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 ����% M$� /���; �

 +!�)FAO, 2009.( %�, 1��. �	2�� ��N�� ��� �� O��I � 

�3�
 3&�! �%�, H�PQ� =. 3&H�. ��� ����� #
��� � 

�	� �� ��R&� +�	-� S�3- S	E&EQ. �$!�� %	�) �	
��
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�� :3H�&� �� 3&+�	� ]�,�( (�&!� w����&��	��&. ��'&3  
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 � 3���, s�(U� �aE� 5�pH �	0�!� w�X 	� �%��% pH 

� ����2&H	� )SP-vol�	�H� ( �� �X pH � � � ���3%	�!� 

���3%� *��� �3/,&�� 3/ )Tsironi et al., 2009.(  

  

,�-�#��.�� /� �0 )WHC(  

��p&��3�0% +��Y �� 5� ���%	! Z��& +!3� ���� ��

 3��)et al., 1979 Cheng .(�� ��.�. L& � #2�; 3�� �� M

�</ #R/�"	� J	��!� 	� � �3/ �3) #
 	� � T̂�	� 

3%3/ =RI . �3/ ��� ix!)W1 (. ���� �&	
 ��� 

��%	!��& ���J	{U ���)Z36 Hk HERMLE�	�H� * ( ���-

 ��� 	� � 3%3/ ����g ?W@@@ 	�� ��� |�%	! �)�� & ���0

 S3� ��>@-� &��%	! �E��&3%3/ �� .%��%� 	
. ���� �� & ��

�"	� J	��!� 	� � �3/ O�	I�	�% ��� � 3%3/ =RI � 

)W2 (	�%� �3/ +/���	 .��p&��3�0% +� S��G �� 5� 

�Y �� � 3G���� J���� Z���, ��!	Q� ��3.  
WHC = {1-[(W1-W2)/W1]} ×100   

 
�#��%��12 �  

~I	/ 	
���� ��	$d  [�� 	� V@��� &�	�!� �� � & �(

V@��� ��% �% 5	&� [���� ��� �3)> � �� ��% ���� ��%  (

���3%� ��&, 3/ ) J�3)V .(�� ������ &�2R%�� �	�%	 

����; �� �� 3%3/ 5	U�%�	
�(�- ��� ��	$d � � �0

�2R%��� 3��/�� J	K� +��/ �	) 8-�3d?� �	� � �� �	� L

3%��� ���� ]	2%� T̂�- .(K!	��� J�Y �� 3/ � ����� D

.��G �� � 3�/	� +�	rgK� �� " ����� �� & 3��/�� +�

�2R%���%	���� �� ���/ �%��� \	� u	) 3�'0�� 	�%� L-

3/ . S	KH	a�,t�� 	
�$d �; 8�	/ �(� [�)  8�	/

m%�(� +�	� � �� *&��� �0 . �� w��
 �	&���,t�� 	
 �� 

+����; ]	2%� ��� S��G: V@ qz��� �H	_  *Wq���� � 

 *5�IBqC��� ��; 8�	- 	. 5�I 	��$% � *[�>q|��� � 

Ke& � yV q?��� �I &(Ke &y .3�� �)�� �����  [�� 

 �3/ �TG�Reilly et al. (19873/ ��	��!�  .  
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 �������	 
 ��� ������� ��
�������� ��� ���	�� !�	   

���� ���	 
	 �� ����  

�� 
���� �	
�� ��

��� ����� � ��� 

��� ���� 

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

1 
��2 �	
�� 3�45� 

�����  

��2��� � ���� 

����!�  
(6�� ��� �� 3�45 +� .� -"� �� ��� � .� �+��,/.  

7 
��2 ��� � ������ 

.+" 

����� ��

	�
���� �� ��
��  
��2 .� � ��� �+��#�8��� !�"��� -"� �� .  

9 
��2 ��� � ������ 

.+" 
��:�� �; !��  ��2 .� � ��� �+��8��� #�!�"��� -"� �� .  

< 
��2 ��� � ������ 

.+" 

��2��� � 

"��=>�  

��2� #�8 (8!?�����)  � �� +����@;� 
A� �5�� ,�.  .� � ���

�����
A � �5�� #�8��� �� ,�+B5 C8�� ,�!���� �� -"� �� .  

D ��� � ����� .+"  ���,���  � (��) ��*� E�F� +���2 � ,�� ���G# ���� .��� !H"� !I�G� .  

J ��� � ����� .+"  KA���L�4;�  ; (��) ��*� E�F� +� ���G# � ,+���� .� � ����� -"� ,�.  

M N4K�� ���!(
8  "��=)�!LKA���  
; (��) ��*� +�� ,+��2 � �,�8��� ��� 3� ���� .� � ���� -"� 

�,�.  

O N4K�� ���!(
8  KA���8 ���  
�) ��*� +�; (�� ,+��2 � �,�8��� ��� 3� ���� .� � ���� -"� 

�; ,�,+.  

� 
%�! ����� �.+" 

PF�)�B% ��4"�� +  

���"��=  >�

�8�Q�R�� � �  

��2 �; (��) ��*� +�� � ,�8 ��� ��� 3� � (��) ��*� �,� .� � ���

������ -"� ; ,�,+.  

 
�#��0 3�	4� � �����  

 ��'�� ]�% ��SPSS (16.0)��� �'2. �(Q. � �&�	�� 8� 

���	�3/ ��	��!�  .���� ���� J	��%	
 ����� 	� 

`��,��H�� q�!� & `�%�)Kolmogorov-Smirnov (!��� 
 ��H ����� �� � 3/)Leven (�����0�
 ��� � ��	��!� i%	

3/ .����!���  ��)� � `T�I� ��)� ]3_ 	�K� ���� �
 
� �� =~I	/ 	
�/ &�&	�� � &'�<'2. [�� �� *� �

���� i%	� ����� 	� � ���Y =LSD) �K� �a!��� � 
@B/@(	E� *�� �$&0%	&L	
���3�0% �	�� �� ~I	/ �
 � 

)@ *>@ *C@ *z@ *V?@���  (3/ ��!	Q� .����!���  
� s	�.��& � S	�G L�K� ����0�$��
 ����� �� 	�%�  

��, ��	��!� �%	,���3 .����!��� 	�. ��)�  S��K� ��� 
�&� L&0%	& L~I	/ 	
�$d ��� �� 	
� �� �KH	a� ���� 

J	<!���� �����qH��&� L� +$. � i��� � �)Kruskal 

Wallis & Mann Whitney U (3/ ��	��!� .�{�
& L
!��� +�)	E� � �!� �$&	
3�	��%� 	� ���� J�� 5�4 � 

 ����� �� ����Tq �&"��)��, ��	��!� �3.  

  

�����  

5��0�6 ��+����7�� ��	�� 8    

  �	��%�� ����0&� �(g��_ M��&��. �	&�&��/ '&H	��%� ��	���% 
��3�0%�      S3�� �� �3/ V?@     	��� �� �� ��� � VWq   ��)�� 

�%	!&    �'�� �� ��� �	R% ���0� �	,3�%	� �	�� D� r	�. &��  ��� 
�& n.��; ��'&   ��4 � ��$�	I *L  H� ���3%      �	��� +/�, 	� 

H3�&  � D
	� 8&   � *J�PQ� +��Y� ��'& � ��'   �� =RI ��	
�'��� D�+�	 )��/�<P()  J�3)?.(  

  

��! �������  

       �	�� �� �0&� S3� �	.�� ���3�0%VWq   *���0&�%	! �)�� 
  �&r	. ��K�  ����            +�/�3% �� 5��4 �	
3&�!� M�&��. ��� 

) J�3��)> .(  ��'��&� ���4�,�PUFA *MUFA *n-3 � n-6 
 D
	� L�� 	�� *+�	� D
	��K� ������% .  
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 ����"��#	 $	 %�
�&�
��' (
	 %)*+ ,
�&�	���� �) L. vannamei ( �� ��/�"0���&� �� ��	! ! � �1����2 %�! 
!��&  

���/���� �	
��(%)  ��� ����(%)   �������(%)  	�!�(%)  �"#���(%)  
+KS 3�� aDM/�±7/9J  cDM/�±�/OD  D�/�±�/O�  �</�±<M/� �M/�±DM/� 

 3��M� bJ�/�±�/9M bJ�/�±7/O< JJ/�±O/O� �M/�±<</� �7/�±<�/� 
 3��<� bM�/�±J/9M bDJ/�±D/O< �D/�±J/O� �M/�±D</� �J/�±DD/� 
 3��1� b�J/�±</9M b�J/�±M/O< OJ/�±</O� ��/�±D</� �M/�±<�/� 
 3���O� cOD/�±O/9� aOD/�±9/O7 O1/�±J/O� �9/�±D7/� �O/�±J1/� 

               �������±  SE �	
�� �� ���� ���� ���  ����� ����  �� ���� 	��!� 	
��"�# �� 	�$%� &�����
	�' 	� (�)*�+
 ���,�  )��/�>P(.  
  

���� 3��#	 $	 %�
&��
��' (
2� ,
����	 %)*+ 4�5 
�&�	���� �) L. vannamei ( �� ��/�"0���&� ���   

�	! !� �1����2 %�! 
 !��&)�6! ,�� �/(  

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

��M/�±MM/� ��D/�±MM/�  C14:0 ��&�+� 
�OD/�±J/O� �OO/�±D/O� C16:0 ��BA�� 
��7/�±��/� �J7/�±�O/� C16:1n7 �UA��BA�� 
��7/�±O7/� ��9/�±M�/� C17:0 �V�"�)� ��W5 

��</�±M�/� ��9/�±M�/� C17:1n7 �V�4)� ��W5 

�J7/�±1/�� �1D/�±�/�� C18:0 ����U��� 
�J�/�±</�7 D<�/�±9/�1 C18:1n9 �UA�� 
��D/�±79/O ��7/�±71/O C18:1n7 �4&)��  

�9D/�±9</< O��/�±11/< C18:2n6 �UA�4A 
��</�±J</� �MD/�±D�/� C18:3n3 �4A�4A�KA= 
��O/�±DM/� ���/�±DJ/� C20:1n9 �V�"3�
��  

��O/�±�M/� �OJ/�±�O/� C20:2n3 �� �3�
���V�"�  

�MM/�±<1/O �M�/�±<</O C20:4n6 �"��8��=  

�9D/�±9/�� M1D/�±�/�� C20:5n3 �V�"��4��3�
���) EPA(  

�DD/�±1/�< J97/�±D/�< C22:6n3 �V�"�ZH5�3�)��� )DHA(  

�97/�±1/MO O�</�±�/MM ∑SFA3 Q��8� [+' ��5��� Q�BN� 
�7D/�±J/OM DJ9/�±</OJ ∑MUFA4 Q��8� +F �; [+' ��5��� Q�BN� 
OMD/�±</M7 OJO/�±1/M7 ∑PUFA5 Q��8� +F �4' [+' ��5��� Q�BN� 
�MM/�±�/O7 �OD/�±O/O7 ∑n-3 �H�� �+� [+' ��5��� Q�BN�\ 
��D/�±J/�� �77/�±</�� ∑n-6 �H�� �+� [+' ��5��� Q�BN�] 
��D/�±<7/O �JD/�±<J/O ∑n-3/n-6  �H�� �+� [+' ��5��� Q�BN�\�H�� �� ] 
�M�/�±9/O9 �J�/�±9/O9 ∑EPA+DHA �V�"��4��3�
�� � �V�"�ZH5�3�)�� Q�BN� 

                   �������±  SE �	
�� � ����� ����  �� ���� 	� ���� ���� ��� ��!� 	
��"�# �� 	�$%� &�����
	�' 	� (�)*�+
 ���,�  )��/�>P(.  

                                                 
 

�� Eicosapentanoic acid 

 �� Decosahexanoic acid 

 

�� Saturated Fatty Acids 
 

�� Monounsaturated Fatty Acids 
 

�� Polyunsaturated Fatty Acids  

Archive of SID

www.SID.ir

www.SID.ir
www.SID.ir


 $��� ������ �%�&' (��)! �*+! ��,�
 ���-�/0 $��	
 �� ��12!" �3045 �678 "� ���0 �� �9/           ��5 

����� ����	
�� � �����
����   

 8�/	
� V	. |�. 3%�� &&�� S�&'�</ � &�&	� �� 

� �(g_& �� *�0�	�� 	
���3�0% y(�U� �	�� �� � VWq 

�%	! �)��&� �	R% �� ���03
�.� &��R�� L&��p ��'& +

��3�0%�� �	�� +/�, 	� � ��� ��G ��� �� 5� & �� ��'

 D
	����Y �� +�	�	; �� �<� ��� �	V?@���� �� *� L

�&!� ��I ��'&3 .	�%�0�$��
 �%	,��  �) J�3)| (�& L

�&��p � +��Y� ��'&��3�0% +� s	�.�� �� ��� �	R% 5� 

 � +�9��K� ����� &� L����� ��)� �����	; �� L .�& ��'

pH% &!� +H	d �� �	�� +/�, 	� '&3�q9�I +H	d �� 

(-&	� 3���� ) 8�/ V .( �� �� ��a%	�
 8�/ > �3
	R� 

���/� & ��'TVB-N�3��� �� � ���� VC/��  	� �� ��

�'�����3�0% ���� J�Y D��'�� � D�K� ���� )��/�<P( 

��Y �� ��� �	R% ��I ���� �<&��R�� L&	��%� �� �� ��'� 

 ����) ���V?@ (� �� �� ���& ��'B/VV!� &3 .�& ��'

.&��	��&����!� =& 3)TBA ( �(d�� ~I	/ ����_ �� ��

$�� ]��&!�3&��4 ���'�� +!� � D�K� ����3��� �� �� 

 ����)@WC/@ (	��%� 	.� ���� )V?|/@ ( +/��) 8�/ | .(  
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 ������� 		 
��pH � ���� �������� ����� ���� � � ��� 

���� �!�	����  

  

 ���"��� 		#�$ 
��	����� %� &' )WHC ( ����� ��� ����� 

��������� � � ������� �!� 	����  

TVB-N
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 ���*��� 		 
��TVB-N) +,� -./�	� 0�1 � �23��	� �44 0�1 

� ��56�	5� ( ����� �������� ����� ���� � � 78� �!� 

����	����  

 ���9��� 		 
��TBA)  -.,�+0�1� �5:�� �;�:' 	��� �+ �� �� 

<	� %#�+ 0�15�	5� ( ����� �������� ����� ���� � � 78� �!� 

����	����  
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 =3�!9���� >��? @>�.A6� -�/<�� 	 ���13� 
�ABC�� ���# 	D>E/� 3 	6	�/>� ��FG 	5������3 /) L. vannamei(  

 WHC ����� pH TVB-N 

WHC � *

���/� * ���/� ** ���/� ** 

�	
��  � ��/� ** ��/� ** 

pH   � ��/� ** 

TVB-N    � 

  

�������	
 �  

�����	$d � &(� 	
 �� >(� �
	p � �� *+�	� DU�  �� 

 [��V@� ��&�	� +��, ]	2%� ) J�3)B .(	�%� ��� �	R% �

(��
	p � �� *+�	� �	�� +/�, 	� �� �	4� *J�PQ� 

�.&& S���K� ����� �� � �3/ &�&3/ ��!	� 	�%� + .	�%� �

��e�0�$��
 M��. & �%	,�� S	�~I	/ 	
���� ��	 

$d� &�0��	%�� � �� ��� �	R% &$d �����	; �! �
 L 

�; � �� *+�	���(� [ � +�9� s	�.�� �K� ���� ��)� 

����.  

  

 =3�!H����>�� @>+�/., /� 	5������3 /) L. vannamei (I �/����� �  

����/���� ���	 
	 ��� ���� 

��� ��� a!!/!±!/�! a!!/!±!/�! a!!/!±!/�! 

 ���"! b!!/!±!!/# b�$/!±%!/# b�&/!±"!/# 

 ���$! bc'�/!±!!/# bc'!/!±(!/( b'!/!±(!/( 

 ���#! bc�&/!±)!/( cd�$/!±%!/( c�$/!±$!/) 

 ����'! c�$/!±&!/( d)"/!±�!/( c'�/!±!!/) 

  

 =3�!J�� ��>��? @>��.A6� -/<�� 	 ���13� 
�ABC�� ����� >+�/., /� 	5������3 /) L. vannamei(  

 ���� �� �� 	
��� 

+�	� V ���/� ** ���/� ** 

�� ���/� ** V ���/� ** 

(� �
	p ���/� ** ���/� ** V 

  

�������	 
  ��� 

� � ��" +/�3��&�&$d +������� 	
��� �	� �� 

��� �3��� ���0% ����	��� �	,3��� `�P� � S\�PQ� L

� 3/	��
 �� *&H� L&���3%� 8,&��r	. &	�/�� S��� 

��3�0% y(�U�� �� ,t�� 	
�� &�	
��" ��� �	� ':	d *

�
�& +� 3/	� .��3�0% �� `3
�������� 3�2�� 	
� 

���	��'�� *��	,3%	� �	�� D�H	K� D
	� � &'%� +�� � 
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�&���<,�() ��N�� �� &��� k�d � �	$� �� &�& +

� 5�(a�� S\�PQ� L� 3/	�) 1990 Sikorski et al., .( ��

��Yr	. & �� �	�2%� �,t�� 	
�	�% � S	�r� �� J�PQ� 

!�&+!� �3 .�����. *J	9� && �� S��,t�� 	
�����I  �� 

	
����	��$� &�	�����	�2%� +_�! *�	�2%� 3�%	� � � 

	�����3�0% �0�$�  ���� )1990 Sikorski et al .(

�	0�
'�� ��)�� �� �� �&�� *#�'%� 	
�(I��  � 

���	��	��U. �� 1��/ �� �3� +�	� M3��� �� 	2%� 	. 

,�	. D
	� j_	�� 	�% �� � �3/ J�PQ�" +& 8�	-�

 ���, `�P�)Haard, 2002 .(����� ��� � 8<R� L

	� �� J�PQ�� 3� � ��� 3�2�� 	� �� 	� � o� J	{U

��3�0%����  .� ��&� �	���� �	�2%� *	�/�� L���3�0% � 

%\�Y �.�r�� S3� � 3/	�) Santos-Yap, 1995 .(  

� �0&� ���3�0% Y �� �X .��&&�. �(�) �� S��P

 3�2��� 3%��. � 5�4 �	
3&!� ��&!�3&$X� 3�	�% ���� 

 D
	X �� �2�� �X +!� �&.�3&$X� �3�. [��$,

� 1	�/��&" 5�4 �	
3&!� �t�� �� 5�4 �	
3&!����, 

)Reddy et al., 1981 .(�. 3%��&&!� S��&	
3� 5�4 

 1	�/�)SFA(!� *&	
3�" =. 5�4 & 1	�/��)MUFA( *

!�&	
3� 5�4 >q n�!� &	
3� 5�4 Cq n!� �&	
3� 

" 5�4&2%� 	� 1	�/��&%\�Y ��) HUFA ( �(g_ ��

�&	
�0���3�0% �	�� �� �3/ � VWq�%	! �)�� & ���0

�&� �0%	��	E� �� +!� M(a� L�� �(g_ �� 	�%� �&�0� 

�	%�� �� �	�� 	
����3%� y(�U� ,&��Y ��  ���� 

��3�0%� D
	� *�K� ����% &+�	 .Reddy et al. (1981) 

!��� 	���3�0% S��r� ��� �� �%	I��! �� �$�� &!�3& ��

!�&	
3�� 5�4 &�0�,��%��� �� �� 3%��� �	R% & ��'

!�&	
3��� 5�4 �!� �t&	
3�" 3�4 5�4 & �� 1	�/��

��3�0% ���� J�Y�	�� �� �%	I��! �� � VWq �)�� 

�%	!&� D
	� ���0�3�	.EQ. �� &E� � *�0Bottino et al. 

(1979)��. &!� M&� 5�4 3&�0� Penaeus aztecus �� 

                                                 
 

�� Macrobrachium rosenbergii 

 +H	d �� ���<��3�0% � �� � S3� �� oVW� � ��� ��0� 

��3�0%� S3� �� �%	I��! �� VW>!��� ���  �� 3%��� 

Y ��� �
 S3� L&�NdT� 8�	- S�	�. �����. �� & M

!�&3	
���� 	� �� 3%��<% �3
	R� 5�4 � 	
�� �EQ. L& Z

� +E�	a�3��.   

$�� �	$�&.�3&� �(g_ �&�0��	%��  ���� J�Y �� 

��3�0%�	�� �� � VW q�%	! �)�� &���3%� 	� ���0,&�� 

TBA) .&��	� �&����!� =&3 (��, ~UR��3 .

.&��	��&����!� =& 3)TBA (�< �� ~I	/ 	
� 

���3%� ��&,$�� &!�3&��4 ��	
��Q� b	!� �� � ��H	� 

��:3H� & 3� 3/	� .��H	�� �:3H� & u!�. 3


&$��;��3&	
3�<R. &� 8��/H�� D���� 8G	d �� & �

!�&	
3�$�� 	� 5�4 &� �t3�/	�) ;Fernandez et al., 

1997 Kostaki et al., 2009 .(� 	� S\�PQ� ��&�& +

H	_ ~I	/ *TBA	� � �� ���� 3> (&� ]�,� ��H	� � 

:3H�&� �� 3&� 	� S\�PQ� �� � ]�,�(&�& 5�I +	�%� 3

�& �� ��RB (&� ]�,� ��H	� �:3H� &� �� 3&3/	� ]�,�( .

�& ��'�qW (&� ]�,� ��H	� �:3H� &� �� 3& �	R% ]�,�(

" �3�
�& J�PQ� ���� `�P� 8�	-�� 3/	�) Cadun et 

al., 2005 .( �	r��K� ������3�0% �	�� �� � �a! �� 

@B/@� �� & ��'TBA� �(g_ & 3/ �3
	R� �0)8�/ | .(

.�	�_ ��; 	� &��3�0% �	�� +��R�)  ��� 	. �3��� ��V?@ 

��3�0%� ('2. b	!��� ����� �� i%	� ��3E� *���a<TBA 

�'�� �(g_� D�K� �����Q% �� *��� �	R% �� � �
 �� �� 

.&���� �	��� L& ��'TBA�3��� �	�� �� s���� � 

)@WC/@ (� �&��R� ��� �� s���� �� LV?@��3�0% � 

)V?|/@ (���.  �� 	��1��2� �(g_ �&�0� �	%��Y ��  

��3�0% �	���	; �$���	$� � ���� ��3&!�3&%���4  �(g_ 

 	� �����3%� ��&,�	E� �. �&��	��&����!� =&� �(g_ �� 3& �0

. ]	�. �� *3/ D2�!&	
�	��%	��  �� ���� V?|/@ 

(&� ]�,� ��H	� �:3H� &��� �� 3�� �
 &��� +�	� ]�,�( .

�'���4	% D& 'TBA 	. ��G ��� �� V?@��3�0% �) @WC/@ 	. 

Archive of SID

www.SID.ir

www.SID.ir
www.SID.ir


���                          � ���	
	� ����	� ���		�� �� ������� �� ������� !�"# ��" �	$��... 

V?|/@ ($�� �� ��� �	R%&!�3&H�� ��&H �&x& �� ���� 3

/�. �a!&,3�� � ���� ��Y �� 1�e�� L���� Z�% 	
 5	& '

!� S	�r� ��&3 .�� ��Y� �*�0  Jeong et al. (1990 (�& �	

���	E� 1��2� +�$% �� 3%���%EPA �  DHA!� ��& 3

�H	;&�&= )EPA+DHA/ C16:0 ( ���� ��I ~I	/

���3%� ��&, �KH	a� L�� �� �X *+!� ��4 ��&!�3&$X� 

�&	; �� �� ��'�	��� �	� D)��/� (	��� 1��/ �� +�$%� D

)��/� (�&H� ��� ��R� �� L& ��'�K� ������%  .EQ. ��&E 

r	.&� �&��4 ���� � ��') &� ����
 �� ����	�& LE �� 

�.&&� S��&���4 � �(g_ &�0��! &3�
 3���3�0% � 

	�� �� �3/� VWq�%	! �)�� &!��� ���� ���0 ���- 

 �� i; � +��,VW@��3�0% ��� � ���3Q� *V??/@ 	. 

?@?/@ (&� ]�,� ��H	� �:3H� &��� �� 3�� �
 & ]�,�(

� +�	�&��� 	� �� 3�� +!3� �0� 	
�� �EQ. L& +E�	a� Z

 ����)Ouraji, 2009.(  

�&/ L ~I	TVB-N 	� ,�	. �&�0% &' s	�.�� �K� ���� 

��)� ����) Mendes et al., 2005 Mendes, 2006; ( ��

��Y�� �,� �� � ���� ~I	/ L��	$� 	� ?@ (&� ]�, 

%& �� �����V@@3�
� �	R% 3/	� +/�, ]�, � �� �� +!� L

+!� ��	. T̂�	� J�PQ� .�&� ���� ��'��	$� 	� >@ 8�	- 

�;�� ���� [�� �	R% �� J�PQ3
�{%	�4 � � �� ��3E� L

�& ��R�� |@ J�PQ� ���� M!	��	% �3�
� �	R% 3/	� 

�����{�
 +!� �3��� `�P� &� L&��� �� ��'�� &	
�0� 

�	�% ��� o�� 3& �� ��R>@ 3/	� )Boonsumrej et al., 

2007 .(EQ. ��&% �e	d Z&� '& ��'TVB-N +/�, 	� 

�'�� �	��� D�K� ���� �+�	H� 	��%� �� ���3�0% ���� � 

 ��B/VV!�&%��Q� 3d 	� �� 3 TVB-N��� �� & �(G	� �0

���	�+/��  .EQ. ��&Er	.  &��/ ��	�� y(�U� u�    

)Bq *Wq *V? q � *VBq�%	! �)�� &���0  ( S3� ��>@@ ��� 

�	,3%	� �	�� ���� &�0� �!��� ���� ��� o +��, ���-  )

Tsironi et al., 2009 .(�& ��'TVB-N �3�� +!3� 

                                                 
 

�� Rancidity 

Y>@@ ���3Q� �� ��� C 	. ?> (&� ]�,% & �� �����V@@ 

� �%��% ]�,&��� 	� �� ��� �0� 	
�� �EQ. L& �� �� Z

 ���3Q�VC/� 	. B/VV +/�, �� i; V?@ +!� ��� 

� +E�	a�3�� . Concalves and Gindri Junior (2009) 

%& 	� '�/�; o�� &��3�0% � 	
�0� 	�%�  S3� ��VW@ ��� 

	�� ��� VWq�%	! �)�� &	�% �� ���0���	R� �)  ���3Q�

� 	. VB ( +!��3���	 .�'�� �� 	2%� ��� DTVB-N 

���	� �	$� 	� s	�.�����	�H	K� � & +#�'%� 	
�%���  +!� 

)Vareltzis et al., 1997 (� �� �)�. 	� �&	; ��'&�� L� L

�%��% �� �����	;	
���3�0% ��� �3/  �N�� *�%	I��! 

� 3!�	�� �� ���3�0% � M!	�� J�PQ� k�d +�) 

+!� .  

���Q��	
��" 5� ��� �	�\� �� 	��. �% ��	P�-� 8� 

��� �<(� ���� #����g. & L,t�� 	
�$d � � &�& +

	�%�% J�PQ� & #�� '� 3/	�) Xiong, 1997 .(�< �� 

����	
3��� &/�&�&	�r	. j_	� �� &�� *+�	� �� � m%� � 

� J�PQ���/n.��; �3/ ���.	%� & +!� L)Xiong, 

1997  .( D
	�,t�� 	
�����	� ��n.��; &� �� L���. 

�Y ���!��� Z��p &��3�0% +�� *5� ���<$��(�	- *& +

<R.&$H��� � J� 8&�&<&��� LR��	 ��� )Xiong, 1997 .(

�&��p ��'&��3�0% +��%��% +��Y� � 5� EQ. �� 	
& Z

e	dY ���3�0% �	�� � D
	� �K� ���� � �� �� +�	

��� L&��p �	&��3�0% +���Y �� +!� �NdT� 8�	- 5� � 

� ��& �� �� ��'C/z��3��� �� 3G�� � �� ���� z/zV 3G�� 

	��%� ���!� ���� & 3) 8�/ ?  .(Diaz-Tenorio et al. 

(2006)% &!��� �� '	�/�� 	� s	�.�� �� ��I � y(�U� 

� �	�2%�� ��,t	
 ���	� � &�0��	%�� 	�% �� ���	R� � 

) ���3Q�zB 	. z�3G��  ( +!��3���	 . �� ��T_TVB-N 

 �a!pH% &PI	/ ����_ �� '��� �� &�&� +& �	<� �0

����) Hui et al., 2004 .(EQ. ��& +/�, 	� �e	d Z

                                                 
 

�� Glazing 

 

�� Functional  

Archive of SID

www.SID.ir

www.SID.ir
www.SID.ir


 %��� �!���� �&	'( )��*" �+," ��-	� ���/�01 %��
� �2 !�34"# �5167 �89: #� ��21 �� ��0           ��1 

 �	��pH�%��% 	
(- +�! �� &	��. �3/ && ��� �) ��

z@/C �� |C/�� !&3 (� 	��� J	Q�& 3d �� ���� �� ��'

%��Q���� �� & ����4 ��� �0pH *W/�/	d &%��Q� ���� � 

�;�� [�&� � ���� �0���.��I ~I	/ ����_ �� �� ��  

,�	. ��� & ��� ��	��!� �0)Mendes et al., 2005 .(	�%� �

0�$��
 �%	,�� ) J�3)| (%&� �� ��� �	R% '& L

	
�����	;� *+��Y� WHC *pH � TVB-N � +�9� s	�.�� 

�K� ���� ���� ��)� ��K�	�. � ��Y �� 	
�����	; L�E 

3��$
 ��$��� #
 �� .�-� �	�� +/�, 	� WHC D
	� 

��%�� *���� +!��� 5� J�PQ� �-���� 3�	& +��Y� �2

� D
	� J�PQ��3�	 . D��'�� L&�{�
pH +/�, 	� 

 3&H�. �� ���. � �� ���3�0% �	�� ���� S	�&X�.) 3�%	�

L&�� 8&�� ��. � �	&%��� ( �	
 ���X	� +&H	K� �� 8G	d

'�� �3��X 3!	�� ��� +�$% �	)Ruiz and Moral, 2001( .

�
 ��&H� L&� 8& LTVB-N � pH � +�9� s	�.�� 

�K� �������� ��)� .  

�.&&�% �	$� S��&�. �2&&� S��&/�&�&	�h�� �� 8�- � 

'���+!� L<�� �� ���� �; ��Y �� �� J�PQ� [��r	. Z& �

H	%� ��&$d 'r	. +Q. �� & 3
� ���- �)Mendes et al., 

2005 .(EQ. ��&% �e	d Z&!��� '��� �5		
 �� ��� �	R% 

�%��% �	�� +/�, 	�	
�� &�0���3�0% � �� �3/ 

(� �
	p � m%� *�� �N% �� �%	I��! D
	� �	4� 

�K� ���� +!� �3/ ) J�3)B .(�� ����e 	� s	�.� M

0�$��
��. & �%	,�� S	�~I	/ 	
���� ��	$d  

�&�0��	%�� % &� '&$d �����	; �! �
 L � �� *+�	� 

�;�(� [� � +�9� s	�.�� �K� ���� 3/ �3
	R� 

) J�3)C .(��K� � � s���� #
 �� T̂�	� �����	; �! L

 ����% J�PQ� +�	� �4 �
 �	�� +/�, 	� � ���� ��$���

���/�� *�%��� +�! �� �� &�	�3/; & m%� � *���� D

`	�/ ���.� ��/�	�. �� � � 1��2� �� 	
�����	; L

�; D
	� j_	��(� [�� J�PQ� ���,.  

                                                 
 

�� Post-mortem 

	�%�(� �� �EQ. L& �	�� +/�, 	� �� ��� �	R% Z

,t�� 	
�� &�� &Y �0��3�0% � D
	� �%	I��! �� 

�K� ����� �3�	H� � �)�. 	� 	�� ����3�0% �) VWq 

�%	! �)��&���0 (���. L&&/	d 	� S��&%��Q� ���� � 8�	- 

�;�� � ���� �(G	� J�PQ� ���� [��Y �� 	�� L V?@ 

��3�0% ����� 3%��.� &�& � 5�(a� 3d �� �� J�PQ� +

�; 8�	-���� [������ �0% �3��� `�P� .  

Archive of SID

www.SID.ir

www.SID.ir
www.SID.ir


��2                          � ���	
	� ����	� ���		�� �� ������� �� ������� !�"# ��" �	$��... 

����� 
- AOAC (Association of Official Analytical Chemists)., 2005. Official methods of analysis, 18th edition. 

Association of Official Analytical Chemists, MD., Gaithersburg, USA.  
- Boonsumrej, S., Chaiwanichsiri, S., Tantratian, S., Suzuki, T., Takai, R., 2007. Effects of freezing and 

thawing on the quality changes of tiger shrimp (Penaeus monodon) frozen by air-blast and cryogenic freezing. 
Journal of Food Engineering 80, 292–299. 

- Bottino, N.R., Lilly, M.L., Finne, G., 1979. Fatty acid stability of Gulf of Mexico brown shrimp (Penaeus 
aztecus) held on ice and in frozen storage. Journal of Food Science, 44, 1778-1779. 

- Briggs, M., Funge-Smite, S., Subasinghe, R., Phillips, M., 2004. Introductions and movement   of Penaeus 
vannamei and Penaeus stylirostris in Asia and Pacific. FAO, RAP Publication. Thailand. pp. 20-45.  
- Cadun, A., Cakli, D., Kisla, D., 2005. A study of marination of deepwater pink shrimp (Parapenaeus 
longirostris, Lucas, 1846) and its shelf life. Food Chemistry. 90, 53-59. 

- Cheng, C.S., Hamann, D.D., Webb, N.B. Sidwell, V., 1979. Effects of species and storage time on minced 
fish gel texture. Journal of Food Science. 44, 1087–1092. 

- Concalves, A.A., Gindri Junior, C.S.G., 2009. The effect of uptake on storage quality of frozen shrimp. 
Journal of food engineering . 90, 285-290. 

- Covington, M.B., 2004. Omega-3 fatty acids. Am. Family Physician 70, 133-140. ESSIEN, E.U.1995. Lipid 
content and fatty acid profiles of some lesser known Nigerian foods. Journal of Food Biochemistry. 19, 153-
159. 

- De Castro F.A.F., Pinheiro Sant’Ana H.M., Campos F.M., Brunoro Costa N.M., Coelho Silva M.T., Salaro 
A.L., Franceschini S.D.C., 2007. Fatty acid composition of three freshwater fishes under different storage and 
cooking processes. Journal of Food Chemistry. 103, 1080–1090. 

- Diaz-Tenorio, L.M., Garcia-Carreno, F.L., Pacheco-Aguilar, R., 2006. Comparison of freezing and thawing 
treatments on muscle properties of whiteleg shrimp (Litopeneus vannamei). Journal of Food Biochemistry 31, 
563-576. 

- FAO., 2009. http://www.fao.org/docrep/006/J2084e/j2084e06.htm 
- Fernandez, J., Perez-Alvarez, J.A., Fernandez-Lopez, J.A., 1997. Thiobarbituric acid test for monitoring lipid 

oxidation in meat. Journal of Food Chemistry. 59, 345–353. 
- Folch, J., Lees, M., Sloane- Stanley, C.H., 1957. A simple method for the isolation and purification of total 

lipids from animal tissues. Journal of Biological Chemistry. 226, 477-509. 
- Haard, N.F., 2002. The role of enzymes in determining seafood color, flavor and texture. In Safety and 

Quality Issues in Fish Processing (H.A. Bremner, ed.) pp. 220–253, CRC Press, Boca Raton, FL. 
- Hui, Y.H., Cornillon, P., Legarreta, I.G., Lim, M., Murrell, K.D., Nip, W.K., 2004. Handbook of Frozen 

Foods, vol. 133. Part IV: Frozen Seafoods, Marcel Dekker Incorporated, USA, 1293 p. 
- Jeong, B.Y., Oshima, T., Koizumi, C. Kanou, Y. 1990. Lipid deterioration and its inhibition of Japanese 

oyester (Crasostrea gigas) during frozen storage. Nippon Suisan Gakkaishi. 56, 2083- 2091. 
- Jeon Y.J., Kamil J.Y.V.A., Shahidi F., 2002. Chitosan as an Edible Invisible Film for Quality Preservation of 

Herring and Atlantic Cod, Journal of AgriculturaL Food Chemistry. 50, 5167-5178. 
- Kostaki M., Giatrakou V., Savvaidis I. N., Kontominas M. G., 2009. Combined effect of MAP and thyme 

essential oil on the microbiological, chemical and sensory attributes of organically aquacultured sea bass 
(Dicentrarchus labrax) fillets. Journal of Food Microbiology,  26, 475-482. 

- Mendes, R. , Gonçalves, A., Pestana, J., Pestana, C., 2005. Indole production and deepwater pink shrimp 
(Parapenaeus longirostris) decomposition. Journal of Europe Food Research Technology. 214, 125–130. 

- Mendes, R., 2006. Guidebook on melanosis inhibitors and processing technology of crustaceans. 
INIAP/IPIMAR: Project QLK1-CT-2002-71517 (CRUSTAMEL New approaches to the crustaceans prevention 
of melanosis and quality indices), 41p. 

- Metcalfe L.D., Schmitz A.A., Pelka J.R., 1966. Rapid preparation of fatty acids esters from lipids for gas 
chromatographic analysis. Annals of Chemistry. 38, 524–535. 

- Moini, S., Pazira, A., 2004. The Effect of Cold Storage on the Quality of Cultured P. Indicus and Sea P. 
Semisulcatus. Iranian Journal. Natural Research.,  57, 469-478. 

- Ouraji, H., 2009. Effect of dietary lipid level and source along Vitamin E on growth, fatty acid profile and 
lipid quality changes of Indian white shrimp (Fenneropenaeus indicus) muscle during Frozen Storage (-18°C). 
Thesis of Ph.D. Faculty of Natural Resources. Gorgan University.  130 p.  

Archive of SID

www.SID.ir

www.SID.ir
www.SID.ir


 %��� �!���� �&	'( )��*" �+," ��-	� ���/�01 %��
� �2 !�34"# �5167 �89: #� ��21 �� ��0           ��� 

- Pearson D., 1976. The chemical analysis of food (7th ed). London: Churchill living stone Publishing. 
ESSIEN, E.U.1995.  

- Reddy, S.K., Nip, W.K., Tang, C.S., 1981. Changes in fatty acids sensory quality of fresh water prawn 
(Macrobrachium rosenbergii) stored under frozen conditions. Journal of  Food Science, 46, 353-356. 

- Reilly, P.J.A., Bernarte, M.A., Dangala, E., 1987. Handling black tiger shrimp. INFOFISH Int. 5, 38-39. 
- Ruiz-Capillas, C., Moral, A., 2001. Residual effect of CO2 on hake (Merluccius merluccius L.) stored in 

modified and controlled atmospheres. European Food Research and Technology, 212, 413–420. 
- Santos-Yap, E.E.M., 1995. Fish and seafood. In Freezing Effects on Food Quality (L.E. Jeremiah, ed.) pp. 

109–133, Marcel Dekker, NewYork, NY. 
- Sikorski, Z.E., Kolakowska, A. Burt, J.R., 1990. Postharvest biochemical and microbial changes. In: Seafood 

Resources, Nutritional, Composition and Preservation (Z.E. Sikorski, ed.) pp. 55–75, CRC Press, Boca Raton, 
FL. 

- Tsironi, T., Dermesonlouoglou, E., Giannakourou, M., Taoukis, P., 2009. Shelf life modeling of frozen 
shrimp at variable temperature conditions. LWT-Food Science and Technology 42, 664-671. 

- Vareltzis, K., Koufidis, D., Gavriilidou, E., Vasiliadou, S., 1997. Effectiveness of natural rosemary 
(Rosmarinus officinalis) extract on the stability of filleted and minced fish during frozen storage. Zeitschrift fur 
Lebensmittel-Untersuchung und-forschung, 205, 93–96. 

- Xiong, Y.L., 1997. Protein denaturation and functionality losses. In Quality in Frozen Food (M. Erickson and 
Y.-C. Hung, eds.) pp. 111–140, Chapman Hall/International Thomson Publishing, New York, NY. 

 
 

Archive of SID

www.SID.ir

www.SID.ir
www.SID.ir


256                                             256-243. pp. 2011, 4. No, 63. Vol, .Iranian Journal of Natural Res, FisheriesJournal of  

 
 
 
 

Effects of frozen storage on physical, chemical and sensory 
changes of cultured pacific white shrimp, Litopenaeus vannamei 

 
A. Oujifard 1, M. Rezaei2*, S. J. Seyfabadi3 and A. Abedian Kenari2 

1 Ph.D student, Fisheries Dept., Faculty of Marine Science, Tarbiat Modares University, Noor,  
I.R. Iran 

2 Associate Prof., Food Industry Dept., Faculty of Marine Science, Tarbiat Modares University, Noor, 
I.R. Iran 

3 Assistant Prof., Food Industry Dept., Faculty of Marine Science, Tarbiat Modares University, Noor, 
I.R. Iran 

(Received: 04 July 2010, Accepted: 13 February 2011) 
  

Abstract 
The effects of frozen (-18°C) storage (120 days) on the shelf-life and quality of frozen shrimp were 

investigated. The results indicated that frozen storage did not have a significant effect on body 
composition (moisture, protein, fat and ash) and fatty acid profile although resulted in significantly 
different water holding capacity (WHC) and chemical parameters such as thiobarbituric acid (TBA) 
and total volatile basic nitrogen (TVB-N) along with pH (p≤0.05). The increase in duration caused a 
decrease in moisture (74.8-71.3%) and WHC (97.6-91.9%) while pH became alkali (6.90-7.46). In 
addition, TBA and TVB-N changed from 0.086 to 0.124 mg MDA/kg and 7.16 to 11.5 mg N/100g at 
the end of the experiment, respectively. Significant changes in textural properties and general 
appearance of the shrimp were observed but these products were safe and sensorially acceptable even 
after 120 days of storage at -18°C. 
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