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Simultaneous saccharification and fermentation (SSF)  
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���3<�=����	�����	����������������������>	����?@����?>�� A��A7�	>���-
?@����?>�� ����7���	C��C� 1 E<F 15 	����	>G�����HI�
4��J�������� 	���������	�K�� 15 E<F 
90 ��� ���I��
������M	���������
�4F���	�����	
�K� 36-66 A�� 79-80 	����	>G�����HI�
4� 
����I��46 ���	������������������>	����?@����?>�� �����E�������M���� ?�������J����
	�����������������A7�	>���?@����?>�� A�����	������������������>	����?@����?>��
7���	C��C� 10 	����	>G�����HI�
4��J�������� 	���������	�K�� 15 ��� 	�R��������
	
���������	�����	��������� ><�F�
������M	>��S��� 54.13 	����	>G�����HI�
4� ��
�����M����?�� 44.14 	����	>G�����HI�
4� ���	���������A7�	>���?@����?>�����
�?��
�����M	>��S��� A��������?�������J� 37 A�� 25 	����	>G�����HI�
4� ����I��46 
������H���?@���?�>��	������������	�����������������	
����������M 50 ��4��J����� ����
	�?>��	>��S	�����	�KH� Trichoderma reesei, Aspergillus niger 
�K� Trichoderma viride �����M
	�?>�� 10 FPU/��4�	��������� ���������>�	���646	Z��� 0.05 ������� 8�	�� 5.0 ����2M
�S�� 
35 �F3�	>�	>��� �4������	C�J� 160 ��6�J���� ���������F86�J�	�?>��	>��S	�����	�KH�        
T. reesei �
�HI����������� A��%Saccharification �SF����2� ������H�4F86�J�	�K��I�	�?>��     
	>��S	�����	�KH� T. reesei ����46	�?>��	6���-��S�7>�	�����	�KH� A. niger  �����E     
?@���?�>��	���������?��HI����������� A��%Saccharification �����J� ������	>��S	��	8��F
���	���� 
�4F���4H�I����3<�=���������	
�������������	������������� Simultaneous 
Saccharification and Fermentation (SSF) ������	�?>��	>��S	�����	�KH� T. reesei A��	6���-     
��S�7>�	�����	�KH� A. niger  ���������F86�J������M	��������� 100 ��4��J����� 8�	�� 5.0 
�2M
�S�����
�4�  35 �F3� 	>�	>���  �����M	�?>�� 	>��S 	�����	�KH �  T. reesei                               
6 FPU/��4�	��������� A��	6���-��S�7>�	�����	�KH� A. niger 3 IU/��4�	��������� ������
������H���
������M	����� A���������� 	�J��46 10.38 ��4��J����� A�� 0.19 ��4�	�����
�J���4�	>��S��� ����I��46 �	��� 24 �4����F ������H?��3<�=���C�F���?@���?�>��	6KH�F
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��A66�� A��A66�<�F�� �J�	C����66 SSF ���������F86�J� 	�K���I����?@���?�>��          
��� 50 �F3�	>�	>��� 	�R	��� 24 �4����F �J�	C����66 SSF �������E	8���	�����	�R         
11.53 ��4��J����� A����������	�J��46 0.21 ��4�	������J���4�	>��S��� �	��� 12 �4����F 
A��	�K���I����	���	���������	8��� 50 ��4��J����� ���	��� 12 �4����F C�F���?@���?�>��	6KH�F�� 
�J�	C����66 SSF �����E	8���	�����	�R 12.13 ��4��J����� A�J�I��
����������?�����F	�R 
0.15 ��4�	������J���4�	>��S��� �	��� 12 �4����F 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

(5) 

Thesis Title  Optimal Condition for Ethanol Production from Palm Pressed Fiber 
using Simultaneous Saccharification and Fermentation (SSF) 

Author Mr.Yuttasak  Subkaree   

Major Program Biotechnology  

Academic Year 2007 

ABSTRACT 

The effect of pretreatment of palm pressed fiber (PPF) with NaOH and Ca(OH)2 
from 1 to 15% (w/v) and boiling from 15 to 90 min were investigated. The results show that PPF 
residues after NaOH pretreatment were 36-66% (w/w) compared to 79-80% (w/w) after Ca(OH)2 
pretreatment.  Moreover, NaOH pretreatment can reduce the lignin content more than Ca(OH)2 
pretreatment.  The 10%(w/v)NaOH/Boiling to 15 min was the optimal condition for PPF 

pretreatment.  At this condition, the highest cellulose content of 54.13±0.87% (w/w) was 

obtained with lignin reduction of 44.14±1.10% (w/w). Ca(OH)2 pretreatment cellulose content 
and lignin reduction of less than 37% and 25% (w/w), respectively. Furthermore, the hydrolysis 
of pretreated PPF with enzyme was examined using 50 g/L of pretreated PPF and cellulase from 
Trichoderma reesei, Aspergillus niger and Trichoderma viride were studied at 10 FPU/g substrate 
in 0.05M citrate buffer pH 5.0.  The experiment was performed at 350C and 160 rpm.  The results 
show that the hydrolysis with cellulase from T. reesei gave the highest reducing sugar and 

%saccharification.   Moreover, it was found that hydrolysis with cellulase and β-glucosidase 
gave a higher reducing sugar and %saccharification than with only cellulase. In addition, the 

cellulase from T. reesei and β-glucosidase from A. niger was used to study the optimum 
condition in simultaneous saccharification and fermentation (SSF). It was found that the 100 g/L 

substrate, pH 5.0, 350C, cellulase from T. reesei 6 FPU/g substrate and β-glucosidase from A. 
niger 3 IU/g substrate gave the highest ethanol concentration of 10.38 g/L and yield of 0.19 g 

EtOH/g cellulose in 24 hr of SSF. Finally, the effect on batch and fed-batch prehydrolysis prior to SSF 
was investigated. The batch prehydrolysis at 500C for 24 hr prior to SSF can increase ethanol 
concentration to 11.53 g/L and yield to 0.21 g EtOH/g cellulose in 12 hr of SSF. The fed-batch 
prehydrolysis PPF 50 g/L at 12 hr prior to SSF can increase ethanol concentration to 12.13 g/L, 
but decrease ethanol yield to 0.15 g EtOH/g cellulose in 12 hr of SSF. 




