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Investigation on the Physical and Phytochemical Variation of Different 

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 �
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 �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
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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. 
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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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