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>< �B# ��� 	 ��4���� �0�� ;@?� 	 �C��� ��.$�� 
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�����  

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

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

(��0
       ����� 1�2 /� 3	��� 4�5 �.�  �	 �
  ��5�� .  �7�*�

8�7    �0� 3-�	 4���# � 
 �. �  	 ���9 
  :� !�5��
   "�# � 

   )� /� 4; ��-���/�<      � ��� =� 4��� >��� =�  ��  4�� ���/��9 

 � 3���	�� ��7
   �� 4���# � ��?��
   ���� @�	 <    /� A��B(�$� 

����0�=���$���� 3< ��C�D����D��"��$� � .� /���� �(��$�/ E

�C�FD   A��()* <�C    <� ���  "�$�         ���:�. "���0 4�/�9/����

��9���G       H��I	 4�/����, ��� � ���9 � �       1��2 /� ")��= 

 "$� J�K��)Iakubi et al., 2001 .(  

     
�	 4�N� J�O/� � /�	;              � �/�����	 P�� =� ���� �9 ���C�

         1���I($� Q��O 
��7��� <�:��$ ���	 E. 4����	 ")���

�/�� ������ 4����� /� .  R������ ����:�. 4�����	 ����� 4������ /�

����)D        ����2 <=/��N�9 4��C��* <�CST   /� E�. 4�����	 

  1�$
	    �5��   
�	 �9             /� A��:��� 4��U	� P�� 4������ �����.

'�()*         ���9 ��B�� �/ 
��	 ��� ���9 "��0  .    4���(� ��*�

�����. E���� =� ���0/� A� 4�����	 �����9 �����G ����:�. ��� �/ 

            /���(G� /� �:�� A��	 E. 4����	 �� ���2 /� !��� V��(G�

   A�/�;�� � ���9 4�*���9��:�.    ��O <���9 <�C 
	 /    9 !���*

       Q?�� ��:�. A��:�� 4��. =� ��� W.��	 �      /�N�9 1��5 <�C

)X/S   1��$ /� 8��7 E�. 4����	  (  "�$�)Fakhrian et 

al.,1999 .(     � ��. �� ��:"����O    ����)�D <����     4��C��* 

 /� <=/��N��94�����A��()��* +������I. !  ��� ����	= /� <�

       / �� ���9 ���G ��:�. Z�([	 <�C���;�� <��*/�9  <� ����; 

            �/��	 ��� 
(��0 \���	 /� <���= �/��	 /� � (��* J�K��

"$� (��* /��O A��B($�.  

                  ���:�. <���� 4; ]���� =� �9 "�$� 
���C��* =� 
�U� ���9

E��/       
�	 A��B(�$� 
9�/�G <�C   ���5.  � "N�� ��    A���* E/� 

1�$         "$� (5�� <��?�N7 ������ 4���� /� ��G� <�C .  ��

        
�#�/= 1��$ /� 9 </�,S^_X`S^_a     "N�9��= %&�$ 

     �� b:�� /�N9 <���9ccdddd   "$� A��� /�(UC  .�����   �	���� 

   ��D <=/��N9 ���� +/�=�    
�	 
���         1��$ ��. ���5S^T^ 

        ����2 �� ���9 "N9��= %&$eXdddd    ��$�� /��(UC  .  ���

   � ��.4���	       A��* E�� ����)D f2g	 Q��O )   
���7 O�$

 4; h�5 (   ��� "5���� =� iD    ; 
���/ <�C   4�U	� 
$/�� !4

���/�9    A��	 4���# � 4;      �� <�"����O      <�:���$ ����:� E�	j. 


	 </��k �5��.  

  =�<�$ � � ��0 !�?� �G 3�     :�. �[� /� ���� � �� �G � �� �

5����
�  ��� � �  � ���$ ���     �	 4; Q	��5 �
      ���� =� ���5

�����C��< �; � 	 A��
     ���0 ���: !��5��� �G 3 ��     =� ����� � �

 ����	=�$ <�$< ���	  I	 3� = H�       /�N�� "�I. A/����C ")

	
 ��5�� .  A�/ ��� =� Q2  �C
�  ��� � <   *��:; �C��� � ���< 

=� I	 ")�&
 �  ��  ���0 E� D 3 ��      !"�$� A��5 ����N  ���/��9

�����C��< � �l�:��m
 "$�  .��7/�O<  $�D �:�	 �*�
 B$ � �

 	 n�����*/���m�@) �C
�   ��� � ��()C < �K. � : ��?�  /� E

���� = �� �� �G ")� =��$�<  �B(�$�   �	 A�
  ����5 .   ���	= /�

 	 ���/�����*/���m�@)            +�����I. ����9 ����G ���:�. /� �C

A��()*                 /� 4; =� <�/���	 �� �9 "�$� A�5 J�K�� <� ���= 

"$� A�5 A/�5�:  

$/�� /�
� ��?  ���/�9D�� .�7/�O /��
 �� �:�	 p/�O 

$�D�*�
B$ ���� �<�G �� =�$<B:�$ ��$ "�@  W-$ 

 ���2 /� �D�� ��# �C��ce %	
 ��5 .	� 4�� BOD� 

COD r.���<� �:� "��
	 ��$ ���	 4��
 /� ����	 

D �C�� 8�)D���� �� .� </�, �D �� .�7/�O /��
 W-$ 

N����*�
� � A/��1��$  A�5 �C: s��G ���?� �(��$; �/ E

	
 �=�$ . 7�*�����	
�5�/ /� �C�� 
�G � � "$��

A�	; A��� 5�:� 
�-?�/ <��k� 
��� <�5�/ 4���$/ 
 

�G� � �_d %ISO��� <�G �B:�$ ��� �/�	 "� =�

��
 �5��)Scott et al.,1995(.  

 /�:�.��G ��D �� Z�� O�$ =� ������� .�7/�O /��
 � 

���O��-?�/ "< ���; ��ClO2� � � �
:��. �C<  DED� 

DEDED � DEDP$/�� �/�	 
 /��O � (��*�(� � t

�I.��+��5�/ � ��� 4�N� 
�G �D ��� .� ���2 A�5 /��

_u � viD:��. =� 
DED � __$/ v��) Aziz et al., 

1999(.  

$/�� /�
  ���/�9� '�/�l�:��m
��� <�G �=�$�< ���$ 

 p/�O =� � \�*�� =�C.subvermispora A�5 A��B($� 
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��	���! � "#$% &��'(  )*+� ���&,-/�0�12 3��$/ 4
��
  �	�� )56 �	��7 )6 )8��� 96:; ) &<=> �
?5; �� ?@;           ?@9  

� !����(� E� KA�	; "$���5 D � �� .�(BC �� /�� �< 

�C�� W-$	 � �D�� ��# � 4��Ta/SS� � �0/� � "�� �

�G A�=���	 � �� 4��e/a	 �0/� 
 ��5) Enayati et 

al.,2002(.  

$/�� /�
D �w� �� .� /��c(BC  �< ��p/�O  

Streptomyces cyaneus�/ �� <A��G  ����7< Qx�� 

���<�G �=�$�<��m	 �m
 �(��tD � ��� 4�N� �� .� /��

7/�O
�G 4=� �C�� W-$ A�  ���2 /� ����7c �. ^ 

� � �0/��l��� �C�� �<� �/�	 ���D =�� ���2 �ca �. ^d 

	 �0/�
 ��5 .� E�k����� m��f2g	 Q��O � �<� � /� �


*F�� <�C(	���	 
 ���� A�	; "$�� ����	*/�D 1�, 
 � 

�5 f2g	 �N�) Hernandez et al.,2005(.  

 $/�� /�
D �w� �� .�7/�O /��
A��G  �7���< s�� �� p/�O 

C.subvermispora +�	 � c � a�G /� (BC �=�$� <

����"� �(� E� KA�	; "$���5 �(�� � ���5 E� H

:��?�E ��=
���5 /� �. H� /��c(BC  �<A��G   ����7A��� � 

	 �C�� W-$��=�� ���G 4��A
	  ��5 .�G U��� E�k� �

A�	; "$����$; � 
��D � � A�5 �
*F�� <�C	 (	���
 

�G � "-)� 4;�	 ��-�� �C�5 �
 ���� )Villalba et 

al.,2006.(  

$/�� /�
D �w� �� .�7/�O /��
��; � ��
�/ �� <���O � "

�-?�/<�G � ���� �A�	; "$����� 4�N� J��* A�� =� �5 A 

D ��. �� /���� p/�O Penicillium A10 

�Aspergillus LZZ �� A���Cgr
IUa��; ��= @� =��g

��D�G =� �� =�$<.�. � �D�� ��# �C�� W-$ � � W

	� 4��cT/u � �0/� de/Sc�G � "-)� �0/� � �C�5 �

	
 ��5) Zhao ey al.,2006(.  

  

 	 
���	� ��  

     )$y	 =� =��� �/�	 <���9 O�$ +����I.       ���. � zg�0� 

1���  /�� �    �5 ��. s�9 ! .   ����2^       !����9 O��$ J�*����9 

i��D�g��� <=���$��� =�   <���C<�/�������   !
�����/ <���C

O�$        
��:�G�� � ���/ /��)� <�C           �� � A��5 
����=�r	 !��C

�&O  
��C     1��, � c    ��. ^  
(���$        ����5 ���G ��(	 .  E���

�&O  �C             ����2 "���,/ � 4��$/ �. � A�5 �N()5 8; �� 

cd   �. ^d      �{� /� A�?N��	=; H�I	 /� �0/� <  ?� =��   /��< 

    i|$ � ���5�  <��         /� 
(���,/ 1���-. =� <��*����4�/� 

)�9 ���5 </���?� 
U�($gD <�C.  

 A=���� <���            E��U����� '�/ =� ����9 O�$ ���:� ����� <��*

)STXa (       */��m� ��� � ��5 A��B($���<     </��� }�U�$��U�	 

   ����� /��/�(9l��D^d          
������5 +��-�9�. � ��-�� (5/   ���

����DE����;  ��	��  �/����(��$� <���CTAPPI z���5 ��� ����= 

A=���� �5 <��* .  

 ~�� 8; /� Q�2 Q��O ���	 :TT` om cdeT    Q���O ����	 !

  ����$ /� Q��2S : %T_ pm-cSc T  
���[(��$� �����	 !

   E(�$� /� 1��I	 :TT – pm c_d T    E���?�: !T_ – om 

ccc T�()9�G ! :T^` om cSS T.  

� /� A��B($� �/�	 p/�O��I. E�$�D Q	�# ��*�
B$ � �

)Trametes versicolor (�	=; =� � ����� A�?N�l�:�< 

$���	 � J��# A��* "��B2 �
 A�?N��� ���� � 8�7 

�. 4���.��5  .���< =� 
7/�O /���. ^5 ��� �N �< � 

 �����SX×cd×cd
(��$  �5 A��B($� �(	 . /�4�/� �C � �

��� =�  �C4���	 Scd���� O�$ J�* < A�5 ��G <�/�� ^d 

/ "��,/ �0/���5 ([ .��� i|$ �C< <�/������  �C< 

 +�	 � ����c /� "#�$ 4�/��($� /�.���m�� ����5 Q .  

�m:� ~��7 /��� /� i|$
 �� �  ���/�9���=�$�$< 

�($��m. Q �C
� ����� � S×S
(��$  7/�O ���� =� �(	
 

�/ �� &�� ��7 /� � (5����<����  �C< � (5��* ���� 

��/����5 ()� ���; /� . � J=� </�;��� � � "$� 

�). /�f�	� p/�O �5/ /� 34���	 X/S�=� � �0/� < 4=� 

���� %&$ � ����* !���� ���� �NG  �C�5�D�5 .  
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  ��� �� ��� �	 
�� ��� �      ���� �� ����     ��������� �� ��� 

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

0��"�1  �234�5 ���6  .���, ���6�� , �8�  ��     � 9�1�2� � �� :

���� "	� ;�  <=<������    �� >��? � @ A� 4���� ��   B������ C�

��.  

���,8� ��D ��� �� 
�:�	 �6�1 �� �E ���� FG�	 � B�H31

���I #J����HK&�� L� �� �  ��2��1 M� ,���� � �31�

�� B��N31�.  

���� O��� ���1 #J� P�"	�����1 �� C)NaOH ( �� �

<�:�� ' �� �S�� ���� AKD <�� �� #!" ���� 
�, #J� 

�� B��N31� ��� .���,��� B��N31� ���� ,��� #J�   ��

�T* �/�� 0��"�1<��� � �� �34�5 �E �� ��� U�@ , 

1����� �� <�, B���� ���� V*6� ���� ��.  

    ��� <���I #1�� ��E2� ��� 8� %�    ���� #J� ��	 
�2   ���

    #4�5 ���+ ��W�� �� �� .    �6 �+�� X�� ��W�� ���Y� ��  � #

 X����/ �� B������ ������ Z�[��1 �� #��J� <������ � ������� 

\��  ,��     F� U�]� ���1 #J� X���3� �#4� .    U�� ���W�� ��

���� 8� %�  ���� �2,     ��38� <���I #�1�� �    2���� ��/�� ;& 

M2�:5    ��� #J� ��	 �  ��, � � � M�   ��� � B�� ��� ��, 

� �� �������� ;� %) X��/� (#4�5 ���+.  

  

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

 /�� ����� �)(�� �+  ��"�#�,��-(  

  

�����  

 ������	


���  

(%)  

 ����

 �� ��	

 
���

����  

)����(  

 ��

����  

 ����

��  

(%)  

�����  

���  

%)ISO( 

����� 

 ������	


���  

(%)  

����  

)���	( 

 ��

����  

 ����

��  

(%)  

�����  

%)ISO( 

�  ��  ��  ��  ��/��  	  �  �
  �
�  ��  �/��  ��  

�  ��  ���  �/�� ��/
�  	  ��  ��  ��  ��  �
/��  	  

�  ��  �
�  �/�� 
�  	  ��  ��  ���  ��  �/��  	  


  ��  ��  �/�� ��/
�  	  ��  ��  �
�  ��  �/��  ��  

�  ��  ���  �/�� ��/
�  	  ��  ��  ��  ��  �/��  	  

�  ��  �
�  ��  �/��  	  �
  ��  ���  �/�� 
/��  	  

�  �
  ��  ��  
�  	  ��  ��  �
�  �/�� �/��  ��  

 ����

���  

�  �
  ���  ��  ��/��  	  	  	  	  	  	  	  

�  �
  �
�  ��  �/��  ��  
  �
*  �
�  ��  ��  ��  

�  ��  �
�  ��  �/��  ��  �  ��*  �
�  �/�� ��  ��  
 ����

���  
�  ��  �
�  �/�� �/��  ��  �  ��*  �
�  �/�� �/��  �
  

* ����� ��� �	
 ��	 	� ��� �	���  

** ��� �	��� ����� ��� �	�� ��!	�" 	� �#� $"%#� &���� �� '( %�� �� �*	�� ��+�� 	�*�� ����
 �*��, , ��-� �%#� *�.  
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������� � !"#$ %��&'  ()*� ���%+,-	/�01 2
�#- 3����  ���� (45 ����6 (5 (7���� 859: %;<= � (>4: �� >?:           >?5 

B���� 5��, ���D B���� �����I ��;  ���T278 SP-99 
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Abstract 
Canola straw as an agricultural residue was investigated for pulp production by soda process in two 

stages. In the first stage the variables were the active alkaline contents of 18, 20, 24, 26 and 28 %, and 
cooking times of 60, 120 and 140 min. The temperature was kept constant at 170°C. In the second 
stage a biotechnological method was applied as pre-treatment by Trametes versicolor fungi to produce 
pulp from canola straw at active alkaline contents of 24, 26 and 28% (as selected treatments from the 
first stage) at the cooking time of 140 min. Control and pretreatment samples were bleached with ECF 
method and by using Chlorine dioxide. The results showed that fungal pretreatment reduced the Kappa 
number and yield of the pulp around 25% and 20% in comparison with the controls, respectively. The 
results of measuring the pulp brightness showed that the fungal pretreatment reduced the Chlorine 
dioxide consumption and increased brightness around 8% at active alkaline of 28%. Finally, it was 
concluded that the best treatment with minimum Kappa number and yield was obtained with fungal 
pre-treatment at 28% active alkaline and 140 min cooking time. Meanwhile, maximum Kappa number 
and yield were obtained at 18% active alkaline and 60 min cooking time.     
 
Keywords: Canola straw, Soda pulping, ECF bleaching, Chlorine dioxide, Kappa number, 

Brightness, Trametes versicolor                                                                                                 
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