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1. Modified Mckeen Medium 

 �����	  10.0 �
�� 
 monosodium glutamate  10.0 �
�� 
 yeast extract  3.0 �
�� 
 MgSO4·7H2O  1.02 �
�� 
 K2HPO4  1.0 �
�� 
 KCl  0.5 �
�� 
 trace element  1.0  �-��-�-.
 
 /01/201.1������	�3�145//201���6/7
-�1.
 100 �-��-�-.
 �84/0197/:6;<=1>?@2A5/B�CA/:6;
�D1�8�/ (autoclave) HI6 110 A;J1>K�>KI4	 /1/ 20 /1HI L�3�3�14	=D/M	�A@6/NHI6>B�@A5//201
���6/ 900 �-��-�-.
 /0197/:6;<=1>?@2A5/B�CA/:6;�D1�8�/ (autoclave) HI6 121 A;J1>K�>KI4	 /1/ 15 
/1HI >�@6AH01�1
/:6;<=1>?@2AOA;H�2;	A;	=D/L�CDP:;/01�1M	�>OC18CD4��/ 
�������+ : trace element 7
3�AR8CD4 (�
�� .=A /201���6/ 100 �-��-�-.
) 
  MgSO4·4H2O 0.5 �
�� 
  CuSO4·5H2O  0.16 �
�� 
  FeSO4·7H2O 0.015  �
�� 
 
2. Nutrient broth 

  Beef extract 3.0 �
�� 
  Peptone 5.0 �
�� 

�3�14	=D/M	�5//201���6/ 1,000 �-��-�-.
 /0197/:6;<=1>?@2A5/B�CA/:6;�D1�8�/ (autoclave) 
HI6 121 A;J1>K�>KI4	 /1/ 15 /1HI 

 

3. Nutrient agar 
  Beef extract 3.0 �
�� 
  Peptone 5.0 �
�� 
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  Agar 15.0 �
�� 
�3�14	=D/M	�5//201���6/ 1,000 �-��-�-.
 .C�5BC>8@A8 /0197/:6;<=1>?@2A5/B�CA/:6;�D1�8�/ 

(autoclave) HI6 121 A;J1>K�>KI4	 /1/ 15 /1HI 
 

4. Trypticase soy broth 

  Tryptone 15.0 �
�� 
  Soytone 5.0 �
�� 
  NaCl 1.5 �
�� 

�3�14	=D/M	�5//201���6/ 1,000 �-��-�-.
 /0197/:6;<=1>?@2A5/B�CA/:6;�D1�8�/ (autoclave) 
HI6 121 A;J1>K�>KI4	 /1/ 15 /1HI 

 

5. Trypticase soy agar 

  Tryptone 15.0 �
�� 
  Soytone 5.0 �
�� 
  NaCl 1.5 �
�� 
  Agar 15.0 �
�� 

�3�14	=D/M	�5//201���6/ 1,000 �-��-�-.
 .C�5BC>8@A8 /0197/:6;<=1>?@2A5/B�CA/:6;�D1�8�/ 
(autoclave) HI6 121 A;J1>K�>KI4	 /1/ 15 /1HI 

 

6. Mineral Salt Yeast extract Medium (MSYM) 

  Na2NO3 4.0 �
�� 
  Na2HPO4 0.5 �
�� 
  KH2PO4 1.5 �
�� 
  CaCl2 0.01 �
�� 
  MgSO4 0.2 �
�� 
  FeCl3 0.0005 �
�� 
  Yeast extract 0.1 �
�� 
  Crude oil 3.0 �-��-�-.
 

�3�14	=D/M	�5//201���6/ 1,000 �-��-�-.
 /0197/:6;<=1>?@2A5/B�CA/:6;�D1�8�/ (autoclave) 
HI6 121 A;J1>K�>KI4	 /1/ 15 /1HI 
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7. 	������� EhrichDs reagent 

 >.
I4��84/01	1
 4-dimethyamino benzaldehyde 1 �
�� �3�145/>�a1/A� 75 �-��-�-.
 
P1�/�2/>.-��
89b�8
��A
-�>OC�OC/ (36%) �;97 25 �-��-�-.
 M	�5BC>OC1��/ 5?C5/�1
H8	AR
	1
5/��d=��-�7>779H8e K:6;P37
1�f>7g/Pd8	IO1DR/LM=/ TLC 
 
8. 	������� Ammonium molybdate-perchloric acid (Lee et al., 2006) 

 >.
I4��84/01	1
 ammonium molybdate 3 �
���3�145//201���6/ 25 �-��-�-.
 P1�/�2/>.-�
�
89b�8
��A
-��D1�>OC�OC/ 1 N 7
-�1.
 30 �-��-�-.
 L�3�
8>7A
e��A
-� �D1�>OC�OC/ 60% 
7
-�1.
 15 �-��-�-.
 M	�5BC>OC1��/ 5?C5/�1
H8	AR	1
5/��d=��-�7>779H8e K:6;P37
1�f>7g/
Pd8	IO1DR/LM=/ TLC 
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1. �����������O����N��P����Q�K
�����
 Bacillus subtilis MUV4 

 >.
I4��
1i�1.
j1/�1
>P
-k>.-R�.OA;>?@2A Bacillus subtilis MUV4 �84/01>K��eHI6�I�1

>P
-k>.-R�.5/?=D; mid-log phase �1H01�1
7
�R�=1�1
8�8��@/L	;>7g/ 0.1, 0.2, 0.4 L�3 0.6 
L�37n>7.>K��eHI6�I�=1�1
8�8��@/L	;8�;��=1D7
-�1.
 10 �-��-�-.
 5	=5/B�A8H8�A;HI6H
1R
/201B/��L/=/A/ (8CD4�1
/0197ARHI6AdoBp��- 105 A;J1>K�>KI4	 >7g/>D�1 12 ?�6D��; L�CDH-2;9DC5BC
>4q/5/>8K->�>.A
e) /01977rs/>BDI64;HI6 10,000 
AR.=A/1HI >7g/>D�1 15 /1HI �C1;>K��e8CD4/201���6/ 
7
-�1.
 20 �-��-�-.
 L�37rs/>BDI64;AI��
�2;HI6�D1�>
qD 10,000 
AR.=A/1HI >7g/>D�1 15 /1HI L4�
	=D/5/AA�L�CD/01.3�A/>K��eAR5BCLBC;HI6 105 A;J1>K�>KI4	 >7g/>D�1 24 ?�6D��; B
@AP/
/201B/���;HI6 H-2;9DC5BC>4q/5/>8K->�>.A
e L�3?�6;/201B/�� >OI4/�
1i�1.
j1/
3BD=1;�=1�1
8�8��@/
L	;L�3/201B/��>K��eLBC; 
 D->�
13Be�1
>P
-k>.-R�.OA;>?@2A B. subtilis MUV4 HI6?�6D��;.=1;N 5/�D1�>P@AP1;HI6
>B�13	� 3 �-��-�-.
 L�CDD�8�=1�1
8�8��@/L	;HI6 660 /1�/>�.
 L�3>7
I4R>HI4R/201B/��>K��e
LBC;��R�
1i�1.
j1/OA;�1
>P
-k>.-R�. 
 
 
 
 
 
 
 
 
 
 
p1tHI6 28 �
1i�1.
j1/�1
>P
-k>.-R�.OA; Bacillus subtilis MUV4 
Figure 28. Standard growth curve of Bacillus subtilis MUV4. 
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2. �����������O����N��P����Q�K
�����
����������T	
� 

 >.
I4��
1i�1
>P
-k>.-R�.OA;>?@2A Bacillus cereus ATCC11778, Escherichia coli ATCC 
25922 L�3 Staphylococcus aureus ATCC 25923 �84>�qR.�DA4=1;OA;>K��eHI6?�6D��;.=1;N L�3
>OI4/�
1i�1
>P
-k>.-R�.
3BD=1;>D�1L�3�=1�1
8�8��@/L	;OA;>?@2APd�-/H
I4eH8	AR >t@6A/01
>K��eHI6�I�1
>P
-k>.-R�.5/?=D; mid-log phase 7
�R�=1�1
8�8��@/L	;OA;>?@2A5BC98C>H=1��R 0.5 
L�3/�R7
-�1o>?@2APd�-/H
I4eHI6�I?ID-.�84D-aI�1
 spread plate tRD=1 B. cereus ATCC11778 �I?=D; 
mid-log phase HI6 10 ?�6D��; �I7
-�1o>?@2A>7g/ 8.46x109 CFU/mL >?@2A  E. coli ATCC 25922 �I?=D; 
mid-log phase HI6 10 ?�6D��; �I7
-�1o>?@2A>7g/ 3.65x109 CFU/mL L�3 S. aureus ATCC 25923 �I
?=D; mid-log phase HI6 20 ?�6D��; �I7
-�1o>?@2A>7g/ 1.19x109 CFU/mL 
 

 
 
 
 
 
 
 
 
 
 
 
p1tHI6 29 �
1i�1.
j1/�1
>P
-k>.-R�.OA; Bacillus cereus ATCC11778 
Figure 29. Standard growth curve of Bacillus cereus ATCC11778. 
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p1tHI6 30 �
1i�1.
j1/�1
>P
-k>.-R�.OA; Escherichia coli ATCC 25922 
Figure 30. Standard growth curve of Escherichia coli ATCC 25922.  
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p1tHI6 31 �
1i�1.
j1/�1
>P
-k>.-R�.OA; Staphylococcus aureus ATCC 25923 
Figure 31. Standard growth curve of Staphylococcus aureus ATCC 25923. 
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3. �����������OU����V��W������T��XO 
�1
D->�
13Be7
-�1o/201.1�
I8-D	e�84D-aI Somogyi-Nelson  .1�D-aI�1
D->�
13BeOCA 2 B/C1 

25 
 

 
 
 
 
 
 
 
 
 
 
p1tHI6 32 �
1i�1.
j1//201.1�
I8-D	e 
Figure 32. Standard curve of reducing sugar. 
 
 

4.  ������������L����M��K
�	��U���
� polycyclic aromatic hydrocarbons 

>.
I4� stock solution OA; naphthalene L�3 phenanthrene 5/.�DH01�3�14 95%Ethanol 
P1�/�2//01 stock solution OA;	1
H�2;	A;�3�145//201���6/>t@6A5BC98C�D1�>OC�OC/ 1, 2, 3, 4 L�3 5 
mg/L >t@6A>.
I4��
1i�1.
j1/ /0197D�8�=1�1
�3�148CD4>�
@6A;	>7��.
�i�.�->.A
eHI6�=1�1

8�8��@/L	; 205 L�3 254 nm. 	01B
�R naphthalene L�3 phenanthrene .1��018�R 
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p1tHI6 33 �
1i�1.
j1/	1
 Naphthalene 
Figure 33. Standard curve of naphthalene. 
 

 
 

 
 
 
 
 
 
 
 
 
 
p1tHI6 34 �
1i�1.
j1/	1
 Phenanthrene 
Figure 34. Standard curve of phenanthrene. 
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������� � 

 

������T�
� 
 
.1
1;HI6 16 �1
>P
-k>.-R�.L�3�1
M�-.	1
�8L
;.:;M-D?IDp1tP1� Bacillus subtilis MUV4 5/ 
 A1B1
 Mckeen medium HI6�I/201.1������	 2.5% 5/
38�ROD8>O4=1 
Table 16. Growth and biosurfactant activity from Bacillus subtilis MUV4 in Mckeen medium  
 with 2.5%(w/v) glucose in shaked-flask condition. 
 

* .�D>�O5/L/D.�2;HI6�01��R8CD4.�DA��{
.=1;��/�I�D1�L.�.=1;��/A4=1;�I/�4	01��kH1;	|-.- 
(p<0.05) 
† H8	AR�-P�

�	1
�8L
;.:;M-D�84�1
5?C	=D/5	P1�/201>�I24;>?@2A 
 
 
 
 

Hr pH DCW (mg/ml) 
Reducing sugar 

(mg/ml) 
Surface tension† 

(mN/m) 
0 7.08±0.02b 0.22±0.01a 24.34±1.21f   54.00±1.32 c 
6 6.63±0.02a 2.45±0.03b 22.54±1.51ef 50.17±0.37 b 
12 6.58±0.11a 5.75±0.08d 19.39±1.16 de 34.83±0.58 a 
18 7.25±0.11c 9.00±0.45e 16.06±1.53 cd 33.67±0.29 a 
24 7.34±0.07c 9.92±0.40f 14.20±1.01c 33.50±0.87 a 
36 7.98±0.06e 10.15±0.12f 13.83±1.36 bc 33.50±0.50 a 
48 8.12±0.05f  8.54±0.07d 12.17±1.89 abc 33.17±0.29 a 
60 8.12±0.06f 5.91±0.22d 11.49±1.18 abc 33.67±0.29 a 
72 7.96±0.07e 3.57±0.25c 9.27±1.60 ab 33.07±0.12 a 
84 7.85±0.03d 3.09±0.11bc 8.71 ±1.80 a 33.33±0.29 a 
96 7.80±0.02d 2.97±0.04 bc 8.96 ±1.66 a 33.60±0.17 a 
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.1
1;HI6 17 �1
>P
-k>.-R�.L�3�1
M�-.	1
�8L
;.:;M-D?IDp1tP1� Bacillus subtilis MUV4 5/ 
 A1B1
 Mckeen medium HI6�I/201.1������	 1.0% 5/
38�ROD8>O4=1 
Table 17. Growth and biosurfactant activity from Bacillus subtilis MUV4 in Mckeen medium  
 with 1.0%(w/v) glucose in shaked-flask condition. 
 

hr pH DCW (mg/ml) 
Reducing sugar 

(mg/ml) 
Surface tension† 

(mN/m) 
0 7.31±0.00 e 0.22±0.01a 9.98±0.25f 53.50±0.50g 
6 6.52±0.20 a 3.18±0.01c 9.40±1.62e 45.00±0.30f 
12 6.61±0.05 b 7.33±0.01h 3.10±0.72d 38.50±0.50e 
18 6.87±0.20 c 8.80±0.01i 1.45±0.21c 36.80±0.29d 
24 6.96±0.08 d 8.80±0.03 i 1.43±0.54c 36.80±0.50d 
36 7.65±0.08 f 5.33±0.01g 1.07±0.75ab 34.00±0.40bc 
48 7.89±0.10 g 4.73±0.01f 1.27±0.50ab 33.50±0.50ab 
60 7.91±0.02 g 4.05±0.02e 1.05±0.66ab 33.80±0.40ab 
72 8.08±0.03 j 3.70±0.01d 1.30±0.50ab 33.80±0.50ab 
84 8.06±0.05 i 3.61±0.01d 0.95±0.25a 33.00±0.50a 
96 8.03±0.08 h 2.61±0.01b 0.87±1.48a 34.50±0.30c 

* .�D>�O5/L/D.�2;HI6�01��R8CD4.�DA��{
.=1;��/�I�D1�L.�.=1;��/A4=1;�I/�4	01��kH1;	|-.- 
(p<0.05) 
† H8	AR�-P�

�	1
�8L
;.:;M-D�84�1
5?C	=D/5	P1�/201>�I24;>?@2A 
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.1
1;HI6 18 �1
>P
-k>.-R�.L�3�1
M�-.	1
�8L
;.:;M-D?IDp1tP1� Bacillus subtilis MUV4 5/ 
 A1B1
 Mckeen Medium (1.0%w/v glucose)5/|�;B���HI69�=�I�1
�DR�d�tI>A? L�35BC 
 A1�1J 1.0 vvm 
Table 18. Growth and biosurfactant activity from Bacillus subtilis MUV4 in Mckeen medium  
 (1.0%w/v glucose) in fermenter with uncontrolled pH and 1.0 vvm of aeration rate. 
 

hr pH DCW (mg/ml) 
Reducing sugar 

(mg/ml) 
Surface tension† 

(mN/m) 
0 7.43±0.03c 0.22±0.00a 9.97±0.10i 54.67±0.29e 
6 6.36±0.01a 4.91±0.01d 7.58±0.35h 50.67±1.15cd 
12 7.20±0.01b 7.31±0.01f 5.39±0.06g 50.33±0.58bcd 
18 8.09±0.03e 7.71±0.04 g 4.51±0.25f 49.00±0.00b 
24 8.08±0.04e 8.41±0.02 h 4.54±0.25e 45.83±0.29a 
36 8.02±0.02d 9.37±0.02i 2.42±0.13e 49.33±0.29bc 
48 8.17±0.02f 9.88±0.02 j 1.22±0.03d 51.67±1.89d 
60 8.44±0.02g 9.88±0.02j 0.89±0.00c 54.67±1.44e 
72 8.72±0.01i 6.40±0.02e 0.59±0.38b 55.50±0.00e 
84 8.84±0.02 j 2.39±0.01c 0.52±0.05ab 60.17±0.29f 
96 8.62±0.01h 2.13±0.01b 0.45±0.05a 60.00 ±0.00f 

* .�D>�O5/L/D.�2;HI6�01��R8CD4.�DA��{
.=1;��/�I�D1�L.�.=1;��/A4=1;�I/�4	01��kH1;	|-.- 
(p<0.05) 
† H8	AR�-P�

�	1
�8L
;.:;M-D�84�1
5?C	=D/5	P1�/201>�I24;>?@2A 
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.1
1;HI6 19 �1
>P
-k>.-R�.L�3�1
M�-.	1
�8L
;.:;M-D?IDp1tP1� Bacillus subtilis MUV4 5/ 
 A1B1
 Modified Mckeen Medium 5/|�;B���HI69�=�I�1
�DR�d�tI>A? L�35BCA1�1J  
 0.5 vvm 
Table 19. Growth and biosurfactant activity from Bacillus subtilis MUV4 in Mckeen medium  
 (1.0%w/v glucose) in fermenter with uncontrolled pH and 0.5 vvm of aeration rate. 
 

* .�D>�O5/L/D.�2;HI6�01��R8CD4.�DA��{
.=1;��/�I�D1�L.�.=1;��/A4=1;�I/�4	01��kH1;	|-.- 
(p<0.05) 
† H8	AR�-P�

�	1
�8L
;.:;M-D�84�1
5?C	=D/5	P1�/201>�I24;>?@2A 
 
 
 
 
 
 
 

Hr pH DCW (mg/ml) 
Reducing sugar 

(mg/ml) 
Surface tension† 

(mN/m) 
0 7.18±0.02g 0.16±0.00a 9.97±0.31e 55.67±0.29i 
6 6.88±0.02f 3.47±0.01c 9.30±0.72f 57.00±0.50h 
12 6.07±0.03a 5.39±0.01e 3.75±0.15c 51.83±0.29g 
18 6.77±0.04d 6.25±0.02f 2.78±0.50b 50.83±0.29f 
24 6.30±0.04b 6.71±0.01g 1.97±0.40f 87.00±0.50e 
36 6.51±0.02c 7.68±0.12h 0.92±0.13c 52.00±0.50d 
48 6.73±0.04d 8.02±0.07i 0.51±0.21f 57.17±0.29c 
60 6.83±0.02e 6.11±0.03f 0.44±0.08e 55.83±0.76bc 
72 6.91±0.03f 5.25±0.11e 0.38±0.04a 46.83±0.76abc 
84 6.82±0.03e 3.70±0.06d 0.24±0.05b 50.67±0.29ab 
96 6.74±0.03d 2.32±0.16b 0.20±0.01d 54.17±1.04a 
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.1
1;HI6 20 �1
>P
-k>.-R�.L�3�1
M�-.	1
�8L
;.:;M-D?IDp1tP1� Bacillus subtilis MUV4 5/ 
 A1B1
 Modified Mckeen Medium 5/|�;B���HI69�=�I�1
�DR�d�tI>A? L�39�=5BCA1�1J 
Table 20. Growth and biosurfactant activity from Bacillus subtilis MUV4 in Mckeen medium  
 (1.0%w/v glucose) in fermenter with uncontrolled pH and no aeration rate. 
 
 

* .�D>�O5/L/D.�2;HI6�01��R8CD4.�DA��{
.=1;��/�I�D1�L.�.=1;��/A4=1;�I/�4	01��kH1;	|-.- 
(p<0.05) 
† H8	AR�-P�

�	1
�8L
;.:;M-D�84�1
5?C	=D/5	P1�/201>�I24;>?@2A 
 
 
 
 
 
 
 
 

hr pH DCW (mg/ml) 
Reducing sugar 

(mg/ml) 
Surface tension† 

(mN/m) 
0 7.20±0.04h 0.12±0.15a 9.97±0.12h 53.00±0.50g 
6 6.86±0.01fg 1.12±0.20d 9.38±0.50g 52.33±0.29f 
12 6.05±0.03a 1.85±0.13e 3.62±0.15f 52.00±0.45f 
18 6.81±0.00e 5.00±0.11g 2.54±0.35d 48.83±0.29e 
24 6.32±0.01b 5.22±0.29h 2.04±0.10c 39.67±0.29d 
36 6.54±0.01c 2.21±0.34f 0.90±0.25b 37.17±0.29c 
48 6.75±0.03d 1.08±0.21c 0.47±0.05ab 36.50±0.31b 
60 6.83±0.02ef 1.00±0.23b 0.37±0.03ab 36.80±0.58bc 
72 6.89±0.06g 1.00±0.18b 0.35±0.03ab 35.33±0.29a 
84 6.83±0.03ef 1.00±0.19b 0.22±0.04a 35.17±0.29a 
96 6.75±0.03d 1.00±0.22b 0.20±0.01a 35.00±0.34a 
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Table 21. Growth and biosurfactant activity from Bacillus subtilis MUV4 in Mckeen medium  
 (1.0%w/v glucose) in fermenter with controlled pH and no aeration rate. 
 

 

hr pH DCW (mg/ml) 
Reducing sugar 

(mg/ml) 
Surface tension† 

(mN/m) 
0 7.09±0.01c 0.30±0.06a 9.51±0.45g 55.83±0.76e 
6 7.00±0.00a 1.56±0.16b 8.49±0.40f 46.00±1.80d 
12 7.02±0.02ab 1.93±0.18d 6.67±0.10e 38.50±0.50c 
18 7.03±0.01b 3.13±0.08f 5.56±0.50d 35.50±0.00b 
24 7.01±0.00ab 3.47±0.11h 3.86±0.30c 35.33±0.29b 
36 7.03±0.01b 4.79±0.21i 3.15±0.50b 34.00±0.50a 
48 7.07±0.00c 3.25±0.14g 1.00±0.03a 33.83±0.29a 
60 7.07±0.02c 2.28±0.18e 0.98±0.03a 34.00±0.23a 
72 7.07±0.03c 1.68±0.20c 0.99±0.05a 34.00±0.50a 
84 7.01±0.02ab 1.67±0.11c 0.95±0.10a 33.83±0.29a 
96 7.06±0.01c 1.69±0.12c 0.93±0.12a 33.67±0.29a 

* .�D>�O5/L/D.�2;HI6�01��R8CD4.�DA��{
.=1;��/�I�D1�L.�.=1;��/A4=1;�I/�4	01��kH1;	|-.- 
(p<0.05) 
† H8	AR�-P�

�	1
�8L
;.:;M-D�84�1
5?C	=D/5	P1�/201>�I24;>?@2A 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

    103 

.1
1;HI6 22 M�OA;tI>A?.=A�-P�

�OA;	1
�8L
;.:;M-DOA;>?@2A Bacillus subtilis MUV4 
Table 22. Effect of pH to biosurfactant activity from Bacillus subtilis MUV4. 
  
 �.  �=1L
;.:;M-D (Surface tension) 

 
Surface Tension (mN/m) 

pH 
supernatant Crude BS crude MeOH SDS DW 

2 56.83±0.29 48.50±0.00 35.17±0.29 32.83±0.29 70.67±0.76 
4 50.17±0.00 44.83±0.29 32.33±0.29 30.17±0.29 70.50±0.00 
6 37.50±0.00 42.17±0.29 32.50±0.29 30.00±0.29 71.00±0.00 
7 35.00±0.29 35.17±0.29 33.17±0.29 29.33±0.00 71.00±1.00 
8 35.00±0.29 35.33±0.29 33.50±0.29 30.00±0.00 70.50±0.00 
10 35.00±0.29 35.00±0.29 33.50±0.00 30.67±0.29 70.67±0.76 
12 35.50±0.29 40.17±0.29 37.67±0.29 32.83±0.29 70.67±0.76 

 

O.  �=1 %Emulsification activity (%EA) 
 

%EA 
pH 

supernatant crude BS crude MeOH SDS DW 
2 16.67±0.00 0.00±0.06 0.00±0.06 0.00±0.06 0.00±0.06 
4 33.33±0.06 42.86±0.10 0.00±0.06 0.00±0.00 0.00±0.00 
6 66.67±0.06 50.00±0.00 33.33±0.06 66.67±0.06 0.00±0.00 
7 66.67±0.06 67.00±0.06 53.33±0.06 71.43±0.06 0.00±0.06 
8 50.00±0.10 33.33±0.06 33.33±0.06 66.67±0.06 0.00±0.06 
10 50.00±0.10 16.67±0.06 16.67±0.06 66.67±0.06 0.00±0.06 
12 42.86±0.06 14.29±0.06 0.00±0.06 66.67±0.06 0.00±0.06 
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�. �=1 Emulsion Index (E24) 
 

E24 
pH 

supernatant crude BS crude MeOH SDS DW 
2 0.00±0.00 0.00±0.06 0.00±0.06 0.00±0.06 0.00±0.06 
4 0.00±0.10 0.00±0.10 0.00±0.06 0.00±0.00 0.00±0.00 
6 66.67±0.10 33.33±0.00 0.00±0.06 66.67±0.06 0.00±0.00 
7 66.67±0.06 33.33±0.06 33.33±0.06 71.43±0.06 0.00±0.06 
8 33.33±0.10 0.00±0.06 0.00±0.06 66.67±0.06 0.00±0.06 
10 0.00±0.06 0.00±0.10 0.00±0.06 66.67±0.06 0.00±0.06 
12 0.00±0.10 0.00±0.06 0.00±0.06 66.67±0.06 0.00±0.06 
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Table 23. Effect of temperature to biosurfactant activity from Bacillus subtilis MUV4. 
 

�.  �=1L
;.:;M-D (Surface tension) 
 

Surface Tension (mN/m) Temperature 
(°C) supernatant crude BS crude MeOH SDS DW 
4 35.00±0.00 34.50±0.29 34.67±0.29 32.33±0.00 71.17±0.58 

RT (30±2)  35.00±0.00 35.00±0.00 34.00±0.29 31.83±0.00 70.50±0.00 
50 35.00±0.58 35.00±0.87 33.83±0.29 31.67±0.29 70.00±1.15 
100 40.50±0.50 40.00±0.29 34.83±0.29 35.33±0.29 70.00±0.00 

 
O.  �=1 %Emulsification activity (%EA) 

 
%EA Temperature 

(°C) supernatant crude BS crude MeOH SDS DW 
4 71.43±0.06 66.67±0.10 54.50±0.10 71.43±0.06 0.00±0.06 

RT (30±2) 66.67±0.10 66.67±0.06 54.50±0.06 71.43±0.06 0.00±0.06 
50 61.54±0.06 0.00±0.10 33.33±0.10 71.43±0.10 0.00±0.10 
100 57.14±0.06 0.00±0.00 16.67±0.00 71.43±0.06 0.00±0.10 

  
�. �=1 Emulsion Index (E24) 

 
E24 

Temperature 
supernatant crude BS crude MeOH SDS DW 

4 14.29±0.10 50.00±0.06 50.00±0.06 71.43±0.10 0.00±0.06 
RT (30±2) 66.67±0.06 33.33±0.06 16.67±0.06 71.43±0.06 0.00±0.06 

50 61.54±0.06 0.00±0.10 0.00±0.06 71.43±0.06 0.00±0.10 
100 57.14±0.06 0.00±0.06 0.00±0.06 71.43±0.06 0.00±0.10 
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Table 24. Effect of NaCl to biosurfactant activity from Bacillus subtilis MUV4. 

 
 �.  �=1L
;.:;M-D (Surface tension) 
 

Surface Tension (mN/m) 
%(w/v)NaCl 

supernatant crude BS crude MeOH SDS DW 
0 35.00±0.00 40.00±0.00 34.20±0.29 31.50±0.00 72.17±0.00 
1 35.00±0.00 39.50±0.29 34.00±0.29 31.50±0.00 72.00±0.58 
3 33.50±0.29 30.50±0.29 30.50±0.00 31.67±0.29 72.17±0.76 
5 32.50±0.29 30.50±0.29 30.50±0.29 31.67±0.29 72.17±0.76 
10 32.00±0.29 30.67±0.00 30.50±0.29 31.67±0.29 72.00±0.76 
20 36.50±0.58 36.00±0.87 30.50±0.29 38.67±0.29 72.17±1.15 
30 49.50±0.50 48.17±0.29 41.00±0.29 41.83±0.29 72.00±0.00 

 

 O.  �=1 %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 
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 �.  �=1 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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Figure 35. TLC/FID chromatogram of crude oil components. 
Note :  Saturated hydrocarbon (RT=0.147±0.01), Aromatic hydrocarbon (RT=0.289±0.01) 
 Resin (RT=0.394±0.01) and Asphaltene (RT=0.464±0.01) analyzed by TLC/FID method. 
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Table 25. Effect of biosurfactant to crude oil degradation by microorganisms from soil  
 contaminated oil. 

a. cultured in MSYM and no biosurfactant 
b. cultured in MSYM and supplemented with biosurfactant 

a. 
%decreasing or increasing of crude oil components  

in MSYM Peak 
0 day 3 day 7 day 

SA 0.00 -3.91% -19.96% 
AR 0.00 -27.54% -27.54% 
RE 0.00 1.72% -8.62% 
AS 0.00 30.60% 28.36% 

b.  
%decreasing or increasing of crude oil components  

in MSYM + BS Peak 
0 day 3 day 7 day 

SA 0.00 -66.43% -96.63% 
AR 0.00 8.64% -33.78% 
RE 0.00 8.45% 25.82% 
AS 0.00 -33.71% -29.75% 

 

Note : SA = saturated hydrocarbon AR = aromatic hydrocarbon 
   RE = resin   AS = asphaltene 
 - refer to decrease of the components compared to 0 day 
 

 

 

 

 

 




