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

2 3 �)�� 456�$7!� �8"�9*� �� �)�� �9*� :��, �&� 7��; 1�7&) �	 4�(, �)�$< ��)�.+> 1�?!  ����

 ��($� :��> ��($� ���. �5@&� ���1  ��($� B�)�� �9*� �*�C D�$; :(+)�>)2*�C D�$; : B��5/ �9*� �

 ��($�3-�I�" �9*� �*�C D�$; : ��($� * 4�	�<4��< �@! �	 B85!�, �9*� �*�C D�$; : .+> �I25 ���3 

 K/5I� 4�* �� �)��13/1±12/65  1�<�	  �)�'N5C  ��($� �) ����)2 (�'N5C �O� #�5P �� ��	

 #+� ��  * Q��5�50  .+!+> ���%� �*� S��I! �� �;5� ��D+�" �/	 ���&�� TUI6� B���	 4�* V�W� �� 

�� !" ��	�X� .+�! D+)��� YZI[� ��)��($� �$� ����!) �+, ��)AST BALT  *LDH($� �	 ( �*�C ��

%100 �&�� �5] �� �)�� �9*� ���	($� ���(� �	 +, ���� .	5� �)��($� ���/ �� �I�$��N �)���� ����� 

�!^	 :$3/�	 #����N ��� .�>�	 � ��!56 * �!56�� B��5Z/ �*�_! B��*���`$) B���. a!� �($� +)�> �

b$� S��I! �� �;5� �� .	5� ��BD+�" �/	 �� c$/" de�� D�$; �	 �)�� �9*� 45$/�+$f,� , 4+�	8�� * + 

I���� !" ��	�X� ��� 456 1�/ �+, ��)�?$I! �	 .	5>�� ����! ��$< 4�$� 4�5�	�, �, � :3�+C ��[

�� D�$; �9*� ��!�5�+  �$��� �)�$< Q��&� ��	5> �9*� �� D	�gI/� 1�7&) �	 �$&'() .� �	 �)�;+��� D�$ 

.	5> �	��� �;5� 4" �$g$, �� 

��0	*� :�3�=5 2 3�$7!� �8"4�(, B�9*� B�)�� -�I�" �9*� B��5/ �9*� �9*� B4�	�<,85!�.  

1- +>�� i�&>��, #U$> B B��$] Q��&� D+_�!�	 B#U$> D*�<�* B��>	��" +C B��U/� 	��" D�7�!�	��"4���� B��>	.  

2- ��$�!�	  B#U$> D*�<�>	��" B��U/� 	��" D�7�!�	 B��>	��" +C�* B��$] Q��&� D+_�!�	.4���� B�  

3- ���	�I/� >	��" B��U/� 	��" D�7�!�	 B��>	��" +C�* B��$] Q��&� D+_�!�	 B#U$> D*�<4���� B��.  

* :25jf� D+&f�5! ghelichi@yahoo.comafshin.   
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A�39� 

2 3�$7!� �8"4�(, )Oncorhynchus 

mykiss(  4�$)��	��" D	�5!�6 �� �!5< �$If[!

9 4�5&e �� �, �/�� ��*�� 4�f!� �ZP� ��

����  B����� k�+e)1379(�	 . �N�C 2�CB 

�� ��/ �)�� ��� � �	 �>���� 4�f!� ���9 �$�

	��	.  ��� �8�� ����9 ���� KX� ��� ��� �Ze

 * �)���($3 b�� ��  �� �, ��C* 4�$)��

�� +$P ��$] :$�	 ��� �� �_Z� B�f$! +!5>

�)�� ��� �, �/����. �� �&9 �) m�>� ��)

 ���/ ���9 �	 4�>	5;* �, +&If) D+�!

) �/� ��*�N����� k�+e B1379 .(  

� �" �	 �, �?!" �� ���� ��*�� ���9 +$�5�

B���?� 	�" �)�� * �9*� 4�$)�� ��C* T�O� 

�� ��� �)�� �!5< D	 	�5� �	 #������ B	5>

D	�	 4��! �>�*�� �/�  �$7!�$� �5] �� �,

 �� �, �>�*�� �)�� 1�<5Z$, n� +$�5� ����

�� ��*�� ���?� ��)��9+&���B  +$�5� ����

 �)�� �9*� * 	�"���X� 9/1  �)�� 1�<5Z$,

 ��C*�� T�O�b$� 4�+&(�!�	 .	5> �&$�

 2�/ �� �, +!	�,2050  �	 �+�+> b)�,

�!5< ���(� +$P +)�56 o� 4�� �" ��C* ��)

�� ��� ��� * 	�	� �" ��&P +!�5� �� �� ��*��

 B�)�� �9*� * �)�� 	�" �$�� 4�_�� 1+e :$�	

 +�+��+&, .B������&�  �� ��*�� � �" ��&P

 4�+X� ��� b)�, �5@&��+��  Q��&� 2�!	 ��

�&� ) �, * ����+���) +>�� �7�	 ��Turchini 

et al., 2009 .(4��7�)*p�  qr�� ���� ���$f�

 	�" �&� 7��; 	+P �	 :_�� ��� �� 4+�"

�$j�*�� �� �)�� �� �)�� �9*�  $! * ��" ��)

�9*� �7�	 �)�$< ��)+&If) )Turchini et 

al., 2009; Abedian Kenari et al., 2011; 

Arsalan et al., 2012 .(  

 n� ��&� �! �)�� ����9 D�$; �	 ���.

 �^�!� Q&��/� ���$f� �	 �(�� bX! �_Z� B

�$���� �� ��� .	��	 4+� �_�^5�5� $� ��)

 -�. ��)+$/� Dp�* �� * -�. ��)+$/�

) ��*�NEssential Fatty Acids :��_� �	 (

�&$&; *  B�&(�� �If$/b&,�*��)  �/�I/�

* 1 $!�_� ���/����� bX! ��$f� �(�� +!��	 

)Sargent et al., 2002; Bell and Sargent, 

2003 .(����  ���/ �� �)�� �9*� �&� 7��;

�&9*� Q��&�B  -�. ��)+$/� c/�&� 2	���

B��*�N ���� ���$� +>� �&$�� * 	�?�� ��*�X� 

�	 ����� :��5e ���($��� * i�I/���) ��$W�B 

 #�5P �� �)�� �9*� �&� 7��; .�/� ��*�N

�r ; * �Z, �� �9*���) �)�$< �� 	5;* b)�, 

�&���)�� D+> 1�(� �($3 ��	  *�� ��9!�5�+ 

�� ��U/ �)�� * �$g$, �Z$� ���$0 	���7�   



()� ����*�	+ ,�-.�/�0 123  4-5 -� ��	6 ()� 	� ��	�7 �	� :�	���� ������
����  ���������      8�4)4 "(1395  ]71[  

 

)Demska-Zakeoe et al., 2012.(  

D	�If< �(Ze #������ D	�gI/� 	�5� �	 ��

�9*� �� �	 �)�$< ��)� * �)�� ���%�� 4" �$0

 B����9 :�+� c��N B+>� ��)�I����� ��

�Z$� �$g$, B�($3 s6�> *  +$/� :���*��

 ��$f� #������ ��� .�/� D+> 1�?!� �Z$� -�.

� 	�5� �	 �,+!���9*� 4	�, �� 7��; �$0 ��)

 �)�� ��U/ �� �)�$<* �I��< #�5P �� �$0

 �&� 7��;4"�) � 4�$)�� ����9 D�$; �	 * ��

15Z���! �/�. ��@I!� ��	*� �&� 7��; �9*���) 

 �)�$< ��s6�>��) �!56B  	�_Z(e �If$/

  I&/ �ZP� :W�) +, ����  $! * 4+� �&(��

(���. * ��+X� t>�� �� !"��) �+, �����<�$0 

+>�� .  

25Z/��) 	5;5� �	 1�+!��)� YZI[� 

�� !" �*�C �� u���� �	 �, +&If) ���)

v�6 	�,��, 4" 25Z/�) �� �$����+&&,  *

b&,�* 1�(� 25Z/ :6�	 ���($>5$� ��)

4" K/5��) ��  $����, 25Z/ �, ���7&) .	5>

�� �7Ig>" ��.	�� !" 	5> �$� #����� �� �)

� %� Q��� * 456 1�/ �� �?!" �� * �I��� - 

 	��* �e�[!��+!5>.  b?&/ ������&� ��+X�

� !"�  * 4� $� �$����4"  �	 #�����B�If�� 

���� 	�,��, D5W! * �)�+!���)  YZI[� ��

�� s[�� .+&,4+> 	��" �� !" 	*�* * �)

4"�) 	��	 �gZI[� :Ze 456 �	�< ��B +&!�� 

 �I�� �/	 �� de�� �, �f,5!" * ��5Z/ �*�_!

.��`_��7  * 25Z/ ���9 	*�*�� !" ��  :6�	

 25Z/�� �� �(/U� �	 .	5>�� �?$I! �� 4�5�

D��+!� ��$<�� !" �@Z9 �	 �) * 1�/�� �f��X� 

 ��$] 4� $�4"�) * D+> 	�?�� #��$$%� �� B

 B���?�) 	�� �� �$<�	 1�+!�1370 .(  

#������ �[ �gZI� �� u���� �	� �$0

�9*� �&� 7��; �)�� �9*� �� �)�$< ��)

 �I��< #�5P�/� 2�w� 4�5&e �� B * ��gP

 �;�+Z�)1387 ( ����� �/�5�/ �0 y YZI[�

�; �� 85!�, ���?&, �&� 7��; 	�" � �� �)��

 �)+$`$� *��5`$�*�)�$j� ��/ 156 4 �)��

 32"8� ��$7!�(,4 100 ���< * +&I6�	�� 

 +!+$/� �?$I! ��� �� ���?&, �&� 7��; �,

 t�/ �� 85!�,50 �	 +P��; ��  	�"�)�� 

�$; D���� B ����/ i�����#� �/1�/�&>  *

�+> ��� �	  �)����_�4 �����.�/  * �;�56

) 4�%$�1386(  �6��s6�> ���$($>5$� ��)

2 3 �)�� 456 1�/�$7!� �8" ��*�� 4�(,

  $��!" * b?&/ 	�5� �� �,�6 �[I/� �	 �I���

�� !" ��	�X� * +!	�	 ���3���/ ��)  ����gf�

) ���$Z3ALP(#����`/" B ���gf!���5&$�" 

)AST(�$!8" B ) ���gf!���5&$�"ALT ( *

#�I,8 ) ��!^*�+$)	LDH ( c$��� �� ��
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320±722B 150±337B 24±29 * 353±579 

+C�* �	 �I$� 1Ue� +!	�,. Arsalan * 4���_() 

)2012 ( �)�� �9*� �&� 7��; �0� �/��� ��

�9*� �� �,��56 �*� �� YZI[� �)�$< ��)

 �)�� -�. +$/� c$,�� * 	�_Z(e2 3 �8"

D5�3�� )Salmo trutta( .+&I6�	��  q] ��

4" S��I!:�5] B�)) ���/Elongation * (

m�>��$9) ���/Desaturation -�. +$/� (

18C  * 	��	 �7If� D�$; +$`$� Q&� ��

2 3D5�3 �8" n$j�5&$� :_> �$$%� ���!�5� ��

 �� c$��� �� �� +$/� n$&�5&$� * +$/�

n$!*+$>��" +$/� * n$r5!� 7)��5,	 +$/� 	��	 

)Arsalan et al., 2012.( Peng  4���_() *

)2008(  �9*� �� �)�� �9*� �&� 7��; �0�

c$,�� B+>� 	�_Z(e �� D�$; �	 ��5/ 

 �	 �� �>8 ���$($>5$� c$,�� * +, ���$($>

�����	 i�� 4�5; 4�$)�� Acanthopagru 

schlegeli  �?$I! ��� �� * +!	�, �/���

 s6�> ��5/ �9*� �� D	�gI/� �, +!+$/�

�� b�� �� �� �+, .+)	Demska-Zakeoe 

) 4���_() *2012� (� �9*� �&� 7��; �$0

) +$>��" B4�I,Arachide Oil �� � Z, �9*� * (

 �6�� ��s6�>�!56 ��) B * �^5�5I$/

�����&>�I6  �8 �)�� +,)Tinca tinca (

.+!	�, �/��� 4�5;  ��� S��I! q]

B4��7�)*p�  * �$�5Z<5() 4� $� ���I(,

 D�$; �� D+> ���%� 4�$)�� �	 B���,5��()

 �, ���C �	 .+> D+)��� �)�� �9*� �*�C

25Z/ �	 #��$$%� ���I�$� u5��� �+, ��)

 * 4�I, �!�	 �9*� �� D+> ���%� 4�$)�� ��

/ D*�< ��� �	 .	5� D	�	 o� +$>��"25Z ��)

n.5, �+, �� �If) �?C �f! * ��

) 	5� �I�$� �/U�5I$/Demska-Zakeoe et 

al., 2012.( Guler * Yildiz )2011 �� (

 �� �)�� �9*� 4	�, �� 7��; #��0� �/���

 ��I6�/ * +>� +&�"�� �*� �� �&� �!�	 �9*�

2 3 -�. +$/� �8"�$7!�.+&I6�	�� 4�(, 

4" �� �;5� �� �) c$,�� * +>� ��)�I�����

 �&� 7��; B-�. ��)+$/�50  �9*� +P�	

+!	�, �$P5�  �� �&� �!�	 )Guler and 

Yildiz, 2011(.   

�9*� �� D	�gI/� �$()� �� �;5� �� ��)

 B�)�� �9*� ��; �� �)�$<������  �� �N�C

� �/��� �5@&���9*� :��, �&� 7��; �$0 ��)

-�I�" 85!�, * ��5/ B4�	�< �)�� �9*� ��; ��

�� !" 4� $� * +, ���� �� 1�/ �+, ��)

2 3 �)�� 456�$7!� �8" D+> 1�?!� 4�(,

.�/�  
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B�� � .*
��/  

 A���&/�� 

 �	 �N�C ������ 4�$)��2 3 �8"

�$7!�) 4�(,Oncorhynchus mykiss ( 	�5�

 ��$! ��  ,��2 3 ��*�� 4�I/� �	 Q3�* �8"

4�IfZ<  	�+�� .+!+> �$��200  ���32 3 �8"

 4�5; K/5I� 4�* ��13/1±12/65  * 1�<

 K/5I� 25]7/4±17 �I!�/ �� * -�[I!� �I�

 	�+��25  �	 ���38 'N5C�  iU<����500 

D	��" :3 �� �, ��I$� B+!	5� D+> ���/

 ���/�)� .+!+>  

  

�.��� �+�( ����&/.*-% �
C2 �  

���� �6�/ D�$;��) B������" D�$; �)�� 

2 3�$7!� �8" ���N� �ZC�� �� :3 4�(,

 * 1�	 z��56 �!�6��, �� �)�� �9*� 4	�,

 ���/ ��> 4��+!��� 4�� �" +> �$�� �$j�*��)

 :1�631/35(a`/ .  ��850  D�$; 1�<1�6  ��

 ������" ��)��($� i�/�150  �9*� 1�<

+> ���N� (���_� *	 �� n� �) ��($� ���.)�� . 

 ��($� �� �, c$��� ���1  �� (+)�>)4  ��

 c$���150  1�<�9*� )���B �9*� 5/�B� 

�9*� -�I�"4�	�< * �9*� 85!�,  	�5� �*� ��

+> ��`/� n�6.  �*� �� D�$; a`/

 �5) #�*�?� �	 �� +> b[�   $(� �W�/

n�6 	5> �!�;�;) * B4���_() 1393.( �9*� 

�� D�$; -�; U��, �ZC�� ��� �	 a`/ .+>

T�{ �	 D�$; �) K/5� U3 �, �!�<�+; ��)

 D	�	 ���3 B	5� D+> ����<+, cf.��+>.  

 B��($� D�*	 25] �	 4� $� �� �!��*� 4�$)��

4  �	 4+� 4�* +P�	 �/ #�e�/) D+e*8  *

12  *18 #+� �� �I/	 #�5P �� (50  �*�

 .+!+> �)	��9 ��$! 	�5� ���9 4� $��) �� +�� 

�f�� ����?&/ n� �Ig) *	 �)) (��� �$$�� *

 K/5I��f��D	5� �'N5C �	 	5;5��)B  ��

�� �$$�� 4�$)�� 4+� 4�* i�/� +>) k�+e

�����B 1379.(  

  

A2
�2 �* ��*.+� �+� A��� � �
D  

D�*	 ���I!� �	B 2  ���_� �) �� �)��)4 

U��, #�5P �� (��($� �) �� �)��  ��	�O�

 .+> -�[I!����� 456��$< B �+I��$)��4�  ��

 �*	 �� n[$� :< a!�/�ppm 200  �5�$�

+!+>a`/ .  �ZP��U� 4	�, n�6 �� +�� 4+�

�)��B :��I/� |!�/ �� 2 �/�/  +��* ��

456 ��	 �3�/ �!5(! �) �� .+�" :(e �� ��$<

 ��+X�1 �/�/ 456 ��5� �	 ����`) +3�� ��)

�!5(! B1�/ ���/�+; �5@&� �� .+> �I[�� ��)

 #+� �� 4565  �� �X$3	3000 �X$3	 �	 �*	 

^5g��I!�/ )EBA21B HettichB 4�(�"( +!+> .



]74[                                                               ���	
��  ����� ����      :�	���� ������
����  ���������4)4 "(1395  

 

��5� �	 D+> �+; 1�/ �� * �$Z[� n.5, ��)

�� !" �/��� 4��� �	 1�/ �+, ��)� ��� 

)18- �I!�/ �;�	(	��<  +!+> ���+�7!

)Borges et al., 2004.(  

  

��*32*1��2� �+�0�
D �+� ��/  

�� !" b?&/ ������ ��� �	��) �$!8" 

) ���gf!���5&$�"ALT#����`/" B( 

) ���gf!���5&$�"AST#�I,8 B(  ��!^*�+$)	

)LDH�$��_�" B( ) ����gf�ALP� B( � �Z$/*

 � �8�!" �($>5$� D�7I/	)T�*+&�� �,�>B 

4�(�"(  �� D+!��/ �,�> :(����5I/	 q]

�$, �� D	�gI/��)�7�����" ��) i���) B45��"

(4���� D��+!� B�(� !" �*� ��+> ��$<+! 

)Borges et al., 2004.( 

  

A2
�2 A���345 �* &���� ��/  

 ��� �	������  4+� �� :��, #�5P �� +,

�$w� +P�	 D	 �r5� 25ZW� �	 * }��6 �)�� 

+>  * ����  1�?!�YZI[� :C��� B��$7�" 

|!����	� * T�g> 4	�, �!5(! :6�	 �	 

D�7I/	 �I��� D+!��	�� )Tissue Processor (

���3 c��3 +�� �ZC�� �	 .���<�!5(! ��$<�) * 

�$�� z5Z���) �&$����� #�5P ���< *  a`/ 

�� D	�gI/� �� ��� 15�*�_$����) �� ���[N 5 

4*�_$� �$�� �	 .+> �(��6 �!5(! D	�gI/� �� �)

�*� �� �$Z$f,5��()- |!� ���5r�� $�"  �� *

�Z$/* ~5_/*�_$� ��5! 	�5� ������ ���3 

c�	� * �I/5�) +&I��< B�	���1388(.  

  

�.*. E�=C� � A��F� � ����� B��:�/  

2���! 4	5� D	�	�) K/5� "45�� Shapiro-

Wilk ���< ���3 �/��� 	�5� :$ZW� * �� ?� .

D	�	 �� u5��� ��)�� !" �&(�� * ���/ ��) ��

n� a!����* �� ?� 45��" q��]���] )One-

way Analysis of Variance- ANOVA (

 45��" i�/� �� �)��($� �$� �$7!�$� �f��X� *

�_!�	 )Duncan's Multiple-range Test (

1�?!� +> *  TUI6� 	5;* 1+e �� 	5;*

�&����	 t�/ �	 ���6 5  +P�	 �/��� *

 ��	�X�05/0<P �&���XZ� ��	 �/��� .+> ��)

 ����" �� D	�gI/� ��1�!�� �� ��)SPSS 20  *

Microsoft Excel 2007  �*+&�* K$W� �	

 1�?!�>+.  

  

G���2  

 �&� 7��; �, 	�	 4��! �N�C ������ S��I!

�9*� :��,�$0�� �)�� �9*� �� �)�$< ��) 

�&��2 3 �)�� +>� �� ���	�$7!� �8" 4�(,

 �	 4+� 4�* b�� �� 4� $� �, ��5] �� .	��+!
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 �)��($�1  ��4  c$��� ��56/2±73/85 B

89/4±93/90 B33/1±42/85  *49/5±10/81 

) 	5� �$7!�$�±  ���$�� T��W!�05/0>P .(  

���9*� :��, �&� 7��; �$0 �� �)�$< ��)

 �)�� +, ���� �*� �� �)�� �9*� ��;

2 3�$7!� �8"�	 4��! B+)�> ��($� �	 4�(, 	

c$/" �,	5,� �Z(; �� �+; ��)  �*��gP

B�, a!�/�!^	 ���. ��$f� B8�� B�!56�� �*�_! 

 	�?�� +, ���� �	 	��� � ��!56 * ��5Z/

 :_>) �/� D+>1.(  

 ��($� �	2 c$/"  $! �Z(; �� �+; ��)

 * ��5Z/ �*�_! B� ��!56 B�!56�� B��*��"

 	�+�� �$&'() .+> D+)��� ���. a!�/�!^	

25Z/ :_>) 	5� �, �g�5, ��)2.(  

� �� #����N BD+�" �/	 �� S��I! �� �;5

 ��($� �	 D+> 	�?�� �+,3  * � ��!56 :��>

 �*�_! �(, * ��*��" * 	��� ���. a!�/�!^	

 :_>) 	5� ��5Z/3.(  

�$&'() �� �;5� �� S��I! �� �/	 D+�" 

#������ �� ����B�/�&> ��*���`$) B�, 

 B��5Z/ �*�_! B�!56�� B8�� ���. a!�/�!^	

 � ��!5625Z/ b)�, * 	��� �� �g�5, ��)

 ��($� �	 D+> 	�?�� �+, #����N �Z(;4 

 :_>) 	5�4.(  

  

  

 E�1: ��6 &/�� 345 7��� HI9�$�'2� �8� $%�� ���: �+�( �� �3� A�-J�) 3/�� ����� �. ���5

(&/��. )1&�+� N2��+2	. (O )2( ��+2 &�
=� )H&E �40×(.  
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 E�2: ��6 &/�� 345 7��� HI9�$�'2� �8� ����� �. ���52 (��
� $%�� ���: �+�( �� �3� A�-J�) .)1 (

&�+� N2��+2	.O )2&2
D+R (O )3���+2
D (O )4( ��+2 &�
=� )H&E �40×.(  

  

  

 E�3: ��6 &/�� 345 7��� HI9�$�'2� �8� ����� �. ���53  $%�� ���: �+�( �� �3� A�-J�)

S����(�*.+0.  )1&�+� N2��+2	. (O )2���+2
D (O )3( ��+2 &�
=� )H&E �40×.(  
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 E�4: ��6 &/�� 345 7��� HI9�$�'2� �8� ����� �. ���53 (8
2�5 $%�� ���: �+�( �� �3� A�-J�) .

)1 (&2
D+RO )2&��+�+T�/ (O )3( �
=�+UR
5 ��/O )4��+2 ( &�
=� )H&E �40×.(  

  

 4�$)�� �, 	�	 4��! �/��� ��� S��I!

�� D+> ���%� %100 �)�� �9*�B  ����	

 �� !" 4� $� ���I�$�AST  �� B+!	5� 1�/ �	

�&�� TUI6� �, ��5] s6�> ��� �$� ���	

 +> D+)��� �)��($� ���/ �� �f��X� �	

)05/0<P .( ��($� �	 �� !" ��� ��+X�3   $!�� 

�&�� �5]�, ���	 	5� �)��($� ���/ �� ��

)05/0<P � :_>5.(  

 �, 	�	 4��! D+�" �/	 �� S��I! �$&'()

 ��5/ �9*� �*�C D�$; �� D+> ���%� 4�$)��

 ��($�)2 �� !" 4� $� ���I�$� (ALP  �	 ��

�&�� TUI6� �, ��5] �� B+&I>�	 1�/ ���	

 �)��($� ���/ �� �f��X� �	 s6�> ��� �$�

) +> D+)���05/0<P :_> �6 4�$)�� .(

 ��($�) ��5/ �9*� �*�C D�$; �� D+> ���%�2 (

b$� ����	 �$&'() �� !" 4� $� ����ALT 

�&�� TUI6� �, ��5] �� B+!	5� 1�/ �	 ���	

 s6�> ��� �$� �)��($� ���/ �� �f��X� �	

) +> D+)���05/0<P :_> �7.(  

 �, 	�	 4��! �/��� ��� S��I! �$&'()

% �� D+> ���%� 4�$)��100  ����	 B�)�� �9*�

 �� !" 4� $� ���I�$�LDH  �� B+!	5� 1�/ �	

�&�� TUI6� �, ��5]��� ��	�X� �$� ���	 

 +> D+)��� �)��($� ���/ �� �f��X� �	 s6�>

)05/0<P � :_>8.(  
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 E�5 1��2� +�.�9� :AST ��6 ���/�� �
D �+�$�'2� �8�$%�� ���: �+�( �� �3� A�-J� ���5 ��/

V=�W�  $�'2���) ±(���X� Y*+C2*&�X� YZ�D* .
(� �3�/. ��>2 )��U�� &��='2* Y�+: .7�* �*..  

  

  

  

 E�6 1��2� +�.�9� $�'2��� :ALP ��6 ���/�� �
D �+�$�'2� �8� ���: �+�( �� �3� A�-J� ���5

$%��V=�W� ��/  $�'2���) ±&�X� YZ�D* .
(� �3�/. ��>2 )��U�� &��='2* Y�+: .(���X� Y*+C2* �*.

.7�*  
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 E�7 1��2� +�.�9� $�'2��� :ALT ��6 ���/�� �
D �+�$�'2� �8� ���: �+�( �� �3� A�-J� ���5

$%��V=�W� ��/  $�'2���) ±&�X� YZ�D* .
(� �3�/. ��>2 )��U�� &��='2* Y�+: .(���X� Y*+C2* �*.

.7�*   

  

  

 E�8 1��2� +�.�9� $�'2��� :LDH ��6 ���/�� �
D �+�$�'2� �8� ���: �+�( �� �3� A�-J� ���5

$%��V=�W� ��/  $�'2���) ±&�X� YZ�D* .
(� �3�/. ��>2 )��U�� &��='2* Y�+: .(���X� Y*+C2* �*.

.7�*  

  

^C�  

���� �������/��� �	 +, �/�&> ��)

���%�-�&I;� ���� ��) �/� �����!Poleksic 

et al., 2007; Raskovic et al., 2009 .(

 �� �6��4��7�)*p� �[�� �$�N* * �/�&>

_�^5�5� $�� ���%� K���> �� K��� �� +, ��

0

2

4

6

8

10

12

 3/��)&/�� $%��( ��
� $%�� �*.+'����� $%�� 8
2�5 $%��

(I
U

/L
 )
A

LT
 �

*3
9�

 1
��

2�

&>����� ��/�����

12

10

8

6

4

2

0

b

a
a a

c

b

a a

0

400

800

1200

1600

2000

2400

 3/��)&/�� $%��( ��
� $%�� �*.+'����� $%�� 8
2�5 $%��

(I
U

/L
 )
LD

H
 �

*3
9�

  1
��

2�

&>����� ��/�����

2400

2000

1600

1200

800

400

0



]80[                                                               ���	
��  ����� ����      :�	���� ������
����  ���������4)4 "(1395  

 

�� .+&!�	 �$�N* ��� s6�> n� +,

c$/"�/�&> #��+P s$[�� ����  	�?��

���%� K���> �Ze �� D+> ���/� �g${* ���� B

�65/ 4" D�7I/	 �� �, �/� ���+$�5� ��/*

�� ���5< .+/�  

 �	������ �N�CB ,+ 2 3 4�$)�� �8"

�$7!�4�(, �	 1�(� �)��($� ��.	 c$/"�<+�	 

c$/" ��� .	5� D+>b$� +)�> ��($� �	 �) ��

 .	5�Menoyo ) 4���_() *2004 +&I����	 (

 �$/ 4�$)�� +, �	 ���. 45$/�+$f,� �,

)Sparus aurata ( ��5/ �9*� �� D+> ���%�

 c$��� �� 4� $� ��%21  *%11  �� �f��X� �	

 �9*� * �)�� �9*� �� D+> ���%� 4�$)��

 ��� S��I! .	5� �I(, z� � 4��7�)*p� �?$I! ��

�N�C ������ �	 D+�" �/	 �� �>�	 �X���� .

D�$; ��5j� �@! �� ��)+$/� �*�C �, ���)

 	56 c$,�� �	 	��� m�>��$9 -�.+&>�� 

 ���. 45$/�+$f,� +�If�+&If)  	56 ��� �,

de�� b�� �� �;�	 45$/�+$f,��� ���. 	5;5� 

25Z/ �� c$/" * ��+&,5I$� �	 �+, ��)

��) 	5>Abedian Kenari et al., 2011  .(  

45. +, :W� �f$�5��I� �ZP� ��)+$/� 

-�. �	 4+� B�/� ���$f�  �� 4��7�)*p�

c$/" �� �+, �>�! �� D $�5��I� -56 4+�! 

�� �, D $�5��I� 4+> ��)+$/� -�. �7��- 3 

�!85] D�$?!� 	5;5� �	 �9*� �)�� *  	�?��

#��$$%� ���� �	 ���. ) +,Fatty 

Degeneration( 4�5&e �,D	) +!�Brown et 

al., 1997.(  

��, 25Z/��) �+, �5���) ���%� 

D+> �9*� �� �)�� 4��! D	�	 �/� �, �	 

B����! �� 4� $� +�+�� 	5;* 45$/�+$f,� 

��)+$/� B-�. ��� �5IW�+��f$Z< 

25Z/��) �+, b�� �� ��.+��� 4���; ���� 

���. �� :_> �$j�*��5`$���) �&9 �� 

���+��f$Z< * ��)+$/� -�. 	��"B �� D	*� �� 

+, �� �I�$��� .	5> �5/ B�7�	 �0� ����� 

�$�5f!� ��  t>��VLDLde�� B Q(?� 

���+��f$Z< �	 �� +,�	 .	5> ������ 

Ritskes * 4���_() )1998B( 	�?�� :r5,�*��) 

���. �	 25Z/��) �+, �� �I(, D $�5��I� 

4+> �� 4+�! D $�5��I� ���. �>�! �� Q(?� 

��� ��)+$/� -�. D	�	 �f! D+> �/� .  

Q(?� ���. �� b&,�* ����I�� �	 ���� 

�?&� +, ��	5> �, �?$I! B4" �$w_� 

25Z/��) �+, * �Z(; �� 25Z/��) ����?� 

�9*� .�/� �)�� �� �Ze �I>�	 ��)+$/� 

-�. m�>��$9 �!85] �$?!�D45$/�+$f,��� B 

�)+$`$� �� �� b�� ��#85OW� .+)	 

45$/�+$f,��� �)+$`$� 1�?!��/ c$/" �+, 
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	�?�� ��+&&, )Nanji et al., 1995( �, �	 

��� �� ������ :_> �$w_� 25Z/��) ����?� 

+, 	56 �� 4��! .	�	  

T�O� �$&'() �9*� �)�� b)�, �� 

�$���� �� !"��) �I!"B4�+$f,� �@Z9 

2�_�	����) 	��" �� �	 +, b�� �� ��* +)	 

de�� -��I�� 	�?�� �	 +, ��?$I! .	5>� 

B-��I�� #��$$%� _�^5�5���� 25Z/��) �+, 

#+> .�/� 45$/�+$f,��� ���.�) #+> �� 

b)�, �$���� �� !"��) �I!"4�+$f,� * 4� $� 

c$/" �+, u���� �$XIf� 	��	 * �) �. 

4� $� �)�� �9*� �I����	 �	 ��^� ����9 

�I�$� B+>�� #+> ��� c$/"�) �I�$� 

��	5> )Bhattacharya et al., 2003.( 

b)�, �$��{ �I!"�!�+$f,� 25Z/��)  �+,

�?&� �� �$w_� 4"�) ������ .	5> t�/ 

�I!"4�+$f,��] �) �6�. �$w_� 25Z/�)� 

b�� �� ��+��� * 25Z/ �� �f$!�_� ��� �!��; 

�	 :��X� b)�, �$��{ �I!"�X�� �!�+$f,� 

D+> K/5� �9*� �)�� D	�gI/� ��+&, 

)Zulfikaroglu et al., 2003.(  

 �� 7��; ��5/ 	�" �� �)�� 	�" �, ���7&)

25Z/ �	 �If) �5&_$� B+> D+)��� �+, ��)

 .+>� �$&'()! ��� .���� b)�, �If) D��+

�I��� �)�$0�� 2 3 �)�� ���%��5/ �8"

�$7!� 4�5&e �� ��5/ 	�" �� �, ���7&) �� 4�(,

 D	�gI/� ����9 D�$; �	 �&$j�*�� Q&� ��&�

>+B .	�	 4��!  

Ostaszewska ) 4���_() *2005 ( �	

������ �� �, �� �� �$r��, �&� 7��; #��0�

 �	 ��5/2 3 ���9�$7!� �8" 5,�� * 4�(,

)Piaractus mesopotamicus ( B+!	�	 1�?!�

 D+)���+!	�, �, �$/5��`) 5,�� �)�� ��)

 ��I6�/��$] �$/5��`) ��* B+&I>�	��) 

2 3�$7!� �8" �� �5&_$� �If) ����	 4�(,

 25Z/ �$>�C �� �, +!	5� �@I&��$9 :_>

.	5� D+> D+!��  

�	 ������ ��7�	 Ostaszewska * 

4���_() )2008( �$0�� �w� ���9 ��$] 

�$/5��`) 4�(I6�/ �� ��D�X! �$/ ��) ��

)Vimba vimba���X� �f! * (  * +$`$� �����

 �	 �� 4^5_$Z< ���25Z/�)  D+)���+!	�,.  

Yamamoto ) 4���_() *2008 �� ( �?C

25Z/ �If) ��3 * �/U�5I$/ �+, ��)

2 3 �)�� �8"�$7!� 4�(,����  #��0� �/���

 D��Oe :(_��Z_�� ���. ���5/ �� D+> ���	�

 D	�gI/� +, ����+!	�, ��� S��I! .�/��� 

�$/5��`) �, 	�	 4��! D+> ���%� 4�$)�� ��)

 D��Oe ���Z_�� ��5/ B ��.	+!	5� D+> ��*��" 

)Yamamoto et al., 2008(.  
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 D+�" �/	 �� S��I! �/��� ���� !" ��)

 �� D+> ���%� 4�$)�� �	 �, 	�	 4��! �+,

%100 �� !" 4� $� B�)�� �9*� ��)AST B

ALT  *LDH �&�� �5] �� 4�$)�� �� ���	

 .	5� ��8�� �7�	 ��)��($��� !" ��)AST B

ALP  *ALT �� D*�< �� !" �P�OI6� ��)

 qZ�� ���(/U��$9+!��	  �	 ��&� �! �,

_Z� 456 ��(/U� � ���� �	b��" BcZ3 B+, B

�'$)�� B�$Z, � ���/ *1�+!�) �� ����!5> .+

 �$&'()4" �)�� +&!�5���eU]�� Dp�*�� ��  �	

 * 	�_Z(e 	�5����/��! 1�+!� ��� �) �)���
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Abstract  
This study was conducted to evaluate the effect of replacement of fish oil 

(FO) by vegetable oils on liver histology and serum hepatic enzymes of rainbow 
trout, Oncorhynchus mykiss. Four experimental diets were formulated with 
complete replacement of FO (treatment 1) with soybean oil (treatment 2), 
sunflower oil (treatment 3), and canola oil (treatment 4). Twenty five fish 
(65.12±1.13g mean weight) were allotted for each treatment tanks in duplicates 
groups at random and were fed for 50 days. There were no significant 
differences in the final weight of fish in any treatment. The results showed that 
serum AST, ALT and LDH levels were higher in fish fed the FO diet than the 
other fish. Hepatic lesions in liver tissue of all fish were characterized as 
hydropic degeneration, hepatocytes hypertrophy, necrosis, congestion and 
bleeding. Besides, liver tissues of treatment 1 (control) showed higher degree of 
liver lesions. These results indicate that oxidation of fish oil can cause hepatic 
lesions and increasing of serum hepatic enzymes in rainbow trout. In 
conclusion, mix of vegetable oils and fish oil can replace the sole use of fish oil 
in rainbow trout diet. Also, when using fish oil in the diet should be a lot of 
attention to its quality.  
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