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Optimization of fermentation conditions of oleaginous yeast
Lipomyces starkeyi for fatty produce
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Abstract; [Objective) Single factor experiments and orthogonal design experiments were carried out to
optimize fermentation conditions of oleaginous yeast Lipomyces starkeyi for fatty produce. [Method]) In
shaking-flask means of incubation,the fermentation of L. starkeyi was tested in different culture condition
optimization by single factor experiment and orthogonal design of carbon source,nitrogen source,seed inoc-
ulum rate and temperature. [Result] The results showed that mass yield and fatty rate were obviously
higher by glucose than by other carbon source;also the mass yield was the highest when (NH,),SO, was
used as nitrogen sources;meanwhile optimal initial pH was at 6. 0—6.5,MgSO, « 7TH,0O 1.5 g/L.,KH, PO,
3.0 g/L. Throughout the orthogonal experiments of glucose, (NH4),S0O, ,seed inoculum rate and tempera-
ture, the optimal culture condition was found as follows: glucose 90 g/L,(NH,),SO, 3.5 g/L,seed inocu-
lum rate about 10% ,the incubating temperature equals 28 ‘C. According to ODgy, of cultured liquid,the in-
cubating time was 144 h when mass yield grew up to the maximum. [Conclusion] Under the optimum cul-
ture condition, the biomass yield was 16. 35 g/L,25. 19% higher than that with unoptimized condition,

while the lipid content was 4. 94 g/1.,97. 84 % higher against unoptimization,and the highest lipidic content
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was 302.1 g/kg of the biomass.

Key words: Li pomyces starkeyi ;oleaginous yeast;fermentation;flask-shaking;culture optimization
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W L (NH,), SO, JT i ik B 35 Fh i (R FR 20 50 | 85
FEME AN FEHERH#FAT 4 R 3KFIELRLE,
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Table 1 Factors and levels in 1, (3') orthogonal design for

optimizing fermentation conditions of L. starkeyi

T AN
. WEBE  (NHy,s0, EFR/ e
K- (g« LD o Rate of
. (g« LD . . Temperature
Level Glucose B inoculation D
A C
1 50 1.5 5 25
2 70 2.5 10 28
3 90 3.9 15 31

1.6 AEBEFRENFTEZKAEEGIEKRBAKERER
sEA
70k FC I R BE B & B B R R (0~ 192 h)
o BERE 24 hE 1 IR ODso » 3F T HE SR 24 h i 5
24 hilE 1Ay & ol iR = i .
1.7 MEEERETE
1.7.1 BhAHsHimz KBEREEBRT 6 000
r/min B0 5 min, WAL, 60 CHET RH &5

s A

B
1.7.2 BARHmERRA G~ S0 g R
POEARBOMBE™ . K R BT 6 000 r/min B 5
min, FAATTIEH B ¢ W 6 mL B L6 A 4 mol/L
gL RHIRS , FIEHCE 30 min J5, 8K 5 min,
—20 CH¥ . A 2 5 AR BV EG)
VIHE)=1: DB, 5% 5.6 000 r/min
B0 5 min, BUEDT 2 N AR 1 g/ L G4k ahis
W IR 2,6 000 r/min B0 5 min, L& 5 Z, 100
r/min.55 CH.ZS R 2K K Bk 25 & 05 B0 g . AR
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R I S g P TR

N =Y =N

WS = e e o o 2 ST
L7.4 Wik isAZeom e M6 E KA B R A
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Fig.1 Growth curve of L. starkeyi
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Table 2 Effect of carbon sources on fatty produce

in fermentation of L. starkeyi

ik i YR/ WhBR R/ fig 17 72 % AR A/
Carbon (g« L7 (g+LH Fatty (g kg™ D)
source Biomass  Fatty yield  coefficient Fatty rate

FLB¥E Lactose 15.05 1.03 3.46 85.98
@%*E 130. 41 25.27 54. 14 191. 08
Glucose
HEBE Sucrose 113.17 20. 14 42. 40 117.51
L2 HE 108. 49 18. 24 34. 55 166. 34
Maltose

2 2 MWL 25 DU A O B R L 0k EG i i
PR o W ) M) P 6 e v TR AR ) i R g 7 Y
AR S i A g R 5 S R TR R A2 2 s i AL
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Table 3 Effect of nitrogen sources on fatty produce in

ermentation of L. starkeyi

AR A/ WARE/ BRBTREC WAR A/
Nitrogen (g+ L ') (gL 1D Fatty (g+ kg H)
source Biomass  Fatty yield coefficient Fatty rate
K% Urea 116.67 11.35 28.40 94. 24
i
R EL 63.18 9.14 19. 36 139. 95
Peptone
FEEEBY 100. 07 14. 48 32.72 141. 30
Yeast powder
(NH;) SO, 130. 61 25.23 53.09 190. 65
NH;NO; 123.14 18. 32 37.03 148. 08
2.2.3 w4t pHAE RWEXEFENWI G pH (7]

MUY A K IR AR R . 3% 4 KWL Wl iR
pH {2y 4.5~6. 0 I, BE#E pH {E /T . ik [l
JIR WERE 1 A= By 5 A A 7 i 2 2 BT pH
B 6. 0~6. 5 I, B R 25 P 45 3 45 i 1) A 40 2 R
JR= i A2 XA B pH Oy 6.5~7.0 I, Bl
pH E R T+ & A= Py i Al IR 7= i R T R .
PG i 2 e B R R W0 46 pH (LA 6. 0~6.5
H.

x4 WBEpHEMMEKMBEEEEBRSHENTE N

Table 4 Effect of pH on fatty produce in fermentation

of L. starkeyi

Y/ AR/ MW RE WIS R/
pH (g« LD (g« LD Fatty (g-kg™ M)

Biomass Fatty yield  coefficient Fatty rate
4.5 113. 38 20.41 47.75 89.43
5.0 123. 21 22.18 48. 85 114. 82
5.5 130. 81 25.05 53.56 156. 23
6.0 133.71 26.28 55. 36 179. 83
6.5 134. 30 26.25 56.49 178.51
7.0 130. 79 24.53 51.77 135. 94

2.2.4 MgSO, « TH,O RE R E F5EYW, LR
IR B 1 855 5 B v, 30 Ok T B T B ) AR )
T 7 AT AN I B S 0 B SR A T A [ T A
W MgSO, « TH, O X 7 3k FC i A5 B2 B 09 7 Ig ™=
WA B, BEE MgSO, « TH,O Jit &t ik i
(38 R, 2Ry 1 R0 B 7 1 8 BG4 MgSO, -

TH,O Brag e B 1.5 /L B, AW L iig ™ 4
fEWS & & il s & & 3% & oK. B, A 5 rp
MgSO, « TH, O By BT W B LA 1.5 g/L AH .
&£ 5 MgSO, « TH.O REREXIEKHEEE
b bl : 00|

Table 5 Effect of MgSO, * 7H; O on fatty produce in
fermentation of L. starkeyi
SHE o= B
L LT T S T Y
«TH,0/ (geL-1) BT Fatty (g kgD
(g« LD Biomass Fatty coefficient Fatty rate
- B yield
0 124. 65 19.91 47.76 167. 16
0.5 128.17 25.40 55.18 197. 37
1.0 132. 10 25.57 56.13 192. 10
1.5 139. 56 27. 84 58.67 200. 11
2.0 131.07 25.38 54. 22 193. 86
2.2.5 KH,PO, REHRE KH,PO, o] LLNH#k

AR R EWH TR TR T RS
BRI A 25 7 A R A HIL TR 52 ) R AR 1) 2B K T T
R KH, PO, & AT LLAE S 28 w5l 38 45 & e W )
pH A . % 6 B/n.fiH KH, PO, T ik B 8,
TR RE 19 25 1y £ R B 7 o % T 82 8, 2 KHL PO, Jit
VR R 3.0 g/L . AT AR AT f m A A A i RTI TE
PR AR T R AR A Ak 4 KHL PO, Jf
W HE R 4.0 /L B, ik £ i A B 14 45 3048 BR 2
ARG, Pt A58 2 B KHL. PO, By A
RN 3.0 g/L.
F 6 KH,PO, T8 R B x H i% X i IS B £
% B 7= i B O 5% 0
Table 6 Effect of KH, PO, on fatty produce in

fermentation of L. starkeyi

A/ AR/ IIE¥ g i/
KH, PO,/ = - -
(g L-1) (g« LY (g+LH Fatty (g+kg b
g° - Biomass  Fatty yield  coefficient Fatty rate
0 121.67 21.04 45.71 173.10
1.0 125.77 22.44 47,11 179. 31
2.0 130. 75 25.09 53.03 191. 26
3.0 139. 04 26.54 58.96 191. 46
4.0 132.59 24. 32 50. 76 182. 87
2.3 MEKHEBSABSHENSEERE
2 ik 30 45 R

IEASIR 0 45 S (3% 7) 0, A A B I R R
(NH,), SO, Jit it v B 4 P K % 55 i B % 37 36 [
THIE T BE 0 AR ) i SO e P s A W e, X
B RGBT 22 20 . il R AT A, 4 PR T A IR
THR e B AR W B 0 5 e B2 BE AR I D>C > A B,
B RG 9% 38 BE > B2 Fh & > 4 A bE IR R Uk E >
(NH,),SO, Jittt v B 4 PR 6 73k [ I8 i 1 i
B i s2 AR AR KO D>C>B> A, R R 37 i



154 P b e MRBL HE K 2 4 CH SRR # D 539 %

JE > MR > (NH ), SO, B e B > Hi g B B it A R O PR 20 s TR s 19 &1 1 g 7™ i, K 19
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AL A ASB3C3D2 s LU ™ ik A B 2245 b s . ¢/L. (NH).SO, 3.5 g/L. HF ik 1020, 15 37 i %
R FR R B K46 A3B3C2D2, 254 28 C,
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Table 7 Results of L, (3") orthogonal design of L. starkeyi

Xl # Factors
; R T W g R
L éﬁ: %ﬁ*?f (NH,),S0,/ HeAh Gt/ % B FREE/ C (g lﬂfl/> ( T[—%)
Index 7 (g+L™H Lt Rate of T gL g+ L
No. Glucose gL inoculation emperature Biomass Fatty yield
) B . D
A C
1 1(50) 1(1.5) 1(5) 1(25) 8.259 2.512
2 1(50) 2(2.5) 2(10) 2(28) 11. 319 4. 069
3 1(50) 3(3.5) 3(15) 3(3D) 8.663 1. 891
4 2(70) 1(1.5) 2(10) 33D 7.047 1. 809
5 2(70) 2(2.5) 3(15) 1(25) 14. 670 2.365
6 2C(70) 3(3.5) 1(5) 2(28) 10. 480 3.662
7 3(90) 1(1.5) 3(15) 2(28) 17. 332 3.298
8 3(90) 2(2.5) 1(5) 33D 6.469 1.138
9 3(90) 3(3.5) 2(10) 1(25) 15. 943 4,244
K, 28. 240 32.638 25. 208 38.871
K, 32.197 32.457 34. 309 39.131
K; 39.743 35. 086 40. 665 22.176
L K, 9.413 10. 879 8. 403 12.957
Biomass o
K 10. 732 10. 819 11. 436 13. 044
K; 13. 248 11. 695 13.555 7.392
R 3.835 0.876 5.152 5.652
K, 8.472 7.619 7.312 9.121
K 7.836 7.572 10. 122 11.029
K; 8. 680 9.797 7.554 4. 838
N b e Bl
IR 2 K, 2.824 2,540 2,437 3.040
Fatty yield -
K, 2.612 2.524 3.374 3.676
K; 2.893 3.266 2.518 1.613
R 0. 281 0.742 0. 937 2.063

TE A2 B B OR SR A5 A A B A (NHL D, SO, Bt AR Bl A 48 A0 s = f A T B DRI TR bR
LR EIR AR S TR R AR, WSRIRIEI L 144 h N

AR AE YRR 16. 35 g/L. Mg =& 4. 94 x 8 REBREMNEERKMEBRIEK
o/L NG A AT 35 302, 1 g/ka. R EEIG WA 44> LU Ll

Table 8 Effect of time on growth and fatty yield in

] 250 W ) A% B v D e Y TR T R O R RE A A ER
o T B A5 DR G FR S i 90 g/ L 1 4 46 AR

fermentation of L. starkeyi

KPR ] /h Y/ AR =/
B2 R, Fermentation (g« LD (g« L b ODs o
. . R . " . time Biomass Fatty yield
2.4 EEBHEMNTERKHAEBEERKEBMERE 0 - - 0.69
sE=Al| 24 1.43 0.04 2.29
. . . N, . 48 3.51 0.57 5.62
e 8 0 S B A 0T O W 7 " - - o
A T) P B AT 80 A A R L R B8 ODy,, {H 1 15 96 10. 50 2.85 12.39
F% 144 h 8@, Z 5 b4 55 97 B 8] () RE 4 ODyg fEA 120 15,42 3. 44 13.42
144 16. 46 1,93 14. 68
PO, 07 3 300 G A3 8 25 A 1 7 . . o e
— B YR AT SE 24 h B AN, 144 h 3K 192 16. 11 4.71 14. 80
e KAH s TG 7= 1 W AE 55 SR B R 48 h NI K 2212, Wrak P IR BB & R 7% 120 h i AR 38 K

J ST B BUSR B BE PR L 144 b b AR R AR OK, BRI BORLAO e A5 R R 2. i B 2 AT UL B SR 120
ZJa B TR IEREAFERS A AR s dERe b i ik BGRB8 R R T
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B2 Bk IR IR EEEE & BE R 9% 120 h HHAY
B A 25 g 0 90RE ( X 200)

Fig.2 Mycelia morphology after fermentation
120 h of L. starkeyi( X 200)
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e W R IR 43 1) Ry 25 8 I (NHL ), SO, s e iR & %
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PERp i 1020, TCHLEL B 7 A d5c 38 U R o VR E N
MgSO, » 7H,0 1.5 g/L.KH,PO, 3.0 g/L, ¥ 3:H
JE 28 C R b i& ¥ th pHAE K 6. 0~6.5. fElL
Pl 2 F T 55 3% 144 h, 1k FCIh IR B 19 A4 ) 3R
RALRTHE @ T 25, 19% i IE = &2 T 97. 84X,
MR & B Al ik 302. 1 g/kg.,
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AR EF 2 R HAT LUK i 45 20 75 Bk B A0 TR B, L h
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7 S
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PLER B 5 I A B B . i oo 200 ik G IR
iR e 1 1) S W) 1 o 1 — 22 BT

AT Y IE 58 1 56 2 W 30 38 1 i 18 B K 1
V18 9 %) IO 5 VR B LA 90 @/ L AL o SR 5 M U
VR BE S . RTRE 2 T B IR S R B 0B T A
BRI AR 9 A TR It 2 R AR B A . AR T
A A ORI DRI 43 3 ) Bl L HE T T B

A 5Tk B0 0 3 E i A 1 B B R O B AR
P o Fre 28 e T T A R ™ ik 1o S BRARL L AR R X%
TR AR AR S — A7 7 O e DI AR AT 5w A i i e
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