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1. ������������	�������� 

�������	
���
�
� Bacillus subtilis MUV4 ������� Modified Mckeen Medium !�"��#� 100 
�"��"�"#� &	��	'(���)*�)*�)���
+�#��,�-.'/ 2.5% ��)(4�)�5� )��4 250 �"��"�"#� �)�5�4*(�
'(����6( 200 ��7#5���&	 &	� 30 ��8��9��9	�/ :7(5��
�
� B. subtilis MUV4 �	,���;�"<�:"��)=
�
#���+�4>7 ?�@�)*�/-5
5(� log phase ��
>�(.��&	� 6  ?�@�;�"</-�/H4��
>�(.��&	� 36 (J�:&	� 5) L4*
�
+���>,�9��M?�*� 10.15 g/L 9=���	�>#��,���;�"<�#"7.#;+��:�@�&5�,>7 0.11 #5�
>�(.�� ?�@�	P�P�"#
)���9��M#5�/>7/�#�#�!Q� 0.94 4>�?/4���#����&	� 3 ?�@������+��
+���>,�� (supernatant) &4/�7
,";,���)��/���4?��#=�P"( :7(5� �
+���>,��"��#*��	'5�?��#=�P"(�!Q� 54.00 mN/m ?�@�4���!Q� 
33.07 mN/m &	��(�� 72 
>�(.�� �	'5�'(���!Q�,�4-45�� 7.96 

,��8=,X�P�)���
+�#��,�-.'/#5�,���;�"<?�@,��P�"#/���4?��#=�P"( 9=��'(���)*�)*�
)���
+�#��,�-.'/&	��
*��,��&4���L4*?,5 0.5, 1.0, 1.5 ?�@ 2.5% :7(5��@4>7�
+�#��&	� 1.0% ��*
'5�)��?��#=�P"(4	&	�/H4 .4��4?��#=�P"()���������	
���
�
�;�, 53.50 �!Q� 33.5 mN/m ���(�� 48 

>�(.�� (J�:&	� 6) '5�;��:�8�/#�M)��'(���)*�)*�)���
+�#��,�-.'/?/4���#����&	� 3 ?�@,��
�;�"<�#"7.# !�"��[�
+�#��,�-.'/&	��4�� ?�@,";,���)��/���4?��#=�P"(
	(J�:������
*�
+�#��
,�-.'/ 1.0% ��*P�4>�J�:&	� 7 �	�>#��,���;�"<�#"7.#;+��:�@�&5�,>7 0.14 #5�
>�(.�� ?�@�	P�P�"#
)���9��M#5�/>7/�#�# (Yx/s) �!Q� 0.713 ?�@�	P�P�"#)��/���4?��#=�P"(
	(J�:#5��9��M (Yp/x) 
�!Q� 0.101 ��)[@&	�'(���)*�)*��
+�#��,�-.'/ 0.5 % �	'5�P�P�"#)��/���4?��#=�P"(
	(J�:#5�
/>7/�#�# (Yp/s) �!Q� 0.110 ?�@?�*;@�	'5� Yp/s /-�,(5��@4>7�
+�#��,�-.'/ 1.0% ?#5��*'5�P�P�"#
)��/���4?��#=�P"(
	(J�:#5��9��M (Yp/x) &	�#�+�,(5� �>��'�� �	'5��&5�,>7 0.077 ����'(��(5��	,��
�,"4/���4?��#=�P"(�!�	�7�&	�7,>7,���;�"<)���9��M������
*�
+�#��,�-.'/ 0.5% �*��,(5�,���
*
�
+�#��,�-.'/ 1.0% 4>��>
�;=�����,'(���)*�)*��
+�#��,�-.'/ 1.0% �
*��,��&4���#5�L! 

B. subtilis C9 /����_P�"#/���".!�!!L&4ML4* 7 g/L .4���*'5� Yp/s �!Q� 0.175 g BS/g 
glucose ���������	
���
�
�&	�����@/� &	��H[�J-�" 30 ��8��9��9	�/ 150 ��7#5���&	 �!Q��(�� 72 

>�(.�� �	'5�:	��
)���������	
���
�
���"��#*��!Q� 8.0 '5�?��#=�P"(&	�L4*;�,,����	
���
�
�4>�,�5�(�	
�!Q� 
28.5 mN/m (Kim et al., 1997) 
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Makkar ?�@ Cameotra (1997) L4*��	
���
�
� B. subtilis MTCC2423 9=���!Q��
�
�&	�
�7
�H[�J-�"/-� /����_P�"#/���".!�!!L&4ML4* 0.744 g/L �������&	��	�
+�#��9-.'�/ 2% �!Q�?��5�
'��M7�� &	��H[�J-�" 45 ��8��9��9	�/ ?�@�)�5�&	��>#����6( 200 ��7#5���&	 �4'5�?��#=�P"()��
�������	
���
�
�L4*;�, 68 mN/m �!Q� 28 mN/m ��)[@&	� B. subtilis MTCC1427 /����_�4
'5�?��#=�P"()���������	
���
�
�L4*;�, 68 mN/m �!Q� 34 mN/m �������	
����/J�(@?�@�����
�"4
�4	�(,>� ?#5_*��
*?!d� 2% �!Q�?��5�'��M7�� '5�?��#=�P"(&	�L4*�!Q�  32  mN/m  (Makkar & Cameotra, 1998) 

/+���>7 Bacillus sp. strain KP-2 P�"#/���".!�!!L&4ML4* 35 mg/L ?�@/����_�4'5�?��
#=�P"(�!Q� 35 mN/m �������	
��������� defined medium &	��H[�J-�" 30 ��8��9��9	�/ 200 ��7#5�
��&	 �!Q��(�� 24 
>�(.�� 9=���
�
�&	�L4*�>
�?�,L4*;�,�������>, (Roongsawang et al., 1999) ?�@ B. 
subtilis BKK-1 �>
� /����_P�"#/���4?��#=�P"(�".!�!!L&4ML4*J���� 24 
>�(.�� ������� LB 
medium ?�@�4'5�?��#=�P"(L4*;�, 50 mN/m �!Q� 28 mN/m (Roonsawang et al., 2003) 

Lee ?�@'[@ (2006) L4*?�,�
�
�;�,4"�&	�!��!ij���
+��>� ?�@�	'(��/����_��,���5��
/����
+��>�4"7?�@tributyrin (C4;0) �����8=,X��>,X[@)���
�
�?�*(:7(5��!Q��
�
� B. subtilis A8-8 
/����_P�"#/���4?��#=�P"(
	(J�:L4*.4��4'5�?��#=�P"()���
+�;�, 72 mN/m �!Q� 26 mN/m 
�
+���>,/���4?��#=�P"(
	(J�:&	�L4*'"4�!Q� 30 mg/L ������� M9 �	�
+��>�4"7 2% �!Q�?��5�
'��M7�� ?�@��	
��&	��H[�J-�" 37 ��8��9��9	�/ 180 ��7#5���&	 �!Q��(�� 96 
>�(.�� 

,��P�"#/���4?��#=�P"(;�,�
�
� B. subtilis MUV4 &>
���)(4�)�5�?�@��_>���>,&	��	 
working volume 1 �"#� �>
��!Q�?77 non-growth associated '��P�"#)=
�������
�
��;�"<�)*�/-5
5(� 
stationary phase 9=��#��,>7,��&4���)�� Davis ?�@'[@ (1999) 9=��:7(5� �
�
� B. subtilis ATCC 
21332 /����_P�"#/�� surfactin L4* ������)*�/-5
5(� stationary phase �������&	��	�
+�#��,�-.'/ 10 
g/L �!Q�?��5�'��M7�� ?�@ ammonium nitrate 4 g/L �!Q�?��5�L�.#��;� ��*P�P�"#)�� 
surfactin #5� biomass (Yp/x) �!Q� 0.0068 ?�@P�P�"#)�� biomass #5� �
+�#��,�-.'/ (Yx/s) �!Q� 
0.46 

,��&4���)�� Besson ?�@ Michel (1992) :7(5� B. subtilis /����_P�"#/�� surfactin 
L4* ��
5(�!���)�� log phase ��*P�P�"#/-�/H4�!Q� 700 µg/mL ��)[@&	��	,��P�"#/�� iturin 
��
5(�,���)�� stationary phase ��*P�P�"#/-�/H4�!Q� 70 µg/mL 9=��#��,>7,��&4���)�� Kluge 
?�@'[@ (1988) ?�@ Lee ?�@'[@ (2006) 

Vater (1986) ,�5�((5�/��&H#"�J-�"&	�P�"#L4*;�,�
�
� Bacillus sp. �,"4;�,,�����	��(�+�)��
�9��M9=��!�4!�5��/��&	�;+��!Q���,����=��������,,(5����@77 ?�@/�� surfactin ,6�,"4;�,,��
_-,���	��(�+�)���9��M&	��;�"<��
5(�!���)�� log phase 
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J�:&	�  5 ,���;�"<�#"7.# !�"��[�
+�#��,�-.'/ ?�@'5�?��#=�P"()���
+���>,;�,,����	
���
�
� 
 Bacillus subtilis MUV4 ������� Mckeen Medium &	��	�
+�#��,�-.'/ 2.5%(w/v) �� 
 �@4>7)(4�)�5� 
Figure 5. Growth, residual sugar and surface tension activity of Bacillus subtilis MUV4 in    

Mckeen Medium with 2.5%(w/v) glucose in shaked-flask condition.  
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J�:&	�  6  P�)��,�-.'/#5�'5�?��#=�P"()���
+���>,�������	
���
�
� Bacillus subtilis MUV4 �� 
 ����� Mckeen Medium ���@4>7)(4�)�5� 
Figure 6.   Effect of glucose on the surface tension of supernatant of Bacillus subtilis MUV4  
 cultivated in Mckeen Medium in shaked-flask condition. 
 
#����&	� 3 '5�;��:�8�/#�M)�� Bacillus subtilis MUV4 ������� Mckeen Medium &	��	�
+�#�� 
 ,�-.'/#5��u,>� 
Table 3.  Kinetics of Bacillus  subtilis MUV4 in Mckeen Medium with different glucose 

concentrations. 
%w/v 
glucose 

product(mg/ml) Yp/s Yx/s Yp/x 
Specific growth rate* (µ) 

(h-1) 
0.5 0.436 0.110 1.413 0.077 0.14 
1.0 0.652 0.072 0.713 0.101 0.14 
1.5 0.778 0.059 0.697 0.085 0.11 
2.5 0.332 0.022 0.941 0.023 0.11 

*specific growth rate (µ ) (h-1) =  ln Xt y ln X0 
     t 

Xt = '(���)*�)*�)���(��9��M��>�;�,,���:�@��	
���!Q��(�� t 
>�(.�� 
X0= '(���)*�)*�)���(��9��M��"��#*� 
t   = �(�� (
>�(.��) 
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J�:&	� 7 ,���;�"<�#"7.# !�"��[�
+�#��,�-.'/ ?�@'5�?��#=�P"()���
+���>,;�,,����	
���
�
�      
 Bacillus subtilis MUV4 ������� Mckeen Medium &	��	�
+�#��,�-.'/ 1.0%(w/v) �� 
 �@4>7)(4�)�5� 
Figure 7. Growth, residual sugar and surface tension activity of Bacillus subtilis MUV4  
 in Mckeen Medium with 1.0%(w/v) glucose in shaked-flask condition. 
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,��P�"#/���4?��#=�P"(
	(J�:.4��
�
� B. subtilis MUV4 ������� modified Mckeen 
medium &	��	!�"��[�
+�#��,�-.'/ 1.0% ��_>���>,)��4 2 �"#� �	 working volume �&5�,>7 1 �"#� 
?�@��*�>#��,��,(� 200 ��7#5���&	 L�5�	,��'(7'H�'(���!Q�,�4-45�� �!�	�7�&	�7P�)��,��
��*��,�8!�"��#� 1.0 vvm ?�@L�5��*��,�8 P�,��&4���4>�?/4���J�:&	� 8 :7(5�,����*
��,�8/5��/�"�,���;�"< .4��9��M�)*�/-5
5(� stationary phase #>
�?#5
>�(.��&	� 12 ?�@��*!�"��[
�9��M/-�/H4&	�
>�(.��&	� 48 ?�@ 60 �	�
+���>,�9��M?�*��!Q� 9.88 mg/mL ?#5�
+���>,L�5�	,";,���)��
/���4?��#=�P"(��� .4���,����	
����"��#*��
+���>,�	'5�?��#=�P"( 54.7 mN/m ?�@&	� 96 
>�(.���	
'5�?��#=�P"(�!Q� 60.0 mN/m  ?�@,����*��,�8 0.5 vvm �
�
� B. subtilis MUV4 �	,���;�"<�#"7.#
/-�/H4��
>�(.��&	� 48 ��*!�"��[�9��M�!Q� 8.02 mg/mL ?�@�
+���>,L�5�	,";,���)��/���4?��#=�
P"( .4�'5�?��#=�P"(��
>�(.��&	� 0 �!Q� 55.67 mN/m ?�@�	'5�?��#=�P"(L�5'�&	�#��4�@�@�(��,��
P�"# ?�@��
>�(.��&	� 96 �	'5�?��#=�P"(�!Q� 54.17 mN/m��)[@&	�,����	
���
�
� B. subtilis MUV4 
��_>���>, ?#5L�5�	,����*��,�8�>
� �	,��P�"#/���4?��#=�P"(
	(J�:)=
���_>���>,#>
�?#5
>�(.��&	� 
24 9=���!Q�
5(�&	��9��M�)*�/-5
5(� stationary phase ?�*( .4��!Q�
5(�&	��	!�"��[�9��M/-�/H44*(��
5�,>� 
��*�
+���>,�9��M?�*� 5.22 g/L '5�?��#=�P"(&	�(>4L4*#�+�/H4�,"4)=
�&	�
>�(.��&	� 96 �!Q� 35.0 mN/m 
(J�:&	� 9) !�"��[/���4?��#=�P"(&	�P�"#L4*��>�;�,P5��,��&+�?�*�4*(�("z	 freeze-dry '"4�!Q� 0.3 
g/L 4>��>
�,��P�"#/���4?��#=�P"(���@4>7_>���>, ,����*��,�8�	P�#5�,��P�"#/���4?��#=�P"(
;�,�
�
� B. subtilis MUV4 ;=�L�5��*��,�8��,��P�"#���@4>7_>���>, 

/+���>7,��P�"#��_>���>,&	��	,����*��,�8 1.0, 0.5 vvm ?�@L�5�	,����*��,�8�>
�:7(5�
,����*��,�8&	���,�,"�L!�>
��>7�>
�,��P�"#/���4?��#=�P"(
	(J�: �
5��4	�(,>7,��&4���)�� 
Kim ?�@'[@ (1997) &	�:7(5� �
�
� B. subtilis C9 &	���	
����_>���>,&	��	 working volume 1.5 �"#� �	
�>#��,��,(� 300 ��7#5���&	 ?�@'H�'(���!Q�,�4-45��&	� 6.8 �	,��P�"#/���".!�!!L&4M��,��
��!�"��[&	�?#,#5��,>� �>��'�� �������*��,�8 1.0 vvm ;@��*/���4?��#=�P"( 1.3 g/L ��)[@&	�,��
��*��,�8 0.1 vvm ;@/����_P�"#/��L4*��,_=� 4.5 g/L 

��)[@&	�,��&4���)�� Lin ?�@'[@ (1994) L4*������(5��
�
� Bacillus lichenisformis 
JF-2 �>
�L�5/����_P�"#/���4?��#=�P"(L4*��/J�(@L�5��*��,�8 ?#5��,�	,����*��,�8&	��	'5� 
%dissolved oxygen (DO) �&5�,>7 30% ;@��*'5�,��P�"#/���4?��#=�P"(��!�"��[&	�/-�,(5�,����*
��,�8&	� 85% DO ��,����	
���������&	��	�,���.9�4	��'��L�4M 2.0% P�"#/���4?��#=�P"(L4* 
34.64 mg/L &	� 30% DO ?#5������	��,�8 85% DO P�"#/���4?��#=�P"(�&5�,>7 6.08 mg/L 

De Roubin ?�@'[@ (1989 �*��.4� Peypoux et al., 1999) L4*,���:>�zHM�
�
� B. subtilis 
ATCC 21332 4*(�("z	 UV mutagenesis L4*�
�
�/��:>�zHM���5'�� B. subtilis ATCC 51338 9=��/��
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:>�zHM���5�	
�	,";,���)�����L9�M isocitrate dehydrogenase #�+�,(5�/��:>�zHM�4"� 30 �&5� ?#5��*P�
,��P�"#/�� surfactin ��,,(5��4"� 4 �&5� �����,";,���)�����L9�M isocitrate dehydrogenase �4�� 
;@�,"4J�(@ oxygen limitation �����	,�49"#�",�,"4���@77��,)=
� ,�5�(L4*(5�,�@7(�,�� 
oxidation �4�� &+���*�	/�� surfactin �,"4��,)=
� 4>��>
���,��P�"#/�� surfactin ;=�;+��!Q�#*��
'(7'H�,�@7(�,����*��,9"�;�4*(� 

�����P�"#/���4?��#=�P"(��_>���>,&	�L�5�	,����*��,�8 ?�@�	,��'(7'H�'(���!Q�,�4-
45��&	� 7.0 :7(5� �
�
� B. subtilis MUV4 /����_P�"#/���4?��#=�P"(L4*��
5(� stationary phase 
�
5��4	�(,>� #>
�?#5
>�(.��&	� 18 .4���*'5�?��#=�P"(#�+�/H4��
>�(.��&	� 96 �!Q� 33.67 mN/m 4>�?/4�
��J�:&	� 10 ?�@!�"��[/���4?��#=�P"(&	�L4*'"4�!Q� 0.15 g/L ������!�	�7�&	�7,>7,��P�"#��_>�
��>,&	�L�5��*��,�8?�@L�5'(7'H�'(���!Q�,�4-45���>
� :7(5�
H4,��&4���&	�'(7'H�'(���!Q�
,�4-45��&	� 7.0 ��*'5�?��#=�P"()��/5(��/;�,�
+���	
���
�
�&	�
>�(.��&	� 96 (ST=33.67 mN/m) 4	,(5�

H4,��&4���&	�L�5'(7'H�'(���!Q�,�4-45�� (ST=35.00 mN/m) ?#5!�"��[/��&	�L4*�>
��	�
+���>,
�*��,(5� 2  �&5�)��
H4&	�L�5'(7'H�'(���!Q�,�4-45�� 
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J�:&	� 8 ,���;�"<�#"7.# !�"��[�
+�#��,�-.'/ ?�@'5�?��#=�P"()���
+���>,;�,,����	
���
�
�  
 Bacillus subtilis MUV4 ������� Mckeen Medium (�
+�#��,�-.'/ 1.0%(w/v)) �� 
 �@4>7_>���>, ��*��,�8 1.0 vvm  ?�@L�5�	,��'(7'H�'(���!Q�,�4-45�� 
Figure 8. Time course of Bacillus subtilis MUV4 in Mckeen Medium (1.0%(w/v)glucose) in  
 fermenter (working volume 1 liter, aeration rate 1.0 vvm and uncontrolled pH). 
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J�:&	� 9 ,���;�"<�#"7.# !�"��[�
+�#��,�-.'/ ?�@'5�?��#=�P"()���
+���>,;�,,����	
���
�
�      
 Bacillus subtilis MUV4 ������� Mckeen Medium (�
+�#��,�-.'/ 1.0%(w/v)) �� 
 �@4>7_>���>, ��*��,�8 0.5 vvm  ?�@L�5�	,��'(7'H�'(���!Q�,�4-45�� 
Figure 9. Time course of Bacillus subtilis MUV4 in Mckeen Medium (1.0%(w/v)glucose) in  
 fermenter (working volume 1 liter, aeration rate 0.5 vvm and uncontrolled pH). 
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J�:&	�  10 ,���;�"<�#"7.# !�"��[�
+�#��,�-.'/ ?�@'5�?��#=�P"()���
+���>,;�,,����	
���
�
�      
 Bacillus  subtilis MUV4 ������� Mckeen Medium (�
+�#��,�-.'/ 1.0%(w/v)) �� 
 �@4>7_>���>, L�5��*��,�8 ?�@L�5�	,��'(7'H�'(���!Q�,�4-45�� 
Figure 10.  Time course of Bacillus subtilis MUV4 in Mckeen Medium (1.0%(w/v)glucose) in  
 fermenter (working volume 1 liter, no aeration and uncontrolled pH). 
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J�:&	�  11 ,���;�"<�#"7.# !�"��[�
+�#��,�-.'/ ?�@'5�?��#=�P"()���
+���>,;�,,����	
���
�
�      
 Bacillus subtilis MUV4 ������� Mckeen Medium (�
+�#��,�-.'/ 1.0%(w/v)) �� 
 �@4>7_>���>, L�5��*��,�8 ?�@'(7'H�'(���!Q�,�4-45�� 
Figure 11. Time course of Bacillus subtilis MUV4 in Mckeen medium (1.0%(w/v)glucose) in  
 fermenter (working volume 1 liter, no aeration and controlled pH at 7.0). 
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2. ���	�������	��������������� �!�"����#�$ 
 

2.1 ������
��$	�
�����%������%��&��
�����$����� 
 �+��
+���	
���
�
�&	�L4*;�,,����	
����)(4�)�5�#��)*�&	� 1 ��*� 27 ;+��(� 23.60 L #,#@,��
&	� pH 2 4*(� 6N HCl L4*/���4?��#=�P"( 0.404 g/L �(��!Q�/��/,>4���7&>
�/"
� 9.54 g ?75�/��
�
+���>, 8.71 g �@���4*(���z���� ?�,��:�@/5(�&	��@�������z�����@���#>(&+��@�����,
4*(��'����� evaporator L4*/5(�/,>4���7��z���� '"4�!Q��
+���>,L4* 4.50 g �:����+�L!?�,4*(�("z	 
column chromatography ��)>
�#5�L! ��)[@&	�/5(�&	�L�5�@�������z�����>
�L�5�	,";,���)��
/���4?��#=�P"( �����#�(;/�7,";,���)��/���4?��#=�P"(
	(J�:4*(�("z	,��(>4'5�?��#=�P"( 
?�@'5� E24 :7(5�/��/,>4���7��*'5�?��#=�P"(�&5�,>7 41.0 mN/m ?�@'5� E24 �&5�,>7 33.33% 
��)[@&	�/��/,>4���7����z������*'5�?��#=�P"(�&5�,>7 38.5 mN/m ?�@'5� E24 �&5�,>7 16.67% 
(#����&	� 5) 
 

2.2  ���
�����'�(�
����$�#�$��%�����������!� Thin Layer Chromatography (TLC) 
 �+�/5(�/,>4���7��z����&	�L4*��#�(;/�7��'M!�@,�7��5�����77� TLC ��#>(
�'�����&	��@77'��.����M�:��z����:�
+� (65:15:1).4�!�"��#� ?�@:5�4*(�/���@��� Ehrich�s 
reagent  �!����*?�*� /����_/>��,#��6�?_7)��/��,�H5��".!�!!L&4M�!Q�/	)�( 3 ;H4 9=���	'5� Rf 
'�� 0.64, 0.16 ?�@ 0.018  
 

2.3 ���	��:����!�:'�;�:����<=	���>�?%� 
 ,��?�,/5(�/,>4���7��z����;�,,����	
����)(4�)�5��
+���>, 4.50 ,�>� ?/4�)>
�#��
,��?�,4>�J�:&	� 12 #�(;/�7�>,X[@)��/��7�?P5� TLC ?�@�(�/��&	��	�>,X[@.'���.&?,
��������,>��)*�4*(�,>� /����_?�,/����,�!Q�/5(�u L4*4>�#����&	� 4 :7(5�/5(�/,>4���7
��z����/����_?�,/5(��5��&>
���4L4*�!Q� 6 /5(��5��4*(�,>� ?�@&4/�7,";,���)��/���4
?��#=�P"(&>
�,��(>4?��#=�P"(?�@,���,"4�"�>�
>�� ��*P�4>�#����&	� 5 :7(5�/5(��5�� F1 �
+���>,&	�
?�,L4*�	'5��*���,"�L! L�5/����_�+���&4/�7,";,���L4* /5(��5�� F2, F3 ?�@ F6 �	'5�?��#=�
P"( 48.50, 42.50 ?�@ 35.20 mN/m #���+�4>7 ?�@�	'5� %EA �!Q� 38.40%, 69.20% ?�@ 100.00% 
#���+�4>7 ?#5��5��L�,6#��:7(5� �����:";��[�'5� E24 �>
� /5(��5�� F3 ;@��*'5� E24 4	&	�/H4'�� 
65.40% ��)[@&	�/5(��5�� F2 �	'5� E24 �!Q� 15.00% ?�@ /5(��5�� F6 �	'5� E24 �!Q� 7.14% ?#5
�,"4�"�>�
>����:�@&	�P"()��)(4 vial �&5��>
� 
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Bacillus subtilis MUV4 
 
 

Cultured in Mckeen Medium (1%(w/v) glucose 
   23.6 liters 

Precipitated with 6 N HCl, collected the precipitates and 
adjust pH to 7.0 with 2 N NaOH and freeze-dry 

  Crude BS 
     9.54 g 

 
 

Crude BS829.9 mg       Crude BS 
     for reference          8.7055 g 

extracted with MeOH 
3 times 

Crude MeOH      Non-dissolved in MeOH 
      4.5012 g 
     Separated by Silica gel 60 column chromatography 
     Eluted with CHCl3:MeOH:Water (65:15:1) y MeOH:Water (100:1) 
 
 
     F1      F2       F3       F4         F5          F6 
7.3 mg  95.5 mg  112.4 mg 257.1 mg 1,010.3 mg 1,037.1 mg 
 
J�:&	� 12 )>
�#��,��?�,/��/,>4���7/���4?��#=�P"(
	(J�:;�, Bacillus subtilis MUV4 
Figure 12. Isolation diagram of crude biosurfactant from Bacillus subtilis MUV4. 
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J�:&	� 13 �>,X[@ TLC chromatogram )��/5(�/,>4���7��z���� ?�@/5(��5�� F1 _=� F6 
Figure 13. TLC chromatogram of crude methanol and F1-F6 fractions. 
 Note : cr. MeOH = crude methanol (Rf = 0.64, 0.40 and 0.35)     
     F1 (Rf = 0.61 with long tail) 
     F2 (Rf = 0.61, 0.40 and 0.35) 
     F3 (Rf = 0.61, 0.40 and 0.35) 
     F4 (Rf = 0.40 and 0.35) 
     F5 (Rf = 0.35) 
     F6 (Rf = 0.35) 
     Mobile phase as CHCl3:MeOH:Water (65:15:1) 
 
 
 
 
 
 
 
 
 
 

Cr. MeOH     F1      F2      F3       F4       F5       F6 
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#����&	� 4 /5(��5��;�,,��?�,/5(�/,>4���7��z����&	�L4*;�,,����	
���
�
� Bacillus subtilis  
 MUV4 4*(�'��>��M9"�",��;� 60 
Table 4. Fractions of crude methanol separated by silica gel 60 column chromatography. 
 

Fraction fraction no. Mobile phase (by volume) 
Weight 
(mg) 

Physical appearance 

F1 1-2 CHCl3:MeOH:H2O 65:15:1 7.3 Yellow liquid 
F2 3-4 CHCl3:MeOH:H2O 65:15:1 95.5 Pale brown liquid 
F3 5, 14-20 CHCl3:MeOH:H2O 65:15:1- 

CHCl3:MeOH:H2O 70:30:1 
112.4 Brown liquid to gum 

F4 6-13 CHCl3:MeOH:H2O 65:15:1- 
CHCl3:MeOH:H2O 70:30:1 

257.1 Brown liquid 

F5 21-45 CHCl3:MeOH:H2O 70:30:1- 
CHCl3:MeOH:H2O 40:60:1 

1,010.3 Brown liquid to gum with a 
little white solid  

F6 46-67 CHCl3:MeOH:H2O 20:80:1- 
MeOH:H2O 100:1 

1,037.1 Dark brown gum 

 

#����&	� 5 ,";,���/���4?��#=�P"()��?#5�@/5(�&	�?�,4*(�'��>��M9"�",��;� 60 
Table 5. Surfactant activity of each fraction separated by silica gel 60 column chromatography. 
 

Fraction Weight 
(mg) 

Surface tension 
(mN/m) 

%EA E24 Note 

Crude BS 
Crude MeOH 
F1 
F2 
F3 
F4 
F5 
F6 

9.54 
4.50 
7.3 
95.5 
112.4 
257.1 
1010.3 
1037.1 

41.00±0.50 
38.50±0.00 

ND 
48.50±0.29 
42.50±0.29 
32.00±0.13 
31.00±0.50 
35.20±0.00 

66.67±0.29 
54.50±0.33 

ND 
38.44±0.50 
69.20±0.20 
65.40±0.15 
50.00±0.29 
100.00±0.33 

33.33±0.50 
16.67±0.29 

ND 
15.00±0.20 
65.40±0.15 
0.00±0.50 
0.00±0.50 
7.14±0.29 

 
 
Less weight 
 
 
 
 
E24  was only the surface of vial 

ND = Not detect 
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;�,#����&	� 5 /5(��5�� F4 ?�@ F5 ��*'5�?��#=�P"(4	&	�/H4�&5�,>7 32.0 ?�@ 31.0 mN/m 
#���+�4>7 ?�@�	'5� %EA �!Q� 65.40% ?�@ 50.00% ?#5/-<�/	�,";,���,���,"4�"�>�
>�������&"
�L(*
'�7 24 
>�(.�� ;=��+� F4 �
+���>, 257.1 �"��",�>� ��&+���*7�"/H&z"�#5�L!4*(�'��>��M Silica gel 60 
(70-230 mesh) )��4�/*�P5��8-��M,��� 3.0 �9�#"��#� /-� 30 �9�#"��#� .4��	#>(�'�����&	� '�� 
'��.����M�:��z���� (90:10) .4�!�"��#� !�"��#� 500 mL ?�@�:"��'(���	)>
()��#>(&+��@���
�'�����&	�'�� '��.����M�:��z���� 80:20 60:40 40:60 20:80 !�"��#�&	��
*��,��
@'��>��M'(��
�)*�)*��@ 200 mL ;�,�@&>��_=���z���� 100% !�"��#� 600 mL ;�,�>
�#�(;/�7�>,X[@)��
/��7�?P5� TLC ?�@�(�/��&	��	�>,X[@.'���.&?,��������,>��)*�4*(�,>� (J�:&	� 14) 
/����_?�,/����,�!Q�/5(�u L4*4>�#����&	� 6 ?�@,";,���)��/5(��5��&	�L4*;�,,��?�,
/5(��5�� F4 �>
��	&>
���4 5 /5(��5��4*(�,>� (#����&	� 7) :7(5�/5(��5�� F4-A ?�@ F4-B �	
�
+���>,/���*���,"�L! L�5/����_&4/�7,";,���/���4?��#=�P"(L4* /5(��5�� F4-C, F4-D ?�@ 
F4-E �	'5�?��#=�P"( 43.00, 43.50 ?�@ 43.00 mN/m #���+�4>7 ?�@L�5�	,";,���)��,���,"4
�"�>�
>�� P�,��&4���?/4�4>�#����&	� 8 ?�@������;�,/5(��5�� F4-C, F4-D ?�@ F4-E �	P�)��
,";,���'5�?��#=�P"(L�5?#,#5��,>� ��)[@&	�/5(��5�� F4-C '5��)*���	'(��7�"/H&z"���,,(5�
/5(��5������u ;=��+�L!�
*��,��&4�����)>
�#��,��!�@�H,#M�
*#5�L! 

/�� F5 �
+���>, 1.013 g �	�>,X[@�!Q�)��?)6�/	������ �	#@,��/	)�(��6,�*�� �+�L!?�,
4*(�'��>��M Silica gel 60 (70-230 mesh) )��4�/*�P5��8-��M,��� 3.0 �9�#"��#� /-� 30 �9�#"��#� 
.4��	#>(�'�����&	� '�� '��.����M�:��z����:�
+� (65:25:4) .4�!�"��#� !�"��#� 700 mL �:"��
'(���	)>
()��#>(&+��@����'�����&	��!Q� '��.����M�:��z����:�
+� �!Q� 65:27:4 60:35:4 50:45:4 
30:65:4 10:25:4 '(���)*�)*��@ 400 mL ;�,�@&>��_=� ��z����:�
+� (100:4) !�"��#� 400 mL
;�,�>
�#�(;/�7�>,X[@)��/��7�?P5� TLC ?�@�(�/��&	��	�>,X[@.'���.&?,��
������,>��)*�4*(�,>� (J�:&	� 16) /����_?�,/����,�!Q�/5(�u L4*4>�#����&	� 8 ,";,���)��/��
�4?��#=�P"()��/5(��5��;�,,��?�,/5(��5�� F5 L4*&>
���4 2 /5(��5�� (#����&	� 9) '�� /5(��5�� 
F5-A ?�@ F5-B :7(5�/5(��5�� F5-A �	�
+���>,�*���,"�L!L�5/����_&4/�7,";,���)��/���4
?��#=�P"(L4* ��)[@&	�/5(��5�� F5-B �	��:�@,";,���?��#=�P"(�!Q� 30.50 mN/m ?#5L�5�	,";,���
)��,���,"4�"�>�
>�� 

;�,�>
��+�/5(��5�� F2, F3 ?�@ F6 ;�,#����&	� 5 /5(��5�� F4-C ;�,#����&	� 6 ?�@
/5(��5�� F5-B ;�,#����&	� 8 9=���	�
+���>,��,�:	��:� L!&+�,��&4�����)>
�#��,��!�@�H,#M�
*
#5�L! 
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J�:&	� 14 )>
�#��,��?�,/��)�� F4 P5��'��>��M9"�",��;� 60 
Figure 14. Isolation diagram of F4 through silica gel 60 column chromatography. 
 
 
 

 

 

 

 

 

 

 
 
 
 

F4 
257.1 mg 

Silica gel 60 column chromatography 
Eluted with CHCl3:MeOH (90:10) y MeOH 
(100) 

F4-A 
2.0 mg 

F4-B 
9.5 mg 

F4-C 
86.0 mg 

F4-D 
104.0 
mg 

F4-E 
21.3 mg 
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#����&	� 6 /5(��5��;�,,��?�,/�� F4 4*(�'��>��M9"�",���;� 60 ������:"��'(���!Q�)>
()��#>(&+� 
 �@����'�����&	� 
Table 6. Subfractions of F4 separated by silica gel 60 column chromatography when increased  
 the polarity of mobile phase. 
 

Subfraction fraction no. Mobile phase (by volume) 
Weight 
(mg) 

Physical appearance 

F4-A 1-2 CHCl3:MeOH 90:10 2.0 Pale yellow liquid 
F4-B 3-34 CHCl3:MeOH 90:10 9.5 Brown liquid 
F4-C 35-61 CHCl3:MeOH 90:10- 

CHCl3:MeOH 80:20- 
86.0 Yellow liquid 

F4-D 62-67 CHCl3:MeOH 60:40 104.0 Pale yellow liquid 
F4-E 68-83 CHCl3:MeOH 60:40- 

MeOH 100 
21.3 Dark brown liquid 

 

#����&	� 7 ,";,���/���4?��#=�P"()�� F4-subfraction �����?�,4*(�'��>��M9"�",��;� 60 
Table 7. Surfactant activity of F4-subfraction separated by silica gel 60 column chromatography. 
 

Subfraction 
of F4 

Weight 
(mg) 

Surface tension 
(mN/m) 

%EA E24 
Note 

F4 
F4-A 
F4-B 
F4-C 
F4-D 
F4-E 

257.1 
2.0 
9.5 
86.0 
104.0 
21.3 

32.00±0.13 
ND 
ND 

43.00±0.50 
43.50±0.50 
43.00±0.50 

65.40±0.15 
ND 
ND 

0.00±0.29 
0.00±0.15 
0.00±0.20 

0.00±0.50 
ND 
ND 

0.00±0.50 
0.00±0.29 
0.00±0.29 

 
Less weight 
Less weight 

ND = Not detect 
 
 
 
 



 

 

     51 

 
 
 
 
 
 
 
 
 
 
J�:&	� 15 �>,X[@ TLC chromatogram )��/5(��5�� F4  ?�@/5(��5�� F4-A _=� F4-E 
Figure 15. TLC chromatogram of F4 and F4-A y F4-E subfractions. 
      Note :  F4 (Rf = 0.38 and 0.08)     
     F4-A (Rf = 0.87, 0.38 and 0.08) 
     F4-B (Rf = 0.71, 0.56, 0.38 and 0.08) 
     F4-C (Rf = 0.71, 0.38 and 0.08) 
     F4-D (Rf = 0.38 and 0.08) 
     F4-E (Rf = 0.38 and 0.08) 
     Mobile phase as CHCl3:MeOH (85:15) 
 
 
 
 
 

 
 
 
 
 
 

        F4     F4-A    F4-B    F4-C   F4-D   F4-E 
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J�:&	�  16 )>
�#��,��?�,/��)�� F5 P5��'��>��M9"�",��;� 60 
Figure 16. Isolation diagram of F5 through silica gel 60 column chromatography. 

 

 

 

 

 

F5 
1.013 g 

Silica gel 60 column chromatography 
Eluted CHCl3:MeOH:Water (65:25:4) y MeOH:Water 
(100:1) 

F5-A 
6.4 mg 

F5-B 
395.7 mg 

Preparative TLC 
134.5 mg 

collect 261.2 mg 
for reference 

S1  
16.1 mg 

S2  
8.5 mg 

S3  
26.4 mg 
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#����&	� 8 /5(��5��;�,,��?�,/�� F5 ��'��>��M9"�",��;� 60 ������:"��'(���!Q�)>
()��#>(&+� 
 �@����'�����&	� 
Table 8. Subfractions of F5 separated by silica gel 60 column chromatography when increased  
 the polarity of mobile phase. 
 

Subfraction fraction no. Mobile phase (by volume) 
Weight 
(mg) 

Physical appearance 

F5-A 1-11 CHCl3:MeOH:H2O 65:25:4 6.4 Yellow gum with white 
solid 

F5-B 12-152 CHCl3:MeOH:H2O 65:25:4- 
CHCl3:MeOH:H2O 65:27:4- 
CHCl3:MeOH:H2O 65:35:4- 
CHCl3:MeOH:H2O 50:45:4- 
CHCl3:MeOH:H2O 30:65:4- 
CHCl3:MeOH:H2O 10:85:4- 
MeOH:H2O 100:4 

395.7 Yellow mixed orange 
gum and yellow oily  

 

#����&	�  9 ,";,���/���4?��#=�P"()�� F5-subfraction �����?�,4*(�'��>��M9"�",��;� 60 
Table 9. Surfactant activity of F5-subfraction separated by silica gel 60 column chromatography. 
 

Subfraction 
of F5 

Weight 
(mg) 

Surface tension 
(mN/m) 

%EA E24 
Note 

F5 
F5-A 
F5-B 

1010.3 
6.4 
395.7 

31.00±0.50 
ND 

30.50±0.50 

50.00±0.29 
ND 

0.00±0.50 

0.00±0.50 
ND 

0.00±0.50 

 
Less weight 
 

ND = Not detect 
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             A                    B 
J�:&	� 17 �>,X[@ TLC chromatogram )��/5(��5�� F5 F5-A F5-B ?�@/5(��5�� S1 _=� S3 
Figure 17.  TLC chromatogram of F5 F5-A F5-B and S1-S3 subfractions. 
 Note :  A. Mobile phase as CHCl3:MeOH:Water (65:25:4) 

    F5 (Rf = 0.68, 0.45 and 0.21)     
     F5-A (Rf = 0.68, 0.45 and 0.21) 
      F5-B (Rf = 0.68, 0.45 and 0.21) 

   B. Mobile phase as CHCl3:MeOH (60:40) 
      F5-B (Rf = 0.82, 0.58 and 0.16) 
      S1 (Rf = 0.82) 
      S2 (Rf = 0.58) 
      S3 (Rf = 0.18) 
   

 

 

 

 

        F5     F5-A    F5-B                                  F5-B    S1     S2    S3 
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#����&	� 10 '5�?��#=�P"(?�@ emulsion activity )��/���4?��#=�P"()��/5(��5��#5��u 
Table 10. Surface tension and emulsion activity of each fraction. 
 

Fraction Surface tension (mN/m) %EA E24 Note 
Crude MeOH 38.50±0.00 54.50±0.33 16.67±0.29  
F2 48.50±0.29 38.44±0.50 15.00±0.20  
F3 42.50±0.29 69.20±0.20 65.40±0.15  
F4-C 43.00±0.50 0.00±0.29 0.00±0.50  
F5-B 30.50±0.50 0.00±0.50 0.00±0.50  
F6 35.20±0.00 100.00±0.33 7.14±0.29 E24 was only the 

surface of vial 
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;�,#����&	� 10 ;@��6�L4*(5�/���4?��#=�P"(&	�P�"#��;�,�
�
� B. subtilis MUV4 �>
��	
'(��/����_��,���4?��#=�P"(L4*4	,(5�,��&+���*�,"4�"�>�
>�� 9=��/5(��5�� F5-B �>
�/����_�4
'5�?��#=�P"(L4*4	&	�/H4 ��*'5�?��#=�P"(�&5�,>7 30.5 mN/m 9=��������)�� Rosenberg ?�@ Ron 
(1999) L4*������(5� /���4?��#=�P"(
	(J�:/����_?75���,L4*�!Q� 2 ,�H5�#���
+���>,.���,H� 
�>��'�� ,�H5�&	��	�
+���>,.���,H�#�+� (low-molecular mass molecules) /����_�4'5�?��#=�P"(?�@
?��#=��@�(5��P"(L4*4	 ��)[@&	��	,,�H5���=��'�� ,�H5�&	��	�
+���>,.���,H�/-� (high-molecular mass 
polymers) �>
�;@�	,";,���,���,"4�"�>�
>��L4*4	,(5� 4>��>
�/���4?��#=�P"(&	�L4*;�, B. subtilis 
MUV4 ;=��5�;@�!Q�/����,�H5�&	��	�
+���>,.���,H�#�+� /��&	�;>4��-5��,�H5��	
L4*?,5 L,�.'�"!�4 �
5� 
trehalolipids, sophorolipids ?�@ rhamnolipids ?�@�".!�!!L&4M �
5� surfactin, gramicidin S ?�@ 
polymycin �!Q�#*� 
 �+�/5(��5�� F5-B ��#�(;/�7��'M!�@,�7���77�?P5� TLC ��#>(&+��@����'�����&	�
�@77'��.����M�:��z���� (60:40) .4�!�"��#� ?�@;H5���/���@��� ammonium-molybdate 
perchloric acid 9=���!Q� reagent &	��
*#�(;/�7/����,�H5��".!�!!L&4M  �!����*?�*� /����_
/>��,#��6�?_7)��/���!Q�/	)�( :7(5��	/�� 3 
�"4!��,�7�?P5� TLC ��*'5� Rf �!Q� 0.8, 0.58 
?�@ 0.16 ;=�?�,/��&>
�/����,;�,,>�4*(�,��)-4 spot &>
�/����,;�,?P5� TLC ?�@�+�L!��'5�
,";,���?��#=�P"(�	,'�>
� ��*P�4>��	
'�� 
 S1 �	'5� Rf �!Q� 0.8 �	'5�?��#=�P"(�&5�,>7 41.50 mN/m S2 �	'5� Rf �!Q� 0.58 �	'5�?��#=�P"(
�&5�,>7 44.50 mN/m ?�@ S3 �	'5� Rf �!Q� 0.16 �	'5�?��#=�P"(�&5�,>7 32.50 mN/m �>��'�� spot &	��	
,";,���)��/���4?��#=�P"(/-�L4*?,5 spot S3 
 �+� S3 ����'5� critical micelle concentration (CMC) :7(5��	'5� CMC &	� 200 mg/L .4�
��*'5�?��#=�P"(#�+�/H4&	� 34.70 mN/m 4>�J�:&	� 18 ��)[@&	�/5(�/,>4���7��*'5�?��#=�P"(�&5�,>7 
34.8 mN/m &	��@4>7'5� CMC !�@��[ 500 mg/L ?�@/5(�/,>4���7��z������*'5�?��#=�P"(
�&5�,>7 32.5 mN/m &	��@4>7'5� CMC !�@��[ 500 mg/L 
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J�:&	� 18 '5� critical micelle concentration )��/5(�/,>4���7 /5(�/,>4���7��z���� ?�@ 
 /5(��5�� S3 
Figure 18. Critical micelle concentrations of crude BS, crude MeOH and S3.  

 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

0 5000 10000 15000 20000

concentration (mg/L)

S
u

rf
a
c
e
 t

e
n

s
io

n
 (

m
N

/m
)

crude BS

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

concentration (mg/L)

S
u

rf
a
c
e
 t

e
n

s
io

n
 (

m
N

/m
)

crude MeOH

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

0 1000 2000 3000 4000 5000 6000

concentration (mg/L)

S
u

rf
a

c
e

 t
e
n

s
io

n
 (

m
N

/m
)

S3 (F5-B)



 

 

     58 

3.  ���@��A��;�%��B�CD����$E�������	��������F��G�H 

 3.1  '��;'��%��#�'��;B(I$����#�� (pH stability)  
 �+�#>(��5��&>
� 5 #>(��5�� L4*?,5 �
+�,�>�� (1 mL), /5(��/&	�L4*;�,,����	
�� B. subtilis 
MUV4 (supernatant) (1 mL), /5(�/,>4���7 (crude BS), /5(�/,>4���7��z���� (crude MeOH) 
?�@ SDS 9=��'(���)*�)*�&	��
*'�� 1 mg/mL !�>7:	��
)��#>(��5����*��-5��
5(� 2-12 4*(� 1 N HCl 
���� 1 N NaOH ?�@�,67L(*&	� 4 ��8��9��9	�/ �!Q��(�� 24 
>�(.�� &4/�7,";,���)��/���4?��
#=�P"( ;�,,��(>44*(��'����� ring tensiometer &	��H[�J-�" 25 ��8��9��9	�/ ��,'5�?��#=�P"(&	�(>4L4*
�>
��	'5�#�+� ?/4�(5�'5��>
��!Q�'5�&	�4	   
 ;�,J�:&	� 19 :7(5�/5(��/;�,�
+���	
���
�
� �����'�7 48 
>�(.�� ;@��*'5�?��#=�P"(�!Q� 
35.00 mN/m �����&4/�7'(��'�#>(#5�:	��
#>
�?#5 2-12 :7(5�/5(��/;�,�
+���	
���
�
��	,";,���
)��?��#=�P"(&	�:	��
��
5(�,(*��#>
�?#5 6-12 9=����*'5�?��#=�P"(��
5(� 35.00-37.50 mN/m 9=��L�5
?#,#5��;�,'5�?��#=�P"(&	�L4*��
>�(.��&	� 48 ?#5�����!�>7:	��
��*�4��#�+�,(5� 4 ;@��*'5�)��?��#=�
P"(&	�/-�)=
� .4��	'5�?��#=�P"(�!Q� 50.17 ?�@ 56.83 mN/m /+���>7:	��
 4 ?�@ 2 #���+�4>7 '5�?��
#=�P"(&	�/-�)=
�������;�,/���4?��#=�P"(��/5(��/_-,#,#@,�����������:	��
�!Q�,�4 &+���*��
/5(��/�>
�L�5�	/���4?��#=�P"(��-5 ;=���*'5�?��#=�P"(�&5�,>7��
>�(.��&	� 0 /+���>7,��&4���)�� 
Sutthivanitchakul ?�@'[@ (1999) :7(5�/5(��/;�,�
+���	
���
�
� Bacillus licheniformis F2.2 �	
'(��'�#>(��
5(�:	��
 6-12 .4���*'5�?��#=�P"(&	� 45-48 mN/m �����75�L(*&	� 4 ��8��9��9	�/ �!Q�
�(�� 12 
>�(.�� 
 /5(�/,>4���7 �	'5�?��#=�P"('�#>(&	�:	��

5(� 7-10 ��*'5�?��#=�P"(��-5��
5(� 35.17-35.33 
mN/m 9=��'5�&	�L4*�>
��	'5�&	���-5��
5(��4	�(,>7/5(��/;�,�
+���	
���
�
� /+���>7/5(�/,>4���7��z�
��� �	'5�?��#=�P"('�#>(��
5(�:	��
&	�,(*��,(5�/5(��/;�,�
+���	
���
�
� ?�@/5(�/,>4���7 �>��'��
��
5(�:	��
 4-10  .4�'5�?��#=�P"(&	�L4*�>
���-5��
5(� 32.33 y 33.50 mN/m 9=���!Q�'5�&	�4	 &>
��	

������;�,/���4?��#=�P"(&	���-5��/5(�/,>4���7_-,�@�����,������z����?�@/��
�"4����&	�
L�5�
5/���4?��#=�P"(
	(J�:_-,,+�;>4��,L!,>7/5(�&	�L�5�@�������z����9=��L�5�	,";,���)��
/���4?��#=�P"( &+���*/5(�/,>4���7��z�����>
���*P�)��?��#=�P"(&	�4	,(5� P�&	�L4*�,�*�'	��,>7
,��&4���)�� Roongsawang ?�@'[@ (2003) &	��+�/5(�/,>4��z����;�,,����	
���
�
� B. subtilis 
BKK-1 ��!�>7:	��
��
5(� 2-12 ?�*(�+�L!75�&	� 4 ��8��9��9	�/ �!Q��(�� 24 
>�(.�� :7(5�/��
�4?��#=�P"( BKK-1 �	'(��'�#>(#5�/J�(@&	��	:	��
 5-10 
 /+���>7 SDS '5�'(���!Q�,�4-45�� L�5�	P�#5�'5�?��#=�P"( .4�'5�?��#=�P"(&	�L4*�>
��	'5���-5
��
5(� 29.33 y 32.83 mN/m 
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 �����:";��[�'5�'(��'�#>()���"�>�
>��&	�:	��
#5��u 4>�J�:&	� 13 :7(5�/5(��/;�,�
+���	
��
�
�
��	'5� %EA �!Q� 66.67% &	�:	��
 6-7 ?�@�>�'��	'(��'�#>()���"�>�
>���&5��4"� (66.67%) �����&"
�
L(*'�7 24 
>�(.�� .4�:";��[�;�,'5� E24 ��)[@&	�/5(�/,>4���7?�@/5(�/,>4���7��z����
�	'(��'�#>(&	�:	��
 7 ��*'5� %EA �!Q� 67.00% ?�@ 53.33% ?#5'(��'�#>()���"�>�
>��)��&>
�
/5(�/,>4���7?�@/5(�/,>4���7��z�����4�������&"
�L(* 24 
>�(.�� ��*'5� E24 �!Q� 33.33%
/+���>7 SDS ;@��*P�4	&	�/H4 .4���* %EA ?�@ E24 4	&	�:	��
 7 '�� 71.43% '5� E24 �>
�;@�!Q�#>(
75�
	
'(��/����_��'(��'�#>(L4*4	,(5�'5� %EA �:��@:";��[�&	��@�@�(��'(��'�#>(&	����,(5�
'�� 24 
>�(.�� ��)[@&	�'5� %EA �>
��!Q�'(��'�#>()���"�>�
>��&	� 10 ��&	  

 3.2  '��;'��%��#�� ��G>;� (Thermal stability)  
 ,��8=,X�P�)���H[�J-�"#5�'(��'�#>()��/���4?��#=�P"(
	(J�:;�, B. subtilis MUV4 
�+�#>(��5��75�L(*&	��H[�J-�"#5��u '�� 4°C, �H[�J-�"�*�� (30±2) 50 ?�@ 100 ��8��9��9	�/ �!Q�
�(�� 5 
>�(.�� &4/�7,";,���)��/���4?��#=�P"( :7(5��H[�J-�"�	P�#5�'(��'�#>()��?��#=�
P"( 9=����6�L4*;�,�����75�/5(��/L(*&	��H[�J-�" 4°C, �H[�J-�"�*�� (30±2) ?�@ 50 ��8��9��9	�/ 
�!Q��(�� 5 
>�(.�� ��*'5�?��#=�P"(��
5(� 35.00 mN/m ��)[@&	�,��75�&	��H[�J-�" 100 ��8�
�9��9	�/ �!Q��(�� 5 
>�(.�� ;@�	'5�?��#=�P"(�!Q� 40.50 mN/m (J�:&	� 20) ;@��6�(5��H[�J-�"#5��u 
�	P�#5�'(��'�#>()��?��#=�P"( �>��'��������H[�J-�"/-�)=
�;@&+���*/-<�/	�,";,���)��?��#=�P"(
;�, B. subtilis MUV4 .4���:�@��5���"��/+���>7/5(��/;�,�
+���	
���
�
�&	��	'5�?��#=�P"(/-�)=
������
75�L(*&	��H[�J-�" 100 ��8��9��9	�/  9=����*P�,��&4���#��,>7 Sutthivanitchakul ?�@'[@ 
(1999) &	�/5(��/;�,�
+���	
���
�
� B. lichenisformis F2.2 �	'(��'�#>(&	��H[�J-�" 55 ?�@ 80 ��8�
�9��9	�/ &	� 5 
>�(.�� .4���*'5�?��#=�P"(�!Q� 45 mN/m ?#5&	��H[�J-�" 100 ��8��9��9	�/ &	� 5 

>�(.����*'5�?��#=�P"( 50 mN/m  
 ��)[@&	�/5(�/,>4���7�>
��	'(��'�#>(#5��H[�J-�"&	� 4°C, �H[�J-�"�*�� (30±2) ?�@ 50 
��8��9��9	�/ �
5��4	�(,>7/5(��/;�,�
+���	
���
�
� .4��	'5�?��#=�P"(�!Q� 34.50, 35.00 ?�@ 35.00 
mN/m /+���>7�H[�J-�" 4°C, �H[�J-�"�*�� (30±2) ?�@ 50 ��8��9��9	�/ #���+�4>7 ?�@/5(�/,>4
���7��z�����	'(��'�#>()��?��#=�P"(#5��H[�J-�"4	&	�&H,�H[�J-�")��,��75� 9=����*'5�4	,(5�
/5(��/;�,�
+���	
���
�
� ?�@/5(�/,>4���7 .4���*'5�?��#=�P"()��/5(�/,>4���7��z������-5
��
5(� 33.67-34.83 mN/m 9=����*'5�&	�4	,(5�/5(�/,>4���7��z���� BKK-1 ;�,,��&4���)�� 
Roongsawang ?�@'[@ (2003) &	��	'(��'�#>(#5��H[�J-�"&	� 50, 80 ?�@ 100 ��8��9��9	�/ .4���*
'5�?��#=�P"(�!Q� 45 mN/m �����75�L(*&	��H[�J-�"4>�,�5�(�!Q��(�� 5 
>�(.�� 
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J�:&	� 19 P�)��:	��
#5�'5�?��#=�P"()��/���4?��#=�P"(;�,�
�
� Bacillus subtilis MUV4  
Figure 19.   Effect of pH on the surface tension of biosurfactant from Bacillus subtilis MUV4. 
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J�:&	� 20 P�)���H[�J-�"#5�'5�?��#=�P"()��/���4?��#=�P"(;�, Bacillus subtilis MUV4 
Figure 20. Effect of temperature on the surface tension of biosurfactant from Bacillus subtilis  
 MUV4. 
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J�:&	� 21 P�)��:	��
#5�'(��'�#>(#5�,���,"4�"�>�
>��)��/���4?��#=�P"(;�, Bacillus subtilis  
 MUV4 
Figure 21. Effect of pH on emulsion activity and emulsion index of biosurfactant from  
 Bacillus subtilis MUV4. 

A. emulsification activity (%EA) 
B. emulsion index (E24) 
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 Nitschke ?�@ Pastore (2003) 8=,X���:�@,��75�/5(��/;�,�
+���	
���
�
� B. subtilis LB5a 
L(*&	��H[�J-�" 100 ��8��9��9	�/ ���@�@�(��&	�#5��,>� :7(5�L�5�	,���!�	���?!��)��'5�?��#=�P"( 
(28 mN/m) ������(��P5��L! 120 ��&	 9=����*P�,��&4���#��,>7�
�
� B. subtilis MTCC1427 )�� 
Makkar ?�@ Cameotra (1998) &	�/5(��/�	'(��'�#>(&	��H[�J-�" 100 ��8��9��9	�/ �@�@�(�� 60 
��&	 ��*'5�?��#=�P"( 28 mN/m 9=����*P�#��,>7�
�
� B. subtilis MTCC2423 (Makkar and Cameotra, 
1997) 
 P�)���H[�J-�"#5�'5�'(��'�#>()��,���,"4�"�>�
>��9=��:";��[�;�,'5� %EA ?�@ E24 
;�,J�:&	� 22 ;@��6�(5�/5(��/�	'(��'�#>()���"�>�
>��4	&	��H[�J-�"�*�� .4���*'5� E24 �!Q� 66.67 % 
9=��?#,#5��;�,/5(�/,>4���7 &	��	'(��'�#>()���"�>�
>��4	&	��H[�J-�" 4 ��8��9��9	�/ �@�@�(�� 5 

>�(.�� �	'5� E24 �!Q� 50.00% /+���>7/5(�/,>4���7��z�����	'(��'�#>()���"�>�
>��&	��H[�J-�"  
4 ��8��9��9	�/ .4���*'5� %EA �!Q� 54.50% ?�@'(��'�#>()���"�>�
>���4�������&"
�L(*'�7 24 

>�(.�� .4���*'5� E24 �!Q� 50.00% ��)[@&	� SDS �	'(��'�#>()���"�>�
>��#5��H[�J-�"#5��u
'5��)*��/-�,(5�#>(��5������u  
  
 3.3  '��;�$B��C� (Resistance to salt)  
 ��,��!�@�H,#M�
*/���4?��#=�P"(
	(J�:��,��;>7#>(,>7�
+��>���&@�� �,���.9�4	��
'��L�4M9=���!Q���'M!�@,�7��>,)���
+�&@�� ��;;@�	P�#5�,��&+����)��/���4?��#=�P"( 
4>��>
�;=�8=,X�P�)��'(���)*�)*�)���,���#5�'(��'�#>()��/���4?��#=�P"(
	(J�:;�, B. 

subtilis MUV4 .4��	,���#"�/���@����,���.9�4	��'��L�4M'(���)*�)*� 0-30 %w/v ����
#>(��5�� ?�@&"
�L(*&	� 30 ��8��9��9	�/ �!Q��(�� 24 
>�(.�� ?�@&4/�7,";,���)��/���4?��#=�
P"( :7(5� '(���)*�)*�)���,����	P�#5�,";,���/���4?��#=�P"( 9=��'5�?��#=�P"()��/5(��/;�,
�
+���	
���
�
��4��#>
�?#5'(���)*�)*��,���.9�4	��'��L�4M 3-10 %w/v .4�'5�?��#=�P"(&	�L4*��-5
��
5(� 32.00-33.50 mN/m ��)[@&	�/5(�/,>4���7�	'5�?��#=�P"(&	�#�+�&	�/H4��'(���)*�)*��,���
.9�4	��'��L�4M 3-10 %w/v �
5�,>�?�@�	'5�?��#=�P"(��-5��
5(� 30.50-30.67 mN/m /5(�/,>4
���7��z�����	'(��&�#5��,���.9�4	��'��L�4M��
5(�'(���)*�)*�&	���,,(5�/5(��/;�,�
+�
��	
���
�
�?�@/5(�/,>4���7 �>��'�� /5(�/,>4���7��z����;@&�#5��,���.9�4	��'��L�4ML4*
#>
�?#5
5(� 3-20 %w/v �	'5�?��#=�P"(�!Q� 30.50 mN/m (J�:&	� 23) Thimon ?�@'[@ (1992) 
������(5�!�@;H)���,����	P�#5�.'��/�*��)��/���4?��#=�P"(
	(J�:.4���:�@ surfactin .4�
�,���;@L!;>7&	���-5 carboxylic &+���*/-<�/	�:�
�&	�&	�;@�4?��#=�P"(�@�(5����,�8,>7�
+�L4* ,��
�!�	���?!��)��:�
�&	�P"()��/���,	��(������L!_=�,���,"4L��9��M)�� surfactin 
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 ,��&4���)�� Roongsawang ?�@'[@ (1999) L4*������(5�/���4?��#=�P"(
	(J�:;�, 
Bacillus sp. strain KP-2 �	'(��'�#>(&	� 3-8 %NaCl ������:"��'(���)*�)*��,���.9�4	��'��L�4M��,
)=
�/�7>#")��/���4?��#=�P"(
	(J�:;@_-,�>7�>
�&+���*'5�?��#=�P"(�:"��)=
� 9=��P�,��&4���#��
,>7/���4?��#=�P"(
	(J�:;�, B. subtilis BKK-1 &	��>���*'5�?��#=�P"(#�+�/H4������:"��'(���)*�)*�
�,���.9�4	��'��L�4M&	� 3-8 % (Roongsawang et al., 2003) 
 /+���>7,";,���,���,"4�"�>�
>���>
�:7(5� ������:"��'(���)*�)*��,���.9�4	��'��L�4M
��,,(5� 3 %w/v ;@&+���*'(��/����_��,���,"4�"�>�
>���4��.4���:�@��5���"�������&"
�L(*'�7 24 

>�(.�� '5� E24 )��/5(�/,>4���7��z�����	'5��&5�,>7 0 ��)[@&	�/5(��/;�,�
+���	
���
�
� ?�@
/5(�/,>4���7�>�'������,";,���)��,���,"4�"�>�
>����-5.4��	'5� E24 �!Q� 16.67% /+���>7 SDS 
'5� E24 �>�'��	��-5�!Q� 33.33% &	��@4>7'(���)*�)*��,���.9�4	��'��L�4M 3 %w/v  ��5��L�,6#��
������:"��'(���)*�)*��,���.9�4	��'��L�4M#>
�?#5 5 y 30 %w/v &+���*/-<�/	�'(��'�#>()��,���,"4
�"�>�
>����&H,#>(��5��9=��:";��[�;�,'5� %EA ?�@ E24 (#����&	� 11) 4>��>
���,��!�@�H,#M�
*/��
�4?��#=�P"(;�, B. subtilis MUV4 ��&@���>
� /5(��/;�,�
+���	
���
�
� ?�@/5(�/,>4���7�>�'��	
,";,���)��/���4?��#=�P"(&>
�&	��!Q�'5�?��#=�P"( ?�@,";,���)��,���,"4�"�>�
>��L4* �:��@���
+�
&@���	'(���)*�)*��,���.9�4	��'��L�4M!�@��[ 3.5% 
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J�:&	� 22 P�)���H[�J-�"#5�'(��'�#>(#5�,���,"4�"�>�
>��)��/���4?��#=�P"(;�,  
 Bacillus subtilis MUV4 
Figure 22. Effect of temperature on emulsion activity and emulsion index of biosurfactant from  
 Bacillus subtilis MUV4. 

A. emulsification activity (%EA) 
B. emulsion index (E24) 
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J�:&	� 23 P�)���,���.9�4	��'��L�4M#5�'5�?��#=�P"()��/���4?��#=�P"(;�, Bacillus subtilis  
 MUV4 
Figure 23. Effect of NaCl on surface tension of biosurfactant from Bacillus subtilis MUV4. 
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#����&	� 11 '(��'�#>()���"�>�
>��#5�'(���)*�)*�)���,���.9�4	��'��L�4M 
Table 11. Emulsion stability of samples with different concentration of sodium chloride. 
  A. Emulsification Activity (%EA) 

%EA 
%(w/v)NaCl 

supernatant crude BS crude MeOH SDS DW 
0 66.67±0.10 66.67±0.06 54.55±0.06 71.43±0.06 0.00±0.06 
1 66.67±0.10 66.67±0.06 50.00±0.06 72.00±0.06 0.00±0.06 
3 50.00±0.06 33.33±0.10 50.00±0.06 71.43±0.10 0.00±0.10 
5 33.33±0.10 33.33±0.06 16.67±0.06 50.00±0.10 0.00±0.06 
10 0.00±0.06 0.00±0.06 0.00±0.06 0.00±0.06 0.00±0.06 
20 0.00±0.06 0.00±0.10 0.00±0.10 0.00±0.06 0.00±0.10 
30 0.00±0.06 0.00±0.06 0.00±0.10 0.00±0.06 0.00±0.06 

 
  B. Emulsion Index (E24) 

E24 
%(w/v)NaCl 

supernatant crude BS crude MeOH SDS DW 
0 66.67±0.06 33.33±0.10 16.67±0.06 71.43±0.10 0.00±0.06 
1 33.33±0.06 16.67±0.00 16.67±0.06 50.00±0.06 0.00±0.06 
3 16.67±0.10 16.67±0.06 0.00±0.06 33.33±0.10 0.00±0.10 
5 0.00±0.06 0.00±0.10 0.00±0.10 0.00±0.06 0.00±0.06 
10 0.00±0.06 0.00±0.06 0.00±0.06 0.00±0.06 0.00±0.06 
20 0.00±0.06 0.00±0.10 0.00±0.10 0.00±0.06 0.00±0.10 
30 0.00±0.06 0.00±0.06 0.00±0.10 0.00±0.06 0.00±0.06 
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4. ���(�
� ����F������	��������F��G�H 
4.1 ����%��%D�BFCD�
 ��$����� 
/���4?��#=�P"(
	(J�:����
�"4�	'(��/����_��,���!Q�/��#*��;H�"�&�	�M&	��	!�@/"&z"J�: &>
�

,���!Q�/��#*���
�
�?7'&	��	� �
�
��� ����L(�>/ 9=��/����,�H5�)���".!�!!L&4M����
�"4�	
,";,���)��/��#*��;H�"�&�	�M #>(��5���
5� iturin A ���� surfactin (Singh and Cameotra, 2004) 

/+���>7,��&4/�74*(�("z	 Alamar blue assay �>
�;+��!Q�#*����!�"��[�
�
�&4/�7��"��#*�
&	�����@/�&	��
�
�&4/�7/����_�!�	���/	 Alamar blue L4*��
5(��(�� 8-12 
>�(.�� �:����5��#5�,��
#"4#��P�,���!�	���?!�� ��,;�,�	
�>�&+�,��&4/�7��!�"
	(�@&	��	�&z"���,���>7�>
��
�
�;H�"�&�	�M&4/�7&>
�
/��
�"44*(� 9=��!�"��[�
�
�;H�"�&�	�M&4/�7 �@�@�(����,���!�	���/	 Alamar blue ?�@'(��
�)*�)*�&	�����@/�)����!�"
	(�@&	��
*&4/�7?/4�4>�#����&	� 12 :7(5��
�
�;H�"�&�	�M&>
�/��
�"4
�>
� �	!�"��[�
�
�;H�"�&�	�M&4/�7��"��#*�?#,#5��,>� ������;�,�
�
�?#5�@
�"4�>
��	�>,X[@,��
�;�"<&	�?#,#5��,>� ;=��)*�/-5
5(� log phase &	��(��?#,#5��,>� ?#5������;�,#*��,����*�
�
�/����_
�!�	���/	 Alamar blue &	��(���4	�(,>� !�"��[�
�
�&4/�7��"��#*�&	�����@/� '�� 5.48x104, 1.42x107 
?�@ 8.78x104 CFU/mL /+���>7�
�
� E. coli ATCC25922, S. aureus ATCC25923 ?�@ B. cereus 
ATCC11778 #���+�4>7 /+���>7��!�"
	(�@&	��	�&z"��>7�>
��
�
�&>
�/��
�"4L4*?,5 vancomycin 

������+�/5(��5��&	�?�,L4*&>
� 5 /5(��5�� L4*?,5 F2, F3, F4-C, F5-B ?�@ F6 ��&+�,��
&4/�7,���>7�>
��
�
�;H�"�&�	�M&4/�7&>
�/��
�"4 ;@�
*'(���)*�)*�)��/��&4/�7��"��#*� 1,250 
µg/mL /+���>7,��&4/�7#5��
�
� E. coli ATCC25922 ?�@ S. aureus ATCC25923 ?�@'(��
�)*�)*�)��/��&4/�7��"��#*��&5�,>7 300 µg/mL /+���>7,��&4/�7#5��
�
� B. cereus 
ATCC11778 :7(5�L�5�	/5(��5���4&	��	�&z"��>7�>
��
�
� E. coli ATCC25922 ?�@ S. aureus 
ATCC25923 L4*  

��)[@&	�/5(��5�� F2, F3, F4-C, F5-B ?�@ F6 �>
�/����_�>7�>
��
�
� B. cereus 
ATCC11778 L4* 9=��,���>7�>
�&	��,"4)=
��>
��!Q�?77 bacteriocidal .4�/>��,#;�,,��&	��+������
��	
���
�
���H�&	�L�5�	,���!�	���?!��/	)�� Alamar blue ��>�;�,75�&"
�L(*;�'�7 8 
>�(.�� ��&+�
,�� streak 7������?)6� TSA ?�@/>��,#,���;�"<)���
�
�;H�"�&�	�M&4/�7 :7(5� /5(��5��
&>
���4&	�&+�,��&4/�7�>
�/����_�>7�>
�,���;�"<�#"7.#)���
�
�?77&+�����9��M;H�"�&�	�M;��9��M 
;H�"�&�	�ML�5/����_�;�"<�#"7.#L4* 9=��/5(��5�� F4-C ��*'5� MIC &	�#�+�&	�/H4'�� 37.5 µg/mL ������
*
��!�"
	(�@ vancomycin :7(5��	'5� MIC #5��
�
�&4/�7&>
�/��
�"4'�� 10, 1.25 ?�@ 2.5 µg/mL 
/+���>7�
�
� E. coli ATCC25922, S. aureus ATCC25923 ?�@ B. cereus ATCC11778 #���+�4>7 
P�,���>7�>
��
�
�4*(�/��&4/�7?/4�4>�#����&	� 13  
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 ;�,,��&4���)�� Prommachan (2002) :7(5�/���".!�!!L&4M&	�P�"#L4*;�, B. subtilis MUV4 
/����_�>7�>
��
�
� Bacillus anthracis, B. subtilis, Shigella sp. ?�@ Streptococcus faecalis ATCC 
29212 ?#5L�5�>7�>
��
�
� E. coli ATCC 25922, P. aeruginosa, Salmonella sp. ?�@ S. aureus ATCC 
25923 

Yakimov ?�@'[@ (1995) L4*&+�,��&4/�7,";,���,���>7�>
��
�
�?7'&	��	� 12 /��:>�zHM 
4*(�/�� surfactin ?�@ lichenysin A !�"��[ 15 µg 4*(�("z	 agar diffusion :7(5�/�� surfactin �	
�&z"���,���>7�>
��
�
�L4*����
�"4 9=����*(��/&	��,"4)=
���,,(5� 11 �"��"��#� L4*?,5�
�
� B. 

lichenisformis BAS50, Pseudomonas fluorescens, Rhodococcus globerulus ?�@  S. aureus 
 /+���>7,��&4���)�� Jenny ?�@'[@ (1991) L4*�+�/���".!�!!L&4M&	�P5��,��&+���*
7�"/H&z"�?�*( 20 µL #5� disc ?�@&4/�74*(�("z	 agar diffusion #5��
�
�&4/�7 18 
�"4 :7(5�
?7'&	��	�?,���7 '�� Pseudomonas aeruginosa ��� E. coli _-,�>7�>
�L4*&	�'5� MIC 1 mg/mL 
��,;�,�	
�>�/����_�>7�>
��
�
��	/#M?�@��L4*�	,4*(� �>��'�� Candida utilis, C. tropicalis ?�@ 
Pencillium oxalicum &	�'5� MIC '�� 1.0, 1.0 ?�@ 0.1 mg/mL #���+�4>7 
 He ?�@'[@ (2001) :7(5�/���".!�!!L&4M&	�P�"#L4*;�,�
�
� B. circulans J2154 /����_
�>7�>
��
�
�?7'&	��	�?,��7(, L4*?,5 Streptococci 9=���!Q��
�
�&	�&�#5��� piperacillin ?�@�
�
� 
Enterococci &	�&�#5��� vancomycin L4* 9=��'5� MIC &	�#�+�&	�/H4'�� 0.5-1 µg/mL #5�,���>7�>
��
�
�      
S. aureus ?#5/���".!�!!L&4M&	�L4*�	
�	'(��/����_��,���>7�>
��
�
�?7'&	��	�?,���7'�� E. coli 
L4*�*�� &	�'5� MIC ��,,(5� 64 µg/mL 

 
4.2 ����
������ Polycyclic aromatic hydrocarbon (PAHs) 
/���4?��#=�P"(
	(J�:;�,,����	
���
�
� B. subtilis MUV4 �����?�,4*(�'��>��M?774-4

9>7L4*/5(��5��&	��	,";,���)��/���4?��#=�P"(&>
���4 5 /5(��5��4*(�,>� ;�,#����&	� 8  '�� 
/5(��5�� F2, F3, F4-C, F5-B ?�@ F6 ,��&4/�7,���@���)��/�� PAHs �>
� L4*&+�,��&4/�7
,>7/5(�/,>4���7 /5(�/,>4���7��z���� /5(��5��&>
� 5 /5(� ?�@ SDS .4�/�� PAHs &	��+���
&4/�7,���@���L4*?,5 Naphthalene ?�@ Phenanthrene 9=���!Q���'M!�@,�7���
+��>�4"7 (Kanga 
et al., 1997 �*��.4� Banat et al., 2000) �	'(��/����_��,���@������
+�L4*?#,#5��,>�4>���
#����&	� 14 
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#����&	�12 !�"��[�
�
�;H�"�&�	�M&	�����@/� ?�@�@�@�(����,���!�	���/	)�� Alamar blue 
Table 12. Amount of cell and reduction time of bacteria pathogen. 
 

Bacteria 
Amount of cell 
(CFU/mL) 

Reduction time 
(Hour) 

Antibiotic concentration 

(µg/mL) 
E. coli ATCC25922 
S. aureus ATCC25923 
B. cereus ATCC11778 

5.48x104 
1.42x107 
8.78x104 

8 
8-10 
8 

Vancomycin (10) 
Vancomycin (1.25) 
Vancomycin (2.5) 

 
#����&	� 13 P�,���>7�>
��
�
�;H�"�&�	�M&4/�74*(�/5(��5��)��/���4?��#=�P"(
	(J�:&	�P�"#L4* 
 ;�, Bacillus subtilis MUV4 
Table 13. Minimal inhibitory concentration of different fractions of biosurfactant from  
 Bacillus subtilis MUV4  against pathogens. 
 

MIC (µg/mL) 
Fractions E. coli ATCC25922 

(5.48x104 CFU/mL) 
S. aureus ATCC25923 
(1.42x107 CFU/mL) 

B. cereus ATCC11778 
(8.78x104 CFU/mL) 

Crude BS 
Crude MeOH 

F2 
F3 
F4-C 
F5-B 
F6 

Vancomycin 

- 
- 
- 
- 
- 
- 
- 
10 

- 
- 
- 
- 
- 
- 
- 
1.25 

150 
75 
75 
75 
37.5 
300 
300 
2.5 
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#����&	� 14 /�7>#"&���'�	)��/��!�@,�7 PAHs 
Table 14. Chemical characteristics of PAHs. 
 

PAHs Chemical formula Molecular weight Water solubility (mg/L) 
Naphthalene 
Phenanthrene 

C10H8 
C14H10 

128 
178.2 

31.69 
1-1.6 

 

  
 
&	��� : Elliott (2001) 
 

;�,.'��/�*��?�@/�7>#"&���'�	)��/��!�@,�7&>
�/��
�"4�>
� :7(5������/���	
.'��/�*��&	�9>79*���"��)=
�'(��/����_��,���@����
+��*���� ������+�/5(��5��&>
� 5 /5(���
�@���/��!�@,�7 PAHs &>
�/��
�"4 :7(5� /5(�/,>4���7 /5(�/,>4���7��z���� /5(��5�� 
F5-B ?�@/5(��5�� F6 ��*'5�,���@���/�� naphthalene ?�@ phenanthrene L4*4	,(5� SDS 9=��,��
�@���)��/��!�@,�7 PAHs ;@�:"��)=
�������	/���4?��#=�P"(��'(���)*�)*�&	�&+���*�,"4�!Q�L�
�9��ML4* ����_=�;H4&	���	�,(5� critical micelle concentration (CMC) (Prak and Pritchard, 2002) 
��,;�,�	
,���@���)��/�� PAHs �>
�)=
���-5,>7
�"4)��/���4?��#=�P"(4*(� (Zhou and Rhue, 
2000) 

Barkay ?�@'[@ (1999) ������(5������'(���)*�)*�)�� alasan �!Q� 500 µg/mL 9=���!Q�
'(���)*�)*�&	���,,(5�'5� CMC ?�@'5�?��#=�P"(L�5�4�� [ '(���)*�)*�4>�,�5�(�	
 ;=�/5�P���*�	
,���@��� phenanthrene �:"��)=
��!Q� 6.6 �&5� 4>��>
�,���@���)��/��!�@,�7 PAHs ;=��,	��()*��
,>7'(���)*�)*�)��/���4?��#=�P"(&	�&+���*�,"4L��9��ML4* '(��/����_��,���4?��#=�P"( ?�@
,���,"4�"�>�
>�� ;�,,��&4����>
�:7(5�/5(�/,>4���7��z���� F5-B ?�@ F6  �	'5�?��#=�P"(�!Q� 
38.5, 30.5 ?�@ 35.2 mN/m #���+�4>7 ?�@�	'5� %EA �!Q� 54.5, 63.9 ?�@ 100% #���+�4>7 ;=�
/5�P���*�	,���@���/�� naphthalene ?�@ phenanthrene L4*��,,(5�/5(��5�� F2, F3 ?�@ F4-C 4>�
J�:&	� 24 ?�@ 25 ?�@;@��6�L4*(5������'(���)*�)*�)��/���4?��#=�P"(�:"����,)=
�;@/5�P���*,��
�@���/�� naphthalene ?�@ phenanthrene �:"��)=
��
5�,>� 
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J�:&	� 24 P�)��'(���)*�)*�)��/���4?��#=�P"(#5�,���@��� naphthalene 
Figure 24. Effect of biosurfactant concentration on naphthalene solubilization. 

 
 
 
 
 
 
 
 
 
 
 
 
 
  
J�:&	� 25 P�)��'(���)*�)*�)��/���4?��#=�P"(#5�,���@��� phenanthrene 
Figure 25. Effect of biosurfactant concentration on phenanthrene solubilization. 
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4.3 ���B�Z�B�����$D&�;%$:����!� Sand Pack Column 
 ,���,67�,	��(�
+��>�.4�("z	 sand pack column �!Q�,��!�@�H,#M�
*/���4?��#=�P"(
	(J�:
��4*��/"��?(4�*�����@4>7�*��!�"7>#",�� .4�/���4?��#=�P"(
	(J�:&	��+����
*�>
�L�5;+��!Q�#*��
�	'(��7�"/H&z"���, &>
��	
�:����!Q�,��!�@��>4#*�&H���,��!�@�H,#M�
* 

;�,P�,��8=,X�,���,67�,	��(�
+��>�4"7&	�!��!ij��7�&���4*(�/5(��/;�,�
+���	
���
�
� 
;H�"�&�	�M /5(�/,>4���7 /5(�/,>4���7��z���� ?�@ SDS (#����&	� 15) :7(5��	'(��/����_��
,��
@�
+��>�4"7L4*��!�@/"&z"J�:&	�?#,#5��,>� ������!�	�7�&	�7,>7,��
@ SDS ��*!�@/"&z"J�:
&	�4	&	�/H4'��/����_�,67�,	��(�
+��>�4"7L4*�*���@ 100 /5(��/;�,�
+���	
���
�
�;H�"�&�	�M 3 mL /5(�
/,>4���7 ?�@/5(�/,>4���7��z���� '(���)*�)*� 1 mg/mL !�"��#� 3 mL ?�@ ��*'5�,���,67
�,	��(�
+��>�4"7L4*�*���@ 25.11, 28.56 ?�@ 41.85 #���+�4>7 ��)[@&	�,���
*�
+�;@�,67�,	��(
�
+��>�4"7L4*�*���@ 12.64 ?�@/5(��/;�,�
+���	
���
�
� /5(�/,>4���7 ?�@/5(�/,>4���7��z�
��� �,67�,	��(�
+��>�,��4L4*�*���@ 42.85, 50.00 ?�@ 75.00 #���+�4>7 ?�@������
*�
+�/����_�,67
�,	��(�
+��>�,��4L4*�*���@ 18.56 ?�*(5�/���4?��#=�P"(
	(J�:&	��+����
*��,���,67�,	��(�
+��>�4"7;@
��*'5���,���,67�,	��(�*��,(5�/���4?��#=�P"(&��,��'*� ?#5/���4?��#=�P"(
	(J�:�>
�L�5�	'(��
�!Q�:"X#5�/"��?(4�*�� ?�@�5��/���L4*�5�� (Banat et al., 2000) 
 P�;�,,��&4���:7(5� /���4?��#=�P"(
	(J�:;�,�
�
� B. subtilis MUV4 �����P5��,��&+�
��*7�"/H&z"�7��/5(�?�*(;@�	'(��/����_��,��
@�
+��>�L4*��,)=
�&>
�,��
@�
+��>�4"7 ?�@
�
+��>�,��4 .4�
@�
+��>�,��4L4*��,,(5��
+��>�4"7 &>
��	
������;�,�
+��>�4"7�	'(�����4��, ?�@�	
��'M!�@,�79>79*��,(5� ������;�,���
+��>�4"7�	��'M!�@,�7&>
�&	��!Q� aliphatic hydrocarbons, 
aromatic hydrocarbons ?�@ non-hydrocarbons (Tong et al., 1999) 9=��?#,#5��;�,,��&4���)�� 
Prommachan (2002) 9=��������(5� /5(��/;�,�
+���	
���
�
� ?�@/5(�/,>4���7/���4?��#=�P"(
'(���)*�)*� 1.0 mg/mL ;�, B. subtilis MUV4 /����_
@�
+��>�,��4L4* 44.41 ?�@ 50.04% 
#���+�4>7 

Makkar ?�@ Cameotra (1997) :7(5�������
*/���4?��#=�P"( 1 mg/mL !�"��#� 100 ml &	�
P�"#L4*;�, B. subtilis MTCC2423 /����_
@�
+��>�,��4L4* 62% ?�@/���4?��#=�P"(&	�P�"#L4*
;�, B. subtilis MTCC1427 
@�
+��>�,��4L4* 56% (Makkar and Cameotra,1998) ?�@��,��
&4���)�� Banat (1993) :7(5�/���4?��#=�P"(
	(J�:;�, Bacillus sp. AB-2 /����_
@
�
+��>�,��4L4* 90-100% 
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#����&	� 15 '(��/����_��,���,67�,	��(�
+��>�4"7?�@�
+��>�,��4.4�/5(��/ /5(�/,>4���7  
 /5(�/,>4���7��z����)��/���4?��#=�P"(;�, Bacillus subtilis MUV4 
Table 15. Oil recovery of supernatant, crude BS, crude MeOH of biosurfactant from  
 Bacillus subtilis MUV4. 
  

Sample % crude oil recovery ± S.D. % kerosene oil  recovery± S.D. 
Supernatant 
Crude BS 
Crude MeOH 
SDS 
Distilled water 

25.11±0.75 
28.56±1.08 
41.85±2.25 
100.00±0.58 
12.64±0.90 

42.85±1.75 
50.00±0.34 
75.00±0.43 
100.00±0.81 
18.56±1.10 
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4.4 ���BH��;'��;��;��]�$����#������$D&�;%$��� 
,���5��/���/��!�@,�7L�.4�'��M7��.4�,�H5��
�
�;H�"�&�	�M;�,?��5�4"�&	�!��!ij��

�
+��>��!Q�("z	,��4>
��4"���,��,+�;>4/��L�.4�'��M7��&	�!��!ij���
+��>� ,���
*/���4?��#=�P"(

	(J�:/����_
5(��:"����*�,"4�"�>�
>��)���
+��>�?�@�:"��,���@���)��/��!��!ij��&	��	,���@��� 
#�+�L4* 4>��>
��:�����*,���;�"<�#"7.#)��,�H5�;H�"�&�	�M�������&	��	�
+��>�4"7�!Q�?��5�'��M7��;=��	
,���#"�/���4?��#=�P"(
	(J�:�����������	
���
�
� (Lang and Wagner, 1993 �*��.4� Banat et 
al., 2000) 

/+���>7("z	,��#�(;/�7'(��/����_��,���5��/����
+��>�4"7 ("�'��@�M.4�("z	 SARA 
method .4��'����� Thin-layer chromatography/flame ionization detector (TLC/FID) 9=���!Q�
("z	,��&	��(4��6( ?�@(>4'5����
"�!�"��[L4* (Goto et al., 1994) 

;�,,��&4��� �+�,�H5��
�
�;H�"�&�	�M&	�?�,L4*;�,4"�&	�!��!ij���
+��>�#��("z	,��&4���
)*� 4.4 ��*� 32 ����	
��������� Mineral Salt Yeast extract Medium (MSYM) &	��	,���#"�?�@L�5
�#"�/���4?��#=�P"(
	(J�:��L! ?�@�	�
+��>�4"7 0.3% �!Q�?��5�'��M7�� &+�,���,67#>(��5����
(>�&	� 0, 3 ?�@ 7 ("�'��@�M!�"��[��'M!�@,�7)���
+��>�4"74*(�("z	 TLC/FID #��("z	,��("�'��@�M
)*� 4 ��*� 27 ;�,������)��7�"X>& Iatron laboratories :7(5�/��!�@,�7���
+��>�4"7�	 4 
�"4 
'�� saturated hydrocarbon (SA), aromatic hydrocarbon (AR), resin (RE) ?�@ asphaltene (AS) 9=��
�	 retention time '�� 0.156, 0.315, 0.403 ?�@ 0.471 /+���>7/��&>
� 4 
�"4 #���+�4>7 9=��P�;�,
,��&4���:7(5�,���!�	���?!��)����'M!�@,�7)���
+��>�4"7 ��
H4,��&4���&	�L�5�	,���#"�
/���4?��#=�P"(
	(J�:��L!�>
� /�� SA �	!�"��[�4��'"4�!Q� 3.91% ?�@ 19.96% /+���>7(>�&	� 
3 ?�@ 7 #���+�4>7 ������!�	�7�&	�7,>7(>�&	� 0 ?�@��
H4,��&4���&	��	,���#"�/���4?��#=�P"(

	(J�:��L! :7(5� ,�H5��
�
�;H�"�&�	�M/����_�+�/��!�@,�7���
+��>�4"7L!�
*L4*�5��,(5� 
������;�,�>,X[@)���
+��>�4"7���������	
���
�
�;@�,"4�!Q��"�>�
>�� ���� droplet ��6,u ?�@�����
#�(;/�7��'M!�@,�7)���
+��>�4"74*(�("z	 TLC/FID ?�*( :7(5� !�"��[ SA �	!�"��[�4��
��5����6�L4*
>4 �>��'���4�� 66.43% ��(>�&	� 3 ?�@�4���!Q� 96.63% ��(>�&	� 7 ������!�	�7�&	�7
,>7(>�&	� 0 ��)[@&	�,���!�	���?!��)��/�� AR ��(>�&	� 7 �	!�"��[�4���!Q� 27.54% ?�@ 
33.78%  /+���>7
H4,��&4���&	�L�5�	,���#"�/���4?��#=�P"(
	(J�: ?�@
H4,��&4���&	��#"�/��
�4?��#=�P"(
	(J�:��L! #���+�4>7 (J�:&	� 26 ?�@ 27)  ;�,,��&4���;@��6�L4*(5�!�"��[)�� 
AR �>
�_-,�5��/���L4*�*��,(5� SA �
5��4	�(,>7,��&4���)�� Goto ?�@'[@ (1994) L4*�
*,�H5�
�
�
�;H�"�&�	�M&	�L4*;�,&@�� (SM-8) ��,���5��/����
+��>�4"7 :7(5��	 SA '��������-5 52% ?�@ 
AR '��������-5 87% ������!�	�7�&	�7,>7
H4'(7'H�&	�L�5�	,���#"��
�
�;H�"�&�	�M��L! ��5��L�,6#��
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:7(5��
�
� SM-8 �>
��5��/���/�� AR L4*�*�� ?�@ Verma ?�@'[@ (2006) &	�:7(5��
�
� 
Acinetobacter /����_�5��/���/�� aliphatic hydrocarbon L4*4	,(5�/�� aromatic hydrocarbon 
&+�����4	�(,>7 Mishra ?�@'[@ (2004) :7(5� /��:>�zHM,���)�� A. baumannii /����_�5��
/���/�� aliphatic hydrocarbon L4*4	,(5� aromatic hydrocarbon �
5�,>� 

 ,���!�	���?!��&	��,"4)=
���
H4,��&4���&	�L�5�	,���#"�/���4?��#=�P"(
	(J�:�>
�.4� 
��:�@��5���"��/�� SA ��;�,"4)=
�L4*;�,'(��/����_)��,�H5��
�
�;H�"�&�	�M���&	�/����_�5��/���
/��!�@,�7L�.4�'��M7�����L4* 4>�,��&4���)�� Palittapongarnpim ?�@'[@ (1998) L4*�
*
�
�
� Candida tropicalis strain 15Y 9=��?�,L4*;�,4"�&	�!��!ij���
+��>� :7(5� !�"��[)���
+��>�4"7 
(Tapis crude oil) &	��
*�!Q�?��5�'��M7���>
��	!�"��[)�� total petroleum �4�� 87.3% ?�@
!�"��[)�� n-alkane �4�� 99.6% �����&+�,����	
��L(* 7 (>�&	��H[�J-�"�*�� (25±2°C) 

Das ?�@ Mukherjee (2006) ������(5� P. aeruginosa &	�!�@,�74*(�/��:>�zHM M ?�@ 
NM /����_�5��/���/�� alkane ?�@ aromatic hydrocarbon L4*J���� 120 (>� 9=����
H4,5����"��
,��&4����	!�"��[ alkane ��-5 47.0 g/kg 4"� �����P5��L! 120 (>�)��,��&4��� !�"��[ alkane 
'��������-5 9.0 g/kg 4"� ?�@!�"��[ aromatic ;�, 17.0 g/kg 4"� '������ 6.0 g/kg 4"� ��(>�&	� 
120 )��,��&4��� 
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J�:&	� 26 �>,X[@ TLC/FID .'���.#?,��)��/��!�@,�7���
+��>�4"7��
H4&	�L�5�	,���#"� 

 /���4?��#=�P"(
	(J�: 

Figure 26. TLC/FID chromatogram of crude oil when cultured in MSYM and no biosurfactant. 
 A = 0 day of cultivation 
 B = 3 days of cultivation 
 C = 7 days of cultivation 
Note :  Saturated hydrocarbon (RT=0.154±0.02), Aromatic hydrocarbon (RT=0.291±0.01) 
 Resin (RT=0.386±0.00) and Asphaltene (RT=0.463±0.00) analyzed by TLC/FID method. 

A 

B 
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J�:&	� 27 �>,X[@ TLC/FID .'���.#?,��)��/��!�@,�7���
+��>�4"7��
H4&	��	,���#"� 

 /���4?��#=�P"(
	(J�: 

Figure 27. TLC/FID chromatogram of crude oil when cultured in MSYM and added biosurfactant. 
 A = 0 day of cultivation 
 B = 3 days of cultivation 
 C = 7 days of cultivation 
Note :  Saturated hydrocarbon (RT=0.150±0.01), Aromatic hydrocarbon (RT=0.288±0.01) 
 Resin (RT=0.403±0.00) and Asphaltene (RT=0.472±0.01) analyzed by TLC/FID method. 
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