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 9+�,- :$� ��;�� < <�����' ��$��=�> ?�@�	�* <&$�A�6���� ���� ��)�* ��+.��  ��$7- � �)��� ����$
 � B
C �
�� ��*

 ���� ���� %��- �
 � ����� �
�* ��)�* ��>��> B
C � ����* ��DE �  �> �������C :�F*��- . ��)��� ����$
 ���C ��&	�C �

�=+ .��  �)��� ����$
���� %��- H)���  ��> ���� I�*�* < )51 �4/48 �9/299  �7/173 (B
C �
�� ������	 �
 ���  �


 .L ��> B
C %��- �  <&$�A� I�*�* < )5/36 �5/37 �9/221  �2/150  (B
C �
�� ������	 �
 ��� �*O� )05/0(P< � 

?����+� �	��+ ��@�'��P )580 (B
C �
�� ������	 �
 ��� :�$�- .L 
�  �*)05/0(P<.  ?�@�	�* Q	 9+�	 R��  .
�	 ����

�)��' )17/191  Q �A� �
3/255 (B
C �
�� ������	 �  B���* ���� ��� S
�T�:��* Q	 ��+ )4/162  Q �A� �
219  ��� S
�T�

(B
C �
�� ������	 �  B���* ���� )��' ?�@�	�* �����*��P � )3/29  Q �A� �
2/36  �
�� ������	 �  B���* ���� ��� S
�T�

(B
C�pH  )69/3  Q �A� �
92/3( � ?����+� �	UL �
 S��V� ��+ )6/24  Q �A� �
5/34 (B
C �
�� ������	 �
 ��� �>�  ���

W�����L %;�P ���'�  %�'�X B��	O ���� �  
�
 9$�H'� ���� %��- �
 ��)05/0(P<. Y&�)� ��� Q �Z �(��� ���� ��)�*  %;�P �

����� ��*�	 U�E ��+���� )723/0  Q �A� �
023/1 ����(S��  
�  �*O�  ��> B
C ���� %��- �
)05/0(P<. 6���� ��$7-

.�� � ����� �
�* ��)�* �
��  �� ����� �
�* ��)�* �B��[* I$�\ ��)��� ����$
 ��* <@=�> W�����L %;�P ��� �
 ���� %��- 

��> ���� 
�  �*O�  )05/0(P< . ��E�+ ����  �$�7P 6��� ��� �> B�)��' ?�@�	�* 9+�	 R��  ��] �* .
�	%��-  �
 �� ����

.��
^@� 
�@D  ��> B
C W���C �  <&$�A�  

�7�!$�
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�*�  �(_��6����.��  ��$7-��*  

  
* :S�F&� `��&$�� alipourd@basu.ac.ir 

���
 ?���)�* ?�A�AV* 

 S�����DE ���=>/S��/��D  1394 )93 -79(  



80                                          �=*�] ���  :.����=+ ��' ��$��=�> ?�@�	�* �  ���� %��- .
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�'�8'  

���� %C�
 ��b� ��!���C .��$� (Punicagranatum, 

Punicaceae)  � %�� 
��]47  .��$� �
 .�Dc ���� �b�


�� ��)�*
�> )(FAO, 2010 S�� �
 .1390  �$� de�

) ����  ���� %
	70246 ) ����  ��P � (����+18820  (����+

 ��
	 �
89066 �)�* .�H�� � ����+ .L �908550 
�  :* 

����
 � �����
	 ?O�fV� <������L) 1390.(  U�&�]� � 

g�@$�A* <��$� 50  ��)�* ��$L�' 
��� ��
	 ���)�* ���� �b�


�
��L�' ��T�b ��+��>  
��] �50  �� ���� ���� �b�


�� Q��
* %��-�+
�  S�� �
 ���� %��- ��)�* .�H��

1390  
��]227137 �� 
��L�  :*>��=� 9^  <	 
� ��

�� �Z�  �
�[��� .��  .L ����
�)L R��  � ���� %&$� ��+

�� �e�V� %T�b �
 W���C �O�  <�$H+ <  <c�* �  .
�>

���=&- �� �
�[��� �����h��
 �����
	 ?O�fV� ��+

 <�$H+ 9+�	 ���  I���� �>�� <$7i*�� U�&V� ��
-

�� �'�j �� � 
�>:�  �$�7P % �Z� ����* ��
 � .�&�� � �+

.�+
 9+�	 �� �e�V� %&$� ?_�
� :��k=+  B$ �


 <	 �> 6��H� 9+�,- <$7i* <'�	 ?��b <  ���� ���* %��-

 �$�* < <)���� � �
�
 9$�H'� �� �'�f� W���C ��>�� ��+

%�� <�>�
 9$�H'� <  Q$�=* H�� <����� .�� <'�\� 

(Shabtayv et al., 2008). .L 
�- :��k=+ �+ <	 ��
�	 
�D�

���L %�b�C 
���=� %�� :�=� ���� %��- �����&	�

<)���� %�_� �  � �
^  
�@D  �� ��=$� ��� .�>�  �a�� �+

���f� �  <$7i*<)���� ���  ���� ��+ �
 .��c ��+70  ���

6���� � �����&�	 l�f� 9+�	 R��  ����� S�� ��$7-

> :�F*��- � � �E �.(Oliveira et al., 2010)  �� �
�[���

 .�H�� <  ��> ���! L ���� ���� ��$�A  ��> m��i* ���f�4 

 ��'�f� W���C 9$�H'� R��  ���> ��+��� ���c �b�


 � ��> �����&	� ���L %�b�C 9$�H'� � ��> ��)�* 9$�H'�

S��� 9+�	 %�� ��> ��> ���*���� ��+(Shabtay et 

al., 2012).  


�$� ���A� ����
 ���� %��- %�� �)��' ?�@�	�* �

)Gözlekçi et al., 2011.( :��*��- ?�@�	�* �� �+��� �+ -

 ?��a� %�� :�=� <	 ���&+ �)��'��[� � ��n <�>�
 �

 ��>� (Frutos et al., 2004). :��*�� �+:�F*��- �  �����* ��+

?����+� �	 9+�	 R��  � ���> ���  ���T� 
��� � �+

6����.L ��$7- �+�> �� � o� �H� %�� <  :��k=+ �

 ���> �'�f� W���C 9+�	 R��  ����
 <	 �n �Z %�b�C

��+
 9+�	 �� ��
 
���=� �.(Barry and Manley, 1984; 

Reed, 1995)   ���
�� ?��a� <�=c ��?�@�	�* :$� ��.��* 

 <  �1[� ���  �� %T��=�Q!�� 9+�	�
�� ��+:��k=+ � �� 

������c ��  �� 9�  <$H�*:�F*��- �] �
 %�[�	�  ��+

 � <@=�> 9$�H'��
�� <  ����\ <���L ��+���� .�$�c 

<	 
�=� ���>� �� ��)�* �
��  � 
���=� 9$�H'� R�� ���> 

(Barry and  Manley, 1984; Barry et al., 1986; Wang 

et al., 1994; Niezen et al., 1993; Min et al., 2003).. 

�
��L�' ��)�*�b ��+ � % �> �UL ������&�	) ���� ���� ��T

U� ��� ���� %>�
�  Qf' <  
��V� (... :$�� ��  .�>� 

<��D ����h��
 %T�b �
 ���� %��- �� �
�[��� ���� �

6�� �������I���� ����D!� ��+ �� <  <c�* �  .�>� 

 <�D* ���� %��- �O�  % �j���> ���� 
��� �� ���+�� ����*

���  �@���� ��O�j ����D!� �\ ?��a� 9+�	 � ?��

<$7i*:��* ��.�>�  �+  

�)��� ����$
 )NDF(  �)��� ����$
 �.��  �=+ H)���

)ADF (_��(  B$ �
 ���� %��-9+�,-  I�*�* < 6/13  �

6/8 �> 6��H� (_�� B
C �
�� �b�
%�� �  .(Taher-

Maddah et al., 2012a)  I�*�* <  ��!$
 <T)�e� �
 ���

8/39  �6/31 %�� ��> 6��H� B
C �
�� �b�
 

(Ebrahim Pour et al., 2014).  Y&�)� ��� Q �Z �(��� .�H��

*�* <  <T)�e� �
 :$� �
 ���� %��- (_��I� 58/8  �69/7 

.%�� ��> 6��H� B
C �
�� ��� ���	 �  S�(�!�  

6��H� <  <c�* � ��+ ?��[���  (_�� �$��=�> ?�@�	�*

 � ���� %��- 
�c� ����
�
�$�+ <�����' �  ��@� ��+

 Q�@Z �� ���� %��- (_�� ���=^* ����V�?����+� �	 ��+

 :��k=+ � �	�����L .(����� � B��	O ���� ����=�C����P

6���� �  .
�	 ���� ?��a� ����$
 � B
C �
�� ��$7-

� �)��� �)��' ?�@�	�* ����V� �  :��k=+ �
�* ��)�* �

  � � ����� Q�� ���  9+�,- :$� �� ����� �
�* H��� �
��

 .�> ����� O�  l��+� <   
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-!� ! ���'�%  

%��-  �V� <��C��	 �� 9+�,- :$� �
 �
�[��� 
��� ����

 ?�TeZ <  �-�E �  oh� .�> <�D* .��=+20- 30 ����-

 ����
�C %��- .�> (<��
 <�&+ �Z�')  QC�
 ��> 
�C ����

�� ��E�	 ��+����  o�c-�$��	 Q��$� �� (PVC)  S�j � 

70  �eZ �15 ����� 9$���� � ���12  ������	 ��DE �


����*  ?�� < 70  ���%��- �� ����A� :��k=+ .�> ���� 

 ?�� <  ���� ���*48  ���
 �  .�L �
 %���55-60  <c�


����� 
��� ����* ��DE �
 B
C>.� pH <��=� 6�� <  �+

MAFF/ADAS (1986) � <  <	 <��� Faithfull (2002) 

 ��> ��!��� %�� ������ .�> ����  

<��=� �� ���=^* ?��b�fC :��T* ���  �+ ���� ���* %��-)

 (�+(_�� ����f� .�> ���� �� 9$���L �� 9^  :$� �
 �D�*

 .�$
�� �
�[��� ���� ���* %��- ��;�� :$� ��� 25  �� ���

 � :$��* �* <��=�225 �������) A� UL �> �
�H'� .L <  �e

 oh� .���> p��^� �H$��(�=+ �  <A�Z
 �
 ?�� <  � < 

<����  <E��-S�A�� ��DE  q$�� � ���> l�b <$Ol�b  ��>

 B��	O ���� :��T* ��� (Taylor, 1996)� ?����+� �	 ��+

 .����L � L ���f� �� �
�[��� �  UL �
 S��V�(MAFF, 

1982) ���
 �
20- ����� <c�
��� 
 .���> ����D!�  

 ��� ������ �����	�����L .(�����20 <��=� �� ��� �*  :$��*

:)�� QC�
 ��> <�^$� <�& �
 ��+�  oh�60 �������) 

 Y����- �$��	2  �
�H'� �D�L <  �O��>�  <A�Z
 �� 
��] �

�> �
� YD  �L �� o- � :=*�� 7P�	 �� �
�[��� �@54  ����'

.�>  �	�����L .(����������� %$��	�h�+ S��' 6�� <  ����

�$
��(Broderick and Kang, 1980)  .�
  6�� :$�50 

 �  �� <��=� ���)�����5/2 ���� � S��' S��V� ���)2 ����-

 ?�� <  oh� � �
�	 p��^� %$��	�h�+ S��V� ���)5 

 ���
 �
 <A�Z
95 ����� <c�
 ���Z ��� UL ��=] �
 
���

�> B�C �� o- .%'��
�[��� �  .�  ��!��
 ��

 r�� S�j �
 �����'���h��630  %s��Z ������� ����� .�>

 <	 
�  ������L ?�[)�� 6�� :$� �
 <�'� ���  
��������

���� ?��b <  �+
�������� :$�� ��  ���
�  ��> <�D* S��

�  �+
�������� .�����@�)�	 ��
�=� ���� t��� � 
�  S��

<��=� %;�P g�@Z�T�� .��L %��  S�� ���� I&]�  Y+ �+

���� �
 W�����L �)��)�� ��c .
�	 U�\ �  �7) S��

���� <  u$��� ����L %��  Q$�@* ��� .�� .�$�- �
 .���>

 � .L .(����� Q	 �b�
 �.L B
C �
�� �b�
 ��* <��=�

 Y����- �$��	 Y�]2 ���f� �
 <�'� ���  �O�� <  ����

 .(����� <@��V� ��;�� �  ��� ?��b < ) �	�����L

 .���> �
�
 %)�C
 (Q	 .(����� ������	 ��'�  %�'�X

6�� <  �+(_�� � ���* %��- Moharrery (2007) :��T* 

.�> 6�� :$� �
� <��=� <�>�
�  ����A� <  �* ?��b <  �+

 
��] <	 ���>5/0  oh� .
�> Q��> �� B
C �
�� ���

 �
  B$ QC�
100 �����^$� ����) � ���> <30 ����-

 <A�Z
 �
 �� o- � �$
�� �
�H'� .L <  �eA� UL ���)pH 

<��=� <�)�� .
�	 ���* �  ��'�  %�'�X .�> %>�

�$ �+

 S��V�30 ���� �  �&�j��i� .H=+ v$��> %V* ����)

 (Y$�� ��&	����+) 
��1  <	 ����� �* S����pH  S��V�

 < 7 ������ ��� '�X .�> ����� ��'�  % �$� <)
�T� %V*

���� < �	��> Q$�@* ���) �  .O��:   

30/103×���� 
�� ���)1 ����) ��'�  %�'�X =S�����	�(���) �  .O��  

 x@j ��C ��&	�C � ��*� ���f� ���C :�F*��- �B
C �
�� 

<�b�* AOAC (1990)  .�> :��T* ���A�NDF  �ADF  � 

 6��Van Soest et al. (1991) �  � :��T*������ �� ����

.�> �
�[��� Y$�� %�[)�� �� �)��� ����$
  

?����+� �	 <@��V� �$� <)
�T� �� �
�[��� �  ��@�' ��P ��+

���> )NRC, 2001(:   

NFC%= 100-  ����$
  �)��� +��C ��&	�C �b�
 (

)��*� ���f� +��C :�F*��-  

�)��' ?�@�	�* Q	 ���A� (TP) �� �
�[��� �  :�)�' -

��)�	��� �������> ���� .(Makkar, 2000a)  ?�@�	�*

����*��P �)��' (NTP) :��* U7c S�@�
 <  Q��$� ��- �  �+

:��T* S��V��� .���)���- ��-� :��* Q	 � �+(TT)  �&	 ��

 <@��V� �)��' ?�@�	�* Q	 �� ����*��P �)��' ?�@�	�*

���>. �)��' ?�@�	�* Q	 9��� ��� �  ?��	�* � :��* Q	

 �)��'.%'� ���  
�������� .���� <  B���* ���� ����*��P  



82                                          �=*�] ���  :.����=+ ��' ��$��=�> ?�@�	�* �  ���� %��- .
�	 ���� �a�<����... � ��� ��)�* ��+  

  

��� �!�� -!� �� "�# �
 �� ��'"9  

 6�� <  ��� ��)�* .���LMenke and Steingass (1988) 

 <	 .� �D� �� ��[��� t�� <� �� <@=�> q$�� .�> �����

 ) % �� �
 �
 <�����8  � d@b4 �T   �� ���] ���c �  (�DX

650  � <���$ ���350 �� <$7i* �����&�	 ��� �� ����>

	 x$�j��<@=�> �O�q=c �� QC�
 <@=�> q$�� .�> ���L

 <  � <�^$� : �	 ��&	� �
 ��� �� ��> �- B�_'

 <E��- <$O ��DE �  <@=�> q$�� .�> QA��� ��!
$���LS�A�� 

�> l�b <��=� <  � �$�* <� ?��b <  _@Z <	 �	���C ��+

) :$��*200 ��� ���� z��� QC�
 � ( ��> �
�
 ���Z �+

 ���
� 30 ������) �'�  S��V�- q$�� x$�H* <@=�> �$
��. 

z��� .��&�- ��> <�
PL o���� .��  :�)��� <  Q@Z �� �+

��
� 
�$ � ������+ �� o- .
�[b .��� .
�	 %>�� z���-

 ��� UL ��=] QC�
 �+) ���
39 <c�
 �����(
���  ���Z

.���> �
�
  

 <  z��� � :$�CL � :�)�� <	 �	���C 
��� �Z�' z��� <�

�� Q��
* �� v���'�  S��V� �D�* ��
�
 -q$��  <@=�>

�> <'�\��  ��D��� �
 � �> <�'�� �;� �
 �+�> .���� <  �

 ���)�* ��� �� z��� <� :$� ���)�* ��� :�!���� .���L

z���<��=� ���] ��+ �
 ��� ��)�* .�$
�� �&	 �+

.��� +�� 0 �2 �4 �6 �8 �12 �16 �20 �24 �48 �72 �96 �

120  �144  %���
�$
 .�> %>� <� �
 ��� ��)�* .���L

�> ����� <�����c % ��� �  �
�[��� �  ��� ��)�* ��+������-

 S�� �� France et al. (2000).���> 
��L�   

G= A (1-e –c(t-L))  

G ����)���) �
�� ��� ���� <  B
C � ��)�* :( .��� �
 ���

t � A ����)���) �
�� ��� ���� <  B
C � ��)�* Q�&���- :(

��� �c ��� ��)�* {�� :(%��� � )  �L��C�* .��� : (%���)  �

 
�� <  B$
H� �+��=�* ��=* �
 ��C�* .��� <	 �$���L ��

.�
� 6��H� S���c �
 
�  �[b  

-���# $��:�������� !���&
 �
�;� $�% �� $�

 (���
�!�� ���  

6���� :��T* ��� <�����' � ��$7-<��=� ���=^* ��+ ��+

<�����c ��� .���L �]��j % �� <� �
 � ����* <� �
 ��

 9$���L :$� �
 .�>500  QC�
 �	���C <��=� ��� ����

z����> �
�
 ���Z �+�  �40 �������)  <  <@=�> q$�� �'� 

z����> x$�H* �+��. � 9$���L :$� �
 �D�* z��� <� �
 H�

 �+��� d�Vf* �* �> �
�H'� �+�> .���� <  <@=�> q$�� �'� 

 �� �T   .
��� ����� <@=�> �'�  �� ��
� Yn+ 
��� �24 


�$ ��� ��)�* .���� ���� %���
 |Z��� ���  � �$
�� %>�

%�)�T' .
�	���=^* ��+� z��� 1$ ���] l�X QC�
 �+

��V� .���> �
�
 ���Z?�$ ���z<&�	 QC�
 �+ ��- ��+

 7'��� �eZ �  ����40 g_@Z <	 .�����  ��
�  ��> :$��*

������ ��;�� <  ��> ����' q$�� �� ����A� .�> <�^$����� 

.(�����  �+ ���� <  � �> <�>�
�  �	�����L15 ���� ���)

 B$ 
��] ��> ����' q$���������)  B$��$��	����+ ����

6  �> �
�H'� S���� ���
 �
 �20-  ����D!��$
�� �� �T  .

z��� ���] ��$�A  �.��������' .�L �
 �+�   ���
60-55 

����� <c�
 
��� ?�� < 48 �
�
 ���Z %��� �>  �� o- �

 :$��* �.�> B
C>6���� � ��� �
�� ��+�X ��$7-

<&�	 oh� .�> <@��V� B
C S��V� �
 �+ ���$�>

  Y$�� %�[)�� �  ���=+ �}�C ����>�c %��� B$ ?�� <

<&�	 oh� .���> �eA� UL �  ��  :$��E � �r��C �+

�
 � ���> �
�
 �
�&> �
 .�L  ���
55 -60  ?�� < 48 

%��� 6���� � ���> B
C B
C �
�� �A�A] ��$7-

�$
�� <@��V� �$� S���' x@j:  

 

  

  

IVTD6���� : �B
C �
�� �A�A] ��$7-dNDF6���� :-

�� ����$
 ��$7-�)�.  

B��[* I$�\1 ���� ?��b <  �TZ�� ��> Yn+ �
�� ���

���� �  9^  �
 ���)�* ��� ���)24  .���� ���� %���

                                                           
1Partitioning factor 
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�> <@��V� (Blümmel et al., 1997).  � ����� �
�* ��)�*

.��  6�� <  � ����� �
�* ��)�* .������ � �
�[��� �  ��*

<)
�T� �� ���> <@��V� �$� ��+(Blümmel, 2000):  

  

  

2/2���	�' :  ��$�����	����<'��� ��� �+  

) Y&�)� ��� Q �Z �(���ME( 6���� ��)L �
�� ��$7- 

(OMD) <)
�T� � ��+ Menke et al. (1979)  ��+���� �

����� ��*�	 U�E(SCFA)   <)
�T� �� �
�[��� � Makkar 

(2005) ���> 
��L� :  
ME (MJ/kg DM) = 2.20 + 0.136 × GP + 0.057 × CP 
+ 0.0029 × CP2 

OMD(g/100 g DM) = 14.88 + 0.889 ×Gp+ 0.45 

×CP + 0.0651 ×XA 
SCFA (mmol)  = 0.0222 × GP-0.00425  

CP�(B
C �
�� �b�
) ��C :�F*��- : GP ���)�* ��� :

 .���� ���� �
 ~)�C24 ����) <���� �  ���)200 ����

(B
C �
�� ��� �XA ��&	�C :
�� �b�
) ��C(B
C � .

�
�
 Q��V* � <$H�*����* ��DE �  �+  �
�[��� �  .���L ��T 

<��=� ���  <$�� �  QA�&� ��+T-TEST � � ��H'� �� SAS 

(2004)  .%'�� ?��b  

<=� ! >��?�  

 S��c �
 ���� ��> B
C %��- � (_�� �$�=�> ?�@�	�*

1 ��> �
�
 .�
� %��.  (_�� B
C �
�� .�H�� %��- ����

�� A� ��> 6��H� �$
�<���� <  Shabtayet al. (2008)   �

Ebrahim Pour et al. (2014) �� � ��
�  Taher-Maddah 

et al. (2012a)  .
�  ��=	 .
�  ��=	���A� :$�  <  %@&�

<T)�e� Taher-Maddahet al. (2012a)  %�� <  %�� :�=�

 <T)�e� �
 <	 �>�  %��- �� <��
 .
�	 ��c ��V� :$�


+�,- .��!q=c ���� ���H� �� ���� %��- 
�  ��> ���L

gO�=T� <	  %)�] :$� �
���� ���� �� �
�&> ��=	
�> � :$�

.�>�  �a�� ���� %��- B
C �
�� .�H�� �  %�� :�=� Q=� 

 ���C ��&	�C ���C :�F*��- .�H��NDF  �ADF � (_�� 

 <)�[* � (_�� �� �\�] 9+�,- �
 ���� ��> B
C %��-

�!��� )(Alipour and Rouzbehan, 2007 �  � (_��

�.����=+ � ��-���^�) ���* <�&- ���' ?O�fV�1391 � (

 ��D)� |��$ � I��>) ��� %C�
 ��  � <Z�� (_��

1391
�  ��=	 ( .  

 ���C ��&	�C ���C :�F*��- 9$�H'� R��  .
�	 ����NDF 

 �ADF ?����+� �	 ��� ��>�$L�' S�j �
 ��@�'��P ��+ �

���'�$ 9+�	 .
�	 ���� )05/0<P(�  u$��� �  <	

Shabtayet al. (2008)  .
�	 ���� :��k=+ .%�� x'���

 9$�H'� R��  ��!�� <)�[*NDF  �ADF %�� ��>(Alipour 

and Rouzbehan, 2007).  R��  p��  ��  .
�	 ����

 %;�P 9$�H'�%�� ��> .L �)��� ����$
 .(Makkar and 

singh, 1993)  H� ?O�fV� .
�	 ���� <	 %�� ��> 6��

�  ���a�* <�&- ���'  %;�PNDF  �ADF .L <�>��� �+

 �.����=+ � ��-���^�) %��1391 � <Z�� .
�	 ���� ��� .(

 %;�P 9+�	 R��  ��� %C�
 �� NDF  �ADF .L  ��>

 ��D)� |��$ � I��>) %��1391 .( ��' ?�@�	�* 9$�H'�

�
��&� ��=^* %�� <  %�� :�=� ?����+� �	 ��+

?����+� �	 �,$�  ��@�'��P ��$L�' �j UL �
 S��V� ��+

�>�  .
�	 ����� .L ���A� 9+�	 <  ����  (_�� �
 �+

 <	 ���> .L �- �
.%�� <�'�$ 9$�H'� O�  ?�@�	�* �b�
  ��

 Q�> <  S��V� �7i� 
��� �� ����A� %�� :�=� �'�j

> r��C (_�� �� U�&- ?��b <  �$ �������  %;�P �7)

 .
�	 ���� S�j �
 �)��� ����$
 ���+
 Q��
* ��Hc�

 � �$ 9$�H'�)McDonald et al., 1991(.  (_�� ��C :�F*��-

 u$��� �� �\�] 9+�,- �
 ���� %��- Shabtay et al. 

(2008) :�$�-:�$�- %�� <  %�� :�=� :$� <	 
�  �* �*

 9+�,- ���* ���� %��- ��C :�F*��- .
� ) �\�]68/3 

<T)�e� <  %@&� (B
C �
�� �b�
Shabtay et al. (2008) 

)8/5  (_�� ��C :�F*��- ��� .�>�  (B
C �
�� �b�


 ?�T)�e� �� �\�] x�AV*Taher-Maddah et al. (2012a)  �

Ebrahim Pour et al. (2014) .
�  �*O�   

 ���L�' �� �����
	 ?O�fV� ���=&- <��$� <  <c�* � 

W���C�� Qb�] ���&�� ��+.L ?�@�	�* ����>  <  �+

6�� ���b� �+��� 
��� ?�@�	�* ��� � ���L�' ��+
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�� l7] �$ � r��^��� <	 �*�@�	�* ����
 �!�&  ���>

)Depeteset al., 1997( . ?�@�	�* �
 ?��[* ��	 ��j < 

 ���� %��- (_�� �$��=�> �
 �� �C�  u$��� �  �\�] x�AV*

�� .��!
+�,- �$��=�> ?�@�	�* �
 ?��[* %�� <  ����*

 ���� %��- <�)�� .�>�  .
�	 ���� v$��> �  

���A� TP  9+�,- :$� �
 ���� %��-255 ������	 �
 ��� 


�  B
C �
��  S��c)2( u$��� �  <	 Li et al. (2006) 	< 

?�@�	�* �)��' %��- ����  ��249 ��� �  ���	��� �
�� 

B
C 6��H� �e� ���
�	 .%>�
 %A  

 

 

  

S��c1-  �$�=�> ?�@�	�* ������	 �  ��� �B
C �
�� ���  H�  �B
C �
�� ������	 �  ���) ��> ���� � B
C ���� %��-

(���* .�� 
Table 1. Chemical compositions of dried and ensiled pomegranate peel (g kg-1 DM, except DM g kg-1fresh weight) 

 

 Parameters† 

Treatments DM  CP  Ash  NDF  ADF  EE  NFC  

Ensiled pomegranate peel 327.9b 51.0a 48.4a 299.9a 173.7a 19.7 580.8b 

Dried pomegranate peel 952a 36.5b 37.5b 221.9b 150.2b 15.1 688.9a 

SEM 0.968 0.250 0.612 3.929 1.336 1.874 3.796 

P-value <0.0001 <0.0001 <0.0001 <0.0001 0.0011 0.2214 <0.0001 

† DM: dry matter; CP: crude protein; NDF: neutral detergent fiber; ADF: acid detergent fiber; EE: ether extract; 
NFC: non fiber carbohydrates, SEM: standard errors of means. Means in a column with different letters differs 
significantly (P<0.05). 

 S��c2- � B
C ���� %��- ����*��P ���)��' ?�@�	�* � Q	 :��* � Q	 �)��' ?�@�	�* ��> ���� 

Table 2. Total phenols (TP), total tannins (TT) andnon-tannin phenols (NTP) of dried and ensiled pomegranate peel 

  Parameters†  
Treatments TP 

 
TT NTP 

Ensiled PP 191.7b 162.4b 29.3b 
Dried PP 255.3a 219.0a 36.2a 
SEM 2.485 2.232 2.161 
P-value <0.0001 <0.0001 0.0849 

†Total phenols, total tannins and non-tannin phenols as g of tannic acid equivalents kg-1 DM. PP: pomegranate peel. 

SEM: standard errors of means. Means in a column with different letters differs significantly (P<0.05). 

 .�H��TP  �� ���� %��-175  �*354  �
�� ������	 �
 ���

 .��  B
C�� ��> % (Gözlekçi et al., 2011).  .�H��

 ��� ��e�V� v$��> ��a�* %V* %�� :�=� �)��' ?�@�	�*

 <������C� � %>�
�  v$��> � 
��� ���Z ����(Van 

Soest, 1994; Frutoset al., 2004; Gözlekçiet al., 2011). 

 .�H��TT  9+�,- :$� �
 ���� %��- (_��4/162  �
 ���

 �� <	 
�  B
C �
�� ������	 ��> 6��H� ���A�< <���� 

) .����=+ � �n�'1385 () 2/206������	 �
 ���(  ��=	

.
�   

:��* � �)��' ?�@�	�* 9+�	 R��  .
�	 �����> �+ 

)05/0<P(.  .
�	 ���� <	 %�� ��> 6��H� :��k=+

 <)�[*��!�� (Alipour and Rouzbehan, 2007) ������� �  

:��*  O�  (Oliveira et al., 2009) �� R  ?�@�	�* 9+�	

.L �)��'��> �+ 9+�	.%�� ?�@�	�* �)��' � ����* �
 

�j ����  .
�	:�=� %�� <  %�� �=��-$.����H 
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)Makkar and Singh, 1993( � .������&	� :��*�+ (Ben 

Salem et al., 2005) >� �.  

 S��c �
 <	 ��e��=+3  .
�	 ���� %�� ��> �
�
 .�
�

 � �	�����L .(����� ���'�  %�'�X 9$�H'� R��  ���� %��-

�> B��	O ����� ?����+� �	 ���� UL �
 S��V� ��+ pH 


�
 9+�	 �� )05/0<P ���=^* ?��b�fC :$� .��	�* .(

 ���� %��- (_��<���� <  ��!$
 .��!
+�,-  ��
� 6��H�

?����+� �	 9+�	 .%��� UL �
 S��V� ��+pH  ���� �
 -

?����+� �	 �
��&� ��=^* %�� <  %�� :�=� �+ ��+

  UL �
 S��V� <���	�  <���� ���� ����	��)�* ��+

B��	O �>�  ���� <	�� ��)�* �)L ��+ R��  � ���	

 9+�	pH �� �������> .(McDonald et al., 2011) 

�H'�$9 �� ��C ��&	�C � ��C :�F*��- ��e� R��  ����*

<'��� ��'�  %�'�X 9$�H'�
�> .
�	 ���� S�j �
 �+ 

.(McDonald et al., 1991)  9+�,- :$� �
pH  � ���� %��-

 �  � ��  I�*�* <  .L (_��92/3  �69/3  ���=> S��c) 
� 

3.( .�H�� pH  
�c� %�� <  %�� :�=� ���� %��- :�$�-

�� ���� %��- <	 %�� ��> 6��H� .�>�  .L �
 �)L ��+��

 � B�)�H�� �B�)�� �B$���� �)L ��+���� ���]

�� B���&	�� �>� (Dafny-Yalin et al., 2010). 

 

 S��c3-  ���� %��- ���=^* ?��b�fC ���*��> ���� � 

Table 3. Fermentation characteristics of fresh and ensiled pomegranate peel. 

Treatments 
pH 

lactic acid 
(g kg-1DM) 

Ammonia 
(g kg-1 total N) 

WSC† 

(g kg-1DM) 
BC†† 

(meq-1 L) 

Ensiled pomegranate peel 3.69b 42.7a 97.0a 24.6b 12.73a 

Fresh pomegranate peel 3.92a 0.162b 52.0b 34.5a 8.79b 

SEM 0.0104 0.6111 3.56 0.523 0.2484 

P-value <0.0001 <0. 0001 0.0009 <0. 0001 <0. 0001 
† WSC: water soluble carbohydrates 
†† BC: buffering capacity 
Means in a column with different letters differs significantly (P<0.05). 

  

9�	�� ��+ �
 ����� Q �Z��P 
��C� B$ B��$O�F*��-

�� .
�	 ���� ��$L�'>� � �� 9�  %�� :�=� ��] <	 �

75 <'��� �A�A] :�F*��- �b�
 ���� <�)�� ��+��� �
 �+

 .(����� <  � ����� � �+��� ��+��F*��- ��a�* %V* .
�	

���> Q$�@* ���F*��-��P (Rooke and Hatfield, 2003; 

Hassanat et al., 2006) . %��- (_�� �	�����L .(�����

) ����7/9 
�  �)�@Z Q �Z �] �
 (Q	 .(����� �b�
. 

 (_�� B$ �
 �	�����L .(����� <	 %�� ��> 
�D�
�-

 �� 9�  �$�@� U�C10  .L �
 
�c�� .(����� Q	 �b�


 �>�  (_��).(McDonald et al., 2011  ��� ��)�* Q�&���-

(_�� �
 :�$�- ���� %��-
�  �* )05/0<P(�  %��� :�  ���

 ��+�
� �*��[* ���� ��> B
C %��- � (_�� �
 ��� ��)�*

�
� )05/0>P.(  %��� � Q�&���- <	 %�� ��> 6��H�

 <�>��� �*��[* ��> B
C ���� %��- � (_�� �
 ��� ��)�*

 %��(Taher-Maddah et al., 2012a).  Q�&���- .
�  ��=	

��)�*  ��> B
C %��- <  %@&� ���� %��- (_�� �
 ���

%�� <  %�� :�=� �\�] <T)�e� �
 ���� :�$�- .
�  �*

?����+� �	UL �
 S��V� � ��@�' ��P ��+  q@�� .���� < 

Y&����������� �(����*O�  � <@=�> ��+  .
� NDF  �

ADF .�>�  ���� %��- (_�� �
 <T)�e� �
 ��� (_�� �!$
  

��-?����+� �	 ��> B
C ���� %��- <  %@&� ���� % ��+

:�$�- �)��� ����$
 � �*O�  ��@�'��P%>�
 ��* )Taher-

(Maddah et al. 2012a.  

6���� �  ��a� .
�	 ���� ��+�X ��$7- �A�A] �.�� -

 �
�� ��*���� %��- B
C %>��� )05/0>P(. 6����-

.��  �A�A] ��$7- (_�� �
 B
C �
�� ��* %��- �
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 �  � ��  I�*�* <  ���� ��> B
C77  �81  .
�  �b�


�
�
 .��	�*6���� �  ��@� �� �$ � B
C �
�� ��$7-

 ��
� �
��� ���� ��> B
C %��- � (_�� �)��� ����$


.%�� 6���� ���A� 9�  9+�,- :$� �
 B
C �
�� ��$7-

<'��� �� �*O�  ��] � 
�  S�=T� �] ����$ ����� �$�+ <�

�� �� ��\�� :$� %�� .
� 6�� .
�  ��L��	�� <  .��* ��+

������ ���  ���=$����6���� ����W���C �
 ��$7- ��+

%&��
 :��* ���](Makkar, 2004) .  9^  <��$� <  <c�* � 

 �%�� �
�
 Q��
* �)��' ?�@�	�* �� ���� %��- �� �
�$�

�	�* :$� .���� ���� ��$L�' :�] �
 O�=�]� v�V� �
 ?�@

��> Q] .���� ���� �
�[��� 
��� <��)�] �
 ���

Y&�����������<�'�!� ���Z �+���. 6���� �)��� ����$
 ��$7-

 I�*�* <  ���� ��> B
C %��- � (_��1/25  �6/14 

6���� .
�  �b�
 ���  �)��� ����$
 ��* .��  ��$7-

I�*�* <  ���� (_�� � ?�� (_�� �<���$ (_�� 49 �7/41 

 �41 %�� ��> 6��H� �b�
  et al., 2004) (Getachew 

6���� �� <	.��  ��$7- ���� %��- (_�� �)��� ����$
 ��*

.��
�  �*O�  �Dc�* Q �Z ��j <  �\�] 9+�,-  l_C� 

6����6���� �B
C �
�� ��$7- �
 �)��� ����$
 ��$7-

�� :$� <	 
�  �*O�  ���� %��- (_�����*:�$�- %�� <  � �*

6���� .�>�  ���� %��- (_�� �
 :��* .�H�� .
�  ��$7-

��
 <@=�> �
 �)��� ����$
���c �  ��> <$7i* ��+ ��+

 :��* ���]) Lotus pedunculatus و(Calliandra 

calothyrsus  
�  <�'�$ 9+�	 (Barry et al., 1986; 

Palmer and McSweeney, 2000). :��* �� �+ ��D� x$�j

Y$H�L���	�  9+�	 � �+ :��k=+ � B��$O��@�' ��+

Y&����������� S�f*� �� ������c �)��� ����$
 <  �+

<$H�* 9+�	 R��  .�+���<@=�> ��$7- �)��� ����$
 ��

�����> (Scalbert, 1991; McAllister et al., 1994; 

McMahon et al., 2000).  

 S��c �
 <	 ��e��=+4 �
�6���� %�� ��> �
�
 . ��$7-

 <  ��> B
C ���� %��- � (_�� �)L �
�� ��> 
��L� 

 �  � ��  I�*�*9/45  �9/56  R��  .
�	 ���� .
�  �b�


6���� 9+�	 �> �)L �
�� ��> 
��L�  ��$7-)05/0<P.( 

6���� 9+�,- B$ �
 ���  �)L �
�� ��> 
��L�  ��$7-

 <  .L ����� � ���� ���* %��- I�*�*2/76  �63  �b�


6���� .
�	 ���� � %�� ��> 6��H� �� �)L �
�� ��$7-

 
�  �
�
 9+�	(Shabtay et al., 2008)�  9+�,- �
 ���

 ��!$
6������> 
��L�  �)L �
�� ��$7-  � (_�� ��� 

 I�*�* <  ��> B
C ���� %��-2/57  �3/57  �b�


 6��H� %�� ��>(Taher-Maddah et al., 2012a) .

6�������� ��> B
C %��- ���  �)L �
�� ��$7- �
 

.L 9+�,-6���� ��� %>�
 %A �e� �\�] 9+�,- �  �+-

 �\�] 9+�,- �� �*O�  �� ���� %��- (_�� �)L �
�� ��$7-

 .��
�	 6��H�  

 S��c �
 <	 ��e��=+4  Q �Z �(��� %�� ��> �
�
 .�
�


 ����� ��*�	 U�E ��+���� � Y&�)� ��� %��- (_�� �

��=	 ���� 
�  .L ��> B
C %��- ��. Shabtay et al. 

(2008)  (_�� Y&�)� ��� Q �Z �(��� <	 ��
�	 6��H�

 <)�[* .
�	 ���� .
�  ��=	 ���� ���* %��- �� ���� %��-

%�� ��> .L Y&�)� ��� Q �Z �(��� 9+�	 R��  ��!�� 

(Alipour and Rouzbehan, 2007). ��E�+ Taher-

Maddah et al. (2012a)  Q �Z �(��� <	 ��
�	 6��H�

 ���� %��- � (_�� ����� ��*�	 U�E ��+���� � Y&�)� ���

 :�  �$O�  %@}� �!�&@=+ .���>��� �*��[* ��> B
C

 ��> ��+�
� ����� ��*�	 U�E ��+���� � ��� ��)�*

%��(Beuvink and Spoelstra, 1992; Blümmel and 

Ørskov, 1993; Makkar et al.,1995).  �!�&@=+ :��k=+

 �)��� ����$
 �  Y&�)� ��� Q �Z �(���� ��� ��)�* :�  �[��

%�� ��> 6��H� .(Karabulut et al., 2007) 
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 S��c4- 6���� ���� ��)�* ��+������-6���� �B
C �
�� ��* .��  �A�A] ��$7- 6�����B
C �
�� ��* .��  ��+�X ��$7--

��  ��$7-6���� ��)��� ����$
 ��* . � B
C ���� %��- ����� ��*�	 U�E ��+���� � Y&�)� ��� Q �Z �(��� ��)L �
�� ��$7-

��> ���� 
Table 4. Gas production characteristics, in vitro apparent dry matter digestibility (IVAD), in vitro true digestibility 
(IVTD), in vitro fiber digestibility (dNDF), organic matter digestibility (OMD), metabolisable energy (ME) and 

short chain fatty acids (SCFA) of dried and ensiled pomegranate peel. 
 

     Parameters†    

Treatments A C  IVAD 

(g kg-1DM) 

IVTD 

(g kg-1DM) 

dNDF 

(g kg-1DM) 

OMD 

(g kg-1DM) 

ME  

(MJ kg-1DM) 

SCFA 

 (mmol) 

Ensiled PP 173.1b 0.222 590 770.3 251.0a 459.16b 7.01b 0.723b 

Dried PP 256.2a 0.235 614.4 812.2 146.4b 569.32a 8.74a 1.023a 

SEM 8.08 0.0164 16.52 7.356 16.20 9.722 0.0998 0.0163 

P-value 0.0184 0.6174 0.4162 0.0727 0.0169 0.0013 0.0003 0.0002 
† A: potential gas production (ml-1g DM), c: rate of gas production (h-1), PP:pomegranate peel,  SEM: standard 
 errors of means. Means in a column with different letters differs significantly (P<0.05). 
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 I��MJ/Kg DM)78/7(  ��D)� |��$ � I��>) 
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1391  �.����=+ � ��- ���^� �1391� Taher-Maddah et 

al., 2012b � NRC, Alipour and Rouzbehan, 2007; 

2001(.  

�
�
��� ��)�* ��+  �� o-)24 (%��� �B��[* I$�\ �

 %;�P � � ����� �
�* ��)�* �
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 S��c �
 W�����L5 .%�� ��> �
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 .�
�  �
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�  �*O�  ���� ��> B
C %��-. )Shabtay et al. (2008 

� (_�� �� �*O�  ���� ���* %��- �
 ��� ��)�* <	 ��
�	 6��H


�  .L � ���Taher-Maddah et al. (2012a)  ��
�	 6��H�

 ?��[* ���� ��> B
C %��- � (_�� :�  ��� ��)�* <	

��T����
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 ��� ��)�* .
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 (De Boever et al., 2005).  I$�\
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%�� ��> (Kiran and Krishnamoorthy, 2007) . :��k=+
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 �
+�,- �
 <)�[* � I�� <

 I�*�* <  �!��' <c��57/2  �99/1 %�� ��> 6��H� 

Besharati et al., 2008)( ���  B��[* I$�\ :$�� ��  .

 ��> 6��H� .
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�n* �
 <	<�'�$ �  ��+%�� 9+�,- :$�(Alipour and 

Rouzbehan, 2007) . :�  �$O�  �[�� �!�&@=+ B$

 H��� � <@=�> �
 ��> ��)�* ����� ��*�	 U�E ��+����

 %�� ��> 6��H� <@=�> �
 � ����� :�F*��-(Hungate, 

1966; Leng, 1993; Blümmel et al., 1997) 	< +�,- 9

�� .�
� �� ����� :��E H�� �\�].�+
  

  

 S��c5 -  ��)�* ��� �
24  %�������)����) B��[* I$�\ �(B
C �
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�* ��)�* �
��  �(��> < ���� �
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 �
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Table 5. Gas production in 24h (ml g-1 DM), partitioning factor (mg OM truly degraded/ml gas produced in 24 h), 
efficiency of microbial biomass production, microbial biomass production (mg/g incubated feed) and ammonia 

concentration (mmol/l) of dried and ensiled pomegranate peel 
 

   Parameters†   

Treatments GP PF MBP EMBP Ammonia 

Ensiled PP 163.78b 4.33a 348.2a 0.491a 25.38a 

Dried PP 231.4a 3.21b 234.2b 0.351b 18.54b 

SEM 3.670 0.0285 8.9425 0.0038 0.2993 

P-value 0.0002 <0.0001 0.0008 <0.0001 <0.0001 
† GP: gas production, PF: partitioning factor, MBP: microbial biomass production, EMBP: efficiency of microbial 
biomass production. PP:pomegranate peel.  SEM: standard errors of means. 
Means in a column with different letters differs significantly (P<0.05). 
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Manley, 1984; Waghorn, 1996). ��� 9+�	 .(��
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Abstract 

The aim of this study was to compare chemical composition, tannin content, in vitro gas production kinetics, in vitro 
dry matter and NDF digestibility and microbial biomass production of dried and ensiled pomegranate peel (PP; in 
four replicates). The crude protein, crude ash, neutral detergent fiber and acid detergent fiber in ensiled pomegranate 
peel (51, 48.4, 292.9 and 173.7, g/kg DM, respectively) were higher than the dried one (36.5, 37.5, 221.9 and 150.2 
g/kg DM, respectively; P<0.05), whereas non-fiber carbohydrates (580 VS. 688.9 g kg-1DM) were lower in 
pomegranate peel silages (P<0.05). Ensiling decreased the total phenolics (191.17 VS. 255.3 g of tannic acid 
equivalents kg-1 DM), total tannins ( 162.4 VS.219 g of tannic acid equivalents kg-1 DM) and non-tannin phenols 
(29.3 VS. 36.2 g of tannic acid equivalents kg-1 DM), pH (3.69 vs. 3.92) and water soluble carbohydrates ( 24.6 vs. 
34.5), but increased the buffering capacity (12.73 vs. 8.79 meq-1 L), ammonia concentration (97 vs. 52 g kg-1 total N) 
and lactic acid ( 42.7 vs. 0.162 g kg-1DM) in pomegranate peel (P<0.05). The gas production, metabolizable energy 
and short chain fatty acids concentration (0.723 vs. 1.023 mmol) in dried PP were higher than those of ensiled PP 
(P<0.05). The in vitro fiber digestibility, partitioning factor, microbial biomass production, efficiency of microbial 
biomass production and ruminal ammonia concentration were higher in pomegranate peel (P<0.05). Although 
ensiling to some extent decreased phenolic contents, but did not improve the nutritive value of PP in comparison 
with drying. 
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