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ABSTRACT 
 

This experiment was carried out during 2014 and 2015 seasons on Wonderful pomegranate 
fruits (Punica Granatum L.) to study the effect of postharvest treatments with potassium sorbate (PS) 
at 3, 1.5 % and polyethylene film wrapping on keeping quality during storage. Fruits stored at 5±1°C 
and 90% relative humidity (RH) for 14 weeks. The results showed that different treatments had 
significant effect on percentage of weight loss, soluble solids content (SSC), titratable acidity (TA), 
total phenolic content (TP), total anthocyanin content and color parameters; lightness (L*) and hue 
angle (hº). Wrapping fruits or treating with potassium sorbate 3 % were more effective on decreasing 
fruit weight loss and delaying changes in soluble solids content, titratable acidity, total phenolic 
content, total anthocyanin content and color compared with untreated fruits. Therefore, the study 
recommends with wrapping "Wonderful " pomegranate fruits with polyethylene film or dipping fruits 
in 3% potassium sorbate for 4 minutes before storage at 5 °C and 90 %RH to maintain fruit quality 
and storability. 
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Introduction 
 

Pomegranate (Punica Granatum L.) is an important fruit crop of many tropical and subtropical 
regions of the world such as in the moderate climates of Mediterranean countries. Pomegranate fruit is 
a rich source of bioactive compounds such as sugars, pectin, amino acids, minerals, fibers, 
phytoestrogens, flavonoids, phenolic acids and vitamin C and are attributed with diverse medicinal 
properties and health benefits that are highly desirable. Flavonoids, phenolic acids and vitamin C are 
found mainly in the peel, pith and juice (arils) of the pomegranate (Mphahlele et al., 
2014).Consumption and the availability of pomegranate fruit in the market are largely restricted to the 
harvesting season due to a high demand and lack of appropriate postharvest technology (Bayram et 
al., 2009) to extend the storage life and maintain fruit quality. Physiological, physicochemical, 
phytochemical, mechanical, microbial and sensory qualities of pomegranate fruit are influenced by 
postharvest storage conditions such as temperature, packaging and relative humidity that could be 
used to maintain fruit quality to prolong storage periods (Fawole and Opara, 2013). The fruit may be 
stored for several months at temperatures from 5 to 10°C to extend the marketing value depending on 
the cultivar (Ghafir et al., 2010). However, several postharvest disorders could occur during short or 
long term storage. Some of them are external quality defects, such as loss in moisture leading to 
appearance of husk scald (browning of the skin surface) and colour as a result of degradation of 
anthocyanins, moreover the development of decay; and the other changes in the internal quality of the 
fruit, such as reduction in the total soluble solids and increment in the titratable acidity. The major 
storage problem of pomegranate is desiccation of the fruit resulting in a brownish colored tough peel 
and browning of arils.  
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Many researches have reported that shrink films wrapping and coatings reduce the occurrence of 
these problems (Nanda et al., 2001; D'Aquino et al., 2010; Tabatabaekoloor and Ebrahimpor, 2013). 
Film wrapping almost inhibited weight loss by reducing the transpiration rate and preserved the fruit 
freshness for whole storage time.  

Many researchers reported that several inorganic and organic salts were used in food-processing 
industry, have antimicrobial properties and could be useful for postharvest disease control. In this 
regard, Bianca and David (2014), Sofo and Busta (2017) achieved that potassium sorbate (Ps) is 
common food additives with potent antimicrobial activity. Potassium sorbate inhibits the growth and 
sporulation of many fungi in vitro (Mills et al., 2004; El-Mohamedy et al., 2013). Potassium sorbate 
that applied after and before harvest controlled a variety of postharvest pathogens, improvement the 
fruits quality and reduce decay during cold storage (Karabulut et al., 2001; Palou et al., 2002; Mari et 
al., 2004; Karabulut  et al., 2005, Feliziani et al., 2014; Ozgur et al., 2015) with a potential as a 
commercially feasible treatment. It has a low order of toxicity to workers and the environment, is 
inexpensive, readily available, exempt from residue tolerances (EPA, 2011), and the risk of resistance 
development in the pathogen population is relatively low. 

Therefore, the aim of this study was to investigate the effects of individual wrapping with 
polyethylene film treatment and dipping in potassium sorbate on weight loss, fruit color, soluble 
solids content, titratable acidity percentage, total phenolic content and total anthocyanin content of 
Wonderful pomegranate fruits under cold storage conditions. 
 
Materials and Methods 

 
Pomegranate fruits, cultivar 'Wonderful' were harvested at fully mature stage when the juice 

soluble solid content (SSC %) a fairly constant level of 15-16% according to Ben-Arie et al. (1984) 
during 2014 and 2015 seasons from different trees of a commercial orchard located in El Behiera 
Governorate, Egypt. Fruits were transported immediately to the laboratory of Agriculture 
Development Systems (ADS) project at Faculty of Agriculture, Cairo University.  Random samples 
were drawn on the basis of uniformity of size, development of shiny red peel color, full opening of the 
calyx. Selected fruits were divided into four groups as follows: 

1. The first group: was dipped in 3% potassium sorbate solution for 4 min.    
2. The second group: was dipped in 1.5 % potassium sorbate solution for 4 min. 
3. The third group: was individually wrapped with polyethylene film 25 mm thick using heat 

shrinkable films BDF-2001 (a multi-layered co-extruded polyethylene film). 
4. The fourth group untreated (control). 
Each treatment included ninety fruits, three replicates were used for each treatment and each 

replicate consisted of 30 fruits. Fruits were packed in export carton boxes in one layer and stored at 
5±1°C with 90% relative humidity (RH) for 14 weeks. Postharvest physical and chemical properties 
of pomegranate were determined every 4 weeks from the beginning of cold storage (0 week) till the 
end after storage period (14 weeks) in both seasons of the study. 
 
Physical properties: 
 
Fruit weight loss percentage: 

 
In order to determine the fruit weight loss (FWL) of pomegranate during the storage, 10 fruits for 

each replicate were labeled and weighed before cold storage to record the initial fruit weight (iw), 
then weighed after storage intervals to record fruit weight at sampling period (ws). The loss in weight 
was expressed as percentage as the following equation: 

FWL % = [(iw – ws)/ iw] x100 
 
Fruit color: 
 

Lightness and hue angle  were estimated using Minolta Calorimeter (Minolta Co. Ltd.,Osaka, 
Japan) as described by (Mc Gire, 1992). 
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Chemical properties: 
 
Soluble solids content (SSC): 

 
Soluble solids content is an index of soluble sugars content in fruit. SSC in juice samples was 

determined with a digital refractometer PR32 (0.32% Atago Palete ATago.CO .LTD. Japan. 
 
Titratable acidity percentage: 

 
Total acidity percentage was determined by titrating 5 ml of the extracted juice against 0.1 N of 

NaOH using phenolphethalin indicator. Titratable acidity was expressed as percentage of citric acid (g 
citric acid/100ml juice) according to (AOAC, 2000). 
 
Total phenolic content (TP): 

 
Total phenolic content in juice was determined using the Folin–Ciocalteu method (Meighani et 

al., 2014). Total phenolic content was expressed as mg gallic acid equivalent in 100 mL of juice (mg 
gallic acid /100 mL juice). 
 
Total anthocyanin content: 

 
Total anthocyanin content in juice was evaluated spectrophotometrically using the pH 

differential method (Giusti and Wrolstad, 2001). 
 
Statistical analysis: 

 
The data were arranged as a randomized complete design with three replicates. All data were 

subjected to statistical analysis according to the procedures reported by Snedecor and Cochran (1990) 
and the means were compared by Duncan’s Multiple range test at the 5 % level of probability in the 
two seasons of experimentation.  
 
Results and Discussion 

 
Physical properties: 
 
Fruit weight loss percentage: 

 
Results in Table 1 show the effect of potassium sorbate and polyethylene film wrapping 

treatments on fruit weight loss percentage of pomegranate cv. ‘Wonderful’ fruits under cold storage 
conditions during 2014 and 2015 seasons. Fruit weight loss percentage was increased gradually 
toward the end of storage period. All treatments decreased significantly weight loss% compared with 
untreated fruits during both seasons of this study. After 14 weeks of cold storage, fruits wrapped with 
polyethylene film recorded the lowest value of weight loss percentage (3.74 & 3.43 %) as compared 
to dip in potassium sorbate 3 or 1.5 % (12.95 and 18.16 & 13.89 and 16.55 %) during the first and 
second seasons, respectively. Whereas, the highest value of weight loss percentage was found in 
untreated fruit (17.73 & 17.34 %) during 2014 and 2015 seasons, respectively. This might be due to 
the effective reduction in the rate of respiration and transpiration due to intact film wrap as compared 
to the other treatments. Furthermore, the use of polymeric films serves as mechanical barrier to the 
movement of water vapor and this helps to maintain a high level of relative humidity within the 
package, and reduce weight loss value. These results are in agreement with Nanda et al. (2001); 
Mahajan et al. (2008); Abd-elghany (2012); Caleb et al. (2013); Badawy et al. (2016); Mshraky et al. 
(2017) who reported that shrink wrapping reduced weight loss during storage at different durations. 
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Table 1: Effect of potassium sorbate and polyethylene film wrapping treatments on weight loss % of Wonderful 
pomegranates stored at 5 °C and 90 %RH during 2014 and 2015 seasons. 

Treatments Storage periods (weeks) 
4 8 12 14 

                                                                             Season 2014 
Potassium sorbate at 3% 3.90c 6.38b 13.55b 12.95b 
Potassium sorbate at 1.5% 4.22b 7.31a 14.22a 18.16a 
Wrapped with polyethylene film 0.72d 1.26c 2.72c 3.74c 
Control 4.49a 6.88ab 14.12ab 17.73a 

                                                                              Season 2015 
Potassium sorbate at 3% 4.15a 6.69b 13.88a 13.89c 
Potassium sorbate at 1.5% 3.60b 6.31c 12.88b 16.55b 
Wrapped with polyethylene film 0.71c 1.30d 2.54c 3.43d 
Control 4.35a 7.28a 13.62a 17.34a 

Means within a column, following with the same letters are not significantly different at 0.05 levels. 
 

Fruit color: 
 
Lightness (L*): 

 
Results in Fig 1, show that lightness (L*) was gradually decreased towards at the end of the 

storage period (after 14 weeks). At the end of storage period, potassium sorbate at 3% and wrapped 
treatments gave the highest values of L* in the first and second seasons without significant 
differences. On the other hand, control treatment exhibited the lowest value of L*.  
 
Hue angle (hº value): 

 
Results in Fig 2 show that hue angle (hº) was increased (decrease density of red color) with the 

advance in cold storage period. At the end of storage period, no significant differences between all 
treatments were observed in 2014 and 2015 seasons. Wrapped fruits by polyethylene film gave the 
lowest value of hº (high density of red color) in the two seasons. On the other hand, the highest values 
were recorded with control fruits in both seasons. This result agrees with Mshraky et al. (2017) on 
‘Wonderful’ pomegranate. 
 
Chemical characteristics: 
 
Soluble solids content (SSC %): 

 
It is clear from the results in Table 2 that, soluble solid content of fruits was gradually increased 

with the advance in cold storage up to 12 weeks and decreased after that. The statistical analysis 
indicated that there was a significant difference between the treatments during the storage periods in 
the two seasons of the study. In the first season, after 14 weeks of storage, fruits wrapped with 
polyethylene film recorded the highest SSC% (16.73 %) then potassium sorbate 3 % (16.57%) 
followed by potassium sorbate 1.5 % (16.40 %) which was not significantly differed than the 
untreated fruits (16.50 %). In the second season, treated fruits with potassium sorbate at 3 % exhibited 
the highest significant value (16.83 %) followed by wrapped fruits (16.53 %) then potassium sorbate 
1.5 % (16.27%) that was not significantly differed than the untreated fruits (16.40%). increase in 
wrapping treatments which also showed the least weight loss. 
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Fig. 1: Effect of potassium sorbate and polyethylene film wrapping treatments on lightness of Won 

derful pomegranates stored at 5 ̊C and 90 %RH during 2014 and 2015 seasons. 
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Fig. 2: Effect of potassium sorbate and polyethylene film wrapping treatments on Hue angle of 

Wonderful pomegranates stored at 5  ̊C and 90 %RH during 2014 and 2015 seasons. 

The wrapping treatments had higher effect in maintaining of SSC% probably due to wrapped 
with polyethylene film that may have formed on the surface of the fruits and barrier to moisture loss, 
thus delaying dehydration and improves quality. Our results are in line with Abd-elghany et al. 
(2012); Tabatabaekoloor and Ebrahimpor (2013). 
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Table 2: Effect of potassium sorbate and polyethylene film wrapping treatments on SSC % of Wonderful 
pomegranates stored at 5 ̊C and 90 %RH during 2014 and 2015 seasons. 

 
Treatments 

Storage periods (weeks) 
0 4 8 12 14 

                                                                                            Season 2014 
Potassium sorbate at 3% 16.00a 16.43b 16.77b 16.67b 16.57 ab 
Potassium sorbate at 1.5% 16.00a 16.53a 16.90ab 16.70b 16.40b 
Wrapped with polyethylene film 16.00a 16.43b 16.53c 16.93a 16.73a 
Control 16.00a 16.50ab 16.97a 17.00a 16.50b 

                                                                                            Season 2015 
Potassium sorbate at 3% 16.30a 16.73b 17.33b 17.43a 16.83a 
Potassium sorbate at 1.5% 16.30a 17.17s 17.83a 16.97b 16.27b 
Wrapped with polyethylene film 16.30a 16.70b 17.03c 16.90b 16.53 ab 
Control 16.30a 16.43c 17.73a 16.80b 16.40b 

Means within a column, following with the same letters are not significantly different at 0.05 levels. 
 
Titratable acidity percentage (TA): 

 
Titratable acidity (TA) of pomegranate fruits was significantly (p< 0.05) decreased in all 

treatments with the progress of cold storage period during both seasons of the study (Table 3). Fruits 
wrapped with polyethylene film recorded the lowest TA% (1.32 & 1.30%) followed by potassium 
sorbate at 3% (1.33 & 1.30%) then potassium sorbate at 1.5% (1.34 & 1.31%) in the first and second 
seasons, respectively. Meanwhile, the untreated fruit recorded the highest TA% (1.36 & 1.44%) 
during 2014 and 2015 seasons.  

Decreasing in acidity could be due to leakiness of tonoplast membranes at low temperature; this 
in turn would allow vacuolar malic acid into the cytoplasm, where it would come in contact with 
cytoplasmic malic acid decarboxylase (Klein and Lurie, 1991). Furthermore, pomegranate is a 
nonclimacteric fruit, loss in acidity occurred with ongoing metabolism (Kader et al., 1984) and 
utilization of organic acids as respiratory substrates and as carbon skeleton for the synthesis of new 
compounds during ripening. Also accumulation of sugars (Stanley, 1991) during contributes to 
decrease of acidity as a result of increase in TSS acid ratio. These results confirmed are in agreement 
with those found by Artes et al. (2000); Nanda et al. (2001); Abd-elghany et al. (2012); Mshraky et 
al. (2017). 
 
Table 3: Effect of potassium sorbate and polyethylene film wrapping treatments on TA % of Wonderful 

pomegranates stored at 5 ̊C and 90% RH during 2014 and 2015 seasons.  
 
Treatments 

Storage periods (weeks) 
0 4 8 12 14 

                                                                                            Season 2014 
Potassium sorbate at 3% 1.80 a 1.41b 1.39a 1.36a 1.33b 
Potassium sorbate at 1.5% 1.80 a 1.45a 1.40a 1.35a 1.34ab 
Wrapped with polyethylene film 1.80 a 1.45a 1.38a 1.34a 1.32b 
Control 1.80 a 1.45a 1.38a 1.36a 1.36a 

                                                                                            Season 2015 
Potassium sorbate at 3% 1.68 a 1.46ab 1.44ab 1.32b 1.30b 
Potassium sorbate at 1.5% 1.68 a 1.45b 1.39c 1.33b 1.31b 
Wrapped with polyethylene film 1.68 a 1.48a 1.45a 1.35a 1.30b 
Control 1.68 a 1.48a 1.42b 1.30c 1.44a 

Means within a column, following with the same letters are not significantly different at 0.05 levels. 
 
Total phenolic contents (TP): 

 
Total phenolic contents (TP) were significantly decreased in all treatments after 4 weeks of 

storage (Table 4). After 8 weeks, there were further significant (p< 0.05) increases in TP in the fruits 
treated with potassium sorbate or polyethylene film wrapping. The increment may be related to the 
continued accumulation of anthocyanins at lower temperatures (Fawole and Opara, 2013). 
Furthermore, in the 12th week of storage, TP concentration showed a significant decrease that 
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continued till the end of storage period. At the end of the storage period, fruits treated with potassium 
sorbate at 3% recorded the highest phenolic content (175.5 & 196.6 mg/100 ml) during the first and 
second seasons, respectively. Meanwhile, the lowest phenolic concentration was recorded with 
untreated fruits (164 & 176.4 mg/100 ml) during the first and second seasons, respectively. Fawole 
and Opara (2013) reported that a decline in total phenolic content in pomegranate fruit may be related 
to the breakdown of phenolic compounds as a result of enzymatic activity (PPO and POD) occurring 
during storage.  
 
Table 4: Effect of potassium sorbate and polyethylene film wrapping treatments on Total phenolic (mg/100ml) 

of Wonderful pomegranates stored at 5 ̊C and 90 %RH during 2014 and 2015 seasons.  
 
Treatments 

Storage periods (weeks) 
0 4 8 12 14 

                                                                                         Season 2014 
Potassium sorbate at 3% 228.9a 213.9d 236.2a 195.8a 175.5a 
Potassium sorbate at 1.5% 228.9a 221.4c 226.3c 184.4b 165.0b 
Wrapped with polyethylene film 228.9a 227.5a 233.7b 172.4c 165.0b 
Control 228.9a 226.2b 236.0a 165.0d 164.0c 

                                                                                          Season 2015 
Potassium sorbate at 3% 230.5a 230.2a 233.1 237.1a 196.6a 
Potassium sorbate at 1.5% 230.5a 229.4b 226.7b 236.3b 186.5b 
Wrapped with polyethylene film 230.5a 225.2d 229.3bc 236.5ab 178.6c 
Control 230.5a 226.6c 225.7c 235.9b 176.4d 

Means within a column, following with the same letters are not significantly different at 0.05 levels. 
 
Anthocyanin content: 

 
Results presented in Table 5 reveal, the effect of potassium sorbate and polyethylene film 

wrapping treatments on anthocyanin content of pomegranate cv. ‘Wonderful’ fruits under cold storage 
conditions during 2014 and 2015 seasons. Anthocyanin content was gradually increased with the 
advanced in cold storage and decreased at the end of storage.  
 

Table 5: Effect of potassium sorbate and polyethylene film wrapping treatments on anthocyanin content 
(mg/100ml) of Wonderful pomegranates stored at 5 ̊C and 90 %RH during 2014 and 2015 seasons.  

 
Treatments 

Storage periods (weeks) 
0 4 8 12 14 

                                                                                            Season 2014 
Potassium sorbate at 3% 76.64a 99.20a 92.11b 89.24b 85.46b 
Potassium sorbate at 1.5% 76.64a 95.23b 93.48a 88.61 83.25c 
Wrapped with polyethylene film 76.64a 88.36c 85.41c 89.65a 86.72a 
Control 76.64a 79.02d 82.34d 88.28c 80.18d 

                                                                                             Season 2015 
Potassium sorbate at 3% 79.01a 101.5a 98.35a 90.03a 87.15a 
Potassium sorbate at 1.5% 79.01a 93.24b 90.52b 89.14b 86.42a 
Wrapped with polyethylene film 79.01a 90.23c 86.34c 85.00b 85.00b 
Control 79.01a 80.27d 83.16d 78.00c 78.00c 

Means within a column, following with the same letters are not significantly different at 0.05 levels. 

 
Significant differences between the treatments were obtained during the storage period in both 
seasons. After 14 weeks of storage, fruits treated with polyethylene film wrapping had highest 
significant anthocyanin (86.72 mg/100ml) in the first season, while fruits treated with potassium 
sorbate at 3% recorded the highest value (87.15 mg/100ml) in the second season. On the other hand, 
untreated fruits exhibited the lowest anthocyanin contents (80.18 & 78 mg/100ml) in the two seasons, 
respectively. Our findings are in agreement with those reported by Gil et al. (1996); Abd-elghany et 
al. (2012) in juice color of pomegranate fruits kept at 5°C up to 6 weeks. The increase in anthocyanin 
concentration at cold storage may be attributed to the increase in biosynthesis and accumulation of 
anthocyanin, which induced in pomegranates at lower temperatures as a result of enzymes activity of 
the anthocyanin biosynthetic pathway (Holcroft et al., 1998 and Miguel et al., 2004). Moreover, the 
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continued biosynthesis of phenolic compounds related to ripening process after harvest (El Oraby et 
al., 2009). 
 
Conclusion 

 
From the obtained results, it could be concluded that individual wrapping of "Wonderful " 

pomegranate fruits with polyethylene film or dipping fruits in 3% potassium sorbate for 4 minutes 
before storage at 5 º C and 90 %RH maintained physical and chemical parameters such as weight, 
color, soluble solids content, titratable acidity percentage, total phenolic and anthocyanin content 
thereby prolonging postharvest life. Additionally, these treatments are safe on the environment 
especially with export to the external markets. 
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