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ABSTRACT 
The aim of this study was to compare the effect of rumen pH-adjusting additives on histomorphometry and histopathology 
of rumen, reticulum, liver, and kidney. Twelve Arabi male lambs, 9±1 months old and initial body weight of 35.95±3.55 kg 
were used in a completely randomized design with three treatments and four replicates in 35 days. The experimental 
treatments consisted of 1- A control diet, 2- Control diet+sodium bicarbonate buffer, 3- Control diet+Megasphaera elsdenii, 
and Saccharomyces cerevisiae (bacteria-yeast). At the end of the experiment, the lambs were slaughtered and tissue sampls 
from the liver, kidney, reticulum, and rumen were collected, and the tissue sections with thickness of 5 μm were prepared.  
The wall thickness of the reticulum in the control treatment was significantly higher than the buffer recipient treatment 
(P<0.05). Also, the thickness of muscle-layer in the reticulum in the control treatment was more than other treatments and 
was significantly higher compare to the buffer recipient treatment (P<0.05). Papillae height and Papillae depth of reticulum 
in the bacteria-yeast recipient treatment were significantly higher than other treatments (P<0.05). In addition, the thickness 
of rumen epithelial tissue in the buffer and bacteria-yeast recipient treatments was less than the control treatment (P<0.05). 
The height of rumen papillae in the control treatment was significantly higher than the buffer and bacteria-yeast treatments. 
Infiltration of inflammatory cells into the liver, kidney and gastrointestinal tissues was observed.  In general, pH regulators, 
in high-concentrate diets protected the tissues, which were studied in the present experiment. In addition, the addition of 
bacteria-yeast effects as a biological regulator is comparable to the chemical buffer. 
 
Keywords: Buffer, Inflammatory cells, Megasphaera elsdenii, Saccharomyces cerevisiae, Tissue. 
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Wheat straw 9.9 
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Corn grain 21.0 
Soybeans meal 12.35 
Wheat bran 5.5 
Calcium carbonate 0.4 
 Common salt 0.25 
Vitamin and mineral supplements1 0.5 
Chemical composition  
Dry matter 89.1 
Organic matter 94.8 
Ash 5.17 
Crude protein 16.1 
Ether extract 2.65 
NDFom2 29.0 
ADFom3 16.5 
ME4 (Mcal/kg DM) 2.65 
Non–fiber carbohydrates5 47.03 
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mg/kg; Na, 60000 mg/kg; Mg, 19000 mg/kg; Zn, 3000 mg/kg; Fe, 
3000 mg/kg; Mn, 19000 mg/kg; Cu, 300 mg/kg; Co, 100 mg/kg; Se, 
1 mg/kg; I, 100 mg/kg; antioxidant, 400 mg/kg; carrier, up to 1000 g. 
2. NDFom, ash-free neutral detergent fibre. 
3. ADFom, ash-free acid detergent fibre. 
4. Calculated from each feed ingredients. 
5. Calculated as: NFC=1000 – (NDFom g/kg + crude protein g/kg + 
ether extract g/kg + ash g/kg). 
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Table 2. Histomorphometry of rumen and reticulum in lambs fed with experimental diets 

Variables(µm) 
Treatment  P-value 

Control Buffer Me+Sc SEM 
Reticulum  
wall thickness 2353.3a 1942.5b 2291.7a 74.299 0.0401 
Thichness of tunica muscularis 2305.0a 1881.7b 2230.0b 74.012 0.0330 
Thickness epithelial tissue 103.333 103.333 110.00 3.724 0.7255 
Papillae depth 1320.0b 1373.3b 1783.3a 69.048 0.0035 
Papillae thickness 391.67 343.33 375.00 18.240 0. 5753 
Papillae height 1615.0b 1473.3b 1975.0a 71.727 0.0048 
Rumen  
wall thickness 1726.7 1731.7 1623.3 106.043 0.9062 
Thichness of tunica muscularis 1616.7 1498.3 1525.0 76.624 0.8224 
Thickness epithelial tissue 386.7a 183.3b 196.7b 79.624 0.0035 
Papillae depth 2293.3 2318.3 1885.0 99.670 0.1359 
Papillae thickness 407.67 506.67 526.67 33.451 0.3092 
Papillae height 2570.0 2496.7 2105.0 105.631 0.1556 

:SEM �`L/ K�#�� �#QE�#: y )��
E��=�� 4E-( $� )f�� :�� + :$��+� Z�&+$* )G��' $�*�+/- :$	b��$<G�Q� E)�.��+���$*�G��#j �$G��#4  
a-b: Z��<" �#QE�#: ��/ �� $� ���n �+ M�$a Z��<�� &K�� ��� )05/0<P (�� )
�+.  

SEM: standard error of means; Control treatment = without any supplementation, Bicarbonate buffer treatment = sodium bicarbonate supplementation, 
Me+Sc treatment = Megasphaera elsdenii+ Saccharomyces cerevisiae  
a,b: Means with different superscripts in the same row differ significantly (P< 0.05). 
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Figure 1. Histopathology of rumen (R): R1; Control treatment, R2; Bicarbonate buffer treatment, R3; Megasphaera 
elsdenii + Saccharomyces cerevisiae treatment. (Hematoxylin-Eosin staining. X40). R4;  Infiltration of mononuclear 
inflammatory cells. (Hematoxylin-Eosin staining. X100). Images R1-R4 show that the ruminal villi have kept their 
natural structure and lacking pathological affects, and in the R4 image the inflammatory cells were observed into 

lamina propria of the ruminal villi (star). 
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Figure 2. Histopathology of reticulum (Rt): Rt1; Control treatment, Rt2; Bicarbonate buffer treatment, Rt3; 

Megasphaera elsdenii + Saccharomyces cerevisiae treatment. (Hematoxylin-Eosin staining. X40). Rt4; Infiltration of 

mononuclear inflammatory cells. (Hematoxylin-Eosin staining. X100). Images R1-R4 show that the reticulum villi 

have kept their natural structure and lacking pathological affects, and in the R4 image the inflammatory cells were 

observed into lamina propria of the reticulum villi (star). 
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Figure 3. Histopathology of Liver (L): L1; Central vein congestion was observed, (Hematoxylin-Eosin staining X40). 

L2; Infiltration of mononuclear inflammatory cells including lymphocytes and plasma cells in the portal region 

(Periportal Hepatitis) and congestion were observed, (Hematoxylin-Eosin staining X100). L3; Sinusoidal distension, 

degenerative changes of hepatocytes and sinusoidal congestion were observed (Hematoxylin-Eosin staining X400). 
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Figure 2. Histopathology of kidney: K1; Glumerolar atrophy with increased urinary spaces of glumeroli were observed. K2; 

Distension of urinary tubules and basophilic casts probably due to mineral precipitations were observed into the urinary 

tubules, K3; Congestion in the medulla was seen as well. (Hematoxylin-Eosin staining. X40). 
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Tables 3. The concentration of blood liver enzymes and rumen fluid pH in sheep fed with diets 

Variables 
Treatment 

SEM P-value 
Control Buffer Me+Sc 

pH1 6.54b 6.87a 6.80a 0.0654 0.0257 

Liver enzymes (U/L )2      
AST (SOGT) 73.00 57.00 68.00 12.315 0.9130 

ALT (SGPT) 17.500 22.00 30.500 3.792 0.4599 

:SEM �`L/ K�#�� �#QE�#: y "#��	 )��
 :)f�� $� 4E-( E��=���� "#��	 $��+ :+� Z�&+$* )G��' "#��	 $�*�+/- :$	b��$<G�Q� E)�.��+���$*�G��#j �$G��#4  

1 .pH  3 18�G )K+ �� s��-L ��� t5o  

2 .AST�F jE�$" Z�"��^GF =#���& ALT=EXF#: �F#-& ��$<�E�$"  

a-b: Z��<" �#QE�#: ��/ �� $� ���n �+ M�$a Z��<�� &K�� ��� )05/0<P  (�� )
�+.  
SEM: standard error of means; Control treatment= without any supplementation, Buffer treatment = sodium bicarbonate supplementation, Me+Sc 

treatment = Megasphaera elsdenii+ Saccharomyces cerevisiae  

1. Three hours after morning feeding 

2. AST= aspartate aminotransferase; ALT= alanine aminotransferase 

a, b: Means with different superscripts in the same row differ significantly (P < 0.05). 
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