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ABSTRACT

This study was conducted to characterize the biosurfactant produced by Bacillus subtilis AS6 isolated

from mangrove sediment in Phuket province. The extraction of biosurfactant from B. subtilis AS6 after cultured

in mineral salt medium (MSM) for 54 hours was carried out by ammonium sulphate precipitation, acid

precipitation and organic solvent extraction (chloroform: methanol). The results indicated that crude biosurfactant

was recovered from the culture supernatant by chloroform: methanol (2:1) extraction with a yield of 0.45 g/l and

had critical micelle concentration (CMC) of 0.044 g/l. The crude biosurfactant was capable to reduce surface

tension of pH 6-9, temperature of 25-121°C and in the presence of NaCl up to 12% (w/v), MgCl, up to 0.1%

(w/v) and CaCl, up to 0.04% (w/v). The biosurfactant obtained was purified by using column chromatography.

Structure elucidation of partially purified biosurfactant performed by Fourier transform infrared spectroscopy

(FT-IR) and Mass spectroscopy indicated that biosurfactant produced by B. subtilis AS6 consisted of amino acid

and lipid with molecular mass of 1,032 m/z.
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~ = an 3 A R A a X . .
MINN 1 “ﬁﬂul‘ﬂfn.]')‘ﬁfn3111!ﬂ1§'lﬂ1]lﬂﬂ:]ﬁ"|5ﬁﬂui\3§]\‘]wasﬁ')ﬂ1w€lﬂﬂw@ Bacillus subtilis AS6

Method of recovery

production (g/l)*

Biosurfactant

CMC (g/) ’ Surface tension at CMC

(mN/m) "

pH precipitation pH?2 4.51+0.10""
pH 3 2.18+0.04°

pH 4 0.94+0.02°

Ammonium sulfate 40 % 0.63+0.01"
precipitation 50 % 0.86+0.01°

60 % 1.20+0.01°

CHCI, : MEOH extraction (2:1) 0.45+0.02°

1.850+0.00"" 45.2+2.10""

0.775+0.00" 37.1£1.20°
0.538+0.00° 30.5+2.00°
0.219+0.00° 30.2+1.50°
0.219:0.00¢ 38.4+2.30"
0.438+0.00" 42.0+2.00"
0.0440.00" 28.0+0.20"

"Results represented mean + standard deviation from triplicate determinations

"Different letters in the same column indicate significant differences (p<0.05)

wa ] Aa A d’ U 4
2. paanlfvesasaaussfsiITImniianala
2.1 WO NHIEAUADNINTTUUDIA1TAN
2K A A = [ Y
UFIAIAIFININNANA b9
AAa ] = A v
M5uNINT TN IuFIUeINFNN I
Id vaaa KX a A
Wuguauianaveda1saausIaanIzInIN
. a v dytﬁ A 1 =} '
(Mulligan, 2009) 41438 UVNUADNTINOFTLHIN
2.0-12.0 TumsnagoufINITUVDIAITAALTIA
AIFINININN B. subtilis AS6 11A1TAALTIAIAND
= A o Y & ..
Fnmnana laanae B. subrilis AS6 Az 1509

a [ J

HIIRIRIFAUAITIZIN1UAT AD SDS 1Ay Triton

v

X-100 NHAMUIY

UTUNIFUAT CMC Ao 0.044,
0.218 az 1.750 N5uA0aNT ANa1AL USUNoY
V0982081919 0g 11429 2.0-12.0 878 1 N NaOH
%39 1 N HCl udmagounanssulumsanausa

v
a A =)

A9 HAN1TNARRIAAIIUAINA 1 WUIIALT
F
AAHIVDITITAAUTIAIAITININNANAADINY D
v Y T '
B. subtilis AS6 tNUAUILDA D FAAAIAINIT 5.0
HAZUINAI 10.0 19199910 A1TAAUTIAIAUNANIT
A J [
anaznouluaniizmiunsagauazaiag
(Sutthivanitchakul ef al., 1999) LANINTTUUDIAS

=KX Aa a = = !
aﬂmqmmmmw"lunmi!,ﬂaﬂuuﬂaﬂumq

=

No% 6.0-9.0 Tuva LN SDS ag Triton X-100 I
AINTTUNMTaANTIAINIAIA LB DY 3.0-8.0
Haz DY 5.0-8.0 AIUAINY VINHANITNABDIAULTAY

1 LY

1< 2= a
Idiunquanialunmsaaussisrivesasan
KX a a A a Y
U5IRIAITININ ARG 1A010 B. subtilis AS6 AR
2K A Y Y 1 =~ < '
useparn ladeeaslugreienidunsanazas
=® A % 1 1A di d‘
AaR92AIA2 U9 1#ie Y 7-10 10991011
~ A X ° ) o s
WowNuIU NaOH M l¥inuasdlves luwaa
X Aa A dg + v v
VOIANTAAUTIAIHIFININATY 18 Na’ 923 UN1
Tassasevesnsa luiuluTuanavesasaauss
a o a a2 .
farvi 1 aine lusadav (Li and Chen, 2009)
& =1 L) 2K A 3 U
FINAYDINDBADNINTTUNTAAUTIAIHIVLIUOY

=

[ o 4 a o
ﬂumﬂwu‘gmmgaumﬂﬁ'w (Klein and Wagner,
= Y]
1987; Abouseoud ef al., 2008) 1@ s W a N ) a
AOANADINUNANIINAADIVDY Vaz ef al. (2012)
AN N YADNINTINAITAALITININIVDIAITAA
v Y
HTIA A INNN AN IR D B. subrilis 15 1R 1)
o =® a @ 4 Y v '
AUAITAAUTIAIRITUATIZH N1IAITAT 19 1A
Glucopone®215, Glucopone®650, Findet®1214N/23 1 &
linear alkylbenzene sulfonates (LAS) W1 21NINTTUMT

aausaR I MM eg lufiess1ani1e 30100 ua
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ﬁ%ﬂjjﬂfﬂjaﬂLliqaqajqjﬂq/ﬁ'ﬁaﬂlliﬂﬁ\iﬁj%jﬂ']w
A X da A A o '
VSINHUVUNNIDY 5.0-10.0 HLAZAAINNIDFANINI

a a 1

5.0 HBIINATAAUITIAIHIFININUINTIUIL
o Y =K A A g .
ANALNBUNINAILTIAIRUNNUYY (Nitschke and
Pastore, 2006) @0 AN A 0411 Silva e al. (2014) 1A
Saimmai et al. (2018) NANHIHAVDITOBADNINTTY
mmaﬁammﬁﬁﬁamwmﬂ Pseudomonas cepacia
CCT6659 Ik e Labrenzia aggregate KP-5 CRERICST

1 Aa =®R A A d' k) tg
NUININTTUUBIATAALTIAIAITINNN JA N D
a’l =) =S 1 d' 1 =
NIl 1A lus19ie% 6.0-10.0

2.2 HAYDIQUNYUADANNAIAIVDIAS
2 a A ~ (% v
aausIRIRITINNRanald
R a A 9
F150AUTIAINIFTININAINITD )Y
Y ¥ y a gy ]
UszTeru Idnaluaninzguugiines sy o1
911113 N3an151TaveudelusITUIIA uag

a 1

a o P 1
QU LY Wﬁ@ﬂm“ﬂﬁﬁ}@\?WWUﬂ'ﬁ

u

da
anzNligun
9
310 Taal¥n1u50U (Singh ef al., 2018) U
dyd A 1 a 1 =
Hudenyegungiiszning 25-121 easusaidod
1UMINAFDUNINTTHVBIATAAUTIAINIFTININ
d‘ o R A A d'
10 B. subtilis AS6 11918150 ALTIAIRITININD
ana'ld1n B. subtilis AS6 1Az @1TAAUTINIAD

mBS
70

60
50
40

30

Surface tension (mN/m)

asbs

pH

758153198 INaeNA 11 TagT 1 wuanafI %8 11(1) : 67-83 (2562)

Funs1zimanil Ao SDS 1Az Triton X-100 &3]
ANVTUTUININUAT CMC A 0.044, 0.218, L1y
1750 n¥udndns amady win'1$iguvgh 25-
121 peradoaiiuszoznavile udaea 1319
auninguaii 30 evduraFod 1My
nAgeUNINTINIUMTAALTIAIAI HANITNAADY

uaaalumni 2

MNMInaaeInDIgungl lilinaae

@ £ a A A oy
ﬂ'ﬂllﬂ\iﬂ'.]"llf]\?fﬂiﬁﬂLLiQﬂQN'J“]f’Jﬂ’IWVIﬁﬂﬂllﬂ BN

1< Y 1 =K a KX a A
mu"lﬂmﬂmuﬁmmmmmiammmmmmw

v
[

etunguigil 25-110 oerusaFeoa lutinau

HANANNUD NI IAYNINADA (p>0.05) 1Az
a ' a A X
QuUU 121 9IAUFATOA ANLTIAIANNUY U
<3 Y ° 1 a aa % 1 X
@08 LASIAIAINIT 50 HaATIAUABINAT F4

HANANAUNAYDIQUHYNADT1TAAUTIAIHT
o 4 . Aa o A
TUATIEY SDS U Triton X-100 NUAIUAIAIN

UN

u

O

3 25-80 paAUSAITOA LazUNINTIN UM
=® A Y 1 =KX a A d' v
AAUTIANININBENNFITAALTIAINIFININNANA

18910 B. subtilis AS6 1iio391mnAlRnI e

BTriton X-100

10 11

v ] Y
MNA 1 HaV0ITLAUNDFADNINTTUVBITITAAUTIAINIFINNNHNAANNYD Bacillus subtilis AS6 (BS) Uag

A13AUTIAIRININIAT (SDS 1ag Triton X-100)

Different superscript letters in the picture indicate significant differences (p<0.05)
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@Bs

Surface tension (mN/m)

[
h

osDS

00

70

75

BTriton X-100

|

3 90 100 110

121

Temperature (°C)

] v 9
M 2 wammimuqmwgmam]nﬁﬁmmmiammﬁqm%amwmﬁwammm% Bacillus subtilis AS6 (BS)

HAZANTAAUITIAIAINIIMTA (SDS 1A Triton X-100)

Different superscript letters in the picture indicate significant differences (p<0.05)
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Ay v Yy o =
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SR a A d' a ﬁy .
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E} 9
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] = v . . A
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AanssulumIaaus IR aHIuBa SDS 1Ay Triton X-

= a a A 9 Y
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@Bs QasDs B Triton X-100 (a)

40
30

20

Surface tension (mN/m)

10

0 1 2 3 4 5 6 9 12

Sodium Chloride (%, w/v)

(b)

70
60
50
40

30

Surface tension (mN/m)

20

10

0 0.02 0.04 0.06 0.08 0.1

Magnesium Chloride (%, w/v)

(c)

70 BBS osbs & Triton X-100

Surface tension (mN/m)

0 0.02 0.04 0.06 0.08 0.1

Calcium Chloride (%, w/v)

H a J 1 Aa a { a ti’
2NN 3 Naﬂlﬂﬂ!ﬂa@ﬂﬂ!ﬂﬁﬁﬂ ﬁ@ﬂ%ﬂi3Uﬂlﬂ\ifﬁiaﬂ!tiﬁaﬂﬂﬁ%ﬁﬂ]‘w%ﬁwaﬁ"lﬂﬂ!ﬁif] Bacillus subtilis AS6 (BS)
Llﬁwﬁﬁﬁﬂl!i\iaﬂﬁ"mNﬂﬁﬁﬁ (SDS uag Triton X-100)

Different superscript letters in the picture indicate significant differences (p<0.05)



78 N3A5IeNNIINGaeNA 11 Tads1¥uanafT 3% 11(1) : 67-83 (2562)

H vy 1 =Y a H a 4
M990 2 WATDIINZIAADNINTTUVDIANTAAUTIAINIFTINWNNNAANNYO Bacillus subtilis AS6 AL AT

ﬁﬂlli\ia\‘iﬁ’JWNﬂﬁﬁH (SDS 1@ Triton X-100)

Surfactant

Surface tension (mN/m) ’

Dissolved in seawater

Dissolved in distilled water

Crude extract

SDS 50.0+1.00°

Triton X-100

44.3+0.50°"

48.3+0.70"

44.0+0.00"
49.1+0.20°

45.00.00

Values are given as mean = SD from triplicate determinations.

" Different letters in the same column indicate significant differences (p<0.05)

14 a
3. AnwesnlseneuLadINYIIITAAITIAIRD
=~ A oy
Fimwmianala
3.1 Normal-phase chromatography
a 4 4
%Tﬂfﬂi’Jl;ﬂﬁ”lé‘ﬁﬁf)\iﬂﬂ‘i%ﬂf]ﬂﬂlf)\‘]ﬁ'?i
RX—Aa A A ey
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118 iodine vapor W ﬂ@i’)%ﬂ]ﬂﬂﬂﬂi%ﬂﬂﬂm@\m HUDN
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Ongin —>
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B. subtilis AS6 Tae1435a0d 13 Tasun Tnnsmiluuy
normal phase Tagly hexane:ethyacetate AT 2:1
1] [
Tao31105:3) 1 mobile phase WUANTD LENTTT
[ | ' . .
anarerueenlailu 3 nqulagly ninhydrin uay
. . d . =Sl 1 -9}
iodine 111 spaying reagent Taeiin R, MmNy 031, 0.50
A A v Aa Yad
az 0.72 (M 4) Woasrviananssu laelEIs drop

SN '

collapsing test WLIIINGUENTNNA1 R, 111IAD 0.50 3

=KX A

a A A Y U d’l
NINTTNNINNGA (115190 3) ﬂ\ilﬁ'ﬁ]ﬂi%ﬁ'?iﬂquu

'
=

9
Tumsihusqnsauae

—> R,0.72

> RO.50

—> RO 31

(b)

4 a J J o a f
Jl"IWﬁ 4 Wafﬂ5'JL‘?]51$°HENﬂllizﬂE)‘]JGUl’?Nfﬂ5ﬁﬂﬂ1’7fJT]J"lJEN’ETWiﬁﬂLLiQaQNQ%QﬂWW%WﬂL%B Bacillus subtilis

'd
AS6 ﬂﬁﬂ%1ﬂﬂ1§ﬁ1ﬂii}ﬂ‘ﬁﬁ}i}ﬂ§% normal-phase chromatography Tagld ninhydrin (a) 48 iodine vapor

(b) i spraying reagent
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v P P f
M319f 3 BMINUTGNTLAZNINT TNUYRIAITAALTIAIAITINININGD Bacillus subtilis AS6 NHIUM T

g v
mtj‘wﬂmmazmumu

Solvents used as eluent Proportion R Drop-collapsing test (mm)*

Normal-phase

CH,CI, : CHCI, 1:1 0.72 1.50+0.50
EtOAc : CHCI, 1:1 0.50 3.85+0.90
EtOAc : CHCI, 1:2 031 0

*k
Reverse-phase

H,0 : MEOH 9:1 0.50 3.85+0.50
9:2 0.45 1.50+0.50
9:4 0.31 0

" Values are given as means=SD from triplicate determinations.
- Reverse-phase chromatography was performed by using fraction B (Rf = 0.49) from first step.

Commercial surfactants have drop-collapsing test as 4.00+0.50 mm.

3.2 Reverse-phase chromatography R, MY 0.50, 045 ttae 0.31 (M INH 5) 13 ®
o a = (3 @ L4 v A a .
MmuSgniaisananeiulaolyneaul SEP- 5293090554 Tae1¥3T drop collapsing test
A A . I ¥ 1 U Aa " A 1A
PAK (C,;) N1 mobile phase 1T uiuazmumniuoa WUINQUATNNAT R, 1N 0.50 UAININTTY
% 1 1 [ d' 1 d' d‘ = A 9 U zg
Tugaiidiuaiee audadlua1sen 3 wun wInnga (n135199 3) 3udenlyarsnguii lu
I 1 2‘, [
@130 uend1s R,0.50 oon ldiilu 3 nqulaely msfnevuae

. . . . <3| . 1
ninhydrin 18¢ iodine 1wu spaying reagent Tagiian

R0.50 R0.50
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3.3 Fourier Transform Infrared
Spectrometer (FT-IR)
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