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In this study, the nutritional value and digestibility of tomato pomace before (TP) 

and after oil extraction (DTP) were measured. Lycopene content of TP and its 

rumen disappearance rate were determined. In a completely randomized design, 

gas production content of TP and DTP was measured in an in vitro experiment. 

Ruminal disappearance of dry matter and lycopene of TP were determined at 0, 2, 

6, 12, 24, 36, 48, 72 and 96 hours of incubation using fistula cows. Ruminal 

degradability parameters including rapidly degraded fraction (a), slowly degraded 

fraction (b), fractional rate of degradation (c), potential of degradability (PD) and 

effective degradability (ED) were estimated. The results showed that lycopene 

content of TP was 168 mg/kg DM. Tomato pomace after oil extraction had higher 

amounts of crude protein, NDF, and ADF than TP. De-oiled TP showed higher gas 

production, digestibility of organic matter and short-chain fatty acids and lower N-

ammonia as compared to TP. The values for a, b, c, PD and ED for dry matter 

were 57.1, 0.07, 66.4 and 49.3% and for lycopene were 3.87, 42.1, 0.076, 45.9 and 

34.1, respectively. In conclusion, ruminal degradability of lycopene was about 

30% meaning that about than 70% of lycopene by-passes the rumen. In addition, 

de-oiled tomato pomace has good nutritional value for use in ruminant nutrition.  
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 !"6	 ��6� �6�� Q
��
�"� 

2/0 ��	�� v�"@	 � �� ��	� 20 - (;�� !���� ���$ ����l�� �H Wa"? .�b���6� !��6��	& X
�	 (FI H �% 
��<��� �� 
\�C	 ��+ ���= � W
��"��s6+ 
����� ��6$ ��76	 .�H B���$ ��
:- (FI H �� 
��	 !�& )IVOMD (� �b��� E%�G c�6��%��	 

)ME ((��I� ��+ !�
�	�& (% M69�9 (D%�� �� 
��<��� �% ) ��+3) � (4���&�% ( �H ]13[ .  
 (D%��3                                               (IVOMD (g/kg OM) = 148.8 + 8.89 GAS + 0.45 CP + 0.65 XA  

� (D%�4    (                                  ME (MJ/kg DM) = 2.20 + 0.136 GAS + 0.057 CP + 0.0029 CP
2
   

 �� (�(D%��  ����:	 ��+GAS� c8d ��$ ���� ��6��9 ���% 200 !"6	 ��$ ����%�� y-  ��24  W#��
��%� ��|��6 CP��76	 � >6�9��- ��� (% j��S ��$ �� 100 ��$ 
��	Q��  �XA� ������ (% j��S ��$ �� 100 ��$ 


��	 Q�� !	 �H�% .  
M
�w  <9 Q6)Partitioning Factor-PF (��6% 
���� WF�� (
789 !CG�� ����%�� (% c8d ��$ �6��9 
�H �� 


��� ��+ !��	� ��6��%� �� !	 �H�%  �(% (D%�� QI� ��+ )5(  �)6( .�H (F��]	  
 (D%��5   (                                            ������- G�%! 
���	- ���/	 ���6( = 
��	 �&! O�CG�� c�+ 
�H )	6"! ��$(  

 (D%��6 (                                                                                                PF =

�H c�+ !/6/d !�� 
��	 ��$ !"6	


�H �6��9 ��$ ��6� !"6	
  

��96� �9��-6> 	 6�!%� )MPS( �� 
��<��� �% ) (D%��7( I@9>6  
���H ]4[ .  
 (D%��7                                                              (MPS (mg/g DM) = mg ADS - (ml gas × 2.2 mg/ml)  

 �(D%�� >
� �� (�ADS� ����%��� c�+ �+�� 
�H�  �2/2 E	�# ����6���	�� M�d�% 	6"! ��$ ��>%� +6�b��� 

� ���6�, ��6����	 ��%� 7��� ��6�+�� _�` �
�9� 8��6� W�� .Wa"? ��6��+� _�` �
�9� 8��6� �� 
��<��� �%  (D%��)8( 
(F��]	 �H ]9[ .  
 (D%��8                                                                  (SCFA (mmol/200 mg DM) = 0.0222GP - 0.0042  

  
2 .4 .
���� %&��� ����� ��.-$ 
� ����-�  �� �
 3"��<)
5�=� �*� � � �8�  

(% ��a�	 C966(8����= > �+� 789(
 ��
:- H (FI �� � >-� 6 ��$ ~�� �� �� ���% 
��	 !	�%����� =6R���� H (FI �� 
 
��<���HL �� .�! ��;� j�	� �	�&
 �T���  �+(% j�	 TH ; �% (�<+6���l�� 
��  ����; �% r%�D	 
�H c6a�9

] !
�:? j�;�6�d�15 [ WF�� �%60  (%40  
������� � (=�"#)E	�H (8��
� 
�� � ����$bP6 �j�f (��� ��; ~�F� ����$ 

(��8�� ����
 (��� �
��� �j�f ��	 EI 	 � 	��C! � �>6	��
 ((��FH ��L �� ��% �� ) ���W#�� 8  �16 (���H (
:A9 ���/	 .
5 � �� ��$(��I  (;�$ (��<9 ���=! � ���/	 EFG �� (�>-� 6 
����� �& $��6  �� W�� 
�H6�(� �+� !��"
�� )ANKOM 

Co, Fairport, NY- � 
�	& ���� ( ��C%� (%100×150 	6"!  :=��	 �DG � ��	48 	 6 
��� ���G ��	��H ��� .�6�(�  ��+
���! WFY (��I� .�H (% �+  �� M69�9��	� �+� �� �TH �12 �24 �36 �48  �72  �96 �L �� (�78	 
��� (� ��) W#��
 r

=6R���� H (FI �� ��� (FI H ��  .W=�$ ���G �+�s� �� y-�  �+ ��HQ
 ��	� �� �+� C966>  �
�H6�(� (% �+  ��L
c+ ��	� �H (�H���%�� � �� �
H �6(% ��� _& � %��!  (��H ���H��%� C966 > ��H�
�-��
��	  � Q��>-� 6�  ��	� ��

 ��<S6�(� �+� ��d�  (��I�(��<9 (;�$ ���=! (% j�	 15 G�6� (/
H �6 _& �W�H �H�  ys� .�H6�(�  �+(% j�	 48 
�	� �� W#��� 40 ���� (;��!  ���$���% Q��  ���G ��& �� E	�� ��H���=�$� x��� �% .(�6 �+ Q�� � ��& ��  ��H
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�& �+� ��� (��I� ��� \P��� ��(6  �	 ��& �� �C% (��I� �����76  ��H�
�-��
��	 (;�$ (��<9 Q�� !���=  ��	� �+ ��
�/% .�H (F��]	��
 Q�� � 
�H(�6 �+ (% ��% (��$��; ��L� 
����� $��6 � ���/	>-� 6 G�%
���I6 �= ���7
 (a/]	 ��  ��+

 
�69(�� ����  H�.�� (8����= �+� 789(
 ��
:- (D%�� �� 
��<��� �% ��+ )9(  �)10(  (F��]	�H ]17[.  
 (D%��9                                                                                                                 ( )P = b(1 – e

-ct   
 (D%��10                                                                                 (                             P= a+b (1-e

-ct
)   

 (� ��(D%��  ��+ �
�H��fP� ����-E6 789(
 ��
:-  ��	� ��t| a� 789 T@%(
 ��) �<S ��	� �� 
�HX
 789(
( |b � 
���� T@%� ����-E6 789(
 ��
:- ��) ��	� ��789��(
(| ED� 789(
 ��
:- �YZ	| r�  ��F# J��05/0 W#�� �� �S�� |c �

789 J�� W%�Y(
 ��
:-  �t�  ��	�W��. 
��	 ��H�
�-�� �S��  Q��� >-� 6� (��<9 (;�$  !���=  �� 
��<��� �% (FI H ��
 (D%��)11(F��]	 ( .�H  

 (D%��11                                     (����� ���	 
��	 
���	����������� �� ��� ���	 
��	  
���	

����� ���	 
��	 
���	
× 100 (FI H �� �:A	 
��	 ��H�
�-�� =  


��� �+ES�d �  �� 
��<��� �%���  ��7=� ���	&SAS  )2/9 ((
�� �i"�@	 ���% ��	 ���	& )12 � (
789 (>6���6	 �+ �% 

��<��� �� ��	�& (�	����` �� > ��� � �� }D� !�C	 ���� [�- �S�� (�
�/	 �H.  
 (D%��12                                                                                                   (Yijk= µ + Ti + Rj + eijk 

�� >
� �(D%�� Yijk�  ����� 
�+��	 
�H| µ� >6���6	 E�| Ti� �Y� ��I69 !�
�	�& i��| Rj ��Y� 
��� T
�	�& j�� � eijk� 
�Y� ��D� !�
�	�& W�� .  

  

3 .>��<  � ?@�  

3 .1 .���� ����� 	" ���-�� 678� � ����.�$ 4���5�� �� �!  

(��<9 !
�6I6H j�F6��9 ��� ���� [
���  (;�$ >?�� �� EFG !���= B��7$ ���#� �% �w�d T
�	�& �� ��6$  �� 
�HNRC ]15 [
 ���;) ��% (%��	1( .(��<9 >?�� ��6$ 
�H �� �a� �>6�9��- \�6�� ��"]	�� �� 
��
�H !^�� � ��6�� WF�� (% (��<9 (;�$  !���= 

>?�� �� EFG �
��/	 ���d ��6$ T6% ��9  (��<9 �� >-� 6� ���/	 .��%168 !"6	 
��	 ��$�"6� �+ �� ��$  ����]	 .��% Q�� 
>-� 6� (;�$ !���= 
��9 ��6�% �6A�	 W�� � W]9 �6Yp9 !"	��# ����	 �(��$ ��6�� (;��� _& � ��+ � E]	 !
�6=��A; ���G W�� 

 ����]21[(;�$ �� ��;�	 >-� 6� ���/	 . 
��9 !���= 1/12  �93/64 !"6	 ��$ ��  W�� ��$�"6� �+]24[T6% . >
�9 >-� 6� �� 

������� (;�$ !���=  ��76	 (%540 !"6	 ��$�"6� �� ��$ � ��% �
�� �� >-� 6� Wa"? 
���&�= (;�$ ��+  ���- �_& E^	 !���=

(;�$ y� � (% !���=  M69�960 �200  �230 !"6	  W�� 
�H B��7$ ��$�"6� �� ��$]24[  (��<9 �� >-� 6� �
��/	 �
(;�$ �Pd e�� � x��@��� B�� (% (��% !���=  >6% 
��<��� ���	 ��+110  �9540 !"6	 W�� �6A�	 ��$�"6� �� ��$ ]1[.  

  
 C1�81. �8$6 ���7% 4-$ �� (D�< 1 �&��E�= ��:���% �*
��   

!
�6I6H j�F6��9  TP
  

DTP
 


��	  (�S��) Q��  4/92  1/92  

��	  (�S��) !�&  1/94  1/94  

>6�9��-  (�S��) ���  2/17  3/18  
(�S��) !^�� 
��
�H �� ��"]	�� \�6��  63  2/64  

(�S��) ��6�� 
��
�H �� ��"]	�� \�6��  42  6/42  

��N#  (�S��) ��9�  1/12  -  

(�S��) ������  9/5  9/5  
!"6	) >-� 6� 
��	 ��$�"6� �� ��$  (Q��  168  -  

TP :�8$6 ���7% �*
��  F 
DTP�8$6 ���7% : �*
�� 4<1� )��6 ��= .  
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3 .2 .��� ����� :��(�,  

(8����= [
���  ���$ �6��9 ��+B���$ � �6I@9 ��
:- (��<9 (;�$ !���=   �� �C% � EFG>?�� �� ��6$ ���; )2( ����  
���
.W�� 
�H �� ��6��9 ��$ c8d ��	� 24 W#�� y- �� ��6��%� �� �� (��<9 �� �+ ��% (%��	 �	� j��<9 !�C	 ���� �� 

�6��9 ��$ ��	� ��+ 48� 72 � E� ��$ ��6��9 ��;� ) WH��05/0<P( .E6����- �6��9 ��$  (��<9 ��(;�$ ���= !
>?�� ��6$  
�HT6% �9 ��% �% >
� ��d J�� �6��9 ��$ .��% ��� 
 !�
�	�& (��I� �� �+ �� 
�I# j�F6��9 �� j��<9 >
�9 

!
�6I6H >?�� (��<9 ��6$ !%�` .W�� �& !%�` �S�� (% v�%�	 
�H (��<9  )12 �S�� (!	 ����9 ��� W6��C= 
c�6��$���� 6	 �+ � �6I@9 \�6�� �#�% � (�H�� !<�	 �6Yp9 T+�� �6��9 ��$ ��H .�� (C��D	 >?�� �� �
�� �#�% T+�� 

�6��9 ��$ �� i
��H !+���
�	�&  �H]20 .[�% (;�9 (% >
�  (�T@% 
�I# !%�` ��;�	 �� (��<9 (;�$ !���= �� e�� 
e�FH��6? )80 �S�� ( W��]8[. OR�I�d� T+�� �6I@9 � (% ��F�� �& T+�� �6��9 ��$ �� (86�� TH�- !+� 

c�6��$���� 6	 ��+ (FI H i��9 !%�` �H�% (��<9 .>
� �6Yp9 !%�` !<�	 ��� W6��C= _�� 6	 �+ �% W6"%�G 
B���$ ��
:- 
��	 �Q�� 
��	 !�& � �b��� E%�G c�6��%��	 76� .W�� ��l�	 	 j��<9 ��� ���� [
���!�C  ���/	 �� ����

>6�9��- �6��9  � Q6 <9 M
�w �!%�� 6	pH �	 (��I� ���b���6� .WH��� ��;� T
�	�& �� !��6��	& (FI H ��  (��<9
>?�� ��6$ 
�H c� �9 (;�$ (��<9 �� ) ��% !���=05/0<P!	 (� (  ����9(% E6�� �H�% (��<9 >?�� \:d .  

  
C1�8 2�H�2��� .  I	�6 ���$% )�����$6 1 ��EJ% )�&,- $6 ���7%�8 �*
��  4<1� 	� �3+ 1 9:; )��6  

  TP
  

DTP
  

SEM
  

P-value
 

(8����= !"6	) ��$ �6��9 ��+ (��6�          
 ��6��9 ��$24 W#��  4/34  7/37  3/1  13/0  
 ��6��9 ��$48 W#��  7/42 b

 8/47 a
 19/1  02/0  

 ��6��9 ��$72 W#��  8/46 b
 4/55 a

 34/1  004/0  
��6��9 ��$ E�  4/49 b

 8/57 a
 99/0  001/0  

) ��$ �6��9 E6����-a(  9/54 b
 2/62 a

 43/1  01/0  
��$ �6��9 J�� )b(  03/0  031/0  002/0  99/0  

(8����= �6I@9 ��+      
B���$ 
�	 ��
:- Q�� (�S��)  5/59 b 69a 27/1  03/0  
B���$ 
��	 ��
:- (�S��) !��  4/59 b

 4/72 a
 85/0  008/0  

�b��� E%�G 
��	 ��$�"6� �� ��b��	) c�6��%��	 (Q��  68/4 b
 39/5 a

 05/0  01/0  
��+�6�� _�`  
�9�� !"6	) �68�� 
��	 ��$ �� ��	 (Q��  55/0 b

 67/0 a
 007/0  009/0  

>6�9��- !"6	) !%�� 6	 (��$ �� ��$  158 179 57/7  19/0  
M
�w !"6	) Q6 <9 !"6	 �� ��$ (��6�  8/1  77/1  06/0  78/0  

pH  21/6  32/6  03/0  13/0  
�b���6� !"6	) !��6��	& !�� �� ��$ (��6�  2/16 b

 1/17 a
 07/0  01/0  

TP�8$6 ���7% : �*
��  F 
DTP�8$6 ���7% : �*
�� 4<1� )��6 �=.�  

a-b �1�7% :4�*
���  �� K1�L �+ M&
� �� �
 �+�.��
��3�  ��
) (2�05/0<P.(  

SEM :4�*
��� 
���
�/2� K��R
�.  

  
3 .3 .��%&� ����� ��.-$ �
 3"�( A+B � ���-�� ���� ����� �� �� �! 3"��<)
 �
 �=�5 ��* � �8��   

T@% ��� ���� [
��� X
�� ) (
789a�( ���� ) (
789b�(  W%�Y  J�� ) (
789c�( E6����- (
789 ��
:- )PD� ( (
789 ��
:-  �YZ	 
)ED���% ( 
��	 Q�� (��<9 (% M69�9 32/9 �1/57 �07/0 �4/66  �3/49  ���;) ��%3(
789 .( ��
:- (FI H �� Q
 ���H 


����� ��6$ cl	 ���% B��� !
�:? �+ W�� ��$�������@�� �� �:A	 
��	. (8����= !�
�	�& ��  ��+a �b � c (%  M69�9
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09/7 �06/43  �06/0 ����� B��7$ ]22[. c+  !�
�	�& �� >6�` �
��/	 ��
�a �b �c  �ED (��<9 (% ��  M69�99/14 �6/4802/0 
 �6/29  �H ���&�% �S��]6[j��<9 . 
��� �� 76`�� ��+  ��+T+�,- �
�� �% �w�d T+�,- !	 �+ ����9 !H�� �� !$,
� !
�+ �6a� 

M6��9 !
�6I6H � ������ 
���
�  !��"� ���	 !�����  T@% .�H�%a �b �c �PD  �ED ���% >-� 6� (% M69�9 88/3� 1/42� 
076/0� 9/45 � 1/34  ���;) ��% �S��3���� (� ( !	 >-� 6� �+� ����� �
��/	 >6
�- �9 a �b� PD � ED  �% (�
�/	 ��


��	 T@% W�� Q�� .[
��� ���� ��� T6% �� 30 �S�� 
��	 Q�� � >-� 6� �� 12 W#�� (6��� ��6��%� �� �� (FI H �
�-�� 
���H )E H 1 .(���� !l%��	 >6% 
��	 ��H�
�-�� Q�� � >-� 6� �� (FI H ��;� WH�� (� ���� !	 �+� �% T
�7=� ��	� 

���$���	 �� �(FI H WS�= T6% ��9 ���% W6��C= c�6��$���� 6	 �+ (% ��;� 
�	& � ��76	 T6% ��9 �� 
��	 !����� 
(
789���	 ���G !	 ��6$ .>
� [
��� �� (�=�
 ��+ !"FG !�F	 �% >
�  (��+�6m��9���� ��H�
�-�� �� (=�"# �� (FI H !	 ����9 (% 


��	 Q�� � ����]	 !��"� v�%�	 76� �H�% !��F6��- !	 ��� ]14[.   

  
C1�8 3. �H�2��� )�� �&TH% )�&,- �
�� U.V 1 �4-$ � ���7% �8$6 �*
��  �W�� 	� �
�7/2� �+ �
$�&�
 )��  

  >-� 6�  
��	 Q��  SEM
  

P value
2  

T@% X
�� (�S��) (
789  87/3 b
 32/9 a

 66/0  01/0<  
T@% ����� E6����- (
789 �� �d�� (�S��) ��	�  1/42 b

 1/57 a
 62/0  01/0<  

789 J�� W%�Y(
 (W#�� �% �S��)  08/0  07/0  002/0  12/0  
E6����- (
789 ��
:- (�S��)  9/45 b

 4/66 a
 17/0  01/0<  

(
789 ��
:- (�S��) �YZ	  1/34 b
 3/49 a

 26/0  01/0<  
a-b �1�7% :4�*
���  �� K1�L �+ M&
� �� �
 �+�.��
��3�  ��
) (2�05/0<P.(  

SEM : K��R
�4�*
��� 
���
�/2�.  

  
(
789 ��76	 ��	� �� >-� 6� ��
:-  �TH ��� ��+12 �24 �36 �48 �72  �96 (FI H ��6��%� �� W#�� (% ��  M69�911 �

20 �31 �37 �41 �45 �48  �49  E H) ��% �S��1!	 ���� (� ( (
789 �+� (FI H ��
:-  ��+�6m��9���� �� >-� 6� ��
c+  E^	 ��� 
������c� >9������% � >6�9�� (FI H ��H�
�-�� ��76	 (%��	 !�
�	�& �� .W�� �9 ��	� �� >9������% ��  ��� ��+

 �W�+ ���l`16 �32  �64 (% ��$ (FI H �� ��6��%� �� �� y- W#��  M69�96/57 �7/65 �9/71 �5/79 �9/85  �2/91  �S��
(% >6�9�� ���% �
��/	 >
� .��%  M69�91/49 �8/59 �8/66 �3/77 �7/84  �90 W�� 
�H B��7$ �S�� ]14[T+�,- >
� .  ���$

��	� �� >9������% ���% !+���
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