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Abstract: The synthesis conditions of sophorolipids (SLs) by Candida bombicola O-13-1 fermentation with
waste fried oil (WFO) as lipid substrates were optimized through orthogonal experiment, and the
composition and structure of the products were identified by HPLC-MS/MS. The results showed that the
optimized conditions in shake-flask were determined as follows: speed of agitation 200 r/min, carbon
source added amount 90 g/L, temperature 25 °C, inoculum size 12% (volume fraction). The highest yield of
SLs (73.26 g/L) was obtained at above conditions. The products were composed of 9 kinds of acetylated
lactonic SLs and acidic SLs, in which, the lactonic SLs accounted for up to 76% (mass fraction). Moreover,
the yield of SLs was as high as 163.28 g/L in a 5 L automatic fermentor under the optimized conditions of
shake-flask with the exception of 500 r/min. The material cost for the synthesis of SLs by fermentation with
WFO as carbon source was 18% lower than that with soybean oil as carbon source, and the resource
utilization of WFO could be realized while effectively reducing the production cost of SL.
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Table 1  Level of factors in Lo (3*) orthogonal experiment
o EIREGES ORI goRfhkry  ERE
(r/min) °C (g/L) TR0 %
1 160 25 60 4
2 200 30 90 8
3 240 35 120 12
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FHATCK AR EIA R, PR AERERRE
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WIEM T, LA 100%5E . KEGSRIRE | WEH%ES
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0.1°C,
15 S#AE
151 A4F, Zhms., REKSEHNT
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WA B A B R AN AL T =, FRE RIS A
WO SR FUY IE COBE R R TR 4 B AE B 2
W, 40 CUEZZIRR LA DL, FRE 5045 2 5%
TH R R AL ) 1
1.5.2 k4B NE
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B 3k T R A T M- 55 M o BE TR e
1.5.4 b fig g by BR 40 4 % E

o7 RV PR - S5 43 300 %o 3368 R 9 . KR A2 T
PEATAE W AR R AR, BRAREACR T GC e .
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0.25 um ); FRFFTHE: 120 °C{44F 1 min, 3.5 °C/min
TJHZE 215 °C, f#£#F 10min, LA 5.0 °C/min J+ &
240 °C, P&%F 5 min; HAECRE 240 °C; A& i
& 260 °C; A< Wi 1 mL/min; ZMFik 10 - 1; #F
i 4 ul
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K ENTRERAE 0-13-1 BRRLAK E il . Bk
3 Ay i s P B R 2 TR T P AR N o S Ak U
L HPLC-MS/MS  #E47 # 4% i [5] 58 4 1) 43 5 %
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(2.1 mmx150 mmx1.7 um ), SEE S0 st A
VIFR) VvV (ZIE) vV (K) =0.1:1.0:99.0;
WM B: V(HR) : V(LK) =0.1:100.0; i
A 0.2 mL/min, 55 BE UM S5 A - R B4 80%B .
FEIR: 30 °C, gEEEHEE: 1 uL, UV &I K : 207 nm),
Tt AJi o Uik SR A S IE B R
HFIYEE m/Z: 200~1000; BAIATHE: 4.5kV; B
%53 10342.5 Pa; TS (N,) i : 6 L/min;
SRR : 80 °C; 4rHEE . 50000,

2 #R51He

2.1 MARAERAERH 5 o HT

P 50 38 3 R T2 9t AR R ik b e I R 2 43 1Y) T
WA (3R 2) ATLUE L, RUKERTE WG o Ae D7 iR
HGEEA -, FEALE, T/ HIR (C18:2),
T \RAERR (C18:1), F/NikEEmR (C16:0) Fl+/\
kel (C18:0) 4 FHASHIER , 45 B 1y R o 1t 43 B0
WFEAS; AH LRI, RIKE R R 2 AN FY C18:2
JIg A % 5 i B SR AR R IOVE 1 8538 K Eh, Tii
MRS WTRZ, 4, C16:0 F1 C18:0 By & AN T E . X
FEE W T Z ARG TR A = T A A AL o) i
T8, Tyagil V3848 1, Z R AN IR ) o fif i B
5 R B S BRI 25 PIAH G, 7E 190 °C. 10 h
MRTYE ST, C18:2 AR W2 it 73 AN 52.3% %
5 42.8%, FEWEN 18.16% A% SCHT FH R i 78 B KE A
TREEARXT AL, HEIKER IR, C18:2 JEMIIR &
HREIRR 8.39%, Z ARG 7 IR & 1k 43 fif A2 FE AR
X% . Felsel'4E358H, C18 RIBR IR i A3 Al T 7
ARG . R 2 WAL, AR SCRT A A RIKE I i eh
C18 YRR i Bt /3 AU ih 83.1%, iEHAERN
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Table 2 Relative content of fatty acid composition in oils
and sophorolipids

TN I R

BB bl 7 R

eSSl Bt 5 30 % B oy /%
R FOREBEW REah RUAEBL
C16:0 15.0 16.9 N.D.* N.D.*
C18:0 5.1 5.9 15.7 10.5
C18:1 33.4 34.6 53.9 57.1
C18:2 46.5 42.6 20.7 32.4

TE: * NDFRRAKH

2.2 0O-13-1 E#kLARYE BB i 4 K90 & B ) 55 1 48
FERNEBN NESZGEMRL
22,1 #FHIBRGEEES N F
] 269 W R R KE PR T 00 BRI R B A I o
60 F190 g/L, Horf, FUKEREIMAETEFIESE 24 h J5hn
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ke L 260 YRR 2 e A i IR & T A R TR 1) A
Kk an& 1 fros. R 1 aTHL, 7E 204 h AR
B, AR e AR (R A SR B “S” AUl £k,

o, 0~8 h #EK 2218, MIER I, 25k ATREE
K, 7F 46 h BB s E G EAREM KN, 5
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B2 i S U A B A AT Y, 2 R o B e R
3 F10.1 g/L 2247 o BRAELAE 32 F1 38 h B AR 7E 0.1
/Lo RAESCHR™, U i AE bk 2R e )5 S A 2 45
TEARAK M e tb . Brlh, A SCrERR e 5 & F-
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M R R B R 4.32. 3.39 g/L, AR
A3 95.20% . 94.35%.
222 BIIBRR LG IEL SR

P 3 ONIEARSLIR I g R, R 3 WAL,
5N 4 (IR BERE P e e, BIBE R ES 3R 200 r/min
SRR IE T H e BE 1 ol 90 g/L | TR N 25 °C . HERh &
IRF N 12%0, #FERG ™= fe s, 35 73.26 g/L,
SR 2L REE ATCC 22214 LLRIKEEE IR s Pk
TRPEI 2 TEMAE NG 7= B 1 2.4 15 S5 R AL i 7E &
I 8 71 2F AR B AR I 7= & 57.64 /L ML, 4215
T 27.10%,
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Fig. 1 Growth curve of sophorolipid production with waste fried oil as lipid feedstock
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90 g/L . R NARFIIEL 12%, X 5 1E L5 b =
iR 4 SR Y SRS B, PR B
UESEES . FUER AK B E KRB G 7 Y R R T
R B/ INHE PRI Oy« 8 R L . AU IR I VA
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23 MRYERRLEHERE

&l 2 Shy O-13-1 T Wk LA BT B i R v s IS 7E
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Table 3 Design and results of orthogonal test

. M= BAE RS
o WA WE WBEER R Ry

(t/min)  WEFC WeEAgL) % (gL)
1 160 25 60 4 9.23
2 160 30 90 8 26.72
3 160 35 120 12 17.84
4 200 25 90 12 73.26
5 200 30 120 4 35.82
6 200 35 60 8 25.48
7 240 25 120 8 36.12
8 240 30 60 12 23.40
9 240 35 90 4 31.80

# 4 EASELEM2E PR
Table 4 Range analysis of orthogonal test
O
(r/min) °C < IRFAY L%
(g/L)

K1 17.93 39.54 19.37 25.62
K2 44.85 28.65 43.93 29.44
K3 30.44 25.04 29.93 38.17
AK 26.92 14.50 24.56 8.73

I K AREFRHACFTRPImRIE, AK REREEK
SRS bR RSO0 A 221
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1 1 1 1
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K12 O-13-1 Bk LARTKE PR il A B U5 BT 7 MR A 119 HPLC
/ESI-TOF /MS & i €]
Fig. 2 Total ion liquid chromatogram of sophorolipids
produced by O-13-1 strain with waste fried oil

Wittt (m/Z) h 689.38 [IHER A L BEREBURAY
R TR BEAE 19 70+ B 116, m/Z=711.36 [M+Na']
W, m/Z=671.37 Fl m/Z=653.36 43 HIH[M+H 1% 2= 1
DK FR 2 DK FIHEIN, m/Z=485.31 Fi
m/Z=467.30 43 5 A [M+H 1k & — A4~ 2O
1K FEREIN . LRSI R, HEEEY
4.294 min WY Z153 0 = Z I FEBUR A4 P9 TR BURR MR A
BT, 17-L- [(2'-O-B-D- Mt i 5] 25 1% 5 - B-D - MLk i ) 26
3)-0-1-+ )\ JEmR-1' 4"- N HE-6',6" — L FRTE .

350000 711.36

300000
250000

200000

Intensity/%

100000 48531 67137

50000 - 467.30
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0 ) L AN l L u I 1 1
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m

B3 R EEIHE] R 4.294 min 415019 B
Fig. 3 Mass spectra of the component with a retention time
of 4.294 min

O-13-1 BERRST A DARLKE B L 3538 K 23 A i
VA R TS 7 R G ) 25 0 10 23 P R o A Bl n 55
5 FiR. WM 5 ATLUAE N, DARIKE R 0 A ik I8 A 1
FEr= AR IR R & 9 FhIEl R, Bk Bk 1538 K
AT A RUMERERR R R £ 2 Bl DL AR 5 T
B A R B 45 A8 1 Sk 1R R0 PN i UMM A, 5K
FPh C18:2, C18:1 8¢ C18:0 A5k, H.LANHEE A
JE, B REABIE 70%0E, Hd, 17-L-
[(2-O-B-D- N Wi ] 7 1 5 -p-D- Nt Wi ) %5 1% 58 )-O--
T+ N IR-1",4"-INHiE-6',6" . L BR TR i & 4 B &
S9N 31.7%F1 36.7%.

W — 243 AT LA RN 1 il 0035 308 K 1 3 Sk B 5 T
FERLRE AR AR D RR AL AL, AN 2 B, FE 2 WA,
DL B0 T b R 3 R RT A il T P A i v 2
C18:1 fRIiMR R &, B8 7E 50%L0 1, Hik
H C18:2 fRNITR , it 4345 32.4%F01 20.7%,
IR C18:0 e, itk %0551 10.5%F1
15.7%. (A R0, MMERE BT & B i e 4 A Al
ST SRR AR . — O, R MR
THMMER C16:0 JRIHIR, (H A B AR
AT Cl6:0 BIL5H; 53— J7TH, AR C18:2
F TR A7 bE A S TR C18:2 Wi kb, X FE
S T EMBEIE & G R C16:0 F1 C18:2 HUfR
R o-FRE RIS T C18:0 A1 C18:1 AUfF
i R
24 KEETEREF

M — 2 DLIE 58 5256 T R A5 A D0 A % T 45 1 o 3
i, WS L AR BERERE SR, 38 A 4 il i o gk
S, BRSO ML SR T VAR R O-13-1 TRAR LARIKE
JE I R A R IR A IR A 7 S, R A
Tt r 2 TR VAR P e A i i A e I T ) sl A AR b
Kl da s, ME da T80, ANFEFGERT, KRR
fif SR IR B R AE KPR BOE K (0~32 h) PR T
W, B LRTEAHEANEH 16, 40, 64, 88 h i 3
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Table 5 Structure and mass fraction of the sophorolipid homologues produced by O-13-1 strain with soybean oil and waste

fried oil as lipid substrates

VIR e )

WERE £ PEiRZA m/z

HOKE P i K
17-L-[(2'-O--D- M. I 1 9 4 S 5-D- WL W R A 5)- O-]-+ /\ iR -6",6"- — LR TR iz 41 707.3840 6.4 2.1
17-L-[(2'-O-B-D- Mk I 3 265 48 ik - B-D- L I 3 B ) O-1-+ /\ Btk — W R-67,6”- — L IR i JiR 705.3692 5.5 N.D.*
17-L-[(2'-O-B-D- M M5 1 %6 45 J5-B-D- ML 45 24 5 56 )-O- -+ /\ Bk IR 8- 17,47V BB -6'- £ R T NFRIY  647.3629 4.5 2.4
17-L-[(2'-O-B-D- M I 3 285 4 32 - B-D- W I 4 46 B 325 )-O0- -+ )\ B IR TR -1 4"- I FiR-6',6" —. TR INTiRZY 687.3586 224 18.3
17-L-[(2'-O-B-D-NE I 4 4 4% 5&-B-D- ML I i A 3L )-0-1- 1 /I R-6"- £ TR IR fig 741 663.3584 5.5 7.2
18-L-[(2'-O--D-NH, I 5 25 45 - B-D - Wt 3 2 26 -0-1-+ \ WG iR-6"- 2 R il lizdis] 663.3584 6.6 7.9
17-L-[(2'-O-B-D-H. 5§ 74 %6 55 J-B-D- ML Wi 4 28 4 55 )-O- -\ MR BR- 17,47 I BB -6',6" — £ FR i INEEAl  689.3743 31.7 36.7
18-L-[(2"-O-B-D- I i 4] 7 A - B-D- Mk g i A M3 )-0-1-H /IR -17,4" - I Tl -6/,6" — L TR ik EER  689.3747 6.9 N.D.*
17-L-[(2'-O-B-D- M I 3 25 47 2 - B-D- ML MG 3 A 6 )-O-1- - /A R - 1 4" - A BR-6',6" — L TR TR PIEM  691.3897 10.5 15.7

H: *N.D.RRAKE
PR, ZJEZiThe, 2RI 2, X2 ol 163.28 g/L
H TR BT 4 2 K o T AR A S UM AR T 14238 g/L 138.62 g/L
[ B VE A K M o, g T R BER R i _
WM R R [ 4b B1E 3 MR R e B
) (ORI Pk, AR S 400 t/min 1% 48 1 £
FIURER ™ B, i 500 vmin MMM E K § [
WG/, BARAEAITE 60% , BUMHIG 7=t H2 55 14.68%, &
Guilmanov!"V4i t | B SLHEIN , A AcH R A or
T, HE S KT B S8 A8 3 3 24 ) T MR i AT i
M2 T, #5600 r/min B9 #2486 5 500 r/min 0 400 500 600
Agitation/(r/min)

KL, IFBA W R AR THA AR AR, KR T, 1R
600 r/min B R B FE A T R AR, o 200
PRI g2 S SR AL TR B AR AR i S A B
2 IR RR BT R, RN ™ e AR H A
T Tl SR o A A TR R 240 2 R o P 22

30 SRR S > BEERH
A-Ey oy lgmg NN
% - l.\._._.}\, LR N T N
2201 —=— Biomass
a
g 10f
e
120
X
K
&
>
»
o
B
% a—400 r/min
2 201 b—500 r/min
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