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1. ���������� 
 ����� Saccharomyces cerevisiae TISTR5088 
2. ���������� �!"������������ (������� �) 

2.1 Yeast Malt extract medium (YM)  
2.2 Yeast extract-Peptone-Cassava medium (YPC) 

3. ��$%�
�� 

 /01234��5�067842 �9�08�:;� 5 <�� =>2?9@A4; >�.;�.B�. C>�D�2�2E4F� E5��4< 
4. 	���'(� (������� =) 

4.1 ��9C�3��5�794?��9�@C�9�67�09@3�H�D5���89�<@�B� 
4.2 ��9C�3��5�794?��9�@C�9�67�09@3�HI09��� 
4.3 ��9C�3��5�794?��9�@C�9�67�09@3�H/012 
4.4 ��9C�3��5�794?��9�@C�9�67� Thin-layer chromatography (TLC) 
4.5 ��9C�3��5�794?��9�@C�9�67�09@3�HC>;��>8I<�C;��@�/�O�I�93�I��9�PQ (GC) 

������ 

1. 73S>�TF2UV�CWXD><S�����3<4�:>�D5� (autoclave) ��F7S> Tomy 9YV� SS-325  
2. �ZS>? (hot air oven) ��F7S> Sanyo 9YV� MOV 212 
3. >V�2��?�Y3>YH7�Z3@ (water bath) ��F7S> Memmert 9YV� W350 
4. C�9XF>2�4<���3C0`��9<-<V�2 (pH meter) ��F7S> Orion 9YV� 420A 
5. C�9XF>2W4F286C>��< 2 �5�/7�V2 ��F7S> A&D 9YV� HF-1200 
6. C�9XF>2W4F286C>��< 4 �5�/7�V2 ��F7S> Sartorius 9YV� BP210s 
7. C�9XF>2�4<�V�<Z<�8X�/�2 (spectrophotometer) ��F7S> Technical Cooperation 9YV� U-2000  
8. C�9XF>2C=�V�78><;<8>2 (vortex mixer) ��F7S> LAB-Line 9YV� 1297 
9. C�9XF>273Y�C��F�2 (centrifuge) W�@<��?�Y3>YH7�Z3@ ��F7S> Hitachi 9YV� SCR20B 
10. C�9XF>2�4<09@3�H/>8�>l>8� (ebulliometer) ��F7S> DUJARDIN-SALLERON 
11. C�9XF>2/�O�I�93�I��9�PQ (Gas Chromatography-Flame ionization detector; GC-FID) ��F7S> 

HEWLETT PACKARD 9YV� HP 6850 
12. �ZS08><CWXD> (laminar air flow) ��F7S> Hotpack 9YV� 527044 
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13. >Y0�9H�C�9XF>2/�S��5�794?�@C�9�67�  
 

��������
��  

1 �����)�$����*�  

C�t?�4�>�V�28Z�/012=S��73��/868Z�/012C78S� I<���9BXD>E��7�?C9V/�28>�/869S��=��
��I?9�Hu�;S>2;�FE427�4<���u�S I<�C�t?�4�>�V�28Z�/012u�Vu�vY2w8���@�/8S�C�t?94�A�:�S;�F>YH7�Z3@ 
4-6 >2x�CB8CB��� 
  

2 ���'�
��"���!"����	$�����+��,  
�5��4�>�V�28Z�/0123�?<u7SC0`��2 I<�uWSI�9V2;�FUV�CWXD>/8S� u�V�4�>�V�2 1 �943 82u� 

Erlenmeyer flask =��< 250 3@88@8@�9 ;�F3�>�7�9 Yeast extract-Peptone-Cassava broth (YPC broth) 
(Reddy, et al., 1996) BTF2096�>?<S�� Yeast extract 0.05 C0>9�CBt��� Peptone 0.05 C0>9�CBt��� /86/012
34��5�067842 3 C0>9�CBt��� 09@3��9 50 3@88@8@�9 �5�:0?V3?�C�9XF>2C=�V����3C9t� 150 9>?�V>��;� ;�F
>YH7�Z3@ 30 >2x�CB8CB��� C0`�C�8� 48 W4F�I32 /��CWXD>9�BTF23�84�AH6C0`�C3t<�838>�>�ZVu�>�7�9
>>� I<���9�9>2<S���5�8�08><CWXD> �5��D5�734�;�F�V����9�9>2:0CEX>E�2 E��4�>�V�23����3CEX>E�2
C;V��4? 10-6 0zC0��4�>�V�2;�F3����3C=S3=S�C;V��4? 10-3-10-6 ���3C=S3=S�86 0.1 3@88@8@�9 C�8�F�82?�
>�7�9 YPC agar �5�:0?V3;�F>YH7�Z3@ 30 >2x�CB8CB���  C0`�C�8� 72 W4F�I32 �4<C8X>�I�I8��C<�F��{ ;T?
/�2;�F3�84�AH6/���V�2�4�>>�3�u7S3��;�F�Y< E���4D��S��CWXD>�����;�FC8X>�:<S:0�42>�7�9 YPC agar u�
>�7�9u73V �5�:0?V3;�F>YH7�Z3@ 30 >2x�CB8CB���   C0`�C�8� 72 W4F�I32 /8S��5�:0/��E�:<SCWXD>?9@�Y;|@} 
C�t?CWXD>�����?9@�Y;|@};�F/��:<S:�SxT�A��V>:0 I<�C=�F�CWXD>82?�>�7�9 YM agar �@�7�S�C>��2u�78><
;<8>2 /8S��5�:0C�t?:�S;�F 4 >2x�CB8CB��� I<�vV��CWXD>82?�>�7�9u73V;Y�{ 3 C<X>� 

 
3 ���-.�/�'��	(��$��� �����0� �!"����	$����1
2����+��,  

3.1 ���'�
��"���!"����	$����(�'��	(��$�3�����*���, ��������0)  

�5�CWXD>�����;�F/��:<SE��8Z�/012 (E��=S> 2) C=�F�CWXD>82?�>�7�9 YPC agar �5�:0?V3;�F
>YH7�Z3@ 30 >2x�CB8CB��� C0`�C�8� 72 W4F�I32 /8S�9�<<S����9868��:>I><�� (Lugal~s iodine) ;@D2:�S 
1 ��;� /8S�C;��9868��>>� �42C��?9@C�H�2u�;�FC�@<=TD� /8S��5�3�7�096�@;|@��w=>2��9�V>�/012
E�� >4�9��V��=��<=>2?9@C�H�2u��V>=��<=>2I�I8�� �4<C8X>�CWXD>�����;�Fu7S096�@;|@��wu���9
�V>�/012:<S<�  
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3.2 ���'�
��"���!"����	$����(�'��	(��$�3�����*���, 3���������� 

C=�F�CWXD>�����;�F/��:<SE��8Z�/012 (E��=S> 3.1) 82u�>�7�9 YPC broth �5�:0?V3?�
C�9XF>2C=�V����3C9t� 150 9>?�V>��;� >YH7�Z3@ 30 >2x�CB8CB��� C0`�C�8� 72 W4F�I32 �5�3��@C�9�67�7�
09@3�H�D5���89�<@�B� �4<C8X>�CWXD>�����;�F3����3��3�9vu���9�V>�/012:<S<�;�F�Y<  

 
3.3 ���'�
��"���!"����	$����(�'��	(��$�3����4��$������� 

C=�F�CWXD>�����;�F/��:<SE��8Z�/012 (E��=S> 2) 82u�>�7�9 YM broth ;�F3��D5���8�8ZI�� 
11 C0>9�CBt��� C0`�>�7�9734�09@3��9 100 3@88@8@�9 ;�F?99EYu�=�< Erlenmeyer flask  =��< 250 
3@88@8@�9 �5�:0?V3;�F>YH7�Z3@ 30 >2x�CB8CB���   C0`�C�8� 72 W4F�I32 �4<09@3�H/>8�>l>8�;�FC�@<=TD�
<S��C�9XF>2 Ebulliometer �4<C8X>�CWXD>�����;�F3����3��3�9vu���9�8@�/>8�>l>8�:<S<�;�F�Y<  

 

4 �����	5��������(��	(3�����*���, (��	6����� ����!"����	$� 

4.1 0���$������$���(��2��!"�� 
��9C�9��3�8S�CWXD>E6;5�I<�C=�F�CWXD>E��=S> 3.2 82u�>�7�9 YPC broth 09@3��9100 

3@88@8@�9 ;�F?99EYu�=�< Erlenmeyer flask =��< 250 3@88@8@�9 �5�:0?V3;�F>YH7�Z3@ 30 >2x�CB8CB��� 
C0`�C�8� 48 W4F�I32 E���4D��5��D5�734�;�F:<S3�094?09@3�HCWXD>u7S:<S���3C=S3=S�=>2CWXD> 1x106 CB88��V>
3@88@8@�9 uWS09@3�HCWXD>C9@F3�S� 5 C0>9�CBt��� C0`��8S�CWXD>C9@F3�S� 

 
4.2 4�0� ��(���, ����($2� 

�5�CWXD>�����3�C8�D�2u�>�7�9 YPC broth 09@3��9 200 3@88@8@�9 ;�F?99EYu�=�< 
Erlenmeyer flask  =��< 500 3@88@8@�9 BTF23�/01234��5�06784209@3�H 10, 20, 30, 40 /86 50 �943�V>
8@�9 C0`�>2��096�>? �5�:0?V3;�F>YH7�Z3@ 30 >2x�CB8CB��� C=�V�;�F���3C9t� 150 9>?�V>��;� C�t?
�4�>�V�2;�F96�6C�8��V�2{ �4��X> 0, 12, 24, 36, 48, 72, 96 /86 120 W4F�I32 3��@C�9�67�7��V�w�C>W >4�9�
��9CE9@�=>2CWXD>I<��4<�V���9<Z<�8X�/�2;�F 660 ��I�C3�9 /8609@3�H�D5���89�<@�B� CwXF>7�09@3�H
/01234��5�067842;�F;5�u7SCWXD>�������3�9v�8@��D5���89�<@�B�:<S<�;�F�Y< 
 

4.3 4�0� ���* 1�7$���� 
�5�CWXD>�����3�C8�D�2u�>�7�9 YPC broth 09@3��9 200 3@88@8@�9 ;�F?99EYu�=�< 

Erlenmeyer flask =��< 500 3@88@8@�9 BTF23�/78V2:�I�9CE��X> yeast extract, peptone, ammonium 
sulphate /86 yeast extract ��3�4? peptone u�>4�9��V�� 1:1  u�09@3�H 0.1 C0>9�CBt���  �5�:0?V3;�F
>YH7�Z3@ 30 >2x�CB8CB��� C=�V�;�F���3C9t� 150 9>?�V>��;�  C�t?�4�>�V�2;�F96�6C�8��V�2{ �4��X> 0, 12, 
24, 36, 48, 72, 96 /86 120 W4F�I32 3��@C�9�67�7��V�w�C>W >4�9���9CE9@�=>2CWXD>I<��4<�V���9<Z<�8X�
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/�2;�F 660 ��I�C3�9 /8609@3�H�D5���89�<@�B� CwXF>7�W�@<=>2/78V2:�I�9CE�;�F;5�u7SCWXD>�����
��3�9v�8@��D5���89�<@�B�:<S<�;�F�Y< C09��?>4�9���9CE9@�/86��9�8@��D5���89�<@�B��4?>�7�9;�F:3V:<SC�@3
/78V2:�I�9CE�82:0  

 
4.4 4�0� ����5+(�����($2� 

�5�CWXD>�����3�C8�D�2u�>�7�9;�F09@3�H/01234��5�067842/86/78V2:�I�9CE� BTF2
�4<C8X>�:<SE��=S> 4.2 /86 4.3 ��385�<4? 09@3��9 200 3@88@8@�9 ;�Fu�Vu� Erlenmeyer flask =��< 500 
3@88@8@�9 �5�:0?V3;�F>YH7�Z3@ 25, 30, /86 35 >2x�CB8CB��� C=�V�;�F���3C9t� 150 9>?�V>��;�  C�t?
�4�>�V�2;�F96�6C�8��V�2{ �4��X> 0, 12, 24, 36, 48, 72, 96 /86 120 W4F�I32 3��@C�9�67�7��V�w�C>W >4�9�
��9CE9@�=>2CWXD>I<��4<�V���9<Z<�8X�/�2;�F 660 ��I�C3�9 /8609@3�H�D5���89�<@�B� CwXF>7�>YH7�Z3@;�F
;5�u7SCWXD>�������3�9v�8@��D5���89�<@�B�:<S<�;�F�Y< 

 

4.5 4�0� '*�9���!����($2� 

�5�CWXD>�����3�C8�D�2u�>�7�9;�F09@3�H/01234��5�067842/86/78V2:�I�9CE�BTF2
�4<C8X>�:<SE��=S> 4.2 /86 4.3 ��385�<4? 09@3��9 200 3@88@8@�9 ;�Fu�Vu� Erlenmeyer flask =��< 500 
3@88@8@�9 094?�V�w�C>WC0`� 4.5, 5.5 /86 6.5 �5�:0?V3;�F>YH7�Z3@;�FC73�6�3;�F������8@��D5���89�<@�B�:<S<�
;�F�Y<;�F:<SE��=S> 4.4 C=�V�;�F���3C9t� 150 9>?�V>��;�  C�t?�4�>�V�2;�F96�6C�8��V�2{ �4��X> 0, 12, 24, 
36, 48, 72, 96 /86 120 W4F�I32 3��@C�9�67�7��V�w�C>W >4�9���9CE9@�=>2CWXD>I<��4<�V���9<Z<�8X�/�2
;�F 660 ��I�C3�9 /8609@3�H�D5���89�<@�B� CwXF>7��V�w�C>W;�F;5�u7SCWXD>�������3�9v�8@��D5���89�<@�B�:<S
<�;�F�Y< C09��?>4�9���9CE9@�/86��9�8@��D5���89�<@�B��4?>�7�9;�F:3V:<S094?�V�w�C>W  

 
4.6 4�0� ��(������!"������($2� 

uWS09@3�H74�CWXD>C9@F3�S��X> 3, 5, 7 /8610 C0>9�CBt��� u�V82u�>�7�9;�F09@3�H/012
34��5�067842/86/78V2:�I�9CE� ;�F�4<C8X>�:<SE��=S> 4.2 /86 4.3 ��385�<4? 09@3��9 200 3@88@8@�9 
;�Fu�Vu� Erlenmeyer flask =��< 500 3@88@8@�9 094?�V�w�C>W=>2>�7�9BTF2:<S�4<C8X>�:<SE��=S> 4.5 
�5�:0?V3;�F>YH7�Z3@BTF2�4<C8X>�:<SE��=S> 4.4 C=�V�;�F���3C9t� 150 9>?�V>��;�  C�t?�4�>�V�2;�F96�6C�8�
�V�2{ �4��X> 0, 12, 24, 36, 48, 72, 96 /86 120 W4F�I32 3��@C�9�67�7��V�w�C>W >4�9���9CE9@�=>2CWXD>
I<��4<�V���9<Z<�8X�/�2;�F 660 ��I�C3�9 /8609@3�H�D5���89�<@�B� CwXF>7�09@3�H74�CWXD>C9@F3�S�;�F;5�
u7SCWXD>�������3�9v�8@��D5���89�<@�B�:<S<�;�F�Y< 
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4.7 4�0� '��(��)����0� ����0�*� 

uWS09@3�H74�CWXD>C9@F3�S�;�F:<S�8E��=S> 4.6 u�V82u�>�7�9;�F09@3�H/01234�
�5�067842/86/78V2:�I�9CE�BTF2�4<C8X>�:<SE��=S> 4.2 /86 4.3 ��385�<4? 09@3��9 200 3@88@8@�9 ;�F
u�Vu� Erlenmeyer flask =��< 500 3@88@8@�9 094?�V�w�C>W=>2>�7�9BTF2:<S�4<C8X>�:<SE��=S> 4.5 �5�:0
?V3;�F>YH7�Z3@BTF2�4<C8X>�:<SE��=S> 4.4 C=�V�;�F���3C9t� 100, 150 /86200 9>?�V>��;�  C�t?�4�>�V�2;�F
96�6C�8��V�2{ �4��X> 0, 12, 24, 36, 48, 72, 96 /86 120 W4F�I32 3��@C�9�67�7��V�w�C>W >4�9���9CE9@�
=>2CWXD>I<��4<�V���9<Z<�8X�/�2;�F 660 ��I�C3�9 /8609@3�H�D5���89�<@�B� CwXF>7����3C9t�9>?=>2
��9C=�V�;�F;5�u7SCWXD>������8@��D5���89�<@�B�:<S<�;�F�Y< 

 
4.8 ���-.�/��������=�������*���, (��	6����� ����!"����	$� 

�5�CWXD>�����;�F�4<C8X>�:<SE��=S> 3.2 3�C8�D�2u�>�7�9;�FC73�6�3/86094?����6
�V�2{ ;�F:<SE��=S> 4.2-4.7 09@3��9 200 3@88@8@�9 ;�F>�ZVu� Erlenmeyer flask =��< 500 3@88@8@�9 C�t?
�4�>�V�2;�F96�6C�8��V�2{ �4��X> 0, 12, 24, 36, 48, 72, 96 /86 120 W4F�I32 3��@C�9�67�7��V�w�C>W 
09@3�HI09��� 09@3�H/012 09@3�H�D5���89�<@�B� /86�8�8@�;�F:<SE���V>�/01234��5�067842  CwXF>7�
96�6C�8�;�FCWXD>������8@��D5���89�<@�B�:<S�Z2�Y< 
 

5 �����	5��������(��	(3����4��$�����������!"����	$� 

5.1 0���$������$���(��2��!"�� 

C=�F�CWXD>E��=S> 3.3 82u�>�7�9 YM broth 09@3��9100 3@88@8@�9 ;�F?99EYu�=�< 
Erlenmeyer flask =��< 250 3@88@8@�9 �5�:0?V3;�F>YH7�Z3@ 30 >2x�CB8CB��� C0`�C�8� 24 W4F�I32 
E���4D��5��D5�734�;�F:<S3�094?09@3�HCWXD>u7S:<S���3C=S3=S�=>2CWXD> 1x106 CB88��V>3@88@8@�9 uWS09@3�H
CWXD>��D 5 C0>9�CBt��� C0`��8S�CWXD>C9@F3�S� 

 
5.2 4�0� ����5+(�����($2� 

�5�CWXD>3�C8�D�2u�>�7�9 YM broth  ;�F3��D5���8�8ZI�� 11 C0>9�CBt��� 09@3��9 100 
3@88@8@�9 ;�F?99EYu�=�< Erlenmeyer flask  =��< 250 3@88@8@�9 �5�:0?V3;�F>YH7�Z3@ 25, 30 /86 37 
>2x�CB8CB��� C0`�C�8� 72 W4F�I32 3��@C�9�67�7�09@3�H�D5���89�<@�B� 09@3�HI09��� /8609@3�H
/>8�>l>8�;�FC�@<=TD�<S��C�9XF>2 Ebulliometer CwXF>7�>YH7�Z3@;�F;5�u7SCWXD>������8@�09@3�H/>8�>l>8�:<S
<�;�F�Y<  

 
 
 



33 

 

5.3 4�0� '*�9���!����($2� 

�5�CWXD>3�C8�D�2u�>�7�9 YM broth  ;�F3��D5���8�8ZI�� 11 C0>9�CBt��� 09@3��9 100 
3@88@8@�9 ;�F?99EYu�=�< Erlenmeyer flask  =��< 250 3@88@8@�9 094?�V�w�C>WC9@F3�S�u7SC0`� 4.5, 5.5 /86 
6.5 �5�:0?V3;�F>YH7�Z3@BTF2�4<C8X>�:<SE��=S> 5.2 C0`�C�8� 72 W4F�I32 3��@C�9�67�7�09@3�H�D5���89�<@�B� 
09@3�HI09��� /8609@3�H/>8�>l>8�;�FC�@<=TD�<S��C�9XF>2 Ebulliometer CwXF>7��V�w�C>W=>2>�7�9;�F;5�
u7SCWXD>������8@�09@3�H/>8�>l>8�:<S<�;�F�Y<  

 
5.4 4�0� '��(�02(02�0� ��6�$����+7'	����($2� 

�5�CWXD>3�C8�D�2u�>�7�9 YM broth  ;�F3�09@3�H�D5��8ZI���V�2{ �4��X> 11, 18, 22 
/86 26 C0>9�CBt��� 09@3��9 100 3@88@8@�9 ;�F?99EYu�=�< Erlenmeyer flask  =��< 250 3@88@8@�9 094?
�V�w�C>WC9@F3�S�BTF2�4<C8X>�:<SE��=S> 5.3 �5�:0?V3;�F>YH7�Z3@BTF2�4<C8X>�:<SE��=S> 5.2 C0`�C�8� 72 
W4F�I32 3��@C�9�67�7�09@3�H�D5���89�<@�B� 09@3�HI09��� /8609@3�H/>8�>l>8�;�FC�@<=TD�<S��C�9XF>2 
Ebulliometer CwXF>���3C=S3=S�=>2�D5���8�8ZI��C9@F3�S�;�F;5�u7SCWXD>������8@�09@3�H/>8�>l>8�:<S<�
;�F�Y<  

 
5.5 4�0� ��(��'��(�02(02�0� ��	$�	��
����($2� 

�5�CWXD>3�C8�D�2u�>�7�9 YM broth  ;�F3�09@3�H�D5��8ZI�� (�8E��=S> 5.4) BTF2C�@3
09@3�H�������4< (yeast extract) ;�F�V�2{ �4��X> 0.3, 0.7, 1.0 /86 1.4 C0>9�CBt��� 09@3��9 100 3@88@8@�9 
;�F?99EYu�=�< Erlenmeyer flask  =��< 250 3@88@8@�9 094?�V�w�C>WC9@F3�S�=>2>�7�9C8�D�2CWXD>BTF2
�4<C8X>�:<SE��=S> 5.3 �5�:0?V3;�F>YH7�Z3@BTF2�4<C8X>�:<SE��=S> 5.2 C0`�C�8� 72 W4F�I32 3��@C�9�67�7�
09@3�H�D5���89�<@�B� 09@3�HI09��� /8609@3�H/>8�>l>8�;�FC�@<=TD�<S��C�9XF>2 Ebulliometer CwXF>
���3C=S3=S�=>2�������4<C9@F3�S�;�F;5�u7SCWXD>������8@�09@3�H/>8�>l>8�:<S<�;�F�Y<  

 
5.6 4�0� ��(������!"������($2� 

uWS09@3�H74�CWXD>C9@F3�S��X> 3, 5, 7 /8610 C0>9�CBt��� u�V82u�>�7�9 YM broth  
09@3��9 100 3@88@8@�9 ;�F?99EYu�=�< Erlenmeyer flask  =��< 250 3@88@8@�9 BTF23��D5���8�8ZI��/86
09@3�H�������4<BTF2�4<C8X>�:<SE��=S> 5.4 /86 5.5 ��385�<4? /86094?����6�V�2{ ;�F:<S�8E��=S> 5.1-
5.2 =S�2�S� C0`�C�8� 72 W4F�I32 3��@C�9�67�7�09@3�H�D5���89�<@�B� 09@3�HI09��� /8609@3�H
/>8�>l>8�;�FC�@<=TD�<S��C�9XF>2 Ebulliometer CwXF>09@3�H74�CWXD>C9@F3�S�;�F;5�u7SCWXD>������8@�09@3�H
/>8�>l>8�:<S<�;�F�Y< 
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5.7 ���-.�/��������=������4��$�����������!"����	$� 

�5�CWXD>�����;�F�4<C8X>�:<SE��=S> 3.3 3�C8�D�2u�>�7�9;�FC73�6�3/86094?����6
�V�2{ ;�F:<SE��=S> 5.2-5.6 09@3��9 100 3@88@8@�9 ;�F>�ZVu� Erlenmeyer flask =��< 250 3@88@8@�9 C�t?
�4�>�V�2;�F96�6C�8��V�2{ �4��X> 0, 24, 48, 72, 96 /86 120 W4F�I32 3��@C�9�67�7��V�w�C>W 09@3�H
I09��� 09@3�H�D5���89�<@�B� /8609@3�H/>8�>l>8�;�FC�@<=TD�<S��C�9XF>2 Ebulliometer CwXF>7�96�6C�8�
;�FCWXD>������8@�C>;��>8:<S�Z2�Y< 

 

6 �������������������(��	(3����4��$�����������, (��	6�����  

7842E��7�����6;�FC73�6�3u���9�V>�/01234��5�067842E��CWXD>�����u�=S> 3.2 /86
����6;�FC73�6�3u���9�8@�C>;��>8E��CWXD>�����u�=S> 3.3 /8S�ET2�5�CWXD>�����;�F:<S:0xT�A�7�
�96?����9;�FC73�6�3u���9�8@�C>;��>8I<�uWS/01234��5�067842C0`��4�vY<@? <42�V>:0��D 

6.1 0���$��3�����$���(����!"�� 

6.1.1 ����$���(����!"����	$�������1
2���02� 3.2 
C=�F�CWXD>E��=S> 3.2 82u�>�7�9 YPC broth 09@3��9100 3@88@8@�9 ;�F?99EYu�

=�< Erlenmeyer flask =��< 250 3@88@8@�9 �5�:0?V3;�F>YH7�Z3@ 30 >2x�CB8CB��� C0`�C�8� 48 W4F�I32 
E���4D��5��D5�734�;�F:<S3�094?09@3�HCWXD>u7S:<S���3C=S3=S�=>2CWXD> 1x106 CB88��V>3@88@8@�9 uWS09@3�H
CWXD>��D��3�8E��=S> 4.6 C0`�74�CWXD>C9@F3�S� 

 

6.1.2 ����$���(����!"����	$�������1
2���02� 3.3 

C=�F�CWXD>E��=S> 3.3 82u�>�7�9 YM broth 09@3��9100 3@88@8@�9 ;�F?99EYu�
=�< Erlenmeyer flask =��< 250 3@88@8@�9 �5�:0?V3;�F>YH7�Z3@ 30 >2x�CB8CB��� C0`�C�8� 24 W4F�I32 
E���4D��5��D5�734�;�F:<S3�094?09@3�HCWXD>u7S:<S���3C=S3=S�=>2CWXD> 1x106 CB88��V>3@88@8@�9 uWS09@3�H
CWXD>��D��3�8E��=S> 5.6 C0`�74�CWXD>C9@F3�S� 
 

6.2 ����(�����3!2�!"���*�( (coculture) 

u�VCWXD>�����;�F:<SE��=S> 6.1.1 /86 6.1.2 82u�>�7�9;�F3�>2��096�>?C73X>��4?u�
=S> 5.7 /�VuWS/01234��5�067842/;��D5���8�8ZI�� I<�uWS09@3�H/01234��5�067842��3�8E��=S> 4.2 
09@3��9 200 3@88@8@�9 ;�F?99EYu�=�< Erlenmeyer flask  =��< 500 3@88@8@�9 BTF2094?�V�w�C>W��3�8
E��=S> 4.5 ?V3;�F>YH7�Z3@��3�8E��=S> 4.4 ?V3C0`�96�6C�8�;�FC73�6�3��3;�F:<S�8u�=S> 4.8 �5�3�
�@C�9�67�7�09@3�H/012 09@3�H�D5���89�<@�B� 09@3�HI09��� /8609@3�HC>;��>8I<��@|���9 GC-FID 
I<�C09��?C;��?�4?��9734�/??uWSCWXD>C<�F�� (monoculture) 
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6.3 ����(������������������(�� (two-stage) 

u�96�6/9�C0`�=4D��>���9�V>�/012 I<�u�VCWXD>�����;�F:<SE��=S> 6.1.1 82u�>�7�9
/86����6�V�2{ ;�FC73�6�3C73X>��4?=S> 4.8 09@3��9 200 3@88@8@�9 ;�F?99EYu�=�< Erlenmeyer flask  
=��< 500 3@88@8@�9 96�6;�F�>2C0`���9�8@�C>;��>8E���D5�/012734�;�F:<S=4D��S� I<�u�VCWXD>;�F:<SE��
=S> 6.1.2 82u��D5�/012734�;�FC�@3��9>�7�9C73X>�=S> 5.7 ��C�S��D5���8�8ZI�� /8S��5�:0094?�V�w�C>W
��3�8;�F:<SE��=S> 5.3 /86�5�:0?V3;�F>YH7�Z3@��3�8;�F:<SE��=S> 5.2 09@3��9 100 3@88@8@�9 ;�F?99EYu�
=�< Erlenmeyer flask  =��< 250 3@88@8@�9 96�6C�8���9?V3��3�8;�F:<SE��=S> 5.7 �5�3��@C�9�67�7�
09@3�H/012 09@3�H�D5���89�<@�B� 09@3�HI09��� /8609@3�HC>;��>8I<��@|���9 GC-FID  

 
7 ����6����!��
0� ��	$� (Classification of yeasts) 

�5�CWXD>�����E��8Z�/012;�F3��YH�3?4�@��9�8@�C>�:B3�>6:3C8� /86CWXD>�����;�F3��YH�3?4�@
�8@�/>8�>l>8�;�F<� :0xT�A���9E4<E5�/��W�@<=>2����� :<S/�V ��9xT�A�84�AH6;�2�4H����@;�� 
(Morphological characterization) /86��9xT�A�84�AH6;�2�9�9�@;�� (Physiological characterization) 
I<�<4</082�@|�=>2 Barnett /86�H6 (2000) /8S�E4<�V2u7S�H6�@;��x���9� 37��@;��84�37@<8 C0`�
�ZS;5���9w@�ZE��CWXD>�����u�96<4?�0QW��� I<���9;5� 26S rDNA E5���� 500 basepair I<�C8�D�2CWXD>�����u�
>�7�9 YM broth ?V3;�F>YH7�Z3@ 30 >2x�CB8CB��� C0`�96�6C�8� 24 W4F�I32 E���4D��5�:073Y�C��F�2;�F
���3C9t�9>? 13,000 9>?�V>��;� C0`�96�6C�8� 10 ��;� 7842E���4D�8S�2<S�� TE-buffer 2 �94D2 /86<Z<
�6�>�CB88�;�F:<S3� 0.5 :3I�98@�9 /8S�u�V 10xPCR buffer 09@3��9 10 :3I�98@�9 deoxynucleoside 
triphosphate (dNTPs) 09@3��9 4 :3I�98@�9 25 mM MgCl2 09@3��9 4 :3I�98@�9 primer NL1 
09@3��9 4 :3I�98@�9 /86 NL4 09@3��9 7 :3I�98@�9 �D5��84F�09@3��9 69.5 :3I�98@�9 /86 Taq 
DNA polymerase 09@3��9 1 :3I�98@�9 �5�:0;5� PCR amplification I<�;5� 35 cycles uWS>YH7�Z3@ 94 
>2x�CB8CB��� C0`�C�8� 60 �@��;� �V><S��>YH7�Z3@ 52 >2x�CB8CB��� C0`�C�8� 30 �@��;� /86uWS>YH7�Z3@ 
72 >2x�CB8CB��� C0`�C�8� 60 �@��;� C3XF>�@D��Y<��9;5� PCR amplification /8S� �5� PCR product :0
�@C�9�67�7�85�<4?C?�<S��C�9XF>2 automated DNA sequencer (Biosystems GeneScan 3700, Foster City, 
CA) /86�5�85�<4?C?�=>2 26S rDNA ;�F:<S:0C;��?�4?���=S>3Z8u�>@�C�>9�C�t�I<�uWSC�0:B��=>2 
http://www.ncbi.nlm.nih.gov 
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����������'����� (������� �) 
1. ��9�@C�9�67�7�09@3�H�D5���89�<@�B� 
2. ��9�@C�9�67�7�09@3�H/012;�FC78X> 
3. ��9�@C�9�67�7�09@3�HI09��� 
4. ��9�@C�9�67�7�09@3�H/>8�>l>8�I<�uWSC�9XF>2�4</>8�>l>8� 
5. ��97�09@3�HC>;��>8I<�C;��@�/�O�I�93�I��9�PQ 
6. ��9�@C�9�67�7��8�8@�;�F:<SE���V>�/01234��5�067842I<��@|�;@�C8C�>9�I�93�I��9�PQ 
7. ��9�@C�9�67��V�;�2�v@�@ 

u�/�V86=4D��>�=>2��9xT�A�E63���9��2/����9;<8>2/??�YV3�8>< (Completely 
Randomized Design , CRD) I<��5�7�<u7SE5����BD5� (replication) u���9xT�A�/�V86�94D2C;V��4? 3 BD5� 
/86�@C�9�67����3/���V�2=>2�V�C�8�F�I<��@C�9�67����3/0909��;�2C<��� (One-way ANOVA) I<�
uWSI09/�93�5�C9tE9Z0 SPSS (Statistic Package for the Social Science) Version 14.0 

 
 


