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PRSI MG . A IRA T BRI, ARES TAENFLET. F@s%vhn% ¥R &R,
VABCT il iy Bak. BB =247 = B Foa B @K AL L B A, (4R RAF 5 %™ B
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Maotai-flavor liquor, playing an important role in the whole brewing process. The
ester-producing yeast in high-temperature Daqu is associated with the formation of flavor
components in liquor. [Objective] To isolate and optimize the fermentation conditions of the
ester-producing yeast in high-temperature Daqu. [Methods] We employed the YPD medium,
the dilution-coating method, and morphological observation to screen the ester-producing yeast
strains in high-temperature Daqu and determine the ester production. After the strain was
identified based on molecular evidence, single factor tests and response surface methodology
were employed to optimize the fermentation conditions (soluble starch, peptone, and potassium
dihydrogen phosphate) of the strain for ester production. [Results] Five ester-producing yeast
strains were obtained, in which strain EY3 showcased the highest ester production of 2.16 g/L.
Strain EY3 was identified as Wickerhamomyces anomalus, and it demonstrated the highest ester
production at 30 °C, pH 5.0, ethanol concentration of 7%, and inoculation amount of 3%. The
optimum carbon source, nitrogen source, and inorganic salt in the medium for ester production
by this strain were soluble starch, peptone, and potassium dihydrogen phosphate, respectively.
The fermentation conditions for maximum ester production were optimized as 11.4 g/L soluble
starch, 3.0 g/L peptone, and 0.4 g/L potassium dihydrogen phosphate, under which the ester
production reached (3.43+0.22) g/L. [Conclusion] We screened out a high-yielding ester yeast
strain W. anomalus from high-temperature Daqu and optimized the fermentation conditions of
this strain, which enriched the diversity of ester-producing yeast.

Keywords: high-temperature Daqu; ester-producing yeast; isolation; identification; optimization of
fermentation conditions
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B al), B e kAR BRA A %
SRR WL R T, i e s A R Fl
SRR ZEVROK AR, B R BT AR Y
AR AW A, WM ERRGE s A
MR W] TDSZ BE B CAL, B B b B A R
Zyw]; PCR {UFIBER BUR R GE, BUAR A AR PHE
AIRAFE EERRESRAE, FERESSRA
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1.3 EFHE
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W ARA WA F H 4 5 % 0 3R (potato
dextrose agar, PDA)YG F 3 | WEHEIE 0y B 4 4
WiRE 57 3 (yeast extract peptone dextrose medium,
YPD)$E 5= 5 B 57 5 2 2% SCBR[19] R i 5 =
TR R AR SRS A A PO T
14 FEEEEEKRNIBESHEK

WEREMRI 0T . B 10 g KHRARS A 90 mL
JGHI7K, 30 °C, 180 t/min #R¥%IRAT 1 d 5 kAT
10 fi5B6 EERGRE, K5 1070, 1076, 1077 BRI AT RE
WA T PDA H55R3E |, 30 °CIHIRETFR 48 h;
WS TR 75 < AL 8T AT 67 WA B A
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= TRRH bR AR SR 2, 30 °ClE R IR 48 h,

WL T v i L7 A ) a7 I B, 3 O Pl A 156
77 R E 1 R
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A 9mL ZEFI/K, i 1-2 WK, F 0.1 mol/L
NaOH #RifE W (C)i E ML, A 10 mL
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%, FH 0.1 mol/L HaSO4 FRME W (Ch) R 1]
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(/)= : 1.(1)><12)00) M)
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ity 1 uL, 2xTaq PCR Master Mix 12.5 pL,
ddH,0 10.5 pL. PCR J2 )i 451423 94 °C 5 min;
94 °C30s, 55°C35s, 72°C 1 min, 1t 30 PM§
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7.0, 9.0, 11.0 By Hgds IRtk L MEX] TR ™
B (R SE I« 42 3%l il TR MR P 00 1R 2 B
FRMNHN 3%, 5%, T%. 9%. 1% 7= HE5s
IR SRR R B RR P BR DS - K 1%.2%
3% 4% 5% H Rl N R R R T R SR
Ferp, DL ERAT 30 °C, 180 r/min FR3% 15 5%
24 h J5 0 E A B 7 R
1.10 FEEAREEFREHFMUCNERR
B IE

7R R TR IR S AR A LA 10.0 g/L i
IERN S (RIS PETERD . 200 . 22 200 . A2
HEWE), 5.0 o/L RIEMEEELEE . A, H
FREN . BREE), 0.5 g/L CHLERFI 2 (BRER W 4% .
BREREE . BEMR _AMF . MMREE. AMbE), B4
R HEE 3K,
111 Mo Rz e

HO A B R A A A, IR IORRTR . ZUUR AN

T F, LR BR i e (R, SR
Design-Expert 8.0.6 # 1) Box-Behnken I fE1x
TE= R = ACEm s, 2K I
=1,

Biil YPD 85353 50 mL, JelA 2 7%,
FERVRIR 3%, HE BRI ETER 5.0,
10.0, 15.0 g/L, HEHAM 1.0, 3.0, 5.0 g/L. B
iR &M 0.1, 0.3, 0.5 g/L, 30 °C. 180 r/min
JRGH:FE 48 h, HEUE 35 mL T 100 mL ¥
Hidr, IFMA 25 mL 0.1 mol/L NaOH 7£ W54k )z
% 24 h, SRJ5 M 0.1 mol/L H,SO4 A7 i H 5
WL AR R d ot , D SRIEAER HaSO4 (AR
FEAR AR A ()R R B R i
1.12 #HIELE

i i GraphPad Prism 9.0 #4247 4511
ST, P<0.05 hESHEASIEEN; A
GraphPad Prism 9.0 {4 4: & . R SPSS XJ
PR R B A7 4 B3 #r, SR Design-Expert
8.0.6 A i#EAT ik Z st M A5 43 e,
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2.1 FREEERHAYITIE
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Table 1 Response surface design

KF AR B A C Jitlih

Level A Carbon source B Nitrogen C Inorganic
(g/L) source (g/L) salt (g/L)

1 5.0 1.0 0.1

2 10.0 3.0 0.3

3 15.0 5.0 0.5
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Figure 1 Colony morphology and microscopic morphology of ester-producing yeast. A—-E: Colony
morphology of EY1-EYS5; F-J: Microstructure of EY1-EY5, respectively (400x).

T2 FEEBSEREESHMEMES

Table 2 Morphology and microstructure of ester-producing yeast

7S RS

Strains Colony morphology

BRI
Microscopic morphology

EYl FMDOCITEE, RFH, EFaa

The surface is smooth, not sticky, appears orange-red

EY2 KEDCH-FE, AFH, 27lA6

The surface is smooth, not sticky, appears milky white

EY3 FMOLITEE, AFH, 2A0a

The surface is smooth, not sticky, appears milky white

EY4 RIEDGHFH, #i, 286
The surface is smooth, sticky, appears orange-red

EY5 FMOLITEE, AFH, 2R0a

The surface is smooth, not sticky, appears milky white

BOLsiERIE , 2R A
Spherical or ellipsoid, budding reproduction
BOEBERTE , 2R A 50
Spherical or ellipsoid, budding reproduction
BV s BRI, 2R A5
Spherical or ellipsoid, budding reproduction
BOESHERTE , 2R A 50
Spherical or ellipsoid, budding reproduction
BV s ERIE , i 2F A

Spherical or ellipsoid, budding reproduction

22 FERRENESER

T INE 5 RREEERE TR Y BRAE T, 43 I EK
5 BRI BYFP U 200 pL 4705 20 mL YPD &
REEFEHE Y, 30 cClEIREEFR 2d, RAT 1.6 1)
05 AR P EE R AR 2A B, M SET N A
Pk EY3>Hitk EY2>HPk EYS>H kR EY4>Hitk
EYl, WHE EY3 M7 MR BE Jfeo, ik 3
(2.16+0.13) g/L. Fitk EY3 By K i<k & 2B
PR, BERE EY3 7E455% 24 h Ja ik AR E .
JE L ERE EY3 TR AT .

23 SDFENFLEEER

FIH ITS1 #11TS4 5199 H Htk EY3 #%
BERRIRRG X ITS1 X, A3 7514 Bk 597 bp,
B AR R4 A2 22 NCBI Bl PEDEA 7[R PR He
AR RGE R BN, ZRWE 3 Fn, R4
FIE X R IFE R EY3 55 % 8l vn I £
(Wickerhamomyces anomalus) (GenBank % 5% 5
MK343432.1)J7 5 AR I IS 99.49%, RGEA
HH B REM EY3 5 W, anomalus 5 7E 6] — 43
X, W MEEE BY3 RS I A B
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Figure 2 The ester production of yeast (A) and growth curve of strain EY3 (B).

98 Hanseniaspora uvarum (MN337251.1)
71| ' Naganishia albida (MT505682.1)
62 Saccharomyces cerevisiae (OP644188.1)

04 Meyerozyma guilliermondii (MN653214.1 )

97 Pichia kluyveri (MN337239.1)
Rhodotorula mucilaginosa (MT550663.1)
Rhodotorula graminis (D1411387.1)

Cyberlindnera jadinii (KX011601.1 )

98| | Strain EY3 (PP463993)

7 Wickerhamomyces anomalus (MK343432.1)

'_'
0.20

3 ETHEH EYIWITS FIIMENRG L
BR  KEWIEEUELR bootstrap fH; KH
WERRCN 0.20, FoR- P8 MR AL E A 0.20 1
255 5 HF 58 GenBank k5,

Figure 3 The phylogenetic tree based on the ITS
sequences of strain EY3. The node value of
phylogenetic tree represents the bootstrap value.
The scale was 0.20, representing the difference of
each nucleotide position was 0.20. The serial

number in parentheses is the GenBank accession
number.

(W. anomalus), CLHBFIEERM, Su s i
MR R AR A P EE T, B —En
FEHRRE S
2.4 Bk EY3 g N mE R o
WK 4A R, 30 °CHFF kR EY3 A7 s =
m, X5 R EEPIEIY &R SR DU
BRI ARG FRIREE A 30 °CIYSE IR—3K, S E
FHEPWREBR 30 °CK A AT 5
U M PR A 5 SRt — 30 TR Pk EY3 7E pH 5.0 i,
FEER R N (& 4B), F£W pH 5.0 Rk
EY3 M did 7=l pH, FRVE R R — R iR 1
PR TR Bk BY 3 7R RIE & T P HLA AT R v e A
FAME. Wtk EY3 76 L BRI N 7% 7 g
By CFWREE R 9% FkE BY3 By i TG
A, FKUE EY3 1L EWIE T 9%
REAEH R s SRR 1%, bk EY3 1Y
FERR R E D, KRR EY3 7E LR N
1%}, FPERRE 12 BB (B 4C); SR
O T DA 240 L B A A M JBE P 54y, X B B AT B
FEAEFPON SR AR EY3 M BRRE T
PR EY3 1™ i o B R i (38 iz s
AN 3%, EY3 7 g A B i (K] 4D),
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Figure 4 The ester-producing biology characteristics of the yeast strain EY3. A: Temperature; B: pH; C:
Ethanol concentration; D: Inoculum amount. Different lowercase letters indicate a significant difference

(P<0.05).
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(14 7= g 2 3 v TS I AR U (B 5A), AT
VEPETER AN 10.0 g/L B, Hkk EY3 19
FelR R (B SB); WAk EY3 BN R
PR T I H A &R (R 50), A

FERA &N 5.0 o/L I, Bkk EY3 BY77fig &
e (E SD); Btk EY3 dShniig S/
B 1 i 2 = TS I A EHLER (& SE), R —
ST R 0.5 /L i, Hk EY3 0977 g
fR i (B 5F),
2.5.2 EFFHIWNERL
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Figure 5 Effect of a single factor on the ester production of strain EY3. A: Carbon source species; B:

Soluble starch; C: Nitrogen source species; D: Peptone; E: Inorganic salt species; F: Potassium dihydrogen
phosphate. Different lowercase letters indicate a significant difference (P<0.05).

% Design-Expert 8.0.6 JX X 3% 3 £ I 25 ik
12 o530, £ BIRAK EY3 77 Fe & ()4 LA
FIEPEVERY (K1)« 2 F IR OQ) FIE IR — &8 (Xs)
A ) o 22 500 ] AR R AT

PG (Y)=3.17+0.071X,+0.038X,+0.20X;5—

0.043X;X:+0.27XX3-0.028X:X3-0.27X,%-0.62X,*~
0.45%5%,

SR AN, BRWNER 4 PR, HEER 4
A, ZBMA P<0.001, HEE, Sl
P=0.658 5>0.050 0 (N3, i Z 87 5 52 s
PG EEELE, WREMESE, AT TG SR 5
ST RE BY3 FEER R .t P E A, —
I X3, . IRIT X2, ASH I X X XTI #R EY3 7

BRI 25 (P<0.05), T YRIF X, Fl YR I
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X XF bR EY3 [ BE IR A A R I A S
(P<0.001). Hi FAEATHI, & RXE EY3 ™
i 8 118 552 Wi L Ay B TR — S B A I > P VP i
YU s> A R N
& Design-Expert 8.0.6 # {4 X 3 3 K4 it
/& 7 A CINEE S50 o VI 2 ey QEI = iy i
Mg 10 1T S 5 i 28 LI 6. 3D A RLIE Al L& AT
VA P TR A A R R 1 AR ) A R X TR ) T A 1Y
32 0] i Ly A TR g ] T 1R, LRG3 B R B i
(K 6A . 6B), UtH] &8 HAEAIDX EK EY3
7R T . 5, 3R R A 1] AT VAR TE R
A HE T RO 1 T A B U E S A R R R EY 3 77 i
A5 R 2R R R AT EY3 iR

Y 5ZIA o 3D A 8] e LA 1 RV 5 A 1R — R
PR EEXT EY3 J7 ER L RS20 2 B 2 0, Xl
M) % By e oy A 78 TLF- AR [ (8] 6C . 6D),
R eMZ B BAERAE R, MR P Fe
MEEAAMTEG G, RWENXER EY3
7 R 2 AR ALY . 3D RERI([&] 6E . 6F) A LA
T ATV T R R R N R A R T R
EY3 7 i f i 5 1) i) g A5E 50 4 o) T IRDE . HLIE]
B AL, 3% B 3 09 28 BAE TN B bR
EY3 J= i 2 B2 M R0 A B 3, 3R S ) 1
FLAPEERT, X R, FIAPETE VR B A AR fk
XTTR AR EY3 7 T £ 1Y 52 e 58 TR — L R vk
FEAS AR AR EY3 P R R

X TR — S I JEE 7B

x3 WEERERITRE

Table 3  Design and results of response surface plots experiments
Rt s X RV VE A e 2 X 5 Rk A

Test number X1 Soluble starch Xz Peptone

X3 Potassium dihydrogen Ester production

concentration (g/L) concentration (g/L) phosphate concentration (g/L) (g/L)
1 15.0 3.0 0.5 3.06+0.21
2 10.0 3.0 0.3 2.98+0.27
3 5.0 5.0 0.3 2.39+0.14
4 5.0 3.0 0.1 2.394+0.26
5 10.0 5.0 0.5 2.26+0.11
6 15.0 1.0 0.3 2.26+0.19
7 10.0 1.0 0.5 2.324+0.24
8 10.0 3.0 0.3 3.07+0.13
9 5.0 3.0 0.5 2.26+0.25
10 5.0 1.0 0.3 2.15+0.18
11 10.0 3.0 0.3 3.26+0.16
12 15.0 5.0 0.3 2.33+0.23
13 10.0 3.0 0.3 3.37+0.27
14 10.0 3.0 0.3 3.16+0.20
15 15.0 3.0 0.1 2.11+0.25
16 10.0 1.0 0.1 1.89+0.17
17 10.0 5.0 0.1 1.94+0.14
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Table 4 Variance analysis of regression model

1 ZE R FI ¥y F{& PH 2EME
Source of variance Variance Mean square Variance ratio P value Significance
BiF Model 9 0.410 21.23 0.000 3 ok

Xi 1 0.041 2.10 0.190 5

X2 1 0.011 0.58 0.470 4

X3 1 0.310 15.94 0.005 2 Hk
XiXz 1 7.225E-003 0.37 0.560 3

XiX3 1 0.290 15.09 0.006 0 *x
XoX3 1 3.025E-003 0.16 0.704 2

Xi? 1 0.300 15.47 0.005 7 **

X2? 1 1.610 83.46 <0.000 1 ok
X3? 1 0.840 43.43 0.000 3 HkE

5% 2 Residual 7 0.019

I Unplanned item 3 0.014 0.58 0.658 5

4% % Pure error 4 0.024

Al Summation 16

**: P<0.01; ***: P<0.001.

18 1 Design-Expert 8.0.6 H4-Fiili 15 2 e 1+
RIESEFRHTy . AT PEVEm TSN 11.44 g/L, &
FIRAS I 3.03 g/L R — A SIS 0.36 g/L.
IR, B R = iRt 3.21 g/L. AT
B UEIZ R A B, R A R W SR I
e ATVEMEVER RN 11.4 g/L. E AR
i 3.0 g/L. B AN 0.4 g/L. 7RI IR
T, Wk EY3 B BE 4 (3.43+0.22) g/L,
ERMARI2.16 gL 1.6 5, Z5HEE
(P<0.001), SFM{EIEAY) G, KBz R
Al
3 WwE5E#

AT DA 5 I A e 7 S B — bk e TR
BETE, RS R T F S S R w58

W8 IR B (W, anomalus), Hifpe s o g i 55
JLEE N 30 °C. pH 5.0, ZEEWE N 7%, %F

N 3%, IR ER IR AT AR L AR
EOM . L R A8, RINRE
RRH . R TR, AT
B 10.0 g/Ls BRI E AR, HEGEnm
HON 5.0 g/L; SAETHLER MBI AR, Hix
EAINE 0.5 g/L. =R L it fb 45 3%
B XTEEAR EY3 PR & I 52 Y h B iR —
PRSI > R T A VAN > 2 RS I
3D PLARAE R o 8 iR S B — S R A B
SR Fe R S o 3E e e N7 TRT 9 A A i 5 3
M SE(g/L): FIVTEVERY 114, B 3.0,
MR —AH 0.4, FEMAMET, WK EY3 0977 g
HOM(3.43+0.22) g/L, JEARMALZEIR 1.6 %,
25 5 1 3 (P<0.001), 22U S5 PHBIEIY AT
7 5 A % £ (Debaryomyces  hansenii) it 7 i
i 1.17 g/L 1Y 2.9 %, ik — L YL R iz
ik e B B8 LAt
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Figure 6 Response surface plots and contour lines of effects of interaction between each factor on ester
production of strain EY3. A: Addition of peptone and soluble starch response surface; B: Addition of peptone
and soluble starch contour; C: Addition of potassium dihydrogen phosphate and peptone response surface; D:

Addition of potassium dihydrogen phosphate and peptone contour; E: Addition of potassium dihydrogen

phosphate and soluble starch response surface; F: Addition of potassium dihydrogen phosphate and soluble
starch contour.
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