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ABSTRACT

Biosurfactant-producing bacteria were isolated from soil and water contaminated
with palm oil in the south of Thailand. They were grown in minimal salt agar using used palm oil
as a sole carbon source. The 808 isolates obtained were screened for biosurfactant production in a
minimal salt mediun (MSM) containing different carbon sources (glucose and used palm oil). By
using qualitative drop-collapsing test, The culture supematants of 72 selected isolates showed
surface tension reduction. Among those isolates, 14 biosurfactant-producing bacterial strains were
obtained and the strains were identified by 16S rDNA gene sequence analysis. The production of
biosurfactants was obtained by strains representative of 5 different bacterial genera. Seven
Bacillus spp. including 4 Bacillus subtilis , 1 Bacillus tequilensis and 2 Bacillus pumilus,
Pseudomonas aeruginosa, 3 Klebsiella pneumoniae, Serratia marcescens and 2 Acinetobacter
spp. including Acinetobacter calcoaceticus and Acinefobacter junii. From 16S rDNA gene
sequence analysis, Bacillus tequilensis Lc9 is the new biosurfactant-producing strain.
B. tequilensis Lc9 reduced surface tension of culture supematant to 8.1 and 9.3 mN/m when

glucose and used palm oil were used as a carbon source, respectively.

The optimum condition for biosurfactant production by B. tequilensis Lc9 was
MSM containing 20 (g/1) molasses as carbon source, 2 (g/1) of sodium nitrate as nitrogen source,
initial pH of 7.0 and shaking speed 200 rpm, respectively. It showed the maximum surface
tension reduction (44 mN/m) after 30 h of cultivation. Crude biosurfactant was recovered from
the culture supernatant by chloroform : methanol (2:1) extraction with a yield of 0.39 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 was
performed by Fourier transform infrared spectroscopy (FT-IR)indicated that biosurfactant

produce by B. tequilensis Lc9 consist of sugar and lipid.
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Figure 1. Surface tension, interfacial tension and solubilization as a function of surfactant
concentration represents critical micelle concentration (CMC).

nun: Mulligan (2005)
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Figure 5. Structure of sophorolipid from Candida bombicola.
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Figure 6. Chemical structure of emulsan produced by Acinetobacter calcoaceticus RAG-1 in
which fatty acids are linked to a heteropolysacharide backbone.
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Figure 7. Structure of surfactin isomers from Bacillus sp.
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Table 1. Type and microbial origin of biosurfactants.
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Type of biosurfactant

Microorganism

Trehalose lipids

Rhamnolipids

Sophorose lipids

Glycolipids

Cellobiose lipids
Polyol lipids
Diglycosyl diglycerides
Lipopolysaccharides

Arthrofactin

Lichenysin A, Lichenysin B
Surfactin

Viscosin

Ornithine, lysine peptides

Phospholipids
Sulfonylipids

Fatty acids
(corynomycolic acids,
spiculisporic acids, etc.)
Alasan

Streptofactin

Particulate surfactant (PM)

Biosur PM

Arthrobacter paraffineus, Corynebacterium spp.,

Mpycobacterium spp., Rhodococus erythropolis, Nocardia sp.
Pseudomonas aeruginosa,

Pseudomomas sp., Serratia rubidea

Candida apicola, Candida bombicola,

Candida lipolytica, Candida bogoriensis

Alcanivorax borkumensis, Arthrobacter sp., Corynebacterium sp.,
R. erythropolis, Serratia marcescens, Tsukamurella sp.

Ustilago maydis
Rhodotorula glutinus, Rhodotorula graminus
Lactobacillus fermentii
Acinetobacter calcoaceticus (RAG-1),

Pseudomonas sp., Candida lipolytica
Arthrobacter sp.

Bacillus licheniformis

Bacillus subtilis, Bacillus pumilus
Pseudomonas fluorescens

Thiobacillus thiooxidans, Streptomyces sioyaensis,
Gluconobacter cerinus
Acinetobacter sp.

T. thiooxidans, Corynebacterium alkanolyticum
Capnocytophaga sp., Penicillium spiculisporum,
Corynebacterium lepus, Arthrobacter paraffineus,
Talaramyces trachyspermus, Nocardia erythropolis
Acinetobacter radioresistens
Streptomyces tendae
Pseudomonas marginalis

Pseudomonas maltophilla

M Aaudas91n Mulligan 1tae Gibbs (1993)
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pyruvate, 0.3; agar, 15 NUUY Ins@eniovaz 1 TasuhniniduimasnisvoutazUsunes
a2 v @ 1 ° o,
SUAUYDIMINMIAY 7.2 WiFouuanGes1udu 185 lolwan Iaw 155 lolaasilu
A A d' a L a A g/ ey = dy
HUANISELATNAY LNONATDUNITHANAITAAUTIAINITININAIYIT drop collapse test VL&D
A~ o dlda 2L a A d‘ [ 3’ A~ gl
uuaRBes I 19 Tolwanninans suVeIEITaALTIAIHIFINN ot uFaLUANG N 19
2 a a a o o ¥ dy A A L]
loTman lUnaaouusedefinazn1ninadlasy nuduseuuaniFesiuiu 17 lolwan
a AR a A 9
ATOHANAITAALTIAIAIFINN A

&’ Aa A a =2 a
Pornsunthorntawee UAZAME (2008) UUNIFDULANITUNNANTITAALIIAIND

= o . a Aa & ¥ o o = ¥ ¥ a &
FINIMINADE1 oil sludge AURNMIUHTouUT TnsBoy inzanaziuady Taooa
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A10819UDY serial dilution 11dI0819M10919 11/ spread plate YUD1115 NA (nutrient agar) N

=

¥ o A v oA = d <& A Ad a

UisAumasuey Uunguvnl 37 semraiod 24 ¥ 1ue den Ialalinnalelasous wu
A
¥

@ @

dld 1 ; ¥ A o I ' ~ L] %’ o
DNUANHUSAINGID 26 Vlﬂicﬁlﬁﬂ ch%LmﬂmsUmﬂ'mmwzuﬂammmmmumu"lﬂ“l%’

o—

1 o ¥ . ! & dy J a aa Ao
HUHAINITUDU mﬂuumt%mwﬂ"lﬁ'mUacluﬂmﬁﬂwm 250 YADANT NUDIHIT NA LLﬁSﬁ

o

{

Y )

g g %’ o d 1 o Aaa ' ' =
1 uﬂmm’aua: 2 Tﬂumﬁumﬂmmmmm@u ‘].Gi]'lﬂi 50 yaaanasd vy 200 50UMDUIN

d—ow

-t

VoA a = I~ & ' ¥ a
UNNQUMYN 37 varturarFon 1Wuna1 24 92103 WuN Wouuaiise B. subslis PT2 LAY
. AR A Sldd' o
P. aeruginosa SP4 4111300AUSIAIA IAANFADIN 47 mN/m 110 30 mN/m
. . &’ ~ ar [} = ‘3’
Anandaraj U Thivakaran (2010) usnieuuanizeandisesauluilen
» 4

%’ 1 3 o o @ ] a Y] y . ] 4
HniuvaedunsoIous 1astinl0819aU 5 A5 1a89lue1115 R2B (Batista ef al., 2006)) VYT

a a I~ @ L/ G R ¢ VA ¥ & Ve
DUUNY 25 DIAUYDIHY ll]una’] 72 ‘]f'JIiN i]’]ﬂuuu’ll"]f@‘Y]laUQ“?W@%’Niuu’]ﬂﬁuiﬁuﬂ?’]u

Q £

A )

139913 10™-10° 11111 spread plate YLDIMTT R2A tiuAAgavigd 25 esrruwaidod 1Hunan 48

£
¥

& v A da 3 -4 ) P Y & P & 4
GH'JINQ NUIUBDNIDVNN 10 L1 10 mmmuuiﬂiamﬂuﬂﬂmﬁuﬂ 332 Tﬂiau [AYULBDN
Yy 3 o 7 L . Aaa
llUﬂVlmu@Tﬁ15lﬁa3¢]’luﬁﬂ’l'§$‘ll'ldﬂu Lﬂunm 7 AU NUFDIUIU S qﬂi%taﬁﬂuﬂ%ﬂim
L a A A o 1 ¥ g :3’ 1Y an | .
‘U'E'Nfﬁiaﬂ!ﬁ\W]\3N'Jﬂf')ﬂ'lwul@u’lﬁﬁuclﬁ‘ll@ﬂu'llaUﬂl‘lf@blﬂﬂﬂﬁ@ﬂﬂ'JU'J‘ﬁ oil displacement area

3’, o ‘i’ 3 any 1 ﬁy [ ] o ‘i’
(ODA) 11nHUTWUNTD Ine1¥n 17T Bergey’s Manual WU U¥oRIna1 1l Wi¥0 Pseudomonas

sp.

S. ﬂ]igjﬂﬁ%ﬂiiﬂ‘lﬁlﬂﬁ]iﬁﬂ!ﬁﬂﬁﬂﬁ?%?ﬂ]ﬂ

=1 kY o

¥
35N1505 20 a0 UFBUUANG ENHAN T AAUTIAIRITIN NI HA18IT A0 Y
] ey L) 1 =Y 9
U M5 IFRaTUIRAIUANE N0 TUNTAALS IRIAILAZISIAITEHINAD NISNATOUAIY
any Ao ] [ o A 3/ I~ tY ::’
IBMINI UM 1FU MIsnadounseoulaion 1aals blood agar method 1JUAU UBNIINT
v
NISNATBUAITAALTIAIAIFININGI IANUTquAN  (qualitative)  LazIFaUT U0
(quantitative) DNAWY (Walter et al., 2010)
5.1 msﬂﬂﬁaumiaﬂuﬂﬁaﬁa%mw“lm%mmmw (qualitative measurement)
I~ a s {
5.1.1. Drop-collapse test {WUMTATINADUNITHANAITAALTIAIAIFININA
A ng A s o g ° d{ a g
HANDINIOYAUNIONUVIIAGD 1ABI culture supernatant YOUFDARYIIUDIMITMAITINY
F4 : =y
fl"E)EJ“] qﬂﬂﬂﬁﬂuiﬂﬂﬂﬁ‘ﬂﬂﬂ culture supernatant awuumuﬁmﬁaum polystyrene U949

¥y
96-microwell H1AAFBTNITHANTITAAUTIAIAIFTININNIAVDI culture supernatant 9 HUUITTY

999N 5aAUTIRImIFINM NI IMTNNAAUTIRIAITENIN culture supernatant AUAD
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. vy 3’ (=1 = £ a A ]
polystyrene VDY 96-microwell Lmﬂnma"luummammaammmmmmw g‘lJﬁ'N‘UEN‘HUﬂ
culture supernatant ve lunlfeulas (Bodour et al., 2003; Tugrul and Cansunar, 2005)

g R . 3 a
5.1.2. Oil displacement test (I U3TMINATDVAITAAUTIAIAINTDAITAAUT S
- | 1 ’o’ dy :&' =y .4 %’ Y] ~ S A
FNINIYININ IﬂUﬁUﬂﬁ?ﬂiﬁﬂlﬁ)\?ﬂ'ﬂﬁﬂ\ﬂ‘lﬁ)ﬁ\?ﬂuN’J‘UENLLN‘N‘NﬁNUTNuﬂTﬂNﬁ'ﬁﬁﬂL!i\?ﬂQN?
' ®2 A ° v ~ < ' %’ Y] o v
®q1uﬁ15ﬁ$ﬁ16 miaﬂuiamm%smwumamwamﬁw'meiazawua:umu‘wﬂﬂ
IS4 %’ ) g ) = ’o’ &
LLNHT‘]ﬁil‘UEN‘VIUﬂu'muLLUﬂ@@ﬂ IﬂUﬁUﬂuﬁJu‘lﬁiﬂﬂi 15 bllliﬂﬁﬁﬂi aﬂumﬂauﬂ?mm 40
l/l ~a 2 v dy .ﬂ g’a ' g dy .ﬂ d'ﬂ’
Niﬂiﬁﬂﬁ mag"lumumﬂwm il'lﬂ‘H‘L!‘ViUﬂﬂ’)uclﬁ‘llﬁ)\iu'llﬁﬂu‘]ﬁ)‘ﬂﬂ@dﬂ'li‘ﬂﬂﬁﬁ)‘ﬂ ﬂ?mm
a %’ @ Y = A A A (=4 ¥ o
10 vliliﬂiﬁﬂi MATNNANHYAUIVHLILIG ﬂ'lilﬁ'liﬁﬂlliQGNN'J‘K'Jﬂ'I‘WLlNH‘V\IﬁiJ‘UENL!'IiJ‘L!i]SLLUﬂ
[~ Y A i a A .
290 auIsausunualealawiionaidiulilssuim 30 JH (Morikawa et al., 1993;
Maneerat and Phetrong, 2007)
g a A ’o’ =
Safary UAZANY (2010) LLUﬂL‘IfE)LL‘]Jﬂ‘V]LiU‘D'lﬂu'W]SLﬁ’\]']ﬂ‘ﬂzmﬁ'lﬂllﬂﬁlﬂﬂuclu
a & & Aa Ao a0 W . et
ﬂs:mﬂamm IﬂUlﬁ@ﬂl‘ﬁﬂll‘ﬂﬂﬂliU‘VlilﬁﬂBmSIﬂIﬁuﬂNﬂuUuEﬂ‘ﬁ'ﬁ mineral salt agar Ny
g v a9y %’ v g 1 o ° 1 &’ A A
UIWUALTDYAY 1 Tﬂﬂumumﬂmmmmiuaummu 10 vlﬁ)I“]ﬂﬁﬂ WUINGDUUANLITY 2
o Y ] '4 %’ Y A ° =
vlﬁ)I“]ﬂin ﬁ'lil'lﬁﬂﬂ’]clﬁllwuﬁﬁil“'UEN‘HUﬂ‘lﬂNullﬂﬂﬁ)ﬁ)ﬂluﬁ)u']vlﬂ‘ﬂﬂﬁﬁ)ﬂﬂ%ﬂi53J“UEN
A2 A A y ad . .
TITAALUIISNNITININAIUIF oil dlsplacement test

3 3
Thenmozhi 1a¥ Nagasathya (2010) uwen¥euuaiizovinauluilou

v
A w

¥ A A J o A & 1 [
HINUNADAUIAT DI UAIIUIU 25 vlﬁ)I“]ﬂﬁGl TﬂUmaﬂmfaVmaﬂymﬂﬂiaumaﬂuuumms

€

1o ¥ o A

. == A Y ° v o 1 4 ] 47
mineral salt agar NUHNUMADAWASOIOUASDYAL 1 Tagshninidunrdsmsuou WU e
A o ° Yy oo ¥ o A a
wupfBesiuu s lolaan arunser iuruiduvesneatiniuusnesnifionaaeuninssu
LA a a ad | .
YOIHTAAUTIAIAIFININ 1AETT oil displacement test
5.2 MsnadevasanussiamIFInn TS uia (quatitative measurement)
o 2 a ) 2 a A 4 da X a Y
5.2.1. M3 IAUTIAIAT (surface tension) UTIAINI AD LUTIAINNAVUUUNINU
P ! A w o A W ~ ) =<
YoIvouna Ao FUAFNUNURIBY 1¥U 91N1F HIDALVDIUI IABTNTINUNEINDADNITTA
= ' o q ¥Ya g o Yy o 1 A ¥ = yd g
wierszninluegav Idifadludryuzadeduununieg Aawnsediuuseaslddnios

=

¥ H ]
ﬁﬂﬁﬂlu'luﬂﬂw?‘il@ﬂlﬁﬁ'Jllﬁzﬂﬂﬂ'lﬂﬂﬂlﬁlu‘ilﬁﬂﬁ“Uﬁ)\uﬁﬁ?ﬁllﬂﬁ ﬂ']ilﬂﬂlli\?ﬁqwjlﬁﬂﬂi]'lﬂlliq
< ' & L s A . o 2 T =Y
ﬂ\?f}ﬂi%‘ﬁ'J'NIilLﬁQﬁCHQLL‘]JQL‘lJ‘L! 2 ¥UAAD L4159 cohesion L‘lJuuﬁQﬂQﬂﬂﬁzﬁ'J'l\?IlllﬁfJﬁ‘lﬂlﬂ
= [y . d 2 ' ' A o & a ' [
IAUINULALILTY adhesion LﬂulliQﬂQﬂﬂﬁzﬂ'J'Nilllﬁf‘]ﬁﬂ'lﬁﬂfuﬂﬂu muwuwiummmﬂu
mN/m (International System of Units) %350 dyne/em (Metric system) UnAarsanisafeii

H 3 o ' ’
ﬁ11115ﬂﬁﬂlliqaqwjﬂlﬂqu']ﬂﬁuﬂ']ﬂ 72 mN/m 8331610791 30 mN/m LaLA1 interfacial tension
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TUIAIAINT 1 mN/m (Cooper, 1986; Desai and Banat, 1997; Crosman et al., 2002; Youssef
et al., 2004)
: Bodour {ag Maier (1998) 14ag Bodour 4AazAMY (2003) NATDLA1TAALIIAIAIFIAN

=Y

Py 4 &’ a o 4 %’
FelSua Tavdouseluomis MsM Suns 25 Taddas Atlihmiang laadovaz 2 Taw
g o ] 4 A dy @ o Y P P o g
ninthumasnisueu eneansy 48 92 1ua 1 1UTum2eeh 10,000 g haaulavesii
& &' U ~ s a an 9 [y Q2 a gy & . ~ [
meureldludinnesvina 50 1aaaas 111U 9R9HIR101AT 99 Tensiomat 1115 s1HEVUAY
H Y 1 4 { a a a g @
UINAY WUIUFONHANAITAALITIAIAIFININAINITOAALTIAIARIVDIUINAUDIN 68 dyne/cm
ﬁ\iiJWQJ:ﬁ 27-42 dyne/cm
k4
Aparna UaZAME (2012) NATOUMTHARTITAAUTIAIAIFINININT® Bacillus clausii

H o 1 =y &' %’ v a 4 ¥ { g v A

5B fuen laninddsesdaududleuiniuillasBen Taoaeusslusimis MSM hiliiudy
Y ¥ v d ' P
anuutudovar 1 Tassihminiluuvasmiveu uaz KNO, anudududosaz 0.3 Tay
¥ o i A A &’ 153 & o 1 ¥ & &’ o
imindluuvas luTasou WoRsurotlunal 96 ¥ Tue thamlaveainaesuds lUdause
[ 4 =y a a g &

H9R7 WUMUTOITHAAAITAAUTIAIAITININ TABETIUITDAALSTIAIAIVDIUINAUIIN 72 mN/m
29019¢"N 33.4 mN/m

= o Jd a P

5.2.2. emulsification measurement %qﬁ‘l-n’liEJN’LW]fT']iﬁﬂlliQﬂﬂﬁ?%’)ﬂ']‘wa@ﬂll']ﬁ']iﬂiﬂ

0 Y s a 4 av o sldz . o A Ao o
mildmsiszneulalasmsveunailudiatu IAAUY (Fiechter, 1992) M3 IANTINABNAYY

A w1 ) ) . : . . o w1 oy
HYYIAA1 emulsification activity (EA) 1AL A1 emulsification index (E24)Tﬂﬂum’souw7mmﬂﬁ
o an [ o an U [
naaovUlsuIag 2 UaaaRT NANAL xylene Y3115 2 Jadaas laluvasanaass we1aae
4 VA < g P g &

wievananuEagegaiunar 2w 19ne 13 10 i EA) woz 24 ¥l (g, uaz
MUIUAIANUNITOIUMINADNAYY  (EA) 4arANuaINI50 IUNITAIRIvDIDNaTY
(Emulsion index, E,,) AR AIANNIS (Cooper and Goldenberg, 1987)

2
9

¥ ]
EAYSOE,=  ANUgIuessudiaguinayy

x 100

FJ
ANUFIMINUAVIITITOSAY

2 = f a A ad o S A
Sahoo UAZABE (2010) ANBININTTUYBIATAAUTIAIHIFININ IAETTNTTALTIAIAD
Tae1% du Nouy ring method 11azM51AABIATH IAENITIAAT emulsification index (E,,) WU
y a ¥ & d '
o 'loleian OCD1 #1M130AALIIRIAIVOININAUIN 72 mN/m 114 36.8 mN/m uaz1dA1 E,,

wminudesas 47.45
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[ :i:i v a a £ A A
6. ﬂ%%ﬂ‘nuﬂﬂﬂ?)ﬂ]il%ﬁ’glmzﬂ]iNﬂﬂﬁ]iﬂﬂlﬁQﬂQN’J'ﬁ’JﬂTﬂ

=

a Ca a g P T [y A 3 a
PAUNIUAAFAADINITANIDIMISIMINZ ANUAnan e Tl unasau
~ 1 Y a ?z‘/ 3 s d‘ o ~ d‘
Tunnssumequazlandaasasdulunszurumsaaenasnumot ldndnasdszneus
- tf a Py a
~H0aRDIN1S TUMSIS QUAZNITHARTNTAALTIRIAITINM
1 ] U I'd 1 '
gasomsaanlngisenoudie unasmsven unaslulasuuazussig
$ Y o Y 4 T =Y ~
UONMINGATOIMII NN ANUGITINANIZDU 9 DONTNAARDNSIS YLBTMIHIATITAALST
KR A ] =1 a Y o Y
AIHIFININ (U Woy QM MsnIutazms Iieimer 1Wudu
J o 1 4 o o a s
6.1 UMBINITVOU (carbon source) UHAINIF VOUFINYNINIUNITHAATITOAUTINAD
~ ' 4 - Yy g A da axy g [} %’ A A ’.‘,’ v
N urasmsveun ldinsriianlaaauiaasaniues luazaiei stianazaieu 1w

) ' 4 ] ] ’o‘ [}
NALFDIOA NY LAY LUUTNDAUAZIONIUDA UHAINITUOUN 1aza 1811 1Y r-alkanes 11D

4
o

LY J o § 1 a a 1 [Y
HIuUusnen Lmaamsuauﬁmm:fmmmsNammsamtsqﬁqm%mwammﬂmqnu"lﬂ

[ a A d

) ~ ~ ~ 1 4 {
UOYAUFTAVDIMNTAAUTIFIRITIN ML FTInvIgauSd sliavowmnasmsuounldly

2he

=

= [ a o) ]
NMsWanTIlNan DN AN LA S IUVDITT0ALTIAIRIFINNIT UBE1IUIN (Robert ef al.,
1989; Panilaitis ef al., 2007; Abouseoud et al., 2008)
1 4 { %’

6.1.1 UHAIMIVIUNAT AU

. ] o a a

Kim sazasg (1997) Anyiwavewraaniueoulunisnanansanusafang

! J 3 o o =y 8 A
INWYDI B. subtilis C9 WU uvasmusulanudnyuinlumsndnaisanusshan
a LY Y o & a g ,
FINMWIN B. subtilis C9 Tanaaoaldnglaa, n-hexadecane taziniuaunasuiluunag
4 [ o v 4 =) s oA ~ .&’ ®f a %’ LY 9

miveu wung lnailuurasmsveuiisasiia@eriiroanisoaaussisAve i min 14

o
9997 910 72.8 111 28.2 dyne/em

Reis La2AMY (2004) ANYINITHAAAITAAUTIAIAITINNN B, subtilis

Y ' o vy 1 ¥ ¥ ¥ ¥ v ¥
ATCC 6633 Taeldunasmiveusinign laun iharaglasa nniaia diaueindes Wiaa

g o o ) ' v 4 ¥ a
nglaa Sovaz 2 Tasrmiiniuurasnisuen woaulewe B. subtlis ATCC 6633 WaA®150A
a { 4 %‘ o 1 o v 2 a U

usesiITnw ldangadie1fihaag lasailuunasmsven Idaws stsivesdmlaves

LIPS P
HUASUFDAINGAIN 68.8 dyne/cm 4 30.6 dyne/cm

A a 2

v
Batista UAZAME (2006) ANHINITLONTBUUANG INHANTITAALTINIA?
= S A W LY ng oA 1 d’d cg’ %‘ LY = 9/
B MuazNIsINAdYaT Y lasuensouuans snurasnlmsdudewihiuil Insidey 19
o ' =1 1 4
KNO, Huunaslulasiounazldnglag glasa vyalaa uag kerosene 1Hunnasmsvey

] .g =Y a a f a A ~ P Y y v 9y
WU L‘]ff)tﬂiiymﬂiﬂlmgNZW]fT']iaﬂLLﬁ\WNN'J‘]f')ﬂ']Wll']ﬂ’ﬂfJﬂLll@cl%ﬂQTﬂfTﬂ’)']llL‘Ull‘UuTﬂUag
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%’ o 9 | 4 A2 -~ 1 H dy dy <
2 Tapminiduunasmiiveu Tavaaussasiivesdmlavonindouresin 72 mN/m i
35.8 mN/m
. LY J I A 1 o ~ Q2 a
Joshi tazAmE (2008) ldunasmiveuiuanaenulun1snana1saaus I ni
1 o 1 ¥ 1
¥ lay B. subdilis 20B 1Funasmiveunazaini laun nglne, uealad, iynlng,
¥ 4 1 4 1 ]
y1asa, uan lag, Mniaa, 14, wnuea, Pniueauas Inswiuea uazurasnsueui i
4 vlw ' } o g 9 A A .
ara1811 1AUN heptane, kerosene, UINUMINWAAKBUAZWITIHUMAY WUIUYO B. subtilis
a 1 4 =Y 1 a 4 ¥ = ' o
20B 713093 gy I luumasmsveunnaila uanig lddde lhhmatuumasmiven Tay
A é’ A LY g o 1 I'4 1 A2 A o A
WamealuemsnlgnmnihamalluurasmiveususoaaausRIAIAmINFAIN 55.0
g y ¢ g ' ¢ & o a a
mN/m (14 30.5 mN/m M3 19ueanagoallluunaenIsuou 150 B. subnlis 20B 93193 YUDTHAN

o o

A2 a A e A 4 a3 ~ () 4 SI%‘ LY
ﬂ’lﬁaﬂllﬁﬂﬁﬂwﬁ"ﬁjﬂ'l‘w‘lmuﬂ Lummmmaﬂaaaa%ztﬂu‘wynmmaauazmﬂ%umumam]w

5§ a 1 a a ' 4 %’ Y o
10 B. subtilis 20B W3y Iaauandamsaausaneiazinn1a lididesnnminiuwantholios

A é o g/ a 2K a A
T‘wawuaammwummiwaﬁmsaﬂuiammmmw

1 4

' [} kY
Das uazAMY (2009) ANYIUMAINITUOUAN 9 1dun ndiosen uil nglna
aAa a &2 a A A A ] A
wazglnse nUwalumsndaaisaaussfadidinmvosuuniiBofiuen 1dvnngia fe
. ' [ o 1 4 4" s 2 A
B. circulans WU 14 nglaauazs Insauurasmivon oausondnsonusanamg
v Y A @ = o 1A [ 1 A o
lagegalulsmalndifivsdu fie 1.16 nusednsuay 0.94 nfurednsAINEIAY
Ghribi 1482 Ellouze-Chaabouni (2011) #AN1INISHAAATAALIIAIAIFININDIN
4 1 I'd ] o 1 %‘ %‘
%0 B. subtilis SPB1 Tag1dunasmiveumienu 1dun shmanglae shaaglasa wioulls
g o I~ [
anuutudouas 4 Tasrimiin uaznawesea anututudovas 4 Tasismasiluunas

A A

4 a ¥ o o ¥ ' g
ATUDU IANYLTY ANNVNVUIOYRL 0.1 Tﬂuumumﬂulmm"luimmu L‘UEJ'Iﬁ,')Uﬂ'NiJL‘J'J 200

g
o
i

v = a a 1 kY g ' o &' iy
TOURDUIN Qﬂl‘ﬁQiJ 37 o3A Al ‘wumms“l‘vﬂgiﬂmﬂmmmmmau 1% B. subtilis

SPB1 ®W150MAATIaALIRIRITIn M IdunTige 720 TadnSunodng
J I a [] %‘
6.1.2 umaan3 uoud liazawi
Pornsunthontawee AZANE (2008) ANHINIHAAFITAALTIAIAIFININGIN

g 9y

k4 14 k4 ] ¥
1¥0 B. subtilis PT2 Udg P. aeruginosa SP4 1asuyeluoivis NB althiuthavanududuy

1
A A [

=Y [~ ] I'd ] [~ ]
$ouny 2-8 TavllTuianiluunaeniven we1d2ea21015 200 sUADUIR Ngungll 37
o & 1 ¥ a a [}
aaruaIFe 10001 48 ¥ 19 WUIUBO B. subrilis PT2 HAAHITAALSIAIAIFTININ 1A 1]
1 Y 4 %‘ s I'4 a
upnaenute 19 iuhavanududusovas 2-8 TavdSuns TasaursnaausIRen1n

dy 47 v 47 . a &R a A YA
2T TAYUBOAINTOYDS 43.62 LUASI¥DO P. aeruginosa SP4 wammiammmmmmw"lm
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=5h.

! ?,’ o g = o
gadloldiiuhduanududuiovas 2 Tastl5u1as TasawrsaanussiasninneInls

2 & Y
QYYD AINTDYNY 39.22

= %’ %’ o A

Fagade WazAME (2009) Any1ns e ﬁﬁuﬂu, Wdy, dniufesauns
ﬁwmaﬂgiﬂﬁmmﬁu%%’auaz 1 Tavhminlumsnanasanuseia@dininenide
B. sphaericus BS 01, B. subtilis BS 03, B. sphaericus BS 04, B. subtilis BS 58, B. pumilus BS 66,
B. licheniformis BS 69, B. subtilis BS 73 U0¢ B. licheniformis BS 102 ﬁzwnﬂmﬁuﬁﬁms
Judloufuly Taol#orms MsM 151as 50 Tadaasai NH,Cl humasluTasiou wi
Fenuda 180 soudoT WU uEe B sphaericus BS 01, B. subtilis BS 03, B. sphaericus BS
04, B. pumilus BS 66, B. licheniformis BS 69, B. subtilis BS 73 Uuag B. licheniformis BS 102

= KR a a aA A Slg v oa < 1 4 a VA
mmmwammiammmmmmwwqﬂLuaiwuwuuQULﬂugLﬂaaﬂ1im)u IﬂUﬂJﬂ'l E,, 2gn

=Re

& a a a aa
fouay 30-55 UAZI¥® B. subtilis BS 58 aNISOWAAAITaALSIANAITIm AN aatiis]

q

%‘ v oA A f,’ I~ 1 I'd A Vo
uniuAursermang lasdluunasmiven Taeliai E,, inudesas 50
v oA o 3 A o d
Tapiulimsaszmindalymdwnadonainmsldasanussisirdunsize
4

- 2 A o o - o a Yy Y Y q K
mammw5wmmmmmmmmﬂzﬁﬂNmumuﬁamawmumaau"lﬂ ﬂﬂ“]fill‘lﬁﬂﬁlﬂ

] 9 a ° KX a a 3 o 3’; QL a ayy A
blilQﬂﬂﬁﬂllﬁ%ﬂﬂ?ﬁﬂ'lﬁ'liaﬂlliﬂﬂﬁN?Nﬂﬂﬁzm‘ﬂuﬂ% muumsammmw'm"lmnmmﬂmw

]
1A

=1 R A A - t Y a = 3 J kY £ y A
Lﬂuﬁ'liaﬂlli\1@NN'J%’Jﬂ'l‘wﬂquﬂﬂiﬂlﬂﬂwalﬂﬂﬂﬁﬁﬂLL’Jﬂa’E)iJfNNﬁiﬂﬂ’)'lhﬂ’f)\?ﬂ'lii"]ﬂWiﬂJ'lﬂ

g kY A 82 A o 's ~ sl& [~ -~ & A
wuazmﬂmmsawmumuwmiaﬂuﬂmmmmﬁwmamu"lﬂmuﬂu‘nma’e)ﬂﬂm‘n

]
v o Aaas o \

] Y ,g 1 4 2K d = K a
wrule Aemginavesunasmiveuduiluiledonlisninanoniswana1saans ik,
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= 9/ J t.:' J [ &
Fonseca uagAme (2007) #Anyinisldundslulasnuiuandienu Ao

=

A a4 A A v a o Yy Y g
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AR A A 4' [ Y oA 4'1 s o ¥
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muSuaeendauldnugdunsdineir 1116 unssummsmiveddy wenuiniiduiy

[} a ' a 4 0 o
nstwldyaunidegluanmuviuassansogadulsaeendiuieri 1/ 141se Towd

a

y 3 . U A @ ¢ A 9y a J
blﬂlﬂﬂ“du (Desai and Banat, 1997) ﬁ’Juﬂﬁﬂ’JuN’JﬂQﬂiﬁiﬁQﬂmﬂiﬂi}ﬁuﬂiﬂllﬁ&tﬁﬁ@Tﬂﬁ

o ' ° ' =1 o Aa o W ' o
nszawAIeg Ny Fanvuavesosomaliinnaswih Idlifdudaszn eoimeiy
a a o X
0UNTINYY
Yeh uazAmiz (2006) ANHIHAYDINITNIULAZNITIHDINIAADNITHAR
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7.2 WAYBINDYADATNT TUUDIAITAAUTIAIAITININ
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DH1950157 1119991NANTAAUTIAINITINNU A IUAANTANAZNBU IUNTENIM AW U 2
] 2 a A ¢§ [~
AWTINIAUNNULILY 53 mN/m
sy 9 A 1 a ®2 a oA
7.3 ANUANVUYDAUNADADNINTTUVDIAT AALTIAIHIFTININ
Nitschke 118 Pastore (2006) ANHINAYDUNADADNINT TUVDIAITAALTIAIA?
a 4 a & . a A A VY 0w J
FINWNNAAINED B. subtilis lagiaunaenaNutududosas 0-25 MUTIAL WUNA1TA
A a a =l @ 1 A A Yy ¥ < Yy s S a [} 1
USIRIFHITINMLANUAIAIADINABNANNTNTUGIDITBIAZ 20 TANTIAIHIDYTEN N
26-27 mN/m wagilioanuiduduveundegannndosas 20 Iimsgadefanssuvesmsaniss
8 a A ' 2 a A& X ta
AT TABA T IAIAANLAUDIN 26 mN/m DYAUTEUIU 40 mN/m
Al-Bahry 4asAmMe (2012) AAYINAYDUNADABNINTTUVDIAITAALT AR
[ ¥ b4
FIMNAHAANNTD B, subtilis B20 1Y NaCl anudutuiosas 0-20 Tagthniinaudiny
o a 1 2 a =S J a v SR a a ] =4
Samsi/asun)aemus IReRazII IRITTH AL nu AU SRR Aeutased1esaB5)
A Y 4 X ' 2 a 2 a A a1 a
oyt uee NaCl minay Tasaussfamivesmsazaoasanusafamddnni luiy
T A A Yy oy d v ' 2~ A X '
NaCl 0¢N1)5211% 30 mN/m WoNNANWTNTUYD NaCliTuiouay 1 AMSIAIHUNVIUDY

P ~ Yy 9 A "y 1 2f a A ¢§’ 1
NUszu19 34 mN/m UazNANUAVIUYDUNADUINNNTDIAL 6 AULTININANNYUUINN 40
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mN/m HagAsIAesEnIAznsnnududuveuniodosny 1-4 agNlszuta 7.5 mN/m

P=1 +Y

VA [} v a0 Y 1
Hﬂlﬁ@ﬂ'J’]ill‘lsl’uslsl‘NfJQﬂ')']%I@Uax 4 ﬂ’]lli\iﬁ\iﬁzﬂ'ﬂ\??"}ﬂ@ﬂ q NUYUNITHDY

s A < a s
8. MINUNYITITAAUITIAIN IV ININ
4 A & a A o ¥ ad
ﬂ'lilﬂﬂlﬂﬂ')ﬁ'lﬁaﬂlﬁﬂﬂﬂN'J‘]f')ﬂ'lWﬁ'lll']iﬂﬂ'lvlﬂﬁﬁ'lﬂﬂ'ﬁ fPU
M o 3 } 4 [ o
8.1 NITANASNDOURIYNTA 1’1ﬁQ%TﬂlaUQL%ﬂqﬁlﬂ'liJ5363“61?]?”1]']3?731 U1 culture
Y & Y a ¥y . .
supernatant UIANASNOUAIVNIA ¥90199z 1¥n50 lelasnans niudu (Priya and Usharani,
i Y 4 . . .
2009) wienaANuNIY 6 Tuais (Salehizadeh and Mohammadizad, 2009; Zhi-feng et al.,

o

¥ Y A A = ¥ ) A A o
2010) UAWVNHZNDOUIIUAUN 4 DIA UYL %']ﬂuuﬂ1ﬂ15ﬂuLﬁjUQlWﬂlﬂUﬂgﬂ@uuagu']

'
@

HAy vy ¥ H Aa v A Y I o oA aq 9 Y A a ?
aznaunldadedrsinauninmisdsuiesIdminuieshldnnaznou Tunlesdnnss
o HE T vd Y 4 v 1 Y o o
Heznoumnazaieluinaudsuiesldilunaisdie 2 N NaOH 91nHUD 190 NAADA A IN
Py L4
Aza1udUNSY (Priya and Usharani, 2009; Salehizadeh and Mohammadizad, 2009; Zhi-feng
etal., 2010)
o 9 o/ o o o d (Y g dy ¥ d' o
82 NMIANAAILAIMIAzaIdUNTH nasnnasude laniusseznaimuizay 1
9 @ o a AR 4
culture supernatant l1@namedaza1edunss wu mslenas Isesuauniusa (65:15)
[ QL A A o a &’ oy . G| 9
ANAITAAUTINIRITINNNNAANNED B, subtilis CCTCC (Zhi-feng et al., 2010) ©50 14
I 1 [ ' [ QL A Aa A A dy
Aao lsNosuABUNINEa 1R IEIU 111 AAAEITAALIIAIAIFINIHNNAAIINIFO
I's T [ [} @
Rhodococcus sp. (Kuyukina et al., 2001) W3 ol¥nas Iswesunsmmusaludnsiaiu 2:1 ana
" P A 2 .
T1TAAUTIAIRIFINNANAAINTD B. subtilis 27 Wae Bordetella hinizi DAFI (Bayoumi e al.,
3’; @ o a ¢ o ) a 4 Y ° o
2010) udnenFuvoIRIiiazaedunss llszmediazaredunideeniionr 1y
e 9
USgnT IWauaouae 11 (Kuyukina et al., 2001; Bayoumi ez al., 2010)
[ I~ ! A [ a
8.3 mynnaznaualsuon Tudlsysama Hudsaten1Flumsadagisanussnein

= =Y =l 4 [ dy tg 9/ A o
FINWFUAWDALUDT ﬁaﬂﬁ]’lﬂlaﬂﬂl‘]f@vlﬂﬂ'luixUSL'J?I'WIH’”J'IS'CT?J U1 culture supemnatant ‘/l‘lJ

¥
o A Y (%

annenoulasdunon Tufougdaadsudinanudududovay 45- 65 a9 l391uAuN 4

< °

A 3;’ ° ' A A A 9 y g &
par e 11nduiInsTurlsuiRanuasnou ngneuh lautazalvaleiinau
b d
hasazawaznou lumsandelasld3s dialysis 910HHIINITUTIA0TT Iyophilized 150
freeze dry (Rosenberg ef al., 1979; Kaplan and Rosenberg, 1982; Rosenberg et al., 1988; Navon-

' ¥ f
Venezia et al., 1995) ud1vh lvhusgns ludunouns 11/

PP
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9. ﬂ‘lsu‘lﬂ]5aﬂllsqﬂQN'Jﬁaﬂ‘lwu'ﬂ‘lﬁjigjﬂﬁu

a a d =

ioenInyaunsdnaeyamuisonandisaausdsmiIzanInldasaaus

QA a o A a < A a 9 a L) ¥ a
AT ININNRERBRNITINANUNa N Taedi Taseadamanil auauianaziifives
QL a a ' @ < A 2 a a ¥ L4
MsaausRsEIFINmeanaiu 1l Seamnsadeonasaaussdsriiinmin s Tl

ANz 'ld

a o o/

1 = v ) Y o
9.1 ’CNL’CTilJﬂ']iU@Uﬁa'lﬂllﬁ&’ﬂ'lﬁLﬂﬂﬂuﬁ‘ﬁu‘\lﬂﬂ’d'ﬁﬂi:ﬂﬂUT@Tﬂiﬂ'ﬁ‘UOu
1 4

asisznoulalasmfvoudiulnaiduarsiazarwir1dios Taviamizans polyeyclic

=y

v o 1 : =4 1
aromatic hydrocarbon (PAHs) Imsgagunveymaaunoudsgesuiluglassnaoniseiy
° a o o 4 4 s ¥y _a a
HazMIMOIUYDIRAUNII Muunsazawvesmsiszneulalasasuewlvdydunid
a o ['4 v &’ °
awsonsyau lauazldarsdsenonlalasaivouldaotiu Taonmsiidarsysznoy

@ @ o

ll o a o A a yd&‘ aa a j = o o =Y
glasmsuowiailu droplet Mivdagu MIATNUNR NN gaunsd: Timz uS
,&' o I'd 9/ :3 o Y a o oo s ] 9 1 o Y
#urveslalasmiven ldmniwhldydunifhasdwnaudigaaduasnszuiumsipa

a8 Yy ‘g
wauedTu ladediy

9.2 N15A19A langnin (bioremediation) rhamnolipid UAMMAIWITO lUMSAINAATS
uaadion, aznuasdans#NAY (Herman e al, 1995) Fana'lnlunmsmialansvinves
rhamnolipid o M3 INANITUTENOLIFeFOUYDA rhamnolipid AuUAATITLLALMINIURATUY

.. ' a g a S d o Y a S & o 7 v e
Y99 rhamnolipid AoMaadvRIgaUNI G IdaunIdih Tanegnilnngirad wenvinil
a 4 J . & g 2 a o ) = 4 .
Twauwna15 158 (polysaccharide) Futuarsanauss@anFinnyiianodwos (polymeric
biosurfactant) #1W1305UNU Tansniinuazyhldmanisanazneuvsslanemin ixu N3y
ﬁugmﬁumm emulsan (Zosim et al., 1983)
s g ) a L4 . . . a a
9.3 N15TVINITIII YVBIYAUNIY (antimicrobial activity) A15AAUTIAIRIFININ Y

a 4

[ =) a1 ] iy o g’; o
nqua Ty IndauIngdiguenialunmsdudimsiniyvesgaunid
1 & d =Y a a
He uagane (2001) WUN circulocins Fuiluasanussismizinmhnanin
A" . = s 5 o) 1 ng A’ ag
%0 B. circulan J2154 BaNuwamNso lumsfudauunnisons Jsauazirodonnlfaous Tay
A, . . ' . . 1 v o 1 a aa
1973 agar dilution method WUT1 circulocins AANUNUTY 2-4 TulasnTuneiiadans 1
b 4
anvansalumsdudauaiGounsuuan'la (Staphylococcus aureus, S. haemolyticus GC
13 4
=9 [
4546, Enterococcus faecalis, Ent. faecium, Micrococcus luteus GC 4562) swduanSifons
oSy dy . . d' £ 9/ ' s I A aa L%
011Fmz wonvnil circulocins NnNUITVIULINNT 64 TuTasnSuneliaddas deauiso

1 4
dudsuuaiFounsuay (Escherichia coli ) 1azBadLNaWNUT (Candida albicans GC 3066)

8
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Yu uazame  (2002) ANYINAYDY  iturin A NWANNYO Bacillus
. . | v & &1 = o d an . . R )
amyloliquefaciens ﬂ@ﬂWiUUUQL‘D’@‘gﬁuﬂiUﬂ’t’)IiﬂIﬂU’)‘ﬁ agar well diffusion test WU iturin A
= o ¥ a dy . . . &’ 1 A y
UANUAWITOIVYINTINTYVDUYFDI 1 Rhizoctonia solani Llﬁzl‘b'@i']ﬂﬂiiﬂaluW‘b'blﬂ
¥ 3
Mukherjee HaLAME (2009) ‘Y]ﬂﬁf)ﬂﬂ')'lllﬁ'm'liﬂiuﬂ]iﬂﬂﬂﬂl%@ﬂ@ﬂﬁ'ﬁﬁﬂ
] »
R a kY . . . = .
159794332010 1ne 14 crude biosurfactant e purified biosurfactant ANDAVINYD B. circulans
Y e ' . . i
Tag1475 agar well diffusion WU crude UDY purified biosurfactant Nanududu 50
1 oy aa L4 a‘l = ¥ gl
luTasnSunaiiodans aw150dudan1ses yvousouuaiisonunsuuaIn (Micrococcus
Sfavus, Bacillus pumilis, Mycobacterium smegmatis) WagUNINAY (E. coli, Serratia marcescens,

¥ »
Proteus vulgaris, Klebsiella aerogenes, Pseudomonas sp.) $IUNUFDI (Aspergillus niger, A.

o LY 4 § Y ga
flavus) UBLVAAVNAWNUY (Candida albicans) A2 L@ purified biosurfactant #1115085U63 14

a
aANN

o v ¥ o 4 i cg = 0o o

9.4 msmaatiniunsemsdsenou lalasmivoundudouludu nszurumsding

a1 Y < a o v ¥ o oA A a Yt A

‘Y]‘I)"JUGI,Hﬂ']iﬁﬂ&li\?GNN'Jﬁ']lI']iQﬂ']%ﬂu']llu‘ﬂ‘ljul‘ljﬂuﬁluﬂuLlﬂﬂJ 2 NITUIUNIT AD

ey . . 2 3 y a 1 :, J 1
mobilization mechanism (Aad Ul 1Fd 1A AR TANUTUTUAINIIA CMC Tavensan
UIIRIAIAINITODAR LS IAIAIALUTINITENI19H2 AR capillary force LIAZAT contact angle
t o ¥ o 4 i
Y119 air/water, oil/water LAY soil/water 1o M1 1HITUNToa15Usenoulalasmiuoud
IMzAA (adsorbed) DYRUOYNINAUNYADDNNT IR DANTZUIUAIS AO solubilization mechanism
¥ o 2 3 y A = < 4 R a 1 g
myazarwvosdniumuin 1l Wesnnmsnadu lumadvesarsaaussfieii Tasduiiu
. &K a v w1 o d ¥ o ' g e Y
hydrophobic  U998158AUTIAIHIVLIUNVAINA UG UazaIuNU hydrophilic 9HU
[ & (XY ° Y a [ a g o N =
890 113 aqueous phase Fogamunon MltiRadnyusMiluluradnieanisazaronin
2
YU (Urum et al., 2006)
Lai LagANE (2009) ANYIANUAINIOVRIEITAAUTIAIAITIN N IUMISIITR
H ¥ L) [ )
11uUualenludy 18un rhamnolipid 8RN P. aeruginosa, surfactin WAAIIN B. subtilis,
serrawettin HAAIN S. marcescens D% novel bioemulsifier HAAIN Agrobacterium sp. WU

¥
o o

AMUAINIT0 TUMTAMTANITUYDY rhamnolipid U8 surfactin AN serrawettin A  novel

=

. . y . . . [ s '4 [ [
bioemulsifier 10158178y  rhamnolipid 1AL surfactin AUAITAAUTIAIRITUATIZH laun

: ¥ 4 o { %’ o ¥
Tween 80 UAZ Triton X-100 ludAuidwdleowiniu 2 ga ldun Auganiidiuluilen

oA oA oW J %’ v a Y L=y [y ~ o o ‘Q’
Uszum 3,000 WARNITUADUIHUNAULTNY ] ﬂI’ﬁﬂﬁJ (LTC) ungauganiuy wilou

L}

oe

1 g @ = Qs \ o L
Uszun 9,000 Nﬁﬁﬂiilﬂf)u'lﬂuﬂﬂullﬁ,ﬂ 1 Alaniy (HTC) WUNANVEITIUNITAIA

%’ o - R | a o L4 ga =
HUINUYDQ rhamnolipid DL surfactin aﬂﬁ'lﬁ'liﬁﬂlliﬂaﬁﬂﬁ’d\uﬂ5']311‘V]\?ﬁ’t')\?‘]fuﬂ
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o ’q 9/ < = Y o A A 1 o o ¥ o o Yy d = g
wwnlszgndldlunisinunenihiuimaeegludunuiniy vmldinuifeiesnunly
U5z T 14 Taen5 14ina TuTadfF un91 microbially-enhanced oil recovery (MEOR) 1189910

old' @ A A Y '

H 1 v o ¥ a ] ¥ ¥ ¥
umu‘wm5fJfJgclumm‘uumunmm‘Huﬂgmazﬁuiﬁamizﬁmwumuazumuqe HIND

! 4 & ¥

IHamsndeuna msifuReTuduimasdasldIsn1amen I wuazn s INA Y 15U
. . A . A . A 3 QR a o 4 v 3
pressurization ¥3® waterflooding ¥3® steaming %393 198150A15IAIRITUNTIEH AN 19
a w o o3 o v A
saausIisEFanszemziluduasiodedandauuaz T51AUNe
Pomsunthorntawee UAZAMY (2008) AN¥1N15 1435 MEOR lusgau

v a awa Yy ' 2L a a s a .
ﬁaQﬂaUﬂﬂ'ﬁ Iﬂﬂﬁl‘]f]ﬁ sand-pack columns WUNATTAAUTININIFINTINNWNANIN B, subtilis

4
C

o { a o %
PT2 1% P. aeruginosa SP4 emnsanuheniniulddevas 61.62 uaz 57.01 muddu Faudu
d. %’ s 1 ~y L4
Poniniuldgeniiansaaussisiadunsigd Ao Tween 80, sodium dodecyl benzene sulfonate
i o { ¥ o
(SDBS) L@y Alfoterra 145-5PO Nanuiseinuifeniniulasevaz 52.74, 51.27 uag 55.12

A1NAIA



29

W

nolszaen

=

L]
A o A ~ s a L a a o " a ¥ & g
1. INDUUNUAZAALADNUUANITYNHNANTITAALIININITINTNIINA IDEINAULAS HIKINVUYIITN

[ ’o’ v Jd
Tiwmﬁﬂﬂumuﬂmu

[
a A =

A A a v o Ad A a <2 v A v
2. lW@lﬂUUlﬂUQﬁ’]UW”ﬁllUﬂﬂﬁUﬂﬂﬁﬂﬁ'ﬁﬁﬂlﬁﬁﬂqN'J‘]f')ﬂ’]‘wv]ﬂﬂlﬁ@ﬂ‘lﬂ

= [

A 2 = a Q@ a A ~ = A 1Y
3, L‘W@ﬁﬂ‘]&l'lﬁﬂ'l')%"ﬂlﬂﬁﬂ%ﬁﬂﬁluﬂ'ﬁN'ﬂﬂﬁ'ﬁaﬂlﬁﬂﬂﬁﬂﬁ‘ﬁ'}ﬂ']‘w%']ﬂllﬂﬂﬂl on ﬂkaﬂﬂ‘lﬂ

= v A

A a4 an Y 2 A A = ¥
4, INDANHIITNITONATITAALUTIAINIFINTNIINUUANLIEN ﬂlaﬂﬂ‘lﬂ
d' =2 sy 2 a d' [ 3
5. LW’EJﬂﬂH'IﬂmﬁiJ‘UWU’ENﬁ'IiaﬂlliﬂﬂQN’J‘)f')ﬂ’l‘Wﬂﬁﬂﬂ‘lﬂ
4' Pz i 1 2R A A d' o/ 3
6. L‘W’E)ﬁﬂ‘]el'liﬂiﬁﬁi'IQ‘]J'NZT')‘H“U’ENZT'IEaﬂLLEQﬂ\iN')‘)f’Jﬂ'l‘W‘Vl’dﬂﬂ‘lﬂ

YOUIVAIIHIVY

'
’o’dd [

3 1A ﬁ ¥ o J ¥ o J X
lﬂﬂﬂ'J'E')U'Nﬂullaxu']ﬂllﬂ'lﬁﬂul @uu’]ﬁJuﬂ’]aﬁJﬂ’]ﬂIﬁﬁxﬂuﬁ A uhavuueno

o) =R A =

a ¥y o X { A =
Lmﬂ‘miﬂﬁﬂaﬂﬁﬁﬁmﬁﬁﬂﬂN'J%'Jﬂ'l‘w mﬂuuﬂmﬁaﬂwmmﬂm Uﬂﬁﬂ‘ﬂﬂiiﬂﬂﬁaﬂuiﬁaﬂﬂﬁ

]
A

v o 4 o d ] a
FINMNANTANT 1 MeWUg iWouResmenuguazman IziuIzaudoMInanaIsan
R a o [y 4 = = 3§ v 4 '
UsaRIRIIMNlusauraan lasAny1BNALALANUYUTUUYDIHAIAITUDULAZLYAY
) v oy v A a ) AN { a
TuTasmu an1zmse ANUTUTUYDINAYD NBFTUAUYDIOINITALUYD ST ozIAN
¥
muzay 1NHUAnEIIT lumsanadIsaansflsmI 10w nuUENY U YBIMITARANIIAIA

- - [ ¥ = ¥ 1 8] a A a [ F
‘B’Jﬂ'I‘W‘Y]’dﬂﬂ‘lﬂ ﬂﬁ@ﬂ%uﬁﬂHWIﬂiQ’di'NUN’CT’JH‘U’ENﬁﬁﬁﬂlﬁﬁﬂﬂﬂ’)‘lﬁ’)ﬂ’l?ﬂﬂﬁﬂﬂ‘lﬂ




30

UNN 2

ol

J ad
Taa gunsamazIsms
(Y] J
Jaquazgunsol

%) 1 ﬂ' &’ - w-|
1. Mo ¥ lumMsuenyauuaNise

g o v @ 1 a 4 a1 o Aa ¥ o Jd ay
MNUAIDYNNAIDYNAU mmuaxmﬂmmmﬂumL’menum ‘ﬂmmlmﬂau

'
a =

dl dy A ~A o 1 dy ~A A A o o -
LWﬂimuﬂ'ﬁllUﬂWﬂuUﬂ‘miUIﬂUﬂ'Iﬂﬁ')\?')'lL"]fﬂllUﬂﬂliUﬂﬁ'liJ'liOWiﬂJm‘UIﬂblmuUil')iu“mJ

U}

.

¥y o '3 A ' ~ a L a A A A &
ivulavduioutislinnuaiuisa lunsHaa a1 aauIIAIRIFININIA NN AUN

A W W ¥ v

@ I'4 [} 2.’ ) % Y 4 { = =
Adudavesiniuihdy s liiFenua i sunihniuthdunlsud 115 lunms i a@uTnld
1] 13 @ 2’; = o @ ] @ ,o’ @ o o @ [} v v 1
NBYY AaHINAUAIRE1991In Tsnuanaliudy Taanualeg1eninuvasaieg la
gIneadn niligarenilsiaegs $119U 54 A20813 sznouAIL

@ [ A v @ a '3 @ @ 4 o a '

A200190INUTNINEA Ay (2521) TaIagaEgIsIt 914U 31 A70019

o ' a & ¥ o d @ [} ¥ 1 o w @ 1
ﬂigﬂﬂ‘ﬂﬁ,ﬂﬂ mammm]m‘ﬂaumuuﬂmn 20 A8 u'll%ﬂi]'lﬂ‘lJﬂ‘lJ'l‘lJﬂ 3 A083

Y m o

4 @ v a ' o w
ﬂ'lﬂﬂgﬂﬂuallﬂulﬂﬂi 3 A9 1NUAZAUASNOUVDUUDUNUAUUTY 5 A1D813

@ @ [ 4

@ 1 a o v ¥ o d ° °
m’e)tnwmuwwm%uzumuﬂmu 109 ﬂﬂﬁ?ﬂi:fi'l‘]&laiﬁ'lﬁ AIUIU T

¥
°

o6 dsznoudasdaetiaautudouiiuihdy 3 daodw dhidsnnterinia 1 et
LAZNINALNDUALALABS 3 AIDE19
ﬂ"’mdnMﬂu‘%ﬁ‘nﬂ?aqmﬁmﬂimﬁwﬁuﬂm’u 9119 T919AA39 91U 3
F10819 Uszneudioiietrarudsnntiethia 2 feteuazmnazneuAuaume? 1 Feths
#1991 inihdu lnewau $18a Sandaaga S1udu 6 dred19

o w

o 1 A & ¥ Jd o 1 4 @ v
ﬂizﬂauﬁ”w mamaﬂuﬂmﬂaumuuﬂmu 3 maﬂmmzmﬂmmuﬁuﬂumai 3 A0

o w [ (Y o

@ [ a o .4 @ ]
A1981901nUTENa1ANIhanessd $10a JINIATED 914U 3 AID619
9 ) ] Py :ﬁ %’ a I's % ] ’e‘ - 1 o @ o 1
1Jszneudieanlnensauludiowtintuiay 2 aeeauaziindeainueiiie 1 A28
@ 1 a a ] o o’g a o o w Y] [ ° o [}
A108199 1N UTENan JanTndiuthay $19a Sardaaga 914U 4 10819
9 @ ] a .&’ ?,‘ '] o ) ] Py ] o w %’ ~
1J5znounie alegeauluileutinguiiay 2 aegiaazAuasnoUYDUUDLNIAY LTY 2

f10819



31

3 g
2. 1MUY
9 o d’l’ a R a A 2{’ A A A
9IS AMSVUINIFBUAZNITHIAAITAALTIAIHITININIINFOUUANITY AD
'3
mineral salt medium (MSM) lasfiosnilszne (g/1) Ao K,HPO,, 0.8; KH,PO,, 0.2; CaCl,, 0.05;
%’ Y d %’ @
MgClL,, 0.5; FeCl,, 0.01; (NH,),S0,, 1; NaCl, 5 uazsiiuihdnlduddovas 2 Tanhminnie
%’ 9 %’ o [ (Y] 9 A
mang Inadevaz 2 Tavthmin 1U5upH miny 7.0 Tasld IM HCI #3921 M NaOH
(PauL/ae91n Yin er al., 2005)
o o ~ dy a 9 o o dy A .
91115815 UNTES oNFOEUAUUAZINUTNY YD AP nutrient  broth LD
nutrient agar
o w { QY Y & d ¥ Y A o v
3. wmituihanldudrninnisneadardaunvuininiudiluaaiaaiass 419
a o a ¢ 4 3 o s qy 9 a A qu °
umaenavasvauasuns laanuiduthaulduds J5umnas 2 das melamasaszezinaim
MINAADY

=
4, MU

amsninldlunisdeuunsy: asasaldloan, arsazaivleledu,

leTiaueaneend 3000295 tazavlsiiiu

- msedRlFumsdenailed: e laviauiazanvisiiiu

- Glucose ?j‘ﬁ’@ Lab-Scan 158" Labscan Asia Co., Ltd (Bankok, Thailand)

- Hexane ?J"V’i”r) Lab-Scan U5H% Labscan Asia Co., Ltd (Bankok, Thailand)

- Xylene ?J“Y’i’ﬂ Lab-Scan 158% Labscan Asia Co., Ltd. (Bankok, Thailand)

- Sodium nitrate ?j‘ﬁ”r) Lab-Scan USH" Labscan Asia Co., Ltd (Bankok,
Thailand)

- Ammonium sulfate ?j‘ﬁ”o Lab-Scan USHWN Labscan Asia Co., Ltd (Bankok,
Thailand)

- Sodium chloride a'ﬁ”r) Lab-Scan 58" Labscan Asia Co., Ltd (Bankok,
Thailand)

- Methanol d‘?’i”r) Lab-Scan USHN Labscan Asia Co., Ltd (Bankok, Thailand)

- Chloroform 8¥® Lab-Scan /381" Labscan Asia Co., Ltd (Bankok, Thailand)

- Acetonitrile 819 Lab-Scan /3% Labscan Asia Co., Ltd (Bankok, Thailand)
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Water 8419 Lab-Scan U3¥N Labscan Asia Co., Ltd (Bankok, Thailand)

Y

Glycerol B¥19 Univar USHN Ajax Finechem Pty, Ltd (Bankok, Thailand)

- Calcium chloride ?:I‘VSI”E) Univar USEM Ajax Finechem Pty, Ltd (Bankok,
Thailand)

- Magnesium chloride ?.'I‘VSI”E) Univar U589 Ajax Finechem Pty, Ltd (Bankok,
Thailand)

- Sodium dodecyl sulfate ?.'I‘VSI”E) Univar U589 Ajax Finechem Pty, Ltd (Bankok,
Thailand)

~ Triton® X-100 §W0 Aldrich 135 Sigma-Aldrich Chemic GmbkH, Riedstv.
(Steinheim, Germany)
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- 1A509%9 4 AN B Sartorius USHN S.V. Medico Co., Ltd Yszmea'lne



33

- inSestfumventunugangill 8% Hettich U35W Hettich Asia Pacific Py,
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1. MIINATBUNINITUVBITTAAUTIAIRITINN
1.1 Qualitative drop-collapsing test
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5.1 MIMIA critical micelle concentration (CMOC)
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6.1 Thin Layer Chromatography (TLC)
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Table 2. Emulsification activity (EA), emulsification index (E,,) and surface tension reduction
(STR) of supernatants obtained from bacterial cultures grown in shaken tube in 10 ml
MSM supplemented with indicated carbon sources for 48 h at room temperature (30 +

2°C) and 200 rpm.

Used palm oil Glucose

Isolate . N . . . .
STR (mN/m) EA (%) E,, (%) STR (mN/m) EA (%) E,, (%)

0/15 1.0+10.1 12.0+0.0 0 1.6+1.1 499+0.0 357+0.1
7/17b 98+14 140+£0.0 3.0x£0.0 10.0£1.3 60.7+£0.0 583+00
7/18a 4.0+0.38 22.0+£0.1 10.0x0.0 80+1.2 51.1£0.0 41.6+0.1
7/18b 8.6+0.5 21.0+0.0 17.0x0.1 81x25 30900 17.8+0.0

7/18r 85+0.5 5.0+0.0 0 6.1+12 25000 202+00
Lc9 81+1.6 0 0 93+0.5 0 0
Lc10 7.8+1.6 27.0+£0.0 0 8.6+0.5 20.2+0.1 8.3+£0.0
Lc12 5.8+5.6 15402 4.7=x0.1 123+£23 0 0
Lcl6 53+1.0 0 0 13.8+ 1.8 0 0
Sb7 10.8£0.7 0 0 12.3+0.5 0 0
Sb8 50+1.0 0 0 12.3+3.0 0 0
Td4 50+£2.0 0 0 10.6 £2.8 0 0
T£19 13.0+1.5 42.8+00 369+0.0 11.6 £1.0 0 0
Tg9 0.1+1.2 416 £00 28.5+0.0 123+0.5 53.5+0.0 00 0.0

" Values are given as mean + SD from triplicate determinations.
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Table 3. Colony morphologies on MSM agar supplemented with used palm oil (1%, w/v) as a

carbon source.

Isolate (Gram stain)

Colony morphology

0/15,7/17b and 7/18a (-)

7/18b (-)

7/18r (-)

Td4,Lc10, Lc12 and Lcl6 (+)

Le9 (+)

Sb7 and Sb8 (+)

Tg9 ()

Tf19 (-)

Small (diameter, 2 to 5 mm) colonies, circular form, convex
elevation, smooth surface, entire edge, opaque optical character
and yellow colonies

Small (diameter, 2 to 5 mm) colonies, circular form, flat
elevation, smooth surface, translucent optical character and light
green colonies

Small (diameter, 2 to 5 mm) colonies, circular form, convex
elevation, rogues surface, undulate edge, dull optical character
and red colonies

Medium (diameter, 5 to 8 mm) colonies, irregular form,
pulvinate elevation, contoured surface, lobate edge, dull optical
character and white colonies

Very small (diameter, < 2 mm) colonies, circular form, convex
elevation, smooth surface, entire edge, glistening optical
character and white colonies

Small (diameter, 2 to 5 mm) colonies, circular form, convex
elevation, smooth surface, dull optical character and white
colonies

Very small (diameter, < 2 mm) colonies, circular form, convex
elevation, smooth surface, entire edge, glistening optical
character and white colonies

Very small (diameter, < 2 mm) colonies, circular form, convex
elevation, smooth surface, entire edge, dull optical character and

white colonies
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Table 4. Identification of selected biosurfactant-producing bacterial isolates by 16S rDNA gene

sequence analysis.

Isolate 16S rDNA sequence comparison  Accession no. Identity

Species as close relatives (%)

Surat Thani Province

0/15 Klebsiella pneumoniae AB647205 96
7/17b Klebsiella pneumoniae AB647209 98
7/18a Klebsiella pneumoniae AB647208 98
7/18b Pseudomonas aeruginosa AB647206 95
7/18r Serratia marcescens AB647207 98

Td4 Bacillus subtilis AB647203 98

Tg9 Acinetobacter calcoaceticus AB647204 99
Tf19 Acinetobacter junii AB647197 99

Satun Province

Lco Bacillus tequilensis AB647198 98
Lcl0 Bacillus subtilis AB647210 91
Lcl2 Bacillus subtilis AB647199 98
Lclé Bacillus subtilis AB647200 99

Sb7 Bacillus pumilus AB647201 99

Sb8 Bacillus pumilus AB647202 99
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Figure 8. Phylogenetic analysis of 16S rDNA sequence of selected biosurfactant-producing

bacterial isolates.
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Table 5. Effect of different carbon sources on biosurfactant production in shaken flask by Bacillus

tequilensis Lc9 grown in MSM at room temperature (30 £ 2°C) and 200 rpm.

C-source Final STR’ (mN/m) EA‘(%) Ez;(%) Growth’
(2%, wiv) pH’ (OD,)
24h
Palm oil wastewater 6.9 + 0.0 o™ 0" 0" ND
Glucose 43400  105+13° 0’ 0’ 1.7+0.1
Cs 43400  101+1.6 0’ 0’ 1.5+ 0.0
Molasses 44+00 178 +1.2° 458 +0.0° 39.5+0.1° 3.4+0.0
Palm oil 7.1£0.0  6.0+1.0° 0 0 3.9+0.3
Used palm oil 7.1+0.0 7.6+1.1° 0’ 0’ 3.1+0.2
48 h
Palm oil wastewater 6.9 +£ 0.0 o' 0’ 0lj ND
Glucose 44400  108+1.2° 0’ 0’ 1.5+ 0.0
Cs 44400  40£05° 0’ 0’ 1.7+ 0.0
Molasses 43400  158+2.7 41.7+0.0° 14.5+0.0°  3.6+0.0
Palm oil 71400  9.6+0.7 0’ 0’ 40+04
Usedpalmoil ~ 71+00  93+1.1° 0 0’ 4.2+00

ND: Non-detectable.

Values are given as mean + SD from triplicate determinations.

“Different letters in the same column within the same parameter studied indicate significant

differences (p<0.05).
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Table 6. Effect of molasses concentration on biosurfactant production in shaken flask by Bacillus

tequilensis L.c9 grown in MSM at room temperature (30 £ 2°C) and 200 rpm.

Molasses Final STR'(mN/m) EA.(%) E24.(%) Growth'
concentration pH’ (ODyq)
(%, w/v)
24h
1.0 42+0.0 8.6+1.1" 520+0.0° 41£007  28+00
1.5 42+0.0 125+ 1.8° 40.6 + 0.0° 156+0.0° 3.0+0.0
2.0 43+0.0 18.5+0.5° 437+0.1° 341+0.0° 3.5%00
2.5 44+0.0 16.1 +0.2° 37.5£0.1° 16.6+00°  3.3+0.0
3.0 4.5+0.0 83+1.1° 46.8+0.0° 15.6+0.0°  3.1+0.0
48 h
1.0 43+0.0 4.1+0.7° 43.7+0.0° 33+00°  3.0%00
1.5 43400 13.5+0.5° 38.5+0.0° 104+0.0°  3.6+0.2
2.0 4300 16.3+0.2° 44.7+0.0° 11.2+£0.0°  3.8+00
2.5 44+0.0 145+2.1° 354+0.1° 17.7£0.0°  3.5+0.0
3.0 4.5+0.0 113+£1.1° 40.6 £0.0° 156£00°  3.2+00

" Values are given as mean + SD from triplicate determinations.
“Different letters in the same column within the same parameter studied indicate significant

differences (p<0.05).
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Table 7. Effect of different nitrogen sources on biosurfactant production in shaken flask by
Bacillus tequilensis Lc9 grown in MSM with molasses (2%, w/v) as a carbon source at

room temperature (30 + 2°C) and 200 rpm.

N-source Final pH‘ STR ~ (mN/m) EA‘(%) Ez; (%) Growth’
(0.1%, w/v) (ODyq)
24 h

(NH,),S0, 4.3%0.0 17.6 0.5 437201 3412007 35+00

NaNO,  7.3%0.0 19.8+0.2" 0° 0" 3.7£0.0
Urea 7.340.0 17.0+0.5" 0° 0’ 3.5+0.0
Peptone 6.4+ 0.0 0° 33.320.0" 0’ 3.5+0.0
48h
(NH,),SO, 4.3%0.0 158+0.2" 44.7+0.0° 112£0.0°  3.8+0.0
NaNO, 8.0 £0.0 18.8+0.7° 0° 0° 3.9+0.0
Urea 8.2+ 0.0 13.5+0.5° 0° 0 3.8£0.0
Peptone 6.8 +0.0 0’ 52.0+0.0° 383+0.0°  3.8+0.0

Values are given as mean + SD from triplicate determinations.
Different lelters in the same column within the same parameter studied indicate significant

differences (p<0.05).
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Table 8. Effect of sodium nitrate concentration on biosurfactant production in shaken flask by
Bacillus tequilensis Lc9 grown in MSM with molasses (2%, w/v) as a carbon source at

room temperature (30 + 2°C) and 200 rpm.

NaNo, FinalpH  STR (mN/m) EA'(%) E,, (%) Growth’
concentration (OD p 50)
(%, w/v)
24h
0.1 7.3+0.0 19.8+02" 0" 0" 3.7£0.0
0.2 7.6 0.0 21.1+1.0° 0 0 3.6+0.0
0.3 8.0 0.0 9.8 +£0.2° 67.7+0.0° 43.7+£00°  3.6%0.0
0.4 8.2+0.0 8.8+0.7° 53.1+0.1° 46.8+0.0°  3.6+0.0
0.5 8.2+0.0 3.8+02° 67.7+0.0° 46.8+0.0° 3.6+0.0
48h
0.1 8.0+ 0.0 14.6 +0.5° 0 0" 3.9+0.0
0.2 8.3+0.0 14.6 £0.5° 0’ 0’ 3.8%0.0
0.3 8.7+ 0.0 3.0+ 0.0° 43.7£0.0° 375+00°  3.8%0.0
0.4 8.7+0.0 51+02" 18.7 £ 0.0° 0° 3.8+0.1
0.5 8.8+0.0 3.8+0.2° 51.0+0.1° 37.5+0.0°  3.8+0.0

Values are given as mean + SD from triplicate determinations.
Different letters in the same column within the same parameter studied indicate significant

differences (p<0.05).
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Table 8. Effect of sodium nitrate concentration on biosurfactant production in shaken flask by
Bacillus tequilensis Lc9 grown in MSM with molasses (2%, w/v) as a carbon source at

room temperature (30 + 2°C) and 200 rpm.

NaNo, FinalpH  STR (mN/m) EA'(%) E,, (%) Growth’
concentration (OD s 50)
(%, w/v)
24h
0.1 7.3+0.0 19.8+02" 0" 0" 3.7£0.0
0.2 7.6 0.0 21.1£1.0° 0 0 3.6+0.0
0.3 8.0£0.0 9.8 +£0.2° 67.7+0.0" 43.7+00°  3.6%0.0
0.4 8.2+0.0 8.8+0.7" 53101 46.8+0.0°  3.6+0.0
0.5 8.2+0.0 3.8+02° 67.7+0.0° 46.8+0.0° 3.6+0.0
48h
0.1 8.0+0.0 14.6 +0.5° 0 0° 3.9+0.0
0.2 8.3+0.0 14.6 +0.5° 0’ 0 3.8+£0.0
0.3 8.7+ 0.0 3.0+ 0.0° 43.7+0.0° 375+00°  3.8%0.0
0.4 8.7+ 0.0 5102 18.7 £0.0° 0° 3.8+0.1
0.5 8.8+0.0 3.8+0.2° 51.0+0.1° 37.5+0.0°  3.8+0.0

" Values are given as mean £ SD from triplicate determinations.
“'Different letters in the same column within the same parameter studied indicate significant

differences (p<0.05).
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Table 9. Effect of shaking speed on biosurfactant production in shaken flask by Bacillus
tequilensis L.c9 grown in MSM with molasses (2%, w/v) and sodium nitrate (2%, w/v)

at room temperature (30 + 2°0).

Shaking speed  Final pH. STR’ (mN/m) EA‘(%) E24‘(%) Growth’
(rpm) (ODg,)
24h

100 7.4 £0.0 10.8 £0.2° 395007 19.7+0.1°7  2.3+00
150 7.5£0.0 8.1+02° 39.5+0.1° 0° 3.6%0.0
200 7.6+0.0 221+ 1.0° 0° 0° 3.6+0.0
250 7.7 £0.0 15.8+0.7° 0 0° 3.6£0.0
48h

100 8.0 £0.1 10.1 £1.2° 59.3+0.1° 458+0.0° 35200
150 82+0.0 9.0+0.5" 68.7£0.0° 16.6+02°  3.9+0.0
200 8.3+0.0 14.6 £0.5° 0 0 3.840.0
250 8.4+0.0 151+ 1.6° 0 0 3.9+0.0

Values are given as mean + SD from ftriplicate determinations.
Different letters in the same column within the same parameter studied indicate significant

differences (p<0.05).
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Table 10. Effect of initial pH on biosurfactant production in shaken flask by Bacillus tequilensis
Lc9 grown in MSM with molasses (2%, w/v), sodium nitrate (2%, w/v) at room

temperature (30 + 2°C) and 200 rpm.

Initial pH  Final pH' STR (mN/m) EA'(%) E,, (%) Growth’
(ODy,)

24h
5 74 +0.0 7.0+0.8" 0" 0" 3.7£00
6 7.5+0.0 12.8+0.5" 0’ 0’ 3.6+0.0
7 7.6 0.0 227402 0’ 0° 3.5+ 0.0
8 7.7+0.0 10.8 £ 1.0° 36.2+0.0° 0 3.5+0.0

48 h
5 8.4+0.0 10.7+1.5" 0’ 0° 4.0 0.0
6 8.5+0.0 103 +1.0° 0’ 0’ 3.9£0.0
7 8.5+ 0.0 18.3+0.2° 0’ 0’ 3.8£0.0
8 8.6+ 0.0 8.3+1.0° 65.6 +0.0" 28.1£02"  3.8%00

" Values are given as mean + SD from triplicate determinations.
“Different letters in the same column within the same parameter studied indicate significant

differences (p<0.05).
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Figure 9. Time course of growth, culture pH, surface tension, and emulsification index (E,,) by
Bacillus tequilensis Lc9 grown in MSM (pH 7) with molasses (2%, w/v), sodium

nitrate (0.2%, w/v) and agitation rate 200 rpm at room temperature (30 + 2°C).
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Table 11. Method for recovery biosurfactant produced by Bacillus tequilensis Lc9.

- Method of recovery Biosurfactant production‘ (g/L) CMC (g/L)
Acid precipitation pH2 3.56 0.1 1.750°
pH3 1.58 £0.0" 0.875°
pH 4 0.84 +0.0° 0.438°
Ammonium sulfate 40 % 0.635 £ 0.0° 0.219°
precipitation 50 % 0.869 £ 0.0° 0.219°
60 % 1.201+0.0° 0.438"
Chloroform : methanol (2:1) 0.390+£ 0.0 0.044
extraction

" Values are given as mean + SD from triplicate determinations.
" Different letters in the same column within the same parameter studied indicate significant

differences (p<0.05).

Table 12. Critical micelles concentration of biosurfactant produced by Bacillus tequilensis 1c9

and chemically synthetic surfactants was evaluated by surface tension measurement.

Surfactant Critical micelles concentration (g/L) Surface tension (mN/m)
Crude extract 0.044 44.00 = 0.00°

SDS 1.750 49.00 = 0.00°
Triton X-100 0.219 45.00  0.00°

" Values are given as mean + SD from triplicate determinations.
" Different letters in the same column within the same parameter studied indicate significant

differences (p<0.05).
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Figure 10. Effect of pHs on surface tension of biosurfactant produced by Bacillus tequilensis Lc9
versus chemical surfactant (SDS and Triton X-100). Bars represent the standard

deviation from three determinations.
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Figure 11. Effect of temperature on surface tension of biosurfactant produced by Bacillus
tequilensis Lc9 versus chemical surfactant (SDS and Triton X-100). Bars represent the

standard deviation from three determinations.
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Figure 12. Effect of NaCl concentration (%, w/v) (a), MgCl, concentration (%, w/v) (b) and

CaCl, concentration (%, w/v) (c) on surface tension of biosurfactant produced by

Bacillus tequilensis Lc9 versus chemical surfactant (SDS and Triton X-100).
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Table 13. Effect of seawater on surface tension activity of biosurfactant crude extract from

Bacillus tequilensis Lc9 and chemical surfactant (SDS and Triton X-100).

Surfactant Surface tension (mN/m) ’
Dissolved in seawater Dissolved in distilled water
Crude extract 443 +0.5 44,0 £ 0.0
SDS 50.0+1.0° 49.1+02°
Triton X-100 48.3+0.7 45.0+0.0°

" Values are given as mean + SD from triplicate determinations.
“Different letters in the same column within the same parameter studied indicate significant

differences (p<0.05).
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Figure 13. TLC chromatogram of crude biosurfactant from Bacillus tequilensis Lc9 using
chloroform: methanol (2:1) as mobile phase on a normal-phase silica gel.
(1) Using anisaldehyde as a spraying reagent for sugar detection

(2) Using ninhydrin as a spraying reagent for amino acid detection

R,=0.10

Figure 14. TLC chromatogram of crude biosurfactant from Bacillus tequilensis 1c9 using
acitonitrile : water (2:1) as mobile phase on a reverse-phase silica gel.
(1) Using anisaldehyde as a spraying reagent for sugar detection
(2) Using ninhydrin as a spraying reagent for amino acid detection

(3) Using iodine vapor for organic compound detection
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Bacillus tequilensis 1.c9

|

Cultured in MSM with 2% (w/v) molasses,

0.2% (w/v) NaNO,, pH 7.0 and 200 rpm, 30 h

|

Chloroform: methanol extraction
Crude extraction

SEP-PAK (C,,) column chromatography

Acetonitrile : Water

1:1, 2:1, 3:1 and 4:1, respectively

TLC Chromatogram

Oil displacement area

Figure 15. Isolation diagram of crude biosurfactant from Bacillus tequilensis L.c9.
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Figure 16. TLC chromatogram of partially purified biosurfactant from Bacillus tequilensis 1.c9
using: Acetonitrile : Water (2:1) as mobile phase on a reverse-phase silica gel.

(1) Using anisaldehyde as a spraying reagent for sugar detection

(2) Using ninhydrin as a spraying reagent for amino acid detection

Figure 17. Biosurfactant activity of partially purified biosurfactant from Bacillus tequilensis 1.c9

using used lubricating oil for oil displacement area.
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Figure 18. TLC chromatogram of partially purified biosurfactant from Bacillus tequilensis Lc9
using acetonitrile: water (5:1) as mobile phase on a reverse-phase silica gel.
(1) Using anisaldehyde as a spraying reagent for sugar detection

(2) Using iodine vapor for organic compound detection
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Figure 19. FT-IR spectrum of partially purified biosurfactant from Bacillus tequilensis Lc9.
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1. Mineral salt medium (MSM) l181¥115 1 a5 Ysznoude

K,HPO, 0.80 N3y
KH,PO, 020 3y
CaCl, 0.05 n5u
Mg Cl, 050 U
FeCl, 001 N3y
(NH,),S0, 1.00 N3y
NaCl 500 n5Y
duuthdulduda 2000 Ay

1 %’ Q'I o o 1 ¥ % o
azangaunaylninau U5 pa 1714 7.0 sh ldainie lunsdeiisnnuau
(autocleave) N1 121 D9AUaIBOR WY 15 UIN

2. Minimal Salt Medium Agar luerris 1 8as Ysenoude

. K,HPO, 080 N3y
) KH,PO, 020 niy
CaCl, 0.05 nsu
Mg Cl, 0.50 N3y
FeCl, 0.01 N3y
(NH,),S0, 1.00 N3y
NaCl 500 N3V
Agar 150 n3u
hafuthdulfid 2000 N3y

! g @ ) o o 1 y
azawd ey lnhnduudduldifeati lusy pa 19818 7.0 v lainre Tundle

$19AMUAY (autocleave) 7 121 DR UFATIE WU 15 U

3. Nutrient Broth 14911113 1 aa35 Usznavua e
Beef extract 3.0 N5

Peptone 5.0 N3y
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MARUHIN Y

1. m‘sm?tm spraying reagent ﬁN‘]
1.1 ninhydrin reagent
Y
(%563 1Ag11 ninhydrin 0.3 n5W aza1e1u 1-butanol USRS 100 Taddns MIAUUIAY
gracial acetic acid Us1103 3 Taftasas ) wanldidiu 1lumsnadoungosiTudasy ¥
A = j’ v & A ] Y v 9 A
wisngeaaue laelinunduiluavnuuunuy TLC vasnnlianudon 105 esrmuaaidon
-}
UIU 10 UIN
1.2 rhodamine B
A ° . [ a e
191583 1A rhodamine B 1311015 0.25 3y azateluoniusa USuias 100 Jadans
Y Y o v & a ' A ¥
werIddnu 19 lunsnadeunsa ludiu Feezdsingeedvuwuunu TLC disweinield uv
1.3 anisaldehyde
=} . =) s - sy ey
19303 UMY anisaldehyde U505 0.5 Hadans nuemuea YSuias 9 Tadans
¥
NNUUAUNIAFARII NITuTUYT LIRS 0.5 TaddaT LaznIAFAn USu19T 0.1 aaanT Way
19 % % v 5 Y- [}
TAddu 14 lumsnegouinia Feezlsinggaduiradulifundududrsunuuuku TLC
naanldanudou 105 osraimea wI 10-15 WA
o o (%4 =Y
2. M3 wupMUANGEMITUgIMINN
%4 =)
2.1 M3doNaUNIH
3 .&' o v 2’, ° g1 [ ~4
19 loop ndoeuUe laau1ag Yasslduds sxninhalasrmuiad Iedresiasa
Y a a o . o Ay Y & 9 A ad
2-3 A5 neadnsana 1a1oian (crystal violet) UUsDBINABVDUTD 1MW Hiald 1 w1R nFna
Y ] ¥ @ P e 9 P g v oa Y]
A1900nA3811nau veamisazarelelefiu neld 1 wH masazalens d19deondae
a Y L yy a a 9y g y ¥ 4 Y o
NaLeaNedodsaeaz 95 N4 szua 15 319 udrd19eende1inau MntunsadsIng
o =y %’ o/ d o w
1% (safranin) Y3zana 15-30 3117 drad1 Fulduds asregarendosganssand fdeveny
1,000 111 (Sneath, 1986)
d
2.2 mstionailos
o ¢ A . ¥ 2 X 4. Y %
noadu1a11aN N3 U (malachite-green) 1HH U5 0BINABFONWNIUNT fix A2 Nealaq
%’ A a a A o 1 kY d Y A a ay Qy 9/
yulorudsauiuilszuin 10 WA aosdnd seieaialasduie Woasural mans ne'l3
vd oy Y ¥ 4 v v ¥ a a A Y ¥ 4w LYY
1Hiou d1900na2011na U JaunuA TN T URIN 1 u1P dredreiinau o lduds

d o o 3
13799A20NADI3ANT 3 MAIVEIW 1,000 1111 (Sneath, 1986)



100

HNNHRUIN A
1. Nucleotide sequence of 16s rDNA gene of Bacillus tequilensis Lc9
Sample name: Lc9 |
Identify: Bacillus tequilensis
16s rDNA Sequence

CCCCTGTTCACCTTCGGCGGCTGGCTCCTAAAAGGTTACCTCACCGACTTCGGGTGTT
ACAAACTCTCGTGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGC
GGCATGCTGATCCGCGATTACTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACT

GCGATCCGAACTGAGAACAGATTTGTGGGATTGGCTTAACCTCGCGGTTTCGCTGCC

CTTTGTTCTGTCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTT
GACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACT
GAATGCTGGCAACTAAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCT

CACGACACGAGCTGACGACAACCATGCACCACCTGTCACTCTGCCCCCGAAGGGGAC
GTCCTATCTCTAGGATTGTCAGAGGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCT
TCCAATTAAACCACATGCTCCACCTTTTGTGTTGTTCTCCTTCAATTCCTTTGAGTTTC

ATTCTTTTT
Blast Result

RID: TWTWN4W4012

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental

samples or phase 0, 1 or 2 HTGS sequences)
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2. Nucleotide sequence of 16s rDNA gene of Kiebsiella pneumoniae 0/15
Sample name: 0/15

Identify: Klebsiella pneumoniae

16s IDNA Sequence

CGTTAAGTTTTTTAGAGTTTGATCCTGGCTCAGATTGAACGATGGCGGCAGGCCTAAC
ACATGCAAGTCGAGCGGTAGCACAGAGAGCTTGCTCTCGGGTGACGAGCGGCGGAC
GGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGT
AGCTAATACCGGCATAATGTCGCAAGACCAAAGTGGGGGACCTTCGGGCCTCATGCC
ATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGA
CGATCCCTAGCTAGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCC
AGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATG
CAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGCGGGGA
GGAAGGCGATAAGGTTAATAACCTTGTCGATTGACGTTACCCGCAGAAGAAGCACCG
GCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATT
ACTGGGCGTAAAGCGCACGCAGGCGGTCTGTGCAAGTCGGATGTGAAATCCCCGGC
GCTCAACCTGGGAACTGCATTCGAAACTGGCAGTGCTAGAGTCTTGTAGAGGGGGGT
AGAATTCCAGGTGTAGCGGTGAATATGCGTAGAGATCTGGAGGAATACCGGTGGCG
AAGGCGGCCCCCTGGACAAAGACTGACGCTCACGTGCGAAAGCGTGGGGAGCAAAC
AGGATTAAACCCTCCGGTAGTACACGCCGTAGACGATGTCGACTTCGAGGATGTGCC
CCTGAGGCATGGGATTCCGGACCTAACGCGTTTAAATCCAACCGCCAGAGGAGACCC
GGCGCAAAGGCGAACACGACATAACCTTCGGGAGGGCGCTTACCACTTGGATCCA

Blast Result

RID: TWNZWW3F013

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental

samples or phase 0, 1 or 2 HTGS sequences)
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3. Nucleotide sequence of 16s rDNA gene of Klebsiella pneumoniae 7/17b

Sample name: 7/17b

Identify: Klebsiella pneumoniae

16s IDNA Sequence

CACCGATTGACGTTTTTTAGAGTTTGGATCCTGGCTCAGCTTGAACGCTGGCGGCAGG
CCTAACACATGCAAGTCGAGCGGTAGCACAGAGAGCTTGCTCTCGGGTGACGAGCG
GCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGA
AACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGTGGGGGACCTTCGGGCCTC
ATGCCATCAGATGTGCCCAGATGGGATTAGCTGGTAGGTGGGGTAACGGCTCACCTA
GGCGACGATCCCTAGCTGGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACA
CGGTCCAGACTCCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAG
CCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCA
GCGGGGAGGAAGGCGGTGAGGTTAATAACCTCATCGATTGACGTTACCCGCAGAAG
AAGCACCGGCTTTAACTTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGT
TAATCGGCAATTACTGGGCGTAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGA
AATCCCCGGGCTCAACCTGGGAACTGCATTCGAAACTGGCAGGCTAGAGTCTTGTAG
AGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACC
GGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGG
AGCAAACAGAATTAGATACCCTGGTAGTCCACGCTGGAAAACAATGTCTATTTTCAT
GAAGTCGGAATCGCTAGTAATCGTAGATCAGAATGCTACGGTGAATACGTTCCCGGG
CCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCT
TAACCTTCGGGAGGGCGCTTACCACTTTGGATTCCG

Blast Result

RID: TWTOV0JKO013

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental

samples or phase 0, 1 or 2 HTGS sequences)
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4. Nucleotide sequence of 16s rDNA gene of Kiebsiella pneumoniae 7/18a

Sample name: 7/18a

Identify: Klebsiella pneumoniae

16s rDNA Sequence

GTTACCCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGGAGTTTGATT
CTGGCTCAGATTGAACGCTGGCGGCGAGCCTAACACATGCAAGTCGAGCGGTAGCAC
AGAGAGCTTGCTCTCGGGTGACCAGCGGCGGACGGGTGAATAATGTCTGGGAAACTG
CCTGATGGAGGGGGATAAACTACTGGAAACGGTAGCTAATACCGCATAATGTCGCAA
GACCAAAGTGGGGGACCTTCGGGCCTCATGCCATCAGATGTACCCAGATGGGATTAG
CTAGTAGGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGAT
GACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGG
GGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGAAG
GCCTTCGGGTTGTAAAGCACTTTCAGCGGGGAGGAAGGCGATAAGGTTAATAACCTT
GTCGATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGG
TAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGC
GGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTCGAAAC
TGGCAGGCTACTTAGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAA
TGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACAAAGACTG
ACGCTCAGGTGCGAAAGCGTGGGGTGAGCAAACAGGATTAAATACCCGTAGATCAG
AATGCTACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGA
GTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTTGTG

ATTCCAA
Blast Result

RID: TWT2YEYE01S

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental

samples or phase 0, 1 or 2 HTGS sequences)
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5. Nucleotide sequence of 16s rDNA gene of Pseudomonas aeruginosa 7/18b
Sample name: 7/18b
Identify: Pseudomonas aeruginosa

16s rDNA Sequence
GTTTGTTTGGCCGTTACCACCAGATTAAGCACCGGCTAATTTCGTGCCAGCAGCCGCG
GTAATACGAAAGGTGGCAAGCGTTAATCCGAATTACTGGGCGTAAAGCGCACGCAG
GTGGTAGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCA
AGTCGAGCGGATGAAGGGAGCTTGCTCCTGGATTCAGCGGCGGACGGGTGAGTAAT
GTCTAGGAATGGGCCTTGGAGTGGGGGATAACGTCCGGAAACGGGCGCTAATACCG
CATACGTCCTGAGGGAGAAAGTGGGGGATCTTCGGACCTCACGCTATGACATGAGCC
TAGGTCGGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCCGTAACT
GGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACACGGACCAGACTCCTACTGC
TGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCG
TGTGTGAAGAAGGTCTTCGGATGTAAAGCACTTTAACTTGGGAGGAAGGGGGATGAG
TTAATACCAAGATGTTTTTACATTGCCGTTATCAATAAGAACACGGCTAACTTCGTGC
CCGCTGCCCGCGGTAATACGAAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAA
GCGCGCGTAGGTGGTTCAGCAAGTTGGATGTGAAATCCCCGGGCTCAACCTGGGAAC
TGCATCCAAAACTAATGAGCTAGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGTAG
CGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCCCCTGGAC
TGATCATGACACTCAGGACACCATGGGAGTGGGTTGCTCCAGAAGTAGCTAGTCTAA

CCGCAAGGAGACGGTACCACGGAGGATCCA
Blast Result

RID: TWTUMSBGO016

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental

samples or phase 0, 1 or 2 HTGS sequences)
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6. Nucleotide sequence of 16s rDNA gene of Serratia marcescens 7/18r

Sample name: 7/18r

Identify: Serratia marcescens

16s rDNA Sequence

CACCGGGCTAACTCCGTGCCAGCAGTTTTAGAGTTTGGAACCTGGCTCAGATTGAAC
GCTGGCGGCAGGCTTAACACATGCAAGTCGAGCGGTAGCACAAGGGAGCTTGCTCCC
TGGGTGACGAGCGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGG
GATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGG
GACCTTCGGGCCTCTTGCCATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGG
TAATGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACT
GGAACTGAGACACGGTCCAGACTCCTACGGGAGTACGGCAGCAGTGGGGAATATTG
CACGAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGG
GTTGTAAAGCACTTTCAGCGAGGAGGACAGGTGGTGAACTTAATACGTTCATCAATT
GACGTTACTCGCAGAACTGAAGCACCGGCTAACTCCGTGCCAGCAGCCCGTGCGGTA
ATACGGAGGGTGCAATCCCGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAG
GCGGTTTGTTAAGTCAGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTTGAA
ACTGGCAAGCTAGAGTCTCGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAAT
GCGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACGAAGACTGA
CGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACG
TTGTAAACGATGTCGATTTGGAGGTTGTGCCCTACACACCGCCCGTCACACCATGGG
AGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTGGA
TCCATCCCC

Blast Result

RID: TWTV7ZYJ016

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental

samples or phase 0, 1 or 2 HTGS sequences)
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7. Nucleotide sequence of 16s rDNA gene of Bacillus subtilis Lc10

Sample name: Lc10

Identify: Bacillus subtilis

16s TDNA Sequence
CTTCGGCGGCTGGCTCCTAAAAGGTTACATCACCGACTTCGGGTGTTACAAACTCTTG
TGGTGTGGCGGGCGGGGTGTTCAAGGCCCGGGAAGGGATTAACCGCGGCATGCTGAT
CCTCATTTAATAACGTCCCCCGTCCGCCCCGCGGGAGATTTTCGCTGCTTGCCCTATC
AGATTACCTGATGGGGTTATCTCTTGTAGGTGGCGTAGTCTCTCTTCGTCGACGCGAC
GCCTCCCCCCTGAGAGGATGAGCTGAGCCGCCCTGATTAAATGATACCACAAACCCC
CCCCCCCTGGATGCAGCGGGGAGTATGAATCAAGGTTCGGTTGGCAAATGCAGCTGT
CCCGCTTCTTCCCAGAAGAATGACGGGGTGTTGCGGGTTTTCTCGTCCGGGAAGAAG
ATAAGGTTACGAATATTTTCTACTGTCGTTCCCTTACTCGAATTAGAAGCATACTCAT
TCCTAGCTTCGTCCGATCCTCAT

Blast Result

RID: TWUAJSTDOIN

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental

samples or phase 0, 1 or 2 HTGS sequences)
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8. Nucleotide sequence of 16s rDNA gene of Bacillus subtilis L.c12

Sample name: Lc12

Identify: Bacillus subtilis

16s tDNA Sequence
GAGGCGGCTGGCTCCTAAAAGGTACCTCACCGACTTCGGGTGTTACAAACTCTCGTG
GTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCC
GCGATTACTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTG
AGAACAGATTTGTGGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTGTCCA
TTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCA
CCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAAC
TAATATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCT
GACGACAACCATGCACCACCTGTCACTCTGCCCCCGAAGGGGACGTCCTATCTTTAG
ATTTTCAGAGGATGTCAAGATCTGCTAAGGTCCATTGCGTTGCTTCCAACTAAGCAAA

TCTTTCCCACCAGCTCTTCTAGAATATTCTCAATTGCCTTAAGTTTTGTCTTTCTTTCG

Blast Result

RID: TWUB04KF016

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental

samples or phase 0, 1 or 2 HTGS sequences)
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9. Nucleotide sequence of 16s rDNA gene of Bacillus subtilis Lc16

Sample name: Lc16

Identify: Bacillus subtilis

16s rDNA Sequence
CTTCGGCGGCTGGCTCCTAAAAGGTTACCTCACCGACTTCGGGTGTTACAAACTCTCG
TGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGAT
CCGCGATTACTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAAC
TGAGAACAGATTTGTGGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTGTC
CATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCC
CACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCA
ACTAAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAG
CTGACGACAACCATGCACCACCTGTCACTCTGCCCCCGAAGGGGACGTCCTATCTCT
AGGATTGTCAGAGGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAA
CCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAGTCTTGCG
ACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTAAGGGGCGGAAA
CCCCCTAACACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTG
TTCGCTCCCCCACGCTTTCTCTCCTCAGCGTCAGTTACAGACCATAGAGTCGCCTTCG
CTCACTTGGTGTTCCTCCACATCTCTACGCAT

Blast Result

RID: TWUBH6Z001N

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental

samples or phase 0, 1 or 2 HTGS sequences)
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10. Nucleotide sequence of 16s rDNA gene of Bacillus pumilus Sb7
Sample name: Sb7
Identify: Bacillus pumilus

16s rDNA Sequence
TTCCTTTCGGCGGCTGGCTCCATAAAGGTTACCTCACCGACTTCGGGTGTTGCAAACT
CTCGTGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGC
TGATCCGCGATTACTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCC
GAACTGAGAACAGATTTATGGGATTGGCTAAACCTTGCGGTCTTGCAGCCCTTTGTTC
TGTCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCA
TCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCT
GGCAACTAAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACA
CGAGCTGACGACAACCATGCACCACCTGTCACTCTGTCCCCGAAGGGAAAGCCCTAT
CTCTAGGGTTGTCAGAGGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCTAATT
AAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAGTCTT
GCTACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTAAGGGGCGG
AAATCCCCTAACACTTAGCACTCATCGTTTGCGTCGTGTACTACCATGGTATCTAATC

CTGTTCGCTCCCC

Blast Result

RID: TWUWBXA901IN

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental

samples or phase 0, 1 or 2 HTGS sequences)
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11. Nucleotide sequence of 16s rDNA gene of Bacillus pumilus Sb8

Sample name: Sb8

Identify: Bacillus pumilus

16s rIDNA Sequence

CCTTCGGCGGCTGGCTCCATAAAGGTTACCTCACCGACTTCGGGTGTTGCAAACTCTC
GTGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGA
TCCGCGATTACTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAA
CTGAGAACAGATTTGTGGGATTGGCTAAACCTTGCGGTCTCGCAGCCCTTTGTTCTGT
CCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCC
CCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGC
AACTAAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGA
GCTGACGACAACCATGCACCACCTGTCACTCTGTCCCCGAAGGGAAAGCCCTATCTC
TAGGGTTGTCAGAGGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAA
ACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAGTCTTGC
GACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTAAGGGGCGGAA
ACCCCCTAACACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCT
GTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGAGTCGCCTTCG
CCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTACACGTGGAATTCCACTCT
CCTCTTCTGCACTCAAGTTTCCCAGTTTCCAATGACCCTTCCCCGGTTGAGCTGGGGG

CTTTCACATCAGACTT

Blast Result

RID: TWUX16GV013

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental

samples or phase 0, 1 or 2 HTGS sequences)
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12. Nucleotide sequence of 16s rDNA gene of Bacillus subtilis Td4

Sample name: Td4

Identify: Bacillus subtilis

16s rDNA Sequence
GGCTGGCTCCTAAAAGGTTACCTCACCGACTTCGGGTGTTACAAACTCTCGTGGTGTG
ACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGAT
TACTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAAC
AGATTTGTGGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTGTCCATTGTAG
CACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCT
CCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAACTAAGAT
CAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGAC
AACCATGCACCACCTGTCACTCTGCCCCCGAAGGGGAAGTCCTATCTCTAGGATTGT
CAGAGGATGTCAAGACCTGGTAAGGTTCTTCGATTTGCTTCGAAATAAACCGCGTTG
TCCACCACTTTTGTTGTCCTATGTTGATTTGGGTAAGTACTTTCTTCGACCTTGCTCCC
CAGTATTTGATCTTAGGCATTTTGATTTGCTGTAAAACAACTTTACTGTGTTCCTCATC
CGAGTCGGGATGAATTCCCGGACTTGTTCATGCTCTTATCTCAACCTAAAGTCTCACT
TTTACGAGAATGCGACGGCTTGTGACAA

Blast Result

RID: TWUXJMVE(12

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental

samples or phase 0, 1 or 2 HTGS sequences)
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13. Nucleotide sequence of 16s rDNA gene of Acinetobacter junii T19

Sample name: Tf19

Identify: Acinetobacter junii

16s rDNA Sequence
CACCGTGGTAAGCGTCCTCCTTGCGGTTAGACTACCTACTTCTGGTGCAACAAACTCC
CATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATTCTG
ATCCGCGATTACTAGCGATTCCGACTTCATGGAGTCGAGTTGCAGACTCCAATCCGG
ACTACGATCGGCTTTTTGAGATTAGCATCACATCGCTGTGTAGCAACCCTTTGTACCG
ACCATTGTAGCACGTGTGTAGCCCTGGCCGTAAGGGCCATGATGACTTGACGTCGTC
CCCGCCTTCCTCCAGTTTGTCACTGGCAGTATCCTTAAAGTTCCCATCCGAAATGCTG
GCAAGTAAGGAAAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACAC
GAGCTGACGACAGCCATGCAGCACCTGTATCTAGATTCCCGAAGGCACCAATCCATC
TCTGGAAAGTTTCTAGTATGTCAAGGCCAGGTAAGGTTCTTCGCGTTGCATCGAATTA
AACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCATTTGAGTTTTAGTCTTG

CTACCGT

Blast Result

RID: TWV417SHO01IN

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental

samples or phase 0, 1 or 2 HTGS sequences)
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14. Nucleotide sequence of 16s rDNA gene of Acinetobacter calcoaceticus Tg9

Sample name: Tg9

Identify: Acinetobacter calcoaceticus

16s tDNA Sequence
GGTAGCGTCCTCCCTAAGGTTAGACTACCTACTTCTGGTGCAACAAACTCCCATGGTG
TGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATTCTGATCCGCG
ATTACTAGCGATTCCGACTTCACGCAGTCGAGTTGCAGACTGCGATCCGGACTACGA
TCGGCTTTTTGAGATTAGCATCTGCTCGCGCAGTAGCAACCCTTTGTACCGACCATTG
TAGCACGTGTGTAGCCCTGGCCGTAAGGGCCATGATGACTTGACGTCGTCCCCGCCT
TCCTCCAGTTTGTCACTGGCAGTATCCTTAAAGTTCCCACCCGAAGTGCTGGCAAATA
AGGAAAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGA
CGACAGCCATGCAGCACCTGTATCAGAGTTCCCGAAGGCACCAATCCATCTCTGGAA
AGTTCTCTGTATGTCAAGGCCAGGTAAGGTTCTTCGCGTTGCATCGAATTAAACCACA
TGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCATTTGAGTTTTAGTCTTGCGACTGT
ACTCCCCAGGCGGGCTACTTATTTCTTTAGCTGCGCCTCTAAT

Blast Result

RID: TWVT7XCG9012

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental

samples or phase 0, 1 or 2 HTGS sequences)
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Isolation, Optimization and Production of Biosurfactant Produced by

Bacillus Tequilensis Lc9 Isolated from Palm Oil Mills

Onkamon Rukadee and Suppasil Maneerat

Department of Industrial Biotechnology, Faculty of Agro-Industry, Prince of Songkla University

Abstract

Seventy-two biosurfactant producing isolates were screened from soil and water
contaminated with palm oil using drop collapse method. The phylogenetic diversity of the isolates
was evaluated using 16S rRNA gene analysis. The strain Acinetobacter junii Tf19 showed the highest
surface tension reduction of 37 mN/m. The strain Bacillus tequilensis Lc9 was the new strain for
biosurfactant production and used for future study. Determination of the important nutritional
requirement for biosurfactant production was investigated using 8. tequilensis Lc9. Under optimal
condition, the minimum surface tension was 45 mN/m in cultures grown in minimal salt medium
supplemented with molasses, sodium nitrate adjusted to pH 7.0, agitation rate of 200 rpm and

incubation at room temperature (30 + 2°C) for 30 h.

Keywords: Biosurfactant, Bioemulsifier, Palm Oil

1. Introduction

Biosurfactants are defined as surface-active compounds produced by microorganism, such
as bacteria, yeasts, and filamentous fungi (Lang and Philp 1998; Cubitto et al., 2004; Van Hamme
et al., 2006). They are able to produce surface-active agents during their growth. Biosurfactant
consisting of a hydrophilic moiety composed of sugars, amino acids or peptides, and a hydrophobic
portion, which is often made up with hydroxylated fatty acid (Kosaric et al., 1987; Georgiou et al.,
1992; Kowall et al., 1998; Sanchez et al., 2007). These molecules reduce surface tension of both
aqueous solutions and hydrocarbon mixtures (Tabatabaee et al. 2005) and other properties by
creating microemulsion in which micelle formations occur where hydrocarbons can solubilize in
water or water in hydrocarbons (Banat 1995). Surfactants have a wide range of industrial applications
such as in bioremediation of oil-polluted soil and water, enhancing oil recovery, using in the
detergent industry, and stabilizing emulsions for the food and cosmetic industry. However,
surfactants currently in use are chemically synthesized, which are partly toxic and not so readily
biodegradable (Van Hamme et al. 2006). Under this aspect, biosurfactants are advantageous

because of their lower toxicity, biodegradability, selectivity and specific activity at extreme
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conditions (temperature, pH and saline) (Fiechter 1992; Georgiou et al., 1992; Banat 1995; Makker
and Cameotra 1998; Singh and Cameotra 2004).

Since palm oil industry has become one of the rapidly growing sectors in Thailand, the
explosive expansion of oil palm plantation generates enormous amounts of wastewater and solid
wastes, causing an environmental problem (Chavalparit et al., 2006). Hydrocarbon-degrading
microorganisms, adapted to grow and thrive in palm oil-containing environments, have an important
role in the biological treatment of this pollution. Palm oil is a good source of the biosurfactants-
producing bacteria. Some bacterial can use palm oil as a carbon source and produce biosurfactants
increase the surface area of hydrophobic water-insoluble substrates and increase their bicavailability,
thereby enhancing the growth of bacteria and the rate of bioremediation. (Abu-Ruwaida et al., 1991;
Healy et al.,, 1996; Ron and Rosenberg 2002; Nerurkar et al., 2009).

2. Objectives
1) To isolate biosurfactant-producing bacteria from palm oil contaminated soil and water
2) To optimize the medium component and conditions for biosurfactant production from

Bacillus tquilensis Lc9

3. Materials and Methods

3.1 Sampling procedures and screening of biosurfactant-producing bacteria

Fifty four samples were collected from palm oil-contaminated soil and water (three samples
of sludge palm oil, four samples of palm oil-contaminated wastewater and forty-seven samples
of palm oil-contaminated soil). Biosurfactant-producing bacteria were isolated by standard plate
culture technique on mineral salts (MS) medium formulated by Yin et al., (2005), solidified with
noble agar (1.5%). Used palm oil (2%, w/v) was used as a carbon source. The composition of MS
medium (g/) used in this study was: K,HPQ,, 0.8; KH,PQ,, 0.2; CaCl,, 0.05; MgCl,, 0.5; FeCl,, 0.01;
(NH),50,, 1.0 and NaCl, 5.0. The pH was adjusted to 7.0 with 1N NaOH, and then autoclaved at
121°C for 15 min. One gram or one milliliter of sample was added in 10 ml of 0.85% NaCl, serially
diluted and spreaded on MS agar plates. The plates were incubated at room temperature (30 +
2 °C) for 24 to 48 h. After incubation, plates were enumerated and the morphologically different
bacterial colonies were selected and restreaked on nutrient agar (NA) for further use, The purified
isolates were inoculated into 10 ml MS medium containing 2% glucose (w/v) and MS medium
containing 2% used palm oil (w/v) and incubated at room temperature for 24 h with 200 rpm shaking
speed. Culture broth was centrifuged at 10,000 rpm, 4 °C for 15 min. After that the cell-free
supernatant was determined for biosurfactant activity by drop collapsing test, surface tension,

emulsification activity (%EA) and emulsification index (E24).
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3.2 Inoculum preparation and cultivation conditions

Nutrient broth (NB) was used for preparation of the inoculum. The culture was grown for
24 h at room temperature with the ODqq, value of 0.5 contains approximately 1 x 10" cfus/ml.
The seed culture at 5% (v/v) was used as an inoculums into 50 ml of MS medium (pH 7.0} in a
250 ml Erlenmeyer flask. The cultures were incubated in a temperature controlled shaker-incubator
(200 rpm) at 30 °C for 24 h.

3.3 Identification of selected strains

The selected bacterial strains were incubated for 24-48 h at room temperature on NB.
Then, Gram-stain was conducted to identify pure cultures of bacterial isolates. For 165 rDNA gene
amplification, chromosomal DNA was extracted using Blood and Cell Culture DNA Mini Kit (Qiagen
Inc., Valencia, CA, USA) following the manufacturer’s instruction. The 16S rRNA gene was amplified
using the PCR method with a 1U Taq DNA polymerase (Bio-Lab Ltd., Auckland, New Zealand) and
universal bacterial primers UFUL (8F: AGAGTTTGATCCTGGCTCAG; 1492R: GGTTACCTTGTTACGACTT;
Weisburg et al. 1991). These primers target two highly conserved regions known to be variable
among bacterial species (Phalakornkule and Tanasupawat 2006). The following PCR program was
used: 95°C for 5 min, followed by 25 cycles of 95°C for 1 min, 50°C for 30 s and 72°C for 1.5 min,
followed by 72°C for 5 min. PCR product was purified using purification kit (Qiagen Inc., Valencia,
CA, USA) following the manufacturer’s instruction and then the electrophoresis of the purified PCR
products were carried out for 24 min at 100 V on 1% TAE agarose gel. The 16S rDNA gene was
sequenced by using the ABI Prism BigDye terminator kit (Perkin-Elmer Applied Biosystems, MA, USA),
according to the manufacturer’s protocol, with 1492R and 8F as primers. The 165 rDNA gene
seqguences were aligned along with the sequences of type strains obtained from the GenBank by
using the program ClustalwW (Thompson et al. 1997). Sequence homologies were examined using
BLAST version 2.2.12 of the Naticnal Center for Biotechnology Information and the 16S rDNA gene
sequence was submitted to GenBank.

3.4 Optimization of biosurfactant production

The medium optimization was conducted in a series of experiments by changing one
variable at a time and keeping the other factors fixed at a specific set of conditions. Six factors
were chosen aiming to obtain higher productivity of the biosurfactant: carbon source, carbon
source concentration, nitrogen source, nitrogen source concentration, shaking speed, and initial
pH. The carbon sources used were 2% (w/v): soluble (glucose, commercial sugar (CS; saccharose)
and molasses) and insoluble carbon sources (commercial palm oil and used palm oil), with
(NH,4),50, as nitrogen source. For the most appropriate carbon source concentration used were
1, 1.5, 2, 2.5 and 3% {w/v). For the evaluation of the most appropriate nitrogen sources for the
production of biosurfactants, NaNO,, (NH4),SO,, peptone and urea were employed at a concentration

of 0.1 ¢/l with the optimum carbon source. The nitrogen source concentrations were varied
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concentration from 0.1 to 0.5 ¢/L. The most appropriate shaking speed (100, 150, 200 and 250
rpm) and initial pH (5.0, 6.0, 7.0 and 8.0) for the production of biosurfactants were evaluated

{with optimized carbon, carbon source concentration, nitrogen, nitrogen source concentration).

4, Analytical Methods

Growth was monitored by measuring the optical density (OD) of the culture broth at 660 nm.

Surface activity measurement was done by centrifuging the culture supernatants at 10,000
rpm for 15 min to remove cells, The surface tension (ST) measurement was carried out at room
temperature and determined using a du Nouy ring-type tensiometer (model “OS” balance/tensiometer,
Bidford-on-Avon, Alcester, Warwickshire, U.K.) by the Ring method. The measurement was
repeated at least three times and an average value was used to express the surface activity of
each sample.

Quialitative drop collapsing test was performed in the polystyrene lid of a 96-microwell
plate (internal diameter, 8 mm) (Nunc, Roskilde, Denmark). Before use, each lid was rinsed three
times each with ethanol and distilled water, and dried. After preparation, each well was coated
with a thin layer of 2 pl of used palm oil and equilibration was done for 1 h at room temperature.
Then, 5 pl of the cultured supernatant was delivered into the center of the well. The drop results
were determined visually after 1 min. If the drop remained beaded, the result was scored as
negative. If the drop collapsed, the result was scored as positive. Cultures were tested in triplicate.
The MS medium alone had a negative drop-collapse test (Bodour and Maier 1998).

Emulsification activity (%EA) and emulsification index (E24) of biosurfactant production
were measured according to the method of Cooper and Goldenberg (1987). Briefly, 2 ml of
culture supernatant of each sample were mixed with 2 ml of xylene and vortexed at high speed
for 2 min, The sterilized medium was used as control. The mixture was allowed to stand for 10
min prior to measurement for %EA and stand for 24 h prior to measurement for E24 as the height
of the emulsion layer divided by the total height of the mixture and expressed as percentage.

All screening and biosurfactant characterization studies were performed at least three
times under each condition in all experiments. One way analysis of variance (ANOVA) was used to

test for statistical significance among treatments. Statistical significance was accepted at p < 0.05.

5. Results and Discussion
5.1 Isolation and screening of biosurfactant producing bacteria from palm oil

contaminated soil and water
A total of 54 samples were collected from palm oil-contaminated soil and water and

used to screen for biosurfactant-producing bacteria by the standard plate culture technique. The
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initial screening on MS agar yielded a total of 808 isolates, which were grown in MS medium
containing 2% of different carbon sources (glucose and used palm oil) and then tested qualitatively
for biosurfactant production with the drop-collapse test. This resulted in 72 putative biosurfactant
producing isolates or a total of 8.9% of the isolates tested under these screening conditions. They
were cultivated in MS medium containing used palm oil or glucose as carbon sources and then
tested for biosurfactant production with the surface tension by the ring method. The supematant
of 14 isolates found to reduce surface tension lower than the other isolates (data not shown). Of
the 14 putative biosurfactant producers, they were further characterized for morphology and gram
staining, 85.7% were gram negative and 14.3% were gram positive (data not shown). Upon examining
the types of soils and their contaminants, most of the strains were gram negative isolates dominated
in the hydrocarbon-contaminated soils (Bicca et al., 1999; Bodour et al., 2003; Batista et al., 2005).
The gram-negative bacteria have outer membrane which act as biosurfactant. Biosurfactants are
present in various pools inside cells: as intracellular molecules, extracellularly secreted compounds
or as compounds located at the cell surface (Prabhu and Phale 2003). Together they have been
known to enhance degradation by alteration in cell hydrophobicity and enhancement of dispersion
of water immiscible compounds (Zang and Miller 1992; Zang and Miller 1994; Patricia and Jean-
Claude 1999). Biosurfactants exhibit properties as emulsifying or dispersing agents, favoring the
release of hydrophobic contaminants absorbed to organic matter or increasing the surface area of
the contaminant available as substrate (Mercade et al. 1996). This distribution may represent the
ability of the microorganisms to survive in these soils or may be a response to the type of
contaminant present.

5.2 Identification of selected strain

The result obtained from the sequencing of the 16S rDNA gene of the genomic DNA
revealed that strain Lc9 was Bacillus tequilensis (98%). The rDNA sequence was deposited in
DDBJ/EMBL/GenBank database under accession number AB647198. Bacillus tequilensis is the new
biosurfactant-producing strain that was selected for further study. Hydrocarbon degrading bacteria
usually produce biosurfactants which improve the solubilization of hydrophobic compounds from
soil or water (Van Dyke et al., 1993; Scheibenbogen et al., 1994; Herman et al., 1997). The results
of the present study could identify the commonest genera include Pseudomonas, Acinetobacter,
Serratia and Bacillus that were in accordance with Atlas (1992), Okoh and Trejo Hernandez (2006)
and Thenmozhi and Nagasathya (2010) who reported that most of the bacteria frequently isolated
from hydrocarbon contaminated sites belong to the genera Pseudomonas, Sphingomonas,
Acinetobacter, Alcaligenes, Micrococcus, Bacilus, Flavobacterium, Arthrobacter, Alcanivorax,
Mycobacterium, Rhodococcus and Actinobacter.

5.3 Optimization of biosurfactant production
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Effect of carbon source and carbon source concentration on biosurfactant
production

Table 1 shows the reduction in surface tension of the cell free broth and growth concentration
of B. tequilensis Lc9 using different carbon sources (palm oil wastewater, glucose, CS, molasses,
commercial palm oil and used palm oil). Biosurfactant production was estimated by the reduction
in surface tension of the fermented broth. Results reveal that surface tension reduction is greater
with molasses, glucose, CS, used palm oil and commercial palm oil as carbon sources. When the
growth and biosurfactant production by B. tequilensis Lc9 grown on different carbon sources were
compared. The growth of B. tequilensis Lc9 was the highest that was reached in MS medium
supplement with used palm oil or molasses as carbon source. Low cell growth was observed with
the same bacteria growing on glucose and CS with OD values of 1.70 and 1.56, respectively. The
greatest surface tension reduction, 17.84, 10.50, and 10.17 mN/m were achieved, respectively when
molasses, glucose and CS were used as carbon sources. The emulsification activity about 45.83%
was obtained in 24 h. B. tequilensis L.c9 did not show emulsification activity when the others carbon
source were used. Therefore, molasses is the suitable carbon source for biosurfactant production

by B. tequilensis Lc9.

Table 1: Effect of different carbon sources on biosurfactant production in shake-flask by Bacillus
tequilensis Lc9 grown in MS medium with shaking speed 200 rpm after cultivated for 24 h

at room temperature.

C-source Final pH Surface tension Emulsification Emulsification Growth
(%) reduction (mN/m) activity (%) index (Ezq) (ODgg0)
Palm oil wastewater 6.98+0.02 0~ Ob’ Ob‘ ND
Glucose 4.36£0.03 10.50+1.32° 0° 0° 1.700.15
Commercial sugar 4.37+0.03 10.17+1.60° o o 1.56+0.07
Molasses 4.46+0.00 17.84+1.20° 45.83+0.05 39.58+0.11° 3.49+0.01
Palm oil 7.14+0.02 6.00+1.00° o 0b 3.97+0.38
Used palm oil 7.10£0.00 7.671.15" o o° 3.13£0.22

ND: Not detected
" Different letters in the same column indicate significant difference (p<0.05)

Results represented mean = standard deviation from triplicate determinations

Since the production medium was optimized with molasses as sole carbon source, different
concentrations of molasses were examined for the best biosurfactant production from the studied
strains. Molasses was added to the production medium in concentrations, 1.0, 1.5, 2.0, 2.5 and

3.0% (w/v), the results obtained (data not shown). Added 2% (w/v) of the substrate was found to
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be optimum for biosurfactant production. The maximum surface tension reduction was achieved
within 24 h of fermentation (18.57 mN/m). At this point the growth was the highest. The emulsification
activity about 43.75% was obtained in 24 h. When the concentration of molasses increased and/or
decreased more than 2% (w/v), biosurfactant activity was decreased with similar to the result of
Joshi et al. 2008. The was production of biosurfactant by Bacillus licheniformis K51, 8. subtilis 208,
B. subtilis R1 and Bacillus strain HS3 was studied using molasses or cheese whey as a sole source
of nutrition at 45 °C. Maximum biosurfactant production was achieved with molasses at 5-7% (w/v),
the concentration of molasses was higher (9.0%) that seemed to inhibit biosurfactant production
by isolates HS3 and 208B. This indicates that different microbes respond differently to the carbon
sources.

The results also indicated that types of carbon sources affected the growth and biosurfactant
activity of B. tequilensis Lc9. Generally, different substrates will generate different effect on
biosurfactant activity with the same strain (Jeong et al., 2004; Wu et al., 2008; Saimmai et al., 2011).
In some cases, addition of water-immiscible substrates resulted in induction of biosurfactant
production such as vegetable oil (Rahman et al., 2002; Pruthi and Cameotra 2003; Thaniyavarn et
al., 2006; Thavasi et al., 2008). However, some have been produced on water-soluble substrates
such as sucrose (Makkar and Cameotra 2002), molasses (Solaiman et al., 2004; Joshi et al., 2008;
Panesar et al., 2011).

Effect of nitrogen source and nitrogen source concentration on biosurfactant
production

Biosurfactant production was affected by the nitrogen source used in the fermentation.
As can be seen in Table 2, sodium nitrate was the best nitrogen source of the four tested sources.
The highest surface tension reduction of 19.84 mN/m was achieved and did not show the
emulsification activity. Meanwhile, when the cultivation in MS medium was done without nitrogen
source, B. tequilensis Lc9 exhibited the lowest cell growth and biosurfactant activity was not
detected. When peptone was used as nitrogen source, this strain did not reduce the surface tension
but showed the emulsification activity about 33.30%. Furthermore, type, quality and quantity of
biosurfactant production is dependent on the culture conditions. There are lots of study regarding
biosurfactant production related to the optimization of their physicochemical properties (Sarubbo

et. al,, 2001).
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Table 2: Effect of different nitrogen sources on biosurfactant production in shake-flask by Bacillus
tequilensis Lc9 grown in minimal salt medium with 2% (w/v) molasses and shaking speed

200 rpm after cultivated for 24 and 48 h at room temperature.

N-source Final pH Surface tension Emulsification Emulsification index (E,q) Growth

(0.1%) reduction (mN/m) activity (%) {(ODggo)
(NH4),50, 4.32:0.03 17.67+0.57" 43.75:0.17" 34,16+0.05" 3.50+0.03
NaNO, 7.35£0.04 19.84+0.28° o° o° 3.710.00
Urea 7.3720.02 17.0020.50° 0° 0° 3.5940.00
Peptone 6.47+0.02 0° 33.3020.05" o° 3.52+0.00

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

Results represented mean = standard deviation from triplicate determinations

From the results, sodium nitrate was selected as a nitrogen source for biosurfactant
production by B. tequilensis Lc9. The highest surface tension reduction (21.17 mN/m) was obtained
when MS medium supplement with 0.2% (w/v) of sodium nitrate (data not shown) was used. The
surface tension reduction was decreased when the sodium nitrate concentration was below or
above 2%. The amount of biosurfactant synthesis depends greatly on the availability of carbon
sources and on the balance between carbon and other limiting nutrients (Abouseoud et. al., 2008;
Najafi et. al., 2010). From theresult if the N concentration increased or decreased too much, the
balance of carbon and nitrogen was unsuitable for biosurfactant production by this strain. Nitrogen
is important in the biosurfactant production medium because it is an essential component of the
proteins that are essential for the growth of microbes and for production of enzymes for the
fermentation process (Saharan et. al., 2011).

Effect of shaking speed on biosurfactant production

The shaking speed was also investigated in this study (data not shown), the inoculated
cultures were incubated at room temperature at different agitation rates from 100-250 rpm. It was
demonstrated that an increase in shaking speed up to 200 rpm resulted in an increase in biosurfactant
production. The highest surface tension reduction was obtained when the shaking speed was at
200 rpm (22.17 mN/m) for 24 h. Wei et. al., (2005) studied the effect of shaking speed on
rhamnolipid production by indigenous Pseudomonas aeruginosa J4 originating from petrochemical
wastewater in the range of 50-250 rpm. They found that even the maximum growth was observed
with shaking speed 250 rpm, but the optimum biosurfactant production was reached when shaking
speed was 200 rpm. Shaking speed affected the mass transfer efficiency of both oxygen and medium
components and also the cell growth and biosurfactant formation of the aerobic bacterium,
especially when it was grown in a shake-flask. The effect of biotechnological parameters such as

shaking speed can influence biosurfactant synthesis (Lotfabad et. al., 2009).
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Effect of initial pH on biosurfactant production

The highest biosurfactant activity was obtained when initial pH was adjusted to 7.0 (data
not shown). It was shown that the reduction of surface tension to 22.84 mN/m occurred in 24 h.
However, the maximum growth of B. tequilensis Lc9 was obtained when initial pH of medium was
adjusted to 5.0. The pH plays a role in determining the ability of bacteria to grow or thrive in
particular environments because it mainly affects biological activities of prokaryotes (Cameotra
and Makkar 1998). The nature of some bacteria renders them more effectively in acidic medium
and its action is also influenced by others factors (Swaminathan 1997), however most of bacteria
grow optimally within a narrow range of pH between 6.7 and 7.5.

Time course of growth and biosurfactant production

Cultivation of B. tequilensis Lc9 was done in 50 mL of MS medium (contained 2%, w/v of
molasses, 0.2%, w/v of sodium nitrate) with an initial pH 7.0 in the shake-flask (200 rpm) at room
temperature. Therefore, when the biosurfactant production medium was inoculated with the
studied strains and incubated for different incubation times from 0-72 h, it was observed that (Fig.
2) biosurfactant concentration increased with the increase of incubation period up to 30 h but no
increase in biosurfactant concentration was observed above this level on further increase in the
incubation period. Meanwhile, the growth was increasing slowly from day 1 to day 3. These results
suggested that this biosurfactant production by this strain was a growth-associated and mix growth
associated type. Biosurfactant production (as evident from surface tension lowering) starts from
6 h and continues till 72 h of growth. The highest surface tension reduction of the culture broth
was decreased from 70 mN/m to 44 mN/m which was obtained after 30 h of incubation which
later on remained stationary. The maximum emulsification index (E24) was obtained after 60 h of
incubation, which indicated that production of biosurfactant started when the culture achieved in

the late stationary phase (36-72 h).

10.0 r 4.0
™ 9.0
60 8.0
£ 70 30
S5 '
Es E 6.0
]
55 oo E1 20 d
g2s °
K 8 30 4.0
e % —o— Emuisification index (%) L 20
.lé 5 20 —a—phH F 1.0
a £ —e— Surface tension (mMN/m) F 20
w40 —e—0D860
- 1.0
0 ¢ S 0.0 <+ 0.0

0 (] 12 18 24 36 42 48 60 72
Time (h)

Figure 1:Time course of growth, culture pH, surface tension, emulsification activity {%6) and
emulsification index (E24) by Bacillus tequilensis Lc9 grown in minimal salt medium (pH 7)

with 2% molasses, 0.2% sodium nitrate and agitation rate 200 rpm at room temperature
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It could be concluded that the biosurfactant production medium from 8. tequilensis 1.c9
as MS medium should contain molasses as sole carbon source at concentration of 2%, w/v and
sodium nitrate as a nitrogen source at concentration of 0.2%, w/v. The initial pH was adjusted to
7. The optimum incubation time is 30 h with shaking at 200 rpm and incubated at room temperature.
The highest surface tension reduction of the culture broth was decreased from 70 mN/m to 44

mN/m.

6. Conclusion

In the present study, the production of the biosurfactant from Bacillus tequilensis Lc9
which was isolated from palm oil contaminated soil is reported. B. tequilensis L.c9 is the new
biosurfactant producing strain, the growth characteristics were obtained and studied on the properties
of the biosurfactant which indicate the possibility of its industrial application. B. tequilensis L.c9
used molasses as sole carbon source. It has many advantages because of its low price compared
to other sources of sugar and the presence of several other compounds such as minerals, organic
compounds and vitamins besides sucrose which are valuable for the fermentation process
(Makkar and Cameotra, 2002). The potential of this biosurfactant for industrial uses was shown by
studying its physical properties, i.e., the surface tension, emulsification activity (%EA) emulsification
index. It was able to reduce the surface tension of pure water to 44 mN/m and achieve the %EA

of 54% for xylene.
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This study presents isolation of biosurfactant (BS)-producing bacteria, Bacillus subtilis TD4 (BsTD4) and Pseudomonas
aeruginosa SU7 (PaSU7), from palm oil contaminated soil. BS production was done by using a minimal salt medium with used
crude glycerol as carbon and commercial monosodium glutamate as nitrogen source. After microbial cultivations at 30°C under
optimum conditions, BSs produced by BsTD4 and PaSU7 reduced surface tension of culture supernatant to 30 mN/m with BS
yield of 2.65 and 2.25 g/1, respectively. BSs could reduce surface tension of pure water to 26.0 and 28.0 mN/m with critical micelle
concentration (CMC) of 12 mg/l (BsTD4) and 20 mg/1 (PaSU7). BS produced by BsTD4 exhibited higher oil recovery efficiency
than that produced by PaSU7. Both BSs could recover oil more effectively than synthetic surfactants, could enhance solubility
of PAHs, and can emulsify various oil and hydrophobic compounds.

Keywords: Crude glycerol, Microbial oil recovery, Microbial surfactant, Polyaromatic hydrocarbons, Surface tension

Introduction

Industrial conversion of renewable resources into
bio-based materials is receiving much attention from
environmental point of view'. Among bioresources, crude
glycerol (CG) is increasing year by year through
increasing production of biodiesel and other
oleochemicals?. CG accounts for 10% (v/v) of oil
transesterification reaction®, and regarded as a waste
product because of the cost associated with its disposal’.
Utilization of CG is limited, although there are reports on
glycerol conversion to value-added products through
chemicaf or biological methods®. End products include
1,3-propanediol, dihydroxyacetone, ethanol, succinate,
polyhydroxyalcanoate, pigments and biosurfactants
(BSs)”. BSs have attracted considerable interest owing
to their biodegradability, and mild production conditions?.
Lipopeptides are effective BSs, usually produced by
Bacillus strains®'°, Lipopeptides possess manifold
attractive properties'!, and can be used as carbon (C)
source!?**, Hydrocarbons or oils are common substrate
for BS production!é, but production and recovery

*Author for correspondence
E-mail: suppasil. m@psu.ac.th

processes are very complicated. Success of BSs depends
on the economy of process and the use of low cost raw
materials, which account for 10-30% of overall costs'’.

This study evaluates BS production from B. subtilis
TD4 (BsTD4) and Pseudomonas aeruginosa SU7
(PaSU7) cultivated in CG as C source, studies surface
tension (ST) and emulsification activity (EA) of obtained
BSs and evaluates potential application in the
environment.

Experimental Section
Biosurfactant producing Strain

BsTD4 (accession no. AB647203) and PaSU7
(accession no. AB647206) were isolated from palm oil
contaminated soil in a palm oil industry from Suratthani
Province, Thailand, (unpublished data). BsTD4 and
PaSU7 were maintained on nutrient agar (NA) plate
and transferred monthly.

Media and Cultivation Conditions

Nutrient broth (NB) used for inoculum preparation
had following composition: beef extract, 1.0; yeast extract,
2.0; and peptone, 5.0 g; and distilled water, 1 1. To make
nutrient agar, agar (15.0 g) was added to NB. Culture
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was grown in NB for 20 h at 30°C, and used as inoculum
at 2% (v/v) level. For BS synthesis, a mineral salt medium
(MSM; pH, 7.0+£0.2) was used with following
composition'*'*: K. HPO,, 0.8; KH,PO,, 0.2; CaCl,, 0.05;
MgCL, 0.5; FeCl, 0.01; NaCl, 5.0 g/l. Carbon and
nitrogen (N) sources were added separately. Cultivation
was performed in 250 ml flasks containing 50 ml medium
at 30°C, and stirred in a rotary shaker at 200 rpm for 48 h.

Culture Medium Optimization

Three factors (CG conc., N, C:N ratio) were used
to obtain higher productivity of BS. Concentration of CG
was varied (2-8 g/l) by using (NH,),SO, as N source.
For evaluation of the most appropriate N sources,
(NH,),SO,, commercial monosodium glutamate
(CMSG), NH,Cl, NaNO, and peptone were employed
(conc., 1 g/l} with optimum concentration of CG. C:N
ratio was varied (10-50) by keeping a constant N source

(conc., 1 g/l).

Inoculum Optimization and Growth Conditions for
Biosurfactant (BS) Production

An inoculum of each strain was varied (2-8% v/v)
and transferred to a nutrient broth containing optimum
amount of CG. Then, culture was incubated at 30°C in
shaking incubator at 200 rpm for 48 h. After removal of
bacterial cells, sample was put to ST and EA
measurement. Dry cell weight was measured to
represent microbial concentration. Finally, optimum
amount of inoculum was determined. To produce BS
from BsTD4 and PaSU7, an optimum amount of inoculum
was transferred to MSM containing optimum amount of
CG. Culture was then incubated at 30°C under aerobic
conditions in a shaking incubator at 200 rpm. Then, dry
cell weight was determined, and ST and EA were
measured every 3 h for 72 h to find optimum conditions
for BS production.

Biosurfactant (BS) Recovery and Stability Study

Four solvent systems'*!3 [a mixture of chloroform:
methanol (2: 1), cold acetone, dichloromethane and ethyl
acetate] were examined for BS extraction. The method
showing highest BS activity was used to recover BS
from both strains. For thermal stability study, crude BSs
at critical micelle concentrations (CMCs) level of each
compound in distilled water were prepared. To study
effects on BS activity of pH, sodium chloride (NaCl)
concentrations and temperature, BS solution was adjusted
with 1.0 N HCI or NaOH to obtain pHs of 2.0 to 12.0.
NaCl was added to sample to obtain final concentrations

of 1.0 to 11.0% (w/v). BS solution was incubated from
4° to 100°C for 1 h and at 121°C for 15 min and cooled
to 25°C. Remaining activity was then determined.

Chemical Analysis of Biosurfactant (BS)

BS was spotted in triplicate on readymade silica gel
thin layer chromatography plates (Merck, Darmstadt,
Germany) using CHC,:CH,OH:H, 0 (65:15:1) as solvent
system. One plate was put into a jar, saturated with
iodine vapors to detect lipids. Another plate was sprayed
with anisaldehyde and ninhydrin reagent (0.2% ninhydrin
solution in acetone) and dried. It was then heated at 120°C
for 5 min for detection of sugars and peptides,
respectively. Fourier transform infrared spectroscopy
(FT-IR) of BS was done on a Nexus-870 FT-IR
spectrometer (Thermo Electron Co., Yokohama, Japan)
by KBr pellet method. Dried BS samples (0.5 mg) were
ground in 80 mg of spectral grade KBr (Merck,
Darmstadt, Germany) and pressed into pellets under 6
tons/cm? pressure using a hydraulic press (Specac,
Orpington, Kent, UK). For BS molecular mass, BS (0.5
mg) was dissolved in methanol and analyzed by
Electrospray lonization - Mass Spectrometry (ESI-MS)
(Micromass Co., LCT KC 317, England). Electro spray
source was operated at: ionization source temp., 80°C;
electrolyte voltage, 200 V; and sprays inlet temp., 120°C.
Equipment was run in a positive ion mode.

Effect of Biosurfactant (BS) on Mobilization of Used
Lubricating Oil (ULO)

For BS effect on ULO mobilization, mobility test was
done with a 30 cm x 30 cm glass plate, on which 0.5 ml
ULO (5) were placed. Sample drops (5) were mixed
with distilled water (0.5 ml), and 0.5 ml (20 mg/1) of TD4,
SU7, Tween 80 and SDS, respectively. Glass plates were
plated 45° from ground at room temperature (RT, 30+2°C)
and measured distances after 1 min of oil displacement'®.

Application of Biosurfacant (BS) in Oil Removal from
Contaminated Sand

BS suitability for enhance oil recovery was
investigated using acid washed sand (800 g) impregnated
with ULO (50.0 ml). Fractions of contaminated sand
(20.0 g) were transferred to flasks (250 ml), in which
were added distilled water (60.0 ml; control), and 60.0
ml aqueous solutions of SDS, Tween 80, and BSs at
CMCs of each compound. Samples were incubated on
a rotary shaker (200 rpm) for 24 h at 30°C and
centrifuged at 5000 rpm for 20 min for separation of
laundering solution and sand. Amount of oil residing in
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sand after the impact of BS was gravimetrically
determined as the amount of material extracted from
sand by hexane!®. Experiment was carried out at 25,
RT, 45 and 65°C to assess the influence of temperature
on BS-induced oil recovery.

Polyaromatic hydrocarbons (PAHs) Solubilization Asssy

For PAHs solubilization assay?’, an appropriated
concentration of each compound (anthracene, Ant;
fluoranthene, Fluora; fluorine, Fluori; naphthalene, Nap;
phenanthrene, Phe or pyrene, Pry from stock solution in
acetone) was distributed into glass test tube (10 mm x
170 mm) and kept open inside an operating chemical
fume hood to remove solvent. Then, 5.0 ml of assay
buffer (20 mM Tris-HCI, pH 7.0) and BS at increasing
concentrations (0-30 mg/ml), obtained from respective
bacterial strains, were used. Assay buffer containing BS,
but no PAH, was used as blank. Tubes were capped
with plastic closures and incubated overnight at 30°C
with shaking (200 rpm) in dark. Samples were filtered
through 1.2 um filters (Whatman, Springfield Mill, United
Kingdom) and 3.0 ml of this filtrate was extracted with
equal volume of hexane. This emulsion was centrifuged
at 8,500 rpm for 10 min to separate aqueous and hexane
phases. PAH concentration was measured
spectrophotometrically (Libra S22, Biochrom Ltd.,
Cambridge, England) at specific wavelength of each
compoundto2°. From a calibration curve of individual
PAH (in hexane), concentration of each PAH was
determined. Assay buffer with BS but without PAH was
extracted with hexane identically and served as blank.

Analytical Methods

Biomass determination was done in term of dry cell
weight. At different times of fermentation, samples were
mixed in pre-weighted tubes with chilled distilled water
and centrifuged at 8,500 rpm for 30 min. Biomass obtained
was dried overnight at 105°C and weighted. For EA'?
(E24), 4 m] of hydrocarbon or oil was added to 4 ml of
aqueous solution of culture supernatant in a screw cap
tube, and vortexed at high speed for 2 min. Emulsion
stability was determined after 24 h. E24 was calculated
by dividing measured height of emulsion layer by the
mixtures total height and multiplying by 100. ST was
measured using a Model 20 Tensiometer (Fisher Science
Instrument Co., PA, USA) at 25°C. CMC was
determined by plotting surface tension versus
concentration of BS in the solution.

All experiments were carried out in triplicate for
calculation of mean value. Tween 80 and SDS were used

as positive controls, while distilled water and MSM
medium were used as negative controls. All chemicals
used were of analytical grade. CG was obtained from
biodiesel pilot plant, Department of Chemical Engineering,
Prince of Songkla University, Thailand. ULO was
collected from motorcycle garage near Prince of Songkla
University, Thailand. Statistical analysis was performed
using Statistical Package for Social Science (SPSS 10.0,
for Windows Inc., Chicago, IL).

Results and Discussion
Effect of Crude Glycerol (CG) Concentration

Highest activities (Table 1) towards BS production
were found when CG (6 g/l) was used in cultivation of
BsTD4 and PaSU7. Although CG (6 g/1) could not give
the highest value of dry cell weight, especially in case of
BsTD4; excreted BSs displayed good surface activities
in terms of ST reduction and BS yield. Therefore, MSM
supplemented with CG (6 g/1) was chosen as appropriate
culture medium for next experiments of BS production
by two bacterial strains. Currently, a very important
renewable C source is CGE. Increase in biodiesel
production is generating large quantities of CG. With the
production of 10 kg of biodiesel from rapeseed oil, 1 kg
of CG becomes available?! and its price is decreasing
and tends to decrease even more as traditional CG
markets become saturated.

Effect of Nitrogen (N) Source

After examining the most commonly used organic
and inorganic N sources reported??, CMSG was found
(Table 1) the most efficient N source to give high BS
yield for BsTD4 (1.91 g/1) and PaSU7 (1.06 g/). These
yields were 2.35 and 2.46 folds of that obtained from
using (NH,),SO, as N source for BsTD4 and PaSU7,
respectively. Moreover using CMSG as N source not
only increased BS yield but also improved biomass and
reduction of ST and E24 by selected strains.

Effect of Carbon:Nitrogen (C:N) Ratio

C:N ratio is a vital factor influencing performance
of BS production®, Best BS activity in ST reduction, BS
yield and E24 from both strains was found at a C:N ratio
of 10 (Table 1). Productivity of BS tended to decrease
as C:N ratio increased over 15. BS production is reported
more efficient under N-limiting conditions!*!*, The results
show that a possible inhibitory effect on bacterial
metabolism may occur due to a likely nutrient transport
deficiency. It is likely that assimilation of nitrate as N
source is very low, leading to a simulated N-limiting
condition?*,
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Table 1—Effect of carbon and nitrogen concentrations and C: N ratio on growth and biosurfactant production by Bacillus subtilis TD4
and Pseudomonas aeruginosa SU7, cultivated in 250 m] flask containing 50 ml MSM at 30°C in a shaking incubator at 200 rpm for 48 h*

Parameters Dry cell weight, g/l Surface tensionm, N/m Biosurfactant, g/l Emulsification activity, %
B. subtilis P. aeruginosa  B. subtilis  P. aeruginosa B, subtilis  P. aeruginosa B. subtilis  P. aeruginosa
Crude glycerol, % w/v [N-source, 1% (NH ),50 )]
2 1.57£0.25 1.04+0.06 36.3+0.5 37.5¢2.1 0.10£0.02  0.09+0.02 15.50£2.00  39.45+2.50
4 2.10£0.57 1.27+0.10 33.4£2.0 35.5¢1.2 0.56+0.03  0.2610.03 18.53£2.83  40.82+2.65
6 3.14£0.42 1.31£0.27 33.5£0.5 343121 0.81+0.08 0.43+0.02 20.52+4.08  43.28+1.73
8 3.54£0.48 1.48+0.33 32.5£1.5 35.0£0.5 0.55+£0.02  0.21+0.09 19.51£6.15  40.52+1.23
10 3.59+0.81 1.5410.27 34.0+1.5 35.310.3 0.50+0.08 0.18+0.04 18.51£2.24  39.52+2.82
Nitrogen sources, 1 g/l (C-source, 6% crude glycerol)
(NH,),SO, 3.14£0.42 1.3110.27 33.5+0.5 34.3£2.1 0.81+0.08 0.43+0.02 20.52+4.08 43.28+1.73
CMSG 4.89+0.52 4.18+0.12 29.8+2.4 30.0£0.9 1.91£0.28  1.06+0.11 58.51£8.27 59.52+5.85
NH,CI 3.2740.85 1.5110.14 353+1.2 33.5+2.8 0.81+0.11  0.3310.05 22.54+5.08 40.2815.00
NH,NO, 3.19+0.77 1.68+0.21 32.5¢1.7 36.0+2.4 0.86+0.05 0.20+0.04 18.93+£5.03 35.8246.53
Peptone 5.0410.92 4.58+0.24 30.2+14 33.5¢1.7 1.22+0.08  0.88+0.07 40.82+6.00 49.82+4.82
C: N ratio
Control 4.89+0.52 4.1810.12 29.8t14 30.0+£0.9 1.91+£0.28 1.06%0.11 58.511£8.27 59.5245.85
10 4.92+0.41 4.58+0.20 29.5+5.1 30.5+1.8 2.04£0.12 1.16+0.23 58.00+£5.25 60.50+4.20
15 5.17+0.55 4.611£0.24 30.2+1.7 31.244.2 2.01£0.23  1.03+0.11 48.55£4.05 55.08x4.12
20 5.3240.71 4.68+0.70 32.8+1.5 30.842.1 1.86+0.09 0.90+0.04 45.83£4.51 59.5245.03
25 5.0410.12 4.08+0.52 35.5124 32.1+1.8 1.8210.15  0.85+0.05 42.52£5.70 45.80+5.22

*All values are mean + SD from triplicate determinations

Table 2—Effect of inoculumn concentration on biosurfactant production by Bacillus subtilis TD4 and Pseudomonas aeruginosa SU7,
cultivated in 250 ml flask containing 50 ml MSM supplemented with 15% CG and 1% CMSG at 30°C in a shaking incubator at 200 rpm

for 48 h*
Inoculumn Dry cell weight Surface tension Biosurfactant Emulsification activity
conc. g mN/m g/ %
% v/v
B. subtilis P. aeruginosa B. subtilis  P. aeruginosa  B. subtilis P. aeruginosa B. subtilis  P. aeruginosa

2 5.17£0.55 4.58+0.20 30.2+1.7 30.51.8 2.01£0.23 1.16£0.23 58.55£4.05 60.50%5.20
4 5.32+£0.52 4.68+0.14 30.5¢2.1 30.0£25 2.10£0.22 1.4910.14 60.80+£5.01 64.00+8.78
6 5.47£0.24 4.69£0.37 29.8+1.4 30.2£2.0 2.231+0.13 1.35+0.24 65.25£5.40  55.4819.82
8 5.52+0.41 4.81£0.14 30.2£1.1 30.1+2.0 2.22+0.08 0.98+0.02 55.73£2.58 50.821+8.93
10 5.60+0.21 4.80£0.12 30.1£1.0 30.0x1.5 2.10£0.25 0.87+0.07 52.82£0.90 50.9118.52

*All values are mean + SD from triplicate determinations

Effect of Inoculumn

Highest amount of inoculum (Table 2) on BS
production was BsTD4 (6%) and PaSU7 (4%). Although
dry cell weight seemed to increase with an increase in
the amount of inoculums, but excreted BSs did not show
superior surface activities.

Optimum Fermentation Conditions

To maximize BS production, BsTD4and PaSU7 were
cultivated in MSM containing CG (10 g/1), CMSG (1 g/),
inoculums (6% and 4%, respectively) for 72 h, BsTD4
(Fig. 1a) began to excrete BS after the first lag phase
(9 h) of cultivation, as indicated by a decrease in ST of
culture media. During lag phase (9-39 h), ST of culture

medium was strongly reduced and reached a minimum
as the cultivation time approached 54 h, which
corresponded to stationary phase of microbial growth.
After 54 h, microbial system entered into dead phase.
Thus a cultivation time of 54 h gave the highest BS yield
(2.65 g/l) and lowest ST, indicating highest surface
activity of excreted BS. Thus, it was selected as optimum
time for BS production by BsTD4. PaSU7 possesses a
short lag phase (6 h) and also provides a large reduction
of ST (Fig. 1b). During lag phase (9-39 h), ST of culture
medium rapidly decreased in early lag phase and reached
a minimum when the system approached stationary
phase. A minimum ST (30.0 mN/m) and BS yield
(2.25 g/l) were observed at a cultivation time of 63 h.
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Fig. 1—Times course of growth and biosurfactant production in optimal medium (10% of crude glycerol and 1% of commercial
monosodium glutamate) at 200 rpm and 30°C by: a) Bacillus subtilis TD4; and b) Pseudomonas aeruginosa SUT (Bars indicate standard
derivation from triplicate determinations)

After 63 h, dead phase appeared. Thus, optimum time
for BS production by SU7 was 63 h.

Recovery of Biosurfactant (BS)

Crude extract of BS was recovered from culture
supernatant of BsTD4 and PaSU7 by extraction with
organic solvents. Ethyl acetate resulted in greater activity
of crude extract than systems based on mixtures of
chloroform and methanol, cold acetone or
dichloromethane (data not shown), Recovery yields were
from BsTD4 (2.65 g/l) and PaSU7 (2.25 g/1). Extraction
of bioproducts with considerably high polarity by ethyl
acetate solvent is reported® rather efficient. Because
recovery and concentration of BSs from fermentation
broth largely determine production cost, ethyl acetate is
a better choice than highly toxic chloro-organic
compounds.

Physicochemical Properties

ST of culture supernatants of BsTD4 and PaSU7
was measured as a function of concentration in order to
compare surface activities of two excreted BSs. STs vs
BS concentrations (Fig. 2) indicated that ST of pure
water rapidly decreased as concentration of BsTD4 BS
increased and a minimum ST (26.0 mN/m) was observed.
From break point of the plot of ST vs BS concentration,
CMC was 12 mg/l (Fig. 2a). PaSU7 BS could decrease
ST of pure water from 72.0 to 28.0 mN/m and CMC
was estimated to be 20 mg/1 (Fig. 2b). BS showed better
properties in terms of higher ST reduction and a lower
CMC. Minimum ST and CMCs of BsTD4 and PaSU7

based BS are consistent with reported values!°. BSs from
BsTD4 and PaSU7 showed a lower minimum ST and
CMC value than that of BS from B. subtilis LB5a (26.6
mN/m, 33.0 mg/1)?%, B. subtilis PT2 (26.4 mN/m, 25.0
mg/l)*¢, P. aeruginosa SP4 (28.3 mN/m, 120 mg/)*¢ and
P. aeruginosa S6 (33.9 mN/m, 50 mg/)*’.

Stability of Biosurfactant (BS)

Heating of crude BS from two strains up to 100°C
(or its autoclaving at 121°C) caused a little effect on ST
reduction and its EA (Table 3). An 8% reduction in E24
and ST was observed after autoclaving at 121°C for 15
min, ST reduction (ST =~ 30 mN/m) and E24
(E24 ~60%) of crude BS from two strains were relatively
stable at the temperatures used. Activity of BsTD4 based
BS decreased (Table 3) obviously with decreasing pH
(<4.0). ST of BS from two strains remained stable over
a pH (6.0-10.0), although a marginal decrease at pH
10.0 was detected with PaSU7 based BS. At pH 6.0,
ST was lowest for BSs (BsTD4, 26.0; and PaSU7, 28.0
mN/m). E24 of both two strains decreased when pH
varied from 12.0 to 6.0 and reached highest at pH 6.0.
However, when pH reached 4.0, E24 from two strains
declined and came to its lower point due to precipitation
of BS®. A negligible change occurred in BS activity
(Table 3) with an increase in NaCl concentration for
BSs (BsTD4, 7.0; and PaSU7, 9%). Likewise, an
increase in NaCl concentration up to 9.0% did not affect
E24 of BS from both strains. However, at the highest
level of NaCl (11.0%), E24 was severely dropped to
30.0% and ST increased as well (45 mN/m).
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Fig. 2—Surface tension as a function of biosurfactant concentration produced by: a) Bacillus subtilis TD4; and b) Pseudomonas
aeruginosa SU7 (Bars represent standard deviation from three determinations)

Table 3—Influence of temperature, pH and salt concentration on surface tension and emulsifying activity of biosurfactant produced by
Bacillus subtilis TD4 and Pseudomonas aeruginosa SUT*

Parameters B. subtilis P. aeruginosa

Surface tension Emulsification activity Surface tension Emulsification activity

mN/m % mN/m %

Temp., °C
4 30.0£2.3 64.5£3.5 332414 63.0£3.4
20 26.3t£2.5 65.8£2.3 28.0£3.0 64.5+5.0
40 29.5+2.7 62.5£5.0 28.6+2.2 62.2+2.0
80 30.245.1 60.8+5.7 29.8t1.5 59.8+8.9
100 31.5£2.0 58.4+8.0 31.5t4.2 58.5+8.0
121 32.0£2.0 58.0£5.0 32.0+2.4 58.5£10.2
pH
2.0 55.4+2.9 20.812.6 53.6x1.8 22.0+£2.1
4.0 48.312.8 39.5¢2.5 41.0+£3.2 37.3x1.9
6.0 26.0+2.4 65.712.7 28.0£1.0 64.4+1.7
8.0 27.243.1 62.3£2.9 30.2+24 62.5£5.0
10.0 28.9£5.2 60.8+5.0 31.5¢£1.0 60.4+4.7
12.0 30.210.5 55.0£2.7 32.0£2.3 56.6+2.4
NaCl, %
4 30.0£2.3 64.5£3.5 33.2x14 63.0£3.4
20 26.3£2.5 65.8£2.3 28.0+3.0 64.5+5.0
40 29.5+2.7 62.5£5.0 28.6+2.2 62.2+2.0
80 30.2¢5.1 60.8+5.7 29.8+1.5 59.8+8.9
100 31.5£2.0 58.4+£8.0 31.5+4.2 58.5+8.0

*All values are mean + SD from triplicate determinations

Emulsification Properties of Biosurfactant (BS)

BSs from BsTD4 and PaSU7 showed a good E24
against several hydrophobic substrates (Fig. 3a). BsTD4
based BS emulsified more than 50% of all hydrocarbons
(cyclohexane, hexane, xylene, benzene, n-hexadecane,
kerosene and toluene) tested. It ranged 60-70% for palm
oil, soybean oil and olive oil. In addition, PaSU7 based
BS was found able to form emulsion of more than 55%
toward all hydrocarbons tested and ranging 60-75% for
vegetable oils. Thus BSs produced by BsTD4and PaSU7

have a good potential for applications in microbial
enhanced oil recovery, and can also be used as emulsifying
agents in food industry.

Biosurfactant (BS) Characteristics

Chemical nature of BSs from BsTD4 and PaSU7
were seen as a single spot on TLC. This fraction showed
a positive reaction with ninhydrin reagent and iodine vapor,
indicating the presence of peptide and lipid moieties in
the molecule (data not shown). Lipopeptide nature of BS
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Fig. 5—Mass spectrum of biosurfactant produced by: a) Bacillus subtilis TD4; and b) Pseudomonas aeruginosa SU7

was further confirmed by IR spectra of compound
(Fig. 4). IR spectrum in KBr showed bands characteristic
of peptides at 3305 co! (NH stretching mode) and at
1650 cm! (stretching mode of CO-N bond). Bands at
3000-2800 cnt}, 2855 cm’! and at 1464 cm’ reflect
aliphatic chains (-CH,, -CH,) of the fraction. BS structure
from both strains was fully supported by mass
spectrometric analysis. Analysis of intact molecules with
ESI-MS (Fig. 5) revealed molecular ion peaks of BS
from BsTD4 (1053, 1067, 1082, 1097 m/z) and from
PaSU7 (1004.0, 1018, 1032, 1046 m/z). Spectra clearly

indicate the presence of higher and lower homologous
of surfactants for the difference between prominent M+,
peaks being around 14 (m/z), corresponding to a
difference in the number of methylene groups (CH,).
This finding was in accordance with a reported study
that showed BSs produced by Bacillus spp. had
molecular mass ranging m/z 992-1088!%%, Chemical
nature of BS thus varies with both species and strains
within Bacillus spp.'°. Thus BSs from BsTD4 and PaSU7
were ipopeptide type BS. Generally, BSs produced by
Pseudomonas spp. were found to be glycolipid type
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a)

Fig. 6—Effect of biosurfactant on mobilization of used lubricating oil: a) oil with water (1), oil with Bs SU7 biosurfactant (2) and oil with

Pa TD4 biosurfactant (3); and b) Microbial enhanced oil recovery by biosurfactant produced by Bacillus subtilis TD4 and Pseudomonas
aeruginosa SU7 under different temperatures

BSs22%7, However, some studies reported lipopeptide BS
produced by Pseudomonas spp.?*.

Effect of Biosurfactant (BS) on Mobilization of Used
Lubricating Oil (ULO)

BSs can be utilized for crude oil mobilization and
microbial enhanced oil recovery*®. In a test, ULO mixed
with BS was about twice the displacement (Fig. 6a) for
BsTD4 (15 cm) and PaSU7 (11 cm) as compared with
that of control (5.5 cm), suggesting that BS produced by
two strains can be useful in ULO mobilization. BSs reduce
ST and interfacial tensions of reservoir fluids; hence, oil
release is promoted and oil recovery can be enhanced
as well?%31,

Microbial Surfactant-Enhanced Oil Recovery

Due to robust properties of BSs, use of BSs in tertiary
oil recovery applications is receiving more attention?®,
For practical application of BS on oil removal from
contaminated sand, performance of obtained BS was
compared with that of two synthetic surfactants (Tween
80 and SDS). In present study, efficiency of BsTD4 and
PaSU7 in microbial surfactant-enhanced oil recovery was
evaluated at varying temperature, and found that distilled
water (control) recovered oil (5-15%) in tested
temperatures (Fig. 6b). BSs from BsTD4 and PaSU7
and Tween 80, in tested temperatures, could recover
motor oil from contaminated sand as follows: 25°C,
25-28%0; RT, 49-53%; 45°C, 65-68%; and 60°C, 84-86%.
SDS was found to be less efficient in oil removal as
follows: 25°C. 12%0: RT, 33% 45°C, 63%; and 60°C, 69%.

0 Ot’etural aNny

#BsSU7 8Pa T4 & Twoen 8it

Oil recovery, %

Reom iemperature 45 60
Temp, °C

b)

This is due to characteristic of anionic surfacrtant that
less efficacy than nonionic surfactant to maintain an
emulsion in oil in water systems®2. The result was in
accordance with earlier study that BS from Bacillus spp.
and nonionic surfactant Tween 80 had higher efficacy
than anionic surfactant SDS in oil removal®. These
results indicated superior performance of BS over SDS
in terms of mobilization of oil pollutants from
contaminated soil. Thus BSs examined in this study have
the potential to be used as biostimulation agents for
bioremediation of oil-polluted soils.

Polyaromatic hydrocarbons (PAHs) Solubilization Effect of
Bisurfactant (BS)
PAHs are ubiquitous environmental polluants.

Excessive inputs from anthropogenic activities have
caused serious contamination and adversely affect the
health of aquatic and human through bioaccumulation.
PAHs are hydrophobic and readily adsorbed onto
particulate matter; therefore, coastal and marine
sediments become the ultimate sinks and elevated
concentrations have been recorded®. Solubilization of
PAHs depends on the type and dose of surfactant,
hydrophobicity, surfactant-soil interactions and time that
contaminant has been in contact with the soil**. BSs from
BsTD4 and PaSU7 enhanced solubility of PAHs
(Table 4). In general, BSs enhanced apparent solubility
of PAHs in a dose dependent manner. However,
solubilization of Fluore, Nap or Phe by BSs from both
two strains (3-5 time higher apparent solubility compared
to control) was significantly lower p<0.05) when
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Table 4—Dose dependent solubilization of polyaromatic hydrocarbons by biosurfactant isolated from Bacillus subtilis TD4 and
Pseudomonas aeruginosa SU7

Biosurfactant conc.

Solubility of polyaromatic hydrocarbons®, mg/l

mg/l Ant Fluora Fluore Nap Phe Pyr

B. subtilis

0 0.07+0.01&** 0.22+0.02f 1.78+0.11¢# 31.34+3.52¢ 1.39+0.11# 0.14+0.031
5 0.17+0.02f 1.02+0.08¢ 2.65+0.13f 48.51+6.05° 2.31+0.12f 0.80+0.07¢
10 0.43+0.08¢ 1.92+0.13¢ 3.30+0.71° 61.01+4.20¢ 2.52+0.80 1.72+0.11¢
15 0.80+0.05¢ 2.85+0.24¢ 3.92+0.08¢ 67.86+5,13¢ 2.62+0.52¢% 2.14+0.80¢
20 1.12+0.10° 3.19+0.11° 4.67+0.38° 75.54+6.21¢ 2.99+0.14¢ 2.65+0.45°
25 1.28+0.09® 4.79+0.24* 5.78+0.20° 86.84+4.88° 3.71+0.12° 2.80+0.27°
30 1.49+0.14* 4.85+0.27 6.55+0.84* 94.57+8.73¢ 4.01+0,28* 3.12+0.84*
P. aeruginosa SU7

0 0.07+0.01¢*" 0.22+0.02¢ 1.78+0.11¢ 31.3443.52¢ 1.39+0.11F 0.140.03f
5 0.12+0.02f 1.00+0.09¢ 2.40+0.15f 39.51+4.45° 2.02+0.12¢ 0.71+0.06¢
10 0.39+0.08¢ 1.7940.13¢ 3.24+0.55¢ 50.51+4.18¢ 2.19+0.51¢ 1.58+0.81¢
15 0.77+0.05¢ 2.71+0.10¢ 3.7840.12¢ 61.86+4.80¢ 2.51+0.92¢ 2.31+0.46°
20 1.05+0.11¢ 3.05+0.14* 4.52+0.51° 70.05+8.03¢ 2.82+0.80° 2.51+0.78"
25 1.20+0.08° 4.68+0.61° 5.67+0.15° 80.54+4.58° 3.61+0,12° 2.70+0.28%
30 1.41£0.11* 4.88+0.24¢ 6.42+0.21° 91.27£5.13* 3.88+0.48* 3.06+0.42¢

*Values are mean + SD from triplicate determinations (Ant, anthracene; Fluora, fluoranthene; Fluori, fluorine; Nap, naphthalene; Phe,
phenanthrene; and or Pry, pyrene); **Different superscript letters in the same column indicate significant differences (p<0.05)

compared with Ant, Fluora or Pyr affect by BSs (15-20
times higher compared to control). In present study, BSs
showed ability to solubilize PAHs in aqueous phase,
indicating its possible role in increasing bioavailability of
non-soluble organic compounds for bacterial metabolism.

Conclusions

BS-producing bacteria, BsTD4 and PaSU7, were
isolated from palm oil contaminated soil in Thailand. BS
production was done by using MSM with CG as C and
CMSG as N source. BsTD4 could grow in culture
medium betzer than PaSU7, leading to shorter cultivation
time for BS rroduction and a higher yield of extracted
BS. BS produced by BsTD4 had better surface activity
than tha: prodiced oy PaSU7. FT-IR spectroscopy and
ESI-MS tonfimmed the presence of lipopeptide in
samp.es. Excreiad BSs were superior, in terms of
efficiency i ool magovens, w0 anionic surfactant SDS. BS

producad on 357D could racover oil more effectively
thar thzz pracoced o 22SUTL and also for the enhanced
soluniiT o7 PaHs Tmos mwo BSs produced by BsTD4
and Pz5T W0 norentizl for microbial enhanced
Oli rec:vem o =noroomenizl zpplications.

Acknowledgments
AmIt A4S Tmamas 2ot Rzrzbhat Universiny for

schoizmsnz T i wite wzs sozpored by Higher

Education Research Promotion and National Research
University Project of Thailand, Office of Higher Education
Commission, and also funded by Graduate School, Prince
of Songkla University.

References

1 Willke T & Vorlop K D, Industrial bioconversion of renewable
resources as an alternative to conventional chemistry, Appl
Microbiol Biotechnol, 66 (2004) 131-142.

2 Huang H, Cheng S G & George T T, Production of 1,3-
propanediol by Klebsiellapneumoniae, Appl Biochem Biotechnol,
98 (2002) 687-698.

3 Wang X, DouP, Zhao P, Zhao C, Ding Y et a/, Immobilization of
lipases onto magnetic Fe,O, nanoparticles for application in
biodiesel production, Chem Sus Chem, 2 (2009) 947-950.

4 Yazdani S S & Gonzalez R, Anaerobic fermentation of glycerol:
a path to economic viability for the biofuels industry, Curr Opin
Biotechnol, 18 (2007) 213-219.

5  JohnsonD & Taconi K, The glycerin glut: options for the value-
added conversion of crude glycerol resulting from biodiesel pro-
duction, Environ Prog, 26 (2007) 338-348.

6  Athalye S K, Garcia R A & Wen Z, Use of biodiesel-derived
crude glycerol for producing eicosapentaenoic acid (EPA) by the
fungus Pythium irreguiar, J Agric Food Chem, 57 (2009)
2739-2744.

7  daSilvaG P, Mack M & Contiero J, Glycerol: a promising and
abundant carbon source for industrial microbiology, Biotechnol
Adv, 27 (2009) 30-39.

8 Amaral PFF, CoelhoM A Z, Marrucho IM & Coutinho J A P,
Biosurfactants from yeasts: characteristics, production and
application, Adv Exp Med Biol, 672 (2010) 236-249.



406

10

11

15

16

17

18

19

20

21

JSCIINDRES VOL 71 JUNE 2012

Chen HL & Juang R S, Recovery and separation of surfactin
from pretreated fermentation broths by physical and chemical
extraction, Biochem Eng J, 38 (2008) 39-46.

Ghojavand H, Vahabzadeh F, Roayaei E & Khodabandeh A,
Production and properties of a biosurfactant obtained from a
member of the Bacillus subtilis group (PTCC 1696), J Colloid
Interf Sci, 324 (2008) 172-176.

Joshi S, Bharucha C & Desai A J, Production of biosurfactant
and antifungal compound by fermented food isolate Bacillus
subtilis 20B, Biores Technol, 99 (2008) 4603-4608.

Cooper D G & Goldenberg B G, Surface-active agents from two
Bacillus species, Appl Environ Microbiol, 53 (1987) 224-229.
Fox S L & Bala G A, Production of surfactant from Bacillus
subtilis ATCC 21332 using potato substrates, Biores Technol,
75 (2000) 235-240.

Saimmai A, Sobhon V & Maneerat S, Production of biosurfactant
from a new and promising strain of Leucobacter komagatae
183, Ann Microbiol, (2011a) doi:10.1007/s13213-011-0275-9.
Saimmai A, Tani A, Kimbara K, Sobhon V & Maneerat S,
Molasses a whole medium for bosurfactants production by
Bacillus strains and their application, 4pp! Biochem Biotech,
165 (2011b) 315-335.

Wan-Nawawi W M, Jamal P & Alam M Z, Utilization of sludge
palm oil as a novel substrate for biosurfactant production, Biores
Technol, 101 (2010) 9241-9247.

Silva S N R L, Fariasb C B B, Rufinob R D, Luna J M &
Sarubbob L A, Glycerol as substrate for the production of
biosurfactant by Pseudomonas aeruginosa UCP0992, Colloid
Surface B, 79 (2010) 174-183.

Roldan-Carrillo T, Martinez-Garcia X, Zapata-Penasco 1,
Castorena-Cortes G, Reyes-Avila Jet a/, Evaluation of the effect
of nutrient ratios on biosurfactant production by Serratia
marcescens using a Box-Behnken design, Colloid Surface B, 86
(2011) 384-389.

Sobrinho HB S, Rufino R D, Luna J M, Salgueiro A A, Campos-
Takaki G Met al, Utilization of two agroindustrial by-products
for the production of a surfactant by Candida sphaerica UCP099,
Process Biochem, 43 (2008) 912-917.

Barkay T, Navon-Venezia S, Ron E Z & Rosenberg E, Enhance-
ment of solubilization and biodegradation of polyaromatic hy-
drocarbons by the bioemulsifier alasan, 4pp! Environ Microbiol,
65 (1999) 2697-2702.

Meesters P A E P, Huijberts G N M & Eggink G, High cell
density cultivation of the lipid accumulating yeast cryptococ-

22

23

24

25

26

27

28

29

30

31

32

33

cus curvatus using glycerol as a carbon source, 4pp! Microbiol
Biotechnol, 45 (1996) 575-579.

Wei YH, Chou CL & Chang J S, Rhamnolipid production by
indigenous Pseudomonas aeruginosal4 originating from petro-
chemical wastewater, J Biochem Eng, 27 (2005) 146-154.
Santos A S, Sampaio A P, Vasquez G S, AnnalL M S, PereiraJr N
et al, Evaluation of different carbon and nitrogen sources in the
production of rhamnolipids by a strain of Pseudomonas, Appl
Biochem Biotechnol, 98 (2002) 1025-1035.

Barber W P & Stuckey D C, Nitrogen removal in a modified
anaerobic baffled reactor (ABR): 1, denitrification, Water Res,
10 (2000) 2413-2422.

Nitschke M & Pastore G, Production and properties of a
surfactant obtained from Bacillus subtilis grown on cassava waste-
water, Biores Technol, 97 (2006) 336-341.
Pornsunthorntawee O, Arttaweeporn N, Paisanjit S,
Somboonthanate P, Abe M et a/, Isolation and comparison of
biosurfactants produced by Bacillus subtilis PT2 and Pseudomo-
nas aeruginosa SP4 for microbial surfactant-enhanced oil recov-
ery, Biochem Eng J, 42 (2008) 172-179.

Yin H, Qiang J, Jia Y, Ye J, Peng H ef al, Characteristics of
biosurfactant produced by Pseudomonas aeruginosaS6 from oil-
containing wastewater, Process Biochem, 44 (2008) 302-308.
LiAH,XuMY, Sun W & Sun G P, Rhamnolipid production by
Pseudomonas aeruginosa GIM 32 using different substrates
including molasses distillery wastewater, App! Biochem
Biotechnol, 163 (2010) 600-611.

Thavasi R, Nambaru V R M §, Jayalakshmi S, Balasubramanian
T & Banat I M, Biosurfactant production by Pseudomonas
aeruginosa from renewable resources, Indian J Microbiol, 51
(2011) 30-36.

Kitamoto D, Isoda H & Nakahara T, Functions and potential appli-
cations of glycolipid biosurfactants from energy-saving materials to
gene delivery carriers, J Biosci Bioeng, 94 (2002) 187-201.
Morita T, Konish M, Fukuoka T, Imura I & Kitamoto D, Mi-
crobial conversion of glycerol into glycolipid biosurfactants,
mannosylerythritol lipids by a basidiomycete yeast, Pseudozyma
antarctica JCM 10317, J Biosci Bioeng, 104 (2007) 78-81.
Doong R A & Lei W G, Solubilization and mineralization of
polycyclic aromatic hydrocarbons by Pseudomonas putida in
the presence of surfactant, J Hazard Mater, 96 (2003) 15-27.
ZhouM & Rhue R D, Screening commercial surfactants suitable
for remeditating DNAPL source zones by solubility, Environ
Sci Technol, 34 (2000) 1985-1990.



114

Ly Y
sz Inge
4 »
¥o ana U9AIDINVA AR
swailszardninan 5311020047
a =f
AAMsANY
a 4' U a ci o o =
29 Yool inausamsanun
s v A ~a [ s '
Inenmaasiiadia UMINGIBEAVAIUATUNS 2548
(NTNYINTTITUEIN)

) d v
NITANUNINBININDINU

Onkamon Rukadee and Suppasil Maneerat. 2012, Isolation, optimization and production of
biosurfactant produced by Bacillus tequilensis Lc9 isolated from palm oil mills. The 24"
National Graduate Research Conference. June 8, 2012. Bangkok University, Bangkok,

Thailand. pp. 1166-1175.

Atipan Saimmai, Onkamon Rukadee, Vorasan Sobhon and Suppasil Maneerat. 2012.
Biosurfactant production by Bacillus subtilis TD4 and Pseudomonas aeruginosa SU7

grown on crude glycerol obtained from biodiesel production plant as sole carbon source.

J. Sci. In. Res. 71: 396-406.

Saimmai, A., Rukadee, O., Onlamool, T., Sobhon, V. and Maneerat, S. 2012. Isolation and
functional characterization of a biosurfactant produced by a new and promising of

Oleomonas sagaranensis AT18. World J. Microbiol. Biotechnol. DOI 10.1007/s11274-

012-1108-0.



	ชื่อเรื่อง
	บทคัดย่อ
	สารบัญ
	บทที่1
	บทที่2
	บทที่3
	บทที่4
	บรรณานุกรม
	ภาคผนวก



