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Abstract: The objective of this study was to assess the influence of replacing percent of alfalfa by percent of Atriplex as
roughage fed to animals. Twenty four adult Barki lambs weighed an average 49+ 77 kg and age 3 years were used in six
digestibility trials (4 animals each). Experimental diets were made of alfalfa and Atriplex nummularia in different ratios
to each other as follow:R1: 75 % alf + 25% At, R2: 50 % alf + 50 % At, R3: 25 % alf + 75 % At, R4: 100 % At, T5: 100
% alf furthermore R6: berseem hay (BH) . All animals were fed barley at 25 % of energy requirements in R1, R2, R3,
R4 and R5 while R6 fed concentrate feed mixture (CFM) .

Results obtained indicated that: all experimental diets had comparable values of dry matter (DM). Mixing of plants
affecting chemical composition of feed ingredients where highest crud protein (CP) was recorded in RS and least
one was in R4. Crude fiber (CF) values were decreased as follow in R6, RS, R1, R2, R3 and R4, respectively. R6
and R4 had comparable values of condensed tannins while highest saponin levels were recorded in R4. Animals fed

on RS showed highest DM and total digestible nutrients (TDN) intake g/kg BW followed by those fed R1 and R2.
Nitrogen intake showed higher values in RS followed by R1, R2, R3, R6 then R4. Nitrogen retention also was
maximum in RS and minimum in R6. Animals fed At alone showed highest water intake with significant (P< 0.05)
differences when compared with other treatments. There is a sampling time effect (zero and 6 hrs post feeding) on
serum metabolites, liver enzymes and some minerals. Indeed the prefeeding rumen parameters (NH3 — N) and
TVFA,s were increased significantly to reach the peak value at 8 hr post feeding. Some minerals Na, K, Ca and P
were analyzed.Na and P intake increased with increasing Atriplex level while Ca and K intake increased with
increasing alfalfa level. Finally R2 is nutritious despite the generally low nutritive value and energy content.
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1. Introduction: (Anon , 2009 ). Mixing alfalfa with Atriplex as green
South Sinai is hyper arid region with salt fodders to sheep may increase the palatability and
affected natural resources (water, soil, plants, etc). consequently intake and utilization of Atriplex which
Therefore, feed resources in the region are that lead to improvement of the performance of animal .
represent one of the main obstacles for animal The objective of the study was to compare the
production development in the region. Salt tolerant nutritional evaluation of mixtures of alfalfa and
forage species could play an important role in the Atriplex with different proportions fed to sheep in
region. Atriplex nummularia has great potentialities South Sinai.
since it is known to be tolerant to salinity and drought
(El Shaer., 2010). In addition to high content of crude 2. Materials and methods
protein, fiber and mineral contents.. However, it is The study was carried out at South Sinai
deficient in energy and around 65% of nitrogen is Research Station, Ras Sudr, South Sinai Governorate
non- protein nitrogen (Ben Salem et al, 2005 b). The where the experimental forages diets Atriplex
high salt level in Atriplex limits its intake and nummularia (At) and Alfalfa (Medicago sativa) (alf)
digestion by ruminants (Hassan, 2009). Also Atriplex were cultivated in saline soils and irrigated with
species contain some secondary metabolites as saline water (total salinity 8500 ppm in ground water)
condensed tannins which may restrict feed intake and
lead to a negative impact on animal performance Animals and feeding management
(Ben salem., 2005). Alfalfa is the main cultivated Twenty four adult Barki lambs, weighing 49
legume crops in saline lands due to its high +1.62 kg and 3 years old, were used in the study
productivity,its high nutritional value and palatability where the sheep were equally divided into six
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treatments (4 animals / treatment) and allocated to
one of six dietary treatments. Animals received the
experimental diets for 30 days as a preliminary
feeding period followed by a 15- day digestibility
trial where animals were kept in individual metabolic
cages. The first ten days of the digestibility trial were
devoted as an adjustment period. The weighed tested
forages were offered twice daily, at 8.00 am and 3.00
pm. Measured amounts of drinking fresh water were
left free choice for all animals. Barley grains were
offered once daily at 12.00 pm as an energy source to
all animals in R1, R2, R3, R4 and R5 and CFM to
aimals in R6. Feed and refusals were collected,
weighed and recorded during the preliminary period.
In the following five days (collection period)
measurements of 24 hours urine and fecal samples
were collected for chemical analysis. At the end of
the collection period, blood samples were taken
before the morning feeding, then 6 hours post
feeding. Rumen liquor were collected by stomach
tube before feeding, 4 and 6 hrs post feeding. Live
body weight and forage intake were recorded. Alf and
(At) grown at the experimental farm were daily
harvested, collected separately and chopped into
small pieces (2-3 inches) then mixed in different
ratios in the following basal rations (R) as follows:
R1: 75% alf + 25% At; R2: 50% alf + 50% AT; R3:
25% alf + 75% At; R4: 100% At; R5: 100% alf and
R6: Berseem (Trifolium alexandrinum, 4™ cut) hay
(BH) as a control group. All animals were given feed
supplements to cover 25% of TDN maintenance
requirements according to Kearl (1982). Barley
grains were given to animals in R1, R2, R3, R4, and
RS where animals in the control treatment (R6) were
fed concentrate feed mixture (CFM). The CFM
consisted of 25% cotton seed cake, 30% yellow corn,
35% wheat bran, 3% rice bran, 3% molasses, 1%
urea, 2% limestone and 1% common salt.

Analytical methods

Proximate chemical analysis for all feed
ingredients, refusals, fecal samples and urine were
determine according to( A.O.A.C., 1997). Neutral
detergent fiber (NDF), acid detergent fiber (ADF)
and acid detergent lignin (ADL) (Goering and Van
Soest, 1970). In addition, Sodium (Na) and potassium
(K) were measured using flame model (Jenway
PFP7) photometer and calcium (Ca) and phosphorus
(P) were determined using Atomic absorption
Spectrophotometer model (Unicam 929) in all
dietary, fecal and urinary samples.

Anti-nutritional factors (ANF) analysis

Qualitative and quantitative estimation of
condensed tannins (CT) and saponins (Sap) as the
main ANF in all feed ingredients was carried out by
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Porter et al. (1986) and Balbaa et al. (1981),
respectively.

Rumen and blood analysis:

Rumen liquor was withdrawn by stomach tube
just after the end of the collection period before
feeding, 4 hr and 8 hrs post feeding. Blood samples
were collected before morning feeding and 6 hrs post
feeding. The pH of rumen liquor was immediately
recorded using Gallen Kamp pH Stick pH K-120 — B.
Rumen liquor samples were analysed to determine
total volatile fatty acids (TVFA 's) according to
Warner, (1964) and ammonia — nitrogen (NH;) (A.
0. A. C. 1997). All serum samples were analyzed for
Sodium (Na) and potassium (K) using flame
photometer model (Jenway PFP7), calcium
(Gitelman, 1967), inorganic phosphorus (Goodwin,
1970), triglycerides (Trinder, 1969), cholesterol
(Roeschlau et al., 1974), total protein (Reinhold,
1953), albumin (Rodkey, 1965), urea —N (Berthelot,
1959), creatinine (Seelig and Wust, 1969), alanine
amino transferase (ALT) and aspartate amino
transferase (AST) (Wilkison et al., 1972). All kits
used from Human Co. (Germany) using Jenway
spectrophotometers (UK).

Statistical analysis:

Analysis of variance (ANOVA) was used to
test the obtained data using the general linear
modeling procedure (SAS, 2000). The used design
was one way analysis. Duncan 's multiple tests (1955)
were applied for comparison of means .

3. Results and Discussion:
Chemical composition:

Considerable variations were observed among
the chemical composition of the studied forage crops
(Table 1). Berseem hay (BH) fed to animals in R6
and Atriplex nummularia (At) had similar CP
concentrations (averaged 12.25%) while alfalfa (alf)
contained higher CP concentration (19.25%). Similar
figures were recorded by El-Shaer et al. (2001) and
Ben Salem et al.,(2005). However, the CP of At may
lower than those reported by other workers Aganga
et al. (2003) that could be attributed to different
climatic, environmental, stage of growth factors. At,
as a halophyticshrurb, contained lower concentrations
of energy (324.087 GE, Mcal / kgDM) and organic
matter (81.93%) compared to the other feed
materials. Therefore, CP, OM and energy values in
the mixture forage treatments were decreased as
alfalfa ratio decreased and the increased portions of
Atriplex in the forages diets. Such results are in
agreement with those found by El —Shaer et al.
(1991) and Ben Salem et al. (2005)
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The OM was highest in BH followed by alf
diet, while it was the lowest in At. On the other hand,
NDF, ADF and ADL concentrations were higher in
At compared to alf and BH. At attained the highest
lignin content followed by R3, R2, R6, R1 then RS
(alf). Fiber fractions in the forage mixtures diets (R1,
R2, R3) were increased by increasing the inclusion of
At (R4) portion in the diets.

Data in Table (1) showed that Na, K, Ca and P
levels were higher than probable dietary requirements
(0.09 — 0.18, 0.50 — 0.80, 0.36 — 0.42 and 0.29 —
0.31%, for Na, K, Ca and P, respectively, as
described by (NRC, 1985) but still below maximum
tolerable levels (4.0, 2.0, 1.5 and 0.6 %, respectively
as reported by (NRC, 1980) . The higher levels of
minerals Na, K, Ca and P in saltbush offered to sheep
could be due to the high content of these minerals in
saltbush leaves. Saltbush leaves are more palatable
than other plant parts (Gihad and El — Shaer, 1992). P
value in alf was similar to those reported by
Karabulut et al. (2006) while values of Na, K and Ca
were different. These differences may possibly be

due to maturity differences in alfalfa used in this
experiment.

Phytochemical screening of the experimental
feed materials revealed that they contained saponins
(sap) and condensed tannins (CT) except the BH.
which was free from sap.. Also, barley grains as
energy source and concentrate feed mixture (CFM)
were free from both (sap) and (CT). Therefore,
quantitative determination for such materials was
necessary before using such feed materials for
feeding sheep.

The levels of ANF's are varied from plant to
plant and from season to season (El-Shaer et al.,
2005). At. (R4) and BH. (R6) showed the highest
levels of CT followed by R3, R2, R1 then RS,
respectively. Thus, the concentrations of CT declined
as the proportions of At. decreased in the dietary
mixture. The present levels of CT ranged from 1.48
to 2.30 mg/ 100g DM. So, it is safe for animals
according to the previous studies.

At. (R4) showed the greatest level of sap.
followed by R3, R5. R2 then R1

Table (1): Chemical composition and secondary metabolites levels of the feed ingredients(roughages,barley and

CFM) on DM% bases.

Rations
Item R1 R2 R3 | R4 RS Re | Barley | opy
grains

DM% 9191 9244 | 9295 | 9235 | 9139 | 9290 | 93.69 | 92.98
OM 80.76 77.83 | 7489 | 71.97 | 83.60 | 8632 | 969 | 93.95
cp 17.66 1575 | 1400 | 1225 | 1925 | 1225 | 938 | 1528
CF 24.86 2415 | 23.42 | 2271 | 2557 | 2922 | 353 | 957
EE 22 193 | 1.64 | 134 | 251 195 | 243 | 191
NFE 36.02 36.00 | 35.84 | 3567 | 3636 | 4290 | 81.56 | 67.19
Ash 19.24 2217 | 25.10 | 2803 | 1631 | 1368 | 3.0 | 605
GE Mean/kgDM 3724 | 34458 | 3404 | 324.08 | 38936 | 3868 | 4289 | 4228
NDF 43.83 5265 | 5647 | 6030 | 450 | 580 | 180 | 360
ADF 34.70 3741 | 4011 | 4281 | 320 | 430 70 | 29.0
ADL 11.97 13.95 | 1592 | 17.89 | 10.0 12.0 20 | 110
Cellulose 2273 23.46 | 24.19 | 2492 | 220 | 31.0 5.0 7.0
Hemicellulose 12.13 1524 | 16.36 | 1749 | 13.0 150 | 110 | 180
Sodium (Na)% 1.03 132 | 164 | 193 | 0709 | 142 | 494 | 0631
Potassium (K)% 126 129 | 131 | 134 | 1.4 172 | 572 | 0759
Calcium (Ca)% 0.717 0.745 | 0.786 | 0.815 | 0.682 | 0926 | 3.5 | 0359
Phosphorus (P)% 0.351 0465 | 0.583 | 0.702 | 0233 | 0666 | 135 | 0511
CT 1.58 180 | 198 | 229 | 148 | 230 Nil Nil
Saponins 2.08 284 | 3.60 | 442 | 3.04 Nil Nil Nil

R1: 75% alfalfa + 25% Atriplex, R2: 50% alfalfa + 50% Atriplex

R3: 25% alfalfa + 75% Atriplex, R4: 100% Atriplex
R5: 100% alfalfa, R6: berseem hay

CFM: Concentrate feed mixture, CT: Condensed tannins
GE (Mcal / kgDM) = CPx 5.65+ CFx4.15+EEx9.40+NFEx%4.15 (Blaxter, 1968).
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Feed intake, digestion coefficients and nutritive
values:

Results in Table (2) indicated that the highest
DMI ( P< 0.05) was observed for animals fed alf (R5)
followed by those in R1, R2, R3, R4 while the
lowest value was recorded for animals fed R6 ( the
control group). These findings may be due to the fact
that fresh alf. and At. were more palatable compared
to berseem hay (BH) in R6. These results were in-
agreement with those reported by Shawket and
Ahmed (2009).

The present data clearly indicated a significant
(P< 0.05) effect of the roughage type on DMI. Daily
DMI was negatively affected by saltbush. This is
attributed to higher salt content and higher levels of
fiber especially ADL and NDF in At. Similar results
were reported by Ben Salem et al. (2005), Masters et
al. (2006), and Hassan (2009). Moreover, due to high
ash content, at forage is relatively low in energy. As

shown in table (2); the apparent digestibility of OM,
CF, NFE, ADF and ADL were higher with fresh alf
than other groups containing At with no significant
difference. However the control group R6 has the
lowest (p<0.05) CP digestibility. Similar trend was
observed by Abdel — Malik et al. (2001) who found
that CP digestibility of berseem was lower than that
of alf. Introducing of At. instead of alf in other
treatments  slightly decreased the digestibility
coefficients of CP, CF, NFE, cellulose with no
significant differences. Similarly, Al Owaimer et al.
(2008) concluded the same result. These results may
be due to higher salt content of Atriplex which is the
major negative component in Atriplex species
(Wilson, 1992) thus leading to increment of animal
water intake and shortening the rumen turnover time
with consequential influences on rumen physiology
and metabolism (Warner and Casson, 1992 and
Konig, 1993).

Table (2): Average daily feed intake, digestion coefficients and nutritive values of animals fed the experimental

diets
Rations

Item R1 | R2 | R3 | R4 | R5 | R6 | +SE
DM intake g/kg B.W

Concentrate 6.71° 6.68" 6.62° 6.71° 6.87" 10.98* | 0.719
Roughage 29.09° 25.59¢ | 23.65% | 22.649 | 31.29° 17.76° | 0.228
Total 35.80° 3227¢ | 3027 | 29.35¢ | 38.16° 28.74¢ 3.40
Digestion coefficient:

DM 60.32 64.55 63.93 67.0 66.86 63.77 5.97
OM 65.78 65.72 64.88 59.49 66.57 64.59 4.75
CP 72.78" 70.99° 70.69° | 70.08" | 77.34° 59.28° 227
CF 50.04 50.87 46.16 45.21 49.70 47.19 3.39
EE 65.39 66.44 67.82 77.09 65.49 58.76 5.38
NFE 67.69 72.72 69.93 67.49 74.20 68.45 3.73
NDF 52.53 51.24 49.93 50.22 51.50 51.81 1.69
ADF 48.82 48.08 47.45 48.36 51.25 47.10 3.39
ADL 43.01 41.46 42.90 41.69 45.91 43.69 1.55
Hemicellulose 55.37 57.90 54.41 60.83 62.24 50.14 5.23
Cellulose 53.03 52.81 51.38 44.17 54.93 49.65 5.04
CT 56.59" 64.83° 63.68° | 86.00* | 33.05° 40.0° 9.69
Saponin 89.20° 9230 | 9223 [ 96.41° | 93.06° n. ev. 1.83
Nutritive value:

TDN g/kg B.W 22.06° 18.17° | 16.07™ | 15.07™ | 22.49*° 15.67¢ | 0.058
TDN % 63.09° 56.28% | 53.24™ | 51.32° | 5891™ | 58.63™ | 0.483
DCP g/kg B.W 4.520° 3.44°¢ 286 | 2.55% | 5.44° 2.17°¢ 0.781
DCP % 12.48° 10.65° 945 | 8.69° | 14.24° 7.51°¢ 4.750
MEycal /kg DM 20.18% 20.82° | 18.25® | 17.32° | 21.35° 21.24* | 0.934

MEM cal/ kg DM = (TDN x 3.6) /100 (Church and Pond, 1982).
R1: 75% Alfalfa + 25% Atriplex + barley , R2: 50 % Alfalfa + 50 % Atriplex+ barley
R3: 25 % Alfalfa + 75 % Atriplex+ barley , R4: 100 % Atriplex+ barley

R5: 100 % Alfalfa+ barley ,

R6: Berseem hay + CFM

a, b, c and d : values with different letters in the same row means statistically significant at P<0.05

n. ev.: means not evaluated
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Such results might be also attributed to the
secondary metabolites in At which include oxalates,
tannins and saponins which might decrease the
production of volatile fatty acids in the rumen. The
same results were reported by Shawket and Ahmed
(2009) and Abu — Zanat and Tabbaa (2005).
Inclusion of Atriplex in diet up to 50% insignificantly
increased OM, CP, CF, NFE, NDF and cellulose than
At alone. Getachew et al. (2008) found that
digestibility of NDF and nitrogen was reduced by all
levels of tannic acid compared with control.

Furthermore, Positive digestibilities of the CT
were reported in the present study and the variations
among groups were significant (P< 0.05). The highest
digestibility of CT was in R4 followed by those fed
R2, R3, R1, R6 then RS (alf), respectively.

It is clear that R4 contained the highest
concentration of CT as mentioned before in table (1).
This finding could be explained by DM intake. In
general, as DM intake increased, apparent
digestibility decreased in sheep which could be due to
higher rumen turnover rates observed in both sheep
and cattle (Mulligan et al., 2001). Also, the same
finding was reported in case of saponins.

R4 fed animals showed the highest saponin
digestibility followed by R5, R3 and R2 showed a
comparable value of digestibility then R1 was the
lowest one. Saponin was absent from R6 (BH) so, it
is not evaluated in BH fed animals.

When the nutritive values expressed as TDN
and DCP a significant difference (P< 0.05) was
observed for TDN g/kg BW values. Alfalfa diets
showed the highest values & R4 showed the lowest
one . Moreover, TDN% of intake was significantly
(P< 0.05) increased in R1 followed by RS, R6, R2,
R3 and R4, respectively. The elevation of TDN in alf.
may be due to the highest digestibility of OM, CP,
CF and NFE than those of At. Al- Owaimer et al.
(2008) consistent with our results where they noticed
that lambs fed alf hay had higher TDN than those fed

At Ahmed et al. (2001) showed that the value of
TDN for ration containing At was lower by 7.15%
than that containing BH. Shawket, (1999) reported
that the nutritive value expressed as TDN was 55.7
and 67.8%, respectively for diets containing At alone
and with energy supplement.

Digestible crude protein (DCP) g/kg BW
value increased (P< 0.05) significantly on (RS5)
followed by R1, R2, R3, R4 then R6. Similar
observations were reported by Abdel — Malik et al.
(2001). Results obtained may be attributed to higher
CP content of alf and its rapid fermentation followed
by At and BH. The percentage of DCP of intake had
the same trend.

ME, Mcal / Kg DM varied significantly (P<
0.05) among treatments. Results indicated that the
values of ME Mcal / Kg DM were decreased (P<
0.05) with 100% and 75% At. than other treatments.
However 50% At + 50% alf expressed comparable
values with those of 75% alf +25% At.

This finding may be due to lower energy
content of At than alf and BH. Shawket, (1999)
concluded similar results, she found that the
utilization of At was enhanced with the energy
supplementation. Ben Salem et al. (2005) found that
animal performance was improved by feeding At
supplemented with barley than those fed At alone.

Nitrogen balance:

As shown in Table (3); Total nitrogen intake
(NI) expressed as gm / head / day for animals fed RS
was the highest (p<0.05) followed by R1 and the
lowest one was R4. These differences may be due to
the type of forage and its content of nitrogen and also
these findings were matched with the CP intake in the
experiment. These results are in agreement with those
of Shawket et al., (2005) and Al — Owaimer et al.,
(2008). Results showed that the main pathway of N
excretion was through urine for all tested roughages
except BH group.

Table (3): Nitrogen balance ( gm / head / day) of animals fed the experimental diets

Item Rations

Rl R2 R3 R4 R5 R6 +SE
Nitrogen intake gm/head/day 43.63° | 38.18% 32.24° 28.74° 64.68° 29.53° 5.06
Excreted nitrogen: (g/h/d) :Fecal nitrogen 11.85% 10.69° 9.17% 7.78° 14.92° 11.42® | 2.026
Urinary nitrogen 19.23° | 19.32° 17.49%®° 14.81° 33.84° 12.97° 2.52
Total excretion(g/h/d) 31.08° 30.01° 26.66% 22.59°¢ 48.76" 24.39° 3.73
Nitrogen retention 12.55° 8.17° 5.58% 6.15® 15.92° 5.14° 1.57
N R % of intake 28.76* | 21.40" 17.31° 21.40% 24.61° 17.41° 3.28
F N % of intake 27.16° 27.99° 28.44° 27.07° 23.07° 38.67° 5.51
U N % of intake 44.08 50.60 5425 51.53 52.32 43.92 5.63

R1: 75% Alfalfa + 25% Atriplex+ barley ,
R3: 25 % Alfalfa + 75 % Atriplex+ barley ,
R6: Berseem hay + CFM.

R2: 50 % Alfalfa + 50 % Atriplex+ barley.
R4: 100 % Atriplex+ barley.

F N: fecal nitrogen , U N : urinary nitrogen , N R : nitrogen retention

a, b, c and d : values with different letters in the same row means statistically significant at P<0.05
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These findings may be attributed to the rapid
hydrolysis of alf and At CP in the rumen which led to
accumulation of ammonia (Weston et al., 1970)
which is inefficiently increase urinary nitrogen
excretion. Values of total nitrogen excretion clearly
indicated that animals fed on 100% alf lost higher
(p<0.05) values of nitrogen followed by R1 and R2
and the lowest one was R4.

Nitrogen retention (NR) was higher in animals
fed RS and the lowest value was in R6. However R3
and R4 had comparable values of NR which have
higher percent of At. This may be due to higher CP
content and its higher digestibility in alf than At and
BH. Data of NR% of intake showed that R1 indicated
the highest (p<0.05) nitrogen utilization while R6
was the lowest one.

Water balance:

As shown in Table (4); the highest water
intake was observed in animals of R4 and R3 and this
attributed to At. with high salt content. The lowest

amount of water intake was recorded in sheep fed
control diet with significant (p<0.05) differences
among the experimental groups.These results are
inharmony with those reported by Bhatti et al.
(2009), Hassan (2009), Shawket &Ahmed (2009) and
Shawket et al. (2005) who reported that the salt
content of At. can influence the animal water
requirements because additional water is required to
excrete their high salt content.

As expected urinary water was higher in R4
followed by R3 (P< 0.05), respectively and R6 was
the lowest one. These findings are in agreement with
El Aich (1987), Eid (2003) and Allam et al. (2006)
who indicated that the high content of ash in
halophytes lead to push animals to increase excretion
of urine as natural channel to excrete minerals.

Water balance ml/h/day values for sheep fed
R2 and R3 are significantly higher (p<0.05) than
those of animals fed R1 and RS5. While the lowest
was R6.

Table (4): Water balance (ml / head / day) of animals fed the experimental diets.

Item Rations

R1 R2 R3 R4 R5 R6 +SE
Drinking water (ml / head / day) 1500° 2446° 3176° 4142° 1284° 1825 216
Combined water (ml / head / day) 1368° 1133°° 1039° 760 ¢ 1800° 1187 207
Metabolic water (ml / head / day) 563° 531° 482° 475° 8137 451° 50
Total water intake (ml / head / day) 3431° 4110° 4697™ 5377° 3897° 23941 298
Urinary water (ml/ head / day) 1710° 1986° 2743° 4232° 2036° 1477° 141
Fecal water (ml / head / day) 655 551 524 515 805 572 107
Total water excreted (ml / head / day) 2365 2537 3267 4747 2841 20494 184
Water balance (ml / head / day) 1066° 1573° 1430° 630° 1056° 3457 210

R1: 75% Alfalfa + 25% Atriplex+ barley , R2: 50 % Alfalfa + 50 % Atriplex+ barley. R3:25%

Alfalfa + 75 % Atriplex+ barley ,
R5: 100 % Alfalfa+ barley ,

R4: 100 % Atriplex+ barley.
R6: Berseem hay + CFM.

a, b, c and d : values with different letters in the same row means statistically significant at P<0.05.

Rumen parameters:

Data revealed that the ammonia—N (NH;-N)
concentration mg/100ml rumen liquor (RL) was
significantly (p<0.05) higher in R5 which is rich diet
with CP than those of R1, R6, R2,R3 and R4,
respectively (Figure 1).

The prefeeding ammonia—N values increased
significantly to reach to the peak value at 8 hr post
feeding (Fig 1). Mehrez et al. (2001) found that
20.61mg/100 ml RL NH3-N would satisfy microbial
needs for N and hence maximize the rate of
fermentation of the experimental diet in the rumen.
Hassan (2009) also reported that ruminal microbial
protein synthesis requires an adequate supply of
nitrogen to achieve maximal efficiency. Also,
because of lower nitrogen content uncoupled
fermentation could occur (McMeniman, 1976).
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The average values of ruminal total volatile
fatty acids (TVFA's) (Fig. 2) showed that the highest
(p=0.05) value was recorded in RS and the lowest in
R4 . This result may be due to higher salt and lower
energy contents of Atriplex which shortening the
rumen turnover time with consequential influences on
rumen physiology and metabolism (Warner and
Casson; 1992 and Konig, 1993) and decrease the
production of VFA 's in the rumen (Shawket and
Ahmed, 2009).

The prefeeding TVFA's values (Fig.2)
significantly (p<0.05) increased to reach the peak
value at 8 hr post feeding.

Blood metabolites:

Blood metabolites (Table 5) were used to
monitor nutrient status. In the current study, there
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was a sampling time effect after feeding for all the
studied parameters. Serum biochemistry was within
the range that was reported by other authors (Rankins
etal. 1991 and Getachew et al. 2008) and there were
different variations among the studied groups before
and after feeding.

Serum total protein (TP) showed a significant
(p<0.05) eclevation post feeding (Table 5). The
lowest value was recorded in control group and the
highest one in R5. These findings agree with the fact
of dietary CP which was highest in RS (alfalfa) and
lowest in BH and R4 (At). Moreover, dietary CT was
highest in BH and R4 and lowest in R5. Although
Getachew et al. (2008) found that alfalfa protein is
poorly utilized by ruminants due to its rapid
degradation in rumen. Indeed, the alfalfa digestibility
was reduced in the diet containing barley grains
(Jahani-Azizabadi et al.,2009). CT may share in
these variations as CP forms a complex with tannins
under aerobic conditions causing a lowering in the
available protein intake (Wina et al, 1999). Also, the
ability of tannins to precipitate different proteins
varies considerably (Bennick, 2002).

BH was free from saponins as previously
reported and At (R4) was the highest ration in
saponins. Saponins reduce protein digestibility by the
formation of less digestible saponin — protein
complexes affecting the nutritive value of the diet
(Potter et al,1993). In addition the complementarity's
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of tannin — rich shrubs and a saponin-rich shrub
positively influenced biomass intake (Rogosic et
al,2006) . Alao, CT and saponin alleviate the adverse
effect of each other (Makkar, 2003).Neglecting the
sampling time, there was no significant variations
among experimental rations. Albumin showed the
same pattern among groups where the highest levels
were recorded in RS and the lowest ones in R6 .
Significant (p<0.05) differences were reported when
neglecting sampling time. Globulin showed
significant (p<0.05) diet effect among the studied
groups.

Urea —N was decreased (P<0.01) in post
feeding and when neglecting time (Table 5) reflecting
low protein intake by sheep fed the experimental
diets. Present results were in agreement with those
reported by Rankins et al,(1991) who mentioned that
low protein intake although serum total protein,
albumin and globulin were elevated but protein
intake was not low enough to compromise protein
synthesis by liver. Samanta et al. (2003) showed that
plasma urea — N reflects the dietary CP intake.
Getachew et al. ( 2008) found that only blood urea —
N was affected by both the level of tannin and
sampling time after feeding although other
metabolites were affected by sampling time. They
proved the blood urea —-N was elevated at 2h after
feeding and started to decline to the pre — feeding
level. Romero et al. (2000) also showed that sheep
fed with tanniferous diet had reduced blood urea-N
level than sheep fed lower dietary tannin.

Creatinine levels were elevated significantly
(p<0.05) before and after feeding and indicating
impairment of renal functions (Brenner et al., 1987).

As can be observed, considerable decrease in
cholesterol levels in all studied groups except RS and
R6 was recorded before and after feeding even when
neglecting time. This result is consistent with those
reported by Potter et al. (1993) and Matsuura (2001)
who found that saponins from different sources
causing lower serum cholesterol levels in a variety of
animals as several dietary saponins have a
hypocholesterolaemic action (Francis et al, 2002).
Also, if causes a delaying of the intestinal absorption
of dietary fat by inhibiting pancreatic lipase activity
(Han et al., 2000). On the other hand, tannins play a
considerable role in lipids digestibility by complexing
with fatty acids(Romero et al., 2000) causing a
decrease in cholesterol absorption and increase in fat
excretion (Bravo et al., 1993).

Cocerning serum enzymes, AST was
significantly (p<0.05) increased post feeding and on
neglecting the time factor. This elevation could be
attributed to tannin content of the diet. Reed (1995)
and Silanikove et al. (1996) reported hepatotoxicity
and elevated AST in goats and cattle fed on
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Table (5): Some blood parameters in animals fed the experimental diets .

Item Ratios
R1 R2 R3 R4 R5 R6 +SE
T.P.g/dl
0 hr 6.466 6.163 6.296 6.023 6.200 6.500 1.380
6 hr 8.143%® 6.446° 6.913% 7.163% 9.100* 6.333° 1.282
mean 7.305% 6.305 6.605" 6.593 7.650° 6.416" 0.588
Albumin g/dl
0 hr 2.82 2.95 2.85 3.06 2.90 2.77 0.31
6 hr 3.13% 3.07% 3.07% 3.26% 3.77° 2.83° 0.36
mean 2.98% 3.01% 2.96% 3.16%® 3.33% 2.79° 0.15
Globulin g/dl
0 hr 3.640 3.220 2310 2.960 3.300 3.730 1.150
6 hr 5.020% 2.810° 3.850% 3.200% 5.330° 3.510%° | 1.090
mean 4330 3.020 3.080 3.080 4320 3.620 0.490
Urea mg/dl
0 hr 24.90 27.17 27.60 30.60 33.00 34.05 9.54
6 hr 30.63° 22.23° 25.87° 20.10° 61.33° 40.27° 11.29
mean 36.07% 24.65¢ 26.73% 25.35% 50.35% 46.26" 3.58
Creatinine mg/dl
0 hr 1.23° 1.17° 1.40° 1.18° 1.40° 242° 0.18
6 hr 0.89° 1.06° 1.24% 1.08° 1.20% 1.82° 0.19
mean 1.06° 1.11° 1.32° 1.13° 1.30° 1.952 0.14
Cholesterol mg/dl
0 hr 32.20° 34.53° 37.67° 44.33° 64.83° 63.50° 7.66
6 hr 48.33% 64.00 37.67¢ 47.0% 85.20° 80.67% 11.29
mean 40.27° 51.60° 37.67° 45.67° 75.01° 72.08* 5.07
Triglycerides mg/dl
0 hr 49.5° 78.24° 80.27° 51.83° 43.53° 48.19° 12.70
6 hr 42.88° 48.83° 38.89° 4922° 86.02° 94.45° 5.55
mean 46.11° 63.54% 52.52% 50.53% 64.78 % 71.32° 7.28
GOT U /L
0 hr 55.0 50.0 60.33 57.0 40.67 34.67 15.24
6 hr 43.67% 4533%® 53.33¢ 47.00% 32.0% 24.33° 9.47
mean 4933 47.67% 56.83% 52.00% 36.33% 29.50°¢ 5.08
GPTU/L
O hr 16.00 17.00 19.00 21.50 19.0 18.33 3.84
6 hr 13.33° 19.50° 13.50° 8.67°¢ 17.33° 16.33% 2.00
mean 14.67 18.58 16.17 15.00 18.17 17.33 1.74
Sodium mmol/l
0 hr 144.0 142.0 143.8 143.0 147.5 140.5 3.22
6 hr 146.0 142.8 145.0 147.0 148.0 142.0 2.98
mean 145.0 142.4 144.4 145.0 147.8 141.3 3.0
Potassium mmol/l
0 hr 4.400 4.700 4.600 4.800 4.500 4.900 0.670
6 hr 4.600 5.000 4.800 5.100 4.700 5.000 0.770
mean 4.500 4.900 4.700 5.000 4.600 5.000 0.710
Calcium mg/dl
0 hr 10.53° 13.90° 11.90® 10.13° 10.20° 6.73°¢ 1.58
6 hr 13.97° 10.67 10.40° 9.30° 11.13%® 11.77% 1.73
mean 12.25° 12.28% 11.15% 9.72% 10.67% 9.25° 0.89
Phosphorus mg/dl
0 hr 5.03%® 4.70° 5.47%® 453° 6.23% 6.73% 0.98
6 hr 5.27%® 5.57%® 5.80% 5.17° 6.57% 6.07% 0.69
mean 5.15° 51.33° 5.63% 4.85° 6.40° 6.40° 0.33

0 hr: means before feeding. 6 hr: means six hours after feeding

R1: 75% Alfalfa + 25% Atriplex+ barley , R2: 50 % Alfalfa + 50 % Atriplex+ barley.
R3: 25 % Alfalfa + 75 % Atriplex+ barley , R4: 100 % Atriplex+ barley.
R5: 100 % Alfalfa , R6: Berseem hay + CFM.

a, b, c and d : values with different letters in the same row means statistically significant at P<0.05.
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tanniferous forages, while Romero et al. (2000) did
not find such elevation. Fitcher (1993) explained the
elevated AST to be due to muscle destrophy. ALT
showed nonsignificant variations except post feeding
values. Makkar et al. (1988) assumed that the
inhibitory or stimulatory effect of tannins on enzyme
activity may result from a change in the conformation
of the enzyme in the presence of tannins leading to a
variable variability of substrate at the catalytic site of
the enzyme.

As show in Table (5), indicated that Sodium
and potassium levels in blood serum of the studied
animals were not differed significantly among the
studied groups neither at 0 hr nor at 6 hr post feeding.
Na and K were within the normal concentrations
which are in agreement with the findings of El —
Shaer et al. (2001). On the other hand sheep fed R2
had higher (P< 0.05) Ca level than sheep fed saltbush
alone, alfalfa or the traditional ration (BH) at O hr.
There were also considerable variations in P level in
the blood serum of the studied sheep where the
highest P levels were recorded in those fed R6. This
elevated P level in this group could be due to that P
content in At and BH was slightly higher than
maximum tolerable levels (NRC, 1980) (0.702 and
0.666 % vs. 0.6%. Generally, these hypocalcemia in
R6 could be attributed to the presence of high levels
of CT in BH because tannins can disturb the
absorption of minerals by chelation of them within
the gastrointestinal tract of the animal (Cowieson et
al., 2004) and / or increase the endogenous losses of
the minerals such as Ca (Mansoori and Acamovic,
1997). Also, BH may contain oxalic acid which binds
with Ca to form a non soluble, non digestible Ca
oxalate (Cheeke, 1995). Moreover, the imbalanced
Ca: P ratio in this group might be responsible for
decreasing Ca availability of sheep in the same group
(McDowell, 1992) while the rest of animal groups
were within normal levels of both minerals (9 -12,
and 4.5-6mg/dl) respectively for Ca and P as
described by Kincaid (1993).

Minerals retention:

As shown in Table (6), Na intake was
increased as the ratio of Atriplex increased. This
results was matched with the fact of that Atriplex
contain the highest concentration of Na (table 1).
Sodium intake increased in the following order from
R1, RS, R2, R6, R3 and R4, respectively. Wilson
(1996) consistent with our results in that high amount
of Na and K salts found in Atriplex species.
Differences in Na intake among studied groups were
significant (P<0.05) while fecal Na excreted without
significant differences . Urine is generally accepted
as main pathway for the excretion of Na (McDowell
and Arthington, 2005). Significant (p<0.05) urinary
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sodium loss was noticed among tested animals . The
highest urinary sodium was reported in R3 and R4
(the highest Na intake groups and highest percent of
Atriplex). Sodium balance also follows the same
pattern where Na balance increased as a result of
increasing Atriplex (from R1, R2, R3 and R4). RS
(100% alf) revealed the least sodium balance with
significant (p<0.05) differences.

It is clear that animals fed alfalfa alone had
the highest K intake followed by control animals R6
then R1, R4, R2 then R3. Differences among groups
were significant (P<0.05). Potassium content of alf
and Atriplex were comparable but K intake in RS
could be attributed to highest DM intake in RS (Table
2) however, the lowest K intake in R3 was attributed
to lowest DM intake in the same group. Fecal and
urinary K output varied significantly (p<0.05) among
treatments but most of the excreted K was via urine
and this consistent with the fact that urine is the
major pathway for the excretion of potassium
(McDowell and Arthington, 2005). Potassium
balance was slightly different among groups.

The highest (p<0.05) Ca intake was recorded
in R5 while R1, R2 and R3 revealed comparable
values of Ca intake. R4 and R6 were also
comparable. Fecal Ca revealed significant (p<0.05)
differences among groups . It is well known that
feces is the main route of Ca excretion (McDowell
and Arthington, 2005). The present study revealed
that fecal Ca was affected by saltbush percentage in
the diet which contains high levels of secondary
metabolites mainly oxalic acid which binds with Ca
to form calcium oxalate, non — soluble, non —
digestible compound ( Alazzeh and Abu Zanat, 2004
:Cheeke, 1995). Generally, urinary Ca loss tended to
remain low and constant. There are no differences
among groups in urinary Ca . Calcium balance was
positive for all different groups with significant
(p<0.05) differences.

The higher levels of P intake in diets as a
result of increasing saltbush to reach its peak in R4
could be due to the high content of P in saltbush as
reported in Table (1). Al azzeh and Abu — Zanat
(2004) reported similar conclusion where saltbush
leaves are rich in minerals and more palatable than
other parts of the plant. Feces is the main pathway for
P excretion in ruminants (McDowell and Arthington,
2005). There were no differences among studied
animals in fecal phosphorus. The highest fecal P was
recorded in R4 and this finding consistent with the
experimental findings which recorded that saltbush
had the highest level of P and animals of this group
showed highest P intake. However, the least level
was in R6 where animals fed traditional ration.

Urinary P was different significantly (P<0.05)
among groups. The highest urinary P was recorded in
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R3 and R4. R1 and R2 showed comparable values.
The lowest levels were noticed in R5 and R6,
respectively. Phosphorus balance was positive in the
present study with significant (p<0.05) variations .
Feeding saltbush to sheep affecting minerals
status in animal body leading to a decrease in Ca and
P levels in blood as noticed in Table (5) whether

Table (6): Mineral balance (

saltbush was introduced as a complementary feed or
alone. Also, all studied minerals were in positive
balance because alf can alleviate constrains of
saltbush in diets. Therefore, special attention should
be taken when feeding saltbush to sheep for long
periods.

m/ dl) of sheep fed the experimental roughage

Mineral Item R1 R2 R3 R4 RS R6 +SE
Intake (g/d) 13.45¢ 15.10 < 18.47° 2391° 14.45 1693 | 0.950

Na Feces (g/d) 1.43 1.58 1.55 2.34 0.98 1.34 0.507
Urine (g/d) 1.86 287 5.15° 5.11° 3.49° 0.81¢ 0.425

Balance 10.16° 10.65° 11.77° 16.46° 9.98° 1478* | 0.916

Intake (g/d) 18.76 ° 17.67° 17.19° 18.03 ° 25.74° 20.48° 1.153

K Feces (g/d) 234" 2.87% 1.11°¢ 231" 3.83° 374" 0.423
Urine (g/d) 751% 729 6.39 % 8.65° 2.28° 526 1.707

Balance 8.91° 7.51° 9.69° 7.07° 19.63° 11.48° 1.497

Intake (g/d) 9.79° 9.36° 931° 10.06° 13.37° 10.72° 0.623

Ca Feces (g/d) 5.76° 3.03% 3.08 % 223%® 1.62° 359 1.074
Urine (g/d) 1.82 1.90 2.38 1.90 2.13 2.01 0.377

Balance 221°¢ 443" 3.85"% 5.93° 9.62° 512 1.057

Intake (g/d) 6.45° 7.06° 8.41° 10.59°° 6.83° 934 0.415

P Feces (g/d) 0.41 0.37 0.20 0.41 0.13 0.08 0.109
Urine (g/d) 0.19° 0.19° 0.36° 0.35° 0.15° 0.11° 0.027

Balance 5.85° 6.50° 7.85° 9.83° 6.55° 9.15° 0.364

R1: 75% Alfalfa + 25% Atriplex+ barley ,
R3: 25 % Alfalfa + 75 % Atriplex+ barley ,
R5: 100 % Alfalfa+ barley ,

4. Conclusion and recommendation:

From the aforementioned results we could
conclude that: Atriplex nummularia had a
pronounced nutritive value as a fodder component
when mixed with other plant species for livestock as
previously detected in (R1, R2 and R3) rather than its
intake alone (R4). The main disadvantages of using
A. nummularia alone as animal feed are: high in ash
and minerals contents and has insufficient energy
density for sheep. This fact affecting negatively on its
DMI, DCP and TDN as appeared in R4. Finally R2 is
nutritious despite the generally low the nutritive
value and energy content.
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R2: 50 % Alfalfa + 50 % Atriplex+ barley.
R4: 100 % Atriplex+ barley.

R6: Berseem hay + CFM.

a, b, c and d : values with different letters in the same row means statistically significant at P<0.05.
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