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Table 1. Ingredients and chemical composition of the experimental diets 

Experimental diets 
Diet ingredients (%) 

5 4 3 2 1 
0 5 10 15 20 Molasses 
20 15 10 5 0 Vinasses 

20.5 21.5 16.5 10 10 Barley  
20 19 19 19 10 Wheat 
10 9 13.8 20.1 28.9 Wheat bran 
9 10 10 10 10 Soybean meal 
20 20 20 20 20 Pite cane 
0.5 0.5 0.5 0.5 0.5 Salt 
0 0 0.2 0.4 0.6 Limestone 

Chemical composition 

2.4 2.5 2.5 2.5 2.5 Metabolizable energy (Mcal/kg)  

13.7 13.7 13.7 13.7 13.6 Crude protein (%) 
1.2 1.2 1.2 1.2 1.1 Calcium;phosphorus ratio 
2.1 2 1.9 1.8 1.8 Potassium (%) 

diet 1) 20% molasses + 0% vinasses, diet 2) 15% molasses + 5% vinasses, diet 3) 10% molasses + 10% vinasses, diet 4) 
5% molasses + 15% vinasses, diet 5) 0% molasses + 20% vinasses. 

�):P 2 - .������ S�!�B "I��@$ �;��� U�4�) ) UV$  
Table 2. Comparison of chemical compositions of sugar cane molasses and vinasses  

Vinasses Molasses Chemical compositions 
36 75 Dry matter (%) 
8.4 3 Crude protein (%) 
26.7 11 Ash (%) 
2.2 0.52 Calcium (%) 
0.44 0.06 Phosphorus (%) 

1 0.36 Magnesium (%) 
7.5 3 Potassium (%) 
640 38 Vitamin B3 (mg/kg) 
190 12 Vitamin B1 (mg/kg) 



76                          +�
�;�G ) ./�49 .'/$V8 :) ) UV$ k' l$ Y
R� �m�"N4���D �3 .��78 	��P 
� �;��� U�4�  ...,�* :�Q
B &�G  

 

f�;=B ]$�( )1PF (��3+:44!	 K0I� "��NB �)./T 

� I3
�� "3 �Ng �*, :�Q
B :�	 
� 	
)� �G& ,.��$ 

�
���3
;�+ K�� )Olivera, 1998.( KOP �3�
)% �-� 


 !�D6
 y� ,� ����+ �
���3
;�+ ���� �G 
� f�4;B 

:�Q
B �*6, 
 A$&� �G���� XV$�! "3 +)
� .D�� ]@ 4$ 

:�  �3 )20 .� .�4# 	:4�
� �
'A$ .� )
./�D 

.;��T�1 +�
�;�G ) 61392( 
'l$} ) "3  :$? f� 

K(�� :���
P	 :� .y� ,� K�7* �-� ,�$+ 
'A$� 

�9q :�	 ) �3.T 	:��$ +)
� .��G"B
3 "! ,� ]0T +,) 

#.Q� +%�G K0m :�	 
36� 
" l� :� .�G"B
3 "3 +)% 

)��$& 90 
�"P �*. ���?:$ "3 �� 24 K(�� (]@ 4$ 

	:� �B �G"�
�� f�# 
�� .yz� �G"B
3 ,� +)% �#�
 ) 

"3 �
B�;��
 ]@ 4$ :�	 �B f4# :�	 ) y� ,� f4# 

:�6+ �G"B
3 
B,-� :�:�. yz� �G"B
3& �g&) 

:��$.T�3	 "3 
!	
 �.;�� ;Q )550 
�"P . ����*�� "3 

:$? 5/3 K(�� (]@ 4$ :�	 �B � I!�# "3�K� %:� .

:/3 ,� K�7* �-� ,�$6+ �G"B
3 "3 �
B�;��
 ]@ 4$ :�	 

) y� ,� f4# :�+ +%�G6 "3 �KT +,) :�:� .
� K��O� 

�3&� "0��A$ f�;=B ]$�( ,� o3�)
 ��, ��= �	� :�:   

"R3�
 )2:(  

 � I!�# – :��$.T�3	 – :@$
� )�"�Q =�$	� %.Q �)X�/T �aG 

:�	 )�*.'�$�(  

"R3�
 )3:(  

f�;=B ]$�(=  � �Q.'�$ �*, :�Q
B :�	/ �*.'�$� �$	� 

%.Q .@�@g �aG :�	  

"R3�
 )4:(  

(  ×kW� �*, :�Q
B :�	 
� 120 K(�� =  
B	� �;�$).3 

 )�*.'�$�( PF 2/2 -  ) 

"R3�
 )5:(  

 =
�:9 �
�$:�+ � 4� 
B	� �;�$).3    /�$) .Q% 	�X�/T� 

"��NB :�	 PF 

-�4t�G �aG ��7�& �$	� %.Q ) ���&b ]3�T �I�Q
3� $ �3 

��= �	� ,� "R3�
 6 )Menke and Steingass, 1988 ( )

! c�d &�G:��� +���$ ,� 	��= �� �3 ��N�, 	�B
"R3�
 7 

)Getachew et al., 1998(  "0��A$�::  

"R3�
 )6:( 

K�'3�T �aG �$	� %.Q )�*� �3 �*
'�!� �$�	 %.Q(  = 

0651/0 Ash+ 45/0  CP + 889/0  GP + 88/14  

                                                           
1. Partitioning Factor 

"R3�
 )7:(  
2 CP0029/0+ CP057/0 +GP 136/0 +20/2 = &b���

�I�Q
3� $ ]3�T (f�# 	��$ ��*
'�! 
� �)b�5$)  

"R3�
 )8:(  

��N�, 	�B
! c�d &�G:��� .'�$)  
� �
$300 .'�$  ��*

 (f�# 	��$ = 00425/0-  + 0222/0  GP 

GP=  
� &:�Q
B ,�* .124 K(��  

CP= 	:� "3
;�� 	��$ ��# -�iB)�� :9
�  

Ash= 	:� "3
;�� 	��$ � I!�# :9
�  

E�� � ]9�g ,% ,����$ �3 )
"� :$� .R#  .$
�("$���3 

%�$&
 (9.1) SAS  SQ�T 
� )XV$�! Y�1  .D��WB
$�
 

"��NB  )]�'AB �T
� KD�* .�3&� "I��@$ -�5���$�G  ,�

,%
$+ ��-;�  
�eR� 5 
�:9 ��= �	� :�.  

C�( � D����  

�;��� U�4�) ) UV$ ,� ,�* :�Q
B: :�)
  ,�* :�Q
B

 ./�NBK(�� 
� U�4�) ) UV$ +
���3
;�� k' l$ &�G

 
�];� 1  �):P 
� -�4t�G .K�� 	:� 	��� +���3 

 	:� :�Q
B ,�* `�� ) ,�* :�Q
B ]�I�� � ) UV$ 
�

 U�4�)"I��@$  .K�� 	:�
� ,�* :�Q
B ]�I�� �  ) UV$

 .1 
� U�4�)120 "3 +
���3
;�� K(�� S�B�B60/299 

 )59/191 .'�$ +% -�3 qV #� "! �
3 � �Q .4/$ �G  
��

) �
305/0P<) UV$ ,� 	:� :�Q
B ,�* `�� .(049/0 

.'�$) U�4�) 
� +% 
�:@$ ,� � ��3 (K(�� �3 � �Q043/0 

.'�$) �
3 (K(�� �3 � �Q05/0P<,�* :�Q
B 
�:@$ .( 

 

1 "3 +
���3
;�� ?�(�� .$��B 
� UV$ ,� ./�NB

.4/$  +�$, ����D� ?�,�
$ "3 ) �
3 U�4�) ,� � ��3 &
��

 � ��3 �O�% -�3 ,�* :�Q
B 
�:@$ 
� qV #� 6+
���3
;��

:� )];� 1.$ �
 ?)�=B -�� ]�Q� .(  � ��3 &�
 A$ +�
B

 U�4�) "3 K0I� UV$ �
'A$ ?�
:�G
3�! KI���

 ) &�;�Q).@B  6	��,1392(. 

"N4���D �;��� U�4�) ) UV$ ,� ,�* :�Q
B &�G:  
�

 �)�:P4  )5  "N4���D "3 }
3�$ E�� � ,�* :�Q
B &�G

 U�4�) ) UV$"x�
�  	�
B :�Q
B 6f�;=B ]$�( .K�� 	:�

 6.3)�;�$ 	�
B :�Q
B +�$:��
 6.3)�;�$ 	��$ �aG K�'3�T

.Q% "��NB )V$ -�3 .Q
'� 	
�
�� &��7� U�4�) ) U

.4/$ qV #�:4 ��:� &
�� )05/0P>.(  



 �����/�
� 	
���/��� ��� .$�� ?�:�Q
B ?�@�@AB1396 )83 -73                                                                              (77  

 

 

   

Fig. 1. The amount of gas produced (ml) by molasses and vinasses in different incubation times 
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Table 3. Comparison of mean of potential gas production and gas production rate  

  by molasses and vinasses after 120 h of incubation at 39 °C  

1GPR= Gas production rate, PGP= Potential of gas production.  2SEM: Standard error of means.  
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Table 4. Comparison of mean of really digested organic matter, efficiency of microbial biomass, microbial 

biomass, partitioning factor and degradability of cell wall in molasses and vinasses after 120 h incubation at 39 
°C 

1RDOM= Really digested organic matter, EMB= Efficiency of microbial biomass, MB= Microbial biomass, PF= 
Partitioning factor and DCW= Degradability of cell wall. 
2SEM: Standard error of means. 

 
 

 

Gas production parameters1 

Treatment  

PGP (ml) GPR (ml/ h)  

299.60a  0.049a  Molasses  

191.59b  0.043b
   Vinasses  

6.995  0.0006  SEM2  

< 0.0001  0.0008  value P  

Gas production parameters1 

Treatment  
DCW (%) PF (mg/ml) MB (mg) (%)  EMB   RDOM (g/kg)  

72.91 5.91  260.99  62.72  415.80   Molasses  

69.02 3.94  186.54  43.30  423.4   Vinasses  

3.18  0.375  36.43  5.84  36.43  SEM2  

0.479  0.059  0.285  0.104  0.896  value  P  
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Table 5. Comparison of mean of gas production after 24 h, metabolizable energy, digestibility of organic matter and 

short-chain fatty acids in molasses and vinasses after 120 h incubation at  39 °C 

1GP24= Gas production after 24 h, ME=   Metabolizable energy, DOM= Digestibility of organic matter and SCFA= short-
chain fatty acids.   
2SEM: Standard error of means. 
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Gas production parameters1 
Treatment  

SCFA (mmol)  DOM(g/Kg) ME (MJ/Kg) GP24(ml) 
4.84a

  211.19a  11.23a
  218.42a   Molasses  

2.91b
  137.01b  7.18b

  131.17b   Vinasses  

0.138  5.58  0.228  6.27  SEM2  

< 0.0001  < 0.0001  < 0.0001  < 0.0001  Value  P  
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Fig. 2. The volume of gas produced (ml) by the diets in different incubation times 
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Table 6. Comparison of mean of potential for gas production and gas production rate in the 

experimental diets after 120 h incubation at 39 °C  
Gas production parameters1   

PGP (ml) GPR (ml/ h) Treatment  

239.70  0.0373  (20% molasses + 0% vinasses)  

223.69  0.0372  (15% molasses + 5% vinasses)  

239.92  0.0392  (10% molasses + 10% vinasses)  

236.57  0.0402  (5% molasses + 15% vinasses)  

266.89  0.0353  (0% molasses + 20% vinasses)  

14.613  0.003  SEM2  

0.99 0.61 Linear 

value  P 0.38 0.74 Quadratic 
0.27 0.32 Cubic 
0.98 0.91 Quartic 

1GPR= Gas production rate, PGP= Potential of gas production. 2SEM: Standard error of means.   
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Table 7. Comparison of mean of really digested organic matter, efficiency of microbial biomass, microbial 

biomass, partitioning factor and degradability of cell wall in the experimental diets after 120 h incubation at 39 
°C 

Gas production parameters1
  

Treatment  

DCW (%) PF (mg/ml) MB (mg)  (%)  EMB   RDOM (g/kg) 
74.57 3.47a

  143.13a  36.57a
  391.10ab

  (20% molasses+0%vinasses)  

84.47 3.07ab
  106.78ab

  28.07ab
  375.85ab

  (15% molasses+5%vinasses)  

78.04 2.42b
  28.75b

  9.07b
  315.28b  (10% molasses+10%vinasses)  

72.12 3.11ab
  127.21ab

  29.05ab
  435.15a  (5% molasses+15%vinasses)  

75.62 2.71ab
  64.21ab

  17.22ab
  341.25ab

  (0% molasses+20%vinasses)  

4.079  0.207  25.99  5.84  25.99  SEM2  

0.57  0.01  0.03  0.02  0.09  Linear 

value  P  
0.16 0.64 0.54 0.49 0.49 Quadratic 
0.10 0.25 0.20 0.30 0.09 Cubic 
0.83 0.07 0.05 0.51 0.03 Quartic 

1RDOM= Really digested organic matter, EMB= Efficiency Of microbial biomass, MB= Microbial biomass, PF= 
Partitioning factor and DCW= Degradability of cell wall. 
2SEM: Standard error of means. 
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Table 8. The amounts of gas production, metabolizable energy, organic matter 

digestibility and short-chain fatty acids of the experimental diet  

Gas production parameters1
 

Treatment  

SCFA (mmol)  DOM (g/Kg) ME (MJ/Kg) GP24(ml) 
2.98b

  136.03b  9.29b
  134.38b  (20% molasses+0%vinasses)  

3.13b
  143.38b  9.53b

  141.20b  (15% molasses+5%vinasses)  

3.59ab
  162.64ab

  10.80ab
  161.91ab

  (10% molasses+10%vinasses)  

3.97a
  178.50a  11.57a

  178.79a  (5% molasses+15%vinasses)  

3.59ab
  164.11ab

  10.85ab
  161.65ab

  (0% molasses+20%vinasses)  

0.223  8.95  1.24  10.07  SEM2  

0.001 0.001 0.001 0.13 Linear 

value  P 0.001 0.002 0.001 0.55 Quadratic 
0.001 0.008 0.001 0.16 Cubic 
0.001 0.10  0.001 0.90  Quartic 

1GP24= Gas production after 24 h, ME=  Metabolizable energy, DOM= Digestibility of organic matter and SCFA= short-
chain fatty acids.   
2SEM: Standard error of means. 
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Abstract 

This study was conducted to compare the nutritive value of molasses and vinasses by in vitro gas production 
technique using rumen fluid collected from three fistulated mature male sheep. The experiment used the 
completely randomized design with 5 treatments and 6 replications. Rumen fluid was collected from three 
fistulated mature male sheep.The experimental diets included: diet 1) basal diet + 20% molasses + 0% vinasses 
(control), diet 2) basal diet +  15% molasses +5% vinasses, diet 3) basal diet +  10% molasses + 10% vinasses, 
diet 4) basal diet + 5% molasses + 15% vinasses, and diet 5) basal diet +  0% molasses + 20% vinasses. 
Potential of gas production, rate of gas production, metabolizable energy, digestibilityof organic matter and 
short-chain fatty acids from molasses were more than those from vinasses (P<0.05). Partitioning Factor, 
microbial biomass and microbial biomass efficiency at level of 10% vinasses was less compared to the control 
(P<0.05). The volume of gas production from diet containing 15% vinasses was greater than the control 
throughout the fermentation period (P<0.05). Metabolizable energy, organic matter digestibility and short-
chain fatty acids from the diet containing 15% vinasses was significantlyhigher compared to the control 
(P<0.05). Generally, substitution of vinasses with molasses up to 15% increased the nutritional value of the 
diets. 
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