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ABSTRACT 
 

Oil palm empty fruit bunch (OPEFB) is a potential source of lignocelluloses 

(cellulose, hemicelluloses and lignin) which can serve as a promising raw material for the 

production of ethanol. The increasing interest on use of lignocellulosic waste for bioconversion to 

fuels and chemicals are justifiable as these materials are low cost, renewable and widespread 

sources of sugars. Therefore objective of this study was to investigate the production of ethanol 

from cellulose in oil palm empty fruit bunch by Separation Hydrolysis and Fermentation (SHF) 

was divided into three parts: the first part is to find the optimal conditions for pretreatment. 

Subdivided by the effect of sodium hydroxide concentration (Alkali pretreatment), Effect of 

sulfuric acid concentration (Acid pretreatment), Effect of sodium hydroxide pretreatment 

accompany with sulfuric acid pretreatment, Temperature and time to pretreated. Response Surface 

Methodology (RSM) was followed to optimize the pretreatment process in order to obtain high 

amount of cellulose (%). The optimum reaction temperature, reaction time and sodium hydroxide 

concentration were found to be 130 ˚C, 40 min and 15% (w/v), respectively. The maximum value 

of cellulose was obtained 61.94% by using the above condition. For acid pretreatment, the 

optimum condition was 119 ˚C as the reaction temperature, 50 as the reaction time min and 0.1% 

(w/v) sulfuric acid. The maximum value of cellulose was obtained 43.28% by using the above 

condition. And after that use both conditions to pretreated OPEFB by boiling the alkali first, 

washed and followed by the acid. The value of cellulose was obtained 54.7%. Comparison of 
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cellulose prepared by acid, alkali and water at the same reaction temperature, reaction time and 

chemical concentration were 130 ˚C, 40 min and 15% (w/v), respectively. Found that the 

maximum value of cellulose was 68.8 % by alkali pretreatment. The second part is optimizing 

hydrolysis pretreated OPEFB with acid in order to get sugar. The optimum conditions for 

hydrolysis to xylose of this research was 140 ˚C for 90 minutes and 7 % (w/v) sulfuric acid. The 

optimum conditions for hydrolysis to glucose was 140 ° C for 110 minutes and 7 % (w/v) sulfuric 

acid. In the third part was to optimize and study the effect of time to ferment, amount of yeast and 

compare amount of ethanol from fermentation between bakerts yeast and Loogpang. The results 

show that bakerts yeast gave more amount of ethanol than Loogpang about 56 times. The 

optimum fermentation time was 3 days and 1.5 g of bakerts yeast. 
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Figure 17  Linear relationships between the amount of cellulose in  
  experiment and the amount of cellulose were calculated by the model 
������ 18   ก��^�.)�34� �5������
��
�Q(��$�E���6O$�+�4 !�&�!������3!�E���4��O 48
  &-!!+;!� 
Figure 18   Surface plots showing the relationship between temperature and time  
  effect the amount of cellulose 
������ 19   ก��^�.)�34� �5������
��
�Q(��$�E���6O$�+�4 !�����&"P�"P������  49 
  3!�E���4��O&-!!+;!� 
Figure 19  Surface plots showing the relationship between temperature and  
  concentration effect the amount of cellulose 
������ 20   ก��^�.)�34� �5������
��
�Q(��$�E��&�!� !�����&"P�"P������3!�E� 50 
  ��4��O&-!!+;!� 
Figure 20  Surface plots showing the relationship between time and concentration  
  effect the amount of cellulose 
������ 21   �����
��
�Q(2��+�ก��^&/4�&�P���$�E����4��O&-!!+;!�   53 
  %�กก���5!�� !���4��O&-!!+;!����\5P%�กก�������O��� 		%��!�� 
Figure 21  Linear relationships between the amount of cellulose in experiment  
  and the amount of cellulose were calculated by the model 
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������ 22   ก��^�.)�34� �5������
��
�Q(��$�E���6O$�+�4 !�����&"P�"P������  54 
  3!�E���4��O&-!!+;!� 
Figure 22  Surface plots showing the relationship between temperature and  
  concentration effect the amount of cellulose 
������ 23   ก��^�.)�34� �5������
��
�Q(��$�E���6O$�+�4 !�&�!������3!�E�  55 
  ��4��O&-!!+;!� 
Figure 23  Surface plots showing the relationship between temperature and 
  time effect the amount of cellulose 
������ 24   ก��^�.)�34� �5������
��
�Q(��$�E��&�!� !�����&"P�"P������  55 
  3!�E���4��O&-!!+;!� 
Figure 24  Surface plots showing the relationship between time and concentration  
  effect the amount of cellulose 
������ 25   3!ก����
	�����
�<654	5P���4Q� Alkali pretreatment    56 
  �E��ก
	ก����
	�����
�<654	5P���4Q� Acid pretreatment 
Figure 25  The result of Alkali pretreatment together with Alkali pretreatment 
������ 26   ���(���ก�	2���!����!(����3E��ก����
	����5P��ก�5-
!^_��4ก  57  
  ;-&5���\]5��ก \-5(  !��)�� ����6O$�+�4 130 ��7�&-!&-��� 
   &�!� 40 ���� ����&"P�"P�"������P��!� 15 �)��$�
ก�E���4���� 
  &����	&���	ก
	�
�<654	���\�E3E��ก����
	�������&��� 
Figure 26  Component in OPEFB after pretreated by chemical methods and untreated  
  130°C, reaction time of 40 minutes and 15 %wt of chemical. 
������ 27   �����
��
�Q(2��+�ก��^&/4�&�P���$�E����4��Oก!+;�����\5P  60 
  %�กก���5!�� !���4��Oก!+;�����\5P%�กก�������O��� 		%��!�� 
Figure 27  Linear relationships between the amount of glucose in experiment 
   and the amount of glucose were calculated by the model 
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  �����3!�E���4��O�)����!ก!+;�� 
Figure 28   Surface plots showing the relationship between temperature and  
  concentration effect the amount of glucose 
������ 29   ก��^�.)�34� �5������
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�Q(��$�E���6O$�+�4 !�&�!������3!�E�  62 
  ��4��O�)����!ก!+;�� 
Figure 29  Surface plots showing the relationship between temperature and  
  time effect the amount of glucose 
������ 30   ก��^�.)�34� �5������
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�Q(��$�E��&�!� !�����&"P�"P������3!�E� 63 
  ��4��O�)����!ก!+;�� 
Figure 30   Surface plots showing the relationship between time and concentration effect 
  the amount of glucose 
������ 31   ��4��O&�����!%�กก��$�
ก5P������("���#�&����	&���	ก
	  66
  !+ก �,�"P��$��ก 
Figure 31  Amount of ethanol fermented with bakerts yeast compared with Loogpang 
������ 32   ��4��O&�����!%�กก��$�
ก5P������("���#�    67 
Figure 32  Amount of ethanol from fermentation with bakerts yeast  
  
 

 

 

 
 



1 

 

����� 1 

 

����	 

 


�	�����	���
�	���	
���������	  

  
��กก������	
���������������������ก����ก������	�����	����� �������

��ก!�""�� ��ก�� #�����ก����������� �����	����� ����$%�"�������!�&� (�������	���)�
ก��*��&���ก���!���	����� ��� � ��+���ก���	����!,-.�����!�""� �!�� �ก/��(0.�1 .� 10 .�
20 ���.� 85 �$%�&�� ��,�.���������6"�	��6� �����	���� � 7�"����� �����,�.$����!�18.�
�ก�&�ก�� ���	���)�����ก��*��&����!���	�����)��"���7���&��&�ก�����������9������
����� &�. ������������"��	��	�����	����� ����)ก�9$���.���������	����&�.��,�.�
$���"�ก	�ก���	 �#��*��	�����	����� ��� 15 $:8.� ก����"���	����; �&	-��$<��������
�	 ��"�ก���!���	����� ����)ก�9$�������8�-��$%���.��� 20 8.�ก���!���	����8	-��) ����8.�
$�������$: �.�. 2565 ��ก� �����ก��ก#��� �$<��������ก���!���	����� �����ก��.��� 0.5 
�$%���.��� 8 ��$: �.�. 2554 �����	-� ($A��)�	��ก���!���	������.��� 5.8 $����	 ����; � 94,000 
�������&�.$:) ��,�.*�	ก 	�����ก� ก���	�����	����� ��� �$%��������	������	ก8.�$�����
��!�"����$�����;��$����	 ก���#��8����	����; � 608,000 ������� &�.$: �"�	-��	�!�"�� ก��
$��.�ก/�(��,.�ก���ก; �$:�� 42 ����&	� 7����$: 2565 $�����;�����$%�*9��#� �����	����
� ����� 	���"����8.��.�!�������	ก�7���9� �"�	-���	���)����$�����;���$%��9��1���..ก
�!,-.�����!�"7�� �6�7	EF1������..ก��6��������	����� �����79�7�6�.�!��  	��	-�ก����ก��
���"��	���	����� �������$%���,�.����� �"����6"���	���)�������"��������6"����.
 #�����ก��.�����" ��G" 

 ��	����!�""����*��&��ก�.���.���	ก�7���9���ก���!��$%��������	����
� ����-#�	��!,-.��������&�.��#��8����ก&���$����� ��"������������	���ก�$H�&��������ก/�(
I��!�&��$%�8.�&��.�  �&�กG;�������.ก	�$���E6"�&�.�ก�� �#����&�.��#��8���-#�	���ก
&���$�����  (�����������	�$����$AJ����,�.���6��-#�	��9�8�-� �#����&�.��*!�Jก	�6"�
�����$������� �������
ก�� ��,�.� $���Eก���#��8���-#�	� ����ก�������E��������	����.,����,�.
� ����-#�	�� ��+���.��������ก�������E�K��"	&K) �����ก���ก�&�����.�9���$������������K
�!��$%���	����� ���; �  
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 �.���.� �$%����$��ก.�.������1����$%�8.����"�� ;���� �ก�����. &� ;L
���� (����.���.��8�. �����$��ก�� ; ��ก� �$%���	����� �������ก���*�;����.�  ;������
ก/�(��� !�"�� ก���ก� ����&�.�����" ��. �	-��	� !�"�� ����������6��..ก��� MTBE  
(methyl tertiary butyl ether) !�"�$����	 ����&��&���$�������ก���#��8�� MTBE ����-#�	�; �;�
��.�ก"�� 13,000 �������&�.$: �.ก��ก��-��$: 1991 ���	
.���ก��	�; �..กก]���.�ก��
����)�I�^ (Clean Air Act) � ������� ก���!����  MTBE  (����$%��������..ก��� ���*���
�-#�	����(�� ����$%����ก�.���G� �.���.�����$%��������	����� �������6)E6���ก��
$A��)�	���- � �"	&K) ���������K�#��*��&�.���.���"���J�� 3 !��  6,. "	&K) ��$���7��-#�&�� 
�$<������ก���(��9��� $�����;������K*��&�.���.���ก�-#�&��; �.�����$�����I�7��
&	-��&�. �&�"���$A��)�	� ���; ��	���ก��*��&�.���.���ก�$<�	��#�$���	�.����&�.��,�.� (���
�	�6�; ��	�ก���	�������$�����I�7���9��ก8�-���$A��)�	� �#���	�ก���#��(��9�����!��$%�
"	&K) ���	-� �	�.�9����"���ก���	�����ก�� 	��6�,�.�&������9�ก��*��&���� 	�.)&���ก��  	��	-�
ก����	���)�ก����ก��"��	���ก��*��&�.���.���ก�(��9��� 9���6"��#�6	J�ก����) ��
8E���- �.����6,.ก��*��&�.���.���ก�$<�	��#�$���	� 
  "	� )������,.���ก���ก�&�����K�#��*��&�$%��.���.�; � � �"	� )���
���,.��-����ก���ก�&������ก��7�6�&�8.�$�����;��6,. *���.�; ���ก��ก$��1�-#�	� (���
$��1�-#�	��$%��,!���$�9ก�ก��7�6�&�8.�$�����;�� $��ก.� �"�  &��$��1 ������$��1 ���
��$��1 ��������$��1 (����$%�"	� )��ก���(��9���  �.�61$��ก.�����#�6	J6,. �(��9���  (���
����K�$������$%��.���.�� �ก���"�ก���	ก �"��!,-.�)�������1  

 � ����"��	���-���#�ก����ก��ก��*��&�.���.���ก�(��9����������$��1 �"�
"�I�Separation Hydrolysis and Fermentation (SHF) ��,�.�#�����ก���#�!�""�$��1(����$%�������,.
��-���กก��*��&�-#�	�$��1��!�����ก� $����!�1 ���������#�!�""�$��1;$��-��#�����ก� 8��
�$%�����&�.�����" ��. ��&)*�����!������$��1��,�.���ก ��ก���"��	�� �6"���",.8.�
$���������(������ ���1ก ��"�� �����$��1 &��$��1��������$��1 �$���E�(��9������
�ก���6���ก	� �,�.�#��*��&�.���.� �����$��1���$���E�.���.�����กก"�������$��1�&�
�ก���6���ก	�&��$��1 ���"��	���-�����,.ก *��&�.���.���ก�����$��1��,�.���ก&��$��1���"�
8.���ก��� .�9���$���E�9� �#������-��$�,.���$���E��ก��ก#��	 ��ก���..ก $��ก.�ก	�
�����$��1�$����$%���"�������,.��-���ก������*��&�-#�	�$��1.�ก �"�      
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�����ก�	�   

 
1. �	� ��!�	��� 
   !,�.��	J  $��1�-#�	� (Oil palm) �-#�	�$��1 (crude palm oil) ����ก��."�� CPO    
      !,�."�������&�1 (Scientific name): Elaeis guineensis Jacq. 
  "��1 (Family): Palmae ��,. Recaceae 
        ���	� (Genus): Elaeis 
         �$:!��1 (Species): guineensis                                                                 

 K���ก#����  .�9��K��.L��ก� ����ก������	�I)1$�9ก.�9����8&79�.�ก����.�!,-� ���
�����)�� 10 .������,.-�&�  �����*��&��J�8.���ก .�9�������(�� .��� ���(�� �,-����$�9ก$���E 
80 �$.�1�(G�&18.���ก  �����$�9ก$A��)�	�.�9�������(��  .��� ���(��  ;������� ;��  �6�	����  
.��� ��  ��������$�9ก���8.�$�������79�7�6�.�!��&�"	�..ก�+����&� �!�� ���  ก	�9!�  
$��1�-#�	��$%��,!������*�*��&�-#�	��9� �#�����&���)�ก��*��&�����6�&�#�ก"���-#�	��,!!�� 
.,��t ����K�#�;$�!�$����!�1; �.�������ก�����	-������6��.)$�76�������76 ��"�����ก��
*��&�-#�	�$��1&�.�-#�	��,!8.���ก��������9�8�-�.����&�.��,�.�����" ��G"�&� 7���&�8�.&ก��
ก��6�����"���$���������)ก$�������������������ก���$H ����ก��6�����"���$�����(���ก	����
ก	� ���*�����-#�	�$��1�$%����6����������;���6"������$���� (���$��1�-#�	������ก	�7��
.�ก����.�!,-� �	 .�9�����"E�ก���6���ก	������9��1�9&� 

1.1 "#!������$ก�	� ��!�	��� 
       $��1�-#�	�����J�&���&; � ���7�6�&�8.�$���������"E�,-�������$�9ก�ก����)  

6,.�	��"	 ก����� �)���]�1I��� !)�� �&9����&�	� � ��	��"	 ก����� $�9ก�ก����) �#��"� 537,637 
;�� 6� �$%���.��� 39.40 ����.����; ��ก��	��"	 �)���]�1I��� 405,213 ;�� ����	��"	 !)�� 
216798 ;�� 6� �$%���.��� 29.70 ��� 15.89 8.��,-����$�9ก�	-�$�����&��#� 	� �	-���-��,�.���ก
*�&.����ก��$�9ก$��1�-#�	� �ก"��ก��$�9ก�,!!�� .,���!������������ก���#���8��" ����$%�
����9�������ก�&�ก�8����,-����$�9ก$��ก.�ก	���6��ก���$������,-����$�9ก$��1�	�"$����� 6� 
"��$���E6"�&�.�ก���-#�	�$��17��������8�-��ก�	-���-�������6��-#�	�$��1��&�� ��ก�
��"����9�8�-� �#����6"��&ก&���8.���6�7�������7���.ก$�����;��9�������ก���	ก�.�
�8�������76�	-�� ����8�-��9��!��ก	� 

       ��กก���.�K�*9�$��ก.�ก���������ก	 �-#�	�$��1��"�� �����$��1 
100% 7����	���ก��ก*�..ก���" ��; �*�$��1$���E 75% ������,. 25% �$%������$��1
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�$��� ��"�*�$��1���8��ก���"�ก������-#�	� ��; �������$���E 13% � ���$: 2554 �
$���E$��1�-#�	����*��&; �$���E 4 ����&	� 

 

 
 

7����� 1 �����$��1�$��� 
Figure 1 Oil palm empty fruit bunch 

 

 
 

7����� 2 ��������ก�����$��1�$��� 
Figure 2 Fiber of oil palm empty fruit bunch 
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1.2 ก	�&'(���)*'� ���+,-.��#��	ก�,��	�ก����	� ��!�	��� 

       ������$��1 ก���$��1 �$%�&�� (���8.������������-K9ก�#���!��$%��!,-.�������
��"�8.���.����;.�-#�8.�ก���"�ก��*��&�-#�	�$��1���ก�.����ก� 8.��������9$8.��K���$%�
�#��"��ก������)  �K������ก� 8�-��8�� .�)7�6��Gก�-#���	ก��� .�����ก� ก��L)<�ก������9�
�����" ��.; �  	��	-����&�.��ก��ก#��	 .����K9ก"�I���,�.$<.�ก	�;�����ก� �������.�ก��(���.���#�
����$%�.	�&���&�.�)��1; � ก���#��K����$%�&	" 9 (	��$%�"�I�����&�ก�����������#�6	J���K9ก
�#���!�.������������ .����!�� ก���#��K��;$�!�$����!�1��ก���$%�&	" 9 (	�������	ก��
ก���"�ก���#��	 �-#���������������	ก� ��!�ก���"�ก�� 9 (	������.�)7�68.��K����,-����*�"
���8�� 8.��9��)��������� �.ก��ก��-��,�.���ก�K�����"�$��ก.�����6�����#�6	J ; ��ก� SiO2, 
CaO, Al2O3 ��� Fe2O3 (����$%�.�61$��ก.�����#�6	J8.�"	� )$.(�(��� (���"	� )$.(�(����	-�
����K�#���!��$%���"�*���ก��$�	���K���/ก���#�����$%�ก�.��8G��"ก	�(���&1; �  	��	-� 
�K�����K9ก�#�;$�!��$%�"	� )$.(�(����#���	�ก��$�	���K���/ก���#�����$%�ก�.��8G�8.�ก�ก
&�ก.�8.�������	ก (����#����; �ก�.��8G�������K���7��(����,�.� �.�6���	����.	 ���6��ก��
!������8.�������	ก���"����K�#�;$�!�$����!�1�$%�"	� )ก�.�����; � � (Boonma, 2011) 
2. �$ก��/�  

 �9ก�$<��$%�ก����!,-.�)�������1����!���ก���	ก8��"��ก .) ������� ������&�
�-#������!9���8�K�"�L9 ���9ก�$<��#���	�ก���	ก��������!,-.������!,-.���&1*�ก	�.�9� �#�
���������ก���	ก8��"����$%��-#�&�� ��� �ก�  �.�ก.0.�18�-�&��#� 	� �9&�ก���#��9ก�$<� �$%�
�9&����K����. ก	����6�.�6�	" ���	ก$H �$%�6"��	� .����;�กG&� ; ��*9�&����1�9&��9ก�$<�
;"��������� ����"��";"�� ����&������1�7� ����1�.� ����	��,.ก����!,-..�����	ก 

 6"��!,�.���"���)�;�����9ก�$<� �$%���������#�����ก� ก������8.������	-� ;��
��	ก
���,��	����"�������&�1 .����;�กG&� ก���!��!,-.����)�I�^��ก���	ก���� �	����ก������
�&ก&�����กก���!��9ก�$<� (���.���ก� ��ก�!��!,-.�)�������  1����)�I�^����� 2 !��  6,. ��������&1 �&�
��ก���	ก��ก�9ก�$<� .����)�������1����!��  ���"���"��ก���	ก �"� 

  �$%�ก��� �!,-.�)�������1��� �กG�;"����9$�!,-.����  6����	�����E6	 ��,.ก
�!,-.�)�������1����.�9���I��!�&���!����9$8.��9ก�$<� �)�������1������ก���9ก�$<���	-������
���&1 �9ก�$<������!��  �!�� �9ก�$<������ �9ก�$<�8��"��ก ��,�.���ก�	
����ก]������*��& 
6�.�6�.�����#������� �;�; ��	�.�)J�& �#�����!,-.�� ���&1 ����9&��9ก�$<� �t�9J���;$.����
������� �� � ��9ก�$<��&����,-��������	ก�E�����&ก&���ก	� 
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 �9ก�$<�8��"��ก��	ก�E��$%�ก�.�����6����"�ก� ��8�"�"� ��,-.�$<��$����
������8.��!,-.���ก��.�9��	�";$ �,�.�.��)�ก������-#�&���8�8�-� �9ก�$<�����!,-.��������&1&���
����	�I)1ก	� �9ก�$<���� ���&�.��!��$<��!,-.��� � �ก���	ก��6"���.�  6"�6).)E�79� ���
6"�!,-�8E��#��9ก�$<�����.���� ��"�$��ก.�����#�6	J8.��9ก�$<� ; ��ก� �6�,�.���� �-#� ���
�$<��!,-.�9ก�$<� 
'#!��	���"�&��$ก��/� 

1. Group I  (������.�;(1�����.6&�"�&�-�9�,ก� L9���6 (�&��6 ��6&�6) 
 Class Zygomycetes   

Order Mucorales    
         Family Mucoraceae  
                 Genus Rhizopus sp., Mucor sp., Amylomyces 

2.  Group II (���$���E�-#�&���� �"(1�กก"��) 
 Class Deuteromycetes       

Order Moniliales  
          Family    Moniaceae                                  

Genus Aspergillus sp.  
*��� ���"�&��$ก��/�                             

1. Ascomycetous yeast 
Class Ascomycetes       

Subclass Hemiascomycetidae  
Order Endomycetales   

Family Saccharomycetideae          
Genus Saccharomyces sp., Endomycopsis sp., Hansenula sp. 

2. Blastomycetes yeast 

Class Blastomycetes   
                     Family Cryptococcaceae    

Genus Tolulopsis sp.    
  3.  Saccharomyces yeast                                                                          

  ���&1����!���ก���#�8�$A� � ��	�";$ 6,. Saccharomyces cerevisiae �����"��	�
��-���!����&1��ก�9ก�$<�8��"��ก������&1��ก8�$A���ก���	ก�.���.� 
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3. ��
 ���ก�����@�"#' 

 3.1 @��$)�� (Cellulose) 
  �(��9����$%����$��ก.�.������1�����9&����ก)��$%� (C6H10O5)n �(��9����$%�
��"�$��ก.�8.�*�	��(��1 (cell wall) ���,! �ก� ��กก�9�6�$���E 50,000 ���ก)���!,�.&�.
ก	��$%������" �&������8.����8.��(��9��������8���ก	�;$ ������ ������"���"������ �#�
�����	ก�E��$%������� ���;"����,!;������(��1�	&"1�(��9���;�������-#��������ก��8.�
�)��1;�����K��.�����; �       
  �(��9����,�.K9ก��.����&ก&	"..ก ����-# �&��ก�9�6��#��"��ก �$%�
6��1��;0� �&����$%���"�$��ก.�8.��6�������8.��(��1 (structural carbohydrate) $��ก.� �"�
���"���.�6,.���ก)�8.�ก�9�6� (glucose subunits) 1,000-10,000 ���ก)� ��-#���	ก���ก)� 
(molecular weight) 200,000-2,000,000 ���"���.��,-�
�� (basic subunit) 6,. �(���;��.� 
(cellobiose) (���$��ก.� �"�ก�9�6� 2 ���ก)� &�.ก	� �"��	�I� β-(1-4)-glycosidic (Johnson, 
2006) � ����;��ก���&ก�8�� �(��9����� primary cell wall $��ก.� �"�ก�9�6���"$���E 
2,000 ���ก)� ���.������.� 14,000 ���ก)��� secondary cell wall � ����ก)�8.��(��9�����
�ก��ก	��$%�69�&���"��������8���ก	��$%�ก�)� 40 69� ����ก"�� microfibril �#�����������6"�
�8G����ก	�*�	��(��18.��,! $���E8.��(��9���.������.��ก����"�������.���� �!�� ��
.���*��	������ 0.8% 8E��������"�8.�������}<�� (cotton fibers) ��กK�� 98%  � ��(��9���
����K��.�����; �&�I��!�&� ����K�&ก..ก�$%����"�8.�ก�9�6�; �� �ก���&������
�6��!�ก� �8�8�� ���.)E�79��9� 

 
 

7����� 3. �6�������8.��(��9��� 
Figure 3 The structure of cellulose 

����: http://en.wikipedia.org/wiki/Cellulose 
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  ��������8.��,!��$��ก.�;$ �"��(��9�����.��� 30 K�� 60 � ��-#���	ก����
(Chiaramonti, 2007) �,�.�����ก	��$<����" �(��9����6"��$%�*��ก�กก"�� �$<��ก������&	"
8.�*��ก���.)E�79����&�#�ก"�� 100 .����(��(��� ��"��(��9���&�.��!�.)E�79� 320 .����(��(��� 
6"� 	� 25 �ก�$��6�� (Lee, 1997) 

 
7����� 4 ก����ก.�61$��ก.�8.�*�	��(��1�,! 

Figure 4 Cell wall compositions. 
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&������� 1 $���E�(��9��� �0��(��9��� �����ก����������$��1�$��� 
Table 1 Cellulose hemicellulose and lignin contents in oil palm empty fruit bunch 
 

.�61$��ก.� 
$���E (��.���� ��-#���	ก) 

Loboguerrero ���6E� 
(2007) 

Abdul ���6E� 
(2002) 

Rahman ���6E� 
(2006) 

�(��9��� 46.77 15.47 42.85 
�0��(��9��� 17.92 11.73 24.01 
��ก��� 4.15 7.14 11.70 
�K�� - 0.67 0.52 
�-#�	� - - - 
6"�!,-� - 65.00 - 
.,��t - - 20.92 

 
3.2 D�E@��$)�� (Hemicellulose) 

  �0��(��9����$%� Heteropolymer (���6�����(��9����&�$��ก.� �"��-#�&��
���ก)�� ���"����!��  �0��(��9���������,-.��,�.8.��,!� ��".�9�ก	����.,��t �!�� ��ก��� 
�(��9��� �$%��6�������8.�*�	��(��1 ���ก���ก�� (	�8��"��  �0ก�(�(� �9&�����6�6,. 
(C6H12O5)2n �6�����������6�����t!��  �!�� arabinoxylans (������0��(��9���.�9�&� ก	�
�(��9������6�������*�	�8.��(��,! ��8E�����(��9����6"��$%�*��ก �8G���� ��ก&�.ก��
;0� �;�(�� �&��0��(��9�������6�������;�����.� ����&�.ก��;0� �;�(�� �"�ก� ��,. ���
��,.��� � ��0��(��9������.�.�.�18.��-#�&������!��  �!�� xylose mannose galactose 
rhamnose ��� arabinose ��$��ก.�;$ �"��-#�&�� D-pentose �$%���"���J� ��"� xylose ���$%�
.�.�.�18.��-#�&��������ก����)   

 



 

����: http://www.sigmaaldrich.com/life
center/carbohydrate

 
 Xyloglucan

�,!�� �� ��-#�&��;(������ก�9�6�
  �0��(��9����ก� ��ก��"��(��	-�t�,�.�����ก	��(��9���(����0��(��9����ก� ��ก 
200 ���"�8.��-#�&��ก�9�6�

3.3 �Eก�E� (Lignin)

       �$%���"�$��ก.�����#�6	J8.�*�	��(��1�,!
��"�$��ก.�8.��$�,.ก (	� ��,.��"�����$%���,�.��8.���ก �#�&��
;$�9��.  �,�.�,!�.��)�ก8�-� $���E
 

 
7����� 5 �6�������8.��0��(��9��� 

Figure 5 The structure of hemicellulose 
http://www.sigmaaldrich.com/life-science/metabolomics/enzyme-explorer/learning              

center/carbohydrate-analysis/carbohydrate-analysis-ii.html

Xyloglucan �$%�!�� 8.��0��(��9���(���$A��)�	���"���J�.�9���*�	��(��18.�
�-#�&��;(������ก�9�6��$%���"���J� (Graham et al., 2006) 

�0��(��9����ก� ��ก��"��(��	-�t�,�.�����ก	��(��9���(����0��(��9����ก� ��ก 
���"�8.��-#�&��ก�9�6�  �&��(��9�����-#�&��ก�9�6��กK�� 7,000 K�� 15

(Lignin) 

�$%���"�$��ก.�����#�6	J8.�*�	��(��1�,!  �#����*�	��(��1�,!�8G����
��"�$��ก.�8.��$�,.ก (	� ��,.��"�����$%���,�.��8.���ก �#�&�� �����K9ก�������ก��"��6�&�� 
;$�9��.  �,�.�,!�.��)�ก8�-� $���E��ก��� �������ก8�-� �"�  
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explorer/learning               
ii.html 

�$%�!�� 8.��0��(��9���(���$A��)�	���"���J�.�9���*�	��(��18.�

�0��(��9����ก� ��ก��"��(��	-�t�,�.�����ก	��(��9���(����0��(��9����ก� ��ก 
15,000 ���ก)� 

�#����*�	��(��1�,!�8G���� ���$%�
�����K9ก�������ก��"��6�&�� 



 

 

����: http://en.wikipedia.org/wiki/File:Lignin_structure.svg

 ��กก�����
ก�������ก��� .�9���"ก	��(��9��� ���
hemicellulose � �� �"�  	��	-�$���E��ก���
$�����6)E7��8.��,!.����

 
 

 

7����� 6 �6�������8.���ก��� 
Figure 6 The structure of lignin 

http://en.wikipedia.org/wiki/File:Lignin_structure.svg
 

��กก�������ก����$%�������;���	&"1!�� � �!�$����!�1; ����
ก�������ก��� .�9���"ก	��(��9��� ���hemicellulose �#����ก����.�; �8.� �(��9��� ��� 

� �� �"�  	��	-�$���E��ก��� �(��9��� ��� hemicellulose 
$�����6)E7��8.��,!.�����	&"1 ����!��#���	����-���	&"1�6�-�"�.,-.� �� ���ก��&���
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http://en.wikipedia.org/wiki/File:Lignin_structure.svg  

��ก����$%�������;���	&"1!�� � �!�$����!�1; ���� ��8E�� ��"ก	�
�#����ก����.�; �8.� �(��9��� ��� 

hemicellulose �6"��#�6	J&�.ก��
����!��#���	����-���	&"1�6�-�"�.,-.� �� ���ก��&��� 
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4. ��	��� 

  �.���.� (Ethanol) ��,.�.����.�ก.0.�1 (Ethyl alcohol) ��9&��6� 6,. 
C2H5OH  �$%���������.�����; ����!�"7�� �$%���	����� �������ก���*�;����.�  ;������
ก/�(��� !�"�� ก���ก� ����&�.�����" ��. �.���.� �$%��!,-.��������"���; ���กก����.�����
�$<�����-#�&�� �"��.�;(1   ��ก���!��.���.��$%��!,-.��������6�,�.���&1���(��   &�.��#�ก��
ก�	���.���.����6"�����)�I�^�9�K����.��� 99.5 �������K�#���!��$%��!,-.��������6�,�.���&1
���(��; � ��ก�.���.�����!���-#�$�$�.�9��ก ���ก� $AJ���#�����6�,�.���&1�G.ก ���!�-���"�
���.)$ก�E18.��6�,�.���&1�ก� ���  

 "	&K) ������!�*��&�.���.� ����K����..ก�$%� 3 $���7���J�t  	���- 
 1. "	&K) ��$���7����� ; ��ก� *�*��&���ก���ก�&��"กI	J�,! �!�� 8��"���� 8��"

���� 8��"��  8��"���1���1 8��"L��� ����"ก�,!�	" �!�� 	��#�$���	� 	�}�	�� 	���� �$%�&��  
 2. "	&K) ��$���7��-#�&�� ; ��ก� .�.� ก�ก�-#�&�� ��&�9& 8��"L����"�� �$%�&��  
 3. "	&K) ��$���7������� ��"���J��$%�*���.�; ���ก*�*��&���ก���ก�&� 

�!�� L��8��" !��.�.� (	�8��"��  �#�8��" ���;� ���ก�� �� 8�-��,�.� "	!�,! �"�	-�8.�������ก
������.)&���ก�� �!�� ������ก�� �� �$%�&��  

          �����"	&K) ��.�9�����!�� �������K�#��*��&�$%��.���.�; � �&���������
;�ก��!�� ����6"��������ก��*��&�$%��.���.� � ����	ก�กEF1���6"������E�6,.  

           - "	&K) ���$���E������.�#���	�$<.��9�������; �&�. $: ��; ����� ��6�K9ก  
           - ����K*��&�.���.�&�.���"�8.�"	&K) �����&�.���"�8.��,-��������$�9ก; �

��$���E�9�  
           - ��	����� )�8.������$%��"ก  
           - "	&K) ���	-���&�.�;�����.����8.��)��1  
         �#���	�$�����;��"	&K) �����; ��	�ก�������E���ก6E�ก��ก���.���.�

����!�&�"���6"������������#��*��&�.���.������� 3 !�� �����	-� ; ��ก� 
.�.� ก�ก�-#�&�� ���	��#�$���	��   

         �.���.�K9ก�#�;$�!�$����!�1; �.�������ก���� �!�� �!��$%��6�,�.� ,�
�.�ก.0.�1 �!�� ����� ;"�1 ��������1  �!���.)&���ก����  �!��$%�&	"�#��������
*��&7	EF1.)&���ก�� �!��   ��    ��Gก�ก.�1  ���6�,.��-#�	����8�-*�-� (6��8	 �.�����)   ��(��   �!�
�$%�"	&K) ����ก���	��6����1����6����!�"�6�  �!��$%��������6��..ก������-#�	����(�����
����ก"���ก/��(0.�1  �!��$%�.���� �!�� �-#������!9  ����&��  �!���� ���ก������1 �!�� �!��!G 



 

�*�  �!���.)&���ก���6�,�.��#�.��
�6��������$%� 	�7����� 7 

  ก��*��&�.���.���ก"	&K) ��$���7���ก���(��9���
�(��9���  ; ��ก� L��8��"
.�61$��ก.�����$%��(��9��� 
�(��9����$%��.���.�18.��-#�&��ก�9�6�&�
�������"���;�������-#�
�!�� ;(��� (Xylose) �����
�$%��.���.�18.�L:���������
5. ��!����&�ก	�M�E���	���

 � ��	�";$$��ก.� �"� 
(Pretreatment) ก����.������(��9�������0��(��9�������$%��-#�&�� 
�-#�&������$%��.���.� (Fermentation

 

�!���.)&���ก���6�,�.��#�.��  �!��$%�&	"���.���&1����.�$���	&�ก�����.,��t �$%�&��
 

 

 
 

7����� 7 �9&��6�������8.��.��.� 
Figure 7 The Structure formula of ethanol 

 
ก��*��&�.���.���ก"	&K) ��$���7���ก���(��9���  (���"	&K) ��$

; ��ก� L��8��"  ก�ก.�.�  (	�8��"�� ������;� �$%�&�� "	&K) ��$���7���-�
.�61$��ก.�����$%��(��9��� (Cellulose) �0��(��9��� (Hemicellulose) �����ก���
�(��9����$%��.���.�18.��-#�&��ก�9�6�&�.ก	��$%������"���.�9����9$*��ก ��	ก�E��$%�����
�������"���;�������-#� �0��(��9����$%��.���.�18.��-#�&�������� (Pentose) 

����� (Mannose) ���         .�������� (Arabinose) 
�$%��.���.�18.�L:��������� (Phenylpropane) (�����&�.ก����.�����.�����ก

��!����&�ก	�M�E���	����	ก���+,-.��#�@N��������+,���O��Eก)�@��$)��

� ��	�";$$��ก.� �"� 3 8	-�&.���	ก6,. 8	-�&.�ก��$�	��7��"	&K) ��
ก����.������(��9�������0��(��9�������$%��-#�&�� (Hydrolysis

Fermentation)  	��� ���7����� 8  

13 

���&1����.�$���	&�ก�����.,��t �$%�&�� ��9&�

(���"	&K) ��$���7���ก��
(	�8��"�� ������;� �$%�&�� "	&K) ��$���7���-�

�����ก��� (Lignin) � �
.ก	��$%������"���.�9����9$*��ก ��	ก�E��$%�����

(Pentose) ����!��  
(Arabinose) �$%�&�� ��"���ก���

(�����&�.ก����.�����.�����ก   
�	ก���+,-.��#�@N��������+,���O��Eก)�@��$)��  

8	-�&.�ก��$�	��7��"	&K) �� 
Hydrolysis) ���ก���	ก
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7����� 8 ก���"�ก��*��&�.���.���ก"	� )$���7���ก���(��9��� 
Figure 8 Ethanol production process from lignocelluloses material 

 
5.1 ก	������O	"���P,+E� (Pretreatment) 

       ��,�.���ก"	&K) ���#��"ก��ก���(��9�����6����������(	�(�.�ก��$�	��7����
!�"�����6�������(	�(�.���.��� �(��9���K9ก�#�;$��.������$%��-#�&��; �����8�-� (���7����� 8 
�� �*�8.�ก���7��"	&K) �� (Pretreatment)  
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7����� 9 *�8.�ก��$�	��7��"	&K) �� (Pretreatment) 

Figure 9 The result of pretreatment 
���� : Mosier ���6E� (2005) 

 
   �������&�.�ก���#���	�ก��$�	��7��"	&K) �� 6,. 

        1). ����$���Eก��*��&�-#�&�� 
       2). � ก���9J����6��1��;0� �& 
        3). ���ก������ก���ก� &	"�	��	-���8	-�&.� ก��;0� �;�(�� ���ก���	ก 
        4). � &���)���ก��*��& 

  ��ก��*��&�.���.���ก��ก���(��9��� ��,�.���ก����"ก��ก���(��9����$%�
��������ก&�.ก����.����� ���&�.��ก��$�	��7����,�.�#����.�.��)� ����.�;(1�8��K�� ���
$��ก�����; � � (Sun ��� Cheng 2002) 
)+*�ER�ก	������O	"����	*�ER� ��!��	�ก	*O	" �	�
��ก	*O	"���
��+����! 

�ER�ก	������O	"�	�ก	*O	"  (Physio pretreatment)  

1. Mechanical comminution  �$%�ก��� 8�� 8.�"	&K) ��� �"�I�ก��&	  ก���  
��,�.� ก���$%�*��ก8.��(��9��� 8�� ����ก� ��กก��&	 $���E 10-30 �����&� 8�� ����ก� ��ก
ก��� $���E 0.2-2 �����&� ก��� ����K�#����6"��$%�*��ก8.��(��9��� �������ก��
��.�����; � 

2. Pyrolysis �$%�ก���"�ก����.�����"	&K) �����.)E�79��9�$���E 200-600 
.���  �(��(��� 7���&�6"� 	������ก��  
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�ER�ก	������O	"�	�
��ก	*O	" (Physio - Chemical pretreatment) 

       1. Steam explosion "�I���-"	&K) ����K9ก$�	��7�����6"� 	�;.�-#��9� ���"� 6"�
 	�.�����" ��G" �#����"	&K) ������� ���"�ก� ก������&	" ก�������  �"�;.�-#�����&�����.)E�79� 
160-260 .����(��(��� 6"� 	� 0.69-4.83 MPa �$%��"������"����� K���.���,.������ 
��	���ก�	-��.�..ก����.)E�79�$ก&� 
        2. Ammonia fiber explosion (AFEX) �$%�ก���#�"	&K) �������;$����������
�.��������.)E�79����6"� 	��9����"� 6"� 	�.�����" ��G" (���6����ก	�ก�������  �"�;.�-#� 
�ER�ก	����*��	�
�� (Chemical pretreatment) 

       1.  Ozonolysis �.�(�����K�����������ก��� ����0��(��9���; � ก��������
�#�����ก	���ก��� ����0��(��9��� ��"��(��9������6"��8G���� $��ก���������K�ก� ; ����
.)E�79����6"� 	�$ก&� �&�&���)��9��������6���� 

      2.  Acid pretreatment ; ��ก���!�ก� (	�LH"��ก (H2SO4) ���ก� ;0� �6�.��ก 
(HCl) ��ก��$�	��7����ก���(��9��� ��"��ก� �$%�����6����;0� �;�(���(��9���; � � �&�
6"��8�8��8.�ก� �$%���� ก	 ก��.� ����$%�.	�&��� 

 Kumar ���6E� (2009) ; ���ก��"�I�&���t��ก��$�	��7��"	&K) �� 
(Pretreatment) � � ��"�� Acid Pretreatment  �"�ก� (	�LH"��ก���6"��8�8��&�#�ก"�� 4% ����K
ก#��	 �0��(��9���; ��ก,.���.��$.�1�(G�&1 ��"� Alkali Pretreatment  �"����������(� ��;0 �
.ก;( 1����6��(��;0 �.ก;( 1����Kก#��	 ��ก���..ก; ��ก���6���ก	��&��6��(��;0 �.ก
;( 1���6����ก"���(� ��;0 �.ก;( 1  	��	-��(� ��;0 �.ก;( 1����$%���������ก���!�
�กก"�� 

           Umikalsonm ���6E� (1997) ; ���ก��.�61$��ก.�8.������$��1 � ��#�ก��
�!��� 0.5 % HNO3 , 0.5 % NaOH ��� 0.5% HCl  ��"��ก��$�	��7�������$��1 �"�ก���!���
��������ก� ;�&��ก (HNO3) ���6"��8�8�� 0.5%� �$���&� �$%������"�� 4 !	�"�� �#�;$&�
��� 121  .����(��(��� 6"� 	� 15 $.� 1 �!��"�� 5 �������"�#�;$"��6����1.�61$��ก.� ��
�����$��1�$������$���E�(��9����9��)  62.9 ± 0.9% � ��-#���	ก $���E�0��(��9��� 
 4.6 ± 0.2%� ��-#���	ก ���$���E��ก��� 4.5 ± 0.4% � ��-#���	ก  

        3. Alkaline pretreatment �$%�ก��$�	��7��"	&K) ��� ��!� ��� $A��	���ก��$�	�
�7��"	&K) ��8�-�.�9�ก	�$���E8.���ก�������.�9���"	&K) �� ก���&��� �"��(� ��;0 �.ก;( 1 ��
!�"�� $���E��ก�������,-.;��8G���ก 24-25% ������,.����� 20% (����6�������-�!�"�I���-��ก�� 
Pretreatment 
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                          Hamisan ���6E� (2009) ; ���ก��ก��ก#��	 ��ก���..ก�������$��1 ��"���!�
�����$��1 �"� 2 % NaOH .)E�79� 90 .����(��(��� �$%��"�� 3 !	�"�� ��"�� �$���E��ก���
���,..�9� 5.93% �$���������ก	�ก���!��)�������1��ก�� Pretreatment $��ก�"��&�.��!��"�� 3 "	����
���$���E��ก������,.��.��ก���6���ก	� Alkali Pretreatment  	��	-� Alkali Pretreatment ���
�����ก"�� 
 5.2 ก�����ก	�*U�* (Hydrolysis)  
       ��,�.���ก"	� )!�� ��ก���(��9��� �.�61$��ก.�8.��(��9�������0��(��9��� 
 	��	-��,�.�#�ก����.���; ��-#�&��..ก� �#���	�ก����.��.�9� �"�ก	� 2 "�I� 6,. "�I�ก����.�����6� 
���"�I�ก����.����!�"7��� �ก���!��.�;(1 �������-��ก���"K�� "�I�ก����.�����6�����K�#�; �
� ��!�ก� �8�8�� ��,.ก� ��,.���    
                  Hydrolysis �$%�$��ก������6� (������ก)�8.�����&ก..ก�$%��.���"� � �ก��
�&� �"����ก)�8.��-#� $��� ���������$%��9�8.�;0� ����;...� (H +) ���.�ก ���������$%��9�
8.�;0 �.ก(��;...� (OH−) ��	���ก"	� )��ก���(��9���K9ก$�	��7�����" ��; ��$%��(��9���
��������#���	�ก��;0� �;�(�� (����(��9���K9ก;0� �;�(��; ��$%��-#�&��ก�9�6�  	�$��ก��������
�� � 	�&�.;$��-  

                      (C6H10O5)n + nH2O            nC6H12O6                          �����. (1) 

     ก����.�����6��$%�"�I�ก����.��(��9�����,�.���; �ก�9�6�� �&���&�; �*�*��&
6�.�8�����.� ������ก���#�����-#�&������ก� 8�-�� ��-#�&�����#�$��ก�����&�.;$�#����; �*���.�
; �.,��t �!�� Furfural ���ก� �	��#�$��ก�����ก	����.,�����;��!��(��9����#����; �*��&7	EF1���;�
&�.�ก�� �#���	�ก� ����!���"�I���-; ��ก� ก� (	�LH"��ก�8�8�� 70% 8�-�;$ ก� ;0� �6�.��ก�8�8�� 
40% 8�-�;$ (	�LH"��ก��,.��� 1% �$%�&�� �����ก���ก� $��ก�����&�.��!�.)E�79��9�$���E 140-
160 .����(��(��� (���$��ก��������ก� �)���� ���;��#����������� �-#���-���กก����.�ก�.����ก� 
����&�.�����" ��.  

 ก����.������	�I� glycosidic linkages ��6��1��;0� �& �"�ก�  ; �*��&7	EF1
�$%��-#�&�� (���ก����.� �$%�ก���&ก..ก8.��	�I� glucosidic ���.ก	�ก���&����ก)�8.��-#�;$
�	����ก)� 2 ��"�6,. ��"�����	� ;0� ����;...� ���.�ก��"�������	�;0 �.ก;( 1
;...�  $��ก�����8.�ก� ��ก����.� (Harris, 1952, Fengel ��� Wegener, 1984) ��$��ก.� �"� 
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 (1) ก��ก�����&	"8.� Proton ;$�	���"�����$%� Lignocellulosic matrix (2) 
..ก(������� Proton ;$�	��	�I� Heterocyclic ether ���"��� Sugar monomers �&���&	" (3) �#����
�	�I� Ether (4) �����6��1�.���,�.�$%���� Intermediate (5) 6��1�.�K9ก����� �"��-#� (6) Proton 
��K9ก�����8�-�������,�.������	�I� Ether; ��$%� Sugar monomer, Oligomer ��,. Polymer 
8�-�ก	�&#������8.��	�I� Ether (7) ก���8���#�$��ก�������8�-�ก	��9$���� ���8�� 8.�"	&K) �� (8) 
��������8	-�&.���� 2 .�ก6�	-� 

               8�. �8.�"�I�ก�� Acid hydrolysis (����,�.�$���������ก	�"�I�����!��.�;(1 6,. 
$����	  ����� "กก"����,�.���ก8	-�&.�ก����.� �"��.�;(1�	-�.���8	-�&.� Pretreatment (���
&�.��!��"�������ก�� Breakdown "	&K) �����ก����$%��-#�&�� "�I�ก�� Acid hydrolysis �!�$���E
ก� �������Gก��.� ����	����6����K9กก"���.�;(1 .�ก�	-��"����ก����.��	-�ก"�� (Iranmahboob ���
6E�, 2002) ก����.��(��9��� �"�ก� �$%�$��ก������������ก"�� heterogeneneous reaction (���.��	�
$A��	����ก��7���!��� ��"ก	�$��ก�����ก����.����� �"�����6��	�" t ;$ ก�;ก acid hydrolysis 
8.��(��9���  	�7�� 

  

 
7����� 10 �� �ก�;กก����.�8.� β-1-4 glucan  �"�ก�  

Figure 10 Mechanism of acid catalyzed hydrolysis of β-1-4 glucan. 
���� :  Fengel ��� Wegener (1984) 
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 Rahman ���6E� (2005) ��ก��ก��; ��-#�&��;(�����ก�����$��1� ��!�ก� 
(	�LH"��ก (H2SO4) ;0� �;�(����K	�$��ก�E1������!1 ���.)E�79� 120 .����(��(��� � ��ก��
$�	��� 	�6"��8�8��8.�ก� (	�L9��ก��ก 2 � 6%� ��-#���	ก ���$�	��$������"�� 0 - 90 ���� 
��"�����.)E�79� 120 .����(��(��� 6"��8�8�� 6% � ��-#���	ก ����!��"�� 15 ���� ��"��; �
$���E�-#�&��;(������ก�9�6� 29.4, 2.34 ก�	&�.��&� &��#� 	� ��ก��;0� �;�(��    
          Umikalsom ���6E� (1998) ; ��#�ก����ก��� ��#������$��1����!�������6�
���.)E�79� 30 .����(��(��� �$%������"�� 4 !	�"�� ;$���6"���.� �"��6�,�.�����!,-.�$%�
�����"�� 5 ���� ��#�ก��;0� �;�(�� �"��.�;(1�(��9��� *�$��ก�"�� ก���!� �"� 0.5 % 
NaOH ���#����ก���$������$���$%��-#�&���ก����) �	-���� $���E�(��9������; ���กก��$�	��7��
 �"� 0.5 % HNO3 �$���E�9��)  (62.9%) ����,�.����6"��8�8��8.����������(� ��;0 �
.ก;( 1 �$%�  2 % ��� 5 % ��ก��$�	��7�� �"� 2 % ������K�������ก���; ��กก"�� 0. 5 % 
��� 5 %   

5.3 ก�����ก	����ก (Fermantation)  
 ก���"�ก���	ก (Fermentation)  �$%�ก��*��&�.�ก.0.�1 (�.���.�) ��ก

�-#�&��� ����&1  $��ก.� �"� 2 8	-�&.� 8	-�&.���ก���&1���!��-# �&�����ก)�� ���" 
(Monosaccharide) �$%�.��������$������-#�&���$%��.���.�� �*���ก���"�ก���������ก"��;ก�
�6;�(�� (Glycolysis) ���7�"����;��..ก(���� 

 &����]��-#�&��ก�9�6� 100% ��K9ก�$������$%�6��1�.�; ..ก;( 1����.��
�.� ����ก	� 48.89% ��� 51.11% � ��-#���	ก &��#� 	� �&������$���	&����ก� ก���9J����; ��$%�
���$��ก.�.,�� t ��,.�!���ก��������(��18.����&1    
                  �����"�I��&�������� 2 "�I� 6,. Simultaneous Saccharification and Fermentation 
(SSF) �$%�ก���"ก��;0� �;�(����8	-�&.�� ��"ก	�ก���	ก ��� Separation Hydrolysis 
Fermentation (SHF) �$%�ก����ก8	-�&.�ก��;0� �;�(�����ก���	ก��กก	� 

    Separation Hydrolysis Fermentation (SHF) ���8	-�&.�8.�ก�� Hydrolysis ��,�.
; ��-#�&��ก�9�6� ��ก�	-��	ก�-#�&�� � �ก���	ก�$%�ก���$������-#�&���$%��.���.� �"����&1
��,.�)�������17���&��7�"����$�����ก.�ก�� ��ก���	ก�)�������1�������!� ���$%����&1&��ก9� 
Saccharomyces cerevisiae 
                            Hardyen (2006) ��ก��ก���"�ก��*��&�.���.���ก�����$��1� ���ก
8	-�&.�ก���"�ก��;0� �;�(��..ก��กก���"�ก���	ก ��,. Separation Hydrolysis and 
Fermentation (SHF) � ���8	-�&.�8.�ก�� Pretreatment �#�� �"�I����ก��7�� 6,. ก��� ����
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8�� ��Gก�� ��ก�	-��#�ก�� Pretreated &�.  �"����������(� ��;0 �.ก;( 1��,.��� &� �"�ก� 
(	�LH"��ก�8�8�� ���" Hydrolysis  �"�ก� (	�LH"��ก��,.��� �) �����#�ก���	ก �"����&1 
Saccharomyces cerevisiae ��"��; �$���E�.���.� 15 ����ก�	&�.������&�8.�ก�9�6� 6� �$%� 
13.8% � ��-#���	ก 
ก	���	*�	��	�	����\�U&'(��ก@E�� (Anaerobic respiration) 
  ก���������.����;��#��$%�&�.��!�..ก(������.;$  �����!�"�&���
!��   ��,-.��,�.���.����; ���	�������กก������.����� �;��!�..ก(����  ; ��ก�  ���I�
&	"&,   ���&1  ��G �,!  ��6���������!��   ��"�ก�����,-.����$%�&	".����8.���,-.��,�.�	&"1!	-��9����
����K�������.�������;��!�..ก(����; � 
ก���������.�������;��!�..ก(���� (Anaerobic respiration) $��ก.� �"� 2 8	-�&.� 6,. 
1.   ;ก��6��(�� (Gycolysis)  
2.    ก���	ก (Fermentation) 
               ก����������;��!�..ก(����8.������!�"�&&���!�� ก	������*��	�I1  ��ก
$��ก��������8	-�&.�;���,.�ก	�  �!�� 
  ก	��	*&����\�U&'(��ก@E��&�@�� *���   ���7�"����;���ก/�..ก(������,.
�ก/�..ก(����;�������.���#���� NADH ��� FADH2 K����. .���Gก&�.����ก	�&	"�	�
.���Gก&�.�&��� t ���}A�&	".�9�����,�.�)�!	-���8.�;��6.�� ���; �  ��,�.���ก8� �ก/�..ก(����(���
�$%�&	"�	�.���Gก&�.���8	-�&.��) ����  ���;�����K�����  ATP ; � ����ก�����  NADH 
��� FADH2 �ก8�-�����#����8� �6�� NAD+ ��� FAD �*����$��ก�����;ก��6��(��  "	��	ก��6
���1  ���ก��K����. .���Gก&�.� #�����&�.;$;�; � ����	��#�����(��18�  ATP �(��1����
ก���"�ก��*	�ก�	���� NADH ก����$%�  NAD+   ��,�.���ก���"�ก��;ก��6��(��;�
��) !��	ก  �������K�����  ATP  &�.;$; �  ก���"�ก����-  ����ก"��  ก���"�ก���	ก 
(Fermentation)   
                           ก�����ก	����ก���ก�D��  (Alcoholic  fermentation) � �������ก;ก��6��
(��  �!��� ��" ก	�ก������ก�9�6�� ��!�..ก(����  ���; �ก� ;��9"�ก  2  ���ก)� ���.$��.� 
ATP   2 ���ก)� ��� 4 ;0� ����  .�&. �!��ก	�  �&� NADH  + H+ ��K����. .�&.8.�
;0� ����;$�	� acetaldehyde  (����$%����$��ก.�����6��1�.�  2 .�&.  �#����;�����K�!�
��	������ก.���Gก&�.�����.�9���.�&.8.�;0� ���������� ATP ; �.�ก   	��	-�ก������
ก�9�6�  1  ���ก)����; � ATP �����  2  ���ก)� �.����.�ก.0.�1�$%��������$%�.	�&���&�.
�(��1  K����.����.�ก.0.�1�กt ���&1.����;�; ����&��������)    
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�"�ก��;ก��6��(��                                         

C6H12O6 + 2ATP + 2 ADP + 2Pi + 2 NAD+  Enzyme  2 C3H4O3 + 4ATP + 2NADH + 2H+ b (2)

   

  &�.��ก�	-�ก� ;��9"�ก���$��� ���$%��.(��	� �;0 1  (  Acetaldehyde)  �$%�
���$��ก.�����6��1�.� 2 .�&. ���; ��ก/�6��1�.�; ..ก;( 1 � ��.�;(1;��9�"& �6��1
�.ก(���� ( Pyruvate decarboxylase) 
 	��ก�� 
                    2C3H4O3           Pyruvate   decarboxylase          2 C2H4O   + 2CO2............... (3) 
           

                        $��ก�����&�.;$ �.(���� �;0 1��K9ก..ก(�; (1 �"� NADH + H+ �$%�
�.����.�ก.0.�1��,.�.���.� � ��.�;(1�.�ก.0.�1 �;0� ������ (Alcohol  dehydrogenase) 
                   

   2 C2H4O + 2NADH + 2H+ Alcohol  dehydrogenase  2 C2H5OH   + 2 NAD+  + 2CO2 bb...(4) 

 

  ��,�ก�����ก	����ก    ก���	ก �$%�ก��$� $��.���	�������;��!�
..ก(����  �ก� 8�-���;(������(�  � ��!�;��9�"&��ก;ก��6��(���$%����&	-�&�� $��ก��������
�ก� 8�-���8	-�&.�ก���	ก���ก������� NAD+  8�-�����  �&���;��ก�������  ATP  ����
.�ก   	��	-�ก������ก�9�6����;��!�..ก(������������  ATP  ; ������  2  ���ก)�  ��ก;ก��6��
(�������	-� 
   ก � �� 	 ก � . � ก .0 .�1 K9 ก �# �  � � !� $ �� �� ! �1  � � ก � � * �� & � 6 �,� .�  ,�  ��� �
�.�ก.0.�1  �!��  �����1   �)�� ;"�1!�� &��� t   (���ก��"�I��&ก&���ก	�;$ ��$A��)�	�; ��ก���#�
6"��9���-;$*��&�.�ก.0.�1��ก8.����,.�!�  �!��  ก��*��&�.�ก.0.�1��กก�ก�-#�&��  �*��#����
� $AJ���7�"���กก�ก�-#�&��; ��$%��#��"��ก  �.�ก.0.�1�	��$%����������	�����}�.�9�
�ก  ����K�#���!��$%��!,-.�����; �  ���&1���	ก�.�ก.0.�1; ��9��) $���E 12 % (K���9�ก"��
��-���$%�.	�&���&�.�(��1) 
  ���&1����K�������.����; ��	-����7���" ��.����..ก(�������;��
..ก(����  ���7���" ��.����..ก(�������&1������J�&���&; � �ก"��  ��������#�..ก(����;$
�������.�������; ���	 �����กก"� �  ���&1!�� ��� �!� ��ก���# �8�$A��!,� ."� �
Saccharomyces  cercvisiae �����"���ก���	ก�$<����&1���ก� $��ก�����ก���	ก�.�ก.0.�1  ���
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�ก� �ก/�6��1�.�; ..ก;( 18�-��#�����$<��.�L9  �,�.�#�;$.��ก/�6��1�.�; ..ก;( 1��K9ก;��
..ก;$���.ก	��.�ก.0.�1 
�ก���" Alcoholic fermentation 8.� ��������&1 ��กก�9�6� 1���ก)� 
  
                         C6H12O6 + 2 ADP + 2Pi    → 2 C2H5OH   + 2 ATP + 2CO2   bbbbbb (5) 

 

6. ��ก.c�����Eก)�@��$)�� ��#��	���!��(� Moller (2006) 

          6.1 ��	+�����,O	
 ��#�"#!����ME����M�� 
 �.�;(1����K�ก� ก����.�; �กG&�.�,�.�.�;(1�	*	�ก	����&	-�&�� K���#�������
&	-�&���8�� ��Gก�� ��,.�.	&����"����"����,-����*�"&�.�-#���	ก�9�8�-� ���#�����.�;(1����K
 9 (	� ��,.�	*	�ก	����&	-�&��; ��ก8�-� �#�;$�9� ก���ก� ;0� �;�(����G"8�-� .�����!�� ��ก��
�&������&	-�&������$%���;� ��"�� .	&��ก��;0� �;�(������8�-� �"�ก��� 8�� 8.�.�)7�6 ���
ก���&����	��$%�ก���$������$���	ก�E�8.����&	-�&����,�.ก��;0� �;�(��; � � Wen ���6E� 
(2004) ������"����ก��� 8�� 8.� animal manure ��ก 840-590 ;�6��&� �$%� 590-350 
;�6��&� ��; ����� Glucose yield 29 �$.�1�(G�&1 �&�.����;�กG&� ก��� 8�� &�#�ก"�� 590 
;�6��&� ���#���� Glucose yield ;��$������$���ก�	ก 
         6.2 
�	����M�Nก���@��$)�� 

                ����"�����$%�*��ก8.��(��9������6"��8G���� ���&������&�.ก��;0� �;�
(�� � ���ก��;0� �;�(�� ��"����;��$%�*��ก���ก��;0� �;�(��ก�.� &� �"���"�����$%�*��ก
������Gก��.� Mansfield ���6E� (1999) �ก��������"�� K���� 	�6"�$%�*��ก�9�8�-� ���#����
.	&��ก��;0� �;�(��� �� Sangseethong ���6E� (2006)  
         6.3 
�	����"��E���   

                 �� 	�8.�ก���$%��.���.�1���ก ��,.��.�8�-�.�9�ก	��#��"�8.� glucosyl ����.�9�
������(��9��� Mansfield ���6E� (1999)  	��	-�"	&K) ������6"��$%��.���.�1&�#����$������
�(��9����ก (����� 	�6"��$%��.���.�1��8�-�.�9�ก	����&	-�&���&���!��  ���*���กก���&���
"�I�&���t Cao ��� Tan (2002) ; ���ก��ก���#����8.��.�;(1 Cellulase, Endoglucanase ��� 
Cellobiohydrolase &�.ก���$������$���� 	�6"��$%��.���.�18.��(��9��� *�$��ก�"�� 
Cellulase ��� Endoglucanase ����K6"��$%��.���.�18.��(��9���; � � ���; ��กก"�� 
Cellobiohydrolase ���$%��!����-�����"���.�;(1 Cellobiohydrolase �������(��9������$������
8.��.���.�1 �#��������K� �� 	�ก���$%��.���.�18.��(��9���; ���.�  
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        6.4 Cellulose reactivity 

              ��กก��������8.� Yang ���6E� (2006) ; ���ก��ก���$������$��8.�$���E
�-#�&������ก� ��กก��;0� �;�(�� Avicel cellulose  �"��.�;(1 ��"�� .	&��ก��;0� �;�(��8.�
�(��9������ก� 8�-�!�����,�.�!������"�����8�-� �8��	���
��"�� ���&	-�&���ก���$������$��
���"���ก��;0� �;�(�� �#�����.�;(1;�����K; � ��,..�����ก� ก���	��	-���ก*��&7	EF1���
�ก� 8�-� ��,.�ก� ��กก������.�;(1;$�$%�&	"$H ก	-��,-����*�"����8.����&	-�&��  
         6.5 ��E�	c�Eก�E� 

                $���E��ก�����"	� )$���7���ก���(��9����$%���������#����$�����I�7��ก��
;0� �;�(��� �� � ���ก�����ก� 8"��;�����.�;(1�	*	�ก	��.���.�18.��-#�&�� ก����ก
��ก���..ก��ก�(��9������"���ก���&�������$%������#�6	J������#����$�����I�7��ก��;0� �;�
(���9�8�-� �&���ก�����;�����K��ก..ก.������9�E1; � Lu ���6E� (2002) 
7. �ER�ก	�"#!�ME�M�������� (Response surface methodology, RSM) 

 "�I�ก���,-�*�"*�&.���.� ��,. RSM �$%�ก���"�ก������!�6"��9����
6E�&���&�1 ����K�&� ��!���,�.!�"���ก����*�&.���.�������������)  ; ��ก��$���)ก&1�!� 
RSM .����ก"���8"������� ���.)&���ก�� � ��+������K��ก��E1���&	"�$�&������t&	"�
*�&�.6)E��	&����$��ก����,.$���E8.�*����; � (���������ก6)E��	&���,.�	ก�E����$��ก��
8.�*�*��&��-"�� *�&.���.� (response) ���&	"�$�&�� 	�ก���"	ก������ก"�� &	"�$�.���� 
(independent variable) (Myers, 1995) 
           �) )�����8.�"�I�ก�� RSM 6,.ก��$���E�,-�*�"*�&.���.� (���&	"�������!�
����,-�*�"*�&.���.� ; ��ก� &	"���6"��	�	�I1.	� 	������ (First-Order Model) ��,.K���!�
&	"���6"��	�	�I1.	� 	������;�������.�����$���E�,-�*�"*�&.���.� กG���ก���!�&	"���
.	� 	��9�8�-�;$ �!�� &	"���6"��	�	�I1.	� 	��.� (Second-Oder Model) �$%�&�� � ��8	-�&.�
��	กt��"�I� RSM (Khuri and Cornell, 1987)  	���- 

1. ก��� �.���,�.��&	"�������������8.��8&8.��� 	�$A��	�����&�� 
2. ก����8.��8&8.��� 	�$A��	�������������)  
3. ก��� �.���,�.��&	"�������������8.��8&8.��� 	�$A��	���������

����)  
4. ก������ 	�8.�$A��	�������������)  

           ��8	-���� 3 8.�"�I� RSM 6,. ก��� �.���,�.��&	"�������������8.��8&8.�
�� 	�$A��	�������������) �	-� ��*�ก��� �.��������!�.�9� 2 �*�ก��� �.� 6,. 
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1. �*�ก��� �.�����G.ก(1 � "���	� (Box � Wilson Experimental Design) 
2. �*�ก��� �.�����G.ก(1 � ��G��ก� (Box � Behnken Design) 

  (����������-��ก���"K���+����*�ก��� �.�����G.ก(1 � "���	� ��,.�.�ก!,�.����ก
�����"�� �*�ก��� �.�$��ก.��9��1ก��� (Central Composite Design) ��,.����ก��.t"�� CCD 
�#����.� � Box ��� Wilson �,�.$: 6.�. 1951 (����$%��*�ก��� �.�����!���&	"���
6"��	�	�I1.	� 	��.� (Second � Order Model) (����&	"��� 	���- 

  χχβχβχββ
ji

ji
iji

i
iii

i
i

Y ∑∑∑
===

+++=
4

1,

2
4

1

4

1
0

        �������.. (6) 

 
� � ß ij 6,. 6���	$�����I�^ก��K K.� � � i ��� j 6,. �#� 	�8.�&	"�$� 
  �*�ก��� �.���� CCD ��-�	������ก�*�ก��� �.�����L6�.���������
�� 	�8.�$A��	� 2 �� 	� (2k Factorial design) ��,.�*�ก��� �.�����L6�.������!����"� 
(Fractional Factorial design) ��,�.����ก"���*�ก��� �.�����L6�.����������� 	�8.�$A��	� 2 
�� 	��	-�;�����K�!���&	"���6"��	�	�I1����6"��	�	�I1�!�������6����,.&	"���
6"��	�	�I1.	� 	��.�; � � �����*�ก��� �.���� ����K�!�; ���&�.���� 	�8.�$A��	�.����
��.� 3 �� 	� �!�� �*�ก��� �.���� 3k  �L6�.����� �&���,�.���ก�*�ก��� �.� 	�ก���"
��&�.��ก��(-#�����&���$A��	� (replicate) ��,�.�!���ก��� �.�6"������8.�&	"��� (lack of 
fit test) (�����ก�E�����$A��	��#��"��ก���#�����#��"�6�	-�8.�ก��� �.���ก (������#����
��-��$�,.���	���ก��#��"��ก �*�ก��� �.���� 2k �L6�.����� ����� 	�8.�$A��	� 2 �� 	� 
(���� ��ก������ก"���� 	�&�#������ 	��9� � �����*�ก��� �.���� CCD ������ก��� �.����
�) �9��1ก�����,.����� 	� 0  ���ก��� �.�&���"�ก�8�-����,�.�!���ก����&	"���
6"��	�	�I1.	� 	��.� � ���ก#��� 6���&����� 	�8.�$A��	� �"�&	"�$���	� (code variable) 
  Bandaru ���6E� (2006) ��ก���7�"�����������ก��*��&�.���.���ก�$<�
��69 �"�"�I� RSM � �ก#��� ���&	"�$�.���� 6,. .)E�79� 20-40 .����(����(��� ���.� 4-6 ���
�"����ก��*��&�.���.� 15-20 !	�"�� � �"���*���� central composite design (CCD) ��,�.
��ก��*�8.�&	"�$�.����&�.ก��*��&�.���.���ก�$<���69 ��"�� �7�"�����������ก��*��&
�.���.�6,. .)E�79� 32.4 .����(��(��� ���.! 4.39 ����"�� 17.24 !	�"�� � ����6"��8�8��
8.��.���.��9��)  55.3 ก�	&�.��&� 
  Balusu ���6E� (2005) ��ก���7�"�����������ก��*��&�.���.���ก
�(��9���� ��!,-. Clostridium Thermocellum SS19  �"�"�I� RSM � �"���*���� central 
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composite design (CCD) ��ก��&	"�$�.���� 5 &	"�$� 6,. ก�� ��ก�.� 10-50 ก�	&�.��&� �-#��!�
8��"��  2-10 ก�	&�.��&� Cysteine HCl 0.1-0.5 ก�	&�.��&� FeSO4.7H2O 0.01-0.05 ก�	&�.��&� 
��� MgCl2.6H2O 0.5-2.5 ก�	&�.��&� ��"���7�"�����������ก��*��&�.���.�6,. ก�� ��
ก�.� 45 ก�	&�.��&� �-#��!�8��"��  8.0 ก�	&�.��&� Cysteine HCl 0.25 ก�	&�.��&� FeSO4.7H2O 
0.01 ก�	&�.��&� ��� MgCl2.6H2O 2.0 ก�	&�.��&� � ����6"��8�8��8.��.���.��9��)  13.06 
ก�	&�.��&� 
  Rahman ���6E� (2006) �#�ก����ก����,�.���7�"�����������ก��;0� �;�
(�������$��1���;�*���ก��$�	��7��"	&K) �� �"�����6� � ���ก��*�8.�ก���$��$�����6"�
�8�8��8.�ก� (	�LH"��ก (H2SO4) .)E�79� ����"����ก��;0� �;�(�� � ��!� RSM (Response 
Surface Methodology) ��"�� ; �$���Eก�9�6��9��)  7.61 ก�	&�.��&� ���.)E�79� 6"��8�8��
8.�ก� (	�LH"��ก (H2SO4) ����"����ก��;0� �;�(���$%� 130 .����(��(��� 6% H2SO ���
�"�� 90 ���� 
 

���P,�����
 ����	��E��* 
 

1. ��,�.��ก��ก���"�ก��*��&�.���.���ก�(��9����������$��1� ���ก���"�
ก��;0� �;�(��..ก��กก���	ก��,. Separation Hydrolysis and Fermentation 
(SHF)  

2. ��,�.��ก���7�"�����������ก��*��&�.���.���ก �"�"�I� SHF  
3. ��,�.�$���������$���E�.���.����; ���กก���	ก �"����&1���9ก�$<�8��"��ก��� 

���&18�$A� 
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�����ก	��E��* 
 

1. ��ก��*�8.�ก��$�	��7��"	&K) �������ก���7�"��������� � �������.�..ก�$%� 
 1.1 ก��$�	��7�� �"�"�I� Alkali pretreatment 6,. ��,.ก�!����������(� ��;0

 �.ก;( 1 (NaOH) ��ก��$�	��7��"	&K) �� 
 1.2 ก��$�	��7��"	&K) �� �"�"�I� Acid pretreatment 6,. ��,.ก�!���������ก� 

(	�LH"��ก��,.��� (H2SO4) ก��$�	��7��"	&K) �� 
 1.3 ก��$�	��7��"	&K) �� �"�"�I� Alkali pretreatment ��"ก	�ก���&���"	&K) ��

 �"�"�I� Acid pretreatment  
 1.4 $�	��7��"	&K) �� �"����������(� ��;0 �.ก;( 1 (NaOH) ��������

ก� (	�LH"��ก��,.��� (H2SO4) ����-#� �$���������ก	�"	&K) �����;�*���ก��$�	��7������6� 
 2. ��ก���7�"�����������ก��;0� �;�(�������$��1 �"�ก� (	�LH"��ก��,.���  

- 6"��8�8��8.�ก� (	�LH"��ก��,.�����.���  2-6 � ��-#���	ก 
- .)E�79� 110-130 .����(��(��� 
- �"�� 15-90 ����  

 3. ��ก��ก���	ก�.���.� 
- �$���������$���E�.���.���กก���	ก �"��!,-.���&1��ก�9ก�$<�8��"

��ก ������&18�$A� 
- $���E�!,-.���&1  1-2 ก�	 
- .)E�79�  30 .����(��(��� 
- �"��  7 "	� 
- pH  5  

 

���)*'� ���\+(����	กก	���	�	��E��* 
 

1. �#��.������$��1(����$%�"	� )������,.�!��#���!�����ก� $����!�1 
2. ����K*��&�.���.���,�.�!�*����-#�	����(��(���*��&�$%���	����� ���.�ก

�����,.ก����� 
3. ��,�.� ������������" ��.��กก���*�;���!,-.�������ก�6�,�.���&1 
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����� 2 

 

���+, �,�ก�c  ����ER�ก	��+��� 

 

���+, 
1. ���P,+E�  

�����$��1�$������,-���� .#��7.��"��.  �	��"	 &�	� 
2. �,�E����*  

2.1 �9ก�$<�8��"��ก���,-���� .#��7.��"��.  �	��"	 &�	� 
2.2 ���&18�$A�(,-.��ก��������ก���&	� 

3. �	�
�� 

3.1 NaOH  ( lab grade ) 
3.2 H2SO4  ( lab grade ) 
3.3 ����6��#���	�ก��"��6����1$���E�(��9��������ก��� 
3.4 ����6��#���	�ก��"��6����1$���E�.���.�� ���6��6�ก/��6���&ก��L: 

(GC) 

�,�ก�c  

1. �6�,�.����6"���.� (Heater) 
2. !) ก�.�����)JJ�ก�� (suction vacuum)  
3. �6�,�.��  Hammer mill 
4. �6�,�.�"	 6"��$%�ก� - ��� (pH meter) 

5. �6�,�.��ก/��6���&ก��L: (GC) 

6. �6�,�.�!	�� (weighing machine) 

7. ก�� ��ก�.���.�1 1 (filter paper) 
8. �K 9 6"�!,-�(desiccator) 

9. ��.��������!,-. �"�6"� 	�;.�-#� (Autoclave) 

10. 8" �9$!�9� (flask)  

11. &9�.� (oven) 
12. .���6"�6).)E�79� (water bath) 
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13. �6�,�.��)���"���� (centrifuge) 
14. �6�,�.� High Performance Liquid Chromatograph, 1100,Hewlett Packard, 

Germany 
15. .)$ก�E1�6�,�.��ก�"�#���	�ก��"��6����1 

�ER�ก	��+��� 
 �����"��	���- ����ก��� �.�..ก�$%� 3 ก��ก����	ก 6,. 8	-�&.�ก��$�	��7��"	&K) �� 
(Pretreatment) 8	-�&.�ก����.��(��9��� (Hydrolysis) ���8	-�&.�ก���	ก (Fermentation) � ��
ก��ก����.����������.�� "�I�ก��� �.� 	���- 
 กE�ก������ 1 ��!����ก	������O	"���P,+E� (Pretreatment)  
  �#�ก����ก��$���E�(��9��� �����ก��� 8.�"	&K) �����*���ก���"�ก��$�	�
�7��"	&K) �� � ���ก��*�8.�ก��$�	��7��"	&K) �� �"�"�I�����&ก&���ก	��	-��  3 "�I� 	���- 

 กE�ก������ 1.1 -Nก.	M�ก	������O	"���P,+E�+(�*)@+�*�\D+��ก\@+  

 !	�������$��1���*���ก�������#�6"���.� ���&�ก���������"�$���E 30 
ก�	 �&���������$���E 300 ������&� (1- 15% NaOH) ���6"���.�� �ก��&����� ,. ��� 100-
130 °C �$%��"�� 15-90 ���� �$���������ก	�!) 6"�6)���;��ก���&�����6���	���ก�	-��#�ก��
ก�.���������-#������7�"��$%�ก��� �#�;$.����� !	���-#���	กก�.��  ���"�  �"� Hammer mill 
!	���-#���	ก��	��  �#�ก���กG�&	".�������"��6����1��$���E�(��9��� ��ก��� ����0��(��9��� 

 ��ก��"���*�ก��� �.�    "�I�ก�� RSM K9ก�!���,�.�#����ก���"�ก��$�	��7��
"	&K) ����7�"������   ��� ก��..ก��� 23 rotatable central composite design (CCD) K9ก
�#���!���,�.��������ก	�����#��.��#� 	�����.�  

 ก��..ก���ก��� �.�ก��$�	��7��"	&K) �� �"����������(� ��;0 �.ก
;( 1  #�����ก��� ��!���6��6�,-�*�"*�&.���.� (Response Surface Methodology, RSM) (����$%�
�6�,�.�,.����!���	กก������K�&���ก��..ก���ก��� �.�������#��.����6E�&���&�1 �����
7�"�����������,�.��6"��	�	�I18.�&	"�$��	-��  �"�ก��"��6����16"��$�$�"� 
(Analysis of variance: ANOVA) ก��..ก�����-����K��ก��*�8.�����t $A��	����.ก	���
�"��� ��"ก	� �"�"�I��!��#��"�ก��� �.���.�ก"��ก����ก������$A��	� ก��..ก���ก��� �.����
�$%�"�I�ก���กG�8�.9�����$�����I�7��� �ก���$������$����,.$�	�6��8.� Input (factors) .�����
�) )�����������	��ก&ก���$������$��8.� Output (response) ����ก� 8�-�  �"��$��ก� Essential 
Regression   	��� �;"�&�7����� 11 
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     7����� 11 ����&���8.��$��ก� Essential Regression  
Figure 11 Window of Essential Regression program 

  &	"�$�����#�ก����ก����ก��$�	��7��"	&K) �� �"����8.����������(� ��;0
 �.ก;( 1�����"��	���-���$��ก.� �"� 6"��8�8��8.����������(� ��;0 �.ก;( 1 .)E�79� 
����"�� � ��� �������.�� 8.�8	-�&.���ก��..ก���ก��� �.� 	�&�.;$��- 

1. ก#��� &	"�$����!�"�8.�ก�� #�����ก�������ก�� $��ก.� �"� 
(1) &	"�$�.���� (independent variable) $��ก.� �"� 3 &	"�$� 6,. 6"�

6"��8�8��8.����������(� ��;0 �.ก;( 1 .�9���!�"���.��� 1-15 � ��-#���	ก&�.$���&�  
.)E�79� 100-130 °C  ����"�� 15-90 ���� ก#��� ��� x ���&	"�$�.���� �� 	�8.��8&���
�	J�	ก�E1���ก��..ก���ก��� �.��� �;"� 	�&������� 2 

(2) &	"�$�&.���.� (response) � 1 &	"�$� 6,. $���E�(��9��� ���&�
��ก��� �.� ก#��� ��� y �$%�&	"�$�&� 

 
&������� 2 !�"�ก��� �.������ 	�8.�$A��	� 
Table 2 Experimental range and levels of independent process 

 
 
 
 

&	"�$�.���� �	J�	ก�E1 
!�"������ 	�8.�$A��	� 

-α -1 0 1 +α 

.)E�79� (˚C) X1 100 106 115 124 130 

�"�� (min) X2 15 30 53 75 90 

6"��8�8��8.� NaOH (%) X3 1 4 8 12 15 
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2. ก#��� ��	� (code) 8.�!�"� #�����ก��..ก���ก��� �.�8.�&	"�$�
.������� �������,�.�!���ก��..ก���7�"�����!���ก��� �.� �"���6��68.� Central 
Composite Design (CCD) ����#�ก���$��6����	�&	"�$�.���� (coded variables) � ��!��ก����� 
4 ���*�ก��..ก���ก��� �.��� �;"� 	�&������� 3  

 

                                                
















−

+
−

=

2

2

minmax

minmax

zz

zz
z

x                 ���.��������.(7) 

�,�. x =   Coded variables 
 z =   &	"�$�.���� 
 zmax  =   6���9��) 8.�&	"�$�.���� 
 zmin =   6��&�#��) 8.�&	"�$�.���� 
 
 3. �$����	� (decode) ��กก��..ก���ก��� �.� �"���6��68.� Central 

Composite Design (CCD) ��&������� 3 �#�ก���$��6��&	"�$�����$%�6�� #�����ก��8.�&	"�$�
.�������&	"�$�&����&���&	"��ก�� #�����ก��� �.� ��,�.��6��&	"�$�&.���.�8.�
ก���"�ก�� � �ก���$��6��&	"�$��� � 	�&������� 4 

 ก��..ก���$��ก.�;$ �"�ก��� �.� 18 !) ก��� �.�  	�&������� 3 �,�.�#�
ก��� �.�&����; �..ก������" �#�8�.9����; ��"��6����1 �"�"�I�ก������K�&� � ��!� Essential 
regression (David D. Steppan, Joachim Werner, Robert P. Yeater) ��,�.���ก"�I�ก���,-�*�"
&.���.����6"��#�6	Jก	�6"��	�	�I1���"���&	"�$�.����ก	�*�&.���.� 6"��	�	�I1
 	�ก���"����K�� �������#��.���)��ก#��	��.�����!���ก��.I����6"��	�	�I1  	��� ���
�ก����� 8 

 
Υ = β0+ β1Χ1+ β2Χ2+ β3Χ3+ β11Χ1

2 + β22Χ2
2
 + β33Χ3

2+ β12Χ1 Χ2+ β13Χ1 Χ3 

                        + β23Χ2Χ3                                                                                    �����. (8) 
 
 �,�. Y ���&	"�$� response variable (�(��9������; �)     ß0 6,.6���	$�����I�^

8.��) &	  ß1 ��� ß2 �$%�&	"�$��!������&�� ß11, ß22 ��� ß33 �$%�&	"�$�6".� �&�ก ��� X1, X2 
��� X3 �$%�&	"�$�.���������ก�� (.)E�79� �"����ก��ก���#�$��ก��������6"��8�8��8.�
���������(� ��;0 �.ก;( 1)  
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&������� 3 ��	�&	"�$���กก��..ก���ก��� �.�&���� Central composite design (CCD) 
Table 3 Code of variables from Central composite experimental design 

�����&) : +α 6,. 8.��8&!�"�ก��� �.� ����"ก (+0.594) ���  
  �α 6,. 8.��8&!�"�ก��� �.� ����� (-0.594) 

  y = $���E�(��9��� (��.���� ��-#���	ก) 
  x

1
= .)E�79� (.����(��(���)  

  x
2
= �"�� (����)  

  x
3
= 6"��8�8��8.����������(� ��;0 �.ก;( 1   (��.���� ��-#���	ก&�.$���&�) 

 
 

�#��"�ก��
� �.� 

&	"�$� *�&.���.� 

X1 X2 X3 Y (%) 

1 -1.000 1.000 -1.000 

$���E
�(��9��� 

2 -1.000 -1.000 -1.000 
3 1.000 1.000 1.000 
4 0.000 0.000 0.000 
5 0.000 -0.594 0.000 
6 -1.000 1.000 1.000 
7 1.000 -1.000 -1.000 
8 1.000 -1.000 1.000 
9 0.000 0.000 0.000 

10 -1.000 -1.000 1.000 
11 -0.594 0.000 0.000 
12 1.000 1.000 -1.000 
13 0.000 0.000 0.000 
14 0.000 0.000 0.000 
15 0.000 +0.594 0.000 
16 +0.594 0.000 0.000 
17 0.000 0.000 -0.594 
18 0.000 0.000 +0.594 
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&������� 4 �$����	�&	"�$���กก��..ก���ก��� �.�&���� Central composite design 
Table 4  Decode of variables from Central composite experimental design  

 �����&)  : y = $���E�(��9��� (��.���� ��-#���	ก) 
  x

1
= .)E�79� (.����(��(���)  

      x
2
= �"�� (����)  

      x
3
= 6"��8�8��8.����������(� ��;0 �.ก;( 1  (��.���� ��-#���	ก&�.$���&�) 

ก	��+�����!���� 1  
  �����$��1$���E 30 ก�	 �&����������(� ��;0 �.ก;( 1$���E 300 
������&� (1- 15% NaOH)  

�#��"�ก��
� �.� 

&	"�$� *�&.���.� 

X1 X2 X3 Y (%) 

1 115 90 8 

$���E
�(��9��� 

2 106 30 12 
3 124 30 12 
4 124 30 4 
5 124 75 12 
6 106 75 12 
7 115 53 8 
8 115 53 1 
9 115 53 8 

10 106 30 4 
11 115 53 15 
12 115 53 8 
13 124 75 4 
14 100 53 8 
15 106 75 4 
16 130 53 8 
17 115 53 8 
18 115 15 8 



33 

 

 
  

7����� 12 �����$��1���.�9������������(� ��;0 �.ก;( 1 
Figure 12 OPEFB soaked in Sodiumhydroxide solution 

 
ก	��+�����!���� 2  
  ���6"���.�� �ก��&����� ,. ��� 100-130 °C �$%��"�� 15-90 ���� 

 

 
 

7����� 13 �����$��1���.�9������������(� ��;0 �.ก;( 1K9ก���6"���.� 
Figure 13 OPEFB soaked in Sodiumhydroxide solutions were heated by oil bath 



34 

 

ก	��+�����!���� 3  
  �#�ก��ก�.���������-#������7�"��$%�ก��� �#�;$.����� !	���-#���	กก�.��  
���"�  �"� Hammer mill !	���-#���	ก��	��  �#�ก���กG�&	".�������"��6����1��$���E�(��9��� 
��� ��ก��� 

 

�ER�ก	��E
�	�� ��E�	c@��$)������Eก�E�  

  

  1. !	��&	".�������� ���.�� �����.�*���&��ก��8��  1 �����&��$���E 1 
ก�	 �����     ��ก�ก.�1����9�8��  600 ������&� �&��������� Acid detergent $���E 100 
������&� ��� Decahydronapthalene $���E 2 ������&� ���6"���.� ������� ,. �$%��"�� 10 
���� ��	���ก�	-�� 6"���.�������,.���t �$%��"�� 60 ���� 

 

 
 

7����� 14 &	".��������&��������� Acid detergent ���Decahydronapthalene 
���"�#�����6"���.� 

Figure 14 The treated of OPEFB was heated 
  2. ก�.�*���6�9(�������������-#���	ก�������.����" � ��!���� �� 9 �)JJ�ก��
���t ���� &	".�������&� .�9���6�9(����� �"��-#���.� 3-5 6�	-� 8E���������8���ก�.���,�.�����.�9���6�9(�
�������   ก�����..ก � ��!������ก�" ��	���ก�	-���� 9  �"��6�,�.� 9 �)JJ�ก���������&�. �"�.�
(��&�$���E��Gก��.�$���E 2-3 6�	-� ���"�#��������� ��!��6�,�.� 9 �)JJ�ก�� 
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7����� 15 &	".����K9กก�.�*���6�9(����� �������&	".���� �"��-#���.� 
Figure 15 The treated of OPEFB filtered through crucible and washed by hot water 

 
  3. �#�6�9(�����;$"����K� ก��&,-� �&�ก� (	�LH"��ก�8�8����.��� 72 (ก�.��!����
�!���G���� 15 °C) ����6�9(������&�ก� ����;$�)ก!	�"�� ���.6�.������#���.�$%��"�� 3 !	����
�#�6�9(�����;$ก�.��.�ก� ..ก ���� �"��-#���.� ���"�#�;$.����"!	���-#���	ก 

 

 
 

7����� 16 &	".�������*���ก���!� �"�ก�  K9ก�#�;$�������".� 
Figure 16 The treated of OPEFB soaked with acid was washed and dried in oven 
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  4. �#�6�9(�����;$�*����.)E�79� 500 °C �$%��"�� 2 !	�"�� �#������G���
�K 9 6"�!,-� ���"!	���-#���	ก 

 
 กE�ก������ 1.2 -Nก.	M�ก	������O	"���P,+E�+(�*ก�+@��ij��Eก�#��	� 

 !	�������$��1���*���ก�������#�6"���.� ���&�ก���������"�$���E 30 
ก�	 �&���������$���E 300 ������&� (0.1-1.0 % H2SO4) ���6"���.�� �ก��&���� 110-130°C 
�$%��"�� 30 - 90 ���� �$���������ก	�!) 6"�6)���;��ก���&�����6����ก��$�	��7��"	&K) ��
 �"��(� ��;0 �.ก;( 1��	���ก�	-��#�ก��ก�.���������-#������7�"��$%�ก��� �#�;$.����� !	��
�-#���	กก�.��  ���"�  �"� Hammer- mill !	���-#���	ก��	��  �#�ก���กG�&	".�������"��6����1��
$���E�(��9��� ��ก��� ����0��(��9���   

 
&������� 5 !�"�ก��� �.������ 	�8.�$A��	� 
Table5 Experimental range and levels of independent process 
 

 
 
 
 
 
 

 
ก��..ก���$��ก.�;$ �"�ก��� �.� 18 !) ก��� �.�  	�&������� 8 ����K�� ���

����#��.���)��ก#��	��.�����!���ก��.I����6"��	�	�I1  	��� ����ก����� 8 8���&���,�. Y 
���&	"�$� response variable (�(��9������; �) 

 
 

 
 
 
 

&	"�$�.���� �	J�	ก�E1 
!�"������ 	�8.�$A��	� 

-α -1 0 1 +α 

.)E�79� (˚C) X1 110 114 120 126 130 

�"�� (min) X3 30 42 60 78 90 

6"��8�8��8.� H2SO4 (%) X2 0.1 0.3 0.6 0.8 1 



37 

 

&������� 6 ��	�&	"�$���กก��..ก���ก��� �.�&���� Central composite design (CCD) 
Table 6 Code of variables from Central composite experimental design 
 

�����&) : +α 6,. 8.��8&!�"�ก��� �.� ����"ก (+0.594) ���  
  �α 6,. 8.��8&!�"�ก��� �.� ����� (-0.594) 

  y = $���E�(��9��� (��.���� ��-#���	ก) 
  x

1
= .)E�79� (.����(��(���)  

  x
2
= 6"��8�8��8.���������ก� (	�LH"��ก��,.���  (��.���� ��-#���	ก&�.$���&�)  

  x
3
= �"�� (����) 

 

�#��"�ก��
� �.� 

&	"�$� *�&.���.� 

X1 X2 X3 Y (%) 

1 -1.000 1.000 -1.000 

$���E
�(��9��� 

2 -1.000 -1.000 -1.000 
3 1.000 1.000 1.000 
4 0.000 0.000 0.000 
5 0.000 -0.594 0.000 
6 -1.000 1.000 1.000 
7 1.000 -1.000 -1.000 
8 1.000 -1.000 1.000 
9 0.000 0.000 0.000 

10 -1.000 -1.000 1.000 
11 -0.594 0.000 0.000 
12 1.000 1.000 -1.000 
13 0.000 0.000 0.000 
14 0.000 0.000 0.000 
15 0.000 +0.594 0.000 
16 +0.594 0.000 0.000 
17 0.000 0.000 -0.594 
18 0.000 0.000 +0.594 
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&������� 7 �$����	�&	"�$���กก��..ก���ก��� �.�&���� Central composite design 
Table 7  Decode of variables from Central composite experimental design 
 

�#��"�ก��
� �.� 

&	"�$� *�&.���.� 

X1 X2 X3 Y (%) 

1 120 0.6 30 

$���E
�(��9��� 

2 114 0.8 42 
3 120 0.6 90 
4 110 0.6 60 
5 130 0.6 60 
6 114 0.3 78 
7 120 0.6 60 
8 126 0.3 42 
9 114 0.8 78 

10 126 0.8 42 
11 120 0.6 60 
12 126 0.3 78 
13 120 0.6 60 
14 120 1.0 60 
15 114 0.3 42 
16 120 0.1 60 
17 126 0.8 78 
18 120 0.6 60 

 �����&) : y = $���E�(��9��� (��.���� ��-#���	ก) 
    x

1
= .)E�79� (.����(��(���)  

    x
2
= 6"��8�8��8.���������ก� (	�LH"��ก��,.���  (��.���� ��-#���	ก&�.$���&�)  

    x
3
= �"�� (����) 

 

 กE�ก������ 1.3 -Nก.	M�ก	������O	"���P,+E�+(�*)@+�*�\D+��ก\@+ ก��ก�+

@��ij��Eก�#��	�           
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 �#�ก��� �.�$�	��7��"	&K) �� �"��(� ��;0 �.ก;( 1 (��กก��ก����� 1.1
��,.ก�7�"����������) ��	���ก�����-#������7�"��$%�ก������" � �.�&�.� ��!�ก� 
(	�LH"��ก��,.��� (��กก��ก����� 1.2 ��,.ก�7�"����������) �#�ก��ก�.���������-#�����
�7�"��$%�ก����#�;$.����� !	���-#���	กก�.��  ���"�  �"� Hammer mill ���"��6����1��
$���E�(��9��� ��ก��� ����0��(��9��� 
  กE�ก������ 1.4 -Nก.	M�ก	������O	"���P,+E�+(�*ก�+@��ij��Eก �!�	 ���

)@+�*�\D+��ก\@+  ���*���*�ก�����P,+E����\�UMU	�ก	������O	"�	�
�� 

  ��กก��� �.��	-�ก��ก����� 1.1, 1.2 ��� 1.3 ��,.ก�7�"�����$���E�(��9���
�ก����)  �#��� �.�����7�"��	-�.�ก6�	-� �"����������(� ��;0 �.ก;( 1 ก� (	�LH"��ก �-#� 
���"	&K) �����;�*���ก��$�	��7������6� �$���������$���E�(��9������; � ��,�.��ก��"������ 
�����ก�ก��$�	��7��"	&K) ���ก����)  � �!	�������$��1���*���ก�������#�6"���.� ���
&�ก���������"�$���E 30 ก�	 �&��-#�ก�	��$���E 300 ������&�  ���6"���.�� �ก��&����
� ,. ���.)E�79� �"����� 6"��8�8���������� �#�;$.����� !	���-#���	กก�.��  ���"�  �"� 
Hammer mill !	���-#���	ก��	��  �#�ก���กG�&	".�������"��6����1��$���E�(��9��� ��ก��� ���
�0��(��9��� 

 �,�.; ��7�"��������� �����������������"กG�#�"	&K) �����*���ก���&���
 �"��������7�"��������� 	�ก���";$�#�ก����.���,�.��$���E�-#�&���#�;$�9�ก���	ก&�.;$ 

 กE�ก������ 2 ก	�*U�*@��$)�� (Hydrolysis)  

  �#�ก��� �.�� ��#�"	&K) ����#�ก��;0� �;�(��� ��!�ก� (	�LH"��ก��,.������
6"��8�8����.���  2-6 � ��-#���	ก ���.)E�79� 110 -130 °C �"�� 15-90 ���� "��6����1��$���E
�-#�&���� �"�1 ..ก���ก��� �.���� 23 rotatable central composite design (CCD) ��,�.���
�����ก	�����#��.��#� 	�����.�  
&������� 8 !�"�ก��� �.������ 	�8.�$A��	� 
Table 8  Experimental range and levels of independent process 
 

&	"�$�.���� �	J�	ก�E1 
!�"������ 	�8.�$A��	� 

-α -1 0 1 +α 

.)E�79� (˚C) X1 90 100 115 130 140 

�"�� (min) X2 10 30 60 90 110 

6"��8�8��8.� H2SO4 (%) X3 1 2 4 6 7 
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&������� 9 ��	�&	"�$���กก��..ก���ก��� �.�&���� Central composite design (CCD) 
Table 9 Code of variables from Central composite experimental design 
 

�#��"�ก��
� �.� 

&	"�$� *�&.���.� 
X1 X2 X3 Y (g/l) 

1 0.000 0.000 0.000 

$���E�-#�&��
ก�9�6� 

2 1.000 1.000 1.000 
3 1.000 -1.000 -1.000 
4 -1.000 -1.000 1.000 
5 -1.000 -1.000 -1.000 
6 0.000 0.000 1.682 
7 -1.682 0.000 0.000 
8 1.000 -1.000 1.000 
9 0.000 0.000 -1.682 

10 0.000 0.000 0.000 
11 0.000 -1.682 0.000 
12 -1.000 1.000 -1.000 
13 1.000 1.000 -1.000 
14 0.000 0.000 0.000 
15 0.000 1.682 0.000 
16 -1.000 1.000 1.000 
17 1.682 0.000 0.000 
18 0.000 0.000 0.000 

�����&) : +α 6,. 8.��8&!�"�ก��� �.� ����"ก (+1.682) ���  
  �α 6,. 8.��8&!�"�ก��� �.� ����� (-1.682) 

  y = $���E�-#�&��ก�9�6� (ก�	&�.��&�) 
  x

1
= .)E�79� (.����(��(���)  

  x
2
= 6"��8�8��8.���������ก� (	�LH"��ก��,.���  (��.��� � ��-#���	ก&�.$���&�)  

  x
3
= �"�� (����) 
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&������� 10 �$����	�&	"�$���กก��..ก���ก��� �.�&���� Central composite design 
Table 10  Decode of variables from Central composite experimental design 

 

�#��"�ก��
� �.� 

&	"�$� $���Eก�9�6� 

X1 X2 X3 Y (g/l) 

1 100 6 30 

$���E�-#�&��
ก�9�6� 

2 115 7 60 
3 115 4 110 
4 115 4 10 
5 115 4 60 
6 130 6 30 
7 115 1 60 
8 140 4 60 
9 130 2 30 

10 100 2 30 
11 100 2 90 
12 130 6 90 
13 115 4 60 
14 90 4 60 
15 115 4 60 
16 115 4 60 
17 130 2 90 
18 100 6 90 

�����&) : y = $���E�-#�&��ก�9�6� (ก�	&�.��&�) 
    x

1
= .)E�79� (.����(��(���)  

    x
2
= 6"��8�8��8.���������ก� (	�LH"��ก��,.���  (��.��� � ��-#���	ก&�.$���&�)  

    x
3
= �"�� (����) 
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กE�ก������ 3 ก	����ก (Fermentation) 

  กE�ก������ 3.1 ���*���*���E�	c��	����	กก	����ก+(�**��� ����������$ก

��/��(	���	ก 

  �#�&	".�������*���ก��;0� �;�(�����";$ก�.���,�.��ก�.��-#�&�����ก�ก���
������,...ก��กก	� ��; ����������� ;���� ��,.���-#�&��.�.� ��,�.�#�;$�	ก ;$����!,-.���"
�&��9ก�$<�8��"��ก  1.5 ก�	 ��,�.*��&�.���.� $�	� pH ����$%� 5 �#�;$�����.)E�79� 30 °C �$%�
�"�� 7 "	� �กG�&	".�����)กt 24 !	�"�� "��6����1$���E�.���.�� ��!��6�,�.� GC �$���������ก	�
ก���	ก �"����&18�$A�����7�"�� ��"ก	� 
  กE�ก������ 3.2 -Nก.	M������	 �����E�	c'#!�*��� �����	���&�ก	����ก 
   ��กก��ก����.���� 3.1 ��,.ก���&1�	ก; �$���E�.���.��ก����)  �#�ก���	ก
� ��&��!,-.���&1 1.0, 1.5 ��� 2 ก�	 ��,�.*��&�.���.� $�	� pH ����$%� 5 �#�;$�����.)E�79�      
30 °C �$%��"�� 7 "	� �กG�&	".�����)กt 24 !	�"�� "��6����1$���E�.���.�� ��!��6�,�.� GC     
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����� 3 

 

��ก
����� ��������
�������� 

 

1. ��ก
���ก�
��� ��ก������
! 
��� 
  
  ��กก����ก��	
����ก	��	
�������������������ก���������� !�!"#�ก��
��
$��� %&�����ก���������� !�!"#�ก����
ก�����'��ก���� %������ก����	�&�%ก�
���� 
24 $�* ��!�����"��+$,��-'�� %���"ก�"�� 	��� 52.6 %�� 9.5 '���23�4��ก &���3���� ,��

5ก� $���
ก����� Umikalson %���+� (1997) ���
���! '���"��+$,��-'�� %���"ก�"�5������
����� 	��� 50.4 %�� 10.0 '���23�4��ก&���3���� 
  ��กก��!"$����4��"��+$,��-'����$4D��� !�� ������������"��+����-
����E�
$�F�	$����$����ก���"ก'�$,��-'��*�"�	F��G &�!	���
$*�� ,�
� �!'��,��
���"��+$,��-'��� 	��� 
41.2 '���23�4��ก �"��+�"ก�"�� 	��� 21.3 '���23�4��ก (Zhu %���+�, 2006) M�
� �!���"��+
$,��-'��� 	��� 38.6 '���23�4��ก �"��+�"ก�"�� 	��� 13.6 '���23�4��ก (Zhu %���+�, 2005) 
%��& �����3��4��
���"��+$,��-'��� 	��� 32.2 '���23�4��ก �"��+�"ก�"�� 	��� 26.96 '��
�23�4��ก (Martin %���+�, 1991) ��ก� 	�-�� �
& ���$4D�!���"��+�"ก�"��	
���������
$����$����ก���"ก'�$,��-'��*�"�	F��G ��!�����"��+���� 	�����E�  
  ��ก$4&E����
ก���!� �
& � ��$4D��� !�����������$R�!�&SE�"����$4���������E�
5�ก����"&$	���	� %��	������
��54 ��"&$	���	��� 5��"��+�-
 '����& ��E�5�ก����"&&�3� 

 

2. ��ก
���ก�
ก
� �#�$%
&�#'()��� (Preatment) 
 2.1 ��ก
���ก�
ก
� �#�$%
&�#'()������!$
����
!34���!�56��ก54�� (Alkali 

pretreatment)  
$���"� Response Surface Methodology (RSM) $R�ก���!��!�� 	�-���
�S"&" 

%��$���"���
�+"&���&�� $�F�	$R�ก��$�"�����"�#"���5�ก��		ก%��ก�����	
%��ก��4�
��!����$4�����5�ก���!�ก�� ,��
$���"� RSM ��ก	�� !�ก�E���	
&�!%�&��4��กก����

�+"&���&��%���S"&" 5* $�F�	%��
�!��������#���4!��
��ก��&	���	
%��&�!%�	"��� 
%��ก�����	
%�� Central Composite Design (CCD) $R�ก��		ก%��ก�����	
�Eก������	
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%&���_����4��
��ก Center �	
ก��		ก%��$���ก�� %���3�,23�����E�ก��
ก��
 %&���_�������������

ก�����	
 5 ����� (-α, -1, 0, 1, α) 
��!"�����2��
�3�$���"� RSM %�� CCD ��5* ��ก��ก��
		ก%��%��!"$����4���ก�����	
5�ก������������������� !���������',$�����a��	ก
�,��$�F�	$�"�����"�#"���5�ก����	�$,��-'��54 ���"��+���� �	
�23�&��ก�-'��$�"����ก��2�
$4����3�4���ก��4��ก$	���	�&�	� 
  ��กก��		ก%��ก�����	
'��5* '�%ก�� RSM ���ก3�4��&�!%�& � 3 &�!%�
�F	 	E+4�-�" $!�� %���!��$� �� ��	
��������',$�����a��	ก�,�� '����&�!%�&���F	 
�"��+$,��-'�� �� ��ก�����	
��
%��
5�&���
��� 11 
  ��ก� 	�-������ ��กก�����	
�����S�3����� �
%���3��	
��
�+"&���&���� 
'��5* '�%ก�� Essential regression ,��
�����S	#"����!��������#��	
&�!%�5�ก�����	
���
����&�	�"��+$,��-'����  ��
%��
5���ก����� 9 
 

y = -253.95 + 4.383x
1
 + 2.217x

2
 -1.857x

3
 -0.01707x

1 

2-0.01921x
2

2-0.00538x
1
x
2
 + 0.01665x

1
x
3
 .... (9) 

 
ก3�4��54   y  = �"��+$,��-'�� (� 	���'���23�4��ก) 
  x

1
 = 	E+4�-�" (	
��$,�$,���)  

  x
2
 = $!�� (����)  

  x
3
 = �!��$� �� ��	
��������',$�����a��	ก�,��  

          (� 	���'���23�4��ก&�	�"��&�) 
  ��ก��ก����� 9 %��
54 $4D�S�
&�!%��������&�	�"��+$,��-'�� ,��
$�F�	�"���+�
��ก P value ����� ��ก%���3��	
5�%&���$�	�$�F�	�-S�
�!��$4������	
%���3��	
�����  ' � �
$�	��������&�	�"��+$,��-'��	���
������3���g��54  P value ���&�3�ก!�� 0.05 %��������&�	�"��+
$,��-'��	���
������3���g��ก��2�S � P value �����&�3���กG ,��
��ก%���3��	
$�	��������&�	�"��+
$,��-'����ก����E� �F	 $!�� ,��
�� P value = 3.18434 x 10-7 ��
%��
5������!ก 
 '��%���3��	

����� ����� R2 %�� R2 adjusted $���ก�� 0.967 %�� 0.944 &���3���� ,��
��� R2 ���	กS�
�!��
���$*F�	SF	�	
%���3��	
�����  4�ก��� R2  �����5ก� $���
ก����� R2 adjusted %��
!��%&���$�	�5�
%���3��	
����� ����	���
������3���g&�	����"��+$,��-'�� ��ก� 	�-��	
%���3��	
����� �����S
%��
�!��������#��	
&�!%�&��
Gก������"��+$,��-'�� 5��-�	
ก��M�F2��"! (surface plot) 
��
������ 18 S�
 20 
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&���
��� 11 ��ก�����	
ก��$&����!�&SE�"�� !���������',$�����a��	ก�,��������!�&��
G 
Table 11 The results of pretreatment with sodium hydroxide solution at various conditions 
 

   
  $�F�	�3��!+����"��+$,��-'����ก%���3��	
5���ก����� 9 $����$����ก��
� 	�-������ ��กก�����	
 ��!�������!�54g�5ก� $���
ก�� ��
%��
5�&���
��� 12 
 
 

�3��!�ก��
���	
 

&�!%� ��&	���	
 

X1 X2 X3 Y (%) 

1 115 90 8 17.98 ± 2.39 
2 106 30 12 52.13 ± 0.94 
3 124 30 12 57.94 ± 0.89 
4 124 30 4 57.00 ± 0.96 
5 124 75 12 35.28 ± 0.67 
6 106 75 12 31.22 ± 2.39 
7 115 53 8 55.60 ± 0.33 
8 115 53 1 57.54 ± 0.31 
9 115 53 8 55.60 ± 1.01 

10 106 30 4 51.13 ± 1.89 
11 115 53 15 57.74 ± 0.32 
12 115 53 8 55.60 ± 0.78 
13 124 75 4 32.28 ± 2.03 
14 100 53 8 46.69 ± 0.76 
15 106 75 4 33.22 ± 0.63 
16 130 53 8 60.19 ± 0.49 
17 115 53 8 55.00 ± 0.48 
18 115 15 8 42.55 ± 1.37 
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&���
��� 12 �"��+$,��-'������� ��กก�����	
$����$����ก���������� ��กก���3��!+'��5* 
%���3��	
 
Table 12 The amount of cellulose were compared with values obtained from calculations 
 using the model 

 
  ��ก� 	�-�5�&���
��� 12 $�F�	�3���%��
�!��������#���4!��
�"��+$,��-'��
��กก�����	
%���������� ��กก���3��!+5��-ก��M$*"
$� � ��!����� R2 $���ก�� 0.967 ,��
�����$� �
5ก�  1 %��
��
������ 17 %��
!����ก��%���3��	
����� ���!�����$*F�	SF	 �����S�3���3��!+4�

�3��!�ก��
���	
 

&�!%� ��&	���	

��กก�����	
 

��&	���	

��กก���3���� 

X1 X2 X3 Y (%) Y (%) 

1 115 90 8 17.98 ± 2.39 13.04 
2 106 30 12 52.13 ± 0.94 50.00 
3 124 30 12 57.94 ± 0.89 58.86 
4 124 30 4 57.00 ± 0.96 57.15 
5 124 75 12 35.28 ± 0.67 38.05 
6 106 75 12 31.22 ± 2.39 33.46 
7 115 53 8 55.60 ± 0.33 55.76 
8 115 53 1 57.54 ± 0.31 55.36 
9 115 53 8 55.60 ± 1.01 55.76 

10 106 30 4 51.13 ± 1.89 50.75 
11 115 53 15 57.74 ± 0.32 56.16 
12 115 53 8 55.60 ± 0.78 55.76 
13 124 75 4 32.28 ± 2.03 36.33 
14 100 53 8 46.69 ± 0.76 47.30 
15 106 75 4 33.22 ± 0.63 34.22 
16 130 53 8 60.19 ± 0.49 56.54 
17 115 53 8 55.00 ± 0.48 55.76 
18 115 15 8 42.55 ± 1.37 44.45 
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���!�ก���3�$�"�ก�����$4�����$�F�	54 �� ����"��+$,��-'����ก����E� '����!�� ���!����
$4�����,��
54 ����"��+$,��-'��� 	��� 61.94 '���23�4��ก �F		E+4�-�" 130 	
��$,�$,��� $!�� 
40 ���� %���!��$� �� ��	
��������',$�����a��	ก�,��� 	��� 15 '���23�4��ก&�	�"��&� 
 

 
 

������ 17 �!��������#�5��-ก��M$*"
$� ���4!��
�"��+$,��-'����กก�����	
%��
 �"��+$,��-'������� ��กก���3��!+&��%���3��	
 
Figure 17 linear relationships between the amount of cellulose in experiment and the 
 amount of cellulose were calculated by the model 

 
  2.1.1 ����'#�� ��$��'< ���
=�4���3�$>
กก
� �#�$%
&���!$
����
!

34���!�56��ก54�� 
  ��ก��r"������#� (interaction) ��4!��
&�!%�	"�����2
 3 ,��
��ก	�� !� 
	E+4�-�" $!�� %���!��$� �� ��	
��������',$�����a��	ก�,�� &�	�"��+$,��-'�������  ���
��$�"���ก%���3��	
��
�+"&���&�� �� �3�$��	5��-ก��M�F2��"!&	���	
����ก�+�$R�
ก��M 3 �"&" '��5* %���3��	
���$4�������กก��!"$����4�ก��S�S	� (regression analysis) � 	�-�
$4�����2%��
54 $4D�S�
ก��&	���	
�	
&�!%�������!��%&ก&��
ก�� ก��M�F2��"!&	���	

�����S�3���5* 5�ก��	#"���%�����E��ก�����	
&�!%�%&���&�!5�� ��r"������#�����3���g
��4!��
&�!%� ,��
��%��
���	
&�!%�	"������2
�� 2 &�! �������$	�����
��2 
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1. ����

                     ก��M
$!�� (x2) &�	�"��+$,��-'�
	E+4�-�" %���"��+$,��-'���-
�E����
$,��-'���-
�E���2�& 	
5* 
$,��-'����$�"����2�$�F�	�G�����"��+$,��-'���-
�E���ก$!�� 
��	����
$�F�	�G$�F�	$!��$�"����2� $4&E���$R�$*����2$�F�	
��ก
��������',$�����a��	ก�,��
���� %&�$�F�	$!������������2���������',$�����a��	ก�,��
r"ก"�"��ก��'��
�� �
��!����	�-�S��$� ���� ��5������F	 $,��-'�� %��$a�"$,��-'�� �3�54 
$,��-'��$ก"�ก����	�		ก����
��54 
����!�&SE�"� 

 
������ 18 ก��M�F2��"!%��
�!��������#���4!��
	E+4�-�"%��$!���������&�	�"��+$,��-'��
Figure 18 Surface plots showing the relationship between temperature and time affect the amount 
 of cellulose 
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ก��M 3 �"&" 5������� 18 %��
r"������#�����3���g��4!��

�"��+$,��-'�������  ,��
��!���"��+$,��-'��$�"����2�	���
������3���g

%���"��+$,��-'���-
�E����� 	��� 61.94 '���23�4��ก ��กก��M��$4D��� !�����
��2�& 	
5* 	E+4�-�" 130 	
��$,�$,��� $!�� 40 ���� $�F�	�"���+���กก��M�"��+

$,��-'����$�"����2�$�F�	�G�����"��+$,��-'���-
�E���ก$!�� 15 ���� ��S�
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��	����
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��������',$�����a��	ก�,����������$	���!����$R��"ก�"�		ก����ก'��
�� �
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�����
���� %&�$�F�	$!������������2���������',$�����a��	ก�,�� (���23�$R�&�!�3������
r"ก"�"��ก��'��
�� �
��!����	�-�S��$� ���� ��5������F	 $,��-'�� %��$a�"$,��-'�� �3�54 
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������ 19 ก��M�F2��"!%��
�!��������#���4!��
	E+4�-�"%��
 $,��-'�� 
Figure 19 Surface plots showing the relationship between temperature and
 amount of cellulose
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��������ก��,��Mu!�"ก$�F	��
 '����&�!%�&���F	 
�"��+$,��-'�� �� ��ก�����	
��
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&���
��� 13 ��ก�����	
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������!�&��
G 
Table 13 the results of pretreatment with diluted sulfuric acid solution at various conditions 

 

�3��!�ก��
���	
 

 &�!%�   ��&	���	
 

X1 X2 X3 Y (%) 

1 120 0.6 30 38.80 ± 1.37 
2 114 0.8 42 35.00 ± 2.36 
3 120 0.6 90 35.00 ± 0.97 
4 110 0.6 60 36.80 ± 0.35 
5 130 0.6 60 35.00 ± 0.58 
6 114 0.3 78 38.95 ± 0.52 
7 120 0.6 60 39.86 ± 1.17 
8 126 0.3 42 41.40 ± 0.55 
9 114 0.8 78 32.50 ± 0.60 

10 126 0.8 42 34.00 ± 1.88 
11 120 0.6 60 40.00 ± 2.03 
12 126 0.3 78 39.50 ± 0.51 
13 120 0.6 60 39.90 ± 1.16 
14 120 1.0 60 33.90 ± 1.00 
15 114 0.3 42 41.34 ± 0.18 
16 120 0.1 60 42.45 ± 0.67 
17 126 0.8 78 33.05 ± 2.70 
18 120 0.6 60 39.87 ± 1.35 
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Figure 21 linear relationships between the amount of cellulose in experiment and the 
 amount of cellulose were calculated by the model 
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Figure 23 Surface plots showing the relationship between temperature and time affect the amount 
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��$,�$,��� $!�� 50 ���� �3�4����!��$� �� ��	
��������ก��,��Mu!�"ก$�F	��


'���23�4��ก&�	�"��&� �3�ก�����	
� !���������',$�����a��	ก�,��
��������',$�����a��	ก�,�� ก�	� ��ก��2�� �
54 ��	��%� !�3�ก�����	
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������!����$4������	
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 �� ����


�������!�&SE�"�ก���������!�&SE�"�� !�!"#� Alkali pretreatment 
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Alkali pretreatment together with Alkali pretreatment
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pretreatment �<��ก#�ก
� �#�

!�&SE�"�� !���������
!�&SE�"�� !�ก��,��Mu!�"ก$�F	��
 

	
��$,�$,��� $!�� 40 ���� �3�4���
'���23�4��ก&�	�"��&� %��	E+4�-�" 


��������ก��,��Mu!�"ก$�F	��
� 	��� 
�a��	ก�,��������!����$4�����

ก�	� ��ก��2�� �
54 ��	��%� !�3�ก�����	

&�	� !�ก��,��Mu!�"ก$�F	��
������!����$4������	
ก��$&����� !�ก��,��Mu!�"ก$�F	��
 �� ����


 

Alkali pretreatment ��!�ก��ก��

together with Alkali pretreatment 
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 2.4 ��ก
���ก�
��� ��ก�VG���
! 
�������<
Gก
� �#�$%
&���!ก��4#�HI���ก GWX
 

��� 34���!�56��ก54�� � ��!����!�ก#��#'()������5�<�<
Gก
� �#�$%
&�
����� 
  ��ก��ก�����	
��2
 3 ก"�ก���� �
& � ��!���� �"��+$,��-'��� 	��� 61.94 
'���23�4��ก ���	E+4�-�" 130 	
��$,�$,��� $!�� 40 ���� �3�4����!��$� �� ��	
��������
',$�����a��	ก�,��� 	��� 15 '���23�4��ก&�	�"��&� �� �"��+$,��-'��� 	��� 43.28 '��
�23�4��ก ���	E+4�-�" 119 	
��$,�$,��� $!�� 50 ���� �3�4����!��$� �� ��	
��������ก��
,��Mu!�"ก$�F	��
� 	��� 0.1 '���23�4��ก&�	�"��&� %���� �"��+$,��-'��� 	��� 54.7 '��
�23�4��ก ������!��	
��������',$�����a��	ก�,�� %����!�ก�����!��	
��������ก��
,��Mu!�"ก$�F	��
 ��
��2���
$�F	ก������!����	E+4�-�" 130 	
��$,�$,��� $!�� 40 ���� �!��$� �� �
�	
���� 	��� 15 '���23�4��ก&�	�"��&� 

 
������ 26 	
����ก	�5�����������������ก���������� !�ก��,��Mu!�"ก ',$�����a��	ก�,�� 
 %���23� ���	E+4�-�" 130 	
��$,�$,���$!�� 40 ���� �!��$� �� ��	
���$���� 	��� 15 
 �23�4��ก&�	�"��&� $����$����ก��!�&SE�"�����������ก�����������
$��� 
Figure 26 Component in OPEFB after pretreated by chemical methods and untreated 130 °C, 
 reaction time of 40 minutes and 15 %wt of chemical. 
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 �3�ก�����	
� !���������',$�����a��	ก�,�� ก��,��Mu!�"ก %���23� $�F�	
$����$�����"��+$,��-'������� $�F�	��ก��!�����5�$4���%ก�ก���������!�&SE�"���ก����E� ,��

��!��',$�����a��	ก�,��$4���������E�5�ก���������!�&SE�"�$�F�	$�"�����"�#"���5�ก��
��	�$,��-'��$R��23�&��ก�-'�� $�F�	
��ก$�F�	�"���+���ก������ 26 ��$4D��� !��ก���������
� !���������',$�����a��	ก�,��54 �"��+$,��-'���-
����E� 
 

3. ��ก
���ก�
ก
�!<!�4���3�$ (Hydrolysis) 
 ��กก��		ก%��ก�����	
'��5* '�%ก�� RSM ���ก3�4��&�!%�& � 3 &�!%�

�F	 	E+4�-�" $!�� %���!��$� �� ��	
��������ก��,��Mu!�"ก$�F	��
 '����&�!%�&���F	 
�"��+�23�&��ก�-'�� �3�ก�����	
'���3�!�&SE�"����3�ก���a'����,"�'��5* ก��,��Mu!�"ก$�F	
��
����!��$� �� �� 	���  2-6 '���23�4��ก ���	E+4�-�" 110 -130 °C $!�� 15-90 ����  		ก%��ก��
���	
%�� 23 rotatable central composite design (CCD) $�F�	54 $4�����ก��%���3��	
�3�������
�	
  �� ��ก�����	
��
%��
5�&���
��� 14 
  ��ก� 	�-������ ��กก�����	
�����S�3����� �
%���3��	
��
�+"&���&���� 
'��5* '�%ก�� Essential regression ,��
�����S	#"����!��������#��	
&�!%�5�ก�����	
���
����&�	�"��+�23�&��ก�-'����  ��
%��
5���ก����� 11  

 

                                y = 93.15 - 1.64x
1
 - 0.57x

3
 + 0.007 x

1

2
 + 0.005x

1
x
3
+ 0.0168x

2
x
3
 vv. (11) 

 
ก3�4��54   y  = �"��+�23�&��ก�-'�� (ก���&�	�"&�) 
  x

1
 = 	E+4�-�" (	
��$,�$,���)  

  x
2
 = �!��$� �� ��	
��������ก��,��Mu!�"ก$�F	��
  

          (� 	��� '���23�4��ก&�	�"��&�)  
  x

3
 = $!�� (����) 

  ��ก��ก����� 11 %��
54 $4D�S�
&�!%��������&�	�"��+�23�&��ก�-'�� ,��
$�F�	
�"���+���ก P value ����� ��ก%���3��	
5�%&���$�	�$�F�	�-S�
�!��$4������	
%���3��	
���
�� ��
%��
5������!ก 
 ��ก%���3��	
$�	��������&�	�"��+�23�&��ก�-'����ก����E� �F	 �!��
$� �� ��	
��������ก��,��Mu!�"ก$�F	��
 ,��
�� P value = 0.000209 �	��� 	
ก��
��!"����	
  
Rahman %�� �+� (2007)  '��%���3��	
����� ����� R2 %�� R2 adjusted $���ก�� 0.949 %�� 0.928 
&���3���� ,��
��� R2 ���	กS�
�!�����$*F�	SF	�	
%���3��	
�����  4�ก��� R2  �����5ก� $���
ก����� R2 
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adjusted %��
!��%&���$�	�5�%���3��	
����� ����	���
������3���g&�	����"��+�23�&��ก�-'�� 
��ก� 	�-��	
%���3��	
����� �����S%��
�!��������#��	
&�!%�&��
Gก������"��+�23�&��
ก�-'�� 5��-�	
ก��M�F2��"! (surface plot) ��
������ 28 S�
 30 
   
&���
��� 14 ��ก�����	
ก��$&����!�&SE�"�� !���������ก��,��Mu!�"ก$�F	��
������!�&��
G 
Table 14 the results of pretreatment with diluted sulfuric acid solution at various conditions 

   
  ��ก� 	�-�5�&���
��� 14 $�F�	�3���%��
�!��������#���4!��
�"��+�23�&��
ก�-'������� ��กก�����	
%���������� ��กก���3��!+5��-ก��M$*"
$� � ��!����� R2 $���ก�� 

�3��!�ก��
���	
 

&�!%� �"��+ก�-'�� 

X1 X2 X3 Y (g/l) 

1 100 6 30 1.196 ± 1.21 
2 115 7 60 9.791 ± 2.44 
3 115 4 110 4.733 ± 0.35 
4 115 4 10 0.222 ± 1.81 
5 115 4 60 4.415 ± 4.09 
6 130 6 30 6.700 ± 0.87 
7 115 1 60 0.928 ± 0.17 
8 140 4 60 16.542 ± 1.05 
9 130 2 30 4.787 ± 1.02 

10 100 2 30 0.200 ± 1.21 
11 100 2 90 0.794 ± 0.42 
12 130 6 90 19.960 ± 2.08 
13 115 4 60 4.415 ± 4.09 
14 90 4 60 0.581 ± 2.18 
15 115 4 60 4.415 ± 4.09 
16 115 4 60 4.415 ± 4.09 
17 130 2 90 12.500 ± 0.84 
18 100 6 90 3.520 ± 0.37 
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0.949 ,��
�����$� �5ก�  1 %��
��
������ 27 %��
!����ก��%���3��	
����� ���!�����$*F�	SF	 �����S
�3���3��!+4����!�ก���3�$�"�ก�����$4�����$�F�	54 �� ����"��+�23�&��ก�-'����ก����E� '��
��!�� ���!����$4�����,��
54 ����"��+ก�-'��� 	��� 33.45 '���23�4��ก �F		E+4�-�" 140 	
��
$,�$,��� $!�� 110 ���� %���!��$� �� ��	
��������ก��,��Mu!�"ก$�F	��
� 	��� 7 '���23�4��ก
&�	�"��&� 

 
 
������ 27 %��
�!��������#�5��-ก��M$*"
$� ���4!��
�"��+ก�-'������� ��กก�����	
%��
 �"��+ก�-'������� ��กก���3��!+&��%���3��	
 
Figure 27 showing linear relationships between the amount of glucose in experiment and the 
 amount of glucose were calculated by the model 
  

 3.1 ����'#�� ��$��'< ���
=GWX
'
�ก��3�$ 

  ��ก��r"������#� (interaction) ��4!��
&�!%�	"�����2
 3 ,��
��ก	�� !� 
	E+4�-�" $!�� %���!��$� �� ��	
ก��,��Mu!�"ก$�F	��
 &�	�"��+�23�&��ก�-'�������  �����$�"�
��ก%���3��	
��
�+"&���&�� �� �3�$��	5��-ก��M�F2��"!&	���	
����ก�+�$R�ก��M 3 �"&" 
'��5* %���3��	
���$4�������กก��!"$����4�ก��S�S	� (regression analysis) � 	�-�$4�����2%��

54 $4D�S�
ก��&	���	
�	
&�!%�������!��%&ก&��
ก�� ก��M�F2��"!&	���	
�����S�3���5* 
5�ก��	#"���%�����E��ก�����	
&�!%�%&���&�!5�� ��r"������#�����3���g��4!��
&�!%� ,��

��%��
���	
&�!%�	"������2
�� 2 &�! �������$	�����
��2 
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1. ����
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��
 $�F�	
��กก����	�$,��-'��� !��23�%����ก��,��Mu!�"ก$R�&�!$��
��$R�ก��$��
54 ��ก������
���#� glycosidic $�F�	54 �� '�$�กE��	
�23�&��ก�-'��
r"ก"�"���a'����,��กD���"�

���&�	
����������#� ��
��2��"��+�23�&��ก�-'����
$�"����2�	���
��
����3���g$�F�	��ก��$�"����2��	
	E+4�-�"%���!��$� �� ��	
ก��,��Mu!�"ก
 
 

 

 

 

 

 

 

 

 

 

 
 
 
 
������ 28 ก��M�F2��"!%��
�!��������#���4!��
	E+4�-�"%���!��$� �� ��������&�	�"��+
 ก�-'�� 
Figure 28 Surface plots showing the relationship between temperature and
 amount of glucose
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ก��M 3 �"&" 5������� 28 %��
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��!��

	���
������3���g� !�ก���	
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ก��,��Mu!�"ก$�F	
��	�$,��-'��� !��23�%����ก��,��Mu!�"ก$R�&�!$��
��$R�ก��$��
54 ��ก������

$�F�	54 �� '�$�กE��	
�23�&��ก�-'�� �"�
$�"��&�!$��
%��$�"��	E+4�-�"5�ก���3�
กD���"�

���&�	
����������#� ��
��2��"��+�23�&��ก�-'����
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��
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Figure 29 Surface plots showing the relationship between temperature and 
 of glucose 
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������ 30 ก��M�F2��"!%��
�!��������#���4!��
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   ก�-'�� 
Figure 30 Surface plots 
 amount of glucose
 
 3.2 ����'#�!#�!#W�����ก����WG'< ���
=ก��3�$���543�$

  ��4!��
r"ก"�"���a'����,�� �"ก'�$,��-'����S-ก��	��$R��23�&��%������	�
�� &��
G ��
��2 
Cellulose » Glucan » Glucose » HMF » Formic acid, Levulinic acid
Hemicellulose » Xylan » Xylose » Furfural »
          » Mannan » Mannose » HMF » Formic acid, Levulinic acid
                     » Acetyl groups » Acetic acid
Lignin » Phenolic compounds
  ��ก��ก�����	
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%��
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��$,�$,���

��!"����	
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15
Gl

uc
os

e (
g/l

)

Time (min)

 

ก��M�F2��"!%��
�!��������#���4!��
$!��%���!��$� �� ��������&�	�"��+�23�&��

 showing the relationship between time and concentration affect the 
amount of glucose 

����'#�!#�!#W�����ก����WG'< ���
=ก��3�$���543�$ 

��4!��
r"ก"�"���a'����,�� �"ก'�$,��-'����S-ก��	��$R��23�&��%������	�

» Glucan » Glucose » HMF » Formic acid, Levulinic acid 
» Xylan » Xylose » Furfural » Formic acid 

» Mannose » HMF » Formic acid, Levulinic acid 
» Acetyl groups » Acetic acid 
nolic compounds 

��ก��ก�����	
��
%��
5�&���
��� 15 �"��+ก�-'���-
�E�$ก"���2����	E+4�-�"
	
��$,�$,��� ,��
�-
ก!���,'��,��
$ก"���2����	E+4�-�" 115 	
��$,�$,��� �	��� 	
ก��

Ria Millati %���+� (2011) ��!�� �� �"��+ก�-'���-
����E����	E+4�-�" 
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ก��M�F2��"!%��
�!��������#���4!��
$!��%���!��$� �� ��������&�	�"��+�23�&��  

concentration affect the 

��4!��
r"ก"�"���a'����,�� �"ก'�$,��-'����S-ก��	��$R��23�&��%������	�

�"��+ก�-'���-
�E�$ก"���2����	E+4�-�"
	
��$,�$,��� �	��� 	
ก��

��!�� �� �"��+ก�-'���-
����E����	E+4�-�" 210 	
��

6

Concentration 
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$,�$,��� �!��$� �� �ก��,��Mu!�"ก� 	��� 0.8 '���23�4��ก&�	�"��&� $!�� 5 ���� %���� �"��+
�,'���-
����E����	E+4�-�" 190 	
��$,�$,��� �!��$� �� �ก��,��Mu!�"ก� 	��� 0.8 '���23�4��ก&�	
�"��&� $!�� 5 ���� 
  
&���
��� 15 ก�-'��%���,'������� ��กก�����	
ก��$&����!�&SE�"�� !���������ก��,��Mu!�"ก
$�F	��
������!�&��
G 
Table 15 the results of glucose and xylose with diluted sulfuric acid solution at various conditions 
 

 

�3��!�ก��
���	
 

&�!%� �"��+ก�-'�� �"��+�,'�� 

X1 X2 X3 Y (g/l) Y (g/l) 

1 100 6 30 1.196 ± 1.21 6.9557 ± 0.50 
2 115 7 60 9.791 ± 2.44 44.7000 ± 0.33 
3 115 4 110 4.733 ± 0.35 19.8000 ± 0.02 
4 115 4 10 0.222 ± 1.81 6.7679 ± 1.81 
5 115 4 60 4.415 ± 4.09 22.3000 ± 4.13 
6 130 6 30 6.700 ± 0.87 23.1000 ± 0.31 
7 115 1 60 0.928 ± 0.17 10.1000 ± 1.20 
8 140 4 60 16.542 ± 1.05 40.0000 ± 1.04 
9 130 2 30 4.787 ± 1.02 35.8000 ± 0.95 

10 100 2 30 0.200 ± 1.21 4.4550 ± 1.21 
11 100 2 90 0.794 ± 0.42 7.7220 ± 0.001 
12 130 6 90 19.960 ± 2.08 39.5200 ± 4.91 
13 115 4 60 4.415 ± 4.09 22.3000 ± 4.13 
14 90 4 60 0.581 ± 2.18 4.1987 ± 2.48 
15 115 4 60 4.415 ± 4.09 22.3000 ± 4.13 
16 115 4 60 4.415 ± 4.09 22.3000 ± 4.13 
17 130 2 90 12.500 ± 0.84 36.6600 ± 0.10 
18 100 6 90 3.520 ± 0.37 9.2492 ± 0.17 
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  ก�-'��$R�'�'�$�	���	
$,��-'�� �,'��$R�'��	$�	��4���
�	
$a�"
$,��-'�� ,��
��ก�+�'��
�� �
�	
$,��-'��$R����ก�������ก�+�,��, 	�& �����&�	r"ก"�"��$��� 
5��+����$a�"$,��-'����'��
�� �
������-���
���%���	� (Amorphous) 
���&�	ก����	�����$R�'�
�	$�	��$�DกG ��
��2���
�3�54 $� �5��� !��$,��-'��& 	
5* 	E+4�-�"�-
ก!��$a�"$,��-'��5�ก���3�
r"ก"�"��$�F�	54 �� �23�&��  
  5���!��	
����	��� &��
G ,��
��$R�&�!�����2
�3�4���ก��4��ก�23�&��$�F�	$R� 
$	���	� ��
��2�$!��5�ก���a'����,����
$R�&�!%�����3���g $�F�	�"���+����	E+4�-�"�-
G �!��
$� �� ��	
ก���-
G �"��+ก�-'�����-
��2�5��+�����"��+�,'�����
 $4&E����,'�����

$�F�	
��ก$�F�	$!��5* 5�ก���a'����,������,'���� S-ก��	�����&�	��$ก"�$R�����	���  $*�� 
ก��	,"&"ก $M	��Mu!��� $R�& � ��
��2� $�F�	54 $4�����&�	ก��4��ก��
& 	
5* $!�����$4�����5�ก��
�a'����,�� '�����!����$4�����5�
��!"�����2�3�4���ก����	�$�F�	54 �� �23�&���,'�� �F	 
	E+4�-�" 140 	
��$,�$,��� $!�� 90 ���� %���!��$� �� ��	
��������ก��,��Mu!�"ก$�F	��
� 	�
�� 7 '���23�4��ก&�	�"��&� ��!����!����$4������3�4���ก����	�$�F�	54 �� �23�&��ก�-'�� �F	 
	E+4�-�" 140 	
��$,�$,��� $!�� 110 ���� %���!��$� �� ��	
��������ก��,��Mu!�"ก$�F	��

� 	��� 7 '���23�4��ก&�	�"��&�  
 

4. ��ก
���ก�
ก
���#ก (Fermentation)  
 4.1 ��ก
�� ��!����!� ���
=��
G�>
ก!�$'��G� ^������ก� _���
���
ก 

  ��กก�����	
�3�&�!	���
�������ก���a'����,��%� !�ก�	
$�F�	%�ก$	��23�&��
%��ก�ก���4�
$4�F			ก��กก�� ���� ��������5� ������� 4�F	���23�&��	�	� ���"��+�23�&��
$�"��& � 20  ก���&�	�"&� $�F�	�3��4��ก �3�ก�����	
4��ก$	���	�� !����&����_
%���-ก%~

� �!4��ก'��5* �"��+$*F2	���&� 1.5 ก��� ���"��+�23�&��$�"��& � 20 ก���&�	�"&� ��� pH 54 $R� 
5 �3��������	E+4�-�" 30 °C $R�$!�� 7 !�� $กD�&�!	���
�EกG 24 *��!'�
 4��"��+$	���	�'��5* 
$��F�	
 GC �� ��ก�����	
��
������ 31 
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������ 31 �"��+$	���	���กก��4��ก� !����&����_
$����$����ก���-ก%~
� �!4��ก 

Figure 31 Amount of ethanol from fermentation with baker�s yeast compared with Loogpang  
  
  �"���+���
������ 31 %��
54 $4D�	���
*��$��!�����&����_
54 �"��+$	���	�
����-
ก!���-ก%~
����+ 56 $��� '�����&����_
54 �"��+$	���	�5�*�!
 6.23 � 8.49 ก���&�	
�"&� 5��+���� �-ก%~
54 �"��+$	���	�	�-�5�*�!
 0.05 � 0.21 ก���&�	�"&� �"��+$	���	���ก
�-ก%~
� 	�ก!��$�F�	
��ก5� 1.5 ก����	
�-ก%~
�����&�	�-�4���*�"�,��
���&����$4���5�ก��4��ก$	
���	�	����	�-�� 	� ��
��
��54 �� �"��+$	���	�� 	� '��5��-ก%~
������2
���&�%���� ��$*F2	�� 
�กE� Mucor sp., Amylomyces rouxii , Rhizopus oryae ���$R��E+ $R���'�*�� ���5*�$*F2	�����$R�
'�� $*F2	���3�4� ����  �� �
$	��,��	�"$��		ก����	�%~
54 $R��23�&�� %�������&� 5��กE� 
Sacchacomyces sp., saccharomycopsis fibuligera , hansenula anomala , Endomycopsis ���4��ก
�23�&��54 ก���$R� %	�ก	a	�� %&�กD�������ก %����ก
��!"����	
 �+*�� (2003) ��!����ก
ก����ก��_�����������&�	ก��$��"g�	
���&� Saccharomycopsis fibuligera (%�ก��ก�-ก%~
� �!
4��ก%���-ก%~
$4� � ��ก%4��
�-ก%~
 10 %4��
) �3��!� 20 �	',$�� $�F�	$����$����ก�� 
Saccharomyces cerevisiae RIT I (%�ก�� 5���4!��
ก��4��ก��'�) ��!�� S. fibuligera �Eก�	',
$��54 ��ก�+�ก��$��"g�� ��ก�� %��$��"g�� * �ก!�� S. cerevisiae RIT I 5��Eก_����ก�����	
 
%����!�� 	E+4�-�" ��$	* %���!��$� �� ��	
ก�-'�� ���$4�����&�	ก��$��"g�	
 S. fibuligera 
�F	 	E+4�-�" 30 	
��$,�$,��� ��$	* 4.0 %���!��$� �� ��	
ก�-'��$���ก�� 100 ก���&�	�"&� 
ก����ก�����	
	E+4�-�" (10, 20 %�� 30 	
��$,�$,���) &�	ก��$��"g%��ก����*�!"&�	
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S. fibuligera $�F�	$��2�
5�	�4�������$	���	�&��
ก�� (� 	��� 0. 5, 10 %�� 15'���23�4��ก&�	
�"��&�) ��!��	E+4�-�"�-
*�!�54 ���&���	�&��ก��$��"g�-
��2� ��!�	E+4�-�"&�3�*�!�54 ���&���        
$	���	��� ����2�  

 
 4.2 �������
 ��� ���
=�aJW!�$'�VGก
���#ก��
G� 

  ��ก��ก�����	
� �
& � ��!�� ก��4��ก� !����&����_
�� �"��+$	���	��-

ก!���-ก%~
� �!4��ก ��
��2���
��ก�����	
$!�� %���"��+$*F2	���&� '���3�ก��4��ก$	���	�
� !�ก��$&"����&����_
  1.0, 1.5 %�� 2 ก��� ��� pH 54 $R� 5 �3��������	E+4�-�" 30 °C $R�$!�� 
7 !�� $กD�&�!	���
�EกG 24 *��!'�
 4��"��+$	���	�'��5* $��F�	
 GC ������� ��
%��
5������� 
32 ��ก��ก�����	
ก��4��ก$	���	�� !����&����_
 (Saccharomyces cerevisiae) ��
������ 32 
��$4D��� !�����$!��5�ก��4��ก 5 !�� �� �"��+$	���	���ก����E��3�4����EกG  %&�$�F�	�"���+���ก
����
%��
5��-��� 32 5�ก��4��ก 3 !�� 4 !�� %�� 5 !�� �� �"��+$	���	�5ก� $���
ก�� $�F�	
�"���+�S�
�!��$4�������
$�������&�� ��
��2� $!�����$4�����5�ก��4��ก �F	 3 !�� %��
��!��$*F2	���&� 1.5 ก����� �"��+$	���	��-
ก!��$*F2	���&� 2 ก��� %�� 1 ก��� &���3���� ��ก��ก��
���	
��
ก���!�3�54 ������ !���"��+$*F2	���&�$�"��& ����5* 5�ก��4��ก $!��5�ก��4��ก pH$�"��& � 
	E+4�-�"5�ก��4��ก �"��+�23�&��$�"��& ����5* 5�ก��4��ก �!���2
����	��� ��กก���a'����,��  
_����$4�����2����&�	�"��+$	���	������ ��กก��4��ก ��กก�����	
�� ก3�4��54  pH$�"��& � 
	E+4�-�"5�ก��4��ก %���"��+�23�&��$�"��& ����5* 5�ก��4��ก54 �
��� 

 
������ 32 �"��+$	���	���กก��4��ก� !����&����_
 

Figure 32 Amount of ethanol from fermentation with baker�s yeast  
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$�F�	��ก�����	
�"��+$*F2	���&�$�"��& �%��$!��5�ก��4��ก&�	�"��+$	���	������  ��!�� 
�"��+$	���	�����	�G$�"����2�5�*�!
!����� 1 S�
!����� 3 $�F�	
��ก���"��+�23�&��$���
�	&�	ก��
$��"g$&"�'&�	
���&� ��
��ก����	��23�&��54 ก���$R�$	���	� %����!���� �"��+$	���	�
�-
�E� 8.49 ก���&�	�"&� 5* $*F2	���&� 1.5 ก��� %��$!��5�ก��4��ก 3 !�� $�F�	$!��5�ก��4��ก$�"����2�
�23�&���� S-ก5* $�F�	ก��$��"g$&"�'&�	
���&���4���3�54 ���&�&���
5�����E� �"��+$	���	����
�� 4��
��ก 3 !����
���"��+��	�� �
�
��� 5���
���r� 100 ก����	
�23�&��ก�-'�� ���� $	��
�	� 51.4 ก��� ��กก�����	
�"��+$	���	������ �!���& 	
$R� 10.28 ก��� %&�$�F�	
��ก����
�	
&�!�����2
  '����ก
��!"����	
 Aziz %���+� (2002) ���E!����4!��
ก��$ก"�r"ก"�"���a'����
,�� ����ก��$ก"�&�!�����2
 $*�� ก��	�,"&"ก �����ก	�M�'��"ก $M	��Mu!��� %�� HMF (5-
Hydroxymethyl Furfural) $4�����2�����	�&��ก��$ก"�$	���	�5���2�&	�ก��4��ก %����ก

��!"����	
 Chung %�� Lee (1985) ��!�� 50 $	��$,D�&��	
���&�$�"��& �����*�!"&�	� %��	�ก����

��&�� � !�&�!�����2
 (ก��	�,"&"ก �����ก	�M�'��"ก $M	��Mu!��� %�� HMF (5-Hydroxymethyl 
Furfural)) $4�����2$R�&�!�3����  
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����� 4  

 

��	
��ก������� 

 
1. ก����ก������
��ก����������
���� 

  ���������	
���	�� ��������������ก��������
�� ����
������ ��	������
������� !�	ก���������"��

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

�#�ก�����
�%�� �!�	 !�	��$ก��&	�� 24 ��) "�
!� �������*�+��,��� $����ก	�	����� 52.6 $�� 9.5 ��
	����	�ก ��������� 

 

2. ก����ก����ก��
������ !�"#	�$� (Preatment) 

 2.1 ก����ก����ก��
������ !�"#	�$��.!���������/01����23���ก20�� (Alkali 

pretreatment)  

  ���
���1�������2	ก���������"
��34�����
��������+�����5���ก�+�� 
(Alkali pretreatment) %C��4*��,�� 130 ��G��+��+�� �
�� 40 	��� $��%
���&��&�	&���������
�+�����5���ก�+������� 15 ��	����	�ก�!�������� 
 2.2 ก����ก����ก��
������ !�"#	�$��.!���������ก��0��9:!�$ก1;<�;�� (Acid 

pretreatment)  
  ���
���1 �������2	ก���������"
��34���ก���������
�������ก��
+��HI
��ก��C���� (Acid pretreatment) %C��4*��,�� 119 ��G��+��+�� �
�� 50 	��� $��%
��
�&��&�	&���������ก��+��HI
��ก��C��������� 0.1 ��	����	�ก�!��������  
 2.3 ก����ก����ก��
������ !�"#	�$��.!�!$@� Alkali pretreatment �A!�ก��ก��
���

��� !�"#	�$��.!�!$@� Acid pretreatment 
  ���ก��������������"
��34�����
��������+�����5���ก�+���&��&�	���
�� 15 ��	����	�ก�!�������� �4*��,�� 130 ��G��+��+�� $���
�� 40 	��� ��ก	��	�����	��
���
���L	ก���$��
 ���ก���������"
��34����!���
 ก��+��HI
��ก��C��������� 0.1 ��	����	�ก
�!�������� �4*��,�� 119 ��G��+��+�� $���
�� 50 	��� "�
!���������*�+��,��� $����ก	�	
����� 54.7 $�� 20.1 ��	����	�ก ��������� 
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 2.4 ก����ก������
��ก��BC�����
��������A�Cก��
������ !�"#	�$��.!�ก��0��9:!�$ก 

CDE� F�� /01����23���ก20�� 1
����1����ก��!�"#	�$����2�A�A�Cก��
������ ���1��� 
  ���ก���������
��������+�����5���ก�+��%
���&��&�	����� 15 ��
	����	�ก�!�������� ก��+��HI
��ก%
���&��&�	����� 15 ��	����	�ก�!�������� $��	��� 2��%
��
���	��1�4*��,�� 130 ��G��+��+�� ��L	�
�� 40 	��� �"C1�GNกO�
!����2������$ก!ก���������"

��34�����ก��1�4� $�����������ก��
��34�����1��! !�	ก���������"����%�� "�
!� �+�����5��
�ก�+�����������1�4�2	ก���������"
��34����"C1��"�1�������#���"2	ก��!��+��,�����L	
	������ก�,�%� 
 

3. ก����ก����ก���A��10��G/�� (Hydrolysis) 
  ���
���1�������2	ก��!��"C1�2�����	������ก�,�%� %C��4*��,�� 140 ��G�
�+��+�� �
�� 110 	��� $��%
���&��&�	&���������ก��+��HI
��ก��C��������� 7 ��	����	�ก
�!�������� 
  ���
���1�������2	ก��!��"C1�2�����	�������+��� %C� �4*��,�� 140 ��G�
�+��+�� �
�� 90 	��� $��%
���&��&�	&���������ก��+��HI
��ก��C��������� 7 ��	����	�ก
�!�������� 
 

4. ก����ก��ก��L��ก (Fermentation) 
  ����&	��P�2�������*����	����1�,�ก
!��,ก$�Q������* 56 ��!� ������&	��P�
2�������*����	��2	)!
� 6.23 R 8.49 ก����!����� 2	&*���1 �,ก$�Q�2�������*����	���,!
2	)!
� 0.05 R 0.21 ก����!����� 
  ก�����ก����	����
����&	��P� (Saccharomyces cerevisiae) �)C������ 1.5 ก���
��������*����	���,�ก
!��)C������ 2 ก��� $�� 1 ก��� ��������� $��2)��
��2	ก�����ก 5 
�	 

 
5. ก�����ก��O�
�$��O1���C�������$";�ก�����
����/���!���D�
��1�� 

 ��ก&���,�&��ก��
�)�ก���กO�� "�
!������G���������*�����	�����	��1 ���
��������* 4 ���	��	�!��Z $����ก&���,�&�� ,����ก��ก�������	�ก��	�����	����� "�
!� 
��������� 100% ��������ก$ก ���ก$��
 ����� �����������* 75% ��1���C� 25% ��L	
������������!� ���ก��ก��2	��	
���	�� "�
!�ก�� �������	����ก�+��,���2	���������
�����32�������*����	��%!�	&����,�%C� ��������� 5 ก������ก�� �������	����

�#�ก�� 
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Separation Hydrolysis and Fermentation ��������*����	�� 8.49 ก����!����� ��C1�"����*�3N�
�����*������������������G�����* 1 ��	 �������3 �������	�������ก3N� 1.7 ���	��	�!�
���� +N1��������*��1%!�	&����,������3)!
��$�	ก��	���&��	�����	��ก�!�������G����!����
G�ก��" 

 

�.�1�C�FC� 

   
  2	&��	��	ก���5�����+�� ��������L	������ก��$ก���	��������ก��ก �"��
����C1	^ �"C1����ก���1�ก�������ก���ก���_�ก����&������2	ก�����ก +N1����!� �2����������*����
	���,�&N�	��
 
  2	&��	��	&��ก�����ก%
���ก��GNกO��!
	&�� pH ���
!��ก�����ก�����ก 
�	C1����ก�����3%
�%4�2��%���1�4กก�����������"��$%! pH ���1���	��!�	��	 $���4*��,�����
!����1
���ก�����ก �"���3N�$�������2	������1%
�%4��4*��,�����  $�!��2	&
����ก�����ก��
����1	$���&���4*��,��+N1�����!� ��!������*����	����1�����
 
  ��������,ก$�Q��"C1�2�����������#� �2	ก�� �������	����1��ก&N�	��������L	����
$ก�)C�� �"���2	�,ก$�Q�����������$�������)	�� �������	�4	��13,กก
!�ก��2)���������4�#�` 
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�	
�����	������ 
 

1. �	
��	��������	���������� ����	��	� (A.O.A.C., 1999) 

 ������#�$%&' 
- ������	 
����������������� 95 ���	���
	�� 
- ��������������� ��	������ 75 ���	���
	���"�#�� ��� 
- ��������������� ��	 1.00 	��� �� 
- Decahydronapthalene 
- Acid detergent solution 

 �	
�����	������ 
1. 9�:;�����"�;<=:>�����=�����"�	?"�	����;�	�� 1  ����� �� �#�� �@ 1 ���  AB"

A	      >=������<�;BC;�	�� 600  �������� 
2. ��� B������� Acid detergent #�� �@ 100  �������� �� Decahydronapthalene 

#�� �@ 2  �������� A
�F�� ���	 ��A
�������#G	���� 10 	�<= 
��;H��	��	��F�� 
���	A
��
����>�I  �#G	���� 60 	�<=  

3. ���;?"�	F�C���>��<=:<��>	���
	��<=:	"	�	��� (w1) ���A9��;�N;�C�BOPP���Q�>�I  
���;  �����"�;<=:�����C"A	F�C���>������	������	 3-5  F���; �@����;A
���=:����	���:�A�<=:��C"
A	F�C���>��A
�   ���H����� ���A9�<";��� 
��;H��	��	A
��C������F��:�;�C�
BOPP���Q�����;�"�����������	#�� �@��R�	���#�� �@ 2-3 F���; ���<��A
�
�;
���A9��F��:�;�C�BOPP���Q 

4. 	��F�C���>��T#�><=:�O@
UC � 100 °C  �#G	���� 3 9�:�� ;
���H	���<�:;	���
	��<=:9�:;T��
F;<=: (w2) 

5. 	��F�C���>��T#��;A	X����	���	 ��� ��������������� ��	������ 72  (�"�	A9�A
�9"��R	
<=: 15 °C) �;A	F�C���>��#�� �@F�N:;
	N:;���F	����<";���F	�Y�:�A
����:�A��#Z��
<�:�XN; ��� ����Y�:   �;T#<O�9�:�� ; Y��� F	��"�;B :���B ��#G	���� 3 9�:;� ; 

6. 	��F�C���>��T#���;��������� ���A9��F��:�;�C�BOPP���Q ������;����	������	H	

 ���� 
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7. �>F�C���>��<=:T��H����� 6 �O@
UC � 100 °C �Y�:����H��F�� 9��	<��A
���R	A	
�X�C�F�� 9��	 ��� 9�:;	���
	�� (w3)  

8. 	��F�C���>��T#�?�<=:�O@
UC � 500 °C �#G	���� 2 9�:�� ; <��A
���R	A	�X�C�F�� 9��	 
���9�:;	���
	�� (w4)  

 ����(���� 

     ADF  =   ((w2- w1) x 100)/S 
              L       =   ((w3- w4) x 100)/S 

            C         =   ADF b L 
���<=:  ADF  =  Acid detergent fiber (������) 

   L    =  #�� �@���	�	 (������) 
C   =  #�� �@����C��B (������) 
w1  =  	���
	��F�C���>���#�"� (��� ) 
w2  =  	���
	��F�C���>���������"�;
��;�"������ Acid detergent (��� ) 
w3  =  	���
	��F�C���>���������"�;
��;?"�	������������ (��� ) 
w4  =  	���
	��F�C���>���������"�;
��;����?� (��� ) 
S  =  	���
	�������"�;���: ��	 

 

2. �	��������	����*(�+�����������,�����-.%&'��/$01 HPLC 
  �����#�$%&'%�����	������  
  Test Method Used:  Refer to WI-RES-HPLC-001 
  Test Equipment:  High Performance Liquid Chromatograph,  
     1100, Hewlett Packard, Germany 
  Test technique:   Reverse phase high performance liquid chromatograph  
  Mobile phase:   Acetronitrile:Water (75:25,v/v), 1 ml/min 
  Detector:   Refractive index detector (RID)  
  Injection volume:  10 µL 5µm, temperature 35   wC 
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3. �	��������	���0#��0� 

  �����#�$%&'%�����	������ 
  Column:  HP-INNOWAX 19091 N-133 
  Column description: <"��B�	?"�	QC	�����;U��	�� 0.251  ����� �� 
     �B�	?"�	QC	�����;U��A	 0.25 T �F�� ��  
     F�� ��� 30 � �� 
  Column temperature: 120 �;Q������=�B 
     (15 �;Q������=�B�"�	�<= H	XN; 120 �;Q������=�B) 
  Inject temperature 220 �;Q������=�B 
  Detector:   Flame - ionized detector (FID) 
  Carier gas, flow rate: Helium, 2  ���������"�	�<= 
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������� 6 

 

��/$01�/0�	������ 

 
1. High Performance Liquid Chromatography (HPLC) 

 ��H����#(�1�� 
   HPLC 
����F� ��<����Z��;�
��B ��X	�BC;��B���F =U��A��F�� ��	
��;�
�� �#G	�<F	�F������F���
�B���9�;FO@U�Y���F���
� (qualitative analysis) ��#�� �@
���F���
� (quantitative analysis) <=:	�� A9� ����|=
	N:; ���B� ��XA9���>;�	���	�"�;I ��"�;
����;���; �9"	A	������F���
�<�;��
�� �� ��}"� �; <�;���	���Y<�� B O	TY� ��<�;���	
B�:;�����  �#G	��	 B� ��X���H���F���
�#�� �@�:��IT��A	����>T �F����  (µg) XN;Y��F���  
(pg) � �:������A9��F��:�;���H���<=:�
 ��B  HPLC �#G	�<F	�F��B��?B >>A9��F��:�;BC>�;��	
BC; (high pressure pump) BC>���<��������N:;<��
	��<=:�#G	��B�F��:�	<=: (mobile phase) Y�B��
�����"�;<=:XC�~=�����<�;9"�;~=�B�� (injector) ?"�	�	OU�F<=:�#G	��B��C"��><=: (stationary phase) �N:;
>��HO��C"A	F��� 	� (column) B��?B �����"�;H��F��:�	<=:?"�	F��� 	���XC������ � ?"�	����BC"
�F��:�;���H��� (detector) A	����<=:�"�;��	 B�PP�@<=:���T��H���C"A	�C#B�PP�@T������ ������
#�� �@��;B���"�����<=:���H���T�� H��	��	B�PP�@H�XC�B";T#��;�F��:�;>�	<N�B�PP�@ �Y�:�
B�;?���� ��#G	�F� ��<��  (chromatogram)  
 �I������0J��H�601��/$01 HPLC 
1. Mobile phase / Solvent: 
������<�������<=:A9�A	���9�
����������"�; �#G	��B�F��:�	<=:  =
����@��#G	��;�
�� <��
	��<=:A	���	��B�������"�;�����<�����������BC" stationary phase (A	
<=:	=�F�� F��� 	�) �Y�:�A
��������>�	�����U��A	F��� 	�  
2. Degaser: <��
	��<=:���H����;����Q ����Q<=: =��C"A	 mobile phase �Y�:�T "A
���;����Q����BC" 
column �� detector  
3. Pump: <��
	��<=:�N;���<������� (mobile phase) ����BC"��>> HPLC �	�:�;H��A	�����B��?B 
A	�<F	�F HPLC H���Q��
������T
���;��B�F��:�	<=:?"�	��B��C"��><=: <=: =�	���	OU�F��R� �� 
HN;<��A
�����F�� ���	<�	���T
� ��>>#�� HN; =F�� B��F�P ��A	���<=:H�<��A
�����F�� ��	BC;
�Y�:�<=:H����9	��;���	<�	 
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4. Injector / Autosampler: <��
	��<=:A	���~=�B�������"�;������>> HPLC  
5. Column: 
���H���=���"� stationary phase  =����@��#G	��;�R;
����H� �#G	��B��C"��><=: <��

	��<=:A
��������>�	�������;B��<=:B	AH ������>�	����������N�	��
�"�; mobile phase 
��> stationary phase �"B��
��> HPLC : Agilent 1100  =�O#��@��Y�: ��� <=:B� ��XF�>FO �O@
UC � 
Column HN;��=���"� column thermostat 
Column  = 2 9	��F��  

1. Analytical column  =F�� ���#�� �@ 10 - 30 � . �B�	?"�	QC	�����;��C"A	9"�; 4 - 10 
 ����� �� ��B�O<=:A9�<��U�9	�>��HO �9"	 stainless steel polyethylene ��� PEEK �#G	��	 
B��
��>B"�	<=:�#G	 packing material <=:>��HO��C"U��A	 T���" silica based resins gels 
bonded phases �#G	��	  

2. Guard column 	�� �"���
�"�;B"�	 injector ��B"�	��; analytical column �N:;H�<��

	��<=:���;�	OU�F
���B�:;B�#��<=:#	�#���	 ���>B�������"�;�� <��;���<������� �Y�:�
9"��������O���A9�;�	��; analytical column B"�	<=:�#G	 packing material H�F����F�N;��> 
analytical column 

6. Detector: F�� ������H���B�PP�@ <��
	��<=:A	������H���B�PP�@��;B��<=:B	AH<=:T��H��
���>�	�����  =
���9	��������	 ��������A9��N�	��>�����"�;<=:B	AH�"�B� ��X��>B	�;��> 
Detector 9	��T
	T���= 
�����"�;���<�B�>���� HPLC �9"	 
�#�� �@ 
           -���� �	�= A	����� 	���?�T �  
           - ���� �	�= A	��
��B���� 
           - 	������A		���?�T � 
           - ��=�����T��� A		��� �	 
 

2. Gas Chromatography (GC) 

  �#G	�<F	�FA9�B��
��>��B��?B <=: =FO@B >���<=:B� ��X�#G	��BT�� ���A9���B
�F��:�	<=:�#G	��B�9"	��	�"T "<��#����������>B��?B  �9"	 �=��=�  H�<��
	��<=:�#G	���Y� (Carrier) 
B��?B  B"�	��B��C"��><=:��HH��#G	��;�R;
�����;�
��<=:>��HO��C"A	F��� 	� � �:�<��;���Y���
B��?B �F��:�	<=:?"�	F��� 	�	=� ��B��C"��><=:A	F��� 	�H��N;�C������;�N;�C�T����BX���� F�� 
�#G	������;B����>� ���O�A	B��?B <��A
��;F�#����>A	B��?B XC�Y�T#�����������R�<=:
�"�;��	 B��?B �RH������H����	 �<F	�F�F� ��<����Z>>��B	=� ��A9�A	������F���
�<��;
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FO@U�Y��#�� �@A	
������	 ��<��9"	 <�;���	��
�� �� ��}"� �; 	��� �	
� ���
� <�;
���Y<�� #������=�  ��<�;B�:;�����  �#G	��	  

�;F�#����>
���<=:B��F�P��;�F��:�; GC B� ��X>";���T���#G	 3 B"�	 F��  

 Injector F�� B"�	<=:B��?B �����"�;H�XC�~=�����BC"�F��:�; �� �����
������#G	T��"�	<=:
H�����BC" column �O@
UC �<=:�
 ��B ��; injector F���#G	�O@
UC �<=:BC;Y�<=:H�<��A
������"�;���
�
T���"���;T "<��A
�B��B������ �9"	 Split, Splitless injector, On column injector �#G	��	 

 Oven F�� B"�	<=:A9�B��
��>>��HO column ���#G	B"�	<=:F�>FO �O@
UC ���; column A
�
�#�=:�	T#�� F�� �
 ��B ��>��|=���<=:���;������F���
�B��?B  ���F�>FO �O@
UC ���; oven 
	��	 = 2 >> F�� Isothermal H�A9��O@
UC ���=������������F���
� ��>> temperature program 
H�B� ��X�#�=:�	�O@
UC �T��A	��
�"�;������F���
�  ��H�	�� A9���>B��?B <=: =9"�;��;HO������
����; <��A
� chromatogram <=:T�� = peak shape T " broad ����;9"��������A	������F���
� 

 Detector F�� B"�	<=:A9�B��
��>���H����;F�#����><=: =��C"A	B�������"�; ���C�"�B��
�����"�;<=:B	AH =#�� �@��C"�<"�A� 
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1. ���Z��+�[���*(�+������������*(�+��,����\����/$01 HPLC 
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2. ���Z��+�[��0#��0�\����/$01 GC 
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������� 1 

 

����	������6'0����-.%&'������� Essential Regression ���6'0���-	J 
 

1. 6'0���#�1�`	+	601�������\�������HJ���a�H+`b-	J-'�.�������.��-�.�,c-�0�,�-� 

 1.1 6'0���#�1�`	+	601�JJ\(��01 
����;<=: 16 B�;��� C�<�;BX�����;>>H����;?����#��>BU�Y���XO��>����B��������
����=� T�����T����"�#�� �@����C��B 
 

  P value Std Error -95% 95% t Stat VIF 
b0 -253.95 0.09987 140.05 -566.01 58.10 -1.813 
b1 4.383 0.09187 2.351 -0.855 9.621 1.864 703.23 
b2 2.217 0.00515 0.622 0.831 3.603 3.564 307.79 
b3 -1.857 0.575 3.206 -9.001 5.288 -0.579 284.90 
b4 -0.01707 0.122 0.01010 -0.03957 0.00543 -1.690 687.48 
b5 -0.01921 3.18434E-07 0.00162 -0.02281 -0.01561 -11.89 23.92 
b6 -0.00538 0.325 0.00520 -0.01696 0.00619 -1.036 294.37 
b7 0.01665 0.563 0.02783 -0.04537 0.07866 0.598 291.21 
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 1.2 +���1 ANOVA 
����;<=: 17 B�; ANOVA <=:T��H��������F���
�?����#��>BU�Y���XO��>����B��������
����=� T�����T����"�#�� �@����C��B ���A9��#���  Essential Regression 
 

Source SS SS% MS F F Signif Df 
Regression 2514.9 97 359.27 42.09 1.25198E-06 7 
Residual 85.36 3 8.536 10 
  LOF Error 85.09 3  (100) 12.16 135.0666 0.000962 7 
  Pure Error 0.270 0  (0) 0.09000 3 
Total 2600.2 100 17 
 
2. 6'0���#�1�`	+	601�������#�$,-'\�������HJ���a�H+`b-	J-'�.�������.��-�H�Zf��	�\/0\�1 

 2.1 6'0���#�1�`	+	601�JJ\(��01 
����;<=: 18 B�;��� C�<�;BX�����;>>H����;?����#��>BU�Y���XO��>����B����������
����������H��H�;�"�#�� �@����C��B 
 
   P value Std Error -95% 95% t Stat VIF 

b0 -516.03 3.26734E-06 63.63 -654.66 -377.40 -8.110 
b1 9.383 1.33983E-06 1.062 7.070 11.70 8.836 1669.4 
b2 -0.03995 1.11242E-06 0.00444 -0.04963 -0.03027 -8.994 1683.5 
b3 -10.09 1.61835E-10 0.511 -11.21 -8.981 -19.75 1.004 
b4 -0.00330 1.62729E-05 0.000478 -0.00435 -0.00226 -6.910 44.84 
b5 0.00282 7.95667E-05 0.000483 0.00177 0.00387 5.840 46.06 
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 2.2 +���1 ANOVA 
����;<=: 19 B�; ANOVA <=:T��H��������F���
�?����#��>BU�Y���XO��>����B����������
����������H��H�;�"�#�� �@����C��B ���A9��#���  Essential Regression 
  

Source SS SS% MS F F Signif Df 
Regression 170.49 98 34.10 104.56 1.81777E-09 5 
Residual 3.913 2 0.326 12 
  LOF Error 3.901 2  (100) 0.433 105.9338 0.00135 9 
  Pure Error 0.01228 0  (0) 0.00409 3 
Total 174.40 100 17 
 
3. 6'0���#�1�`	+	601������,-'\�����.I0.-'�.�������.��-�H�Zf��	� 

 3.1 6'0���#�1�`	+	601�JJ\(��01 
����;<=: 20 B�;��� C�<�;BX�����;>>H����;?�����"������B��������������������"�#�� �@
��C�FB 
 

 
 P value Std Error -95% 95% t Stat VIF 

b0 93.15 0.00338 25.58 37.41 148.88 3.641 
b1 -1.642 0.00243 0.429 -2.577 -0.706 -3.822 243.18 
b2 -0.567 0.00154 0.139 -0.871 -0.264 -4.075 102.22 
b3 0.00721 0.00202 0.00184 0.00321 0.01121 3.925 236.35 
b4 0.00502 0.00127 0.00120 0.00240 0.00763 4.181 108.18 
b5 0.01684 0.000209 0.00322 0.00983 0.02384 5.237 1.872 
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 3.2 +���1 ANOVA 
����;<=: 21 B�; ANOVA <=:T��H��������F���
�?�����"������B��������������������"�
#�� �@��C�FB ���A9��#���  Essential Regression 
 

Source SS SS% MS F F Signif Df 
Regression 523.27 95 104.65 44.90 2.34102E-07 5 
Residual 27.97 5 2.331   12 
Total 551.24 100    17 
 
4. 6'0���-	J 

 4.1 6'0����������HJ���a�H+`b-	J-'�.�������.��-�.�,c-�0�,�-� 

 4.2 6'0����������HJ���a�H+`b-	J-'�.�������.��-�H�Zf��	�\/0\�1 

 4.3 6'0��������.I0.�*(�+������������*(�+��,���� 

 4.4 6'0����������H�0#��0� 
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H��	�	���
<���; 

���#� #�� �@��C�FB #�� �@T���B 

�O@
UC � 
F�� ��� ��	
������������ 

���� Y (g/l) Y (g/l) 

1 100 6 30 1.196 ± 1.21 6.9557 ± 0.50 
2 115 7 60 9.791 ± 2.44 44.7000 ± 0.33 
3 115 4 110 4.733 ± 0.35 19.8000 ± 0.02 
4 115 4 10 0.222 ± 1.81 6.7679 ± 1.81 
5 115 4 60 4.415 ± 4.09 22.3000 ± 4.13 
6 130 6 30 6.700 ± 0.87 23.1000 ± 0.31 
7 115 1 60 0.928 ± 0.17 10.1000 ± 1.20 
8 140 4 60 16.542 ± 1.05 40.0000 ± 1.04 
9 130 2 30 4.787 ± 1.02 35.8000 ± 0.95 
10 100 2 30 0.200 ± 1.21 4.4550 ± 1.21 
11 100 2 90 0.794 ± 0.42 7.7220 ± 0.001 
12 130 6 90 19.960 ± 2.08 39.5200 ± 4.91 
13 115 4 60 4.415 ± 4.09 22.3000 ± 4.13 
14 90 4 60 0.581 ± 2.18 4.1987 ± 2.48 
15 115 4 60 4.415 ± 4.09 22.3000 ± 4.13 
16 115 4 60 4.415 ± 4.09 22.3000 ± 4.13 
17 130 2 90 12.500 ± 0.84 36.6600 ± 0.10 
18 100 6 90 3.520 ± 0.37 9.2492 ± 0.17 
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�=B���	 #�; 1 ���  

����
 �� 
��<�	��
(F���;<=: 1) 

��<�	��
(F���;<=: 2) 

��<�	��
(F���;<= 3) 

��<�	��
(�~�=:�) 

S %RSD 

1       5.11        5.18        5.19        5.16  0.043589 0.84 
2       7.15        7.11        7.16        7.14  0.026458 0.37 
3       7.26        7.22        7.21        7.23  0.026458 0.37 
4       7.28        7.30        7.20        7.26  0.052915 0.73 
5       7.55        7.59        7.42        7.52  0.088882 1.18 
6       7.27        7.30        7.27        7.28  0.017321 0.24 
7       7.00        7.11        7.16        7.09  0.081854 1.15 

 
�=B���	 #�; 1.5 ���  

����
 �� 
��<�	��
(F���;<=: 1) 

��<�	��
(F���;<=: 2) 

��<�	��
(F���;<= 3) 

��<�	��
(�~�=:�) 

S %RSD 

1 6.20 6.25 6.25 6.23 0.029155 0.47 
2 8.27 8.31 8.28 8.29 0.021213 0.26 
3 8.42 8.50 8.56 8.49 0.070356 0.83 
4 8.46 8.48 8.50 8.48 0.020103 0.24 
5 8.41 8.45 8.47 8.44 0.030822 0.37 
6 7.34 7.38 7.39 7.37 0.026042 0.35 
7 7.32 7.34 7.34 7.33 0.012247 0.17 

 
�=B���	 #�; 2 ���  

����
 �� 
��<�	��
(F���;<=: 1) 

��<�	��
(F���;<=: 2) 

��<�	��
(F���;<= 3) 

��<�	��
(�~�=:�) 

S %RSD 

1 5.440 5.450 5.5800 5.49 0.078102 1.423 
2 7.140 7.180 7.1600 7.16 0.020000 0.279 
3 7.540 7.560 7.4000 7.50 0.087178 1.162 
4 7.440 7.500 7.4100 7.45 0.045826 0.615 
5 7.880 7.890 7.7500 7.84 0.078102 0.996 
6 7.390 7.400 7.2300 7.34 0.095394 1.300 
7 7.320 7.400 7.1800 7.30 0.111355 1.525 
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�C�#�; 1.5 ���  

����
 �� 
��<�	��
(F���;<=: 1) 

��<�	��
(F���;<=: 2) 

��<�	��
(F���;<= 3) 

��<�	��
(�~�=:�) 

S %RSD 

1 0.141 0.139 0.140 0.140 0.0010 0.714 
2 0.169 0.170 0.171 0.170 0.0010 0.588 
3 0.211 0.210 0.209 0.210 0.0010 0.476 
4 0.161 0.160 0.159 0.160 0.0010 0.625 
5 0.090 0.091 0.089 0.090 0.0008 0.889 
6 0.070 0.070 0.070 0.070 0.0001 0.143 
7 0.050 0.050 0.050 0.050 0.0000 0.000 
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Abstract: Oil palm empty fruit bunch is a potential 

source of cellulose which can serve as a promising raw 

material for the production of ethanol. The hydrolysis 

and ethanol production was investigated by using 

separation hydrolysis and fermentation  process (SHF), 

in which yeast from Look Pang (a traditional starter 

culture for production alcoholic foods in Thailand) was 

used as a biocatalyst. After alkali pretreatment with 10% 

NaOH for 15 min, the amount of cellulose was 54.13%  

(on dry weight basis). The concentration of glucose was 

0.18 g/l after cellulose was hydrolyzed by 6% H2SO4 at 

121 °C for 90 min under the operating pressure of 15 

psi. The resulting aqueous phase rich in  glucose was  

fermented by yeast from Look Pang 1.5 grams  to 

produce ethanol. Total yeild of ethanol was 2.89% with 

the ethanol concentration of 3.61 g/l. Therefore, 

implementation of empty oil palm fruit bunch for the 

development of alternative source of energy could be an 

effective approach  and key enabler to the billion-ton 

biofuel vision.  

Key Words: ethanol, oil palm empty fruit bunch, 

cellulose, Separation Hydrolysis and Fermentation . 

1. INTRODUCTION 

 The rising price of crude petroleum, accelerated 

depletion of fossil resources, global warming, and the lack 

of alternatives to replace fuels and chemicals derived from 

fossil resources all drive a growing interest in conversion 

of agricultural waste material into bio-fuels and 

bioproducts. Although Thailand is blessed with resources 

of petroleum and natural gas, large population and 

growing economy demanding higher energy consumption 

and thus putting the huge pressure on countries limited 

resources.  The present major biomaterial materials in 

Thailand are sugarcane molasses and starch from cassava. 

Therefore, ethanol production from non-food resources 

such as oil palm empty fruit bunch might be one of new 

alternative sources. 

 Oil palm empty fruit bunch are agricultural residues 

and lignocellulosic material which can used for 

production of ethanol.  

 The basic steps for the production of ethanol are 

microbial (yeast) fermentation of sugars. Prior to 

fermentation, some crops require pretreatment and 

saccharification or hydrolysis of cellulose or starch into 

sugars 

 Pretreatment is an important tool for practical 

cellulose conversion processes, and is the subject of this 

article. Pretreatment is required to alter the structure of 

cellulosic biomass to make cellulose more accessible to 

the enzymes that convert the carbohydrate polymers into 

fermentable sugars as represented in the schematic 

diagram of Fig. 1. 
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Figure 1. Schematic of goals of pretreatment on 

lignocellulosic material (adapted from Hsu et al., 1980). 

      

       Look Pang is starter culture of microorganism 

include mold and yeast. The productions of ethanol are 

yeast fermentation of sugars. 

2. MATERIALS AND METHODS 

2.1. Raw material 

  oil palm  empty fruit bunch (OPEFB)  fiber was 

collected from local palm oil , sun-dried and ground to a 

particle size <1 mm.  

 

2.2. Alkali pretreatment 

 

      30 g of OPEFB was soaked in NaOH (1, 5 ,10 and 

15%)  with a OPEFB:NaOH ratio of 1:10 (w/v). The 

alkaline treated OPEFB was  heated at 100
o
C for 15 min, 

and then filtered and neutralized by extensive washing.  

The neutralized sample of OPEFB was dried in oven  at 

60-70
 o
C for 24 h.   The dried product of  OPEFB was 

crushed to mesh size of 0.75-1 mm by the Hammer mill 

machine. Cellulose and lignin were  then determined by 

the AOAC method.  The maximum cellulose and 

minimum lignin content was selected to study the effect 

of  heat at 100
o
C for various  time intervals  of 15, 30, 60 

and 90 min.  

 

2.3. Acid hydrolysis 

 

Acid hydrolysis of  OPEFB biomass was carried out 

in 125 ml Erlenmeyer flasks by 6% of H2SO4 at 121 °C 

for 90 min under the operating pressure of 15 psi.  After 

hydrolysis, the hydrolysate was separated from aqueous 

solution by filtration. The filtrate was then analyzed for 

determination of glucose. 

 

2.4. Fermentation 

 

The ethanol production from the hydrolysates 

obtained after acid hydrolysis was investigated. The acid 

hydrolysate was supplemented with nutrients and 

fermentation was carried out in 25 ml Erlenmeyer flasks 

containing 15 ml of fermentation media incubated at 

30°C in a rotary shaker at 150 rpm for 5 days. 

Fermentation was inoculated with Look Pang (yeast) for 

ethanol production at different levels varying from 1- 2 

g/flask. Aliquots were withdrawn every 24 h for the 

analysis of sugar and ethanol determination.   

3. RESULTS AND DISCUSSION 

 

      The first step of the present research consisted of 

Alkali pretreatment. As can be seen in Table 1, The 

amount of cellulose  in oil palm empty fruit bunch 

increased with all condition of sodium hydroxide  

solution compared with the amount of cellulose  were not 

pretreated by chemical.  Indicated that sodium hydroxide 

solution can be dissolved the compositions of oil palm 

empty fruit bunch. They are hemicellulose and lignin. 

After pretreatment the amount of lignin increased, but 

increased only slightly may be the result from sodium 

hydroxide solution were not able to remove lignin 

directly, but through the removal of soluble 

hemicellulose because of Lignocellulose material 

structure (lignin and hemicellulose bonding). The result 

found that, alkali pretreatment conditions 10% weight by 

volume of sodium hydroxide at 100
o
C for 15 min 

provided maximum cellulose and minimum lignin were 

54.13% and 20.48%, respectively.  

 

Table 1. Amount of OPEFB component varying 

quantities of sodium hydroxide  

 

         

     The amount of cellulose does not depend on heating 

time as can be seen in Table 2. 

 

Table 2. Amount of OPEFB component varying heating              

time  

 
 

      The main objectives of the present research were 

converted from cellulose to reducing sugar by 

hydrolysis. The result found that glucose was 0.18 g/l.   

      Effect of time fermentation and the amount of Look 

pang used in the fermentation shown in Figure 2. The 

results indicated that the time to ferment for 3 days and 

the amount of Lookpang 1.5 grams. Highest amount of 

ethanol was 3.61 g / l was ethanol yield was 2.89% and 

productivity was 0.05 g ethanol / l / hour. 
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Figure 2. Illustration amount of ethanol (g/l) varying in 

time to fermentation. 

4. CONCLUSION 

     Ethanol production from OPEFB using separation 

hydrolysis and fermentation process (SHF), in which 

yeast from Look Pang. After alkali pretreatment with 

10% NaOH for 15 min cellulose was hydrolyzed by 6% 

H2SO4 at 121 °C for 90 min under the operating pressure 

of 15 psi. Glucose was fermented by yeast from Look 

Pang 1.5 grams to produce ethanol. In hydrolysis 

processing would be use enzyme to convert cellulose 

into sugar for higher ethanol yield. 
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Abstract 
         Oil palm empty fruit bunch (OPEFB) is a 

potential source of cellulose which can serve as a 

promising raw material for the production of ethanol. 

The increasing interest on use of lignocellulosic waste 

for bioconversion to fuels and chemicals are 

justifiable as these materials are low cost, renewable 

and widespread sources of sugars. The objective of 

the present study was to determine the effect of NaOH 

concentration, reaction temperature and reaction time 

for alkali pretreatment to increase the amount of 

cellulose for hydrolysis to achieve high glucose yield. 

Batch reactions were carried out under various 

reaction temperatures, reaction times and NaOH 

concentrations. Response Surface Methodology 

(RSM) was followed to optimize the alkali 

pretreatment in order to obtain high amount of 

cellulose (%). The optimum reaction temperature, 

reaction time and NaOH concentration were found to 

be 130 ˚C, 40 min and 15% (w/v), respectively. The 

maximum value of cellulose was obtained 68.8% by 

using the above condition. 19.96 g/L glucose was 

achieved when reaction was carried out at 130 ˚C for 

time period of 90 min when 6% (w/v) of H2SO4 

concentration maintained. 

Keywords:  alkali pretreatment, cellulose, glucose, 

Response Surface Methodology (RSM), optimization. 

 

1. Introduction 
 The rising price of crude petroleum, accelerated 

depletion of fossil resources, global warming, and the 

lack of alternatives to replace fuels and chemicals 

derived from fossil resources all drive a growing 

interest in conversion of agricultural waste material 

into bio-fuels and bioproducts. Although Thailand is 

blessed with resources of petroleum and natural gas, 

large population and growing economy demanding 

higher energy consumption and thus putting the huge 

pressure on countries limited resources.  The present 

major biomaterial materials in Thailand are sugarcane 

molasses and starch from cassava. Therefore, ethanol 

production from non-food resources such as oil palm 

empty fruit bunch might be one of new alternative 

sources. 

 Lignocellulosic biomass is the most abundant 

organic material on earth and also promising raw 

material for bioenergy production. OPEFB, an 

agricultural residue in the process of bio-oil 

extraction, is an abundant and low-cost lignocellulosic 

material in many European and Asian countries 

similar to US corn stover. Utilization of the OPEFB 

gives an added value for this material and a solution 

for the removal of this abundant waste, solving a 

problem of the bio-oil industry and increasing the 

economical yield of the process. Therefore, a double 

effect is obtained, economic and ecologic. The most 

frequent use for OPEFB is energy production by 

combustion in many Asian countries. This adds to the 

problem of air pollution, increasing the emissions of 

CO2. Other alternative uses of OPEFB are the 

production of chemical compounds such as acetic 

acid, furfural, or 5-hydroxymethylfurfural (5-HMF) 

and the biotechnological production of ethanol. 

OPEFB is formed by three main fractions (cellulose, 

hemicelluloses, and lignin). Cellulose and 

hemicelluloses are both polymers built up by long 

chains of sugar monomers, which after pretreatment 

and hydrolysis can converted into fermentable sugars 

and produce a myriad of fuels and chemicals by 

microbial fermentation. 

 The basic steps for the production of ethanol are 

microbial (yeast) fermentation of sugars. Prior to 

fermentation, some crops require pretreatment and 

saccharification or hydrolysis of cellulose or starch 

into sugars. 

 Effective pretreatment technologies need to meet 

several important criteria, essentially minimal energy, 

high sugar yield, high sugar concentration, and 

acceptable capital and operating costs. Alkali 

pretreatment refers to the application of alkaline 

solutions such as NaOH, Ca(OH)2 (lime) or ammonia 

to remove lignin and a part of the hemicellulose, and 

efficiently increase the accessibility of enzyme to the 

cellulose. The alkali pretreatment can result in a sharp 

increase in saccharification, with manifold yields. 

Pretreatment can be performed at low temperatures 

but with a relatively long time and high concentration 
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of the base. Hydrothermal pretreatments, including 

steam explosion, hot water autocatalyzed 

pretreatments, and dilute-acid pretreatment, have been 

extensively studied in the literature and typically 

employ hot water or dilute acid to hydrolyze the 

hemicellulose. For the case of dilute-acid 

pretreatment, it typically employs 0.4–2% (w/v) of 

acid (nitric, sulfur dioxide, phosphoric acid, and 

mainly sulfuric acid) at temperatures of 160–220 °C 

to recover hemicelluloses and enhance digestion of 

cellulose. 

 In this work, the alkali pretreatment of OPEFB 

was optimized through the utilization of statistical 

experimental design. Evaluation criteria for 

optimization of the pretreatment conditions were 

based on high value of cellulose. The purpose of this 

study was to gain a more accurate understanding of 

the quantities of NaOH required for effective 

hydrolysis and the reactivity trade-offs with reaction 

time and temperature that will enable overall process 

optimization.  

 

2. Materials and Methods  

 

 
 

Figure1. Flow diagram of this research. 

 

2.1 Raw material 

 Oil palm  empty fruit bunch (OPEFB)  fiber was 

collected from local palm oil , sun-dried and ground 

to a particle size <1 mm.  

2.2 Alkali pretreatment  

 30 g of OPEFB was soaked in NaOH (1-15% 

(w/v) or 0.01-0.15 g/ml) with a OPEFB:NaOH ratio 

of 1:10 (w/v). The reaction conditions tested were 

temperature (100-130 °C) and reaction time (15–90 

min). And then filtered and neutralized by extensive 

washing. The neutralized sample of OPEFB was dried 

in oven at 60-70
 
°C for 24 h.   The dried product of 

OPEFB was crushed to mesh size of 0.75-1 mm by 

the Hammer mill machine. Cellulose and lignin were 

then determined by the AOAC method. The 

temperature, NaOH concentration, and residence time 

for the experimental design are given in Table 1. A 

total of 18 runs were carried out. After that use the 

optimum condition to pretreated OPEFB by 

difference chemical such as NaOH, H2SO4 and water. 

2.3 Experimental design and RSM 

 In the experimental plan, response surface 

methodology (RSM) was utilized to optimize the 

pretreatment process and a 2
3
 rotatable central 

composite design (CCD) was adopted in order to fit a 

second order model and the design consisted of 18 

sets of experiments. The basic theoretical aspects, the 

fundamental assumptions and the experimental 

implications of RSM have been discussed elsewhere 

(Montgomery, 2001).  

2.4 Acid hydrolysis  

 Acid hydrolysis of OPEFB biomass was carried 

out in 125 ml Erlenmeyer flasks by 6% of H2SO4 at 

130 °C for 90 min.  After hydrolysis, the hydrolysate 

was separated from aqueous solution by filtration. 

The filtrate was then analyzed for determination of 

glucose and xylose. 

2.5 Analytical methods 

 Xylose and glucose in the acid hydrolysate were 

analyzed by High Performance Liquid 

Chromatograph (HPLC, SHIMADZU) using 

SUPELCOSIL LC-NH2 column and RI detector. 

Aqueous acetonitrile (75%) was used as mobile phase 

with flow rate of 1.5 ml/min and oven temperature 

was maintained at 50 °C.  

 

3. Results and Discussion 

 
3.1 Composition of OPEFB 

         The composition of this material was analyzed 

according to the AOAC method. The results of an 

analysis (based on a 105 °C dry weight) of the 

composition of OPEFB. The composition of OPEFB 

was determined to be 52.6% cellulose, 37.3% 

hemicellulose, 9.5% lignin and 0.6% other. The 

results agree well with the recent analysis data 

reported by Umikalsom et al. [8]. Analysis of the 

OPEFB shows that theoretical fermentable sugars 

Oil palm empty fruit bunch (OPEFB) 

Alkali pretreatment, response surface 

methodology (RSM) was utilized to optimize the 

pretreatment process. 

Use the optimum condition to pretreated OPEFB 

by difference chemical such as NaOH, H2SO4 

and water. 

 

Acid hydrolysis of optimum treated OPEFB by 

6% of H2SO4 at 130 °C for 90 min. for sugar 

formation. 

 

Determined the compositions of OPEFB by 

AOAC method. 



 

accounted for more than 62.1% on a dry matter basi

similar to that of other major lignocellulosic bio

types, such as rice straw, wheat straw, and corn 

stover, indicating that OPEFB has a great potentia

a bio-fuel feedstock. 

 3.2 Optimization of Alkali Pretreatment by 

Response Surface Methodology  

          The coded and decoded values of factors in the 

central composite design (CCD) are shown in Table 

Experimental design and cellulose yield are shown 

Table 2. The statistical significance of the second

order model equation was verified by an F test 

[analysis of variance (ANOVA)]. The following 

second-order polynomial prediction was obtained 

from regression analysis of cellulose production d

Table 1 Experimental range and levels of 

 process variables

 

 

Y = - 236.32 + 4.233 X1 + 1.598 X2 

       - 0.01921 X2
2
      

 

 Where Y (cellulose yield) is the predicted 

response as a function of reaction temperature (X

reaction time (X2) and acid concen

ANOVA results showed that this model was 

appropriate since the R
2
 value was 95% (R

that the sample variation of 95% for cellulose 

production is attributable to the independent vari

and only 5% of the total variation cannot be expla

by the model). Also, the statistics’ P value for t

overall regression is significant at the 5% level, which 

further supports that the model is adequate in 

approximating the response surface of the 

experimental design. 

 

Table 2 Experimental design and results obtained w

OPEFB biomass pretreatment 

 

 

accounted for more than 62.1% on a dry matter basis, 

similar to that of other major lignocellulosic biomass 

types, such as rice straw, wheat straw, and corn 

stover, indicating that OPEFB has a great potential as 

ion of Alkali Pretreatment by 

The coded and decoded values of factors in the 

central composite design (CCD) are shown in Table 1. 

Experimental design and cellulose yield are shown in 

ance of the second-

order model equation was verified by an F test 

[analysis of variance (ANOVA)]. The following 

order polynomial prediction was obtained 

from regression analysis of cellulose production data. 

Table 1 Experimental range and levels of independent 

 

 - 0.01707 X1
2
  

           (1) 

Where Y (cellulose yield) is the predicted 

as a function of reaction temperature (X1), 

) and acid concentration (X3). The 

ANOVA results showed that this model was 

value was 95% (R
2
 implies 

that the sample variation of 95% for cellulose 

butable to the independent variables, 

and only 5% of the total variation cannot be explained 

by the model). Also, the statistics’ P value for the 

t the 5% level, which 

further supports that the model is adequate in 

approximating the response surface of the 

Table 2 Experimental design and results obtained with 

  

 This model to fit the response 

experimental data, regression analysis was perform

and the second order model for both responses was 

evaluated by ANOVA The regression for both the 

responses was statistically significant at 95% of 

confidence level. For the response (Y), the

determination coefficient (R
2
) obtained was 0.962 

which showed 96.2% of the variability in response.

The Optimal condition is 130 ˚C

(w/v) NaOH. 

3.3 Comparison of component in OPEFB after 

pretreated by chemical methods and untreated

 From figure 2. Showed 

difference chemical such as NaOH, H

compared with untreated OPEFB. The result found 

that the amount of cellulose of OPEFB treated by 

NaOH was highest (68.8 % of cellulose)

minimal amount of lignin as well.

with H2SO4 and water, the amount cellulose decreased 

because H2SO4 and water

hemicellulose and also hydrolysis of cellulose

result, the amount of cellulose decreased.

 

 So, pretreatment of OPEFB by NaOH was 

suitable to use increase the amount of cellulose for 

hydrolysis to achieve high glucose yield.  
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This model to fit the response function and 

experimental data, regression analysis was performed 

and the second order model for both responses was 

evaluated by ANOVA The regression for both the 

responses was statistically significant at 95% of 

confidence level. For the response (Y), the 

) obtained was 0.962 

which showed 96.2% of the variability in response. 

˚C, 40 minutes and 15% 

3.3 Comparison of component in OPEFB after 

pretreated by chemical methods and untreated 

. Showed OPEFB treated by 

difference chemical such as NaOH, H2SO4 and water 

compared with untreated OPEFB. The result found 

he amount of cellulose of OPEFB treated by 

NaOH was highest (68.8 % of cellulose) and a 

s well. When pretreated 

and water, the amount cellulose decreased 

and water, it can degrade 

also hydrolysis of cellulose. As a 

result, the amount of cellulose decreased. 

So, pretreatment of OPEFB by NaOH was 

table to use increase the amount of cellulose for 

hydrolysis to achieve high glucose yield.   



 

 

Figure2. Component in OPEFB after pretreated by 

chemical methods and untreated at130°C, reaction 

time of 40 minutes and 15 %wt of chemical.

 

3.4 Acid hydrolysis for sugar formation

 It was observed that release of xylose and 

glucose in the hydrolysate was depe

operating conditions, 130 ˚C for time period of 90 

min with H2SO4 concentration maintained at 6%.

 

Table 3 The amount of glucose and xylose

 

  

4. Conclusion 
 Alkali pretreatment of OPEFB biomass was 

carried out with NaOH solution selected operating 

conditions to obtain high value of cellulose

rotatable central composite design was adopted

designing of experiments and response surface 

methodology was adopted in order to o

alkali pretreatment. It was found that under optimum 

conditions, cellulose yield was 68.8% when operating 

temperature, reaction time and NaOH 

were 130 C, 40 min and 15%, respectively.

condition comparison of component in OPEFB after 

pretreated by chemical methods and untreated 

that pretreatment of OPEFB by NaOH was suitable to 

use increase the amount of cellulose for hydrolysis to

achieve high glucose yield. Glucose, 19.96 g/L was 

achieved when reaction was carried out at 130 

time period of 90 min with H2SO

maintained at 6%. Thus it is to be mentioned that 

under controlled treatment conditions, 

can be fruitfully utilized as a potential source of 

glucose, which can be a starting raw material for 

 

 

. Component in OPEFB after pretreated by 

chemical methods and untreated at130°C, reaction 

time of 40 minutes and 15 %wt of chemical. 

formation  
It was observed that release of xylose and 

hydrolysate was dependent on 

for time period of 90 

concentration maintained at 6%. 

nd xylose 

 

of OPEFB biomass was 

selected operating 

value of cellulose. A 2
3
 

rotatable central composite design was adopted in 

designing of experiments and response surface 

was adopted in order to optimize the 

It was found that under optimum 

% when operating 

NaOH concentration 

, respectively. This 

omparison of component in OPEFB after 

pretreated by chemical methods and untreated , found 

pretreatment of OPEFB by NaOH was suitable to 

increase the amount of cellulose for hydrolysis to 

Glucose, 19.96 g/L was 

achieved when reaction was carried out at 130 ˚C for 

SO4 concentration 

Thus it is to be mentioned that 

conditions, OPEFB waste 

as a potential source of 

can be a starting raw material for 

production of ethanol by microbial conversion

process. 
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