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 : ก���������������ก������� Saccharomyces cerevisiae 
 �! Pichia stipitis. (ETHANOL PRODUCTION FROM GRASSES BY 
Saccharomyces cerevisiae AND Pichia stipitis) �.�89:�;ก<����������=
���ก :      
�	. ��. ���>�� �>?���ก<@��>ก��, 137 ����. 
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18 types of grasses, collected from the provinces of Chiang Mai, Lampang, 
Ratchaburi and Petchaburi, were divided into 2 groups: 8 types of forage grasses (napier 
leaves, mott dwarf elephant leaves, king leaves, bana leaves, purple guinea, ruzi, pangola 
and atratum) and 10 ecotypes of vetiver grasses (Khamphaeng Phet 2, Songkhla 3, Surat 
Thani, Sri Lanka, Roi Et, Loei, Nakhon Sawan, Prachuap Khiri Khan, Ratchaburi and 
Khamphaeng Phet 1). All of the grasses had 51.31 - 77.81 % moisture content and contained 
cellulose, hemicellulose and lignin at 31.85 - 38.51, 31.13 - 42.61 and 3.10 - 5.64 % on 
average, respectively. In the study of enzymatic saccharification of grasses in order to select 
the suitable grasses for fermentation, the grasses were pretreated with alkaline peroxide and 
followed by enzymatic hydrolysis using cellulase and xylanase produced from Trichoderma 
reesei. The results showed that the reducing sugar yields of each grass obtained after 
hydrolysis were rather similar. Therefore, dry matter yields (kg/rai/year) were also included in 
the calculation. From this selection, 11 types of grasses (all of the forage grasses and 3 
ecotypes of vetiver grasses: Sri Lanka, Prachuap Khiri Khan and Ratchaburi) having the 
reducing sugar yields over 630 kg/rai/year were used as feedstock for ethanol production by 
simultaneous saccharification and co-fermentation (SSCF) using cellulase and xylanase for 
hydrolysis and Saccharomyces cerevisiae and Pichia stipitis after 9 and 10 h of cultivation 
under co-fermentation at 35 °C for 7 days. The results showed that Sri Lanka ecotype vetiver 
grass had the highest ethanol yield of 1.14 g/l or 0.14 g/g substrate which was equivalent to 
32.72 % of the theoretical ethanol yield. When dry matter yields were included in the 
calculation, Sri Lanka ecotype vetiver grass had ethanol yield of 184.27 litres/rai/year whereas 
napier leaves had maximum ethanol yield of 435.29 litres/rai/year (0.98 g/l or 0.12 g/g 
substrate which was equivalent to 30.60 % of the theoretical ethanol yield). 
 Field of Study :      Biotechnology Student�s Signature  
Academic Year :        2008 Advisor�s Signature  
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1 

�����  1 
 

����	 
 

1.1 ��	
����
	�����	
��	����������	 
 

�������	��
��
�����ก���	 (global warming) ก"���#ก��$%�&	��
��'()'�)���ก*+�#,��
-��./	,� /�%�*�'()'"�,��%ก01
�����ก���	 -2� ก��.(��0.�34ก5/%�2�	ก���ก,	���$�ก�6%70).
.�ก89:	 4ก5/'()/"�-�
 -2� -��;��	<1��ก<=1; =9)#%ก01��กก��%>�<�.�%?2:�%7�0#@�/=0�4��ก��*�1
<.�'"���$�A� 4	�'�#,	ก��4ก�<8��
��	(:�0B(�	9)# -2� ก����	.�,?�7��##�	'14'	,��.�ก89:	 
1�#	�:	ก��69กC���4��+#7��##�	'14'	'()/�.��D�.�	%�($	ก���.�,?�,�.+<1� �9#%�&	/0)#'()�"�%�&	 
4��+#7��##�	'14'	 <1�4ก+ 7��##�	4/#��'0*$; 7��##�	�. 4��%?2:�%7�0#?(�
�7 %�&	*�	       
<���%�'�	����1%�&	%?2:�%7�0#?(�
�7'()ก"���#<1����-��./	,�,	83�	(: %	2)�#��ก/�.��D
	"�.�,?�%�&	%?2:�%7�0#<1��1$*�#%72)�'14'		:"�.�	%�	=0	4��	:"�.�	1(%=� ,?�,	�E�	:"�.�	%?2:�%7�0#
>/.�1$	"�<�>/.ก��	:"�.�	%�	=0	 %�($ก�+� 4ก5/�=F��; ��2�>/.ก��	:"�.�	1(%=� %�($ก�+� 1(�=F��; 
	�ก��ก	(:$�#,?�%�&	/��%*0.4*+#��2�/��%-.(%70).-+���ก%'	,��4ก+%-�2)�#$	*; %�&	ก��'14'	ก��
,?�/��%.'0�%'��;%?($�(�0�'0��(%B��; (MTBE) ��2�%�'0�%'��;%?($�(�0�'0��(%B��; (ETBE) <1�                 
(/
�>E�4'	��CK�, -3�ก��.�B0ก��ก��7��##�	, 2545)  

%�'�	��'()>�0*<1���กก��.��?(�
�7 %�($ก�+� <���%�'�	�� /�.��D>�0*<1���กก��
,?���*D�10�'�#ก��%กC*� %?+	 	:"�*�� 4�P# 4����/1����%
'�0ก�	%=��E��/ ��*D�10���-�DEก'().(
-��.%�.��/./"�����	"�.�>�0*%�'�	�� -2� ��/1����%
'�0ก�	%=��E��/ %?+	 =�#8����71 �
�� 
8(:%�2)�$ %6C<.� 4��?�	���$ (Sun 4�� Cheng, 2002) /+�	ก��	"�4�P#4��	:"�*��'().���ก.�	
/"������# 8����71 ��2����$.�,?�	�:	���/+#>�ก��'�*+�4��+#�����8�#.	�C$;<1� =9)#	���+�%�&	
��
��'()'�)���ก*+�#�0*กก�#�� 1�#	�:	��/1����%
'�0ก�	%=��E��/�9#%�&	�(ก'�#%�2�ก'()	+�/	,�,	
ก��	"�.�,?�%�&	��*D�10�/"�����>�0*%�'�	��  

72?7��##�	 (energy crop) %�&	72?'().(ก����Eก89:	.�%72)�,?�/"�����>�0*%�&	%?2:�%7�0# 
	�ก%�	2���ก���$4��.�	/"������#4��� 72?'().(-��.%�.��/.'()��%�&	72?7��##�	,	�	�-* -2� 
72?'().(ก��%�0
%*0��*%�Z� %�&	7�ก<.�7�+. 4���
�� %?+	 *�	<F��01��7���; *�	�0����; 4���
��
/�0*?; %�&	*�	 72?%��+�	(:��1%�&	72?'().(��$����$�[ (perennial crop) .(-��.%�.��/.'()��
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	"�.�,?�%�&	��*D�10�,	ก����	ก��>�0*%�'�	����ก��/1����%
'�0ก�	%=��E��/ %	2)�#��ก.(
>�>�0*/E# ��-�DEก .(-��.%�.��/.*+�72:	'()'().(-��.��1./.�E�3;*)"� 4��/+#>�ก��'�*+�
/0)#4�1���.	��$ (Balat, Balat 4�� Öz, 2008)  

#�	�0��$/+�	,�
+'()69กC�%ก()$�ก��ก��>�0*%�'�	����ก��/1����%
'�0ก�	%=��E��/
.�ก��69กC�%`7��ก��$+�$/��$%=��E��/��2�%F.0%=��E��/%7($#�$+�#%1($�,��ก��$%�&		:"�*��
ก�E�-/��2�<=��/%72)�,?�,	ก���.�ก%�&	%�'�	�� #�	�0��$	(:�9#<1�/	,�ก��,?�����$?	;'�:#
%=��E��/4��%F.0%=��E��/'().(�$E+,	�
��%72)�,��/�.��D,?�����$?	;��ก?(�.��72?,��<1�.�ก'()/�1 
%	2)�#��ก�
��-+�	8��#.(��0.�3��.8�#%=��E��/4��%F.0%=��E��/'()/E# �1$-+�%`�()$�#-;���ก��
8�#?(�.��72?,	�
��'�)�<���.(��0.�38�#%=��E��/%�&	 25 - 40 %���;%=Z	*; %F.0%=��E��/%�&	 
25 - 50 %���;%=Z	*; 4���0ก	0	%�&	 10 - 30 %���;%=Z	*; (Howard 4��-3�, 2003) 
 %=��E��/4��%F.0%=��E��//�.��D	"�<�>�0*%�&	%�'�	��<1��1$ก��,?�ก�1��2�%�	<=.;
$+�$/��$,��ก��$%�&		:"�*�� ก��,?�ก�1	�:	.(8��%/($ -2� ,	ก��%ก01�e0ก0�0$�*��#,?���3�
E.0/E# 
�e0ก0�0$�%ก0189:	��	4�#4��%�&	ก��$+�$'()<.+%`7��%����# %ก01>�0*
�3f;'()<.+*��#ก�� 
�?	�'(),?�
*��#'	'�	*+�ก��ก�1ก�+�	8�#ก�1<1�=9)#.(��-�47# 4��*��#.(ก��ก"���1	:"�'0:#'()%��2���ก
ก����	ก��=9)#.(ก�1%�2��	�$E+  1�#	�:	ก��,?�%�	<=.;�9#%�&	�0B('()	+�/	,� %7���%�	<=.;.(
-��.�"�%7��%����#/E# �e0ก0�0$�%ก0189:	'()
���%�&	ก��# <.+%ก01>�0*
�3f;'()<.+*��#ก��%�.2�	ก��
ก��,?�ก�1 4��'"�,��-+�,?��+�$,	ก��ก"���18�#%/($�1�# (Wyman, 1994)  
 ,	ก��>�0*%�'�	����ก��/1����%
'�0ก�	%=��E��/�1$,?���/1�%��2�'0:#'�#ก��%กC*�
	�:	%�&	ก��>�0*7��##�	'14'	,	��$�/�:	 ,	�	�-*��/1�%��2�'0:#'�#ก��%กC*����.(<.+
%7($#7�*+�ก��	"�<�,?�>�0*%�&	%�'�	�� 1�#	�:	%72)�,��.(ก��>�0*7��##�	'14'	�$+�#$�)#$2	4��
%�Z	>�<1�,	��$�$���9#-��'()��.(ก����Eก72?7��##�	89:	.�%72)�,?�����$?	;�+�.ก��ก��,?���/1�
%��2�'0:#'�#ก��%กC*� ก��69กC���72?'().(6�ก$
�7,	ก��>�0*%�'�	���9#%�&	/0)#'()�"�%�&	 �
��
D2�<1��+�%�&	72?7��##�	?	01�	9)#'().(-��.%�.��/. %	2)�#��ก%�&	72?'().(��$����$�[ %.2)�*�14���
/�.��D%��0
��ก.�<1�,�.+ 4��/�.��D89:	,	'()4��#4��#<1�1( �
��'()	0$.��Eก,	���%'6<'$.(
�$E+���$?	01 1�#	�:	ก��-�1%�2�ก?	018�#�
��'().(-��.%�.��/.,	ก��	"�.�,?�%�&	��*D�10�
/"�����>�0*%�'�	��1��$ก����	ก��'�#?(�
�7�9#%�&	/0)#'()	+�/	,� Saccharomyces 
cerevisiae 4�� Pichia stipitis %�&	$(/*;'().(-��./�.��D,	ก��,?�	:"�*��ก�E�-/4��<=��/%�&	
4��+#-��;��	,	ก���.�ก%�&	%�'�	��<1�*�.�"�1�� 4��	0$.,?�.�ก,	��*/��ก��. �9#<1�	"�%?2:�
'�:#/�#?	01	(:.�,?�,	ก����	ก��$+�$/��$4���.�ก�+�.ก�	4��*+�%	2)�# (simultaneous 
saccharification and co-fermentation: SSCF) %72)�>�0*%�'�	����ก�
�� 
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1.2 ������ ����!���ก	 �#$�% 
 
 %72)�69กC�-��./�.��D,	ก��$+�$/��$1��$%�	<=.;8�#�
��?	01*+�#m '()7�,	
���%'6<'$ 4��-�1%�2�ก�
��'().(-��.%�.��/..�,?�%�&	��*D�10�/"�����ก��>�0*%�'�	��1��$
ก����	ก��$+�$/��$4���.�ก�+�.ก�	4��*+�%	2)�# (SSCF) %72)�'()���0%-����;6�ก$
�78�#�
��
'().(-��.%�.��/.,	ก��	"�<�,?�%�&	72?7��##�	*+�<� 
 

1.3 ���������ก	 �#$�% 
 
 #�	�0��$	(:.�+#%	�	'()��69กC���0.�3-��.?2:	4���#-;���ก��?(�.��8�#�
�������
/�*�;4���
��4nก'()	0$.��Eก,	���%'6<'$ ��.'�:#-��./�.��D,	ก��DEก$+�$/��$%�&		:"�*��
�1$,?�%=��E%�/4��<=4�%	/'()>�0*89:	%�#��ก%?2:��� Trichoderma reesei %72)�-�1%�2�ก�
��'().(
-��.%�.��/..�,?�%�&	��*D�10�,	ก��>�0*%�'�	���1$,?�%�	<=.;1�#ก�+��,	ก��$+�$/��$ 
4��,?�$(/*; 2 ?	01 -2� S. cerevisiae 4�� P. stipitis ,	ก����	ก���.�ก�+�.ก�	4��*+�%	2)�# 
 

1.4 � �(%)�!����	*�+	$�,*- �� 
 
 '���6�ก$
�78�#�
��,	���%'6<'$'().(-��.%�.��/./"�����	"�<�,?�,	ก��>�0*    
%�'�	��1��$ก����	ก��'�#?(�
�7 %72)�	"�<�7�o	�%�&	72?7��##�	*+�<�,	�	�-* 
 

1.5 �#/�*�	��#�ก	 �#$�% 
 

1. %กZ�*���$+�#�
�� 
2. �0%-����;��0.�3-��.?2:	 
3. �0%-����;��0.�3�#-;���ก��8�#?(�.��72?4����0.�3%�'�	��'()>�0*<1�'�#'qCK( 
4. >�0*%=��E%�/4��<=4�%	/ 
5. 69กC�ก��$+�$/��$�
��?	01*+�#m 1��$%�	<=.;%72)�-�1%�2�ก�
��<�,?�,	ก���.�ก 
6. >�0*%�'�	����กก����	ก�� SSCF 4��%��($�%'($���0.�3%�'�	��8�#�
��'()<1�

��กก���.�กก����0.�3%�'�	��8�#�
��'()<1�'�#'qCK(  
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�����  2 
 

��ก�	 ����	��#$�%����ก��%��-�� 
 

2.1 ก	 0�#����	��� 
 
 %�'�	�� (C2H5OH) /�.��D>�0*<1� 2 �0B( -2� 

1. �0B('�#%-.( 
%�&	ก��,?�ก����	ก��'�#%-.(,	ก��/�#%-����;%�'�	�� �1$.(%�'0�(	%�&	��*D�10�      

%�'�	��'()<1� %�($ก�+� %�'�	��/�#%-����; (/
�>E�4'	��CK�, -3�ก��.�B0ก��ก��7��##�	, 
2545) �0B('()	0$.,?� <1�4ก+ 

1.1 ก��>�0*%�'�	����กก����	ก��<F%1�?�	8�#%�'0�(	�1$*�# �1$.(ก�1@�/@��0ก
%�&	*��%�+#�e0ก0�0$�'()-��.1�	4����3�
E.0/E# �1$'�)�<�.�ก,?�'() 1000 psi 4�� 300 �#6�%=�%=($/ 
(Plotkin, 2006) /.ก��8�#ก��%ก01�e0ก0�0$�%�&	1�#	(:  

 
C2H4     +     H2O                          C2H5OH 

 
1.2 ก��>�0*%�'�	����กก����	ก��<F%1�?�	8�#%�'0�(	�1$���. �1$.(ก�1=��@w��0ก

%�&	*��%�+#�e0ก0�0$� %72)�,��<1�%�'0�=��%@*=9)#��DEก$+�$/��$*+�<�%�&	%�'�	�� (Demirbas, 
2005) /.ก��8�#ก��%ก01�e0ก0�0$�%�&	1�#	(: 

 
      C2H4  +   H2SO4                                       C2H5OSO3H 

                 C2H5OSO3H  +   H2O                                      C2H5OH   +   H2SO4   
     

�0B(ก��/�#%-����;%�'�	�� '�:# 2 �0B('()ก�+��.�4*+%10.	0$.,?�ก�	.�ก %7���%�&	
ก����	ก��'()��1%�Z�4��<.+$�+#$�ก ก����	ก��>�0*89:	�$E+ก�������$%7($#<.+ก()�$+�# 4*+%	2)�#��ก
�0B(ก��/�#%-����;1�#ก�+��*��#,?�/��%�0).*�	'()%�&	>�>�0*��ก�w�*�%�($. '"�,��*�	'�	ก��>�0*8�#
'�:#/�#�0B(	(:/E#89:	.�ก �9#'"�,��.(ก��>�0*%�'�	��1��$�0B('�#?(�
�74'	  
 

 

H3PO4 
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2. �0B('�#?(�
�7 
%�&	ก��,?�.��?(�
�7 %?+	 	:"�*�� 4�P# ��2� ��/1����%
'�0ก�	%=��E��/ %�&	��*D�10�,	

ก��>�0*%�'�	�� �1$.(ก����6�$ก����	ก���.�ก8�#%?2:����0	'�($; %?+	 $(/*; %8��.�%ก()$�8��# 
%�&	�0B('()	0$.,?�,	�������	 .(/.ก��ก��%��()$		:"�*��ก�E�-/%�&	%�'�	�� 1�#	(: 

 
C6H12O6                             2 C2H5OH  +  2 CO2 

 

2.2 �����*#����1)-1�ก	 0�#����	���*-�%ก ����ก	 �	�)��2	3 
  

��*D�10�'()/�.��D	"�.�,?�,	ก���.�ก<1� -2� ��*D�10�'().(	:"�*����2���*D�10�'()/�.��D
%��()$	,���$E+,	�E�	:"�*��<1� 4�+#��ก%�&	 3 ���%
',�
+m <1�4ก+ 

 

2.2.1 �����*#�� ��2��4�	�	� 
 

��*D�10����กm '()	"�.�,?�,	ก��>�0*%�'�	�� -2� ���$=9)#�$E+,	�E�8�#	:"����$��2�
>�>�0*7��$<1�'()%�&	ก�ก	:"�*�� (molasses) (Sánchez 4�� Cardona, 2008) ���ก��1��$
	:"�*��=E�-�/%�&	���ก 	�ก��ก	(:$�#.(��*D�10��2)	m '().(	:"�*��.�ก=9)#/�.��D	"�.�%�&	��*D�10�<1�
%?+	ก�	 <1�4ก+ ����('��2����>�กก�1���	 (sugar beet) 8���@A�#���	 (sweet sorghum) 4��
>�<.�*+�#m (Badger, 2002) /�#,	/�.8�#ก��>�0*	:"�*��'�)���ก��.���ก���$ 4���	9)#,	
/�.��.���ก����(' (Kumar 4��-3�, 2006 ���#D9#,	 Balat 4��-3�, 2008)   

8��1(8�#ก��,?�72?'().(	:"�*��,	ก��>�0*%�'�	�� -2� /�.��D%��()$		:"�*��=E�-�/
<�%�&	%�'�	��<1�#+�$ก�+�%.2)�%��($�%'($�ก��ก��,?���*D�10�'()%�&	4�P#4���0ก�	%=��E��/ 
%	2)�#��ก<.+*��#.(ก����	ก��$+�$/��$��*D�10�ก+�	 $(/*;/�.��D$+�$/��$	:"�*��	(:%72)�
	"�<�,?�<1��1$*�# (Cardona 4�� Sánchez, 2007) %?2:����0	'�($;'(),?�,	ก���.�ก/+�	,�
+ -2�  
S. cerevisiae =9)#.(-��./�.��D,	ก��$+�$/��$	:"�*��=E�-�/<�%�&		:"�*��ก�E�-/4��@��ก
�*/'()/�.��D	"�<�,?�,	ก���.�ก%�&	%�'�	��<1� �$+�#<�กZ*�.8��%/($8�#ก��,?���*D�10�%��+�	(: 
-2� ��*D�10���#?	01.(��-�/E#�9#<.+%�.��'()��	"�.�,?�>�0*%�&	%?2:�%7�0#%�'�	��  
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2.2.2 �����*#�� ��2���5� 
 
��*D�10����%
'4�P# <1�4ก+ >�>�0*'�#ก��%กC*�7�กB�
72? %?+	 8���%��� 8���/��( 

8����71 8������;%�$; 8���@A�# 4��7�ก72?��� %?+	 .�	/"������# .�	n��)# .�	%'6 %�&	*�	       
(/
�>E�4'	��CK�, -3�ก��.�B0ก��ก��7��##�	, 2545) ก��>�0*%�'�	��,	'�(��%.�0ก�%�	2�
4��$����.�ก��,?�8����714��8���/��(%�&	��*D�10� /+�	���%'6,	%8*���	.�ก,?�7�ก72?���%�&	
��*D�10� (Cardona 4�� Sánchez, 2007) 

4�P#��1%�&	<���7��0%.��;?	01�F�.7��0%.��;=9)#���ก��1��$�.�	%.��;%7($#?	01
%1($�-2�	:"�*��ก�E�-/ 4�P#���ก��1��$7��0%.��; 2 ?	01'().(/�1/+�	4*ก*+�#ก�	 -2� ��<.��/ 
(16 - 30 %���;%=Z	*;) 4����<.��%7-*0	 (65 - 85 %���;%=Z	*;) ��<.��/%�&	�7�0%.��;8�#          
1(-ก�E�-/,	�E�4��@�-1(-ก�E�-<7���	/'()%?2)�.*+�ก�	1��$7�	B�4��@�-1,4-<ก��-=010ก %�&	     
�7�0%.��;'().(/�$*�#=9)#��.(��กC3�81%�&	%ก�($� (helix) /+�	��<.��%7-*0	%�&	�7�0%.��;'().(
ก�E�-/.�*+�ก�	7�	B�4��@�-1,4-<ก��-=010ก 4��.(ก��4*กก0)#48	#�1$.(	:"�*��ก�E�-/.�
%?2)�.*+�*�#ก0)#1��$7�	B�4��@�-1,6-<ก��-=010ก (Prasad, Singh 4�� Joshi, 2007) 1�#4/1#,	

�7'() 2.1 
 
 
 

 
 
 

 
 
 
 
 
 

 

�7'() 2.1 �-�#/���#8�#��<.��/ (�	) 4����<.��%7-*0	 (�+�#) (Casey 4��-3�, 2006) 
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ก��	"���*D�10����%
'4�P#.�,?�*��#.(ก��$+�$/��$4�P#%72)�,��ก��$%�&		:"�*��
ก�E�-//"�����,?�,	ก���.�ก ก����	ก��%��()$	4�P#%�&		:"�*����.(8�:	*�	���ก 2 8�:	*�	 -2� 
8�:	*�	'()�	9)#%�&	ก��$+�$4�P#-��:#4�ก��2�ก��'"�,��4�P#%��� (liquefaction) �1$,?�%�	<=.;,	
ก��+.4��@�-��<.%�/ ,	8�:	*�		(:��.(ก��%��()$	4�P#,��%�&	�.%�ก��'().(8	�1%�Zก�#<1�
>�0*
�3f;'()%�($ก�+� %1ก=;'�0	 8�:	*�	'()/�#%�&	ก��$+�$4�P#-��:#/�1'��$ (saccharification) %72)�
'"�,��4�P#�.%�ก��%�Zก%��()$	%�&		:"�*��ก�E�-/ ��,?�%�	<=.;,	ก��+.ก�E�-��<.%�/ %.2)�<1�%�&	
	:"�*��4����9#%8��/E+ก����	ก���.�ก*+�<� 

���%'6<'$	0$.,?����.�	/"������#/1%�&	��*D�10�,	ก��>�0*%�'�	��=9)#.(8��1(-2� .(
/�1/+�	8�#4�P#/E#4��%/�	,$*)"� ,����0.�3%�'�	��*+�72:	'()%7����Eก/E# /�.��D��Eก<1�,	10	
'().(-��.��1./.�E�3;*)"� /+�	8��%/($ -2� *��#.(8�:	*�	ก��%��()$	4�P#,��%�&		:"�*��ก+�		"�<�
�.�ก 

ก��	"���*D�10����%
'	:"�*��4��4�P#=9)#$�#-#%�&	�����8�#.	�C$;.�,?�,	ก��>�0*    
%�'�	�����/+#>�ก��'�'"�,����*D�10�.(��-�/E#89:	<1� %	2)�#��ก.(��0.�3<.+%7($#7�4��,	
'()/�1���%ก01
���8�14-�	�����89:	 1�#	�:	ก��	"���/1����%
'�0ก�	%=��E��/.�,?��9#%�&	�(ก
'�#%�2�ก�	9)#'()	+�/	,� 

 

2.2.3 �����*#���������#ก(��6��7(�� 
 
�0ก�	%=��E��/��1%�&	<���7��0%.��;'().(��0.�3.�ก'()/�1,	��ก ก��	"���/1����%
'

�0ก�	%=��E��/'()<.+<1�,?�%�&	�����8�#.	�C$;.�,?� ��'"�,��<1���*D�10�'().(��-�DEก/"�����>�0*   
%�'�	�� ��/1����%
'�0ก�	%=��E��/'(),?�/"�����>�0*%�'�	��/�.��D4�+#<1�%�&	 6 ก��+. 
(Sánchez 4�� Cardona, 2008) 1�#	(:  

(1) ��/1�%��2�'0:#'�#ก��%กC*� (crop residue ��2� agricultural waste) <1�4ก+ @�#
8���/��( @�#8������;%�$; @�#8���%��� 4ก�� ?�	���$ ,�8����71 �"�*�	8����714��=�#8����71
=9)#��.%�($ก/+�	*+�#m 8�#8����71	(:�+� -��;	/�*%���; 

(2) ��/1�%��2�'0:#��ก��##�	��*/��ก��. (industrial residue) <1�4ก+ ��/1�%��2�'0:#��ก
��*/��ก��.%$2)�ก��1�C %?+	 ก�ก*�ก�	%$2)�ก��1�C%��2�'0:# (recycled paper sludge) 4��
��/1�%��2�'0:#��ก��##�	<.� %?+	 %6C<.� 8(:%�2)�$ %�&	*�	 

(3) ��/1�%��2�'0:#��ก��-�����	%�2�	 (municipal solid waste: MSW) <1�4ก+ ก��1�C
�	�#/2�70.7; ก��1�C,?�4��� %�&	*�	  
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(4) <.�%	2:�48Z# (hardwood) <1�4ก+ *�	4�/%7	 *�	��7���; 
(5) <.�%	2:��+�	 (softwood) <1�4ก+ *�	/	 %?+	 <7	;  
(6) 72?��.��ก (herbaceous biomass) <1�4ก+ �
��?	01*+�#m %?+	 �
��/�0*?;      

�
���(1-�4	�( �
��%���;.0�1� 4���
��'0�.B( %�&	*�	 
�0ก�	%=��E��/���ก��1��$%=��E��/ %F.0%=��E��/ 4���0ก	0	 %=��E��/���ก��1��$

ก�E�-/.�*+�ก�	%�&	/�$$��%?+	%1($�ก��4�P#4*+.(��กC3�8�#�-�#/���#4*ก*�#ก�	 ก��.(
�0ก	0	.��+����.<��'"�,����/1����%
'�0ก�	%=��E��/DEก$+�$/��$<1�$�กก�+�4�P# (Badger, 2002) 
�7�0%.��;���ก 2 ?	01 -2� %=��E��/4��%F.0%=��E��/-��DEก$+�$/��$,��ก��$%�&		:"�*��%72)�
%��()$	%�&	%�'�	��*+�<� 4*+ก����	ก��$+�$/��$.(-��.=��=��	 4��%'-	0-$�#7�o	�<.+
/.�E�3; (Sánchez 4�� Cardona, 2008) 

	:"�*��<=��/%�&		:"�*��-��;��	�����*�.'().(��0.�3.�ก'()/�1,	%F.0%=��E��/8�#
<.�%	2:�48Z#4��/+�	'()%��2���ก>�0*>�'�#ก��%กC*� 4��.(��0.�3,	B��.?�*0.�ก%�&	��	1��'()
/�#��#��ก	:"�*��ก�E�-/ 1�#	�:	ก��	"�	:"�*��<=��/.�,?�	�ก%�	2���ก	:"�*��ก�E�-/��
/�.��D�1*�	'�	ก��>�0*%�'�	��<1� (Olsson 4�� Hahn-Hagerdal, 1996) 

8��1(8�#ก��,?���/1����%
'�0ก�	%=��E��/ -2� %�&	��*D�10�'().(%�&	��0.�3.�ก ��<1�
#+�$ ��-�DEก 4��/�.��D%ก0189:	.�'14'	<1��$E+%/.� /+�	8��%/($-2� *�	'�	ก��>�0*%�'�	��
��ก��/1����%
'�0ก�	%=��E��/$�#-+�	8��#/E#�$E+%.2)�,?�%'-�	��$('().(�$E+,	�������	 %	2)�#��ก
ก����	ก��$+�$/��$<1�>�>�0**)"�4��,?�*�	'�	/E# (Sun 4�� Cheng, 2002) 
 

2.3 ���!� �ก�����)��
��38)1����*�� ��2��#ก(��6��7(�� 
 

�0ก�	%=��E��/%�&	�#-;���ก��8�#?(�.��'()7�,	>	�#%=��;8�#72? ���ก��1��$
%=��E��/=9)#%�&	<.�-�<@��0�n�#�$E+,	%F.0%=��E��/4���0ก	0	 1�#4/1#,	
�7'() 2.2 �9#%�($ก
%=��E��/ %F.0 %=��E��/4���0ก	0	��.ก�	�+� �0ก�	%=��E��/ 	�ก��ก	(: ,	��/1����%
'              
�0ก�	%=��E��/$�#7�/�����ก���2)	m '() %�($ก�+� /��4'�ก (extractive) =9)#%�&	/��'()<.+,?+
�#-;���ก��8�#>	�#%=��;72? <1�4ก+ %�=0	 <8.�	 ก�1<8.�	 @[�	�0ก <@�*/%*���� %ก�2� 4��    
4�+B�*� %�&	*�	 (Lee 4��-3�, 2007) ��/1����%
'�0ก�	%=��E��/4*+��?	01��.(/�1/+�	8�#
%=��E��/ %F.0%=��E��/4���0ก	0	4*ก*+�#ก�	<� (Prasad 4��-3�, 2007) 1�#4/1#,	*���#'() 
2.1 
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�7'() 2.2 �-�#/���#8�#�0ก�	%=��E��/'()7�,	%=��;72? (Ritter, 2008) 
 
*���#'() 2.1 �#-;���ก��8�#�0ก�	%=��E��/,	��/1�?	01*+�#m (Sun 4�� Cheng, 2002) 

��/1����%
'�0ก�	%=��E��/ %=��E��/ 
(%���;%=Z	*;) 

%F.0%=��E��/ 
(%���;%=Z	*;) 

�0ก	0	 
(%���;%=Z	*;) 

�"�*�	<.�%	2:�48Z# 
�"�*�	<.�%	2:��+�	 
%��2�กD�)� 
=�#8����71 
ก��1�C 
@�#8���/��( 
@�#8���%��� 
ก��1�C�	�#/2�70.7; 
8�#%/($��ก��*/��ก��.%$2)�ก��1�C 
?�	���$ 
�
��%���;.0�1�  
�
��/�0*?; 
�
�����;?��;1 
�
�� (-+�%`�()$/"������
��?	01*+�#m) 

40 - 55 
45 - 50 
25 - 30 
45 

85 - 99 
30 
32.1 

40 - 55 
60 - 70 
33.4 
25.0 
45.0 
32.0 

25 - 40 

24 - 40 
25 - 35 
25 - 30 
35 
0 
50 
24.0 

25 - 40 
10 - 20 
30.0 
35.7 
31.4 
40.0 

25 - 50 

18 - 25 
25 - 35 
30 - 40 
15 

0 - 15 
15 
18.0 

18 - 30 
5 - 10 
18.9 
6.4 
12.0 
4.7 

10 - 30 

cellulose 

lignin 
hemicellulose 
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2.3.1 �6��7(�� 
 
%=��E��/%�&	�#-;���ก�����ก'()7�,	>	�#%=��;72? .(���.�3 40 � 60 %���;%=Z	*;

8�#	:"��	�ก?(�.��4��# (Hamelinck, van Hooijdonk 4�� Faaij, 2005) %=��E��/%�&	
-��;��<F%1�*?	017��04=--�<�1;'()���ก��1��$�.�	%.��;%7($#?	01%1($� -2� �.%�ก��8�#         
1(-ก�E�-/,	�E�%�*�-1(-ก�E�-<7���	/���$�.%�ก��%�($#*+�ก�	1��$7�	B�%�*�-1,4-<ก��-=010ก 
�1$.(ก��19#�.%�ก��8�#	:"���ก�9#.(/E*�'�#%-.(%�&	 (C6H10O5)n %.2)� n -2� �"�	�	8�#�.%�ก��
ก�E�-/'().�%�($#*+�ก�	 �1$ก�E�-/ 2 �.%�ก����%�($#*+�ก�	%�&	<1%.��; %�($ก�+� %=���<���/=9)#
%�&	�	+�$72:	��	8�#%=��E��/,	ก��.�*+�=:"�m ก�	%�&	�-�#/���#/�$$��-���$�Eก�=+ <.+.(ก��
4*กก0)#48	# 1�#4/1#,	
�7'() 2.3 =9)#4*ก*+�#��ก4�P#'()ก�E�-/��%?2)�.*+�ก�	1��$7�	B�    
4��@�-1,4-<ก��-=010ก '"�,��%=��E��/.(��กC3�%�&	%/�	*�#4*+4�P#��.(�-�#/���#'()%�&	�=+%ก�($� 
/+#>�,��%=��E��/.(7�	B�<F�1�%�	����+�#�.%�ก���"�	�	.�ก�9#.(��กC3�%�&	.�1%/�	,$'()%�&	
��%�($�=9)#.(-��.48Z#4�#4��'	*+�ก��$+�$/��$<1�.�กก�+�4�P# (Ritter, 2008) �"�	�	�.%�ก��
8�#ก�E�-/'().�%�($#*+�ก�	 %�($ก�+� degree of polymerization ��2� DP =9)#,	%	2:�<.�*�.
B��.?�*0��.(-+����.�3 10,000 �	+�$ (Ragauskas, 2008) 
 
 
 
 

 

�7'() 2.3 �-�#/���#8�#%=��E��/ (Campbell, 2008) 

 
%=��E��/4*+��/�$'()8	�	ก�	��.(ก��%?2)�.*+�ก�	1��$7�	B�<F�1�%�	%ก01%�&	.�18�#

<.�-�<@��0�=9)#4*+��.�1��.(%/�	>+�	6E	$;ก��#���.�3 3 - 6 	��	%.*� (U.S. Department of 
Energy, 2007) �1$%�($ก��0%�3'().(7�	B�<F�1�%�	�	�4	+	�+� ��0%�3-�0/*��<�	;=9)#%�&	��0%�3
'()%=��E��/.(ก����1%�($#*��%�&	��%�($� /+�	��0%�3'().(7�	B�<F�1�%�	�	�4	+		��$ %�($ก�+� 
��0%�3��.��;@�/��2�7���-�0/*��<�	;=9)#%�&	��0%�3'()%=��E��/.(ก����1%�($#*�����.m �$+�#<.+
%�&	��%�($� 1�#4/1#,	
�7'() 2.4 1�#	�:	ก��$+�$/��$��%ก0189:	'()��0%�3��.��;@�/<1�#+�$4��
��1%�Z� ก��$+�$/��$�9#%ก0189:	'()��0%�3-�0/*��<�	;ก+�	 (Lee, Pagan 4�� Rogers, 1983)     
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<.�-�<@��0�4*+��.�1����.ก�	%�&	.��-�<@��0� ���$m .��-�<@��0��9#��.ก�	%�&	%/�	,$8�#
%=��E��/ 1�#4/1#,	
�7'() 2.5  

 
 

 
 
 
 


�7'() 2.4 ��0%�3-�0/*��<�	;4����0%�3��.��;@�/,	%=��E��/ (van der Reyden, 1992) 
 
 
 
 
 
 
 
 
 
 
 

 

�7'() 2.5 ก����1%�($#*��8�#%=��E��/ (Carbohydrates, 2006) 

 
%/�	,$8�#%=��E��/.(-��.48Z#4�#.�ก <.+����$,		:"� *��'"�����$�0	'�($; ��2�

/������$1+�#�+�	 4*+/�.��D����$<1�1(,	ก�1��2�1+�#4ก+ 1�#	�:	�9#/�.��D4�+#?	018�#
%=��E��/*�.��กC3�ก������$,	ก�1��2�1+�#<1�%�&	 3 ?	01 (American Paper and Pulp 
Association, 1965) -2� 

(1) 4��@�-%=��E��/ ��1%�&	%=��E��/'()4'���0# %�&	%=��E��/'()<.+/�.��D����$<1�
,	�=%1($.<F1��ก<=1;-��.%8�.8�	 17.5 %���;%=Z	*; '()��3�
E.0 20 �#6�%=�%=($/  

amorphous region crystalline region 



 
 
12 

(2) %�*�-%=��E��/ %�&	%=��E��/'()/�.��D����$<1�,	�=%1($.<F1��ก<=1;     
-��.%8�.8�	 17.5 %���;%=Z	*; '()��3�
E.0 20 �#6�%=�%=($/ 4*+/�.��D*ก*�ก�	<1�#+�$,	
/������$'()%�&	ก�1 

(3) 4ก..�-%=��E��/ %�&	%=��E��/'()/�.��D����$<1�1('�:#,	�=%1($.<F1��ก<=1;
-��.%8�.8�	 17.5 %���;%=Z	*; '()��3�
E.0 20 �#6�%=�%=($/ 4��/������$ก�1%�2���# 4*+
/�.��D*ก*�ก�	<1��1$,?�4��ก�F��; 

 

2.3.2 �D
#�6��7(�� 
 

%F.0%=��E��/7����.�3 20 - 40 %���;%=Z	*;8�#	:"��	�ก?(�.��4��# (Hamelinck 
4��-3�, 2005) %�&	7��04=--�<�1;'()7�.�ก%�&	��	1��/�#��#��ก%=��E��/ '"��	��'()
%/�0./���#>	�#%=��;72?,��48Z#4�# .(��กC3�%�&	%F'%'���7��0%.��;=9)#4*ก*+�#��ก%=��E��/'()
%�&	�F�.7��0%.��; ���ก��1��$	:"�*�����$?	01 %?+	 	:"�*��-��;��	�����*�. (1(-<=��/    
4��-4�.�	/ 4��4��-�����0�	/) 	:"�*��-��;��	�ก��*�. (1(-ก�E�-/ 1(-4.	�	/ 4��       
1(-ก�4�ก�*/) 4��ก�1$E��	0ก (4-��-%.'0�-1(-ก�E-E��	0ก4�=01 1(-ก�E-E��	0ก4�=01 4��               
1(-ก�4�ก'E��	0ก4�=01) /�$���ก8�#%F.0%=��E��/���%�&	�F�.7��0%.��;��2�%F'%'���7��0%.��;
'().(ก0)#/�:	m '()*"�4�	+#7�	B�%�*�-1,4-<ก��-=010ก��2���#-��:#���%�&	7�	B�%�*�-1,3-<ก��-=010ก 
	�ก��ก	(:$�#���.(�.E+��=0*0�.�%ก���(ก1��$ (Purwadi, 2006) �-�#/���#8�#%F.0%=��E��/4/1#
1�#
�7'() 2.6 

 
 

 

 

 
 

 

������ 2.6 �-�#/���#8�#%F.0%=��E��/ (Fort, 2006) 

α-D-glucuronic acid 
acid 

acetyl group 

α-L-arabinofuranose 

β-D-xylopyranose 
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%F.0%=��E��/.(-+� DP *)"�ก�+�%=��E��/.�ก �1$.(-+����.�3 50 - 300 ��กก��'()      
%F.0%=��E��/.(�-�#/���#'().(ก0)#�9#'"�,��DEก$+�$/��$<1�#+�$ก�+�%=��E��/ %F.0%=��E��/'()7�,	<.�
%	2: ��+ �	/+ �	,�
+�� %�&	 �7�0 %.��; ?	01ก�4�ก�*ก�E �-4.	4		 (
�7'() 2 .7 )  4��                         
�����0�	ก�E-E���	<=4�	 (
�7'() 2.8) ,	83�'()<.�%	2:�48Z#��%�&	ก�E-E���	<=4�	 (
�7'() 2.9) 
(Ragauskas, 2008) 
 
 
 
 
 
 
 
 
 


�7'() 2.7 �-�#/���#8�#ก�4�ก�*ก�E�-4.	4		,	<.�%	2:��+�	 (Ragauskas, 2008) 
%.2)� Glcp -2� %�*�-1(-ก�E�-<7���	/ Manp -2� %�*�-1(-4.	�	<7���	/ Galp -2�                 
%�*�-1(-ก�4�ก�*<7���	/ 4�� R -2� CH3CO ��2� H 
 
 
 
 
 
 
 
 

 
 


�7'() 2.8 �-�#/���#8�#�����0�	ก�E-E���	<=4�	,	<.�%	2:��+�	 (Ragauskas, 2008) 
%.2)� Xylp -2� %�*�-1(-<=��<7���	/ GlcpA -2� 4-��-%.'0�-4��@�-1(-ก�E�-<7���	<=�E��	0ก   
4�=01 4�� Araf -2� 4��@�-4��-�����0�	@E���	/  
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�7'() 2.9 �-�#/���#8�#ก�E-E���	<=4�	,	<.�%	2:�48Z# (Ragauskas, 2008) 
%.2)� Xylp -2� %�*�-1(-<=��<7���	/ GlcpA -2� 4-��-%.'0�-4��@�-1(-ก�E�-<7���	<=�E��	0ก   
4�=01 4�� R -2� �.E+��=0*0� (CH3CO) 
 

2.3.3 �#ก�#� 
 

�0ก	0	.(���.�3 10 - 25 %���;%=Z	*;8�#	:"��	�ก?(�.��4��# (Hamelinck 4��-3�, 
2005) 7��$E+,	?+�#�+�#8�#>	�#%=��;����+�#%=��E��/%F.0%=��E��/4��%7-*0	 �1$��%?2)�.ก�� 
%F.0%=��E��/1��$7�	B��-��%�	*; �0ก	0	��'"��	��'()-���$ก��,	ก��$91�#-;���ก��*+�#m 8�#
�0ก�	%=��E��/%8��1��$ก�	 �9#?+�$%70).-��.48Z#4�#,��ก��>	�#%=��;4��*��	'�	ก����ก��ก8�#
4.�#4��%?2:���-*+�#m (Ritter, 2008)  

�0ก	0	%�&	�7�0 %.��;8	�1,�
+'().(-��.=��=��	1�#4/1#,	
�7'()  2.10 %�&	
/�����ก������.�*0ก'().(�	+�$$+�$%�&	@[	0��7�%7	.�%�($#*+�ก�	4��/�+. =9)#%?2)�.ก�	1��$
7�	B� C-O-C ��2�7�	B� C-C �0ก	0	��/�#%-����;.���ก/��*�:#*�	 3 ?	01 -2� 7���--E.��0� 
4��ก�F��; �-	0%@��0�4��ก�F��; 4��=0	�70�4��ก�F��; (
�7'() 2.11) =9)#��%ก01%�&	�	+�$
8�#�.�	%.��; 3 ?	01 -2� 7���-<F1��ก=(@[	0� ก��%�=0� 4��<=�0	ก0� *�.�"�1�� 72?4*+��?	01��
.(�#-;���ก��8�#�.�	%.��;'().�*+�ก�	%�&	�0ก	0	4*ก*+�#ก�	<� 
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�7'() 2.10 �-�#/���#8�#�0ก	0	 (Gregory, 2007) 

 
 
 

 
 
 

 

 

�7'() 2.11 /��*�:#*�	 3 ?	01 '(),?�,	ก��/�#%-����;�0ก	0	 (Richard, 2000) 
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2.4 ก ����ก	 0�#����	���$	ก���*�� ��2��#ก(��6��7(�� 
 
ก��>�0*%�'�	����ก��/1����%
'�0ก�	%=��E��/���ก��1��$ก����	ก��'()/"�-�
 3 

8�:	*�	 -2� ก������/
�7��*D�10� (pretreatment) ก��$+�$/��$ (hydrolysis) 4��ก����	ก��
�.�ก (fermentation)  

 

2.4.1 ก	 � ���2	3�����*#� 
 
ก������/
�7��*D�10�%�&	ก��4$ก/+�	���ก��8�#�0ก�	%=��E��/��ก��กก�	%�&	

%=��E��/ %F.0%=��E��/ 4���0ก	0	 (Silverstein, 2004) 1�#4/1#,	
�7'() 2.12 ��*D����/#-;8�#
ก������/
�7 -2� %72)�'()��ก"���1�0ก	0	4��%F.0%=��E��/ �1-��.%�&	-�0/*��<�	;8�#%=��E��/ 
%70).�E7��	4��72:	'()>0�,��ก����*D�10� '"�,����*D�10�DEก$+�$/��$<1�1(89:	 (Sun 4�� Cheng, 2002; 
Silverstein, 2004)  
 
 
 
 
 
 
 
 
 
 
 
 
 

�7'() 2.12 ��กC3�8�#�0ก�	%=��E��/
�$���#��กก������/
�7 (Hector, Hughes 4��  
Liang-Li, 2008) 
 
 



 
 
17 

ก������/
�7'()1(*��#.(��กC3�1�#*+�<�	(: (Sun 4�� Cheng, 2002) 
(1) %70).-��./�.��D,	ก��$+�$/��$8�#%�	<=.;<1� 
(2) ��(ก%�()$#ก��'"���$-��;��<F%1�* 
(3) ��(ก%�()$#ก��%ก01>�0*
�3f;'()��%�&	*��$��$�:#ก����	ก��$+�$/��$4��

ก����	ก���.�ก,	
�$���# 
(4) .(-+�,?��+�$'()<.+/E#�	%ก0	<� 
 
�0B(ก������/
�7��/1����%
'�0ก�	%=��E��/4�+#%�&	 4 �0B( 1�#*+�<�	(: 
 
1. ก������/
�71��$�0B('�#ก�$
�7 (physical pretreatment) %�&	ก���18	�14��

%70).72:	'()>0�8�#��*D�10�%72)�,��%�	<=.;/�.��D%8��$+�$/��$<1�1(89:	 ��*D�10�/�.��DDEก�1,��
��%�($1<1��1$ก��,?����$�0B(��.ก�	 -2� ก��*�1 ก���1 4��ก���.+ �1$�ก*0
�$���#��กก��*�1
4�����*D�10���.(8	�1 10 - 30 .0��0%.*� 4�����#��กก���1��2��.+4�����*D�10���.(8	�1      
0.2 - 2 .0��0%.*� (Sun 4�� Cheng, 2002) 	�ก��ก	(:ก��4$ก/��$1��$-��.���	 (pyrolysis) 
$�#%�&	ก������/
�71��$�0B('�#ก�$
�7�(ก�0B(�	9)#'()/�.��D4$ก/��$%=��E��/<1��$+�#��1%�Z�
�1$,?���3�
E.0/E# (Sánchez 4�� Cardona, 2008) 

,	ก��$+�$/��$�1$,?�%�	<=.; ��ก.(ก���18	�18�#��*D�10�4���*�.1��$ก��  
����/
�71��$�0B(�2)	m ��'"�,��%ก01ก��$+�$/��$<1�1(89:	 1�#	�:	D��<.+.(ก������/
�7*+���/+#>�
,����0.�3	:"�*��'()<1���กก��$+�$/��$1��$%�	<=.;�1�# 20 %���;%=Z	*;8�#-+�'()<1�*�.'qCK( 
,	83�'()��ก.(ก������/
�7*+���'"�,��<1���0.�3	:"�*��/E#89:	 90 %���;%=Z	*;��2�.�กก�+� 
(Brown, 2003) 

 
2. ก������/
�71��$�0B('�#%-.(@w/0ก/; (physico-chemical pretreatment) %�&	�0B('()

.(���/0'B0
�7.�กก�+��0B('�#ก�$
�7 �1$�0B( steam explosion ��2� autohydrolysis %�&	�0B('().(
ก��69กC�.�ก'()/�1 ,	ก����	ก��	(:��,?�<�	:"�'()-��.1�	/E#'"�,��%ก01�e0ก0�0$� autohydrolysis 
(Sánchez 4�� Cardona, 2008) �0B(	(:��,?���3�
E.0 160 - 260 �#6�%=�%=($/ -��.1�	 0.69 - 
4.83 MPa %�&	%���<.+ก()�0	�'(�	D9# 2 - 3 	�'( ก+�	'()��*D�10���ก���/E+-��.1�	���$�ก�6 %.2)�
-��.1�	�1�#�$+�#��1%�Z���'"�,����*D�10�	�:	4*ก��ก%�&	?0:	%�Zกm (Sun 4�� Cheng, 2002) 
'"�,��%F.0%=��E��/%ก01ก��$+�$/��$ /�.��D4$ก%=��E��/��ก��ก%F.0%=��E��/4���0ก	0	<1� 
1�#	�:	�9#%�&	ก��%70).���/0'B0
�78�#ก��$+�$/��$%=��E��/ �����$'()/+#>�*+�ก������/
�7
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1��$�0B( steam explosion -2� ��$�%���'(),?� ��3�
E.0 8	�18�#��*D�10� 4����0.�3-��.?2:	 �0B(
	(:%�&	�	9)#,	�0B('().(���/0'B0
�7.�ก'()/�1/"�����,?�,	ก������/
�7<.�%	2:�48Z#4����/1�%��2�'0:#
'�#ก��%กC*� 4*+.(���/0'B0
�7	��$,	<.�%	2:��+�	 (Sánchez 4�� Cardona, 2008) 

ก��%*0.ก�1=��@w��0ก (���%�&	=��%@��;<1��ก<=1;) ��2�-��;��	<1��ก<=1; �#,	 
steam explosion /�.��D%70).ก��$+�$/��$1��$%�	<=.;<1��$+�#.(���/0'B0
�7 �1ก��%ก01/��
$��$�:# 4��/�.��Dก"���1%F.0%=��E��/<1��$+�#/.�E�3;.�ก89:	 (Morjanoff 4�� Gray, 1987) 

	�ก��ก	(: ammonia fiber explosion (AFEX) ��1%�&	ก������/
�71��$�0B('�#
%-.(@w/0ก/;�(ก�0B(�	9)#=9)#��/1����%
'�0ก�	%=��E��/���$E+,	4�.�	%	($%���'()��3�
E.04��-��.
1�	/E#%�&	��$�%����	9)#ก+�	'()-��.1�	���1�#�$+�#��1%�Z� (Sun 4�� Cheng, 2002) 
 

3. ก������/
�71��$�0B('�#%-.( (chemical pretreatment) .(ก��,?�/��%-.(*+�#m 
,	ก������/
�7��*D�10� Sun 4�� Cheng (2002) <1�4�+#ก������/
�71��$�0B('�#%-.(��ก%�&	 
5 �0B( -2� 

3.1 ก������/
�71��$ก�1 4�+#��ก%�&	 
3.1.1 ก��,?�ก�1%8�.8�	 %?+	 ก�1=��@w��0ก��2�ก�1<F�1�-��ก�0ก 4.��+���

%�&	/��'()'"�,��%ก01ก��$+�$/��$%=��E��/<1�1( 4*+ก�1'().(-��.%8�.8�	/E#��.(-��.%�&	70C .(
q'B0�ก�1ก�+�	��	4�# �9#*��#ก��
�?	�'()'	*+�ก��ก�1ก�+�	<1� 	�ก��ก	(:$�#*��#.(ก����	ก��	"�
ก�1%8�.8�	ก���.�,?�,�.+
�$���#��กก��$+�$/��$4��� %72)�,��.(-��.-��.-+�'�#%6�C�6�/*�; 
(Sivers 4�� Zacchi, 1995) 

3.1.2 ก��,?�ก�1%�2���# %�&	�	9)#,	�0B(ก������/
�7'().(ก��69กC�.�ก
'()/�1 %ก0189:	'()��3�
E.0��	ก��#�1$.(ก��,?�ก�1%�2���# %?+	 ก�1=��@w��0ก ก�1@�/@��0ก4��
ก�1<	*�0ก 4*+/+�	,�
+	0$.,?�ก�1=��@w��0ก%�2���# �	��'()8�#ก�1�+�	 -2� ��<�$+�$/��$              
%F.0%=��E��/,��ก��$%�&		:"�*�� ��2������ก"���1%F.0%=��E��/4���0ก	0	��#/+�	��ก<�%72)�,��
%=��E��//�.��DDEก$+�$/��$<1�1(89:	 4.��+�ก��,?�ก�1�+�	,	ก������/
�7��/�.��D%70).ก��
$+�$/��$%=��E��/<1�1( 4*+ก��,?��0B(	(:��.(*�	'�	/E#ก�+�ก������/
�71��$�0B('�#%-.(@w/0ก/;��#
�0B( %?+	 steam explosion ��2� AFEX %	2)�#��ก*��#.(ก��'"�,�� pH %�&	ก��#=9)#.(-��.�"�%�&	
/"�����ก����	ก��$+�$/��$1��$%�	<=.;4��ก����	ก���.�ก (Sun 4�� Cheng, 2002) 
	�ก��ก	(:ก��,?�ก�1�+�	$�#ก+�,��%ก01ก��/���#/�����ก�� %?+	 ก�1��=0*0ก4��%@��;@E���89:	,	
<F�1�<�%/*=9)#.(-��.%�&	70C*+�%?2:�'(),?�,	ก����	ก���.�ก 
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3.2 ก������/
�71��$1+�# �0B(	(:,?���3�
E.04��-��.1�	*)"�ก�+�ก������/
�7
1��$�0B(�2)	m /�.��D%ก0189:	<1�'()/
������#4*+,?���$�%���	�	%�&	?�)��.#��2�%�&	��	 ก������
/
�71��$1+�#%�&	ก��%70).72:	'()>0� �1��0.�38�#�0ก	0	4��%F.0%=��E��/,	?(�.���1$'"���$
7�	B�����+�#%F.0%=��E��/4��7�	B�����+�#�0ก	0	'()%?2)�.ก��-��;��<F%1�* (Balat 4��-3�, 
2008) /�.��Dก"���1�0ก	0	<1��1$<.+/+#>�ก��'�*+��#-;���ก���2)	m (McMillan, 1997) ก��
����/
�7��/1����%
'�0ก�	%=��E��/1��$�=%1($.<F1��ก<=1;%�2���#��'"�,����*D�10�%ก01ก��
��.7�#/+#>�,��72:	'()>0�
�$,	%70).89:	 %ก01ก���1�#8�# degree of polymerization /�.��D
4$ก�0ก	0	��ก��ก-��;��<F%1�*�2)	m %�&	ก��'"���$�-�#/���#8�#�0ก	0	 (Sun 4�� Cheng, 
2002) 	�ก��ก	(:ก������/
�71��$1+�#���,?�%�&	4�.�	%	($��2�4-�%=($.<F1��ก<=1;<1�
%?+	ก�	  

3.3 ก��ก"���1�0ก	0	1��$ก����ก=0<1=; (oxidative delignification) 	0$.,?�%�&	
<F�1�%�	%7��;��ก<=1;'().(-��.%�&	1+�# (pH 11.5) ��2�%�($ก�+����-�<�	;%7��;��ก<=1; %�&	�0B('()
/�.��D����$/+�	'()%�&	%F.0%=��E��/4���0ก	0	��ก��ก��/1����%
'�0ก�	%=��E��/<1� 4��
/�.��D�1-��.%�&	-�0/*��<�	;8�#%=��E��/�# ��กก��69กC�8�# Saha 4�� Cotta (2006, 
2007) 7��+� @�#8���/��(4��4ก��'()<1����ก������/
�71��$���-�<�	;%7��;��ก<=1; %.2)�DEก
$+�$/��$1��$%�	<=.;/�.��D%��()$	%�&		:"�*��'(),?�,	ก���.�ก<1�D9# 97 4�� 96 %���;%=Z	*; 
*�.�"�1�� 4��<.+%ก01/��$��$�:#'()%�&	%@��;@E���4��<F1��ก=(%.'0�%@��;@E���   

3.4 ก��,?����=	 (ozonolysis) ���=	/�.��D$+�$�0ก	0	4��%F.0%=��E��/��/1�
���%
'�0ก�	%=��E��/<1� ก������/
�71��$�0B(	(:.(8��1(-2� /�.��Dก"���1�0ก	0	<1��$+�#.(
���/0'B0
�7 <.+ก+�,��%ก01/��70C,	ก����	ก�� 4��/�.��D%ก01�e0ก0�0$�<1�'()-��.1�	4��
��3�
E.0���# (Vidal 4�� Molinier, 1988) 4*+8��%/($-2� *��#,?����=	��0.�3.�ก'"�,��
ก����	ก��	(:.(*�	'�	/E# 

3.5 ก����	ก�� organosolv %�&	�0B('().(ก��>/.*��'"�����$�0	'�($;ก��*��%�+#
�e0ก0�0$�'()%�&	ก�1�	0	'�($; %?+	 ก�1=��@w��0ก��2�ก�1<F�1�-��ก�0ก %72)�'"���$�0ก	0	4��7�	B�
����+�#%F.0%=��E��/ *��'"�����$�0	'�($;'(),?�,	ก����	ก��	(: <1�4ก+ %.'�	�� %�'�	��       
��=0�*	 %�'0�(	<ก�-�� <*�%�'0�(	<ก�-�� 4��%**��<F�1�%@��;@E�0�4��ก�F��; 	�ก��ก	(:
ก�1�0	'�($; %?+	 ก�1��ก=��0ก ก�1��=0*0�=��0<=�0ก 4��ก�1=��0<=�0ก /�.��D,?�%�&	*��%�+#
�e0ก0�0$�,	ก����	ก�� organosolv <1�%?+	ก�	 *��'"�����$'(),?�,	ก����	ก��	(:*��#.(ก��ก"���1
��ก ���%�&	ก����%�$4��-��4	+	%72)��.�	%�($	ก���.�,?�,�.+=9)#ก���1*�	'�	<1� ก��ก"���1*��
'"�����$��ก��ก����%�&	/0)#'()�"�%�&	 %	2)�#��ก*��'"�����$%�&	/��$��$�:#,	ก����	ก��$+�$
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/��$1��$%�	<=.;4��$��$�:#ก��%��0
%*0��*8�#%?2:����0	'�($;'(),?�,	ก���.�ก (Sun 4�� Cheng, 
2002) 

 
4. ก������/
�71��$�0B('�#?(�
�7 (biological pretreatment) %�&	ก��,?�

%?2:����0	'�($; %?+	 brown-rot fungi, white-rot fungi 4�� soft-rot fungi ,	ก��$+�$/��$�0ก	0	
4��%F.0%=��E��/ /+�	,�
+ brown-rot fungi ��$+�$%=��E��/ ,	83�'() white-rot fungi 4�� 
soft-rot fungi ��$+�$'�:#%=��E��/4���0ก	0	 white-rot fungi %�&	%?2:�'().(���/0'B0
�7.�ก'()/�1,	
ก������/
�7��/1����%
'�0ก�	%=��E��/1��$�0B('�#?(�
�7 (Sun 4�� Cheng, 2002) ก��$+�$
/��$�0ก	0	1��$ white-rot fungi .�ก��,?�%?2:�=9)#<1�4ก+ Phanerochaete chrysosporium, 
Pleurotus ostreatus 4�� Trametes versicolor %�&	*�	 �1$��%��+�	(:/�.��D>�0*%�	<=.;$+�$
/��$�0ก	0	 (ligninase) <1�4ก+ �0ก	0	%7��;��ก=0%1/ 4.#ก�	(/%7��;��ก=0%1/ 4��4�-%-/ 8��1(
8�#ก������/
�71��$�0B('�#?(�
�7 -2� ,?�7��##�		��$ 4��/�.��D%ก01<1�,	/
���'()<.+��	4�# 
4*+8��%/($ -2� *��#,?���$�%���	�	,	ก��$+�$/��$�0ก	0	 (Silverstein, 2004) 
 

2.4.2 ก	 %+�%��	% 
 

ก��$+�$/��$%=��E��/4��%F.0%=��E��/%72)�,��<1�	:"�*��/"�����,?�,	ก����	ก��
�.�ก	�:	/�.��D'"�<1� 2 �0B( -2� �0B('�#%-.(�1$ก��,?�ก�1 4���0B('�#?(�
�7�1$ก��,?�%�	<=.; 

1. ก��$+�$/��$1��$�0B('�#%-.( (chemical hydrolysis) �0B('()	0$.,?� -2� ก��$+�$
/��$1��$ก�1 (acid hydrolysis) /�.��D,?�<1�'�:#ก�1%8�.8�	4��ก�1%�2���#,	ก��$+�$/��$ 
ก�1'()	0$.,?� <1�4ก+ ก�1<F�1�-���0ก4��ก�1=��@w��0ก ก��,?�ก�1%8�.8�	 %?+	 ก�1=��@w��0ก-��.
%8�.8�	 72 %���;%=Z	*; '()��3�
E.0���#��'"�,��<1���0.�3	:"�*��'()/E#.�กD9#%ก2�� 100 %���;%=Z	*;
8�#��0.�3	:"�*��'()<1�*�.'qCK( 4*+ก��,?�ก�1,	��0.�3.�ก	(:�"�%�&	'()��*��#.(ก����	ก��
	"�ก�1ก���.�,?�,�.+ /+�	ก��,?�ก�1%�2���# %?+	 '()-��.%8�.8�	 1 %���;%=Z	*; %�&	ก��,?���0.�3
8�#ก�1	��$ก�+�4*+,?���3�
E.0'()/E# =9)#'"�,��<1���0.�3	:"�*��%7($# 55 - 60 %���;%=Z	*;8�#
��0.�3	:"�*��'()<1�*�.'qCK(%'+�	�:	 (Silverstein, 2004) Hamelinck 4��-3� (2005) <1�
��$#�	ก��%��($�%'($�ก��,?�ก�1%�2���#4��ก�1%8�.8�	,	ก��$+�$/��$%=��E��/ 1�#*���#'() 
2.2 ��%�Z	<1��+�ก��,?�ก�1%�2���#��,?���3�
E.0'()/E#ก�+�4��,?�%���	��$ก�+�ก��,?�ก�1%8�.8�	 
4*+��0.�3	:"�*��ก�E�-/'()<1���กก��,?�ก�1%8�.8�	��.(-+�/E#ก�+� 
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*���#'() 2.2 %��($�%'($�ก��,?�ก�1%�2���#4��ก�1%8�.8�	,	ก��$+�$/��$%=��E��/ 
ก�1=��@w��0ก -��.%8�.8�	 ��3�
E.0 

(�#6�%=�%=($/) 
%���'(),?� ��0.�3	:"�*��ก�E�-/ 

(%���;%=Z	*;) 
%�2���# 	��$ก�+� 1 %���;%=Z	*; 215 3 	�'( 50 - 70 
%8�.8�	 30 - 70 %���;%=Z	*; 40 2 - 6 ?�)��.# 90 

 
,	����+�#ก��$+�$/��$1��$ก�1 %=��E��/ %F.0%=��E��/ 4���0ก	0	��DEก$+�$/��$

ก��$%�&		:"�*��ก�E�-/ 	:"�*��4.	�	/��2�	:"�*��<=��/ 4��/�����ก��@[�	�0ก *�.�"�1�� 
,	83�'()%ก01�.�	%.��;?	01*+�#m 89:		(: ��.(ก��$+�$/��$%ก0189:	*+�<�'"�,��<1�/��*+�#m %?+	     
5-<F1��ก=(%.'0�%@��;@E��� (HMF) ��ก	:"�*��-��;��	�ก��*�. 4��%@��;@E�����ก	:"�*��
-��;��	�����*�. =9)#/��'�:#/�#?	01	(:��DEก$+�$/��$ก��$%�&	ก�1�(�E�0	0ก4��ก�1@��;.0ก*+�
<� 	�ก��ก	(:ก�1��=0*0ก$�#/�.��DDEก��+�$��ก.���ก�.E+��=0*0�'()�$E+,	%F.0%=��E��/<1��(ก
1��$ ,	83�'()�0ก	0	��DEก$+�$/��$4����+�$/�����ก��@[�	�0ก��ก.� (Purwadi, 2006) 1�#
4/1#,	
�7'() 2.13 >�7��$<1�*+�#m '()%ก0189:	.�,	����+�#ก��$+�$/��$1��$ก�1	(:/+#>�*+�
ก����	ก���.�ก%	2)�#��ก%�&	/��$��$�:#ก��%��0
%*0��*8�#%?2:�'(),?�,	ก���.�ก 
 

 
 
 
 
 
 
 

 
 
 


�7'() 2.13 �e0ก0�0$�'()%ก0189:	,	����+�#ก��$+�$/��$�0ก�	%=��E��/1��$ก�1 (Purwadi, 2006) 
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2. ก��$+�$/��$1��$�0B('�#?(�
�7�1$ก��,?�%�	<=.; (enzymatic hydrolysis) 
%�	<=.;'(),?�,	ก��$+�$/��$%=��E��/4��%F.0%=��E��//�.��D>�0*<1���ก%?2:����0	'�($;���$
?	01 /+�	,�
+.�ก%�&	%?2:���4��4�-'(%�($ ก��$+�$/��$1��$%�	<=.;%�&	�0B('().(-��.%�&	.0*�*+�
/0)#4�1���. �e0ก0�0$�%ก0189:	<.+��	4�# %�&	ก��$+�$/��$4��%`7��%����#����+�#%�	<=.;ก��
��/1����%
'�0ก�	%=��E��/ 8��1(4��8��%/($8�#ก��$+�$/��$1��$ก�1ก��ก��$+�$/��$1��$
%�	<=.;4/1#1�#*���#'() 2.3 4�� 2.4 
 
*���#'() 2.3 8��1(4��8��%/($8�#ก��$+�$/��$1��$ก�1 (Woodward, 1987; Parisi, 1989; Lu 
4�� Mosier, 2004) 

8��1( 8��%/($ 
1.  /��%-.('(),?�.(��-�DEก 
2.  %�&	ก����	ก��'()'"�<1�#+�$  
3.  ��*D�10�<.+*��#>+�	ก������/
�7 
4.  �e0ก0�0$�%ก01%�Z� ,?�%���/�:	 
5.  �e0ก0�0$�%ก01<1�'()��3�
E.0*)"� (ก�3(,?�ก�1

%8�.8�	) 
6.  ,����0.�3	:"�*��/E# (ก�3(,?�ก�1%8�.8�	) 

1.  *��#.(ก������/
�7	:"�*��,��%�&	ก��#
ก+�		"�<��.�ก (neutralization) 

2 .  *� � #.( ก � �� �	ก� �	" � ก �1ก�� �. �
�.�	%�($	,?�,�.+ 

3.  ,?���3�
E.0/E# (ก�3(,?�ก�1�+�	) 
4.  �e0ก0�0$�'()%ก0189:	<.+%`7��%����# '"�,��

>�0*
�3f;'()<1�<.+��0/�'B0� 
5. 	:"�*��'()<1���%��()$	%�&	/���2)	 %?+	   

%@��;@E��� =9)#.(-��.%�&	70C*+�%?2:�'(),?�,	
ก����	ก���.�ก 

6. ก�1'()DEก'0:#��ก.�ก+�,��%ก01.�70C*+�
/0)#4�1���. 

7.  *��#,?�%-�2)�#.2�'()'	*+�ก��ก�1ก�+�	8�# 
ก�1<1�=9)#.(��-�47# 
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*���#'() 2.4 8��1(4��8��%/($8�#ก��$+�$/��$1��$%�	<=.; (Woodward, 1987; Parisi, 1989; 
Lu 4�� Mosier, 2004) 

8��1( 8��%/($ 
1.  /
���'(),?�'�:#��3�
E.04��-��.%�&	

ก�11+�#<.+��	4�# 
2. �e0ก0�0$�.(-��.%`7��%����#'"�,��

>�0*
�3f;'()<1�.(-��.��0/�'B0�/E# 
3.  >�0*
�3f;'()%ก0189:	<.+%��()$	%�&	/���2)	 
4.  /�.��D�.�ก	:"�*��'()%ก0189:	<�7���.

ก��ก��$+�$<1� 
5.  <.+�"�%�&	*��#,?����ก�3;'()'	*+�ก��ก�1

ก�+�	 

1.  %�	<=.;.(��-�/E# 
2.  	"�%�	<=.;ก���.�,?�,�.+$�ก 
3.  *��#.(ก������/
�7��*D�10�ก+�	 
4.  >�0*
�3f;'()<1�/�.��D$��$�:#�e0ก0�0$�'()

%ก0189:	 (product inhibition) 
5. ���%ก01ก��/E
%/($%�	<=.;<� %	2)�#��ก 

DEก1E1=���	��/1�'()<.+$+�$ 
6 . % ก0 1 - � � . % /() $ # *+ � ก � � � 	 % ��� � 	

(contamination) 8�#%?2:����0	'�($; 
7. D������.(/��'()8�18��#�e0ก0�0$� %?+	     

%F.0%=��E��/ ��2��0ก	0	 ��'"�,����*��
ก��%ก01�e0ก0�0$�?���# 

 
%�	<=.;'(),?�,	ก��$+�$/��$%=��E��/4��%F.0%=��E��/ -2� %�	<=.;,	ก��+.8�#   

%=��E%�/4��%F.0%=��E%�/ 
1. %=��E%�/ 

%�&	ก��+.8�#%�	<=.;'()'"��	��'()$+�$/��$%=��E��/,��ก��$%�&		:"�*��ก�E�-/ 
���ก��1��$%�	<=.;���$?	01'().(-��.�"�%7��,	ก��$+�$/��$4*ก*+�#ก�	.�'"�#�	�+�.ก�	 
/�.��D4�+#%�	<=.;,	ก��+.8�#%=��E%�/��ก%�&	 3 ?	01 (Coughlan 4�� Ljungdahl, 1988 ���#
D9#,	 Sun 4�� Cheng, 2002) -2� 

(1) %�	�1ก�E-�%	/ (EG ��2� %�	�1-1,4-%�*�-ก�E-�%	/ ��2� -��;��ก=(%.'0�
%=��E%�/: EC 3.2.1.4) %�&	%�	<=.;'()'"��	��'()*�17�	B�%�*�-1,4-<ก��-=010ก4��/�+.
�$,	
��0%�3'()%�&	��.��;@�/8�#%=��E��/ '"�,��<1�>�0*
�3f;>/.���$?	01 -2� ก�E�-/ %=���<���/ 
4��%=������0�ก4=--�<�1; �1$ก�E�-/��<1�,	��0.�3'()	��$.�ก 

(2) %�ก�=ก�E-�%	/ (CBH ��2� %�ก�=-1,4-%�*�-ก�E-�%	/ ��2� %=���<���  
<F�1�%�/: EC 3.2.1.91) %�&	%�	<=.;'()%�&	�#-;���ก�����ก8�#%=��E%�/'()>�0*��ก%?2:��� �1$.(
��0.�3 40 - 70 %���;%=Z	*;8�#%=��E%�/'�:#�.1 (Esterbauer 4��-3�, 1991) '"��	��'()*�1
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7�	B�%�*�-1,4-<ก��-=010ก��ก���$1��	'()%�&		�	-�(10�=;=0#8�#/�$%=��E��/ 4��/�.��D$+�$
/��$%=��E��/��0%�3'().(-��.%�&	-�0/*��<�	;/E#<1� '"�,��<1�>�0*
�3f;%�&	ก�E�-/4��           
%=���<���/ �1$��<1�%=���<���/%�&	/+�	,�
+ 

(3) %�*�-ก�E�-=0%1/ (BGL ��2� %=���<�%�/: EC 3.2.1.21) %�&	%�	<=.;'()'"�
�	��'()$+�$/��$%=���<���/'()<1���กก��'"�#�	8�#%�	�1ก�E-�%	/4��%�ก�=ก�E-�%	/ '"�,��
<1�>�0*
�3f;%�&	ก�E�-/  

ก��'"�#�	8�#%�	<=.;'�:#/�.?	014/1#1�#
�7'() 2.14  
 

 
 
 
 
 
 
 
 
 
 

�7'() 2.14 ก��'"�#�	8�#%�	<=.;,	ก��+.%=��E%�/'()*"�4�	+#*+�#m 8�#%=��E��/ (Wyman, 
1994) 
 

ก��'"�#�	8�#%=��E%�/��DEก$��$�:#1��$��0.�38�#>�0*
�3f;'()%ก0189:	 �1$ 
��0.�3ก�E�-/'()%70).89:	��$��$�:#%�*�-ก�E�-=0%1/ /+#>�,��,	����.(ก��/�/.8�#%=���<���/
%70).89:	=9)#��$��$�:#ก��'"�#�	8�#%�	�1ก�E-�%	/4��%�ก�=ก�E-�%	/ '"�,���e0ก0�0$�ก��$+�$
/��$%ก01?���#4��$�*0,	'()/�1 <1�.(ก��69กC��0B('()���1>�ก��$��$�:#%�	<=.;1�#ก�+�� %?+	 ก��,?�
-��.%8�.8�	8�#%�	<=.;/E#89:	 ก��%*0.%�*�-ก�E�-=0%1/,	����+�#ก��$+�$/��$ 4��ก��	"�
	:"�*����ก,	83�'().(ก��$+�$/��$1��$�0B(���*��@w�%*�?�	��2�,?�ก����	ก��$+�$/��$4��
�.�ก4��*+�%	2)�# (SSF) %�&	*�	 (Sun 4�� Cheng, 2002) 
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%=��E%�//�.��D>�0*<1���ก4�-'(%�($4��%?2:������$?	01 ���%�&	%?2:�'()/�.��D
%��0
%*0��*<1�,	/
���'(),?���ก=0%�	��2�<.+,?���ก=0%�	 (Sun 4�� Cheng, 2002) *���$+�#     
���0	'�($;'()/�.��D/���#%=��E%/�<1�4/1#,	*���#'() 2.5 

 
*���#'() 2.5 *���$+�#���0	'�($;'()/�.��D/���#%=��E%/�<1� (Sun 4�� Cheng, 2002) 

���0	'�($; ���#�0# 
%?2:���  
Aspergillus spp. Sternberg (1976); Fan 4��-3� (1987); Duff 4�� Murray (1996) 
Penicillium spp. Sternberg (1976); Fan 4��-3� (1987); Duff 4�� Murray (1996) 
Phanerochaete chrysosporium Sternberg (1976); Fan 4��-3� (1987); Duff 4�� Murray (1996) 
Schizophyllum spp. Sternberg (1976); Fan 4��-3� (1987); Duff 4�� Murray (1996) 
Sclerotium  rolfsii Sternberg (1976); Fan 4��-3� (1987); Duff 4�� Murray (1996) 
Trichoderma spp. Sternberg (1976); Fan 4��-3� (1987); Duff 4�� Murray (1996) 

4�-'(%�($  
Acetovibrio Bisaria (1991)  
Bacillus spp. Bisaria (1991)  
Bacteriodes cellulosolvens Duff 4�� Murray (1996)  
Cellulomonas fimi Sun 4�� Cheng (2002) 
Clostridium thermocellum Duff 4�� Murray (1996)  
Erwinia  Bisaria (1991)  
Microbispora Bisaria (1991)  
Ruminococcus Bisaria (1991)  

4�-*0�	.�$=(/  
Streptomyces  spp. Bisaria (1991)  
Thermomonospora fusca Sun 4�� Cheng (2002) 

 
%.2)�%��($�%'($�ก��>�0*%=��E%�/8�#4�-'(%�($ก��%?2:��� 7��+� 4�-'(%�($>�0*

%=��E%�/<1�,	��0.�3'()*)"�ก�+� (Persson, Tjerneld 4�� Hahn-Hägerdal, 1991) 4�-'(%�($?	01
4�	4����.(��*��ก��%��0
%*0��**)"�4��*��#ก��/
���,	ก��%��0
%*0��*4��<.+,?���ก=0%�	 
1�#	�:	#�	�0��$/+�	,�
+'()69กC�ก��>�0*%=��E%�/,	'�#ก��-����.�+#%	�	<�'()%?2:��� (Duff 4�� 
Murray, 1996) %?2:��� Trichoderma /�$7�	B�;*+�#m �1$%`7���$+�#$0)# T. reesei 4��/�$7�	B�;'()
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%�&	.0�4'	*; %�&	%?2:�'()	0$.	"�.�,?�,	ก��>�0* %=��E%�/ %	2)�#��ก.(-��./�.��D,	ก��>�0*
%=��E%�/<1�1(%�.��/"�����,?�,	ก��$+�$/��$ (Balat 4��-3�, 2008) 

8��1(8�#%=��E%�/'()<1���ก T. reesei  -2� /�.��D>�0*%�	<=.;-��'�:#/�.?	01 
%�	<=.;.(-��.'	*+�/��$��$�:# 4��.(-��.%/D($�'()��3�
E.0 50 �#6�%=�%=($/ =9)#/E#ก�+�     
%=��E%�/'()<1���ก%?2:���?	01�2)	m (Silverstein, 2004) 4.��+� T. reesei  ��>�0*%�*�-ก�E�-=0%1/
<1� 4*+4�ก'0�0*(.(-+�<.+/E#.�ก	�ก 1�#	�:	�9#�����*��#.(ก��%*0.%�*�-ก�E�-=0%1/��ก4��+#�2)	%8��
<�%72)�,��%=��E%�/8�#%?2:���?	01	(:'"�#�	<1��$+�#/.�E�3; (Sánchez 4�� Cardona, 2008) 

 
2. %F.0%=��E%�/ 

%F.0%=��E%�/%�&	%�	<=.;'(),?�,	ก��$+�$/��$7�	B�,	%F.0%=��E��/ �1$�ก*04���
.�ก7�<=4�	%�&	�#-;���ก��'().(.�ก'()/�1,	%F.0%=��E��/ 1�#	�:	ก��$+�$/��$<=4�	%72)�,��<1�
	:"�*��<=��/��*��#,?�%�	<=.;�$+�#	��$ 2 ?	01.�'"�#�	�+�.ก�	 -2�  

(1)  %�	�1<=4�%	/ (1,4-%�*�-1(-<=4�	 <=4��	<F�1�%�/: EC 3.2.1.8) %�	<=.;
	(:��$+�$/��$7�	B�%�*�-1,4-<ก��-=010ก,	<=4�	4��/�+. <1�>�0*
�3f;/�1'��$%�&	<=��/4��
<=�����0�ก%.��;/�$/�:	m 

(2)  %�*�<=��=0%1/ (1,4-%�*�-1(-<=4�	 <=��<F�1�%�/: EC 3.2.1.37) %�	<=.;	(:
��$+�$/��$7�	B�%�*�-1,4-<ก��-=010ก8�#<=��<���/��2���ก���$1��		�	-�(10�=;8�#    
<=�����0�ก%.��;/�$/�:	m <1�>�0*
�3f;/�1'��$%�&	<=��/ 

	�ก��ก	(:$�#.(%�	<=.;,	ก��+.%F.0%=��E%�/?	01�2)	m '()'"��	��'()$+�$/��$
�#-;���ก��,	%F.0%=��E��/ (Shallom 4�� Shoham, 2003) <1�4ก+ 

(1) 4��@�-4��-�����0�	@E���	=0%1/ (EC 3.21.55) '"��	��'()$+�$/��$�.E+              
�����0�	@w����	=0�,	%F.0%=��E��/ <1�	:"�*�������0�	/%�&	>�0*
�3f;/�1'��$ 

(2)  4��@�-1(-ก�E-E��	0%1/ (EC 3.2.1.139) '"��	��'()$+�$/��$7�	B�4��@�-1,2-
<ก��-=010ก ,	 4-��-%.'0�-1(-ก�E-E��	0ก4�=01=9)#%�&	�=+8��# (sidechain) 8�#<=4�	 '"�,��<1�       
4-��-%.'0�-1(-ก�E-E��	0ก4�=01%�&	>�0*
�3f;/�1'��$ 

(3)  ��=0*0�<=4�	%�/%'�%�/ (EC 3.1.1.72) '"��	��'()$+�$/��$7�	B�%�/%'��;'()
*"�4�	+#��-2 4����-3 '()%?2)�.�.E+��=0*0�ก��<=4�	 <1�ก�1��=0*0ก%�&	>�0*
�3f;/�1'��$ 

(4) %@��E���0�%�/%'�%�/ (EC 3.1.1.73) '"��	��'()$+�$/��$7�	B�%�/%'��;
����+�#�����0�	/ก��ก�1%@��E�0ก '"�,��%F.0%=��E��/ก���0ก	0	4$ก��ก��กก�	<1� 

ก��'"�#�	8�#%�	<=.;4/1#1�#
�7'() 2.15  
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�7'() 2.15 ก��'"�#�	8�#%�	<=.;,	ก��+.%F.0%=��E%�/'()*"�4�	+#*+�#m 8�#%F.0%=��E��/ 
(Shallom 4�� Shoham, 2003) 
 

*���$+�#���0	'�($;'()/�.��D/���#<=4�%	/<1�4/1#,	*���#'() 2.6 
 

*���#'() 2.6 *���$+�#���0	'�($;'()/�.��D/���#<=4�%	/<1� 
���0	'�($; ���#�0# 

%?2:���  
Aspergillus caespitosus Guimarães 4��-3� (2006) 
A. niger Guimarães 4��-3� (2006) 
A. phoenicis Guimarães 4��-3� (2006) 
Aureobasidium pullulans  Tanaka, Muguruma 4�� Ohta (2006) 
Fusarium oxysporum  Christakopoulos 4��-3� (1996) 
Neurospora. crassa Guimarães 4��-3� (2006) 
Paecilomyces variotii Guimarães 4��-3� (2006) 
Penicillium purpurogenum  Belancic 4��-3�  (1995) 
T. reesei Guimarães 4��-3� (2006) 
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*���#'() 2.6 (*+�) 
���0	'�($; ���#�0# 

4�-'(%�($  
Bacillus circulans D1 Bocchini  4��-3� (2005) 
Bacillus sp. strain K-1, Ratanakhanokchai, Kyu 4�� Tanticharoen (1999) 

4�-*0�	.�$=(/  

Streptomyces caelestis SN83 Ninawe ��	 Kuhad (2005) 
S. cyaneus SN32 Ninawe ��	 Kuhad (2005) 

S. tendae SN77 Ninawe ��	 Kuhad (2005) 
Thermomonospora curvata Stutzenberger (1994) 

 
T. reesei  /�.��D>�0*<1�'�:#%=��E%�/4��%F.0%=��E%�/ (Juhász 4��-3�, 2005) 

�9#%�.��'()��	"�.�,?�,	ก��>�0*%�	<=.;%72)�$+�$/��$��/1����%
'�0ก�	%=��E��/ %7���'"�,��
<.+*��#,?�%?2:����$*��,	ก��>�0*%�	<=.; 
 

2.4.3 ก ����ก	 �
�ก 
   

ก���.�ก -2� ก��,?�%?2:����0	'�($;,	ก��%��()$		:"�*��<�%�&	%�'�	��
�$,*�/
���'()
���6��ก��ก=0%�	��2�.(��ก=0%�	%7($#%�Zก	��$ ���0	'�($;'()/�.��D%��()$		:"�*��ก�E�-/<�%�&	
%�'�	�� <1�4ก+ S. cerevisiae, Shizosaccharomyces pombe, Kluveromyces marxianus,  
K. fragilis, Zymomonas mobilis 4�� C. thermocellum  %�&	*�	 /"����� S. cerevisiae 	�:	
%�&	$(/*;'()/�.��D>�0*%�'�	��<1��$+�#.(���/0'B0
�7.�ก'()/�1?	01�	9)# 8��1( -2� /�.��D>�0*
%�'�	��<1�/E# '	*+�/
���4�1���.*+�#m '()<.+%�.��/.<1�1(ก�+�$(/*;?	01�2)	m 4��.(-��.'	
*+�%�'�	��/E#ก�+�7�ก4�-'(%�($ 1�#	�:	ก��>�0*%�'�	��/+�	,�
+�9#,?�$(/*; S. cerevisiae 
/+�	���0	'�($;'()/�.��D%��()$		:"�*��<=��/<�%�&	%�'�	�� <1�4ก+ P. stipitis, Candida 
shehatae 4�� Pachysolen tannophilus %�&	*�	 (Hahn-Hägerdal 4��-3�, 1994) �1$     
P. stipitis <1�.(ก��	"�.�,?�,	��*/��ก��..�ก%7���/�.��D�.�ก	:"�*��<=��/<1��$+�#��1%�Z� 
'"�,��<1���0.�3%�'�	��/E#4��<.+%ก01%�&	<=�0'�� (Dominguez, 1993)  



 
 
29 

,	'�#'qCK($(/*;/�.��D%��()$		:"�*��ก�E�-/4��<=��/<�%�&	%�'�	��<1� 51.1 
%���;%=Z	*; 4��-��;��	<1��ก<=1; 48.9 %���;%=Z	*; 1�#/.ก��  

 
    C6H12O6                             2 C2H5OH       +        2 CO2 
    180 ก��.           2 × 46 ก��.     2 × 44 ก��. 
                     (51.1 %���;%=Z	*;) (48.9 %���;%=Z	*;) 

 
  3 C5H10O5                             5 C2H5OH      +        5 CO2 
 3 × 150 ก��.            5 × 46 ก��.    5 × 44 ก��. 
                     (51.1 %���;%=Z	*;)     (48.9 %���;%=Z	*;) 

 
4*+,	'�#�e0��*0	�:	��<1�%�'�	���$E+,	?+�#<.+%ก0	 90 - 95 %���;%=Z	*;8�#%�'�	��'()

>�0*<1�%.2)�%'($�ก��-+�'�#'qCK( %	2)�#��ก$(/*;��	"�	:"�*����#/+�	<�,?�%72)�ก��%��0
%*0��*
4��%��()$	%�&	>�>�0*7��$<1��2)	m '"�,��%�'�	��'()<1�.(-+�*)"�ก�+�>�>�0*'�#'qCK(%/.� �1$
,	ก���.�ก	:" �*��1��$$(/*;��<1�>�0*
�3f;*+�#m  1� #	(:  %�'�	�� 48 .4 %���; %=Z	*; 
-��;��	<1��ก<=1; 46.5 %���;%=Z	*; ��=0'��1(<F1; 0 - 0.03 %���;%=Z	*; ก�1��=0*0ก 0.05 - 0.25 
%���;%=Z	*; ก�(%=���� 2.5 - 3.6 %���;%=Z	*; ก�14�ก*0ก 0 - 0.2 %���;%=Z	*; ก�1=�ก=0	0ก 0.5 - 0.77 
%���;%=Z	*; @E%=���$�; 0.25 - 0.5 %���;%=Z	*; 4��%@��;@E����"�	�	%�Zก	��$ (Paturau, 1969)  

,	ก����	ก��>�0*%�'�	���1$,?�%�	<=.;/�.��D'"�<1����$�0B( <1�4ก+ 
(1) ก����	ก��$+�$/��$4���.�ก4��<.+*+�%	2)�# (separate hydrolysis and 

fermentation: SHF) %�&	ก����	ก��'().(ก��4$ก8�:	*�	ก��$+�$/��$1��$%�	<=.;4��ก���.�ก
��ก��กก�	 %�&	ก��$+�$/��$%=��E��/��2�%F.0%=��E��/1��$%�	<=.;%72)�,��<1�	:"�*��%Fก�=/
4��	:"�*��%7	�*/*�.�"�1�� 4���-+�$	"�%8��/E+ก����	ก���.�ก*+�<� =9)#���%�&	ก���.�ก4��
4$กก�	��2��.�ก4���+�.ก�	กZ<1� 1�#*���$+�#8�:	*�	'()4/1#,	
�7'() 2.16 8��1(8�#ก����	ก��	(: 
-2� ก��$+�$/��$4��ก���.�ก/�.��D%ก01<1�,	/
���'()%�.��/.8�#4*+��ก����	ก�� 4*+
8��%/($ -2� %=��E%�/��DEก$��$�:#<1�1��$ก�E�-/4��%=���<���/=9)#%�&	>�0*
�3f;'()%ก0189:	   
(Hahn-Hägerdal 4��-3�, 2006) 
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��/1����%
'�0ก�	%=��E��/ 

ก������/
�7 
(ก��$+�$/��$%F.0%=��E��/) 

%=��E��/ 

	:"�*��%7	�*/ 

ก���.�ก 

	:"�*��%Fก�=/ 

ก��$+�$/��$1��$%�	<=.; 

%�'�	�� 

ก��>�0*%=��E%�/ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


�7'() 2.16 ก����	ก�� SHF 
 

Gupta, Sharma 4�� Kuhad (2009) <1�69กC�ก��,?� Prosopis juliflora ��2� 
Mesquite =9)#%�&	<.�7�+.>��1,� .(�	�. ��$����$�[ .�%�&	��*D�10�,	ก��>�0*%�'�	��1��$
ก����	ก�� SHF �1$.(ก������/
�71��$ก�1=��@w��0ก%�2���# 3.0 %���;%=Z	*;�1$��0.�*�  '()
��3�
E.0 120 �#6�%=�%=($/ %�&	%��� 60 	�'( 4���ก"���1/��70C'()%ก0189:	,	/+�	<F�1�<�%/*1��$
4-�%=($.<F1��ก<=1; /+�	8�#48Z#'()%��2�=9)#%�&	%=��E��/��	"�<�ก"���1�0ก	0	1��$�=%1($.      
=��<@*;4���=%1($.-��<�*; 4���	"�<�$+�$/��$1��$%�	<=.;'�#ก��-�� 2 ?	01 -2� %=��E%�/'()
>�0*��ก%?2:��� T. reesei (ATCC 26921) =9)#.(4�ก'0�0*(%�&	 6.5 FPU/.0��0ก��.8�#%�	<=.; 
4��%�*�-ก�E�-=0%1/ (Novozyme 188) '()>�0*��ก A. niger =9)#.(4�ก'0�0*(%�&	 250 $E	0*/ก��.
8�#%�	<=.; ��ก	�:		"�<F�1�<�%/*'()<1���กก��$+�$1��$ก�1=9)#.(��0.�3	:"�*��%�&	 18.24 ก��./
�0*� <��.�ก�1$,?� P. stipitis %�&	%��� 24 ?�)��.# 4��<F�1�<�%/*'()<1���กก��$+�$1��$%�	<=.;
=9)#.(��0.�3	:"�*��%�&	 37.47 ก��./�0*� <��.�ก�1$,?� S. cerevisiae %�&	%��� 16 ?�)��.# 7��+� 
/�.��D>�0*%�'�	��<1� 7.13 4�� 18.52 ก��./�0*� ��2�-01%�&	 0.39 4�� 0.49 ก��./ก��.8�#
	:"�*�� *�.�"�1�� 
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��/1����%
'�0ก�	%=��E��/ 

ก������/
�7 
(ก��$+�$/��$%F.0%=��E��/) 

%=��E��/ 

	:"�*��%7	�*/ ก���.�ก 

ก��$+�$/��$1��$%�	<=.; 
4��ก���.�ก	:"�*��%Fก�=/ 

%�'�	�� 

ก��>�0*%=��E%�/ 

(2) ก����	ก��$+�$/��$4���.�ก4��*+�%	2)�# (simultaneous saccharification 
and fermentation: SSF) =9)#%�&	ก����	ก��'()��.%��ก��$+�$/��$1��$%�	<=.;ก��ก���.�ก
	:"�*��ก�E�-/%8��<��1��$ก�	 /�.��D%��()$		:"�*��<�%�&	%�'�	��<1��$+�#*+�%	2)�# '"�,���1ก��
/�/.8�#	:"�*��=9)#$��$�:#ก��'"�#�	8�#%�	<=.;<1� �9#.(>�>�0*8�#%�'�	��/E#ก�+�ก����	ก�� 
SHF (Wyman, Spindler 4��  Grohmann, 1992) *���$+�#ก����	ก�� SSF 4/1#,	
�7'() 
2.17 

 

 

 

 

 

 
 


�7'() 2.17 ก����	ก�� SSF 
 

Chang 4��-3� (2001) <1�	"��
��/�0*?; -��;	/�*%���; 4��<.���7���; '()>+�	
ก������/
�71��$�E	8��.�,?�,	ก����	ก�� SSF '().(ก��$+�$/��$1��$%=��E%�/'�#ก��-�� 
(Spezyme-CP) =9)#.(4�-*0�0*( 59 FPU/.0��0�0*� �+�.ก��ก���.�ก�1$,?� S. cerevisiae 7��+�<1�
��0.�3%�'�	��%�&	 72, 62 4�� 73 %���;%=Z	*;8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�'�#
'qCK(*�.�"�1��  

Linde 4��-3� (2008) <1�69กC�ก��>�0*%�'�	����ก@�#8���/��('()>+�	ก��
����/
�71��$�0B( steam explosion �1$.(ก��%*0.ก�1=��@w��0ก%�2���#�#<� ,	ก���.�ก1��$
ก����	ก�� SSF ��,?�%�	<=.;'�#ก��-�� -2� Cellucalst 1.5 L (%=��E%�/) 4�� Novozyme 188 
(%�*�-ก�E�-=0%1/) ,	ก��$+�$/��$�+�.ก��ก���.�ก�1$,?� S. cerevisiae 7��+� <1�>�>�0*%�&	 
%�'�	�� 13.2 ก��.*+�@�#8���/��( 100 ก��. ��2�-01%�&	 67 %���;%=Z	*;8�#%�'�	��'()>�0*<1�
%.2)�%'($�ก��-+�'�#'qCK( 
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��/1����%
'�0ก�	%=��E��/ 

ก������/
�7 

ก��$+�$/��$1��$%�	<=.;4�� 
ก���.�ก	:"�*��%7	�*/4��%Fก�=/�+�.ก�	 

%�'�	�� 

ก��>�0*%�	<=.; 

( 3 )  ก ����	ก��$+ �$/��$4���.� ก �+ �.ก� 	4��*+ � %	2) � #  (simultaneous 
saccharification and co-fermentation: SSCF) %�&	ก����	ก��'()7�o	�.���ก SSF 4*+
4*ก*+�#ก�	*�#'()<1���.%��ก��$+�$/��$%=��E��/4��%F.0%=��E��/1��$%�	<=.;ก��ก���.�ก
	:"�*��%Fก�=/4��%7	�*/%8��<��1��$ก�	 1�#4/1#,	
�7'() 2.18 

 
 

 

 

 

  

 
 

 
 


�7'() 2.18 ก����	ก�� SSCF 
 

Wayman, Parekh 4�� Parekh (1987) <1�69กC�ก���.�ก%�'�	��1��$
ก����	ก�� SSCF '()��3�
E.0 38 �#6�%=�%=($/ %�&	%��� 48 ?�)��.# ��ก<.�%	2:�48Z# -2� *�	 
aspen 4��<.�%	2:��+�	�"�7�ก/	 �1$,?�%=��E%�/4��%F.0%=��E%�/,	ก��$+�$/��$�+�.ก��ก��,?� 
P. stipitis 4�� Brettanomyces clausennii =9)#%�&	$(/*;'()/�.��D,?�	:"�*��ก�E�-/4��          
%=���<���/<1� 7��+� <1���0.�3%�'�	��%�&	 369 4�� 360 �0*�*+�*�	8�#��*D�10�'(),?� ��2�-01
%�&	 76 4�� 75 %���;%=Z	*;8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�'�#'qCK( 

Kim 4�� Lee (2005) <1�69กC�ก���.�ก%�'�	����ก-��;	/�*%���; �1$,?�ก��
����/
�71��$�0B( soaking in aqueous ammonia (SAA) 4���	"�<�%8��/E+ก����	ก�� SSCF �1$
,?�%�	<=.;'�#ก��-��,	ก��$+�$/��$ก�E4-	4��<=4�	 -2� %=��E%�/ (Spezyme-CP) =9)#.(   
4�ก'0�0*(8�#<=4�%	/�$E+1��$ 4��%�*�-ก�E�-=0%1/  (Novozyme 188) �+�.ก��ก��,?� 
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��/1����%
'�0ก�	%=��E��/ 

ก������/
�7 

ก��>�0*%�	<=.; ก��$+�$/��$ 4��ก���.�ก 

%�'�	�� 

recombinant E. coli (KO11) '().(-��./�.��D,	ก���.�ก'�:#	:"�*��ก�E�-/4��<=��/ >�'()<1�
7��+� <1���0.�3%�'�	��%�&	 77 %���;%=Z	*;8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�'�#'qCK( 

 
(4) ก����	ก��%��()$	��/1����%
'�0ก�	%=��E��/<�%�&	%�'�	��1��$���0	'�($;

�1$*�# (consolidated bioprocessing: CBP ��2�%�($ก�+� direct microbial conversion: DMC) 
%?+	 ก��,?� C. thermocellum =9)#%�&	4�-'(%�($'().(-��./�.��D'�:#,	ก��>�0*%�	<=.;%72)�$+�$
/��$��/1����%
'�0ก�	%=��E��/,��%�&		:"�*��4��	"�	:"�*��<��.�ก%�&	%�'�	��<1� 1�#4/1#
8�:	*�	,	
�7'() 2.19 

 
 
 

 

 

 

  

 
 


�7'() 2.19 ก����	ก�� CBP ��2� DMC 
 

%.2)�%��($�%'($�8��1(4��8��%/($8�#ก����	ก��>�0*%�'�	��'�:# 4 �0B( ��/���<1�1�#
4/1#,	*���#'() 2.7 
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*���#'() 2.7 8��1(4��8��%/($8�#ก����	ก�� SHF, SSF 4�� CBP 
ก����	ก�� 8��1( 8��%/($ 

SHF 
 
 
 
 
 

SSF 
 
 
 
 
 
 
 
 

CBP 

1.  ก��$+�$/��$4��ก���.�ก%ก0189:	
4$กก�	�9#/�.��D'"�,��%ก01/
���'()
%�.��/.8�#4*+��ก����	ก��<1� 
�1$��3�
E.0'()%�.��/./"�����ก��
$+�$/��$1��$%�	<=.; -2� 40-50 ºC 
4*+ก���.�ก -2� 30 ºC 

1.  ก��$+�$/��$4��ก���.�ก%ก0189:	<1�
�$+�#*+�%	2)�#,	D�#�e0ก�3;%1($�ก�	 

2. <.+%ก01 product inhibition '"�,��
��*��ก��$+�$/��$%70).89:	 %	2)�#��ก
%?2:�'(),?�,	ก���.�ก	"�	:"�*��'()<1�
��กก��$+�$/��$<�,?�<1�'�	'( 

3.  ,?�%�	<=.;��0.�3	��$ก�+� SHF 
4.  <1���0.�3%�'�	��/E# 
5.  ,?���$�%���/�:	ก�+� SHF 
1.  ,?�D�#�e0ก�3;%7($#,�%1($� 
2.  <.+*��#.(8�:	*�	ก��>�0*%�	<=.; 

%	2) � #��ก %?2: �'() , ?� /�.��D>�0*
%�	<=.;<1��$E+4��� 

1. %.2)�.(ก�E�-/4��%=���<���//�/.
�$E+,	���� ��<�$��$�:#ก��'"�#�	
%=��E%�/ (product inhibition) '"�
,����*��ก��$+�$/��$�1�# 

2.  ก����	ก��,?���$�%���	�	 
3.  ,?�D�#�e0ก�3;���$,� 
1. /
���'() %�.��/.8�#ก��$+�$

/��$4��ก���.�ก.(-��.4*ก*+�#
ก�	 

2.  %�'�	�����$��$�:#ก��'"�#�	8�#
%�	<=.;<1� 

 
 
 
 
1.  <1���0.�3%�'�	��*)"� %	2)�#��ก

%ก01>�7��$<1�?	01�2)	.�กก�+� 
%?+	 ก�1��=0*0ก 4��ก�14�ก*0ก 

2.  %?2:�'(),?�.(-��.'	*+�%�'�	��*)"� 

 

2.4.4 ก	 0�#����	���$	ก��-	 

 

�
��%�&	�	9)#,	72?7��##�	'().(-��.	+�/	,�,	ก��	"�.�,?�>�0*%�'�	�� 8��1( -2� 
�
��%�&	72?'()%��0
%*0��*%�Z� .(��$����$�[ ���#��ก%กZ�%ก()$�4���/�.��D%��0
%*0��*89:	.�<1�
,�.+�9#%กZ�%ก()$�<1����$-��:# '"�,��<.+*��#��Eก'14'	,�.+�+�$m ,	�������	7��+��
��/�0*?; 
(Panicum virgatum L.) =9)#%�&	�
��72:	%.2�#8�#'�(��%.�0ก�%�	2� %�&	�
��'().(6�ก$
�7,	ก��
	"�.�%�&	72?7��##�	%72)�>�0*%�'�	�� �9#.(ก��69กC��
��?	01	(:%�&	�"�	�	.�ก �
��?	01	(:.(
-��.'	'�	*+�/
�74��#4��#<1�1( 4*+%10.	"�<�,?�����$?	;,	ก��%�&	�����/�*�; *+�.��9#<1�.(
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ก��69กC�%72)�	"�<�,?�%�&	72?7��##�	 ก��'��#7��##�	8�#/�����%.�0ก�<1�	"��
��/�0*?;.�%�&	
*�	4��8�#72?7��##�	 (McLaughlin, 1993) �������	���%'6/�����%.�0ก�<1�,?�8����71%�&	
��*D�10�,	ก��>�0*%�'�	�� �9#.(-��.�0*กก�#��D9#��-�8�#8����71'()���/E#89:	,	�	�-* �(ก
'�:#$�#/+#>�ก��'�*+���*/��ก��.�����-	4�������/�*�; 1�#	�:	ก��>�0*%�'�	����ก��/1�
���%
'�0ก�	%=��E��/�9#<1����-��./	,� ก��,?�72?7��##�	%?+	�
��/�0*?;	(:�9#DEก.�#�+�%�&	
��*D�10�'().(6�ก$
�7,	ก��>�0*%�'�	��,	��$�$��4'	ก��,?�8����71,	�������	<1� 
(Keshwani 4�� Cheng, 2009) 

Isci 4��-3� (2008) <1�69กC�ก����	ก���.�ก4�� SSF ,	�
��/�0*?; �1$,?�
�0B(ก������/
�71��$/������$4�.�.%	($'()-��.%8�.8�	 30 %���;%=Z	*;�1$.�� ,?�%=��E%�/'�#
ก��-�� -2� Spezyme CP =9)#.(4�ก'0�0*(%�&	 77 FPU/.0��0�0*� ,	ก��$+�$/��$�+�.ก��ก���.�ก
1��$ S. cerevisiae D5A %�&	%��� 10 ��	 >�'()<1�7��+� /�.��D>�0*%�'�	��<1� 72 %���;%=Z	*;
8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�'�#'qCK( 

	�ก��ก�
��/�0*?;4���$�#.(ก��69กC�ก��>�0*%�'�	��,	�
��?	01�2)	m �(ก %?+	 
�
��47�ก��2��
��%���;.0�1� (Cynodon dactylon) (Sun 4�� Cheng, 2005) �
��=0�%���; 
(Miscanthus floridulus) (Guo 4��-3�, 2008) %�&	*�	 

Robert (1994) ��$#�	�+� �
��%	%�[$�;%�&	�	9)#,	72?7��##�	'().(6�ก$
�7,	ก��
	"�.�>�0*%�&	%�'�	��,	F���$<1� 

	�ก��ก	(:$�#7��+� �
��4nก.(6�ก$
�7,	ก��	"�.�,?�%�&	%?2:�%7�0#?(�
�7<1��1$
ก��	"�<�%>�<�.�%�&	%?2:�%7�0#,	��#<@@P�?(�.�� ��2�/�.��D	"�<�>�0*%�&	%�'�	��<1�%?+	ก�	 
(Grimshaw, 2006) 

 

2.5 ��-	���3�1�� ���E,�% 
 
���%'6<'$.(�
��89:	ก����1ก����$'�)�<� '�:#'()%�&	�
��'()89:	%�#*�.B��.?�*0=9)#.�ก%�&	

�
��72:	%.2�# %?+	 �
��-� �
��%7Zก 4���
��%���?E� %�&	*�	 4���
��'().(ก����Eก89:	.�%72)�,?�
����$?	;,	1��	*+�#m �
��'()	0$.��Eก,	���%'6<'$/�.��D4�+#��ก<1�%�&	 2 ?	01,�
+m -2� 
�
�������/�*�; (forage grass) 4���
��4nก (vetiver grass) 

 
 
 



 
 
36 

1. �
�������/�*�; 
�
�������/�*�;'()	0$.��Eก,	���%'6<'$.�ก%�&	�
��'()	"�%8��.���ก*+�#���%'6 

%	2)�#��ก.(ก������*��<1�1(4��,��>�>�0*'()/E#ก�+��
��72:	%.2�# '()	0$.��Eกก�	,	�������	 <1�4ก+ 
�
��8	 �
���E=() �
��ก0		( �
��%	%�[$�; �
��7�04-'E��. �
��47#�ก�+� �
����*��*�. �
��
=0ก4	�%�2:�$ 4���
�����1 %�&	*�	 

8��.E�,	�[ 2549 8�#ก�.�6�/�*�; '()1"�%	0	ก��/"�����1$ /"�	�ก#�	�6�/�*�;��#���1 76 
��#���1 4�������.�1$ก��+./��/	%'64��8��.E�/D0*0 6E	$;/��/	%'6 ก�.�6�/�*�; ��$#�	�+�
���%'6<'$.(72:	'()��Eก�
��4��72?�����/�*�; '�:#�.1 1,873,373.66 <�+ 4��.(72:	'()'�+#�
��
/�B��3�'�:#�.1 3,152,715.97 <�+ (ก��'��#%กC*�4��/�ก�3;, ก�.�6�/�*�;, ก�#�����/�*�;, 
2551) 

 
2. �
��4nก  
%�&	72?'()/�.��D7�<1�'�)�<�,	'�ก
�-8�#���%'6<'$ .(��กC3�%1+	 -2� .(������ก

$�� �$�)#�9ก 4��47�+ก����$%�&	��กC3�*�8+�$�#<�,	10	%�&	4	�10)# 8$�$7�	B�;�1$ก��4*ก
�	+� %.�Z1��.(%���;%=Z	*;ก��#�ก*)"� �9#<.+/�.��D47�+7�	B�;<1���1%�Z�%�.2�	��?72? 	0$.	"�.�,?�
����$?	;,	ก���	���กC;10	4��	:"� (ก��'��#%กC*�4��/�ก�3;, ก�.7�o	�'()10	, /"�	�ก�0��$4��
7�o	�ก����1ก��'()10	, 2546) 

�
��4nก'()7�,	���%'6<'$ 4�+#��ก%�&	 2 ?	01 -2� 
(1) �
��4nก��.��2�4nก��+. (Vetiveria zizanioides Nash) 
(2) �
��4nก1�	 (Vetiveria nemoralis A. Camus) 
<1�.(ก�������.�
��4nก��ก4��+#*+�#m '�)����%'6 4��/"����-�1%�2�ก�
��4nก

*�./
�7'�#	0%�6�0'$�'()7�,	B��.?�*0=9)#.(/
�7'�#ก�$
�78�#72:	'()4*ก*+�#ก�	 %?+	 
-��./E#*)"�8�#72:	'() %	2:�10	 /
�7ก������$	:"� %�&	*�	 �
��4nก,	B��.?�*0'().(/
�7'�#
ก�$
�74*ก*+�#ก�	��.(-��.4*ก*+�#,	��กC3�'�#ก��+.7�	B�; (�(�-<'��) 4��ก������*��%8��ก��
/
�74�1���. %72)�-�1%�2�กก��+.7�	B�;'()%�.��/.*+�ก��,?�����$?	;,	'()10	���%
'*+�# m %?+	 
10	�+�	 10	'��$ 4��10	%�	($� %�&	*�	 �9#,?�?2)���#���1'()7�%�&	ก��+.7�	B�; ,	���%'6<'$7��+�.(
'�:#�.1 28 ก��+.7�	B�; 4�+#%�&	�
��4nก��.��2�4nก��+. 11 ก��+.7�	B�; 4���
��4nก1�	 17 
ก��+.7�	B�; 1�#4/1#,	*���#'() 2.8 (ก��'��#%กC*�4��/�ก�3;, ก�.7�o	�'()10	, 2541) 
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*���#'() 2.8 *���$+�#�
��4nก 28 ก��+.7�	B�; ,	���%'6<'$  
�
��4nก��. �
��4nก1�	 
ก"�47#%7?� 2 
/#8�� 1 
/#8�� 2 
/#8�� 3 
/���CK�;B�	( 
*��# 1 
*��# 2 
6�(��#ก� 
%?($#,�.+ 
4.+F+�#/�	 

��1�B�	( 1 
��1�B�	( 2 
	-�7	. 1 
	-�7	. 2 
���$%�Z1 
?�$
E.0 
%�$ 
/�����( 1 
/�����( 2 
���$8�48�# 
ก�
�	���( 
	-�/���-; 
������-(�(8�	B; 
��?���( 
��	'���( 
70C3���ก 
ก"�47#%7?� 1 
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�����  3 
 

���*����ก F! ��
�2�FG! ����#/�*�	��#�ก	 �#$�% 
 

���*����ก F! 
 

ก��1�Cก��#%���; 1               (Whatman, England) 
ก���#���'��6	; (microscope) ��+	 CH30RF200                              (Olympus, Japan) 
-�E=0%�0�?	01 sintered glass crucible                                            (ROBU, Germany) 
%-�2)�# Gas chromatography ��+	 GC-2010A                                (Shimadzu, Japan) 
%-�2)�#ก�	/��,��-��.���	4��4'+#4.+%��Zก (hotplate stirrer) 

��+	 PC-420            (Corning, USA) 
%-�2)�#%8$+�4��-��-�.��3�
E.0 (shaking incubator)  

��+	 VS-8480SFN                       (Vision Sciencetific, Korea) 
%-�2)�#%8$+�>/./�� (vortex mixer)  

��+	 KMC-1300V                            (Vision Sciencetific, Korea)  
%-�2)�#?�)# 2 *"�4�	+# ��+	 BJ 1000C           (Precisa, Switzerland) 
%-�2)�#?�)# 4 *"�4�	+# ��+	 AG285             (Mettler Toledo, USA) 
%-�2)�#1E1/�

�ก�6 (suction pump) ��+	 DOA-V502-BN                       (GAST, USA)  
%-�2)�#�1��%�($1 (milling machine)                                     (�#��F�1�$E, ���%'6<'$) 
%-�2)�#���	 (blender)                                                                      (Moulinex, France) 
%-�2)�#���	%��()$#4��-��-�.��3�
E.0 (refrigerated centrifuge)  

��+	 Universal 32R      (Hettich, Germany) 
%-�2)�#��1-+�ก��1E1ก�2	4/# (spectrophotometer) ��+	 DR/2010          (HACH, USA) 
%-�2)�#��1-+�-��.%�&	ก�11+�# (pH meter) ��+	 PP-50                   (Sartorius, Germany) 
%-�2)�#�+�	�e0ก0�0$��	<.�-�%7�' (microplate reader) 

��+	 Zenyth 200 rt           (Anthos Labtec Instruments GmbH, Austria)  
 ?�1ก��#/�� (reusable bottle-top filter)                                             (Nalgene, USA) 
 %=��E��/��=0%'*%..%��	 8	�1�E7��	 0.2 <.-��	                    (Sartorius, Germany) 
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*�4ก�#�+�	 (test sieve) 8	�1�E 0.4 .0��0%.*�       (�#��F�1�$E, ���%'6<'$) 
*E�D+�$%?2:� (laminar flow) ��+	 Clean model: BC               (4�� %=��;�0/, ���%'6<'$) 
*E��+.%?2:� (incubator)                                                                    (EHRET, Germany) 
*E����.���	 (hot air oven)             (Memmert, Germany) 
%*�%>�%D�� (muffle furnace)            (Fisher scientific, USA) 
%*����.,��-��.���	 (heating mantle) ��+	 MS-E103       (MTOPS, Korea) 
�.��	9)#�+�%?2:� (autoclave) ��+	 SA-500K                         (Sturdy industrial, Taiwan) 
�+�#	:"�-��-�.-��.%$Z	 (cooling bath)                  (?�?�($;�F�10:#, ���%'6<'$) 
�+�#	:"�4��-��-�.��3�
E.0 (water bath)                  (Memmert, Germany) 
���ก�3;	��%?2:����0	'�($; (haemacytometer)      (Brand, Germany) 
���ก�3;�(@��ก=;               (%�Z	 %- =�77��$,���%'6<'$)
  

��
�2�FG! 
 

ก�1=��@w��0ก (H2SO4)                                       (Labscan, Ireland) 
ก�1<F�1�-���0ก (HCl)          (Merck, Germany) 
ก��%?($���=0*0ก4�=01 (CH3COOH)         (BDH, England) 
ก�E�-/ (C6H12O6)                                    (Fisher scientific, UK) 
-��%���;=��%@*%7	*�<F%1�* (CuSO4.5H2O)     (Univar, Australia) 
4-�%=($.-��<�1;<1<F%1�* (CaCl2.2H2O)      (Merck, Germany) 
�-���*;-��<�1;%Fก=�<F%1�* (CoCl2.6H2O)     (Univar, Australia) 
=0#-;=��%@*%F�*�<F%1�* (ZnSO4.7H2O)      (Scharlau, Spain) 
=0*�0ก4�=01�.�	<F%1�* (C6H8O7.H2O)        (Univar, Australia) 
=0�%���;=��%@* (Ag2SO4)         (Merck, Germany) 
=0�%���;<	%*�* (AgNO3)            (BDH, England) 
%='0�<*�%.'0�4�.�.%	($.���<.1; (CTAB)  

(C19H42BrN)                          (Acros, USA) 
�=%1($.-��<�1; (NaCl)        (Univar, Australia) 
�=%1($.-��;��%	* (Na2CO3)                   (Scharlau, Spain) 
�=%1($.=��<@*; (Na2SO3)        (Merck, Germany) 



 
 
40 

�=%1($.%**����%�*%1-�<F%1�* (Na2B4O7.10H2O)    (Univar, Australia) 
�=%1($.%.*�<�=��<@*; (Na2S2O5)         (Univar, Australia) 
�=%1($.����0�=��%@* (CH3(CH2)11OSO3Na)       (Carlo Erba, Italy) 
�=%1($.<F1��ก<=1; (NaOH)                   (Univar, Australia) 
<=4�	 (birchwood xylan)          (Sigma Chemical, USA) 
<=��/ (C5H10O5)                            (Fluka, Switzerland) 
%1-�<F�1�4	7'��(	 (C10H18)        (Carlo Erba, Italy) 
<1�=%1($.<F�1�%�	@�/%@*4�	<F1��/ (Na2HPO4)      (Carlo Erba, Italy) 
3,5-<1<	�*�=��0<=�0ก4�=01 (C7H4N2O7)               (Fluka, Switzerland) 
<1�74'/%=($.<F�1�%�	@�/%@* (K2HPO4)       (Scharlau, Spain) 
<*��=%1($.=0%'�*<1<F%1�* (Na3C6H5O7.2H2O)         (Univar, Australia) 
%'��;%?($�(�0�'0�4��ก�F��; ((CH3)3COH)         (Carlo Erba, Italy) 
��<�	;=(��.����E.0	 (BSA)        (Merck, Germany) 
%���*	 (peptone from casein)        (Scharlau, Spain) 
7��0%���*	 (universal peptone)           (Merck, Germany) 
�74'/%=($.-��<�1; (KCl)       (Merck, Germany) 
�74'/%=($.�=%1($.'��;%'�* (C4H4KNaO6.4H2O)               (Univar, Australia) 
�74'/%=($.<1<F�1�%�	@�/%@* (KH2PO4)                (Univar, Australia) 
�74'/%=($.%���;4.#ก�%	* (KMnO4)      (Univar, Australia) 
�74'/%=($.��=0%'* (CH3COOK)      (Univar, Australia) 
1-�7�7�	�� (C3H7OH)         (Carlo Erba, Italy) 
@[	�� (C6H5OH)        (Merck, Germany) 
%@��;��/=��%@*%F�*�<F%1�* (FeSO4.7H2O)     (Univar, Australia) 
4.ก	(%=($.=��%@*%F�*�<F%1�* (MgSO4.7H2O)     (Univar, Australia) 
4.#ก�	(/=��%@*�.�	<F%1�* (MnSO4.H2O)      (Univar, Australia) 
$E%�($ (NH2CONH2)           (Univar, Australia) 
���	># (agar)                   (���	��0/�'B0�, ���%'6<'$) 
/������$�@�0	@[	���(%�%�	'; (folin phenol reagent)               (Carlo Erba, Italy) 
/��/ก�1��ก.��*; (malt extract)        (Hi media, India) 
/��/ก�1��ก$(/*; (yeast extract)                  (Bio Basic Inc., Canada) 
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��ก=��0ก4�=01<1<F%1�* ((COOH)2.2H2O)      (Carlo Erba, Italy) 
��=0�*	 (C3H6O)                         (Burdick & Jackson, Korea) 
2-%�'�ก=(%�'�	�� (C4H10O2)         (Carlo Erba, Italy) 
%�'�	�� 95 %���;%=Z	*; (C2H5OH)     (�#-;ก��/��� ก�./��7/�.0*, ���%'6<'$) 
%�'�	�� 99.9 %���;%=Z	*; (absolute ethanol)                            (Merck, Germany) 
%�'0�(	<1��.(	%**����=0*0ก4�=01<1�=%1($.<1<F%1�* 

(C10H14N2O8Na2.2H2O)               (Amresco, USA) 
4�.�.%	($.=��%@* ((NH4) 2SO4)        (Scharlau, Spain) 
4��@�-%=��E��/          (Sigma Chemical, USA) 
<���	<	%*�*�		�<F%1�* (Fe(NO3)2.9H2O)     (Univar, Australia) 
<F�1�%�	%7��;��ก<=1; (H2O2)              (Fisher scientific, UK) 
corn steep liquor               (Sigma Chemical, USA) 
potato dextrose agar (PDA)                            (Difco, USA) 
  

�#/�*�	��#�ก	 �#$�% 
 

3.1 ����%+	���-	���1)-1��	��#$�% 
 

3.1.1 ก	 �กH�����%+	� 
 

%กZ�*���$+�#�
��/1�"�	�	 18 ?	01 ��ก��#���1%?($#,�.+ �"���# ��?���( 4��%7?����( 
�1$4�+#��ก%�&	 �
�������/�*�;�"�	�	 8 ?	01 4���
��4nก�"�	�	 10 ก��+.7�	B�; (�(�-<'��) 
4�+#*���$+�#�
��/14*+��?	01<������0.�3-��.?2:	 /+�	'()%��2���	"�<�����/
�71��$�0B('�#
ก�$
�7*+�<� 

 
3.1.2 ก	 � ���2	3�����*#�*-�%�#/��	�ก	%2	3  

 
	"��
��/1<���,��4��#'()��3�
E.0 60 �#6�%=�%=($/ %�&	%��� 3 ��	 ��ก	�:	*�1,��.(

8	�1%�Zก�# �11��$%-�2)�#���	4��%-�2)�#�1��%�($1*�.�"�1�� 4���	"�<��+�	>+�	*�4ก�#�+�	'().(
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�E8	�1 0.4 .0��0%.*� �	<1�%�&	>#��ก.�=9)#��	"�<�,?�,	ก��'1��#*+�<� /"�����/+�	'()�$E+�	
*�4ก�#�+�	��	"�<�,?�,	ก���0%-����;���#-;���ก��8�#?(�.��72? 

 

3.2 ก	 �#�� 	��!� #
	F��	
)84� 
 
  ����0.�3-��.?2:	*�.�0B( TAPPI T 210 cm-86 (Technical Association of Pulp and 
Paper Industry [TAPPI], 1986) �1$	"�D�1���.���E.0%	($.@�$�;<���,	*E���'()��3�
E.0 105 
�#6�%=�%=($/ %�&	%��� 1 ?�)��.# ��ก	�:		"���ก.�*�:#'0:#<��,��%$Z	,	�D1E1-��.?2:	 ?�)#	:"��	�ก
D�1<�� ,/+�
��/1�	�ก���.�3 2 ก��. �#<�,	D�1'()��4��?�)#	:"��	�ก4��� �1$��	'9ก	:"��	�ก'()
4	+	�	8�#�
��/1%��<�� 	"�<���'()��3�
E.0 105 �#6�%=�%=($/ %�&	%��� 3 ?�)��.# ��ก	�:		"�
��ก.�*�:#'0:#<��,	%$Z	,	�D1E1-��.?2:	 ?�)#	:"��	�ก%72)���	:"��	�ก8�#�
�����#��4��# 4���
-"�	�3��0.�3-��.?2:	1�#/.ก�� =9)#�
��4*+��?	01���0%-����;'�:#�.1 3 =:"� 
 
 ��0.�3-��.?2:	 (%���;%=Z	*;) = (	:"��	�ก�
��ก+�	��4��# � 	:"��	�ก�
�����#��4��#) × 100 
             	:"��	�ก�
��ก+�	��4��# 
 

3.3 ก	 �#�� 	��!� #
	F���!� �ก�����)��
��38)���� #
	F���	������0�#�,*-�	�
�IJK��
8����	��F$	ก� #
	F�6��7(������D
#�6��7(�� 

 

3.3.1 ก	 �#�� 	��!� #
	F���!� �ก�����)��
��38) 
 
  	"��
��'()�14���+�	%��/+�	��%�($1��ก<�4���.�����0.�3�#-;���ก��8�#     
?(�.��72?*�.�0B(8�# Goering 4�� Van Soest (1970) 1�#4/1#,	
�->	�ก � �0%-����;��-+�
*+�#m -2� ��0.�3 neutral detergent fiber (NDF) ��0.�3 acid detergent fiber (ADF) ��0.�3 
permanganate lignin (PML) 4����0.�3%D�� %72)�	"�<�-"�	�3����0.�3%=��E��/                
%F.0%=��E��/ 4���0ก	0	 =9)#%�&	�#-;���ก��8�#?(�.��72? �1$�
��4*+��?	01���0%-����;
'�:#�.1 3 =:"� 8�:	*�	ก���0%-����;�1$$+�4/1#,	
�7'() 3.1 
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*���$+�#�
�� 
 

/ก�11��$/������$ neutral detergent 
���*(	4��/0)#%�2��	 

/ก�11��$/������$ acid detergent 
                %F.0%=��E��/ 

/ก�11��$/������$ combined permanganate  
�0ก	0	 

%>�%D�� 
                %=��E��/ 

%D�� 
 


�7'() 3.1 8�:	*�	ก���0%-����;����0.�3�#-;���ก��8�#?(�.��72? 
 

3.3.2 ก	 �#�� 	��!� #
	F���	������0�#�,*-�	��IJK��
8����	��F$	ก� #
	F
�6��7(������D
#�6��7(�� 

 
	"���0.�3%=��E��/4��%F.0%=��E��/8�#�
��4*+��?	01'()�0%-����;<1�.�-"�	�3��

��0.�3%�'�	��'()>�0*<1�'�#'qCK( %.2)�-01,	ก�3('()/�.��D%��()$	%=��E��/4��%F.0%=��E��/
<�%�&		:"�*��ก�E�-/4��<=��/<1��$+�#/.�E�3; 4��	:"�*��'()<1�/�.��D%��()$	%�&	%�'�	��<1�
'�:#�.1 �1$.(�0B(-"�	�31�#	(: 

 
��0.�3	:"�*��ก�E�-/ (%���;%=Z	*;)  = ��0.�3%=��E��/ (%���;%=Z	*;) × 1.111 
��0.�3	:"�*��<=��/ (%���;%=Z	*;)   = ��0.�3%F.0%=��E��/ (%���;%=Z	*;) × 1.136 
 
ก"��	1,��  A -2� ��0.�3	:"�*��ก�E�-/��.ก��<=��/ (%���;%=Z	*;) 
         B  -2� ��0.�3%�'�	��'()>�0*<1�'�#'qCK( (ก0��ก��./ก0��ก��.)   
         C -2�  >�>�0*	:"��	�ก4��# (ก0��ก��./<�+/�[) (
�->	�ก 8) 

B =  A  ×  0.511 
       100 
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��0.�3%�'�	��'()>�0*<1�'�#'qCK( (�0*�/<�+/�[)  =  B × C 
                         0.789 

%.2)� -��.�	�4	+	8�#%�'�	��.(-+�%'+�ก�� 0.789 ก��./.0��0�0*� 
 

�.�$%�*� : ��0.�3	:"�*��ก�E�-/4��<=��/ -"�	�3.���ก/.ก��1�#*+�<�	(:      
n C6H10O5    +    n H2O                         n C6H12O6        

      %=��E��/                    ก�E�-/ 
  162 ก��.           18 ก��.     180 ก��. 

        1 ก��.         0.111 ก��.    1.111 ก��. 
n C5H8O4     +    n H2O                          n C5H10O5        

        <=4�	                    <=��/ 
132 ก��.          18 ก��.                 150 ก��. 

         1 ก��.        0.136 ก��.    1.136 ก��. 
 

%	2)�#��ก<=4�	%�&	�#-;���ก�����ก'().(.�ก'()/�1,	%F.0%=��E��/ �9#,?���0.�3      
%F.0%=��E��/4'	<=4�	,	ก��-"�	�3����0.�3	:"�*��<=��/�1$���.�3 

��0.�3%�'�	��'()>�0*<1�'�#'qCK(8�#	:"�*��ก�E�-/4��<=��/ -"�	�3.���ก
/.ก��1�#*+�<�	(:      

   C6H12O6                                 2 C2H5OH      +      2 CO2 
3 C5H10O5                                 5 C2H5OH      +      5 CO2 
  	:"�*��    %�'�	�� -��;��	<1��ก<=1; 
   1 ก��.               0.511 ก��.    0.489 ก��. 

 

3.4 ก	 0�#��6��7������,6����� 
 

3.4.1 $��#�� �%!���1)-1�ก	 0�#����,6
! 
 
 ���0	'�($;'(),?� -2� %?2:��� T. reesei TISTR 3081 (T. reesei QM 9414) =2:�.���ก6E	$;
���0	'�($; /D���	�0��$�0'$�6�/*�;4��%'-�	��$(4�+#���%'6<'$ (��.)  
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3.4.1.1 ก	 �กH� �กJ	�)84� 
 

%������$%/�	,$8�#%?2:��� 1 ?0:	 �1$,?�4'+#%��� (cork borer) %���; 10 8	�1
%/�	>+�	6E	$;ก��# 8 .0��0%.*� 	"����$%/�	,$<���#�#�	��	�����%�(:$#%?2:�'().(�����ก9)#48Z#
/E*� PDA (
�->	�ก -) �+.'()��3�
E.0 30 �#6�%=�%=($/ %�&	%��� 8 ��	 ��.(��กC3�1�#
�7'() 
3.2 4���	"�<�%กZ�<��'()��3�
E.0 4 �#6�%=�%=($/ �	ก�+���	"�.�,?� 
 
 
 
 
 
 
 
 
 

�7'() 3.2 ��กC3�8�#%?2:��� T. reesei TISTR 3081 ��$� 8 ��	 �	�����%�(:$#%?2:�/E*� PDA 

 
 3.4.1.2 ก	 ���4%��)84��38��0�#����,6
! 
 
 	"�%?2:�'()%กZ���กC�<��.�%������$%/�	,$8�#%?2:��� 1 ?0:	 	"�<�%�(:$#,	��	
�����%�(:$#%?2:�'().(�����ก9)#48Z#/E*� PDA �+.'()��3�
E.0 30 �#6�%=�%=($/ %�&	%��� 8 ��	 
��ก	�:	%������$%/�	,$�"�	�	 5 ?0:	 ,/+�#<�,	@��/ก;'()����������%���/"�����>�0*%�	<=.;
4*+��?	01 
 

3.4.2 ก	 0�#��6��7������ก	 ��*��ก�#�#�� 
 
  	"����$%/�	,$�"�	�	 5 ?0:	'()<1�,	8�� 3.4.1.2 ,/+�#,	�����%���/"�����>�0*   
%=��E%�/ (1�14��#.���ก/E*�8�# Mandels 4�� Weber, 1969) (
�->	�ก -) ��0.�*� 100 
.0��0�0*� '()������$E+,	@��/ก;8	�1 250 .0��0�0*� �1$.(4��+#-��;��	%�&	4��@�-%=��E��/ 	"�
%?2:�<��+.,	%-�2)�#%8$+�4��-��-�.��3�
E.0'() 30 �#6�%=�%=($/ -��.%�Z� 150 ���*+�	�'( %�&	
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%��� 7 ��	 4���ก��#4$ก%/�	,$��ก1��$ก��1�Cก��#%���; 1 ��ก	�:		"�8�#%���'()ก��#<1�<����	
%��()$#1��$-��.%�Z� 9,000 ���*+�	�'( '()��3�
E.0 4 �#6�%=�%=($/ %�&	%��� 30 	�'( %กZ�/+�	,/
'()%�&	 crude enzyme .��0%-����;ก��'"�#�	8�#%=��E%�/�1$��14�ก'0�0*(1��$ FPU assay =9)#
1�14��#.���ก�0B(8�# Ghose (1987) '().(/��*�:#*�	%�&	ก��1�Cก��#%���; 1 8	�1 1 × 6 
%=	*0%.*� 1�#4/1#,	
�->	�ก ` 
  ก"��	1,�� 1 �	+�$%�	<=.;��2�$E	0* .(-+�%'+�ก�� ��0.�38�#%�	<=.;'()/�.��D$+�$
/��$/��*�:#*�	,��%�&		:"�*���(10�=; 1 <.�-��.� ,	%��� 1 	�'( 
�$,*�/
���'(),?�'1/�� �1$
,?�	:"�*��ก�E�-/%�&		:"�*��.�*���	 
 

3.4.3 ก	 0�#�,6��������ก	 ��*��ก�#�#�� 
     
  	"����$%/�	,$�"�	�	 5 ?0:	'()<1�,	8�� 3.4.1.2 ,/+�#,	�����%���/"�����>�0*       
<=4�%	/ (/�.��( �9:#,�B��., 2539) (
�->	�ก -) ��0.�*� 100 .0��0�0*� '()������$E+,	@��/ก;
8	�1 250 .0��0�0*� �1$.(4��+#-��;��	%�&	<=4�	 	"�%?2:�<��+.,	%-�2)�#%8$+�4��-��-�.
��3�
E.0'() 30 �#6�%=�%=($/ -��.%�Z� 150 ���*+�	�'( %�&	%��� 7 ��	 ก��#4$ก%/�	,$��ก1��$
ก��1�Cก��#%���; 1 ��ก	�:		"�8�#%���'()ก��#<1�<����	%��()$#1��$-��.%�Z� 9,000 ���*+�	�'( 
'()��3�
E.0 4 �#6�%=�%=($/ %�&	%��� 30 	�'( %กZ�/+�	,/'()%�&	 crude enzyme .��0%-����;ก��
'"�#�	8�#  <=4�%	/�1$��1 4�ก'0�0*(1��$�0B('()1�14��#.���ก�0B(8�# Ghose (1987) �1$.(/��
*�:#*�	%�&	/������$<=4�	 -��.%8�.8�	 1 %���;%=Z	*;�1$.��/��0.�*� 1�#4/1#,	
�->	�ก ` 
  ก"��	1,�� 1 �	+�$%�	<=.;��2�$E	0* .(-+�%'+�ก�� ��0.�38�#%�	<=.;'()/�.��D$+�$
/��$/��*�:#*�	,��%�&		:"�*���(10�=; 1 <.�-��.� ,	%��� 1 	�'( 
�$,*�/
���'(),?�'1/�� �1$
,?�	:"�*��<=��/%�&		:"�*��.�*���	 
 

3.4.4 ก	 ��*� #
	F(� �����4��
* 
     
  �0%-����;��0.�3���*(	'�:#�.11��$�0B( micro Lowry�s assay (Held 4�� Hurley, 
2001) �1$%*0./������$<�$E%�* (
�->	�ก #) ��0.�*� 200 <.�-��0*� ,/+�#,	4*+�����.8�#       
<.�-�%7�' 4���%*0./��*���$+�#'()%�&	 crude enzyme ��0.�*� 100 <.�-��0*��#<�>/.,��%8��
ก�	 /"�����4��#-;��,?�	:"�ก��)	4'	/��*���$+�# 	"�<��+.'()��3�
E.0���# %�&	%��� 10 	�'( %.2)�
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-��%���%*0./������$�@�0	@[	���(%�%�	'; (
�->	�ก #) ��0.�*� 20 <.�-��0*� �#<�,	4*+
�����.8�#<.�-�%7�' >/./��,��%8��ก�	 �+.*+�<��(ก%�&	%��� 30 	�'( '()��3�
E.0���# ��1-+�
ก��1E1ก�2	4/#'()-��.$��-�2)	 650 	��	%.*� 1��$%-�2)�#�+�	�e0ก0�0$��	<.�-�%7�' 
%��($�%'($�-+�'()<1�ก��ก��@.�*���	8�#/������$���*(	��<�	;=(��.����E.0	 (BSA) '().(-��.
%8�.8�	,	?+�# 0 - 0.25 .0��0ก��./.0��0�0*� 1�#4/1#,	
�->	�ก ? 4���-"�	�3��-+�4�ก'0�0*(
�"�%7��8�#%�	<=.; ($E	0**+�.0��0ก��.���*(	) 1�#/.ก�� 
 

4�ก'0�0*(�"�%7��8�#%�	<=.;     =      4�ก'0�0*(8�#%�	<=.; ($E	0*) 
                ��0.�3���*(	'�:#�.1 (.0��0ก��.) 
 

3.5  ก	 ELกJ	ก	 %+�%��	%��-	)�#*�+	�M *-�%���,6
!�38����*��8�ก��-	���
���	

��
	��
,�1)-1�ก ����ก	 �
�ก 

  

3.5.1 ก	 � ���2	3�����*#�*-�%�#/��	���
�  
 
 	"��
��?	01*+�#m '()>+�	ก������/
�71��$�0B('�#ก�$
�7,	8�� 3.1.2 �	<1�%�&	># 
.���0.�3 0.6 ก��. ,/+�#<�,	@��/ก;8	�1 200 .0��0�0*� 4��,?�4��@�-%=��E��/>/.ก��     
<=4�	�$+�#�� 0.3 ก��. %�&	*��%��($�%'($� '1��#'�:#�.1 3 =:"� '"�ก������/
�7��*D�10�1��$
�0B('�#%-.(�1$,?��0B( alkaline peroxide pretreatment (Saha 4�� Cotta, 2007) �1$%*0.            
���-�<�	;%7��;��ก<=1; pH 11.5 �#<�,	@��/ก; ก��%*�($.%*0.���-�<�	;%7��;��ก<=1;/"�����
%*0.,	 1 @��/ก;��,?�<F�1�%�	%7��;��ก<=1; 7.5 %���;%=Z	*;�1$��0.�*� (
�->	�ก #) ��0.�3 
4 .0��0�0*� (15 %���;%=Z	*;�1$.��8�#72?'(),?�/��0.�*�8�#<F�1�%�	%7��;��ก<=1;) 4������� pH 
,��%�&	 11.5 1��$ �=%1($.<F1��ก<=1; -��.%8�.8�	 0.5 �.���; (
�->	�ก #) ��ก	�:		"�<��+.,	
%-�2)�#%8$+�4��-��-�.��3�
E.0'() 35 �#6�%=�%=($/ -��.%�Z� 250 ���*+�	�'( %�&	%��� 24 
?�)��.# 4������� pH %�&	 4.8 1��$ก�1<F�1�-���0ก%8�.8�	ก+�		"�<�$+�$/��$1��$%�	<=.;*+�<�  
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3.5.2 ก	 %+�%��	%*-�%���,6
!  
 

%*0.%=��E%�/�"�	�	 36 $E	0* (-01%�&	 60 $E	0*/ก��.8�#��*D�10�) <=4�%	/�"�	�	 
720 $E	0* (-01%�&	 1200 $E	0*/ก��.8�#��*D�10�) (1�14��#.���ก Saha 4�� Cotta, 2007) 4��
/������$�=%1($.=0%'�*��7%@��; -��.%8�.8�	 0.05 �.���; pH 4.8 (
�->	�ก #) ��0.�*� 5 
.0��0�0*� �#<�,	@��/ก;'().(�
��4��@��/ก;'()%�&	?�1-��-�.=9)#>+�	ก������/
�71��$�0B('�#
%-.(,	8�� 3.5.1 	"�<��+.,	%-�2)�#%8$+�4��-��-�.��3�
E.0'() 50 �#6�%=�%=($/ -��.%�Z� 150 
���*+�	�'( %�&	%��� 72 ?�)��.#  

 

3.5.3 ก	 �#�� 	��!� #
	F�4�	�	� �*#�6! 
 
 %กZ�*���$+�#,	8�� 3.5.2 .��0%-����; �1$���	%��()$#1��$-��.%�Z� 9,000 ���*+�	�'( 
'()��3�
E.0 4 �#6�%=�%=($/ %�&	%��� 30 	�'( 	"�/+�	,/.���1��0.�3	:"�*���(10�=;'�:#�.1�1$,?�
�0B( DNS method (1�14��#.���ก Miller, 1959) 	"�*���$+�#'()*��#ก������0.�3	:"�*���(10�=;
.���0.�*� 100 <.�-��0*� ,/+�#,	4*+�����.8�#<.�-�%7�' %*0./������$ DNS reagent '()
,?�/"������0%-����;��0.�3	:"�*���(10�=; (
�->	�ก #) ��0.�*� 100 <.�-��0*� >/.,��%8��ก�	 
/"�����4��#-; -2� ,?�	:"�ก��)	4'	/��*���$+�# ��ก	�:	�w1n�<.�-�%7�'4���	"�<��+.,	�+�#	:"�
4��-��-�.��3�
E.0 (water bath) '().(��3�
E.0 95 �#6�%=�%=($/ %�&	%��� 5 	�'( %.2)�-��%���
'"�ก��%�2���#/��,	<.�-�%7�'1�#ก�+��ก+�	'()��	"�<���1 �1$1E1/��	�:	89:	.� 50 <.�-��0*� 
	"�<�,/+<.�-�%7�'�(ก��	 %*0.	:"�ก��)	��0.�*� 200 <.�-��0*� �#<�4���>/.,��%8��ก�	 ��1-+�ก��
1E1ก�2	4/#'()-��.$��-�2)	 540 	��	%.*� 1��$%-�2)�#�+�	�e0ก0�0$��	<.�-�%7�' %��($�%'($�
-+�'()<1�ก��ก��@.�*���	8�#/������$	:"�*��ก�E�-/'().(-��.%8�.8�	,	?+�# 0 - 2.2 .0��0ก��./
.0��0�0*� 1�#4/1#,	
�->	�ก ? 4��-"�	�3��-+�%���;%=Z	*;8�#ก��%��()$	%=��E��/4��       
%F.0%=��E��/%�&		:"�*�� (percent conversion) 1�#/.ก�� 
 

%���;%=Z	*;8�#ก��%��()$	%=��E��/4��%F.0%=��E��/%�&		:"�*��  =  E  ×  100  
                           D 

��0.�3	:"�*���(10�=;'�:#�.1'()%ก0189:	���#ก��$+�$/��$ (ก0��ก��./<�+/�[)  =   E  ×  C 
                   1000 
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-�1%�2�ก�
��'().(-��./�.��D,	ก��DEก$+�$/��$1��$%�	<=.;<1�1(.�,?�%�&	��*D�10�,	
ก��>�0*%�'�	��1��$ก����	ก�� SSCF *+�<� �1$1E��ก��0.�3	:"�*���(10�=;'�:#�.1'()%ก0189:	
���#ก��$+�$/��$ (ก0��ก��./<�+/�[) 1�#/.ก�� 
 
  ก"��	1,�� D -2� ��0.�3��.8�#%=��E��/4��%F.0%=��E��/'().(ก+�	ก��$+�$/��$  

(.0��0ก��./ก��.8�#�
��4��#) 
             E  -2� ��0.�3	:"�*���(10�=;'�:#�.1'()%ก0189:	���#ก��$+�$/��$ (.0��0ก��./

ก��.8�#�
��4��#) 
          C   -2�  >�>�0*	:"��	�ก4��# (ก0��ก��./<�+/�[) (
�->	�ก 8) 
 

3.5.4 ก	 �#�� 	��!� #
	F���	������0�#�,*-�	��IJK��
8����	��F$	ก� #
	F
�4�	�	� �*#�6!���,*-$	กก	 %+�%��	%*-�%���,6
! 

 
	"���0.�3	:"�*���(10�=;'�:#�.1'()%ก0189:	���#ก��$+�$/��$ (ก0��ก��./<�+/�[) 8�#�
��

4*+��?	01.�-"�	�3����0.�3%�'�	��'()>�0*<1�'�#'qCK( (�0*�/<�+/�[) 1�#/.ก��  
 
��0.�3%�'�	��'()>�0*<1�'�#'qCK( (�0*�/<�+/�[)  =  F × 0.511 
                0.789 

ก"��	1,��  F -2� ��0.�3	:"�*���(10�=;'�:#�.1'()%ก0189:	���#ก��$+�$/��$ (ก0��ก��./<�+/�[)   
 

3.6 ก	 0�#����	���  
 

3.6.1 $��#�� �%!���1)-1�ก	 �
�ก 
 

���0	'�($;'(),?�,	#�	�0��$.($(/*; 2 ?	01 -2�  
(1) S. cerevisiae TISTR 5339 =2:�.���ก6E	$;���0	'�($; /D���	�0��$�0'$�6�/*�;

4��%'-�	��$(4�+#���%'6<'$ (��.) 
(2) P. stipitis CBS 5773 <1����.���ก Centraalbureau voor Schimmelcultures 

(CBS) ���%'6%	%B��;4�	1; 
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3.6.1.1 ก	 �กH� �กJ	�)84� 
 

D+�$%?2:��1$,?��E�%8()$%?2:�.���ก�#�	�����48Z#%�($# (agar slant) /E*� YMA 
(Laplace 4��-3�, 1993) 1�#4/1#,	
�->	�ก - 	"�<��+.'()��3�
E.0 30 �#6�%=�%=($/ %�&	
%��� 2 ��	 4���	"�<�%กZ�<��'()��3�
E.0 4 �#6�%=�%=($/ �1$D+�$%?2:��#�	�����,�.+ 
(subculture) '�ก 3 %12�	 

 
3.6.1.2 ก	 �� �%
����)84� (inoculum) ��	� �����4%�ก�-	�)84� (starter culture) 

 
	"�%?2:���ก�����48Z#%�($#.���ก�#�	��	%7��%?2:�'().(�����48Z#/E*� YMA 

�+.'()��3�
E.0 30 �#6�%=�%=($/ %�&	%��� 2 ��	 D+�$%?2:��#,	/������$�=%1($.-��<�1;-��.
%8�.8�	 0.9 %���;%=Z	*;�1$.��/��0.�*� (
�->	�ก #) 	"�<���1-+�ก��1E1ก�2	4/#'()-��.$��
-�2)	 600 	��	%.*� ,��<1�-+�ก��1E1ก�2	4/#%'+�ก�� 0.4  

 

3.6.2 ก	 ELกJ	�	%����ก�-	�)84������
	��
�38��1�-,*-�)84����
�� ��#�/#2	31�ก	 
0�#����	��� 

 
3.6.2.1 ก	 ELกJ	ก	 �$ #���#�(���� S. cerevisiae 

 
D+�$���%?2:� S. cerevisiae ��ก8�� 3.6.1.2 ��0.�*� 4 .0��0�0*� �#,	�����

%���/"�����%�(:$#ก���%?2:�/E*� YMB �1$.(4��+#-��;��	%�&		:"�*��ก�E�-/ (Laplace 4��-3�, 
1993) (
�->	�ก -) ��0.�*� 50 .0��0�0*� '()������$E+,	@��/ก;8	�1 250 .0��0�0*� 	"�%?2:�<�
�+.,	%-�2)�#%8$+�4��-��-�.��3�
E.0'() 30 �#6�%=�%=($/ -��.%�Z� 150 ���*+�	�'( %กZ�
*���$+�#'()%��� 0, 2, 4, 6, 8, 9, 12, 18, 24, 30, 36 4�� 48 ?�)��.# 	���"�	�	%=��;$(/*;,	4*+��
?�)��.#1��$ haemacytometer (
�->	�ก =) 4���	"��"�	�	%=��;'()<1�.�/���#ก��@ก��
%��0
%*0��*%'($�ก��%��� %�2�ก��$�8�#ก���%?2:�'()%�.��/.�1$70���3���ก��*��ก��%��0

�"�%7�� (specific growth rate, µ) 1�#/.ก�� 

   
��*��ก��%��0
�"�%7�� (*+�?�)��.#) = ln Xt � ln X0 

            t 
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%.2)� Xt -2� �"�	�	%=��;$(/*;'()%��� t ,1m (%=��;/.0��0�0*�) 
      X0 -2� �"�	�	%=��;$(/*;'()%���%�0).*�	 (%=��;/.0��0�0*�) 
      t   -2� %��� (?�)��.#) 

 
3.6.2.2 ก	 ELกJ	ก	 �$ #���#�(���� P. stipitis 

 
D+�$���%?2:� P. stipitis ��ก8�� 3.6.1.2 ��0.�*� 4 .0��0�0*� �#,	�����%���

/"�����%�(:$#ก���%?2:�/E*� YMB �1$.(4��+#-��;��	%�&		:"�*��<=��/ (Laplace 4��-3�, 1993) 
(
�->	�ก -) ��0.�*� 50 .0��0�0*� '()������$E+,	@��/ก;8	�1 250 .0��0�0*� 	"�%?2:�<��+.,	
%-�2)�#%8$+�4��-��-�.��3�
E.0'() 30 �#6�%=�%=($/ -��.%�Z� 150 ���*+�	�'( %กZ�*���$+�#'()
%��� 0, 0.5, 1, 2, 4, 6, 8, 10, 12, 18, 24, 30, 36, 48, 68 4�� 92 ?�)��.# 	���"�	�	%=��;$(/*;
,	4*+��?�)��.#1��$ haemacytometer 4���	"��"�	�	%=��;'()<1�.�/���#ก��@ก��%��0
%*0��*
%'($�ก��%��� %�2�ก��$�8�#ก���%?2:�'()%�.��/.�1$70���3���ก��*��ก��%��0
�"�%7�� 1�#
/.ก��,	8�� 3.6.2.1 

 

3.6.3 ก	 � ���2	3�����*#�*-�%�#/��	���
�ก+��1)-1�ก ����ก	  SSCF  
 

	"��
��'()�1%�&	>#4���.� 1.2 ก��. ,/+�#,	@��/ก;8	�1 250 .0��0�0*� 4��,?�
4��@�-%=��E��/>/.ก��<=4�	�$+�#�� 0.6 ก��. %�&	*��%��($�%'($� '1��#'�:#�.1 3 =:"� '"�
ก������/
�7��*D�10�1��$�0B('�#%-.(*�.8�� 3.5.1 4*+���� pH %�&	 5.0 1��$ก�1<F�1�-���0ก
%8�.8�	ก+�		"�<�,?�,	ก���.�ก*+�<� 

 

3.6.4 ก	 ��#
�	 �	�	 ���$�	������	� ��ก	 �$ #���#�(����%���! 
 

%*0./��������#<�,	4*+��@��/ก;'()<1���ก8�� 3.6.3 =9)#���ก��1��$ /��/ก�1��ก
$(/*;��0.�3 0.45 ก��. /��/ก�1��ก.��*;��0.�3 0.45 ก��. 4��4�.�.%	($.=��%@*��0.�3 
0.75 ก��. �1$����$,	/������$�=%1($.=0%'�*��7%@��; -��.%8�.8�	 0.05 �.���; pH 5.0 
(
�->	�ก #) ��0.�*� 7.5 .0��0�0*� (-01%�&	 5 %���;%=Z	*;�1$��0.�*�) 	"�<�	9)#�+�%?2:�'()
��3�
E.0 121 �#6�%=�%=($/ -��.1�	 15 ��	1;*+�*���#	0:� %�&	%��� 15 	�'( 
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3.6.5 ก	 �� �%
���,6
! 
 

>�0*%=��E%�/4��<=4�%	/*�.�0B(,	8�� 3.4.2 4�� 3.4.3 *�.�"�1�� 	"� crude 
enzyme 4*+��?	01'()<1�.�ก��#>+�	?�1ก��#/��%72)�,�����1%?2:� �1$,?�%=��E��/��=0%'*      
%..%��	 '().(�E7��	8	�1 0.2 <.-��	 %�&	*��ก��#  
 

3.6.6 ก	 0�#����	���$	ก��-	)�#*�+	�M *-�%ก ����ก	  SSCF 
 

3.6.6.1 ก	 ���4%�ก�-	�)84�  
 
 %�(:$#ก���%?2:� S. cerevisiae 4�� P. stipitis �1$%�(:$#%?2:�*�.��$�'()%�.��/.
=9)#<1���ก8�� 3.6.2 ��ก	�:	D+�$ก���%?2:�?	01�� 7.5 .0��0�0*� (-01%�&	 5 %���;%=Z	*;�1$��0.�*�) 
�#,	@��/ก;'()<1���ก8�� 3.6.4  
 
 3.6.6.2 ก	 ��#
���,6
! 
   
 %*0.%=��E%�/4��<=4�%	/'()>+�	ก��ก��#4�����0.�3 72 4�� 1440 $E	0* 
*�.�"�1�� �#<�,	4*+��@��/ก; 4�������,����0.�*�/�1'��$%�&	 150 .0��0�0*� 1��$	:"�ก��)	'()
>+�	ก���+�%?2:� �w1��ก@��/ก;1��$���E.0%	($.@�$�;4�����1$�#%72)��P�#ก�	<.+,����ก�6%8�� 
��ก	�:		"�<��+.,	%-�2)�#%8$+�4��-��-�.��3�
E.0'() 35 �#6�%=�%=($/ -��.%�Z� 150 ���*+�
	�'( %�&	%��� 7 ��	  
 

3.6.7 ก	 0�#����	���$	ก�4�	�	� 
 
 %�(:$#ก���%?2:� S. cerevisiae 4�� P. stipitis �1$%�(:$#%?2:�*�.��$�'()%�.��/.=9)#<1�
��ก8�� 3.6.2 ��ก	�:	D+�$ก���%?2:�?	01�� 7.5 .0��0�0*� (-01%�&	 5 %���;%=Z	*;�1$��0.�*�) �#
,	@��/ก;8	�1 250 .0��0�0*� '().(�����%���/E*� YMB =9)#.(4��+#-��;��	%�&		:"�*�� 
1�#*+�<�	(: 
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(1) 	:"�*��ก�E�-/��0.�3 3 ก��. + S. cerevisiae 
(2) 	:"�*��ก�E�-/��0.�3 3 ก��. + P. stipitis 
(3) 	:"�*��<=��/��0.�3 3 ก��. + S. cerevisiae 
(4) 	:"�*��<=��/��0.�3 3 ก��. + P. stipitis 
(5) 	:"�*��ก�E�-/>/.ก��	:"�*��<=��/�$+�#�� 3 ก��. + %?2:�'�:# 2 ?	01 

 �1$'()��0.�*���.8�#%?2:�4�������4*+��?	01%�&	 150 .0��0�0*� �w1��ก@��/ก;
1��$���E.0%	($.@�$�;4�����1$�#%72)��P�#ก�	<.+,����ก�6%8�� 	"�%?2:�<��+.,	%-�2)�#%8$+�4��
-��-�.��3�
E.0'() 35 �#6�%=�%=($/ -��.%�Z� 150 ���*+�	�'( %�&	%��� 7 ��	 
 

3.6.8 ก	 �#�� 	��!���	������0�#�,*-$	กก	 �
�ก 
 

%กZ�*���$+�#'()<1���กก���.�ก,	8�� 3.6.6 4�� 3.6.7 .����	%��()$#1��$-��.%�Z� 9,000 
���*+�	�'( '()��3�
E.0 4 �#6�%=�%=($/ %�&	%��� 30 	�'( 	"�/+�	,/��0.�*� 420 <.�-��0*� .�
%*0. internal standard ��0.�*� 280 <.�-��0*� =9)#%�&	/������$ 1-�7�7�	�� -��.%8�.8�	 5  
.0��0�.���; (
�->	�ก #) >/.,��%8��ก�	 4���	"�<��0%-����;����0.�3%�'�	��1��$%-�2)�# GC 
�1$,?�-���.	;?	01 DB-WAX 4��.( detector 4�� flame ionization detector (FID) `(1*���$+�#
'()���0%-����;�#,	%-�2)�# GC 	"�-+�'()<1�<�%��($�%'($�ก��ก��@.�*���	����+�#��*��/+�	72:	'()
,*�ก��@ (%�'�	��/1-�7�7�	��) ก��-��.%8�.8�	8�#%�'�	�� (ก��./�0*�) 1�#4/1#,	

�->	�ก ? 4��-"�	�3����0.�3%�'�	���1$-01%�&	%���;%=Z	*;8�#%�'�	��'()>�0*<1���0#
%.2)�%'($�ก��-+�8�#%�'�	��'()>�0*<1�'�#'qCK( (��กก��-"�	�3,	8�� 3.3.2) 1�#/.ก�� 

 
ก"��	1,��  G  -2�  ��0.�3%�'�	��'()>�0*<1���0# (ก0��ก��./ก0��ก��.)   
           C  -2�  >�>�0*	:"��	�ก4��# (ก0��ก��./<�+/�[) (
�->	�ก 8) 
 

��0.�3%�'�	��'()>�0*<1���0# (�0*�/<�+/�[)  = G × C 
              0.789 
 
%���;%=Z	*;8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�'�#'qCK( =��0.�3%�'�	��'()>�0*<1���0#×100 
                        ��0.�3%�'�	��'()>�0*<1�'�#'qCK( 
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%��($�%'($���0.�3%�'�	��8�#�
��'()<1���กก���.�กก����0.�3%�'�	��8�#
�
��'()<1�'�#'qCK(=9)#<1�.���กก��-"�	�3 2 �0B( -2� 

(1) ��ก��0.�3%=��E��/4��%F.0%=��E��/'().(�$E+,	�
��4*+��?	01 (1E,	8�� 3.3.2)  
(2) ��กก��,?���0.�3	:"�*���(10�=;'()�0%-����;<1�
�$���#��กก��$+�$/��$1��$

%�	<=.; (1E,	8�� 3.5.4) 
 

3.7 ก	 �#�� 	��!�-�
7��	���#�# 
              
 	"�8��.E�'()<1���กก��'1��#=9)#4*+��ก��'1��#��'"�'�:#�.1 3 =:"� .��0%-����;-+�-��.
4*ก*+�#'�#/D0*04�� one-way ANOVA '()��1��-��.%?2)�.�)	 95 %���;%=Z	*; 4��%��($�%'($�
-+�%`�()$8�#8��.E�1��$�0B( Duncan�s Multiple Range Test (DMRT) �1$,?����4ก�. SPSS for 
Windows version 15.0  
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�����  4 
 

0�ก	 �*��� 
 

4.1 ����%+	���-	���1)-1��	��#$�% 
 

��กก��%กZ�*���$+�#�
����ก4��+#*+�#m /"�����,?�,	#�	�0��$	(: 7��+� .(�"�	�	'�:#�.1 
18 ?	01 �1$4�+#��ก<1�%�&	 2 ���%
' -2� �
�������/�*�;�"�	�	 8 ?	01 1�#4/1#,	*���#'() 
4.1 4���
��4nก�"�	�	 10 ก��+.7�	B�; 1�#4/1#,	*���#'() 4.2 /+�	�E�4����$��%�($18�#�
��
4*+��?	014/1#,	
�->	�ก ก  
 
*���#'() 4.1 �
�������/�*�;�"�	�	 8 ?	01'(),?�,	#�	�0��$  

?2)�'�)�<� ?2)��0'$�6�/*�; 4��+#'()%กZ� 
/+�	8�#72?'()
	"�.�,?� 

%	%�[$�; 
%	%�[$�;4-�� 
%	%�[$�;$�กC; 
��	+� 
ก0		(/(.+�#  
�E=() 
47#�ก�+� 
��*��*�. 

Pennisetum purpureum 
P. purpureum cv. Mott 
P. Purpureum cv. King Grass 
P. Purpureum x P. Americanum 
Panicum maximum TD 58  
Brachiaria ruziziensis 

Digitaria decumbens 

Paspalum atratum 

��#���1�"���#1 
��#���1�"���#1 
��#���1%7?����(2 
��#���1�"���#1 
��#���1%7?����(2 
��#���1%?($#,�.+3 
��#���1%7?����(2 
��#���1�"���#1 

,� 
,� 
,� 
,� 

,�4���"�*�	 
,�4���"�*�	 
,�4���"�*�	 
,�4���"�*�	 

16E	$;�0��$4��7�o	������/�*�;�"���# 
26E	$;�0��$4��7�o	������/�*�;%7?����( 
36E	$;69กC�ก��7�o	����$F+�#<-����	%	2)�#.���ก7����?1"��0 
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*���#'() 4.2 �
��4nก�"�	�	 10 ก��+.7�	B�; (�(�-<'��) '(),?�,	#�	�0��$  
���%
'8�#�
��4nก ก��+.7�	B�; (�(�-<'��) 

4nก��+., 4nก��. 
(Vetiveria zizanioides Nash) 
 
 
4nก1�	 
(Vetiveria nemoralis  A. Camus) 

ก"�47#%7?� 2 
/#8�� 3 
/���CK�;B�	( 
6�(��#ก� 
���$%�Z1 
%�$ 
	-�/���-; 
������-(�(8�	B; 
��?���( 
ก"�47#%7?� 1 

�.�$%�*� : �
��4nก'�:# 10 ก��+.7�	B�; %กZ�.���ก/D�	(7�o	�'()10	��?���( 
 

>�>�0*	:"��	�ก4��# (ก0��ก��./<�+/�[) 8�#�
�������/�*�;4���
��4nกก��+.7�	B�;*+�#m <1�
8��.E�.���กก��'��#%กC*�4��/�ก�3;, ก�.�6�/�*�; (2549) 4�� ����3( 7�	0?>� 4��-3� 
(2537) *�.�"�1�� �1$4/1#,	
�->	�ก 8 7��+� �
��47#�ก�+�.(>�>�0*	:"��	�ก4��#/E#'()/�1 
-2� 6,000 ก0��ก��./<�+/�[ ��#�#.�%�&	�
��%	%�[$�; �
��%	%�[$�;4-�� �
��%	%�[$�;$�กC; 4��      
�
����	+� =9)#.(>�>�0*%'+�ก�	 -2� 3,500 ก0��ก��./<�+/�[ =9)#%�&	>�>�0*8�#�"�*�	4��,���.ก�	 
4*+,	ก��'1��#<1�,?�%`7��/+�	8�#,�%'+�	�:	 1�#	�:	>�>�0*,	/+�	8�#,���.(-+�%�&	 1,225 
ก0��ก��./<�+/�[ /"�����,��
��%	%�[$�; ,��
��%	%�[$�;$�กC; 4��,��
����	+� (.(	:"��	�ก,�%�&	 35 
%���;%=Z	*;8�#	:"��	�ก4��#'�:#�.1�1$���.�3) 4��.(-+�%�&	 2,800 ก0��ก��./<�+/�[ /"�����,�
�
��%	%�[$�;4-�� (.(	:"��	�ก,�%�&	 80 %���;%=Z	*;8�#	:"��	�ก4��#'�:#�.1�1$���.�3) �
��,	
ก��+.4nก��.(>�>�0*	��$ก�+��
�������/�*�;.�ก �1$�
��4nกก��+.7�	B�;������-(�(8�	B;.(
>�>�0*/E#'()/�1 -2� 1,352 ก0��ก��./<�+/�[ /+�	�
��4nกก��+.7�	B�;���$%�Z1.(>�>�0**)"�'()/�1 -2� 566 
ก0��ก��./<�+/�[  
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76.39

73.09
71.39
69.20

77.80
77.21

74.23
73.46

67.92

65.57
66.45

63.34
60.86
58.74

54.10
51.31

63.94
65.46

0 10 20 30 40 50 60 70 80 90 100

,�%	%�[$�;4-��
,�%	%�[$�;

�E=()
,�%	%�[$�;$�กC;

ก0		(/(.+�#
��*��*�.
47#�ก�+�
,���	+�

4nก	-�/���-;
4nก6�(��#ก�

4nก%�$
4nก��?���(

4nกก"�47#%7?�2
4nก/���CK�;B�	(

4nก/#8��3
4nก���$%�Z1

4nก������-(�(8�	B;
4nกก"�47#%7?�1

�

��

��0.�3-��.?2:	 (%���;%=Z	*;)

4.2 ก	 �#�� 	��!� #
	F��	
)84� 
 
 ��กก���0%-����;��0.�3-��.?2:	8�#�
��'�:# 18 ?	01 7��+� �
�������/�*�;'�:# 8 ?	01 
.(��0.�3-��.?2:	/E#ก�+��
��4nก'�:# 10 ก��+.7�	B�; �1$��0.�3-��.?2:	8�#,��
��%	%�[$�;
4-��4��,��
��%	%�[$�;.(-+�/E#'()/�1%�&	 77.80 ± 1.36 4�� 77.21 ± 2.11 %���;%=Z	*; *�.�"�1�� 
/+�	�
��4nกก��+.7�	B�;ก"�47#%7?� 1 .(��0.�3-��.?2:		��$'()/�1%�&	 51.31 ± 1.89 %���;%=Z	*; 
1�#4/1#,	
�7'() 4.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

�7'() 4.1 ��0.�3-��.?2:	 (%���;%=Z	*;) 8�#�
��'�:# 18 ?	01 
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4.3 ก	 �#�� 	��!� #
	F���!� �ก�����)��
��38) 
 
 ��0.�3�#-;���ก��8�#?(�.��72?���ก��1��$ 3 /+�	���ก -2� %F.0%=��E��/ %=��E��/ 
4���0ก	0	 /+�	'()%��2���%�&	��0.�38�#%D��4��/���2)	m (*���#'() 4.3) ��กก���0%-����; 7��+� 
�
��4nกก��+.7�	B�;��?���(.(��0.�3%=��E��//E#'()/�1%�&	 38.51 ± 0.35 %���;%=Z	*; �
��4nกก��+.
7�	B�;/#8�� 3 .(��0.�3%=��E��/*)"�'()/�1%�&	 31.85 ± 1.83 %���;%=Z	*; /"�������0.�3              
%F.0%=��E��/ 7��+� �
��4nกก��+.7�	B�;���$%�Z14��ก��+.7�	B�;%�$.(��0.�3%F.0%=��E��//E#'()/�1
%�&	 42.61 ± 1.17 4�� 42.43 ± 1.32 %���;%=Z	*; *�.�"�1�� /+�	,��
��%	%�[$�;$�กC;4���
��
ก0		(/(.+�#.(��0.�38�#%F.0%=��E��/*)"�'()/�1%�&	 31.13 ± 0.57 4�� 31.26 ± 1.91 %���;%=Z	*; 
*�.�"�1�� %.2)�	"���0.�3%=��E��/4��%F.0%=��E��/.���.ก�	 (
�7'() 4.2) 7��+� �
��4nกก��+.
7�	B�;��?���(.(��0.�3��./E#'()/�1%�&	 77.72 ± 0.45 %���;%=Z	*; /+�	,��
��%	%�[$�;$�กC;.(��0.�3
��.*)"�'()/�1%�&	 63.14 ± 0.49 %���;%=Z	*; /"�������0.�3�0ก	0	 7��+� �
����*��*�..(��0.�3
/E#'()/�1%�&	 5.64 ± 0.22 %���;%=Z	*; /+�	,��
��%	%�[$�;$�กC;.(��0.�3*)"�'()/�1%�&	 3.10 ± 0.04 
%���;%=Z	*; 



 
 
59 

59 

*���#'() 4.3 ��0.�3�#-;���ก��8�#?(�.��,	�
��4*+��?	01 
��0.�3�#-;���ก��8�#?(�.�� (%���;%=Z	*;) 

�
�� 
%=��E��/ %F.0%=��E��/ �0ก	0	 %D�� �2)	m 

,�%	%�[$�; 
,�%	%�[$�;4-�� 
,�%	%�[$�;$�กC; 
,���	+� 
ก0		(/(.+�# 
�E=() 
47#�ก�+� 
��*��*�. 
4nกก"�47#%7?�2 
4nก/#8��3 
4nก/���CK�;B�	( 
4nก6�(��#ก� 
4nก���$%�Z1 
4nก%�$ 
4nก	-�/���-; 
4nก������-(�(8�	B; 
4nก��?���( 
4nกก"�47#%7?�1 

32.92 
35.64 
32.01 
33.93 
33.40 
33.64 
33.07 
34.87 
35.54 
31.85 
33.97 
37.54 
34.04 
34.42 
32.67 
35.53 
38.51 
34.95 

± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 

1.48 
0.21 
0.14 
2.27 
0.74 
0.92 
0.70 
0.61 
0.38 
1.73 
1.16 
0.45 
0.27 
0.99 
1.31 
1.52 
0.25 
0.58 

36.46 
34.19 
31.13 
35.12 
31.26 
34.01 
35.46 
32.60 
39.02 
37.87 
39.12 
38.33 
42.61 
42.43 
39.60 
38.87 
39.21 
39.67 

± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 

1.19 
1.24 
0.57 
1.62 
1.91 
0.81 
1.27 
0.53 
0.89 
1.59 
1.57 
2.07 
1.17 
1.32 
1.25 
0.09 
0.70 
0.18 

3.60 
3.66 
3.10 
3.55 
4.00 
4.56 
4.47 
5.64 
4.36 
4.67 
3.67 
3.99 
4.83 
5.09 
4.96 
4.65 
4.79 
5.06 

± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 

0.67 
0.20 
0.04 
0.34 
0.54 
0.17 
0.61 
0.22 
0.78 
0.49 
0.70 
0.31 
0.24 
0.56 
1.18 
1.52 
0.48 
0.70 

0.33 
0.13 
1.65 
0.18 
0.61 
0.27 
0.28 
0.31 
0.07 
0.26 
0.09 
0.08 
0.04 
0.08 
0.06 
0.19 
0.05 
0.12 

± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 

0.14 
0.12 
0.04 
0.01 
0.08 
0.12 
0.01 
0.14 
0.04 
0.16 
0.03 
0.01 
0.04 
0.07 
0.04 
0.11 
0.01 
0.10 

26.69 
26.38 
32.11 
27.21 
30.73 
27.52 
26.72 
27.75 
19.72 
25.67 
22.16 
20.38 
19.32 
18.23 
22.57 
20.44 
17.58 
20.47 

± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 

3.04 
1.38 
0.53 
3.71 
2.10 
1.67 
1.60 
0.97 
0.61 
2.69 
0.74 
2.81 
0.88 
0.98 
0.94 
2.26 
0.87 
1.39 
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4nก/���CK�;B�	(
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,�%	%�[$�;4-��

4nก/#8��3
,�%	%�[$�;
,���	+�
47#�ก�+�

�E=()
��*��*�.
ก0		(/(.+�#

,�%	%�[$�;$�กC;
�


��

��0.�3��.8�#%=��E��/4��%F.0%=��E��/ (%���;%=Z	*;)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 


�7'() 4.2 ��0.�3��.8�#%=��E��/4��%F.0%=��E��/ (%���;%=Z	*;) 8�#�
��'�:# 18 ?	01 
 

��กก���0%-����;��0.�3%�'�	��'()>�0*<1�'�#'qCK(%.2)�-"�	�3��ก��0.�3%=��E��/
4��%F.0%=��E��/'().(�$E+,	�
��4*+��?	01 7��+� �
��47#�ก�+�.(��0.�3%�'�	��'()>�0*<1�'�#
'qCK(/E#'()/�1%�&	 2,993.07 �0*�/<�+/�[ ��#�#.�%�&	�
����*��*�. ,��
��%	%�[$�;4-�� 4��
�
��ก0		(/(.+�# =9)#.(-+�%�&	 1,472.07 1,422.38 4�� 1,410.96 �0*�/<�+/�[ *�.�"�1�� /+�	�
��
4nกก��+.7�	B�;���$%�Z1.(-+�*)"�'()/�1%�&	 316.07 �0*�/<�+/�[ (
�7'() 4.3) 
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�7'() 4.3 ��0.�3%�'�	��'()>�0*<1�'�#'qCK( (�0*�/<�+/�[) %.2)�-"�	�3��ก��0.�3%=��E��/
4��%F.0%=��E��/8�#�
��'�:# 18 ?	01 
 

4.4 ก	 0�#��6��7������,6����� 
 
 %.2)�	"�%?2:��� T. reesei TISTR 3081 .�>�0*%�	<=.; 2 ?	01 -2� %=��E%�/=9)#.(4��+#
-��;��	%�&	4��@�-%=��E��/ 4��<=4�%	/=9)#.(4��+#-��;��	%�&	<=4�	 4�����1-+�4�ก'0�0*( 
7��+� %=��E%�/.(-+�4�ก'0�0*(%�&	 0.948 ± 0.05 $E	0*/.0��0�0*� 4��.(-+�4�ก'0�0*(�"�%7��%�&	 
1.09 ± 0.09 $E	0*/.0��0ก��.���*(	 /+�	<=4�%	/.(-+�4�ก'0�0*(%�&	 92.13 ± 6.86 $E	0*/.0��0�0*� 
4��.(-+�4�ก'0�0*(�"�%7��%�&	 65.32 ± 1.59 $E	0*/.0��0ก��.���*(	 1�#4/1#,	*���#'() 4.4 
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4nก/#8��3
4nก/���CK�;B�	(

4nก%�$
4nก	-�/���-;

4nก���$%�Z1
�


��

��0.�3%�'�	��'()>�0*<1�'�#'qCK( (�0*�/<�+/�[)

4nก������-(�(8�	B; 
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*���#'() 4.4 -+�4�ก'0�0*( ($E	0*/.0��0�0*�) ��0.�3���*(	 (.0��0ก��./.0��0�0*�) 4��-+�4�ก'0�0*(
�"�%7�� ($E	0*/.0��0ก��.���*(	) 8�#%=��E%�/4��<=4�%	/��ก%?2:��� T. reesei TISTR 3081 

%�	<=.; 
-+�4�ก'0�0*( 

($E	0*/.0��0�0*�) 
��0.�3���*(	 

(.0��0ก��./.0��0�0*�) 
-+�4�ก'0�0*(�"�%7�� 

($E	0*/.0��0ก��.���*(	) 
%=��E%�/ 
<=4�%	/ 

0.948 ± 0.05 
92.13 ± 6.86 

0.88 ± 0.10 
1.41 ± 0.11 

  1.09 ± 0.09 
65.32 ± 1.59 

�.�$%�*� : -+�'()<1�.���กก��%`�()$ 3 =:"� 4��ก"��	1,�� 1 �	+�$%�	<=.;��2�$E	0*8�#%=��E%�/ .(-+�%'+�ก�� 
��0.�38�#%�	<=.;'()/�.��D$+�$/��$ก��1�Cก��#,��%�&		:"�*��ก�E�-/ 1 <.�-��.� 
�$,	%��� 1 	�'( 

�$,*�/
���'(),?�'1/�� 4�� 1 �	+�$%�	<=.;��2�$E	0*8�#<=4�%	/ .(-+�%'+�ก�� ��0.�38�#%�	<=.;'()
/�.��D$+�$/��$<=4�	-��.%8�.8�	 1 %���;%=Z	*;,��%�&		:"�*��<=��/ 1 <.�-��.� 
�$,	%��� 1 	�'( 

�$,*�/
���'(),?�'1/�� 
 

4.5 ก	 ELกJ	ก	 %+�%��	%��-	)�#*�+	�M *-�%���,6
!�38����*��8�ก��-	���
���	

��
	��
,�1)-1�ก ����ก	 �
�ก 

 
��กก��$+�$/��$�
���"�	�	 18 ?	01 �1$,?��0B(ก������/
�7��*D�10�1��$�0B('�#%-.(

�1$,?����-�<�	;%7��;��ก<=1;4���$+�$/��$1��$%=��E%�/4��<=4�%	/'()>�0*��ก%?2:��� T. 
reesei TISTR 3081 7��+� ��0.�3	:"�*���(10�=;'�:#�.1'()%ก0189:	���#ก��$+�$/��$8�#�
��4*+
��?	01.(-+�1�#4/1#,	*���#'() 4.5 �1$�
��/+�	,�
+��.(��0.�3	:"�*���(10�=;�$E+,	?+�#       
500 - 600 .0��0ก��./ก��.8�#��*D�10� =9)#%�&	-��.%8�.8�	���.�3 4 - 5 ก��.*+��0*� %.2)�
%��($�%'($�ก��ก��,?�4��@�-%=��E��/>/.ก��<=4�	 7��+� ���#ก��$+�$/��$.(��0.�3	:"�*��
�(10�=;4��-��.%8�.8�	8�#	:"�*��/E#ก�+��
��'�:# 18 ?	01 %�&	 753.94 ± 6.89 .0��0ก��./ก��.8�#
��*D�10� 4�� 8.76 ± 0.06 ก��.*+��0*� *�.�"�1��  
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*���#'() 4.5 ��0.�3��.8�#%=��E��/4��%F.0%=��E��/,	�
��'�:# 18 ?	01'().(ก+�	ก��$+�$/��$
%��($�%'($�ก����0.�3	:"�*���(10�=;'�:#�.1'()%ก0189:	 ���#ก������/
�7��*D�10�1��$�0B('�#%-.(
�1$,?����-�<�	;%7��;��ก<=1;4���$+�$/��$1��$%=��E%�/4��<=4�%	/ 

��0.�3	:"�*���(10�=;'�:#�.1 
'()%ก0189:	���#ก��$+�$/��$ 

��*D�10� 

��0.�3��.8�# 
%=��E��/4��%F.0%=��E��/ 
'().(ก+�	ก��$+�$/��$  

(.0��0ก��./ก��.8�#��*D�10�) 
.0��0ก��./ก��.8�#

��*D�10� 
ก��./�0*� 

,�%	%�[$�; 
,�%	%�[$�;4-�� 
,�%	%�[$�;$�กC; 
,���	+� 
ก0		(/(.+�# 
�E=() 
47#�ก�+� 
��*��*�. 
4nกก"�47#%7?� 2 
4nก/#8�� 3 
4nก/���CK�;B�	( 
4nก6�(��#ก� 
4nก���$%�Z1 
4nก%�$ 
4nก	-�/���-; 
4nก������-(�(8�	B; 
4nก��?���( 
4nกก"�47#%7?� 1 
4��@�-%=��E��/>/.<=4�	 

693.76 
698.37 
631.40 
690.54 
646.60 
676.53 
685.30 
674.70 
745.60 
697.13 
730.90 
758.70 
766.50 
768.53 
722.70 
744.05 
777.20 
746.17 

1,000.00 

± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 

26.67 
10.78 
  4.91 
36.65 
17.78 
17.24 
19.62 
11.09 
  7.74 
29.98 
  4.13 
25.11 
  9.15 
  6.05 
  4.20 
14.42 
  4.50 
  7.01 
  0.00 

528.58 
558.61 
516.63 
556.27 
553.20 
469.13 
521.03 
505.93 
586.55 
510.94 
563.81 
619.31 
516.95 
550.89 
532.25 
573.62 
616.34 
578.10 
753.94 

± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 

11.76 
15.58 
  8.82 
24.94 
22.22 
19.09 
  5.78 
27.58 
22.59 
37.41 
18.02 
  6.38 
16.35 
22.62 
17.80 
  4.92 
18.36 
16.80 
  6.89 

4.14 
4.13 
4.04 
4.36 
4.34 
3.97 
4.09 
4.01 
4.60 
3.98 
4.42 
4.85 
3.81 
4.31 
4.37 
4.31 
4.54 
4.52 
8.76 

± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 

0.34 
0.34 
0.32 
0.46 
0.54 
0.61 
0.39 
0.53 
0.56 
0.20 
0.50 
0.42 
0.33 
0.27 
0.58 
0.19 
0.25 
0.28 
0.06 

 
%.2)�	"�-+���0.�3	:"�*���(10�=;'�:#�.1'()%ก0189:	���#ก��$+�$/��$<�%��($�%'($�ก��

��0.�3��.8�#%=��E��/4��%F.0%=��E��/'().(ก+�	ก��$+�$/��$4���-"�	�3��ก.�%�&	
%���;%=Z	*;8�#ก��%��()$	%�&		:"�*�� (
�7'() 4.4) 7��+� �
��/+�	,�
+��/�.��D%��()$	%�&	
	:"�*��<1� 70 - 80 %���;%=Z	*; �1$�
��ก0		(/(.+�#.(-+�/E#'()/�1%�&	 85.56 ± 3.44 %���;%=Z	*; �
��
4nกก��+.7�	B�;���$%�Z1.(-+�*)"�'()/�1%�&	 67.44 ± 2.13 %���;%=Z	*; /+�	4��@�-%=��E��/>/.ก��  
<=4�	.(-+�%�&	 75.39 ± 0.69 %���;%=Z	*;  
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�7'() 4.4 %���;%=Z	*;8�#ก��%��()$	%=��E��/4��%F.0%=��E��/%�&		:"�*��,	�
�� 18 ?	01 '()
>+�	ก������/
�71��$���-�<�	;%7��;��ก<=1;4���$+�$/��$1��$%=��E%�/4��<=4�%	/  

 
�$+�#<�กZ*�.��%�Z	<1��+��
��4*+��?	01.(%���;%=Z	*;8�#ก��%��()$	%�&		:"�*��-+�	8��#

,ก��%-($#ก�	.�ก 1�#	�:	,	ก��70���3�%72)�%�2�ก?	018�#�
��%72)�	"�<��.�ก*+�<���	"�>�>�0*
	:"��	�ก4��# (ก0��ก��./<�+/�[) 8�#�
��'�:# 18 ?	01 (
�->	�ก 8) .�-"�	�3�+�.1��$ >�ก��
-"�	�3��0.�3	:"�*���(10�=;'�:#�.1'()%ก0189:	���#ก��$+�$/��$ (ก0��ก��./<�+/�[) 4����0.�3     
%�'�	��'()>�0*<1�'�#'qCK( (�0*�/<�+/�[) %.2)�-"�	�3��ก��0.�3	:"�*���(10�=;'()<1���กก��$+�$
/��$1��$%�	<=.;4/1#,	
�7'() 4.5 �1$�
��47#�ก�+�.(-+�/E#'()/�1 1�#	�:	�9#<1�%�2�ก�
��
�"�	�	 11 ?	01 '().(��0.�3	:"�*���(10�=;'�:#�.1%ก0	 630 ก0��ก��./<�+/�[ ��2�.(��0.�3%�'�	��'()
>�0*<1�'�#'qCK(%ก0	 408 �0*�/<�+/�[ %�($#�"�1����ก.�ก<�	��$ -2� �
��47#�ก�+� �
��ก0		(/(
.+�# ,��
��%	%�[$�;4-�� �
����*��*�. �
���E=() �
��4nกก��+.7�	B�;������-(�(8�	B; �
��4nก
ก��+.7�	B�;��?���( ,��
����	+� ,��
��%	%�[$�; ,��
��%	%�[$�;$�กC; 4���
��4nกก��+.7�	B�;      
6�(��#ก� *�.�"�1�� <�'"�ก��69กC�,	8�:	*�	ก���.�ก*+�<� 
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�7'() 4.5 ��0.�3	:"�*���(10�=;'�:#�.1'()%ก0189:	���#ก��$+�$/��$ (ก0��ก��./<�+/�[) 4����0.�3 
%�'�	��'()>�0*<1�'�#'qCK( (�0*�/<�+/�[) %.2)�-"�	�3��ก��0.�3	:"�*���(10�=;'()<1���กก��$+�$
/��$1��$%�	<=.;,	�
�� 18 ?	01   
 

4.6 ก	 0�#����	��� 
 
��กก��69กC���$�8�#ก���%?2:�'()%�.��/.%72)�,��<1�%?2:�'().(���/0'B0
�7,	ก��>�0*      

%�'�	�� 7��+�%.2)�%�(:$# S. cerevisiae ,	�����'().(	:"�*��ก�E�-/%�&	4��+#-��;��	��.(ก��
%��0
1�#
�7'() 4.6 (ก) �1$.(��$�4�Zก'()%��� 0 - 2 ?�)��.# ��$�%�ก=;�7%		%?($�'()%��� 2 - 12 
?�)��.# 4��%8��/E+��$�/%*?�		��('()%��� 12 ?�)��.#%�&	*�	<� (
�7'() 4.6 (8)) %.2)�-"�	�3����*��
ก��%��0
�"�%7�� (*���#'() 4.6) 7��+� '()%��� 9 ?�)��.# .(��*��ก��%��0
�"�%7��/E#'()/�1 %�&	 
0.48 *+�?�)��.# /+�	 P. stipitis '()%�(:$#,	�����'().(	:"�*��<=��/%�&	4��+#-��;��	��.(ก��%��0
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1�#
�7'() 4.7 (ก) �1$<.+%ก01��$�4�Zก�9#%�0).��$�%�ก=;�7%		%?($�'()%��� 0 - 1 2 ?�)��.# 4��%�0).
%8��/E+ ��$�/%*?�		��('()%��� 36 ?�)��.#%�&	*�	<� (
�7'() 4.7 (8)) %.2)�-"�	�3����*��ก��%��0

�"�%7�� (*���#'() 4.6) 7��+� '()%��� 10 ?�)��.# .(��*��ก��%��0
�"�%7��/E#'()/�1 %�&	 0.34 *+�
?�)��.# 1�#	�:	��$�8�#ก���%?2:� S. cerevisiae 4�� P. stipitis '()%�.��/. -2� '()��$�%��� 9 4�� 
10 ?�)��.# *�.�"�1�� 
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�7'() 4.6 ก��%��0
%*0��*8�# S. cerevisiae '()%��� 0 - 48 ?�)��.# ,	�����%�(:$#%?2:�/E*� YMB 
�1$.(4��+#-��;��	%�&		:"�*��ก�E�-/ (ก) �"�	�	%=��;$(/*;*+�%��� (8) ln (�"�	�	%=��;$(/*;) *+�
%��� 
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�7'() 4.7 ก��%��0
%*0��*8�# P. stipitis '()%��� 0 - 92 ?�)��.# ,	�����%�(:$#%?2:�/E*� YMB �1$
.(4��+#-��;��	%�&		:"�*��<=��/ (ก) �"�	�	%=��;$(/*;*+�%��� (8) ln (�"�	�	%=��;$(/*;) *+�
%��� 
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*���#'() 4.6 ��*��ก��%��0
�"�%7��(µ) 8�# S. cerevisiae  4�� P. stipitis '()%���*+�#m 
��*��ก��%��0
�"�%7�� (*+�?�)��.#) 

%���(?�)��.#) 
S. cerevisiae P. stipitis 
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0.5 
1 
2 
4 
6 
8 
9 
10 
12 
18 
24 
30 
36 
42 
48 
68 
92 

- 
- 
- 

0.02 
0.27 
0.43 
0.46 
0.48 
- 

0.41 
0.28 
0.21 
0.17 
0.14 
0.10 
- 
- 
- 

- 
0.21 
0.23 
0.16 
0.27 
0.32 
0.29 
- 

0.34 
0.33 
0.24 
0.19 
0.16 
0.14 
- 

0.11 
0.07 
0.05 

 
 %.2)�	"��
���"�	�	 11 ?	01'()>+�	ก��-�1%�2�ก,	%�2:�#*�	.�'"�ก������/
�71��$      
���-�<�	;%7��;��ก<=1;4����.�ก1��$ก����	ก�� SSCF �1$,?�$(/*; 2 ?	01 -2� S. cerevisiae 
4�� P. stipitis �1$%�(:$#ก���%?2:�'()��$�%���'()%�.��/.1�#ก�+�� %.2)�,?���0.�*�8�#ก���%?2:�?	01
�� 7.5 .0��0�0*� ��.(��0.�3%=��;$(/*;%�0).*�	���.�3 5 × 108 4�� 7.5 × 108 %=��; *�.�"�1�� 
%.2)�%*0.%�	<=.; 2 ?	01'()>�0*��ก T. reesei TISTR 3081 -2� %=��E%�/4��<=4�%	/�#<� 4���
�.�ก'()��3�
E.0 35 �#6�%=�%=($/ %�&	%��� 7 ��	 ��<1���0.�3%�'�	��8�#��*D�10�?	01*+�#m 
4/1#1�#*���#'() 4.7 �1$7��+� �
��4nกก��+.7�	B�;6�(��#ก�.(��0.�3%�'�	��/E#'()/�1 -2� 1.14 
± 0.09 ก��./�0*� ��2�%'+�ก�� 0.14 ± 0.01 ก��./ก��.8�#��*D�10� =9)#<.+.(-��.4*ก*+�#�$+�#.(
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	�$/"�-�
'�#/D0*0'()��1��-��.%?2)�.�)	 95 %���;%=Z	*;ก����*D�10��(ก 5 ?	01 -2� ,��
��%	%�[$�; 
,��
��%	%�[$�;4-�� ,��
����	+� �
��4nกก��+.7�	B�;��?���( 4��4��@�-%=��E��/>/.ก��     
<=4�	  
 
*���#'() 4.7 ��0.�3%�'�	����กก����	ก�� SSCF 8�#��*D�10�?	01*+�#m 

��0.�3%�'�	�� 
��*D�10� 

ก��./�0*� ก��./ก��.8�#��*D�10� 

4nกก��+.7�	B�;6�(��#ก� 
4nกก��+.7�	B�;��?���( 
4��@�-%=��E��/ 0.6 ก��.+<=4�	 0.6 ก��. 
,�%	%�[$�;4-�� 
,�%	%�[$�; 
,���	+� 
4nกก��+.7�	B�;������-(�(8�	B; 
,�%	%�[$�;$�กC; 
��*��*�. 
�E=() 
47#�ก�+� 
ก0		(/(.+�# 

1.14 
1.10 
1.06 
0.98 

0.97 

0.87 
0.80 
0.40 

0.36 

0.30 
0.21 
0.18 

± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 

0.09a 
0.10a 
0.30a,b 
0.16a,b 

0.31a,b 

0.14a,b 

0.12b 
0.13c 

0.05c 
0.06c 
0.05c 
0.07c 

0.14 
0.14 
0.13 
0.12 
0.12 
0.11 
0.10 
0.05 
0.05 
0.04 
0.03 
0.02 

± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 

0.01a 
0.01a 
0.04a,b 
0.02a,b 

0.04a,b 

0.02a,b 
0.01b 
0.02c 

0.01c 

0.01c 

0.01c 
0.01c 

�.�$%�*� : *����กC� a b c d �.�$D9# -+�-��.4*ก*+�#'�#/D0*0'()��1��-��.%?2)�.�)	 95 
%���;%=Z	*; %�($#�"�1����ก-+�.�ก<���	��$ �1$%��($�%'($�����+�#��*D�10� 12 ?	01 =9)#<1���ก
ก���0%-����;4�� Duncan�s Multiple Range Test (DMRT) (
�->	�ก ¢) 
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47
#�ก
�+�

ก0	
	(/
(.+�
#

��*D�10�'(),?�,	ก���.�ก

%�
'�

	�
�

(%�
��
;%=
Z	*

;8�
#%�

'�
	�

�'
()>�

0*<
1�

%.
2)�%
'($

�ก
��-

+�'
�#
'q

CK
()

%.2)�-01%�&	%���;%=Z	*;8�#%�'�	��'()>�0*<1���0#%'($�ก��-+�8�#%�'�	��'()>�0*<1�'�#
'qCK(1�#
�7'() 4.8 7��+� %�'�	��'()>�0*<1���ก�
��4nกก��+.7�	B�;6�(��#ก�.(-+�/E#'()/�1-01%�&	 
32.72 ± 2.69 %���;%=Z	*;8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�'�#'qCK(=9)#<.+.(-��.4*ก*+�#
�$+�#.(	�$/"�-�
'�#/D0*0'()��1��-��.%?2)�.�)	 95 %���;%=Z	*;ก����*D�10��(ก 4 ?	01 -2� �
��4nก
ก��+.7�	B�;��?���( ,��
��%	%�[$�;4-�� ,��
��%	%�[$�; 4��,��
����	+�  
 

 

 

 

 

 

 

 

 

 


�7'() 4.8 ��0.�3%�'�	��8�#��*D�10�?	01*+�#m ��กก����	ก�� SSCF �1$-01%�&	%���;%=Z	*;
8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�'�#'qCK( 
 

%.2)�70���3�>�>�0*	:"��	�ก4��#8�#�
��4*+��?	01 (ก0��ก��./<�+/�[) �+�.1��$��<1�
��0.�3%�'�	��'()>�0*<1���กก���.�ก1��$ก����	ก�� SSCF (�0*�/<�+/�[) .(-+�1�#4/1#,	
*���#'() 4.8 ��กก��%��($�%'($���0.�3%�'�	��8�#�
���"�	�	 11 ?	01 '()>�0*<1���กก��
�.�กก����0.�3%�'�	��'()>�0*<1�'�#'qCK( (�0*�/<�+/�[) 7��+� ��0.�3%�'�	��'()>�0*<1�'�#
'qCK(%.2)�-"�	�3��ก��0.�3%=��E��/4��%F.0%=��E��/8�#�
��'().(-+�/E#/�1 5 ��	1��4�ก %�&	
�
��47#�ก�+�=9)#.(-+�/E#'()/�1%�&	 2,993.07 �0*�/<�+/�[ ��#�#.�%�&	�
����*��*�. ,��
��      
%	%�[$�;4-�� �
��ก0		(/(.+�# 4���
���E=() *�.�"�1�� =9)#-+�	8��#/�1-���#ก����0.�3%�'�	��
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'()>�0*<1�'�#'qCK(%.2)�-"�	�3��ก��0.�3	:"�*���(10�=;'()<1���กก��$+�$/��$1��$%�	<=.; �1$
�
��47#�ก�+�.(-+�/E#'()/�1 %�&	 2,024.69 �0*�/<�+/�[ ��#�#.�%�&	�
��ก0		(/(.+�# ,��
��%	%�[$�;
4-�� �
����*��*�. 4���
���E=() *�.�"�1�� ��%�Z	<1��+�.(ก��/�����	1��%`7���
����*��*�.
ก���
��ก0		(/(.+�# 4*+%.2)�70���3���0.�3%�'�	��'()>�0*<1�'�#'qCK(��กก��-"�	�3'�:#/�#
�0B(ก����0.�3%�'�	��8�#�
��'()>�0*<1���กก���.�ก 7��+� .(-��.4*ก*+�#ก�	�$+�#.�ก �1$
,��
��%	%�[$�;4-��.(-+�/E#'()/�1%�&	 435.29 �0*�/<�+/�[ =9)#.(-+�/E#ก�+��
��?	01�2)	m �$+�#%�Z	<1�
?�1 /+�	�
���"�	�	 7 ?	01'().(-+���#�#.� =9)#%�&	�
��4nกก��+.7�	B�;��?���( �
��47#�ก�+� ,�
�
��%	%�[$�; �
��4nกก��+.7�	B�;6�(��#ก� �
����*��*�. �
��4nกก��+.7�	B�;������-(�(8�	B; 4��
,��
����	+� 7��+� ��0.�3%�'�	��8�#�
�� 7 ?	01	(:<.+.(-��.4*ก*+�#ก�	�$+�#.(	�$/"�-�

'�#/D0*0'()��1��-��.%?2)�.�)	 95 %���;%=Z	*; /+�	�
���E=() �
��ก0		(/(.+�# 4��,��
��%	%�[$�;$�กC; 
.(��0.�3%�'�	�� (�0*�/<�+/�[) *)"�'()/�1 4��<.+.(-��.4*ก*+�#ก�	�$+�#.(	�$/"�-�
'�#/D0*0'()
��1��-��.%?2)�.�)	 95 %���;%=Z	*; (1E
�->	�ก ¢) 
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    *���#'() 4.8 %��($�%'($���0.�3%�'�	��'()>�0*<1�'�#'qCK(ก����0.�3%�'�	��'()>�0*<1���กก���.�ก1��$ก����	ก�� SSCF ,	�
�� 11 ?	01 
��0.�3%�'�	��'()>�0*<1�'�#'qCK( (�0*�/<�+/�[) 

�"�1��'() -"�	�3��ก��0.�3%=��E��/ 
4��%F.0%=��E��/ 

-"�	�3��ก��0.�3	:"�*���(10�=; 
'()<1���กก��$+�$/��$1��$%�	<=.; 

��0.�3%�'�	��'()>�0*<1���ก 
ก���.�ก1��$ก����	ก�� SSCF 

(�0*�/<�+/�[) 

1 47#�ก�+� 2,993.07 47#�ก�+� 2,024.69 ,�%	%�[$�;4-�� 435.29 
2 ��*��*�. 1,472.27 ก0		(/(.+�# 1,074.86 4nก��?���( 212.81 
3 ,�%	%�[$�;4-�� 1,422.38 ,�%	%�[$�;4-�� 1,013.01 47#�ก�+� 203.52 
4 ก0		(/(.+�# 1,410.96 ��*��*�. 983.01 ,�%	%�[$�; 187.47 
5 �E=() 1,107.63 �E=() 683.63 4nก6�(��#ก� 184.27 
6 4nก������-(�(8�	B; 732.29 4nก������-(�(8�	B; 502.28 ��*��*�. 171.39 
7 4nก��?���( 687.66 4nก��?���( 485.40 4nก������-(�(8�	B; 170.68 
8 ,�%	%�[$�; 618.78 ,���	+� 441.33 ,���	+� 167.93 
9 ,���	+� 615.60 ,�%	%�[$�; 419.37 �E=() 105.85 
10 4nก6�(��#ก� 563.17 ,�%	%�[$�;$�กC; 409.89 ก0		(/(.+�# 85.83 
11 ,�%	%�[$�;$�กC; 562.72 4nก6�(��#ก� 409.12 ,�%	%�[$�;$�กC; 78.37 
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��กก��69กC�ก��>�0*%�'�	����ก	:"�*��'().(-��.%8�.8�	 20 ก��./�0*� (
�7'() 4.9) 
7��+� ก��,?�%?2:� 2 ?	01�+�.ก�	,	ก���.�ก'�:#	:"�*��ก�E�-/4��<=��/'"�,��<1���0.�3%�'�	��
-01%�&	-��.%8�.8�	 11.71 ก��./�0*� ��2�%'+�ก�� 50.74 %���;%=Z	*;8�#%�'�	��'()>�0*<1�%.2)�
%'($�ก��-+�'�#'qCK(=9)#.(��0.�3%�'�	��	��$ก�+�ก��,?�%?2:�4��4$กก�	,	ก���.�ก	:"�*��
ก�E�-/��2�<=��/ %.2)���.��0.�3%�'�	��'()<1���กก���.�ก	:"�*��ก�E�-/4��<=��/1��$ P. 
stipitis 7��+� .(��0.�3%�'�	��/E#ก�+�%�&	 14.40 ก��./�0*� ��2�%'+�ก�����.�3 70 %���;%=Z	*;
8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�'�#'qCK(4*+%.2)���.��0.�3%�'�	��'()<1���กก���.�ก
	:"�*��ก�E�-/1��$ S. cerevisiae ก��ก���.�ก	:"�*��<=��/1��$ P. stipitis 7��+� .(>�>�0*      
%�'�	��/E#'()/�1%�&	 17.28 ก��./�0*� ��2�%'+�ก�����.�3 78 %���;%=Z	*;8�#%�'�	��'()>�0*<1�
%.2)�%'($�ก��-+�'�#'qCK( /"�����ก���.�ก	:"�*��<=��/1��$ S. cerevisiae 7��+� <.+.(��0.�3
%�'�	��%ก0189:	 

 

 

 

 

 

 

 

     

 


�7'() 4.9 ��0.�3%�'�	��'()>�0*<1���กก���.�ก	:"�*��'()��3�
E.0 35 �#6�%=�%=($/ %�&	%��� 
7 ��	 -01%�&	-��.%8�.8�	,	�	+�$ก��./�0*� 4��%���;%=Z	*;8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�
'�#'qCK( �1$,?���0.�3	:"�*��4*+��?	01%�&	 3 ก��. 4��.(��0.�*���.8�#%?2:�4�������%�&	 
150 .0��0�0*� 
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����� 5 
 

�#$	 F!0�ก	 �*��� 
 
����%+	���-	���1)-1��	��#$�% 

 
�
�������/�*�;4���
��4nก'()	"�.�,?�,	#�	�0��$-��:#	(:/+�	,�
+%�&	�
��'().(-��./E#

*�:#4*+ 1 %.*�89:	<� 8��1( -2� %.2)�	"�.�'"�%�&	�
��4��#��<1���0.�38�#.��'().�ก=9)#%�.��,	
ก��	"�.�,?�����$?	; /"������
��4nก'�:# 10 ก��+.7�	B�;'()-�1%�2�ก.�,?�	�:	 %�&	ก��+.7�	B�;'()ก�.
7�o	�'()10	/+#%/�0.,����Eก (ก��'��#%กC*�4��/�ก�3;, ก�.7�o	�'()10	, /"�	�ก�0��$4��
7�o	�ก����1ก��'()10	, 2546) �9#<1�%�2�ก�
��4nกก��+.7�	B�;1�#ก�+��.�,?� �
����1%�&	72?
7��##�	'()	+�/	,�%	2)�#��ก�
��%�&	72?'().(��$����$�[ (perennial plant) 4��,	 1 �[ /�.��D
%กZ�%ก()$�>�>�0*<1����$-��:# �9#<.+�"�%�&	*��#��Eก'14'	,�.+�+�$m �
��47#�ก�+�.(>�>�0*
	:"��	�ก4��#/E#'()/�1%�&	 6,000 ก0��ก��./<�+/�[ (
�->	�ก 8) =9)#/E#ก�+��
���(ก 17 ?	01'()<1�	"�.�
'1��# %	2)�#��ก,	 1 <�+��.(��0.�3�
��47#�ก�+�89:	�$E+�$+�#�	�4	+	%.2)�%��($�%'($�ก���
��
?	01�2)	�9#'"�,��<1�>�>�0*.�ก 

�
��ก0		(/(.+�# �
���E=() �
��47#�ก�+� �
����*��*�. 4���
��4nก %�&	�
��'().(     
�"�*�	%�Zก4��.(/+�	,�.�กก�+��"�*�	.�ก�9#<1�,?�'�:#/+�	,�4���"�*�	,	ก��'1��# /+�	�
��     
%	%�[$�;'�:# 4 ?	01'()	"�.�,?�,	ก��'1��#	�:	%�&	�
��'()6E	$;�0��$��Eก<��%�&	%���	�	4����9#'"�,��
�"�*�	.(-��.48Z#.�ก ��ก��	"�/+�	8�#�"�*�		(:.�,?��"�%�&	'()��*��#.(%-�2)�#.2�?+�$,	ก��*�1
4���1/+�	'()48Z#	(:<1�%�&	�$+�#1( 4*+%-�2)�#.2�'().(�$E+	�:	<.+/�.��D'"�<1� 1��$8���"�ก�18�#
%-�2)�#.2�1�#ก�+�� ,	ก��'1��#	(:�9#<1�%�2�ก%`7��/+�	,�.�,?� 4��,	ก��-"�	�3'().(-+�8�#
>�>�0*	:"��	�ก4��# (ก0��ก��./<�+/�[) .�%ก()$�8��#����ก	:"��	�ก8�#�"�*�	��ก<��9#'"�,����0.�3
>�>�0*8�#�
��%	%�[$�;'�:# 4 ?	01.(-+��1�#  

ก��'"��
��,��4��#/�.��D'"�<1� 2 �0B( -2� *�ก��2�>9)#411,��4��# 4��,?�%-�2)�#.2�?+�$
'"�,��4��# ก��,?�%-�2)�#.2�%72)�?+�$��72?,��4��#/�.��D?+�$72?4��#<1�%�Z�4*+*�	'�	-+�%-�2)�#.2�/E# 
<.+-��.-+�'()��	"�.�,?� �0B(ก���1-��.?2:	'()#+�$'()/�14��DEก'()/�1 -2� ก��>9)#411 �1$7$�$�.%ก�()$
,��/+�	8�#72?ก����$�$+�#/.)"�%/.� <.+�	��	%ก0	<� ��'"�,���
��4��#<1�%�Z�4��7���.ก�	 ,	
72?/1�	�ก 1 *�	 7��+� ก��>9)#411��1%�&	%��� 3 - 4 ��	 /�.��D�1-��.?2:	��ก 80 %���;%=Z	*; 
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,��%��2�	��$ก�+� 40 %���;%=Z	*;<1� (ก��'��#%กC*�4��/�ก�3;, ก�.�6�/�*�;, 2549) 1�#	�:	,	
ก��	"��
��.�,?���0#�9#-��,?��0B(>9)#411%72)��1*�	'�	 

ก������/
�7�
��1��$�0B('�#ก�7
�7�1$ก��*�14���1,����%1($1��'"�,���
��.(
8	�1%�Zก�#%�&	ก��?+�$%70).72:	'()>0�,	ก��%8��'"��e0ก0�0$�8�#%�	<=.;*+�<� ,	#�	�0��$	(:<1�	"�
�
��'()>+�	ก���1��ก%-�2)�#�1��%�($1=9)#$�#.('�:#/+�	'()��%�($14���$�����	ก�	.��+�	>+�	
*�4ก�#�+�	'().(�E7��	8	�1 0.4 .0��0%.*� %72)�,��<1�>#�
��'().(8	�1%�Zก4��.(8	�1/.)"�%/.�ก�	
%72)�	"�<�,?�,	ก��$+�$/��$1��$%�	<=.;*+�<� /"�����/+�	'()-��#�$E+�	*�4ก�#�+�	��.(8	�1
,�
+ก�+��9#	"�<�,?�,	ก���0%-����;����0.�3�#-;���ก��8�#?(�.��72? 
 
ก	 �#�� 	��!� #
	F��	
)84� 
  
 ��0.�3-��.?2:	��/+#>�*+���0.�3��*D�4��#'().(,	72?4*+��?	01 �1$��0.�3��*D�4��#��
-"�	�3��กก��'()��0.�3-��.?2:	��.ก����0.�3��*D�4��#��%�&	 100 %���;%=Z	*; 72?'().(��0.�3
-��.?2:		��$กZ��.(%���;%=Z	*;8�#��0.�3��*D�4��#.�ก �
��'(),?�,	#�	�0��$	(:.(��0.�3-��.?2:	
�$E+,	?+�#���.�3 50 - 80 %���;%=Z	*; 	�)	-2���.(��0.�3��*D�4��#-01%�&	 20 - 50 %���;%=Z	*; 
%.2)�	"��
��<�'"�,��4��#กZ��,?�%���'()/�:	ก�+�4��<1���0.�3	:"��	�ก4��#'()/E#ก�+�72?'().(��0.�3
-��.?2:	/E#%.2)�,?���0.�3	:"��	�ก/1'()%'+�ก�	 %?+	 >�ก*�?��=9)#.(��0.�3-��.?2:	 92.8 - 95.0 
%���;%=Z	*; (Nigam, 2002) 	�ก��ก	(:,	72??	01%1($�ก�	��.(��0.�3-��.?2:	4*ก*+�#ก�	<�
89:	�$E+ก�������$���$�$+�# %?+	 q1Eก��'()��Eก ��0.�3	:"�'(),�� 4����$�8�#72? %�&	*�	 ��ก8��.E�
8�#ก��'��#%กC*�4��/�ก�3;, ก�.�6�/�*�; (2549) 7��+� %.2)���Eก�
�������/�*�;,	/
�7
72:	'()4��ก����1ก��'() %�.��/. �
�������/�*�;'�:# 8 ?	01��.(��0.�3��*D�4��# 20 - 30 
%���;%=Z	*; =9)#/�1-���#ก��>�ก���0%-����;'()<1���ก#�	�0��$	(: /+�	�
��4nก'�:# 10 ก��+.7�	B�;	�:	 
��ก#�	�0��$8�#����3(  7�	0?>� 4��-3� (2537) 7��+� �
��4nก��. 4 ก��+.7�	B�; 
(ก"�47#%7?� 2 /#8�� 3 /���CK�;B�	( 4��6�(��#ก�) 4���
��4nก1�	 6 ก��+.7�	B�; (���$%�Z1 %�$ 
	-�/���-; ������-(�(8�	B; ��?���( 4��ก"�47#%7?� 1) '().(��$�ก��*�1'�กm 4 /��1��; .(-+�%`�()$
��0.�3��*D�4��#%�&	 32.9 4�� 40.0 %���;%=Z	*; *�.�"�1�� /+�	-+���0.�3��*D�4��#8�#�
��
4nก��.4���
��4nก1�	'()<1���ก#�	�0��$	(:��.(-+�%`�()$%�&	 36.35 4�� 39.48 %���;%=Z	*; 
*�.�"�1�� =9)#/�1-���#ก��#�	�0��$8��#*�	'()�
��4nก��.��.(��0.�3��*D�4��#*)"�ก�+��
��4nก
1�	 4.��+��
��4nก��.(��0.�3��*D�4��#/E#ก�+��
�������/�*�;4*+��กก��'()�
�������/�*�;.(
>�>�0*	:"��	�ก/1*+�<�+/E#ก�+��
��4nก.�ก�9#'"�,��.(>�>�0*	:"��	�ก4��#*+�<�+/E#ก�+� 
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ก	 �#�� 	��!� #
	F���!� �ก�����)��
��38) 
 

ก������0.�3�#-;���ก��8�#?(�.��72?/�.��D�0%-����;<1����$�0B( <1�4ก+ proximate 
analysis 4*+%	2)�#��ก,	8�:	*�	8�#ก���0%-����;'"�,��<1�-+�%$2)�,$ (crude fiber) >01-��.%�&	
��0# 	�ก��ก	(:$�#<.+/�.��D4$ก?	018�#%$2)�,$��2��#-;���ก��8�#?(�.��72?<1� �9#'"�,���0B(	(:
,?�����$?	;<1�	��$�# (/�$�3�; '�16�(, 2540) 1�#	�:	�9#<1�,?��0B( detergent fiber analysis ��2� 
forage fiber analysis 4'	 =9)#7�o	��1$ Goering 4�� Van Soest (1970) %72)�,��/�.��D
4$ก4$���0.�3�#-;���ก��8�#?(�.��72?<1� �0B(ก���0%-����;4��	(:/�.��D4�+#�#-;���ก��
8�#72?<1�%�&	 2 /+�	,�
+m -2� /+�	'()�$E+
�$,	%=��; (cell content ��2� neutral detergent 
soluble ��2� NDS) %�&	/+�	/�.��D����$<1�,	/������$'()%�&	ก��# (neutral detergent) 
���ก��1��$ ���*(	 -��;<F%1�* %?+	 4�P#4��	:"�*�� <8.�	 ก�1�0	'�($;*+�#m /�����ก��
<	�*�%�	'()<.+,?+���*(	 �0*�.0	 %7-*0	 4��/��'()����$	:"�<1� %�&	*�	 (����3( 7�	0?>� 4��
-3�, 2537) �(ก/+�	�	9)# -2� /+�	���ก��8�#>	�#%=��; (cell wall constituents ��2� neutral 
detergent fiber ��2� NDF) %�&	/+�	'()<.+/�.��D����$<1�,	/������$ neutral detergent 
���ก��1��$%F.0%=��E��/ %=��E��/ �0ก	0	 4��%D�� (Lee 4��-3�, 2007) �1$ NDF $�#/�.��D
4�+#��ก<1�%�&	/+�	'()����$<1�,	/������$'()%�&	ก�1 (acid detergent) %�($ก�+� acid 
detergent soluble (ADS) -2� %F.0%=��E��/ 4��/+�	'()<.+/�.��D����$<1�,	/������$ acid 
detergent %�($ก�+� acid detergent fiber (ADF) <1�4ก+ %=��E��/ �0ก	0	 4��%D�� 1�#	�:	,	ก��
�0%-����;�#-;���ก��8�#?(�.��72?�9#<1�,?�/������$ neutral detergent ,	ก��/ก�1ก+�	%72)�
/ก�1%��/+�	 NDS ��ก72?��ก<� �9#%��2�/+�	'()%�&	 NDF (%F.0%=��E��/ %=��E��/ �0ก	0	 4��
%D��) %��<�� ,	ก��/ก�1-��:#*+�.��9#,?�/������$ acid detergent %72)�/ก�1%��%F.0%=��E��/
��ก<� �9#%��2�/+�	'()%�&	 ADF (%=��E��/ �0ก	0	 4��%D��) %��<�� 1�#	�:	�9#����0.�38�#          
%F.0%=��E��/<1���ก>�*+�#8�#��0.�3 NDF 4�� ADF ��ก	�:	�9#,?�/������$ combined 
permanganate ,	ก��/ก�1%���0ก	0	��ก<� �9#%��2�/+�	'()%�&	 PML (permanganate lignin) '()
���ก��1��$ %=��E��/4��%D�� 1�#	�:	�9#����0.�38�#�0ก	0	<1���ก>�*+�#8�#��0.�3 ADF 
4�� PML 8�:	*�	/�1'��$%.2)�	"�<�%>��9#%��2�%`7��/+�	8�#%D��'"�,������0.�38�#%=��E��/
<1���ก>�*+�#8�#��0.�3 PML 4��%D�� /+�	8�#%D��'()%��2�	�:	��%�&	7�ก/�����ก���	0	'�($;
4��4�+B�*�*+�#m <1�4ก+ =0�0ก� ���E.0%	($. 4-�%=($. 4.ก	(%=($. �74'/%=($. 4���=%1($. %�&	
*�	 (Lee 4��-3�, 2007) 4����0.�38�#/���2)	m '()7�	�ก%�	2���ก%=��E��/ %F.0%=��E��/ 
�0ก	0	 4��%D�� กZ-2� ��0.�3 NDS 	�)	%�# 
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�
��4*+��?	01��.(��0.�3�#-;���ก��8�#?(�.��72?4*ก*+�#ก�	<� 4.�4*+�
��?	01
%1($�ก�	กZ���.(��0.�3�#-;���ก��'()4*ก*+�#ก�	<1���ก��Eก,	/
�74�1���.'()4*ก*+�#ก�	��2�
.(��$�<.+%'+�ก�	 �����$'().(>�*+�ก��%��0
%*0��* >�>�0*4���#-;���ก��'�#%-.(8�#�
�� <1�4ก+ 
7�	B�;72?'(),?� -��.��1./.�E�3;8�#10	 ก����1ก����Eก1E4���กC� ��0.�34��ก��47�+ก����$
8�#n	 ��.'�:#ก��*�1	"�<�,?�����$?	; %	2)�#��กก��*�1/+�	8�#*�	4��,�72?<�,?� '"�,��72:	'()
/�#%-����;4/#8�#72?�1�# /+#>�,��.(ก��/�/.-��;��<F%1�'	��$�#1��$ (Brown 4�� Blaser, 
1965) 	�ก��ก	(:ก��*�1�
���+�$-��:#กZ/+#>�,��.(��0.�3>�>�0*4��/��%$2)�,$�1�# 4*+��.(
��0.�38�#���*(	%70).89:	 (Middleton, 1982)    

��กก���0%-����;��0.�3�#-;���ก��8�#?(�.��72?,	�
��'�:# 18 ?	01'()	"�.�'1��# 
7��+� �
��'�:# 18 ?	01.(��0.�3%=��E��/�1$%`�()$�$E+,	?+�# 31.85 - 38.51 %���;%=Z	*; .(
��0.�3%F.0%=��E��/�1$%`�()$�$E+,	?+�# 31.13 - 42.61 %���;%=Z	*; 4��.(��0.�3�0ก	0	�1$%`�()$
�$E+,	?+�# 3.10 - 5.64 %���;%=Z	*; ��0.�3�#-;���ก��8�#?(�.��72?/�.��D,?��+#��กD9#
6�ก$
�78�#�
��<1�%�2:�#*�	�+�.(-��.%�.��/.'()��	"�.�,?�%�&	72?7��##�	<1���2�<.+ �1$�
��
'�:# 18 ?	01'()'"�ก��69กC�%�&	72?'().(��0.�3��.8�#%=��E��/4��%F.0%=��E��/-+�	8��#/E#�$E+
,	?+�#���.�3 60 - 80 %���;%=Z	*; 1�#	�:	,	ก����-+���0.�3%�'�	��'()>�0*<1�'�#'qCK( �9#
-01��ก��0.�3%=��E��/4��%F.0%=��E��/'().(�$E+,	�
��4*+��?	01 %72)�-"�	�3���+��
��4*+��
?	01��/�.��D>�0*%�'�	��<1�%'+�<��+��ก.(ก��$+�$/��$%=��E��/4��%F.0%=��E��/�$+�#
/.�E�3;4��	:"�*��'()<1�/�.��D%��()$	%�&	%�'�	��<1�'�:#�.1 ,	ก���0%-����;��6�ก$
�78�#
�
��'().(-��.%�.��/./"�����	"�<���Eก%�&	72?7��##�	�9#*��#.(ก��	"�>�>�0*	:"��	�ก4��# 
(ก0��ก��./<�+/�[) 8�#�
��4*+��?	01.�-"�	�3�+�.1��$ �1$7��+� �
��47#�ก�+�.(��0.�3       
%�'�	��'()>�0*<1�'�#'qCK(/E#'()/�1%�&	 2,993.07 �0*�/<�+/�[ %	2)�#��ก.(>�>�0*	:"��	�ก4��#/E#
'()/�1%�&	 6,000 ก0��ก��./<�+/�[ '"�,��%.2)�70���3���ก-+�1�#ก�+���9#-�1�+���ก/�.��D>�0*      
%�'�	����ก�
��47#�ก�+�<1�%�&	<�*�.'qCK(��0# �
��47#�ก�+�	+���.(-��.%�.��/.
/"�����	"�<���Eก%�&	72?7��##�	%72)�,?�>�0*%�'�	��<1� �$+�#<�กZ*�.$�#.(�����$�2)	m '()
�"�%�&	*��#.(ก���0%-����;���ก���(ก %?+	 72:	'()'(),?�,	ก����Eก -��.$�ก#+�$,	ก����Eก ก��
1E4���กC� 4��,	�#-;���ก��8�#�
��	�:	���.(/��$��$�:#'()/+#>�*+�ก��'"�#�	8�#%�	<=.;4��
ก��%��0
8�#%?2:�'(),?�,	ก���.�ก<1����/+#>�,����0.�3	:"�*��'()<1���กก��$+�$/��$4��
��0.�3%�'�	��'()<1���กก���.�ก��0#<.+%�&	<�*�.'qCK(<1� %�&	*�	 �9#*��#.(ก��69กC�ก��$+�$
/��$�#-;���ก��?(�.��8�#72? 4��ก��>�0*%�'�	��%72)�1E��0.�3%�'�	��'()%ก0189:	��0# 
1�#	�:	%.2)�.(ก���0%-����;%70).%*0.*+�<������.(�
��?	01�2)	'().(-��.%�.��/.<1�%?+	ก�	  
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ก	 0�#��6��7������,6����� 
 

%?2:��� T. reesei TISTR 3081 %�&	%?2:�'()/�.��D>�0*%=��E%�/4��<=4�%	/<1�1( �����
%���/"�����>�0*%=��E%�/<1�1�14��#.���ก/E*�8�# Mandels 4�� Weber (1969) '()<1�%��()$	
��กก��,?� Solka Floc =9)#%�&	�0ก�	%=��E��/'()<1�ก"���1�0ก	0	��ก<�4��� �1$,?���0.�3 7.5 ก��./
�0*� .�%�&	4��@�-%=��E��/��0.�3 10 ก��./�0*� /+�	�����%���/"�����>�0*<=4�%	/��,?�
/E*�8�#/�.��( �9:#,�B��. (2539) 4*+<1����� pH ��ก 9.0 %�&	 5.0 %72)�,��%�.��/.ก��ก��%��0

8�#%?2:��� /"�����ก����14�ก'0�0*(8�#%=��E%�/��,?��0B( FPU assay %	2)�#��ก%=��E%�/%�&	
%�	<=.;'()���ก��1��$%�	<=.; 3 ?	01.�'"�#�	�+�.ก�	 -2� %�	�1ก�E-�%	/ %�ก�=ก�E-�%	/ 
4��%�*�-ก�E�-=0%1/ 1�#	�:	�9#<1���1%�&	4�ก'0�0*(�1$��.8�#%=��E%�/=9)#��,?�ก��1�Cก��#%�&	
/��*�:#*�	,	ก��'1/��-��./�.��D,	ก��$+�$/��$%�&		:"�*��ก�E�-/ /+�	ก��$+�$/��$
7�ก%F.0%=��E��/	�:	��,?�<=4�%	/,	ก��$+�$/��$<=4�	=9)#%�&	�#-;���ก�����ก8�#            
%F.0%=��E��/,��ก��$%�&		:"�*��<=��/ �1$'�)�<�,	%F.0%=��E��/8�#<.�%	2:�48Z#��.(��0.�38�#
<=4�	.�กก�+�7��0%.��;?	01�2)	 $ก*���$+�#%?+	 @�#8���/��(.(��0.�38�#<=4�	 ก�4�ก4*	 
�����04		 4��4.	4		 %�&	 20.1, 0.8, 3.3 4�� 0 %���;%=Z	*; *�.�"�1�� (Linde 4��-3�, 
2008) 4��-��;	/�*%���;.(��0.�38�#<=4�	 ก�4�ก4*	 �����04		 4��4.	4		 %�&	 21.4, 
2.5, 3.5 4�� 1.8 %���;%=Z	*; *�.�"�1�� (Öhgren 4��-3�, 2007) ��%�Z	<1��+�,	%F.0%=��E��/.(
<=4�	%�&	��0.�3.�ก'()/�1 1�#	�:	#�	�0��$	(:�9#/	,�%`7��ก��$+�$/��$<=4�	%'+�	�:	 4��,	
ก����14�ก'0�0*(����1��ก%�	�1<=4�%	/=9)#%�&	%�	<=.;'()��1�$E+,	ก��+.8�#%F.0%=��E%�/ ��กก��
��14�ก'0�0*(8�#%�	<=.;'�: #  2 ?	014����0.�3���*(	 7��+� %.2)�>�0*%=��E %�/�1$,?�        
4��@�-%=��E��/%�&	4��+#-��;��	��<1�%=��E%�/'().(-+�4�ก'0�0*(�"�%7��%�&	 1.09 ± 0.09 $E	0*/
.0��0ก��.���*(	 %.2)�>�0*<=4�%	/�1$,?�<=4�	%�&	4��+#-��;��	��<1�<=4�%	/.(-+�4�ก'0�0*(
�"�%7��%�&	 65.32 ± 1.59 $E	0*/.0��0ก��.���*(	 .(#�	�0��$�"�	�	.�ก'()<1�69กC�ก��>�0*     
%=��E%�/4��<=4�%	/ ��ก#�	�0��$8�# Szakacs 4�� Tengerdy (1997) <1�69กC�ก��>�0* 
%=��E%�/8�#%?2:���?	01*+�#m ,	����� 2 ?	01'().(4��+#-��;��	4*ก*+�#ก�	 4��.(/�������
�2)	m *+�#��ก8�# Mandels 4�� Weber %�Zก	��$ %.2)�,?�%?2:��� T. reesei RUT C30 .�>�0* 
%=��E%�/�1$.( Solka Floc ��0.�3 10 ก��./�0*� %�&	4��+#-��;��	��<1�%=��E%�/'().(-+�4�ก'0�0*(
�"�%7��%�&	 0.70 $E	0*/.0��0ก��.���*(	 #�	�0��$8�# Juhász 4��-3� (2005) <1�69กC�ก��>�0*
%=��E%�/4��%F.0%=��E%�/��ก%?2:��� T. reesei RUT C30 %.2)�,?� Solka Floc 7.5 ก��./�0*� %�&	
4��+#-��;��	,	ก��>�0*%�	<=.; 4����1%�	<=.;?	01*+�#m '()%�&	�#-;���ก��8�#%=��E%�/4��
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%F.0%=��E%�/ 7��+� %.2)���1�1$,?��0B( FPU assay ��<1�-+�4�ก'0�0*(�"�%7��%�&	 0.58 $E	0*/
.0��0ก��.���*(	 4��<1�<=4�%	/'().(-+�4�ก'0�0*(�"�%7�����.�3 119 $E	0*/.0��0ก��.���*(	  
 %=��E%�/4��<=4�%	/'()>�0*<1���	"�<�,?�,	ก��$+�$/��$��/1����%
'�0ก�	%=��E��/
*+�<� ก��>�0*%�	<=.;'().(-+�4�ก'0�0*(/E#m ��'"�,��%�	<=.;.(���/0'B0
�7,	ก��$+�$/��$
%70).89:	 4��/�.��D,?�,	��0.�3'()	��$m <1� 1�#	�:	ก���������#/E*������ 4��+#-��;��	'(),?� 
4��/
���'(),?�,	ก��%�(:$#��/+#>�,��%?2:�/�.��D>�0*%�	<=.;'().(-+�4�ก'0�0*(<1�/E#89:	 	�ก��ก	(:
ก��7�o	�/�$7�	B�;8�#%?2:���1��$%'-	0-'�#7�	B�6�/*�;	��<1��+�%�&	�0B('()	+�/	,��(ก�0B(�	9)#,	
ก��%70).-��./�.��D8�#%?2:�%72)�,��>�0*%�	<=.;'().(-+�4�ก'0�0*(/E#89:	 

 

ก	 ELกJ	ก	 %+�%��	%��-	)�#*�+	�M *-�%���,6
!�38����*��8�ก��-	���
���	

��
	��
,�1)-1�ก ����ก	 �
�ก 

 
ก��	"���/1����%
'�0ก�	%=��E��/.�,?�,	ก����	ก��'()%ก()$�8��#ก��ก��$+�$/��$1��$

%�	<=.;��*��#.(ก������/
�7��*D�10�ก+�	 (Cara 4��-3�, 2006) ��*D����/#-;8�#ก������
/
�7 -2� %72)�'()��%��()$	4��#��2�ก"���1�#-;���ก��8�#�-�#/���#72?%72)�%70).-��./�.��D,	
ก��$+�$/��$1��$%�	<=.;4��%70).>�>�0*8�#	:"�*��'(),?�,	ก���.�ก=9)#<1���กก��$+�$/��$
%=��E��/4��%F.0%=��E��/,��/E#89:	 (Mosier 4��-3�, 2005) #�	�0��$	(:<1�,?��0B(ก������/
�7
��*D�10�1��$�0B('�#ก�7
�7*�.1��$�0B('�#%-.( -2� �1,���
��ก��$%�&	>#ก+�	4���*�.1��$ก��
,?����-�<�	;%7��;��ก<=1; �0B(	(:<.+'"�,��%ก01%@��;@E���4��<F1��ก=(%.'0�%@��;@E���89:	,	����+�#
ก������/
�7 (Saha 4�� Cotta, 2007) =9)#/��'�:#/�#*��	(:.�ก%ก0189:	,	ก����	ก��'().(ก��,?�
ก�1����/
�7��2�,?�ก�1,	ก��$+�$/��$ ��1%�&	*��$��$�:#ก��%��0
%*0��*8�#$(/*;'(),?�,	ก��
�.�ก%�'�	�� (Purwadi, 2006)  

,	#�	�0��$	(:<1�/	,�%`7��	:"�*��ก�E�-/'()<1���กก��$+�$/��$%=��E��/1��$%=��E%�/
4��	:"�*��<=��/'()<1���กก��$+�$/��$<=4�	1��$<=4�%	/%'+�	�:	 %7���<=4�	%�&	
�#-;���ก�����ก'()7�.�ก'()/�1,	%F.0%=��E��/ ก��%��($�%'($����/0'B0
�7,	ก��$+�$/��$
�
��4*+��?	01��1E��ก%���;%=Z	*;8�#ก��%��()$	%�&		:"�*���(10�=; %	2)�#��ก�
��4*+��?	01.(
��0.�38�#%=��E��/4��%F.0%=��E��/4*ก*+�#ก�	 >�ก��$+�$/��$�
��'�:# 18 ?	01 1��$    
%=��E%�/4��<=4�%	/ �1$,?���0.�3�
��4��#'()�1%�&	>#4��� 0.6 ก��. 7��+� �
��/+�	,�
+��
.(��0.�3	:"�*���(10�=;�$E+,	?+�# 500 - 600 .0��0ก��./ก��.8�#��*D�10� 4��.(%���;%=Z	*;8�#ก��
%��()$	%�&		:"�*���$E+,	?+�# 70 - 80 %���;%=Z	*; �1$�
��ก0		(/(.+�#.(-+�/E#'()/�1%�&	 85.56 ± 
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3.44 %���;%=Z	*; 	�ก��ก	(:$�#<1�.(ก��,?�4��@�-%=��E��/>/.ก��<=4�	%72)�%��($�%'($�>�1��$ 
%	2)�#��ก%�&	7��0%.��;'()7��$E+,	/+�	���ก��8�#�
��%?+	%1($�ก�	 4*+<.+<1��$E+��.ก�	
%�.2�	ก��%=��E��/4��%F.0%=��E��/'()7�,	�
���9#	+���$+�$/��$<1�#+�$ '"�,����ก<1��+�
%�	<=.;'(),?�/�.��D$+�$/��$%=��E��/4��%F.0%=��E��/<1�1(��2�<.+ >�ก��,?�4��@�-%=��E��/
>/.ก��<=4�	�$+�#�� 0.3 ก��. 7��+� ���#ก��$+�$/��$.(��0.�3	:"�*���(10�=;4��-��.%8�.8�	
8�#	:"�*��/E#ก�+��
��'�:# 18 ?	01 %�&	 753.94 ± 6.89 .0��0ก��./ก��.8�#��*D�10� 4*+%.2)�-01%�&	
%���;%=Z	*;8�#ก��%��()$	%�&		:"�*����%'+�ก�� 75.39 ± 0.69 %���;%=Z	*; =9)#.(-+�	��$ก�+��
��
/+�	,�
+ %	2)�#��ก<1�,?�4��@�-%=��E��/4��<=4�	,	��0.�3 1,000 .0��0ก��./ก��.8�#��*D�10� 
=9)#/E#ก�+�'()7�,	�
��'(),?�,	ก��'1��#=9)#.(-+����.�3 700 .0��0ก��./ก��.8�#��*D�10� �9#/+#>�
,��$+�$/��$��ก.�4���.(��0.�3	:"�*��	��$%.2)�%'($�ก����0.�38�#%=��E��/4��<=4�	'(),?�
'"�,��.(%���;%=Z	*;8�#ก��%��()$	%�&		:"�*��*)"�ก�+� 4/1#,��%�Z	�+��0B(ก������/
�74��%�	<=.;
'(),?�/�.��D$+�$/��$�
��<1�1( 

%.2)�%��($�%'($�ก��ก��'1��#8�# Saha 4�� Cotta (2006) =9)#,?��0B(ก������/
�7
1��$���-�<�	;%7��;��ก<=1;�1$,?�<F�1�%�	%7��;��ก<=1; 2.15 %���;%=Z	*;�1$��0.�*� pH 11.5 
%8$+��1$,?�-��.%�Z� 250 ���*+�	�'( '()��3�
E.0 35 �#6�%=�%=($/ %�&	%��� 24 ?�)��.# 4���$+�$
/��$�1$,?�%�	<=.;'�#ก��-�� 3 ?	01 '()��3�
E.0 50 �#6�%=�%=($/ %�&	%��� 120 ?�)��.# 7��+� 
/�.��D$+�$/��$@�#8���/��(=9)#.(��0.�3��.8�#%=��E��/4��%F.0%=��E��/%�&	 69.47 ± 0.39 
%���;%=Z	*; <�%�&		:"�*��<1� 672 ± 4 .0��0ก��./ก��.8�#@�#8��� ��2�-01%�&	%���;%=Z	*;8�#ก��
%��()$	%�&		:"�*��%'+�ก�� 96.7 %���;%=Z	*; 	�ก��ก	(: Saha 4�� Cotta (2007) $�#<1�.(ก��69กC�
,	4ก���1$,?��0B(ก������/
�71��$���-�<�	;%7��;��ก<=1;%?+	%1($�ก��#�	�0��$	(: -2� ,?�
<F�1�%�	%7��;��ก<=1; 7.5 %���;%=Z	*;�1$��0.�*� pH 11.5 %8$+��1$,?�-��.%�Z� 250 ���*+�
	�'( '()��3�
E.0 35 �#6�%=�%=($/ %�&	%��� 24 ?�)��.# 4���$+�$/��$�1$,?�%�	<=.;'�#ก��-�� 3 
?	01 '()��3�
E.0 50 �#6�%=�%=($/ %�&	%��� 72 ?�)��.# 7��+� /�.��D$+�$/��$4ก��=9)#.(
��0.�3��.8�#%=��E��/4��%F.0%=��E��/%�&	 47.58 ± 0.85 %���;%=Z	*; <�%�&		:"�*��<1� 457 ± 
0 .0��0ก��./ก��.8�#4ก�� ��2�-01%�&	%���;%=Z	*;8�#ก��%��()$	%�&		:"�*��%'+�ก�� 96 %���;%=Z	*;  
%	2)�#��ก Saha 4�� Cotta <1�,?�%�	<=.;'�#ก��-�� 3 ?	01 -2� Celluclast 1.5 L (%=��E%�/) 
Novozyme 188 (%�*�-ก�E�-=0%1/) 4�� Viscostar 150 L (<=4�%	/) =9)#.(4�ก'0�0*(/E#ก�+�
%�	<=.;'()>�0*��ก%?2:��� T. reesei ,	#�	�0��$	(:.�ก �(ก'�:#$�#.(ก��,?�%�*�-ก�E�-=0%1/�+�.1��$
=9)#/+#>�'"�,��$+�$/��$%=���<���/<�%�&		:"�*��ก�E�-/<1�1( �9#'"�,��<1�%���;%=Z	*;8�#ก��
%��()$	%�&		:"�*��/E#ก�+� 
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%���;%=Z	*;8�#ก��%��()$	%�&		:"�*��8�#�
��4*+��?	01.(-+�-+�	8��#,ก��%-($#ก�	'"�,��
ก��*�1/0	,�%72)�-�1%�2�ก?	018�#�
��'()��	"�<�,?�,	ก����	ก���.�ก*+�<�%�&	<�<1�$�ก 1�#	�:	
�9#<1�	"�8��.E�>�>�0*	:"��	�ก4��#8�#�
��4*+��?	01=9)#%�&	8��.E�'()<1�.���กก����Eก,	/
�7
72:	'()'().(-��.%�.��/.ก���
��?	01	�:	m .�,?�,	ก��-"�	�3�+�.ก����0.�3	:"�*���(10�=;'()<1�
���#��กก��$+�$/��$1��$%�	<=.; 4��-"�	�3����0.�3%�'�	��'()>�0*<1�'�#'qCK(%.2)�
-"�	�3��ก��0.�3	:"�*���(10�=;1�#ก�+�� %72)�%��($�%'($�6�ก$
�7,	ก��>�0*%�'�	����ก.(
ก��	"��
��'().(ก����Eก4��<1�>�>�0**�.	�:	��0#m .�'"�ก��$+�$/��$1��$%�	<=.; �1$7��+�
�
��47#�ก�+�.(��0.�3	:"�*���(10�=;4����0.�3%�'�	��'()>�0*<1�'�#'qCK(%.2)�-"�	�3��ก
��0.�3	:"�*���(10�=;'()<1�/E#ก�+��
��?	01�2)	m .�ก -01%�&	 3,126.18 ก0��ก��./<�+/�[ 4�� 
2,024.69 �0*�/<�+/�[ *�.�"�1�� ��กก��70���3�>�'()<1���ก-"�	�3�9#<1�-�1%�2�ก�
���"�	�	 
11 ?	01 '().(��0.�3	:"�*���(10�=;'�:#�.1%ก0	 630 ก0��ก��./<�+/�[ ��2�.(��0.�3%�'�	��'()>�0*<1�
'�#'qCK(%ก0	 408 �0*�/<�+/�[ <�69กC�,	8�:	*�	ก���.�ก*+�<� 4�+#%�&	�
�������/�*�; 8 ?	01 
-2� ,��
��%	%�[$�; ,��
��%	%�[$�;4-�� ,��
��%	%�[$�;$�กC; ,��
����	+� �
��ก0		(/(.+�# 
�
���E=() �
��47#�ก�+� 4���
����*��*�. /+�	�
��4nก.( 3 ก��+.7�	B�; -2� ก��+.7�	B�;6�(��#ก� 
ก��+.7�	B�;������-(�(8�	B; 4��ก��+.7�	B�;��?���(  
 
ก	 0�#����	��� 
 
 ,	ก��>�0*%�'�	����ก�
��'().(�#-;���ก�����ก%�&	%=��E��/4��%F.0%=��E��/
�"�%�&	*��#.(ก��$+�$/��$�#-;���ก��1�#ก�+��%72)�,��ก��$%�&		:"�*��ก�E�-/4��<=��/=9)#%�&	
	:"�*��'()��<1���กก��$+�$/��$%�&	/+�	,�
+ %72)�'()��	"�	:"�*��'�:#/�#?	01	(:.��.�ก%�&	        
%�'�	���9#<1�,?�$(/*; 2 ?	01 -2� S. cerevisiae 4�� P. stipitis =9)#.(-��./�.��D,	ก��,?�
	:"�*��<1�4*ก*+�#ก�	 �1$ S. cerevisiae /�.��D,?�%`7��	:"�*��ก�E�-/<1�%'+�	�:	 �9#<1�	"�     
P. stipitis .�,?�,	ก���.�ก�+�.1��$ =9)# P. stipitis /�.��D,?�<1�'�:#	:"�*��ก�E�-/4��<=��/ 
�$+�#<�กZ*�.%?2:�?	01	(:.(��*��ก���.�ก	:"�*��ก�E�-/*)"�ก�+� S. cerevisiae (Taniguchi 4��
-3�, 1997) ก+�	'()��	"�%?2:�.�,?��9#<1�'"�ก��69กC�ก��%��0
%*0��*8�# S. cerevisiae 4��    
P. stipitis ,	�����/E*� YMB '().(4��+#-��;��	%�&		:"�*��ก�E�-/4��<=��/*�.�"�1�� %72)�
%�2�ก��$�8�#%?2:�'()%�.��/.,	ก��	"�<�,?�%�&	ก���%?2:�/"�����>�0*%�'�	�� %.2)�	"�-+� ln 8�#
�"�	�	%=��;$(/*;ก��%���<�/���#ก��@��<1�ก��@'().(ก��%��0
%�&	4��4�*?; (typical batch 
growth curve) %	2)�#��ก%�&	ก��%�(:$#%?2:�,	����'()<.+.(ก��%*0./��������#<�,	����+�#'()%?2:�
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.(ก��%��0
%*0��* ,	��$�%�ก=;�7%		%?($�=9)#%�&	��$�'()%=��;.(ก��%70).�"�	�	%�&	/�#%'+�*+�
�	+�$%��� %�&	?+�#'()ก��@.(��กC3�%�&	%/�	*�#'().(-��.?�	.�ก'()/�1 �1$-+�8�#-��.?�		(: -2� 
��*��ก��%��0
�"�%7�� �9#%�&	?+�#'().(��*��ก��%��0
�"�%7��/E#'()/�1 1�#	�:	,	ก��69กC���$�8�#
ก���%?2:�'()%�.��/.%72)�,��<1�%?2:�'().(���/0'B0
�7,	ก��>�0*%�'�	���9#70���3���ก��$�        
%�ก=;�7%		%?($� >�ก��69กC�7��+� P. stipitis <.+%ก01��$�4�Zก 4/1#�+�%?2:�'(),?�/�.��D%��0

,	�����'().(4��+#-��;��	%�&		:"�*��<=��/<1�'�	'( ,	83�'() S. cerevisiae $�#-#.(��$�4�Zก 
%�&	%��� 2 ?�)��.# '()��$�%��� 9 ?�)��.# S. cerevisiae .(��*��ก��%��0
�"�%7��/E#'()/�1 %�&	 
0.48 *+�?�)��.# 4��'()��$�%��� 10 ?�)��.# P. stipitis .(��*��ก��%��0
�"�%7��/E#'()/�1 %�&	 0.34 
*+�?�)��.# =9)#%�&	?+�#'()�$E+,	��$�%�ก=;�7%		%?($� �1$%=��;$(/*;��.(��*��ก��%��0
%*0��*/E#
'()/�1�9#<1�,?�%?2:�'()��$�1�#ก�+��.�%�&	ก���%?2:�,	ก����	ก���.�ก*+�<� %.2)�,?���0.�*�8�#ก���
%?2:�?	01�� 7.5 .0��0�0*� ��'"�,��.(��0.�3%=��;8�# S. cerevisiae 4�� P. stipitis %�0).*�	
���.�3 5 × 108 4�� 7.5 × 108 %=��; *�.�"�1�� ��กก��69กC�8�#��0CK�#-; �#6;���?
; 
(2547) '()<1�'"�ก��69กC���
���'()%�.��/.,	ก��>�0*%�'�	����กก�ก	:"�*�����$�1$,?�    
S. cerevisiae SKP1 7��+� ก��,?������ BSM medium '().(ก�E�-/ 20 ก��./�0*� %�&	�����
/"�����%�(:$#ก���%?2:� ��'"�,��%?2:�.(��*��ก��%��0
�"�%7��/E#'()/�1'()��$�%��� 12 ?�)��.# -01%�&	 
0.176 *+�?�)��.#   

,	ก����	ก��>�0*%�'�	����ก��/1����%
'�0ก�	%=��E��/	�ก��ก��*��#.(ก������
/
�74��$+�$/��$��*D�10�4��� ,	8�:	*�	ก���.�กD2��+�%�&	/+�	/"�-�
%?+	%1($�ก�	 ก���.�ก
/�.��D'"�<1����$ก����	ก�� 4*+ก��,?�ก����	ก��$+�$/��$4���.�ก�+�.ก�	4��*+�%	2)�# 
(SSCF) %�&	ก����	ก��'().(8��1( -2� /�.��D$+�$/��$��*D�10�,��%�&		:"�*��%Fก�=/4��%7	�*/
4����.�ก	:"�*��'�:#/�#?	01	(:,��%�&	%�'�	��<1�,	8�:	*�	%1($� ��0.�38�#	:"�*��ก�E�-/'()
-+�$m ��+�$��ก.���กก��$+�$/��$��DEก	"�<�,?�,	ก���.�ก�$+�#*+�%	2)�#�9#'"�,��.(-��.
%8�.8�	8�#	:"�*��ก�E�-/*)"�/+#>�,��.(ก���.�ก	:"�*��<=��/<1�1(89:	 (Öhgren 4��-3�, 2006) 
��กก��%��($�%'($�ก��>�0*%�'�	��1��$ก����	ก�� SSCF �1$,?�%=��E%�/4��<=4�%	/'()
>�0*<1���ก%?2:��� T. reesei ,	ก��$+�$/��$4��,?� S. cerevisiae 4�� P. stipitis ,	ก���.�ก
�+�.ก�	4��*+�%	2)�# �1$,?���*D�10�%�&	�
�� 11 ?	01'()<1�-�1%�2�ก.� =9)#%�&	�
�������/�*�; 8 
?	014���
��4nก 3 ก��+.7�	B�; ก��4��@�-%=��E��/>/.ก��<=4�	%�&	��*D�10�,	ก���.�ก%72)�
%��($�%'($�1��$  ��*D�10�'�:#�.1��	"�<�>+�	ก������/
�71��$�0B(1��$���-�<�	;%7��;��ก<=1;
ก+�	%8��/E+ก����	ก�� SSCF >�'()<1�7��+� �
��4nกก��+.7�	B�;6�(��#ก�.(��0.�3%�'�	��/E#
'()/�1 -2� 1.14 ± 0.09 ก��./�0*� ��2�%'+�ก�� 0.14 ± 0.01 ก��./ก��.8�#��*D�10� =9)#-01%�&	 32.72 ± 
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2.69 %���;%=Z	*;8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�'�#'qCK( 4*+%.2)�	"�>�>�0*	:"��	�ก4��# 
(ก0��ก��./<�+/�[) 8�#�
��4*+��?	01.�-"�	�3�+�.1��$ 7��+� ,��
��%	%�[$�;4-��.(��0.�3    
%�'�	��/E#'()/�1%�&	 435.29 �0*�/<�+/�[ /"������
��ก0		(/(.+�#4���
��47#�ก�+� 7��+� .(
��0.�3%�'�	��*)"�'()/�1-01%�&	 6.08 4�� 6.80 %���;%=Z	*;8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��
-+�'�#'qCK(*�.�"�1�� =9)#8�14$�#ก��ก��69กC�>�ก��$+�$/��$1��$%�	<=.;,	%�2:�#*�	'()7��+�
�
��ก0		(/(.+�#.(%���;%=Z	*;8�#ก��%��()$	%�&		:"�*��/E#'()/�1%�&	 85.56 ± 3.44 %���;%=Z	*; 4��
�
��47#�ก�+�.(%���;%=Z	*;8�#ก��%��()$	%�&		:"�*��%�&	 76.03 ± 0.84 %���;%=Z	*;=9)#-+�	8��#/E# 
4/1#�+����%ก01��กก��'()�
��/�#?	01	(:.(/����#�$+�# %?+	 4'		0	��2�=0�0ก� ,	��0.�3'()
/+#>�ก��'�*+�ก��'"�#�	8�#%�	<=.;4��ก��%��0
%*0��*8�#$(/*;�9#'"�,����0.�3%�'�	��'()
<1�,	ก���.�ก.(-+�*)"�'()/�1 	�ก��ก	(:/�����ก���2)	m '().(-��.%�&	70C*+�%?2:����0	'�($; %?+	 
�	�7�	B;8�#�0ก	0	'()%�&	/�����ก��@[�	�0ก���/+#>�,��-��./�.��D,	ก���.�ก�1�# (Nigam, 
2001) ,	#�	�0��$	(:<.+<1�69กC�D9#>�8�#/��$��$�:#1�#ก�+�� 1�#	�:	��ก��.(ก���0��$*+�<��9#-��.(
ก��69กC�D9#?	014����0.�38�#/��$��$�:#'()%ก0189:	 ��.'�:#��/
���'()%�.��/.,	ก������
/
�74��ก��ก"���1�0ก	0	 %72)�,��%?2:�/�.��D>�0*%�'�	��<1�/E#89:	 	�ก��ก	(:��0.�38�#
%�	<=.;'(),?�กZ/+#>�*+�-��./�.��D,	ก��$+�$/��$1��$ �9#-��.(ก��69กC�D9#>�8�#��0.�3
%�	<=.;%?+	ก�	 

 ,	#�	�0��$'().(ก��69กC�ก��>�0*%�'�	����ก�
�� 7��+� Isci 4��-3� (2008) <1�
69กC�ก����	ก���.�ก4�� SSF ,	�
��/�0*?; �1$,?��0B(ก������/
�71��$/������$
4�.�.%	($ 7��+�/�.��Dก"���1�0ก	0	<1� 40 - 50 %���;%=Z	*; ,	83�'()��0.�38�#%=��E��/$�#-#
<.+%��()$	4��# 4*+��0.�38�#%F.0%=��E��/�1�# 50 %���;%=Z	*; .(ก��,?�%=��E%�/'�#ก��-�� -2� 
Spezyme CP =9)#.(4�ก'0�0*(%�&	 77 FPU/.0��0�0*� ,	ก��$+�$/��$�+�.ก��ก���.�ก1��$         
S. cerevisiae D5A %�&	%��� 10 ��	 >�'()<1�7��+� /�.��D>�0*%�'�	��<1� 72 %���;%=Z	*;8�#  
%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�'�#'qCK( =9)#4*ก*+�#��ก#�	�0��$	(:*�#'()<1�.(ก��4$ก%��/+�	
8�#%F.0%=��E��/4���0ก	0	=9)#%�&	/��$��$�:#,	ก����	ก���.�ก��ก<� 4���,?�/+�	'()%�&	
%=��E��/,	ก��>�0*%�'�	���1$,?�%=��E%�/,	ก��$+�$/��$4��,?�%?2:�%7($#?	01%1($�,	ก��
�.�ก4�� SSF %'+�	�:	 �9#'"�,��<1���0.�3%�'�	��/E#ก�+� 

��กก��69กC�ก���.�ก	:"�*��ก�E�-/4��<=��/,	%?2:�'�:#/�#?	01%72)�1E���/0'B0
�78�#
%?2:�,	ก���.�ก 7��+� ก��,?�%?2:� 2 ?	01�+�.ก�	,	ก���.�ก'�:#	:"�*��ก�E�-/4��<=��/'"�,��<1�
��0.�3%�'�	��%7($# 50.74 %���;%=Z	*;8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�'�#'qCK(=9)#	��$
ก�+�ก��,?�%?2:�4��4$กก�	,	ก���.�ก	:"�*��ก�E�-/��2�<=��/=9)#<1���0.�3%�'�	����.ก�	%�&	 
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78 %���;%=Z	*;8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�'�#'qCK( 4/1#,��%�Z	�+�ก��,?�$(/*;�+�.ก�	 
2 ?	01 '"�,��-��./�.��D,	ก��>�0*%�'�	���1�# �9#/+#>�,����0.�3%�'�	��'()<1�.(-+�	��$
ก�+�'�#'qCK(.�ก %�'�	��'()�1�#���%ก01��กก��'().(-��.%8�.8�	8�#	:"�*��ก�E�-//E#%ก0	<�
�9#/+#>�,�� P. stipitis .(-��./�.��D,	ก���.�ก	:"�*��<=��/<1�	��$�# 4��%?2:�'�:#/�#?	01
���48+#8�	ก�	%�#,	ก��,?�/�������%	2)�#��ก P. stipitis /�.��D,?�	:"�*��ก�E�-/<1�
%?+	%1($�ก�� S. cerevisiae 	�ก��ก	(:$�#7��+� P. stipitis ��,?�	:"�*��ก�E�-/ก+�	%�&	��	1��4�ก
4���-+�$*�.1��$ก��,?�	:"�*��<=��/ (Du preez, Bosch 4�� Prior, 1986) 4/1#�+�ก��8	/+#
8�#	:"�*��<=��/%8��/E+%=��;DEก$��$�:#�1$	:"�*��ก�E�-/ (Kilian 4�� van Uden, 1988)   
	�ก��ก	(:��0.�3��ก=0%�	กZ%�&	�(ก�	9)#�����$'()/"�-�
 %	2)�#��ก%=��;.(-��.*��#ก����ก=0%�	
%72)�,?�,	ก��%��0
%*0��*4*+��'"�,���1ก��>�0*%�'�	���# (Grootjen 4��-3�, 1991) ,	
#�	�0��$�9#	(:<1��.�ก,	����'()<.+.(ก��%*0.��ก=0%�	%8��<� 4.��+� S. cerevisiae ��/�.��D�.�ก
%�'�	��<1�1(,	/
���'()<.+.(��ก=0%�	 4*+ P. stipitis $�#-#*��#ก����ก=0%�	%72)�,?�,	ก���.�ก
�$E+ ��กก��69กC�8�# Grootjen, van der  Lans 4�� Luyben (1990) 7��+� ก��,����ก�6
/�.��Dก��*��	ก�����	:"�*��%8��/E+%=��;4��%ก01ก��>�0*%�'�	��<1�,	 P. stipitis 1�#	�:	��0.�3
��ก=0%�	'().(�$E+�$+�#�"�ก�1	(:�9#%�&	/�%�*�,�� P. stipitis >�0*%�'�	��<1�	��$�# ก��69กC������$
*+�#m <1�4ก+ -+�-��.%�&	ก�14��1+�# (pH) ��3�
E.0 ��0.�38�#��ก=0%�	 /E*������ 4��
��0.�3%=��;%�0).*�	'(),?� '()/+#>�*+�ก����	ก���.�ก	:"�*��ก�E�-/4��<=��/�9#%�&	/0)#�"�%�&	 
%72)�,��'�:# S. cerevisiae 4�� P. stipitis /�.��D�.�ก	:"�*���+�.ก�	<1��$+�#%�.��/.4��.(
���/0'B0
�7.�ก'()/�1  

4.��+���.(#�	�0��$%�&	�"�	�	.�ก'()<1�69กC�>�8�#ก���.�ก	:"�*��ก�E�-/4��<=��/
�+�.ก�	�1$,?� S. cerevisiae 4�� P. stipitis 4*+ก��69กC�,	ก���.�ก��/1����%
'�0ก�	%=��E��/
�1$,?�%?2:�'�:#/�#?	01�+�.ก�	$�#-#.(	��$�$E+ /+�	,�
+.�ก,?�%?2:�4$กก�	,	ก���.�ก =9)#4*ก*+�#
��ก#�	�0��$	(:'()<1�,?�%?2:� 2 ?	011�#ก�+��,	ก���.�ก�+�.ก�	4�� SSCF ��ก#�	�0��$8�# Gupta, 
Sharma 4�� Kuhad (2009) <1�69กC�ก��,?� Prosopis juliflora ��2� Mesquite =9)#%�&	<.�7�+.
>��1,� .(�	�. ��$����$�[ .�%�&	��*D�10�,	ก��>�0*%�'�	��1��$ก����	ก�� SHF �1$.(ก��
����/
�71��$ก�1=��@w��0ก%�2���# '"�,��%F.0%=��E��/DEก$+�$/��$ก��$%�&		:"�*�� 4���ก"���1
/��70C'()%ก0189:	,	/+�	<F�1�<�%/*	(:1��$4-�%=($.<F1��ก<=1; /+�	8�#48Z#'()%��2�=9)#%�&	
%=��E��/��	"�<�ก"���1�0ก	0	1��$�=%1($.=��<@*;4���=%1($.-��<�*; 4���	"�<�$+�$/��$1��$
%�	<=.;'�#ก��-�� 2 ?	01 -2� %=��E%�/=9)#.(4�ก'0�0*(%�&	 6.5 FPU/.0��0ก��.8�#%�	<=.; 4��    
%�*�-ก�E�-=0%1/ (Novozyme 188) =9)#.(4�ก'0�0*(%�&	 250 $E	0*/ก��.8�#%�	<=.; ��ก	�:		"�
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<F�1�<�%/*'()<1���กก��$+�$1��$ก�1=9)#.(��0.�3	:"�*��%�&	 18.24 ก��./�0*� <��.�ก�1$,?�    
P. stipitis 4��<F�1�<�%/*'()<1���กก��$+�$1��$%�	<=.;=9)#.(��0.�3	:"�*��%�&	 37.47 ก��./�0*� 
<��.�ก�1$,?� S. cerevisiae 7��+� /�.��D>�0*%�'�	��<1� 7.13 4�� 18.52 ก��./�0*� ��2�-01
%�&	 0.39 4�� 0.49 ก��./ก��.8�#	:"�*�� �1$,?�%��� 24 4�� 16 ?�)��.# *�.�"�1�� %.2)�
%��($�%'($�>�ก��>�0*%�'�	��'()<1���ก#�	�0��$8�# Gupta 4��-3�'(),?�*�	 Mesquite %�&	
��*D�10�ก��#�	�0��$	(:'(),?��
��%�&	��*D�10� 7��+� ��0.�3%�'�	��'()<1���ก#�	�0��$8�# Gupta 
4��-3�.(-+�-01%�&	 76 4�� 96 %���;%=Z	*;8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�'�#'qCK(%.2)�
,?� P. stipitis 4�� S. cerevisiae ,	ก���.�ก*�.�"�1�� =9)#%�&	-+�'()/E#ก�+�,	#�	�0��$	(:.�ก'()<1�
��0.�3%�'�	��%7($# 30 ก�+�%���;%=Z	*;8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�'�#'qCK(
%	2)�#��ก#�	�0��$8�# Gupta 4��-3�.(ก��$+�$/��$%F.0%=��E��/4��%=��E��/4$กก�	�1$,?�
ก�14��%�	<=.;'�#ก��-��*�.�"�1�� /+#>�,��.(��0.�3-��.%8�.8�	8�#	:"�*��'()��,?�,	ก��
�.�ก/E# �(ก'�:#$�#.(ก����/
���'()%�.��/.8�#ก������/
�74��ก���.�ก �9#'"�,��<1�>�>�0*  
%�'�	��/E#ก�+� *+�#��ก#�	�0��$	(:'(),?�ก����	ก�� SSCF =9)#$�#<.+<1�.(ก����/
���'()%�.��/. 
%.2)�/0:	/�1ก����	ก��4�����*D�10����$�#DEก$+�$/��$%�&		:"�*��<.+�.1 4��%?2:�'�:#/�#?	01'()
,?��+�.ก�	����$E+,	/
�7'()<.+%�.��/.,	ก���.�ก%'+�'()-��1�#'()ก�+��8��#*�	 ���/0'B0
�7,	
ก���.�ก�9#�1�# /+#>�,����0.�3%�'�	��'()<1�.(-+�	��$ก�+�'()-����%�&	 

%.2)�70���3���0.�3%�'�	�� (�0*�/<�+/�[) 8�#�
���"�	�	 11 ?	01 '()>�0*<1���กก��
�.�ก1��$ก����	ก�� SSCF 7��+� ,��
��%	%�[$�;4-��.(��0.�3%�'�	��/E#'()/�1%�&	 435.29 
�0*�/<�+/�[ �9#%�&	�
��'().(6�ก$
�7,	ก��	"�<�7�o	�%72)�,?�%�&	72?7��##�	/"�����>�0*%�'�	��
1��$ก����	ก�� SSCF <1� �1$��*��#.(ก��69กC���/
���'()%�.��/.,	ก���.�ก1��$
ก����	ก��	(:*+�<�%72)�,��/�.��D>�0*%�'�	��<1�/E#89:	4��.(-��.,ก��%-($#ก��-+�'�#'qCK( 
�$+�#<�กZ*�.��ก��	"��
��%	%�[$�;4-��.�,?���0#,	�	�-*�9#-��'()��%กZ�%ก()$�,	?+�#��$�'()<.+
.�ก�	%ก0	<�%72)�,��,?�����$?	;<1�'�:#*�	4��,� =9)#��/�.��D%กZ�%ก()$�<1�D9# 3 - 4 -��:#,	 1 �[ 
%	2)�#��ก,	ก��'1��#	(:<1�,?��
��'().(��$�.�ก4���'"�,���"�*�	.(-��.48Z#.�ก�9#<1�	"�%`7��
/+�	,�.�'1��#%'+�	�:	 *�.�ก*0,	ก��	"��
��?	01	(:.�,?�%�&	�����/�*�;.�ก��*�1'()��$�
���.�3 30 - 45 ��	 (ก��'��#%กC*�4��/�ก�3;, ก�.�6�/�*�;, 2549) =9)#��,?�'�:#/+�	�"�*�	
4��,���.ก�	�$E+4��� 1�#	�:	�9#.(-��.%�&	<�<1�'()��	"�/+�	8�#�"�*�	.�,?� 	�ก��ก	(:$�#*��#.(
ก��69กC�%��($�%'($���0.�3%�'�	��'()<1���กก��,?�/+�	8�#�"�*�	�+�.1��$�+�/+#>�,����0.�3
%�'�	��'()<1�4*ก*+�#<���กก��,?�%`7��/+�	8�#,��$+�#%1($�.�ก	��$%7($#,1 	�ก��ก	(:�
��
,	ก��+.%	%�[$�;$�#.(8��1(-2� /�.��D'	*+�/
�772:	'()��Eก'()%�&	10	ก�1��1 10	%�	($� 10	'��$ 
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��2�72:	'()4��#4��#<1�,	��1��7�,?� �9#	+���/�.��D	"�<���Eก,	72:	'()1�#ก�+��<1�=9)#��<.+<�4$+#
72:	'()��Eก72??	01�2)	'().(�$E+4��� 

�
��47#�ก�+�4.��+���.(��0.�3%�'�	�� (�0*�/<�+/�[) '()>�0*<1���กก���.�ก/E#%�&	
�"�1��'() 3 4*+%.2)�70���3�-��.%8�.8�	8�#%�'�	��'()<1�7��+�.(-+�*)"�.�ก%.2)�%'($�ก���
��?	01
�2)	 4/1#�+�ก����	ก���.�ก'(),?�,	#�	�0��$	(:���$�#<.+%�.��/.ก���
��?	01	(: 4��,	�
�����
.(/����#�$+�#'()���/+#>�$��$�:#ก����	ก���.�ก 1�#	�:	�
��47#�ก�+��9#<.+%�.��/.'()��
	"�<�,?�,	ก��>�0*%�'�	��1��$�0B(ก���.�ก4�� SSCF 4*+��กก���0%-����;��0.�3%�'�	��'()
>�0*<1�'�#'qCK(��กก��-"�	�3'�:#/�#�0B( 7��+� �
��47#�ก�+�.(-+�/E#'()/�1 4��'()/"�-�
-2� 
%�&	�
��'().(>�>�0*	:"��	�ก4��#/E#.�ก %�.��/"�����'"��
��4��# /�.��D89:	<1�1(,	10	���$
?	01*�:#4*+10	'��$�	D9#10	%�	($� 4��'	4��#<1�1( (�(����?�; %8Z./��/10� 4��-3�, 2545) �
��
47#�ก�+��9#.(6�ก$
�7'()��	"�<�,?�%�&	72?7��##�	,	���%'6<'$<1�%?+	ก�	 1�#	�:	��ก��	"�
�
��?	01	(:<�7�o	�%72)�ก��>�0*%�'�	��*+�<��1$,��.(-+�,ก��%-($#ก��-+�'�#'qCK(.�ก'()/�1
�9#-��'()��.(ก��69กC�*+�<��1$%��()$	ก����	ก��'(),?�,	ก���.�ก %	2)�#��ก�
��?	01	(:/�.��D
$+�$/��$1��$%�	<=.;4���<1���0.�3	:"�*��'()/E# �9#���	"�<��.�ก1��$ก����	ก�� SHF <1�  

ก���1*�	'�	ก��>�0*%�'�	��/�.��D'"�<1��1$ก���1*�	'�	8�#��*D�10���2�%�	<=.;'()
	"�.�,?� ก��,?���*D�10�'().(ก���������#'�#7�	B�ก��.%72)�,��.(��0.�3-��;��<F%1�*/E#�+�.ก��ก��
7�o	�,	%�2)�#8�#ก��%��()$	��*D�10�,��%�&		:"�*����/�.��D�1*�	'�	ก��>�0*%�'�	��<1� 
(Wooley 4��-3�,1999) /+�	ก���1*�	'�	8�#ก��>�0*%�	<=.;	��<1��+�%�&	�����$'()/"�-�
8�#
ก��$+�$/��$��/1����%
'�0ก�	%=��E��/ ก��,?�%'-	0-'�#7�	B�6�/*�;,	ก���-�	$(	%=��E%�/
%8��/E+4�-'(%�($ $(/*; 4���� ��'"�,��/�.��D%70).���/0'B0
�7,	ก��>�0*%�	<=.;4��4�ก'0�0*(<1�
/E#89:	 (Sun 4�� Cheng, 2002) 	�ก��ก	(:ก��7�o	�/�$7�	B�;$(/*;,��.(���/0'B0
�71(89:	 <.+�+�
��%�&	,	%�2)�#8�#-��./�.��D,	ก��,?�	:"�*��<1����$?	01 ก��'	*+�%�'�	��'().(-��.
%8�.8�	/E#m ��2�-��./�.��D,	ก��$+�$/��$4���.�ก��/1����%
'�0ก�	%=��E��/<1�,	-���
%1($�ก�	 D2�<1��+�%�&	/0)#'()-����'"�*+�<�,	�	�-*��ก*��#ก��>�0*%�'�	��,	��1��
��*/��ก��.*+�<� 
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�����  6 
 

� ��0�ก	 �*�������-�������� 
 

�
��,	���%'6<'$'()<1�	"�.�,?�,	#�	�0��$	(:.('�:#�.1 18 ?	01 4�+#��ก%�&	 2 ���%
' 
-2� �
�������/�*�;�"�	�	 8 ?	01 <1�4ก+ �
��%	%�[$�; �
��%	%�[$�;4-�� �
��%	%�[$�;$�กC; �
��
��	+� �
��ก0		(/(.+�# �
���E=() �
��47#�ก�+� 4���
����*��*�. �(ก���%
' -2� �
��4nก
�"�	�	 10 ก��+.7�	B�;  =9)#4�+#<1�%�&	�
��4nก��. 4 ก��+.7�	B�;  (ก"�47#%7?� 2 /#8�� 3              
/���CK�;B�	(  4��6�(��#ก�) 4���
��4nก1�	 6 ก��+.7�	B�;  (���$%�Z1 %�$ 	-�/���-; 
������-(�(8�	B; ��?���( 4��ก"�47#%7?� 1) �1$�
��%	%�[$�;'�:# 4 ?	01 <1�	"�%`7��/+�	,�.�,?�
,	ก��69กC�%'+�	�:	 
 %.2)�	"��
��'�:#�.1 18 ?	01<��0%-����;����0.�3-��.?2:	 7��+� .(��0.�3-��.?2:	
�1$%`�()$�$E+,	?+�# 51.31 - 77.80 %���;%=Z	*; 4��%.2)��0%-����;����0.�3�#-;���ก��8�#      
?(�.��72? 7��+� �
��'�:# 18 ?	01 .(��0.�3%=��E��/�1$%`�()$�$E+,	?+�# 31.85 - 38.51 
%���;%=Z	*; .(��0.�3%F.0%=��E��/�1$%`�()$�$E+,	?+�# 31.13 - 42.61 %���;%=Z	*; 4��.(��0.�3
�0ก	0	�1$%`�()$�$E+,	?+�# 3.10 - 5.64 %���;%=Z	*; �9#.(��0.�3��.8�#%=��E��/4��%F.0%=��E��/
'()/�.��D	"�<�,?�����$?	;<1�-+�	8��#/E#-2����.�3 60 - 80 %���;%=Z	*; 
 ,	ก��69กC�ก��$+�$/��$�
��?	01*+�#m 1��$%�	<=.;%72)�-�1%�2�ก�
��'().(-��.
%�.��/.<�,?�,	ก����	ก���.�ก ��	"���*D�10�<�����/
�71��$���-�<�	;%7��;��ก<=1;ก+�	 
4���,?�%�	<=.; 2 ?	01,	ก��$+�$/��$ -2� %=��E%�/4��<=4�%	/'()>�0*<1���ก%?2:��� T. reesei 
>�ก��-�1%�2�ก7��+� <1��
���"�	�	 11 ?	01 '().(��0.�3	:"�*���(10�=;'�:#�.1%ก0	 630 ก0��ก��./
<�+/�[ <�69กC�,	8�:	*�	ก���.�ก*+�<�1��$ก����	ก�� SSCF *+�<� ���ก��1��$�
�������
/�*�;'�:# 8 ?	01 4���
��4nก 3 ก��+.7�	B�; -2� ก��+.7�	B�;6�(��#ก� ก��+.7�	B�;������-(�(8�	B; 4��
ก��+.7�	B�;��?���( �1$�
��ก0		(/(.+�#/�.��D%��()$	%=��E��/4��%F.0%=��E��/,��%�&		:"�*��
�(10�=;<1�/E#'()/�1 -2� 85.56 ± 3.44 %���;%=Z	*; 4*+%.2)�-01%�&	��0.�3%�'�	��'()>�0*<1�'�#'qCK(
%.2)�-"�	�3��ก��0.�3	:"�*���(10�=;'()<1� 7��+� �
��47#�ก�+�.(-+�/E#'()/�1-01%�&	 2,024.69 
�0*�/<�+/�[ 1�#	�:	��ก��.(ก��69กC�*+�<�,	�	�-*�
��47#�ก�+��9#%�&	�
��'().(6�ก$
�7
%�.��/./"�����	"�<�,?�,	ก��$+�$/��$,��%�&		:"�*��ก+�	4���-+�$	"�<�%��()$	%�&	%�'�	��  

�
���"�	�	 11 ?	01 ��ก'�:#�.1 18 ?	01'()<1�	"�.�,?�%�&	��*D�10�%72)�69กC�ก��>�0*   
%�'�	��1��$ก����	ก�� SSCF �1$,?�%=��E%�/4��<=4�%	/'()>�0*<1���ก%?2:��� T. reesei ,	
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ก��$+�$/��$4��,?� S. cerevisiae 4�� P. stipitis ,	ก���.�ก�+�.ก�	4��*+�%	2)�# �1$,?�ก���
%?2:�'().(��$� 9 4�� 10 ?�)��.# *�.�"�1�� 7��+� �
��4nกก��+.7�	B�;6�(��#ก�>�0*%�'�	���1$.(
-��.%8�.8�	/E#'()/�1 %�&	 1.14 ± 0.09 ก��./�0*� ��2� 0.14 ± 0.01 ก��./ก��.8�#��*D�10� =9)#-01
%�&	 32.72 ± 2.69 %���;%=Z	*;8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�'�#'qCK( 4*+%.2)�-"�	�3
�+�.ก��>�>�0*	:"��	�ก4��#7��+�.(��0.�3%�'�	��%�&	 184.27 �0*�/<�+/�[ ,	83�'()�
��%	%�[$�;
4-��.(��0.�3%�'�	��/E#'()/�1-01%�&	 435.29 �0*�/<�+/�[ �1$.(-��.%8�.8�	8�#%�'�	��'()<1�
%�&	 0.98 ± 0.16 ก��./�0*� ��2� 0.12 ± 0.02 ก��./ก��.8�#�
��4��# =9)#-01%�&	 30.60 ± 4.90 
%���;%=Z	*;8�#%�'�	��'()>�0*<1�%.2)�%'($�ก��-+�'�#'qCK( 1�#	�:	�
��%	%�[$�;4-���9#%�&	�
��'()
.(6�ก$
�7%�.��/./"�����	"�<�,?�>�0*%�'�	��1��$ก����	ก�� SSCF *+�<�  

,	�	�-*��ก��	"��
��?	01,1<�7�o	�*+�%72)�,?�%�&	72?7��##�	/"�����>�0*           
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����������  

��������������� Pennisetum purpureum  

������ �
 ����	
	��
�� ���� ����	
	��
�������� (napier grass ���� elephant grass) 

!	"#��
� � 	�"
����#�$
	���%&�%'�(�)ก�	&+���
 
,�	&����-	./0.
	��1���#./. 2472 6�ก
��-	./��	7	89
:�
 
�
 ���� .#9. :6
;� 

"�ก$%&����'� 	�"
������-	<.ก�+=$% �9��
>�7�
�� 7,�+�
�9&
��?��@ '&A%'�% ��-ก�B��C

7,�+�
?+��)
;=$
D '7-7,�+�
.91+=$%+�%&E$
0�;F% 2 - 6 	�+� :�
'+@7-+�
6-�96,�
C
&����-��I   
15 - 20 &�� ?B�9;9	&9
C�@�

�C 70 - 90 	8
+)	�+� กC��% 2 - 3 	8
+)	�+� '7-�9	;�
ก7�%?B
&
��?��@ ก�B?B�9&
	7AกD 
>@���� 7)$
?B�9&
	7AกD ;9&�C'&A% 0�@�9	&9$
C?B L@���ก'BB spike 

�C�F�.�%ก�-B�ก ��ก
@�
��6�
F@	�91
C�����C�ก=
 2 - 3 ก7>@� �9��%
�C��-��I 1 	8
+)	�+� 
L@���ก�9;9	�7��%
�C 15 - 22 	8
+)	�+� �
� 2 - 3 	8
+)	�+� +)�	�7A�
��
��ก 	�7A��9&
��
	7Aก'7-�=ก0�@;�BF�I�   
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0���9?
.>ก<�N&�%��-	./0.
 B�)	CI.916-�7FกNC�	�"
B�)	CI.910�@�9
$,�N��%'&A%
�����>I�<F�)+1,�	ก)
0� �
���)
NC�7Eก �)
NC��-B�

$,�0���9 �)
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ก�����)����*��ก�)���+!�,"��  ��=B+=C0���9?
B�)	CI.91�9O
+ก	P791
 1,000 �)77)	�+�+@��� 
	6�)�	+)B:+0���9?
L@C%�>I�<F�) 25 - 40 �%/�	87	89
; .
'7�%0���9	
�1�%6�ก�9�-BB��ก7Eก
'&A%'�%'7-�
=1%7Eก7%0�?
�)
 �)
.91�7FกNC�	�"
�)
.91�9NC���>��;�BF�I�;F% �9ก���-B�

$,��9 
0�@L�B
$,�.@C�&=%'7-0�@.
.�
+@�;<�#
$,�N��%'&A% ����	
	��
��.
.�
+@�ก��RFก0(	S�'7-
B�)	CI.91�9�@�	%�0��#�;�NC�  

 
 

 
 
 
 
 
 
 
 
 

	
����������!��& 

��������������� P. purpureum cv. Mott  

������ �
 ����	
	��
��'N�- (mott dwarf elephant grass) 

!	"#��
� � �9R)1
ก,�	
)�?
�=\(7��)�� ��-	./;��=\�	��)ก� 
,�	&����6�ก�	��)ก�:�
�%N�ก��
;@%	;�)�ก)6ก��:N
�'�@%��-	./0.
 (�.;.N.) ?
��#./. 2531 '7-ก���/>;=+C�?
��#./. 2532 

"�ก$%&����'� �97=ก]I-	�"
ก�+=$%�C�	�"
ก7>@� �9�
@�.91'&A%'�% ;@C
&�%�7��%N@�
&��%;=$
'7-
�CB
$,� 7,�+�
�9NC��;F%��-��I 170 - 180 	8
+)	�+�8E1%	+9$
กC@�����	
	��
�� �
��?B'7-�7=%
?B0�@�9&
 ก�B?B'7-&�B&���9&
�
�B�กN7>�L=�	6
 �9;=�;@C
&�%?B��กกC@�7,�+�
'7-��ก
��กก@�
����	
	��
��;�
#=
�>���1
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������������ก$� 

��������������� P. purpureum cv. King Grass 

������ �
 ����	
	��
��
=ก]� (king grass) 

!	"#��
� � 
,�	&����6�ก�)
:�
9	89
?
��#./. 2533 :�

�
L��L=
 �I9�>7
� 	�"
����	
	��
��
7FกS;��-�C@�% P. Purpureum ก=B P. americanum 

"�ก$%&����'� 	�"
������-	<.ก�+=$% N7��
���
 	��1�	6�)�	+)B:+	+A�.91;F% 3 - 4 	�+� �9NC��;F%
��กกC@�����	
	��
��.91�7Fก?
�b66>B=

ก	C�
����B�
@� 
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6
RE%�)
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.91�9NC���>��;�BF�I�;F%'7-�)
+��%�9ก���-B�
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;����R.
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��)��#� 

��������������� P.purpureum x P.americanum 

!	"#��
� � 	�"
����	
	��
��7FกS;��-�C@�% P. Purpureum ก=B P. americanum 

������ �
 ����B�
@� (bana grass) 

"�ก$%&����'� �97=ก]I-	�"
ก�?��@7,�+�
	�"
&�� '7-�7��%N7��
���
 ?B?��@
�C �9&
 	��1�
	6�)�	+)B:+	+A�.91;F% 3 - 4 	�+� 

ก�����)����*��ก�)���+!�,"��  	6�)�	+)B:+0���9?
�)
�@C
�
.��
RE%�)
	�
9
C '+@+��%ก��
�)
.91�-B�

$,��9 �9NC���>��;�BF�I�;F% 0�@.
+@�;<�##�$
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.91�9O
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��ก���
�
 #�� 

��������������� Panicum maximum TD 58 

������ �
 ����ก)

9;9�@C% (purple guinea grass) 

!	"#��
� � 	�"
����#�$
	���%&�%'�(�)ก�	&+���
'7-	&+�B�>@
 '+@�7Fกก=
'#�@�7�
?
�	��)ก�
?+� ��F@	ก�-�)
	�9
+-C=
+ก '7-	�	L9
+-C=
��ก	P9
%?+� 
,�	&����?
��-	./0.
N�=$%'�ก 	��1��� 
#./. 2444 :�
	6��#�-
�;>�)C%/�  

"�ก$%&����'� 	�"
����.91�9��
>�7�
�� 7,�+�
+=$%+�% ;F% 0.5 - 4.5 	�+� 	6�)�	+)B:+'BBก�+=$% 
7,�+�
'+ก'&
%	�"
ก�N7��
ก�+-0N�� .917,�+�
�90�7����'%@%�
F@?+��)
;=$
D ;����R'+ก�
@���ก
.,�?���97=ก]I-	�"
ก�����#>@� 7,�+�
.91+=$%+�%��-ก�B��C
&�� 3 - 15 &�� ?B	�9
C
�C+�% 12 - 40 
	8
+)	�+� กC��% 35 �)77)	�+� �9NC��;F% 2 - 3 	�+� ����ก)

9;9�@C%�97=ก]I-	�@
 N�� ;@C
&�%
&�� �7��% '7-	�7A��9;9�@C%��	&9
C ?BN@�
&��%?��@'7-�ก ;=�;@C
&�%?B��กกC@�7,�+�
 �9ก��
'+กก��9 

!	"#��
��"(ก ����ก)

9;9�@C%;����R�7Fก0��	ก��B.>ก;<�##�$
.91 8E1%	�"
.91��
+=$%'+@�)
	�
9
C
6
RE%�)
.��
.91�9ก���-B�

$,��9 ?
;<�#�)
N@�
&��%	NA�กA;����R?��S7S7)+0�� 

ก�����)����*��ก�)���+!�,"��  	6�)�	+)B:+0���9?
B�)	CI.91�9
$,�O
	P791
0�@
��
กC@� 900 
�)77)	�+�+@��� 6E%.
'7�%0��B��%R���-
-	C7�&�%NC��'��%'7�%0�@
�
	ก)
0� &E$
0��?
�)
�7�

L
)� '+@6-	6�)�	+)B:+0���9.91;>�?
�)
.91�9NC���>��;�BF�I�'7-�9ก���-B�
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���(-
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��������������� Brachiaria ruziziensis 

������ �
 �����F891 ����N�%:ก ��������	N
	
�9$�F891 (ruzi grass) 

!	"#��
� � �9R)1
ก,�	
)�?
.C9�'�(�)ก�'RB��-	./N�%:ก 
,�	&����-	./0.
N�=$%'�ก6�ก
��-	./��;	+�	79
	��1��� #./. 2511 :�
(����:N
�0.
-	�
����N 

"�ก$%&����'� 	�"
����.91�9��
>�7�
�� �97=ก]I-ก��	6�)�	+)B:+	�"
'BBกE1%	7�$�
กE1%+=$% N7��

����&
 8E1%6=�	�"
#Cก stoloniferous ;F%��-��I 60 - 100 	8
+)	�+� 7,�+�
ก7� '&A% 	�9
C	7Aก 
'+@�9?B	7Aก'7-�กกC@�����&
 ���/6�ก&
.917,�+�
 �9��ก.91'+ก'&
%B�)	CI:N
+�
 ?B;9	&9
C
�@�
�97=ก]I-N7��
��ก �@�

>@� �9&
7-	�9
�N7>�.=$%���
�
��'7-�7=%?B ?B
�C 13 - 15 
	8
+)	�+� กC��% 0.8 - 2.5 	8
+)	�+� 7)$
?B�97=ก]I-'BB&
'&A% (ciliate rim) �9L@���ก'BB 
raceme ก7>@���ก�9&
�กN7>� '7- low glume ;=$
 (
�C0�@	ก)
N�E1%�
E1%&�%��ก) ?
 1 ก):7ก�=� 
�9	�7A���-��I 270,000 	�7A� 

!	"#��
��"(ก �7Fก'#�@�7�
?
��-	./0.
 :�
	P#�-?
<�N+-C=
��ก	P9
%	�
��	
�1�%6�ก   
'#�@#=
�>���C
	�7A� #�$
.91�7FกNC�	�"
#�$
.91.91
$,�0�@.@C�&=% �)
0�@	NA�'7-�
���)
7Eก#�;�NC� 

ก�����)����*��ก�)���+!�,"��  	6�)�	+)B:+0���9?
	&+���
L�$
.91�9��)��I
$,�O
	P791
 1,000 
�)77)	�+�&E$
0� L�B�)
.91�9NC���>��;�BF�I�;F% '7-�9ก���-B�

$,��9 0�@.
+@�;<�#
$,�&=%	�"

�-
-	C7�
�C
�
 �
F@���0��?
L@C%h�F'7�% '+@0�@?��S7S7)+ 
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��!+�.ก"#� 

��������������� Digitaria decumbens 

������ �
 ����'#%:ก7@� (pangola grass) 

!	"#��
� � �
F@?
'RBกE1%���
&�%'�(�)ก� 

"�ก$%&����'� �97,�+�
.��
�
0�+��#�$
�)
 '+ก��ก'7-�
@�+��&�� 
��.91'+ก&E$
��	�"
  
7,�+�
��66-+=$%+�%����กE1%+=$% 	��1���
>��ก&E$
7,�+�
6-.��
�
0�+��S)C�)
 7=ก]I-&�%7,�+�

	7Aก0�@�9&
 
�C 40 - 64 	8
+)	�+� �9�7��%6,�
C
 7 - 13 �7��% �7��%
�C 3 - 8 	8
+)	�+� �9?B
��ก +=C?B�97=ก]I-	�9
C 	7Aก 
�C��-��I 12 - 19 	8
+)	�+� กC��%��-��I 4 �)77)	�+� ก�B
?B
�C 2 - 6 	8
+)	�+� 

!	"#��
��"(ก &E$
0���9?
�)
�7�
L
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.91�9NC��     
�>��;�BF�I�+1,� �9
$,�.@C�&=%?
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L>����
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���&�����  

��������������� Paspalum atratum 

������ �
 �����-+��+=� ���������>B7#�;#�7=� (atratum grass ���� ubon paspalum 
grass)   

!	"#��
� � 	�"
����#�$
	���%.91#B?
�=\ Mato Grosso do sul �=\ Goias '7-�=\ Geriais ��-	./
B��8)7 
,�	&����?
��-	./0.
?
��#./. 2537  

"�ก$%&����'� �9?B�ก ;9	&9
C;�	�"
�=
 7=ก]I-7,�+�
+=$%	�"
ก� �9�-BB��กO�
.91'
@
�
� R��
�7@�
.)$%0C�0�@+=�+�
6-;F%RE% 2 	�+� '+@7-ก��9�
@���-��I 20 - 25 �
@� 'S@
?B
�C 50 
	8
+)	�+� กC��% 3 - 4 	8
+)	�+� ?B0�@�9&
 '+@ก�B?B�9&
	7Aก
��
 '7-	��1������9��
>��ก&E$

&�B?B6-N� 

!	"#��
��"(ก &E$
0���9?
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����'Oก.=$% 10 ก7>@�#=
�>�.91?L� 	�"
����'Oก�����������'Oก7>@� 4 ก7>@�#=
�>� '7-	�"

����'Oก��
 6 ก7>@�#=
�>�  

 
	
��!/ก	� 	���	
��!/ก"0#  

��������������� Vetiveria zizanioides Nash 

!	"#��
� � 
,���6�ก�)
	�9
 /�97=%ก� '7-�)
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9	89
 

"�ก$%&����'� ����'Oก����9?B
�C 45 - 100 	8
+)	�+� กC��% 0.6 - 1.2 	8
+)	�+� �9�7=%?B
:N�%�7�
?B'B
�9;9	&9
C	&�� 	
�$�?BN@�
&��%	
9

 �90&	N7��B (wax) ��ก.,�?���F�=
 .��%?B��ก
;9&�C89�กC@����
�7=%?B '7-	��1�
,�?B;@�%�Fก=B'��6-	�A
��
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N@�
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�9?B
�C 35 - 80 	8
+)	�+� กC��% 0.4 - 0.8 	8
+)	�+� ?B;9	&9
C
89� �7=%?B#=B	�"
;=
;��	�791
�	
�$�?B�
�B ;�กN�
 �90&	N7��B
��
.,�?���Fก���
0�@	�7��B�=
 
.��%?B;9	�9
Cก=B���
�7=%?B'+@�9;989�กC@� 'S@
?B	��1�;@�%ก=B'��0�@	�A
��
ก=$
?
	
�$�?B 	;�

ก7�%?B;=%	ก+0��L=�	6
 �97=ก]I-'&A%	�"
'ก

F
.�%���
�7=%?B 
��ก�;@C
�7�
6-'S@:N�%7%



 
 
110 

N7��
ก�+-0N��0�@+=$%��ก	����
����'Oก��� ����'Oก��
'7-����'Oก���.91�9��
>	.@�ก=
 
����'Oก��
6-�9��ก.91;=$
กC@� :�
.=1C0�����'Oก.91�9��
>��-��I 1 �� 6-�9��ก7Eก��-��I         
80 - 100 	8
+)	�+� L@���ก&�%����'Oก��
6-�90���7�
;98E1%	�"
7=ก]I-�ก+)��-6,�R)1
 .91#B
.=1C0�0��'ก@ L@���ก;9&�CN�9�RE%;9�@C%��'�% 

!	"#��
��"(ก #B0��.=1C0�?
.91N@�
&��%'7�%����.91�)
�-B�

$,�0���9?
.>ก<�N&�%��-	./0.
 
:�
	P#�-?
�n�	+A%�=% '+@6-�9
��
?
<�N?+� ;����R&E$
0���9?
.91'����
ก7�% 

 
����'Oก��
6,�
C
 6 ก7>@�#=
�>� 0��'ก@ 
1. ก7>@�#=
�>�	7
  

	6�)�	+)B:+�9?
;<�##�$
.91	�"
�)
�@C
	�
9
C '+กก� 26 +�
+@�ก� 	;�
S@�/F

�ก7�%
ก� 13 	8
+)	�+� ;F% 108 	8
+)	�+� ก��'+กก�'
@
 +=$%+�% ?B;9	&9
C ก�B?B;9L�#F ��ก;9�@C%
	�)1���ก��ก��
>��-��I 1 	���
�7=%6�ก�7Fก 

2. ก7>@�#=
�>�
N�;C��N�  
	6�)�	+)B:+?
;<�##�$
.91 	�"
�)
.��
RE%�@C
	�
9
C '+กก� 35 +�
+@�ก� 

	;�
S@�/F

�ก7�%ก� 13 	8
+)	�+� ;F% 108 	8
+)	�+� ก��'+กก�'
@
 +=$%+�% ?B;9	&9
C ก�B?B;9
L�#F ��ก;9�@C% 	�)1���ก��ก��
>��-��I 1 	���
�7=%6�ก�7Fก 

3. ก7>@�#=
�>�ก,�'#%	#L� 1  
	6�)�	+)B:+?
;<�##�$
.91	�"
�)
.��
RE%�)
�@C
	�
9
C '+กก� 34 +�
+@�ก� 

	;�
S@�/F

�ก7�%ก� 12 	8
+)	�+� ;F% 106 	8
+)	�+� '+กก�'
@
 +=$%+�% ?B;9	&9
C
C7 ก�B?B
;9(o�
C7 ��ก;9�@C% 	�)1���ก��ก	��1���
>��-��IN�E1%	���
�7=%6�ก�7Fก 

4. ก7>@�#=
�>����
	�A� 
	6�)�	+)B:+�9?
;<�##�$
.91	�"
�)
.��
'+กก� 26 +�
+@�ก� 	;�
S@�/F

�ก7�%ก� 7 

	8
+)	�+� ;F% 70 	8
+)	�+� '+กก�'
@
 +=$%+�% ?B;9	&9
C ��ก;9
$,�+�7 	�)1���ก��ก	��1���
>
��-��IN�E1%	���
�7=%6�ก�7Fก 

5. ก7>@�#=
�>���LB>�9  
	6�)�	+)B:+�9?
;<�##�$
.91	�"
�)
.��
RE%�)
�@C
	�
9
C '+กก� 32 +�
+@�ก� 

	;�
S@�/F

�ก7�%ก� 12 	8
+)	�+� ;F% 110 	8
+)	�+� '+กก�'
@
 +=$%+�% ?B;9	&9
C�@�
 ก�B?B
��ก;9
$,�+�7 	�)1���ก��ก	��1���
>��-��I 1 	���
�7=%6�ก�7Fก 	�"
ก7>@�#=
�>�.91?��
$,��
=ก#�L
;��9 



 
 
111 

6. ก7>@�#=
�>���-6CBN9�9&=
��  
	6�)�	+)B:+�9?
;<�##�$
.91	�"
�)
�@C
	�
9
C '7-7Fก�=% '+กก� 26 +�
+@�ก� 

	;�
S@�/F

�ก7�%ก� 14 	8
+)	�+� ;F% 112 	8
+)	�+� '+กก�'
@
 �
@�?��@+=$%+�%?B�
�;9	&9
C
	&�� �@�%:N
?B&�C ก�B?B��ก;9&�C
C7 ��ก��กL��B�%'�@%?
 2 ��'�ก
=%0�@��ก��ก�����9
	����	8A
+���ก��ก
��
 ��ก;9�@C%L@���ก	7Aก 
 
��� �	 �&� *��+��10�	
��!/ก�����++�2��
��#��3 
#�$
.91�)
.��
 
       - ����'Oก��
 4 ก7>@�#=
�>� N�� 
N�;C��N�, ก,�'#%	#L� 1, ���
	�A� '7-��LB>�9 
       - ����'Oก��� 2 ก7>@�#=
�>� N�� ก,�'#%	#L� 2 '7-;%&7� 3 
#�$
.91�)
�@C
-	�
9
C 
       - ����'Oก��
 5 ก7>@�#=
�>� N�� 	7
, 
N�;C��N�, ก,�'#%	#L� 1, ��LB>�9 '7-��-6CBN9�9&=
�� 
       - ����'Oก��� 2 ก7>@�#=
�>� N�� ;>��]k����
9 '7-;%&7� 3 
#�$
.91�)
7Fก�=%        
       - ����'Oก��
 2 ก7>@�#=
�>� N�� 	7
 '7-��-6CBN9�9&=
�� 
       - ����'Oก��� 4 ก7>@�#=
�>� N�� /�97=%ก�, ก,�'#%	#L� 2, ;>��]k����
9 '7-;%&7� 3 
 
ก"0# +��10��
��	 �&�4�	��)����#��3  
,���#�'��
2 
<�N	�
��  

- ก7>@�#=
�>�.91	���-;�N�� /�97=%ก� 
N�;C��N� '7-ก,�'#%	#L� 1 
<�N+-C=
��ก	P9
%	�
��  

- ก7>@�#=
�>�.91	���-;�N�� ���
	�A� '7-;%&7� 3 
<�Nก7�%'7-<�N+-C=
��ก  

- ก7>@�#=
�>�.91	���-;�N�� ��-6CBN9�9&=
�� ��LB>�9 ก,�'#%	#L� 1 ก,�'#%	#L� 2 ;>��]k����
9 
'7-;%&7� 3 .91;����R&E$
0��?
;<�#�)
	NA� N�� ��LB>�9 ��-6CBN9�9&=
�� 
<�N?+�  

- ก7>@�#=
�>�.91	���-;�N�� ;%&7� 3 '7-;>��]k����
9 
 
 
 



 
 
112 

������ก * 
 

�"�"���24�	��ก!	��*��	
���
�������������� 
 

S7S7)+
$,��
=ก'��% (ก):7ก�=�/0�@/��) &�%����.=$% 18 L
)� 
���� S7S7)+
$,��
=ก'��% (ก):7ก�=�/0�@/��) 

'#%:ก7@� 
	
	��
��  
	
	��
��'N�-  
	
	��
��
=ก]�  
B�
@� 
ก)

9;9�@C% 
�-+��+=� 
�F891 
'Oกก7>@�#=
�>���-6CBN9�9&=
�� 
'Oกก7>@�#=
�>���LB>�9 
'Oกก7>@�#=
�>�ก,�'#%	#L� 1 
'Oกก7>@�#=
�>�/�97=%ก� 
'Oกก7>@�#=
�>�ก,�'#%	#L� 2 
'Oกก7>@�#=
�>�;%&7� 3 
'Oกก7>@�#=
�>�;>��]k����
9 
'Oกก7>@�#=
�>�	7
 
'Oกก7>@�#=
�>�
N�;C��N� 
'Oกก7>@�#=
�>����
	�A� 

6,000 
3,500 
3,500 
3,500 
3,500 
3,000 
3,000 
2,250 
1,352 
1,216 
1,032 
1,020 

967 
929 
884 
788 
676 
566 

���
	�+> : &���F7&�%���������;=+C���6�กก�-.�C%	ก]+�'7-;�ก�I�, ก���/>;=+C� (2549) 
'7-&���F7&�%����'Oก��6�กC��>I9 #�
)LS7 '7-NI- (2537) 

 
 
 

 



 
 
113 

������ก � 
 

��	���"
2�����2�!"&��1
ก�����
�  
 

1. potato dextrose agar (PDA) 
	+)� potato dextrose agar ;,�	�A6�F� (
91��� Difco) ��)��I 39 ก�=� 7%?

$,�ก7=1


��)��+� 1 7)+� '7�C
,�0�
E1%s@�	L�$�.91�>I�<F�) 121 �%/�	87	89
; NC���=
 15 ��
��+@�
+���%
)$C 	�"
	C7� 15 
�.9 

 
2. �����	�7C;,���=BS7)+	877F	7; (�=�'�7%��6�ก;F+�&�% Mandels '7- Weber, 1969)  

'�7(�-	877F:7;                                       10.0  ก�=� 

F	�9
                                                       0.3      ก�=� 
'��:�	
9
�8=7	(+       1.4      ก�=� 
:#'.;	89
�0�0u:��	6
(�;	(+                           2.0      ก�=� 
'N7	89
�N7�0���0�0u	��+     0.4      ก�=� 
'�ก
9	89
�8=7	(+	u�+-0u	��+      0.3      ก�=� 
	�B:+
                                                0.75    ก�=� 
;��;ก=�6�ก
9;+�       0.25    ก�=� 
	(����=;8=7	(+	u�+-0u	��+      5.0  �)77)ก�=� 
'�%ก�
9;8=7	(+:�:
0u	��+      1.2  �)77)ก�=� 
8)%N�8=7	(+	u�+-0u	��+      1.4  �)77)ก�=� 
:NB�7+�N7�0���	uก8-0u	��+      2.0  �)77)ก�=� 

$,�ก7=1
                    1.0     7)+� 
 
7-7�
;@C
S;�.=$%���
ก	C�
'�7(�-	877F:7;?

$,�ก7=1
��-��I 900 �)77)7)+� ��=B 

pH 	�"
 5.0 '7�C��=B��)��+�?��	�"
 1 7)+� L=1%'�7(�-	877F:7; 1 ก�=� ?;@7%?
(7�;ก�&
�� 
250 �)77)7)+� '7�C	+)�;@C
S;�.=$%���.917-7�
	&��ก=
�9'7�C��)��+� 100 �)77)7)+�7%0�?
'+@
7-(7�;ก� 
,�0�
E1%s@�	L�$�.91�>I�<F�) 121 �%/�	87	89
; NC���=
 15 ��
��+@�+���%
)$C 	�"

	C7� 15 
�.9   
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3. �����	�7C;,���=BS7)+08'7	
; (;>��79 �E$%?6����, 2539)  
08'7
 (birchwood xylan) 10.0  ก�=� 
corn steep liquor        5.0   ก�=� 
#�7)	��:+
 (universal peptone)     5.0   ก�=� 
;��;ก=�6�ก
9;+�        1.0   ก�=� 
0�:#'.;	89
�0u:��	6
(�;	(+                            4.0   ก�=� 
:#'.;	89
�N7�0���                                               0.2   ก�=� 
'�ก
9	89
�8=7	(+	u�+-0u	��+      1.0   ก�=� 
	(����=;8=7	(+	u�+-0u	��+       0.02   ก�=� 
 
7-7�
;@C
S;�.=$%���
ก	C�
08'7
?

$,�ก7=1
��-��I 900 �)77)7)+� ��=B pH 	�"
 

5.0 '7�C��=B��)��+�?��	�"
 1 7)+� L=1%08'7
 1 ก�=� ?;@7%?
(7�;ก�&
�� 250 �)77)7)+� '7�C
	+)�;@C
S;�.=$%���.917-7�
	&��ก=
�9'7�C��)��+� 100 �)77)7)+�7%0�?
'+@7-(7�;ก� 
,�0�
E1%
s@�	L�$�.91�>I�<F�) 121 �%/�	87	89
; NC���=
 15 ��
��+@�+���%
)$C 	�"
	C7� 15 
�.9   

 
4. yeast malt agar (YMA) (Laplace '7-NI-, 1993) 

;��;ก=�6�ก
9;+�     3.0     ก�=� 
;��;ก=�6�ก��7+�    3.0     ก�=� 
	�B:+
      5.0     ก�=� 

$,�+�7ก7F:N;                          10.0    ก�=� 
C>�
S%                                      20.0    ก�=� 

$,�ก7=1
                  1.0    7)+� 
 
7-7�
;@C
S;�.=$%���
ก	C�
S%C>�
?

$,�ก7=1
��-��I 900 �)77)7)+� ��=B pH 	�"
 5.0 

'7�CN@�
	+)�C>�
S%7%0� 6�ก
=$
��=B��)��+�?��	�"
 1 7)+� +��?��C>�
7-7�
 
,�0�
E1%s@�	L�$�.91
�>I�<F�) 121 �%/�	87	89
; NC���=
 15 ��
��+@�+���%
)$C 	�"
	C7� 15 
�.9  
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5. yeast malt broth (YMB) (Laplace '7-NI-, 1993) 
;��;ก=�6�ก
9;+�     3.0     ก�=� 
;��;ก=�6�ก��7+�    3.0     ก�=� 
'��:�	
9
�8=7	(+    5.0     ก�=� 

$,�+�7ก7F:N; (;,���=B S. cerevisiae)            20.0    ก�=� 

$,�+�708:7; (;,���=B P. stipitis)                        20.0    ก�=� 

$,�ก7=1
                  1.0    7)+� 
 
7-7�
;@C
S;�.=$%���?��	&��ก=
?

$,�ก7=1
��-��I 900 �)77)7)+� ��=B pH ?��	�"
 5.0 

'7�C��=B��)��+�?��	�"
 1 7)+� 6�ก
=$

,�0�
E1%s@�	L�$�.91�>I�<F�) 121 �%/�	87	89
; NC���=
 15 
��
��+@�+���%
)$C 	�"
	C7� 15 
�.9  
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1. ;��7-7�
;,���=BC)	N��-���%N���-ก�B&�%L9C�C7#�L 
1.1 ;��7-7�
 neutral detergent  

(1) L=1%	�.)79
0��-�9
	++�-�-8)+)ก'�8)�0�:8	�9
�0�0u	��+ ��)��I 16.18 ก�=� '7-
:8	�9
�	++�-B�	�+	�N-0u	��+ ��)��I 6.81 ก�=� 7-7�
?

$,�ก7=1
��-��I 400 �)77)7)+� 

,�0�+��6
7-7�
��� 

(2) L=1%:8	�9
�7=C�)78=7	(+ ��)��I 30 ก�=� 7-7�
?

$,�ก7=1
��-��I 400 �)77)7)+� 
'7�C	+)� 2-	�.�ก89	�.�
�7 ��)��+� 10 �)77)7)+� 7%0� 

(3) S;�;��7-7�
?
&�� (1) '7- (2) 	&����C
ก=
 
(4) L=1%0�:8	�9
�0u:��	6
(�;	(+'�
0u��=; ��)��I 4.56 ก�=� 7-7�
?

$,�ก7=1


��-��I 100 �)77)7)+� 
,�0�+��6
7-7�
���'7�C
,�0�S;�ก=B;��7-7�
?
&�� (4) ��=B pH 
?���
F@?
L@C% 6.9 - 7.1 '7�C��)��+�;>.�)?��	�"
 1 7)+� ��C

$,�ก7=1
 

 
1.2 ;��7-7�
 acid detergent  

(1) 	+�9
�ก��8=7(|C�)กNC��	&��&�
 1 
����=7 :�
+C%6�กก��8=7(|C�)ก	&��&�
 (98 
	����	8A
+�:�
�C7) ��)��+� 27.2 �)77)7)+� N@�
D 	+)�ก��7%?

$,�ก7=1
��-��I 900 �)77)7)+�
'7�C��=B��)��+�;>.�)?��	�"
 1 7)+� ��C

$,�ก7=1
 

(2) L=1%	8.)70+�	�.)7'��:�	
9
�:B�0��� ��)��I 20 ก�=� 7-7�
?
ก��8=7(|C�)กNC��
	&��&�
 1 
����=7 '7�C��=B��)��+�?��	�"
 1 7)+� ��C
ก��
9$   

 
1.3 ;��7-7�
 saturated potassium permanganate 

L=1%:#'.;	89
�	����'�%ก�	
+ ��)��I 50 ก�=� '7-8)7	C���8=7	(+ ��)��I 0.05 ก�=� 
7-7�
?

$,�ก7=1
 '7�C��=B��)��+�	�"
 1 7)+� 
,�;��7-7�
.910��?;@?
&C�'ก�C;9L� '7�C	กAB0C�?

+F�	
A
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1.4 ;��7-7�
 lignin buffer 
L=1%0���
0
	+�+:

-0u	��+ ��)��I 6 ก�=� '7-8)7	C���0
	+�+ ��)��I 0.15 ก�=� 

7-7�
?

$,�ก7=1
 ��)��+� 100 �)77)7)+� 6�ก
=$
	+)�ก���-8)+)ก ��)��+� 500 �)77)7)+� 
:#'.;	89
��-8)	.+ ��)��I 5 ก�=� '7-	.���	L9
�9B)C.)7'�7ก�u�7� ��)��+� 400 �)77)7)+� 
'7�CS;�?��	&��ก=
 
 

1.5 ;��7-7�
 combined permanganate  
 S;�;��7-7�
 saturated potassium permanganate ก=B lignin buffer ?
�=+��;@C
 
2:1 (��)��+�+@���)��+�) 
,�;��7-7�
.910��?;@?
&C�'ก�C;9L� '7�C	กAB0C�?
+F�	
A
 R��;��7-7�

ก7�
	�"
;9'�%6-0�@;����R?L�0��  
 

1.6 ;��7-7�
 demineralizing  
L=1%��ก8�7)ก'�8)�0�0u	��+ ��)��I 50 ก�=� 7-7�
?
	�.�
�7NC��	&��&�
 95 

	����	8A
+� ��)��+� 700 �)77)7)+� '7�C	+)�ก��0u:��N7��)ก	&��&�
 ��)��+� 50 �)77)7)+� 7%0� 
S;�?��	&��ก=
 ��=B��)��+�;>.�)	�"
 1 7)+� ��C

$,�ก7=1
 

 
2. ;��7-7�
 DNS reagent ;,���=BC=�'�ก.)C)+9 (Ghose, 1987) 


$,�ก7=1
     1416.0       �)77)7)+� 
3,5-0�0
:+�8�7)087)ก'�8)�             10.6       ก�=� 
:8	�9
�0u���ก08��                  19.8       ก�=� 

7-7�
;@C
S;�?��	&��ก=
 '7�C	+)� 
:#'.;	89
�:8	�9
�.���	.�+          306.0       ก�=� 
(�
�7 (	�"
&�%'&A%?��7-7�
.91�>I�<F�) 50 ºC)         7.6       �)77)7)+�  
:8	�9
�	�+�0B8=70(+�                  8.3       ก�=� 

	��1�S;�	&��ก=
�9'7�C 
,�;��7-7�
 DNS reagent .910��?;@?
&C�;9L� 	กAB0C�?
+F�	
A
 
 

3. ;��7-7�
:8	�9
�8)	.�+B=#	(��� NC��	&��&�
 0.05 :�7��� pH 4.8 ���� 5.0   
L=1%0+�:8	�9
�8)	.�+0�0u	��+��)��I 14.72 ก�=� 7-7�
?

$,�ก7=1
��-��I 800 

�)77)7)+� ��=B pH 	�"
 4.8 ���� 5.0 ��C
ก��0u:��N7��)ก 3 :�7��� ��)��+�;>.�)?��	�"
 1 7)+�
��C

$,�ก7=1
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4. ;��7-7�
08'7
 NC��	&��&�
 1 	����	8A
+�:�
�C7/��)��+� 
L=1%08'7
 (birchwood xylan) ��)��I 1 ก�=� 7-7�
?
;��7-7�
:8	�9
�8)	.�+

B=#	(��� NC��	&��&�
 0.05 :�7��� pH 4.8 ��)��+� 80 �)77)7)+� 
,�0�+=$%B
	N��1�%กC
;��?��
NC�����
'BB'.@%'�@	�7Aก ?��NC�����
6
	���� '7�C�7@�
?��	
A
7%:�
?L�'.@%'�@	�7AกกC
;��
�
F@+7��	C7� 	�"
	C7� 1 N�
 ��=B��)��+�	�"
 100 �)77)7)+���C
;��7-7�
:8	�9
�8)	.�+
B=#	(��� NC��	&��&�
 0.05 :�7��� pH 4.8 
 
5. ;��7-7�
;,���=BC=���)��I:��+9
 
 5.1 ;��7-7�
0B
F	�+  

1% N��	����8=7	(+	#
+-0u	��+       0.5  �)77)7)+� 
2% :#'.;	89
�:8	�9
�.���	.�+         0.5  �)77)7)+� 
2% :8	�9
�N���B�	
+ ?
 0.1 :�7��� :8	�9
�0u���ก08��    50.0  �)77)7)+� 

 5.2 ;��7-7�
:(7)
(�
�7�9	�	6
.� 
:(7)
(�
�7�9	�	6
.�         1  ;@C
 

$,�ก7=1
           1  ;@C
 

 
6. ;��7-7�
;,���=Bก����=B;<�#C=+R>�)B 

6.1  ;��7-7�
0u:��	6
	#�����ก08�� NC��	&��&�
 7.5 	����	8A
+�:�
��)��+� 
+C%;��7-7�
0u:��	6
	#�����ก08��NC��	&��&�
 30 	����	8A
+�:�
�C7 ��)��+� 

313.14 �)77)7)+� '7�C��=B��)��+�;>.�)?��	�"
 1 7)+� ��C

$,�ก7=1
 
6.2  ;��7-7�
:8	�9
�0u���ก08�� NC��	&��&�
 0.5 :�7��� 

L=1%:8	�9
�0u���ก08����)��I 20 ก�=� 7-7�
?

$,�ก7=1
 '7�C��=B��)��+�;>.�)?��	�"
 1 
7)+�  

6.3  ;��7-7�
:8	�9
�0u���ก08�� NC��	&��&�
 4 :�7��� (?L�;,���=B��=B pH) 
L=1%:8	�9
�0u���ก08����)��I 160 ก�=� 7-7�
?

$,�ก7=1
 '7�C��=B��)��+�;>.�)?��	�"
 

1 7)+�  
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7. ;��7-7�
 DNS reagent ;,���=BC)	N��-����)��I
$,�+�7�9�)C8� (�=�'�7%��6�ก Miller, 
1959) 


$,�ก7=1
           1      7)+� 
3,5-0�0
:+�8�7)087)ก'�8)�        10      ก�=� 
:8	�9
�0u���ก08��             16      ก�=� 
:#'.;	89
�:8	�9
�.���	.�+     300      ก�=� 

	��1�S;�	&��ก=
�9'7�C 
,�;��7-7�
 DNS reagent .910��?;@?
&C�;9L� 	กAB0C�?
+F�	
A
 
 
8. ;��7-7�
:8	�9
�N7�0��� NC��	&��&�
 0.9 	����	8A
+�:�
�C7/��)��+� 

L=1%:8	�9
�N7�0�����)��I 9 ก�=� 7-7�
?

$,�ก7=1
 '7�C��=B��)��+�;>.�)?��	�"
 1 7)+�  
 
9. ;��7-7�
 1-:#�#�
�7 NC��	&��&�
 5  �)77):�7��� ��)��+� 50 �)77)7)+� 

?L�0�:N��|	�+�F� 1-:#�#�
�7 NC��	&��&�
 99 	����	8A
+� ��)��+� 18.69 0�:N�7)+� 
'7�C��=B��)��+�;>.�)?��	�"
 50 �)77)7)+� ��C
 ultrapure water 
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������ก � 
 

ก��	���� �%������&ก�)*���
� �"*��+��  
 
ก��������&	�	���� �%������&ก�)*���
� �"*��+�� (Goering and Van Soest, 1970) 
 
1. ก��������&	�	� neutral detergent fiber (NDF)  
 

1.1 
,�N�F8)	B)7 (sintered glass crucible) 	B��� 1 &
�� 50 �)77)7)+� 0�7��%?��;-���'7�C
�B?��'��%?
+F��B.91�>I�<F�) 100 �%/�	87	89
; 	�"
	C7� 1 L=1C:�% 6�ก
=$

,���?;@?

:R�F�NC��L�$
 (desiccator) +=$%.)$%0C�?��	
A
'7�CL=1%
$,��
=กN�F8)	B)7��C
	N��1�%L=1% 4 +,�'�
@% 

1.2 L=1%
$,��
=ก+=C�
@�%#�L.91+��%ก��C)	N��-����-��I 1 ก�=� ?;@?
(7�;ก�ก�
ก7�&
�� 
500 �)77)7)+� 
 1.3 	+)�;��7-7�
 neutral detergent ��)��I 100 �)77)7)+� �=%';�%?
 (<�NS
Cก %) 
:8	�9
�8=70(+� (Na2SO3) ��)��I 0.5 ก�=� '7-	�N-0u:��'
#.�79
 (C10H18) ��)��+� 2 
�)77)7)+� 6�ก
=$

,�0��9(7=ก8���C
L>��>�ก�I��9(7=ก8�	�"
	C7� 1 L=1C:�% :�
	�)1�6=B	C7�+=$%'+@	�)1�
	���� 
 1.4 R@�
;@C
S;�.91�9(7=ก8�	;�A6'7�C7%?
N�F8)	B)7.91C�%�
F@B
.91
E� (crucible holder) 7��%
+=C�
@�%#�L.91�
F@?
N�F8)	B)7��C

$,����
 (�>I�<F�) 90 - 100 �%/�	87	89
;) ��-��I 1,000 
�)77)7)+� ����6
กC@�6-07@;��7-7�
.91?L���ก6
��� :�
ก���F�
$,���ก��C
	N��1�%�F�
;>���ก�/ (suction pump) 

1.5  7��%+=C�
@�%#�L.91�
F@?
N�F8)	B)7��C
�-8):+
��-��I 50 �)77)7)+� 6,�
C
 2 N�=$% ����
6
ก�-.=1%;��7-7�
.910�7��ก6�กN�F8)	B)70�@�9;9 :�
ก���F�;��7-7�
��ก��C
	N��1�%�F�
;>���ก�/6
'��% 6�ก
=$

,�N�F8)	B)70��B?
+F��B.91�>I�<F�) 100 �%/�	87	89
; 	�"
	C7� 12 
L=1C:�% 

1.6  
,�N�F8)	B)7��ก��+=$%.)$%?��0C�	
A
?
:R�F�NC��L�$
 '7�CL=1%
$,��
=ก 6-0��
$,��
=กN�F8)	B)7.91
�C�ก=B
$,��
=ก NDF �=%
=$
6E%N,�
CI����)��I neutral detergent fiber (NDF) 0���=%;�ก�� 

 
 
 

��)��I NDF (	����	8A
+�) = [( 
$,��
=กN�F8)	B)7 + 
$,��
=ก NDF) � 
$,��
=กN�F8)	B)7] × 100 
                           
$,��
=ก+=C�
@�%#�L 
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2. ก��������&	�	� acid detergent fiber (ADF)  
 

2.1 
,�+=C�
@�%#�L.91S@�
ก��;ก=���C
;��7-7�
 neutral detergent ��?;@?
(7�;ก�ก�
ก7�
	#�1�.,�ก���9(7=ก8���C
;��7-7�
 acid detergent (<�NS
Cก %) ��)��+� 100 �)77)7)+� '7-   
	�N-0u:��'
#.�79
��)��+� 2 �)77)7)+� 	�"
	C7� 1 L=1C:�% :�
	�)1�
=B	C7�+=$%'+@	�)1�	���� 

2.2 ก��%+=C�
@�%#�L?
N�F8)	B)7?B	�)� 7��%+=C�
@�%#�L.91�
F@?
N�F8)	B)7��C

$,����
 (90 - 100 
�%/�	87	89
;) ��-��I 1,000 �)77)7)+� ����6
กC@�6-07@;��7-7�
.91?L���ก6
���  

2.3 7��%+=C�
@�%#�L.91�
F@?
N�F8)	B)7��C
	�.�
�7NC��	&��&�
 80 	����	8A
+� ��-��I 50 
�)77)7)+� 6,�
C
 2 N�=$% ����6
ก�-.=1%;��7-7�
.910�7��ก6�กN�F8)	B)70�@�9;9 :�
ก���F�
;��7-7�
��ก��C
	N��1�%�F�;>���ก�/6
'��% 6�ก
=$

,�N�F8)	B)70��B?
+F��B.91�>I�<F�) 100 
�%/�	87	89
; 	�"
	C7� 12 L=1C:�% 

2.4 
,�N�F8)	B)7��ก��+=$%.)$%?��0C�	
A
?
:R�F�NC��L�$
 '7�CL=1%
$,��
=ก 6-0��
$,��
=กN�F8)	B)7.91
�C�ก=B
$,��
=ก ADF �=%
=$
6E%N,�
CI����)��I acid detergent fiber (ADF) '7-��)��I	u�)
	877F:7;0���=%;�ก�� 
 
 
 
 

��)��I	u�)	877F:7; (	����	8A
+�)  = ��)��I NDF - ��)��I ADF  
 

3. ก��������&	�	� permanganate lignin (PML) 
 

3.1 	+)�;��7-7�
 combined permanganate (<�NS
Cก %) ��)��+� 25 �)77)7)+� 7%?

N�F8)	B)7.91�9+=C�
@�%#�L.91S@�
ก��;ก=���C
;��7-7�
 acid detergent 'L@N�F8)	B)77%?
R��.91�9
$,�
	
A
B��6>�
F@;F%��-��I 2 	8
+)	�+� ?L�'.@%'ก�CN
+=C�
@�%	#�1�0�@?��6=B+=C	�"
ก��
 +=$%.)$%0C� 45 

�.9 N
	�"
B�%N�=$% 6�ก
=$
�F�;��7-7�
��ก��C
	N��1�%�F�;>���ก�/ '7�C	+)�;��7-7�
 
combined permanganate ��)��+� 25 �)77)7)+� 7%?
N�F8)	B)7�9กN�=$% +=$%.)$%0C��9ก 45 
�.9 
6�ก
=$
�F�;��7-7�
��ก?�������C
	N��1�%�F�;>���ก�/ 

��)��I ADF (	����	8A
+�) = [( 
$,��
=กN�F8)	B)7 + 
$,��
=ก ADF) � 
$,��
=กN�F8)	B)7] × 100 
                           
$,��
=ก+=C�
@�%#�L 
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3.2 	+)�;��7-7�
 demineralizing (<�NS
Cก %) 7%?
N�F8)	B)7?��.@C�+=C�
@�%#�L.91�
F@?

N�F8)	B)7 +=$%.)$%0C� 5 
�.9 '7�C�F�;��7-7�
��ก .,�8$,�6
+=C�
@�%#�L	�"
;9&�C<�
?
	C7� 20 

�.9 '7�C�F�;��7-7�
��ก?�������C
	N��1�%�F�;>���ก�/  

3.3 7��%+=C�
@�%#�L��C
	�.�
�7NC��	&��&�
 80 	����	8A
+� ��-��I 50 �)77)7)+� 6,�
C
 
2 N�=$% '7-+����C
�-8):+
��-��I 50 �)77)7)+� 6,�
C
 2 N�=$% '7�C�F�;��7-7�
��ก?�����
��C
	N��1�%�F�;>���ก�/ 6�ก
=$

,�N�F8)	B)70��B?
+F��B.91�>I�<F�) 100 �%/�	87	89
; 	�"

	C7� 12 L=1C:�%  

3.4 
,�N�F8)	B)7��ก��+=$%.)$%?��0C�	
A
?
:R�F�NC��L�$
 '7�CL=1%
$,��
=ก 6-0��
$,��
=กN�F8)	B)7.91
�C�ก=B
$,��
=ก&�%+=C�
@�%#�L.91S@�
ก��;ก=�	��7)ก
)
��ก'7�C (PML) �=%
=$
6E%N,�
CI��
��)��I7)ก
)
 (	����	8A
+�) 0���=%;�ก�� 
 

  
 
 

4. ก��������&	�	���� �%�-""(."�,���ก������[�� 
 

,�N�F8)	B)7.91�9+=C�
@�%#�L8E1%S@�
ก��;ก=�7)ก
)
��ก'7�C?
&��0�	S�?
	+�	S�	R��.91

�>I�<F�) 500 �%/�	87	89
; 	�"
	C7� 3 L=1C:�% 6�ก
=$

,���+=$%.)$%?��0C�	
A
?
:R�F�NC��L�$
 
'7�CL=1%
$,��
=ก 6-0��
$,��
=กN�F8)	B)7�C�ก=B
$,��
=ก	R��.91	�7��6�กก��	S� �=%
=$
6E%N,�
CI��
��)��I	877F:7; (	����	8A
+�) 0���=%;�ก��  
 
 

 
 
 
 
 

 
 
 

��)��I7)ก
)
 = [(
$,��
=กN�F8)	B)7 + 
$,��
=ก ADF) � (
$,��
=กN�F8)	B)7 + 
$,��
=ก PML)] × 100 
                           
$,��
=ก+=C�
@�%#�L 

��)��I	877F:7; = [(
$,��
=กN�F8)	B)7 + 
$,��
=ก PML) � (
$,��
=กN�F8)	B)7 + 
$,��
=ก	R��)] × 100 
                                  
$,��
=ก+=C�
@�%#�L 
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������ก \ 
 

ก����,!�ก�����
*���-""(�"�!"&'-!"��� 
 

1. ก����,!�ก�����
*���-""(�"� (FPU assay) 
 
1.1 C)�9ก��C=� 

(1) 
,�	�
08��.91+��%ก��.�;�B��)��I 0.5 �)77)7)+� ?;@7%?
�7��.�7�%  
(2) 	+)�;��7-7�
:8	�9
�8)	.�+B=#	(��� NC��	&��&�
 0.05 :�7��� pH 4.8 (<�NS
Cก 

%) ��)��+� 1 �)77)7)+� '7-ก�-��]ก��%	B��� 1 &
�� 1 x 6 	8
+)	�+� 	&
@�?��	&��ก=
 
(3) 
,�0�B@�?
�@�%
$,�'BBNCBN>��>I�<F�) .91 50 �%/�	87	89
; 	�"
	C7� 1 L=1C:�% 
(4) 	+)�;��7-7�
 DNS reagent ;,���=BC=�'�ก.)C)+9 (<�NS
Cก %) ��)��+� 3 �)77)7)+� 

S;�?��	&��ก=
 
,�0�+��?

$,�	����
�
 5 
�.9 +=$%.)$%0C�?��	
A
.91�>I�<F�)���% 
(5) �F�;��?
�7��.�7�%&�� (4) ����)��+� 100 0�:N�7)+� ?;@7%?
0�:N�	#7. 	+)�


$,�ก7=1
��)��+� 150 0�:N�7)+� 7%0�S;�?��	&��ก=
 
,�0�C=�N@�ก���F�ก7�
';%.91NC��
�CN7�1
 
540 
�:
	�+� ��C
	N��1�%�@�
��)ก)�)
�B
0�:N�	#7. :�
?L�;��7-7�
:8	�9
�8)	.�+B=#	(��� 
NC��	&��&�
 0.05 :�7��� pH 4.8 '.
	�
08��	�"
�7��NCBN>� (blank) 6�ก
=$

,�N@�ก��
�F�ก7�
';%.910��0�	.9
B����)��I
$,�+�7ก7F:N; 6�กก��(��+�\�
&�%
$,�+�7ก7F:N;.91NC��
	&��&�
 0.8 - 2.4 �)77)ก�=�/�)77)7)+� 	#�1�
,�0�N,�
CI��N@�'�ก.)C)+9&�%	�
08��  
 

1.2 ก��(��+�\�
&�%;��7-7�

$,�+�7ก7F:N;;,���=BC)	N��-��'�ก.)C)+9&�%	877F	7; 
	+�9
�;��7-7�

$,�+�7ก7F:N;.91�9NC��	&��&�
 �=%
9$ 0, 0.8, 1.2, 1.6, 2.0 '7- 2.4 

�)77)ก�= � /�)77) 7)+�  :�
	6� �6�%6 �ก;��7-7�

$, �+�7ก7F :N;.91 �9 NC��	&�� &�
  10            
�)77)ก�=�/�)77)7)+� :�
?L�;��7-7�
:8	�9
�8)	.�+B=#	(��� NC��	&��&�
 0.05 :�7��� pH 4.8 
	�"
+=C.,�7-7�
 C)	N��-����N@�ก���F�ก7�
';%+��C)�9&�� 1.1 :�
?L�;��7-7�

$,�+�7ก7F:N;.91
NC��	&��&�
+@�%D '.
	�
08�� '+@0�@+��%?;@ก�-��]ก��%'7-0�@+��%
,�0�B@� 	+)�;��7-7�
 
DNS reagent ��)��+� 3 �)77)7)+� 7%0�S;�?��	&��ก=
'7�C
,�0�+��?

$,�	����
�
 5 
�.9 +=$%.)$%
0C�?��	
A
.91�>I�<F�)���% '7�C.,�+��&=$
+�
?
&�� (5) 
,�N@�.910����;���%ก��(��+�\�
&�%
;��7-7�

$,�+�7ก7F:N; 
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y = 0.4306x - 0.0094

R2 = 0.9987

0

0.2

0.4

0.6

0.8

1

1.2

0 0.4 0.8 1.2 1.6 2 2.4 2.8

ก7F:N; (�)77)ก�=�/�)77)7)+�)

N@�
ก�

��
F�ก

7�

';

%.
91 54

0 

�

:

	�

+� 
 
 
 
 
 
 
 
 
 

 
ก��(��+�\�
&�%;��7-7�

$,�+�7ก7F:N; 

 
1.3 ก��N,�
CI��N@�'�ก.)C)+9&�%	877F	7; 

 ก,��
�?�� 1 
F
)+&�%	�
08�� N�� ��)��I&�%	�
08��.91
@�
;7�
;��+=$%+�
?��	�"

ก7F:N; 1 0�:N�:�7 <�
?
	C7� 1 
�.9 <�
?+�;<�C-.91?L�.�;�B 
=1
N�� 

1 
F
)+&�%	�
08�� =     1    0�:N�:�7&�%ก7F:N;.91RFก�7@�
��ก��?
 1 
�.9 
    =  0.180 �)77)ก�=�&�%ก7F:N;.91RFก�7@�
��ก��?
 1 
�.9 

 
ก7F:N; 0.180 �)77)ก�=� �9N@�	.@�ก=B            1   0�:N�:�7 
R��	�
08��
@�
;7�
0��ก7F:N; X �)77)ก�=� 6-�9N@�	.@�ก=B      X       ����   5.556X 0�:N�:�7 

                        0.180  

=1
N���-
-	C7� 60 
�.9 6-�9ก7F:N;RFก�7@�
��ก��	.@�ก=B    5.556X           0�:N�:�7  
�-
-	C7�  1  
�.9 6-�9ก7F:N;RFก�7@�
��ก��	.@�ก=B    5.556X  ����  0.0926X 0�:N�:�7/
�.9  
                60 
	��1�?L�	�
08�� 0.5 �)77)7)+� 6-�9ก7F:N;	.@�ก=B  0.0926X            0�:N�:�7/
�.9 
	��1�?L�	�
08�� 1.0 �)77)7)+� 6-�9ก7F:N;	.@�ก=B  0.0926X  ���� 0.185X 0�:N�:�7/
�.9/�)77)7)+� 
                 0.5 
                                                                    8E1%	.@�ก=B  0.185X  
F
)+/�)77)7)+� (FPU/�)77)7)+�) 
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2. ก����,!�ก�����
*��'-!"��� 
 

2.1 C)�9ก��C=� 
(1) 
,�	�
08��.91+��%ก��.�;�B��)��I 0.5 �)77)7)+� ?;@7%?
�7��.�7�%  
(2) 	+)�;��7-7�
08'7
 NC��	&��&�
 1 	����	8A
+�:�
�C7/��)��+� (<�NS
Cก %) 

��)��I 0.5 �)77)7)+� 	&
@�?��	&��ก=
 
(3) 
,�0�B@�?
�@�%
$,�'BBNCBN>��>I�<F�) .91 50 �%/�	87	89
; 	�"
	C7� 30 
�.9 
(4) 	+)�;��7-7�
 DNS reagent ;,���=BC=�'�ก.)C)+9 ��)��+� 3 �)77)7)+� S;�?��	&��ก=
 


,�0�+��?

$,�	����
�
 5 
�.9 +=$%.)$%0C�?��	
A
.91�>I�<F�)���% 
(5) �F�;��?
�7��.�7�%&�� (4) ����)��+� 75 0�:N�7)+� ?;@7%?
0�:N�	#7. 	+)�
$,�

ก7=1
��)��+� 150 0�:N�7)+� 7%0�S;�?��	&��ก=
 
,�0�C=�N@�ก���F�ก7�
';%.91NC��
�CN7�1
 
540 
�:
	�+� ��C
	N��1�%�@�
��)ก)�)
�B
0�:N�	#7. :�
?L�;��7-7�
:8	�9
�8)	.�+B=#	(��� 
NC��	&��&�
 0.05 :�7��� pH 4.8 '.
	�
08��	�"
�7��NCBN>� (blank) 6�ก
=$

,�N@�ก��
�F�ก7�
';%.910��0�	.9
B����)��I
$,�+�7ก7F:N; 6�กก��(��+�\�
&�%
$,�+�7ก7F:N;.91NC��
	&��&�
 0.6 - 2.2 �)77)ก�=�/�)77)7)+� 	#�1�
,�0�N,�
CI��N@�'�ก.)C)+9&�%	�
08��  

 
2.2 ก��(��+�\�
&�%;��7-7�

$,�+�708:7;;,���=BC)	N��-��'�ก.)C)+9&�%08'7	
; 

	+�9
�;��7-7�

$,�+�708:7;.91�9NC��	&��&�
 �=%
9$ 0, 0.6, 1.0, 1.4, 1.8 '7- 2.2 
�)7 7) ก �= � /�) 7 7) 7) +�  :�
	 6� �6 �% 6 �ก;��7 - 7�

$, �+�7 0 8 :7 ; .91 �9 NC�� 	 &�� &� 
  10             
�)77)ก�=�/�)77)7)+� :�
?L�;��7-7�
:8	�9
�8)	.�+B=#	(��� NC��	&��&�
 0.05 :�7��� pH 4.8 
	�"
+=C.,�7-7�
 C)	N��-����N@�ก���F�ก7�
';%:�
?L�;��7-7�

$,�+�708:7;.91NC��	&��&�

+@�%D '.
	�
08�� '7�C.,�+��&=$
+�
?
&�� 2.1 
,�N@�.910����;���%ก��(��+�\�
&�%
;��7-7�

$,�+�708:7; 
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y = 0.5285x - 0.016

R2 = 0.9989

0

0.2

0.4

0.6

0.8

1

1.2

0 0.4 0.8 1.2 1.6 2 2.4

08:7; (�)77)ก�=�/�)77)7)+�)

N@�
ก�

��
F�ก

7�

';

%.
91 54

0 

�:


	�
+�

 
 
 
  
 
 
 
 
 
 
 

 
ก��(��+�\�
&�%;��7-7�

$,�+�708:7; 

 
2.3 ก��N,�
CI��N@�'�ก.)C)+9&�%08'7	
; 

ก,��
�?�� 1 
F
)+&�%	�
08�� N�� ��)��I&�%	�
08��.91
@�
;7�
;��+=$%+�
?��	�"
08:7; 
1 0�:N�:�7 <�
?
	C7� 1 
�.9 <�
?+�;<�C-.91?L�.�;�B 
=1
N�� 

1 
F
)+&�%	�
08�� =     1    0�:N�:�7&�%08:7;.91RFก�7@�
��ก��?
 1 
�.9 
    =  0.150 �)77)ก�=�&�%08:7;.91RFก�7@�
��ก��?
 1 
�.9 

 
08:7; 0.150 �)77)ก�=� �9N@�	.@�ก=B            1   0�:N�:�7 
R��	�
08��
@�
;7�
0��08:7; Y �)77)ก�=� 6-�9N@�	.@�ก=B      Y ����   6.667Y 0�:N�:�7 

                       0.150  

=1
N���-
-	C7� 30 
�.9 6-�908:7;RFก�7@�
��ก��	.@�ก=B    6.667Y           0�:N�:�7  
�-
-	C7�  1  
�.9 6-�908:7;RFก�7@�
��ก��	.@�ก=B    6.667Y  ����  0.222Y   0�:N�:�7/
�.9  
                30 
	��1�?L�	�
08�� 0.5 �)77)7)+� 6-�908:7;	.@�ก=B  0.222Y                      0�:N�:�7/
�.9 
	��1�?L�	�
08�� 1.0 �)77)7)+� 6-�908:7;	.@�ก=B  0.222Y  ���� 0.444Y   0�:N�:�7/
�.9/�)77)7)+� 
               0.5 
                                                                          8E1%	.@�ก=B  0.444Y   
F
)+/�)77)7)+� 
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y = -4.6214x2 + 3.6259x + 0.0073

R2 = 0.997

0

0.1
0.2

0.3
0.4

0.5
0.6

0.7

0 0.05 0.1 0.15 0.2 0.25 0.3

��)��I:��+9
 BSA (�)77)ก�=�/�)77)7)+�)

N@�
ก�

��
F�ก

7�

';

%.
91 65

0 

�

:

	�

+�

������ก � 
 

ก��_ ���`�� 
 
1. ก��_ ���`��*�����"&"��.���
�.)'���-
�� ��")( �� (BSA) 
 

C)�9ก��.,�ก��(��+�\�
&�%;��7-7�
:��+9
 BSA 
 (1) 	+�9
�;��7-7�
:��+9
 BSA .91NC��	&��&�
 1 �)77)ก�=�/�)77)7)+� '7-.,�ก��	6��
6�%��C

$,�ก7=1
?��0��NC��	&��&�
 0.05, 0.10, 0.15, 0.20 '7- 0.25 �)77)ก�=�/�)77)7)+� 	+)�
;��7-7�
 BSA '+@7-NC��	&��&�
 ��)��+� 100 0�:N�7)+�7%?
'+@7-�7>�&�%0�:N�	#7. 

(2) 	+)�;��7-7�
0B
F	�+ (<�NS
Cก %) ��)��+� 200 0�:N�7)+�7%0�S;�?��	&��ก=
 
B@�.91�>I�<F�)���%	�"
	C7� 10 
�.9  
 (3) 	��1�N�B 10 
�.9 	+)�;��7-7�
:(7)
(�
�7�9	�	6
.� (<�NS
Cก %) ��)��+� 20 
0�:N�7)+�7%0� :�
S;�?��	&��ก=
:�
	�AC '7-B@�+@�0��9ก	�"
	C7� 30 
�.9 .91�>I�<F�)���%  

(4) C=�N@�ก���F�ก7�
';%.91 650 
�:
	�+� ��C
	N��1�%�@�
��)ก)�)
�B
0�:N�	#7. '7-
?L�
$,�ก7=1
��)��+� 100 0�:N�7)+� 	�"
'B7%N�'.
;��7-7�
 BSA 
,�N@�.910����;���%ก��(
��+�\�
&�%;��7-7�
 BSA 
 
 
 
 
 
 
 
 
 
 

 
 
 

ก��(��+�\�
&�%;��7-7�
:��+9
 BSA 
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y = 0.519x - 0.0107

R2 = 0.9993

0
0.2
0.4
0.6
0.8

1
1.2

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4

ก7F:N; (�)77)ก�=�/�)77)7)+�)
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0 

�:


	�
+�

2. ก��_ ���`��*�����"&"���24���"ก"(.���4�	��)������&	���� �%�24���"�
,��-� 
 

C)�9ก��.,�ก��(��+�\�
&�%;��7-7�

$,�+�7ก7F:N;;,���=BC)	N��-����)��I
$,�+�7
�9�)C8� (�=�'�7%��6�ก Miller, 1959) 

(1) 	+�9
�;��7-7�

$,�+�7ก7F:N;.91�9NC��	&��&�
 �=%
9$ 0, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 
1.6, 1.8, 2.0 '7- 2.2 �)77)ก�=�/�)77)7)+� :�
	6��6�%6�ก;��7-7�

$,�+�7ก7F:N;.91�9NC��
	&��&�
 10 �)77)ก�=�/�)77)7)+� :�
?L�
$,�ก7=1
	�"
+=C.,�7-7�
 

(2) 	+)�;��7-7�

$,�+�7ก7F:N;'+@7-NC��	&��&�
 ��)��+� 100 0�:N�7)+� 7%?
'+@7-
�7>�&�%0�:N�	#7.  

(3) 	+)�;��7-7�
 DNS reagent .91?L�;,���=BC)	N��-����)��I
$,�+�7�9�)C8� (<�NS
Cก 
%) ��)��+� 100 0�:N�7)+� S;�?��	&��ก=
 ;,���=B'B7%N� N�� ?L�
$,�ก7=1
'.
;��7-7�

$,�+�7
ก7F:N;  

(4) �|�O�0�:N�	#7.'7�C
,�0�B@�?
�@�%
$,�'BBNCBN>��>I�<F�).91 95 �%/�	87	89
; 
	�"
	C7� 5 
�.9 	��1�N�B	C7�.,�ก��	6��6�%;��?
0�:N�	#7.�=%ก7@�Cก@�
.916-
,�0�C=� :�
�F�
;��
=$
&E$
�� 50 0�:N�7)+� 
,�0�?;@0�:N�	#7.�9ก�=
 	+)�
$,�ก7=1
��)��+� 200 0�:N�7)+� 7%0�
'7�CS;�?��	&��ก=
 C=�N@�ก���F�ก7�
';%.91NC��
�CN7�1
 540 
�:
	�+� ��C
	N��1�%�@�
��)ก)�)
�
B
0�:N�	#7. 
,�N@�.910����;���%ก��(��+�\�
&�%;��7-7�

$,�+�7ก7F:N;.91�9NC��	&��&�

?
L@C% 0 - 2.2 �)77)ก�=�/�)77)7)+� 
 
 
 
 
 
 
 
 
 
 
 
 

ก��(��+�\�
&�%;��7-7�

$,�+�7ก7F:N;;,���=BC)	N��-����)��I
$,�+�7�9�)C8� 
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y = 3.7731x - 0.0113

R2 = 0.9995

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8
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0 0.1 0.2 0.3 0.4 0.5 0.6

	�.�
�7 (ก�=�/7)+�)

�=+
��

;@C

#

�$
.
91?+

�#9N

(	�
.�


�
7/

1-
:#

�#
�


�7
)

3. ก��_ ���`��������" 
 

C)�9ก��.,�ก��(��+�\�
	�.�
�7 
(1) 	+�9
�;��7-7�
	�.�
�7.91NC��	&��&�
 1 ก�=�/7)+� 6�ก	�.�
�7NC��	&��&�
 

99.9 	����	8A
+� '7�C	6��6�%?��	�"
NC��	&��&�
+@�%D ก=
 �=%
9$ 0, 0.05, 0.1, 0.2, 0.3, 0.4 '7- 
0.5 ก�=�/7)+�  

(2) 
,�;��7-7�
	�.�
�7.91NC��	&��&�
+@�%D ����)��+� 420 0�:N�7)+� 	+)� internal 
standard ��)��+� 280 0�:N�7)+� 8E1%	�"
;��7-7�
 1-:#�#�
�7 NC��	&��&�
 5 �)77):�7��� 
(<�NS
Cก %) 7%0�S;�?��	&��ก=
  

(3) C)	N��-������)��I	�.�
�7��C
	N��1�% GC 
,�N@�.910����;���%ก��(��+�\�

�-�C@�%�=+��;@C
#�$
.91?+�ก��( (	�.�
�7/1-:#�#�
�7) ก=BNC��	&��&�
&�%	�.�
�7 (ก�=�/
7)+�) 

 
 
 
 
 
 
 
 
 
 
 
 

ก��(��+�\�
	�.�
�7 
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+=C�
@�%:N���:.'ก��&�%	�.�
�7'7- 1-:#�#�
�7 

 

#9N L�1�;�� 
�-
-	C7�.91;���
F@?
N�7=�
� 

(retention time) 
#�$
.91 NC��;F% 

1 	�.�
�7 2.689 55659.6 18895.3 
2 1-:#�#�
�7 3.553 39130.5 7439.8 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

1-:#�#�
�7 

	�.�
�7 
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������ก - 
 

ก����)�4�����-""��
��� 
 

ก��
=B6,�
C
	877�6-?L��>�ก�I�.91	�9
กC@� haemacytometer ���� counting chamber 
	�"
;07��.91+�%ก7�%6-�9�@�%	�"
�F�+=C H 6E%'B@%B�)	CI.91?L�
=B	877���ก	�"
 2 B�)	CI N�� 
���
B
ก=B���
7@�% '7-�9NC��7Eก 0.1 �)77)7)+� 	��1�;@�%?+�ก7��%6>7.��/
�6-	�A
+���%+�%
ก7�%.91�9&
�� 1×1 +���%�)77)	�+� 8E1%��-ก�B��C
L@�%;91	�791
�6+>�=;?��@ 25 L@�% '+@7-L@�%�9
&
�� 0.2×0.2 +���%�)77)	�+� ?
'+@7-L@�%?��@�9&9�'B@%��ก	�"
L@�%	7Aก�9ก 16 L@�% &�%	�7C
.91B��6>�
F@<�
?
B�)	CI;91	�791
�6+>�=;?��@.=$% 25 L@�% 6-�9��)��+�	�"
 0.1 7FกB�/ก��)77)	�+� 
(1×1×0.1 7FกB�/ก��)77)	�+�)  

 
 

 
  

 
 

7=ก]I-&�% haemacytometer '7-;@C
��-ก�B+@�%D 
 

 
 
 
 
 
 
 
 
 
 

7=ก]I-&�%L@�%.91?L�?
ก��
=B6,�
C
	877� 

1 mm 

0.2 mm 

1 2 

3 

4 5 
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ก��
=B6,�
C
	877�6-
=B 5 L@�% 6�ก 25 L@�% N�� ?
B�)	CI���
	7& 1 - 5 �=%
=$
ก��
N,�
CI6,�
C
	877�6-N,�
CI �=%
9$ 

ก,��
�?��N@�	P791
6,�
C
	877�.=$% 5 L@�% �9N@�	.@�ก=B X 	877� 

=1
N��   ��)��+� 0.1 7FกB�/ก��)77)	�+� 6-�96,�
C
	877�.=$%��� =    25 × X    	877� 

��)��+� 1 7FกB�/ก��)77)	�+� 6-�96,�
C
	877�.=$%���   =   250 × X   	877� 
��)��+� 1 �)77)7)+�   =   1000 7FกB�/ก��)77)	�+� 

�=%
=$
    ��)��+� 1 �)77)7)+�6-�96,�
C
	877�.=$%���  =   2.5 × 104 × X  	877�/�)77)7)+� 
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������ก c 
 

������[��� 
 

ก,��
�?��   1 N�� ?B����	
	��
��         7 N�� ����'#%:ก7@� 
2 N�� ?B����	
	��
��'N�-        8 N�� �����-+��+=� 
3 N�� ?B����	
	��
��
=ก]�        9 N�� ����'Oกก7>@�#=
�>�/�97=%ก� 
4 N�� ?B����B�
@�       10 N�� ����'Oกก7>@�#=
�>���-6CBN9�9&=
�� 
5 N�� ����ก)

9;9�@C%       11 N�� ����'Oกก7>@�#=
�>���LB>�9 
6 N�� �����F891                                 12 N�� '�7(�-	877F:7; 0.6 ก�=�+08'7
 0.6 ก�=� 

 

1. ��� �%������"��กก�&)��ก�� SSCF *�����[0,�)���,�#��3 ��	�#��ก�� /"���  
 

ANOVA 
ethanol (g/l)  

 Sum of Squares df Mean Square F Sig. 
Between Groups 
Within Groups 
Total 

4.624 
.584 

5.208 

11 
24 
35 

.420 

.024 
 

17.277 
 
 

.000 
 
 

 
Duncana 

Subset for alpha = .05 grasses N 1 2 3 
5 
7 
6 
8 
3 
10 
4 
1 
2 
12 
11 
9 

Sig. 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
 

.1800 

.2133 

.3000 

.3567 

.4033 
 
 
 
 
 
 
 

.128 

 
 
 
 
 

.7967 

.8667 

.9633 

.9800 
1.0567 

 
 

.078 

 
 
 
 
 
 

.8667 

.9633 

.9800 
1.0567 
1.1033 
1.1400 

.068 
Means for groups in homogeneous subsets are displayed. 
aUses Harmonic Mean Sample Size = 3.000 
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2. ��� �%������"��กก�&)��ก�� SSCF *�����[0,�)���,�#��3 ��	�#��ก�� /ก�� 
*�����[0,�)  

 
ANOVA 

 
ethanol (g/g substrate) 

 Sum of Squares df Mean Square F Sig. 

Between Groups 
Within Groups 
Total 

.073 

.011 

.083 

11 
24 
35 

.007 

.000 
 

14.682 
 
 

.000 
 
 

 
 

Duncana 
Subset for alpha = .05 grasses N 1 2 3 

5 
7 
6 
8 
3 
10 
4 
1 
2 
12 
9 
11 

Sig. 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
 

.0200 

.0233 

.0367 

.0467 

.0533 
 
 
 
 
 
 
 

.072 

 
 
 
 
 

.0967 

.1100 

.1200 

.1233 

.1300 
 
 

.072 

 
 
 
 
 
 

.1100 

.1200 

.1233 

.1300 

.1400 

.1400 
.109 

Means for groups in homogeneous subsets are displayed. 
aUses Harmonic Mean Sample Size = 3.000 
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3. ��� �%������"*�����[0,�)���,�#��3 ��กก�&)��ก�� SSCF .,���,��f�
������-g���*��������"�
�',��� �h$i
 

 
ANOVA 

 
ethanol (%) 

 Sum of Squares df Mean Square F Sig. 

Between Groups 
Within Groups 
Total 

3783.641 
493.048 

4276.689 

11 
24 
35 

343.967 
20.544 

 

16.743 
 
 

.000 
 
 

 
 

Duncana 
Subset for alpha = .05 grasses N 1 2 3 

5 
7 
6 
8 
3 
12 
10 
4 
1 
2 
11 
9 

Sig. 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
 

6.0800 
6.8000 
9.5567 

11.6433 
13.9300 

 
 
 
 
 
 
 

.066 

 
 
 
 
 

23.0100 
23.3067 
27.2767 
30.2967 
30.6033 
30.9467 

 
.068 

 
 
 
 
 
 
 

27.2767 
30.2967 
30.6033 
30.9467 
32.7200 

.198 

Means for groups in homogeneous subsets are displayed. 
aUses Harmonic Mean Sample Size = 3.000 
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4. ��� �%������" ("���/'�#/��) ��กก�&)��ก�� SSCF *��	
�� 11 ���, 
 

ANOVA 
 

ethanol (litres/rai/year) 
 Sum of Squares df Mean Square F Sig. 

Between Groups 
Within Groups 
Total 

277789.113 
36608.668 

314397.781 

10 
22 
32 

27778.911 
1664.030 

 

16.694 
 
 

.000 
 
 

 
 

Duncana 
Subset for alpha = .05 grasses N 1 2 3 4 

3 
5 
6 
4 
10 
8 
9 
1 
7 
11 
2 

Sig. 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
 

78.3700 
85.8333 

105.8467 
 
 
 
 
 
 
 
 

.409 

 
 

105.8467 
167.9333 
170.6767 
171.3900 

 
 
 
 
 

.062 

 
 
 

167.9333 
170.6767 
171.3900 
184.2700 
187.4667 
203.5200 
212.8067 

 
.214 

 
 
 
 
 
 
 
 
 
 

435.2867 
1.000 

Means for groups in homogeneous subsets are displayed. 
aUses Harmonic Mean Sample Size = 3.000 
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