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ABSTRACT 
 
The study was conducted in the cold room of Horticulture and landscape Dept., College of Agriculture 
and Forestry, University of Mosul on pomegranate fruits cv. “Armishty”. The fruits were divided into 
four groups, each group was dipped in hot water (20, 40, 50, and 60˚C) for 5 min. Each of the four 
groups was divided into two secondary groups: The first, the fruits were packaged in high density (27 

microns) polyethylene bags and the second was unpackaged fruits. All treatment fruits were stored for 
three storage periods (6, 12, and 18 weeks) at 5+1˚C, and 80-90% R.H. to study the effect of the 
treatments on the storability of the pomegranate fruits. Complete Randomized Design (CRD) was used 
in the factorial experiment with 3 replicates and 6 fruits for each experimental unit. The results were 
compared by using Duncan test at 5% probability. Results showed that Polyethylene packaging resulted 
in a significant increase in ascorbic acid and a significant reduction in respiration rate, weight loss, and 
total soluble acids. Also, packaging increased significantly gray mold incidence. Six weeks storage 
period was superior significantly in total soluble solids, weight loss, ascorbic acid, and was the least 
significant in gray rot incidence and weight loss followed by 12 and 18 weeks periods. Prolonging 
storage periods increased respiration rate, weight loss, and gray rot incidence. In respect of the 
interaction between the three factors, it obvious that the interaction between the packaged fruits and 40 
and 50˚C and the shortest storage period (6 weeks) treatment was the best in weight loss and ascorbic 
acid. Peroxidase enzyme activity was higher in fruits dipped in water at 60˚C. Interaction between the 
packaged fruits which dipped in 60˚C hot water gave the highest activity for peroxidase enzyme.                                 
 
Keywords: hot water, storability, pomegranate fruits, respiration rate, packaging 

 
1. Introduction 

Pomegranate (Punica granatum L.) is one of the oldest fruits and belongs to the Punicaceae 
family. Because of its adaptation to many types of climates and soils, its cultivation has spread to many 
countries, including South Africa, Iran, India, Pakistan, Russia, Turkey, Japan, Greece, Oman, China, 
Egypt, the United States, and Iraq. The fresh juice is mainly composed of 85% water, sugars (10% 
mostly glucose and fructose), ascorbic acid, anthocyanins, polyphenols, pectins, amino acids, and 
minerals (Roy and Waskar, 1997). According to the classification of (Kader et al., 1984), pomegranate 
fruits are classified as non-climacteric fruits due to their low respiration rate and ethylene production 
after harvesting. Storing pomegranate fruits at room temperature reduces their shelf life due to drought 
and spoilage, and to prolong storage, the fruits must be stored at a lower temperature. To increase their 
storage viability, fruits should be stored at a low temperature (Fawole and Opara, 2013), however, when 
fruits are exposed to temperatures below 5˚C when stored, they may face chilling injury (Sayyari et al., 
2010), which appears as browning of the peel, pecking of the surface, and significant exposure to 
damage and these symptoms may reach the pomegranate arils, leading to a decrease in their external 
and internal quality. Modified Atmosphere Packaging has proven successful in reducing the 
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development of water loss, wrinkling, blight, and fruit spoilage, and it can maintain a good quality of 
fruits when stored for up to three months, or more after harvesting (Nanda et al., 2001). Also, storage 
in a modified atmosphere can reduce the respiration rate of fruits, reduce ripeness and softness, and 
fruits physical damage and diseases caused by germs (Artes et al., 2000). Consumers desire to move 
away from the environmental and health problem caused by the use of agricultural chemicals and their 
effects on human health, and there is a tendency to use physical treatments to get rid of chilling injury 
caused by storing fruits at low temperatures to prolong the storage period, including treating the fruits 
before storage by dipping them in hot water or intermittent warming. Studies of cold storage of 
pomegranate fruits have received little attention, although the season for harvesting these fruits is 
relatively long and they grow in temperate climate regions, and that cold storage is the only way to 
extend their marketing life as fresh fruits after storage for more than three months. However, during the 
cold storage and marketing age, the fruits suffer from many physiological and enzymatic damages and 
fungal diseases that greatly affect the quality of the fruits. This leads to a loss in nutritional value and 
quality. Therefore, more research is needed to increase reservoir susceptibility and reduce the post-
harvest loss of pomegranates.  

The current research was carried out to identifying the treasury susceptibility of pomegranate 
fruits, determine the maximum period for storing the fruits, and study the effect of dipping fruits in hot 
water on the susceptibility and nutritional value of fruits.  . 
 

2. Materials and Methods 
 

The pomegranate fruits cv. “Armishty” were handed harvested from ten-year-old trees of equal 
size and height, planted at 4×4 dimensions. The fruits are ripe and well-colored, and it was taken into 
account when harvesting the fruits not to injure the fruits, especially since their peel is thin so that it is 
not an entrance to the pathogen, as well as not to leave part of the bearer of the fruit in order not to 
damage the neighboring fruits during shipping or to perforate the plastic containers when storing and 
were transferred on the same day to the College of Agriculture and Forestry, Mosul University on the 
next day, sound fruits of uniform size were selected. The fruits were divided into four groups, each 
group represented the treatment of immersion in water at a certain temperature (20, 40, 50, and 60 C), 
and each group of these groups was divided into two groups. The first group was placed in the first 
group in high-density Polyethylene bags with a thickness of (27 microns) sealed and placed in plastic 
boxes. The second group was placed in the mesh plastic boxes directly without filling them with 
Polyethylene bags. Each of these two groups was divided into three subgroups, and each of these three 
groups was stored for one of the three storage periods (6, 12, and 18 weeks). The fruits were dipped for 
all treatments for 5 minutes and the fruits were stored in the refrigerated room at a temperature of 5+1˚C 

and relative humidity of 85-90%. Pomegranate fruits were extracted after each period of storage and 
the following parameters were measured: 
1. Average rate of respiration rate of fruits (mg CO2 / kg fruits/hour): The respiration rate of fruits was 

measured by following the quantitative method mentioned in Shirokov (1968). 
2. Weight loss percentage (%): The following equation was used to calculate this percentage: 
 

Percentage of weight loss = 
Initial  Fruit weight - Fruit weight after storage 

x100 
Initial fruit weight 

 
3. Total soluble solids (TSS) (%): Use the fresh fruit juice to measure this characteristic by using Hand 

Refractometer by placing one or two drops of the fresh juice of the fruits (after filtering) on the 
surface of the crusher which Calibrated before measurement, and after each reading, the device is 
washed with distilled water and dried well to measure the new readings.                                                                                            

4. Ascorbic acid (mg /100 ml fruit juice): Ascorbic acid was determined in pomegranate juice by the 
recombinant method based on 2-6 Dichloro indophenols phenol as reported in Pearson (1976).                                                                 

5. Activity of the peroxidase enzyme: the effectiveness of the peroxidase enzyme was estimated 
according to Chaurasia et al., (2013). 

6. Gray rot (crown rot) incidence (%): The percentage of disease was estimated based on calculating 
the percentage of fruits affected by the disease to the total fruits.  
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Gray rot infection% = 
Number of infected fruits 

x100 
    Total number of fruits 

 
Statistical analysis:  

The study was designed by using C.R.D. (Complete Randomized Design), and the results were 
analyzed statistically in a clinical trial by using a computer, according to (SAS, 2001) to analyze the 
experiments and compare the averages according to Duncan test at 5% error probability.                                                                              
 
3. Results and Discussion 
 
3.1. Respiration rate (mg CO2/Kg/h).  

Respiration rate was significantly lower in the packaged fruits than in unpackaged fruits (Tables 
1). These results are following those reported by Varasteh et al., (2017) who observed a decrease in the 
respiration rate of pomegranate fruits when coated with chitosan, and the effect was greater for the high 
concentrations of this substance, as coating with chitosan modifies the internal conditions of the fruits 
and reduces the rate of respiration rate. Nanda et al., (2001) also noted, reduced respiration rate in coated 
pomegranate fruits compared to uncoated fruits. As there is a decrease in the level of O2 and an increase 
in the CO2 inside the modified atmosphere packages during storage. Pomegranate fruits have a low 
respiration rate, which decreases after the goblin (Elyatem and Kader, 1984 and Kader et al., 1984). 
Also, Selcuk and Erkan (2016) observed changes in the level of O2 and CO2 inside the modified 
atmosphere packages, as the level of O2 inside the packages decreased and the level of CO2 increased 
during storage due to the continued breathing of the fruits after harvesting, and that the balance in the 
modified atmosphere occurred after 40 days of storage, and after 120 days. Once the levels of CO2 and 
O2 were 17.6 and 4.40 kPa, respectively. The rate of respiration rate was lowest in the fruits that were 
dipped in water at 40°C, and it was significantly different from the rate of respiration rate in fruits that 
were dipped in water at 20 or 60°C, which gave the highest rate of respiration rate (Tables 1). 
Meanwhile, the rate of respiration was higher for fruits that were stored for 18 weeks days than for 
fruits that were stored for 12 weeks (Tables 1). The results obtained proved that pomegranate fruits 
have a relatively low respiration rate, and this result is consistent with what was previously mentioned 
about respiration by Elyatem and Kader (1984), who stated that the rate of respiration of pomegranates 
increases with the length of storage duration, and the respiration rate of pomegranate fruits changed 
from 4 to 8 mg CO2 /kg/hour when the storage period was extended to 5°C. The highest respiration rate 
was off the unpackaged fruits which were dipped in water at 60°C, and stored for 18 weeks, while the 
lowest respiration rate was off the packaged fruits which were dipped in water at 40°C, and stored for 
12 weeks (Table 2).    
                                                                    
Table 1: Effect of packaging method and dipping in hot water and storage period on some storage 

parameters of Pomegranate fruits cv." Armashti" stored at 5+1ەC and 85 -90 RH. 
 
Treatments 

Respiration 
rate  

(mg CO2/kg 
fruits / h) 

Weight 
Loss  
(%) 

TSS 
)%(  

Ascorbic 
acid 

(mg/100 
ml) 

Peroxidase 
Activity 

Gray 
mold 

incidence 
(%) 

Packaging 
method 

 

Packaged fruits 6.95 b 0.43 b 13.94 b 8.85 a 132.38 a 9.25 a 

Non-packaged 
fruits 

8.25 a 8.45 a 14.88 a 7.25 b 135.25 a 4.16 b 

Hot 
water 
(˚C) 

 

20 8.08 a 4.55 a 14.22 b 8.42 a 143.60 ab 11.10 a 
40 6.63 b 4.41 a 14.33 ab 8.53 a 91.01 b 7.40 ab 
50 7.33 ab 4.21 a 14.66 a 8.60 a 98.27 b 5.55 ab 
60 8.16 a 4.61 a 14.44 ab 6.65 b 202.39 a 2.77 b 

Storage 
period 
(week) 

6 - 2.17 c 16.62 a 10.23 a - 0.00 b 
12 6.80 b 4.85 b 13.87 b 6.12 c - 9.02 a 
18 8.37 a 6.30 a 12.75 c 7.81 b - 11.10 a 

Values with the same letter (s) of each factor did not differ significantly according to Duncan test at 5% P. 
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Table 2: Effect of interaction of packaging method, dipping in hot water and storage period on 
respiration rate (mg CO2/ kg fruits /h) of Pomegranate fruits cv. "Armashti" stored at 5+1˚C 
and 85-90RH. 

Storage period (week) Hot water 
(˚C) 

Packaging method 
18 12 

8.66 abc 6.33 def 20 
Packaged  

fruits 
7.00 b-f 5.33 f 40 
7.33 a-f 6.00 ef 50 
8.33 a-d 6.66 def 60 
9.33 a 8.00 a-e 20 

Unpackaged  
fruits 

8.00 a-e 7.00 b-f 40 
9.00 ab 7.00 b-f 50 
9.33 a 8.33 a-d 60 

Values with the same letter (s) did not differ significantly according to Duncan test at 5% P. 
 

3.2. Weight loss percentage:  
The results showed that weight loss was significantly lower for packaged pomegranate fruits than 

unpackaged fruits (Tables 1). The higher weight loss in packaged fruits may be due to the exposure of 
the surface of the fruits to the open atmosphere, which leads to a higher rate of transpiration and 
respiration, which leads to higher weight loss (Mahajan and Singh, 2014). Packaging in a modified 
atmosphere for fresh fruits limits the diffusion of water vapor produced by the fruits, and thus increases 
the water vapor pressure and relative humidity in the package (Serrano et al., 2006). There were no 
significant differences in the percentage of weight loss between the fruits of hot water dipping 
treatments, but the fruits dipped in water at 40 and 50˚C was the lowest in the percentage of weight loss 
(Tables 1). Also, Eris and Turk (1999) found that the lowest weight loss of pomegranate fruits was 40°C 
hot water dipping for one hour. Mirdehghan and Rahemi (2005) reported that treatment before storage 
with hot water reduced the weight loss and cold damage in the "Malas-e-Saveh" pomegranate. Weight 
loss of fruits was significantly increased in the longer storage period (Tables 1). Whereas, the highest 
percentage of weight loss was for fruits stored for 18 weeks. The weight loss of pomegranate fruits is 
one of the main reasons for losing the phenotypic quality of the fruits, and it occurs steadily and 
increases linearly with increasing storage duration because pomegranate fruits are very sensitive to 
weight loss due to the porosity in the peel of the fruit, which allows free movement of water vapor 
outside the fruit (Elyatem and Kader, 1984). Selcuk and Erkan (2015) reported that fruits of 
pomegranate weight loss increased sharply during storage, with a loss rate of 26.5% after 210 days of 
storage. It is also shown from Table (3) that in each of the packaged or unpackaged fruits, there were 
no significant differences in the percentage of weight loss between the fruits of the interaction 
treatments dipping in hot water and the single storage period, but the significant differences appeared 
between the packaged fruits and unpackaged fruits in all the interactions. While there was a significant 
increase in weight loss in packaged fruits only at each storage period over the previous period, which 
indicates that the largest factor affecting the percentage of weight loss for pomegranate fruits is the 
storage period.  
 
  Table 3: Effect of interaction of packaging method, dipping in hot water and storage period on weight 

loss (%) of Pomegranate fruits cv. "Armashti" stored at 5+1˚C and 85-90 RH.   
Storage period (week) Hot water 

(˚C) 
Packaging method 

18 12 6 
0.51 d 0.53 d 0.32 d 20 

Packaged 
fruits 

0.55 d 0.44 d 0.29 d 40 
0.40 d 0.41 d 0.21 d 50 
0.57 d 0.55 d 0.42 d 60 
12.16 a 9.62 b 4.14 c 20 

Unpackaged 
fruits 

11.98 a 9.23 b 3.95 c 40 
11.87 a 8.58 b 3.80 c 50 
12.38 a 9.47 b 4.28 c 60 

Values with the same letter (s) did not differ significantly according to Duncan test at 5% P. 
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3.3. Total soluble solids (TSS) (%):  
Packaged fruits significantly outperformed total soluble solids percentage compared with 

unpackaged fruits (Tables 1). The polyethylene sachets create modified atmosphere conditions that 
delay ripening (Elkashif et al., 2005). Significant differences in the percentage of soluble solids 
appeared between the higher value of the fruits that were dipped in water at 50°C, and the lower value 
of the fruits that were dipped in water at 20˚C (Tables 1), while there were no significant differences 
between the remaining treatments. The heat treatments cause a change in the ripening of the fruits, as 
they inhibit the synthesis of ethylene and reduce the activity of cell wall degradation enzymes, as a 
result of the change in gene expression and the synthesis of proteins, and this leads to inhibition of 
glycolysis (Paull and Chen, 2000), thus increasing the proportion of soluble solids. In fruits, treatment 
by dipping in hot water. A significant decrease was observed in the percentage of soluble solids of fruits 
the longer the storage period (Tables 1). Mphahlele (2016) also observed a decrease in soluble solids at 
the end of the storage period, and these results were consistent with what Nanda et al., (2001) and 
D,Aquino et al., (2010), who found a decrease in soluble solids in different varieties of pomegranate 
when prolonged storage duration when stored under different modified packaging atmospheres, a 
possible explanation for this decrease in TSS may be due to the degradation of sugars in prolonged 
storage duration (Fawole and Opara, 2013). The highest percentage of soluble solids of packaged fruits 
that were dipped in water at 50°C and stored for 6 weeks, while the lowest percentage of packaged 
fruits that were dipped in water at 40°C and stored for 18 weeks (Tables 4), and the general trend was 
The percentage of soluble solids decreases with increasing storage duration.  
 
 Table 4: Effect of interaction of packaging method, dipping in hot water and storage period on TSS 

(%) of Pomegranate fruits cv. "Armashti" stored at 5+1˚C and 85-90 RH. 
Storage period (weeks) Hot water 

(˚C) 
Packaging method 

18 12 6 
12.66 ghi 13.66 d-g 15.33 c 20 

Packaged 
fruits 

11.66 j 13.33 e-h 16.33 b 40 
12.50 hij 13.00 f-i 16.66 b 50 
12.66 ij 13.66 d-g 16.33 b 60 
13.00 f-i 14.33 de 16.33 b 20 

Unpackaged 
fruits 

13.00 f-i 14.33 de 17.33 ab 40 
13.50 e-h 14.66 cd 17.66 a 50 
13.50 e-h 14.00 ef 17.00 ab 60 

Values with the same letter (s) did not differ significantly according to Duncan test at 5% P. 

 

3.4. Ascorbic acid content (mg/100ml fruit juice).  
Ascorbic acid content of packaged fruits was significantly increased over unpackaged fruits  

(Tables 1). Ascorbic acid may be lost quickly as a result of the physiological activities that occur in the 
fruits, so the increase in the rate of respiration rate and the increase in moisture loss of the packaged 
fruits (Tables 1), led to an increase in the loss of ascorbic acid from the fruits. Among the treatment of 
hot water dipping, hot water at 60°C, recorded a significant decrease in the content of ascorbic acid 
(Table 1). It is also evident from Tables (1) that the fruit ascorbic acid content decreased significantly 
after storage for 12 weeks, then it increased significantly again after 18 weeks of storage. Singh et al., 
(2005) reported that the concentration of ascorbic acid in the juice of gooseberry decreased significantly 
when the storage period was prolonged and that the significantly higher concentration was found in the 
fruits packaged in modified atmospheres of all kinds of acid due to the activity of the enzyme ascorbic 
acid oxidase. Also, the results were consistent with the findings of Arendse et al., (2014), who observed 
a decrease in ascorbic acid during storage at 5 and 7.5 C for 5 months. The backed pomegranate fruits 
at all hot water dipping treatments and at the three storage periods had the highest content of ascorbic 
acid than unpackaged pomegranate fruits at the same hot water dipping treatments and the same storage 
periods (Tables 5), and the highest content of ascorbic acid was found in the packaged fruits treated 
with dipping with hot water at 20, 40 and 50˚C at a storage period of 6 weeks, the lowest content was 
when treating unpackaged fruits and treated with hot water at 60˚C and when storing for 12 weeks.    
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Table 5: Effect of interaction of packaging method, dipping in hot water and storage period on Ascorbic 
acid (mg/100ml fruit juice) of Pomegranate fruits cv. "Armashti" stored at 5+1˚C and 85-90 
RH. 

Storage period (week) Hot water 
(oC) 

Packaging method 
18 12 6 

7.74 def 7.00 e-h 11.44 a 20 

Packaged  
fruits 

8.98 bcd 8.00 cde 11.44 a 40 
10.32 ab 7.33 d-g 11.44 a 50 
7.74 def 6.00 fgh 8.80 b-e 60 
7.24 d-g 5.66 ghi 11.44 a 20 

Unpackaged 
 fruits 

7.74 def 5.33 hi 9.68 abc 40 
7.21d-h 5.66 ghi 9.68 abc 50 

5.49 ghi 4.00 i 7.92 c-f 60 

Values with the same letter (s) did not differ significantly according to Duncan test at 5% P. 

3.5. Peroxidase enzyme activity:  
It is obtained from Tables (1) that the packaging method at the end of the storage period (18 

weeks) did not have a significant effect on the activity of the peroxidase enzyme, as there were no 
significant differences between the two packaging methods (Tables 1). Peroxidase enzyme activity was 
the highest of the fruits that were dipped in hot water at 60°C and differed significantly from the 
peroxidase enzyme activity of the fruits that were dipped at 40 and 50°C, but it did not differ 
significantly from the enzyme activity of the fruits that were dipped at 20°C (Tables 1). The packaged 
pomegranate fruits that were dipped at 60°C led to the highest activity of peroxidase enzyme, while the 
lowest activity of the peroxidase enzyme was for the unpackaged fruits that were dipped in water at a 
temperature of 40°C (Tables 6). 
 
Table 6: Effect of interaction of packaging method and dipping in hot water on peroxidase enzyme 

activity (unit/ml enzyme) of Pomegranate fruits cv. "Armashti" stored at 5+1˚C and 85-90 
RH. 

Packaging method 
Hot water (oC) Average of  

packaging 
method 

20 40 50 60 

Non-perforated polyethylene 
bags 

163.36 abc 67.16 c 123.13 bc 175.89 ab 132.39 a 

Perforated plastic boxes 123.84 bc 114.86 bc 73.41 c 228.88 a 135.25 a 
Average of hot water(°C)   143.60 ab 91.01 b 98.27 b 202.39 a  

 
3.6. Gray mold incidence (%).  

Gray rot incidence was significantly higher in packaged pomegranate fruits than unpackaged 
fruits (Tables 1). Pomegranate fruits may become infected with fungal diseases when stored, as excess 
moisture inside plastic containers can encourage spoilage inside the containers (Candir et al., 2019). 
Selcuk and Erkan (2014) stated that the percentage of spoilage in the unpackaged control fruits was less 
than that of packaging fruits in modified atmosphere, due to the high humidity in the modified 
atmosphere packages, and that weight loss occurs in the control fruits throughout the storage period 
even when the relative humidity inside the storage is very high, which may lead to noticeable wrinkling 
of the fruits, but at the same duration it reduces the percentage of fruit spoilage at the end of the storage 
period.  Dipping of pomegranate fruits in hot water at 40˚C and 50˚C reduced significantly gray rot 
incidence as compared with control fruits, but the lowest percentage of gray rot incidence was for the 
fruits that were dipped in hot water at 60°C, and they differed significantly from the fruits of control 
(Tables 1), perhaps due to the high temperature when treated with hot water immersion at 60°C., and 
that the effect of heat treatment in reducing fruit spoilage may be through the direct effect of heat 
treatment on the fungal pathogen by slowing the elongation of the germ tube or by killing or inhibiting 
the developing spores, or the temperature treatments may also have an indirect effect on reducing the 
development of fruit spoilage by stimulating anti-fungal substances in the product that inhibit the 
growth of the fungus or by encouraging wound healing of the product (Schirra et al., 2000). The results 
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indicated that the fruits of the first storage period (6 weeks) were completely free from gray rot 
infection, but the infection appeared after 12 weeks of storage and increased after 18 weeks of storage 
without significant differences between the two periods (Tables 1). Selcuk and Erkan (2015) reported 
that the first injury to spoilage of "Hicrannar" pomegranate fruits stored at 6˚C occurred 60 days after 
harvesting, and fruit spoilage was observed after 210 days of cold storage, and that the infection and 
severity differed in pomegranate fruits grown in regions different from the world it may be due to the 
level of pathogen infection of the foraging, and it is also related to fruit ripening and service operations 
(Elyatem and Kader, 1984). The fungi that cause fruit spoilage when storing fruits are Penicillium spp., 
Botrytis cineria, Aspergillus niger, and Alternaria spp. (D’Aquino et al. 2010 and Selcuk, and Erkan, 
2014). It is noticed from Tables (7) that gray rot was not found in all packaged or unpackaged 
pomegranate fruits, and at all temperatures of water dipping when stored for 6 weeks. Likewise, the 
infection did not appear in packaged fruits that were dipped in hot water at 50 and 60˚C when stored 
for a period of 12 and 18 weeks. However, no significant differences were found between all the 
interaction treatments between the three factors.  
 
Table 7: Effect of interaction of packaging method, dipping in hot water, and storage period on gray 

mold incidence (%) of Pomegranate fruits cv. "Armashti" stored at 5+1 C and 85-90 RH. 
Storage period (week) Hot water 

(˚C) 
Packaging method 

18 12 6 
16.66 a 16.66 a 0.00 a 20 

Packaged 
fruits 

16.66 a 11.11 a 0.00 a 40 
16.66 a 16.66 a 0.00 a 50 
11.11 a 5.55 a 0.00 a 60 
16.66 a 16.66 a 0.00 a 20 

Unpackaged 
fruits 

11.11 a 5.55 a 0.00 a 40 
0.00 a 0.00 a 0.00 a 50 
0.00 a 0.00 a 0.00 a 60 

Values with the same letter (s) at not differed significantly according to Duncan test at 5% P. 
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