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Optimization of Production Conditions of Biosurfactant
from Bacillus sp. and its Purification
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A bacterium capable of emulsifying hydrocarbon, n-hexadecane, and decreasing surface tension of
the culture media using oil collapsing method was isolated. The bacterium was partially identified
as Bacillus sp. and named BJS-51. n-Hexadecane was the most effective carbon source for produc-
tion of biosurfactant. Surface tension was decreased from 76 dyne/cm to 31 dyne/cm and CMD
(critical micelle dilution) had the highest value of 5.7 at 3% n-hexadecane. Ammonium phosphate
was the most effective nitrogen source, when C/N ratio was 60, surface tension and CMD were 29
dyne/em and 9.2, respectively. Optimum pH and temperature were 7.2 and 30°C, respectively. Pro-
duced biosurfactant was extracted and purified using organic solvent extraction method and pre-
parative HPLC systems. After analysis by various color reaction, this biosurfactant was identified
as lipopolysaccharide. Surface tension and CMC (critical micelle concentration) of purified biosur-
factant were 27 dyne/cm and 0.08 g/, repectively. CMD was 9.2, so the yield of biosurfactant was
about 0.74 g/l at the optimal conditions. The bjosurfactant was very stable at wide range of pH
2~12 with surface tension 29~31 dyne/cm and showed 29~30 dyne/cm of surface tension after heat

treatment at 100°C for 60 min.
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HEARRGAS] A FF. o8] NG EYAEE dut
Al 34 WPEE olgsi FAlslaL MRS 48R (20 mi/
n-hexadecane, 4g// NaHPO, 1.6g/! KH,PO, 1g/ NH,/CI
0.2 g/l MgSO, - TH,0, 0.005 g/! ferric ammonium citrate, 0.01
g/l CaCl, pH 7.2 BE3 The, 30°ColM 247t wljdsisd
th olF 23] wkEsle] JAuFEETE 2 F v s HE
HampAlol] =ate] 30°Colx 72412 vlFEETE o] | n-
hexadecane- ¥iFEAe] F7] =Sl o] of APE &
22 2tz QA oA 2~3Y wiF F viFA o] oil film-
collapsing B/4& 745t AEAHEEA A #5788 A
sttt AT @FE o18F AMARE 30mil »
hexadecane, 4 g/ Na,HPO,, 1.6g/ KH,PO,, 1.56g/ (NH,),HPO,,
02gl MgSO, - TH,0, 0.005g/ ferric ammonium citrate,
0.01 g/l CaCl,, 0.2 g/l yeast extract, pH 7.29} 7+ =4d<] o)
A& ARt

Oil film-collapsing 2788 THes} 2] Syl =2
ANAE 50mm)ol FFHF 5mke ¥, 2 9o pennzoil
10-40W 20 /= HojxH}l = oil filmo] HAIEH ujokel 5
WE oil film®] FY o=t o] o) FAH= FHU
AES W oRiM ST e w52] A4, Astet
A ZHAr= Vitek Systems(BioMerieux, USAYE ©]&3&}3om,
o452 5742 Bergey’s manual of systematic bacteriology©l
wet SR A9 &S spectrophotometer(IKBA},
Novaspee IS ARE-3l 660 nmollA] wjddel 30D,
optical -density)=2A =293t}

AHS- Alek HEo] AM-E r-alkane, 2-methyinaphthalenes
SigmaAH(St. louis, USA)S] §F Al2koiglon, @5 wigel=
DifcorH(Detroit, Michigan, USA)2] AlekS ARE-3ISIT) SH<t
TE, SHE A Ikl AES ARSsiden, o vl o
E A 5F 2 dF NS AMEEAU

AEARAREAY f3kx, FBFY, F=9 34. f3=e
Rosenberg®] EFHPHS ALE-3ITEY AARE AR 25mi
100m/ A2t k23] Y2 F 50mM Tris-Cl 45 (pH
8.0) 74mi& A7}8I3, n-hexadecane’} 2-methylnaphthalene®]
1:1vv) &= 0.1 miE A7kt o] whgalg 28°CollA] 1
A7E 52t AR (160 pmplA] 2 AFLTOR kA
7, 620nmolM FF=(0D., )5 43Tk 1 Sd9le &
4 BEEA] 0Dl 0.1 F7Fd o Hast YEAHSGA
Fo R ot gy 9 AEARNSGA] gAo] mHAG
22> Ring methoddl] wah'® AF-2oA Surface tensiometer

>
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wagEe F43) Z7ksl] Al o] xuAgEe] 343
Z7ksk= AlAe] 34 wlE CMD(critical micelle dilution)2;
s, vk 10mpl SFFE 1 m Frisle] S8

AEAATIAL] 2 L A, wiFAS 158 St LAE

(8000 rpm, 4°C)ste} FAE AAAT 4FA] IN HCI
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(230-400 mesh)oll F&A AT 2 BFS 29 F9
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t} o|Z FHEF F9 3 wEAES gk A AA
& AX RNEAALGAE H/3H(reverse-phase) column
(SymmetryPrep™C,, 7 um, 7.8X300 mm, Waters)S ©] &%
HPLC system(TSPAhHO.2 4 AA AT olFdezes
acetonitrile/water =95 : 5 €92 3.0m/mine] £=2 AM-SIH
3, UV detector= 215 nmeol|A} E21815t)
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Table 1. Isolated microorganisms from various soil samples

Table 2. Effect of various carbon sources on biosurfactant production

. . Surface tension Cell growth  Surface tension
tr a
Strain Diameter (mm) (dyne/em) Carbon Source (O.D.) (dyne/em) CMD
BJS-11 20 40.8 Water-soluble
BJS-32 40 43 Glucose 6.76 72 1
BIs-41 2 394 Ethanol 2.02 71 1
BJS-51 42 314 Water-insoluble
BIS-52 16 34 Hydrocarbon
BIS-53 38 393 n-Tetradecane 0.760 31 42
BJS-62 48 37.4 n-Hexadecane 0.561 31 5.7
BJS-71 45 38 n-Octadecane 0473 32 3.1
08 Oil
: 7 Soybean ol 0.488 56.5 11
— A Olive oil 0.740 49 1
3 06| *//\ 5 Corn oil 115 43 2.1
] | gt 160 g 5 Mineral oil 0.523 37 2.5
S-' o« | gl Liquid paraffin 0325 38 22
§ 0.4 - 5 2 2 “CMD: Critical micelle dilution ‘
8 § F3 *Cultivations were carried out for 4 days at 30°C.in the medium
2 I 8 containing 0.1% of NH,Cl and 2% of various carbon sources.
® 40 52
o 02- &
>
W*__ - - 30 ® 1y Table 3. Effect of nitrogen source on biosurfactant production
0.0 i . . Lo . Cell growth Surface tension Ty
o 1 2 3 4 5 6 7 Nirogen s (0Dyg)  (meem) M
Carbon concentration (%) NH,CI 0.570 31 6.1
Fig. 1. Effect of carb trati bisurfactant prod NHNO: 021 32 y
ig. 1. Effect of carbon concentration on bisurfactant production.
Cultivations were carried out for 4 days at 30°C in the medium CH,COONH, 9'465 33 22
containing 0.1% of NH,CI and various concentrations of »n-hexadecane. (NH,),50, 0.585 315 14
Symbols: Cell growth (O.D. 600 nm) (@); Surface tension (dyne/cm) (NH,),HPO, 0:582 31 6.6
(W); CMD (Critical micelle dilution) ([J). NaNH,HPO, - 0.387 37 34
4H,0 ' '
KNO, 0.292 32 1.2
BIS-§51 458 1@ oﬂxuzy} Aal oo Wy 2 3
7+ & 3=t 1 9] NaNO, 0.179 31 3.9

o] AeA, *ﬁﬁrﬁm SAEL vizs A3 BISS #FE
Bacillus sp.E. ¥-E-5HJTHAE w]AA).

AEAAGAHA Ao n)2le gie] T AEAHTA
A B2t wiA2] n-hexadecane THA 84 = B89 7k
S 2% F7EEt 30°ColA 47t ARt B )
o] Fe, A4, CMDE 24319t} Table 2] YERd A
 #o] G20 petetradecane, n-hexadecane, 7-octadecane
8] B} 127H ol 'slas *FQ“E}»AE 735 BHA
o] ¥As] Hastdon, K o °""‘ 2t g AMEEIS
A%l FrgFo] s}, o)F R ¥ cMD
#ol & n-hexadecaned EAlom ’?ﬂ S, dwtdo
Baflow gol ARl Tuue) e w49 45e Fo
v wjekelo) o] e = ‘3%0}‘:} AEAREgA| 2]
HA Akg A8 A vEE 1Ask, 99 7%401] w
2} HeE phexadecane?] HFEE 1~6%7H WEIAA AEA)
A o] BAFE 2AB 2 4AE Fig 19 YERIQIT
n-Hexadecane &%= 3%9} 4% o) FA4HI CMD7} fAlshH
] o1 nhexadecane®} FEE 3% A% AT

ABARYEA PN NN D2P9) 9P Bi °4?l n-
hexadecane®] F5F 3%2 ZAS, NH,Cl 0199 T2 oy
7] HAaYdE ON 80] 757} Hes riele #Ald 3=,
FUdY 9 CMDE SAsAth 2 A3t Table 3914 vehd
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“CMD: Critical micelle dilution
*Cultivations were carried out for 4 days at 30°C in the medium
containing various nitrogen sources and 3% of n-hexadecane.
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Fig. 2. Effect of C/N ratio on biosurfactant production. Cultivations
were carried out for 4 days at 30°C in the medium containing various
concentrations of (NH,),HPO, and 3% of n-hexadecane. Symbols are
the same as Fig. 1.
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Fig. 3. Effect of pH (a) and temperature (b) on biosurfactant
production. Cultivations were carried out for 4 days in the medium
containing 0.156% of (NH,),HPO, and 3% of n-hexadecane. Symbols
are the same as Fig. 1.
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Fig. 4. Time course of biosurfactant production. Cultivations were
carried out at 30°C containing 0.156% of (NH,),HPO,. and 3% of »-
hexadecane. Symbols are the same as Fig. 1.
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Fig. 5. Elution diagram of silica gel column chromatography for
biosurfactant.

HEARGIAL] 32 R A A5 2 WA 7Ied )
s} 7o), A} FFHVIE 0|83l 45°CellA FE3 Lol
A} AAES silica gel(230-400 meshy] &2 F, z+ BT
lom# &&315ct. zH 2L Y 5% F 7T 10m/
o) =] FAAFES SN 1 A3 FY 29 84 12~
142 JeRdTHFig 5). £ 12~147F o] ¥ F£oBE HF
Hog ol A=yt A AEAUBHAE 2olr]
o} %3 9, preparative HPICEZ ©}8-319 o w53t A
st AR AEARSGAE FY peakE ERNITHAIR
U]xﬂ}\])‘

AEAUPEA L] 4 AR A AEAREEAY 74
QE-S Yol 7] $J8l chloroform : methanol : water(65 : 25 : 4)°]
NS AR silica gel 60 F,,, Bl Zisict. 2 A3
Rf 047914 o} vehgom, 75 WA AJeRg o] &slo] A
518ka WS A2 ZHINTable 4), 10% sulfuric acid,
phenol-sulfuric acid®] 7% 24 wkgo| YO R Vel oL)
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Table 4. Identification of biosurfactant by colorimetric method

Compound Detection reagent Result
Carbohydrate 10% Sulfuric acid +*
Phenol-sulfuric acid G
Diphenylamine reagent . -
a-Naphtol-phosphoric acid ¢
Orcinol-trichloroacetic acid )
Bromocresol green reagent -)
Lipid Rhodamine 6G )
Amino acid Ninhydrine ¢

“Symbols: +, positive; -, negative

80

70 4

60 4

50 -

40

Surface tension (dyne/cm)

304

20 T T T S T T

0.0 0.1 0.2 0.3 0.4 05 06

Concentration (g/l)

Fig. 6. Plot of surface tension versus concentration of the purified
biosurfactant. Surface tensions are measured by surface tensiometer
with the ring method at room temperature. Biosurfactant was dissolved
in distilled water to the indicated concentrations.

21 $9] diphenylamine reagent, a-naphtol-phosphoric acid,
orcinol-trichloroacetic acid, bromocresol green®] ©=r3lE ¥
W2 2422 YEPRdT) Rhodamine 6Go 213 lipid 242]
Atolls Uvel 8o Uelgon, ninhydrindl] ©]3F o)
Ao g0z et AR FEAREEAE A 7}
TN EUE 75, diphenylamine reagento] FAIWk-S-2 e}
Wiet.

wEbA o] EFL 10% sulfuric acid®t phenol-sulfuric acid
o NS Ve m R ealES gl uke A
< & 7 AdSlem, 2 9] B 2 Aokl wkgEkA] o,
b 71R3)Al, diphenylamine reagento] WS UERAIOE
= aldoset} ketose® 3E TPEHE EITS & 4 Ak
op|iike XA gformd o] AEAHTIAE NFryd
ACHS & 5 AU

pH B &% QFgA. Wik 3o phE o] Wshizl
2477 & S s AEAREAY 84
2~128) pHREHANAN MR er, 928 pHelld 919
A7) ATk =, vl AEAS 100°CoA 60853t
AlZHEE 48 JIRE & o e S48 w, ANg
e 4 7k BRI fA59e™, 121C, 15 psiolA
587 48 7S ASex @40 fAEYH

EARE, CMC, 3. Bacillus sp=HE] A AEARA

# o

X

o ™

7

f—

HAS GAsle] TRAHT CMCE SHsIH 2 29 ®

WAL 27 dyne/em® W T TS BHIoH, AE

ARBAEA Y] EE7} 0.06-0.08 g/l AlolollA FHAZ ] F4

A Zasigon, 1 o] FRME o ol o
o]

g9} e Zhe= Floz JETHFig 6).

ol 719 slelgA AHEAIAL] BHAZ 0] 25~50 dyne/
cm AfelolH, CMC7F 0.1~1.5 g/ie] 3h& 7Rith= AR vl
3 HekS wl, - o] =& AL ¢ & Tk CMCE
= 2839 ZWHolA HLE Wl N enthrapolise] 0.02,'9
Nocardia sp. 1-4178] 0.02,° Candida sp. SY162] 0.01709)
Hls] ik AEAEEAA L] Ego] tih Yo} 7 gke) o)
2 ABANBARTGE B BEYS 2k 20E ek
t}. 778]3, Rosenberg®] {3 Wl 23] wjkde] [El=E
2243 At 162 unite| AT, Bacillus subtilisol] 2)3] AJArbE]=
surfactin®] £ FHAEE 27 dyne/emZHA] HEO2A] vl
S5 ARNSGAR G don, B ZolA AMEEL
QQTE2D AR B AT PAE AHBAEA) EE, el
AF3 Ho} o] BHAEE A WEE FEHE TRA L
B, 7129 surfactin®] lipopeptide! Rl Hls) X&uhgd AF
o AAGGAZA MR 2 F2F 7HtRe Aol surfactin
= 2pHEE FYoXMY S8o] 7T o= A &
8, 2ol wel ulel 7o), Gt pHell tiek <g/del Wi =
2 Zoz IRIFo] gkt Fololle] 288 t& ksl &
Zoltt.

x £

E9F N 825E phexadecane TAFSS 7FAw wljekeio] %
BAES AT, dsleas P & fshlile Alts
oil-film collapsing *-& F3 AEIrh. M+ Bacillus sp.
2 RESREon, BISSIE HYEith. AEAATIA
HA o= prhexadecanee] 7P EAH<l eAYolglon,
3%2] e o FHAHo] 76 dyne/emelA 31 dyne/emE 714
315}, o o, CMD(critical micelle dilutiony’} 5.7= 718 =%
o} AAgloZE (NH,)HPO/F 7P &) eH, CN ratio
7} 60%) 7% FHAo] 29 dyne/em, CMD7} 922 7 B4
o] Zgith A HA pHE 7290, H4 25EE 30°CH T
Bacillus sp. BIS-519 ols] Vel BEARBAYAE #7180
223} preparative HPLC systems® B30 32, A 8IS
Zhe 2 Ajeko 2 AA|E WEARSAIAS AsietE AEe
ZARE A3, AATlS 891 & 4 Ut ALkE AR
HEAAe ERAES 27 dyneemZMR] AAFHLH,
CMC(critical micelle concentration)t= 0.08 g/i5t). 3712 #=
Z70 AEARBAAL AR CMDgEe) 9.20190mE
oF (.74 g/l] AT AAME AEAEEAEAE pH 2~12 AlelolA
FHAE 29-31 dynelem®= FAEI0H, 100ColA 6087 &
< 718 Fox FAAH 29-30 dynelemE SHH BT

Key words: biosurfactant, bioemulsifier, Bacillus sp.
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