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1 - Chilling Injury (CI)                                                                              2 - Punica granatum L. cv. Rabab-e-Neyriz 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

2.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-0

7-
10

 ]
 

                             2 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.2.7.3
http://journal-irshs.ir/article-1-420-en.html


	
�����
� ��� 0��4�� � 	53?���> M1>7 0"�/ ... ��
� ��1�  

185 

  _�������[ �� 0���?7A��   L�2 M*�< �3 J���K/����J��/��2  	�3�::N%3�::� \�::��� :?� �::
3�� A��::�� 	::.���?7 !�::"��K/�� .

01- �3) ��5 67 ���1%2 �::
��
 ��::�? � (�"�::� � ��5 67 ���1% :QR> 	��::�?�� !��::�) !�15	5,��!�::"  � �?� 0"�::/ ��4::1�

 UV��M1>7 ��1� F>�- 	53?���> �3 �"3  ?� T- :QR>30 [60  �90 �::� � 3�> !��3���
� ?�� 	��::�?�� !��::1+� �	5,��::"  �3

4  ?� T- � ��  ?�� :QR>30 [60  �90   .(3�> !��3���
� ?��  

  	5,��!�" ��1� �?� 0"�::/ �:: �3 ?� A��::�� 	>��� 3��� UV�::� [�::"M1::>7 	53?���::>1F1*��KO*� F::.
 ��4::1� [�::"2 [

���"�*7 !3 ��*�� !��K��3  �\��� ��1� F>�- �3 J/ ��41� 41
 � �"�3��!�" J/ \���� ����4J::/ �1>� [5 F�::E
 [�3��!�::" 

�� J/ \���� ���� J/ �1>�6  �	-��7  67 ���1�7 	���?�� ��1� �/ �
3�� �":?� 3�� A���� �"  

� � !��� �"�#  

�1���"   �R��� ?� �3��K>� �� � �
�� _�?�% ���
� ?� ���V ?� T- � J�<��? ��1� �?� 0"�/ � �3 :�� ��>��� �"  

  

  

 $%�&'�() *(	
 �+# ��,(  

    ���V ?� T-��1� �"�
�V3�> ?�  A�� �� !�15���< �72 Z�::%� !�::�3 �3 F��::> [��1� ?� ���::/�" ���::O% �::" !�::"?� ��::�* 

�
�.
!�" �2���� 67 ��
��  ?�F>3 �� 	"3��H<� � ��� !IK�����F>�- 	 �::�K��5 ���::< 	��::�?�� 3��� �  �:: �3 �::� �::��% �::�

>71M3�����3 	5!��� !���?�1K�� � �
��: ��1� [��::  ?�::1K�� A��EV ���� !�"��1���::" 	::*� W::� �::� 	25 % M1::>7 	5��3

 ?�1K��1 [��1���" �� 	26  	*�50 M1>7 % ?�1K�� 	5��32  ���1���" M1>7 ��41� �� 	51  %01� �� ?�1K�� �%3 .  

�3  UV�� F��H
��/a� ) �� ��>��� ���O% �" !��� ��? \���� ?� �3��K>� ��33:(  

  

  

*���,-.�� */0*(	
 ���  

 F::>�- ?����1W::E�3 ���::O% �::" �3 3�::��� !�::" �::R< �::� 	��"10 �	�1 .�::� �::1H% �::K� �::� S�::>�b��McCollum   �

McDonald )22 (?� �3��K::>� �� ��IK::>3� �z/�::%� [�O1::� !�" F���") 	::O��KO*� y�::>Model 644, Metrohm, Swiss ( �3 �3

��9��  J/ F.
 � �1*�� F.
�?��
�5F1*��KO*� F.
 � �3 ��? \���� ?� �3��K>� �� .�� !�1 !�:: �3 A��::  �::� ���::O% �" !�"

�� ��>��� J/ F.
 ?�.  

  

�	��� ��	-1��#�2����) )MDA( �	�� *(	
  

  ��*�� J1O::.% ��4::1� 	��::�?�� �::� [F::��� �3 	��::.
 !�"�::1�1* ��1::>��1E/��- ��4::1�!3�::��"�*7 )�::������  \�::N��

 b�� �� (!�1�1* ��1>��1E/��-Heath  �Packer )12�1>� W���K1�����1% 3����/ �� � (8 �������  _1::1Y% 0�::/�� M�::E� �3�::�

 �K��%����KO�::>� ��IK::>3 ?� ��::q�� _::�� !��� .��(Biowave II UV/vis Spectrophotometer, Biochrom Ltd, Cambridge, 

UK)  .�� �3��K>� [��*�� !��K��!3 	����V M��r ?� �3��K>� �� �
��
 �" ���"�*7155  �::K� 	K
�::> �::� �c�::� 	�1� ;::/ �::� �

 !3�� ���+� �3�/ ��
��V �3 ���600  �3 6a� !3�� ���+� ?� �K��
�
532  � ��>��� �K��
�
ME9�� ���O1\��  ��::5 �::" �3

.�� b��45 �?�% �?�  

�	�� *(	
 5� 6	78 ��	-1�  

  ��K�� b�� S�>� �� J/ \��� !Velioglu ) ����O�" �37 e�::Y� ?� �3��K::>� �� (�K*�/�1::> _1*�::�9  ��4::1� .�::� 0��::>

 �3 �
��
 �" 6a�\�2 ��� 750  �K��%����KO�>� ��IK>3 �� �K��
�
 ��
��VFq�
 6a::� ��4::1� _1::1Y% � 0��::> �� .�� !�::"

 

1 - CI index         2 - Electrolyte leakage (EL)         3 - Malondialdehyde (MDA)          4 - Total soluble solids (TSS)     

5 - Total acids (TA)            6 - TSS/TA             7 - pH             8 - Thiobarbituric acid (TBA)         9 - Folin-Ciocalteu 
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Fig. 1. Fruit weight loss and peel CI index in control (dipped for 4 min in distilled water at 25 °C) and treated 

fruits (hot water dipped for 4 min at 45 °C) after different cold storage periods (at 2 ± 0.5 °C and 90 ± 5% 
RH) + 3 days shelf life at 20 °C. Data are means of 4 replicates ± SD. Bars with the same letters are not 
significantly different using LSD test at P ≤ 0.05. 
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Fig. 2. Electrolyte leakage, MDA and total phenol contents in the peel of control (dipped for 4 min in distilled 

water at 25 °C) and treated fruit (hot water dipped for 4 min at 45 °C) after different cold storage periods 
(at 2 ± 0.5 °C and 90 ± 5% RH) + 3 days shelf life at 20 °C. Data are means of 4 replicates ± SD. Bars 
with the same letter are not significantly different using LSD test at P ≤ 0.05. 

 JO�2- F1*��KO*� F.
��*�� !��K�� [�"!3 � ���"�*7\��� ��1� F>�- �3 J/ 67 �� ��� ���1%) �"�� ��
� !�"25  �::��3S�1::E�>  �::�

 A��4  ��5 67 �� ��� ���1% � (�+1<3) 6745  ���3S�1E�>  A�� ��4 ���3 ?� T- (�+1<3 3�::> ���
� �3 !���HI
 A���K� !�"

 !��3)5/0± 2  ���3S�1E�>  	�E
 F��2� �5 ±90  (� �3+ 3  !��3 �3 !���HI
 ?��20  �::��3S�1::E�> !3�::�� !�::"��� .

_1I
�1� ?� ��1Y� e���
�	� ��.
 �� �" ���?7 S�>� �� .��"3LSD��K> [ !���3 !�"e�9!�"  ���::.����::� A���%	::�Y� !�::" ��3

 \��K9� QR> �3 !���75 .��KE" � �3 

 

	
�����
� 

Storage (Days) 

 

F
1*�

�K
O*

� F
.



�" 

E
le

ct
ro

ly
te

 l
ea

k
ag

e 
(%

)
 

) 

�
�*�

� 
!

��K
�

�
!

3
��

�"
�*

7
 M

al
o
n
d
ia

ld
eh

yd
e 

co
n

te
n
t

 

)
F

W
 

1-
µ

m
o
l 

g
( 

J
/ 

\
��

�
 T
o
ta

l 
p

h
en

o
l

 

)
F

W
 

1-
m

g
 g

( 
�"��             

Control 

 ��5 67 
Hot water 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

2.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-0

7-
10

 ]
 

                             6 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.2.7.3
http://journal-irshs.ir/article-1-420-en.html


	
�����
� ��� 0��4�� � 	53?���> M1>7 0"�/ ... ��
� ��1�  

189 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
Fig. 3. TSS, TA, TSS/TA and pH in the juice of control (dipped for 4 min in distilled water at 25 °C) and treated 

fruit (hot water dipped for 4 min at 45 °C) after different cold storage periods (at 2 ± 0.5 °C and 90 ± 5% 
RH) + 3 days shelf life at 20 °C. Data are means of 4 replicates ± SD. Bars with the same letter are not 
significantly different using LSD test at P ≤ 0.05. 
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1 - ’Mollar de Elche‘                                      ٢ - ’Rojo Brillante‘ 
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Alleviating Chilling Injury and Extending the Shelf Life of Pomegranate 

Fruit cv. Rabab-e-Neyriz by Pre-Storage Heat Treatment  
 

L. Taghipour*, M. Rahemi and P. Assar11 

 

 Efficiency of the pre-storage hot water dip to prolong storability and maintain the 
quantitative and qualitative traits of the cold-stored ‘Rabab-e-Neyriz’ pomegranate was 
evaluated. Fruits were stored at 2 ± 0.5 ºC and 90 ± 5% relative humidity for 90 days. The 
experiment was factorial based on a complete randomized design with 4 replicates in each 
treatment. Experimental factors included pre-storage heating for 4 min (at two levels: dip in 
water at 45 ºC, and distilled water at 25 ºC as control) and sampling time (day 0 followed by 
30 days intervals). The weight loss and skin characteristics assessed remained unchanged for 
up to 1 month, which was related to the internal ability of the fruit skin to acclimate to 
chilling temperature conditions. Afterwards, significant increase in chilling injury indices was 
happened. After 90 days of storage, treated fruits had higher (63%) total phenol (as a non-
enzymatic antioxidant index) and lower (42.53%) malondialdehyde (MDA) contents in their 
skin compared to controls. Furthermore, the treated fruits had a 23.63% lower weight loss and 
lower chilling injury symptoms, but their quality characteristics were the same as the control. 
Keywords: Hot water, Pomegranate, Cold storage, Storability indices, Fruit quality. 
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