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FREAATERR ZE 5, MRS Z ) i T3 5 i
WP Z e AR TR ) | AR 1
P55 v 2o 1 e T e AR AR MR RE AL R D BT A
R RR 2 PR IT G i 1) B A ROR AR, R
308 43 B8 7 1 AR AR 9 7 O R TR 1 TR I T R AN AR
T2 AR, T HAK A AR RS e
RO ETREMARGERZ —, MIRAMEE ™ C
W2 TR TR T B T PR EL A R R B S i L Bl
A5 P AT 90 977 30 306 A — ok v 7 0 TS ) R T 7
Y3401, 7EMF 52 I 7 B Rk i A I H B ™ O R £ TR
(TEFEAERT A B Ry ), JF HH ™ m T RZ
BB EERE - R CBRRE ) (—MRAE 0.5 mg/L /2
A8 H R A TR I ke I TR P
OB FE D . A SCHE S PR Plackett—
Burman (PB )i 5 | 5% [ € 3 18 56 i me i 18 38 35 10
PLBRIG % BE Y3401 7 C IR OBRA1F, I HAE N
R SRS

1 MBERE
1.1 EEkSiKH

B0 % £ (Saccharomyces cerevisiae ) Y3401
Ry A 5 TR R A R i B 2 B 1 o TR W K il
HORWE T 250 % A 47 0t 0k S ARAE

LB CR O FR 4B, Sigma A Al ; A5 ¢ E
BB, 22 v RO WD 5 i R - VE B B OB b
TR A DB A BR A A 5 A A s B RRR A R
R A5 300 2 Oy [ 7 AR B A B 0 5 e B
WA H T RS X

YPD ¥ 7= FEBC T W R A A0 20 o/L, 3 H ik
20 g/L, FERFIZ B 10 g/, FH 2K pH, 121 CHA/F T K
H 20 min,

1 SE Tl R 2% Fan SF 7 1% 0250 ¢ = R
¥yiEE 100 HUA T, # BB 1:4 in A Z8 18
KBRS AT iR o YE R T 90 CF
WAL 1 h, R EE 60 C, AR LEEREfL 2 h, Hifk
J& ML 8 S T E R E O 10 min, B0 H0h
10 000 r/min, |35 W B 2 8 Brix 5403 T —
FAI P (30 m1/250 mL) , 115 *CK B 20 min,

1.2 USEfME&

YQX-SG46-280S 7 H 28 VA K i o , b ¥ ol

SV A BR 2 A BT % 4] s BON=1360 %4 43 1

TAER, s ARBME AR A W TR pH
i, FEZ TR AR A BRZS R LHS-100CL 15
Ve P 5 R A, R — AR R A A PR H) S TU-
19 A -FT WL BT, A ut 3 A il A A A
FR 52 4T\ F] ; Microfuge 2R 50 L, b 50 H AR AE 22
B A R 7] 5 1260series 15 50 AH €035 43, Agi-
lent B} £ A B2y 7] ; TSQTMS8000 evo — U 2% fF
KB (GC-MS) , & [E Thermo Fisher Scien-
tific A Fl
1.3 RWHZE
1.3.1  ERIEERE Y3401 7= O MR & TR 45 AL
L3011 HPERSE R EGN R Y3401 AT
YPD & A 85 35 F b 7 28 CIEfL1E3% 24 h, 2
0.3+ Fir 2 5 Fh T 75 5 I ik W R L b 28 °C
180 r/min $53% 24 h, SEMER 1 BrBe Al i AL 3R |
SRIG A 2% Z BEF 0.02% C. BR 4k 8 45 3% , 58 IS
2B R ORI I, SRR R — — B 58
I LS5 E O RE AN pH {8 S L5 2 B Bt R e 55 1F
(L Bl Hefb i SBEds s | O RRUS & A
PRSI HLFNFS SR E] ) 0 BRI B2 AR L E R &
B sZ e HARD R 5K Wk 1, Rl i 3
VAT, 1B A R W B K TS 2
55, 3 o AT B AY (GC-MS) K I H O g & g &
i,

1 BERZEREZHAKE

Table 1 Factors and levels of single factor design

il KF
e JZ /Brix 2,4,6,8,10,12,14
pH {8 4,5,6,7,8,9
LB R E % 0,2,4,6,8,10,12,14,16
TR R E % 0.00,0.02,0.04,0.06,0.08,0.10
= E/C 18,20,22,25,28,30
# 3% /r-min™! 150,180,210,240,270
B E/% 0.10,0.33,0.50,1.00,2.00,5.00,

7.50,10.00
0,8,16,24,32,40,48
0,8,16,24,32,40,48,56,64,72,80

AT AR 7% An B Au/h
3 B 1] /h

1.3.1.2 PBitE: DL LR R K HKP
JFERY, ARV n=17 19 PB %X 8 ANH &
(LBEU N RS & e it pH (H el |
RGN B 375 5 1) AR ) HEAT % 8 A
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PRI ZE B+ 1 F=1 P IKT | A 6 IR PR 3R 5 3 v
e DL 7K P s B AT 0 2 M 25 5 B KOPAR g+ 1 Fl—
1 PIAS 7K i R AE Dk R £ B8R & f (mg/LL) , 4 %
AR 2 s, 3 Design—Expert 11 (Stat-
Ease,Inc. USA)UEAT80PE b B0 | 44 R E W ¢ 0
DICIEEE

1.3.1.3 Byl R4 PB il 2 17 xf
M) o7 e Bk 3 0 5 AN R, KX 5 AN R AT A
BENCIE L5, AR H5 PB 50 AR A5 1 [l U= 455 780 1 3 55
ZWEE S MREMEB T mALK, g S
MRREE BB 3 AT AR R IR R
BAAEHEAT, R GC-MS K & /R 218 & i,
L S 22 T TP A S DR SV L, e
R L a5

1.3.1.4  mpy ks AR S 1.3.1.2 9 A1 1.3.1.3
AR ZE AR R A i | R QTR SN i A
S E] 3 A4S PR ER AT R TS, R e
PRI R TR o i e 4 (5 2 ) AR TR ZR Y
WMl . A H 34 Design —Expert 11 #f 17 Box -
Behnken I TT (3 3) S84k 404 .

132 CROFREREME T HREREL,
B WS IE BB S R BUR A, A2 min J5 B
A LA F 1.5 mL B0 8 i AGE & JE KB
R AR 23R K . T PLE B B8 J5 2R T GC-MS
Kl R B & i, GC-MS (A% 25443 18 Fan %)
FiE, BYE G5 F R DB-WAX (30 mx0.25 mmx
0.25 m) ; PERE IR FE ly 250 °C5 40 i el 37:1;
AR THR , THEAR T R 50 C, - 8 2 min, A
10 °C/min BT+ %= 180 °C, ¥ 2 min, L) 6 °C/
min #F T2 230 °C, R~ F 2 min; Kz #5250
°C ;3N He, Wi 1 mL/min; EI B &5, T 68
i 70 eV FHETEH 50~350 amu; B T IR 250
C;# MR 250 C,

L R £ TR e o4 1R 2 A9 22 1 R FHAMPR T, T
FRIL 0.0869 ¢ LR £ Hig &1 i, 1E Bt 25 2 100
mL, 398 HAR B 2 20,50,100,200,400 175, 28
GC-MS KU Hlg AL, DLC R LR & &0 il
W TR R R o il 220 O R S R bR il 2%

133 HdEabr B8t T 3 P17, RA
SPSS 21.0 X 56 £ 4 #E A7 22 7 b 3 PR AR 50 4017 5
FIH Excel 2016 Fl Design—Expert 11 £ & 3 4b

*2 PBREEITHWEZEEKE
Table 2 Factors and levels of the variables

in PB design

o+ K

-1 +1

LB E (X)) % 6 10
TR AR I E (X,)/% 0.02 0.06

A E(X3)/% 1 3

pH 18 (X,) 6 8
#3% (X5)/r-min” 150 210
AT AR A e B AL (X ) /h 24 40
#3808 (X;)/h 16 32
B (X,)/°C 2 28

#= 3 Box-Behnken iX 3t E = K 47 f5 7k £
Table 3 Factors and levels for the

Box—Behnken design

. KR
-1 +1
A E(A)]% 2 4
TR mE (B)% 0.02 0.06
#FE 1 (C)/h 24 36
PR B s I R K

2 HR5TR

21 BEHEXE

211 i R A VROWE B N BE Y3401 R W 2 Tig
(RS2 S A SC T 5 P DA AR TS 182 B Y3401 i
TE A IR GE BT, JF H Y KA R R v
Hh ) R VS 0, SR I, AT 9 R P R o DR
o} i S 1 Bl A R R BB R R RS C R &
BRBE 7 o o SR Tl A YO 8 e T L A 2
I OB (R Ve BE R BEANTR) U5 A B i g R
(Al 7K A 0 e P A T DT S i 281) e ) 2 K
RN 1 AT L B v SR A RORE
AW, ERTEEEEE Y3401 TS R TR 1 IR
VNI I, A e S T AR VROBE A o B o
KLIRE) 3.1 me/L, = S mT R R K AR
YRR A KB B kR, MHARCRS
R BN Y RN I RE ) A K B
Z B R oK AW & A R sg g,
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LR LR 7 5 BN ; Bl B W B (0 3 1, vl R A sk 7K
B W& i i, AT AR 0 R A ) A R RN A
FITCORRCTRA B, ARIER G BRI G
JIT 5 1 v S AR ONE BE AN IA] , 3XE p X R
WIS 52 AN 7] B LT 6 BUBR S AL A5 W Rl 2 A D20
N Bh Ik 85 AP AL S R R B Y2 B TR &
it f5c A2 1 8 il figt OB 2 R 12 Brix; 1M1 Fu 61204
b 5 T DU EE B YF1503 72 20 1R £ T e f: v
S 7 WOWE B A 8.5 Brrix, ASHIFZT IR i R 48
il figt Ak BRI e 5 ME A 14 Brix, HUC7E PB i ER A
NS

2.1.2 (SR pH EXTEERE Y3401 iR &
s 2 i R BE pH {E AN 52 i) [ 1 1 2F K %
B, T ELiR 235w AR & AR 0 O 5™
G A OGBS T, R EERE G BT A i
B F RS, 8 Ak e SR W) G pH
H &I (E 2), b % 5 37 300 46 pH {E /Y T =, B
W RE Y3401 A 5% O R £ TR 0 ot 52 1k B 5 34
Ja TR, 0L pH AN 7.0 B, R 4 TR A % =
R, N 2.4 mg/L, BT C A IR IT 45 S R B i B
BEAERL L) 1 pH (I (4~9) WA K R AF, ik %
B pH {H AT B 32 2002 50 1 52 ) Rk AR Al O R
TR 38 A% v R G i I T R 4R O R S BRI B R
HAR TS, X RTE pH=4 BT &G R D EC
R T, TM7E pH=5 B e s 8 1 iR O TR
A e it S CABIE 5 1) 5 SR AT LA W ok e eh T
7O R TR Bk UR T R I RE Y3401 AR
HRAER, T AETRY R O O RIE A S RO
1% T 1) 1 ] 2 0%

2.1.3 R EXTEERE Y3401 72 2 BR T Y 52
T X P R 1 AR R AR R, A 3 Y TR T
P B AR R = P A AR AR B JE R 28
CHREBOZEE A FUR ) SR )5 H 18~30 CHY
0L 25 8 Ul B X I B B R SR A5, [
3ATLUAE 7R C R SR A LB B, Bl 15 77
BT, CRR SR & B3 N5 BEAIG , > 1% % R R
N 25 CHE, BERE Y3401 A BR £ TR A B B s
K 1.9 mg/L, A B AR IR BE AN 52 il 1 BE 1Y
ke, i H S CBR LR A MU SE RS s
ZRRE R, AR T E R OIS
M

=3
i
Ethyl caproate mass concentration/

M3

Sugar content/Brix
T B AT A R 1 7 1 R R T Tukey test A5 56 I 20 18] 3% A7 8. 3%
25 (P>0.05), T,
B 1 BRI & EXREES Y3401
FEBZEMNEMm
Fig.1 Effect of sugar content of sorghum extract

on ethyl caproate production by S. cerevisiae Y3401
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Fig.2 Effect of pH value of sorghum extract
on ethyl caproate production by S. cerevisiae Y3401
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Fig.3 Effect of temperature on the ethyl caproate
production by S. cerevisiae Y3401
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2.1.4 BN EERE Y3401 72 CR £ B YR R

2 WA b Bty 2 s ) ) G % A R, E I R TR
FAE R RS, AR SO I T R X RE Y3401
BILC R BRI SE M, 25 R NE 4 s, Bl & F5
M4, BERE Y3401 & 80 R TR I ot i vk B 5
B s BEAR 2455 5 N 180 r/min B | O R £ FiE ™=
HRE I8 1.6 mg/L, B & T HEHE KM, %
T AR Ak T T B B A R A — o B S e
AR R KOG, 23 52 T 200 1) JE A 5 e R
o e, 7 T T W AR AR 0 LR T
I, BEAR AT 000 52 W R £ TR 19 & 1, 53
—J7 T80 DU e B Y g R e AR B T 3 i & R X
MM FAERT, DA 52 ) 1A I 5 AR KRR
BRI , HE 50075 i L R L TR 382

2.1.5  BERhEXEELEE Y3401 77 C R £ R AY 52
P A S U Y A KL, o R
W, T HL 2 R A AR M i LR
B 1E R AR T B AR P G,
5 T LLE Bl A, BERE Y3401 &A%
(9 R TR o et vk B2 SE 3G I s B AT, 42 b Ry
2%}, O R ST B dwe e, 365 6.8 mg/L, —fBORF
e itk b EERE AR K I E A 5 1 B B
JL AR R AR TR, AR T 2 BrB R LRI
B R T, BAEAESE | B b B R KR
AR, ARAE A PR R A Y R R T AR K R
YRV, I LR 20 i 22 R 6 3R T8RN 4R
Sse 4, MTTESS 2 BB S F2 9 s A i 5
G O R LT 1Y 3R 3 AR

2.1.6  ZPEUS X EERE Y3401 77 O IR LRI 52
M EESERERE Y3401 & RO R £ B i) T ZE {4
P, AT EERE Y3401 A O R SR B FHEZAEH .
HE 6 nTLIFH, ORI E S LB
I B B AE G NS R, M ORI 8%
B, OO s B, i 3.0 mg/L, 75 LB
IR BARET, BERE Y3401 M4k £ FER O R A L
O OHRATARR L, A B O R 2 TR 5 2 vk
JEE ARG 5 T T S 00 42 2658 v I, 2 XoF T R 1) A
U7 — I HIE R, 2w A RO R R
ARG 3, DTS 3505 B R TR 19 ot ViR 2
FEAR, Fu 58 PI0F 58 & B S5 6 Jal oe DL I8 1% F
YF1503 75 & B3 0 2 R 6% 0} it 7= 2 R 4 Tk i

=
S
E 20r
=
3 <
BE 15}
ﬂﬂmﬂ wn T ab
i & 3 ) 2
& E Y 1.0 |
N g
nE osf
o
=8
0.0 , , , ,
= 150 180 210 240 270
i ol

Rotation speed/r-min™
4 HEMEEEE Y3401 FEBRZENZN
Fig.4 Effect of rotation speed on the ethyl caproate
production by S. cerevisiae Y3401

7.0
i 5.6
I8 T 42
= %
oo &0
=
5] £ 2.8
%
m

o
»
T

0.0
0.10 0.33 0.50 1.00 2.00 5.00 7.50 10.00
JAh it
Inoculation amount/%

5 EMEXIEES Y3401 2B ZEEMNHI
Fig.5 Effect of inoculation amount on the ethyl

Ethyl caproate mass concentration/

caproate production by S. cerevisiae Y3401

0 2 4 6 8 10 12 14 16
ST i
Ethanol addition amount/%

1=3
i
Ethyl caproate mass concentration/

B 6 ZEANMENIREEE Y3401 FCRZENFM
Fig.6 Effect of ethanol addition amount on the

ethyl caproate production by S. cerevisiae Y3401
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B A CR CBRG A, X2 i T EERE Y3401 765
QeEfR b A b OB, A BN O
WINR CRAEREREER N G C R g, SR
P 92 I B 7 o S A Y8 v 2B B & T i ARG
(290 15 g/L), KBl CBEas & i mn o
R CTR G A AT N s T > £ s in 2 35 i 2 =
14%FF | PR FR 20 B ) 2 B2 4 il B B A AR KD
AR, DRI I o A6 0 1) 2 R 2R 00 A B, 1 — AP IR S
CL R TR ) A B0 22 B 1 Y3401 4 il /4 2 i 0%
3,

2.1.7 CRRES X EEEE Y3401 72 O IR S ER I 52
Mo CRRJEBELE Y3401 A C R OB ) — 2L
AR 5, XFEERE Y3401 & N C R 2B [R) R & 15
HEMEH . M7 ATLUE B RS ORI I 1 3
I, CRR TR TR B AR Ak R B B N A
KL, IG5 KRG EC RIS & R
0.04%} | We B Y3401 &M C R O Z , 3.7
mg/L, 7E C R US I FARIT , & 5 R £ 18 1 i A
P& R LG B O R 4 R Y A, G
SEARTINC R, A KN E] O R LR, X 4R
T bF Y3401 & O R O BR W LRk Y li—1oC
% CRREMEREE, SXTEEERE Y3401 774410
il DT | O 2 £ TR It vk B R AR, S B 424
R 0.05% . R B 23 XF [ B AR 7= R 3R
M, PG, ORI & T 0.04% I, 5 B4 450
) i 0 P B AR K 152 e S O il L R £ TR i
R R RE

2.1.8  HARES NS HLT EERE Y3401 77 O R L BRI
S TR T 2 B O AR R AR R A K
X EERE Y3401 AR AR A MR, AR T R R
F AW CEM O R A RO R A, FIm
A AL H A N O R £ R A AR — A2 R
H1 25 50 20 A 2 B (P 8) , 7 40 i AR R 8 3 v Js )
(55 1 BrBOWINET AR Y B A F T C R O BRI &
B, HATERE R 32 h BRI INETAY L&l C R &
i 4 die 5, 35 ) 3.0 mg/L, i nl BEJE i T EE 40
L7 15 5 i B A O L AR R, R R A
PR A3 B0 TR ) I3 R A T e X 20 AR R A —
SERIRIVER, JF H G O R £ T Y 7R R
FIERPRBERD, HILA KO TR & 2K
IG5 TR WS IR AR B, BRI R R

O R £ TG o e

Ethyl caproate mass concentration/

0.00 0.02 0.04 006 0.08 0.10
C RN
Caproic acid addition amount/%
B7 CERAMEXNIREEE Y3401 “E2SBZREHMZM
Fig.7 Effect of caproic acid addition amount on the

ethyl caproate production by S. cerevisiae Y3401

=
2
B 32
=
=g
® 5 24
W S
B 2 =
%E%@l6
N
B2 s
o g
()
=S 0.0
E 0 8 16 24 32 40 48

A TS AL

Pre-induced period/h
8 HIFF e HIEREEE Y3401 2R ZE RN
Fig.8 Effect of pre—induced period on the ethyl

caproate production by S. cerevisiae Y3401

T E IR B IR T & i TR, AR 2
Z BTy sEm D5 R A A i R 2 TR
e T RE
2.1.9 iFEFEE G EERE Y3401 77 2R £ R B 52
P9 B Bl A 5 S E] A9 2B 4 R RE Y3401 &
BLC R O BR & BN G TR, 1E 16~
24h W, C R CERA it s . (1 B 1
RSN 2 A O R F R & R 24 h Dy AR K D £
CR CBRA & i, iX R 76 B A iR 9 ot (J6 3L
RO TEE R BERE Y3401 AREA M C IR 21,
Rk — 20 R 52 W B B O R R 2 O IR i A
VI AR INARTR S , i TR R T K
ek 14 TR B 20 L B X B 5 O R TR A A T K]
UeiE o AE AR e R B R R LR TR
S [A) B SE K RTINS TTEFE , S R C R O TR
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=2
)

=
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0
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53 I 1]
Induced period/h

9 FEESHENEREEE Y3401 2B ZENZN
Fig.9 Effect of induced period on the ethyl caproate
production by S. cerevisiae Y3401

4 B R BT AR, O L T 2 5 H e 0 R A AR

BIRAR O MR CBRF AL LA™, i &

HOM TS ENZWEIR, X 5HEmELE
I A AR TR A 2 A
2.2 PBitl

FRAE B R SR 25 1 B N E S R i
KRl , &t T 11 & =17 19 PB ik
5 (5 Ao E, BEE 3 A B Xy, X FT X)),
RIS B BRI LE H A 4 Fron, AR G
MR HR 3 vk A2 R S 1

*4 PBRERITRFCERIESER
Table 4 Experimental design of PB and the results for ethyl caproate production

B % N EI

XI5 CEE TR it H 14 1% Wik H 5 B R BB BT E W i i
e W v DL et e e e S

X)) (X ) ) T X ' ' ’ ! " omgel?

1 0 0 0 0 0 0 0 0 0 0 0 3.6
2 -1 1 1 -1 1 1 1 -1 -1 -1 1 7.0
3 -1 -1 1 -1 1 1 -1 1 1 1 -1 2.9
4 -1 1 -1 1 1 -1 1 1 1 -1 -1 2.8
5 1 -1 -1 -1 1 -1 1 1 -1 1 1 25
6 0 0 0 0 0 0 0 0 0 0 0 3.1
7 -1 1 1 1 -1 -1 -1 1 -1 1 1 5.8
8 1 1 -1 1 1 1 -1 -1 -1 1 -1 1.3
9 0 0 0 0 0 0 0 0 0 0 0 3.1
10 1 -1 1 1 1 -1 -1 -1 1 -1 1 3.1
11 1 1 1 -1 -1 -1 1 -1 1 1 -1 6.5
12 1 -1 1 1 -1 1 1 1 -1 -1 -1 2.6
13 0 0 0 0 0 0 0 0 0 0 0 3.7
14 0 0 0 0 0 0 0 0 0 0 0 3.1
15 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1.8
16 -1 -1 -1 1 -1 1 1 -1 1 1 1 2.1
17 1 1 -1 -1 -1 1 -1 1 1 -1 1 2.0

e I 2 R HEAT A b, T AR R A 1 0E T
H
Y =3.35-0.3667X, +0.8667X, +1.2800X; —
0.4167X,~0.1000X 5-0.3833X :+0.5500X —0.2667 X 5
R E— 2 o M 45 TR R R A CL R 2T Y B
M, X3 45 R AT T 25 0 b (3R 5) R
IIME(F 6), NS il LIE W, AR F g
k1481, #H B P AE A 0.0005, 7/F 0.001, i3 B4
AR 2 AHOE R R?=0.9368 , Tl {E 15 i

e

B 2 6] v A O, U W2 70 ] DAAR G 4 A6 4L
BC IR LR R B R S R I
AIHE, R 6 AT LU X5 i C IR TR 52 2%
AP R R A i RSN & 5 A pH {0
B ES I BL, /TR BRI TR 97% A L, DY g B 4% L)
ESARFENZMENT LRGN ZR |
N =2, X TIHENER, M h FHX G R E
PR TG B2 AN S35, sl IR PR 3R rh e (I K
AT — ik
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Table 5 Regression equation analysis of variance in PB design

7 E kR T 75 Fa B W ¥ 7 F1& P1a
B 38.84 8 4.85 14.81 0.0005
R E 2.62 8 0.3278
B E 41.46 16
R*=0.9368
*6 PBIRBEERBOHRBLSEEERLESHT
Table 6 Model partial regression coefficient and significance analysis in PB design
A IR EREEE e FRoEIR E F1a P1E hAE C
A e 3.35 - - - -
LEE R mE -0.3667 0.1653 13.52 0.0573
T BRI e 0.8667 0.1653 2.35 0.0008 ok
A E 1.2800 0.1653 1.50 <0.0001 ok
pH 14 -0.4167 0.1653 99.03 0.0358 *
3 -0.1000 0.1653 8.90 0.5619
AT AR A A B AL -0.3833 0.1653 23.57 0.0490 *
%5 a 0.5500 0.1653 5.03 0.0104 &
Y3 -0.2667 0.1653 22.49 0.1453

Rk P<0.001 22 50 3% %%, P<0.01 225 5 35 %, P<0.05 2557 8 25 W {5 )% (% )=(1-P {#)x 100,

2.3 EBEMRHEIKE

F 4% Plackett—Burman 1o 5 45 5 45 [N 2 19 1E |
RN T 455 B R L 25 2R, il o 2% &R 1 B
BENC I i g 1Y J7 1m) AP G, g BT M 4 2R I3k
7. HRT AL, O CWR i B e 5 B AR
B 52 A O R R i s, B

3% , CL RS N 0.04% , 75 505 8] 30 h,pH=7, Hij
AN AL A 30 h B, LR B = 5o 9.2 mg/LL,
PN A i i = o DA S AT
Plackett—Burman "R % &M, B 2 4Py
A ORI i S ) 3 AN R E R R
KPR Ay i 0 1 X 1 PR 38 R a0 i

R7 BRERFEABLZHRER

Table 7 Experimental designs and the results of steepest ascent

TR LB R L/

KR BEHE/% TR % % BT A /h pH 1& B A e B AU/ g1
1 1 0.02 24 8 36 33
2 3 0.04 30 7 30 9.2
3 5 0.06 36 6 24 5.0
4 7 0.08 42 5 18 3.8
5 9 0.10 48 4 12 2.2

2.4 Box-Behnken iX 3%

MR = P 2 =K i e 7 1T A e 1 0, ik
SE 17 A T R R 12 U, o i
I B 5 K, Box—Behnken i % % 11 &

Mo N {E L% 8, 12 H Design—Expert /4 X} i 56 45
RBAE AT Z o0 IR A s 2R UL 9,
mHE 7 s .

Y=9.12+1.094 +2.98B+0.9625C+0.275A B -
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2022 455 2 #)

0.25A4 C+0.0025BC-1.294-1.66B°-1.99C>

N 9 AT LI MR P AE 2 (P<0.0001),
M4 LT 35 (P>0.05) , Ui W 44 2 ) R 4, o]
VA 75 2 AT AR G b 4 3R 25 TR 38 R0 O R S TR 7 1 119
KF, BIHTRRYE RER?=0.9882, % R
R?,4=0.9730, $EH , 3% — Wi a1 5 J5 A5 7T LA fg#e o o i
T 2.7% 0 AT AR P X6 56 40 A 1 I KA, AR
ToUINAE 5 B S R A A DG, AT DA% T R
FEC R ClR A MUY A

A, 3R 9 I, —IRT A B FI C ik E#)
K- (P<0.001) , i FAE AT AT, & N E X =2
2 TR R MUY . O BRI > 1 P i > 2 18
] 5 55 40 A2 B2 T C2 %of JH: iy T 4% 07 -, o % i
AR R SRS R E L BN CR S
i 7 52 W) 19 0 1 18T ] (&1 10) e o 7 1T & AT LA
F it AB>AC>BC ., 535, i EIE AT B WA Bl A 45
PRI 2B A 3 o 7 {52 95 b TH IS A T R
A MY N IE A R (E , 3B 4T Design—

% 8 Box-Behnken iXBEIHTRF“CHRZELER
Table 8 The Box—Behnken design and the results for ethyl caproate production

TR T TR T
oid X g BHE CEBRA FFH BRE A a5y BRHE CBRA HFH BRE
A5 i (A4) mEMB) HE(C) RE | FF S5 (A)  AmE(B) F(C) RE/

mg- L™ mg- L'

5 1 -1 0 -1 4.1 12 10 0 1 9.7
9 2 0 -1 -1 1.3 7 11 -1 0 1 59
1 3 -1 -1 0 2.1 11 12 0 -1 1 3.8
15 4 0 0 0 9.1 13 13 0 0 0 9.2
16 5 0 0 0 9.3 10 14 0 1 -1 7.1
2 6 1 -1 0 42 3 15 -1 1 0 7.6
14 7 0 0 0 9.1 17 16 0 0 0 9.2
8 8 1 0 1 7.1 6 17 1 0 -1 6.3
4 9 1 1 0 10.8
%* 9 Box-Behnken {3 i&it B3 F B E S
Table 9 Experimental design regression equation analysis of variance of the Box—Behnken design
B P75 Fa ERCp: 4 ok FA P A 03
B 127.34 9 14.15 65.14 < 0.0001 ok
A 9.46 1 9.46 43.56 0.0003 ok
B 70.81 1 70.81 325.97 < 0.0001 ok
Cc 7.41 1 7.41 34.12 0.0006 ok
AB 0.3025 1 0.3025 1.39 0.2765
AC 0.2500 1 0.2500 1.15 0.3189
BC 0.0025 1 0.0025 0.01 0.9176
A? 6.95 1 6.95 32.01 0.0008 ok
B 11.60 1 11.60 53.42 0.0002 ok
c? 16.59 1 16.59 76.38 < 0.0001 ok
x A 1.52 7 0.2172
%k A 1.25 3 0.4175 6.23 0.0547
shig % 0.2680 4 0.0670
P d R*=0.9882 R?,;=0.9730

Ik P<0.001 22 50 3, +% . P<0.01 2530 B 3% %, P<0.05 2558 3% .
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Fig.10 Response surface and contour map of ethyl

caproate yield under the interaction of various factors

Expert $PF K g 75 &, 45 21 5000 £5 6 4% 1 15 0 g
T O — 2, B ORIV & 0.059% 2
H3.5% 5 ST A 31 h, AW IMAE A 10.9 mg/
mlL, b 5 UE 25 R w45 B, R FH e SR i AT 55
TER I, WA O R SR 1) & R 10.1 me/L( 25 8
3 WE R YA, A TR (w22
7.9% , — & AV G, A RIEFE T, b
LU T R o ey = S e o e
(6.8 mg/L)FETF T 48%.,

3 #Hit

P T T 2 1Y P 3 ) T ) RE B R,
NS W) B PG I A T EL P A —
SE MSEMR o 3K — 5500, AN AN 6 455 RS 197 B TR bR 5
P11 TR 36 B 35 vl 2 0 T A B A P T 5 S
T PR TP AR W TR R R R I ML AR AL i R TR
T BEAS B i 7 R 5T, o 1, A SR i 481
VAR A 1 —#k i 7 BT B SR PP R R T
TR 2 BF Y3401 A O R O R X 1T T R 458
Ak, i, B E 95 Plackett—Burman i 5% |
i BEE B iR 56 A1 Box—Behnken R 5 , i & 3R 15 H
PO R ORISR W IR LT O 14
Brix ¥4f pH=7 & 25 °C % £ 180 r/min FEFh
i 3.5% LR NI 8% (ORISR 0.059% |
AP AN 1] 30 h 5 ] 31 h, 7L IR 4%
T HE M C R BTN 10.1 mg/L, BARALHT
AT RIESETE, S G T i R b 4
T R4 R B LA

& % x #t
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Optimization of Fermentation Conditions for Ethyl Caproate Production
from Saccharomyces cerevisiae Y3401
Liu Pengxiao'?, Chang Xu!, Cheng Liujie'?, Ding Ze*, Gong Yi*, Li Xiuting'??, Fan Guangsen'?¥
(“Beijing Advanced Innovation Center for Food Nutrition and Human Health,
Beijing Technology & Business University, Betjing 100048
’Beijing Engineering and Technology Research Center of Food Additives, Beijing Technology & Business, Beijing 100048
iSchool of Food and Chemical Engineering, Beijing Technology and Business University, Beijing 100048
“Institute of Brewing and Bioenergy, Angel Yeast Co. Lid., Yichang 334003, Hubei)

Abstract Saccharomyces cerevisiae Y3401 with high—yield for ethyl caproate was selected, and the fermentation condi-
tions of ethyl caproate from it were optimized. Firstly, the medium conditions (including initial pH value and sugar con-
tent) and induction conditions (including temperature, rotation speed, inoculation amount, ethanol addition amoun,
caproic acid addition amount, pre—induced period, and post—induced period) were optimized by single factor design.
Then, five significant factors for ethyl caproate production were screened by Plackett—Burman design, and the maximum
response area was determined by the steepest ascent design. Finally, the optimal fermentation conditions of Y3401 for
producing ethyl caproate were obtained by response surface methodology. The optimal conditions were as follows: sugar
content 14 Brix, initial pH 7, inoculum size of 3.5%, ethanol content 8%, caproic acid content 0.059%, pre-induced
period 30 h, and post—induced period 31 h incubated at 25 °C with 180 r/min. Under the condition, the yield of ethyl
caproate reached 10.1 mg/L. These results are helpful for the application of S. cerevisiae Y3401 in Baijiu brewing.

Keywords Saccharomyces cerevisiae ; ethyl caproate; response surface methodology; fermentation conditions



