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Response of fruits of two pomegranate cultivars to dipping with Chitosan 
during cold storage
Zeina Sami Rashid and Zena Hazbar Khazaal*

Abstract: The study was carried out in one of the cold stores in Diyala Governorate; the fruits of two cultivars of pomegranate, 
Salimi and Shami, were collected from the orchards of Diyala Governorate, Khirnabat village, from trees aged 5-6 years. 
The storage treatments were as follows: two cultivars of pomegranate, Salimi sour and Shami, the fruits were dipped in 
Chitosan at a concentration of 2% for 5 minutes, in addition to the control treatment (dipping in distilled water only). The 
fruits were stored at a temperature of 8 ± 1 ° and relative humidity of 85-90% for three months, and measurements were 
taken at intervals (beginning of storage after 45 days of storage, and after 90 days of storage). The results were analyzed 
with a factorial experiment with CRD design, and the averages were compared with the LSD test with a probability level of 
0.05. The cultivar was significantly superior in the percentage of total soluble solids) 14.10(, anthocyanin pigment)3.005( 
and total soluble solids / total acidity (TSS/TA)( 19.59) compared with Shami cultivar, while Shami cultivar was significantly 
superior in total acidity(1.232 ) and vitamin C )26.80(content over Salimi cultivar, the treated fruits with Chitosan at a 
concentration of 2% gave a clear superiority in the amount of total acidity,(  1.232) the amount of vitamin C(26.80) and the 
amount of anthocyanin pigment in the fruits compared with the control treatment. At the same time, there was no significant 
effect of Chitosan on total soluble solids (TSS)( 13.77 ) and TSS/TA(19.26 ). The results also showed that the amount 
of TSS, the total acidity and the juice content of vitamin C was significantly decreased with the continuation of storage 
compared with the beginning of storage at the time when the accumulation of anthocyanin(2.209 ) pigment and TSS/
TA(19.53) was increased, there was an apparent effect of the interaction between treatments on the storage characteristics 
of pomegranate fruits.
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Introduction
The pomegranate (Punica granatum L.) is one of the 

oldest deciduous fruit trees and belongs to the Punicaceae 
family1. Most references indicate that Central Asia, in ge-
neral, and Persia, in particular, is the original home of the 
pomegranate, while some researchers believe that China, 
India and Iraq may be the first places of origin2; and it is 
believed that the most famous producing countries are In-
dia, Iran, Turkey, China and the United States of America3. 
The great importance of pomegranate is due to its contains 
reasonable amounts of vitamins, nutrients, anthocyanins, 
fats, sugars, organic acids, fiber, protein, pectin and tan-
nin, which differ according to the cultivar4. Pomegranate 
has some medical and therapeutic uses resulting from the 
fact that all parts of the tree contain some compounds of 
a therapeutic nature, such as anthocyanins and vitamins, 
especially vitamin C and phenolic substances, which have 
efficacy as anti- and inhibitory substances for a number of 
pathogens5  as vitamin C is an essential element in increa-
sing immunity in the human body and provides protection 
from diseases such as cancer and helps heal wounds6; Chi-
tosan is a biopolymer with positive charge that is the second 
largest of biological material in nature after cellulose, Chito-
san consists of glucose-amine units linked together by beta-

4-1 glycosidic bonds, it has many free hydroxyl and amine 
groups that enable it to form ionic and hydrogen bonds with 
other molecules such as fats and proteins7; It is characteri-
zed by its non-toxicity and biodegradability and has no topi-
cal or general effects on living tissues8; The studies proved 
that an immersion of fruits with Chitosan leads to reduction 
of fruit spoilage and prolongs their storage age9; It also for-
ms a barrier between the surface of the fruit and O2 when 
dipping, which reduces the supply of oxygen to the fruit and 
thus obstruct  the breathing, and this makes the fruits keep 
their nutritional components10; Despite the economic, nutri-
tional, medicinal and historical importance of the pomegra-
nate, but the studies about it are limited, especially in the 
field of postharvest fruit physiology and the importance of 
pomegranate fruits to the consumer and the lack of studies 
on storing pomegranate fruits in an optimal way to preserve 
their essential properties. This study was conducted to de-
termine the best cultivars and the storage treatments that 
prolong the storage age while preserving their nutritional 
and marketing value.
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Materials and methods 
The study was conducted in the laboratories of the Co-

llege of Agriculture, University of Diyala, on the fruits of two 
cultivars of pomegranate, Salimi and Shami. The fruits were 
harvested from one of the orchards in the village of Khirna-
bat in Diyala Governorate for the season 2019 on October 
15, 2019. The healthy fruits free of disease, insect infec-
tions, and wounds and scratches were selected and clea-
ned well by immersing them in sodium hypochlorite solution 
of 0.05% for 3 minutes; then, the fruits were washed with 
distilled water and dried. The pre-storage treatments were 
carried out, which included dipping of fruits with Chitosan 
solution (German origin) at a concentration of 2% (weight/
volume) in addition to the control treatment (dipping with 
distilled water only) for 5 minutes, the treated fruits were 
placed in polyethylene plastic bags and stored in the same 
today in a cold store at a temperature of 8±1°C and relative 
humidity of 85-90% for three months. Some chemical cha-
racteristics of the fruits were taken before storage, then after 
45 days and after 90 days. Thus, the treatments and their 
interactions resulted in 36 experimental units with 3 replica-
tes, then 5 kg of fruits were placed in each replicate; the ex-
periment was completed on 15/1/2020, and the results were 
analyzed by a factorial experiment of three factors, namely 
the cultivars (Salimi and Shami), the second factor include 
dipping in Chitosan with concentrations 2%, the third factor 
includes storage periods (3 periods). The experiment was 
carried out with a CRD design, and the averages were com-
pared according to the least significant difference test (LSD) 
at the 5% probability level11.

Results

Total soluble solids (TSS %)
The results of Table (1) showed that the treatments had 

significant and apparent effects on the percentage of total 

soluble solids; the Salimi cultivar is significantly superior to 
the Shami cultivar with a share of 14.10%, while the Sha-
mi cultivar achieved a rate of 12.70%, the control treatment 
led to keep a high percentage of TSS in the fruit compa-
red with the treatment of dipping of fruits with Chitosan, 
which amounted to 13.77%, as for the storage periods, its 
effect was evident in reducing the percentage of TSS from 
15.36% at the beginning of storage to 10.68% at the end of 
the storage period.

The interaction treatment between Salimi cultivar and 
the control treatment (without dipping) gave the highest va-
lue of 14.12%. In comparison, the Shami cultivar with dip-
ping fruits with Chitosan gave the lowest value, amounting 
to 11.99%, as for the interaction between the cultivar and 
the storage periods, the Salimi cultivar at the beginning of 
storage gave the highest value of 16.45%. In comparison, 
the same cultivar at the end of storage gave the lowest va-
lue of 10.53%; as for the interaction between Chitosan and 
storage periods, both the control treatment and the dipping 
of fruits with Chitosan recorded the same high percentage 
at the beginning of storage, which amounted to 15.36%. In 
comparison, the lowest percentage of TSS was recorded 
in the control treatment at the end of the storage period, 
reaching 10.15%.

As for the triple interaction between the cultivars and 
the treatments, the highest percentage of TSS was in the 
two treatments of the interaction between dipping the fruits 
of the Salimi cultivar with Chitosan 2% and the control treat-
ment (without dipping) at the beginning of storage, where 
gave same value 16.45%, while the lowest value of TSS 
was in dipping the fruits of the Salimi cultivar with Chitosan 
2% at the end of the storage period, which amounted to 
10.13%.

Total acidity (TA %)
The results of Table (2) showed that the Shami cultivar 

was significantly superior to the Salimi cultivar in the total 
acidity ratio, which reached 1.232 and 0.786% in both cul-
tivars, respectively; the treatment of dipping the fruits with 
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Table 1. Effect of cultivar, dipping with Chitosan and storage periods on the percentage of total soluble solids (TSS).
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Chitosan at a concentration of 2% led to an increase in the 
total acidity percentage, which reached 1.151% compared 
to the control treatment, which gave the lowest value of 
0.867%, as for the storage period, it was noted a decrease 
in the total acidity percentage with the prolong of the stora-
ge period to 0.626%. In comparison, the total acidity per-
centage at the beginning of storage was 1.514%.

The Shami cultivar with the control treatment recorded 
the highest percentage of total acidity of 1.437 percent. In 
contrast, the lowest total acidity was recorded when the Sa-
limi cultivar fruits were dipped in Chitosan at a concentration 
of 2%, which amounted to 0.706%, as for the interaction 
between the cultivar and storage periods, the Shami cul-
tivar gave the highest total acidity, which reached 1.888% 
at the beginning of storage. In contrast, the Salimi cultivar 
recorded the lowest percentage, which reached 0.532% at 
the end of storage; as for the interaction between Chitosan 
and storage periods, the dipping of fruits with Chitosan at 
the beginning of storage achieved the highest total acidity of 
1.556%. In contrast, the control treatment at the end of the 
storage period recorded the lowest percentage, 0.556%.

The results also show that the triple interaction between 
the treatments had a significant effect on the total acidity, as 
the treatments of control and dipping with Chitosan at a con-
centration of 2% for the Shami cultivar at the beginning of 
storage gave the highest percentage of total acidity with the 
same value of 1.888% compared with the lowest percenta-
ge in the interaction between the Salimi cultivar and dipping 
with Chitosan at the end of the storage period 0.528%.

The ascorbic acid content in the juice  (mg. 100 ml-1 juice)
Table 3 showed that the Shami cultivar recorded a 

significant increase in the vitamin C content in the juice, 
amounting to 26.80 (mg. 100 ml-1 juice). In contrast, the Sa-
limi cultivar recorded the lowest vitamin C content of 25.39 
(mg. 100 ml-1 juice).

Dipping pomegranate fruits with Chitosan at a concen-
tration 2% led to a significant increase in the juice content of 

vitamin C, which was 26.45 (mg. 100 ml-1 juice) compared to 
the treatment of dipping the fruits with distilled water, which 
gave 25.74 (mg. 100 ml-1 juice), the storage periods had a 
significant role in decreasing the juice content of vitamin C, 
where the highest content  was recorded at the beginning of 
storage  28.01 (mg. 100 ml-1 juice), while the lowest content 
was recorded at the end of the storage period 22.84%, as 
for the interaction between treatments of the cultivar and 
the dipping with Chitosan, the dipping of Shami cultivar with 
a concentration  2% of Chitosan was recorded the highest 
content of vitamin C, which amounted to 27.26 (mg. 100 ml-1 
juice), while the Salimi cultivar when dipping in distilled wa-
ter gave the lowest content was 25.14 (mg. 100 ml-1 juice), 
the Shami cultivar at the beginning of storage showed the 
highest range of vitamin C of juice was 30.60 (mg. 100 ml-1 
juice), while the same cultivar at the end of storage gave the 
lowest content of vitamin C 21.24 (mg. 100 ml-1 juice). As 
for the interaction between Chitosan and storage periods, 
the interaction between dipping and non-dipping of fruits 
with Chitosan at the beginning of storage reached the same 
value, which amounted to 28.01 (mg. 100 ml-1 juice), while 
the lowest value recorded at the control treatment at the 
end of the storage period was 21.22 (mg. 100 ml-1 juice). 
It was noted that the triple interaction between the treat-
ments has an apparent effect on the amount of vitamin C, 
as the control and dipping treatments of fruits with Chitosan 
at a concentration 2% was superior by giving the highest 
value of 30.60 mg. 100 ml-1 juice). In contrast, the interac-
tion between Shami cultivar without dipping at the end of 
the storage period gave the lowest vitamin C content, which 
amounted to 18.05 mg. for 100 ml-1 juice).

The anthocyanins content  in the juice (mg. 100 ml-1 juice)
The results of Table (4) showed that the Salimi cultivar 

was significantly superior in the juice content of anthocyanin 
pigment by 3.005 (mg. 100 ml-1 juice) over Shami cultivar 
which gave the lowest pigment content amounted to 1.739 
( mg. 100 ml-1 juice), as for the treatment with Chitosan, no 
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Table 2. Effect of cultivar, dipping with Chitosan and storage periods on the percentage of total acidity.
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significant differences were observed between the concen-
trations of anthocyanin pigment, the storage periods affec-
ted the amount of anthocyanin dye content of juice, as the 
highest value was 2.733 (mg. 100 ml-1 juice) after 45 days 
from the start of storage compared to the beginning of sto-
rage, which was 2.174 (mg. 100 ml-1 juice).

The interaction between the Salimi cultivar and the 
control treatment recorded the highest dye content of 3.146 
(mg. 100 ml-1 juice), while the lowest value recorded by the 
control treatment for Shami cultivar 1.477 (mg 100 ml-1 jui-
ce), The Salimi cultivar achieved the highest content of an-
thocyanin dye for liquid at the beginning of storage, which 
reached 3.692 (mg 100 ml-1 juice), concerning the interac-

tion between Chitosan and storage periods, the control 
treatment after 45 days of storage gave the highest content 
of 2.908 (mg. 100 ml-1 juice), as for the low dye content for 
the same treatment at the end of storage, 1.848 (mg. 100 
ml-1 juice).

The effect of the triple interaction differed between the 
treatments, as the control treatment of Salimi cultivar at the 
beginning of the storage period gave the highest value of 
3.700 (mg. 100 ml-1 juice), while the lowest content of antho-
cyanin dye was 0.657 (mg. 100 ml-1 juice) for the two treat-
ments of dipping and non-dipping with Chitosan together for 
the Shami cultivar at the beginning of storage.

Table 3. Effect of cultivar, dipping with Chitosan and storage periods on ascorbic acid content in the juice  (mg. 100 ml-1 juice).

Table 4. Effect of cultivar, dipping with Chitosan and storage periods on anthocyanins content  in the juice (mg. 100 ml-1 juice).
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The ratio of TSS/TA
The results of Table (5) showed that Salimi cultivar was 

significantly superior over Shami cultivar in TSS/TA ratio, 
where the ratio was 19.59 and 13.1  in both cultivars, res-
pectively, the control treatment (dipping with distilled water 
only) gave the highest TSS/TA ratio of 19.26  compared to 
dipping with Chitosan which gave 13.44, the storage pe-
riods have different effects on the TSS/TA ratio, where the 
ratio reached its peak after 45 days of storage and was 
19.53, compared to its ratio at the beginning of storage, 
which was 11.32.

The interaction treatment between the Salimi cultivar 
and the control treatment gave the highest TSS/TA ratio of 
21.46. At the same time, the lowest percentage was recor-
ded when the Shami cultivar was dipped with Chitosan and 
was 9.167. The highest ratio of TSS/TA for the interaction 
between the cultivar and the storage periods was recorded 
in the middle of the storage period for the Salimi cultivar, 
23.570. In contrast, the highest percentage was observed 
when dealing with the interaction of the cultivar Salimi. Still, 
at the beginning of storage 14.80, the periods of storage 
and dipping with Chitosan had a significant effect on the 
TSS/AT ratio, where the highest value was 25.98 when the 
control treatment after 45 days of storage, while the lowest 
value was 10.93 when dipping with Chitosan at the begin-
ning of storage. The triple interaction affected the TSS/AT 
value, the control treatment of Salimi cultivar after 45 days 
of storage gave the highest value of 28.36, while the lowest 
value of the TSS/TA was 7.397 when dipping with Chitosan 
after 45 days of storage for Shami cultivar.

Discussion
The difference in the measured traits for both cultivars 

may be attributed to genetic differences between the cul-
tivars, as there is a genetic difference between the Salimi 
cultivar and the Shami cultivar, which is consistent with the 
findings of 14, 15, 16 and 17. The increase in the chemical 

content of pomegranate juice (total acidity, ascorbic acid 
content and anthocyanin content of juice) when dipping the 
fruits with Chitosan may be attributed to it forms an outer 
layer around the fruits that prevents the supply of oxygen to 
the surface of the fruit and reduces the respiration process, 
thus reduces the consumption of organic acids in the respi-
ration process, which lead to an increase in acidity and vita-
min C in fruit juice (Tables 2 and 3); 18. In addition, Chitosan 
forms a semi-permeable membrane for gases and water 
around the fruits, thus reducing the transpiration process, 
raising the water percentage, and lowering the TSS ratio in 
the fruit juice (Table 1);19. The decrease in the percentage 
of TSS, total acidity and the content of fruits of vitamin C with 
the prolonged storage and the increase in the accumulation 
of anthocyanin pigment are because fruits, after picking, 
are living organisms and their vital activities continue, the 
goal of storage is to reduce their vital exercise for the most 
extended possible period, and the best methods are using 
cold storage for appropriate periods to protect the fruits and 
maintain their nutritional and chemical properties, and this is 
consistent with the findings of differentes authors20-22.

Conclusions
The results also showed that the amount of TSS, the 

total acidity and the juice content of vitamin C was signifi-
cantly decreased with the continuation of storage compared 
with the beginning of storage at the time when the accumu-
lation of anthocyanin(2.209 ) pigment and TSS/TA(19.53) 
was increased, there was an apparent effect of the interac-
tion between treatments on the storage characteristics of 
pomegranate fruits.
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