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Abstract: This study was conducted at Qalubia Governorate, Egypt during the two successive seasons 2011- 2012 
and 2012- 2013 to elucidate the effect of pre-harvest foliar spray with humic acid at 2 L / feddan and amica at 2 cm 

3/ L apply every 15 days with a total of 5 application times as well as modified atmosphere of (16% O2 plus 20% 
CO2) or vacuum packaging or chitosan at 1.5% and vapor gard at 0.1% as post-harvest treatment on the storability of 
strawberry fruits cv. Sweet Charlie during storage at 0°C and 95% relative humidity. A complete randomized 
(factorial design) with three replicates. The results indicated that sparing plants with amica in growing season 
reflected higher values in general appearance, total soluble solid percentage, ascorbic acid, firmness, color, texture, 
titratable acidity, total sugars content and lower values in weight loss, decay percentage, pH and anthocyanins 
content compared to other treatments. Therefore, these amica can be recommended for strawberry to improve fruits 
quality and storability. Concerning the modified atmosphere packaging MAP (16%O2 +20%CO2) gave better results 
(total soluble solid percentage, titratable acidity, ascorbic acid, anthocyanin, color, total sugars content, firmness and 
pH) than other treatments. On the other hand, using spraying the plants with amica combined with MAP caused a 
significant increase in storability concerning weight loss, decay percentage, general appearance, total soluble solid 
percentage, ascorbic acid, firmness, color, texture, titratable acidity, total sugar content, pH and anthocyanins 
content. 
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1. Introduction 

Strawberry is a non-climacteric fruit with a very 
short post harvest shelf-life. Loss of quality in this 
fruit is mostly due to its relatively high metabolic 
activity and sensitivity to fungal decay, mainly grey 
mold (Botrytis cinerea). Strawberries are also 
susceptible to water loss, bruising and mechanical 
injury due to soft texture and lack of a protective rind. 
To reduce spoilage, metabolism, and deterioration and 
to extend the shelf life, strawberry fruit should be kept 
at 0°C after harvest (Hernandez-Munoz et al., 2006). 
The shelf-life of fresh strawberries at low 
temperatures (0–4оC) is usually around 5 days. In 
order to extend fruit shelf-life, cold storage combined 
with controlled and modified atmospheres has been 
studied (Holcroft and Kader, 1999; Sanz et al., 1999; 
P´erez and Sanz, 2001). Low storage temperatures and 
modified atmospheres with elevated CO2 levels are 
common tools for avoiding, mold growth and 
senescence, and extending fruit shelf-life (Manning, 
1996). The shelf-life of fresh produce is limited to 1~2 
days at room temperature (Ghuoath et al., 1991 and 
Harker et al., 2000). The shelf life of fresh strawberry 
is inversely proportional to respiration rate (Day, 
1990). Consequently, the most commonly used 
method for shelf-life extension is low temperature. 

But storage quality can be further improved by 
altering the gas atmosphere surrounding the fresh 
strawberry (Church, 1994; Holcroft and Kader, 1999). 
MAP is often used to maintain elevated CO2 and 
reduced O2 concentrations inside consumer-packaged 
produce containers (Exama, 1993). Modified 
atmosphere packaging (MAP) of low oxygen and high 
carbon dioxide is known to suppress physiological 
changes and microbial deterioration of strawberry 
fruit, thus extending its shelf life (Caner and Aday, 
2009). Several studies reported different strategies to 
reduce postharvest losses, combination of low 
temperature, high – humidity storage and the use the 
carbon dioxide (Ke et al., 1991; Nunes et al., 1995; 
Krivorot and Dris, 2002). Abu-Zinada (1988) stated 
that snap beans dipped in solutions of vapor gard 
reduced weight loss during storage and lessened the 
percentage of decay. Awad (1989) found that 
strawberry treated with vapor gard lessened the decay 
percentage and an unmarketable fruit during storage 
but this treatment was not affected ascorbic acid 
content of the fruit. Also, El-Seifi and Attia (1990) 
showed that treated squash fruits in vapor gard 
decreased the decay percentage during storage. Le 
Lagadec and Moruda (2002) found that vapor gard is 
an anti-transpirant which forms a coating on the fruit 
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and prevents evaporative water loss thus retaining 
fruit turgidity and retaining fruit firmness. Chitosan 
(poly b-(1,4)N-acetyl-D-glucosamine) and its 
derivatives have been shown to inhibit the growth of a 
wide range of fungi and trigger defensive mechanisms 
in plants and fruits against infections caused by 
several pathogens. Chitosan possesses excellent film-
forming properties and can be applied as an edible 
surface coating to fruits and vegetables. Chitosan 
coatings have been reported to limit fungal decay and 
delay the ripening of several commodities, including 
strawberry (El Ghaouth et al., 1991a; Han et al.,2004 
and Ribeiro et al., 2007). Recent studies on the 
sensory evaluation of chitosan-coated strawberries 
have reported that chitosan solution prepared at a low 
acid concentration did not change astringency of the 
fruit. Chitosan coatings did not change consumer 
acceptance of strawberries stored for one week at 2 °C 
(Han et al., 2005). Edible coatings have been reported 
to be more effective at delaying the ripening of fruit 
and vegetables at room temperature than under cold 
storage (Amarante and Banks, 2001). Hernandez-
Munoz et al. (2006). Reported that no sign of fungal 
decay was observed in fruit coated with 1.5% chitosan 
which also reduced fruit weight loss. Chitosan 
coatings markedly slowed the ripening of strawberries 
as shown by their retention of firmness and delayed 
changes in their external color. To a lesser extent 
titratable acidity and pH were also affected by 
coatings. Shehata et al. (2011) found that foliar 
fertilizers with humic acid at a rate of 1g/ l exhibited 
higher plant length, fruit weight and higher level of 
total soluble solid and anthocyanin content of 
strawberry as compared to mineral fertilizer. 

The aim of the present work was to evaluate the 
potential of pre-harvest foliar spray with humic acid 
and amica as well as modified atmosphere or vacuum 
packaging or chitosan and vapor gard as post-harvest 
treatment in preserving the quality and storability of 
strawberry fruits.  
2. Materials and methods 

Effect of pre-harvest foliar spray with humic 
acid or amica and postharvest treatment with modified 
atmosphere or vacuum packaging or chitosan or vapor 
gard on the storability of cv. Sweet Charlie fruits were 
studied. 

At harvested fruits the three quarter red stage of 
maturity, were harvested from private farm at Qalubia 
governorate, Egypt in the first week of January of the 

two seasons 2012 and 2013 to investigate the effect of 
foliar spray with humic acid (HA) [Hammar, Arabian 
Group of Agricultural Service (AGAS),Egypt, 
potassium humate 86% and potassium oxide 6%] and 
amica, (N>5%, CaO>14%, amino acid>10%) foliar 
spray with humic acid at 2 L / feddan and amica at 2 
cm 3/ L apply every 15 days with a total of 5 
application times. In addition to the control (sprayed 
with distilled water). At harvest fruits from each 
experimental plot were transported to the Postharvest 
and Handling Research department at Giza 
governorate. Sound and healthy fruits were packed in 
plastic punnets (250g) and put in the strawberry carton 
boxes (2kg eight punnets per carton) and stored under 
cold room condition (0°C and 95 % RH) for 15 days 
for the following treatment. 
1- The fruits were packed in plastic punnets (250g) 

then the punnets were inserted into the 
polypropylene bags (30 µ thickness,20 × 20 cm 
size), then flushed with a gas mixture at 16% O2 
+20% CO2(MAP). 

2- The fruits were packed in plastic punnets (250g) 
then the punnets were inserted into the 
polypropylene bags (30 µ thicknesses, 20 × 20 cm 
size), Vacuum infusion was carried out at 20°C in 
a chamber connected to a vacuum pump. 

3-Chitosan solution was prepared by dissolving 1.5% 
chitosan in 0.5% acetic acid solution and fruits 
were sprayed with chitosan at the 
concentration1.5%then the fruits were allowed to 
dry for tow hour at 20°C then the fruits were 
packed in plastic punnets (250g). 

 4-Vapor gard: fruits were sprayed with vapor gard at 
the concentration 0.1%then the fruits were allowed 
to dry for two hour at 20°C then the fruits were 
packed in plastic punnets (250g). 

 5- Samples that were not placed in a packaging were 
also prepared, then were kept in punnet and served 
as control. 

The treatments were arranged in a complete 
randomized (factorial design) with three replicates 
was adopted. Each replicate consisted of 3 strawberry 
carton boxes (2kg eight punnets per carton) three 
punnets were taken for chemical analysis and 
measuring weight loss and decay percentage during 
the storage periods. 

 Storage fruits were inspected at 3 days interval 
for determining weight loss, decay and chemical 
analysis and the following data were recorded. 

 
1-Weight loss percentage: It was estimated according to the equation:  

Weight loss percentage = 
 Initial weight – weight at each specific interval × 100 
 
                         Initial weight 
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2- Decay percentage: Decayed fruits were counted 
and recorded by visual examination (decayed 
fruits included all the shrieked, injured or spoiled, 
resulting from microorganisms infections) 
percentage of decay was calculated in relation to 
total initial weight of stored fruits (Cheour et al., 
1990). 

3- General appearance based on fresh appearance, 
fresh calyx and dryness or watery condition, and 
change of color and decay was determined 
according to the following score system: 
9=excellent, 7=good, 5=fair, 3=poor,1=unsalable. 

4 – Surface color was measured on two sides of each 
fruit by using Tistimulus Hunter colorimeter 
Minolta, Ramsey, N.J. (Model Dp 9000 which 
measured L* C* value and hue angle) (McGuire, 
1992). 

5 – Pulp texture recorded by TA-1000 texture 
analyzer instrument using a penetrating cylinder 
of 1mm of diameter, to a constant distance (3 and 
5 mm)inside the pulp of fruits, and by a constant 
speed 2mm per sec., and the peak of resistance 
was recorded per g/cm2.  

6- Total Soluble Solid percentage was determined by 
using digital refract meter (Abbe Leica model). 

7- Titratable acidity percentage was measured by 
titration the juice of fruits against 0.1 N NaoH to 
pH 8.1 and expressed as percent of citric 
A.O.A.C. (1990). 

8- Ascorbic Acid: The ascorbic acid content was 
determined by using 2,6-dichlorophenol 
indophenols titration method as described by 
A.O.A.C (1990). 

9-Anthocyanin: It was determined by using Hcl 
(1.5N) spectrophotometer as described by 
A.O.A.C (1990).  

10-Total sugar was determined in fresh strawberry 
fruits by using Lane and Eynon method according 
to A.O.A.C (2000). 

All data were subjected to the statistical analysis 
according to the method described by Snedecor 
and Cochran (1991).  

 
3. Results and Discussion  
1- Weight loss 

Data in Table 1 show the effect of foliar spray of 
strawberry plants with amica and humic acid 
significantly decreased the percentage of weight loss 
in fruits during storage compared with the control 
treatment during the both seasons of study. In this 
connection, the lowest weight loss was recorded in 
case of using amica followed by humic acid. Such 
positive effect for using amica and humic acid was 
true during the two seasons of growth. 

Obtained results may be attributed to the role of 
such natural anti diseases substances in decreasing 

the susceptibility for diseases infection, decreasing 
the respiration rate and production of ethylene which 
affect greatly on fruit storage ability.  

Concerning the effect of post harvest treatments 
(vacuum, chitosan, vapor gard and MAP ) on weight 
loss percentage, data reveal that there were 
significant differences between treatments in weight 
loss percentage during storage; however, all 
treatments retained their weight during storage as 
compared with the control (untreated fruits). 
Moreover, strawberry fruits packed in vacuum or 
MAP resulted in prominent reduction in weight loss 
percentage during storage. These results are in 
agreement with those obtained by Petrisor et al. 
(2010).On the other hand the highest values of weight 
loss percent was recorded with untreated (control). 
These results were true in the two seasons. 

Lowest weight loss from vacuum or MAP is due 
to the confinement of moisture around the produce by 
polypropylene bags. This increases the relative 
humidity and reduces vapor pressure deficit and 
transpiration. In addition, packaging creates a 
modified atmosphere with higher concentration of 
carbon dioxide and reduced oxygen around the 
produce which slows down the metabolic processes 
and transpiration (Thompson, 1996), which 
diminished the weight loss during storage (Wang and 
Qi, 1997). Also, MAP reduced the water loss by 
minimizing the contact of fruits with the surrounding 
air or by inhibiting the diffusion of water vapor with 
permeability of vapors of the films (Akbudak, 2008). 

 The highest weight loss observed in untreated 
fruits throughout the storage period can be attributed 
to air movement, which tends to sweep away the 
unstirred layer of air (at equilibrium vapor pressure 
with the tissues) adjacent to the surface of the 
produce, thus increasing the vapor pressure deficit 
(Wills et al.,1998). 

Chitosan and vapor gard treatments significantly 
reduced fresh weight loss of strawberry fruits as 
compared with untreated fruits (control) during 
storage. These results agree with the results obtained 
by Hernandez-Munoz et al. (2008) for chitosan and 
Shabana et al. (1985) for vapor gard. Apart from 
strawberry fruit, chitosan coatings have been 
effective at controlling waterloss from other 
commodities, including cucumber and pepper (El 
Ghaouth et al., 1991b) and longan fruit (Jiang and Li, 
2001). Chitosan has been reported to bemore 
effective at delaying weight loss in banana and 
mango (Kittur et al.,2001) and strawberries (Ribeiro 
et al., 2007) than are starch and cellulose derivatives. 

 The interaction between foliar spray and all 
used postharvest treatments had a significant effect 
on fruit weight loss percentage during the storage. In 
this regard, the lowest value of weight loss 
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percentage was recorded incase of using spraying the 
plants with amica combined with vacuum. 
2- Firmness 

Data in Table 1 show the effect of foliar spray 
with amica and humic acid significantly affected their 
firmness and resulted in higher values of fruit 
firmness compared with the control treatment during 
the both seasons of study. In this connection, the 
highest firmness was recorded in case of using amica 
followed by humic acid. Such positive effect by using 
amica and humic acid was true during the two 
seasons of study. 

Concerning the effect of post harvest treatments 
(vacuum, chitosan, vapor gard and MAP) on fruit 
firmness, data in the same table reveal that there were 
significant differences between treatments in 
firmness during storage; however, all treatments 
retained their fruit firmness during storage as 
compared with the control (untreated fruits). 
Moreover, strawberry fruits packed in MAP were the 
most effective treatment in reducing the loss of fruit 

firmness during storage at 0°C, followed by chitosan 
treatment. Vapor gard treatment was less effective in 
reducing firmness as compared with the other 
treatments. These results are in agreement with those 
obtained by Petrisor et al. (2010) and Jouki and 
Khazaei (2012). The lowest values of firmness were 
recorded with untreated treatment (control). These 
results were true in the two seasons. 

Vapor gard is an anti-transpirant which forms a 
film coating on the fruit and prevents evaporative 
water loss thus retainins fruit turgidity (Le Lagadec 
and Moruda, 2002). Also vapor gard inhibits the 
increase in polygalacturonase (the enzyme 
responsible) levels for pectin breakdown in ripening 
fruits (Lazan et al., 1990). 
  The interaction between foliar spray and 
post harvest treatments had a significant effect on 
fruit firmness during the storage. In this regard, the 
highest value of fruit firmness was recorded in case 
of using spraying the plants with amica combined 
with MAP. 

 
Table 1: Effect of some pre and postharvest treatments and their interaction on Weight loss, Firmness and TSS % of st 
rawberry fruits at end of the storage in 2012 and 2013 seasons 

Treatment First season (2012) Second season (2013) 

Foliar packaging 
Weight 

loss Firmness TSS % 
Weight 

loss Firmness TSS % 

Humic acid   1.05 B 10.06 A 10.07 B 0.96 B 10.47 A 10.27 B 

Amica   0.94 C 10.55 A 10.41 A 0.90 C 10.83 A 10.69 A 

Spraying 
water   1.14 A 9.33 B 9.52 C 1.04 A 9.77 A 9.73 C 

  Modified atmosphere 0.25 D 10.44 A 10.05 A 0.21 C 10.86 A 10.28 A 

  Vacuum 0.12 E 10.08 AB 10.01 A 0.11 D 10.54 A 10.24 A 

  Vapor gard 1.63 B 9.77 AB 9.98 A 1.53 A 10.04 AB 10.21 A 

  Chitosan 1.50 C 10.22 AB 10.03 A 1.43 B 10.68 A 10.26 A 

  Without 1.72 A 9.38 B 9.95 A 1.56 A 9.68 B 10.17 A 

Humic acid 

Modified atmosphere 0.26 GH 10.50 AB 10.12 ABC 0.21 G 10.94 AB 10.32 ABC 

Vacuum 0.11 J 10.22 ABCD 10.07 BC 0.10 I 10.70 ABC 10.27 ABC 

Vapor gard 1.63 C 9.84 BCDEF 10.04 C 1.52 B 10.17 ABCD 10.24 BCD 

Chitosan 1.52 DE 10.33 ABCD 10.09 ABC 1.41 D 10.81 AB 10.30 ABC 

Without 1.71 B 9.42 EFG 10.03 C 1.56 B 9.75 BCD 10.22 CDE 

Amica 

Modified atmosphere 0.20 HI 10.88 A 10.46 A 0.17 H 11.17 A 10.74 A 

Vacuum 0.10 J 10.58 AB 10.42 ABC 0.09 I 10.92 AB 10.69 AB 

Vapor gard 1.48 E 10.39 AB 10.38 ABC 1.43 CD 10.64 ABC 10.67 ABC 

Chitosan 1.32 F 10.75 A 10.44 ABC 1.32 E 11.06 AB 10.71 AB 

Without 1.58 CD 10.11 ABCDE 10.37 ABC 1.46 C 10.38 ABC 10.63 ABC 

Spraying 
water 

Modified atmosphere 0.29 G 9.92 BCDE 9.57 D 0.25 F 10.47 ABC 9.79 DEF 

Vacuum 0.15 IJ 9.44 DEF 9.52 D 0.12 I 10.00 ABCD 9.74 F 

Vapor gard 1.77 B 9.09 FG 9.50 D 1.64 A 9.31 CD 9.70 F 

Chitosan 1.65 C 9.58 CDEF 9.55 D 1.55 B 10.17 ABCD 9.77 EF 

Without 1.85 A 8.63 G 9.47 D 1.67 A 8.89 D 9.67 F 

Values followed by the same letter (s) within column are not significantly different (P<0.05) 

 
3- Total soluble solids  

Data in Table1 reveal that the effect of foliar 
spray with amica and humic acid significantly has 
higher (TSS) percentage value in fruits during storage 
compared with the control treatment during storage. 
These were true the both seasons of study.  

Concerning the effect of post harvest treatments, 
there were no significant differences between 
treatments in (TSS) percentage during storage. These 
results are in agreement with those obtained by 
Petrisor et al. (2010) and Jouki and Khazaei (2012). 
These results were true in the two seasons. 
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The interaction between foliar spray and post 
harvest treatments had a significant effect in (TSS) 
percentage during the storage. In this regard, the 
highest value of (TSS) percentage was recorded in 
case of using spraying the plants with amica 
combined with MAP. 
 (4) Color 

Color of strawberry is one of the most important 
quality factors of fresh strawberry for consumer 
preference. Color of strawberry was measured by 
Colorimeter and Color Difference on color 
coordinates L*, C* and H* values, where L-value is 
lightness, the chroma value describes its brightness 
while the hue angle represents a coordinate in a 
standardized color space.  

Data in Table 2 reveal that significant 
differences were found between foliar spray 
treatments, where as amica spary had higher L*, C* 
and H* values as compared with the other treatment 

and the control which showed the lowest value.Such 
positive effect for using amica and humic acid was 
true in the two seasons. 

There were no significant differences between 
postharvest treatments in L*, C* and H* values 
during storage. These results are in agreement with 
those obtained by Petrisor et al. (2010) and Jouki and 
Khazaei (2012)who demonstrated that MAP was able 
to retard discoloration and the samples under MAP 
showed lower decrease in L*, C* and H* values. 
These results were true in the two seasons. 

The interaction between foliar spray and 
postharvest treatments in L*, C* and H* values were 
significant. Amica combined with MAP packing and 
amica treatment combined with chitosan had the 
higher values in the first season, but no significant 
differnces were found as a result of the interaction in 
the second season. 

 
Table 2: Effect of some pre and postharvest treatments and their interaction on L.color, H.color and C.color of strawberry fruits at 
end of the storage in 2012 and 2013 seasons. 

Treatment First season (2012) Second season (2013) 
Foliar packaging L.color  H.color C.color L.color  H.color C.color 

Humic acid   38.67 AB 44.31 AB 42.21 AB 39.55 AB 46.97 A 44.64 AB 

Amica   39.45 A 44.80 A 42.80 A 40.00 A 47.57 A 44.97 A 

Spraying 
water   37.98 B 43.93 B 41.55 B 39.32 B 46.22 B 44.24 B 

  
Modified 
atmosphere 38.76 A 44.42 A 42.34 A 39.69 A 46.99 A 44.71 A 

  Vacuum 38.72 A 44.38 A 42.25 A 39.62 A 46.95 A 44.65 A 

  Vapor gard 38.65 A 44.27 A 42.01 A 39.57 A 46.86 A 44.47 A 

  Chitosan 38.82 A 44.48 A 42.44 A 39.74 A 47.00 A 44.91 A 

  Without 38.54 A 44.19 A 41.87 A 39.51 A 46.80 A 44.35 A 

Humic acid 

Modified 
atmosphere 38.75 ABC 44.40 ABCD 42.38 ABCD 39.61 A 47.02 ABC 44.72 ABC 

Vacuum 38.69 ABCD 44.35 ABCD 42.27 ABCD 39.55 A 46.99 ABC 44.67 ABC 

Vapor gard 38.61 ABCD 44.22 ABCD 42.02 BCDE 39.51 A 46.92 ABCD 44.49 ABC 

Chitosan 38.80 ABC 44.43 ABCD 42.46 ABCD 39.66 A 47.05 AB 44.93 ABC 

Without 38.51 BCD 44.15 ABCD 41.90 CDE 39.43 A 46.86 ABCD 44.36 ABC 

Amica 

Modified 
atmosphere 39.51 A 44.86 AB 42.96 A 40.05 A 47.63 A 45.05 A 

Vacuum 39.47 A 44.83 AB 42.87 AB 40.00 A 47.59 A 44.99 AB 

Vapor gard 39.39 AB 44.73 ABC 42.65 ABC 39.95 A 47.51 A 44.86 ABC 

Chitosan 39.55 A 44.91 A 43.04 A 40.10 A 47.64 A 45.22 A 

Without 39.32 AB 44.67 ABC 42.50 ABCD 39.90 A 47.46 A 44.72 ABC 

Spraying 
water 

Modified 
atmosphere 38.01 CD 44.00 A 41.68 A 39.41 A 46.30 BCD 44.34 ABC 

Vacuum 38.00 CD 43.97 BCD 41.62 DE 39.32 A 46.26 BCD 44.28 ABC 

Vapor gard 37.94 CD 43.87 CD 41.36 E 39.24 A 46.15 CD 44.06 BC 

Chitosan 38.11 CD 44.09 ABCD 41.83 CDE 39.45 A 46.31 BCD 44.56 ABC 

Without 37.80 D 43.74 D 41.23 E 39.19 A 46.08 D 43.95 C 

Values followed by the same letter (s) within column are not significantly different (P<0.05) 

 
(5) Ascorbic acid content 

Data in Table 3 reveal that there were no 
significant differences due to foliar spray and post 
harvest treatments in ascorbic acid content during 
storage in both seasons. Moreover in the second 
season strawberry plants treated with amica resulted 

in maintaining higher ascorbic acid content compared 
with the other treatment (humic acid). These results 
are in agreement with those obtained by Lee and 
Kader (2000) and Manleitner et al., (2002).  

Modified atmosphere packages prevent ascorbic 
acid degradation caused by low O2 concentrations. 
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Moreover, high CO2 treatment retarded the change in 
ascorbic acid content of pepper fruits during storage 
(Akbudak, 2008). 

The interaction between foliar spray and post 
harvest treatments had significant effect on ascorbic 
acid content as a result of the interaction between 
foliar spray and the different post harvest treatments 
during the storage. In this regard, the highest value of 
ascorbic acid content was recorded incase of using 
spraying the plants with amica combined with MAP. 

(6) Anthocyanins content  
Data in Table 3 reveal that spraying strawberry 

plants with amica and humic acid significantly 
decreased the content of anthocyanins in fruits 
compared with the control treatment during both 
seasons of study. In this connection, the lowest 
anthocyanins content was recorded in case of using 
amica followed by humic acid. Such positive effect 
for using amica and humic acid was true during the 
two seasons of study. 

There were no significant differences between 
postharvest treatments in anthocyanins content.These 
results are in agreement with those obtained by 
P´erez and Sanz (2001) and Petrisor et al. (2010). 
These results were true in the two seasons. Sanz et al. 
(1999) pointed out that CO2 and/or O2 content 
seemed to affect anthocyanin synthesis and/or 
degradation rates. In the same way, P´erez and Sanz 
(2001) detected a lower anthocyanin concentration in 
strawberries cv. Camarosa stored in controlled 
atmospheres 

The interaction between foliar spray and 
postharvest treatments had a significant effect on fruit 
anthocyanins content. In this regard, the lowest value 
of anthocyanins content was recorded incase of using 
spraying the plants with amica combined with MAP. 
(7) Texture 

Data in Table 3 show the effect of foliar spray of 
strawberry plants with amica and humic acid 
significantly affected fruit texture and resulted in 
higher texture value in fruits during storage compared 
with the control treatment in the both seasons of 
study. In this connection, the highest texture was 
recorded incase of using amica followed by humic 
acid. Such positive effect for using amica and humic 
acid was true during the two seasons of growth. 

Concerning the effect of post harvest treatments 
on fruit texture, data reveal that there were no 
significant differences between treatments in texture 
during storage; Moreover, strawberry fruits packed in 
MAP resulted in higher texture in fruit during 
storage. These results are in agreement with those 
obtained by Shehata et al., (2010). The lowest values 
of texture were recorded with untreated (control). 
These results were true in the two seasons. 

The interaction between foliar spray and all 
used post harvest treatments was significant effect on 
fruit texture as a result of the interaction between 
foliar spray and the different post harvest treatments 
during the storage. In this regard, the highest value of 
texture was recorded incase of using spraying the 
plants with amica combined with MAP. 
(8) Decay 

Data in Table 4 show the effect of foliar spray of 
strawberry plants with amica and humic acid 
significantly decreased the percentage of decay in 
fruits during storage compared with the control 
treatment in both seasons of study. In this connection, 
the lowest decay was recorded in case of using amica 
followed by humic acid. Such positive effect for 
using amica and humic acid was true during the two 
seasons of growth. 

Concerning the effect of post harvest treatments 
on fruit decay percentage, data reveal that there were 
significant differences between treatments in decay 
percentage during storage; moreover, at the end of 
storage noticed that strawberry fruits packed in MAP 
did not show any sign of fungal decay. Chitosan 
treatment at1.5%led to significant reduction in decay 
percentage during storage. These results are in 
agreement with those obtained by Jouki and Khazaei 
(2012). The highest values of decay percent were 
recorded with untreated (control). These results were 
true in the two seasons. 

Jobling (2001) and Lee et al. (2006a&b) stated 
that elevated CO2, levels can reduce the products 
sensitivity to C2H4; it can also slow the growth of 
many of the post harvest fungi that cause rots. 

 The interaction between foliar spray and all 
used post harvest treatments had a significant effect 
on fruit decay percentage as a result of the interaction 
between foliar spray and the different post harvest 
treatments during the storage. In this regard, the 
lowest value of decay percentage was recorded incase 
of using spraying the plants with amica combined 
with MAP. 
(9) General appearance 

Data in Table 4 reveal that the effect of foliar 
spray of strawberry plants with amica and humic acid 
significantly affected their general appearance score 
and resulted in higher general appearance score in 
fruits during storage compared with the control 
treatment in both seasons of study. In this connection, 
the highest general appearance score was recorded in 
case of using amica followed by humic acid. Such 
positive effect for using amica and humic acid was 
true during the two seasons of growth. 

There were significant differences between 
postharvest treatments in general appearance score 
during storage; moreover, all treatments were better 
than the control. However, strawberry stored in MAP, 
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vacuum and chitosan was the most effective 
treatments for maintained general appearance during 
storage.Vapor gard treatment had slight effects on 
general appearance preservation during storage as 
compared with the other treatments. These results are 
in agreement with those obtained by Jouki and 
Khazaei (2012). The lowest values of general 
appearance score was recorded with untreated 
(control). These results were true in the two seasons. 

The interaction between foliar spray and 
postharvest treatments had significant effect on 
general appearance score as a result of the interaction 
between foliar spray and the different post harvest 
treatments during the storage. In this regard, the 
highest score of general appearance was recorded in 
case of using spraying the plants with amica 
combined with MAP. 

 
Table 3: Effect of some pre and postharvest treatments and their interaction on Vitamin C, Anthocyanins and Texture of 
strawberry fruits at end of the storage in 2012 and 2013 seasons 

Treatment First season (2012) Second season (2013) 
Foliar packaging Vitamin C Anthocyanins Texture Vitamin C Anthocyanins Texture 

Humic 
acid   44.50 A 82.62 B 13.02 AB 44.83 B 77.78 AB 13.49 AB 

Amica   45.00 A 81.79 C 13.30 A 45.46 A 76.78 B 13.84 A 

Spraying 
water   44.30 A 84.69 A 12.67 B 44.66 B 78.38 A 13.15 B 

  
Modified 
atmosphere 44.75 A 82.76 A 13.17 A 45.12 A 77.41 A 13.65 A 

  Vacuum 44.61 A 82.95 A 13.01 A 44.99 A 77.61 A 13.52 A 

  Vapor gard 44.52 A 83.09 A 12.92 A 44.90 A 77.77 A 13.42 A 

  Chitosan 44.66 A 82.87 A 13.08 A 45.06 A 77.53 A 13.57 A 

  Without 44.46 A 83.50 A 12.81 A 44.83 A 77.90 A 13.31 A 

Humic 
acid 

Modified 
atmosphere 44.64 ABC 82.28 CDE 13.19 ABCD 44.98 ABCDEF 77.57 ABCDEF 13.65 ABCD 

Vacuum 44.51 ABC 82.49 CD 13.03 ABCD 44.84 BCDEF 77.76 ABCDEF 13.52 ABCD 

Vapor gard 44.42 ABC 82.66 BC 12.95 ABCD 44.75 CDEF 77.89 ABCDEF 13.42 ABCD 

Chitosan 44.55 ABC 82.38 CDE 13.10 ABCD 44.90 ABCDEF 77.67 ABCDEF 13.56 ABCD 

Without 44.38 ABC 83.26 B 12.83 ABCD 44.66 EF 78.01 ABCDEF 13.30 ABCD 

Amica 

Modified 
atmosphere 45.14 A 81.50 F 13.47 A 45.58 A 76.53 F 13.97 A 

Vacuum 45.00 ABC 81.73 DEF 13.30  ABC  45.44 ABC 76.77 DEF 13.87 ABC 

Vapor gard 44.92 ABC 81.86 DEF 13.23 ABC 45.39 ABCD 76.92 CDEF 13.79 ABC 

Chitosan 45.07 AB 81.65 EF 13.39 AB 45.53 AB 76.67 EF 13.92 AB 

Without 44.86 ABC 82.22 CDEF 13.13 ABCD 45.35 ABCDE 77.02 BCDEF 13.66 ABCD 

Spraying 
water 

Modified 
atmosphere 44.47 ABC 84.49 A 12.85 ABCD 44.81 CDEF 78.14 ABC 13.32 ABCD 

Vacuum 44.31 ABC 84.63 A 12.69 BCD 44.70 DEF 78.32 A 13.17 CD 

Vapor gard 44.20 BC 84.73 A 12.59 CD 44.57 F 78.49 A 13.07 D 

Chitosan 44.37 ABC 84.57 A 12.75 ABCD 44.74 CDEF 78.25 AB 13.23 BCD 

Without 44.13 C 85.03 A 12.46 D 44.48 F 78.67 A 12.97 D 

Values followed by the same letter (s) within column are not significantly different (P<0.05) 

 
(10) Titratable acidity 

Data in Table 4 reveal that the effect of foliar 
spray of strawberry plants with amica and humic acid 
significantly affected the titratable acidity and 
resulted in higher titratable acidity content in fruits 
during storage compared with the control treatment in 
both seasons of study. In this connection, the highest 
titratable acidity was recorded in case of using amica 
followed by humic acid. Such positive effect for 
using amica and humic acid was true during the two 
seasons of growth. 

There were significant differences between 
postharvest treatments in titratable acidity during 
storage; Moreover, strawberry fruits packed in MAP 

resulted in maintaining titratable acidity content. 
Vapor gard treatment had slight effects on titratable 
acidity preservation during storage as compared with 
the other treatments. These results are in agreement 
with those obtained by Petrisor et al. (2010) and 
Jouki and Khazaei (2012). The lowest values of 
titratable acidity were recorded with untreated 
(control). These results were true in the two seasons. 

The interaction between foliar spray and 
postharvest treatments had significant effect on 
titratable acidity during the storage. In this regard, the 
highest value of titratable acidity was recorded in 
case of using spraying the plants with amica 
combined with MAP. 
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Table 4: Effect of some pre and postharvest treatments and their interaction on decay(%), general appearance and titratable 
acidity of strawberry fruits at end of the storage in 2012 and 2013 seasons 

Treatment First season (2012) Second season (2013) 

Foliar packaging decay(%) general appearance titratable acidity decay(%) general appearance titratable acidity 

Humic acid   2.30 AB 7.34 AB 0.68 B 2.05 AB 7.49 AB 0.76 B 

Amica   1.96 B 7.58 A 0.70 A 1.83 B 7.67 A 0.79 A 

Spraying water   2.68 A 7.05 B 0.65 C 2.52 A 7.27 B 0.74 C 

  Modified atmosphere 0.00 D 8.78 A 0.71 A 0.00 D 8.89 A 0.81 A 

  Vacuum 0.83 C 8.22 A 0.68 B 0.72 C 8.15 B 0.76 C 

  Vapor gard 2.22 B 6.22 B 0.67 C 2.15 B 6.67 C 0.74 CD 

  Chitosan 0.64 C 8.45 A 0.69 B 0.60 C 8.45 B 0.78 B 

  Without 7.87 A 4.93 C 0.64 C 7.20 A 5.22 D 0.73 D 

Humic acid 

Modified atmosphere 0.00 F 8.78 AB 0.71 ABC 0.00 E 8.89 A 0.81 AB 

Vacuum 0.89 E 8.22 BCD 0.67 DEF 0.60 DE 8.22 CD 0.76 DEF 

Vapor gard 2.06 D 6.22 G 0.66 FG 2.03 C 6.67 EF 0.75 EFG 

Chitosan 0.67 EF 8.45 DE 0.69 CDE 0.59 DE 8.45 BC 0.78 CD 

Without 7.88 B 5.00 I 0.64 GHI 7.03 B 5.22 GH 0.73 GH 

Amica 

Modified atmosphere 0.00 F 8.89 A 0.73 A 0.00 E 9.00 A 0.83 A 

Vacuum 0.62 EF 8.45 ABCD 0.70 BCD 0.59 DE 8.22 CD 0.79 BC 

Vapor gard 2.01 D 6.67 F 0.68 DEF 1.91 C 7.00 E 0.77 CDE 

Chitosan 0.31 EF 8.56 BCD 0.71 AB 0.29 DE 8.67 AB 0.80 B 

Without 6.83 C 5.33 I 0.66 FG 6.34 B 5.45 G 0.76 DEF 

Spraying water 

Modified atmosphere 0.00 F 8.67 ABC 0.69 BCDE 0.00 E 8.78 AB 0.79 BC 

Vacuum 0.98 E 8.00 CDE 0.65 FGH 0.96 D 8.00 D 0.74 FGH 

Vapor gard 2.59 D 5.78 H 0.63 HI 2.50 C 6.33 F 0.72 HI 

Chitosan 0.93 E 8.33 EF 0.67 EF 0.91 D 8.22 CD 0.76 DEF 

Without 8.90 A 4.44 J 0.62 I 8.23 A 5.00 H 0.70 I 

Values followed by the same letter (s) within column are not significantly different (P<0.05) 

  
(11) Total sugar content  

Data in Table 5 show the effect of foliar spray of 
strawberry plants with amica and humic acid such 
treatments significantly affected on total sugar 
content and resulted in higher total sugar content in 
fruits during storage compared with the control 
treatment in both seasons of study. In this connection, 
the highest total sugar content was recorded in case 
of using amica followed by humic acid. Such positive 
effect for using amica and humic acid was true during 
the two seasons of growth. 

Concerning the effect of postharvest treatments 
on total sugar content, data reveals that there were 
significant differences between treatments in total 
sugar content during storage; Moreover, strawberry 
fruits packed in MAP resulted in maintaining total 
sugar content. Vapor gard treatment had slight effects 
on total sugar content preservation during storage as 
compared with the other treatments. These results are 
in agreement with those obtained by Jouki and 
Khazaei (2012). The lowest values of total sugar 
content were recorded with untreated (control). These 
results were true in the two seasons. 

The interaction between foliar spray and all used 
post harvest treatments had significant effect on total 
sugar content as a result of the interaction between 
foliar spray and the different post harvest treatments 
during the storage. In this regard, the highest value of 
total sugar content was recorded in case of using 
spraying the plants with amica combined with MAP. 

 (12) pH 
Data in Table 5 show that the effect of spray of 

strawberry plants with amica and humic acid both 
decreased the content of pH in fruits during storage 
compared with the control treatment in both seasons 
of study. In this connection, the lowest pH content 
was recorded in case of using amica followed by 
humic acid. Such positive effect for using amica and 
humic acid was true during the two seasons of 
growth. 

Concerning the effect of postharvest treatments 
reveals that there were no significant differences 
between treatments in pH content during storage; 
Moreover, strawberry fruits packed in MAP resulted 
in lower pH concentration in fruit during storage. 
These results are in agreement with those obtained by 
Petrisor et al. (2010) and Jouki and Khazaei (2012). 
The highest values of pH content were recorded with 
untreated (control). These results were true in the two 
seasons. 

The interaction between foliar spray and all 
used postharvest treatments had no significant effect 
in fruit pH content as a result of the interaction 
between foliar spray and the different post harvest 
treatments during the storage. In this regard, the 
lowest value of pH content was recorded in case of 
using spraying the plants with amica combined with 
MAP. 
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Table 5: Effect of some pre and postharvest treatments and their interaction on total sugar content and pH of strawberry fruits at 
end of the storage in 2012 and 2013 seasons 

Treatment First season (2012) Second season (2013) 

Foliar packaging total sugar content pH total sugar content pH 

Humic acid   7.46 B 3.91 A 7.62 B 3.67 A 

Amica   7.64 A 3.88 A 7.81 A 3.65 A 

Spraying water   7.29 C 3.94 A 7.40 C 3.70 A 

  Modified atmosphere 7.54 A 3.89 A 7.73 A 3.64 A 

  Vacuum 7.47 B 3.92 A 7.62 C 3.68 A 

  Vapor gard 7.41 C 3.93 A 7.54 D 3.69 A 

  Chitosan 7.52 A 3.90 A 7.69 B 3.67 A 

  Without 7.37 D 3.94 A 7.48 E 3.70 A 

Humic acid 

Modified atmosphere 7.55 DE 3.89 A 7.74 C 3.64 A 

Vacuum 7.47 F 3.92 A 7.61 E 3.67 A 

Vapor gard 7.39 G 3.93 A 7.53 F 3.68 A 

Chitosan 7.53 E 3.90 A 7.70 D 3.66 A 

Without 7.37 G 3.94 A 7.49 G 3.69 A 

Amica 

Modified atmosphere 7.69 A 3.86 A 7.91 A 3.62 A 

Vacuum 7.64 B 3.88 A 7.82 B 3.66 A 

Vapor gard 7.60 C 3.90 A 7.75 C 3.67 A 

Chitosan 7.66 AB 3.87 A 7.88 A 3.65 A 

Without 7.58 CD 3.91 A 7.71 D 3.68 A 

Spraying water 

Modified atmosphere 7.39 G 3.91 A 7.53 F 3.66 A 

Vacuum 7.31 H 3.95 A 7.42 H 3.70 A 

Vapor gard 7.24 I 3.95 A 7.35 I 3.71 A 

Chitosan 7.37 G 3.92 A 7.47 G 3.69 A 

Without 7.14 J 3.96 A 7.24 J 3.72 A 

Values followed by the same letter (s) within column are not significantly different (P<0.05) 
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