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Abstract 
 
 
Replacement of fish meal by corn gluten meal and its effect on growth, carcass quality, 
biochemical and hematological indices in common carp (Cyprinus carpio) 
 
Najmeh Potki  
 
 
In this study, the possibility of fish meal (FM) substitution by corn gluten meal (CGM) and its 
effect on growth performance of common carp Cyprinus carpio was performed. Six 
experimental diets were formulated containing 0, 20, 40, 60, 80 and 100 % of FM was 
replaced with CGM. Three hundred and twenty four fish with initial weight of 13.5 ± 0.1 g 
were randomly distributed in 18 circular tanks (450 L) and fed with experimental diets for 56 
days. At the end of the feeding trial, growth indices such as final weight, total length (TL) and 
protein productive value (PPV) were significantly different and 100% CGM had the highest 
levels of final weight and total length (P < 0.05). The highest amount of PPV observed in fish 
fed 20% CGM (P < 0.05); but the other parameters such as weight gain, body weight 
increase, feed efficiency, condition factor, specific growth rate, protein efficiency ratio, lipid 
efficiency ratio, lipid productive value and hepatosomatic index were not significantly 
affected by replacement levels (P > 0.05). There were no significant differences in body 
moisture and fat percentages, but carcass protein and ash contents were significantly different 
(P < 0.05) between the experimental treatments. Biochemical and hematological parameters 
including glucose level, number of red blood cells, mean corpuscular volume, mean 
corpuscular hemoglobin and mean corpuscular hemoglobin concentration were not 
significantly  affected at the termination of feeding period (P > 0.05). The highest number of 
white blood cells was observed in fish fed 100% CGM (P < 0.05). In addition, the highest 
levels of hematocrit and triglyceride were observed in the fish fed diets containing 40% CGM, 
whereas 80% CGM had the highest cholesterol, T3 and T4 levels (P < 0.05). Comparison of 
histological assays on liver of fish fed 40% and 60% CGM showed histological variations 
such as hypertrophy of liver cells, nuclear displacement of hepatocytes and Sinusoidal 
dilatation. Overall, replacing FM with 100% CGM had no negative effects on growth and 
physiological performance of Cyprinus carpio fingerlings. Increasing levels of CGM has no 
deleterious effects on biochemical and hematological parameters and positive effects could be 
seen with 40-60% replacements. 
 
Keywords: Corn gluten meal, Fish meal, Blood parameters, Growth, Common carp 
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1-1- ��� �  

  �� �� ���"�<  �^!'(� �l�' �� ' �
�^!'(� ��	
� r"U/ �� �� ���X\ ��	
� �� �	I�� ���'� 0'� *�	@� �� �� '� ,��1�

 ,�� ?	;�� c	< �� k#:Q� ���"� �� �� ,�	� �(d 0�'(� 0��� 	:���  �� �� ' ���'� �� (�X�	� _	
:�� 0(�� %�"Z)Lee, 

2001 .( 0	�8	�� 8� 0�	�I� �"
�� b��"� ��  ��z! 0�'(� 0��� `�(� 8� ��	��� 0	��X\ �� ?�(� . 8� ��	+:�� �� (�� 8'(�� 8	��

 �� �l�"� ' f�	
� ,1�d [�3� �� ��	�($ �	��	� k#:Q� 0	� ��"$ (�R�! ' O�'(� 4�
�!"�� �� ��	�:�� ?'�3 ��	�  �^!'(�

�"�� 8� 0�	�I� �� �� 0�"� �� *��(� ��
G '� �� ��	��� 0	��"�� (�n� ��	�($ �	��	� �� �(��'� 	� 0� ��"$ y"
! y"C"� 	�

�"� �� c	��� 	��=�! ' ��	� ��($ *�	��	��"5� .  

��($ 8	\� *{��� y���� �� 	@�� O�'(� ' �3"1�� �"5� ' �
�G �	��	� �"5� %����' 	� �	��	� O�'(� ��(�� �� . �	��	�

:I� ����"/(� �"�� �� 0� �l�' �	��	� 8� ��	�($ �'< *(�/� 0	� c	� �� �� 0�"� �� u
48  �	���� %��3"! 8� Z��

�� ���� r	U:/� �"/ �� �� ���'(� ) *��(�� %=�� 0�	�� ��	
3	�1389 .( 
�8	�� �	��	�  �� O�'(� ���	� ���"! �� ��	�:��

 ' f�	
:� c	<  �B �� *��(� 0�	U:d� ,@� �� f�	
� 0	��	���� ' 	������ 0(�$�	�� �	� �� �	��	� ,I�8 |�a� 	� �	$8	�

) *���	�1� ' ���8  �I<1387.(  

 �>(� 8� ' 
�  ��z! �� ��	� ���X\ 0	� 0
�8	�� ��":� �� ���	
� �(�� �x��� 0�'(� 0��� ���"! ,@� �� b@� [��"B 8� ���

�	� �:��� 0�	U:d� ���"! ��":� �� �	� ��8�� �(�� .��3"! V���>� �� ��"! 	� ��	� ��� M(U� V���>� ' 0�'(� 0��� %

(FM) �	� �� V���>� �3	� �1� ���'�(>  �� ,1�d �� �� �� (n� �� *�"�� O�'(� 
�	� 	� �8"< (�	� �� . [�3� ��  �
P1�

 ��	@� �3"! V�	�FM �
�� 0	@3	� �� �� *�:�
Z *��	I�� M�	U� �
��8 �� �� V���>� �� '� 8	�� 0"�Q�	� c"Ua�  �� ' ��

�"� ��"Q� �(�\ (New & Wijkstroem, 2002) .  

,�� �	���� ��	@� �Z V�	� *�
��8  �� �� ��	�� 0	@:��'a� 8� ��� . c	� �� 	�	��� 8� �Z1989  <  �(:��� �� q	��(A!

 �	� �:��� 0(��1�G V���>� ��� �
�� 0	� c	� �� �� �� �1� (n� �� ' ���� �"/(Ruiter, 1995).  

 �,�� ��	�  \'� ' ��� 0�(� ��	@� �'�>� 8'� 0	C	A! *(��� �

� �'a� [��"B 8 . �3"! �� b@� 0	� ���'�(> 8� '�  ��


:I� �	���� 0�X\ .  

  %��3"! ����� �� 0���	�	� [�3�FM  r"U/ �� ��	@� 0	� O=! *�� ��	
� ,��'a�  �
P1� ' k#:Q� 0	� c	� ��

 ���'�(> (�	� �
����	� 0	� �� �
�^!'(� 0	�FM ,�� �:>($ %�"Z �	���� ���X\ �(�� �� . %��3"! V���>� �� ��"! 	�FM 
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 M(U� 0�(� ��	@� �'�>� 8'� 0	C	A! *�"�� O�'(� 
�	� 	� �>(< (�	� ��FM  �� �� (n� �� ��	@� �Z V�	�  �
P1� '

 �1� ' �	� V���>� �� '� ��	@� ��8	� �� ���'�(>  �� ,1�d �� �	� ��(1� 0(:��� %=��� 	� �� ��@! �3	�) ���"1�1-1(.  

  

 

 

  

  

  

  

  

��"%/)1 -1-  ��	@� �3"!0	@3	� �� ��	� ��� 2010-2003 )Tacon, 2010(  

  

 *c	}}<  }}�� 	}}�FM     ��(}}$ �}}� ��	+:}}�� ��	}}� 0�X}}\  �}}�@! �� 0�	}}�8 ��"}}� �>(}}Z 	}}� �}}��($ ,}}#B �}}�(Lovell,1988) .

   [}}�	� 	}}� ��}}I� �
����	}}� ,}}@� ��	}}�$ ��	}}
� r"}}UQ�  �^!'(}}� �}}

�  ��z}}! ��	}}
� (�	}}� �}}� �}}�"! �X}}3FM  �}}� 0�'(}}C

 �� �� (n�(Nadege et al., 2006).   

 0�	U:d� �>(Z ,#B �� 	��"�� f#\� �� ' �:>� �	1� �� ��	�($ �	��	�  �(! b@� 8� ��� ��"
B �� �3"1�� �"5� *(C	< c	< ��

1�� 8�,�� ����"/(� 0� �l�' ,� . c	� ��2010  [� 8� 0�=��9/59  (� ~3	� �3"1�� �"5� ��	� �	@� ���'(� �	��	�  ! �"�#��

5/3  ,�� ���� r	U:/� �"/ �� ��  ! �"�#��) ���"1�1-2 .(  

  

  

  

  

  

  



(FAO, 2012) 

 �"� �� b��(> ,1�d ��($(Noble et al.,1998) . (�

 �:>($ %�"Z 0�	�8 %	A�Aa! �3"1�� �"5� ��	� ���X\ b�2� �� ��	�$ 0	�  �^!'(� 	�

(New & Wijkstroem, 2002; Thiessen . 

,�� �� ?	;�� ��	�$ 0	�  �^!'(� ,1�d �
��	� ' ��"� �(:�� �� [�3� �
����	�  ��.   �^!'(� ��	
� 8� ��"! ��  ��(�	
�

 �"1� ��	+:�� ��	� �(�� �� �	��	� ���X\ %����' �� ��:I��' V�	� ' �3"! 0	� �
��� [��! �"n
� �� ��	�$) *0(+Z1387(. 

(Bonaldo et al., 2008; Martinez  !"#$ ��� *

 	��"3 ��� *(Robaina et al. 1995) ��� *

 0	;� �
����	� ' -	� ��(:�� ,�#�	d *FM  0 �(�� ��

(Corn Gluten Meal)  0	� b�2� �� �
�� [���! m�� ��"
B ��

FM ,�� �� �	���� 0�X\ �� 

(Buck et al., 1987; Robaina et al., 1997; Regost 

Oliva-Teles, 2003; Gomez 
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 ���"1�1-2-  �3"1�� �"5� ��	� ��	@� �3"!(FAO, 2012)

 |�"! q-"1�� ��� �"5� ��	� ���X\ b�2� ��  �^!'(� �#Z� ��
�FM  �"� �� b��(> ,1�d ��($

 �
����	� ��"� �� �	��  ��FM  �:>($ %�"Z 0�	�8 %	A�Aa! �3"1�� �"5� ��	� ���X\ b�2� �� ��	�$ 0	�  �^!'(� 	�

(New & Wijkstroem, 2002; Thiessen et al., 2004; Kaushik, 2005; Tacon, 2005)

,�� �� ?	;�� ��	�$ 0	�  �^!'(� ,1�d �
��	� ' ��"� �(:�� �� [�3� �
����	�  ��

 �"1� ��	+:�� ��	� �(�� �� �	��	� ���X\ %����' �� ��:I��' V�	� ' �3"! 0	� �
��� [��! �"n
� �� ��	�$

 	�"� ��� *��	�$ 0	�  �^!'(�  �� ��; Martinez-Llorenez et al., 2009)

 ���� ��
� bQ! ���(Robinson & Li, 1994; Lim & Lee, 2008) 	��"3 ��� *

(Webster et al., 1997; Shafaeipour  0	;� �
����	� ' -	� ��(:�� ,�#�	d *

���� �� �	��	� y�"�� ���X\ . 

 %�&  !"#$ ��� ��	;
$ 0�(� ��	� O=! �:�X$ ��(Corn Gluten Meal)

 M(U� V�	� �� ,�A>"� �� (;
� 	@�� 8� �/(� �� ,�� �:>($ %�"Z ���X\FM

., 1997; Regost et al., 1999; Mente et al., 2003; Pereira and 

Teles, 2003; Gomez-Requeni et al., 2004; Zhong 

�	� 

 

 

  

  

  

  

  

  

  |�"! q-"1�� ��� �"5� ��	� ���X\ b�2� ��  �^!'(� �#Z� ��
�

 �
����	� ��"� �� �	��  ��

 ,��., 2004; Kaushik, 2005; Tacon, 2005)

 ,�� �� ?	;�� ��	�$ 0	�  �^!'(� ,1�d �
��	� ' ��"� �(:�� �� [�3� �
����	�  ��

 �"1� ��	+:�� ��	� �(�� �� �	��	� ���X\ %����' �� ��:I��' V�	� ' �3"! 0	� �
��� [��! �"n
� �� ��	�$

 	�"� ��� *��	�$ 0	�  �^!'(�  �� ��

 *%�& ���� ��
� bQ! ���

 ��#�Shafaeipour et al., 2008)

���� �� �	��	� y�"�� ���X\

 %�&  !"#$ ��� ��	;
$ 0�(� ��	� O=! �:�X$ ��

 M(U� V�	� �� ,�A>"� �� (;
� 	@�� 8� �/(� �� ,�� �:>($ %�"Z ���X\

 ., 2003; Pereira and 

., 2004; Zhong et al., 2011).



 

٤ 
 

 �
����	� 0'� �A�Aa! r"U/  �� ��FM  	�CGM  ���X\ �(�� ���3"1�� �"5� ��	�  %�"Z [�& %	�C(> ' M��� 	�

,>($.  

  

١-١-١-  �	�9�� 

-  �
����	� 	�CGM  0	;�FM *,>($ ��"/ ��(d (�)	! ,a! ��	� ��.  

-   �
����	� �	���FM  	�CGM ���� �"�' �� (� �+
� (�)	! �'� �3"1�� �"5� 0 �(�� ��.  

-  CGM   ����	� k#:Q� o"h� �� ��"! ��FM    ()� ��- ,�+�� (� ��
�� �'� �"� �3"1�� �"5� ��	� 0 �(�� ��

���X�� ��"#h�	�.  

-  �3"1�� �"5� ��	� �� �
����	� 0 �h��"�FM  	� CGM �"/ ��	�1��"�� 0	� ./	� (� �x"� ()�) *�(I�#$ 0(!

 *��"#$ *c'(:I#�T3  'T4  (� ��"Q� ��	�� 4�2"3"!	1� 0	� ./	� '  . 

-  8� ��	+:�� CGM 0	� ��FM ,�� (�X� �	���  �3"1�� �"5� �	��	� �P� �� ,>	� �� _"#h�	� %�(��Y! ��	�� �'�. 

  

1-1-2- :��#�  

-  �(��	� 0 �h��"� ���X\ 0	� �
��� [��!CGM  8� ��Q� 0	;� �3"1�� �"5� ��	� ���X\ 0 �(�� ��FM  

-  �
����	� ()� �����  ���!FM  8� �+#:Q� o"h� 	�CGM  ./	� *��- ,�+�� *�� (� �3"1�� �"5� ��	� ���X\ �(�� ��

>	� ' 4�2"3"!	1� 0	� ./	� *�"/ ��	�1�� "�� 0	� �� ,  

-  0�(� �
����	� f�	
� sh�  ���!CGM  0	� �� �3"1�� �"5� ��	� ���X\ 0 �(�� ��FM 

  

  

  

  

  

  

  



 

٥ 
 

1-2- �	��� 

١-٢-١- ,	�#	� �%<� $���= �>?'�	7  

� y'(� ?'� 0�"��(5�� ' �	:�	�  �G ��(� '� �� ��	� O�'(�  �3'� . ,�A>"� ���"! 0�(� �� 0� �
��8 �B"
U� (�R�! %	�#1B

 (�R�! 0	� O'� ������'� �"�' �� .�� �"�' �� �	:�	�  �G 8� �"5� (�R�! �� ���� ��3'� %	B=�� . �3"1�� �"5� 0��� bQ!

 c	� �� ���'(�451  8� �	��	� �P� ' 	� bQ! 0�'� �1� �� 0�'�  >  �3'� *�
�G 0	��"5� ��"� �� 	�� *��($ �� (� �=�� 8� [�d

0	�(Q:�� �� 	@�� 0��@�� e5� ' ����� 0	� _� �"� �� w"�(� 
I���8	� �#<(� 	! 	@�� O�'(� ' ��	� O�'(�.  

 �� �� �� O�'(� ' ��	� (�R�! c"Z� �� ,�� ���� ,�) �� �"�'�(�'� |�"! b����	� �(d �� ��	�'�� 0	� O'�  �3'�

��� o(� 	�(Q:�� .� 0�(� �� *� 0��� ��	� ��"�	� |�"! ��	� O�'(� �� �� �#<(� 4� b�;� �(d �� 0	� bQ! �	�  �3'

�"1� �'�	� �B"
U� O'� �� �� -� c�d ��	� . ��"��(> �!"� �� �'8 �#�/ 	�� �"� �	�8 �� �� �1#B ��	�3� ��	/ �	� 4�  ��

� ��(5� .� k�� ��	� O�'(� y���� �� ' �� �(d 4� ��  �@$ ' ��� �#��' �� q��;� O'�  �� . c	� ��1851  �3'�

	� bQ! �3"! �	$�	�� e��	! �I��(> �� �� . �"� �	�� ,�I� �� �	� 0� ��"$ �:I�8 ,�Z"U/ [�3� �� �	��	� ��8� (�R�!) �"G

�:��� 0�	�:�� �� ,�I� 0�	�8 ,�'	A� *b�QC �:�"� ��"� ���� [�3� ��  �
P1� ' ��"�� �
�IG 	� bQ!( c�d y���� �;�:� �� �� *

� e��	! 	��� k#:Q� w	A� �� -� .�� 4�3�	$  ���� ���"! �� -� c�d O�'(� c"Z� *���'� �� ��I���' ' ��I3"��� *	��(��

� �d�' ()"� *�"5� O�'(� 0�'�  > ���"! �� b�A:I� (�\ �"� �� %	��	�8� 8� ��� ,�� i�	:� ' . ' V��'� b��8"� �(d ��

 0	� O'� ���"! �� �� 0� �:I�(� �	� *V�	
���	� ' �d(� 0	�'�� ��  ���	�1� �� '  ^1h� O�'(� ' ���� �	�� �"5� O'�(�

,�$ (�X� ?	;�� �"5� 0�	U:d� �;�:�.  

,�� �� �:>($ �	� �� 	�'�� �� ,�� c'�:� �"5� ��	� O�'(� 0�(�  ��8 �(�� �� �� �:
� O'� (�/� 0	� c	� �� . O'�

 *	�(Q:�� ����� c"Ua� 8� (:@� ��	+:�� 0�(� *��	� ��"$ 
G �� �� �� *�
�G �� ,�I� �"� �� ���� O�'(� ?�"! %�"Z ��

,��� c	��� �� ��	� c"Ua� V���>� 0�(� �� 0(:@� i�	:� 0� ��"$ 4! O�'(�.  

[�	� 	� ��"$  �� :,�� �
$(� �"5� ' 0� �(A� �"5� *�"�� 	� ��"Q+#B �"5� . �1� ����� 0	� _� 8� �
�G �	��	� �"5� bQ!

� ��	d �	��	�  �� �(�8 � �� 0�'� |A> �	��	�  �� f�	
� 0��� bQ! [a� *��"�� ��	� O�'(� 0	� (Q:�� �� (Q:�� �� (�R�! �

���� �"�' �l�' 0� ��	/�'� |��(� �� . ��� [��'� ��1960  �� �	��	�  �� �B"
U� (�R�! O'� M� �#B 
�	� ��'� ��
1����

)�"� �� �:/	
� ��'� O'� ��"
B �� �"
�� b� �� ( 8� ��	+:�� 	���(� y��� �"5� ��	� ��>"5�� `���! O'� . *��'�  �
G



 

٦ 
 

�(� ��	� 	��� w	A� 8� 0�	�I� �� �� 	� ��"$  �� 0�'�"� .  ��'(!'�	
$ 8� ��	+:�� 	� �� ()"� O'� 4� �
�G  �UUQ:� e5�

 	�'�- �"��	�"��� ' (�R�! 0�(� �'� 0	� �PC"<  �
P1� '  �3"� `���! 0�(� ��	I��)�"
B �� �� �� �:/	
� �
�G O'� �

�"� (��(� y���.  

 �1�  �1�! bQ! �	�8 �3"! 0�(� �� ���	
� ��8	� *��� bQ! 	� 0(�$ bQ! ��	� 0	� O'� *3"� �	��	� y�"�� 8� 0�	�I� ��"� ��


� .,�� �:>	� ���"! M(�  �� �� �	�8 �� 8� �� �(� �� ��� ���"! �:I�	� ��	�Q�(+! (!()"� 0	� 0�'�  >.  (C	< c	< ��

,�� (�X� ?	;�� �"� �1� b��(> ��	�� �� 	@�� ����� 0��� bQ! |��(� �� �	��	� 8� 0�	�I� y�"�� ��"� �� ��>"5�� `���!.  

,�� ��� ,�� (�/� 0	� ��� �l�' �� �:�X$ 0	� c	� �� *(�R�! 0	� O'� �� ���(� ���"! *� ��	�� �� �"h�	1� .  [�	B

�  >  �� ,>(��� �#Z� ,�� ��	� O�'(� �� �� '� ,�
Z �#��' �� *��	� bQ! 0�(� 	C	A! V���>� 8	��  ��	! *	� 0�') O"/

 *`#/1378.( 
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 c	� �� �	��	� �	! (�R�! 	� ��(�� �� ,�3	�>  �� 	��� �� ��	� O�'(� ,�d �� ��"! 	�1301  0-� c�d ��	� O�'(� '  ����

 c	� 8� �	1�1338 ,�� �� 8	\� .  �^!'(� (!(� ,�+�� ' V���>� �� '� ,��1� ��XY! ?'�3  �
P1� ' �:�
Z ' 0�	U:d� ��

 �� (�	/& V�	� �;�:� �� ' � ��� ��	
� ' 	�	��� �� �Z ' �	���� �� ��"! V���>� f�"�  *	� ,�"$ (�	� 	� �I�	A� �� �	����

,��� c	��� �� �� 	�.  �� ���'� 0'� �� 0� ��	G (�	/& 8� f�	
� 0���(� �(@� ' 	C	A! 	� �3"! 0(��(� �� ��	�:�� 0�(�  ��(�	
�

�"�� 08	�8	� ' 08	�	�� �"n
� �� �	��	� y�"�� (�R�!  �
P1� ' c(:
� [�	d 0	� |�a� �� �	���� O�'(� .  �3'� �"n
�  ��

 ��� ?($ �	��	� O�'(� ' (�R�! �	$�	�) [�	��
$ (� �"5� ' 0� �(A� �"5� *��"/ k#B *�"5� �	��	� y�"�� ( c	� ��1351  ��

� e��	! ,�� _"
� . (�R�! <�'  �(:$��� (C	< c	< �� *,�� �'� �+� 0�'(5��� ��	@� ,�(� �� `#�:� �� �	$�	�  ��

 (� ~3	� ' ,�� �"�� ��	� O�'(� '1000 ���� ��	� O�'(� (Q:�� �	:�� .�	�  �3'� %=�� �� �:I��' ��	� O�'(� ' (�R�! �	$

 �:�@� �@� �	$�	� *� ��<� ����8	� 0	��� 0�	�'	/ �	��	� (�	/& V���>� �"n
� �� ��)`�	� (�
� � ( ��<� �� ,��

 c	� �� ��1348  c	� �� ' y'(�1350 ��($ 8	\� �� 8� 0���(� �(@� .��� ������ *k#:Q� `�	
� ���:�� �� ��"! 	� O�'(� �B

,�� c	�> �"�� sh� �� ��	�.  

 y"� 
G �� 0(�	� (n� 8� �"/ �� �3"1�� �"5� (� �'=B ��/ 0	��� ��"� �� ���� �"�' ��� �� ��<' ��"$ *�"� �� b�IA!

 �� �� ��(�� �C"< ' ��/ 0	��� �� �� (�	/& (�/� 0	� c	� �� �� ��"� ����"/(� �@�"! [�	d (�	/& 8� �:�X$ �� ' ,I� b�



 

٧ 
 

 0	� c	� �3�"< �� �� O�'(� �3' ,�� �:>	� V�	� 0(��1�G �"� �� �"$	�"$ [#B1350  �� �� 8� �:3'� 0	� VQ� |�"!

 ,�� �� �>(�� ��(�� �� ��	�'�� 0	��"��)*�:��(� 1370 .( 

  

1-2-3-B�%/C� �%<� B#	� D��� 2"�  

Phylum: Chordata 

Class: Osteichthyes 

Subclass: Actinopterygii 

Infraclass: Neopterygii 

Division: Teleostei 

Order: Cyprinifomes 

Family: Cyprinidae 

Genus: Cyprinus  

Species: Cyprinus carpio 
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