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  مقدمه

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

(Amaranthaceae) & (/ 01�&	�%&�
�' � "-� �%#�
-� 

2	-� 03��4 015�6-7 ��8�#"  � �9-;&(<9 (�= 3�  �9��

(Teutonico & Knorr, 1985).  ,�+
&���. ?�@

(amaranthus)-� AB+C� 0 �& D#� EF 
�"(  38�#"

 �% 34&�� G��H (� �. I&�
& �& J%��*� %&�*� (/ 1�&

���. 1�& (Stalknecht & Schulz-Schaeffer, 1993) .

&	" �#&% ��&�J H�K'#<���� 13 &-�J ;��#L��4 �( 

 M<�)�# �& DO� ��+P8 �% ��(&��/ 03	 R��J  0M+���+L


 �	�9 S�#;���+�#0�T�-+ ��"���J U�'  

(Svirskis, 2003)&�+V� 0R�� �9� 14-� 0J R��J 

���-7# W�' �)��  ��!�� / �% W-"#%�� W-"��� XC' (

�7 M;��� �#	& (/ 1�& �	� �	"Y3" �8#� �� (� &� ��/Z

(L��4 &J / ��#�#;�4 �� U�' 13 �<�	� A3 ��/  

(Sleugh et al., 2001) .
#�. ��3 &	" �# G�[ �& -+B/ ��

 1�&(Kauffman & Weber, 1990)&�&% \�]
 �% &Z; 0J 

& 0U. %�<B/	� (L��4 �3 ]V� �& ?7 �
&��#� G�]# -+C

	C
�@ X#� �#��3	 &-� ^����J �9�� G�[  

(Myers & Putnam, 1988) .� ��P�&# )L�� �%-/ ��
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(L��4 �8J ��_J  �& -+B/��� / �% W-"# W-"��

8��-/#G�&� �8J %-� %��� ���V�	� (� 01�& �	 -"& �Y

&�+V�J %��� �7 XC'#	 �9�� �(Church, 1991) .

 �&��4 (� ,`� �%�ML&	8��-/ 2<�� X#�&��3  a-V� �

Bb�#/ %�<� (� -c�� -#�#Bb� 1#&Z= d��& � -3	 

L��4( �# ��9 �� �3  %%-"(Muhlbach, 2000; Aksu et 

al., 2006) .e`H& W�5�& 1C/ (� (@�� �� �9 %&Y
� L��4( 

$�� 6 ��C/ �% ,�-'3 ��� �8J '&# %�<B/ � -

&Z= d��& %��� �% G�4`6&3	 &	*;�f� 0(L��4 �(  -g�_

��& 1@	��3 /#�#���-7 1#&-g � �	d�&�" ^ Z7	-J 

L��4( ����  � �#�9 ��� &	" �#Z7 W�c
& ��	1L-.  

  

  ها مواد و روش
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%-" 1C/	� . 0AV� I����&�!�� �% if� �& -+�	 �� 0�
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R( �/��� �#�3  -+�
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 %��� �

 ��� AKL �% 0�9 �%� Sb9 ��+���!�� /# %�/ W-"��

 �-��L)G���L -7�� (�@ � �9 �%&% ��+P8 �%J  �

(+C7 %-" m&�_& �8	� .
 %�/ A/ �&�]�#L-K� �T�-+3 

 -�&-���� /#
 W-"��#%�� ��+P8 �% n;�' �T�-+ . (L��4

��� �_-� �% 0��� -� �% 019�/ �& ?7 ���( PC�# A

%-" 19&%-� (
&%	� .� 1@ 0(L��4#( �# G�*f5 (� ��

�  ��� +
��#-+BJ �9 %-' .�#��_ �8��J  0-�H e�f�

��  ���� / �% W-"# ��5 ���op ,`� W-"��)%��� 

 -�&-� XC'O�� / �% W-"#8��-/ qW-"��#G&�� �8J 

 -�&-� U. �% ���V�r�� W-" / �%#XC' �%�� W-"�� (

" ���� ��� ,��& -�#+�`7 s�-t �% (/ �
%�� ��#P3 � 

;#-+J �#"��% � ��9 SPV� �
. �% 0(#-J %-"	�
� .

&-�J � -8#� ��B# 0��r � (/ �9 (+L-" -l
 �% �&-P�# �&M

� -8 �% (L��4# ��� /#%�� W-"�� . �& ?7r�  �% ���

�#�9 ��� �8�� .(
�B
   � ���� (L��4�#��% �% ��9 ��J 

r� +
�� (@�%# G�� (� %&-j�� �. 0XC' 14��# � U�

 X;& �&� �#�#-+BJ  �% � �9 �%&% ��<4!��  (@�%

+
��#'[ %&-j#%-" �-	� .��&�
& ��l�� (� "#-J Db� �8J 

���-7#�3 Cb�3 (
�B
 �& ; �8#L�#�#�9 �M .  

������� ��� ������ ��� � ��� !���" #	$�%� �� �

� ���&�'����� ($�!���" � )&*+�,��� -.�� � 

%�]�	%�� -� ���-7 � XC'# ,��& -� W�' �

d�� �8J AOAC (1990) *�##%-" �	� . 1l�=

8��-/#G&�� ���V� J�8 d�� �& �%��+�& �� 

 J-+��+L�-+Pu�&*�## ��9 .+5�3 8��-/#G&��  �% �8

�& �% ��-+
& G���c�#���;�� �	 0�
�9 �%&% G�&-_ X

�P�uB/3 � (��. v
3� & M<�	� %�c3  G�9 (/ %�9

 $�� ��6 �% UZ@r!� %-" 1h&-5 -+��
�
	�  

(MAFF, 1982) .&-�J ��&�
& "#-J pH �&�]� 0��  �& W-"


�B
(  -C� �% ������� 3�#�  � �	��� J-+#;�!� 

3�#� �	%-" (L�g& -f]� U. -+#; . U. �� 3��' (� (
�B


 G�� (� � �9 \��b� -f]�	G��H (� 14�� X 

�9 �%� S8 (� U���+� . 014�� w	 19Z" �& ?7

��K4� � �9 (+b	� J-+Pp�/ -C� �% AH�_pH  

 �& �%��+�& �� ���V�pH  �	%-" 1h&-5 -+�(MAFF, 

1986) .�& �& 03]#]_ �#���-7 �##*� ��l�� (�# �

+�j
��#U��� A��4 �&��4 (� X �9 �%��+�& ���8%

(Greenberg & Shipe, 1979) ���-7 1l�= � U��� �#

�9 �##*� 01�& 3]#]_ �#���-7 ��B8 (x 0�%-x . Db�

A )
#= �T�-+#���-7 -#�3 (� s`+'& �&#
 A/ �# �T�-+

���-7 G��H (�#
 �&�]� � W�' �#
T�-+3  G��H (� (/

���-7#]_ �#]3 �9 (<��V� �%-/ U��� . Ax 1l�=

�V��
 �#���-7G&��� -L�� d�� �& �%��+�& �� �� yG���L 

(Krishnamoorthy et al., 1982) ��&�
& �9 J-#" .

 ���V� �#���-7)Db� A��9 �8J A  �B1 ( -�x ��

 W�' �#���-7 Ax �& ���V��
 �#���-7 �&�]� �%-x

�	%-" (<��V� . Db�B1 )���V� 3]#]_ �#���-7 ( �&

� s`+'&# Db� � ���V� �#���-7 �A ��. 1�% (� .

&-�J ���	�9 �% ���V��
 �T�-+#
 �##*� 8�J z�'3 

)NDIN ( J�#�& �(ADIN)%�]� &�+�& 0	% -	;��� ��&�3 

)NDF (% �	;��� ��&�3 B8 ����3  M;���)ADF ( ��

 d�� �& �%��+�&Van Soest et al. (1991) ��&�
& "#-J 

� ?u� � 0�9#
 �&M#�]� �T�-+	�J  �% ���V��


�9	��� �8J z�'3 �& �#�J  ��j+�% �& �%��+�& ��

,��& -� � �&��cx  d��AOAC (1990) *�##%-" �	� .

 �&M#�ADIN  �	 �T�-+#
 Ax �& J�H�% G��H (�!�/r 

×N   Db� ��B8 (x �9 ��#�C 1�& . Db�B3  �&

http://daneshresan.com/


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

� s`+'&#%�]� �	 -NDIN  �ADIN ��. 1�% (� .

 Db� �#���-7 �&�]�B2 Db� -	�� �%-x Sx ��  �& �8

 �9 (<��V� W�' �#���-7(Licitra et al., 1996) .�R W

g�� (�#&-� �&-P� %&�*� (/ 1�& iJ L��4(  ����� &-� �J 

� -8#� ��B# ��9 ��r %�� %�4.  

����	��/ ���%01 2�* �� (3� 4���56�  

���. d�� ,��& -� ��xZ� D	���.	8�jC3  

Tilley & Terry (1963)  {&M� ���V� �& �%��+�& �� �

 34��K�McDougall (1948) 1L-	Z7 W�c
& .#� J&-�( 

&-#9�( +'& -
 �����" ,|� (� �& (<B}9(  Mc� 0S;��

L (�#;�+�(  ~�<	-]� ��� �� 0�� S8 0��9 %&Y
 0(<BP9

�	%-" �%��+�& -�&-� . (� ��� �% ��4� �% �&�����"

���� AH&�LJ @ �� Sl�� �#�- &J ��_J O��  �% W-"

/# � XC' (L��4 W-"����� / �% W-"# \��b� W-"��

� (� 0�-+
���/# �&M!/� 
 -�&-�#�&�j
 ��JZo� 0	�
�9 ( .


 ���� U.#+'& �% %&�. ��6 (� M#W&% �� 19&% �&-5 �8 .

9#�&-( 7 0(<BP9#Zo� �& D	( 8�jV<H3 Db� �% �& 0

�� � ���@	�+V� 2	2B@ (<BP9 G� ��.J -@ 1V� �	 ��

 %J �/&#��% �% ��-/ �J �� � (@�%#��# ��6 (� ,�

%-" s�H ?u� � \��b� A��/	� .&�]� ��/F  -8 �& W-"

(;�; �% (
�B
  T�L�	-+
�� J�8�F 3�#�  �	��� J-+#;

�	%-" .(;�;  %&�*� �% �8�  ��%(run) %-" ^�-�	 �% (/ �

 ��% -8� (
�B
 �& �&-P� �8J ���. %���	�9 �%&% �&-5 D .

 %&�*�� ;�;(  ��% -8 �% �8�9 �&��4 (� S8 (
�B
 ����

�9 (+L-" -l
 .M� �& ��#
 %��� Sc_ �% 34��K� {&

�;�&  U. W�B_ J�� � �9 (+b	� -	����  (@�%

�#��#1L-" �&-5 ,� .% ��	-@ 1V�J �/&# 0��-/ �

pH  �% 34��K� {&M��/E  3;&� �9 S#l�� .	 X

3�#�  {&M� �& -+#; -8 (� S#��x �	-�x ���V� -+#;

�	%-" (L�g& 34��K� . �� (<B}9 2	�� �& 1B�5 w	

 34��K� {&M� �& 1B�5 ��p#� J&-�( ��	]�� 2#i 

(inoculum) �9 \��b� .(;�; &-� T�L�	-+
�� J�8J  W-"

7 0�%��#�M� �& D	9 \��b� )#�&-( (<B}9�  {&M�

��% �� ������P
& �% 034��K�J �� � (@�%#��# �&-5 ,�

% ��	-@ 1V� � �9 �%&%J �/&#�
�9 �%&% �&-5 ��-/ � .

�# �&M�� 3�#� 9 \��b� -+#;#�&-( (<B}9� M� {&

�	%-" (L�g& (;�; -8 (� 34��K� . 1V� ~&%�c� (;�; 

 ��	-@ %J �/&#��-/ �  

1L-" �&-5 . �� ������}
& �% � �9 (+9&Z" (;�; w8`x

J��%  ��  (@�%  �#��#,�   �&-5 �%&%  �9.  6 3 ��   

&�+�& 14��	�_-� 3( 3� ��#����}
&  -8 J�&�8�  14��

 -8 �. �& ?7 � ��� w	�� ��� w	 14��  ��}� AB4

(;�; �%&% 1L-	Z7 W�c
& �8 . ��	�7 �& ?7��  14��

(;�; 0��#����}
&  �% �8�FFF  (�[�@ U�+9 ,��& -� ��%

(2000 × g)  J��% �% �� � (@�%#��# G�� (� ,��� 

(� ��
�B#5�� %&�� �� �	%-" T�L�	-+
�� (]#5%  � ��9 �#C


%%-" &�@ 3Vf� ����9 2	�� . 2	�� �+b	� ��% �& ?7

 (;�; -8 (� ����9�� 3�#�  J�#�& �#�u7 ���V� -+#;

 G�� (� � �	%-" (L�g&��  �% 14����  (@�%

�#��#1L-" G��H ��#����}
& ,� . �%��  ��& 14��

 -8� w	 14��  -8 �. �& ?7 � ����� w	 14��  ���

(;�; �9 �%� S8 (� �8 . �& �*��� (;�; 014��  �& �8

�	%-" $��' ������}
& . �	�]� �& 3L�H Z=�x �& �%��+�& ��

�9 -+�#L ��9 ��� D#7 . �% 3L�H Z=�x �&-B8 (� �	�]�

 J��%�FF � (@�%#��# G�� (� ,���  wC' 14��

%-"	�9 �	��� � w�' ����}#�% �% �. �& ?7 � � .

��x �% �	�]�� ��% �� 3}	-+};&J �FF � (@�%#��# ,�

 G�� (��  ^	&-g 1	�
 �% � �9 ��
&��� 14��

&�"d� Z7	-J �9 (<��V� .A��5 JT-
&  ��� � 1'��

(L��4 �8J � � ����#
 ��9 ��#�-� (� M#0^  

(f�&� �& �%��+�& �� �8J )� ( �)� (%-" %��.-�	 �

(Alderman & Cottrill, 1995).  

�  (  ME (MJ/kg DM) = DOMD (g/kg DM) × 0.0157   

�     (ME (MJ/kg DM) = DOMD (g/kg DM) × 0.016  
  

 7�8�%01�6� �9:� �� �*�%1  

Mc� �& AH�_ G�4`6&	( L��4( $��  � ���� ,�-'

 ��9 ��#�) 0-�H e�f� J��_��  ����  �% W-"

/#���� ��� ,��& -� ,`� W-"�� ( �%�*+��
 G��H (�

���. ��� �& �%��+�& ��-	� J:  
  

yij=µ+ai+eij  

  

Mc� %���	�V� � (# ��/Z� ��� �% (/ 01L-" �&-5 Ayij 

 �&�]�%�4J  0��8�C� -8� �#j
�# 0�ai � -�&# � ��Beij 

�f'J ���.	C3 %�� .L��4 J&-�(  �����  J&-� � �&-}�

L��4(  ��9 ��#�r �9 (+L-" -l
 �% �&-}� . (	Mc�

�%&% ?
�	�&� W-
 �& �%��+�& �� �8  J���. �&ML&SAS 	�� �( 

GLM  1L-	Z7 G��H(SAS, 2001) .�]�	�( �#j
�#�  �8

 �%��+�& ��(��&% ��p ����. �& &J  if� �% �P
&%

�*�3  �&%�  �9 W�c
& �H�%(Steel & Torrie, 1980).  
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  جينتا

Db� �8J ���-7 ��+b�#�3 L��4( $��  � ���� ,�-'

�# ���@ �% ��9 ��� 1�& ��9 d�&M" .o�##%�� -� 

� �& ?7 (L��4 XC'#���. ��V; �& �%-/ ��J �*�3  �&%

 %�<
)��/�P>(%�ML& �� ��& 0�*� ��6 (� 0,`� �3 �&%J 

&ML&	 D	 1L�)��/�<P .(�#&ML& ^@�� �%-/ ��	 D

���-7 1l�=# W�' �)��/�<P (%�]� D8�/ �	 -pH 0

���-7#]_ �#]3 0NDF 0ADF8��-/ 0#G&�� �8J  ���V�

���-7 � U. �%#�9 �% ���V��
 �	��� �8J z�'3  �

�&#�J  �9)��/�<P .(�� �&J %	 ,`� �%�ML& �� 0-j

�4 (�L�( �#� 0��9 ��# �&MpH���-7 0#W�' � ,���-7# �

]_#]3 0NDF 0ADF ���-7 �#�% ���V��
 � 

�9	��� �8J z�' 3�& �#�J �&�]� � 0D8�/ 

8��-/#G&�� �8J ���V�  �%  U. 5��#&ML& ��
�B	D  

	 1L�)��/�<P.(  

&-L	� ��#� 0�%-/ ��#���-7 �&M# � ���V� �

Db� �8J A  �B1 &ML& &�	 D)��/�<P (� Db� �8J 

B2 0B3  �C  %&% D8�/ &�)��/�<P .( �%�ML& 0��`4 (�

L��4 (� ,`�( �#&ML& (� -c�� ��9 ��	���-7 D# �

Db� � ���V��8J A  �B1 Db� D8�/ � �8J B2 0B3 

 �C  �9)��/�<P.(  

&-g (� \��-� G�4`6&	d�&�" ^ Z7	-J T-
& �J 

 ���@ �% ��� � 1'�� A��5� 1�& ��9 d�&M" .�# ��

�*� D8�/ ^@�� 0�%-/3 -g �&%	d�&�" ^ Z7	-J 

%���  �9 XC')F�/F<P( .L��4 (� ,`� �%�ML& ��( 

�#&-g 0��9 ��	d�&�" ^ Z7	-J T-
& �J A��5  

�*� ��6 (� ��� � 1'��3 �&%J &ML&	 D	 1L�

)F�/F<P(.  

  

2�/345 67" $��� %&'(��) 8�97� -��� �/� ��&0 � �#�( ;�( , <9=&0 >�0� �" >��?@A�, BC�? %&'(��) � D��/&��"�  

  
���� �����  

����� ��	 ����  
SEM  
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  a'-�  */
  

pH 
a��/* b+'/
 c*/
  c
/
  �
/�  

       

)��� ���� ���	��� �� ���(            

"�! .�0��#1  d��* a�
� b�'�  c�'�  �/'  

 .�0��#123�34  a�/-� b/�� c
/�
  d�'/
-  �
/�  

256! ��67�	 �� 8��9��: ;��<=� a��* b�
+ c�� d
�� �/
  

>���= ��67�	 �� 8��9��: ;��<=� a'- a'' b'�* c''- '/'  

?=�����@#& AB �� 8��9� >�� a�' d�
 c� b
 +/�  

256! ��67�	 �� 8��9��: .�0��#1� a' b'� c�* d�� 
/�  

�0��#1>���= ��67�	 �� 8��9��: .� a�/+ b�/ c�/- d-/* �'/�  

       

)��� ������� ���	��� �� ���(         

8��9� .�0��#1  d��� c**� b-�-  a-��  �/� 

A 
d
+� c*�' b*��  a**  �/� 

B1
  c�* b/�� b/�'  a�/��  �'/� 

B2
  a
�+ b�+� c�--  d���  �/� 

B3
 a�� b
/' c'/**  d
/��  �/� 

C  a'/' b�/� c-/�+  d*/�  �+/� 

       

)�	��� ������� ���	��� �� ���(        

A  a+*� c+'� b+'�  b+'*  
/� 

B1
 c�� a� b-�  b-�  �/� 

� .NDF �� .ADF �� .NDICP �� .ADICP �SEM���	
�� ���	
��� �
�� � �
�	 ��� �� � ��
��� ���! �
� �"��# $"%� �&��� �'(�  )�� � ��


�* �+  �,�)/+//<P (2��.  



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

 2�/3�5 ����! F����  -��.))
�!��&, �	 
�! ( <=&C�"�9� @"�I -J�A� �)	�� 
�!��&, �	 2�J�K�� LM? (  

$���� /� ��&0 � �#�(� ;�( >��?  

 
�#�( �$���  

$���� �/� ��&0  
SEM  

/��� E %>O�  �� %>O�  

����! 	�� -��.)� LM?� cP�� dP�� bP�P  aPEE  P/E  

����! 	�� -��.)� �CR� cSPP cSP� bP��  aP��  T/S  

	��� LM? �	�� �	 <U� @"�I �CR� cE�S cE�� bS�P aS�� T/E  

<=&C�"�9� @"�I -J�A�� c�/T c�/T bP/T a�/�� TT/�  

� .DMD �� .OMD �� .DOMD �� .ME �SEM���	
�� ���	
��� �
�� � �
�	 ���� �� � ��
��� ���! �
� �"��#  �'(�$"%� �&���  � ��

 �
�* )��+  �,�)/+//<P (2��.  
  

  بحث

� �;&����� �	  

�#���-7 �&M#L��4 �% W�' �( $��  ,�-') �%��� 

"���3 (%M
	�+
 (� X	 ���� ��9 d�&M" �Sleugh et 

al. (2001) ) �%��! "���3 0�!� / �% W-"#%�� W-"��� 

XC' (%�� .$�� (x %&% ��C
 �	�+
 �&��4 (� ,�-'  w	

(L��4 ��KV� &J &-�J �#(  �#�@ � ��	Mj	 �%-/ �

�#��J � (� 0G�[	S/ )6��� �% �Y  �#���-7 -l
 �& 0U.

 %�&% �&-5 3<���� 1#*g� �% W�')��r  �% W-"

/#%�� W-"��� XC' .(&-L	� ��# ^@�� 0�%-/ ��

&ML&	���-7 1l�= D#�9 W�' � .�� D8�/ 0~R�B+_&	 -

Db� �*� D8�/ (�B@ �& �83 8��-/ �&%#G&�� �8J 

&ML& ^@�� U. �% ���V�	= D# ��*L-(passive)  1l�=

���-7#1�& ��9 W�' � .&ML& 0��_ -8 (�	���-7 D# �

���-7 D8�/ �� W�'#]_ �#]3 & 1�4 (/ %�� �&-B8	 �

�&%& -�&( Mc�	( ���-7#� �% �# 1�&  ��(McDonald et 

al., 1991) . -l
 )<6McDonald et al. (1991)% 0 �

 ~R�B*� 0���� ��8�#"O�  ����  &� �T�-+#
 Ax �& �H�%

3� A#}C� 3�#���-7 G�<#x-�  ��#� �& ?7 (/ 0�8%

;% (� 0�%-x#�&%& A( 	Mc�( �#���-7 & �8	 D8�/ �&�]� �

	 �T�-+#
 �&M#� 0�%-x ��#� ��	�7 �% 3+_ � (+L�

 %��_ (� 1�& �}B� 3�#���-7��  -+Bx �	 �H�%

	Mc� � ���	 D8�x(  �% 3+_ �#���-7 �	�9pH  �%�*�

r/� 3� M#
  %-	Z7 G��H �
&��(McDonald et al., 

1991) .� �& ?7# 1l�= 0�%-/ ��NDF  1L�	 D8�/

�&�	% J&M@& M#;���#8 �. 1�4 ~R�B+_& (x�  36 3;���

 1�& -#Bb� AB4(McDonald et al., 1991) . D8�/

�*�3 8��-/ 1l�= �&%#G&�� �8J  �& ?7 U. �% ���V�

�#;% (� 0�%-/ ��#& ��9 s-K� A	 ���� Db� �

�#
�"�&�-P#S� �8J � �% %�@��#+
 (/ �%�� ��#c( &	 �

 D8�/ -�&pH L��4( �# �%�� U��f� �_ (� ��9 ��

 1�&(McDonald et al., 1991) .  

 1l�=NDICP $�� (L��4 �%  ,�-'!�  �% W-"

/#%�� W-"���  �%�*� � wC'�/!� H�% A/ �& �

 -l
 )<6 (/ 0%�� W�' �#���-7Sleugh et al. (2001) 0

�9	& �	� �# A#�
�+7 (c
�	 �� (�	�]� �% �
&�+� �&M

 S8&-L (<B}9 �& J��<4 �#���-7 �#��� J&-� &� J-�R��

 %��.(Sleugh et al., 2001) .&-L	� ��# Db� �%-/ ��

NDICP )���-7 (/#= �#1�& A_ A��5 - ( %&% D8�/ &�

(/ Mc� �. 1�4 ~R�B+_&	( ���-7#Bb� ��6 �% �# -

(Van Soest, 1994) 7 1�P9 �# �
�NDF-N (Rinne 

et al., 1997) 1�& .���-7 (@�� A��5 D8�/#7 �# �
�

% �� ��9	�&�� ;���3 � �& ?7# ���� �%-/ ��Jones et 

al. (1992) 
#1�& ��9 d�&M" M . �% ���V� �#���-7

L��4(  ������� / �% W-"# (/ 0%�� W�' �#���-7 W-"��

�#& �&M	 J��#+'& s-K� �� \�<��& 1�4 (� Db� �

�� 0�&��'	 �9�� �#h�7 ��}�& �_ �� �(Chamberlain & 

Wilkinson, 2000) .&�+V�J ���-7# �& ?7 ���V� �

�#&ML& �%-/ ��	 D	
�C
 (/ 1L�( Bb� �%&% ��# -

�9	 1�& �(Chamberlain & Wilkinson, 2000)  �

�
93 ;�*L �&#M
. 1	B3 " �%#� �& A<5 ��# ��9 ��

(Kemble, 1956) ��B8 �#&-L �	Bb� ��#Mc� � -	( 

���-7#� �% �# ��(McDonald et al., 1991)  (/ 1�&

�#6 �% -+C3 � ��& ��� ��p#� �� ��9 ��3  �8%

(Carpintero et al., 1979) . Db� 1l�=A )
# �T�-+

=#���-7-#�3 ( (� (@�� �� (L��4 ��#" 3}	T�;�	M#L �	&-9



�S   ���� ���	 
��� ���� ���	������� � � ����� 

^���� ��#" �9� �	&-9 (p -8 � 1�& -#o+�  0�9�� -�

& �&M#�	 %�� �8&�' -+C#� Db� �(McDonald et al., 

1995) .&�+V�J  Db�A  �& ?7 �#+
 �% �%-/ ��#c( 

&-L	Bb� ��#���-7 -#�(McDonald et al., 1991) 

&ML&	 D	� 01L�	&-L &-	Bb� ��#� ^@�� -3 `'-� %�9 s


T�-+#
 G�<#x-� 0���� ��8�#"3  (� 3}#+xR J�8��#� �%

 -#= ���V� J&M@& A}9 (� ~R�H& 0��9 1lL�V� 3��'

�<� 3�#���-7	 %�9 A(McDonald et al., 1991) .

&ML&	 Db� DA �#& -j
�	
 (/ 1�& (;��� �#= �T�-+# -

���-7#�3 �#-+CJ Mc� A��5 (/ ��9 S8&-L	 (<BP9 �% (

� 0&Z; � 1�&%�]	-�R�� -J Zo� %&�� �&J  ,-+�% A��5

&-�J �#
�"�&�-P#WM �8J  %�� �8&�' %�@�� (<BP9

(Geron et al., 2007).  

 Db� 1l�=B1  01L�	 D	&ML& �%-x ��#� �& ?7

�	 �#���-7 �& J-+C#� Db� -#Bb� ��	&-L -�& �% &-

 A	�<� ���V� J&M@& G��H (� ��#" ���V��
 3]#]_

�3  %�9(McDonald et al., 1991) .Db� D8�/ �8J 

B2  �B3Db� (/ 0 �8J ���-7#]_ �#]3  �� ���V��


14-� �8J Mc�	( �7 � ���+�#	� �3 6 0��9��3 &-L	 ��

Bb�#� �% -#;�*L (� ~R�B+_& ��#Mc� 1	( ���-7# �% �

Bb� ��6#���-7 D8�/ � -#7 �#% �� ��9 �
�	�&�� 

;���3 (Van Soest, 1994; Rinne et al., 1997)  \��-�

1�& . Db�C )ADICP ( A��5 -#= �T�-+#
 �& J%��.-�

 �9�� �#h�7 ��}�& �_ �� �	�� � 1�& �&��' S�8

(Chamberlain & Wilkinson, 2000) .& 1l�=	 �

L��4 �% Db�( $��  ,�-'�/� / �% W-"#%�� W-"��� 

1�#
 R�� �&��p (x %�� wC' .&�+V�J  Db�C  -�

/ �% W-" �_&� ,��&#-"��%�� W� � �& ?7 XC'# ��

�� D8�/ �%-/#/�
& ��3 	 1L�) %��_�/�  �H�%

D8�/(/ -8 �% W-" �_&� ,��& -� ��& 0#���-7 W-"��# �

& D8�/ W�'	%�� (l_`� A��5 Db� � .& ��	��� �# 0-

&	= G��H (� ~����& 0D8�/ �# ��*L -)passive ( � �%��

�#&ML& (� -+C	Db� S� D �8J ���-7#�3  ���V�) (�

�H�% G��HJ ���-7 A/ �&#W�' � (_ �%#&-L �	 ��

Bb�#� �% -#/�
& Db� � 01�& �<�-� ��3 & �&	 �


 D8�/#Bb� (� ~R�B+_& M#hM@ -3 &M@&J %	�&�� ;���3 

 (�B@ �&ADF � �%#�� (Bolsen et al., 1996)  �

8#;���#7 M#% �
�	�&�� ;���3� ���-7#Bb� ��6 �% �# -

(Rinne et al., 1997) %�&% \�<��& .&�+V�J  Db�C  �%

L��4( �#$�� ��9 ��  �& -+B/ ,�-'O� / �% W-"# W-"��

���-7# -l
 )<6 -� (/ %�� W�' �(Chamberlain & 

Wilkinson, 2000)
�C
 0( 	� X#��J 1�& U�'.  

d�&�" Z7	-J  ��#" S5� � (
�" -#��� 1V� a&��'

 %�&% �&-5(Sleugh et al., 2001) ." ��p -8#�� 

$�� R�� �� �% ,�-'	 ��& 0�	%-" 19&%-� 3

d�&�" Z7	-J  � %�� R�� 3@�� A��5 �&M#� (� �.

��C
 ��8%� �];�� 1	M��  (� �%��+�& 1@ ��#" �	&

1�& (L��4 �&��4 .�*� D8�/3 -g �&%	d�&�" ^ Z7	-J 

%��� �9 �%-x ��#� �& ?7 XC'	 D8�/ (� �

8��-/#G&�� �8J  (/ �9�� \��-� ���V�	P3  2���� �&

T-
&J &-�J �#
�"�&�-P#WM �8J (<BP9  �
&(Van Soest, 

1994) .(L��4 �%-x ��#�  &� 3����+� �	�+
 ��+b� J�8

d�&�" -##o� -l
 �& Z7	-J  �% � 1�& (+9&% 37 �%

D8�Y7 �8J &ML& 0D8�x 0��+b�	o� W�4 � D## �% -

d�&�" Z7	-J L��4( �#L��4 �� (�	�]� �% ��9 ��(  ����

" 1�& ��9 d�&M(McDonald et al., 1991).  

��	
 �� �<% ���9�& �;&� ��=+� �	  

l_`� A��5 D8�x 1�4(  1l�=NDF  �ADF  ��

 �& 0,`� �%�ML&	�� �&�]� %�@� (� \��-� �� X# ��

p�
# MNDF  �ADF % s-6 �& � ,`� �%	&ML& 0-j	 D

Mc�	( %	�&�� ;���3 &ML& 1�4 (�	Bb� D# -�& �% -

�8��5J 1�& ,`� �% %�@�� ,-+�% A��5  

(Baytok et al., 2005).  

L��4 (� ,`� �%�ML& ��( �# �&M#� 0��9 ��NDICP 

1L�	 D8�x . �&�]LNDICP  -#Bb� D	&ML& 0,`� �%

	Mc� D	&ML& 0(c#+
 �% � ,`� �%�ML& �� ��#� �%( 

�&�	%�  3;���(Bolsen et al., 1996)  �
�#7 D8�x �

�#���-7 % �� �8�&�	�  3;���(Rinne et al., 1997)  A	R%

 D8�xNDICP ��#� �%J ��_J 3� ,`� ��9�� .

�#���-7 �&M#L��4 �% ���V� �( �# �& -�R�� ��9 ��

L��4( %�� ���� . ���@ �% %�@�� G�4`6& (� (@�� ��� 0

�]� �%	L��4 �� (�( -+C#� 0����	 1l�= �% D	&ML& �

��#� �% ���V� �#���-7J � �8�9 (x J��6 (� 0�%&% �

� (� ���V� �#���-7 1l�=# �&M�/!�  D	&ML& �H�%

� ��C
3  �%�ML& �� � 0�8%�  �&M#� 0,`� �H�%

 �]L ���V� �#���-7�/� � (� 1<�
 �H�%#��J  �8�9



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

�#�9 -+C .� -l
 (� 0&Z;3 �H& 1�4 ���3  D	&ML&

 �%�� -�R�� 0��#� (� ,`� �%�ML& �� ���V� �#���-7

-7 1l�=%��_ �� � ,`� ���V� �#���J 
#�C� M	 �

Bb�# -(Woolford, 1984) 1�& .&ML& 1�4	 1l�= D

 Db�A  �B1 Db� D8�/ �  �8J B2  �B3  �& ?7


 0,`� �%�ML&#���-7 %�@� M# ,`� �% -�R�� ���V� �

�� �& �J %	�&%& -j( Mc� �
��	( ���-7#� �<� � �8	 �
. A

/-� (�#
 G�<#
T�-+3 =#�-7 -��#�3 ���-7 �# ���V� �

)+_3 ,`� �%�ML& �� (��6 (� 01�&J '-� (/3 

� �&-jC8�Y7#�%-/ �� ��5 2���� �%�ML& �� �
&J L��4 (�( 

�#L`+'& ��9 ��3 *B@ �%#-+/�� 1J �8J Mc�	���/ (� 

���-7#� �#� �#��J ��.-LJ ��.-L � ��9J & ��C
	 %�c

 1�& ��C
(Woolford, 1984) 0	�*3� Db� 0#C-+J  �&

���-7#%-" ���V� ��L %�&� ���V��
 �	1�& �� . ��

��#� (� ,`� �%�ML&J $��  Db� 1l�= ,�-'C 

�B4 1�4 (/ 01L�	 D8�x� &	 %�@� W�4 D8�/ �

ADICP )Db� C (�&�
& �� � ,`� �%� -+B/J  D	&ML&

�&�	% J&M@& -#Bb��  (�B@ �& 3;���ADF  D	&ML& �

�&�	% �� �#���-7 �
�#7 1�}9�  1�& 3;���(Bolsen et 

al., 1996; Rinne et al., 1997).  

L��4 (� ,`� �%�ML& ��(  ^	&-g 0��9 ��#� � ����

d�&�" Z7	-J T-
& �J D	&ML& ��� � 1'�� A��5  

(l_`� A��5 &J 1L�	 .�%�ML&   ,`� ^@��  D	&ML&  

(	Mc�    ��&�	%  3;���  �& � -#Bb� D	&ML& )	-63 %%-"  

(Bolsen et al., 1996) . ,`� �%�ML& 0-j	% J�� �&

G&��#8��-x D	&ML& ^@��  J�8 ���V�    ��
�B#5��  �% 

 ��#� 0��9   � (/3  3
��. (� 2<�� w	 �&��4 (� ��
&��

� ,-+�% �% -#Bb� A��5#
�"��-P#�S �8J  �&-5 (<B}9

 �
-#"(Chamberlain & Wilkinson, 2000) .  

d�&�" ,`� 0~R�B+_& Z7	-J L��4( �# �& &� ��9 ��

 D	&ML& (c#+
 �% � 3��-}#� 1#;�*L w	-V� )	-6

�#1�& �%&% D	&ML& JZo� %&�� d�&�" �&M  

(Aksu et al., 2006).  

$���: >���  
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