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� F� ���9 5K#�� $`0�<29 F� !�( 5�' .�<� V�+&� �'�j $�I� ?[0a= '!6[� 9�� ��[ 5Kz� '���+"�K	  '�9 �� j��� .�9
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 5X��+2 !@� )�[!���= /�*      '��X� )��X� �X-�B� ?���X��

 5X�� 	��' 0 )/�0�I9 �!\�/ $0���/0� !�3�� 0 	��m7 .
5#�/ L��� F� '��� ��� 	�<@�K��   .!X@ L�!K� 	W�;�

5�� .	� v7 ?�9 0 .�9 /� �mr� )��� $���T  !�3�� *n�'
$�=�x� 0 m7�9* .'�0��� ���' 0  '�9 .'�1<�� )'����9 )�[

(Singh et al., 2010; Saeidi et al., 2011 .  FX�+2 /�
     0 )/�0�XI9 �!X\�/ LX��� lX�� )��� !�1� )�[���[��

	��'*        s�X;� �X� ��A/�X� )/�XA FX9 5X�� /�A��� !�3��
  5X#�/ FX�   	X� ��+X@  !X�(. (Raininko et al., 1981; 

Hilkiah Igoni et al., 2007) .  )0�X, 5�� )/�A /�A���
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50 ��70  !X
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�' 	��K4 /�A �� F#��B� �' )�<+9 	����, _/��'�   �X� 0

	� F�1�� '�� S�� �� $( 	����, 5�1�9 $��� . !�3�� )���
 	3( !\�/ '��� /� /�A���$�A���A   .'�1<X�� 	X�  '�X@ .  .�X9

    �0�XI9 .�XK�� )�X��B� /� 	X�� j���  $��X�� �' )/ 5X��  0
�' F��&� ��
  gX��6� )��m=*   X�K6� FX�	    )��X� �XQ�

 L�!K� /�A��� !�3��	�  '�X@ .    ��X6��3 )���' vX7 .�X9
)7-9 !
�'(  �3��X� *)30- 38  !X
�'(*  	X+[ 0   �3��X�
)25-30 !
�' (5�� F� '��� ��� F9    �����X�� ��X469 

!XX
�' '�XX� LXX9 /��   �� ?XX�9 0 .�XX9 V��XX�� �' RXXI�
�' �� <��A�mr� )��� ���9 lK6� 0 FT �#���A��0����   )�X[

 	X�   )/��X[ 5X�� Taniguchi et al., 2005)( . FX�   LX�3'
�3��� *��6��3 ��� ��<���* 	+[ 0    )�[!X���= 0 �3��X�

��� ��&� *58� 	3��3��T  ���@' '��� ���5��   )��X� 0
 XX6�Q� !XX�3��T  XX��� /�XXA���!  XX��&� FXX�T $(   RXX+9 �XX[
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'�XX9.$���XXI[0a=   XX��&� $�XX�/ ?[�XX9 )��XX�T  '��XX�
_0� )�3����6��3  	��[��  '�Q6I�= 0 	����*!�'�9   FX9

 /� 	��$( �[ ?�= n�&��  )�[��+��$�A���A   FX�30� '��� ��
5XX�� ._0� ?�XX= )�XX[  0 	����XX�� _0� L��XX@ ��XX+��

e���( !6��� 	�����  '�X� 0 $'�9     ?���X�� )��X� $'�X9
       X�[ $�X8� �X&, ?[�X9 0 	X3( '��X� o�X+� ^W� �

5XX��.Zhang & Zhang., 1999; Moorhead &(
, 1993)Nordstedt. *    /� .'�1<X�� !X6��� 	���+�X@ _0�

    U�X����( �X�y� 	���+�X@ '��X�    '�X�(Zhong et al., 
2011)   	��X��� )�[!�X#90�= *(Xin & Kumakura., 
1993)* .�0� 0 5XXXX��.(Banchorndhivakol., 2002 

   S�XX� ��XXI� 0 �XX�' /� .'�1<XX�� !XX6��� 	XX����, �XX��+"
(Nizami et al., 2009)  0   5XI9 �X�y� 	��`�3��� _0�

   s�X;� �' FX�30� '��� $'�'���� 0 ���� 5I9 0 	�0����
 	X�0���� 5�3��� ���� �' 0 5I9(Shi et al., 2009; 

Singh et al., 2010; Zhong et al., 2011)  	K�9�� �� 0
 !6h �� 0' /� 	����, 0 	���+�@ !6��� _0�Rafique et 

al., 2010)  (5�� .     	��X[��<9�� ��J~X� 5X;� /�XA��� !�3��
�' !6��� o�<�'     FX��&� 5X����� 0 )mXr� '��X� $'��   )��mX=

	+[ 0 �3���  �� ��6��3 	�<���= 0 �3���(He et al., 2008; 

Taherzadeh et al., 2008) .?�= �� )�[��+�F ��9 F<��A   .!X@
�<�	� F\��� 	�0�1<� j� 669! .�� #��B�T _0�   0 	���+�X@ )�[

 V�XX+&� �' FXX9 !XX@ .![�XXI� 	��`�XX3���*  _0� '�XX��+"
 )�[��' �' 	��`�3���$�A���A  gX��6�   5X�� �X� . FX�   �' �X2

6��'T  	���'35  ��°C40  X&�<� F� �&6� 	���+�@ _0� F9T 
'��� $��/ 0 ��!B� �y� /� )�<Q�   /�XA��� !�3�� )��� /��� 	X� -

  ''�XA)Taniguchi et al., 2005 (XX#��B� �'T  _0� FXX�
 	���+�XX@ *	XX����,* 	���+�XX@���� 0*  	XXK�9�� _0�

)	���+�@���� ('0!;� �'�  	���'25  ��°C100   ��J~X�
�' F9 '��' $�<� !�3�� �� )�<I�� )��' °C70  ?�����

78   0 /�XA��� ��!B� �' )!
�'60    $�X<� �' )!X
�'
'�XX&��	� '�XX@ )�XX�' �XX�� * /� ��S�XX�°C 40  5XX�3���

�#���A��0����  $�X<� )�[     ?[�X9 �� /�XA��� !X�3�� 0 �/
	� '![ (Rafique et al., 2010) .��6}+[   /� .'�1<X��

    ��X� 0 j��X� .�X9 �X� ���A )���= 0 .�0� g�9�� 0 .�0�T 
XX��&� �XX"�� �|T ?[�XX9 0 �3��XX�1ADL *2ADF 0 

                                                                                 
1. Acid Detergent Lignin 
2. Acid Detergent Fiber 

NDF 3 	� '�@ 0      FX� �� /�XA��� !X�3�� �X�� �X��  !X@ 
 ?�����	� ![' )(Banchorndhivakol, 2002 !6h�[ *

�3�W� �' F9T !I� 	���� /�A��� !�3�� *)0.  
 	��XX9 FXX� FXX2�� �XX� $'�XXK�  �XX� $��XX�� �' �XXB�B;�
?�=    �!X\�/ 	XK�9�� �X�[ *j��� .�9 	���+�@ ��+��*  0

     ?�X= �XJ� 	X���� FX� ?[0aX= ��� */�A��� !�3��   ��X+��
FXX��&� �XX� 	���+�XX@ �XX� .�XX9 )��mXX= .�XX9 gXX�9�� 0 j�

?�=      0 /�XA��� !X�3�� )��X� )!61X��A '�9 �� .!@��+��
  $`0�X<�� F� ���9 5K#� ���<Q� �����(C/N)   FX<��'�=

5��.  

� A2� 2 %���  �B  

O��3��& 2 ?�M 2 %��� ��N ��8 ��)�)��	�   
	Aa�0 �!<��      !X6��� FX�30� '��X� 	���+�X@ 0 	����� )�[

$`0�<�� *���9 $����*   ��X��� $`0�<�� F� ���9 5K#� 0
!@ .	Aa�0 ��� 	� �'�� �� �� �[  g��6� 	4��8� �� '/��

     ����X�� �X�[ $�X8� �' .'�1<X�� )��X� �� F�30� '��� /� .
    '��!��<X�� o�X�� �X� ��X� )�[�<����= 	��+�(APHA, 

1998)  ./�!�� 5�� .!@ )��A .     !X�3�� )��X� FX�30� '��X�
'�9 ���8� */�A���  )!61��A)6�  $`0�X<�� lXK (   .�X9 �X�

 j���)���9 lK6� (5��.  

M�N ��8 ��)�)��	� G��� -�9  
F� ��&� ?����� ��y6�T ?�= *j��� .�9   �X� 	���+�@ ��+��

!�#90�!�[  ��!�)'�� (8  !
�'U�����( * 5   *!X
�'  0
�0�� 4   !X
�'     o�XX�� �X� �[!XX
�' �X�� FX9 !XX@ n�X&��

?[0a= n�&�� )�[  '��� )0� .!@$�A���A  !�'�A e�8<��
)Banchorndhivakol, 2002 *Taniguchi et al., 2005 

(Zhong et al., 2011 , XX�Q� )��XX�T �0�� 4 !XX
�' *
��!B�20      U�X����( �<��X� )��X� *.�0� n�XA5  !X
�' *
��!B�ml  9/54   X�Q� )��X� 0 U�����(T   '�X�8  !X
�'  *

 ��!XXB�40  .`0` �3�XX� �' �� '�XX� n�XXA500 	XX���  �XX<�3
F<8�� ��� L, /� C= 0  $'�9 �WB� e( �� �� $(  �&, F�
!����. ��� .?�= �[ )���   ��X+��150     j��X� .�X9 n�XA �X� 

 �X�� ��W� F� �9'��   �X�) cm10- 5 (    �X� 0 !X@ '�X�
/�!�� �� 	���| F� *e���(� mm 5-3   !X@ L�!XK� .  CDX�

                                                                                 
3. Neutral Detergent Fiber 
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e���( .�9  )��' �' .!@20 2�'T   b0�Xd �' o��#��
FXXI�@  �XX� )�ml350 :�XX�;� �XX[ /�  gXX�9�� 	���+�XX@
!�'�A ..!��@�= $�1�� �� b�d �[ )0� !@   b�Xd �' 0

  e( ��XX[ |�XX1� /� )��A�XX�2 )��XX�  !XX@ )!XX6� . $�XX�/
?�=  ��+��20 '�� /0�.  

 $���� �����NDF N�M -�9 -�8��)��  
'��� FX9 )     vX7 ?X�9 0 .�X9 �'  '��' '�X20  /� .!X@

 �3��X� *��6��3*  	X+[ 0  �3��X�  F<��X�  .!X@  5X��   FX9
F� = L�3'��� )�[!���     F<X#�@ 	��X�( FX� )�� 	3��3��

	+� !��@ . FX��&� )�[��<9�� /� 	��     ��!XB� .�X9 )��mX=
NDF1   $�XI� FX9 5�� $(  !X6['�   ��!XB�  0 �3��X��6��3
�[�K��)  .�95�� .?�= n�&�� /� b![  %�<8� )�[��+��

  ��!XB� ?[�9 *)�3����6��3 '��� ��NDF    FX&�<� �' 0
��� )�[!���= �<#�@ )��<���    5X�� 	X3( '��X� .  �X��

 ?�XX= )��XX� n/S $�XX�/ 5XX@mA /� CXX= �<����XX=  ��XX+��
 !@ ����� ��/ _0� F� *	���+�@(APHA, 1998).  

 ����� :��;�NDF /�60  *�13�� L���3 ��!� n�A
22/37  n�XXAEDTA *12/9 )' n�XXA  $`0�!XX�[ ��!XX�

0 F���!�[' �13��ml 20 )��  FX� :����A �����   ��X

 �' :��;�2 ( �<�3  !X@ F<��X� �WB� e .5/0    .�X9 n�XA

 RXI�   $0( �' .!X@°C100   ��!XB� �X� *ml 50   :�X�;�
 �����NDF F�   !X�1    !X@ .!��X@�2 5"�X� .  CDX�

!@ n�&�� ��/ L,���:  
1.   X@�2 .�X9 �<#@�   0� �XWB� e( :�X�;� �X� .!) 

��
 m7�9	 �� $/0 ���� �  
2. �8��T   /�X��!2 0 :�X�;�)    :�X�;� 0 e( /� .�X9

���� � NDF �  
3. 0� .�9 �<#@) ��
 m7�9	 $�<�� ��.  

XX�,�� FXX�T  ���XX�� ��9mXX�!XX@  /� CXX= $�XX��= �' 0
���XX�  	��XX
 mXX7�9 $'�')���' 	��XX� !XX����  $0( �' .�XX9

°C100 $/0 0  �X9 0 $( $'�9     $��X�� *mX7�9 $/0 $'�X9
NDF F�  !�( 5�')'��� 	���    n�X&�� /� CX= .�9 /� .!���

 ��!B� $�+[ S�� L,���NDF  .�9 5X�� .([   $��X�� FXh�
 ��<9��NDF    FX��&� .�X9 '�X@ �<+9   	X� ����mX=  ''�XA 

)(Banchorndhivakol, 2002 .  FX\��� !�� ?8� �' j��<�
5�� .!@.  

                                                                                 
1. Neutral Detergent Fiber 

 I:!� ��q7� C/N-%��& 2 .�=��� ��3�� '��� %��� '.��  
 $( /�  XX6�Q� 5KXX#� FXX9 �XX2T   )��XX� $`0�XX<�� FXX� ���XX9

�#���A��0���� $�<� )�[  ��� �/15  ��30 g#,�� '�� V��� 
  5XX�� �XX�r<� *FXX�30�(Yadvika et al., 2004) �XX�� �' *

 5K#� F� ?[0a=C/N  :15 *20  029 F�     �XJ� �X� 5X�� ��9
5K#�  )�[$�A���A ''�A 	���� .F� )���   �X�� $'�0( 5�'
5K#�  �[ F� �!<�� ���X9 ��!B�   �� $`0�X<�� 0 ��X���  ��'�X9 .

  '��!��<XX�� q��XXW� ���XX9 ��!XXB� ��XX���APHA  �XX� _0�
��9 �' .�9 $!��/��� °C 550  !� F�3  0 5"��F�   5X�'

$'�0( 	3( '���2 (OM)       :�X��� �X� ���X9 ��!XB� CDX� 0
)%OM/1.8 %C = (K��;�!@ F .$����    '�X2�� $`0�X<��

'�9 0 .�9 �' :�!�9 _0� ��  (Kjeldhahl) !@ n�&�� .  )��X�
  .'�1<X�� :�!�9 $`0�<�� ����� R������� .��<�' /� ��9 ���

   	X� n�X&�� FX�,�� F� �' !6���� ��� F9 !@  ''�XA :  *�X�[
$�����<�� 0 *��WB� .  *$`0�X<�� !
�' ����� )���5/0   n�XA

     FX<8�� �X�[ ��X�8� ?��X�/( T3�3 $0�' RI� T��+�
	�       FX��+� �X[ FX� FX��'��' *'�X@5     �X�[ �0��3�X��9 n�XA

 ��x�0�=)NaOH (	� F��-�  0 *''�A20   �X�30  	X���   �X<�3
���13�� !��� R98   FX��+� )���' ?���/( T3�3 F� ��� !
�'

	� �@0� �vK� .��<�' ��[ n�+, 0 .'0���    /� CX= 0 '�X@
���� F3�3 $'�' '��� .��<�' �' �[ F� .��9 )��' �y�   FX� j��!�

400 	� o��#�� F2�' F��+� L��9 ��[ �� !��   n�X&�� �[
'��A .'�� 0 ��[ /� C= F��+� $!@   ��!XB� �[ml 100  e(

 �XWB�* ml 20    RX���� !�X��2   0 !X
�' ml50   '�X�50 
��[ �'�� )���' T3�3 �[ F� !
�' 	� F��-� .!@ '�@ .3   �X�

4    $0�' 5X�� 	����X� ���� w�� F9 '� ���<� b��� ��W�
�3��       n�X+� :�!X�9 .��<X�' �X�WB� 5+X#� �' 0 F<8�� ����

	� .'�' ���� ��9'�� '�@ . �X�[ �'�� ��WB� V0�@ ��   *.!X@
 ���� w��F� '� ���<� 	� :!K� '�/ F� j��!�  ''�XA .  TX��+�

��WB�  �3�� �' .!@  R���13�� !��� �� ����1/0    �X<�� :�X���
	� '�@ .   �X3�� �X��<;� wX�� ���r�     �X��� FX� '�/ /� ���X�

$�I� 5�� ?69�0 $���= �A .     FX� .'�X� wX�� �X��r� V0�@ ��
b��� !��� ��!B� *	����� ���� 	� .!���� .!@ '�@ . !
�'

L9 $`0�<��3 F��+�      FX2�� �X� 0 �X�/ :�X��� /� .'�1<�� �� �[
F� !��� ��!B�        �'�X� wX�� �X��r� )��X� 	��X�� R���13�X�

'�/ 	� FK��;� �3�� $0�' w�� '�@:  
                                                                                 
2. Organic Matter 
3. Total Nitrogen (TN) 
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(N*V*14*100)%TN m*1000=    

  

 F9N  3�����<T  X��� ��13�X� !�   �X� �X���� R1/0  *V 
�� �&,����� !	 ���) r���    FX� '�/ /� :�X�;� wX�� �
 0 ����m 30� ��!B�T� ��+�T  RI�5��  � �' FX9 X��   �X2

 ����� .�9 0 '�9 $/0gr 5/0 5��.  
 *$`0�XX<�� 0 ���XX9 ��XX��� /� CXX=  '�XX9 0 .�XX9 �XX�

5K#�  !�!@ g�9�� g��6� 	�/0 )�[)    FX� .�X9 FX� '�9
5K#� �� g����  	�/0 )�[125:25 *130:20  0135:15 

5K#� '�&�� )���  )�[C/N  �� �����29 *20  015 .( )���
   ?��XX�/( �XX[ �' /�XXA��� !XX�3��gr150  '�XX9 gXX�9�� 

?�= .�9 0 )!61��A ��+��  *.!@ .��X+[   �X�ml 300 e( 
0 �XXWB�  gr20 )�<9�XX� /� 	XX67 :�XX�;� $�XX<� )�XX[  �/

)'��.  )�K+�@ �'T )�<9�� )���' F9 !61��A  )�[  :�X��
5�� $`���<� ()��' �� ��[ $�8� �'°C 2±40 F�  !�

25 5��A ���� /0� . /� ��� F��/0� $�<� !
�' ����� )���
 5�' �� $�<� ��#6�ppm 50-5000 !@ .'�1<�� .  �X��

  FXX� 0 gXX�� �XX�[ $�XX8� 	��XX��� 5+XX#� �' ��XX#6�
 !XX@ LXX
0 :�XX<�&�' ��XXI��+�.   �<XX#�� 	XX�9 )�XX+�

 �' /�A��� !�3�� 	[��I���/( L�@1   5X�� .!X@ .'�0( .
     )�X�' �X� 	���X�� �' �<X#�� ��� F9 '�@ F2��°C 40 

  )��X� 0 5@�' ���� ���@ )0� ��[ $�8� 0 5@�' ����
    )/0� *FX�30� '��X� �<XI�� �v<��3    	X� ��X9 ��X�  '�X9 .

'�� L�<� $( F� ��� ��' 0 $�<� )�[��#6�.  

  
 H0�1. ��3��  C� C�\��� ����. �J�2o���C] ����  

). N��m C� ��.	 :B�7 ���V/ C�\��� ��� ��J �1W� 9C��J 

B�7� ���V/ ����. C�\��� ���M� 6��-� �7�	+ E] ���(  

	���1� $�8� L��@ 	I���/( �<#�� e( )!6�  !X@� 
2  )�<�3  ?XB� �'   	X� �X�[ $�X8�  )/��X[    )��X� FX9

�[   5X@�' ���X� ���@ R� )0� *'��� $'/   )�XW� RX� *
FI�@  	[��I���/( )�5/1   )�X<�3)���' 1   *e( �X<�3 �'
?B�  lX+2  !X669�  /�XA���*  X3�3 0T    G�!X� 	[��XI���/(

l+2 R���� !669�   '�X� /�XA l+&� $�8� /� 	20�� e( .
./�!��    !X�3�� /�XA��� ��!XB� )��A     _0� o�X�� �X� .!X@

  )'�Q6XI�=(Zhong et al., 2011)   X��2 �X�F   e( 	��X2
g���� ��� F� *5��A ��
 F9 F3�3 )�   /�XA��� 	��<�S

�!�3� .!@ �� LB<6� e( )�W� F� '�9   )�XW� $0�' e( 0
)!�3�� /�A��� :'��� .!@ (    /� */�XA /� LX
�, ��XI� �J� �'

3�3 F� 0 G��� )�W�T  lX+2  !X�'�A '��0 e( )�0( .  �X��
F� q�B;�    �' �X�r<� 0' �X� L���<9�� ?���/( R� ��


 ^W�5 !
�' )?�=    5KX#� 0 	���+�X@ ��+��C/N ( �'
U��� H�4 g3��    n�X&�� ���X�� F� �' 	�'��� L��9 )�[

!@ ..'�' F��+� /� L
�, )�[ )��'�� n�� �' �[   LX#9� �����
)2003 (    n�X� /� .'�1<X�� �X� 0 5XKJ   ���X��(SPSS 16.0) 

��&�T !@ )���( . ��XK" �[��+�� � /� !X�: 1.    .�X9 gX�9��
?�XX=  '�XX� �XX� .!XX@ ��XX+��8 �!XX
�' 2.  .�XX9 gXX�9��
?�=   U�X����( �� .!@ ��+��5  0 �!X
�' 3.    .�X9 gX�9��
?�= �0� �� .!@��+��� 4 !
�'.  

� �;��EF� 2 G  
:0!2 �' 1 �<���� j���[�<����= �) $�A���A 30� '��� X� F

5�� .!@ .'�0( .  

6��7 1. ��M���J	����Y 	9 ��1�0� � ������� ��� �����S 

��C]�h �J *  

                       .'��  

�<����=  
)!61��A '�9  j��� .�9  

  L9 :�!�9 $`0�<�� 

TKN) (  

16/0 ± 91/2 08/0 ± 737/0 

  ���9 ��!B�  (C) 98/0 ± 18/39  07/2 ± 66/44  

  $`0�<�� F� ���9 5K#� 

)(C/N 
02/1 ± 5/13 5/9 ± 29/61 

* ��+�	 F� �[�<����= � ��
������� b��;�� �� 0 ����� F� �� ��!6<#[.  

$�XX+[   :0!XX2 �' FXX9 FXX��A1   '�XX9 5XX�� .!XX�(
 �' )�XX<+9 ���XX9 0 �<XXI�� $`0�XX<�� )���' )!61XX��A
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 .�9 �� F#��B�5�� .      �X�[ $�X8� �' ���X9 ��!XB� �XA�
�#���A��0���� *!@�� 	��9��  �'�� �[�[��� F� $'�9   '��X�

'��� 	��m7  $�@/���!6<#�� .�' 	���
  $`0�<�� ��!B� F9
 	X� 	��� 	6���= !, �' 	�0���� 5��+2 !@�� �9  X��� !

��&� $��/ !� F9T 	� 	�S�4 ���#� �� 	3( '���  !X69 .
F� ��� n0�3 !, /� ?�� $`0�<��     /� U�X����( /�XA ��X


	� G��� �<#�� '�@ .������6�*  $���� F� 	��<�' )���
5��� )��� n/S '��� 0 	��m7 '��� g��6� 0   	3��X� /��

���! 5K#� �� .'�� 0' ���    �X� gX��6� )�X[    gX�9�� �X[
 !��X@.        �XX�[ )��X� gX��6� $`0�X<�� FX� ���X9 ��!XB�

F� T���0 )�<9�� 	� )�[ )/��[*    FX�30� '��X� V�� F� F<#�
'0!;� �' 	<#���� 15  ��30 !@�� . )��� ?[0a= ��� �'

![�I��  5K#� ��J~�C/N   5KX#� */�XA��� !�3�� ��   )�X[

15 *20*  029  e�8<�� X@!.   $���X�+[ 0 00 )2010(  �'
�3�W�F $�@  '�9 )0� U��) 5K#� ��C/N   ��X�6   �X�8 

g#,�� �,��T n�' !@� (  .![�XI� !X�'�9    ���X<Q� FX9
 5K#�C/N   ��X� .'�� ��� /� /�A��� !�3�� )���5/15   �X�

19 5�� . ?[0aX= /� )���#� �' F9 !6h�[    .![�XI� �X[
    ���XX9 b�XX�� FXX9 .!XX@)FXX� TXX3�6� '�XX��  	��mXX7

�#���A��0���� $�<� )�[ �/ (25  ��35   l��X� �X����  �X�  /�
  $`0�X<�� b���) '�X��  '��X�    5��X� )��X� /�X�� 0   /�X�

	3��� (5�� )Yadvika et al., 2001.(  

M �U��N ��8 ��)�)��	� �#� ���^ G��� -�9  

 ��!B�NDF  /� C= .�9L+" ?�=  '��� �� ��+��$�A���A  :0!2 �'

2 5�� .!@ F\���.  

 6��72. ��M�� 	NDF Y C� �-� � H@5�h .�� ��������� *  

.'�� V�� !
�' NDF   ?[�9 !
�'NDF ![�@ F� 5K#�  

= .�9�?   ��.!I� ��+ 58/0 ± 7/66  -  

= .�9�? �� '�� �� .!@ ��+8٪  1 ± 20  67  

= .�9�? �� .!@ ��+���( ��� U�5٪ 26/1 ± 63  55/5  

= .�9�? �� .�0� �� .!@ ��+4٪ 64/2 ± 8/61  35/7  

* ��+�	 F� �[�<����= � ��
������� b��;�� �� 0 ����� F� �� ��!6<#[.  
  

$�XX+[  FXX9 ��XX4�'  :0!XX22 	XX� .![�XXI� '�XX@* 
?�=     j��X� .�X9 �X� 	���+�@ ��+�� ?XB� �'  .'�X� )� 

FXX��&���'  ��mXX=�XX"��   !XX
�' ?[�XX9NDF XX@! .
#��B�F )�   j��X<� ��� .'��NDF   ��X+�� .�X9   0 .!XI�
��+�� 	� $�I� .!@  ��!B� F9 !['NDF ?�= �'  ��+��

 F� '�� ��20 !
�'  $0!� .�9 �� F#��B� �' F9 .!���
?�=  ��+��NDF   '0!, $(67  !X
�'    FX<��� ?[�X9

'�� �<Q� '���+"  0 5�� ��  �X� F#��B��'   0 U�X����(
  FX��&� ?���X�� �� .�0�    .�X9 )��mX=  	X� $�XI�  !X[' .

 ?[�9 ���<I��NDF ?�= �'   .![�XI� '�� �� ��+��
 L�3' F9 !@$(  '�� L+" !@F9 '�� .'�� )�  )��

 j��� .�9 ��<��� �<#�@ �'5�� .�'  '�� ��J~� F&�<�
 $�� *.�9 	6�6��3 ��<��� ��OH – ��� !���=  	3��3��

3 �� ��XX6��	XX� !6�XX@  �' $a�XX#9� $�XX� ������XX2 0
 	X� $( g�9��  '�X@.   $�X�Na +      $�X� ��X69 �' �X��

  ���X� $a�#9� 	X�  '�X�A  FX� 0     )�X[�+��= gX���� �X��
.'�� )�[��<��� F� 0 F��&� 	6�6��3   	X� L�!XK� �� -

 !��@(Zhong et al., 2011).  
  FXX� 	���+�XX@ '��XX� 5XXKz� '�XX��+" ��XX9  �' FXX<��

?�=  .�9 ��+��F��&� �� j���  j��<� �� $( )��m=(Zhong 
et al., 2011)  5�� ��A/�� .$(    '�X� /� .'�1<X�� �� �[8 

!XXX
�' U�XXX����( *5 *!XXX
�' �0� 0� 4 !XXX
�'  )��XXX�
?�=   �X�� 5Kz� ��J~� *�| ?�9 0 F��� 	���+�@ ��+��

 X��&� �� '���T  ?X�9   �� �| )�X[ !X�'��/(   .![�XI� 0
!�'�9 �!XXXB� �' ?[�XXX9 ���<XXXI�� FXXX9 �NDF  �� �'
?�=  '�� �� ��+��	� �� ![' .	����  )�[Sundstol et 

al., 1978) * ,Raininko et al., 1981 	� $�I�  F9 !['
?�= U�����( *'�� �� ��+��* ��&� F� .�0� 0T    '��X� �J{X�

 �| 0 n!XX6A *j��XX� ?XX�9 0 .�XX9 !XX6��� )�3��XX��6��3
	� !��&��.  
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?�= j��� .�9 )��� /�A��� ��+�� '�9 �� g�9�� �' .!@* 

?�= ��J~� F9 !@ .![�I�     5KX#� 0 	���+�X@ ��X+��
$( L��B<� �J� 0   ^WX� �' /�A��� L9 �&, �� �[

5�� ��' .?�= �'  '�� �� ��+��8 !
�' 
 $`0�<�� F� ���9 5K#� �'29  5K#� �' $( /� C= 0

 !XX�( 5XX�' FXX� /�XXA��� '�XX��+" ����S�XX� .
?�= 0 ![�@ )�[��+�� �' ��6}+[   U�X����( �� ��+��

  �X� �����15     /�XA��� '�X��+" ���X<+9
  :0!X2 �'3     �' /�XA��� ?���X�� !X
�'
$�A���A  �X� F#��B� �'   ![�X@  ?��X+�

�� N���M��� ��\�3�\ �J��  

    

29  

104  

62/21  

15/9  

  

    )��X� 	��mX7 '��X� '�K+9 �� �[  FX��'�
 !X@ !6[��� F2��� '�� 5�3��� .  ?�X= �' �X��    �X� ��X+��

	� .![�I� o���� )!�0� U�����(    $( LX�3' FX9 '�@
 .�9 �<+9 ���#�F� T���0  0' �� F#��B� �' .'�� ���

�' 0 �XX��' 	���+�XX@  )mXXr� '��XX� '�XXK+9 FXX&�<�
  )�<9�X� )��X�    FX� $`���X<� )�X[   �' .aX�0

C/N 5�� .  ?���X�� *53�, ��� �'C/N 
 .�9 �9F� T���0   FXK�7 U�����( !X69  0

)�<I�� )mr� '��� �� )�<9�� o�<�' �'   $�X<� )�X[  �/
(Shanmugam & Horan., 2009.   ������X6�* 

      �X� )�<XI�� �XJ� U�X����( �X� F#��B� �' .�0� V�+&�
*5@�     5KX#� �' �X2 FX�C/N 29   FX9

 �� )�<I�� /�A��� �!X69 !�3��    �X� ��X�/
Shanmugam & Horan., 2009 (  �X�� �'

 $`0�X<�� F� ���9 5K#�*  �X#���A��0����   	X� �X[   !X6����
  <�!�X�� $��X��T     L�!X�� �X�[ $�X8�

 ��	�� � ����44 ����� �1 ��
� �1392 

�� �� 	���)�8 ��)����3 ���$�;� �
�% 2 .�=  
  .�X9 )��� $�<� !
�' 0 /�A��� L9 �&, ��

5K#� �' )!61��A '�9 �� g�9�� �' .!@  )�[
 !@ )��A)L�@  )�[2  03(.  

  
��� ��V �� i3	� ��V C� H)�Z C�\��  N� ��

C/N )15 �20   �29(  

��&� ��T .'�' C�����0
?�= j��� .�9 )��� /�A���

?�= ��J~� F9 !@ .![�I�
C/N $( L��B<� �J� 0

1  !
�'	6�� 5�� ��'
 $`0�<�� F� ���9 5K#� �'

20  015  !XX�( 5XX�' FXX� /�XXA��� '�XX��+" ����S�XX�
?�= 0 ![�@ )�[��+�� �' ��6}+[

 5K#� �'C/N   �X� �����
!@ .![�I� .  :0!X2 �'

?�=  )�[��+��$�A���A
	� .'�' '�@.  

  

6��7 3. �1�� �)���� ���M� h�Y �� C�\��h .��J���9 �� N���M��� ��\�3�\

 ![�@ F� 5K#� /�A��� ?�����)٪(  
 5K#�  C/N

15  20  

?�= '�� �� ��+�� 44/114  95/62  

?�= U�����( �� ��+�� 76/6 8/1  

?�= .�0� �� ��+�� 94/21  3/15  

      

     5KX#� �' .�0� 0 '�X� �X� ��X+��C/N 15 
   �X� FX#��B� �' /�A��� ?����� !
�' F9 '�@
   �<XI�� 5X���� $( 5�" F9 5�� �<I�� *

   )mXr� '��X� b��� )��� �/ 5X�� .  �X�
(Yadvika et al )�<9�XX�  )�XX[

     5X���� *	��mX7 '��X� '�XK+9 s���@ �' $`���<� )'�X�/ 
   '�X� /�X�� !X���'.    )��X� 	[�XA

l��� !�3�� )��� �[   �!X<�� /�A��� ��
C/N    0 '��0 �X�[ $�X8� F� �<+9

� '��� *?69�0 V0�@ /� C=  5KX#� �� �� F�30C/N  '��X� 
!669 .   gX��6� 5KX#� F9 �&�( /�

  ��X� 	3( '��� �<I��25   �X�35   5X��
     �X= 5KX#� /� $�X8� �' �X\�' ��X4� ��C/N 

FXX� )mXXr� '��XX� FXX9 ��XXh *'�XX9 .'�1<XX�� b�XX�� )'0/ 
                                                                                 
1. Cumulative volume 

	� !��@ )�<9�� 0     )��X� 	��mX7 '��X� '�K+9 �� �[
 !X@ !6[��� F2��� '�� 5�3���

	� .![�I� o���� )!�0� U�����(
��&�T  .�9 �<+9 ���#�
 '�X�� �' 0 �XX��' 	���+�XX@

.'�1<�� 	�!@   )�<9�X� )��X�
5K#�  �<+9 )�[C/N

	� ��&� �� !����T  .�9 �9
)�<I�� )mr� '���

[' ���� !)Shanmugam & Horan., 2009
�'       �X� )�<XI�� �XJ� U�X����( �X� F#��B� �' .�0� V�+&�

��&�T  j��� .�9'*5@�
 U�����(5#����  �� )�<I�� /�A���

j��<� o��� ) Shanmugam & Horan., 2009
 $`0�X<�� F� ���9 5K#�

:���   !6X@�� �X�*   <�!�X�� $��X��
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�  ��	��

N�M �U� �� �� 	���)�8 ��)��
	�+&� �&,1   .�X9 )��� $�<� !
�' 0 /�A��� L9 �&, ��

?�= ��+�� 5K#� �' )!61��A '�9 �� g�9�� �' .!@
 %�<8�C/N ./�!��  !@ )��A

H0� 2. � HV �TZ���� ��V �� i3	� ��V C� H)�Z C�\�

 �@�3C/N

6��7

 ![�@ F� 5K#� /�A��� ?�����

?�=

?�=

?�=

  

 �'١ ?�=      5KX#� �' .�0� 0 '�X� �X� ��X+��
	� Fy,v�    �X� FX#��B� �' /�A��� ?����� !
�' F9 '�@

 5K#�20  029   �<XI�� 5X���� $( 5�" F9 5�� �<I�� *
)�<9�� $�<� )�[    )mXr� '��X� b��� )��� �/

 j��XX<� o�XX��et al., 2004)
     5X���� *	��mX7 '��X� '�XK+9 s���@ �' $`���<�

  '��X� '��X� g#9 )���    '�X� /�X��
��'�0 )�<9�� ��� $'�9 l��� !�3�� )��� �[

 5K#� �� �� F�30� '���C/N
� '��� *?69�0 V0�@ /� C=

	� F�mr� $�8� F� �y� !669
C/N ��&� )���T   ��X� 	3( '��� �<I��
	+� F� $���      �X= 5KX#� /� $�X8� �' �X\�' ��X4

FXX� )mXXr� '��XX� FXX9 ��XXh *'�XX9 .'�1<XX��
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 �@�3 N� �� ���� ��V � i3	� ��V C� H)�Z ��� �C/N   

)15 �20 �29(  

.'�' C�����0      $�X<� !X
�' FX� ��X��� )�[
?�= .�9 )��� /�A��� �' '�2�� ��+��    �X� gX�9�� �' .!@

?�= ��J~� F9 !@ .![�I� 	��' '�9    0 	���+�X@ ��X+��
 !
�' �� L��" 0' ��� L��B<� �J� ��6}+[ 0

!
�' 	6�� 5�� ��' . 5K#� L��B<� �J�
   '�X� ��+�� �' $�<� !�3�� �� 	���+�@ ��+��

 	6��  ��'5�� .   U�X����( ��X+�� �' ���
  ^W� �'1 !
�' 	6�� ��' 5��  �' 0

��6h �5#� .?�= F� U�����( �� ��+��   �X2
     !X
�' ?���X�� �X� )'�X�/ ��J~� g��6�

'��!� /�A��� �' '�2�� $�<� .������6�*   	XK��B� ?����� ��
 ?�X= �' /�A��� �&,       $�X<� !X
�' *U�X����( �X� ��X+��

      �' '�X2�� )�X[/�A ���X� FX��� F<X@�!� )'��/ ?�����
2CO  0S2 H?���XX��   5XX�� FXX<���

Zhong  .(?�=     ��X[ �' �X�� .�0� �X� ��+��
 )�[C/N 	6�� � ��'5#� .  �' $�X<� !
�'

      $`0�X<�� FX� ���X9 5KX#� �' '�X� ��+��29  020   FX�
70 !
�'  056 !
�'    !X�3�� FX9 .'��

29 *37/20 !
�'    5KX#� /� �<XI��20 
 �' '�� �� ��+�� �' $�<� !�3�� ��6}+[C/N  �����

!
�' �<I��  ![�@ ��+�� /�) ��40 !
�' 
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