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 ����� B. subtilis MUV4 ��������������� Modified Mckeen Medium ���"#$%&'#�&�(� ��)�
��*�+��,�-./0 1.0%(w/v) 0�)��:;�<+0���#=��+>�;<'?#@ 0.652 mg/mL �#/(�=��+>�;<'&��
����������������?#@ 53.50 �GH� 33.50 mN/m ���'�� 48 �$�'.)� )��$+��,���J�<K�+<%.+J*��L�"�(�,$% 
0.14 +(��$�'.)� )�;�;�<+&���M��N+(�0$%0�+�+ (Yx/s) �GH� 0.713 ;�;�<+&��0���#=��+>�;<'+(�
0$%0�+�+ (Yp/s) �GH� 0.072 =�";�;�<J&��0���#=��+>�;<'+(��M��N (Yp/x) �GH� 0.101 =�"�)���
���������"#$%:$��)$,L%'(������ B. subtilis MUV4 �$��0�)��:;�<+0���#=��+>�;<'?#@#���0S�'"��
?)()�,����@��,�T =�"?)(/'%/U)/'�)�GH�,�#-#(�� .#�/(�=��+>�;<'&����*��)$,�#��+�*�0U#��
�$�'.)��� 96 �GH� 35.00 mN/m =�";�<+0���#=��+>�;<'?#@�GH� 0.30 g/L 
 �)���#��������� B. subtilis MUV4 ������� Modified Mckeen Medium G�<)�+� 23.60 
�<+� 0�)��:��@0��0,$#���%0���#=��+>�;<'�GH� 9.54 ,�$) =�"�)����"���#@'��)X����=�@'?#@
0��0,$#���%���)X���� 4.50 ,�$) M>��0('�0,$#���%0���#=��+>�;<'��@/(�=��+>�;<'�(�,$% 
41.00 mN/m =�"0('�0,$#���%�)X������@/(�=��+>�;<'�(�,$% 38.50 mN/m J�,�$���*�0('�0,$#
���%�)X����=�,#@'�'<X� adsorption column chromatography =%% normal phase #@'�+$'
�/�������/��/��.�_��N):�)X����:��*� (65:15:1) :>��)X����:��*� (100:1) =�,0��?#@$���)# 6 
fraction  
 �*�0('��(�� F4 )�#���=�,0����@%�<0UX<b)�,&>��#@'�'<X� adsorption column 
chromatography =%% normal phase #@'�+$'�/�������/��/��.�_��N):�)X���� (90:10) :>��)X�
��� (100) =�,0��?#@$���)# 5 fraction =�"=�,0('��(�� F5 #@'�'<X� adsorption column 
chromatography =%% normal phase ��(�,$� #@'�+$'�/�������/��/��.�_��N):�)X����:��*� 
(65:25:4) :>��)X����:��*� (100:4)=�,0��?#@$���)# 2 fraction �)���/$#����,0('��(��J�,,��=�,
$���)#��)���*���$,)�,�L���L� ?#@=,( F2, F3 =�" F6 J�,,��=�,/�$������>�� 0('��(�� F4-C  =�" 
F5-B J�,,��=�,/�$����0�� )�#0�%,<J,��)&��0���#=��+>�;<'L%'(�0('��(�� F5-B  =�" F6 
��@/(�=��+>�;<'#�/�� 30.5 =�" 35.2 mN/m +�)�*�#$% =�"�*� F5-B )�=�,+(�#@'�'<X� preparative 
TLC ��@0('��(����)�,<J,��)&��0���#=��+>�;<'�L��� 1 0('��(��$�� /�� 0('��(�� S3 M>��)�/(� 
CMC �GH� 200 mg/L ����@/(�=��+>�;<'�(�,$% 34.70 mN/m 
 �)���T>,h�/Ui0)%$+<�%����+@� L%'(� 0('��0J�,��*������������)�/'�)/�+$'��L���� 6-12 ��@ 
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/(�=��+>�;<' 35.00-37.50 mN/m 0('�0,$#���%/�+$'��L���� 7-10 )�/(�=��+>�;<'�('� 35.17-35.33 
mN/m =�"0('�0,$#���%�)X����/�+$'+(�L���� 4-10 )�/(�=��+>�;<'�('� 32.33-33.50 mN/m ;�
&��L����+(�/'�)/�+$'&���<)$��$��L<J��i�?#@J�,/(� emulsion index (E24) L%'(�0('��0J�,��*�
����������� 0('�0,$#���% =�"0('�0,$#���%�)X������@/(� E24 ��L���� 7 �GH� 66.67% 33.33% 
=�" 33.33% +�)�*�#$% ;�&��/'�)/�+$'+(��Ui�S-)< 0('��0)�/'�)/�+$'���Ui�S-)< 4°C, 
�Ui�S-)<�@�� (30±2°C) =�" 50 ��T��M��M��0 ��@/(�=��+>�;<'�GH� 35.00 mN/m =�"0('�0,$#
���%)�/'�)/�+$'���Ui�S-)<�#��',$%0('��0 .#���@/(�=��+>�;<'���('� 34.50-35.00 mN/m =+(
0('��0=�"0('�0,$#���%?)(/�+$'���Ui�S-)< 100 ��T��M��M��0 ��&i"��0('�0,$#���%�)X�
���)�/'�)/�+$'+(��Ui�S-)< 4°C, �Ui�S-)<�@��, 50 =�" 100 ��T��M��M��0?#@#� )�/(�=��+>�;<'
�('� 33.67-34.83 mN/m =+(�Ui�S-)<)�;�+(�/'�)/�+$'&��,���,<#�<)$��$�� .#�0('��0)�/'�)/�
+$'&���<)$��$�����Ui�S-)<�@����@/(� E24 �GH� 66.67% 0('�0,$#���% =�"0('�0,$#���%�)X����
)��<)$��$��/�+$'�� 4 ��T��M��M��0 ��@/(� E24 �GH� 50.00% ;�&���,���.M�#��)/��?�#N+(�
,<J,��)0���#=��+>�;<' 0('��0 )�/(�=��+>�;<'��-(���('� 32.00-33.50 mN/m =�"0('�0,$#���%
)�/(�=��+>�;<'��-(���('� 30.50-30.67 mN/m �)���)��,���.M�#��)/��?�#N 3-10%w/v =+(0('�0,$#
���%�)X����)�/(�=��+>�;<'�GH� 30.50 mN/m �)���)��,���.M�#��)/��?�#N 5-20%w/v .#�/'�)
�&@)&@�&���,�����)�,,'(� 5%w/v 0(�;���@0-K�0��/'�)/�+$'&���<)$��$����U,+$'��(��   
 0*���$%,��G�"�U,+N��@0���#=��+>�;<'+(�,<J,��),���$%�$�������JU�<����N L%'(�0('��(�� 
F4-C 0�)��:�$%�$������� B. cereus ATCC11778 ?#@���"#$% MIC 37.5 µg/mL M>��,���$%�$��
�����JU�<����N#0�%�GH�=%% Bacteriocidal �$��/��0�)��:*�����M��NJU�<����NJ�?)(0�)��:*�
��@�M��N)�,���J�<K�+<%.+?#@ =�"U,0('��(��?)()�/'�)0�)��:��,���$%�$������� E. coli ATCC25922 
=�" S. aureus ATCC25923 ?#@ 
 ,����@0���#=��+>�;<'��,���"���0�� naphthalene =�" phenanthrene L%'(� 0('�0,$#
���%�)X����0�)��:�"��� naphthalene =�" phenanthrene ?#@#���0U# �����)�/�� 0('��(�� F6 
=�" F5-B +�)�*�#$% ��&i"��,��G�"�U,+N��@0���#=��+>�;<'��,���,o%�,���'��*�)$�#@'�'<X� sand 
pack column L%'(�0('�0,$#���%�)X���� 0�)��:�,o%�,���'��*�)$�#<%?#@ 41.85% =�"0�)��:
�,o%�,���'��*�)$�,p�#?#@ 75.00% =�"�)�����@0���#=��+>�;<'��,���L<�)/'�)0�)��:��,���(��
0�����*�)$�#<%�('),$%,�U()�����JU�<����NJ�,#<���G��Gqr����*�)$� L%'(����U#,��#�����)�,���+<)
0���#=��+>�;<'��'S�L��?G�$��G�<)�i0�� saturated hydrocarbon �#�� 96.63% �)���������?G 7 
'$� ��&i"���U#,��#�����?)(?#@�+<)0���#=��+>�;<'��'S�L�$���#���L��� 19.96% 
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1. ��,��T>,h�&$��+��,��=�,0����@%�<0UX<b /'�=�,0��.#���@+$'�/�������J�,?)()�

&$�' ��(� �t,�M� =�"�L<�)&$�'&��+$'*��"�����@)�,&>�� ��(� /��.�_��N) /��.�_��N):�)X���� 
=�" �)X���� �GH�+@� =�"#0�%,<J,��)&��0���#=��+>�;<'/'%/-(,$�?G J�,�$���*��uL�"
0('���)�,<J,��)&��0���#=��+>�;<')�=�,��@%�<0UX<b+(�?G 

2. 0���#=��+>�;<'J�, B. subtilis MUV4 ���GH�0('�0,$#���% =�"0('�0,$#���%�)X�
����$��)�/(�=��+>�;<'=�"�,<#�<)$��$��?#@#� J>���)�"+(�,���*�?G��@��������,���(��0�����*�)$�#<% 
�L��"0('�0,$#���%=�"0('�0,$#���%�)X����J"�('��#/(�=��+>�;<'�"�'(���$����*�=�"��*�)$�#<%
?#@ =�"*���@��*�)$�#<%�,<#�GH��<)$��$��JU�<����NJ>��*�?G��@?#@�(�� *���@)�,���(��0����,<#&>�� 

3. ������J�,0���#=��+>���?#@J�, B. subtilis MUV4 ��=�,#@'� adsorption 
chromatography �$���GH�0�����GH� hydrophilic /(��&@��0-� =�")�,<J,��)&��0���#=��+>�;<' 
�������#/(�=��+>�?#@#�,'(�,���,<#�<)$��$�� J>���)�"0)+(�,���*�?G��@��#@��,���#=��+>�;<'
�"�'(��L���;<'+$'��(����(� oil/water ���� soil/oil =�"�('��L<�),���"���&��0�����GH� 
hydrophobic 0-�v ?#@#�,'(� ��(� PAHs 

4. 0('��(��J�,,��=�,#@'� adsorption chromatography )�yX<b+(�,���$%�$�������JU�<����N
,(�.�/ ��,*���@%�<0UX<b)�,&>�� ��JJ"?#@0����)�yX<b����'S�L (bioactive compounds) ��)�
G�"0<X<S�L0-�,'(����?#@ 


