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ABSTRACT  
 

This investigation was carried out during 2013 / 2014 and 2014 / 2015 seasons on 
"Wonderful" pomegranate fruits as a new and late season varieties in Egypt, to study the effect of 
some pre-harvest treatments (CaCl2 4%, Chitosan 1%, Combination between CaCl2 4% and Chitosan 
1%) beside the control on fruit weight loss and decay percentage, fruit texture, skin color (hue angle 
and lightness), TSS, acidity and anthocyanin content during storage at 0, 5 and 7°C. and 85-90% RH. 
Fruit weight loss (%), decay (%)  and  TSS(%)  of  "Wonderful" pomegranate fruits were  increased  
in  most  cases  with  advancing  the  storage duration. However, fruit texture and titratable acidity 
(%) were decreased with advancing the storage period. All evaluated pre-harvest treatments 
succeeded in reducing weight loss and decay percentage during storage duration in comparison with 
untreated fruits “control". Combination between CaCl2 4% and Chitosan 1% reducing fruit weight 
loss, decay, and acidity percentage as compared with other treatments and control, also it recorded the 
highest significant TSS % and Anthocyanin content (mg/100 ml) followed by Chitosan 1% and CaCl2 
4% treatments at the end of storage period. Fruits stored under 0 ºC recorded the highest significant 
fruit decay percentage, and least significant different in losses fruit weight , and TSS % up to the end 
of storage period followed by fruit stored under 5 and 7 ºC. No significant effect was observed 
between degrees of temperature through all periods of cold storage on fruit texture, lightness (L*) 
value, skin color (hue angle). In brief, the results obtained in this work indicated that chitosan alone or 
in combination with calcium chloride as pre-harvest treatments, is effective methods for extending the 
storage life of "Wonderful" pomegranate fruits.  The most effective treatment in maintaining fruit 
quality was CaCl2 4% + chitosan 1 % during cold storage period at 7 ˚C. 

 
Key words: Pomegranate, Wonderful, CaCl2, Chitosan, Cold storage, General appearance, Texture, 

Skin color, Anthocyanin. 

 
Introduction 

 
Pomegranate (Punica granatum, L.) belongs to the family Punicacea, it is one of the common 

and oldest known edible fruits in the warm regions (Fawole and Opara, 2013).  
The pomegranate is grown globally in many different geographical regions, satisfying the 

nutritional and medicinal needs of populations including India, Pakistan, Israel, Afghanistan, Iran, 
Egypt, China, Japan, USA, Russia, Australia, South Africa and Saudi Arabia (Holland et al., 2009). 

In recent years has gained popularity due to its multi-functionality and nutritional value in 
human health such as anti-atherogenic, anti-parasitic, anti-microbial, anti-carcinogenic, anti-
inflammatory and is a source of biologically active compounds, such as vitamin C, and phenolic, 
which are known to act as natural antioxidants activities (Adhami et al., 2009; Akpinar-Bayizit et al., 
2012 and Zaouay et al., 2012). 

Over 1000 cultivars of P. granatum have been identified globally (Levin, 1994; Fawole and 
Opara, 2013). 'Wonderful'–originated as a cutting in Florida and propagated in California in 1896. 
The fruit is oblate, very large, dark purple-red, with medium-thick rind; deep-red, juicy, winey pulp; 
medium-hard seeds. Plant is vigorous and productive. ‘Wonderful’ has long been the major supplier. 
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A late producer with high yields, the large fruit has deep red flesh that is high in juice with a slightly 
acid taste. It stores well and can be shipped successfully (U.S. Department of Agriculture, 
Agricultural Research Service, 2004). 

In Egypt, the pomegranate is native to the area cultivated stretching to 43605 feddan in 2014, 
while the productive area reached 14379 feddan, producing 132031 tons, and total exported amount 
increase from 293 to 69530 tons during 2003-2014, According to Horticulture General 
Administration. 

Quality assessment of pomegranate fruit is based on important external attributes such as size, 
shape and color. However, because fruit skin color does not indicate the extent of ripening or its 
readiness for consumption, internal attributes such as color, total soluble solids and acidity are also 
considered in assessing readiness for harvest to meet market requirements (Kader, 2006 and Holland 
et al., 2009). 

The limiting factors for prolonged storage of pomegranates are weight loss and shrinkage, 
higher susceptibility to decay, appearance of skin blemishes (especially scalds). These symptoms may 
often reach the arils and impair quality and taste (Elyatem and Kader, 1984; Porat et al., 2014 and 
Shaarawi and Nagy, 2017). 

 Calcium (Ca) has been extensively reviewed as both an essential element and its potential 
role in maintaining postharvest quality of fruit crops by contributing to the linkages between pectin 
substances within the cell-wall (Arhtar and Hussain, 2010), The presence of Ca ions increases the 
cohesion of cell-walls (Kazemi and Zamani, 2011). It is also involved in reducing the rate of 
senescence and fruit ripening (Mahajan and Dhatt, 2004). A 1% solution of Calcium Chloride (CaCl2 
) delayed fruit ripening, improved resistance to fungal attack and maintained structural integrity of 
cell walls of strawberry during a 10 days storage period at 3°C (Lara and Vendrell, 2004). Moreover, 
softening was delayed and storage life was increased by 10–12 weeks in Kiwi fruits stored at 0°C by 
application of 1% CaCl2 compared with untreated fruit (Arhtar and Hussain, 2010). Storing 
pomegranate at 2°C with 4 % CaCl2 minimized chilling injury and maintained fruit quality for up to 
13 weeks (Ramezanian and Rahemi, 2007). 

Chitosan, a mostly deacetylated β-(1-4) - linked D-glucosamine polymer, is a structural 
component of fungal cell walls. Chitosan has been reported to enhance resistance against many fungal 
diseases when applied as either a pre- or postharvest treatment (Reglinski et al., 2005). In addition, 
chitosan can be directly antimicrobial and has been shown to interfere with the germination and 
growth of several phytopathogenic fungi, including B. cinerea (Ben-Shalom et al., 2003). 
Furthermore, various investigators have demonstrated that chitosan coating has the potential to inhibit 
decay and hence prolong the storage life of a variety of produce such as citrus fruit (Chien et al., 
2007). 
 The aim of the present work was to study the effect of some pre-harvest treatments (CaCl2 
4%, Chitosan 1%, Combination between CaCl2 4% and Chitosan 1%) beside the control on fruit 
weight loss and decay percentage, general appearance score, fruit texture, skin color (hue angle and 
lightness), TSS, acidity and anthocyanin content during storage at 0, 5 and 7°C. and 85-90% RH. 
 
Materials and Methods   
 

This investigation was carried out during 2013 / 2014 and 2014 / 2015 seasons on 
"Wonderful" pomegranate variety. The studied trees were over five years old, planted in sandy soil, 5 
× 5 m apart in private farm at Cairo-Alex desert road, El-Behira Governorate, Egypt.  

All trees had received adequate irrigation and fertilization amounts as well as other cultural 
practices recommended for pomegranate trees by Ministry of Agriculture Egypt. Pomegranate trees 
devoted for this work were healthy, carefully selected as being representative of the chosen cultivar 
and as uniform as possible in vigor and shape. 

Thirty-six trees were selected in a completely randomized design and divided into four 
groups, three replicates for each and three trees for one replicate; each group was sprayed (Forty-five 
days after full bloom) and conducted on the vegetative growth and fruits by one of the following 
treatments: 

a) CaCl2 4% 
b) Chitosan 1% 
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c) Combination between CaCl2 4% and Chitosan 1% 
d) Water as a control. 

Fruit of "Wonderful" pomegranate are ready to harvest at maturity stage. The minimum 
maturity indices when full opening of the calyx, TSS range between 15 and 17° Brix, red juice in 
color (equal to or darker than 5R-5/12 at the Munsel color chart) and acidity below 1.85% according 
to Kader et al., 1984; Abd-Elghany et al., 2012; and Mphahlele et al., 2015.   

  Fruits of each treatment (three replicates for each) uniform in size, color and free from any 
visible blemishes were picked at random in the early morning and immediately transferred in 
refrigerated trucks at 5°C to the laboratory of Horticultural Research Institute at Giza to be studied 
their physical and chemical characteristics under cold storage.  

On arrival, fruits of each treatment and replicate were placed loose in open top carton boxes 4 - 
4.5 kg (4 boxes for each replicate); the first box of was used to determine the chemical properties 
changes during the cold storage, while the other three boxes were used to determine the physical 
properties.  

All boxes were stored at 0, 5 and 7°C± 1 and 85-90 % relative humidity. Fruits were examined 
at initial time and after 2 weeks intervals up to 6 weeks during cold storage for the following 
characters: 

 
Physical characteristic:  
 
Weight loss percentage. It was expressed as percentage of weight loss relative to the initial weight 
was described by Lemoine et al. (2009). 
Weight loss % = [(A – B) / A] × 100     Where: 

 A = the initial weight.  B = Weight at inspect date. 
Decayed fruits percentage. It was recorded for all the injured or spoiled fruits resulting from fungus or 
bacterial.  
               Decayed fruits %   = (A / B) × 100     Where:  

               A = Number of decayed fruits at time of sampling. B = Number of the initial fruits.  
Fruit texture (gm/ cm2) was determined by using a modern texture analyzer instrument by penetrating 
cylinder 2 mm diameter to constant distance with a constant speed 2 mm/second. The results were 
expressed as a resistance force of the skin or flesh (gm/ cm2). 
 
Skin color (hue angle and lightness) 
 

Skin color (hue angle), It was determined by using a Minolta colorimeter type (CR400/410) for 
the estimation of a, b, hue angle (h) and L. (lightness). 
 Hue angle (h°= arc tan b*/a*) determines the red, yellow, green, blue, purple, or intermediate 

colors between adjacent pairs of these basic colors. 
 Hue angle (0 = red-purple, 90 = yellow, 180=bluish-green, 270= blue), as described by 

McGuire (1992), Fig. (1 a & b). 
 L. (white L= 100 and black L= 0).   

 
Chemical characteristic: 
 
Total soluble solids percentage (TSS %). It was determined by using a digital pocket refractometer 
(model PAL 1, ATAGO TM, Tokyo Tech.) and expressed as (%). 
Total acidity percentage. It was determined as Citric acid by titration with a solution of 0.1 N., NaOH, 
using phenolphthalein as an indicator according to A.O.A.C., 1990. The results were calculated as gm. 
per 100 gm. fresh weight. 
Anthocyanin content (mg/100 ml). It was determined calorimetrically in fruit juice. One ml from fruit 
juice was blended with 95% ethyl alcohol and 1% HCl. The mixture was then filtered through a 
centered glass funnel G-3 and extract was transferred to 25ml volumetric flask and completed to 
volume with the acidified alcohol then measured on spectrophotometer at wavelength 535mm 
according to the method of Husia et al. (1965). 
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Fig. 1: Hue angle diagram and the geometrical arrangement of color attributes. 

 
Statistical analysis procedure. 
  

All data parameters studied were analyzed as Completely Randomized Design in factorial 
arrangement with three replications. All data were subjected to statistical analysis as described by 

a. Hue angle diagram 

b. The geometrical arrangement of color attributes 

 

Black L= 0 

White L=100 
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Snedecor and Cochran (1980). The differences between means were differentiated using Least 
Significant Differences test (LSD) at ≥0.05. 

 
Economic study.  
 

Estimate the economic benefit for Pomegranate production cost at farm level  by Estimate 
the production cost of pomegranate per ton and Estimate the net margin for Pomegranate per 
ton and fed 2014 season. 
 
Results and Discussion  

Fruit Texture (gm/cm2) 
 

It is clear from Fig (2) that "Wonderful" pomegranate showed gradual decline in their texture 
with the advancement of storage period. Results in Fig (2-A) reveal that all tested pre-harvest 
treatments enhanced fruit texture during storage period as compared with control with significant 
differences in between. The highest values of fruit texture were recorded by CaCl2 4% and Chitosan 
1% treatment in both seasons. The effect of cold storage temperatures (Fig2 -B) showed that no 
significant effect was observed between degrees of temperature through all periods of cold storage (6 
weeks). The decrease in reduction rate of flesh firmness during storage due to the tested pre-harvest 
sprays of CaCl2 is in agreement with earlier reports of Brar et al. (1997) and Guarinoni et al. (2000) 
and Mahmoud (2008) on peach fruits, They realized that Ca treatments succeeded in reducing the loss 
of fruit firmness during storage, The highest values of fruit firmness especially CaCl2 4% and 
Chitosan 1% treated fruit. This result can be explained with the effect of Ca on fruit softening where it 
is an essential  part  of  the  cell  wall  structure  and  it  also  influences  cell  membrane  integrity  
(Fallahi  et  al.,  1997). Furthermore, CaCl2 treatment may delay glactolipid breakdown, increase the 
rate of sterol conjugation and they affect membrane organization and function during the postharvest 
life of fruits (Picchioni et al., 1995). Li  and  Yu,  2000;  Bautista- Banos et al., 2003; Fernado et al., 
2005, and El-Badawy, 2012 declared that the loss of firmness of the chitosan-treated fruits such as 
peaches, papayas and Clementine mandarins was delayed during the storage period. 

 
Color changes 
 
Lightness value (L*) 
 

Changes in external peel color showed a marked slight decrease in L* values, all over the 
storage period in both seasons (Fig 3). The decline in L* values was significant different between pre-
harvest tested treatments and control during cold storage period Fig (3-A). These result are in 
accordance with Sanchís et al. (2015) and Shaarawi and Nagy, (2017) they reported that, changes in 
external peel color showed a marked decrease in L* values, all over the storage period. They 
explained that the higher loss of peel luminosity in control fruits was possibly related to the higher 
fruit dehydration. The effect of cold storage temperatures (Fig 3-B) showed that no significant effect 
was observed between degrees of temperature through all periods of cold storage (6 weeks).  

 
Hue angle value (hº) 
 

Fig ( 4  ) illustrates  the  change  of  hue  angle  (hº)  along  the  storage  period.  Regardless of 
pre-harvest treatments, Fig (4-A) values of skin color (hue angle) of pomegranate decreased 
significantly in correlation with time progress, and all pre-harvest treatments. Control treatment 
recorded highest significant value of hue angle in comparison to other pre-harvest treatments. The 
lowest significant value of skin color (hue angle) was recorded by combination between CaCl2 4% 
and Chitosan 1% treatment, followed by Chitosan 1% treatment. This trend was the same in both 
investigated seasons. Peel color of pomegranate is the most essential quality, directly attracting 
consumer attention (Shaarawi and Nagy, 2017).  In general, fruit treated with 1% chitosan and stored 
at 5 ºC for 45 days showed lower lightness and hue angle, and higher chroma compared to non-treated 



 

 

Fig. 2: Effect of pre-harvest treatments (A) and storage temperatures (B) on fruit texture (g/cm2) of "Wonderful" pomegranate through cold storage periods 
(week) during 2013-2014 and 2014-2015 seasons. The vertical bar on each column represents a mean ± LSD at ≥ 0.05. 

80

110

140

170

200

230

Initial 2 4 6 Initial 2 4 6

Control 109.24 104.57 98.53 95.28 105.27 92.88 90.89 88.33

CaCl₂ 4% 174.58 168.53 160.24 154.52 170.91 166.44 158.51 150.49

Chitosan 1% 154.55 150.56 146.89 140.51 151.60 146.91 135.55 135.91

CaCl₂ 4% + Chitosan 1% 209.94 205.91 204.50 201.60 203.14 201.42 194.58 190.33

T
ex

tu
re

 
(g

m
/c

m
2
)

Cold storage period (week)

2013- 2014 Season                                                                        2014-2015 Season(A)

130

140

150

160

170

Initial 2 4 6 Initial 2 4 6

0°C±1 162.08 158.17 153.33 148.75 157.74 152.75 146.58 142.61

5°C±1 162.08 157.31 152.47 147.89 157.74 151.89 145.72 141.75

7°C±1 162.08 156.79 151.92 147.34 157.74 151.36 144.93 141.17

T
ex

tu
re

(g
m

/c
m

2
)

Cold storage period (week)

2013- 2014 Season                                                                              2014-2015 Season(B)

Middle East J. Agric. Res., 6(4): 1057-1077, 2017 
ISSN: 2077-4605 

1062



 

 

Fig. 3: Effect of pre-harvest treatments (A) and storage temperatures (B) on fruit Lightness % of "Wonderful" pomegranate through cold storage periods (week) 

during 2013-2014 and 2014-2015 seasons. The vertical bar on each column represents a mean ± LSD at ≥ 0.05.  
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Fig. 4: Effect of pre-harvest treatments (A) and storage temperatures (B) on fruit Hue % of "Wonderful" pomegranate through cold storage periods (week) 

during 2013-2014 and 2014-2015 seasons. The vertical bar on each column represents a mean ± LSD at ≥ 0.05.  
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fruit (Varasteh et al., 2012).The effect of cold storage temperatures (Fig 4-B) showed that no 
significant effect was observed between degrees of temperature through all periods of cold storage (6 
weeks).  These observations are in agreement with Artés et al. (1998). Also, Arendse et al. (2015), 
reported that, skin hue angle value showed variation during storage, with a significant decline 
perceived after 2 months, with no significant differences found between storage temperatures. 
 
Weight Loss % 
 

With regard to the effect of the tested pre-harvest treatments, data explain in Fig (5-A) 
demonstrate that CaCl2 4% and Chitosan 1% reducing fruit weight loss percentage as compared with 
control in both seasons. Other treatments registered an intermediate values in comparison with the 
previously two mentioned categories in both seasons, with significant different. The effect of cold 
storage temperatures were shown in Fig (5-B) without any significant effect through 2 weeks of cold 
storage period, after that storage period at 0 ºC showed that least significant different in losses fruit 
weight up to the end of storage period in both seasons. El-Badawy, 2012 explain that, Chitosan 
treatment has been reported as an effective material in controlling water loss from other commodities, 
including longan fruit (Jiang and Li, 2001), banana and mango (Kittur et al., 2001) and strawberries 
(Ribeiro et al., 2007). The effect of CaCl2 on fruit weight loss percentage go in line with earlier 
studies of Choudhury et al. (2003), Serrano et al. (2004), Hafez and Haggag (2007) and Mahmoud 
(2008), they realized that the loss in fruit weight during storage of sapotas, peaches and nectarines, 
apples and peaches, was greatly reduced due to pre- harvest sprays with calcium in the form of 
calcium chloride at 0.3-7.5%, and CaCl2 4% and Chitosan 1% treated-fruits showed to be the superior 
one in reducing fruit weight loss percentage as compared with control. 

 
Decay % 
 

It  is  worthy  to  notice  from  Fig  ( 6 )  that  there  was  a  steady  increase  in  fruit  decay  
percentage  with prolonging the storage period. In regard to the effect of the tested pre-harvest 
treatments, Fig (6-A) demonstrates that all evaluated pre-harvest treatments succeeded in reducing 
decay percentage during storage duration in comparison with untreated fruits “control” in both 
seasons. Generally, the treatment of CaCl2 4% and Chitosan 1% proved to be the most efficient 
treatment in this concern. On the other hand, the differences between the tested storage temperatures 
Fig (6-B) were pronounced to be no decayed fruits were observed up to the first two weeks in all 
storage temperatures in both seasons, then fruit stored under 0 ºC recorded the highest significant fruit 
decay percentage up to the end of storage period followed by fruit stored under 5 and 7 ºC.  Conway 
et al. (1993) reported the effect of Ca in reducing decay and maintaining fruit quality is associates 
with maintaining cell wall structure by dealing or modifying chemical changes in cell wall 
composition. El-Badawy, 2012 mentioned that pre-harvest chitosan treatment was more effect in 
reducing fruit decay, it is likely that chitosan produces a film coating the fruit surface, which would 
modify its gas exchange with the atmosphere and its internal gas composition. this result are in line 
with findings of Romanazzi et al. (2002) on table grapes, Chien et al. (2007) on citrus, Yu et al. 
(2007) on apples and Meng et al. (2008) on grapes. Recently, pre-harvest and postharvest chitosan 
treatments of table grapes, strawberries and sweet cherries reduce their decay in the field and during 
storage, with the best performance at the highest tested concentration usually 1% (Romanazzi, 2010). 

 
 Total soluble solid percentage (TSS %) 
 

Fig (7) referring to the effect of tested pre-harvest treatments on fruit total soluble solids in 
2013/2014 and 2014/2015 seasons. The obtained data refiled that gradual increase in fruit TSS % with 
the advanced of storage period for all per-harvest treatments. This result are in line with Shaarawi and 
Nagy, 2017 on Wonderful pomegranate as they reported that  TSS  content  of  pomegranate  fruits  
showed  a  steady  increase  up  to  the  third month of the storage period. Results in (Fig 7-A) refiled 
that the control fruits recorded the least significant TSS % while CaCl2 4% + Chitosan 1% as a pre-
harvest treatment recorded the highest significant TSS % followed by Chitosan 1% and CaCl2 4% 
treatments at the end of storage period (4 and 6 weeks). Regarding the effect of cold storage 



 

 

 

Fig. 5: Effect of pre-harvest treatments (A) and storage temperatures (B) on fruit Weight loss % of "Wonderful" pomegranate through cold storage periods 

(week) during 2013-2014 and 2014-2015 seasons. The vertical bar on each column represents a mean ± LSD at ≥ 0.05.  
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Fig .6: Effect of pre-harvest treatments (A) and storage temperatures (B) on fruit Decay % of "Wonderful" pomegranate through cold storage periods (week) 

during 2013-2014 and 2014-2015 seasons. The vertical bar on each column represents a mean ± LSD at ≥ 0.05.  
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Fig. 7: Effect of pre-harvest treatments (A) and storage temperatures (B) on fruit TSS % of "Wonderful" pomegranate through cold storage periods (week) 

during 2013-2014 and 2014-2015 seasons. The vertical bar on each column represents a mean ± LSD at ≥ 0.05.  
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temperature, data in (Fig 7-B) refiled that fruits hold at 0 ºC recorded the least significant content of 
TSS %  in both seasons, while fruits hold at 7 ºC had the highest significant TSS %. The different 
between fruit hold at 0 and 5 ºC did not record any significant differences in between in the first 
season only. Karav  et al. (2015) reported that Brix values of pomegranate cultivars were found within 
the range of 12.1-18.1º Brix. The observed changes in TSS values during storage are in agreement 
with Ghafir et al. (2010) who recorded a significant increase in TSS for “Shlefy” (Pomegranate local 
variety) when stored at 5 and 7 ºC for 4 months, and Arendse et al. (2015) reported that there were 
further marked increases in fruit TSS content at 5, 7 and 10 ºC with the highest TSS values 
(16.1°Brix) was observed at 5 ºC after 4 months. 

On the contrary, El-Badawy, 2012 on Florida prince peach under cold storage referred that 
untreated fruits had statistically higher total soluble solids than the majority of tested pre-harvest 
treatments. However, 1% chitosan  +  2%  CaCl2  treated-  fruits  had  statistically  lower  total  
soluble  solids  than  all  tested  pre-harvest treatments.   

 
Total acidity percentage (T.A %) 
 

Data in Fig (8) showed gradual decrease in fruit total acidity of "Wonderful" pomegranate 
with the advancement of storage period for all pre-harvest treatments and storage temperatures. The 
decrease in fruit acidity during storage period may be due to the metabolic changes in fruits or due to 
the use of organic acids in respiratory process (Echeverria and Valich, 1989). Results in Fig (8-A) 
revealed that  CaCl2 4% + Chitosan 1% as a pre-harvest treatment recorded the least significant total 
acidity % while the control fruits recorded the highest significant  content of total acidity %  followed 
by CaCl2 4% and Chitosan 1% pre-harvest treatment. The gain results were achieved from initial up to 
6 weeks of cold storage period. These results are in agreement with Jiang and Li, 2001 and Srinivasa 
et al., 2002 as they found that longan and mango fruits acidity was slowly reduced, associating this 
decrease with loss of eating quality. On reverse, El-Badawy, 2012 found that all pre-harvest tested 
treatments (Calcium chloride and Chitosan) increased the titratable acidity as compared with control. 
Han et al. (2004) reported that the chitosan coating slowed down the changes in titratable acidity of 
strawberry and raspberry, effectively delaying fruit ripening. The chitosan coating at 2 % was 
probably able to modify the internal atmosphere of the fruit to prevent the decrease in titratable 
acidity contents. Therefore, the 2 % chitosan coating produced a small change in titratable acidity 
throughout cold storage.  

As shown in Fig (8-B) data revealed that the storage temperatures where more significant 
pronounced effect on fruit total acidity % during all tested storage period up to 6 weeks. 
Consequently, the lowest values of acidity% were recorded by those cold stored for 6 weeks at 0 ºC. 
However, the highest significant value of this parameter was gained by hold fruits at 7 ºC up to 6 
weeks. Arendse et al. (2015) shows that fruit acidity levels would decrease during shipping and 
handling period when fruits are stored at temperatures below 10 ºC. The decline in acidity levels 
during storage may be attributed to the breakdown in organic acids required to maintain ongoing 
metabolism in the fruits during storage (Fawole and Opara 2013).  
 
Anthocyanin content (mg/100 ml). 
 

Data in Fig (9) showed gradual increase in fruit Anthocyanin content (mg/100 ml) of 
"Wonderful" pomegranate with the advancement of storage period for all pre-harvest treatments and 
storage temperatures. Anthocyanin concentration can increase after harvest during cold storage in 
pomegranate (Artes, et al., 2000; Holcroft et al., 1998; Miguel et al., 2004). 

Results in Fig (9-A) revealed that control fruits recorded the lowest significant of 
Anthocyanin content (mg/100 ml) while the CaCl2 4% + Chitosan 1% as a pre-harvest treatment 
recorded the highest significant of this parameter followed by Chitosan 1% and CaCl2 4% treatments. 
The gain results were achieved from initial up to 6 weeks of cold storage period. A minor increase 
compared with that of control was recorded in coated pomegranates with 1% chitosan stored at 5 ºC 
for 45 days. A similar trend has been reported for other pomegranate cultivars during storage 
(Alighourchi et al., 2008; Miguel et al., 2004). Similarly, El Ghaouth et al. (1991) indicated that using 



 

 

Fig. 8: Effect of pre-harvest treatments (A) and storage temperatures (B) on fruit Acidity % of "Wonderful" pomegranate through cold storage periods (week) 

during 2013-2014 and 2014-2015 seasons. The vertical bar on each column represents a mean ± LSD at ≥ 0.05.   
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Fig. 9: Effect of pre-harvest treatments (A) and storage temperatures (B) on fruit Anthocyanin (mg/100 ml) of "Wonderful" pomegranate through cold storage 

periods (week) during 2013-2014 and 2014-2015 seasons. The vertical bar on each column represents a mean ± LSD at ≥ 0.05. 
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chitosan coating decelerated anthocyanin synthesis in treated strawberries and the effects increased 
with higher chitosan concentration. 

As shown in Fig (9-B) data revealed that the storage temperatures where more significant 
pronounced effect on fruit Anthocyanin content (mg/100 ml) during all tested storage period up to 6 
weeks. Consequently, the lowest values of this parameter were recorded by those cold stored for 6 
weeks at 0 ºC. However, the highest significant value of this parameter was gained by hold fruits at 7 
ºC up to 6 weeks.  

The recorded results of CaCl2 dealing with their prospective effect on improving fruit flavour, 
enhancing fruit quality are in harmony with earlier works of Brar et al. (1997) on peach cv. Shan-1-
Punjab, Choudhury et al. (2003) on sapota cv. Mahmoud (2008) on peach cv. Desert Redand apricot 
cv. Canino. The aforementioned results of chitosan may be due to that chitosan can be used as a plant 
growth enhancer for orchid production especially for immature plants or in tissue culture. Possibly, 
chitosan may induce a signal to synthesize plant hormones such as gibberellins. In addition, chitosan 
may enhance growth and development by  some  signaling  pathway  related  to  auxin  biosynthesis  
via  a  tryptophan-  independent  pathway.  Moreover, chitosan  has  inconsistent  effects  on  growth  
and  development  of  mature  orchid  plants.  Chitosan  can  reduce disease  severity  in  orchids,  
possibly  by  increasing  the  activity  of poly phenol oxidase( PPO )resulting  from increased  
biosynthesis  of  phenolic  compounds  or  induced  secondary  metabolites   

Additionally,  calcium  appears  to  have  an  important  regulating  role  in  the  metabolism  
of  tree  fruits. Metabolic disorders are reduced if calcium is present in sufficiently high quantities in 
fruit. Several metabolic disorders are associated with the high rate of respiration or over maturity of 
the fruit. This suggests that calcium may regulate respiration and perhaps other metabolic processes in 
the mature fruit (Miklos and Shear, 1972).  

In briefly, the results obtained in this work indicated that chitosan alone or in combination 
with calcium chloride as pre-harvest treatments, is effective methods for extending the storage life of 
Wonderful pomegranate fruits.  The most effective treatment in maintaining fruit quality was CaCl2 
4% and chitosan 1 % during cold storage period at 7 ˚C. 

 
Estimate the economic benefit for Pomegranate production cost at farm level  

The pomegranate crop is one of the most promising export fruit crops in Egypt, which is 
growing in global demand due to its great nutritional importance and its many medical benefits. 
Economic indicators showing low area and limited relative importance compared to other fruit crops. 
The average area of pomegranate yield reached 7.5 thousand feddans with a percentage of 0.64% of 
the average total area of fruit estimated at 1.18 million feddans during the period 2008-2013.  
Source: Ministry of Agriculture, Economic Affairs Sector, Agricultural Economics Bulletin, Various 
Numbers. 

Table (1) explain the cost item for pomegranate production, Packaging record the highest 
value of production cost 43.22% of total cost per ton and fed, followed by Fungi and Pest, Fertilizer, 
Harvesting labors, Plants and Labors by 22.16, 16.07, 8.98, 5.58 and 3.99 %, from the total (1000 and 
13000 LE) respectively Fig (10, 11, and 12). Land rent item cost did not additive as they are added to 
the fixed return, beside that pomegranate not need machinery. 

 
Table 1: Estimate the production cost of pomegranate per ton and fed 2014 season. 

Item LE/ton LE/fed 
Cost Items Cost Cost % Cost Cost % 

Land Rent 0 0.00 0 0.00 
Machinery 0 0.00 0 0.00 
Labors 92.3 3.99 1200 3.99 
Plants 129.2 5.58 1680 5.59 

Fertilizer 371.8 16.07 4833.3 16.07 

Fungi & Pest 512.8 22.16 6,667 22.16 

Harvesting Labors 207.7 8.98 2700 8.98 

Packaging 1000 43.22 13000 43.22 

Local Price 4,228.00 
Source: Data collected from study 
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Table (2). Illustrated that, the farmer revenue was 587$ per ton, the production cost represent 
53% of total revenue see also the net margin 47% equivalent to 277$ Fig (13). The average of 
pomegranate production per fed 13 ton, which achieve to the farmer net margin from fed 3601$. 
(1$=7.20 EGP in year 2014 ). 

 
Table 2: Estimate the net margin for Pomegranate per ton and fed 2014 season. 

Costs & Prices 
Per ton Per fed 

Pounds LE U.S. $ Pounds LE U.S. $ 

Production Cost 2.234 $310 29,040 $4.033 

Production – tons 1 13.0 

Local Price 4.228 $587 4228.0 $587 

Farmer Revenue 4.228 $587 54.964 $7.634 

Production Cost 2.234 $310 29.040 $4.033 

Net Margin/Local 1.994 $277 25.924 $3.601 
Source: Data collected from study 

 
 

Fig. 10: Estimate the production cost of Pomegranate per 
Fed. 

Fig. 11. Estimate the production cost of Pomegranate per 
Ton 

 

 

Fig 12: Estimate the cost item % per Ton and Fed. Fig.13: Estimate the farmer revenue % of Pomegranate per 
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