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

23��4�3 ��+* � *�	56 *+�% �#� *��	�	��	
 7	1#� 

)Sparidentex hasta, Valenciennes 1830( 

  

:��; <�=����)1>	�?�1 ���#) �2*���- � *A%#% <BCD3�#10E /�F% �2� ����% /�F% /	�2  
 

     � :�����	 
���	�	�
 96                   :����� 
��������� 96      

�/	�?  

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

�	�� /��#2��3 �43  /��#2��3 �5�� ��6�0� �	 .��� ��!�5 ���8'"�9 :��#�$ /���; <�)3 �	 /=�� �	��

 /=�� >�0� �	0  %(�=�")15 %25 %35 %45  !55 � �	 �	�� ��  /')G  /=�� /���; <�)3 �	 H�� I����5

)Sparidentex hasta(  :��3 �)6!� :.! &)2J�)� �� /')G  :��3 :�)=�� .���9 I�� 06/0±27/29 M�9  !

 	���J�'�� N�O36/0±7/8 /'J�� QR��� �� �'�20 ��0,  �� �	 /�	�+� I�� 18 :�! 300  (�.�� ��')6 �� !

 I��60 <�)3 �� .!��" ���S� /T���.$ ��=J� (���U� �� �� ��V)� W") <�!	 :���� �	 .X
�" ! �"� ��=

���S�X
�" % M�� /��)V)"�)� Y)R�� ! /J�
 ��=<.��J���1� ! ��)9Z��� �� .�" �G  �� �"� /����R %[��'J

 \0�%55 /��� W=�R /��#2��3 %&)��^9�V= %���R���V= >�0� .	��J :�TJ �=�" ��V)� �� �G-J ���	

MCHC _��" M�� I�G)R�� ! I����`�$ Q�#J$ ! a��!��)�� %<�!� %#R�^9 %_R &)*�!�� %&)6���^9 %&)��G6$ 

 �!�� ��=��V)� &)� %.���-J�����)�$ H�� I����5 �	��/��� bc'
� �=�" ��V)� �� .	��J :�TJ ��	 \0� ��� Q�#J$

 �!�� ��=��V)� �	 Q)-^R ! N!�'-^R %.����-� &)6�U6$ H�� I����5 �	�� �	 %�" �Gd �=�" ��V)� .� �'T)�

/6�� ��� �R /��#2��3 :�U�� .� /R�� [��'J .	�� �'T)� �=�" ��V)� �	 ���-)^9 /=�� �	��� �� \0%45 ��  �	��

 H�� I����5.	�� :��3 /')G  /=�� :�
 M�� /��)V)"�)� Y)R�� �� /��� �d� :!�� 

��G�0� :�/	B1 5 �	�� %/=�� �	�� /��#2��3 %H�� I����X
�" %/J�
 ��=M�� /��)V)"�)� Y)R�� %

hasta Sparidentex.  

1-  %�4T��
 /����	 :��� ! M�^f <�2TJ�	 %/����	 /�)GO (���� <�UTJ�	 %Ic)" <!�9 %:��#�$ ��!�� ! �)gU� ��'R	

 %�4T��
:����. 

2-  %�4T��
 /����	 :��� ! M�^f <�2TJ�	 %/����	 /�)GO (���� <�UTJ�	 %Ic)" <!�9 ��)TJ�	.:���� %�4T��
 

3- �#�$ <�UT=!h� 	�'�� i��3 ��!��%��TR  [�!�� ! �.��$ %I�j)j1� :��.�� %��TR /�c)" M�^f I�j)j1� �-���

�.�!�TR.:���� %.��=� % 

* :N�*-� <��-��J pkochanian@gmail.com  
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<%/I% 

) /')G  /=��Sparidentex hasta .� (

aJ�" <	��J�
:�)=�� )Sparidae(  �J�9 a�

/=�� ���8'"�9 �	 i$��= /^��� i�; 

Z�J�),� ��= ! [)^
 Z��� .��� &�� �J�9  a�

�J�9 ��	!�����= Z!��J��!�� )Protundrous( 

��� !  N�� &)�!	 �� &)6!� :��!	 N�O �	

/� �))S� <	�� k�3 �� k`� ! �J /9�J. .����

�f�� �"� %l�� ���-���.�� %l�� Q8��#�� 

 ()�! ����	 _V1� /��J��� %I���� m���" �	

�J�9 �� �� �J�9 &�� /"�!�� m���" I�J���J ��

�#�$ ���� Y������� �'
�� N�G� ��!�� 

)Lone et al., 2001N�� �	 .( &�� �)
� ��=

 /����	 :�)=�� /��j)j1� <�2'-�� �	 �J�9

/� �)gU� %������ %:���� i��3 :�)=�� .	�"

 .� k�6  �43 Z��� [)^
 �	 �"� <��

/� �.���=� ���
n �.��.���"J �� �� �

k�, /����	 ��=����  ��!�� ���	� N�j'J�

/������ .  

/=�� �J�9 ��!��  .� ���S� �� /')G 

 ���!�� �"� �^��� �	 #���!	 �)  :�)=��

 .� (G�� &�� �)4� ��	!�1� ! ��� �'-��!

W6�o .��� :���� �	 �J�9 &�� ��!�� ��=

 �)�)R �� /���; <�)3 �
�� &������� l�� !

�� ���#=��	�� b�+� :�#)� <h�! ��O �� �R &) 

�=	 W=�R �� /=��% /� &�#2��3 �J���

�)  :�)=�� .� ���S� ���� /G����  #���!	

 .�"�� &'"�	 M�f �^f �� /J��)� M�
 	���

 :	�� #)o�J ! (�G)�) �#6�^� I�G)R��I�G)R�� 

���S��5�� �	 :$%�= #p�� �)V=� ��'-=. �	�� 

 /J��)� &)*�!�� (���� �^V3 .� H�� I����5

/UT
�.  �R ���� �_)6	 ��
%/V�O 

��=�)�� Y)R�� %&)*�!�� �l�� ���'1���)�$ 

&)��'�! ��J .� :	�� /�; %��!�5 <!�9 ��=

A ���� �� �G-J) l�� Qq= �)^��, ! �r�J� %

/UT
 /J��)� &)*�!�� (���� :���f �� (�.

/��#2��3 _)-J�'� �� /�G�� ����  /=�� �	��

) ��� �'��9 ���, /���� 	���Bureau et al., 

2006; Gunben et al., 2014; Hernandez 

et al., 2014; Wang et al., 2015.(  

�5! /���.�� /')G  /=�� �r�6��#)� �)

 ��!�� <�!	 N�O �	 ���� �)�5! /���.��

 Z�'�� ! ���V)� X)8T� _)4-� ! ��c�

.�)J .��� Ws�� X
�"��= J�
/ ���#�� 

 �	 l�� �f�� �� ! <��TR�); %�.�� ��

X)8T� ��� )Peres et al., 2013.( &)�tV= 

I�fcO� �	�V'f� _��, ��  I��))S� ��)�. �	

U)6���'�//=�� :�" ��9.�� ��!�� %�=	�GVR % 

� �1�� 	�3! ! /"�!�� m���" �))S� �)d



      &'�() &
�* +� ,+* -�.��/ �0�� �� &
�* �0�� &���1��2 +�3��         :	����� ����������� � ���������6)2  (1397  ]89[  

 

��)'
� �	 &�#� Z�'�� ���, /��=	 )Maita, 

2007.( .� �^V3 Z�'����= /'-�.�); /"�J 

.� _���f U�r�6�R�/% �))S� �	 Q�r� /���; 

��� �R I��))S� ���" �	 X
�"��= 
	�s�� /J�
 /���R )Svobodova et al., 

2008(. �	 I��6�0� �'"�9 �� /=�� /')G  

)Mozanzadeh et al., 2015; Yaghoubi 

et al., 2016( ! aJ�" /�cO�� )Peres et 

al., 2013 <�)3 Y)R�� ! ���S� �" X8T� (

 �	 /���))S� /���;X
�" ��= ! /��)V)"�)�

/6�^� /� 	�s�� :�
 :���f �� :�
 ! ��R

 �#�$ 	�U^Vf �)�5! �	 /'-�. <�j6�� �2J�TJ

�" /����. Q�#J$ �)6����=M�� �  ���#��

Y���� �	 /���� U�r�6��#)�/ �)�5! 	�U^Vf 

M��J�u^'8� ��= !  ��6�0�Y)�$ /'
��"

�����=  ���:$ �)6��� :�#)� ! <��=	 :�TJ �=

/T8� .� ��^; Q�#J$��= /��� ! v��
 

 /6�^���� )Yildiz, 2009; Peres et al., 

2014 .(  

<	�	 :�TJ <�" M�sJ� I��6�0��J�  �� �R

Q�#J$ ��^; %/���; Q�r� �))S� �� /��� ��=

/��� ��O/� :���J ���	 .� /R�� ��� &�� .����

Q�#J$ �)6��� :�#)� �R ��� :$ /��� ��=

���; Q�r� �� �r�6��#)� 
��� .� /T8� ��� /

 �)V=� !����:$ / �= �2J�TJ :���f �� ��

W)� �	 /'-�.� /�)���)d  �� /���; <�)3

M��J� 	�U^Vf� �= �)p�/���R )Peres et al., 

2013, 2014; Mozanzadeh et al., 2015 .(

 ����� &)V= �� ���� /��#2��3 \0� &))��

 :���f �� /=�� �	�� <�)3 &)*�!�� (G�� ��

>�0� u^'8� �	�� I����5 H��% �� ���O 

���� 	�U^Vf �� /��� �d� �R 	��� �J�9 ��=

�"�� �'"��J ��6�0�% X
�" %/J�
 ��=

Y)R�� /��)V)"�)� ! Q�#J$��= /��� :�
 

 	��� l�� X)8T� �f�� �� ���#�� :���f ��

 .���9 ���, Ws��.�  [��'JW=!h�  �� �5��

/� /��#2��3 Y���� � �	 &))�� �	 :���

$ /���; <�)3 �)4� �	 <���%i�^0�  ���  ��

 <���R &)Vq� �R �	�+',� /����R �"��l�� 

 <	��'�� �"�� ��!�� <�!	 N�O �	 �#�$	�R .

&)�tV= %�5�� ��6�0� �	  .� <	��'�� :�U��

�)*�!�� (���� ����/ &)*�!�� �^V3 .� ��=

 �	 /J��)�/')G  /=��  :��3 /���� 	���

 ���,���9�� .  (���� i�^0� \0� /��#2��3

:�.�� /�)*�!��/���; <�)3 �	 /=�� �	�� .� ��% 

 �� ���8'"�9 :�)=�� ��!�� ���  ������ �"�

 .� /'"�	�� :��#�$ ���
n �� ��T� W=�R

Q'-)��R� �=��
 Q=��� ��TR /����	 /�$ ��=

�".  
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J�� � �0�%�+  

�#	- :3��*�0KD ��+  

 �
��<�)3 /���; �	 &6�� �)gU� 

 I��  ��TR i��3 ��!�� �#�$ <�UT=!h�

 :�-U� :�#)� �!�� /���; <�)3 W" .���9

) &)*�!��50 � �	) /��o %(18 � �	 ! (

 �r�J�)21  (���� .�" �6���� (M�9 �� N!r�^)R

*�!��)&  �'�� ��R �� ����_��" ��; �
�� 

=�� �	��/  %:��#�$ ! ��)O %M�	 w���
)21 

 %�q)�.��)"(% H�� I����5 �	��  <�9��'TR)

 %.�J�� ��)O.��=�(% ��	� �6�s�R ����  &)�lr !

 %:��#�$ ! ��)O %M�	 w���
)21  %�q)�.��)"( 

	��.  ! �U^)R /=�� &;!� .� <�)3 /��o (G��

���� &)')-)6 	�$ .� <�)3 I���)=���R (G�� ! 

M��9 ! �'��TJ I�n ��&)� �" w���
)  %M�	  

 %:��#�$ ! ��)O21  %�q)�.��)"(.  

 .� _UT'� <�" �)4� H�� I����5 �	��10 

 %�� � �	20  	!�� ! �� ! �� � �	70  � �	

 �T�� ! ����	�� ���	 �	 I����5 .150 -110 

/'J�� �3�	 ��T� �� 	��91  .�" �'8� ��-V��

 �=�" <�)3 �	 (���� <�)3) N!� ��V)� :���f ��

 ! �U^)R /=�� �	�� :���f �� ���� �6�s�R �	��

 /��)V)"�)� Y)R�� .	�� &)*�!�� /^ � (G��

 �	 <�)3 �
�� �	 �'�� ��R �� &)*�!�� (����

 N!�31 ��V)� �	 .��� <�" <	�!$ 2 %3 %4 %5 

 !6  \0� �	 Y)��� �� /=�� �	��15 %25 %

35 %45  !55 � �	  H�� I����5 �	�� ��

) �" &�#2��3Fuertes et al., 2013(.  N����

N!�3 �	 :$ /G��j� Y)R�� ! <�)3 ��=2  !3 

<�" <	�!$  .���  

  

 ��/-1 :<�KL� JM�0�0 N
��% *�0KD �#	- :3�� �� <��� ��1 <
 *�	O��#) *+�% *�	56  

*5�#I� 7	1#�  

 �� )100 (Q�3 ���% �#G  

>	O��#) N5�%  

���)*+�%  )��� $#% &�'��(  ���)���� <��R�1  

(%) ��3 >	O��#)  17/70  52/60  12/42  

(%) ��3 *
#?  42/9  38/23  16/0  

(%) ��3 #5	�  89/0  20/1  10/2  

(%) #��1�3  09/13  11/4  04/7  

(%) #C��  35/2  00/2  #)o�J  

(%) �	�B1  63/2  90/3  #)o�J  
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 ��/-2:  �/�+� T	��� &�5	1#� �0��F%�#	-*���%M� ��+ 

 7	1#��#	-  

 �� �#G)100  �#G

(Q�3 ���%  

*���%M� ��+���	� )���) *��
,��- /6�� ���) �
 *+�% &�'��( $#%(  

 ���	�1 (/+��) 

%)0(  

 ���	�2 

%)15(  

 ���	�3 

%)25(  

 ���	�4 

%)35(  

 ���	�5 

%)45(  

 ���	�6 

%)55(  

*+�%���) )��B	1(1 61  52  46  40  34  28  

&�'��(���)$#%2 0  11  18  25  32  39  

���� <��R�1���)1 11  11 11 11 11 11 

>	�X�1 4  4 4 4 4 4 

>D��*+�% )��B	1(1 5/8  5/7 5/6 5/5 5/4 5/3 

>	�	��1 5/1  5/1 5/1 5/1 5/1 5/1 

�/�G���3 5  5 5 5 5 5 

<����4&�E3 5/5  5/4  5/4  5/4  5/4  5/4  

T��% >	%����* 5/1  5/1  5/1  5/1  5/1  5/1  

T��% *4/'%** 1  1 1 1 1 1 

 >	%����C1  5/0  5/0 5/0 5/0 5/0 5/0 

>	Y��
1  5/0 5/0 5/0 5/0 5/0 5/0 

*: &)��'�! A: IU/Kg2000 &)��'�! %D :IU/Kg800 &)��'�! %E :IU/Kg88%  &)��'�!K :mg/Kg3 &)��'�! %C :

gKmg/200 &)��'�! %1B :gKmg/12 &)��'�! %2B :gKmg/14 &)��'�! %5B :gKmg/70 &)��'�! %3B :

gKmg/50 &)��'�! %6B :gKmg/12 &)��'�! %9B :gKmg/3 &)��'�! %12B :gKmg/016/0 &)��'�! %2H: 

mg/Kg14/0.  

** : :Q)�^�mg/Kg168&=$ I��6�� %: mg/Kg20k� I��6�� %: mg/Kg2 :Q)-^R I��� %mg/Kg2�)-R� % 

 :#�2��mg/Kg8/16�)-R� %  :�!�mg/Kg2/33 :�6�GR %mg/Kg336/0.  
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 ��/-3 :�#	- *��	�	��	
 *5�#I� 7	1#�>	,4�	%) *���%M� ��+ ±  Z��0/4���0 [\�30=n3( 

7	1#� �*5�#I  

)  ��100  �#G

(Q�3 ���%  

*���%M� ��+���	� )���) �
 *+�% ���) *��
,��- /6�� $#% &�'��((  

 ���	�1  (/+��)

%)0(  
 ���	�2 %)15(   ���	�3 %)25(   ���	�4 %)35(   ���	�5 %)45(   ���	�6 %)55(  

Q�3 ���% (%)   58/0±65/93  22/0±18/93  58/0±90/92  55/0±62/92  63/0±34/92  28/0±06/92  

��3 >	O��#) 

(%)   
14/0±24/50  17/0±39/50  28/0±05/50  26/0±29/50  37/0±47/50  22/0±45/50  

��3 *
#? (%)   34/0±18/17  42/0±85/17  65/0±52/17  25/0±41/17  30/0±30/17  14/0±19/17  

��3 #5	� (%)   06/0±38/2  04/0±40/2  08/0±42/2  10/0±44/2  05/0±43/2  09/0±46/2  

&M0 /]�� ���^_ 

(%)*  

15/0±53/13  22/0±02/12  21/0±96/12  17/0±47/12  36/0±62/12  19/0±69/12  

#��1�3 (%)  13/0±32/10  43/0±52/10  26/0±95/9  18/0±01/10  36/0±49/9  14/0±25/9  

#C�� (%)  07/0±68/3  16/0±62/3  09/0±43/3  12/0±29/3  09/0±27/3  26/0±23/3  

�	�B1 (%)  05/0±20/3  03/0±10/3  11/0±08/3  21/0±20/3  06/0±57/3  13/0±80/3  

2��3�4 ��#40 

)KJ/g(**  

38/21  42/21  38/21  31/21  34/21  31/21  

*: I.� �,�� <��+f: ](&)*�!�� + /��o + ���O� + �'-R�
 + �G)�)  - 100[  

**: X6�
�J �r�J� �G��1� )Gross Energy( ) &)*�!�� M�9 �= �	 	�3�� �r�J� :�#)� Z��� ��KJ/g6/23 %(

) /��oKJ/g5/39) I���)=���R ! (KJ/g2/17) �" �G��1� (NRC, 2011 .(  

  

<�)3�= � /���;<�" �)4�  ��=.�)J

���S� I��6�0� �� �3�� �� �� /=�� �� M�sJ�

<�" /� &)��� �J�9 &�� �� ! /q���) ���R

:���UV= %1390:�.�� /��O y %<	�.1394 y

Hossain et al., 2014 yYaghoubi et al., 

2016 �	 <	��'�� .� _G, �'��TJ ! &)�lr .(

M�9 i$ k`� ! �J�" _�  ��)�lr I��  ��

 �� Mc,� �V= .�J�" <	!#�� aT
 Mc,� ��

 &;!� ! i$ k`� .�" z�^8� :#V= �� /��


 &)��'�! �� <��V= /=��C  �� �)V
 �)6�� ����

 <�2'�	 .� �)V
 k`� ! <	!#�� <�)3 �� M��,

�J�	 ! �" <	�	 ��Gf :. �^� �0, �� /��=3 

/^)��^� .�" �)4� �'����= :���3 �	 �= 

 :�" aT
 .� k� ! �J�" <	�	 ���, aT


�-)R �	�'-� ��= �	 Y-o �� �!�� ����

 �#���20- /'J�� �3�	�2J 	��9.�J�" ���	  
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��	+�% J��#)  

 :�)=����6�0� 	���  N�O �	��!�� <�!	% 

 i��3 /����	 :�)=�� /��j)j1� <�2'-�� �	

:���� )�������2J (�J�" ���	 . 	����360 

 ��0, /')G  /=��)Sparidentex hasta (

 �)6!� :.! &)2J�)� �� :��306/0±27/29  M�9

!  N�O36/0±4/8 /'J���'�%  <�" �)6�� �	

c��R I��  �� %�)gU� �^��� a�  �	 /�	�+�

 &)�18 :�! �J��'��/^� �� &^)��300  ��')6

 QR��� ��20 �.� �� 	�f�  �=:�! �" (�.�� )6 

(���U� �� �� ��V)� ! ��!�� m���" �� :�)=�� .

 �� ���S����� <�)3  I�� ��2  ��9.�� �'�=

 .�J�" <�)3 �� �3�� �� :�! �= :�)=��

 �� ��=�{ ��)� \0� �	 %	�
 <h�! /T���.$

 �f��) .!� �	 ��� �� /'�	 I�� 8:00 %

13:00  !17:00�� (  I��60  .�J�" ���S� .!�

 :���3 ��!�� <�!	 N�O �	 �f�� �� i$1 

6�j),	 �	 �') :�! �	! 	�� ���,�� �=  &)2J�)�

 ���"5/0±0/48  ��	 %��#= �	2/1±48/23 

/'J�� �3�	 N�^1� :h)-R� %	��94/0±8/6 

/^)��')6 �	 M�9% pH 2/0±37/7 !  <�!	 N�O

 /���"!�12 .	�� �f��  

  

<4��4��0�#
  

�	 :���� <�!	 %��!�� 24 �f�� k�   

.� &��
$ ���S� :�)=�� �= :�! �� <	�� 
2- /-R���N�J��� �� ��^; 5/0 /^)��')6 �	 

�')6 )Merck Schuchardt:�V6$ %��4)� ( 

 �J�" k`� !:$ :.! ! 	���J�'�� N�O�= 

<.��J���)9 ) �"Mozanzadeh et al., 

2015X
�" /���� ���� .( %/J�
 ��= .�

 /�	 �,��9  /=�� ��0,��V)� �= .�%  �^)�! ��

 |J��5 /^)� ��')6:�
 ��)9 .���9 I�� 

�J�VJ��= �" Q)-j� W8� !	 �� :�
�J .

 /T8� :$ .� ���� ! ���R���V= Ws��

 &)��^9�V= �" <	��'��W8� ! �2�	  ����

 M�� �.����3�R  I�� ��15  �j),	�� �f�� 

3000  �!	 �j),	 �	 r�)���'J��)VS-400 %

Vision Scientific <�R %/���3 (�" M�� .

 �#��� �� <�" ��380 - /'J�� �3�	 N�j'J� 	��9

.����  

  

*��#
  *��	�	��	
 7	1#��#	-  

 /���� ���� ! Mc,� /��)V)"�)� Y)R��

<�)3/���; ��=%  aT
 <	�� � �	��  ���,

�J�VJ :	�	  :!$ _
�	 �	.��	�
 :����) %

:���� ( ���	 ��105 /'J�� �3�		��9%  ���'1�

&)*�!�� �� �!� N��^sR )Auto-KjeldahlK-

370% BUCHIk)p�� %( ! ���'1�  _R /��o

) �^-R�� <�2'�	 aVR ��Barnstead %



]94[  ����                              	
����
 � ���                                     :	����� ����������� � ���������6)2  (1397  

 

Electrothermal�)J�'��� %( !  <	��'�� �� .�

 ��3 �0jJ �� ��� Q)6!�'�60-40  �3�	

/'J��Nc� :���f �� 	��9 ���j� .��$ ��	 �� 

�G)�<�)3 M�
 ��)�� Qq= .� k� /���; ��=

<�2'�	 �	 �J�VJ /��)^, ! Qq= )VELP® 

Scientifica�)6�'�� % ! ( �� �J�VJ :	�	 ���,

aT
 �	 <��R �	 ���	 550 �3�	 

/'J��	��9  ��	 .� �J�VJ :�#)� i�-'�� !

<��R �	 �'�� /U��'U6� )Finetech%Shin 

Saeng Scientific/���3 <�R % (J�<.�� ��)9

 .�" :�#)� /���; <�)3 �'-R�
 #)J <	��'�� ��

 Q)-^R ���'1� .�" Ws�� /U��'U6� <��R .�

 �'-R�
 �	 ��-� !<��$ ��	 �� �J�VJ .��=% 

�)�� :	!#�� .� k� a����6��  Y)��� ��

 ! :�)���')� m���<.��J� �	 �J�VJ i�3 ��)9

 v�� N�O700  m��� �'��J�J �'��'�!�'U`��

)UV100% Mettler Toledo% (�U���$ Ws�� 

) �"AOAC, 2005 .(���� � Ws�� _)�!�

 %��)�$�)�� 	!��10  M�9�J�VJ .�  Mc,�

<�)3 ! &)*�!�� �	 /T���.$ /���; ��=

aT
&R �	�VsJ�  ���	 �	50-  �3�	

/'J��) 	��9Freeze Dryer OPRFDU 

7012 %Operon/���3 <�R % aT
 ( �" !

 Qq= .� k��)�� m��� ��)�� ���^R a��6 

 I�� �� N���J24  ���	 �	 �f��110  �3�	

/'J�� %	��9�.����3 I�'�� ���� m���%  I����

) �)p�6�'����� N�^1� !OPA %Sigma�U���$ % (

M�sJ� �" ! .� �J�VJ }'T� <�" �� :�#)� 
2  �')6!�U)� (��� /���9����!�R <�2'�	 ��

)Knauer:�V6$ % .�" }�.�� (�	  /���9����!�R

 .� :�'�C18 ) k����^� .����U"$ !RF-

530 %Knauer:�V6$ % ( ���� WJ��


��=�)����)�$  �= ���'1� k`� .�" <	��'��

 �� ��)�$�)��Q��  �G-J :�)���G)6�R /�1��

 �G��1� 	���J�'�� <	�� ��^; ��!  I��  ��

�	 M�9  :�)� &)*�!�� M�9 �  �")Lindroth 

and Mopper, 1979 .(  

  

23�� `R��*4�3 ��+  

&)��^9�V= Ws�� ��  �!� Z���/6�� 

)Salhi( ���9 I��  ! ���R���V=  �!� ��

) �" <�)s�� ���R���V=!�U)�Del Rio-

Zaragoza et al., 2008( /J�
 X
�" .

&)��^9�V= ��^; &)2J�)� #��, N�G^9 �	 

)MCHC Z��� �� ( �0���1  �G��1� �"

)Campbell and Ellis, 2007(.  

  

 <a
0�1:  

MCHC (g/dL) = (Hb / Hct) × 100 

Hb: &)��^9�V= M�9) �	 /�	y(�')6 Hct: 

.(� �	) ���R���V= 
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X
�" M�� /��)V)"�)� ��= _��" %#R�^9

��� %N!�'-^R %&)��G6$ %_R &)*�!�� %���-)^9

 %/J��� ��-� %Q)-^R %a��!� �)�� %<��!�

Q�#J$ %Q�#)�� I����`�$ ! &)Jl$ ��=

 .�`)6 ! .c)�$ %.����-� &)J�U6$ %.���-J�����)�$

) �#�l�J$��� <�2'�	 .� <	��'�� ��BS-200 %

Mindray&)o %�)R m��� ( /+)8T� ��=

�) ���s� .�" Ws�� (:��4� %:��.$ Z��

^9� &)6�� #)J &)��G6$ :�#)� bc'
� i�-'�� ��

� _R &)*�!�� .� �) ��$ ��	Moss and 

Henderson, 1999; McClatchey, 2002; 

Shayne, 2007 .(  

  

23�� <�KL� ��M�
 � /�� *�0��1 ��+  

 �������S� <	.�� ! �"� /����R /���� ��

<�)3 /T���.$ /���; ��=�	  :��3 :�)=��

/')G   %W���.$ <�!	 ��4'J� �	X
�" ��=

� �	 :.!��)9 )WG%( ~�J �"� <h�! )SGR%( 

��'R�� �)�5! )CF%( :�#)� �j� )SR%( ��)9��; 

)FI() /���; _��G� Y��5 %FCR Y��5 %(

) &)*�!�� <	.��PER( �0��� .� <	��'�� �� ��=

2 �� 8 �" �G��1� )Hernandez, et al., 

2014; Wang et al., 2015(.  

  

 <a
0�2:  

SR (%) = 100 × Nf / Ni 

iN :yW���.$ <�!	 ���'�� �	 :�)=�� 	���� fN :

 :��.$ <�!	 :���� �	 :�)=�� 	����.W���.$  

  

 <a
0�3:  

WG (%) = 100 × (Wf
 – Wi) / Wi  

iW : �)6!� :.!)M�9( yfW : /��4J :.!)M�9.( 

  

 <a
0�4:  

SGR (%/day) = 100 × (LnWf – LnWi) / t  

iW : y(M�9) �)6!� :.!fW(M�9) /��4J :.! : yt :

(.!�) W���.$ <�!	 N�O. 

  

 <a
0�5:  

CF (g/cm3) = 100 × Wf / LS
3
  

fW y(M�9) /��4J :.! :SL:  	���J�'�� N�O

)/'J���'�.(  

  

 <a
0�6:  

FI (%/day) = 100 × F / [t × (Wf – Wi) / 2]  

F : <�)3 _R :�#)�b�+�  <�" <!�9 �= �	 ��

 aT
 :.! Z���)(M�9 yt : W���.$ <�!	 N�O

 y(.!�)iW : y(M�9) �)6!� :.!fW.(M�9) /��4J :.! : 

  

 <a
0�7:  

FCR = F / (Wf – Wi)  

F : �� <!�9 �= �	 <�" b�+� <�)3 _R :�#)�

(M�9) aT
 :.! Z��� yiW : y(M�9) �)6!� :.!

fW.(M�9) /��4J :.! : 

  

<a
0� 8:  

PER (%) = (Wf – Wi) / (F × Pr) 
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iW : y(M�9) �)6!� :.!fW(M�9) /��4J :.! : yF :

 Z��� �� <!�9 �= �	 <�" b�+� <�)3 _R :�#)�

(M�9) aT
 :.!y Pr:  <�)3 M�
 &)*�!�� ���'1�

)� �	.( 

  

���%� T	BF� � <�
R�   

 ��'��<	�	 :	�� N���J m��� �=:��.$ 

Shapiro-Wilk  .�" /���� ���� k`�

<	�	 �-��j� kJ����! _)^1� :��.$ .� �=

a�) ���OANOVAk� ! (/R�� :��.$  �	

% :��)VO� \0�95 )05/0<P( .�" <	��'�� 

 %&)�tV= �=�)S'� &)� z�G��� 	�3!m��� 

 :���)� /2'-GV= :��.$/���� .�" ���� 

W)� �43 %m
 �6	��� &'��� &))�� /�)�

 �=�)S'� ���� ! /��#2��3 :�#)� ��	�j� .�

M!	 �3�	 :�)��9� :��.$1  .�" <	��'��

 �.�	��<	�	�= M�J �	 ��#��SPSS 19 

)Chicago, Illinois, USA(  M�sJ��"  !

<	�	 &)2J�)� I��  �� �=± ��0
  	���J�'��

�" ���#9�J .  

  

c���4  

<�	%�/	�0 �0��F%  

��)�$�)�� _R ���'1� �	�� ��!�5 ��=

I����5 H�� )28/37 M�9 �	 100 M�9 

                                                             

1- Quadratic Regression 

<�)3 �
�� �	 (&)*�!�� �� �G-J /���; ��=

) /=�� �	��55/51  �	 M�9100 &)*�!�� M�9 (

 N!�3) 	�� �'VR4 :�)� �	 .(��)�$�)����= 

6 ! &��)'-)= %&)J�)'� ���'1� ��!�5) &�#

 Y)��� ��)28/3 %21/3  !65/7  �	 M�9100 

&)*�!�� M�9 �� Z�), �	 H�� I����5 �	�� (

 /=�� �	��)17/1 %21/1  !31/3  �	 M�9100 

&)*�!�� M�9<�)3 �	 .	�	 :�TJ 	�GVR ( ��=

<�" �'
�� /���;  /s���� W��#�� ��

 _R :�#)� %/��#2��3��)�$�)����= ��!�52 

�"�	 /6!#J �J!�. :�#)� &��'T)� Y)��� �� 

��)�$�)�� &��'VR ! �=�" <�)3 �� }^�'� 

���j�  <�)3 �� }^�'�55 � �	 #2��3 /��	�� .

 &)� �	��)�$�)����=  ��)�$�)�� ��!�5�);

 &���p����)�$�)�� �� �G-J �R �2�	 ��=

� �� W=�R &��'T) %�"�	 �	 /���; <�)355 

� �	  �=�" <�)3 �� �G-J /��#2��313/39 

 N!�3) ���� W=�R � �	4.(  

  

<�KL� ��M�
 � /�� *�0��1  

 /')G  :�)=�� �)� ! ��� :�#)�

)Sparidentex hasta ��6�0� �	 :��3 (

 .	�GJ /T���.$ ��=��V)� .� �d�'� ! QR �5��

                                                             

2- Total Essential Amino Acids (TEAA) 
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����	 �j� :�#)� .� ��96  ��100  �"�	 � �	)05/0P> N!�3 %5.(  

  

 ��/-4:  <�	%�/	�0 �0��F% N
��%�#	- � >	O��#)*���%M� ��+  

<�	%�/	�0  

 �� �#G)100  �#G(>	O��#)  

>	O��#) N5�%  
*���%M� ��+���	� )���) �
 *+�% ���) *��
,��- /6�� 

$#% &�'��((  

*+�% ���)  
 ���)(&�'��  

$#%  

 ���	�1  (/+��)

%)0(  

 ���	�2 

%)15(  

 ���	�3 

%)25(  

 ���	�4 

%)35(  

 ���	�5 

%)45(  

 ���	�6 

%)55(  

/
	�

0
 �

�+
<�	%�

 
�

��#(
  

>	4���  63/8  3/5  64/8  54/8  37/8  39/7  64/6  09/6  

>�/	��	+  21/3  21/1  17/3  53/2  38/2  45/2  11/2  89/1  

>	����
�0  64/5  63/4  53/4  54/4  52/4  33/4  28/4  25/4  

>	���  30/8  15/7  40/7  20/7  09/7  06/7  90/6  88/6  

>�
	�  65/7  31/3  48/7  10/7  23/6  07/6  77/5  59/5  

>	4�	�%  28/3  17/1  12/3  09/3  31/2  97/1  65/1  64/1  

T	��>	4X�  37/4  75/3  86/3  85/3  85/3  68/3  68/3  64/3  

>	4�Y#�  11/4  56/4  40/4  40/4  35/4  59/3  58/3  47/3  

>	�0�  36/6  20/6  51/5  45/5  18/5  90/4  54/4  51/4  

d��R%  55/51  28/37  10/48  69/46  53/44  43/41  15/39  95/37  

�
��#(

#	D <�	%� �
�+/

	�
0

  

>	4X�  01/5  12/4  18/5  92/4  82/4  73/4  73/4  73/4  

Q	���e��/	�0  55/6  08/6  88/7  84/7  83/7  82/7  75/7  70/7  

Q	%���BG/	�0  41/14  12/14  33/16  25/16  12/16  06/16  00/16  95/15  

>	�	BG  28/5  77/7  32/6  43/6  60/6  33/7  42/7  44/7  

>�#�  98/3  58/8  87/3  27/4  25/5  21/5  02/6  13/6  

>�M�#	�  97/3  94/2  78/3  77/3  20/3  01/3  91/2  95/2  

>���Y��  94/0  ND  38/1  23/1  02/1  90/0  88/0  84/0  

d��R%  14/40  61/43  74/44  70/44  84/44  07/45  71/45  74/45  

ND :�TJ /�����".  
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:.! I��))S� �J!� :.! � �	 %/��4J %��)9

! <h�! �"� ~�J  &)� &)*�!�� <	.�� Y��5

	�� ���T� /T���.$ ��=��V)�%  �R /6�� �	

 	�	 :�TJ Z�U�� �J!� /���; _��G� i�5

 N!�3)5 ��=��V)� �	 .(35 %45  !55 � �	 

/=�� �	�� /��#2��3 H�� I����5 �	�� ��% 

�"� /����R%  Y��5 ! &)*�!�� <	.�� Y��5

 bc'
� �,�� �=�" ��V)� �� /���; _��G�

/���) 	�� ��	05/0>P(��� %  ��=��V)� �	15  !

25 � �	 /��� bc'
� �=�" ��V)� �� ��	

) �" <�=�T�05/0<P.( ��)9��; :�#)�  &)�

/��� bc'
� /T���.$ ��=��V)� 	��J :�TJ ��	

)05/0<P ��'R�� .()� �	 �)�5! ��=��V15  !

55 � �	 /��� bc'
� �=�" ��V)� �� ���	

) 	�	 :�TJ05/0<PV��� I��))S� �J!� .(/  �	

 ���j�X
�" �= /��#2��3 � �	 W��#�� ��

 /=�� �	�� H�� I����5 �	�� �� �=��V)� &)� �	

 <�=�T�J .�T  

  

23���#� *���	��	
 7	1#� � *4�3 ��+  

/��� bc'
� %���R���V= :�#)� �	 ��	

 ! &)��^9�V=MCHC  /T���.$ ��=��V)� &)�

) �TJ <�=�T�05/0P> N!�3 %6.(  ����	

 .� ���R���V= I�J���J%67/39  ��V)� �	%25 

 ��%33/43  ��V)� �	%55  &)� &)6�G^9�V= !

g/dL47/7  ��V)� �	%15  !g/dL34/9  �	

 ��V)�%45  :�#)� .	�� �)S'�MCHC  &)�

g/dL87/17 % ��V)� �	15  ��g/dL71/22  �	

% ��V)�55  %&)��G6$ >�0� .�"�	 :���J

 a��!��)�� ! #R�^9 %_R &)*�!�� ! &)6�G^9

'���d .� ��q� �	�� I����5 H�� �	 <�)3 �=

	�GJ )05/0P>.( �	 ��V)� �=�" :�#)� N!�'-^R 

�� ��O /�����	� �'VR ! ��� �'T)� ���-)^9

 .��	�� �!�� ��=��V)�  	�� H�� I����5

)05/0<P :�
 M�� N!�'-^R ���'1� .(

 ���'1� �� :�)=����)�$�)����=  ! &)J�)'�

/��� /��� /2'-GV= /���; <�)3 &���p�� ��	

 %Y)��� ��) 	�	 :�TJ87/0- =r %05/0<P y

97/0 - =r %05/0<P �� �=�" ��V)� �	 <�!� .(

� I����5 �	�� �!�� ��=��V)� H� bc'
�

/���) �"��J ��	05/0P>�o�9� .(%  &)� �	

% ��V)� H�� I����5 �	�� �!�� ��=��V)�55 

 ��=��V)� ��%15 % !25 /��� bc'
� ��	

�"�	 	�3! )05/0<P .( 
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 ��/-523�� :�#	- �
 �/� <�KL� �0�- *�	56 ��	+�% <�KL� � /�� ��+ ��+*���%M�  

 >	,4�	%)± ��0/4���0 ��a3 Z=n20(  

23��  

*���%M� ��+���	� )���) �
 *+�% ���) *��
,��- /6�� $#% &�'��((  

 ���	�1  (/+��)

%)0(  

 ���	�2  

%)15(  

 ���	�3  

%)25(  

 ���	�4  

%)35(  

 ���	�5  

%)45(  

 ���	�6  

%)55(  

23��/�� ��+  

�M� <	��0 )g(  17/29  

10/0±  

29/29  

13/0±  

44/29  

12/0±  

00/29  

12/0±  

28/29  

17/0±  

41/29  

16/0±  

�M� *��f4 )g(  56/59  

b 07/1±  

12/66  

a 91/0±  

68/65  

 a19/1±  

39/63  

ab 16/1±  

33/59  

b 02/1±  

33/59  

b 97/1±  

��= ��0/4���0 

)cm(  

44/12  

14/0± 

14/13  

20/0± 

88/12  
 29/0± 

87/12  

03/0± 

44/12  

04/0± 

63/12  

31/0± 

�M��#	G (%)  14/104  

b 06/3±  

70/125  

a 65/2±  

11/123  

a 97/3±  

55/118  

ab 30/3±  

68/102  

b 38/4±  

77/101  

b 89/4±  

g#4 /�� �h��  

)/day%( 

b 02/0±19/1  a 02/0±36/1  a 03/0±34/1  ab 03/0±30/1  b 04/0±18/1  b 04/0±17/1  

    :	'(� ���1��

)3cm/g( 

a 04/0±06/3  b 03/0±90/2  a 03/0±96/2  a 03/0±96/2  a 04 /0±06/3 b 04/0±85/2 

 �I
(%)  00/96  

02/1± 

00/100  

00/0±  

00/100  

00/0±  

00/100  

00/0±  

00/100  

00/0±  

67/96  

33/1±  

23��<�KL� ��+  

0KD �#	G)/day%(  04/0±37/1 02/0±25/1 03/0±26/1 02/0±31/1 02/0±37/1 03/0±28/1 

7�#( T�/5� 0KD a 04/0±18/1  b 02/0±98/0  b 03/0±00/1  ab 04/0±05/1  a 05/0±20/1  ab05/0±11/1  

7�#( ��M�
 >	O��#) b 06/0±69/1  a 05/0±05/2  a 06/0±01/2  ab 06/0±91/1  b 06/0±67/1  b 07/0±66/1  

 u�	� �= �	b!�� /��� bc'
� 	�3! .� /R�� I!��'� ��	��� )05/0<P.(  
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 ��/-6: 23���#	- �
 �/� <�KL� �0�- *�	56 ��	+�% �#� *��	�	��	
 7	1#� � *4�3 ��+ ��+

 >	,4�	%) *���%M�± ��0/4���0 ��a3 Z=n3(  

23��  

*���%M� ��+���	� )���) �
 *+�% ���) *��
,��- /6�� $#% &�'��((  

 ���	�1  (/+��)

%)0(  

 ���	�2  

%)15(  

 ���	�3  

%)25(  

 ���	�4  

%)35(  

 ���	�5  

%)45(  

 ���	�6  

%)55(  

23����+ 4�3*   

 :�#1����+(%)  16/4±00/43  38/3±67/42  67/0±67/39  18/3±33/40  58/0±00/43  33/0±33/43  

>	
�BG��+ )g/dL(  19/1±88/8  14/0±47/7  74/0±67/7  84/0±62/7  33/1±34/9  63/0±21/8  

MCHC )g/dL(  23/2±77/21 45/1±87/17 17/0±51/19 13/1±98/18 49/2±01/22 76/2±71/22 

>	O��#) 7	1#��#� ��+  

>	%�5�� )g/dL( 05/0±53/0  08/0±36/0  15/0±48/0  23/0±37/0  16/0±27/0  12/0±47/0  

>	��
�BG )g/dL( 19/0±86/4  11/0±01/5  13/0±77/4  19/0±04/5  49/0±14/4  19/0±82/4  

>	O��#)T1 )g/dL(  38/0±67/5  08/0±37/5  21/0±25/5  25/0±41/5  66/0±41/4  29/0±29/5  

�#� *��	�	��	
 7	1#�  


1�BG )mg/dL(  86/1±67/94  88/0±67/88  53/1±00/85  91/2±67/94  96/2±67/92  73/1±00/92  

�#��B1 )mg/dL(  00/412  

c 00/12±  

33/519  

b 43/19±  

00/464  

b 75/13±  

33/607  

a 46/11±  

00/575  

a 39/15±  

67/630  

a 65/8±  

�#�/�#�	BG 

)mg/dL(  

67/352  

a 56/18±  

67/263  

b 33/9±  

33/224  

c 47/13±  

00/228  

c 54/9±  

00/265  

b 74/12±  

33/266  

b 17/11±  

���0 )mg/dL(  63/8  

abc 09/0±  

00/7  

bc 29/0±  

80/6  

c 15/0±  

37/8  

abc 78/0±  

50/9  

ab 07/1±  

17/10  

a 22/0±  

Q���0 /	�0 

)mg/dL(  

06/0±70/0 09/0±63/0 15/0±63/0 15/0±00/1 07/0±03/1 12/0±00/1 

�	�B1 )mg/dL(  60/15  

b78/1±  

50/20  

a90/0±  

13/19  

a34/1±  

03/20  

a20/1±  

57/19  

a48/0±  

83/21  

a20/1±  

#C�� )mg/dL(  90/12  

a66/0±  

77/10  

ab38/0±  

27/11  

ab55/0±  

33/9  

b60/0±  

67/9  

b98/0±  

30/10  

ab64/0±  

��
	�% )mg/dL(  b 20/0±47/4  a 21/0±10/6  ab 19/0±03/5  ab38/0±70/4  a 20/0±00/6  ab 55/0±83/5  

/��� bc'
� 	�3! .� /R�� I!��'� b!�� u�	� �= �	) ��� ��	05/0<P.(  
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:�#)� <�!� /2'-GV= /��� /�����	� 
�� Y��5 <	.�� &)*�!�� �"�	 )85/0- = r %

05/0<P �!�� ��=��V)� �	 Q)-^R :�#)� .(

 �	��/��� bc'
� H�� I����5 ! �"��J ��	

/��� ��O �� :�#)� &��'VR �=�" ��V)� �	 ��	

) �" �Gd05/0<P �	 ��-� ���'1� .(

 ��=��V)�%35  !%45  	�� �=�" ��V)� .� �'VR

)05/0<P ��-� ���'1� �� M�� ��-� :�#)� .(

<�)3/��� �Gg� /2'-GV= /���; ��= ��	

) 	�	 :�TJ67/0 =r %05/0<P.(  %Q�#)�� :�#)�

% ��=��V)� #3 ��25 % !45  ��O �� �R

/���) �J	�� ��l�� ���	05/0<P( % bc'
�

/��� &)� �	 ��	 ���� �	�� �!�� ��=��V)�

 .�TJ <�=�T� �=�" ��V)� ��  H�� I����5 

 I����`�$ ! .c)�$ Q�#J$ �)6��� :�#)�

 �	 .���-J�����)�$ ��=��V)� �� �=�" ��V)�

/��� bc'
� �,�� H�� I����5 �	�� �!�� ��	

) 	��05/0P> N!�3 %7 &)Jl$ Q�#J$ �)6��� .(

 ��=��V)� �	 .���-J�����)�$%0 %%15 %%25  !

%45 /��� bc'
�) 	��J :�TJ ��	05/0P> .(

  

 ��/-7: ��
4� 7	1#��#	- �
 �/� <�KL� �0�- *�	56 ��	+�% ��3 �#� ��+*���%M� ��+  

>	,4�	%) ± ��0/4���0 ��a3 Z=n3(  

��
4�  

*���%M� ��+���	� )���) �
 *+�% ���) *��
,��- /6�� $#% &�'��((  

 ���	�1  (/+��)

%)0(  

 ���	�2  

%)15(  

 ���	�3  

%)25(  

 ���	�4  

%)35(  

 ���	�5  

%)45(  

 ���	�6  

%)55(  

&����e�� ��	%�M0#C�40#� 

)U/L(  

67/173  

abc 64/6±  

33/184  

ab 76/8±  

67/174  

abc 67/11±  

00/188  

a 77/5±  

67/142  

c 60/2±  

33/148  

c 51/7±  

>	4X�M0#C�40#���	%� 

)U/L(  

c 33/0±67/3  67/4  

bc 67/0±  

33/5  

abc 67/0±  

33/6  

ab 33/0±  

00/6  

abc 58/0±  

33/7  

a 67/0±  

M���C��*��	B] )U/L(  e 49/6±67/217  00/434  

d 02/11±  
33/509  

c 68/17±  

67/642  

b 81/19±  

67/581  

b 33/7±  

33/1092  

a 35/11±  

M�e	� )U/L(  b 67/1±33/50  67/55  

a 67/1±  

00/51  

b 58/0±  

00/45  

c 15/1±  

33/45  

c 67/0±  

67/44  

c 33/0±  

M\	%� )U/L(  33/0±60/5  08/0±37/5  21/0±25/5  25/0±41/5  66/0±41/4  29/0±29/5  

/��� bc'
� 	�3! .� /R�� I!��'� b!�� u�	� �= �	) ��� ��	05/0<P.(  
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 W��#�� �� .����-� &)6�U6$ Q�#J$ �)6���

 W��#�� %<�)3 �	 H�� I����5 �	�� ���j�

/���) 	�	 :�TJ �� ���	05/0<P �)6��� .(

.�`)6 Q�#J$ /��� ��O �� M�� ��=��V)� �	 ��	

%35% %45 % !55  	�� �=�" ��V)� .� �'VR

)05/0<P.(  

  

iF
  

 <�)3 �	 H�� I����5 �	�� .� <	��'��

 \0� �� /')G  /=�� /���;%55  /��#2��3

%)39  %<�)3 �	 H�� I����5 �	��%6/23 

 �� M�
 &)*�!��%2/47  (<�)3 &)*�!�� _R

 �"� /����R W=�R ��� �	 Z��� �� .�"��J /

 ����.�)J \0� ��6�0���)�$�)����=  ��!�5

) /')G  /=��Marammazi et al., 2017 (

 ���'1���)�$�)����=  �	 &��)'-)= ! &�#)6

<�)3% \0� �� �5�� ��6�0� /���; ��=35 

� �� /')G  /=�� .�)J %/��#2��3� &)�/�.	�R 

 �J�9 .�)J 	��� \0� u+J �� &)J�)'� ���'1�

 /���; <�)3 �	%55%  �	 ! ���� W=�R<��� 

 ������)�$�)���=  <�=�T� /J���o W=�R

 ���'1� W=�R &�� ��� .�TJ��)�$�)���=  �	

� �"� /����R�/��� �)d�R ���O �� �"��J ��	 

 ��V)� �� �"� /����R ��J .� �=�" ��V)�%55 

/��� bc'
� Z��� &�� �� .	��J :�TJ ��	

/� 	�R :�)� :�����)�$�)����=  	�GVR ����	

/���; <�)3 �	%  �	 �"� /����R <���R 	!�1�

 /')G  �J�9�J	�GJ \0� ��� <�" ���#9 .

) &)*�!�� �l��%50 YG� /���; <�)3 �	 (

/��1� :���o �"� X
�" 	�" �� \0� �)d

:$ I�J���J ! &�#)6 ! &)J�)'� �= ���, <�)3 �	

) 	�)2JHansen et al., 2007��6�0� �	 .( 

Nengas ) :���UV= !1999 \0� %(%50 

 H�� I����5 �	�� m��� /=�� �	�� /��#2��3

 �� ���� /���; <�)3 �	 ��)�$�)�� N	��� ���

 ! ��'-J�	 /��R 	�3!&��  \0� .� /=�� �	��

N	��� M�f /� :��G3 ���R .�  

 ! ���R���V= %&)��^9�V= :�#)�MCHC 

�	 /=�� /')G  �1� ���)d ��=��V)� 

/T���.$ 	�GJ �R /��J��� /R�� .� M�f 
���)d /��� /��#2��3 �	�� /=�� �� \0� 

%55 X
�" ����= J�
/ ! M�f <�=�T� 

Qpcf QR �"�� /')G  /=�� �	 /J�


)Satheeshkumar et al., 2010.( M�f 

 I�J���J/��� �=��V)� &)� �	 _R &)*�!�� ��	

/�� M�f .� /R�� �J����/��#2��3 /��� �)d 

/=�� �	�� H�� I����5 �	�� ��  \0� ��%55 

 %&)*�!�� �
�� %I����� N	��� Q)��� ��

 �r�J� b�  %��)9��; ����=��* Q)��� %.�'��

�)V� ��=���$�� ! ����) �"�� /��	.Yildiz, 
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2009 ���J� .(&)*�!���=  ! &)��G6$ �^V3 .�

^9�&)6�� M�� :�
 �� :���f &)6!� �� 

 _���f (Vs� ! /9��G-o .� :�� /f��	

���V)��. ��)9�^3 /����R )Alexandar and 

Ingram, 1992.( /��#2��3 �	�� /=�� �� �	�� 

 \0� �� H�� I����5%55  /=�� <�)3 �	

 /')G ^9 ! &)��G6$ ���'1� ��� &)6��) /T8�

/��n ���	 .�(  ��d�.�"��J   

���#9 Z��� ����= %:��2T=!h�  	�3!

/��� bc'
� ��	 \0� �	 ��=��V)� &)� #R�^9

���S�� .� /R�� ��� �� /���; Q�r� �)d

 �r�J� Q-)6���'����  Q)j'-��); ��O �� !

 / �+'
� X
�" ���� ! a)��`V� �)6���

Z�'�� m���" N�O �	 �#V�� Q)����. 

/� i�-1�	�" )Svoboda et al., 2001; 

Wagner and Congleton 2004; Zhou et 

al., 2005; Riche, 2007; Soltanzadeh et 

al., 2016 ��6�0� �	 .(�5��  #R�^9 ���'1�

� �1� /')G  /=�� M��� ��=��V)� �)d

/� ! 	�GJ /T���.$��� �	�� �"�	 :�)� :

/��� �d� H�� I����5�r�J� Q-)6���'� �� ��	 

/� �	 /')G  /=�� �	 ��6�0� �	 .�"��J

/��� ��O �� M�� N!�'-^R ���'1� �5�� ��	

/=�� �	�� /��#2��3 \0� ��  I����5 �	�� ��

H��  .	�	 :�TJ :���J <�)3 �	 I��6�0� �	

/^G, W��#�� \0� N!�'-^R �	 :�)=�� 

���S�  /=�� �	�� &)*�!�� (���� �� <�"

)Mozanzadeh et al., 2016 W=�R ! (

 (���� �� <�" ���S� :�)=�� �	 N!�'-^R

/=�)9 &)*�!�� )Soltanzadeh et al., 2016;  

Yaghoubi et al., 2016( �" ���#9	�� < .

 ���'1� �5�� ��6�0� �	N!�'-^R  M�� ��

<�)3 &)J�)'� ! &���p�� ���'1� /T���.$ ��=

/��� /��� /2'-GV= ���� �	 .	�	 :�TJ ��	

 :�)=�� �	 N!�'-^R �l�� \0� I��6�0�

<�)3 �� <�" ���S� /����	 >�0� �!�� ��=

���) &)J�)'� &)Zhou et al., 2011 ! (

) &���p��Gaylord et al., 2007 <�=�T� (

 .�"Gaylord ) :���UV= !2007 ���#9 (

 N!�'-^R W=�R �	 /V4� WjJ &���p�� �J	�R

 .� :$ Q-)6���'� ~�J W��#�� }��O .� M��

 �GR �	 ��!��  aVJ �
�� a��1� }��O

/� ���� &���p�� ���'1� H�� I����5 �	�� .��R

 �	 �'�� ��R �� /=�� �	�� �� �G-J ��'VR

<�)3 �
���	�� \0� W��#�� �� .�"�	 �= 

<�)3 �	 H�� I����5/� �	 ! /���; ��= 

 &UV� ��)�$�)�� &�� /'-�. /��'�	 W=�R

 �	 ! N!�'-^R Q-)6���'� W=�R �� �s�� ���

 M�� �	 :$ ���'1� W��#�� �� �s�� ���4J

	�"��� ���'1� �5�� ��6�0� �	 . ���-)^9
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<�)3 �� <�" ���S� :�)=�� :�
 M�� ��=

 H�� I����5 �	�� �!�� /���; M�� �� �G-J

 �'VR �=�" <�)3 �� <�" ���S� :�)=�� :�


��6�0� �	 .	����  �	 �R �'"�9 �� �!� /=��

 /')G  %�" M�sJ���� \0� W��#�� ���-)^9

 &)*�!�� (G�� �� /=�� �	�� /��#2��3 �	

) �" <��	 /=�)9Yaghoubi et al., 2016( .

� &)�tV=� <�)3 &;!� ! &)*�!�� (G�� �)d

��� ���'1� �� /���; �	 M�� ���-)^9

<��$ ���#9 &���o ) ���Richard et al., 

2006; Peres et al., 2013 .(Mozanzadeh 

) :���UV= !2016 /=�� &;!� \0� _,��� (

 /���; <�)3 �	 ���� �J�9 i�^0� /����R

 �� /')G %5  �5�� ��6�0� �	 .�J	�R ���#9

 �	 <�J�� /,�� &;!� ���'1� &'��9 ��J �	 ��

�	�� &;!� \0� ! /=��  <	!#�� /=�� <�" ��

<�)3% \0� �� /=�� &;!� :�#)� %55 

 .� ��l�� /��#2��3%5 .	��  /��#2��3 &�������

 \0� �� /=�� �	��%55  /')G  /=�� .�)J ��

 ����� /��o i�^0� Q-)6���'��/� &)� .	�R

��� \0� _,��� ��=��V)� �	 ���-)^9%25 ! 

%35  <�=�T� &�� �R �" <�=�T���=��V)� ��/ 

���S� <	.�� ! �"� /����R &���l�� ��  }G0��

	�� . W=�R��� ����	 ��=��V)� �	 ���-)^9

/� H�� I����5 �	�� :	�� ��l�� .� /"�J �J���

 ���4J �	 ! �GR �	 /��o #)6!��)= %Q-)6���'�

 ���S� :�)=�� �	 �'T)� �r�J� b�+� ! �)6��

 �"�� �=�" ��V)� �� �G-J �=��V)� &�� �� <�"

)Mozanzadeh et al., 2016.(   

/��� bc'
� M�f �	 a��!��)�� ! <�!� ��	

 \0�%55 /� %�=�" ��V)� �� /��#2��3 �J���
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Abstract  

Finding economically viable and environmentally friendly protein sources to 

fish meal (FM) replacement in carnivorous fish feeds is one of the main challenges 

for the sustainability of the aquaculture industry. In this study, FM was replaced by 

Poultry by-product meal (PBM) levels of 0 (control), 15, 25, 35, 45 and 55% in 

Sparidentex hasta formulated diets. Sobaity sea-bream with an average initial 

weight of 29.27±0.06g and standard length of 8.7±0.36cm were randomly assigned 

to 18 tanks (300L) at stocking density of 20 fish per tank (6 treatments, triplicate) 

and were fed with experimental diets for 60 days. At the end of feeding trial, no 

significant reduction were observed in growth indices between the control and the 

fish fed up to 55% replacement. Hematocrit, hemoglobin, MCHC and serum 

albumin, globulin, total protein, glucose, urea and acid uric, aspartate 

aminotransferase had no significant differences between fish fed the PBM based 

diets and control diet (P>0.05). Serum alkaline phosphatase, cholesterol and 

calcium showed higher value in PBM diets than control, although triglyceride was 

higher in control diet than PBM diets. The results indicated that FM can be 

substituted successfully by PBM in the diet of S. hasta juveniles up to 45% without 

adverse effects on serum biochemical parameters. 

Key words: Fish Meal Replacement, Poultry By-product Meal, Hematological 

Indices, Serum Biochemical Parameters, Sparidentex hasta. 
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