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Figure 5. Growth, residual sugar and surface tension activity of Bacillus subtilis MUV4 in

Mckeen Medium with 2.5%(w/v) glucose in shaked-flask condition.
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Figure 6.  Effect of glucose on the surface tension of supernatant of Bacillus subtilis MUV4
cultivated in Mckeen Medium in shaked-flask condition.
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Table 3.  Kinetics of Bacillus subtilis MUV4 in Mckeen Medium with different glucose
concentrations.
Yow/v Specific growth rate (n)
product(mg/ml) Yp/s Yx/s Yp/x B
glucose (h)
0.5 0.436 0.110 1.413 0.077 0.14
1.0 0.652 0.072 0.713 0.101 0.14
1.5 0.778 0.059 0.697 0.085 0.11
2.5 0.332 0.022 0.941 0.023 0.11

*specific growth rate (u ) ("= In X,—In X,

t

Yy v ¢ o - o
Xt = mmmmmmmmawaawmil”mmimwmENnJunm t Glf:]jll\i

Yy 9 sa 9
on AUV NUVUHUIDINIALTARLTNAU

t =1a1 (1 1u9)



DCW, Reducing sugar
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Figure 7.
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Growth, residual sugar and surface tension activity of Bacillus subtilis MUV4

in Mckeen Medium with 1.0%(w/v) glucose in shaked-flask condition.
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Time course of Bacillus subtilis MUV4 in Mckeen Medium (1.0%(w/v)glucose) in

fermenter (working volume 1 liter, aeration rate 1.0 vvm and uncontrolled pH).
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Time course of Bacillus subtilis MUV4 in Mckeen Medium (1.0%(w/v)glucose) in

fermenter (working volume 1 liter, aeration rate 0.5 vvm and uncontrolled pH).
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Figure 10. Time course of Bacillus subtilis MUV4 in Mckeen Medium (1.0%(w/v)glucose) in

fermenter (working volume 1 liter, no aeration and uncontrolled pH).



DCW, Reducing sugar
(mg/mL)

7NN 11

Figure 11.
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Time course of Bacillus subtilis MUV4 in Mckeen medium (1.0%(w/v)glucose) in

fermenter (working volume 1 liter, no aeration and controlled pH at 7.0).

Surface tension (mN/m)

43



<
2. MINENENITAANTIAININALSINELI9E I

=

(Y] v o d
2.1 msﬂnmnammzmsanﬂﬁ"aﬂmmazmﬂaumﬂ

o 3‘ dy :7 A v dy ' Y A 9 o
LlTL!”ILaEJ\‘ILGH’EJ‘VIllﬂi]”lﬂﬂ”limENGLM“]J’J@LGUEJ”I@]”I?JGU@V] 1 ¥ 27 91U4IU 23.60 L ene1gNOU

=

#1 pH 2 @78 6N HCI Jda3aa15909@7 0.404 g/L auifumsadanenuiaau 9.54 g uiiaans

k4 H
o %

Wmin 8.71 g azanedemsiuea wenmmzaiuiazateluwsiueasemedliazaigesn
Y A Y Y] a 3 g’ o 9 A ) 9 an
ABIAT evaporator IaIUERAEUNTIHEA AntluIiMn1A 4.50 ¢ iieri lUuenale3s
Y v ' v
column chromatography Juduae 11/ Tuvaznaiui liazarelumsiwearinliinenssuves
A1TAAUTINIAD HBATINABUNINT TUVDITTAAUTIAIAITININAIBITNT TAA T IAIA?
HazA E24 wunasanarenn1dainsadawaminy 41.0 mN/m tagal E24 (910U 33.33%
Tuvagnansananeuluysivea A s AR UNINY 38.5 mN/m taza1 E24 19101 16.67%

(137197 5)

44

2.2 asvaevesntsznevluaIvaniarienydIuIs Thin Layer Chromatography (TLC)

o 1 [ { J ' Y
hduanane s ueai ldnasvdevesnlszneuedanenuuy TLC  ludd
A 4 ¢ o a "oy .
naeuNszuunae IsesuausIuea:i (65:15:1)Tas1l5uas uaznudlesansazals Ehrich’s
U @ ] 1A J I % '
reagent 1th1duds aunsadunamuuovuvesasngua Il Inailludan 3 9 dafia R,

A0 0.64, 0.16 1Az 0.018

2.3 mangnlagdslasnlaniiuuugadiy
Y v Y
MIUSNAIUFNANSIVINFTIUDAVINATASS IUVIAEINIA 4.50 DTN UAAIVUADU
MIUYAAININT 12 ATIVAOVANHAULYBIATUUUNY TLC tazsmasnuanyas Iasui Inun
[ 1] I [ [ { 1 [ @
sumdeuiutnaleiy ansauenaseendluaiug 1ddensen 4 wundiuaianey
Y
] ] Y I~ 1 ] [ a
WEIUOATINNTOUINAIUSDINIH LA IATY 6 AIUIsR N HATNATDUNINTTUVDIAITAN
Y ] 1 Y v
HFIANAININSTIALT IR MTINADI A% Y 1HHAGIA1T19N 5 WUNaIUges F1 1m1ing
P =W 9 a ] ) a Y 1 1 S =
wan lduanisamu 1l Tueusarhuimeaeunanssuld diudes F2, F3 uag F6 HaAmIang
A o w v I
W7 48.50, 42.50 AL 35.20 mN/m INA19Y uazial %EA 1y 38.40%, 69.20% uag 100.00%
o w 1 1 <3 1 A a 1 3 1 1 Y A A
Ay uaed1e lsnmunu WennsaA1 E24 1iu daudes F3 azlda1 E24 dfgado
d' ] ] s I~ 1 ] s I~ 1
65.40% luvazNaiuges F2 1A E24 1111 15.00% tag a1uees F6 Ua1 E24 11U 7.14% ua

a A

1 v Y
NADNATUIRWIZNHIVDIVIA vial 111U



Bacillus subtilis MUV4

Cultured in Mckeen Medium (1%(w/v) glucose
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Figure 12. Isolation diagram of crude biosurfactant from Bacillus subtilis MUV4.
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Precipitated with 6 N HCI, collected the precipitates and



Cr.MeOH FlI F2 F3 F4 F5 F6

2M# 13 &nae TLC chromatogram ¥edd uafaMeWEILea LazdIuges F1 14 F6
Figure 13. TLC chromatogram of crude methanol and F1-F6 fractions.
Note : cr. MeOH = crude methanol (R, = 0.64, 0.40 and 0.35)

F1 (R;=0.61 with long tail)

F2 (R;=0.61, 0.40 and 0.35)

F3 (R;=0.61, 0.40 and 0.35)

F4 (R;=0.40 and 0.35)

F5 (R, = 0.35)

F6 (R, = 0.35)

Mobile phase as CHCl,:MeOH:Water (65:15:1)
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Table 4.  Fractions of crude methanol separated by silica gel 60 column chromatography.
Weight
Fraction  fraction no. Mobile phase (by volume) Physical appearance
(mg)
F1 1-2 CHCI,;:MeOH:H,0 65:15:1 7.3 Yellow liquid
F2 3-4 CHCI,;:MeOH:H,0 65:15:1 95.5 Pale brown liquid
F3 5, 14-20 CHCI,:MeOH:H,0 65:15:1- 112.4 Brown liquid to gum
CHCl,:MeOH:H,0 70:30:1
F4 6-13 CHCI,:MeOH:H,0 65:15:1- 257.1 Brown liquid
CHCl,:MeOH:H,0 70:30:1
F5 21-45 CHCl,:MeOH:H,0 70:30:1- 1,010.3  Brown liquid to gum with a
CHCl,:MeOH:H,0 40:60:1 little white solid
F6 46-67 CHCl,:MeOH:H,0 20:80:1- 1,037.1  Dark brown gum
MeOH:H,0 100:1
MINd 5 RanssuasaauseiiivesazduiinendreneduriFaniea 60
Table 5. Surfactant activity of each fraction separated by silica gel 60 column chromatography.
Fraction Weight  Surface tension %EA E24 Note
(mg) (mN/m)
Crude BS 9.54 41.00+0.50 66.67+0.29  33.33+0.50
Crude MeOH 4.50 38.50+0.00 54.50+0.33  16.67+0.29
F1 7.3 ND ND ND Less weight
F2 95.5 48.50+0.29 38.44+0.50  15.00+0.20
F3 112.4 42.50+0.29 69.20+0.20  65.40+0.15
F4 257.1 32.00+0.13 65.40+£0.15  0.00+0.50
F5 1010.3 31.00+0.50 50.00£0.29  0.00+0.50
F6 1037.1 35.20+0.00 100.00+0.33  7.14+0.29  E24 was only the surface of vial

ND = Not detect
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F4
257.1 mg
Silica gel 60 column chromatography
Eluted with CHCl,:MeOH (90:10) — MeOH
F4-A F4-B F4-C F4-D F4-E
2.0 mg 9.5 mg 86.0 mg 104.0 213 mg

1 k4
AN 14 FUADUMTUINA15VOI F4 NTUﬂ@ﬁNﬁ%ﬂﬂuﬂﬁ 60

Figure 14. Isolation diagram of F4 through silica gel 60 column chromatography.
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Table 6.  Subfractions of F4 separated by silica gel 60 column chromatography when increased

the polarity of mobile phase.

50

Subfraction  fraction no. Mobile phase (by volume) Weleht Physical appearance
(mg)

F4-A 1-2 CHCI,:MeOH 90:10 2.0 Pale yellow liquid
F4-B 3-34 CHCI,:MeOH 90:10 9.5 Brown liquid

F4-C 35-61 CHCI,:MeOH 90:10- 86.0 Yellow liquid

CHCIl,:MeOH 80:20-

F4-D 62-67 CHCI,:MeOH 60:40 104.0 Pale yellow liquid
F4-E 68-83 CHCl,:MeOH 60:40- 21.3 Dark brown liquid

MeOH 100

Jaa

MINN 7 ﬁ‘ﬂﬂiiuﬁﬁﬁﬂui\‘lax‘laﬂﬂl@\‘l F4-subfraction tﬁauaﬂﬁ’wﬂaﬁuu%mma 60

Table 7.  Surfactant activity of F4-subfraction separated by silica gel 60 column chromatography.

Subfraction Weight Surface tension Note
%EA E24
of F4 (mg) (mN/m)

F4 257.1 32.00+0.13 65.40+£0.15  0.00+0.50
F4-A 2.0 ND ND ND Less weight
F4-B 9.5 ND ND ND Less weight
F4-C 86.0 43.00+0.50 0.00+0.29 0.00+0.50
F4-D 104.0 43.50+0.50 0.00+0.15 0.00+0.29
F4-E 21.3 43.00+0.50 0.00+0.20 0.00+0.29

ND = Not detect



F4 F4-A F4-B F4-C F4-D F4-E

A 15 &nBaY TLC chromatogram Y048U808 F4 11adI1g00 F4-A 59 F4-E
Figure 15. TLC chromatogram of F4 and F4-A — F4-E subfractions.
Note : F4 (R;=0.38 and 0.08)

F4-A (R,=0.87, 0.38 and 0.08)

F4-B (R;=0.71, 0.56, 0.38 and 0.08)

F4-C (R;=0.71, 0.38 and 0.08)

F4-D (R, = 0.38 and 0.08)

F4-E (R, = 0.38 and 0.08)

Mobile phase as CHCl,:MeOH (85:15)
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F5

1.013 g

Silica gel 60 column chromatography

Eluted CHCl,:MeOH:Water (65:25:4) — MeOH: Water

(100:1)
F5-A F5-B
6.4 mg 395.7 mg
Preparative TLC collect 261.2 mg
134.5 mg for reference
S1 S2 S3
16.1 mg 8.5 mg 26.4 mg

v Y
MAN 16 TUABUMSUINAITVON F5 muﬂ@é’uﬁ@ﬁmma 60

Figure 16. Isolation diagram of F5 through silica gel 60 column chromatography.
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Table 8.  Subfractions of F5 separated by silica gel 60 column chromatography when increased
the polarity of mobile phase.
Weight
Subfraction  fraction no. Mobile phase (by volume) Physical appearance
(mg)
F5-A 1-11 CHCIL,:MeOH:H,0 65:25:4 6.4 Yellow gum with white
solid
F5-B 12-152 CHCI,:MeOH:H,0 65:25:4- 395.7 Yellow mixed orange

CHCI,:MeOH:H,0 65:27:4-
CHCL,;:MeOH:H,0 65:35:4-
CHCL,:MeOH:H,0 50:45:4-
CHCL,:MeOH:H,0 30:65:4-
CHCL,:MeOH:H,0 10:85:4-

MeOH:H,0 100:4

gum and yellow oily

Jaa

MINN 9 ﬁ‘ﬂﬂﬁiuﬁﬁﬁﬂuiﬂﬁﬂﬁ’)ﬂl@ﬂ F5-subfraction Lﬁﬂl!ﬂﬂﬁﬂﬂﬂ@ﬁuu“ﬁﬁﬂwﬂa 60

Table 9.  Surfactant activity of F5-subfraction separated by silica gel 60 column chromatography.
Subfraction Weight Surface tension Note
%EA E24
of F5 (mg) (mN/m)
F5 1010.3 31.00+0.50 50.00+£0.29  0.00+0.50
F5-A 6.4 ND ND ND Less weight
F5-B 395.7 30.50+0.50 0.00+0.50 0.00+0.50

ND = Not detect
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F5 F5-A F5-B F5-B S1 S2 S3

A B
AM# 17 &nae TLC chromatogram ¥848IU808 FS F5-A F5-B 1azdIueos S1 54 S3
Figure 17. TLC chromatogram of F5 F5-A F5-B and S1-S3 subfractions.
Note : A. Mobile phase as CHC1,:MeOH:Water (65:25:4)

F5 (R;=0.68, 0.45 and 0.21)

F5-A (R,=0.68, 0.45 and 0.21)

F5-B (R;=0.68, 0.45 and 0.21)

B. Mobile phase as CHCL,:MeOH (60:40)

F5-B (R;=0.82,0.58 and 0.16)

S1 (R,=0.82)

S2 (R,= 0.58)

S3 (R,=0.18)
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A13199 10 ALTIAIALAL emulsion activity VBIFITAALTIANAIVOITIUEDHA1GY

Table 10. Surface tension and emulsion activity of each fraction.
Fraction Surface tension (mN/m) %EA E24 Note
Crude MeOH 38.50+0.00 54.50+0.33  16.67+0.29
F2 48.50+0.29 38.44+0.50  15.00+0.20
F3 42.50+0.29 69.20£0.20  65.40+0.15
F4-C 43.00+0.50 0.00+0.29 0.00+0.50
F5-B 30.50+0.50 0.00+0.50 0.00+0.50
F6 35.20+0.00 100.00+0.33  7.14+0.29 E24 was only the

surface of vial




'
a A

{ < ' a § 09)1
%1ﬂ@nﬁN°ﬁ 10 %%Wiu1&31@1’13'&1ﬂlliﬂﬁ\‘lﬂ'}ﬂwaﬂﬂﬁnﬂléﬂlﬂ@ B. subtilis MUV4 uuﬁ
v 1 Y
ﬂ’ﬂll?ﬂll13ﬂﬁluﬂ15ﬁﬂlli\‘lﬁ\‘lN?qﬁaﬂ31ﬂ1ﬁﬁ11ﬁlﬂﬂ@ﬁﬁ%u ‘?Qﬁﬂuﬁl@ﬂ F5-B Huausnan
1 =R A QIdd' Y =K A 1w £
mtmmm'l@m@@ Gl?‘iﬂWL!ﬁ\WNN'JL‘VHﬂ‘U 30.5 mN/m ¥331897UUDI Rosenberg LDe Ron
Y 1 =R A A ] Y 1 3’ o
(1999) 1@518\‘111!']1 mﬁaﬂmemmmwmmiaumaaﬂ"lmﬂu 2 ﬂ’qumuumuﬂimaqa

1 v Y 1
Hufe nguitiiminTuanad1 (low-molecular mass molecules) AINITDAAAWTIAIAILDY

1 Y
' AA o v

=3 1 a Y Aa U & A .
LLiWNS%‘Vi’JNW’J]lﬂﬂ “lummzmmqwuma NANNUUINU Tmaqaqq (high-molecular mass

v 9 ]
£% v Aa A

Y

polymers) Huvziinanssumsadiatuldani duiuasaausanednldnn B, subrilis

= ] I T A g} o o Ao ] 1 dy 9 1 Aany ]
MUV4 3ahaziiluens lunguitivihmiin Tuanadt enshdneglunguiildun lnaladtdla wu

a o 1

trehalolipids, sophorolipids 4t81& rhamnolipids waza 1ty Ing wu surfactin, gramicidin S L0

. I 9
polymycin wWuau

Wdiudes F5-B ¥11031980U09AY R UNeuUMury TLC Judiazaamaoun

4 a 1
szuvunae lsWesuusIuea (60:40) Taellsuias nazguluasazaly ammonium-molybdate
: { 1T A 4 v
perchloric acid #uilu reagent NlFasrvaovanslunqualuling  whlduds awnse
] < I ~ 1A a ] Y I
dunamiuuauveds s udud wunuas 3 yiadsinguuunu TLC Tva R, 104 0.8, 0.58
4 k4
1Az 0.16 WMINAITNITIWBONIINAUAIINTYA spot NI WBONIINUAY TLC tazii 1w
a 2R A A c?/‘ 9y [ dyd
NINTTULTIAINIDNATY IHAAIHAD
= I = =2 A Y A I = =R A
S1 A1 R, 111 0.8 UAWTIAIHUNINY 41.50 mN/m S2 N1 R, 1111 0.58 AMLTIAIHT
1w = [ = =K A 1w o A A

(A 44.50 mN/m 1@y S3 UA1 R, 11U 0.16 WAMITIAIRUNINY 32.50 mN/m HUAo spot Nl
NINITUURIATAALTIAIHIFI IALA spot S3

11 S3 ¥ critical micelle concentration (CMC) WUNTUAT CMC 71 200 mg/L Tag
IRAMTIAeAIdIgaN 34.70 mN/m aemwi 18 TuvszAdwananeouldaus iy
34.8 mN/m N5zAUA CMC Y3zl 500 mg/L azaIuananen s IHea AT IRIA7

AU 32.5 mN/m 152AUA1 CMC Useunnt 500 mg/L

56



57

80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00 ‘ ‘ ‘
0 5000 10000 15000 20000

Surface tension (mN/m)

concentration (mg/L)
—=—crude BS
80.00

70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

4
L 4
L 4
L 2
L 4

Surface tension (mN/m)

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

concentration (mg/L)
80.00 —e—crude MeOH
70.00
60.00
50.00 -
40.00 -
30.00 -
20.00
10.00 -
0.00

»
[ 3

Surface tension (mN/m)

0 1000 2000 3000 4000 5000 6000

concentration (mg/L)
—a— S3 (F5-B)

NN 18 A critical micelle concentration YOIFIUANANEL FIUTNANENLINTIUDA LA
aIug0y S3

Figure 18. Critical micelle concentrations of crude BS, crude MeOH and S3.
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Figure 19. Effect of pH on the surface tension of biosurfactant from Bacillus subtilis MUV4.
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Figure 20. Effect of temperature on the surface tension of biosurfactant from Bacillus subtilis

MUV4.
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Figure 23. Effect of NaCl on surface tension of biosurfactant from Bacillus subtilis MUV4.
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Table 11. Emulsion stability of samples with different concentration of sodium chloride.
A. 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 33.33+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
. 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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Table 12.  Amount of cell and reduction time of bacteria pathogen.

Amount of cell Reduction time Antibiotic concentration
Bacteria
(CFU/mL) (Hour) (ug/mL)
E. coli ATCC25922 5.48x10° 8 Vancomycin (10)
S. aureus ATCC25923 1.42x10° 8-10 Vancomycin (1.25)
B. cereus ATCC11778 8.78x10" 8 Vancomycin (2.5)

~ @ 09/’ dy a =4 Y 1 1 | A A Y
MTNN 13 WafniEJ’UEJ\‘]L‘]S’E]‘{]"QH“VIﬁEl“VIﬂ?f’E]‘Uﬂ']ﬁlﬁ']uEl’fJElGUfJ\‘]ﬁTiaﬂlli\‘]@l\‘lﬂﬂ“ﬁ?ﬂWWﬂWﬁ@lU]’ﬂ
10 Bacillus subtilis MUV4
Table 13. Minimal inhibitory concentration of different fractions of biosurfactant from

Bacillus subtilis MUV4 against pathogens.

MIC (ug/mL)
Fractions E. coli ATCC25922 S. aureus ATCC25923 B. cereus ATCC11778
(5.48x10' CFU/mL) (1.42x10" CFU/mL) (8.78x10' CFU/mL)
Crude BS - - 150
Crude MeOH - - 75
F2 - - 75
F3 - - 75
F4-C - - 37.5
F5-B - - 300
F6 - - 300
Vancomycin 10 1.25 2.5




A3 14 auliamaunlvesaisiseney PAHs

Table 14. Chemical characteristics of PAHs.

PAHs Chemical formula Molecular weight Water solubility (mg/L)
Naphthalene C,Hy 128 31.69
Phenanthrene C,H, 178.2 1-1.6

naphthalene phenanthrene

17 : Elliott (2001)
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Figure 24. Effect of biosurfactant concentration on naphthalene solubilization.
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Figure 25. Effect of biosurfactant concentration on phenanthrene solubilization.
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Table 15. Oil recovery of supernatant, crude BS, crude MeOH of biosurfactant from

Bacillus subtilis MUV4,
Sample % crude oil recovery £ S.D. % kerosene oil recovery= S.D.
Supernatant 25.11+0.75 42.85+1.75
Crude BS 28.56+1.08 50.0040.34
Crude MeOH 41.85+£2.25 75.0040.43
SDS 100.00+0.58 100.00+0.81

Distilled water 12.64+0.90 18.56+1.10
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Figure 26. TLC/FID chromatogram of crude oil when cultured in MSYM and no biosurfactant.
A =0 day of cultivation
B =3 days of cultivation
C =17 days of cultivation

Note :  Saturated hydrocarbon (RT=0.154+0.02), Aromatic hydrocarbon (RT=0.291+0.01)

Resin (RT=0.386+0.00) and Asphaltene (RT=0.463+0.00) analyzed by TLC/FID method.

76



71

Noo
o o
20160
0.285
0.467

0.373

30 C

v

25
20

15

. |

1 Y [
MW 27 anwvalg TLC/FID TasinTaunsuvesansilsznouluiniuauluganiinisay

=KX a A
A1TALTIAINIBTININ

Figure 27. TLC/FID chromatogram of crude oil when cultured in MSYM and added biosurfactant.

Note :

A =0 day of cultivation
B =3 days of cultivation
C =17 days of cultivation
Saturated hydrocarbon (RT=0.150+0.01), Aromatic hydrocarbon (RT=0.288+0.01)

Resin (RT=0.403+0.00) and Asphaltene (RT=0.472+0.01) analyzed by TLC/FID method.



