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Abstract 

This study was conducted to investigate the effect of replacing soybean meal (SBM) 
with slow-release urea (SRU) on in vitro fermentation, gas production parameters, and 
nutrient disappearance. Five dietary treatments were set up in a completely randomized 
design including: 1- control diet (without urea); 2- diet containing 0.5% urea (CU) 
replacing SBM; 3- diet containing 0.5% SRU replacing SBM; 4- diet containing 0.1% 
CU replacing SBM; and 5- diet containing 0.1% SRU replacing SBM. The gas 
production of the experimental diets was measured using the standard water 
displacement method at time series of 2, 4, 6, 8, 12, 16, 24, 36, 48, 72, and 96 hours of 
incubation After 8 hours of incubation, the highest gas production volume and potential 
were significantly higher for the diet containing 0.5% SRU instead of SBM (p < 0.05). 
The lowest gas production rate constant was obtained for the fourth diet, which had the 
highest concentration of conventional urea (0.038 ml/h). The dissociation index value 
was significant among the experimental diets and the highest value was for the control 
diet. The highest metabolizable energy value was 23.6 MJ/kg dry matter for the diet 
containing 0.5% SRU instead of SBM. Significantly, the highest and lowest levels of 
short-chain fatty acids were obtained for the third diet containing 0.5% SRU instead of 
SBM and the diet containing 0.1% CU instead of SBM, respectively (0.641 vs. 0.513 
mmol). The percentage disappearance of dry matter and crude protein at 12, 24, and 48 
hours of incubation was significantly different among the experimental diets. The use of 
a protected source of urea without having a detrimental effect on the fermentation 
process and nutrient disappearance would be a suitable alternative to soybean meal. 
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 -�!E1- ���E �$��J�M ,�����' � 	DE	��$���I ��<  
Table 1. Components and chemical compositions of experimental diets  

Food
Experimental diets* 

Control 0.5CU 0.5SRU 1.0CU 1.0SRU  

Diet components based on dry matter (%)   

Corn silage 23.84  23.54  23.59  23.75  23.67  
Alfalfa 14.09  13.91  13.94 14.03 13.99  
Wheat straw 2.21  2.18  2.18 2.20 2.19  
Crushed corn kernels 23.45  23.16  23.21 23.37 23.28  
Crushed barley grain 9.87  9.74  9.77 9.83 9.80  
Wheat bran 0.58  4.20  5.97 2.62 4.30  
Cottonseed meal 4.37  4.32  4.33 4.36 4.34  
Soybean meal 10.06  7.26  4.56 8.02 5.96  
Corn gluten meal (60% CP) 2.90  2.87  3.29 2.89 3.27  
Fat powder 1.78  1.76  1.76 1.77 1.77  
Dicalcium phosphate 0.18  0.18  0.18  0.18  0.18  
Calcium carbonate 0.37  0.36  0.36  0.39  0.38  
Sodium bicarbonate 0.97 0.96 0.96 0.96 0.96  

**Vitamins and minerals 0.62 0.61 0.61 0.62 0.61  
Magnesium oxide 0.24 0.24 0.24 0.24 0.24  
Zeolite 0.19 0.19 0.19 0.19 0.19  
Salt 0.18 0.18 0.18 0.18 0.18  
Regular urea (281% CP) 0 0.30 0 0.61 0  
Slow-release urea (220% CP) 0 0 0.30 0 0.61  

)%DM( Chemical analysis   

DM 52.11  52.41 52.38  52.19  52.29  
NEl )Mcal/kg( 1.55  1.54 1.53 1.54 1.53  

CP 14.69  14.68 14.88 14.71 14.89  
NDF 35.3 35.43 35.37 35.34 35.27  
ADF 20.35 20.00 19.71 20.12 19.86  
EE 4.36 4.32 4.30 4.34 4.31  
Ash 8.25 8.19 8.13 8.22  8.15  

* E��� ���I$� �Control Y(���	  �!�) !<�M ���E :CU0.5:  ���Z ���E5/0  !\�
CU  :$D($�ESBM YSRU0.5:  ���Z ���E5/0 

!\�
 )H/<I ���	;<�  )SRU ( :$D($�ESBM Y1.0CU:  ���Z ���E0/1  !\�
CU  :$D($�ESBM � Y1.0SRU:  ���Z ���E

0/1  !\�
SRU :$D($�E. **  :]�/
� :�����H$� � �#!�� WJ"�170  �^/1 ����60  :]$D��� ����100  :D�(�� ����13000 �
�� :t� ����

5000 �
�� ::<I ����4000 �
�� :0B��� ����80 �
�� :����
> ����110 �
�� :!$ ����200 �
�� :���H$� ����A :1,250,000 :�� !Z	� -

 :���H$� ��

JB	3D :300,000 :�� !Z	� :���H$� ��

JB	E :6000 :�� !Z	� .�

JB	DM YR�g �
�� :NEl Y�<
��M �	�� fB�g �i�#	 :

CP Y��g :�.'��8 :EE Y��'	 ���X� :NDF Y���g �!�$�M j��B	 :ADF Y�!�>	 �!�$�M j��B	 :Ash�H/��g :.  

* Control diet: control diet (without urea); 0.5CU: diet containing 0.5% CU replacing Soybean meal 
(SBM); 0.5SRU: diet containing 0.5% Slow-release urea (SRU) replacing SBM; 1.0CU: diet containing 
0.1% CU replacing SBM; and 1.0SRU: diet containing 0.1% SRU replacing SBM. ** Mineral and 
vitamin supplement: Calcium: 170 g, Phosphorus 60 g, Magnesium: 100 g, Manganese: 13,000 mg, 
Copper: 5,000 mg, Iron: 4,000 mg, Cobalt: 80 mg, Selenium: 110 mg, Iodine: 200 mg, Vitamin A: 
1,250,000 IU, Vitamin D3: 300,000 IU, Vitamin E: 6,000 IU. DM: dry matter; NEl: net energy for 
lactation; CP: crude protein; EE: ether extract; NDF: neutral detergent fiber; ADF: acid detergent fiber; 
Ash: ash. 
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Fig. 1. Gas production trend curve during incubation hours (p < 0.05)  
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 -�!E2- �H#$V B�'�! )C�>	�1 � ���)$7L' ��<�	  ���B�'�!� ���E��< ���I$� w
HK� ����� ���Z ����.'��8��U  i��H�#  
Table 2. Results of gas production and nutritional parameters of gas produced by experimental diets containing 
different NPN sources 

 
Experimental groups  

SEM p-value 
Control 0.5CU 0.5SRU 1.0CU 1.0SRU 

A 295.62a 284.99b 312.75a 265.01c 280.41b 7.355 < 0.001 
C 0.056a 0.042bc 0.052a 0.038c 0.045b 0.002 < 0.001 
IVOMD  73.05a 70.88ab 74.32a 62.45c 69.11bc 4.249 0.002 
PF 4.78a 3.26c 4.48b 3.03c 4.13b 0.211 < 0.001 
MBP 101.42a 82.84b 105.36a 75.45c 83.11b 4.955 < 0.001 
EMBP 0.49a 0.48ab 0.52a 0.43c 0.48ab 0.011 < 0.001 
ME 6.15a 5.88bc 6.23a 5.54c 6.01ab 0.428 0.01 
SCFA 0.611b 0.525c 0.641a 0.513d 0.617a 0.118 < 0.001 

*  Y(���	  �!�) !<�M ���E :-�H��CU0.5:  ���Z ���E5/0  !\�
CU  :$D($�ESBM YSRU0.5:  ���Z ���E5/0  !\�
SRU 

 :$D($�ESBM Y1.0CU:  ���Z ���E0/1  !\�
CU  :$D($�ESBM � Y1.0SRU:  ���Z ���E0/1  !\�
SRU  Y:$D($�EA :

) ��� !�B�' W�/#�H8 ���	!ZB�'�! U � -�
k� ;K� �����-�
k��
�� S/Z�� (�H�B/ Y0��>C�
��) ��� !�B�' d�# 0��@ :�H�B/ Y(0��>PF :

�
�� r�>	�� R�"^' fg�M Y�!�B�' ��� ]CZ )� ]{< W��T �BI �
�� ���EMPS  ��!#	� :!�B�' �
�' �����"�� MBP :!�B�' �
�' 

�����"� � S/Z ���
����� IVOMD Y!\�
 r�>	�� �<�(�$���I s$	�M �
 )$DC' W��T �BI �
�� :ME S/Z�� ]/�B���H� W��T �i�#	 :

g �
�� ����
�� �
 -�i�(� YR�SCFA�
��) ��C#� ��'�� _�e ��<!�>	 : Y(-��SEMY
�	!#�H>	 ��mg :�(#��� : U j��Z��  �
 o�H��


� �<$w ���(#� ��� ,��^'�0>	 �	
 )05/0p < (.  
* Control: control diet (without urea); 0.5CU: diet containing 0.5% CU as a substitute for SBM; 0.5SRU: diet 
containing 0.5% SRU as a substitute for SBM; 1.0CU: diet containing 0.1% CU as a substitute for SBM; and 
1.0SRU: diet containing 0.1% SRU as a substitute for SBM; A: maximum gas production potential (gas production of 
soluble and insoluble fractions) in ml/h; C: gas production rate constant (ml/h); PF: separation index based on mg of 
digestible organic matter per volume of gas produced; EMPS: microbial mass production efficiency; MBP: microbial 
mass production in mg; IVOMD: in vitro degradable organic matter in percent; ME: metabolizable energy in 
megajoules per kilogram of dry matter; SCFA: short-chain fatty acids (mmol); SEM: standard error of the mean; 
Non-common letters in each row indicate significant differences (p < 0.05). 

  

 -�!E3- �H#$V   !M !$!8�#
���� 7L�� E�����< ���I$� w
HK� ����� ���Z �NPN  
Table 3. Nutrient disappearance results of experimental diets containing different NPN sources 

Incubation time 
Experimental diets* 

SEM p-value 
Control 0.5CU 0.5SRU 1.0CU 1.0SRU 

Dry matter (%) 

12h 65.38a 62.12a 64.48a 59.36b 63.08a 4.56 0.039 
24h 76.74a 67.51bc 75.24a 62.08c 69.35b 5.62 0.043 
48h 84.29a 70.22bc 81.55a 68.14c 75.71b 5.77 0.001 

Crude protein (%) 

12h 55.18a 50.19b 52.02b 48.77b 50.35b 5.32 0.031 
24h 69.09a 53.11c 64.85b 51.33c 60.74b 6.12 0.002 
48h 82.41a 65.55c 78.43ab 63.97c 73.87bc 6.85 0.015 

*  Y(���	  �!�) !<�M ���E :-�H��CU0.5:  ���Z ���E5/0  !\�
CU :$D($�E ) �$�> )B�C��SBM( YSRU0.5:  ���Z ���E5/0 

 !\�
SRU  :$D($�ESBM Y1.0CU:  ���Z ���E0/1  !\�
CU  :$D($�ESBM � Y1.0SRU:  ���Z ���E0/1  !\�
SRU 

 Y:$D($�ESEM
�	!#�H>	 ��mg :�(#��� :U j��Z ���
� �< �
 o�H��$w ���(#� ��� ,��^'�0>	 �	
 )05/0p < (.  
* Control: control diet (without urea); 0.5CU: diet containing 0.5% CU as a substitute for SBM; 0.5SRU: diet 
containing 0.5% SRU as a substitute for SBM; 1.0CU: diet containing 0.1% CU as a substitute for SBM; and 
1.0SRU: diet containing 0.1% SRU as a substitute for SBM; SEM: standard error of the mean; different letters in 
each row indicate significant differences (p < 0.05). 
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