
 

 

 ���� ����	
� �����  

���� ���/
�� ����/����� 1395 )57 -49(  

����� ����� �����  ������ � ��  !"��"�# �	�$� %�& '
(�)  �� *�� �+�,
��� '��(�	�  

�-���. ��/�1 ���"���� �	� 1�+��. 2���,�
���2*�5���+ ��6- �� ��/� 23)�
- '��/� 8.
� 24   

1- � ��� ������  !��"#�$%�&�� '()�&* '�*+�� $�,- ��."#�$ '()�&* �/�0 '!,0�"  ��1"#�$ '�*�$ 
�23 �0&  

2-  ��$�5��%�&�� '%�&67 '�*+�� $�,- ��."#�$ '8�9 &6� �/�0 '!,0�"  ��1"#�$ '�*�$ 
�23 �0&�  

3- �� ��$�5%�&�� '��&:7 �*+�� $�,- ��."#�$ '��&:7 �/�0 '!,0�"  ��1"#�$ '�*�$ 
�23 �0&�  

4- %�&�� '()�&* '�*+�� $�,- ��."#�$ '()�&* �/�0 '!,0�"  ��1"#�$ '�*�$ 
�23 �0&� ��$�5��  

 
 
  

 :<=��$ >��7)5/12/94  -  :?&�@� >��723/6/95(  

*���:  

 &B�/ CD0E��F�* (G H�3 I�&J� (KL�M* !0-  �G :� &7 &G %0&51L� �G�7�7&� �ND <�2G�9 '������� I� !&D�O0 �L- �$�* 0&� P�Q7


�R (���7 0  �S�R ������ $ ��2T*�# U��L� 0 
�R P�Q70&� 'V"R W$�* !&�@�L�X7 %�5�, (.�� 
��#�  ,� Z�(�67 %�5�, (L�X7' 

(#��#  �D �G[�5� ,� �$�X5�� $ %0&70$0 ���D$ !�D,$200 '250  0300 !&��2�  �G�7�7&� ���#.  0 �L- �$�* !&D�O �ND <�2G�9

�,��#� ���� $ ��2T*�# &5] �R ?0 (G 
�R P�Q70&� !&��  �F�* P��G .��,� 4 %,0 P�.#��* �G ��9 &# ��X��� 8� ��#, 2±41 

 
&��2� �D��X��� .�� �$�X5��' 2 $ ��^ $ 0 C��*,- _0&� ,� H:9 ,� (5XD0 !0�/ �&�` �G C��*,- �70  0 (=�23 �a$30  �a$

%�5�, (L�X7  .�#�� (�@b7 c�2d* e+*�  �&�` I�a (G(����&= �7 !�D(�� 0 
�R P�Q70&� 'V"R �$�* !&�@�  $ ��2T*�# U��L�

(]�  ?0 (G �S�R W����� �,��#� �#�2��# !�D !&��  ��f* .��3 �* (#��# &D ,� 
&�$� H�3 � ��R # !0-H�3 �� ��"  (G ��� !0-

&Xa I�* '4 '8 '16 '24 '48 '72  096  (:�1� $ <3���6h  .�� �$�$ �&9 ��9 &# ��X��� 8i�G�7�7&�  U��L� CD�  j:�

�S�R W����� $ ��2T*�# !���� 0  �ND <�2G�9 C���=� 0 !&D�O70&� 0 �L- �$�*
�R P�Q (L�X7 �� %�5�, )05/0P< .( �G�7�7&�

 %�5�, (L�X7 !�D,$ �G200 '250  0300 (���7 �a$ !&��2�   �S�R ������ $ ��2T*�# U��L� &J�* !&�@� �:3 <3&� $5  �a$

 <3�� $ %���* (G j�7&7 (G �4/6 '6/10  08/16 H�3 %�5�, (L�X7 (G <:]# �a$  ��"# !0-C���=� $�$ )05/0P<.(  (��� &G

(5=�� CD0E� P�� !�D'  %0&51L� �G�7�7&�(���7 C���=� j:� (:�1� !&�@�  �ND <�2G�9 0 !�L�X7 !&D�O%�5�, ( ��  ,$ 0300 

!&��2� ' 6G &G <:S* I�&J� P�&5"�G:%�5�, (L�X7 ���@) ?,� $� �  .<��$  

*;�� ��"  :����=�7&� (���7 '%0&51L� � '!&�@'%�5�, (L�X7 �ND <�2G�9 

  

  

 
*

 :��Q]* W��]��# ebrahimiyazd@yahoo.com 



50                          �#�T:� !�6* (���7 :%��1�D 0 !&�@� (:�1� !� 0 <�2G�9 �ND !&D�O (L�X7 %�5�, H�3 !0- ��� �G �7&� %0&51L�  

 

 

����  

��� �^ $ %�5�, <"  &�, kM�  &�R� !�D ���� $ �E�0 (G

 �"  �3�, ��� $ 0 <�� �$�G C���=� (G 01389  &�, kM�

 (G %- <" 300  �51D ��D ���� 0 ,� C�G70  (#�$ P7 ��D

 '�3�, Il�mT* (*�#�*-) <�� ��� ��L�7 �"  $ %�5�,

1390 (  %�5�, (L�X7 '%�5�, (#�$ ,� P)0 n�&d5�� ,� Z� .(

�9�G <�� %�5�, (5]D 0 <��� '<��� ,� H1"5* �*  .�#�* ,�

�R �$�* %���3 (G %�5�, (L�X7� 0 ��^ 0 
�$ �&�` $ � 

�* �$�X5�� <R�� 0 $�  I�a (G %- ,� !$0�T* !��f*  $��

 '�*�F# &�*)1377 .( n�&d5�� ?0 _�# (G (5]G ��mT* P��

 !��$ P)025  �L�30  0 <G�^ �a$27  �L�41  &:�= �a$

P)0 �6`�7 HG�9 ��f* 0 
�R )6  �L�8 �a$(  ��f* .<��

 P�G %- 
�R P�Q70&�8  �L�12  �a$.<�� (h&�� %�5�, (L�X7 

<�2G�9 �$�X5�� $ (�@b7 %����� ��d"# � '�#�$ �*� U&m* %- 

(G ���6�7 0 %0�G H�3 !0- (G H�L$ Hm5*  %$�G80  �a$

%- P�Q70&� (G !�L�2���.�L I�:� &7 !0�/ &:�= $��, )!o&#� 

�  �7 p��5* (!��$ <�$0�T* ���D <��. 'P��q�D  <�2G�9

 �ND %-H�L$ (G ��D 0 �L�2� $�`0 0 �L�2�  %�� ����.�L

 .<�� P�r�� '$��,?0  !�D s25d*H�3 - ,� �$�X5�� ��#�* !0

$��'�0� ' t��#�*- %o0��D ��] �&� 0 ��]2  ��] � ' !�&G

(���7 C���=� (:�1� !&�@�  <�� ��� �$�X5�� !&:�= $��* !�

)Van Soest, 1994; Haddad and Gran, 1998; Rowghani et 

al., 2008(' H�3 �L0  ������� $��* �G !0- ��#�* �:��K*

�r�@) $��* j�&d7 '�T* ��$�L-<]�, p  C���=� 0 [- U&m*

H�3 ,� Z� ������� $��* U@/ <6` !0- $�$)Chaudbry, 

2005 .(  

?0 ,� &.�$ �1� �G�7�7&� H�3 !�D  (  <�� !0-?0 P�� $ 

�7&� &�F# ����  ���#�� !�D�7&� u&K* $ � ��R $��*  0 �*��

�* �&9 %0&51L� �#&��. H�3  �7&� �G !0-&��� (G <:]# %0&51L� 

?0 H�3 !�D  !0- ������������*�  ��#�* !l�G <3&�

H�3 !0--&= $���� 
�3 '�$0 3 0 �ND HG�9 &�) !�D $���� 
�

p�T* ��$�L-  ��&�D (G <]�,) $�$Farkas, 2006.(  $

 �"��*,-I�&J� !�D,$ s25d* �7&� %0&51L� &G ?,� �r�@) 

&1"�# 8���G  $�*��&G  <=&� �&90 %�"# $�$(  �� � 

�G�7�7&� j:� C���=� CdG v�&� (���7 0 (���7 !&�@� &J�* 

�$�* V"R ������ $ ��2T*�# U��L� 0  !���� 0 �S�R !�D

8���G �� !,�:6�) 0  '%��1�D1388(.  P��q�D �G�7�7&�

 ,$ $ %0&51L�150  ��#�� (���7 v�&� CdG C���=� j:� !&��2� 

(L���  V"R �$�* �� ��2  0 ���� !�D  '%��1�D 0 %�T^)1390( .

�=&^ ,�  '&.�$H�3 �G !0-  P�r�� !�D,$ $ %0&51L� 0 �*�� �7&�

C���=� j:� (���7 CD�  'P�Q70&� �ND <�2G�9  !&�@�

(:�1� � !�(�@b7 �B $��* CD�  0 
�R P�Q70& !� (#�$  !�D

(:�� 0 ��2  '���� <�� ��� )Ebrahimi-Mahmouabad and 

Taghinejad_Roudbaneh, 2011 .(%�� �7  $ �7�3+^�

w�mR  %0&51L� �7&� I�&J�(���7 &G (:�1� !&�@�  <�2G�9 0 !�

 �ND!&D�O �X7%�5�, (L  ,� U�D 'P��&G��G .<]�# 8&5�$ $

 I�&J� ��&G 'CD0E� P�� 
��#��7&�  &G %0&51L� I�:� &7

�9 '������� �ND <�2G !&D�O0 �L- �$�*  
�R P�Q70&� �#0 0

�7(�� 0 
�R P�Q70&� 'V"R �$�* !&�@� ��L� $ ��2T*�# U

�S�R ������ X7(L� %�5�, .$�G  

>�+ � ��
� �"  

L�X7%�5�, (  V"R ��D ��f* (G200 
&��2�   (#�R�  ,�P)0-

 �" (���  �G$0 (�67�� .(#��# Zx�  �D ����&= �7&� � &* $

$��  !�D,$ �G200 '250  0300 !&��2�   �G�7�7&� y&# �G180 

 $0�/ <9$ '(f�9$ &D $ !&��2� 97 0 �a$  z�7� !�*$ $

 �D$�7&��#��(#��# �D$�7&� <6` .  ��.5�$ ,� �D[�5� ���D$

%0&70$0 ��* TT200 .�� �$�X5��  

�,��#�������� j� &7 !&��  H*�� '
�R P�Q70&� 'V"R �$�*


�R &5] �R 0 !&7� ��m3 (#��# �D &G 8��� ?0  $��#�5�� !�D

) �D�."��*,-1995 AOAC,( .�� 
��#�  �&9 �G V"R �$�*

%$�$ (#��#  I�* (G %0- $ � ��R �$�* !�D48  $ <3��

 !�*$55 �,��#� $�&.�5#�� (`$ .�� !&�� ��f*
�R P�Q70&� 

(#��# �D H�  ��.5�$ ,� �$�X5�� �G  ��$)Kjeldahl ( V�7�*�7�

 %o0&5�#) �� P��K7× 25/6( . &5] �R(#��#  �D%$�$ �&9 �G 

(#��#  !�*$ �G �1�&51L� ��  $ � ��R �$�* !�D600  (`$

�5#�� I�* (G $�&�2 <3�� �,��#� .�� !&��
�R �G&h  �G

 &7� H�7� !$ �G �"5]� <3�� V� 0 (2] �� ��.5�$ ,� �$�X5��

�,��#�.�� !&��  !���� 0 �S�R ������ $ ��2T*�# U��L� �G

$��#�5�� ?0 �,��#� !&�� �� )Van Soest et al., 1991(.  

$��* !&D�O �ND <�2G�9 !&�� �,��#� ���@)  ?0 ,� �$�X5�� �G

<=&� 
��#� ���� $ ��2T*�# &5] �R �2R�$ &.#�"#  



 ����/���� ��� �*�$ I���L�7 I�f�fT7�/
������ 1395 )57 -49                            (                                                           51  

 

 

 

Van Keulen and Young, 1977)(. �F�* P��G  ,�4  8�

 %,0 P�.#��* �G ��9 &# ��X���2±41  �$�X5�� 
&��2� �� .

(�2  ��5G� 0 ,� �3�) �0��5* �5���6G $��*�"� '%������] � -

�� 0 ���h
�$ $�* $ (���h  �D
��#� .��  ,� H:9 (5XD V�

 C��*,- _0&�w&9  H.#� �Bw&9 (2��0 (G  (G %��R
�$ �D 

� �$�$ .� �&�` I�#���/&G  8��� ��=� 
&#CNCPS ��� !��X

�� ��F�7 '[- .&`-  $ $�,- I�a (G V�# |�� 0 �#�K*


�$ ��5R�  �&9 �D<��$ t��R . I�3��8  0 k:a5 �KG ,�  &6O

$ �* �&9 �6#- ��5R� .<=&�  &D '�0$ �6h �^ ��X��� &D

=��$ � �&�` �6h �"��*,- �0$ &D ��^ .$&  <(�  $�G (5XD

 ( 0$ I$�3 �0$ %���3 (G %- (5XD (5XD V� 0 !&�@� (G

C��*,-  .<=�� w�m5R� ��ND !�D (G (�#�� C��*,- P�� $

 (1#- ,� Z� 0 <=&� �&9 �$�X5�� $�* (��� t��R %���3

 P��K7 (�#�� �ND <�2G�9�� '%�5�, (L�X7  %���* (G30  �a$

 .�� (�#�� P��.��` �ND <�2G�9 P��K7 !�&G�L- �$�* !&D�O 

 0'
�R P�Q70&�  $7 # �0$ &D &R- ,0(#�� �D !_�=�* 

v�` %���X���  �7 0 !0-��L�#- %�*,  !�*$ $20 -  (`$

��#.�� !��6.# $�&.�5  

�,��#� <6`(���7 !&��  0 
�R P�Q70&� 'V"R �$�* !&�@�

U��L�  ������ $ ��2T*�#�S�R'  ��f*3  (#��# 
&� �$�*

 � ��RH�3  !0-#��" H�3 ����� !0- s25d* !�D,$ �G 

�7&� %0&51L� (]�  HR�$ $  !�D�2� Z�` �G&5��  $�KG� �G)

20×10 &5* �5#�� 0  @=��* &M945 &5*0&1�*0 �� (5d� (  (G

 '&Xa I�*4 '8' 16 '24' 48 '72  096 (:�1� $ <3�� �6h 

L�5]�= ��9 ��X��� 8�(  �G �D��X��� .�� %����G�1#� �$

 !0�/ �&�`70 ) (=�23 �a$80  0 (�#�� �a$20  ��  �a$

 0 (
���30  �` $-) �&5#�]�  �a$42  '�a$L�X7 %�5�, (

20  �*&R (5]D (L�X7 '�a$20  
��� 8�:� '�a$15  '�a$

 ���*�5�0 0 �#�K* $��* H�1*1  I�X]= ��]2  !$ 0 �a$2 

 c�2d* e+*�  �&�` I�a (G (�a$��^ $  C��*,- �0$

�#�� (�@b7 .(]�   �D I�* (G '�"5]� ,� Z�48 $ <3�� 

%0- !�*$ �G 55  �$�$ �&9 $�&.�5#�� (`$ .�#�� V"R �7 ��

 %,0 U+5R� !&�� �,��#� <6` (]� (���7 � .�� (:��T* !&�@

(MG� ,�  !�D1  02 G <6`(���7 �#0 ��& �@�(:�1� !&  !�

(L�X7 �� �$�X5�� %�5�, )Ørskov and McDonald, 1979(:  

  

 (MG�1  

  
 (MG�2  

kc

cb
aED

+
×+=  

(MG� P�� $ �D )1  02( a (���7 v�&� CdG��#�� 'b  CdG

(���7 �� ��#�� 'c '%�*, �/�0 $ (���7 <G�J y&#  e &x# $�3

)7182/2 '(t  '(:�1� $ &��d7 %�*,P  �$�* %�� �����#

(]�  ,� !@b* �� V"R �D  0ED (���7 <�� &J}* !&�@�.  (G �G

 (MG� %$&G � 2 (���7 &J}* !&�@�
�R P�Q70&� 'V"R �$�* 0 

y&# $ �S�R ������ $ ��2T*�# U��L�  �:3 !�D2  05  �a$

.�� (:��T* <3�� $  

�$�$ (���7 C��*,- !�D  e+*�  t�2G ~&^ jL�9 $ !&�@�

�=$�m7  �G4 H�3 %0�G %�5�, (L�X7) ���7  0 !0-H�3 !0- 

 ��� �G !�D,$200  '250  0300  0 (%0&51L� �7&� !&��2� 4 

) �&174  ��X��� ×1  �&`� (��X��� &D $ %�*, &D $ (]� 

 �:^ 0 �� ��*!�*- Y ijk= μ + Ti + Bj + eijk  0 (���7 $�*

��5=&� �&9 H�2T7 .��* P�� $  Y ijk ��D�"* &D ��f* 'μ 

 P�.#��*I��D�"* ,� V� &D 'Ti H�3 &J� !0- 'Bj  0 %���/ &J�

eijk �"��*,- !�MR  .<���$�$  ~&^ jL�9 $ �ND <�2G�9 !�D

 %,��5* �"R&h ��* 0 %���/ �6h 0 �0$ �6h '���7 �6h �G

 !�*-Y ijk= μ + Ti + Bj +Pk eijk .�#�� ��L�#- ��* P�� $  Y ijk 

��D�"* &D ��f* 'μ  P�.#��*I��D�"* ,� V� &D 'Ti  &J�

H�3 !0- 'Bj  '%���/ &J�Pk  0 C��*,- �0$ &J�eijk  !�MR

�"��*,-  .<��,$ &J� P��K7 �F�* (G  %0&51L� �7&� s25d* !�D

 e+*�  ~&^ jL�9 $ C��*,- � ��R �$�* ������� I�:� &7 &G

�=$�m7  �G5 �&17 .�� 
��#�  ��*!�*-  �$�X5�� $�* I�a (G

Y ij= μ + Ti + eij ��* P�� $ .$�G  Y ij ��D�"* &D ��f* 'μ 

 P�.#��* ,� V� &DI��D�"* 'Ti H�3 &J� !0-  0eij  !�MR

�"��*,-  .<���$�$ !�*- H�2T7 0 (���7  (KL�M* P�� $ �D�G 

 ,� �$�X5��(�0 GLM  (d]#12/6 
&# (5]G!��=� )1996( 

SAS &� I�a.<= P�.#��* 'Z#���0 (���7 ,� Z�  %�*,- �G �D

�  ���5/� kM� $ �$ ��K* U+5R� P�&75  �a$ (]��f*

.�#��  

  

  

)e1(bap ct−−+=



52                          �#�T:� !�6* (���7 :%��1�D 0 !&�@� (:�1� !� 0 <�2G�9 �ND !&D�O (L�X7 %�5�, H�3 !0- ��� �G �7&� %0&51L�  

 

 

?�� � @��(-  

 ������� I�:� &7 P�.#��*L�X7 I�&J� 0 %�5�, ( �G�7�7&�

%0&51L�  ������� I�:� &7 P�.#��* &G %- �ND <�2G�9 0 $

 �0�`1  U��L� '!&7� ��m3 '
�R P�Q70&� .<�� ��*-

*�#L�X7 !���� 0 �S�R ������ $ ��2T j�7&7 (G %�5�, (

76 '74 '668  0570  ���5# �G (  $�G 
&��2�  $ 
&�

) z&� Z�� 0 !��a C��*,-1387 ($�$ �.�D��D �L0 �

$ ��2T*�# U��L� %���*  !���� 0 �S�R ������(L�X7 

H�3  ��"# !0-$  �.�D��D P�&��� �G C��*,- P��# $��

)Ashraf et al., 2013(. �* I0�X7 P��  �#��7 I0�X5* H�L$ (G

P)0 ?0 '%�5�, (5��0 %$�G�"   'o��X�&5#�� '��&�)

(�6#- j� &7 �� 0 �+/ ���=�&b` (fM�* 0�  ���G

)Rowghani et al., 2008; Sadeghi et al., 2009.(  

 ��K* &J� �G�7�7&�  ��m3 '
�R P�Q70&� 'V"R �$�* &G !�$

 CD�  �3�G �*� �<���# %�5�, (L�X7 
�R &5] �R 0 !&7�

�� %�5�, (L���  !���� 0 �S�R ������ $ ��2T*�# U��L� 

)05/0P< (L�X7 �S�R ������ $ ��2T*�# U��L� �G�7�7&� .(

 %���* (G � %�5�,0/7  06/9  j�7&7 (G �a$ !�D,$ $

200  0300 .$�$ CD�  !&��2�   ������ $ ��2T*�# U��L�

 %���* (G j�7&7 (G %�5�, (L�X7 !����1/6  08/8  �G �a$

 ,$ $ %0&51L� �G�7�7&�200  0300  .<=�� CD�  !&��2� 

H�3 '&.�$ �"��*,- $ P��q�D  (L���  '���� (L���  !0-

$ $ %0&51L� �7&� �G &2R (#�$ 0 ��2  !�D,100  0150 

j:� !&��2�  ������ $ ��2T*�# U��L� CD�   0 �S�R

 '%��1�D 0 %�T^) �� !����1390 .( '
�R U��L� CD� 

 !���� 0 �S�R ������ $ ��2T*�# U��L� ��^ &5]G �G

C��*,- $ �*�� �G�7�7&� <�� ��� ?��� ��# P�&��� !�D 

)Al-Masri and Zarkawi, 1999.(  �G�7�7&� $ %0&51L�

��1�$� $���� �G l�G !�D,$ $ U�1� j:� $�,- !�D

��D 0 �L�2� !��,�1�2� !�D�#�G 0 ��� �L�2�

P��.�L '%������&��2�$ �L�5]�&  �5R�� j�&d7 0 �r�$,

 (G �L�2� ��D 0 �L�2� H��:7 �G 0 (5��$ ��&�D (G � �L�2�

# U��L� CD�  j:� ��2T* I�:� &7������ $ ��2T*� 

�* !���� 0 �S�R  $��Arora et al., 2002; 

Banchorndhevakul, 2002; Henniges et al., 2013).(  

 �0�` $ (  �M#��D1 �* ��D�"*  '$�� �ND <�2G�9

 &G�&G j�7&7 (G %�5�, (L�X7 
�R P�Q70&� 0 �L- �$�* !&D�O

 �G93/26  074/23 * ,� &5�  &�$�f* (  $�G �a$ &�$�f

 ��� ?���(G (2��0 ) z&� Z�� 0 !��a1387 .$�G (

) z&� Z�� 0 !��a1387 �ND <�2G�9 %���* ( !&D�O

 0 �L- �$�* j�7&7 (G � %�5�, (L�X7 
�R P�Q70&�2/35  0

1/26  .�#$&  ?��� �a$P1�* U+5R� P�� <��  H�L$ (G

 ���G %�5�, (5��0 0 �� (2/&* '���29� p��&�)Sansoucy 

et al., 1985 �Rowghani et al., 2008 .( C���=� �G ,$

 �ND <�2G�9 �D$�7&� !&D�O 0 �L- �$�*Q70&� 
�R P�L�X7 (

 <=�� C���=� %�5�,)05/0P<( �$�* �ND <�2G�9 P�&5"�G .

�L-  (G c�G&*(L�X7  �G�7�7&� �G ����7&�  ,$ �G %0&51L�300 

.$�G !&��2�   !�D���7 $ 
�R P�Q70&� �ND <�2G�9

�7&� �G�7 ,$ �G ���200 '250 0300  (]��f* $ !&��2� 

 �G(L�X7 ��K* U+5R� ��"# !0- H�3 %�5�, $�$ %�"# !�$

)05/0P< .( ?��� <�� ��� I�:� &7 0 P��.�L %���* ( 

 &G %- ��������ND <�2G�9 � ��R $��*  &J�*<��  0 �G

%���* C���=� '�S�R ������ $ ��2T*�# U��L�  �ND <�2G�9

 � ��R $��*�* CD�   �G��)�$�, �f7' 1375( .'P��&G��G 

#0&51L� �G�7�7&�� �G CD�   �S�R ������ $ ��2T*�# U��L�

(L�X7 �ND <�2G�9 <�� (5]#��7 %�5�, � �L- �$�*  C���=�

.�D$   

(���7 ���5# (]�  ?0 (G !&�@�  �0�` $ �#�2��# !�D2 

 .<�� ��� �$�$ %�"#(����&= (���7 !�D �$�* !&�@�

H�3 %�5�, (L�X7 
�R P�Q70&� 0 V"R  P�� $ ��"# !0-

 $�$ <fG�M* &.�$ P�ffT* C��*,- ���5# �G C��*,-

)Tahssen et al., 2014((���7 ��7 CdG &�$�f* �L0 � ��#��

70&� 0 V"R �$�*�QH�3 %�5�, (L�X7 
�R P  ��"# !0-

 ��� ?��� &�$�f* ,� &5� (2��0 (G Rowghani et al. 

(2008) .$�G  P�Q70&� 0 V"R �$�* (���7 ��7 CdG �6#-

 j�7&7 (G � (5]D %0�G %�5�, (L�X7 
�R28/20  029/26 

�* U+5R� P�� .�#$&  ?��� �a$  (L�X7 _�# H�L$ (G �#��7

 _�# 0 %�5�, (5��0 '((5]D %0�G �� (5]D �G) %�5�,

H�3 ) ���G !0-Sansoucy et al., 1985 �Rowghani et 

al., 2008 v�&� CdG %0&51L� �G�7�7&� ,$ C���=� �G .(

) ��#�� (���7a) !&�@� (���7 <3&� 0 (c 0 V"R �$�* (



 ����/���� ��� �*�$ I���L�7 I�f�fT7�/
������ 1395 )57 -49                            (                                                           53  

 

 

 

) <=�� C���=� %�5�, (L�X7 
�R P�Q70&�05/0P< �G�7�7&� .(

(���7 C���=� j:�  (  �� %�5�, (L�X7 V"R �$�* !&�@�

 (KL�M* �GShahbazi et al. (2008)  �6#- .$�$ �#��d�D

 !�D,$ $ �G�7�7&� (  �#$&  ?���50 '100  0150 

(���7 C���=� j:� !&��2�  $ ��2T*�# U��L� &J�* !&�@�

!���� 0 �S�R ������  $ 'P��q�D .�� (�#�� (=�23

(L���  '&.�$ C��*,-  !�D,$ �G ��2  0 ���� !�D50 '100  0

150 %0&51L� �7&� !&��2�  H�3  �6�7 �G�7�7&� .�#�� !0-

 ,$ $150  (���7 v�&� CdG C���=� j:� !&��2� 

 '%��1�D 0 %�T^) �� V"R �$�* ��#��1390 CD�  .(

������ $ ��2T*�# U��L�  �G�7�7&� ,� !���� 0 �S�R !�D

�*  �$�* (���7 v�&� CdG C���=� H�l$ ,� �1� �#��7

�.�L C���=� �G �G�7�7&� .���G V"RP�  0 �r�$,

!$  !�D�#��� P5]1� 0 !�L�2���.�L $��* %������&��2�

 j:� (��*- !�D���� !��5x� �2� �&��#, $ !��5x�

(:�1� !&�@� (���7 C���=�  
�R P�Q70&� 0 V"R �$�* !�

) ��Taub et al., 1979; Henniges et al., 2013(.  $

1L� �G�7�7&� (  �� �$�$ %�"# C��*,- P�� �G �=��7 %0&5

(���7 v�&� CdG C���=� j:� (#�$ 
�R P�Q70&� ��#��

 ,� ����5/22  (G ��"# !0- H�3 ���� (#�$ $ �a$9/36 

H�3 !���� (#�$ $ �a$  ,$ �G ��� !0-60  �� !&��2� 

)Akbarian et al., 2014(. ��h&D  (  <�� ��� ?���

H�3�7&� �G (#�$ (:�� 0 ��2  (#�$ '���� (#�$ !0-  $ %0&51L�

 ,� &7 P�r�� !�D,$45  v�&� CdG CD�  j:� !&��2� 

(���7 ��  CdG C���=� 0 ��#�� (���7 
�R P�Q70&� ��#��

) ��Ebrahimi-Mahmouabad and Taghinejad-

Roudbaneh, 2011�* &F# (G �L0 '(  $ �G�7�7&� (  ��

 P�G !�D,$200  �7300  %�� (5]1� j:� !&��2� 

&3 !�D�#�����1L�* (G P�Q70&� H��:7 0 P�Q70&� P�G �B-

 P�Q70&� <�L�2T* C���=� �G <��6# $ 0 ��� &51h�  !�D

�* C���=� (:�1� $ � P�Q70&� (���7 '(:�1� $  �D$

)Van Soest, 1994; Gaber, 2005(.  �G�7�7&� &J� P�.#��* &G

(����&= (�&�7 s25d* !�D !&�@�  ������ $ ��2T*�# U��L�

 �0�` $ %�5�, (L�X7 �S�R3 ��� (r�� .<��  &�$�f*

(����&= (���7 !�D  �S�R ������ $ ��2T*�# U��L� !&�@�

 ��� ?��� &�$�f* �G(2��0 (G  $�$ �#��d�D &.�$ P�ffT*

)Tahssen et al., 2014.(  
  

  

 �0�`1 -  �7&� s25d* !�D,$ I�&J�) %0&51L�200 '250  0300  �L- �$�* !&D�O �ND <�2G�9 0 ������� I�:� &7 &G (!&��2� 

��7 %0$ ?0 (G %�5�, (L�X7 
�R P�Q70&� 0  
Table 1. Effects of different doses of electron beam irradiation (200, 250 and 300 kGy) on chemical composition 

and apparent digestibility of olive cake by in vivo method (n=5) 

                                                          Electron beam irradiated (kGy) 

 0             200            250              300 

 

SEM 

 

P value 

Dry matter (%) 90.41 91.13 91.04 91.07 0.69 0.47 
Crude protein (%) 7.58 7.44 7.76 7.54 0.42 0.23. 
Ether extract (%) 7.43 7.52 7.44 7.56 0.65 0.37. 
Neutral Detergent Fiber (%) 66.76a 61.08b 59.78bc 57.16c 2.22 0.03 
Acid Detergent Fiber (%) 57.01a 52.45b 50.87bc 48.19c 2.06 0.01 
Ash (%)    3.64   3.65   3.66   3.60   0.15 0.87 
Apparent organic matter 
digestibility (%) 

26.93c 32.80b 35.15b 40.18a 1.42 0.01 

Apparent crude protein 
digestibility (%) 

23.74c 28.06b 32.20ab 34.70a 2.18 0.02 

                       a, b, c Means in the same row with different letters are different. 
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Table 2. Effects of different doses of electron beam irradiation (200, 250 and 300 kGy) on rumen degradation 

parameters of dry matter and crude protein of olive cake by nylon bag technique 

                                                          Electron beam irradiated (kGy) 

 0               200             250             300 

 

SEM 

 

P value 

Dry matter       
Washout fraction (%) 10.42d 11.87c 13.05bc 14.67a 0.53 0.01 
Potentially degradable fraction (%) 52.67c 56.50b 58.09ab 60.54a 1.76 0.03 
Potential degradability (%) 63.09d 63.38bc 71.14ab 75.22a 2.11 0.04 
Rate of degradation (h-1) 0.021d 0.026bc 0.029b 0.033a 0.015 0.01 
Effective rumen degradation (%)       
0.02/h  37.19c 43.68ab 47.66b 52.40a 1.82 0.01 
0.05/h 25.82c 31.09ab 34.06b 38.78a 1.58 0.01 
Crude protein       
Washout fraction (%) 5.20d 6.90c 8.47bc 9.30a 0.78 0.02 
Potentially degradable fraction (%) 40.72c 45.50b 47.10ab 49.53a 2.32 0.01 
Potential degradability (%) 45.92d 52.40c 55.56abc 58.84a 2.25 0.05 
Rate of degradation (h-1) 0.012d 0.015c 0.018b 0.022a 0.013 0.01 
Effective rumen degradation (%)       
0.02/h 20.64c 26.29bc 30.61b 35.25a 1.65 0.01 
0.05/h 13.20c 17.09bc 20.81b 24.44a 1.40 0.01 

                a, b, c, d Means in the same row with different letters are different. 
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Table 3. Effects of different doses of electron beam irradiation (200, 250 and 300 kGy) on rumen degradation 

parameters of NDF of olive cake by nylon bag technique 

 

                                                          Electron beam irradiated (kGy) 

                                                             0             200            250              300 

 

SEM 

 

P value 

Neutral detergent fiber       
Washout fraction (%) 8.36c 9.90bc 11.55b 13.68a 0.84 0.01 
Potentially degradable fraction 
(%) 

50.20c 55.02bc 56.09ab 59.38a 

2.06 
0.04 

Potential degradability (%) 58.57c 64.92bc 67.64ab 73.07a 1.91 0.01 
Rate of degradation (h-1) 0.018d 0.025c 0.029b 0.036a 0.006 0.01 
Effective rumen degradation (%)       
0.02/h 32.29c 40.39b 44.96b 51.56a 2.02 0.01 
0.05/h 21.77c 28.17b 32.35b 38.54a 1.88 0.01 

                    a, b, c, d Means in the same row with different letters are different (P<0.05). 
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Abstract 

This research was conducted to evaluate the effects of electron beam (EB) irradiation on chemical composition, 
apparent digestibility of organic matter and crude protein (CP) and ruminal degradation of dry matter (DM), CP and 
neutral detergent fiber (NDF) of olive cake (OC). After preparation of OC, samples were irradiated with EB at doses 
of 200, 250 and 300 kGy using a Rhodotron accelerator system. Four Gezel sheep (41±2 kg) were used for 
determination of OM and CP digestibilities of OC. The sheep were fed a total mixed ration containing 70% of DM 
forage and 30% of DM concentrate during two pre-experimental and experimental periods. Apparent digestibility 
were evaluated using acid insoluble ash method. Ruminal degradation of DM, CP and NDF was determined 
according to in situ procedure. Untreated and EB irradiated feed samples were incubated in the rumen of four 
ruminally fistulated Gezel rams at periods of 0, 4, 8, 16, 24, 48, 72 and 96 h and resulting data were fitted to non-
linear degradation model to calculate degradation parameters of DM, CP and NDF. EB decreased (P<0.05) ADF and 

NDF content of EB irradiated OC. Irradiation at doses of 200, 250 and 300 kGy, increased effective degradability of 
NDF at a rumen outflow rate of 0.05/h by 6.4, 10.6 and 16.8%, compared with untreated OC, respectively (P<0.05). 
According to the results of this research, EB irradiation increased ruminal degradability and apparent digestibility of 
OC and a dose of 300 kGy had the most positive effects on nutritional value of OC. 
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