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?�+# )� ��@��� /A� ���/� �"B�#  �  CD�E# F5���&$ (�G (/� � H2�"2��/� ,�D$ '2�� ,H2�"2� 2�  �5'2�� /� H2�"%I� (�G

7��� ��"I��� J�2K"L! � �"! (���M� �&'C# ��"# ,;��"0 �3��� N-�I# ��O/# �&�I� ��<0  
��&�'�%5�#)$ .  ��

QM#�� R/S TD�U  �8��L��� 160  CEU V/# �I� ��<0  5"� (�G- F5W(W-36) )� F� 32 �� 42 �3�@G  ��5 ���2�, 4 ��/+� � 

8  CEU V/# �I� 0��<  ��/G ��/+�  �*5�#)$ (�G���2� .78/0 
��&�?#��: 1 - ���2� 'G�� ) , 5�� /21 ,(�&��Y8� ��'�2- 

/21  5��  +150 
/0 �� F� ��&$H2�"2� ���� ,F2-+5���/�� 3- /21  5��  +3 
/0"-2� �� F� ?�+# '2�� �D$ �[�,'2��0 4- 

/21  5��  +50 
/0 �� F� H2�"2��/� F2��"��/�  �5 - /21  5��  +2 
/0"-2� �� F� (/�H2�"2� ��&�#  '5�����"32D��"�'&. 

 �2\  �5'2�� ��� ��*& ]5��&��C# �"E� �D$ '2�� ?�+# )� ��@��� /A� �� 
"&^^ � 
"&�"_� ,���) 78�5 %G�� (���05/0P< .(

�"! (���M� �&'C# ��"# 7B-O (FG$ � �5Y2�# ,/@�8 ,�2�-�) � �2�-� F2�`�G � 7��� ��"I��� /@�8� 7a� �&b /2A 

) 78/3& ��/U �*5�#)$ (�G���2�05/0>P .(7��� ��"I��� /����!�& �$ �1��! /EU � �   -2��  %5�Y8� �D$ '2�� ?�+#

��C#�/� �'2� (��� )05/0P<?�+# )� ��@��� F2�`�G .( 7#��c# � 
�+a��� �"de� f.�� H2�"2��/� � �D$ '2�� (�G

7��� ��"I����# ��*&  CD�E# F5� )� '#$ 7�'� ]5��& .'�  �/g /��/� �� �&�# �D$ '2�� ?�+# )� ��@��� 'G� J�/A� '&�"�

7��� ��"I��� J�2K"L! /� ('2@# ��O/# �&�I� ��<0 .'���  ����  

�9��+�*  :+��;<7��� ��"I��� ,�& ,;��"0 �3���  �5'2���I� ��O/# ��<0, ?�+# ,�5�<O (�G ��"#�"! �&'C#   
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����  

�&�/3& )� �+5 �"2S �� �&�"I��� JM+*# '�. (�G

;��/� �� � J�@-� %5�Y8� �e# ?#�". )� � �"2S ��0'�G�

 7C�K F5� �� (��L�U� �)�� %G��  �2�&�#'��� .

2� �"de� (�/� ;M� � �"2S ��-+�� JM+*# ���/� 72@

��"I��� ��/3*G�k�  1"� ��"# ��"�G �G�"� .7�� �� 

l���� �/U ���2� J'# �G��"� 'C� )� ;��/� ��O/# 

�I� ��<0 �� ���2� m@U, 72Cg� �"-E#�&�  ���2� ��

�"2S ��-+��  � �3��! ���& )� m@U '2#�& �#�"� 

��'5'� '�J�c2ca� . 
��&�  �8/0 nI*# �/�  � 

�3��! ���& )� m@U �� ��"� ��"I��� � ��  �2�& 

m5)�/�"h��� �/�G 7�� .(Webster, 2004) �3��! 

���& )� m@U �� ��O/# �I� ��<0  � ?2D� %G�� ��"# 

�&'C# ��"I����G �# ���5�"��  � /��#  � %5�Y8� 

��"I��� ��"�  g��. � Y2& 'C��# ��/� V/#  � 

�3��+�(�G �&�"I��� �#�/0�. o��". �&�"I��� �(�/ 

��O/# �I� ��<0 �#'&�"� '5'� '��� .F5� (����G�& �#-

'&�"�  -2��  � �-#�". /2B& ,H2�&^ ��Y2# '2D"� �I�,V/# 

 5<p� � ���2� ����/� 7a� /2Ab� ��/U �/20. '2D"� 

(W�� �I�V/#  � ��"� %5�Y8� ��"I����G H�� �#'�� 

�/\  � V/#�G 7e1 F�!��  ��"� �I�V/# �2�-� 

�5)(� q/L# �#���' .�� ���2� ��O/# ;��/� (�G

�I���<0 ��@��� )� /5�!r ��2�-� ��"I����G 7e1 

'2D"�  ��"� �I�V/#  -2��  � '�5�/8  5Y�� (/#� QM#�� 

�C2dS s"�a# �#�"� (Abdul-Aziz, 1998). )� t�aD 

 5<p�(� �G �-#�".  ?u#�,�2�- /@�8 � F2#��5��5�G 

?u# D3 )Webster, 2004(, K Fleming et al., 1998)(  �

C )Weiser et al., 1992( �#'�&�"� /� Y5��� � '�� 

��"I��� /A"# vU�� '&"� .� ���M� /@�8 � �2�-� 7B-O  

 )� s<1)�� � /2!r ,;��"0 �3��� )� s<1  -2��

 )� v8� F2�`�G ,��"I�����  )� s<1)�� �5 ����� � w"8'#

�# �/���  2-� � �"� �� �� /@�8 � �2�-� ���C� �'�

 F2#��5� (��<0/A�D3 �"#�"G � � �"#�"����� '�&�# �5�G

��-� 2-� ,H\"� ��� /� F2&"� �2B�� ��"I��� � �G

�# '��(Viveros et al., 2000) .�I� ��O/# ����<0, 

(�G)�2& 7e1 �2�-� ?2+*�  ��"� �I�V/# ��  -j/# 

x�� '2D"� ��2�� �# W��'��� )Roland, 1986(. ��2�-� 

7e1  � ?2+*�  ��"� ��"# )�2& 7�� Q��2c��# )� 


"&�"_� 
"&^^ � � �  J�"K �2c��#/2O )� ��"I��� (�G

 (�W�'#F2#b� �#�"� (Giang and Doan, 1998; 

Wilson, 1991) .7���/� )� �2�-� ��"I����G �&�#) y� 

�#'G�  � /21 �2�-� '� s<1 � �zG (�7e1 

�bF2# J�1�2�j� �8�� '��d& (Almeida Paz et al., 

2006). ��j F2. �� �'C�# ?#�". (/35�   -�1 )�

�� Y2& ;��"0 �3��� )� �2�-� s<1 728/{  ��Y2#

 �"! �2�-���"I��� �� '� /2!r �2�-� � �G %c&

 .���� ��/� �'2� ��d&�  � ��"�G ��/3*G�k� F5�/����

�"� (�G��+G��  � '&���"�� �&'C# ��"# s<1 ��  )�

;��"0 �3��� ��� �"de�  �$ ��d&�  � �%5�Y8� f.�� 

��"I��� �� �&'C# ��"# /2!r �G�.'  �"B�# F5'�

?�+# )� ��@����5�<O (�G �"��  �&��2&�+# �� ' (�G

N-�I#,  �2�-� s<1 �� �"1"# )� �� ����"! ��"#

'G� %5�Y8� ;��"0 �3��� ��/U  1"� ��"#  .7��  �8/0

 F5� ����2# �# /B&  �?�+# )� ��@��� '�� /�  � �5�G

� ;��"0 �3���  �5'2��b ?��U ]5��& ,'���G ��<0/2A

�"dU���  _��� �� (/� .'&�F2cca#   � '&�/� ;��Y0

 1"1�D$ (�G'2�� ?�+# �� '�  5<p� (�G,  (����

� �2�-� F5�  � '���G (/�W�� �"! /@�8 � %5�Y8� �

�"! /@�8 � �2�-� ��Y2#  �  /2Ab��D$ (�G'2�� �� 

 %G��pH  /@�8 � �2�-� s<1 %5�Y8�  �2�& �� � ���

7�� '� ��� 7d�& ;��"0 �3��� )�(Abdel-Fattah 

et al., 2008) .  ��*& J�CD�E# �!/� )� '#$ 7�'� ]5��&

��� %G�� ��  � '&�pH  )� ����� ?�+# ���Y8� �5�G

� '�&�#(/� � �D$ '2������/8 H2�"2�,  ('�#�"� J�/A�

�# 'G�*# �2�-� s<1 ���"�.(Demigne et al., 

2008)  7�� '� ��2�7��� ��"I��� /����!  � � �&

 1"1 �� �$ /@�8 'K�� F2�`�G ���"0 (�G  5<p�

'� �"� /�*2� 'G�� �/0  � 7d�& H2�"2��/� ?�+# �� 

(Mutus et al., 2006). �G�/0  Y2& F2cca# )� /35� ��"�.

(/�  � '&�/�H2�"2� �&'C# ��"# s<1 H5/a� T1"# �G

�  V/# �� � '� �5Y2�# � �2�-� k5��I� (�G ��<0

�I�  ��"� 
�+a��� %5�Y8� T1"#�# V/# -

'&"�(Scholz-Ahrens et al., 2001) .  CD�E# �� (�/35� 

) ��2�j � �5M�1393 (�� ?�+# )� ��@����G N-�I# (

��  1"1 ���"0 (�G'&�/� 'G�*# ?�+#  � '2�� (�G

(/� � H2�"2��/� ,�D$��&�"� H2�"2�'� 7��U  �5'2��-

 1"1 ;��"0 �3��� N-�I# (�G 7a� �� ���"0 (�G
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'�G� ��/U /2Ab�, ��&$ )� ��@��� ��  � ���"K �� H2�"2�

& 'G�*# J�/22p� F5�* .'  

  �5'2��  +�5�  �  1"� ���# ;��"0 �3��� 7a� '&�"�

�b/21 /2A Y2& ������Y0 F2�`�G � �/20 ��/U �5�<O (�G

 �� ��0'&/� ;��"0 �3���  �5'2�� �� /22p� /� ��d#

 )� ��@���?�+# �G (��&$ +2�"2� ,�D$ (�G'2�� ,�

H2�"2��/� � �G(/� H2�"2� �8/S )� � ���� �"1� �G

�# ;��"0 �3���  �5'2�� J�/22p� ��"# s<1 '&�"�

  � � 'G� ��/U /2Ab� 7a� �� �&'C# ��"# |"LI� (<p#

72@2� �� �$ ��d&� ��"I��� J�2K"L! /A"# �"2S (�G

'���,  �"de� ��"# �� ��'&� J����Y0 F2�`�G �

7��� ��"I��� J�2K"L!�I� ��O/# �& �"1� ��<0

 ,���� J�/22p� ���/� %5�#)$ F5� 
��&� )� q'G F5�/����

'2��� � ;��"0 �3���  �5   �&'C# ��"# s<1 �$ ��d&�

 ��"I��� J�2K"L! �7��� �&  ��O/#�I� ��<0 .�"�  

��� � ��
��*  

 )� %5�#)$ F5� ��160  V/#  CEU�I� ��<0   5"� ��"e3D

(�G- F5WW-36 QM#�� R/S TD�U ��  �� �8��L�5  ,���2�

4  � ��/+�8  V/#  CEU�I� ��<0 F� )� ��/+� /G �� 32  ��

42  ���  �@G �� .'� ��@��� �3�@G %5�#)$��"�.  � 

���  %2�%5�#)$   � J'# F5� �� � '�  �8/0 /B& ��

V/# '� ���  5�� /21 �G (�/� ��0'&/� ('2D"� �/+-�. �

78/0 ��/U ���/� ��"# %5�#)$ (�E! )� (/20"-1 . 'C�

 ,%5�#)$ %2� ��� �'� (/}� )�V/# ~��� /� �G

3&�2#  �  ��*# �)� F25  �*5�#)$ ���2���� |�L�!� 

 ,J�LI*# /5�� � �#� ,�"& )� �.� ;��/� l5�/� .'&'�

  5"� ;��/� (���G��  2K"� �dSW-36 '� �G�/8 .

��� v5)"� ��  )�� �� 7�"& ��)8  � �dK4  (/e{ )� 'C�

 
��&�'� �dS ,)��  &�d� �� FD�� �5����� J'# �"S .

 ����/� ?�CD��"���16  FD�� T���#  5"e� .�"� 7.��

 
��&� )��  &�d� �S �� 7!�"�+5 �"E� .'�i/21 

J�r  5�� /� �*5�#)$-  �  1"� �� � �5"�  D����

('�#)�2&  5"� ;��/� (���G�� l�"� '�  2K"� (�G

(�G- F5WW-36 � �  
/&  -2��/21 ��Y8� ��5"&

UFFDA  �2B�� �  2e��'  ��'1)1( .(�G���2� 

)$ :'&�"� /5) J�"K  � R/S F5� �� ��@��� ��"# �*5�#

1- 'G�� ( 5�� /21) ,2 -  +  5�� /21150  F� �� 
/0

��&$ ,F2-+5���/�� ���� H2�"2�3-  +  5�� /213 

�[� �D$ '2�� ?�+# F� �� 
/0"-2� ,'2��04-  +  5�� /21

50  � F2��"��/� H2�"2��/� F� �� 
/05 -  +  5�� /21

2 0"-2� F� �� 
/(/� H2�"2�  ?�+# .'5�����"32D� ��&�#

 (���� 
�& �� %5�#)$ F5� �� ��@��� ��"# �D$ '2��

 '2��0�[� ,H2D�# ,H2��W ,H2#/8 (�G'2�� ?#�� �

 ��"# H2�"2��/� .�"� H5/@�8"��� � H5������ ,H5/�2�

 ?#��  � �"� F2�+��/� %5�#)$ F5� �� ��@���7   &"0

(/���� )�@# (�G � ;��"0 �3��� '22 �# ���U  &"0 -

 5"� .'��� ?#�� �5�5/���� (�G ~"-2���"��W

~"-28�'2�� ,~"�"�#�� ~"-2���"��W , ~"-2���"��W


"5���&M� ,
�'2@2� 
"5/���� �'2@2� , ~"�"��/��5�


"2��8 ,~"-28"#/� ~"�"�"��/���  5"� � �\��U (�G

 ?#���Y5�� ~"-5^/}�$  �"��� �'5'&�����"D  H5  � '&�"�

 ?U�'j (��j ����/8 F5� )� 
/0109×2  (/����7�� .

(/� H2�"2� '5�����"32D� ��&�# ��@��� ��"#  ��"5� %I�

 /�I# �&�/2� 5Y5�/� m�5�#������ (MOS)  .�"� ��

 ��/+� /G )� %5�#)$ ��� (�e�&�V/#  CEU �� �I���<0 

�8��L� �"E� '� s�I�&� � /5) '5�� )� ��"! �e&$ ��-

.'#$ ?�.  � (/20  D"D �� '�  �8/0 �"! (����  � (�

 ��cC&� 'g ��#EDTA  �"� .'�  �I5� J'#  � m}�15 

 ^"2@5/�&��  c2U�� �'1 �$ (���M� � ''5�/0 )� m� .

 ,���M�  2e� �5Y2�# ,/@�8 ,�2�-� ?#�� �$ �&'C# ��"#

FG$ �  -2��  � 72� �"#)$ ~��� (�G�'&� ��"#) (/20

78/0 ��/U.  �8��L� �"E� ��/+� /G )� F2�`�G2   CEU

 V/#�I� ��<0  ���*� � s�I�&��7��U m}� .' (�G

 �'1 �e&$ ;��"0 �3��� N-�I#'5�/0 .  d��a# (�/�pH 

7��U ,;��"0 �3��� N-�I# (�G1  J�5"�a# )� 
/0

 �2\%2� ,��� 
"h-5� � 
"&^^ ,
"&�"_� ,��'3�� ,'C#

����/� �� �  9 �-2#'�  �I5� Y2&"5 (� s$ /�2D. m� 

 ?j )���/�  ?#�� ,?K�j �"-I# �e&$  �5'2�� ��Y2#�  

 -2��  �3��� pH  /�#)�'&�'� (/20(Al-natour and 

Alshawabkeh, 2005)  .GF2�`� ��"I��� 7����&  (��

 � 7����\ �� )�  �W �'1 �/� m� � )� Y2�� � ��/� 

�'1 ��/� #���� 78��,�G �!/� )� J�2K"L! �$�G  

 '�&�#�"S, ,�)� /����! ��Y2# �&'C# ��"# � ��"# 

���5)�� ��/U 78/0. ��"I��� �)�� �G   (�)�/�  -2��

 7U� �� ���2�5�001/0 '� '2��� 
/0, m}� �)� 

 �e&$ �d�& '&) �)� /� ��"I��� �)� ��"�& �2�c� ��

'5�/0  d��a# .�"S, �1��! /EUEU ,/  7#�Ig � �-!��
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��"I���)�'&� m2D"� )� ��@��� �� �G.'� (/20  (�/�

 ,/����! ��Y2#  d��a#��"I��� J'#  � �G24  �� 7.��

 (�#�105 ��&��  1��'� H*! ��/0, m}�  &"�&�G 

'&'� s�2�$ � �� ?!��  �"� ��2\ �� �"�  ��

(�#� 600  1�� ��&����/0 ��� ��/U '&'� � 

'K�� �!/���  d��a# '�. 7B-O /@�8  &"�&(�G 

��"I��� )� �� ;�� H5/�#"�8 �� ��@��� )� 

J���&���'d2D"#  �7B-O �2�-�  &"�&�G �� ��@��� )� 

;�� )�'&� �"2��/�2�(/20 '�.(AOAC, 1995)  (�/�

 ��"I��� 
�+a��� ���/�7��� �& ;�� )� (2001) 

Kocabagli '� ��@��� ;�� F5� ~���  �   d��a#

 F�8/0 /B& �� �� ��"I��� F��+� (�/� )�2& ��"# (�/2&

�# ��"I��� /EU � �"S ,7#�Ig .'��� ���/� (�/�

 ��"I��� 7#��c#7��� �&  �/g /��/� ��,  F2D�� (�/�  �

 
��&� ���78/0, � �G�3��� )�    �/g 7�� �3��� 
�&

F5'� �3��� F5� ��� ~��� .'� ��@��� �����  J�"K

� &"�&  � 7� (�� �"! |"LI# ?a# �� ��"I��� (�G

 �8/0 ��/U �3���,  p2� m}� �3��� (W�� ��  � (�

�# ��)$ 7��  �8/0 ��/U�"�  &"�& �� ��"!/� )� m�  p2� .

�# �S �� ��8��# �  ��+� �� �$ s<1 (^/&� ��'c# .'��

 '� -2��  � �# ��� ��*& ��^ T�j /�  &"�& .�"�

 )� m}���"I��� '�  ��+� 7��U,  �$ vEc# �E�

�#  d��a# '#$ 7�'� �'. .�"� -2��  �  /� �3���

 7#��c# ��Y2# ��� F5� �� ,'� �2�c�  &"�& vEc# �E�

��"I���  �/g /��/� �� ��&�� /� ��^ T�j /� v�/# /�#

�# 7�'�'5$.  

���� '#$ 7�'� (�G    -2��  5��GLM 
/& (��#$ ��Y8�

SAS 9.1 ?2-a� �  5Y�� ��"# (��#$  (�/� .78/0 ��/U

.'� ��@��� ��"� �"#)$ )� �G���2� F23&�2#  �5�c#  

  

 ��'11 -  5�� /21 '�  d��a# �5�2�2� T2�/� �  2D�� ��"# 'K��  

Table 1. Ingredients and calculated chemical composition of the basal diet 
Value Nutrient composition Value (%) Ingredients 

2840 Metabolizable energy kcal/kg 58.75 Corn grain 

16.30 Crude protein % 25.70 Soybean meal 

4.00 Calcium % 3.32 Soybean oil 

0.50 Available phosphorus % 5.07 Oyster shell 

0.27 Methionine % 4.00 Limestone 

0.86 Lysine % 2.13 Dicalcium phosphate 

0.75 Methionine + Cysteine % 0.50 Vitamin-mineral premix 

0.60 Threonine % 0.30 Common salt 

0.22 Tryptophan % 0.21 DL-Methionine 

  0.02 Lysine Hcl 
Provided each kilogram of vitamin and mineral premix: 7.04 g vitamin A, 0.591 g vitamin B1, 1.6 g vitamin B2, 3.136 g 
vitamin B3, 13.86 g vitamin B5, 0.985 g vitamin B6, 0.192 g vitamin B9, 0.004 g vitamin B12, 2 g vitamin D3, 8.8 g vitamin E, 
0.88 g vitamin K3, 0.06 g vitamin H2, 80 g choline chloride, 0.4 g antioxidant, 29.76 g Mn, 30 g Fe, 25.87 g Zn, 2.4 g Cu, 
0.347 g I, 0.08 g Se and 80 g choline chloride. 

 =���"  

  �5'2�� /� �*5�#)$ (�G���2� /A�%I� N-�I# (�G

 ��O/# ;��"0 �3����I� ��<0  ���� ��'1 ��2  _��� 

'� �# ��*& ]5��& .7��7��U �!/�  �5'2�� 'G� (�G

 ��O/# ;��"0 �3����I� ��<0  (�G���2� /2Ab� 7a�

78/0 ��/U �*5�#)$ . F5'�  � J�"K  �5'2�� �2\��� ,

Ab� 7a�/2 78�5�� ���2�  � 7d�& �D$ '2�� '���

(�G���2� 78�5�� '�����&$ H2�"2�  H2�"2��/� � �"E�

��C# ��� 78�5 %G�� ()05/0P< .(%2�  �5'2�� � 'C#

� 7a� ��'3��b /2A��C# ���  ��/U �*5�#)$ (�G���2�

.78/3&  F5/��� 
"&�"_� ��pH 78�5�� ���2�  � �"�/#-

 �"� �D$ '2�� '��� 'G�� ���2�  � 7d�&  ���C# ���  �"�

)05/0P< .( 7��U F2�G ��(/� H2�"2�  ��Y2# F5/�*2�

pH  .��� |�L�!� �"!  � ��78�5�� (�G���2� 
"&^^ ��-

 ��Y2# F5/��� H2�"2��/� � �D$ '2�� '���pH  ��

 (��j ���2�  � 7d�&  � '�����(/� H2�"2� ��C# ���  �"�

)05/0P< .( Y2& 
"h-5� ��  \/0�?�+# �G ,�D$ '2�� (

 � H2�"2��/�(/� H2�"2�  %G�� f.��pH  F5�%I� 
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 (��#$ t�aD  � %G�� F5� �D� '&'���C# ��� �"d& 

)05/0P>.(   

 (���M� �&'C# ��"# ��Y2# /� �*5�#)$ (�G���2� /A�

�I� ��O/# �"!  ��'1 �� ��<03  (�G���2� /A� �

 /@�8 � �2�-� ,/����! 'K�� /� �*5�#)$ ��"I���

7��� �I� ��O/# �&  ��'1 �� ��<04  _���  .7�� '�

�# ��*& ]5��&/0� �"! �2�-� 7B-O 'G�  ��  \

78�5�� (�G���2�(/� � �D$ '2�� '���  %5�Y8� H2�"2�

��C# �D� �/� �'2� �"d& ��� )05/0P>.(  ,/@�8 7B-O

��C# /2Ab� 7a� Y2& �"! FG$ � �5Y2�#  (�G���2� ���

U �*5�#)$ 78/3& ��/)05/0P>( ��"I��� /����! 'K�� .

7��� ��C# /2Ab� 7a� �&  ��/U �*5�#)$ (�G���2� ���

) 7���05/0P<(, 78�5�� ���2�  � J�"K F5'� '���

 ��"I��� /����! 'K�� F5/�*2� �D$ '2�� ?�+#

7���  Y2& 'G�� ���2� � ��� |�L�!� �"!  � �� �&

M�!� F5� � 7��� �� ��Y2# F5/��� (��#$ t�aD  � q

��C# ) �"� ���05/0P< /@�8 � �2�-� ��Y2# ��  E��� �� .(

7��� ��"I��� �&��Y8� 
��� ��� ��*& ]5��& �& ��"# (�G

 'K�� %5�Y8� f.�� �D$ '2�� ?�+# |"LI� ��@���

7��� ��"I��� /@�8 � �2�-�   � %5�Y8� F5� �D� '� �&

��C# (��#$ t�aD  �"d& ���)05/0P>(.  

  

  

 ��'12 -   �5'2�� /� �*5�#)$ (�G���2� /A�%I��I� ��O/# ;��"0 �3��� N-�I# (�G��<0  
Table 2. Effect of different dietary treatments on pH values of different gastrointestinal tract segments in laying 

hens 

Ileum Jejunum Duodenum Gizzard Proventriculus Crop Treatments 

6.64 5.81ab 5.67ac 4.76 5.63 5.80ab 
Control (without feed 
additive) 

6.02 5.81ab 5.45b 4.71 5.34 5.86a Oxytetracyclin, 150 ppm 

5.76 5.56b 5.42b 4.81 5.30 5.27b Orgacid, 3 g/kg of diet 

5.91 5.61b 5.55bc 4.89 5.67 5.90a Protoxin, 50 ppm 

5.94 5.91a 5.75a 4.85 5.41 5.69ab MOS1, 2 g/kg of diet 

0.34 0.05 0.03 0.11 0.10 0.13 SEM 

0.443 0.002 0.0001 0.845 0.070 0.030 P-value 
a-c Means within the same column indicated by different letters are significantly different (P<0.05). 
1Mannan oligosaccharide 

 

 

 ��'13 - �*5�#)$ (�G���2� /A� N-�I# �I� ��O/# �"! (���M� �&'C# ��"# 7B-O /���<0(mg/dl)   
Table 3. Effect of different dietary treatments on plasma minerals concentration of laying hens (mg/dl) 

Fe  Mn  P  Ca  Treatments 

184.00  3.35  7.62  17.54  Control (without feed 
additive) 

181.75  3.47  6.76  18.72  Oxytetracyclin, 150 ppm 
169.25  3.25  8.42  19.58  Orgacid, 3 g/kg of diet 
177.50  3.97  8.18  17.79  Protoxin, 50 ppm 
182.75  4.00  7.69  20.75  MOS1, 2 g/kg of diet 
6.63  0.30  0.90  0.86  SEM  

0.556  0.339  0.659  0.168  P-value  
1Mannan oligosaccharide 

   

  

  

  



6                        2L#�5M� T  ���2�j '�a# '2� :��/�� �� �5'2 K"L! � ;��"0 �3���J�2 7��� ��"I��� &� ��O/# ...  

  

  

 ��'14 - 7��� ��"I��� /@�8 � �2�-� ,/����! 'K�� /� �*5�#)$ (�G���2� /A��I� ��O/# �&��<0  
Table 4. Effect of different dietary treatments on ash, calcium and phosphorus percentage of tibia in laying hens 

P (%) Ca (%) Ash (%) Treatments 

10.66 32.99 55.00b Control (without feed additive) 
11.05 33.11 56.00ab Oxytetracyclin, 150 ppm 
12.26 34.19 58.50a Orgacid, 3 g/kg of diet 
11.49 33.53 55.25ab Protoxin, 50 ppm 
11.42 33.00 55.50ab MOS1, 2 g/kg of diet 
0.45 0.44 0.78 SEM  

0.202 0.315 0.040 P-value  
a-b Means within the same column indicated by different letters are significantly different (P<0.05). 
1Mannan oligosaccharide 

�/� �*5�#)$ (�G���2� /A �!/�  ��"I��� J�2K"L!

7��� �&  ��O/#�I� ��<0  ��'1 ��5  _��� .7�� '� 

�# ��*& ]5��& ��"I��� �d�& �"S � �)� 'G�7��� �& 

� 7a�b /2A��C# ���  78/3& ��/U �*5�#)$ (�G���2�

)05/0>P.(  ��"I��� �1��! /EU7��� �& � 7a�b /2A

��C# ��� #)$ (�G���2� ��/U �*5�78/0  &"0  �  � (�

78�5�� ���2� �D$ '2�� '���Td�  %5�Y8���C# ���  /EU

 ��"I��� �1��!7��� �&  '�)05/0>P(.  7#�Ig

 ��"I���7��� �& � 7a� Y2&b ��/U �*5�#)$ (�G���2� /2A

 78/3&)05/0>P(.  
�+a��� /� �*5�#)$ (�G���2� /A�

 ��"I���7��� �& �� 7#��c# F2�`�G � ��"I�7��� �& 

  �/g /��/� ���� ?+� 1 ��� ��*& .7�� '�  ]5��&

�# ��*&'G� ��&�"�& �*5�#)$ (�G���2�  \/0�'� 

 ��"I��� 7#��c# � 
�+a���7��� �&  ��  �/g /��/� ��

 �"E���C# ���b� 7a� (G� ��/U /2A� �D� '?+� 1 

 
�+a��� 72Cg� �"de� /3&�5��&7��� ��"I��� �& /A� ��

L# H2�"2��/� � �D$ '2�� q/7��.  

 
 ��'15 - �*5�#)$ (�G���2� /A� N-�I# 7��� ��"I��� J�2K"L! �!/� /��I� ��O/# �&��<0  

Table 5. Effect of different dietary treatments on some characteristics of tibia in laying hens 
Thickness 

(mm) 
Internal 

diameter (mm) 
External 

diameter (mm) 
relative length 

(cm/kg) 
Relative 

weight (g/kg) 
Treatments 

0.50 5.00 6.30c 7.18 3.73 
Control (without feed 
additive) 

0.75 5.75 6.80bc 7.49 4.43 
Oxytetracyclin, 150 
ppm 

0.75 5.50 7.45a 7.25 4.47 Orgacid, 3 g/kg of diet 

0.50 5.00 6.60bc 7.43 4.03 Protoxin, 50 ppm 

0.62 5.50 7.00ab 7.33 4.47 MOS1, 2 g/kg of diet 

0.09 0.23 0.12 0.09 0.19 SEM  

0.209 0.134 0.0001 0.192 0.073 P-value  
a-c Means within the same column indicated by different letters are significantly different (P<0.05). 
1Mannan oligosaccharide 
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Fig. 1. Effect of different dietary treatments on strength (left) and impact resistance (right) of tibia in laying hens 
(NS: Non-significant) 

?+� 1 - 7��� ��"I��� (7���)  �/g /��/� �� 7#��c# � (�\) 
�+a��� /� �*5�#)$ (�G���2� /A�/# �� �&�I� ��O��<0  

>��  

Y0b� 7a� �� ��d��� �� (�'C�# J���� F�8/0 ��/U /2A

 ��0'&/� ;��"0 �3���  �5'2��/A� ��  )� ��@���

?�+# �G�# /21 ��/� ('2�� .���� �"1� N-�I# (-

(/���� ��/c��� )� '&�"�(���2� (�G��� (�) '�&�# (�

E.coli -1 ;��"0 �3��� � ���"! �� M&"�D�� � (/20"

 '�� H�� ��"2j 7#M� �@j  �  �2�& �� � �/�

)Samik et al., 2007(.   � 7�� '� ;��Y0(�G'2�� 

72C�1 �D$ ���/+2# �3��� ;��"0 �� /22p� ��� � �� 

 %G��pH7./� , v8� ��"# �# %G�� (<p#'��5 

)Garcia et al., 2007.(  %5�#)$ �� ���E# F2�`�G /g�j

��  � 7�� '� ��2� �E� �� �D$ '2�� ?�+# )� ��@�2 

��C# %G�� f.�� 'K�� ���pH  �2\ �� ��'3�� � ���

'� .(Clik and Ersoy, 2003)  F5� 7�� nI*#  `&$

 /21 �� ��C�K 
/8  � �D$ (�G'2�� )� ��@���  � 7��

�# f.�� �"2S �"���  � '� ��)$ ]5�'�  � �D$ (�G'2��

�  �5'2�� %G�� f.�� 75�e& ��'&"� ;��"0 �3�� 

.(Eidelsburger, 1998)  

� ���M� /@�8 � �2�-� 7B-O   �3��� )� s<1  -2��

�� � /2!r ,;��"0�� )� v8� F2�`�G ,��"I��� )� s<1) 

)� s<1)�� �5 ����� � w"8'# �# �/���  2-� �'� � �"�

 F2#��5� (��<0/A� �� �� /@�8 � �2�-� ���C�D3  �

�"#�"G��-� � �"#�"����� '�&�# �5�G ��� /� F2&"�

 2-� ,H\"� �2B�� ��"I��� � �G '��(Viveros et al., 

2000) .  � 7�� �$ )� ���j '� 
��&� J�c2ca� )� �!/�

 )� ��@��� �� ,�5Y2�# � �2�-� '�&�# �&'C# ��"# s<1

H2�"2��/��# %5�Y8� �G'��5(Scholz-Ahrens et al., 

2001)  .0 FG$ s<1  � '&�/� ;��Y0 F2cca# )� �G�/

 � �5Y2�# ,�2�-� '�&�# ��"I��� �� �"1"# �&'C# ��"# �

(/� )� ��@��� �� (�� H2�"2��# %5�Y8� �G '��5(Scholz-

Ahrens et al., 2001) .'��8�5�� ��/3*G�k� F2�`�G  � 

�� ?�+# ��/�  8�g�(/� � �D$ '2�� '�&�# �5�G H2�"2�

 /21  � ,��0'&/� �5�<O ;��"0 �3��� )� �2�-� s<1

�# �"de�F5�  � '��5 F2cca#  %G��pH  ;��"0 �3���

?�+# F5� q/L# /A� �� �� �G ?2D� �"de� �� �2�-� s<1

�/� ��"�. '&�.(Demigne et al., 2008)  %5�#)$ ��

 /g�j  �  1"� �� Y2&  +�5�� ;��"0 �3���  �5'2��  

  -2��)� ��@���  ?�+#�D$ '2��  �/� �'2� %G��

F5�/���� �# ��B�&� (���M� �&'C# ��"# 7B-O  � 78�

 ��0'&/��� Y2&  )� ��@��� F5�'��5 %5�Y8� ?�+#,  
'. �D�

 �2�& F2�\ 'G�*# ��O/# (W�� '2D"�  � 7�� F+�# (�

�I��I�  ��"� ?2+*� (�/� �&'C# ��"#  � )�2& � ��<0-

.'��� �"�/# V/#  

�/� (�G��2C# )� �+5 ��"I���  � �"�/# J�2K"L! ��

/21 72@2� ���5)�� (�/� ���'�# /B& )� �"2S �5�<O (�G

�# �&'C# ��"# '���.(Rath et al., 1999)  ��Y2#

,/����!  ��"I��� /@�8 � �2�-�7��� �& "�C#QW 

 ��"# /5�!r ���5)�� �� ��@��� ��"# �e# (�G/�#����

G ��"I��� �� �&'C#.'��� 7�� '� ;��Y0  �  ���Y8�

 1"1 /21  � �D$ '2��(�G  ��"I��� /����! ���"0

7��� �& �# �"de� ��'*I�(Snow et al., 2004)  .

 '&��� ��*& F2cca# �D$ (�G'2�� ��/�  8�g�  �
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 F2\�'-� �5�<O /21  � ('2�� H2#/8 � H2��W)Td� 

����! %5�Y8� � /21 /@�8 )� ��@��� �"de� ��"I��� /

7��� �& '� (Sacakli et al., 2006).  '� ��2� F2�`�G

(/� � �D$ '2�� ?�+# )� ��@���  � 7�� H2�"2��� 

 1"1 �5�<O /21��C# %5�Y8� f.�� ���"0 (�G ���

7��� ��"I��� �2�-� 'K�� �&� ,����+�G � �5M�) '

1392.(  J�CD�E#��'&�  '&) /�I# ?2�&��� �� ��d��� ��

 ��"I��� �� �&'C# ��"# (�c�� %5�Y8� (�/���0'&/�  �"1�

����. �&�#) 7�� '� ;��Y0 /21  � H2�"2��/�  �

 1"1 �5�<O�#  8�g� ���"0 (�G � �2�-� ��Y2# �"�

 ��"I��� �� �"1"# /@�87��� �& �# %5�Y8�'��5 

(Mutus et al., 2006). (/� ��"# ��H2�"2� Y2& �G ��2�

 � 7�� '� J�d2�/� F5� T1"# %5�Y8� s<1 /K��. 

�&'C# '�&�# �2�-� � �5Y2�# �#'&"� (Scholz-Ahrens 

et al., 2001; Roberfroid, 2000). ��  1"�  � ]5��& 

;��Y0(�G /�r '�  � /B& �#'��  � (/�H2�"2��G 

T1"# %5�Y8� s<1 (/K��. '�&�# �2�-� '� � �5�e&Q� 

/��#  � �"de� s<1)�� � /2!r /K��. �&'C# �#'&"�. 

 � /B& �#'�� (/�H2�"2��G �� �"de� 72D�C8 (/����(�G 

�3��� ,;��"0 %5�Y8� (�G'2�� s/\ ��/8 � %5�Y8� 

�E� s<1 ,��� T1"# %5�Y8� 'K�� /2!r ��"# 

�&'C# �� 7��� �& � s<1 ��"# (<p# �#'&"� . ��

 �8/0 J�"K J�CD�E# )� (��2��, �&'C# ��"#  ��"I���

7���� �&  (/�  -2��H2�"2�7�� �/� �'2� %5�Y8� �G, 

�*\ %5�Y8� F5� /g�j %5�#)$ �� �D� .�"d& /20 7-.

 qM�!� F5��# F5� '&�"�w"g"#   � '��� F5� ��

 J�*5�#)$7��� ��"I��� J�2K"L!�&  1"1 (�G

 ���"0��/U ���/� ��"#   �8/07�� V/# ��"# �� � (�G

�I� ��<0 CD�E#& 'G�*# ��"# F5� �� (�*',  �� �D�

 /g�j %5�#)$ ��"I��� J�2K"L! /� ?�+# F5� /A�

7����I� ��O/# �& )�  � 78/0 ��/U ���/� ��"# ��<0

 �"B�#  � |"LI� �&'C# ��"#  � )�2& ��Y2# t�aD

�I�  ��"� ?2+*�QM#�� V/#  1"1 �� ���"0 (�G

'���G J��@�#. �-� 'K�� F5�/���� ��"I��� /@�8 � �2

7�����C# /2Ab� 7a� 7�&�"�& �&(/� ?�+# ��� H2�"2�

.�/20 ��/U  

~��� /� ;��Y0Tellez et al. (2002)  (/� )� ��@���-

 �� '2@# �"-8�/+2# 7B-O %5�Y8� T1"# "�+#/8 H2�"2�

��� �"�-U"� � '� ��"1 (�G F2�`�G '�\ �"de� T1"#
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Abstract 

This study was conducted to investigate the effect of antibiotic, organic acid, probiotic and prebiotic on acidity 
of the gastrointestinal tract, blood plasma minerals concentrations and tibia characteristics of laying hens. The 
experiment was carried out as a completely randomized design with 160 laying hens of hy-line strain (w-36) 
from 32 to 42 weeks of age with 5 treatments, 4 replicates and 8 hens in each replicate. The experimental dietary 
treatments consisted: 1-basal diet, 2-basal diet + 150 g/ton of diet antibiotic (oxy tetracycline), 3-basal diet + 3 
kg/ton of diet organic acid supplementation, 4- basal diet + 50 g/ton of diet probiotic protoxin, and 5- basal diet 
+ 2 kg/ton of diet prebiotic mannan oligosaccharide. Dietary organic acid supplementation significantly 
decreased the acidity of crop, duodenum and jejunum (P<0.05). Blood plasma minerals (Ca, P, Mn and Fe) 
concentrations and also calcium and phosphorus of tibia were not significantly affected by dietary treatments 
(P>0.05). Tibia ash and external diameter of it significantly increased by organic acid (P<0.05). Also use of 
organic acid and probiotic supplements improves strength and resistance against impact of tibia. The results 
obtain from this study indicate that use of organic acid supplementation can have beneficial effects on tibia 
characteristics of laying hens. 
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