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Fig. 1. A: Clementine fruit (A), Khoram fruit (B) and dimensions of Khoram fruit (C). 
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1- Aspect ratio      2- True volume     3- Apparent volume     4- Total soluble solid (TSS)      5- Total acid (TA)     

6- Technology Index (TI)    
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�>?�  Q�M �HK# � �� 	8 ����>?� Q�0,�:  
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Fig. 2. Physical characteristics of Khoram mandarin fruit in comparison of control (Clementine).  
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Fig. 3. No. of seeds and Easy peeling of Khoram mandarin fruit in comparison of control (Clementine).  
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-1 Citrus aurantium   2- Poncirus trifoliata × Citrus sinensis  3- Poncirus trifoliata   4- Poncirus trifoliata × 

Citrus paradisi   5- Poncirus trifoliata cv. Flying dragon 
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A��� 1- �9��F �"�0  � �7� .��=����=� H
� 5?�+ �9�� ;
��
	 ��: �0 �-���P �� ���� ;
��
)	 <
���=9/ ( ���0 �0

 .	
�����
�  
Table 1. The percentage of weight loss and peel chroma of Khoram mandarin in comparison of control (Clementine 

mandarin) during storage period.  
����= 

Chroma 

�7� .��= 

Weight loss (%) 

23�  

Cultivar  

  	
�����
� ���0(7��)  

Storage period (day) 

b 67.99 d† 0.00 Clementine 

0   
5��0�� ���7  

Harvesting time  

b 68.38 d 0.00 Khoram  

b 67.9 b 8.36 Clementine 20 

b 70.2 c 4.13 Khoram  

a 73.04 a 17.71 Clementine 40 

b 69.55 b 8.20 Khoram  
†�0 ��� � ��<? ��� 23� ��1 �9;
�9/��� ���0� 8�]��� X��!<�1 �� ��_��;  X��!$��0��4�� �
��0 )0 ���7D �0 1/_
� `W?A��<]� 5%(.  

†Mean values with different letters in each column for each variable and cultivar are significantly different (P≤0.05, 

Duncan test). 
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5?� �0�0 ��)
  ��F9� �=TSS 	� .��F�� A�-$�+ �0 ����6;
 ���0 .��F�� �� ����)2(.  

 ��F9�TA A�-$�+ �0	� .��= 5��0�� ���7 �0 �9:�$ �� �� �D [9,0 .���� 5���
��0�����  ��9� �0 ����3 �� A�� � ����

 5a�
 �= 5?�T9=�$��� 	� .��= �� ��9?�	3�� 5:�0 ��� ��9� ��
��f .��0 ��F9� 0�)
 5��0�� � ��
��TSS  � .��F��

TA  �<��� .��= �= ��9� 	B�9?� .9� T�?	� .��F�� � �<��9?� .��= .0��TSS  T?���8�Z�����= ��9� �= 5?� 	���

	� �� /��9� 24@ ����9� � �
��P+	� 5��0�� �$��0 �= 	��� �
��5��0��0�7 �� 5�P
) (��.9��$ 8�Z� ��P+ 0�������= ��

��<P� )7 .(   

�>?� $	�� $?�@A  

23����  �a
 7� /9<
���= � ��: �"�0KD��9�  X��!$��0��4���<��0 2� �� �1  �� �� ��: �_���@45/48 %  /9<
���= 7� �$J��

 ��12/40 %  A���) 0��3 ������9$ 15��0�� ���7 5���� .( y+ U��FB .0��0 �9z�$ ��9� KD ��F9� �0 23� 	B*�� � 5��0�� 7�

 ����"�0 ;
��
 ���Z�	 ����� ����0 �0 95/43 ) ���+ ��� �$ (k
��
43/53 % ) ���+ ���) 0�� (�����<9?14 	)��*+ 	@ .(

�"�0  ���Z�23���� ? 1��P��$97���  � ��0�-� �= �� �P��-� �����D��  T9$�$ ��52/34 151/33 16/41 % �� U��FB )15.( 

 ��F9� ���Z�45/48 % ���� ;
��
	 ��: � � 5?� ���$ [��3�/ ��)
 S�c��� �0�� T?��� ����0�/  23� ��F���7�$ �� ���:

���� KD 54�"�9��B9�5?� �.   

�8 P� �EC $	�� $?�@A  

 ��F9�pH  ��9� ��7 �9z�$ ����z� .5��B ���3 23� � ����6;
 X�� �0�?	+ �� ��9�20  ���-� �� 5��0�� 7� �4� 7��91/4 

.9��$/�  .0��2�/9�f pH  ��: 23� ���Z�2=�$ )34/4) /9<
���= 7� (94/4A���) 0�� ( ���2  �3 .(�9��F pH ?� ��9���< 

 �f�� � 0��0 y_� �W���pH  ���� �<�=�9��F ?�9���� ,D	 � X��=�� �0 0����9�<)  .5?�������/��$ ?�9�,D	  �0 0����

 X��=��?�9� ?9�<�l 5?� )12( .��: 	;
��
 �0 F9
  ����99I$pH  �� 5�P
TA 2��<��� 7� ["�] k��<
 �� �? /9)9+ ���

0�� )12 113(.  
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 ��@ �� 23� �� �<P� ��9� ���Z� 	_��<_,� 5������0��4�0�� X��!<� ��� 1  ���-� �� /9<
���= 23� �0 �_���@81/2  7� �$J��

 ���-� �� ��:75/1 �9�	7�y�� <
�? ��	�<�  A���) 0��3 	���FB �0 .( ��F9�EC  �0 �0 ���+ k�+ ��� ����� 	;
��
����0 

44/2-2 �9�	7�y�� <
�? ��	�<� 5��0 ���3 )14("�: .95 ����5 �<_,��_	 0��D��� � 7�9��F 
�4� �"���	  ���Z� �0 0����

�9��  ��_ <?� ������0 �<:����  5����9�� 5?� )36 .(�������/1 �F���. ��/ � E:��	�
��$ ��)
 �����0 T��e$ ����0�<:�� ��

� 5��� ��� ��
 �0 r��P$ �9�� .���� i�?� /�� �� 	��= 5��B ��9<
 ���$ 2�P�� 5��� ��: 	;
��
 /9<
���= �� 5�P
 ��$

.5��0  

  

 A���2- �99I$��� 	B*�� 	:�� 	��9�9� �����9� �0  23�	;
��
 	@ �����
�	
.  
Table 2. Changes in some chemical characteristics of fruits of two mandarin cultivars during storage. 

pH TSS/TA �0�����  ����

A�� �  
TSS (%) 

(7��) ����6;
 X�� 

Storage period (day)  

b 4.67 b 19.98 b† 11.47 0 (Harvesting time)  

a 4.91 a 23.21 a 12.9 20 

c 4.35 a 25.95 a 13.13 40 
†�0 ��� � ��<? ��� 23� ��1 �9;
�9/��� ���0� 8�]��� X��!<�1 �� ��_��;  X��!$��0��4�� �
��0 )/_
�0 ���7D �0 1 `W?A��<]� 5%(.  

≤0.05, PMean values with different letters in each column for each variable and cultivar are significantly different (†

Duncan test). 

  

 A���3- �	B*�� 	:���9� 	��9�9� ��� (/9<
���= 	;
��
) ���� �� �P��-� �0 ��: 	;
��
.  
Table 3. Some chemical characteristics of Khoram mandarin in comparison of control (Clementine mandarin). 

A��� 5��B [= 

Pulp 

phenolics 

(mg.g-1FW) 

 5����

	_��<_,�  

EC 

(mS/cm) 

pH TSS/TA �<9$ [��3 �9?�  

TA (%) 

�0����� 

A�� � ����  

TSS (%) 

�"�0 KD��9�  

Juice percentage 

(%) 

5?�+ 5��ec 

Peel thickness 

(mm) 

23�  

Variety 

a 0.4 a 2.81 a 4.94 a 26.16 b 0.45 b 11.66 b 40.12 a† 2.88 Clementine 

b 0.37 b 1.75 b 4.34 b 19.94 a 0.68 a 13.34 a 48.45 b 2.26 Khoram 
†�0 ��� � ��<? ��� 23� ��1 �9;
�9/��� ���0� 8�]��� X��!<�1 �� ��_��;  X��!$��0��4�� �
��0 ) �0 1/_
�0 ���7D? `WA��<]� 5%(.  

†Mean values with different letters in each column for each variable and cultivar are significantly different (P≤0.05, Duncan 

test). 

 

���S 7����$	�� 7M	( � 7 	8 ��������  

	<
D 59��O ��0�-� 	�= ��@ �� 59��O ���-� ���0���
� ����+ �0 .0�� �$J�� 5��B 7� 23� �0 �� 5?�+ 	
��9P=�

	<
D) 5?�+ 	
��9P=�85/32 %) 5��B � (63/26 % �� ��: 	;
��
 (��0��4� ��@ �2=�$ /�� �� .0�� ���� 7� A�]1  5��B

 ���-� �� ��: 	;
��
29/34 %  7� y+20 	<
D 59��O /��$J�� ����6;
 7�� 59��O ��F9� ���0���
� ����+ �0 .5��0 �� 	
��9P=�

	<
D9P=�� �� ��: 5?�+ � 5��B 	
�2=�$A���) �9?� ���-� /� 4 .(  

.��= 59��O 	<
D	
��9P=� ��9�  X��=��	@ ����6;
  	
J�@X�� �� �� .��= T9=�$��� ���,	 � /9��<�� C  �0�D�� 

 5�P
0�0�� �
 �= �0 �<)9�A�_�0�� �0��
 	��: 56� 7� 	��
 ��9,�$ ��� 7�? � 5:�?	� �0�!<?� ��9� 	49�@ �
��)18(. 

2�/9�fA��<]� �� 1 I$ ���99 ���F9 =�$T9��� ���0� ,�4�59 <
D		
��9P=� � ^����	0�� <
 �=��9 I$ �7�? � 5:�? ����99

 X�� �@ y!�$	 ) 5?� ���0���
� ���030.(  

*	J� 7M	( � 7 	8 G� $	��  

�
��
 A�� ���7 �0 F� �� ��F9� �= (2<P9� 7��) ���
� 7� ���0��A��� [=  ��: 	;
��
 5?�+.9��$ 0�� ���� 7�1  ���7 �0

 �D ���-� ����6;
 ����+ � 5��0��2=�$ A���) 0�� ���� 7� 4 .(�+ .��=	A���� ��	,0 �� �
��$9[ ,��<]� .��=	  �0 ��

=�$9T  l�����= � l9,��� �9?�] �09/  ���� ��9� [��= ��9?� �$���� )30( . ��F9� �a
 7�A��� [=1 ��9� 5��B  	;
��


 X��!$ /9<
���= � ��:��0��4�A���) ��<���
 2� �� ����6;
 	@ � 5��0�� ���7 �0 � 559�= �a
 7� �_��� ���$ [��3 .(1 
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 ��F9� C?�<�A���  [= 23� �0 �� ��9� 5��B.9��$  .0�� 5?�+ 7�[��-� �01  �= 5?� ��� U��FB 5���
�	�+A��� �0 ��

 C������9:s /9��+ ���0 �0 �7�?A��<]� �� e?�+ ����� ��	 ���� ��B7�?C���� � ��0 .5?� 0�?� �+9�/ �	 t��� �
��$

�-$�5 =�$9T��� ,���	 
�_� ����� ��92P ���0	 56� �
�B ��6���� A�4� P=�9�* )ROS( �� � �W?���/  .�$0�� )28 .(  

  

A��� 4- :��	 ��B*	��� 7�5P�9�9�	� �9�� ;
��
	 �-� �0 ��:�P� �� ���� ;
��
)	 <
���=9/ (�0 ���7 5��0�� �  �0

 .	
�����
� ���0  
Table 4. Some biochemical characteristics of Khoram mandarin in comparison of control (Clementine mandarin) 

at harvesting time and during storage. 

A���5?�+ [=  

Peel phenolics 

(mg.g-1FW) 

	<
D 59��O 	
��9P=�

 5��B 

Pulp antioxidant 
capacity  (%)  

	<
D 59��O 	
��9P=�

5?�+ 

Peel antioxidant 
capacity  (%)  

23� 

Variety 

(7��) ����6;
 X�� 

Storage period (day) 

cd 0.15 a 38.6 a† 46.84 Clementine 0 (Harvesting time)  

e 0.04 bc 27.97 a 39.85 Khoram  

b 0.22 bc 30.75 a 42.15 Clementine 20 
a 0.41 ab 34.29 a 46.74 Khoram  

bc 0.2 bc 27.68 a 42.72 Clementine 40 
d 0.11 c 26.63 b 32.85 Khoram   

†�0 ��� � ��<? ��� 23� ��1 �9;
�9/��� ���0� 8�]��� X��!<�1 �� ��_��;  X��!$��0��4�� �
��0 )�0 1/_
�0 ���7D  `W?A��<]� 5%(.  
†Mean values with different letters in each column for each variable and cultivar are significantly different (P≤0.05, Duncan 

test). 

  

�,����� C  

 �0�0 i�?� �� A��� ���5  ��F9�����<9/ C  �99I$ ����6;
 	@ � 2� �� 5�P
 	;
��
 23� �0 ����0��4� �a
 7� .5���
 �

�� 	�= �9
 ��@��0��4� ��F9� �����<9/ C  ��: 	;
��
2=�$  .0�� /9<
���= 7� 5���
�����<9/ C  C���� �� .9+ F9
 5��0�� 7�

 ��F9� 5?� ��� U��FB .0��0 	;<P�����<9/ C 5��0�� ���7 .��F�� ��1 	� .��F�� .����2��� ��9� /9�f5?� � �=  0���

 �$J�� ��
 X��	@ � ��� [Z�	 �
��$�9��F ����<9/ C 5��� �0 ����� B9��	 �F���. �0� )26( . 1A��<]� ���F���. 	�F� 

� ���-����<9/ C ����6;
 	@ �	��
 �
��$	  7�5:�? 3��	��
�� �D  C?�$+9.��7�?� ����<9/ C ����  ���0� �0 �=

5P�7 5:�?��9�  y+5��0�� 7� �0  ���0���
� ��]�� ����)�	�0�� )7 .(  

  

 A���5- �9��F E:����� 1H
� A���[= 5��B � /9��<��C �9�� ;
��
	 �-� �0 ��:��P ;
��
) ���� ��	 
���=<9/ 5��0�� ���7 �0 (

@ �	 ���6;
�. 

Table 5. Amount of color indices, pulp total phenol and vitamin C of Khoram mandarin in comparison of control 

(Clementine mandarin) at harvesting time and during storage. 
 /9��<��C 5��B 

Pulp vitamin C 

)FW1-mg.g( 

A���5��B [= 

Pulp phenolics 

)FW1-mg.g( 

 H
� E:��

X��=�� 

CCI 

0�7-	�D  

b* 

F��3-F�?  

a* 

H
� ����7 

hue 

	������ 

L* 

23�  

 

Cultivar 

	
�����
� ���0 (7��) 

Storage period 

(day) 

a 65.05 ab 0.38 a 8.7 b 60.82 b 30.36 a 63.49 a† 57.48 Clementine 0 (Harvesting time) 
a 65.3 b 0.35 a 10.15 b 59.54 ab 33.54 a 60.59 a 55.67 Khoram  

a 77.05 ab 0.39 a 10.31 b 59.02 ab 33.57 a 60.33 a 55.39 Clementine 20 
a 67.05 ab 0.37 a 9.98 b 60.96 a 34.51 a 60.43 a 56.85 Khoram  

a 71.05 a 0.43 a 9.15 a 64.56 a 34.06 a 65.52 a 57.89 Clementine 40 

a 66.55 ab 0.39 a 10.07 b 60.51 a 34.25 a 60.46 a 56.35 Khoram  

†�0 ��� � ��<? ��� 23� ��1 �9;
�9/��� ���0� 8�]��� X��!<�1 �� ��_��;  X��!$��0��4�� �
��0 ) �0 1/_
�0 ���7D `W?��<]�A 5%(.  
†Mean values with different letters in each column for each variable and cultivar are significantly different (P≤0.05, Duncan test). 
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�C�,<?� ��� $	��  

 �0�0 i�?� ��[_�) �*�� ���-� ��� 4��0�-� 7� 	]�@ �;
�9� �= (  ��� /99�$ [=��� ��9?� �  ���? �� ^��$�� �0 �!,��

�!,��5?� ��1  0��4$2 �!,�� ����� �� 	�"� �!,�� 7� .9� �= �$�� ���60 % �	� [��� �� 	4��$ y
����7� .9� ���]) �
�� 

60 % 	� X��q@��� K�e<
� (������
  [_�)4(.   

�0�0 	���7�� �� ��F�$ U�� 7� �0�!<?� �� �= 	P] �����!,���� 	B*�� /9� ^��$�� 	?��� ��_�� 5��B ���
� 	�"���� 

	� 2���� �� ��� o��4$ 	P]��=1 ���� �0 �_���@ �� 	�"� �!,�� �� F9,�
D (PCA) 	B*�����	 	� ���3 2� ���= �0 �= �
�9B

��9� �B2�	;<P�  l�0F
�D��  � 5?� 2� ��	B*�����	� ���3 2� y_� 56� �0 �0 �= 	 �
�9B2�	;<P� .�
��0 2� �� 	!�� 

1�V,  ��9B���3 [ � i�?� ��	B*����� �7��
� 	P] �0 ��� ��9B [_�5  �= �� Ee)�2�	;<P� 	B*�� /9� 	�J�� ���

@ 7� .0��0 0��� ��9� 	�= U��V+ �� ��9� K��W�� 	�2�	;<P�  /�� /9� 	!��	B*����  �	B*�����	  � 	e�$ 1	�4@�� ��f

 .�� ����)� 	��$ 

  

  
Fig. 4. PCA eigenvalue plot. 

[_� 4- ��0��
 ��0�-� �*�� �� l� 7� �!,����.   

 

 ��0��
PCA  [_�)6.9� �= 0�0 ��)
 (�
��
 �$ �= ��: ��9� ��� ���=�� �
�� r3�� ��0��
 5?�� 5�? �0 �
�� 	P]

 �0 �=�D�� 	B*��[��-� �0 .5?� T,�
 ��9� 	�= U��V+ � 5��B � 5?�+ K�: ���O 1	���9� 124@ ��f 	P] ��1 �
��
 ���

 ��: � /9<
���=4 .9���0��
 �J�� � �f 5�? �0 �$ 	B*�� �= �
�� r3�����  �0 	e�$ � 	�4@�� 1	��$�D��  .5?� T,�


.9��
��
 �$ A�� �-�] �0�� � �0 F9
 /9<
���= ���	� �����2� .5?� T,�
 �D �0 	��$ 	B*�� �=/9�f1 	B*�� ��f 	���

 K�: ���O 1	���9� 124@�
��
 �0 5��B � 5?�+ ���1  �$3  ��:(Kh1, Kh2, Kh3) �� ^���� �=  5?� ��9� 5��0�� ���7

 [_�) 5?� T,�
 (��0 �-�])6.(  

T9=�$ ��F9� /9� �W��� �= X�<?� [9$� � �9u�,�<?� 1A�
�$� 7� 	�94� ��0�-� /994$ 8�� �� 	P] 	���7�� � ��9�e$ ���

 �z�� X��=�� �7�$ ��9� 59!9= ���5?�1 ) 5?� ��� 	?���20 �� ^���� X��=�� ��9� 	�4@�� .( ����9,�$ y!�$ 7� 	��


T9=�$ 7� �;�0 	:�� � �9u�,�<?� � A�
�$� ��
�� �7����9
T9=�$ /�� ���-� �� 	;<P� 	�4@�� X�� �= 5?� ���� ��� S�
 � ��

��� U��FB .0��0 23� � ��9� 5?� ���-� �= �
 24@ �9u�,�<?� 7� 	�94�X�=��� 	;
�2 �f�B .0�0 �-$�� ��1 T9=�$ ���?�� ��
�� 

TSS  �TA ) �
�z�� 	�4@�� U��V+ ��F9� �0 � �<��0 59��� X��=�� ��9� 24@ �024.(  

 

1- Murcott 
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Fig. 5. PCA eigenvector plot. 

[_� 5- ��0��
 ��0�� �*�� ���� �� �!,��.  

  

  
Fig. 6. Score plot for each observation. 

[_� 6- ��0��
 	�07�9<�� ���� �� ����)�.  
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Fig. 7. Symptoms of peel disorder of Clementine (A) and Khoram (B) mandarins at the end of the storage period.  
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Physicochemical and Sensory Characteristics and Bioactive Compounds of 

Khoram Mandarin at Harvest Time and During Storage as a Newly 

Introduced Cultivar  
 

J. Fatahi Moghadam*, S. E. Seyedghasemi, H. Taheri, K. Najafi11 

 

 

In this study, with the aim of final evaluation to introduce the cultivar, the fruits of Khoram 

mandarin (Citrus reticulata ‘Clementine’ ×C. sinensis ‘Hamlin’) were used as a new cultivar 

and Clementine (Citrus clementina Hort. Ex Tanaka) as the control. Fruits were evaluated at 

harvest time and 20 and 40 days of cool storage for two years. Results showed that the size and 

weight of Khoram fruits was less than Clementine (control). Khoram was more spherical with 

easy to mid peeling. Weight loss of Khoram fruit during storage was lower than control. Color 

indices as L*, a*, b*, hue, and CCI of peel in both cultivars were not changed significantly 

during storage. TSS and TA levels in Khoram fruits were higher than control. The juice 

percentage of Khoram fruit was higher (48.45%) than Clementine (40.12%). Khoram fruits had 

the highest antioxidant capacity (34.29%) after 20 days of storage. Phenolic content of Khoram 

peel at harvest time and at the end of the storage was lower than control. The vitamin C content 

of both cultivars was not changed significantly during storage. Sensory traits such as taste, 

sweetness, peel and pulp appearance, and overall acceptance were dominant in Khoram fruits. 

In general, Khoram cultivar is suitable for freshness, moderate storability, good taste, high juice 

percentage and optimal nutritional value.  

Keywords: Antioxidant, Cold storage, Fruit quality, New cultivar. 
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