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0��8 ��>���� \ � $���� =��~9(  

 � %5� ��� ��34�\ �� � 6��< �� 0���� � 	 ��� %�'� ��L�4 ���o� ���� � 	 ��� %�'� k�\���
) ���< �3�L@Sparidentex hasta(  

���*�� ��B��* g� $ 1�2. 
��! 
��( ��/ 3�4! gm.yaghoubi@ut.ac.ir  
 g� $ 1�2. 
��! 
��( ��/ 3�4! g����� �>:e +��.jmarammazi06@gmail.com 

 g�- � ���"�= ��< �	" g
�:P ���	omidsafari@um.ac.ir  
*�F�*� V�6� ��26���  

  

6s��:�%��4 ��� �2��( ���	 #�=��! g�' 
�3 ��$�= gX���W 
 �2��( ���	 "�?�$ g���?P �3��  

	�%��  

 	 �3 r�>�6$���$ � �3 X��( ���c �" �3 
�3"�/>�� �$ �2�63 ���3 V�/>� �3 ���	 �2��( ���	 �2��( �>P	 "�/>�� .���' �� #��'

 �	 "�� �6 �� .�' �� �� X��B��! X����  " �-�( "���$80  �-�( �	 )�" r� �$ ��	" S*� X��B��! X����  " ���?@ X/�� ��� 	 �2��(

 ���n�� 	��� ���'  +3	�= ��	ke ���. " ���� ���� �-2�	 �$ ���'  �� �*>B 
��o  �� ��22$ "��8� �	�2� �� ��� 7� �B �-�( �2��$ 


�2�6�� X���� #��, %��	���)Rønnestad et al., 2000([>e	 X���W . ��22$"��8� �	 �/� "�� ��	ke 
	�.	 " �2��( 
�3���	 X��B

�� 
�nB ���3�� 
	ke " �"�:�~~~�	�� X��<��. �3��c �2��B��! A��2� �� �3�� "�! �$ 
"	�� " ��"��8� X�	 �$ �~~~'�� g"�~~~'

�� S�	�=	 ����)Mai et al., 2006( �� X���W ��	ke `K�  X�	���2� 	�, ��JqB �8B 	 ���3�� ��&�  � 
�'  "�/>�� ��-� %�P

���2��(��~~~�	 �� 
�nB �~~~���~~~�" �� .�3"���W 
���. �� �( �"��=	 g��	ke X�( X��B��! �$ ���3X��B��! 
�2?� �� �3 �3��c 
�3

���� 
�' "�/>�� �� ��JqB ���� ��	ke X��B��! �	 �"�:��	 �J�� S3�$ ���� �'�� "�')Mai et al., 2006(��k_B 
4B	���	 X�	 . 
	

�� X�2f�3 "�~~' 1( 7�8� �� �3�� 7~~��B V�>8� �:~~6= � +����( `~~'�B S3�$ ���� ��	�B)Cheng et al., 2003( ��"��=	 ��&� �

����B � �2��	 ���! "�?-� " ��	ke X���W�� ���3�� " �"� � ���� 
�� +/' "�')Zhou, 2005(.  

 
�3 ��$�= 
� �� ���J �	��� r� �� ���. " X���W 
��~~~o 
 �2��( ��~~~�	 S3�$ %	��J�B �"�$ lZ~~~ � S3�4! X�	 �	 H�3

 �	 ��	��� ���e 
�3 ���. ��J�B �	�B �� S3�4! X�	 �	 #~~P�� D���� �� .�~~'�� �� ��k_B "�� ���3�� �~~'W 
��~~�	 �2��( #�=��! � �~~'


��o 
�3 �2��( ���	 ��8F ."�$ ���� ���?P �3�� 
� �� 	  
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$�� � ������  

#8� )�n�	 X�	 b�*8B " ��<�~~~6�	 �B�*�*8B ���3�� ����" �2� )��	 (�) �2��� "��.  "	��B150  �3�� ��K,5  )�n�	 #8� �� ���c

 g����" 7�	�' .�' �"	" V�*��	 S����(pH  
��c ��	��	 ��	�� %�P �� ��" V�@ " � "�� �*K2� ���?@ 7�	�' �� [��2�� 
�' �

 �	 b�*8B X�	 .��"�c6 r��B "�� 300 
���F �>! �2>�B	 " " �$ �'  �� �"�:�� 	 S����( )�n�	 
	�� ��� �2�  r� r��B �3 #�	

 
	�� .�~~' ��?�B g"�~~' ����B &��$ 1( �� �" �� ���?~~' V�@ " �$ 
	 ���c �� 1( ����B 
 �F�F r� � �4�~~6$	 X���B 
	�� 	�3

 �� S:2�	��� 
 ��' 	 ��>�= � ��� �>$ �fo �� g�2'  ��>�= �	 �?� �	 �! � #*�2� ��<���  
�3 �fo �� �� ��" 1( g���Z� 
��<�(

F�� r��B �3 " .�' #*�2� S����( X25  .�2�=�� 
�c��� ���. 7�	�' �� S����( y��' �	 #?, �� �" %�� �� � �"	" 	�, �3�� ��K,

 �3 �3�� S����( #�	�� )��B "4  �� S����( X�	 .���~~' �3"	ke 
��~~� �� " �� " ����2  
		" )	�$ �3 �$ ���B3  �� 	�/B

�-2B .��"�c 	�.	 �' ��  S3�$ S����( X�	 
�3 ���B " "�.�� %��:B40  %�� ."�� )�" ���B " X���W 
 �2��( ��� 	 #$ �	 �P"

 5�= S����( ����6 ."�� ��:3  

6��< �1��8 � %�I�( :���}]  

 �32  
��� X�<���� �@ �� �$ ���~~~' �F���= 
	 ���c �� �~~~ ����( 
 ���.470  � ���. )�c�>�$ �� X��B��! )�c lF�� 
E��	7/20 

 V��.) ��"�� )�c �� V�E�>�$2 
	�� ��~~' ��-B 
 ���. " .�~~' X���B lF�� 
�3 ��~~�	 �2��( � X�BWE g�3�� "�! A��2� �	 X��B��! .(

 ���B �" �3 " � �~~' �"�:�~~�	 ���. �"�$ V"���� 
	�� �/>�$ 
 �2��( 
�3��~~�	 
�<F	 �	 ���B �" �360%  "�! �	 X��B��! A?2� �3��

 � �/>�$40% ) V�	 ���B " .�' X���B �F��6��$ �2��( 
�3���	 �	 �*���FMAA ��8F 
��o 
 �2��( 
�3 ���	 " ���"��8� ��3 (

) )�" ���B " �F� ��"�<�LYS �	 (40  �p� " �:P  X���W �	��� V�	 ���B " ��'  �"�:�� 	 lF�� 
 �2��( 
�3 ��� 	 [�$�B �P "

� �� � �'  ��=�c g��"�� �E����� +3 ���. �" �3 [�B�B X�	 �� ��"�c X��<��. 
��o  ���e 
 �2��( 
�3 ��� 	 ��>Z� �	 �-�� � �	��

 S3�$ " )�" � V�	 ���B %��:B �-2B X�	 ���2�40  �2��( �n� +3 �~~P�2� ���~~� ."�� )�" ���B " X���W 
 �2��( ��~~�	 �	��� 
�~~P"

 �' +�p2B 
�@ 
��o 
�3 ���	 ����B �-. �� �c( �P" r� �� lF�� �2��( 
�3 ���	 .�2'�� ��� 
E��	 +3 �3 ���. 
 ��3 �$

���'  �3" S' �! X��B��! 
�n� ��� " �-�( ��	�$ S�	�=	 � 1k. � +� 3 " X��	��	(Green and Hardy, 2002)  .(r� V��.)


	�� V"���� �"�$ �� �3 ���. A��2� ��	ke �"�:�� 	 ��' �	 )��  	�=	WUFFF DA   �Z6 �1.0 ���. ��-B 
	�� .�'  �"�:�� 	 ��	ke 
�3

�'  1���( &?, �$ ���. r � %�?�$�B 	���	 .���'  �� X���B V���n�" 
��	�B �� "	�� ����B �� lF�� 
�3 ��� 	 �2��( �=�o 	 �� ��	 �

�?��*B %��" 20 Xe� �0� ����"�c ��>Z� �<��/� �� �*�,"  �� �	��3 � ��"�c �=�o	 r � "	�� �� � �� c ��>Z� �2���B� "	�� ��
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 S� �� �' �c }�; �� ���� �0�  .���'  ��>Z� &��$ )�W 	�*� �� 1( �"�$ �=�o 	2  �0�  �' #*�2� 
��� �>����' "�n�	 
�3

�2��  
� �� ��'r � ��<�� " �� � ��=�c 	�, X$ r � 
�3 
��" ") X$60  %�� �� "	�c �����  �."5  .�'  #*�2� (����

���.�� ��' r � �	 �! �3.��"�c �3�� ��3" ��	��	 �� [��2�� �B �' ��6/' ���" %�P  

�'��� ���� ��� �X�5 � ������ � ' F1�.  

	 � 	���	 "�6�� S����( 
�-���� ���3�� �n2� �," �� �F���n�" 
��	�B �	 �"�:�� 	 �� �3��c %�P01/0  �� S$ 7� �� � ��� )�c

�>�� r� �," V�@ ���5 l��' �	 �"�:�� 	 "�� 
�3	ke "�/>�� �����	 �-. .�' ���n2� r��B �3 �	 "�� �' �"�:�� 	 �' 
�3

�( 
�2?� �� D���� �B���nB "�� �3 [��~~~o g�4�� �~~~' �	��� g��� ��� S�	�=	 �	��� gL��! ��" )��B	 �	 �! ."��c 	�, #�>8B�

.��"�c �?��8� V�	�. " ��' ���� 
�3 V���= C��	 �� ^�*� �P" g��	�� �' l��' g��	�� �' g���o� ��$�= g��	ke #��?B  

������5 �����I�8� 

��3 L��! ��" )��B	 �� �"���� "�.�� " �3 " ��( r�$ �� � ���c 	�. %�P  �� r��B 
��" ��� 60 �." "	�<����� r � 

� ���' �� �p2� ��F��( �'W �� ��< ����( ��k_B ��/ 3�4! 
��( 
��! 1�2. � $ #*�2� .��"�c X��� [�B�B g)�� X��B��! �	��� 

g)�� ���; g)�� �?�= ��6 $�� � ��� #$ ���@ �3 	�/B  ��%�P ���c	�. �� �� ��(.  +� 3 �	 �! g)�� X��B��! �?� �8� 
	��

����� ��<�~~�" �	 �"�:�~~�	 ��) �3Buchi) (Digest Automat K438, ����� " #$ �E����� 	�*� ��<�~~�") V	�>$ L� �	 �"�:�~~�	 �� �3

Buchi Auto, Kejldahl K370 "�� " �( +�6 *B � (25/6  L� �� ���; .��"�c X���B �K*� �� )��=��>$ V&� �	 �"�:�� 	 �� �>6 $��

 L�.50  �B60 ����� �." %�� �� "	�c4  �B6  ��<��" �� � �	�Z��	 ����Analyzer fat  " �'W ���	��� �� ��6$�� .�' �?��8�

 �/���/F	 ��$550 ����� �." %�� �� "	�c12 ��	��	 ����= ��<��" �>���� )�� �?�= �	��� .�' 
��c �$�') D2��?�Velp �� � (

) %�	 �,�= ��R � .�'  �?� �8� (+��� ��6 $���3) ����>, +� 3 � (r��:F��  ��� 	) 
��� 	 +� 3 �	 �"�:�� 	NFE L� b��@ �	 (

 �	 ��6 $�� � ���@ g�?�= g���; gX��B��! �	��� b��:B �B�?� �8�100  ��"�c ���6 8�)AOAC, 2005( 
�3��� 	 [�$�B X���B 
	�� .

 L� �	 ���. � �>�� �2��()Lindroth and Mopper, 1979( �"�c �"�:��	 .��	 5�*�'	 � +�3 �>��� �" #��' L� X�	 .�  
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:������ 	8��8 6��5 � ����� $��  

 �� �3 �"	" �"�� V���� �2�� 
���	�! 
�3 ����( �>~~P	 ��~~' �" b*8B �	 ��� ."�� �="�~~RB &��$ s�@ %�~~P �� 
	"�� ����� ���~~'

H��c��>$ ����( �	 �"�:��	-  ����( �	 g��F ����( �	 �"�:��	 �� �3 ����	� ���	�2/� � i�����	paired sample T test  `K� "

5  .�' �"�:��	 �P" 	�=	 )�� �	 5�= 
�3 ��F��( )�n�	 
	��SPSS  �Z6�16.0 .��"�c �"�:��	  
dry diet) 1−(g kg�� 6��< T��<� %@�� � T��<� :c� K�%<  

 
���}] ��� ����(   

1  g)	" �	�� �$�~~' �	 ��~~' ��-B "	��
 �����( � ��@21- .����  

 2  .��� �$�~~' �	 ��~~' ��-B3  ��-B "	��
.�$�>= �$�' �	 ��'  

 a  X������A 2000IU/kg X���� �� gD :800 
IU/kg X���� �� gE :88 IU/kg X���� �� gK :

3 mg/kg X������ gC :200 mg/kg X������ g
B1 :12 mg/kg X���� �� gB2 :14 mg/kg g

 X���� ��B5 :70 mg/kg X���� �� gB3 :50 
mg/kg X���� �� gB6 :12 mg/kg X���� �� g

B9 :3 mg/kg X~~�~~��~~�~~�� gB12 :0,016 

mg/kg X������ gH2 :0,14 mg/kg :+�2>�  g
168 mg/kg X3( %�: F�~~~� g20 mg/kg g

 �� %�:F�~~~�2 mg/kgg :+�~~~6>$ %	��2 
mg/kg :�2 < 2 � �~~�~~~~6$	 g16,8 mg/kg g

 :
���~~6$	33,2 mg/kg :�F�?$ g0,336 

mg/kg.  

���}] ig#� FMAA LYS 

�/>�$ "�!1 36/00 36/00 

%a ���� �1 20/50 20/50 

)�2c ��:� "(1 7/00 7/00 

X�BWE1 4/00 4/00 

�3�� Xe�1 11/00 11/00 

�c(2 1/00 1/00 

�2������ #�/�a 1 1/00 1/00 

����� #�/�a  1 1/00 1/00 
2arginine-L 0/85 0/85 
2HCl-lysine-L 1/40 0/00 
2threonine-L 0/80 0/80 
2histidine-L 0/50 0/50 
3isoleucine-L 0/85 0/85 
2leucine-L 1/40 1/40 
2methionine-L 0/60 0/60 
2phenylalanine-L 0/75 0/75 
2tryptophan-L 0/20 0/20 
2valine-L 0/95 0/95 
2NEAA mixture b 10/20 11/60 
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(n = 3) (%)  ������5 ��� ��I�8� :�� K�%<�� 6��< [�4�( 

�� 6��< r � �"�� lF�� 
E��	 X��B��! ���; )�� �?�= 
 
�� 
 ��~~~R�

%�	 �	 
��6$�� 

FMAA 92.91±0.4 20.92±0.05 46.67±0.57 20.14±0.01 1.08±0.04 19.14±0.5 6.75±0.07 
LYS  92.02±0.4 20.46±0.07 47.92±0.19  18.91±0.3 0.41±0.09 19.34±0.01 5.84±0.09 

Diet1-g 100), g 3(n =   ����.� ��� 6��< �%�'� � ��� [�4�( :	' K�%< 

 �� %�'� � ��� 

6��<�� ARG LYS THR HIS ILE LEU MET PHE TRP VAL CYS TYR GLY SER 

FMAA 2.56 3.38 1.9 1.15 2.07 3.37 1.38 1.84 0.45 2.33 0.27 0.87 5 2.04 
LYS 2.56 2.04 1.9 1.15 2.07 3.37 1.38 1.84 0.45 2.33 0.27 0.87 5.33 2.21 

  

x��38  

 ��	ke 
	�.	 
 ��3 ���. �" �3 " �$ �� 	 ��'  �"	" �� � r� V��. " S3�4! X�	 
 	�� ��'  �����  
 ���. �" 
	ke 
	�.	

) 
 ���. " �$ �'�� �� ��6/� ��' �"�� �/� lF�� X���W �	��� �n�FM C��	 �� 
 "���$ ��3 ( ��' �"�:��	 �3�� "�! #�=��!

) 
 ���. �F� "	�� "�.�LYS �	��� �� X���W 
 �2��( ��~~�	 "�?�$ 
 ���. �� (40  ��~~�	 "�?�$ 
	" V�	 
 ���. �� �?~~6� �~~P"

 V��. " .�'�� �� X���W 
 �2��(2 �	��� �� �E����� +3 ���. �" �3 �$ ��	 ���"�c ���� �3 ���. �����' ��F��( D����  X��B��! 
��6�

 �?��*B47  �?��*B lF�� 
E��	 �� 
E��	 +3 � �P"7/20  
�� 
 ��R� � �?�= � ���; �	��� V��. X�	 " �'�� �� )�c �� V�E�>�$

.�2'�� �� ��6/� ���. �" X�� �?��*B �$ ��	 ��' ���� ��� %�	 �	   

 
	�.	 ��� 	 �2��( #�=��! C�� 	 �� �3 ���. 
��� 	 �2��( [�$�B �	 ���( �� �� ���.NRC �  �/>�$ �3�� "�! 
��� 	 �2��( #�=��!

 V��. " � �?��8� 	�=	 )�� 7��B3 ) ��	 ��' L	�cNRC 1993( )Köprücü and Özdemir, 2005( 
	�� 
���	 �2��( #�=��! .

 �"�:�� 	 "�� �3�� "( #�=��! 
�2?� �� ���. �" �3 gX���W 
 ��'  �"	" S3�$ 
 �2��( ��� 	 �n� ���. �" �3 " � �� 	 ��'  X���B

.�'�� �� ��6/� �?��*B  

 %�~~P �� �~~P" �" �	��� �� X���W 
 �2��( ��~~�	 "�?�$ ���B " �*� }�� �; �c	 .��"�� +F�~~� �3 �3�� 
 ��3 S����( X�	 V�@ "

��( ��8F �	 ���_B X�	 ��	 �=�� S3�$ X�<���� X�	 �� ����� 
������ 
�3 l��~~~~' � ��k_B g�~~~~' 
�3 ��$�= ."�?� 	" �2�� 


 ���'  V��. " S����(4  �3 �3�� 
 ��3 � ����"�c ��=��k! �3 �3�� 7� �B ���� �� � ����( 
 ���. �" �3 .�� 	 ��'  L	�c

 %�� �� S����( V�@ "42  ��3 " .�2��	"�! ��k_B �� V��= %�~~R� ���� �� �� g	ke H�~~R� V���~~' ��k_B� �~~' 
�3 ��$�= 


 %��:B ���B �" X�� " ��E����� ��?tB � X��B��! ��	�$ g��	ke #��?B [��~~o g�4�� �~~' l��~~' g��� S�	�=	 �~~P" g���-� ���
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W "�?�$ 
 ���. " �3 ��$�= X�	 S3�$ ��	ke #��?B [��~~~o �n� "	�� 
 ��3 " �$ ���"�c "�n�	 	" �2�� 
�3) X���LYS (

 ��$�= ��"�c ��3� �FCR ) 
 ���. " �$LYS S3�$ �� ��� �	 ���; l��'  �-2B 
������ 
�3 ����	 " .�� 	 ��=�� S�	�=	 (

 l��' � 
�?$ l��' g���o� l��' #��' 
������ 
�3 ��$�= ���� .��"�c �.	�� 	" �2�� %�P �� X���W "�?�$ ���B "

�2�� %��:B ���� ��� �	 .���' ��3� � V��2$ �" X�� " 
	"  

 ���~~~' V��. " S����( y��~~~' ���3�� " X�2f�3 � ���B �" " S����( "�� ���3�� ��� #$ ������~~~' [�$�B ��F��(5  L	�c

 
E��	 S3�$ � )�� ���; S3�$ g���@ S�	�=	 �>~~P�� D���� C�~~�	 �� �$ �~~�	 ���"�c 
 �2��( ��~~�	 "�?�$ ���B " lF����

.��"�c ��3� � 	" �2�� %�P �� X���W  
    ����.� ��>38� �� ���< �3�L@  ���� (�( �.� %@ ��) 	5 � k4 [�4�( ��I�8� :x � K�%<(means ± SE, n= 

3) 
  F��m� i�X 0�`(��� i�X ���N �314�X       �I �X  �s�8 �

)1-(MJ kg 
	�I�� 72.37±1.16 17.55±0.60 5.11±0.28 4.29±0.16 6.22±0.02 

FMAA b69.65±0.88 16.45±0.33 a7.59±0.17 4.72±0.15 a6.95±0.03 

LYS a75.3±1.32 15.34±0.45 b5.17±0.21 4.27±0.08 b5.67±0.03 

  

      ����.� � 6��� ��>38� �� ���< �3�L@  ���� c��3���� ��� �3����� � ��� =�}] w�_ � =%5 � :��>N K�%<
(means ± SE, n= 3) 

 ���}] ��� ����( a ��F�	 ���  
b ���-� ��� 
c  ��� S�	�=	 �P"=  �����J ���- * ��F�	 ��� / ��F�	 ���100  
d  = �~~' �4�� }��100) *ln  ���-� ���– ln  �� "	��B/(��F�	 ���

S����( 
e �*� }��  
f ��� S�	�=	 / �=�R� ��	ke �	��� = 	ke ��	�$ }��  
g  ���- � ���) = X��B��! ��	�$  }��–  �"�� 
	ke ) /(�� F�	 ���

���. X�B��! �	��� * ��'  
h 	ke H�R� �	���  
i = ��E����� ��?tB100 �' W �����! �E�����) *–  (�' W ��F�	 �E�����
/ ��' �"�� �E�����  
j  V�@ / ��� = �,�; [��o3  

 FMAA LYS 

	�}Y( � %5� ��9��
 
aIBW (g)  4.64±0.08 4.67±0.04 
bFBW (g)  a12.84±0.53 b7.78±0.29 
cWG (%)  a177.03±5.9 b66.89±2 

SGR 
(%body 

a2.39±0.12 b1.21±0.07 
eS (%)  100 90±4.19 
fFCR b2.00±0.11 a4.09±0.07 
gPER a1.12±0.11 b0.55±0.08 
 (g fish) FC

h)1 
a16.27±0.41 b12.52±0.33 

iN Retention a16.6 ± 0.94 b5.86 ± 0.55 

��3���� ��� !�%8� 

 l~~~~��~~~~~~~'2. 4±0.00 1.98±0.00 

�?$ l��' 2.04±0.02 1.66±0.31 

 �~~~~~��~~~~~~~'9.49±0.43 7.45±0.60 
��� �	 ���; a1.80±0.16 b0.41±0.10 
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 ���~~' V��. "6  )�c �~~P �� )�c C�~~�	 �� S����( 
�-��	 " ���3�� 
 �~~'W 
��~~�	 �2��( [�$�B 
�3 ���B " +3 X��B��!

 
�3 ���	 X�� " ��F�K� "�� ���B �" X�� �6��*� " ���( ���� D���� C��	 �� �$ .��	 ��' ���� S����( 
	���	 " +3 � � ����(

� �~�	 ��=�� S3�$ 
	" �2�� %�~P �� X���W 
 �2��( ��~�	 "�?�$ ���B " X������ 
 �2��( ��~�	 �	��� 
��~o 
 �2��(  X�� "

 ��=�� S�	�=	 X���W 
 �2��( ��� 	 S3�$ ���B " 
	" �2�� %�P  �� X��W( 
 �2��( ��� 	 �	��� 
��o  ���e 
 �2��( 
�3 ��� 	

.��"�<� ��3� � 
	" �2�� %��:B ��3 
��o ���e � 
��o 
�3 ���	 y��n� X�2f�3 � �2��( 
�3 ���	 ���� " .��	  
'� � ��� [�4�( :�5 K�%< ����.� ��>38� � �%3�� �� ������ � 	5� �%�(n = 3), g 100 g protein 

	 ��� ��� %�'� 	�I�� FMAA LYS 

Arginine 4.95 ± 0.03 6.33 ± 0 6.19 ± 0.06 
Histidine 0.93 ± 0.03 0.6 ± 0.01 0.55 ± 0.01 

isoleusine 5.97 ± 0.02 6.03 ± 0.08 5.52 ± 0.01 
leucine 7.58 ± 0.1 7.59 ± 0.07 7.17 ± 0.03 

lysine 2.11 ± 0.04 1.3 ± 0.03 1.32 ± 0.03 
Methionine 2.52 ± 0 a3.1 ± 0.04 b2.62 ± 0.05 

Phenylalanine 2.92 ± 0.02 3.18 ± 0.08 2.96 ± 0.05 
Threonine 5.89 ± 0.06 6.78 ± 0.01 6.87 ± 0.11 

Valine 7.86 ± 0.09 7.21 ± 0.1 6.86 ± 0.01 
Aspartic 13.11 ± 0.1 12.54 ± 0.03 12.3 ± 0.01 

Glutamic 17.17 ± 0.07 17.79 ± 0.08 17.71 ± 0.22 
Serine 6.55 ± 0.04 7.6 ± 0.03 7.49 ± 0.08 

Glycine 8.58 ± 0.09 7.63 ± 0.24 9.14 ± 0.09 
Taurine 1.5 ± 0.04 1.43 ± 0.03 1.59 ± 0.02 
Alanine 6.94 ± 0.02 b7.08 ± 0.03 a7.73 ± 0.13 

Tyrosine 2.25 ± 0.02 2.17 ± 0.02 2.04 ± 0.01 
EAA 53.49 ± 0.14 42.09 ± 0.35 40.05 ± 0.01 

NEAA 41.16 ± 1.83 56.23 ± 0.37 57.99 ± 0.05 
TotalAA 96.81 ± 0.24 98.32 ± 0.01 98.04 ± 0.03 

  

yE�  

 %�~~P �� �2�	���� �3 ��~~�	 �2��( .��"�c +3	�= ��	ke #�/� �	�2� �� �F��~~6��$ �F�� �� lF�� %�~~P �� �� �"�Z� �~~�" X��B��!

 A= 
	�� lF�� 
�3 ��~~�	 �2��( 	 �"�:�~~�	 S�	�=	 ���� ���	 
�-F�~~� " ���3�� 
 ���. " �3��c 
�3 X��B��! �	 �"�:�~~�	 S�	�=	

 �	 W�� s�K�  " �"�:�� 	 �J	 " ��'  "�n�	 
�3 "�?�$�� 	 ���"�c �3��c %	��F�B X�	)Ambardekar et al., 2009( V�t� �	�2� �� .

��o �2��( 
�3 ���	 X��B ��22$ "��8� �	 �/� X���W "�.� X���W �	�	�= 	�*� ����  " �;�c	 �'�� �� �3��c %W�R8� " 


"	")Rumsey and Ketola, 1975( 	ke lF�� X���W ��	 "�� �/� ���. " ���� �	 �"�:�� 	 " ��	ke #�/� %�P �� �	�B �� 	 ��

)El‐Saidy and Gaber, 2002(� � %�*�*8B . �� ��	ke ��	�$ � �' S�	�=	 ���� ����  �	��3 �� X���W �	 �"�:�� 	 �$ ��	 �"	" �
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"�')Andrews and Page, 1974(�� �"�:��	 X�����$ ���� 
	�� X���W . V������ �	 ���n�� �2>� 1�; 
�3���	 V�*��	 " �$ "�'

$ ��~~' ��~~6$	 �-. �� 
�2$���� �� ���~~� ��	�� " �p=�8� � �~~' S�	�=	 #��~~' X�����$ ��	ke �"��=	 ��*F�� ��	�= ."	" "���

C��~~~�	 � ��" ���-c�� ���_B �� �?~~~6� 
��k! #�8B "�?-� g�.�� ���� #�	�� � )�����( �>t���F�B "�/>�� S�	�=	 � ��~~~6�	� 
�3

�� �~~'��)Harpaz, 2005(�2;�3 . %��:B #�F" �� �$�� %��&@	 gi>�Z� �3�<~~ ����( 7�	�~~' " "�.�� 
�3�~~�" "�� " ���(

��k_B L�	���c 
	�� X�����$ ��	ke �"��=	 ��*F�� 
"�~~R�,	 �~~ c��� � 
	�� ���c r� "�� " ��� � �3�� i>�Z� 
�3 %�~~P

X��$ V�R8� X��	�$ .��	 �� � lZ � ���J�@ " X���W ��	"��=�� "�6= V�� ��	��� 
�3 � X�	�	�$ [�$�B �"��=	 .�'��

�� ��( 
�<�� �'  � 	ke H�R � S�	�=	 ���� X����6 �3 "�')Tapia-Salazar et al., 2004( ��22$ "��8� �	 �/� [>e	 X���W .

�3 ��~~�	 X��B �~'�� �� �3��c �2��B��! A��2� ��~~RZ� �3�� ��F�B 
	�� C��~~�" " �2��B��! A��2� �	 
��~~6� " 
��~~o 
 �2��( 


)Tantikitti and Chimsung, 2001(� �$ �~~�	 ��=�c 	�, �~~��� "�� ���3�� �	 ���c X��2; 
	�� X���W �� ���� . �� ���� �( 
�2?� �

 �	 ���3�� X�	 " X���W2/3  �B8/8  �~~�	 %��:�� X��B��! �~~P")Forster and Ogata, 1998, Wilson, 1994( �~~o�� 
 ��F�K� " .

 �	 ��	ke ���W �	���3/3  �	��� �� V�	 ���B " ���. �P"2 �� X�	 �$ �' �"	" S3�$ X���W "�?�$ ���B " ���. �P" ���� �� �	�

 ��  ��	�� �<�"02/7  � V��2$ 
 ���. " X��B��! �~~~~P"25/4  ��  �.�B ��  �	��� X�	 � "�� X���W "�?�$ 
 ���. " X��B��! �~~~~P"

 ��~~�	 �2���3 X���W 
 �2��( ��~~�	 �� ���� .."	" 	�, i>�Z� ���3�� ���� 
	�� ��~~' �=��� D� 
W�� " H�3 �3�� �"�� 	�Z�~~'�c

�2��(  ���	 �� 	�Z�'�c ���3�� ���� �<�" %�?� �� .�'�� �� �� �� ��	" ���. " X��B��! �� 
�� �� �<�6�	� �$ ����3�� " X������ 


 �' �� �� �� �� 	�� ���c �� 	�� ��; ��3 ���3�� �� �?6 � X���W 
 �2��()Zhou et al., 2007( � �-�' 	 S3�$ ���� X���W "�?�$ .

 
�23 ��� �0$ "�� " [>K� X�	 �$ "�'  �� �'  "�/>��)Ahmed and Khan, 2004(  �2!	E C�� ��)Mai et al., 2006(  �

 ����$ �3��)Zhou et al., 2007(  �' "�/>�� S3�$ g�-�'	 S3�$ ��' �$a %��F�K� �2���3 ��� �o�� 
 ��F�K� " .��	 ��' ����

�3� � X���W 
 �2��( ���	 "�?�$ ���B " ��k_B �.��"�c �  

���. " ��'  �"	" S3�$ X���W �2��( ��� 	 �	��� �� �� �� �	��� � X���W 
 �2��( ��� 	 "���$ 
�' W " �2��( ��� 	 X��3 ���3�� 


�� ��3� ��2�� %��:B �$ "�'���B �� �6 ��*� " �2��( ��� 	 X�	 �	��� " 
	"��� ��3� � �3�'  
�3�� [>K� X�	 �$ "�' ��	�B

��2��(��� 	 #�=��! �� ������ 
��o  
	�p=�8� %�' X��B��! ��'�' W 
�3 �3�� X�  � 	ke ��:�$ ��JqB �8B �$ �' �� �3�� 


��� 	�, ����c)Mambrini and Kaushik, 1995, Wilson, 2003(.  
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� D���� ���� �� �>$ �@ �� ���?P �3�� 
 ���. " X���W 
 �2��( ���	 �	��� S3�$ �$ +�� �� �n��� X�	 �� S����( X�	 �	 #P�

 �	7  �	��� �� �3�'  
 ���. " X��B��! �	��� �P"2/4  �2�� &��$ %�P �� X���W 
 �2��( ��� 	 "�?�$ 
 ���. " X��B��! �P"

B �3�� 
 ��k_B � �'  
�3 ��$�= 
 ��3 
	" ���. " 
��o  
 �2��( ��� 	 X�	 ���3	 ��22$ lZ � �$ �=�c 	�, ��J�B �8

 �� �?6� X���W 
 �2��( ���	 "�?�$ 
	" ���B ���-� 
 �'W " X���W 
 �2��( ���	 �	��� X�2f�3 � �'�� �� �	�. ���?P �3�� 
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