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Production and Application of Sophorolipid, A Microbial Surfactant
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Microbial surfactanis are more effective and environmentally friendly than many synthetic surfactants, S
microbial surfactant, is produced from C. bombiocola. Cultivation techniques to increase the
various carbon sources and reactor setup, reaching its concentration upto 100-300 g/l. Due
sophorolipid became one of the most promising afternative to synthetic surfactants. Fermentat
primarily on the carbon sources, such as glucose and vegetable oils, and nitrogen sources.
produces various derivative with different physical properties including hydrophite-liphophilie
tension and dispersing ability. Commercial potentials of sophorolipid in the cosmetic, health care and environmental clean-

industries have been discussed.

Key Words : sophorolipid, biosurfactant, surfactant

N B

| A Z2H &N H(BIOSURFACTANTS)

AT 2YHEE EX(Candida bombiocola) X A== B4R
el ulAEA DL Al(microbiol surfactant, biosurfactant)o)t}.
UAEARGYAY BB, Fgo], Wl 5 w4EY ols
sl AR AHEAAE sty 350 we My
EE xRl Aol dct. tlMEAASAA} A
244 dal FAe AHE A, FEA ARart go
st Ebd olE AR ojxe@do} ke Aotk EH,
71Ee] o gs FAE] ofEE B Fgarzz olsiy
g 208 AHd £ Qe Holdh A4, Fady A3t
, 2%, pHel g A § ABEHAY B g8y
HollA J1Ee] SRt AU A dEd dus
the goltKTable 1), 3AMAl AWSAA A2 198810
B, 19943 oF 94982 2 oid Alo] 400% o)l A
7N&gen o FaE vt Foiste FA9 o a9
Rl AAHo T MRS ohxo} B del 99l
JE FAA/AATEAAE Eusugh way o)y

AR

off 4% ~> rpx

o off Jj

—_—

Bo
0

N

tie 42

Ry

o]

] Ha

o

+ Corresponding Author : Department of Biological Engineering,
Inha University, Inchon 402-751, Korea

Tel : 032-860-7514, Fax : 032-875-0827

E-mail : ekkim@inha.ac.kr

747

ophorolipid, a glycolipid type

productivity have been developed using
to its high productivity and non-toxicity,
ive production of sophorolipid depends
Chemical modification of the sophorolipid
balance(HLB), emulsion formation, surface

up

Table 1. Comparison of biosurfactants with synthetic surfactants..

Surfactant

Biosurfactants (organism)
R. erythropolis

P. aeruginosa

T. bombicola

B. subtilis

Anionic surfactants
Detergent alkylate
dodecylbenzene(LABS)
Sodium lauryl sulfae
(SLS or SDS)

Span 60

Surface tension

(mN/m)

37
29
37
27

47

37

Cost*
{$/kg)

Critical micelle
i Concetration (mg/L)

13 188
15 0
82 4'3h
L1{0.01 mM) i
9012 mM) 6
2023-2890 i(fggjf’)
(7-10 mM) R
80 ! '

|
* 1999 US dollars, based on raw material costs

as 80% of total cost and assuming

glucose, yeast extract or soy bean oil as substrates.(Ref. 1)

" Based on oil from industrial byproduct.
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olzojAn AFAREL F T ojuikefoR 2A ) 94
ANBAR S PR AETol 98 1 bacterial surfactants,
@) yeast surfactants, 3 fungal surfactants® A R
om AWgaA Felel wet (U glycolipids, @ lipopeptides,
lipoproteins, (9 fatty acids, neutral lipids, phospholipids, @ poly-
meric surfactants, (5 particulate surfactantsZ ud = Ath2-7).
| JEARSAAE EHgeo] 2535 dyne/em Wl 9laL, W
o]d BAHE(CMC; Critical Micelle Concentration)= 0.1-150
mglLe] T B4L Holn Utk Table 1944 BT o}
2ol SEFAAN FAAL WIS AS, B E4dol
2o wzo gli, 23y ¥ W 7Y, #E OMC 59 &
He HolE $4% AUBAAE KT UrTable 2). X
zEvzE gRA islie BAZALY AHRGHAZA B
T8 nREAEEAA F P 5E ANFE Roja itk 4
saaivze A%, Aagrte SDS, LASY o 2u]9) sfstAl
g HE 4GRS AHE AtE YR A7t A
g1 g1, BAgsel AEA BAZE BaE gAE, 74
ol SeAEBAAS A4l Yo B & AT, 8).
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Figure '1- Proposed scheme of the microsomal oxidation reactions of
long-chain alkanes like n-hexadecane toward hydroxypalmitic acid in C.
apicola IMET 43747.
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Table 2. Microbial source and properties of important types of microbial surfactants.

. . L ) Surface tension Intetfacial tension .
Biosurfactants Microorganisms C-source (nN/m) CMC (N Yield
Glycolipids
Rhamnolipids P. ageruginosa glucose 29 0.25 25 gL
Pseudomonas sp. 250-30 0.1-10 mg/L 1
Trehalolipids R erythropolis 32-36 4 mg/L 14-17
N. erythropolis 30 20 mg/L 35
Mycobacterium Sp. 38 0.3 mg/L 1.5
Sophorolipids T. bombicola glucosefoieic acid 33 82 mg/L 18 3877 gL
T. apicola alkane/carbohydrate 30 09 A1XCMC
1. petrophilum
Cellobiotipids U. zeae, U. maydis 30 20 mg/L >1.0
Lipopeptides and lipoproteins
Peptide-lipid B. licheniformis glucose 27 12-20 mg/L 0.1-0.3
Serrawettin S. marcescens glycerol 28-33
Viscosin P. fluorescens glycerol 26.5 150 mg/L
Surfactin B. subtilis glucose 27-32 23-160 mg/L 1 60-240 X CMC
Subtilisin B. subtilis
Grarmicidins B. brevis
Polymyxins B. polymyxa
Fatty acids, neutral lipids, and
phospholipids
Patty acids C. lepus kerosene/alkanes 30 150 mg/L 2 150 mg/L
Neutral lipids N. erythropofis 32 3
Phospholipids T. thiooxidans
Polymeric surfactants
Emulsan A. calcoaceticus
Biodispersan A. calcoaceticus
Mannan-lipid-protein C. tropicalis
Liposan C. lipolytica
Carbohydrate-protein-lipid P. fluorescens
D. polymorphis 27 10 mg/L
Protein PA P. aeruginosa

Particulate biosutfactants
Vesicles and fimbriae
Whole cells

A. calcoaceticus
Variety of bacteria
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Table 3. Composition of culture medium.
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Microorganism Component(%) Culture conditions Reference(s)

Glucose 10

2-alkanol 24

Yeast extract 0.1 Cultivation time : 168 ~ 210 hr r

( KH:PO,; 0.4 Temparature : 25~30C |
. i K2HPO. - 3H:0 0.016 Aeration rate : 0.6~1 vvm 9, 26, 27, 30
- M ] e e
€ bombicola ATCC 22214 600, - 7H,0 007 Agitation speed : 500~ 550 rpm 41-44

NaCl 0.05 pH : 5.6(initial)

CaCl, - 2H,0 0.027 Batch or Fed-baich

NaNO; - 3H:0 0.5

NH4Cl 0.15

Glucose

Hexadecane L
Cultivation time : 450 hr

Yeast extract 0.1
Temparature : 25C

KH:PO, 01 Aeration rate : 1 vvm

C. apicola IMET 43747 K.HPO, - 3H,0 0.016 - - 32, 45, 46

Agitation speed : 500 rpm

MgSO, - TH,O 0.07 ; .
pH : not adjusted

NaCl 0.5 Batch or Fed-batch

Ca(NO3)2 - 4H20 0.04

(NH4):804 0.1

Glucose 10

Com oil 95

Yeast extract 0.5

KH;PO, 0.1

C. petrophilum ATCC 20225 MgSO4 0.02 Batch 47

CaCl, 0.0002

FeSO; 0.0001

Na;EDTA 0.0002

NH{NO, 0.2

Table 4. Composition of the optimized medium for C. bombicola growth.

Compound Concetration(kgm™)
NaCl 0.1
FeCl: - 6H,0 0.35
Zn(AcO). - 2H0 0.16
H3BO; 0.06
CaClz Q.1
Yeast extract 1
MgCl; - 7H;0 0.2
D-(+) Glucose 12
NH,Cl 1.9
KH,PO4 74
HCI is added to adjust pH at 5.6

2 £ B3, o 59 & o I8

T FE5EA%) AIHVE KB, 12, 13, 14). UAEA
WA Y AREAZ et e Bstn chysivi10, 15-22).
53], AFAAFEE o)Fc AR A4y A9vw 2 gAE
2o tigt g&g 7iag FHEr] Y8 dF Fol At Figure
12 UM E(C. apicola IMET 43747)0] 93] n-alkaneo] R|HMALo.
2 48 - @4EHe HEE HAFn i23). AX=EIEE
744 de] 4EA glycolipid A 9ol plAEAHEAYAZA HLB
gol 8~104To)n A B FREHAGY o AEst
¥z Aiase deddr] 3 25 X794
g, A4 29A) ke 42Xy =E AT 4dEd
th24, 25). T3 o] A7l B8 e s]A&(hydorcarbon, oil
B ke 4] #F FEe AS B 4 Uk A

EAREAA Fes 0§57 AdiMe setdAdAwE

AAe] AAAZRAANA Aol gttt HAAAAA Al
W el Yolel st olde Fdeln 2 ) sxee
de ANEFE @ 929 Peug, vnd ze sxd
A= rEe 250 dol dagsel A%t ¥ & 9
tHTable 2).

I

ARZHA=] Y2 2 27

A¥ZIHe YAFFEE Candida & yeastS2A Candida
(Torulopsis) bombicola, C. apicola, C. petrophilum, C. bogoriensis,
T. magnoliae, T. gropengiesseri %) ©]o] %38t} Shigeo %o
A3t C. bombicola glucose, yeast extract, urea’} 09l
gAY glycolipid] YEQ A EIdcE g
g 9loka PO, Asmer S C bombicolar EFLOE
oleic acidS F71ate] wietelsl g2 ool Ay gda=g 4&
Z oloky v, AXRNES Yuer] 48 sk
= YA o R ohgd 4tk WA, 4T YM ApiiA d8E B
@8 dFE YMH]A|(yeast extract, 3 g; malt extract, 3 g;
peptone, 5 g; glucose, 10 g; in 1L)ol] HE3l o]EF¢F w3}
31, AARfR7F Eol9)E fermentorE 31QVE 7R fermentor &
£E 00 49T g8 Fws WEAID QFURE W
o 4URFY WAZAH AUZAE Table 3] ANGRL o
wo ool AxITE A7 Y3l C bombicolad) AAET
of thdt 27Fx) % <FU(glucose, nitrogen, phosphorus, magnesium)
2ol ae zAgozd F4o 4PMAE Aaed o
A% Table 4o Yepiglcy Lxzefalce] 248 Wz
Atgste 980 ol @bl ¢ dn MYz gEtbe
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Table 5. Sophorolipid production with various C-sources.

Korean J. Biotechnol. Bioeng., Vol. 14, No. 6

Second C-sources J Process Production(g/L) Yield(g/g) Reference(s)
Comn oil Batch 20 26
Soybean oil " 18 26
Paim oil Fed-batch 82 0.39 29
Sunflower oil " 172 043 29
Oils{vegetable and Resting cell 120 0.6 48
animal) Safflower oil 120-130 43
Rapeseed oil Fed-batch 225 0.53 29
Olive oil " 425 0.28
Canola oil Batch 160 0.76 31
Fish oil Fed-batch 51 021 29
Stearic acid methyl ester Fed-batch 32 27
Linoleic acid methyl ester Continous 0.8-0.9 29
Esters Rapeseed ester Fed-batch 340 0.65 31
Sunflower ester " 235 0.52 29
Palm ester " 240 0.67 29
Linseed ester " 122 0.25 29
Palmitic acid Fed-batch 13.3 0.1
Fatty acids Stearic acid " 20 27
Y Oleic acid v 33 27
Extended Fed-batch 180 0.87 31
2-Dodecanol Fed-batch 16 0.13 30
n-Alkanols 2-Tetradecanol " 23 0.18 30
2-Hexadecanol " 24 0.19 30
T
Tridecane Fed-batch 32
Pentadecane " traces 32
Heptadecane " 21.8 0.18 32
t-Alkanes Octadecane , 249 021 2
Eicosane " 8.2 0.07 32
Hexadecane B " 20.8 0.17 32
Sttt | UFY AR WIF wgUezny 44d sxzelse
o Hoare AGHIEE 3500 269 42U BL AGERE
Centdfugalion Z‘“ 7‘1 —3}'0:1 U] @ Xﬂ iiﬂ y’] ETEZ (1):‘]1‘3]:} U] 7§ ] Aii ‘j/] ’q
- ey o A 1) oPge) B2 AR AHLAE ARt 22
s o £oz g9%e sxzevsg f‘% F MgSO,% v]2) %
\Hexanelal;/.epr?;:q?ltegjas'phzse,& 1Cel\pell$ﬁdps:7‘;ztmhpld) Iz E H Q \:E ole X
‘ "‘a xﬂﬂ’q LL =l oTl‘g} ]1_ Eia}'q e T
- —- CHGl, [— — NaCl, ethyl acetat: oth gegzlel ~x =y —’F%J}é Figure 2] Yehligict
! (39-42).
Centrifugation Centrifugation
|
S o o o AXFHIE YA
Spera R (oo v ﬁw%}m AFZHEE Atehe A gubHel WAL SR WY
B I P o 3 574 wiekolch 7 Sjof o451 WALBE resting-cell
 Giucose . Soybean Ol 1 Sophorolipid | T acetate process, SCF(self-cycling fermentation), A&uldse & F Ut
I (Table 6)31, 48). ©] FolA 714 F& A%g Vel resting-
Centrifugation cell process® 100 g/l E=93 100 gL sunflower oilZ3-E]
i 120 glLo} £¥2F=g FHTh SCFe W&o
S i 24 QA1 Y F o] nsIRe W AR A
 acetate layer) ol pele T
/ ) 2 gty oA AMEE BAE AUkei AATE ARAA
 Sopboroind | catoromn” AERENEES PARE oIt AL FAAE ol

Figure 2. A diagram of the isolation procedure for analysis of glucose,
soybean oil, sophorolipid and cell(49).
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Table 6. Sophorolipid production modes.

Processes Characteristics
Batch growth of yeast in stirred and aerated tank
containing a medium with both carbon sources
Fed-batch similar to the batch process, but continuously
. introduces one carbon source(usually fatty acid)
Resting-cell two stages - growth and product formation phase
reduction of cost of product recovery
SCF semi-continuous production of secondary metabolites
stable, synchronous cultures, short doubling
time.(4.5h)
Continous culture | investigate the quantitative effect of carbon sources

on cell growth and sophorolipid production

H,0R, R
(1) 0 :
O~ CH
"
H
H,OR,
o]
o]
R4
H
OH
Q CcC=0
CH,OR, R,
(2) a ]
O~ CH-~—R,— COOH
H

CH,OR, (1) -

(1) -

0 (1) -

-

HO -

Figure 3. Structures of major components of sophorolipid.
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Rg=alkyl group(C,-C,)
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CH,ON CH.OR, R,

|
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OR,
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0 o—J
OR,
OH R,0

HQ
OR,
H

Figure 4. Structures of sophorolipid derivatives.
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