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��	�
���������������� 
 

1. ���������������������� ������!�"�#$�� weathered crude oil 1��2!��"���	�
�3� �� 

������	
������� Acinetobacter calcoaceticus subsp. anitratus SM7 ������� marine broth 
2216 '�(��)� 100 �(		(	()� ��+	�,-./��0 250 �(		(	()� �/�2�3
�45����65��7 200 ��7)2���3
 3
�
�89�:;�(�<� �'=��5	� 24 �?�5@� A	<5�B����'�
�7�3
�745��,����C��-���(�?	D(E+0. weathered 
crude oil /�)?5�D		.A	J,25��, @0��)(� weathered crude oil 1% ��,25��,A	J�D		.A/5�	��
A	<5�/�2�:���)<,:�5J�0
�5-?7-���	
������� A	<5�'�
�7�3
�7L	-���(�?	D(E+0. weathered crude oil 
/��D		.A/5�	��A	J,25��, M752�3?��D		.A/5�	��A	J,25��,�
45��,����C��-���(�?	D(
E+0. weathered crude oil A)2,25��,,����C�(�?	D(E+0. weathered crude oil E0<0
-52��D		.
A/5�	�� (:�M3
� 5) P�-L	-��30	�A,0��<��6�52� A. calcoaceticus subsp. anitratus SM7 
L	(),��	0A�)QL(5�
5:�M3?����;'/�,��3
��	?���-����-�D		.A	J3
�)(0��;2-?7)?5�D		. A)2
,����CL	(),��	0A�)QL(5�
5:�M���;'�	?���-����-�D		.E0<��--52�,��	0A�)QL(5
�
5:�M3
�)(0��;2-?7)?5�D		. DQ���<L	,�04	<�-?7-��30	�/� Rosenberg A	J49J (1979b) 3
�
TQ-U�-��L	(),��	0A�)QL(5�
5:�MP�- A. calcoaceticus RAG-1 M752�������	
��������������3
�
�
�JD(�))A	J��Y���	�'=�A�	24��.7�� ������
-��L	(),��	0A�)QL(5�
5:�M3?����;'3
��	?�
��-����-�D		.A	J)(0-?7)?5�D		. @0�L	(),��	0A�)QL(5�
5:�M���;'�	?���-����-�D		.
��--52� 75 �'��.�D6�). /�,��	0A�)QL(5�
5:�M3
�L	()E0<3?���0 A)2������	
���������3
��
 n-
hexadecane �'=�A�	24��.7�� M752�,��	0A�)QL(5�
5:�M3
������L	()E0<3?���0��;2���;'�	?�
��-����-�D		.��2��0
�5-?7 Rosenberg A	J49J (1988) 3
��'�
�7�3
�745��,����C��-��3B���<
�-(0-��-�JP��)?5/��(�';�/�)?5�D		.A	J,25��,P�- A. calcoaceticus A2 A	J HE5 M752�
�D		.A/5�	��/������ A. calcoaceticus A2 A	J HE5 E�23B���<�-(0-��-�JP��)?5/��(�';������
)?5�D		.�-(0-���5�)?5-?��'=�-<�������3B�'^(-(�(��-?7�(�';� A)2�������<,25��,3
�E0<P�--���	
������� 
A. calcoaceticus A2 A	J HE5 ��-��30,�7 M752�,25��,3
�E0<3B���<�-(0-��-�JP��)?5/�
�(�';� A,0��<��6�52� A. calcoaceticus A2 A	J HE5 L	()�(�?	D(E+0.����.�
5:�M3
��

45��,����C��-��3B���<�-(0-��-�JP��)?5/��(�';����;'/�,��3
��	?���-�D		. 
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:�M3
� 5 -(P-�����-���(�?	D(E+0. weathered crude oil @0��8045748� (buffer) (1) )?5�D		. (2) 

,25��, (3) 
Figure 5.  Emulsification activity of weathered crude oil by control (buffer) (1) cell suspension (2) 

supernatant (3). 
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2. 78�9��:��
����;��
��� ������<	�
���2�����	��28����=��:�>1���=?@� A. calcoaceticus 

subsp. anitratus SM7 

 2.1 �G2���;�� 

������	
������� A. calcoaceticus subsp. anitratus SM7 ��,;)������ 2 ,;)� 4�� minimal salt 
medium A	J seawater medium @0�A)2	J,;)��
-	;@4, A	J n-hexadecane 45���/<�/<� 2% A	J 
1% �'=�A�	24��.7��)��	B�0?7 M752������ A. calcoaceticus subsp. anitratus SM7 �P�(d�������
3
��
 n-hexadecane �'=�A�	24��.7�� A)2E�2�P�(d�������3
��
-	;@4,�'=�A�	24��.7�� �����P�-
����� A. calcoaceticus subsp. anitratus SM7 �'=������3
�A�-E0<P�-��B�3J�	3
��
-��'��'ef��4��7
��B ��?� 0?�?�� �����,��M?�Y.�
� PQL	(),��	0A�)QL(5�
5:�M�������3
��
,��'�J-�7
Eg@0�4��.7���'=�A�	24��.7�� �����P�-�
,��'�J-�7Eg@0�4��.7���'=�)?5-�J)8<���<������

-��L	(),��	0A�)QL(5�
5:�M (Maeng et al., 1996) A)2�������<-	;@4,�'=�A�	24��.7�� �����
,����C�B�-	;@4,E'��<�'=�A�	2M	?��A	JA�	24��.7��,B���?7-���P�(dA)2E�2�
-��-�J)8<�
��<,�<�,��	0A�)QL(5�
5:�M @0��J�J�5	�3
��
-��L	(),��	0A�)QL(5�
5:�M,;3
�,804��3
�
�5	� 48 �?�5@� A	JP�-/<��;	��)���3
� 3 M752�E�2�
45��A)-)2�-?���2��
�?�,B�4?d3�,C()(
/�42� emulsification activity ��-����< n-hexadecane �'=�A�	24��.7����������	
�������3?� 2 
��(0 A)2�����P�-,;)������ minimal salt medium ,����C�)�
��E0<2��A	JE�2)<���<��B�3J�	��
-���)�
�� 0?�?����/?��)��)2�E'PQ�	��-��<,;)������ minimal salt medium �'=�������	
�������
�M���L	(),��	0A�)QL(5�
5:�M 

 
)���3
� 3  ,;)�������	
�������3
�����J,�)2�-��L	(),��	0A�)QL(5�
5:�MP�- A. calcoaceticus 

subsp. anitratus SM7 3
��5	� 48 �?�5@� 
Table 3. Optimal medium for biosurfactant production by A. calcoaceticus subsp. anitratus 

SM7 after cultivated at 48 h. 
 

Media Emulsification activity (%) 
 n-hexadecane Glucose 

minimal salt medium 37.50+2.61a 0 
seawater medium 34.78+3.77a 0 

* 42��l	
��3
��
)?5�?-U�������-?���A)2	J,0�:.E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( 
(p<0.05) 
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2.2 	;�3�������  
 ������	
������� A. calcoaceticus subsp. anitratus SM7 ������� minimal salt medium 
'�(��)� 100 �(		(	()� ��+	�,-./��0 250 �(		(	()� 3
�'�J-�70<5�A�	24��.7�� 4�� n-
tridecane, n-tetradecane, n-pentadecane, n-hexadecane, n-heptadecane 45���/<�/<� 0.1% 3
�
�89�:;�(�<� �/�2�3
�45����65��7 200 ��7)2���3
 M752������E�2�P�(d�������3
���< n-tridecane, n-
tetradecane A	J n-pentadecane �'=�A�	24��.7�� A)2�P�(d�������3
��
 n-hexadecane A	J n-
heptadecane �'=�A�	24��.7�� ()���3
� 4) A	J������'�
�7�3
�742� emulsification activity P�-
A�	24��.7��3?� 2 ��(03
��5	� 48 �?�5@� M752�E�2�
45��A)-)2�-?���2��
�?�,B�4?d 0?�?����
/?��)��)2�E'PQ�	��-��< n-heptadecane �'=�A�	24��.7�� �����P�-������P�(dE0<0
-52������3
��
 n-
hexadecane �'=�A�	24��.7�� DQ�A�	24��.7��3
�����J,�)2�-��L	(),��	0A�)QL(5�
5:�M
PJ/Q��-?7��(0/�P8	(�3�
�.3
��	��-��< ��2� Rosenberg A	J49J (1979b) TQ-U�-��L	() emulsan 
P�-����� A. calcoaceticus RAG-1 M752������L	() emulsan ������P�(d�������3
��
 n-hexadecane A	J 
��Y���	 �'=�A�	24��.7�� @0��
-(P-�����-���(�?	D(E+0.�32�-?7 14 U/ml A	J 25 U/ml 
)��	B�0?7 A	JM752�������
-��L	(),��	0A�)QL(5�
5:�M���;'�	?���-����-�D		.�������< n-
hexadecane �'=�A�	24��.7�� ,25� A. radioresistens KA53 A	J A. calcoaceticus A2 L	() alasan 
A	J biodispersan ������P�(d������� 3
��
��Y���	�'=�A�	24��.7�� (Navon-Venezia et al., 
1995; Rosenberg et al., 1988) ��-P�-�
� Kaplan A	J49J (1982) TQ-U�A�	24��.7��3
�����J,�
)2�-��L	(),��	0A�)QL(5�
5:�MP�- A. calcoaceticus BD4 A	J BD413 @0�������	
������� A. 
calcoaceticus BD413 �������3
��
-�0A	-)(-A	J-	;@4,�'=�A�	24��.7�� M752�,25��,3
�E0<
P�--���	
�������3
��5	� 48 �?�5@� �
42� emulsification activity �32�-?7 25 U/ml A	J 4 U/ml 
)��	B�0?7 ,B���?7����� A. calcoaceticus BD4 M752�,25��,3
�E0<P�--���	
��������
42� emulsification 
activity �32�-?7 61 U/ml A	J 70 U/ml )��	B�0?7 A	JE�2M7-(P-�����-���(�?	D(E+0.P�-,25��,
3
�E0<P�--���	
�������3?�,���(0������� brain heart infusion  
 ,B���?75(C
-���B� n-alkanes E'��<�'=�A�	2M	?��A	JA�	24��.7��/�P8	(�3�
�.�
 3 
A77 E0<A-2 monoterminal oxidation pathway (RCH3 � RCH2OH � RCHO � RCOOH), 
biterminal oxidative pathway (H3CRCH3 � H3CRCH2OH � HOCH2RCH2OH � 

HOOCRCOOH) A	J subterminal oxidation pathway (RCH2CH3 � RCH(OH)CH3 � 

RC(O)CH3) (Markovetz, 1979; May and Katoposis, 1990; Rehm and Reiff, 1981)@0�3?� 3 5(C
 PJ
��(��)<�-���2��,	��0<5����ED�. hydroxylase (monooxygenase) �M�����<E0<A�	-�g�	.'z�:;�(
����38)(�:;�( A)2,B���?7P8	(�3�
�.��-	82� Acinetobacter sp. PJ�
5(C
-���B� n-alkanes E'��<�'=�
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A�	2M	?��A	JA�	24��.7��3
�A)-)2���-E' @0����25)<�/�-���2��,	��PJ��<���ED�. 
dioxygenase A3� monooxygenase DQ�-��3B���/����ED�. dioxygenase PJ)<���<��-D(�P���
-����-D(�0�?� n-alkanes DQ�PJE0<L	():?9{.�'=� n-alkyl hydroperoxide A	J��-D(E0D.)2�E'E0<
�'=� alkyl aldehyde (Maeng et al., 1996) 0?�?��45��PB��M�J)2� n-alkanes /�P8	(�3�
�.A)2	J��(0
A)-)2�-?�/Q����;2-?745��PB��M�J/����ED�. dioxygenase )2� n-alkanes DQ�P�--��30	���
)���3
� 4 PJ��6�E0<52� A. calcoaceticus subsp. anitratus SM7 45��PB��M�J-?7 n-alkanes 3
��

4��.7����--52� 16 �J)�� DQ�,�04	<�-?7L	-��30	�/� Maeng A	J49J (1996) DQ��

-��TQ-U�45��PB��M�J/����ED�.,B���?7��-D(�0�?� n-alkanes /�P8	(�3�
�.��-	82� 
Acinetobacter sp. )2� n-alkanes ��(0)2�| M752����ED�.3
�E0<�
45��PB��M�J)2� n-hexadecane DQ�
�
 relative activity �32�-?7 100% 
 P�-L	-��TQ-U�3
�-	2�5��/<�)<��
���<��6�52�A�	24��.7��3
�����J,�)2�-��L	(),��	0
A�)QL(5�
5:�M/Q����;2-?7��(0A	J,��M?�Y./�P8	(�3�
�. DQ�@0�,25���d2A	<5P8	(�3�
�.��-	82�
/� Acinetobacter spp. E�2,����C��<��B�)�	�'=�A�	24��.7��A)2,����C��<A�	-�g�	.A	J
,��'�J-�7Eg@0�4��.7���'=�A�	2M	?��A	J4��.7�� (Shabtai, 1990) 
 
)���3
� 4  L	/�A�	24��.7��3
�����J,�)2�-��L	(),��	0A�)QL(5�
5:�MP�- A. 

calcoaceticus subsp. anitratus SM7 3
��5	� 48 �?�5@� 
Table 4. Effect of carbon sources on biosurfactant production by A. calcoaceticus subsp. 

anitratus SM7 after cultivated at 48 h. 
 

C-source 
(0.1%) 

Final pH 
Emulsification activity 

(%) 
Total cell protein 

(mg/ml) 
n-tridecane 
n-tetradecane 
n-pentadecane 
n-hexadecane 
n-heptadecane 

6.96+0.01 
6.95+0.02 
6.96+0.02 
6.82+0.08 
6.34+0.13 

0 
0 
0 

27.08+1.31a* 

30.67+3.77a 

ND 
ND 
ND 

0.01+0.0 
0.22+0.1 

* 42��l	
��3
��
)?5�?-U�������-?���A)2	J,0�:.E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( 
(p<0.05) 
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2.3 �����1H�1H 1��	;�3�������  

 ������	
������� A. calcoaceticus subsp. anitratus SM7 ������� minimal salt medium 
'�(��)� 100 �(		(	()� ��+	�,-./��0 250 �(		(	()� @0���< n-heptadecane �'=�A�	24��.7�� 
45���/<�/<� 0.1%, 0.3% A	J 0.5% 3
��89�:;�(�<� �/�2�3
�45����65��7 200 ��7)2���3
 M752�3
�
45���/<�/<�/� n-heptadecane �32�-?7 0.3% PJ��<42� emulsification activity ,;3
�,80 4�� 46.31 % 
()���3
� 5) ,B���?73
�45���/<�/<�/� n-heptadecane �32�-?7 0.5% ������
-���P�(d,;3
�,80A)2�
-��
L	(),��	0A�)QL(5�
5:�ME0<�<�� DQ��'=�L	��P�-42�M
������J�52�-���	
��������
42�	0)�B�	
P�-M
�����(��)<�DQ��
42��32�-?7 7.0 0?�?��-(P-�����-���(�?	D(E+0.PQ�
42�	0	�����P�-,��	0
A�)QL(5�
5:�MPJ)-)J-����,:�5J3
��'=�-�0 (Suttivanitchakul et al., 1999) 0?�?��PQ�	��-��< 
n-heptadecane 45���/<�/<� 0.3% ��-��L	(),��	0A�)QL(5�
5:�M��/?��)��)2�E' 45��
�/<�/<�/�A�	24��.7��@0��lM�J,��'�J-�7Eg@0�4��.7��3
�,;/Q���
L	)2�-��L	(),��	0
A�)QL(5�
5:�M @0� Makar and Cameotra (1997) M752� Bacillus subtilis MTCC 2423 ,����C
�P�(dA)2E�2�
-��L	(),��	0A�)QL(5�
5:�M�����45���/<�/<�/� n-hexadecane A	J pristane ,;
CQ 2% A	J�����E�2,����C�P�(dA	JL	(),��	0A�)QL(5�
5:�M�������< dodecane, decane A	J 
kerosene 45���/<�/<� 2 % �'=�A�	24��.7�� A)2,����C�P�(dA	JL	(),��	0A�)QL(5�
5:�M
E0<0
�������<-	;@4,A	JD;@4�,3
�45���/<�/<��0
�5-?��'=�A�	24��.7�� P�-L	-��30	��
���<��6�
52�-����<,��'�J-�7Eg@0�4��.7��3
��
45���/<�/<�,;�'=�A�	24��.7���
L	)2�-��L	(),��	0
A�)QL(5�
5:�M�M��J,��Eg@0�4��.7����	2��
���PPJ�
M(U)2��D		.P8	(�3�
�.��2�-?� (Nweke and 
Okpokwasili, 2003)  
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)���3
� 5  L	/�45���/<�/<�/� n-heptadecane 3
�����J,�)2�-��L	(),��	0A�)QL(5�
5:�M
P�- A. calcoaceticus subsp. anitratus SM7 3
��5	� 48 �?�5@� 

Table 5. Effect of n-heptadecane concentration on biosurfactant production by A. calcoaceticus 
subsp. anitratus SM7 after cultivated at 48 h. 

 
n-heptadecane 

concentration (%) 
Final pH 

Emulsification activity 
(%) 

Total cell protein 
(mg/ml)  

0.1 
0.3 
0.5 

6.55+0.05 
5.28+0.04 
5.24+0.02 

28.08+5.87b* 

46.31+3.34a 

29.25+4.78b 

0.18+0.04 
0.36+0.08 
0.48+0.02 

* 42��l	
��3
��
)?5�?-U�������-?���A)2	J,0�:.E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( 
(p<0.05) 

 

2.4 	;�3�# J2��  

 ������	
������� A. calcoaceticus subsp. anitratus SM7 ������� minimal salt medium 
'�(��)� 100 �(		(	()� ��+	�,-./��0 250 �(		(	()� '�J-�70<5�A�	24��.7��3
�����J,� 4�� 
n-heptadecane 45���/<�/<� 0.3% A	JA�	2E�@)��P� 4�� A��@���
��E��)�), A��@���
��
D?	�+) A	JA��@���
��Eg@0��P�4��.7���) 45���/<�/<� 0.1% 3
��89�:;�(�<� �/�2�3
�45����65
��7 200 ��7)2���3
 M752��������<A��@���
��Eg@0��P�4��.7���)�'=�A�	2E�@)��P�PJ��<42� 
emulsification activity ,;3
�,80 4�� 48.67% ()���3
� 6) ��-P�-�
�A��@���
��Eg@0��P�
4��.7���)�?�25���-��45748�M
���/�������	
�������E�2��<	0)�B�	���J�52�-���	
������� DQ�
,�04	<�-?7L	-��30	�/� Kim A	J49J (1997) 3
�M752�A�	2E�@)��P�3
�����J,���-��
L	(),��	0A�)QL(5�
5:�MP�-����� Bacillus subtilis C9 4�� A��@���
��Eg@0��P�4��.7���) DQ�
�����5?042�M
���/�������	
��������	?P�-�	
������� 3 5?� M752�-��3
������L	(),��	0A�)QL(5
�
5:�ME0<,;�����P�-A��@���
��Eg@0��P�4��.7���)�25�'}�-?�-��	0	/�M
������J�52�
-���	
�������E0<0
-52�A�	2E�@)��P����� 
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)���3
� 6  L	/�A�	2E�@)��P�3
�����J,�)2�-��L	(),��	0A�)QL(5�
5:�MP�- A. 

calcoaceticus subsp. anitratus SM7 3
��5	� 48 �?�5@� 
Table 6.  Effect of nitrogen sources on biosurfactant production by A. calcoaceticus subsp. 

anitratus SM7 after cultivated at 48 h. 
 

N-source 
(0.1%) 

Final pH 
Emulsification activity 

(%) 
Total cell protein 

(mg/ml) 
NH4NO3 
(NH4)2SO4 
NH4HCO3 

5.67+0.08 
5.55+0.12 
6.58+0.02 

42.54+3.85b* 

38.55+3.38b 
48.67+1.15a 

0.34+0.07 
0.41+0.03 
0.47+0.04 

* 42��l	
��3
��
)?5�?-U�������-?���A)2	J,0�:.E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( 
(p<0.05) 
 

2.5 �����1H�1H 1��	;�3�# J2��  

 ������	
������� A. calcoaceticus subsp. anitratus SM7 ������� minimal salt medium 
'�(��)� 100 �(		(	()� ��+	�,-./��0 250 �(		(	()� '�J-�70<5�A�	24��.7��3
�����J,� 4�� 
n-heptadecane 45���/<�/<� 0.3% A	JA�	2E�@)��P�3
�����J,� 4�� A��@���
��Eg@0��P�
4��.7���) @0���<45���/<�/<� 0.1%, 0.2% A	J 0.3% 3
��89�:;�(�<� �/�2�3
�45����65��7 200 
��7)2���3
 M752�A��@���
��Eg@0��P�4��.7���) 45���/<�/<� 0.1% ��<42� emulsification 
activity ,;3
�,80 4�� 58.33% ()���3
� 7) ,25�A��@���
��Eg@0��P�4��.7���) 45���/<�/<� 0.5% 
E�2�
-���P�(d/�����������P�-45���/<�/<�/�A��@���
��Eg@0��P�4��.7���)3
�,;�-(�E'3B�
��<M
���/�������	
��������
42��M(��,;/Q���'=� 9.05 DQ�E�2����J,�)2�-���P�(d/������ @0�'-)(
A743
��
��
�25M
���3
�����J,�)2�-���P�(d��;2�J�52� 6.5-7.5 (�	?-U9. ,85��9M(�(P A	J'�
�� 
,85��9M(�(P, 2544) 
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)���3
� 7  L	/�45���/<�/<�/�A��@���
��Eg@0��P�4��.7���)3
�����J,�)2�-��L	(),��
	0A�)QL(5�
5:�MP�- A. calcoaceticus subsp. anitratus SM7 3
��5	� 48 �?�5@� 

Table 7. Effect of NH4HCO3 concentration on biosurafctant production by A. calcoaceticus 
subsp. anitratus SM7 after cultivated at 48 h. 

 
NH4HCO3 concentration 

(%) 
Final pH 

Emulsification activity 
(%) 

Total cell protein 
(mg/ml) 

0.1 
0.3 
0.5 

6.65+0.10 
7.37+0.06 
9.05+0.07 

58.33+4.17a* 

36.59+2.61b 

0 

0.59+0.09 
0.40+0.13 

ND 
* 42��l	
��3
��
)?5�?-U�������-?���A)2	J,0�:.E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( 
(p<0.05) 
 

2.6 >���=�����2H  

 ������	
������� A. calcoaceticus subsp. anitratus SM7 ������� minimal salt medium 
'�(��)� 100 �(		(	()� ��+	�,-./��0 250 �(		(	()� '�J-�70<5�A�	24��.7��3
�����J,� 4�� 
n-heptadecane 45���/<�/<� 0.3% A	JA�	2E�@)��P�3
�����J,� 4�� A��@���
��Eg@0��P�
4��.7���) 45���/<�/<� 0.1% @0�'�?7M
�����(��)<�/�������	
������� �32�-?7 5, 6, 7 A	J 8 �	
��
�����3
��89�:;�(�<� A	J�/�2�3
�45����65��7 200 ��7)2���3
 L	-��30	�A,00?:�M3
� 6 M752�
��������	
�������3
��
M
�����(��)<��32�-?7 7 ������
-���P�(d,;3
�,80A	J��<42� emulsification activity 
,;3
�,80 4�� 54.22% A	J3
�M
�����(��)<��32�-?7 5 �����E�2�
-���P�(dA	JE�2�
-��L	(),��	0A�)Q
L(5�
5:�M �����P�-������	
�������3
��
M
�����(��)<�)�B�E�2����J,�)2�-���P�(d/�P8	(�3�
�.��-	82�
A743
��
� A	J,��	0A�)QL(5�
5:�MPJ)-)J-����,:�5J3
��'=�-�0 (Suttivanitchakul et al., 
1999) A	JPJ��6�E0<52�-��L	(),��	0A�)QL(5�
5:�M�
45��,?�M?�Y.-?7-���P�(d/������ 
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:�M3
� 6  L	/�M
�����(��)<�3
��
L	)2�-��L	(),��	0A�)QL(5�
5:�MP�- A. calcoaceticus 
subsp. anitratus SM7 3
��5	� 48 �?�5@� 

Figure 6.  Effect of initial pH on biosurfactant production by A. calcoaceticus subsp. anitratus 
after cultivated at 48 h. 

 
2.7 �M�;:G�� 

 ������	
������� A. calcoaceticus subsp. anitratus SM7 ������� minimal salt medium 
'�(��)� 100 �(		(	()� ��+	�,-./��0 250 �(		(	()� '�J-�70<5�A�	24��.7��3
�����J,� 4�� 
n-heptadecane 45���/<�/<� 0.3% A	JA�	2E�@)��P�3
�����J,� 4�� A��@���
��Eg@0��P�
4��.7���) 45���/<�/<� 0.1% @0�M
�����(��)<�/�������	
��������32�-?7 7 �	
�������3
� 25 �T�
�D	�D
�,, �89�:;�(�<� A	J 37 �T��D	�D
�, A	J�/�2�3
�45����65��7 200 ��7)2���3
 M752������
�P�(dA	JL	(),��	0A�)QL(5�
5:�ME0<0
3
��89�:;�(�<� @0�42� emulsification activity ,;3
�,80 
4�� 52.78% 0?A,0��)���3
� 8 �89�:;�(3
�����J,�)2�-���P�(dA	J-��L	(),��	0A�)QL(5
�
5:�M/Q��-?7,��M?�Y8./�A743
��
�3
���< C<�A743
��
��?��A�-��E0<P�-A�	23
��
�89�:;�(,; ��2� 
3J�	3���������B�M8�<�� �89�:;�(3
�����J,�)2�-���P�(dA	JL	(),��	0A�)QL(5�
5:�MPJ,;E'
0<5� ��2� Gurjar A	J49J (1995) A�-����� Bacillus stearothermophilus VR-8 P�-��B�M8�<�� M752�
�����,����C�P�(dA	JL	(),��	0A�)QL(5�
5:�M���25 45-70 �T��D	�D
�, A)2�89�:;�(3
�
����J,� 4�� 50 �T��D	�D
�,  ��-P�-�
� Yakimov A	J49J (1995) M752��89�:;�(3
�����J,�
)2�-���P�(dA	JL	(),��	0A�)QL(5�
5:�MP�-����� Bacillus licheniformis BAS 50 4���89�:;�(
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���25 35-45 �T��D	�D
�, ��/9J3
������A743
��
�3
�A�-E0<P�-3J�	����� (North Sea) �89�:;�(3
�
����J,�)2�-��L	(),��	0A�)QL(5�
5:�M 4�� 20 �T��D	�D
�, (Schulz et al., 1990) 
 
)���3
� 8  L	/��89�:;�()2�-��L	(),��	0A�)QL(5�
5:�MP�- A. calcoaceticus subsp. 

anitratus SM7 3
��5	� 48 �?�5@� 
Table 8. Effect of temperature on biosurfactant production by A. calcoaceticus subsp. anitratus 

SM7 after cultivated at 48 h. 
 

Temperature (°C) Final pH Emulsification activity 
(%) 

Total cell protein 
(mg/ml) 

25°C 
Room temperature 

37°C 

6.78+0.09 
6.51+0.07 
6.59+0.03 

31.11+2.77c* 
52.78+5.21a 
38.57+1.38b 

0.48+0.04 
0.55+0.09 
0.47+0.01 

* 42��l	
��3
��
)?5�?-U�������-?���A)2	J,0�:.E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( 
(p<0.05) 
 

2.8 ����;H����7 

������	
������� A. calcoaceticus subsp. anitratus SM7 ������� minimal salt medium 
'�(��)� 100 �(		(	()� ��+	�,-./��0 250 �(		(	()� '�J-�70<5�A�	24��.7��3
�����J,� 4�� 
n-heptadecane 45���/<�/<� 0.3% A	JA�	2E�@)��P�3
�����J,� 4�� A��@���
��Eg@0��P�
4��.7���) 45���/<�/<� 0.1% @0�M
�����(��)<�/�������	
��������32�-?7 7 �	
�������3
� 
�89�:;�(�<� A	J�/�2�3
�45����65��7 100, 200 A	J 300 ��7)2���3
 M752�3
�45����65��7)2�| 
������P�(dA	JL	(),��	0A�)QL(5�
5:�ME0<E�2A)-)2�-?�3�,C()( ()���3
� 9) A)23
�45����65��7 
200 ��7)2���3
 ������
-���P�(dA	JL	(),��	0A�)QL(5�
5:�M,;3
�,80 @0�0;P�-42� total cell 
protein A	J�
42� emulsification activity �32�-?7 50.72% 
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)���3
� 9  L	/�-����<��-�T)2�-��L	(),��	0A�)QL(5�
5:�MP�- A. calcoaceticus subsp. 
anitratus SM7 3
��5	� 48 �?�5@� 

Table 9.  Effect of agitation rate on biosurfactant production by A. calcoaceticus subsp. 
anitratus SM7 after cultivated at 48 h. 

 
Agitation rate 

(rpm) 
Final pH Emulsification activity 

(%) 
Total cell protein 

(mg/ml) 
100 
200 
300 

7.17+0.05 
6.66+0.05 
6.65+0.06 

42.82+8.67a* 

50.72+1.25a 

43.05+8.67a 

0.34+0.09 
0.89+0.16 
0.81+0.05 

* 42��l	
��3
��
)?5�?-U�������-?���A)2	J,0�:.E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( 
(p<0.05) 
 

2.9 �
�
��������;��
��� ������2�����	��28����=��:�>:���2H�:��
����;��
��1���=?@� A. 

calcoaceticus subsp. anitratus SM7 
-��TQ-U��J�J�5	�3
�����J,���-���P�(dA	JL	(),��	0A�)QL(5�
5:�MP�-�����   A. 

calcoaceticus subsp. anitratus SM7 :���)<,:�5J3
�����J,� L	-��30	�0?A,0��:�M3
� 7 
M752�������P�(dA	JL	(),��	0A�)QL(5�
5:�ME0<0
3
��J�J�5	� 48 �?�5@� @0���<42� total cell 
protein ,; A	J�
42� emulsification activity �32�-?7 53.86% DQ�-��L	(),��	0A�)QL(5�
5:�MP�-
����� A. calcoaceticus subsp. anitratus SM7 �M(��/Q��,�04	<�-?7-���P�(d/������ �
���<��6�52�-��
L	(),��	0A�)QL(5�
5:�M/������ A. calcoaceticus subsp. anitratus SM7 �'=�A773
��

45��,?�M?�Y.-?7-���P�(d (growth � associate production) DQ�,�04	<�-?7-��L	()�(�?	D(E+0.
����.�
5:�MP�- A. calcoaceticus RAG-1 M752�������
-��L	()�(�?	D(E+0.����.�
5:�M�'=�A77
,?�M?�Y.-?7-���P�(d������	
��������������3
��
 n-hexadecane �'=�A�	24��.7�� (Rosenberg et al., 
1979b) A	J-��L	()�(�?	D(E+0.����.�
5:�MP�- A. radioresistens KA53 M752� ,?0,25�/�
-(P-�����-���(�?	D(E+0.)2���B���?-�D		.���J�52�-��L	()�M(��/Q��P�- 5.3 �'=� 7.3 A	J 11.6 3
�
�J�J�5	� 24 �?�5@�, 64 �?�5@� A	J 87 �?�5@� )��	B�0?7 (Navon-venezia et al., 1995) 
��-P�-�
� Kaplan A	J49J (1982) M752�-���P�(dA	J-��L	()�(�?	D(E+0.����.�
5:�MP�- A. 
calcoaceticus BD413 �
�?)��-���P�(d�l	
�� 4.5 �?�5@� ���25 20 �?�5@�A�- A	J��(���/<�,;2 
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stationary phase ���?�5@�3
� 22 @0������L	()�(�?	D(E+0.����.�
5:�M�	?P�-�?�5@�3
� 10 P�-�J3?�
�?�5@�3
� 33 -(P-���/�,��	0A�)QL(5�
5:�M�32�-?7 55 U/ml  
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:�M3
� 7 -���P�(d M
��� A	J42� emulsification activity /���B���?-P�--���	
������� A. 

calcoaceticus subsp. anitratus SM7 ������� minimal salt medium (M
��� 7) 
'�J-�70<5� n-heptadecane 0.3% A	JA��@���
��Eg@0��P�4��.7���) 0.1% 3
�
�89�:;�( 30 �T��D	�D
�, 

Figure 7. Time course of growth, culture pH and emulsification activity by A. calcoaceticus 
subsp. anitratus SM7 grown in minimal salt medium (pH 7) with 0.3% n-heptadecane 
and 0.1% ammonium hydrogen carbonate at 30°C and agitation rate 200 rpm. 
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3. 78�9���P������!������	��28����=��:�>���=?@� A. calcoaceticus subsp. anitratus SM7 
�	?P�--���	
������� A. calcoaceticus subsp. anitratus SM7 �'=��5	� 48 �?�5@� 3B�-��

��5
���D		.��- A	<5�B�,25��,���-67�-
��5,��	0A�)QL(5�
5:�M@0��	��-��<5(Y
-��)-)J-��
0<5��-	��A	J)?53B�	�� �����P�-,��	0A�)QL(5�
5:�M3
�L	()@0�P8	(�3�
�.��-	82� Acinetobacter 
sp. @0�,25���d2�'=�,��	0A�)QL(5�
5:�M��B���?-@��	-8	,; (Sar and Rosenberg, 1983) @0�
TQ-U�5(Y
-��)-)J-�� 4 5(Y
 E0<A-2 )-)J-��0<5�A��@���
��D?	�+) )-)J-��0<5��JD(@)� 
)-)J-��0<5���Y���	 A	J)-)J-��0<5���Y���	 L	-��30	�A,00?)���3
� 10 M752� 
-��)-)J-��0<5���Y���	 �JD(@)� A	J��Y���	,����C)-)J-��,��	0A�)QL(5�
5:�ME0< 
2.94 -�?�)2�	()�, 1.04 -�?�)2�	()� A	J 0.76 -�?�)2�	()� )��	B�0?7 @0�-��)-)J-��0<5�
��Y���	��<'�(��9)J-��,��	0A�)QL(5�
5:�M,;3
�,80 �����P�--��)-)J-��0<5�)?53B�
	J	��PJ)<��)(�)?53B�	J	��3
��
42� dielectric constant )�B�-52���B��M���3B���<42� dielectric constant 
/���B�	0)�B�	 (Castillo and Lopez-Munguia, 2004) ������'�
�7�3
�742� dielectric constant /�
��Y���	A	J��Y���	 M752���Y���	�
42� dielectric constant 3
�)�B�-52���Y���	A	J�?�'=�)?53B�
	J	��3
��'=� polar protic solvent DQ�A)-)2�-?7�JD(@)�3
��'=� polar aprotic solvent 0?�?��
��Y���	PQ,����C)-)J-��,��	0A�)QL(5�
5:�ME0<0
3
�,80 �����TQ-U�45���/<�/<�3
��<��3
�,80
3
�3B���<�-(0�(�?	�?� (critical emulsifier concentration) M752�-��)-)J-��0<5���Y���	��<42�
45���/<�/<�3
��<��3
�,803
�3B���<�-(0�(�?	�?�)�B�3
�,80 4�� 0.04 -�?�)2��(		()� ��	�� 4�� ��Y���	 
A	J�JD(@)�@0��
42��32�-?7 0.05 -�?�)2�	()� A	J 0.06 -�?�)2�	()� )��	B�0?7 ,25�-����<
A��@���
��D?	�+)E�2,����C)-)J-��,��	0A�)QL(5�
5:�MP�-��B���?- A)2@0�3?�5E'-���-67
�-
��5,��	0A�)QL(5�
5:�MP�-P8	(�3�
�.��-	82� Acinetobacter sp. PJ��<5(Y
-��)-)J-��0<5�
A��@���
��D?	�+)45���/<�/<� 40% CQ 65% (Navon-venezia et al., 1995; Rosenberg et al., 
1979b; Rosenberg et al., 1988) 

������'�
�7�3
�742�45���/<�/<�3
��<��3
�,803
�3B���<�-(0�(�?	�?�/�,��	0A�)QL(5�
5:�M
3
�E0<P�--��-��)-)J-��0<5���Y���	A	J,��	0A�)QL(53
�E0<P�--��,?�4��J�.3��4�
 4�� 
sodium dodecyl sulfate (SDS) A	J Tween 80 DQ��'=�)?5A3�/�,��	0A�)QL(5��-	82�'�JP8	7
A	JE�2�
'�JP8)��	B�0?7 M752� SDS �
42�45���/<�/<�3
��<��3
�,803
�3B���<�-(0�(�?	�?��<��3
�,80 4�� 
0.03 -�?�)2��(		(	()� @0��
42� emulsification activity �32�-?7 65.91% ,25�,��	0A�)QL(5�
5:�M
3
�L	()E0<P�- A. calcoaceticus subsp. anitratus SM7 A	J Tween 80 �
42� 45���/<�/<�3
��<��3
�,803
�
3B���<�-(0�(�?	�?��32�-?7 0.04 -�?�)2��(		(	()� A	J�
42� emulsification activity �32�-?7 65.58% 
A	J 71.54% )��	B�0?7 ()���3
� 11) 
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)���3
� 10 5(Y
-���-67�-
��5,��	0A�)QL(5�
5:�M3
�L	()P�- A. calcoaceticus subsp. anitratus 
SM7 

Table 10. Methods for recovery of biosurfactant produced by A. calcoaceticus subsp. anitratus 
SM7 

 

Precipitation method 
Yield (g/l) 

(Critical emulsifier concentration (g/ml)) 
Emulsification activity 

(%) 

Ammonium sulfate 
Acetone 
Methanol 
Ethanol 

0.00d* (0.00c) 
1.04b (0.06a) 
0.76c (0.05ab) 
2.94a (0.04b) 

0b 
64.86 + 1.03a 
65.00 + 1.41a 
65.58 + 2.74a 

* 42��l	
��3
��
)?5�?-U�������-?���A)2	J,0�:.E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( 
(p<0.05) 
 
 
)���3
� 11 42�45���/<�/<�3
��<��3
�,803
�3B���<�-(0�(�?	�?�/�,��	0A�)QL(5�
5:�M3
�L	()P�- 

A. calcoaceticus subsp. anitratus SM7 A	J,��	0A�)QL(53
�E0<P�--��,?�4��J�.
3��4�
 

Table 11. Critical emulsifier concentration of biosurfactant produced by A. calcoaceticus 
subsp. anitratus SM7 and chemically synthetic surfactants. 

 

Surfactant 
Critical emulsifier concentration 

(g/ml) 
Emulsification activity 

(%) 

Crude extract 
SDS 

Tween 80 

0.04 
0.03 
0.04 

65.58+2.74b* 
65.91+  2.28b 
71.54+ 1.89a 

* 42��l	
��3
��
)?5�?-U�������-?���A)2	J,0�:.E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( 
(p<0.05) 
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4. 78�9��M����!2�1�������	��28����=��:�>�����!�#�H 

4.1 >���=����;��
��23�����Q��� 1�������	��28����=��:�>�����!�#�H 
�B�,��	0A�)QL(5�
5:�M3
�,-?0E0<P�- A. calcoaceticus subsp. anitratus SM7 A	J,��

	0A�)QL(53
�,?�4��J�.3��4�
 4�� SDS A	J Tween 80 DQ��
45���/<�/<� 0.04 -�?�)2��(		(	()� 
'�?7M
���/�)?5��2���<��;2���25 2-12 0<5� 1N NaOH ���� 1N HCl A	<530,�7-(P-�����-��
�(�?	D(E+0. n-hexadecane DQ�A,0��)���3
� 12 M752�42� Emulsification activity /�,��	0A�
)QL(5�
5:�M3
�L	()P�- A. calcoaceticus subsp. anitratus SM7, Tween 80 A	J SDS 	0)�B�	�����
42�M
 ���	0	)�B�-52� 5 �����P�-,��	0A�)QL(5�-(0-��)-)J-����,:�5J3
� �'=�-�0 
(Sutthivanitchakul et al., 1999) A)2-(P-�����-���(�?	D(E+0. n-hexadecane E�2�
-���'	
���A'	
3
��25M
��� 7-12 ,��	0A�)QL(5�
5:�M3
�L	()P�- A. calcoaceticus subsp. anitratus SM7 �

-(P-�����-���(�?	D(E+0.)�B�-52� Tween 80 �	6-�<�� A)2������'�
�7�3
�7-?7 SDS M752�-(P-�����
-���(�?	D(E+0.E�2�
45��A)-)2�-?�3�,C()( P�-L	-��30	�A,0��<��6�52�,��	0A�)QL(5
�
5:�M3
�L	()E0<P�- A. calcoaceticus subsp. anitratus SM7 �
45��4)?5)2�M
������25-5<� DQ�
45��4)?5/�,��	0A�)QL(5�
5:�M��,:�5J3
��
42�M
���,;A,0��<��6�52�M?�YJ��,�3��.E�2�

L	)2�-(P-�����-���(�?	D(E+0. n-hexadecane /�,��	0A�)QL(5�
5:�M (Navon-venezia et al., 
1995) @0�L	3
�E0<,�04	<�-?7L	-��30	�/� Rosenberg A	J49J (1988) 3
�TQ-U�M
���3
�
����J,�)2�-��3B���/� Biodispersan 3
�L	()P�- A. calcoaceticus A2 M752��25M
���3
�
����J,���-��3B���<�-(0-��-�JP��)?5/��(�';� 4�� 9 CQ 12 ,B���?7-��TQ-U�M
���3
�����J,�
)2�-��3B���/� alasan A	J@'�)
�/� alasan /��0 45-kDa 3
�L	()P�- A. radioresistens KA53 
M752�42� Emulsification activity �
42�,;3
�,803
�M
����32�-?7 9 A	J 8 )��	B�0?7 (Toren et al., 2001) 
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)���3
� 12 L	/�M
���)2�45��,����C��-���(�?	D(E+0./�,��	0A�)QL(5�
5:�MP�- A. 
calcoaceticus subsp. anitratus SM7, SDS A	J Tween 80 

Figure 12. Effect of pH on emulsification activity of biosurfactant crude extract from A. 
calcoaceticus subsp. anitratus SM7, SDS and Tween 80. 

 

Emulsification activity (%) 
pH 

Crude extract SDS Tween80 

2 48.24+3.36D*b** 50.30+0.44Fb 58.72+0.86Da 
3 46.53+4.34Db 55.11+0.70Ea 60.33+0.56Da 
4 49.31+1.20Dc 60.07+0.80Db 64.84+0.61Ca 
5 53.08+1.09Cc 64.55+1.35Cb 68.46+0.57Ba 
6 63.26+0.75Bc 67.47+1.57ABb 70.92+1.27Aa 
7 66.22+0.39ABc 69.24+0.92Ab 72.39+0.84Aa 
8 65.97+1.21ABb 67.98+0.93ABb 72.80+0.92Aa 
9 67.37+1.38Ab 67.93+0.43ABb 71.53+0.36Aa 
10 66.89+2.12ABb 67.47+1.57ABb 71.34+1.89Aa 
11 67.31+1.32Ab 66.16+0.44BCb 71.04+2.01Aa 
12 67.15+1.06Ab 66.42+0.88Bb 70.82+2.17Aa 

* 42��l	
��3
��
)?5�?-U�������-?���A)2	J,0�:.E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( 
(p<0.05) 
** 42��l	
��3
��
)?5�?-U�������-?���A)2	JAC5E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( 
(p<0.05) 
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4.2 ������2!�23��M�;:G��1�������	��28���������!�#�H 

������B�,��	0A�)QL(5�
5:�M3
�,-?0E0<P�- A. calcoaceticus subsp. anitratus SM7 A	J
,��	0A�)QL(53
�,?�4��J�.3��4�
 4�� SDS A	J Tween 80 DQ��
45���/<�/<� 0.04 -�?�)2�
�(		(	()� ��72�E5<3
��89�:;�()2�| A	<530,�7-(P-�����-���(�?	D(E+0. n-hexadecane M752�
�89�:;�(�
L	)2�45��4)?5/�,��	0A�)QL(5�
5:�M DQ�PJ,?�-)��6�E0<P�-42� emulsification 
activity /�,��	0A�)QL(5�
5:�M�����72�3
��89�:;�( 30-80 �T��D	�D
�,E�2�
45��A)-)2�-?�
��2��
�?�,B�4?d A)23
��89�:;�(,;-52� 90 �T��D	�D
�, 42� emulsification activity /�,��	0A�
)QL(5�
5:�M	0	�	6-�<�� A)2�?4�
42�,;-52� 60 % ()���3
� 13) DQ�,�04	<�-?7L	/��89�:;�(
)2� SDS ��/9J3
� Tween 80 �
45��4)?53
��89�:;�( 30-100 �T��D	�D
�, A	J�
-(P-�����-��
�(�?	D(E+0. n-hexadecane ,;-52�,��	0A�)QL(5�
5:�MP�- A. calcoaceticus subsp. anitratus 
SM7 A	J SDS DQ�P�-L	-��30	�PJ��6�E0<52��89�:;�(�
L	)2�45��4)?5/�,��	0A�)QL(5
�
5:�M �?��4�� ������89�:;�(,;/Q��PJ3B���<,;d�,
�-(P-�����-���(�?	D(E+0. n-hexadecane /�,��
	0A�)QL(5�
5:�MP�- A. calcoaceticus subsp. anitratus SM7 ��/9J3
�-��30	�/� Toren 
A	J49J (2001) TQ-U�L	/��89�:;�()2�45��4)?5/� alasan A	J@'�)
�/� alasan /��0 45-
kDa @0�72�3
��89�:;�( 27, 60, 80 A	J 100 �T��D	�D
�, M752��	?P�-72�3
��89�:;�( 100 �T�
�D	�D
�, 42� emulsification activity /� alasan �M(��/Q�� 30% ,25�@'�)
�/� alasan �
45��4)?5
)2��89�:;�(�<��-52� alasan @0�42� emulsification activity /�@'�)
�/��0 45-kDa 	0	 40% 
�	?P�-72�3
��89�:;�( 100 �T��D	�D
�, 
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)���3
� 13 L	/��89�:;�()2�45��,����C��-���(�?	D(E+0./�,��	0A�)QL(5�
5:�MP�- A. 
calcoaceticus subsp. anitratus SM7, SDS A	J Tween 80 

Table 13. Effect of temperature on emulsification activity of biosurfactant crude extract from 
A. calcoaceticus subsp. anitratus SM7. 

 

Emulsification activity (%) 
Temperature (°C) 

Crude extract SDS Tween 80 

30 65.50+2.27AB*b** 67.71+1.62Ab 72.19+0.94Aa 
40 65.96+2.13ABb 67.18+1.16ABb 72.72+0.62Aa 
50 65.52+1.06ABb 67.19+1.71ABb 72.19+0.50Aa 
60 66.42+2.47Abb 67.02+1.81ABb 72.25+1.85Aa 
70 68.28+0.41Ac 66.93+0.88ABb 72.93+0.35Aa 
80 66.44+1.55ABb 66.93+0.88Ab 72.53+1.64Aa 
90 63.25+3.03Bb 65.70+0.84ABb 71.55+1.89ABa 
100 63.97+1.13Bb 66.42+0.88ABb 71.55+1.89ABa 
110 63.63+2.43Bb 65.67+1.13ABb 69.63+0.12Ba 
121 60.15+0.66Bc 65.16+0.74Bb 69.29+1.09Ba 

* 42��l	
��3
��
)?5�?-U�������-?���A)2	J,0�:.E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( 
(p<0.05) 
** 42��l	
��3
��
)?5�?-U�������-?���A)2	JAC5E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( 
(p<0.05) 
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4.3 ��1�����?�23�������2!�1�������	��28����=��:�>�����!�#�H 

��-��'�J�8-).��<,��	0A�)QL(5�
5:�M��-��-B�P?04��7��B��?�A	J,��'�J-�7
Eg@0�4��.7��3
�'��'ef����3J�	 @D�0
��4	�E�0. A�-�
�D
��4	�E�0. A	JA4	�D
��4	�E�0. 
DQ��'=��4.'�J-�7/���B�3J�	��P�
L	)2�-��3B���/�,��	0A�)QL(5�
5:�M 0?�?��PQ)<�
TQ-U�L	/��-	��)2�-(P-���/�,��	0A�)QL(5�
5:�M3
�,-?0E0< 

L	/�@D�0
��4	�E�0.)2�45��4)?5/�,��	0A�)QL(5�
5:�MP�- A. calcoaceticus 
subsp. anitratus SM7 A,00?:�M3
� 8 M752�3
�@D�0
��4	�E�0.45���/<�/<� 2% E�2�
L	)2�45��
/�)?5/�,��	0A�)QL(5�
5:�M��2��
�?�,B�4?d A)2-(P-�����-���(�?	D(E+0. n-hexadecane 
	0	�����@D�0
��4	�E�0.�
45���/<�/<� 12% A)2��2�E�-6)��42� emulsification activity �?4�
42�
��--52� 60% P�-L	-��30	�A,0��<��6�52�@D�0
��4	�E�0.45���/<�/<�,;�
L	��<42� 
emulsification activity /�,��	0A�)QL(5�
5:�M	0)�B�	 ,B���?7,��	0A�)QL(53
�,?�4��J�.
3��4�
-6��<L	,�04	<���3(T3��0
�5-?7,��	0A�)QL(5�
5:�M3
�,-?0E0<@0�M752�-(P-�����
-���(�?	D(E+0. n-hexadecane /� SDS A	J Tween 80 �
42�	0	�����45���/<�/<�/�         
@D�0
��4	�E�0.�M(��,;/Q��  
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* )?5�?-U�M(�M.��d23
�������-?�E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( (p<0.05) �����
�'�
�7�3
�745���/<�/<�/�@D�0
��4	�E�0.3
��J0?7)2�| 

**  )?5�?-U�M(�M.3
��	6-������-?�E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( (p<0.05) �����
�'�
�7�3
�7,��	0A�)QL(5A)2	J��(0 

 
:�M3
� 8 L	/�@D�0
��4	�E�0.)2�45��,����C��-���(�?	D(E+0./�,��	0A�)QL(5�
5:�M

P�- A. calcoaceticus subsp. anitratus SM7 A	J,��	0A�)QL(53
�,?�4��J�.3��4�
 
(SDS A	J Tween 80) 

Figure 8. Effect of NaCl concentration on emulsification activity of biosurfactant crude extract 
from A. calcoaceticus subsp. anitratus SM7 and chemically surfactants (SDS and 
Tween 80) 
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L	/�A�-�
�D
��4	�E�0.)2�-(P-�����-���(�?	D(E+0./�,��	0A�)QL(5�
5:�MP�- 
A. calcoaceticus subsp. anitratus SM7 A,00?:�M3
� 9 M752� A�-�
�D
��4	�E�0.45���/<�/<� 
0% CQ0.06% E�2�
L	)2�-(P-�����-���(�?	D(E+0./�,��	0A�)QL(5�
5:�MP�- A. 

calcoaceticus subsp. anitratus SM7 A	J,��	0A�)QL(53
�,?�4��J�.3��4�
 4�� SDS A	J Tween 
80 P�-L	-��30	�M752� Tween 80 �
42� emulsification activity ,;-52�,��	0A�)QL(5�
5:�M 
A	J SDS ��38-45���/<�/<�/�A�-�
�D
��4	�E�0. A	JP�-:�M3
� 10 M752�A4	�D
��4	�E�0.
45���/<�/<� 0% CQ 0.1% E�2�
L	)2�-(P-�����-���(�?	D(E+0. n-hexadecane /�,��	0A�)Q
L(5�
5:�MP�- A. calcoaceticus subsp. anitratus SM7 A	J,��	0A�)QL(53
�,?�4��J�.3��4�
 4�� 
SDS A	J Tween 80 P�-L	-��30	�A,0��<��6�52� divalent ion E�2�
L	)2�-(P-�����-���(�?	
D(E+0. n-hexadecane /�,��	0A�)QL(5�
5:�M A)2@0�'-)( divalent ion PJ�?7�?�-���-(0�(�?	�?�
��(0��B�����B��?� (Kim et al., 1997) A	JP�-L	-��30	�/� Rosenberg A	J49J (1979b) 
M752�A�-�
�D
�� �(��� A	J +�,�+) �(��� �?7�?�-(P-���/� biodispersan A2 @0�M752�E0
@'A),�D
��Eg@0��P�+�,�+) 2 �(		(@�	��. A	JA�-�
�D
��4	�E�0. 8 �(		(@�	��. �?7�?�
-(P-���/� biodispersan A2 ,;CQ 50% 

��-P�--��30,�7L	/��-	����(0)2�| 3
��'=��4.'�J-�7����B�3J�	)2�-(P-���/�
,��	0A�)QL(5�
5:�MA	<5 �?�
-����<��B�3J�	��-��30,�745��4)?5/�,��	0A�)QL(5
�
5:�MP�- A. calcoaceticus subsp. anitratus SM7 A	J,��	0A�)QL(53
�,?�4��J�.3��4�
 4�� 
SDS A	J Tween 80 0<5� �M���0;L	@0��5�/��-	��)2�| )2�-(P-���/�,��	0A�)QL(53?�,��
��(0 DQ�P�-L	-��30	�M752�,��	0A�)QL(5�
5:�M3
�,-?0E0<�?4,����C�(�?	D(E+0. n-
hexadecane @0���<42� emulsification activity �32�-?7 62.52% @0�,��	0A�)QL(5�
5:�M3
�,-?0E0<
�
-(P-�����-���(�?	D(E+0. n-hexadecane ����B�3J�	,;-52� SDS DQ��
42� emulsification activity 
�32�-?7 55.61% ,B���?7 Tween 80 M752�-(P-�����-���(�?	D(E+0.E+0. n-hexadecane ����B�3J�	�

42�	0	������'�
�7�3
�7-?7-���(�?	D(E+0.  n-hexadecane ��,:�5J'-)(A)2�?4�
42� 
emulsification activity ,;3
�,80 4�� 65.97% ()���3
� 14) P�-L	-��30	�A,0��<��6�52�,��	0
A�)QL(5�
5:�MP�- A. calcoaceticus subsp. anitratus SM7 ,����C�B�E''�J�8-).��<��-��-B�P?0
4��7��B��?�A	J,��'�J-�7Eg@0�4��.7��3
�'��'ef����3J�	E0< 
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* )?5�?-U�M(�M.��d23
�������-?�E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( (p<0.05) �����
�'�
�7�3
�745���/<�/<�/�A�-�
�D
��4	�E�0.3
��J0?7)2�| 

**  )?5�?-U�M(�M.3
��	6-������-?�E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( (p<0.05) �����
�'�
�7�3
�7,��	0A�)QL(5A)2	J��(0 

 
:�M3
� 9 L	/�A�-�
�D
��4	�E�0.)2�45��,����C��-���(�?	D(E+0./�,��	0A�)QL(5

�
5:�MP�- A. calcoaceticus subsp. anitratus SM7 A	J,��	0A�)QL(53
�,?�4��J�.3�
�4�
 (SDS A	J Tween 80) 

Figure 9. Effect of MgCl2 concentration on emulsification activity of biosurfactant crude extract 
from A. calcoaceticus subsp. anitratus SM7 and chemically surfactants (SDS and 
Tween 80) 
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* )?5�?-U�M(�M.��d23
�������-?�E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( (p<0.05) �����
�'�
�7�3
�745���/<�/<�/�A4	�D
��4	�E�0.3
��J0?7)2�| 

**  )?5�?-U�M(�M.3
��	6-������-?�E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( (p<0.05) �����
�'�
�7�3
�7,��	0A�)QL(5A)2	J��(0 

 
:�M3
� 10 L	/�A4	�D
��4	�E�0.)2�45��,����C��-���(�?	D(E+0./�,��	0A�)QL(5

�
5:�MP�- A. calcoaceticus subsp. anitratus SM7 A	J,��	0A�)QL(53
�,?�4��J�.
3��4�
 (SDS A	J Tween 80) 

Figure 10. Effect of CaCl2 concentration on emulsification activity of biosurfactant crude 
extract from A. calcoaceticus subsp. anitratus SM7 and chemically surfactants (SDS 
and Tween 80) 
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)���3
� 14  L	/���B�3J�	)2�45��,����C��-���(�?	D(E+0./�,��	0A�)QL(5�
5:�MP�- A. 
calcoaceticus subsp. anitratus SM7 A	J,��	0A�)QL(53
�,?�4��J�.3��4�
 (SDS 
A	J Tween 80) 

Table 14. Effect of seawater on emulsification activity of biosurfactant crude extract from A. 
calcoaceticus subsp. anitratus SM7 and chemically surfactants (SDS and Tween 80). 

 

Emulsification activity (%) 
Surfactant 

Dissolved in seawater Dissolved in distilled water 
Crude extract 62.52+2.08a* 65.58+2.74b 

SDS 55.61+1.05b 65.91+ 2.28b 
Tween 80 65.97+2.13a 71.54+1.89a 

* 42��l	
��3
��
)?5�?-U�������-?���A)2	J,0�:.E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( 
(p<0.05) 
 
 P�--��TQ-U�489,�7?)(/�,��	0A�)QL(5�
5:�M M752�,��	0A�)QL(5�
5:�MP�- A. 
calcoaceticus subsp. anitratus SM7 �
45��4)?5)2�M
������25-5<�@0��lM�J�
45��4)?5��
,:�5J3
��
45���'=��7,,; ��-P�-�
��?�
45��4)?53
��89�:;�(,; A	J�
-(P-�����-���(�?	D(
E+0.,��'�J-�7Eg@0�4��.7����,:�5J3
��
45���/<�/<�/��-	����(0)2�| ,; �5�CQ�

-(P-�����-���(�?	D(E+0.�������<��B�3J�	��-��30,�7 0?�?��PQ�
45���'=�E'E0<3
�PJ�B�,��	0
A�)QL(5�
5:�ME''�J�8-).��<���8),��-���)2�| E0<A-2 �B�E'��<	045�����0/���B��?�
�M�����<2��)2�-��/�C2����B��?�0(7E')��32����8),��-���'�@)��	
�� ��<�'=�,��	0A�)QL(5��
�8),��-���L	()LD?-+�- �'=��(�?	D(E+0.����.���8),��-��������A	J�� �5�CQ��<��-��
�M(��'�J,(3Y(:�M-���2��,	��,��'�J-�7Eg@0�4��.7��3
�'��'ef����,(�A50	<��@0��
55(Y
 
(Desai and Banat, 1997; Kim et al., 1997) 
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 5. 78�9�����Q��>�
1�������	��28����=��:�>�����!�#�H23�#RJ�������� 23��S  
��-��'�J�8-).��<,��	0A�)QL(5�
5:�M��-��-B�P?04��7��B��?�A	J,��'�J-�7

Eg@0�4��.7��PB��'=�)<��
-��TQ-U�45��PB��M�J)2�,��'�J-�7Eg@0�4��.7��/�,��	0A�
)QL(5�
5:�M �����P�-,��	0A�)QL(5A)2	J��(0�
45��PB��M�J)2�,��'�J-�7Eg@0�4��.7��3
�
A)-)2�-?� /Q����;2-?7@4�,�<�/�,��	0A�)QL(5�
5:�MA)2	J��(0 -��TQ-U�-(P-�����-��
�(�?	D(E+0.Eg@0�4��.7����(0)2�|/�,��	0A�)QL(5�
5:�MP�- A. calcoaceticus subsp. 
anitratus SM7 @0�5?042� emulsification activity /�,��	0A�)QL(5�
5:�M3
�,-?0E0< -?7
Eg@0�4��.7����(0)2�| E0<A-2 n-tridecan, n-tetradecane, n-pentadecane, n-hexadecane, n-
neptadecane, benzene, toluene A	J xylene M752�,��	0A�)QL(5�
5:�MP�- A. calcoaceticus 
subsp. anitratus SM7 ,����C�(�?	D(E+0. aliphatic hydrocarbon A	J aromatic hydrocarbon @0�
-���(�?	D(E+0. aliphatic hydrocarbon A)2	J��(0E�2�
45��A)-)2�-?���2��
�?�,B�4?dA	J,��	0
A�)QL(5�
5:�M3
�,-?0E0<�
45��PB��M�J-?7 aromatic hydrocarbon ��--52� aliphatic hydrocarbon 
DQ�,����C�(�?	D(E+0. toluene E0<0
3
�,80 ��	��4�� xylene A	J benzene @0��
42� emulsification 
activity �32�-?7 75%, 74% A	J 71% )��	B�0?7 ()���3
� 15) P�-L	-��30	�A,0��<��6�52�,��
	0A�)QL(5�
5:�MP�- A. calcoaceticus subsp. anitratus SM7 ,����C�(�?	D(E+0. aliphatic 
hydrocarbon A	J aromatic hydrocarbon �0
��5| E0< DQ��
489,�7?)(��2��0
�5-?7 alasan 3
�L	()P�- A. 
radioresistens (Navon-venezia et al., 1995) ��/9J3
�,��	0A�)QL(5�
5:�MP�- A. calcoaceticus 
RAG-1, BD4 and BD413 E�2,����C�(�?	D(E+0. aliphatic hydrocarbon A	J aromatic hydrocarbon 
�0
��5| E0<�����(�?	D(E+0.E0<)�B� A)2,����C�(�?	D(E+0.,��'�J-�7Eg@0�4��.7��3
��
-��L,�-?�
�J�52� aliphatic hydrocarbon A	J aromatic hydrocarbon E0<0
 (Rosenberg et al., 1979a; Kaplan 
and Rosenberg, 1982) 
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)���3
� 15 45��PB��M�J)2�Eg@0�4��.7����(0)2�| /�,��	0A�)QL(5�
5:�M3
�L	()P�- A. 
calcoaceticus subsp. anitratus SM7 

Table 15 Hydrocarbon substrates specificity of biosurfactant produced by A. calcoaceticus 
subsp. anitratus SM7.  

* 42��l	
��3
��
)?5�?-U�������-?���A)2	J,0�:.E�2�
45��A)-)2���2��
�?�,B�4?d3�,C()( 
(p<0.05).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hydrocarbon Emulsification activity (%) 

n-tridecan 
n-tetradecane 
n-pentadecane 
n-hexadecane 
n-heptadecane 
benzene 
toluene 
xylene 

61.50+1.32c* 
64.66+2.40c 
61.07+1.01c 
61.60+1.64c 
62.86+2.68c 
71.42+3.06b 
75.51+2.84a 
74.82+0.84ab 



 

 

56 

6. 78�9�������
�������3� 1�������	��28����=��:�> 

6.1 Gel Permeation Chromatography  
 -��TQ-U���B���?-@��	-8	A	J)�5P,�745��7�(,83Y(�/�,��	0A�)QL(5�
5:�M3
�L2��
-��3B�7�(,83Y(�7�,25�@0� Gel Permeation Chromatography (GPC) L	-��30	�A,00?:�M3
� 
11 M752�,��	0A�)QL(5�
5:�M3
�L	()P�- A. calcoaceticus subsp. anitratus SM7 �
��B���?-
@��	-8	�l	
���32�-?7 1.97x106 DQ�M752��'=�,��	0A�)QL(5�
5:�M��B���?-@��	-8	,;��2��0
�5-?7 
alasan A	J apoemulsan (Polysaccharide /� emulsan) DQ��
��B���?-@��	-8	�32�-?7 106 A	J 
9.9x105 )��	B�0?7 (Zuckerberg et al., 1979; Navon-venezia et al., 1995) P�--��)�5P,�745��
7�(,83Y(�/�,��	0A�)QL(5�
5:�M3
�L2��-��3B�7�(,83Y(�7�,25�3
�E0<P�- GPC chromatogram 
A,0L	�M
� 1 peak @0�E�2'��-^ peak /�,������ A,0��<��6�52�,��	0A�)QL(5�
5:�M3
�
L2��-��3B�7�(,83Y(�7�,25��
45��7�(,83Y(�,;A	J�
��B���?-@��	-8	�l	
��'�J��9 1.97x106 
 

 
 
:�M3
� 11 GPC chromatogram /�,��	0A�)QL(5�
5:�M3
�L2��-��3B�7�(,83Y(�7�,25�P�-    A. 

calcoaceticus subsp. anitratus SM7  
Figure 11. GPC chromatogram of partially purified biosurfactant from A. calcoaceticus subsp. 

anitratus SM7. 
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6.2 Thin Layer Chromatography 

P�--��5(�4��J�.�4.'�J-�7/�,��	0A�)QL(5�
5:�M3
�L2��-��3B�7�(,83Y(�7�,25�
@0� Thin Layer Chromatography (TLC) @0���< mobile phase 4�� ethyl acetate: pyridine: water: 
acetic acid (5:5:5:1) @0�'�(��)� L	-��30	�A,00?:�M3
� 12 M752� TLC chromatogram 3
�
)�5P,�70<5� ninhydrin A	J anisaldehyde ��<42� Rf �32�-?7 0.34 A	J 0.33 )��	B�0?7 (�;'3
� 12) 
DQ��'=�42�3
��-	<�4
�-?� @0� ninhydrin �'=�,��3
���<)�5P,�7-���
��;2/���;2�J�(@��(,�J
(McInerney et al., 1990) A	J anisaldehyde �'=�,��3
���<)�5P,�7-���
��;2/���B�)�	 (Schulz et 
al., 1991)  ,25�-��)�5P,�70<5� rhodamine B E�2'��-^P807� TLC chromatogram A,0��<
��6�52�E�2M7-���
��;2/�-�0E/�?� P�-)�5P,�7�4.'�J-�7�7���)<�M752�,��	0A�)QL(5
�
5:�M�
��B�)�	A	J@'�)
��'=��4.'�J-�7PQ,�04	<�-?7-��)�5P,�7/�/<� 6.1 �����P�-
,��	0A�)QL(5�
5:�M��(0@M	(����(-�?-�'=�,��'�J-�7��(D<���J�52�@'�)
� E/�?�����@M
	
AD44��.E�0.PQ3B���<,��	0A�)QL(5�
5:�M�
��B���?-@��	-8	,; (Zuckerberg et al., 1979; 
Kaplan et al., 1982; Navon-venezia et al., 1995) 
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                                                                    (1)                  (2) 

:�M3
� 12  	?-U9J TLC chromatogram /�,��	0A�)QL(5�
5:�M3
�L2��-��3B�7�(,83Y(�7�,25�
P�- A. calcoaceticus subsp. anitratus SM7 @0���< ethyl acetate: pyridine: water: 
acetic acid (5:5:5:1) @0�'�(��)� �'=� mobile phase 
(1) ��< ninhydrin �M���0;��;2�J�(@��(,�J  
(2)��< anisaldehyde ��-��5(�4��J�.��B�)�	  

Figure 12. TLC chromatogram of partially purified biosurfactant from A. calcoaceticus subsp. 
anitratus SM7 using ethyl acetate: pyridine: water: acetic acid (5:5:5:1) as mobile 
phase. 
(1) Using ninhydrin as a spraying reagent for amino acid detection 
(2) Using anisaldehyde as a spraying reagent for sugar detection 
 
 
 
 
 
 
 
 
 
 

 

Rf = 0.33 

Origin 

Solvent front 

Rf = 0.34 
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6.3 Fourier Transform Infrared Spectrometer  

�����)�5P,�7�4.'�J-�7/�,��	0A�)QL(5�
5:�M3
�L2��-��3B�7�(,83Y(�7�,25�@0� 
Fourier Transform Infrared Spectrometer (FT-IR) DQ���<��-��TQ-U���;2+�-.�?�/�,�� L	-��
30	�A,00?:�M3
� 13 P�- FT-IR spectrum M7-����0)?5/� O-H 3
� 3427 cm-1, -����0)?5/� 
C-H 3
��(��)?53
� 2925 cm-1 A	J-����0)?5/� C=O 3
� 1651 cm-1 DQ�P�--��5(�4��J�.L	P�- FT-IR 
chromatogram 727�-CQ-���
@M	
AD44��.E�0.A	J@'�)
��'=��4.'�J-�7 
  
 

 
 

:�M3
� 13 FT-IR spectrum /�,��	0A�)QL(5�
5:�M3
�L2��-��3B�7�(,83Y(�7�,25�P�- A. 
calcoaceticus subsp. anitratus SM7  

Figure 13. FT-IR spectrum of partially purified biosurfactant from A. calcoaceticus subsp. 
anitratus SM7. 
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 �����5(�4��J�.'�(��9@'�)
�A	J'�(��9��B�)�	3?���0/�,��	0A�)QL(5�
5:�MP�- A. 
calcoaceticus subsp. anitratus SM7 M752� ,��	0A�)QL(5�
5:�M45���/<�/<� 0.01 -�?�)2�
�(		(	()� �
'�(��9@'�)
� 0.576 �(		(-�?�)2��(		(	()� A	J'�(��9��B�)�	3?���0 0.787 �(		(-�?�
)2��(		(	()� 0?�?��,��	0A�)QL(5�
5:�MP�- A. calcoaceticus subsp. anitratus SM7 �

�4.'�J-�7�'=�@'�)
� 42.26% A	J��B�)�	 57.74%  

P�--��5(�4��J�.�4.'�J-�7M���z��A	J��B���?-@��	-8	/�,��	0A�)QL(5�
5:�M 
M752�,��	0A�)QL(5�
5:�MP�- A. calcoaceticus subsp. anitratus SM7 �'=�,��	0A�)QL(5
�
5:�M��(0@M	
����(- DQ��
�4.'�J-�7�'=�@M	
AD44��.E�������)2�-?7@'�)
� DQ��-	<�4
�-?7 
alasan 3
�L	()P�- Acinetobacter radioresistens KA53 (Navon-Venezia et al., 1995) 
 
 
 


