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Parts of Sour Orange Fruit (Citrus aurantium L.) During Maturity Stages 
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3- Phenolic compounds     4- Antioxidant activity      5- Flavonoids        6- Flavonoid glycosides     ٧- Terpenoids 
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١- Gallic acid        2- Limonene     3- Hesperidin       4- Neohesperidin     5- Naringin   6- Routine      7- Endocarp       

8- Narirutin            9- Tannins         10- Ethyl acetate        11- Gallic Acid           12- Flavedo            13- Flavanone     

14-  Over-ripe         15- Albedo     
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� ��46 .��

P1� �40� X4.�6 O�7N� �� P��6 ���h �D�"70� D��� D���
�70� ����� �� �D�D �	�4� @��# �� �  ��6 �D �40� X4.�6 ��6

) �� ��4� X+Y �<�30.( �<��
�	7
= P4.�U� ��46���E� 	
��4L?��  �D ���<= K�0� ��	-	-��٣   �D�? ���k� ��005 

�4��8�74. ���E� <�  ��5 	�4��74.  I��!��D	-	- ��)004/0 D �� ���
� (�#�)22.(  

  

 

١- Quercetine                                    ٢- Folin-ciocalteu                            3- DPPH, 2,2-diphenyl-1-picryl hydrazyl 
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�&��/� ���*(/��5/#��� ��6���4�7 ��6�� �89� )pH (� �"����� ���� <4�� )TSS(  

  �<��
�64�� �7!��� ����?4>  l�� K�0� ��Dere ����8�  � )9 � I�
�7� IQ5 <� �D�"70� �� ( ��
��Y�4��9 I�B �D TS� 

x��� � 470 ;653  �666  ���
� �7��
�
.�� 	- �� ��p70D <� �D�"70� �� ��4� T=pH  I��) 	 �p+���<= �7�AZ86P3 (

�<��
� ��46P��D�� �D .�� �0 ���8% �  �D O�7N� ��  M
��Y PF� .�� ���
��<��
�64� ��D����   �  �D ;I��!� ����

T= <� ��ih X� ��94� ;P��D�� <� ��5��  ���� � ��� z�#) ��4�[4?�%��   (�Z�<���  ��p70D :�0��h I��) 	.�74��DMA 

871 <� V- � �� ���k� ( �0 �� V8��� [L5 �� �
��
 D�� ��� P��2 M
��Y.��D�6 P��DD�� ���8% �  �D  

���!�� �#��' 

 ���?��  ����=�D�D�  ��
 <� �D�"70� �� ��9��JMP   �NL
)8 �� ���
� ( �`4p
�4� �L��/�	?�% ���<= K�0� �� �  )Tukey's 

test I��75� |i0 �D (5  %�� ���
�.  

����� )*�   

6=$%( #��%./� �*3%���� +�%&,�
���% �#�>� ?/#�/ �4��  

 ��47
��  9�% <� >#�5�� ����V
� 	6,����  �4��4�4�	� ���E�  :
��
 ��4� �? D�D ��+
 �� � ���4% �42�%��  	6,����  

�<��
�64� ���� )�
�Q� � ��Q�� ;� [4?�%��  	.���.�U� �#�D ;>?4P 7
=	L?�4
��� 	 Z�
�Q�4� >?( �D  I��75� |i01% 

�U�	 ��DP0� ��� )��47
�  P0� ��+
 �Z���.( 

��@�$ 4/�A7 � ��A7 ��6�� �- ����# (�B��< C! ��D4/�A7 � E��/� #"?/#�/ �4�� F��1� ���  

  ��47
��   �D I�
�Q� � ��Q� ��94� �44W% �� c����MN� I��� �D J��� >5��� �D :
��
 ��4� O�7N� �� 1  ��� �D��=

	� �� �+� �? ��i
��  .P0� M �? {.�� ��40� ��5�� �% [4?�% ̀ �� ��94� J��� 	B ;(�D�Q�) ��4� 	
��4� P0�- MN� �D D��

 MN� �D .P��� M��9�� 	�? ��40� ��4L� ��5�� �D VR0 � P������4R0  ��5�� �D ;(��4�.=) �� ��40� ��4
 ��4+4� D�Y ���/�

) �40�200/1 	�4������ M �? VR0 � (X+Y �
��
 ��6 �D ��6 �
��
 �D .P��� ��4� >5��� `4� ��4� T= � �.�"% �� 

	�U� zQ7Y� {.�� ��40� ��4� �% K��
 �1
 <� ���D����=  ��5�� �D �? 	.�5 �D P���
 D�����4L�  ��40� @�� �� M��9��

.P���  ��4� J��� 	B I�
�Q� � ��Q� ��94� ;�S� �
��
 �DM��9��  I�
�Q� � ��Q� ��94� `��7+4� ;���
� m�
 <� �1
 z�# .P���

)488/0  �473/0 	�4���6 ��6 �D��4
 � K��
 ��4� �� ���4% �� c���� (��40� ) ��94� `��7�? � D��150/0 	�4���6  �D

��60� ��4� �D (�<��
� {.�� ��4 ��5�� �D � �� ��46��4L�  [4?�% `�� ��94� ��40� �����D ��5�� <� �1
 z�# .P��� M��9��

) I�
�Q� � ��Q� ��94� `��7+4� ;J���848/0 	�4���6 ��6 �D �
��
 �� c���� (	
��4� P0�-  �
��
 �= <� �U� ����4R0  �D D��

) ��94� `��7�? �? 	.�5082/0 	�4���6 ��6 �D I���) D�� �S� �
��
 �� c���� (1.(  

   ;>? �4Z�
�Q� �1
 <� �� �2�	�U� P"# `�� �� � ���4% >��/7� � �D�0 I���) P0� ��� ��D1 �
��
 �D �? ���B �� ( P0�-

���4R0 � 	
��4� � P��� M �? [4?�% `�� ��94� {.�� ��40� ��4� �% K��
 9�0 ��5�� <� J��� 	B  ��40� ��4L� ��5�� �D

.P��� M��9�� ��0�
 �.�"% �
��
 �D ��  � M �? ��7�� [4?�% `�� ��94� J��� P��+4- �� �? ���B �� D�� �7+4� [4?�% `��

) P��� M��9�� ��40� ��4L� ��4� �D � M��9�� 	�? VR0750/22 	�4� ��6X+Y �
��
 ��6 �� P��+4- �� ��4� T= �
��
 �D .(

M��9�� [4?�% `�� ��40� ��4� ��5�� �% J��� ��4p�+G  P��D <�)743/2  ��923/11 	�4���6 ��6 �D (D ��5�� �D �? 	.�5 �

) P��� M �? ��40� ��4L�845/0 	�4���6 ��6 �D	�U� @��"% J��� I�� ��5�� �0 �D �S� �
��
 �D .( D��� ����= �1
 <� ���D

��7+4� ;�
��
 m�
 <� �1
 z�# .P��� M��9�� �= ��94� ��40� ��4L� ��5�� �D 	.� P���
) >? �4Z�
�Q� ��94� `114/17 

	�4���6 ��6 �D ��4� �� c���� (��4L� 	�U� zQ7Y� � D�� ��40�.P���
 D��� >5��� ���0 `4� ����= �1
 <� ���D  
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I��� 1-  �4��9 [4?�%��  ��Q�; �
�Q�I  ��
�Q�4Z� >? MN� �DJ��� O�7N� >5��� �D :
��
 ��4� O�7N� �� . 

Table 1. The content of flavone, flavonol and total flavonoid in different parts of sour orange fruit during different 
maturation stages. 

�
�Q� � ��Q�I  >? 

dry weight) 1-g Flavon and Flavonol (mg   
`4p
�4� 

Mean 

T= ��4�  

Fruit juice   

�S�  

Seed  

�.�"%  

Dross  

���4R0 

Albedo  

 P0�-	
��4�  

Flavedo  
  

A0.49 g0.181  hi0.030  hi0.068  b0.895  a1.266  ��
 ��4�K 

Immature fruit 
A0.47 hi0.085  hi0.080  ghi0.095  a1.200  b0.0903  ��40� ��4
 ��4� 

Half-ripened fruit  
C0.15 i0.023  gh0.123  i0.016  hi0.080  d0.508  {.�� ��40� ��4� 

Ripened fruit  
B0.37 hi0.306  ef0.360  de0.433  f0.282  c0.711  ��40� ��4L� ��4� 

Over-ripened fruit  
- C0.150 C0.150 B0.610 A0.850 D0.080   `4p
�4�  Mean  

 >? �4Z�
�Q�  

  )dry weight 1-mg gTotal flavonoid  (  
  

B11.38 j 2.743  ghi 10.823  f 12.373  d 16.165   e 14.806  K��
 ��4� 

Immature fruit  
B11.33 hi 10.511  i 10.030  i 10.373  de 15.003   ghi 10.748  ��40� ��4
 ��4� 

Half-ripened fruit  
B11.63 fg 11.923  ghi 10.768  fg 11.868  fg 11.928  fgh 11.648  {.�� ��40� ��4� 

Ripened fruit  
A17.11 a 0.845  e 13.823  b 22.570  c 19.770  a 28.560   ��4���40� ��4L� 

Over-ripened fruit  
 A11.37 C14.30 B15.72 A16.44 B6.51 `4p
�4� Mean    

Means followed by the same letters in each column and row are not significantly different at 5% probability level using HSD 
test. The data including means of four replications that each replication has been derived from an average of three observations. 

z�5��  ���+� �D �  ��70 � �D �  O�D� �� ���% �� ���<= HSD % I��75� |i0 �D5 	�U���7L4
 ��D .�D�D�  >��� `4p
�4� )±ER (<� ��FG ���8% 

�D�� � �  ���8% <� `4p
�4� �0 �<��
���46 �� P0D ���= P0�.  

  

  ��4� J��� ��5�� `7��6 �1
 �D ����; �
��
 �� c���� [4%�% �� ���/� `��7+4� �� ���4R0 � 	
��4� P0�-  [4%�% ��)

441/16  �717/15 	�4���6 ��6 �D) ��94� `��7�? � (506/6 	�4���6 ��6 �D I���) D�� �S� �
��
 �� c���� (1.( K�0� �� 

��47
��  �
�Q� ��94� `��7+4� ;�k�5 M���<=Z �D �4���4R0 l��96 �� �? D�� ��40� ��4L� ��5�� �D 9�0 P0�- � Yoo  �

 ����8� )33 (���  ��4�Citrus junos Sieb. ex Tanaka  	
��N�  ��� .P��D K�0������96��F 	p4��4�� � 	7�  )12( ;

y��6 �D �4Z�
�Q� ��94� ̀ ��7+4� .D�� K��
 ��5�� �D l��� @�����47
��  M �,- �= � y��6 ��4� ��� �� �? D�D ��+
@���; 

�4Z�
�Q� 	� �70�? �=P0� (K��
) P��D�� I�� ��5�� �� c���� �4Z�
�Q� ��94� `��7+4� � D�� )12.(  �DM �,-  �? ��p�D

 ��94� ���[4?�%��   � >? I��� ;�4Z�
�Q� `4��7��C  dh� �0��4� (Citrus ichangensis × Citrus reticulata) Yuzu  >���

Wando; ̒ Goheungʼ�ʻSadeungʼ ��4
 ;K��
) ���< �0 �D � ;�� ���
� ({.�� ��40� � ��40���47
�   ��94� D�D ��+
[4?�%��  

 � >? I��� ;�4Z�
�Q� ̀ 4��7��C 	� P��6 <� �7+4� P0�- MN� �D dh� �0 �  �D ����)33 .(	�#� <� ��
�Q� �� �4Z�
�Q� ̀ ��%

%�- �D D����/ P0� ��� l��96 I�)29 .(  

 ��6�� �- ����# (�B�� ��@�$H�!�$��� ��4�7  � C!��/' +����7�/����!� E��/�?/#�/ �4�� F��1� ���  

   ��94� ;	
��4� P0�- �
��
 �D[4?�%��  	.��� P0� �D�? 	B �� 	+ �? �
�� J��� 	B �D  >8�)1( �  ��94� `��7�?

)31/5 	�4���6 (X+Y �
��
 ��6 �D ��4
 ��5�� �D ��94� `��7+4� .�� �� �+� ��40�[4?�%��  	.���  �D���4R0  ��4�

) :
��
92/20  �08/20 	�4���6 �
��
 �D (��6 �D��4� �� ��4
 � K��
 ��  ��40��<��
� �= ���/� J��� P��+4- �� � �� ��46

 .P��� M �?[4?�%��  	.���  ����D ��4� J��� 	B �D �.�"% �
��
 �D 	�� �44W%) ��94� `��7+4� �? ��!
 �� D��98/15 
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	�4���6 ��6 �D��4
 ��5�� �D � �� �� �+� K��
 ��4� �D ( ��40� @�� �� ��4� �D � �40� ��94� `��7�? �� � P��� M �?

 ��40� ��4L� ��4� �D � M��9�� {.�� ��40� �����D �
�� .P��� M �? �� �44W%[4?�%��  	.���  ���+� �S� �
��
 �D �� �44W%

	
��4� P0�-  ��94� J��� P��+4- �� ;�
��
 m�
 <� �1
 z�# 	�? ��B �� .D��[4?�%��  	.���  <�) P��� M �? :
��
 ��4�

38/12  ��39/6 	�4���6 ��6 �D`7��6 �1
 �D ���� � (  ��94� `��7�? � `��7+4� ;J��� ��5�� �42�%[4?�%��  	.���  >?

)19/14  �29/5 	�4���6 ��6 �D (�
��
 �� c���� [4%�% ��.D�� �S� � ��4�.= ��    

   `��%a��	7
= P4.�U�) 	
��4� P0�- ���E� 	
��4L?�44/55 %�<��
� K��
 ��4� ��5�� �D ( ��4� �D �? 	.�5 �D �� ��46

��4
 ��40� @�� ��	+��9�� �
�� X� ��U� >5��� �D � P��� M �?- >8�) P��D 	+ �?2 .( P4.�U� ̀ ��%a�� ;��4�.= �
��
 �D

	7
=) 	
��4L?�79/75   �65/70 ��4� �� c���� (�#�D D�� K��
 � ��40� ��4
 �� 	7
= P4.�U� `��7+4� 9Z�5 �? 	
��4L?�

�
D�� � ���4% ���% `4� �D;  J��� P��+4- �� �? 	.�5 �D @�� ��) P��� M �?34/32 .(�#�D  �� �44W%	7
= P4.�U� 	
��4L?�

P��D 	+ �? �
�� J��� 	B �D :
��
 ��4� �.�"% ���E�; �
��
 .D�� �%���� ��40� ��4
 ��5�� �D M �? `�� �7�.� ��4� T= �� 

��4
 ��4� >5��� �D ����D ��40� ��4L� � ��40� � ���/� ��4+4�  �D �p�D ��5�� �D �D �? 	.�5 �D �
D�� ��4�?�<��
� ���/� ��46

���
	7
= P4.�U� <� ��4� J��� 	B ;�S� �
��
 �D . �= 	
��4L?�70�?�� �;  ��5�� �D �7�.���4L�  M��9�� 	�? ��94� �� ��40�

J��� 	B �D ;���
� m�
 <� �1
 z�# 	�? ��B �� .P���; 	7
= P4.�U� .P��� M �? :
��
 ��4� ���E� 	
��4L?�d `4�G  �D ����

	7
= P4.�U� `��%a�� ;J��� ��5�� �42�% `7��6 �1
) 	
��4L?�91/52  �
��
 �D (�#�D���4R0 ) ��94� `��7�? �24/24  (�#�D

�<��
� �S� �
��
 �D.�� ��46 ��47
��   ��94� `��7+4� �? D�D ��+
 M���<= `��[4?�%��  	.���  � �.�"% ;���4R0 �D >?

 l��96 �� �? P0� K��
 ��5�� �� c���� 9�0 P0�-Yoo ) ;����8�  �33 �? (���  ��4�Citrus junos Sieb. ex Tanaka 

�� ���
�	
��N�  ; M �,- .P��D) 	7+p
� t�.�� ��4� �� �i��� �D ��� ���
� �� Citrus medica L. var. sarcodactylis � (

�
�6 @��?�� <� �p�D ��Citrus junos Sieb. ex Tanaka 	7
= P4.�U� ��94� `��7+4��D �� 	
��4L?�  l��96 ��40� ��5��

�D�?) �
�31 ;33 .( K�0���	0���	7
= P4��j ;��� ���
� ��  ;	
��4L?�I���  � >? `4��7��C  	Y�� P0�- �Ddh���  

) @��?��16  ��94� .D�� ��4� P��6 <� �%a�� (:
��
 ���- ��� ��� �
�4- y4%�4�I���  <� �%a�� �D��5 �% ��4� P��6 �D >?

	7
= P4��j � �� l��96 P0�-��4� P��6 � P0�- �D 	
��4L?� �� 	"4Uk 	p7L��  �  `4��7��C ) P��D >? I��� �3 .(

 �D M �,-	7
= @��h �� wN+� ��p�D�D t�.�� ��4� 	
��4L?� K��
 ��5�� �4M �0 <��� >5��� 
 >5��� � P0�4��0�4�� 

0� �4�� �U� ��%� �D� D��D ���h � �9���M .�U� M �? ���� J���4P 7
=	L?�4
��	 �	D�� .  

  
Fig. 1. Interaction among different parts of sour orange fruit and maturation stages on total phenol compounds. 

IM: Immature fruit, HR: Half-ripened fruit, RP: Ripened fruit, ORP: Over-ripened fruit. Means followed 
by the same letters are not significantly different at 5% probability level using HSD test.  

>8� 1-  �� M�8�   ��4�MN���  O�7N� ��4� :
��
 � >5��� J��� ��4� �� [4?�%��  I��� >? .IM ;K��
 ��4� :HR ��4
 ��4� :

 ;��40�RP ;{.�� ��40� ��4� :ORP��40� ��4L� ��4� :. z�5��  ���+� �� ���% ��  ���<=HSD �D % I��75� |i05 	�U���7L4
 ��D. 
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Fig. 2. Interaction among different parts of sour orange fruit and maturation stages on antioxidant activity of sour 

orange. IM: Immature fruit, HR: Half-ripened fruit, RP: Ripened fruit, ORP: Over-ripened fruit. Means 

followed by the same letters are not significantly different at 5% probability level using HSD test. 
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Fig. 3. Change in peel essential oil content and yield of sour orange fruit during maturation stages. IM: Immature 
fruit, HR: Half-ripened fruit, RP: Ripened fruit, ORP: Over-ripened fruit. Means followed by the same 

letters are not significantly different at 5% probability level using HSD test. 
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Fig. 4. The effect of maturity stage on juice acidity and total soluble solids of sour orange fruit. IM: Immature fruit, 
HR: Half-ripened fruit, RP: Ripened fruit, ORP: Over-ripened fruit. Means followed by the same letters are 
not significantly different at 5% probability level using HSD test. 
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Fig. 5. Changes in weight of different parts of sour orange during maturity stages. IM: Immature fruit, HR: Half-

ripened fruit, RP: Ripened fruit, ORP: Over-ripened fruit. Means followed by the same letters are not 
significantly different at 5% probability level using HSD test. 
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Fig 6. Ratio of changes in weight and volume of different parts of sour orange fruit during maturity stages (F.W: 

Fresh weight, D.W.: Dry weight). IM: Immature fruit, HR: Half-ripened fruit, RP: Ripened fruit, ORP: 
Over-ripened fruit. Means followed by the same letters are not significantly different at 5% probability 
level using HSD test. 
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Fig 7. Changes in chlorophyll and carotenoid content at different maturity stages of sour orange fruit. IM: Immature 

fruit, HR: Half-ripened fruit, RP: Ripened fruit, ORP: Over-ripened fruit. Means followed by the same 
letters are not significantly different at 5% probability level using HSD test. 

>8� 7- ���7!� �� �44W% >4����? � �4Z��%��? �D O�7N� >5��� J���  .:
��
 ��4�IM ;K��
 ��4� :HR��4� :  ;��40� ��4
RP ��4� :

 ;{.�� ��40�ORP.��40� ��4L� ��4� : z�5��  ���+� �� ���% ��  ���<=HSD % I��75� |i0 �D5 	�U�4
 ��D��7L.  

&+
����
,  
  	�? ��B ����47
��   `��M �,-  �� 	�F� �42�% ���
� m�
 � ��4� J��� ��5�� �? D�D ��+
[4?�%��  PL�< ��4� I�U�

 m�
) z�  �� �7L� � D��D :
��
[4?�%��  PL�<	� (I�U��
��
 .D�? P��D�� �� ���h� ���% ���4R0 � (�D�Q�) 	
��4� P0�- �� 

 �7+4� �D (��4�.=)	6,���  �� 	
��4� P0�- �D D���� V
�0� ��94� .�
D�� ���/� `��7+4� ����D <� 	8� �����[4?�%��  

PL�<I�U�  :
��
 ��4� 	�#� ��< P��� M �? �= ��94� J��� P��+4- �� � P��6 ���h ��4� J��� ��5�� �42�%�  ���< `��7F�

P��D�� (	�? �1
 <�)  �<�0��� PF� ��4+4�	� K��
 9�0 ��5�� V
�0� .����0��� � V
�0� ��9�% 	��0��� �� P4"4? 	

 ������[4?�%��  �=; 	� �� �� (P4"4? � P4�? �1
 <�) P��D�� ���< `��7F� <� 	�4�N% ����= �D ���%D .D��= P0d `4�G 

�7!��� M��9�� J��� P��+4- �� � �4Z��%��? ��94� �? 	.�5 �D P��� M �? J��� 	B (>? � T ;=) >4����? �.P��   

-��.�                                                                                                                                        References  
1. Abeysinghe, D.C., X., Li, C.D., Sun, W.S., Zhang, C. H., Zhou and K.S. Chen. 2007. Bioactive compounds 

and antioxidant capacities in different edible tissues of citrus fruit of four species. Food Chem. 104: 1338-
1344. 

2. Aghajanpoor, M., A. Ghasemnejhad, M., Faghinasiri and M. Rastegar. 2014. Study the Effect of Rootstock 
on the Fruit Hesperidin and Naringin Contents of Five Commercial Mandarins. Plant Prod. Technol. 14 (2): 
119-126. (In Persian) 

3. Ahankoub, R.M., R., Foutohi Ghazvini and J. Fattahi Moghadam. 2014. Investigation biochemical diversity 
of peel and pulp from some natural citrus biotypes. J. Plant Prod. Res. 21 (4): 81-98. (In Persian). 

4. Bhuyan, N., P.C., Barua, P., Kalita and A. Saikia. 2015. Physico-chemical variation in peel oils of Khasi 

mandarin (Citrus reticulata Blanco) during ripening. Indian J. Plant Physiol. 20(3): 227-231.  

 

3- Pheophytin                               2- Pheophorbide 

a

b

c
c

a a

b
c

a

b

c

c
c b

a a

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

IM HR RP ORP

�
�D

4�
$�

#�
! 

� 
C

�7
��

�!
 �

�4
�

�

C
h

lo
ro

p
h

y
l 

a
n

d
 c

r
o
te

n
o
id

e
 c

o
n

te
n

t 
(m

g
/g

 D
.W

)

���� ���� ����

Fruit maturity stages

Chlorophyll a Chlorophyll b
Total chlorophyll Carotenoide

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

4.
19

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                            12 / 15

https://dorl.net/dor/20.1001.1.16807154.1399.21.4.19.9
http://journal-irshs.ir/article-1-437-en.html


�44W% 	0�����  MN� 	��4�4��74� � 	8�94�...O�7N� ��  

355 

5. Boudries, H., K. Madani, N. Touati, S. Samiha, S. Medouni and M. Chibane. 2012. Pulp antioxidant activities, 

mineral contents and juice nutritional properties of Algerian “Clementine” cultivars and “Mandarin”. Afr. J. 
Biotech. 11(18): 4258-4267. 

6. Bourgou, S.F.Z., F.Z. Rahali, I. Ourghemmi and M. Saidani Tounsi. 2012. Changes of peel essential oil 
composition of four Tunisian citruses during fruit maturation. Sci. World J. 528593(4): 1-10. 

7. Brixi Gormet, B.N., M. Belarbi, Z. Mamt and F.Z. Djaziri. 2015. Physico-Chemical characteristics and 

antioxidant activity of phenolic compounds and oil of Citrus aurantium seeds from northwest Algeria. Int. J. 
Phytomedicine, 7(4): 370-378. 

8. Carmona, L., L. Zacarias and M.J. Rodrigo. 2012. Simulation of coloration and carotenoid biosynthesis during 
postharvest stage of ʻNavelinaʼ orange fruit at 12˚C. Postharvest Biol. Technol. 74: 108-117. 

9. Dere, S., T. Gunes, R. Sivaci. 1998. Spectrophotometric determination of chlorophyll a, b and total carotenoid 
contents of some algae species using different solvents. J. Bot. 22: 13- 17. 

10. Fattahi, J., Y. Hamidoghli, R. Fotouhi, M. Ghasemnejad and D. Bakhshi. 2011. Evaluation of 
physicochemical properties and antioxidant activity of the peel of different commercial citrus species. J. Hort. 

Sci. 25 (2): 211-217. (In Persian) 
11.  Habibi, F. and A. Ramezanian. 2017. Changes in Physicochemical and Bioactive Compounds of Blood 

Orange Fruit ‘Sanguine’ during Ripening. Iranian J. Hort. Sci. Technol. 18 (4):365-376. (In Persian). 
12. Hemati Kh. and R. Omidbaigi. 2003. Investigation of the naringin flavonoid content during different fruit 

development of marsh grapefruit (Citrus paradisii Macf.). J. Agr. Sci. 10 (2): 65-72. (In Persian). 
13. Hemati Kh., E. Shabani, Z.A. Bashiri-sadr and V. Akbarpour. 2014. The Effect of Tree Canopy Geography 

on Naringin and Hesperidin Flavonoids in Immature Fruits of Four Citrus Species. Eco-Phytochem. J. Med. 
Plants, 2 (2): 10-19. (In Persian). 

14. Hemmati, N., A. Ghasemnejhad, J. Fattahi Moghadam and P. Ebrahimi. 2014. The Role of Rootstock in 
Antioxidant Activity of Citrus Fruit: Comparison of Antioxidant Activity of the Fruits of two Commercial 
Citrus Varieties with the Fruits of Four Different Rootstocks. J. Hort. Sci. 29 (2): 277-286. (In Persian). 

15. Jabri Karoui, I. and B. Mazouk. 2013. Characterization of bioactive compounds in Tunisian bitter orange 

(Citrus aurantium L.) peel and juice and determination of their antioxidant activities. Bio. Med. Res. Int. 
345415: 1-12.  

16. Khaleghjou, E., Sh. Kiaei and B. Babakhani. 2013. The study of hesperidin and narinjin content in three citrus 
pell: Navel orange (Citrus sinensis cv. Thomson Navel), lemon (Citrus limon) and sour orange (Citrus 

aurantium L.) cultivated in North of Iran by HPLC. Regional Conference on Medicinal Plants in the North 
of Iran. (In Persian). 

17. Koca, N., F. Karadeniz and H.S. Burdurlu. 2006. Effect of pH on chlorophyll degradation and color loss in 
blanched green peas. Food Chem. 100(2): 609-615. 

18. Ladanyia, M. 2010. Citrus Fruit: Biology, Technology and Evaluation. Academic Press. 576 pp.  
19. Marya Khan, H. S.M. Nabavi and S. Habtemariam. 2018. Anti-diabetic potential of peptides: future prospects 

as therapeutic agents. Life Sci.193: 153-158. 
20. Menchini, F. and R. Tundis. 2011. Phytochemichal profile, antioxidant, anti-inflammatory and hypoglycemic 

potential of hydroalcoholic extracts from Citrus medica L. Cv. Diamante flowers, leaves and fruits at two 
maturity stages. Food Chem. Toxicol. 49: 1549-55. 

21. Mhiri, N., I. Ioannou, M. Ghoul and N. Mihoubi Boudhrioua. 2015. Proximate chemical composition of 
orange peel and variation of phenols and antioxidant activity during convective air drying. J. New Sci. 9: 

881-890. 
22. Oke, F., B. Aslim, S. Ozturk and S. Altundag. 2009. Essential oil composition, antimicrobial and antioxidant 

activities of Satureja cuneifolia Ten. Food Chem. 112: 874-879. 
23. Popova, M.P., V., Bankova, D., Butovska and V. Petkov. 2004. Validated methods for the quantification of 

biologically active constituents of poplar-type propolis. Phytochem. Anal. 15(4): 235-240. 
24. Ramful, D., T. Bahorun, E. Bourdon, E. Tarnus and O.I. Aruoma. 2010. Bioactive phenolics and antioxidant 

propensity of flavedo extracts of Mauritian citrus fruits: Potential prophylactic ingredients for functional 
foods application. Toxicology, 278: 75-87. 

25. Shojaeimehr, M. and S. Nazeri. 2013. Evaluation of phenol content, flavonoid and antioxidant activity 
different parts of Pomelo (Citrus grandis L. Osb) In order to use citrus waste. The First National Conference 
on Agricultural Engineering and Management, Environment and Sustainable Natural Resources. (In Persian). 

26. Teneva, D., R. Denkova-Kostova, B. Goranov, Y. Hristova-Ivanova, A. Slavchev, Z. Denkova, and G. 

Kostov. 2019. Chemical composition, antioxidant activity and antimicrobial activity of essential oil from 
Citrus aurantium L. zest against some pathogenic microorganisms. A J. Biosci.: Zeitschrift für 
Naturforschung C (ZNC). 74(5-6): 105-111.  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

4.
19

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                            13 / 15

https://dorl.net/dor/20.1001.1.16807154.1399.21.4.19.9
http://journal-irshs.ir/article-1-437-en.html


����8�  � 	� 

356 

27. Tripathy, P.P. and O.D. George. 2017. Evaluation of antimicrobial fogging solution with special reference 

for infection prevention and control in hospital environments and all other clean room facilities. Int. J. Cur. 
Microbiol. App. Sci. 6: 1822-37. 

28. Vekiari, S.A., E.E. Protopapadakis, P. Papadopoulou, D. Papanicolaou, C. M. Panou and M. Vamvakias. 
2002. Composition and seasonal variation of the essential oil from leaves and peel of a Cretan lemon variety. 
J. Agr. Food Chem. 50(1): 147-153. 

29. Wang, Y.C., Y.C. Chuang and Y.H. Ku. 2006. Quantification of bioactive compounds in citrus fruits 
cultivated in Taiwan. Food Chem. 102: 1163-1171. 

30. Wojdylo, A., J. Oszmianski and R. Czemerys. 2007. Antioxidant activity and phenolic compound in 32 

selected herbs. Food Chem. 1005: 940-949. 
31. Wu, Z., H. Li, Y. Yang, Y. Zhan and T. Dawei. 2013. Variation in the components and antioxidant activity 

of Citrus medica L. var. sarcodactylis essential oils at different stages of maturity. Ind. Crops Prod. 46: 311-
316.   

32. Xi, W., G. Zhang, D. Jiang and Zh. Zhiqin. 2015. Phenolic compositions and antioxidant activities of 
grapefruit (Citrus paradisi Macfadyen) varieties cultivated in China. Int. J. Food Sci. Nut. 66(8): 858-866. 

33. Yoo., K.M., K.W. Lee, J.B. Park, H.J. Lee and I.K. Hwang. 2004. Variation in major antioxidants and total 
antioxidant activity of Yuzu (Citrus junos Sieb ex Tanaka) during maturation and between cultivars. J. Agr. 
and Food Chem. 52(19): 5907-5913. 

34. Zhang, X.L., W.F. Xu, G. Chen, H.F. Wang and Y.H. Pei. 2017. Two new phenolic glycosides isolated from 
the fruits of Citrus aurantium. Chin. J. Nat. Medicines. 15(1): 41-44. 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

4.
19

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                            14 / 15

https://dorl.net/dor/20.1001.1.16807154.1399.21.4.19.9
http://journal-irshs.ir/article-1-437-en.html


�44W% 	0�����  MN� 	��4�4��74� � 	8�94�...O�7N� ��  

357 

 

Iranian Journal of Horticultural Science and Technology 21(4): 343- 356 (2020) 
Research article 
 

Investigation on the Physical and Phytochemical Variation of Different 

Parts of Sour Orange Fruit (Citrus aurantium L.) During Maturity Stages 
 

A. Ghani, S. Jamalian and S. Mohtashami11 

 

 In order to evaluate the effects of fruit maturation stages on physical and phytochemical 
characteristics in sour orange, a factorial experiment was performed based on complete 
randomized block design (RCBD) with two factors and four replications. Four maturation 
stages of the fruit including green immature, half-ripened, ripened and over ripened stages 
constituted the first factor and different parts of the sour orange fruit containing flavedo, albedo, 
fruit juice, dross and seed built up the second factor. The results demonstrated a significant 
effect of maturation stage on most of the measured traits (essential oil percentage and yield, 
fresh and dry weight of fruit parts, flavon and flavenol content, total flavonoid, phenolic 
compounds and antioxidant activity). Essential oil content in sour orange peel varied between 
minimum 3.13 % (v/w) to maximum 10.30 % at over ripened stage and green immature stage, 
respectively. This factor significantly decreased during fruit maturation. The maximum 
antioxidant activity (75.79%) related to albedo tissue at half-ripened stage. Phenolic compounds 
decreased during fruit maturation (from 12.38 to 6.39 mg gallic acid/g dry matter). Generally, 
flavedo tissue at the green immature stage contained the maximum bioactive compounds rate 
concerning most of the traits. 
Key Words: Essential oil, Maturation, Phenolic compounds, Weight variations, Flavonoids, 
Sour orange.  
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