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ABSTRACT  
 

This study was conducted to investigate the effect of two types of passive modified atmosphere 
packaging (MAP) on fruit quality of “Wonderful” pomegranates during prolonged cold storage. Two 
different types of polyethylene plastic films were used for fruit packaging local, Smart and PrimePro®, 
in addition carton boxes served for control. Control and Packaged fruits were kept at cold storage 7±1oC 
and 95% RH. Fruit quality attributes were evaluated monthly up to 4 months, in terms of physiological 
loss in weight, decay, peel color, firmness, visual appearance, total soluble solids (TSS %), titratable 
acidity (TA%) and anthocyanin content. Both modified atmosphere packaging (MAP) remarkably 
reduced weight loss, decay incidence and maintained allover fruit quality compared to control. 
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Introduction 
 

Pomegranate Punica granatum L., belongs to the Punicacea family and is one of the oldest known 
edible fruits and has been cultivated extensively in Mediterranean countries (Egypt, Tunisia, Turkey, 
Israel, Spain, and Morocco).  

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). Modified 
Atmosphere Packaging, known as MAP technology, and controlled atmosphere storage (CAS) are novel 
techniques that are widely applied for preservation of agricultural products especially for fruits and 
vegetables. 

Modified Atmosphere Packaging (MAP), in particular, has proven to be a successful mean of 
reducing water loss, shrinkage, and decay and can also facilitate maintenance of fruit quality for three 
months or more after harvest (Artes et al., 2000; Nanda et al., 2001). It has been also reported to 
maintain arils pigments (anthocyanins) better in comparison to samples packed without MAP (Gil et 
al., 1996). In addition, MAP technology has been reported as a simple and low cost method to reduce 
these problems and keep pomegranate quality for up to 12-16 weeks after harvest (Laribi et al., 2012). 
In such concern, Caleb et al., (2013) declared that MAP is a dynamic process of altering gaseous 
composition inside a package, relying on the interaction between the respiration rate (RR) of the 
produce and the transfer of gases through the packaging material, and he added that these two processes 
are dependent on numerous factors such as storage temperature, film thickness, surface area, produce 
weight, as well as free headspace within the pack.   

Packaging systems such as polyliners (referred to as passive MAP) influence quality preservation 
of produce by altering gas composition around produce, retaining moisture and reducing pathological 
deterioration and metabolic activities (Mir and Beaudry, 2004; Caleb et al., 2012; Mditshwa and Opara, 
2013). In passive MAP respiration, rate of crop and permeability of the packaging film are the most 
important parameters (Soltani et al., 2014). 
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The aim of the present work was to study the effect of two types of packaging materials as a 
passive MAP technique on quality attributes of ‘Wonderful’ pomegranates during prolonged cold 
storage.  
 
Materials and Methods 
 

Pomegranate fruits (Punica granatum L., cv. 'Wonderful') were harvested in 2013 and 2014 
seasons from private commercial orchards in the desert road, Giza, Egypt.  The fruits of ’Wonderful’ 
are ready for harvest when total soluble solids (TSS) range between 15 and 17 ˚Brix, and acidity below 
1.85%, (Kader et al., 1984; Martinez et al., 2006). Fruits were transported to the laboratory, and then 
selected for uniformity of weight, size, and free from any visible blemishes. No postharvest chemicals 
or fungicides were applied. Selected fruits then were divided into three lots and either placed loose in 
carton boxes as control, or packed in two different passive MAP:   
(1) PrimPro® shelf life extension polyethylene plastic film, containing a proprietary additive, 25 μm in 

thickness, imported from (Chantler Packaging, North America, Canada),  
(2) local Smart film low density polyethylene (LDPE) bags, 60 μm in thickness, produced by Food 

Engineering and Packaging Department, Food Technology Research Institute (FTRI), in the 
framework of the National Project on “Production and Evaluation of Smart and Modified 
Atmosphere Packaging of Horticulture crops for Export”, funded by Science and Technological 
Development Fund (STDF).  

Each treatment consists of three replicates, 5 kg of fruits for each. Pomegranates, packaged in 
bags, were stored along with control for 4 months at 7±1oC. Fruit quality evaluations were performed 
during storage monthly regarded the following parameters: 
Weight loss (%): At each date, samples of each treatment were weighed and weight loss (%) was 
calculated as follows:  
Fruit weight loss (%) = [(A–B) /A)] x 100. 
Where A= Initial weight     B=Weight at sampling date 
Decay: was estimated visually using scores, as described by Kader et al., (1973), on 5:1 scale, with 
reference points of: 5, severe; 4, moderately severe; 3, moderate; 2, slight; 1, none.  The score attribution 
depends on visible defects and decay percentage on fruits. 
Headspace gas analysis: Before packages were opened on sampling date, the in-package atmosphere 
(Ο2, CΟ2) was measured during storage with a headspace gas analyzer (DualTrak model 902D gas 
analyzer; Quantek Instruments, USA) drawing up to 2 mL of air samples. Sampling took place with a 
hypodermic needle through a septum pasted on the packaging. At each sampling date, three packages 
from each MAP condition were measured. O2 and CO2 values were expressed as percentage. 
Fruit firmness: was measured using lefra texture analysis (Mehteric Stevens, Model TA/000), with a 
test speed of 2 mm/sec and 2 mm depth.  
Peel color: was determined and expressed as (i) L* value is a measure of lightness, ranging from 0 
(black) to +100 (white), and (ii) hue angle (ho), using a Minolta colorimeter CR40 (Konica Minolta 
Sensing Inc, Sakai, Japan).  
Total soluble solids (TSS):  was determined by using a digital pocket refractometer (Model PAL 1, 
ATAGO TM, Tokyo Tech.) and expressed as (%). 
Titratable acidity (TA): was determined as percentage of citric acid, according to A.O.A.C. (1990). 
Anthocyanin content (mg/100 ml):  was determined calorimetrically in fruit juice as described by Hsia 
et al. (1965). 
Visual quality: was evaluated based on overall visual general appearance considering freshness, 
appearance, color uniformity, and brightness by following a 9-point rating scale where: 9, excellent; 7, 
good; 5, fair (limit of consumer acceptability); 3, poor and 1, extremely poor (unacceptable), (Gorny et 
al., 2002, and Medina et al., 2012). 
 
Statistical analysis 
 

The experiment was conducted using a completely randomized design with three replicates. Data 
from the analytical determinations were subjected to analysis of variance (ANOVA). Mean 
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comparisons were performed by Duncan’s Multiple range test at 5% level (Snedecor and Cochran, 
1982). 
 
Results and Discussion 
 
Weight loss 
 

Table (1) indicates a gradual increment of weight loss percentage with all treatments, in both 
seasons. Packaging treatments showed statistically significant differences in compared with the control 
throughout all the storage periods. Unpacked fruits (control) gained the highest percentage in loss of 
weight, while fruits packaged in both film materials significantly showed lower weight loss percentage 
respecting to control, with no significant differences between them.   

The highest weight loss in control fruits might be due to exposure of fruit surface to the open 
atmosphere, resulting in higher rate of transpiration and respiration which, in turn, leads to higher 
weight loss (Mahajan and Singh, 2014). In the meantime, MAP has proven to be a successful means of 
reducing water loss during storage, (Porat et al., 2009). In addition, MAP of fresh fruit limits water 
vapour diffusion, thereby generating higher water vapour pressure and relative humidity within the 
package (Serrano et al., 2006). In this context, Ben-Yeshoshua (1985) explained that the reduction of 
physiological loss in weight in film sealed fruits high density polyethylene (HDPE) was due to 
retardation in transpiration and respiration rate. Similar results were obtained on pomegranates by 
(Nanda et al., 2001); Laribi et al., 2012); Selcuk and Erkan, 2014), and on lemon (Jawandha et al., 
2014).   

 
Table 1: Effect of MAP on weight loss (%) of ‘Wonderful’ pomegranate fruits during cold storage at 7±1˚C. 

Treatments 
 

1st Season 
Mean 

Storage period (months) 
1 2 3 4  

Control 2.31 d 6.21 c    12.53 b 20.76 a 10.45 A 
Local Smart 0.14 e 0.21 e 0.29 e 0.37 e 0.25 B 
PrimePro® 0.15 e 0.18 e 0.22 e 0.34 e 0.22 B   

Mean 0.87 D 2.20 C 4.34 B 7.16 A  
 2nd Season  

Control 3.25 c   5.57 b 20.0 a   20.7 a 12.38 A 
Local Smart 0.16 d 0.28 d 0.28 d 0.36 d 0.27 B 
PrimePro® 0.16 d 0.24 d 0.26 d 0.28 d 0.24 B 

Mean 1.19 B 2.03 B 6.85 A 7.11 A  
Different letters indicate significantly different values by ANOVA followed by Duncan test at P≤0.05 (small 
letters refer to values recorded in each season, capital letters refer to mean values). 

 
Decay incidence (score) 
 

In both the seasons, decay incidence significantly increased in unpacked control fruits, while 
almost no decay was observed with both packaging materials during the storage period (Table 2). 
Control fruits scored significantly higher decay incidence, with the progress of the storage period that 
started in the second month (slight to moderate) and became highly severe in the fourth month of cold 
storage. On the contrary, no decay was detected with both packaging treatments up to three months, 
then exhibited none to slight score at the end of the storage period. Decay is a limiting factor for long 
term storage, and a major cause of pomegranate postharvest losses. The use of the MAP proved to be 
effective to reduce decay. Its effect may be attributed to a reduction of respiratory activity, delay in 
softening and ripening, and a reduced incidence of various physiological disorders and pathogenic 
infestations (Caleb et al., 2012).  Previous studies reported that MAP, through the use of plastic bags, 
reduces the incidence of physiological disorders and decay on pomegranates (Artes et al., 2000; Nanda 
et al., 2001; Laribi et al., 2012). 
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Table 2: Effect of MAP on decay (score) of ‘Wonderful’ pomegranate fruits during cold storage at 7±1oC. 

Treatments 
 

1st Season  
Mean Storage period (months) 

Initial  1 2 3 4 
Control 1.00 c 1.33 c 2.67 b 3.67 a 4.33 a 2.60 A 

Local Smart 1.00 c 1.00 c 1.00 c 1.00 c 1.33 c 1.07 B 
PrimePro® 1.00 c 1.00 c 1.00 c 1.00 c 1.67 c 1.13 B   

Mean 1.00 D 1.11 CD 1.56 BC 1.89 B 2.44 A  
 2nd Season  

Control 1.33 e 2.67 c   2.33 cd 3.67 b 4.67 a     2.93 A 
Local Smart 1.00 e 1.00 e 1.00 e 1.00 e 1.67 de 1.13 B 
PrimePro® 1.00 e 1.00 e 1.00 e 1.00 e 1.33 e 1.07 B 

Mean 1.11 C 1.56 BC   1.44 BC 1.89 B   2.56 A  

Different letters indicate significantly different values by ANOVA followed by Duncan test at P≤0.05 (small 
letters refer to values recorded in each season, capital letters refer to mean values). 

 
Fruit firmness (gm/cm2) 
 

 Table (3) shows that fruit firmness steadily declined throughout the storage period, in both 
seasons and regardless of treatments. At the end of the storage period, both packaging materials 
maintained significantly higher fruit firmness comparing to control ones. On the other hand, control 
fruits showed an abrupt rise in values in the last month of storage, but still significantly lower than 
packaging treatments. This is in agreement with other studies, showing greater flesh firmness in 'Gala' 
apples when the fruits were submitted to a mass loss through storage (Brackmann et al., 2007).  Similar 
results were obtained by Azene et al., 2014, on papaya fruits. The maintenance of fruit firmness by 
using MAP was also reported by Caleb (2013) and Soltani et al. (2015). These effects of packaging 
materials may be attributed to their retardation effects of ripening and reduction of water loss 
(Yamashital et al. 2002; Manrique and Lajolo, 2004).  
 
Table 3: Effect of MAP on firmness (gm/cm2) of ‘Wonderful’ pomegranate fruits during cold storage at 7±1oC. 

Treatments 
 

1st Season 
Mean Storage period (months) 

Initial  1 2 3 4 
Control 188.70 a 132.00 e 126.70 e 121.70 e 125.30 e 138.90 B 

Local Smart 188.70 a 165.00 b 154.00 bc 144.70 cd 120.70 e 154.60 A 
PrimePro® 188.70 a 164.70 b 144.70 cd 133.00 de 125.70 e 151.30 A 

Mean 188.70 A 153.90 B 141.80 C 133.10 D 123.90 E  
 2nd Season Mean 

Control 206.00 a 141.70 ef 131.30 fg 119.70 g 120.30 g 143.80 B 
Local Smart 206.00   a 166.70 c 159.70 cd 152.00 cde 145.70 def 6.016 0 A 
PrimePro® 206.00 a 182.70 b 161.70 c 141.30 ef 130.00   fg 164.30 A 

Mean 206.00 A 163.70    B 150.90 C 137.7     0 D 132.00   D  

Different letters indicate significantly different values by ANOVA followed by Duncan test at P≤0.05 (small 
letters refer to values recorded in each season, different capital letters refer to mean values). 

 
Gas analysis (CO2 and O2 levels) 
 

Changes in headspace atmospheres of packaged pomegranate fruits are presented in Tables (4 
and 5). In both seasons, Table (4) shows a gradual change in O2 level in both used packaging materials 
and along the storage period, with significant differences with the control, i.e. the normal conditions of 
atmospheric gas composition (21% of O2). Local Smart package film showed a steady decrease with 
the progress of the storage time, starting with 10.63 % and 10.5% reaching the levels of 3.14 % and 
3.85% in the first and second season, respectively. In the meantime, PrimePro® package film showed 
the opposite trend of oxygen level inside the package, ranging from 3.14% to 9.0%, and 2.9% to 9.3%. 
This result matches the PrimePro® package properties, indicating that the film is breathable 
polyethylene (PE) material that allows the right exchange of gases through the package. 
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Table 4: Effect of MAP on O2 % of ‘Wonderful’ pomegranate fruits during cold storage at 7±1oC. 

Treatments 
 

1st season 
Mean Storage period (months) 

1 2 3 4 
Control 21.00 a 21.00 a 21.00 a   21.00 a    21.00 A 

Local Smart 10.63 b 8.80 c 4.97 d 3.13 e 6.88 B 
PrimePro® 3.13 e   5.30 d   7.90 c 9.00 c 6.33 B 

Mean 11.59 A 11.70 A   11.29 A 11.04 A    
 2nd season Mean 

Control 21.00 a 21.00 a 21.0 a 21.00 a 21.00 A 
Local Smart 10.53 b 8.567 c    4.80 e 3.77 f 6.92 B 
PrimePro® 2.93 g 5.100 e 7.23 d 9.27 c   6.13 C    

Mean 11.49 A    11.56 A 11.01 A 11.34 A  

Different letters indicate significantly different values by ANOVA followed by Duncan test at P≤0.05 
(small letters refer to values recorded in each season, different capital letters refer to mean values). 

Carbon dioxide (CO2) levels in headspace of the two types of applied packages are shown in 
Table (5). A gradual change along the storage period with both packaging treatments is clearly showed. 
Local Smart package showed a regular increase in CO2 percentage, associated with time progress. In 
the meantime, PrimePro® showed an adverse behavior in modifying CO2 concentrations. This was true 
in both studied seasons. It is important to note that, unlike other MAP technologies, PrimePro effect 
does not depend mainly on changing the levels of O2 and CO2 inside the package.   

Under these gas compositions, both packaging materials were able to minimize weight loss and 
maintain fruit quality attributes. These results are in accordance with those obtained on pomegranate by 
other authors (Laribi et al., 2012), Artés et al., 2000). Wang and Sugar (2013) reported same findings 
on ‘Bartlett’ pears stored up to 4 months. Kader (1995) recommended for the storage of pomegranate a 
gas composition of 3% to 5% for O2 and 5% to 10% for CO2, at 5 °C. Soltani et al. (2014) affirm that, 
in passive MAP respiration rate of crop, the permeability of the packaging film are the most important 
parameters. 
 
Table 5: Effect of MAP on Co2 % of ‘Wonderful’ pomegranate fruits during cold storage at 7±1oC. 

Treatments 
 

1st Season 
Mean Storage period (months) 

1 2 3 4 
Control 0.03 f 0.03 f 0.03 f 0.03 f 0.03 C 

Local Smart 5.53 d 6.83 c 8.433 b 11.17 a 7.99 A 
PrimePro® 5.60 d 5.17 d 3.13 e   3.50 e 4.35 B 

Mean 3.72 B 4.01 B 3.87 B 4. 90 A  
 2nd Season Mean 

Control 0.03 f 0.03 f 0.03 f 0.03 f 0.03 C 
Local Smart 5.60 cd 6.267 c 7.50 b 11.37 a   7.68 A 
PrimePro® 5.47 d 5.133 d 3.73 e 3.93 e 4.57 B 

Mean 3.70 B 3.810 B 3.75 B 5.11 A  
Different letters indicate significantly different values by ANOVA followed by Duncan test at P≤0.05 (small letters 
refer to values recorded in each season, different capital letters refer to mean values). 

 
Color changes  
 
L* value  
 

Changes in external peel color showed a marked decrease in L* values, all over the storage period 
and in both seasons (Table 6). This was regardless of the treatments, in accordance with a previous 
report by Sanchís et al., (2015). The decline in L* values was significantly lower in packaged fruits, 
respecting to control, indicating better luminosity with both MAP treatments. Slight differences were 
noticed in L* values between the used packaging materials, but failed to show any significance. These 
results are in accordance with Laribi et al. (2012), on pomegranate they reported that, fruits had higher 



Middle East J. Agric. Res., 6(2): 495-505, 2017 
ISSN: 2077-4605 

  500 

L* (less dark peel) in MAP fruits, in comparison to control fruits. In addition, they explained that the 
higher loss of peel luminosity in control fruits was possibly related to the higher fruit dehydration.  
 
Table 6: Effect MAP on Lightness (L*) of ‘Wonderful’ pomegranate fruits during cold storage at 7±1oC. 

Treatments 
 

1st Season 
Mean Storage period (months) 

Initial 2 3 4 5 
Control 57.60 a 53.02 cd 46.83 g   42.03 h 40.52 h 48.00 B 

Local Smart 57.24 ab 54.87 bc 53.36 cd 50.29 ef 42.54 h   51.66 A 
PrimePro® 56.02 ab 53.53 cd 52.86 cd 51.61 de 48.28 fg 52.46 A 

Mean 56.95 A 53.81 B 51.02 C 47.98 D 43.78 E  
 2nd Season Mean 

Control 57.90 a 51.87 bcd 47.59 def 43.41 fg 39.92 g 48.14 B 
Local Smart 57.30 a 55.08 abc 53.51 abc 50.73 cde   46.59 ef 52.64 A 
PrimePro® 56.83 a 55.37 ab   54.23 abc 52.27 bc 45.07 f 52.75 A 

Mean 57.34 A 54.10 B 51.78 BC 48.80 C 43.86 D  

Different letters indicate significantly different values by ANOVA followed by Duncan test at P≤0.05 (small 
letters refer to values recorded in each season, different capital letters refer to mean values). 

 
h° value  
 

Table (7) illustrates the change of hue angle (ho) along the storage period. Regardless of 
treatments, values of ho of pomegranate skin decreased significantly in correlation with time progress, 
and both packaging treatments determined lower significant values of ho in comparison to the control. 
This trend was the same in both the investigated seasons. Peel color of pomegranate is the most essential 
quality, directly attracting consumer attention (Barman et al., 2011). Control fruits suffered less hue 
angle values as they were dull, while packaged fruits were red and shiny. Muñoz et al. (2008) suggested 
that coating led to the control of moisture loss which, in turn, minimize external color changes. Previous 
reports indicated decrease in ho values in MAP treatments under long term storage of sweet 
pomegranates (Selcuk and Erkan, 2014) and ‘Mollar’ pomegranates (Artés et al., 1998).  
 
Table 7: Effect of MAP on hue (ho) of ‘Wonderful’ pomegranate fruits during cold storage at 7±1oC. 

Treatments 
 

1st Season 
Mean Storage period (months) 

Initial  1 2 3 4 
Control 26.98 a 25.03 b 23.57 bc 22.81 c 21.78 cd 24.03 A   

Local Smart 27.37 a 22.88 c 20.80 de 19.39 ef 17.97 fg 21.68 B 
PrimePro® 28.31 a   23.55 bc 20.78 de 18.85 fg 17.12 g 21.72 B 

Mean 27.55 A 23.82 B 21.72 C 20.35 D 18.96 E  
 2nd Season Mean 

Control 28.87 ab   27.10 b 24.30 cd 22.70 def 21.04 fgh 24.80 A 
Local Smart 28.26 ab 23.11 de 22.26 efg 20.76 ghi 18.91 ij 22.66 B   
PrimePro® 29.03 a 25.12 c 21.69 e-h 20.19 hi 17.90 j 22.79 B 

Mean 28.72 A 25.11 B 22.75 C 21.22 D 19.28 E  

Different letters indicate significantly different values by ANOVA followed by Duncan test at P≤0.05 (small letters 
refer to values recorded in each season, different capital letters refer to mean values). 

 
TSS (%) 
 

In both seasons, TSS content of pomegranate fruits showed a steady increase up to the third 
month of the storage period, irrespective to the treatments (Table 8). However, control fruits showed a 
lower development in TSS content respecting to packaged ones. No significant differences were 
observed between the two packaging materials. A slight loss in TSS content was obtained in all 
treatment by the end of the storage period, resulting significantly greater in the control than in packaged 
fruits. It can be hypothesized that the control fruits used energy for respiration, as suggested by Lysiak 
et al. (2008). Similar results have been obtained by Laribi et al. (2012) on pomegranate. 
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Table 8: Effect of MAP on TSS (%) of ‘Wonderful’ pomegranate fruits during cold storage at 7±1oC. 

Treatments 
 

1st Season 
Mean Storage period (months) 

Initial  1 2 3 4 
Control 16.00 gh 16.37 fg 16.57 ef 16.27 fg 15.63 h 16.17 B 

Local Smart  16.00 gh 16.77 def 17.40 abc 17.60 ab 17.30 abc 17.01 A 
PrimePro® 16.00 gh 16.70 def   17.17 bcd 17.77 a 17.03 cde 16.93 A 

Mean 16.00 C 16.61 B 17.04 A 17.21 A 16.66 B  
 2nd Season Mean 

Control 16.03 gh 16.37 fg 16.60 ef 16.87 cde 15.80 h 16.33 B 
Local Smart  16.03 gh 17.23 bc   17.70 a 17.27 abc 17.20 c 17.09 A 
PrimePro® 16.03 gh 16.63 def 17.07 cd 17.67 ab 16.67 def 16.81 A 

Mean 16.03 C 16.74 B 17.12 A 17.27 A 16.56 B  

Different letters indicate significantly different values by ANOVA followed by Duncan test at P≤0.05 (small letters 
refer to values recorded in each season, different capital letters refer to mean values). 

 
TA (%)  
 

Table (9) shows that fruit acidity content markedly decreased during the storage period, in 
accordance with other authors (Kader et al., 1984; Selcuk and Erkan 2014). In all the treatments, TA 
had a consistent trend during the storage period. Packaged fruits showed a slight decrease in TA that 
was less than control at the end of the storage period, however differences were not significant. Similar 
results observed by Artés et al., (2000) on pomegranate with different modified atmosphere packaging. 

Generally, the observed decrease in acidity with ripening could be attributed to an array of 
factors, such as transformation of acids to other compounds and reduced ability of fruits to synthesize 
acids with maturity (Diakou et al., 2000; Moing et al., 2001). 
 
Table 9: Effect of MAP on TA (%) of ‘Wonderful’ pomegranate fruits during cold storage at 7±1oC. 

Treatments 
 

1st Season 
Mean Storage period (months) 

Initial  1 2 3 4 
Control 1.34 a 1.00 b 0.85 bcd 0.85 bcd 0.77 cde 0.96 A 

Local Smart 1.34 a 0.92 bc 0.75 de 0.70 de 0.68 e 0.88 A 
PrimePro® 1.34 a 0.96 b 0.75 de 0.75 de 0.67 e 0.89 A 

Mean 1.34 A 0.96 B 0.78 C 0.77 C 0.70 C     
 2nd Season Mean 

Control 1.18 a 1.00 b 0. 90 bcd 0.83 cde 0.83 cde 0.95 A 
Local Smart 1.18 a 0.94 bc 0.7467 e   0.77 de 0.69 e 0.87 A 
PrimePro® 1.18 a 0.94 bc 0.7253 e   0.73 e 0.69 e 0.85 A 

Mean 1.18 A 0.96 B 0.79 C 0.78 C 0.74 C    

Different letters indicate significantly different values by ANOVA followed by Duncan test at P≤0.05 (small letters 
refer to values recorded in each season, different capital letters refer to mean values). 

 
Anthocyanin content  
 

Table (10) shows that the total anthocyanin content in arils significantly decreased by time, in 
both the studied seasons and irrespective to the treatments. Control arils recorded lower anthocyanin 
content than those of MAP treatments, with no significant differences with local Smart and PrimePro® 

packages (in the first and the second seasons, respectively), this was in accordance with Gil et al., 
(1996), who reported that MAP maintained arils pigments (anthocyanins) better in comparison to 
samples packed without MAP.  On the other hand, no significant differences between MAP treatments 
were observed. Previous studies on MAP effect on pomegranate arils reported a decrease in total 
anthocyanin. For instance, in pomegranate cv. Mollar, Artés et al., (2000) observed a general decrease 
in total anthocyanin content for all the tested MAP treatments in fruits stored at 5 ºC for 12 weeks. 
Ayhan and Eştürk (2009), as well, stated that the total anthocyanin content of pomegranate arils of cv. 
Hicaznar was significantly influenced by the MAP application. 
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Table 10: Effect of MAP on Anthocyanin (mg/100 ml) of ‘Wonderful’ pomegranate fruits during cold storage 
at 7±1oC. 

Treatments 
 

1st Season 

Mean Storage period (months) 

Initial 1 2 3 4 

Control 11.92   a 9.00 bc 7.96 cde 5.63 fg 4.66 g 7.84  B 
Local Smart 11.92   a 8.14 cde 8.06  cde 7.64 cde 7.14 de 8.58 AB 
PrimePro® 11.92   a 78.8  bc 9.80 b 8.49 bcd 6.77 ef 9.15  A 

Mean 11.92   A 8.64 B 8.61 B 7.26 C 6.19 D  
 2nd Season Mean 

Control 13.70 a 9.21  cd 7.4 def 5.70    f g 4.91  g 8.19  B 
Local Smart 13.70 a 11.22 b 8.87     cd 7.99   cde 7.46  def 9.85  A 
PrimePro® 13.70 a 8.14 cde 9.7  bc 8.12 cde 6.61 efg 9.26  AB 

Mean 13.70   A 9.53  B 8.68 B 7.27     C 6.32 C  

Different letters indicate significantly different values by ANOVA followed by Duncan test at P≤0.05 (small letters 
refer to values recorded in each season, different capital letters refer to mean values). 

 
General appearance (score). 
 

Table (11) shows the alteration of the fruit general appearance during the storage period. 
Regardless of the treatments, a noticeable decline was recorded with the progress of the storage period. 
Control fruits suffered excessive loss of visual quality that started from the third month of storage and, 
soon after, became under the limit of acceptability.  As for MAP conserved fruits, in both packaging 
materials data revealed high significant values of visual quality scores along the storage period, in 
comparison to control fruits. In addition, visual appearance remained relatively unchanged till the 
second month of storage, indicating high maintenance of fruit quality up to the end of the storage period, 
and evermore scored above the limits of acceptability. Although the differences between the two types 
of packings lacked of significance, PrimePro® often gained slightly higher score of visual quality than 
Local Smart. This observation is in accordance to Mphahlele et al., (2014) and Caleb et al. (2013) who 
noted that the fruit visual appearance was highly maintained in MAP and individual shrink wrap 
packages during the whole storage period. Similarly, Mayuoni-Kirshinbaum et al., (2013) investigated 
the effect of MAP on the changes in sensory quality of ‘Wonderful’ pomegranate whole fruit in cold 
storage (7ºC), under commercial Xtend modified atmosphere bags, and observed that the external visual 
quality of the fruit was extended up to 4-5 months after harvest. 

Table 11: Effect of MAP on general appearance (score) of ‘Wonderful’ pomegranate fruits during cold storage 
at 7±1oC. 

Treatments 
 

1st Season 
Mean Storage period (months) 

Initial  1 2 3 4 
Control 9.00 a 7.00 bcd 5.67 de 4.33 ef 3.67 f 5.93 B 

Local Smart 9.00 a 8.33 ab   7.67 abc 7.00 bcd 6.33 cd 7.67 A 
PrimePro® 9.00 a 9.00 a 9.00 a 7.00 bcd 7.00 bcd   8.20 A   

Mean 9.00 A 8.11 AB 7.44 B 6.11 C 5.67    C    
 2nd Season Mean 

Control 9.00 a 7.00 bcd 6.33 cd 3.67 e 3.00 e 5.80 B 
Local Smart 9.00 a 8.33 ab 7.00 bcd 7.00 bcd 5.67 d 7.40 A 
PrimePro® 9.00 a 9.00 a 9.00 a 7.67 abc 6.33 cd   8.20 A 

Mean 9.00 A 8.11 AB 7.44 B 6.11 C 5.00 D  

Different letters indicate significantly different values by ANOVA followed by Duncan test at P≤0.05 (small 
letters refer to values recorded in each season, capital letters refer to mean values). 

 Shelf life study  
 

Table (12) reports the visual quality scores recorded after the end of storage period followed by 
one week at 20oC. As expected, unpacked control fruits showed rapid spoilage respecting to packaged 
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ones. In addition, PrimePro® packaged fruits, in particular, maintained slightly better quality and 
overall general appearance, in comparison to those packaged in local Smart with no significant 
differences between them. On the whole, packaged fruits presented an acceptable quality after cold 
storage and the subsequent week at 20oC, whereas control fruits significantly manifested worst visual 
quality and became poor to unacceptable. Similar results reported the advantage of using MAP in 
maintaining overall quality of pomegranate fruits (Porat et al. 2009), and giving best visual and quality 
scores at the end of the storage period (Bayram et al. 2009). In addition, D’Aquino et al. (2010), 
indicated that wrapping preserved fruit freshness for the whole storage time. Overall visual quality is 
an important factor influencing the marketability of a food product. Based on visual appearance, Kramer 
(1965) stated that the appearance of the product usually determines whether a product is accepted or 
rejected. Quality attributes reflect visual acceptance and physicochemical properties associated with 
produce quality (Caleb et al., 2013). 
 
Table 12: Effect of MAP on general appearance (Score) of ‘Wonderful’ pomegranate fruits after 4 months of cold 

storage at 7 ±1oC+1 week at 20 oC.  

 
General appearance Score 

4 months at 7 ±1oC+1 week at 20 oC 
Treatments  1st Season  2nd season 

Control 3.00 B 2.33 B 
 Local Smart 6.33 A 5.67 A 
PrimePro® 7.00 A 7.00 A 

 
Cost saving approach 
  

In this work, the usage of two different MAP materials was investigated. The results revealed 
that both of used packaging materials proved to be effective to maintain pomegranate fruit quality in 
prolonged cold storage conditions, in comparison to control fruits packed in cartoon boxes. Imported 
PrimePro® and Local Smart packages showed no significant differences when fruit quality attributes 
have been evaluated, hence giving an advantage to the local Smart product as a low-cost approach for 
preserving fruits during long storage period. In fact, the cost of a PrimePro® bag of 5 kg capacity is 0.20 
US dollar, which is in turn about 0.04 US dollar per kg of fruits and 40 US dollars/ton. The cost of 
Local Smart packaging per kg is 0.02 US dollar and 20 US dollars/ton. As a consequence, the low cost 
of Local Smart packaging, accompanied with the reported quality results that extremely close to the 
imported packaging material PrimePro® is indeed convenience factor proposing for its use.  
 
Conclusions  
 

Changing in quality attributes of ’Wonderful’ pomegranate fruits using two types of passive MAP 
was investigated during cold storage up to four months. Both of packaging materials, Local Smart and 
PrimePro®, maintained a superior quality of fruits, in comparison to control ones. Results indicated that 
at the end of the storage period, packaging treatments highly minimized weight loss percentage and 
decay incidence, relatively lowered TA content, and anthocyanin decline, in the meantime, retained 
significantly higher fruit firmness, TSS percentage, a better fruit color and a good-to-fair visual general 
appearance. Further, insignificant differences were observed between the two packaging materials.  
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