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a5 nengsnlumsdiod e weathered crude oil Tavaan1uAY (buffer) (1) Awad (2)
awulda 3)
Figure 5. Emulsification activity of weathered crude oil by control (buffer) (1) cell suspension (2)

supernatant (3).
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subsp. anitratus SM7
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Table 3. Optimal medium for biosurfactant production by 4. calcoaceticus subsp. anitratus

SM7 after cultivated at 48 h.

Media Emulsification activity (%)
n-hexadecane Glucose

minimal salt medium 37.50+2.61° 0

seawater medium 34.7843.77" 0
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(p<0.05)
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Table 4. Effect of carbon sources on biosurfactant production by A. calcoaceticus subsp.

anitratus SM7 after cultivated at 48 h.

C-source Emulsification activity Total cell protein
Final pH

(0.1%) (%) (mg/ml)
n-tridecane 6.96+0.01 0 ND
n-tetradecane 6.95+0.02 0 ND
n-pentadecane 6.96+0.02 0 ND

n-hexadecane 6.82+0.08 27.08i1.3la* 0.01+0.0

n-heptadecane 6.34+0.13 30.67+3.77" 0.22+0.1
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(p<0.05)
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N A. calcoaceticus subsp. anitratus SM7 e 48 19
Table 5.  Effect of n-heptadecane concentration on biosurfactant production by A. calcoaceticus

subsp. anitratus SM7 after cultivated at 48 h.

n-heptadecane Emulsification activity Total cell protein
Final pH
concentration (%) (%) (mg/ml)
0.1 6.55+0.05 28.08+5.87" 0.18+0.04
03 5.28+0.04 46.3143.34° 0.36+0.08
0.5 5.24+0.02 29.25+4.78" 0.48+0.02
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(p<0.05)
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M3NN 6 HavewunadlulasnulmieauaoNIINAATITAALTIASAITININGIN 4.
calcoaceticus subsp. anitratus SM7 e 48 19
Table 6. Effect of nitrogen sources on biosurfactant production by 4. calcoaceticus subsp.

anitratus SM7 after cultivated at 48 h.

N-source Emulsification activity Total cell protein
Final pH
(0.1%) (%) (mg/ml)
NH,NO, 5.67+0.08 42.54+3.85" 0.34+0.07
(NH,),SO, 5.55+0.12 38.55+3.38" 0.41+0.03
NH,HCO, 6.58+0.02 48.67+1.15" 0.47+0.04

v =}

1 { { [ 9 1 4 [l 1 1 o o w aa
*aunaoninonysiounulunaazaand lulinanuuananedeliediagynieada

(p<0.05)
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Table 7.  Effect of NH,HCO, concentration on biosurafctant production by 4. calcoaceticus

subsp. anitratus SM7 after cultivated at 48 h.

NH,HCO, concentration Emulsification activity Total cell protein
Final pH
(%) (%) (mg/ml)
0.1 6.65+0.10 58.33+4.17" 0.59+0.09
0.3 7.37+0.06 36.59+2.61" 0.40+0.13
0.5 9.05+0.07 0 ND
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(p<0.05)
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Figure 6. Effect of initial pH on biosurfactant production by 4. calcoaceticus subsp. anitratus
after cultivated at 48 h.
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GIfL!“If’N 35-45 a3 sals e Glummzm%mmﬂwLﬁﬂmmﬂ”lﬂmﬂmmmua (North Sea) RUNHUN

ML AUADNITHANTITAAUTIAIAITININ A 20 DR UFALFEE (Schulz er al., 1990)

AT 8 HAVDIGUNYNADNMINAATITAAUTIAIHITINIWIIN A calcoaceticus  subsp.
anitratus SM7 11381 48 52149
Table 8.  Effect of temperature on biosurfactant production by 4. calcoaceticus subsp. anitratus

SM7 after cultivated at 48 h.

Temperature (°C) Final pH Emulsification activity Total cell protein
(%) (mg/ml)
25°C 6.78+0.09 31.1142.77° 0.48+0.04
Room temperature 6.51+0.07 52.78+5.21° 0.55+0.09
37°C 6.59+0.03 38.57+1.38" 0.47+0.01
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M3190 9 HaveINT I IMARDMITHANEITAALTIAIAITININGIN A. calcoaceticus subsp.
anitratus SM7 11701 48 52119
Table 9. Effect of agitation rate on biosurfactant production by A. calcoaceticus subsp.

anitratus SM7 after cultivated at 48 h.

Agitation rate Final pH Emulsification activity Total cell protein
(rpm) (%) (mg/ml)
100 7.17+0.05 42.82+8.67" 0.34+0.09
200 6.66+0.05 50.72+1.25" 0.89+0.16
300 6.65+0.06 43.05+8.67" 0.81£0.05
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(p<0.05)
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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. APHITMITNATITAAUTIAINITIMNING® A. calcoaceticus subsp. anitratus SM7
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wou Tt sudamannududu 40% 949 65% (Navon-venezia et al., 1995; Rosenberg et al,
1979b; Rosenberg et al., 1988)
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{ a <3 { a { a
A131991 10 IBMINVNEITITAAUTIANAIFINMNNNEAIN A. calcoaceticus subsp. anitratus
SM7
Table 10.  Methods for recovery of biosurfactant produced by A. calcoaceticus subsp. anitratus

SM7

Yield (g/1) Emulsification activity
Precipitation method
(Critical emulsifier concentration (g/ml)) (%)
Ammonium sulfate 0.00" (0.00 0
Acetone 1.04° (0.06") 64.86 + 1.03"
Methanol 0.76° (0.05™) 65.00 + 1.41°
Ethanol 2.94" (0.04") 65.58 +2.74°

1 A Aao o )=} [ 1 J (= 1 1 A v o W aa
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(p<0.05)
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A. calcoaceticus subsp. anitratus SM7 Uaga3aauIananIn lavnmsdansizn
=
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Table 11.  Critical emulsifier concentration of biosurfactant produced by A. calcoaceticus

subsp. anitratus SM7 and chemically synthetic surfactants.

Critical emulsifier concentration Emulsification activity
Surfactant
(g/ml) (%)
Crude extract 0.04 65.58+2.74"
SDS 0.03 6591+ 2.28"
Tween 80 0.04 71.54+ 1.89"
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(p<0.05)
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4. AnaiAvesanyaanssiadITImWana la
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{ 1 aov A J a
A1519N 12 Wﬁsllf]\‘]ﬁLf]“lf@lf]ﬂ’ﬂllﬁ1u1ﬁﬂﬁluﬂ13@1~lacﬁ17‘lﬂﬂlﬂx‘]ﬁWiﬁﬂLLi\‘lﬁ\?Wﬂ%ﬂﬂWW%1ﬂ A.

Figure 12.

calcoaceticus subsp. anitratus SM7, SDS (¢ Tween 80

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+3.36"° 50.30+0.44" 58.72+0.86""
3 46.53+4.34™° 55.11+0.70" 60.33+0.56 "
4 49.31+1.20™ 60.07+0.80"" 64.84+0.61
5 53.08+1.09 64.55+1.35° 68.46+0.57"
6 63.26+0.75"¢ 67.47+1.57" 70.92+1.27"
7 66.22+0.39"% 69.24+0.92"° 72.39+0.84™
8 65.97+1.21*% 67.98+0.93"™ 72.80+0.92™
9 67.37+1.38" 67.93+0.43"" 71.53+0.36™
10 66.89+2.12"" 67.47+1.57"" 71.34+1.89™
11 67.31+1.32" 66.16+0.44"" 71.04+2.01™
12 67.15+1.06™ 66.42+0.88™ 70.82+2.17™
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(p<0.05)
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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+2.27""" 67.71+1.62™ 72.19+0.94™
40 65.96+2.13"™ 67.18+1.16"" 72.7240.62™
50 65.52+1.06"" 67.19+1.71"% 72.19+0.50™
60 66.4242.47" 67.02+1.81"" 72.25+1.85™
70 68.28+0.41" 66.93+0.88"" 72.93+0.35™
80 66.44+1.55™ 66.93+0.88"° 72.53+1.64™
90 63.25+3.03™ 65.70+0.84"" 71.55+1.89"™
100 63.97+1.13" 66.42+0.88™"" 71.55+1.89™™
110 63.6342.43" 65.67+1.13™% 69.63+0.12"™
121 60.15+0.66"° 65.16+0.74" 69.29+1.09™
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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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Figure 9. Effect of MgCl, 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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Figure 10. Effect of CaCl, 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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1ag 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 62.5212.083* 65.5812.74b
SDS 55.61+1.05" 65.91+2.28"
Tween 80 65.97+2.13" 71.54+1.89°
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(Desai and Banat, 1997; Kim et al., 1997)
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calcoaceticus subsp. anitratus SM7
Table 15  Hydrocarbon substrates specificity of biosurfactant produced by A. calcoaceticus

subsp. anitratus SM7.

Hydrocarbon Emulsification activity (%)
n-tridecan 61.50+1.32"
n-tetradecane 64.66+2.40°
n-pentadecane 61.07+1.01°
n-hexadecane 61.60+1.64°
n-heptadecane 62.86+2.68°
benzene 71.42+3.06"
toluene 75.51+2.84"
xylene 74.82+0.84"
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6.2 Thin Layer Chromatography
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6.3 Fourier Transform Infrared Spectrometer
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