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Ê¸aµÂÀ§��µÂÀ§ZÅ��
�ZfyZ//���cZ//^Ì¯�e�,ÊÅZ//Ì³
�,­Z///y�Z¯Á�Z///���Ê�Z///§{
½ZÅZÌ³��

Ê¸acZ¨�§��cZ¨�§ZÅ��Ê¿| »�É��¿Y�Ã�Ìy}��

Ê¸acZ¨·Â���cZ¨·Â�ZÅ��Ê¿| »�É��¿Y�Ã�Ìy}��

��
XeÁ�aÌ¾�ZÅËZ�¸aÊfbaÌ,ZÅ|�ºÅ��Zb�]ZÅÉ�aÌrÌÃ|�ÁZuÉ�����/�Y��Â¿Ì|�
»MÌÄÀ�¦¸fz»�Y|¿��XeÁ�a��ÅÌ¾�Y�Y{É�¯�eÌ\��Ì¼ÌZÊË����Ä/���ZfyZ/��Á
| ]É��{�§�Ä]���vÀ»d�Y���ZÅ|/uYÁÉ�»MÌ�/�YÂÀÌ|É�����|/¯��Z/�Y��/]
f¿�Ì°Ê���{�{ÂmÂ»DNA����Y�,Ëª�aÌ|¿Â�»MÌ|É,���µZ/^¿{�Ä]Ë�|/°Ë�´�

»��Y�«Ê³Ì|¿����

¸aÊ�Z¯Z�Ë,ZÅ|��Zb�]ZÅ�ËZ��Ë�µÂ°·Â»ZÅÊË�ÁZuÉ�ZÅ|À«É��Ã{Z/��Y�|/¿��
�Á{�ÁÌ¨d�Y�Ã|��Ã{ZÆ¿�cZ^Ì¯�e�¾ËY�Ç|Æ���]�Ã|¼��È��� ]Ê���|/À¿Z»

��¿Y�Äf�Z�¿É�Y�]�Y�É�·Z §Ìd�·Â¸�Ê�y}ÌÃ��Ê»�|ÀÀ¯�¬]�ÁÌÄ��Ä¸¼m��Y
�ZfyZ���¬¿��·Â¸�É�YËZ¨�»Ê|ÀÀ¯��XeÁ�a��Y�| ]Ì¾¸a�,ZÅÊ�Z¯Z�ËZÅ|�

]Ì�f�Ë¾�a�ÁÌrÌÃ|��eË¾��ÃÁ�³d�Ë���Zb�]�°�eÌ¶��/»Ê�|/ÀÅ{����/ËY��
aÌZÅ|¿ÂÉ�»�{ÂmÂ»�/Ì½Z��Z/Å�Zb°e� /�Á��{�,Ìd��Z/ÅÉ��/¨¸fz»Ê����Y�/«
»Ê�³Ì|¿���]Ì�f��¸aÊ�Z¯Z�Ë,ZÅ|�ZÅ�ZfyZ�É�ÄyZ��ÉY�Y{|¿���Á]���/iY��

Z��½{Á�§YË��µÂ°·Â»¤e�dve�,ZÅÌÌcY���Ì¼ÌZÊË�»��Y�«Ê³Ì|¿�]�[��
�|/��Ã�Z�Y�Ä¯��Â�¿Z¼Å,��d/�Ë����Zb/�]�/»�ZÅÊ�����Y�|/À¿YÂe�/Ë��|/Àq�ª

�Z¯Á�Z��·Âe�¦¸fz»Ì|¿Â��|��»�ZÆ¿MÊ��Y�|À¿YÂeÄ¿Z»Z���ÉZ/Å�»Ì�/]Á�°Ê�
|¿Â��ªf�»��Àr¼ÅÌ¾,�»ÊcY{ÂmÂ»��Y�|À¿YÂe�·Z�Ê�³�|À¿Z»Ì��Á�½Z/ÅZ

½Y�Â¿Zm�|¿Â��kY�zf�Y,��ÁË��c�Â��Ä]�ZÌ¼ÌZÊË�ZÅ|uYÁ��YÉ��É�Zb°e
Êf�Ë���|¿Â/���fÀ�������Ä/]�Ä/mÂe�Z/]��Z¯Á�Z/��·Âe�/Ì�,|�d/�Ë����Zb/�]�ZÅ
ZÅ{�]�Z¯É�Ã{�f�³�ÉY�|¿�Y{���d/�Ë����Zb/�]ZÅÉ��°/��a��{Ê,���ËZÀ/��
Äf//�]�|//À]É,�|//Ì·Âe�Y�M�{YÂ//»Ë//�Ê//¿{Á�§Y�,ÊZ//ÅÉ�Y~//£ÊËÄ//q�Za�,,� �
�{YÂ»�Ì¼ÌZÊË��̈ /�eÌ�f/�Ôa�,[M�ÄÌ®�Z/ÅÉ��f À/�Ê,��{YÂ/»���,[}Z/m

ZÅ�´�uÉ��Ëf�Ê�fu�ÁÊ�y}���ZÀ�ÌÃ��Z�É��cZ�Ô�YÄ]��Äf§�³��Z¯
Ê»�|¿Â����µÁ|m��{���,���d/�Ë���Y�Ê¸/�¨»�d��Æ§���k�{�Y��ZÅ�Zb/�]

Ã{�¯�Ä]���Zu�µZu��{�Ä¯�ºËY�Ê»�Äf§�³��Z¯�|¿Â�]�[���
��

���d�Ë���Zb�]Ê]Á�°Ì»�ÉZÅ��
�ËZ´»Y|¿Y�ZÆ¿É�·ÂeÌ�Ã|ÀÀ¯|d�Ë����Zb/�]ZÅ���{Á|/u�{�����¶/^«�µZ/��

Z�ZÀ�ÊË�Ä¯�|¿|��Y�]É�f�z¿Ì��Z]�¾d�Ë����Zb/�]��/¸aÊÅÌ�/�¯Á�|Ê�
eÂ//]Ì�f¯Z//]��Y�cY�É�//�Z]Ì�eZ//´»��Â¸Ë�¹Â·Âe//Ì|�|//����//a�½M�Y,�

½Z�ZÀ��Z¯�d�Ë���Zb�],��µZ^¿{�Ä]ËÃY��¾f§ZZÅÊË�Y�Ä¯�|¿d�Ë����Zb/�]�
�f¯Z]ËZÊË��Y����|À¿Z/��]�Êe�Z/ne�|/Ì·Âe�Ä]]�[���d/�Ë����Zb/�]ÅZÊË���Ä/¯
µÂ¸��ZÅÉ��f¯Z]ËZÊË�·Âe�Ä]��{Z«ÌÆ¿M�|ËZ|À,�½M��Y�Á�Y|/m�ZÅ��Ã|/���,|/¿Y

�Y�|//Àe�Z^���//¸aÊÅÌ//�¯Á�|Ê�,cYÂ¿Z//°·M�//¸aÊ�f¯Ó//Ì//�Y�®Ì| �Á� �
¸aÊ�ÅÌ�¯Á�|Ê�eÂ]ÌcY�� YË�¾d�Ë���Zb�]���¿��Y�ZÅ��YÂ/y�§Ì�Ë�/°Ê�
�Ä]�Zb�]ZÅÉ�¸aÊ�f�YÌ¸a�Á�¾¸Ê�aÁ�aÌ^��¾¸ÌÄ�Y|¿���d/�Ë����Zb/�]ZÅÉ�
»Ì]Á�°Ê�^���{Ì¯�e�½YÂÀ��Ä]�d Ì���·Â¸/��¶/yY{�cZ/^Ê�»Ì�[Á�/°��Z/Å
Ë»�d§ZÊ]�Á�|¿Â�Ì��f��c|»¿Z»�Ê��f¯Z]�Ä¯ÉY����{�ZÅË�|�Z�»Z¿��

v»Ì�Ê�»��Y�«Ê³Ì·Âe�Ä]�¹Y|«Y�,|¿�ÌY�|Ë»�{YÂ»�¾Ê�|ÀÀ¯��YË��{�{YÂ»�¾
^��d·ZuÌ Ê��½YÂÀ��Ä]Ë��¿Y��^À»�®É��Á�duY�¶]Z«���¶/¼����f�{

»Ê|ÀÀ¯]�[��Àr¼ÅÌ¾,�»Z´ÀÅÊ�v»�Ä¯Ì��½Â»Y�Ìa���f¯Z/]É��/À£Ê���Y
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���¿��Y�Á�|�Z]�¾]�¯�ËZ���Y~/£�{YÂ»ÊË��Ê§�/�»���f¯Z/]É���Âzf/�{�
�f¯Z]�,|�Z]�{Â^¼¯É���dyZ/��Ä]�¹Y|«Y�d/�Ë����Zb/�]�Z/ÅÉ��/Ë{Z���Ã|/�

//»Ê�|//À¯���f¯Z//]É�Y�//]�Z//ÅÉ��¾fyZ//�d//�Ë���Zb//�]ZÅËÊ�½Â//q� �
¸aÊ�ÅÌ�¯Á�|Ê�cYÂ¿Z°·M Á ¸aÊ�ÅÌ�¯Á�|Ê�eÂ]Ì��À/¯YÁ��Y�cY���Z/ÅÉ�

¼zeÌ�É�»�Ã{Z¨f�YÊY��{�Ä¯�|ÀÀ¯�/Ë��À/¯YÁ�¾��¿�Z/Å�/Ì���¹Z/y�{YÂ/»�Y��
¿Â³Z¿Â³Ê�»�Ã{Z¨f�YÊÂ�{��¸aÊ�ÅÌ�¯Á�|Ê�eÂ]ÌcY� Y���/Ë��f¯Z/]�®É�

§Zf�Y�¹Z¿�Ä]ÌaY��Â¯Â¯Â¸Ì»�|Ì��Ê»�{�Z��Á��Ä¯É�Ä·Z¨e�ZÅÉ��¶�Zu
�À¯YÁ��YZÅÉ�³�¾£Á�Ì�É��Ä/¿Y{�Z/ÅÉ����/»�|/���|/nÀ¯Ê�Y�Á�|/À¯�/Ë�¾
d//�Ë���Zb//�]�//»�Y�Ê{�Z//�.�//¸aÊ�ÅÌ//�¯Á�|Ê�eÂ//]ÌcY� �½Á�{��{

�Ì�f¯Z//]�º//�ÔaÂfÉ�Ä//¿Y{�c�Â//��Ä//]Z//ÅÉ�y}//ÌÃ�YÉ��Ã|//ÌnÀ³��� �
y}Ì»�Ã�ÊY�Ä¯�{Â�Ë�Á�Ä]�Y��{YÂ»�¾Ì��f¿Z/��Ä¸Ë¨Ì��À/¯YÁ�Á��Â�Z/ÅÉ�

Â�Á�d��É�Ä¸u�»�|ÀqYÉ�»Ê�·Zy�Á�kY�zf�Y�½YÂe�Z�É��Á��Z/Æ¿M
¥��»�Y��{�¯]�[��d�Ë���Zb�]ZÅÉ�·ÂeÌ|Ã|��»���ÂeÌ�[Á�/°���Z/]�Z/Å

�Ä//]�Ä//mÂe½Z//�¿Z°»�¸//�Y�ÃÁ�//³�Ä//��Ä//]�µÂ¸//���{Ê�Ä//¬^��|//À]É�
»Ê�|¿Â�]�[���

���d�Ë���Zb�]Ê¼�ÔaÂfÌ��ÉZÅ��Y�/Ë�¾�d/�Ë����Zb/�]��Á�¾]�/¯�ZÅ
��¿YÉ��ºÅY�§�Y��µÂ¸��¹�ÓÊ»�|¿�ÁM� 

���d//�Ë���Zb//�]¶Ì°//�e�ÉZÅ�Ê·Â¸//��Ã�YÂ//Ë{�Ã|//ÀÅ{���Á�|//Ìfba
½Z°Ì¸³�ZÅ,�ZÅ|Ë�Z¯Z��Ê¸aÂbÌ·�Á�|Ì�Y�|ÌWÂ°Ìe� 

���d�Ë���Zb�]ZÅÉ{Y|¿Á�]�É��d�Ë���Zb�]ÊËZÅ�Y�Ä]�µÂ¸���Y�Ä¯�|¿
Ê»�t��e��Ìv»|¿Â�� 

��j¯Yd�Ë���Zb�]��,É|/Ì·Âe�ÉZÅ�½Á�/]��Ê·Â¸/��Y���Ä/¯�|/¿�d/�Ë�����fÀ/�
�d�Ë��Zb�]ZÅ{Y|¿Á�]�É�{�¯�ºÌ�¬e�Ê¸�Y��Z§�Ä��Ä]�½YÂe�Ê»�Y�]�[���

���®Ë�[~m�ÈËZ»|���À]�¯Ê� 

���·Â¸��½Á�{��fÀ�Ê�d�Ë���Zb�] 

����t��ed�Ë���Zb�]�·ÂeÌÃ|��|,�v»�Ä]�µÂ¸���YÌ���
d�Ë���Zb�]¨¸fz»�{�YÂ»��{�ZÅÊ�µÂ¸��Ä]»�®¼¯�ZÅÊ½M�,|ÀÀ¯���Y�Z/Å

��ZÅ�Z/�§�¶/]Z¬»��{�µÂ¸�É��Ë�f/�Ê���d/]Z«��|/À¿Z»,��Á��/Ì¿��ZÅ�Z/�§É�
Z¿�Ëf�Ê�Á��Â¿�c|��,Z»{�|À¿Z»�pH�»�d�§Zv»Ê|ÀÀ¯���Ã{�f�³��ÂÀe

d�Ë���Zb�]ZÅÉ�»Ì�/]Á�°Ê���§��YÂ/y�Z/]Ì�Ë�/°Ê��/��ÁÌ¼ÌZÊË����Â/Àf»
Y��Ë»Y��Ì�z]�|Ê�Y�]�Y�É��Ã|ÀËMd�Y�Ã{�ÁM�ºÅY�§�d À�����Á{�Z/ÆÀe

d�Ë���Zb�]�·Â¸��k�ZyÊ�Y�]É�¥��»�ZÀ���{ËY~£��ÊË��»M��{Ë��Á�Z/°
»�ÄfyZÀ���Zn»�ZaÁ�YÊ�½Ó��Á�½Zf¿Y��Ä¯�|¿Â�|Àf�Å���

��

�µÁ|m���d�Ë���Zb�]É{�]�Z¯�ÉZÅ���
Ê¸aZÅ�f�Y��
�Ê¸acYÂ¿Z°·M�Ê�¯Á�|ÌÅ�ZÅ��
�Ê¸a|Ì�Y�®Ìf¯Ó��

¾ÌXeÁ�aZÅ��
�º�Ë�]Y��
�½�Ô¯�
¾ÌeÓ���
��¾Ìf�ÓY��
��¾Ì¸Ë����
�\�qZÅ���
�Ê¸aZÅ|Ì�Y�ÂÀÌ»M��
��¾Ì»Â^·M�¹���,¾ÌW�Z¯�,¹|À³�¾eÂ¸³�,¾Ë��,ZËÂ���
Ê¸a�ZÅ|Ë�Z¯Z��Ê]Á�°Ì»���
�½Zf¿Y���
�½Y�f�¯{��
��½Ó���
��½YÂ·��
�½ZË�®�¯���
�Ê¸a¾Ì»M�Âf¯ÓZ³��
���·Â¸��Ê]Á�°Ì»���
Ê¸a�ÉZÅ|Ë�Z¯Z��Êq�Z«���
��½ÓÂ·Âa��
�½ZÀË�·Y����
�½Z¯Â¸³��¼z»� 

Ê¸aÉZÅ|Ë�Z¯Z��ÊÅZÌ³���
��Äf�Z�¿��Â¸Ì»M�
¾Ìf°a�Â¸Ì»M���
��·Â¸���
��Z³M��
��cZÀË�·M��
��½Z¿�Y�Z¯��
�¾Ìf°a��
�­ZnÀ¯���
�¢¼���YÂ¿Y�ZÅ��YÂ³�|À¿Z»���
Ê¸a�ÉZÅ|Ë�Z¯Z��Ê¿YÂÌu���
�¾ÌfÌ¯
½Z�ÂfÌ¯��
�|Ì�Y�®Ì¿Á�Â·ZÌÅ��

ZÅ|ÌbÌ·
d¿Zf°§�Â�ZÅ��
�d¿Zf°§�Â��,ZÅ�¹Â»�,ZÅ|Ë��Ì¸³Âf�Y�½Z�·Â»Y�ZÅ��
Ê¸aµÂÀ§��
�¾ÌÀ´Ì·��
�¾Ì¿Ze��
��|Ì�Y�®Ì»ÂÌÅ��
�Zb�]��Zy�ÉZÅ��
�¶°·Y��Â�z»�­Ó���
�|Ì�Y�®Ì»ZeÂ¸³�Z»Z³�Ê¸a��
��Ê Ì^��®Ìf�Ó��

�Zb�]Ê Ì^��ÉZÅ�¾£Á��Á�ZÅ�Ê]�q��Y�É�fÀ��ÉZÅ��,|À¿Z»�¾£Á���Y�½Â¸ËZ¿�� 

 

1. Adhesives 2. Curd Ian 3. Elsinan 4. Konjac 5.  Shellac 
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�Ä]�ÄmÂe�Z]�ËY�³��|���Ä]�Á�¥��»��|ne��]Z/À»Ë�~/a|Ë¬ve�,�Ì��cZ/¬
f À�Ê�Á�Ä]Ë���z]��{�Ã�Ëd��dyÂ�ZÅ,�·Âe�Ä]�Ä¯Ì�µÂ¿ZeY�|�Êf�Ë�

»Ê|»Zn¿Y,�Y�§��Â��Ä]ËÃ|ÀYÉ�¯�e�Z]Ì�Á�½{�¯�\�¥��»d�Ë���Zb�]�ZÅ
d�Y��^e�»� �/y�]Ê��Ë�Z´»Y|/¿Y�¿�Z/¿YÂe�ZÆÊË�·Âe�/Ì��/]�t/��e�Á�|Ì�Y��� �

g. L-1�� d�Ë���Zb�]�Y����{�Y�Ë��Ê¿Y�v]�|¿�Y{]�[���
·Âe//Ì�|d//�Ë���Zb//�]�»��//�ÂeÌ[Á�//°Z//Å��Y��»//ËdZ//ÅÉ��//Ë�� �

�Y{�Ây�]�|ÅYÂy{Â]���
����Y|¬»É���Yd�Ë���Zb�]��µÂ���{�Ä¯���Ze��³��Y�ÃZ»Ì»�ÃZÊ�½YÂe

{�//¯�µZ//�vf�Y,���{//Ë�Á��®�Ê//»�{Â//����//�Âe�ËZ´»Y|//¿Y�½�� �
·ÂeÌ{�¯�|� 

���¿Ì��¿Y�Ä]��ZÉ���ÂyÌZ¬»��{�|Ë·Âe�Z]�Ä�Ì���Âe�|�Ë�®^¸m 

����½Z//°»Y¥�//�»�«�½Y��Y�¾]�//¯��]Z//À»Ì¸³�|//À¿Z»�d//¼Ì�,µÁ�//�
ÅÌ¾]�¯Á�|ZÅÉ�«Z]Ê�Ã|¿Z» Á�CO2���� 

���»��µZ¤�Y�¹|�Ì¾ZÅÉ��Y��Ê� 

����Z]Ë]ZÊ�·{�Ä]�µÂ�v»�½Z�M�/Ì�̂��t/��e�¶Ì�/ Ê��d/�Ë����Zb/�]�
»�\¸£Y���ÂeÌ[Á�°ZÅÉ�·ÂeÌÃ|ÀÀ¯�|]��[� 

Z »Ë�Á�\Ë�ZÇ|¼��¶»YÂ���·Âe�Ã|/ÀÀ¯{Á|v»�/Ì�|�d/�Ë����Zb/�]����/�Âe
�ËZ´»Y|¿Y�¿�{Z�f«Y�Ä]�ZÆ|ÀËY�§��Â]�»��Ê/»��{Â/����ÅË�Ä/À��Z/ÅÉ��Ç|/¼��

|ÀËY�§��y�Ä]��Â]�»�/Ë�|�ÈËZ»|/����«�½Y�/³Ì��/y�]��{�d/¼Ê��{�YÂ/»,��Á
f//�{Ì]ZÊ���Ä//]ËdyZ//���Z//ÅÉ�¿�{�Â//»//Ì��Z|//ÀËY�§��y�|//À¿Z»//Ë�|
d�Ë��ÃZ´�À¯YÁ�Y����¨u�ÁË��f/�Y��Ë�¶�d/�Y]��[����µÁ|/m��{����
Ä¿Â³�ZÅÉ�»Ì]Á�°Ê�·ÂeÌ�|Àq�Ã|ÀÀ¯|�d/�Ë����Zb/�]��Á�º/Æ»��{�]�Z/¯É�� �
k�{�Ã|��d�Y]�����[���

��

�µÁ|m���d�Ë���Zb�]�ÉZÅÇ|¼��[Á�°Ì»���Âe�Ã|��|Ì·Âe�ZÅ���
d�Ë���Zb�]� �Ê]Á�°Ì»�Ä¿Â³��

�·Â¸���¹ÂÌ¸Ë���f¯Z]Âf�Y���
½ÓÂ·Âa���¿ÓÂ·Âa�¹ÂË|Ë�Z]Á�WM���
½Zf¿Y����Ë�f�b¼¯��Z¿Â»Zf¿Y����
½YÂ·���Ì¸ËZ]Â»��Z¿Â¼Ë����
½Ó���ÁZW{Â·Y��Z¿Â»Á{Â����

½Y�f�¯{��­Âf�Â»Â¯ÂX·���
½Ó{�Â¯���f¯Z]ÂË{Y��¹ÂË�eZ]Á�³M���
cZÀË�·M��ZÀË�Á�WM��Z¿Â»Á{Â����

|Ì�Y�®Ì¿Á�Â·ZÌÅ���Â°Ì»|Ìa�ÄWÁ���Â¯Â¯Âfa�f�Y���
 

1. Acetobacter Xillium 
2. Auerobasidium Pullulans 
3. Xanthomonas Compestris 
4. Zymonas Mobilis 
5. Pseudomonas Elodea 
6. Leucomostoc 
7. Agrobacterium Radiobacter 
8. Pseudomonas Auerozhyna 
9. Streptococcus Zooepidemicus 

Y�Ä]�ÄmÂe�Z]Ë�Ä°Àd�Ë��ÃZ´�À¯YÁ�½Â¿Z¯����/j¯Y�¹Zn¿Y��¯�»�|/ÀËY�§ZÅÉ�
d�Ë���Ì¼ÌZÊË�,d�Y�Ë°Ê�v»��YÌ�ZÅÉ�Y�]�Ã|��µ�fÀ¯�Á�\�ZÀ»É�
�d�¯�ËZ´»Y|¿Y�¿·Âe�Á�ZÆÌ��cÓÂ/�v»�|����Ê/»��Z¼/��Ä/]�Êf/�Ë���|/ËM��

]Ä��Â�y,�·Âe��{Ì�cÓÂ�v»�|�d/�Ë����Zb/�]É����Y�/§Y�h/�Z]�Ä/¯Ë��
ÉÁ�¿Y�³�v»Ì�/»�d�¯��Ê��,{Â/��{�]�Z/¯��d/�Ë���ÅZ´/�À¯YÁ�Y�/]�ZÆÉ�

�¯YÌ½��¿Z��Ê��Á��fÆ]ËfyYÂÀ°Ê�v»Ì�]��Ìd�Y�\�ZÀ»��Z����Ä/mÂe�Z]
¼ÅY�Ä]Ì�dd�Ë��ÅZ´�À¯YÁ��{�ZÆ|ÀËY�§ZÅÉ�d�Ë���Ì¼ÌZÊË�Ä»Y{Y��{�,
�Ä]�s�����fz»d�Ë��ÅZ´�À¯YÁ¿M��YÂ¿Y�Á�ZÆZÆ�»Ê�Y{�aË��{�Á�º½ZËZa�
¿ÌiZe�Ä]��Ì��Â¿���d/�Ë���ÃZ´/�À¯YÁ�·Âe��{�/Ì�|�d/�Ë����Zb/�]�»Ì�/]Á�°Ê�
»Ê��Y{�aËº���
��
���d�Ë��ÅZ´�À¯YÁZÆ��

Ã�YÁ�d//�Ë��ÃZ´//�À¯YÁ�//§����//Å�Ä//]Ê�Ê//»�Ä//f¨³�{Â//���½M��{�Ä//¯� �
|ÀËY�§��Ì¼ÌZÊË��Ëf�Ê��¥�/�»��Ç|/ÀÀ¯��³�µÂ¸/���Y�/ÌÅZÊ,���Â¿Z/mÉ,�

»Ì]Á�°Ê�ËZ��z]Ê��¿M�|À¿Z»�Ã|¿��{ÂmÂ»��YËº�Y�]É�·Âe�/Ì|��{Z/�f«YÉ�
~a�c�Â�Ë{��������
Ã{Z¨f�Y�Z¿YÂe��YÊËZÅÉ��ËZ´»Y|¿Y�¿ZÆ��µZ��½Y�Y�Å�Ä]���]�Ä]�d»|y��{

aÌ���]�»Ê{{�³��Z�Ë|�¾Ìf�z¿��{�]�Z/¯��Ë�Z´»Y|/¿Y�¿ZÆ����Ä/]�½YÂ/f]�Y�
·ÂeÌ|�[MÂm���Âe��»Â�Ë½Z���{��������/»��Y�¶/^«�µZ/�Ì{Ô���d^/�¿
{Y{������½M�½Á|]�½Z�¿Y�½Z»��½M��{���À¯YÁ�¹ÂÆ¨»��Y�Ä¯Ë�f/�Ê���

|�Z]�ÃZ³M,�»�Ã�Æ]�½M��YÊ{�]��·Âe�/Ì|��Àa�,½Z/¿�/Ì,���[M�Á�[Y�/��Â/m��Y�
��Ëª�¼zeÌ��fÀ�Ê�]Ì�f��|»Ë½Â����/uY���Z/e�{Â/]�¥{Z�eÊ��/¬�À»Ê��
WÂ·Ê��Âf�Za����,Ì¼Ì½Y|�»�ÁÌ[Á�°�ZÀ��Â�¿Y�§É,�·ÁYÌ¾�Ê�¯��{Â]

�Z°¿Y��¬¿�Ä]�d^�¿�Y��½Y|À¼�¿Y{�d�¿YÂe�Ä¯~aZ¿Ë���¿Z´»Y|/¿Y�Ë���{�ZÆ
|ÀËY�§�¼zeÌ��¸°·YÊ�f»|�Z¬�|À¯���ÁY��{�/]�Ê/a��¼ze�Ä/¯�/Ì��f¿��{Ì�/nÈ�
·Z §Ìd�Ë®��Ã|¿��{ÂmÂ»Ã�}�ÊÀÌ]���/¼z»�¹Z¿�Ä]�����/»�¹Z/n¿YÊ�{Â/���Á

»�{ÂmÁÌ[Á�°ZÅÉ�·Âe��{�Äf�YÂyZ¿Ì|��¶°·Y�Ê/»�|Ë|a�µÔfyY��|/¿�ÁM�� �
Y�¥~u�Z]�ÁYË¾�»Ì[Á�°ZÅÉ�·Âe�Äf�YÂyZ¿Ì|���/�z]�{Â/^Æ]�Y��¶°·YÌ|��

�/»�Y���Âf�Za��Z¯Ê�½YÂ/e�Za�/ËÄ����Z/�Y�Á�/uY��Ê��d/�Ë���ÅZ´/�À¯YÁZÆ�
d�¿Y{,��ËY��Z�ZÀ�ÊË��­�{�Á|ÀËY�§,��µ�fÀ¯�Ä»�Ó|ÀËY�§�d�Y�������
�¬¿�Ç|¼��d�Ë��ÅZ´�À¯YÁ[Â¸�»�ÊuY���Z]�Ê��ºÅY�/§�,½{�ÁM��/Ë®�
v»Ì��f�{��Â�À»�Ä]�Ã|��µ�fÀ¯Ì]ZÊ�Y���Ä]Ë��Æ]ÌÄÀÉ��|/����Á�/ËZ�
·ÂeÌ|�d�Y�µÂ�v»���cÓÂ�v»d�Ë��ÅZ´�À¯YÁZÆ��/�Z¿Ê���YË�/°Ê���Y

 

10. Bioreaction 
11. Louis Pasteur 
12. Yeast 
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�Ä�|ÀËY�§�d�Y��Ë���Y�«�Ç|¼����
���|ÀËY�§ZÅÊË����¶/yY{�c�Â/��Ä]�µÂ¸����Âe�µÂ�v»�½M��{�Ä¯

·Â¸�Ê�ËZ��·Â¸/��k�ZyÊ�·Âe�/Ì|��/»Ê�{Â/�����·Â¸/��cÓÂ/�v»Ê�
·Âe�½Z»��\�u�]Ì½Z�|��Äf�{�Á{�Ä]��dyÂ/��¶/»YÂ���É�Z/�Á�

·ÁYÌÄ�Â¿Zi�ÁËÄ��¬eÌº�»Ê|¿Â����
���|ÀËY�§ZÅÊË�½M��{�Ä¯ZÅ�d�¯��µÂ¸/��Á��Ë�d/���{Â/eÃ����¥|/Å

d�Y���
���|///ÀËY�§ZÅÊË�½M��{�Ä///¯Z///Å�///Ì¯�e\��Ä///]�Ã|///��Ã{Á�///§Y� �

d//�Ë���ÃZ´//�À¯YÁ�¤e//ÌÌ��//»�Ã{Y{Ê{Â//���Y//Ë¾�|//ÀËY�§ZÅ�
½Â³�³{��Z�É���Ëf�Ê�»Z¿ÌÃ|�»Ê�{Â���½Â³�³{�Z�É��Ëf�Ê�

�Z^f�Y�Ä]�0Z^·Z£�Z¿YÂeÊË��¿MË¼Ê�eY}Ê�µÂ¸��Z/Å��¹Z/n¿Y��Ê/»�{Â/���
µÂ¸���YÂ¿YZÅ�Ê»�|À¿YÂe�Y�]É�·ZeZ¯Ì���Ëf�Ê�½Â³�³{É�Z��Ë®�

Ã{Z»É�����Y��ZyËª�[M��Ê/ËY{�,��/�¯Y�ËZ,��¶Ì/�¯Á�|ÌÅ���Y{
½{�¯,��¾Ì/»M��½{�/¯��Y{,��É�Z/��Zb¼Å��Á���/´Ë{�©�/���¥�/�»�
|¿Â�����������
�¾Ìf/�z¿��d/�Ë���ÃZ´/�À¯YÁ��~a�{�Y|¿Zf/�YË�Ä/f§����,Ã|/��/Ë®�½�//z»�

½�¼Å��Y{�{Â]�Ä¯��{��Y�/�Ë�����/»�Y�/mY�½Á�f/�Ê�|/��������̧/�Z§��{È�
µZ���Z/ÅÉ��������Z/e����,���cÓÂ/�v»�Ç|/¼��·Âe�/Ì|���¶»Z/��Ã|/���� �
�Ëd��{ÂeÃ�¸³�,�¼z»Ì,µÁ����YÌ|��Ì�fË®��ÁcÓÂ�v»��´Ë{��{Â/]��

Ã|¼���eË¾�d§��Ìa�Y��{Ë¾�µZ�ZÅ�·ÂeÌ|�µÔu�Á�½Z¿��¼z»ZÅÉ��/·MÊ�
d�Y�Ã{Â]��¿ZÆm�²Àm�µÔy��{Ê�c�Á���Ä]�ÄmÂe�Z]�Á�¹Á{�Z/ÅÉ��½M
·Âe�,Ã�Á{Ì|�f¿MÊ]ÌeÂÌ®�Y����{Ë��Ä�Â£�Á�Á�Ä]��Â���¶/»Z¯��½Á�f/��

¹Zn¿Y�|���·ÂeÌ|�ÀaÊ�Ì¸Ì¾��|/ÀËY�§É���YÂ/ÅÉ����³{Â/·M�Ä/]�d^/�¿�ÁÊ�
�]Ì�Z��M�Á��Z�uÌ\~aË��d�Y��c|»��Y��aZÅ��Ôe,�·ÁYÌ¾���|/uYÁ

f À//�Ê�·Âe//Ì|�//ÀaÊ//�Ì¸Ì¾�¼ze��Á��Ä//]//Ì��Ä//�Â£�Á�ÃY��{Z//f§Y��
¬§Â»Ìd�ZÅÉ�Ä]�»���{�Ã|»M�d�{ÌÀÈ·ÂeÌ|�ÀaÊ�Ì¸Ì,¾�Za�/ËÄ����Z/�Y�Á

��f�³�|ÀËY�§ZÅÉ�|m�/Ë|�·Âe�Á�/Ì|���cÓÂ/�v»��½Â/q�ÉÂ/¿���Z/�Ë��
f¿MÊ�]ÌeÂÌ®,ZÅ�ÁË»ZfÌ¾,ZÅ��Ë·�^Ì,¾��YÌZÅ|É�»MÌÄÀ��¿M�ÁËº�ZÅ��Á�|�

�|e�Ä]Ël�ÆneÌcY��¿�|uYÁÌÄ¼�À�f Ê�����½{Â/»�M��Â/�À»�Ä]�ZÆ/�Á���Á
|ÀËY�§ZÅÉ�|mË|�¬»��{Ì�Z�¿Ì�Ä/¼��f À/�Ê�ÃY����Y|/¿YÉ��|/���� /�ÂeÈ�
�Á�ZÅÉ�d�{��ÁÉ�f¿�Ì°Ê,�]Ì½Z�½�ZÅÉ��¿Z/�¿YÊ���Y��½Y�Y|¿Zf/�a�Á
��{�ËZ´»Y|¿Y�¿ZÆ��¾°¼»{�¯��Y�Ä/]�Á�/Ë¾�e�e�/Ì\�·Âe�/Ì|��XeÁ�/aÌ¾�Z/ÅÉ�
¿Z�¿YÊ���{ÃÂ^¿Y��ZÌ¬»�|��¾°¼»�������
�{�d�Ë��ÅZ´�À¯YÁZÆ�f�³��Y�,Ç��ÁÌ Ê���YZÆ¿Z´»Y|¿Y�ËZ�d§Z]�d�¯�ZÅ�

¿���¿��Y�Ä¯ÌZÅ�ZÉ�·Âe�Á�|��Ì|�cÁZ¨f»|¿Y,�Ã{Z¨f�Y�»Ê{Â����Ã{�ÁM�]
Y�½{�¯Ë¾�¿ÌZÅ�Z�Y���ÁË��ÅZ³��ZyÊ�»Ê�|/¿YÂe��¶°/�»�/��|/�Z]��Z��

 

1. Biomass 
2. Biotransformation 
3. Pilot-Plant Facilities 

Y�]�ÃÁÔ�Ë¾,�Zf¿Ël�¬»Ì�Z�Z»�MËÅZ´�Ê�¿Ì�Z���±��/]�Ä/]�Z/¼¿ÊË���Y�/]É�
ºnuZÅÉ���/Ë{Z�������{Z/�f«Y�cZ/�uÔ»�¾f§�/³��/�¿��{�Z/]�Ä/¯�{�Y{É,�
f�Y|Æ]Ê�Y�ÁËÀ¼Ê�cZ�uÔ»��´Ë{�Á��/fuY��Ä]�Ã�YÂ¼ÅÊ��¹Z/n¿Y��Ê¿|/��

¿Ìd���d�Ë��ÃZ´�À¯YÁ�Z^¿�Y�Ë|�Ë®��d/§�³���¿��{�Y�n»�|uYÁ,���Ä/°¸]
Z]Ë|��z]�½YÂÀ��Ä]Ê�¸¼���YÌcZ�Y�Y{�|uYÁÉ�|ÀËY�§ZÅÉ��ÓZ/]�f/�{Ê��Á
ZaÌË¾�f�{Ê�{Â��Ã{�ÁM�[Z�u�Ä]��������Å�{�°¸¼�d�Ë���ÃZ´/�À¯YÁ�

�¶»YÂ���]ZeÊ¿Â³Z¿Â³��½Â/q���d/�¸£��Ã{Â/e�d/�Ë�,��Y�/�Ë����,½Á�f/�
Å{YÂÅÊ,��Á�Z»�³�µ{Z^e�,�ÔfyY�´Ë{�¶»YÂ��d�Y��|ÀËY�§�Æ]ÌÄÀ�Z�É�
�Å��Ä¿Z»Z/���]�­�{�Z/]Ì��f/���d/�Ë���/�Ì¼Ê�§�ÁÌ�Ë��Â/·ÂÉ��½Z´»Y|/¿Y,�

Y���Y�Ã{Z¨f�YËÄ¿Z�Y�]É�Ã{Y{���Y{�a�,Z/Å��µ�/fÀ¯�Á�YË�{Z/n��µ|/»�Z/ÅÉ�
\�ZÀ»,�»�{Â^Æ]ÊË|]Z����������{��/uY��Ê��d/�Ë���ÃZ´/�À¯YÁ�Z]�/Ë|�

¿ÌZÅ�Z�Á�ÁË³�Ê�ZÅÉ���Å½Z´»Y|¿Y�{Â��Äf§�³���¿��{��,0Ôj»��f¯Z]É�Z/Å�
�ZÅ�¼z»�Á0Z^·Z£��/�¯Y�Ä]Ì½���É{Z/Ë��¿�/Ì�Z���o�Z/«�,|/¿�Y{�Z/Å,��Y��Ä/¸¼m�
Z»Âfa�f�YËd�ZÅ,��·{�Ä/]�/Ì¶����Äf/���Á�\ /�À»�|/��YÉ���½{�/¼Å��{
Y�¶°�»Ë{Zn�»Ê|ÀÀ¯-�®^¸mZÅ��\/¸£Y��Ä/]���Â/¿���/Ë{ZÉ�¿�/Ì�Z���,|/¿�Y{

d§Z]�ZÅÉ�³ÌÅZÊ��Â¿Zm�ÁÉ��]��Àe�Ä]Ì�Z��|À/�Z�u���Á��������YÂ/¿Y
d�Ë��ÅZ´�À¯YÁ�ÃÁ�³�Á{��{�ZÆª]Z�»��¶°�����Ä¬^��|À]É�»Ê�|¿Â����

Y�Ël�eË¾���Â¿d�Ë��ÃZ´�À¯YÁ��YÂÅÉ��Á�»YÉ,�d�Ë��ÃZ´�À¯YÁ�½�z»�
½�¼Å�Y{��ª]Z�»�¶°/�������d/�Y���������Â/¿�¾/ËY��d/�Ë���ÃZ´/�À¯YÁ�

��Ä/]�d^�¿�d/�Ë���ÅZ´/�À¯YÁZÆËÊ������Z/³�ÉÁ�/Ì¿�Z/]�Ä/¯����YÂ/Å�\/¸£Y��� �
Ê»��Z¯�Ê»�,|ÀÀ¯��ÉÁ�Ì¿�|À¿YÂe]Ì�f�É��Y��]��/v»Ì���|/¿�ÁM�{�YÁ���Ä/¯

YË¾���µÂ/¸v»��{�{YÂ/»��fÆ]�¹�m�µZ¬f¿Y�Á��ÔfyY�Ä]��»Y�Z/ÅÉ���Á�/¿Y�³
�Z¿Ê�ÓZ]�d�¸£��YÉ�·Â¸�Ê��Á¶ËÓ{��´Ë{���/»��/nÀ»Ê�{Â/����/·ÁÊ���{

Y��ZÀ¯Ë¾��ZiM�¿Z°»�½�¼Å�,d^j»Ì°Ê���]��ÀeÊ�0Zf^�¿��Ë{ZÉ�YË�{Z/n�
»Ê|À¯�Y�]�Ä¯É�µÂ¸�ZÅ��Z^¿ZË��d�Y����

d�Ë��ÃZ´�À¯YÁ�{�³YÂÅ�Ë°Ê��e{�]�Z¯�a��YË�¾�d/�Ë���ÅZ´/�À¯YÁ��{�ZÆ
ZÀ�Ë��Ê»��Z¼��Ä]��Ì¿�|ËM��YË¾��d/�Ë���ÃZ´/�À¯YÁ�Y�Y{É��/Ë®���½Âf/�

uZ¿�Á{�Ä]�Ä¯�d�YÌÄ��¬eÌº�d�Y�Ã|�����
���uZ¿ÌÄ�Ã|¿Á��ÓZ]��Z»��Z§��Z³�½M��{�Ä¯Ë��»�ÓZ]�Y�Ê|¿Y����
���uZ¿//ÌÄ�Z//aÌË¾Ã|//¿�ÁM���Z//»��Z//§�½M��{�Ä//¯Ë��//¼¯�ÁÊ��Z//³� �

ZaÌË¾�»Ê�ËM|�� 

d�Ë��ÅZ´�À¯YÁZÆÉ��Ë�f/�Ê��{�³YÂ/Å�����Z/»��{�/³��Â/¿�\/�u�]Ë�,�
ª]Z//�»�¶°//�����,���Z//]�Äf//�{�Á{�Ä//]�//¸yY{�Ä//¬¸uÊ���AILR���Á� �

m�Zy�Ä¬¸uÊ���AELR���¬eÌº�»Ê|¿Â����Á������

 

4. Scale-Up 
5. Riser 
6. Downcomer 
7. Airlift Internal Loop Reactor 
8. Airlift external Loop Reactor 
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½�¼Å��Y{ 
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d�Ë���ÃZ´�À¯YÁ
{�³YÂÅ 
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pH� �
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 �Z³�kÁ�y 
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 YÂÅ�{Á�Á 
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d�Ë��ÅZ´�À¯YÁZÆÉ��Ëf�Ê�{�³YÂÅ���¦·Y���mË½Z�Â¬¸uÉ�m�ZyÊ,��
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|»Zm�d·Zu�d�¯ 
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ÊÀÌ���Y{ 
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Ã|À¯M��f�] 

d�Ë���ÃZ´�À¯YÁ
Ä¿YÂf�Y��YÁ{�ÉY 

d�Ë���ÃZ´�À¯YÁ
½�¼Å�|»Zm��f�]��Y{ 

d�Ë����f�]�ÃZ´�À¯YÁ
|»Zm�Ã�Z���YÂÅ 

d�Ë���ÉZÆÅZ´�À¯YÁ
Ä�Â£�d�¯

 
�ÂeÂ» 

 
�µ�fÀ¯�É{Á�ÁpH
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�¶»Z��Ä¯��eÌd�Y�¦¸fz»�Ä¤,��½�¼Å��Á{�Y|f]Y

Å{YÂ//Å�d��//��ÁÊ�vvm���Z//»{��{É�C����
����,��Y|¬»��j¯Y|u�·ÂeÌ��½Z/¯Â¸³Zf]�|
�
���d�Y�Ã{Â]��Y��{Ë�Y{Â¼¿�¾�|��{�

{Ây��Y|¬»,�ËÀ Ê��
�����ÅZ¯�Ê/»��|/]ZË��Á
»��Z�f¿Y�Ä¯Ê����¾¯Z/���Z/§�Z]�ª]Z�e��{�{Á�

�Ä]�½{�¼Å��Á{��ËY�§Y�Z]rev/min����,����|/Ì·Âe��Y|/¬»
d�Y�Äf§ZË��ËY�§Y��ZnÀËY��{,��|��{DO���Ä/]

�Ä]�d�¯�½Z»��½ZËZa��{�Á�Äf§ZË��ÅZ¯�Ê´f�ÅM����Ã|Ì���d�Y���
 �����,Ä¬Ì«{��{��Á{·Âe�/Ì��µÂ/�v»�|
��Ìd�Y�Ã|��¶°��������Y��{Ë¾���º/Å�Zm
ËZa��{�Á�Äf§ZË��Ä/]�d�¯�½Z»��½Z����

��
½Z¯Â¸³�Zf]�,��P�,��� �

 

1. Shake Flask 
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�|Ì·Âe��{d�Ë���Zb�]� �
d�Ë��ÅZ´�À¯YÁ�Ê¿Y�v]�¹Z³�®Ë�ZÆ

�Â�y,���cÓÂ/�v»�|Ì·Âe��{
�ÉÁ�/¿Y�³������Ê/»�d/�¯��Ì/v»��{Â/���
�Zb�]���Ì¿��|/Ì·Âe�dÌ§����]�ÃÁÔ�

ÄËZ»|���Á��Ì¼ze�¥���¶yY{�ÉZÅ���{Â/mÂ»
¾¼^¸//����¿Y�Z//°¼Å�Á]��[��Ä//]

�½Z///¯Â¸³Zf]ª///Ë����Y��ÄËÂ///�
d///��ÅZ´///�À¯YÁ|///ÀfyY{�a�ZÆ��� �
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1. Airlift 2. E. Jae Cho  

 Ã{�¼Å�½�z»�ÃZ´�À¯YÁ 

 

�µÂ
¸�
�®

�y
�½�

Á
(g

/L
)

 

 ��� �

��� �

�� �

�� �

�� �

�� �

�� �

�µZ��/�½Y�ËY�Ê¼Ì��Ê�|ÀÆ»�ÄË��¿ºÅ{�¿Za��Ã�Z¼��/¹�ZÆq�Á�{Zf�Å���������

Âq���¿Y�Z°¼Å�Á]��[��µZ���{������Ä�ËZ¬»�Ä]
�Ä/¿Â³��Y�|Ë�Z¯Z���Ô»�/e��Ì»�Â¨Ì/�Â§���|/ÀfyY{�a����{

��YË�®�É{Z]��]ÓZ]�ÃZ´�À¯YÁ��É�fÌ·���Y�/��Z/]Ë��
�����Z/¯�º/nuÉ���·Ì��Z/»{�,�/fÉ�°C����d��/��,

�d����,½{�¼Å rpm�����Á�pH=�����Ã|/��Ã{Z¨f/�Y
STR�¿Z°»�½�¼Å��Y�½ÂqÌ°Ê��/»�Ã{Z¨f�YÊ�{Â/�,�
Ê»�{ZnËY���Ê/»�{�YÁ�\Ì/�M�µÂ¸��Ä]�Á�{Â���|/ËM���{�Á
�¿Z°»�½�¼Å�½ÂqÌ°Ê���Z/iM�,{�Y|¿�{ÂmÁ����À/e

��Y��f¼¯STR�
�Á�µÂ¸��d�¸£

d�Y�Ã{Â]��Á��lÀa�c|»
��{É{Z]��]ÓZ]�ÃZ´�À¯YÁ
»ÊY�Ä¯�|Å{Ë���{�Z/Å�f»Y�Za�¾

Z¬»��{Ë�È�]Ì�¾
�É{Z]��]ÓZ]�ÃZ´�À¯YÁ

µÁ|m����µY�lËZf¿��¿Y�Z°¼Å�Á�¾¼^¸�

ÃZ´�À¯YÁ� �Tmax(h)��P(g/L)��X(g/L)��rp(g/L/h)��

�����
���
�����
���
�����
����
���

�����
���
�����
���
�����
����
���

�������
���
�����
���
�����
����
���

� �

���,Ê·Â¸��®�y�½�Á�d�¸£�Ä�ËZ¬»��Y{Â¼¿EPS��{�Ã|¿Z¼Ì«Z]��¯Â¸³�,

µÁ|m�����ÉZÅ�f»Y�ZaÊ�^Àm���Âf¯Y��ÉY�]STR��Á

��f»Y�ZaÊ�^Àm��½�z»�ÃZ´�À¯YÁ

�Ã�ËÁ�|���c|����d-1�
�����


�ÄÀÌ�Ì]�µÂ¸��¹�mXmax�g/L�����


�ÄÀÌ�Ì]�|Ë�Z¯Z��Ê¸aÁ�³YPmax�g/L� ��


�Y�f�]Â��Ã�ËÁ�¥��»�c|�Qs/x�g/g.d�����


�Ã�ËÁ�|Ì·Âe�c|�|Ë�Z¯Z��Ê¸aÁ�³Y Pp/x�g/g.d� ��


�Y�f�]Â���]�|Ë�Z¯Z��Ê¸aÁ�³Y�Ã{�Z]�g/g�����


 3. Tremella Fuciformis 

 É{Z]��]ÓZ]�ÃZ´�À¯YÁ 

 
���

�� �

�� �

�� �

�� �

�� �

�� �

 
�|Ë

�Z¯
Z�
�Ê
¸ËÁ
�³Y

(g
/L

)
 

� �

 

���� �µZ��/�½Y�ËY�Ê¼Ì��Ê�|ÀÆ»�ÄË��¿

cÓ
Z¬»

��

 

 

 

 

Àr¼ÅÌ¾,�Ë½ÂÉZmÂq
Ê¸aÁ�³Y�|Ì·Âe�Ä/¿Â³��Y�|Ë�Z¯Z�

YËY�]�ZnÀÉ�Z¬»ËÄ�,���Y
Ë���Â/f¯Y��½Z�°STR�

Å{YÂÅÊ� vvm��d����,
d�Y����{ÃZ´�À¯YÁ�STR

v»��{��ÀeÌ��Ê»�{ZnËY
,É{Z]��]ÓZ]�ÃZ´�À¯YÁ

 

��Â¿ÃZ´�À¯YÁ

STR-1 

STR-2��

É{Z]��]ÓZ]���

��

�¶°�����
��

�ÄÀÌ�Ì]�|Ë�Z¯Z��Ê¸aÁ�³Y

�Y�f�]Â��Ã�ËÁ�¥��»�c|�

�Ã�ËÁ�|Ì·Âe�c|�

�Y�f�]Â���]�|Ë�Z¯Z��Ê¸aÁ�³Y�Ã{�Z]
 

 

�Ã|
¿Z¼
Ì«Z
]��¯

Â¸³
�

(g
/L

��

 ����

��� �

��� �

��� �

�� �

�� �



��

� �Iranian Chemical Engineering Journal Ō Vol. 15 - No. 84 (2016)��� �����

��Â
¿��
ÌiP
e

d�
Ë�

�
ÃZ´

�À
¯YÁ

�
�|Ì

·Âe
��{

d�
Ë�

�
ÉZ
Å�
Zb�

]
�

Ê]Á
�°

Ì»
�����

� �

���ÄnÌf¿�É�Ì³�Ê¸¯��
�Zb�]ZÅÉ��Á�»Y�µÁY|f»É��¹Zy�d¨¿��Y¶�Zu�»Ê�Ä]�ÄmÂe�Z]�Ä¯�|¿Â�

f¨¿��]ZÀ»�½{Â]�{Á|v»Ê,�Z]Ë�|e�Ä]�|Ë�l�Ä]�ZÆ¿M�ÉZm�d/�Ë����ZÅ�Zb/�]
{Â��Ã{�b��|ne��]ZÀ»��Y�Ä¯Ë|�Ê/»�¶�Zu��Ë~a��|¿Â/�������Ä/]�Ä/mÂe�Z/]

YË¾��Ä¯d�Ë���Zb�]Ã|¿��cY{ÂmÂ»��Y�ZÅ�ÉY�½Âq�³Ì��¿Z/m�,½Z/ÅZÂ�Á�½Y�
�ËZ´»Y|¿Y�¿�̂���Â/��Ä]�ZÆÌ�/ Ê�·Âe�/Ì�/»�|Ê�����Z/v·��Y�Á�|¿Â/�Ë��d/�

v»Ì�Ê�¿Ì�ne��ËÄ~aË�]�,|¿�Ì�\�ZÀ»��ZÊ»��Z¼��Ä]�|ÀËM��Y�/Ë�{YÂ/»�¾�
¼Æ»��z]Ê���Y¹Â]�ÉZÆ�¬¿�Ê¿Z³�Z��|¿�Y{�Ã|Æ��]�Y���d�Ë����Zb/�]ZÅ�

·{�Ä]Ì¶�¸]Z«Ìd��ne�/ËÄ�Ë�f/�Ê����cY{Â/mÂ»�{Â/y��/�Âe�,�Z]��¥�/�»
»Ê�|¿Â����Ä],�´Ë{�½ZÌ]��Ê��Á��Z/ÅÉ�����Á�Ê/�Ìv»�d/�Ë��d/�Z¨u

¹Â]�ÊfyZÀ��·Âe�|À¿Z»Ì|�µZ�Âa��{�[~m�,­Zy�e�ÁÌZÅ�Z¼É�Êf�Ë�,�
�neËÄ�»Ê�Â�|¿���«YÁ��{,�YË¾��,{YÂ»Ë®�·Âe�Äy�qÌ|��ne�ÁËÄ��/��Y�Ê�
»Ê|ÀÀ¯���Ã�Á�»Y�{YÂ»d�Ë���Zb�]É�¶°���{�Z/ÅÉ��¿Â³Z/¿Â³Ê���|/Ì·Âe

Ã|��|¿YY�]ZÀ]�-Ë§���¾Ì�dZÆ¿M�¥��»�ZÀ���{Ë�½Â³Z¿Â³���{�Y{�{Â/mÁ��
��Â�À»�Ä]¥��»�d�Ë���Zb�]ZÀ���{�ZÅË�,��ZneÉ���½||ÀËY�§�·ÂeÌ�|

�Á�Ì¿�Æ]ÌÄÀ�É�Z��·ÂeÌ�|���d/�Y�É�Á�/��Z/Æ¿M����Z/neÉ��É�Z/���|/ÀËY�§�
¼zeÌ�É{Z�f«Y�¹�¸f�»�,É��½{�¯�|/ÀËY�§���Å�¾f/�Z¯�ÁË�Ä/À�d/�ZÅ��

cÓÂ�v»�d�Ë���Zb�]É�·ÂeÌ|É���Âe��f¯Z]É�ZÅ�Ã�f�³�É��/�ÁÌ Ê�
�Y�{YÂ»��Z/]����Y�Á��½Á�/¬»��Ä/]��Ä§�/��Y���Z/]��Z/Å{�]�Z¯É��Ã{�f/�³��{�

�Z�Á�Y{É�Á�ZÀ�Ë��Y~£ÊË�]�Äd�{�»Ê�|Å{�Ä¯�ÅÌp�Ä¿Â³��̧°/�»Ê��Y�
�Zv·�¼�Ê�Á��Z^¿ZË��½{Â]�ZÆ¿M�ÄfyZÀ��Ã|�¿�d�Y���
Àr¼ÅÌ¾,�Y�Ä]�ÄmÂeZ]Ë��¬¿�Ä°À�Å�Ç|¼��d�Ë���ÃZ´/�À¯YÁ��[Â/¸�»�,

v»�½{�¯�ºÅY�§Ì�Ê����f/�{��Â/�À»�Ä/]�Ã|��µ�fÀ¯Ì]ZÊ���Y�/��Ä/]Ë��
Æ]ÌÄÀ�|����ÁËZ�·ÂeÌ|�d�Y�µÂ�v»,���Â¿d�Ë��ÃZ´�À¯YÁ�Ä]��Ä/f§���Z¯�
¿Ì·Âe��{���/Ì�|�d/�Ë����Zb/�]��iZ/eÌ��d/�Y��Y~/³��������Z/f¿�Ä/]�Ä/mÂe�Z/]Ë�l� �

Y��{�Ã|//»M�d//�{�Ä//]//ËÄ// ·Z�»�¾,�d//�Ë��ÅZ´//�À¯YÁZ�É{Z//]��]ÓZ//]�
\�ZÀ»��eË�¾d�Ë��ÃZ´�À¯YÁ�Y�]É�·ÂeÌ�|d�Ë���Zb�]�Ä]�Ê»��Z¼��|ËM��

�{�,É{Z]��]ÓZ]�ÃZ´�À¯YÁ�¿Z°»�½�¼Å�½ÂqÌ°Ê�,{�Y|¿�{ÂmÁ��ZiM���Àe
�M�ÁÌ\��]�{�YÁ�ÉZÅ�d�Y��f¼¯�µÂ¸���f¿��{Ì]�µÂ¸��ÄnÌ���|/����f/�
Ê»�|À¯�]�µÂ�v»�ÁÌ�f�É�·ÂeÌ»�|Ê{Â�� 

��

�mY�»��
[1] Flieger, M., Kantorova, M., Prell, A., Øezanka, T., 

Votruba, J., "Biodegradable plastics from renewable 

sources", Folia microbiologica, 48(1), 27-44,�2003�. 

[2] Nair, L. S., Laurencin, C. T., "Biodegradable polymers 
as biomaterials", Progress in polymer science, 32(8), 
762-798�,(2007). 

[3] Jonas, R.,�Farrah, L. F., "�Production and application of 
microbial cellulose. Polymer Degradation and 
Stability", 59,101-106, (1998).  

[4] Pichavant, L., "Synthese et reactivite de monomere 
issus de ressources renouvelables pour la 
polymerization radicalaire", Ph.D.� Thesis. 
Technologieet Santé (p.259).� Reims:� Universite de 
Reims Champagne-Ardenne, (2009). 

[5] Reddy, N., Yang, Y., "Biofibers from agricultural by 
products for industrial applications", Trends in 
Biotechnology, 23(1), 22-27, (2005). 

[6] Donotaba, F., Fontana,� A., Baccoua, J. C.,  
Schorr-Galindo, S., "Microbial exopolysaccharides: 
Main examples of synthesis, excretion, geneticsande-
xtraction", Carbohydrate Polymers, 87, 951-962, 
(2012). 

[7] Vandamme, E. J., De Baets, S., Steinbuchel, E., 
"Biopolymers, Polysaccharides I Polysaccharides from 
porokaryotes", Belgium ,Wiley-VCH, p. 532, (2002). 

[8] Lin, E. S., Chen, Y. H., "Factors affecting mycelial 
biomass and exopolysaccharides production in 
submerged cultivation of Antorida cinnamomea using 
complex media", Bioresource Technology, 98(13), 
2511-2517,(2007). 

[9] López, C. G., Fernández, F. A., Sevilla, J. F., 

Fernández, J. S., García, M. C., Grima, E. M., 

Utilization of the cyanobacteria Anabaena sp. 
ATCC33047 in CO2 removal processes", Bioresource 
Technology, 100(23), 5904-5910,( 2009). 

[10] Bejar, V., Llamas, I., Calvo C., Quesada E., 
"Charactrization of exopolysaccahredes produced by 19 
halophilic strains of the species Halomonas eurihalina", 
Journal of biotechnology , 61(2), 135-141, (1998). 

[11] Dudman, W. F., "The role of surface polysaccharides in 
natural enviroments", In I. W. Sutherland (Ed.), 
Surface carbohydrates of the prokaryotic cell, 357-454, 
(1977). 

[12] Leonardo, S. M., Gill, M. C., Delgadillo, I., "Parcial 
charachterisation of exopolysaccharides exudated by 
planktonic diatoms maintained in batch calture", Acta 
Oecologic, 24, 49- 55,(2003). 

[13] Emtiazi, J., Etemadifar, Z., Tavassoli, M., "A novel 
nitrogen- fixing cellulyticbacterium associated with 
root of corn is a candidate for production of single cell 
protein", Biomass and Bioenergy, 25(4), 423-426, 
(2013). 

[14] Stredansky, M., Conti, E., Bertocchi, C., Matullova, 
M., Zanetti, F., "Succinogly can production by 
agrobacterium tumefaciens", Journal of ferementation 
and bioenergineerinf. 85 (4), 398- 403, (1998). 

[15] Shih, I. L., Chen, L. D., Wu, J. Y., "Levan production 
using bacillus subtilinatton cells immobilized on 
alginate", Carbohidrate polymers. 82(1), 111-117, 
(2010). 



 

���� �µZ��/�½Y�ËY�Ê¼Ì��Ê�|ÀÆ»�ÄË��¿Å{�¿Za�Ã�Z¼��/�º{Zf�Å��¹�ZÆq�Á��������

cÓ
Z¬»

��

[16] Poli, A., Kazak, H., Gürleyendað, B., Tommonaro, G., 

Pieretti, G., Öner, E. T., Nicolaus, B., "High level 
synthesis of levan by novel halomonas species growing 
on defined media", Carbohidrate polymers, 78(4), 651-
657, (2009). 

[17] El-Mansi, E. M. T., Bryce, C. F., Demain, A. L., 
Allman, A. R., "Fermentation microbiology and 
biotechnology", Fermentation microbiology and 
biotechnology. CRC press, (2011). 

[18] Scragg, A. H., "Bioreactors in biotechnology, a 
practical approach", Ellis Horwood series in 
biochemistry and biotechnology (USA), (1991). 

[19] Todaro, C. M., Vogel, H. C., "Fermentation and 
biochemical engineering handbook", (2nd Edition), 
New York, William Andrew, (2014). 

[20] Williams, J. A., "Keys to bioreactor selection", 
Chemical engineering progress, 98(3), 34-41, (2002). 

[21] Gogate, P. R., Kabadi, A. M., "A review of applications 
of cavitation in biochemical engineering/ 
biotechnology", Biochemical Engineering Journal, 
44(1), 60-72, (2009). 

[22] Spier, R. E., "Encyclopedia of cell technology", (2 
volume set), John Wiley and Sons, (2000). 

[23] Bailey, J. E., Ollis, D. F., "Biochemical Engineering 
Fundamental", (2nd Edition), New York, Chemical 
Engineering Education, (1989). 

[24] Stanbury, P. F., Whitaker, A., Hall, S. J., "Principles of 
Fermentation Technology", (2nd Edition), New York, 
Elsevier, (2013). 

[25] Leib, T. M., Pereira, C. J., Villadsen, J., "Bioreactors: a 
chemical engineering perspective", Chemical 
engineering science, 56(19), 5485-5497, (2001). 

[26] Chisti, Y., Moo-Young, M., "Bioreactors", 
Encyclopedia of physical science and technology, 2, 
247-271, (2002). 

[27] Selbmann, L., Crognale, S., Petruccioli, M. "Beta-
glucan production by Botryosphaeria rhodina in 
different bench-top bioreactors", Journal of applied 
microbiology, 96(5), 1074-1081. (2004).  

[28] Cho, E. J., Oh, J. Y., Chang, H. Y., Yun, J. W., 
"Production of exopolysaccharides by submerged 
mycelial culture of a mushroom Tremella fuciformis", 

Journal of biotechnology, 127(1), 129-140, (2006)� 


