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���� ����� 	�
 ��� ���� ���� �� ������� ������ �� 	����� � ���� ���!���  "����
#�$ �� �%&�'(�� )�* � �����+��, ��-�#. � 	/#-& �� 01���2 &� ��, 3�� ��45 �� )���

&�����+ ���6���� 72 8�9��:2 $9 ;��� ��< =>�? �� 	/#-&� 7@×@  ���� ��45 ��AB  ����
%& ������� .���� �+2 ���D6�
 ��E2 ��F�6��� � ������ ���� � 	� ���� ��G H>�( 	��

 )��I ���� �� H>�( ������AJ )JK  �LJ � �� M�,�$�$ 	� )N�( ���� M�,��� �� =LJ )
JK )AJ � �� )H>�( ��G 	����� M�, ��I �� ���!��� �� �%& "����6OP6%�%& 7 .����  �+

M�� �� ������� �� ��O8� ��+���� Q�:�R$��S � ���%���, 	>���8 T��� H>�( 76% .��6OP6 7
� �� ������ �� ��G 	����� 0������� )��2  ��pH ��6'&�%� 	/#-& ; .� ��6 U+�VS 7

�� 	� ������ 0��� 	8�W�2 � 	� ��G 	������ ���!���  ��< 	� )�%& "����
�X� ���2 
���D '��Y� ��� ���  )��� U+�� �� 	/#-& �� Z�
�X� ��� � '��Y ����[S 01����%2 '&�%� .

�O8�6��� U� �� ������ '��Y T� �� ����+%2  	� ����� '/:� � 	/#-& �� ���8 \�5
S��S� ��� ����
�X� ��� $�� '��Y ��� )'&�%���O8� 	/#-& �� �� ���6 ��� U)KJ/K <P  .( ��

�6���D 76� )U�� ������ �� ����#$ ���6�� U+�� 	� T��+%2 a�� \�5�	(�& ��F� �� ���6 	:
 '&�� ��G 	����� ��)KJ/K>P .(�O8�6� �� ������ U��F� �� ��6 ���� )��G 	����� �� 	:

8�c� N�(
d$ )��e���, )0%� 0�� ���fS6�2 �+�g2 fd� ����2  e���, ��P��� T� ��
>�$ ��& %� 'h$ �� ����i$ ��5 %I�� ��� )��%� ���?
 &�& %��� ���� T� � �� ��< 	� �� �

�X� ��� �O8�6 ��� U)KJ/K<P .(� 9�� ��R$��S %I�� )������ j�� 7�8�& 7��#$ �6 	� T
�O8�6� � U�� ���� 01���2 &� ��< 	� �
�X� ���  U+��6 '8�)KJ/K<P(� 	� )� ��/4� �P��

'(��*� ������ �� � 	/#-& �� 01����U�� �� �$���� ������� 	a�+2 ��6#��>� ;�� �� 01���
�� ��
� &��%.  
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  مقدمه


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

+�!,(!- .� �� +�)���* ����!* /��	 �)��  !��� �1.�  (

3� +!$ �)Tamminga, 1992 .(�	!* ���!$ ��	 56!$ �

�!7� �� ��!�"#�	� �	��(�* �!��89� /�	8, ;	 ( <�.�� =�

-��)>3 !,� �	?� @��A3 �3  ��+(Broderick, 2006) .

� .� ="9�- B!C
� D!E)!A�	� &!F
 �.�� �3  =G �,�

� ��H6 ;I$� � ��	!* ���!$ ��	)� =$ �� �"9..�, J


�
��> &'(�"�G!3  =KHL+ .�3� +!$�(Hristov & 

Jouany, 2005) .
��> ?M�N��$!O !$ =KHL+ <!� ?

#�"#�3 ��
!-.�(�L�P� =$ !,  '�
�� HI� J$!O� .� �

� =G !C
> �� ( �.�� QL6 =A$�. =KHL+	  �

��
!-.�(�L�P� ��H6 ;I$ !, �� ��(�* ��� !$ �. ��� �


 �� ��!�"#��
��> &'(�"�G!3 )���� �3 )�� ��KR$ /���G� �

��(�*�� ��$(�L3 �89� 56!$ /=KHL+ .�	 �!7"
� ���!$ ;


�
��> &'(�"�G!3 ��(�* =$ =KHL+�� !,� +� �3� �+ �

)Hristov & Jouany, 2005.(  

� ( ="#!F
 /!,��O	,�$�G �S�D�.� !,� �T��� �� /

�1� ;I$3 ,�$�G�D�.� !,� N�)���9!3 %�LF� �. ��� J

'�
� ��H6 UK�� ( ����� % .���� !,� �VN3	 !,(!-� 

+�)���* ���� �)��  !��� % WF� ��!� �1.���� (

3� +!$�� )Varga,2003 .(X�"I� U$!�� ,�$�G�D�.� !,� 

N�)� ��9!3 1�Y� �M
 ���H, D!3  !$	�L	 D(!�"� �S


!�� ( ���$�� =L	,�$�G U$!�� ����.�3 HI� =KHL+ .�� �

3� �+G�� /�
���"I� D!K3 #� ���!,�� )>3 )�� �.� �

 ���H
)Hall & Herejk, 2001 (�.�� (�  D(!�"� D��Z�

 �$pH   =KHL+(Khalili & Huhtanen, 1991; Strobel 

& Russell, 1986) )�����(�* ��� ��$(�L3(Hall & 

Herejk, 2001; Sannes et al., 2002) )� P, (� .� [!

 =KHL+)Heldt et al., 1999; Miron et al., 2002 (

3� +!$�� .� �$ �!7"6�	HI� \�
 =G ?#� �� ��"�$�# �

S"�KH,3 ]!$3	 � �+. \�
 !$�
!-.�(�L� ="+�� !, P�

=
�- =$ �� HI� =G��# �	)�� 56!$ ��"�$�# U� ���� �

��$(�L3 $��"F� 3� �+ �)Nocek et al., 1988 .( �$

# ^K_�,�$�G P"����(�* ( D�.��  !,��O J
�G `)!� �

="#!F
 ���� ( �� ��� =$��.�� a� 8C� \�
	�# &�+ =	 U

� ( ���$ =KHL+ .� b#�"� (�
!-.�(�L�P� !,� 

HI���!,��O ����G� 7� .� ���@�!	 !$ =�

��
!-.�(�L�P� !,� HI�� PR# /="#!F
 ����G�

c.8$ ��� ��(�* 8"�# .��� ��$(�L3  �
.��(Sniffen et 

al., 1992).  

� &!F
 X�"I� D!E)!A�3 ,�$�G =G �,��D�.� !,� 

N�)���9!3 �.��� )�� �$ D(!�"� D��Z��+ �� �(O'Mara et 

al., 1997; Broderick et al., 2000) G�� (�+ a� �

)Broderick, 2006; Nombekela & Murphy, 1995 (

3� +!$�� .Broderick )2000 ( =9!d� =G ��H
 e.�8-

% .� �.!G!# &��G�!,(!- ��� +��89� 56!$ /���	 ;

9�Y� WF� ��!�3$�f .��7� /3 +�)�� ( ��+ �� �

@Y��$�f g!#� �$ ��+ h3 3� �+� . �!i �, =$

�$ D!E)!A��HG .!3 �"#�  !$ =A$�. .�!,��O �� ��!� 

 ?��# �$ `)!� � 
 �!#�
 /=KHL+ .� &'(�"� &'(�"

"j*��� !,(!- ��L�H6 (� +�?#� ="9�- B!C
� ��� .

� B!C
� �� [�,	!��> �	 �� ��!�"#� D��Z� =E)!A� /;

% .� ="#!F
 ( �.!G!# X�"I� k�A#� ��lm�!G  n��I�

HI� �$ ��+�?��# /�� 
 �!#� ( =KHL+ .� &'(�"

,(!- ��L�H6!� +�!"F�, ���	 �3� +!$�.  

  

  ها مواد و روش

� .�	!��> �	+ (!- g�. .!Rf �� ;�!"F�, ���	 !$ �

$� �� ;	�� PL+ W	�.�� /;� 9�]�"��  ( =KHL+

��S
!�
�( �3 op ± qqp G�!,�(. ( B�-��� +�,��3 

rr ± stu �] U$�� k�_ a)!O .�� �o×o  �.(� .!Rf !$

rv �+ ��!�"#� ��(. .(�+ �� JKO!��> w	G�� /;� a

+�H�!3	 G�.�� ����3 !��> .� ��!�"#� �.��	 �!SF

E���% ( ��+ ���� !,� �VN3	  .�89� B�
 �� ��!�"#� !$

CNCPS  (	��	 ;p ��- =)���9	� .���% !,� !��>	F3 

(!i� �!7�	 ���$ D.T `)!� ="#!F
 ( �.!G!# X�"I� �

��1 k�A# .� `)!� �.!G!# ( )%��,!+ ��( /rp /pu  (

tp G .� B�-���� =$ /WF� ��!� B�-��� !$ atp /pu /

rp % .� /`)!� D.T ="#!F
 B�- ��1 (� ��lm�!G 

!% ��+ n��I�	8S	�
�+ � .���% !,� !��>	F3 �.��� 

'�
�� G�� (�+ D!K�H�!3	  =$!F�) �(�%s ( =$ ( ���$

 JL+lm�!G  ��6( (� .� ��+ n��I�)v  (sx ( �i .� (

 !R"+�)su O!$ �1.�3 ��
!� ("�� .�� ���� .��O !,(!- .!

�
�+ .!��> ��_ .�	!% .� !,(!- /;	����
� �!S� �.��� 

.�I$>� �!�����.��RS
 W� #�"#� ( ��+3  =$ ���>
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   �����	����! �:  �"#$% &'��(�
 �)'�*+ � ,��-�' .�)/� 0�1' ,	 �
�2)'	 ...  ��� 

��"+�� WH
 y�# .z��� ( ��"$� .� !,(!- &�$ &�( D��

!R"
��  �.(� �,����
� ��-� 9�Y� <�.�� ( ��+3  (

O!$3��(. D.�1 =$ <�.�� ��
!�E� =
���+ � .

=
�H
 ��-� 9�Y� <�.�� ��3  =$ <�.�� ��
!� Q* (

S"�, D.�13  ?9�- B!C
� .e.��- V*	�� �,!{�  ����

Vz��  e(. �� ��!�"#� !$ e.��- �!S"#� JG .� <�.��

���� �S
!F
3 #� .� ���@�!
 �"�G!���� (Van Keulen 

& Young, 1977) E����+ � .��$� �	 ="�, .� .!G �

 �, ��> �.(�=
�H
 !,�  �� B��G �, ��(. ?#�. �� w�9��

.(> UH% =
��(. D.�Y$ !,(!-� ��$ ( ��+�  �, ( (!- �,

 !$ �.(�	�L	�
�+ n��I� �S .=
�H
 !,�  Q* /<.��

!�� !$ &(> .� &�+ WF� �� Q* w�9�� ( ��
!��  pp 

                                                                                   
1. Acid insoluble Ash (AIA) 

"
!# =%.�� D�� =$ ���Str #> /?6!#���$ ( ��+ |!� 

)> ��!� /WF� ��!�3/ ��(�*�$�f /B!� �3  B!�

)AOAC, 1999( /NDF  (ADF (Van Soest et al., 

1991) ����
� -��� �
�+.  

=
�H
 ���- !� ��	.� �.(� �, ��> �(. .� =KHL+ U 

 /��1 D!6!#s /r /o /q  (v <�.�� �� Q* ,�3  hK1

 /&��G [!1 �� Q* ( ?9�- B!C
�pH  =
�H
 !,  =�1!9m$

����
� -��� �+ .��$� �����
 ���- #��!,��  /.��9 |�fv 

���3 )�!� �"	 !$ =KHL+ Ur ���3 )�#� �"����9!"� �	 W

rp !�� .� ( ��+ n��I� �1.�� ru �  ��- �HC��	� .

�}H,���$ �� ����
� ���- 
��> ?M�N� /=KHL+ .� <!

ru 3���  �"�)!� ��	 !$ =KHL+ Uru 3��� �"�)   

#��� ��G	.�	 Wr/u �� .� ( n��I� �!��
!� ru � 

��- �HC��	� .#� ?M�N�!,�� !� .��9 |�f	 U =KHL+  

  

 4�56�7 8"�*% &-	��� 
	����"6 &��"�"� 9�;"-�% � �<�+	 ��5=!
 &�	>? ��! 

 ���� ������� ����    

� � � �  

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

00/�00 00/�00 00/�00 00/�00 234%� 

00/�00 00/�00 00/�00 00/�00 �'	%/�5 6�7 

00/�80 00/�80 00/�80 00/�80 %� 24$� 

00/98 00/98 00/98 00/98 -'*. :%;5 

00/�<0 00/�<0 00/�<0 00/�<0 ��%5 2=�3*# 

�0/9 �0/9 �0/9 �0/9 >�'5 6�*?�!�? 

�0/� �0/� �0/� �0/� >�@/# 6�*?�# 

9/A 9/A 9/A 9/A �*��BC�� � �4'D� ��!� 

<0/� <0/� <0/� <0/� >�E�*� '�@#$ 

00/F8 00/80 00/�8 00/00  ���#�5 

00/00 00/�8 00/80 00/F8  6�7 2C5��4 

     �G�4$ � ������	 6�;�#�"):�5$ �?�HH+�& ���� 'I��( 

�</F0 9�/F0 ��/F0 ��/F0 +�& ���� 

�F/<� AA/<� F8/<� ��/<� �=� ����  

�A/�F �9/�F �</�F 0�/�F J-�& K�L"�� 

��/9A ��/9A ��/9A ��/9A 2;�!	 �� 2�E3" �?�M K�L"��J)�$ 'I��-�& K�L"��J( 

AA/�� AA/�� AA/�� AA/�� 2;�!	 �� 2�E3" �?�M ��N K�L"��J)-�& K�L"��J �$ 'I��( 

�9/�� �A/�� 09/�� <�/�� NDF  

F8/�< A�/�< 9F/�< ��/�< ADF 
89/�0 ��/�� ��/�0 08/�0 �'��%?�#�O��=$ ��N ��� 6$� 

9F/� 9F/� 9F/� 9F/�  �����	 P=�& �G�4$)-�.%/�# �� ��=�#�Q�( 

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

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

#�  
1���� ��2 ��3���)�	'���) = 
�'(� ���'5%))��% + ( ��0 8�9���:))��% + ( ��0 
��;))��% + ( ��<��0))��% ((� �$$  
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 e(. !$Ottenstein & Batler )1971 (#( =$ (� =�

9��-��!�(�G �!- �!S"#�3� 
��> ?M�N (� !$ =KHL+ <!

� e(.�#��"� &�Crook & Simpson. )1971 (

����
� ��-� �+ .����
� ��-� 
 ?M�N�"j* &'(�"���  .�

!�	 e(. !$ =KHL+ UChen et al. )1987 (?9�- B!C
� .

��$� �	 .!G ��u 3��� �"�) !� =
�H
 ��	 ="9�- =KHL+ U

.(� .� /��+suuu  D�� =$su O���"
!# =7	 !� ��+ '��

G�.�� D�.T3  =
�H
 �� �(���(�* (�
�+ ��% .��$�  ��%

�"G!$ &�+��"
!# =
�H
 /!,	l���C� ��+ '��  .(� .�

�uuuu  D�� =$rp O���"
!# =7	��- '��	 ?M�N ( �


�"j* &'(�"��� � .�	 ����G �!S"#� !$ ���@� �

����
� ��-� �+.  

� /�.(� �, 3
!	!* ="�,  .��+ &�8�)������  !,(!-

?$�
 .� ����
� /�R{ �� �E$ ( hK1 �!, -���  ( ��+

)�� &���6 =$ !R
> w�HC���+ ="9�- �M
 .� =
��(. � .

E� ���$��G�� ��+ D!K�$ ( �.(� �, 3
!	!* ="�, .� /� =

 3* .� 3* �(. (� D.�1=
�H
 !,� +� �, .� (!- �, �

UH% ?$�
 .(>� ��-	� .�	 �=
�H
 !, !��> .�	��$ �!SF� 

��� �!S"#� �� ��!�"#� !$ ��+ D!K�G�� ���E��L� �L#�� 

y
. e(. =$ �� �.(� &'(�"�
 ���}H, (3C�#� !$ ( 

 �"��"9(�"Lj#� �!S"#� �� ��!�"#�����
� ��-� �
�+.  

������� � �	
�� �� ���� ��  

� .�	!��> �	��$ /;� �!�13  =G����
� ��-�  .� !R
>

_3 �.�� &!��� .!�> ��� �� �
��K
 .��L�� �	 ��!�"#� �

�+:  
Yijk = µ + Ti + Pj + Ck + eijk 

  

Yijk :z"�� ="�$�( �) ?�1����
� ��-� ��+( �µ :

��S
!� �=E)!A� �.�� ?�1 ���$ =E�!% �Ti  :% �Z�� ��

)o /� /r /s  =i ( �Pj  : �.(� �Z�)o /� /r /s  =j ( �Ck :

i �Z�� &��)o /� /r /s  =k ( �eijk  :O!$ D��Z�� ��
!H  

��$� �!�13 ����
� =G -��� _ .� !R
>3 �.�� &!��� 

 ��$ .��L�)J�!+ pH !�	
  /=KHL+ U�
��> &'(�"�G!3 /


�"j* &'(�"��� #� (�!,�� .��9 |�f (.!�> ��� ��� 

�	�+ ��!�"#� �:  
Yijklm = µ + Ti + Pj + Ck + Zl  + ZTli + eijklm   

                                                                                   
1. Gas Chromatography Philips PU 4410  
2. Milko-Scan 133 B Foss Electric Denemark 
3. Colorimetric Method 

 

Yijklm /µ  /Ti /Pj  /Ck  : ]!$ ��� !$ ^$!A�3� +!$�� .

Zl  : &!�� �Z�)v /q /o /r /s /u  =l( �ZTli  : �Z�J$!7"� 

� ( &!��� .!H)ro.... /p /o /� /r /s u =li( �eijkm  : D��Z�

O!$���
!H.  

8C�	.�( =	(. !$ ���� Q
!	 =MIXED PROC 

B�
 .!�> .�89�� SAS )2000 (!7� ( ?9�- B!C
�	 =�

��S
!�� !,� .!�> hA# .� D!E$�� JO��i� p  !$ �1.�

 .�"#�PDIFF  =�!
�$ .�LSMEANS  �+ B!C
�.  

  

  ج و بحثينتا

pH ������� ������ � � � !��	 �"�# � $%�&'

��	��(� 
�&) *&+  

� .�	!��> �	!% ;	8S	!% =$ �.!G!# &��G �� 

% .� D.T `)!� ="#!F
� ��lm�!G �Z� ��+ n��I��  �$

pH !�	?+��
 =KHL+ U .�	 �	="9!!"
 !$ !,	 ?#�$ �

 b#�� ���>Broderick et al. )2000 (�}H, (� �

Sannes et al. )2002 (
��IH,3 �.�� .!��> .�	 ;

Sannes et al. )2002 ( &��G =9!d���  =$ �.!G!# B�-

%� ��pH !�	 ?@� �. =KHL+ U��Z�� ���
 .��O . .� !��

� D!E)!A�	 �S(Khalili & Huhtanen 1991; Lee et 

al., 2003)% =$ �.!G!# &��G =9!d� /� �Z� ��3�E� .��� 

$ �pH !�	?+�� =KHL+ U .$ D(!���!"
 �	 ���> ?#�$ �

!"
 !$ �d!i =E)!A� .�	!��> �	 ;lee et al. )2003 (

l]!H"i� � =$	)� ��!��> .� =G ?#� J	 =9!d� /B(� ;

% =$ �.!G!# &��G�=$ ��  A� .�_3  JG .��7�

,�$�G�D�.� !,� N�)���9!3 %��89� �. ��	 .� ��� ;

)!i�/�d!i =E)!A� .� =L !%	8S	!% =$ �.!G!# &��G �� 

% .� D.T `)!� ="#!F
��Z� ���  JG .��7� �$

,�$�G�D�.� !,� N�)���9!3 ���% !,� !��>	F3  ?+��


) �(�%� .(% =$ �.!G!# &��G =9!d�� ��lm�!G  n��I�

 .�_ =$ ��+3�E� .�� )��/�≤P (
 ?M�N� &'(�"


��>�G!3  ��� ;,!G �.)�(�%� .(Sannes et al. 

)2002 ( &��G =9!d� =G �
��H
 e.�8-��  �.!G!# B�-

% =$�!H� ��	
 ?M�N ;,!G =$ J�
��> &'(�"�G!3  ��

��/�  =$��/� ���3 ) .� ����?+�� �" .Chamberline 

et al. )1985 (% &��H
 JHL� =G �
��� &!F
�!* �$ ��	 =

���- =9��6�# =��$ ;,!G 56!$ /�.!G!# !$ ��+ ��� �"F
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   �����	����! �:  �"#$% &'��(�
 �)'�*+ � ,��-�' .�)/� 0�1' ,	 �
�2)'	 ...  ��� 


��> ?M�N�L+ <!!7� .� =KH	 ="#!F
 !$ =�3� �+� . !��

 =E)!A� .�Vallimont et al. )2004 ( &��G =9!d�

="#��* ?FG P"��# .� ���% =$ �.!G!#� ?M�N 


��>�z� �. =KHL+ .� <!�����
 � . �d!i =E)!A� .�

��S
!�
 ?M�N ��
��> &'(�"�G!3 ��$� �!H�3 %���  !,

]!$ .��  hA#� ���3 #� .� B�-3 )�G /�"��$ =�  ��i

�"G!$ �+.� !,� ?#� B�] =KHL+(Satter et al., 

1974)?+�� .��O / .!"
 .� D(!��	 �� J1!i �

;	!��>  �!,In Vitro  �In Vivo  l]!H"i� ;7
 J�)� =$ 


� =KHL+ =$ ��+ =��f�!$ &'(�"3� +!$� .Obara et al. 

)1991 (��"I� J���6 =G �
��� &!F
3 V* T��
	�� 

�	KHL+ �.���89� &!�� .� �. �.(� =$ =	HI� ;� �

,�$�G�� ]!$ =KHL+ .� D�.�3 ��$ .�89�	��$ ;� .� D��

�@� 56!$ =KHL+	!,��* �+. W� �L� ( =KHL+� �

)��#3 �_ �� ?#� .�!O  ( ��+	�89� ^	V*T��
 ;	�� 

�	$ =f�, =��f�!$ &!L�� /=KHL+ �.��� =$ �.(� �"F

 �.(> P,��9 �. =KHL+ &(.�)Van Soest, 1994 .( ;,!G


  ?M�N .��
��> &'(�"�G!3 ��$ =KHL+� %��� !,�  !$

�!7�	 /�.!G!# ��]!$ �l]!H"i� &!F
 � ��!�"#� ���,�� ���Z

;I$ �� !,� �#	HI")� U�
 ��% &'(�"��}H, ( ��� �

�89�	 ?��# ( �+. .� ;� � �!#�
!-.�(�L�P� !,� 

 =KHL+3� +!$�.  

% /�d!i =E)!A� .���� !,� !��>	F3 �Z��  ?M�N �$


�"j* &'(�"��� ��$ &> ?M�N =f�-� /��"+��
� 

%��� !,� �.��� $ �.!G!#���$ ��]!$ /�"F ."j*� !,�

)�$!"��? !,� �K� .� =A#�(	��(�* J� =$ ��+ ��.�� �


��>� <!3� +!$�� .�	G�� ����$ D!K�  �+.

��
!-.�(�L�P�  =$ =KHL+ .� !R
> UHC� ( ���$ B�] !,

K_�% ?E��S"�$ ��!�"#� �.�� �3  �.��(Mesgaran, & 

Parker, 1995).  

Chen et al. )1987(  �� ��!�"#� =G �
��� &!F


�# =)!C�G	% .� !�!,(!- ��� +�"j* UHC� 56!$ ���� �

"j* ?+���$ =G �
��H
 e.�8- ( ��+ =KHL+ .�� �

� b#���
!-�(�L�P� !7� .� !,	 &�+ ="�L+ \�
 !$ =�

C
���* ��3 "j*�������G�(�@� =�i�� / ��� 8C� .�	 =

��(�*� �3� +!$� ."
 .��"O�� UHC� /=C3 ;I$ !,� 

                                                                                   
1. Continuous culture system 


�&'(�" % ���@� .��� �. !R
> .�K6 �!H"i� /=KHL+ .� ��

�89� =KHL+ ��	� ;3 �,� .Wallace )1996 ( ��� &!F


#�"#� B�6 =G3 9!G3 ��
!-.�(�L�P� !,�  =$ =KHL+

'�
��  (	8C� \�
 &��$ ��]!$ !	"j* =� \�
 =$ ?K�
 �

#� �� ��!�"#��!,�� �>���$ =�� )�����(�* ��� ��$(�L3 /

)�� =$ �C���?M�N � !,� ]!$3	 
��> ��� =KHL+ .� <!

3� �+� .
��> ?M�N .� &!�8H, ;,!G��89� ( <!	 ;


 ?M�N�"j* &'(�"��� ��$� %��� !,� �.���  �.!G!#

$�� &!F
 �d!i =E)!A� .� �"F3 .!G!# =G �,� .� �

)�� ��"�G�
��> ��)(� D!6!# .� <!� �� Q* =

<�.�� ,�3 �}H, (�?��# ��KR$ �� 
 �!#� &'(�"

� JH6 ���Z�� ="#!F
 =$ ?K�
3 !H
	�.  

!% �d!i =E)!A� .�	8S	!% =$ �.!G!# &��H
 �� 

 ="#!F
��Z�� 3�E� .�� #� ?M�N JG �$�!,��  .��9 |�f

 ?+��
) �(�%� .(Sannes et al. )2002 (- �
��G e.�8

� =$ �.!G!# &��G =9!d� =G� &�8�� G �$ B�-� B�-��

% WF� ��!���Z� /��� #� ?M�N JG �$�!,��  |�f

 =E)!A� .� !�� ?+��
 .��9Lee et al. )2003 ( ?M�N JG

#��!,�� .8� �Z� .� .��9 |�f	� =KHL+ &(.� ^� 

�89� �.!G!#	 ;	?9! .#� ?M�N�!,��  .� .��9 |�f

!�	!F
 =KHL+ U$ &���� ���,� &�)�� �� �� ��!�"#� ( �

�	#� ��!,��  ?#� .��9 |�f)Leng, 1970 (�89�	 ;

% .� �.!G!#�*(�* /D!"#� ?M�N �$ ����}H, ( D!
�� �

*(�* =$ D!"#� ?K�
� �Z� D!
�3�E� .��  !�� /?+��


��$ ?M�N��89� =KHL+ .� �. D��	 ��� ;)��/�≤P .(�	 �

!"
	!"
 !$ �	�� ���> ?#�$ � b#Vallimont et al. 

)2004 (�89� 56!$ �.!G!# &> .� =G	��$ ?M�N ;� D��

 ^9��� /��$ ��+3� +!$!"
 !$ !�� �	 =E)!A� �Khalili & 

Huhtanen )1991 ( ;,!G 56!$ �.!G!# &> .� =G

3�E� .��� )�� ?K�
 .�3 
��IH, /�+ D!"#�3 �.��
 .

�}H,�!��> .� �	 ;Lee et al. )2003 (�� ��!�"#� 

*(�* ?M�N ;,!G 56!$ �.!G!#���$ ( D!
�� ( D��

�89�	!� .� D!"#� ?A�N ;	��- =KHL+ U	�.  

!��> .�	% /�d!i ;�$ �.!G!# !$ ���!H� �"F	 =$ J

#� ;,!G�!,�� C
� |�f� �=�!+  .��!7� .�	 !$ =�

 ?+�� D.T ="#!F
)up/u≥P  .( ;	!��> .�Sannes et 

al. )2002 (
�!% 8	8S	.!G!# &��H
 �!% =$ ��  D.T

 ;,!G 56!$3�E� .�� #� ?M�N .��!,�� C
� |�f� �
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���             ���� ��	
 ��� �	��	 ���
�� ����� �� ����� 

=�!+  .����-	� .#��!,��  .��9 |�f=�!+  .�� �Z� .�

�> �(�- &�+ ��%��G�$�G ( ��#� J�!,�� �>� =�

C
��=�!+ � !� .� .��	)�� =KHL+ U� �3� �+ �


)Allison, 1970 .(#��!,�� �>�C
� =�� �=�!+  .�� �Z� .�

8C�	$!�� =��(�* U��3 G�.��3 � (�$(�L3   =KHL+ .�

)���#� ?M�N .� D(!�� ( ��+ ��!,�� C
� |�f� �

=�!+ &!F
 .��  .� D(!�� ���,�	 W	(� �, !� �	 U$!�� �

��(�*��3 ?#� .Broderick et al. )2000 ( �
��� &!F


% .� =G��� !,� �.��� #� JG ?M�N /�.!G!#�!,�� 

�>�!� .� ���> =�	,!G =KHL+ U� ;3 	 =G �$!l]!H"i� 

#� ?M�N ;,!G�!,�� C
� |�f� �=�!+  .�� �Z� .�

%�� �. �.!G!# �� ��!�"#��� =3 !H
	�.  

,
��- ./�&� &��0� .1� ����� � �&���2 �	��&3  

e.��- V*	�� �,!{� Vz� �����  �!S"#� JG .�

 �(�% .� /e.��-� ?#� ��+ ���� &!F
  . &��G =9!d�

!% =$ �.!G!#� "#!F
% .� D.T `)!� =� /��

e.��- V*	�� )> ��!� ( WF� ��!�3  ?@� �.��Z��  .��O

���
 .�}H,� �e.��- V*	�� ��(�*� B!� ����% !,  ?@�

��Z�� ��!,.!H� !��>	F3 � .� ��!�"#� �.��	 =E)!A� �

��$ !�� ?9�S
 .��O� %��.�� ��� ��  .� �.!G!# B�-

!7�	� !$ =�	 �S���% !,  ��6 �M
 ��� ]!$��$ �� .Pate 

)1983 ( =G ��� &!F
e.��- V*	�� 
� ��!� ( &'(�"

% .� gm� �� ��!�"#� &!�� .� ?#� �LH� WF�� ( ��

% .� gm� hA# =$ ="�$� ;,!G ��	�f ( �$!� �

"
�- =C��� ��� D��Z� =G ��H
3  �$ gm� �� ��!�"#�

e.��- V*	�� Vz� �����)� =$ /��!7� ��%( B�6 J	 �

9!G3 
�'(�"% .� &���$ ��� ����� 
� �!

��
!-.�(�L�P� !,� i ( =KHL+� &��3� +!$� . =E)!A� .�

% �d!i��� !,� !��>	F3 ��Z�� 3�E� .��  �$

e.��- V*	�� NDF ��"+��
 .��6 &��$ ��]!$� 

e.��- V*	�� NDF ��$� %��.�� ��� ��  �.!G!# B�-

!7� .�	� !$ =�	% �S��� % !1�Y� /!,� /�.!G!# &(�$ ��

l]!H"i� &!F
 z� ���,���EH% .� ��� ?�$(�L3  (	 �+. !

��
!-.�(�L�P� !,�  =KHL+ .� ��%��3� +!$� . .�

�89� /�d!i =E)!A�	% .� �.!G!# ;� �� ����  =$�� 

�8% ;,!G 56!$ /B�-3  .�e.��- V*	�� Vz� ����� 

?#� ��+ .�	 k�A# &��H
 =9!d� =G �.�� ��%( &!L�� �

]!$� % .� �.!G!#��K� 56!$ ��	FI$ J3  =$ �.!G!# ��

	 W3�* .!G!#	 �����T �� � b#���
!-.�(�L�P�  !,

3� �+� .� =f�-�	 �3�* .!G!#	�T ���� �� FI$3  ���� ��

� ���#�$(�L3 � &!F
 !�� ?#�3  b#�� �.!G!# =G �,�

��
!-�(�L�?��# P�� ?#� ��F
 �!#(Hall & Herejk, 

2001).  

��"I� D!E)!A�3  \�
 ;,!G ?E#( (e.��- V*	�� 

NDF % .� �.!G!# �� ��!�"#� &!�� .� �.� e.�8- ��

���H
  �
�(Heldt et al., 1999; Huhtanen & Khalili, 

1991) .�	 ;,!G �e.��- V*	�� NDF l]!H"i� )� =$� J

$ ?$!O.��"G!$ �� !,� HI��,�$�G ����G��D�.� !,� 

N�)���9!3 �"G!$ !$� !,� P, )� ����G���$ [!�  ��!�"#�


 ���% &'(�"� ��3� +!$�.�1 .� ( �3 �!7� =G	9!G �3  ��

=KHL+ .� =	8C� J$!O ����(�*� ="+�� ��%( ���% .� 

 ;,!G 56!$ �.!G!# &��G =9!d� /�+!$e.��- V*	�� 

NDF 
3H �+�(Jones et al., 1988; Lee et al., 2003)  .

� D!E)!A� �!i �, =$	�S)Huhtanen & Khalili, 1991 (

�89�	 .� ;e.��- V*	�� NDF  �� ��!�"#� &!�� .� �.� 

G�% .� �.!G!# B�-����
��H
 e.�8- �. �� .�.�	$!3 

���% !,�  �� ��!�"#� !$ �d!i =E)!A� .� ��!�"#� �.��

#�,�$�G P"����(�* ( D�.�� ��� &!F
 J
�G `)!� �

��(�* =G�8C� J$!O �	 .� =KHL+ .� =���% !,� 

!��>	F3 ��$� ����� 
�
 �!�
'(�"3 �"G!$� !,� 

HI��,�$�G ����G��D�.� !,� N�)���9!3 �"G!$ (� !,� 

)� ����G P,�9!G [!3 ?#� ���$.  

���� !,� 9�Y� WF� ��!� =$ n�$��3z� /�� D��

)�� /&�$ &�(�G�� ( ��+ a� �(�% .� �� ?#� ���> .

% =$ �.!G!# &��G =9!d�� ��lm�!G   /��+ n��I���Z�� 

3�E� .��� 9�Y� WF� ��!� �$3 i�!��> D!
��	F3 

?+��
� ��6 .�_ =$ �. &> =f�-�� �89�	��� ; .

�}H,��89� �	 ;e.��- V*	�� NDF  .� ��+ ��,!F�

�d!i =E)!A� ) �(�%� (��$� ���% !,� �.���   �.!G!#

$� /�"Fl]!H"i� )���89� J	��6 ;�  WF� ��!� .�

9�Y�3 � .�	 =E)!A� �3� +!$�.Nombekela & 

Murphy )1995 (% &��H
 JHL� =G �
��H
 e.�8-� ��

!,(!-� +� !$ ����/� �Z� /�.!G!# �1 .��  ��!� �$

9�Y� WF�3 !7� .�	% !$ =��?+��
 �,!+ ��.  
  

  

  

  

                                                                                   
1. Rumen degradable protein (RDP) 
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   �����	����! �:  �"#$% &'��(�
 �)'�*+ � ,��-�' .�)/� 0�1' ,	 �
�2)'	 ...  ��@ 

   

4�56�7 A"B+�"�9�C(�� 8D	5E ��! ��='	�F�;��� �"�/% ��! �
�"� ��!��G �	  

 0�1' �( �5� ��>H%�)'�*+ � ,��-�' .�)/� 
 ���� ����	
� ���  

 SE �   �����  �����  ����� �����  

��/� ��/� ��/� ��/� ��/� pH 
��/� b  ��/�� b  �� /��  ��/��  a ��/��  a   ������	� ����!��)�"�	�!�# �$% &% '�(( 
��/�� �+/��� +�/��+ +�/��� ,,/���  �-�!.0 ����!��)�"�	�!�# &% '�(( 
��/� ��/��� ,�/��� �+/��, ��/��+ &1�2 3�4 ��-�$1 5�67	)�"�	�!�# &% 8�	( 

     &1�2 3�4 ��-�$1)9� 
1 -:&%( 
��/� ,�/�� ��/�, �+/�� ��/��        ;�!$1 -�$1 
��/� ��/,� ��/,, ,,/,� ��/,�        ;����0��0 -�$1 
��/� a  +�/�� ab  �+/�, b ��/�� b ��/��        ;���<�= -�$1 
��/� ,�/� ��/� ��/� �+/�        &1% >?�@ ��7�
 3�4 ��-�$1 
��/� ��/, ��/, �+/, �,/, A����0��0 >= A�!$1 BCD� 

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

a,b 8�?"��& @�A��� B>� �% ����!& ��2 C��� �� D5%� /5 ��	$�/$ 
FG& C.�0� )��% )"��% ��% )$�/$<(P.  
  

 4�56�7 A"B+�"�9�C(�� 8D	5E ��! I�	�G I�	�G ��B)'
 8- �
 �>H� 
	�� ��!�J ���>K  

 ��!��G�)'�*+ � ,��-�' .�)/� 0�1' �( �5� ��>H% �
�"�  
  ���� ����	
� ���   

 SE �   �����  �����  ����� �����  
     E&1�( �FG	 %1�	 ���H ���F0)-:&%( 
�I/� �J/J� ��/JJ K�/J� ��/J�  ;�? �%�	 
L�/� KJ/J� L�/JI ��/JJ �M/JL �#� �%�	 
N�/� �K/JK �I/JK ��/JJ ��/JL 0'�? O�P<�� 
��/� ��/�K JK/�I NM/�� ��/�� NDF  

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

  

 4�56�7 A"B+�"�9�C(�� 8D	5E ��! ���	 �<��)"+ � �"� L"-�% � 5"M�% ��5( �,� 9	�""H% �&F�N� O*� �
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