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Table 1. Ingredients and chemical composition of experimental diets  

 Starter diet (1-10 d) Grower diet (11-24 d) Finisher diet (25-38 d) 
Ingredients (%)  Control %2 Gluten*   Control %2 Gluten*  Control %2 Gluten*  

Corn 51.89 53.25 55.92 57.28 60.80 62.17 
Soybean meal 41.14 38.18 37.29 34.33 32.05 29.09 
Corn gluten meal (%2) 0   2 0 2 0 2 
Soybean oil 3.13 2.62 3.25 2.75 3.95 3.44 
Calcium carbonate 0.78 0.81 0.57 0.60 0.74 0.77 
Dicalcium Phosphate 1.38 1.40 1.44 1.46 0.97 0.99 
Sodium chloride 0.25 0.23 0.27 0.25 0.27 0.25 
Sodium bicarbonate 0.14 0.17 0.12 0.14 0.12 0.15 
Vitamin Premix1 0.25 0.25 0.25 0.25 0.25 0.25 
Mineral Premix2 0.25 0.25 0.25 0.25 0.25 0.25 
L-Lysine 0.19 0.25 0.14 0.20 0.14 0.20 
Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10 
DL-Methionine 0.39 0.37 0.33 0.32 0.30 0.29 
L-Threonine 0.11 0.11 0.07 0.08 0.05 0.06 
Calculated analysis       
ME (Kcal/Kg) 2950 2950 3000 3000 3100 3100 
CP (%) 23 23 21 21 19 19 
Calcium (%) 0.96 0.96 0.87 0.87 0.79 0.79 
Available Phosphorus (%) 0.47 0.47 0.42 0.43 0.39 0.39 
Sodium (%) 0.16 0.16 0.16 0.16 0.16 0.16 
Lysine (%) 1.44 1.44 1.29 1.29 1.16 1.16 
Methionine (%) 0.72 0.71 0.64 0.64 0.59 0.59 
Methionine+Cystine (%) 1.08 1.08 0.99 0.99 0.91 0.91 
Threonine (%) 0.97 0.97 0.88 0.88 0.78 0.78 

*2% Corn gluten meal without enzymatic processing and 120, 180, 240 minutes enzymatic processing 
1Vitamin premix supplied per kilogram of diet: Vitamin A, 9000 IU; Vitamin D3, 2200 IU; Vitamin E, 8 IU; Vitamin K3, 3 mg; Vitamin B12, 0.02 
mg; Riboflavin, 5.6 mg; Niacin, 45 mg; Biotin, 0.07 mg; Thiamin, 2 mg; Folate (Folic acid), 0.5 mg; Pantothenic acid, 13 mg; Pyridoxine, 2.4 mg; 
Choline chloride, 500mg. 
2Mineral premix supplied per kilogram of diet: Fe, 60 mg; Mn, 70 mg; Zn, 55 mg; Cu, 7 mg; I (Calcium iodate), 0.8 mg; Se (sodium selenite), 0.3 
mg. 
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Table 2. Analysis of chemical composition of corn gluten meal 

Xanthophylls 
(mg/kg)  

Vitamin E (alpha-
tocopherol)(mg/kg)  

Ash (%)  Crude 
fiber (%)  

Crude 
fat (%)  

Crude 
protein (%)  

Dry matter 
(%) 

Chemical 
compounds  

172.50  109.80  2.20  1.30  6.90  59.48  93.86  Corn gluten 
meal  
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Table 3. Molecular weight of peptides derived from hydrolysis of corn gluten meal proteins using protease 

enzyme at times 120, 180 and 240 minutes 
Peptide (%) 240 minutes  Peptide (%) 180 minutes  Peptide (%) 120 minutes  Molecular weight 

(Dalton)  
0.10  0.12  0.23  >3000  
0.84  0.90  0.82  2000-3000  
8.93  9.50  20.61  1000-2000  
39.18  39.55  60.65  500-1000  
56.15  55.96  15.84  150-500  
3.94  3.82  1.95  <180  

 

D(,� 1,� �1�* B9�_� �� k:
2<1/0  B� ��&�09  N�20��


 E:� B*pH  1,T
 �#�Q B� �
 1,Q F�"@ '1�:( 1
2Z �<

�& u�Z �9��) �9�� �,-i& B� y:��� E:� 
1 .2%*3  (��!H

 ��pH  �����9N  
�2R&1  
 F
G E<,-� BH�4%* +��,-!*

300 �-!&(�J<
�? �:K0D +��  BH�4%* +��,-!* �� '�(� B�)

 E<,-� 8"f0 �� (F
G3:1  .8�� �2� B9�_� �,!f0�r�,�

 2%:D�9 +�40� 8�T �)� '1�2 < (� �1����� �� YI�Z

E!J<
�? K!H

2!�E� 
1 F
G E<,-� '�� '�&1 �� '
�&

45 ��0�� BT
11��� 
 ��&( 
1) L-�M& '��120 N180 

 
240 .8�� �2� �1�1 
��S (BR!S1 r�B0,�0 d '��

 �1�* �� 9 �!b 8�T N��&( ��  ��:�? 
1 F
G E<,-�

E� 
1 N�:K0D  '�&1 �� '�/:1 '
�&80 ��0�� BT
1 B� 1���

 F2&20  �1�1 
��S BR!S1 �2�B0,�0 \��:��0 
 �
D 
1 �
 ��

E9BH�4%* ��,%. B� 
 �1,�0 c)Q 
�1  F
G E<,-�

��&( 
1 (�J<
�? �:K0D �� �2� '

D�9& '�� L-�M

�2� '
�2�/0  �&
�9 C:�&(D +�40� ��&( 
1 
 B� BT,< ��

 �
2T1  �):�&(D '��
��!< B�3 N4  
5   
�2R& B�2 

�

1 
1 ��!T 
1 2I
1  B9�_� �0�:�? 
 2�
 NE:(�bD '��

.2� '1�3-�. F��I  C:�K9� N`�
,Q a�P& 
�2R& Y&��

) E:(�bD �

1 
1 �:�>b Y:2"< [:�_ 
 �2� �(
1-10 

��(

) 2�
 N (11 -24 ��(

(N ) �0�:�?25-38 ��(

( 

) �

1 Y* 
1 -38 ��(

( �(�20�E!%g�� .2� '�!� 

 ;:
�< 8"@ 8:�.
 �� �):�&(D '��2Z�
 B0�(

 F��-< 1�2 <

NC:�&(D �# 
1 �2� L-< BT,T �(
 
  F�i!iP< 8�T

2� ���.� +(OC:�&(D �

1 ��:�? 
1 .  ��&20�
 8"f0

 E!J<
�?١)PERN�

1 Y* (  E!J<
�? 8!�!* E!! < 8�T

 �,&�9 (� �1����� �� �9�P&�:( 2� B"��i&:  

PER = �(
 C:�K9�/�9�P& E!J<
�? 

+�20� �(
 
 B�O F�!I,PQ ���:(
� 
,A%& B� �-Q�1 '��

:�? 
1 NC:�&(D E:� 
1 ���20�?) C:�&(D �

1 ��38 

.� (� d? (��(

 ���8  1�2 < N�/%��� 8.��
1  B WS

B0,� B� �):�&(D 2Z�
 �� (� �20�? B* 202� e�M�0� '�

 �):�&(D 2Z�
 �(
 E!/0�!& B� c:1K0 ��0D (� c: �� �(


 N�� '(���2T (� d? 
 p�G ���20�? dr� .1,� B#,��&

 N|�)Z� 
 |� &� 
 N���? N��,��Q YP�& B!Z�0 (� ���?

��
 NB%!� N;"# Y��S B�O �(
 2%0�& �:��
,�*�9N�� 

 V
,� 
 ��i# NV��30�? N2"* N�%W� ���Z ���h

�(�20� ���!4:1 '
(��< B-!�
 B� V,!f:���9 .2� '�!�

+�20� �(
 E!%g�� 
 ;"# Y��S B�O �(
 �-Q�1 '��

 B� NV,!f:���9 V
,� 
 ��i# NV��30�? N2"* 2%0�& �20�?

 �(
 
 202� B"��i& �20( �(
 (� '2I
1 F
,I

CM�  2%0�& B�O (� �:����
 NB%!� B#,i& ���h 
 ��

 �� N2%�f� B�O 8!�!* �� }�"<
� 
1 �-* 
,# B� B* �%W�

 ��!� ;"# Y��S B�O �(
 (� '2I
1 V���� 
,A%& B� .2

�(�20� 
1 Nn!Ri< E:� 
1 ���20�? �0,Q '����&�
�? '�!�

                                                           

1. Protein Efficiency Ratio 



72            '(
�9� 
,? �"0 EfZ ��
�3�� 
 :��&( 
1 (�J<
�? �:K0D �� �2� '

D�9 
 '

D�9 �
2� F
G E<,-� BH�4%* �@�L-�M& '��...  

 

 ��:�?) C:�&(D �

138 .� (� d? (��(

 ���8  8.��

 1�2 < N�/%���
1 20�? B WS �):�&(D 2Z�
 �� (� �

�20�? (� dr� 
 e�M�0��,Q N���M�0� '�� 2:

 (� '�!�

 
�2R& B� ���3 �� YQ�1 B� B-I�9]� 
 �2� +�40� ��

BH,H ��R�0� (� d? .2� YR�%& 1�R 0� 2_ �1�& 2S�9 '��

BH,H ��/��1 (� �1����� �� +�� '(���2T 
 ��/):�&(D B� ��

 8.�� �� m,!�:��0��1500 1 F2& B� BR!S1 
1 

10 

+�� NBR!S1~,!<
�3!& 
1 �� '��5/1 �� ��&( �< ��

�(�20�B4%���9 '�!� N+�< E!J<
�? NK*,-� 2%0�& �:��

'�< NE!H,�,-� NE!&,"HD N�
��f-* N2:�f!-�HDL-C N

LDL-C  
VLDL-C  '�&1 
120- ��0�� BT
1 1���

 (� +�2* �� 8A-b dr� .202� '
�2�/0 '����&�
�?

8!* (� �1����� �� 
,*>& V
�? 8*�� �P!M)< '��

�(�20� �,&(D�1�1 .2� '�!� (� �1����� �� C:�&(D E:� '��

 B:

GLM +�0'
�&D 
�K9� )2003(SAS   
 B:K4< 1
,&

E!/0�!& Bf:�R& .89�� 
��S Y!-i< �,&(D (� �1����� �� ��

 '
�1 �% & pW� 
1 E30�105/0  .2� +�40�2& �'
�&D 

�& Y:G ^�� B� ^�#2���.  
Үij = μ + Ti + eij  

Y ij=C:�&(D 
1 F�2��)& (� c: �� '12. 
�2R&  

μ =Y* E!/0�!&  

Ti=  
��!<i +�  

eij=C:�&(D '�WQ �@�  

H�� � I��3�  

 �
2T 
1 B* '
,W0���4 �& �2��)& a�P& N1,�

 �!@�< 8i< C:�&(D �

1 Y* 
 E:(�bD �

1 
1 `�
,Q

 '��
��!< �

1 
1 B* ',i0 B� N89�� 
��S �):�&(D

E:(�bDN  �:K0D �� �2� '

D�9 '��
��!< `�
,Q a�P&

) (�J<
�?3 N4  
5��&( 
1 () L-�M& '��120 N180  


240 �% & �/:23: B� 8"f0 B* 1,� ��)!� (BR!S1 
�1

 
��!< ��!& E:� 
1 �&� N201,"04  '
�Z B:�? ��!T)2 



D�9 �� F
G E<,-� 2I
1 F2& B� ��:K0D '180  (BR!S1

 2��� B� 8"f0 B* 8��1 �
 `�
,Q a�P& E:��)!�

�% &) 1,� 
�105/0P< E:�<O�� NC:�&(D �

1 Y* 
1 .(

��!T B� },��& `�
,Q a�P& 
�2R&'��  �):�&(D4  
5 

�% & 2��� ��!T B� 8"f0 B* 1,�) 201,� 
�105/0P<(. 

 �� '��
��!< E!� '

D�9 �
2� 


D�9 ' �A0 (� ��:K0D

�% & a]�Q� �9�P& `�
,Q
�1' 8��20 1,T
.  BT,< ��

 �� �%"& ��-. F��
�K� 1,T
 +2. B� '

D�9 BH�4%*

 (� �1����� �� F
G E<,-��:K0D BT,T 
1 (�J<
�? '��

���,�N  �*G �K-* BH�4%* �� �2� +�40� F�R!Ri< k:��0

2�. 2!�� �1
K9� ��!& 
1 8�� �2� =
�K� B%!&DN  2!�r?

BT,T �:�>b ��!T B� E!o(�* 
��!T N���,� '�� '��

 1,"�� ["� ��T,< Y��S 
,# B� E!o(�* 
 2!�r? '
�Z

 8�� �2� `�
,Q a�P& C:�K9� 
 B0�(

 �(
 C:�K9�

)Li and Cai, 2005 '��2!�r? L-�M& ^,W� (� �1����� .(

) �K-* BH�4%* (� YI�Z0 N150 N200  
250 �-!& 
1 +��

!* �� N(��!T +��,-
1  
1 N(O�3HD B��1 �:K0D y:���

BT,T ��!T `�
,Q a�P& �� '�!@�< z!� ���,� '��

) 8��20Karimzadeh et al., 2016 �2� =
�K� N�
] � .(

 �� 9 8f:( '��2!�r? L-�M& ^,W� (� �1����� 8��

) �:,�0 N1 N2 N3 N4 N5  
6  
1 (��!T +��,-!* 
1 +��

BT,T ��!T���,� '��  E� 
121-1  =

�? ��(



�% & �!@�<) 8��20 `�
,Q a�P& �� '
�1Abdollahi et 

al., 2017 .( 1�,& 8!�!* 1,"�� '��� ��:K0D K!H

2!�

8!��fZ F�"!*�< a>Z N'>j&� # 2!H,< 
 �( 1
,& ��

�& 
��S �1�����) 1�!�Abdollahi et al., 2017.(  ��2!�r?

|�)%& �� �v:
 B� ,%. B� ���!� 
1 �2%%* 1�4:� Y&�. ��

 
 �1����� �:�>b 1�,& 
1 �K& 
 �W. N� # (
��["� 

�& `�
,Q a�P& C:�K9� �/0,/h E!%g�� .20,�

E!J<
�? K!H

2!� 
 �& �*�
,Q 1�,& E!J<
�? q,0 2%0�,<

) 2%��� B���1 CR0 `�
,Q a�P& 
1Pasupuleti and 

Demain, 2010 �
2T B� BT,< �� .(4 �(
 C:�K9� N �2�

�

1 
1) C:�&(D �

1 Y* 
 2�
 NE:(�bD '��38 -1 

��!T �!@�< 8i< (��(

 B� N89�� 
��S �):�&(D '��

 �(
 C:�K9� 
�2R& E:�<O�� NE:(�bD �

1 
1 B* '
,#

) �:K0D �� �2� '

D�9 '��
��!< B� },��& �2�3 N4  
5 (

�% & '
�&D �A0 (� �/:23: B� 8"f0 B* 1,� N201,"0 
�1 �&�

 '��
��!< N��!& E:� 
14  
5  C:�K9� E!/0�!& E:��)!�

 
��!< B� 8"f0 �
 �2� �(
2  '
�Z B:�? ��!T)2  2I
1

 
��!< 
 ((�J<
�? �:K0D �� '

D�9 �
2� F
G E<,-� BH�4%*

) 2%���1 2���05/0P< (� B* �0��20�? N2�
 �

1 
1 .(

��!T  �):�&(D '��4  
5  '
�Z '��
��!<)2  2I
1

� 
1 [!<�< B� (�J<
�? �:K0D �� �2� '

D�9 F
G E<,-

��&( '��180  
240  E:�<O�� 201,�0 �1����� (BR!S1

 2%���1 2��� 
��!< B� 8"f0 �
 �2� �(
 C:�K9� E!/0�!&

)05/0P<) C:�&(D �

1 Y* 
1 .(38-1 ��(

(  K!0



 
���/�
� �
���/���� ��� �&�1 F�2!H,< F�R!Ri<1397 )80-67                                                                                  (73  

 

 1,� �0��20�? B� },��& �2� �(
 C:�K9� E!/0�!& E:�<O��

 (� B*��!T �):�&(D '��4  
5 1,�0 �1�����20 8"f0 B*

 �):�&(D ��!T B�2  '�
�1 B:�? ��!T)2  E<,-� 2I
1

�% & 2��� ��!T 
 (��:K0D '

D�9 �
2� F
G 1,� 
�1

)05/0P< �):�&(D ��!T �9�# (� N(3  '�
�1 B:�? ��!T)

2  F2& B� (�J<
�? �:K0D �� �2� '

D�9 F
G E<,-� 2I
1

120 0 (BR!S1 �):�&(D 
��!< B� 8"f2  '�
�1 B:�? ��!T)

2  a]�Q� (��:K0D '

D�9 �
2� F
G E<,-� 2I
1

�% &  2��� �):�&(D ��!T B� 8"f0 �&� N8��20 '
�1

�% & a]�Q� '�
�1) 1,� 
�105/0P< 8�� �2� =
�K� .(

 ^,W� (� B* �0��20�? �2� �(
 C:�K9�200 N400  


800 �-!& �:K0D +��,-!* 
1 +�� �� B:�? ��!T 
1 (�J<
�? 

�:,� BH�4%* '�%"&- E!J<
�? �� F
G E<,-� BH�4%* 
 F
G

) E!:�?52/20  E� 
1 (2I
122-7  �1����� ��(



�% & �:K0D 2S�9 
 ��!T E!�� B� 8"f0 201,�0 1,� 
�1N 

 ��!T B� 8"f0 �&�2���  �:K0D 2S�9 
 E!J<
�? �� 8"�&

)50/22  (2I
1�% & E!�� N1,"0 
�1  Y:2"< [:�_ 
,#

�:K0D L-�M& ^,W� (� B* �0��20�? �:�>b  ��!T 
1 {,9

 Y��S 1,"�� '�
�1 201,�0 �1����� E!:�? E!J<
�? ����T,< 

) 1,� E!:�? E!J<
�? �� �:K0D 2S�9 ��!T B� 8"f0Angel et 

al., 2011 ^,W� (� �1����� .(200  
250 �-!& (� +��

 BH�4%* (� �2� �2T '��2!�r? ��!T +��,-!* �� 
1 �K-*

BT,T N���,� '��["�  C��* 
 �2� �(
 C:�K9� 1,"��

�

1 
1 �:�>b Y:2"< [:�_ '��28-1  
42-29  ��(



) 2�Karimzadeh et al., 2016 .( 1,"�� �R!Ri< 
1

BT,T 
1 �:�>b Y:2"< [:�_ 
 �2� �(
 C:�K9� '��

�K� �:,� E!J<
�? '��2!�r? �� �2� B:>j< ���,�2� =
 

)Wang et al., 2011 �2� �!�M< '�:,� BH�4%* B:>j< .(

BT,T B� ) E:(�bD �

1 �# 
1 ���,� '��21 -0  (��(



) 2�
 
42 -22 �% & C:�K9� ["� N(��(

 8!H� 9 
�1

�:K0D�1

 '�,�i& '�� 
1 (�J<
�? 
 (�r!H NE!fr:�< '�

 E�21  �1�� O�� 
 (E:(�bD �

1) ��(

yR9  8!H� 9

 E� 
1 (�J<
�?42  N�9�# (� N2� (2�
 �

1) ��(



B:>j< BH�4%* '�:,� �!�M< �2� �� 8!H� 9 �:K0D '��

��s� V��30�? yR9 
1 �

1 ["� E:(�bD C��*  8!H� 9

 '�:,� BH�4%*) 2��� B� 8"f0 V��30�? E!fr:�< �:K0D

) 2� (�!�M< �
2�Feng et al., 20078!H� 9 1,"�� .(  '��

�:K0D�1

 '�� BT,T 
1 '� �� �2� B:>j< ���,� '��

 B:K4< Y!H1 B� 8�� E3�& �2� �!�M< '�:,� BH�4%*

E!J<
�?) 2��� 2!�r? B� �D '��Feng et al., 2007 .(

E!J<
�? (� ch,* '��2!�r? 1�4:� �:�0�,< �!�M< 2%:D�9-

 �:�>b 1�,& 
1 1,T,& '�� �
) 1
�1Hong et al., 2004 .(

 8�� �2� =
�K� N�
] � �K-* BH�4%* �!�M< (� �1�����

��T,< Y��S �!@�< `1
� ��!T 
1  
1 �2� �(
 C:�K9� ��

�

1 Bh ��� N8��20 C:�&(D �

1 Y* 
 �0�:�? N2�
 '��

 '12. �A0 (�["� ) 2� �2� �(
 C:�K9�Xu et al., 

20118f:( '��2!�r? L-�M& ^,W� (� �1����� .( �� 9

 �:,�)0 N1 N2 N3 N4 N5  
6  
1 (��!T +��,-!* 
1 +��

BT,T ��!T E� 
1 ���,� '��21-1  =

�? ��(



�% & �!@�<) 8��20 �2� �(
 C:�K9� �� '
�1Abdollahi 

et al., 2017 .(��0D '��2!�r? (� �1����� �!@�< ��
�� ��-

 ^,W� 
1 �*,Q ��:��*��20  
30 �-!&  ��!H �� 
1 +��

 
 NeD ^,W� E!%g��150  
200 �-!& �� 
1 +��

BT,T ��!T +��,-!* Y�3& F
,I B� ���,� '��

 ^,W� '��2!�r? '
�Z '��
��!< 201�1 ��)0 �*�
,Q

 ["� N`�
,Q +��,-!* �� 
1 
 eD ��!H �� 
1 {,9

�% & C:�K9� B� 8"f0 B0�(

 �(
 C:�K9� E!/0�!& 
�1

 �
��2��� ) C:�&(D �

1 Y* 
142-1 (

 �&� N2� (��

 Y* 
1 �:�>b Y:2"< [:�_ 
 `�
,Q a�P& �� '�!@�<

 �9�# (� N8��20 C:�&(D �

1["�  'm,H,9
,& 1,"��

 
1 �1

 }�M& 8&�M_ 
 �-:
 q��<
� C:�K9�) �1



 �
�� B� 8"f0 �1

 ��,*,& �%�:� 
 (+,0mm 
 +,01,o1

) 2� 2���Bao et al., 2009.(  
1 B3%:� B� BT,< �� n!Ri<

�_�Z  '��
��!<4  
5  B� 8"f0 �
 �(
 C:�K9� E:��)!�

 2%���1 ��
��!< �:��B* 8�� �D �/0�!� q,_,& E:�N 

 �:K0D �� (F
G E<,-�) ���f�,� '

D�9 ��&( C:�K9�

�& (�J<
�?  E<,-� '��2!�r? q�,0� 2!H,< B� �4%& 20�,<,� 1

�,!� B� ��2!�r? E:� B* L-�M& '��["�  8&]� 
 2�


�& �20�? =
�K� .20,�B* 8�� �2�  (� �3:) �!�M<

�,!� (� C!� (2!�r? 2!H,< '��21  
�2R& N�K-* BH�4%* (



 (� �
 �D '��2!�r?8/0  B� 2I
16/4  1�1 C:�K9� 2I
1

)Xu et al., 2011BT,T 
1 '>j& 1�,& |�R�� 1,"�� .( '��

��!T �� �2� B:>j< ���,��� �2� Y�3& '��  '��2!�r?

 (� �2� �2T ��
�3!& 2_�%!J<
�? $��%& �& (� ���0 20�,<

 
,-9 �(�,< 1,"�� N=
�,� ��/��1 �W!i& y:��� Y:2 <

 �: ch,* �1

 'm,H,9
,& 1,"�� N�1

 2!�& ��
�3!&

 ��,*,& �%�:� ��f!� c:�i<) 2���Jin et al., 2008; 

Tang et al., 2009; Ohh et al., 2010; choi et al., 



74            '(
�9� 
,? �"0 EfZ ��
�3�� 
 :��&( 
1 (�J<
�? �:K0D �� �2� '

D�9 
 '

D�9 �
2� F
G E<,-� BH�4%* �@�L-�M& '��...  

 

2013 '��2!�r? a�P& �� ���20�? �2� �(
 C:�K9� .(

 (� �1����� �� `�
,Q '

D�9 
 �%!J<
�? $��%& (� YI�Z

�:K0D�& ((O�3HD) (�J<
�? B��1 '�� Y:O1 B� 20�,<  �:(

:2��� 
�? 8!H]Z C:�K9� 
 ��2!�r? 'O�� e>T NE!J<

B%!&D '��2!����0D CR0 N ) ��2!�r? �0�2!f*�Kim et 

al., 2004 (� '>j& 1�,& e>T 
 �s� C:�K9� N(��
 

) �1

 '��(�? q��<
� C:�K9�Choi et al., 2013; Feng et 

al., 2007; Bao et al., 200989�� ,�0 
 2�
 c:�i< N(-

'
��!� Y&�,. ��%& �!@�< C��* 
 �1

 '��) �(Xu et 

al., 2012 Y��R& 
1 �20�? 8&
�R& 
 �%�:� C:�K9� N(

Y&�,. '
��!�) �(Tang et al., 2012 e>T C:�K9� .(

B%!&D '��2!��  8!H� 9 C:�K9� 
 �m ��!� C:�K9� =

 B�

�:K0D  ��
�,� ��/��1 '��)Pasupuleti and Demain, 

2010 (e
�3!& �%:K/:�T C:�K9� 
 '�4� 2!�& '��

) �20�? �1

 
1 �s& �f!0��
�
�3!&Agyei and 

Danquah, 2011 (1
�1 �/�f� 
1 B* '1�3-�. 1,"�� .

��!T '
�Z '��2 E<,-� 2I
1 ��&( �� F
G '

D�9 '��

 '��
��!<) ��)!� ��:K0D4  
5 �/:1 '��
��!< B� 8"f0 (

�& �2��)&,� 1�4:� Y!H1 B� B3%:� �� �
]. \O���Z� N1

��&( 
1 [��%& '��2!�r? �<O�� ��:K0D '

D�9 '��

�& N2��� E!&��:
 �!@�< (� ���0 20�,<E B0�2/0
 
 '��

<,-� BH�4%* 
1 1,T,& ��
��9 �-!9,�0�K�N2��� F
G E  B*

��0D ��,%. B���2!f*�� !"# '�� )Benzie, 2003; Park 

et al., 2008; Samaranayaka and Li-Chan, 2011(  


) �2� �%�:� ��f!� c:�i<Kidd, 2004; Shin et al., 

2016 �@,& 2�
 
 8&]� 
1 (2%�f� . 2!H,< $S�
 
1

 '��2!�r?��f:( 2�
 [��%& �� 9 8f:( 
 ��&( 
1  '��

!&��:
 
 ��)!� '

D�9 EE  F��@� �-!9,�0�K� F�"!*�< 


�& ���.� �20�? c:m,H,:K!9 
 2�
 20

 
1 �
 �:�K9� ��-

 .2:��0 �
2T 
1 B* '
,W0���4 �& �2��)&  [:�_ N1,�

 Y:2"<�

1 
1 �:�>b C:�&(D �

1 Y* 
 E:(�bD '��

 
1 B* '
,# B� N89�� 
��S �):�&(D '��
��!< �!@�< 8i<

 B� },��& �:�>b Y:2"< [:�_ E:���* NE:(�bD �

1

 '
�Z '��
��!<2  '

D�9 �� F
G E<,-� BH�4%* 2I
1

��&( 
1 ��:K0D '��180  
240  B� 8"f0 B* 1,� BR!S1

�% & 2��� 
��!<�1) 201,� 
05/0P< Y* 
1 E!%g�� .(

��!T (� B* �0��20�? NC:�&(D �

1 �):�&(D '��3 N4  


5  B� 8"f0 �
 �:�>b Y:2"< [:�_ E:���� 201,�0 �1�����

) 2%���1 2��� 
��!<05/0P< 
��!< E!� �9�# (� .(2 

 '
�Z B:�? ��!T)2  �
2� F
G E<,-� BH�4%* 2I
1

 '��
��!< 
 (��:K0D '

D�93N 4  
5  '
�Z B*2  2I
1

��&( 
1 ��:K0D '

D�9 �� F
G E<,-� BH�4%* '��120 N

180  
240 �% & a]�Q� 201,� BR!S1  [:�_ �A0 (� '
�1


 �:�>b Y:2"<.8��20 1,T 8!H� 9 B3%:� B� BT,< �� '��

C%*�
 
 ��f:( (� YI�Z '��2!�r? '1�3-�. '��

�& E!J<
�? K!H
2!� 2%:D�9�� �� 20�,<2!�� [!*�< V� 

B%!&DY!3)< �H�,< N 2��� F
���& 2!�r? �(�20� 
 �2%�1

)Pihlanto-Leppälä, 2001 201�* =
�K� ��RRi& N(

 ��!T 
1 �:,� BH�4%* E!J<
�? (� YI�Z '��2!�r? �1
K9�

BT,T 
�2R& B� ���,� '��6/0  
8/0  1,"�� �.�� 2I
1

) 2� �:�>b Y:2"< [:�_Liu et al., 2006 .( �2� =
�K�

 �#�M& K!H

2!� (� YI�Z '��2!�r? (� �1����� 8��

E!�
,?1 ["� BT,T �:�>b Y:2"< [:�_ 1,"�� '��

 E� 
1 ���,�21 -1 ) 2� ��(

Mateos et al., 2014 .(

BT,T 
1 �:�>b Y:2"< [:�_  �� �2� B:>j< ���,� '��

) 89�: 1,"�� �:,� E!J<
�? '��2!�r?Wang et al., 

2011
�3� .(8f:( '��2!�r? L-�M& ^,W� '�!� �� 9

) �:,�0 N1 N2 N3 N4 N5  
6  
1 (��!T +��,-!* 
1 +��

BT,T ��!T E� 
1 ���,� '��21-1  =

�? ��(



�% & C��* ["� ^,W� 
1 �:�>b Y:2"< [:�_ 
�15  


6 ) 2� +��Abdollahi et al., 2017 =
�K� .( 8�� �2�

B*  `1
� ��!T 
1 �D (� �1����� 
 �K-* BH�4%* �!�M<

) 8��20 �:�>b Y:2"< [:�_ �� '�!@�< z!�Xu etal., 

20118f:( '��2!�r? .( $��%& K!H

2!� (� YI�Z �� 9

�& �%!J<
�?8!H� 9 20�,< 2�1 C:�K9� �
 �1

 ��:K0D '��

) 2:��0 c�* `�
,Q �1(�� 1,"�� B� 8�� E3�& B*Feng 

et al., 2007; Karimzadeh et al., 2016 BT,< �� .( B�

 �
2T4 E!J<
�? ��&20�
 8"f0 N C:�&(D �

1 Y* 
1

)38-1  N89�� 
��S �):�&(D '��
��!< �!@�< 8i< (��(



E!J<
�? ��&20�
 8"f0 E!/0�!& B3:
,W�  '
�Z '��
��!<

) (�J<
�? �:K0D �� �2� '

D�9 F
G E<,-� BH�4%*3 N4  


5B� 8"f0 ( �% & 2��� 
��!<) 1,� 
�105/0P<.( ��
�� -

E!J<
�? '1�3-�. x�,Q B* 201�1 ��)0 ���& �� �� 20�,<

2��: C:�K9� ��:K0D K!H

2!�.  B* 8�� �2� =
�K�

��:K0D K!H

2!�N  �
 F
G E<,-� BH�4%* E!J<
�? 8!H]Z


2!� �!b Y3� B� 8"f0
2!)M� 1,"�� �D 'K!H 

                                                           

1. Porcine mucosa 



 
���/�
� �
���/���� ��� �&�1 F�2!H,< F�R!Ri<1397 )80-67                                                                                  (75  

 

)Mannheim and Cheryan, 1992.(  ��:K0D K!H

2!�

["� E!J<
�? �:�!�!� 
 �3:K!9 x�,Q C:�K9� ��

�,!�,H,&� 8!I�Q)��2%%*  
 F�"!*�< C��* 
 (8!H]Z

8!��fZ�& �( '��2!�r? 2!H,< 1�4:� �� E!%g�� 
 1,�

�& ch,*��v:
 20�,<E!J<
�? '1�3-�. '�� �!!j< �
 ��

 
 2)M� 1,"�� �
 ��0D 8!�!* 
 2�1["�  8!-��S C:�K9�

) 1,� ��0D �����1Witono et al., 2016.(  E!J<
�?

 Y!H1 B� 
 �1,� �:O�� �:�>b =(
� '�
�1 �2� K!H

2!�

 ��& =
�,� ��/��1 
1 O�� e>T 8.��8�� )Šližyte 

et al., 2005 �2� K!H

2!� E!J<
�? 8!H]Z C:�K9� .(

�-I� E!J<
�? B� 8"f0 �& 20�,<  �1�1 8�1 (� Y!H1 B�

 '��2!�r? �2� 1�(D 
 E!J<
�? +,� 
 +
1 
��Q��

 ch,*) 2���Chobert et al., 1988 8�� �2� =
�K� .(

 (�J<
�? �:K0D 8A-b C:�K9� �� E!J<
�? 8!H]Z 
�2R& B*

 �# �2� 1�4:� F��!!j< .89�: C:�K9� K!H

2!� ��&( 


%:D�91�(D Y!H1 B� E!J<
�? K!H

2!� 2���
�� '( '��

 
 YI�Z '��2!�r? �H,3H,& �(
 
1 F��!!j< N�%!&D

 [!*�< E!%g�� B%!&D 2!��8�� )Witono et al., 

2016.(  

 �
2T B� BT,< ��5 NC:�&(D E:� 
1N ��!T �):�&(D '��

��
 NB%!� NB�O 2I
1 Y&�� B�O F�!I,PQ �� N��

 V
,� 
 ��i# NV��30�? N2"* N�%W� B#,i& ���h

�% & �!@�< V,!f:���9.8��20 
�1 � BT,< �� B3%:� B

`�
,Q8f:( '��2!�r? '
�Z '�� N�� 9 E!&��:
E  


B0�2/0
 �-!9,�0�K� '��)Shin et al., 2016 �:�0�,< (

20
�1 �
 �%�:� ��f!� c:�i< 
 +�20� E!%g�� '��

 ���& CR0 '
��%H�& |��:� �20�? �%�:� ��f!� 
1 �
-

) 2%:��0Wu et al., 2014 (� �1����� N(2  BH�4%* 2I
1

��&( 
1 ��:K0D '

D�9 �� F
G E<,-� 
 L-�M& '��

��!T 
1 ��:K0D '

D�9 �
2� 
1 '�!@�< �):�&(D '��

+�20� 2I
1 V,!f:���9 V
,� 
 ��i# Y&�� '
��%H '��

1 8�� �2� =
�K� .8�� B���20=,& B:>j< 
 ��!T �� ��

 �"f0 �(
 N�2� K!H

2!� E<,-� 
 �2)0 K!H

2!� E<,-�

 [!<�< B� ��i# 
 V,�!<20  
29 =,& 
1 2I
1 '��

 �� Bf:�R& 
1 �2� K!H

2!� E<,-� 
��!< �� �2� B:>j<

) 1,� �<O�� �2)0 K!H

2!� E<,-� ��!TYang et al., 

2004 ^,W� (� �1����� .(0 N50 N100 
 150 �-!& +��

(� +��,-!* 
1 E!J<
�?�2� K!H

2!� '��  �K-* BH�4%* (�

F
,I B� �2 & n:
K<N=,& B� '� +�20� �(
'
��%H '�� 

 (
1 
1 �
 V,�!< 
 ��i# 2%0�&150 �-!& 
,# B� +��

) 1�1 C:�K9� ��T,< Y��SXue et al., 2009 B� BT,< �� .(

 
1 ���20�? 
1 V,!f:���9 V
,� B3%:� 8!�,�%H 2!H,<

�%�:� [H�S 
1 �
 E<1�? C:�K9� �:�0�,< �>H N1
�1 CR0

 �
2T4 - �@� BT,T 1�3-�. �� �):�&(D '��
��!< ���,� '�� 
Table 4. Effect of experimental treatments on performance of broiler chickens 

   Treatments     
Index performance 1 2 3 4 5 SEM P value 
Starter (1-10 d)        
Feed intake (g) 237.02b 240.56ab 244.86ab 246.59a 244.18ab 2.61 0.125 
Body weight gain (g) 149.94c 154.31bc 158.69ab 167.08a 164.35a 2.67 0.002 
FCR (g:g) 1.58a 1.56ab 1.54ab 1.47b 1.48b 0.029 0.081 
Grower (11-24 d)        
Feed intake (g) 1218.06 1235.31 1213.04 1250.46 1242.44 15.19 0.393 
Body weight gain (g) 606.40b 614.94ab 627.88ab 656.06a 650.91a 13.66 0.083 
FCR (g:g) 2.00 2.01 1.93 1.91 1.91 0.035 0.166 
Finisher (25-38 d)        
Feed intake (g) 2314.74 2347.76 2344.08 2351.54 2363.81 17.32 0.393 
Body weight gain (g) 1132.48 1171.82 1214.31 1197.02 1218.00 27.68 0.217 
FCR (g:g) 2.02 2.02 1.93 1.97 1.95 0.045 0.534 
Total period (1-38 d)        
Feed intake (g) 3769.82b 3823.63ab 3801.98ab 3848.59a 3850.42a 23.77 0.141 
Body weight gain (g) 1888.82c 1941.07bc 2000.88ab 2020.16a 2033.27a 24.13 0.004 
FCR (g:g) 1.99a 1.97ab 1.90b 1.90b 1.89b 0.025 0.027 
PER*  2.52b 2.55ab 2.65a 2.64a 2.65a 0.033 0.032 

Means with different superscripts in the same row differ significantly (P<0.05). 
1. The basal diet without corn gluten meal (control), 2. The basal diet containing 2% corn gluten meal without enzymatic processing, 3. The 
basal diet containing 2% corn gluten meal with enzymatic processing for 120 minutes, 4. The basal diet containing 2% corn gluten meal with 
enzymatic processing for 180 minutes, 5. The basal diet containing 2% corn gluten meal with enzymatic processing for 240 minutes, 
* Protein efficiency ratio 
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Table 5. Effect of experimental treatments on carcass characteristics of broiler chickens at 38 d 

 
Treatment 

Carcass*  

(%)  
Thighs**  

(%) 
 

Breast**  

(%) 
Abdominal 
fat **  (%) 

Liver*  

(%) 
Pancreas*  

(%) 
Spleen*  

(%) 
Bursa*  

(%) 

1 71.60 28.11 33.03 1.97 2.01 0.26 0.11 0.07 

2 71.25 27.49 32.88 1.97 1.99 0.25 0.12 0.06 

3 71.33 28.04 33.78 1.92 2.02 0.25 0.13 0.07 

4 73.03 28.33 33.98 1.90 1.98 0.24 0.13 0.07 

5 72.07 28.22 33.39 1.87 1.93 0.23 0.12 0.07 

SEM 0.817 0.385 0.730 0.064 0.046 0.011 0.007 0.002 
P value 0.536 0.599 0.795 0.746 0.717 0.722 0.176 0.361 

*Percentage of live weight 
**Percentage of carcass weight 
1. The basal diet without corn gluten meal (control), 2. The basal diet containing 2% corn gluten meal without enzymatic processing, 3. The 
basal diet containing 2% corn gluten meal with enzymatic processing for 120 minutes, 4. The basal diet containing 2% corn gluten meal with 
enzymatic processing for 180 minutes, 5.The basal diet containing 2% corn gluten meal with enzymatic processing for 240 minutes 
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Table 6. Effect of experimental treatments on blood factors of broiler chickens at 38 d 

 
Treatment 

Glucose 
(mg/dl) 

Total 
protein 
(g/dl) 

Albumin 
(g/dl) 

Globulin 
(g/dl) 

Triglyceride 
(mg/dl) 

Cholesterol 
(mg/dl) 

HDL 
(mg/dl) 

LDL 
(mg/dl) 

VLDL 
(mg/dl) 

1 201.13 3.09 1.45 1.64 83.00 152.25 81.75 53.90 16.60 
2 197.38 3.18 1.35 1.83 80.88 147.88 83.63 48.08 16.18 
3 193.50 3.11 1.35 1.76 80.13 151.00 88.13 46.85 16.03 
4 187.25 3.24 1.40 1.84 74.50 149.75 87.00 47.85 14.90 
5 189.50 3.14 1.45 1.69 78.88 147.13 90.88 40.48 15.78 

SEM 4.373 0.086 0.046 0.093 2.870 3.581 3.117 4.605 0.574 
P value 0.179 0.761 0.325 0.493 0.324 0.840 0.270 0.384 0.324 

1. The basal diet without corn gluten meal (control), 2. The basal diet containing 2% corn gluten meal without enzymatic processing, 3. The 
basal diet containing 2% corn gluten meal with enzymatic processing for 120 minutes, 4. The basal diet containing 2% corn gluten meal with 
enzymatic processing for 180 minutes, 5.The basal diet containing 2% corn gluten meal with enzymatic processing for 240 minutes 
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Abstract 

This experiment was conducted to investigate the effect of using 2% untreated and treated corn gluten meal with 
protease enzyme (300 mg/kg) at three different times (120, 180 and 240 minutes) on broiler chicks performance, 
carcass characteristics and some blood parameters. 240 commercial strains Ross 308 male broiler chicks with 
five treatments including: 1. control diet, 2. control diet containing 2% corn gluten, 3, 4, and 5. control diet 
containing 2% corn gluten meal processed with protease enzyme at 120, 180 and 240 minutes, respectively, four 
replicates and 12 chicks in each replicate in a completely randomized design were reared for 38 days. During the 
experiment, feed intake, body weight gain and feed conversion ratio were measured. To evaluate blood 
parameters and carcass components at 38 d, eight birds from each treatment were selected and after blood 
samples collection, some blood parameters such as glucose, total protein, albumin, globulin, triglycerides, 
cholesterol, HDL-C, LDL-C and VLDL-C were measured and also, carcass components including weights of 
carcass, thighs, breast, abdominal fat, liver, pancreas, spleen and Bursa Fabricius were determined. Results of 
this study indicated that treatments containing 2% corn gluten meal with protease enzyme processing at different 
times, increased feed intake (3801.98, 3848.59 and 3850.42 vs. control diet 3769/82 g), body weight gain 
(2000.88, 2020.16 and 2033.27 vs. control diet 1888.82 g), and reduced feed conversion ratio (1.90, 1.90 and 
1.89 vs. control diet 1.99) in total period of the experiment (P<0.05). In this experiment, the experimental diets 
had not significant effect on carcass components and blood parameters. In general, the results of the present 
experiment showed that the use of treated corn gluten meal with protease enzyme at different times improved 
performance in the diet of broiler chicks. 

Keywords: Protease enzyme, Broiler chick, Different processing times, Performance, Corn gluten meal 
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