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ity | B A TP N i T 5 At R 25 T T TR AR 1)
1 5 il oA (732 B, 10° U/mL) (AL
(1.2x10°~1.6x10° U/mL) , ¥ 4645 (FP ) AR 5K
AR,

PBS.YPD }; %3 To/K LB A LEN  BEIR |
FSAALEN S 2l (IS, W), B 25 4E 1]
PR FA BR A 7], BGL W& PEAG IR £, db a8
T TR ABRAA,

FORMEA IR RS 5 36 T BB A % . s
KAKIE TR 14 1R G, MAFTCKTTE 2%
WAL 1%L , 60 CCKIS 4 h, FHZ A 0k,
115 *CKH# 20 min, BH)5#H
112 U8 5i%%& SW-CJ-2F M0 d T1F
B, ML TRZETEARA A ;MS105UD L+
SRR i R - R 2 A BRA R G154DS
H B 28R KB A, B () AR A BR A
SPX-25 A fbIEFRAE, T UG IETEAR SLIANAR) s
WFZ UV-2100 $40A] WA et BT, it It Je i
B84 FR S 7] s PHS-3E pH 11, Mettler Toledo 2
A ZHWY-1102C fHIRIRZ 3G F5H, LR ko
BT ASCRS i 3 A7 BR A 71 5 5804R 1 i VA AR B L,
Eppendorf /A 7] ; DW-861.726G PCR 3 [H 7 H41%
R T ER A AT PR B Trace 1300 1SO
AT - RS AN, FEER KB (P ED A
BT,

1.2 RKWH*

1.2.1 WA dife FRBOE S 10.0 g, A
100 mL. PBS, 30 °C, 150 r/min & #1F% 30 min, HX
RS 1 mL BB E 10°~107, ARG B 45
B 100 pL ¥3503%: A5 T YPD [BHARE 33 [ 30 C
TEIR G IR 36~48 h, Phide HAT BT IR TRV FRAIE Y
PRETE I TR Atk 3 DL, B TR
LW

122 WS TAEYFYEE R ITS B80T
PHE Y IE YT B R BRA w I
A5 20 51 5 NCBT B ds 122 R4 7 [R1 R Eb 543

il

1.2.3  RLEERE stk gl e Kbk L
1% A AP T YPD WA R 373,30 °C, 150 v/
min FEPRIGFE 48 h, BEEIE 4 h, BOFEM & I 4 600
nm Zb I GRE 2l B Rk AR R il <k

1.2.4  IRLLEERESY SRR 2 08T B, BRI
ZME BB A BRI 1 o b B A TR ]
TRF B 2T (0%~12% ) FIAS[H) pH {H (2.0~6.0)
YPD WA B 3R 3 30 °C, 150 r/min $7 PR BE 3% 48
h, P2 P 600 nm ARG RE TR 321 .
o3 B H IR TR AR IR 1% 3R 4 PP 2 YPD YRR KR
FEHA 10.0~45.0 °C, DL 5.0 CHMEKBE, L8
ANBRIE 150 v/min $E R KGR 48 h, & K 600
nm A0 G RE

1.2.5  RLZBEERES> Bk BOL BTG PR 2 2 18
BGL B AR & Ul B A5, T A v iy
2, MIEITEAXWT .

BGL(U/mL) = £Vt v i (1)
B

Vo SRR Z I AR B B AR
0.1 mL; V g 0 VAR ZR BT 1 mL; T R SO IS
[4],0.5 h; Lk 300,200, 100,50,25,12.5 nmol/mL A
AR AR (), LUHOX BB AA BRIE AR BR (y) 2
AR AE I 2, 75 B BRI DT R y = kaotb B AA I E
i AN HEE] x (nmol/mL)
1.2.6 B KB e BAGAR PRI E  $R IR SCHR[11]
(77 L BEA T BT A . 2 IR GBI ) (GB/T 13662—
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b JERE S, pH AR pH I E . ER (LAFL
BRI ) M FERR S R & B A shifi e RGN E .
1.2.7  $RRMERRYI BT A TS [ AR A
B - A E -BiEEEH  (Headspace solid—phase
microextraction —gas chromatography —mass spec-
trometry , HS-SPME-GC-MS ) #1744 A& P XUk 4 ot
I3 o B 6 mL FESL T TAS B A 2.0 g 5
FEERFN 2.0 pL NARIE R (2-2F,0.0167 mg/L),
F 60 °C T P47 25 min, FFAEHL 30 min 5 iE47F
SRR JEREERT 230 CHERE CTH#IZ 10 min, 2
7 SCHR 11 J7 2 6 3 K 1 B0 4 8 1 XUk )
AT
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FIMESH RIS BE (National institute of stan-
dards and technology, NIST)11 j%ERZR, &G
PR EAFE BT E VAT, RN AR s A T2
IR ) 57 55 P bR 400 S5 g e i AR LS A T 4
B HRARTR .

x:xo-Ai (2)
0

Ko L VEY ) & 5, mg ;0 N 2-
FRE i mg; A A PR R M) BT I T AR 5 A
h 2—SERER TR A
1.2.8 BEIN  BEIN S SCIRN31HIRE R
Tk B AIPI R b AR A i R2h
B SRR R T ORIE VPN G R OR Ek
N 17

VPO G0 ST b6 BT AR R & PR A T IRCE T
B, R 5 MR I 20,5 s BRI
FESRSS , 2 AFE A AR B LR, O AN AT, 1 (AR
SERIANE) 2 CRIUER ), 3 GEBERRAT ) , 4 (1t Jk
A, SCRFURAD) , BEFE AR 3 Y S
1.3 HIESW

{1 SPSS 27.0 %PHHE #1125 AT, Ori-
gin 2021 HATHUIR B S T4k Bl 2x ], SIMCA  14.1
1T PCA B34 M1, Al H https://biit.cs.ut.ee/
clustvis/#general 7EZE Rl il fE

21 EHKRFIEER
211 AMURASE KR EEAS BN 9 BRI g
i JH-1~JH-9,9 BRIA 1 TR V& B L0 6
SR EARRRDE 250, Fmai B, g
NGEEY— G (R 1), ANFEERETE S
XSRS =R B-TA S & IFE R &N
PEY I B2 S
212 SFAEWEFEE K ITS EEFY L
%% NCBI 34264 T BLAST [RIVEVE LEXT, FE51
S (R, mu—cilaginosa) B2 5¢ U4 5E B 75
KY488461.1 7 5 &M 100%, FHLLEE K 99.53%~
99.84%, KM, P O PRI ARCLLIERE , TR
MRAHCAE B LR 1,
213 LR ER LRI X9 BRE K 48
h PI4E 4 h B9 AEROIRBLIEA TIN5 B T B AR A
A, A [R] G R A9 SEE i S0 T B30 R e 1 22 =
AN HBSE 0~4 h B A T 4B 1, 4~28 h Ry X5k
A 7E 28 h 5, H ODeog (HAEARER /N, IR B RS
EHE 1),
22 KRLOIBSEKN S

AR BEAEET, lERE T A2 3 0 pan R R AT
REA AT AN TPSAS B2 TR RS |9 52 3 2 TR B
B v e R DI %) S R R 2R PRIt 3 e
O R I 2T g A R T TR s AR5 1140 TS 32 4 o 1 i G
RIEPERE

2 HERERW 22,1 LPBEmZYE WK 2 Bros, bEE CREART
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Table 1 Strain sequence alignment results
WEBES  BEE/% ME% | BEBE  BEE%  AE% | AEBEA  BEE%  AE%
o o ;;7"";'
.’.‘.‘J\m‘v "
e 100 99.69 %? 99.69 b 4 100 99.53
—r—— ol "
JH-1 JH-2 JH-3
S
N Al e
'- =y ASiere
/&, 100 99.84 e 99.53 S 100 99.69
JH-4 JH-5 JH-6
' /4 ’t /:,,.?
@l < e
N 100 99.68 R4 99.84 : 100 99.63
JH-7 JH-8 JH-9
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Fig.1 Growth curve of R. mucilaginosa
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T 14 A 7= v ol e & TR 11 XU #5027 1
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B, AR 0 6 1 s £ T B ok B T A IR
fii 32 PR,

223 PRINZME G0 4 Fis  BEE pH (HIEMR,
S WA YR RS TR RS 7E pH 4.0 DL
B, £ BRI B b A A, R
FAFARITHERA, 16 pHAE R 5.0 I, 25 Wbk
A KA, Y pH (ARRKZE 4.0 LUTHF, A K225
W, BREE (pH B ) /AL G BR1E B 5 A& Tt i vh

TSI AR, PR3 T 1) T 52 M T
BERAREAE IR PRUEDY, S5 RRB ILL R R AR BT
REEHTRERS A . 4R 5 R R ok
Az b R Y S R T DU I B TS (Wicker-
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vol~6% vol'”,
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Fig.2  Alcohol tolerance of R. mucilaginosa
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A= 1) BGL BT 14746 46 i a] 25 S5 FRh N 22 55, i
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Fig.3 Temperature tolerance of R. mucilaginosa
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Fig4 Acid tolerance of R. mucilaginosa
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Table 2 Enzyme activity of B—glucosidase of R. mucilaginosa

Atk BGL #7%&/(U/mL) Bk BGL B4 7%/(U/mL) Atk BGL B7&/(U/mL)
JH-1 378.1 £17.6" JH-4 253.7 +18.2 JH-7 393.4 + 237"
JH-2 421.7 £21.2¢ JH-5 394.7 + 14.4> JH-8 478.1 +26.7"
JH-3 339.2 +26.9" JH-6 464.0 + 24.4° JH-9 492.2 +24.4°

TE AR 2 /0 3 50 SEAG 30 A “ S ELAR 22 s AN ) P REACHRAS [ TR BRI A 1 SB35 M 28 57 (P<0.05) .
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Fig.5 The types and contents of volatile aroma compounds
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in each fermentation group of the simulated

fermentation experiment
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Fig.6 Heat map of volatile flavor compounds
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K H 535347 (Principal  component analy-
sis ,PCA) FEA Y 0] F2l N #5 P& S5 1 22
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Fig.7 Correlation analysis of different strains and volatile substances in fermentation broth

25 KRABEE JH-6 STRIEERFGL L EERS
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251 HBFRAR  XTHTEEANS BRSSO O A
ARERAE B TN , 25 R N2 3 PR iR A e
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Table 3 Physical and chemical indexes of simulated fermentation of Huangjiu

B AT B V=33
R AT — —

b ek X pogices: R4
pH 428 +0.05 433 +0.08%* 4.24 +0.08 427 +0.04
B % vol 11.90 + 0.00 11.90 + 0.00 16.80 + 0.00 15.10 £ 0.00%
iR AE/(g/L) 37.21 +0.42 36.28 + 0.04* 26.28 + 0.46 25.92 +0.53
BB (VASLBR )/ (g/L) 4.83+0.19 435+ 0.27* 4.95 £0.27 4.80 + 0.60
RAB SR/ (g/L) 0.22 +0.01 0.24 +0.03 0.36 £ 0.01 0.37 £ 0.01

TE BB 2D 3 UL AR Y P (H e b 22

252 ERVEXBKRYE R HS-SPME-GC-MS
X e P T4 R M R ) B b A 7 0 B, Az
2| 63 PP LR, S 28 FIHESS 12 FhEEE |

o F ARG BB AN I A i 2 (R A7 i S5 PE 22 57 (P<0.05)

11 FREEE 12 FppR2e, Hirp BR2 52 RIS FIE
IR L BB ) B R (PR 4),
e B (R AL) R ER R Y B, W 2R 5 G g
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IECMROHE 3-BETROME 3-FNMRORES 17 JH-6 LM T BN A KR oY, IF
R TR, RS RA R AR 30K A TR B AR R A
IR LW EAT W 0 AL T MR A, X R B

R4 HREXNEBEZELEXERY RS ERM0

Table 4 Effect of co—fermentation on the content of volatile flavor compounds in Huangjiu

" Y A2/ (py/l)
EX oth & AR CAS 5 prevyn FrpTem

LEES LB CBs 141-78-6 13.82 + 0.94 11.56 +0.21%*
TR ST B 110-19-0 0.29 + 0.04 0.25+0.11
T8 LB 105-54-4 0.11 £0.05 0.19 = 0.01*
TR S % B 123-92-2 85.47 + 17.00 94.61 + 3.35*
IE B LB 628-97-7 110.53 +5.37 115.41 +6.11%*
SLER TS 97-64-3 1.17 £ 0.05 1.63 +0.25%
FER LB 106-32-1 0.26 £ 0.03 0.23 +0.02
-BRATRTE 5405-41-4 1.66 = 0.26 5.02 + 0.59*
B B 112-32-3 0.46 +0.09 0.36 + 0.03*
v-T M B 96-48-0 0.75+0.18 1.35 + 0.29*
KB LB 110-38-3 0.06 = 0.01 0.07 £ 0.01
K R L Bg 93-89-0 0.04 0.01 0.07 = 0.01*
2-F KRB LB 6938-26-7 0.89 + 0.09 1.12 + 0.2
TR THE 123-25-1 0.15 +0.00 0.17 +0.03
T B AS 105-85-1 0.34 +0.01 0.34 +0.04
K LB LB 101-97-3 3.43£0.10 4.07 +0.4*
LR R Tg 103-45-7 19.01 +0.52 22.55+2.51*
3-RK R LB 2021-28-5 333.29 + 7.45 434.54 + 12.42%
3-FAFBR OB 7367-90-0 0.13 £0.03 0.24 +0.01*
AL B 104-61-0 0.43 £ 0.04 0.61 +0.14*
6-T A &5 502-44-3 0.21 +0.01 0.29 + 0.06
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Abstract Objectives: To obtain a stable Rhodotorula mucilaginosa with excellent aroma production for enhancing the fla-
vor quality of Huangjiu fermentation. Methods: The optimal fermentation strains were selected from nine isolates by ana-
lyzing tolerance, B-glucosidase activity and aroma production characteristics, and co—fermented with Saccharomyces cere-
visiae to investigate the effect of co—fermentation on the flavor quality of Huangjiu. This study further used headspace
solid—phase microextraction (SPME) and gas chromatography—mass spectrometry (GC-MS) in combination with sensory e-
valuation and physicochemical indexes to investigate the effect of co—fermentation on the flavor quality of Huangjiu. Re-
sults; Nine strains of R. mucilaginosa were identified and screened. All strains grew well under the conditions of 10-35
C and pH 5.0-6.5, with good low temperature and acid tolerance and high B-glucosidase enzyme activity (253.7-492.2
U/mL), and the ethanol tolerance of different strains varied greatly. The content of alcohol, aldehyde, acid and ester in
the fermentation broth of JH-6 strain was significantly higher than that of other strains, and it had good aroma-producing
performance. The co—fermentation of R. mucilaginosa JH-6 and S. cerevisiae with Huangjiu conformed to the national
standard GB/T 13662—2018 of Huangjiu, and compared with the Huangjiu produced without inoculation of JH-6, the
alcoholic strength was lowered, the content of ester was increased, the texture was soft and harmonious, the aroma of
flowers and fruits was prominent, and the flavor quality was obviously improved. The flavor quality of the wine was sig-
nificantly improved with the prominent aroma. Conclusion; In this study, R. mucilaginosa was systematically screened and
evaluated, and a strain JH-6 with good tolerance and optimal aroma production characteristics was obtained, and the
flavor quality of Huangjiu was improved by co—fermentation of this bacterium with S. cerevisiae, and the study provides
technological support for the application of R. mucilaginosa in the fermentation of Huangjiu.

Keywords R. mucilaginosa; screening; aroma—producing characteristics; Huangjiu co—fermentation; flavor quality



