NMANUIN N

Aad = dw tg S A
gn3IvIrIUAZITNIIATYNDIHILaeNYIUUANLIE

1. Modified Mckeen Medium

nglnd 10.0 nfy
monosodium glutamate 10.0 bty
yeast extract 3.0 n5u
MgSO,-7H,0 1.02 nsu
K,HPO, 1.0 A
KCl 0.5 AW
trace element 1.0 laaans

Y
o o

Y v [ Y ]

dnhaang lnaazareluiinauilSuas 100 Hadaas Taeihliieaingelundeils

. 4 - o . 4 4 aa 2

AMUAY (autoclave) N1 110 deruwaFod WM 20 W7 tazazawaIumaudug fias i
c:/ Aa aa o d! 1 tﬂy 9 d! (% d‘ =

nau 900 dadans W liusingelundeianudy (autoclave) 1 121 ovsuwaifoa w1 15

A A o £ ' dy 09}1 1 Y K o Yy 9
UIN LWININITUINUYDUDIVNEDIFIULAINUININT ULIUINIYNUY

14 [ ' g’ o A aa
HUYLHA : trace element senoune (NTU 19 UINAU 100 UAAANT)

MgSO,-4H,0 0.5 Asu
CuSO,-5H,0 0.16 nsu
FeSO,-7H,0 0.015 nsu

2. Nutrient broth
Beef extract 3.0 NI
Peptone 5.0 NI

] oy Q'J a Aaa d! ] dy 9 dl [
azanea unay luinau 1,000 yaaans m"lﬂuwwve“luwmmmmm (autoclave)

121 parnyaed WU 15 W

3. Nutrient agar
Beef extract 3.0 bty

Peptone 5.0 n5u
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Agar 15.0 n3u
9

1 oy M) a Aaa Y A o = ' dy 9y & 7
azanga unay luinau 1,000 yaaans aulipon uﬂﬂmmu%iumammmwu

(autoclave) N1 121 84AUSAITIE WU 15 UIN

4. Trypticase soy broth

Tryptone 15.0 N3N
Soytone 5.0 n3u
NaCl 1.5 Asu

]

[ oy Q'J a Aaa d! ] dy 9 dl [
azanea unayluingu 1,000 yaaans m"lﬂmmwve“lumemmmm (autoclave)

N 121 parnyaed WU 15 UIN

5. Trypticase soy agar

Tryptone 15.0 N3N
Soytone 5.0 N3N
NaCl 1.5 Asu
Agar 15.0 N3N

Y

1 oy M A Aaa Y A o = ' dy 9y & 7
azanga unaylutingu 1,000 yaaans aulipon uﬂﬂmmu%iumammmw

(autoclave) N 121 84AUSAITFOE WU 15 UIN

6. Mineral Salt Yeast extract Medium (MSYM)

Na,NO, 4.0 Y
Na,HPO, 0.5 niu
KH,PO, 1.5 AU
CaCl, 0.01 niu
MgSO, 0.2 niu
FeCl, 0.0005 niu
Yeast extract 0.1 n3u
Crude oil 3.0 Hanans

]

[ oy Q'J a Aaa d! ] dy 9 d! [
azangaunay luingu 1,000 yaaans m"lﬂuwwve“luwmmmmm (autoclave)

121 parnyaied YU 15 YN
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7. @13a¢a18 Ehrich’s reagent
19503 1Ae1iNes 4-dimethyamino benzaldehyde 1 N5u azatelumsiuea 75 adans
Y
nnfuannsalalasaaesndudu 36%) adll 25 Haaaas waulimddu 14lumsnaaou

a5 lunaualihyIng Gsezdsingilugadunuumku TLC

8. @13a2a18 Ammonium molybdate-perchloric acid (Lee et al., 2006)
Y v k4
1w3eu 1ag1ind13 ammonium molybdate 3 nSMaza1eluiingu 25 Hadans MNTUAL
Aa Y Y a a aa 4 a Y 9
nsalelasaasinanududu 1 N UYsuas 30 dadans waznsadesnansn aAnudutu 60%
a A aa o 1A S =& [
Ysmas 15 daddas wanlddinu 1FlumsnadouarsTungualunding sawzdsngdu

ATUIIVULHY TLC
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nﬁ” a a d =
ﬂﬂwmm@mwa@aumﬂ HasaIny

a d a a A . e
1. ﬂ"l5’J!ﬂi1$ﬁﬂ1§!ﬂ§€y!ﬂﬂiﬂ“lﬁ’)\1!“}ﬁ’) Bacillus subtilis MUV 4
=) a a dy . . o A
L@IﬁElllﬂiW\liJWI'D'ﬁWHﬂﬁL%iﬂJUWIUIGIﬂJfJ\‘]L%@ Bacillus subtilis MUV4 Iﬂﬂuu“ﬁﬁﬁ“ﬂhﬂﬁ
a a 1 . ° [ <
3auTalugie mid-log phase Mimsdsuammsganavudauily 0.1, 0.2, 0.4 1ag 0.6

= JAA A @ 1 a A aa 1 A
LlagﬂLﬂﬂl%’ﬁacﬂllﬂWﬂ’lﬁ@ﬁﬂauuﬁﬂﬂﬂﬂaWﬂﬂﬁNWﬂﬁ 10 Waaans GlﬁGlUWaﬂﬂﬂ@aﬂ\‘]cWﬂﬁWU
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g’ o ] ) { a [~ o Qy
wminuiven @emsth ldeufiguugil 105 esruwaed 1Wuna 12 2 Tus udana 1314

< a I o y = = ' A g Ay JY oy o
Lﬁluﬁlulﬂcﬂlﬂm@ﬁ) m"lﬂ“ﬂu!,mﬂm 10,000 59UADUIN Wunar 15 1N agaanleiinau
a a aa y A = 09)1 A < 1 A =
151105 20 Wadaas taziumieednATINANNIGE? 10,000 59UMBDUIMN Wuan 15 wn wen
1 Y _ o ¢ Y 9 A = g o A
muﬁluaaﬂuaaumzﬂ@uwaa@ﬂmmw 105 aeusased 1Wunal 24 615'3111\‘1 NIvu

g’ o A Qy Jq ¥ a J o oy @ = 1 1 A
HINUNANN m”la“lmau“lumcvmmaﬁ HASHIUINUD L"llEJ‘L!ﬂiW‘hJWIijjﬂ!i%‘ﬁ’JNﬂWﬂﬁﬂﬂﬂau

Y
o o 4
umuazumuﬂwaauﬁjﬁ

a 4 a a di’ Ao ' A ~
amﬁzwmsm‘iymuTmmmﬁa B. subtilis MUV4 ‘VI“H’JT?JW]N“"] Tuanuvevsn

A aa v 1 { e @ J
wiza 3 Haaans uwdriamimsganaundai 660 wluwas uazilSeufsiniminead

uranunTIATTINYRIMINS A Tn

0.35 -
0.3 |
0.25
z
5 02
E
= 015- 3
(&)
a 0.1 1
0.05 y = 0.5501x
R? = 0.9733
0 : : : : : : ‘
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

OD660nm
—e— DCW (mg/mL)

vaavgu (DCW (mg/mL))

MW 28 NIMINATIUMIIYAD AV Bacillus subtilis MUV4

Figure 28. Standard growth curve of Bacillus subtilis MUV4.



2. myanzimasyiulinveuveuuniiSanagey
4
w3eunsmsnsyanIaveuso Bacillus cereus ATCC11778, Escherichia coli ATCC
3 o ] { o 1
25922 WA Staphylococcus aureus ATCC 25923 Iagifu@I0819v0saand) 1uaaee uay

F4 i1
Wounsmswigyan Taszninnamazmmsganauuaveautogaunsonaaey el

s a a ] o J g vV v
iraaniimswsgauTalugie mid-log phase Usummsganauudaveudeld ldmiiy 0.5

FY
A A AAA

taziuTuanregaunIdnNFIn1aea5Ms spread plate WU B. cereus ATCC11778 U329

' '
= v

mid-log phase 11 10 2114 TUSanauveilu 8.46x10° CFU/ML 199 E. coli ATCC 25922 194

mid-log phase #1 10 ¥ 139 JuSnauveilu 3.65x10° CFU/ML 1@z S. aureus ATCC 25923 T

%34 mid-log phase 91 20 %3114 HU3Iauderly 1.19x10° CFU/ML

4.50 +
4.00 -
3.50 ~
3.00
2.50 A
2.00 ~
1.50 -
1.00 +
0.50 -
0.00 w w w \ \ \ ‘ ‘ ‘ ‘

Absorbance

Time (hr)

MW 29 nIWATFIUNITYAD TAYDY Bacillus cereus ATCC11778

Figure 29. Standard growth curve of Bacillus cereus ATCC11778.
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1.00 -
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0.00 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
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Time (hr)

Absorbance

MWN 30 nIWNATTIUMIRTYaL Yo Escherichia coli ATCC 25922

Figure 30. Standard growth curve of Escherichia coli ATCC 25922.
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Absorbance

MU 31 nInasgIUMsnI ey Iaves Saphylococcus aureus ATCC 25923

Figure 31. Standard growth curve of Staphylococcus aureus ATCC 25923.
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a d A 2‘ aAa o an . an a JY Y
msansenlsnanihmasand laeds Somogyi-Nelson AMNITNITUATIEHUUD 2 YU

25

0.300
0.250 - ¥
0.200 |
£
o 0.150 -
A
n
a i
g 0.100
0.050 | y = 0.0027x - 0.0157
R? = 0.9885
O-OOO / T T T T T 1
) 20 40 60 80 100 120
-0.050

concentration (ug/mL)

& AVROD520 —— fig.du (AVR.OD520)

d' 3’ aa 4
NNN 32 ﬂﬁWmmgmmmamm

Figure 32. Standard curve of reducing sugar.

4. msm%'ﬂunﬂwmmyummmsﬂszneu polycyclic aromatic hydrocarbons

19583 stock solution VDY naphthalene {l¢ phenanthrene Tu@aviazate 95%Ethanol
PN stock solution YBENITIeIazaelu NG el da 1,2,3,4uag 5
mgL ewiounslinasge i liSamnsazatedreniesmnlas I lafimesfimns

AANALLAN 205 11AT 254 nm. d1451 naphthalene 1A% phenanthrene AUE 1AL
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y = 0.0515x + 0.0042
R? = 0.9943

0.000

1 2 3 4 5 6

concentration of naphthalene (mg/L)

+ naphthalene — o1 (naphthalene)

NN 33 ﬂi”lWll”l@]iyuﬁﬁ Naphthalene

Figure 33. Standard curve of naphthalene.
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& phenanthrene —— &a.&u (phenanthrene)

NN 34 ﬂi”lWll”l@]iyuﬁﬁ Phenanthrene

Figure 34. Standard curve of phenanthrene.
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M350 16 M3n3aau TauazMInanasanusIASAITINIWIN Bacillus subtilis MUV4 11

v Y
81113 Mckeen medium NH1ang Iae 2.5% luszanviame

Table 16. Growth and biosurfactant activity from Bacillus subtilis MUV4 in Mckeen medium
with 2.5%(w/v) glucose in shaked-flask condition.

Reducing sugar Surface tension

Hr pH DCW (mg/ml)

(mg/ml) (mN/m)

0 7.08+0.02 0.22+0.01° 2434+121" 54.00+1.32°
6 6.63+0.02° 2.45+0.03" 22.54+1.51 50.17+0.37°
12 6.58+£0.11° 5.75+0.08" 19.39+1.16 " 34.83+0.58 "
18 7.25+0.11° 9.00+0.45° 16.06+1.53 33.67+0.29"
24 7.34+0.07° 9.92+0.40" 14.20+1.01° 33.50+0.87"
36 7.98+0.06° 10.15+0.12" 13.83+1.36" 33.50+0.50"
48 8.1240.05" 8.54+0.07" 12.17+1.89" 33.17+0.29°
60 8.12+0.06" 5.91+0.22° 11.49+1.18™ 33.67+0.29"
72 7.96+0.07° 3.57+0.25° 9.27+1.60" 33.07+0.12°
84 7.85+0.03" 3.09+0.11% 8.71+1.80" 33.33+0.29°
96 7.80+0.02" 2.97+0.04 " 8.96 +1.66" 33.60+0.17"

E4
% U v @ 1 S W [

* @aavlunudainmiuaiedionysatulanuuanaiuegitsdduneana

(p<0.05)

9

T a SR A IR 091 dy dil
nageUNINIINAITaALITIANAI Taens 1¥du lavintitasuiye
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M50 17 MIsaan Tauas MIHAAETaALTIAIRITINININ Bacillus subtilis MUV4 1u

v Y
81115 Mckeen medium NMIang Iaa 1.0% Tussduviame

Table 17. Growth and biosurfactant activity from Bacillus subtilis MUV4 in Mckeen medium
with 1.0%(w/v) glucose in shaked-flask condition.

Reducing sugar Surface tension

hr pH DCW (mg/ml)
(mg/ml) (mN/m)

0 7.3140.00° 0.2240.01° 9.98+0.25" 53.50+0.50°
6 6.5240.20" 3.18+0.01° 9.40+1.62° 45.00+0.30"
12 6.61+0.05° 7.33+0.01" 3.1020.72° 38.500.50°
18 6.87+0.20° 8.80+0.01' 1.45+0.21° 36.800.29"
24 6.96+0.08 ° 8.80+0.03 " 1.430.54° 36.80+0.50"
36 7.65+0.08" 5.33+0.01° 1.07+0.75% 34.00+0.40"
48 7.89+0.10° 4.730.01' 1.2740.50" 33.50+0.50"
60 7.91+0.02° 4.05+0.02° 1.05+0.66" 33.80+0.40"
72 8.08+0.03" 3.70+0.01° 1.30£0.50" 33.80+0.50"
84 8.06+0.05' 3.61+0.01° 0.95+0.25" 33.00+0.50"
96 8.03+0.08" 2.6120.01" 0.87+1.48" 34.50+0.30°

E4
Y Y v o

* g lunudsinudedsnesanuiianuuananiuedsidednynieana

(p<0.05)

T a SR A FIR 091 dy dil
nageUNINIINAITaALTIANAI Taens 1¥du lavnntitasusye
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M15199 18 MI5aD Taua MIHAAETAALTIAIRITINININ Bacillus subtilis MUV4 1u

91413 Mckeen Medium (1.0%w/v glucose) Tudandinit lifimsaruguitios uaz 19

91017 1.0 vvim

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.
Reducing sugar Surface tension
hr pH DCW (mg/ml) (gl (/)
0 7.43+0.03° 0.22+0.00" 9.970.10' 54.67+0.29°
6 6.36+0.01° 4.91+0.01° 7.58+0.35" 50.67+1.15
12 7.20+0.01° 7.31+0.01" 5.39+0.06° 50.33+0.58™"
18 8.09+0.03° 7.7140.04 4.51£0.25" 49.00£0.00°
24 8.08+0.04° 8.41+0.02" 4.54+0.25° 45.83+0.29°
36 8.02+0.02" 9.37+0.02' 2.4240.13° 49.33£0.29%
48 8.17+0.02" 9.88+0.02" 1.22+0.03" 51.67+1.89"
60 8.44+0.02° 9.88+0.02 0.89+0.00° 54.67+1.44°
72 8.72+0.01' 6.40+0.02° 0.59+0.38" 55.50+0.00°
84 8.84+0.02" 2.39+0.01° 0.52+0.05" 60.17+0.29"
96 8.62+0.01" 2.13£0.01° 0.45+0.05" 60.00%0.00"

E4
% % v v 1 S W [

* dpvlunundisinudiedsnusaesiuiianuuanaeiuedieidsdnynieana

(p<0.05)

T a SR A FIR 091 dy dil
nageUNINIINAITaALTIANAI Taens 1¥du lavintitasuie
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a3 19 M3SAy TauasmMInanaIaaus iAW Bacillus subtilis MUV4 11
911113 Modified Mckeen Medium Tudansini lifimsniuauiies uaz 1erme
0.5 vvmm

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.

Reducing sugar Surface tension

Hr pH DCW (mg/ml)
(mg/ml) (mN/m)

0 7.18+0.02° 0.16+0.00" 9.97+0.31° 55.67+0.29'
6 6.88+0.02" 3.47+0.01° 9.30+0.72" 57.00+0.50"
12 6.07+0.03" 5.39+0.01° 3.7540.15° 51.83+0.29°
18 6.77+0.04° 6.25+0.02" 2.78+0.50" 50.83+0.29"
24 6.30£0.04" 6.71£0.01° 1.97+0.40" 87.004+0.50°
36 6.51+0.02° 7.68£0.12" 0.92+0.13° 52.00+0.50°
48 6.73+0.04" 8.02+0.07 0.5120.21" 57.17+0.29°
60 6.83+0.02° 6.11+0.03" 0.44+0.08° 55.83+0.76"
72 6.91+0.03" 5.25+0.11° 0.38+0.04" 46.83+0.76"™
84 6.82+0.03° 3.70+0.06° 0.24+0.05" 50.67+0.29"
96 6.74+0.03" 2.3240.16" 0.20+0.01° 54.17+1.04°

4
o Y v o o w aa

* g lunudisinudedsnesasnuiianuuananiuedsidsdnyniedna
(p<0.05)

T a =R A Y 1 g’ dy dy
nagouNINITUAITAALTIAIAI Taems 1¥aulavnntinaeuye



M15199 20 M35 AD Taua MIHAAETAALTIAIWITININGIN Bacillus subtilis MUV4 1u

Table 20. Growth and biosurfactant activity from Bacillus subtilis MUV4 in Mckeen medium

81113 Modified Mckeen Medium Tugangind lutimsaiuauiiey uag lilde1ns

(1.0%w/v glucose) in fermenter with uncontrolled pH and no aeration rate.

Reducing sugar

Surface tension

hr pH DCW (mg/ml)
(mg/ml) (mN/m)
0 7.20+0.04" 0.1240.15" 9.97+0.12" 53.00+0.50°
6 6.86+0.01" 1.12+0.20° 9.38+0.50° 52.33+0.29"
12 6.05+0.03" 1.85+0.13° 3.6240.15' 52.00+0.45"
18 6.81+0.00° 5.00+0.11° 2.54+0.35" 48.83+0.29°
24 6.32+0.01° 5.2240.29" 2.04+0.10° 39.67+0.29
36 6.54+0.01° 2.2140.34" 0.90+0.25" 37.1740.29°
48 6.75+0.03" 1.08+0.21° 0.47+0.05" 36.50+0.31°
60 6.83+0.02° 1.00+0.23° 0.3740.03" 36.80+0.58"
72 6.89+0.06° 1.00+0.18° 0.3540.03" 35.33+0.29°
84 6.83+0.03 1.0020.19" 0.22+0.04' 35.17+0.29"
96 6.75+0.03" 1.00+0.22° 0.20+0.01° 35.00+0.34"
* Faay Tundaiin TudemdnysannulinnuuananuediivedAyniana

(p<0.05)

T a =R A Y 1 g’ dy dy
nagouUNINITUAITAALTIAIAI Taems 1¥aulavnintitaeuye
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M15199 21 MIsaaD Taua MIHAAETAALTIAINITINININ Bacillus subtilis MUV4 lu

81113 Modified Mckeen Medium Tuganginiiimsaiuauiiey uag lildeinis

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.
Reducing sugar Surface tension
hr pH DCW (mg/ml)
(mg/ml) (mN/m)

0 7.09+0.01° 0.30+0.06" 9.51+0.45° 55.83+0.76°
6 7.00+0.00° 1.56+0.16" 8.49+0.40" 46.0041.80
12 7.02+0.02% 1.9340.18° 6.67+0.10° 38.50+0.50°
18 7.03+0.01° 3.13+0.08" 5.560.50" 35.50+0.00°
24 7.01+0.00" 3.47+0.11" 3.86+0.30° 35.33+0.29"
36 7.03+0.01" 4.79+0.21' 3.15+0.50" 34.00+0.50"
48 7.07+0.00° 3.2540.14° 1.00+0.03" 33.83+0.29"
60 7.07+0.02° 2.28+0.18° 0.98+0.03" 34.00+0.23"
72 7.07+0.03° 1.68+0.20° 0.99+0.05" 34.00+0.50"
84 7.010.02" 1.67+0.11° 0.95+0.10° 33.83+0.29"
96 7.06+0.01° 1.69+0.12° 0.93+0.12° 33.67+0.29"

* faay Tundaiin TudemsnysannulinnuuananuediivedAyniana

(p<0.05)

T a =®R A Y 091 dy di’
nageUNINIINAITaALTIANAI Taens 1¥du lavnintitasuie
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A13197 22 NAVOINIDFADNINTTUVDIATAALUTIAIRIVOUTD Bacillus subtilis MUV4

Table 22. Effect of pH to biosurfactant activity from Bacillus subtilis MUV4.

. AMTIAIRD (Surface tension)

Surface Tension (mN/m)

P 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 32.8340.29  70.67+0.76
1 %Emulsification activity (YoEA)
%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 33.334+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 33.334+0.06 33.334+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 14.294+0.06 0.00+0.06 66.67+0.06  0.00+0.06
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. A1 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 33.3320.06  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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A135199 23 WAVRIQUNNABNINT THYBIENTAAUTIAIHIVOUTD Bacillus subtilis MUV4

Table 23. Effect of temperature to biosurfactant activity from Bacillus subtilis MUV4.
' =K A .
.  ANLTIENNT (Surface tension)
Temperature Surface Tension (mN/m)
(°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
V. 1 %Emulsification activity (YoEA)
Temperature %EA
(°O) 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 61.5440.06  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
fl. A1 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 61.5440.06  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.

. AMTIAIRD (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
| 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 32.504+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

V. A1 %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

| 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 33.334+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




f. A1 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

107



108

0.380

22.5]

mV |
20.0
17.5
15.0
]
12.5 :_)
[}
120
7.5 N
<
5.0 ;
. ° °
© 2 N\
. I N
“° 4 \;\& / \
0.0 \ ~—
, ‘ . — < \
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 m

MWA 35 anwvalg TLC/FID Tasun Taunsuvesasilsznenluihiiuanluganiuny
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
Peak in MSYM
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

Peak in MSYM + BS
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
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