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Abstract 
The experiment was conducted to investigate the effects of cell wall carbohydrates with diet supplemented enzyme on the function and expression of 
glucose transporter genes (SGLT1 and GLUT2), peptide transporter (PepT1) and mucin production (MUC2) in the small intestine of broilers. In this 
study, 1100 mixeddayold chickens (male and female), Ross 308 were used based on a completely randomized design with 11 treatments and five 
replications (20 birds per replication) for 42 days. Experimental diets included control diets, diets containing wheat, barley, wheat bran, rice bran, and 
hull less barley with and without enzymes, respectively. The results showed that the effect of diets containing wheat, barley and hull less barley with 
enzyme on the total live weight of broiler chickens at 42 days of age was significantly different (P <0.05).Cell wall carbohydrates of wheat, wheat 
bran and rice bran in diets increased pancreatic amylase activity (barley 3.02, wheat 5.99 U/mg CP of small intestinal tissue) (P < 0.05). The 
expression of the studied SGLT1 and MUC2 genes in the experimental diets without enzyme showed a significant increase compared to enzymes 
supplemented diet (P < 0.05). Also, among the groups of enzyme-supplemented diets, only wheat and rice bran groups were able to increase the 
expression of SGLT1, MUC2 and GLUT2 genes compared to the control group (P <0.05). In conclusion, supplementation of diets containing cell 
wall carbohydrates with enzyme affects the expression of glucose transport genes (SGLT1 and GLUT2), peptide transport (PepT1) and mucin 
production (MUC2) in the small intestine jejunum. This indicates the optimal function of the digestive system of broilers in terms of digestion and 
absorption of nutrients. 
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����� -  20/22  82/22  05/24  58/20  33/19  
* ��-@ R-��� �� �����2� �� ; N	5;>-;���� :O2� �� � ��( �� ; ����� #U�8 1-��� �� �� N;�
 ��44000  #F *:�V@ /&��7200 � *:�V@ /&��- 3 #440 

*1-; #�� U�840 *1-;3 U�8 #70 *1-; #>-;X�� � U�865 *1-; #>-;�-� U�8320 *1-; #>��Y$ ��� U�8290 *1-;�L /-2� U�8?-)� �: #1220 *1-;>-2�-: U�8 #65 
*1-; #>-��/��-L U�822 *1-; U�8 � >-� -�270 *1-;./���1� >-0 � U�8  N;�
 *:/"; �� ;*1-;)(U�8 1-� �� U�8: 200/99 *1-; U�8 /-��\)]); )MnO( #85 
*1-;U�8  /-����� )ZnO( #50 *1-; U�8 .��0 2>�F )FeSo4(#10 *1-; U�8 .��0 2_; )SuSo4( #2/0 *1-;U -)12 U�8 (O-)12 `�/2) #13 *1-;/� U�8 

(`-1� .�/�)  �250 *1-; U�8/���1� >-1� . 

  

�� ���	� ��# ����RNA \N�� 5 >��// �+��/�'� �".�

 . �)RNA  ��!D9 �g�O3X� \�� �� �"�S3�� ��Gene 

Jet RNA purification kit )Fermentas, St. Leon-Rot, 

Germany( ��3	��N \��) \X��  &'; ���3�" �� j��<�

 |��D3�� ������ \��)�).  +3	� \_#cDNA  ��

mRNA ���'� \�� �� ��ReverseTranscription  
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cDNA synthesis kit )QIAGEN, Exiqon, Vedbaek, 

Denmark(  �"�S3���)�	��. >�?�� . ���Real-Time 

PCR(qPCR) ���1��%� �� �"�S3�� ��� g�O3X�� ���� 

 ��:
  ��-/ ��� ���"��� ]8[  >�?���) �.�#) 3 .(

�� ���	�  ��;9�
����  �	��.qPCR\B� 5 ��
�� ���

��_9  ���'� �� ��)cDNA  �	��. "��.qPCR  .���)

�����1��� �'�  ���2�mRNA ;9) ���'� ���� p<� 

���L �� (-/ -�
�2� j
	h	� ������ 	h	� �� �!g�U� 

 �� &g�U "�����3��:
  -/house keeping  �3���3� �	���

�	h	� 5���"� �" .\N�1 ���g�X�e ��� ���

�� \�" ����  �	��. �� &g�UqPCR �.�1 �" ���

 �T
���� . \N�1 >�?���"���  >�?�� .�) ��
�2� ��n(9

�	��.  ���qPCR  ��d3�" :'� ��PCR )eppendorf (

>�?�� ��e �� -.�" 5�): �L�!D� �� *?U �
�_� 20 

�� &(T3� �3� .�(��  :
 �3� .�(��cDNA5  :


�3� .�(�� �1��%� �
�!#(Forward Primer) ، :
 

�3� .�(�� �1��%� �3T1��(Revers Primer)  g�O3X�� 

5-/ �� \S� �3� .�(�� a�DEPC  . 10 �3� .�(�� 

Quanti FastTM SYBR )Qiagen, Exiqon, Vedbaek, 

Denmark( �� .�) ��_9 � �	��.�  ���(9 ���) >�?��.  

�"�"  -��� �� &g�U ���-/ �� >�� �� �"�S3�� ��  ��+N�

Excel "�����3�� �9�V��h� ����N . 2 
-∆∆Ct )�<��� 1 . (

β-actin �� �!X�" ��3	� �.�1 -��	,���) �
+?9 ]13[.    

�<��� 1(                                               ∆∆Ct =  
(Ct mean target gene - Ct mean ß.Actin) – (Ct mean 

control gene - Ct mean ß.Actin) 
) �X�e ���3��CT�� �"�S3�� �� (GraphPad Prism8 

)GraphPad Software Inc., CA, United States ( . �
+?9

 &�!h9�)\_# . i
��9 ����� �;�VL �"�"�� �� -���� 

.��8�) - :!
. �) �"�S3��. �� �#�9 �� 
� �� �"�"�� �� i
��9 

 -��� -�+�� �" �.�S9 ��"�� ��"��X�� �;�VL-/ �� ���"��� �

 -���� �� �"�S3�� ��t �.�) ��
�2 �"�"  "�(!', �� C���� ���

 �� �"�S3�� ��>�� ��+N������ SAS  �D��)1/9 (��  ��� �
.�

 ���', �<X) ��� ����2(  . �
+?9�d����  �� �� -����

�	��" �	e (��" ��.���) ��
�2�  

�<���  2(                                  Ti + eij  +µ Yij =  

�� �" �
 �<��� 5µ5 �����T� �d���� � Ti5  ��'�9 ���

�� C���� �"�") i���9 �(��' �eij 5���� ��V3)� ���
T� )j��� 

���2�  ��  ��V3)�i���( \��.  

  

��� 	 �����  

 �.�# �" �"�(!', ��Sg �� �T
���� �����'�9 ���)4( 

 .\�� ��) �"�" -�T���� �9 ����.� -�. �
�+N� 


���# �� C�������  �
�$%�.�U �# 5>�	1 .  -.�� �#

 *
+�� �� �	�)�8 *
+�� -.�� . ���) �
�$% ���# �� \V��

) "��05/0P<P��� F�V� .( *
+�� -.�� . �� *� �9 


 . -�� -�. �
�+N���� �9 �� f���X &
�V9 M
�r 


"�" -�T� )05/0P<(���# . ��� �
�$%&'(� ��)  *
+�� ��

���`9 �	;� -�1���8 "�(!', �� ���" -�. �
�+N� ��h  ��

\)�" -�� )05/0P<(.  ����� 
��� &� "  . ��3�N *
+��

�3�() &�(T9 ����U�. �� �r�, �������8 -�)  ��	�"

���?��  . �T
���� "��� �" -���!1 �3� . -J
���	����� ���

���� -�)���."�� >JB� 
� ��3X�� �" ��3�N E(!7'� ���  

  

 9�/@3.   .�JaS;�7 �� �����2��� ; ����	���L �  
Product length Reverse Primer Forward Primer Gene 

282 GACAGTCACGTTCTGAAGA ACTGTCAATCCAATCCTG PepT1 
169 CAGGTATCCGCACATCACAC CATCTTCCGAGATGCTGTCA SGLT1 
181 ACACAGTGGGGTCCTCAAAG CCGCAGAAGGTGATAGAAGC GLUT2 
228 TGTCCATCTGCCTGAATCACAGGT TCACCCTGCATGGATACTTGCTCA MUC2 
270 TCTTCTCTCTGTTGGCTTTG CTGTGTTCCCATCTATCGT ß-Actin 
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 9�/@4. .��/-� ��� b1�a; c��); �-+,���� *0 12 ��� ��  ���@ @ ��51	6  ���� N��� *�
 8 ��� �� ?�) d���L42 (*8(�� 

�
�$% &
�V9 M
�r  (>�1) ����.� -�. �
�+N� (>�1) ����.� �N�O� f���X1
 /��'�9 \Sg 

65/1  b
 5/52 a

 7/92 b
 ���) 

69/1  b
 9/46 c

 6/87 c
 >�	1 

70/1  b
 4/49 ab

 1/92 b
 *
+�� + >�	1 

71/1  b
 1/49 b

 8/93 ab
 �#  

64/1  b
 3/51 a

 1/95 a
 *
+�� + �# 

91/1  b
 7/43 c

 6/93 ab
 >�	1 F�V� 

72/1  b
 1/49 b

 9/92 ab
 *
+�� + >�	1 F�V� 

a74/2  d 5/37  5/102  ab
 P��� F�V�  

a55/2  d5/38  8/98  ab
 *
+�� + P��� F�V�  

a40/2  b03/49  a38/105  �	�)�8 -.�� �#  
b08/2  ab 57/51  b45/97  *
+�� +�	�)�8 -.�� �#  

08/0  03/1 13/1 SEM  
001/0  0001/0 007/0 p-value  

a-d: >-]:�-; .���� �� �� .����; e��&�� �� *)"; � �2 ���O2� )005/0P< .( 

SEM>-]:�-; ���/:��2� ��f4 :.��  

  
�
�+N� "��� �/��� &� " �'� ��  �$^� "��� 5�3N�


 . *��!�) ���;� "��� . (���e . �3��T� 5��9.�8)

 -�+�� �� (�S�N��� �9&��B � F�3�"�� "�)  �" .�	
��N 

�� ���B �"�S3��"��� �3_� a$# �)� \
�_� �" . "��1

��� �9�� &g�U �"�) ]7  .22[ .���#  �
�$% ���L

&'(� ��)  *
+�� ������� 3�() �� . ��/.���� ���

�!8 ���w���  �� . �3��T� ��% ����
��������� 

1-�� � �$^� "��� ����"��� . �'q� ��
�3h� �.�� >�"

 *q� "�V_� MV� �"�3N� a$# . "��� �
�$%�� ."�)  ��

E(!7'� �.� ��3�N &', &�_�9 MV� \!, �'�  ���

 ��3�N *q� &��B ��%�� �)"  a$# -�+�� . ����"��� .

�� �
�+N� m
��) 
� �" �� �$^� "��� ��" ]15 7  .22[.  

 �����'�9 �T
���� �.�S3� i��	� �� �# 5�# 5>�	1)

�8 -.�� (P��� F�V� . >�	1 F�V� 5�	�)

����������  ��� � �!� ����
"&'(� ��) *
+�� �� 5

WJ3X� �	;����"  ����;' ���  �J��� *
+�� \� �;N ���� 

�#�# :
��� �".��3)�1 ��� \)�" )05/0P<(. 

�?�����
 *
+�� �� *q� �
�_� ����� t���1 ��d3�" ���

 M!%���( �� 5�	3�� �".� �" ����3���� . ��
����	� 

 �" �$^� "��� ���2� *��	9 �" �9��U �2� :
 ����"

�� a��h� a$# ���� F�3�"���) ]11[;N .� \� 

9 �'
+�� \h���`9  �
$^9 m
��) . ���# *��	9�� . �)��

 &� " �'� ��*
+���r ��V���9 �.� �� ���� �$^�

-���3	8 5-���!1�3����X ��	�""�V_� ��� :�3
�N ���� . �� 

 �� -�T��� �	�"]11  .14[ .&'(� ���# ���� ����" ���

*
+�� �� �J% �� ���`T	�  . "�(!', �� �#��X�
���� 

*
+�� p)�9 -�+�� . ���# �'q� �� ���`T	� �!X�"  

�� �!8 � �!� ����
" ����� &� " �3��T� ��% ����
�����

 ����
" �":
��� �".� \N�� *
+�� �!'# �� �h)�3� ���

 ��;' ���  . �".� ���9.�S3� ����� �� -�T� �� ��"]23[.  
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 9�/@5. .��/-� ��� b1�a; c��); �-+,���� *0 12 ��� �� 
�@ @ �/"	0�( 0 *	�\:F O-0�"$ �� ��   

*1-; �� /&��) (U�4 >-K���L U�8  

��7�  �J��� \Sg/ ��'�9 

43/158 98/3  cde ���) 

22/190 99/5  a >�	1 

13/135 42/4  bcd *
+�� + >�	1 

11/88 02/3  ef �#  
48/166 29/3  def *
+�� + �# 

91/124 8/4  abcd >�	1 F�V� 

70/196 99/4  abc *
+�� + >�	1 F�V� 

16/103 ab88/5 P��� F�V� 

72/153 ab81/5 *
+�� +P��� F�V� 

51/170  def 24/4 �	�)�8 -.�� �#  
72/173  def 36/4 *
+�� +�	�)�8 -.�� �#  
81/74 82/0  SEM  
63/0 0001/0  p-value  

a-d: >-]:�-; .����  �� �� .����; e��&�� �� *)"; � �2 ���O2� )005/0P<.( 

  
���������� i��	��# 5>�	1 �	��� � �!� ����
" ��� 5

>�	1 F�V� F�V� 5 P��� �	�)�8 -.�� �# .���# �"  ���

-/ -��� �
�+N� [,�� �
�$% SGLT1  .MUC2  .���) ���

&'(� �� -"�� ���# �� ���.�1 �" �_	9 5*
+�� F�V� ���

 P��� F�V� . >�	1 -��� �
�+N� 
��) ����T� )05/0P < (

) ��"�'�1.(  -/ -���GLUT2 �" �_	9 �.�1��� �# 5>�	1 5

>�	1 F�V� F�V� 5P���  \N�
 �
�+N�)05/0P< ( �" .

�.�1 . �	�)�8 -.�� �# �.�1&'(� ���  ��� *
+�� �� ��)

&��B  �
"�d� ����T� -/ 
� -��� �� �_#�9) ��"�'�1( -��� .

 -/PepT1 �.�1 ���'9 �""�� �3N�
 �
�+N� �T
���� ��� 

) ��"�'�1.( *� �	e ���# ��� �T
����&'(�  *
+�� �� ��)

 -/ -��� �
�+N� �� �"�BPepT1 ��"�� )05/0P< ���U �� .(

\Vn� ���`9 �� &'(� ���# ����*
+�� �� ��  ��23�� ��h� �"

 �$^� �"�� �	��� �".� �� +��!1:
��� �#�#�� �� .�)��

*�  -/ -��� "��� �" �	eGLUT2 ���  -/ 
� -��� 
�9

) >�	1 F�V� ��'�9 �� C����10/2 ��0� -/ "��� �" ."�� (

��� 5:
��� �".� �� ��378 ��23�� �"  -/ -��� 
�9PepT1  ��

 �
"�2�30/3 583/2  .82/2 ��  �����'�9 �� C���� M�9�9

 �# . >�	1 5P��� F�V���.�)�� �'� ��L *�  -��� 
�9

�.�1 �� C���� -/&'(� ��� "�� *
+�� �� ��) ]2[ �� >�w .

&'(� \�� ������# ���� �w�� K�<� ����" ���

���������� �
�+N� [,�� +�� *
+�� �� � �!� ����
" ���

�	;� �d���� ��"�� -�-/ ���) �5  ���`9 �� ���U �� \Vn�

*
+�� 
��#�# :e�� �".� �� ����378 ��23�� &
�;9 �" �� ��

���N�r� M�9�9 
� �� .�)��  F�V� . �# . >�	1 -"��

���# �� >�	1 5�
�$% ��� -�(�� -��� �
�+N�-/ �� "��� �

 �; �<� . "��" "�#.&'(�  ���� 
����#  ����
�$%  ��

 -��� �d���� ���� . &
�;9 �� �?	� *
+��-/ �� ���+� �

�).  

 �".� �" �$^� "��� M��	� M���9 . ���2� ��qU

 :
����� . �"�� ��.�r �".� \N�� �;��9 ����  E(,

 "��� "�
"�� �
$^9�r ��  �
 �".� \N�� �;��9 >�, [,��

 ���^9�1l
. ���  -� �'� . �)���  "�)]24[ p<� �
�+N� .

���������� W�O� ��% ����3��T� �� ��  �����8 ��3X��

�".� ��$# �2<	� �" �".� ]22  .10[  . a$# \�N�v

��!� �� �$^� "��� ��23�� �".� \
��.�3�� ���]10[  -��� .

-/ "��" *�23�� ���`9 �$^� "��� ��23�� ��� ]10  .4[ .

�� �".� m�h� �
��'�)�(
+�N �����^9  �����^9 ���'�

\� ���3� "�#. . �T)�8 \N�� ���3X��� �" �
�# ��� 


-/ -��� \�S�� . \�'� �� �d'� 5m�h�  ��23�� �" ��0� ���

�� �$^� "���  ������� 5+��!1 �!'#�-/ . ����378 5�	��  ���

�� ���� �� �9 �" ��0�  F���� \X�� �!g� �"�� -��	,

 �".� \N�� �T)�8�� ��0� �	)��]4 56 510 . 22[ "�V_� .

��_� . a$# . *q� �	
��N-� ���`9 . �$^� "��� ��. �� ��

-/ -��� ���^9  ��$# p<� �� �$^� "��� ��23�� �� mV9�� ���

�� �".� ��T� �
���	) &��� ��L .��� -��� �w�'3U� �� �(


��23�� -/ �� �$^� "��� ��	�" �)��]10[.  
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