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Abstract 
The aim of this study was to investigate the effect of ruminal pH-adjusting additives on histomorphometry and histopathology of rumen - reticulum 
and liver tissues. Twenty-four Arabi male lambs with three to four months old and initial body weight of 23.9±3.15 kg were used in a completely 
randomized design with three treatments and eight replicates in a period of 77 days. The experimental treatments consisted of a control diet, control 
diet + sodium bicarbonate buffer (buffer), and control diet + Megasphaera elsdenii and Saccharomyces cerevisiae (bacterial- yeast). At the end of the 
experiment, lambs were slaughtered and samples were taken from the liver and gastrointestinal tract for tissue studies. Rumen-reticulum wall 
thickness in the buffer receiving lambs was greater than that of control group (P<0.05). The thickness of the rumen-reticulum epithelium in the buffer 
and bacterial-yeast receiving lambs was less than the control group (P<0.05). Rumen-reticulum papillae thickness was higher in control than other 
treatments (P<0.05). The thickness of reticulum tunica muscularis in the buffer treatment was higher than other treatments (P<0.05). Periportal 
hepatitis was seen mildly in the liver of bacterial- yeast receiving lambs. In according to the results of the present experiment, the use of pH regulators, 
especially bacterial-yeast, in lambs fed with high concentrate levels, in terms of histopathology, reduce tissue damages in the rumen- reticulum and 
liver and improve tissue structure of rumen-reticulum. 
 

Keywords: Epithelium tissue, Muscularis tunica, Periportal hepatitis, Rumen papillae, Tissue damages. 
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O%�� �# O%�s �V3 %� ]���%�( ?'�@ ��= � �# H � 

<���!�� \6�[5 �fB�c� �# )��PV ^	( $��!�� ��4� 

� �# ���-$.� ,� ]
,��� ]�>������ � ��% ����G  ���"

]29[ � O���b� $��#� %� x%�# �
� � ��� Z>$P� �# 

���-$.� ,� ��!.�!�� Nikon )��� NY100  )[�.

 (](�&�# �.�3 ��� w%�� � ���'�� \��" �,���� ��= �" .

%�  ��= ��. ��� �  �,� � ��� � ^	( U# �$��# � %� 

� U# �$��# K@��e %�45 6���� �(�!.�!�� U%� " 

� �,���� ��= �".  

 O�f'�z��$��!�� K��" \��-�%� )��PV  �r 3 

,( � �.%# ��� H
$���%���$��� ��� )��PV  )��#

F"�(\� �
W ��EX3 � )��PV K� �%��
�  � �� !"

%�+�� ��� � ��% .�" <�m�� ��   

���� ��Ks�e �  �# ,� ���-$.�<� %��G %����� SAS 

)P��� 4/9 ��� 3 �z[ �
�% ()GLM (�
�m�  �z#�%)1( 

� ��
�c� ]�+���� �� �# 6��,G H � �	����	5 �� ]!��� %� 

}z. �� $e� 05/0 �s%� :���" ��
�c�  

 �z#�%)1        (                               Yij = μ+Ti+ Ɛij   

�� � %�]
 �z#�%\ Yij\ ��" ����F� %��c�M μ\ �]�+��� 

�f��LM Ti \� ��%� � i � <�Ɛij \�z[� �,GT
�  .).�  

  

3 .����� ��  �  

���� ���%� �� �F
��,G  K��"��# �.�
 #� O�	#�  �
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$��#�– P� # %�$[�. �$���%���$��� �� !" � 

�%�+� %� ) ���L2(  .).� ���G)��PV K� �%��
� � 

)��PV �
W ��EX3 �%�+� %� �# ��� )��
%� ��		� 

��# T�# � ,� ��= ���" ��# )05/0<P .()��PV )��# 

�F"�( %� �%�+� ,( )��PV �  �# ��# �� �
�� � 

�$��#- P� �� ���� )��
%� �  ��#)05/0<P .( ����-�

%� 
�. p[�" ��� �%�+� ��%� �� ]�# ����F� �F� .

)��PV K� �%��
� �� !" %� �# ��� )��
%� ��		� ��# 

�.�
 #� O�	#� � �$��# - P� T�#  ,� ���=  ��# ���"

 %� ��# ��� )��
%�  �# )��� ��# ��		���= 	f� ���"� %�� 

��# )05/0<P .()��PV )��# �F"�(  %� �� !"�# ��� 

)��
%� $��# � ��# ��		�� -��  P�  ,� ���= ��# ���" 

)05/0<P.( )��PV ,(  %� �� !"��= �. ,� ���"
 

���%� � T�# ��# � )05/0<P .(]�# 
�. p[�" ��� �� !" 

	f� _E$[�� �%��  .�F� ����F���-�%� ,( �� !" � �%�+� 

)d� ���� ���%� �� �F
��,G %�@ \)�+� ��� ��-�%� 

���,( �� !" %� ��= ���" �# O%�s ���3 T�# � ,� 

�# ��� )��
%� �		�� ��# � �$��# -  P�.��#  

%� T
��,G V�e )��PV )��# �F"�( �� !"–

�%�+� � %� ,( )��PV �%� �  ���"T
���� .)��
 ��'�� 

T�# ,� �e �����.� i5 %�j� %� ��L ���  �$���	� �#

 W�#m	� �# �"% �$	� ��F� ��>. ��� �
W �[�" )��# 

�F"�( � %� )
�4� ��m
� Q
,�����%�( %� }z. �%��
� 

�� !" �� ��".  

  

 B�!*2 .�$45� � $,� $ 12)-�$4�:,�:�:47 � $ $	9� ��6" � �.	=
� �$ �� ��� ����$<  

��Z*� (-�$= �) \,�  
����	 )  

SEM  P-value  
!��
  $,�  �$45� -$	9�  

���6"    

\��9a O5 ���:3�  b0/2645  a0/3020  ab1/2945 32/68  05/0  

\��9a �3b &"E(>  b7/2091  a0/2560  ab1/2280  98/68  01/0  

\��9a \,� &R
:<  a85/107  b85/68  b71/76  01/5  0006/0  

c	> ]$<  67/691  57/598  14/725  88/39  42/0  

\��9a ]$<  a43/346  b67/231  ab14/280  85/18  03/0  

d��)�� ]$<  7/905  1/975  4/978  04/40  07/0  

�.	=
    

\��9a O5 ���:3�  b8/2070  a0/2314  ab9/2246  35/48  10/0  

\��9a �3b &"E(>  2/1629  2/1804  7/1540  31/62  22/0  

\��9a \,� &R
:<  a1/187  b0/145  b7/115  14/10  007/0  

c	> ]$<  0/1738  0/2150  0/1855  16/110  5/0  

\��9a ]$<  a86/516  b67/418  c67/341  07/23  0008/0  

d��)�� ]$<  3/2734  8/2317  0/2310  59/121  24/0  

a-c:  I���)P 6"� � �� �� $� f3�� � W�$Y I���4� &AQ� ��� )05/0<P (&� !
�.  

SEM��g% : �� Q� P 6"� � ��.  
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,�����%�(Q
 ?L�� ��m
� �. �!
���  O�z[ #�# %�

.�\�� T��� }z. iaL \�q� T��� 6�
L 6�[ ���>$�(� 

� T��� O��e �� !" �� %� \��"  l@��T
���� 

�	���� \�,�. �� � �# pH \]�
�( )�'�f� �E�(�( �� !" ��# 

iaL �����.� i5 %�j� �% T��� �� ��� ]7.[ �#�	#\]
 

��,G %�T
  V�eT
���� )��PV )��# �F"�(  �� !"

�%�+� ���� �T
 � %� ,( )��PV%� � � �% ���"� 6��� 

$��m� ����T
 .������  T��� � %�j� i5pH )���L 3 (

��� � �	�[�" � 6�"� F"�( )��# 6�"�  )���� �� !"

�� �# ^
�$� T
��,G ��� 
�. T��`( 6�= %� ��L ��� �# 

�$���	� W�# )c#�z� ] �%��1  �28.[   

��� %� ����%� � )��
%� ���	� ��		� ��		� pH\ �# �`
� 

%� �� �$��# -\ P� )��PV F"�( )��# )��PV � ,(� 

%� �� !" -�%�+� T��� 	f�� %��  \6G K
W� �> L ,� .)��


��'�� T�# � i5��.� O�$.�  ���L)3 ( %�$��m� '�f�)� 

T�# $��# �� ��� W�>.] H�$
13\[ �� ]�	5  T���

.� 1��d�i5�� ��#O�� )��� �# ��= ���"  ���L)

3 (�� ��# .� Tc�.��  �"% %��'�B ��,( %� ~
�" 

,���.� ] ��%��16.[ T
���� ��'�� O����# � O����(�( %� 

�� _C� ��L �# �$���	�  W�# t3�# T
���� �,���� � ���� 

���,( �� !" �� ] ��"25.[ T��`( ��� ��� 6�F� ���� ��� 

�� �
&% ��� �
�au �# �$���	� ���� �� W�# �# %�B 

K#�@ �4L�� ���f� � �,���� ���,( �� !" �% T
���� 

�� ] ���1  �16.[  

  

 B�!*3. �$45� � $,� $ 12)- $ $	9�#� \hM/���!  ��i$, j$+  �pH ��_3  �.	=
L3Z"S � �� -:% �!.5 ��� �$ ��� ����$< 

��$ @4� 
����	 ) 

SEM  P-value 
!��
 $,� �$45� -$	9�  

&M �) ��i$, j$+ ���! #� d:	G� ($4 8 �� B:� 
b60/106 

b46/107 a89/141 16/6 001/0 

&M �) ��i$, j$+ ���! #� ($4 8 �� B:�           

I�4#�  b55/50  b29/59  a07/70  19/3  01/0  

I�": <�$<  b55/28  b65/26  a18/58  27/5  0002/0  

I�$ ):�Z3� 
a48/1 

b52/0 b46/0 18/0 01/0 

I�$ ): 
a38/19 

ab27/16 
b92/9 9/1 1/0  

I�$8���Z3� 
a73/1 

b57/0 b67/0 22/0 032/0  

I�$8�� 
a0/3 

b82/1 b38/1 25/0 0006/0  

I�": <�$< � I�4#� \.7" 
ab89/1 

a33/2 
b20/1 21/0 08/0 

pH  

(\>�#)  

$�� 04/7 00/7 07/7 049/0 86/0 

3 07/6 12/6 10/6 042/0 91/0 

6 44/6 45/6 32/6 044/0 41/0 

L3Z"S P  !Y��) �!.5 ��� ($4 8 �� &MM	8�  

�S ["�$) I�)��k#S]�A   13/78 80/80 66/69 45/2 15/0 

:A �S P "bS ]�$�7"�$) 26/17 33/16 26/16 74/0 83/0 

a-c:  I���)P 6"� � �� �� $� f3�� � W�$Y I���4� &AQ� ��� )05/0<P (&� !
�.  

SEM��g% : �� Q� P 6"� � .��  
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�# %� W�# �$���	� _C� �# ���� \��T
  ���� � ��-�%�

���,( �� !"  U%��=] ).� ��"18[ .%�  l@��O����# 

(�( �O����  �� �)�'�f� �,�$�� %� ��,(  �%T
���� 

�� \�	�� ��� U$�= ]
� )�'�f� �� %� O����# ��@� 

] ).�16.[ �# %�B \�>� \�,���� }z. � 
�. O��s�C[ 

��,( �# �� 3 %�B )d� ���� �����.� i5 \%�j� �# �`
� 

O����(�( O����# � � pH %�@ ] ��%��25.[   

T
���� ���� t3�# ��,( }z. � ��,( ��-�%�T
 ��)� 

� iaL� ��" �# � e ��[ �#��6���  l m� ,� �% �����.�

 %�j� i5 <�� �� !" %�_C� �		�� %��c� ���
, ,� ���� 

���$� )���d� �� �	� .\]
�#�	# %� ]
� \~
�" �
����� 

)��# �F"�( �� !" %� iaL l
. � i5 �����.� %�j�

 O��� �#pH � H � �� !"� �	���+	� .�  �� ����.� ]
�

#T�  ,�iaL )��� ��,(� '�� �� !"�� "\��  �� !" %�

� l m�� �#�
 $� %� ��m� pH  t3�# � ���� T��� �% �� !"

.�,��� � �� !"� ] ��"8  �29.[ \]
�#�	# �# �L�� �# ]
� �� 

%� ~
�" �!
 \,���.� W� ,�K
 ����T
  � )��PV \��-�%�

�
 }z. \,( ����T
 ��)� .� iaL�����  � %�j� i5

�( �# H ��%��
 pH ).� �� !" ]14\[ � T���]
 

p[�" � %� �����%� � )��
%� $��# � ��# ��		�� - P�\ 

 %�$��m� T��� )�>u �����.� i5 %�j� �#�`
�  T���

��# )�>uO��  ���L) ).�3 (�� .�.� Tc��  %�,�# 

,���.�  .�%��%� ����%� � ���e �$��# �
 ��# -\ P� 

#� '�K� ��� �$	�� .�\,��� ,��� � �#]
 ���� ,� %��c�T
  �����

� T��� �6��� ��#O�� ���� �T
  ���L) O�$.� }"�3 (

�# )>3 )�'�f� T�# � �$��# ��� H�$
W�>. ��		���
�� �]
 

).� ��V�� ]13.[   

%� �.%# H
&�'���(�$���  K!") �� !"1\( <%�� 

 �!#G %����,( ��= ���" �# %�B K#�@ )��� �4L�� �# 

��= ��� )��
%� ��		� ��# � �$��# -  P�T�# �  ��#

)1R (� �# ]� � )��� ��-� ��>. ��� �#�4$'� %� ���%� �� 

)��
%� ��		� ) ��#2R( $��# �� - P� )3R(  �# )���

�%� � �� ���"  ��" �a' .��P� i�4$'� )Ruminitis(  �#

 K!"�#%�� -[�-� � %�%� � )��
%�  ����F� ��# ��		�

�� ��" �� ]
� 6���� %� %� �� )��
%� ��		� �$��# -  P�

�# O�" T��� �$��
 ).� .%� �[# �e��� )��# �F"�( 

�# %� ��� \���" ,�����%�( Q
 )��#����F�  �" � ��]
 

�6���  %��# ��� )��
%� $��# � ��# ��		�� -  P� T���

)��
� %�Xe .��!
,��!� �� ��= ��� ( �� �#�$.��  �

,��!
� ��� � �% x%�#��m
 �� �		� F"�( )��# %�� ��= 

 ���"�# , ���f���
 ����F� �" � ��]
 ���f� �# ��?�  %�

�# ��� )��
%� $��# � ��# ��		�� -�%  P��� F���� 

 %� � )"���# ��� )��
%� �		�� �$��# -  P�,� 
�. 

��= �� �� � ��#  ���L)4.(  

  

 B�!*4 .�$45� � $,� $ 12)-I�$  @) $ $	9� 4,�& �$ �� �.	=
 ��� ����$<  

I�$  @) &4,�  
  �����	 ) &R3��]S    

!��
  $,�  �$45� -$	9�  

D�:) &=S  +++  ++  +  

J:�" B:M# ��� &��48�  +++  ++  +  

�.	=
 m�9� j��48�  +++  ++  +  

[3]:)�$5���<   +++  ++  +  

�$= � B:=3]�  +++  ++  +  

- D!> �!��R� I�$  @) &4,� )��4%�# &Q .n('  +C #S f �% )Mild'(  ++C #S L3E� )Moderate('  +++C #S !3!
 )Severe.(  
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R2  R1   

 

R3  

 O=
1.  �.	=
)R(:R1  ��	 ) '!��
 R2 ��	 ) \,�3�� �!AA5  '$,�R3 ��	 ) \,�3�� �!AA5 �$45�- $	9�.  

D�:)  &=S)���4#(. ��4%�# \,� &#�A
 ) �.	=
R3( .L:  P�:8)Lumen(' Vi:  ]$<)Villi(' E: \,�  &R
:<)Epithelium(' LP: P3��<  m�9�

)Lamina Propria(' SML: �3b $3]  &n�9�)Submucosal Layer(' MT: �3b  &"E(>)Muscular Tunica( )o"� �S�Z  P M75:)�	�-P3]:p� 

q�Z �  &3�	"100.(  

 

%� �.%# ?�.G � O�f
�V H
&�'���(�$���  �%�+�

 K!")2\( ��L� ���%�$[�. K����� �	��� �� �# O%�s 

�-e �-e ���G%� ��� � 6�F� ��	�� <%�� �>�����  <%��)

�� (�!#G �"�# %� )��# �F"�( ��= ) ���"1Rt  �

RtA( �. �# )���
 ���%� � �# K#�@ %�B  �4L��T�# � 

��# � %� )��# �F"�( �# ��� )��
%� �		�� �$��# -

 P� )3Rt( <%�� >������ ���
 ��>. ��-� .�F� ��� 

�#�4$'� %� ]
%�( %� ��P� ��= ���" � �# � ��

)��
%� ��		� �$��#-  P�,� �# ��� )��
%� �		��  ��#

)2Rt( T�# ,�����%�( .��# �Q
 F"�( )��# %�� ��= 

�. �# )��� ���"
 ���%� � T�#  %� � ��# ��# ��� 

)��
%� �		�� $��#�-, ���e ��  P����
  ��" _B#

��# ) ���L5.(  

  

 B�!*5$	9� � $,� $ 12) .- ���6" &4,� I�$  @) $ �$45�

 ���$ ��� ����$<  

&4,� I�$  @)  
 �����	 )&R3��]S  

!��
  $,�  �$45� -$	9�  

&Mp:5�� �3 &=S D�:)  +++  +   -  

J:�" B:M# ��� &��48�  ++  +  ++  

[3]:)�$5���<  +++  ++  +  

- D!> �!��R� I�$  @) &4,� )��4%�# &Q .n('  +C #S f �% )Mild'( 

 ++C #S L3E� )Moderate('  +++C #S !3!
 )Severe.(   
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 O=
2. ��6"� )Rt .(Rt1 :��$H '!��
 Rt2: ��$H \,�3�� !AA5� '$,�Rt3: ��$H \,�3�� !AA5� �$45�-$	9�  

RtA: ��$H !��
 � q�Z &3�	" 400. D�:) Mp:5�� & o"�) (rM,)�Z �S P M75:)�	�-]:p�P3 q�Z �  &3�	"100.(  

  

�
ab� �' 6��	-.�= ��% �F
��,G %�  �# ��"

�# ,���.� ~
�" %� �� �" U%��= W�# �$���	�  K�'�

]
�  %��3 �� !" �%��
� ,� 6�# iG ,� ���
, %��c� ��

�� �� !" �%�� � ��� ��>. %� \��"  �� !" �%��
� ���

 �!#G <%���� ��m
� ] ��"20��>. ).� ]! � �� \[  ���

 �
 � �		� ��!
,� ��m
� � ��" KC$� �� �# E$�� �F"�(

��!
,� �� !" O��e �� %� �%�( �� 6G ��L � ��"  ��

�#  W�# �$���	� �# ��L %� .��" ����F� U�[ O%�s

�# �# ��= %�  �$	� )4L ����= �������'�!'G 6�#%��

� T��� \,���.���>. T��� � �� !" %� �!#G <%�  ���
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