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Abstract : Sophorolipids were biosynthesized using a strain of yeast, Torulopsis bombicola ATCC
22214, It has been reported that this yeast gives the highest yields for the production of biosurfactant
sophorolipids, Hence, this yeast was used in this study. One of the objectives of this study is to increase
the yield of the sophorolipid synthesis, To meet this end, basic culture medium was formulated on the
basis of literature research to-date. When this medium was used, the increase in yield from 15% to
150% was observed compared to using the media in the literature. To examine how the interfacial
characteristics of sophorolipids change with substrate, glucose (the first carbon source) was maintained in
the media and after being cultured for three days, the second carbon sources such as alkanes, vegetable
oils, alcohols or organic acids were added. The whole broth was extracted twice with ethyl acetate and
the extract was analyzed by thin layer chromatography(TLC). After qualitative analyses by TLC,
surface tensions of sophorolipids were measured by the Wilhelmy plate method and critical micelle
concentration(CMC) was determined using these surface tension data. Also, interfacial tensions were
measured by the spinning drop method and emulsions of the three-component water/decane/sophorolipid
system were tested. Sophorolipids were effective and efficient in terms of surface tension reduction and
CMC, but they were ineffective as emulsifiers because emulsions were separated within 30 minutes.
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Table 1. Chemicals Used in the Experiments

Chemicals Chemical Grades [Purity | Manufactur
formula (%) er +
Potassium phosphate KH,PO4 Special | 99 (1)
monobasic
Potassium phosphate | ¢, ypo, - 3H,0 | First | 98 @)
dibasic
Sodium chloride NaCl / 995 3)
Magnesium sulfate | MgSQ, - 7H20 / 99 (4)
Calcium nitrate Ca(NQOs), - 4H:0 /i 98 (3)
Ammonium sulfate (NH4)2S04 / 99 (3)
Sodium citrate CesHsNaxOr /7 99 (3)
Yeast extract * - - (5)
D-Glucose CeH 1206 Special | 99 (5)
Safflower oil * - - (5)
Sunflower oil * - - (5)
Olive oil * - - (5)
Apricot oil * - - (5)
Tetradecane Ci1aHypo Special | 99 (5)
Hexadecane CieHas / 99 (5)
Cetyl alcohol CHa(CH21CHOH| 7 9 (5)
Stearv! alcohol CH3(CH21i7OH /7 99 (5)
Oleic acid CHy(CHoWCH=CH | gy | o9 )
(CH2),COOH
Stearic acid CH3(CH>2)1sCOOH |Special | 99 5)
Ethyl acetate CHsCOOC.Hs / 99.5 (3)
n—Hexane CeHia /Y 99 (3)
Chloroform CHCl3 /7 99 (3)
Methanol CHsOH Vi 99.6 (2)
p-anisaldehyde HOC(C2H2)sCHO / 99 (7
Sulfuric acid H2S04 First 95 (3)
Acetic acid CH3;COOH / 99 2)
Decane CioHz: Special | 99 (8)

* mixed compound

+ (1) Hayashi Pure Chemical Industries.

(3) Yakuri Pure Chemical Co.
{5) SIGMA Chemical Co.
(7) Janssen Chimica Co.

(2) Duksan Pharmaceutical Co.

(4) Wako Pure Chemical industries.
(6) Kanto Chemicat Co.

(8) Aldrich Chemical Co.
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Table 2. Experimental Apparatus Used in Biosynthesis of
Sophorolipids and Measurements of Interfacial Properties

Experimental Usage Manufacturer Remarks
apparatus (* Model)
Autoclave sterilization SANYO MLS-3000+
Clean bench inoculation  |SaeWoon instrument Co. -
Shaking incubator culture Vision scientific Co. VS-8480SR+
Evaporator saparation BUCHI EL-131%
Centrifuge separation Du pont chemical Co. -
TLC plate analysis SIGMA chemical Co. silica plate
Tensiometer surface tension . )
(Wilhelmy plate measurements KSV Co. Sigma 70*
method)
'lt‘enéxometer interfacial tension ]
(spinning drop measurements KRUSS Co. Site 04*
method)
Water bath emulsification Dae San scientific Co. {PID controller
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Table 3. Compositions of the KL Basic Culture Medium

Components Amounts
KH:PO4 1 g
KoHPO, + 3H20 05 g
MgSO; + THXO 5 g
Ca(NO3): - 4H0 04 g
NaCl 05 ¢
Sodium Citrate 5 g
(NH4)2SO04 2 g
Yeast extract 3 g
D-Glucose 100 g
Distilled water 1 ¢
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o)L JAEA B IS Fol7] AT Ao
|

HE TVEI 224 16Y % o] FHA AT
of W& o"AY Folgt 3 wHTY FE
(separation ratio)-& olefl 9] 4ol 23t ATt

SR of bottom phase, SR,
_ height of bottom phase
total height of emulsion

x 100 (2)

SR of top phase, SR,
_  height of top phase
total height of emulsion

x 100 3

3. ¥ g

3.1, 7| sHx|e} sy

A2¥ 2= PP &L FA e 7R
Wiz E 7] 3 AEE Y. o AgAA 7
£ ATAEH =1L FYSA ] Y5 YA
HAYE 2RI oJARAYS AE FESE F
FHOE AME-3Yon, AHSE wiAE E 4o U
el oi71eA CP, ST, ZH wix= S8 R
¥ Cooper & Paddock, Stuwer et. al, Zhou et. al
o] iR E 7|ZE 3 AL Jepi, KL #ixle £
AZPA ZA Y MAHE E TP} o) A E
AHg3l AX Mg G4 B4 S R
5ol JeRATE 99 AAM & 4 Kol KL
X E AMER L o 8] 23 12N Y E%
on, 7]1&9 CP, ZH, ST wjX|¢} vjwsly 15 %,
H%, 10% F& F7He 7RSI B d7olA
ZAY KL vix7} & £88 YeEd R FAd
L3} gae) v &(C/N)o] HAH3 3, v Ee A
A3 Axzyze A F IFE 7A=
AdRF ol E9Ux (NH)SO: 2 g3t AR F
28 s ALYOE st Ao FE 8AA A
o= FZHEh

3.2. O[X{EtA POl AT

oA Eo] FA71A HAsE o Hrhdke ol
Ag2d e vhre] FEAM mAEe AR &¥
2= £&& FAHAUT (F 6). o] 47
ME KL 712 wjAle ojxigadez 4E4 7]
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Table 4. Components of CP, ST. ZH and KL Media

. Common
Media components Other components

CP« KH:PQs, MgS0., CaCls, NaCl, Yeast extract
MgS0; « TH0. NaCl, Ca(NOy): - 4H:0. KH:PO,

ST= K2HPOy + 3H:0, Sodium citrate, (NH.):SOs,

Glucose .,
Yeast extract
Safflower oil

ZH» KH:POs. MgSO4 NaCl. Urea, Yeast extract
KH2POs, K:HPO, - 3HA. MgSO, - 7TH0, NaCl.

KL+ Ca(NO3): - 4H0, Sodium citrate. (NH:»SOs,
Yeast extract

BEM SRS

Table 5. Yields of Sophorolipids from 7. bombicola in
Different Media

Media pH of media Yields of sophorolipids( g/ #)
cp 581 1.9
ST 569 09
ZH 43 17
KL 588 23

* Media of related researches.
+ Medium used in this study.

g, 43k &32g, AW 10 7HA F¢ sy e
Mgt olAtgAd S HUbeA ¥X @4ad
o7 FRIAANE Yo FUL de vdES 4
ol 426g/12 WInF WFFoY £¥ 2=
A9 BASRA Gt o|RAL FFALT} UAE
o) Aol Be =&E FH £¥22E PA§A
T AW 2EE ATE F 3l 2ol #F3
of oA o] giAl AHEE AXZIYYEE Y3
A 2 Aoz FZErh ojske 2 olAER
g A7MAE dole e 4FH 12X

Table 6. Effect of the Second Carbon Sources on
the Biosynthesis of Sophorolipid with
Torulopsis bombicola

ZH =9 $&o| B% GetA. H 69 F3e} 3
o] mjAE AR UM dAE 71§, i
71N 7183 2 AEA 7180) 7 EAFAU
on HEZUZ HEYIE, LHEYIALL
olterrY-g AMREIA kg Wit & Aol E
A itk AXzEEe] F£&d oME
AR N1EL AT HEA 7S GE 718 A
i 7|A 718, 238 78)o] AdHeR &2
g135e F&& nyon rAEY FFo] FX
aotd HEZUE MEYE L 2HolEUIE
& Az £§L Jehidd. WA pHe WA
Bo] MFse FQF 5994 38 AxE Z4rEA
e, olaed4YE AUEkA ke o Holet
g Mol pH7F A9 vxdATh oA oA
ago| njAEe] FA7l0 Hrbsle wHE AE
o] AARTE AXZYEY Ao B I
£ 713 4Fsld Fr} olAFAY FeMe
A4 7183 HalHzlo] vjAESY AR} AX
2ce) F&o] AAoT F9y ¢ILH
S22k tha "olH EdAe A1 fARE A
g UJehigith 99 AHEEZ n|Fo] E o o]
AgAdL 2¥2v s 2479 AW REL
Azse b B2 9%L 71393 F5d4 &
g A EA 7188 7HFo] MEI Fuju &
gHolgdal &4 A=A 59 o8 717 A

Second carbon Concen.| Cell growth | sophorslipid F"}‘;‘
(wt9s) (g/2) tgl8) P

None 0 426 trace 387
Satflower oil 10 941 23 381
Sunflower oil 10 9.39 19 3.80

Olive oil 10 6.86 18 391
Apricot oil 10 517 09 387
Hexadecane 5 6.78 16 394
Tetradecane 5 453 095 390
Cetyl alcohol 36 499 0.92 3.89
Stearyl alcohol 36 467 0.82 387
Oleic acid 36 525 1.44 386
Stearic acid 36 5.04 1.12 3.87

* Concentrations of the second carbon sources added to
culture media

9

IS 43t Qo] AXZEEe] A F
o gages Aztdd

vjoko] 't Fof wiR|A YA EE F3AT
Y a¥xzgycg gojxle F44E de YAE
€ 48 F ANt o] PASC] £XZEH=A
B} 357 st TLCH AMAIA oA 3=
2 e AARgT A2 e ohyAYd)
=2 2AY o =8 =i Hed, & Ay
Me 29 13 7o) tRE 5~7 71X9 H4 0§
gag 4 AN o2 FAE BHo] AXEF
gzoly YRE 5~7 7tA9 3AFPEZ A S o
Adcke AMAE wAEA AXZYse 10 7}
A ojde] F2E /M2 & ded, F2d wet
TLC plate®] o} 9o Farsto A &o] 22
At} w2d, AMgo] dEd AxZemze A
Bo| 77| @& Ueldt o9 12%H HE=
dzizt Ao g FAF AX Vo] F¢
AMgo] vk HOZ njFo] & o o]EL A9
2o TAOZ olRolxl AXZIE=YL & F
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Atk oy frlate] Ffolx Zhzt ojs} 2
AL VeRojA, ojAeade] 2§ (AEA 7]
g, o7, ¥3g, e g FAHE AxzEy
ce] F77F AR ¢ F Ao 2y, 493k
dHLL NaY o ANLNA B Aot e
AL 7oty o|atetaYe B4 wil A¥
o Ao A FFE et AL ¢ F
Atk AEA 7189 Afofle AMEAA Tda A
ol7} g, oA AEA Vg AA7t EF @
2902 9] AEo] t27] Yo AX 2
zo] ZAo o] |7t A7y FEETh AX
Zavce 124 g2t AW Ao €EEA=u),
99 AFHE EUYE sl A4 0 o)AgihYe
A2¥gYvEe] x| YL FoT o2 Us}t
o A2¥2V=9 AW EAE JFE vF A
o2 Aztdr '

Ry @ sophoroipids Ry
1.00 4 - 1.00
-
090 | == L 050
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080 L 0.
o aaa
0.70 4 - a e L 0.70
-~ o g ® 6
] ~ ~ X
0.60 -~ b 3 ~ 060
- ~ o
050 - A=A aaAlw
040 | P i il Bl T
-
030 - - - | - - 0.30
! - | -
020 - - =" Lox
0.10 - - - -1 010
-— -— -
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Fig. 1. TLC results of sophorolipids from the various

second carbon sources: Safflower oil(1),
sunflower 0il(2), olive oil(3), apricot oil(4),
hexadecane(5), tetradecane(6), cetyl alcohol(7),
stearyl alcohol(8), oleic acid(9) and stearic

acid(10),

3.3. 4H &4

o|AtgAdog UILE AME3 APLE &
¥z #4d9 ®W FHE FH HAAE
a2y 2o vepiRITh B FEE 2¥ZTEl
T2t FHESE A 723} 100~200 me/l
FolM ztae) Fo] FolETY 500 mg/lo] 3]
FroMe B Aol A9 ARA FAHNU
th. o] ARNEAA EAEe] 222 IRy
miceleg FAHA7] W&tk Micekeo]l F4H=

AAAREEA 2E22n=] HHas Al B4 9

Hzx e AHEGAY T&3A FHAM F
83, 29 20 et NELILERE AT
A¥zvse ¥ g ZHS FAAE o83
o a2 33 Zo] B Ao] Fadte 17 o
A FAHE FUA FAAE FIe olE9)
2AH L YAAEE(CMCO)E AR3Act o9
Z2e Aoz 10 71X 9] olAdtA YA AT
A2xzguze ¥ FEozHE 71749 CMCE
ARG HE 7). Spinning drop WP o2 E/d3Y/
2xzgvzel 3PEANM ZFg AW FYL
i o] 1~2 mN/molom AE & xolg B
o)z} gt ol AL Stuwer et. ale] AT A
9 mN/m Bths $30 2 #AEZ A Ad F
28 238 Cooper & Paddock?d] 1~2 mN/meb=
H|&8 AYE BYth A¥SegEe] ¥u A
£ HEZUE ol&3te AAYIAE W EW
Aol 842 mN/m 22X 7H¢ wgten, g of
agcgez AP H9de dEE B~H
mN/mo|gich Yutdog efaitty BHriEe A
APAAE EH AEHL 0 mN/m, AW 2FL 1
mN/m7HA ¥E  Jojof ke, ¥ A
FAT A¥Zv=e ¥ Aol 28~35 mN/m,
AW Aol 1~2 mN/mEAM HW Fge] A3y
£ 4% otk 53, CMC7F A3t AR
g4A19 500~2000 mgNz vlws) £ of AT
wola ARBAA Q) 7152 HAAM oS &3
o)9ith

Surface Tension (mN/m)
8

ey
1

T
0

o D
Sophorolpid (mg/l)

Fig. 2. Surface tensions of sophorolipids biosynthesized
with alcohols as the second carbon sources;
mcetyl alcohol; @stearyl alcohol,
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Fig. 3. Determination of CMC of sophorotipids
biosynthesized with glucose (the first carbon
source) and cety! alcohol (the second carbon
source).

Table 7. Interfacial Properties of Sophorolipids
Biosynthesized with Various Second
Carbon Sources

Second carbon | Surface tension | Interfacial CMC Area of
sources (mN/m) tension {mgl ) hydrophiljc
(mN/m) head (A°)
Safflower oil | 3506 150 % 18926
Sunflower oil 3464 194 105 158381
Olive oil 3430 169 91 2114
Apricot ol 3486 172 155 20368
Hexadecane 3465 135 74 16520
Tetradecane 2842 180 8 10504
Cetyl alcohol R C182 143 17186
Stearyl alcohol 473 125 59 29%
Oleic acid 3124 116 8 15643
Stearic acid 347 134 k] 110.70

3.4. AR22|0|E XI47|9 37|

FuAge yro o W3Ry IJ57] oy
o BRI o8 olge Hozry ¥ £ 3
ch[3334]

aw= (NAVI-')‘l (5)

&7)0)4 Nyt olu7l=g 4oln Py B 3
9 %% (surface excess concentration) && F&a

BREMCEAE

< Yehdg. I'e CMCETH 3L $xoAe
28 WslFo 2 RE oy Ao odte] 2t
7y _ -1 dr
r =-(%)T " RT dha ©
ol o y= EWAY, s chemical potential
EF=E vehdth a2dd CMC o)sle| A&} 7o)
X7t HS dole $5E o = CE fAg

FUAoER

]‘-_-_w.'.l.L @)

2 & & Utk 4 525%H 79 0.8 ¥ 79 g
WAt 23 @i o] g} 44HE AX2Te
s o159 240l Y uE GEE ¢ & Utk
2 olE YA L AHES Wt ot 7MY Ao
(28926 AY), HEZGUNE AP o 4.7} 7R
k(10504 A?).

3.5 Ris

A4 Axzuce] AREAAZM &
3t5g A Aste AxzeEdce g3
HHE 4o dPAE BEJUL F£4Y Fo &2F
29=9] =& CMCs CMCY 5 Hj(CMCx
2)9] ¥ 71 ZAfoldth AL 47 9
3te] CMCS CMCx2 F=goof] 7+ 29| digt
< A7 F[2¥ 4@)] 32 D 3 EEY F
2 2C oA HEFE FAARAEY 29 4(b) 9} 2
o] BGA =AU olFA FAHE dFHL Al7to|
Aol wet 29 4(c) 9 Zo] Ax2Hrt b
ol Bo] o} X EE 1 A F2 B9 £
B olR dog EHU ™), Azl H

e 9o o ° e,
'o.o. °* '..’..
. ° ve *e o e
Decane er o o scree . e s
. o . e L] . LXJ .e
.’ ®h . LI AN ® %
= - . a" ® || o . = e P
D e o .o .
o 0 R °e® ¢
- A .:.c‘. . . .00
Sopharolipid .. e %e
Solution MCIA A
ot e o,
(a) (b) (c) (d)

Fig. 4. Formation and separation of emulsions of
water/decane/sophorolipids. (a) Before
emulsification ; decane(top) and water(bottom).
(b) Formation of emulsion after shaking. (c)
Emulsions separated into two phases in which
the top phase is turbid and the bottom phase
is translucent. (d) Emulsions separated into
three phases in which only the middle phase
is turbid.
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Fasch

a9 58 AF JIgeERy §NE Ax ey
ZE A ogAe Bed 2 A48 U
el Zolth a¥d), odde] FAHE A & ¢
o FAo] R £ 50 (SRua = 317%) B
Ao AL FA E3AT) oL g @i
9] ASoE v&d FFL JehfolA AX 2T
ZE FAEN BE2YA Rk

CMCS} CMCx2 FgdoA oPdAS FAAF)
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A AX 2Tyt £28(423%)0] 7P Wske
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t} 2%, CMCx2 F8Yoxe AE 7|§o=
FAE 2¥2F=9 oFdAe] 19 4(c)9 2ol
2-4% o}FWA B &(433%)°] 7 WAL Y

oiA]9] Zgele 3-4& olFUt a¥H, ® 83

7o) oHA ] EEgo] TE olFe 10 7EA Y o]
AgA YoM AT A¥Zalgee zAo] 717
tt27] Q&2 g&(lactone) BBt 4Haad)
Hejo] 127t gol FH8 2x 2yt ojFEA
o] & dojd Aojtx FZHr o]RAL A Fe)
7y HE e v} 35719 A7 F EelEHY
2o} oBA YA AW AExZFH=st & H
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Fig. 5. Changes in separation ratios of emulsions
with time,

Table 8. Separation Ratios of Emuisions After 16

Days
Second CMC CMC x 2
carbon  [R T TSR ee [T o tal] SRamme ] SRiwes | Total
source (%) (%) | SRess | (%) (%) | SRews
(%) (%)
Safflower oil 471 115 386 433 0 433
Sunflower oil 47.1 202 673 433 202 635
Olive ail 471 308 779 471 385 8.6
Apricot oil 462 346 80.8 433 115 "8
Hexadecane 471 30.8 9 471 433 904
Tetradecane 471 48 319 452 19 47.1
Cety! alcohol 404 15 423 46.2 269 731
Stearyl alcohol 490 308 798 48.1 192 673
Oleic acid 46.2 17.3 635 481 346 827
Stearic acid 490 192 68.2 48.1 47.1 9.2

* Ot ™™ Caleulated from Eq. (2), (3), and (4), respectively.

4.8

2 AN 248 vixle #d A7) vso
A2¥2Y=e &% 15% ol FANHEH,
ol ALYor AL ALE FE YEF
20] FfE (NH). SO} ofv)eitst vighdl 5&
AFde AR FEEL ©2¥93 F299 v
(C/N)E HH3] g3 ¥7He A3} A4
a2 2X2A=Y G4 3loiM olatgad
& nAEY AARGE AXZse] A EE
& AFdd F&& e, oA d F
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