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S REIRIRTRAE . F53E  HEHIH 26S tDNA J741 43 Hrid X il vh i e BE B R 700 s S5 a2, Bl
VRORR 2T 0 T v f U TP R TR, R P SR €8 3% - B i B P 7 4 B 2 KT v Fg XGRS, ] i s >R ) 2 e
2 F S A BTS00 i s 2 SR 25 . R BRI M 3 MONBIERERE, 1 B0 U RREREE; oK
S H R ST o A TR, JUIH R WA R 225 H R TR & o 35 IR T3 TS (P<0.05); XU T LA |
RN E, WIPRCRE ., BRINIR MR, TSR0 BRI ZREY 22, 2K b 4 20 MRFORS 208 & 4, 23
TR IR & i = T 60%, [RIRT 2050 & e DR AL L B Tl R R . 4538 R LRI Y R B LA BE &
Bl E, KA S R SR & A FRAKY, BBEE EART I BRI R,

KB ARILEORI; BREE, SRR, Wess sl Em, R M Rk i o

Isolation, identification and quality analysis of yeasts in the brewing process
of Dongshan old rice wine

LU Hong-Yun, LIU Si-Yu, LOU Hang-Hang, CHEN Qi-He"

(Department of Food Science and Nutrition, Zhejiang University, Hangzhou 310058, China)

ABSTRACT: Objective To explore the main yeast strains, typical flavor components and changes of ethyl
carbamate in Dongshan old rice wine by studying the fermentation characteristics of traditional Dongshan old rice
wine. Methods Firstly, yeast of Dongshan old rice wine was isolated and identified by 26S rDNA sequence
analysis, the ethyl carbamate was determined by high performance liquid chromatography, and the volatile flavor
compounds were determined by gas chromatography-mass spectrometry instrument, at the same time, the free amino
acids were determined by amino acid automatic detector. Results Three strains isolated were Saccharomyces
cerevisiae, and one strain was Cryptococcus albidus; the content of urethane in rice wine was at a relatively low
level, especially the content of ethyl carbamate in aged wine was significantly lower than that in new wine (P<0.05);
the flavor substances were mainly alcohols and esters, such as phenethyl alcohol and diethyl succinate, the esters
were gradually increased with the aging of the wine; the content of histidine and arginine in rice wine were higher,

resulting in the bitter amino acid content in the wine being higher than 60%, while the amino acid content was
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gradually decreased during aging. Conclusion The fermentation of Dongshan old rice wine is mainly by yeast

fermentation, and the content of ethyl carbamate produced by fermentation is at a low level, and decreases with the

aging of old rice wine.

KEY WORDS: Dongshan old rice wine; yeast; ethyl carbamate; free amino acids; volatile flavor compounds
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PRIz QTP Bl NI E AR 5 Woa 37 e
FIRAAFR L X BT = ARG L B SRK, 2R TR RIS AT v
FE. BESRERKRN, B2 ERRT YR, ATER
FIBFE . BRI KT (O R A QnE, H#tnT A REE
B, HAFEIZEFF . EFAFNH . &7 5706 ST, 2K IR
F9E | BARBL AT ALK AR SRR R R 4
BT, HFRET T R IR N E S 2R Y, PR
BLESh, BT AW . ME%E, WAREASRE, B
AR R T e T A —E RS o
FES I BRIAR S 8 T R — R T A ISR | A Hi A Ab S 6 46
T 8 P GRRR AP, 3R TR 22K 60~90 YRSEH, AN
Peit, FNSCI AR AR EIE AL, i DNA ¥4
BT AR H R, rDNA FE4) 4047k sl bk 22 s 1 T
i BE T B A 252 T P L TRNA. G5BT AR ST L A,
PRAFPE R A IR ) SR O R, R PR R A=
HIAHEAZBR A1 . 7E rRNA 5, 26S rRNA A RNA /Y
—EHE, 26S tDNA Z2hEi% WV FE L, 26S tDNA 74
LN B DL E R DL, B T B AT B . 268
rDNA [ D1/D2 X3 F AR IER 5755, FPFIH A 600 bp
2Pl GUTEL 21Vt 5 26 W i B IX S HLAT i A28 5%,
AU TR R R BIE M TAMRZ B 1 43 25098 . BT — X
U G A I B D 4325 T ) R R I AT O vk T
S Z AN

R AR WA R I e R A AR A
Y, KAz — g EY R, 3 R 21 ethyl
carbamate, EC), ZJ&H MR L Eae—FifE i sl £ 2 Ak
Pt S BUER 2A KBUEIECS, W R A Rk
hh . RREPDREYORR A, W | A 0 TR,
52 2% BB W B B 0ok 45 b RN 7 A — R A AR T,
AR 2 BE R DA R HE R A KR I3, BT T R Ll 2 ki
AR AU

AT, 5&F 4 K0 A OF 53 38 42, B A
UK M 26S tDNA 4585 J7 06 AR L 28 0K T T ags o 72
W RE P IEAT AT B 508 o RS, IR FH R RORH B35
AURE - ST T I AN R B SRR ) 8 A3 BT AN 5 o A T Bk
KB A E Y EC DL R S K KUK A 56 4
B R R M R S AT A AR D, LA AR T
B B FF R FIVTAN $2 HE A 9T Bl

1 MiE5ERE%
1.1 w5

1.1.1 & #

Hi SR Ol B A6 RS T A O B . S RAE Tl
HHIP A
1.1.2 3#H&%

1% 51 B T 48 25 0 35018 1% 9% Bk (yeast extract peptone
dextrose medium, YPD)K5 7 3k: 1%[2EHR W) | 2% 1%
2% AT . 2%3E, WK UM AR PR A R ]
1.1.3 & A

EREE(ERESE, I Aladdin 23 )); 9-¥2 KL (45T
98%). EH:HITR Z M8 (4 =99%) (35 Sigma-Aldrich 2
), HEE(EIEa, REEMAL T AR A F]); AxyPrep 4
FE[AZH DNA /p il #8776 . DNA S8 G £ | Taq
DNA Z4&T . DNA marker( |15 e YR A BRAH).
1.2 UFE5E%

RE-52AA JiE ¥ 7% Kk #% (Jb 52 W o B AR A28 T );
VITEK2 Compact fil 24 97 % 2 A (325 ] A Py it BL 3 0 ) );
ALS-1296 PCR {¥(3%[H BioRad /A 1]); ABI3730-XL illJF1%
(3E[# Applied Biosystems 23 ]); ChamGel 5000 $E MR 5
G AL EFEE ANV R A R F]); Shimadzu LC-20AD &
OB A [ Shimadzu RF-20A 5 A6 I F8 0  AH T
PR Ci5 23 B541(250 mmx4.6 mm, 5 pm)](H 7 Shimadzu 23 &]);
S 7130 Z IR F 34X (FEE Sykam 23#]); 7890B S AH (A
HE-5977A i (A4 DVB/CAR/PDMS # B3k, %£[H
LR A R A A,

1.3 ZBREBEHNERRIRESE

4 1 kg HoRIEWE 3 KUE, Bk 12 h Gt 8, A
BARRZE N, WIRNA 2~3 WD EEHOK, LABE kK 43R 2% K i
FHEOED . ZEAEOE, MIREEE 25~30 °Cla, A
10 g Wi PEa) )R Ll . KB IEBON, BOM SNk 4ksE
Ko B o iE P TRRIR A B
14 EBEENSS

BT R L GHVEE R L AR AR R 200 G R KR R R
F 107, 10°, 107 WS IRAT YPD M, AR IETT 2
WVAT. BeFha ST 28 CCHEFRAARE IR 1~2 do B3
R . A AEGE T, RN PR B
FHE B TS, MBS IR . Bk, EE RS
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2~3 R LAY B Al AL B RE T o RS 3] 4 BRI BB T 1O T
B, AW RE 1. 20 3. 4, WaifbiEEEREER] YPD
RERI FRFE, AR T 4 CORFE PR

1.5 BESENEE
1.5.1 #wAMEA

BUDRTEF RIS i, B2 AR, BT BME TR
KA R 2
1.52 AEAMKLT

S 25 1 i U S T vk, TR R A AR A AL S
FEAaE: AR BRI LSS & I SE 5
1.5.3 26S rDNA 4T %2

(1)E#EE DNA $2H

K AxyPrep 4N LR 4] DNA /Nl 435 &k AT
FEIL

(2)PCR ¥4

P 1Rt R A FIR A U 26S tDNA E
FH B 4 26SF: 5-GCATATCGGTAAGCGGAGGAAAAG-3;
26SR: 5-GGTCCGTGTTTCAAGACGG-3), % -& W% 52 1y
(polymerase chain reaction, PCR)¥ ™ ## {& & fu 5. FL[H 41
DNA 1.0 pL. 10xBuffer(# 2.5 mmol/L Mg®") 5.0 uL . Taq %
4 1.0 uL .dNTP (10 mmol/L) 1.0 pL . 26SF 5[#J(10 pmol/L)
1.5 uL. 26SR 51#7(10 umol/L) 1.5 pL, ddH,O 39.0 pL. %%
BRIRST, MBS BLOWCE B MR EEK, £ PCR ¥
X _Fi4T PCR J L, PCR B 45144 95 °C. 5 min; 95 °C.,
30's,58°C.45s,72°C.1.5 min, #£45MEFF; 72 °C .30 min,
RN SERUE, B3 uL PCR YT 1 %3 IR EaE I H kAl
ik PCR ¥4 Bt

QYA E 554

B A A4l )5 19 PCR 77 4, i I F 4R
ABI3730-XL #17 DNA W . ¥ PriZH e 26S rDNA SE[A
J¥ 3 [A GenBank %(4H % AH 5 B A& 11 26S rDNA FE [H 751 b
XF, T RGER BRI
1.6 FEFRRZEEMNSBRHEEER
1.6.1 ARBRIR 6 B b

HERAFREL 3.6 mg &3 R L BRFRUE SRV T 30% H 1
W, IFERE 200 mL, 155 18 mg/L HIbRUERG & &
FUEEL 2.5, 1.0, 0.5, 0.1 mL FRifERERT, I 30% P ELE
AE 10 mL, FHFEWE S50 450, 1.80. 0.90,
0.18 mg/L A2 iR Z BRFRHEVA IR
1.62 HmegTRAE

I 20 mL 7R L ZEKIEAE 5, 55RO RIR S
I, EEHER 2 K, WHEBUSH 40 mL A PR IALE
55 °CHM T B e Kk, MFERmIEI TS, 2T IR
2 mL 30%MH i, HESIARTRIGE 10 f5.
1.6.3 H&egiTA b

U1 mLAREET B, IR SE R mC fil i AE )

1.5 mol/L FY£5/% 0.1 mL F1 0.01 mol/L FY 9-F3 I iF PR
W 0.2 mL, FHRG & FIRGBRME MRS, B R R
EAERTAL RN 30 min 2247, FF RN 5848 E dEREI e
1.6.4 ZHECERA G54 EE 51t

%Y Cig SOAHAE(250 mmx4.6 mm, 5 pm); Killes: 2¢
SR, B WEEFK; HR: 35 °C; #FFEEE: 20 uL;
BRI 233 nm; ZSHEK 600 nm; BEEVERGEEFE R 1,

=1 FLUZXRETFEEFRIERVNNEERYE

Table 1 Chromatographic conditions for EC determination in
Dongshan old rice wine

A5} [f1] /min i34 /(mL/min) /% IKI%
0 0.8 61 39
40 0.8 61 39
42 1 100 0
50 1 100 0

1.7 EEZMRKRLERINE
1.7.1  #IHBFEIR

B 4 mL EKEHE S, A 1 g NaCl, IRGHI7E 50 °C
S NEESE 15 mine SRJF MR EE IR AZE K, FHTR
25 EAAMAEBOT L, AR R RIB S 30 min (50 °C),
S5 5 4 2R TSk, o 2R K 4 ASUH 3 - TS (gas
chromatography-mass spectrometry, GC-MS)EkFI{Y, #EH
4k, F 250 °CEK 5 min R RG-S
172 F&Ht

Bk &M BRESAAR, Ny miEEE, HiR
1 mL/min; #EECIREE 250 °C; BFTHE: AR LA IR E
40 °Cff4¥F 5 min, LI 5 °C/min FHEZE 230 °C, ffafffF
10 min; Ji 3% 45 14 HL 8 07 3k HL IS 55 L 5 (electrospray
ionization, ESI), H,FHE&E 70 ev, FHiFE 35~550 amu,
1.7.3 ZHEEFE

FH Agilent MassHunter Qualitative Analysis B.06.00 %%
PEAb PR G, Wi RGN NISTILLL 35 B X
YT M AT HEAT AT, AR 25 ) o e 1 o 15 11 5 s
BAH 2R X A DT B BT, O FH 0 T R — A A
XPRERE, 193 HEAR M AT AR
1.8 HFESERNE

2R i S S R R % i R 2 2R A B A i U
1835], ZI8 GB/T 5009.124—2016 ( & %L EZRE &
i PRI E ) B R TINE
1.9 BUELIE

FIA LR EENE 3 1k, 45RECFHIE, HLOFBIE
HRUMEIR 2E 2578 o 5% SPSS 25.0 #fh i s2 i Bicie g ik,
[ B ] Origin 9.0 #2425 ] .
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2 GER5HH

21 ZBRBEIREMMPBERENSELEE
211 RF) AR A TR A AL R AT

AT T PR L R i 5 G 24 A B 3 4 BRI
Wik, 2 AR, HARE R IR 20 R 2 AT
DB 1. 2. 3. 44 VITEK2 Compact #§H B4 H
A R E SR TR 1. 2.0 3 XN mRI R
(Saccharomyces cerevisiae), W ¥ 4 N A A 2 Bk &

(Cryptococcus albidus).
2.1.2 TR H# 26S IRNA & B 59 fo £ 6K 5 w57
Gy FLEW S DTS HET IR, R T — B Sy
TELURA 2 19 TR R (), AR SR AE R FR DNA J¥ 5
orHT, HAEERR . B0, BRI, BRI
Oy RFIEE R, HITAER R, 25K RE U A B8 K5 i,
U, ¥ Z RO IREE A T IR A S5 A A I,
KA R A 26S tDNA JFHI LS E X 4 ANTRRE,
HBE 1. 20 3.0 4 /9 PCR YK ENE 1 FiR.

R2 TREHREEEHEEER
Table 2 Identification results of physiology and biology of different strains

2 Hibk1 k2 mbk3 bk 525 b1 G2 b3 fbks
LA - i - . D-IALHE L - i - .
LR LR
SEAR W . . N . AERER L
AR D-INALEER L - ) - N
SRS R ; . n N
W EE R : i - N
W RS e i i . . BT : i - .
A-N-L IR B DL N " . .

JH i

PRI i i - . DA L : i - N
AR i i : . R L : i - N
P FLB L . . . LBTRAA AL : i : -
Sl R A i i - . DSBS i : i - N
D-#i %% F Ak + + + + L ROK i - - - +

L LR L
ﬁgﬁiﬁmw AL : i - N
DA IR - i - . DLA L ; N .
)RR WAL 1L ; . N
DL . . N . PR L
DT ; . . . WAL L N
mi;%%g” LR
DA g . . N IR EERREL - i - N
DML ; N-2. Bt A L
Dt WAk : i - . DA AL

TE: RN PSSR, SR BIESR
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LR EH, WAk 2. 3 MFFIFE Saccharomyces
cerevisiae [ [RIIEMEARITE R 100%, FEALFANE 2, B LA
MBI EEERE; BRE 4 BIFFIS Cryptococcus diffluens [
RV R, HRGHAMME 2, LG HAEA LS
Mrak 3, WHE 4 "N Cryptococcus albidus B9 ] REPERE K
22 RUWBKRBHFSERERIEENSEDH
ARG 5 AN E TR . PRERZR LU 22K rh 2 B H R
LRI F L, LIRS RANE 3 s . B IR L HR 2 2A 28
Hom, EIVERAEANE R EC SRmMEHTREZ
W, AFEYIEL . Akt EEE A TR AR Y EC R

o EL ARmEKRRRER P90 2 A FIORHIN 2 1 3 3095 ey, FU 01T 6 i
Fig.l1 Electrophoretic band of different strains R R B TR R 20 ANRE T 2 I 2 i

R 1 $2HUHAY DNA T ToEEbh s, Jovk e Ht Mo, EWA 15%0E Y EC F=IKF 0.05 mg/L, A
HFES), %FH S 3 BREERRAT 16S tRNA JE R F51) [7) 1 g 40%H B 1 EC & T 0.05~0.10 mg/L Z 8], 4 45%HY

Saccharomyces cerevisiae CEC Rmab-1-40
100

Experimental strain 3

Saccharomyces cerevisiae strain D3C

Experimental strain 2

Saccharomyces paradoxus strain SMCHS

0.001

Cryptococcus sp. HB949

Cryptococcus diffluens

Cryptococcus diffluens strain CBS6436
Cryptococcus diffluens strain UWFP-359
Cryptococcus diffluens

8

W

Experimental strain 2
80 Cryptococcus diffluens strain CBS 8984

Cryptococcus diffluens voucher UFMG-HM-88.2
Cryptococcus liquefaciens strain UNS0

83 Cryptococcus liquefaciens strain UWFP-357
74

Cryptococcus liquefaciens strain IGC2934
67| Cryptococcus liquefaciens strain CBS968
Cryptococcus liquefaciens strain MZKI K-493

L Cryptococcus albidosimilis isolate OF-17
Cryptococcus albidosimilis strain VT T C-04508

Cryptococcus albidosimilis strain Y2

95 Cryptococcus albidosimilis strain CCFEE 5406
11
24" Cryptococcus albidosimilis strain SN053

Cryptococcus sp. NRRL Y-17490

Cryptococcus albidosimilis

0.002

K2 AF R RS
Fig.2 Phylogenetic tree of different strains
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FH R EC SR T 0.1 mg/L, oA EC B3k 0.242 mg/L.
PP 3 ATAL HIRAR LUK EC &&= F 0.10 mg/L, 1
FRERAR LLZEKRIE Y EC B AF 0.05~0.10 mg/L Z [,
SUNHTERAR KRB BC S8 58.7%, LR REH,
AR TR B0, ALK Y BC e A2 L
N, JEHERRERE KT P Y EC A B AL T HAR A

R 73

B3 AR KA A 7] R R A X B8 HY IR 2 R 3% 1 RS20 (n=3)
Fig.3 Effects of different fermentation state on content of ethyl
carbamate in Dongshan old rice wine (n=3)

23 FRUWWZBKRBEFELMERRIE S E ST

MR P T 1 DT ) SR R 2, T v 14 o o )
AT R e A (48 R R PR R IR, BT R Aot
HRAE RS Z R IV E R W] LA A DU RR 2 R 32 2R
S RS, ELAS [ I B0 v 0 XU ) S e R A
B PAAAE—E 22500 ALK RESD GC-MS
PRI AT AR 179 3 SR M R S R ARG 5 b n 3 3 BF
R, HAMKRDAREBRZR YR o BBl R 7 b
RYERERYIE, S 17.58%. T 8.15%. WRMRH A
T 8 A TR MERURY T, SR 11.19% . BEZE 10.10%.
IR . BRER R s FAG T —FIEE, BRSO B, RORE
SR AT R BRI S B s AR AR Y, HAT L
PR AR, TR KT KR . AT A bk
I 20 B R R TR BRZE, JUILRBRRL, KT S
FIEEZS, BREIRCERAL, JABBRIS O i A TR . 76 & %%
AR, BRI AT DL B S e R 2 B (A R A S A B,
AT LGE R C R A R RN A R — Bk, e
e 5% B R R O TE GRS 2 B LA 1 Y, N R ER 23 He
HIRMERSSZ . AN, B R A TR, RS &
B, AR B KT IR KU () LR 2 —

24 ZREBEDHEIEBRNIEDN
ARINERIE R, B AR P A0 2 2 R 5 i ik

4 TR o HTERFRER A S B R R A A D 641,65 Al
574.72 mg/L, H AT & LR M AR 228.91 A
190.80 mg/Lo BiFRAY 0T IR & it FLBRIR L 2.48%,
HBRT FHi e AR 2 IR AR T R 4h, RN
IR E B TR, KA, R
B R B i W T kA

F3 FRULZARKBEPHELERKYROE S E(%)
Table 3 Relative content of volatile flavor compound in
Dongshan old rice wine (%)

JREA ) 5 B 7R

K OmE 17.58 11.19

BEHIR — 2 g 1.33 4.90

¥R B 6.07 1.58

LRSI G 0.75 1.05

IEC R 2T 1.13

FLE2 LB 1.44
HH 0.61

2,4- AT R Wy 2.60 0.98

L-3Li2 5.18 4.52

T BN AR

KL HAFERR FA TR SR, B0 A ff bk sl R
W, TR B A LR A T TR T IR A XUBR, [RIRE Yt
A 28 25 102 K A e A 1y JRUBR 240 3 v s Rk ) R ok &2
T 77 A R S 5 R 2 AR, (HL /D B A 5 R 2 5
FRENA R F 3 & A R, B0 P AR 20 44% 1
FIERRPS ., i 4 AT BT . BRERAR LS K e
IR EAY R 68%FN 64.4%, W5 T W0 vh i) R
FER S, FITAR 1L AT AR X T BT R .
5] (stimulus  threshold) 2+ B — 17 A g T 75 425 1)
ANHIR R, AT B A AN R B T B0, AR
ZERTT LR IR, AT 8 R 43 v PR L R R 1 1 TR R
A B R, AR R P TR TR AN . (R AR
2R A 2R O Bt v T B, R, oK rh
F18) 2 B A S R ) R 4 2 R RO P,

3 & 1

A 26S tDNA FF 811434125 %5 MZR 11 26 AT i
FireR o BEAS R 4 Wk AR UEA TR A5 0088 B A FAE A e o )
%, Bl DNA, £ PCR §#4)5, W%t 26S rDNA ¥
B, 5 SR P A AT IR . BT
TE, 3 MONERBEERERE, 1M I BRERE, BPAR LRI
P TR Ry 2 o AR 1L K 4 2 e A TR R Tl B
KB RP A AR O, (R OB &t
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Wb TR, HBEH &AW PR MR, R A fA
ARG A o AR L3 KA H RS 8 XU o LA P 2 2
B 2 KT I FR AL, T P A TR 28 S R, RS A R
e ARIEAKIG p s 5 4% Fhily 2 2 518, (095 8 Fhubdi
HR . HrPHEAMRANE AR SRR, SNk
BRI T 60%, [N RER Bl S e i o7, 1Lk
TR TRl IR 5 BB T TR . ABFSEXT 45 TR
L1 5 KT B T £ TR XU A2 AL S A3 PR AR A

F4 RUZKREFHHEEER S Eme/L)

Table 4 Content of free amino acids in Dongshan old rice wine

(mg/L)

%5 HHMR i ORI R
REHR  39.61 38.89 100

TR 19.89 18.08 260

HRTIR 1) R i =R 49.51 42.11 300
AR 38.68 32.61 150

PUEAN v 7.16 6.44 50

SEER 25.03 20.99 90

SRR 70.11 47.00 380

ik R 43.61 35.15 90

I e

RNER 6.63 7.32 150

=R 42.32 38.99 20

ik 93.80 82.56 10

2 AR 23.47 21.88 /

HRAR 66.34 62.82 /

AR 28.47 39.84 /

HoAh Z EE R

R 62.82 56.08 /

v 5.11 4.59 /

Hisie  19.09 19.37 /

SR 641.65  574.72 /

S IR EIL R 436.34  370.13 /

W R 228.91 190.80 /

T RN

SE
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