
 

(1) 

 
 
 
 

�������	
���
�
������
�������
����������� Saccharomyces cerevisiae 
Ethanol Production from Expired Carbonated Soft Drink  

Using Saccharomyces cerevisiae 
 
 
 

 
��4����  ��5�6� 

 Ratchaneekon  Muadpon 
 
 
 

 
5������6�9����	:;��<5���=>?@
?���A=�B���������C��:��DD� 

5����A�������E�FG��  ��@�5�4����
�������>?H5��I
� 
���5��������?@���J������ 

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of 
Master of Science in Environmental Management 

Prince of Songkla University 
2552 

��@���9�S@
?���5��������?@���J������ 



 

(2) 

4T>
5������6�9� ���	
��
�����
����������
���������������� Saccharomyce scerevisiae 
�CI	@��� �������� ����  ����!
 
��@�5�4� �����������"�#��
$�� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

           
       
 

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

�/����0"�(�����10�2� ����
���3��-��44������1�������%�&'�� ��(��� ����������
��"�#��
$�� 

 
       55555.555555555..5 
 (���1���������� ��.
���� ��  �����3) 
 )&%��%�&'�������
�� 


�
������>:�=�B�5������6�9����� 
 

555555555555555555 
(��.+�����  
� 78�������
) 

JFU��������
E 
 
555555555555...-�7+��������� 
(	3$ /��1���������� ��.�������  �����&�&) 
 
5555555555.........................������� 
(	3$ /��1���������� ��.���3
  �����7���(�) 
 
5555555555.........................������� 
(��.+�����  
� 78�������
) 
 
5555555555.........................������� 
(���1���������� ��.���!�  )��+� ��) 
 


�
������>:�=�B�5������6�9��<5� 
 
555555555555555555 
(���1���������� ��.���!�  )��+� ��) 



 

 (3) 

��������	
��
�
          ����	
��
���
	�������
��	����
����������� Saccharomyces cerevisiae  
�������
                         �������������  ���� 	 
�	�	���	                      ����������
!�"��	#
�  
���	�����	                  2552 
 

���� �!� 
 

�����&��
'
�����
��	����
�����!��������	�()�
�*�(�+�
&�	��,�(�
��-�.�  
�/���*����()�0(0�#��!�+,�#�()�"�	1�*���&
�������&����	
��
���
	�#����+&���������  
��2!
������3/�4��.��
����"	+�5��+��!����+���1
����	
��
���
	'
������ Saccharomyces 
cerevisiae (S1) ���,�#����
��	����
����()�"�	1�*���&
�  &�1��.��
����"	+�5��+��!
����+�� 0�#"�1 ����
��	����
�����2
���,�#��(�
��-������	��
!��#���1���& 25 �����1
	
�� ��
� 
(NH4)2SO4 ,�(�
��- 0.1 �����1
	
�� (��& pH ��
!��#���1���& 5.0 &1���!
�-�5.�
 30  

�3��?	�?��� �#��
��������'�1� 100 �
&�1
���� �()���	� 48 ��!���� ��!�5��+����	1�������  
S. cerevisiae (S1) �����A�	
��
���
	0�#�.������1���&�#
�	+ 1.17 ���(�
���� ��2
 9.02 ����
�1
	
�� ���	�	
���!0�#�1
��������#���1���& 0.384 �����
���
	�1
����������	 "	+��(�
��-��	
���5� ��1���& 1.2 �����1
	
�� �������0�#������3/�4��(���&����&(�
��-�
���
	��!�������0�#�#��
�*�2!
� Ebulliometer ��&*1���!�������0�#�#���*�2!
� Gas Chromatography (GC)  &�1�����������
��(�
��-�
���
	�#���*�2!
� GC ,�#(�
��-�
���
	�����1������������#���*�2!
� 
Ebulliometer '
�������
�1����!������������� ����U	�!��#
�	+ 0.23±0.024 ���(�
���� 

?/!�����	����	
��
���
	'
� S. cerevisiae (S1)  &�1�(�
��-�
���
	��!�	
�
0�#��*1��!����2!
�(���&����&��&�	����
�����!�1���� �������,�����
�������/�0�#������3/�4�,�#�����  
S. cerevisiae (S2) ,�����	
��
���
	�#��� 2!
�2�����	*����()�0(0�#,����,�#����
��	����
���
�()�"�	1�*���&
� ���,�#�.��
����"	+�5��+��!����+��������3/�4��	
��
���
	�#������� 
S. cerevisiae (S1) �	���3/�4� &�1� ��2�
����� S. cerevisiae (S2) �����A���1
*����'#�'#���!
������	��
!��#�,�����
��	����
���0�#�.���1������ S. cerevisiae (S1) ���(�
��-������	��
!��#�
��1���& 98 �����1
	
�� ��2�
����� S. cerevisiae (S2) �����A�	
��
���
	0�#�.�����#
�	+ 6.17  
���(�
���� ��2
 48.72 �����1
	
�� ���	�	
���!0�#�1
��������#���1���& 0.504 �����
���
	�1

����������	 "	+��(�
��-��	���5� ��1���& 5.97 �����1
	
�� ���3/�4�������0�#������3/�4�
�(���&����&�	'
��
X������������2�
(��(YZ
�,�����
��	����
����#����#
[1���2�
5��,�#*������0




 

 (4) 

���� "	+�����
�����*�� Potassium metabisulfite (KMS) �1
(�+�
�X
5� ,�����	
��
���
	'
�
��2�
��������� 2 ��� ��X�� ��2!
,�#����
��	����
����()�"�	1�*���&
� �	���3/�4� &�1������  
S. cerevisiae (S1) 0�1�����A�#������1
��� KMS ��!*����'#�'#����
& (200 ppm) �����!*���
�'#�'#�����	1�� ��2�
����� S. cerevisiae (S1) 0�1�����A���
`��
&��"	+�	
��
���
	0�# "�1������&
����� S. cerevisiae (S2)  &�1�(�
��-�
���
	��!�	
�0�#�����+&�����������![1���2�
�#�������
�
��� KMS (200 ppm) "	+[1���2�
5��,�#*������0
������*1�0�1"���1����� (�#
�	+ 1.57 ���
(�
���� ��2
 12.37 �����1
	
��) 

 
�"	�"	��#: �
���
	, ����
��	����
���, Saccharomyces cerevisiae 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 (5) 

Thesis Title  Ethanol Production from Expired Carbonated Soft Drink Using 
Saccharomyces cerevisiae 

Author Miss. Ratchaneekon  Muadpon   

Major Program Environmental Management  

Academic Year 2009 
 

ABSTRACT 
 

From the characteristic of expired carbonated soft drink that contains high 
sugarconcentration, it is possible to use this wastewater as a carbon source for ethanol production. 
The culture broth composition prepared from expired carbonated soft drink and culture condition 
for ethanol production by Saccharomyces cerevisiae (S1) were optimized. The results showed the 
appropriate culture broth and culture condition for S. cerevisiae (S1) were the diluted expired 
carbonated soft drink contained initial sugar concentration of 25 g/L, added 0.1 g/L of (NH4)2SO4, 
adjusted initial pH to be 5.0, incubated at 30 oC and 100 revolutions per minute of agitation rate 
for 48 hr. With these appropriate conditions, S. cerevisiae (S1) yielded highest ethanol production 
by 1.17 %(v/v) or 9.02 g/L with 0.384 g ethanol/g sugar in Yp/s and the biomass obtained was 1.2 
g/L. The ethanol concentration in samples were measured by Ebulliometer and the values 
obtained from Ebulliometer were compared with the values analyzed by Gas chromatography 
(GC). It was found that the ethanol concentration in each sample analyzed by GC was higher than 
that obtained from ebulliometer measure obtained ment by 0.23 ± 0.024 %(v/v) 

Tthe ethanol production from S. cerevisiae (S1) fermentation in this study was 
low in comparing with other studies. Therefore other isolate, S. cerevisiae (S2) was also studied. 
The culture broth composition and culture condition, used for S. cerevisiae (S2) was the condition 
optimized from the previous study with S. cerevisiae (S1). The results showed  
S. cerevisiae (S2) could tolerate to higher initial sugar concentration than S. cerevisiae (S1).  
S. cerevisiae (S2) could produced ethanol in the non-diluted expired carbonated soft drink 
contained the initial sugar concentration of 98 g/L. This culture yielded 6.17 %(v/v) or 48.72 g/L 
of ethanol, 0.504 g/g of Yp/s and 5.97 g/L of biomass. In addition, this study also investigated the 
effect of autoclaving and using Potassium metabisulfite (KMS) on ethanol production. It was 
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found that S. cerevisiae (S1) could 
 not tolerate to KMS at 200 ppm whereas the ethanol 

production of S. cerevisiae (S2) in autoclaved culture did not different from that produced by the 
culture decontaminated with 200 ppm of KMS (1.57 %(v/v) or 12.37 g/L). 

 
Key words: Ethanol, expired carbonated soft drink, Saccharomyces cerevisiae 
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60 
3-9 =:>�"�28C$@���'(F5,F*���C�����������8-���*�: 9:�=:=:���'(6	,��� ����B"

�,* (Yp/s) 0�����C���	,/
*B+���	:�C�	��
2�'(�����8*B+���:-��(��,*-������ 25 
�������:��� 4	
F5, (NH4)2SO4 F*�����8 0.1 �������:��� ���� pH -��(��,*
-������ 5.0 ����'(�28C$@�� 25, 30 9:� 35 �"��-K:-K'
  	,/
��������->
�� 100 
������*��' -�L*��
�-/:� 48 5�(/4�" 
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 (13) 

��������� (
��) 
 
������  �	
� 

3-10 ��� Yp/s >�"���=:��-���*�:	,/

' �3 S. cerevisiae (S1) -�.(���	-�'
�-�L* 
�,�
:�>�"����g`h' (Yp/s = 0.51) F* $�/����F5,�����8*B+���:-��(��,*-������ 
25 �������:��� -��� (NH4)2SO4 F*�����8 0.1 �������:��� ���� pH -��(��,*
-������ 5.0 ����'(�28C$@�� 25, 30 9:� 35 �"��-K:-K'
  	,/
��������->
�� 100 
������*��' -�L*��
�-/:� 48 5�(/4�" 
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3-11 
 

=:>�"��
�-/:�F*���C�����������8-���*�: 9:�=:=:���'(6	,��� ����B"�,* 
(Yp/s) 0�����=:��-���*�:	,/
*B+���	:�C�	��
2�'(�����8*B+���:-��(��,* 25 
�������:��� 4	
F5, (NH4)2SO4�'(�/��->,�>,* 0.1 �������:��� ���� pH -��(��,*
-������ 5.0 ����'(�28C$@�� 30 �"��-K:-K'
  	,/
��������->
�� 100 ������*��' 
-�L*��
�-/:� 12, 24, 36, 48, 60 9:� 72 5�(/4�" 
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3-12 
 
 
 
 

3-13 
 
 
 
 

3-14 

��� Yp/s >�"���=:��-���*�:	,/

' �3 S. cerevisiae (S1) -�.(���	-�'
�-�L* 
�,�
:�>�"����g`h' (Yp/s = 0.51) F*$�/����F5,�����8*B+���:-��(��,*-������ 
25 �������:��� -��� (NH4)2SO4 �'(�/��->,�>,* 0.1 �������:��� ���� pH -��(��,*
-������ 5.0 ����'(�28C$@�� 30 �"��-K:-K'
  	,/
��������->
�� 100  
������*��' -�L*��
�-/:� 12, 24, 36, 48, 60 9:� 72 5�(/4�" 
=:���C���-���*�:>�"
' �3 S. cerevisiae (S2) 9:�=:=:���'(6	,��� ����B"�,* 
(Yp/s) 0�����C���	,/
*B+���	:�C�	��
2�'(�����8*B+���:-��(��,* 25, 30, 40, 50 
9:� 98 �������:��� 4	
F5, (NH4)2SO4 F*�����8 0.1 �������:��� ���� pH 
-��(��,*-������ 5.0 ����'(�28C$@�� 30 �"��-K:-K'
  	,/
��������->
�� 100  
������*��' -�L*��
�-/:� 48 5�(/4�" 
��� Yp/s >�"���=:��-���*�:	,/

' �3 S.cerevisiae (S2) -�.(���	-�'
�-�L* 
�,�
:�>�"����g`h' (Yp/s = 0.51) F*$�/����F5,�����8*B+���:-��(��,*-������ 
25, 30, 40, 50 9:� 98 �������:��� -��� (NH4)2SO4 F*�����8 0.1 �������:��� 
���� pH -��(��,*-������ 5.0 ����'(�28C$@�� 30 �"��-K:-K'
  	,/
 
��������->
�� 100 ������*��' -�L*��
�-/:� 48 5�(/4�" 
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�•�š�š�¸�É 1 
 

�•�š�œ�Î�µ 
 
 

�•�š�œ�Î�µ�˜�o�œ�Á�¦�º�É�°�Š 
 
�Ä�œ�­�£�µ�ª�³�ž�{�‹�‹�»�•��́œ�ž�¦�³�Á�š�«�Å�š�¥�ž�¦�³�­�•�ž�{�•�®�µ�Á�„�¸�É�¥�ª�„�´�•�¡�¨�´�Š�Š�µ�œ�Â�¨�³�Á�•�º�Ê�°�Á�¡�¨�·�Š 

�Á�œ�º�É�°�Š�‹�µ�„�‡�ª�µ�¤�˜�o�°�Š�„�µ�¦�œ�Ê�Î�µ�¤�´�œ�Á�•�º�Ê�°�Á�¡�¨�·�Š�Á�¡�º�É�°�Ä�•�o�Á�ž�}�œ�Â�®�¨�n�Š�¡�¨�´�Š�Š�µ�œ�¤�¸�ž�¦�·�¤�µ�–�­�¼�Š �Â�¨�³�¤�¸�Â�œ�ª�Ã�œ�o�¤�š�¸�É�‹�³�­�¼�Š
�¤�µ�„�…�¹�Ê�œ �Ã�—�¥�Á�Œ�¡�µ�³�°�¥�n�µ�Š�¥�·�É�Š�„�µ�¦�Ä�•�o�Á�ž�}�œ�¡�¨�´�Š�Š�µ�œ�Ä�œ�„�µ�¦�…�´�•�Á�‡�¨�º�É�°�œ�¦�™�¥�œ�˜�r �Ž�¹�É�Š�Ä�œ�°�œ�µ�‡�˜�°�µ�‹�Á�„�·�—�ª�·�„�§�˜
�„�µ�¦�…�µ�—�Â�‡�¨�œ�Å�—�o �„�µ�¦�Â�„�o�ž�{�•�®�µ�Ä�œ�Á�¦�º�É�°�Š�¡�¨�´�Š�Š�µ�œ�‹�¹�Š�Á�ž�}�œ�Á�¦�º�É�°�Š�­�Î�µ�‡�´�• �Â�¨�³�Å�—�o�¦�´�•�‡�ª�µ�¤�­�œ�Ä�‹�Á�ž�}�œ�°�¥�n�µ�Š
�¤�µ�„ �Ã�—�¥�Á�Œ�¡�µ�³�„�µ�¦�®�µ�Â�®�¨�n�Š�¡�¨�´�Š�Š�µ�œ�š�—�Â�š�œ �Á�°�š�µ�œ�°�¨�Á�ž�}�œ�Â�®�¨�n�Š�¡�¨�´�Š�Š�µ�œ�š�—�Â�š�œ�°�¥�n�µ�Š�®�œ�¹�É�Š�š�¸�É�¤�¸
�«�´�„�¥�£�µ�¡�­�¼�Š �Á�¡�¦�µ�³�Á�ž�}�œ�¡�¨�´�Š�Š�µ�œ�­�³�°�µ�—�Å�¤�n�„�n�°�Ä�®�o�Á�„�·�—�ž�{�•�®�µ�„�´�•�­�·�É�Š�Â�ª�—�¨�o�°�¤ �Â�¨�³�­�µ�¤�µ�¦�™�Ä�•�o�ž�¦�³�Ã�¥�•�œ�r
�‹�µ�„�Á�°�š�µ�œ�°�¨�Å�—�o�Ä�œ�®�¨�µ�¥�¦�¼�ž�Â�•�• �Á�•�n�œ �Ä�•�o�Á�ž�}�œ�Á�•�º�Ê�°�Á�¡�¨�·�Š�Ã�—�¥�˜�¦�Š�Á�¡�º�É�°�š�—�Â�š�œ�œ�Ê�Î�µ�¤�´�œ�Á�•�œ�Ž�·�œ �Â�¨�³�œ�Ê�Î�µ�¤�´�œ
�—�¸�Á�Ž�¨ �Ä�•�o�Ÿ�­�¤�„�´�•�œ�Ê�Î�µ�¤�´�œ�Á�•�œ�Ž�·�œ �Á�¦�¸�¥�„�ª�n�µ �Â�„�p�­�Ã�Ž�±�°�¨�r (Gasohol) �®�¦�º�°�Ÿ�­�¤�„�´�•�œ�Ê�Î�µ�¤�´�œ�—�¸�Á�Ž�¨ �Á�¦�¸�¥�„�ª�n�µ  
�—�¸�Ã�Ž�±�°�¨�r (Desohol) �Ä�•�o�Á�ž�}�œ�­�µ�¦�Á�¡�·�É�¤�‡�n�µ�°�°�„�Â�š�œ�Ä�œ�œ�Ê�Î�µ�¤�´�œ�Ä�®�o�„�´�•�Á�‡�¦�º�É�°�Š�¥�œ�˜�r �Á�ž�}�œ�˜�o�œ  

�Á�°�š�µ�œ�°�¨�­�µ�¤�µ�¦�™�Ÿ�¨�·�˜�Å�—�o�‹�µ�„ 2 �ª�·�›� ̧�‡�º�° �ª�·�›�¸�­�´�Š�Á�‡�¦�µ�³�®�r�š�µ�Š�Á�‡�¤� ̧(Chemical 
synthesis) �Ã�—�¥�„�¦�³�•�ª�œ�„�µ�¦�‡�³�˜�³�¨�·�­��̃r�…�°�Š�Á�°�š�·� �̈¸�œ �Â�¨�³�ª�·�›�¸�„�¦�³�•�ª�œ�„�µ�¦�®�¤�´�„ (Fermentation) �Ã�—�¥
�„�µ�¦�Ä�•�o�Á�•�º�Ê�°�‹�»� �̈·�œ�š�¦�¸�¥�r�Ä�œ�„�µ�¦�Á�ž�¨�¸�É�¥�œ�œ�Ê�Î�µ�˜�µ�¨�Å�ž�Á�ž�}�œ�Á�°�š�µ�œ�°�¨ �Ž�¹�É�Š�Ä�œ�ž�{�‹�‹�»�•�´�œ�Á�°�š�µ�œ�°�¨�š�¸�É�Ÿ�¨�·�˜�­�n�ª�œ�Ä�®�•�n
�Å�—�o�‹�µ�„�„�¦�³�•�ª�œ�„�µ�¦�®�¤�´�„ �‡�·�—�Á�ž�}�œ�ž�¦�³�¤�µ�–�¦�o�°�¥�¨�³ 95 �…�°�Š�ž�¦�·�¤�µ�–�Á�°�š�µ�œ�°�¨�š�¸�É�Ÿ�¨�·�˜�Å�—�o�š�´�Ê�Š�®�¤�—�Ä�œ�Ã�¨�„ 
�­�Î�µ�®�¦�´�•�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�—�o�ª�¥�„�¦�³�•�ª�œ�„�µ�¦�®�¤�´�„ �­�µ�¤�µ�¦�™�Â�•�n�Š�ª�´�˜�™�»�—�·�•�š�¸�É�œ�Î�µ�¤�µ�Ÿ�¨�·�˜�°�°�„�Á�ž�}�œ 3 
�ž�¦�³�Á�£�š �‡�º�° �ª�´�˜�™�»�—�·�•�ž�¦�³�Á�£�š�œ�Ê�Î�µ�˜�µ�¨ �ª�´�˜�™�»�—�·�•�ž�¦�³�Á�£�š�Â�ž�j�Š �Â�¨�³�ª�´�˜�™�»�—�·�•�ž�¦�³�Á�£�š�Á�Ž�¨�¨�¼�Ã�¨�­ �Ã�—�¥
�ª�´�˜�™�»�—�·�•�ž�¦�³�Á�£�š�Â�ž�j�Š �Â�¨�³�ª�´�˜�™�»�—�·�•�ž�¦�³�Á�£�š�Á�Ž�¨�¨�¼�Ã�¨�­ �‹�³�˜�o�°�Š�Ÿ�n�µ�œ�…�´�Ê�œ�˜�°�œ�„�µ�¦�Á�˜�¦�¸�¥�¤�ª�´�˜�™�»�—�·�•�Ä�®�o�°�¥�¼�n�Ä�œ
�¦�¼�ž�…�°�Š�œ�Ê�Î�µ�˜�µ�¨�š�¸�É�Á�•�º�Ê�°�‹�»� �̈·�œ�š�¦�¸�¥�r�­�µ�¤�µ�¦�™�œ�Î�µ�Å�ž�Ä�•�o�Ä�œ�„�·�‹�„�¦�¦�¤�„�µ�¦�®�¤�´�„�Å�—�o �­�Î�µ�®�¦�´�•�ª�´�˜�™�»�—�·�•�ž�¦�³�Á�£�š
�œ�Ê�Î�µ�˜�µ�¨ �Á�•�n�œ �œ�Ê�Î�µ�°�o�°�¥ �„�µ�„�œ�Ê�Î�µ�˜�µ�¨ �Â�¨�³�•�¸�•�œ�Ê�Î�µ�˜�µ�¨ �Á�ž�}�œ�˜�o�œ �ª�´�˜�™�»�—�·�•�ž�¦�³�Á�£�š�œ�¸�Ê�­�µ�¤�µ�¦�™�—�Î�µ�Á�œ�·�œ�„�µ�¦�®�¤�´�„
�Å�—�o�Š�n�µ�¥ �Ã�—�¥�Á�•�º�Ê�°�‹�»� �̈·�œ�š�¦�¸�¥�r�­�µ�¤�µ�¦�™�Ä�•�o�œ�Ê�Î�µ�˜�µ�¨�Ä�œ�„�µ�¦�Á�‹�¦�·�•�Á�˜�·�•�Ã�˜�Â�¨�³�Ÿ�¨�·�˜�Á�ž�}�œ�Á�°�š�µ�œ�°�¨�Å�—�o�Ã�—�¥�˜�¦�Š 

�­�Î�µ�®�¦�´�•�œ�Ê�Î�µ�°��́—�¨�¤�®�¤�—�°�µ�¥�» �®�¤�µ�¥�™�¹�Š �œ�Ê�Î�µ�°�´�—�¨�¤�š�¸�É�®�¤�—�°�µ�¥�»�—�o�ª�¥�¦�³�¥�³�Á�ª�¨�µ �®�¦�º�°
�®�¤�—�°�µ�¥�»�‹�µ�„�„�µ�¦�š�¸�É�Ÿ�¨�·�˜�°�°�„�¤�µ�Â�¨�o�ª�¤�¸�ž�¦�·�¤�µ�–�œ�Ê�Î�µ�˜�µ�¨ �®�¦�º�°�¤�¸�ž�¦�·�¤�µ�–�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r�Å�¤�n�Å�—�o
�¤�µ�˜�¦�“�µ�œ �Ž�¹�É�Š�š�µ�Š�•�¦�·�¬�´�š�²�Ÿ�¼�o�Ÿ�¨�·�˜�š�¸�É�Á�ž�}�œ�Ÿ�¼�o�¦�´�•�Ÿ�·�—�•�°�•�Å�¤�n�­�µ�¤�µ�¦�™�ž�¨�n�°�¥�š�·�Ê�Š�¨�Š�­�¼�n�›�¦�¦�¤�•�µ�˜�·�Å�—�o�Ã�—�¥�˜�¦�Š 
�Â�¨�³�Å�¤�n�­�µ�¤�µ�¦�™�„�Î�µ�‹�´�—�—�o�ª�¥�¦�³�•�•�•�Î�µ�•�´�—�œ�Ê�Î�µ�Á�­�¸�¥�Å�—�o�Ã�—�¥�š�´�œ�š� ̧�Á�œ�º�É�°�Š�—�o�ª�¥�‡�»�–��̈´�„�¬�–�³�…�°�Š�œ�Ê�Î�µ�°�´�—�¨�¤

1



 

 

2

�®�¤�—�°�µ�¥�»�š�¸�É�ž�¦�³�„�°�•�—�o�ª�¥�œ�Ê�Î�µ�˜�µ�¨�ž�¦�·�¤�µ�–�­�¼�Š �Â�¨�³�¤�¸�‡�ª�µ�¤�Â�˜�„�˜�n�µ�Š�‹�µ�„�œ�Ê�Î�µ�Á�­�¸�¥�‹�µ�„�„�¦�³�•�ª�œ�„�µ�¦�Ÿ�¨�·�  ̃�°�¸�„
�š�´�Ê�Š�¤�¸�…�o�°�‹�Î�µ�„�´�—�Ä�œ�„�µ�¦�¦�´�•�£�µ�¦�³�•�¦�¦�š�»�„�…�°�Š�¦�³�•�•�•�Î�µ�•�´�—�œ�Ê�Î�µ�Á�­�¸�¥�…�°�Š�Ã�¦�Š�Š�µ�œ �„�µ�¦�„�Î�µ�‹�´�—�…�°�Š�•�¦�·�¬�´�š�²�Ÿ�¼�o�Ÿ�¨�·�˜
�œ�Ê�Î�µ�°�´�—�¨�¤�„�¦�–�¸�«�¹�„�¬�µ�š�¸�É�—�Î�µ�Á�œ�·�œ�„�µ�¦�°�¥�¼�n�Ä�œ�ž�{�‹�‹�»�•�´�œ �‡�º�° �„�µ�¦�­�¦�o�µ�Š�™�´�Š�Á�„�È�•�„�´�„�œ�Ê�Î�µ�°�´�—�¨�¤�®�¤�—�°�µ�¥�»�…�œ�µ�—�Ä�®�•�n  
�Â�¨�o�ª�‹�¹�Š�­�¼�•�ž�¨�n�°�¥�Á�…�o�µ�­�¼�n�¦�³�•�•�•�Î�µ�•�´�—�œ�Ê�Î�µ�Á�­�¸�¥�š�¸�¨�³�ž�¦�·�¤�µ�–�œ�o�°�¥�Ç �š�Î�µ�Ä�®�o�­�·�Ê�œ�Á�ž�¨�º�°�Š�¡�º�Ê�œ�š�¸�É�Ä�œ�„�µ�¦�Á�„�È�•�„�´�„ �Â�¨�³
� �̃o�°�Š�Á� �j�µ�¦�³�ª�´�Š�„�µ�¦�„�´�—�„�¦�n�°�œ�…�°�Š�™�´�Š�Á�„�È�•�°�¸�„�—�o�ª�¥ �—�´�Š�œ�´�Ê�œ�®�µ�„�¤�¸�„�µ�¦�«�¹�„�¬�µ�™�¹�Š�‡�ª�µ�¤�Á�ž�}�œ�Å�ž�Å�—�o�Ä�œ�„�µ�¦�œ�Î�µ�Á�°�µ
�œ�Ê�Î�µ�°�´�—�¨�¤�®�¤�—�°�µ�¥�» �Ž�¹�É�Š�‹�´�—�Á�ž�}�œ�ª�´�˜�™�»�—�·�•�ž�¦�³�Á�£�š�œ�Ê�Î�µ�˜�µ�¨�¤�µ�Ä�•�o�Á�ž�}�œ�­�µ�¦�˜�´�Ê�Š�˜�o�œ�Ä�œ�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨ �Ÿ�¨�‹�µ�„
�„�µ�¦�«�¹�„�¬�µ�°�µ�‹�Ä�•�o�Á�ž�}�œ�Â�œ�ª�š�µ�Š�Ä�œ�„�µ�¦�‹�´�—�„�µ�¦�…�°�Š�Á�­�¸�¥ �Â�¨�³�Å�—�o�Ÿ�¨�¡�¨�°�¥�Å�—�o�š�¸�É�¤�¸�¤�¼�¨�‡�n�µ�‡�º�° �Á�°�š�µ�œ�°�¨ �Ž�¹�É�Š
�°�µ�‹�¡�´�•�œ�µ�Á�ž�}�œ�„�¦�³�•�ª�œ�„�µ�¦�Ÿ�¨�·�˜�š�¸�É�­�¦�o�µ�Š�¦�µ�¥�Å�—�o�Ä�®�o�Â�„�n�•�¦�·�¬�´�š�Ÿ�¼�o�Ÿ�¨�·�˜�œ�Ê�Î�µ�°�´�—�¨�¤�°�¸�„�š�µ�Š�®�œ�¹�É�Š 

�­�Î�µ�®�¦�´�•�Š�µ�œ�ª�·�‹�´�¥�œ�¸�Ê �¤�»�n�Š�Á�œ�o�œ�«�¹�„�¬�µ�­�¼�˜�¦�°�µ�®�µ�¦�š�¸�É�Á�®�¤�µ�³�­�¤ �Â�¨�³�®�µ�­�£�µ�ª�³�š�¸�É�Á�®�¤�µ�³�­�¤
�…�°�Š�Á�•�º�Ê�°�¥�¸�­��̃r Saccharomyces cerevisiae �Ä�œ�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨ �Ã�—�¥�Ä�•�o�œ�Ê�Î�µ�°�´�—�¨�¤�®�¤�—�°�µ�¥�»�Á�ž�}�œ�Â�®�¨�n�Š
�‡�µ�¦�r�•�°�œ �Á�¡�º�É�°�Á�ž�}�œ�„�µ�¦�œ�Î�µ�Á�°�µ�…�°�Š�Á�­�¸�¥�„�¨�´�•�¤�µ�Ä�•�o�ž�¦�³�Ã�¥�•�œ�r�Ÿ�¨�·�˜�Á�ž�}�œ�Ÿ�¨�·�˜�£�´�–�”�r�š�¸�É�¤�¸�¤�¼�¨�‡�n�µ 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

3

�„�µ�¦�˜�¦�ª�‹�Á�°�„�­�µ�¦ 
 
1. �œ�Ê�Î�µ�°�´�—�¨�¤ 

 
1.1 �‡�ª�µ�¤�®�¤�µ�¥�…�°�Š�œ�Ê�Î�µ�°�´�—�¨�¤ 
      �œ�Ê�Î�µ�°�´�—�¨�¤ �®�¤�µ�¥�™�¹�Š �Á�‡�¦�º�É�°�Š�—�º�É�¤�š�¸�É�Ÿ�­�¤�—�o�ª�¥�„�p�µ�Ž�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r �Ž�¹�É�Š�­�µ�¤�µ�¦�™

�Â�•�n�Š�œ�Ê�Î�µ�°�´�—�¨�¤�°�°�„�Á�ž�}�œ 2 �ž�¦�³�Á�£�š �‡�º�° �ž�¦�³�Á�£�š�Å�¤�n�¤�¸�„�µ�¦�Ÿ�­�¤�œ�Ê�Î�µ�®�ª�µ�œ�®�¦�º�°�Ã�Ž�—�µ �Â�¨�³�ž�¦�³�Á�£�š�š�¸�É�¤�¸�„�µ�¦
�Ÿ�­�¤�œ�Ê�Î�µ�®�ª�µ�œ �ž�¦�»�Š�Â�˜�n�Š�„�¨�·�É�œ �Â�¨�³�¦�­�•�µ�˜�·  

 
1.2 �ž�¦�³�Á�£�š�…�°�Š�œ�Ê�Î�µ�°�´�—�¨�¤ (�Á�œ�˜�¦�œ�£�·�­  �ª�´�•�œ�­�»�•�µ�˜�·, 2535) 
      �®�µ�„�Â�•�n�Š�ž�¦�³�Á�£�š�…�°�Š�œ�Ê�Î�µ�°�´�—�¨�¤�˜�µ�¤�¦�³�•�•�˜�¨�µ�—�š�¸�É�¤�¸�„�µ�¦�Ž�º�Ê�°�…�µ�¥�Ä�œ�ž�{�‹�‹�»�•�´�œ

�­�µ�¤�µ�¦�™�Â�•�n�Š�œ�Ê�Î�µ�°�´�—�¨�¤�°�°�„�Á�ž�}�œ 3 �ž�¦�³�Á�£�š �Å�—�o�Â�„�n 
      1.2.1 �Á�‡�¦�º�É�°�Š�—�º�É�¤�ž�¦�³�Á�£�š�œ�Ê�Î�µ�—�Î�µ (Black carbonated drinks) �®�¤�µ�¥�™�¹�Š �œ�Ê�Î�µ�°�´�—�¨�¤

�•�œ�·�—�Ã�‡�¨�n�µ 
      1.2.2 �Á�‡�¦�º�É�°�Š�—�º�É�¤�ž�¦�³�Á�£�š�œ�Ê�Î�µ�­� ̧(Fruit flavoured drinks) �®�¤�µ�¥�™�¹�Š �œ�Ê�Î�µ�°�´�—�¨�¤�š�¸�É�¤�¸

�„�µ�¦�Ÿ�­�¤�œ�Ê�Î�µ�®�ª�µ�œ �Â�¨�³�Â�˜�n�Š�­� ̧�Á�•�n�œ �œ�Ê�Î�µ�Â�—�Š �œ�Ê�Î�µ�Á�…�¸�¥�ª �Â�¨�³�œ�Ê�Î�µ�­�o�¤ �Ž�¹�É�Š�œ�Ê�Î�µ�°�´�—�¨�¤�ž�¦�³�Á�£�š�œ�Ê�Î�µ�­�¸�¥�´�Š�Â�•�n�Š
�°�°�„�Á�ž�}�œ �•�œ�·�—�°�´�—�„�p�µ�Ž �Â�¨�³�Å�¤�n�°�´�—�„�p�µ�Ž 

      1.2.3 �Á�‡�¦�º�É�°�Š�—�º�É�¤�ž�¦�³�Á�£�š�Å�¤�n�¤�¸�­� ̧(Lime drinks) �®�¤�µ�¥�™�¹�Š �œ�Ê�Î�µ�°�´�—�¨�¤�š�¸�É�Å�¤�n�Â�˜�n�Š�­�¸ 
�Å�—�o�Â�„�n �­�Å�ž�¦�š�r �Â�¨�³�Á�Ž�Á�ª�n�œ�°�´�¡ 

 
1.3 �­�n�ª�œ�ž�¦�³�„�°�•�…�°�Š�œ�Ê�Î�µ�°�´�—�¨�¤ (�Á�Œ�¨�µ  �«�¦�¸�š�ª�¸, 2535) 
      1.3.1 �œ�Ê�Î�µ � �̃o�°�Š�Á�ž�}�œ�œ�Ê�Î�µ�š�¸�É�­�³�°�µ�—�°�µ�‹�Ä�•�o�œ�Ê�Î�µ�ž�¦�³�ž�µ �®�¦�º�°�œ�Ê�Î�µ�•�µ�—�µ�¨�š�¸�É�Ÿ�n�µ�œ�„�µ�¦�„�¦�°�Š

�Â�¨�³�‰�n�µ�Á�•�º�Ê�°�Ã�¦�‡�—�o�ª�¥�‡�¨�°�¦�¸�œ 
      1.3.2 �­�µ�¦�Ä�®�o�‡�ª�µ�¤�®�ª�µ�œ �Å�—�o�Â�„�n �œ�Ê�Î�µ�˜�µ�¨�š�¦�µ�¥ (�Ž�¼�Ã�‡�¦�­) �¦�o�°�¥�¨�³ 10.5-14 �Ž�¹�É�Š�Ä�œ

�°�—�¸�˜�„�µ�¦�Ÿ�¨�·�˜�œ�Ê�Î�µ�°�´�—�¨�¤�•�œ�·�—�›�¦�¦�¤�—�µ�‹�³�Ä�•�o�œ�Ê�Î�µ�˜�µ�¨�š�¦�µ�¥�Á�¡�¸�¥�Š�°�¥�n�µ�Š�Á�—�¸�¥�ª�œ�Î�µ�¤�µ�Ÿ�­�¤�œ�Ê�Î�µ�‹�µ�„�œ�´�Ê�œ�˜�o�¤�Á�ž�}�œ
�œ�Ê�Î�µ�Á�•�º�É�°�¤�Â�¨�³�„�¦�°�Š �Â�˜�n�Ä�œ�ž�{�‹�‹�»�•�´�œ�¤�¸�„�µ�¦�Ä�•�o�­�µ�¦�Ä�®�o�‡�ª�µ�¤�®�ª�µ�œ�˜�´�ª�°�º�É�œ�Á�¡�·�É�¤�Á�…�o�µ�¤�µ �Á�•�n�œ �œ�Ê�Î�µ�Á�•�º�É�°�¤�…�o�µ�ª�Ã�¡�— 
(Corn syrup) �Â�¨�³�œ�Ê�Î�µ�Á�•�º�É�°�¤�…�o�µ�ª�Ã�¡�—�Â�•�•�¢�¦�»�‡�Ã�˜�­�­�¼�Š (High fructose corn syrup)  

      1.3.3 �­�µ�¦�ž�¦�»�Š�Â�˜�n�Š�®�¦�º�°�®�´�ª�œ�Ê�Î�µ�Á�•�º�Ê�° �Á�ž�}�œ�­�n�ª�œ�Ÿ�­�¤�…�°�Š�­�µ�¦�š�¸�É�Ä�®�o�„��̈·�É�œ �­�¸ �Â�¨�³�„�¦�—
�•�µ�Š�•�œ�·�—�š�¸�É�Ä�•�o�Ä�œ�°�µ�®�µ�¦ �Á�•�n�œ �„�¦�—�¤�³�œ�µ�ª 
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      1.3.4 �„�p�µ�Ž�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r �Á�˜�·�¤�Á�¡�º�É�°�š�Î�µ�Ä�®�o�Á�„�·�—�¢�°�Š �Ž�¹�É�Š�¤�¸�‡�»�–�­�¤�•�´� �̃·�Á�ž�}�œ�„�p�µ�Ž 
�Å�¤�n�¤�¸�­�¸ �Â�¨�³�„�¨�·�É�œ 

      �œ�°�„�‹�µ�„�œ�¸�Ê�œ�Ê�Î�µ�°�´�—�¨�¤�¥�´�Š�ž�¦�³�„�°�•�—�o�ª�¥�­�µ�¦�ž�¦�»�Š�Â�˜�n�Š �„��̈·�É�œ �­�¸ �¦�­ �ª�´�˜�™�»�„�´�œ�Á�­�¸�¥ �Â�¨�³
�•�µ�Š�•�œ�·�—�¤�¸�„�µ�¦�Á�˜�·�¤�‡�µ�Á�¢�°�¸�œ�Á�ž�}�œ�­�n�ª�œ�ž�¦�³�„�°�•�—�o�ª�¥ 

 
1.4 �°�»�˜�­�µ�®�„�¦�¦�¤�œ�Ê�Î�µ�°�´�—�¨�¤�Ä�œ�ž�¦�³�Á�š�«�Å�š�¥ 
      �„�µ�¦�Ÿ�¨�·�˜�œ�Ê�Î�µ�°�´�—�¨�¤�¤�¸�…�¹�Ê�œ�Á�ž�}�œ�‡�¦�´�Ê�Š�Â�¦�„�Ä�œ�ž�¦�³�Á�š�«�Å�š�¥�Ä�œ�­�¤�´�¥�¡�¦�³�•�µ�š�­�¤�Á�—�È�‹�¡�¦�³

�‹�°�¤�Á�„�¨�o�µ�Á�‹�o�µ�°�¥�¼�n�®�´�ª �¦�´�•�„�µ�¨�š�¸�É 4 �„�µ�¦�Ÿ�¨�·�˜�œ�Ê�Î�µ�°�´�—�¨�¤�—�´�Š�„�¨�n�µ�ª�Å�¤�n�¤�¸�„�µ�¦�ž�¦�»�Š�Â�˜�n�Š �„��̈·�É�œ �Â�¨�³�¦�­�•�µ�˜�· �Á�¦�¸�¥�„�ª�n�µ
�œ�Ê�Î�µ�Ã�Ž�—�µ � �̃n�°�¤�µ�Å�—�o�¤�¸�„�µ�¦�š�Î�µ�œ�Ê�Î�µ�°�´�—�¨�¤�Ã�—�¥�„�µ�¦�ž�¦�»�Š�Â�˜�n�Š �„��̈·�É�œ �Â�¨�³�Á�˜�·�¤�¦�­�•�µ�˜�·�…�°�Š�œ�Ê�Î�µ�¤�³�œ�µ�ª �Â�¨�³�¤�¸�„�µ�¦
�°�´�—�„�p�µ�Ž �Á�•�n�œ�Á�—�¸�¥�ª�„�´�•�Ã�Ž�—�µ � �̃n�°�¤�µ�Ä�œ�­�¤�´�¥�¡�¦�³�•�µ�š�­�¤�Á�—�È�‹�¡�¦�³�‹�»�¨�‹�°�¤�Á�„�¨�o�µ�Á�‹�o�µ�°�¥�¼�n�®�´�ª �¦�´�•�„�µ�¨�š�¸�É 5 �Å�—�o�¤�¸
�„�µ�¦�Ÿ�¨�·�˜�œ�Ê�Î�µ�°�´�—�¨�¤�Ã�—�¥�•�µ�ª�¥�»�Ã�¦�ž�Â�¨�³�•�µ�ª�‹�¸�œ �Â�˜�n�¥�´�Š�Å�¤�n�Â�¡�¦�n�®�¨�µ�¥�Ä�œ�ž�¦�³�Á�š�«�Å�š�¥ �Â�¨�³�®�¨�´�Š�„�µ�¦
�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š�„�µ�¦�ž�„�‡�¦�°�Š�Ä�œ�ž�e �¡.�«. 2475 �¦�´�“�•�µ�¨�Å�—�o�°�œ�»�•�µ�˜�Ä�®�o�Á�°�„�•�œ�Ÿ�¨�·�˜�Á�•�¸�¥�¦�r�Å�š�¥�…�¹�Ê�œ �Â�¨�³�¤�¸�„�µ�¦
�Ÿ�¨�·�˜�œ�Ê�Î�µ�Ã�Ž�—�µ�¦�ª�¤�š�´�Ê�Š�œ�Ê�Î�µ�®�ª�µ�œ�—�o�ª�¥ �„�µ�¦�Ÿ�¨�·�˜�œ�Ê�Î�µ�°�´�—�¨�¤�ž�¦�³�Á�£�š�Ÿ�­�¤�œ�Ê�Î�µ�®�ª�µ�œ�Ä�œ�­�¤�´�¥�Á�¦�·�É�¤�Â�¦�„�Á�ž�}�œ
�œ�Ê�Î�µ�®�ª�µ�œ�­�¸� �̃n�µ�Š�Ç �Ÿ�­�¤�„�p�µ�Ž�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r�•�¦�¦�‹�»�…�ª�—�°�¥�n�µ�Š�Š�n�µ�¥�Ç �°�°�„�‹�Î�µ�®�œ�n�µ�¥�Ä�œ�ž�¦�·�¤�µ�–�Å�¤�n�¤�µ�„ 
�®�¨�´�Š�‹�µ�„�­�Š�‡�¦�µ�¤�Ã�¨�„�‡�¦�´�Ê�Š�š�¸�É 2 �­�·�Ê�œ�­�»�—�¨�Š �‹�¹�Š�Á�¦�·�É�¤�¤�¸�„�µ�¦�¡�´�•�œ�µ�°�»�˜�­�µ�®�„�¦�¦�¤�œ�Ê�Î�µ�°�´�—�¨�¤ �Á�œ�º�É�°�Š�‹�µ�„�‡�ª�µ�¤
� �̃o�°�Š�„�µ�¦�Ä�œ�„�µ�¦�•�¦�·�Ã�£�‡�…�°�Š�š�®�µ�¦�˜�n�µ�Š�•�µ�˜�·�š�¸�É�Á�…�o�µ�¤�µ�°�¥�¼�n�Ä�œ�ž�¦�³�Á�š�«�Å�š�¥ �Á�¡�º�É�°�Á�…�o�µ�¦�n�ª�¤�„�´�•�„�µ�¦�Â�„�o�Å�…
�ª�·�„�§�˜�·�„�µ�¦�–�r�¥�»�n�Š�¥�µ�„�Ä�œ�Â�™�•�°�·�œ�Ã�—�‹�¸�œ �ž�¦�³�„�°�•�„�´�•�Ÿ�¼�o�•�¦�·�Ã�£�‡�œ�Ê�Î�µ�°�´�—�¨�¤�˜�o�°�Š�„�µ�¦�•�¦�·�Ã�£�‡�œ�Ê�Î�µ�°�´�—�¨�¤�š�¸�É�¤�¸
�‡�»�–�£�µ�¡ �Â�¨�³�™�¼�„�­�»�…�¨�´�„�¬�–�³ �‹�¹�Š�š�Î�µ�Ä�®�o�Á�„�·�—�Ã�¦�Š�Š�µ�œ�œ�Ê�Î�µ�°�´�—�¨�¤�Á�¡�·�É�¤�…�¹�Ê�œ �Â�¨�³�Â�¡�¦�n�®�¨�µ�¥�Å�ž�š�´�É�ª�ž�¦�³�Á�š�«
�‹�œ�™�¹�Š�ž�{�‹�‹�»�•�´�œ (�Á�œ�˜�¦�œ�£�·�­  �ª�´�•�œ�­�»�•�µ�˜�·, 2535) 

 
1.5 �­�£�µ�¡�˜�¨�µ�—�œ�Ê�Î�µ�°�´�—�¨�¤�Ä�œ�ž�¦�³�Á�š�«�Å�š�¥ 
      �°�»�˜�­ �µ�®�„�¦ � ¦ �¤�œ�Ê�Î�µ�°��́—�¨�¤�Ä�œ�ž�¦�³ �Á�š�«�Å�š�¥ �¤��̧Ÿ�¼�o�Ÿ�¨�·�˜�š�´�Ê�Š�­�·�Ê�œ 9 �¦ �µ�¥ �Â�˜�n�¤�¸

�Ÿ�¼�o�ž�¦�³�„�°�•�„�µ�¦�¦�µ�¥�Ä�®�•�n�Á�¡�¸�¥�Š 2 �¦�µ�¥�Á�š�n�µ�œ�´�Ê�œ �‡�º�° �•�¦�·�¬�´�š�Å�š�¥�œ�Ê�Î�µ�š�·�¡�¥�r�‹�Î�µ�„�´�— (�¤�®�µ�•�œ) �Ÿ�¨�·�˜�œ�Ê�Î�µ�°�´�—�¨�¤�Ã�—�¥
�Ä�•�o�Á�‡�¦�º�É�°�Š�®�¤�µ�¥�„�µ�¦�‡�o�µ �Ã�‡�‡�µ-�Ã�‡�¨�n�µ �Â�¢�œ�˜�o�µ �Â�¨�³�­�Å�ž�¦�r�š �Â�¨�³�•�¦�·�¬�´�š�Á�­�¦�·�¤�­�»�…�‹�Î�µ�„�´�— (�¤�®�µ�•�œ) �Ž�¹�É�Š�Ä�•�o
�Á�‡�¦�º�É�°�Š�®�¤�µ�¥�„�µ�¦�‡�o�µ �Á�ž�}�ž�Ž�¸�É �¤�·�¦�·�œ�—�o�µ �Â�¨�³�Á�Ž�Á�ª�n�œ�°�´�¡ �Ž�¹�É�Š�­�´�—�­�n�ª�œ�„�µ�¦�‡�¦�°�Š�˜�¨�µ�—�…�°�Š�•�¦�·�¬�´�š�¦�µ�¥�Ä�®�•�n 
2 �¦�µ�¥�œ�¸�Ê�¦�ª�¤�„�´�œ�‡�·�—�Á�ž�}�œ�¦�o�°�¥�¨�³ 90 �…�°�Š�˜�¨�µ�—�š�´�Ê�Š�®�¤�— �—�´�Š�œ�´�Ê�œ�°�»�˜�­�µ�®�„�¦�¦�¤�œ�Ê�Î�µ�°�´�—�¨�¤�‹�¹�Š�¤�¸� �̈´�„�¬�–�³�Á�ž�}�œ
�˜�¨�µ�—�Ÿ�¼�o�…�µ�¥�œ�o�°�¥�¦�µ�¥ (Oligopoly) �™�¹�Š�Â�¤�o�‹�³�Å�¤�n�¤�¸�„�µ�¦�„�¸�—�„�´�œ �®�¦�º�°�‹�Î�µ�„�´�—�Ã�‡�ª�˜�o�µ�‹�µ�„�£�µ�‡�¦�´�“�Ä�œ�„�µ�¦�Á�…�o�µ
�˜�¨�µ�— �Â�˜�n�—�o�ª�¥�Á�ž�}�œ�°�»�˜�­�µ�®�„�¦�¦�¤�š�¸�É� �̃o�°�Š�¨�Š�š�»�œ�­�¼�Š�‹�¹�Š�Å�¤�n�‡�n�°�¥�¤�¸�Ÿ�¼�o�ž�¦�³�„�°�•�¦�µ�¥�Ä�®�¤�n�š�¸�É�Á�…�o�µ�¤�µ�Ä�œ�˜�¨�µ�— �­�·�œ�‡�o�µ
�Ä�œ�˜�¨�µ�—�¤�¸� �̈´�„�¬�–�³�‡�¨�o�µ�¥�Ç �„�´�œ �®�¦�º�°�­�µ�¤�µ�¦�™�š�—�Â�š�œ�„�´�œ�Å�—�o�Ä�œ�­�µ�¥�˜�µ�…�°�Š�Ÿ�¼�o�•�¦�·�Ã�£�‡ �Ÿ�¼�o�ž�¦�³�„�°�•�„�µ�¦�‹�¹�Š
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� �̃o�°�Š�­�¦�o�µ�Š�‡�ª�µ�¤�Â�˜�„�˜�n�µ�Š�Ä�®�o�„�´�•�Ÿ�¨�·�˜�£�´�–�”�r�…�°�Š�˜�œ�Á�°�Š �—�o�ª�¥�„�µ�¦�Ÿ�¨�·�˜�­�·�œ�‡�o�µ�˜�´�ª�Ä�®�¤�n�°�°�„�­�¼�n�˜�¨�µ�—�°�¥�¼�n�Á�­�¤�° 
�Á�¡�º�É�°�‡�¦�°�Š�­�n�ª�œ�Â�•�n�Š�„�µ�¦�˜�¨�µ�—  

 
1.6 �„�¦�¦�¤�ª�·�›�¸�Ÿ�¨�·�˜�œ�Ê�Î�µ�°�´�—�¨�¤ (�Á�Œ�¨�µ  �«�¦�¸�š�ª�¸, 2535) 
      �Ã�¦�Š�Š�µ�œ�Ÿ�¨�·�˜�œ�Ê�Î�µ�°�´�—�¨�¤�Ä�œ�ž�¦�³�Á�š�«�Å�š�¥�¤�¸�°�¥�¼�n�®�¨�µ�¥�Ã�¦�Š�Š�µ�œ �Ž�¹�É�Š�Ã�¦�Š�Š�µ�œ�š�¸�É�Ÿ�¨�·�˜

�œ�Ê�Î�µ�°�´�—�¨�¤�ž�¦�³�Á�£�š�Ã�‡�‡�µ-�Ã�‡�¨�n�µ �¤�¸�‹�Î�µ�œ�ª�œ 5 �Ã�¦�Š�Š�µ�œ �ª�´�˜�™�»�—�·�•�š�¸�É�Ä�•�o�Ä�œ�„�µ�¦�Ÿ�¨�·�  ̃�ž�¦�³�„�°�•�—�o�ª�¥ �œ�Ê�Î�µ�­�³�°�µ�— 
�œ�Ê�Î�µ�˜�µ�¨ �®�´�ª�œ�Ê�Î�µ�Á�•�º�Ê�°�­�Î�µ�Á�¦�È�‹ (Concentrate base) �Â�¨�³�„�p�µ�Ž�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r �Ã�—�¥�„�¦�¦�¤�ª�·�›�¸�®�¨�´�„�Ä�œ�„�µ�¦
�Ÿ�¨�·�˜�œ�Ê�Î�µ�°�´�—�¨�¤�Á�®�¤�º�°�œ�„�´�œ �š�´�Ê�Š�œ�¸�Ê�°�µ�‹�¤�¸�‡�ª�µ�¤�Â�˜�„�˜�n�µ�Š�„�´�œ�Ä�œ�…�´�Ê�œ�˜�°�œ�„�µ�¦�Á�˜�¦�¸�¥�¤�œ�Ê�Î�µ�­�³�°�µ�— �Á�œ�º�É�°�Š�‹�µ�„�Â�®�¨�n�Š
�œ�Ê�Î�µ�—�·�•�š�¸�É�œ�Î�µ�¤�µ�Ä�•�o�¤�¸�‡�ª�µ�¤�Â�˜�„�˜�n�µ�Š�„�´�œ 

      �­�Î�µ�®�¦�´�•�Â�®�¨�n�Š�œ�Ê�Î�µ�—�·�•�š�¸�É�Á�ž�}�œ�œ�Ê�Î�µ�•�µ�—�µ�¨�˜�o�°�Š�Ÿ�n�µ�œ�„�µ�¦�ž�¦�´�•�ž�¦�»�Š�‡�»�–�£�µ�¡�œ�Ê�Î�µ�…�´�Ê�œ�˜�o�œ
�„�n�°�œ �Ã�—�¥�„�µ�¦�Á�˜�·�¤�°�°�„�Ž�·�Á�‹�œ�Á�¡�º�É�°�Â�¥�„�­�µ�¦�¨�³�¨�µ�¥�Á�®�¨�È�„�°�°�„�‹�µ�„�œ�Ê�Î�µ�—�·�•�Â�¨�³�Á�˜�·�¤�‡�¨�°�¦�¸�œ�Á�¡�º�É�°�‰�n�µ�Á�•�º�Ê�° �Â�¨�o�ª
�Ÿ�n�µ�œ�„�µ�¦�„�¦�°�Š�—�o�ª�¥�™�´�Š�„�¦�°�Š�š�¦�µ�¥ �‹�µ�„�œ�´�Ê�œ�‹�¹�Š�Ÿ�n�µ�œ�„�µ�¦�ž�¦�´�•�‡�»�–�£�µ�¡�œ�Ê�Î�µ�°�¸�„�‡�¦�´�Ê�Š�Ã�—�¥�„�µ�¦�Ä�•�o�­�µ�¦�Á�‡�¤�¸ �Å�—�o�Â�„�n 
FeSO4 Ca(OH)2 �Â�¨�³ Ca(OCl)2 �®�¨�´�Š�‹�µ�„�œ�´�Ê�œ�Ÿ�n�µ�œ�„�µ�¦�„�¦�°�Š�Á�¡�º�É�°�Â�¥�„�˜�³�„�°�œ�š�¸�É�¥�´�Š�Â�…�ª�œ�¨�°�¥�—�o�ª�¥�™�´�Š
�„�¦�°�Š�š�¦�µ�¥�Â�¨�³�Ÿ�n�µ�œ�™�´�Š�„�¦�°�Š�Á�¡�º�É�°�„�Î�µ�‹�´�—�­� ̧�„��̈·�É�œ �Â�¨�³�‡�¨�°�¦�¸�œ�š�¸�É�˜�„�‡�o�µ�Š�Ä�œ�œ�Ê�Î�µ �Ž�¹�É�Š�œ�Ê�Î�µ�‹�µ�„�…�´�Ê�œ�˜�°�œ�œ�¸�Ê� �̃o�°�Š
�Ÿ�n�µ�œ�™�´�Š�„�¦�°�Š�¨�³�Á�°�¸�¥�—�°�¸�„�‡�¦�´�Ê�Š�Á�¡�º�É�°�„�¦�°�Š�­�·�É�Š�Á�‹�º�°�ž�œ�Á�¨�È�„�Ç �…�œ�µ�—�˜�É�Î�µ�„�ª�n�µ 10 �Å�¤�‡�¦�°�œ  

      �œ�Ê�Î�µ�˜�µ�¨�š�¦�µ�¥�…�µ�ª�•�¦�·�­�»�š�›�·�Í �™�¼�„�Ÿ�­�¤�„�´�•�œ�Ê�Î�µ�š�¸�É�­�³�°�µ�—�Â�¨�o�ª�Ä�œ�™�´�Š�˜�o�¤�š�¸�É�¤�¸�°�»�–�®�£�¼�¤�·
�ž�¦�³�¤�µ�– 80 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­�Á�¡�º�É�°�¨�³�¨�µ�¥�œ�Ê�Î�µ�˜�µ�¨�Â�¨�³�‰�n�µ�Á�•�º�Ê�° �®�¨�´�Š�‹�µ�„�œ�´�Ê�œ�œ�Ê�Î�µ�˜�µ�¨�‹�³�™�¼�„�„�¦�°�Š�Â�¨�³�š�Î�µ�Ä�®�o
�Á�¥�È�œ�Â�¨�o�ª�‰�n�µ�Á�•�º�Ê�°�—�o�ª�¥�Â�­�Š�°�´�¨�˜�¦�o�µ�Å�ª�Ã�°�Á�¨�˜�°�¸�„�‡�¦�´�Ê�Š�®�œ�¹�É�Š �„�n�°�œ�š�¸�É�œ�Î�µ�Å�ž�Ÿ�­�¤�„�´�•�œ�Ê�Î�µ�Á�•�º�Ê�°�­�Î�µ�Á�¦�È�‹ �Á�¡�º�É�°�Ÿ�¨�·�˜�Á�ž�}�œ
�œ�Ê�Î�µ�Á�•�º�Ê�°�­�Î�µ�Á�¦�È�‹�¦�¼�ž (Finished syrup)  

      �œ�Ê�Î�µ�Á�•�º�Ê�°�­�Î�µ�Á�¦�È�‹�­�n�Š�Å�ž�Ÿ�­�¤�„�´�•�œ�Ê�Î�µ�­�³�°�µ�— �š�Î�µ�Ä�®�o�Á�¥�È�œ�Â�¨�³�°�´�—�„�p�µ�Ž�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r 
�Â�¨�o�ª�•�¦�¦�‹�»�…�ª�—�Ã�—�¥�Á�‡�¦�º�É�°�Š�•�¦�¦�‹�»�…�ª�—�°�´�˜�Ã�œ�¤�´� �̃· �¡�¦�o�°�¤�š�´�Ê�Š�ž�d�—� �µ�š�´�œ�š� ̧�Â�¨�o�ª�Ÿ�n�µ�œ�„�µ�¦�˜�¦�ª�‹�­�°�•�š�»�„
�…�´�Ê�œ�˜�°�œ�Á�¡�º�É�°�‡�»�–�£�µ�¡�Ÿ�¨�·�˜�£�´�–�”�r�š�¸�É�­�¤�É�Î�µ�Á�­�¤�°�Â�¨�³�—�¸�Á�¥�¸�É�¥�¤ �£�µ�•�œ�³�•�¦�¦�‹�»�¤�¸�š�´�Ê�Š�„�¦�³�ž�l�°�Š�Â�¨�³�…�ª�— �Ž�¹�É�Š�…�ª�—�š�¸�É
�Ä�•�o�¤�¸�š�´�Ê�Š�•�œ�·�—�š�¸�É�Ä�•�o�Â�¨�o�ª�š�·�Ê�Š (One-way bottles) �Â�¨�³�•�œ�·�—�®�¤�»�œ�Á�ª�¸�¥�œ�„�¨�´�•�¤�µ�Ä�•�o�Ä�®�¤�n (Returnable bottles) 
�­�Î�µ�®�¦�´�•�…�ª�—�•�œ�·�—�š�¸�É�®�¤�»�œ�Á�ª�¸�¥�œ�„�¨�´�•�¤�µ�Ä�•�o�Ä�®�¤�n�Á�ž�}�œ�…�ª�—�Â�„�o�ª � �̃o�°�Š�Ÿ�n�µ�œ�„�µ�¦�¨�o�µ�Š�°�¥�n�µ�Š�—�¸ �Ã�—�¥�Ÿ�n�µ�œ�Á�‡�¦�º�É�°�Š�¨�o�µ�Š
�…�ª�—�°�´�˜�Ã�œ�¤�´� �̃·�Ž�¹�É�Š�£�µ�¥�Ä�œ�¤�¸�°�»�–�®�£�¼�¤�·�­�¼�Š �Â�¨�³�¤�¸�­�µ�¦�š�Î�µ�‡�ª�µ�¤�­�³�°�µ�— �Å�—�o�Â�„�n �Ã�Ž�—�µ�Å�¢ �Â�¨�³�¢�°�­�Á�¢�˜ �•�n�ª�¥
�Ä�œ�„�µ�¦�¨�o�µ�Š�—�o�ª�¥ �œ�°�„�‹�µ�„�œ�¸�Ê�¤�¸�„�µ�¦�Œ�¸�—�š�Î�µ�‡�ª�µ�¤�­�³�°�µ�—�—�o�ª�¥�œ�Ê�Î�µ�­�³�°�µ�—�®�¨�µ�¥�‡�¦�´�Ê�Š�„�n�°�œ�œ�Î�µ�°�°�„�¤�µ�‹�µ�„�Á�‡�¦�º�É�°�Š
� �̈o�µ�Š �Â�¨�³�¤�¸�„�µ�¦�˜�¦�ª�‹�­�°�•�„�n�°�œ�Ÿ�n�µ�œ�Á�…�o�µ�Á�‡�¦�º�É�°�Š�•�¦�¦�‹�» 
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2 �Á�°�š�µ�œ�°�¨ (Ethanol) 
 
2.1 �­�¤�•�´� �̃·�š�µ�Š�Á�‡�¤�¸  
      �Á�°�š�µ�œ�°�¨ (Ethanol) �®�¦�º�°�Á�¦�¸�¥�„�°�¸�„�•�º�É�°�®�œ�¹�É�Š�ª�n�µ �Á�°�š�·�¨�Â�°�¨�„�°�±�°�¨�r (Ethyl alcohol) 

�Á�ž�}�œ�­�µ�¦�ž�¦�³�„�°�•�Å�±�Ã�—�¦�‡�µ�¦�r�•�°�œ�š�¸�É�¤�¸�°�°�„�Ž�·�Á�‹�œ�Á�ž�}�œ�°�Š�‡�r�ž�¦�³�„�°�• �¤�¸�­�¼�˜�¦�š�µ�Š�Á�‡�¤�¸�‡�º�° C2H5OH 
�œ�Ê�Î�µ�®�œ�´�„�Ã�¤�Á�¨�„�»�¨�Á�š�n�µ�„�´�• 46.07 �‹�»�—�Á�—�º�°�—�ž�¦�³�¤�µ�– 78 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ �Á�ž�}�œ�…�°�Š�Á�®�¨�ª�Ä�­�Å�¤�n�¤�¸�­�¸ �¦�³�Á�®�¥�Š�n�µ�¥ 
� �̃·�—�Å�¢�Š�n�µ�¥�Ä�®�o�Á�ž�¨�ª�Å�¢�­�¸�œ�Ê�Î�µ�Á�Š�·�œ�Å�¤�n�¤�¸�‡�ª�´�œ �‹�»�—�®�¨�°�¤�Á�®�¨�ª�°�¥�¼�n�š�¸�É -115 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ �‡�ª�µ�¤�®�œ�µ�Â�œ�n�œ�š�¸�É 20 
�°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ �Á�š�n�µ�„�´�• 0.789 (�¦�Î�µ�Å�¡  �«�·�¦�·�¤�œ�„�»� ,̈ 2534) �Ä�®�o�‡�n�µ�¡�¨�´�Š�Š�µ�œ�‡�ª�µ�¤�¦�o�°�œ (Calorific value) 
�Ã�—�¥�„�µ�¦�Á�Ÿ�µ�Å�®�¤�o�ž�¦�³�¤�µ�– 12,800 �•�¸�š�¸�¥�¼� �̃n�°�ž�°�œ�—�r (Zoecklein et al., 1995) �Â�¨�³�­�µ�¤�µ�¦�™�¨�³�¨�µ�¥�Ä�œ�œ�Ê�Î�µ
�Â�¨�³�­�µ�¦�¨�³�¨�µ�¥�°�º�É�œ�Ç�Å�—�o�—� ̧�Á�•�n�œ �Á�¤�š�›�·�¨�Â�°�¨�„�°�±�°�¨�r �°��̧Á�›�°�¦�r �Â�¨�³�‡�¨�°�Ã�¦�¢�°�¦�r�¤ �Á�°�š�µ�œ�°�¨�Á�ž�}�œ
�­�µ�¦�ž�¦�³�„�°�•�°�·�œ�š�¦�¸�¥�r�š�¸�É�ž�¦�³�„�°�•�—�o�ª�¥�®�¤�¼�n�Å�±�—�¦�°�„�Ž�·�  ̈(OH - group) �—�´�Š�Â�­�—�Š�Ä�œ�£�µ�¡�š�¸�É 1-1  

 
 

 
   
 
 

 
 
�£�µ�¡�š�¸�É 1-1 �Ã�‡�¦�Š�­�¦�o�µ�Š�š�µ�Š�Á�‡�¤�¸�…�°�Š�Á�°�š�µ�œ�°�¨                 
�š�¸�É�¤�µ :. http//www.mail.vcharkarn.com 
 

2.2 �ž�¦�³�Ã�¥�•�œ�r�…�°�Š�Á�°�š�µ�œ�°�¨ 
      2.2.1 �Ä�•�o�Á�ž�}�œ�Á�•�º�Ê�°�Á�¡�¨�·�Š (Fuel) (�­�µ�ª�·�˜�¦�¸  � �̈·�É�¤�š�°�Š, 2540) 

�Á�¡�º�É�°�Ä�®�o�‡�ª�µ�¤�¦�o�°�œ (Heat) �Ä�œ�„�µ�¦�Á�Ÿ�µ�Å�®�¤�o�Á�°�š�·�¨�Â�°�¨�„�°�±�°�¨�r�œ�´�Ê�œ�Å�¤�n�¤�¸�„��̈·�É�œ 
�Â�¨�³�­�¸ �Ä�®�o�‡�n�µ�¡�¨�´�Š�Š�µ�œ�‡�ª�µ�¤�¦�o�°�œ�ž�¦�³�¤�µ�– 7,100 �Â�‡�¨�°�¦�¸� �̃n�°�„�¦�´�¤ 

�Á�¡�º�É�°�Ä�®�o�Â�­�Š�­�ª�n�µ�Š (Light) �Â�°�¨�„�°�±�°�¨�r�¥�´�Š�­�µ�¤�µ�¦�™�Ä�•�o�ž�¦�³�Ã�¥�•�œ�r�Ä�œ�š�¸�É�š�¸�É
�„�¦�³�Â�­�Å�¢�¢�j�µ�Á�…�o�µ�Å�¤�n�™�¹�Š �Ž�¹�É�Š�‹�³�Ä�®�o�Â�­�Š�­�ª�n�µ�Š�Á�ž�}�œ 3 �Á�š�n�µ�‡�¦�¹�É�Š�…�°�Š�Â�¦�Š�Á�š�¸�¥�œ 

�Á�¡�º�É�°�Ä�®�o�¡��̈´�Š�Š�µ�œ (Power absolute alcohol) �Ã�—�¥�œ�Î�µ�¤�µ�Ÿ�­�¤�„�´�•�œ�Ê�Î�µ�¤�´�œ�Á�¡�º�É�°
�Ä�•�o�­�Î�µ�®�¦�´�•�„�µ�¦�Á�Ÿ�µ�Å�®�¤�o�Á�‡�¦�º�É�°�Š�¥�œ�˜�r 
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      �…�o�°�—�¸�…�°�Š�Á�°�š�µ�œ�°�¨�­�Î�µ�®�¦�´�•�Ä�•�o�Á�ž�}�œ�Á�•�º�Ê�°�Á�¡�¨�·�Š �‡�º�° �Á�°�š�µ�œ�°�¨�Á�ž�}�œ�…�°�Š�Á�®�¨�ª�Ä�•�o�Å�—�o
�š��́œ�š��̧ �̃n�µ�Š�„��́•�ž�d�Ã�˜�¦�Á�¨��̧¥�¤�š�¸�É� �̃o�°�Š�„�µ�¦�„�¦�³�•�ª�œ�„�µ�¦�š�Î�µ�Ä�®�o�•�¦�·�­�»�š�›�·�Í�š�¸�É�Ž��́•�Ž�o�°�œ �­�µ�¤�µ�¦�™�Ÿ�¨�·�˜�‹�µ�„
�š�¦�´�¡�¥�µ�„�¦�›�¦�¦�¤�•�µ�˜�·�š�¸�É�­�¦�o�µ�Š�…�¹�Ê�œ�¤�µ�š�—�Â�š�œ�Å�—�o�®�¨�µ�¥�•�œ�·�— �•�n�ª�¥�Â�„�o�ž�{�•�®�µ�Á�„�¸�É�¥�ª�„�´�•�¦�µ�‡�µ�Ÿ�¨�Ÿ�¨�·�˜�š�µ�Š
�„�µ�¦�Á�„�¬�˜�¦�•�µ�Š�•�œ�·�— �Â�¨�³�„�µ�¦�Á�Ÿ�µ�Å�®�¤�o�…�°�Š�Á�°�š�µ�œ�°�¨�œ�´�Ê�œ�­�³�°�µ�—�„�ª�n�µ�„�µ�¦�Á�Ÿ�µ�Å�®�¤�o�…�°�Š�œ�Ê�Î�µ�¤�´�œ�Á�•�œ�Ž�·�œ 
(�­�µ�ª�·�˜�¦�¸  � �̈·�É�¤�š�°�Š, 2540) �Ž�¹�É�Š�‹�³�•�n�ª�¥�¨�—�ž�¦�·�¤�µ�–�„�p�µ�Ž�‡�µ�¦�r�•�°�œ�¤�°�œ�°�„�Å�Ž�—�r �Â�¨�³�­�µ�¦�Å�±�Ã�—�¦�‡�µ�¦�r�•�°�œ�š�¸�É
�Á�„�·�—�‹�µ�„�„�µ�¦�Á�Ÿ�µ�Å�®�¤�o�Å�¤�n�­�¤�•�¼�¦�–�r�Á�ž�}�œ�„�µ�¦�•�n�ª�¥�¨�—�¤�¨�¡�·�¬�Ä�œ�°�µ�„�µ�« (Wyman, 1996) �Ã�—�¥�„�µ�¦�Ä�•�o 
�Á�°�š�µ�œ�°�¨�Á�ž�}�œ�Á�•�º�Ê�°�Á�¡�¨�·�Š�•�n�ª�¥�¨�—�ž�¦�·�¤�µ�–�„�p�µ�Ž�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r�Å�—�o�™�¹�Š�¦�o�°�¥�¨�³ 60-90 �Ž�¹�É�Š�„�p�µ�Ž
�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r�œ�¸�Ê�Á�ž�}�œ�˜�´�ª�„�µ�¦�­�Î�µ�‡�´�•�š�¸�É�š�Î�µ�Ä�®�o�Á�„�·�—�ž�¦�µ�„�’�„�µ�¦�–�r�Á�¦�º�°�œ�„�¦�³�‹�„ �œ�°�„�‹�µ�„�œ�¸�Ê�Á�°�š�µ�œ�°�¨�¤�¸
�‡�ª�µ�¤�Á�ž�}�œ�¡�·�¬�˜�É�Î�µ�­�µ�¤�µ�¦�™�¥�n�°�¥�­�¨�µ�¥�Å�—�o�˜�µ�¤�›�¦�¦�¤�•�µ�˜�·�‹�¹�Š�Å�¤�n�Á�„�·�—�„�µ�¦�­�³�­�¤ (Mcmillan, 1997) �Â�¨�³
�¡�•�ª�n�µ�¤�¸�„�µ�¦�Ä�•�o�Á�°�š�µ�œ�°�¨�Á�ž�}�œ�­�µ�¦�ž�j�°�Š�„�´�œ�„�µ�¦�„�¦�³�˜�»�„�…�°�Š�Á�‡�¦�º�É�°�Š�¥�œ�˜�r�Â�š�œ�„�µ�¦�Ä�•�o�­�µ�¦�˜�³�„�´�É�ª�Ž�¹�É�Š�„�n�°�Á�„�·�—
�¤�¨�¡�·�¬�°�¸�„�—�o�ª�¥ (Anon, 1996) 

      Zaldivar �Â�¨�³�‡�–�³ (2001) �Å�—�o�Á�ž�¦�¸�¥�•�Á�š�¸�¥�•�„�µ�¦�Ä�•�o�Á�°�š�µ�œ�°�¨�„�´�•�„�µ�¦�Ä�•�o�œ�Ê�Î�µ�¤�´�œ
�Á�•�œ�Ž�·�œ �Ä�œ�Â�Š�n�…�°�Š�ž�¦�³�­�·�š�›�·�£�µ�¡ �Á�œ�º�É�°�Š�‹�µ�„�Á�°�š�µ�œ�°�¨�Ä�®�o�‡�n�µ�°�°�„�Á�š�œ�š�¸�É�­�¼�Š�„�ª�n�µ�œ�Ê�Î�µ�¤�´�œ�Á�•�œ�Ž�·�œ�‹�¹�Š�Á�ž�}�œ�‹�»�—
�Á�­�¦�·�¤�Ä�®�o�„�µ�¦�Ä�•�o�Á�°�š�µ�œ�°�¨�Á�ž�}�œ�Á�•�º�Ê�°�Á�¡�¨�·�Š�Ä�œ�Á�‡�¦�º�É�°�Š�¥�œ�˜�r�¤�¸�ž�¦�³�­�·�š�›�·�£�µ�¡�­�¼�Š�„�ª�n�µ �œ�°�„�‹�µ�„�œ�¸�Ê�„�µ�¦�š�¸�É�Â�¦�Š�—�´�œ
�Ä�œ�„�µ�¦�¦�³�Á�®�¥ �Â�¨�³�‡�ª�µ�¤�¦�o�°�œ�…�°�Š�„�µ�¦�¦�³�Á�®�¥�Á�°�š�µ�œ�°�¨�­�¼�Š�„�ª�n�µ�œ�Ê�Î�µ�¤�´�œ�Á�•�œ�Ž�·�œ�‹�³�Á�ž�}�œ�„�µ�¦�•�n�ª�¥�Á�¡�·�É�¤�¡�¨�´�Š
�Ä�®�o�Á�‡�¦�º�É�°�Š�¥�œ�˜�r�—�o�ª�¥ 

      �™�¹�Š�°�¥�n�µ�Š�Å�¦�„�È�˜�µ�¤�„�µ�¦�Á�Ÿ�µ�Å�®�¤�o�Á�°�š�µ�œ�°�¨�„�È�¤�¸�…�o�°�Á�­�¸�¥�˜�¦�Š�š�¸�É�‹�³�š�Î�µ�Ä�®�o�Å�—�o�ž�¦�·�¤�µ�–�­�µ�¦
�„��̈»�n�¤�°�´�¨�—�¸�Å�±�—�r (Aldehyde) �Ã�—�¥�Á�Œ�¡�µ�³�°�³�Ž�·� �̃´�¨�—�¸�Å�±�—�r (Acetaldehyde) �Á�¡�·�É�¤�…�¹�Ê�œ�Á�ž�}�œ 2 �Á�š�n�µ �Á�¤�º�É�°
�Á�ž�¦�¸�¥�•�Á�š�¸�¥�•�„�´�•�„�µ�¦�Ä�•�o�œ�Ê�Î�µ�¤�´�œ�Á�•�œ�Ž�·�œ �ž�{�‹�‹�»�•�´�œ�„�µ�¦�Ä�•�o�Á�°�š�µ�œ�°�¨�Á�ž�}�œ�Á�•�º�Ê�°�Á�¡�¨�·�Š�Ä�®�o�Â�„�n�Á�‡�¦�º�É�°�Š�¥�œ�˜�r�Á�•�œ�Ž�·�œ 
�Â�¨�³�—�¸�Á�Ž�¨�­�µ�¤�µ�¦�™�š�Î�µ�Å�—�o�—�´�Š�œ�¸�Ê �­�Î�µ�®�¦�´�•�Á�‡�¦�º�É�°�Š�¥�œ�˜�r�Á�•�œ�Ž�·�œ�­�µ�¤�µ�¦�™�Ä�•�o�Á�°�š�µ�œ�°�¨�¦�o�°�¥�¨�³ 95 � �̈o�ª�œ�Á�ž�}�œ
�Á�•�º�Ê�°�Á�¡�¨�·�Š�Â�š�œ�œ�Ê�Î�µ�¤�´�œ�Á�•�œ�Ž�·�œ�Å�—�o�Â�˜�n� �̃o�°�Š�—�´�—�Â�ž�¨�Š�Á�‡�¦�º�É�°�Š�¥�œ�˜�r�Á�¨�È�„�œ�o�°�¥ (�­�µ�ª�·�˜�¦�¸  � �̈·�É�¤�š�°�Š, 2540) �®�¦�º�°�Ä�•�o
�Á�°�š�µ�œ�°�¨�¦�o�°�¥�¨�³ 85 �Ÿ�­�¤�„�´�•�œ�Ê�Î�µ�¤�´�œ�Á�•�œ�Ž�·�œ�Â�š�œ�Ã�—�¥�Å�¤�n� �̃o�°�Š�—�´�—�Â�ž�¨�Š�Á�‡�¦�º�É�°�Š�¥�œ�˜�r �Â�¨�³�¤�¸�‡�ª�µ�¤
�­�·�Ê�œ�Á�ž�¨�º�°�Š�Á�•�º�Ê�°�Á�¡�¨�·�Š�Ä�œ�¦�³�—�´�•�Á�—�¸�¥�ª�„�´�•�„�µ�¦�Ä�•�o�œ�Ê�Î�µ�¤�´�œ�Á�•�œ�Ž�·�œ �­�Î�µ�®�¦�´�•�Á�‡�¦�º�É�°�Š�¥�œ�˜�r�—�¸�Á�Ž�¨�­�µ�¤�µ�¦�™�Ä�•�o�Á�°�š�µ
�œ�°�¨�Â�š�œ�œ�Ê�Î�µ�¤�´�œ�—�¸�Á�Ž�¨�Å�—�o (Mielenz, 2001) �®�¦�º�°�Ä�•�o�Á�•�º�Ê�°�Á�¡�¨�·�Š�š�´�Ê�Š�­�°�Š�•�œ�·�—�¦�n�ª�¤�„�´�œ�Ã�—�¥�ª�·�›�¸�ž�j�°�œ�Á�•�º�Ê�°�Á�¡�¨�·�Š
�š�´�Ê�Š�­�°�Š�•�œ�·�—�Á�…�o�µ�Á�‡�¦�º�É�°�Š�¥�œ�˜�r�‡�œ�¨�³�š�µ�Š �Á�œ�º�É�°�Š�‹�µ�„�Á�°�š�µ�œ�°�¨�Å�¤�n�­�µ�¤�µ�¦�™�Ÿ�­�¤�„�´�•�œ�Ê�Î�µ�¤�´�œ�—�¸�Á�Ž�¨�Å�—�o �ž�{�‹�‹�»�•�´�œ
�¡�•�ª�n�µ�­�µ�¤�µ�¦�™�Ä�•�o�Á�°�š�µ�œ�°�¨�Â�¨�³�œ�Ê�Î�µ�¤�´�œ�—�¸�Á�Ž�¨�°�´�˜�¦�µ�¦�o�°�¥�¨�³ 50 : 50 �Á�ž�}�œ�Á�•�º�Ê�°�Á�¡�¨�·�Š�Å�—�o�Á�ž�}�œ�°�¥�n�µ�Š�—�¸ (�­�µ�ª�·�˜�¦�¸  
� �̈·�É�¤�š�°�Š, 2540) 

2.2.2 �Ä�•�o�ž�¦�³�Ã�¥�•�œ�r�š�´�É�ª�Å�ž (General utilities) �Á�•�n�œ �Ä�•�o�Ä�œ�Ã�¦�Š�¡�¥�µ�•�µ�¨ �Â�¨�³�Ä�•�o�Ä�œ
�®�o�°�Š�ž�’�·�•�´� �̃·�„�µ�¦�š�´�É�ª�Å�ž�­�Î�µ�®�¦�´�•�š�Î�µ�‡�ª�µ�¤�­�³�°�µ�— 
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2.2.3 �Ä�•�o�Á�ž�}�œ�˜�´�ª�š�Î�µ�¨�³�¨�µ�¥ (Solvent) �Â�°�¨�„�°�±�°�¨�r�Ä�•�o�Á�ž�}�œ�˜�´�ª�š�Î�µ�¨�³�¨�µ�¥�Å�—�o�°�¥�n�µ�Š
�„�ª�o�µ�Š�…�ª�µ�Š �Á�•�n�œ �Ä�•�o�„�´�•�¡�ª�„ Dye nitrocellulose �Â�¨�³ Lacquers processes  

2.2.4 �Ä�•�o�Á�ž�}�œ�ª�´�˜�™�»�—�·�•�­�Î�µ�®�¦�´�•�„�µ�¦�Á�˜�¦�¸�¥�¤�­�µ�¦�Á�‡�¤�¸�°�º�É�œ�Ç (Raw material in chemical 
processes) �Á�•�n�œ Ethylene �Â�¨�³ Polyethylene �Á�ž�}�œ�˜�o�œ (�–�´�“�„�·�˜��̃r  �›�¦�¦�¤�Á�‹�¦�·�•, 2543) 

 
2.3 �„�¦�³�•�ª�œ�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨ 
      �„�¦�³�•�ª�œ�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�­�µ�¤�µ�¦�™�Â�•�n�Š�°�°�„�Å�—�o�Á�ž�}�œ 2 �ª�·�›� ̧�‡�º�° �ª�·�›�¸�„�µ�¦

�­�´�Š�Á�‡�¦�µ�³�®�r�š�µ�Š�Á�‡�¤�¸ (Chemical synthesis) �Â�¨�³�ª�·�›�¸�„�µ�¦�®�¤�´�„ (Fermentation) �ª�·�›�¸�„�µ�¦�­�´�Š�Á�‡�¦�µ�³�®�r�š�µ�Š�Á�‡�¤�¸
�Á�ž�}�œ�„�µ�¦�Ä�•�o�„�¦�³�•�ª�œ�„�µ�¦�š�µ�Š�Á�‡�¤�¸�Ä�œ�„�µ�¦�­�´�Š�Á�‡�¦�µ�³�®�r�Á�°�š�µ�œ�°�¨�Ž�¹�É�Š�¤�¸�Á�°�š�·� �̈¸�œ (Ethylene) �Á�ž�}�œ�ª�´�˜�™�»�—�·�• �Ã�—�¥
�„�µ�¦�œ�Î�µ�Á�°�µ�Á�°�›�·� �̈¸�œ�Ž�¹�É�Š�Á�ž�}�œ�„�p�µ�Ž�š�¸�É�Á�ž�}�œ�Ÿ�¨�¡�¨�°�¥�Å�—�o�‹�µ�„�„�µ�¦�„�¨�´�É�œ�œ�Î�µ�¤�´�œ�—�·�•�¤�µ�š�Î�µ�ž�’�·�„�·�¦�·�¥�µ�„�´�•�„�¦�—�„�Î�µ�¤�³�™�´�œ
�‹�³�Å�—�o�­�µ�¦�Ÿ�­�¤�…�°�Š�Á�°�›�·�¨�Ž�´�¨�Á�¢�˜ (Ethylsulphate) �‹�µ�„�œ�´�Ê�œ�œ�Î�µ�Å�ž�Å�±�Ã�—�¦�Å�¨�Ž�r (Hydrolyze) �‹�œ�Å�—�o 
�Á�°�š�µ�œ�°�¨�„�´�•�„�¦�—�„�Î�µ�¤�³�™�´�œ�Á�‹�º�°�‹�µ�Š �Â�¨�o�ª�œ�Î�µ�¤�µ�š�Î�µ�Ä�®�o�•�¦�·�­�»�š�›�·�Í�Ã�—�¥�„�µ�¦�„�¨�´�É�œ�°�¸�„�‡�¦�´�Ê�Š�®�œ�¹�É�Š �œ�°�„�‹�µ�„�œ�¸�Ê�¥�´�Š
�­�µ�¤�µ�¦�™�­�´�Š�Á�‡�¦�µ�³�®�r�Å�—�o�Ã�—�¥�„�µ�¦�œ�Î�µ�Á�°�µ�Á�°�›�·� �̈¸�œ�¤�µ�š�Î�µ�ž�’�·�„�·�¦�·�¥�µ�Å�±�Á�—�¦�•�´�œ (Hydration) �Ã�—�¥�¤�¸�„�¦�—�¢�°�­�¢�¼�¦�·�„
�Á�ž�}�œ�˜�´�ª�Á�¦�n�Š�ž�’�·�„�·�¦�·�¥�µ (Catalyst) (�ª�·�¤�¨  �ª�·�¦�·�¥�³�ª�·�š�¥�r, 2526) �—�´�Š�Â�­�—�Š�Ä�œ�­�¤�„�µ�¦�š�¸�É (1) 
 

CH2  =  CH2  +  H2O   ------------->   CH3CH2OH                  (1) 

           �Á�°�›�·� �̈¸�œ                                          �Á�°�š�µ�œ�°�¨ 
 

      �­�Î�µ�®�¦�´�•�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Ã�—�¥�ª�·�›�¸�„�µ�¦�®�¤�´�„�‹�³�°�µ�«�´�¥�Á�°�œ�Å�Ž�¤�r�£�µ�¥�Ä�œ�Á�Ž�¨�¨�r�…�°�Š�‹�»� �̈·
�œ�š�¦�¸�¥�r�•�n�ª�¥�Ä�®�o�Á�„�·�—�ž�’�·�„�·�¦�·�¥�µ�Ã�—�¥�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š�ª�´�˜�™�»�—�·�•�š�¸�É�¤�¸�œ�Ê�Î�µ�˜�µ�¨�Á�ž�}�œ�°�Š�‡�r�ž�¦�³�„�°�•�Å�—�o�Á�ž�}�œ�Á�°�š�µ�œ�°�¨ �Ž�¹�É�Š
�Ä�œ�ž�{�‹�‹�»�•�´�œ�Á�°�š�µ�œ�°�¨�š�¸�É�Ÿ�¨�·�˜�Å�—�o�­�n�ª�œ�Ä�®�•�n�‹�³�¤�µ�‹�µ�„�ª�·�›�¸�„�µ�¦�®�¤�´�„ �‡�·�—�Á�ž�}�œ�ž�¦�³�¤�µ�– 95  �…�°�Š�ž�¦�·�¤�µ�–�Á�°�š�µ
�œ�°�¨�š�¸�É�Ÿ�¨�·�˜�Å�—�o�š�´�Ê�Š�®�¤�—�Ä�œ�Ã�¨�„ (�­�µ�ª�·�˜�¦� ̧  � �̈·�É�¤�š�°�Š, 2540) �Ã�—�¥�ª�·�›�¸�„�µ�¦�®�¤�´�„�­�µ�¤�µ�¦�™�Â�•�n�Š�Å�—�o�Á�ž�}�œ 3 
�…�´�Ê�œ�˜�°�œ�®�¨�´�„�Ç �‡�º�° �…�´�Ê�œ�ª�´�˜�™�»�—�·�•�Â�¨�³�„�µ�¦�Á�˜�¦�¸�¥�¤�ª�´�˜�™�»�—�·�• �…�´�Ê�œ�˜�°�œ�„�µ�¦�®�¤�´�„ �Â�¨�³�…�´�Ê�œ�˜�°�œ�„�µ�¦�„�¨�´�É�œ �Ž�¹�É�Š�Ä�œ
�Â�˜�n�¨�³�…�´�Ê�œ�˜�°�œ�‹�³�¤�¸�Ÿ�¨�˜�n�°�‡�»�–�£�µ�¡�…�°�Š�Á�°�š�µ�œ�°�¨�š�¸�É�‹�»� �̈·�œ�š�¦�¸�¥�r�Ÿ�¨�·�˜�Å�—�o (�„�¤�¨�«�´�„�—�·�Í  � �̃´�Ê�Š�›�¦�¦�¤�Á�œ�¸�¥�¤, 2540) 

 
2.3.1 �ª�´�˜�™�»�—�·�• 

  �ª�´�˜�™�»�—�·�•�­�n�ª�œ�Ä�®�•�n�š�¸�É�œ�Î�µ�¤�µ�Ä�•�o�Ä�œ�„�µ�¦�®�¤�´�„�Á�ž�}�œ�ª�´�˜�™�»�—�·�•�š�µ�Š�„�µ�¦�Á�„�¬�˜�¦ �Ž�¹�É�Š�Á�°�š�µ
�œ�°�¨�š�¸�É�Å�—�o�Á�¦�¸�¥�„�ª�n�µ �Å�•�Ã�°�Á�°�š�µ�œ�°�¨ (Bio-ethanol) �­�µ�¤�µ�¦�™�Â�•�n�Š�ª�´�˜�™�»�—�·�•�Å�—�o�Á�ž�}�œ 3 �ž�¦�³�Á�£�š �‡�º�° 
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  1) �ª�´�˜�™�»�—�·�•�ž�¦�³�Á�£�š�œ�Ê�Î�µ�˜�µ�¨ �Å�—�o�Â�„�n �œ�Ê�Î�µ�°�o�°�¥ �„�µ�„�œ�Ê�Î�µ�˜�µ�¨ �Â�¨�³�œ�Ê�Î�µ�˜�µ�¨�‹�µ�„�®�´�ª�•�¸�• 
�Á�ž�}�œ�˜�o�œ �Ã�—�¥�‹�»� �̈·�œ�š�¦�¸�¥�r�­�µ�¤�µ�¦�™�Ä�•�o�ª�´�˜�™�»�—�·�•�ž�¦�³�Á�£�š�œ�¸�Ê�Å�—�o�Ã�—�¥�˜�¦�Š �Ž�¹�É�Š�…�´�Ê�œ�˜�°�œ�š�¸�É�‹�»� �̈·�œ�š�¦�¸�¥�r�Á�ž�¨�¸�É�¥�œ�ª�´�˜�™�»�—�·�•
�Ä�®�o�„�¨�µ�¥�Á�ž�}�œ�Á�°�š�µ�œ�°�¨ �—�´�Š�Â�­�—�Š�Ä�œ�­�¤�„�µ�¦�š�¸�É (2) 

 
C6H12O6  +   �¥�¸�­��̃r   ----------->    2C2H5OH  +  2CO2  +  �¡��̈´�Š�Š�µ�œ               (2) 

       Glucose                                        Ethanol 

 

�„�µ�¦�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š�œ�Ê�Î�µ�˜�µ�¨�Á�ž�}�œ�Á�°�š�µ�œ�°�¨ �…�°�Š�œ�Ê�Î�µ�˜�µ�¨�Â�˜�n�¨�³�ž�¦�³�Á�£�š �¡�•�ª�n�µ
�œ�Ê�Î�µ�˜�µ�¨�Â�˜�n�¨�³�ž�¦�³�Á�£�š�Á�¤�º�É�°�œ�Î�µ�¤�µ�®�¤�´�„�Á�ž�}�œ�Á�°�š�µ�œ�°�¨�‹�³�Å�—�o�ž�¦�·�¤�µ�–�Á�°�š�µ�œ�°�¨ �Â�¨�³�Ÿ�¨�Ÿ�¨�·�˜�°�º�É�œ�Ç�š�¸�É
�Â�˜�„�˜�n�µ�Š�„�´�œ � �̃´�ª�°�¥�n�µ�Š�Á�•�n�œ �„��̈¼�Ã�‡�­ 1 �Ã�¤�Á�¨�„�»�  ̈�Á�¤�º�É�°�œ�Î�µ�¤�µ�®�¤�´�„�Á�ž�}�œ�Á�°�š�µ�œ�°�¨ �‹�³�Å�—�o�Á�°�š�µ�œ�°�¨ 2 �Ã�¤�Á�¨�„�»�  ̈
�Â�¨�³�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r 2 �Ã�¤�Á�¨�„�»�  ̈(Murphy and Mcarthy, 2005) �—�´�Š�Â�­�—�Š�Ä�œ�£�µ�¡�š�¸�É 1-2  

 

 
 
�£�µ�¡�š�¸�É 1-2 �„�µ�¦�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š�…�°�Š�œ�Ê�Î�µ�˜�µ�¨�„�¨�¼�Ã�‡�­�Á�ž�}�œ�Á�°�š�µ�œ�°�¨ 
�š�¸�É�¤�µ  :  Murphy and Mccarthy (2005)  

 
�­�n�ª�œ�œ�Ê�Î�µ�˜�µ�¨ Xylose �Á�¤�º�É�°�œ�Î�µ�¤�µ�®�¤�´�„�‹�³�Á�ž�¨�¸�É�¥�œ�Á�ž�}�œ�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r �Â�¨�³

�œ�Ê�Î�µ �­�n�ª�œ�Á�°�š�µ�œ�°�¨�š�¸�É�Å�—�o�…�¹�Ê�œ�°�¥�¼�n�„�´�•�­�£�µ�ª�³ �Â�¨�³�­�µ�¥�¡�´�œ�›�»�r�…�°�Š�Á�•�º�Ê�°�š�¸�É�Ä�•�o �—�´�Š�Â�­�—�Š�Ä�œ�£�µ�¡�š�¸�É 1-3  
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�£�µ�¡�š�¸�É 1-3 �„�µ�¦�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š�…�°�Š�œ�Ê�Î�µ�˜�µ�¨�Å�Ž�Ã�¨�­�Á�ž�}�œ�Á�°�š�µ�œ�°�¨ 
�š�¸�É�¤�µ : Murphy and McCarthy (2005)  

 
�œ�°�„�‹�µ�„�œ�Ê�Î�µ�˜�µ�¨ Glucose �Â�¨�³ Xylose �Â�¨�o�ª�¥�´�Š�¤�¸�œ�Ê�Î�µ�˜�µ�¨ Fructose �š�¸�É�­�µ�¤�µ�¦�™�®�¤�´�„

�Á�ž�}�œ�Á�°�š�µ�œ�°�¨ �Ž�¹�É�Š�œ�Ê�Î�µ�˜�µ�¨ Fructose �Á�„�·�—�‹�µ�„�„�µ�¦�Å�±�Ã�—�¦�Å�¨�Ž�¸�­�œ�Ê�Î�µ�˜�µ�¨ Sucrose �—�´�Š�Â�­�—�Š�Ä�œ�£�µ�¡�š�¸�É 1-4  
�œ�Ê�Î�µ�˜�µ�¨ Fructose �¤�¸�­�¼�˜�¦�Ã�¤�Á�¨�„�»�¨�Á�®�¤�º�°�œ�„�´�• Glucose �Â�˜�n�¤�¸�­�¼�˜�¦�Ã�‡�¦�Š�­�¦�o�µ�Š�Â�˜�„�˜�n�µ�Š�„�´�œ �Á�¡�¦�µ�³�Œ�³�œ�´�Ê�œ
�„�µ�¦�®�¤�´�„�œ�Ê�Î�µ�˜�µ�¨ Fructose 1 �Ã�¤�Á�¨�„�»�  ̈�‹�³�Á�ž�¨�¸�É�¥�œ�Å�—�o�Á�°�š�µ�œ�°�¨�Á�®�¤�º�°�œ�„�´�•�œ�Ê�Î�µ�˜�µ�¨ Glucose 

 

 
 

�£�µ�¡�š�¸�É 1-4 �„�µ�¦�Å�±�Ã�—�¦�Å�¨�Ž�¸�­�œ�Ê�Î�µ�˜�µ�¨�Ž�¼�Ã�‡�¦�­ 
�š�¸�É�¤�µ : Murphy and McCarthy (2005)  

       
2) �ª�´�˜�™�»�—�·�•�ž�¦�³�Á�£�š�Â�ž�j�Š  

       �ª�´�˜�™�»�—�·�•�ž�¦�³�Á�£�š�Â�ž�j�Š �Å�—�o�Â�„�n �Ÿ�¨�Ÿ�¨�·�˜�š�µ�Š�„�µ�¦�Á�„�¬�˜�¦�¡�ª�„�›�´�•�¡�º�• �Á�•�n�œ �…�o�µ�ª�Á�‹�o�µ 
�…�o�µ�ª�­�µ�¨�¸ �…�o�µ�ª�Ã�¡�— �…�o�µ�ª�•�µ�¦�r�Á�¨�¥�r �…�o�µ�ª�¢�i�µ�Š �Â�¨�³�¡�ª�„�¡�º�•�®�´�ª �Á�•�n�œ �¤�´�œ�­�Î�µ�ž�³�®�¨�´�Š �¤�´�œ� �¦�´�É�Š �¤�´�œ�Á�š�« �Á�ž�}�œ�˜�o�œ 
�Ä�œ�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�œ�´�Ê�œ �Â�ž�j�Š�Ä�œ�ª�´�˜�™�»�—�·�•�‹�³�˜�o�°�Š�™�¼�„�¥�n�°�¥�­�¨�µ�¥ (Starch hydrolysis) �Á�ž�}�œ�œ�Ê�Î�µ�˜�µ�¨
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�Ã�¤�Á�¨�„�»�¨�Á�—�¸�É�¥�ª�„�n�°�œ �‹�»� �̈·�œ�š�¦�¸�¥�r�‹�¹�Š�­�µ�¤�µ�¦�™�Á�ž�¨�¸�É�¥�œ�œ�Ê�Î�µ�˜�µ�¨�Ã�¤�Á�¨�„�»�¨�Á�—�¸�É�¥�ª�Ä�®�o�Á�ž�}�œ�Á�°�š�µ�œ�°�¨�Å�—�o �Ž�¹�É�Š�„�µ�¦�¥�n�°�¥
�Â�ž�j�Š�ž�¦�³�„�°�•�—�o�ª�¥ 2 �…�´�Ê�œ�˜�°�œ �‡�º�° 

      2.1) �…�´�Ê�œ�˜�°�œ�š�¸�É 1 �Á�ž�}�œ�„�µ�¦�¥�n�°�¥�‡�¦�´�Ê�Š�Â�¦�„�®�¦�º�°�„�µ�¦�š�Î�µ�Ä�®�o�Á�®�¨�ª (Liquefaction) 
�…�´�Ê�œ�˜�°�œ�œ�¸�Ê�‹�³�Ä�•�o�„�¦�—�®�¦�º�°�Á�°�œ�Å�Ž�¤�r�„��̈»�n�¤�Â�°�¨�¢�µ�°�³�¤�·�Á�¨�­ (α-Amylase) �š�¸�É�¤�¸�„�·�‹�„�¦�¦�¤�„�µ�¦�¥�n�°�¥�Â�ž�j�Š�š�¸�É
�°�»�–�®�£�¼�¤�·�­�¼�Š�ž�¦�³�¤�µ�– 80-95 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ �Ä�®�o�Å�—�o�Ã�¤�Á�¨�„�»�¨�…�œ�µ�—�Á�¨�È�„�¨�Š�Â�¨�³�¤�¸�‡�ª�µ�¤�®�œ�º�—�¨�—�¨�Š �Ž�¹�É�Š
�…�°�Š�Á�®�¨�ª�š�¸�É�Å�—�o �Á�¦�¸�¥�„�ª�n�µ �Á�—�È�„�Ž�r�š�¦�·�œ (Krishna and Chowdary, 2001)  

      2.2) �…�´�Ê�œ�˜�°�œ�š�¸�É 2 �Á�ž�}�œ�„�µ�¦�¥�n�°�¥�‡�¦�´�Ê�Š�­�»�—�š�o�µ�¥�®�¦�º�°�„�µ�¦�š�Î�µ�Ä�®�o�®�ª�µ�œ (Saccharification) 
�…�´�Ê�œ�˜�°�œ�œ�¸�Ê�‹�³�Ä�•�o�Á�°�œ�Å�Ž�¤�r�„��̈¼�Ã�‡�°�³�Å�¤�Á�¨�­ (Glucoamylase) �¥�n�°�¥�Á�—�È�„�Ž�r�š�¦�·�œ�Ä�®�o�Å�—�o�Á�ž�}�œ�œ�Ê�Î�µ�˜�µ�¨�Ã�¤�Á�¨�„�»�¨
�Á�—�¸�É�¥�ª�š�¸�É�‹�»� �̈·�œ�š�¦�¸�¥�r�­�µ�¤�µ�¦�™�œ�Î�µ�Å�ž�Ä�•�o�Å�—�o �Ž�¹�É�Š�Ã�—�¥�š�´�É�ª�Å�ž�Á�°�œ�Å�Ž�¤�r�Ä�œ�„�¨�»�n�¤�œ�¸�Ê�‹�³�¤�¸�„�·�‹�„�¦�¦�¤�š�¸�É�°�»�–�®�£�¼�¤�·�­�¼�Š�ž�µ�œ
�„�¨�µ�Š �‡�º�° �ž�¦�³�¤�µ�– 55-65 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ (Punnapayak and Emert, 1986 �°�o�µ�Š�Ã�—�¥ �¥�»�š�›�«�´�„�—�·�Í  �­�»�•�„�µ�¦�¸, 
2551 

      3) �ª�´�˜�™�»�—�·�•�ž�¦�³�Á�£�š�Á�Ž�¨�¨�¼�Ã�¨�­ 
 �ª��́˜�™�»�—�·�•�ž�¦�³�Á�£�š�Á�Ž�¨�¨�¼�Ã�¨�­�­�n�ª�œ�Ä�®�•�n�Á�ž�}�œ�Ÿ�¨�¡�¨�°�¥�Å�—�o�‹�µ�„�Ÿ�¨�Ÿ�¨�·�˜�š�µ�Š

�„�µ�¦�Á�„�¬�˜�¦ �Á�•�n�œ �¢�µ�Š�…�o�µ�ª �•�µ�œ�°�o�°�¥ �Ž�´�Š�…�o�µ�ª�Ã�¡�— �¦�Î�µ�…�o�µ�ª �Á�«�¬�Å�¤�o �Á�«�¬�„�¦�³�—�µ�¬ �…�¸�Ê�Á�¨�º�É�°�¥ �Â�¨�³�ª�´�•�¡�º�• �¦�ª�¤�š�´�Ê�Š
�…�°�Š�Á�­�¸�¥�‹�µ�„�Ã�¦�Š�Š�µ�œ�°�»�˜�­�µ�®�„�¦�¦�¤ �Á�•�n�œ �Ã�¦�Š�Š�µ�œ�„�¦�³�—�µ�¬ �Ž�¹�É�Š�…�´�Ê�œ�˜�°�œ�Ä�œ�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�‹�µ�„�ª�´�˜�™�»�—�·�•
�Ä�œ�„�¨�»�n�¤�œ�¸�Ê �ž�¦�³�„�°�•�—�o�ª�¥ 2 �…�´�Ê�œ�˜�°�œ �‡�º�° 

 3.1) �Á�ž�}�œ�…�´�Ê�œ�˜�°�œ�„�µ�¦�ž�¦�´�•�­�£�µ�¡�ª�´�˜�™�»�—�·�• �Â�•�n�Š�Å�—�o�Á�ž�}�œ 4 �ª�·�›�¸ �—�´�Š�œ�¸�Ê 
  - �ª�·�›�¸�š�µ�Š�„�µ�¥�£�µ�¡ �Á�ž�}�œ�„�µ�¦�ž�¦�´�•�­�£�µ�¡�Ã�—�¥�„�µ�¦�¨�—�…�œ�µ�—�…�°�Š�ª�´�˜�™�»�—�·�•�Â�¨�³

�š�Î�µ�Ä�®�o�Á�­�o�œ�Ä�¥�Á�Ž�¨�¨�¼�Ã�¨�­�¤�¸�…�œ�µ�—�Á�¨�È�„�¨�Š�Á�¡�º�É�°�Á�¡�·�É�¤�¡�º�Ê�œ�š�¸�É�Ÿ�·�ª�Ä�œ�„�µ�¦�Á�„�·�—�ž�’�·�„�·�¦�·�¥�µ �Á�•�n�œ �„�µ�¦�•�— �Â�¨�³�„�µ�¦�Ä�•�o
�‡�ª�µ�¤�¦�o�°�œ �Ã�—�¥�Á�ž�}�œ�„�µ�¦�š�Î�µ�¨�µ�¥�‡�ª�µ�¤�Á�ž�}�œ�Ÿ�¨�¹�„�…�°�Š�Á�Ž�¨�¨�¼�Ã�¨�­ �Â�¨�³�Á�¡�·�É�¤�ž�¦�³�­�·�š�›�·�£�µ�¡�„�µ�¦�¥�n�°�¥�­�¨�µ�¥�Å�—�o 
(Sun and Cheng, 2002) 

  - �ª�·�›�¸�š�µ�Š�Á�‡�¤�¸ �Á�ž�}�œ�„�µ�¦�ž�¦�´�•�­�£�µ�¡�ª�´�˜�™�»�—�·�•�Ã�—�¥�„�µ�¦�Ä�•�o�­�µ�¦�¨�³�¨�µ�¥�„�¦�— �Á�•�n�œ 
�„�¦�—�Ž�´�¨�¢�d�ª�¦�·�„ �Â�¨�³ �„�¦�—�Å�±�Ã�—�¦�‡�¨�°�¦�·�„ �Ž�¹�É�Š�‹�µ�„�„�µ�¦�«�¹�„�¬�µ�Á�˜�¦�¸�¥�¤�¢�µ�Š�…�o�µ�ª�—�o�ª�¥�„�µ�¦�˜�o�¤�¢�µ�Š�…�o�µ�ª�š�¸�É�°�»�–�®�£�¼�¤�· 
121 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ �Ä�œ�­�µ�¦�¨�³�¨�µ�¥�„�¦�—�Ž�´�¨�¢�d�ª�¦�·�„ �‡�ª�µ�¤�Á�…�o�¤�…�o�œ�¦�o�°�¥�¨�³ 0.75 �Á�ž�}�œ�Á�ª�¨�µ 1 �•�´�É�ª�Ã�¤�Š �‹�µ�„�œ�´�Ê�œ
�Ä�•�o�¢�µ�Š�…�o�µ�ª�š�¸�É�Á�˜�¦�¸�¥�¤�Â�¨�o�ª �Á�ž�}�œ�­�µ�¦�˜�´�Ê�Š�˜�o�œ�Ä�œ�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�¡�•�ª�n�µ �Ä�®�o�Ÿ�¨�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Å�—�o 19 ± 1 
�„�¦�´�¤�˜�n�°��̈·�˜�¦ �Â�¨�³�Ä�®�o�Ÿ�¨�Ÿ�¨�·�˜�Á�Ž�¨�¨�r�š�¸�É�Å�—�o� �̃n�°�­�µ�¦�˜�´�Ê�Š�˜�o�œ 0.24 �„�¦�´�¤�œ�Ê�Î�µ�®�œ�´�„�Á�Ž�¨�¨�r�Â�®�o�Š�˜�n�°�„�¦�´�¤�œ�Ê�Î�µ�˜�µ�¨
�œ�°�„�‹�µ�„�ž�¦�´�•�­�£�µ�¡�ª�´�˜�™�»�—�·�•�—�o�ª�¥�­�µ�¦�¨�³�¨�µ�¥�„�¦�—�Â�¨�o�ª�¥�´�Š�ž�¦�´�•�Å�—�o�—�o�ª�¥�­�µ�¦�¨�³�¨�µ�¥�—�n�µ�Š �Â�¨�³�˜�´�ª�š�Î�µ�¨�³�¨�µ�¥
�°�·�œ�š�¦�¸�¥�r �®�¦�º�°�­�µ�¦�°�°�„�Ž�·�Â�—�œ�š�r (Saha et al., 2005) 

  - �ª�·�›�¸�š�µ�Š�Á�‡�¤�¸�„�µ�¥�£�µ�¡ �Á�ž�}�œ�„�µ�¦�ž�¦�´�•�­�£�µ�¡�ª�´�˜�™�»�—�·�•�Ã�—�¥�Ä�•�o�ª�·�›�¸�š�µ�Š�„�µ�¥�£�µ�¡
�¦�n�ª�¤�„�´�•�„�µ�¦�Ä�•�o�­�µ�¦�Á�‡�¤�¸ �Ã�—�¥�„�µ�¦�¦�³�Á�•�·�—�—�o�ª�¥�Å�°�œ�Ê�Î�µ �ª�·�›�¸�œ�¸�Ê�ª�´�˜�™�»�—�·�•�‹�³�™�¼�„�Á�˜�¦�¸�¥�¤�š�¸�É�‡�ª�µ�¤�—�´�œ�Å�°�œ�Ê�Î�µ�­�¼�Š �Â�¨�o�ª�¨�—
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�‡�ª�µ�¤�—�´�œ�°�¥�n�µ�Š�¦�ª�—�Á�¦�È�ª �Ž�¹�É�Š�‹�³�š�Î�µ�Ä�®�o�ª�´�˜�™�»�—�·�•�Á�„�·�—�„�µ�¦�­�¨�µ�¥�˜�´�ª �„�µ�¦�¦�³�Á�•�·�—�—�o�ª�¥�Å�°�œ�Ê�Î�µ�‹�³�Á�¦�·�É�¤�˜�o�œ�š�¸�É�°�»�–�®�£�¼�¤�· 
160-260 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ �‡�ª�µ�¤�—�´�œ 0.69-4.83 MPa �Á�ž�}�œ�Á�ª�¨�µ�­�°�Š�®�¦�º�°�­�µ�¤�œ�µ�š�¸ �®�¨�´�Š�‹�µ�„�œ�´�Ê�œ�œ�Î�µ�°�°�„�¤�µ
�š�¸�É�°�»�–�®�£�¼�¤�·�ž�„�˜�· (Sun and Cheng, 2002) 

- �ª�·�›�¸�š�µ�Š�•�¸�ª�£�µ�¡ �Á�ž�}�œ�„�µ�¦�Ä�•�o�Á�°�œ�Å�Ž�¤�r�‹�µ�„�Á�•�º�Ê�°�‹�»� �̈·�œ�š�¦�¸�¥�r�Á�¡�º�É�°�Á�ž�¨�¸�É�¥�œ
�Ã�‡�¦�Š�­�¦�o�µ�Š�š�¸�É�Ž�´�•�Ž�o�°�œ�…�°�Š�Á�Ž�¨�¨�¼�Ã�¨�­�Ä�®�o�Á�ž�¨�¸�É�¥�œ�°�¥�¼�n�Ä�œ�¦�¼�ž�Ã�Ž�n�˜�¦�Š�Â�¨�³�•�n�ª�¥�¨�—�‡�ª�µ�¤�Á�ž�}�œ�Ÿ�¨�¹�„ �…�o�°
�Å�—�o�Á�ž�¦�¸�¥�•�…�°�Š�„�µ�¦�Á�˜�¦�¸�¥�¤�—�o�ª�¥�ª�·�›�¸�š�µ�Š�•�¸�ª�£�µ�¡ �‡�º�° �Ä�•�o�¡��̈´�Š�Š�µ�œ�˜�É�Î�µ�Â�¨�³�Ä�•�o�­�£�µ�ª�³�Â�ª�—�¨�o�°�¤�›�¦�¦�¤�—�µ �Â�˜�n
�„�µ�¦�Å�±�Ã�—�¦�Å�¨�Ž�¸�­�—�o�ª�¥�‹�»� �̈·�œ�š�¦�¸�¥�r �®�¦�º�°�ª�·�›�¸�š�µ�Š�•�¸�ª�£�µ�¡�œ�´�Ê�œ�Ä�®�o�Ÿ�¨�Ÿ�¨�·�˜��̃É�Î�µ�¤�µ�„ 

3.2) �…�´�Ê�œ�˜�°�œ�š�¸�É 2 �„�µ�¦�¥�n�°�¥ �Â�•�n�Š�Å�—�o�Á�ž�}�œ 2 �ª�·�›�¸ �—�´�Š�œ�¸�Ê 
- �„�µ�¦�¥�n�°�¥�—�o�ª�¥�­�µ�¦�Á�‡�¤�¸ �­�µ�¤�µ�¦�™�š�Î�µ�Å�—�o�Ã�—�¥�Ä�•�o�„�¦�—�Á�…�o�¤�…�o�œ �®�¦�º�°�„�¦�—�Á�‹�º�°�‹�µ�Š 

�Ž�¹�É�Š�Á�ž�}�œ�ª�·�›�¸�„�µ�¦�¥�n�°�¥�Á�Ž�¨�¨�¼�Ã�¨�­�Á�¡�º�É�°�Ä�®�o�Å�—�o�„��̈¼�Ã�‡�­�Ã�—�¥�˜�¦�Š �Â�˜�n�Å�—�o�Ÿ�¨�Ÿ�¨�·�˜�‡�n�°�œ�…�o�µ�Š�œ�o�°�¥ �Á�¡�¦�µ�³�¤�¸�„�µ�¦
�š�Î�µ�¨�µ�¥�œ�Ê�Î�µ�˜�µ�¨�š�¸�É�Á�„�·�—�…�¹�Ê�œ �Ã�—�¥�œ�Ê�Î�µ�˜�µ�¨�‹�³�š�Î�µ�ž�’�·�„�·�¦�·�¥�µ�˜�n�°�Å�ž�š�Î�µ�Ä�®�o�Å�—�o�Ÿ�¨�¡�¨�°�¥�Å�—�o�°�º�É�œ�Ç �Á�•�n�œ Furfural �Â�¨�³
�„�¦�—�¥�´�Š�š�Î�µ�ž�’�·�„�·�¦�·�¥�µ�„�´�•�­�µ�¦�°�º�É�œ�š�¸�É�Å�¤�n�Ä�•�n�Á�Ž�¨�¨�¼�Ã�¨�­�š�Î�µ�Ä�®�o�Å�—�o�Ÿ�¨�Ÿ�¨�·�˜�£�´�–�”�r�š�¸�É�Å�¤�n� �̃o�°�Š�„�µ�¦ �­�Î�µ�®�¦�´�•�„�¦�—�š�¸�É�Ä�•�o
�Ä�œ�ª�·�›�¸�œ�¸�Ê�Å�—�o�Â�„�n �„�¦�—�Ž�´�¨�¢�d�ª�¦�·�„�Á�…�o�¤�…�o�œ�¦�o�°�¥�¨�³ 70 �…�¹�Ê�œ�Å�ž �®�¦�º�°�„�¦�—�Å�±�Ã�—�¦�‡�¨�°�¦�·�„�Á�…�o�¤�…�o�œ�¦�o�°�¥�¨�³ 40 �…�¹�Ê�œ
�Å�ž �Â�¨�³�Ä�œ�„�µ�¦�Á�„�·�—�ž�’�·�„�·�¦�·�¥�µ�˜�o�°�Š�Ä�•�o�°�»�–�®�£�¼�¤�·�­�¼�Š�ž�¦�³�¤�µ�– 140-160 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­  �Ž�¹�É�Š�ž�’�·�„�·�¦�·�¥�µ�Á�„�·�—
�¦�»�œ�Â�¦�Š�Â�¨�³�Å�¤�n�Á�Œ�¡�µ�³�Á�‹�µ�³�‹�Š �Ã�—�¥�£�µ�•�œ�³�š�¸�É�Ä�•�o� �̃o�°�Š�š�œ�˜�n�°�„�µ�¦�„�´�—�„�¦�n�°�œ�‹�¹�Š�¤�¸�¦�µ�‡�µ�Â�¡�Š �œ�°�„�‹�µ�„�œ�¸�Ê�œ�Ê�Î�µ�š�·�Ê�Š
�‹�µ�„�„�µ�¦�¥�n�°�¥�„�n�°�Ä�®�o�Á�„�·�—�¤�¨�¡�·�¬�˜�n�°�­�·�É�Š�Â�ª�—�¨�o�°�¤�Á�¡�¦�µ�³�¤�¸�„�¦�—�Á�‹�º�°�ž�œ (�°�¦�»�–�ª�¦�¦�–  �œ�»�•�¡�n�ª�Š, 2547) 

- �„�µ�¦�¥�n�°�¥�—�o�ª�¥�Á�°�œ�Å�Ž�¤�r �Á�°�œ�Å�Ž�¤�r�š�¸�É�Ä�•�o�Ä�œ�ž�’�·�„�·�¦�·�¥�µ�„�µ�¦�¥�n�°�¥�Á�Ž�¨�¨�¼�Ã�¨�­ �‡�º�° 
�Á�°�œ�Å�Ž�¤�r�Á�Ž�¨�¨�¼�Á�¨�­ �Ž�¹�É�Š�Á�ž�}�œ�Á�°�œ�Å�Ž�¤�r�š�¸�É�¡�•�Ä�œ�‹�»� �̈·�œ�š�¦��̧¥�r�®�¨�µ�¥�•�œ�·�— �Á�Ž�¨�¨�¼�Á�¨�­�Á�ž�}�œ�Á�°�œ�Å�Ž�¤�r�¡�ª�„ 
�Å�„�¨�Ã�‡�Ã�ž�¦�˜�¸�œ�š�¸�É�¤�¸�°�´�˜�¦�µ�­�n�ª�œ�…�°�Š�‡�µ�¦�r�Ã�•�Å�±�Á�—�¦�˜�˜�n�°�Ã�ž�¦�˜�¸�œ�Á�š�n�µ�„�´�• 1 : 1 �¨�³�¨�µ�¥�œ�Ê�Î�µ�Å�—�o�—�¸ �Å�¤�n� �̃o�°�Š�„�µ�¦
�Ã�‡�Á�¢�‡�Á�˜�°�¦�r �Ã�—�¥�š�´�É�ª�Å�ž�Á�°�œ�Å�Ž�¤�r�Á�Ž�¨�¨�¼�Á�¨�­�š�¸�É�Ÿ�¨�·�˜�‹�µ�„�‹�»� �̈·�œ�š�¦�¸�¥�r�¤�¸�°�»�–�®�£�¼�¤�·�š�¸�É�Á�®�¤�µ�³�­�¤�Ä�œ�„�µ�¦�š�Î�µ�Š�µ�œ �‡�º�° 
50 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ �Â�˜�n�°�µ�‹�‹�³�˜�É�Î�µ�®�¦�º�°�­�¼�Š�„�ª�n�µ 50 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ �…�¹�Ê�œ�„�´�•�­�µ�¥�¡�´�œ�›�»�r�‹�»� �̈·�œ�š�¦�¸�¥�r�š�¸�É�œ�Î�µ�¤�µ�Ÿ�¨�·�  ̃
(�Á�•�•�‹�ª�¦�¦�–  �•�·�˜�¤�–�,̧ 2534) �Ã�—�¥�Á�°�œ�Å�Ž�¤�r�¤�¸�‡�ª�µ�¤�‡�Š�š�œ�˜�n�°�­�µ�¦�Á�‡�¤�¸�Å�—�o�—� ̧�¤�¸�Á�¡�¸�¥�Š�°�·�°�°�œ�…�°�Š�ž�¦�°�š�š�¸�É
�­�µ�¤�µ�¦�™�¥�´�•�¥�´�Ê�Š�„�µ�¦�š�Î�µ�Š�µ�œ�Å�—�o�°�¥�n�µ�Š�­�¤�•�¼�¦�–�r �­�n�ª�œ�Ã�¨�®�³�°�º�É�œ�Ç �Á�•�n�œ �Á�Š�·�œ �š�°�Š�Â�—�Š �Â�¨�³�­�´�Š�„�³�­�¸ �¤�¸�Ÿ�¨�¥�´�•�¥�´�Ê�Š
�„�µ�¦�š�Î�µ�Š�µ�œ�…�°�Š�Á�°�œ�Å�Ž�¤�r�Á�¡�¸�¥�Š�Á�¨�È�„�œ�o�°�¥ (�ª�¦�¦�–�£�µ  �¥�Š�­�»�ª�¦�¦�–�Å�¡�«�µ�¨, 2546) 
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�ª�´�˜�™�»�—�·�•�ž�¦�³�Á�£�š�œ�Ê�Î�µ�˜�µ�¨ 
�Å�—�o�Â�„�n �°�o�°�¥  �…�o�µ�ª�¢�i�µ�Š�®�ª�µ�œ  

�²�¨�²

�ª�´�˜�™�»�—�·�•�ž�¦�³�Á�£�š�Â�ž�j�Š �Å�—�o�Â�„�n 
�¤�´�œ�­�Î�µ�ž�³�®�¨�´�Š �¤�´�œ�Á�š�«  

�…�o�µ�ª�Ã�¡�— �²�¨�²

�ª�´�˜�™�»�—�·�•�ž�¦�³�Á�£�š�Á�Ž�¨�¨�¼�Ã�¨�­ 
�Å�—�o�Â�„�n �¢�µ�Š�…�o�µ�ª  �•�µ�œ�°�o�°�¥  

�Ž�´�Š�…�o�µ�ª�Ã�¡�— �²�¨�²

�„�µ�¦�­�„�´�—�Â�¨�³�š�Î�µ�Ä�­ Liquefaction

Saccharification

�„�µ�„�œ�Ê�Î�µ�˜�µ�¨
�Á�‹�º�°�‹�µ�Š

Pretreatment

Enzyme hydrolysis

�Á�°�š�µ�œ�°�¨

�„�µ�¦�„�¨�´�É�œ

�„�µ�¦�®�¤�´�„

�œ�Ê�Î�µ�˜�µ�¨

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
�£�µ�¡�š�¸�É 1-5 �„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Ã�—�¥�„�¦�³�•�ª�œ�„�µ�¦�®�¤�´�„�‹�µ�„�ª�´�˜�™�»�—�·�•�š�µ�Š�„�µ�¦�Á�„�¬�˜�¦ 
�š�¸�É�¤�µ : �Á�„�º�Ê�°�„�¼�  ̈�ž�d�¥�³�‹�°�¤�…�ª�´�• �Â�¨�³�‡�–�³ (2548) 

 
2.3.2 �„�µ�¦�®�¤�´�„ 
      �„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�š�¸�É�Á�„�·�—�‹�µ�„�„�·�‹�„�¦�¦�¤�…�°�Š�‹�»� �̈·�œ�š�¦�¸�¥�r� �̃n�µ�Š�•�œ�·�—�®�¦�º�°��̃n�µ�Š�­�µ�¥�¡�´�œ�›�»�r

�„�´�œ �¤�¸�Ÿ�¨�Ä�®�o�Á�„�·�—�ž�’�·�„�·�¦�·�¥�µ�š�µ�Š�Á�‡�¤�¸� �̃n�µ�Š�„�´�œ�Â�¨�³�ž�¦�·�¤�µ�–�…�°�Š�Ÿ�¨�·�˜�£�´�–�”�r�š�¸�É�Å�—�o� �̃n�µ�Š�„�´�œ  
      �„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�Á�ž�}�œ�„�µ�¦�Á�ž�¨�¸�É�¥�œ�œ�Ê�Î�µ�˜�µ�¨�Ä�®�o�Á�ž�}�œ�Á�°�š�µ�œ�°�¨ �—�o�ª�¥�¥�¸�­��̃r�®�¦�º�°

�Â�•�‡�š�¸�Á�¦�¸�¥ �Ã�—�¥�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�—�o�ª�¥�¥�¸�­��̃r�Ä�œ�­�£�µ�ª�³�š�¸�É�Å�¦�o�°�°�„�Ž�·�Á�‹�œ (Anaerobic condition) �­�µ�¤�µ�¦�™
�Á�‹�¦�·�•�Å�—�o�Ä�œ�œ�Ê�Î�µ�®�¤�´�„�š�¸�É�¤�¸�ž�¦�·�¤�µ�–�Á�°�š�µ�œ�°�¨�¦�o�°�¥�¨�³ 14-15 �Ã�—�¥�ž�¦�·�¤�µ�˜�¦ �Ã�—�¥�¤�¸�‡�ª�µ�¤�­�´�¤�¡�´�œ�›�r�…�°�Š�„�µ�¦
�Á�ž�¨�¸�É�¥�œ�œ�Ê�Î�µ�˜�µ�¨�Å�ž�Á�ž�}�œ�Á�°�š�µ�œ�°�¨ �—�´�Š�Â�­�—�Š�Ä�œ�­�¤�„�µ�¦�š�¸�É (3)   
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            C6H12O6 ---------->  2 CH3CH2OH     +    2 CO2   +    28.7 KCAL     (3) 
                   �„��̈¼�Ã�‡�­                �Á�°�š�·�¨�Â�°�¨�„�°�±�°�¨�r      �‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r 

                         100     51.1         48.9  
 

�‹�µ�„�­�¤�„�µ�¦�Á�‡�¤�¸�¡�•�ª�n�µ �˜�µ�¤�š�§�¬�‘�¸�Â�¨�o�ª�Ä�œ�„�¦�³�•�ª�œ�„�µ�¦�®�¤�´�„�œ�Ê�Î�µ�˜�µ�¨�„�¨�¼�Ã�‡�­�…�°�Š�¥�¸�­��̃r
�œ�´�Ê�œ �œ�Ê�Î�µ�˜�µ�¨�„�¨�¼�Ã�‡�­ 100 �„�¦�´�¤ �™�¼�„�Á�ž�¨�¸�É�¥�œ�Á�ž�}�œ�Á�°�š�µ�œ�°�¨ 51.1 �„�¦�´�¤ �Â�¨�³�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r 48.9 �„�¦�´�¤ 
�œ�°�„�‹�µ�„�œ�´�Ê�œ�¥�´�Š�¤�¸�¡��̈´�Š�Š�µ�œ�‡�ª�µ�¤�¦�o�°�œ�Á�„�·�—�…�¹�Ê�œ�°�¸�„ 28.7 �„�·�Ã�¨�Â�‡�¨�°�¦�¸�É �Â�˜�n�Ä�œ�š�µ�Š�ž�’�·�•�´� �̃·�‹�³�Á�„�·�—�„�µ�¦�­�¼�•�Á�­�¸�¥
�Å�—�o�Á�ž�}�œ�­�µ�¦�ž�¦�³�„�°�•�°�º�É�œ�Ç �Á�•�n�œ �°�³�Á�Ž�˜�´�¨�—�¸�Å�±�—�r �„�¦�—�°�³�Ž�¸� �̃·�„ �„�¦�—�Â�¨�„�˜�·�„ �Â�¨�³�„�¨�¸�Á�Ž�°�¦�°�¨ �®�¦�º�°�Ä�•�o�Ä�œ
�„�µ�¦�­�¦�o�µ�Š�Á�Ž�¨�¨�r �Â�¨�³�„�µ�¦�Á�‹�¦�·�•�Á�˜�·�•�Ã�˜�…�°�Š�¥�¸�­��̃r�—�o�ª�¥ (Zoecklein et al., 1995) 

 
2.3.2.1 �ª�·�›�¸�„�µ�¦�®�¤�´�„�Â�°�¨�„�°�±�°�¨�r 

�„�µ�¦�®�¤�´�„�Â�°�¨�„�°�±�°�¨�r�Á�ž�}�œ�„�¦�¦�¤�ª�·�›�¸�š�¸�É�¦�¼�o�‹�´�„�„�´�œ�¤�µ�œ�µ�œ �Á�œ�º�É�°�Š�‹�µ�„�ž�{�•�®�µ
�¡��̈´�Š�Š�µ�œ�š�Î�µ�Ä�®�o�Á�š�‡�Ã�œ�Ã�¨�¥�¸�„�µ�¦�Ÿ�¨�·�˜�Â�°�¨�„�°�±�°�¨�r�„�o�µ�ª�®�œ�o�µ�Å�ž�°�¥�n�µ�Š�¤�µ�„ �¤�¸�„�µ�¦�‡�o�œ�‡�ª�o�µ�ª�·�‹�´�¥�®�¨�µ�¥�Â�œ�ª�š�µ�Š
�Ã�—�¥�¤�¸�ª�·�›�¸�„�µ�¦�š�¸�É�Â�˜�„�˜�n�µ�Š�„�´�œ�°�°�„�Å�ž �š�´�Ê�Š�œ�¸�Ê�„�È�Á�¡�º�É�°�®�µ�š�µ�Š�¨�—�˜�o�œ�š�»�œ�„�µ�¦�Ÿ�¨�·�˜�¨�Š�Ä�®�o�¤�µ�„�š�¸�É�­�»�— �Á�š�‡�Ã�œ�Ã�¨�¥�¸
�„�µ�¦�®�¤�´�„�Â�°�¨�„�°�±�°�¨�r�­�µ�¤�µ�¦�™�Â�•�n�Š�°�°�„�Á�ž�}�œ 

1) �„�µ�¦�®�¤�´�„�Â�•�•�„�³ (Batch fermentation) 
 �Á�ž�}�œ�„�µ�¦�®�¤�´�„�š�¸�É�š�Î�µ�Ã�—�¥�„�µ�¦�Á�¡�µ�³�Á�¨�¸�Ê�¥�Š�Á�•�º�Ê�°�‹�»� �̈·�œ�š�¦�¸�¥�r�£�µ�¥�Ä�œ�¦�³�•�•�ž�d�— �Â�¨�³

� �̃o�°�Š�¤�¸�„�µ�¦�Á�˜�¦�¸�¥�¤�Á�•�º�Ê�°�Á�¦�·�É�¤�˜�o�œ�Ä�®�¤�n�š�»�„�‡�¦�´�Ê�Š �„�µ�¦�Á�¨�¸�Ê�¥�Š�Á�•�º�Ê�°�œ�·�¥�¤�š�Î�µ�Ä�œ�…�ª�—�Á�…�¥�n�µ�®�¦�º�°�Ä�œ�™�´�Š�®�¤�´�„ �Ã�—�¥�‡�ª�•�‡�»�¤
�­�µ�¦�°�µ�®�µ�¦�Â�¨�³�­�£�µ�ª�³�˜�n�µ�Š�Ç �Á�•�n�œ �°�»�–�®�£�¼�¤�· �Â�¨�³�‡�ª�µ�¤�Á�ž�}�œ�„�¦�—-�—�n�µ�Š�Ä�®�o�¤�¸�Á�®�¤�µ�³�­�¤�˜�n�°�„�µ�¦�Á�‹�¦�·�•�Á�˜�·�•�Ã�˜ 
�­�µ�¦�°�µ�®�µ�¦�š�¸�É�Ä�•�o�Ä�œ�¦�³�•�•�‹�³�¤�¸�ž�¦�·�¤�µ�–�‹�Î�µ�„�´�— �Á�œ�º�É�°�Š�‹�µ�„�Å�¤�n�¤�¸�„�µ�¦�Á�˜�·�¤�­�µ�¦�°�µ�®�µ�¦�Á�¡�·�É�¤�Á�…�o�µ�Å�ž �š�Î�µ�Ä�®�o�£�µ�ª�³
�Ä�œ�¦�³�•�•�¤�¸�„�µ�¦�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š �­�µ�¦�°�µ�®�µ�¦�™�¼�„�Ä�•�o�®�¤�—�Å�ž �‡�ª�µ�¤�Á�ž�}�œ�„�¦�—�—�n�µ�Š�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š �Â�¨�³�¤�¸�„�µ�¦
�­�¦�o�µ�Š�Ÿ�¨�·�˜�£�´�–�”�r�Â�¨�³�­�µ�¦�°�º�É�œ�Ç �°�°�„�¤�µ �Á�•�n�œ �Á�°�š�µ�œ�°�¨ (Prescott and Dunn, 1959) 

 1.1) �…�o�°�—�¸�…�°�Š�„�µ�¦�®�¤�´�„�Â�•�•�„�³ 
- �Á�®�¤�µ�³�„�´�•�„�µ�¦�Ÿ�¨�·�˜�š�¸�É�¤�¸�ž�¦�·�¤�µ�˜�¦�Å�¤�n�¤�µ�„�œ�´�„ 
- �„�¦�³�•�ª�œ�„�µ�¦�‹�´�—�„�µ�¦�„�µ�¦�Ÿ�¨�·�˜�Š�n�µ�¥�Å�¤�n�Ž�´�•�Ž�o�°�œ 
- �¤�¸�‡�ª�µ�¤�Á�­�¸�É�¥�Š�˜�n�°�‡�ª�µ�¤�Á�­�¸�¥�®�µ�¥�˜�É�Î�µ 
- �Š�n�µ�¥�˜�n�°�„�µ�¦�‡�ª�•�‡�»�¤�Ä�®�o�°�¥�¼�n�Ä�œ�­�£�µ�ª�³�ž�¨�°�—�Á�•�º�Ê�°�˜�¨�°�—�•�n�ª�Š�„�µ�¦�®�¤�´�„ 
- �¨�—�‡�ª�µ�¤�Á�­�¸�É�¥�Š�˜�n�°�„�µ�¦�Á�„�·�—�„�µ�¦�„�¨�µ�¥�¡�´�œ�›�»�r�…�°�Š�‹�»� �̈·�œ�š�¦�¸�¥�r �Á�œ�º�É�°�Š�‹�µ�„�¤�¸

�¦�³�¥�³�Á�ª�¨�µ�Ä�œ�„�µ�¦�®�¤�´�„�­�´�Ê�œ 
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1.2) �…�o�°�Á�­�¸�¥�…�°�Š�„�µ�¦�®�¤�´�„�Â�•�•�„�³ 
 � �̃o�°�Š�Á�˜�¦�¸�¥�¤�¥�¸�­��̃r�Á�¦�·�É�¤�˜�o�œ�Â�¨�³�ª�´�˜�™�»�—�·�•�š�»�„�‡�¦�´�Ê�Š�…�°�Š�„�µ�¦�®�¤�´�„�Â�˜�n�¨�³�•�»�— �š�Î�µ�Ä�®�o

�Á�­�¸�¥�Á�ª�¨�µ�Â�¨�³�‡�n�µ�Ä�•�o�‹�n�µ�¥�¤�µ�„ 
 � �̃o�°�Š�Á�­�¸�¥�Á�ª�¨�µ�Á�¡�º�É�°�Ä�®�o�¥�¸�­��̃r�Á�‹�¦�·�•�Á�˜�·�•�Ã�˜�Ä�œ�•�n�ª�Š�Â�¦�„�š�»�„�‡�¦�´�Ê�Š 

2) �„�µ�¦�®�¤�´�„�Â�•�•�„�¹�É�Š�„�³ (Fed-batch fermentation) 
 �„�µ�¦�Á�¡�µ�³�Á�¨�¸�Ê�¥�Š�‹�»� �̈·�œ�š�¦�¸�¥�r�Â�•�•�„�¹�É�Š�„�³ �Á�ž�}�œ�„�µ�¦�Á�¡�µ�³�Á�¨�¸�Ê�¥�Š�Â�•�•�„�³�š�¸�É�¤�¸�„�µ�¦�Á�˜�·�¤

�­�µ�¦�°�µ�®�µ�¦�Á�…�o�µ�Å�ž�°�¥�n�µ�Š�˜�n�°�Á�œ�º�É�°�Š �®�¦�º�°�Á�ž�}�œ�¦�³�¥�³�Ç �®�¨�´�Š�‹�µ�„�š�¸�É�Ä�­�n�Á�•�º�Ê�°�Á�¦�·�É�¤�˜�o�œ�Â�¨�o�ª �Ã�—�¥�Å�¤�n�¤�¸�„�µ�¦�™�n�µ�¥�°�µ�®�µ�¦
�š�¸�É�Á�¡�µ�³�Á�¨�¸�Ê�¥�Š�Á�•�º�Ê�°�Â�¨�o�ª�°�°�„�Ž�¹�É�Š�‹�³�Â�˜�„�˜�n�µ�Š�‹�µ�„�„�µ�¦�Á�¨�¸�Ê�¥�Š�Á�Ž�¨�¨�r�Â�•�•�„�³�Ã�—�¥�ž�¦�·�¤�µ�˜�¦�…�°�Š�°�µ�®�µ�¦�Ä�œ�„�µ�¦�®�¤�´�„
�Â�•�•�„�¹�É�Š�„�³�‹�³�Á�¡�·�É�¤�…�¹�Ê�œ�˜�¨�°�—�Á�ª�¨�µ�Å�¤�n�‡�Š�š�¸�É �­�n�ª�œ�„�µ�¦�Á�¨�¸�Ê�¥�Š�Â�•�•�˜�n�°�Á�œ�º�É�°�Š�œ�´�Ê�œ�ž�¦�·�¤�µ�˜�¦�…�°�Š�°�µ�®�µ�¦�‹�³�‡�Š�š�¸�É
�Â�¤�o�ª�n�µ�‹�³�Á�˜�·�¤�°�µ�®�µ�¦�—�o�ª�¥�ž�¦�·�¤�µ�˜�¦�Á�š�n�µ�Ä�—�°�µ�®�µ�¦�Á�„�n�µ�¡�¦�o�°�¤�„�´�•�Á�Ž�¨�¨�r�‹�»� �̈·�œ�š�¦�¸�¥�r�„�È�™�¼�„�—�¹�Š�°�°�„�¤�µ�—�o�ª�¥�ž�¦�·�¤�µ�˜�¦
�Á�š�n�µ�„�´�œ�£�µ�¥�Ä�œ�Á�ª�¨�µ�Á�—�¸�¥�ª�„�´�œ �ž�{�‹�‹�»�•�´�œ�Á�š�‡�œ�·�‡�„�µ�¦�Á�¨�¸�Ê�¥�Š�Á�Ž�¨�¨�r�Â�•�•�„�¹�É�Š�„�³�œ�·�¥�¤�œ�Î�µ�Å�ž�Ä�•�o�Ä�œ�°�»�˜�­�µ�®�„�¦�¦�¤
�„�µ�¦�®�¤�´�„��̃n�µ�Š�Ç �Å�—�o�Â�„�n �„�µ�¦�Ÿ�¨�·�˜�Á�¡�œ�œ�·�Ž�·� �̈·�œ �„�µ�¦�Ÿ�¨�·�˜�¥�¸�­��̃r�š�Î�µ�…�œ�¤�ž�{�Š �„�µ�¦�Ÿ�¨�·�˜�­�»�¦�µ�Ä�œ�ž�¦�³�Á�š�«�Å�š�¥ �Â�¨�³
�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Ä�œ�•�¦�µ�Ž�·�  ̈�Á�ž�}�œ�˜�o�œ (Echegaray et al., 2000)  

2.1) �…�o�°�—�¸�…�°�Š�„�µ�¦�®�¤�´�„�Â�•�•�„�¹�É�Š�„�³ 
- �¨�—�ž�{�•�®�µ�„�µ�¦�¥�´�•�¥�´�Ê�Š�„�µ�¦�Á�‹�¦�·�•�…�°�Š�‹�»� �̈·�œ�š�¦�¸�¥�r�‹�µ�„�­�´�•�­�Á�˜�¦�š�š�¸�É�¤�¸�‡�ª�µ�¤

�Á�…�o�¤�…�o�œ�­�¼�Š �Ž�¹�É�Š�‹�µ�„�„�µ�¦�«�¹�„�¬�µ�…�°�Š (Rickard, 1978) �¡�•�ª�n�µ�™�o�µ�Ä�•�o�œ�Ê�Î�µ�˜�µ�¨�Á�¦�·�É�¤�˜�o�œ�š�¸�É�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�­�¼�Š 
�ž�¦�·�¤�µ�–�Á�Ž�¨�¨�r�š�¸�É�¤�¸�•�¸�ª�·�˜�¦�°�—�‹�³�˜�É�Î�µ�Á�¤�º�É�°�Á�ž�¦�¸�¥�•�Á�š�¸�¥�•�„�´�•�„�µ�¦�Á�˜�·�¤�œ�Ê�Î�µ�˜�µ�¨�‡�¦�´�Ê�Š�¨�³�Á�¨�È�„�œ�o�°�¥ �Â�¨�³�„�µ�¦�Á�˜�·�¤�œ�Ê�Î�µ�˜�µ�¨
�‡�¦�´�Ê�Š�¨�³�œ�o�°�¥ �•�n�°�¥�‡�¦�´�Ê�Š�¤�µ�„�„�È�‹�³�š�Î�µ�Ä�®�o�¤�¸�ž�¦�·�¤�µ�–�Á�Ž�¨�¨�r�š�¸�É�¤�¸�•�¸�ª�·�˜�¦�°�—�¤�µ�„�…�¹�Ê�œ�—�o�ª�¥ �Ž�¹�É�Š�­�°�—�‡�¨�o�°�Š�„�´�•�¦�µ�¥�Š�µ�œ
�ª�·�‹�´�¥�…�°�Š Limtong (1987) �Å�—�o�š�Î�µ�Á�ž�¦�¸�¥�•�Á�š�¸�¥�•�¦�³�®�ª�n�µ�Š�„�µ�¦�Ä�•�o�Á�š�‡�œ�·�‡�„�µ�¦�®�¤�´�„�Â�•�•�„�³�Â�¨�³�„�µ�¦�®�¤�´�„
�Â�•�•�„�¹�É�Š�„�³�Ä�œ�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�‹�µ�„�„�µ�„�œ�Ê�Î�µ�˜�µ�¨�¡�•�ª�n�µ �„�µ�¦�®�¤�´�„�Â�•�•�„�¹�É�Š�„�³�Ä�®�o�Ÿ�¨�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨
�­�¼�Š�„�ª�n�µ�„�µ�¦�®�¤�´�„�Â�•�•�„�³ �Â�¨�³�ž�¦�³�­�·�š�›�·�£�µ�¡�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Á�¡�·�É�¤�…�¹�Ê�œ�¦�o�°�¥�¨�³ 10-14 �Á�¤�º�É�°�‡�n�°�¥�Ç�Á�˜�·�¤
�œ�Ê�Î�µ�˜�µ�¨�Ž�¼�Ã�‡�¦�­ (Krauter et al., 1987) �Á�•�n�œ�Á�—�¸�¥�ª�„�´�•�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�‹�µ�„�„�µ�„�œ�Ê�Î�µ�˜�µ�¨�Ž�¹�É�Š�Å�—�o�‹�µ�„�®�´�ª�•�¸�•
�š�¸�É�Å�¤�n�Å�—�o�Ÿ�n�µ�œ�„�µ�¦�‰�n�µ�Á�•�º�Ê�°�¡�•�ª�n�µ �Á�¤�º�É�°�œ�Î�µ�¤�µ�š�—�¨�°�Š�®�¤�´�„�Â�•�•�„�¹�É�Š�„�³�Ä�®�o�Ÿ�¨�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�—�¸�„�ª�n�µ�„�µ�¦�®�¤�´�„
�Â�•�•�„�³(Roukas, 1996) 

 - �­�µ�¤�µ�¦�™�ž�j�°�Š�„�´�œ�„�µ�¦�ž�œ�Á�ž�g�•�°�œ�…�°�Š�‹�»� �̈·�œ�š�¦�¸�¥�r�°�º�É�œ�Ç�Å�—�o  
- �­�µ�¤�µ�¦�™�Ÿ�¨�·�˜�Á�Ž�¨�¨�r�Å�—�o�‹�Î�µ�œ�ª�œ�¤�µ�„�„�ª�n�µ�„�µ�¦�Á�¨�¸�Ê�¥�Š�Á�Ž�¨�¨�r�Â�•�•�„�³  
- �•�n�ª�¥�¨�—�‡�ª�µ�¤�®�œ�º�—�…�°�Š�°�µ�®�µ�¦�Ã�—�¥�‹�»� �̈·�œ�š�¦�¸�¥�r �Ž�¹�É�Š�­�µ�¦�š�¸�É�š�Î�µ�Ä�®�o�Á�„�·�—�‡�ª�µ�¤

�®�œ�º�—�…�°�Š�°�µ�®�µ�¦ �Å�—�o�Â�„�n Dextran Pullulan �Â�¨�³ Xanthan gum �Á�¦�µ�­�µ�¤�µ�¦�™�‡�ª�•�‡�»�¤�‡�ª�µ�¤�®�œ�º�—�…�°�Š�œ�Ê�Î�µ
�®�¤�´�„�Ã�—�¥�„�µ�¦�‡�n�°�¥�Ç �Á�˜�·�¤�­�µ�¦�°�µ�®�µ�¦�°�¥�n�µ�Š�˜�n�°�Á�œ�º�É�°�Š �Ž�¹�É�Š�®�µ�„�‡�ª�µ�¤�®�œ�º�—�Á�¡�·�É�¤�¤�µ�„�…�¹�Ê�œ�¤�¸�Ÿ�¨�˜�n�°�¦�³�•�•�„�µ�¦�Á�˜�·�¤
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�°�µ�„�µ�« �Á�•�n�œ �Ä�•�¡�´�—�„�ª�œ�˜�o�°�Š�Ä�•�o�„�Î�µ�¨�´�Š�Å�¢�¢�j�µ�Á�¡�·�É�¤�…�¹�Ê�œ�Á�„�·�—�¢�°�Š�¤�µ�„�…�¹�Ê�œ �š�Î�µ�Ä�®�o�„�µ�¦�¨�³�¨�µ�¥�…�°�Š�°�°�„�Ž�·�Á�‹�œ�Å�¤�n
�—�¸�¡�° (�„�¨�¥�»�š�›  �Ã�•�˜�·�¡�´�•�œ�µ �Â�¨�³�œ�·�­�·�  ̃ � �̃´�–�”�ª�·�Á�•�“, 2535) 

2.2) �…�o�°�Á�­�¸�¥�…�°�Š�„�µ�¦�®�¤�´�„�Â�•�•�„�¹�É�Š�„�³ 
- �°�»�ž�„�¦�–�r�„�µ�¦�Á�¡�µ�³�Á�¨�¸�Ê�¥�Š�‡�n�°�œ�…�o�µ�Š�¤�¸�‡�ª�µ�¤�Ž�´�•�Ž�o�°�œ �Â�¨�³�¤�¸�¦�µ�‡�µ�­�¼�Š 

3) �„�µ�¦�®�¤�´�„�Â�•�•�˜�n�°�Á�œ�º�É�°�Š (Continuous fermentation) 
 �Á�ž�}�œ�„�µ�¦�Á�¡�µ�³�Á�¨�¸�Ê�¥�Š�‹�»� �̈·�œ�š�¦�¸�¥�r�Ä�œ�¦�³�•�•�ž�d�— �Ž�¹�É�Š�‹�Î�µ�œ�ª�œ�‹�»� �̈·�œ�š�¦�¸�¥�r�‹�³�™�¼�„�¦�´�„�¬�µ

�Ä�®�o�°�¥�¼�n�Ä�œ�¦�³�—�´�•�­�¤�—�»�¨�Ã�—�¥�„�µ�¦�„�Î�µ�‹�´�—�œ�Ê�Î�µ�®�¤�´�„�°�°�„�Å�ž�•�µ�Š�­�n�ª�œ�Â�¨�o�ª�Â�š�œ�š�¸�É�—�o�ª�¥�°�µ�®�µ�¦�Á�¨�¸�Ê�¥�Š�Á�•�º�Ê�°�Ä�®�¤�n�Ä�œ
�°�´�˜�¦�µ�„�µ�¦�Å�®�¨�Á�—�¸�¥�ª�„�´�œ�…�°�Š�¦�³�•�•  

 3.1) �…�o�°�—�¸�…�°�Š�„�µ�¦�®�¤�´�„�Â�•�•�˜�n�°�Á�œ�º�É�°�Š 
- �­�µ�¤�µ�¦�™�‡�ª�•�‡�»�¤�Â�¨�³�¦�´�„�¬�µ�°�´�˜�¦�µ�„�µ�¦�Á�‹�¦�·�•�…�°�Š�‹�»� �̈·�œ�š�¦�¸�¥�r�Å�—�o 
- �­�µ�¤�µ�¦�™�¦�´�„�¬�µ�¦�³�—�´�•�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�…�°�Š�¤�ª�¨�•�¸�ª�£�µ�¡�Ä�®�o�‡�Š�š�¸�É 
- �­�µ�¤�µ�¦�™�«�¹�„�¬�µ�™�¹�Š�Ÿ�¨�…�°�Š�„�µ�¦�Á�ž�¨�¸�É�¥�œ�¡�µ�¦�µ�¤�·�Á�˜�°�¦�r�š�µ�Š�Á�‡�¤�¸�Â�¨�³�„�µ�¥�£�µ�¡

� �̃n�°�„�µ�¦�Á�‹�¦�·�•�Â�¨�³�„�µ�¦�­�¦�o�µ�Š�Ÿ�¨�·�˜�£�´�–�”�r�š�¸�É�°�´�˜�¦�µ�„�µ�¦�Á�‹�¦�·�•�‡�Š�š�¸�É 
 3.2) �…�o�°�Á�­�¸�¥�…�°�Š�„�µ�¦�®�¤�´�„�Â�•�•�˜�n�°�Á�œ�º�É�°�Š 

- �„�µ�¦�®�¤�´�„�Ä�œ�•�n�ª�Š�Á�ª�¨�µ�œ�µ�œ�°�µ�‹�š�Î�µ�Ä�®�o�Á�„�·�—�ž�{�•�®�µ�„�µ�¦�ž�œ�Á�ž�g�•�°�œ�Å�—�o 
- �„�µ�¦�Á�‹�¦�·�•�Â�•�•�˜�n�°�Á�œ�º�É�°�Š�Ä�œ�•�n�ª�Š�Á�ª�¨�µ�œ�µ�œ�°�µ�‹�š�Î�µ�Ä�®�o�Á�„�·�—�„�µ�¦�„�¨�µ�¥�¡�´�œ�›�»�r 

�Ž�¹�É�Š�°�µ�‹�š�Î�µ�Ä�®�o�Á�„�·�—�„�µ�¦�Â�š�œ�š�¸�É�…�°�Š�­�µ�¥�¡�´�œ�›�»�r�°�º�É�œ�š�¸�É�Á�‹�¦�·�•�Å�—�o�Á�¦�È�ª 
 

2.3.2.2 �ž�{�‹�‹�´�¥�š�¸�É�‹�Î�µ�Á�ž�}�œ�Â�¨�³�¤�¸�Ÿ�¨�˜�n�°�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨ 
�Á�¡�º�É�°�Ä�®�o�¤�¸�ž�¦�³�­�·�š�›�·�£�µ�¡�Ä�œ�„�µ�¦�®�¤�´�„�š�¸�É�—�¸ �Â�¨�³�Å�—�o�ž�¦�·�¤�µ�–�Á�°�š�µ�œ�°�¨�­�¼�Š�­�»�—�‹�¹�Š

�‹�Î�µ�Á�ž�}�œ�˜�o�°�Š�¤�¸�Â�®�¨�n�Š�°�µ�®�µ�¦�Â�¨�³�­�£�µ�ª�³�Â�ª�—�¨�o�°�¤�š�¸�É�Á�®�¤�µ�³�­�¤�˜�n�°�„�µ�¦�š�Î�µ�Š�µ�œ�…�°�Š�¥�¸�­��̃r�Ä�œ�¦�³�®�ª�n�µ�Š�„�µ�¦
�®�¤�´�„ �—�´�Š�œ�¸�Ê 

1) �Â�®�¨�n�Š�°�µ�®�µ�¦�…�°�Š�¥�¸�­��̃r 
1.1) �Â�®�¨�n�Š�‡�µ�¦�r�•�°�œ (Carbon source) 

 �Â�®�¨�n�Š�‡�µ�¦�r�•�°�œ�®�¦�º�°�Â�®�¨�n�Š�œ�Ê�Î�µ�˜�µ�¨�š�¸�É�®�µ�Å�—�o�Š�n�µ�¥ �Å�—�o�Â�„�n �„�µ�„�œ�Ê�Î�µ�˜�µ�¨ �œ�Ê�Î�µ�°�o�°�¥ 
�…�o�µ�ª�¢�i�µ�Š�®�ª�µ�œ �Â�¨�³�œ�Ê�Î�µ�˜�µ�¨�‹�µ�„�®�´�ª�•�¸�• �œ�Ê�Î�µ�˜�µ�¨�š�¸�É�Å�—�o�‹�µ�„�„�µ�¦�¥�n�°�¥�Â�ž�j�Š�—�o�ª�¥�Á�°�œ�Å�Ž�¤�r �Å�—�o�Â�„�n �Â�ž�j�Š�¤�´�œ�•�œ�·�—
� �̃n�µ�Š�Ç�¦�ª�¤�š�´�Ê�Š�¤�´�œ�­�Î�µ�ž�³�®�¨�´�Š �…�o�µ�ª�Ã�¡�— �Â�¨�³�›�´�•�¡�º�•��̃n�µ�Š�Ç �œ�Ê�Î�µ�˜�µ�¨�š�¸�É�Å�—�o�‹�µ�„�„�µ�¦�¥�n�°�¥�Á�Ž�¨�¨�¼�Ã�¨�­�—�o�ª�¥
�„�¦�³�•�ª�œ�„�µ�¦�•�¸�ª�Á�‡�¤�¸�®�¦�º�°�„�¦�³�•�ª�œ�„�µ�¦�Á�‡�¤� ̧ �Å�—�o�Â�„�n �œ�Ê�Î�µ�˜�µ�¨�‹�µ�„�„�¦�³�—�µ�¬ �‹�µ�„�Ä�¥�˜�o�œ�¡�º�• �Â�¨�³�…�¸�Ê�Á�¨�º�É�°�¥ 
(Karsch et al., 1983) �Ž�¹�É�Š�¥�¸�­��̃r S. cerevisiae �­�µ�¤�µ�¦�™�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Å�—�o�Ã�—�¥�Ä�•�o�Â�®�¨�n�Š�‡�µ�¦�r�•�°�œ�‹�µ�„
�œ�Ê�Î�µ�˜�µ�¨�Å�—�o�®�¨�µ�„�®�¨�µ�¥�•�œ�·�— �Â�¨�³�Á�¤�º�É�°�¡�·�‹�µ�¦�–�µ�‹�µ�„�„�¦�³�•�ª�œ�„�µ�¦�•�¸�ª�Á�‡�¤�¸�Ä�œ�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�¡�•�ª�n�µ 
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�œ�Ê�Î�µ�˜�µ�¨�š�¸�É�Á�®�¤�µ�³�­�¤�š�¸�É�­�»�—�Ä�œ�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨ �Å�—�o�Â�„�n �„��̈¼�Ã�‡�­�Â�¨�³�¢�¦�»�„�Ã�˜�­ �Ã�—�¥�š�´�Ê�Š�­�°�Š�œ�Ê�Î�µ�˜�µ�¨�Ä�®�o
�Ÿ�¨�Ÿ�¨�·�˜�Å�¤�n�Â�˜�„�˜�n�µ�Š�„�´�œ (Prior et al., 1989) 

1.2) �Â�®�¨�n�Š�Å�œ�Ã�˜�¦�Á�‹�œ (Nitrogen sourec) 
�Å�œ�Ã�˜�¦�Á�‹�œ�Á�ž�}�œ�›�µ�˜�»�°�µ�®�µ�¦�š�¸�É�‹�Î�µ�Á�ž�}�œ�˜�n�°�„�µ�¦�Á�‹�¦�·�•�…�°�Š�¥�¸�­��̃r�Â�¨�³�Á�ž�}�œ

�­�´�•�­�Á�˜�¦�š�­�Î�µ�®�¦�´�•�„�µ�¦�­�´�Š�Á�‡�¦�µ�³�®�r�Ã�ž�¦�˜�¸�œ�š�Î�µ�Ä�®�o�‹�Î�µ�œ�ª�œ�Á�Ž�¨�¨�r�Á�¡�·�É�¤�…�¹�Ê�œ�‹�¹�Š�Á�ž�}�œ�­�n�ª�œ�­�Î�µ�‡�´�•�š�¸�É�‹�³�„�¦�³�˜�»�o�œ
�„�µ�¦�®�¤�´�„�®�¦�º�°�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨ �Ã�—�¥�Á�Ž�¨�¨�r�¥�¸�­��̃r�¤�¸�Å�œ�Ã�˜�¦�Á�‹�œ�Á�ž�}�œ�°�Š�‡�r�ž�¦�³�„�°�•�ž�¦�³�¤�µ�–�¦�o�°�¥�¨�³ 10 
�…�°�Š�œ�Ê�Î�µ�®�œ�´�„�Â�®�o�Š�Ã�—�¥�­�n�ª�œ�Ä�®�•�n�¥�¸�­��̃r�‹�³�­�µ�¤�µ�¦�™�Ä�•�o�Å�œ�Ã�˜�¦�Á�‹�œ�Å�—�o�š�´�Ê�Š�Ä�œ�¦�¼�ž�…�°�Š�…�°�Š�­�µ�¦�°�·�œ�š�¦�¸�¥�r �Å�—�o�Â�„�n 
�„�¦�—�°�³�¤�·�Ã�œ �Â�¨�³�Ã�ž�¦�˜�¸�œ�•�œ�·�—�˜�n�µ�Š�Ç (�Á�š�¡�ž�{�•�•�µ  �Á�‹�¦�·�•�¦�´�˜�œ�r, 2544) �­�n�ª�œ�Â�®�¨�n�Š�Å�œ�Ã�˜�¦�Á�‹�œ�‹�µ�„�­�µ�¦ 
�°�œ�·�œ�š�¦�¸�¥�r �Å�—�o�Â�„�n �Â�°�¤�Ã�¤�Á�œ�¸�¥�¤ �Å�œ�Á�˜�¦�š �Â�¨�³�Â�°�¤�Ã�¤�Á�œ�¸�¥ �Ž�¹�É�Š�°�µ�‹�Ä�•�o�°�¥�¼�n�Ä�œ�¦�¼�ž�…�°�Š�„�p�µ�Ž �®�¦�º�°�­�µ�¦�¨�³�¨�µ�¥
�Â�°�¤�Ã�¤�Á�œ�¸�¥�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�¦�o�°�¥�¨�³ 25 �­�Î�µ�®�¦�´�•�°�»�˜�­�µ�®�„�¦�¦�¤�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�¡�•�ª�n�µ �Â�®�¨�n�Š�Å�œ�Ã�˜�¦�Á�‹�œ�š�¸�É
�œ�·�¥�¤�Ä�•�o �Å�—�o�Â�„�n �Á�„�¨�º�°�Â�°�¤�Ã�¤�Á�œ�¸�¥�¤�Ž�´�¨�Á�¢�˜ �Á�œ�º�É�°�Š�‹�µ�„�¤�¸�¦�µ�‡�µ�™�¼�„�Â�¨�³�Á�ž�}�œ�Â�®�¨�n�Š�„�Î�µ�¤�³�™�´�œ�Å�ž�¡�¦�o�°�¤�„�´�œ 

1.3) �Â�®�¨�n�Š�¢�°�­�¢�°�¦�´�­ (Phosphorus source) 
 �¢�°�­�¢�°�¦�´�­�Á�ž�}�œ�›�µ�˜�»�š�¸�É�‹�Î�µ�Á�ž�}�œ�˜�n�°�„�¦�³�•�ª�œ�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨ �Ã�—�¥

�¥�¸�­��̃r�Ä�•�o�¢�°�­�Á�¢�˜�Ä�œ�„�µ�¦�­�¦�o�µ�Š�¡�¨�´�Š�Š�µ�œ�Ä�œ�¦�¼�ž ATP �­�´�Š�Á�‡�¦�µ�³�®�r�œ�·�ª�‡�¨�¸�Ã�°�Ã�ž�¦�˜�¸�œ�£�µ�¥�Ä�œ�Á�Ž�¨�¨�r �„�µ�¦�Â�˜�„
� �̃´�ª�…�°�Š�¢�°�­�Á�¢�˜�‹�³�š�Î�µ�Ä�®�o�Á�„�·�—�­�£�µ�¡�•�´�¢�Á�¢�°�¦�r (Buffer) �Ž�¹�É�Š�•�n�ª�¥�¦�´�„�¬�µ�‡�n�µ pH �Ä�®�o�‡�Š�š�¸�É �Â�¨�³�„�¦�–�¸�š�¸�É�Á�Ž�¨�¨�r
�…�°�Š�¥�¸�­��̃r�…�µ�—�¢�°�­�Á�¢�˜�Á�Ž�¨�¨�r�‹�³�°�n�°�œ�Â�° �Ã�—�¥�š�´�É�ª�Å�ž�¥�¸�­��̃r�‹�³�Ä�•�o�¢�°�­�¢�°�¦�´�­�Ä�œ�¦�¼�ž�Á�„�¨�º�°�¢�°�­�Á�¢�˜ �Ž�¹�É�Š�Ä�•�o�Ä�œ
�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�ž�¦�³�¤�µ�– 0.6 �¤�·�¨��̈·�Ã�¤�¨ (�Á�š�¡�ž�{�•�•�µ  �Á�‹�¦�·�•�¦�´�˜�œ�r, 2544) 

1.4) �Â�®�¨�n�Š�„�Î�µ�¤�³�™�´�œ (Sulphur source) 
 �„�Î�µ�¤�³�™�´�œ�Á�ž�}�œ�›�µ�˜�»�°�µ�®�µ�¦�š�¸�É�‹�Î�µ�Á�ž�}�œ�˜�n�°�„�µ�¦�Á�‹�¦�·�•�…�°�Š�Á�Ž�¨�¨�r�¥�¸�­��̃r �Ã�—�¥

�Á�Ž�¨�¨�r�¥�¸�­��̃r�¤�¸�„�Î�µ�¤�³�™�´�œ�Á�ž�}�œ�°�Š�‡�r�ž�¦�³�„�°�•�ž�¦�³�¤�µ�–�¦�o�°�¥�¨�³ 0.4 �Ã�—�¥�œ�Ê�Î�µ�®�œ�´�„�Á�Ž�¨�¨�r�Â�®�o�Š �Ž�¹�É�Š�¡�•�ª�n�µ�Â�®�¨�n�Š
�„�Î�µ�¤�³�™�´�œ�š�¸�É�¥�¸�­��̃r�Ä�•�o�Å�—�o�—� ̧�‡�º�° �Á�„�¨�º�°�Ž�´�¨�Á�¢�˜�Ä�œ�¦�¼�ž�Â�°�¤�Ã�¤�Á�œ�¸�¥�¤�Ž�´�¨�Á�¢�˜ �Ž�¹�É�Š�¤�¸�¦�µ�‡�µ�™�¼�„�Â�¨�³�Á�ž�}�œ�Â�®�¨�n�Š
�Å�œ�Ã�˜�¦�Á�‹�œ�Å�ž�¡�¦�o�°�¤�„�´�œ (Lucero et al., 2000) 

1.5) �Â�¦�n�›�µ�˜�»�°�º�É�œ�Ç (Trace element) 
 �Â�¦�n�›�µ�˜�»�š�¸�É�¤�¸�‡�ª�µ�¤�­�Î�µ�‡�´�•��̃n�°�„�µ�¦�Á�‹�¦�·�•�Á�˜�·�•�Ã�˜�Â�¨�³�„�¦�³�•�ª�œ�„�µ�¦�Ÿ�¨�·�  ̃

�Á�°�š�µ�œ�°�¨�…�°�Š�¥�¸�­��̃r�­�µ�¤�µ�¦�™�Â�•�n�Š�°�°�„�Á�ž�}�œ 3 �¡�ª�„ �Å�—�o�Â�„�n (Karsch et al., 1983) 
1. Macroelements �Å�—�o�Â�„�n K, Mg, Zn, Fe, Mn �Â�¨�³ Cl �Ã�—�¥�¥�¸�­��̃r

� �̃o�°�Š�„�µ�¦�ž�¦�³�¤�µ�– 10-100 �¤�·�¨��̈·�Ã�¤�¨ �Â�¨�³�Â�¦�n�›�µ�˜�»�Á�®�¨�n�µ�œ�¸�Ê�‹�³�Á�…�o�µ�­�¼�n�Á�Ž�¨�¨�r�¥�¸�­��̃r�Ã�—�¥�°�µ�«�´�¥ Facilitated 
diffusion 

2. Microelements �Å�—�o�Â�„�n Co, B, Cd, Cr, Cu, I, Mo, Ni �Â�¨�³ Va �Ž�¹�É�Š
�¥�¸�­��̃r� �̃o�°�Š�„�µ�¦�ž�¦�³�¤�µ�– 10-100 �¤�·�¨��̈·�Ã�¤�¨ 
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3. Inhibitors �Å�—�o�Â�„�n Ag, As, Bd, Mg, Li, Os, Pd, Se �Â�¨�³ Te 
 �Â�¦�n�›�µ�˜�»�Á�®�¨�n�µ�œ�¸�Ê�Á�¤�º�É�°�¤�¸�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�­�¼�Š�„�ª�n�µ 10-100 �¤�·�¨��̈·�Ã�¤�¨ �‹�³�¤�¸�Ÿ�¨�¥�´�•�¥�´�Ê�Š�„�µ�¦�Á�‹�¦�·�•�Á�˜�·�•�Ã�˜ �Â�¨�³�„�µ�¦
�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�…�°�Š�¥�¸�­��̃r  

�Â�®�¨�n�Š�°�µ�®�µ�¦�Á�¨�¸�Ê�¥�Š�Á�•�º�Ê�°�š�¸�É�Á�ž�}�œ�š�¸�É�œ�·�¥�¤�¤�µ�„�š�¸�É�­�»�—�Ä�œ�„�µ�¦�«�¹�„�¬�µ�„�µ�¦�Ÿ�¨�·�˜�Á�°
�š�µ�œ�°�¨�—�o�ª�¥�¥�¸�­��̃r �‡�º�° Glucose medium �Ž�¹�É�Š�¤�¸�­�n�ª�œ�Ÿ�­�¤�…�°�Š Yeast extract Ammonium sulphate �Â�¨�³ 
Magnesium sulphate �Â�˜�n�­�·�É�Š�­�Î�µ�‡�´�•�š�¸�É� �̃o�°�Š�¡�·�‹�µ�¦�–�µ�Ä�œ�„�µ�¦�Á�¨�º�°�„�Ä�•�o�Â�®�¨�n�Š�°�µ�®�µ�¦�š�¸�É�—�¸�Â�¨�³�¤�¸�‡�ª�µ�¤
�Á�®�¤�µ�³�­�¤ �‡�º�° � �̃o�°�Š�¡�·�‹�µ�¦�–�µ�™�¹�Š�˜�o�œ�š�»�œ�Ä�œ�„�µ�¦�Ÿ�¨�·�  ̃�‡�ª�µ�¤�¦�¼�o�Á�„�¸�É�¥�ª�„�´�•�„�¨�Å�„�Ä�œ�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�…�°�Š 
�‹�»� �̈·�œ�š�¦�¸�¥�r �Â�¨�³�Š�µ�œ�ª�·�‹�´�¥�­�œ�´�•�­�œ�»�œ�š�¸�É�Ÿ�n�µ�œ�¤�µ�—�o�ª�¥ (�Á�š�¡�ž�{�•�•�µ  �Á�‹�¦�·�•�¦�´�˜�œ�r, 2544) 

 
2) �­�£�µ�ª�³�Â�ª�—�¨�o�°�¤�š�¸�É�‹�Î�µ�Á�ž�}�œ�˜�n�°�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�…�°�Š�¥�¸�­��̃r  

 �„�µ�¦�®�¤�´�„�Á�•�·�Š�°�»�˜�­�µ�®�„�¦�¦�¤�˜�o�°�Š�¤�¸�„�µ�¦�‡�ª�•�‡�»�¤�­�·�É�Š�Â�ª�—�¨�o�°�¤�…�°�Š�„�µ�¦�®�¤�´�„�Ä�œ�š�»�„
�…�´�Ê�œ�˜�°�œ�Á�¡�º�É�°�Ä�®�o�ž�¦�³�­�·�š�›�·�£�µ�¡�„�µ�¦�®�¤�´�„�­�¼�Š�­�»�— �š�´�Ê�Š�œ�¸�Ê� �̃o�°�Š�¤�¸�‡�ª�µ�¤�­�°�—�‡�¨�o�°�Š�„�´�•�‡�»�–��̈´�„�¬�–�³�­�µ�¥�¡�´�œ�›�»�r�…�°�Š
�¥�¸�­��̃r�š�¸�É�Ä�•�o�—�o�ª�¥ �—�´�Š�œ�¸�Ê 

2.1) �‹�Î�µ�œ�ª�œ�‹�»� �̈·�œ�š�¦�¸�¥�r�Á�¦�·�É�¤��̃o�œ 
 �‹�Î�µ�œ�ª�œ�‹�»� �̈·�œ�š�¦�¸�¥�r�Á�¦�·�É�¤�˜�o�œ �®�¤�µ�¥�™�¹�Š �¤�ª�¨�•�¸�ª�£�µ�¡�š�¸�É�Ä�­�n�¨�Š�Å�ž�Ä�œ�™�´�Š�®�¤�´�„�Á�¤�º�É�°

�Á�¦�·�É�¤�˜�o�œ�„�¦�³�•�ª�œ�„�µ�¦�Ÿ�¨�·�  ̃�®�µ�„�¡�·�‹�µ�¦�–�µ�Ÿ�¨�„�¦�³�š�•�…�°�Š�„�µ�¦�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š�…�°�Š�‹�Î�µ�œ�ª�œ�‹�»� �̈·�œ�š�¦�¸�¥�r�š�¸�É�Ä�•�o�Ä�œ
�„�µ�¦�®�¤�´�„��̃n�°�Ÿ�¨�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨ � �̃o�°�Š�¡�·�‹�µ�¦�–�µ�™�¹�Š�Á�°�š�µ�œ�°�¨�š�¸�É�Ÿ�¨�·�˜�Å�—�o�Ã�—�¥�‹�³�¡�·�‹�µ�¦�–�µ�Á�Œ�¡�µ�³�š�¸�É�™�¼�„
�ž�¨�—�ž�¨�n�°�¥�°�°�„�¤�µ�œ�°�„�Á�Ž�¨�¨�r (Extracellular) �°�¥�¼�n�Ä�œ�­�µ�¦�¨�³�¨�µ�¥ �™�o�µ�Á�ž�}�œ�Á�•�n�œ�œ�¸�Ê�¡�•�ª�n�µ�ž�¦�³�­�·�š�›�·�£�µ�¡�…�°�Š
�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�‹�³�¨�—�¨�Š�Á�¤�º�É�°�Á�¡�·�É�¤�‹�Î�µ�œ�ª�œ�‹�»� �̈·�œ�š�¦�¸�¥�r�š�¸�É�Ä�•�o�®�¤�´�„ �Â�˜�n�®�µ�„�¡�·�‹�µ�¦�–�µ�Á�°�š�µ�œ�°�¨�š�¸�É�°�¥�¼�n�£�µ�¥�Ä�œ
�Á�Ž�¨�¨�r (Intracellular) �¦�n�ª�¤�—�o�ª�¥�¡�•�ª�n�µ �‹�Î�µ�œ�ª�œ�‹�»� �̈·�œ�š�¦�¸�¥�r�®�¤�´�„�Å�¤�n�¤�¸�‡�ª�µ�¤�­�´�¤�¡�´�œ�›�r�„�´�•�Ÿ�¨�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨ 
D,Amor et al. (1989) �Â�¨�³ Borzani (2006) �Å�—�o�Á�ž�¦�¸�¥�•�Á�š�¸�¥�•�„�µ�¦�Ä�•�o�Á�•�º�Ê�° S. diastaticus NO.62 �Á�¦�·�É�¤�˜�o�œ
�Ä�œ�ž�¦�·�¤�µ�–�š�¸�É� �̃n�µ�Š�„�´�œ �Å�—�o�Â�„�n �¦�o�°�¥�¨�³ 0.35, 1, 2 �Â�¨�³ 3.5 �¤�µ�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�‹�µ�„�„�¨�¼�Ã�‡�­ 200 �„�¦�´�¤�˜�n�°��̈·�˜�¦ 
�š�¸�É�°�»�–�®�£�¼�¤�· 40 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ �¡�•�ª�n�µ�¥�¸�­��̃r�¤�¸�„�µ�¦�Á�‹�¦�·�•�Â�¨�³�¤�¸�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Å�—�o�Ä�„�¨�o�Á�‡�¸�¥�Š�„�´�œ�š�»�„�¦�³�—�´�•
�š�¸�É�š�Î�µ�„�µ�¦�«�¹�„�¬�µ�š�¸�É�Á�ª�¨�µ 48 �•�´�É�ª�Ã�¤�Š �Ã�—�¥�Á�°�š�µ�œ�°�¨�š�¸�É�Ÿ�¨�·�˜�Å�—�o�¤�¸�‡�n�µ�Á�š�n�µ�„�´�• 70, 78, 82 �Â�¨�³ 80 �„�¦�´�¤�˜�n�°��̈·�˜�¦ 
�˜�µ�¤�¨�Î�µ�—�´�• 

2.2) �•�œ�·�—�Â�¨�³�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�…�°�Š�œ�Ê�Î�µ�˜�µ�¨ 
 �Ä�œ�­�£�µ�¡�„�µ�¦�®�¤��́„�š�¸�É�¤��̧‡�ª�µ�¤�Á�…�o�¤�…�o�œ�…�°�Š�œ�Ê�Î�µ�˜�µ�¨�­�¼�Š�‹�³�•�n�ª�¥�¨�—�„�µ�¦

�ž�œ�Á�ž�g�•�°�œ�Á�•�º�Ê�°�‹�»� �̈·�œ�š�¦�¸�¥�r�°�º�É�œ�Å�—�o�—�¸ �Â�˜�n�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�œ�Ê�Î�µ�˜�µ�¨�­�¼�Š�Á�„�·�œ�…�¸�—�‹�Î�µ�„�´�—�¦�³�—�´�•�®�œ�¹�É�Š �‡�º�° �ž�¦�³�¤�µ�–�¦�o�°�¥�¨�³ 
22 �Ã�—�¥�œ�Ê�Î�µ�®�œ�´�„��̃n�°�ž�¦�·�¤�µ�˜�¦�­�µ�¦�¨�³�¨�µ�¥ �‹�³�Á�„�·�—�„�µ�¦�¦�•�„�ª�œ�„�µ�¦�Á�‹�¦�·�•�Á�˜�·�•�Ã�˜�…�°�Š�¥�¸�­��̃r �„�µ�¦�®�¤�´�„�‹�³
�Á�ž�}�œ�Å�ž�°�¥�n�µ�Š�Á�•�º�É�°�Š�•�o�µ�Â�¨�³�Å�¤�n�­�¤�•�¼�¦�–�r �š�Î�µ�Ä�®�o�Á�„�·�—�„�¦�—�Â�¨�‡�˜�·�„ �„�¦�—�œ�Ê�Î�µ�­�o�¤ �Â�¨�³�­�µ�¦�°�·�œ�š�¦�¸�¥�r� �̃n�µ�Š�Ç�…�¹�Ê�œ�Å�—�o 
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�Ž�¹�É�Š�­�n�ª�œ�¤�µ�„�‹�³�Á�„�·�—�Ä�œ�•�¦�¦�¥�µ�„�µ�«�…�°�Š�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r �Ã�—�¥�ž�„�˜�·�Â�¨�o�ª�„�¦�³�•�ª�œ�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨
�‹�³�Ä�•�o�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�…�°�Š�œ�Ê�Î�µ�˜�µ�¨�Å�¤�n�Á�„�·�œ�¦�o�°�¥�¨�³ 18 �Ã�—�¥�œ�Ê�Î�µ�®�œ�´�„��̃n�°�ž�¦�·�¤�µ�˜�¦�­�µ�¦�¨�³�¨�µ�¥ �Á�¡�º�É�°�Ä�®�o�„�µ�¦
�Á�‹�¦�·�•�Á�˜�·�•�Ã�˜�…�°�Š�¥�¸�­��̃r�Á�ž�}�œ�Å�ž�Ã�—�¥�ž�„�˜�·�Â�¨�³�Å�—�o�Á�°�š�µ�œ�°�¨�Ä�œ�ž�¦�·�¤�µ�–�­�¼�Š�Á�®�¤�µ�³�Â�„�n�„�µ�¦�œ�Î�µ�Å�ž�„�¨�´�É�œ�‡�º�° 
�ž�¦�³�¤�µ�–�¦�o�°�¥�¨�³ 10 �Ã�—�¥�œ�Ê�Î�µ�®�œ�´�„ �¡�•�ª�n�µ�°�´�˜�¦�µ�„�µ�¦�®�¤�´�„�…�°�Š�¥�¸�­��̃r�­�µ�¥�¡�´�œ�›�»�r S. cerevisiae �‹�³�¨�—�¨�Š�Á�¤�º�É�°
�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�…�°�Š�œ�Ê�Î�µ�˜�µ�¨�­�¼�Š�Á�„�·�œ 200 �„�¦�´�¤�˜�n�°��̈·�˜�¦ �®�¦�º�°�ž�¦�³�¤�µ�– 20 �•�¦�·�„�­�r (�Ã�•�‡�•�´�¥  �ª�œ�£�¼ �Â�¨�³�‡�–�³, 
2546) �Â�˜�n�™�o�µ�¤�¸�„�µ�¦�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š�¦�¼�ž�Â�•�•�…�°�Š�™�´�Š�®�¤�´�„ �Á�•�n�œ�„�µ�¦�˜�¦�¹�Š�Á�Ž�¨�¨�r�¤�¸�Ÿ�¨�š�Î�µ�Ä�®�o�¥�¸�­��̃r S. cerevisiae 
� �̃o�µ�œ�š�µ�œ�˜�n�°�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�œ�Ê�Î�µ�˜�µ�¨�˜�´�Ê�Š�˜�o�œ�Å�—�o�­�¼�Š�…�¹�Ê�œ (Najafpour et al., 2004) 

2.3) �¦�³�—�´�•�°�»�–�®�£�¼�¤�· 
�°�»�–�®�£�¼�¤�·�¤�¸�‡�ª�µ�¤�­�Î�µ�‡�´�•� �̃n�°�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨ �Ã�—�¥�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�š�¸�É�¤�¸

�°�´�˜�¦�µ�„�µ�¦�®�¤�´�„�­�¼�Š �‹�³�¤�¸�‡�ª�µ�¤�¦�o�°�œ�Á�„�·�—�…�¹�Ê�œ�Ä�œ�°�´�˜�¦�µ�š�¸�É�­�¼�Š�Á�•�n�œ�„�´�œ �Ä�œ�…�´�Ê�œ�˜�°�œ�¦�³�®�ª�n�µ�Š�„�µ�¦�®�¤�´�„�‹�³�¤�¸
�¡��̈´�Š�Š�µ�œ�‡�ª�µ�¤�¦�o�°�œ�š�¸�É�ž�¨�—�ž�¨�n�°�¥�°�°�„�‹�µ�„�ž�’�·�„�·�¦�·�¥�µ�­�¼�Š�™�¹�Š 149.5 �Â�‡�¨�°�¦�¸�É� �̃n�°�„�¦�´�¤�Ž�¼�Ã�‡�¦�­ �Ž�¹�É�Š�‡�ª�µ�¤�¦�o�°�œ�š�¸�É
�Á�„�·�—�…�¹�Ê�œ�œ�¸�Ê�‹�³�¤�¸�Ÿ�¨�„�¦�³�š�•�˜�n�°�„�µ�¦�Á�‹�¦�·�•�…�°�Š�¥�¸�­��̃r�—�o�µ�œ�­�¦�¸�¦�³�ª�·�š�¥�µ�…�°�Š�Á�Ž�¨�¨�r �Ã�—�¥�¤�¸�Ÿ�¨�š�Î�µ�Ä�®�o�°�´�˜�¦�µ�„�µ�¦
�Ä�•�o�œ�Î�Ê�µ�˜�µ�¨�…�°�Š�¥�¸�­��̃r�¨�—�¨�Š�Á�œ�º�É�°�Š�‹�µ�„�„�µ�¦�—�¼�—�Ž�¹�¤�Å�œ�Ã�˜�¦�Á�‹�œ�¨�—�¨�Š (Amerine et al., 1980) 
Nagodawithana et al., (1974) �¡�•�ª�n�µ�¥�¸�­��̃r�‹�³�¤�¸�„�µ�¦�¦�°�—�•�¸�ª�·�˜��̃Î�É�µ�¨�Š�Á�¤�º�É�°�°�»�–�®�£�¼�¤�·�„�µ�¦�®�¤�´�„�­�¼�Š�™�¹�Š 40  
�°�Š�«�µ�Á�Ž�¨�¨�r�Á�Ž�¸�¥�­ �Á�œ�º�É�°�Š�‹�µ�„�°�»�–�®�£�¼�¤�·�š�¸�É�­�¼�Š�…�¹�Ê�œ�‹�³�Á�„�·�—�„�µ�¦�­�³�­�¤�…�°�Š�Á�°�š�µ�œ�°�¨�Ä�œ�Á�Ž�¨�¨�r�¤�µ�„�…�¹�Ê�œ �Ž�¹�É�Š�Á�ž�}�œ
�¡�·�¬�˜�n�°�Á�Ž�¨�¨�r�š�Î�µ�Ä�®�o�Ã�‡�¦�Š�­�¦�o�µ�Š�…�°�Š�Á�¥�º�É�°�®�»�o�¤�Á�Ž�¨�¨�r�Á�ž�¨�¸�É�¥�œ�Å�ž�­�n�Š�Ÿ�¨�Ä�®�o�„�µ�¦�š�Î�µ�Š�µ�œ�…�°�Š�Á�Ž�¨�¨�r�Á�­�¸�¥�Å�ž (Lucero 
et al., 2000) �Â�¨�³�°�»�–�®�£�¼�¤�·�š�¸�É�Ä�•�o�Ä�œ�„�µ�¦�®�¤�´�„�¥�´�Š�¤�¸�Ÿ�¨�˜�n�°�„�µ�¦�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š�š�µ�Š�„�µ�¥�£�µ�¡�Ä�œ�°�µ�®�µ�¦�š�¸�É�Ä�•�o
�®�¤�´�„�°�¸�„�—�o�ª�¥ �Ã�—�¥�š�¸�É�°�»�–�®�£�¼�¤�·�­�¼�Š�‹�³�¤�¸�„�µ�¦�¦�³�Á�®�¥�…�°�Š�Á�°�š�µ�œ�°�¨�Â�¨�³�Á�„�·�—�¢�°�Š�¤�µ�„ �œ�°�„�‹�µ�„�œ�¸�Ê�Á�¤�º�É�°�°�»�–�®�£�¼�¤�·
�„�µ�¦�®�¤�´�„�­�¼�Š�…�¹�Ê�œ�‹�³�¤�¸�„�µ�¦�­�¦�o�µ�Š�­�µ�¦�Á�¤�Â�š�•�°�Å�¨�˜�r�°�º�É�œ�Ç �Á�•�n�œ �„��̈¸�Á�Ž�°�¦�°�¨ �Ž�´�‡�Ž�·�Á�œ�˜ �„�¦�—�°�³�Ž�¸� �̃·�„ �Â�¨�³  
�°�³�Ž�·� �̃´�¨�—�¸�Å�±�—�r �Á�¡�·�É�¤�…�¹�Ê�œ�š�Î�µ�Ä�®�o�Ÿ�¨�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�¨�—�¨�Š (Torija et al., 2003 �°�o�µ�Š�Ã�—�¥ �ž�œ�·�—�µ  �„�·�˜��̃·�¦�´�˜�œ�r
�®�¤�µ�¥, 2546) 

�ž�{�‹�‹�´�¥�­�Î�µ�‡�´�•�š�¸�É�‹�»� �̈·�œ�š�¦�¸�¥�r�­�µ�¤�µ�¦�™�š�œ�˜�n�°�°�»�–�®�£�¼�¤�·�Å�—�o�¤�µ�„�œ�o�°�¥�˜�n�µ�Š�„�´�œ�¤�¸
�®�¨�µ�¥�ž�¦�³�„�µ�¦ �Á�•�n�œ �„�µ�¦�­�´�Š�Á�‡�¦�µ�³�®�r�Á�°�œ�Å�Ž�¤�r �„�·�‹�„�¦�¦�¤�…�°�Š�Á�°�œ�Å�Ž�¤�r �„�¨�Å�„�„�µ�¦�‡�ª�•�‡�»�¤�£�µ�¥�Ä�œ�Á�Ž�¨�¨�r �„�µ�¦
�™�n�µ�¥�š�°�— Anabolic information �‹�µ�„�¥�¸�­��̃r�Å�ž�¥�´�Š�Å�¦�Ã�•�Ã�Ž�¤ �„�µ�¦�œ�Î�µ�°�µ�®�µ�¦�Á�…�o�µ�¤�µ�£�µ�¥�Ä�œ�Á�Ž�¨�¨�r �Â�¨�³
�°�Š�‡�r�ž�¦�³�„�°�•�…�°�Š�Á�¥�º�É�°�®�»�o�¤�Á�Ž�¨�¨�r �Á�ž�}�œ�˜�o�œ (Rose, 1971)  

�°�»�–�®�£�¼�¤�·�š�¸�É�Á�®�¤�µ�³�­�¤�­�Î�µ�®�¦�´�•�¥�¸�­��̃r�š�¸�É�œ�·�¥�¤�Ä�•�o�Ä�œ�¦�³�—�´�•�°�»�˜�­�µ�®�„�¦�¦�¤�°�¥�¼�n
�Ä�œ�•�n�ª�Š 30-35 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ (Kadar et al., 2004) �Â�¨�³�¥�¸�­��̃r�­�µ�¤�µ�¦�™�š�œ�Å�—�o�™�¹�Š 37 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ �®�µ�„
�°�»�–�®�£�¼�¤�·�­�¼�Š�„�ª�n�µ 37 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ �°�´�˜�¦�µ�„�µ�¦�®�¤�´�„�‹�³�‡�n�°�¥�Ç�¨�—�¨�Š �°�µ�‹�š�Î�µ�Ä�®�o�Á�„�·�—�ž�{�•�®�µ�Â�•�‡�š�¸�Á�¦�¸�¥�Á�‹�¦�·�•
�…�¹�Ê�œ�¤�µ�¤�µ�„�Á�„�·�œ�Å�ž �Á�ž�}�œ�Ÿ�¨�Ä�®�o�¥�¸�­��̃r�Å�¤�n�­�µ�¤�µ�¦�™�Á�‹�¦�·�•��̃n�°�Å�ž�Å�—�o �Â�¨�³�Á�¤�º�É�°�°�»�–�®�£�¼�¤�·�­�¼�Š�„�ª�n�µ 43  
�°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ �„�µ�¦�®�¤�´�„�Á�„�º�°�•�‹�³�Å�¤�n�Á�„�·�—�…�¹�Ê�œ�Á�¨�¥ (�Á�š�¡�°�Î�µ�œ�ª�¥  �•�º�É�œ�¤�»�œ�¸�ª�Š�«�r �Â�¨�³�¡�»�š�›�¡�¨  �ª�­�´�œ�˜�—�·�¨�„, 
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2533 �°�o�µ�Š�Ã�—�¥ �›�¸�¦�¡�¦  �„�Š�•�´�Š�Á�„�·�—, 2546) �—�´�Š�œ�´�Ê�œ�Ä�œ�°�»�˜�­�µ�®�„�¦�¦�¤�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�‹�¹�Š�˜�o�°�Š�¤�¸�¦�³�•�•�®�¨�n�°
�Á�¥�È�œ (Cooling system) �Á�…�o�µ�¤�µ�•�n�ª�¥�Á�¡�º�É�°�¨�—�°�»�–�®�£�¼�¤�·�Ä�œ�¦�³�®�ª�n�µ�Š�„�µ�¦�®�¤�´�„�Ž�¹�É�Š�‹�³�˜�o�°�Š�¨�—�°�»�–�®�£�¼�¤�·�…�°�Š�™�´�Š
�®�¤�´�„�¨�Š �Â�¨�³�¦�´�„�¬�µ�°�»�–�®�£�¼�¤�·�Ä�®�o�°�¥�¼�n�Ä�œ�•�n�ª�Š 32-33 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ �—�o�ª�¥�ª�·�›�¸�„�µ�¦�˜�n�µ�Š�Ç �Á�•�n�œ �¡�n�œ�œ�Î�Ê�µ�Ä�®�o�Á�ž�}�œ
� �°�¥�š�´�É�ª�Ÿ�·�ª�œ�°�„�…�°�Š�™�´�Š�®�¤�´�„ �®�¦�º�°�Ä�•�o Cooling coil �Ä�œ�™�´�Š�®�¤�´�„ �Á�ž�}�œ�˜�o�œ (Nagodawithana et al., 1974) 

2.4) �‡�n�µ�¡�¸�Á�°�• (pH) 
 pH �¤�¸�‡�ª�µ�¤�­�Î�µ�‡�´�•�Ä�œ�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨ �Á�œ�º�É�°�Š�‹�µ�„ pH �¤�¸�Ÿ�¨�˜�n�°�°�´�˜�¦�µ�„�µ�¦

�®�¤�´�„ �„�µ�¦�­�¦�o�µ�Š�Ÿ�¨�Ÿ�¨�·�˜�¡�¨�°�¥�Å�—�o �˜�¨�°�—�‹�œ�„�µ�¦�‡�ª�•�‡�»�¤�‹�»� �̈·�œ�š�¦�¸�¥�r�ž�œ�Á�ž�g�•�°�œ �Ã�—�¥�ž�„�˜�·�¥�¸�­��̃r�­�µ�¤�µ�¦�™�Á�‹�¦�·�•
�Å�—�o�Ä�œ�­�£�µ�¡�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�š�¸�É�¤�¸ pH �Ä�œ�•�n�ª�Š 3.5-7.0 (Underkofler and Hickley, 1954) �Â�˜�n�­�Î�µ�®�¦�´�•
�¥�¸�­��̃r�­�µ�¥�¡�´�œ�›�»�r S. cerevisiae �­�µ�¤�µ�¦�™�Á�‹�¦�·�•�Å�—�o�—�¸�Ä�œ�­�£�µ�¡�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�š�¸�É pH �•�n�ª�Š 2.4 - 8.6 
(Roukas, 1994) �„�µ�¦�Á�¨�º�°�„ pH �š�¸�É�Ä�•�o�Ä�œ�„�µ�¦�®�¤�´�„�Ž�¹�É�Š�Å�¤�n�¤�¸�¦�³�•�•�‡�ª�•�‡�»�¤ pH �¦�³�®�ª�n�µ�Š�„�µ�¦�®�¤�´�„�œ�´�Ê�œ�…�¹�Ê�œ�°�¥�¼�n
�„�´�• Buffer capacity �…�°�Š�°�µ�®�µ�¦�š�¸�É�Ä�•�o�Ä�œ�®�¤�´�„�Á�¡�º�É�°�Ä�®�o�°�¥�¼�n�Ä�œ�­�£�µ�ª�³ pH �š�¸�É�¥�¸�­��̃r�­�µ�¤�µ�¦�™�Á�„�·�—�„�µ�¦�®�¤�´�„�Å�—�o
�˜�¨�°�—�„�¦�³�•�ª�œ�„�µ�¦�®�¤�´�„ �Á�œ�º�É�°�Š�‹�µ�„�Ä�œ�¦�³�®�ª�n�µ�Š�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�‹�³�¤�¸�„�µ�¦�­�¦�o�µ�Š�„�¦�—�Á�„�·�—�…�¹�Ê�œ�Ã�—�¥�¥�¸�­��̃r
�—�o�ª�¥ �Ã�—�¥�š�´�É�ª�Å�ž�•�n�ª�Š pH �š�¸�É�Á�®�¤�µ�³�­�¤�Ä�œ�„�µ�¦�Á�‹�¦�·�•�Á�˜�·�•�Ã�˜�…�°�Š�¥�¸�­��̃r �®�¦�º�°�œ�·�¥�¤�Ä�•�o�Ä�œ�„�µ�¦�®�¤��́„ 
�Á�°�š�µ�œ�°�¨�‹�³�°�¥�¼�n�Ä�œ�•�n�ª�Š 4.0-4.5 (Krishna et al., 1998 �°�o�µ�Š�Ã�—�¥ �¥�»�š�›�·�«�´�„�—�·�Í  �­�»�•�„�µ�¦�¸, 2551) �®�¦�º�°�•�n�ª�Š pH  
4.0-5.0 (Underkofler and Hickley, 1954) �Ã�—�¥�š�´�É�ª�Å�ž�‹�³�ž�¦�´�• pH �—�o�ª�¥�„�¦�—�Ž�´�¨�¢�d�ª�¦�·�„ �®�¦�º�°�„�¦�—�Â�¨�‡�˜�·�„ 
(Roukas, 1994) 

2.5) �‡�ª�µ�¤�Á�…�o�¤�…�o�œ�…�°�Š�Á�°�š�µ�œ�°�¨  
�Ã�—�¥�š�´�É�ª�Å�ž�„�µ�¦�Á�‹�¦�·�•�Â�¨�³�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�…�°�Š�¥�¸�­��̃r�‹�³�™�¼�„�¥�´�•�¥�´�Ê�Š�—�o�ª�¥ 

�Á�°�š�µ�œ�°�¨ �‹�µ�„�Ÿ�¨�„�µ�¦�«�¹�„�¬�µ�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�—�o�ª�¥�œ�Ê�Î�µ�°�Š�»�n�œ�¡�•�ª�n�µ �ž�¦�·�¤�µ�–�Á�°�š�µ�œ�°�¨�š�¸�É�‡�ª�µ�¤�Á�…�o�¤�…�o�œ
�¦�o�°�¥�¨�³ 2.6 �Ã�—�¥�œ�Ê�Î�µ�®�œ�´�„ �Å�¤�n�¤�¸�Ÿ�¨�˜�n�°�„�µ�¦�Á�‹�¦�·�•�…�°�Š�¥�¸�­��̃r �Â�˜�n�š�¸�É�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�¦�o�°�¥�¨�³ 6.85 �Ã�—�¥�œ�Ê�Î�µ�®�œ�´�„ �¤�¸
�Ÿ�¨�˜�n�°�„�µ�¦�Á�‹�¦�·�•�…�°�Š�¥�¸�­��̃r �Ã�—�¥�Á�°�š�µ�œ�°�¨�¤�¸�•�š�•�µ�š�Å�ž�¥�´�•�¥�´�Ê�Š�„�µ�¦�­�´�Š�Á�‡�¦�µ�³�®�r�„�¦�—�Å�¦�Ã�•�œ�·�ª�‡�¨�¸�°�·�„�Â�¨�³
�Ã�ž�¦�˜�¸�œ �­�n�Š�Ÿ�¨�š�Î�µ�Ä�®�o�°�´�˜�¦�µ�„�µ�¦�Á�‹�¦�·�•�¨�—�¨�Š �Â�¨�³�„�µ�¦�š�¸�É�Á�Ž�¨�¨�r�¥�¸�­��̃r�˜�µ�¥�Á�„�·�—�‹�µ�„�ž�’�·�„�·�¦�·�¥�µ�š�¸�É�Á�°�š�µ�œ�°�¨�š�Î�µ�Ä�®�o
�Ã�ž�¦�˜��̧œ�Ä�œ�Á�Ž�¨�¨�r�Á�­�º�É�°�¤�­�£�µ�¡ �­�n�ª�œ�„�µ�¦�¥�´�•�¥�´�Ê�Š�„�µ�¦�®�¤��́„�Ã�—�¥�Á�°�š�µ�œ�°�¨�œ�´�Ê�œ�¤�¸�„�µ�¦�˜�´�Ê�Š�­�¤�¤�»� �̃·�“�µ�œ�ª�n�µ  
�Á�°�š�µ�œ�°�¨�š�Î�µ�Ä�®�o�Á�¥�º�É�°�®�»�o�¤�Á�Ž�¨�¨�r�Á�­�¸�¥�®�µ�¥�®�¦�º�°�¤�¸�‡�»�–�­�¤�•�´� �̃·�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š�Å�ž �Á�•�n�œ �‡�»�–�­�¤�•�´� �̃·�„�µ�¦�Á�ž�}�œ�Á�¥�º�É�°
�Á�¨�º�°�„�Ÿ�n�µ�œ�š�Î�µ�Ä�®�o�Á�„�·�—�„�µ�¦�¦�´�É�ª�Å�®�¨�…�°�Š�°�·�°�°�œ�˜�n�µ�Š�Ç�Ä�œ�Á�Ž�¨�¨�r (Holzberg  et al., 1967)  

�œ�°�„�‹�µ�„�œ�¸�Ê�¦�³�—�´�•�„�µ�¦�¥�´�•�¥�´�Ê�Š�¥�´�Š�­�´�¤�¡�´�œ�›�r�„�´�•�­�£�µ�ª�³�Â�ª�—�¨�o�°�¤�°�º�É�œ�Ç�°�¸�„�—�o�ª�¥ 
�Ã�—�¥�Á�Œ�¡�µ�³�Á�¤�º�É�°�¤�¸�œ�Ê�Î�µ�˜�µ�¨�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�­�¼�Š�Â�¨�³�°�»�–�®�£�¼�¤�·�­�¼�Š�š�Î�µ�Ä�®�o�„�µ�¦�¥�´�•�¥�´�Ê�Š�¦�»�œ�Â�¦�Š�…�¹�Ê�œ �Ã�—�¥�¥�¸�­��̃r�š�´�É�ª�Å�ž�™�¼�„
�¥�´�•�¥�´�Ê�Š�„�µ�¦�Á�‹�¦�·�•�Á�¤�º�É�°�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�Á�°�š�µ�œ�°�¨�ž�¦�³�¤�µ�–�¦�o�°�¥�¨�³ 14 �Ã�—�¥�œ�Ê�Î�µ�®�œ�´�„ (�Ã�•�‡�•�´�¥  �ª�œ�£�¼ �Â�¨�³�‡�–�³, 
2546) �­�Î�µ�®�¦�´�• S. cerevisiae �Á�ž�}�œ�¥�¸�­��̃r�š�¸�É�š�œ�˜�n�°�Á�°�š�µ�œ�°�¨�Å�—�o�—�¸ �Ã�—�¥�¡�•�ª�n�µ�­�µ�¤�µ�¦�™�š�œ�˜�n�°�ž�¦�·�¤�µ�–�Á�°�š�µ
�œ�°�¨�Å�—�o�™�¹�Š�¦�o�°�¥�¨�³ 21 �Ã�—�¥�œ�Ê�Î�µ�®�œ�´�„ (Walker, 1998) �Á�•�º�É�°�„�´�œ�ª�n�µ�‡�ª�µ�¤�š�œ�˜�n�°�Á�°�š�µ�œ�°�¨�…�°�Š�¥�¸�­��̃r�œ�´�Ê�œ 
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�Á�œ�º�É�°�Š�‹�µ�„�°�Š�‡�r�ž�¦�³�„�°�•�­�n�ª�œ�š�¸�É�Á�ž�}�œ�Å�…�¤�´�œ�¡�ª�„�­�Á�˜�°�¦�°�¨ �Â�¨�³�¢�°�­�Ã�¢�¨�·�ž�d�— �¦�ª�¤�š�´�Ê�Š�‡�µ�¦�r�Ã�•�Å�±�Á�—�¦�˜�š�¸�É�Á�¥�º�É�°
�®�»�o�¤�Á�Ž�¨�¨�r �Ž�¹�É�Š�Á�ž�}�œ�­�n�ª�œ�š�¸�É�•�n�ª�¥�ž�j�°�Š�„�´�œ�„�µ�¦�Ÿ�n�µ�œ�Á�…�o�µ�°�°�„�Â�¨�³�­�n�Š�Á�­�¦�·�¤�„�µ�¦�…�´�• (Excretion) �Á�°�š�µ�œ�°�¨�°�°�„
�‹�µ�„�Á�Ž�¨�¨�r �š�Î�µ�Ä�®�o�ž�¦�·�¤�µ�–�Á�°�š�µ�œ�°�¨�š�¸�É�Á�ž�}�œ�¡�·�¬�£�µ�¥�Ä�œ�Á�Ž�¨�¨�r�¨�—�¨�Š (Thomas and Rose, 1978) �Â�¨�³�¡�•�ª�n�µ
�„�µ�¦�Á�˜�·�¤�„�¦�—�Å�…�¤�´�œ�Â�¨�³�­�Á�˜�°�¦�°�¨ �•�n�ª�¥�Á�­�¦�·�¤�Ä�®�o�¥�¸�­��̃r�š�œ�˜�n�°�Á�°�š�µ�œ�°�¨�Å�—�o�¤�µ�„�…�¹�Ê�œ �Ž�¹�É�Š Watson (1982) 
�¦�µ�¥�Š�µ�œ�ª�n�µ S. cerevisiae �š�¸�É�¤�¸�„�¦�—�Å�…�¤�´�œ�Å�¤�n�°�·�É�¤�˜�´�ª�Á�ž�}�œ�°�Š�‡�r�ž�¦�³�„�°�•�Ä�œ�¢�°�­�Ã�¢�¨�·�ž�d�—�…�°�Š�Á�¥�º�É�°�®�»�o�¤�Á�Ž�¨�¨�r
�‹�³�š�œ�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�…�°�Š�Á�°�š�µ�œ�°�¨�­�¼�Š �Ã�—�¥�Á�Ž�¨�¨�r�š�¸�É�¤�¸�Á�°�°�¦�r�„�°�­�Á�˜�°�¦�°�¨ (Ergosterol) � �̃É�Î�µ�Â�˜�n�¤�¸�„�¦�—�Å�…�¤�´�œ
�Å�¤�n�°�·�É�¤�˜�´�ª�­�¼�Š�Â�¨�³�‹�³�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Å�—�o�­�¼�Š�™�¹�Š�¦�o�°�¥�¨�³ 13-15.5 �Ã�—�¥�œ�Ê�Î�µ�®�œ�´�„  

2.6) �ž�¦�·�¤�µ�–�°�°�„�Ž�·�Á�‹�œ 
 �Ä�œ�…�´�Ê�œ�˜�°�œ�„�µ�¦�Á�˜�¦�¸�¥�¤�®�´�ª�Á�•�º�Ê�°�°�°�„�Ž�·�Á�‹�œ�¤�¸�‡�ª�µ�¤�­�Î�µ�‡�´�•�¤�µ�„ �Á�œ�º�É�°�Š�‹�µ�„�¥�¸�­��̃r

�Ä�•�o�°�°�„�Ž�·�Á�‹�œ�Ä�œ�„�µ�¦�®�µ�¥�Ä�‹�Á�¡�º�É�°�„�µ�¦�Á�‹�¦�·�•�Á�˜�·�•�Ã�˜�Â�¨�³�­�n�Š�Á�­�¦�·�¤�Ä�®�o�¥�¸�­��̃r�¤�¸�‡�ª�µ�¤�Â�…�È�Š�Â�¦�Š �Â�˜�n�Ä�œ�­�£�µ�ª�³�š�¸�É�¤�¸
�°�°�„�Ž�·�Á�‹�œ�¤�µ�„ �‹�³�¤�¸�Ÿ�¨�š�Î�µ�Ä�®�o�ž�¦�³�­�·�š�›�·�£�µ�¡�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�¨�—�¨�Š �°�°�„�Ž�·�Á�‹�œ�¤�¸�•�š�•�µ�š�˜�n�°
�„�¦�³�•�ª�œ�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨ �Ã�—�¥�¤�¸�®�œ�o�µ�š�¸�É�Á�ž�}�œ�˜�´�ª�¦�´�•�°�·�Á�¨�È�„�˜�¦�°�œ�˜�´�ª�­�»�—�š�o�µ�¥�Ä�œ�®�n�ª�Š�Ã�Ž�n�„�µ�¦�®�µ�¥�Ä�‹ 
�œ�°�„�‹�µ�„�œ�¸�Ê�¥�´�Š�š�Î�µ�®�œ�o�µ�š�¸�É�Á�ž�}�œ Growth factor �š�¸�É�—�¸�…�°�Š�¥�¸�­��̃r �Ž�¹�É�Š�Á�„�¸�É�¥�ª�…�o�°�Š�„�´�•�„�¦�³�•�ª�œ�„�µ�¦�­�´�Š�Á�‡�¦�µ�³�®�r�„�¦�—
�Å�…�¤�´�œ�Å�¤�n�°�·�É�¤�˜�´�ª �Á�•�n�œ �„�¦�—�Ã�°�¨�·�°�·�„ �Â�¨�³�„�¦�—�Å�¨�Ã�œ�¨�·�°�·�„ �š�Î�µ�Ä�®�o�¥�¸�­��̃r�¤�¸�‡�ª�µ�¤�š�œ�˜�n�°�Á�°�š�µ�œ�°�¨�Å�—�o�¤�µ�„�…�¹�Ê�œ
�Ã�—�¥�­�n�Š�Á�­�¦�·�¤�Ä�®�o�Á�„�·�—�„�µ�¦�…�œ�™�n�µ�¥�Á�°�š�µ�œ�°�¨�°�°�„�‹�µ�„�Á�Ž�¨�¨�r �Á�•�n�œ �™�o�µ�¤�¸�„�¦�—�Å�…�¤�´�œ�Å�¤�n�°�·�É�¤�˜�´�ª�Ä�œ�Ÿ�œ�´�Š�Á�Ž�¨�¨�r
�¤�µ�„�‹�³�š�Î�µ�Ä�®�o�Á�„�·�—�„�µ�¦�…�œ�™�n�µ�¥�Á�°�š�µ�œ�°�¨�°�°�„�‹�µ�„�Á�Ž�¨�¨�r�¤�µ�„�Á�•�n�œ�„�´�œ �Ä�œ�š�¸�É�­�»�—�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�…�°�Š�Á�°�š�µ�œ�°�¨
�Ä�œ�Á�Ž�¨�¨�r�‹�³�¨�—�¨�Š �­�Î�µ�®�¦�´�•�Ä�œ�­�£�µ�ª�³�š�¸�É�…�µ�—�°�°�„�Ž�·�Á�‹�œ �¥�¸�­��̃r�‹�³�Å�¤�n�­�µ�¤�µ�¦�™�­�´�Š�Á�‡�¦�µ�³�®�r�„�¦�—�Å�…�¤�´�œ�Å�¤�n
�°�·�É�¤�˜�´�ª�Å�—�o�‹�¹�Š�˜�o�°�Š�¤�¸�„�µ�¦�Á�˜�·�¤�„�¦�—�Å�…�¤�´�œ�Å�¤�n�°�·�É�¤�˜�´�ª�Á�¡�º�É�°�Ä�®�o�¥�¸�­��̃r�­�µ�¤�µ�¦�™�°�¥�¼�n�¦�°�—�Å�—�o �¡�•�ª�n�µ�„�µ�¦�Á�˜�·�¤�„�¦�—�Å�…�¤�´�œ
�Å�¤�n�°�·�É�¤�˜�´�ª �Á�•�n�œ �Á�°�°�¦�r�„�°�­�Á�˜�°�¦�°�¨ �¨�Š�Ä�œ�°�µ�®�µ�¦�®�¤�´�„�­�µ�¤�µ�¦�™�š�—�Â�š�œ�‡�ª�µ�¤�˜�o�°�Š�„�µ�¦�°�°�„�Ž�·�Á�‹�œ�Å�—�o �Â�˜�n
�Å�¤�n�Á�®�¤�µ�³�„�´�•�„�µ�¦�Ÿ�¨�·�˜�Ä�œ�°�»�˜�­�µ�®�„�¦�¦�¤�Á�¡�¦�µ�³�„�¦�—�Å�…�¤�´�œ�•�œ�·�—�œ�¸�Ê�¤�¸�¦�µ�‡�µ�Â�¡�Š (�Á�š�¡�ž�{�•�•�µ  �Á�‹�¦�·�•�¦�´�˜�œ�r, 
2544)  �Â�¨�³�¡�•�ª�n�µ�„�µ�¦�Ä�®�o�°�°�„�Ž�·�Á�‹�œ�Ä�œ�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�Â�•�•�˜�n�°�Á�œ�º�É�°�Š�Ä�œ�ž�¦�·�¤�µ�–�‡�ª�µ�¤�—�´�œ 0.07 
�¤�·�¨��̈·�Á�¤�˜�¦�ž�¦�°�š �Á�ž�}�œ�ž�¦�·�¤�µ�–�š�¸�É�Á�®�¤�µ�³�­�¤ (Cysewski and Wilke, 1978) �œ�°�„�‹�µ�„�œ�¸�Ê�¥�´�Š�¡�•�ª�n�µ 
 S. cerevisiae �•�µ�Š�­�µ�¥�¡�´�œ�›�»�r� �̃o�°�Š�„�µ�¦�°�°�„�Ž�·�Á�‹�œ�Á�¨�È�„�œ�o�°�¥�Ä�œ�¦�³�®�ª�n�µ�Š�„�µ�¦�®�¤�´�„ �Â�˜�n�Ä�œ�­�£�µ�¡�š�¸�É�¤�¸
�°�°�„�Ž�·�Á�‹�œ�¤�µ�„�Ç �‡�º�° �­�¼�Š�„�ª�n�µ 300 �¤�·�¨��̈·�Á�¤�˜�¦�ž�¦�°�š �‹�³�¥�´�•�¥�´�Ê�Š�š�´�Ê�Š�„�µ�¦�Á�‹�¦�·�•�Â�¨�³�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�Å�—�o 
(�¥�»�š�›�«�´�„�—�·�Í  �­�»�•�„�µ�¦�¸, 2551) 

2.7) �ž�¦�·�¤�µ�–�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r 
 �„�p�µ�Ž�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r�¤�¸�Ÿ�¨�¥�´�•�¥�´�Ê�Š�„�µ�¦�Á�˜�·�•�Ã�˜�…�°�Š�¥�¸�­��̃r�š�´�Ê�Š�Ä�œ�­�£�µ�ª�³�š�¸�É

�¤�¸�Â�¨�³�Å�¤�n�¤�¸�°�°�„�Ž�·�Á�‹�œ �Ã�—�¥�š�¸�É�‡�ª�µ�¤�—�´�œ�•�¦�¦�¥�µ�„�µ�«�…�°�Š�„�p�µ�Ž�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r�­�¼�Š �‹�³�Á�„�·�—�„�µ�¦�¥�´�•�¥�´�Ê�Š�„�µ�¦
�Á�˜�·�•�Ã�˜�Â�¨�³�„�µ�¦�®�¤�´�„�°�¥�n�µ�Š�¦�»�œ�Â�¦�Š �™�o�µ�Å�¤�n�¤�¸�„�µ�¦�¦�³�•�µ�¥�„�p�µ�Ž�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r�°�°�„�‹�µ�„�¦�³�•�•�‡�ª�µ�¤�—�´�œ
�Ä�œ�™�´�Š�®�¤�´�„�‹�³�­�¼�Š�…�¹�Ê�œ �Â�¨�³�™�o�µ�­�¼�Š�…�¹�Ê�œ�‹�œ�™�¹�Š 7.5 �•�¦�¦�¥�µ�„�µ�« �‹�³�š�Î�µ�Ä�®�o�°�´�˜�¦�µ�Á�¦�È�ª�…�°�Š�„�µ�¦�®�¤�´�„�¨�—�¨�Š



 

 

22

�‹�œ�„�¦�³�š�´�É�Š�‡�ª�µ�¤�—�´�œ�­�¼�Š�™�¹�Š 8.0 �•�¦�¦�¥�µ�„�µ�« �°�´�˜�¦�µ�Á�¦�È�ª�…�°�Š�„�µ�¦�®�¤�´�„�‹�³�•�o�µ�¤�µ�„�®�¦�º�°�Á�„�º�°�•�Å�¤�n�Á�„�·�—�Á�¨�¥ (King 
and Hossain, 2004) �œ�°�„�‹�µ�„�œ�¸�Ê�¥�´�Š�¡�•�ª�n�µ�„�p�µ�Ž�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r�¤�¸�°�·�š�›�·�¡�¨��̃n�°�°�Š�‡�r�ž�¦�³�„�°�•�…�°�Š�Á�¥�º�É�°
�®�»�o�¤�Á�Ž�¨�¨�r �š�Î�µ�Ä�®�o�‡�ª�µ�¤�­�µ�¤�µ�¦�™�Ä�œ�„�µ�¦�…�œ�™�n�µ�¥�­�µ�¦�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š�Å�ž �­�n�Š�Ÿ�¨�Ã�—�¥�¦�ª�¤�Ä�®�o�°�´�˜�¦�µ�„�µ�¦�Ÿ�¨�·�  ̃
�Á�°�š�µ�œ�°�¨�Â�¨�³�„�µ�¦�­�¦�o�µ�Š�•�¸�ª�¤�ª�¨�¨�—�¨�Š (�Á�š�¡�ž�{�•�•�µ  �Á�‹�¦�·�•�¦�´�˜�œ�r, 2545) 

2.8) �­�µ�¦�Á�‡�¤�¸�ž�j�°�Š�„�´�œ�‹�»� �̈·�œ�š�¦�¸�¥�r�°�º�É�œ�Ç 
 �„�n�°�œ�„�µ�¦�®�¤�´�„�¤�¸�„�µ�¦�Á�˜�·�¤�­�µ�¦�Á�‡�¤�¸�¨�Š�Å�ž�Á�¡�º�É�°�ž�j�°�Š�„�´�œ�Â�¨�³�„�Î�µ�‹�´�—�Á�•�º�Ê�°�‹�»� �̈·�œ�š�¦�¸�¥�r

�š�¸�É�Å�¤�n� �̃o�°�Š�„�µ�¦ �Ã�—�¥�Å�ž�¥�´�•�¥�´�Ê�Š�„�µ�¦�Á�‹�¦�·�•�Á�˜�·�•�Ã�˜�…�°�Š�‹�»� �̈·�œ�š�¦�¸�¥�r�Á�®�¨�n�µ�œ�´�Ê�œ �Ž�¹�É�Š�­�µ�¦�Á�‡�¤�¸�š�¸�É�Ä�•�o �Å�—�o�Â�„�n �Ž�´�¨�Á�¢�°�¦�r�Å�—
�°�°�„�Å�Ž�—�r (Sulfur dioxide) �®�¦�º�° �Ã�ž�Â�˜�­�Á�Ž�¸�¥�¤�Á�¤�˜�µ�Å�•�Ž�´�¨�Å�¢�—�r (Potassium metabisulfite) 

 
2.3.3 �„�µ�¦�„�¨�´�É�œ 

�Á�°�š�µ�œ�°�¨�š�¸�É�Å�—�o�‹�µ�„�„�µ�¦�®�¤�´�„�®�¦�º�°�„�µ�¦�­�´�Š�Á�‡�¦�µ�³�®�r� �̃o�°�Š�Ÿ�n�µ�œ�…�´�Ê�œ�˜�°�œ�­�»�—�š�o�µ�¥�„�n�°�œ
�œ�Î�µ�Å�ž�Ä�•�o�ž�¦�³�Ã�¥�•�œ�r�®�¦�º�°�ª�µ�Š�‹�Î�µ�®�œ�n�µ�¥ �‡�º�° � �̃o�°�Š�Ÿ�n�µ�œ�„�µ�¦�„�¨�´�É�œ�Á�°�š�µ�œ�°�¨ �Á�¡�º�É�°�Ä�®�o�Å�—�o�Á�°�š�µ�œ�°�¨�•�¦�·�­�»�š�›�·�Í 
�¦�o�°�¥�¨�³ 95-99.5 �‡�ª�µ�¤�•�¦�·�­�»�š�›�·�Í�…�°�Š�Á�°�š�µ�œ�°�¨�š�¸�É�„��̈´�É�œ�Å�—�o�…�¹�Ê�œ�°�¥�¼�n�„�´�•�ª�·�›�¸�„�µ�¦�„�¨�´�É�œ�š�¸�É�Á�¨�º�°�„�Ä�•�o�„�¦�³�•�ª�œ�„�µ�¦
�Â�¥�„�œ�Ê�Î�µ�°�°�„�‹�µ�„�Á�°�š�µ�œ�°�¨�Ž�¹�É�Š�Ã�—�¥�š�´�É�ª�Å�ž�¤�¸  3 �ª�·�›�¸ �‡�º�° 

2.3.3.1) �„�µ�¦�—�¼�—�Ž�´�•�—�o�ª�¥ Molecular Sieve 
 Molecular sieve �Á�ž�}�œ�­�µ�¦�ž�¦�³�Á�£�š�Ž�¸�Ã�°�Å�¨�˜�r�š�¸�É�­�´�Š�Á�‡�¦�µ�³�®�r�…�¹�Ê�œ�Ã�—�¥�š�´�É�ª�Å�ž

�‹�³�Á�ž�}�œ�•�œ�·�— 3A [(K2O.Na2O).Al2O3. 2SiO2.xH2O] �Ž�¹�É�Š�¤�¸�­�¤�•�´� �̃·�¡�·�Á�«�¬ �‡�º�° �­�µ�¤�µ�¦�™�—�¼�—�œ�Ê�Î�µ�Ä�œ�­�£�µ�ª�³
�Á�¥�È�œ�Â�¨�³�‡�µ�¥�œ�Ê�Î�µ�°�°�„�Á�¤�º�É�°�Å�—�o�¦�´�•�‡�ª�µ�¤�¦�o�°�œ �®�¨�´�„�„�µ�¦�…�°�Š�Á�š�‡�Ã�œ�Ã�¨�¥�¸�•�œ�·�—�œ�¸�Ê�Ä�•�o�­�¤�•�´� �̃·�¡�·�Á�«�¬�Ä�œ�„�µ�¦�„�Î�µ�‹�´�—
�œ�Ê�Î�µ�°�°�„�‹�µ�„�Á�°�š�µ�œ�°�¨ �Ã�—�¥�¥�°�¤�Ä�®�o�Ã�¤�Á�¨�„�»�¨�œ�Ê�Î�µ�Ÿ�n�µ�œ�Á�…�o�µ�Å�ž�Ä�œ�Ã�¤�Á�¨�„�»�  ̈�…�–�³�š�¸�É�Ã�¤�Á�¨�„�»�¨�…�°�Š�Á�°�š�µ�œ�°�¨�š�¸�É�¤�¸
�…�œ�µ�—�Ä�®�•�n�„�ª�n�µ�‹�³�Ÿ�n�µ�œ�Å�ž�Å�¤�n�Å�—�o �„�¦�³�•�ª�œ�„�µ�¦�Â�¥�„�œ�Ê�Î�µ�œ�¸�Ê�Á�¦�·�É�¤�‹�µ�„�„�µ�¦�Ä�•�o�Á�°�š�µ�œ�°�¨�š�¸�É�¤�¸�‡�ª�µ�¤�•�¦�·�­�»�š�›�r
�Ä�œ�•�n�ª�Š�¦�o�°�¥�¨�³ 92-96 �Ÿ�n�µ�œ�Å�ž�¥�´�Š�ž�’�·�„�¦�–�r�š�¸�É�•�¦�¦�‹�» Molecular sieve �£�µ�¥�Ä�œ�Á�ž�}�œ�•�´�Ê�œ�Ç �ž�¦�³�¤�µ�– 2-3 
�•�´�Ê�œ�Ä�œ�Â�œ�ª�…�œ�µ�œ �Ã�¤�Á�¨�„�»�¨�œ�Ê�Î�µ�‹�³�™�¼�„�‹�´�•�Å�ª�o�Ä�œ�…�–�³�š�¸�É�Á�°�š�µ�œ�°�¨�•�¦�·�­�»�š�›�r�¦�o�°�¥�¨�³ 99.8-99.9 �‹�³�Ÿ�n�µ�œ�¨�Š�¤�µ
�Â�¨�³�™�¼�„�œ�Î�µ�Å�ž�¥�´�Š�™�´�Š�Á�„�È�•�®�¨�´�Š�‹�µ�„�Á�­�¦�È�‹�­�·�Ê�œ�‹�µ�„�„�¦�³�•�ª�œ�„�µ�¦�Â�¥�„�œ�Ê�Î�µ �•�´�Ê�œ�…�°�Š Molecular Sieve �Â�˜�n�¨�³�•�´�Ê�œ
�‹�³�•�»�n�¤�Å�ž�—�o�ª�¥�œ�Ê�Î�µ �Ž�¹�É�Š�­�µ�¤�µ�¦�™�š�Î�µ�Ä�®�o�Â�®�o�Š�Ã�—�¥�Ÿ�n�µ�œ�Å�°�œ�Ê�Î�µ �Á�¡�º�É�°�Å�¨�n�œ�Ê�Î�µ�š�¸�É�™�¼�„�—�¼�—�Ž�´�•�Ä�œ Molecular sieve �°�°�„ 
�…�o�°�—�¸�…�°�Š�Á�š�‡�Ã�œ�Ã�¨�¥�¸�œ�¸�Ê �‡�º�° �Á�ž�}�œ�Á�š�‡�Ã�œ�Ã�¨�¥�¸�š�¸�É�Š�n�µ�¥�Ä�•�o�Å�°�œ�Ê�Î�µ�Â�¨�³�¡�¨�´�Š�Š�µ�œ�˜�É�Î�µ�Á�¤�º�É�°�Á�š�¸�¥�•�„�´�•�ª�·�›�¸�„�µ�¦�„�¨�´�É�œ 
�œ�°�„�‹�µ�„�œ�¸�Ê�¥�´�Š�Å�¤�n� �̃o�°�Š�Ä�•�o�­�µ�¦�Á�‡�¤�¸�°�º�É�œ�Ç �¤�µ�•�n�ª�¥�Ä�œ�„�µ�¦�Â�¥�„�œ�Ê�Î�µ �„�µ�¦�„�Î�µ�‹�´�—�…�°�Š�Á�­�¸�¥�‹�¹�Š�Å�¤�n�‹�Î�µ�Á�ž�}�œ�˜�o�°�Š
�‡�Î�µ�œ�¹�Š�™�¹�Š �Â�˜�n�Á�š�‡�Ã�œ�Ã�¨�¥�¸�œ�¸�Ê�¤�¸�…�o�°�Á�­�¸�¥�š�¸�É�°�´�˜�¦�µ�„�µ�¦�­�¹�„�„�¦�n�°�œ �®�¦�º�°�Á�„�·�—�„�µ�¦�Á�œ�n�µ (Fouling of media) �…�°�Š 
Molecular sieve �¤�¸�‡�n�°�œ�…�o�µ�Š�­�¼�Š �Á�¤�º�É�°�¤�¸�„�µ�¦�Ä�•�o�Š�µ�œ�¤�µ�„�„�ª�n�µ 5 �ž�e �Ž�¹�É�Š�‹�Î�µ�Á�ž�}�œ�˜�o�°�Š�Á�ž�¨�¸�É�¥�œ�Ä�®�¤�n�š�Î�µ�Ä�®�o
�‡�n�µ�Ä�•�o�‹�n�µ�¥�Ä�œ�„�¦�³�•�ª�œ�„�µ�¦�Ÿ�¨�·�˜�‡�n�°�œ�…�o�µ�Š�­�¼�Š 
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2.3.3.2) �„�µ�¦�„�¨�´�É�œ�°�³�Ž�¸�Ã�°�Ã�š�¦�ž (Azeotropic distillation) 
 �˜�µ�¤�®�¨�´�„�š�§�¬�‘� ̧�„�µ�¦�„�¨�´�É�œ�Á�°�š�µ�œ�°�¨�Á�¡�º�É�°�Ä�®�o�¤�¸�‡�ª�µ�¤�•�¦�·�­�»�š�›�·�Í�­�¼�Š�‹�³�¡�•

�ž�{�•�®�µ�…�°�Š�„�µ�¦�Â�¥�„�°�°�„�‹�µ�„�„�´�œ�Å�¤�n�Å�—�o�…�°�Š�œ�Ê�Î�µ�Â�¨�³�Á�°�š�µ�œ�°�¨ �‹�»�—�œ�¸�Ê�Á�¦�¸�¥�„�ª�n�µ �‹�»�—�°�³�Ž�¸�Ã�°�Ã�š�¦�ž �„�µ�¦�„�¨�´�É�œ 
�Á�°�š�µ�œ�°�¨�‹�¹�Š�‹�Î�µ�Á�ž�}�œ�˜�o�°�Š�Á�˜�·�¤�­�µ�¦�ž�¦�³�„�°�•�š�¸�É 3 �Á�¡�º�É�°�š�Î�µ�Ä�®�o�œ�Ê�Î�µ�Â�¥�„�°�°�„�‹�µ�„�Á�°�š�µ�œ�°�¨�Å�—�o�—�¸�¥�·�É�Š�…�¹�Ê�œ 
�­�µ�¦�ž�¦�³�„�°�•�œ�¸�Ê�Á�¦�¸�¥�„�ª�n�µ Entrainer �Å�—�o�Â�„�n �Å�Ž�Ã�‡�¨�Á�±�„�Á�Ž�œ (Cyclohexane) �Á�•�œ�Ž�¸�œ (Benzene) �Ã�š�¨�¼�°�¸�œ 
(Toluene) �°�¸�Á�š�°�¦�r (Ether) �Â�¨�³�‡�¸�Ã�˜�œ (Ketone) �ª�·�›�¸�œ�¸�Ê�Á�ž�}�œ�ª�·�›�¸�š�¸�É�‡�·�—�‡�o�œ�„�´�œ�¤�µ�œ�µ�œ�Â�¨�³�Á�ž�}�œ�š�¸�É�œ�·�¥�¤�Ä�•�o�„�´�œ
�°�¥�n�µ�Š�¤�µ�„�™�¹�Š�Â�¤�o�¤�¸�…�o�°�Á�­�¸�¥�°�¥�¼�n�®�¨�µ�¥�ž�¦�³�„�µ�¦ �Ž�¹�É�Š�…�o�°�Á�­�¸�¥�š�¸�É�­�Î�µ�‡�´�•�¤�µ�„�š�¸�É�­�»�— �‡�º�° �„�µ�¦�Ä�•�o�¡��̈´�Š�Š�µ�œ�¤�®�µ�«�µ�¨�Ä�œ
�„�µ�¦�„�¨�´�É�œ�Á�¡�º�É�°�Ä�®�o�Å�—�o�Á�°�š�µ�œ�°�¨�š�¸�É�•�¦�·�­�»�š�›�r�¤�µ�„�Ç �…�o�°�Á�­�¸�¥�°�¸�„�ž�¦�³�„�µ�¦�®�œ�¹�É�Š �‡�º�° �­�µ�¦�š�¸�É�Ä�•�o�Á�ž�}�œ Entrainer �•�µ�Š
�•�œ�·�—�Á�ž�}�œ�­�µ�¦�¡�·�¬�Â�¨�³�¤�¸� �̈´�„�¬�–�³�­�¤�•�´� �̃·�Á�ž�}�œ�­�µ�¦�„�n�°�¤�³�Á�¦�È�Š 

 
2.3.3.3) �Á�š�‡�Ã�œ�Ã�¨�¥�¸�Â�Ÿ�n�œ�Á�¥�º�É�°�•�µ�Š (Membrane technology) 

 �Á�š�‡�Ã�œ�Ã�¨�¥�¸�œ�¸�Ê�Á�ž�}�œ�Á�š�‡�Ã�œ�Ã�¨�¥�¸�Ä�®�¤�n� �̈n�µ�­�»�— �Á�ž�}�œ�Á�š�‡�Ã�œ�Ã�¨�¥�¸�š�¸�É�Š�n�µ�¥�Â�¨�³�Ä�•�o
�¡��̈´�Š�Š�µ�œ�°�¥�n�µ�Š�¤�¸�ž�¦�³�­�·�š�›�·�£�µ�¡�Ä�œ�„�µ�¦�Â�¥�„�­�µ�¦�¨�³�¨�µ�¥�Ÿ�­�¤�Ÿ�n�µ�œ�Á�¥�º�É�°�Â�Ÿ�n�œ (Membrane) �Ã�—�¥�Ä�•�o�Á�š�‡�œ�·�‡
�„�µ�¦�Ž�¹�¤�Ÿ�n�µ�œ (Permeation) �…�°�Š�œ�Ê�Î�µ�Ÿ�n�µ�œ�Â�Ÿ�n�œ�Á�¥�º�É�°�•�µ�Š�Ä�œ�¦�¼�ž�…�°�Š�Å�°�œ�Ê�Î�µ�—�o�ª�¥�Â�¦�Š�—�¹�Š�—�¼�—�‹�µ�„�£�µ�¥�œ�°�„�š�¸�É�¤�¸
�‡�ª�µ�¤�—�´�œ�˜�É�Î�µ�„�ª�n�µ (Evaporation) �­�µ�¦�š�¸�É�Ÿ�n�µ�œ�Á�¥�º�É�°�Â�Ÿ�n�œ �Á�¦�¸�¥�„�ª�n�µ �Á�¡�°�¤�¸�Á�°�š (Permeate) �„�µ�¦�Â�¥�„�Á�„�·�—�…�¹�Ê�œ�Å�—�o
�Á�œ�º�É�°�Š�‹�µ�„�°�Š�‡�r�ž�¦�³�„�°�•�…�°�Š�­�µ�¦�Ä�œ�­�µ�¦�Ÿ�­�¤�¤�¸�‡�ª�µ�¤�Á�ž�}�œ�…�´�Ê�ª (Hydrophilicity) � �̃n�µ�Š�„�´�œ �Á�•�n�œ�Ä�œ�„�¦�–�¸�…�°�Š
�œ�Ê�Î�µ�Ä�œ�Á�°�š�µ�œ�°�¨ �Ã�—�¥�œ�Ê�Î�µ�¤�¸�‡�ª�µ�¤�Á�ž�}�œ�…�´�Ê�ª�­�¼�Š�„�ª�n�µ�Á�°�š�µ�œ�°�¨ �‡�ª�µ�¤�­�µ�¤�µ�¦�™�Ä�œ�„�µ�¦�Â�¡�¦�n�Ÿ�n�µ�œ�Á�¥�º�É�°�Â�Ÿ�n�œ�…�°�Š
�œ�Ê�Î�µ�‹�¹�Š�¤�¸�‡�n�µ�­�¼�Š�„�ª�n�µ �…�–�³�š�¸�É�¤�¸�„�µ�¦�Ž�¹�¤�Ÿ�n�µ�œ�…�°�Š�œ�Ê�Î�µ�‡�ª�µ�¤�—�´�œ�˜�É�Î�µ�‹�µ�„�£�µ�¥�œ�°�„�‹�³�•�n�ª�¥�—�¹�Š�œ�Ê�Î�µ�°�°�„�¤�µ�Ä�œ�¦�¼�ž�…�°�Š
�Å�°�œ�Ê�Î�µ �‹�µ�„�œ�´�Ê�œ�š�Î�µ�„�µ�¦�¨�—�°�»�–�®�£�¼�¤�·�Á�¡�º�É�°�Ä�®�o�Å�°�œ�Ê�Î�µ�„�¨�´�É�œ�˜�´�ª�Á�ž�}�œ�…�°�Š�Á�®�¨�ª 

�Á�¥�º�É�°�Â�Ÿ�n�œ�š�¸�É�œ�Î�µ�¤�µ�Ä�•�o�Â�•�n�Š�°�°�„�Å�—�o�Á�ž�}�œ 2 �•�œ�·�— �‡�º�° �•�œ�·�—�š�¸�É�Á�ž�}�œ�¡�°�¨�·�Á�¤�°�¦�r
�Â�¨�³�•�œ�·�—�š�¸�É�Á�ž�}�œ�Á�Ž�¦�µ�¤�·�„ �Á�¥�º�É�°�Â�Ÿ�n�œ�š�¸�É�Á�ž�}�œ�•�œ�·�—�Á�Ž�¦�µ�¤�·�„�Å�—�o�¦�´�•�‡�ª�µ�¤�­�œ�Ä�‹�¤�µ�„�„�ª�n�µ �Á�œ�º�É�°�Š�‹�µ�„�­�µ�¤�µ�¦�™�š�œ
� �̃n�°�°�»�–�®�£�¼�¤�· �­�µ�¦�Á�‡�¤�¸ �Â�¨�³�‹�»� �̈·�œ�š�¦�¸�¥�r�Å�—�o�—�¸ �Á�¥�º�É�°�Â�Ÿ�n�œ�Á�Ž�¦�µ�¤�·�„�š�¸�É�œ�·�¥�¤�Ä�•�o�Ä�œ�„�µ�¦�Â�¥�„�œ�Ê�Î�µ�°�°�„�‹�µ�„�Á�°�š�µ�œ�°�¨ 
�‡�º�° �Ž�¸�Ã�°�Å�¨�˜�r�•�œ�·�—�Ã�Ž�Á�—�¸�¥�¤�Á�° (NaA zeolite) �Ž�¹�É�Š�¤�¸�­�¤�•�´� �̃·�…�°�Š�‡�ª�µ�¤�¤�¸�…�´�Ê�ª�­�¼�Š�„�ª�n�µ�Ž�¸�Ã�°�Å�¨�˜�r�•�œ�·�—�°�º�É�œ�Ç�š�Î�µ�Ä�®�o
�Á�ž�}�œ�ž�{�‹�‹�´�¥�­�Î�µ�‡�´�•�Ä�œ�„�µ�¦�‡�´�—�­�¦�¦�Ã�¤�Á�¨�„�»�¨�š�¸�É�™�¼�„�—�¼�—�Ž�´�• �Ã�—�¥�°�µ�«�´�¥�‡�ª�µ�¤�Á�…�o�µ�„�´�œ�Å�—�o�…�°�Š�¦�³�®�ª�n�µ�Š�‡�ª�µ�¤�¤�¸�…�´�Ê�ª
�…�°�Š�Ã�¤�Á�¨�„�»�¨�œ�Ê�Î�µ�„�´�•�Á�¥�º�É�°�Â�Ÿ�n�œ �œ�°�„�‹�µ�„�œ�¸�Ê�ž�{�‹�‹�´�¥�­�Î�µ�‡�´�•�°�¸�„�ž�¦�³�„�µ�¦�®�œ�¹�É�Š�Ä�œ�„�µ�¦�Á�¨�º�°�„�Ä�•�o�Ž�¸�Ã�°�Å�¨�˜�r�•�œ�·�—
�Ã�Ž�Á�—�¸�¥�¤�Á�° �‡�º�° �‡�ª�µ�¤�Â�˜�„�˜�n�µ�Š�…�°�Š�…�œ�µ�—�Ã�¤�Á�¨�„�»�¨�š�¸�É�Ÿ�n�µ�œ�¦�¼�Á�ž�d�—�…�°�Š�Ž�¸�Ã�°�Å�¨�˜�r �Á�œ�º�É�°�Š�‹�µ�„�Ž�¸�Ã�°�Å�¨�˜�r�¤�¸�Ã�‡�¦�Š
�¦�n�µ�Š�Á�ž�}�œ�Ÿ�¨�¹�„�š�¸�É�¤�¸�¦�¼�¡�¦�»�œ �Â�¨�³�¤�¸�¦�¼�Á�ž�d�—�…�œ�µ�—�Á�¨�È�„ (4 �°�´�Š�­�˜�¦�°�¤) �Á�®�¤�µ�³�­�Î�µ�®�¦�´�•�„�µ�¦�‡�´�—�­�¦�¦�Ã�¤�Á�¨�„�»�¨�œ�Ê�Î�µ�š�¸�É�¤�¸
�…�œ�µ�—�Á�¨�È�„ �„�µ�¦�…�¹�Ê�œ�¦�¼�ž�Ž�¸�Ã�°�Å�¨�˜�r�š�¸�É�¤�¸� �̈´�„�¬�–�³�Á�ž�}�œ�Ÿ�Š�¨�³�Á�°�¸�¥�—�…�°�Š�Ÿ�¨�¹�„�Ä�®�o�Á�ž�}�œ�Á�¥�º�É�°�Á�¨�º�°�„�Ÿ�n�µ�œ�Ã�—�¥�˜�¦�Š�œ�´�Ê�œ 
�Å�¤�n�­�µ�¤�µ�¦�™�„�¦�³�š�Î�µ�Å�—�o �‹�Î�µ�Á�ž�}�œ�˜�o�°�Š�Ÿ�n�µ�œ�„�¦�³�•�ª�œ�„�µ�¦�„�µ�¦�­�´�Š�Á�‡�¦�µ�³�®�r�‹�µ�„�­�µ�¦�˜�´�Ê�Š�˜�o�œ�š�¸�É�¤�¸�­�n�ª�œ�ž�¦�³�„�°�•
�…�°�Š�Ž�·� �̈·�„�µ�Â�¨�³�°�¨�¼�¤�·�œ�µ �¤�µ�š�Î�µ�ž�’�·�„�·�¦�·�¥�µ�„�´�œ�•�œ�Â�Ÿ�n�œ�…�°�Š�Â�…�È�Š�¦�°�Š�¦�´�•�š�¸�É�¤�¸�¦�¼�¡�¦�»�œ �Á�¤�º�É�°�Á�„�·�—�Ÿ�¨�¹�„�Ž�¸�Ã�°�Å�¨�˜�r�•�œ�·�—
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�Ã�Ž�Á�—�¸�¥�¤�Á�°�…�¹�Ê�œ �Ÿ�¨�¹�„�Á�®�¨�n�µ�œ�´�Ê�œ�‹�³�¤�µ�¦�ª�¤�˜�´�ª�„�´�œ�Á�ž�}�œ�Â�Ÿ�n�œ�˜�n�°�Á�œ�º�É�°�Š (Polycrystalline) �Á�„�·�—�Á�ž�}�œ�¢�d� �̈r�¤�•�µ�Š�Ç
�…�¹�Ê�œ (�–�¸�¦�œ�»�•   �‡�ª�¦�Á�•�·�—�•�¼ �Â�¨�³�­�»�‹�·�˜�¦�µ   �ª�Š�«�r�Á�„�¬�¤�‹�·�˜��̃r, 2550) 
 
3 �‹�»� �̈·�œ�š�¦�¸�¥�r�š�¸�É�Ä�•�o�Ä�œ�„�µ�¦�®�¤�´�„ 

�‹�»� �̈·�œ�š�¦�¸�¥�r�š�¸�É�­�µ�¤�µ�¦�™�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Å�—�o�¤�¸�®�¨�µ�¥�•�œ�·�— �Å�—�o�Â�„�n �Â�•�‡�š�¸�Á�¦�¸�¥ �¥�¸�­��̃r �Â�¨�³�¦�µ  
�—�´�Š�Â�­�—�Š�Ä�œ�˜�µ�¦�µ�Š�š�¸�É 1-1 �‹�»� �̈·�œ�š�¦�¸�¥�r�Ž�¹�É�Š�Á�ž�}�œ�š�¸�É�­�œ�Ä�‹�­�Î�µ�®�¦�´�•�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Ä�œ�¦�³�—�´�•�°�»�˜�­�µ�®�„�¦�¦�¤ 
�‡�º�° �¥�¸�­��̃r Saccharomyces cerevisiae, Saccharomyces uravrum �Â�¨�³ Schizosaechoromyces pombe 
�¥�¸�­��̃r�Á�®�¨�n�µ�œ�¸�Ê�¤�¸�‡�ª�µ�¤�­�µ�¤�µ�¦�™�Ä�œ�„�µ�¦�®�¤�´�„�œ�Ê�Î�µ�˜�µ�¨�•�œ�·�—�˜�n�µ�Š�Ç�Å�—�o�Á�®�¤�º�°�œ�„�´�œ �Â�˜�n�Á�œ�º�É�°�Š�‹�µ�„ S. cerevisiae  
�Á�ž�}�œ�¥�¸�­��̃r�š�¸�É�š�œ�˜�n�°�£�µ�ª�³�Â�ª�—�¨�o�°�¤�˜�n�µ�Š�Ç�š�¸�É�Å�¤�n�Á�®�¤�µ�³�­�¤�Å�—�o�—�¸�„�ª�n�µ�¥�¸�­��̃r�•�œ�·�—�°�º�É�œ �š�Î�µ�Ä�®�o�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨
�­�n�ª�œ�Ä�®�•�n�Ä�•�o�Á�•�º�Ê�°�¥�¸�­��̃r S. cerevisiae �œ�°�„�‹�µ�„�œ�´�Ê�œ�ž�{�‹�‹�»�•�´�œ�Å�—�o�¤�¸�„�µ�¦�¡�´�•�œ�µ�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Ã�—�¥�Ä�•�o
�Â�•�‡�š�¸�Á�¦�¸�¥�‹�¸�œ�´�­ Zymomonas �‡�º�° Z. mobilis �Â�¨�³�‹�¸�œ�´�­ Clostridium �‡�º�° Cl. thercoellum �Ž�¹�É�Š�Á�ž�}�œ
�Â�•�‡�š�¸�Á�¦�¸�¥�š�¸�É�Å�¤�n� �̃o�°�Š�„�µ�¦�°�°�„�Ž�·�Á�‹�œ�­�µ�¤�µ�¦�™�®�¤�´�„�Á�Ž�¨�¨�¼�Ã�¨�­�Â�¨�³�Á�‹�¦�·�•�Å�—�o�š�¸�É�°�»�–�®�£�¼�¤�·�­�¼�Š�„�ª�n�µ 50  
�°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ (�ª�¦�–�¸  �Â�¡�n�Š�‹�´�œ�š�¹�„ �Â�¨�³�ª�·�•�´�¥  �Á�¡�È�•�¦�—�¸, 2546) �Â�˜�n�Â�•�‡�š�¸�Á�¦�¸�¥�š�´�Ê�Š 2 �‹�¸�œ�´�­�—�´�Š�„�¨�n�µ�ª�¤�¸�‡�ª�µ�¤
�š�œ�˜�n�°�Á�°�š�µ�œ�°�¨�Å�—�o� �̃É�Î�µ�„�ª�n�µ�¥��̧­��̃r �—��́Š�œ�´�Ê�œ�‹�¹�Š�Å�¤�n�œ�·�¥�¤�œ�Î�µ�Â�•�‡�š��̧Á�¦��̧¥�¤�µ�Ä�•�o�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Ä�œ�¦�³�—��́•
�°�»�˜�­�µ�®�„�¦�¦�¤ (Wailes and Michael, 2001) 
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�˜�µ�¦�µ�Š�š�¸�É 1-1 �‹�»� �̈·�œ�š�¦�¸�¥�r�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨  
 

�•�œ�·�—�‹�»� �̈·�œ�š�¦�¸�¥�r �­�µ�¥�¡�´�œ�›�»�r 
Bacteria   Clostridium thermohydrosulfuricum 

 Clostridium thermocellum 
 Thermoanareobacter ethanolicus 
 Zymomonas mobilis 
  

Yeast Candida pseudotropicalis 
 Candida tropicalis 
 Candida spp. 
 Kluyveromyces lactis 
 Kluyveromyces marxianus 
 Pachysolen tannophilus 
 Pichai stipitis 
 Saccharomyces cerevisiae 
 Saccharomyces var. distaticus 
 Saccharomyces alluvius 
  

Mold Fusarium spp. 
 Monilia spp. 
 Mucor spp. 

�š�¸�É�¤�µ : Wailes and Michael (2001) 
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3.1 � �̈´�„�¬�–�³�…�°�Š�‹�»� �̈·�œ�š�¦�¸�¥�r�š�¸�É�—�¸�Ä�œ�„�µ�¦�®�¤�´�„�Á�¡�º�É�°�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨ 
� �̈´�„�¬�–�³�…�°�Š�‹�»� �̈·�œ�š�¦�¸�¥�r�š�¸�É�—�¸�Ä�œ�„�µ�¦�®�¤�´�„�Á�¡�º�É�°�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨ �¤�¸�—�´�Š�œ�¸�Ê 
3.1.1 �­�µ�¤�µ�¦�™�®�¤�´�„�Á�°�š�µ�œ�°�¨�Å�—�o�¦�ª�—�Á�¦�È�ª�Â�¨�³�Ä�®�o�Ÿ�¨�Ÿ�¨�·�˜�­�¼�Š  

�Á�œ�º�É�°�Š�‹�µ�„�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Å�—�o�ž�¦�·�¤�µ�–�­�¼�Š�Ä�œ�¦�³�¥�³�Á�ª�¨�µ�­�´�Ê�œ�‹�³�•�n�ª�¥�Ä�®�o
� �̃o�œ�š�»�œ�Ä�œ�„�µ�¦�Ÿ�¨�·�˜�¨�—�¨�Š Bilford �Â�¨�³�‡�–�³ (1942) �Å�—�o�š�Î�µ�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�‹�µ�„�„�µ�„�œ�Ê�Î�µ�˜�µ�¨�Ã�—�¥�Ä�•�o
�¥�¸�­��̃r S. cerevisiae (Seagram No.1) �¡�•�ª�n�µ�¥�¸�­��̃r�•�œ�·�—�œ�¸�Ê�­�µ�¤�µ�¦�™�Á�ž�¨�¸�É�¥�œ�œ�Ê�Î�µ�˜�µ�¨�Á�¦�·�É�¤�˜�o�œ�¦�o�°�¥�¨�³ 12-13 �Ä�®�o
�Á�ž�}�œ�Á�°�š�µ�œ�°�¨�Å�—�o�­�¤�•�¼�¦�–�r�£�µ�¥�Ä�œ 4-10 �•�´�É�ª�Ã�¤�Š 

3.1.2 �š�œ�š�µ�œ�˜�n�°�Á�°�š�µ�œ�°�¨�Â�¨�³�­�µ�¦�˜�n�µ�Š�Ç�š�¸�É�­�µ�¤�µ�¦�™�¥�´�•�¥�´�Ê�Š�„�µ�¦�®�¤�´�„�Â�¨�³�„�µ�¦
�Á�‹�¦�·�•�…�°�Š�Á�•�º�Ê�°�¥�¸�­��̃r  

�‹�µ�„�¦�µ�¥�Š�µ�œ�Ÿ�¨�„�µ�¦�ª�·�‹�´�¥�…�°�Š Thomas �Â�¨�³�‡�–�³ (1978) �¡�•�ª�n�µ�¥�¸�­��̃r�¤�¸�‡�ª�µ�¤
�š�œ�š�µ�œ�˜�n�°�Á�°�š�µ�œ�°�¨�Å�—�o�™�¹�Š�¦�o�°�¥�¨�³ 3-4 �Ã�—�¥�œ�Ê�Î�µ�®�œ�´�„ �…�–�³�š�¸�É�‹�»� �̈·�œ�š�¦�¸�¥�r�°�º�É�œ�Ç �š�œ�Å�¤�n�Å�—�o�°�µ�‹�Á�œ�º�É�°�Š�‹�µ�„�Á�¥�º�É�°
�®�»�o�¤�Á�Ž�¨�¨�r�…�°�Š�¥�¸�­��̃r�¤�¸�„�µ�¦�­�³�­�¤�…�°�Š�¡�ª�„�Å�…�¤�´�œ Sterol �Â�¨�³ Phospholipids fatty acyl �¦�ª�¤�š�´�Ê�Š
�‡�µ�¦�r�Ã�•�Å�±�Á�—�¦�˜ �Ž�¹�É�Š�•�n�ª�¥�ž�j�°�Š�„�´�œ�„�µ�¦�Ÿ�n�µ�œ�Á�…�o�µ�°�°�„�…�°�Š�Á�°�š�µ�œ�°�¨ � �̃n�°�¤�µ Thomas �Â�¨�³�‡�–�³ (1978) �Å�—�o�š�Î�µ
�„�µ�¦�š�—�¨�°�Š�Á�„�¸�É�¥�ª�„�´�•�Ÿ�¨�…�°�Š�Á�°�š�µ�œ�°�¨�˜�n�°�„�µ�¦�Á�‹�¦�·�•�…�°�Š�Á�•�º�Ê�°�¥�¸�­��̃r �‹�µ�„�Ÿ�¨�„�µ�¦�š�—�¨�°�Š�­�µ�¤�µ�¦�™�¥�º�œ�¥�´�œ�Å�—�o
�ª�n�µ�Á�°�š�µ�œ�°�¨�¤�¸�Ÿ�¨�˜�n�°�„�µ�¦�Á�‹�¦�·�•�…�°�Š�¥�¸�­��̃r �Ã�—�¥�Á�°�š�µ�œ�°�¨�¤�¸�Ÿ�¨�š�Î�µ�Ä�®�o�°�»�–�®�£�¼�¤�·�­�¼�Š�…�¹�Ê�œ�‹�¹�Š�­�n�Š�Ÿ�¨�Ä�®�o�„�µ�¦
�Á�‹�¦�·�•�Á�˜�·�•�Ã�˜�…�°�Š�Á�•�º�Ê�°�¥�¸�­��̃r�¨�—�¨�Š 

�œ�°�„�‹�µ�„�Á�°�š�µ�œ�°�¨�Â�¨�o�ª�¥�´�Š�¤�¸�„�¦�—�°�³�¤�·�Ã�œ�•�µ�Š�•�œ�·�—�š�¸�É�­�µ�¤�µ�¦�™�¥�´�•�¥�´�Ê�Š�„�µ�¦
�Á�‹�¦�·�•�…�°�Š�¥�¸�­��̃r S. cerevisiae �Å�—�o�Á�•�n�œ�„�´�œ �Á�•�n�œ Histidine, Lysine �Â�¨�³ Proline (Yammashita et al., 
1981) �Â�¨�³�Â�¦�n�›�µ�˜�»�®�¨�µ�¥�•�œ�·�— �Á�•�n�œ Ag, Co, Mg, Cu, Ni, Pb, Fe �Â�¨�³ Zn �Ž�¹�É�Š�š�¸�É�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�ž�„�˜�·�¤�¸
�ž�¦�³�Ã�¥�•�œ�r� �̃n�°�„�µ�¦�Á�‹�¦�·�•�…�°�Š�Á�•�º�Ê�°�¥�¸�­��̃r �Â�˜�n�Á�¤�º�É�°�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�Á�¡�·�É�¤�¤�µ�„�…�¹�Ê�œ�Â�¦�n�›�µ�˜�»�•�µ�Š�•�œ�·�—�°�µ�‹�Á�ž�}�œ�¡�·�¬�˜�n�°
�Á�•�º�Ê�°�¥�¸�­��̃r�Å�—�o �Á�•�n�œ Ca �Â�¨�³ Hg �—�´�Š�œ�´�Ê�œ�Á�¤�º�É�°�Á�•�º�Ê�°�¥�¸�­��̃r�¤�¸�‡�»�–�­�¤�•�´� �̃·�š�¸�É�š�œ�˜�n�°�Á�°�š�µ�œ�°�¨�Â�¨�³�Â�¦�n�›�µ�˜�»�—�´�Š�„�¨�n�µ�ª
�Â�¨�o�ª �„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�„�È�‹�³�­�µ�¤�µ�¦�™�—�Î�µ�Á�œ�·�œ�˜�n�°�Å�ž�Å�—�o�Ã�—�¥�Å�¤�n�¤�¸�„�µ�¦�®�¥�»�—�•�³�Š�´�„ (Kajiwara et al., 2000) 

3.1.3 �š�œ�š�µ�œ�˜�n�°�­�£�µ�¡�‡�ª�µ�¤�Á�ž�}�œ�„�¦�—�Å�—�o�—�¸ 
�Ä�œ�„�¦�³�•�ª�œ�„�µ�¦�®�¤�´�„�‹�³�¤�¸�„�µ�¦�­�¦�o�µ�Š�„�¦�—�Á�„�·�—�…�¹�Ê�œ�—�o�ª�¥�š�Î�µ�Ä�®�o pH �…�°�Š�°�µ�®�µ�¦

�¨�—�¨�Š �¥�¸�­��̃r�š�¸�É�­�µ�¤�µ�¦�™�š�œ pH � �̃É�Î�µ �Â�¨�³�š�œ�˜�n�°�•�œ�·�—�…�°�Š�„�¦�—�š�¸�É�­�¦�o�µ�Š�…�¹�Ê�œ�‹�µ�„�„�¦�³�•�ª�œ�„�µ�¦�®�¤�´�„�Å�—�o�‹�³�•�n�ª�¥
�Ä�®�o�¤�¸�Ÿ�¨�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�­�¼�Š�…�¹�Ê�œ (�‹�¦�¼�•  �‡�Î�µ�œ�ª�œ�˜�µ �Â�¨�³�‡�–�³, 2525) �Ã�—�¥ Moon (1983) �Å�—�o�«�¹�„�¬�µ
�Á�ž�¦�¸�¥�•�Á�š�¸�¥�•�‡�ª�µ�¤�­�µ�¤�µ�¦�™�Ä�œ�„�µ�¦�¥�´�•�¥�´�Ê�Š�„�µ�¦�Á�‹�¦�·�•�…�°�Š�‹�»� �̈·�œ�š�¦�¸�¥�r�Ã�—�¥�„�¦�—�•�œ�·�—�˜�n�µ�Š�Ç �‡�º�° �„�¦�—�°�³�Ž�·� �̃·�‡ 
�„�¦�—�Â�¨�‡�˜�·�‡ �Â�¨�³�„�¦�—�Ã�¡�¦�¡�·�Ã�°�œ�·�‡ �Ä�œ�¥�¸�­��̃r�•�µ�Š�•�œ�·�—�¡�•�ª�n�µ �„�¦�—�°�³�Ž�·� �̃·�‡�Â�¨�³�„�¦�—�Â�¨�‡�˜�·�‡ �Á�ž�}�œ�„�¦�—�š�¸�É�¤�¸
�¦�³�—�´�•�‡�ª�µ�¤�­�µ�¤�µ�¦�™�…�°�Š�„�µ�¦�¥�´�•�¥�´�Ê�Š�„�µ�¦�Á�‹�¦�·�•�…�°�Š�¥�¸�­��̃r�Å�—�o�Ä�„�¨�o�Á�‡�¸�¥�Š�„�´�œ �­�n�ª�œ�„�¦�—�Ã�¡�¦�¡�·�Ã�°�œ�·�‡ �¤�¸
�‡�ª�µ�¤�­�µ�¤�µ�¦�™�Ä�œ�„�µ�¦�¥�´�•�¥�´�Ê�Š�¤�µ�„�„�ª�n�µ �œ�°�„�‹�µ�„�œ�¸�Ê�¥�´�Š�¡�•�ª�n�µ�™�o�µ�Ä�•�o�„�¦�—�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�˜�É�Î�µ�Ç �‡�º�° �ž�¦�³�¤�µ�– 
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�¦�o�°�¥�¨�³ 1 �¤�¸�Ÿ�¨�Ä�œ�„�µ�¦�¥�´�•�¥�´�Ê�Š�„�µ�¦�Ÿ�n�µ�œ�Á�…�o�µ�°�°�„�…�°�Š�Ã�¤�Á�¨�„�»�¨�­�´�•�­�Á�˜�¦�š�Á�…�o�µ�­�¼�n�£�µ�¥�Ä�œ�Á�Ž�¨�¨�r�­�n�Š�Ÿ�¨�Ä�®�o�°�´�˜�¦�µ
�„�µ�¦�Á�‹�¦�·�•�¨�—�¨�Š�Â�˜�n�Å�¤�n�š�Î�µ�Ä�®�o�Á�Ž�¨�¨�r�˜�µ�¥ �œ�°�„�‹�µ�„�œ�¸�Ê Warth (1977) �Å�—�o�«�¹�„�¬�µ�Á�„�¸�É�¥�ª�„�´�•�Ÿ�¨�…�°�Š�„�¦�—�•�µ�Š�•�œ�·�—
�š�¸�É�¤�¸� �̃n�° S. balii �¡�•�ª�n�µ�„�¦�—�‹�³�¤�¸�Ÿ�¨�Ã�—�¥�š�Î�µ�Ä�®�o�ž�¦�³�­�·�š�›�·�£�µ�¡�˜�n�µ�Š�Ç �…�°�Š�Á�Ž�¨�¨�r�¨�—�¨�Š�•�µ�Š�‡�¦�´�Ê�Š�„�¦�—�°�µ�‹�š�Î�µ
�Ä�®�o�¤�¸�„�µ�¦�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š�…�œ�µ�— �Â�¨�³�¦�¼�ž�¦�n�µ�Š�…�°�Š�Á�Ž�¨�¨�r�š�Î�µ�Ä�®�o�„�µ�¦�ª�´�—�°�´�˜�¦�µ�®�¦�º�°�ž�¦�·�¤�µ�–�„�µ�¦�Á�‹�¦�·�•�…�°�Š�Á�•�º�Ê�°
�Á�•�¸�É�¥�Š�Á�•�œ�Å�ž�Å�—�o 

3.1.4 �š�œ�°�»�–�®�£�¼�¤�·�­�¼�Š�Å�—�o�—�¸ 
�Á�œ�º�É�°�Š�‹�µ�„�Ä�œ�„�¦�³�•�ª�œ�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�‹�³�¤�¸�„�µ�¦�ž�¨�—�ž�¨�n�°�¥�¡�¨�´�Š�Š�µ�œ

�‡�ª�µ�¤�¦�o�°�œ�°�°�„�¤�µ�š�Î�µ�Ä�®�o�°�»�–�®�£�¼�¤�·�Ä�œ�„�µ�¦�®�¤�´�„�­�¼�Š�…�¹�Ê�œ �¤�¸�Ÿ�¨�˜�n�°�„�µ�¦�°�¥�¼�n�¦�°�—�Â�¨�³�„�·�‹�„�¦�¦�¤�„�µ�¦�š�Î�µ�Š�µ�œ�…�°�Š
�¥�¸�­��̃r �„�µ�¦�Á�¨�º�°�„�¥�¸�­��̃r�š�¸�É�š�œ�°�»�–�®�£�¼�¤�·�Å�—�o�­�¼�Š�‹�¹�Š�•�n�ª�¥�Ä�®�o�¤�¸�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Á�¡�·�É�¤�…�¹�Ê�œ (Hugheset et al., 1984)  

3.1.5 �¤�¸�‡�ª�µ�¤�­�µ�¤�µ�¦�™�Ä�œ�„�µ�¦�˜�„�˜�³�„�°�œ 
�¥�¸�­��̃r�š�¸�É�¤�¸�‡�ª�µ�¤�­�µ�¤�µ�¦�™�Ä�œ�„�µ�¦�˜�„�˜�³�„�°�œ�Å�—�o�—� ̧�š�Î�µ�Ä�®�o�¤�¸�‡�ª�µ�¤�­�³�—�ª�„�Â�¨�³

�Á�ž�}�œ�„�µ�¦�ž�¦�³�®�¥�´�—�‡�n�µ�Ä�•�o�‹�n�µ�¥�Ä�œ�„�µ�¦�Â�¥�„�Ÿ�¨�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Ä�œ�…�´�Ê�œ�˜�°�œ�­�»�—�š�o�µ�¥ �°�¸�„�š�´�Ê�Š�­�³�—�ª�„�Ä�œ�„�µ�¦�œ�Î�µ
�Á�Ž�¨�¨�r�„��̈´�•�¤�µ�Ä�•�o�Ä�®�¤�n �Â�¨�³�Š�n�µ�¥�˜�n�°�„�µ�¦�Á�„�È�•�Á�„�¸�É�¥�ª (�­�·�¦�·�œ�š�¦�r  �Á�ª�­�„�·�‹�„�»� ,̈ 2530) 

3.1.6 �š�œ�˜�n�°�Â�¦�Š�—�´�œ�°�°�­�Ã�¤�Ž�·�­ 
�Á�œ�º�É�°�Š�‹�µ�„�„�µ�¦�Ä�•�o�ž�¦�·�¤�µ�–�œ�Ê�Î�µ�˜�µ�¨�Á�¦�·�É�¤�˜�o�œ�Ä�œ�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�­�¼�Š�‹�³�Á�ž�}�œ

�„�µ�¦�Á�¡�·�É�¤�Â�¦�Š�—�´�œ�°�°�­�Ã�¤�Ž�·�­�š�µ�Š�®�œ�¹�É�Š Alfenore �Â�¨�³�‡�–�³ (2002) �¦�µ�¥�Š�µ�œ�ª�n�µ�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Ä�œ
�°�»�˜�­�µ�®�„�¦�¦�¤�‹�³�Ä�•�o�ž�¦�·�¤�µ�–�œ�Ê�Î�µ�˜�µ�¨�Á�¦�·�É�¤�˜�o�œ�œ�o�°�¥�„�ª�n�µ�®�¦�º�°�Á�š�n�µ�„�´�•�¦�o�°�¥�¨�³ 20 �Ã�—�¥�œ�Ê�Î�µ�®�œ�´�„ �Ž�¹�É�Š�™�o�µ�¤�µ�„�„�ª�n�µ�œ�¸�Ê
�„�µ�¦�Á�‹�¦�·�•�…�°�Š�Á�•�º�Ê�°�‹�³�•�³�¨�°�¨�Š�­�n�Š�Ÿ�¨�Ä�®�o�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�¨�—�¨�Š �š�Î�µ�Ä�®�o�¤�¸�œ�Ê�Î�µ�˜�µ�¨�Á�®�¨�º�°�š�·�Ê�Š�Ã�—�¥�Á�ž�¨�n�µ
�ž�¦�³�Ã�¥�•�œ�r�Â�¨�³�­�¦�o�µ�Š�ž�{�•�®�µ�Ä�œ�„�µ�¦�„�Î�µ�‹�´�—�œ�Ê�Î�µ�Á�­�¸�¥ �Â�˜�n�™�o�µ�ž�¦�·�¤�µ�–�œ�Ê�Î�µ�˜�µ�¨�Á�¦�·�É�¤�˜�o�œ�˜�É�Î�µ�Á�„�·�œ�Å�ž�ž�¦�·�¤�µ�– 
�Á�°�š�µ�œ�°�¨�š�¸�É�Å�—�o�„�È�‹�³�˜�É�Î�µ�—�o�ª�¥�š�Î�µ�Ä�®�o�­�·�Ê�œ�Á�ž�¨�º�°�Š�‡�n�µ�Ä�•�o�‹�n�µ�¥�Ä�œ�„�µ�¦�„�¨�´�É�œ �Â�¨�³�Ä�œ�„�µ�¦�®�¤�´�„�¥�´�Š�˜�o�°�Š�Á�˜�·�¤�°�µ�®�µ�¦
�Á�­�¦�·�¤�Á�ž�}�œ�‹�Î�µ�œ�ª�œ�¤�µ�„ �—�´�Š�œ�´�Ê�œ�„�µ�¦�Á�¨�º�°�„�Ä�•�o�¥�¸�­��̃r�š�¸�É�š�œ�˜�n�°�Â�¦�Š�—�´�œ�°�°�­�Ã�¤�Ž�·�­�Å�—�o�—� ̧�œ�°�„�‹�µ�„�‹�³�•�n�ª�¥�¨�—
�ž�{�•�®�µ�—�´�Š�„�¨�n�µ�ª�Â�¨�o�ª�¥�´�Š�Á�ž�}�œ�„�µ�¦�•�n�ª�¥�¨�—�„�µ�¦�ž�œ�Á�ž�g�•�°�œ�‹�µ�„�‹�»� �̈·�œ�š�¦�¸�¥�r�°�º�É�œ�Å�—�o�°�¸�„�—�o�ª�¥ 

3.1.7 �¤�¸�¡�´�œ�›�»�„�¦�¦�¤�š�¸�É�Á�­�™�¸�¥�¦�Å�¤�n�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š�Å�—�o�Š�n�µ�¥�£�µ�¥�Ä�˜�o�­�£�µ�ª�³�˜�n�µ�Š�Ç 
�Ä�œ�š�µ�Š�°�»�˜�­�µ�®�„�¦�¦�¤ �Á�¡�º�É�°�Ä�®�o�„�µ�¦�®�¤��́„�Á�°�š�µ�œ�°�¨�—�o�ª�¥�¥��̧­��̃r�Á�„�·�—

�ž�¦�³�­�·�š�›�·�£�µ�¡�Ä�œ�„�µ�¦�®�¤�´�„�­�¼�Š�­�»�— �¥�¸�­��̃r�š�¸�É�œ�Î�µ�¤�µ�Ä�•�o�‡�ª�¦�Á�ž�}�œ�¥�¸�­��̃r�š�¸�É�¤�¸�‡�ª�µ�¤�‡�Š�š�œ�˜�n�°�Â�¦�Š�„�¦�³�˜�»�o�œ�š�¸�É�‹�³�š�Î�µ
�Ä�®�o�Á�„�·�—�„�µ�¦�„�¨�µ�¥�¡�´�œ�›�»�r (�­�·�¦�·�œ�š�¦�r  �Á�ª�­�„�·�‹�„�»� ,̈ 2530) 

3.1.8 �­�µ�¤�µ�¦�™�Ä�•�o�œ�Ê�Î�µ�˜�µ�¨�Å�—�o�®�¨�µ�„�®�¨�µ�¥�•�œ�·�— 
�¥�¸�­��̃r�š�¸�É�Á�¨�º�°�„�Ä�•�o�‡�ª�¦�¤�¸�‡�ª�µ�¤�­�µ�¤�µ�¦�™�Ä�•�o�œ�Ê�Î�µ�˜�µ�¨�Å�—�o�š�´�Ê�Š�„�¨�»�n�¤�œ�Ê�Î�µ�˜�µ�¨�Á�¡�œ�Ã�˜�­ 

�Â�¨�³�œ�Ê�Î�µ�˜�µ�¨�Á�±�„�Ã�Ž�­ (Zaldivar et al., 2001) Sitton �Â�¨�³�‡�–�³ (1979) �«�¹�„�¬�µ�„�µ�¦�Ä�•�o�Ž�´�Š�…�o�µ�ª�Ã�¡�—�Á�ž�}�œ
�ª�´�˜�™�»�—�·�•�Ä�œ�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨ �Ã�—�¥�¥�n�°�¥�Á�Ž�¨�¨�¼�Ã�¨�­�—�o�ª�¥�„�¦�—�Ž�´�¨�¢�d�ª�¦�·�„�Á�¡�º�É�°�Ä�®�o�Å�—�o�œ�Ê�Î�µ�˜�µ�¨�„�¨�¼�Ã�‡�­�Â�¨�³
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�Å�Ž�Ã�¨�­ �Â�¨�o�ª�‹�¹�Š�®�¤�´�„�Ä�®�o�Á�ž�}�œ�Á�°�š�µ�œ�°�¨�Ã�—�¥�Ä�•�o�Á�•�º�Ê�°�¥�¸�­��̃r�Ÿ�­�¤ �‡�º�° S. cerevisiae ATCC 24858 �Á�ž�¨�¸�É�¥�œ
�„��̈¼�Ã�‡�­�Ä�®�o�Á�ž�}�œ�Á�°�š�µ�œ�°�¨ �Â�¨�³ Candida utilis �Á�ž�¨�¸�É�¥�œ�Å�Ž�Ã�¨�­�Ä�®�o�Á�ž�}�œ�Á�°�š�µ�œ�°�¨�Ž�¹�É�Š�Á�°�š�µ�œ�°�¨�š�¸�É�Å�—�o
�ž�¦�³�¤�µ�– 0.031 �Â�„�¨�¨�°�œ�˜�n�°�ž�°�œ�—�r�…�°�Š�ª�´�­�—�»�š�¸�É�Ä�•�o �Â�¨�³ Destroy �Â�¨�³�‡�–�³ (1982) �Å�—�o�«�¹�„�¬�µ�„�µ�¦�Ä�•�o�¢�µ�Š
�…�°�Š�…�o�µ�ª�­�µ�¨�¸�Ã�—�¥�Ä�•�o�Á�•�º�Ê�°�¥�¸�­��̃r�Ÿ�­�¤�‡�º�° S. uvarum NRRL 1347 �Â�¨�³ Pachysolen tannophilus NRRL 
Y-2460 �¡�•�ª�n�µ�­�µ�¤�µ�¦�™�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Å�—�o�¦�o�°�¥�¨�³ 40-60 

�Ã�—�¥�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�‹�µ�„�¥�¸�­��̃r S. cerevisiae  �­�µ�¤�µ�¦�™�Ä�•�o�ª�´�˜�™�»�—�·�•�š�µ�Š
�„�µ�¦�Á�„�¬�˜�¦�Á�ž�}�œ�ª�´�˜�™�»�—�·�•�Á�¦�·�É�¤�˜�o�œ�Å�—�o�®�¨�µ�„�®�¨�µ�¥�•�œ�·�— �Ã�—�¥�ª�´�˜�™�»�—�·�•�Á�®�¨�n�µ�œ�¸�Ê�‹�³�Ÿ�n�µ�œ�„�¦�³�•�ª�œ�„�µ�¦�Á�˜�¦�¸�¥�¤ �Á�•�n�œ 
�„�µ�¦�¥�n�°�¥�—�o�ª�¥�„�¦�—�®�¦�º�°�Á�°�œ�Å�Ž�¤�r�„�n�°�œ�Á�¡�º�É�°�Ä�®�o�Å�—�o�Á�ž�}�œ�œ�Ê�Î�µ�˜�µ�¨�Ž�¹�É�Š�Ä�•�o�Á�ž�}�œ�ª�´�˜�™�»�—�·�•�­�Î�µ�®�¦�´�•�¥�¸�­��̃r�Ä�œ�„�µ�¦�®�¤�´�„ 
�Á�°�š�µ�œ�°�¨ �Ž�¹�É�Š �¦�³�ª�¸�ª�¦�¦�–  �Â�„�¨�o�ª�„�¨�o�µ (2538) �Å�—�o�«�¹�„�¬�µ�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�‹�µ�„�¢�µ�Š�…�o�µ�ª �Ã�—�¥�Ä�•�o�Á�•�º�Ê�°  
S. cerevisiae TISTR 5013 �¡�•�ª�n�µ�Á�¤�º�É�°�Ä�•�o�œ�Ê�Î�µ�˜�µ�¨�¦�¸�—�·�ª�Ž�r�š�¸�É�Å�—�o�‹�µ�„�„�µ�¦�¥�n�°�¥�­�¨�µ�¥�¢�µ�Š�…�o�µ�ª�—�o�ª�¥�Á�°�œ�Å�Ž�¤�r
�Á�Ž�¨�¨�¼�Á�¨�­�Á�ž�}�œ�Â�®�¨�n�Š�‡�µ�¦�r�•�°�œ�Ä�œ�„�µ�¦�Á�¨�¸�Ê�¥�Š�Á�•�º�Ê�°�Ä�œ�„�¦�³�•�ª�œ�„�µ�¦�®�¤�´�„�Â�•�•�Å�¤�n�Ä�•�o�°�°�„�Ž�·�Á�‹�œ �Å�—�o�Á�°�š�µ�œ�°�¨
�Á�…�o�¤�…�o�œ�¦�o�°�¥�¨�³ 1 �Ã�—�¥�ž�¦�·�¤�µ�˜�¦ �š�´�Ê�Š�œ�¸�Ê�Ž�´�Š�…�o�µ�ª�Ã�¡�—�„�È�­�µ�¤�µ�¦�™�œ�Î�µ�¤�µ�Á�ž�}�œ�ª�´�˜�™�»�—�·�•�Ä�œ�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�—�o�ª�¥
�¥�¸�­��̃r�Å�—�o�Á�•�n�œ�„�´�œ �Ã�—�¥�Ž�´�Š�…�o�µ�ª�Ã�¡�—�š�¸�É�Á�˜�¦�¸�¥�¤�—�o�ª�¥�­�µ�¦�¨�³�¨�µ�¥�„�¦�—�Ž�´�¨�¢�d�ª�¦�·�„�Á�…�o�¤�…�o�œ�¦�o�°�¥�¨�³ 1 �š�¸�É�°�»�–�®�£�¼�¤�· 108 
�°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ �Á�ž�}�œ�¦�³�¥�³�Á�ª�¨�µ 3 �•�´�É�ª�Ã�¤�Š �Â�¨�³�Ÿ�n�µ�œ�„�¦�³�•�ª�œ�„�µ�¦�Å�±�Ã�—�¦�Å�¨�Ž�¸�­�—�o�ª�¥�Á�°�œ�Å�Ž�¤�r�‹�³�Å�—�o
�ž�¦�·�¤�µ�–�œ�Ê�Î�µ�˜�µ�¨�„�¨�¼�Ã�‡�­�Á�¦�·�É�¤�˜�o�œ 95.3 �„�¦�´�¤�˜�n�°��̈·�˜�¦ �Â�¨�³�Á�¤�º�É�°�®�¤�´�„�—�o�ª�¥�—�o�ª�¥�Á�•�º�Ê�° S. cerevisiae 316 �­�µ�¤�µ�¦�™
�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Å�—�o�™�¹�Š 45.7 �„�¦�´�¤�˜�n�°��̈·�˜�¦ �£�µ�¥�Ä�œ�¦�³�¥�³�Á�ª�¨�µ�Á�¡�¸�¥�Š 18 �•�´�É�ª�Ã�¤�Š (Chen et al., 2007 �°�o�µ�Š�Ã�—�¥ 
�¥�»�š�›�«�´�„�—�·�Í  �­�»�•�„�µ�¦�¸, 2551) 

�­�Î�µ�®�¦��́•�…�°�Š�Á�­��̧¥�‹�µ�„�°�»�˜�­�µ�®�„�¦�¦�¤�•�µ�Š�ž�¦�³�Á�£�š�„�È�­�µ�¤�µ�¦�™�œ�Î�µ�¤�µ�Ÿ�¨�·�  ̃
�Á�°�š�µ�œ�°�¨�Ã�—�¥�¥�¸�­��̃r�Å�—�o �Á�•�n�œ �…�°�Š�Á�­�¸�¥�‹�µ�„�Ã�¦�Š�Š�µ�œ�Â�ž�j�Š�¤�´�œ�­�Î�µ�ž�³�®�¨�´�Š �Á�¤�º�É�°�Ÿ�n�µ�œ�„�¦�³�•�ª�œ�„�µ�¦�Å�±�Ã�—�¦�Å�¨�Ž�¸�­
�—�o�ª�¥�Á�°�œ�Å�Ž�¤�r �¡�•�ª�n�µ�‹�³�Å�—�o�ž�¦�·�¤�µ�–�œ�Ê�Î�µ�˜�µ�¨ 122.4 �„�¦��́¤�˜�n�°��̈·�˜�¦ � �̃n�°�‹�µ�„�œ�´�Ê�œ�Á�¤�º�É�°�®�¤��́„�—�o�ª�¥�Á�•�º�Ê�° 
 S. cerevisiae TISTR 5596 �ž�¦�³�¤�µ�–�¦�o�°�¥�¨�³ 10 �…�°�Š�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�Á�•�º�Ê�° 1× 107 �Ã�‡�Ã�¨�œ�¸� �̃n�°�¤�·�¨��̈·� �̈·�˜�¦ �Ä�•�o
�°�´�˜�¦�µ�„�µ�¦�Á�…�¥�n�µ 150 �¦�°�•�˜�n�°�œ�µ�š�¸ �°�»�–�®�£�¼�¤�· 30 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­ �¡�•�ª�n�µ �Á�•�º�Ê�°�­�µ�¤�µ�¦�™�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Å�—�o�¤�µ�„
�š�¸�É�­�»�—�¦�o�°�¥�¨�³ 3.84 �Ä�œ�Á�ª�¨�µ 36 �•�´�É�ª�Ã�¤�Š �Â�˜�n�¤�¸�ž�¦�³�­�·�š�›�·�£�µ�¡�—�¸�š�¸�É�­�»�—�š�¸�É 24 �•�´�É�ª�Ã�¤�Š �Å�—�o�Á�°�š�µ�œ�°�¨�¦�o�°�¥�¨�³ 3.62 
(Srinorakutara  et al., 2004) 

�Ä�œ�…�´�Ê�œ�˜�°�œ�„�µ�¦�®�¤�´�„�Á�°�š�µ�œ�°�¨�¡�•�ª�n�µ �¥�¸�­��̃r S. cerevisiae �­�µ�¤�µ�¦�™�Á�ž�¨�¸�É�¥�œ�œ�Ê�Î�µ�˜�µ�¨
�Å�ž�Á�ž�}�œ�Á�°�š�µ�œ�°�¨�Å�—�o�š�´�Ê�Š�Ä�œ�„�¦�³�•�ª�œ�„�µ�¦�®�¤�´�„�Â�•�•�Å�¦�o�°�°�„�Ž�·�Á�‹�œ�Â�¨�³�¤�¸�°�°�„�Ž�·�Á�‹�œ �Á�¤�º�É�°�Ä�•�o�°�µ�®�µ�¦�š�¸�É�¤�¸
�„��̈¼�Ã�‡�­�Á�ž�}�œ�Â�®�¨�n�Š�‡�µ�¦�r�•�°�œ�¡�•�ª�n�µ S. cerevisiae �­�µ�¤�µ�¦�™�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Å�—�o�š�´�Ê�Š�Ä�œ�­�£�µ�ª�³�š�¸�É�¤�¸�„�µ�¦�Á�…�¥�n�µ 
�Â�¨�³�Ä�œ�­�£�µ�ª�³�œ�·�É�Š �Ã�—�¥�Ä�œ�­�£�µ�ª�³�Á�…�¥�n�µ�‹�³�Ä�®�o�ž�¦�·�¤�µ�–�Á�°�š�µ�œ�°�¨�­�¼�Š�„�ª�n�µ�­�£�µ�ª�³�œ�·�É�Š�ž�¦�³�¤�µ�–�¦�o�°�¥�¨�³ 33 
�…�°�Š�„�µ�¦�®�¤�´�„ (�¤�´�¨��̈·�„�µ  �•�»�•�¤�¸, 2548) 
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�Â�¨�³�Á�¤�º�É�°�¤��̧„�µ�¦�Á�ž�¦��̧¥�•�Á�š��̧¥�•�ž�¦�³�­�·�š�›�·�£�µ�¡�Ä�œ�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�…�°�Š�¥��̧­��̃r  
S. cerevisiae �„�´�•�¥�¸�­��̃r�­�µ�¥�¡�´�œ�›�»�r�°�º�É�œ �Á�•�n�œ Kluyveromyces marxianus �¡�•�ª�n�µ S. cerevisiae �­�µ�¤�µ�¦�™�Ÿ�¨�·�˜
�Á�°�š�µ�œ�°�¨�Å�—�o�­�¼�Š�„�ª�n�µ K. marxianus �Ä�œ�°�µ�®�µ�¦�š�¸�É�¤�¸�„��̈¼�Ã�‡�­�š�¸�É�­�£�µ�ª�³�Á�—�¸�¥�ª�„�´�œ�™�¹�Š 3.6 �Á�š�n�µ �Â�¨�³�Á�¤�º�É�°�œ�Î�µ�Á�•�º�Ê�°
�¥�¸�­��̃r�š�´�Ê�Š 2 �•�œ�·�—�¤�µ�Á�¨�¸�Ê�¥�Š�¦�n�ª�¤�„�´�œ�Ä�œ�°�µ�®�µ�¦�š�¸�É�¤�¸�œ�Ê�Î�µ�˜�µ�¨�„�¨�¼�Ã�‡�­ �Â�¨�³�Å�Ž�Ã�¨�­�š�¸�É�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�Á�š�n�µ�„�´�œ�¡�•�ª�n�µ 
�„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�Ä�œ�„�µ�¦�Á�¨�¸�Ê�¥�Š�Á�•�º�Ê�°�¦�n�ª�¤�œ�¸�Ê�Á�„�·�—�‹�µ�„�„�µ�¦�Ÿ�¨�·�˜�Ã�—�¥�Á�•�º�Ê�° S. cerevisiae �Á�¡�¸�¥�Š�•�œ�·�—�Á�—�¸�¥�ª 
(�¤�´�¨��̈·�„�µ  �•�»�•�¤�¸, 2548) 

 
3.2 �„�µ�¦�‹�Î�µ�Â�œ�„�¥�¸�­��̃r S. cerevisiae �Ä�œ�š�µ�Š�‹�»�¨�•�¸�ª�ª�·�š�¥�µ 
Phylum  Ascomycetes 
Order  Saccharomycetales 
Family  Saccharomycetaceae 
Genus  Saccharomyces 
Species  Saccharomyces cerevisiae 
 
3.3 � �̈´�„�¬�–�³�š�µ�Š�­�´�–�“�µ�œ�ª�·�š�¥�µ (Morphological characteristics) 

S. cerevisiae �Á�ž�}�œ�‹�»� �̈·�œ�š�¦�¸�¥�r�¡�ª�„ Eukaryote �—�Î�µ�¦�Š�•�¸�ª�·�˜�Ä�œ�¨�´�„�¬�–�³�Á�Ž�¨�¨�r�Á�—�¸�É�¥�ª 
(Unicellular organism) �¡�•�¤�µ�„�Ä�œ�Â�®�¨�n�Š�š�¸�É�¤�¸�œ�Ê�Î�µ�˜�µ�¨�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�­�¼�Š �Á�•�n�œ �œ�Ê�Î�µ�Ÿ�¨�Å�¤�o �œ�Ê�Î�µ�Ÿ�¹�Ê�Š �Â�¨�³�Ÿ�¨�Å�¤�o�š�¸�É
�¤�¸�¦�­�®�ª�µ�œ �¤�¸� �̈´�„�¬�–�³�¦�¼�ž�¦�n�µ�Š�„�¨�¤�Å�ž�™�¹�Š�¦�¼�ž�Å�…�n (Round or oval shape) �°�¥�¼�n�Ä�œ�¨�´�„�¬�–�³�Á�Ž�¨�¨�r�Á�—�¸�É�¥�ª�Ç 
�…�œ�µ�—�š�´�É�ª�Å�ž�…�°�Š�¥�¸�­��̃r�¤�¸�‡�ª�µ�¤�„�ª�o�µ�Š�ž�¦�³�¤�µ�– 2.5-10.5 �Å�¤�‡�¦�°�œ �¥�µ�ª�ž�¦�³�¤�µ�– 4.5-2.1 �Å�¤�‡�¦�°�œ  
(�­�¤�Ä�‹  �«�·�¦�·�Ã�£�‡, 2544) �­�º�•�¡�´�œ�›�»�r�Å�—�o�š�´�Ê�Š�Â�•�•�°�µ�«�´�¥�Á�¡�«�Ã�—�¥�„�µ�¦�­�¦�o�µ�Š�­�ž�°�¦�r �Â�¨�³�„�µ�¦�­�º�•�¡�´�œ�›�»�r�Â�•�•�Å�¤�n
�°�µ�«�´�¥�Á�¡�«�Ã�—�¥�„�µ�¦�Â�˜�„�®�œ�n�°�‹�µ�„�Á�Ž�¨�¨�r�Â�¤�n (�«�·�¦�·�¡�¦  � �̈o�µ�œ�Â�ž�Š, 2539) 
 

      
�„)            �…) 

�£�µ�¡�š�¸�É 1-6 �Â�­�—�Š�¨�´�„�¬�–�³�¦�¼�ž�¦�n�µ�Š�…�°�Š�Á�•�º�Ê�°�¥�¸�­��̃r Saccharomyces cerevisiae 
�š�¸�É�¤�µ : http//www.jpkc.njau.edu.cn 
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3.4 � �̈´�„�¬�–�³�š�µ�Š�•�¸�ª�Á�‡�¤�¸ (Biochemistry Characteristics) 
�Ÿ�œ�´�Š�Á�Ž�¨�¨�r�…�°�Š S. cerevisiae �¤�¸�Ã�‡�¦�Š�­�¦�o�µ�Š�š�µ�Š�Á�‡�¤�¸�Á�ž�}�œ�¨�´�„�¬�–�³ Bi-Layered 

�°�Š�‡�r�ž�¦�³�„�°�•�®�¨�´�„�…�°�Š�Ÿ�œ�´�Š�Á�Ž�¨�¨�r�ž�¦�³�¤�µ�–�¦�o�°�¥�¨�³ 85-90 �ž�¦�³�„�°�•�—�o�ª�¥ Mannoprotein �Â�¨�³ ß-D 
Glucan �Ž�¹�É�Š�Á�ž�}�œ�­�µ�¦�ž�¦�³�„�°�• Polysaccharide �š�¸�É�¤�¸�œ�Ê�Î�µ�˜�µ�¨�„�¨�¼�Ã�‡�­�Á�•�º�É�°�¤�˜�n�°�„�´�œ�—�o�ª�¥�¡�´�œ�›�³ ß1,3-Linkage 
�Â�¨�³ ß1,6-Linkage �­�µ�¤�µ�¦�™�Á�‹�¦�·�•�Å�—�o�š�´�Ê�Š�Ä�œ�­�£�µ�ª�³�š�¸�É�¤�¸�Â�¨�³�Å�¤�n�¤�¸�°�µ�„�µ�« �Ž�¹�É�Š�„�¦�³�•�ª�œ�„�µ�¦�Ÿ�¨�·�˜�¡��̈´�Š�Š�µ�œ
�Â�¨�³�Ÿ�¨�Ÿ�¨�·�˜�š�¸�É�Å�—�o�š�´�Ê�Š�­�°�Š�­�£�µ�ª�³�‹�³�Â�˜�„�˜�n�µ�Š�„�´�œ � �̃´�ª�Â�ž�¦�­�Î�µ�‡�´�•�š�¸�É�¥�¸�­��̃r�Ä�•�o�Ä�œ�„�¦�³�•�ª�œ�„�µ�¦�Ÿ�¨�·�˜�¡��̈´�Š�Š�µ�œ
�Â�¨�³�Å�—�o�Ÿ�¨�Ÿ�¨�·�˜�°�°�„�¤�µ�œ�´�Ê�œ�…�¹�Ê�œ�°�¥�¼�n�„�´�•�ž�¦�·�¤�µ�–�°�°�„�Ž�·�Á�‹�œ�Â�¨�³�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�…�°�Š�œ�Ê�Î�µ�˜�µ�¨�Ä�œ�­�£�µ�ª�³
�Â�ª�—�¨�o�°�¤�š�¸�É�¥�¸�­��̃r�Á�‹�¦�·�•�Á�˜�·�•�Ã�˜ (�¦�³�ª�¸�ª�¦�¦�–  �Â�„�¨�o�ª�„�¨�o�µ, 2538) 

�„�µ�¦�Ä�•�o�œ�Ê�Î�µ�˜�µ�¨�„�¨�¼�Ã�‡�­�Ÿ�n�µ�œ�„�¦�³�•�ª�œ�„�µ�¦�­�¦�o�µ�Š�¡�¨�´�Š�Š�µ�œ�…�°�Š�¥�¸�­��̃r�Ä�œ�­�£�µ�ª�³�š�¸�É�Å�¤�n�¤�¸
�°�µ�„�µ�« (Anaerobic condition) �Ã�—�¥�š�´�É�ª�Å�ž�Á�¦�¸�¥�„�ª�n�µ�„�µ�¦�®�¤�´�„ (Fermentation) �Ž�¹�É�Š�„�¦�³�•�ª�œ�„�µ�¦�®�¤�´�„�Â�•�•
�Å�¤�n�¤�¸�°�µ�„�µ�« �‹�³�Å�—�o�¡��̈´�Š�Š�µ�œ�Ä�œ�¦�¼�ž ATP �‹�µ�„�„�µ�¦�Ä�•�o�­�´�•�­�Á�˜�¦�š�Ÿ�n�µ�œ�„�¦�³�•�ª�œ�„�µ�¦ Emboden-Meyerhof-
Parns pathway (EMP Pathway) �—�´�Š�Â�­�—�Š�Ä�œ�£�µ�¡�š�¸�É 1-7 �œ�°�„�‹�µ�„�‹�³�Å�—�o�Â�°�¨�„�°�±�°�¨�r�Â�¨�³
�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r�Á�ž�}�œ�Ÿ�¨�Ÿ�¨�·�˜�®�¨�´�„�Â�¨�o�ª�¥�´�Š�Å�—�o�­�µ�¦�°�º�É�œ�Ç �Á�•�n�œ �„��̈¸�Á�Ž�°�¦�°�¨ �°�³�Ž�¸�Á�˜�š �Á�°�­�Á�˜�°�¦�r �Â�¨�³
�­�µ�¦�ž�¦�³�„�°�•�‡�µ�¦�r�•�°�œ�·�¨�š�¸�É�¤��̧­�n�ª�œ�Ä�œ�„�µ�¦�Á�¡�·�É�¤�„�¨�·�É�œ�Â�¨�³�¦�­�•�µ�˜�·�…�°�Š�Â�°�¨�„�°�±�°�¨�r�Å�—�o�°��̧„�—�o�ª�¥  
(Oranut, 1999) 

      �…�´�Ê�œ�˜�°�œ�…�°�Š Emboden-Meyerhof-Parns pathway �Á�¡�º�É�°�Ä�®�o�Å�—�o�Á�ž�}�œ�Á�°�š�µ�œ�°�¨ 
�­�µ�¤�µ�¦�™�Â�•�n�Š�Á�ž�}�œ 3 �…�´�Ê�œ�˜�°�œ �—�´�Š�œ�¸�Ê 

      1. �„�µ�¦�­�¨�µ�¥�„�¨�¼�Ã�‡�­�Ä�®�o�Á�ž�}�œ 2 �Å�š�¦�Ã�°�­�¢�°�­�Á�¢�š (Triose phosphate) 
      2. �„�µ�¦�Á�ž�¨�¸�É�¥�œ�Å�š�¦�Ã�°�­�¢�°�­�Á�¢�š�Ä�®�o�Á�ž�}�œ�Å�¡�¦�¼�Á�ª�š (Pyruvate) 
      3. �„�µ�¦�Á�ž�¨�¸�É�¥�œ�Å�¡�¦�¼�Á�ª�š�Ä�®�o�Á�ž�}�œ�­�µ�¦ 2 �‡�µ�¦�r�•�°�œ �Á�•�n�œ �Á�°�š�µ�œ�°�¨ �®�¦�º�° 3 �‡�µ�¦�r�•�°�œ 

�Á�•�n�œ 
      �…�´�Ê�œ�˜�°�œ�š�¸�É 1 �ž�¦�³�„�°�•�—�o�ª�¥ 4 �ž�’�·�„�·�¦�·�¥�µ �ž�’�·�„�·�¦�·�¥�µ�…�°�Š Hexokinase �®�¦�º�° 

Glucokinase �Ä�•�o ATP �Á�¡�º�É�°�Á�ž�¨�¸�É�¥�œ�„�¨�¼�Ã�‡�­�Ä�®�o�Á�ž�}�œ Glucose-6-phosphate (G6P) �Ž�¹�É�Š�Á�ž�¨�¸�É�¥�œ�Á�ž�}�œ 
Fructose-6-phosphate (F6P) �—�o�ª�¥ Phosphohexoisomerase �‹�µ�„�œ�´�Ê�œ Phosphofructokinase �‹�³�Á�ž�¨�¸�É�¥�œ 
F6P �Ä�®�o�Á�ž�}�œ Fructose1,6-diphosphate (FDP) �Ž�¹�É�Š�Â�˜�„�˜�´�ª�Á�ž�}�œ�­�µ�¦�š�¸�É�¤�¸�­�µ�¤�‡�µ�¦�r�•�°�œ 2 �•�œ�·�— �‡�º�° 
Glyceraldehydes-3-phosphate (G3P) �Â�¨�³ Dihydroxyacetonephosphate (DHAP) �Ã�—�¥�°�µ�«�´�¥�„�µ�¦�Á�¦�n�Š
�…�°�Š�Á�°�œ�Å�Ž�¤�r Aldolase �‹�µ�„�œ�´�Ê�œ DHAP �‹�³�Á�ž�¨�¸�É�¥�œ�Á�ž�}�œ Glycerol phosphate �Â�¨�³�Å�—�o Glycerol �Ä�œ�š�¸�É�­�»�— 

      �…�´�Ê�œ�˜�°�œ�š�¸�É 2 �¤�¸ 6 �ž�’�·�„�·�¦�·�¥�µ�Á�¦�·�É�¤�—�o�ª�¥ DHAP �Á�ž�¨�¸�É�¥�œ�Á�ž�}�œ G3P �Ã�—�¥�Á�°�œ�Å�Ž�¤�r 
Triosephosphate isomerase � �̃n�°�‹�µ�„�œ�´�Ê�œ G3P �‹�³�š�Î�µ�ž�’�·�„�·�¦�·�¥�µ�„��́•�¢�°�­�Á�¢�˜�Ä�®�o�Å�—�o 
 1,3-Diphosphoglycerate (DPG) �…�–�³�Á�—�¸�¥�ª�„�´�œ�„�È�ž��̈n�°�¥�°�·�Á�¨�È�„�˜�¦�°�œ�Ä�®�o�Â�„�n NAD+ �ž�’�·�„�·�¦�·�¥�µ�œ�¸�Ê�™�¼�„�Á�¦�n�Š�—�o�ª�¥ 
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Glyceraldehydes-3-phosphate dehydrogenase  �Ž�¹�É�Š DPG �‹�³�š�Î�µ�ž�’�·�„�·�¦�·�¥�µ�„�´�• ADP �Å�—�o  
3-Phosphoglycerate (3PG) �Â�¨�³ ATP �Ä�œ�ž�’�·�„�·�¦�·�¥�µ�…�°�Š�Á�°�œ�Å�Ž�¤�r Phosphoglycerate kinase �ž�’�·�„�·�¦�·�¥�µ�œ�¸�Ê
�­�¦�o�µ�Š ATP �Ã�—�¥�ª�·�›�¸ Substrate level phosphorylation �Ã�—�¥ 3PG �‹�³�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š�Á�ž�}�œ Phosphoenol-
pyruvate (PEP) �Ž�¹�É�Š�‹�³�Ä�®�o ATP �°�¸�„�®�œ�¹�É�Š�Ã�—�¥�ª�·�›�¸ Substrate level phosphorylation �Á�•�n�œ�Á�—�¸�¥�ª�„�´�œ�¦�ª�¤�š�´�Ê�Š
�Ä�®�o�Å�¡�¦�¼�Á�ª�š�—�o�ª�¥ �ž�’�·�„�·�¦�·�¥�µ�œ�¸�Ê�™�¼�„�Á�¦�n�Š�Ã�—�¥ Pyruvate kinase 

      �…�´�Ê�œ�˜�°�œ�š�¸�É 3 �‹�³�Á�ž�}�œ�„�µ�¦�Á�ž�¨�¸�É�¥�œ�Å�¡�¦�¼�Á�ª�š�Ä�®�o�Á�ž�}�œ�­�µ�¦�ž�¦�³�„�°�•�š�¸�É�¤� ̧ 2 �®�¦�º�° 3 
�‡�µ�¦�r�•�°�œ �š�´�Ê�Š�œ�¸�Ê�…�¹�Ê�œ�„�´�•�Á�°�œ�Å�Ž�¤�r�š�¸�É�Á�®�¤�µ�³�­�¤�˜�n�°�„�µ�¦�Á�ž�¨�¸�É�¥�œ�Â�ž�¨�Š�œ�´�Ê�œ�Ç �Ä�œ�„�¦�–�¸�…�µ�—�°�°�„�Ž�·�Á�‹�œ�®�¦�º�°�Å�¤�n
�­�µ�¤�µ�¦�™�Ä�•�o�°�°�„�Ž�·�Á�‹�œ�Å�¡�¦�¼�Á�ª�š�‹�³�Á�ž�¨�¸�É�¥�œ�Á�ž�}�œ�Â�¨�‡�Á�˜�˜ (Lactate) �Ã�—�¥�Ä�•�o NADH �Á�ž�}�œ�˜�´�ª�¦�´�•�°�·�Á�¨�È�‡�˜�¦�°�œ
�Ä�œ�ž�‘�·�„�·�¦�·�¥�µ�…�°�Š Lactate dehydrogenase �Á�¤�º�É�°�¤�¸�°�°�„�Ž�·�Á�‹�œ�Å�¡�¦�¼�Á�ª�š�°�µ�‹�Á�ž�¨�¸�É�¥�œ�Á�ž�}�œ Acetyl CoA �Ã�—�¥
�Á�°�œ�Å�Ž�¤�r Pyruvate dehydrogenase complex  �Ž�¹�É�Š Acetyl CoA �‹�³�Á�…�o�µ�­�¼�n�ª�´�‘�‹�´�„�¦�Á�‡�¦�•�­�r� �̃n�°�Å�ž  �Á�°�œ�Å�Ž�¤�r
�œ�¸�Ê�°�¥�¼�n�Ä�œ�Å�¤�Ã�š�‡�°�œ�Á�—�¦�¸�¥ �Â�¨�³�Á�ž�}�œ Enzyme complex �Ä�œ�­�·�É�Š�¤�¸�•�¸�ª�·�˜�•�µ�Š�•�œ�·�—�Å�¡�¦�¼�Á�ª�š�°�µ�‹�­�¼�•�Á�­�¸�¥
�‡�µ�¦�r�•�°�œ�Å�—�°�°�„�Å�Ž�—�r�„�¨�µ�¥�Á�ž�}�œ Acetaldehyde �Ã�—�¥�„�µ�¦�Á�¦�n�Š�…�°�Š Pyruvate decarboxylase � �̃n�°�‹�µ�„�œ�´�Ê�œ 
Acetaldehyde �‹�³�™�¼�„�°�°�„�Ž�·�Å�—�Ž�r�—�o�ª�¥ NAD+  �„�¨�µ�¥�Á�ž�}�œ�°�³�Ž�·�Á�˜�˜ (Acetate) �®�¦�º�°�™�¼�„�¦�¸�—�·�ª�Ž�r�—�o�ª�¥ NADH 
�Ã�—�¥�Á�°�œ�Å�Ž�¤�r Alcohol dehydrogenase �Å�—�o�Á�ž�}�œ�Á�°�š�µ�œ�°�¨ (�¤�œ�˜�¦�¸  �‹�»�¯�µ�ª�´�•�œ�š�¨, 2542) 
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D-Glucose

Glucose-6-phosphate

Fructose-6-diphosphate

Fructose-1,6-diphosphate

Glyceraldehyde-3-phosphate

1,3-Diphosphoglycerate

3-Phosphoglycerate

Phosphophenol-pyruvate

pyruvate

Acetaldehyde Ethanol

Dihydroxy-acetone phosphate

Glycerol phosphate

Glycerol

ATPADP

hexokinase

Phosphohexoisomerase

Phosphofructokinase

Triosephosphate isomerase

ATPADP

Glyceraldehyde-3-phosphate 
dehydrogenase

ATPADP

NAD+NADH + H+

Phosphoglycerokinase

2-Phosphoglycerate

H2O

Pyruvate kinase

ATPADP

Pyruvate decarboxylase
NADH + H+

NAD+

CO2

Alcohol dehydrogenase

 

�£�µ�¡�š�¸�É 1-7 �„�µ�¦�Ÿ�¨�·�˜�Á�°�š�µ�œ�°�¨�‹�µ�„�„�¨�¼�Ã�‡�­�Ã�—�¥ Emboden-meyerhof-parns pathway 

�š�¸�É�¤�µ : �¤�œ�˜�¦�¸  �‹�»�¯�µ�ª�´�•�œ�š�¨ (2542) 
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1. ��	
� 
 

1.1 ���������� ���
�! 
�������	
��
����	�������	�
� ���
����	����
 ���������  ����!"�� �����#$
� 

������� %������%�
 ��&����� ������'��
��(��#�����(�)�*+ �
,�#���������	
��
���� (���������
�������-��"�� �	���		���� ���
�"�.�	
!��/�"��	�  (sonicator) %�������������:��$�	�*�);�/ 4 
	
=������$
�  

 
1.2 "#$��%��������� 

S. cerevisiae (S1) %�� S. cerevisiae (S2) ������"���	���"���� (��)�"�/A�
(��A$��/�
� "*��/�
�=����  ����/�
���
�
#���"�/���  ��$�

,�	���� YM (Yeast malt extract 
agar) ����$�	�*�);�/ 30 	
=������$
� ��K���
����� 48 A���!�
 (�������������:�����$�	�*�);�/ 4 
	
=������$
� %�����������$�
�	������$�

�A.�	 (Subculture) ��.	��� 1 "���
 

 
1.3 ��'��"�����"#$�� 

- �;��	������������������:��A.�	 S. cerevisiae (YM agar) ����	����
 
Peptone     5.0  ������	�/�� 
Yeast extract    3.0  ������	�/�� 
Malt extract    3.0  ������	�/�� 
Glucose     10.0  ������	�/�� 
Agar    15.0  ������	�/�� 
������/������K� 1 �/�����
��������� (��������������
V���A.�	�$�"������ 15 

�	�� ��	����
�/�� 	�*�);�/ 121 	
=������$
� ��K����� 15 ���$ 
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- �;��	��������������$
��A.�	 S.cerevisiae ��/����� ����	����
 
Peptone     5.0  ������	�/�� 
Yeast extract    3.0  ������	�/�� 
Malt extract    3.0  ������	�/�� 
Glucose     20.0  ������	�/�� 
������/������K� 1 �/�����
��������� (��������������
V���A.�	�$�"������ 15 

�	�� ��	����
�/�� 	�*�);�/ 121 	
=������$
� ��K����� 15 ���$ 
 
- �;��	�����$�,A�����������&�/��	���	� ����	����
 
Yeast extract  1.0 ������	�/�� 
MgSO4.7H2O  0.5 ������	�/�� 
(NH4)2SO4  ��/��*�$��������(��������	
 
������/������K� 1 �/�����
����	�������	�
� ���� pH ��K� 4.5 (������

��������
V���A.�	�$�"������ 10 �	�� ��	����
�/�� 	�*�);�/ 115 	
=������$
� ��K����� 15 ���$ 
 
2. ��
�������	��"(!� 
 

2.1 	 �'���")��"�����"#$����	�� S. cerevisiae 
2.1.1 �[��� (Pipet) 
2.1.2 ��	����	
 (Tube) 
2.1.3 �$���	�  (Beaker) 
2.1.4 ����	���
 (Cylinder) 
2.1.5 �#���#$�
�A.�	 (Loop) 
2.1.6 (��	������$�

�A.�	 (Plate) 
2.1.7 ���	
(�����=�  (Microscope) 
2.1.8 �"�.�	
A��
 (Balance) 
2.1.9 ���	���
V���A.�	���
"�������	���� (Autoclave) 
2.1.10 �"�.�	
�#
��%��"��"��	�*�);�/ (Incubator shaker) 
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2.2 	 �'������%��"(���'� pH 
2.2.1 �"�.�	
��� pH (pH meter) 
2.2.2 ��������� (distilled water) 
2.2.3 �$���	�  (beaker) 
2.2.4 0.5 N NaOH 
2.2.5 H2SO4 

 
2.3 	 �'���������%��"(���'��� ���� 

2.3.1 �"�.�	
�������;���.�%�
  
2.3.2 ���������  
2.3.3 �������
�;!"������i�� 
2.3.4 conc sulfuric acid 
2.3.5 5% phenol 

 
2.4 	 �'������%��"(���'�"������ 

2.4.1 �"�.�	
�����/��*%	��	l	�  (Ebulliometer) 
2.4.2 �"�.�	
 Gas Chromatography (GC) 

 
2.4 	 �'������%��"(���'�!��#��-�) 

2.4.1 �;�	�%��
 (Hot air oven) 
2.4.2 �;��;�"���A.�� (dessicator) 
2.4.3 �"�.�	
A��
 (balance) 
2.4.4 Hemacytometer 
2.4.5 �"�.�	
��	
 
2.4.6 �����:��	
#��� 0.45 µm (cellulose nitrate filter) 
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3. �������
 �"��������%�� 
 

3.1 ���"����!"#$��"���!�.� 
'��
�A.�	
$��  S.cerevisiae �$��(�/o��	����%#�
 (YM agar) �
,�	�������� 

(YM broth) ����$�	�*�);�/ 30 	
=������$
� ��K����� 24 A���!�
 ���
	��������#
�� 150  
�	���	���$ %�������,A���K��A.�	��/����� 

 
3.2 ���/0�1�	!����2���� ���
�!'!
���� 

�� � � � �=� � : � �� � :*�#	 
��� � 	� � � ����	 � 
�  �$� &� � � � � � � �� �- � �
"�� �	���		���� ���
�"�.�	
!��/�"��	�  ��K����� 30 ���$ !�
�������/�"���� ����/��*�������  
pH BOD %�� COD 

 
3.3 ���/0�1�'�	3����'����� "'!��	!������4���"������2����	�� 

S.cerevisiae (S1) 
3.3.1 ���/0�1�'�
��!���� ����"���!�.� (�� ���
�!'!
����) ���"'!��	! 

=��:�"����#��#��#	
��/��*���������/����� (����	�������	�
�) �$�
���������	���&�/��	���	�#	

$��  S. cerevisiae (S1) !�
������$
�	�����$��$"����#��#��
#	
 (NH4)2SO4 0.5 ������	�/�� ������/������K� 100 �/��/�/�� ���
����	�������	�
��$�"���
�#��#��#	
���������/������������ 25, 30, 40 %�� 50 ������	�/�� ���� pH #	
	������K� 4.5 ���
 
0.5 M NaOH ,�r��� #��� 250 �/��/�/�� V���A.�	�$�	�*�);�/ 115 	
=������$
� "������ 10 
�	��  ��K���
����� 15 ���$ ��/��A.�	 S. cerevisiae (S1) ,���$��/��*�A.�	��/�����,�	����������� 
1x108 ���� ��	�/��/�/�� ���
�/s$ Hemacytometer ()�"&��� �) (����������$�	�*�);�/ 30 	
=�
�����$
� ���
	��������#
�� 100 �	���	���$ ��K���
����� 48 A���!�
 ������	
��
���/�"���� �� 
pH ��/��*��������$����.	 ��/��*�	���	� %�����A$�)�t 

3.3.2 ���/0�1�'�
��!���'���8�9��"%� ((NH4)2SO4) ���"'!��	! 
=��:���/��*%���
��!���(� ((NH4)2SO4) �$����������	���&�/� 

�	���	�#	

$��  S.cerevisiae (S1) !�
������$
�	���� ���
����	����
 Yeast extract 1 ������	�/�� 
MgSO4.7H2O 0.5 ������	�/�� %�� (NH4)2SO4 �$�"����#��#��������� 0.05, 0.1, 0.5 %�� 1 ������	�/�� ����
��/������K� 100 �/��/�/�� ���
����	�������	�
��$�"����#��#��#	
���������/������$��������(��
#�	 (3.3.1) ���� pH #	
	������K�  4.5 ���
 0.5 M NaOH ,�r��� #��� 250 �/��/�/�� V���A.�	�$�
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	�*�);�/ 115 	
=������$
� "������ 10 �	��  ��K���
����� 15 ���$ (��������/��A.�	
$��   
S. cerevisiae (S1) ,���$��/��*�A.�	��/�����,�	����������� 1x10

8 ���� ��	�/��/�/�� ���������$�
	�*�);�/ 30 	
=������$
� ���
	��������#
�� 100 �	���	���$ ��K���
����� 48 A���!�
 ���
���	
��
���/�"���� �� pH ��/��*��������$����.	 ��/��*�	���	� %�����A$�)�t 

3.3.3 ���/0�1�'� pH ���"'!��	! 
=��:� pH #	
	�����$����������	���&�/��	���	�#	

$��  S. 

cerevisiae (S1) !�
������$
�	�����$��$"����#��#��#	
��/��*%���
��!���(� ((NH4)2SO4) �$�
�������(��#�	 (3.3.2) ������/������K� 100 �/��/�/�� ���
����	�������	�
��$��$��/��*�������
��/������$��������(��#�	 (3.3.1) (���������� pH #	
	����������� 4.0, 4.5 %�� 5.0 ���
 0.5 M 
NaOH ,�r��� #��� 250 �/��/�/�� V���A.�	�$�	�*�);�/ 115 	
=������$
� "������ 10 �	��   ��K�
��
����� 15 ���$ ��/��A.�	 S. cerevisiae (S1) ,���$��/��*�A.�	��/�����,�	����������� 1x108  
���� ��	�/��/�/�� ���������$�	�*�);�/ 30 	
=������$
� ���
	��������#
�� 100 �	���	���$ ��K�
��
����� 48 A���!�
 ������	
��
���/�"���� �� pH ��/��*��������$����.	 ��/��*�	���	� %��
���A$�)�t 

3.4 ���/0�1�	-������"'!��	!������4���"������2����	�� S. cerevisiae (S1) 
3.4.1. ���/0�1�'����'-3!����"'!��	! 

=��:�	�*�);�/�$����������	���&�/��	���	�#	

$��  S. cerevisiae 
(S1) !�
�����/��A.�	
$��  S. cerevisiae (S1) ,���$��/��*�A.�	��/�����,�	����������� 1x10

8 ���� ��	
�/��/�/�� �
,��;��	�����$��������(��#�	 (3.3) ���������$�	�*�);�/ 25, 30 %�� 35  
	
=������$
� ���
	��������#
�� 100 �	���	���$ ��K���
����� 48 A���!�
 (������������	
��
��
�/�"���� �� pH ��/��*��������$����.	 ��/��*�	���	� %�����A$�)�t 

3.4.2. ���/0�1�'���������"2������"'!��	! 
=��:�	��������#
���$� ���������	���&�/��	���	�#	

$��  

 S. cerevisiae (S1) !�
�����/��A.�	
$��  S. cerevisiae (S1) ,���$��/��*�A.�	��/�����,�	����������� 
1x108 ���� ��	�/��/�/�� �
,��;��	�����$��������(��#�	 (3.3) ��������,�	�*�);�/�$��������
(��#�	 (3.4.1) ���
	��������#
�� 0, 50 %�� 100 �	���	���$ ��K���
����� 48 A���!�
 (���������
���	
��
���/�"���� �� pH ��/��*��������$����.	 ��/��*�	���	� %�����A$�)�t 

3.4.3 ���/0�1�'�����"���<����'!�����"'!��	! 
=��:���
�����,���������$����������	���&�/��	���	�#	

$��   

S. cerevisiae (S1) !�
�����/��A.�	
$��  S. cerevisiae (S1) ,���$��/��*�A.�	��/�����,�	����������� 
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1x108 ���� ��	�/��/�/�� �
,��;��	�����$��������(��#�	 (3.3) ��������,�	�*�);�/�$��������
(��#�	 (3.4.1) ���
	��������#
���$��������(��#�	 (3.4.2) (�������������������	
��
���u 12 
A���!�
 ��K���
����� 3 ��� �t.�	������/�"���� �� pH ��/��*��������$����.	 ��/��*�	���	� %��
���A$�)�t 

 
3.5 ���/0�1�4���"������%���� ���
�!'!
����
.����	�� S. cerevisiae (S2) 

=��:����&�/��	���	�(������	�������	�
����

$��  S. cerevisiae (S2) !�

,A��;��	����%���)����$��������(��&����=��:����&�/��	���	�(������	�������	�
����


$��  S. cerevisiae (S1) %���������������	
��
���u 12 A���!�
 ��K���
����� 3 ��� �t.�	�����
�/�"���� �� pH ��/��*��������$����.	 ��/��*�	���	� %�����A$�)�t 

 
3.6 ���/0�1������ �%�
"#$��
�"
?@��<��� ���
�!'!
���� 

=��:��/s$������(���A.�	����vw	�,�����	�������	�
����
�/s$  Autoclave 
���$
���$
���������/���� Potassium metabisulfite (KMS) !�
������$
��;��	�����$��������
(��#�	 (3.3) ������V���A.�	���
�/s$ Autoclave !�
���V���A.�	�$�	�*�);�/ 115 	
=������$
� "������ 
10 �	��  ��K���
����� 15 ���$ %��������V���A.�	���
�/s$��/� KMS !�
�����/� KMS ,���/��* 
200 ppm ���
�/�
�����K����� 24 A���!�
 ���
(�������=��:����

$��  S. cerevisiae (S1) %��
$��   
S. cerevisiae (S2) !�
��/��A.�	��/������
,�	����,���$��/��*������� 1x10

8 ���� ��	�/��/�/�� 
(��������������,��)����$��������(��#�	 (3.4) ������	
��
���/�"���� �� pH ��/��*��������$�
���.	 ��/��*�	���	� %�����A$�)�t 
 
4. ������%��"(���'����������4� 

4.1 pH 
���(���!�
,A��"�.�	
 pH meter ��

��&�(��"���$�	������(��(	%��
&�

#	
�"�.�	
���(��� 
4.2 
��!���� ���� 

�������/�"���� ��/��*�������,����	
��
���
�/s$ phenol sulfuric acid  total 
sugar !�
��/��������
���	
��
 2  �/��/�/�� ,���	����	� (%A�,�����%#�
) %�����/� 5% phenol 
solution ���
�/�
��� 2-3 ���$ �$�	�*�);�/��	
 ��/� sulfuric acid  5 �/��/�/�� �/�
��� 10 ���$ �#
��,���#��
��� ��������"������;���.�%�
 �$� 490 ��!����� (�������#$
����r����i��������
"�����



 40 

�;���.�%�
�����/��*������� ()�"&��� �) �t.�	,A�,�������$
���$
�����/��*�������,�
�������
���	
��
 ���
�������
�;!"������i���$�,A� ".	 10, 35, 50 %�� 70 ��!"�������	 2 
�/��/�/�� 

4.3 
��!��"������ 
�������/ �"���� ��/��*�	���	�,����	
��
���
�"�.�	
 Ebulliometer 

()�"&��� �) %���������A��������	
�$�,��&�������	
�$�$����(�������
.�
��&����$
���$
�
�������/�"���� ���
�"�.�	
 GC ���� HP 6850 Gas Chromatography with Flame Ionization Detector 
!�
,A� column: HP-Innowax, length 30 m, 250 µm I.D, 0.25 µm film thickness �$�	�*�);�/ 
Detector 200 	
=������$
� 

4.4 !��#��-�) 
���(��������� 
$�� �$��$A$�/�!�
��
(�����	
(�����=� �����
#
�
 40 ���� 

���
 Hemacytometer ()�"&��� �) %����������	
���	
��
&��������:��	
#��� 0.45 µm 
(Cellulose nitrate membrame) !�
��������:��	
��	��$� 105 	
=������$
� ��K����� 24 A���!�
 
A��
�������������:��	�%�����
��	
 ��

��&���K� ���������������� %��
��	�/�����t����/��	� 
��

��&����
"���|�$�
%��������$�

�������i��(��������(��� 3 ���� 
  
5. ���(��(�!(��-�)����
	�� 

,�%����"���
�$����������	���/��*�������%���	���	�!�
������� 3 "���
 %���/�"���� 
"���%�����
#	
"���|�$�
!�
�/�"���� "���%��������
��$
� (One-way anova) !�
,A� 
!��%��������(�;� SPSS (Statistic Package for the Social Science) Version 11.5  



 3 

 

 

 

 

1.  
 

 pH BOD  COD  

 3-1  

 

 3-1  

 

   
 (g/L) 145-148  98-108  

pH 3.02  4.63  

BOD (mg/L) 83,541  - 

COD (mg/L) 152,470  - 

 

  

 pH  

  

 
 

 

 

 S. cerevisiae 

41
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2.  S. cerevisiae (S1) 
 

  

  (   , 

2546) 
2.1  ( )  

 

  

   (2525) 

 

 12, 14, 20  26  

  26 

  

  

  

 S. cerevisiae (S1) 

 (NH4)2SO4 0.5   100   

  25, 30, 40,  50  

 108  

 

  

  
S. cerevisiae (S1) 

 

   pH  

 4.5  0.5 M NaOH  250   115  

  10   15   S. cerevisiae (S1) 
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 1x108   30  

 100   48   pH 

   
  25    

S. cerevisiae (S1)  3-2 

 0.92   0.72   7.24 

  2.97   pH  3.94 

 1.093   Yx/s  0.050 

  30, 40,  50  

 

 95  6.06, 5.93  4.48  

   1.162, 1.334  1.410  

 25  

 30   40  

50   95 

 7.02, 15.03  24.71   30, 
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25   pH  4.0, 4.5  5.0  0.5 M 

NaOH  S. cerevisiae (S1)  1x108 
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������ 
 

 
1. ����	
��������	���������������������	
� phenol sulfuric  

 
�������	
���
�������
��
������	����
��
������������	
���
����������� �� 

1-100 �
$%����
��&$%� '�()�*��	�������+���)�,���+�(����	)%��(�-����	
��%��-$.�/)�����+�
 
���)0�()��(�� )0��(�
 � ��
�������
��(1�& ���&��
��������	�2- ��31�
����������
���	��+0.1�& ��
�&� mono-, tri-, oligo- '�( polysaccharide �,��
����	)%��(�-����	
�������	����
���  

 

1.1 �����������,	�	�	�� (Scherz and Bonn, 1998) 
�
����� mono-, tri-, oligo- '�( polysaccharide ����E	��	����.��.FG�1�'�(

���2��F&�	�)H�
H����+1I��J&
	�&� � �K����)�	����)���+��'���)�*������+
��� '�(�
����&���3�
'���&��I���+%��
���%�3+�'�� 480-490 ��$�)
�� ������.�������)�	��E	�	�	��)�3+1� �������
�
����� oligo-  '�( polysaccharide �&����0���(1�)�1�-�(�� ��$
)��I����11�������������� 
0��1
�����
��,)�	��E	�	�	��H����
��11� '�(
����'����+����1�I0���-H1�)F1�-F&�1� (Furfural 
derivatives) 2T+��()�	������
�����.FG�1� ������)�*������)1�	�
�)�� )�*������(�1.����
 
(Triarylmethane dyes) 

 

1.2 8��
��� 
1. ����(���FG�1���1��( 5 (�
������� 1��	
���) )����
���$���(���K�T�H1� 

FG�1� 5.0 ���
���
�����+� 100 
	��	�	�� 
2. ���2��FX��	�)H�
H�� 
 

1.3 �	
�����	
������ 
1. �� ������1� ����	
��� 1 
	��	�	�� ������1����1� (����
�����+�)�*� Blank) 

  2. )�	
����(���FG�1� 1 
	��	�	�� �������K�
��H�1 1  
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  3. ��
��	
���� 10 ���� '���)H� �'��\ K�
���)H���������)%�3+1�K�
����(��� 
(Vortex mixer) (�(������K�
�
���()�31�) ��
��	
������(
�� 20 ���� 
  4. ���������1� ����'� �(��1������% �����&���3�'����+%��
���%�3+� 490  
��$�)
�� )���.%��
)H�
H����.���F����(����
�����
���_�� (Standard curve) 
 

1.4 �����������	����������������� 
��	
���
�������
��
���
���%������������
���� 1����
 
��	
���
�������
��
� (���
� 1�	��) = % �����&���3�'�� (OD490)X(���)�31���)  
       (%��
��� X 1000) 
$����+%��
��� = % �%��
��� (Slope) H1����F
���_�� 
 ���)�31��� = % ����)�31������1� ����+����	)%��(�- 

 

y = 0.0042x + 0.0282

R2 = 0.9943
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2. ����	
��������	���
<���<����=>?
��@A<��@< Ebulliometer (�F��  ��<G<�, 2549) 
 
Ebulliometer )�*�)%�3+1�
31��+������)1���1�$��������I�)�31�H1��
��)���.��.�I�

)�31�H1����1� ����+��� '���1 ��% �)1���1���+����������� Dujardin, Successeur De Salleron-Paris 
 

2.1 ������� 
)�*�������1I��J&
	H1��I�)�31���+'��� �����H1��
����.�
����+
�'1��1/1�-��1�& 

���� 2T+��
����+
�'1��1/1�-��1�& �����(
��I�)�31��+���� � 
 

2.2 �	
�����	
������ 
1. )��
�����+�������1�'������ (Graduated glass) ����T�H����+
����1��m� Eau 

'���������� ����� 1�)�	
���1� ��H1�)%�3+1�
31 (� 1���+����� ��1����1I��J&
	) '�(�����1�
�
�� ��� 1�)�	
���1� ��'�()�	
�
������� ��H1��1���+�H1�)%�3+1�
31 �����
����������������
��
)�31�%���+ (�
��)�31���+1I��J&
	%���+�����(
�� 5 ����) 

2. )
3+1�
��)�31�%���+'�������&1I��J&
	��+��1� '�(���������.���'�� �% �1I��J&
	 
H1�'K �'���1I��J&
	 ��+1 �������������.���'�� �)�Hn&��-H1�% ���1��('1��1/1�-  

3. ����������
�����1� ��������1�'������T�H�� Eau '��������)�	
����� 1�
���1� ��'�(��������
���
��)�31�1��%��
� �����
�1 ��% �1I��J&
	��+��������1� '�(1 ��% �1I��J&
	
��+���)���.��.% ���1��('1��1/1�-.�'K �'���1I��J&
	 
 

3. ����	
��������	���
<���<��?��
��@A<� Gas chromatography 
 
'�o�$%�
�$����FG )�*����'�����1����	���T+�$����������+��1����'��

��(������(�� �� 2 Phase %31 Mobile phase 2T+�)�*��o�� '�( Stationaly phase ��+)�*�H1�)���
��31H1�'H,� 
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3.1 8������A=>?=�����	
������ 

)%�3+1�
31���1. :  HP 6850 Gas chromatography with flame ionized 
        detector 

Column   :  HP-Innowax 
Column description  :  Length 30 m., 250 µm I.D, 0.25 µm film thickness 
Oven tempurature  :  50 °C  hold 6 minutes 
Inlet tempurature  :  200 °C 
Detector tempurature  :  200 °C 
Carier gas, flow rate :  Helium 
 

3.2 �	
�����	
������ 
1. )����
����(��� Absolute ethyl alcohol (99.8%) $��)����
%��
)H�
H��)�*� 

1.0-5.0 ���
/�	�� 
2. }�����1� �� 1 �
$%��	�� )H��)%�3+1�'�o�$%�$
$�����FG.���T�03
���+���F 
3. ���% �03
���+������FH1�)1���1�)����.)���.��.���F
���_��)03+1��%��


)H�
H��H1�)1���1� 
 

4. �	
��������	���
>@�<LM�	������ (�NO	�  8�8��P�, 2547) 

 

4.1 ��8�M<M����� 
1. Methylene blue  
2 Hemacytometer 
3. ���1��I����n�- 
 

4.2 �	
�����	
������ 

1. �X)�����1� ��
�)�31���������(��� 0.2% Methyl blue ����1����1. $��
�(1����� ��1� ��%� ��\ K�
���)H����� 

2. )�,�����- '�( Cover glass H1� Hemacytometer ����(1����� Cover glass ���
1�& �����������- '������0��)�1�-�X)���&�����(������1� ����� (H�1 1) 
�'�(��+H1. Cover 
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glass �� 1��������(���H1�)2��-'������(�� �� Cover glass '�(����-��)�,
01�� '�(���1��
������T+�������1�)������� 

3. �������.������)2��-��+
����	� $��������1��I����n�-������H��� 40 )� � $���31
� �)2��-��+�	����T.�
���
�)2��-)�*�)2��-��+���'��� � ��)2��-��+�
 �	���)�*�)2��-��+
����	� �����.
������)2��-��+
����	��(��.)2��-��+�
 �	�����
��
���+1�& ���������~  )2��-��+1�& %�.)�����
�����H�� 
'�( ����� �� � ��)2��-��+%�.)���1�& ������2��� '�( ����.��(�
 ��. ������)2��-��+��.�����1�
1�& �(�� �� 10-30  )2��- ���
�� ��31��1��� ���+��(��1�������)�31�����
  ��������.���( Filled 
��
'���('��2���H�� ����(��
����������)2��-��
��
��
���(
�� 300 )2��- 

 

4.3 ��������� 

H���%��
�T�H1� Hemacytometer    =    0.1    mm 
H���03
���+ 1 � 1���~ H1� Hemacytometer =   0.2 x 0.2 mm2 

��	
��� 1 � 1���~ H1� Hemacytometer =   0.2 mm x 0.2 mm x 0.1 mm 
= 0.02 cm x 0.02 cm x 0.01 cm 
= 0.000004   cm3 
= 0.000004 mL 
= 4 x 10-6   mL 

)2��-� 1
	��	�	��    =    ������)2��-)}��+���+��.����� 1 � 1���~  (Y) x 106 x (1/4) x Dilution 
     =     Y x 106 x (1/4) x Dilution 
 

5. ����	
��������������
R���S�?� 

 

5.1 ������� 
��1��
�����1� ��)��
��)�3
1K ����(��m��1� (Cellulose nitrate membrame) H��� 

0.45 µm ��+���.�
������ �(�1���+�	�1�& .�'K ���(��m��1������1.���'�����+1I��J&
	 105 
1�n�)2�)2��� '�(������)�,���$��&�%��
�3
� �����
���+����
��������+)0	+
HT
� %31 �
������)2��-'��� 
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5.2 ��8�M<M����� 
1. 'K ���(��m��1� (Cellulose nitrate membrame) H��� 0.45 µm 
2. 1�&
	)���
F�1��- 
3. %�
%�. 
4. )%�3+1���+� 4 ���'�� � 
 

5.3 �	
�����	
������ 
1. ���'K ���(��m��1����.�1�&
	)���
F�1��- '�(�����1.���&�1.��+1I��J&
	 

105 1�n�)2�)2��� )�*�)��� 1 ��+�$
� �� 1����)�,���$��&�%��
�3
� '�����+��
������ 
2. ���%�
%�.'K ���(��m��1����.�������+� 1��.)%�3+1��&��I~~���n 
3. }���
�����+�.�'K ���(��m��1����)�G�� '���)�X�)%�3+1��&��I~~���n)03+1���

'K ���1��	���.���� 
4. ��1����1� ����+K�
)H�������'��� $��1�n��'���T����)%�3+1��&�1���n 
5. �X�)%�3+1��&��I~~���n ���%�
%�.'K ���(��m��1�'�������� 1�&
	)���
F�1��-

1��)�	
 �����
������1.'�����+1I��J&
	 105 1�n�)2�)2��� )�*�)��� 24 ��+�$
� �� 1����)�,���
$��&�%��
�3
�'����������+��
������ 

 

5.4 ��������� 

 
 �
������)2��-'��� (���
� 1�	��)  = (A-B) x 1000 
  
 $����+ A = �
������'K ���(��m��1� + 1�&
	)���
F�1��- + )2��-'��� (���
� 1�	��) 
  B = �
������'K ���(��m��1� + 1�&
	)���
F�1��- (���
� 1�	��) 
 

 
 

 

 

 

 

volume of sample (mL) 
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������� P 
 

��������� 
 

 

1. �����������	���S<��<T<��L���?<��������	���� %(v/v) 
�X��?<���������������G<

��	���� (�����G<�	��) 

 
�

�	��	
��'1��1/1�-��+����������	��'�o�$%�
�$�����FG (GC) ��� A ��1��(

$����	
��� 
�
���T�������1� �� 100 
	��	�	�� 
���	
��'1��1/1�-            =   A 
	��	�	�� 
'�(������������1� �� 1,000 
	��	�	�� 
���	
��'1��1/1�-      =   A X 1,000 

        100  
              =    A X 10 
	��	�	��� 1�	��
���%��
���'� �H1�)1���1�        =    0.789    ���
� 1
	��	�	�� 
)0��(}(��
���	
��'1��1/1�-   =     A X 10 
	��	�	��� 1�	�� X 0.789    ���
� 1�	�� 

 

2. ����������G�����	�
<���<���AY�?�G<8�������?� (Yp/s) (
�[���  Y���<�, 2542) 
 
������
�����1����H1�)�3
1����-�1�����(������1��������������)2��-'���

���
����K�	�K�	�J���-)�*�K�0�1���� 2T+�K����H1�K�	�J���- (Product yield) ��
���%��������
1����� ��H1�K�	�J���-��+)�	�HT
� (∆P) � 1��	
�����1������+�&������ (∆S) ����&��� 1����
  

  

 Yp/s  =  (∆P) /(∆S) 
   

Yp/s = K�K�	�)1���1���+���� 1�����
���� 
��� ��)�*� ���
K�	�J���-� 1���
�����
���� 
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���<�G����������� 
 
���K����K�	�)1���1�H1�����- S.cerevisiae (S2) �����
��1���
�
�1��I��+

��	
���
�����)�	+
���)� ���. 25, 30, 40, 50 '�( 98 ���
� 1�	�� K�������nT�m�0.� ���+��	
��
�
�����)�	+
���)� ���. 98 ���
� 1�	�� ����- S.cerevisiae (S2) ��
���K�	�)1���1�����&��I�)� ���. 
48.72 ���
� 1�	�� 
���	
���
�������+)��31)� ���. 1.30 ���
� 1�	��2T+���
���%�������% �K�K�	�
)1���1���+���� 1�����
���� (Yp/s) ����&����������
 

$�� (∆P) = 48.72 ���
� 1�	�� 

       (∆S) = (98 −1.30) ���
� 1�	�� 
  = 96.7 ���
� 1�	�� 

        Yp/s = 48.72 / 96.7 
  = 0.5034 ���
)1���1�� 1���
�
����� 

 

3. ����������G�����	�
R�����AY�?�G<8�������?� (Yx/s) 
 
K����H1�)2��-������1���� (Growth yield for substrate) )�	����)�3
1����-���

���1����)�*�'�� �%��-.1� (∆S) )03+1)0	+
��	
��)2��- (∆X) 2T+���
���%��������1����� ��
H1���	
��)2��-��+)�	�HT
�� 1��	
�����1���� ����&��� 1����
 

 

 Yx/s  =  (∆X) /(∆S) 
 

Yx/s = K�K�	�)2��-��+���� 1�����
���� 
��� ��)�*� ���
�
������'���� 1���
�����
���� 
 

���<�G����������� 
 
���K����K�	�)1���1�H1�����- S.cerevisiae (S2) �����
��1���
�
�1��I��+

��	
���
�����)�	+
���)� ���. 25, 30, 40, 50 '�( 98 ���
� 1�	�� K�������nT�m�0.� ���+��	
��
�
�����)�	+
���)� ���. 98 ���
� 1�	�� ����- S.cerevisiae (S2) ��
���K�	�)1���1�����&��I�)� ���. 
48.72 ���
� 1�	�� 
��
������)2��-'���)� ���. 5.97 ���
� 1�	�� 
���	
���
�������+)��31)� ���. 1.30 
���
� 1�	��2T+���
���%�������% �K�K�	�)2��-��+���� 1�����
���� (Yx/s) ����&����������
 



 101 

$�� (∆X) = 5.97 ���
� 1�	�� 

       (∆S) = (98 −1.30) ���
� 1�	�� 
  = 96.7 ���
� 1�	�� 

        Yx/s = 5.97 / 96.7 
  = 0.061 ���
�
������'���� 1���
�
����� 

 

4. ����������G����8	�
	��O��Y�? (Yield efficiency) (��	]^����  ��[����>_�, 2547) 
 

% ���(�	��	J�0K���� (%) = K����)1���1� X 100 
          K����)1���1������m�� (0.51) 
 
���<�G����������� 

 
���K����K�	�)1���1�H1�����- S.cerevisiae (S2) �����
��1���
�
�1��I��+

��	
���
�����)�	+
���)� ���. 25, 30, 40, 50 '�( 98 ���
� 1�	�� K�������nT�m�0.� ���+��	
��
�
�����)�	+
���)� ���. 98 ���
� 1�	�� ����- S.cerevisiae (S2) ��
���K�	�)1���1�����&��I� '�(
�
% �K�K�	�)1���1���+���� 1�����
���� (Yp/s) )� ���. 0.503 ���
)1���1�� 1���
�
����� 2T+�
��
������
�%�������% ���(�	��	J�0K����)
3+1)���.��.% ���m�� ����&����������
 

 
% ���(�	��	J�0K���� (%) = 0.503 X 100 

          0.51 
   = 98.82  
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������� � 
 

����	
�����������8`	�	 
 

 
�������	)%��(�-H�1
&�$�����$��'��
���)�,��&� SPSS (Vertion 11.5) $������	�� 

least-significant different (LSD) 
  
������� �-1 ����
��)1���1�'�(���)��	~H1�����- S. cerevisiae (S1) ����
��1���
�
�1��I��+
%��
)H�
H���
�����)�	+
��� 25, 30, 40 '�( 50 ���
� 1�	��  
 

ANOVA 
Sugar  

  
Sum of 

Squares df Mean Square F Sig. 

Between Groups 804.848 3 268.283 182.196 .000 

Within Groups 11.780 8 1.472     

Total 816.628 11       

 

least-significant different (LSD) 
 

Dependent Variable: Sugar 

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference (I-J) 

 

Std. Error 
 

Sig. 
 

Lower Bound Upper Bound 

25 30 -4.8433(*) .99079 .001 -7.1281 -2.5586 

 40 -12.0600(*) .99079 .000 -14.3448 -9.7752 

 50 -21.7433(*) .99079 .000 -24.0281 -19.4586 

30 25 4.8433(*) .99079 .001 2.5586 7.1281 

 40 -7.2167(*) .99079 .000 -9.5014 -4.9319 

 50 -16.9000(*) .99079 .000 -19.1848 -14.6152 

40 25 12.0600(*) .99079 .000 9.7752 14.3448 

 30 7.2167(*) .99079 .000 4.9319 9.5014 

 

 50 -9.6833(*) .99079 .000 -11.9681 
-7.3986 
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50 25 21.7433(*) .99079 .000 19.4586 24.0281 

 30 16.9000(*) .99079 .000 14.6152 19.1848 

 40 9.6833(*) .99079 .000 7.3986 11.9681 

*  The mean difference is significant at the .05 level. 
 

ANOVA 
 

ETHANOL  

  

Sum of 
Squares df Mean Square F Sig. 

Between Groups 11.533 3 3.844 99.377 .000 

Within Groups .309 8 .039     

Total 11.842 11       

 
 

least-significant different (LSD) 

 
Dependent Variable: ETHANOL  

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference (I-J) 

 

Std. Error 
 

Sig. 
 

Lower Bound Upper Bound 

25 30 
1.1833(*) .16059 .000 .8130 1.5537 

  40 
1.3133(*) .16059 .000 .9430 1.6837 

  50 
2.7633(*) .16059 .000 2.3930 3.1337 

30 25 
-1.1833(*) .16059 .000 -1.5537 -.8130 

  40 
.1300 .16059 .442 -.2403 .5003 

  50 
1.5800(*) .16059 .000 1.2097 1.9503 

40 25 
-1.3133(*) .16059 .000 -1.6837 -.9430 

  30 
-.1300 .16059 .442 -.5003 .2403 

  50 
1.4500(*) .16059 .000 1.0797 1.8203 

50 25 
-2.7633(*) .16059 .000 -3.1337 -2.3930 

  30 
-1.5800(*) .16059 .000 -1.9503 -1.2097 

 

  40 
-1.4500(*) .16059 .000 -1.8203 -1.0797 

*  The mean difference is significant at the .05 level. 
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ANOVA 
 

BIOMASS  

 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .195 3 .065 42.471 .000 

Within Groups .012 8 .002     

Total .208 11       

 

least-significant different (LSD) 
 
Dependent Variable: BIOMASS  
  

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference (I-J) 

 

Std. Error 
 

Sig. 
 

Lower Bound Upper Bound 

25 30 
-.0687 .03197 .064 -.1424 .0051 

  40 
-.2410(*) .03197 .000 -.3147 -.1673 

  50 
-.3170(*) .03197 .000 -.3907 -.2433 

30 25 
.0687 .03197 .064 -.0051 .1424 

  40 
-.1723(*) .03197 .001 -.2461 -.0986 

  50 
-.2483(*) .03197 .000 -.3221 -.1746 

40 25 
.2410(*) .03197 .000 .1673 .3147 

  30 
.1723(*) .03197 .001 .0986 .2461 

  50 
-.0760(*) .03197 .045 -.1497 -.0023 

50 25 
.3170(*) .03197 .000 .2433 .3907 

  30 
.2483(*) .03197 .000 .1746 .3221 

 

  40 
.0760(*) .03197 .045 .0023 .1497 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

Yp/s 

 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .036 3 .012 132.006 .000 

Within Groups .001 8 .000     

Total .037 11       

 

least-significant different (LSD) 
 
Dependent Variable: Yp/s 
  

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference (I-J) 

 

Std. Error 
 

Sig. 
 

Lower Bound Upper Bound 

25 30 
.0553(*) .00783 .000 .0373 .0734 

  40 
.0910(*) .00783 .000 .0729 .1091 

  50 
.1517(*) .00783 .000 .1336 .1697 

30 25 
-.0553(*) .00783 .000 -.0734 -.0373 

  40 
.0357(*) .00783 .002 .0176 .0537 

  50 
.0963(*) .00783 .000 .0783 .1144 

40 25 
-.0910(*) .00783 .000 -.1091 -.0729 

  30 
-.0357(*) .00783 .002 -.0537 -.0176 

  50 
.0607(*) .00783 .000 .0426 .0787 

50 25 
-.1517(*) .00783 .000 -.1697 -.1336 

  30 
-.0963(*) .00783 .000 -.1144 -.0783 

 

  40 
-.0607(*) .00783 .000 -.0787 -.0426 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 
Yx/s 

 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .000 3 .000 .957 .458 

Within Groups .000 8 .000     

Total .000 11       

 

least-significant different (LSD) 
 
Dependent Variable: Yx/s 
  

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference (I-J) 

 

Std. Error 
 

Sig. 
 

Lower Bound Upper Bound 

25 30 
-.0030 .00361 .430 -.0113 .0053 

  40 
-.0040 .00361 .300 -.0123 .0043 

  50 
-.0060 .00361 .135 -.0143 .0023 

30 25 
.0030 .00361 .430 -.0053 .0113 

  40 
-.0010 .00361 .789 -.0093 .0073 

  50 
-.0030 .00361 .430 -.0113 .0053 

40 25 
.0040 .00361 .300 -.0043 .0123 

  30 
.0010 .00361 .789 -.0073 .0093 

  50 
-.0020 .00361 .595 -.0103 .0063 

50 25 
.0060 .00361 .135 -.0023 .0143 

  30 
.0030 .00361 .430 -.0053 .0113 

 

  40 
.0020 .00361 .595 -.0063 .0103 

*  The mean difference is significant at the .05 level. 
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������� �-2 ����
��)1���1�'�(���)��	~H1�����- S. cerevisiae (S1) ����
��1���
�
�1��I
$����� (NH4)2SO4 ��+%��
)H�
H�� 0.05, 0.1, 0.5 '�( 1 ���
� 1�	�� 

 
ANOVA 

 

SUGAR  
 

  

Sum of 
Squares df Mean Square F Sig. 

Between Groups 8.037 3 2.679 5.297 .026 

Within Groups 4.046 8 .506     

Total 12.083 11       

 
least-significant different (LSD) 

 
Dependent Variable: SUGAR  

 

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference (I-J) 
 

Std. Error 

 

Sig. 

 
Lower Bound Upper Bound 

0.05 0.1 
1.4300(*) .58066 .039 .0910 2.7690 

  0.5 
-.5933 .58066 .337 -1.9323 .7457 

  1 
-.5500 .58066 .371 -1.8890 .7890 

0.1 0.05 
-1.4300(*) .58066 .039 -2.7690 -.0910 

  0.5 
-2.0233(*) .58066 .008 -3.3623 -.6843 

  1 
-1.9800(*) .58066 .009 -3.3190 -.6410 

0.5 0.05 
.5933 .58066 .337 -.7457 1.9323 

  0.1 
2.0233(*) .58066 .008 .6843 3.3623 

  1 
.0433 .58066 .942 -1.2957 1.3823 

1 0.05 
.5500 .58066 .371 -.7890 1.8890 

  0.1 
1.9800(*) .58066 .009 .6410 3.3190 

 

  0.5 
-.0433 .58066 .942 -1.3823 1.2957 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

ETHANOL  
 

  

Sum of 
Squares df Mean Square F Sig. 

Between Groups .879 3 .293 7.324 .011 

Within Groups .320 8 .040     

Total 1.199 11       

 

least-significant different (LSD) 
 
Dependent Variable: ETHANOL  
 

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference (I-J) 

 

Std. Error 
 

Sig. 
 

Lower Bound Upper Bound 

0.05 0.1 
-.5233(*) .16330 .013 -.8999 -.1468 

  0.5 
.1333 .16330 .438 -.2432 .5099 

  1 
.1333 .16330 .438 -.2432 .5099 

0.1 0.05 
.5233(*) .16330 .013 .1468 .8999 

  0.5 
.6567(*) .16330 .004 .2801 1.0332 

  1 
.6567(*) .16330 .004 .2801 1.0332 

0.5 0.05 
-.1333 .16330 .438 -.5099 .2432 

  0.1 
-.6567(*) .16330 .004 -1.0332 -.2801 

  1 
.0000 .16330 1.000 -.3766 .3766 

1 0.05 
-.1333 .16330 .438 -.5099 .2432 

  0.1 
-.6567(*) .16330 .004 -1.0332 -.2801 

 

  0.5 
.0000 .16330 1.000 -.3766 .3766 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

BIOMASS  

 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .013 3 .004 1.815 .222 

Within Groups .019 8 .002     

Total .032 11       

 

least-significant different (LSD) 
 
Dependent Variable: BIOMASS  

 

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference (I-J) 
 

Std. Error 

 

Sig. 

 
Lower Bound Upper Bound 

0.05 0.1 
-.0700 .04014 .119 -.1626 .0226 

  0.5 
.0167 .04014 .689 -.0759 .1092 

  1 
-.0033 .04014 .936 -.0959 .0892 

0.1 0.05 
.0700 .04014 .119 -.0226 .1626 

  0.5 
.0867 .04014 .063 -.0059 .1792 

  1 
.0667 .04014 .135 -.0259 .1592 

0.5 0.05 
-.0167 .04014 .689 -.1092 .0759 

  0.1 
-.0867 .04014 .063 -.1792 .0059 

  1 
-.0200 .04014 .632 -.1126 .0726 

1 0.05 
.0033 .04014 .936 -.0892 .0959 

  0.1 
-.0667 .04014 .135 -.1592 .0259 

 

  0.5 
.0200 .04014 .632 -.0726 .1126 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

Yp/s 

 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .000 3 .000 .046 .986 

Within Groups .001 8 .000     

Total .001 11       

 
least-significant different (LSD) 

 
Dependent Variable: Yp/s 
  

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference (I-J) 

 

Std. Error 
 

Sig. 
 

Lower Bound Upper Bound 

0.05 0.1 
-.0037 .01030 .731 -.0274 .0201 

  0.5 
-.0020 .01030 .851 -.0257 .0217 

  1 
-.0010 .01030 .925 -.0247 .0227 

0.1 0.05 
.0037 .01030 .731 -.0201 .0274 

  0.5 
.0017 .01030 .875 -.0221 .0254 

  1 
.0027 .01030 .802 -.0211 .0264 

0.5 0.05 
.0020 .01030 .851 -.0217 .0257 

  0.1 
-.0017 .01030 .875 -.0254 .0221 

  1 
.0010 .01030 .925 -.0227 .0247 

1 0.05 
.0010 .01030 .925 -.0227 .0247 

  0.1 
-.0027 .01030 .802 -.0264 .0211 

 

  0.5 
-.0010 .01030 .925 -.0247 .0227 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

Yx/s  

 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .000 3 .000 .288 .833 

Within Groups .000 8 .000     

Total .000 11       

 
least-significant different (LSD) 

 
Dependent Variable:  Yx/s  
  

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference (I-J) 

 

Std. Error 
 

Sig. 
 

Lower Bound Upper Bound 

0.05 0.1 
.0000 .00248 1.000 -.0057 .0057 

  0.5 
-.0007 .00248 .795 -.0064 .0051 

  1 
-.0020 .00248 .444 -.0077 .0037 

0.1 0.05 
.0000 .00248 1.000 -.0057 .0057 

  0.5 
-.0007 .00248 .795 -.0064 .0051 

  1 
-.0020 .00248 .444 -.0077 .0037 

0.5 0.05 
.0007 .00248 .795 -.0051 .0064 

  0.1 
.0007 .00248 .795 -.0051 .0064 

  1 
-.0013 .00248 .606 -.0071 .0044 

1 0.05 
.0020 .00248 .444 -.0037 .0077 

  0.1 
.0020 .00248 .444 -.0037 .0077 

 

  0.5 
.0013 .00248 .606 -.0044 .0071 

*  The mean difference is significant at the .05 level. 
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������� �-3 ���K�	�)1���1�'�(���)��	~H1�����- S. cerevisiae (S1) ����
��1���
�
�1��I��+ 
pH )�	+
��� 4.0, 4.5 '�( 5.0 
 

ANOVA 

 

SUGAR  
 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups 22.356 2 11.178 10.037 .012 

Within Groups 6.682 6 1.114     

Total 29.038 8       

 
least-significant different (LSD) 

 
Dependent Variable:  SUGAR  

 

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference (I-J) 
 

Std. Error 

 

Sig. 

 
Lower Bound Upper Bound 

4 4.5 
2.4600(*) .86166 .029 .3516 4.5684 

  5 
3.8067(*) .86166 .004 1.6983 5.9151 

4.5 4 
-2.4600(*) .86166 .029 -4.5684 -.3516 

  5 
1.3467 .86166 .169 -.7617 3.4551 

5 4 
-3.8067(*) .86166 .004 -5.9151 -1.6983 

 

  4.5 
-1.3467 .86166 .169 -3.4551 .7617 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

ETHANOL  

 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups 8.711 2 4.356 41.521 .000 

Within Groups .629 6 .105     

Total 9.340 8       

 
least-significant different (LSD) 

 
Dependent Variable:  ETHANOL  

 

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference (I-J) 
 

Std. Error 

 

Sig. 

 
Lower Bound Upper Bound 

4 4.5 
-1.5767(*) .26445 .001 -2.2238 -.9296 

  5 
-2.3667(*) .26445 .000 -3.0138 -1.7196 

4.5 4 
1.5767(*) .26445 .001 .9296 2.2238 

  5 
-.7900(*) .26445 .024 -1.4371 -.1429 

5 4 
2.3667(*) .26445 .000 1.7196 3.0138 

 

  4.5 
.7900(*) .26445 .024 .1429 1.4371 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

BIOMASS  

 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .062 2 .031 23.232 .001 

Within Groups .008 6 .001     

Total .070 8       

 
least-significant different (LSD) 

 
Dependent Variable:  BIOMASS  

 

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference (I-J) 
 

Std. Error 

 

Sig. 

 
Lower Bound Upper Bound 

4 4.5 
-.1267(*) .02991 .005 -.1998 -.0535 

  5 
-.2017(*) .02991 .001 -.2748 -.1285 

4.5 4 
.1267(*) .02991 .005 .0535 .1998 

  5 
-.0750(*) .02991 .046 -.1482 -.0018 

5 4 
.2017(*) .02991 .001 .1285 .2748 

 

  4.5 
.0750(*) .02991 .046 .0018 .1482 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

Yp/s 

 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .006 2 .003 11.701 .008 

Within Groups .002 6 .000     

Total .008 8       

 
least-significant different (LSD) 

 
Dependent Variable:  Yp/s  

 

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference (I-J) 
 

Std. Error 

 

Sig. 

 
Lower Bound Upper Bound 

4 4.5 
2.4600(*) .86166 .029 .3516 4.5684 

  5 
3.8067(*) .86166 .004 1.6983 5.9151 

4.5 4 
-2.4600(*) .86166 .029 -4.5684 -.3516 

  5 
1.3467 .86166 .169 -.7617 3.4551 

5 4 
-3.8067(*) .86166 .004 -5.9151 -1.6983 

 

  4.5 
-1.3467 .86166 .169 -3.4551 .7617 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

Yx/s 

  

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .000 2 .000 .006 .994 

Within Groups .000 6 .000     

Total .000 8       

 
least-significant different (LSD) 

 
Dependent Variable: Yx/s 

 

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference (I-J) 
 

Std. Error 

 

Sig. 

 
Lower Bound Upper Bound 

4 4.5 
.0000 .00359 1.000 -.0088 .0088 

  5 
-.0003 .00359 .929 -.0091 .0085 

4.5 4 
.0000 .00359 1.000 -.0088 .0088 

  5 
-.0003 .00359 .929 -.0091 .0085 

5 4 
.0003 .00359 .929 -.0085 .0091 

 

  4.5 
.0003 .00359 .929 -.0085 .0091 

*  The mean difference is significant at the .05 level. 
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������� �-4 ���K�	�)1���1�'�(���)��	~H1�����- S. cerevisiae (S1) ����
��1���
�
�1��I��+ 
1�������)H� � 0, 50 '�( 100 �1.� 1���� 

ANOVA 

 

SUGAR  
 

  

Sum of 
Squares df Mean Square F Sig. 

Between Groups 136.886 3 45.629 44.975 .000 

Within Groups 8.116 8 1.015     

Total 145.002 11       

 
least-significant different (LSD) 

 
Dependent Variable: SUGAR 

 

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference (I-J) 
 

Std. Error 

 

Sig. 

 
Lower Bound Upper Bound 

0 50 
7.2267(*) 1.38980 .002 3.8260 10.6274 

  100 
8.8900(*) 1.38980 .001 5.4893 12.2907 

50 0 
-7.2267(*) 1.38980 .002 -10.6274 -3.8260 

  100 
1.6633 1.38980 .277 -1.7374 5.0640 

100 0 
-8.8900(*) 1.38980 .001 -12.2907 -5.4893 

 

  50 
-1.6633 1.38980 .277 -5.0640 1.7374 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

ETHANOL 

  

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups 120.194 5 24.039 346.321 .000 

Within Groups .833 12 .069     

Total 121.027 17       

 
least-significant different (LSD) 

 
Dependent Variable: ETHANOL 

 
 

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference (I-J) 

 

Std. Error 
 

Sig. 
 

Lower Bound Upper Bound 

0 50 
-4.6100(*) .15205 .000 -4.9820 -4.2380 

  100 
-5.9233(*) .15205 .000 -6.2954 -5.5513 

50 0 
4.6100(*) .15205 .000 4.2380 4.9820 

  100 
-1.3133(*) .15205 .000 -1.6854 -.9413 

100 0 
5.9233(*) .15205 .000 5.5513 6.2954 

 

  50 
1.3133(*) .15205 .000 .9413 1.6854 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

BIOMASS  

 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .774 5 .155 170.188 .000 

Within Groups .011 12 .001     

Total .785 17       

 
least-significant different (LSD) 

 
Dependent Variable: BIOMASS  

 

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference (I-J) 
 

Std. Error 

 

Sig. 

 
Lower Bound Upper Bound 

0 50 
-.3550(*) .02867 .000 -.4252 -.2848 

  100 
-.4717(*) .02867 .000 -.5418 -.4015 

50 0 
.3550(*) .02867 .000 .2848 .4252 

  100 
-.1167(*) .02867 .007 -.1868 -.0465 

100 0 
.4717(*) .02867 .000 .4015 .5418 

 

  50 
.1167(*) .02867 .007 .0465 .1868 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

Yp/s 

  

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .110 5 .022 56.688 .000 

Within Groups .005 12 .000     

Total .114 17       

 
least-significant different (LSD) 

 
Dependent Variable: Yp/s 

 

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference (I-J) 
 

Std. Error 

 

Sig. 

 
Lower Bound Upper Bound 

0 50 
-.1913(*) .01169 .000 -.2199 -.1627 

  100 
-.2280(*) .01169 .000 -.2566 -.1994 

50 0 
.1913(*) .01169 .000 .1627 .2199 

  100 
-.0367(*) .01169 .020 -.0653 -.0081 

100 0 
.2280(*) .01169 .000 .1994 .2566 

 

  50 
.0367(*) .01169 .020 .0081 .0653 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

Yx/s 

  

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .000 5 .000 16.579 .000 

Within Groups .000 12 .000     

Total .000 17       

 
least-significant different (LSD) 

 
Dependent Variable: Yx/s 

 

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference (I-J) 
 

Std. Error 

 

Sig. 

 
Lower Bound Upper Bound 

0 50 
.0003 .00586 .957 -.0140 .0147 

  100 
-.0013 .00586 .828 -.0157 .0130 

50 0 
-.0003 .00586 .957 -.0147 .0140 

  100 
-.0017 .00586 .786 -.0160 .0127 

100 0 
.0013 .00586 .828 -.0130 .0157 

 

  50 
.0017 .00586 .786 -.0127 .0160 

*  The mean difference is significant at the .05 level. 
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������� �-5 ����
��)1���1�'�(���)��	~H1�����- S. cerevisiae (S1) ����
��1���
�
�1��I
$��. 
��+1I��J&
	 25, 30 '�( 35 1�n�)2�)2��� 

 
ANOVA 

 

SUGAR  
 

  

Sum of 
Squares df Mean Square F Sig. 

Between Groups 134.023 2 67.012 23.129 .002 

Within Groups 17.384 6 2.897     

Total 151.407 8       

 
least-significant different (LSD) 

 
Dependent Variable: SUGAR  
 

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference (I-J) 

 

Std. Error 
 

Sig. 
 

Lower Bound Upper Bound 

0 50 
.0003 .00586 .957 -.0140 .0147 

  100 
-.0013 .00586 .828 -.0157 .0130 

50 0 
-.0003 .00586 .957 -.0147 .0140 

  100 
-.0017 .00586 .786 -.0160 .0127 

100 0 
.0013 .00586 .828 -.0130 .0157 

 

  50 
.0017 .00586 .786 -.0127 .0160 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

ETHANOL 

  

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups 58.063 2 29.031 837.176 .000 

Within Groups .208 6 .035     

Total 58.271 8       

 
least-significant different (LSD) 

 
Dependent Variable: ETHANOL 

 

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference (I-J) 
 

Std. Error 

 

Sig. 

 
Lower Bound Upper Bound 

25 30 
-1.0533(*) .15205 .000 -1.4254 -.6813 

  35 
1.0500(*) .15205 .000 .6780 1.4220 

30 25 
1.0533(*) .15205 .000 .6813 1.4254 

  35 
2.1033(*) .15205 .000 1.7313 2.4754 

35 25 
-1.0500(*) .15205 .000 -1.4220 -.6780 

 

  30 
-2.1033(*) .15205 .000 -2.4754 -1.7313 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

BIOMASS  

 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .362 2 .181 146.800 .000 

Within Groups .007 6 .001     

Total .370 8       

 
least-significant different (LSD) 

 
Dependent Variable: BIOMASS  

 

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference (I-J) 
 

Std. Error 

 

Sig. 

 
Lower Bound Upper Bound 

25 30 
.0143 .02580 .599 -.0488 .0775 

  35 
.1077(*) .02580 .006 .0445 .1708 

30 25 
-.0143 .02580 .599 -.0775 .0488 

  35 
.0933(*) .02580 .011 .0302 .1565 

35 25 
-.1077(*) .02580 .006 -.1708 -.0445 

 

  30 
-.0933(*) .02580 .011 -.1565 -.0302 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

Yp/s  

 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .090 2 .045 219.477 .000 

Within Groups .001 6 .000     

Total .091 8       

 
least-significant different (LSD) 

 
Dependent Variable: Yp/s  

 

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference (I-J) 
 

Std. Error 

 

Sig. 

 
Lower Bound Upper Bound 

25 
 

30 
-.0097 .02147 .668 -.0622 .0429 

  35 
.0743(*) .02147 .013 .0218 .1269 

30 25 
.0097 .02147 .668 -.0429 .0622 

  35 
.0840(*) .02147 .008 .0315 .1365 

35 25 
-.0743(*) .02147 .013 -.1269 -.0218 

 

  30 
-.0840(*) .02147 .008 -.1365 -.0315 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

Yx/s 

  

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .000 2 .000 .045 .956 

Within Groups .000 6 .000     

Total .000 8       

 
least-significant different (LSD) 

 
Dependent Variable: Yx/s 

 

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference (I-J) 
 

Std. Error 

 

Sig. 

 
Lower Bound Upper Bound 

25 30 
.0073 .00396 .114 -.0024 .0170 

  35 
.0093 .00396 .057 -.0004 .0190 

30 25 
-.0073 .00396 .114 -.0170 .0024 

  35 
.0020 .00396 .632 -.0077 .0117 

35 25 
-.0093 .00396 .057 -.0190 .0004 

 

  30 
-.0020 .00396 .632 -.0117 .0077 

*  The mean difference is significant at the .05 level. 
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������� �-6 ����
��)1���1�'�(���)��	~H1�����- S. cerevisiae (S1) ����
��1���
�
�1��I
$��. 
��+�(�()��� 12, 24, 36, 48, 60 '�( 72 ��+�$
� 

ANOVA 

SUGAR  

  

Sum of 
Squares df Mean Square F Sig. 

Between Groups 136.886 3 45.629 44.975 .000 

Within Groups 8.116 8 1.015     

Total 145.002 11       

least-significant different (LSD)  
Dependent Variable: SUGAR  

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference(I-J) 

 

Std.Error 
 

Sig. 
 

Lower Bound Upper Bound 

12 24 2.5800(*) .67149 .002 1.1169 4.0431 

  36 4.7600(*) .67149 .000 3.2969 6.2231 

  48 9.2067(*) .67149 .000 7.7436 10.6697 

  60 10.2300(*) .67149 .000 8.7669 11.6931 

  72 10.2300(*) .67149 .000 8.7669 11.6931 

24 12 -2.5800(*) .67149 .002 -4.0431 -1.1169 

  36 2.1800(*) .67149 .007 .7169 3.6431 

  48 6.6267(*) .67149 .000 5.1636 8.0897 

  60 7.6500(*) .67149 .000 6.1869 9.1131 

  72 7.6500(*) .67149 .000 6.1869 9.1131 

36 12 -4.7600(*) .67149 .000 -6.2231 -3.2969 

  24 -2.1800(*) .67149 .007 -3.6431 -.7169 

  48 4.4467(*) .67149 .000 2.9836 5.9097 

  60 5.4700(*) .67149 .000 4.0069 6.9331 

  72 5.4700(*) .67149 .000 4.0069 6.9331 

48 12 -9.2067(*) .67149 .000 -10.6697 -7.7436 

  24 -6.6267(*) .67149 .000 -8.0897 -5.1636 

  36 -4.4467(*) .67149 .000 -5.9097 -2.9836 

  60 1.0233 .67149 .153 -.4397 2.4864 

  72 1.0233 .67149 .153 -.4397 2.4864 

60 12 -10.2300(*) .67149 .000 -11.6931 -8.7669 

  24 -7.6500(*) .67149 .000 -9.1131 -6.1869 

  36 -5.4700(*) .67149 .000 -6.9331 -4.0069 

  48 -1.0233 .67149 .153 -2.4864 .4397 

  72 .0000 .67149 1.000 -1.4631 1.4631 

72 12 -10.2300(*) .67149 .000 -11.6931 -8.7669 

  24 -7.6500(*) .67149 .000 -9.1131 -6.1869 

  36 -5.4700(*) .67149 .000 -6.9331 -4.0069 

  48 -1.0233 .67149 .153 -2.4864 .4397 

 

  60 .0000 .67149 1.000 -1.4631 1.4631 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

ETHANOL  

  

Sum of 
Squares df Mean Square F Sig. 

Between Groups 120.194 5 24.039 346.321 .000 

Within Groups .833 12 .069     

Total 121.027 17       

 

least-significant different (LSD)  
Dependent Variable: ETHANOL  
 

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference(I-J) 

 

Std.Error 
 

Sig. 
 

Lower Bound Upper Bound 

12 24 -2.6297(*) .21512 .000 -3.0984 -2.1610 

  36 -4.6025(*) .21512 .000 -5.0712 -4.1338 

  48 -6.8380(*) .21512 .000 -7.3067 -6.3693 

  60 -6.8380(*) .21512 .000 -7.3067 -6.3693 

  72 -6.8380(*) .21512 .000 -7.3067 -6.3693 

24 12 2.6297(*) .21512 .000 2.1610 3.0984 

  36 -1.9728(*) .21512 .000 -2.4415 -1.5041 

  48 -4.2083(*) .21512 .000 -4.6770 -3.7396 

  60 -4.2083(*) .21512 .000 -4.6770 -3.7396 

  72 -4.2083(*) .21512 .000 -4.6770 -3.7396 

36 12 4.6025(*) .21512 .000 4.1338 5.0712 

  24 1.9728(*) .21512 .000 1.5041 2.4415 

  48 -2.2355(*) .21512 .000 -2.7042 -1.7668 

  60 -2.2355(*) .21512 .000 -2.7042 -1.7668 

  72 -2.2355(*) .21512 .000 -2.7042 -1.7668 

48 12 6.8380(*) .21512 .000 6.3693 7.3067 

  24 4.2083(*) .21512 .000 3.7396 4.6770 

  36 2.2355(*) .21512 .000 1.7668 2.7042 

  60 .0000 .21512 1.000 -.4687 .4687 

  72 .0000 .21512 1.000 -.4687 .4687 

60 12 6.8380(*) .21512 .000 6.3693 7.3067 

  24 4.2083(*) .21512 .000 3.7396 4.6770 

  36 2.2355(*) .21512 .000 1.7668 2.7042 

  48 .0000 .21512 1.000 -.4687 .4687 

  72 .0000 .21512 1.000 -.4687 .4687 

72 12 6.8380(*) .21512 .000 6.3693 7.3067 

  24 4.2083(*) .21512 .000 3.7396 4.6770 

  36 2.2355(*) .21512 .000 1.7668 2.7042 

  48 .0000 .21512 1.000 -.4687 .4687 

 

  60 .0000 .21512 1.000 -.4687 .4687 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

BIOMASS  

  

Sum of 
Squares df Mean Square F Sig. 

Between Groups .774 5 .155 170.188 .000 

Within Groups .011 12 .001     

Total .785 17       

 

least-significant different (LSD)  
Dependent Variable: BIOMASS  
 

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference(I-J) 

 

Std.Error 
 

Sig. 
 

Lower Bound Upper Bound 

12 24 -.1470(*) .02462 .000 -.2006 -.0934 

  36 -.3337(*) .02462 .000 -.3873 -.2800 

  48 -.6337(*) .02462 .000 -.6873 -.5800 

  60 -.4703(*) .02462 .000 -.5240 -.4167 

  72 -.3903(*) .02462 .000 -.4440 -.3367 

24 12 .1470(*) .02462 .000 .0934 .2006 

  36 -.1867(*) .02462 .000 -.2403 -.1330 

  48 -.4867(*) .02462 .000 -.5403 -.4330 

  60 -.3233(*) .02462 .000 -.3770 -.2697 

  72 -.2433(*) .02462 .000 -.2970 -.1897 

36 12 .3337(*) .02462 .000 .2800 .3873 

  24 .1867(*) .02462 .000 .1330 .2403 

  48 -.3000(*) .02462 .000 -.3536 -.2464 

  60 -.1367(*) .02462 .000 -.1903 -.0830 

  72 -.0567(*) .02462 .040 -.1103 -.0030 

48 12 .6337(*) .02462 .000 .5800 .6873 

  24 .4867(*) .02462 .000 .4330 .5403 

  36 .3000(*) .02462 .000 .2464 .3536 

  60 .1633(*) .02462 .000 .1097 .2170 

  72 .2433(*) .02462 .000 .1897 .2970 

60 12 .4703(*) .02462 .000 .4167 .5240 

  24 .3233(*) .02462 .000 .2697 .3770 

  36 .1367(*) .02462 .000 .0830 .1903 

  48 -.1633(*) .02462 .000 -.2170 -.1097 

  72 .0800(*) .02462 .007 .0264 .1336 

72 12 .3903(*) .02462 .000 .3367 .4440 

  24 .2433(*) .02462 .000 .1897 .2970 

  36 .0567(*) .02462 .040 .0030 .1103 

  48 -.2433(*) .02462 .000 -.2970 -.1897 

 

  60 -.0800(*) .02462 .007 -.1336 -.0264 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

Yp/s 

  

Sum of 
Squares df Mean Square F Sig. 

Between Groups .110 5 .022 56.688 .000 

Within Groups .005 12 .000     

Total .114 17       

 

least-significant different (LSD)  
Dependent Variable: Yp/s 
  

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference(I-J) 

 

Std.Error 
 

Sig. 
 

Lower Bound Upper Bound 

12 24 -.1296(*) .01605 .000 -.1645 -.0946 

  36 -.1965(*) .01605 .000 -.2314 -.1615 

  48 -.2240(*) .01605 .000 -.2590 -.1891 

  60 -.2078(*) .01605 .000 -.2427 -.1728 

  72 -.2078(*) .01605 .000 -.2427 -.1728 

24 12 .1296(*) .01605 .000 .0946 .1645 

  36 -.0669(*) .01605 .001 -.1019 -.0319 

  48 -.0945(*) .01605 .000 -.1295 -.0595 

  60 -.0782(*) .01605 .000 -.1132 -.0432 

  72 -.0782(*) .01605 .000 -.1132 -.0432 

36 12 .1965(*) .01605 .000 .1615 .2314 

  24 .0669(*) .01605 .001 .0319 .1019 

  48 -.0276 .01605 .112 -.0625 .0074 

  60 -.0113 .01605 .495 -.0463 .0237 

  72 -.0113 .01605 .495 -.0463 .0237 

48 12 .2240(*) .01605 .000 .1891 .2590 

  24 .0945(*) .01605 .000 .0595 .1295 

  36 .0276 .01605 .112 -.0074 .0625 

  60 .0163 .01605 .330 -.0187 .0513 

  72 .0163 .01605 .330 -.0187 .0513 

60 12 .2078(*) .01605 .000 .1728 .2427 

  24 .0782(*) .01605 .000 .0432 .1132 

  36 .0113 .01605 .495 -.0237 .0463 

  48 -.0163 .01605 .330 -.0513 .0187 

  72 .0000 .01605 1.000 -.0350 .0350 

72 12 .2078(*) .01605 .000 .1728 .2427 

  24 .0782(*) .01605 .000 .0432 .1132 

  36 .0113 .01605 .495 -.0237 .0463 

  48 -.0163 .01605 .330 -.0513 .0187 

 

  60 .0000 .01605 1.000 -.0350 .0350 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 

Yx/s  

  

Sum of 
Squares df Mean Square F Sig. 

Between Groups .000 5 .000 16.579 .000 

Within Groups .000 12 .000     

Total .000 17       

 

least-significant different (LSD)  
Dependent Variable: Yx/s  
  

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference(I-J) 

 

Std.Error 
 

Sig. 
 

Lower Bound Upper Bound 

12 24 -.0028 .00161 .109 -.0063 .0007 

  36 -.0077(*) .00161 .000 -.0112 -.0042 

  48 -.0116(*) .00161 .000 -.0151 -.0081 

  60 -.0030 .00161 .090 -.0065 .0005 

  72 .0002 .00161 .890 -.0033 .0037 

24 12 .0028 .00161 .109 -.0007 .0063 

  36 -.0049(*) .00161 .010 -.0084 -.0014 

  48 -.0088(*) .00161 .000 -.0123 -.0053 

  60 -.0002 .00161 .910 -.0037 .0033 

  72 .0030 .00161 .086 -.0005 .0065 

36 12 .0077(*) .00161 .000 .0042 .0112 

  24 .0049(*) .00161 .010 .0014 .0084 

  48 -.0039(*) .00161 .033 -.0074 -.0004 

  60 .0047(*) .00161 .012 .0012 .0082 

  72 .0079(*) .00161 .000 .0044 .0114 

48 12 .0116(*) .00161 .000 .0081 .0151 

  24 .0088(*) .00161 .000 .0053 .0123 

  36 .0039(*) .00161 .033 .0004 .0074 

  60 .0086(*) .00161 .000 .0051 .0121 

  72 .0118(*) .00161 .000 .0083 .0153 

60 12 .0030 .00161 .090 -.0005 .0065 

  24 .0002 .00161 .910 -.0033 .0037 

  36 -.0047(*) .00161 .012 -.0082 -.0012 

  48 -.0086(*) .00161 .000 -.0121 -.0051 

  72 .0032 .00161 .070 -.0003 .0067 

72 12 -.0002 .00161 .890 -.0037 .0033 

  24 -.0030 .00161 .086 -.0065 .0005 

  36 -.0079(*) .00161 .000 -.0114 -.0044 

  48 -.0118(*) .00161 .000 -.0153 -.0083 

 

  60 -.0032 .00161 .070 -.0067 .0003 

*  The mean difference is significant at the .05 level. 
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������� �-7 ����
��)1���1�'�(���)��	~H1� S.cerevisiae (S2) ����
��1���
�
�1��I ���
�
��1���
�
�1��I��+��	
���
�����)�	+
���)� ���. 25, 30, 40, 50 '�( 98 ���
� 1�	�� 

 
ANOVA 

SUGAR 

  

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups 4.056 4 1.014 37.723 .000 

Within Groups .269 10 .027     

Total 4.325 14       

 
least-significant different (LSD)  

 
Dependent Variable: SUGAR 

  

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference(I-J) 
 

Std.Error 

 

Sig. 

 
Lower Bound Upper Bound 

25 30 .0000 .13387 1.000 -.2983 .2983 

  40 .0000 .13387 1.000 -.2983 .2983 

  50 .0000 .13387 1.000 -.2983 .2983 

  98 -1.3000(*) .13387 .000 -1.5983 -1.0017 

30 25 .0000 .13387 1.000 -.2983 .2983 

  40 .0000 .13387 1.000 -.2983 .2983 

  50 .0000 .13387 1.000 -.2983 .2983 

  98 -1.3000(*) .13387 .000 -1.5983 -1.0017 

40 25 .0000 .13387 1.000 -.2983 .2983 

  30 .0000 .13387 1.000 -.2983 .2983 

  50 .0000 .13387 1.000 -.2983 .2983 

  98 -1.3000(*) .13387 .000 -1.5983 -1.0017 

50 25 .0000 .13387 1.000 -.2983 .2983 

  30 .0000 .13387 1.000 -.2983 .2983 

  40 .0000 .13387 1.000 -.2983 .2983 

  98 -1.3000(*) .13387 .000 -1.5983 -1.0017 

98 25 1.3000(*) .13387 .000 1.0017 1.5983 

  30 1.3000(*) .13387 .000 1.0017 1.5983 

  40 1.3000(*) .13387 .000 1.0017 1.5983 

 

  50 1.3000(*) .13387 .000 1.0017 1.5983 

*  The mean difference is significant at the .05 level. 
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ANOVA 

ETHANOL  

 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups 2546.417 4 636.604 12295.988 .000 

Within Groups .518 10 .052     

Total 2546.935 14       

 
least-significant different (LSD)  

 
Dependent Variable: ETHANOL 

  

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference(I-J) 
 

Std.Error 

 

Sig. 

 
Lower Bound Upper Bound 

25 30 -2.3767(*) .18578 .000 -2.7906 -1.9627 

  40 -7.6433(*) .18578 .000 -8.0573 -7.2294 

  50 -12.7767(*) .18578 .000 -13.1906 -12.3627 

  98 -36.3467(*) .18578 .000 -36.7606 -35.9327 

30 25 2.3767(*) .18578 .000 1.9627 2.7906 

  40 -5.2667(*) .18578 .000 -5.6806 -4.8527 

  50 -10.4000(*) .18578 .000 -10.8140 -9.9860 

  98 -33.9700(*) .18578 .000 -34.3840 -33.5560 

40 25 7.6433(*) .18578 .000 7.2294 8.0573 

  30 5.2667(*) .18578 .000 4.8527 5.6806 

  50 -5.1333(*) .18578 .000 -5.5473 -4.7194 

  98 -28.7033(*) .18578 .000 -29.1173 -28.2894 

50 25 12.7767(*) .18578 .000 12.3627 13.1906 

  30 10.4000(*) .18578 .000 9.9860 10.8140 

  40 5.1333(*) .18578 .000 4.7194 5.5473 

  98 -23.5700(*) .18578 .000 -23.9840 -23.1560 

98 25 36.3467(*) .18578 .000 35.9327 36.7606 

  30 33.9700(*) .18578 .000 33.5560 34.3840 

  40 28.7033(*) .18578 .000 28.2894 29.1173 

 

  50 23.5700(*) .18578 .000 23.1560 23.9840 

*  The mean difference is significant at the .05 level. 
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ANOVA 

BIOMASS  

 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups 19.125 4 4.781 2927.282 .000 

Within Groups .016 10 .002     

Total 19.141 14       

 
least-significant different (LSD)  

 
Dependent Variable: BIOMASS  

 
  

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference(I-J) 

 

Std.Error 
 

Sig. 
 

Lower Bound Upper Bound 

25 30 -2.0467(*) .03300 .000 -2.1202 -1.9731 

  40 -3.0400(*) .03300 .000 -3.1135 -2.9665 

  50 -2.7600(*) .03300 .000 -2.8335 -2.6865 

  98 -2.9100(*) .03300 .000 -2.9835 -2.8365 

30 25 2.0467(*) .03300 .000 1.9731 2.1202 

  40 -.9933(*) .03300 .000 -1.0669 -.9198 

  50 -.7133(*) .03300 .000 -.7869 -.6398 

  98 -.8633(*) .03300 .000 -.9369 -.7898 

40 25 3.0400(*) .03300 .000 2.9665 3.1135 

  30 .9933(*) .03300 .000 .9198 1.0669 

  50 .2800(*) .03300 .000 .2065 .3535 

  98 .1300(*) .03300 .003 .0565 .2035 

50 25 2.7600(*) .03300 .000 2.6865 2.8335 

  30 .7133(*) .03300 .000 .6398 .7869 

  40 -.2800(*) .03300 .000 -.3535 -.2065 

  98 -.1500(*) .03300 .001 -.2235 -.0765 

98 25 2.9100(*) .03300 .000 2.8365 2.9835 

  30 .8633(*) .03300 .000 .7898 .9369 

  40 -.1300(*) .03300 .003 -.2035 -.0565 

 

  50 .1500(*) .03300 .001 .0765 .2235 

*  The mean difference is significant at the .05 level. 
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ANOVA 

Yp/s 
  

  

Sum of 
Squares df Mean Square F Sig. 

Between Groups .000 4 .000 2.185 .144 

Within Groups .000 10 .000     

Total .001 14       

 
least-significant different (LSD)  

 
Dependent Variable: Yp/s 
  

95% Confidence Interval Dependent 
Variable 
 

(I) 
GRP 

 

(J) 
GRP 

 

Mean 
Difference(I-J) 

 

Std.Error 
 

Sig. 
 

Lower Bound Upper Bound 

25 30 .0037 .00519 .496 -.0079 .0152 

  40 -.0057 .00519 .301 -.0172 .0059 

  50 -.0083 .00519 .140 -.0199 .0032 

  98 -.0087 .00519 .126 -.0202 .0029 

30 25 -.0037 .00519 .496 -.0152 .0079 

  40 -.0093 .00519 .103 -.0209 .0022 

  50 -.0120(*) .00519 .043 -.0236 -.0004 

  98 -.0123(*) .00519 .039 -.0239 -.0008 

40 25 .0057 .00519 .301 -.0059 .0172 

  30 .0093 .00519 .103 -.0022 .0209 

  50 -.0027 .00519 .619 -.0142 .0089 

  98 -.0030 .00519 .576 -.0146 .0086 

50 25 .0083 .00519 .140 -.0032 .0199 

  30 .0120(*) .00519 .043 .0004 .0236 

  40 .0027 .00519 .619 -.0089 .0142 

  98 -.0003 .00519 .950 -.0119 .0112 

98 25 .0087 .00519 .126 -.0029 .0202 

  30 .0123(*) .00519 .039 .0008 .0239 

  40 .0030 .00519 .576 -.0086 .0146 

 

  50 .0003 .00519 .950 -.0112 .0119 

*  The mean difference is significant at the .05 level. 
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ANOVA 

 
Yx/s 

 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .021 4 .005 4075.447 .000 

Within Groups .000 10 .000     

Total .021 14       

 
least-significant different (LSD)  

 
Dependent Variable: Yx/s 

  

95% Confidence Interval Dependent 
Variable 
 

(I) 

GRP 
 

(J) 

GRP 
 

Mean 

Difference(I-J) 
 

Std.Error 

 

Sig. 

 
Lower Bound Upper Bound 

25 30 -.0477(*) .00092 .000 -.0497 -.0456 

  40 -.0303(*) .00092 .000 -.0324 -.0283 

  50 .0060(*) .00092 .000 .0040 .0080 

  98 .0607(*) .00092 .000 .0586 .0627 

30 25 .0477(*) .00092 .000 .0456 .0497 

  40 .0173(*) .00092 .000 .0153 .0194 

  50 .0537(*) .00092 .000 .0516 .0557 

  98 .1083(*) .00092 .000 .1063 .1104 

40 25 .0303(*) .00092 .000 .0283 .0324 

  30 -.0173(*) .00092 .000 -.0194 -.0153 

  50 .0363(*) .00092 .000 .0343 .0384 

  98 .0910(*) .00092 .000 .0890 .0930 

50 25 -.0060(*) .00092 .000 -.0080 -.0040 

  30 -.0537(*) .00092 .000 -.0557 -.0516 

  40 -.0363(*) .00092 .000 -.0384 -.0343 

  98 .0547(*) .00092 .000 .0526 .0567 

98 25 -.0607(*) .00092 .000 -.0627 -.0586 

  30 -.1083(*) .00092 .000 -.1104 -.1063 

  40 -.0910(*) .00092 .000 -.0930 -.0890 

 

  50 -.0547(*) .00092 .000 -.0567 -.0526 

*  The mean difference is significant at the .05 level. 
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