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 ��������� �!���"�#�$.�3�����"4!���5��%����4�6"�"�����������        ,��.7$��
8������4�%��%������"�� .��� �/�".�"� 9 4���������� �!���"�#�$�:;�6"/��6.�3�$�<�4	� 56�.�3�
8:�������8��4������86 �������8�#���%	��:�5���" .�=;8 Bacillus subtilis MUV4 ��6��>!������
������ �!���"�#�$5��
����:-��.-���
�8���� Modified Mckeen Medium �"46"�;	������I,/� 
1% .�3������/���8� ���6" monosodium glutamate 1% ����"�����:� 0.3% .�3������
5�,��.%� ����
�%���;	�.�";��.�=;86"���� �!������%��%�� 53.50 mN/m 
��:4�,6��"4 0 .�3� 33.50 
mN/m 
��:4�,6��"4 48 .6=48�����8�����
��������5V,��/�8��� 6 �8��6:��"4$".8� 2 $���5��
������:������������� �!�� 0.652 g/L B. subtilis MUV4 6"8:������.%��*.��,�%	�.$�� 0.14 
��8�:4�,6� 6"!�!���-8�.9�����8�:�.��� (Yx/s) .�3� 0.713 !�!���-8���������� �!����8
�:�.��� (Yp/s) .�3� 0.072 ���!�!���-8���������� �!����8.9��� (Yp/x) .�3� 0.101 .6=48.�";��

�>:��6:�
��#����"456�6"���
��8���] ���56�/�/�6/��6.�3����-���� 96 �:4�,6� ��6��>!���
��������� �!��5�� 0.30 g/L .6=48�	�������:������������� �!��6������
�.6���8� ��.��
�:��	������88�����./�=48� vacuum evaporator 5��.�3�������:����.6���8� �����������
/8�:6����I�9:����9�����.%� 60 ,��6" /�8,�a8��6:.6���8�:�;	� (65:15:1) > � .6���8�:�;	� 
(100:1) .�3���������./�=48��"4 5��������8��:;��6� 6 ���� (F1-F6) 9 4�������8� F4 F5 ��� F6 
��
��%���6���� �!��.�3� 32.00 31.00 ��� 35.20 mN/m ��6�	��: �	�������8� F4 ��� F5 �������
/8�:6����I�9:����9�����.%� 60 8"�/�:;� 9 4�������8��"45��%�������� F4 6"�:;��6� 5 ������8� 
(F4-A > � E) 
�-+��"4������8�%�������� F5 6"�:;��6� 2 ������8� (F5-A ��� B) 9 4�������8� 
F4-A > � E 56�6"��%���6-8���������� �!�� 
�-+��"4������8� F5-B 
��/������ �!�� 30.50 
mN/m  ������������8� F5-B �������" preparative TLC 5��������8��:;��6� 3 ������8� /=8 S1 S2 
��� S3 9 4�������8� S3 
��/������ �!��.�3� 34.70 mN/m 6"/�� critical micelle concentration 
(CMC) .����: 200 mg/L ���] �<��6:��.=;8����-8���������� �!���"�#�$ $��� ����
�%��
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�;	�.�";��.�=;86"/��6/��:��"4$".8� 6-12 ������:�������������:����.6���8�/��:��"4$".8� 7-
10 ���$".8� 4-10 ��6�	��: /��6/��:�-8�8�6:��:4�$�%��+�%��/�� emulsion index (E24) $���
����
�%���;	�.�";��.�=;8 ������:���� ���������:����.6���8�
��/�� E24 �"4$".8� 7 .�3� 
66.67% 33.33% ��� 33.33% ��6�	��: ����
�%���;	�.�";��.�=;8���������:����6"/��6/��:��"4
8�+�#I6� 4°C, 8�+�#I6���8� (30±2°C) ��� 50 8�]�.9�.9"�� 
��/������ �!��.�3� 34.50-35.00 
mN/m ��:�%���65��.�3�.��� 5 �:4�,6� 
�-+��"4������:����.6���8�6"/��6/��:���8
8�+�#I6� 100 8�]�.9�.9"�� .�3�.��� 5 �:4�,6����� �8�%���";����
�%���;	�.�";��.�=;86"/��6/��:�
-8�8�6:��:4��"48�+�#I6���8� (E24=66.67%) ���������:���� ���������:����.6���8�6"/��6
/��:�8�6:��:4��"4 4 8�]�.9�.9"�� (E24=50.00%) ����
�%���;	�.�";��.�=;8���������:�����:�6"
��%���6-8����� �!��.6=486".��=8,9.�"�6/�85��� 3-10%w/v ���������:����.6���8��:�6"
��%���6-8����� �!��.6=486".��=8,9.�"�6/�85��� 3-20%w/v 8����5��n��6/��6.-�6-��-8�.��=8�"4
6������ 5%w/v ���!�
������:�8�����I*.�"�/��6/��:�-8�8�6:��:4� ����	���������� �!��%��   
B. subtilis MUV4 5���������
�� $���������8� F4-C ��6��>�:�:;� Bacillus cereus ATCC11778 
5���"4���: MIC 37.5 µg/mL 
�-+��"4������:����.6���8� ������8� F5-B ��� F6 ����.$�46
��������-8���� naphthalene ��� phenanthrene 5���"���� sodium dodecyl sulfate ������:�
���.6���8���6��>.�n.�"4���;	�6:�������;	�6:��s���������" sand pack column 
��/��������
.�n.�"4��.�3� 41.85% ��� 75.00% ��6�	��: 
������8������;	�6:��� .6=48�	������:�������
������ �!��.��6��
�8����.�";��.�=;8�"46"�;	�6:��� 0.3% .�3������/���8� ���6�:����6
.�=;8%������"���"4���5��%������"4��.�tu8��;	�6:� $��� ���������8��"4.��6������:���������
���� �!����5��:;���6��>�	�
����� saturated hydrocarbon ���� 96.63% 
�.��� 7 �:� 
�-+��"4
���������8��"456�5��.��6������:������������� �!���:;����6�+��� saturated hydrocarbon 
����.$"�� 19.96% 
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ABSTRACT 
 

 Biosurfactants are produced by many organisms, especially microorganisms such 
as bacteria. Biosurfactants are non toxic, friendly to the environment and stable to the extreme 
conditions. Bacillus subtilis MUV4 produced biosurfactant in flask with Modified Mckeen 
Medium containing 1 % glucose as carbon source and 1 % monosodium glutamate and 0.3 % 
yeast extract as nitrogen source. The supernatant of B. subtilis MUV4 reduced the surface tension 
of the medium from 53.50 mN/m to 33.50 mN/m at 48 hours. Crude biosurfactant from B. subtilis 
MUV4 after precipitated with 6 N HCl was 0.652 g/L. The growth kinetics were the specific 

growth rate (µ) 0.14 h-1, yield biomass to substrate (Yx/s) 0.713, yield product to substrate (Yp/s) 
0.072 and yield product to biomass (Yp/x) 0.101. Moreover, B. subtilis MUV4 produced 0.30 g/L 
crude biosurfactant in the fermenter with agitation rate 200 rpm, no aeration and uncontrolled pH 
after 96 hours. The crude biosurfactant was dissolved in methanol and was dried by vacuum 
evaporator (crude methanol). This crude methanol was separated by silica gel 60 column 
chromatography with chloroform : methanol : water (65:15:1) to methanol : water (100:1) as 
mobile phase resulted in 6 fractions (F1-F6). F4, F5 and F6 showed surface tension 32.00, 31.00 
and 35.20 mN/m, respectively. F4 and F5 were separated by the second Silica gel column 
chromatography resulted in 5 fractions (F4-A-F4-E) and 2 fractions (F5A-F5-B), respectively. 
Subfractions of F4 did not show biosurfactant acitivity while subfraction of F5, F5-B showed 
surface tension 30.50 mN/m. Further separation of F5-B was performed by preparative TLC and 
subfractions S1, S2 and S3 were obtained. The subfraction S3 showed surface tension 34.70 
mN/m with critical micelle concentration (CMC) 200 mg/L. The properties of partially purified 
biosurfactant showed that the supernatant was stable at pH 6-12 with surface tension 35.00-37.50 
mN/m. Crude biosurfactant and crude methanol were stable at pH 7-10 and pH 4-10, respectively. 
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The emulsion stability at 24 hours (E24) of supernatant, crude biosurfactant and crude methanol 
at pH 7 were 66.67%, 33.33% and 33.33%, respectively. The supernatant and crude biosurfactant 
showed surface tension 34.50-35.00 mN/m at 4°C, room temperature (30±2°C) and 50°C after 
incubation for 5 hours. However, crude methanol was also stable at 100°C for 5 hours. The 
supernatant showed the highest E24 at room temperature (66.67%) but crude biosurfactant and 
crude methanol showed 50.00% E24 at 4°C. The surface tension of the supernatant and crude 
biosurfactant was stable in 3-10 % NaCl while crude methanol showed stability in 3-20 % NaCl. 
However, all samples lost emulsion stability when NaCl was higher than 5%w/v. For 
biosurfactant application, the subfraction F4-C showed an antibacterial activity against Bacillus 

cereus ATCC11778 with MIC 37.5 µg/mL. Crude methanol, subfraction F5-B and F6 enhanced 
the solubility of naphthalene and phenanthrene better than sodium dodecyl sulfate. Crude 
methanol enhanced the recovery of crude oil and kerosene oil by 41.85% and 75.00% by sand 
pack column technique, respectively. In hydrocarbon degradation application, crude biosurfactant 
was added to the culture medium containing 0.3 % crude oil as carbon source and the 
microorganism consortium from soil contaminated oil. The result showed that the saturated 
hydrocarbon was reduced by 96.63% when cultivated for 7 days while the control with no crude 
biosurfactant showed only 19.96% reduction. 
 
 
 
 
 
 


