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   �+,��- .%+/�� 0  �
�� �%1 2���3 %� #�&��� ��4� !����(5 �&�6 %  #7%�8 �9$:5 ;<�&� ��%-=

 � �$16��%>& ��- ;<�&� ? %�� 2$�%� �'5 0  0� ;6��� �,# �� �,��- �� �6 7����5 @�'�� %  .  %+��

�� ��B& ? %�� ;��  #!�&�� ���C� ���(
�%8 #%$&� 6� ��8�� ;(D�91 � �,%$" ? %��  ���% )F .(  

     6� 0+� ��+�%  �+� 7H 0 %+�� ;%,��6%�%+1 �9� � (D�91 2$�� !�� ;�6 �  �DH !�%� 2���&����5 

 6%� 0  7%,%$" 6%�-%10�56  �&�)
( .   0+� �+1� !�� I$'�� (��9" .%& 0  �&%/�-%1 ;%,�J�� �� (D�91

  (��+9" 0  7H I��>� � (D�91 0�(C� %�� #�1� !�&� @���8�� ���$  ;��  !�%B�1� I %K � !�%1 ��K L�

 0� ��%�/:$&%"6���'$� M1�� %���;�6��  �N�91 O�(&H)Cellulase( �� � ���% �1� ���� .%C& )�( . �"�

 ;�����5 % P1%��      I��+>� �+$/Q� I+ %K � !�%+1 ;%,��K 0  7%,%$" (D�91 ;�%4�K� � ��+�  �D�+R� #

��
� ��� �,��- ;�6 �S$>T ;%��-�1 �$D�� 2$�U/, � ����� ?�%�V 6� )W #F #
 #� #WX( .  

    %B�+1� %+  � ;�+
�� ;%+� ��'$� �� !�%B�1� %  7��� �� (��9" �$D�� �� Y�   �� �+$/Q� I+/Z �� !�

 ��&%�� #��8�� ;%,��K�$D�� ���  ��$�&%8 0�P1%��  ;%��-�1 ;�� �9$:5 ��  ��% )F #[ #WX( .  

 7���� O,7��
�,�\� ;�%�� � �D�91 ;%, 0>�8 ;�6 �     O�(+&H 05�+V 0  7��]� �$D�� �D�'D��

       !�$+16 (+$& ��%+]$5�� 0+  0+�$�� 2+�� 6� � �+��� �� 6%� �N�91  �+&� .  %+��� 7%+�%/    ^6��+� � �+$D��

$&%"6���'$�:        �+_& �+� ��+�%  `�+5 O�(+&H �+$D�� 0+  6�%K ;��/� 0��(, � ���$  �Z�1 %  0� ��%�/

�1� 2$]]R� �� ;6%$:  )W #F #a #[( .  

 6��� 6��� ($& 7����  @%S�%b�/& � �9c� *�%B�1� ;(D�91 ;�6�%�� � �,%$" ��� �   @6�+V 6�

%]� ? %�� 2�� �� P1%�� *�%B�1�        �+$D�� I+ %K !�%+1 ;%,�+�K � �+S$>T ;%��-�+1 ;�%+�� 6%$:  ���

�� ��%  .  
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   �$S+b� ��+>�  � �c$R� �:�� ;%�$"��DH f,%� P>1 ;(D�91 � �,%$" @%S�%b �� !�%B�1�

�� 0S�%8 ������   ���")F .(  I$D�+  2$�� *�� 7�� .�" #�c$R� �:�� @�'�� 2���/�� �� �'�

 �9$:5 ;%��-�1 �%�� ��4���  2�� gK�� 6� �9$:5 ;%��-�1 2�(
�%8 ;%��-�1 �� !�%B�1� #��% 

�� �hi� j�9c�%& *����  ��% )F .(  

      ���+J 6� ;(+$3 2$+�� *�+� ;�6 �+  (��1��5 I/Z k9$1�  !�� j�8 ;<�&� 7�($�WX   �+ �� 

�� 7%�8 ;<�&� k&%$D%1 ��4�  ���J 7�($� 2�� �� 0� #��% a/F    �  0+$]  � 7%+,%$" k9$+1�  7H  09$+1

�� j�8 ;( H ;%�&��'&����$5  ���)F .(  

�� 2$�� *�� ;�6 �  ��8�� �DH !�%� 2���&����5 (D�91  ��% )
 .(   �� ��+�$  �,%+$" ��:�� *���

 (D�91 P$��� 01)[X(% (D�91 �/, #)aa (% 2$�
$D �)Fa (%�1� !�� I$'�� .�� !�� 2$/Q�  ���

 ���J 6� 0�WXWX ×[ k9$1�  �%1 6� (D�91 2� �� �$D�� �DH 7%,%$" ��� .   �+, ;��� 0+  ��6%>Z 0  %�

 ��6 �, 6� �B&eX �� (��1 (D�91 .�"�9$� ��� .   I��+>� � �+$$o� ��%&��� 0� ��%�/�(&H �� 6%� 2��� %� 

 �1� 0�5�" 6��K 08�� �6�� ���%  0���� �6 (D�91 6�)� .(  

 ;%,�&�$� k9$1�  0� (��9" �&%/�-%1 ;%,�J�� �� (D�91)6     W β(     !�+� I+4�� O+, 0+    #�+&�

�1� !�� 0�-%1 .O:$&%"6���'$� M1�� %��� (��9" 0  7H I��>� � (D�91 0�(C� %��     ;�%+J 0+� ��%+,

�� �N�91 O�(&H  �1� ���� .%C&� ���% )� .(  6� ��+8�� (D�91 ;�%4�K� � ��H6%� ;�����5 %  7���  �"�

%K � !�%1 ;%,��K 0  �6 ;�6�%�� � �,%$" @%S�%b p6(  �D�R� #��� I��>� (��9" 7�U/, �$/Q� I 

 ��� �,��- ;�6 ��&%�� �$_& !�&�� 2�(
�%8 �S$>T ;%��-�1 �$D�� � ����� ?�%�V 6�)W #F #[ #� .(  

 �1� !�� IV%J ;6%$:  ;%��5��$� ;(D�91 ���� �� ��&%�� �$D�� k�$�� 6�)W #F #a #[ #WX #WW .( %��

����5 2�� 0S1�� � �5��$� ��8�1� �%$& �6�� ;���$  @%SD%c� � f,�\� #� . �� ($& 7���� 6��� 6�

  0+�%&��6 #�+9
�8 @%S�%b #q&�  !%� #�8 � .��" !%� 7�U/, ;�6�%�� � ;(D�91 @%S�%b ���$    � %+,

 � ;�%1��%� @%C&%-6%� @%S�%b #09T%  ;%,��%� ...�/& � �9c� *�%B�1� ��� .  

�"� �5 ���� 7�($� �� �]$K� 6%�H 03�/& r��1� 6� `  I %K � �%�� 6%$:  OCJ L� �  %�� ��% 

�� ��8�� ���%  .�� .%C&� ��� IJ��� ��&%�� 0  7H I��>� � ;(D�91 ���� �� (��9" �$D�� ��8 ��$" .  

�� �,��- sR  �6�� �, 6� I$4B� 0  0� �1� 6%� 2�� .%C&� IJ��� �
&%�& L� *6%/� 6���/& .  
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/��0 � 1��23 ��42� �
��� ���!#
+ �5��  

     � (+$�H �+$]5�� �+$D�� ��+" 6� ��-�1 � ;��K ���� 0  ;(D�91 @%S�%b I��>� t�T �$]5��  

��%  �� �N�91 O�(&H 05�V %  . ���J 6� 0� ��%  �� �����5 2�� �/:K 2��� 0��(, �� #�N�91 �$D��

[X %��� �� I�%� �6 I� 0��(, .(, 2�1%� ��8 ;6%$:  @%]$]R� P>1 2$/, 0   O�(+&H �$D�� 0��

�1� 7%��8 6� .  

      �+/�(&H O�+:$1 L+� � �+:$& u%+- O�(&H L� �N�91 O�(&H 0� O$�%  08�� 0�'& 2�� 0  ��% 

��%  �� !�/Z �/:K 01 I�%�):
.(   

Ww  O�(&HEndo - ß- glucanase  7H I/Z IV%J � ��'� �� .��&�6 6�T 0  �6 ;(D�91 !�$C&� 0�

 � (��9"Cello – oligo Saccharides ��%  �� .  

Fw  O�(&HExo - ß - glucosidase       � !��+� 0+9/J ;(D�9+1 !�+$C&� !�+��� %$J� �$� ;%��&� 0  0�

��� �� ��$ �91 �$D�� .  

aw  O�(&Hß – glucosidase ��� �� I��>� (��9" 0  �6 ��$ �91 0� )
( . 

60 �5��� ����7 �
��� �	&)8
2	�(��!#
+ ��	���9  

 ��%  09J�� 2�� 6� �/:$&%"6���'$� ;�C�:8 0 �-����  0  %�/�(&H 2�� �$D�� 0  6�%K 0�6��]� 

��%  P1%�� .  �� �+/� ���S� %��� %�� ���:, �N�91 �$D�� 0  6�%K %�/:$&%"6���'$� �� ;6%$:  03 �"�

�� �$D�� �6 O�(&H 2�� �� ��8�� I %K ���%]� %�&H ���� )F( .  

� !���� �$D�� !��" 2���/�� %�36%K    � %+�����%  �6�+�6� O+, ��%�6�(" 03 �"� ���:, O�(&H 2�

�:$���$��H �6�� ��8� O�(&H 2�� !���� �$D�� ;%, . x9S�� O�(&H 2�� !���� �$D�� ;%�36%K 2���/��

 ;%�:�8 0 Trichoderma  �Aspergillus �� ���%  )F( .  

   0+� �6�� ��+8� �V%- ;%�'$�'� `�5 ;%�/:$&%"6���'$� ;�%1��8 ;��    �� y6%+- 7H z$+b��

�� sR  2�� 09V�J ��%  )F #
 #{( .  

 #P1%�� O:$&%"6���'$� ;�%1��8 �� Y� ��  I/Z �� !�%B�1� %  7���7%���   ��%+� ��'$� 0  ����

 0� ��� ��$� �1�7��� ���%  0���� �N�91 O�(&H �$D�� ��8 ;�� �%�� . ��87%��� �� ����  �� 7���

 kS��UV  !�%� �)NTG( nitrosoguanidine ��� !�%B�1� )F( .  

0��1 �� ;6%$:  �� !��  6%� 0  �N�91 O�(&H �$D�� ��8 !����� 0� ��%,  �� IV%J ;%�&%��� �&��

Trichoderma reesei ��  ���% )F #
 #�# WX .(  
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0��1 0  L$�&< �1���� ;%���6 �� !�%B�1� %  !����� 0�5%� �1� ��%,     ;��+�$  ��%+&��� 0+� �&�

�� ��8 �+&6�� O�(&H 2�� �$D .         #%+�/�(&H 2+�� �+�$|���� 6%�-%+1 ;6%'�+1� %+  7���/+�&�� 2$+�U/,

�/& gK��� N%  ;%,%�� 6� 7%��$D%S5 0� @6��J 0  .�%]� 6%$:  ��%�/�(&H  !��+/& �$D�� ���   �+&�)� .(

 �$D�� 0  ��6 2$J 6� %� ��� ��6 !\�� ��� M$R� 6� �6 7H ��%  P1%�� k��1 j%Q�&� � � Y� O�(&H

�����)  . �+1� !�� !�%B�1� q&�  !%� � r%"%  #�$�� jH I}� ��%�c$R� �� 6%� 2�� ��8 .  ;%+�c$R�

�� r��1� 6� � 7��6� !�� !��>�%& ���%  . 0$�� ���: �1 ��3 �� ~�9Q� ��%�c$R� 6%� 2�� ��8 %��

�� ��H6%� �D� 7��" �%�>:& 0� !����" ���%  .  

:0 ;��� ��( !� -
��� ��!

<� ����� ��	
 ��8�� :  

 ��:�� *���)Biomass( �� ��:�%- � 2$�
$D #(D�91 �/, #(D�91 ;�%J ;(D�91��
$D  0� ���% 

 �&6�� ~%>�6� O, %  !�$U$� �&%/�-%1 6�)� .(  

 %� 0$D�� �%/Z�Pre-treatment  %  7%�(/, � !�� 0�$D%�:��� (D�91 f��(5� P>1 ���� 2�� ;�6 � 

I���Z �����  P>1 7H �� 2$�
$D �$_& O�(&H ;6%�� ��� . Pre-treatment r%/� zc1 f��(5� P>1

�� O�(&H ���  ��'9/Z �%>K%S�� � O�(&H %  (D�91  ���)F .(  

Pre-treatment �� �6 O$,� .%C&� ^�6 �� 0  O$&��� :     6%+Q  �� !�%B�+1� � ��%+$9K ���+� �� !�%B�1�

!���5.  

Pre-treatment %  ��%$9K  �+� .%C&� O��1 �$:��6�$, �� !�%B�1�  ��+$" .    �5�+4� ��%+$9K �>+:&

 ���J P1%�� �$D�� ;��  ��:�� *��� 0  �>:&W  0 WF . / ;%�� 6� 0� ��%  ��{X   %+�0CWXX  0+  �

 �� f$  @��F – 
/W �� .%C&� �Z%1 ����� .  6%+� 0  �&%�� (D�91 �$$o� ��8 !���5 6%Q  �� !�%B�1�

��  !�%B�1� 0� ��6 ��%>& �
Q1%� %$9K ��)F #WX .(  

�0 >�
�	#
��(	7	� ?�
!+ )Saccharification:(   

6� �� 09J�� 2��  M$R� ;�%1 �D%- 7��  %� ��� ;�%1 �D%- �6 !�� �$D�� �N�91 O�(&H 7���

��  6%� 0  �N�91 ;�%J M$R� 7���Z 0  �6 7H ;�%J ��� . ��H �1�  I>K k9J�� �� 0� ��:�� *���

 �R� �6�� 6��K �N�91 O�(&H ��,� .        2$+  �+&�$� 7�+� 0�+:'� P>+1 ��+- �+$D%S5 %  �N�91 O�(&H

�� ���H �6 %�&H � !�� (��9" ;%�D�'D�� ��� .�� �6 I/Z 2��        %+� 0�+1�$� �+$� �+$D�� @6�+V 0+  7���

 ��� .%C&� 0�1�$�)F .(  

��$  ��K ��%�& 6� ��%  ���$  �N�91 O�(&H 7�($� � r%/� 7%�� 03 �,�� �$D�� ;� ���" .  
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     2��+��  7�+��� O+, %+�� �1� !����" �%���$� ;��3 ;%�'$�'� !�� �$D�� ��K �5%��%  ��8

!�%B�1� ^�6  ��Reverse osmosis �� ��%  )F .(  

�� 09J�� 2�� 6� 0� ;�
�� 6%�        M$+R� 6� ��+8�� �N�9+1 O�(+&H �+5%��%  O$+,� .%C&� O$&���

�� ��%  .%/, %�/�(&H 0� %C&H ���� I/Z 6�($D%�%� ��&       �K%+  !�6�+Q& �+1� f�+��� 7%+�%� 6� � ����

�� �� �&%� O��>  6%'  �6 %�&H �
�� �6��� 6� � !��/& ;�%1��8 �6 %�&H O$&��� .  �5��"��%+���� ;%�'$�'�

�� `�5 O�(&H ;�%1��8 ��8 %���6 2���/��  ���% )� .(  

�0 B�2	�� �
��� -�
!+:  

��K ��%  ��&%�� �$D�� ��8 O$�%/& L$9$�� I'D� 0  I��>� �6 7H � !��/& �$/Q� �6 !�� �$D�� . 2��

�� .%C&� %,�/Q� M1�� I��>� ����� .       6� �%+ ��� �� 0+� �+1� !�+� 0�-%�+� ;�+����5 �9'D� �$/Q�

�� 6%� 0  7%�8 �1%��1  ��6)F #[ #WX .(  

�� 6%� 0  �/Q� �$>}� ��8 0� ��%,��� 2���/�� I�%� ��6 :Collagen casting  #Chitosan  

glutar–aldehyde molding #Carrageenan–entrapping method �Caciumalginate gel – entraping 

method ��  ��% )F .(  

 7H 0$�� �D��1 � ;6���%� #7H ;N%  �/�(&H ;%��$D%S5 P>1 0  �-H ^�6 `�5 ;%���6 2$  6�

�6�� ;���$  �� 6%� .  

 �� �$� 0  I'D� 0$�� ;�� �� �/Q� ;%�D�91 �$>}� 0  �%$& 7H 6� 0� 0�1�$� ^�6 �� ��%   7���

 ^�6 0  �$D�� ��Batch fermentation ��/& !�%B�1� ($& .   �%�>+:& �+
�� ;%���6 0  �>:& 7H ���6%� %��

�� O�  �+�%  .     �+� !�%+1 �%�>+:& �+��6 %+��     ;%�+��6 ;%�$"�+$U$� � �+�% Immobilized method  �

Immobilized Flash method   �6��& �6)F .(  

�� j�:R� %,�/Q� ��'9/Z ��8 ;6%�� I�%Z L� 6��&%��5 6� !�� �$D�� I'D� 0� %C&H ��  ���

O��%1 y6%- M$R� �� �6 7H ��%  .     �6 7%+'�� 2+�� %+� 0+  �$c]� 7��1 L� !�6 �� ��� M$R� f-�3

��      ��+'9/Z ;��+  �6 M$+R� � !��+/& ;�%1��8 �6 !�� �$D�� I'D� 0� �,�   O$�%+/& �Z%+:� %+,�/Q�          

)F #[ .(  

 ��:�� *��� �� ��&%�� �$D�� #�� ;<�&� �'�<�D�$  ;%�/�:$1 ;%,�� 6%� 2���/�� �� �'�

)Biomass( �� ��%  . �  �D%  0&%$D%1 %'���H *�R�� @N%�� 6�
  �$/Q� x��T �� ��&%�� ��$D �6%$9$�

�� �$D�� �1%�& 7%&H ;���: �1 2���/�� 0� ����� @6= k ��%  . 0  %'���H 6��� 6� ;<�D��'� 2��
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�� 6��K ��%/J �6�� �D�� ��T �� 0� @6= !�>&� �$D�� �T%- �� ��$" ��%  ;�%4�K� �&��� . 6� %��

 � �:$& 05�V 0  �S$>T �-�1 0  7H I��>� ��8 ��4R� 2�� �$D�� 7���� ��&%/, �
�� ;%,6���

�� ;(D�91 ? %�� �� !�%B�1� !�6 �&��� ��%  2�(
�%8 � P1%�� �9J .  

  � �+1� .%C&� �%J 6� ��� 2�� x]R� ��8 7%�8 �1%��1 6� �>1%�� � !���:" 6%$:  @%]$]R� 

0D% � �� ;�$/Q� @N�4R� �
�� � ��&%�� � ��K �$D�� �,%� L��(& 6%$:  !���H 6� L� �    ���+� ;%,

!�&%/:� #09T%  ;%,��%� #����� �� � !%� �$_& ;�6�%�� ;%,��  O$,��- ;(D�91 ? %�� �
. 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Cellulosic biomass                                                              Cellulase-producting  

                                                                    Microorganism 

 

                                           Alkali-treatment   

Pretreatment                                                                Culturing 

                                           Steam explosion   

   

                                          Sacchharification                         Cellulase  

 

                                                                 

                                                                            Enzyme revovery 

  

                                                                    

                                                                            Sugar concentration 

 

 

 Waste water treatment                                           Ethanol fermentation  

 

 

                                                                      Ethanol recovery  

                                                                                     (SCFE, Membrance,  

                                                                                Temary azeotropic distillation) 

  

�� �� B�2	�� � ��� �
��� C
�!+��	
� ���  
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