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 ���� ���	�
� � �	���� �	��� ���� ���� 	� �����

����� �� !��" #��� �� $����� 	�%
� � !&�'�� ���

 (��� 	�)�� �� �%�*�+ ,��-�%+ ����.��/ �  ���

 ��0�� �� �&�1 2�34 5��67� � ,�� � 89: !���

�+ �;& 2�<9� ����1 !� ��=�� . ?�	 �'�� $�* 	�

 �+ @� � A	�" ,�� � !B0" �$����� 	�%
� 2�;%�

!7*;: C�� ��?�	 5*��;&�� !� $�*��� 5%
� ��� .

-�%+ ��D"�& ,�� � 89: � 	 !%/�� � !E�" ���

!� 	�: ��F�� �G�;��� . !93H I%��+ � -�%+ 8��H

-��=���J�� 	�G� �K�%E 	� � �*�G� 	 ����� L 

��/�J��L2�E	�%�*   2��%� � 2����	�� � �;& 2��/ 

5��� !� ��� $�" $�	� �� 	 ��;�� . MH�� 2����	��

 ��7�*N1 �J*�� �.�4 ����)�7+N� ���P1 (*�/ ( 	�

 -�%+ ���� $���!� ��& .!/�R � � �%
�� �S�E T7K� 

 !� ��.���P1 �!ENUH ��.��/ (*�/ MH��  �$� V�3�

 �7+N� W�%�= (*�/ � ����!� ��& (Askarian and 

Kousha, 2006).   
�F 	� -�%+ ��.��/ � �� $��� � 	�%
� � (�� ���

 !*��7�&��� ���;�*��/ �X9��� !�*���;E Y+�� � 	�%
�

G� ��E !��� ,�� � Z� 8��& �� ���1 !� 	�: ��F�� �

 V�3� ����� !� ��.���P1ATP T*�+ (��� � pH 

 (*�/ � WNUH ���� !� I��.���%� 8�.� �� �PUH

�+ ��%�= ;�+ . ��B*� W	�9��!E��� �� �*�"[ 

 �	�%
� � 89: ���� !� ��.��/ 2�R 	� �PUH $S���P1

 V�3�!� ��&���%�= ;�+ ;�.�� �F 	� �pH   �PUH

 �� �9�E ,�� � 89:!E��� �� �N\�� ��.��/ !��� 

!� ��%
�� (��� ��	;E ,�� � 89: ���*�  ;��*

 8:;4�pH!� ]	 ����� �,�� � ;�� �PUH  ;�� 

(Kristoffersen et al, 2006) .  (��� pH #9+ #P^ 

 $;& ��� ��� (*�/(Gaping) (Lavety et al,1988; 

Martini et al, 1996)   (��� � �PUH �6�� (*�/ �

 �&�1 ��0��!� ��&)Einen et al, 1999; 

Ingolfsdottir et al, 2004 .( � -�%+ �F 	� 5��67�

 !
�E ��7� �;*;� �,�� � 89: !ENUH ;*;& ��.��/

!� 5�� � ��E �%�*�+ � ��^� �%�*�+��	 )Bremmer, 

1992 .( 	�%
� � !&�'�� #+��� ��'&�	 � ���0%+

!��� �9_� ��F�� ;E�� !� $����� T*�+ ��0�� �� �	�

�%&<1 �P��4 �&�1   (Kiessling et al, 2004; Marx 

et al, 1997; Roth et al, 2009)  �  � !:N" ��1;*� �

;�&�� �%9+��� ��E !7PH.  

 �$����� ,�� � 89: !&�'�� ��� ?�	 � !�*

���"[  Y* 	� �'E� ���+)Y*�	<1 (� �+ (��� MH�� �

!� ,�� � (�� ��.��/��& . � ���0%+ �B*� ?�	

 T*�+ ,�� � !&�'�� ��� �� �+ �`�� 81 �	�3H

�	� ���	�� $����� (Robb et al, 2000) . W�F !.�

�+ �;
E !*�+��& 8��� 	�a� ���� $� �*S�.�*��/ 

)Ribas et al, 2007.(  (2007) Ribas  et al !��� 	� 

2�B�+ 2�+  Senegalensis)  (Solea  5%
� ;�%/�*	�

 ��� #+��� ?�	 �`�� 81 �	�3H� ���0%+ �� !���

 	�%
�� Y* � @� 2�PG� �� 5%
� ��� ?�	 �� �9�E

 @�" ��0��  5��b I� ��*	�R �� �+�� 	� !.�7��

���E � -�%+ !��� ��� I� � ����  �&�1 .Bagni 

et al.) 2007( !*�*	� -�� !��� 	� Dicentrarchus 

Labrax) ( !*�*	� I�+ �)Sparus aurata ( ?	�1

 2�PG� � ���0%+ �� �9�E !�
" 	� !��� ,�� ;E���

 5* �� �	� ��7� �� !��� ��� !*=�� -�%+ �Y* � @�

 T*�+ (��� #9+ -�%+pH !
�E ��7� ��&�1 

!� �P��4 �&�1 #+����E ��0�� � ��;*;&��& .

Wilkinson et al.) 2008 (  !*��+� !*�*	� -�� !��� 	�

(Lates  calcarifer) �-�%+ �G� $����� ;E��� $��H 

pH5�*��  D"�& � �%�*�+ !
�E ��7� ��� ���

 ?�'�� $����� ���1 �� �9�E ���=�� $�" �*S�.�*��/

;�%&� �`�� 81 �� �;&.  

E�1 5*�%7'� � !�* !.�7�� 	�J� � �� � � !&	��� �

$����� �P7�;&�� !� $�* 	� 	;/�R��  . �� !��� 5*

� -�%+ �@� � A	�" !B0" X*�& �� =�� ����\� 8�.� 

 87G%� ,�� � 89: !E��/ �N\�!� ��& . !E=�R ,��

 �	�K� c�G. � I� � !:N" �)E � I�) $��� �*�*;�

�&�1 ��0��� (;&�� !7E #+��� .!� �K�%E 	�  ��*��
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&�'�� ;��	�� ?�	 �* (��� 	�)�� �� ,�� � 89: !

��.��/���1 [�`� 	�J� 	� �� . W�F !+	�� 5* 	�

Y* ?�	 �� !��� !&�'�� �`�� 81 � ���0%+ � �	<1

 @� � A	�" !B0" �� ��*�\� 	� ��+ 	� ���b �� ,�� �

 �	�� !.�7�� 	�J� !0�� ��� D"�& � -�%+ Y+�� ��

%'� 5���� �'� � �%/�1 	�: !��*�	 5%
� ?�	 5*�

;E;& ��*�\� I� �� ��	�7�� !��� .  
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?�	 ��F�� !+	�� �'� �� !��� 5%
� � !&�'�� ���

 ��*�� 	� ��P��4 �&�1 !*�'E ��0��� -�%+ $���

deff �;�� �eg �	��� $�� �� �;E� !.�7�� 	�J� !��� 

 ��;4d�`%+ � h�1�P�� �� !����1 $����� !&	��� �

 ���� �� � ��'� $�%�P1 $�%+ $��� �6�* �\a��

���� W�\�\G� h�PH ��B
E� WN�& ���1 �	���

;*��1 8\%�� �$�1�1 !��9R T����� ��	��
� .!��� �� 

��*� -N1�9*�/ $��`� $�	�  �� ���� !7K4 �	� �� �
�mi @� ;�0� IK4 � � me I��� �� �;E��� f��  	� !�

 X*�& �� �� ;E;& �	;'BE ��� �* W;� ��  $�`� ��

 	�: ���H �*S�.�*��/ X*�& 	� � �%
1 	�1��+ ;*;�

;E��1 .!��� �	;'BE $��`� !E���* jN��� X*�& 	� ��

 �� � �;& !���� h�;� 	�a� � ;�%&� 	�:if �H�+ 

!� k*��� �'E� @�� !7�E ��;4 �	�� �*;& . @� ����

�`� ��	�� 2�R 	� $�d±ge ���1 !%E�+ ��	� pH ���� 

 ��g/m±df/f 2�PG� $n��� $��� � d±o �� h�1 !P�� 

��� �%�. . �H�+ 	� ���	 	� 	�� �* $����� !%+� !��<^

dg�P� �� � �'p  $��� �� 	����� �	�K� ���g ;�	� 

�/�1 h�KE $;� $�� . ZJ+gi � $�� 5�BE��� �� !��� 

��� �� 2�R #�im±dmmq � r/m±r/es 	�a� �%� !%E�+ 

?�	 2�7H �'� !/��3� @�`%E 	�%
�� !&�'�� ���

;E;& . ����� �P�+�� �	�%
� � Z� $����� ��%����

 �:� �� !.�%�K*�d �:� �� ��%���� �%`� � h�1 d !P�� 

;& h�KE �%� .if?�	 2�7H � 89: �H�+  !&�'�� ���

� a: $����� !��<^ �5%
�;& T .  

!��� !+	�� 5* 	�� ?�'�� ?�	 �� �� ��  �� ZJ+

;�%/�1 	�: (*���� �	�� � �;& �%
� �+ 	� ���b .

 !
*���� 	�7�� �� 	� !��� �;��f��� �;H  . 2� 	�7��

��� �;& ��" Y* 	� $����� $�� 	�: . �� �$�����

$�`�  �;&��" Y* $� 	� �� !*��)@� $�;�  ( �9�E ��

 !E��d:d  � ;E;& 8\%�� ���� �;& �%`*	 �Y* � !���

;E;& 	�%
� �+ �� ���b �� �8��� !&�'�� � Z� .

 ?�	 5*	� $����� !&�'�� $���  5�BE���rg � �\�:� 

gq��� ��E�F  .!��� 8��� !&�'�� $��� u:�� h�B�� ��

��� !

�� ?���+ W���4 .(Bagni et al, 2007) 	� 

81 �	�3H�� $����� h�� 	�7��;E;*��1 ?�'�� �`��  .

!���$�`� �� �� 2�PG� ���4 ���d �	�3H �%�. !P�� 

;E;& 8\%�� @� �%�. ��	� D.�" �`�� 81)Grzegorz 

et al, 2006 .( ���0%+ �	�� �`�� 81%dmm �� D.�" 

 � � ��� �;�� �+;� �`�� ���1 81� ,�� ��:�+ ��a\�

;*��1 ��'� $�&�� ZE�+ w*	�� ���& . 5* 	� ���E 	�7��

;E;& �%
� �+ �� ���b �� $����� 8��� !&�'�� � Z� .

 81 �	�3H 	�7�� ��� !&�'�� 2�7H $��� 5�BE���

 �`��e � �\�:� iq;& �9F ��E�F  . ��*�\� ���

?�	  �$����� 	�J� 	�%
� w*	 ?�	 �� �;& ��[ ���

!��� A	�" @� � !&�'�� 	�7�� �E�1 x�� 2�7H $�;� ��

� ;E;&���� 	� !�
" 	�  °C go Lgq W;� � Z� 

5�BE��� �!E=�R $��� gse ;E��� �\�:� )h�+ 	�7�� .(

9�� 	� $����� ��P� �,�� � ;��� �� ���4 h�/���%+ �

;E;& �	;'BE Y* . 

	�� 	� $����� � �	��� �E�7E� �� !E��� �m �e �s �gi �

er �if �rm � og �/�1 h�KE ,�� � Z� �H�+  

(Acerete et al, 2009; Roth et al, 2006) . �	��� �E�7E

 �H�+m ,�� � Z� �P��/N� �!��� ���/�1 W	��  .

 �)P^ (K�+ 	�)�� �� ��E $����� � ���BE�"

 	� �-�%+ �� X9��� !E�" ���	�%��/�H�+�0�   � Z�

;& h�KE ,�� .D"�& ��*�\� ��� 5��67�  ���

	�7�� �+ 	� -�%+ �*S�.�*��/ � ��7+N� ;��& ���1 �� 

f6b�4 $�	� �;E� !��� � �� 2�7H $�;� ��	� �BE �

;�� 87H �� ���BE�" �	�%
� �* !&�'�� ?�	 �E�B6��.  
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�����  (�+ ,�#����-�" .�*����') -����'

�0	)�(  

 !�� �:�+ ��4�E � ��*	�J� yE�+ X+�� ���1 $�"

�/�1 h�KE uP%`� ���	�7�� $����� .�E�7E�� !E�" �

�.�. �� S�0*�%E�+ ��B%+�	� 5*	�J� �� �%
^� $� ���

 	� �;E;&emmm  rpm W;� �� dq� S�0*��%E�+ �\�:�  

�;& ;� $�" ��7+N��   	�gmL ��1 !%E�+ ��	� 

;& �*�/;E . -�+ �� �7+N� 2����	�� �)P^

 X+�� �;& ��� z�& 87�.	�%+� et al.  Rotllant  

(2001)  ?�	 ��Radioimmunoassay (R.I.A) 

��;E ;& ���1 . �� ��E �7+N� W�%�=� ���P1 z�a+

yE	 ?�	��P� 	� !7*�E� !K�+���ELISA  ���0%+ �� 

��� � � $���� -	�� ���& #���� �� �	�K� ���

;�%/�1 	�: !+	�� �	�� I*�E� I�& ���& .  

  

�*����2 3+��  

��;E$;� !1;�7" $��� !
�E ��7� ���1 �:�+� 

 ?�	 -�+ �� !��Bito et al.) 1983 (;& �9+�G� . ��

 ���F ��� �9. ��	 �	�R !��� �� W	�� 5*!� ��& �� 

 � �B*� u3E � ���� ��	 !\/ W	�3� !��� 2�R u3E

;&�� $�*�� ��� �9. . ��� {a+ �9. ���7H �P��/ ZJ+

 	�)�� �� 	 �;H � �%/�1 ��;E 	 !��� h� ��'%E ��

� 	� �;*��1 �|	 ;�	� -�+ �� �� ���7� D"�& 5���

I*�� 	�: �*� 2���/:  

  

}(  

  

     

 � �%�~�� �;�� �+;� �;H �1ee5�� ���7� � 89: �BE��� �;&�� ;�	� ee�  oo  � ��=�� � ��7� �*��E  �;�	� oo 

�+ 8��� ��7� �BE���  �;�	�)Ribas et al, 2007.(  

  

���$���	�4pH .567   

pH �[�0E ���%�. $��� �	� �� WNUH pH 2;� �%� 

Testo 206pH2)$�7.�  ( �*� �!9E�� X" �=�� WNUH	�

��;E $�����  !%
� �.��;& ���1 .  

  

�'8��4 ,9  

 �!9E�� X" �=��  ��4�E 	� $;� �~ �7+ WNUH �

�;E �� �P�/ �* Z�� �P�+� �� !��� !%
� �.�� �*�� �� �

 ��;4d×g×gm X+��� ��'� !��� �� � �%� !%E�+ 

 �:� �� !.�%�K*� �����mmd/m8*�/ 	� � ;& $��  ���

 ���� 	� 2�6`* 	� � �;& �;�6�� !������.�i ��	� 

!%E�+�BE ��1;E;& �	� .;��  �sr �H�+ ) �E�9& 	�'~

��	 (�BE8*�/ ��	��P�/ � �;& ��� �� ;& 5*��� j�;K� ��

)Roth et al, 2006 .(@� ;� 	� �*� �a�	 � �~

;& �9+�G�.  

  

  

g(  

 =@� �~);�	�(  

  

  

  

����' -����'  

���  ZE�*	� !�B7� $���� �� ;%� ���Levense h�KE 

 �/�R �* ZE�*	� ��.�E� �	�� ZJ+ �(ANOVA) 	�: 

�/�1 .5�BE��� ��*�\� �'�  	� ��$��� �� uP%`� �

�	�7�� 5�� 	� � ���1 �E�7E 5�E� $����� uP%`� ��

 {a+ 	�mq/m;*��1 ���0%+ . �� �� 	��7E I+	  	�/ h�E 

SPSS ;& h�KE.  
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 �;E��� !�
" 	� �� !E�����e �,�� � Z� �H�+ 

	� ��;E $��� �&<1 �� �� ;�%&� ��: !
�E ��7�gi 

 �� ,�� � Z� �H�+g/eg 84 �BE��� �� ;�+	 ;�	� 

$;&�+ !
�E ��7�  .Y* 	�7�� $����� � Z� �	<1

���� �� ��
 ����� ������t�!" ��
 ������  #$� �� %& ��'��(
 �)	� ��*+ ��,$� �
 ���� �� -    

#$� �� %& ��'��(
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 ���� �� -!" ��
 � �����  
 = ���� ���	)
���( .//×  
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 �&<1gi��7� ;4 5*��=�� �H�+   	�7�� 5* 	� !
�E

;E�� $�
E 	 .��7�  �� ��*�\� 	� $����� 5*	� !
�E

�&� ��� 5�*�� W;& �@� � A	�" ,�� 	�7�� . 	�

 !
�E ��7� ���& ��`�� 81 �� �;& ?�'�� $�����

� �� ��*�\�	� !3`
� 	�a�� ���� ��"�� �� ��B*� 	�7�� � 

 � Z�rmV�a�E � h�E j�%9�E $;� �,�� � Z� �H�+  

 ;�%&� ��*<� . ��%7� W;& $����� 5*	� !
�E��7�

 �� $�
E 	 ) 8�&d .(  
  

  
  

 ����� ��	
�� 	�� ������ ���� �	
� ���� ������� )(Cyprinus carpio �! �" #$� %&��!  �	'�"(*&+� ,�� .(a-d) -!�/ 

#$0�� ���� �!�1&� $��2�� (*&+� ,���
�� � ���3 �4 � �	
� ���� �� �0�� �!�1� ,)56/5<p .( 9�:���� ��$;�= ����   

>?� ���� ,�@� �".  

  

 pH����  

               	��J� 5%
�� ?�	 � !�&�'�� ��� ;�E�� $�
�E w*�%E

  ���� !.���7�� pH   !����� ���F !����� �PU��H �	� �	�

)mq/m<.(p �BE���    $��� 5pH       8�1 �� �� !E����� �PUH 

             Y�* ����	�7�� $������ � �%
��� �;E;�& ?�'�� �`��

����� @� � A	���" ,���� � �	<��1 . 5�BE�����pH �PU��H 

              	� 	 �;��� ��� !
���� ;�E�	 �`�� 81 	�7�� $�����

      �� $�
�E ,�� � Z� W�H�+ .      5�BE���� ����.�4 	�pH 

        �\� ;E�	 �	� @� � A	�" ,�� 	�7�� �PUH  �"���* j�9*

��   ��� T*�+ W����� .        	� ��`�� 8�1 	�7�� $����� �PUH

            �H��+ ��� ��� !�+	�� W�H��+ h�7� rm     �,��� � Z��

  !���� �	�a�  	�pH           ���	�7�� �*��+ ��� �9��E ���=��� 

;�%&� .pH            Y�* � @�� A	��" ,��� ����	�7�� �PU�H -

    #���� �� �	<1e   � gi        5*�%7� �� ,�� � Z� �H�+  

;4  ;�+	 ��".         !
���� ;E�	 �`�� 81 	�7�� �� pH  	 

   W;� 	�og  �E�7E �H�+      ;�%&� ,�� �;�� ���1) 8�&

g.(  

  

  
  

 ���A� ������� pH��	
�� 	�� ������ %*B; )(Cyprinus carpio�! �" #$� %&��! �	'�" (*&+� ,��  

(a-d)#$0�� ���� �!�1&� -!�/ �0�� �!�1� ,��pH�
�� � ���3 �4 � >�	C �� (*&+� ,�� $��") .56/5<p (  

) 9�:���� ��$;�=$��" �� ���� ,�@��" ���� (  
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     	� �PUH �6�� $���sr       	�7��	�  �,�� � Z� �H�+ 

!��� 	�a� �`�� 81��� �B*� ���	�7�� � �%7� �	�. 

             � @� � A	��" ,��� ����	�7�� 	� �;�.�� �6�� $���

Y*" �	��� �)E � �	<1 ;�%&;E I� �� !/N%) 8�&e.(  

  

  
  

 ���D� >�	C EF"G ��H�� 9�:����  )$I� %" ( �JK ��	
�� 	�� ������ � L�� 3� MN >;�? (Cyprinus carpio) #$� %&�� ! �	'�" 

�! �"  (*&+� ,��(a-b)#$0�� ���� �!�1&� -!�/ �0�� �!�1� ,�� (*&+� ,���
�� 9�" EF"G ��H�� ��  $��")56/5< p  (  

) 9�:���� ��$;�=$��" �� ���� ,�@� �" ���� (  

  

����  ��� ���������� ���)����! ����"	( 

!+	�� w*�%E VN%" $����� $�" �*S�.�*��/ ���

!����� $�
E uP%`� ���	�7�� 5�� 	 �	� . 5�BE���

 � A	�" ,�� $����� $�" ��7+N� 	� 2����	�� �)P^

 j�9*�\� @�r�  �	<1 Y* 	� � ���i��� ;��& 	�7�� ����  .

 ;��& 	�7�� �� �`�� 81 	�7�� 2����	�� $��� 	�

!��� W��0�;
E �;��
� �	�.?�	 	�%
�� !&�'�� ���

 ��F�� �7+N� W�%�= � ���P1 $��� �� 5��67� uP%`�

!����&� �	� . 	� �7+N� ���P1 �)P^ 5�BE���

\� @�� A	�" ,�� $����� j�9*�q 	�7�� 	� � ���� 

Y*  �	<1e��� ;��&	�7�� ����  . $����� ��7+N� ���P1

!��� W��0� ;:�/ �`�� 81 �� �;& ?�'�� 	�7��  �� 	�

��� ;��& .  @� � A	�" ,�� 	�7�� 	� W�%�= $���

 j�9*�\�dr��� ;��& 	�7�� ����  . W�%�= $��� 5��67�

Y* 	�7�� 	� j�9*�\� �	<1f �`�� 81 	�7�� 	� � ���� 

q/g ;& �9F ;��&	�7������ ) 2�;�d .( 
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?WN ��&�X! H�	*C YO!H��	�( ��	
�� 	�� ������ �  

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

�0�� $0��" �� (*&+� ,���
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W��0� �!+	�� 5* 	� �;�� �+;� w*�%E!��� ��� �	�

D"�& !"�� � ��	� -�%+ $��� 	� 	 !0�� ���

 uP%`� 	�7�� �+ 	� �!.�7�� 	�J� !��� 	� �&�1

$��� 5��67��;E�� $�
E W��0%� ��� . 	� !
�E ��7�

Y* � @� � A	�" ,�� ���	�7�� $����� � ����� ��	<1

;& ���& �`�� 81 �� �;& ?�'�� $����� . ��7�

�K�%E 	� -	��� !
�E � ��.��/ � -�%+ (*�/ �

89: !��� (9��!� ,�� �  w*�%E �� �� ;&��

Kristoffersen et al. )2006( -�E��: ��� !���	� 

ZPR Gadus morhua) (�Ribas et al.  (2007) 	�

 2�B�+ 2�+ !���(Solea senegalensis)  !*��7� 

�	� . � @�� A	�" ,�� ���	�7�� $����� �!+	�� 5*	�

Y*  2���� !E��� �&<1 � ;�� #���� �� �	<1if � er 

;E;&  A	�" ��7� � �,�� � Z� �H�+ . ���.�4 	�

 ��`�� 81 �	�3H �� �;& ?�'�� $�����og Z� �H�+ 

;�%&� u��b ��7� �� $;� �,�� �.  

 @�� A	�" ,�� 	�7�� $����� �� ;& �;��
� 5��67�

 ��7� !E����� 	� �� �;�%&� �`+ � ;*;& 	���� !
�E

�;E;& ?�'�� �`�� 81 �� �� W;& � !
�E��7� 

��� 	�	�"�� ��%7� . �G� �� !E����� 	� T:� 	�

���9E -�%+ �%'� $��� !R 	� !
�E ��7� ;�*��/ ;E

��� �� u�0" ��E � �;& T*��� . I��E��� 5* ��  

!��E T*��� 8�.;� ;E��W�0�/ 5B7��� ��� � �S�E

5*���* W�0�/����/ �� $����� 5* �PUH �/�� 	� �� ��.�

;&�� �;�%&� ,�� � 89: ��%7�)Bagni et al, 2007.(  

 X+�� �;& h�KE !+	�� �9RSbastio et al.) 1996 (

h�E� !
�E ��7� $;& 84 �WNUH �;K� !1;&

�K�%E	�I*�E� ��.��/ � �PUH ��%�.������ ���

)5��J��� (!� #*�`� �� �K�� �*�'E 	� �� ;&��

5������!� 8*�9�/��� ����&;E .Morzel et al.) 2006 (

E� �,�� � 89: (9�� � ��.��/ �� ;E�� $�
E �

!� (*�/ !��� �	;'BE $��� 	� 	 ��.������  �� ;��

!� �*;3� 	 ��\G� 5* w*�%E;��.  

 �$����� ,�� � 89: ��'%�.��/ � -�%+ W�F �B*� � 

 ;*;& (���pH T7K� �K�%E 	� ,�� � Z� �PUH 

%�= ;�+ �P�� $� $;
E A	�"� WNUH 	� �P��4 ��

	� $�" $�*�� $;& u:�%� �+ !��� $;� .Poli et al. 

)2005 ( (��� �� ;E��� $��HpH;�.�� �F 	� �PUH  

 $�*H+ 5��67�� ��%�= ;�+ ;�.�� �� ����� �� 

 �*�"[ATP!� ��+ ;&�� . (K�+pH � !�* �&�1 

w*	?�	 5*��&�1 ��0�� !+	�� ���!� � ;&�� 

)Skjervoldt et al, 2001 .( W�����pH  (*���� 5*	� 

�� $�
E 	 !E���* ��B. ��	�7�� h�7� 	� .pH 	� �PUH 

!��� VN%" ,�� � Z� �P��/N� $����� I� �� �	�

;�%&� .Y* � @� � A	�" ,�� ���	�7�� 	� ��	<1

;�+ ;�.�� #9+ =�7%4 $����� �%
�� ��.��/�= ��%

 (��� � �%
��pH;& ,�� � Z� �P��/N� $��� 	�  .

 8:;4 5��67�pH ����� @� � A	�" ,�� 	�7�� 	� 

�� ]	 . $��� 8:;4pH ,�� 	�7�� 5�� ,�� � ;�� 

!��� VN%" �� 	�7�� �B*� �� @� � A	�" �&� �	�

 w*�%E VN" �� ��Korhonen et al.)1990 ( ;�*�� 	� �

 w*�%ESigholt et al.) 1997 (ZPR -�E��:��� !��� 	� 

)Salmo salar (� Ruff et al.)2002 ( !��� ��	 ��

�
0� (Scophthalmus maximu)  �� �a�	 	� 

��.��/ !� ,�� � 89: ���;&��.  

 !R �&�1 �6�� $��� �!+	�� 5* 	�sr Z� �H�+ 

� @� � A	�" ,�� 	�7�� 	� ,�� � Y* 	�a� �	<1

!������� �`�� 81 	�7�� � �%
�� �	.  Roth et al. 

2006)(  h�B�� �� !��� ��.��/ � -�%+ �� ;E�� $�
E

 �� ZPR ��� !��� 	� 	 �6�� $��� ;E�%�� ,��

 ��\G� 5* w*�%E �� �� ;�� (*�/ !'��� 8��: $���

�	� !*��7� . 5��67�Morkore et al.)2002 ( $��H

E ��/�p �� ;E��7E � �	���� ;�E�� �&�1 @� �	;'B

W����� � �F�%� ��B*� ����%�	��pH  �� $� �F � �PUH 

!� !������� W�9���� ;&�� . T*�+ (���pH ;�� �PUH 

 � ,�� �pH ��&�1 $;& h�E �� �K�� 5�*�� !*�'E 

5������ 	�%"�+ 	� @�Pa��E W����� (*�/ � ��

!� ��.������ ��&(Ang and Haard, 1985; Einen et al 
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 al, 1999)D"�& !+	�� � �;�� �+;� w*�%E �9R ���

 	�7�� $����� �� ��	� -�%+ $��� �$�" �*S�.�*��/

 $��� �� ��	�7�� �*�+ �� �9�E @� � A	�" ,��

8��: ��� �%
�� !'��� .Ribas et al.)2007 ( �Acerete 

et al. )2009 (?�	 ��F��A	�" ,�� 	�%
� ��� � @� � 

�R�^ 2�+ #���� �� $����� 	� 	 Y* @�	� �	�

2�B�+(Solea senegalensis)  !*�*	� -�� � 

!*���	(Dicentrarchus labrax) � ;E��� ��.�a� 

 	� 	 �7+N� W�%�= � ���P1 �2����	�� $��� 5*�%
��

!����0" ��� �� �� ;E��� �;��
� @� � A	�" �;& 

 	� �;�� �+;� w*�%E��� ��7� ��\G� 5* . 81 	�7��

D"�& 	� !/N%" �`�� 	�7�� �� �*S�.�*��/ ���

�&;E �7+N� ;��& .Y* 	�7�� �� �)E � �	<1

D"�& !��� VN%" $�" �*S�.�*��/ ��� �9�E �	�

 �+ !*���+ ��& 8�.� �� �� �� $�
E ;��& 	�7�� ��

Y+�� ���� #9+ ��E 	� ��.� �*S�.�*��/ ��� �K�%

2��%� {&�� � -��=���J�� 	�G� �*�G�5���  � ��

Y+�� W�7�)�� 	� W=N%" 8��& -�%+ �*�E�F ���

!� !E�* � ��7+  ���1)Ross and Ross, 1999 .(  

T7� �* $��H ��!� !P� �;�� ,�� �� �01 $��

 ?�	 �� !&�'�� 5��67� � @� � A	�" 	�J� !���Y* 

 �	<1+ ��K* 8�.� �� $��/ ��.��/ � ;*;& -�%

?�	 ��0�� �)E � I� � !:N" �)E � I� !9+��� ���

!7E �&�1;�&�� . 81 �� !&�'�� ?�	 	� ���.�4 	�

 �� �&�1 ��0�� � ���9E -�%+ �G� $����� �`��

 8��E�%� $��� ��~�E 8�.� �� �  ;*��1 �04 @�Pa� �GE

 ��*�\� 	� !E��E V�3� ��� ���� 5* ��*	 ��� ��

!*��7�&)Ribas et al, 2007  (!� �'� $� � $��

 �&�1 !0�� ��9'� 	�)�� ��  $����� 	�%
� � !&�'��

��7E  ���0%+ �P��4.   
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Abstract 

In this investigation effects of two stunning methods 1) ice asphyxia, 2) direct immersion of fish 
into bath containing previous water dilution of clove oil that were killed by blow on the head were 
compared with common fish slaughtering method: removing fish from water and exposed to the air 
(asphyxia). Effects of these two methods on meat quality and stress responses in common carp were 
evaluated. Results revealed that anaesthetizing and killing procedures significantly affected the 
meat quality in common carp. Both rigor index and pH  varied significantly during the trail post-
mortem between the experimental groups. Maximal rigor index (77.6%) was observed after 3 hours 
post mortem in the asphyxia group. Rigor index reached maximum at 24(44.2%) and 60 h (55.1%) 
post mortem for the ice and clove oil group. Fish subjected to clove oil showed a less intense than 
those in the other group although they had a longer lasting rigor state. Mean muscle pH of fish was 
6.34 for asphyxia, 6.53 for ice group and 6.99 for clove oil immediately after death. Fish of the 
group clove oil had the lowest driploss at 96h postmortem. Stress blood indicators in asphyxia 
group were significantly higher than other two groups and the control group (unstressed fish). The 
data presented in the experiment expressed that fish of the group received clove oil had significantly 
higher quality and less stress response than other groups.    
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