peroxides 
generation as determined by TBARS formation. This 
finding is in agreement with the work of Ivanov and 
Alyshanskii (1982) who reported that the barrier and 
regulatory functions of the hepatocytes membrane 
were impaired during acute CAN poisoning.  In 
addition, Geigar et al. (1983) reported that CAN 
deplete reduced glutathione and decreases the 
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viability of hepatocyte in a concentration-dependent 
manner.  

One of our main objectives was to 
investigate the effect of oxidative stress and/or GSH 
depletion on the cytotoxicity induced by CAN in 
hepatocyte cultures. Glutathione is an important 
cellular antioxidant and plays a major role in 
protecting cells against oxidative stress. Several 
studies have shown that the rapid depletion of GSH 
in the liver in vivo (Younes and Siegers, 1981; 
Maellaro et al., 1990) and in freshly isolated 
hepatocytes (Stacey and Klaassen, 1982; Meredith 
and Reed, 1983) is associated with lipid peroxidation 
and cell death. To investigate the role of GSH 
depletion on CAN cytotoxicioty, the inhibition of 
GSH synthesis was accomplished by BSO, a selective 
inhibitor of -glutamylcysteine synthetase (Kera et 
al., 1989), CDNB, a glutathione-S-transferase 
inhibitor (Summer and Wiebel, 1981) or BCNU a 
GSSG reductase inhibitor (Eklow et al., 1981). 
Pretreatment of hepatocytes with BSO, CDNB or 
BCNU significantly potentiated the toxicity of CAN 
as evidenced by enhanced LDH leakage and TBARS 
accumulation. 

Lipid peroxidation and leakage of cytosolic 
enzymes are markers of cellular oxidative damage 
initiated by ROS (Farber et al., 1990). Thus, factors 
interfering with the generation or effects of ROS are 
anticipated to protect against cell injury. The 
observed protective effects of GSH, DTT and NAC 
can be attributed to direct interaction with ROS, 
direct binding to toxic metabolites and/or 
enhancement of cellular GSH synthesis (Maxwell, 
1995). Superoxide anion and hydrogen peroxide, as 
precursors of hydroxyl radical can exhibit similar 
deleterious effects (Maxwell, 1995). Thus, in the 
present study, the effectiveness of antioxidant 
enzymes (SOD and CAT) and the hydroxyl radical 
scavenger (DMSO) against CAN -induced lipid 
peroxidation and enzyme leakage can be explained by 
their ability to remove the generated hydrogen 
peroxide, superoxide anions and hydroxyl radicals, 
respectively. Superoxide anion can act as a reducing 
agent for ferric ions to give ferrous ions, which 
facilitate hydroxyl radical generation through the 
Fenton reaction (Ito et al., 1992). Therefore, it is 
believed that the addition of SOD or CAT reduces the 
availability of ferrous ions and hydrogen peroxide 
and so inhibits the production of hydroxyl radical. 
This is based on the known role of iron in the 
generation of free radicals and induction of oxidative 
damage (Halliwell and Gutteridge, 1990). Thus, 
depletion of intracellular iron by DFO could 
indirectly prevent cell damage by inhibiting the 
generation of hydroxyl radical through the Fenton 
reaction. Collectively, the protective effects afforded 

by the thiol-group donors, SOD, CAT, DMSO and 
DFO against CAN -induced cell injury highlights the 
role of ROS in CAN -induced oxidative damage. Our 
results are in agreement with the work of (Jiang et al., 
1998) who previously confirmed the participation of 
oxidative stress in the cytotoxicity of CAN in mouse 
fetal liver (Abdel-Naim et al., 2009).and in other 
target organs as brain. Also, Ahmed et al. (1996) 
reported that CAN-induced changes in the 
homeostasis of tissue GSH might play a major role in 
the initial processes underlying CAN toxicity. 

However, despite that all the examined 
interventions could significantly inhibit CAN -
induced cytotoxicity, they failed to restore the normal 
level of LDH leakage or TBARS production. This 
suggests that, in addition to lipid peroxidation, other 
causes contribute to CAN -induced loss of viability. 

In conclusion, exposing hepatocytes to CAN 
inhibit cell viability, enhances LDH leakage, depletes 
GSH and induces lipid peroxidation. CAN-induced 
oxidative stress and GSH depletion are at least partly 
responsible for its cytotoxicity. Thiol-group donors, 
antioxidant enzymes, hydroxyl radical scavengers 
and iron chelators can play an important role against 
CAN -induced hepatotoxicity. 
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