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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 supernatants 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 Acinetobacter junii. From 16S rDNA gene 

sequence analysis, Bacillus tequilensis Lc9 is the new biosurfactant-producing strain. 

B. tequilensis Lc9 reduced surface tension of culture supernatant 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 (gil) 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/1 and had 

critical micelle concentration (CMC) of 0.044 g/1. The crude biosurfactant was capable to reduce 

surface tension of pH 6-9, temperature of 25-121 oc and in the presence ofNaCl up to 12% (w/v), 

MgC12 up to 0.1% ( w/v) and CaC12 up to 0.04% ( w/v ). The biosurfactant obtained was purified by 
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usmg 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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'IJ 'YI 'U 1 VI 'lH 'Hl ~ 

' ..,. 
1J'YI'YI 1 

1 

. . ,j i !II_ I i <I "' ' ?1 ' <I i !II "' (water-ummscible substrate) !'YHJ 'lfu1~ tl'lf'W1llf1ff11~\lfHl11!u'W!!'I1'(1\lfi11'1Je:J'I-J!!'(t~ '11i"W\l\l1'W 

i'Wf111!1l1tu!~'U i~ (Karanth et al., 1999) U1l1llJ'W~f111U1ff11'(t~!!H~\l~1~Jhmvan111~tlf11'i'i~ 
" q q 

!flie:J~'t'he:Jl\l 'Q~ff1'11f1l1lJUi~1!~tllJ (Deleu and Paquot, 2004) ~1'Wf111!f111~1!!'(t~f11111i''UiJ1'l 

~ ~~n~~e:Jl.l 1'lfu nnf11 11~ h11 ~11'!!m!"~ff11uu 'Yl1 v~l1u!ne:Ju¥f~ i u ~uu"~J1 !Vil.lm1'U'W ri \l 
!II ' <I "'"' ff11!'UT~!Clf'(t'(t'Ue:J\l!!'Ufi'Yl!1tl (Shepherd et al., 1995; Singh and Cameotra, 2004; Mulligan, 2005) 

"''a.-=! -=l!iii!J!II_f.! "''-=>., "'i ,j i 
ff11'(1~!! H~\IH1'l1"1fll'V'll.J'Ue:J ! m u 1 ti'U ff11 '(I~!! H~\1 H"Jff \l!fl11~ '11 'W! 1e:J\l 'Ue:J\Ifl 11l.lff1l.l1Hl 'W f111 

cie:Jvffmv~\lff11'(t~u 1 '~~'~ ~1~hm'Y'l ff1m1 t1 cie:Jvffmv I ~i ~ v11~u 'Yl1 v'Yl 1 i li'I~'Yl1" 1v~ \l u 1~ ~ e:Jlj 
q 

!!'(I~~ l:Ju iJ~ 1 tl'U 'li 11l.l'l1"1~ (Desai and Banat, 1997) e:J~ ff1'11 m 1l.liJ T~·l.JJ 1lf'W! 1:J 'WI !'VI ci \l ~~i 'W f111 
q 

'J) I I I 'J) 'J) 

1wm ~e:J!! 'Ufllil1 vli H~~ ff11 "~!! 1 \l ~\l ~1;1n 1'V'l 1 Ue:J\11l1ml:l u 'U 11 1w li ~ m1l1 u 1ile:J'W 'l11lfu 11T~l.l 
"'"' ""'~ i 9J ?I ' rl ~ ~ ~ J::::! ~ e::!i 

!!'Ufi'Yl! 1 tl1l\lff1l.l11 t1 'lf!u'W!! 'J1'(1\lfi11'Ue:J'W!!'(t~ 11~ H'(t~ff11'(1~!! 1 \1~\l H1'l1"1fl 1'V'le:Je:Jf1l.l1!'V'l e:J'(t~!! 1 \1~ \l 

~")'Ue:J\lJ 111''W 111rl'l.li'lf1ri11 Yl1 i li'!!'Ufllil1 tlff1l.J11t1 i ~J 111''W 111rl' lJ !1:1 'WI! 'VIri \lfll{ 'Ue:J'W!! '(t~'V'l~\l\l1'W 
i 'W f111! 1l1ty!~'U i~ f111 i ~ff11'(1~!! 1 \l~\1 ~1;1fll'V'l!! 'Yl'W ff11 '(~~!! 1 \l~\l ~1iY \l!fl11~ 11' J 'W ~ e:J\l'V'l tl1t11l.J 

'(t~~'W'Yl'W i'Wf111H~~ i~tlf111!Vil.JH'(IH~~ tf~11f111H~~ i~-J'~t1~'U11fllt1f1 ~\le:J11J!l:J'W'Ue:J\1!'11~e:J i ~ 
q q " 

.& -=:to Q.l fl I d J::::! 

ff11'(t~!!H~\lH1ff\l!fl11~'11 !'lf'W sodium dodecyl sulfate (SDS) 'Yl'U1tllJ11fl1111~mw 1,467 'Ul'Yl 

I r/ Q.l ~ -=::, Q.l eXeS I lj} ~ 
~e:JiJe:J'W~ (48.92$/lb) (TEKnova, Inc., Hollister, USA.) ~\l'W'W\11'W11lti'W1l\l~\l!'W'Wf111!!tlf1!'lfe:J 

I I , 'J) 

u 'U flli i~ vli ~ fl 11 :JJ ff1m1 t1 i u nn H~~ ffn "~ u 1 \l ~ \l ~1;1fll'V'l1l1f1'U 1 nw li ~m1 11 u 1 iJ e:J'W '11111' u 
_I <I _I "'i !II., ""' .d i d. ""' u1'(t:JJ f111 u 1 ~ tlf1~ 'l1"1~t1~'U 11fllt1f1!! '(t~'J11fffi11~'Yl!'VIl.Jl~ ff:JJ 'W f111! 'V'l :JJ ~'~" ~'~"~ 'Ue:J\lff11'(1~!! H 

q q " 

&~ct & ~ 0 ~ e! ' efd li]9Jdt rli!ll 
~\l H1'l1"1fll'V'l !! '(t~fl'f1EllfiW ffl.l'U ~!!'(t~f111 'Yl1'U1 ff'Yl'li'Ul\lff"J'W 1l1f1! 'lfe:J'Yl!!tlf1 ! ~!'V'l e:Jf111iJ1 ~ tlf1~ 'l1" 

q q q 
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<'I "" I ll) 31 ?1 I ll) 31 I 
ffU'i'l~H!HI'I'll'l1 (surface active agents) ff1l.JTHH!'U'l !I'I!JJ'Ufffl'lfl~l.J !I'IUfl ff11 

.dl ~ Ql " .dl ~ .c! 

'i'li'IUHI'I'll'l1ff'l!m1~'11 (synthesis biosurfactant) U'i'l~ff1':i'i'li'I!!HI'I'll'l1'll'1fl1YI (biosurfactant) ff1':i 

'i'll'l!! ':i 'l~'lf:h-ff''l!m1~M H~l'l 'il1flff1':ifl'U '1'11 rJ i 'U'llW~~ffU'i'li'IU':i 'l~'lf:h~hfll'Y'I!~'UH~I'I.tfwcn~ 
~ 111 'j) ~ .ei tl ~ ~ .ei.ct I!:! tl 

ff1l.Jl':itll'l'i'll'l !l'l'il1fl'il'i'l'U'Vl':iV'H'i'l1V'll''UI'I'Vl'l'il1fl!!'Ufl'Vl!':iV Vffl'l!!'i'l~11 (Pomsunthomtawee et al., • 
2008) ~'l~1 m 'lffr1'l!~'U!!'U'U amphipathic molecules ~~fl11l.Jff1l.Jl':itl i 'Ufl1H11'1!!H~'lr:h 
':i~'Hi1'lr:h'llfl'l'llfl'lm 'i'l1 'H~fl'llfl'l!li'i'l1fl'U n19f ff1':i 'i'll'l!! 'j 'l~'l r:b~'U'Vl'U 1'Vl~ff1rl ty, 'U fll'j ~1':i 'l;11'i 

'lJ fl'll.J 'U'I:l rJ'i 'UUI'i'i'l~ -J'U lJ 'U'I:l rJ'i 'lf'ff1':i 'i'li'IU ':i 'l ~'l f:bu 'Vl'U 'Vlfl fl 'ilm ':i lJ ! 'lf'U fl1Hl1fl11l.J ff~flll'l~ 1'lfl1 V • • • 

v ' 
'U fln 'il1nu ffn 'i'l~'~ u 'j 'l ~ 'l r:b v'l ~'U 'Vl m 'Vl 'ff1rl' ill i 'U n n u o'll ill 111 ff 'lu 1~'~ ~ fll.l ! 'lf'U i 'U m ~ 'lJ 1'U n n 

" " 
iJ )/ I ~ r1 u Tu ~'~ '111! ~ v 1 'U m1 fh .u ~'~ m 1'U 1111T'U u 'i'l ~ ~h ffn u 'j n nn n1.U ~'~ ffn u 'lJ 1'U 'i'l flV'H 'j flfl fl'i'l 'i'l fl vl'l 

, 1{ "'~ .I ""~ "" .F.! "'~ 31 31 ""~ 
(colloid) 'U 'U 1 fll':i !'i'lflfl1J ':i~!fl'Vl'll fl'l ff1':i 'i'll'l!! Hl'l'l l'l11J':i l.JlW '11 ':i flfl11l.J!'ll l.J'll'U 'llfl'lff1':i 'i'll'l!! Hl'l'l 

r:h ':i1l.J~'lfffl11~~'U "1 iM'mm~ffl.ln'U11'1QU':i~ff'lrl'llfl'lfll':ii'lf''l1'U~1'l "1 !~'U~'l~ff1rlt'IJflV1'l~'l 
v v ' 

ll'l u !fJm11 1 ,r ffl':i'i'll'l u 'j 'l ~'l r:hnN1'U 1 ~ fl vN ~u 1 ~ ff'Vl n fl1YI ff 'l ffl'lu 'i'l~ !l.i ffr 1'lifill'l11 1 ,r n'U 
"' . " 

~ 'l!nl'l~fll.J ff11'i'li'IU 'j 'l~'l f:bci-1'U 1 11ru'il~ ff1l.Jl':it!Vflvffmv !~m'l i 'U 1inl.J'll'1~ ~ 'lfl11l.J ff1JJ1':i t1 i 'U 
" 

1 ~ Ql 'j) .dl C\ ~ ~ .e:. d 
fll':i tlfl V flVffm V 'il ~ 'lJ 'U fl 'lJ 1 fl ':i 'l ff':i 1 'l'll fl 'l ff11 'i'li'IU ':i 'll'l'l H1':i 1l.J 'Vl 'l ml.Jl W 'lJ fl 'l ffl':i 'i'll'l!! ':i 'll'l 'l 1'11'1'1 

"' 

....... ~ ... 
1.1 fl tlHJ'JJ 'U VI 'U 8 'l tll"':i t1 VI H 'I 'l VI 'l ff'J 

q 

ff1':i'i'li'I!!H~'lf:h~~flL1vn11'1vl'h !tJi1 "surfactant" ffU'i'll'l!!1 'l~'l~ldff1'Ui my 
I I J} I 

:'I ... I C\ .cS. rl& "'I 'j} 1 ~ ' -=I 0 I .cS. 

!JJ'Uff111J':i~flfl'Ufl'U'Vl':iV9f'l1J':i~flfl'UI'I1V 2 ff1'U flfl ff1'U'Vl'll'fl'U'U1 (hydrophilic group) !!'i'l~ff1'U'Vl 

ll)l 1: ~I d 1: ,.~d"'.l liJ 1"'.1 .I liJ.I 
!l.J'll'fl'U'U1 (hydrophobic group) 9f'lff1'U'Vl'll'fl'U'U1'il~l.J'Vl'l'Vll.JJJ':i~~!!'i'l~ !l.Jl.JJJ':i~~!!'i'l~JJ':i~flfl'U ! 1J 

31 l 'j 'j ll) "' 'j "' ll) .I I .I """' 
1'11V'Hlq!'llfl'l !l.J !'U (mono-), !1'1 (di-), 'H':ifl !YI'i'l!!9fflfl1 !':if~ (polysaccharide), lilq!fll':i'Uflfl9f'i'lfl, 

.Qo \!] rl d I dlfl I ~ Q.l d "J ) rl ~ .c:::! 

ml'lfl~l.J 1'Wu'i'l~!UU t'Vll'l 'llW~'Vlff1'U'Vl tl.J'll'fl'U'U1l.Jfl'il~!1l'Uff1':iU':i~flfl'U ~~ tl'l':ifll':i'Ufl'U flfll.J1i119J 

mf'Ufl'UU'i'l~ ~~ 11'1':i! 'il'U!~'Ufl'lrJU':i~flfl'U'H ~fl ff1'U i my 'il~l.Jl'il1fl '1 'lllJ'UU'i'l~J1lT'UmJJ1inl.l'll'1~ 
11mf'lH~I'I.tfwcn1J11'1':i!~Vl.J!!'i'l~ 1YI~!l.Jflf-ff''l!m1~M (Lang, 2002) ~fl'l:lW~~ff1rlt'\j'llfl'lffU'i'li'IUH 
~'l r:hfifl !rlfl i ci'ff1':i'i'll'lm 'l~'l ~1rViv'l!~mrflv'i'l'l i 'UJ1 ffn'i'll'lu 'j 'l~'l~1'il~ '1 u'i'JI'Iu 'j 'l~'l~1'llfl'lJ1 

..\ , 31 "> I I ,f l "> ool o , 31 <;;'I 0 

!'Y'lfl li!flflfl'j~'l.J1'Ufll':il'l1'l ""} 'l1V'll'U !'ll''U fll':i!fli'IY'lfl'l fll':i'Vll li!JJVfl!!'i'J~fl'j~'lJ1'Ufll':i'Vllfl11l.J 
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. ., ., 
Yi'lft~1J'I1111~ v-:~fl-:~t~~'hn11 

fllm-:~~-:~~bihn.hml:luih'1~ihl'l't.!~tlt1J\9l'j (mN/m) hunf1hlff1nwtm-:~~-:~~b 

ff11Jl'jf:ll'l111U1~€l~tt'j-:J~-:!NTJ~W:h-:~fft~-:~lfu~1~ff1JHffnui~ t'lfu €l~tt'j-:J~-:!N1'j~lfi1-:~'\Jt~-:Jtt~-:~ 

)/ I I I 
Ci -=!~ d Q.l Q.l Q.l d I I .c:!l .dl ~ A 'j} j} 

'V'lU'YlN1'\Jti-:Jffl'j'YJff1JNfff1U !1fJf111 fl1 interfacial tension !1Jtlffl'j€l~UHI'l-:!N11Jfl111J!'\J1J'\JU\T-:I 

'l u 1'1' 1l'11€1~mrJ 1m€lf1€1'\J t~-:~ ffn€1 ~u 'j -:~~-:~ N111 ~..r u ~hu ~ill 'lft~1JJ mY1111n u ~ 1£Jtt 'j -:~1l1Jnu '\Jt~-:~ • 
dl "" "" ?I 'i ~ d "" I i .. ~ dl 

ffl'j(l~!!'j-:J\91-:JN'J (surfactant self-association) !f1~!1JU !flHff'j1-:J'YJ!'jrJf111 lJ!CJf€1€1 (micelle) '\JUCJf-:1 

411!11 ~e:::t. i' d~ j) ~ j)'j} ~e:::t. 
CMC fl tlflltt 'j -:1\91-:1 N1'\Jti-:Jffl'j €1~ "1£J11~ 1J"~"-:!tlf1f:l-:!U1J 11~ !'V'l1Jfl111Jt'\J1J'\JU '\Jti-:Jffl'j"~U 'j -:1\91-:1 N1 

'luffl'j"~"lrJ (Fig. 1) 

~ 
l 
2 
Q. 

ii 
.!.! 
l .r::. 
Q. 

' ' 

CMC 

/ 
/ 

• Solubility 
/ 

.._ 
/- - - - Surface tension 

.__+------- Interfacial tension 

Surfactant concentration 

Figure 1. Surface tension, interfacial tension and solubilization as a function of surfactant 

concentration represents critical micelle concentration (CMC) . . 
"' 'YllJl: Mulligan (2005) 
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~ "' <=I 
2.~11~~~~1~~~N1~1ftl~ . ' 

ffl':i(l~UH~~H1~1hmvHnm':ifl~lU'\.Jf11'11l.lr:l'm:JW:tt:J'lrl'lh:tml'U!~'\.J 4 orilJ !~wi • 
2.1 1o(11 r1i'itl~ (giycoiipids) ~~u ffl'j(l~tt':i ~~~H1~hm'Vl~nmf1 'lJ !ert~':ii'IU(l:ti'itl~tiJu 

t:J'l rl'lh :t Ot:J'U 1 ~vm':i !~tllJ'Y!lJflt'Vlt:Jf !!(l:t!tlff!'Yitlf ffl':i(l ~u H ~'l H1;1m'Vl orilJ 1 f1(11 f1 i'itl~ ~'Vl 'lJ 
~ . 

~hu'lmy!~wi rhamnolipid, trehalolipid !!(l:t sophorolipid (Bognolo, 1999) 

d ~ Ct. ~ 'l I liJ 1 ..:::....::). d..ct .dl Q.l 

- Rhamnolipid !1l'Wffl':i(l~!!HI'I~H1'lf1fll'Vl '\.Jf1~lJ !f1(1 f1(1U~'VllJf11':ifff1'1:llf1'\.J 
v ' 

.I ~ 0 1 1 ~ I ~ lJlf11J':i:tf1tl'U~1V'\.Jl\911(1!!':ilJ '\.Jff (rhamnose) 1-2 lJ!(lfl(l !'lftllJI'Itlf1'U 13-hydroxy-decanoic acid 

1-2 1lJ!(lfl(1 (Desai and Banat, 1997) ~hu'lmyHi'il'l'illf1!!'Uf1Yi~v'luo~lJ Pseudomonas spp. 

dl ~ l ' ~ 
Kitamoto !!(1:tf1W:t (2002) fff1'1:llf11':if'l(1\91 rhamnolipid 'illf1!'lftl P. aeruginosa 'Vl'U11ffllJl':iflf'l(1\91 

' 
.q ' ~ oC:I, 'l rhamnolipid MmV'lf'\.J~ !'lf'\.J RL-1, RL-2, RL-3, RL-4, RL-A !!(l:t RL-B (Fig. 2) !lJtl!'il':iqj '\.J 

.d.ct ~ Q..1 ~ d I c/ d 'j} 1 d C> 

tll'Yll':i'VllJ n-alkane, '\.JllJ'\.J'Vl'lf !!(l:t!tl'Vll'\.Jtl(l !1J'\.JU'Y!(l~f11':i'Utl'\.J!1J'\.J191'\.J ~V rhamno1ipid 'Vlf'.l(l\91 

.ei ~ I ~ 'l ~"' I 

'illf1 P. aeruginosa ffllJl':ifl(l~UHI'I'lH1':i:t'YI11~'\.Jl!!(l:t n-hexadekane 'illf1 40 mN/m 'YilJf11 
v v 

1 mN/m !m:tffllJl':ifl(l~!!H~'lH1'\Jtl'lUl'illf1 72 mN/m 'lM'ij~l 25-30 mN/m '\.Jtlf1'illf1UtJ'lij 

f111lJ ffllJl':i t1 'l '\.J f11':i tllJ(l ;1 vJfl' ffl ':i ll':i:t Otl'U 1er1 ~ ':i mf'Ut:J'\.J 'l '\.J orilJ '\Jtl'l alkane !!(l:t ri 'l!ff1lJ m ':i • 
..:::. .d ~ 'l d.ct d tl 

!'il':iqj'\Jtl'l P. aeruginosa 'Vl!'il':iqj '\.Jtll'Yil':i'VllJ n-hexadekane !1J'\.Jtl'lf11l':i:tf1tl'U (Desai and Banat, 

1997) 
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:'1 'l I \li 1 "'~I .,9 "" "" " :'1 dl "" - Sophorolipid !lJ'Wffl'j 'WfHJlJ tfH'l flr!lJfiC!f-:!~H'II'I'Illfltlff\91 !lJ'Wffl'jflfi!!H\91-:1~1 

~hm'Vi'l u nritJ~nmu ffmT~'l unur~fl!!'j -:~~-:~ f:h~~~~~!linmu ffmT~'l unuritJ 'l -H'If1fl~hfr~iu • • • 
" 

(Cooper and Paddock, 1984) 'Vi1J';h'tl-:~ lactonic !!fl:i:: acidic sopharolipid ffllJl'jflflfi!!H~-:!~h 
" I 'J/ I 

'j:i::'ti'Jl-:1 n-hexadekane !!fl:i::Ul'lllf140 mN/m r~-:~mmH15 mN/m 'j'JlJll-:!'Vl'W~flf11'j!tJ~tJ'W!!iJr~-:~~1 
"' 

CH20Ac 
CH3 

oJH 

I 
(CH2l1s 

LOH 
I 

CH,tOAC 
CH3 

tH 

I 
(CH2)15 

Figure 5. Structure of sophorolipid from Candida bombicola. 
d 

lllJl : Cooper !!fl:i:: Paddock (1984) 

Corynebacterium lepus !GJf'W ustilagic acid, corymomycolic acid, lipotheichoic acid !!fl:i:: 

~ d,d, d tl ..::::. ~ e!l 
~ydrophobic protein (Bognolo, 1999) C!f-:1!! 1Jfl 'Vl! 'j tJ!!fl:i::tJffi'I'Yi rlltJ'b"'W fl ffllJl'j fl ~rll'lffl'j flfl!! H\91-:1 

"" "' "" ,.I 1-.1 "'~I \li jJ dt 'l j~ :-n'lf1fll'Vi'b"'Wfll"'tlff l"'rllJfl tfl!lJtl 'If n-alkane (Cirigliano and Carman, 1985; Robert el al., 1989) 
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~ ~ d~ 31 d ~ cl d .d 
2.3 ffl'H'l~H!HI'l,:U·lTYnJ 1flHff'il~!U'U'VHJ€\!lHl'i (polymeric biosurfactant) !U'Uff1'i'Yl 

~ ~ Q,l Ql I I l'J Q.l ~ Ql ~I 1 "' o' 
!fWI'IJ 'U 'illf1f11'i ';i 1lJ\911f1'U 'Utl~l'l 'U 1tl saccharide !1€\:i:l'l 'U 1ti'Utl~ f1Hl ! 'IJlJ'U lJ€\f1'l:Jtl!:i:! u'U 'V'l€\!lJtl';i 

" 'lmi'i'ilJ'Ifl~ 1'11tJci1~'1JtJ~ff1'i€\\9l!!H~~~h~1fll'V'l'l'Uf1~lJU t'!f'U emulsan, biodispersan, liposan 

"' .,j ~I 'JI 
!!€\:i:'lf'Ufltl'U"'] (Desai and Desai, 1993) !u'U\91'\.J 

e5l ~ e5l ~ ~ d .q 

Rosenberg !1€\:i:fltl!:i: (1979) fl'f1'l:llfJtl!fflJ'U\9l'IJtJ~ffl'i€\fl!! H\91~ H1'1f1fll'V'l'YlH€\\9l 

I ~ Q.l r1tX .q & d 
'illf1 Acinetobacter calcoaceticus RAG-1 'V'l'U11!'1ftlfflti'V'l'Uli'UH€\\9l emulsan G}f~!U'U fflnh:::f1tJ'U • 
'Utl~ polyanionic amphipathic heteropolysaccharide !1€\:i: hh~'U (Fig. 6) i1'lhdY'YlTifll'V'l'l'Wf11'i 

! ~'U BlJ {l 911 vJttJtJi' ~~~ 'V'l'i 1::: 'l ~fl11lJ! ,j' lJ,j''U ~1 'l 'U mni'l h1'tnf~BlJ€li'W 1 fltl~f11.lJ'U 'Utl~ cmulsan 

-~ 111 'i c/ I., dl I 111 d 1111 0 'l'J/ 
!!{l:i:ffl'iu'i:i:f1tl'U ~~ tfl'ifll'i'Utl'U!'Yllf1'U 1: 100 tl~ 1: 1000 tltll~ ! ';if1\911lJ emulsan tlJffllJl'iti'Yll l1 

..:::r,..:::t,QIQ.IlqfJ}IJ}'l'J} ~ ~ d I ..:::r,-=:t,Q.IQ./'1 
!f1fltJlJ{l'lf'U tfltll 'If aliphatic l'l'itl aromatic l'l'itl cyclic hydrocarbon !fltl1"'] !!l'l'il:i:!f1fltJlJ{l'lf'U 'U 

mw ~~~'U, ~ 1fl';j mi''UtJ'U HfflJ'V'l'U11 emulsan ffllJ1';itlBlJ{l91t 'VJfl"'l~tJcil~ijtJ';j :i:ff'YlTifll'V'l 

Cooper !!{l:i: Goldenberg (1987) fff1'l:llffl'i{lfi!!H~~~h~1fll'V'l'lfUfi1'V'l~!lJtJ1f1~ 
"' I ?I 1 "" cl "" """'l ?I d 0 'l 'JI H{l\9l'illf1 Bacillus cereus 'V'l'U11!u'U 'V'l{l!lJtJ';i'IJtJ~ D-glucosamine lJfflJ'U\91 'Uf11'i!u'Uffl'i'Yl'Yl1 l1 

" " ' !flf~BlJ{li'W'IfU f~Ul 'l 'UUllJ'U (water-in-oil emulsion) 1fltJff1'i{lfl!! H~~~h~1fll'V'li1n'ilm 'imNYi 

"" o I 

'V'l!tl'lf\911f111 7 

CH3 l 
(C~)e 

I 
CHOH 
I 

~ 
C:O 
I 

o-.2- o 0 

i;~··· 
~H HO ~H 
e=o c-o 
I ~ 
(C~),2 CH.., 

I 
CH:, 

"' 

n 

Figure 6. Chemical structure of emulsan produced by Acinetobacter calcoaceticus RAG-1 m 

which fatty acids are linked to a heteropolysacharide backbone. 
' "" 'YllJl : Rosenberg !!{l:i:flill:i: (1979) 
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" 2.4 ilhJnhJ1 'Yl~U"'~~n '!Jhh~u (lipopeptides and lipoproteins) ffl'j i 'Ufl~:wihl~~ I '\Jll'U 
. " 

~'lHJ~n1J fflf.l 1 'V'l~t'!J'!J I 'Yl~t1:lu ffl Hl \PI u 'j .:~~.:~ f.h~hfll'V'l-ti ~'!J 'j~ ff'Yln fll'V'l\1 .:~ t!IPI u flfl 'innuv.:~ ~ 

fJWff:w1J1lium'jtJ1JeT.:~~ilu'Yl1v (Lang, 2002) 1~P~mhu~llJ'lffl1JJ1 ~fl m~P~I'\Jl1'uu"'~ri--m~'lffl1J 
J1 ~fl miPifl~iJ1m-{1fl1iJ'j~tJ '!Jn~'il~'V'l1Jm\Pifl~iJ1u'!J'j~:IJ1W 5 ~.:~ 7 1:wtmJ"'U"'~~flnut1:lu1.:~ 

. " 
!!111'U (cyclic peptide) (Roongsawang et a/., 1999) U1Jfl-tif1vfflrlty-tiHill'lffl'ji'Ufl~:IJU ll'i'w1 

Bacillus subtilis Hill'l surfactin (Abushady et a/., 2005), Bacillus licheniformis Hill'l lichenysin C 

(Li et a/., 2008) !!"'~ Thiobacillus thiooxidant !!"'~ Myroides sp. SM1 Hill'l ornithine containing 

lipid (Maneerat eta/., 2006) t1:l'U~'U 
dl 1 'J) d "" 1 ..k Tang U"'~flW~ (2007) fl'fl'l:ll flHff'jl.:J'\Jfl.:J surfactin 'YlH"'\91 \Pif.J Bacillus sp. CJf.:J 

twnll'i''illfl~'W1J~t1WU1'lflf.Jt"''U 1~P~vi'*i% NMR (Nuclear Magnetic Resonance) '\Al1J'";h 1m.:~ff~1-:J 

'\Jfl.:J surfactin ~ 3 isomers H"'~~'I1~Yl.:~n'l1u (functional group) Hl'lfl~l.:Jfl'U 9 H1J1J (Fig. 7) 

1 R1=-(CH2) 8CH(CH3)CH2CH3 4 R1=-( CH2 ) 8CH(CHj)C'H3 7 R1=-( CH2 )8CH(CHJ)C'H3 
R2=-CH3 R2=-H:R3=-H R2=-CH3;R3=-CH3 

2 R1=-(CH2)8CH(CH3)CH2CH3 
5 R,=-( CH2 )10CH3 8 R1=-(CH:!-)8CH(CH3)CH2CH3 

R2=-H R2=-H:R3=-H R2=-H 

3 R1=-( CH2 )6CH(CH3)CH2CH3 6 R1=-( CH2 )gCH(CH3)CH2CH3 9 R1=-(CHz)8CH(CHJ)C'H2CH3 

R2=-H:R3=-H R2=-H:R3=-H R2=-CH3 

Figure 7. Structure of surfactin isomers from Bacillus sp. 

d 
'Yl:IJl : Tang H"'~flW~ (2007) 

ffl'j"'\PI!!'j .:~~.:~f:h~lhm'V'lffl:IJlHl Hill'lll'i''illfl'ilil'W '1'11 V'Vimf.J'lfU\PI 1IPIV'ilil'U '1'11 v~ • • 

ffl:IJ1HlHill'lffl'j"'\Pim.:J~.:J~1~fJfi1'\AIHff\PI.:Ji'UI'll'j1-:J~ 1 
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Table 1. Type and microbial origin ofbiosurfactants . 

Type ofbiosurfactant 

Trehalose lipids 

Rharnnolipids 

Sophorose lipids 

Glycolipids 

Cellobiose lipids 

Polyollipids 

Diglycosyl diglycerides 

Lipopolysaccharides 

Arthrofactin 

Lichenysin A, Lichenysin B 

Surf actin 

Viscosin 

Ornithine, lysine peptides 

Phospholipids 

Sulfonylipids 

Fatty acids 

(corynomycolic acids, 

spiculisporic acids, etc.) 

Alas an 

Streptofactin 

Particulate surfactant (PM) 

BiosurPM 

Microorganism 

Arthrobacter paraffineus, Corynebacterium spp., 

Mycobacterium 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-I), 

Pseudomonas sp., Candida lipolytica 

Arthrobacter sp. 

Bacillus licheniformis 

Bacillus subtilis, Bacillus pumilus 

Pseudomonas jluorescens 

Thiobacillus thiooxidans, Streptomyces sioyaensis, 

Gluconobacter cerinus 

Acinetobacter sp. 

T. thiooxidans, Corynebacterium alkanolyticum 

Capnocytophaga sp., Penicillium spiculisporum, 

Corynebacterium lepus, Arthrobacter paraffineus, 

Talaramyces trachyspermus, Nocardia erythropolis 

A cinetobacter radioresistens 

Streptomyces tendae 

Pseudomonas marginalis 

Pseudomonas maltophilla 

.d 
'VUJl: iflttil{'l·Hllfl Mulligan t!{'l~ Gibbs (1993) 

10 
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1) ff 1 'j ~ ~ ~~ 'j .:J ~ .:J H 1; 1 fl1 'YI J 1 '11 'IT f1 i 1J ~ ~ fJ ~ ~ 1 (Low-molecular-weight 
v ' 

biosurfactant) fJW ffllllil'lltl.:Jff1';ii 'Uf1~1Jll ~tl f11'j~~!l';i.:J~.:JH1!l~::;m .:J~.:J';i:;m-:11-:J H1 f1~1JYiff1r1'qJ 

1~!!0 1n~ ifliliJ~ ~'lf'U rhamnolipid, trehalolipid u~::; sophorolipid i~m~'Uff1';i'YI1f1 disaccharides 

~.:J\)f1 acylate ~1£J long chain fatty acid 'Yi~tl hydroxyl fatty acid u~::;ili11nhJ1YWl (Ron and 

Rosenberg, 2001) 

2) ff n ~ ~!! H ~ .:J H 1; 1 fl1 'YI J 1 '11 'IT f1 i 1J ~ ~ fJ ~ \1 .:J (High-molecular-weight 
v ' 

biosurfactant) fJ Ul ffll llil'll tl.:J ff1 ';i i 'U f1 ~ 1J .W! iiv1.u' tl.:J fl1Jfl111J fl.:J 1'11'\J tl.:J ~hT ~ i'U !! 1J fl Yit'~ £J ff1 m Hl 

~~tl~fllJ~'U H1~t~m'i1'U ~ 1l-i'lftl1JJ1 (hydrophobic) 1~~~'U 'Vll i -H'u1Jfl'Yii1 £J~fl111Jff1:1Jl';i 11 i 'U 
' v ' 

1 d, \1) 'j) .e:!i ~ d, I G) I d, \1) 'j) I ;di ..t:::l. d, d, i ~ 

f11'j£JtJ£Jffm£JffU'lf1fll'YI !~ ff1'j~~!!H~.:JH1'Vltl£J !'Uf1~1J'U !~!lf1 ffU~~!!H~.:JH1'Vl1J f\Hff';i1'J '" . 
!~ 'U 'YI uil ~ll tl f ~.:J11 ';i::; f1 tllJ ~ 1 £J i 'YI~ UGJffl fl1 h ~ i 11 ';i~'U ili 11 i 'YI~ UGJffl fl1 1 ';i ~ ili 11 i 11 ';i~'U '11~ tl 

ff1';i~::;mm~.:J~tl'U1l1f1f11'j';i11JI'11'\Jtl.:Jff1';i i'YI~!:IJtlf;1fll'Yii.:Jmh1 (Ron and Rosenberg, 2001) 

.c::t. ...:9 .c::t. A I Ql .c::t, o' 
3.1 f11 'j H ~~ ff1 'j ~ ~ !! 'j .:J ~ .:J H1'lf1fll'YI fl11J ~ f11J f11 'j ~ 1l 'j qJ'\J tl.:J !GJf~ ~ (growth-associated 

Q,.l .c::t, .c::t, Q,l d' .c::t, ~ 'j) QJ .:::::t. .c::t, i 
biosurfactant production) ~f1'1:JW::;nntf1~H~~flWCV11l::;tf1~'\J'U'YI';itl:IJ "l f11Jf11';i!1l';iqJ!~1J \91'\Jtl.:J 

t/ Ql .c::t. .c::t, Ql tie:! QJ Q/ ,/ Q/ 0 .c::t. d, tl QJ I .c::t. 

!GJf~~!l~::; tl\9l';i1 f11'j !f1~'\Jtl.:J H~l'lfl W CV1:1Jfl11:1Jff:IJ'YI'U 1i f11J 1l 1'U 1'U '\Jtl.:J ~ ~ 'U 'Vl ';i £J \911tl£Jl.:J f11'j H~\9lff1 ';i 

&.o.d QJ J'\.1]9.11 .c:t.\1) d. 

~~!!H\91-:JH1'lf1fll'YI~f1'1:JW::;'U !~!!f1 mm~\91 !f1~ ifl i11';il'l'U i~v P.fluorescens 378 (Robert eta!., 

1989) 

3.2 mmil~ff1'j~~!!H~.:JH1;1fll'Yii'Um1::;~1fl~f11'j!1l~qJ (biosurfactant production by 

Ql .c::t. A Ql rl ,c,. ~ q do Q.l 

growing cell under growth-limiting condition) ~f1'1:JW::;f11'j!f1~H~\9lflWCV11l::;tf1~'\J'U t'Ufl11::;'Vlu1f1~ 

m mw '\J tl.:J !!'11 ri.:J tll'Yi n~ ~ 1 ~~ 'U ~ t)f11'j ~ 1) ~ qJ tl1'Yi 1';i ~ ~ 1! ~ 'U ~tl f11 'j! 1) ~ qJ i ~ £)~1, 11 1)::; ~ ~ 'U!!'Yi ri .:J 

mf1Ju'Uu ~::; tmri.:J 1 'U iA 'j t 1l'U i ~vvf1 1 11'j11u 1J1Jf11'j~1fl~1l::;~1n~tmri .:J 1 'U i \91 'j t 11 'U t -H '11 :IJ ~ t w1m 
'" 

d q9/ J' .c::t, .c::tf1'G) d. I tl d, 

'Vl m m::; ff:IJ!l ~::; fl11J flll t '11 m1::; m 'j t ~ tJ.:J 11 ~ 'U 'Vl 'j v t 'U 'j::; 1J'IJ 1J u '11 ~ .:J fll'j 1J tl'U ~'YI tJ.:J'YI u • • 
.J.~ &.c::t..c::t .c::1 <VQio'~G) 1 dJ'oQI 

f11l! 'Yill'\J 'U '\J tl.:J ffU ~ ~!! ';i .:J\91-:J H 1'lf1fll'YI1l~ :1Jfl111J ffll'YI 'U 1i 'Vl.:J t 'U 'lf1-:J 'Vl! 'lftl f11~ .:J 

! 1) ~ tu ~~ 'lJ i \91!! ~::; '151-:J ~ !G]f~ rl' '11 £)~ f11 'j! 1) ~ tu ~.:J 1) il 'U 'Vl1 rJ 1)::; ctltl :IJ !!GJf:IJ ft1'U ~ fff) '11 'j tl '\J tl.:J !G]f~ ~ 
u q u q 

I ~ V I 

Ql I I .c::t, .£:9.c::t,d. ~ 0 d. ~ e:!l .d 

\911tl£Jl.:J! 'lf'U f11'j H~\9lff1'j ~~!! 'j .:J\91-:J H1'lf1fll'YI'\Jtl.:J P. aeruginosa !1Jtl'Vllf11';i !~ tJ.:J! 'lftl1l'U 1l.:Jfl11g; 'Vl 
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mmtu'Utl.:J t 'W hrmJ'W 'l 'Wtll'Jli1'j'Jli:IJ~HJ~i.h:·.nrv1'1 'l M!CJfr!rl'~5\Pl'j1fll'j N~l'lff1'jrJ\PIU 'j .:j~.:J~h~r:Jfll'\Ait] .:j 

mn~il (Robert et a!., 1989) 'Wtlf1'il1f1'il~~1nl'lmmtu'UtJ.:Jtmri.:Jtu il'l'jt'iJ'Wtt~'JV.:J~H'~mnm'j 
" 0 QJ • f.:! •• 1 •• 1 I d • f.:! •. 1 •• 1 'J} I 'J} 'l 'J} "'> 

'il1f1~1J'j1JltlJ'Utl.:JY'1tlfftY'11'1 '\AI'lJ'J1'YIIJ'j1JltlJY'Itlff!Y'II'l'Wtltl "1 'il~'lf'Jtff)'j~l'j'W 'Vi P. aeruginosa Nri\Pl 

<!I"""" ~ 
ff1'jrJ~UHI'l.:JN'J'lf'Jfl1'\Aitltlf11J11Jlf1'1J'W (Mulligan eta!., 1989) 

.o::::::t. di~t=i 'l I QJ </ 
3.3 fll'jNrJI'lff1'jrJ~UH\Pl.:JN'J'lf'Jfl1'\AI 'W'lf'J.:J'j~tf~'\Aif)'IJtl.:J!CJfrlrl (biosurfactant production 

d ..::::rt, .r::!l -=::. ~ 'l 'j) cJ'd ''l Q.l d Q,l ~ 
by resting cells) !U'Wfll'J~flllNrll'lff1'jrJ~U'j.:J\Pl.:JN'J'lf'Jfl1'\AI i~tt 'lf!CJfrlri'Yitl~ '1-J'j~tf~'\Ain!U'W'Vi'J!'lftl 

"' i~ m:}ftlV.:Jff11Jl'j()ff .:J!fl'j1~11'ff1'jrJ~U 'j .:j~.:j f:h~bm'\AI t~'VI1t:Jnri1'J t~ 11tl\Pl'j1fll'j !0~'\Jtl.:J N~ \PIn tu en 
~ I Q.l 'j) 'j) -=::r. .cl cJ'i QJ' I d I c:t. i 

'il~'U'Wtl~f1'U'fl'J1:1J!'IJ:IJ'IJ'W'Utl.:J~ri'W'Yiltl ~tf\Pl'j.:J \Pl'Jtlti1-:J'YI'\AI'U !'lf'W flllNri\Pl rhamnolipid ~tl P. 

d l'l Ql I 'j) 'j) rl .d o eX 
aeruginosa CFTR -6 'Yitl~ 'W 'j~ ti~'\Aif) 'fll'Utl.:J'fl'J1:1J!'IJ:IJ'IJ'W'Utl.:J!CJfrlri\Plrltl~ 'j~ ti~!'Jrll'YI'Yilfll'j !rl ti.:J 'il~ 

~~1'fl.:J~ 'lltu~~mm~l'l t nr~ i 'fl~ll~'il~tvi:w~ut~wff'u \Pl'j .:J~'Jtttl\Pl'j1'fl.:J~~ 29.5 ilr~~nf:w~tJ~I'l'j 
~t:Ji1 i:w.:J ur~~'il~'Vi ~~fll'jN~I'l tnr~ i'f1~1l~'Vi~.:J'il1mhu tuu~1 24 i1 i:w.:J 'fl'J1:Wt~:JJ~'W'Utl.:J t nr~ i 'f1 

~1J~~Yl1fll'jl~ t~i~m~~ti~~1!~'W 450 ilr~~nf:JJ~tl~\Pl'j (Ramana and Karanth, 1989) 

c:t. .r::!l ..c:::.. .d. i c:t. ~ 'j) 

3.4 flllNri\Plff1'jrJ~UHI'l.:JN'J'lf'Jfl1'\AI ~tffll'j!\Pl:1Jff1'j\Pl.:JI'l'W (biosurfactant production by 

~I "" <!I "" i "" microbial cell and addition of precursors) !IJ'Wf)'j~'lJ'J'Wfll'jNrJI'lff1'jrJ~UHI'l.:JN'J ~tffll'j!\Pl~Jff1'j 
j} jJ iJ I 1 I 

~.:J~'Wri.:J 'l 'Wtl1'Vi1'j t~tt.:Jt:}fml1tJt~:wnnN~I'lff1'jrJ~u 'j .:J~.:J~b ~r·m'V\'1 'l MNr~N~I'l~fll'j tu~vuuur~.:J 
"' '1'1-:Jmmwur~~rJrum'\AI 

"' "' "' ~ .d.t=i QJ 1 ..::to I 0 0 

Batista Url~'fltu~ (2006) Utlf1t'lftlU'lJ'fl'YI!'jtf'iJ1f1\Pl'Jtlti1-:J~'W U'Viri.:J'Wl 'W1'YI~!r!Url~ 

• 11 i ~ Q.l I 'j) ~ 'j) 'j) 'j) 0 Q.l I .cl 

~'~~ neu lJ 1'lf1 mr~u ~ m 'iltl'il1-:JI'l 'Jtltt1-:J~ 'Jttff1'jrJ~ mmn r~ tJ'fl'J1:JJt 'IJ:JJ'IJ'W 'j t:Jttr~~ 0.85 u 11'1 'Jtltt1-:J 'YI 

"' 'JI IIJ. I "" "'.1 "' !'iltl'il1-:JUri'J tlJ spread plate 'U'WtJl'Vil'j R2A agar :IJtl.:J'fllJ'j~f)tl'lJ (g/1) 'fltl yeast extract, 0.5; 

peptone, 0.5; casamino acids, 0.5; soluble starch, 0.5; ~HP04, 0.3; MgS04, 0.05; sodium 

pyruvate, 0.3; agar, 15 ~~J1JJu1lil'l'j!~ti:IJ~tltlrl~ 1 i~ttJ1m.Tm~wmri.:Jm{utJ'Wttr~~ufuwttl'lf 

t~:w~u'Ue.:Jm'Vi1'jrl'hnu 7.2 '\Aiut~t:Juu'flfit1tt~1'W'J'W 185 ttl iCJftr~l'l i~v 155 te iCJftr~m~u 
' "' .clt::l ~ .c:t. & .c:t. A 'j) oQ,.c:i t::i ~ 

U 'U'fl'YI! 'j vum :IJrl 'lJ !:IJ tl'YI~ fftl'U fll'j Nrl l'lff1'jrJ ~U Hl'l.:J N'J'lf'Jfll'\AI~'Jti'Jli drop collapse test :IJ !'lftl 

u u'f1Yii1 tt~1'W 'J'W 19 t tJ i CJftr! ~'~~~f) 'ilm 'j:JJ'\Jtl.:Jffnr~~ u H ~.:J ~b;'Jfll'\AI trlm11t ~tlu U'flfit1 vvf.:J 19 

"' t tJ i CJft" ~'~ t U'YI~ fft:Juu H ~ .:J ~hu "~ f11'j tn~ vJJ r~iu '\AI'U i1t :}ft:Ju u 'flfi t1 v~1u 1u 17 t tJ i CJftr~ ~'~ 

ff11Jl'j() N~l'lff1'jrJ~U 'j .:J~.:J ~'J;'Jfll'\AI t~ 
"' ' ~ t=i.d. t::l c:t. .r::!l .c:t. 

Pomsunthomtawee Url~'fltu~ (2008) Utlnt'lftlU'lJ'fl'YI!'jtf'YINri\Plff1lr!~UH\Pl.:JN'J 
I J} 'JI )I jl 

;'Jfl1'\AI'il1n~1ed1-:J oil sludge ~ufi~m'juudjt:Jut11JJ'uilil'l'jt~tt:w 111'YI~tr~ur~~t11tfftt i~m~tJ'il1-:J 
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1'11tJfhmuu serial dilution thl'l1mh'l~t~mn~hJ spread plate 'U'Utll'Hl~ NA (nutrient agar) ~]j 
j/ I 1 I 

111JJ ~~'U!fl~tl'Utl~ 1hJl1YJw '11tJfi 37 tl'lffwll'~t;vff 24 ·ih 1:~N t~tln 1 fl hiHitn~1'l 1 ff~tl'U'l Vl'U 

t4tl~lJrl'f1£JW~i'lf1~11 26 ltl 1C))'t~IPI ~'lt4tltt'Ufllli1vi'lf1~1Tthil~lJfl11llff1:JJ1~tlU1J1lJ'U l tJ'l i' 
trluu'Y!~'lmf'UtJ'U 'inmfu111t4tJ~uvn11Pi't~v'liuvlmm)'Uu1~ 2so n~~~~P~~ ~l1mm~ NA u~~n 
1J1lJ''UiJT~,lJ~tJV~~ 2 1~vJ1'11'ilntrJ'Ut!'Y!~'lfllf'UtJ'U mm~P~~ 50 iJ~~~IPI~ !'Ufh 200 ~tl'U~tl'Ulll 

Ull~fJW'Ylt.;]lJ 37 tJ'lff1!C))'~!CMVff trlunm 24 '111 1:u'l Vl'U':h t4tltt'Ufllli1v B. subtilis PT2 Ur:l~ 
"'i "' II) 31-=1 d :'1 

P. aeruginosa SP4 ff1ll1~tl~~t!HIPI'lH1 t~~'Yl'Q'~1l1f1 47 mN/m !u'U 30 mN/m 
~ ~ 
~ .d..d. Ql I ~ ... I ~I 

Anandaraj !tr:l~ Thivakaran (2010) !Wf1!'b'tl!t'Ufl'Yl!~V1l1f11011tJV1'l~'Uu'U!utJ'U 

J1l1''U'11~tl~'U!flitJ'lV'UIP1' 1~vl111'11mJN~'U 5 nf:u !~V'li'Wm'l11~ R2B (Batista et al., 2006)) U:JJ~ 
tJtu'Y!fliJ 25 tJ'lff1tC))'~tCMVLY trlunm n '111 1:u'l1l1mTu111t4tJ~t~v'ltft~t11l1'liuJ1nJuiM'l1f111ll . .. 
!~tl1l1'l 10·

1
-10.

6 
U1liJ spread plate 'U'Utll'Hl~ R2A Ull~fJW'Ylt.;]lJ 25 tJ'lff1!C))'~!CMVff trlunm 48 

1 )I I I i/ i/ )I I 

'111 1:u'l Vl'U'h:JftJl1t~tJ1l1'l 10-
3 tm~ 10-

4 
L11:unmT'U 1f1 1~ilt~v111'i'i'l'I1:U~ 332 1f1 hil t~V'lt:JftJYi 

twn11'i"lut:Jm1~!'11~11P11:Ufffl11~.,r1'l~'U tTiunm 7 1u Vl'Ut4tJ~1'U1'U 5 ltJ 1C))'t~~P~~l1n1lm~:u 

" " il , 

(ODA) 1l1mT'U~1!!'Uf1!:JftJ 1~v'li'1011:Un Bergey's Manual Vl'U'h:JftJi'lf1~11!TI'Ut:JftJ Pseudomonas 

sp. 

I '1!)/ """'!)/ 'l ~ c:t. ~ I .c:t. 'J) 
!'b''U f11~ 'b'flW ff:U'UIP1~1'U fl11:Uff1:JJ1~tl 'Uf11~~~!!~ 'l\Pl'l H1!t~~t!HIPI'l~~'l111'lH1 f11~'Yl~fftl'U~1V • 
C),C! .d o 1 I d ~ 1 'l 'J) ~~ 'J) t% 
11if11~'Yl1l1!Vl1~ !'b''U f11~'Yl~fftJ'Uf11~VtJV!:U~!~tl~ ~V 'b' blood agar method !u'UIPI'U 'Utlf11l1f1'U 

~ 

f11 ~ 'Yl ~ fftl'U ff1 ~ ~ ~!! H ~'l ~h;1fi1Vl V'l'Yll tl'i'i'l! :J5'l fJ Wfll'Yl (qualitative) !! 1:l ~! :J5 'l tJ~ lJlW 

(quantitative) Bf11Pi'1V (Walter et al., 2010) 

"'i "' "' 'l "' 5.1 f11~'Yl~fftJ'Uff1~~~t!HIPI'lH1'b'1fi1Vl 'U!'b''lfJWfll'Yl (qualitative measurement) 
d ~ ..di ~ .d. d 

5.1.1. Drop-collapse test !U'Uf11~ \PI~ 11lfftl'Uf11~ H~\Plff1~~~t!HIPI'lH1'll'1fi1Vl'Yl 

"' .l "' "'.. d 1 0 .l d J' 'l .r= H~IP11l1f1!'b'tl~~'U'Yl~V!t'U'U~1~!~1 ~V'U1 culture supernatant 'Utl'l!'b'tl'Yl!~V'l 'Utl1'111l!'l1~1u~:JJ1W 

~ ' !)/ II].] 1 0 QJ "' "' "' 'UtlV'l tu'Yl~fftl'U ~Vf11~'11V~ culture supernatant ~'l'U'U'U1ll'U'Yl!fl~tl'UH1 polystyrene 'Utl'l 

~d. I!:), & ~.d. 
96-microwell '111f1!'b'tl:Uf11~H~\Plff1~1:l~!t HIPI'lH1'b'1fi1Vl'l1 V~'Utl'l culture supernatant 1l~!t'U'U~1'U 
. ' ~ &o<=:t..d. 0 'J).d. &~ ' Q./.<:::1, 

! 'U tl'l1l1 f1 ffll 1:l ~!! H \PI 'l H1'b'1fl1 Vl1l ~ 'Yl1 '11 'U 1 'Yl 1:l ~!! HIPI 'l H1~ ~ '1111-!l culture supernatant f1 'lJ H1 
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polystyrene 'tJ tl..:J 96-microwell ~~~ cl' 1! 4tl'hHhnm~ l'l'ffl'Hl ~!! H ~..:J N1:~hm Y'l i 1l'i1..:J'll tl..:J 'rH.J ~ 
culture supernatant 'il~1~!U~tn.J!!U"N (Bodour eta!., 2003; Tugrul and Cansunar, 2005) 

. ~I """' e!i "' "'~ 5.1.2. 01l displacement test !u'U11ifll'j'YJ~fftl'!Jff1'j{l~!!HI'l..:JN1'YI'jtlff11{l~!!H 

" " .l " ~..:J N11hn1Y'I 1 ~ vM v~"hu 'l ff'll tl..:Ju 11~t1..:Jt ')j'eJ{l..:Juu N1'lltl..:J uNuYlrl' ]j u 1l1'u M1niJff1'j{l~u 'j ..:J~ ..:J N1 

' " l'l .di ~ 0 j} d .di I 0 Q.l 0 'l 'j) 
tl ~ 'U ff11 {'1 ~ {'11 tJ ff11 {'1 mt H l'l..:J N1'il ~ 'Yl1'YI 'U 1 'YI {'1 ~!! H l'l..:J 'j~ 'Y! 11..:J ff1 'j {'1~ {'1 1 til! {l~'U 1]J 'U 'Yl1 'Y! 

ttNuYlrl']J'lltl..:JMtJ~J1lTutwntltln1~vMv~J1lTumml'l'j 151]J 1m~l'l'j {'j..:J'luJ1mfumml'l'j 40 

1]j 1m~\9l'j ~..:Jtl~'lu 'il1'U!~ti..:J!4o 'il1f1J'U'Yitl~"h'U 'l ff'lltl..:JJ1!~ti..:J!4o~~tl..:Jfll'j'YJ~fftl'IJ mml'l'j 

1 o 1]j 1 m~l'l'j {l..:JI'lHnm..:JM v~J1lJ'U!'IJ1"l cl'1iJff1'j {'1~!! H~..:JN11hm'Y'IuNuYl rl'lJ'tltl..:JJ 1l1'u 'il ~twn 
tltlf1 ff1]J1Hl]Jtl..:J!M'U~1tll'l1!U~1!rlm1mN1'U11l1l'j~]JlW 30 iu1i1 (Morikawa et a!., 1993; 

Maneerat and Phetrong, 2007) 

,l "'"' ~ .I -;;'1 'l Safary !!{l~flW~ (20 10) !!tlf1! 'IJ'tl!! '!Jfl'Yl! 'j tl'il1f1'U 1'Yl~ !{'I 'il1f1'Yl~ m ff1u!! fl ffluti'U 'U 

.I "' I 1 ~ X .c:::t d dt::~ Ql 1 1 d. I Q,l d.c:S 
u'j~!'Ylfl'tl'Y!'j1'1.J ~tJ!{ltlf1!'lJ'tl!!'IJfl'YJ!'jtJ'YJ]J{lf1£JW~ fl {l'I.JI'l1..:Jf1'U'IJ'Utll'Y!1'j mineral salt agar 'YJ]J 

~ Q.l ~ j) ~ Ql d I ~ 0 l!J I ,l d.d. 

'U1]J'U~'IJ'jeJtJ{'j~ 1 1~vumumuuuM{l..:Jfll'j'IJeJ'U'il1'U1'U 10 w1G)fml'l Y'I'IJ11t'lJ'tl!t'IJfl'Yl!'jtJ 2 

1 tl1 G)f !{'I 1'1 ff1 ]Jl'jf) 'Yll 'l M!!N'U YJ rl' ]j 'tJ tl..:J 'Y! tl~ J 1lJ'U !!tlf1tl tlf1 trl flU 1111 'YI ~ fftl'IJ fl 'il f1 'j 'j ]j 'tltl..:J 

.dl~d. 31 ~ 
ff1'j{l~!!HI'l..:JN1'1J'1fll'Y'I~1tl11i oil displacement test 

" " 
Thenmozhi !!{'1~ Nagasathya (2010) !!tlf1!~tl!!'IJfl'Yii1tJ'il1f1~'UU'U!iJtl'U 

J1lTuM~tl~'Utfl~tl..:JtJui'1'~1'U1'U 25 1eJ1G)ft{ll'l 1~m~tlm4tl~iJ€in£Jw~ 1fl1{'1U~1..:Jouuumm'j 
d. d ~ Q.l I ~ .d. t/3) 1 ~ Q.l d I cl I ~ 

mineral salt agar 'YJ]J'I.J1]J'I.J'Y!{ltl{l'U!mtl..:Jti'I.JI'l'jtltJ{l~ 1 ~ti'U1'YI'Uf1!U'I.J!!'Y!{l..:Jfll'j'IJeJ'U Y'I'IJ11!'1J'tl 

uufl'Yi~ v~1u 1u 5 1 tl1 G)ft{l ~'~ ff1m'j 1rvi'1 'l M'uNuYl rl']J'll tl..:J M v~J 1lfutwnoomrl tl'Yl~fftlun 'il m 'j ]j 

<'i "' "' 1 """' 'tltl..:Jff1'j{l~!!HI'l..:JN1'1J'1fll'Y'I ~tl11i oil displacement test 

<'i "' "' 'l "' • 1':! 5.2 fll'j'YJ~fftl'IJff1'j{l~!!HI'l..:JN1'lJ'1fll'Y'I 'U!'IJ'..:Ju'j]Jltl.! (quatitative measurement) 

Q,l .dl~ &~~ .dld..Qo~ ~ 'j) 

5.2.1. fll'j1~!!HI'l..:JNJ (surface tension) !!HI'l..:JNJ fltl !!H~..:J'YI!f1~'tl'U'IJ'UN1'YI'U1 

' " ' 
'tltl..:J'tltl..:J!'Y!{ld!liml'mrffo'IJVi'U N1fl'U t'!f'U tllfllfl' M'1tlo'IJ 'tltl..:J!! ~..:) 1 ~tllJY'I€i..:J..:J1'U!Vl ti..:JY'Itl~tlfll'j v~ 

d I 1 0 'l 'j) "' ?I ... 'j) ... I d 'j) <'i II) 'j) d 'j) 
!'Y! 'U tJ1'j ~ '1111..:) ]J!{l fJ{l'YJl 'Y!!f1~! u 'U {lf1fl W~fl{ll tlf1'1J!!N'U 'IJ1..:J"l 'Ylff1]J1Hll'l1'U!! H ~ ..:J ! ~!{lf1'U 0 tJ 

.t:!i ,.. I ~ .dl -=::to 

mN/m (International System of Units) 'Y!'jtl dyne/em (Metric system) uf11'lff11{l~!!HI'l..:JN1 

.dl q ~ ~ ~ ' ' 

ff1]Jl'j(l{l~!!HI'l..:JN1'tltl..:J'U1f1{l'U'il1f1 72 mN/m {l..:J]Jll'l1f111 30 mN/m !!{l~fll interfacial tension 



• 
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1l~:IJ1~1\9llfl':h 1 mN/m (Cooper, 1986; Desai and Banat, 1997; Crosman eta!., 2002; Youssef 

et al., 2004) 

Bodour tm~ Maier (1998) t!fl~ Bodour t!fl~flW~ (2003) 'Yl~fftltlff11fl~t!H~-:Jtl1;';u11l"l 

"" "F- 1 -% .K '1 "F- "" """" d"" 't: 1 Yll 1 t'll'~1J'J:IJ1W ~V!f!V-:Jt'll'tl ~'Wtl1'111'J MSM 1JJ:I.Jl\9l'J 25 l.lflflfl~'J 'Yl:JJ'W1~1flf1f1 flff'Jtlflfl~ 2 ~V .. 
Jmum~'Wtmri-:Jm1utJ'W trlmiv~mu 48 i1 1:JJ~ th1uil'Wm~v~~ 1o,ooo g thci1'Wlff~tJ~J1 
tiv-:Jt~tJlcil'WijmntJ{~'Wl~ 50 iJf!~H'i~'J '1111u1~uH~~tl1~1mfl~tl~ Tensiomat tmvutlivunu 

' '"" fl-:J:IJltl~'Yl 27-42 dyne/em ., 
.:::::t. ..:9 ..::::to.:=:! ~ 

Apama ttfl~flt\t~ (2012) 'Yl~fftltlf11'J~fl~ffl'Jfl~t!H~-:J~1'll'1flll"l111f1!'ll'tl Bacillus clausii 

5B ~twn l~111f1~1tlV1-:J~'WU'Wt~tl'WJ11Y'Wil1~'Jt~v:JJ 1~miv-:Jt~tJ1 'Wtll'Hl'J MSM ~~J11T'W~tJ 

., ., ' 

~~ti1 l"ltlllt~tlil~~~~ffl'Jfl~tt H~~tJ1;1flll"l1~vff1:1Jl'Jtlfl~t!'J ~~~ ti1~t1~Ulf1~'W 111f1 72 mN/m 

'"" fl~:IJltl~'Yl 33.4 mN/m 
~ t::l rl oll:::l .di ~ .c:i 

5.2.2. emulsification measurement ilfl'W 'Yl'J V~fl~ ffl'J fl~t! H~ -:J ~1'll'1flll"l tltlf1:1Jlff1:1Jl'J tl • 

.o=), Q,l ' 1 1 0 Ql ' ~31 
'WV:JJ1~m emulsification activity (EA) t!fl~fll emulsification index (E24) ~V'W1~1tlV1~'Yl~tl~f11'J 

'Yl~fftJumm~'J 2 iJf!~~~'J ~ff:JJnu xylene mm~'J 2 iJf!~~~'J lcil'W'Hfltl~'Yl~fltl~ t~v1~1v 

tfl~tl-:Jt~Vl~fl11l.lt~1\J~"J'~t~'Wt1f11 2 'Wlll 11-:Jvf~1f 10 'Wlll (EA) ttfl~ 24 GJt1 1:JJ~ (E24) ttfl~ 

rll'W 1w ~1fl11:JJ ffl:IJl'J t1l 'W nu tn~olJ'f!GJt'W (EA) ttfl~fl11l.lff1:1Jl'J t1l 'Wf11'Jfl-:J~1~ tJ~olJ'mf''W 

(Emulsion index, E24) ~l:JJri'WllJ i-:Jffl.lf11'J (Cooper and Goldenberg, 1987) 

X 100 
., 

fl 11:JJ ff ~ 'Yl~'H:JJ ~~tl~ ffl 'J f1 ~ m v .. 

Sahoo ttfl~flw~ (2010) i'Ymnn1lm'J:JJ~tJ-:Jffl'Jfl~ttH~-:Jtl1;1flll"l1~vnm"J1~uH~~tl1 

1~vl~ du Nouy ring method t!fl~f11'Jtfl~OlJfli'W 1~Vf11'Jl~~1 emulsification index (E24) l"ltJil 
., ., ' 

t~tl ttJ1CJfm~ OCD1 ffll.ll'Jtlfl~t!'J -:J~~tl1~tl~Ulf1~'W111f1 72 mN/m trl'W 36.8 mN/m t!fl~ 1 M~l E24 

I QJ YJ/ 
t'Yllf1lJ'JtlVf1~ 47.45 
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-~ cv .dct ' ~ ~ .ct .::.. .c::.t 
6. 'U1l1l£1't1'ilf..lt'll'ltlfl1~&1l~ty!&t'l~fll~Wt'll'ltfl~t'IVIU~..:m~W1'111.fll'W 

~~'W 'Y11 tJU~€1~'lflJ ~l'feJ-lf111ff11 el11111 ~!11 :IJl~ ~llU~f1~ 1-.lfl'Wl~ eJ l ~ltJ'W i"'~-.l-.l1'W 
>I ' ' 

l ununn 11~1-.l~ U€1~ l ~N~~~11 1'1-ll'i''W l u m ~'U1'W m1 ~mtli"'~-.l-.l1'W tfiml1! 'l.J N~ ~~11 'l11~ f1eJ'UYi 

~- !Clf€1~1'feJ-lf111l'Wf111lu~tyU€1~f111N~~~11€1~U1-.l~-lf:h~hfl11"1 

~~1el1111nhul mu'l.J1~f1el'U~1tl ll'Hri-lfllf'UeJ'W ll'Hri-lt 'W 1~1lu'WU€1~U~1i1~ .., u • 

;1flli"' tmri-lmf'UeJ'W~l~ihf-l'lftJ~~~fJW ~11'U1i€1~mt1J1u€1~ !:J€1~€11tiJ 1 'lftJ ~~€1~mt1J1 t'lfu 

f1~!ClfeJ1eJ€1 f1€11f1~ Ull'WlJ'YleJ€1U€1~leJ'Y11'WeJ€1ll'Hri-lmf'UeJ'W~l:J€1~mtiJ1!GJf'W n-alkanes U€1~ .., 

1989; Panilaitis et al., 2007; Abouseoud et al., 2008) 

e:5l I t/ G) ..:::to ..:9 ...:::, 
Kim U€1~f1W~ (1997) ftf1'l:J1N€1'\Jel-.llll1€1-.lfi11'Uel'W !'Wf11'm€1~~11€1~UH~-.lN1 

;1flli"''\JeJ-.l B. subtilis C9 i"''U':h tmri-lmf'UeJ'W~f111llbllfl'ill:IJlf1l'Wm1N~~~11€1~UH~-l~h 
u 

<=! 'i 'l 'J} 'i ~ Ql J_, <!i :ll I 

'lf1flli"'u1f1 B. subtilis C9 !~ti'Yl~€1{1-.l !'lff1\J !fl~, n-hexadeeane U€1~'W1ll'Wt11!11€1el-.ll1J'Wl!11€1-.l 

mf'UeJ'W i"''U'".hn€11 f1 m tlutm ri-lmf'UeJ'WtYi tl-.l'lftJ ~~~ tl1~t4eJ~1:1J11 tl€1~u H ~-.l f:h'\J eJ-.lJ 111 :IT n I~ .., 

\]'-l'Q'~ u1f1 72.8 ttlu 28.2 dyne/em 

..:9 ~ .di c:t. &:::1 

Reis ll€1~f1W~ (2004) ftf1£J1f111N€1~~11€1~UH~-lN1'lf1flli"'u1f1 B. subtilis 

ATCC 66331~til~tmri-lmf'UeJ'W11flltlf1 !~uri J1~1€1Clf 1m~ mnJ1~1€1 J1;'Wu1nB'eJt1 J1~1€1 .., .., 
'j) ~ Ql d I t/ I d. ~ C\ 

f1€11f1~ 1eltl€1~ 21~ti'W111'Wf1!1J'WU11€1-.lfi11'Uel'W i"''U11llleJl'lfel B. subtilis ATCC 6633 N€1~~11€1~ .., 

m -.l~-.lf:b;1flli"'l~~'Q'~lrleJ l ~J1~1€1~ 1mmtluu 11ri-lmf'UeJ'W l11'~1u 1 -.l~-l~h'\JeJ-.l~1'W l ~'\Jel-l 
~,X J'~d d 

'W1!€1tl-.ll'lfeJm'Yl'Q'~u1f1 68.8 dyne/em ttlu 30.6 dyne/em 
>I ' Jdi ~ t=!-=!, d, A Jdi A 

Batista U€1~f1W~ (2006) ftf)EJ 1f111 lltlf1l'lfeJU'Ufl'Yll 1 ti'Yl N€1~~11€1~!! H ~-.lN1 
>I ' J{, >I 

~hmi"'U€1~f111 tn~fl:!Tm'fu 1~ mwm~m1 'Uf1Yit1 tlu1f1lt11ri-lYi~m1'l1utileJut11:1Tuil1~1 !~till l ~ 

KN03 ttlwmri-lt'W1~1lu'WU€1~l~n\}1f1~ ~1m~ TI1f11~~ U€1~ kerosene ttlutmri-lmf'UeJ'W 

i"''U11 t4mu~tul~'U 1~u€1~ N~~~11€1~!! H~-.l~1;1flli"':IJlf1~~~~rleJ l ~n€11 f1~f111lll~mj'u ~eJtl€1~ u • .., 
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35.8 mN/m 

1: IIJ31 I 1:"' d 31 "" I .l 
€l ~ tnti'\.J 1 ! ~H! fl heptane, kerosene, '\.J 1:JJ '\.J 111fl!:JJ€l ~ f:h tl!!€l~'V'I U 1VJ'W !'11 €l '1 'V'I 'lJ '11! 'JHJ B. subtilis 

"" IIJ 3l'l I o' "" I "" IIJ 31_,. ,j 'l 31 1: :ll I o' ')' 
20B ff1:JJ1'HH1l'HU ~~ '\.J!!'I1€l\lfll'J'Uti'\.J'Ylfl'lf'\.J~ !!\91!11'Jtu ~~~!:JJ€1 'lf'\.J1\911€l!u'\.J!!'I1€l\lfll'J'Uti'\.J t~tl 

u • u 

1rl t~!~ tJ\1 'l 'W ti1'111'J ~ 'l '*m n J 1m" 1 ~'W u 11 ~ '~ m { u t1 'W ff1:JJU t1" ~~ 1!! 'J '~ ~ '~ H'1€l\l~ 1 ~ ff~ 111 n 55 .o . 
:ll 'l 31 o' :ll I o' .l "" "" mN/m !u'\.J 30.5 mN/m fll'J 'lf!!tl€lfltl~tl€l!u'\.J!!'I1€l\lfll'J'Uti'\.J !'lftl B. subtilis 20B 11~!11'Jqj!!€l~rl€l\91 

!~tl B. subtilis 20B !11'1tyl~!!~rl~l'lff1i€l~!!H~\IH'1;'1ll1'V'Il;tll~!~tl\1111flJ1:iJ'W!:JJ~~~1tllJff1'J 
. " 

1 'V'I ~VI 'W t~"~ \1€1111 vu v\1 mi v-J~ ~'~ ff1 i "~ m '~ ~ '~ H1;1m'V'I 

~ 1 o' I IIJ31 I _,. J-'1 ')' 
Das !!€l~flW~ (2009) fl'fl'hl1!!'11€l\lfll'J'Uti'\.J\911\I ~ t~!!fl fl€l!C}fti'Jtl€l !!u\1 fl~ tflff 

• 
0 • 0 .e:9 .q .:9 e:::t. ~ 

Ghnb1 !!€l~ Ellouze-Chaaboum (2011) fl'fl'hl1fl1'Jrl€ll'lff1'J€l~!!'J\I\91\Irld'lf'1ll1'V'I111fl 

.l ')' '131 I o' I "'liJ311l: ')' 1: ')' "'! J-'1 
!'lf€1 B. subtilis SPBl !~tl 'lf!!'l1€l\lfll'J'Uti'\.J\911\Ifl'\.J !~!!fl '\.J1\911€lfl€l tflff '\.J1\911€lt}f tfl'Jff '11'Jtl!!u\l ., ., 

I t/ .dlJI I ~ 
6.1.2 !!'11('1\Jfll'J'Uti'\.J'Yl !:JJ€l~t'llti'\.J1 

.e:9 .q e:S .q ..::::1 

Pomsunthontawee !!€l~flW~ (2008) fl'fl'hllfl1'Jrl€l\91ff1'J€l~!!'J \1\91\1 rl'1'lf'1ll1'V'I111fl 

~ ;: ~ 'l d..::::~ ~ QJ ... 1 tl ry !V 
!'lf€1 B. subtilis PT2 !!€l~ P. aeruginosa SP4 !€ltl\l!'lftl '\.Jti1'111'J NB 'Yl:JJ'\.J1:JJ'\.Ju1€l:JJf1'11:JJ!'IJ:JJ'IJ'\.J 

~t~v"~ 2-8 1~vu1mi'I'J!~wm~'lm!ut~'W !'lleh~'1tJf1'11:JJ!~'1 200 'Jt~U~t~'W1Yi ~t~rnMniJ 37 . ., 

tl\lfl'l!C}f€l!Clftlff !~'\.J!Jtn 48 i11m 'V'I'Uil!~€1 B. subtilis PT2 rl~l'lffl'J€l~!!'J\I~\IH'1;'1ll1'V'Il;tll 
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~-ey~arlu H'thw'W thrl' llf111llt'lYll'lY'W ~mm~ 2 hwu'1ml'l1 1 IPltJ{Y1:1J1Hl(l\Pltt H~'l H1111fltl1'11u 
., ., 

"" <!I <;J 
!(ltJ'l!'lftl(l'llJ11tltJ(l~ 39.22 

Fagade tt(l~flw~ (2009) f1mnm1'l'lf' J\w'W~'l.J, t.hw'Wu1rl'll, J1ll''W~tCJf(lU(l~ 
~ <)' 'jlj}'j) ")" ~ Q.l'l ~ ~~~ ;: 

'W 11'11(1 fl ~ ! f1 {Yf111lJ! 'till 'ti'W 1 tl tJ(l ~ 1 ! \Pl tJ'W 1'11 'W fl 'W fl11 r-.1(11'1 {1'11 (I \Pl U H 1'1 'l H1'lf1 fl1'V'I111fl! 'lftl 

B. sphaericus BS 01, B. subtilis BS 03, B. sphaericus BS 04, B. subtilis BS 58, B. pumilus BS 66, 
' ' ~ ~ .o=!.c:l 

B. licheniformis BS 69, B. subtilis BS 73 U(l~ B. licheniformis BS 102 'YUWfl111fl\Pl'W'YllJfl11 
., ., ' 

U'W!Utl'WU1ll'W 11Plv'l.fftl1'!111 MSM m:IJ11'11 50 iJ(l~~l'l1Yiii NH4Cl til'Wt!'\1~'li'W11'11!11'W t'tlrh 

'j) d I .::I I ~ 
\Pl1tlf1111J!11 180 1tl'l.JI'ltl'W1'Yl 'V'I'l.J11!'lftl B. sphaericus BS 01, B. subtilis BS 03, B. sphaericus BS 

04, B. pumilus BS 66, B. licheniformis BS 69, B. subtilis BS 73 U(l~ B. licheniformis BS 102 

{1'1:1J11tl H~l'l{YU(l\PlUH~'l ~h9hm'V'I~~ L!l'ltrltl 'l'lf'J1lJ'W~'l.JtrJ'Wt!'\1 ~'lmi'l.Jtl'W 11Plvii~1 E24 tl~~ 
<;J )J "" ,g.,"" """' dt'l<;J 1tltJ(l~ 30-55 U(l~!'lftl B. subtilis BS 58 {1'11JU(lr-J(l\9l{YU(l\PlUHI'l'lH1'lf1fl1'V'I\Pl'Yl{Y\PltlJtl 'lf • 
'IJ1ll''W~'l.J'\1~uJ1~'~1"fl~ 1f1{Ytil'Wtm~'lmi'l.Ju'U 11Plvii~1 E24 tYhntJ~uv"~ 5o 

i111~'lf'W iim11'11~'11'11' fl~'lUtlJ'I11~ 'lU 1\Plrl'tlll 111flfl11 'l '1}'{1'11" IPl u 1 'l~ 'l tl1L1' 'lt m1~ri 

'Yl1'ltfliit'V'I11~{YU(l \PlU l 'l ~'l H1L1' 'l!f111~ rl'Yl1'ltf1ii{Y11J11 (lyJ1 (l1tJ~ 'lU 1\Pl rl'ull I~ 01 'l 'lf''l 'W m mw ~ 

llitlfl~tl'lU(l~iifl11U1{1'11(l\PlU 1 'l~'l H1H\PlU1~!fi'Yl:IJ1 'l ']}' ~'l J 'W {1'11 (1\PlU l 'l~'l H1~ I~ 111flU 'l.Jf1Yi~ tJ ., 

~ 'j) d ~ ~ Q.l ~ d. \I) 'j).c:L d ~ _.Ji d 
'ti'W U(l~ tl111 {1'1 :IJ11 m 'ti11J 1U 'Yl'W 'Yl{YU (I \PlU 1 'll'l 'l r-.11{1' 'l!f11 1~ '11'Yl1'l!fllJ !\PlCJf 'l! 1J 'W 'Yl1'l t(ltl fl'\1 'W 'l 'Yl 

'll1{Y'W '111 ~1m 'MI'ld H(l 'tltl'l u '11~ 'l mi 'l.J tl'W~ 'lt il'W if 11 1lv~ii B'Yl~'V'I"~ tlflU H~l'l{YU (1\PlU 1 'l~ 'l tl 1 • 
9hm'V'I 1 \PltJU 'l.Jf1Yi~ v ~'lfl11fi l'ltil amm ~ 'lmitJa'W ~u 'l.Jf1Yi~ tJ{Y1lJ11 t1 'l .fftilwm ~'ltll'\1111 ~~ 11~ 

H~l'l {1'11" IPl tt 1 'l ~'l H1;1fi1'V'II ~ {1' 'l 11ll O'lYl1fl11fi l'ltiltlfltt '11 ~'lf11i'l.Jtl'W ~t il'W l{YI'ltfl'EJ t '11 ila11~'Yl 1 ., . 
'l <j}<j} 'l C\ ~ ~ I 'lj) I Ql Ql .dl C\ Q.l o' .::! 

'MI'l'W 'Yl'W 'W fl11 r-J(ll'll'l1(l'l CJf'ltl11111~'lf1tJ '11 {1'1:1J11tlU 'tl'l'ti'W fl'l.J{Y11 (1\Pl!t 1 'll'l'l H'J{Y 'l!f111~'11 'Yll'l !fill • 

' ., ., 
6.2 !!'11 ~'ll 'W 11'11! 11'W (nitrogen source) !!'11 ~'ll 'W 11'11! 11'W Yi 'l 'lf''l 'W tll'\111 !~V'l! ~tlii 

tm~'lmi 'l.Jtl'W u'\1~'ll 'W 11'11 !11'W~mm~{YlJn'l.Jm1 r--~~l'l{Y11(l\PlU1 'l~'lt~1;1m'V'I11~ul'lfl~1'ln'W 1 tJ 
.J IQ.I C\ e:S'C\.c:l C\ .0:::::::.. d.o' 
'\.1 'W tl~fl'l.J 'lf'W \Pl 'tltl 'l {1'11 (I \PlU 1 'll'l 'l H1'lf1fi1'V'IU (I~ 'lf'W \Pl'\.1 tl'l ~(l'U 'Yl1 tJ 

6.2.1 U'M~'li'W 1mt'll'Wfl'W'Yl1V (organic nitrogen) 
.dl 3) I ll) C\ .c:l c!d I Q.l ll) 'j) I 

Gnanamani U(l~flW~ (2010) fl'fl£J1fl11'l'lft!'\1(l'l !'W 11'11!11'Wtl'W'Yl1tJ'Yll'l1'lfl'W !\PlUfl 

beef extract, v{Y\?l'{Yn\Plt!(l~tuu11'l'W !~ll'l'Wtll'\111 mineral medium 'l'lf'J1\9ll(lCJf1m{Y~t)tJ(l~ 1 11PltJ ., 
~ Q.l d 1 " C\ .dl C\ .c:l ~ d.d. d ~ 

'U 1'11 'Wfl !U'WU '\1(l'lf111'l.Jtl'W 'l 'W fl11 r-.1(11'1{1'11(1\PlU 1 'll'l'l H1'lf1fi1'V'1111fl!'lftlU 'l.Jfl'Yl! 1 tJ'Yl!Wfl'i11fl'W 1'Yl~!(l 
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" l'l~f1tl'U il1'lf1t.Hrt 'U 11 t~vurt~ 'Vl 'j 1fl1J 1 nw 'lf1fll111'1 i m.h~t'Vl rYO'U ~~ v V11J':ht ;mnm'j t1 N~l'l rt'1l Ml 

UH~-:!H1;1fi1VI ~~~-:!~'eyl'l!rltl i'JftjMlrt'fll'l!~'Uum1-:~ I 'U ll'lll'il'U 1~w lt~tCJf!rtl'l ESW Na12s 

rt'1lllltlrtl'lm-:~~-:~H11~~rt'l'ltrimmvm\1v1Jnml1n~'U'il1f1 72 mN/m m~t125 mN/m 
q 

• • • .t:.9 ~ ..::9..:::), ~ 
Ghnbt !!rt~ Ellouze-Chaaboum (2011) fff1'il1f11lNrtl'lrt'1lrtl'l!!HI'l-:!N1'lf1fllVI'il1f1 

!~tl B. subtilis SPB1 ll'lfli'l1'tmci-:~I'U ll'll!'illJO'U'V11V~UI'lf1~1-:Jfl'U ¥lt~ m1v, !fl~l!~tlmJt:lfl~1fl 
'U 'U 

liJo' <VI "'""'<!I "'liJ')liJ ~~~ ') 
!tl'U tCJf:IJ'il1f11'11Jtltl'U, beef extract, flrt'l'lrt'f1fll1'jtJ!fiCJf'U W tfll trt!CJf'Vl fi11:1J!'U:IJ'U'Ultlflrt~ 0.1 !f'lfl 

~ Q.l dct ") 'j) 'j) 'j) 'i ~ Q.l d I r/ :f ~ d ~ 
'U1l1'Uf1 'Vl:IJf1rt tflrt' fi11:1Jl'U:IJ'U'Ultlflrt~ 4 !f'lfl'U1l1'Uf1!U'U!!l1rt-:Jfll'j1JtJ'U !rtfl-:!!'lftl'Vlt!Wl1fi:IJ 37 

'U q 'U 

.t:::! l'j) d I .c! I~ .t:::.td I ~ 
t:l-:1 rY1tCJfrtt CJfflrt' 1 'U fl1fl 1 flfl 11 :w 1 'j 1 200 'j t11J 1'1 tJ'U 1 'Vl V11J 11 fll'j tl'l :w m 'j m U'U tm rt-:~ I 'U tl'l 'j 1 'il 'U 1 'lft:l 

'U 

B. subtilis SPB1 rt'1:1JlltlN~I'lrt'1lrtfi!!H~-:!H1;1fllYII~mn~rt'fl 720 iJrt~nf:IJ~tl~l'll Urt~trlo 
q 

~ 'j)'j) .t:::!~('j) ,. ~ Q.l ~ &.<C:\.t:::! ..J.~ 
!VI:IJfi11:1J!'U:IJ'U'U 'Utl-:1 ~~ l t.HlJ 'U 'jt:Jflrt~ 0.5 t flfl'U 111 'U f1 rt'1lJl'j tl Nrtl'lrt'llrtfl!! Hl'l-:1 N1'lf1fi1VI! VI :IJ'U'U 

t~'U 750 ilrt~nf:w~t:J~I'l'j 

6.2.2 tmci-:~I'U ll'lll'il'UtliJ'U'Vl1v (inorganic nitrogen) 

" & ~ e!l .<C:\ ..::::! .et 
Abushady Urt~fl W~ (2005) fff)'iJ 1 f11lNrt 1'1 rt'll rt flU l -:11'1-:1 N1'lf1fi1VI 'il1f1! 'lftl 

B. subtilis BBk1 lflfli'J1'nrt lflrt'!~'U!!l1ft-:!fi1~1Jtl'U 11f1JVi!tl'lf 6.5-7 U:IJlitJWMfliJ 30 
'U q 'U 

o-:~ rY1tCJfrt t~vrt' t 'U rh~ 1 vfl 11 :w ~~ 1 2oo 'j o1J ~o'U 1li u rt ~ i '11'tm ci-:~ I 'U 11'1 'j t 'il 'U ~ u\Pl n~ 1-:~ n'U I ~u n 
I 11) ') "" ,. ".I ~ 

!!l1rt-:! t'U tl'lll'il'Utl'U'U'YllfliJ'j~f1tl1Jfl1fl NH4Cl, NH4N0
3

, (NH4) 2S04 , (NH4)2Sz08, NH4Mo, 

I 11) ') "" ,. o' 
(NH4) 2HP04 , NH4H 2P04 , NH4HC03, (NH4) 2N03 Urt~ NaN03 Urt~Ul'lrt-:1 t'U tl'lll'il'Utl'U'Yllfl 

.I ~ "' ,. " "' ,. 1IJ ') 1IJ .f.! "' "' d11J I,. 
1Jl~f1tl1Jfl1fl ~llfl, flrt'l'lrt'f1fl, beef extract !!rt~!fiCJf'U tel !fll trt!CJf'Vl !IJ'jfJ1J!'Vlfl1Jf11J'ljflfi11JfJ:IJ'Vl t:IJ:IJ 

fll'j t~:wtmci-:~ I 'U tl'lll'il'U YI1Ji1t~t:lrt'1lllltlt'il1ty I~J-:~ i 'U tlll11l tiv-:~t~o~i '11'1 'U tl'll t'il'Ut:JiJ'U'Vl1 v 
liJ'i .<C:\ ld.rl .eK .<C:\ &~ct d Q.l 

Urt~ t'U tl'lll'il'Utl'U'Yllfl Ul'l!'lftl B. subtilis BBk1 'il~Nrtl'lrt'1lrtf'IUHI'l-:!N1'lf1fi1Yilllf1'Vl'eyfl 2.75 f)'j:IJ 

~tl~l'll trloi'J1' (NH4) 2N03 ~m1:1J!~:IJ~'U~tlflrt~ 0.5lflflJ1l1Uf1!~'U!ll1ft-:!I'U ll'lll'il'U 

Fonseca Urt ~ fl w~ (2007) fff)'iJ 1fll 'j i '11'tm ci -:1 I 'U l\Pl'j! 'il 'U ~!!\PI f)~ N fl'U ;) tl 

t/ I ~ _.&.c:::.,ct ~ Q.l,::i IQ./ :f ~.d 
fll'j1JtJ'UI'ltlf11lNrtl'lrt'llrtfi!!HI'l-:!NJ'lf1fllVI'il1f1!'lftl B. subtilis 11'j1J'f'l!tl'lf!'Vl1f11J 7 !rtfl-:!!'lftl'Vl 

tlWMfliJ 30 tl-:!fl'1!CJfrt!~flrt' !'UEh~1flfi11:1J!~1 150 'jtJ1J~tJ'Ulli !~'U!drtl 48 i1 l:IJ-:1 YI1Ji1f11ll~:IJ 
q 'U 

NH4N03 !~'U!!l1ft-:! I 'U ll'll !'il'U rt'1lllltlrtf'IU H~-:!H1'Utl-:!tlll11l!iv-:~t~tl ~~~~'eyfl 'il1f1 66.7 mN/m 

I d I & -C\ .c:::. ?1 'j) 'i d ct :f :d ll] I 

rt-:!llltl~'Vl 31.5 mN/m flll!'j-:J\Pl-:!N1rtflrt-:!flfi!IJ'Ultlflrt~ 52.8 tflti'VlVI!tl'lf'Utl-:!tlll11llrttl-:!!'lftl t:IJ 

! 11~ fl'U!! 11 (I -:1 
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)J )I I 'j/ j/ 
e::i ~ 9 e::i e::i 0 'j} 'j} 'j} <)" 0 Ql ~I I o' 

!rW-!l!'lftl ! 'W tl1111'H '1-Hl 1'1'1 :JJfllf1'W 1\911{1 1'1 11:JJ!'\J :JJ'\J'W 'jtJtJ{l:::; 10 ! ~ tl'W 111'W f1! u'W!! 11 rl-!l fll'jiJtJ'W !!rl:::; 

!~:JJ!l11ri-!li'W 11'11!~'WtlU'W'Yl1rJ~!!\91f1~1-!lfl'W fit~ (NH4) 3P04, C2H8Np4 , CH3COONH4, NaNO_l' 

"' 'J) 'J) 'J) 'j l: "-' I ,I "' 
NH4Cl11-:ltl (NH4) 2S04 1'111:JJ!'\J:JJ'\J'W-:ltltlrl:::: 0.1 t~tl'W111'Wf1 VliJ11!'lftl B. subtilis KO Nrll'l'ff1-:lrl~ 

!!H~-!lf:h~hfl1Vl:JJ1f1~rJ'~l'l'llfliJ 7.41 nf:JJ~tlill'l':i!rltl!~:JJ (NH)2S04 !~'Wll11ri-!li'W 11'1-:J!~'W 
dl ~ &~e::i ~ 

Apama !!rl::::flw:::: (2012) fYf1'hl1fllmrl\91'ff1-:lrl~l!H\91-!lN'J'lf'Jfl1Vl~1f1!'lftl Bacillus 
d \1] 'j} ~ ~ !tJ Ql ~ e::i ~ ~ d.c:~ 

clausii 5B 'Yl!ltlf1 ~~~1f1~'W U'W!iJtl'W'Wl:JJ'Wil11'1-:J !rltl:JJ !rltJ-!l!'lftJ1 'W tl111U minimal medium 'Yl:JJ 

J11911r~nr~1 flff fl11:wt,Y mY'W ~t~vr~:::: 1 1~vJ111't! m~'Wtmci-!lm{ i.Jt~'W 1 ~vt~wmci-!l I 'W 11'1-:J t ~'W ~ 
'U 

I Ql ~ .ct fl Ql ... 1 ... 1~ e::i ~ 'j} 'j} 'j} 

!!\91f1\91Hf1'W fltl tl'ff\91'fff1~, !uu ti'I'W, NH4Cl, ~!l'tl11-:ltl NH4N03 1'111:JJ!'\J:JJ'\J'W-:ltltlrl:::: 0.3 

'j l{ "-' ~~ I liJ 'j 1 ,I "' ~ "' "' 
t~tl'W111'Wf1!u'W!!11rl-!l !'W t\91-:l!~'W VliJ11!'lftl B. clausii 5B 'ff1:JJ1HlNrl\91'ffUrl~!!':i-!l\91-!lN'J'lf'Jfl1Vl:JJlf1 

~r:f~t 'l'llOiJ 2.41 ni':w~t~il\911 trlt~t~:w NH4Cl 1 ~'Wtmri -!l I 'W 11'1-:J t~'Wur~::::'ff1:JJ1-:J tlrl~l!':i -!l~-!l N'J'Iltl-!l 

~ ~ ·d 
tl1111-:l!M-!l!'lftl~1f1 53.56 mN/m rl-!l:JJltltJ'Yl 29.48 mN/m 

'U , , ' 

6.3 !! ~1i1\91 (mineral source) tln~~::::~m-:1 !~:JJ!! ~1i 1\91{1-!l 1 'W tl111U!~tJ-!l!~tl!TitJ1<ff1'W fll-:1 • • 
'ff~ H 11~ tl! ~ 'W tl-!l Ti' U-:1:::: f1 tl iJ'\J tl-!l 'ff1-:l ~ ~1! ~ 'W 1 'W f11-:JIP11 H ~1 \91 td 1i 1\91 ff1 r1 UJ ! 'lf'W CJf{l! 'Yl \91 !! {I:::: 

• u 

'Ylt~m'Yll'l ~il'W '1'11 v1 ~ 'W m-:1 a'-!ltm1::::M m ~t~::::ii1 'W u ~ 1i 1\91 'W tlf1~1f1~ ::::t~'W iJ ~ 'il'v~ ~ il'W'Yl1 rfl'ft~-!l m-:1 • • • 
' , 

931~ ..:::), ~,.. 'j} QIQ. 9 Q.l Q.l t:9, 'j} 'j} & .<:). e::i \1]'31 
! 'lf!Vltlf11-:l! ~l'UJ!\911J tl'll!ri'Jtl-!l:JJ Nrl ! 'W fll-:1 tJ1JtJ-!l11-:ltlf11 ::::I'I'W fll-:1 'ff':i1-!l'ff1-:lrl~!! H\91-!l N'J'lf'JfllVl ~~ 

u • , , 
Wei tm::::flw:::: (2007) fff1'hl1Nri'\Jtl-!lfl1-:J1i'u~1i1\9,J 5 'lfU~!~:JJr~-!l1'Wtl1111-:J!~tJ-!l!~tl 

11) 'J) I + 2+ 2+ 2+ 2+ I "' ,I 'j 
~~!!f1 K, Fe , Mg , Mn !!rl:::: Ca l'ltlflll'Nrl\91 surfactin ~1f1l'lftl B. subtilis ATCC 21332 !~tl 

1<ffn~ 1fl'ff!!rl:::: NH4N03 !~'Wll11ri-!lfllf1Jtl'W!!ri::::I'W 11'1-:Jl~'W \911:JJrlWliJ tl1111-:l!itl-!l!~tlyj!tl'lf 7 .U:w~ 
tlW11.flii 30 tl-!lfY1!"1f{l!~tJ'ff !'IJ£h~1tlfi')1:JJ!~') 200 'jtJiJ~tl'W1Yi 'lf~fl')i.Jfi:JJ!~'Wtll111'j~~!!~1i1\91lr-!l 

q q,J q q q 

5 'lfU ~ 'Yi'1m-:1 'Yl~ 'fftliJ Nri'\Jtl-!ltd1i1\91l!~rl:::: 1'11~tlf1U Nil\91 surfactin 1 ~ tJ ~~~~:JJ!d 1i1\91 ~l'f tl-!lfll-:1 • • 
'JI jl i/ 'j/ I 'JI 

'Yl ~ 'fftl iJ {1-.:j 1 'W tl111 u! ~ tJ.:j! :JftJ Vl iJ i1 tl111 u ~~ tJ.:j! :Jft~Yi I~~~ :JJ K+ ! :JftJ ~ f1 u! ~ ~ tyl! {I:::: f1 u Nil \91 

I .c:::l Ql 0 Ql ~ ~ d \J] I ~ 2+ ~ \J] I ~ 
surfactin ~::::rl~rl-!ltltJ1-!l:JJ'WtJ'ff1flty !!rl::::tl1111':i!rltJ-!l!'lftl'Yl !:JJ!I'I:JJ Mg !'lftl~:::: ~:JJNrl\91 surfactin !rltl 

, 
t!'ff~-!li1 Mg

2
+ ur~:::: K+ rY-!lNrl~tlfl1-:JNill'lt!V1-!l~'t!vrl1r1'ty ~1f1U'Wfff1'hl1mmwur~::::5191-:J1ff1'W 
, ' 

-:J::::11i1-!ltd1i1\9,j'lf-!l'fftl-!l~tlfl11Nill'l surfactin Vl1Ji1tijtJ1.ffmmwur~::::51'111ff'J'W'\Jtl-!l Mg
2
+ ~tl K+ 

~ ~ ~ ~~ I I ... F- 2+ d 
3:1 !'lftl B. subtilis ATCC 21332 'ff1:JJ1':it!Nrl\91 surfactin !Vl:JJ!u'W'fftl-!l!'Yl1 !!'ff~-!l11u-:l:JJ1W Mg 'Yl 

t~:w1 'Wtl1111-:l titl-!l!~tlfi'J':i!~'W 3 rvi1'1Jtl-!lmmw K+ 'llW::::!~tJ'JO'W!rltl~Nri'\Jtl-!lB\9111ff1'W~!'Vllfl'W 
'U 

'\Jtl-!l Mg
2
+ ur~:::: K+ t'lf'W~B\9111ff1'W 1:1, 2:2, 3:3 ~::::1'1i'Nr~Nill'l~1-!lfl'Wl!'ff~-!li1m:JJ1W!~'WI'f1!!U':i 

, 
ff1r1'ty1'Wfl11Nill'l surfactin 1~m:JftJ B. subtilis ATCC 21332 t'!f'WO'W 
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f1TH 'il~ty'\Jfl~ ~~hJ'Y11 tJr·!'1B~ ~~;l\91~1~ "1 \)f1fl11JfJ1J l 'fltlf1':i ~1J'J'W f11'H1JI'l11Jfl~~1JH~~f111 '1'11HW 

"tlfl~!fl'W i"lflf~ ~ H~ m ~ 'Y11J 'il1f1~1TIW'lf t'fl vi1 i 11~ 1TIW'lf~~fi111J mm~ ff1J~ Bf111 1 'il~ ty"llfl~ 
..::::to ~c( I oCto I Q.l \fl d, t/ ~ lfl~d. I d. I 'j) ~ I d.d. 

~~'W 'Y11 tl!!l'l~~'lf'W'fiHI'lf11'11~f1'W t 11 11!!~~ tlff\91 'il~! 'il 1 ty t 'fl'fl i 'W 'lf'J~'Y'Hfl'lfflfl'W '\J1~1'11 HI'IH 1Jfi'Yl! 1 tJ'il~ 
.0:. \1) ~Gl I d. d.ct I Q c( ,X ~ d Q.l 0 Ql d 0 G'J 'j) ..:::::t. 

1 'il1ill t'fl'fl t u 'lf'J~'YHB'lf'Y11Jfi1!U'W nm~ fl~fl11 1~f1fl1J'\J fl~fll'\111 ~~ v~ 1 'lffl!U'W 1J 'il 'il tJff1flill'Yl'Y11 t mn'fl 
u u 

m1 t11~vuu 11~~~iTI!B'lf'l u 1~'11i1~m1 ti tJ~!~fl 1 rt fl~ 'il1f1'il~ u 'Yl1 V'il~~m1 VfltJffmtJffl'Jfll'\111 ~ • 

"' I ,% I 'J) 'I ,% ~ "' .. _I d 
1Jfllt)~'\J'W (Park and Lee, 1998; Nagai and Jain, 2010) Hl'ltll !'Wfl1'111'J!~tl~!'lffl1Jfl~fllJ1~f1fl1J'Yl 

G "'" 11) ..\ I "" "" "' .-.% 0 'J)"' ,% ~ 
!U'W fl n t 1J HH'fl 11'1 !1Jfl\] f1tlfltlffm tl'il~ !f1'fl m 'flfl'W 'Yl 1 ti'\J'W 'Y11 i '11'VHfl'lf'\Jfl~fl1'11 n !~ tl~!'lffl~ 'fl~ ~ 

'J) 'J) I I 

(Zhao et al., 2009) TI!fl'lf'\Jfl~fll'\111 !~tl~!~flvh11~ti'WH 11~~ i 11'il~ff~ H~~flf111 !'il~ty!W~f111H~I'l 

" e;!l d. I ~ ~ 

Abushady H~~mu~ (2005) fl'f1fl1H~'\Jfl~'VHfl'lfl'lflf111H~I'l surfactin 'il1f1!'lffl 
'J) I )/ 'J) 

"' 'I "'"' 0 "i 'J) 'J) 'J) "i 0 "" B. subtilis BBk 1 !~tl~ t'Wfl1'11U MSM 'Y11J'W11'11~f1~ tflfffi111J!'\J1J'\J'W1fltl~~ 4 t'fltlm'11'Wf1!!~~ 
"' 

(NH4)N03 fi111J!~mi'u ~Btl~~ 0.5 l'fltiJ1'11Uf1!rJuu '11 ri~m{ufl'WH~~ i 'W l\911 !'il'WI'l11Jrl'1~1J 11i'1J 

d. :% ~ I Q.l :% A' d A d. I 'j) Q 
'VHfl'lf'\Jfl~fl1'11l'J!~tJ~!'lffl!'Yllf11J 5-9 Wtl~!'lffl'Ylfltu'\1fl1J 30 fl~fl'1!"lf~!"lftlff !'\Jtll'fi'Jtlfi'J11J!11 150 . "' 

" ' 1fl1J~fl'W1li 'V'11Ji1t~fl B. subtilis BBk 1 H~l'l surfactin ff~ff'flliTI!fl'lf 6.5 H~l'li~mnni12.5 ni'1J "' . 
' I ..:::::t. ..::! d. \!] ll!:i I A 

l'lfl~\911 H~~'Yl'Vi!fl'lf 6.5-8 t1J1JH~I'lflf111H~I'l surfactin 

& A d A' d ,J 9 d.ct ~ <r 'j) 'j) 'j) 

l'l~H'J'lf'Jfl1'Vi'il1f1!'lffl Bacillus mycoide 'Yl!~tl~ t'Wfll'\111 MSM 'Y11J'W11'11~~ tmfffi111J!'\J1J'\J'W1fltl 

~~ 1 t'fltiJ1'11Uf1H~~ (NH
4

)
2
S04 trlutmri~m{utJ'WH~~iu tl'l1!'il'WI'l1m11~1J 11i'ufiw'lf"llfl~ 

tX :d I Q.l I d A d. I 'j) d I d. I 

fl1'1111!~tl~!'lffl!'Y11f11J 7 1J1J'YlflW'\1fl1J 37 fl~fl'1!"lf~!"lftlff !'\Jtl1'fi'Jtlfi'J11J!11 180 1fl1JI'lfl'W1'Yl 'Vi1J'J1 . "' 
!~fl!'il~illi~~TIW'lfi'W'lfd~ 5-9 H~~H~I'lff11~'fiHH~~P,h;'Jfl1'Viff~ff'fi~TI!fl'lf 7.37 ff11J11fl~'fiHH 

u "' • 
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~ ..::::.. ' d 
!! '.i ~\91~ l'ld'il~flflfl~t:ltll~'.i'Jfl!'.i'J 

6.5 QW '115Ji1 (temperature) ~~'U l1'1vu~rt~'lftJf119i't:l~fll'.i'QW MfJiJ'l 'U fll'.i!'il1ty!!\9lfl~l~tl'U 

" ~ ~· ~ ~ 
Abushady !lfl~flW~ (2005) fl'fl'Eilf:H'l'Ut:l~QW'11fJlJ\9lt:lfll'.iHfl\91 surfactin 'illfl!'lft:l 

B. subtilis BBk 1 ~~~t1~1'Ut:l1'111'.i MSM ~nJ1\911flflrtlmYfl11:JJ!.u':u.u'u~t:ltlfl~ 4 lfltiJlmJfl!~'U 
'" 

I r/ 'j} 'j) 'j} ,. ~ Q.l :'1 I ll) ,. ~ ~ d 
!!'11rt~fll'.i'Ut:l'U !lrt~ (NH4)N03 fl'Jl:JJ!'U:JJ'U'U'.it:ltlrt~ 0.5 !flti'U1'11'Ufl!lJ'U!l'l1fl~ !'U !l'l'.i!'il'U !fltl~!'lft:ll'l 

QW'115JiJ 25-60 t:l~fl'Wlffl!Gl5tlbl\911:JJrll~'lJ !'Ud1~1tlfl11:JJ!~1 150 '.it:l'lJ~t:l'UlYi !~'Ul'Jfll 72 'JtJ l:JJ~ 
" ' ' I ~ ~ I Q.l Q.l I ..::::t, l::l .c::r, ~ .c:i .<=:to 

'V'I'lJ'Jl!'lft:lHrt\91 surfactin fl'~fl'fl!'nlfl'U 2.5 fl'j:JJ\9lt:lfl\9l'.i l'lt:lW'I1fllJ 30 t:l~fl'l!Clffl!Clftlfl' !lfl~l'lt:lW'11fl:JJ 
Ill q q 1U q CU 

~~flll 30 t:l~fl'l!Ciffl!Gl5tlft' HrtH~\91 surfactin rtflrt~t:ldl~'.i'Jfl!~'J'il'U~~ 55 t:l~fl'l!Cifrt!Gl5tlft'!4t:l'il~tl-in 
fll'.iH~\91 surfactin 

• • e:9 ..::::.d 
Gogotov !lfl~ Mtroshmkov (2009) fl'fl'E11Hfl'Ut:l~QW'115J:Ul1 20, 30 !lfl~ 40 

" ' " d I .c::r. di.c::r.d ~ dod 1 
t:l~fl'l!Ciffl!Clftlfl' \9lt:lfll'.iHfl\9lfl'l'.iflfl!l'.i~\9l~H'J'lf'Jfll'V'I'illfl!'lft:l B. licheniformis VKM B-511 l'l!fltl~ 'U 

t:l1'111'.i mineral medium 1'* kerosene ~t:ltlfl~ 0.5 lfltiJ1'11Ufl!lfl~ NaN03 !~'U!mri~mf'Ut:J'U!lfl~ 
" ' ' 

1 u ll'l'.i !'il'U mmh~'U 'V'I'Ull!~t:lfl'l:JJl'.ifl H~l'lfl'11flf1!l'.i ~~~~h~lhm'V'Ifl'~Yifl'f1YiowM niJ 30 o~fl'l cu q q <u 

!CifmG15vft' rvhn'U o.s ni':u~o~l'l'.i!lfl~ 1 M'~lml:JJfl'l:JJ1'.ifl1 um'.ifl~I'11'Ut:J~~lfm7urvhn'U~ovfl~ 41 

6.6 fll'.ifl1'U!lfl~fll'.i1M'mmfl' (agitation and aeration) fll'.ifl'J'U!lfl~fll'.i1M'mmfl'!~'Ufll'.i 
' ' " 

1Vi:ummw oon~1 'ilu 1 M'n'U'il~u l11 vrVlm111111 '*1 u m~'U1'Um'.i !:JJm'Uo~a]}:u u on'illn.Wv~~~u • 
m'.i 'Jhv1 M' 'il~'U l11 vod1 u fl'm'V'Iu 'U 1u flt:ltlfl'l:JJnflfl flaH:um:u1w oon~! 'il'U! ~m111111 '*ll'.i ~ 1v'lfu . '" '" 
ll)!iJ,% ' "'"',I "'"'1!iJ"" "'"' !fllJlW~'U (Desai and Banat, 1997) fl''J'Ufll'.ifl'J'UlJ'JI'IfllJ'.i~fl'~fl!'V'It:l '11'ilfl'Ul'l'.itl!lfl~fl'l'.it:l1'111'.i . . 
m~ 'illt11'11od1~fl'J1!fl':JJt:l otl'Jtlflfl'U'Ulfl'Ut:J~vJo~mmfl'1 ,r~~nrt~'l'111 M'nthff':u Nfl''.i~'l111~mmfl'n'U 

"" "' .. ,% 
'ilfl 'U l1 '.i tllJlfl 'U 'U • 

"' 1 !I) ' "" Yeh !lfl~flW~ (2006) fl'fl'EilHfl'Ut:l~fll'.ifl'J'U!lfl~fll'.i '11t:llfllfl'\9lt:lfll'.iHfl\91 

)1 "i 1 !I) "i ?I I .. 

surfactin 'illfl!'lft:l B. subtilis ATCC 21332 !fltl 'lfflf.J lflfl'!lfl~ NH4N03 !1J'U!l'l1fl~fll'.i'Ut:l'U!lfl~ 

l'U ll'l'.i!'il'UI'Il:JJrll~'lJ 'V'I'Ullfll'.ifl1'U~fl11:JJ!~1 300 '.it:l'lJ~t:l'U1Yi!!f1~1M'mmfl'~'.i~~'lJ 1.5 vvm 

fll'l'.ilfll'.iH~\01 surfactin fl'~fl'fl~'.i~~'U 190 iJfJ~fli':JJ~t:l~l'l'.i~t:li1 l:JJ~ '" . 
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li1 cr o Q.l' ... I<V l!::! ~ 3) , Q.l , 'j} d , Q.l' .e~ 
l!r;'l:::; !'U !l'l'H'il'U\9lllJr;'ll\9l1J U11J'YHtl'lH1lJ\9l'U!'Yllf11J 7 !'UfJ1WJfJfl11lJ!111tl1J\9ll~f1'Ufltl 50, 150 !!~'!:: 

I ~ 0 QJ :'1 <l, c:r I 1 'j) cj 

250 1tl1J\9ltl'Ul'Yl\9lllJr;'ll\9l1J !u'U!Jr;'ll 48 'll'1 !lJ'l 'W1J11f111!'\JfJ1\9l1fJfl11lJ!111tJ1J 50 !!r;'l:::; 150 EU 

~v'U1Yi f1um1lJ'Utl~'ff11r;'l\9lm 'l~~~1;1m'W1mrtfiv'ln'U il9lv'ffllJ11flr;'l\9ll!1 ~~~~1'\Jv~mm'i! ~ ~ ~ 

.e:g .f:). I ~ ,0 

Nitschke l!r;'l:::: Pastore (2006) f1'f1fll~r;'J'IJtJ~tJW'HfllJ\9ltlf1'ilf111lJ'Utl~'ff11r;'l~H!'i ~ ~ ~ 
• 'U . " . ,c, .d. d. .t:::::t. ~ .d. .<::::to I Q.l .et .d. 0 QJ I 

~1'll'1fll'W'Yl~r;'l\9l'illf1!'ll'tl B. subtilis 'YltlW'HfllJ\9ll~f1'Ufltl 0-121 tl~f1'WlfmCJW'ff\9lllJr;'ll\9l1J 'W1Jll~-.'; . ., 

~ .<::::to ' .<::::to & ~ 

Al-Bahry !!r;'l::::fiW:::: (20 12) f1'f1fll~r;'J'\JtJ~tJW 'H fllJ\9ltlf1'ilf111lJ'Utl~'ff11r;'l\9ll! H\'1 ~ h l . ., 
I !J/ I 1 

.d. .d. ..0:. J1!!1 .d. A .d. Q.l 1 
'll'1fll'W'Yl~r;'ll'l'illf1!'ll'tl B. subtilis B20 'YlQW'HJ;)lJ 40, 60, 70, 80, 90, 100 tl'lfl'Wlfr;'J!CJW'ff 1 'll'l -~ ~ 

!!r;'l::::121 V'lf1'1!CJmtCI1v'ff 20 'UlYi il9lv119lm1!U~V'U!!Ur;'l'lrl1!!1~~'l~1!!r;'l::::!!H~'l1::::Mil'l~1 rnril 

'ff11r;'l\9ll!1 ~~'l~1;1fll'Wiifl11lJfl'll'f1~tJW 'H flUff 'll 'U 'lfl~ 40-100 tl'lf1'Wlfr;'J!CJ1V'ff il9lf1rlll! H~ ~ i'h . ., ., 
I I f I 

I 3) .d..d. I ,dl I A .d..d. A .d. ... I 
fltJ'U'Ul'lfi~'Yl'Yl 27 mN/m lm::::ml!HI'l'l1::::'H11'l~1'il::::fl'l'Yl'YltlW'HfllJ 40-70 tJ~fl'Wlfr;'J!CJW'ff u1::::mw. . ., 

d. A I .d. I ,dl J.<::::t,~~ I 

3 mN/m !lJtltJW'HfllJ'ff~m170 tl'lfl'Wlfr;'J!CJW'ff mm'll'l~1::::'H11'l~1!'WlJ'IJ'UlJlf1f111 5 mN/m . ., ., 

@ @ @ .d A .d. 

Findet 1214N/23, Glucopone 215 l!r;'l:::: Glucopone 650 'YlQW'HJ;]lJ 20, 37 l!r;'l:::: 46 tl~fl'Wlfm'lif!rl 

c:r ,.. 1d I .f!9 A I ~ A ,d. ~ I e!l A & A 

1 \9lfJ\9lf111 !ur;'lfJ'Ul! Ur;'J~'\Jtl~mu 1 'll'l 'l ~1 'W1J 11!lJtltlW 'H fllJ!'WlJ'IJ'U mu 1 ~1'1~ ~1'\JtJ'l 'ff11 r;'l\9l!! 1 ~ 1'1 'l Nl ., . ., 

. " .d. .d. A _a @ @ 

'll'1fll'W'Yl~r;'l\9l'illf1!'ll'tl B. subtilis EG1, LAS, Findet 1214N/23, Glucopone 215 !!r;'l:t: 

® A:'l'j} oQJ 

Glucopone 650 r;'l\9lr;'l~fl\9l!u'U1tJfJr;'J:::: 3.2, 1.5, 4.0, 2.6 l!r;'l:::; 3.5 l'lllJr;'J1\9l1J 
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e;9 .c:::l I ~ & .o=:::::.. 

Nitschke U€1~ Pastore (2006) fff)fJ1H€1'\Jfl'l'YHfl<J1\91flf)1!m':i11'\Jfl'lffl':i€l~UHI'I'lH1 

' " ' 
;1fll'V'lYiHi'l1911!1f)!~fl B. subtilis ui'1J't1w<J1h..!'lf1'l 2-12 \91111rlli'lJ 1~tlfff)');:llf)l':i!U~ti'WUU€l'l'\Jfl'l 

rhu ':i 'l~'l~h 'V'l'lJllffl':i€l~m 'l~'l~h;1m'V'll1fl1111fl'll'i1~Vltfl<J1n1'1'l 1 'W'lf1'l s-11 l1rhu ':i 'l~'l~hfl~ 

! ~ fl'l1Jlf)ff1 ':i €1~ U ':i 'l~ 'l ~h;1fll'V'l 'lJHff1'W !fl~ f)1 ':i l'lf)\91~ f)fl'W 'Yi'1 'l M' ~lU ':i 'l~ 'l ~htvi11~'W 1Jlf) 

26 mN/m !~'W 40 mN/m 

' " ' 
;1fll'V'lYiHi'll'l111f1!~fl B. subtilis B20 Yifltfl<J1 2, 4, 6, 8, 10 U€1~ 12 \91111rlli'lJ 1~v1~m':i 

! u~ ti'WU U€l'l~1U 'j 'l~'l ~bu€1~!! 'j 'l~'l ':i~M ll'l ~b 'V'l'lJ llffl':i €1~!! 'j 'l~'l ~h;1fll'V'l l1fl1111fl'll'i1~Vltfl<J1 

i'W'lf1'l 6-10 1~t1~1U':i'l~'l~hmh~ldl'l 30-40 mN/m U€1~~1U':i'l~'l':i~ldl'lf:htu~ti'WUU€l'l 
"' 

d 9) .d.c::t 'l I ,. .c::l I e!i I ~ I 

!€lf)'Wflti'Vl'V'l!fl<J1 'W<J11'l 6-12 t~t111fllU':i'l\91'l':i~M11'lNJ':i~M11'l 7.5-12 mN/m 

& d. (..::). &t::::t..c:i d 
Vaz U€l~flW~ (20 12) fff)fJ1H€1'\Jfl'l'V'l!fl<J1\91flf)1Jf)'J'':i11'\Jfl'lffl':i€l~U H\91'1 H16J11fll'V'l'Vl 

Hi'l191111f1!~fl B. sub til is EG 11~tlfff)'I:Jlf)l':i!U~ti'W!!U€l'l'\Jfl'l~1U':i 'l~'l~b~fitfl<J1 3-10 \91111rlli'lJ 

' ' ' I I Jl!i ..::::., .c:::l I Ql .c:::l ..:::::1 I .ci .c:! 

'V'l'lJ11 fl1UH\91'lH1€1~€l'l1Jlf)'Vlff~!'Vllf)'lJ 29.9 mN/m 'Vl'V'l!fl<J1':i~M11'l 5.5-6.0 U€l~'Vl1"'1!fl<J1 5-10 • 
I I I I 1 

I .£i ~ I 'j) d. .c:::l I ,o::!l I .c:::l 0 I ~ .c:::l ~ .di ..:::lo 

fll!!':i'l\91'lH1flfl'W'\.11'lfl'l'Vll1 30 mN/m U\91!11flfll'V'lW<J1\911f)11 5 !':i11ffUJ!fftlf)1Jf)'J'':i11f11':i€l~UH\91'lH1 
"' u 

mh'l':i1~t~ 1 t~ fl'l111f1ffl':i€l~m 'l~'l ~1;1fll'V'l'lJ1'lff1'Wtn~m':il'l n\91~ nfl'W 11'1-.! m ~i'l~1Vltfl<J1t~'W 2 

I <!I "" d. ~ ?I 
fllUH\91'lH1!'V'l11'\J'W!IJ'W 53 mN/m 

,di ~ .t:::1 d. QJ' I .o=:!i d lj) 'j) ,di 'j) d I e!l ~ I I 

!! ':i 'l \91 'l H 16J11fll'V'l11 fl1111 fl 'l \911\91 fl! f) €1 fl 'Vl fl1111! '\.1 11 '\.1 'W \1 'l fl 'l ':i fl tl€1 ~ 20 11 fl1!! ':i 'l \91 'l H1fl ~ ':i ~ M 11 'l 

.dt 'j) 'j) ~ I 9) .c:::l d. ~ 
26-27 mN/m U€1~!11flfl1111!'\.111'\J'W '\.lfl'l!n€1 fl\1 'lf)11':i fltl€1~ 20 11nl':i \1't\J!fftlf)1Jf)'J' ':i 11'\.1 fl'l ffl':i€1~!! H 

e!j ~ .c:::l ,.. I e:!l A d ~ td .. t 
\91'lH16J11fll'V'l t~tlfllUH\91'lH1!'V'l11'\J'W1!1f) 26 mN/m fl~'Vl1J':i~ll1W 40 mN/m 

.a lj} 9) d ~ ,.. I e!i ~ ef1 A .c:::l dl!] I A 

!11flfl1111!'\.111'\J'W'\Jfl'l NaCl !'V'l11'\J'W t ~tlfll!! H\91'1 H1'\Jfl'lffl':i€1~€lltlffl':i€l~U ':i 'l \91'1 H16J11fll'V'l'Vl tll!\9111 

rd .dt d j} 9) :'1 'j) I e;9 A ,d_ ~ I 

NaCl flrJ'VlU':i~ll1W 30 mN/m !11fl!'V'l11fl1111!'\.111'\J'W'\Jfl'l NaCl !IJ'W':ifltl€1~ 1 fl1UHI'I'lH1!'V'l11'\J'Wfltl 
"' "' 

.d d 'j) fj} .e!f I jJ I ,di A ,J. ~ I 

'V1U':i~ll1W 34 mN/m U€l~'Vlfl1111!'\.111'\J'W'tlfl'ltn€lfl1llf1f111':ifltl€1~ 6 fl1U':i'll'l'lNJ!'V'l11'ti'W1llf1f11140 
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I .di I C\ .d.d ~ j} .:!:1 'JI 1.d ... 1 
mN/m u~::;muH\91~~::;'11'Jl~J:n'il::;m'Vl'Vlfldl1Jl'IJ1J'IJ'U'Utl~lfH'ltl~tltJ~::; 1-4 tltJ'Vlu~::;mw 7.5 mN/m .. 
I~ 'J}'J} I'J} I & 1~1 ~~.d 9/ 

U\91!1Jtlfl111Jl'IJ1J'U'U\T~fl'Jl~tltJ~::; 4 fllUH\91~~::;'11'Jl~~'JfltltJ 'll'YllJ'IJ'U'Vl~::;'UtltJ 

~ ~ ' rJ) Q.l d .a \J] 91 d 0 

8.1 fll~l'lfl\91::; fltl'U l'l'JtJfll\91 '11 ~ ~ 'illfll~ tJWlftl !\91 \9111J ~::; v::; nm'Vl!'I11Jl::; fflJ 'U 1 culture 

'jl .Ji i 'jl \1) 'i "" 'jl 'jl • • 
supernatant 1Jl\9lfl\9l::;fltJ'U\Pl'JtJfll\91 C)f~tll'il'il::; 'lffl~\91 !~ !l'l~fl~tl~fll'UlJ'IJ'U (Pnya and Usharam, 

' " 2009) '11ltlfifl111J!.u'1J.u''U 6 tlJ~l~ (Salehizadeh and Mohammadizad, 2009; Zhi-feng et al., 

I 'j} 1 I I I I 'j} 

\9}::; ntJu Yi 1 ~tl1~~ 1 v'l11n~u Yiiim~u ~ LJTI!tl 'lfi 11'1 'Yi 1n11Ylw'lffi i 'lf'l'l nl'l::;n tl'U if u1 11iv~ Bflfl~ ~ 
'j} ' d 'j} 

Ul\9l::;fltl'U1Jl~::;mvi 'UUlfl~uui'LJTIW'lfi M!D'Uflm~~'JV 2 N NaOH 'illflU'U tll'il'fffll'l~tl~'JtJI91Tvil 

"" "'" ~::;mtJtl'U'Vl~tJ (Priya and Usharani, 2009; Salehizadeh and Mohammadizad, 2009; Zhi-feng 

et al., 2010) 
cv'j} Q.lo C\ t:td' Q.l J. .Kl!J31 .d o 

8.2 m~'fffll'll'l'JV\91 1m~::; ~1 Vtl u 'Vl ~ v '11 ~~'ill m~ v~ 1 'lftl t l'l\9111J ~::; v::; nm 'Vlmm::; 'ffll u 1 

culture supernatant lU'fffll'l~'JtJI911Yll~::;mvB'U'Vl1v 1'1fu nni'lf'fl~tl hvJtJ!lJ:llJ'Vll'Utl~ (65:15) 
QJ .di.f::\d d~ ~ .:!:tq3/ 

'fffll'l'ffl~~l'lUHI'l~~'J'lf'J.fll'Yl'Vl~~l'l'illfll'lftl B. subtilis CCTCC (Zhi-feng et al., 2010) '11~tl !'lf 
' ~ 

fl~ tJ hvJ tJ! 1J ~ tlllJ'Vll'U tl~ i u B\91 ~ 1ri1u 1:1 ffnl'l ffu~\91 u H~~ r:h~hm'Ylfi ~~ \91 'illfll GiltJ 

Rhodococcus sp. (Kuyukina et al., 2001) '11ltli'lf'fl~tl hvJtJ{1J~tll1J'Vll'Utl~i'UB\9l~lri1'U 2:1 'fffl\91 

&C\d dC\ er 
'ffl~~\9ll!H\91~~1'lf'J.fll'Yl'Vl~~\91'illfll'lftl B. subtilis 27 u~::; Bordetella hinizi DAFI (Bayoumi eta!., 

201 o) u tl 11w mTu 'IJ tJ~ 191 1Y1 1 ~::; ~ 1 vB u 'Vl1 v '111! u ~::; m vl91 1Y1 1~::; m vBu 'Vl1 v tJ tJ m ~ tJ 'l11t uY1 1 

" ~ 
1l~bJ''VlTii'U,]'U\91tl'U~tllU (Kuyukina et al., 2001; Bayoumi et al., 2010) 

8.3 nn\91n\91::;ntJu~1mw1J tlJ!uvllimvJ\91 11'Jun~iJv1J 'l 'lf''l um~LYnl'lffl~~l'lu H~~~b 
"' .,. "' " ., ,% J' 11J 'jl d a liJ" 1 
'lf'J.fll'Yl'lf'U~Yltl~l1Jtl~ '11~~'illfll~tJ~l'lftl !l'l\9111J~::;v::;nm'Vl!'I11Jl::;bl1J 'Ul culture supernatant !U 

\91 fl\91::; fltl 'U t \91 V!~lJ UtllJ tlJ! U VlJ cJf~l vJ \91 ~1J 191 1~ fl 111J!.u' 1J.u''U ~ tltJ~::; 45- 65 ~~ t1'.u'l1J ~'U ~ 4 

tl~fl'l!C)f~ !CJW'ff 'ill mfu Yllfll~ 11 u m~v ~ ~~ m ~11\91::; fltl'U Ul\91::; fltl'U ~ 1 ~ m~::; m v~ 1vJ lfl~'U 
~ 

Ul'ffl~~::;mv\91::;fltJ'UlUfll1fmn~tJ1~w'l'lf'n dialysis 'illmiu'l11mY11ul1'~~1vn lyophilized '11ltl 

freeze dry (Rosenberg et al., 1979; Kaplan and Rosenberg, 1982; Rosenberg et al., 1988; Navon-
" ~ 

Venezia et al., 1995) Utl'JUllUYll1J~ff'VlTI'l'U,J'U\91tl'U~tllU • 
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9. fl111h!rl1tlVIU'Hgi-3~h;1.tn'rf'lll1ihh~ lu'lf'U 

~~ fl'l \11fl~~t.rvi1 V'H mtt•Jru ~ff11J l'Hl H~ ~ ff1~ "~ u ~'I~ 'I H1i1flll'j ,~ ffn "~ u ~'I 

"'' "" .. I ... llJ .I "'' <!I .d "" .. , "'-1 1 .. 
ff1'j'MittH"'IH1'lf1flWHt"fl"1'1fl'W tu \l'lff11J1HH"flflffU"~UH~'IH1'Y1fllyjlJ1 'YIJ~::: V'lf'W 

m1lfi111Jtl11Jl:::ff1J i~ 

9.1 ff 'It tr'11l nu Vfl ttffm vu" ~ fll'j tfi" fl ~" i'u" fl 'I ff1 ~ 1h::: n flU, 81" ~ m f u flu 

.I llJ ,. .. I i I ~I d ~ ~ "'"' 1 
ff1'jlJ'j~flflU HJ A~'jfll'j'Ufl'Wff1'W l1\1}1IJ'Wff1HI"~"1V'W1 AfllJflV fi!JI~yj1:::ff1~ polycyclic 

aromatic hydrocarbon (P AHs) ijfll'j~flclfUrl'Ufl'\lfllfi~'W ~fl'W ,rl'l'~ 'I~ '11 ~lJ tlU ff~ HI~ tlfll~ I \1~ qJ 

u":::mn11'11'W"fl'~ \l~'W'Yl1 v fll'j t~1Jfll'j":::mv"fl'lff1'jtl'j:::flflU lB 1fl~ mf UfllJ li1 i M' 11 ~lJ li1 v . . 
ff11J 1 'jot \1'1 ru ~~ u 1" tt €l::: i -Ntr1 'j tl 'j::: n flU i ~ 1 ~ 'j fl1 f u fl'W i ~ ~ 1 v~ u 1 fl v n 1 ~ ;i 1 i M' ffl ~ tl ~::no u 

u 

"""'~ llJ j/1 ~ 
t1JmUfl"G]f1J A~'lltl"'W 

9.2 nnn1i~ h11:::m.J'n (bioremediation) rharnnolipid ijfi111Jff11Jl'jflh.Jfl1Hil;iflff1~ 

Ufl~tntt1J, ":::rl'1tm:::ff'lfl:::ff\11fl~'W (Herman et a!., 1995) ~'ln€linium'Jn1ifl lM1::'t1\.ln"tl.:j 

rharnnolipid ~fl nntfi~ff1'j'U'j:::flflUt~'l~fl'W"fl'l rharnnolipid flUUflfltlJtl1JU":::fl1~ 1i1u fim V1 

"fl'l rharnnolipid ~ fl HU 'ltG]f€lil "fl 'I \1 ~'W 'Yl1 vvi'l i M \l~'W 'Yl1 vt111" l1::: l1 11m ,r 1 ffL9m ~ 'I.W mnn rl . . ~ 

,- "' d'llJ d' .k ~I "'~ "" "' "" "' "' 
A 'Vl €l U G]fflfl1 'j A 'j ~ (polysaccharide) G]f 'It lJ 'W ffn €l ~ U H" 'I H 1'lf1fll'Vl 'lf'W fl 'Vl fl" t1J 0 ~ (polymeric 

biosurfactant) ff11Jnoiunu 1€ll1 :::1111'ntt€l:::v\'1 iM'tfi~fll'j"fl":::flfl'W"fl'l1 €ll1:::lnT n t<ilJ fll'J iu 

nuvmi1tt1l"fl'~ emulsan (Zosim et at., 1983) ., 
Q.f ~ ~ ~ .c:l" e!l .c:t. 4 

9.3 fll'WUtl'lfll'jt\l'jty"fl'l~€l'W'Yl'Jtl (antimicrobial activity) ff1'j"flU Hfl'IH1'1f1f11TI i 'U 

fl~1J ~1 tlttJtJ i 'Yl~ff1'W i myijtJ W ff1JlMi 'U fll'j VU j'lfll'H \1'1ty"fl'l ~~'U 'Yl1 V 
I _.Ji ~~ e!l .c:t. t::! .c:i Q 

He U€l:::mu::: (2001) 'VlU11 circulocins G]f'ltiJ'Wff1'j€l~UHI'I'IH1'lf1f11'Yii1HMHllfl 
., ., ., ., 

<!I .. i Ql Ql .c:l d. I 1 <!!I .o::!:t ... I .c:t.d 1 
t'lffl B. circulan J2154 1Jfl11lJff11J1'jfl lJfll'jtJUtl'IUUfi'YJt'jtJflfl 'JfiU€l:::t'lffl~fltl1IJ{)'If1'W::: ~W 

' i j/.c:t.l!:t I d fJ/ 9J \1) 1 Ql I Q .C:...c:t. d. 

'lf11i agar dilution method 'VlU11 circulocins 'Ylfi111J1"1J"'W 2-4 tlJ mm1JI'Ifl1J"""fl'J 1J 

Qlt d.c:l ll)j/d 

fi111Jff11Jnfl i'Wfll'jtJUtl'IUUfi'YJL'jtJUm1JU1fl L~fl (Staphylococcus aureus, S. haemolyticus GC 
'., & d.d 44 I 

4546, Enterococcusfaecalis, Ent.faecium, Micrococcus luteus GC 4562) 'j"JlJfl'IUUfi'Ylt'Jtl'Ylflfll'lfl 
., ' ... I .c:t.t::l d. d 3) fJ} I \1) 1 Ql I .c:t. .C:.,.c:t. Ql 

tl1IJ{)'lf1'U::: 'Wflfl\11fl'W circulocins 'Ylfi111Jt"1J"'W1Jlflfl11 64 tlJ fl'jf)'j1J\9lfl1J€l€l€l\9l'j V'lff11Jl'Jtl 

Q,l t d.d. .c:l " QJ' o' 
tJUtl'IUUfi'YJL'jtJUm1J€l'lJ (Escherichia coli) u":::tlffl'l'lJ1'1ff1tl'Vl'W~ (Candida albicans GC 3066) 

,~ 

~ ............................................................................. . 
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' "' "' "' "' (2002) iturin A 'Vl~H'I\91'illfl!'lftl Bacillus 

I Q.l ~ eN ~ .c::! G' I i i """' I 

amyloliquefaciens \91'tJf11'H.l1HJ'l!'lHJ~~'W'Vl'HJfH) 'j'fl \91tl'11i agar well diffusion test 'WU'11 iturin A 

"' "' "' .c::! Q.l Q.l C:t. ~ Cf. I i 'l "' "J !J/ 
ll'fl'111l'CYllJl'jtlti1Jtl'lf11'j!'iJ'jt)j'IJ'tJ'l!'ll''tJ'j1 Rhizoctonia so/ani U~:t!'Jl''tJ'jlf)'tJ 'j'fl 'W'W'll' !\91 

"' "' Mukherjee U~:t'fltu:t (2009) 'Vl\91'CY'tJU'fl'111l'CY11JUtl 'l 'W f11'j VUV'l!~'tJ'IJ'tJ'lffl'j ~\91 
' "' <9"'"' i 'lj) .c::! ~ Ct. 

UH\91'lf!-1'1'll''1fll'W \91tl 'll' crude biosurfactant U~:t purified biosurfactant 'VlH~\91'illfl!'ll''tJ B. circulans 

i191v'loM'n agar well diffusion 'WU";h crude u~:t purified biosurfactant ~'fl'111lt,rmr'W 50 

"' "' "' lll i 'fl 'j f) f11 ~ 'tJlJ ~ ~~\91 'j 'CY11ll 'j tl ii'u V'l nn t 'il ~ t)!'U'tJ'l t ~'tJU 1J 'flY\ i1 tlll'lUf1 'j 1JU'1f1 (Micrococcus 

flavus, Bacillus pumilis, Mycobacterium smegmatis) U~:tUf)'jlJ~U (E. coli, Serratia marcescens, 

"' "' "' "' Proteus vulgaris, Klebsiella aerogenes, Pseudomonas sp.) 'j'JlJ'Vl'l!'Jl''tJ'jl (Aspergillus niger, A . 
.c::! rl Q.l tJ' 9) I Q.l t \.1] !i) 

flavus) U~:tti'CY\911Jl'l'CY1ti'W'W~ (Candida albicans) \91'1tl U\91 purified biosurfactant 'CY11Jl'jflti1Jtl'l !\91 

"' I \91f1'11 

I J} I 'j} 

"' YJ'lhtl'l M' 'CYU ~\91 U H ~'l f:h-cYllJl'j fl f11\fmJ1lf'W Y\11 miJ 'tJ'W i 'W ~'W ~~~ 2 f)'j:t1J'1'iJf)l'j 'fl't) 

~ ~ l:t i 9) .dl .::::.. .d.c::! 9) 'j) ~ I I i 
mobilization mechanism tn\91'\J'W!ll'tJ 'll'ffl'j~\91m'l\91'lf!-1'1'Vlll'fl'111lt'Ull'IJ'W\911f1'11'fll CMC \91ti'CYU~\91 

,di ~ I .dl..:::::. .dl I .:::::., I I 

UH\91'lf!-1'1'CY1lJl'jfl~\91'fllUH\91'lHJU~:tm'l\91'll:t'l1'11'lH'1 ~\91'fll capillary force U~:tm contact angle 

'j:t'J111'l air/water, oil/water U~:t soil/water ~~ 'Yi'liM'JllJ'W'I1'1'tJffl'j11'j:tf1'tJUhi\91'j'fllfU'tJ'W~ 

tm:t~\91 (adsorbed) 'tJVfl1J'tJ'Wfll'fl~'W'I1~\91'tJ'tJf)lJll~Vf1m:tU'1'Wf11'j fl'tJ solubilization mechanism .. . . 
~ "' ~ J' "1 !ll ..! "' c::l "1 .. <9 "' i I d ~I f11'j~:t mtl'l.l't:l'l'W 111 'Wt'Wll'I.I'W t\91 t 'W 'tJ'l'illf1f11'j tf1\91tU'W tlltCJf~~'l.l'tJ'lffl'j~\91u 'j 'l\91-:J f!-1'1 \91tlff'1'W'Vlt u 'W 

hydrophobic 'l.l'tJ'l'CYU~\91U 'j 'l~'lN'1'il:t \funmh'W~tll'WJ'llf'Wu~:t't'h'W ~tll'W hydrophilic 'il:tM'W 

\!J ... I ~ I 31 0 'lj) q Q.l d :'I l1J tl ~ A 

'tJ'tJf) !UV'l aqueous phase CJf'l'tJ~\911'W'W'tJf1 'Vl1 '11tf1\91~f1£JW:t'Vltu'W !lltCJf~~'J1'j'tJ!f1\91f11'j~:tmtllJlf1 
J' 
'IJ'W (Urum eta!., 2006) 

Lai U~:t'flW:t (2009) fff1£Jl'fl'111l'CY1lJl'jfi'IJ'tJ'l'CYU~\91 !! 'j 'l~'l N'1;'1fll'W 'l 'W f11'j fll \1191 

~ Q.J ~ A l!]i/ I A A 

'Wlll'W11'Wtil'tJ'Wi'W\91'W !\91Uf1 rhamnolipid H~\91'illf1 P. aeruginosa, surfactin H~\91'illf1 B. subtilis, 

serrawettin H~\91'illf1 S. marcescens U~:t novel bioemulsifier H~\91'illf1 Agrobacterium sp. 'WU11 

"' 'fl'111l'CY11Jl'jfli'Wf11'jfll\lmhlf'W'IJ'tJ'l rhamnolipid U~:t surfactin ~n11 serrawettin U~:t novel 
~ d, Q.l ,e;9 A Q.l tllft j/ I 

bioemulsifier tll't:ltmtiU!'VltiU rhamnolipid U~:t surfactin f11Jffl'j~\91U'j'J\91'lf!-1'1'CY'ltml:t'l1 !\91Uf1 
I 'J} 'JI I Jl j} 

Tween 80 U~:t Triton X-100 'l 'W~'W Ylll'Wtil'tJ'Wthlf'W 2 'll'\91 1~un ~'W'll'\91YJ~UllJ'W11'Wtil'tJ'W • • 
)I I )I )I 

ll'j:tlJltu 3,000 iJ~~nfll~'tJU1'11lJf1~'WttM''l 1 rii~nf11 (LTC) u~:t~'W'lj\91YJ~UllJ'W11'WtiJ'tJ'W 

lJ'j:tlJlW 9,000 iJ~~nfll~'tJJ'm'!!n~'WUM''l 1 ili~nfll (HTC) 'WU11'fl'111l'CY1lJl'jfl i 'Wf11'jfl1\f\91 

-.~ .............................................................. .. 
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~G) 0 Ql ~ Ql ... 1 ~ G) ~ .e:9 ~ t::l & 
1l1f1fJtlHY:IJ lJI'l t 'W f11'j f111l fl'W 1:1J'W IJ'W! IJtl'W t 'W fl'W 'U tl·H1'1H1flt! HI'!~ r-11'lf'Jfll'W 1l~ 

'111 :u 111 'j ~ ~ n l'i't '*' u n 1 'j 1 n u 1 ~ tJ 1 J 111' u ~ 1 l1 ii v v ~ t u tr ~ 1 n u J 111' u 'Vi 1 t ,r 1 n u 1 ~ tJ 1 v v n :u 1 t '* 
\J'j~ ltJ'lf'W11Pi'1fltJf1nl'*mfll 'W lr~v~!1tJw:h microbially-enhanced oil recovery (MEOR) tdv~1l1f1 

J 111'u ~t l1 ii f) f) rJt u rl'~tnuJ 111'u iJf111:u wu f)~ ~u~~nu 'j ~~ ~H1'j ~l'l -:h~iuJ 1u~~J 111'u ~ ~ ri ~ r-~~ ... ... ... 

t ,rnnu tfl~vu ~ ~1 nn tnut~t~1J 111'u ri1u ~m iivl"i'f.l~ t '*1n'Vl1~mt~m'Wu ~~tfli1i 1ml'u t'lfu 

pressurization l'l~tl waterflooding l'l~tl steaming l1~f.lf11'jl'*~n~flt!'j~~~HTff~tm1~lf U~f11'jl'* 
e:9 ~ Ql ol ::'1 Q.l I .J.. 9) ~ 

m'j ~flu 'j ~~'~ ~ r-~1~ ~ t fl 'j 1~ l1 m,., ,.,~t lJ u f.l'W ~'~ 'j1 tJI'l f.l~ ~ u 1fl ~ f.l:I.Jtt~ ~ :u 'j 1fl1tt 'W ~ 

~ '1 !II"""" Pomsunthomtawee U ~ ~ fl W ~ (2008) ff f) 'l:l 1 f) U t 'lf 1 Ti MEOR 

'j) .. I~ ~ ,.. G) j)~ 1 e:9 ~ t:t .d _q 

l1tl~1J{JlJI'lf11'j tfltJ t'lfT1i sand-pack columns 'WlJ11~1'j~flt!HI'l~r-11'lf1fll'W'Vlf'l~l'l1l1f1 B. subtilis 
d .d ~ Ql liJ 'j)j) 0 Q,l ..Ji d 

PT2 u~~ P. aeruginosa SP4 ~1:1J1'jfltf11Jtf1tJ1'W1:1J'W tfl'jtJtJ~~ 61.62 u~~ 57.01 m:umf!U Clf~tnlJ 

.d ~cvlfl31 1 ,di~Q.I tle!J. 
tntJ1'W1:1J'W tfl~~f111~1'j~f'IUHI'l~Hd~~tm1~l1 fltl Tween 80, sodium dodecyl benzene sulfonate 

.d d d ~ Ql "' 'j)lj) 
(SDBS) !!~~ Alfoterra 145-5PO 'Vl~1:1Jl'jfltf11Jtf1tJ1'W1:1J'W tfl'jf.ltJ~~ 52.74, 51.27 U~~ 55.12 

1'11:1Jrl'1ilJ 
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lVIOth~LT~~ • 
~ Q.l ~ ~.c::! .d C\ .<t!S ~ .c::! Q,/ ' ~ ~ .& d 

1. l YH:lllt.Jflllrl~ fl~ !(1 flflll Ufll'll'H.ll'l f--.ICI \91 'ff1'J Cl ~ ll 'J \1\91\1 f--.11'li1flll"Hll fl\911fl t.J1\I~ 'Wll Cl ~ 'W 191 \II flU lJ1 'iJ 1 fl 

1 'j \l·n'W'fff1~J1lJ'Wthrl':u 

2. 1f1m 'iit.JU!~t.J\I'ff1t.J'rl''W ~!I Ufl'ii~ t.J~f--.l~\91'ff1'JCI~ll 'J \1~\1 ~h)hm'V'l~rl~!i'Jflfl t~ 

3. lf1t~f1mn'ffm1~~mm~'ff:u 'l u fll'J f--.l~\9l'ffl'Jrl~ll 'i \1~\1 ~b~hm'V'l'il1fll!Ufl'ii~ t.J~rl~!i'lt~n t~ 

4. 1f1t~f1mnn m'i'ffn~'ff1'Jr~~u 'j '~~'~~b;1m'V'l'il1fll!Ufl'ii~ t.J~ri'~Lilt~n !~ 

5. lf1flfffl£J1fiW 'ff:JJU11'Ufl\l'ff1'JCI~ll 'J\I~\I~h;1fll'V'l~'fffl~ t~ 
q 

6. lv1t~f1n£J11 m \l'ff~1\IU1\1~1'W'Ufl\l'ff1'Jr~~u'J \l~\l~h;1m'V'l~'ffn~ !~ 

"' l'H lJl~ 'ff:IJ 'iJ 1fl tJ' 'U fffl£1 1 TI 'l 'U fl1 'J 'fffl~ 'ff1'J Cl~ll 'J \1~ \1 ~b;1.fll'V'l fiW tl fl£1 W ~ 'U fl\1 'ffl'J Cl~ ll 'J \1~ \1 ~b 
q 

.ci .dQ.Jll]3/ ~ "') lj) I ~~.c::! d<Vlt]j/ 
'li1fll'V'll1'ffflf! !~ \91Clfl~ 'il'Wfl'fl£11 ! fl'j\l'ff'j1\IU1\I'ff1'W'Ufl\l'ffl'j Cl~ll'j \1\91\1 f--.11'li1fll'V'll1'fffl~ !~ 
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)/ 'J} I 'J} )/ 

tnul'1-nlcivJI91-:w ci1-:J~u t11VI-:JuCJ~ mn'\JtNt ~v 'l uu~ nw Yi~t1111'u 111~:~nJu1iJ t:~u 
I i/ J/ I I 

trJt:~ 'l'*i um·nwm:ffmtufiYi~ v 1~vm~'I11-:J11t:ffvuufiYi~vYiff1lJ1'Hl!'il~tyt~u 1191 '1\Pii uu~nw Yi~ 
'J} 'j/ I I 'J} I 

t1111'u 111~ lJ 11 U !U UU U 1 'il~ ~ fl11lJ ff1lJ 1 ':i t1 'l U f11 ':i Hil 191 ff1 ':i Cl ~!! ':i -:J ~-:J f:h;1fl WI I YJ m VllJ YJu Yi 
!J/ J} 'JI I 

~hfflJNff'\Jt:~-:Jt1111'u111~lJ "Jhv'l '!tt:ffmtufiYi~vt11t1111'u111~llYi'l i'u~1 '111'1 i''l um':i t'il~tyt~u 1191 ~~ 

~1V~U ~-:JtTU~-:J!n'IJI91'1UVH 'il1f11 H-:J1U Cl'n~J111'u 111~lJ 1~mnul'11t:~VH'il1f111'11ri-:J~H'l 'l ff 
t1-:JVlCllff~f1 '11~-:Jtl-:J~U'\1~-:JI91'1t:~V1-:J ~1U1U 54191'1t:~V1-:J 11':i~f1U'IJ~1V 
q q 

191'1t:~V1-:J'il1f1'1J~Il'Yl'nnijw 111~lJ (2521) ,J'-:J'I11~'Q'':i1EJQ{'fil'W ~1u1u 31 1'11t:~V1-:J 

11':i ~ nt:~u~ 1 v 1'11uci1-:J ~u 1lmfJ uu tl111'u 111~ lJ 20 1'11t:~VN J11 ~V'il1mJm111T~ 3 1'11t:~ ciH 
d ol Q.l I ~ I 0 Ql ~ t::::l Q.l I 

f11f1191~f1tlU~!!fiU!I91U':i 3 1911tlV1-:J!!Cl~~UI91~f1tlU'\Jtl'IJ'IJtl'IJ1'1J~U1!Cl'V 5 1911tlV1-:J 

1'11UVH'il1f1'1J~Il'Yl'vi1'lfU~J111'u111~lJ ~1n~ ,)'-:J'\1-J~~':i1EIQ{n1tj ~1U1U 7 

" " " 1'11t:~V1-:J 11':i~f1tl'IJ~1vl'11t:~V1-:J~u11utiJuut1111'u111~lJ 3 1'11uci1-:J tJ1!~V'il1f1lltllJ1U~ 1 1'11t:~~1-:J 
d t/ Q.l I 

!!Cl~f11f1191~f1tlU~!!fiU!I91U':i 3 1911tlV1-:J 

1'11t:~VH'il1f1'1J~Il'Yl191i'-:JUI91ff1'11f1':i':ilJJ111'U111~lJ ~1n~ ,J'-:J'\11'~191-f-:J ~1U1U 3 
q 

1'11t:~V1-:J 11':i~f1U'IJ~1VI'11t:~V1-:JJ1t~V'il1f1lltl1J11T~ 21'11t:~V1-:J!!Cl~f11f1191~f1UU~!!flut191U{ 1 1'11t:~V1-:J 

191'1t:~VH'il1f1'1J~'!f'Yl111~lJl'YlVvfWJU1 ~1n~ ,J'-:J'I11~ffi91Cl ~1U1U 61'11UVH 
"' 

11':i~f1tl'IJ~1V 1'11t:~V1-:J~u11utfJt:~uJ111'lJ111~lJ 3 1'11t:~V1-:Jl!Cl~f11f1191~f1tlU~!!fiU!I91tl{ 3191'1t:~V1-:J 
1'11t:~VH'il1f1'1J~Il'YlCllfl'Yl1111~lJtltlV~ ~1n~ ,J'-:J'I11~ffi91Cl ~1U1U 3 191'1t:~VH 

"' 
11':i~f1U'IJ~1VI'11t:~V1-:J~u11wfJuuJ111'u111~lJ 21'11t:~V1-:J!!Cl~J1t~V'il1f1lltl1J11T~ 1 1'11t:~V1-:J 

1'11t:~V1-:J'il1nu~f1'Ylff'11~-:J'Yli'YlvJ111'u111~lJ ~1n~ ,J'-:J'I11~ffi91Cl ~1u1u 41'11t:~V1-:J 
q "' 

j} Q.IIA ~ ~Q.I t/ Q.l I .c=t. loQ.I::d 

11':i ~f1tl'IJ~1V 1911tlV1-:J~U 11utUtlU U 1lJU 111CllJ 2 1911UV1-:J!!Cl~~U 191~f1tlU '\Jtl'IJ'IJU'Ul'IJ~U 11 Cl'V 2 

1'11t:~ci1-:J 
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" " ... <!t 
2. f>l'Yil"H~ti~A'IHl 

v v 
0 Q,l ..:!I ~ .1!:9 ~ d ..:!I do:::! ..:!I 

Bl11l':i ff111 ':i 'Utwm 'lfO!!~~m':i ~m l'lffl ':i~fl!! ':i .:J\91-:J m'lf'lfll'V'l 'illm 'lfO!! 'Ufl'Yl! ':i v flo 

i d ".1 <!t 
mineral salt medium (MSM) f!VlJO.:JfllJ':i~f10'U (g/1) flO KzHP04, 0.8; KH2P04, 0.2; CaC12, 0.05; 

~Q.I d'G)91!il31 i ~ Q.l t!!t 
MgC12, 0.5; FeC12, 0.01; (NH4) 2S04, 1; NaCl, 5 !!~~'WllJ'WlJl~lJ !'lf!!~'l':iOV~~ 2 f!V'W111'Wf111':i0 

Jl\9ll~f1\J iflff~OV~~ 2 iflvJmun !Jf'U pH !'Yhn'U 7.0 iflvi'* 1M HCl 11~0 1 M NaOH 

(l'lfi!!1J~.:J'illf1 Yin et al., 2005) 

nutrient agar 

~ ..., .I .! 6}!.1 !I .I ..k d 'JJ 'JJ 'I "' ., 'JJ 
3. U 1 'JJ U lJ n 'IH 'II!!~ 1 'ill f1 f11 ':i 'Yl 0 fllJ ~ 1 C)j" .:J! f1 'U lJ 1 'ill f1 ':i 1 'W fll ! 'W \91 ~ 1 fl fl' ':i \91 H '\J H 

... 
4. tfl"Hi'l'JJ 

. 
d 9) ~ Q,J 

- Glucose V'l10 Lab-Scan 'U':i£J'Yl Labscan Asia Co., Ltd (Bankok, Thailand) 
. 

d 31 ~ Q.l 

- Hexane V'l10 Lab-Scan 'UHJ'Yl Labscan Asia Co., Ltd (Bankok, Thailand) 

d!V ~Q./ 
- Xylene V'l10 Lab-Scan 'U':i£J'Yl Labscan Asia Co., Ltd. (Bankok, Thailand) 

. 
d 9) ..::::::.. Q.l 

Sodium nitrate tl'l10 Lab-Scan 'U':i£J'Yl Labscan Asia Co., Ltd (Bankok, 

Thailand) 

d31 ~Q.I 
- Ammonium sulfate V'l10 Lab-Scan 'U':i£J'Yl Labscan Asia Co., Ltd (Bankok, 

Thailand) 

. d!il ~Q.I 
Sodmm chloride V'l10 Lab-Scan 'lJ':iEJ'Yl Labscan Asia Co., Ltd (Bankok, 

Thailand) 

d 'J) ~ Q.l 

- Methanol V'l10 Lab-Scan 'U':i£J'Yl Labscan Asia Co., Ltd (Bankok, Thailand) 
. 

d 'j) q Q.l 

- Chlorofom1 V'l10 Lab-Scan 'U':i£J'Yl Labscan Asia Co., Ltd (Bankok, Thailand) 

- Acetonitrile ~MO Lab-Scan 'U~'hl'Yl Labscan Asia Co., Ltd (Bankok, Thailand) 
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d 'jl ~ <V 

- Water ti'YIO Lab-Scan 'U~ll'Vl Labscan Asia Co., Ltd (Bankok, Thailand) 

' o£::1 'jl 0 ..:::::. Q.l • 0 • 

- Glycerol ti'YIO Umvar 'U~ll'Vl Ajax Fmechem Pty, Ltd (Bankok, Tha1land) 
' d. 'j) ~ Q.J 

Calcium chloride ti'YIO Univar 'U~ll'Vl Ajax Finechem Pty, Ltd (Bankok, 

Thailand) 

Magnesium chloride ~-H'o Univar 'U'1Il'Vl Ajax Finechem Pty, Ltd (Bankok, 

Thailand) 
' . d.3/ . ~<V •• 

- Sodmm dodecyl sulfate ti'YIO Umvar 'U~ll'Vl Ajax Fmechem Pty, Ltd (Bankok, 

Thailand) 

Triton® X-100 ~-H'o Aldrich 'U'1Il'Vl Sigma-Aldrich Chemic GmbH, Riedstv. 

(Steinheim, Germany) 

- Rhodamine 'U'1IJ'Vl Fluka Chemical Co., Ltd (Bushs, Switzerland) 

- Ninhydrin 'U'1'!J'Vl Fluka Chemical Co., Ltd (Bushs, Switzerland) 

- Anisaldehyde 'U'1Il'Vl Nacalai Tesque Inc. (Tokyo, Japan) 

- Ethanol 95% 'U'1'!J'Vl Labscan Asia Co., Ltd. (Bankok, Thailand) 

- Jwnn'Vl~ltJ ~-H'oiJIPl~Nfl 'U'1£i''VlJ11911Cl'Vl~ltJlJIPl~Nfl ~ln\Pl 1h::;t'Vlfl'l'Vlt1 

J1:Uu1hrl'll 1o~u 'U'1£i''Vl1o~u ~ln\Plu~::;t'Vlfl'l'VltJ 
'ffl~ tfl~~i '*1 u m~1tml::;li'YI ln'ilm ~ ll'\J fl-:j'ffl~fliPlU ~ -:j~-:j H'J~MJfllYI nn tn'U t~tJ'J 

' d,'jl ~QI 

- pH meter ti'YIO Orion 'U~ll'Vl Orion Research, Inc, USA 

- tflifl-:j!'\JVlfl'J'UfJllfJU.!'YIJJlJ ~-H'o Finepcr 'IJ'1IJ'Vll'U 1ouoflYivl ~lfl\Pl (Bangkok, 

Thailand) 
'j)~l~ d'j} I ~Q.I d.~ j} 

- 'YilJfl'U-:jC!Jl!'lfO (autoclave) ti'YIO Tomy 1'W SX-700 'U~ll'Vl !fl.!O'ff.YI. 00fli911!'Vlfl 

~lfl\Pl 1h::;t'Vlfl'l 'Vltl 

" 
- l'i'uflO\Pl!~O (laminar air flow) l'U 527044 Hotpack 'IJ'1'!J'Vl Scientific Promotion Co., 

<u • 

Ltd, Thailand 

- tflio-:jGJt-:j 2 ~l!!'Yill-:j ju HF-1200 'U'1IJ'Vl A&D company, Ltd U~::;!'Vlft'~~'U 

- tflio-:jGJt-:j 4 ~l!!'YiU-:j ~-H'o Sartorius 'U'1Il'Vl S.V. Medico Co., Ltd u~::;t'Vlfl'l'Vltl 
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- !fi~V.:Jih..!m~V.:Jfi11JfJlJ~W'I1.fJlJ ~11'v Hettich 1J~IJ'Yl Hettich Asia Pacific Pty, 

Ltd (Germany) 

- Vortex mixer ~'W MS 11J~IJ'Yl IKA-Works, Inc, USA • 
- Ring tensiometer j'WTorsion balance Model OS 1J~IJ'Yl Torsion Balance 

Supplies IJ':i:::!'YlfYfl.:JfH]fl 

~ <I 'l ~ I "' Ql -~ .d .'I - fHlV.:J~t'l'Yl':i':ifY'WH1J1J <JH!ff.:J 1'WYS100 1J':i1J'Yl Nikon Corporation u':i:::!'YlfYtlJlJ'W 

- Hot air oven ~'W UM 200 1J~IJ'Yl Memmert l1':i:::!'YlrY!EJV':i:J'W • 

- HH'W Thin Layer Chromatography (TLC) aluminum sheets silica gel 60 RP-18 

F254s '\J'Wl~ 20x20 em layer thickness 0.2 mm 1J~IJ'Yl MERCK 

- HH'W Thin Layer Chromatography (TLC) aluminum sheets silica gel 60 F254 

'\J'Wl~ 20x20 em layer thickness 0.2 mm 1J~IJ'Yl MERCK 

- Q.:J dialysis '\J'Wl~ molecular weight cut-off 1,000 ~1t'li91''W 1J~IJ'Yl Viskase 

t::~. 31 ..:::::. Q.l ... I Q.l c.. 
- SEP-PAK C18 EJ'I1V Milipore 1J':i1J'Yl Waters Associates u':i:::!'YlfYff'11':i~V!mf11 

- PCR purification kit 1J~IJ'Yl QIAGEN, Inc., Valencia, CA, USA 

- PCR purification kit 1J~IJ'Yl QIAGEN, Inc., Valencia, CA, USA 

"' "' . ml'.:J~lflf11':i!~V.:Jt~vl1fl'~ti1vn L~'WV1'111':i MSM ttl'Wnm 24 Ht'l::: 48 i'1ill.:J 

I "' "' 8,500 ':itl1JI'ltl'Wl'Yl VW'I1fllJ 4 . "' 
"' ~I "' V.:Jfl'Wlft'l!9Wff tu'Wnm 10 'Wl'Yl 

!~V!!1Jflfii~V~!~EJ.:J 'l 'WV1'111':i MSM ~'l 'lf'tmri.:Jm{ 1JV'W~t'l:::mvJ1 
th!IJif'Wm~V.:J 1~v'l'lf'fl11lJ!11 8,500 ':iV1J~V'Wlfi ~W'I1.fJlJ 4 V.:JfYWlft'l!CME.lff ttl'Wnm 10 'Wlfi 

~ 0 I ~ ~ ~ d\r) 'j} ,q .::9 ,q 

~lfl'W 'W 'W 1ff1'W 'l ff'IJ V.:J 'W l!t'l EJ.:J! 'I!'V'Yl ~~ 'Yl~fftl1J fl ~ m ':i lJ'\.1 V.:J ffl ':i t'l ~H N\91-:J f:-11 
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1.1 Qualitative drop-collapsing test 

'It QJ o' YJ) YJ) IIJ "' QJ IIJ YJ) 

'11tii'I'Ul:W'Uih-n:w'l'J5tt-n1 2 ~:W im-nl'l';l -n~l'U~l'\Hl~ 96-microwell plate 1HYif1 n 
I jl )/ jl I 

'Ul'U 2 'lf1 i:w~ l~:w~hmh~~huhY'Utl~tJ1l~tl~l~hJ~~Hl'Uf11';J-n'fll'l~1mBm9l''Utt~1 5 1:w im~l'l';l "~ 

1J'U 11 t11'1J1)}'uiJ1£:w l '*u~1~lfl~mJ tJV iJ:w u l'U 1 u 1Yi ff' ~lnl'lci' n'I:J w~ 'Uti~'H tll'l ~hu l -n''U tl~ J lliv~ 
<u 

,l 'i _t';! <:1 'j) I o' I 'It <1, 
l 'll'tl ~ 1'1 tlllJ ';i tllJl 'VI ti1J l -n''U Nl'U fl''U tlf1-n H f11 ';i t!Ntl tlf1 'U tl~ -n'lJ -n ~ -n 1 tl 'll'l'l fl 11J fl :W ('11 tll'l 'U 1 f1 -n 'U!! -n ~ 

<u q q 

3J j/ I I I 

til '111J l ~ tl ~ l ~tl Yi 1 '*'VII'! -n'ti1J) n 1J i 1tl ri 1~ Yi t '*'VII'! -n'tl 1J '111m tl'u Hl 'U fl''U V'n m~ 'U tl~ i 1 tJ ri H Yi 1 '* 
<u 

1998) 
' ' ' "" .!1 .:!1"" I V V <:IV <:1 <:lo,V 

1.2 fll'i1&fl'il~'Yifi1H'i~Yl~f-.11 (surface tension) &rtl~fllfl11'lU'U'1J'U'W'YI'J.H.lti'YitJ'Vl'YI'YI1 'Yi 

... Ill .! 
&flVI ~'1J&9l'tHl (critical micelle concentration, CMC) 

' ., ., 
11'1~1t!H~~f:b il'ltil'*lfl'1t1~ Ring Tensiometer hw111i1tJVn~hul-n''Utl~tJ1l~tl~ 

., ' 
l~t!YiH1'Uf11';l-n'nl'l~1mBm9l''U mml'l';l 10 iJ-n~~l'l';i lri-n~lu plate 11n~tt'I11'U platinum -n~'lu 

~dt .,M "' 
-n'l';l-n~mtl 'illf1'U'Ul-nti'U1~!!'111'U platinum 'U'U'illf1-n'l';l-n~mtl'll'l"l 'il'U1~!!'111'U platinum '11~1'1'illf1 

'J) jl , I 

ff1'Ul-n''Utl~tJ1l~tl~l~tl tll'U~lllH~~f:hYit~ (mN/m) (Kim eta/., 2002) fll'U1W~lf11';l-nl'lt!H~~ 

~1 (Surface tension reduction, STR) i~-n':Wf11';i 

., ., ., 
~lm';l-nl'ltt';l ~~~~1 = ~1m ~~~~1'Utl~-n'l';l-n~mtl'll'l'lfl11Jfl:W - ~1ttH~~~1'Utl~ff1'U l-n'tJll~tl~l~tl 

q q 

f11';J'I11~1 critical micelle concentration (CMC) '11'1t1fl11:Wl.VmY'U'Utl~-n'l';l-nl'lttH 

~~ ~1~U t!ti~~I'I~Yll 'l -H'lnl'll~'U t:Wl9!'-n£'11'1t1-nl'l~ltt H~~ ~1 t~~l'eyl'l 'l 'U m.hv nf:w~tl~l'l';l (g/L) 
I jl 1 I I <r 0 .dl .e:, al\J] 9) 0 ~ 'j} 0 Ql .dl 'j} 'j} 0 d. 0 q j/lfJ ' 

~ 1'1 ti'U 1-n'l';i -nl'l!! H \91~ N1'Vl ~ 1'1 'VJ1f11';i l 'iltl 'il1~1'11ti'U 1 f1-n'U 'il'U tl~ fl 11W 'U :W'U'U \911-n'l'l 'VI 'I'll &'11 ~:W-n'llJl';i tl 
q 

-nl'lm~~~~1'Uti~Jlt~f1~tltiJ 'l'i'lf11';l'Vll'l-ntl~~ll~'U~l'U1'U 3 flf~ (Yakimov eta/., 1995) 

I 

1.3 Emulsification activity (EA) H'tl~fll Emulsion index (E24) 

J/ J/ J/ I 

tJ1ff1'Ul-n''Utl~tJ1l~tl~l~tJYi~tJ~f11';l'Vll'l-n'ti1J 2 iJ-n~~l'l';i N-n':Wfl1J xylene mlJll'l';l 

2 iJ-n~~l'l';i lrilu'H-ntii'I'Vll'l-ntl~ l'UV1~1mflitl~l'UV1~fl11:Wl~1-n'~-n'l'll~'Unm 2 'Ulti 11~¥f~B' 10 
<u q 

' ., ., 
'UlYi (EA) tt-n~ 24 'lf1 i:w~ (E24) 'l'i'lf11';l'Vll'l-nti~CJf1 3 flf~ tt-n~fll'U1W~lfl'Jl:W-n'l:Wl';ltl l'Uf11';Jlfll'l 

o)}'-n'lfu (EA) u-n~fl11:W-n'1:1Jl';ltl'l'Uf11';Jfl~i1'Utl~o)}'-n'lfu (Emulsion index, E24) 1'11m11i1J i~ 

-n':Wf11';i (Cooper and Goldenberg, 1987) 
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X 100 
., 

'fl11lHY ·n1~'11ll \Pl'IJ tNff1 1 (}::; (11tl .. 
1.4 Oil displacement area (ODA) 

o A 31 , r1 ~ ~ r1 oC:::!. e::),~ 
'W1'il1'W!Vll::;!'lfeJ'IJ'W1\Pl!ff'WH1'Wfl"Wtlf1(11~ 15 !CJf'WI'IUJ\911 1J'i'i'il'W1f1(l'W 40 lJ(l(l(l\911 .. . 

'11ti\PIJ1lY'W'I1ritl~'W~'fl~tl~vu~i'*~~~1 mm\911 20 1:u 1m~\91'j(l~1J'W~hmr1'1Jtl~J1 'il1mfu~~'l1ti\Pl 
i1tl~1~~~tl~f11'j'YJ\Plfftl1Jm:u1\91'j 5 1:u 1 'fl'j~\91'j(l~1J'W ~hmr 1'\Jtl~ 11 vi'IJ 1lfu 11 ritJ~'W!'fl ~ tl~vu ~i '* 

9) QJ '3) I r/ ")" ... f.! ~ 3} I rl I 

!!(111mff'WH1'W i'I''W vnm~ 1 l'lti!IJ'i ti1J! 'Yl ti1J! ff'W H1'W i'l'tJvnm~m'i !!Htltlf1'1J tl~ff11 (}::; m tl'lfl'l 'fi11J 'fill cu cu q q 

(11 tii'IJ 1mfu) nmf1t1~1~~i '*'Yll'lfftltJ mm~'W H1'W f:J''WVnm~'lltJ~i1tJ~1~~ i '*'Yll'lfftl1J~~1lllnn11 

'lf\Pl'fi11J'flll !!ffl'l~D~f11'i~fl'ilm'ill'1Jtl~ff11(1\Pl!!H~~tbiui1tl~1~ (il'l!!U(l~'il1f1 Morikawa eta!., • • 
1993) 

QJ I <!I 

f11~1\Plfllf11~~\Plfli.'I'WHtf~ 

- !~tl!!1J'f1Yii~tl~!~tl~i'Wm'Yil'i~i'*J1\911(lf1(11'flffi~'W!!'Yiri~mi1Jtl'W t.h culture .. 
liJ " I <!I i !Ill!) 'jl 'jl 'jl d 0 .... I <!I 'jl dt 

broth 1 lJ 1 'il tl 'il H '11 1 \PI 'fl11ll 1 'IJ ll 'IJ 'W 'Yl m ll 1::; ff ll 'W 1ll 11 \PI m f11 1 ~\PI f1 (1 'W!! ff ~ 1'11 t1 1 'fl 1 tl ~ 
I I J/ I 

mun11'11 1vl11'1iJ!I'ItliYi'fl11lltl11'fi~'W 660 'W11'W!lJ\91'j (OD660) i'*m'l11'j MSM U'i1i'l''il1m'lftJYi~ 

J1\911(lf1(11'flffi~'W!mri~mi1Jtl'W!~'W blank !!(l::;v\'1m'i'Yl\Pl(ltl~J1 3 'fl~~ (il'l!!U(l~'il1f1 Kim eta!., .. 
1997) 

~ 0 lfl ... l~ i!)llf)9J 9) iJ d 0 QJ I ~ 
m1tl!!tlf1 'il1f1'W'W'W1 culture broth !1J!'iltl'il1~ '11 !l'l'fl11ll!'IJlJ'IJ'W'Yl!'YilJ1::;fflJ 'W1ll11\Pl'fllf111~\Plf1(l'W 

!!ff~~1tl!'fl~tl~ff!Uf111'11 1vJ11'1iJ!I'Itli~'fl11llt111'fi~'W 660 'W11'Wtlll'l'i (OD660) i'*tl11111 MSM 

,l d "" l: .... " I ,. '1 'jl !II :'1 I ,. G ., ., 
U 1 1i'l''il1f1! 'lftl'Ylll 'W 1ll 'W lJ 1(llJ 1 'lf!! (11! lJ 'W!! 11 (1 ~'fi111J tl'W !U 'W blank tm::; vl1 f111 'Yl \PI(} tl~ cJf1 3 'fl f ~ 

(il'l!!U(l~'il1f1 Kim eta!., 1997) 
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" 1f1~-HlVVJ~'U/f11f1'1J'eN!fftl 1 n~:u l1~en1l!fftl LJ'1:uw11 1 iJ~~H119l'H'l'l1lJ 

ff11~~~1t1 NaCl fi11:U!.u':u.u'u~ew~~ 0.85 !~wJ1m!n mm\911 10 ii~~~\911 !'IJVl!~'Wnm 10 
il " 'JI 'JI 

1u1Vi 'illnuu1h1ll'lr11u1ff'llBnh~v'~t~fl mm\911 100 !:u !m~\911 m spread plate uumm1 

d £d ~ Q.l ... I " G) 9) 9) 9) ')" ~ Q.l d I " I lrJ 31d ~ 9) 

MSM agar 'YilJ'UllJ'UlJl~lJ !'lH!~11fltl~~ 2 !~ti'Ull1'Uf1!1J'U!!l1~'1fl11'1Jfl'U 'IJlJ !1'YI~Wl1t.Jl.ll1fl'l 

(30 ± 2 a C) !~'Wnm 24-48 .Ji'1tlJ'I f1:ut~flf1lfl hu~ffllJ11tl!'il'1tul~'IJ'Wflll111~'1f1~11lJl streak 
• u 

.d.::t ~ Q.l " G) 9) 9) j) ')" ~ Q.l 91li} 9) ~ d d d d 
'IJ'Uflll111 MSM agar 'YilJ'UllJ'WLll~lJ !'lH!~11fltl~~ 2 !~ti'Ull1'Wf11l1 !~!'lffl!!'!Jfl'YI!1tl lfll~'U!~t11 

" . " ~ 'lll!~fl!!'IJfiVii1vVit~flf1l~!~tJ'I1'Wml1n Nutrient Broth (NB) ml.ll\911 1 ii~~~\911 !'IJV1~1tl 
d I d .d ~ 'j) d J_, 9) d ~ dll] 3JG) 

f!11lJ!111fl'IJ 200 1fl'IJ\9lfl'Wl'YI 'YiflWl1fllJl1fl'l 11lunm 24 'lf1llJ'I !!~1!f1'1J!'lffl'YI ~~ !'Wflll111 NB . "' 
d.c::t d 9) j) 9) ~ 9) d q d 

'YI:Uf1mCJ1fl1fl~ml:ut'IJlJ'IJ'Wff~'YiltJflmfltJ~~ 30 'YiflWl1fllJ -20 fl'lft'l!CJ1mCJ1tJff . . "' 
" <:1 v "" 1.1 nl'HVI'H.J'J.Jfi~Wllfl 

'l11!~fl~!~'IJl1i'Wf1~!CJ1fl1fl~~flWl1fllJ -20 fl'lft'l!CJ1mCJWff ml.ll\9l1~fltl~~ 5l~tl . "' 
" " . 'llmun !~t1'11'Wflll111 Nutrient Broth (NB) m:Ul\911 5 iJ~~~\911 1.J:uVi~Wl1t.;]lJM'fl'l !'IJV1~1tl 

fl1llJ!~11fl'IJ 200 1fl'IJ~fl'W1Vi 1~unm 24 i'1t:U'I trlBmunm -r~m1t'il'1T:!J!~'IJ t\91'\Jfl'l!~fll'lllJ 
~ ~ o' j} n I Q.l 9) 9) 'j} ~ ..J. 9} 'j} d I eN 'j) 9 'j},ci I 

Tlif1111!ml:::l1'1Jfl 2 !!~~lJ1'1Jfl11lJ!'IJlJ'IJ'U'IJfl'lf1m!'lffl!1lJ\9l'U~1tlflll111 NB 'YICJ.Jl!'lffl!!~1 !l1lJfll 

oD660 rvhnu o.s 
1.2 nl'l'th primary screening 

" . I '}J"" a! a! l!j'JJ """' '}J '}J 'j .F- ~ 
mvnmt'lffl'Yil\9l1tJlJ !1\9lllJ1Tif111'YI~~fl'l'llfl 1.1 1fltJ~~ 5 ~~tllJ1lJl\9l1 ~'~ 1'\.J 

.d.c::t ~ Q,l ... 1 tl G) 'j) 'j} 'j} ~ ~ Q,J d.::t 9) 

flll111 MSM 'YilJ'UllJ'UlJl~lJ !'lf!l~11fltl~~ 2 !~ti'Ull1'Uf1!!~~flll111 MSM 'YilJ glucose 1fltJ~:;; 2 

1~vJll1Uf1 mm\911 5 ii~~~\911 !'IJV1~1tJml:ut~1200 1fl'IJ~flmVi 24 .Ji'1t:U'I ~flwl1niiM'B.:! trlfl . "' 

munm'lll!~fl!!'IJf!Vii1v~!~tJ'I1umm1 MSM ~ihm~'lm~'!Jfl'W~l'ln'W 1~mt11'1t~'W 
1.2.1 !~fl!!'IJfiVii1v~!~tJ'It1iumm1 MSM ~1~t!l1~'1fll~'IJfl'W~tl.l~~mvJ1 

'11111lffn~Jl~'Uflflf1~1meJmCJ1u1mr\9l1lr11u 1:1 u~111um~v'l1~v1~fl1llJ!~1 8,soo 1fl'IJ~fl 
.c::t q .::t ?1 d 

'Ul'YI flWl1fllJ 4 fl'lft'l!CJ1~!CJ1tlff !lJ'W!Jm 10 'Ul'YI (Urum, 2003; Binazadeh eta!., 2009) . "' 
1.2.2 !~fl!!'!Jf!Vi{~ tl~!~tl-:!1 'W flll1l'J MSM ~1 ~~!l1~'1fll~'IJfl'W~~:;;mvJ1 

'l1111lllum~v'l1~v1~fl1llJ!~1 8,500 1fl'IJ~fl'W1Vi flWMnii 4 fl'lft'l!CJ1~!~tlff ~~unm 10 mVi . "' 
~ o I d~ '}) ~ q ti'J) 

'illf1'U'U'Ulff1'W1ff'YI ~ 'YI~fffl'IJ drop-collapsing test \9lllJ1Tif1111!ml~l1'1Jfl 1.1 
.t!i ~ d C:. ,& C1o d.::t 'J) 'J) I tl q C1o .::!:1 

!~flf1!'lffl'YI'W'IJf1'ilf1'J 1lJf111~~!! H\9l'lf-n'YilJfl1llJf111'1'1Jfl'l!ff'U Nll-!ft'l-Wf1m'l 5-7 lJ~mlJ\911 !'Wfl 
"' 

" rl~!~flf11 'U'IJ'U \9lfl'U~fl11l 
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1.3 m~ih secondary screening 
.. . . 

I 91 <!I"""' <!I 1!]91 o • 'J 91 _,. _,. 1!]91 
flltlm'll!'lffl'YlflfllmJf1 !f!111f1f11':i'Yl1 pnmary screening !'W'Ufl 1.2 'Ylll'l'JtllJ !11'11JJ 

""" 91 91 'r .r.= 'l ,d.,.l;' "'"' "'']91 9191 
11if11'J'Ylfl~Hl\l'Ufl 1.1 ':ifltl{l~ 5 tfltlu'JJJll'l':i {1\l t'Wfl1'111'J MSM 'YllJ'WlJJ'Wul{IJJ t'lfl!{l1'Jfltl{l~ 2 

lfltlthrnTn!!{l~fll'l11':i MSM ~ij glucose ~fltl{l~ 2lfltiJ1'11Uf1mlJll'l':i 10 lJ(l~~l'l':i t'UV1~1tl 
d I ~ d ~ tJ) ?I ~ ,. ~ ,..J, d rl 

fl11JJ!'J1 200 'Jfl'lJI'lfl'Wl'Yl 'YlflW'I1fllJ'I1fl\llu'W!J{ll 24 'lf1 !lJ\lllJflfl'J'lJ!J{ll U'W!'I11tl\llltlf1!C}f{l{l . .. 
lflt11~fl11JJt11 s,soo ':ifl'lJ~fl'Wlfi fltu'l1fliJ 4 fl\lfl'l!C}f{ltCMmY ttl'Wnm 10 'Wlfi thff1'W1ff111nJ1 . .. 
J' A'lr]~ rl .<Qo ~~~ Q./1 .dl~ 

!{ltl\ll'lffl ! U1lfl'J1~'11f11H-l{ll'lffl'J{lfli!HI'l\lH1'lf1fi1'V'Ilfltl1flfllll'J \l\91\lf-11, emulsification activity 

~ ~ rltJ) 0 Q,J ~ ~ dQ 
(EA) !!{!~ emulsification index (E24) l'lllJ11if11'J1lfl'J1~'11'Ufl 1.2 1!{1~ 1.3 l'lllJ{llfl'lJ !{lflf)!'lffl'YllJ 

I I I 'j/ 

fl1lf1'J'JJJf11'J{lfll! H~\l tbfi~fifffl ~l'W 1'W 14 lfl l C}f!{ll'l!.Wfl 1 ~1 'Wf11'J'Ylfl{lfl\l'li''W ~fl l U • 

.. . 
0 .:!I .c:::.tJ::S. d,QI ~ 11)91 'J) 

'Wll'lfflll'Ufl'Yll'Jti'Ylflfl!{lflf) !f!\llf)'\J'e) 1.3 

.c:::.t .c:::.t Q,l rl 'j) Q,l J' 
!'Yltl'lJ!fltl\lfflti'V'I'W'fi lflt11'lf 16S rDNA f!\l'W • 

2.1 m~trflVI chromosomal DNA 
.. .. . 

l~tl\ll:}fflll'lJflfi~tlfir1'fl!~flf)l~111f)~'e) 1.3 1'Wmm':i NB mlJll'l'J 2 lJ(l~~l'l'J DJJ 

~fltu'l1fliJM'fl\l t'UV1~1tlfl11JJt11 200 Hl'lJ~fl'Wlfi ttl'Wnm 24 i'11JJ\l trlflmunm'l11t~fl . .. 

"' """" l!J. I "' "" ~ 91 !C}f{l{ll!'lJfl'Yll':itl !Ufff1flfllfl'Wlflfl1tl Blood and Cell Culture DNA Mini Kit (QIAGEN, Inc., 

Valencia, CA, USA) 

9J 0 ..d. -~ .c:::.t d tJ) ~ • 

gel electrophoresis !!{11'Yllf11'Jl'V'IJJu'JJJ1Wf'IW'WWfl1tl11i polymerase chain reaction (PCR) . . 
0 ~ ~ 0 

2.2 fll~'m PCR l'fH:Il'VUJillU1U 16S rDNA 

1~ primer SF (AGAGTTTGATCCTGGCTCAG) !! {I~ 1492R 

(GGTTACCTTGTTACGACTT) t~mfiJJ~l'W1'W 16S rDNA lfltl\l~l~ PCR product fl11JJt111 .. 
U'J~JJlW 1500 bp l~JJffl'Jff1'111''lJ PCR ~\lU ffl'J{l~{lltl TopTaq Master Mix mlJll'l'J 25 

lJJ 1m~l'l':i, Primer 1492R !!{!~Primer SF flVl\l{l~ SlJJ 1m~l'l':i Coralload mmm SlJJ 1m~l'l':i 

, RNase-free water mlJll'l':i S lJJ 1m~l'l'Jl!{l~ DNA template mlJll'l':i 2 lJJ lfl':i~l'l':i Yllf11':i 

denaturation flf\lll'Jf1~flW'I1fllJ 95 fl\lfl'l!C}f{l!CMtlff ttl'Wnm 5 'Wlfi111f1J'WYl1 PCR 25 'Jfl'lJ . .. 
(fltu'l1.fliJ~1~~fl':ifl'lJ: 95 fl\lfl'ltC}fmCMtlff 1 'Wlfi, so B\lfl'l!C}fmCMtJff 30 i'Wlfill{l~ 72 B\lfl'ltC}fmCMmY . .. 

.c:::.t j} .<::!! d. cj d. t 0 3}d I cj .d 
1.5 'Wl'Yl) l'lllJfl1tJBW'I1fllJ 72 B\lfl'l!C}f{l!C}ftlff 11J'Wnm 5 'Wl'Yl111f1'W'W'Yl11'11lti'W{l\l'eltl1\l'J1fl!'J1'Yl . .. 
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1.3 fll'nh secondary screening 

I 91~.d.,<!! \1)91 0 91 .,;.,. \1)91 
flltlfH'1WlHJ'YlrWllflflf1 !fHJ1f1f11l''Yl1 primary screening 'l'W'Ufl 1.2 'Yl!~l'tllJ !d~llJ 

""" 91 91 1 . ~ 'l .,;.,. li "" .I <1 'l 91 91 91 
11if11l''YICfH'Ifl,:j'\Jfl 1.1 l'fltlfl~ 5 f'!tllJ'JlJl~l' fl,:j !'Wtl1111'J MSM 'YllJ'WllJ'WlJlfllJ !'lH!fl1l'fltlfl~ 2 

" . " 
1flmhrnTm!f!~fl1'111l' MSM Yi~ glucose ~fltlfl~ 21flm .. hmTnmm~l' 10 lJfl~~~l' !'U~1~1tl 

d I e::{ d ~ 'j/ :'1 ~ 1 dt 1 d r/ 
fl11lJ!l'1 200 'jeJ'lJ~eJ'Wl'Yl 'YleJW'MfllJ'IieJ,:j !lJ'W!Jfll 24 'lf1 lJ,:j !lJflfl'j'lJ!Jfll U'W!'M'Jtl,:j!!tlf)!C)fflfl . "' 

1flv'l'*fl11lJ!~1 8,500 l'eJ'lJ~eJ'WlYi BW'MfllJ 4 eJ,:jffl!C!ffl!;ml 11:l'Wnm 10 'Wlfi thff1'W'lfl'111nJ1 
q "' 

eX A'll].t::::\ rl oQ. ~~d Q.ll ~~ 
!f!fm'lffl !D1!ml~'Mf11l'Hfl~fl'nflfl!!H~,:jv.J1'lf1fll'W 1fltl1flfll!!H~,:jNJ, emulsification activity 

~ .0:. rl j) 0 Q,l e:!!!l ~ d.r:::! 
(EA) !If!~ emulsification index (E24) mlJ11if11l'1!ml~t1'UeJ 1.2 !If!~ 1.3 mlJfllfl'lJ !flflf1!'lffl'YllJ 

I I I j/ 

fl1)f)'j'jlJf)l'jflfl!! 'j ,:j~,:j~hfi~Yifl'fl~l'W 1'W 14 1 {) 1 C)f!fi~I'Yifl 'l '*'! 'W f)l'j'YlflfleJ,:j'\J'W~eJ 1 ,j 
q 

0 ~ """" .,;., "' \1)91 91 
'Wl!'lfeJ!!'lJfl'Yl!'Jti'Ylflfl!fleJf) !f'!1!1f)'\J{) 1.3 

lfitl'lJ!~tl,:jfl'ltl'rl''Wn1fltl'l'* 16S rDNA fl,:jd 
q 

2.1 fll'Hffl~ chromosomal DNA 

" " . 
!~tl,:j!~fl!!'lJflfii1vfifffll~flf11~1llf1.,Yfl 1.3 h.!fl1111l' NB mm~l' 2 lJfl~~~l' lJlJ 

~eJW'MniJ-H'e,:j !'U~1~1tlfl11lJ!~1 200 l'eJ'lJ~B'WlYi !1:lw1m 24 i11lJ,:j !rlem'lJnm'lll!~eJ 
q "' 

!!'lJI'IYii1v~!~tl,:j11111if'Wm~tl,:j 1flv'l'*fl11lJ!~1 12,500 l'eJ'lJ~B'WlYi 11:l'Wnm 10 'Wlfi 111mT'W'I11 

r1 .c::t.r:::! l!J ... I Ql d d 'jl 

!C!fflfl!!'lJfl'Yl!l'tl !1Jf!'f1flfl!fl'W!flfl1tl Blood and Cell Culture DNA Mini Kit (QIAGEN, Inc., 

Valencia, CA, USA) 

gel electrophoresis !!~1'Yllf11l'!~lJmmw~!g'W!fl~1tln polymerase chain reaction (PCR) 
I I 

0 ~ .c. 0 

2.2 f11''n11 PCR !'VHH'Yf'll'ill'l-!1'1-! 16S rDNA 

'1 91 • 
!'lf pnmer 8F (AGAGTTTGATCCTGGCTCAG) !! fl ~ 1492R 

(GGTTACCTTGTTACGACTT) !~fl!~lJ~l'W1'W 16S rDNA 1flt111~1~ PCR product fl11lJt111 

" Dl'~lJlW 1500 bp !~lJfl'l'Jffl'Mi''lJ PCR fl,:jU fl'l'jfl~flltl TopTaq Master Mix mm~l' 25 

1lJ 1m~~l', Primer 1492R !If!~ Primer 8F fl~l,:j€'1~ 51lJ 1m~~l' Coralload mm~l' 51lJ 1m~~l' 

, RNase-free water mm~'J 8 1lJ 1m~~l'!!fl~ DNA template mlJl~l' 2 1lJ 1m~~l' 'Yllf11l' 

denaturation flf,:j!!'Jf1~eJW'MfllJ 95 fl,:jffl!C!ffl!;tlfl' !l:J'Wnm 5 'Wlfi 1llntT'W'Yl1 PCR 25 l'fl'lJ . "' 
(fJW'MJ.;]lJ~'l'*~eJ'JeJ'lJ: 95 eJ,:jffl!C!ffl!;tlfl' 1 'Wlfi, 50 eJ,:jffl!C!f(l!;tlfl' 30 1'Wlfillfl~ 72 eJ,:jffl!C!ffl!;tlfl' 

d 'j} ~ d d d ~ 0 3)d I d d 
1.5 'Wl'Yl) mlJf11tlfJWt1JJll 72 fl,:jffl!C!ffi!C!ftlfl' !U'W!1fll 5 'Wl'Yl 1llf1'W'W'Y11'll1W'Wfl,:jfltlln1fl!l'1'Yl 
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~ ~ o.£ 1 .e:td .dll]~ ~ t/fj} ~ 
~W'HfJ:JJ 4 tJ-:jfl'WlH'l!CJftl'ff 'U1'lf'U't1'TU~!tl'U!tl'l'l t~ tl11!fl'.i1~'11WW gel electrophoresis !'V'ltl'I11'U'U1~ 

i~mmvurYivunu molecular marker . . . 
0 .:::. ~.ct c:r ct .t!:lt, 0 "' 0 QJ 

2.3 fll ~ 'fll'U ~ ll'fl1i Vl!tl1Htl 'fi!'YUHl 1\J 1'W!!tl1 !!tl~ fl1 ~'tn tl1 Vl'l.J! 'lJ tr 

'111 PCR product :JJ1'1'll'IJ1~'1'l~i~t11~ PCR purification kit (QIAGEN, Inc., 

Valencia, CA, USA) 1'11:JJ1nf11'J'UtJ-:j'IJ1'hl'l'l ~1ntTu 'l11~'U 'i'h'U~!~'U!tl~ ~,hu f11'J'I'l1'1J1 ff'1'1~11.J • 
Q, cl9) I I liJ .... I 0 Q,l 'j) ~ I ~ ,J 

1!fl'.i1~'11~1tl gel electrophoresis f1tl'U'ff-:j tiJ'I11'i'll~'IJ!'IJ't1'~1tl!fl'.itJ-:j DNA Sequencer 'ff-:j1!fl'.i1~'11 

i~vu1'hl'l'l 1'1 
BASE ~1n~ iJ'J~!'I'lfl'~-:jfl 111{ 'l11rlwl'u!u'ff~1¢f111rYivu!~tl-:jnmi'e:JJ1:l~i:imiiu 

"' '" 
GenBank i~v1~11.Jmm:JJ BLAST (http://www.ncbi.nlm.nim.gov) 

tequilensis Lc9 
'1 & .,; '1 .J .l .dJ & ~ 
! 'U f11'Jfl'f1fl1'ffil11~'1'1!'11:JJ1~'ff:JJ ! 'U f)l'J !{ltl-:j!'lftl !:JJtlfl'f1fl1'ffil11~'11 'U -:j '1 ~~ fl1'1J f.):JJ 

1 M'ffil11~g'Ufl-:j~ i~ vri1tlf1~1!;tl~!l'l1 ti:JJ 1 n 'Utll'Hl'J NB ~1.J~'IJ~1f)l'J~~ f)~'U!!'ff -:j'lJtJ-:j!;tl~ 
'" 

oD
660

rvhnu o.5 ~tltl{l~ 5 i~vmml'l'J {l-:j1um'I11'J!~tl-:j!;e~!l'!1v:JJ1~ mml'l'J 5o iJ1:l~~~'~'J 1u 

vim 'ffn'U m~ 250 iJ1:l~~ l'l'J 111uf1 !tl'lf!~ :JJ~u 'lJtJ-:jtJ1'111'J ~~tl-:j! ;m vhnu 7 ~~ tl-:j! 4e~ew 11 i1 iJM' tJ-:j . "' 

1'Urhfi'1vf111m~1 200 'Jeu~eu1li 1nmhmh-:j~nm 24 u1:l~ 48 i1 i:JJ-:j i~vn'lf~fl1'1Jfl:JJ!~u • • 
'j} 'J} I 'j} I 

.c:1 ~ ..:::::!lJ) I ..:::::t. '3) t:!f, G) j} .c:l Q.l Q.l ..:!I 0 

tl1'111'J !1:ltiWJHJ'I'l 1 :JJ!I'l:JJf1'i'll! 'lftl!! 1:l~ t 'lf'ffil11~!~tl1f1'U f1'1J'lf~ '1'1 ~ 1:ltJ-:j !:JJtlfl'.i'IJ nmu 1 culture broth • 
" 1111~m'J!~1ty!~'IJ il'l'lJtJ-:j!~ti!!'IJflll~tll'l1:JJ1nm"Ji!m1~li'm'J!~1ty.Ue 2 !!1:l~1~~1 pH i~v1~ pH 

meter !!~1'111 culture broth 11.JJum~tl-:j!!tlf1!CJf1:lrl'~fl11:JJ!~1 8,500 'Jtl'IJ~ti'U1ll ~W'HfJlJ 4 

e -:j fl'1 !CJf1:l 1Cl1 t1 'ff 1 ~ u n m 10 u 1li '111 'th u 1 'ff'U e -:j J 11 ~ tl-:j 1 4e mi1 fl 'J 1 ~ ..1 ~ 1 u 'J -:j ~ -:j ~hu 1:l ~ 
fl11:JJ'ff1:JJ1'Jt1 1um'J!n~t511'1:liu 1'!1:JJ1nm"Ji!fl'J1~-H.Ue 1.2 !!1:l~ 1.3 1P11:JJrl1iu 

'j} I I 'j/ I 

ri1tlf1~1!~tlll!l'l1 ti:JJ 1 1i 'U tl1'111'J NB li1.Jfu~1f11'J~~f1~tH! 'ff -:j'lJtJ-:j! ~till OD 
'" 660 

rvhnu o.5 ~ev1:l~ 5 i~vmml'l'J {l-:j1uJ11ilv~1nue'J1:JJ~-:j!num~1n h-:j-:j1u'ffn~J111'ul11rl'1J 
!!1:l~t11'111'J MSM ~!1'11t1:JJ1~ mml'l'J 50 iJ1:l~~l'l'J 1uvlm'ffn'U'U1~ 250 iJ1:l~~l'l'J i~v114t11'111'J 

MSM 1.J"J~neufi'1mmri-:jm{ueu~1:l~mvJ11fi'uri J1m1:lf11:l ifl'ff J11'111:l'l'l'J1tl!!1:l~mnJ1m1:l 
'" 

I o' d\J}I ~lfli/I~Q..' .... rr/ 9) ~Q.I .... Ir/G)3J'JJ 'J)j} 
!!'11{1-:jfll'J'Utl'U'I'l t:JJ1:l~'i'llti'U1 !~!!f) 'U1:JJ'UIJ11:l:JJ'I'l1-:jf)l'Jfll!!{l~'U1:JJ'UIJ11:l:JJ t'lf!!{l1 fl11:JJ!'U:JJ'U'U 

~t~t11:l~ 2 i~vJ111'11n ~~t1-:j!4e~etu'l1i1iJMe-:j !'UV1fi'1t1fl11:JJ!~1 200 "Jeu~emli 1nml'1ev1-:j~ . "' 
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.f.! d .1 ,I 'I 1: d I 1 "' 
!1J'HJ1H'YHJ1Jf11'Hi:W.:J!'lHJ t'I.HJ1'111'j MSM !!fi~'Ulmtl'illf11Jtl'J1lJ fW!fltlf1~fl11~ 

!I !I ' " ' ... "" ... ... 3.2 f.l tl'U 0~ fl1 UU'Uli'U'U 'U 0~ U't'itl~fll 'i1J tl'U \11 tlfll'i f.ltl\11 tfl 'it~~ U'i ~ \11 ~f.l1'lf 1 flll'1 

I !J/.l.d d \1)~ .d <VI "' .l.d 
tntlf1fll!'Mtl'Yl!~'JtllJ n t'Utll'Hl'J NB 'Yl1h1Jfllf1l'J~~f1fi'UU~.:J'\Jtl.:J!'Mtl'Yl OD660 

I <V 'J} 1 .~ 'J .dd I c' .d 'J} 

~111f11J 0.5 'Jtltlfl~ 5 ~ti1J'JlJ1~'J fi.:J t'Utll'Hl'J MSM 'YllJ!!11fi.:Jfll'J1Jtl'U'Yl!'\1lJ1~~lJ'illf1'\Jtl 3.1 

mm~'J 50 lJf!ftft~'J iu~m~n'IJ'Ul~ 250 lJflftft~'J 1~v1.Jf1Jfl11lJ!~mr'U'\Jtl.:JU'\1~-:Jfllf1JtJ'Ui11'~ 
j/ V V I 

~1!'Yllfl1J~tltlfl~ 1, 1.5, 2, 2.5 !!fl~ 3 1~t:JU1'11tJf1~1m1w11J !~ti.:J!~tllltltU'\1fllJ11'tl.:J !'llth~1tl . "' 

m11Jt~12oo 'Jtl1J~tJu1li tnm1'1mh.:J~nm 24 u"~ 48 i'111J.:J 'lllm1tml~M't'lfut~v1n1J~tl 3.1 

i/ I I 'j) I 

rilt:Jf1~1!~tlllt~1 tllJ 1 i1 'Utll'Hn NB li1.Jfm)lm'J~~f1~'UU~.:J'\Jtl.:J!~tlll OD660 

I <V 'J} 1 .,.r.;: 1>1 dat I ,J 9) 'J) 1 

!'Yllf11J 0.5 'Jtltlfl~ 5 ~tllJ'JlJl~'J fi.:J t'Utll'Hl'J MSM 'YllJ!!'\1fi.:Jfll'J1Jtl'U!!fl~fl11lJ!'\JlJ'IJ'U'\Jtl.:JU'\1fi.:J 

mf1JtJ'U~!11lJ1~~lJ'illf1~tl 3.1 Ufl~ 3.2 ~1lJrlWl1J mlJWl'J 50 lJflftft~'J iu~m~n'IJ'Ul~ 250 

lJflftft~'J ~1.J'J~f1tl1J~1ti!!11~-:J1'U 1~'J!'il'U fltl NaN03, (NH4) 2S04, ~i1t1Ufl~t1.J1.J1~'U fl11lJ!~lJ~'U 
'J} 1 ~ <V ~ ~ d ,:::.'j) I 'j} d I .t::! d <V I d 
'Jtltlfl~ 0.1 ~ti'U1'\1'Uf1 !flti.:J!'Mtl'YltlW'\1fllJ'\1tl.:J !'\Jtl1~1tlfl11lJ!'J1200 'Jtl1J~tll!l'Yl !f11J~1tltll.:J'Yl . "' 

nm 24 ttfl~ 48 i'111J.:J 'lllm1tml~Mt'lfut~t11n1J~tl 3.1 t~tJmm~.:J1u 1~'Jt'ilu~i11'~1!!H~.:J~b 
I 1 I j/ 

~lll~~~~tli~'Yl~fltl.:Jl'U~'U~tl'U~tJ111 • 

i/ I I i/ I 

rilt:Jf1~1!~tlllt~1 tllJ 1 i1 'Utll'\11'J NB li1.Jf1J~lf1l'J~~f1~'UU ~ .:J'\Jtl.:J!~tlll OD66o 

!'Yllfl1J 0.5 ~tltlfl~ 5 1~t:JmlJ1\91'J fi.:Ji'Utll'Hl'J MSM ~~~!11~-:JmflJtJ'U fl11lJ!~lJoU'U'\Jtl.:JU'\1~-:J 

mf1Jtl'U!!fi~!!11~-:J1'U 1~'J!'il'U~!11lJ1~~lJ'illf1~tl 3.1, 3.2 Ufl~ 3.3 mlJrlli1J mm~'J 50 lJf!ftft~'J 

1u~m~n'IJ'U1~ 25o iJflftft~'J 1~v1111JmllJt~lJ~'U'\JtJ.:Jtm~.:J 1 u 1~'Jt'ilui11'~~1!'vhn1J~tlt:Jfl~ o.1, 

1 ~ <V 0 Ql ~ .A' d ~9) I 'j} d I 

0.2, 0.3, 0.4 !!fl~ 0.5 ~ti'U1'\1'Uf1 ~11Jfi1~1J !flti.:J!'Mtl'YlfJW'I1fJlJ'\1tl.:J !'\Jtl1~1tlfl11lJ!'J1 200 'Jtl1J\91tl 

'Ulli tn1Ji1mh.:J~nm24 u"~ 48 i'111J.:J 'lllm1tml~M't'lfw~v1n1J~tl 3.1 ~~tlf1fl11lJt~lJ~'U'\Jtl.:J 
1 I I I J} 

tm~.:J 1u 1~'Jt'ilulihf~lm.:J~.:JH1~1li-ey~ t~tJi~'Yl~fltJ.:Jiu~u~tJu~tJ111 
' ' ~ 4 ~ .c::l, 

3.5 f.ltl'Utl~fll'i!'Uf.Jl\lltlfll'if.ltl\lltfl'itl~U'i~\ll~f.l1'lf1flll'1 

• 'j) .A' d .t::! in d Q.l • ~ .A' d 
tntlf1fll!'Mtl'Yl!~'JtllJ 1 'Utll'\11'J NB 'YliJ'J1Jfllf1l'J~~f1fi'U!!~.:J'\Jtl.:J!'Mtl'Yl OD660 

!vllfl1J 0.5 ~tltlfl~ 5 1~vmm~'J fi.:Jhnhfftl'illf1,jtl'J1lJ'I1'1tltl1'111'J MSM mlJl~'J 50 lJflftft~'J 
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0 Q.l ~ .A' d ~ 9) 1 I .d d I 

!l'fl~ 3.4 l'n:IJ'fiWI'lJ !'fltl~!'lHl'YHlW'\1i1lJ'\1'El~ ~ti!'IJtl1'¥1fl11lJ!111'El'lJ 100, 150, 200 !l'fl~ 250 Hl'lJI'I'El . .. 
mYi 1n'lJI'l1mh~~nm 24 u"~ 48 i'1 1:1J~ 'W1m11m1~l'i'!'Jft..t!~t11nmfe 3.1 ~~m1f111lJ!~11'El'lJ~ 

I I I )/ 

t M'rh11 ~~~~bihYi""~ 1ile t i''¥1~"e~ l'W~'t..tl'le'W~e 1 u • 

'j/ I I )/ I 

ri1vn~1~~eYi11'11 ti:IJ 1 n '1..1()1'1111 NB Yiuf'lJ~1m1~~n~'W!!ff ~'IJe~~~eYi on660 

!'Yhn1J 0.5 ~mm~ 5 1~vmml'l1 'fl~i'WJ1!fftl'il1f1U'El11:1J'I1~'El'El1'1111 MSM mm\911 50 lJ'fl~~\911 

h .. rrlmffn'll'W1~ 250 iJ'f!~~\911 1~vl'Wm'l111 MSM U1~ne'lJfi'1mmci~mf'lJe'W f111lJ!.u'mf'W'Il'El~ 
I <I 111]1 ~~ 111]1 d d ~ 

!l'\1'fl~fl11'lJ'El'W !l'\1'fl~ !'W \911!'il'Wfl11lJ!'IJlJ'IJ'W'IJ'El~!l'\1'fl~ !'W \911!'il'W fl11lJ!111'El'lJ'¥1!'11lJl~fflJ'il1f)'IJ() 

" " " 
3.1, 3.2, 3.3, 3.4 !!'fl~ 3.5 1911m1w1'lJ 'il1f1U'W1HuVl!e'lf'IJe~m'l111!~t1~!~ellfij~ll'vhn'lJ 5, 6, 7 

0 Q.l ~ .A' d ~9) I 'j) d I .c:::! d Ql I d 
!!'fl~ 8 \911lJ'fll~'lJ !'fltl~!'lf'El'¥1'ElW'\1i1lJ'\1'El~ !'IJtl1~1tlfl11lJ!n 200 1'El'lJ\91'El'W1'¥1 !f1'lJ\911'EltiVJ'¥1!1'fll 24 . .. 
!l'fl~ 48 i'1 1lJ~ U1lJll!m1~l'i'!'lf'WI~tl1n'lJ.u'e 3.1 ~~enVim'lft~lJ~'W~l M'~1u H~~~b~1~ff~ 1~e 1 'lf' • 

" '¥1~'fi'El~ imJ'WI'I'El'W~e 1 u 

ri1vn~1~~e~11911 ti:IJ 1 n 'Wm'l1n NB ~uf1J~1nn~~n~'W!l"" ~'Ue~~~e~ on660 

!'Yhn'lJ 0.5 ~'Eltl'fl~ 5 1~vmml'l1 'fl~i'WJ1!fftl'il1f1U'El11:1J'I1~'El'El1'1111 MSM mm\911 50 lJ'fl~~\911 

l'W'Yl'fl1fffl'll'W1~ 250 iJ'f!~~\911 1~vl'Wm'l111 MSM 1.h~ne1Jfi'1mmci~mf'l.Je'W f111lJ!.u'lJ'lf'W'Il'El~ 

!!'11 ci ~ m f 'lJ e 'W !!'11 ci ~ 1 'W 1\9111 'il '1..1 f1 11lJ 1 'If lJ.u' 'W 'll e~1m ci ~ 1 '1..1 1\9111 'il '1..1 m 11 'll d1 u" ~ TIW'lf!~ lJ ~ 'W ~ 
~ """1 dQ,J ,.J 

!'11lJl~fflJ'il1f)'IJ() 3.1, 3.2, 3.3, 3.4, 3.5 !l'fl~ 3.6 \911lJ'fll~'lJ ~tl!f)'lJ\911'Elti1~'¥11J'fll 0, 12, 24, 36, 48, 

60, !l'fl~ 72 i'1 1:1J~ ~A1lJll!m1~l'i'!'lf'WI~tl1fl'lJ'lfe 3.1 ~~en'lf1~nm~lM'~1!lH~~~h~1~ff~ !'\~eli' • 

)/ iJ 3/ I I 

U1U1'11JJf1 (culture broth) 'il1f1f111!~ti~!~'El 1 'W ffi111~ll!'\1lJl~fflJlll Mfl'ilm1lJf111 

'fl~!l 1 ~~~~h~~t'J'~I'I1:1Jlnf111'¥1~'f!e~'lfe 3 'W1mll'W1 '11 ~tl~!!tlf1!9f'fl ~ een~f'l 11lJ!~ 1 1 o,ooo 1'El'lJ ~ e 

'W1ll ~tJW'I1i1lJ 4 e~fl'1!9f'fi!Clftlff 11:l'Wnm 15 'W1ll 'il1mT'W'WT~h'Wlff'lltl~J1!itl~!~tJtufimn . .. 
~ d d .di ~ .c:::! 

11i f111 !f1'lJ!f1t11ff11'fl~!l 1 ~\91~ ~1'lf1i1WI 
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!II !II !II 

111riTwiff'llfl'nllt~tJ'II'lfmnm~Pn 1 ~l'l':i l'lfll'l~flfl'WIPi'·;wnn'tJi'uVltfl'H hwi'lf' 6 

M HCl 'tJi'uVitfl'H 1~'\.J 2, 3 '11~fl 4 tnu'H~mU'YifllJ 4 fl'lfl'WlHHCJ1vff '\.Jl'\.J 1 fiu lllmTutnu . .. 
l'l~flfl'\.J Ult'l1ifum~v'l~fi111J!~1 8,500 ':iflU~fl'\.Jlll ~~WM!JiJ 4 fl'lftW!fmCJ1vff ~~unm 15 '\.Jlll 

tnul'l~flfl'W ~l'll'l~flfl'WIPi'1vJlniu~11i'uViw'HIPi'1v 100 mM HCl ~~Vitfl'HrvhnuVitfl'H~ 

\9lfl\9l~flfl'\.J U~1if'Wm~tl'l~fi'JllJ!~1 8,500 ':ifl1J~fl'\.Jlll ~~W'I11JlJ 4 fl'lfl'WlHHCJ1tlff !~'\..1!1{11 15 

t::t il ~ J., .. I Q..l t::t ~I 91 o i il 9J 'JJ ~ 
'\.Jl'Yl -n~mtl\9l~flfl'\.J~1ti'\.Jlfl-n'W!Hl~lJ':i1J'VHfl'l1!1J'\.J 7.0 ~1tl 2 N NaOH u-n~'Yll '11U'I1'1~1tl1'1i 

lyophilization 

v v Q.l 0 .c::.. 1!:1. J 
4.2 tfflVIV11£JVI1't1lt\~t\l£Jf.lU'YI'W 

!II !II ,K !II 

Ulff1'Wiff'Ufl'llJl!~ti'I!'Hflffrl~ 2 fli''ll9i'1tl chloroform/methanol i'WtJ\9l':ilff1'\.J 2:1 

(~~u'l1-n'llllfl Mercade et al., 1996) 1~vi'lf'm1ti!Wfl (separation funnel) U~1':i~mm11Yi'l-n~mv 

"' ""~i .... fl'\.J'Yl':itl '\.J!fl':ifl\1 rotary evaporator 

4.3 VlflVI~flf.lU~1£1Uf.llJ huU£JlJcHtl!'t'lvt 
!II !II ,K 

~~lJUfllJ tllrwvJJcif-nrrll'l-n'l i uri1u i ff'llfl'IUl!~tJ'II'Hflmml'l':i 5oo iJ-n~~l'l':i 1~v 

i-H'~mi1~fl11ll!'li'JJ'Ii'uiu'lf1'1~fltl-n~ 40 G'l 60 ~'~vf'~t~~flW'YifllJ 4 fl'lfl'W!fmCJ1vff '\.Jl'\.J 1 fiu . .. 
Ult'l1ifum~v'l~fi111J!~1 8,500 ':iflU~fl'\.Jlll ~~unm 15 u1li -n~mvl'l~flfl'WiuJ1niu l11 

ffl':i-n~-nltl\9l~flfl'\.J~t~Pi'mf11,)~!fl~fll~tli'lf' dialysis bag~~ molecular weight cut-off 1,000 ~1-n 
'j/ I I I 'j/ 1 I I j/ 

l'lu iul11n~uli~w'l1lJlJ 4 fl'lfl'W1mtC11vff 1~m'l1~vul11n~ulinm 1, 2 u-n~ 4 i1!m YJ'IL~ 

'li'lllfi'W u-n~Yi'l i -H'u -H''I~Pi'1tlln lyophilization 

lllflTifll':itnut~tJ1ffl':i-n~u':i '~~'~r:h~hmvnf'l 3 1TI ~~flflTI~~~~~ i unn tnu 

~~v1ffn-n~m'~~'~~h~hmTI1~mmvmlivmh cMc u-n~Jlm!nl'l~nflu~!~Pi' 1~m~flflTifll':i 

'j/ 'j} j/ I I 

0 0 QJ d ~ i "" ""i Yil"' '\.Jl'\.Jl'I11Jfl (culture broth) lllflfll':i!-nti'I!'Hfl '\.Jfff111~'Yl!'I11Jl~fflJ'Yl 'Yifll!m':ilJfll':i-n~U':i\1 

~'IH1~~ff~l'lllJTifll':i'Yl~-nfl'l'li'fl 3 111mifum~v'lutJmClfmlflflfl~fl1llJ!~1 1o,ooo ':iflU~fl'\.Jlll ~ • 
flWMfliJ 4 fl'lfl'l!Clf-ntC11vff ~~unm 15 u1li lllmTul11ri1uiff'Ufl'IJ1tiv'lt~fl !11tnut~v1m':i-n~ . .. 
u H~'l H1;1f11TITI~~~ff~~~~flfl t~Pi'lllfl'li'fl 4 Ulffl':iffrl~'11 v1u~ !~Pi'mffmnflw ffllml'Ufl'lffl':i -n~ • • 
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' 5.1 fll'l'Yilfll critical micelle concentration (CMC) 

thffu ffnfl 11 v1'U ~ 1 101' 'illnin m 1 ~ tihm 1 ~',n mi' e1 4 u {l ~ ffu {l f1 u H ~ ~ tJ 1 

Ql d' ~ lil,.. I ..:!:1 31 :: cr, Q.l I e;g 
ff ~tml~'H flel sodiumdedocyl sulfate (SDS) U{l~ Triton X-100 ! u!'ilel'ill~f11V'W 1f1{l'W 1flfi1U Hfl~ 

' .ct. .ct. I .C:::. 4 .C:::. .ct. 
5.2 'Y'I ttl 'lffl!'lUJl ~ i;l'J.J VI tl fHl fl'l 'l'JJ'U tl .:.1 tfl'lt1YI &A 'l .:.IVI.:.tf.l1'lf 1ill'Y'I 

'111ff11ffflf1'11 Vl'U~ 110i''illf1nf111 tn'Ul~V'J~~~fffl 1 mi'eJ 4 U{l~ffl':i{lflU H~~tJ1 • 
ff' ~tml~M{l~mv1 ml1n~'W lflv1 ~fl11l.H.,Y:w.,Y'Wt'l'hnm11 CMC ~ 11Pi''illf1.,j'el 5.1 ~ ~1'Wf1111li''UVi 

'j} ..:!:1 G) 3/.t::::l I ~ I Q.l 

W'lff11V 1N HCl 'H':iel 1 N NaOH !'H:Wfll'Y'Hel'lf l'Yllf1'U 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 U{l~ 12 

'111ff11ffflf1'11 Vl'U~ 1101' 'illf1'illf1nf111tnut~V1~~~fff1 1 'W.,j'el 4 U{l~ffl'j{lflUH~'J . 
tl1ff-:Jtm1~M{l~mvl01'1vJ1n~'W lflv1~fi11:Wt.,Y:w.,Y'Wrvhnmh CMC ~11Pi''illf1.,j'eJ 5.1 '1111'11eJV1~u:w 

~eJU!'Hflll 25, 30, 40, 50, 60, 70, 80, 90 U{l~ 100 el'Jfl'Wlf{l!CJ1Vff 1'11:Wrl'Wl'U l~'W!'J{ll 1 GJt1 l:W~U{l~ . "' 
u:w~eJtu'Hflll 110 U{l~ 121 eJ~fl'wlmtCI1vff t~'Wnm 15 'WTYi ·vh1M't~'W{l~~eJtu'Hflll 30 eJ~ftl 

q cu q qJ 

d. tQ.I~ .lldl.IIC::l ld. Ql'j) 

!Clf{l!ClfVff 'illf1'W'W1flf1'iJf)'j'j:IJ'\Jel'Jff11{lf1UH\9l'JHJ !'lf'W!f1V1f1'U'\Jel 5.2 

'111ff11ffflf1'11 Vl'U~ 11Pi''illf1nf111tn'Ut~V1~~~fff1 1 'W .,j'el 4 U{l~ffl':i{lflU H~-:JtJ1 • 
ff~tml~M {l~mvl01'1vJ 1f1~'W lf1V1 ~fi11:Wt.,Y:w.,Y'Wrvhnmh CMC ~ 1101' 'illf1.,j'el 5.1 '111:1Jl'Ylflffel'U 

fldl:Wfi-:JI'11'\Jel~ffl'j{lf)U'j 'J~'J tl1;1fll'Y'I~el!f1ileJ'lflJ f)~l'J "1 ~!~'W el-:JrJtl'j~f)'eJ'U'H elf) 1 'W J 1'1'1 ~!{l lfl v 

~~~ O"'"' "' ~~~ 
fi11:W!'\J:W'\J'W':ieJV{l~ 0, 1, 2, 3, 6, 9 U{l~ 12 \911:1J{llfl'U 'H':iel CaC12 'H':iel MgC12 fi11:1J!'\J:W'\J'W':ieJV{l~ 

' " " 
0, 0.02, 0.04, 0.06, 0.08 U{l~ 0.1 m:wrl'l~'U '111eJ{l~{l1VffUffflf1'11Vl'UYi1~'W'I11'Yl~m 'illf1U'Wff1 

' .:t <.1 ' .:t"" <:1 <:1 .., IJIY 
6. fffl'l:lltl.:.tflu'l::::fltl'U'Ul.:.ttf1'U'Utl.:.ttfl'lt1YIH'l-:IVI-:if.l1'lf1ill'Y'IfltfflYI !VI 

'111J1'11lJf1 (culture broth) 'illf1f111!~V~!~el 1 'Wfffl11~~!'11:1Jl~ff:W~1 Mfl'iJf)'j'j:IJf11'j 

{lflm -:J~-:J tl1~~bJ'f11911:wnm1'Ylfl{leJ-:J.,reJ 3 '111mift.~m~v-:JtwmClf{l rl' eJeJn~fl11:wt~1 1 o,ooo 1 eJ'U~eJ 

mYi ~eJtu'Hflil 4 eJ~ftltClf{ltCI1vff t~'Wnm 15 mYi 'illnJt.~'I1Tff1'W1ff'\JeJ-:JJ1t~v-:Jt~eJ1tltn'Ut~v1 . "' 
ffl'j{lflm ~~-:Jtl1;1m'Y'In~~~fffl~til e1n 1 101' 'illn.,YeJ 4 '111ffl'j ffnfl'H v1'U ~ 1 IPi'mffmneJ~ri'tl'j ~neJ'U • 
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6.1 Thin Layer Chromatography (TLC) 

"'.1 '1 ... dl!J"' """" "' "' "'"' ~':i1'il'fftl'!Jfl~flu':i~m:l'IJ t'W'ff1':i'fff1f1'11ti1'1J'Yl tfl'il1f111if11':i'tltl 4 f11tl TLC 'YlJJ silica 

gel 60 F254 t1J'U stationary phase tfltll-AllUU'lf'lu mobile phase fit> m'ltl hvJt>!JJ:!:IJ'Yll'Wtl'i:t 'lu 

5~ ':i 1ff1'W ~1~ fl'W!~tl'l11 mobile phase ~~~LJ'fl '11~ fl~ ':i 1'il'fffl'!Jt>~ri'u':i ~ f1fl'IJ 'l 'W 'ffl':i 'ffflf1'11 tll'IJ ~ 1tl 

:'1 'l 1IJ .I ''1 "'~ " '1 TLC RP-18 F254s tu'U stationary phase tfltl'l.h tuU'lf t'W mobile phase fltl acetonitrile :1-Al t'W 
I I I J} 

Q.l I I Q.l ~ ~.c::l.c::t Q.l .... '1 G) 'j) 'j) 'j) G) 'j) I 

tl~':i1'ff1'W~1~f1'W!'V'Itl'l11 mobile phase 'Ylfi'YlLJ'fl 'il1f1'W'W!u1 mtm~ U1:11 t'lf spraying reagent \911~17] 

o' 11 "' ~ "' "' "' (mfl H'W 1f1 'U) l 'W f11':i ~ ':i 1'il'fftl'IJ tl~fl U 'j ~ f1tl'IJ! '!Jtl ~ ~ 'W 'IJ tl~ 'ffl':i'i:t f1 U ':i ~ ~ ~ H1'lf1f11'V'I t f1 t1 i 'lf 

rhodomine B !~tJ~'j1'il'fftl'IJf11':ii1t>~'Utl~f1':ifll'UlJ'U (Mcinerney eta/., 1990) 'l~ ninhydrin !~tl~ 
• ~cr q q 'j) GJ ~ " ~ 

'11lq!tl~JJ t'Wfl'ff':i~ (Wilkinson, 1972) t'lf anisaldehyde t'Wf11':i1!fl':i1~'11'W1\9111:1 (Schulz eta/., 1991) 

"'~ d "·I ~ "' "' 1IJ "'"' d '1 "'i !'i:ttlf1 mobile phase 'Yl'ff1JJ1HH!tlf1tl~flu':i~f1tl'IJ'Utl~'ffl':i'i:tf!U':i~~~H1'lf1f11'V'I tflfi'YlLJ'f!JJ1 t'lf 'Wf11':i 

'YlflmN~t>tu 

6.2 fll'H!tlfltfl':i 1~t~ Column Chromatography 
'I '1) "" o' '1) I o' "> '1) <V o' 
t'lffltl'i:IJJ'U SEP-PAK (C 18) 'U'U1fl!'ff'WH1'U~'Utlf11:11~ 1 !CJf'U~!:IJ~':i 'i:ll~fltl'i:t:IJ'U 

~1ti!JJ'Yl1'Utl'i:t 1oo% mm~':i 4 il1:1ilil~':i t~m11fl11:1J'ff~mflfltJ"mr 'il1mfu~Nflfl"mr~1tl 
.c:r.. ..::::rt, 0 Q,l ,d li1 fj) .C:...c::l 'j) 'j} 

acetonitrile 100% mm~':i 4 :IJ{l{l{l~'j 'U1'ffl':i'fff1fl'l1ti1'1J'Yl !fl'il1f111if11':i'Utl 4 JJ11:1~1:11tlfl1tl 
~ G) I Q.l ,{ ~ 'j) ~ ,.F-

acetonitrile:'Ul (1:1) U'i:t~ t'ff'l'Wfltl'i:t:IJ'W 'il1f1'W'W'lf~f11tl acetonitrile:'Wl (1:1) u'jJJl~'j 4 il1:1ilil~'j 
t:t ~ cv dt d ,-. i 91 Q,l • ~ ~I 

U'i:t~'i:tflfl11JJJJ'IJ1'1Jtl~~1!fl'i:ttl'U'Yl tfltl 'lftl~':i1'ff1'W'Utl~ acetonitrile:'Wl !u'U 2:1, 3:1 U'i:t~ 4:1 

~1mhiu u~JJ1~':i~i~'lf~flt>"JJua~':i1ff1'U'i:t~ 4 il1:1ilil~'j 'il1mfut11ri1u~uvnt~'il1n 
1mm 1~m1Vluuuflf!CJ1'uu~l:l~ff1'W~'j1'il'fft>ut>~ri'u1~nt>u~1tJ~ TLC ~1u~nn~t> 6.1 t11 

"' 

6.3 Fourier Transform Infrared Spectrometer (FT-IR) 
cl el 'j) d A ~.C:..G) 'j) 

~':i1'il'fft>'IJt>~flU':i~ nt>utut>~~'W 'llt>~'ffl':i 'Yl'V'I'IJ n 'ilm 1JJf11 ':i 'i:tf!U H ~~ m t u 'Ut> 6.2 
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fll'jfffl'l:llfln ut~m~e:JUUfllil1 till Nil \91 ffn ?~l'lu 1 ~~~ Nl;lm'Vl ~1n1 1 ~~l'W fffl\91 

J 1lfu 111~1l'VlU',heJ'~~11tl~l'W U' e:Jtlll1fl 'l u fll'jfffl'I:Jlflf ~d ttlu 1111~ i1m~ ~~'Vlut~mtuflli 11 tlffltl 

~un'l11~ M1e:J'Vlut~mt ufllil1 t1~~mu ffllllil~~ 'l u fl11?~1'lm ~~~Nlt~m11111111 ~ t~nl9i''l '*i u fll'j'lf~ • • • 
'j/ ~ ... o'd 'j/i ~ ..... 'j/'l dd 
m~m1uu lll'W 111?~1l'YII'lflfll~ u m~Ul'W mm 111111u lll'W 111?~1JU?l~ h u m1 m ~ u l'W!flU!fltll 

"' 
~ o.~ ... 1 " d ~ ''l Ql .t::\ ~ 'l 3/lfl 31 ~ ~ Q,l r1 'l ~ 

'Ulll'UIJl?lll'YI!M?le:le:Jtl 'U l\9ltl\911J!'Vle:l 11 t\91 N?IN?l\9l'Ulll'U111?~1J 'U m lJltiJlllfl'IJ'U "' . 
~ dd d ~ ..:9 .e:. d Q.l I .t::\ ~ ~ 

!Wm 'lfe:JU 1J fl 'YI! 1 ti'YiffllJl 1 tl N?l \91 ffll ?I \91 !! 1 ~ \91 ~ Nl'lfl.fll'Vl ~ 1 fl \91 le:J til~ \91 'U 'U l'YI ~ 

U?l~fllfl'\Je:J~!~tl~lflU~lfl'l'nfliJW 111ci'11 (2521) i~wfl'l~11'1:l~f1i1U, u~lf'YI111rl'll 1 'Yiti~I'JJ'U 1 ~lfl\91, 

u~lf'Yimfl'YI1111rl'll mwrl' ~lnl'l, u~'iJ'YitYM~~'Yii''VlvJllfu111rl'll ~lnl'l i~wJI'lffl'l?~ u?~~u~lf'YII'li'~ . "' 
e:JI'lffmm111J11Tu111rl'll i~Mi'l'll'li'~ 11'lmnmilmh~i~Mlll'l~l'Wl'W 54191'lmh~ 111~ne:Ju~ltl ~u • 

d c/ o Ql I .t::\ I 0 Q.l ~ d 0 Q.l I 0 Q..l I 

\91Ufl'U!\9le:l1 ~l'Ul'U 10 l'lle:ltll~ U?l~\9l'U\9l~fle:J'U'\Je:J1J1Je:J1J11J\9l'Ul!fftl ~l'Ul'U 7 l'lle:Jtll~ 'Ull'lle:Jtll~ 
'j/ jl jl 'j} il 

"'~ '1 "'~ i 'JI 'JI 'JI ., ~I -1 ' i o "" "'~ 
lJl!Wm'lfe:J tl'ltl!~e:l~l~ 'U NaC1 flllll!'\Jll'IJ'U1e:Jtl?l~ 0.85 ~1fl'U'UIJ!IJ\9lffl'U ff'Ue:J~'Ull?ltl~!'lfe:Jll1 

'l 
'JI ~ ., - I o' 'l 'JI 'JI ~I ' _. o i 'JI ~ d "" 'l 'l 'JI 

M"lflM?lltl fl11 'lf'Ulll'UIJl?lll 'l5U?ll!IJ'UUM?l~fl111Je:J'U'YI1 M!'lfe:l'Yillflllllfflll11tl 'Ufl11 '15 

J1lfu111~11 'l 'Ufl11 ~~~ty!~U 11'lt~~ty 1~ne:J'U 'l u 'IJW~~~~e:J~'W '1 1~fflll11tl 'l '*J1lfu 111rl'11 'l '*u~l 
trlutm ~~mf Ue:J'W ~~ 1~fflll11tiU ~~~u nut~e:J~! ~~ty 'l uJ 1lfu 111rl'11 'l '*u~l 1~ ~~~~e:J~ mm1 t1 'l '* 
J1lfu111rl'11~'l '*u~l 'l 'Ufl11!~~t1J~~u 11'l1~l-h~~~flllllfflll11tl 'lummill'lff11?~\91U 1 ~~~ ~h;l.fll'Vl 
1 ~ m~11.lfu ~ Nl-ffll rfff'll e:J~J 1lfu 111rl'11 'Jhtl '1'11'1 ~mt Uflll 11 mh J 1lfu 111rl' 11~ 'l '*u ~l 111'1 '*i u m 1 

"' "' '1 II] 'j/' ~ . . . ) 
!~lt!J!I911J t\91 tl'l~lti'U'U (Prov1denh eta!., 1995; Rahman eta!., 2002; Wa1 eta!., 2005 

'J/ I J/ 'j/ 'j/ 

Ul!~e:l!!1Jfllll1tlllUtlfl1~'1'1~ 8081e:J 1GJft?l\91 lll'vll primary screening 11'lm~tl~!~e:J 

'luM?~e:JI'l'YII'l?le:J~~un~mMn MSM ~~~m~~mfue:J'UUI'lfl~l~nu 1~wi Jll'll?lfl?l 1flffflllll . "' 
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<JI 'j) <JI ~ Q,l ~ Q,l " 'j) 31 f)) 'j) 'J) ~ Q,l 

!'Ull'U'W'HJV"::: 2i~W'W1'11'WfHt":::'W1ll'Wih"ll1'lftt"1fl11llt'Ull'U'W'HJV"::: 2 hW'W1'11'Wf1 mll1191':i 5 

iJ"i'li'l191':i t'Urh~1Vfl11llt~1 200 HJ'lJ~'fJ'W1Yi t~'Wnm 24 '!i'1 ill~ trl'f.lm'l.Jnm1191n'ilm':illf11':i"~ 
.dl ~ ~ ~ o!:ll. rl <JI ~ ~d. dd. 

UHI91~J:-j'J i~V11i qualitative drop collapsing test \9llll11if11':i1tm1:::'11'U'fJ 1.1 'Vl'lJ!'lf'fJU'lJfl'l'lt':ifJ'I'lll 

fl'ilf1':i':illf11':i"~UH~~~b~1'W1'W 72 L'fJ hH"I91 nu1~fl'iJf1':i'jllf11':i"~UH~~~~h i191vi'n qualitative 

o ll) !)I d ll) I"' !)I ~!)I ~ .~ !)I ,j .f.'! "' ., """',j 
drop collapsing test 'I'll tm1~t':i1 tllCJf'lJCJf'fJ'W t'lfff1':i t'Wu':i:IJlW'W'fJV:IJlfHll'fJ!u':iV'lJ!'I'lfJ'lJf1'lJ11i'fJ'W 

'1 (Ron and Rosenberg, 2001; Bodour eta/., 2003; Youssef et al., 2004; Tugrul and Cansunar, 

" ' ' ·~d. d. 9) 'j) ~ d 1.1] 0 ~ - ~ .c:l Q.l 

2005; Plaza eta/., 2006; Walter et al., 2010) Ul9111i'Wll'U'fJ~'fJVfl'fJllfl11ll t11911tll'f.l!U':ifJ'lJ!'I'lfJ'lJf1'lJ 

" " ' 1fl I Q.J ~ 'j) ..::v:::!d.\1) 'j} I 'j) d.~ Q.l ~ ~ d.d. 

tllff1:1Jl':ifl1~f1'ilf1':i':ill~1V11i'W t~ (Walter et al., 2010) UI91'U'fJ~fl'fJ'il:::ff1:1Jl':iflfl~m'f.lfH'lf'fJ'I'lll 

fl11ll'ff1:1Jl'jfl 1 'Wf11'JJ:-ji'l191'ff1'j"~u'j ~~~~1~hm'V'I1 'Wmll1wmn !~ 
, , , " " 

'il1f1iT'WU1t:Jrmt'lJflfii1mf~ 72 L'fJ i9ft"l91lll'vl1 secondary screening i~m~v~t:Jf'fJ 

1'W'I1"'fJ~'I'l~"'fJ~ ~'lJ':i':i'il'fJ1'111':i MSM ~~tmci~m{'lJ'fJ'WUI91f1~1~fl'W t~uri J11911"f1" iflfffl11ll . ~ 

!II !II !II 'i ~ ., ~ ., .I " ~!II !II !II !II !II 'i l: ., -~ 
t'Ull'U'W':i'fJV"::: 2 t~V'W1'11'Wf1U":::'W1ll'Wu1"ll t'lfU"1fl11llt'Ull'U'W':i'fJV"::: 2 t~V'W1'11'Wf1 u':i:IJ1191':i 10 

il"i'li'l191':i t'Urh~1Vfl11ll!~1 200 ':i'fJ'lJ~'fJ'W1Yi t~'Wnm 24 'li'1 ill~ trl'f.lm'l.Jnm1~~1UH~~~1 

fl11llff1:1Jl':ifl 1 'Wf11':itfl~U-J"i'W (EA) u":::~1fl11lJ'ff1:1Jl':ifl h!f11':ifl~~1'U'fJ~tllJ"i'W (E24 ) rl~t~'f.lf1 
'j} I I 'JI I 

t:Jrmt'l.Jflfit'~vfiff1lll':ifi"I91UH~~~1L~~.yjff~~1'W1'W 14 L'f.l i9ft"l91 (Table 2) 'V'I'lJl1t:Jrmt'lJflfit1vfi • 
t~v~1'Wm'l11':i MSM ~~J1lT'WLl1~ll'li'utl'1t~wmci~m{'lJ'fJ'W !~uri t'f.l i9fml91 Tf19 u"::: Sb7 ~ 

I ,dl ~ I Ql 0 Q.l I I 

mm':i"~UHI91~J:-j'Jt'l'llf1'lJ 13 mN/m u"::: 10.8 mN/m 1911llm~'lJ 'il1f1f11':i'l'l~ff'fJ'lJfl1 EA 'V'I'lJ11'ff1':i 
.dl ~ d. d .<::::~, ~ d.d. 1fl d I I lr) ,. ~ 

"~UHI91~J:-j1'lf1fll'V'I'I'1J:-j"l91'il1fH'lf'fJU'lJfl'l'l!':ifJ t'fJ i9fml91 Tf19 U"::: Tg9llfl1 EA \j~f111 t'fJ t9f!"l91'fJ'W'1 
I I 1 !J/ JJ} 

'f.l~Yi~'f.lv"::: 42.8 tt"::: 41.6 1911m\'li'U tijm1mN1'WLLl24 i1 ill~ ~1 E24 'U'fJ~t:Jrmt'lJflfii1mf~ 2 

liJ 'i .d!ii 0 ... 

t'fJ t9fml91"~"~lll'l'l':i'fJV"::: 36.9 u"::: 28.5 1911llm~'lJ 
~ d. d d ~ dd ~ d I cl d 

! 'lf'fJU 'lJ fl '1'1! ':i V'\'1 !" V~ l 'W 'fJ1 '111':i MSM 'l'lll 'W 1 1911" f1" i fl ff! lJ'W U '11 "~ m ':i 'lJ 'fJ 'W '1'1 
~ 

.dl~ ;fllfl'j)l\l)'t d,l &~ d IQJ 

ff1ll1':ifl"~m ~191~ J:-j'J'\J'fJ~'fJ1'111':i !"V~!'lf'fJ L~Uf1 t'fJ t 9f!"l91 Lc16 llfllf11'j "~U Hl91~ J:-j'J\j ~'l'l"J'~! '1'11f1'lJ 

13.8 mN/m tm:::t~'f.l!t'lJflfii1Vt'fJ i9ft"l91 Lc12, Sb7, Sb8 U"::: Tg9 ~~1f11':i"~UH~~~1!'Yhn'lJ 12.3 

mN/m 'il1f1f11':i'l'l~ff'fJ'lJfl11ll'ff1lll':ifl 'l 'Wf1Utn~u-Jm'f'W 'V'I'lJ11ff1':i"~u ':i ~~~~1;1fll'Vl~ J:-ji'l191'il1f1 

" ' ' "'' "'"' ll) 'j "' I I ll) 'j "'' I"' !)I t'lf'fJU'lJfl'l'lt':iV t'fJ t9f!"l91 7/17b, Tg9 U"::: 0/15 llfll EA \j~f111 t'fJ t9ft"l91'fJ'W'1'fJ~'I'l':i'fJV"::: 60.7, 53.5 
' ' , , 

u"::: 49.9 mml'1i'lJtm:::tijm1mN1'WLLl24 i1 ill~ ~1 E24 'U'fJ~t:Jrmt'lJflfii1mf~ 3 L'f.l i9ft"l91 "191"~ 

:IJl~~'fJV"::: 58.3, 0 U"::: 35.7 \9llll{ll\Pl'lJ 'il1f1J:-j"'\J'fJ~~1f11':i"~UH~~~1tri'fJU1:1JltmV'lJtfiV'lJfl1J 
" ' 

fl11llff1:1Jl'jfl 'l 'W f11':i tn~u-J"iwm:::fl11llff1:1Jl':ifl 1 'W f11'jfl~~1'U'fJ~ u-J"i'W 'V'I'lJ11t:Jf'fJYi J:-ji'JI91ffl':i"~ 

u ':i ~~ ~ ~1;1fll'Vl !~~m 'il 'il :::iifl 11ll ff1ll u fl 1 'W m ':i tn~u-J "iwt":::fl11llfl~~ 1'\J'f.l ~u-J" i'W 1~111~ 
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.=::r, I G1 'j} I ~ ~ t::i. 

!}-Hl191\l~tl191fWll'lf1'Wfl1tl \l1f111ti'I1'W'IHJ'I Ron U{l~ Rosenberg (2001) VnJ11ff11{1flUH191'1!}-11'Jl'1fll'V'I 
I J/ I " 

liih1nnTn1m"n"~1 i~un in" 1fl~UflU"~~hh1hJi'Vlfi' ff11i'Wncil.li1\l~iim.uffl.l1J1Ji'Wm1"fl 
q • • 

.dl A ldi I A lit Y.ct I 0 i 'JI "' 
UH191'1!}-11 (surface tension) U{I~UH191'11~'1111'1!}-11 (interfacial tension) tflflf111f111'Vl1 '11!f1fl 

tllJ{I'lf'WU{I ~ ff11 {!flU 1 'l~'lf:h;1fll'V'IJ 1'11 tJ f11l.Jt{l f1{1ff 'I i~un ff11{1 flU H~'l~h~ii 1 fll 'lff~1'1t~'W . .. 
'V'Ifl~tl.Jflf~nh~f1fl1J~1tl 1'V'I~UCJfflfl1 hfi' hh~'W ~lt~~'V'I~UCJfflfll i 1fl ~11_Jhh~'W fltuffl.J1J1J • 

" . " 
'IJ fl'lff11 'l 'W nci 1Ji1 tnv1.u'fl'~ n1Jfl11l.l fl '11'11'\J fl '~ ~hr" i'W lJ 1 n wJ1 m1" flu 1 '~~ '~ ~b 'W fl n" 1ni1 'll'u fl 'Ufl '~ • 

It/ d I A .ciq,d. .d.e:t. e::;!r/1 Q,.lt/A'j) 

t! '11{l'lfl111Jfl'W lJ !}-1{1 191 fl'll''W fl'IJ fl'l ff11 "flU 1 '1191 'I H1'll'1fll'V'I 'VI~" 'W 'Vl1 tJU191" ~ ff1 ti'V'I'W 1j !}-1{1 191 fl1tl (Singer, 

I "> ~"> .r _,j'l'J/'1:<>' l_,j 
1985) t'll''W f11lH{I191ff11{1flttl'l191'1!}-11\l1tlt'll'fl Pseudomonas aeruginosa tl.Jfl 'll''W1l.J'WM{Ifl{I'W 

_,j "'l'JI'JI.Ji?l I .I lJ)I 'f:,f.., I "> ~"'"" 
tm fl'l ti'W 191 'll'U {11CJf'ltlJ 'Wtt,.., "'I mnJ fl'W tl.l "~mtJ'W 1t 'll'flfl'l nm1 "~ !}-1{1 191 ff11" flU 1 '1191'1 !}-11'lf1fll'V'I 

'll'Ufl~11ln.hJi'Vlfl (Thavasi et al., 2011) U~trlmiv'lt4fl P. aeruginosa LBM10 i'Wfl1'1111~ii 
" " 

tmci'lflTf1Jfl'W "~mv'l11 i~un n~tCJffl1fl" t:jffli'lnci11\l~!}-1~191ff11 {lfltt H~'~ ~h;1m'V'I'Jl'u flu 1l.J 1 'W 

~Ufl (da Rosa et al., 2010) t~mf'W 
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Table 2. Emulsification activity (EA), emulsification index (E24) 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 ± 

2oC) and 200 rpm. 

Used palm oil Glucose 
Isolate 

STR• (mN/m) EA.(%) 
. . 

EA.(%) Ez4.(%) Ez4 (%) STR (mN/m) 

0/15 1.0 ± 10.1 12.0 ± 0.0 0 1.6 ± 1.1 49.9 ± 0.0 35.7±0.1 

7/17b 9.8 ± 1.4 14.0 ± 0.0 3.0±0.0 10.0 ± 1.3 60.7 ± 0.0 58.3 ± 0.0 

7/18a 4.0 ± 0.8 22.0 ± 0.1 10.0 ± 0.0 8.0 ± 1.2 51.1 ± 0.0 41.6 ± 0.1 

7/18b 8.6 ± 0.5 21.0 ± 0.0 17.0±0.1 8.1 ± 2.5 30.9 ± 0.0 17.8 ± 0.0 

7/18r 8.5 ± 0.5 5.0 ±0.0 0 6.1 ± 1.2 25.0 ± 0.0 20.2 ± 0.0 

Lc9 8.1±1.6 0 0 9.3 ± 0.5 0 0 

LclO 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 15.4 ± 0.2 4.7 ± 0.1 12.3 ± 2.3 0 0 

Lc16 5.3 ± 1.0 0 0 13.8 ± 1.8 0 0 

Sb7 10.8 ± 0.7 0 0 12.3 ± 0.5 0 0 

Sb8 5.0 ± 1.0 0 0 12.3 ± 3.0 0 0 

Td4 5.0 ± 2.0 0 0 10.6 ± 2.8 0 0 

Tf19 13.0 ± 1.5 42.8 ± 0.0 36.9 ± 0.0 11.6 ± 1.0 0 0 

Tg9 0.1 ± 1.2 41.6 ± 0.0 28.5 ± 0.0 12.3 ± 0.5 53.5 ± 0.0 0.0 0.0 

Values are given as mean± SD from triplicate determinations. 

d .r "'"' Escherichia coli UII~ Staphylococcus aureus !1l'W!'IHl'fl11JfJ:IJ'\JtJ.:jU1J'fl'Vl!'HJUf1'J:IJII1JUII~Uf1'.i:IJ1J1f1 
0 "' I .r "' "' d "' <!I liJ 31 ?I .r "' "' -I I 31 

~1:1JII1~1J (Table 3) 'V'11J11!'1ft!U1J'fl'Vl!':ifl'Vl'fl'fl!IItlf1 !'fl!U'W!'Ift!U1J'fl'Vl!':ifl!!f1'.i:IJ1J1f1 Ju'Vltl'W ff':i1-:j 

_I o' 0 liJ i "'"' -1 I liJ I 31 -1 o' 0 liJ i blum 111'\.J'.l'W 7 ttl 91!II~ UI!~U1J'fl'Vl!':ifl!!f1'.i:IJII1J ':iu'Vltl'W !:1Jbl':i1-:jffutl':i 111'\.J'.l'W 7 ttl 91!II~ .. 
111f1f11':i rnfl1J!ftfl.:jff1fl'rl''W ntt1J'flfii1 fl~rl'fl!~ t!f1 ~~~1fln 16S rDNA i 'flflU1ih~1J • 

!1Jff~t~l1':i~:IJ1W 500-1000 bp !11tYifl1J!ftfl.:jnmrmJI~~~t~~iu GenBank (Table 4, Fig. 8) NI~m':i 
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~ d eNd I Ql 9) eK 0 

!'\'ltliHflti~'V'lU!'lftl'\'l!LI'lf11'1Vlf1'U 5 {YfJfl il:i~f1tlU~1tl !'lftl1'U{YfJfl Bacillus spp. 'ill'U'J'U 7ttJ1CJflfl\9l 

t~!!fl Bacillus subtilis 4 ttJ1CJflfl\9l, Bacillus tequilensis 1 ttJ1CJflfl\9l Ufl~ Bacillus pumilus 2 ttJ1CJf 

!fl\91 !~tJ1'U{YfJfl Pseudomonas spp. ~l'U'J'U lttJ1CJflfl\9l t~!!fl Pseudomonas aeruginosa !~tl1'U 
'j) 

{YfJfl Klebsiella spp. 1~un Klebsiella pneumoniae ~l'U'J'U 3 ttJ1CJflfl\9l !:]}tJ1'U{YfJfl Serratia spp. 
'j) 

~l'U'J'U 1 ttJ1CJf!fl\9l t~!Lfl Serratia marcescens !Lfl~!:jftl 1 'U {YfJfl Acinetobacter spp. ~l'U 'J'U 2 1 tJ1CJf 

lfJ fJ} I ~ ~ Q ~ d.::i I 

!fl\91 !~!Lf1 Acinetobacter calcoaceticus Ufl~ Acinetobacter junii !'lftl'\'1~ 5 {YfJfl!tl'U!'lftl'\'l1J';iltl~l'U11 
I j) 'j} j} 

{1'11Jl';i m 'il~t)J 1~ 'UU~ nurYiijmnJwtltJ'U{YWth~ ntJu 1~ 1 ~ 'j mfu tl'U ..r~~'U !Lfl ~t11 'il 1f1f11'j twn 

a!., 1997; Rahman eta!., 2003; Okoh and Trejo-Hernandez, 2006; Das and Mukhetjee, 2007) 

.ct d Ql o'~ d .a 
'illf1Nflf11';i!'\'ltiU!flti~{Ylti'V'l'UlJ!'lftl{YfJfl Bacillus spp. 'V'lU1Jlf1'\'l'Q'~ !'Utl~'illf1 

{1'11JU tl! 'il ~ W 1~1 'U {Yfll'V'l!L 1~~ tllJ~ Mfllf1M flltl!!fl~ !~tJ{YllJl ';i t1 {1'~1~ {YU tJ{~'\'l'U ~tJ{Yfl11~ t:J 
" 

m m~ {YlJ 1 ~ 1 ~ ti{YUtl { 'il~'\'1 'U ~ tlfl 111Jftl'U {1' ~It {l~ er~ 'lhtl 1 M'u Ufl Yii1 ti{1'11Jl';i ()It 'V'l1 m~ 'ill til iJnu 
"' 

~ ~ lr) j)c;t~ 0 X. d d d Ql ~ lfJ j) I 

~'U 'Ul!Lfl~tllf11fl' !~l'l'ti'U (Nicholson eta!., 2000) 'illf1f11';i'ill!L'Uf1!'lftl!!Ufl'\'l!';itl'\'lfl~!fltlf1 ~~ 'V'lU11 

~ ~~ eK d Ql lfJ I I d G) A dl A 

!'lftl B. tequilensis Lc9 !lJ'U!'lftl'\'ltl~ !1J'V'lUf11';i';iltl~l'U111Jf1111J{1'11Jl';itl !'Uf11';ii'Jfl\91{1'1';ifl\9l!L';i~\9l~NJ 
'j) ' 

~hfll'V'llJlfltl'U 1~ tl!:jftl 1 'U {YfJfl Bacillus spp. .yjij';iltl~l'U f11'j N~l'l{YUfl\9111 ';i ~&j~ ~h~hm'V'l !'li'U 

B. sphaericus, B. subtilis, B. pumilus, B. licheniformis (Fagade et a!., 2009) B. circulans (Das 

eta!., 2009; Saimmai eta!., 2011) !~'U~'U Ufl~'illf1f11'jfl~!~tlf1!~el'V'lUil!~tl B. tequilensis Lc9 ij 
I J/ " I )I 

~1f11';ifl~!L';i~&j~~1!'YllflU 13.8 mN/m !ijtlliitl~!:}ftl1'Utl1MU MSM .yjijt111911flf1~ 1fl{Y!~'U!!M~~ 
tl QJ ~ & ~ ~ Ql rl 'l9JG} dl I liJ,.I ~ ~ 

fll';iUtl'U \9l~'U'U'il~!fltlf1!'lftl{Ylti'V'l'UlJ B. tequilensis Lc9 m 'lf &'Uf11';ifl'f1'hl1\9ltl !lJ !'Utl~'illf1!'lftl 

& :'1 ~ Q.J r/d QJ lr] l.cl A ,dl A d I & 

B. tequilensis Lc9 CJf~!lJ'U!'lftJ{Ylti'V'l'U lJ'I'ltl~ !lJ mltl~l'U f11lNfl \9l{Yl';i rl\91!! ';i ~\91~ N1'lf1fl1'V'l1Jlf1tl'U 'il~ 

fff1EJ1fl'il m 'j lJ'tl tJ~ {Yl';i fl~ u 'j ~ &i~ ~1J~fl w {1'1J-llil'l 'U f11'j fl ~u 'j ~&i~ ~1!Lfl~ fl w {YlJ u111 'U f11'j 1 ~'U {YU • • 
"" ... "'liJ •. I .-..!~ I :ll .I 1 .. I 0 l!J.I.I .. '19/'l 91 ,j I l!J.I 
tllJflC]f !Y'l~CJf~'Ul'il~!lJ'UlJl~ tl'lf'U\9ltlf11';i'U1 !1J1Jl~~f1\9l 'lf 'U~l'Utl'U ~ l'ltl !lJ 



49 

Table 3. Colony morphologies on MSM agar supplemented with used palm oil (1 %, w/v) as a 

carbon source. 

Isolate (Gram stain) 

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

7/18b (-) 

7/18r (-) 

Colony morphology 

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 

Td4, LclO, Lc12 and Lc16 (+) Medium (diameter, 5 to 8 mm) colonies, irregular form, 

Lc9 (+) 

Sb7 and Sb8 (+) 

Tg9(-) 

Tf19 (-) 

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 

Lc9 Bacillus tequilensis AB647198 98 

LclO Bacillus subtilis AB647210 91 

Lc12 Bacillus subtilis AB647199 98 

Lc16 Bacillus subtilis AB647200 99 

Sb7 Bacillus pumilus AB647201 99 

Sb8 Bacillus pumilus AB647202 99 
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100 

100 

54 

100 

51 

Escherichia coli A TCC 1177 5 r (X80725) 

Serratia marcescens ATCC 13880r (AJ233431) 

Serratia marcescens 7/18r (AB647207) 

64
[ Klebsiella pneumoniae ATCC 13883 r (X87276) 

Klebsiella pneumoniae 7/17b (AB647209) 

99 

Klebsiella pneumoniae 0/15 (AB64 7205) 

Klebsiella pneumoniae 7 /18a (AB64 7208) 

Pseudomonas aeruginosa ATCC 10145r (X06684) 

Pseudomonas aeruginosa 7/18b (AB647206) 

Acinetobacter junii A TCC 17908 r (X81664) 

Acinetobacter junii Tf19 (AB647197) 

Acinetobacter calcoaceticus ATCC 23055 r (AJ888983) 

Acinetobacter calcoaceticus Tg9 (AB647204) 

,-----------Bacillus circulans ATCC 4531 r (A Y724690) 

100 

81 

90L__--1 

Bacillus pumilus ATCC 7061 r (A Y876286) 
100 

Bacillus pumilus Sb7 (AB647201) 

100 
Bacillus pumilus Sb8 (AB647202) 

Bacillus tequilensis A TCC BAA -819 r (HQ2231 07) 

Bacillus tequilensis Lc 9 (AB647198) 
98 

98 

100 

Bacillus inaquosorum KCTC 13429r (EU138467) 

Bacillus methylotrophicus KACC 13105 r (EU194897) 

.----Bacillus subtilis ATCC 6051 r (AJ276351) 

Bacillus subtilis LC10 (AB647210) 

Bacillus subtilis Lc12 (AB647199) 

Bacillus subtilis Td4 (AB647203) 

Bacillus subtilis Lc16 (AB647200) 

Figure 8. Phylogenetic analysis of 16S rDNA sequence of selected biosurfactant-producing 

bacterial isolates. 
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. " .c:::t ' Clr, .:::t.. 4 ~ .d, 4 
3. tf.flTJ~'tu't'i'J.Jl~tf'IJV!tlfll'Hii'HlJHtl~~HHiltfl'Hl~HHVI~N1'111fll'fHllfl!'IHI Bacillus tequilensis 

Lc9 

dtJ' ~ 'l ~~I .did 1 Q.l:gQJ 
!lJtl!~tl\l!'lHI B. tequilensis Lc9 'U'Ul!fft11Jtl'j"JlJGJf\l!f11Hl1f1 H\ll'Ufff11'1'UllJ'U 

l11rl' w~ m~m11\l til tlf1 'l 'U f11'j Ulffl'j~l'!u 'j \1 ~\I ~~b~hm'Vl 1 tJtJ'j~ vnl'i''l '!}''l 'U mnh 1fi'IJ llJ'U l11rl' lJ~ • 
~ 'l .1;'.;. 31 ~ 31 31~ "''11;'""' 

iJ'U!Uti'U 'UU'Vi~\I'Ul!'Vltl!tniftymff\IU"JI'I~tllJ tll!'lftl B. tequilensis Lc9 ffllJl'jfl!'iJ'jty 'U'Ul!'fftiUtl 

'j 1ll 1~~Ul'ii~Ult~t1 1 tJ'l '!}''l 'U 'jiJ'IJtl\ll'htGJf~rl'~\lffllJl'jtJ~I'I~ 'U 'Yl'U 't 'W f11'j t~ tl\lt ~t1u~~ f11'jffnl'l ffl'j "' . 
~I'IUH~\If.'h~1fll'Vl1~ u~~!~tl\l!~tl't'Utll'VIH MSM mlJ1\9l'j 50 iJ~~~\9l'j 'l'WvlmffD'IJ'Ull'l 250 

iJ~~~\9l'j 11'1tltl1'111l MSM tJ'j~f1tiU~1tiU'Vi~\lm{utJ'U~~~mtiJ1 fit~ Jl\9ll~f1t11flff Jll'll~'YJ'jltl 

313131 1;'"" "" 313131 1 1;' ""~ fl11lJ!'UlJ'IJ'U'jtJtJ~~ 2 11'1t1'Ul'Vi'Uf1 11'1t1lJ (NH4) 2S04 fl11lJ!'\JlJ'IJ'U'jtJtJ~~ 0.1 l'lti'Ul'Vi'Uf1 !D'U 
I I J) jl 

tm~\1 1 'U 11'l'jt'ii'U t'llehnfl11lJt~"J'jtJ1J 200 'jtJul'it~'WlYi Yimu 'Vi flilMt~\1 'Vlu-h:Jfo 1llt'i11ru'l 'UUltilv 
• "' u 

tim1lJ ul'it'il1tu'l'Utll'Vill MSM (Table 5) 'illf1N~f11'j'YJI'I~ti\IJltfftltitl'j"JlJ1llmm~fflJ'l'Um'j 
u 

o 3/d I rl 0 Ql J' ,l dt 'l ~ .c::t I 

'UllJlht1J'UU'Vi~\lfll'j1JO'Uffl'Vi'j1Jf11'j!~tl\l!'lftl B. tequilensis Lc9 tll'il'ii~!'Utl\llJl'illf1 'U'Ul!'fftiUO 

.c::t & ~ rl ~ Q.l ~I d'. .. I 
'j"JlJlJ'ffn phenolic compounds GJf\I!'Vi~O'illf1m::;u"J'U mmtJ'j~tJtJ1~lJ'U llJ'U!lJ'U 0\lfllJ'j ~nou ffl'j 

d ~ Q.l rl QJ r, oQo ,l .c::t.c::t lil~ 
phenolic compounds 'ii~!D'U'Vl'l:lf11J!GJf~~U~~ti1Jtl\lf11'j!'iJ'jt1j'IJO\I!'lfOU1Jfi'YH'jtl !1'1 (Joshi et a!., 

2008; Niaounakis and Halvadakis, 2004) i'IJ'Umf1'ii~U11tJtJ'j~tif11'i''l'!}''l'Uf1Hrl11fi'IJ11J'UiJlrl'lJ~ • ., ., ., 
tJwilt~'W 'l wm~\IUl'il~ 1llffllJl'jtJUltGJf~rl't:JftJ 1 tJtJ'j~ ~nl'i''t '*!~ 

trlm~tl\lt~o 'l 'U Ol'Vil'j MSM ~~mnJll'll~'VI1t~J llJ'U tJ1rl'lJ 'Yll\1 f11'j 1'i'1'V1'1 oJ llJ'U 

rl 'j} 'j} d I t/ ~ .c=t. 1 ~ !i}.c::t QJ dt .... ~ d I 

111~ lJ 'l 'lfU~ 11 D'U u 'Vi ~\1m 1u O'U f11'j t 'il 'j tyti'IU \91 'IJ O\lt 'lfO'il ~ 'l n~ tfltl\1 f1'U tlJtl!lJ'j vu !'Ylt1Ufllf11 'j ~ 1'1 

UH~\If.'b'IJO\Ib'h'U'lff'Uti\IJlt~tl\l!~tl!rltlt~tl\l!~ti!~'U!"J~l 24 U~~ 48 'Ji'"JllJ\1 'Vl1Jllf11'j!~tl\l!~tl 
" 'J/ " ' 

11'1 v~m nul\911~ t~ 'U tm~\lm{ u O'U 'ffllJl'jtJ~ l'lrilu H ~\I H"J'IJO\Itll'Vi l'j t~ tl\lt:Jfotl' 'IYibJ'I'I (P < 0.05) 

" " " ' 
11'1 tlf11'j 't '!}'mnull'll~t ~'Uu 'Vi~'~ m1u o'W 't 11' ri1nn ~l'lu 'j '~~'~ H"J'IJO \I til 'Vi l'j t~tl\lt :Jfotl' 'IYibJ'I'I t'Yi 1nu 

17.8 u~~ 15.8 mN/m l'llllri1iu u~~'illf1f11'j1tm1~11'fl11lJ'ffllJl'jtJ'l'Um'jtfll'lfllJ~i''U (EA) u~~ 
'j} )I I 'J/ 

fi"JllJ'ffllJl'jtl 'l 'Uf11'jfl\ll'f1'1ltl\l fllJ~'lf'U (E24) 'Vl1Jllf11'j !~tl\1 t:Jft1 'l 'U til 'Vi l'j MSM Yi ~f11f1Ul\9llm ~ 'U 

tm~\lm{uo'U~nm 24 'li'11lJ\I ri1 EA u~~ E24 rvhnu~ov~~ 45.8 u~~ 39.5 l'lllJri1iu u~~~nm 

48 'li'11lJ\I ri1 EA u~~ E24 rvhnu~t1t1~~ 41.17 u~~ 14.58 l'llllri1iu f11'j'l'J}'ffl'jt'\.J 'l t~wmci-:J 
rl lfJ l.c::i 1 0 'l 'j)..::::.. .t::::l, Q.l Q.l ~ t:!l, 'l 'j} ~ ~~ ' rl G) 

fll'j1JO'U !lJlJfi"JllJ'ffllJl'jtl 'Uf11'j'YJ1 'Vi!f11'1tllJ~'lf'U 'il\lmtlf1 'lff11f1'Ul\9ll~!lJ'UU'Vi~\lfiU1Jti'U !'U 

"' ,g "' "" ~ 'l ~ I l!J,I 
f11'j'N~I'lffl'j~I'IUH\9l\IN"J'lf1fll'Vl'illf1!'lf0 B. tequilensis Lc9 'U'IJ'UI'lti'UI'ltl !lJ 
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fl11!~V~!~fliUflll111~~J11'11~!~UUl1ci~mf1JmHrlfl~Uff~fl11!~V~!~fl~Trilfl'lf 
q 

~ I ""19)1( "'.I o' d . I o' .,l! i I "' "' ~ 'il~l'l1f111flll111 MSM 'Yl 'lfU11JUu1~lJ!1JuumHfl111JflU CJ1~ U1~l111~fl11!'ii1UI!I'l1J 11'll'lffl'il~ 
" 

1u~vu J11'11~ 1 U!~U n1~~u 'Yl1 v~H "1 'Y11 h1'~1Vilfl'lf'Ufl~flll1U !~V~!~fl~~ ~~fle.hn1~1~ 1 

o!:l t/ I I ;r ~ i de< 
(Loncar et al., 2000) ~~~~'il1f1fl111!fl11~l1'f11 EA ~~~~ E24 'Yl1J11fl11!~V~!'lffl Uflll111 MSM 'Yl:I..J 

~ ~I I ,J e!i ~ ~ d ~ 1 ~ "" 
fllf1U11'11~!uU!!l1~~flU1JflU bYU~~!!HI'l~Nd'lf'dfll'Yl'YlN~I'l ~VI'lffl B. tequilensis Lc9 'il~lJ 

~~ e;it:). t:).~QJQI ~ C1 I r:/ d I Q.IA 

flW ff1J1JI'l 'Yl~fl11~ ~~~ 1 ~ 1'1~ N1!m~fl11 !f1~fllJ~'lfU CJ1 ~'lfU~'Ufl~!! l1~ ~fl11 1J flU 'II~ 1J N~l'lflflW ff1J1J 1'1 
q q 

'j) d ,di.C).d dA' .L::\ dtl.t:::\ 

~1U!fl1J!!~~fl1Vfll'Yl'Ufl~ff11~~~~HI'l~N1'lf1fll'Yl'Yl!'lffl'ii~U'Yl1VN~I'l (Sarubbo et al., 2001) 
q 

'il1f1 N~fl11 f1mn'Yl1J -;hu Mri~ mf1JflU ~~ Mm~ ffl.l i u nn N~ l'lff1 1 ~ ~~~ 1 ~~ ~ f:h 

;1fll'Yl'il~ !!l'lf1~1~nu 1 u~u mln1J'lfU ~'Ufl~Lru~~~~ 1 ~~~r:h;1m'Ylu~~'lfU~'Ufl~'il~u'Yl1 v 'lfU~ 
~ q 

'll fl~u Mri~mf 1Jflu ~ i .ffi u m1 N~~'~ ~~ ~ N~~ flfltum'Ylu~~mmw 'llfl~ LY11~ ~ 111 ~~~ r:b;'dfll'Yl!~u 
q 

flV1~1Jlf1 (Robert et al., 1989; Panilaitis et al., 2007; Abouseoud et al., 2008; Saharan et al., 

2011) Joshi ~~~~fltu~ (2008) f1mnm1i'l1'!mrl~mf1JflU~UI'lf1~1~nuiumm~l'lff11~~~~H~~~h 
c< 1 ~ .1119) I o' d li li)9J I 1 1 
'lf'dfll'Yl ~VI'lffl B. subtilis 20B CJ1~ 'lf!!l1~~m11JflU'Yl~~mvu1 ~~un n~ 1flff, l.lfl~ l'lff, vl1fl l'lff, 

~ q 

~ 1 mff, u~n11'1LY, mnJ11P11~, l11~U1J, !lJ'YllU fl~, wmufl~!!~~ 1 'Yl1'Yl1U fl~ 1mri~mf1JflU~ Ill 
~ lr]'J) I d d :: QJ d 'j) ~ Ql ~ I ~ 

~~mVU1 !~!!f1 HJU!'YlU, fl hCJ1U, U11JU!lJ~~~hm!~~U11JU'YlU1flU 'Yl1J11!'lffl B. subtilis 20B 

ffllJlHI! 'il~ru!~ uu Mri~mf 1JflU 'Ylf1'lfU ~ u~m1 !~V~ i umM n~i .ffmnJ 11'11~ 1 ~uu l1 ri~mf 1J flU 
" q 

" !V iJ I 

!~fl B. subtilis 20B ff11J11fi~~~~H~~r:h'Ufl~flll111!~V~!~fll~~yjff~ 1~V~~~1!!H~~~1'il1f1 
q 

55.0 mN/m !~U 30.5 mN/m 



54 

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. 

STR• (mN/m) EA.(%) Ez4•(%) 
. 

C-source Final Growth . 
(2%, w/v) pH (OD66o) 

24h 

Palm oil wastewater 6.9 ± 0.0 0 
f** 

0 
b** 

0 
b** 

ND 

Glucose 4.3 ± 0.0 10.5 ± 1.3b ob ob 1.7 ± 0.1 

cs 4.3 ± 0.0 10.1 ± 1.6b ob ob 1.5 ± 0.0 

Molasses 4.4 ± 0.0 17.8 ± 1.2" 45.8 ± o.o· 39.5 ± 0.1" 3.4 ± 0.0 

Palm oil 7.1 ± 0.0 6.0 ± 1.0c ob ob 3.9 ± 0.3 

Used palm oil 7.1 ± 0.0 7.6±1.1c ob ob 3.1 ± 0.2 

48 h 

Palm oil wastewater 6.9 ± 0.0 or ob ob ND 

Glucose 4.4 ± 0.0 10.8 ± 1.2b ob ob 1.5 ± 0.0 

cs 4.4 ± 0.0 4.0 ± 0.5d ob ob 1.7 ± 0.0 

Molasses 4.3 ± 0.0 15.8 ± 2.7" 41.7 ± o.o· 14.5 ± o.o· 3.6 ± 0.0 

Palm oil 7.1 ± 0.0 9.6 ± o.t ob ob 4.0 ± 0.4 

Used palm oil 7.1 ± 0.0 9.3±1.1c ob ob 4.2 ±0.0 

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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.. 
:v :v 0 

3.2 fl1UJ&'Uli'U'W'UB~fllfl'W1VIltl 

"' "'"' 1 ~ I t/ .d ~ ~ d 3} 'j) 3} 
'ti'Ul\PI 250 lHHHW11 \Plti:UU'H'Cl~fll'j'lJfl'U'Vl!'l1lJl~ff:U fltl f11fl'U1\911"l 'Vlfl11:U!'ti:U'ti'U1tltl"l~ 1, 1.5, 

1 ~ cv 0 QJ ,:::::f. 'j) 'j) 3) 1 ~ QJ ::, 

2, 2.5 U'Cl~ 3 \Plti'Ul'H'Ufl\911:U"ll\Pl'U U"l~:U (NH4)2S04 WJl:U!'ti:U'ti'Ul"tltl"l~ 0.1 l'lti'U1'H'Ufl!u'U 

tmri~!u 11'11t'il'U t'tiV1~1tlfl11:Ut~11t:J'U 200 l"t:J'U~t:Ju1Yi ~t:Jtu'HI1il11't~~ 'V'l'Ul1f111'l'lf'mnJ1\911"l~ 
q "' 

m1:ut~mru~t:JV"l~ 2 ~nm 24 u"'~ 48 i1 1:u~ l1m1t'il'5UJt~u 11'1LY~~LYmm~l1r11m1"ll'lUH~~~h 
u "' q 

d I Q.l o Q.l ~ t/1 dt ;! 
\f~'Vlcyl'lt'Vllfl'U 18.5 mN/m U"l~ 16.3 mN/m \911:U"lll'l'U (Table 6) 1!m1~'Hfll EA U"l~ E24 !:Utl!"ltl~ 

~ ~~ .!, 1 I I ,J .,j 'l 'J) lJ 'J) 'J) 'J) dj 1 

!'}j'fl!ulH1"l1 24 '}j'1 :U~'V'l'U11 fl1 EA lJlfl'Vlffl'l!:Utl '}j'f11fl'U1\911"lfl11lH'ti:U'ti'U1tlti'Cl~ 1 !'l 'UU'H"l~ 
q 

t/ I Q.l 'j) 1 d dt '13} ~ 'j) 'j) 'j/ d I 

fll'j'!Jfl'U !'Vllfl'IJ'jfltl"l~ 52.0 fl1 E24 \J'~'Vlcyl'lt:Utl '}j'f11fl'U1\911"lfl11:u!'ti:U'\J'U'jfltl"l~ 2 !U'U!!'I1"l~ 
,J IQI'j) dtef ~d <l, II & 

flll"'Utl'U !'Vl1fl'U1tltl"l~ 34.1 (P > 0.01) U"l~!:Utl!"ltl~!'}j'fl!U'Wnm 48 '}j'1 1:u~ 'V'l'U11fllf111"ll'lUH\91~ 

~h rl1 EA U"l~rl1 E24 lJU'U1 1U:U"ll'l"l~ tll'il'il~!~tl~lJl'il1flff11tll'H11~'il~i'lf''lum1!'il'5tyt~'U 11'1'\.ltl~ 
~ ""~ ~~'l'J) ~"'"" d 'J) ~ d 1 o'l'J) !'}j'fl'H:UI'l"l~ l'l~'U 'l.J!'}j'fl'iJ~ ']j'ff11"ll'lU H\91~Y-J1')j'1J11'V'l'Vlff1 1~'\.I'U lJl! U 'UU 'H "l~tll'H 11 'V11 m_B lJlill ff11 

" " u~riTVltt:J']j''\Jt:J~mM u ~~ v~~~t:J !:Ju191n~1~fiu mmTn11'ltlt:J d1 ~ 11 11~ 4.2-4.5 'il1fl H"lf111 'Vl 1'1 "lt:J~ 
"' 

I & ~ ,:::::1 d. .t:::~, eN t:1 ~'l & C\ lr] 3)C! 

'V'l'U11ff11"ll'lU1~\91~H1')j'1J1l'V'l'VlH"l\91'il1fl!'}j'fl B. tequilensis Lc9 :l.lf.)T.Uff:U'U\91 'Uf111"l\PIU1~\91~Hd tl'll'l 
I I )/ I il )/ I 

"" <!I 'l 'J) 'J) 'J) 0 ""'J) "" "" ~ <!I 'l 'J) 'J) 'J) 0 "" 

'Vl ffl'l !:U tl '}j'fl 11 :u! '\.1 :u '\.1 'U '\.1 tl~ f11 f1 'U 1\911"' 'Vl 'j tl tl"l ~ 2 \PI~ 'U 'U 'il ~!"' tlfl '}j'fl 1 1:U! '\.1 :u '\.1 'U '\.1 tl ~ f11 f1 'U 1\911"' 'Vl 
q 

" ~t:Jtl"l~ 2 'l 'Wf111H~I'Iff11"ll'lU1 ~~~~b~hm'V'l'l 'U~'UI'It:J'U~t:J !1.1 

&.<:::td & dlr)'J} 'j) Q.l Q.I~Q.Idt I 

\91 ~ H 1')j'1J1l'V'l Clf ~ H "l f11 1 'Vl \PI "l tl~ 'Vl ! \PI fftl\Pl fl "l tl ~ f1 'lJ H"l f11 1 ~1 \PI "l tl ~'\.I tl ~ 'U f1 1 'il tltl 'U '1 ! '}j''\.J Saimmai 

.rf1 'j) 'j) ~ I q .eQqd ~ 
U"l~flill~ (2011) ftf11:11fl11:U!'ti:U'ti'U 'tltl~fllfl'U 1\911"l\91flf11'j H'Cll'lffU"l\PlU H\91~Y-J1'}j'1J11'V'l'il1fl! '}j'fl 

1 'l 'J) l: 'J) 'J) 'J) 1 l: "" 
B. licheniformis TR7 U"l~ B. subtilis SA9 \Pltl '}j'f11fl'UWll"lfl11:U!'ti:U'ti'U1tltl"l~ 2-10 \Plti'U1'H'Ufl 

t'tiV1~1tlfl11:Ut~1 150 1t:J'U~t:J'W1Yi ~:u~t:Jtu'Hfiil 30 t:J~fl'1!Clf"lt~iwLY ~~unm 48 i1 1:u~ 'V'l'Ul1trlt~ 
q "' 

'J) l: 'J) 'J) 'J) 1 l: "" ~ """' 'l'}j'f11fl'U1\911"lfl11:U!'ti:U'ti'Ul"tltl"l~ 10 \Plti'Ul'H'Ufl !'}j'fl B. licheniformis TR7 :Ufl'iJfl'j'j:lJ'\Jtl~ff11"ll'l 
I , jl I 

UH~~~1~ihm'V'l~ficyl'l11'ltl"ll'lU1~~~~1'tltl~tl1'H11!~tl~!~t!L~ 29.5 mN/m U"l~'l1i'f11 E24 \)'~Yicyl'l 
'j) Ill') It:$ I I .ci Q.l o Q.l Q.l 'J) ~ 'j) 'j) 'j) 

1 tltl"l~ 71.91 U\91 t:U :Ufl11:UU\91fl\911~ tl ti1~:U'U tlff1fl tyfl'!Jfll'j 'l '}j'fllfl'U 1\911"l fl11:U! 'ti:U '\.1 'U 1 tltl'tl~ 4-8 

" " " ~ d,q & C\ .ct. t:!l, li'J I I Ql 

U'tl~!'}j'fl B. subtilis SA9 :Ufl'iJfl'j'j:lJf111"ll'lUH\91~H1'tltl~tll'H11!"ltl~!'}j'fl t:UU\91fl\911~fl'U (P < 0.05) 

I I dt'l'j) ~ 3}3)9) 'l'j)l d 
tl~1~'H11~ 28.05-29.75 mN/m !:Uti '}j'f11fl'U1\911'tlfl11:u!'ti:U'ti'U1tltl'tl~ 4-10 U'tl~ 'Hfll E24 \)'~'Vlcyl'l 
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'j/ ... 'I 'j/ 1: 'j/ 'j/ 'j/ "' d li] 'j/ I 'j/ 'j/ I 

'HH.Ift:::: 71.28 UJfl t'lff11fl'Wll'll~'fl'JllJ!'UlJ'IJ'W':ifltJ~:::: 6 'illflH~f11Hl'fl£Jl!'YI'W !~'Jl'fl'JllJ!'UlJ'IJW!'YI~~ 
~ Q I .et. ~ & ..::::::., d ef t::ld 

'fll':i'Ufl 'W 'il:::: lJ H~ I'Hl f11 ':i H~ I'IU ~::::'fltl.! fflJ'U\91'\J fl~ ffl ':i ~ ~ U ':i ~\91 ~ Hd'lf'J.fll'V'l 'IJ fl~! 'lftH! 'U'fl'YH ':i tJ • 

Table 6. Effect of molasses concentration on biosurfactant production in shaken flask by Bacillus 

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

Molasses 

concentration 

(%, w/v) 

24h 

1.0 

1.5 

2.0 

2.5 

3.0 

48 h 

1.0 

1.5 

2.0 

2.5 

3.0 

Final . 
pH 

4.2 ± 0.0 

4.2± 0.0 

4.3 ± 0.0 

4.4 ± 0.0 

4.5 ± 0.0 

4.3 ± 0.0 

4.3 ± 0.0 

4.3 ± 0.0 

4.4 ± 0.0 

4.5 ± 0.0 

STR.(mN/m) 

8.6 ± 1.1 
ct•• 

52.0 ± 0.0 
a•• 

12.5 ± 1.8° 40.6 ± 0.0° 

18.5 ± o.5· 43.7±0.1° 

16.1 ± 0.2 
b 

37.5 ± 0.1 
d 

8.3 ± l.ld 46.8 ± 0.0 
b 

4.1 ± 0.7 
d 

43.7 ± o.o· 

13.5 ±0.5b 38.5 ± o.ob 

16.3 ± 0.2· 44.7 ± o.o· 

14.5±2.1b 35.4±0.1b 

11.3 ± 1.1 c 40.6 ± o.o· 

Values are given as mean± SD from triplicate determinations. 

Growth• 

(OD66o) 

4.1 ± 0.0 
ct•• 

2.8 ± 0.0 

15.6 ± O.Oc 3.0 ± 0.0 

34.1 ± o.o· 3.5 ±0.0 

16.6 ± o.ob 3.3 ± 0.0 

15.6 ± 0.0° 3.1 ± 0.0 

3.3 ± o.o· 3.0± 0.0 

10.4 ± o.od 3.6 ± 0.2 

11.2 ± 0.0° 3.8 ± 0.0 

17.7 ± o.o· 3.5 ± 0.0 

15.6 ± o.ob 3.2 ±0.0 

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

differences (p<0.05). 

~ t1. ~ GJ .q .q~ 9 ,..I o' 
!l.Jfl!~V~!'lffl B. tequilensis Lc9 !'Wfll'l1l':i MSM mlJll'l':i 50 lJ~~~I'I':i t'W-n{llfffl 

.q .:::::rt,.q Jt d, I o' ~ 'j} I o' d ~ 
'IJ'W 1~ 250 lJ~~ ~ l'l':i Clf~lJ u 11 ~~ 'fll':i'Ufl'W u ~:::: 'fl'JllJt 'lllJ 'll'W 'IJD~ u 11 ~~'fll':i 'lJ D'W 'Y1 mm::::fflJ 'flo 

mml1m~ 'fl'JllJt.fi'lJ.fi''W~ov~:::: 2 i~m.imtT fl i~v~tmci~! 'W il'l':i t'il'W~UI'Ifll'11~n'W th::::flo'U~Pi''Jv 

tmci~! 'W il'l':it'il'WO'W'Y11 v 1\Pl'uri nhJii'I'Wu~::::~~v tmci~ t'W il'l':i t'il'WDU'W'Y11 v !\Pl'un (NH4) 2S04 u~:::: 
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NaN03 fl11lJt'li':w'li''U~mJ~~ 0.1 hwJ1tnJn !'IJV1~fl11:1J!~THl1J 200 'Hl1J~tl'U1ll ~'QWlHJiJ~tl'l 
Vl1Ji1triBl'lf' NaN03 t1:J'U!!'\1~'l1'U i~'H'il'U!1:J'Unm 24 !!~~ 48 i'1 im !~mYl:Wl'Hl~l'l!!H~'ltl11~ 
mn~~l'l il'lv~fl11:wu~n~1'lmh'lihJrnhr1t)Jm'lff~~n1Jm1l'lf'ut~~'l1'W i~':it'il'Ug'U '1 (P < o.os) 

l~~1fl1':i~l'l!!H~'ltl1t'Yhn1J 19.8 !!~~ 18.8 mN/m ~1:wrl1i1J (Table 7) !!~triB1tm1~M~1 EA 
>I >I 

Vl1Ji1fl1':i !~V'l!;tl il'lvl 'lf'n.hJi~'U!!~~ (NH4) 2S04 t1:J'U!!'\1~'l 1 'U i~':i !'il'U ff1':i~l'l!!':i 'l~'l ~h~ihmVl~ 

fJWff:W1J1Jl'Ufl1':i!OI'lflJJ~'lf'U1~~il'lmrlm~V'l!~tl!1:J'Unm 24 i'1 i:w'l ~1 EA !!~~ E 24 :IJlfl~~l'llriB 
9) d 'lfl la.~3) oQ.I ~~ ~d 

l'lf (NH4 ) 2S04 !U'U!!'11~'l ~'U i~':i!'il'U !'Yl1fl1J':itlV~~ 43.7 !!~~ 34.1 ~1:Wml'l1J!!~~~:wm~v'l!'lftl!U'U 

nm 48 i'1 i:w'l ~1 EA u~~ E 24 mn~~l'ltriBl'lf'nhJi~'Ut1:l'U!m~'l1'U i~':il'il'U rvhn1J~mm~ 52.0 

!!~~ 38.3 ~1:1Jrl1i1J 

trl tl'J\91 fll';i! 11~ V'U!! 11 ~ 'l 'IJ B'lfi !tl'lf Vl1J i1~ 1fl !tl 'lf'il ~ !!~ fl ~ 1 'l fl'U trl tl l 'lf'u tl ~ 'l 
I !J/ !J/ I 

1'W i~':i!'il'Ull!!~fl~1'lfl'U fll':i !~V'l!;tl il'lV l'lf' (NH
4

)
2
S04 t1:J'U!!'\1~'l 1'W i~':i !'il'U 1lim1m~1'U 1 11~1fl 

ld ,j ,J ~ i 'JI i .,. ~ I II] i ,j W'lf'il~~l'l~'ltl~'¥1 4.3 !:Wtl!~V'l!'lftl ~HJl'lf NaN03, t1111 ~'U!!~~~!':iV !U'U!!tliN ~'U ~':i!'il'U !:IJB!1m 

~1'U 111 ~ 1fltB'lf'il~ tvi:W~'U tl ~~ 7.3-8 ! ~tl'l 'il1flfll';i! 11~ V'U!! 11 ~'l ~1fiW'lfl 'U ';i ~tl iN fll';i !~ V 'l 

~ "' .,. o' .,. I 'JI ,J ~ "' o' II] II] II] o' 
! 'liB 'il ~ 'U '¥1 ';i V'il ~ :IJ fll';i VB Vff~1 Vffl';i tl1 tl1':i t11 l 'U tlltll';i !~ V'l! 'litl:IJ tl'l fl11 ';i ~ fltl 1J ! 'U !~ Hl ~ 'U ! ~ ';i '¥1 • 

..:g .e:. e::i ef e::i 'J) ~ ll.l d I 

~'lH1'lf1fl1Vl'il1fl!'lftl P. aeruginosa UCP0992 il'lV:IJ glycerol ':itlV~~ 3 il'lV'U1ti'Ufl!U'U!!tl~'l 

m11JB'U!!~~ NaN03 ~BV~~ 0.6 il'lvJ1tiUfll1:J'Ut!'\1~'l1'U i~':i!'il'U ~'QWtll,JiJ 28 tl'lft'Wlf~!~Vff 
I 'J/ ~ I "' I .,. ,J ~ .,\ ,M "' :'1 

!'IJV1\911Vfl11:1J!':i1 200 ':itl1J~tl'U1'¥1 Vl1J11Vl!tl'lf'\Jtl'ltlltl1':imV'l!'lftl!Vl:IJ'IJ'U'il1flVl!tl'lf 7 !lJ'U 8.5 
>I >I 

'Utlfl'il1fl\1Vl1Ji1fl1':i l 'lf't1111i~'Ut1:J'U!!tl~'l 1 'U i~':i! 'il'U!;tl 1J,j~fl11:1Jffl:IJ1':ifll'U fll';i~\91!! H~'l ~h !!~ 

3) Q.l & A 

(Sarubbo et al., 2001) fftll'lfl~tl'lfl1Jfl1':i'¥ll'l~tl'l'\Jtl'l Fagade !!~~flW~ (2009) ft'fllJlfll':iH~~ffl':i~\91 
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?I I II] i ~ <!I 'l 9) ?I I II] i 0 ""' "" NaN03 !IJ'WL!'I1Cl~ !'W ~'Wl'W ll~!Cltlfl 'If NaN03 !IJ'WL!'I1Cl~ !'W ~'Hll'Wb1'1'111''Ufll'H-!Cl~b1'11'Cl~U1'~ 

" ~~N1;1n1~'lu~u~uu~u!~ 

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 

(0.1%, w/v) 

24h 

(NH4) 2S04 

NaN03 

Urea 

Peptone 

48 h 

(NH4) 2S04 

NaN03 

Urea 

Peptone 

* Final pH 

4.3 ± 0.0 

7.3 ± 0.0 

7.3 ± 0.0 

6.4 ± 0.0 

4.3 ±0.0 

8.0± 0.0 

8.2 ± 0.0 

6.8 ± 0.0 

* * STR (mN/m) EA (%) 

17.6 ± 0.5 
b** 

43.7 ± 0.1 
a•• 

19.8 ± 0.2" oc 

17.0 ± 0.5b oc 

oc 33.3 ± o.ob 

15.8 ± 0.2b 44.7 ± o.ob 

18.8 ± 0.7" oc 

13.5 ± 0.5° oc 

od 52.0 ± o.oa 

Values are given as mean± SD from triplicate determinations. 

E24• (%) 
. 

Growth 

(OD66o) 

34.1±0.0 
a•• 

3.5 ± 0.0 

ob 3.7 ± 0.0 

ob 3.5 ± 0.0 

ob 3.5 ± 0.0 

11.2 ± o.ob 3.8 ± 0.0 

oc 3.9 ± 0.0 

oc 3.8 ± 0.0 

38.3 ± o.oa 3.8 ±0.0 

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

differences (p<0.05). 

YY ~cl\4 
3.4 fi1UU'll1J'll'U'llel~ &CU&Yif.l1J &'U&\ll~'t'l 

~ ,X ~ 'l ~ .a:.-=:.. rl !lJ'e:l!Cltl~!'lftl B. tequilensis Lc9 'Wtll'l111' MSM mm~1' 50 lJC1ClCl~1' 'luvJmbl'fl 

'll'Wl~ 250 

~ rJ) 9) 3) i ~ Ql I \f) i d <!I 
fllfl'Ul~1Clfl11lJ!'lllJ'll'W1'tltlC1~ 2 ~tl'W1'11'Wfl L!Cl~U'I1Cl~ &'W ~1'!ll'W'YH'I1lJl~bl'lJ fltl NaN03 fldllJ 

'j) rJ) I Q.l 'j} i ~ Ql 0 QJ f d d 
!'lllJ'll'WU~fl~l~fl'W 'HltlCl~ 0.1, 0.2, 0.3, 0.4 L!Cl~ 0.5 ~tl'Ul'11'Wfl ~llJCll~'U !'lltl1'Ylfl11lJ!1'T:i'eJ'U 

200 1'tl'U~tl'WTVi~~umJJiJ'I1'u~ ~u-hrlm~tJ~!;m~unm 24 i'1 ilJ~ fl11'!~lJ NaN03 fl11lJ!.u'lJ'li''W 

~utJCl~ 0.2 i~ml1111In i1f11fl11'C1~uH~~N1bl'~~bl'~rvhnu 21.1 mN/m i~vi1fl11lJU~fl~1~mh~i1 " . 
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tJVfflrltu'Yil~ffiJ~ (P < 0.05) (Table 8) ffll'i'l~!tH~~~h~bm'Y'liimufflJ1J1Ji'Wf1THWH!H~~N1~~ 
u • 

u~1liiil'l111Jff11J1Hl 'l 'W m1 tn~~hT'i'li'Wtt'i'l~:arloi'l111Jt.u'mi''W 'IJO~ NaN03 t~lJ~'Wmnn-;h~ov'i'l~ 
0.2 f11'jV.J~\91ffl'J'i'l~!t H~~N1;1fll'Y'l{l~{l~ ff ~!f1\91l~'illf1~1i'l111Jff11Jl'Jtl 'l '\Jf)l'j{l~!t'J ~~~N'J'i'l~{l~ 

odl~iit'rvfflrlt1J'Vll~ffil~ (P < o.os) f11'JV.J~\91ffl'J'i'l~UH~~N1;1fll'Y'l'il~t~lJ~'WtrlmJ1mw'llo~ 
!t'Viri~ l 'W i\91'J!'il'W'i'l~'i'l~'I1~0'111J~ hJ (depletion) (Robert et al., 1989; Benincasa et al., 2002; Kim et 

' v & 'j)QI ~ e:::::t. ~ 

al., 2006) CJf~ffO~i'l'i'IO~f11J'J1£J~l'W'IJO~ Davis !t'i'l~i'lW~ (1999) fl'f11:11f11'JV.J'i'l\91 surfactin 'illf1!'lf0 B. 
' v v 

'l dd 0 i 9.1 9.1 9.1 i 0 ... 'l subtilis ATCC 21332 'W01'111'J!'I1'i'11'VllJ'W1\911'i'lf1'i'l i'lff i'l111J!'IJ1J'IJ'W'JO£J'i'l~ 1 ~V'W1'11'Wf1 'W .. 
d 11) i i "" 9.1 9.1 9.1 i ~ ... d "" 

fffl11~'Vl'Ul~!ti'l'i'l'W !'W \91'J!'il'W ~V!\911J (NH4) 2N03 i'l111J!'IJ1J'IJ'W'JOV'i'l~ 0.4 ~V'W1'11'Wf1 'Vl~W'11.Q1J 

32 O~fl'l!CJf'i'l!~W'i'l' 'Y'l1Jlltrlm~o B. subtilis ATCC 21332 'li' (NH4) 2N03 '111J~ t'll'l'W'IT1 ilJ~~ 18 
jJ 'j} I I 

'IJO~f11'J!~V~t~o 1~mmw surfactin l~tj~~~ 45.3 iJ'i'liinflJ~0~\91'J 'l'Wi1 ilJ~ll 30'illf1V.J'i'lf11'J 

& "' '19.1 9.1 9.1 9.1 i l: "" G I 11) i 'l "" 'Vl~'i'IO~'il~!'i'l0f1 'lf NaN03 i'l111J!'IJ1J'IJ'W'JOV'i'l~ 0.2 ~£J'W1'11'Wf1!1J'WU'I1'i'l~ ! 'W \91'J!'il'W 'Wf11'JV.J'i'l\91ffl'J 
v v 

'i'l~!!'J~~~~1;1fll'Y'lff1'11f1Jt~O B. tequilensis Lc9 'l'WoU'W\910'\J~Ol'll 
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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. 

NaN03 
Final pH• STR.(mN/m) Growth• 

concentration (OD66o) 

(%, w/v) 

24 h 

0.1 7.3 ±0.0 19.8 ± 0.2 
b** 

0 
c•• 

0 
c•• 

3.7 ±0.0 

0.2 7.6 ±0.0 21.1 ± l.Oa oc oc 3.6 ± 0.0 

0.3 8.0 ± 0.0 9.8 ± 0.2c 67.7 ± o.o· 43.7 ± 0.0 
b 

3.6 ± 0.0 

0.4 8.2 ± 0.0 8.8 ± o.l 53.1 ± 0.1 b 46.8 ± o.o· 3.6 ± 0.0 

0.5 8.2± 0.0 3.8 ± 0.2° 67.7 ± o.o· 46.8 ± o.o· 3.6 ±0.0 

48 h 

0.1 8.0 ± 0.0 14.6 ± o.s· od ob 3.9 ± 0.0 

0.2 8.3 ± 0.0 14.6 ± o.s· od ob 3.8 ±0.0 

0.3 8.7 ± 0.0 3.0± o.od 43.7 ± o.ob 37.5 ± o.o· 3.8 ± 0.0 

0.4 8.7 ± 0.0 5.1 ± 0.2b 18.7 ± o.oc ob 3.8 ± 0.1 

0.5 8.8 ± 0.0 3.8 ± 0.2c 51.0±0.1• 37.5 ± o.o· 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). 

3.5 tn'l1-H'altnfl 

~ eX ~ i "' "'"' i o' !lJtJ!~HJ-:j!'lftJ B. tequilensis Lc9 'W'eJll1l'j MSM mll1\9ll 50 lJrl'tHl\9ll 'Wvlrllrl'f1 

'IJ'Wl~ 250 
~ 'j}g)j} .c:r ~ QJ llJl~ lj}lj} I 

f11f1'Wl\9llrlfl11lJ!'UlJ'IJ'W'jfltJrl~ 2 !~tl'Wl'Vi'Wf1 !!11{1-:j !'W !\9l'j!'il'W!!rl~fl11lJ!'UlJ'IJ'W'IJfl-:j!!'Virl-:j 

\fl ~ d ~ 9) 'j) 3} ") ~ Q.l I d d 
!'W !19ll!'il'W'Vl!'VilJ1~rl'lJ flU NaN03 fl11lJ!'UlJ'IJ'W'jflf.lrl~ 0.2 !~tl'W111'Wf1 !'Utl1'1'lfl11lJ!'j1'jflU 

!!\9lf1~1-:jn'W~ 100, 150, 200 !!rl~ 250 'jflU~fl'Wlfi ~~W11IJlJMfl-:j 'WUllf11'j!ftllfl11lJ!~1l'DUi'W 

f)l'j 1 'Uv1nu'W 11 UlJtftlJm'j v.~il191rl'1lrl~u 'j -:j~-:jH1~hm'W t'Wll~ f)l'j i M'mmrn ~'W f11'j tftllmmw 
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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. 

NaN03 
Final pH• STR.(mN/m) Growth• 

concentration (OD66o) 

(%, w/v) 

24 h 

0.1 7.3 ±0.0 19.8 ± 0.2 
b** 

0 
c•• 

0 
c•• 

3.7 ±0.0 

0.2 7.6 ±0.0 21.1 ± l.Oa oc oc 3.6 ± 0.0 

0.3 8.0 ± 0.0 9.8 ± 0.2c 67.7 ± o.o· 43.7 ± 0.0 
b 

3.6 ± 0.0 

0.4 8.2 ± 0.0 8.8 ± o.l 53.1 ± 0.1 b 46.8 ± o.o· 3.6 ± 0.0 

0.5 8.2± 0.0 3.8 ± 0.2° 67.7 ± o.o· 46.8 ± o.o· 3.6 ±0.0 

48 h 

0.1 8.0 ± 0.0 14.6 ± o.s· oct ob 3.9 ± 0.0 

0.2 8.3 ± 0.0 14.6 ± o.s· oct ob 3.8 ±0.0 

0.3 8.7 ± 0.0 3.0± o.oct 43.7 ± o.ob 37.5 ± o.o· 3.8 ± 0.0 

0.4 8.7 ± 0.0 5.1±0.2b 18.7 ± o.oc ob 3.8 ± 0.1 

0.5 8.8 ± 0.0 3.8 ± 0.2c 51.0±0.1• 37.5 ± o.o· 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). 

3.5 tn'l1-H'Bltnfl 

~ eX ~ i "' "'"' i o' !lJtJ!"HJ-:j!'lHl B. tequilensis Lc9 'W'eJll1l'j MSM mlJ1\9l'j 50 1JfHHl\9ll 'Wvlrmlfl 

'IJ'Wl~ 250 

~ 'j} 9) j} i ~ QJ I "' i 'j/ 'j/ I 

f11fl'Wl\9ll"l'fl11lJ!'IJlJ'U'WltH.l"l~ 2 ~ti'Wl'Vi'Wfl !!'Vi"l-:j !'W \9l'j!'il'W!!"l~'fl11lJ!'IJlJ'IJ'W'IJtl-:j!!'ViM 

I!J i d ~ 9) 'j) 9J i ~ Q.l I d d 
!'W \9ll!'il'W'I'l!'VilJ1~bYlJ 'fiB NaN03 'fl11lJ!'IJlJ'IJ'W'jt:Jtl"l~ 0.2 ~ti'Wl'Vi'Wfl !'1Jtll'l'l'fl11lJ!'j1'jtJU 

!!\9lfl~l~n'W~ 100, 150, 200 !!"l~ 250 ltlU~B'Wl-Yi ~~W'VIIJlJMB~ 'WUllf11'j!ftlJ'fl11lJ!~1lBUi'W 

f11'j 1 'llr.h~u'W 1 i UlJtftlJm'j v.~il191LYn"l~u 'j ~~-:jH1~hm'Vl t'Vlll~ f11'j i r1'mmrn ~'W fll'j tftlJmmw 
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-1 <; "'"131 ~ 13} d 
uj~ ttl'lf\.J t~lJlfl'U'\.J (Cameotra and Makkar, 1998; Fonseca et al., 2007) fllj!'lJtllWJtlfi"JllJ!j"J 

Hl1J 200 jtJ1J~tJ'W1Yi 11:lunm 24 i1 1lJ.:J l1r11fl1Hl~!!j.:J~.:J~htr.:J~ff~ rvhnu 22.1 mN/m "' . 
(P < 0.05) !dD!~ti·H~tJ!1:J'U!Jbl148 i1 1lJ~ 11'\.J"J h!lJflljHiliOlff1Hl~UH~~~h;1llTV'Hl~~'J (Table 

9) fftJ~fl~tJ.:JnUH~fllj'\'l~~tJ.:J'UtJ.:J Yeh ~~~~mu~ (2006) i1nfl1H~'UtJ~flljf1J'\.JU~~fl1ji~mmrr 

~tJflljHil\01 surfactin 'illfl!~tJ B. subtilis ATCC 21332 1~vi~fl\J 1flff!!~~ NH4N03 !1:J'UU'I1-ci.:J 

mi'utJ'W!m~ I u 1\0lj!'iJ'\.J\OlllJrlwl'u 'YlU11fl1jfl"J'\.J~fl11lJ!~1 300 jtJ1J~tJ'W1Yiu~~ i ~mmfl'~j~iu 
' ' " 

1.5 vvm fl\Oljlfl11Hil101 surfactin ff~ff~Yij~iu 190 iJ~ilfli'lJ~tJil\Olj~tJ'l11 1lJ.:J i.:JtJ'\.J~.:J!iltJfl i~ "' . 
" f!11lJ!~"JjtJ1J 200 j tJU~ tJ'WlYii '\.J fllj Hil\Olfflj~~~~ H~.:JH1;1m'Yl i miu \OltJ'\.J~tJ I tJ 
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Table 9. Effect of shaking speed on biosurfactant production in shaken flask by Bacillus 

tequilensis Lc9 grown in MSM with molasses (2%, w/v) and sodium nitrate (2%, w/v) 

at room temperature (30 ± 2°C) . 

. . 
EA.(%) Ez4•(%) 

. 
Shaking speed Final pH STR (mN/m) Growth 

(rpm) (OD66o) 

24h 

100 7.4 ± 0.0 10.8 ± 0.2 
c•• 

39.5 ± 0.0 
a•• 

19.7 ± 0.1 
a•• 

2.3 ± 0.0 

150 7.5 ± 0.0 8.1 ± 0.2c 39.5 ± 0.1a ob 3.6 ±0.0 

200 7.6 ±0.0 22.1 ± l.Oa ob ob 3.6 ± 0.0 

250 7.7 ± 0.0 15.8 ± o.l ob ob 3.6 ± 0.0 

48 h 

100 8.0 ± 0.1 10.1 ± 1.2b 59.3 ± 0.1 
b 45.8 ± o.oa 3.5 ± 0.0 

150 8.2 ± 0.0 9.0 ± o.sb 68.7 ± o.oa 16.6 ± 0.2b 3.9 ± 0.0 

200 8.3 ± 0.0 14.6 ± o.sa oc oc 3.8 ± 0.0 

250 8.4 ± 0.0 15.1 ± 1.6a oc oc 3.9 ± 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<O.OS). 

' ~ ~ 
cl "' v cl ... 

3.6 't'Ufl'IH"UJ\llU'Ufl.:Jfll'tn'mUJ.:J!'IHl 

.;. ,X .l 'l A r= "" """" 'l Aol o' 
!l.JtumJ~!·JHl B. tequilensis Lc9 'Uflli'll'l MSM u'll.Jl\9\'l 50 l.lmHWl'l 'Ul"'mfffl 

~ ~..:::r, ~ .cS. I d' fJ} fJ) I ~ d ~ 
'IJ'U WI 250 l.J{'Hl fl\91 'l CJf ~l.J!! i'l fl~fl n 1J tl'U!! fl~ fl11l.J! '\Jl.J 'IJ'U '\Jtl~!! i'l fl ~ 'fl1 ') 1Jtl'U 'Y1 li'll.Jl~ ffl.J fltl 

~ 9) 3) 'j/ ~ ~ Q.l I l'1 ~ fJ) fJ} I 

fllfl'U1\911flfl11l.J!'\Jl.J'IJ'U')tltlfl~ 2 !19lti'Uli'l'Ufl !!i'lfl~ !'U !19l'll'il'U!!fl~fl11l.Jt'\Jl.J'IJ'U'\Jtl~!!i'lfl~ 

ll] 1 .d ... 9,/ 9,/ 9,/ 1 lJ .., 1 .1"-' "' d 9,/ 
!'U !19l'll'il'U'Ylli'll.Jl~ffl.J flO NaN03 fl11l.Jl'\Jl.J'IJ'U'ltltlfl~ 0.2 !19lti'Uli'l'Ufl !19ltlu'l1J'V'I!tl•JH')l.J\91'U'\Jtl~ 

flli'll'l!itl~l~tl !lllfl1J 5, 6, 7 !!fl~ 8 \911l.JrlWl1J !'IJ~ll\91tJ'l<Jf'fl11lJ!~1'ltl1J~!i'll.Jl~fflJ ~tl 200 'ltl1J 

' ' 1 Q.l .cS, I e;:9 .c::t. d, I Q.l d.cS. 

!'Y11fl1J 7 l.J'fllfll'lfi\91!!H\91~H1ff~'Ylff\91 l'Yllfl1J 22.7 mN/m (P < 0.05) (Table 10) 'ltl~fl~l.Jl'Yl'W!tl"lf .. . 
~ lj) 1 Q.l .cS, I ..::9 -=::t, I QJ .di .c::t. t/ I I 

!'ll.J\91'U!'Y11fl1J 8 l.J'fllfll'lfl\91!!'l~\91~H1!'Yllfl1J 12.8 mN/m !l.Jtl1!fl')l~i'l'fll EA !If!~ E24 'V'11J11fll'l 
)/ j/ 1 I I 'JI )/ 1 

!~tl~!tlftu~'Wl1m 48 i'1tlJ~llVi!D"lf!~lJ~'U'\Jtl~flli'll'l!~tl~!tlftl !lllfl1J 8 rll EA !If!~ E24 ~ll'ey\91 
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,% .I A ~ I 'l !J) 'l "' .I 11] I 

'tl tl'l tJ1'111'j l~ tFH'lftl!'Y'llJ tT .. :nJ1f1'tl '1-Hl 'lf'H'I 'YI 'r.lfl11~ 'W f11'j l ~'jqj'tltl'll 'lftl !lJ!'YilJl~ 'r.llJ (Cooper and 
fj)QJ Ci e;9 t=l .d.'j}~ 

Goldenberg, 1987) 'r.ltl~fl~tl'lf1'lJf11'jftf1'hl1'tltl'l Reis !!~~flU!~ (2004) fl'f1fl1'Y'llti'JH'jlJ\91'W ('Y'lltl'lf 5-

' ~ 

8) lll'YilJ1~'r.llJ'l'Wf1Hl~1qJl~'lJ 11'1ll~~H~I'I'r.lH~~l!H~'lf:h;1fll'Y'l~1f1l~tl B. subtilis ATCC 6633 

"i <=! ~ :ll I o' I ll] "i 0 "' I .I 
!~tllJ'W11'11~l'l'j1tJ!l~~ NaN03 lu'Wll'YI~'lflH'lJti'Wll~~ll'YI~'l !'W !l'lll~'WI'I11Jm~u 'Y'l'lJ11l'lftl 

1~1ru1~u 11'1 !l'i'~~Vllt~'lft~lJ~'W 5 ihhrnTmn1''l 3.6 nflJ~tl~l'l'j 'r.l11Jl'j()~~m'l~'l~h !l'i'mn~'r.l~~ 
u q 

1 J/ " I 

TI!tl'lfl1lJ~'W 71mm~l!H~'lf:h'tlt!'ltl1'111ll~tl'll~tl~1f1 62.5 dyne/em ~'llJltl~ll30.1 dyne/em ll~~ 
I I iJ 'J/ I 1 

'111'~1 E24 mnli~mlim~tJ'll~t~liVllt~'lfl1lJ~'W 81~v~m1lJf1'li1'tltJ'l~'hr~i~'l'WiihCJ1'W~Dv~~ 57.9 

u'r.l~'l 'l11'1i1'W 11f11'j 1 ~1ru1~u 11'1 f11'j H~l'l'r.l1'j~~u 'j 'l~'lf:h;1fll'Y'lll~~f1W 'r.llJ'I.Wl'tlt~'l'r.l1'j~~ll'j '~~'~ 
u q 

r:h;1fl1'Y'l ~ ~~ 'W l'11 Vll~~~ 'r.l1tJTI'W £ H~\91 !l'i'~ ~1TI!tl'lfl~ lJ ~'W ~l 'YilJl~ 'r.llJ!l\91 f1~1'l D'W Til tl'lf'tltl'l q q 

t% ~ t:t 0 Q,l ' ~ ~ d. rl ~ .<:::!, .<:::!, d. rl .1!!:1 

tll'YI1 'j l ~ tl'll 'lftl lJ fl 11lJ 'r.l1 flUJ\91 tlf11 'j l ~ 'j UJ'tl tl'l ~ ~ 'W l'1 'j tllJlf1 l 'W tl'l ~ 1f1 f11 'j l ~ 'j UJ'tl tJ 'l ~ ~ 'W l'1 'j ti'YI 'j tJ 
u u q u q 

~ '~~;il'l~1'~"l \Jf1f11UfJlJ 1 ~vm~U1'W f11'j llJI'I1'lJD~GlflJ 1~vvf1! 'l1ri1Tiltl'lf~i1f111lJ!'YilJ1~ 'r.llJ ~ tJf11'j 

1 ~ 1 ru'tl t~'l ~~ 'W l'11 vu~~~'lfu ~ul'ln~ 1'ln 'W! tJ 1 ~ m1 uflli~ v~ ~l ~ 1 ru! l'i'~ 'l 'W 'lf1'~~ 1Vl1t~'lf~l il'W n ~ 1 '~ 
u q u 

Q,l ~ .& 

(Cooper and Goldenberg, 1987; Abu-Ruwaida eta!., 1991; Robbins and Levy, 2004) ~'l'W'W~'l 
I " 'j/ 'j/ 

1~t1n 'l '*Ylw'lfl1lJ~'W'tltl'ltll'Yin l~tl'll~tll'Yhn1J 7 'l 'W f11'j r--l~l'l'r.l1'j~~m '~~'~tl1;1fll'Y'l 'l 'W .u,.~ ~"~ ti'W 
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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• 

24h 

5 

6 

7 

8 

48 h 

5 

6 

7 

8 

7.4 ± 0.0 

7.5 ± 0.0 

7.6 ± 0.0 

7.7 ± 0.0 

8.4 ± 0.0 

8.5 ± 0.0 

8.5 ± 0.0 

8.6 ± 0.0 

STR• (mN/m) 

7.0± 0.8 
d** 

12.8 ± 0.5b 

22.7 ± 0.2
3 

10.8 ± l.Oc 

10.7 ± 1.5b 

10.3 ± l.Ob 

18.3 ± 0.2· 

8.3 ± l.Oc 

Ez4• (%) 
. 

Growth 

(OD66o) 

0 
b** 

0 
a•• 

3.7 ± 0.0 

ob o· 3.6 ± 0.0 

ob o· 3.5 ± 0.0 

36.2 ± o.o· o· 3.5 ± 0.0 

ob ob 4.0 ±0.0 

ob ob 3.9 ±0.0 

ob ob 3.8 ± 0.0 

65.6 ± o.o· 28.1 ± 0.2· 3.8 ± 0.0 

Values are given as mean± SD from triplicate determinations. 

··Different letters in the same colunm within the same parameter studied indicate significant 

differences (p<0.05) . 

.; 
A'IHI Bacillus tequilensis Lc9 

' e!1 .cS. 9 ~ ~ e!1 ~ .c::l 

fll"Hl"flEJl'J:::; tl:i:: AJ{ll'\'l!11'lJl:i:: {l''lJ t 'W fl1 'J! 'ill" tu!!~ :i::fll HHWl 1:'l'l'J ~ ~~~ 'J ~\91 ~ rl1'lf1fll'V'I 
u 

V I V V I V 
.t:!t 9 31 .c::l 1 .c:! .t:!t 9 t::::l.cS. 0 

'illfl!'lftl B. tequilensis Lc9 .flltl t\911:'l'fl11:i::'\'l!'IUJl:i::1:'l''lJ ~tl!~tl~l'lftl t'Wtll'\11'J MSM '\'l'lJfllfl'Wl\911~ 

!J} !J} !J} 1 ~ Q.l :'1 I t/ 'J) 9) 3) 1 1: "-' 
fl1l'lJI'IJ'lJ'IJ'W'Jtltl~:i:: 2 ~ti'Wl'\1'Wfl!1J'W!!11~~fiWUtJ'W NaN03 fl11'lJ!'IJ'lJ'IJ'W'Jtltl~:i:: 0.2 ~ti'Wl'\1'\...!fl 

I~'W!!W~~l'W 119ll"l'ii'W '!Ji\rVittJ'lft~'lJI'f'W'IltJ~tll'\11'Jiitl~l4tlt'Yhn1J 7 I'IJ£h~1tlfl1l'JJ!~1 200 'Jtl1J~tl 
'WlYi tfi1J culture broth l'Jfl 6 'li'11'JJ~ I~'Wnm 72 'li'11'JJ~ '111 culture broth !'!Jl!w'11~ti~!Wfl!9f~rl'~ 

'j) 'j) 'j) 

ml'lJt~1 8,500 ':i tJ1J1J~tJ'WlYi '111d1'W l 1:'l''illflU1t~tl~t ~t~m1~ n 'ilfll ':i'lJ'IltJ~ 1:'l'l ':i~ ~~~ H~~ ~h~lhm'V'I 
Q.l~ #!!!lo~C:::~.d. I~ I .cS. Q. 

'illflfll'J1~fl'ilfll'J'lJ'\JtJ~1:'l'l'J~~~~ H\91~ rl1'lf1fll'V'I'V'I1J11t'lftl B. tequilensis Lc9 'Wl'il:i::'lJfll'Jrl~\9l"ffll 

~~~~H~~~h;1fll'V'I'lJ1flfl';h 1 'lflJ~ 1~tlrli11911:'l'll~~UH~~~h;1fll'V'I'lflJ~U'Jfll'W'li'11'lJ~~ 3 '\Jtl~ 
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'j/ J/ I I I I I 

f1TH~V~t~t!'¥11iM'~1m~~~r:b'IJtl~tll'Y!1'J MSM !~:1Jt'Wl~~'il'Wm~'lf~~~1U'J~~~H11'11fi~~ i'W'lf1 1m • 
I 'JI 'J} I 1 

Yi 30 '\Jtl~m':it~v~t~tl rvhfi'U 44 mN/m ul?i~1':i~~U':i~~~H1;1fll'Y'IYil'l~\91'l'W':i~V~nm 30 'lfd 1m 

mn'llt~~m"J t~tJ~t4t~ '1~1~ '1Jf111:1J~1m"J t1 'l ~mu'¥11 'l M'tfi~~hr~'lf'W 'il1mf 'W ~1u 'j ~ ~~ Hx~:w~'W t1 ci1~ 
9) e£ t% d J., ,. ::'1 ~ ~ ' e!l ~ 

'lf1 'l 'il'W~'Wcy~':i~V~nmnut~tJ~'Vl 72 'lf1 !:IJ~ LlJ'W 57.6 mN/m f)l'J!'Y'I:IJ'IJ'W'\Jtl~fllUH\91~1'11 

l1rl'~'il1f1 30 i1 1:w~U'Jf1!~'Whlt~l1~1'Jtlll11'JI'i1~ 'l ti:w~~~~ t4tl~~tJ1~1'J~~UH~~H1;1fll'Y'I 
m'l'*t~tlf)l'J!'il~t)JL~'U 1191 (Das et al., 2007) ~~~1'J~~UH~~H1;1fll'\AI~f)UI'J~\91U'1J'1J growth 

• • cv :f. J'.dcr,") d ~ 
associated (Gudma et al., 2010) U~~l1~~'il1f)f)l'J!~V~!'lftl'Vl'lf1 !:IJ~'Vl 30 !'lftl B. tequilensis Lc9 

1'1~\91 ~u~~u 'j ~~~ H1;1fll'Y'II'i1~~tJ~~~~fJW ~:w'1J1i'l 'Wm"J'¥11 'l M'tfi~~hr~'lf'W ~1:wut~\91 "J1'il~tJ'1J 
I 1 I 'JI " 

fltu ~:IJ'1J1Ji 'Wf11':i'VI'l iM'Blf~'lf'Wf1~1'1'1~ ~.yj~~t'Vi1n'1J~t!V~~ 54.1 i 'W'lf1 1mfi 60 '\Jtl~m':i !~V~!~tl . ., . 
9) Ql e!l ~ &..::::to 

~tl~f1~tl~f)'1JI'J~f)U'Vl~~tl~'\Jtl~ Thaniyavam U~~f1W~ (2003) fl'f)£J1f)l'ji'J~\91~1'J~~U'J~\91~1'11 

" " " ;1fll'Y'I'il1f1!~tl B. licheniformis F2.2 1~m~tJ~t~t!'l'Wm'Y!lm\91nl'i1~fl'W '1~un 'l'Wt!1l11'J Yeast 
I I )I 'J} 

"''1 ld. A,. I ~ .c:i ~ 
extract Peptone Dextrose (YPD) U~~tll'YIU DF 'Vl :IJ:IJf)'j~tJ~:IJ !'W '\AI'1J11!:1Jtl!~V~!'lftl B. 

. " " 
!lJtl!~V~!~t!'l'Wtll'Y!1'J DF 'Y'1'1Jf11'JI'l~\91~1'J~~m~~~H1;1fll'Y'I 3 1'1'1 ~tl RT-8!, RT-11! U~~ 

A o' I ~ I .diAd. 

BL1193 l'l~'il1f1f1U1!f1l1~l1 'Y'I'1J11 RT-8! U~~ RT-11! fltl surfactin ~1'W~1'J~~UH\91~1'11'lf1fll'Y'I 

d J' "'> '1 I Q I "'>'j '] ~ '] ~ Q I J' 
BL1193 'Vl!'lftll'l~\91 :IJ'\AI'iJf)l'J:IJtlV'\Jtl~m~ti~:IJ !'WfllV !'W 1m~~'J1~ U~~~ !l'l!l1'W11'Wtlf)'il1f1!'lftl B . ., 
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Figure 9. Time course of growth, culture pH, surface tension, and emulsification index (E24) 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). 

. .. 
.... .:~ .. .:1 .:!1 "" .:1 .c!l 

4. 1fifll''nfl'mfl£11tfl1tl~m1~\ll~N1'1rJill'fHllfU'lSt:l B. tequilensis Lc9 
'j} 'j) ' ' 

'YI~'I'illflf111t~tl'lt~fl B. tequilensis Lc9 h.!fffl11:d1tm.n~ffll trl'\.H1m 30 i'1111'1 

t~flt~flfloM1'1t1{11~ ihhu H~'l f:i1~1~ ~~ ~ um~tl'ltWmCJf"rl' flflfl~l'l111lt~ 1 8,500 1 flU ~Pi fl'W 1-Yi 
'j} 'j} 'J/ I 

~W'YifJlJ 4 fl'lfl'ltCJf{ltGMtlff tr!'Ut1{1115 'Wlfi tt~Tihri1'W'1ff'tlfl'ltJlt~tl'lt~fllllt~Utnt11ff11{1~U1'1 

~ ~ ~ ,l ~ d"G) I d Ql \1) I I d 

t'Wfl'l'illflt"ll'fl B. tequilensis Lc9 tlJ'Wt"ll'flffltll'l'W~ !'Yill'Yitl\1 !lll'l1Jf11111tl'll'W1111 

" . 
l'l111lff11111t1'1um1Hil~P~ffl1{1~ttH~'~H1'if1ml'l ~'liru~'lt~fln'1'*i1im1t~utfirn 3 in 1~wi m1 

. " . 9) .c:S.d lr)'j}o Q.l l.dd. d IQ.I 

\Plfl\Pl~flfl'W~1tlfl1~'Yil'ltfl"ll' 2 !~'Wl'YI'Wfl\Pl~flfl'Wlllflfl1l'Yil'ltfl"ll' 3 U{l~l'ltfl"ll' 4 t'Yilfl1J 3.56, 1.58, 

tm~ 0.84 ni'll~PifliliPI1 mllih~u (Table 11) f111\Plfl\Pl~flfl'W~1tltfl~flttflll11ltUtlllcir"t~\Pl~l'l1111 
" . ~~~ ll)~o Ql ld ~~~ IQJ 

t'tlll'ti'W1fltl{l~ 60 !~'Wl'YI'Wfl\Pl~flfl'Wlllflfl11'Yil'l111lt'tlll'ti'W1fltl{l~ 50 U{l~ 40 t'Yilfl1J 1.201, 0.869, 

Ql I~ 0 Ql Cl.l 3) Ql 0 ,. ... .I r/ \t)9J 
U{l~ 0.635 fl111\Plfl{I\Pl1 \Pllll{ll~U U{l~f111fffl~~1ti\Pl1'Yil{l~{lltlfl{lfl ! 1l"'fl111 :tll'Yil'W fl{l (2: 1) !~ 

" . u miT flff11ffti~'Y! tllU rvhtiu 0.39 ni'll~flil1Pl1 'illflf1111Plfl\Pl~flfl'W ~1tlm111i'u.Wtfl"ll'tijfl.Ww"ll't rlu 
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'UeJ~ff111Pi1~ ~ 'W eJf1111f1ff1Hl~H! H~~Hl;'H11l"' !oM'W !eJ'W iCJ1l1~!~eJ11iltJv11 vHiliPlu~~11~1Pl11rimJ 
q 

o' ~ 0 i 3/.c:! :: CV d d d lJ] 3/ I Q.l j) 

eJeJf1lJl'W eJm CJ1~ ~ 11 ~ IPl f1\Pl~ f1eJ'W ~~lJ1\PlltJ'Vl1 11 lJ 'W m 'W n '\J eJ ~ ffn 'Vl 1 mHmn t \Pll.l 1 n n11 m1 fff1 IPl IPl ltJ 

1PlTvl1~~mtJfl'W'Vl1v uiPi!rteJ!mm.HfimJ~1 CMC '\JeJ~ff11~!01J!~tJli~vf~ 3in l"'1J':h~1 CMC '\Jel~ 
ff11ffflfi'Htl11Jfl~el hvJeJflJ: !lJ'Vll'Wel~ (2:1) rvi1n1J 0.044 f1flJIOieJiliP11 ~1n-:h~1 CMC '\JeJ~n 

" ' ~ ~ I~~ 

fl l1lJ 1J1 'i:J''Vl'fi '\J 'e)~ff11 lJ1f1f1 l1l'fi el'W 

f111 HfflJI'lTvl 1~~ m tlfl 'W 'Vl1 v1 fl tlf11 111 i'1J fl l1lJ! ~ 'W ~ l'\J 'e)~ ff1 1 ~ ~ ~ 1 tlfl 'W 'Vl1 VI~ 'W 

inm1..fli11~iJtJlJiftum1ffflflff11~fi!!1~~~Hl;lml"' (Kuyukina eta!., 2005) ~~ff11~fi!!H~~ 

Hl;lml"'111~f1el1J~ltltll'W~'Mel1JJ1 (hydrophilic moieties) ~~~~ffl'W~i~'Mel1JJ1 (hydrophobic 

0 i CJ/ I I Q.l 9) Ql 0 ~ t::\ Cf' .d i 'J) dj ,. .. .I r/ 
moieties) m '11~1tl\Plelf111fff1flflltl\Pll'Vl1~~~1tlel'W'Vl1tl'Vl 'M flel fl~el t1nmlJ:!lJ'Vll'WeJ~ (2:1) 

~~eJ~111m~ummffl.ll'llv11~~~1tJi1u'Vl1v~111~neJ1J~ltJri'lu~i~l1~l (fl~'e) hvJeJflJ, Log P = 

I )/ Q.l t Q.l 'j/ 

1.97) !!~~ffl'Wfilj.,jl (!lJ'Vll'Wel~, Log P = -0.74) (Sangster, 1989) fi~'W'Wf111fff1flflltl 

"i •. 1 " ?1 """"" d d ~ "" "' d 
fl~el t 1nel1lJ: !lJ'Vl1'W eJ~!lJ'W l'fif111!f11J!f1tllff11~fi!!H\Pl~Nl'Mf11l"''Vl!'HlJl~fflJ 

!rteJ!mtJ1JifitJ1J~1 CMC '\Jel~ff11ffflfi'Htl11Jfl~el hvJeJflJ:!lJ'Vl1'Wel~ (2:1) ~~~~ 
e!l ~ dll] 9J cv r1 .c:! a 

ff11~fi!!H\Pl~Nl'Vl tfl111f1f111ff~!m1~'H'Vl1~!fllJ flel sodium dodecyl sulfate (SDS) ~~~~ Trition X-

I oo ~~~~'W l'll!!'Vl'W '\JeJ~ff11~fl!! H~~ Hl;lml"' i unril.ll1111~11~1J!m~ i~l11h~ 11 IP11m1 w11J ff11 ~fl 
q q q 

& ~ cv CJ' ~ 1 ~ 1 t::t ... l ~~ I .d o i 3/ :'1 I i 
!! H \PI~ H lff ~! fl 1 1~ '11 'Vl ~ ffel ~ f1 ~ lJ 'W f1 ~ lJ lJ 1J 1 ~ 11 ~ 1J! 1J 'W f1~ lJ 'Vl'W 1lJ1 'M! 1J 'W ffl 'W 111 ~ f1 'eJ 1J 'W 

q q q q 

H~CJf'nvJ eJf1 ~~~~ nri lJ ~ i~]J 1l1 ~ 111 ~'W nril.l~u 1m i 'lf'1~'W ffl'W 11 1~ f1eJ1J i 'W m1 CJ1'n1flu~ ~ HiliPlrl' w Cl1' 
q q q 

.., ~ ~ d o i ~?I 
CJ1f1m~ (Sarney and Vulfson, 1995; Cameotra and Makkar, 1998) 11~!'HlJl~fflJ'Vl11~'W1lJ1 'M!1J'W 

1'11u 'Vl'W ~~~~mm tJ1J 1fit~1Jfl w ffl.lllil 1~11 1Nffn ~flu 1 ~~~ Hlff' ~ 1m1~ M'u ~~ffn~flu 1 ~~~Ph 
q 

;lml"'~ 11~'ll1 i 11111~ t~n~Pi'i 'lf'i u m1'M~~1~J11Yu111rl'lJ~\Plnrr1~ i u el\Plff1'Hm1lJJ11Yu 1l1rl'lJ 111n 
q q 

f111!mtJ1JifitJ1J~1 CMC l"'1Jl1ffflfi'Htl11Jfl~el hvJeJflJ: !lJ'Vll'Wel~ (2:1) lJ~1 CMC !'Yllfl1J 0.044 

nfl.IIOieJiliP11 ~1f1l1ff11~fi!!H~~Hlff~!m1~Mlfltl SDS lJ~1 CMC !'Yllfl1J 0.218 nfl.IIOieJiliP11 

ff1lJ1Hl~fi!!H~~Hli~~1~fffl49 mN/m ~~~~ Trition X-100 lJ~1 CMC !'Yllfl1J 1.75 f1flJ\PieJiliP11 
q 
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& """' .N !ll ~ o' .,; 'l!ll'l & ~ 
\91\lr-l'J'li'JflTI'HllfH'lHl B. tequilensis Lc9 ~ntl fl"tl t1vJtJ'DJ:l:JJY11'Wtl" (2:1) !'Vltl 'li 'Wfl11fl'fl£Jl'\J'W 

~tJtiJ 
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Table 11. Method for recovery biosurfactant produced by Bacillus tequilensis Lc9. 

. 
Method of recovery Biosurfactant production (giL) CMC (giL) 

Acid precipitation pH2 3.56 ± 0.1 
... 

1.750
3 

pH3 1.58 ± o.ob 0.875b 

pH4 0.84 ± o.oc 0.438c 

Ammonium sulfate 40% 0.635 ± o.oc 0.219b 

precipitation 50% 0.869 ± o.ob 0.219b 

60% 1.201 ± o.o· 0.438
3 

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<O.OS). 

Table 12. Critical micelles concentration of biosurfactant produced by Bacillus tequilensis Lc9 

and chemically synthetic surfactants was evaluated by surface tension measurement. 

Surfactant 

Crude extract 

SDS 

Triton X -100 

Critical micelles concentration (giL) 

0.044 

1.750 

0.219 

Values are given as mean ± SD from triplicate determinations. 

Surface tension· (mNim) 

44.00 ± 0.00 
c•• 

49.00 ± o.oo· 

4s.oo ± o.oob 

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

differences (p<O.OS). 
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~ Q.l' t/ .c::l ~ d.c:t 'j) 'j) I Q.l' I .t:!f 

H1ff~tml::::'H'Vll~tfllJ flfJ SDS tt{l::; Triton X-IOO 'YllJfl11:JJt'UlJ'U'Ut'Yilf11Jfll CMC flfJ 0.044, 0.218, 

tm:::: 1.75 ni'll~fJ~\91'.i mmlliu 111'ufiw'M'UtJ~I'i1mh~'lM't~v'lui1~ 2-I2 ~1v IN NaOH 'H~tJ IN 
"' 

~ ~ ~ ~ I ,c:t ~ I I Ji 
'i11f1t'lffJ B. tequilensis Lc9 t'WlJ'U'UtlJfJfll'VHfJ'lf{l~{l~\911f111 5 tt(l::::lJlf1f111 10 t'UfJ~'i11f1ffl'J{l~HN 

~~~1tn~f11'.i\91f1\91::::f1tJ'Wi'Uff.fll1::::~tl:Jum~~~u{l::::~l~tT~ (Sutthivanitchakul et a!., I999) tt~ 
fl'i1f1'.i'.ilJ'UfJ~ffl'.i{l~H'.i ~~~ ~1;1fll'WilJJ1m'JtlJ~V'UttlJ{l~ 'l 'UoM1~fitfJ'lf 6-9 'l 'U 'UW::::~ SDS tt{l:::: 

Triton X-IOO l1n'i1f1'.i'.illf11'.i{l~HN~~~1fl~l'i1'l'Wi1~Viw'lf 3-8 tt{l::::Viw'lf 5-8 mm1'1iu 'i11f1H{l 

'l 
3) c;:;f I ~, e!1 ~ .dl ~ .c::l d Ct. \'] 9J 

f11'.i'Yl~{lfJ~H ff~~ 'H t'H'U 11flW fflJU\91 'U f11'J{l~tt N\91~ H1'UfJ~ ffl'.i{l ~ U '.i ~\91~ H1'M1.fll'W'Yl H{l\91 A~ 'i1lf1 • 
1iJ 1 'l 1 t::1 ~~ r .di ~ Q.l ~ .c::lt::l .:::1 

B. tequilensis Lc9 tlJt'H lll::::ffll 'U 'M1~'WtfJ'lft u'U f1'.i ~U {l::;mu N\91 ~ HJ'il:::: fl~\911tlJfJlJ'WtfJ'Mtu'U f1{11~ 

"" ~I I ,j ,j .,. ..:. ~ 0 'l 'J/ .... liJ .. "" "" 
tmu'U~l~ t'UfJ~'i1lf1tlJfJ'WtfJ'Mt'WlJ'U'U NaOH 'Yll 'Hfl11lJfl~\911'UfJ~ tlJtCJf{l{l'UfJ~ffl'J{l~UN\91~H1 

.,. .,.~ <; + .... .... <; 'J/ liJ .... 'l <; "" "" 0 'l 'J/ 
'M1.fll'W~'U'U A~V Na 'i1::::'i11Jf11J tflNff'.il~'UfJ~f1'.i~ A'UlJ'U 'U tlJt{lf1{l'UfJ~ffl'.i{l~HH\91~H1'Vll 'Hf11'.i • 
"" liJ .. .,.~ I -=1 "" 
tf1~ AlJtCJf{l{l~'lJ'U (Li eta!., 2009) U\91'i1lf1'.ilV~l'U'UfJ~ Bai tm::::fltu:::: (1998) fff1£JlH{l'UfJ~fJfJfJ'U1J1f1 

(Na+, Mg
2
+, Ca

2
+) ~tlfJW ffllu11'l 'Uf1l'.i{l~U'J ~~~~1'UfJ~ffl'.i{l~U'J~~~~1;1.fll'W'MU~U'.ilJ 1 'U ~iJ~ 

'W u 11 trl f) f) 11lJ t .,rlJ .,r u 'U f)~flf)f) fJ'U u 1n tr ~ lJ 1ntnu i 11 'i1:::: n H{lvl 11 M'n 'i1 n '.i '.i lJ'U f)~ ffl'.i {I~ tt '.i ~~~ ~ 1 

subtilis 

@ I~ e:9 ~ 

Findet I2I4N/23 U{l:::: linear alkylbenzene sulfonates (LAS) 'W1J1lf1'i1f1'.i'.ilJf11'J{l~UN\91~H1'Yll~ 

m'.i~lt~v'l uflw'M'Ih~n1'1~ 3-10 u~n 'ilm '.illf11'.i{l~tt '.i ~~~ ~1'UtJ~ffl'.i{l ~u '.i ~~~ ~1;1m'W 'il:::: 
"' 

0 'l 'J/ I -=1 "" c!, ~ 
\91f1\91::::f1fJ'U'Vll 'HfllUN\91~Hdt'WlJ'U'U (Nitschke and Pastore, 2006) 
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70 aLc9 CSDS 1151TritonX-100 

60 

i 50 ~ --~ 40 - '" 

~ ~ 
" 

= ~ " '" ... 30 " "' '" = '" '" 
~ "' " '" c:; 20 Col 

t '" 

'" 

" '" 

'" = 10 "' " 

0 '" " " ··-r··· .. T .. '" '" ... " " '" '" r ····r- ···T···· .... ,. 
2 3 4 7 8 9 10 11 12 

Figure 10. Effect of pHs on surface tension of biosurfactant produced by Bacillus tequilensis Lc9 

versus chemical surfactant (SDS and Triton X -1 00). Bars represent the standard 

deviation from three determinations. 

' ' .:!1 o ~~..:::~. .::I cvi:V ~ 
!llfl'Wl'ffl'H'l~H!H~~~'J'lf'lfll'VfYl'ffflfl fl'\llfl B. tequilensis Lc9 !!"~'ffl'H'lfi!!H~~ 

~QI r/ t:i~ ..:il::!, 'JI'J} IQII .:!1, 

~1'ff~!m1~'11'Yll~!'flll 'flfl SDS !!"~Triton X-100 CJl'~ll'fl'lllJ!'Ull'IJ'W!'Yllfl1J'fll CMC 'flfl 0.044, 

0.218, u"~ 1. 75 ni'll~fl~~"J ~11Jrl1i1J mull '11'~mu11 fllJ 25-121 fl~fl'l!CJl'm;vm~u 1~t1~nm . .. 
I J/ I J} 

11u~ 11~1i~ '1 fl~f:JW11 t.;JiJm11J"~mYi 30 fl~fl'l!CJl'm;tJ'ff '\llflU'W'Ylfl'fffl1Jn'ilm1ll'lum1"fi!!H~~ 

~b 'V'11J11 flW '11fliJ'1:JiJ~"~fl'fldllJ'fl~i'l'Ufl~'ff11"fi!!H~~f.h~hfll'V'l~'ffnfl '1~ ~~!ll'W '1~'\llfl~l!! H . .. 
~~ ~'J'Ufl~'ffl"j"flm ~~~~h~'lm'V'ltrlflulJ~flw 11 flil 2s-11o fl~fl'l!CJl'm;v'ffi:WiJ'fl'llllu~n~l~nu . .. 

I d CV o Q.l ~~ d. ~ d I e!1 ~ ~ ~ d 'J} 

fltJl~ll'WtJffl'fltu'Yll~'fffl~ (P < o.os) tm~'Ylfltu'l1flll 121 fl~fl'l!CJl'mCJl'tJ'ff mu"J~~~~'l!'V'lll'll'Wmfl'Wfltl 
u • .. 

I Q.l ~ I ~ I Ql ~ 1 e!i ~ Ql rl 

!!~tl~'fl~\911fl11 50 mN/m CJl'~!!~fl\911~fl1J~"'Ufl~f:JW'11t.Jll~fl'ff11"fi!!H~~~'l'ff~!m1~'11 SDS !!"~ 

Triton X-100 ~lJ'fl'lllJ'fl~i'l~flW'I1fllJ 25-80 fl~fl'l!CJl'"!;tl'ff !!"~iJfi'ilm1ll'l'Wfl11"fi!!H~~~'l . .. 
' ' :v I ~ "' "' "' "' '1 :v <!! "' "I"'""" '1 i '1 'Wfltlfl'll'ffl"J"fi!!H~~~'l'lf'lfll'V'l'Yl'ffflfl fl'\llfl B. tequilensis Lc9 !'Wfl~'\llfl!flflu{)mtll eJ fi"J " 

CJ1'ff (hydrolysis) 'ffl ti'Ufl~ '1e1 i fi"J'fll{ 1Jfl'W ~~ ~'W fl~ flU1~flfl1Jflltl 'lu ill!"fJ" SDS !!"~ Triton X-

100 'l 
'j) 91 d. .q 0 'l j,I.Q ~ .q 

'ill fl fl 11 '11 'f1 'llll 1 fl'W 'Yl fl W '11 flll 'ff ~ (autoclave) 'Yll '11 fl '\1 fl"J 1 lJ fl 11" fl!! H ~ ~ ~1" fl" ~ . .. .. 
di:v :v"' ~ 

(Pomsunthomtawee et a/., 2008; Zhang et a/., 2008) ~"fll"J'Ylfl"fl~'Yl fl'ffflfl'fl"fl~fl1Jfl11fl'flfl1 

& .ql Q.l e!l..::..d d. .q 

Wang !!"~'flW~ (2011) fl'flfll~"'Ufl~QW '11 t.Jll~fl'fl'llll'fl~~'J'Ufl~'ffn"fl!! H~~~'J'lf'Jfll'V'l'Yl~"~'\llfl 
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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. 

' 4 ' Q.l 4 ~ ..::t .:::1 Q.l ,~~ 
5.3 fHl'U6~Ul~6g)flfl1l'llfl~g)1'lJ6~lJl'HWUl'l'lg)'IN1'tf1ill'n't1lJfWI Yl 

1 u n1 ':i 11 ':i ~ v n\91'1 -M ff 1 ':i {1 Yl u ':i 'l ~ 'l H 1; 1111 Yl1 u n1 ':i n1 ~ Yl fl ':i 111 J 1l1' u u {1 ~ • 
ffl':i11 ':i ~ f1fl1J L B t Yl':i fll l1J fl'W ~11 uttlfl 'W 1 'W 'Yl~! {1 l9f!~ V1Jfl{1 fl h ~ Ullf1i1 !CJWllfl {1 fl h ~ !W ~ 
11 flm;Vllfl {lfl i ':i ~ ~ 'ltrl u fl'lrl11':i~n fl1J'I1 rl'n'\Jfl'lJ l'Yl~mm 'ilij r-ml'i flf11':i 'Yil'll'W '\Jfl'lffTJ{lYIU ':i 'l~'l 
H1;'Jfllrl ~'ltT'W~'l~fl'lffmnr-.~{1'\Jfl'l!f1~fll'ifln'ilm':i11'\Jfl'lffn{1Y~m '~~'~ H1;1mrl~ffnY~ i~ ~'~1 u 

lJ "" "'~ ~I "· I '. I 'JJ Ji • I 'JJ "i "' 'JJ 
'Wl'Yl~!{l'il~ll!f1{1fl!u'Wfl'lflu':i~f1fl1Jfl~u':i~111W':iflfJ{1~ 3.1-3.8 9f'lu':i~f1fl1JYI1V !9f!YIVll':iflfJ{1~ 1.0, 

liJ o''J) """" 'J) "' 'J) 
mw !':iYI':iflfJ{l~ 1.9, !!1lf1'W!9fVll':iflfJ{1~ 0.1 !!{1~Ufl{1!9fVll':iflfJ{1~ 0.04 (Millero et al., 2008) 

f-.1{1 '\J fl'll9f!~ Vll fl{l fl i 'j ~l'iflfl111lfl'l~1'\J fl'l ffl':i {1 YIU H ~ 'l H1;1fllrl 'illf1 B. 

I <}' l:t \!] r/ 3) 9} 9) l1) lei I Ql ~ 

tequilensis Lc9 Yl1J11 !9f!YIV1ffl{lfl !':i\91!'\Jll'\J'W':iflfJ{l~ 1-6 !llllf-.1{1\91flfl111lm\911'\Jfl'lffl':i{1YIUH\91'l 

H1;1mrlflVl'lijt'Jmhr1'ty ul'ifi 'ilf1':i':illf11':i {lYIU ':i '!~ 'l H1'il~{1YI {1'ltrlflfl1111! ~ll~'W '\Jfl'l!f1~flt9f!~ v11 
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1IJ " ~ ,M ?I ')} 'i I dl "" ~ ,M ?I 
'fHHJ t'J~H'YUJ'IJ'W!u'W'JtHH't~ 9 !!"'~ 12 t~tlfll!!H~.:JNl!'VUJ'IJ'W111fl44 mN/m !u'W 48.66 !!"'~ 50.00 

mN/m ~1llrl1~1J 111flN"'fll'J 'Yl~m1~u ff~.:J 1 ,r! ~ u 11ffl'J"'~m ~~.:Jfh~bm~~ffn~ L~U'fll1ll'fl.:JI'ld 

l'imfl~tl 1~t~tlll'fl"'tl 1 'J~~'fll1lJ!,j'll,j''Wff.:Jfl11'J~~lJ'Uti.:J 1~t~tlll'fl"'tl 1 'J~1 uJ1'Yl~!"' 6 rvh u"'~~ 
"' 

'i"' liJo' ')}')} "'o'}'J/1 &"" &"""' ~ ,M 
t ~~~tllJ'fl"'tl t 'J ~'fl 11lJ I'll lJ'IJ'W ff ~lJ Nm11 t '11 fill! 'J ~~ .:J Nl'Utl~ ffl'J "'~!! H~~ Nl'lflfll~!~llff ~'IJ 'W 

"' "' 
fl11fl'J 'JlJfll'J"'m! 'J .:J ~~ f.'huu 'J ~ ~'Yl n fll~ "'~"' .:J ff1'11 i' lJ ff1'J "'~!! 'J ~~ .:J f:h~ ~1m 1~ M 'Yll.:J !'fl UD 1 ,r N"' 

fft~~'fl~ t~.:J 1 u Ylfl''Y11-:J ~~vln1Jff1'j "'~~~ 'j .:J~.:J fh~hm~~ ffn~ !~ ~ v~ 1J-l1n 11m 'j u 1 u fll'j "'~m .:J~ .:J 

u 'J .:J~.:J ih~lhm~ ~~ tl~111fl Ltltlti'W 'lltl~!fl~tl11~ 1l1J11 ~mflJt~fl;i1fl'lltl~ffn"'~u'J ~~.:J ih~bm~ 

ri~N"' 1 ,rfl11fl'J'JlJfll'J"'~!!H~~fhUU'J~~'Ylnfll~"'~"'.:J (Fig. 12a) N"'fll'J'Yl~"'tl~fftl~'fl~tl~fllJ 

fll'Jfffl£11'\Jtl~ Li !!"'~'flW~ (2009) fffl£11N"''Utl~ Na+ (monovalent ions) l'it~fll'J!fl~llJ!~ml''lltl~ 

surfactin ~lJ11 Na+ UN"'I'itlfl11fl'J'JlJ'Utl~ffl'J"'~!!H~.:Jfhihm~ t~tl Na+ 11~1l'lJfllJfflti'Utl~m~ 

l'UlJ'W~t1'luril'W~Lli'lftllJJ1 UN"'I'itiU'J~~ LTI~1~'Yln (electrostatic repulsions) 'Uti~ surfactin v\'1 

'I ')}"" ?I 1IJ o'liJ ')}I ,M I dl ... ')} ')} "" 
t'l1!fl~!u'W tlJ!~"'"' L~~1ti'IJ'W fl1 CMC 'Uti~ surfactin 11~"'~"'~ !lJtl'fll1lJ!'UlJ'IJ'W'Uti.:Jtltltlti'WlJlfl~.:J 

lJ1fl!fl'W, u 11 ~ ii N"''Yi' 1 i ,rf) 11 fl 'j 'jlJ 'Uti.:J ff1'j"' ~!I 'j ~ ~ .:J Nl"' ~ "'~ ! ~ ti.:J 111flUtlti'W 1Jlfl11 ~ !'11 ~ tllU1 i ,r 

dl "" "" ff1'J"'~m.:J~.:JNl!fl~fll'J~fl~~flti'W (Bai eta!., 1998) 

N"''Utl~!!llflih9fvll'fl"'tl, 'j~l'itln 11m 'j lJfll'j"' ~!! H ~ .:J Nl'IJ ti.:Jffl'J "'~!! 'j ~~ .:J Nl 

"' d "" "' "' 1IJ " ')} ')} ')} 'i 'lflfll~'Y1N"'~111fl B. tequilensis Lc9 (Fig. 12b) !!llfl'W!~tlll'flml t'J~'fll1lJ!'UlJ'IJ'W'Jtltl"'~ 0-0.1 t~tl 

J 1'11 u fl !liii N"' l'it~fl11flfl'j lJ 'Uti.:Jffl 'j "'~ !! 'j ~~ .:J Nl;lfll~ !! "'~ffl'j"' ~~~ 'j .:J ~.:J Nl~ .:J!'fl 'j 1~ 11' 'Yll.:J! 'f1 ii 

' ")" lf!!1 ~ d d I .c9 ~ IG) I ~ 

SDS !!"'~Triton X-100 t~tlffl'J"'~!!H~~Nd'lflfll~lJfll!!'J.:J~.:JNltltl t'W'lfl~ 44-46 mN/m !lltl 
"' 

nn tllJ!Yi tllJfllJ'fll1lJ!,j'lJ,j''W'Uti.:J!!lJflU!9ftllJ'fl"'tl, 'j~i 'W J l'Yl~!"' ~lJ11ffl'J"'~!! H~.:J Nli.:J 3 'lfU ~ii 
'fll1ll'fl.:JI'fll'it~ullflih9fvll'fl"'tl 1 'J~~'fll1ll!,j'll,j''W~~fl111 uJ1'Y1~!"' 1~tlff1'J"'~u 'J .:J~.:JNl;lfll~~ 
ffn~ !~iin11m'Jll~~""~u"'~iirhu'J ~~~Nl~1fl11ff1'j"'~u'J ~~~Nl~ .:J1m1~11' 111flm~~ 12c f1m11 • 

"' 11) o' ')} ')} ')} 'j ~ "' I d "' 11) o' 
N"''Uti.:JU'flm~tllJ'fl"'tl L'J~'fll1lJ!'UlJ'IJ'W'Jtltl"'~ 0-0.1 t~ti'W1'11'Wfl ~lJ11'YlU'flm~tllJ'fl"'tl t'J~'fll1lJ 

9) 9J CJI ,. ~ cv \f) l.c::l I .q e!/ e.:. e:t 

!'UlJ 'IJ'W 'Jtltl"'~ 0-0.04 t ~ ti'W 1 'H'W fl LlJlJ N"'~tlfl11fl'J 'JlJ'Utl~ffl'J"'~!! H~~ Nl'lflfll~!!"'~ ff1'J "'~!! 'J .:J 
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.c=i d ~ ~ .Ji ~ ... 1 ~ ~ Ql I Ql d\ti 'j} 

'lf1fll'Vl'YIH't'l\91'\l1fH'IHJ Myroides sp. SM1 C)f~tWf1'\l1f1'W1'Yl~!t'liJ'W!IJtl'W'W1lJ'W 'Vltl11ff1'H1'f1~'Yl !~ 

.l "' "' I i "' liJ o''JI ... "' "' '\l1fH'lftl Myroides sp. SM1lJfl11lJfl~\911\91tl C)f!~£JlJflt'ltl !'lWJtl£Jt'l~ 0-9 Ut'l~f11'H\91lJUlJf1'W!C)f£JlJ 

liJ t/e::i 1 e:Q ~ A d CV lfl 'j} e::1 d 'j} I C\ .c::l lq ct'd 
flt'l tl t 'l' ~ lJ Ht'l \91 tl ffH t'l~ U H\91 ~ H1'lf1fll'Vl'Yl fff1~ t ~t 'Vl £J~tt'l f1'W tl £J U\91 f11'l' t\91lJ U fl t'l !C)f£JlJ fl t'ltl t 'l' ~'VI 

fl11lJt.u'lJ.u'u 4-18 ijt'liiilJ't'l ff1'jt'J~uH9i~~h;1m'Vlfftutff£Jn'\Jm'jlJf11'j~hrt'1;1vJ~J11Tu 
.. u 

~... ... .. "'"' 'JI ,j i 
Lc9 Ut'l~ff1'l't'l~UH\91~H1ff~tm1~'YI'YI1~tfllJ fltl SDS Ut'l~ Triton X-100 ~1£1 t'Vltl~Ht'l ~£J'l'1lJ'Utl~ .. 
v~f1'11'j ~f1tltl~ 1~ "l ~tln'\l f)'j'j lJ'Utl~ ff1'j t'l~ u H~~ ~hvf~ff1lJ'lfU ~ ~~'\l1f1f11'j'YJ~ t'ltl~'Vltll1 ff1'jt'J~ 
u 1 ~~~ ~1;1m'Vl~ffn~ 1~5~fl~ijfi'ilm'l'lJf11'jt'J~u 1 ~~~ ~1 '1 u J1'YJ~tt'l i ~£J't -H~1u 1 ~~~~1t 'YhntJ 

' 
C\ I ~ell .die\ IQI 

44.3 mN/m f1'\lm'l'lJ\T~f111 Triton X-100 Ut'l~ SDS C)f~lJf11UH\91~H1t'YI1f1tl 48.3 Ut'l~ 50.0 mN/m 

\911lJrl1fl'tJ trlvtm£JtJtn£JtJntJm'l't'l~m ~~~~1 '1 uffm1~11n~ 'VltJl1ff1'jt'J~u 'j ~~~ ~1;1m'Vlv~fl~ij 
' ,c9C\ ~d ~ G)!Vd' lt!i.c::.e::i 
fi1UH\91~H1\911'Ylff~ fltl 44.0 mN/m '\l1f1Ht'Jf11'j'YJ~t'ltl~Uff~~ t'Yit'YI'W11ff1'l't'l~UH\91~H1'lf1fll'Vl'\l1f1 • 

olfl o''j} ocv ~Q.I 
B. tequilensis Lc9 ff 1lJ1 Hl 'W 1 t 11 11 'l' ~ ~ f1 \91 '1 'If '1 'W f11 'l' f11 '\l ~ fl 'l' 1 tJ 'W 1lJ 'W U t'l ~ ff 11 11 'l' ~ f1 tl tJ 

1~ i~'l'fiTJtlti'W~11uttlvuiu'Yl~tt'l 1~ (Table 13) 
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Figure 12. Effect of NaCl concentration (%, w/v) (a), MgC12 concentration (%, w/v) (b) and 

CaC1
2 

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

Bacillus tequilensis Lc9 versus chemical surfactant (SDS and Triton X -1 00). 
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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 -1 00). 

Surfactant Surface tension (mN/m) • 

Dissolved in seawater Dissolved in distilled water 

Crude extract 

SDS 

Triton X -100 

44.3 ± 0.5 
c** 

5o.o ± 1.o· 

48.3 ± 0.7b 

Values are given as mean± SD from triplicate determinations. 

44.0 ± 0.0 
c** 

49.1 ± 0.2· 

45.o ± o.ob 

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

differences (p<0.05). 

o' "' 'J) 'J) 'J) ~~ I llf ') ,1 J' ,j "" 'J) I 

fll'j'lJfl'UUrl~ll NaN03 fl11ll!'Ull'IJ'U)fl£Jrl~ 0.2 !u'UU'Hrl'l t'W t\Pm\l'W !(lfJ'l!'ll'fl'VIfJW'HQll'Hfl'l !'IJVl 

'j) d I ~ :'1 J_, <}' ~ :'f d 'l 'j) I e!J ~ ~ d ... rlr 
~1£Jfl1llJ!'j'J 200 'jfl'lJ\91tl'Ul'VI !u'U!drll 30 'll''J tll'lGJf'l!u'U'fffll'J~'VI 'HfllUH\91'lN1\Pll'VI'ff~ u'U • 

!'H~V'l!WfHGJfrl~flflfl~fl11ll!~1 10,000 'jfl'lJ~tl'Wlfi fJW'HQlJ 4 fl'lfi'1!GJfrl!9fV'ff !~'U!drll 15 'Wlfi 

'j) 0 I ~ ,X ~ Q.l 'j) ,j 0 Ql 

Url1'W 1'ff1u 'l 'ff'lltJ..:.~u 11rlV'll'll'flm'ffn~~1Vflrlfl hTimll :tllmu fl(l (2: 1) 1 ~vill m\91) u l'ffl'j 'fffl~ 

6.1 Thin Layer Chromatography 

~ " o',.. I eS 1!::\ .ct c; d ~::~. 
\llflfl1)1!fl)1~'Hfl'lflu)~fltl'U'Ufl'l'ff1)rl~UH\91'lN1'll'1fll'V'l t~V TLC 'VIll silica gel 

60 F254 !~'W stationary phase th i U!!'lf'l 'W mobile phase fifl flrlfl hTiflfll :!ll'VIl'Wflrl (2: 1) 1~v 
.r= ~ 'J) 'l'J)I 1., .11 
u)lJl\91) !llfl\91)1\l'fffl'U~'JV ninhydrin Url~ anisaldehyde 'Hfll Rr !'VIlfl'U 0.74 (Fig. 13) GJf'lU'ff~..:.l 

'l M'd~u-J1m'j 'l 'lf'flrlfl hTiflfll :lll'VIl'Wflrl (2: 1) 1~vmm\9l'j illmm~'ffll'l unntwfl'ffl'jrl~U'j 'l~..:.~ 

r:h~1fll'V'l~'ffn~ i~ ~'ltT'W~'ltJ1'ff1)'fffl~'HV1'Ull111ml~li'fl'lflU)~flfl'U i~v'l'lf' TLC RP-18 F254s 

'll'U~ reverse phase ii mobile phase fifl acetonitrile : water (2:1) t~Vmlll\91) trlfl\91)1\l'fffl'U~'JV 

ninhydrin, anisaldehyde Url~ iodine U)lfl{)~~'U'W TLC chromatogram 2 ~~ 'lM'rh Rr !'Vhnu 0.10 

Url~ 0.68 \911llrl'1~'U (Fig. 14) \llflNrlfll'j'VJ~rlfl'l'ffl'j'fffl~'HVl'Uflrlfl hTiflfll:!ll'VIl'Wtlrl~'ffn~ i~ 
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~0 (/ ~~3) I I I 

!:IJ'fi'W11Jl'Yl~HHl'lHJ~fl'll:i~fl'el'U!1J'fi~~'W~1tl TLC 'Vi1J1Ttbi1fl{]~~ 2 ~~1J'WUH'W TLC Uff~nlffl'i 
I I 'jl (/ 'jl 

fftl~11 ti11Jfi l ~ijffll fl'W 'llutiJ 'fi'W lJl~ 1tl ~ ~ l11fl1l !Wflffll 'lMijfi11:1J 1J ~ ff'Yl n'l 'W 'li 'W ~ 'fi'W ~ 'fl l 'l.] • 

~= 0.74·---__.. +--- Solvent front 

.- Origin 

(1) (2) 

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 

Rr= 0.68 

Figure 14. TLC chromatogram of crude biosurfactant from Bacillus tequilensis Lc9 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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6.2 tn'lHf.Jfllfl'l1Yif.J Column Chromatography 

fll'i'YiTU'1ffl1~ffl'HYfl~lHJl'UflcHJ in-Ju{lJ: !lJYll'U'el'Cl i~ui'lf'flflcllJlJ SEP-PAK 
q 

" . 
(C18) Uff~'l'lJ'UI9l'el'Ufll'i!Wfl~\lfll'V'IYi 15 \9l'i'J'ilff'el'UclflllW~'lJ'el\lffl'i'IJ'UU~'U TLC i~uH' mobile 

" ' 
phase ~u acetonitrile: th (5:1) U'Cl~'i'JlJffnYinctn'l:lw~ immi'Ylttml.lmijuunut,Ylfi''Junu 

ffllJl'i\HWflffl'ifffl~lWl'IJ'tl'tlm~u 3 chwiuufi'1unu 1fi'uri chwiuu~ 1 (F1), churiuu~ 2 (F2) 
' ' ' d, .t:::l, ~ .q d, 'j) cw:::t 

ff'J'UU'elf.J'Yl 3 (F3) U'Cl~Yl~ff'el'Ufl'ilfl'j'ilJ'lJ'el\lffl'i'Cl~UH\91\IH'J'If'Jfll'V'I~'Jf.J'Jli oil displacement area 

'lM'HCl~'lm'V'I~ 16 'V'I'lJi1~huriuu~ 1 1linn'ilm'ilJ'llU'lffn'Cl~uH~'~~h i~mrlm11ffn'illfl 

bh'UV'elf.l F 1 1 'iJ'Cl~CllU i uJ1fl~'UU~'JtJ1lJ1'11 U~'IJ'U '11 U~thuu Mci'el~'U!fl~'el\IU'U \Pi'i 'lf'u~'J 1li'V'I'Ufll'i 

U~'el'elfl'll'tl'lffl'i'Cl~Cllf.l trlut11ch'UV'elf.l F2 U'Cl~ F3 1'!Jl1~ff'tl'Ut'J1'Ut~U'Jfl'U 'V'I'IJ11{h'UV'elf.l F2 ij 

(Fig. 17) 

t11,huvuu F2 ~'lijn'ilm'ilJ'll'tl'lffn'Cl~Ul\1~\l~b;hm'V'I~~'l'~ u~'!J'ilfl{]~~'IJ'UU~'U 

TLC 1l1'U'J'U 2 ~~ mtwflffl'i'lM'ijfl11lJ'U~'J'Yl~i~ui'lf'flurl'm1 SEP-PAK (C 18) vnflf\1 trlut11ffl'i 

~~d. dr 0 ~ ei Ql I I 

Cl ~U H\91 \1 H'J'If'Jfll'V'I'Yl Hl'U fll'il11 'IJ'i 'J'YllilJl\91 'i 'J'il ff'el'IJ'Clfl'l:l W ~'ll'el\1 ffl'i 'IJ'UUH'U TLC 'V'I'IJ'Jl TLC 

d ~ i 'j) I I Q.l 

chromatogram l1\9l'i'J'ilff'el'IJ~'JU anisaldehyde U'Cl~ rhodamine B '11fll Rr !Yllfl'IJ 0.42 (Fig. 18) 

i~u anisaldehyde !~'UffU~i'lf'191'i'J'ilff'el'UflUij'el~'lJ'el\IJ1m'Cl (Schulz et a!., 1991) U'Cl~ 
:'1 "''1 ~ .. ' "1 ... ' ~ rhodamine B tu'Uffl'i'Yl 'lf\9l'i'J'ilff'el'Ufll'ilJ'elf.J'lJ'el\l !'lllJ'U (Das et al., 2009) ff'J'Ufll'i\9l'i'J'ilff'el'IJ~'JU 

"' 
ninhydrin 1li'l1'ilfl{]~~'IJ'U TLC chromatogram Uff~'l111li'V'I'UflUij'el~'lJ'el\lm~udJiu 'illflfll'i 

o' _ I ,l ~ ' .<9 ""' "' "' ~ "1 "' :'1 
\9l'i'J'ilff'el'IJ'el\lflu'i~fl'el'IJ!'IJ'el\l\9l'U 'V'I'IJ'Jlffl'i'Cl~UH\91\IH'J'If'Jfll'V'IlJ'Ul\911ClU'Cl~ !'lllJ'U!u'U 

'el'lfl'l1'j~fl'e)'IJ 
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Bacillus tequilensis Lc9 

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

0.2% (w/v) NaN03, pH 7.0 and 200 rpm, 30 h 

I 
Chloroform: methanol extraction 

I 
Crude extraction 

I 
SEP-PAK (C

18
) column chromatography 

I 
Acetonitrile : Water 

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

I 
TLC Chromatogram 

I 
Oil displacement area 

Figure 15. Isolation diagram of crude biosurfactant from Bacillus tequilensis Lc9. 
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F1 F2 F3 

,..---_,A.._ ____ 
( '\ 

1 2 3 4 s~ 6~,--~s · "9lo-

• • 

Figure 16. TLC chromatogram of partially purified biosurfactant from Bacillus tequilensis Lc9 

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 

F1 F2 F3 

Figure 17. Biosurfactant activity of partially purified biosurfactant from Bacillus tequilensis Lc9 

using used lubricating oil for oil displacement area . 
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1 2 3 4 5 I) 10 11 12 13 14 15 +---- Solvent front 

+----Origin 

+---- Solvent front 

+----Origin 

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 

6.3 Fourier Transform Infrared Spectrometer (FT-IR) 

..;. "'·I ""' "' "' ,J "' .:1 'JJ ,J 
A:Ut!IPI~ '1'il't'Hl1Jtl.:.tflu~~fHl1J'tltl.:.lff1~ €t\Pl!! ~.:.!\PI .:.I m"lf'Jfi1'Wfl.:.l1J 'HfV11'i~'1V FT -IR 9f.:.l 

't.U'h.!fll~ffmHH~-rl.:.~niu'tlt~.:.tffl~ H€t'il1f1 FT-IR spectrum 'W1Jfll~~~l'i'1'tltl.:.t 0-H ~ 3305 cm-
1
, 

~ Q.l .d -1 ~ Q.l .d -1 .a Q.l 

fll~V~IPI'1'tltl.:.l C-H 'Vl 2926 em , fll~V~IPI'1'tltl.:.l C-0 'Vl 1648 !!€t~ 1736 em !!€t~fll~V~IPI'1'tltl.:.l C-
.d -1 .c:2 ~ , ' ~ d : \1) Q.l ::'4 

0-C 'Vl 1072 em 9f.:.lfl1~'1Afl11::::l1H€t'il1f1 FT-IR spectrum 'lN1Jtlf1f.Nfll~:IJ'U11Pl1€t!!€t~ t'tl:IJ'UAU'U 

t~.:.~l'i'u~::::nt~1J (Fig. 19) 

.· 
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Figure 19. FT-IR spectrum of partially purified biosurfactant from Bacillus tequilensis Lc9. 
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' -=t 
1J't1't1 4 

" " " " twm:Jft~Hilfl~~tJi~'YilJ~~1U1U 808 !t~19ft~l'l ~1f1~1tJV1~~u 1-hYi~~~~~mn 
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<:1 I 

1. fll'j!Yl'n.JlJ spraying reagent YIH9 

1.1 ninhydrin reagent 
'j) 

tl'l1tJlJ l\PltJtJl ninhydrin 0.3 fli'll I!~{lltJi'U 1-butanol mmm 100 iJI~ililm· 'illfltJ'U!~lJ 

gracial acetic acid mmm· 3 iJI~ilili'I'JI~\IilJ HfflliMt.u'ln'U i'*i'Ufll'Ji1\PlffV1J'Yiliv~iJ1'UOff'J~ ~\1 .. 
• I "' I 'l "' J( .., :'1 "' I .., i 31 31 "' 

'il~IJ'Jlfl{)V\Plffll"J\1 t\PltllJ'Vl'U'Yiii\I!IJ'Uff'Ul11J'UUH'U TLC 'YIII\I'illfl 'Yi'fl"11ll'JV'U 105 V\lfl'Wlfii!CJftJff 

"' 'Ul'U 10 'Uli1 

1.2 rhodamine B 

tl'l1tJlJ l\PltltJl rhodamine B mlll\PI'J 0.25 flfll I~~mtJi'Utvi11'UVII mmi'I'J 100 lJI~ilili'I'J 

i 3131"-'i3!GJ "'.., .di .I "' I .,f i31 Hffll 'Yi!'Ulfl'U 'lf t'Ufll'Ji1\PlffV1Jfl'J\Pl t'Ull'U CJf\l'il~IJ'Jlfl{)VIPlff'lfll~1J'UUH'U TLC !lJVlJV\IflltJ \PI UV 

1.3 anisaldehyde 

tl'l1tJlJ l\PltJHfflJ anisaldehyde mlJl\PI'J 0.5 lJI~ilili'I'J fl1J!fli11'UVII mllli'I'J 9 lJI~ilili'I'J 
'j) 

'illflU'U!~llfl'JIPlcif'I~YJ"J~fl!.,j'll.,j''Umllli'I'J 0.5 iJI~ilili'I'J UII~fl'J\PlV~~~fl mllli'I'J 0.1 iJI~ilili'I'J Hffll 

.., i 31 'j) ~ .c:l 

'YIII\I'illfl 'Yifi"Jlll'JV'U 105 V\lfl'l!CJfii!CJftlff 'Ul'U 10-15 'Uli1 

j/ I j/ !J/ 'j) 

2-3 Af'l 'YitJIPl:fffl~ff\91I~i1 lV!II\PI (crystal violet) 1Jt!'JVtl!fl~tJ'UV\I!:j$ViM'VlJlJ YJ'Iii1 'WlYi m:ffYJ\1 

1,000 !'Yh (Sneath, 1986) 

2.2 m'jufllJt~uHi 

3J 3) fl 0 Q.l I 

IPI'J1'il~\Pl1tlfliiV\IVI~i1'J'Jfl''U fllii\1'\JtlltJ 1,000 !111 (Sneath, 1986) 
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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 Klebsiella pneumoniae 0115 

Sample name: 0/15 

Identify: Klebsiella pneumoniae 

16s rDNA 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 rDNA Sequence 

CACCGATTGACGTTTTTTAGAGTTTGGATCCTGGCTCAGCTTGAACGCTGGCGGCAGG 

CCTAACACATGCAAGTCGAGCGGTAGCACAGAGAGCTTGCTCTCGGGTGACGAGCG 

GCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGA 

AACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGTGGGGGACCTTCGGGCCTC 

ATGCCATCAGATGTGCCCAGATGGGATTAGCTGGTAGGTGGGGTAACGGCTCACCTA 

GGCGACGATCCCTAGCTGGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACA 

CGGTCCAGACTCCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAG 

CCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCA 

GCGGGGAGGAAGGCGGTGAGGTTAATAACCTCATCGATTGACGTTACCCGCAGAAG 

AAGCACCGGCTTTAACTTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGT 

TAATCGGCAATTACTGGGCGTAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGA 

AATCCCCGGGCTCAACCTGGGAACTGCATTCGAAACTGGCAGGCTAGAGTCTTGTAG 

AGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACC 

GGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGG 

AGCAAACAGAATTAGATACCCTGGTAGTCCACGCTGGAAAACAATGTCTATTTTCAT 

GAAGTCGGAATCGCTAGTAATCGTAGATCAGAATGCTACGGTGAATACGTTCCCGGG 

CCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCT 

TAACCTTCGGGAGGGCGCTTACCACTTTGGATTCCG 

Blast Result 

RID: TWTOVOJK013 

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 Klebsiella 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: TWTUMSBG016 

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 LclO 

Sample name: LclO 

Identify: Bacillus subtilis 

16s rDNA Sequence 

CTTCGGCGGCTGGCTCCTAAAAGGTTACATCACCGACTTCGGGTGTTACAAACTCTTG 

TGGTGTGGCGGGCGGGGTGTTCAAGGCCCGGGAAGGGATTAACCGCGGCATGCTGAT 

CCTCATTTAATAACGTCCCCCGTCCGCCCCGCGGGAGATTTTCGCTGCTTGCCCTATC 

AGATTACCTGATGGGGTTATCTCTTGTAGGTGGCGTAGTCTCTCTTCGTCGACGCGAC 

GCCTCCCCCCTGAGAGGATGAGCTGAGCCGCCCTGATTAAATGATACCACAAACCCC 

CCCCCCCTGGATGCAGCGGGGAGTATGAATCAAGGTTCGGTTGGCAAATGCAGCTGT 

CCCGCTTCTTCCCAGAAGAATGACGGGGTGTTGCGGGTTTTCTCGTCCGGGAAGAAG 

ATAAGGTTACGAATATTTTCTACTGTCGTTCCCTTACTCGAATTAGAAGCATACTCAT 

TCCTAGCTTCGTCCGATCCTCAT 

Blast Result 

RID: TWUAJSTDOlN 

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 Lc12 

Sample name: Lcl2 

Identify: Bacillus subtilis 

16s rDNA 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: TWUWBXA901N 

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 rDNA 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: TWUXJMVE012 

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 Tf19 

Sample name: Tf19 

Identify: Acinetobacter junii 

16s rDNA Sequence 

CACCGTGGTAAGCGTCCTCCTTGCGGTTAGACTACCTACTTCTGGTGCAACAAACTCC 

CATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATTCTG 

ATCCGCGATTACTAGCGATTCCGACTTCATGGAGTCGAGTTGCAGACTCCAATCCGG 

ACTACGATCGGCTTTTTGAGATTAGCATCACATCGCTGTGTAGCAACCCTTTGTACCG 

ACCATTGTAGCACGTGTGTAGCCCTGGCCGTAAGGGCCATGATGACTTGACGTCGTC 

CCCGCCTTCCTCCAGTTTGTCACTGGCAGTATCCTTAAAGTTCCCATCCGAAATGCTG 

GCAAGTAAGGAAAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACAC 

GAGCTGACGACAGCCATGCAGCACCTGTATCTAGATTCCCGAAGGCACCAATCCATC 

TCTGGAAAGTTTCTAGTATGTCAAGGCCAGGTAAGGTTCTTCGCGTTGCATCGAATTA 

AACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCATTTGAGTTTTAGTCTTG 

CTACCGT 

Blast Result 

RID: TWV417SH01N 

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 rDNA Sequence 

GGTAGCGTCCTCCCTAAGGTTAGACTACCTACTTCTGGTGCAACAAACTCCCATGGTG 

TGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATTCTGATCCGCG 

ATTACTAGCGATTCCGACTTCACGCAGTCGAGTTGCAGACTGCGATCCGGACTACGA 

TCGGCTTTTTGAGATTAGCATCTGCTCGCGCAGTAGCAACCCTTTGTACCGACCATTG 

TAGCACGTGTGTAGCCCTGGCCGTAAGGGCCATGATGACTTGACGTCGTCCCCGCCT 

TCCTCCAGTTTGTCACTGGCAGTATCCTTAAAGTTCCCACCCGAAGTGCTGGCAAATA 

AGGAAAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGA 

CGACAGCCATGCAGCACCTGTATCAGAGTTCCCGAAGGCACCAATCCATCTCTGGAA 

AGTTCTCTGTATGTCAAGGCCAGGTAAGGTTCTTCGCGTTGCATCGAATTAAACCACA 

TGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCATTTGAGTTTTAGTCTTGCGACTGT 

ACTCCCCAGGCGGGCTACTTATTTCTTTAGCTGCGCCTCTAAT 

Blast Result 

RID: TWV7XCG9012 

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-lndustry, 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 B. 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: Biosurjactant, 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 bioavailability, 

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 (gil) used in this study was: K2HP04, 0.8; KH2P04, 0.2; CaCl2, 0.05; MgCl2, 0.5; FeCl2, 0.01; 

(NH4)2S04, 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 (o/oEA) 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 00660 value of 0.5 contains approximately 1 x 10
7 

c.f.u./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 24-4S h at room temperature on NB. 

Then, Gram-stain was conducted to identify pure cultures of bacterial isolates. For 16S rONA 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 165 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 (SF: AGAGTTIGATCCTGGCTCAG; 1492R: GGTIACCTIGTIACGACTI; 

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'( for 30 sand 72'( for 1.5 min, 

followed by 72'( 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 Von 1% TAE agarose gel. The 16S rONA 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 SF as primers. The 16S rONA gene 

sequences were aligned along with the sequences of type strains obtained from the GenBank by 

using the program ClustalW (Thompson et al. 1997). Sequence homologies were examined using 

BLAST version 2.2.12 of the National Center for Biotechnology Information and the 16S rONA 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 

(NH4)2S04 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, NaN03, (NH4)2S04, peptone and urea were employed at a concentration 

of 0.1 gil with the optimum carbon source. The nitrogen source concentrations were varied 
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concentration from 0.1 to 0.5 gil. 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 (00) 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. 

Qualitative 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 1-Jl of used palm oil and equilibration was done for 1 h at room temperature. 

Then, 5 1-Jl 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 (Badour and Maier 1998). 

Emulsification activity (o/oEA) 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 supernatant 

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 165 rDNA gene of the genomic DNA 

revealed that strain Lc9 was Bacillus tequilensis (98%). The rONA sequence was deposited in 

DDBJ/EMBUGenBank 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 Lc9 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. 

(-source Final pH Surface tension Emulsification Emulsification Growth 

(%) reduction (mN!m) activity (%) index (E24) (00660) 

Palm oil wastewater 6.98±0.02 0 
e• 

0 
b• 

0 
b. 

ND 

Glucose 4.36±0.03 1 0.50± 1.32" ob ob 1.70±0.15 

Commercial sugar 4.37±0.03 10.17 ± 1.60. ob ob 1.56±0.07 

Molasses 4.46±0.00 17.84± 1.20b 45.83±0.o5• 39.58±0.11 a 3.49±0.01 

Palm oil 7.14±0.02 6.00±1.00( ob ob 3.97±0.38 

Used palm oil 7.10±0.00 7.67±1.15d ob ob 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 1<51, B. 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 208. 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; 

Panesaretal., 2011~ 

Effect of nitrogen source and nitrogen source concentration on biosurfactant 

production 

8iosurfactant 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 2o/o (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 (E24) Growth 

(0.1o/o) reduction (mN!m) activity (o/o) (00660) 

(NH4)zS04 4.32±0.03 17.67±0.57 
.. 

43.75±0.17 
a• 

34.16±0.05 
.. 

3.50±0.03 

NaN03 7.35±0.04 19.84±0.28c ob ob 3.71±0.00 

Urea 7.37±0.02 17.00±0.50b ob ob 3.59±0.00 

Peptone 6.47±0.02 od 33.30±0.o5• ob 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% (wlv) 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 hi~hest 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 ~rowth of B. tequilensis Lc9 was obtained when initial pH of medium was 

adjusted to 5.0. The pH plays a role in determinin~ the ability of bacteria to ~row or thrive in 

particular environments because it mainly affects biolo~ical 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 

~row optimally within a narrow ran~e 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 increasin~ slowly from day 1 to day 3. These results 

su~~ested that this biosurfactant production by this strain was a ~rowth-associated and mix ~rowth 

associated type. Biosurfactant production (as evident from surface tension lowerin~) starts from 

6 h and continues till 72 h of growth. The hi~hest 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). 
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Fi~ure 1:Time course of ~rowth, culture pH, surface tension, emulsification activity(%) 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 B. tequilensis Lc9 

as MS medium should contain molasses as sole carbon source at concentration of 2o/o, 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 Lc9 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 Lc9 

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 ofbiosurfactant (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 of2.65 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/1 (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 
ofP AHs, 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 view1• Among bioresources, crude 
glycerol (CG) is increasing year by year through 
increasing production of biodiesel and other 
oleochemicals2

• CG accounts for 10% (v/v) of oil 
transesterification reaction3, 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 
chemical' or biological methods6• End products include 
1 ,3-propanediol, dihydroxyacetone, ethanol, succinate, 
polyhydroxyalcanoate, pigments and biosurfactants 
(BSs)1. BSs have attracted considerable interest owing 
to their biodegradability, and mild production conditions8

• 

Lipopeptides are effective BSs, usually produced by 
Bacillus strains 9•

10
• Lipopeptides possess manifold 

attractive properties1 I, and can be used as carbon (C) 
source12-

15
• Hydrocarbons or oils are common substrate 

for BS production 16, but production and recovery 

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

processes are very complicated. Success ofBSs depends 
on the economy of process and the use of low cost raw 
materials, which account for 10-30% of overall costs17

• 

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 I. To make 
nutrient agar, agar (15.0 g) was added to NB. Culture 
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was grown in NB for 20 hat 30°C, and used as inoculum 
at 2% (v/v) level. ForBS synthesis, a mineral salt medium 
(MSM; pH, 7.0±0.2) was used with following 
composition14•15 : K

2
HPO 

4
, 0.8; KH

2
PO 4, 0.2; CaC~, 0.05; 

MgC~, 0.5; FeC~, 0.01; NaCl, 5.0 g/1. 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 cone., N, C:N ratio) were used 
to obtain higher productivity ofBS. Concentration of CG 
was varied (2-8 g/1) by using (NH

4
)

2
S0

4 
as N source. 

For evaluation of the most appropriate N sources, 
(NH

4
)

2
SO 

4
, commercial monosodium glutamate 

(CMSG), NH
4
Cl, NaN0

3 
and peptone were employed 

(cone., 1 g/1) with optimum concentration of CG. C:N 
ratio was varied ( 1 0-50) by keeping a constant N source 
(cone., 1 g/1). 

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 14•15 [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 HCl or NaOH to obtain pHs of2.0 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 ofBiosurfactant (BS) 
BS was spotted in triplicate on readymade silica gel 

thin layer chromatography plates (Merck, Darmstadt, 
Germany) using CHC~:CHpH:H20 (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/cm2 pressure using a hydraulic press (Specac, 
Orpington, Kent, UK). ForBS molecular mass, BS (0.5 
mg) was dissolved in methanol and analyzed by 
Electrospray Ionization- 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) 

ForBS effect on ULO mobilization, mobility test was 
done with a 30 em x 30 em 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) ofTD4, 
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 displacement18

• 

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 19

• 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 assay2°, 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-HCl, 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 11m 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 
compoundto~0 • From a calibration curve of individual 
P AH (in hexane), concentration of each P AH 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 l05°C and weighted. For EAI 2 

(E24), 4 ml 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 Model20 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 ofSongkla 
University, Thailand. Statistical analysis was performed 
using Statistical Package for Social Science (SPSS 1 0.0, 
for Windows Inc., Chicago, IL). 

Results and Discussion 
Effect of Crude Glycerol (CG) Concentration 

Highest activities (Table I) towards BS production 
were found when CG (6 g/1) 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 CC1. Increase in biodiesel 
production is generating large quantities ofCG. With the 
production of I 0 kg of biodiesel from rapeseed oil, I kg 
of CG becomes available 21 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 reportecF2
, 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/1). These 
yields were 2.35 and 2.46 folds of that obtained from 
using (NH

4
)

2
SO 

4 
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 

ofBS production23 • 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 ofBS tended to decrease 
as C:N ratio increased over 15. BS production is reported 
more efficient under N-limiting conditions 14

• 
15

• 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 
condition24

• 
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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 ml flask containing 50 ml MSM at 30°C in a shaking incubator at 200 rpm for 48 h* 

Parameters Dry cell weight, g/1 Surface tensionm, N/m B iosurfactant, g/1 Emulsification activity,% 
B. subtilis P. aeruginosa B. subtilis P. aeruginosa B. subtilis P. aeruginosa B. subtilis P. aeruginosa 

Crude glycerol, % wlv [N-source, 1% (NH)
2
SO )1 

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 0.26±0.03 18.53±2.83 40.82±2.65 
6 3.14±0.42 1.31±0.27 33.5±0.5 34.3±2.1 0.81±0.08 0.43±0.02 20.52±4.08 43.28±1.73 
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 1.54±0.27 34.0± 1.5 35.3±0.3 0.50±0.08 0.18±0.04 18.51±2.24 39.52±2.82 

Nitrogen sources, 1 gil (C-source, 6% crude glycerol) 
(NH4)2S04 3.14±0.42 1.31±0.27 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 
NH4CI 3.27±0.85 1.51±0.14 35.3± 1.2 33.5±2.8 0.81±0.11 0.33±0.05 22.54±5.08 40.28±5.00 
NH4N0

3 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 35.82±6.53 
Peptone 5.04±0.92 4.58±0.24 30.2±1.4 33.5±1.7 1.22±0.08 0.88±0.07 40.82±6.00 49.82±4.82 

C: Nratio 
Control 4.89±0.52 4.18±0.12 29.8±1.4 30.0±0.9 1.91±0.28 1.06±0.11 58.51±8.27 59.52±5.85 
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 4.61±0.24 30.2± 1.7 31.2±4.2 2.01±0.23 1.03±0.11 48.55±4.05 55.08±4.12 
20 5.32±0.71 4.68±0.70 32.8±1.5 30.8±2.1 1.86±0.09 0.90±0.04 45.83±4.51 59.52±5.03 
25 5.04±0.12 4.08±0.52 35.5±2.4 32.1± 1.8 1.82±0.15 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 I% CMSG at 30°C in a shaking incubator at 200 rpm 

for 48 h* 

Inoculumn Dry cell weight Surface tension Biosurfactant Emulsification activity 
cone. gt1 mN/m gt1 % 
%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 30.5± 1.8 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±2.5 2.10±0.22 1.49±0.14 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 2.23±0.13 1.35±0.24 65.25±5.40 55.48±9.82 
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 50.82±8.93 
10 5.60±0.21 4.80±0.12 30.1±1.0 30.0±1.5 2.10±0.25 0.87±0.07 52.82±0.90 50.91±8.52 

*All values are mean ± SD from triplicate determinations 

Effect of Inocu lumn 

Highest amount of inoculum (Table 2) on BS 
production wasBsTD4(6%)andPaSU7 (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 gil), CMSG ( 1 g/1), 
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/1) 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 
ofST (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/1) 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 I% of commercial 
monosodium glutamate) at 200 rpm and 30°C by: a) Bacillus subtilis TD4; and b) Pseudomonas aeruginosa SU7 (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/1) and PaSU7 (2.25 g/1). Extraction 
of bioproducts with considerably high polarity by ethyl 
acetate solvent is reportecF 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 ofST vs BS concentration, 
CMC was 12 mg/1 (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 values10
• BSs from 

BsTD4 and PaSU7 showed a lower minimum ST and 
CMC value than that ofBS from B. subtilis LB5a (26.6 
mN/m, 33.0 mg/1)25 , B. sub til is PT2 (26.4 mN/m, 25.0 
mg/1)26

, P. aeruginosa SP4 (28.3 mN/m, 120 mg/1)26 and 
P. aeruginosa S6 (33.9 mN/m, 50 mg/1)27

• 

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 ofBS 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 BS25 • 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 ofbiosurfactant concentration produced by: a) Bacillus subti/is 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 ofbiosurfactant produced by 

Bacillus subti/is TD4 and Pseudomonas aeruginosa SU7* 

Parameters B. subtilis P. aeruginosa 
Surface tension Emulsification activity Surface tension Emulsification activity 

mN/m % 

Temp., •c 
4 30.0±2.3 64.5±3.5 
20 26.3±2.5 65.8±2.3 
40 29.5±2.7 62.5±5.0 
80 30.2±5.1 60.8±5.7 
100 31.5±2.0 58.4±8.0 
121 32.0±2.0 58.0±5.0 

pH 
2.0 55.4±2.9 20.8±2.6 
4.0 48.3±2.8 39.5±2.5 
6.0 26.0±2.4 65.7±2.7 
8.0 27.2±3.1 62.3±2.9 
10.0 28.9±5.2 60.8±5.0 
12.0 30.2±0.5 55.0±2.7 

NaCI,% 
4 30.0±2.3 64.5±3.5 
20 26.3±2.5 65.8±2.3 
40 29.5±2.7 62.5±5.0 
80 30.2±5.1 60.8±5.7 
100 31.5±2.0 58.4±8.0 
*All values are mean ± SO 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 

mN/m % 

33.2±1.4 63.0±3.4 
28.0±3.0 64.5±5.0 
28.6±2.2 62.2±2.0 
29.8± 1.5 59.8±8.9 
31.5±4.2 58.5±8.0 
32.0±2.4 58.5±10.2 

53.6±1.8 22.0±2.1 
41.0±3.2 37.3±1.9 
28.0± 1.0 64.4±1.7 
30.2±2.4 62.5±5.0 
31.5± 1.0 60.4±4.7 
32.0±2.3 56.6±2.4 

33.2±1.4 63.0±3.4 
28.0±3.0 64.5±5.0 
28.6±2.2 62.2±2.0 
29.8±1.5 59.8±8.9 
31.5±4.2 58.5±8.0 

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 ofBS 
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Fig. )-Emulsification activity (E24) ofbiosurfactant against different hydrocarbons and vegetable oils (Bars represent standard 
deviation from three determinations) 

~ 

~~CH 8l 

li 
N-H 

~ .1 
CH CO-N 1 ,, vN r u ~ = ,. 

i ::= R '§ \ ~~ 
"' i /'' § 

"' .... I! \I 1-
;& i 

4000 3500 1.500 1000 

Wavenumber, em·' 

4000 JOOO 2000 1000 !000 

Wavenumber, em·' 

Fig .J.-FTIR spectrum ofbiosurfactant produced by: a) Bacillus subtilis TD4; and b) Pseudomonas aeruginosa SU7 
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Fig. 5-Mass spectrum ofbiosurfactant 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 cm 1 (NH stretching mode) and at 
1650 cm1 (stretching mode of CO-N bond). Bands at 
3000-2800 cmi, 2855 cm1 and at 1464 cm1 reflect 
aliphatic chains (-Cf\, -CHz) ofthe 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 
PaSC7 (100t0, 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

2
). 

This finding was in accordance with a reported study 
that showed BSs produced by Bacillus spp. had 
molecular mass ranging m/z 992-1 08815•28 • Chemical 
nature of BS thus varies with both species and strains 
within Bacillus spp. 10

• Thus BSs from BsiD4 and PaSU7 
were ipopeptide type BS. Generally, BSs produced by 
Pseudomonas spp. were found to be glycolipid type 
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Fig. 6-Effect ofbiosurfactant 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
•
27

• However, some studies reported lipopeptide BS 
produced by Pseudomonas spp. 29

• 

Effect of Biosurfactant (BS) on Mobilization of Used 

Lubricating Oil (ULO) 

BSs can be utilized for crude oil mobilization and 
microbial enhanced oil recovery1°. In a test, ULO mixed 
with BS was about twice the displacement (Fig. 6a) for 
BsTD4 (15 em) and PaSU7 (11 em) as compared with 
that of control (5.5 em), suggesting that BS produced by 
two strains can be useful in ULO mobilization. BSs reduce 
STand interfacial tensions of reservoir fluids; hence, oil 
release is promoted and oil recovery can be enhanced 
as welP0

•
31

• 

Microbial Surfactant-Enhanced Oil Recovery 
Due to robust properties ofBSs, use ofBSs in tertiary 

oil recovery applications is receiving more attention26 • 

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° o; RT, 49-53%; 45°C, 65-68%; and 60°C, 84-86%. 
SDS was found to be less efficient in oil removal as 
follo\' s: 25°C. 12° o: RT, 33% 45°C, 63%; and 60°C, 69%. 

This is due to characteristic of anionic surfacrtant that 
less efficacy than nonionic surfactant to maintain an 
emulsion in oil in water systems32 • 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 removal15

• These 
results indicated superior performance ofBS 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 recordecF. Solubilization of 
P AHs depends on the type and dose of surfactant, 
hydrophobicity, surfactant-soil interactions and time that 
contaminant has been in contact with the soil33

• 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 ~<0.05) when 
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Table 4-Dose dependent solubilization ofpolyaromatic hydrocarbons by biosurfactant isolated from Bacillus subti/is TD4 and 
Pseudomonas aeruginosa SU7 

Biosurfactant cone. Solubility ofpolyaromatic hydrocarbons', mg/1 

mg/1 Ant Fluora Fluore Nap Phe Pyr 

B. subtilis 
0 0.07±0.01 ... 0.22±0.02[ 1.78±0.11 g 31.34±3.52• 1.39±0.11 g 0.14±0.03[ 
5 0.17±0.02[ 1.02±0.08' 2.65±0.13[ 48.51±6.05[ 2.31±0.12~' 0.80±0.07' 
10 0.43±0.08' 1.92±0.13d 3.30±0.71' 61.01±4.20' 2.52±0.80d' 1.72±0.1Jd 
15 0.80±0.05d 2.85±0.24' 3.92±0.08d 67.86±5.13d 2.62±0.52d' 2.14±0.80' 
20 1.12±0.JOc 3.19±0.1Jb 4.67±0.38' 75.54±6.21 c 2.99±0.14' 2.65±0.45b 
25 1.28±0.09b 4.79±0.24' 5.78±0.20b 86.84±4.88b 3.7I±O.J2b 2.80±0.27b 
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 g 31.34±3.52• 1.39±0.11 f 0.14±0.0Jf 
5 0.12±0.02[ 1.00±0.09' 2.40±0.15[ 39.51±4.45~' 2.02±0.12' 0.71±0.06' 
10 0.39±0.08' 1.79±0.13d 3.24±0.55' 50.51±4.18' 2.19±0.5Jd 1.58±0.8Jd 
15 0.77±0.05d 2.71±0.10' 3.78±0.J2d 61.86±4.80d 2.5J±0.92c 2.31±0.46' 
20 1.05±0.11 c 3.05±0.J4b 4.52±0.51' 70.05±8.03c 2.82±0.80c 2.5]±0. 78bc 
25 1.20±0.08b 4.68±0.61' 5.67±0.J5b 80.54±4.58b 3.61±0.J2b 2.70±0.28b 
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 
C~1SG as " source. BsTD4 could grow in culture 
medium bet:er than PaSU7, leading to shorter cultivation 
time for BS r:Nuction and a higher yield of extracted 
BS. BS pre\ic:.:ed b) BsTD-t had better surface activity 
than tha: ;:-~c..:-~e-.: ~) P JSC7. FT-IR spectroscopy and 
ESI-\1S ~~:-.:::-::-.e~ :je presence of lipopeptide in 
samp:es E'\~~e:e~ BSs were superior, in terms of 
effi.:ie:-. ..::· ::-: ::: :-e-.:.:'- e:-:·. :o anionic surfactant SDS. BS 
prO.:~~e-.: ":-:· 3:~ ~ .. y~:.: recover oil more effectively 
thar: ::-..:.: ::-: • .: _.;e-,i :-;. ? ..;:5 l-. and also for the enhanced 
so:~:-:::-:· : :· ::· .!..:-:~ ~-....:.s. :'·'0 BSs produced by BsTD4 
and ? ..: S ·_ - :-.::.:: ~ :-:..: ;x:·:e:-.::.:..: :or microbial enhanced 
oi~ :--~..:.: ·. ~~· ~~ ::-.-. -_-:·~---:-~~~-~ a;~lications. 
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