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1 #REFEE

1.1 #R 5K

LL1 Btk A bk .912 Bk bk i
S5 2 S DAY Y A JAR B v AR I | XU 5 TR
ZE TP T R T R TR 2 R SR R R R 3
afifk,, 80 CLAME T 40% K B HImE b, I 95
PRRVR , W1 25 LA 7= X T 4 B+ 25 b iy
BE+ R IT A 45 . B0 . GFC-1, GF 4% 3 [ XU
BT, C FRREER, L RERRT S,

T FAE R Y B B 3K A 98 B B B (TD-n),
T Laffort 24 A .

1.1.2 Kigedd  YPD ¥E3R it . WebbE R 10 /L, &
1l 20 o/L, #4548 20 o/L, A 2% pH {8, B AR 57
B ABLHE 20 ¢/L, 121 CK I 20 min,

WL 535 58 0 A0 at Sl 2 AR Y HOR A BR5F
TR T, FRBUARFEfh 80.25 ¢, IMA 1 L 258K,
TARE I A, 121 CCK A 15 min,

i T 4] i %5 7 BT 2R 1R 10 g/L,NaCl 5 g/
L,CaCl,-2H,0 0.1 /L, i3 80 10 g/L, i fig 20 ¢/
L,pH 6.8,121 CX B 20 min,

K IR B EERER Y 10 o/L, B 1R 20 ¢f
L,NH,NO; 3 ¢/L,KH,PO, 4 g/L, %% 20 g/L,
MgS0,+7H,0 0.5 g/L, it 80 10 ml/L,

B 49 VT B Ir 2 7% BB R vk, Horb A
BN 115 /L, B85 115 /L. F 0.5 mol/. NaOH
P47 pH {H % 3.5,

113 BUf BRI, Lt B R A=)
TARA RA T TOKHEWE FTEEIR BEIR S 50
W — AB kiR 80 S BE K TR AR W A= W e
ARA R 7] 5 X 8 2K W (p-NP) 4-THHE R AL &
2 T (p —nitrophenyl acetate ,p—NPA ) 4—fif§ 3 4 3
T 121§ (p—Nitrophenyl hexanoate ,p—NPB) .4—fi &
ARIEC R (p-nitrophenyl butyrate,p—NPH) .5,
S5—-TFiF-2, 2— Al R R B R (dithionitrobenzoic
acid, DTNB), ©iglErtAwRHHRAR; 1IET
B, REBEmOCERH R RARAE ; LW A

(acetyl coenzyme A ,acetyl-CoA), A EfE3EA:H)
AR AAT 15 P R 00 &, 0 M A 0 AR
BHEABR AT,

12 UE{5EF

LDZX-50KBS 37 : = JE 285 K i 4, i
GEEIT A ;pHS-3C pH it, L HEMEFRITH
PR 7] s GZX-GF10- 1 6 35 55 72 4 , b Rk s g7
AT BR 2N F] 5 HL - RO g R —FE R 24X
AR T SW-CJ-1FD @ TG, FilEERE
BT 2 MA BR 2 W, TU-1810 Al W43 Y66, b
1T A BR A A
1.3 Ak
1.3.1 FERERRMRIGAL A BT . BRI K
1 A N A O N I =R 7 < O 1 R
T WL 5353 28 CHi % 3 d J5 , Bk BUE &S BLAL Y
HVE %A S0 mL K YPD WA ks 353w |28 CHE
R FF 48 h, HFIa 2k .

T oMl A TG P R SR A 7 [ R P T R
(0.3 /L) T 10 fE AR B ZE 8K | 28 “ClE /K I
20 min; FHITA SR BRI A 45 7, 25 ClHE IR K %
15 min,

1.3.2 i 7™ i i B ok 1) O 32

1.3.2.1  EPEfiE RS MR R SR T
Pk Tl 400 073 435 77 2k | 28 CCAE IR B 3% 72 h, B A BRAEGE
T30 T BE TR VR 23 X IS i AT K i, AE TR R LS
UL 1 5 P s e,

1.32.2 PBEEEN 1 &M E 2% Perez—Martin
SECOI Ik WEAEAE L, U R TR TS R 5%t
A 50 mL K EERE SR 28 CHE SR 48 h, WIRUA
B S mL FE.O% % ,8 000 r/min 4 CE L 15
min, B3 W BN AL BER . 5 mL B0 & A
1.72 mL pH 5.0 #7158 B2 — W 2 2 +h L (0.1 mol/L),
200 wL KA 5390 5 80 Wl 4—Rl LA 2 TR g (p—
NPA) 4-fifHA T MR (p—NPB) Fl 4—fi B8 O R
fii (p—NPH ) Z B35 7 (25 mmol/L) TR 4,50 C ) I
30 min, JIA 200 wL Na,CO5(0.5 mol/L) i ¥ 4 1
SN, #E 400 nm i K A0 I W R % REZH 2%
AR LB RS REA 3 AT

M8 b o Bl 28 (y=0.0151x-0.0038 , R? =
0.9994) i3 Fe ATl % 71 . 1 A PRI EE RS ) X
(U):50 CE&MT BB B 1 mol X i 48 3
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JIT 5 (A Bl BEALLLT A 20 K 454 . A 30 mg/LL SO,

1.3.3 &7 AAT BBk B9 0 1

1.3.3.1 EEWIT 2% Goulet %Y Kruis 2007
o WEAEE N, 48 FLARTFOIA 2.5 mL MgCl, W .
50 pl T 150 pl Bk 150 wl 2 BE4d A A, 30
°CAH K2 30 min, fill A 100 wL. DTNB,28 “C1H i
Kigr 24 h Ja WA B A M, R B AR O #
WA AR AT AAT 36 7 5 i S o8 4k, WA 3R
FFETG AAT 35 77,

1.3.32 AAT{E @ maE %88 AAT 3% J7 0
AR SRR AT . TR L LA RO AT
WA 1.2.3,30 CHAF T AL 10 min, 57 B 7#E
412 nm AbIE W EREE Ay, AR5 4 127,30 C
M ROW 10 min, T 412 nm &8 5B WG A,
1.34 WHWESER K FHEYEEE %%
e Bty S5 2007 1 AR PR AR AE WL K5 3R 56 1 i TR U
EERIE A L AT B B K e % EAR
LBy g BB BRSE R 40 DNA, 54T 268 rDNA
D1/D2 X5 %7

1.3.5 i TR PR 70 54006 2 T A TR AR 2% v 1) T
Bl 15 KIS 178 Ak

1351 kKB Co,REh % Z%
Rossouw 2521778 78 20 mL JG B /NEE i 3k 47
PR RRSU AR IO B W . T /T2 16 mIL AR
PURIA T, UHEe A 28 FLGE JE 2% B, 4l A — Wbk
Tow A R AT HER . BARIERN 32 1x10° CFU/
mL,

B
(a) B AR H AT BR BETE )

WA 2 VR T 18 s 7 PR R R bR 51 Bk Herh gy
BOH E R R A A R AR L
(39.2%),GFC } 21.6% ,GFM } 17.6%; 43 H
ST A7 DA 2 SRR I TR PR IRz (31.4% ),

(b)) B BR P8 I 97 %2
1 EEETIRAIIHEER

Fig.1 Screening of non—Saccharomyces yeasts with high esterase production

25 CHRR K e o ASEA0L 11 4 45 05 & T 2% A AL 50
mg/L. SO, .20 CHIR L B>, BAFE M 3417,
TP 24 h 5 H CO, BETHBGE B 1Y I8 3 /N R
FRAER AL, AR ESE 3 d BT UL B RS, K
SE R R A
1.352 WA ENE RSO EOR A
FVERCE , S 48 h BUR WL, BRIEFRBE 2 107,
10°,10° J5 ik fii 7 WL 5597 3, 0 AN R & 4%
1 rp R 20 A A KR
1.3.53 5B WK S RIE S5 CRETE
S FH /0 Hr 75 ) (GB/T  15038-2006) 4 48
he BRI 2 3 DR TEORS
1.3.5.4 RSP S E R 48 h W
ANTF) K e A A TR R Tt AN AAT 35 77, BTG 0 e 2
% 1.3.2.2 1A 1.3.3.2 05 b AT,
1.4 Sito

iR 56 BCPE ) Microsoft Office Excel 2010,
Origin 2021 #1748 1A FEFIZ: B, % H Thtools X
PEEAT I R I 3T

2 HR5SM
2.1 FEREBER MR E M IFIE

K DRI 25 FH A9 912 R 1 B T ik 23 L 36 AL, 13
U TG A0 7 5% 9 4R, 28 CAE IR BT 77 72 h, W 1
FI | 7 J L R el = 10 3 D P 32 b
HA— RS T,

(o) T bR T ARG 3 468

ZXM N 25.5% ,ZXW } 5.9% ; 5515 T 7= X 4 45 T8
FE S A (15.7% ) ,MGH N 5.9% , MGG } 9.8%;
AR 7= X B RE R (13.7%),QLS K
5.9%,QLG 1 7.8% ., B UL AT, 43 85 F R [R5 X
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R BR G AE IAFE 25 . T ASTR) & e 301 B
FRBCE WA, S 2 R (R I RT ) @ 7 R I B Rk AL
S Mk 4,6 K (KEETHA) &7 ERG b AR IL 38

B2 8,10 K (A Jm 1) e ™ M Al R 3G 5 8K
W BRI bR 7 R i BE 1340 52 B K I FA B AR AR Y

LA

F1 FARFFRBEHEFEHEBEKNGER

Table 1 Screening of esterase—producing strains in different wine areas
V-8V ] — - X - - ki " - ”
1 & E&HE L& AR Mg RFER RHA BRA  BERER
ik MGH A& MGG #£2k QLS A QLG ZXM KRR ZXW %2 GFC GFM
2 + 4 2 1 0 9 1 1
2 +++ 0 0 0 0 6 0 0
4 + 1 3 1 2 16 3 8 9
4 +++ 0 2 1 0 6 0 0 1
6 + 3 5 1 4 4 9 20 15
6 +++ 2 3 1 3 1 3 10 5
8 + 1 2 1 1 2 1 2 1
8 +++ 1 0 1 1 0 0 1 1
10 + 1 1 0 1 0 1 0 1
10 +++ 0 0 0 0 0 0 0 0

TE 470N I IUBR BN 77 5 47 R S BRGNS T,

22 HHRERERTE NEEH

K H p-NP Ho ek X 51 4 I R T i 1 g AR
PR BETS J1 (Cy Cy Co) BEAT E S IAE | IF X 45 R AT
REHHr, E 2 P MK bR C, FR B ) 7R
19.75~45.72 mU/mL Z [8] ,GFC~6 B A% B 16 1 5
(45.72 mU/mL) ,MGH-11 /X Z (45.24 mU/mL);C,
Fits i 1% 1 7F 14.22~30.52 mU/mL 2 [A] ,GFC—6 &
BRfers (30.52 mU/mL) ,MGH-11 B #k¥X 2 (29.79
mU/mL) ;C, Mg W 15 71 78 18.93 ~33.64 mU/mL Z
B ,QLG-6 Btk (33.64 mU/mL),GFM-23 [
B Z (29.70 mU/mL), A& Hr ,MGH-11 F1
GFC—6 T8 P g M G5 1 (C,.Cy Co Z AN A T 13
BRRRET 2 67,23 %14 102.69 mU/mL 1 102.51 mU/
mL,
2.3 7= AAT HHRE IR IE

DL G 35 785 w5 B 51 Wk B M BRI B AR R AT
AAT 35 1@ MR i . AAT HE4L 2 BE CoA FHEE2EA:
HLBRZE A CoA, 2RI CoA A B, 7T 5
DTNB 1E A= il i Ak 54, & 60 55 90 AT X 1
W™ AAT 15 BT o B . aniEl 3 s 4
PR AR AF TR0 B I 1 B e AR 4k
24 HHAAT BHEENE

T YRR SR O A AR Y AAT 3G 7 B
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Fig.2 Heat map clustering analysis for esterase activity

of the tested strains

PR A1 4 0K AR IEAT B TE ) i . IR 4
AL, B Bk GFC—6(3.46 U/mL) .ZXM-11(1.89 U/
mL) . QLS-23(0.84 U/mL) .ZXW-10(0.62 U/mL)Z
[ ) AAT 3% J1 4 B3 2% 5 (P<0.05) .

454 IRR BRI 0 8 25 L7 6 o r, kR
AAT 75 71 8¢ i 1) GFC—6 B Bk A S B 2 76 77 B
) MGH-11 B bk, A7 /E205% . A T 5
M, # GFC-6 MGH-11 T ¥k 43 51 4 % HX-6
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Fig.3 Screening of non-Saccharomyces yeasts

with high alcohol acyltransferase production

HX-7,
25 MEEMRS FEVELTE

W50 R B MR IR A T WL 85 95 56 |28 CHE 3% 72
h G E LS WIE 5, HX-6 HX-7 % (&l 5a.
5b) A A IR IR Sk BRI S5k R DL A
FE R, S BURA MR B LE (Torulaspora
delbrueckii) W TH Y5 TE 4L

¥ HX-6 Al HX-7 F Y 26S rDNA D1/D2
X 37 51 #2258 NCBI, @i BLAST 5 GenBank %%
Wi PEH B & 2 268 rDNA D1/D2 X % 5 41l E 17
[ L5, R Mega 7.0 EER B L EW . H
Bl 6 nl A HX -6 W B 5 R A TR B OEE A
LCO15348.1 [Al W51~ 99% ,HX -7 W& ¥k 5 8 R A
60 [ e B 1.C015336.1 R IR R 99% ,  Hi I ff o
HX-6 I HX-7 B R34 Ry 8OR A 8 B
26 EHBAETABNNZREVESN

HX-6 HX-7 FIFG . TD-n B bk 75 H 10 3 25
T & W R v P & % 8l 2 A g  an gl 7 B
o B Ta 7b AL, 3 BREA 2 9 535 S B
FTHE TR R RS 8 Kk B e K ME , K5
TR R, 7R RS Z1 A A K W SR HX -6,
HX -7 TD-n [& ¥ fie KAE 739 h 5.32x107,4.73x
107,4.40x10" CFU/mL, 7EBL4EL A #2500 % 15 2k 1
T HX-6 . HX-7 . TD-n fiz KAEH 53 54 4.83x107,
4.45x107.3.85x107 CFU/mL, {EA4EL (3 7 45 78 % %
FMEF 3 MRUAAR A B NS T ER A7 B R R

AAT i 77
AAT activity/(U/mL)

%

ZXM-11

R/

Strains
T a,b,e,d FRKRRZ IR A B3 2257 (P<0.05).
B 4 EH AATEH
Fig.4 Activity of alcohol acyltransferase of

non—Saccharomyces yeasts autochthonous strains

B 5 MikEkE WLEFRELEHNES
Fig.5 Colony morphology of selected non—Saccharomyces

yeast strains on WL medium

™ |:LC015348.l BRI TRE R
HX-6

45 LCO15331.1 /R A 1B AY A

m HX-7

9o | MT449109.1 SURF AR isolate M3

LC015336.1 /R A FE £}

NG 055057.1 LL¥IFEF| LA #IAEEE CBS 2187

55 [OQU67120.1 #/RAi#E} clone 16 shzMango 1
NG 058414.1 il R fAFEE CBS 12408
2 NG 055074.1 {017 NRRL Y-1549
% L NG 055014.1 B3I NBRC 11061

E 6 ET26S DNAFIMBBEKRREZLETH
Fig.6  Phylogenetic tree based on 26S rDNA sequence
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analysis of the selected strains

BAK (20 CHRY5Zm & B FE H HX-6 ik CO,
iR Bk BV R I fE ) ek (5 HX -6 HX -7,
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ST AT K BE SR, TD—n HARTESE 6 K (31.59
mU/mL) ,HX -6 HX -7 W] 7£ %% 8 K (33.73,31.66
mU/mL)C, fif i 7% 77 3% $ f KAH ;HX-6 . TD-n 1#
B Cy T8 5 S 38976 55 8 Kk Bl e K H (26.61,
23.94 mU/mL) ,HX -7 W 7£ %5 10 K ik 3] i K {H
(25.18 mU/mL) ; HX-7 HX-6 [# ¥k C, Mg B % 7134
TE5 8 Kk 3 KME (22.62,21.12 mU/mL) , TD-n

Y
Biomass/(10” CFU/mL)

TD-n(128.06,135.22 g/L)> HX-7(122.21,126.20
g/L) > HX-6 (115.81,118.81 ¢/L), MAK5#7, 5
TD-n B bR HTEC 2 MRAS T R 1 T 32 AR R
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Fig.7 Fermentation kinetics and yeast biomass of the three strains inoculated into simulated grape juice

MIZE2E 10 K (21.79 mU/mL) ik £ fe KAl 74540
P4 0 R A5 1R L3 RRRAR C, TR TG Y 7
85 8 KikF o AMH (29.82,28.25,25.15 mU/mL);
TD-n B #% C, B B 36 71 7656 6 Kk 8 e K
(21.82 mU/mL) ,HX-6 HX-7 itk ¥ 7545 8 K ik
2 KAH (24.02,22.14 mU/mL) ;HX-6 HX-7 Cq
T il 3% 7 4 7E 55 8 K ik 2l i KA (20.78,19.78
mU/mL) , TD—n W 7€ 2% 10 K ik 2] &z K {H (20.87
mU/mL), R 5] —F & i AS 5] 5 4 TG il 05
NEREESRPLESTFE—EER,

A B0 B AR IR ST AR R R IR AR S TR
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PRI 0 R A RE T LR R T i AR P XK Tl ) 2R AR
RONE - AT BPAF JH A 0 2 T e 7 TR e v A 07 P
1o W RMELE 16 d I A SEA (S 0 3L 75
FE 8 YT, H T R il AP 2 L 2 (C, . Cy F1 o), M fi
THM A R AR TR RS ), S H LR
T, K B2 S (mU/mL) , B[R] — T2tk 3 Fh
B I 8 U 72 25 SR B AN, FRAEA [A] B bk =22 T1]

—s#— TD-n—O— HX-6—4— HX-7
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C, — Cg esterase activity/(mU/mL)
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Fig.8 Evolution of esterase activities of tested strains during simulated grape juice fermentation systems
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Fig.9 Evolution of alcohol acyltransferase activities of tested strains during simulated grape juice fermentation systems
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Screening of Superior Non—Saccharomyces Yeast and Its Esterase Activity Changes
during Fermentation
Yan Huanru, Zhu Xia, Yang Xueshan®
(College of Food Science and Engineering, Gansu Agricultural University, Lanzhou 730070)
Abstract In order to explore the growth characteristics of non-Saccharomyces yeasts and the evolution of their flavor

enzyme activity during alcohol fermentation, autochthonous strains with high esterase and alcohol acyltransferase produc-
tion were isolated from spontaneous fermentation of wine grapes in Hexi Corridor region of Gansu Province. The selected
non—Saccharomyces yeast strains were inoculated into simulated grape juice and the growth kinetics, fermentation kinetics
and flavor enzyme activity of these strains were dynamically monitored in the process of fermentation. Results showed that
(102.69, 102.51 U/mL), while HX-6
(3.46 U/mL). These two strains were identified as Torulaspora del-

autochthonous HX—-6 and HX-7 strains had higher total C,—Cs esterase activity
strain had the highest alcohol acyltransferase activity
brueckii through sequence analysis of the D1/D2 domain of 26S rDNA. The result of fermentation kinetics and biomass
analysis for autochthonous HX-6, HX-7 sirains and commercial strains TD-n confirmed that all three strains could not
independently complete alcohol fermentation. Dynamic detection of enzyme activity showed that the cumulative activities of
C,—Cs esterase (143.74, 121.85 mU/ml.) and alcohol acyltransferase (15.75, 12.74 U/ml) were the highest during simu-
lated wine fermentation triggered by HX-6 strain. The cumulative activity of Cs esterase (86.63 mU/mL) of HX-7 strain
was high in the process of simulated red wine fermentation. Based on comprehensive analysis, the selected non-Saccha-

romyces yeasts autochthonous strains have application potential for wine aroma enhancement.

Keywords non-Saccharomyces yeasts autochthonous strain; esterase; alcohol acyliransferase; fermentation; enzyme activ-
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