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��? 

���E� 

�@%� *� 8-�AB +,�- "�#C��+�@D E��@2� F��@. :�@$��� )Citrus 

sinensis (L.) Osbeck(812��@@2 �)C. reticulata Blanco(�

�G%= ���)C. aurantifolia (Chrism.) Swingle(�H��%@.�G%=

)C. limettioides Tan.(�I��- ",�@�)C. paradisi Macf. ( ,

�@4���)C. grandis (L.) Osbeck ( �@(� .�	 "�@#!�� 6@%=��

 /�JK L4>M� NO�9� 6%=�� PQ�B /�A%� ,/R+6@. S@K�� '@C

:�T@@&� H@@�� 6@@.�B ��	��@@U�B P	�@@�* P	�T@@>V� �@@%GD� *� .

'B P��O �82�JK "��W� �	 +*,��� '!�X9@Y H%@�,	 "�@#C��

+�%� Z�AB �(� )[\.(

6@.� '9%JB P��	 �/�D�%- P]�=�%B �	 8(�(� F���5 *� 87�

(��., 6@.� �^!�6_ +`�, 8���	 '9��	 a� �	 8D�%- '2�- �D

 '@B �/R *� b��@&2� '@2�- �@D , 	��	 �� c�@4d� 	�74G5 +`@�,

 6@.� eD�@! , e9@� *,�@B SK�� �82��&B 6_ *� ��	 eD�!

 8@� 8 ��* , 8 �,� 	�@. ./R f�Y�T@M� �/�@D�%- *� P��%�@B

 8��B '! 8D,�- 8@Gg05 �69>�D 3�- P��D , cR *�"���@U

 hC P�D��	 �B '! 8XV�� ��)��i�jk�%�@4( '@K�	 ('@K���

8� 8� /� 2 �62�. 69D	)��.(

�%=�X� E,�. P�@�	 +	,6&� �	 "�#!�� �G2 , 6.� P�D

�� �@(� k�%�4( 'K�	 .�@�	 e��A@�� �@B ���@JB FT@� �	

)*� �> @%B��k�%�@@4( '@K�	 (, Z�@@B '@4_�� 	��, +�@%-

F- 8� 8D	 	�. .V�� /�%� �	 '2�- , 3� "�@#!�� L@4>M� P�D

 ",�l� hC P��	 e9� 'B ��,�$� m�&= *� �	��	 	�@K, 8��@D

 3�62� A%2 hV� a� �	 ,�+�@%� �F@- F@^� L@4>M� 8���D P�D

 ��,�$� P���	 'V�( , Z�B 69>�D 8�,�l>� P�D .'BP��O '@!

 F- P��B 82��&B P��	 '2�>(R 6_�±�, +�@%� P��@B �'K�	 

Z�@@B�±�i��@@B , '@@K�	 'V�@@( P�±oik�%�@@4( '@@K�	 

, H@( �I@%��2] E�@2 '@B 'K�� �B �D��	 H�� '! +6. ���A-

 �(� �%p>� �e9� �&� 8D�%- 3�62� .��@D P�@�	 '@! 8XV�@�

 *� �5�( ��Jq *� e%B�/�ik�%�@4( 'K�	 �	�@. �@>GC 

+�%� 8@� 8-	*���( "���U ��q	 	�@-	.�	 +	*���@( +�@%�

,� �> %BV'2� 2 "� P�D �� P,� P�D�@r �@( 	�@U *� /� @2

8G2 6D	�P	�@�* 8��%G%@.�%B , s@�]�=��A%� "��@%%p� 8=,

8� t�l�� /R P,� 6>��)�,?.(

'B /`%�!� :�7=�� *� /�D�%- /,�@>7=� 8��@J2 +6@2�%- /��95

 8� +	�l>(� 699! .P�%_� 'W%>2 �	O2u(�, 6_ �:�X� 84%U P�D

'2�- ,82`%�@!� :�@X� P�D)Reactive oxygen species, ROS (

 8@� 6%=�� A%2 62�@.)��(F7@. '@! �+`@�, P�@D /`%�@!� *� P�

 :�7�	�� F��. P�l�G�� , /],�6@%D 6%�@!��� �6%�!����( P�D

 8� F%�!,�6%D :�4( �	 8X%#O �%��6%�!� F_��� 8O '! 69.�B

 8@� 6%=�� �%��6%�!� /�%(0��l�� , A>9(�>� �vl9� F^� �62�@.

 �w4x ��� P�@%� :�@O �	 �J2R 
@(�� �'@B k��@_ 8@4%U P�@D

 h�%2�-��,�7%� "0G_ +�%- ��D �	 /�@D�%- H>��- ���V , P���U

 e9� y�X� 8� e��A�� 8>��*�%x P�D 6@B�� .e9@� �h@C P�@�	

 8� F%G&� +�%- �B �� �%��6%�!� z@GW� , 69!ROS :�@#2	 '@B �� 

	��	)[{(.

'B ��w9� X�%%H��,�$� -%/�D� �#�2 'Be9� �DP&�%d8�

�2��� 8�zGK �,R P�|�P�D 	��� 8G( F^� �@!�%/`�:�@X� Ag�@_

 �(� �%GD� .*�8��W2R '!�&� u���. e9� 692�� P�@�	 �h@C 

8��2��� 8X%#O +�%- P��B b�@_ :�@7�	�� P�@D 82`%�@!� ��@q	 

}$2 8��	�. z%@(, z@GW� �@B��B �	 85�@�	 h>�%( ,	ROS 

	��	 	�@@K, :8@@G�A2R 8@@G�A2R�%x ,.8@@>2R h>�@@%( 82�6%�@@!�

 8>2R F��. 8G�A2R�%x /�6%�!� 8B�q �	 :�4&� P�D)H�,��@!�>B

 H��7%= ,(cR �	 :�@4&� ,)/�%��@��4- , a%B��7@(R 6%@(� (

8@@� 6@@.�B .8@@>2R h>�@@%( 8@@G�A2R 82�6%�@@!� h�A@@2R F��@@. P�@@D 

*���G��	 6%�!����()Superoxide dismutase, SOD(*Q���! �

)Catalase, CAT(*�6%�@@@@@!��� �)Peroxidase, POD ( ,

*�6%�@@!��� "�B��7@@(R)Ascorbate peroxidase , APX (

8� ��%��6%�@!� e9� �B '4B�$� �JK �J2R ~d( e��A�� �B '! 6.�B

8� �l_ :�4( 8��%_� /*��� 	�.)j.(

���( e9�8�4�X� 8=�� �B '! �(� %'>@.��- �|� "�#!�� 6

�D��*�B ,P2�JK 8��|�@� �@&� �� :�T&� H%��@V �@� �86@D	 .

���'=�:�@( 6@9q �@D /�69#M��@B �	 ��@#7%��P��D�� @! *� 

(R%S�DP19( %98��B 'B�DP� 	��, "�#!�� 869! .� �	�2 /��%A
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'>.�- 'D	 69q �	�B'4Y�� '�Dji����B �:�( �DP"�@#!�� 

-	*���( "��6Y ��q	 �� ! c�9K , :�G.8+6. 62�)�.(

�	 p� ����( +�,	 :�O%%5 "�� � +6G%A�]�=��B �a%.�%G%�8�

=�B�>� ,%- �	 a%� �� +�86D	 ., 'dB���+`�P�%;�,�� /�%H�@DP

�&��� �B ���( u(�� +6. a@%�@$B /�AP-%e9@� �@&� /�@D�

-	*���(8	��	 	�K, .��� aG! E���� H8�@B /��@>B �@� 6@9!

 B /	�G2 �^!�6_%4B�V /�%��DP|�� 8>2] ,%78� �%'@B F@G&� /�A

 � ���( �A�� ��	�	 e.�A�� �	�K�� ���A- k�(��B�e�,	 �� a

�4( 'K�	%�@�	 �@�,�$� F@G&� �	 ��	 k�8���@W� 3�@V�� P

"���U �	�K�� �DP	�T>V� P� /�>U�	 'B +	��, %FV�6@_ �� +�

��i��_��2 �	 6Y�	 8'B 6X>�� �	�	 6@D��U eD�! /�69#M

)��.(�W2R *�8�'!�78hJ� *� ���2�7� H%h��DP-%��@B /�D�P

�A����D��	 �B '4B�$� /��� ePhC�A@�� ��=�X� e@%A@2R ��h�@DP

@>2R8�@@!�%2�68x ,%@@>2R�8�@@!�%2�68@�8'@@B '@@K�� �@@B , 6@@.�B

(��_%'B "�#!�� ��D��	PhC,/��$� FT@� �@.�	�B �@%+�

�B �@�3�	�@( � �	 �:�@( @� eD,`@� H�=�X� eW9@( @%A@2R ��h

�!����(%	 6�*���G�)SOD(� �%>B /�A�i, F@! F@9� �H�,��@!

��r%>2R �8�!�%2�68� �(�� �	 F! %�	 "�@#!�� h@V� �9� +�

�%�D��GP��	8����l@Y ��i,�i�@4( '@K�	 %k�@(��B 8

+6.�(� .

N�� � 3��� �&

�&3��	� ��!
� � �&�
> 3��� 

'@B 8 @���*R �eD,`� H�� 3�W2� P��B ,	 �@B F@���>!�� "��@Y

 F��. �%p>� F��5 �@#!�� h@V� �9@� "]*�,�%@( 8@4&� :�@$��� 

)C. sinensis cv. Local siavaraz(09%12�@( 82�@U :�@$��� �

)C. sinensis cv. Sanguinello(� @2� 812��@2 �)C. unshiu(�

82��6@2*�� ����@G%=)cv. Local lemon C. limon ( :�@$��� ,

�%�@@9=�, �@@(���)C. sinensis cv. Frost Valencia [(  *�

 � +�1>��� /�%�74! �	 8��@�	 ��G%� �9� , ��>! "�#!�� "�$%$&

 ���7� '( �	 8�	�T� f0��! ��O S=�V)�j��@G%� �D P��B +�%� 

���7� �D �	 (6. 3�W2�.'2�G2 P��	�B F@#V F@��. '4_�� ,	 �	

 8-6%(� , 8-6%(� *� 8-6%@(� 	��62�>@(� k�(��B +�%� F��! 

'B "�#!�� v�@( , �@��- 3�@W2� �A@W� e��@�*R ,	 "��@Y

 h�A2R �%=�X� 692�� 8��lYSOD �>B /�A%� �i, F@! F9� �H�,��! 

8>2R �%��r +*�62� +�%� �(�� �	 82�6%�!� 6. P�%-.

:,� �.�	�B �1�	 3�V�� P��B , ��R �U�,� �	 �%�9=�, :�$���

 	�B +�� /�BR �	 .+6. '>����� /�A%� fQ�GX� 8-6%(� 	��62�>(� P�

6%(� 'B F! 6��K 	��� �#�2 *� �@>%� F@B�VTSS/TA)()�:��@� 

?:�:�@$��� , 812��@2 3�@V�� P��B (+�@%� cR 6@Y�	 FV�6@_ �

)/�G= , h�Q P��B fQ�GX� �D(:�@#V FB�V �2� FV�6_ ,)P��@B

 3�V�� 'GD (8�6.�B)�.(+�%� �2� �%%p� �@� , �	�* '@B A#( *� �D

 '@B A@��V '@B F@��� 8W2��2 +�@%� 8-6%@(� /�@�* ��@%X� /��@95

)	�B 3,	 �.� (:�@$��� P��@B /�@�* H@�� '@! �6. '>��- �w2 �	

'2�- P��B , 	�	�U +�� �%�9=�, 	�B +�� ��R �1�	 P�D.

� 3�W2� ��w9� 'B%���( ��G�8�� 'GD %+��D�B''2�G2 AK �@DP

:�>9!)C˚[{~(, ����@B�72� +�1>@(	 '@B �@�D	���@( +`8F@$>9� 

626. .(��B8�DP� �	 +6. 3�W2� �$&� H%�	 N�%�D��GP��	 8�

���lY ��i,�i�4( 'K�	 %k��B	.��	P'2�G2 �DB'�6@���

"6� :�O �	 ,�\��	 'B �5�( P��4( 'K�	 %(� k�%, 6

	,6_[\� �	 �5�( �V�@B ��	 H86@262�� .��@BP�@( :�@G5� ��

�%�D��GP��	 8���	 'B ��	 �D *� ��#5 �PGCO �>8, �5�( ,	 

��-62��P'B ��	 �D �	 "6� [\6@. 3�W2� �5�( ."��@#5 '@B

	�'2�G2 ��1 ��	�BP��	 �	 P�@4( 'K�	 �lY %�k�[��5�@( 

'2�G2 *� 6XB ��	�BP��	 �	 P��4( 'K�	 %���- "��Y k� .

� *� 6XB%���( ��G8�� �(�� �%+�*�(�6K �DP'4@Y��0B , 6@. 

2 *� +	�l>(� �B%�� /],�>��� z@��	 ���M>@(� /�@�* �@� , +6@. A

����A�\–�4( 'K�	 %��6J12 k�P626. .

�!/-.� ,
��+
 I�8� � #/-.� _�	\$�� 

�h�A2R eW9( �JK 8=�4( +��T5 ���M>(� ��w9� 'B{/\3�-

 �(�� *� 6@. �	�@� 8B�@U 'B z��� /],�>%2 �B hV� �D +�%� .�@B

 8G�A2R ���M>(� ���B �'X=�d� 	��� h�A2R E�2 'B 'K�� 6. '%J� .

84%� a� � ���B *� �>%= +	�! '���� +6. '%J� +��T5 'B �� �w2 	��
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�?� 

6@. �6@K 8@�,� :�4&� ]�%l��>2�( *� v� ,.���M>@(� P��@B 

SOD "�l�@� h%@(�>� ���B *�j�8@4%� �@B �Q�@��pH= F��@.

EDTA j/�84%� 6@. +	�l>(� �Q�� .�@%=�X� SOD �,� N@#O

 v�� , v%>%4��2�%K)�(:�@O �	 P�>��>�,�><�@(� N��O *� ,

���j��+*�62� �>��2�2 6. P�%-.

�$� I�8� � _�	\$��59����1 

eW9@@( �@@JK +�@@%� �@@��B +��T@@5 ���M>@@(� ��@@w9� '@@B 

�>Bi�>%.���� , ���-�2 �,� *� �H�,��!)[�(6@. +	�l>@(� .'@B

 ���w9� H���{/\�B ���B *� 3�- �84%� /�>@(� �>%=i/�A@1D 

�#�2 'B�'B66. S%!�� ./	�	 /�7� �B '2�G2 � �	 , 87���

 ��@� :�@O �	 '@2�G2 8�,� :�4&� �*�� ,	 	�W�� P�@D�{� �

{\{ �6�{ ,66�'B+A%12� 'B ��B�� S%��� �>B P�Di�H�,��!

 �H��7%= F%�,�4!bF@%�,�4! ,a6@. +6@2��U ./6@2��U �@B

 '2�G2 *� 3�6! �D c�K �	 /	�	 ���V , �D '@=	�X� ���@w4x

�>BiB 3�-,�7%� S�_�B '2�G2 �D H�,��! 84%� �'B �>%= �(	

6�R:

]�[
/

[ carotene] /  A – / A  
– / A /  A

β− =
+

663 645

5 5 453

0 216 1 220

0 304 0 452

��� 78
 I�8� 

��6$� eW9(F9� /���@7GD , 6=�2,67� �,� *� +	�l>(� �B 3�� 

)��(2 '! 6. 3�W2�%=�� :0_ *� +	�l>(� 69�*�%Hi(%��=�!� ,

=�- 	��62�>(�%(� a%�(� 6.��BP� 3�W2� ���! H��6>B� �{/\3�- 

� ���B *� +6@. �	� � �@(�� @%+��@B {�%@48=%:�2�@>� �@>�\%

	�- ��4M���>2�@( *� v� , 6�l%,� :�@4&� ]� 8@� 6@. �6@K .

v�(�j� �%=,�7%B +6. ���M>(� +��T5 �>'��j� �%=,�7%�@>

 =�� :0_%�#�2 'B H��'B�)'B��� @%	 cR S@�2�%:0@_ , +A

=��%H(,���� �%=,�7%6@( "�9B�! �>�hj/�%x �	 @% ��@2 c�

 6. '���� .'2�G2 'B �D "6���V	%�>2�( '$�l%626@. ]� .c�@K

'2�G2 ��� :�O �	 �D��j 6. +62��U �>��2�2 .@B �JK'�@(	

 �w4x /	�,RF9� @9&9� *� '2�G2 3�� 8=�- 	��62�>@(� @%@(� a%6

6. +	�l>(�.

�$.� ,

	6 9

+� �.��
01� 

��BP� eW9( %zGK /�A �,RP	�� �X� , 	�*R :�@7 %@% ��r H@%�

R@@>28�@@!�%2�68eW9@@( *� DPPH)�,�i	P9�@@%� F%�7@@� F

D%*��6�F(B'�4B u(�� '>�� ��!�v)o(6. +	�l>(� .��@BP�@�H

��w9����� �%=,�7%=�2�>� +��T5 �>8�B��� �%=,�7%:�4&� �>

DPPH �/��%486@. ��@4M� :�2�>� �	 �Q�� .c�@K v�@(

 ��� :�O �	 '2�G2 , :�>9!j��+62��U �>��2�2 6@. .���@V �@B

 :���� �	 3�6! �D c�K /	�	�z@GK 6@Y�	 ��,RP	�� �:�@7

 	�*R'B�(	6�R :

]�[=zGK 6Y�	 �,R PDPPH 

A control – A sample / A control×100

����� ��+��`� 

AW��'�DP���R P�	 H@72�	 /�@�*R *� +	�l>(� �B 'O�B�� SPSS 

'@@��2�B �	 "��@@%%p� '@@B ��@@B�� P�@@D��	�G2 , �@@��- "��@@Y 

Excel 2007 6. h(�.

a�� � </�$. 

#/-.� ,
��+
 I�8�SOD 

:,6K�"��@%%p� �12�@%B '@B ��@B�� h�A@2R �@%=�X�SOD �	 

8����@( P�@D��G%� �	 "�#!�� hV� �9� +�%� �(��)���l@Y �

�i,�ik�%�4( 'K�	 (�8-6%(� , 8-6%(� *� F#V /��* �	

 �(� F��!.�@$��� �+�@%� 8-6%@(� *� F@#V '4_�� �	 �82�@U :

��6$� H��>G! �%�9=�, , ����G%= �	 �� h�A2R �%=�X� C°�/� 2 

+	�B 8 ��A�� h�A2R �%=�X� 62,� ��D��	 H�� *� 6XB , 62	�	 �	 ,

	�B � 2� 'B ��B�� h�A2R �%=�X� ��6$� H��>G! �:�>9! P��	.�	

��%�@@9=�, , ����@@G%= 3�@@V�� �	 �+�@@%� F@@��! 8-6%@@(� '@@4_��

 ����( P�D��G%� 	��6@2 h�A@2R �@%=�X� /�A@%� �	 82�69q �%|�� 8

89X� 'dB�� �3�V�� ���( �	 8=, �@%=�X� ��6@$� , �@�	 H%@B P��	

 8� h!�_ h�A2R 6.�B .�@=�_ *� �@�	 eD�! �B '! "��Y H�� 'B

	��	 	�K, h�A2R �%=�X� e��A�� �:�>9!., ��@� �G%= 3�V�� �	

 ��%�9=�,�@�H�@�� '@B 6��@. F@%=	 	�@74G5 @(�9�S�@�HA@2R�h
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�?� 

���U'.�E� /��+
 �0
#/-.� ,SOD� ,��2 �3
�� �� 7:; ��D	� �3 ��:=	� #;� <82  �
>���� �
>��7��1 

�%=�X�SOD (IU/g FW) 

F��! 8-6%(� '4_�� 8-6%(� *� F#V '4_�� 
��G%�)°C(hV� 

��/?���j ± �/jj�j  e�j/��??� ± j/o?��  c:�>9! 

�j/��?��  ± �/���o  f��/����� ± ?/jo��  b�

jo/�?o?o  ± �/��o�  d��/�??��  ± j/j���  d�

�?/o�o�� ± �/o���  a?�/�����  ± �/����  c�i

�?/?����  ± j/�o�?  e??/��o��  ± �/o���  f�i

82�U :�$��� 

j?/��?�o  ± �/�o��  d�o/o��j?  ± �/�o�?  a:�>9! 

��/��oj�  ± o/����  do�/���?�  ± �/jj��  e�

�o/����o  ± ���� ef ��/??j��  ± �/o���  e�

��/�j�o�  ± �/o?��  d��/�o���  ± o��? c�i

��/�o�?j  ± �/o?j�  d��/�jo�j  ± �/�?��  c�i

� 2� 

�o/��?��  ± �/o���  d��/�����  ± �/j���  c:�>9! 

�o/�����  ± ?/oj��  d�o/?�j��  ± �/oj�?  d�

??/j����  ± j/o�jj  b��/j��j�  ± �/j�j�  a�

��/�j��j  ± �/���o  c��/�o�o�  ± o/j���  c�i

j?/�?�j�  ± o�?� cj�/�o��?  ± �/jo��  c�i

84&� :�$��� 

��/���j?�  ± ?/oo��  g?�/��o�oj  ± �/�?j�  g:�>9! 

��/������  ± �/����  g�o/jj�j�  ± �/����  ab �

j�/������  ± �/��o�  gh ��/���o��  ± �/j��o  g�

��/����j�  ± o/���o  go�/??��?  ± �/����  e�i

��/��oo�� ± �/o���  gh ��/?j�o�  ± �/o��j  de �i

�G%= 

��/�j�j  ± �/���o  f��/����?  ± o/j�o�  g:�>9! 

o�/����o  ± �/����  fg o�/j��o�  ± �/����  a�

��/���o�  ± ?/����  f���j��± o/j?o�  g�

�j/��oj�  ± �/����  f��/�j���  ± �/�?�j  f�i

��/�����  ± ?/���?  f��/�j�?�  ± j/�?o�  f�i

�%�9=�, :�$��� 
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 � �
�������� � ����� ������ ��� /������ / ��!" #$%& /'()* 

�?� 

�	 zGK �,R P:�7�	�� �DP�!����(%6�	3�G� �%�D��GP��	 8�

,hD9q%H��	 P:�>9! 6.�B.�@B �$� @�'�@B%H3�@V�� �	'@4_�� 

(�%-68�F��! B%�> �H�@%/�A =�X� @%�A@2R�hSOD �	�@�	 P

:�>9! ,�(���%�D��G P��	 8�3�W2� �+6@. �	=%����@G 	@�+6

6. .:�$��� 2�U 8�	��H'@4_�� *� ��@.�	�B B @%�>�H�@%/�A 

=�X�%�A2R�8G���	�%��G C°����	 	�B ,B�eD�! ���	 eD�! 

=�X�%�	�+66.,��H62,�  D�! 8����	 PC°�i'��	� ����.

��� �	��	 PC°6i��%/�A =�X�%�@2RA�hSOD '@%=,� ��6@$� '@B 

�B :�>9! �=�_ �	 89X� �	�U 8�		�@- .�@�H+6D� @� fQ�@G>_�

'B F%=	��-*�( P��HhV� 6XB *�a�+�,	 D	���( 866'>5�@( 

8� 6.�B.�	+�%� �(��� 2� �	'@4_�� @(�%-68�F@��! @B%H

�%/�A =�X�%�A2R�hSOD �	'2�G2 :�>9! ,�%��G C°�b0>U� 

9X�8��	P	�K, �.�62 ,62,� �A��� 8��'@K�	 �l@Y 	@�+6

6..9X� 86XB *����5�( 8D	���( ��%/�A =�X�%�A2R�8G'@B 

��Q�B�H��6$� 	�U (�%6,�	�(���%�D��G P��	 8�)*���lY 

'K�	 k�%�4((�eD�! =�X�%��	6_'2�G2 �DP:�>9! 	@�+6

6..=,�%HF&� ��������( ,'B:�#2	 /R(R%S�DP���(8��

�(��+�%� �D�(�.�	>2%�'WQ�B /	�B �%/�A =�X�%�h�A2R �DP

8@@>2R 82�6%�@@!��'@@B +`@@�, SOD ��	�@@�He@@MB Ag�@@_ GD�@@%�

8� 6@.�B .-%/�@D� NO�@9� �@��-%�P'@G%2 ,P�%�@��- S@4x� 

k��_ 'B���( 69>�D ,*�(R%S�DP���( 8�)'2
@� 8@-	* (

�	 �D��	 P�lY ��C°[{ '�6Y 8@� 6@99%B)�.(	�@74G5 h�A@2R 

SOD '@@! :�@@7�	�� �@@D P��@@2�dU �@@!����(%6,�@@!���%6

D%/],�6 ��zGK �,R P8��6@99! �@B%��Ag�@_ GD� @%�, +	�@B

/*��� B%H=�X�%�h�A2R ��!�� ��B P�$BP:�4@( �	+�,	 �@D P

���(8��hJ� �(�)��.(e9����( 8�62��� /*��� @B%H=�� @%6

ROSh�%2�7� ,'B �� 85��	 P�DD	A��B h)��.(

�>2��eD,`� H��/� 2 8�6D	 '!'B4!��O8�%/�A =�X�%�

A2R�hSOD�	 3�G� 3�V�� �	'4_�� (�%-68F@��! �#�@2 '@B 

'4_�� F#V *�(�%-68�	'2�G2 �DP��G%� �&�:�>9! ,�%��@G 

���(8��B %�>	�B .H�� 'B 'K�� �B '@! A@2R�hSOD @=,�%Hu@U 

5�@�	 8�	�@@B��B @@(R%S�@@D P@@.�2 8*�=��@@%6ROS 8@@� 6@@.�B �

zGK �,R P:�7�	�� �DP�!����(%6u(�� H��A2R�h�hJ� H��@� 

�@(� 8����@( P�@D��G%� �@B��B �	 �@�,�$� '4_��.p�@%%"�� 

=�X�%�SOD �	-%/�D� �@B �@�,�$� ���@(8�u#��@� �@(� ,

��	 PhC'B��O 8(��&� =�X�%���HA2R�h���A���e8�6@D	 

)[�.(=�X�%��> %B A2R�hSOD �	��9l(� ,369- ��-*�@( @B'

���( �#�2 'B-%/�D� x%��-*�(� �	��	 PhCA%2 ���A- +6@. 

�(�)�j.(8� �H���B�9B /��� >2%'W�@��- '@! �	3�@V�� 	��@�

 '@@@X=�d��	'@@@4_�� @@@(�%-68�F@@@��! (@@@%h>� z@@@GK �,R P

:�7�	�� �DP�!����(%6u(��SOD ��6�R��! �(�.

�$� I�8�59����1 

�>B /�A%� "��%%p�i%� �(�� �	 H�,��! �	 "�@#!�� hV� �9� +�

 8����@( P�D��G%�)���l@Y ��i,�ik�%�@4( '@K�	(��	

���- ���V 8(��B 	��� F��! 8-6%(� , 8-6%(� *� F#V /��*

):,6K�(.�>B �w4xi/�@�* �	 8����( ��G%� :�G5� �B H�,��! 

�8-6%(� *� F#V 62,� k�%�4( 'K�	 �lY �� L4>M� 3�V�� �	

 8 @@D�! v�@@( , 8 @@��A��	�	 /� @@2 .�@@>B ��6@@$� '�@@��$� �	i

�@>B ��6$� /	�B 	��* ���G%� �D �	 3�V�� 'GD 'B ��B�� H�,��!i

h@V� , 	�@B 	�J @� f0��! 3�V�� ���( 'B �#�2 � 2� �	 H�,��!

 �>B ��6$� H��> %B ��!��i8� ���	 ��G%� �D �	 �� H�,��! 6@.�B.

'B �/R *� 6XB �8@4&� �82�@U :�@$��� 3�V�� �	 S%��� , �%�@9=�, 

�>B ��6$� H��> %B ����G%=iH�,��! 6�	 6@. +.812��@2 �	 �@D

 �J2R �	 �2� 'X(�� , 69>�D E�9>� P	��* ��6$� 'B �2� "6.

 �(� hC P��	 'B '>�B�,)�.(8@-`�, P���	 �D6%g�9�,��! P�@D

 H%��@>�,,�� �%=�X� /�q 8GJ�Az@GK ,	�*R :�@7�	�� +6@99!

)ROS (69>�D .'@! 69>�@D �D6@%g�9�,��! *� 8@9x z#9� "�#!��

 '>���, �	 �J2R �w4x u���@. '@B , +	�@B ",�@l>� "�#!�� P�D

	��	 81>�@@B 6@@.� .+	�	 /� @@2 8@@4#V "�@@X=�d� �@@w4x '@@!

'B 6%g�9�,��! � @2� 812��@2 �	 8TM � ��O :�@$��� *� �> @%B

�@@(�)�(.h@@D P�> @@%B ��6@@$� 812��@@2 E�@@2 "�@@#!�� �H%@@9q

6%g�9�,��! 	��	 �@4��� , :�@$��� E�2 "�#!�� 'B �#�2 )�('@!

 �(� ���_ eD,`� +699!6%��� .�@>B /�A%�i'@4_�� �	 H�,��@! 
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�?� 

���U*.�E� /�$� ,b�� �05� ,��2 �3 9����1
�� �� 7:; ��D	� �3 ��:=	� #;� <82  �
>���� �
>��7��1 

�>B �w4xiH�,��!(µg/ml) 

�! 8-6%(� '4_��F�8-6%(� *� F#V '4_�� 
��G%�)°C(hV� 

��j/�±���/� b��o/�±��j/� cd :�>9! 

���/�±��j/� bc ��?/�±�o�/� d�

���/�±���/� c���/�±�o�/� h�

���/�±��j/� b���/�±���/� e�i

���/�±���/� b���/�±�?�/� e�i

82�U :�$��� 

�o�/�±�o�/� c���/�±�o�/� d:�>9! 

���/�±�j�/� e���/�±���/� f�

���/�±j��/� g��?/�±�?�/� j�

��j/�±���/� e���/�±���/� hi �i

���/�±o�j/� f���/�±�?�/� i�i

� 2� 

���/�±���/� bc ���/�±���/� c:�>9! 

���/�±�?�/� b���/�±�o�/� d�

���/�±���/� d���/�±���/� g�

���/�±���/� c���/�±���/� c�i

���/�±���/� d���/�±���/� d�i

84&� :�$��� 

��j/�±�oj/� a���/�±���/� a:�>9! 

���/�±�j�/� a���/�±�j�/� a�

���/�±�oj/� a���/�±��j/� ab �

���/�±�j�/� a���/�±�jj/� a�i

��?/�±���/� a���/�±�j�/� a�i

�G%= 

���/�±��o/� b��j/�±�?�/� b:�>9! 

���/�±���/� b���/�±���/� cd �

���/�±�o�/� e���/�±���/� cd �

��?/�±��j/� bc ���/�±���/� cd �i

��j/�±���/� bc ���/�±���/� c�i

�, :�$����%�9= 

3�@V�� �	 8-6%@(� *� F@#V '4_�� 692�� A%2 +�%� F��! 8-6%(�

 '@K�	 �l@Y �@� � @2� 812��@2 , �%�@9=�, �84&� �82�U :�$���

�@@4( 	�	 /� @@2 8 @@D�! v�@@( , 8 @@��A�� 6@@2,� k�% .�	

�@>B ��6@$� �@B P�@|� 8����@( ��G%� :�G5� �����G%=iH�,��@! 

�.�62.�� "�@#!�� �@(�� �@2� ���( ��� , /�>��* P�D��	 

8� e��A�� �@(� +�@%� 8!���U �%l%! �B u#��� f�$%V	 '! �6D	 .

'BP��O P��@D , cR �@B P�%�@��- NO�@9� �	 "�V,� 8D�- '!

8G2 'X(�� �� 	�U c�4d� �2� +�%� �L4>M� 6D	)�.(e��A��

6�	 �>B /�A%� �	 +6. +i8� 8����( ��G%� :�G5� �B H�,��! 62���

 8@@@>2R e@@@$2 '@@@B '@@@�AW� '@@@B /R eD�@@@! , /R 82�6%�@@@!� 
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�?o 

�>Bi�> %B ���_ 'W%>2 �	 H�,��! ROS	�. ��B�� .�H���B�@9B

 �>B e��A��i"�@#!�� +�@%� �@(�� �	 H�,��! '@K�	 �l@Y �@�

 /� 2 k�%�4( �>B '! �(� H�� +69D	i�l@Y P�@�	 �@� H�,��! 

8@@� k�%�@@4( '@@K�	 '@@B 6@@2��� h>�@@%( *� 8 @@MB /��@@95

8>2R zGK P��B 82�6%�!� P�,RROS69! FG5 .

��� 78
 I�8� 

:,6K�h@V� �9@� +�@%� �@(�� �	 3�@� F@9� /�A%� "��%%p� 

8����@@( P�@@D��G%� �	 "�@@#!��)���l@@Y ��i,�i'@@K�	 

k�%�4((/� 2 �� F��! 8-6%(� , 8-6%(� *� F#V /��* �	 �

8� 6D	 .8� /� 2 ���>2 /�A@%� �8����( ��G%� :�G5� �B '! 69D	

 �6>B� L4>M� 3�V�� �	 �+�%� 8-6%(� *� F#V /��* �	 F9� /,6B

 , 	�B �%%p� �.�	 8 ��A�� 62,� v�( .F@9� ��6$� '���$� �	

 D �	 L4>M� 3�V�� 'B ��B�� ��6@$� H��> @%B �8��@�	 ��@G%� �

��l@@Y ��@@G%� �	 F@@9��i,�ih@@V� �	 , k�%�@@4( '@@K�	 

6@. +6@�	 82�U :�$��� �	 /R ��6$� H��>G! , ����G%= .�	

8-6%(� /��* �	 8����@( ��@G%� :�@G5� �@B F@9� /�A%� �F��!

 eD�! v�( , e��A�� �6>B� 84&� , 82�U :�$��� �� 2� 3�V��

 	�	 /� 2 .3�V�� �	 , �@%%p� /,6@B �6@>B� �����@G%= , �%�@9=�,

 	�B +��GD 8 ��A�� 62,� �B v�( .��B�� F9� ��6$� '���$� �	

 �	 /R ��6@$� H��> @%B �8��@�	 ��@G%� �@D �	 L4>M� 3�V�� 'B

 8����@@( ��@@G%� �	 ����@@G%= , �%�@@9=�, 3�@@V���i'@@K�	 

��@G%� �	 82�@U , 8@4&� :�@$��� �� 2� 3�V�� �	 , k�%�4(

 8����( k�%�4( 'K�	 �lY6�	6. +.

H@@�� �	 3�@@� F@@9� eW9@@( P��@@B +6@@. +	�l>@@(� �,� �	

 'B �(� H7G� �N%$&� f�X��@( '@! 8��@#%!�� e97GD�@B F@%=	

 �6%@(� a%B��7@(R , �D6@9V 6@92�� 6@2��	 /�%(�6%�!� �%4B�V

 FU�6@� H@�� , 6@D	 /� @2 8@XV�, ��6$� *� �> %B F9� �w4x

 �@@(� h_�A@@� "�@@#%!�� �@@w4x '@@B '>�@@B�,)��.(�@@%=�X�

8>2R 8��@%_� 8@-`�, *� 8@.�2 f��6@G5 849� "�#%!�� 82�6%�!�

 8� '! �(�J2R /	�@! 8@^9U , c�@K �	 8@GJ� e@$2 62���

:�7�	�� 6.�B '>.�	 	�*R P�D)��.(6@%g�2��,�� F%9� h�%=�B�>� 

82��* S4x� y�@X� �	 +�%- '! L@%O *� 8X%@(, e9@� P�@D

 z X � �	��* ��2 692�� 8d%&�UV �/]���@� '@4G_ �hC P��	

 � ,,8� ���V /,* 	�%-�8@� /�%B 	�@. .A>9@( P�@$=� 	�@K, �@B

a%49� 8� �lY ��* P�D��	 �8����( ��G%� �	 �D 8l9� �|� 62���

 8-`�, �B 8>2R P�D eD�@! �@5�B , '>@.�	 /�@D�%- 82�6%�@!�

 8@>2R �%��r , 849� "�#%!�� 	�@. 82�6%�@!�)��.(�H���B�@9B

 J2R 8XV�, ��6$� �@J2R A>9@( �5�( H%B /*��� FY�_ �)Ks(,

b�T� �� eD�! �5�()Kd(�(�J2R .+6@. +6D� � e��A��

 /� 2 �:�4&� 849� "�#%!�� /�A%� �	 Z�AB +69D	 /	�@B ��Ks

'@@B �#�@@2 Kd�@@(� .a@@%49� 8@@9X� '@@B fQ�@@G>_� �@@D /��@@95

h�@@%2�7� P��@@B �@@� H%�@@7=R�>%� F%7 @@� P��@@B 85�@@�	 P�@@D

z@@GK P�,RROS=�� 8@@� 6@@% 62�@@. .eD�@@! ��@@1�	 b�@@O *�

 a%49� ��6$� �	 +6. +6D� � a@q�! F@Y�_ �D /	�@B �@�Ks

'B �#�2Kda%49� F%7 � 6��%� '! �(� 6@92�� :�4&��2 P�D

 a@@%49� /�%@@(�A��G%4� �@@� H��B�@@( , H%@@91%= '@@W%>2 �	 �@@D

 �(� /�%(�6%�!�)�.(

�$.� ,

	6 9

+� �.��
01� 

p�%%=�X� "��%>2R �8�!�%62�8� �(�� �	 @%� h@V� �9@� +� @% +�

� �	 "�@@#!��%�@@D��GP���@@( 8�)���l@@Y ��i,�i'@@K�	 

�4(%k�((� /��* �	%-68@(��B 	��@� F��! 8�@��- ���@V 

):,6Ko(.��r%>2R �8�!�%2�68� :�@G5� �@B %���@( ��@G8��	

L4>M� 3�V���B'= AK�G%�����4( 'K�	 �lY �� %�A@�� k��e

���� 6@2�� �@B�| v�( ,.�$� �	 @� =�X� '� @% @>2R �8�@!�%2�68

�@�	 ��@G%� �D �	 L4>M� 3�V�� 'B ��B��8�B �@%�> �=�X� H@%�

>2R8�!�%2�68� �	 %���( ��G8��@4( 'K�	 �lY %3�@V�� �	 k�

2�U :�$��� �� 2�84&� ,8	�6. +6.

8>2R �%=�X� 8� S%!�� a� 82�6%�!� �X2�G� N��O *� 62���

 �O *� �� :�7�	�� F%7 � *� zGK N� h>�@%( a@� �	 �@J2R P�,R

 	�. H%%X� :�7�	�� +699!6%=��)��.(zGW� �5�B 8����( ��G%�

 'B , 849� "�#%!�� 8@>2R �%��r �	 e��A�� 'B� � ��O 82�6%�@!�

8� 	�. .'@B �	�@K, H@�� �B 8��%G%@. ��>U�@( �	 ",�@l� F@%=	 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.8

.1
6.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
28

 ]
 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.8.16.7
https://jcpp.iut.ac.ir/article-1-1834-en.html


� ,
��+
 ���	�#/-. �$� 4����!0/3 �
01�	2��5� 71 78
 49����1... 

�?j 

���U(.�E� /� ,��2 �3 ��� ��8
 ,b�� �0
��:=	� #;� <82  ��� �� 7:; ��D	� �3 
>���� �
>��7��1 

F9�F!(mg/L) 

F��! 8-6%(� '4_�� 8-6%(� *� F#V '4_�� 
��G%�)°C(hV� 

o�/��±�/���  d��/o±?�/�� a:�>9! 

o�/�±j/���  d�±o�/�� a�

j�/�±�/���  e��/�±j� b�

��±�/���  ef ��/�±j�/�� d�i

��/��±�/���  d��/�±��/?o c�i

82�U :�$��� 

��/�±j/���  bc o�/�±��/?o c:�>9! 

��±o/��?  c��/�±��/?o c�

o�/�±�/�oj  g��/�±j�/���  e�

j�/?±�/��?  g��/�±��/���  g�i

j�/�±?/�j�  d��/�±��/���  f�i

� 2� 

o�/�j±��/?� aj±�j c:�>9! 

?�/�±��/�� aj±��/?o c�

o�/�±���  ef ��/�±o�/�o d�

��/�±�/���  d��±��/��?  f�i

o�/��±�/���  bj�/�±j/���  g�i

84&� :�$��� 

?�/�±�/��j  ab j±o� b:�>9! 

o�/�±o/���  ab ��/�±��/j� b�

?�/��±o/��j  c��/�±��/�?�  hi �

��/�o±?/���  d��/�±���  j�i

��±�/���  fo�/�±o�/�??  i�i

�G%= 

j�/�±?/��?  d��/�±o�/?j c:�>9! 

o�/�±�/�?�  de o±��/?� c�

��/�±�?�  de ��/�±�� d�

o�/��±��?  ef ��/�±���  g�i

o�/�±���  ef o�/�±o�/�j�  h�i

�%�9=�, :�$��� 

8>2R �%=�X� , 849� "�#%!�� �@B �@(� H7G� �",�l>� 82�6%�!�

 8>2R �%��r �B 8=, 	��* F9� ��6$� 	�K, @%=�X� �h! 82�6%�!� �

8>2R 6.�B h! 82�6%�!�)�o.("��@%%p� 8@>2R �@%��r 82�6%�@!�

 "��@%%p� 'B� @� 8-6%@(� '@4_�� �	 N%$&� H�� �	 +6. +6�	

 B �L4>M� 3�V�� �	 8����( ��G%� :�G5� �B , +	�B F9� /�A%�'AK

�@B�| v�( , ���� e��A�� k�%�4( 'K�	 �lY �� �����G%=

62�� .8>2R �%=�X� 8-`�, , 82�6%�!� z@GK �	�*R :�@7�	�� P�,R

 +,�- , 849� "�#%!�� ��6$� �B u#��� 	�@K�� F%�@!,�6%D P�D

 'B '! �(�J2R 8��%G%. ��>U�( �	 zGK /��95 	�*R :�7�	�� +699!

�@@(� .�@@%=�X� �@@B u#��@@� 3�@@� 8@@49� "�@@#%!�� �> @@%B ��6@@$� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.8

.1
6.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
28

 ]
 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.8.16.7
https://jcpp.iut.ac.ir/article-1-1834-en.html


���� 	
 � �
�������� � ����� ������ ��� /������ / ��!" #$%& /'()* 

�?� 

���Uc.�E� /
	6 �0
$.� ,�01�
.���� ,��2 �3 
�3 ��:=	� #;� <82  ��� ��D	� 
>��7��1 

8>2R �%��r 82�6%�!�(%) 

F��! 8-6%(� '4_�� 
��G%�)°C(hV� 

�o�/�±�/?� a:�>9! 

���/�±o/?? b�

���/�±�/�? c�

���/�±�/�� c�i

���/�±�/�� c�i

82�U :�$��� 

�o�/�±�/?? b:�>9! 

���/�±�/?� b�

���/�±?/�� c�

���/�±o/�� c�i

�o�/�±�/�� c�i

� 2� 

���/�±�/�� b:�>9! 

��?/�±�/?? b�

��?/�±�/�� c�

�j�/�±o/�j c�i

���/�±�/�o c�i

84&� :�$��� 

���/�±�/�� c:�>9! 

���/�±�� c�

���/�±�/�� c�

���/�±�/�� c�i

�j�/�±?/�� c�i

�G%= 

��j/�±�/?? b:�>9! 

���/�±j/?? b�

���/�±�/?� b�

���/�±�/�� b�i

��?/�±�/�� b�i

�%�9=�, :�$��� 

8>2R �(� �> %B 82�6%�!� .'@B �@B 8����@( F@G&� �'B� @� ��@O

 8>2R �%��r e��A�� 8@� �$=� 82�6%�!� 	�@. .6@%=�� P�@$=� ROS 

�� *� P�@( a@� 8����@( e9� u(��R6@92�� c�@M� P�D6@9�

 %;�,�� '�AW� �6%�%= /�%(�6%�!���H�	 a@%;4!�2 P�D6%@(� , �D

 8� +�� 'B �� :�4( 	*�62� .�/�@D�%- �	 8-	*���@( F@G&� P��@B

�%=�B�>� a%49� 692�� '��2�| P�D 8@� z@GW� �@D 6@9B�� .�H���B�@9B

 �@r�l_ '@B 8-	*���@( e9� *� F#V �=�_ 'B � -�B �5�(

8>2R 8@>2R �@%��r H%@B ��@#��� , 82�6%�!� F@G&� , 82�6%�@!�

 K 'B �8����(zG8� +	�	 �#�2 	�*R :�7�	�� P�,R 	�. .'@q�-�

 8>2R �%��r +*�62� �� 82�6%�!� P�8-	*���@( F@G&� �@B u#��@� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.8

.1
6.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
28

 ]
 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.8.16.7
https://jcpp.iut.ac.ir/article-1-1834-en.html


� ,
��+
 ���	�#/-. �$� 4����!0/3 �
01�	2��5� 71 78
 49����1... 

�?� 

8� /� 2 H�� '! �(� �3�@� F@9� �B +,05 ��1�	 P�D��>!�� 6D	

 69.�B '>.�	 e$2 "�#!�� �	 8-	*���( FG&� �	 �(� H7G�

)��.(e��A�� �H���B�9B+6�	 #%!�� /�A%� �	 +6. 8@.�2 849� "�

'��p� �*�� �(� H7G� hC P��	 *� e@MB 8@�,��	 , P� P�@D

 H@7G� 6�6@. P���@( 'q�-� �6D	 e��A�� �� "�#!�� L4>M�

 6D	 eD�! �� �J2R ��6$� �(�)��.(h@D �@��_ ���@>2 �H%@9q

 8� +�%� �(�� '! 	�	 /� 2 'B 62��� 'B '9%JB "��Y z@#9� /��@95

 8>2R *� k�>(	 FB�V /�6%�@!� �@D L@4>M� z��9@Y �	 8@X%#O P

	�%- ���V +	�l>(� 	���.

��
$. �	
> 

e9� P�D&�%d84Y�8���HF��5+699!	,6&� =��%"�6 -%D�8

8� 69.�B.2�7� @%h��@D P>�,�@$� 8@l4>M� 8k�@(��B p�@%%"�� 

�%A�]�=��a,B%.�%G%�8�u#��� �B(R%S���( 8��%	�J9  6.+

�(�)��(.P	��* 6D��. 	��	 	�K, '!/� 2 �@(� H@�� +69D	

'! 8>2R /�6%�@!� P�@D @G�A2R F@���5 8@G�A2R�%x , 84@Y� 8�	

-�4K%�P*�e9��!�%��6%��	-%/�D� 69>�D)[[.(��H6D��. 

/� @@2 8@@� D	@@96'@@! e9@@� �@@D P&�%@@d 88@@� ���26@@9 �&�@@�a

(%h>� �DPz@GK �,R PROS -@%D�8���A@���eD	@96,�@�H

�A���e��r�l_ �	�B��B e9� ��hD��� 8�	�,R.8@=, '@B �@w2 

8� 6(� 2�7�%h��DP8>2R 82�6%�@!� ��@B P�@r�l_ -%/�@D� �	

�B��B e9� �DP&�%d8��! 86.�#2 ,hDH%9q-%/�D� 3,�@$� '@B 

���( �	:�O +�,	 ����( 8>2R /�6%�@!� �@D PB@%�>  ,�@� ROS 

�>G! P�#�2 'B'2�- �DPk��_ 'B���( =��%68�!699)[�.(

�	 ��HeD,`��/�A%� e��A��=�X� @%�h�A@2R SOD /�A@%� �

�>Bi+�@%� �(�� �	 F9� , H�,��! �	'@4_�� @(�%-68F@��! 

�#�2 'B'4_�� F#V *�(�%-68�8�62��� =	%48�BFG&>�/	�B 

+�%� 'B '4_�� H�� �	 ���( 6.�B.8� �H���B�9B /��� >2%'W���- 

'! �	3�V�� X=�d� 	��� '�	'4_�� (�%-68�F��! (%h>� P�@D 

8G�A2R�%x , 8G�A2R z@GK �,R P:�@7�	�� �@D P�	�*R ��6@�R��! 

69>�D.*���H,��H7G� �(� ��|R @(R%S���@( 8��	�@(�� 

+�%�'!*�P69����*�B �lY�%+�8��6D�! 8-6%(� '4_�� �	

 F��!�D�r 	� 2.��� �	8-6%(� *� F#V '4_���%�+� ��H�|� �@D 

	�+6	�. .'BGD%H=	%F��	��X� � 8a'@2�G2 '@B /��@95 �@%+�

FG&>���k��_ 'B����( +,05 �BhJ� /	�B FT@� ��@.�	�B 

'B B%/��>JB /��* /6@. b	�T� �@B �@�	 P�h@C �@%/�A =�X� @%�

8>2R /�6%�!� 8G�A2R P�D 8G�A2R�%x ,�	�(�� "�@#!�� +�@%� 

8� hJ� A%2 6.�B.

���-M��]� 

'�()� *� $&� %@- +�1 @2�	 , �� @! "�@#!�� "�$%�@JK /0

 - 	��@� /	�@G2 hD��� @%D�8>U� �	 ,@%JW� /	�	 ���@V �� @% �"�A

2�	�6V , �7 �8�8	�..

d��8� 3���  3�R$�� 

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 Chemistry 104: 1338-1344. 

2. Aduoli, B. and B. Golein. 2011. Citrus 2. Novin Poya Press, Tehran, 172 p. (In Farsi).  
3. Anagnostopoulou, M. A., P. Kefalas, V. P. Papageorgiou, A. N. Assimopoulou and D. Boskou. 2006. Radical 

scavenging activity of various extracts and fractions of sweet orange peel (Citrus sinensis). Food Chemistry 94: 
19-25. 

4. Blois, M. S. 1958. Antioxidant determinations by the use of a stable free radical. Nature 181: 1199-1200. 
5. Bowler, C., L. Slooten, S. Vandenbranden, R. De Rycke, J. Botterman, C. Sybesma, M. Van Montague and D. Inze. 

1991. Manganese superoxide dismutase can reduce cellular damage mediated by oxygen radicals in transgenic 
plants. The EMBO Journal 10: 1723-1732. 

6. Fanciullino, A. L., C. D. Mayer, F. Luro, J. Casanova, R. Morillon and P. Ollitrault. 2006. Carotenoid diversity in 
cultivated citrus is highly influenced by genetic factors. Journal of Agricultural and Food Chemistry 54:  
4397-4406. 

7. Ferguson, J. J. 2002. Your Florida Dooryard Citrus Guide- Appendices, Definitions and Glossary. University of 
Florida, Gainesville. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.8

.1
6.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
28

 ]
 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.8.16.7
https://jcpp.iut.ac.ir/article-1-1834-en.html


���� 	
 � �
�������� � ����� ������ ��� /������ / ��!" #$%& /'()* 

�?? 

8. Fotouhi Ghazvini, R. and J. Fattahi Moghadam. 2010. Citrus growing in Iran. Guilan University Press, Rasht, Iran, 
305 p. (In Farsi).  

9. Giannoplitis, C. N. and S. K. Ries. 1977. Superoxide dismutase: I. Occurrence in higher plants. Plant Physiology 59: 
309-314. 

10. Golein, B. and B. Adouli. 2011. Citrus 1. Novin Poya Press, Tehran, 160 p. (In Farsi).  
11. Gressel, J. and E. Galun. 1994. Causes of photooxidative stress and amelioration of defence systems mullineaux. PP. 

237-273. In: Foyer, P. (Ed.), Genetic Controls of Photooxidant Tolerant in Plants, CRC Press, Boca Raton.  
12. Hagena, S. F., G. I. A. Borge, K. A. Solhaug and G. B. Bengtsson. 2009. Effect of cold storage and harvest date on 

bioactive compounds in curly kale (Brassica oleracea L. var. acephala). Postharvest Biology and Technology 51: 
36-42. 

13. Hodges, D. M., G. E. Lester, K. D. Munro and P. M. A. Toivonen. 2004. Oxidative stress: Importance for 
postharvest quality. HortScience 39: 924-929. 

14. Klimczak, I., M. Maecka, M. Szlachta and A. Gliszczyn. 2007. Effect of storage on the content of polyphenols, 
vitamin C and the antioxidant activity of orange juices. Journal of Food Composition and Analysis 20: 313-322. 

15. Knight, H. and M. R. Knight. 2001. Abiotic stress signalling pathways: Specificity and cross-talk. Trends in Plant 
Science 6: 262-267. 

16. Lynch, D. V. 1990. Chilling injury in plant: The relevance of membrane lipids. PP. 17-34. In: Katterman, F. (Ed.), 
Enviromental Injury to Plants, Academic Press, New York. 

17. McDonald, S., P. D. Prenzler, M. Antolovich and K. Robards. 2001. Phenolic content and antioxidant activity of 
olive extracts. Food Chemistry 73: 73-84. 

18. Mittler, R. 2002. Oxidative stress, antioxidants and stress tolerance. Trends in Plant Science 7: 405-410. 
19. Nagata, M. and I. Yamashita. 1992. Simple method for simultaneous determination of chlorophyll and carotenoids 

in tomato fruit. Nippon Shokuhin Kogyo Gakkaish 9: 925-928. 
20. Neish, W. 1964. Biochemistry of Phenolic Compounds. PP.295-359. In: Harbourne, J. B.(Ed.), Academic Press, 

London.  
21. Oncel, I., Y. Keles  and S. Ustun. 2000. Interactive effects of temperature and heavy metal stress on the growth and 

some biochemical compounds in wheat seedlings. Environmental Pollution 107: 315-320. 
22. Padda, M. S. 2006. Phenolic composition and antioxidant activity of sweet potato (Ipomea batatas (L.) Lam). PhD 

Thesis, Louisiana State University. 
23. Pennycooke, J. C., S. Cox and C. Stushnoff. 2005. Relationship of cold acclimation, total phenolic content and 

antioxidant capacity with chilling tolerance in petunia (Petunia×hybrida). Environmental and Experimental 
Botany 53: 225-232. 

24. Sala, J. M. and M. T. Lafuente. 2000. Catalase enzyme activity is related to tolerance of mandarin fruits to chilling. 
Postharvest Biology and Technology 20: 81-89. 

25. Schoner, S. and G. H. Krause. 1990. Protective systems against active oxygen species in spinach: Response to cold 
acclimation in excess light. Planta 180: 383-389. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.8

.1
6.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
28

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.8.16.7
https://jcpp.iut.ac.ir/article-1-1834-en.html
http://www.tcpdf.org

