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Screening and identification, esterification condition optimization, and application of
ester-producing yeast

WANG Rongrong', LV Peikai', ZHU Jing"**, XIAO Yueyang’®, LI Jianfang'?, LIU Hongyan', YE Jiajie'
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Abstract:In order to obtain superior high-yield ester-producing strains, using the Jiuqu of Xinjiang Xueshuifang Baijiu as the raw material, high-yield
ester-producing strains were isolated by dilution plating method. The strains were initially screened through gas production tests, olfaction methods
and determination of total ester content. The strains were re-screened using the a-naphthyl ester colorimetric method and gas chromatography (GC)
method to measure the esterase activity and the yield of ethyl caproate. The screened high-yield ester-producing strains were identified by morpholog-
ical observation, physiological and biochemical tests, as well as molecular biological techniques. Moreover, the ester-producing conditions of the tar-
get strain were optimized by single-factor and response surface experiments. The optimal strain was applied to wine production. The results shown
that a total of 5 high-yield ester-producing strains (numbered as A2, A3, A6, A8 and A 19, respectively) were screened from the Baijiu Jiuqu. The strains
A2, A3, A6, A8 and A19 were all identified as Saccharomyces cerevisiae. The optimal ester-producing conditions for strain A2 were obtained as fol-
lows: glucose addition 2.4%, fermentation time 37 h and calcium chloride addition 0.03%. Under these optimal conditions, the total ester yield
reached 1.996 g/L. The physicochemical properties of the wine brewed with strain A2 complied with the requirements of the relevant national stan-
dards, and its aroma was superior to those of the wine fermented with Angel special wine yeast.

Key words: strong-flavor Baijiu; Jiuqu; ester-producing yeast; screening and identification; esterification condition optimization
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Table 1 Factors and levels of Plackett—-Burman experiments for
esterification conditions optimization
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] 25 R T /%% X, 1 3
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SBETR INHR/% X, 0.5 1.5
VK R IN i/ % X, 0 0.1
AR /% X; 0 0.04

S eI ) /d X, 1 3
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Table 2 Factors and levels of Box-Behnken experiments design for
esterification conditions optimization
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W FE20 mg/L) TR A f5 A | A1 A o o 1 W ) [R] 2R 47 49 St
FENE R AR T 1T
1.3.8 #4407

K JISPSS Statistics 26.0 117 H. [K & 77 2 (analysis of
variance , ANOVA ) fll Duncanké: 4 , Design-Expert 13.04%
WA A PBIR I | A BE TC 3 10 56 Je BB 30 45 4 |, fii

Origin 202484 X 50 B 48 e 1707 .
2ERE5R
2.1 BEHG Y B L%

AT TR P T T g b B SR e O o LA R
BEGRE SRR AR3 TR, 73 5 9 5 A1 ~A22 B1~B12,
BA21.Z1 N1, HAEPDAR; S5 h 5 A UL E T,

E1 BB EKEEES
Fig. 1 Colony morphology of screened yeast strains
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22 FESH AR IR ik
22.1 B AR A
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Table 3 Results of gas production tests and aroma tests of screened strains

Bk A 7R WA LS 7 WA LS 7R L bR A 1 WA
Al - 2 All + 2 A21 + 1 B9 + 4
A2 + 4 Al2 + 5 A22 + 3 B10 + 3
A3 + 4 Al3 - 0 Bl + 3 BI1 + 3
A4 + 2 Al4 + 3 B2 - 0 BI2 + 3
AS + 3 Al5 - 1 B3 + 4 BA21 + 3
A6 + 4 Al6 + 3 B4 + 3 Z1 0
A7 + 1 Al7 + 2 BS5 + 2 N1 0
A8 + 4 Al + 4 B6 + 2
A9 + 6 Al19 + 4 B7 - 0
Al10 + 5 A20 + 5 B8 + 2

R AT G R T U R T 0~ 6" R MUY

ry 23RN, L0 v A5 2 R e (M =4)
HRR 128k, 95 0 9 A2 A3 A6 A8 A9 A10.A12 A8,
A19 A20 B3FIB9, 7Sk i 5 LA i 00 b i ik A 12
TR TR ) 55 TV, H2 1 %o P 31 22 2R R R 38,30 CCIE 92 d,

7 FE TG B 6, 25 2R D3R4t R4MT AT 120K 1A & R i
THTEL37~1.86 g/L, KPR bR A2 [ 58 ) e ey, SR &
it 1.86 g/l 3 5 B % B A5 T 5 45 A — 3 3% U™ R AL
AT B OB TR HEAT S0 S 5

x4 HEEMABRLESENESER
Table 4 Determination results of total ester contents in fermentation broth of screened strains

i

i

A2 A3 A6 A8 A9

Al2 Al8 Al9 A20 B3 B9

SR/ (g-L") 1.86x0.01a 1.71x0.01c 1.57£0.04d 1.78+0.01b 1.58+0.02de 1.48+0.02f 1.44+0.01g 1.5320.02¢ 1.57+0.04d 1.46+0.04fg 1.44+0.03g 1.37+0.02h

T A NG TR 22 5 13 (P<<0.05),



Ertiiess

BOE BROE

2026 4 47 45 4% 55 3 1

S 409 “167-

222 FEEHARA
T A it e P T 3 o A P AR R ) — Rl IS T Ak

PR W IE RIS S0 R i T R A TR R0 1 A Tl 45 10 00 5 25 2R
WJ%SO

*5 MEBSEAMAGEHLBENRCHRIEIEVELSER
Table 5 Determination results of esterification enzyme activities and ethyl caproate contents in fermentation broth of screened strains

B G
URE|
A2 A3 A6 A9 Al0 Al8 Al9 A20
BRALRE S 71/ (U-mL") 7.93+0.17b  11.50£0.09a  5.33+0.06e  6.02+0.14d ~ 0.38+0.01i ~ 2.05+0.17g  4.85+£0.06f  6.98+0.59c  1.71+0.18h
C.fR LR/ (mg-L") 3246 2229 10.28 32.06 - - - 10.34 -

TE: R AR

HY 225 AT, 120 i 355 01 ™ iR T Bl 7 ) 22 S ok e
P FR AR T 15 71 fe i, M 11.5 U/mL, i 1 SER R TL
B B AR (A2 A3 A6 ASFITAL9), I % FH A 4
TEIE TR SRR R R T O IR O TR & &, A5 SRR
FRA2 A3 A6 ASFIAI9C R £ IR 7 43 i 432.46 mg/L .
2229 mg/L . 10.28 mg/L 32.06 mg/L . 10.34 mg/L, H:H | 1 £k
A2C R 2T & B e (32.46 mg/L) IR, e F AR R 72 B T
PRA2EAT Y€
2.3 MR JE B EEAE A0 KT
231 BAFNE

R BRI AR R LA W HOB A (R 22 )+ 318
TR WE2,

F I 2an] A1, TR PRA2TR 7% 2 6 BDE ASE OBl
BT S ik i EI2b P AL, B R A2 4N I S AR B JE T
DLEAS H 2R 2 A TR B B, 100 B P R A2 1) T P A B 203
ot ZEA A 20T R DL TR AR AT IR B 22 A2 A He
PEI2d AT 1, AT D4 AL 8 2 e R g I 55 i 1 R4 L 1

W] I o R A2 A 1R 2R 58 07 308 T B9 T AR A L X S %R ST
Jr SEPIF A R

E2 BEHA2EE (a) MM (b) B£(C)RFEAF(A)ES
Fig. 2 Morphology of colony (a), cells (b), mycelium (c) and
ascospores (c) of strain A2

232 £ B ALK R

PR AR A2LE BILAE AL 45 2R IR 6, i 6T T, R Bk A2
AR A A U RN 22 SRR T AT A
AN BT R T FUME o ] ] A L 22 1 A AR BR B , AN ] ] £k ml
WPEVERY D-AME I3 BN FFTERTR o WK A2NIR AR S (2
TE B 7 AR I 4 SR O B AR R TR G R IR M
FMEY | B PR A2 A= B A= AR A 5 TR B AR AT 5

RO BHRAEBEAENRKKER
Table 6 Results of physiological and biochemical experiments of strain A2

iR L-BER AR RDAPRENER JSUER BRAE

A2 + + + - w

Wk AR CREILEE M R LR MTRE DA dmaenk
+

- + + - - -

TE 778 N B 5 =7 S B 5 /=77 S B BB 5 w7 O 555 FHL P

233 KT AMFLERE

Ry ik — 25 M TR BR A2 43 22 ML 38 3 PCRYT 15 4K
TR RRA21126S IDNAJTFI 8 I 5 25 5 4 3¢ 2 NCBI, 3 i
BLAST /3 #1, 2% FIMEGA 5.0%: F26S rDNA ) D1/D2 [X. 3
HF M R RA2 R G K B W, 25 R ILIE3,

Saccharomyces cerevisiae strain CEC Y518

Saccharomyces cerevisiae strain LY26

Saccharomyces pastorianus
Schizosaccharomyces japonicus
Saccharomyces dairensis

100 Saccharomyces castellii

Schizosaccharomyces japonicus versatilis (NRRL Y-1026)
0.20
E3 EHTF26S IDNAEEFIIMWEKA2RE X B R
Fig. 3 Phylogenetic tree of strain A2 based on 26S rDNA gene sequence

13 AT ML, T PR A2 5 R P 8% B ( Saccharomyces
cerevisiae) B T [F— 4k 43 32, HOFFI[RE T R97% . 256
X RRRA2 B IE A 28 A B AE A K B R P 91 1 2R 4
KB I EE R | AR A2k %5 5 S TG 15 B (Saccharomyces
cerevisiae) ,

24 AHRA2® B FARRACE R F KB

R VK CR EALES R S BEES I Sk
s TR T AR A2 G R 7 S ) 5 i 25 SR DL BT 4 Hh T4 A AT R
ik 5 £ it 81 460 5 8 0 42 7E 0~ 5% 71 [l P A9 384 n 422 5% B 7t
J5 T BRI F 25 A AR T S 0~ 2% ], R i Bl 2
FEOIN 5 22488 A BN R 2% LR R R A e, M 1.97 /L
A SN > 2% S5 SR A TR R R A RS
i <2%H, AT RS I E 110 o M it T R A R B 1Y
Tt , DT 44 155 100 7= M A5 T 32 7 TR R 0 1 5 ), Y 4 4
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RSN B > 2% 3 g 5 20 AR o ek 30 0 344 o & T B 35
B3 TR, M8 % KT W B 0 20 M AR B 1998 35 R R %
FF TR 240 B P K S B LR R A X PR TR ) 40 T 7S
IR 3 T 6T BT AR 110 2 B AR 7= A S i B0 R b e 3 A 2
AN R2%

FH 4B T 1, S T 7 e Bl UK £ R S I B 7E0~0.25% 31
FEL N 38 I 2 5 B THE T RE s 0K SRR TN I A0~
0.05%H , i 7= f5t B 2 380 5 24 K 2 BRI i 4710.05%
SR R, M 1.31 g/L s MUK SR N >0.05% 2 )5,
SR A TN R TR B A A A A R v T AR — E Uk
JE VK 1%, VK £ TR T i S AR, VK & % i % e Bk
B K pHOE AN 5 2 vk R TN I, R B SR
S rp pHAR 12 305 B B 1 55 1K 17 32 pHAB O, [] Aof 6 A1 12 £ T

JiEL PN 1 pHL, 410 o R B 004 A K SOUK TR S e
B 2 R, PRI, 5 VK 2 R U8 0.05%

H FEI4C R AT, ST ™ 5t B U T0 55 VR i 4 78 0~0.10%
T PRSI 5% IS PR RE g, LR
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Fig. 4 Effect of glucose (A), acetic acid (B), calcium chloride (C), peptone (D), ethanol (E) addition and fermentation time (F) on the

total ester production of strain A2

FH EI4D AT AT, S 7 it B AR 1 RS N 7E 0~ 1.25%11
FEl A4 38 in 2 % B THJE R Rk 3, 24 2R IR & 0~
0.75%HT , ST 7™ 5t Bl 2 3800 5 4 85 (1 RIS 624 0.75%0
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2.5 JF B &AL e B X B
2.5.1 Plackett-Burmanix % i% it & 4 %

VIR WS UK ORI R TG /K BTSN o S & e Bt
() 2y A2 &, AR 7 5 DA el 1 A, 3#F 17 Plackett-Burman
(PB)ik i it , AL R PRA2 ™ I 55/ , Plackett-Burman (PB)
IR IS5 R ILFRT, 7 2250 a8,

R7 FEREH MR Plackett-Burmanik i it R & R
Table 7 Design and results of Plackett—-Burman experiments for
esterification conditions optimization

X HE XEHA X Om XokZ XE X kB Y EE

BB s WoRI RN RRM BN MR R
B % % % % d (g-LM
1 1 0.5 0.5 0 0 1 1.086
2 1 1.0 0.5 0.1 0.04 1 1.157
3 3 1.0 0.5 0 0 3 1.207
4 3 1.0 1.5 0 0 1 1.408
5 1 0.5 1.5 0 0.04 3 1.006
6 1 1.0 1.5 0.1 0 1 1.141
7 1 1.0 1.5 0 0.04 3 1.056
8 3 0.5 1.5 0.1 0.04 1 1.805
9 3 1.0 0.5 0.1 0.04 3 1.509
10 1 0.5 0.5 0.1 0 3 0.905
11 3 0.5 0.5 0 0.04 1 1.509
12 3 0.5 1.5 0.1 0 3 1.307

#8 Plackett-BurmaniXi 77 £ # & R
Table 8 Variance analysis results of Plackett—Burman experiments

eUst PR AmE U7 F1i P BEME

| 0.70 6 0.12 16.57  0.003 7 Hox
X, 0.48 1 0.48 67.84  0.000 4 o
X, 1.633x10° 1 1.633x10° 023  0.6501
X 0.010 1 0.010 147 02796
X, 0.025 1 0.025 361 01158
X; 0.081 1 0.081 11.53  0.0194 *
X, 0.10 1 0.10 1477 0.0121 *

W 7E 0.035 5 7.028x10°

M2 0.73 11

TE 07 ROR X EE B L i (P<<0.01), “*7 R X 45 5 5 i b 3
(P<0.05), F,
HH 7 AT RN A PR3 X SR 7 5 5 e U Sy« 4 0 S
i > P Ta) > A0S TS I > 0K SRR VS i > S BE
NN > A RS I H b i T I ) AN AR B S i
X ECEE PR AT SR (P<<0.05) , i 2 WS 0 A X g
PR S S R (P<<0.01) .

2.52 wBEJEH R 4R

HR 48 PB it 56 34t 3 R 2R B4 1E T 88 1, K vk 386 K
Vol /0N o SHE v B R A G S S R TE AR IR 2
IR VR 8 K 5 e R i) Sy 670 358007 PR 28 I AR YRk /S . e B I
BRI 45 R W9, B RO A, b 2 M i Ak
Y I 14 2R T K, i TR S ) R /N B AR A2 TR
SRR WD O Y AR S N R 2.5% ARSI i
490.03% | & WERT ] 2436 hi | TR A2 SR 7 o e i, 34
DR B e R AR ik L S5 42 iR 58 /K SF- 4 e (7 Box-
Behnken i 113l 5 .

®9 mERKIRIGLER

Table 9 Results of the steepest climbing tests
WEBE KR AILES B kCEm ErAK
by 1= VA E TV 7)1 = VA 1= VA ) 1= VAR Y | =V i ¥

% h % % % % (g-Lh
1 1.00 72 0.00 1.00 0.1 0.75 1.483
2 1.50 60 0.01 1.00 0.1 0.75 1.559
3 2.00 43 0.02 1.00 0.1 0.75 1.710
4
5

[

d

2.50 36 0.03 1.00 0.1 0.75 1.911
3.00 24 0.04 1.00 0.1 0.75 1.614

2.5.3 Box-Behnkeni% 1T %
VI A BRI N (A) LR 8] (B) SRS i i (C)
N E R RARA2 SR B (YY) e B (R, #E4TBox-Behnken
51106 Box-Behnkeni{ 56 45 5 W10, 22400 WZR11,
£®10 FEE& L Box—Behnkeni® i i%it R & R

Table 10 Design and results of Box—-Behnken experiments for
esterification conditions optimization

K AMERRINE, B ABNE, CEILAS RN/ Y B R/
[= 0, h

57 % % (g-L"
1 3.00 36 0.02 1.316
2 2.50 24 0.02 1.276
3 2.50 36 0.03 1.891
4 2.50 48 0.02 1.400
5 3.00 24 0.03 0.855
6 2.50 36 0.03 1.788
7 2.00 36 0.04 1.207
8 2.00 36 0.02 1.760
9 2.50 36 0.03 1.902
10 3.00 36 0.04 0914
11 2.50 48 0.04 1.324
12 3.00 48 0.03 1.385
13 2.50 36 0.03 2.011
14 2.50 36 0.03 1.946
15 2.00 24 0.03 1.452
16 2.50 24 0.04 1.006
17 2.00 48 0.03 1.470

FH Design-Expert 13084 % & 105545 17 2 50 =K
WL 158 £ 70 R B 51 Y=1.91-0.18A+0.12B-
0.16C+0.13AB+0.038 AC+0.049BC-0.28 A2-0.33B-0.32C?,
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Table 11 Variance analysis of regression model

FERIE PR BAHE S ¥ F1H P wEM
Rl 2.06 9 0.23 2137  0.0003 o
A 0.25 1 0.25 23.50  0.0019 ok
B 0.12 1 0.12 11.44 0.0117 *
C 0.21 1 0.21 19.72 0.003 0 o
AB 0.065 1 0.065 6.09  0.0429 *
AC 5.689x10° 1 5.689x10°  0.53  0.4900
BC 9.452x10° 1 9.452x10° 0.88 03791
A 0.34 1 0.34 31.87 0.0008 Hox
B 0.47 1 0.47 43.46  0.000 3 ok
c? 0.44 1 0.44 41.19  0.000 4 o
k2 0.075 7 0.011
AU I 0.048 3 0.016 241 02077
gl % 0.027 4 6.689x10°
syl 2.14 16

T 22 o
=20 233
o0 l.ié 2018
= <16
oH 1.4 1 1.4
g i 12
jing 1 Juig "
T 08 & 08
> S
&

A 11 RI 0 iZ 458 PAE 2 0.000 3<<0.01, i BH % AR Y
B3, S I PIE M 0.207 7>>0.05, A i 3%, 55 WA A 41 ]
5B LG O R S PR ARAT IR ZE RN PE RER=
0.964 9 ; & e 5 R EUR?,=0.919 7, Ut B IZ A A3 A R4
i PR AT, — YR 300 B, 32 1. 35 ABX T Bk A2 g 7= 5 5% Wi
B2 (P<0.05),—IKWA .C, ZIRINA> B C*¥ T bR A2 5L
i 7= 8 5 WA 35 (P<<0.01) . 1 PE AT, 34~ R Xt 45
S WP 4y 4 2 AR S I (A) > R BN [B] (C) > AL ES 78
it (B).
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Fig. 5 Response surface plots and contour lines of effect of interaction between various factors on the total ester production
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W92, H 4 v 2B i, ¢ W) o) 2 0 A I 6 R 46 5
IR WA R 2R A 58 A FH T TR T B A2 R g 7 o G I
RGN 5 A PN ] 5 G0 A TS 0 B =z () ) i L TR 3 R LE AR
9% HOAF i SRR B, 2R W1 i T I [ R0 8 S i 7
AR ZR 0 58 AR G) TR TG 1 R A2 S IR 7 o 5 S Bk
2.5.5 I 3F K5

FI F Design-Expert 1305 {4 73 H7 75 2] B0 i £F A2 5
FEFERR 210 R R N 22.35% , & e R]37.31 h, 54k
FEAINEE0.03% ., FE A AF R, Sl ™ it T {E 4 1.934 g/L.,
% R L PR AR AT AT R SR AR R AR B I Sy A A b
TN INE2.4% , L WERTR]37 h, SALES A N 0.03% ., 75 5514
T HEATIREAT IR IR B i S PR  1.996 g/L,
5O B R 0, 26 W2 AL O0 1k TR 1 Rk A2 )™ i 2% 1
CIES

2.6 BARA2ET BB KRBT 84 5
2.6.1 B IE BB AW 3 A 98 3B b 48 AT

D2 3HC A 2 L D R T TR R O o B RS T R A2 B
i ) 25 P PRALFE AR I 25 R L1212 ] T T e R
T P L a5 10 7 28 T LR M 9.47 /L 10.43 g/L(E bR AAE
BR ), MBS R ON1.21 g/l 1.46 glL(<4 g/L),WiK5E N
11.4%vol . 12.3%vol ( =7.0%vol) , ¥ i# & E #2 GB 15037—
2006 451 YPIE K

F12 TEESREFEHEELEFUESER

Table 12 Determination results of physicochemical properties of
wine brewed by different yeasts

SRR/ SR/

(g-L") (g'LH
B EEREA2 - 9.47+0.404  1.46+0.702 3.17+0.060
LA A
L TR BE R

WAE ) ER h/
%vol (g-L")

123 0.712+0.029

ER7S pHIH

10.43+0.751 1210416 3.14+0.045 114 0.617+0.071

2.62 BLEBEBFAQEL & A 4 0H £ B R £
EEEHESY TR WAl E BN RZ — W%
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Table 13 Determination results of main esters in wine brewed by
different yeasts

iiay RN el
min L TIPS T £ A2
TR 13.208 0.029 0.269
FLIR Z Fig 14.731 0.037 1.187
LRI g 15.728 0.046 0.088
C R Z i 17.389 0.037 0.137
3 it

AL G 7R A LR S B AR bR, DOBT IR K
T 0 i rh 43 25 8 SR TR RS 1 B 45 5B RS LEE |
A A AR B AR A R G LR AT O R I T A
YeE , AR R Ok D — AR BR AR 10 R AR A2 L
U5 7 W BRP % £ (Saccharomyces cerevisiae) , il i3 HL R R
T K e 7 T 6 A ) R T R RE A2 P A A R R AR
HARIPEA IR 2.4% , R BERT )37 h, S AL ES A5 I 50.03%
FEULAR T FR TR P R A2 BT ™ 1 1.996 g/L ., TR i B
A2V A I AL AR AR A A E R AR DGR H R
Tt O R R 2 LB N T T S PR A
ORI
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