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�� � � � A	� � � �	� !  � �
�� �	� � �B� ! #� � A
���	� 
 � � � � � � �	� �� � � � . ��
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? � #��� �� � � ? �	4 

&,� !  � � � 
 � � � � 
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�#�	� � � � ���F�� �
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 � � � � � �<
� �	� !  � � �K9K� ����� � 8
�	H� 4� � � �
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� � �� � �� �� ��	H� �� ? $�	� I�
�� � � 
: �	�0 #� �	� � #� � � � � ,� � �' E�4�� ,� ! ��� � �� � � � �	� � ? �: &� �	� � � ���	� � �/ ��

� 
��* 	� � ���� � �9�#B�- �: &� �� 
� � �	� � ���!  �! #� �	�0 #� �	�L� �� � �	4�
 
�� ��	� � ,� 
� 
� ��1? �	� � � � �DC
�� �	� � � �C	� �� � � � ( � � 
� � �	� � �#�� ! �
� � 7	� � � � � �	� ! #� � � KR�� � � 
� �8( ,
�! ��	�0 �

� !  � �� 
�
 � !  � > ��� �� 0 � / �	� C
�� � > � � �� �#� �	� � 	� � �	� ! �
� � �� !  � - 
�: &	� ! �
��
�� � C
�� �	� L� �� �H4�� �� 
�

� � � �
 ����Q; TP� � �� 
�� �DQ; TR�� �
 ���� �F�
�� � � �,� �� ,�D� � �� 
��DQ; TR). ��� �B� � � �Q�' �� � K
� � � � K,� � � � �� 
�

C
�� �	� � 8
$. �	� �  � �� L� � � � � �� � � � �	� � �: 
&� �	� 2 � � � �	� > 
 9�: 	� 4H� F�� � � � � � � ; � &�W�Q; TR�> �� 	� � D

Q; TV�� 	� ��D�>Q; ; UI. 
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�� �� �� � ��� ��	 � � 
 

�> 
&� � � �	�!  �> 
 9�: 3	�- $��� � � ��F&� ��D� 
��* 	� � ���F�/ ��� 
� � �	� � �#��! �
� � 7	�� � � � �	� � ,�� � �8+� �	�! # 

	! &�$� �	�� 
 	� ��	�!  � �> 
�&( � �	� �> 
�&��� � ��	� � � �� �<
 � �. 

�� ��	 � �
�=	�> 
&� � � �	�0 � &�F�/ �� 
� � �� 
�*!  � � �� � � ��&�	� � � ��� � ��	�0 � &��� �� 
��L� �� �� ! ��	�Q#��� 
� � �	� � ���

� 
��* 	� � ��� 
6�#��4� � � � � � ��� � ��> 
�� �� � �� � ��� &�	�8���	� � � 	� ���HM� /� I� � ��� 
� � � �&�� �	� � � � �#�	PWV�! ���Q�

� � �<
� �	� !  QW;� ! ���: WS! �	� ��	� ! #� � �<
� �	� !  �4�� ��� !  �F&� �9�#B� � �&�� �	� !  � � �� � � ��&�	� � � � L� �� � �	� � ���

� � ��� 
� �� � � �� � � 
��* 	VQ� �V; �� � ��� � 	� � ��� � �� &�� �&� 
�� � � ��� � ��	� � �� � � ��&� ! �
� � �� � � � �<
� �	� !VV�! ���

T:H4��� 	� #� � �; &��Q; R;�
�( 
� �D�Q; TV�� �  �D�Q; ; S4I��
 
 �� ���	� � �&�� � � � � � #K
� �� � 
6&,� �� � � � � 
� � �	� � ��� !  � � �&�� �	�> 
<�
 � � � 
 � �8�� �B4�2 #�: � � � ��� � 
 	� ��	� � ,� � �+

�	�> 
<�
 ���� � � 
: � � �� �� 
 �� ��� �2 #�: � � � �&�� � �&�� � � � � �? �: &� �� �� � � � � � �kappa��� � � : � � �� &�� K� ��L ' �	

� � �� &�� �&� 
�� � � �&�� �	� ! �
� � �� � � � . � � �<
� �	� !  QSWR� � ���	� � �&�� � !  � �<
� �	� !  �H� 8B� � � � � �S�! �� � 
� � D�

Q; TT�> �� 	� � � ! �� � 
� �DQ; ; Q� � �  �DQ; ; S� I&�� * 	� - � 
� �	� � �� � �� � > 
<�
 � �	� � 	
 � ,� 2 #�: ��!�> 
<�
 � ��

� 
: �	�Q#�� � � � � �&�� �	� 
��* 	� � �#�� �H�8B� � � � � �U�F�� � � � � � � 
�	� 
� �D�Q; TU�� � � � � � 
 � ����� 
 	� � � � � � 3�D

Q; TR�5� � � �� �  �DQ; T;�� � � � �DQ; ; P�� �  �D�Q; ; S4I�
 
�� �
� � � � � � �� ��	� 8�� 
� � 	� � 
& ��8� � � � N�� � ���� Q�' � � � � %<
�&�	� 0 #+,� � D� �&�� �	� !  � � �� 6� � �	� > 
� �� � �	� � �� �

 � � �&�� �	� > 
<�
 � � � �
 � �!� � � ,� � 
� � �	� � ����> 
<�
 � �	� � � � � �� ,� 	� � � � 
 � ��� � � � D� 
��* 	� � ��� !  � 
6&� � 
B
. &�

� � : ? �	�4�S�� � � 
��* 	� � ��� !  �F. � � �� �2 $? �� � � �	� � ��� !  �0 � 6� � �	�8�� � �	� � . B�2 � &�. � � �� � � ,� � � � �

� T#��S: P�nm��QRPnm�! �	� ��	� ! #�H4� 8B� � � � � �U� F�� � � � � � � 
�	� 
� � DQ; TU� � � � � 3� DW�
 ���� �&
 	� �

�� � � � �Q; TR� � �� �  �D��5Q; T;�> �� 	� � �! �� � 
� �D�Q; ; Q�! #�� � 
� �DQ; ; U4I�
 
�� � � � �	� � ��� � �� � �� � � � � � �HM� / �	� I� � ��� � � 	� ��� � � 
��* 	� � ��� !  � 
6&� � ! #� ,� � 
� � �	� � ��� !  PW;� ! ���Q�!  �

� � �
�� � �<
� �	PWV� ! ���PWT!  � 	! �	� ��	� ! #� � �<
� �� 4�� ��
��� �	� � � � � #�� 
� � � �� � �&� �	� > 
<�
 � �	� � �� � �� 8��

	� 0 B
$��	� � � �<
�� 6� �	�! &�� * 	� - � 
� �	� � � � � � #� �#�� ! � 
� *� 4� � � � �� � &� � 
 � � 8�� alpha-lactalbumin 

�� �� � ��8���8�� �D�� 
��* 	� � �#�� �#K
� bita-lactalbumin �� � ? �H�4�F�� � � � � � � ! �&� �Q; TO�F�� � � � � � �%���D

Q; TV�� �  �DQ; TR�I�� � &�� �  �8���� � � � � � ��� � �� � � �HM� /� I��  � � $� �	�Q#�� � � �L,�F�/ ��3� �� �� � �	� � �#�	

�� � � � � � ��� � �� �HM� /� I� 
( � �� � �� � � 
��* 	� � ��H4� F�� � � � � � � %��Q; TVI���� 	� � � � 	� ��� 	� � ,� � � � � 
� � � � D

�� 
��* 	�� ���!  �
6&� �� � � � #� �� � � � ��! #� ,�� 
� � �	� � ���� � � �> 
&��� � �H4�� �  Q; TR�
 &�� �	� �� �  �DQ; ; :4I�
 
�, 	 �� �
� =�/ ��� 8B� � � � � � �	�:� 9�#B� � B,� � 
� � �	� � ��� !  � 
 � �� #�	� � �� &� � ,� ! ���HU.62�<
� �	� !  �� I� � ��� !  � F&�

� � � 
��* 	HUWTP�<
� �	� !  �4I� � ��� � � 	� ��� � �
E#�� � ��
� �8�B� � � � � �� � �� ,�P� &��	� � ,� � � ���F&,� � �+: W; P�! ���OWTP�

� � ��� � 	� � ��� � �� &�� �&� 
�� � � 
� � �	� � ��� !  � �<
� �	� !  UWUP �OWTP� 
��* 	� � ��� !  �H4��� � ��	� � �D� � � &� � �D�0 ��

Q; VUI. 

�� 	 #� 
)���� �$� 	� � � � �/ ��� � � � � ��� � � � / �� � �
���� � 
� � �	� � ��� !  � � � ( � �	� L� �� � � � ,� ! ��� � � 	� +� �#QWQP�! ���

OWOP� 
��* 	� � ��� !  � . � � �� �	� ; �&� � ( � 	' ( � � � � �� � D� �' E��	� 2 � � � � � ! � � � �	� ! #� � Q�' � � � �$�� � �<
� �	� !  ������� �����4
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H� 8B� � � � � � �	:I> �/ � � �B� � D 	�� � �( � � � � > 
� 	� � �� ����
 �� � �� ��� 
: �� � � � �&( � �	�> 
�� � �	�� �� �:�
 
   *�� � 
� � �	� � ��� !  � �� �E� � � �&( � � > 
<�
 � � %<
�&�	� 2 #�: � � > � � � � 
� &�H�> 
( 
 �	� D��� �

L� 	� �/ �	�Q; TUF�� � � � � � � ; � &� � DW�Q; TR� I�> 
<�
 � � 8� � � � �
 � �� � 	� ! ��� � �/ �� S� � * 	� > 
� 	� � �	� � � 

� � ��� � 	� � ��� � �� &�� � 
��* 	� � ��� !  � F$�
 � �� � K
� �� � � ( � �	: W;� � �� ��� ��H4F�� � � � � � � 	� ( 	�W�Q; TT�  � D��

� 5� � �Q; ; Q� � �  � DQ; ; S� 4I�L� : * 	� � �#�	� > 
�� � &� !  � F&� � 
� � � � � K� ,� � � ( � �	� > 
<�
 � � A
/ +� � ,� � � ���

� ��� � ��	� � 6� � �� ��� F� �� �H� 4� � � �� � � � 
��� � � D� 	�Q; VP� F�� � � � � � � ; � &� � DQ; TR�2 �� �/ � � D� � �  � D

�� 
� / �
��Q; ; P�5� � � �� �  �DQ; ; Q�4I��&�	' ( � ��D� �� � � � � �	� � ��� � ( � �� � �� �� � �	�O <
� : �	� � � � ���O �&��� �

�	� 	� � �	�> 
� � � �� �� � �!  �� ? �: &� �� �� �� � �� �� &�0 �� ��L' �	� � �&��� #� * 	H�4�5� � � �� �  Q; ; Q4I�
 

 *�� �&( � �	� - 
� � * 	� � � � �� �� ��	� � #� #� �	� � �� &� - 
�: &	� � 
� � �	� � �#�� � � 
: �	� � � 	� $�	� � � ,� � � c4 

�! ��

 c 12 �&( ��	� - 
� � * 	� � � � � #�� . �	� �#� #� �	� 
 �� � �� � � �Q�' � � ���: &�	� - � � �	� � K� � ��L� 
��� 3	� - � 
� �	� � ! #

� 
��� &� ! #� ,H4� 8B� � � � � � �	R� 4I�L� ? $�	� 0 � � � �	� � D��� �� �#� �� �#�� � �$��. �	� O 
� : �	� � � � Q�' �� � � ��&�

� 
��* 	� � ��� !  � 
6&� � � �K� �� ! #� ,� �� � #�� � � 
6� &	� . 
�&�� 
 �� ��� �D! &( � �	H4
� ��� � �,; TV� 
� ��� � �,�DQ; T;�� �  �D�

�� 
� / �
�� �2 �� ��Q; T;�5� � � �� �  �DQ; ; Q
� ���� �,�D��Q; ; U4I4 

	� � 
$� �=�8B� � � � � � �	� � �/ �V�� ��$�	�F� 
���� 8
B� 
� � �A! / 
&� �	� 2 #�: � � � � � � 
� � �	� � ��� !  � � � 
$� �	� L� �� � � ! ���

� 
��* 	� � ���!  � 
6&� �� �#���� B,�� �� �<� �	�� 9� * 	� 
 �� � ��� ,� � �� 
$�	�8���	�1? � �� �DA	� �: �	�� �.�
 
�	� � � �� � E�	�F�/ � � �#<
� �	� � 
� / * 	� � ��� 1#� �	� � 
 	� �� � ,� � � ���� �� 
6� 
�B�8�� ! ��	�Q#��� �#K
� � � 8� �� �&$� �	� � � � ��

� 
��* 	� � ��� !  4� � �� &� �#<
� �	� > 
<�
 � �	� � �� &� � � ��SP! �
� � 7	� L� �� � �	� ! �
� � �� � � � �<
� �	� !  �H�5� � � � � �  

Q; T;4I� ! ��� � �
 �� � � �� � ��	� � � <
� �	� 8� �� �
� �	� � �� &� � ,� � � ��� 
� �RQ� �VO�� � � �� � �� � ! �	� �3� ! #� � �<
� �	� !  �


� �	�� � ��	�!  �� �#�	� �K� � �	�� �� �#���	�. � . : �	�� � . �! #� �� 	� ��> 
&	� �� �� � ��4�
 

�� ���� ���%
� =�! #� ,� L� �� � � � � ? ��� F&	� !  � � 
��* 	� � ��� !  � F#�K� � � � � � 
� � �	� � ��� !  � � �� 
����	� L� �� � � 2 #�: �

� �� 
�&�	� � �5� � �� 
�� � � �H�4�8B� � � � � � �	T4I� � ��� � � 	� ��� �D� �K� �� � B,� ,� � �� 
�� � � �� � � � � � ; � $�	� ! #� �Q: W;�

IU/100g�H�� � ,�� ! � 6 � � - � �Q; VV� I� �OPWP�IU/100gH�� F�� � � � � � � 
�	� �Q; TU� I�S�� �� F&* � Q�' �

� ' � ��
6$� �� � 
$��	�0 � ��! #� ,�� � ? � � �	�8
B� * 	� �� 
� � �	�� ���!  �� �� 
����	�� �� � ��� � 
� �� �+�� �� � �4 
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�� �, 
�	 �� �� 
�� ��� 	 
	 �� �
�- . �  

�� �� 
��
 � � ���� 	 
	 �� 

&� � �� �/ �) 

	� #� �#�� �#�
B� � �$��. � �� 
� � � �#�> 
� �
 &* 	� � > 
�� � � �� �	� � 9: � � � �� 4�� ,� S�� � �� �$� �	� 
6�
&� � � � � 9: � � � � 	' ( �

� � � �� ��� � C
�� � � �� � � � � � � � Q�' � � � DA	' E�	� � � � �� ��� � � �� � � � � �� 2 #��	� > 
�� � � �� ph	�! #� � � � 
� �� � �� 
$�� �

� �� �� � �� �E�	�> 	� �E��	4 

	�#�	� � �� � � ( � � �� �	� � � 
&� � 
�� � �� &� �� � � � 2 �6��� � . ,� > 	� ���� F� 96�� 	� � �� N�� ��! �	� 8
�,� �� � � � ��� � � 	� ���

� � 6/ ��� �4�
 
�� � � � � �	� 2 ��� ��	� �Q��� #�	� - � � �� �? � � � �	� � 9: � � � � 8��� %�&� #�� � �� �	� � �#�� 4�� 9: � � � � 8��� > 
�#� $�	� �' (

� � <	� * 	� � ��� . : �	� =� �� �	� � � � �� �K� � P	� &* � 2 ��� ��	� � �#� � � � �� K: �	� � �� � �� ,� � �� ��	� � �#� �� 4��� . : � Q
&( �

K
5
? &3
��2 � $���K��4�
 
(�	� C'> 
� �
 &* 	� � � > 
�� � � �� �	� � $ � � � ��&� 2 ��� ��
�� � � ��	� � 9: � � � � � � � ��� ! ��	� �� K: �	� !  � > 	� �E�� 4�!  

�!  � �&��
�� �	� � �� �	� � � � �� �K� � P	� &,� ! #� � � � � � �
�� 1� � �� � �� �	� !  � 8� � ��	� � �#� � � � ,� � � � � � �� �	� � �&� �


�� � � �� �	� � � � 
( 	� �� � � � � �<
�� �� �	� � � �$��. �	� O 	� : �	>� 48� ��� � � �
&�	� � �� �	� P	� &,�! #� � 8
� B,� �$�� ,� ! �	�

�� ? � � � �	�! #� �� � �$� �	�� �� �	�L� �� � �; 
� ,HPH�I�A
� �	�� �� � �- �: �HAW�! <
� �	�. 
/ &�	�� ,�I�

�
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�Q; R;�D�

� � �� 
�Q; T:� 4I�� � � � 
� � L� �� � �� � 
� �#�� � �
��	� 5
 
. �	� � �� �	� O <
� : � Q#� �� > 
� �&� �	� C' ( � � ,� � � ���

� �� . � �	4  ; � / �	� �A	� 6�	� !  �2 ��� ��	� � . � 	� �� � 6/ ,� ��$�� - � $�	� �� � � �� 
�
 � � � � ��H�4� � � � � �	� � ��Q; ; U�4I

#��L� 
�$� �	�2 �� � ��	�> � �� � ? � ��3�� �� �	� � � �> 
�� � &�	�C' ( �� ,�! ��� �� 
/ 7	�� �$���� �#� � � � � �%�&��L' �	� � ��

� �&�#�	�� �? � � �	� �� �#�	�8�
 &��� �� ���� �
 	� ��H�4�> �� 	�Q; TOI. 
 

�� �� �
�

;� �� �
��*�, � 

�
 �� � 
�� � �
� � �� � � �� �
�� *�, �;� � �:<� 4�> 
�� $� � � � � � 
� � �	� � ��� � � � � �� �	� � �&� �� > 3� 
� � � � ���
+� > �/ �

� � �#�	� � ��� �� !  � � �� ���4�
 � � � � � �<� �� �	� � �&	� �� �	� >3� 
� � �	� > � 	
 ��!  � �� 
� � 8� : �� �� 
� �� �&� 
�� � � � �&* 	� �� 


� � ��� � 	� � ��� 
� �� � 
��* 	� � ��� � ��� �OP� ! ���QPP�� � �4  H� 	� ,� � ; �� �� � � D� D> � 
�Q; R;� � � #�� � �D�Q; TU�4I

� � � �� ,� ! ��� � ��� � � � � � � 	� � ��� 
� ��N. �,� � � �&* 	� � . � 	� �� � 
� � �	� � ��� � ��� �� � ,�S� � * 	�>3� 
� � �	� � � R����> 	

�
$�� L' �	� � 
��* 	� � �#�� �&� 
��2 � � � �	� ; �&� !  � %H4� > �� 	�Q; TO� � 
� �� �� � � �  � � DQ; TV� > �� 	� � � DQ; TV��D

� � � � 3� �� � � �W�
 � ����� �&
 	� �Q; ; P4I�
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�� �� ��	�> 
� �
 &��� ���
+�� � �O 
: �	�Q� #� �	�	' ( �� � � � 	�� � ? 	� �> 
 9�: 	�Q�' �� � �> � � � ���D� �� �#��� � � : �� � �


 &7	�� � N��� #$�� �	�� �� ��	�. 
/ &�1�� �!  ��84�� �� � � 9� �> 
�#� � �> � ? � ,���� �H�> �� 	�Q; TO�> �� 	� �D�

Q; ; P�I� �� �� � / ��� 
� � �	�� ���� �� ��� 
��* 	�� �� ��� � ,4� � �5� : �� � �	� � �� ��	�8�
 &�� �� � $�	� � � �&,�Q#� �� 

Mucor miehei ,� 
��* 	� � �� ���� � �� B,�� � �� �� K
� � �� K�4�� �L� ? � �� � ,� � � �> 
&� �� � �� �	�Q#� ��

� � �> 
�
 ��� � ��	              Endothia parasitica�� K,�� B,4)��8B� �! &
���8�:4I 
 
,� � ��� � � � F#� � � � �� ,� L ' �	� � �#�	� 
� �� 8	� : �� 
�� D�#K
� � � 2 � � � � !  � > � �� ! ��	� � �#�	� � ��� �� >3� 
� � � > � ? �

� �? �: &� � �� 	� � � � � � � � !  � �� � � ��	H� ! &�� � � � �6�	� 8B� �	RWRO� I� 8
: �	� 5
 
. �	� � 
� � �	� � ��� � ,H�8B� �	

&�� � � � �6�	!�RWOO�4I� �� �� !  � 
� ? 	� � 
&� � �  � ��� &� 
�� � � 
� � �	�� � � �#�� � 
��* 	  8� : �� �� � �� �   �> 
�
 ��� � ��

D� � $�	� � � �&, � � Mucuor miehei endothia parastica�� L� ? $�	� � �� � � �� �	�4�D� ���	� � �� ��� 8	� : �� 
��

� � 
� � �	� � ��� !  �> 	� � � ; � : � � �� ��	� � � 
 � � ��H4�8B� � � � � � �	QP4I  �C� �� ��� � � � �� � �� ��#�� � �� ��	�Q� #� �	� 	' ( �


� � �	�� �#��! #� * 	�F�	' � &
�� �
� � �	�0 � B�! &�� � � � �( �8B� �!  �� � � � � �	�F. 
/ &� ��4�
 
�� �<���	� � � 	� $�	� � �
� �� 
�<
 � � D8�
 &7	� � � � � � ! #� � � � �$�� ! ��	� D� � �#�: � �	� > 
�	' � &3	� C' ( � � �� ��� � � � �.H	�8B� �

��� D� �&� �* 	� �� ��	� � D�� 	� � �	� � � � � � D! &�� � � � �6�	@� I8�
 &7	� . 
/ &� 8� &�� ! ��	4�� � � �� � ,� 1� � * 	� ! #� � � � � ��

* 	� � � � � �	�!  � � � 
: �> 
�
 ��� � ��1�	� � � � � � � � � ( �D�� �#�: � �	� � � �#�	� � �� ��> 
� �
 &7�� �� ��	� � �KN�� � �
���� ! � 
�

� � � 
� � �	� � ��X� � �&�� �	� �� �� : �� � $? 
: �	� �� 
� �	� ; 
��� � ��	� � � � � � � � �� O 
: � � �&�� � AL
 � � � � �( � � ,� 4�8��

> 
�? � ��	�C' ( ��$��� � N��4�
 
��	� � - $�� � N�� � 	� B7	� 0 � �� F&,� � D� �� � � � � � K� * 	� � � * 	�! #� � � �� � 
B� 86&,� � � ��� A
&�� � � A	� � � �	� !  � � � �

� � �� �� . �� � � � A	� � � �	� 0 &� ,� ��$� � � � � A	
 � ,� 8	� : �� 
�� � �� �	� � � 
&�H� 	� ,� � � D; �� �� � � � D> � 
�Q; R;��D

� � �� 
�Q; T:� 4I� � �� ���	� ! #� � L� �� �� F��$� �H� ; 
���Q; ; Q� 4I�� L' �	� � � $�	� 1? � ��8�!  � 0 �� B� >B� � !  �

� � � �H! � 
�$�	Q; TV��� � � �� ,� D� L� 
. � ��	� D�� 8�( 	�Q; TV� I�� �� � T�
��	� � � � �	� ��$� � � � � %�&� �	� � �� ���	� � ,

� 	� ��� 3	� � . 
/ &�
�� � #$��� 
� � � � � ��	� ; �&�4�� � � 8�
 &Y�� � � 
$�	� �� � ��	� � � � � � 
$��� 3� � � $�	� 	' ( � � � � Q�' � � � �

� �� �	� � � 
&� � � � ,4   �� ,� F&� � � �� ��	� 8��� 8�� � 
� � �	� � �� � � � 
&� �� �� �E� �	� � 
� � �	� ��$� � 8	� : �� 	� � ,� � � ���

�� 
� �0 �� E�	� � � * 	� � ( � � � DF�4�!  � 8�
 &Y�� ! #$��	� � �� � ��	� ! ��� � � � � � L,� � / �� 8�� F&� � D� Q�' � ! ��� �  
? 7
��

�� � � �	�� � � ���$�4�
 
�8�
 &7� L� : ,� �
 �� � � � �� 
: � Q
&( Mocur miehei ��� 
� � �	� � ��� !  � �? �: &� � 
 �� � �� � �� &�� 8�: �� �� � �

� � �� F&,� ! ( �S� 
 � � ��� � �. : �	� � �+� �B9$�	� � 6� �� 
� � � � D� ! <
 � � 1�� �8�
 &7	� 
 �� � �� ; 
� $&	� � � �� ��	� �H4 

 �8B� � ! &
���	�8� �:4I  �8�
 &7	� � � �1� � * 	� ! #� � � #. &��D� 
��* 	� � ��� ! #� � � �B� � � �> � � � �� ! ��	� �� ( 
� �	�C' ( �

9�#B� 
6�� 
�
 � 0 � �� 8�
 &7	� � �� � � � � � 
�#� � � �Q�' �� � � ��&� � �D� �#�	� � � � � > 
�&��� � �� � � � � � 
���� L' �	4  �! ��: ��

#�	�%�
$��� �� �1�� �	�� �KN�� ��
� ��� 	� � �� � � � �!  ��� �� ��2 � � � �� � �!  �� 	� � �
��� �4  H�> �� 	�Q; TO4I�
 
�� �� 	 
	 �� 
�� - 0�� . 
�	 � "� �:. 
�� � 	 � (rheological.). �� � � � � �� �	� � � 
&� � ! #� �> 
� � 9� �	� � � � � �K� � � �/

� �� ��	� � � � ! �� * 	� � � 	� � �	� ; 
�B� !  � � �� $� � ! ��� � 
� � �	� � ��4� � � � ; ���	�! ��� � �� � �� ��� A	� � �� � 6� �

��. �	� O <
� : #��D�� 
K: �	� F�/ �� 2 <	
 � � �� � � � � � � 0 �� �� � �� �	� ! ��� � <
� �	� � #� � � � � � � � � � ��	� � 9: � � �#�� � �$
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��$? � �
<�. �� �� 
K: �	� � � � �� � � � � �
 � � � � � ��H4�> �� 	�Q; TO� � 
� � 
�� � � �  � � D�Q; VV� > �� 	� � � DQ; ; Q��D

�> �� 	�Q; ; U4I� ��
$�	� � / 
/ 6�	� � �? �: &� �	� � �. 
. � �
�� � �� �	� � �� � �� 
 �� ���4� �D�Q�' � ! ��� �  
? 7
���� / 
/ ( � �

! ? � � � � � : �� S� � �� � �� � � �
 �� �� 
K: �	H� > �� 	�Q; TV� > �� 	� � DQ; ; U4I�	' ( � � � � D� � �#� $�	� � �� 
&�	� � � � �

�8� � � � 2 $? �	� �� �� / � �� 
K: �	� � $� �0 &� �� � � ,� � � � � �� ��	� � � � � � �� 
�
 �� � � 
� �	� ! ��� � �/ �� ! � � �� �� �	� � � . ��	

2 ��� ��	�!  �� � � : �� � �	�� �� �&
� �� �	� � �#� $�	�
6#� � �4�
 
��� �� �	� Q� #� �	� 	' (� � ���� � ��	� � <
� � �	� F���$�� � �� ��	� ! � �H� 	� ,� � ; �� �� � � D> � 
�Q; R;� > �� 	� � DQ; TO��D

� > �� 	�Q; TV� � � � 3� D� � � � � � D�W� 
 ����� � &�
 	�Q; ; P� > �� 	� �Q; ; U� I��� <
� � �� � �� � �	� > � �� � � > � � ,�

�� � 
� �� 4� ! � B� � � 
�&
���	� � 
� � � �	� 1? � ��S� �U
�� > �� � ,� ! ��	� > 
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� / �
�� ��Q; TV�> �� 	� �D�Q; ; P�! � � ����DQ; ; P4I�
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�� � ��	 � � � � �:<�	 � =� �� �
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 � � � K� ��L' �	�L' �	� � 
��* 	� � ��� � � � � �#�: � � � ��� 6� �> 
&
� � ��F�� �� � �� ��	�> 
� �
 &�� � � � � � 
���� L' �	�8�� � �

� �� �  � � �� ��	� � � � � � 0 �� � electrophoretic ,� BH4� �  � � � �  W� � ��Q; TO� ! #�� � 
� � DQ; TT�� � � � � � D

� � � 3�W
 ����� �&
 	�Q; ; P�� �  �Q; ; S� � � 3�DW�
 ���� �&
 	�Q; ; U4�
 
�� #� �	� 	' ( � � �/ �Q�� ! ���L� 
$�	� � �+��� � � �� �D
�
� � � �&�� � � � � � ? �: &� � � �� &�� 
 �� ��� � �&�� #�� � �
E#��O 
: � � �� �

� 8B� � � � � � �	� !  � 	' 6�� � �#$�� � > 
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� � �	� � ��� !  � 
�
� � � �&�� � L� �� � � � �� &� � ,� ! ��� � �/ �� L' �	�

� � �� &�� . � � � ��� �� � � 
� � �	� 2 #�: �O� � �� &�� �&� 
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H� ! #�� � 
�Q; ; U�4I�8�� � �	�8� � �� � #$��� 
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� � �	� � ��� � �&�� �2 #�: �� 
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� � � ( � �D�� �� � � � �� �
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� �� � �	�> &
� ��A
�/ �	�� �  �!  � �L� : ,�� �� 
&�� � �

L� B,� �� 
K: � > � �&,� � P� � ,� �� � � �H4� � � 3� � D�&	� �� � 	W� � 
� �� �� � 
 �����&
 	�Q; TP� 
� �� ,� � ! � �&� DQ; TU��D

�� �/Q; TT4I�
 
�� #� �� � $ � � � � � 
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�� �; �� ( 	

�! � � �� � 
 �

0.95 4.00 3.78 4.90 13.61 86.40 � �1
� 
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�
&
�	� �� 
:
� � 
 �

0.70 3.80 3.08 5.40 12.98 87.00  

�%&��� � 
 
 0.80 3.90 2.90 5.40 13.00 87.00  

�	� � � � 
��� � �

� � � �

0.60 4.50 4.30 4.60 14.10 85.70 
 �0�� � � 

�� � �
 �	� � � � 
�
� � � �

0.35 2.50 1.10 2.90 6.85 91.20  

�
� �� / �� �� 
:
� � � 


0.82 3.30
3.6�! �	

3.30
3.6�! �	

4.20 13.00 87.00 ����
�

�; �

� �� � �� � � �

0.70 3.70 2.90 5.80 13.30 86.30 � ��� � �� 

�L� � � � �� � �

� � � �

0.80 3.70 4.20 4.10 12.80 87.20  

�� � � �

�F�� � � � � �
� � � �

0.60 3.30 4.60 13.00 86.90 
 �� 	 � 
� 

� � �� * 	� � � � 0.80 3.60 4.00 � �� 	 � 
��

�� � � � � �
 � $�	
� � � �

0.90 2.29 3.55 4.69 11.40 88.60 / �	 � 

�2 � / 	� �:
� � � �

0.70 3.50 4.47 5.00 13.67 86.60 � ��' 	 � 
��� �� �� � 

( � 	 �� 
� 

� � 
��! �

�> �� 	� �� � � �

0.74 3.45 3.70 4.62 12.63 87.37 � � � �	�� �� 

�F�� � � � � � �0 ��
� � � �

0.80 3.50 3.70 4.80 12.80 87.20 � 
��* 	�� �� 

dI ��� �
�
 	 � 	 �
�"� 	 � � � �- � %��2�� ��� 
 �� � �� � � � ��
�  

�
 

�* � �
 	 � � 
�"  

�� ���� 
��� �	 � ��( � 	 ����J �� �$�� ��� �
	 �
 �� � 
��� �
�� � �

������������������������������ �/ �	 �� �� �� '� 
 �� 	 � 
�� � � ��
�	 �� �� 	 +� 
��� � �� � 
�� 

Y K ß ð � ���� 
��! � � 



 68  
2 5 28 63 � 
� � �	�� �� 

4 13 34 46 � 
��* 	�� �� 


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

�* � �
 	 � � 
�  

�� ���� 
��� �0, � �� (  �3 � ��( � 	 ���� �� 	 � � ����� %��. � �� ( ��� �� � �
 �� � 
��� �
�� '  

� �$�� �   
 �� � 
�   �#$�%�&	
 

�� �� ' � � ��
� � � � �� � 
�

� �� 	 +� 
� 


 �� 	 � 
� �� �� ' / �	 �� � � � � 
� 

      �&�$�	�@�� 
� 

�� ����� 
  �!"� # 
 �� � $"%&' # 
 ��  �!"� � 6/ �	 

�# 
 �� �� �(
� � 

1990 1990 1989 1989 1987 �&� �	 

       
160 280 280 325 306 325 �e
 � �	�� . B�. � � ��H� �� � � ��I 

� � ' � 	
�(�) *+
� � �� &,
 � �-� � � �  

 

 

�� �� �� � � � 	
.  

� �$�� ��� �
	 �
 �� � 
��� �
�� ' � � ���� 
��� ' � � ��� � ��? � �� 
��� �	 � � 

� �$�� ��� �
 
 �� � 
��� �
 �� 	 � � 
�J 

6. 52 7.28 Q��� �� * 	�- � 
� 

4.42 4.87 Threonine H� �&� �� K�	I�

5.75 5.39 � �� 
� �	 

20.35 21.26 � �� 
�� #� �	�- � 
� 

10.33 11.62 � ��� � ��	 

2.27 0.90 � �	� �� �# 

2.80 1.98 Alanine H� �&3	I�

6.48 5.43 Valine H� ��
 I�

0.65 0.02 � ��� �� �	 

2.51 2.70 � �&� �K�� �	 

5.54 6.23 � �� � ��� � �	 
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8.41 10.89 � �� � �� 

5.59 3.84 � �� � � �� 

4.73 4.01 � �&39�&�  

7.33 6.53 � �� �� 

2.70 2.44 � �� ��� �( 

3.62 4.63 � �&� � 	 

� � � � 
��=� � � � � �  �5� � � �  

�
�
�

 

�* � �
 	 � � 
�/ �

�
 �� � 
��� �
�� #� �K' �� ��#�
��"� �� 
��� �	 � ����*�� � 
���F� � ��*�� � ��  

�� �


� �$�� � 

      �� �



 �� � 
� 

        

/ �� & 
1984 

� � � � 
1990 

�	 �&

��1�
 
1987 

�D� '

7�� 	 � � � 	 
1989 

K
� � �� 
1988 

�	 �*��B

�� �� � 
1986 

���	 ��

7�� 	 � � � 	�
1984 

�
 �� ��
� � 0! 

2� � � 
� 
 

                K�#� 
��? � � 
� 

3 - 4 0.08 - 0.63 0.97 0.70 0.10 2.10 �Q�� �� ��- � �

5��

2 - 5 0.10 - 0.36 0.10 - 0.20 0.90 �Q�� �� �- � �

5
 

1 -1.5 0.10 0.10 0.29 0.15 0.20 0.20 0.60 5�Q��� �
� �	� 

2.00 0.94 0.12 0.87 0.18 0.30 0.20 1.40 �Q�� �� �- � �

5� ��

3.00 11.50 0.77 0.81 0.68 0.10 0.90 0.60 �5�Q�� � ��- � �
� � 

11.00 - 10.14 12.75 14.38 10.40 11.40 7.30 � ��� �� ��	 
�
�5�� � 

1.50 31.20 1.62 1.23 1.30 0.90 1.70 - �- � �

�Q�� &
� � 
�� ���

5� � 

25 - 8.20 26.10 31.75 35.47 29.00 26.70 29.30 �Q�&
� #��- � �
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36 �5� 
 

2.00 17.30 10.40 10.30 8.83 9.90 11.00 - �- � �

�Q��� ��� �
��

�5� 
 �� 

12.00 27.04 12.20 12.75 11.66 12.00 11.10 11.10 �Q�� ��� �- � �

�5� � �� 

23.00 1.91 26.25 19.54 20.22 27.00 25.50 38.90 Q��� ,�- � � 

�5� � �� 

2 - 3 1.52 2.94 3.42 1.75 2.60 3.60 3.90 �Q��� &���- � �

�5� � �� 

-   1.37 1.41 - - 3.50 - �Q��� &���- � �

�5� � �� 

-   - 0.96 - - 0.60 - �Q�� 
� � ,�- � �

�5� ��


 �� � ������ �� �
 �� �) **�� ��� � � � �

�

�* � �
 	 � � 
�1  

�
 �� � 
��� ��
�� ��+� 
��� �	 � �
��*�� � 
��F� � �*�� � �� �

2� � � 
� *	 �� �B�� *	 �� ��	 � Ma � 	 %� 	 ' *	 �� 
�� 

��!�$�� �+�,� � 
 � 10-7.7*  -  127 
  45-34* 19-12* 96  

�+"�- .�� �/ �� ��� � � � 12    132-115* 
  156 69 48-45*  

����� �0� � � � 16-14    106 
  60-46 35-27 63  

��1�� 2� �3��4� � � 
 15-11    132-131 
  210-156 62-38 58-51  

��5��"$'� � � � 8    123-107 
  62 36 88-80  

�678� � � � 4    116 
  161 39 71  

�� � 1�� � � � -    76 
  166 33 49  

�9 �� �
 � �: " �'� � � �     114 
  18 - 87  
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     23$�� 	
 
     ; �� <���6=� 

�� �� �
 � �� *�� 
 ��� � � � 11 99 33 67 116 
     
 �>$?��6=� 

�� �2� � � � 12 140 58 96 125 

@��� ���
 � �� � ��; "A "*��B�� �1� �C � D��5�� ��; �� � �6� �E� F%7� ���6=*���

�* � �
 	 � � 
�0  

���%
��� �	 � ��� �$�� ��� �
	 �
 �� � 
��� �
�� ' � � ���*�� � 	 � � ��F� � �*�� � ��  

/ �� � ���	 �� � �� ���%
� 

� �$�� ��� �
 
 �� � 
��� �
�  

350.00 88.00 Q�&�K� �&
��	�- � � 

150.00 50.00 �,�� �� 
�� H� ��� � �	��� � � �	I 

2 000.00 2 370.00 5�� �� 
��  

45.00 33.00 � �� 
�K 

150.00 41.00 � � 9 � ��� 

35.00 52.00 0 �� �� 
�� 
 

0.30 0.15 0 �� �� 
�� � � 

93.00 461.00 � �� 
�& 

5.90 0.41 Q��� ��	�- � � 

G��� ����B�8"��H��� ��3�� � � � I �� ��J �

�* � �
 	 � � 
�� �

� �� 
��� ' �3 �%� �
�	 �"� �:. 
��� �� . �� ��- 0�� . �� ����  >+
� 

4� 5�	
 � ,6�7
 8� ��5	
�9
45�3
�� &*3� 
H+�� K) D�L�0"���M�� F.  

K���� ��1.N�7<���� D�� =*7���� !� � %I ��O��� �P%  
 

KN�7<���6� �G�: �"%� ���+��Q� ���R- !�G�*� S  
K�� ��� � 
 � �5���NT� ���/ QD�� 

 ���� �(�� �
  

K3"�0�."=���6��=<��C �F���� U�� ���/ *1%���
K�� D�3"�0�."=���V- � �� D�� �=W%���� X'�+��>D

Y� 5� ���N�7<���/ I �Z�
K3"�7��I ����" � � �� D�
 �� >%0O��GS- S:[ [�

K��/ QD�� 
� ��� � 
 � �5���NT� ���
 �
 

G��O��G�*� Q�� 

K+��Q� ���R� - �� �6��=<���
K�B�0�D�� '�G=U�4�N�- <���G��8H�NT� *���>D�

� ��� � 
 � �5��J 

K3"�7��I ���9 ���0�&�
 �$"\0"D�
KB� �%7� �N�7<���G��8 

B
 �WF���6�"I . 

K�� �1� �+�Q.�
KG�"T�

K� %\%���G*50�
K] �� ��� �̂\�$�_�7.�

K+��Q� ��$�B�� - ��
KG!� ��

K� %\%���G*50�� �4�
K] �� *��B̀\�� �� �4�

a U�� F�� 
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KGb \F�� �c� � ���G�!�I � ��

�
�

K�� %8��G�
 �� 1���9 �<��Q� *��
 `1���d�=e%���;
�G�I �!�I �� ���H�6=<*��G=7���$�`=����] ��W%0�$

E: �e��J 

K�/ � '�6� �c� � *��B� �=&�G�*�S�Y"*e�
G�
 �� 1���G�I �!�I �� ���G�*� Q��	 �G�*� Q��� �

�G�� �� �&H�� �1� �f �� 1.J�
K\.�/ � '�6� �G�
 � � g �� Z�3�S�G��8�� �%

/ �<���- �&� .�B"T�; hP%0�� �] �� ��� �̂\! 

K+��Q� ���� *S�i "%1��f � 1�� K� b �8�� �4j+� �Q� ���R� - �� � 6=*���/ � � 
KG�<7�� �� �4�G��<Q���
KM*� %*��� �� T�6� :�

K� �PA �keT�
K@"l %*��G*$�T�

K k\.� � AW * 
Kf \F�� �� ��� � 
 � �Z�NT
�

K6�- F%*���G*$�T�� �4�

KG� <7�� �G��<S�
K�"m�6� :M*� %*��/�

K� �=&�keT�
K@"l %*��G*$�T�� �4�

����������f \F�� AWK 
Kk\.� � �� ��� � 
 � �Z�NT
  

�K6�- F%*��G*$�T�

6=<�� 


 � � � ������ �� �
� � � � �

�* � �
 	 � � 
�� � �

� �$�� ��� �
	 �
 �� � 
��� ��
�"� �:. 
��5�, ����� � , �� ���( ���� � � 


 �� � 
��� �
F� �$�� ��� �
 "� :. � 
��"� �� 
��*�, �&�5	 � 

2.2 � $�	�� � �&��X� � $�	���$� ��� . �� �	�A
/ E�	 

2.3 Mucor miehei protease �� K: � �	��� 
� �	 

6.2 � �� � � �� �	 

17.7 Endothia parasitica protease �� K: � �	��� 
� �	 

0.2 � �� ���	�8? 6�	��� �� : 

� � � � 
��)� � �� ��� � � �  

�� �� �� � � � 	
� �  

� �� � 	
�%�	�: *;� �� �8� ��5	
�9
45�3
�< =�' >�� &?�8� 
4@	
�4AB 

85 75 65 62 34 %�&	
�8� 
4C�� - � 
D� ,$E+ 
          8� ��5	
�9
45�3
 

6 6 5 4 4 ��=*%���6� :HdU�T�J 
+ ++ ++++ ++++ +++++ / �<���G$hA 
       � %\%*��G*$�T � %\%*��/ �<���G�*$�T�i � � 

          �� �F�: *;� �	
.G�?�3� 
6.65 6.65 6.65 6.65 6.00 � ��� � 
 � �5���NT� �� 

- - - - + b ./ �<���NF 
5.97 5.89 5.75 5.65 5.40 �/ � � ���� D�G=*� ���� �" � ��Jn H 

� �� ��G*$�T��
B� l $�� %\%*�  

0.80 0.80 0.80 0.80 �/ � � ���6Z�Jn H 

� � � � 
��)� � �� ��� � 01  
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�* � �
 	 � � 
�� ! �

6� ( 
��� �� 
��2�� 
�
 �� � 
��� �
�� �� �*��B� ��� �
�� ' �4 ��� :& 

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


�*��B� �J 

�� , 	 
�

�3 �� 
�J 

�� , 	 
�

�3 �� 
�J 

�"� �� 
�

�� ' �� 
�J 

�� , 	 
�

�� , �( 
�J 

�� , 	 
�

�3 �� 
�J 

�"� �� 
�

�� ' �� 
�J 

�� , 	 
�

�� , �( 
�J 

�� 
L� � �

�"� �� 
�

� ' �� 
� 

 

68.7 5.85 7.6 77.0 12.99 58.0 22.4 18.9 100 
         

58.1 6.02 7.8 77.2 8.19 37.6 21.8 14.1 50 
         

55.1 5.01 7.9 75.2 7.47 32.1 23.3 13.3 30 
         

33.3 7.52 8.4 89.6 3.87 34.2 11.3 11.4 0 
         

33.8 7.70 8.8 87.5 3.96 32.7 12.1 11.7  

� � � � 
��)�� �� ��� � � �  

� ��������* � �
 	 � � 
�� "�


 �� � 
��� �
�� � �5	 �� � 
��! �� 
��7�� �� �� 
��- 0�� .  

� $�
� 
 �� � 
�  
� ��
��
 � & 

3 :� �M 3 :� �MM 2� �	M � � � � 
��5	 � 

   � ��
� 

12.21 10.10 9.46 ��  
� �	��� 
� �	U 

3.20 2.75 2.04 �� � ( � �	U 

    
   "� �:. 
�� � �� . �� � 

6.50 6.61 6.21 ! &�� � � � �6�	�8B� �	 

11.50 7.96 12.45 �� �#��	�� � 
H� <
B�I 

    
   � �� 
� 

49.96 45.79 31.70 ��  
� �	��� 
� �	U 
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12.13 10.74 6.88 �� � 
 
. �	�� �� 
�&3	U 

6.06 4.60 3.00 ��  
� �	�� �� 
�&3	U 

49.96 45.79 31.70 ��  
� �	��� 
� �	�O 9: �� 	U 

    
   
 � � 
� 

64.53 65.52 69.95 ��  
� �	��� 
� �	U 

5.06 6.29 13.21 �� � ( � �	U 
� � � � �	�d=�>�� 	�Q; TVW�dd�� � � 
� �� �> �� 	�Q; TT�

�
�
�
�

����
��*	 � � 
�� ��
 

�� �� �� ��*�	
��34	
�  

� �� � &	�� �
4H� 	
�I ,J$�	
 

 
� �� � 	
�9���
�KL�M+ 

� � ' � 	
�(�N$� &,�� � 0  

 

� �� �� ��*�	
��34	
!  

 

�G
4�5+�: &�5� 	�� ,6�O
�6*�4��P �� � �
� �� �&�	
�%+J�%*F�� �Q� 	
�� �,R� 	
�84*� 5	

%*�� 4�&	DJ�*�� 4�	
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�
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�� S3
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B�*�
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��34	
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�MN#D
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� �XF7
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�%�	�� ��� *W� @	
�N$� ��� &?mesophilic acid Y � C��,4��F�4AB 

 
� � ' � 	
�(�) *+
�� � � �  

 

�� �� �� ��*�	
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