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i OE. RBLL2MAT O oeni GF-2. ZX-1 FIpLEkk VP41 AR BERE, 7EREIT b 5h 25 W 3 B g - L 8 % I 3 78
FHEEERI Cpn Cun CoBEREIEYE, PMTELBCAR R pH M ZEERE . SO, I AR FEIR B Aot B ik 7 B A A i 5
TR AR T R BT B 2 T R AT S SR . S5 RR B, AR pH E&MH T, A+ 0.0eni BHRIITERT
TSNS A TR E R VP41, Mo ZX-1 i KB BRI PEEL VP41 (TR L) 63.42%; LBEKRE 8%, Atk EkS ARG
BORBEEHE Y, HAR T O.0eni BkEEA FRAFZEEEES); AR SO, ININEMIAT, 2 kAt O.0eni KINGHEE ZAE L &
ST VP41 (P<0.05); 18, 22 CREERIET, GF-2 MIBREENETER S T WAk VP41 (P<0.05). Pk it e BRBaE Ak
YCN ZX-1. GF-2. VP4l; B3B8 2R 12%. pH {H 3.6+ SO, ¥l 30 mg/L. KIFIRSE 22 °C, Hrh bl ZX-1
HIBEERS T Bt R E (62097 mU/mL). Sikitk VP41 MitL, &4+ GF-2. ZX-1 BifkR BERTERE A R AR R F
MEIGFHIRERFALE. AT, AR5 O.0eni BRI LLERIh5EERER-FLIR K1, JTHRZ ZX-1 Wik R G HERM
FEEEESRE S, FTAERERFEZ T AR AR M EF IS SR, W S R AR 0 s KR A S R
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FHEFTERY . SERERERE (Saccharomyces cerevisiae) #]
tt, O.oeni & FUFIBERGLE SbE . SPRS FE IS pH B
B P A 5 v T AR R R AT O SR O.0eni A
KA 32 258 & R A GREZ. pH B, SO, IKIE
MOBERE) FIEEZEW, H O.oeni MHTHIERE S B
BRI Sico S5 RIBR SR BRI AN ZEHREERT O.0eni T
PREEBERS PRSI, SR IRAE 30~40 C2Z IR PR
TEVEIRK,  O.oeni WAKBEHE SRR E R TH i 21 T 1% .
Ubah, HEHE S 2R O.0eni BREEEH KR, XK
VIR SRR 0 s B IR RS V5895 . Sumby S04
O.0eni Cy~C o BRI VEWFFE I, HREAS [RI B FE 1Y
JEA I B BAT R e IR BERVE LR IR R S e 1 R A
B AYRIR,  FL S SRR R U s

[ B I i M S 0 1 5 B 2 o 2 B e B2 R 14
MORHE N, Horh QR B v L 100% B 2 4 ok, 1
4R Ll R 8%~ 17% R T A R
SIS BRSSPI B 3 2 B, TR, O.oeni £E MLF
R BOEIT Cy~ Ce Fa M 2R HE 28 T BT 6 B

AN, BERRIAMACUH RE 7 1R 22 52 RN B R i P Vs iR
Vs S, I R R AT A RN B AT, B AR
KA 7 EAE R AERT AN R R ML O.0eni £ MLF ) [ FR A
FH DL OO 46 2 0 A A0 S R 2, (B0 AR 1 O.oeni B
PRI R IRV S AR T A a T R, JE R T bk
X EF A E VR B HL ] A il . A
FERAI )25 I MLF 2 BRA A 1 BRI O.oeni
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B RRA AR FITRBE K R (C,~Co) MIBSEEIEE, Hr
BER A RRAEAS [ BRI R 7 52 R 1= B R, PR
FKUAEDE O.0eni WIARERBEHS R RHLE], CAEAE
AR 1 7 JB 7 DX R i PR A TR AR AR S

1 MERE

1.1 RIe#r

AL EREE K GF-2. ZX-1. QL-11. MG-1
H A A A A SRR A B R E IR AR . R
EEEKE: VP41, WH FARRTMEARAR . LA
il BE: ES488, W HZ KH| Enartis 2w 82 NTERIE
BIAT: 2019 4577 FHH I 5w kA PR A W8 A Fhv R e,
THEEZN 21.3 °Brix, S8 6.87 gL (LWEARRT)
pH 1H 3.36.

1.2 EFESRF

ATB 597 3EACH] 2% Sumby S 5 H]: H %
b5 10 gL, H|AMR 10 gL, EERHZHF 5 g/L, MgSO,7H,0
0.2 gL, MnSO44H,0 0.05 g/L, #hFRFME 0.5 g/L,
TV A 25% 0 WAREEFRIEEAT A 1 mol/L NaOH i
pH HZE 4.8, [E{ARIEIEN 20 g/L MEIHE, 121 CKH
20 min.

2% Sico SV AT BN B IR B A LA . A A
BE1g/L. BWE1 gL, L3RR 2 g/L. W#EHE 1 g/L. W
AR 1 gL IR 1 g/L LFREN 0.14 g/L BEEHZ A 4.0 g/L.
KRS 2.5 /L. KH,PO, 0.3 g/L. KC1 022 g/L. L-%!
bt R ER 2B 0.5 g/L . MgSO47H,0 0.065 g/L .
MnSO,-4H,0 0.015 g/L. CaCl, 0.065 g/L. Hii 3 mL/L.

FEbMEM: LRI LFRPIHG . 3-FR 5L T IR 41K
CRHEE. KR OEG. 7. ROl 4%
Ll BRI FIR O FSHSbsHE AN 2-2F
fi 35 H 3£ [E Sigma A F] .

FoAR KA . 4-18 5K L Z B BE  ( p-nitrophenyl
acetate, p-NPA) . 4-THILZRE: CLFREE (p-nitrophenyl
butyrate, p-NPB) . 4-ffZEKE T BREE (p-Nitrophenyl
hexanoate, p-NPH) , 4 H iR HIRTEAA; E5A
BN, FrEIR. TR 8. BREREN, YN ik,
V) H A PR A AR A
1.3 UE5EE

SPX-150- 11 A4k 35 3740 (iRt =97 23 A PR A
") , PHS-3CpH it ( BiFHEHTTEA R AR , TU-1810
LA (RO ISR IR AR , SW-CJ-2FD
B TAE G (N %R ABEARA R A ), LDZX-50KBS
R AR (R 2T a ) , H2050R &
AU EOHL KD HCE O AR AFD , TRACE
1310-1SQ M 4 1% Jii 1151 ( 32 [E Thermo Scientific /A & ),
1SQ AYHPUZL AT i1 {X (£ [E Thermo Scientific AF]) .
1.4 REHZE
141 &/ BEBe AR LB B IR E & AR 6 ik

PREURHE R AT I R AP Rl T ATB 35975, 28 CRE%
% ODgo 214 1.1 (HETEHZN 10" CFU/mL) I, #4%T

UK R, 28 CKREE 14d, FF0E 48 h BURE. AMETH
MBS AR A AR RS, S5 2Pk, R
g e 2R (mU/mL) , BIE—F bk [A—FEER 7
VN E 5 BB AN, RAEELEE 4 BRA L O.0eni J2 1 B
P O.0eni FFRBEREE TR Z R . FHES 3 K.

NP R B MR A ROR L 4R N (], SR
Matthews 25275 0F AT A . A0 Ak S S 0 52 1 2R
N 53 80 ul 25 mmol/L 1] p-NPA. p-NPB #l p-NPH,
5200 uL R 1 820 uL pH 18N 5.0 (AT FR- T BR 22
MR A2, 50 °C M 30 min, FIIA 200 uL Na,CO;
W (0.5 mol/L) #&1k B, 400 nm i K 52 AW 6 AE -
RIEFRUER LR ()=2.264 9x—0.006 2, R’=0.999 1) il
ARG BEEMERAIRE X (U) 2 50 CE&AMFT,
mL FEAAHAE min B 1 gmol Xof i 5E 51 it 75 14 il
(umol/(min'mL))

1.4.2 KRB KB R Tt B RESBEE M09 30

¥ 0. oeni WA ATB B335k, ¥ E, DL
1x10" CFU/mL, M IRFZF: T [F] — [H 7 [ AS A A B /K741
FEFUE H, LR TG pH fEN 3.04 3.24 3.4, 3.6, 3.8 (HCI
5 NaOH %) , LEEFA T ECN 6% 8% 10%- 12%.
14% (To/KCBEWAT 5 SO, M IMEA 15, 30, 45, 60.
75 mg/L (] Na,S,0s 7)) , KEHRE N 18, 20, 22,
25, 28 °C. 1k% 48 h U, 43l E KM T Cov Caus
Co BRBEETE, DA ALFEACT- 264 T Cov Cyv Co BRI
AR, TRk skt RER 3 k.

1.4.3  JEGREER T

FRAE PR ARG 45 L, 145 &8 %178 MLF 2 pH
B CEERIE . SO, UG KBRS SEBR S HUKF,
FH LoBHIERSRE: (K 1), ATl B bk i A el s
PE (Cyv Cyn ColgEEZ A AR LIS .

#1 LOGHERREEREZKT
Table 1  Factors and levels of the Lo (3*) orthogonal design
[A & Factor

KT e e CEMERUEC SO MIE REHEE
WG pH 14 o .
Level Initial pH value Ethanol SO, addition/  Fermentation
p content/% (mg'L™h) temperature/'C
1 34 10 30 18
2 3.6 12 45 20
3 3.8 14 60 22
1.4.4 IHERIXIE

D BERIE

ES488 BRE R AL kS % XUk, ki &
(0.2 g/L) MAEERR I & T 28 ‘CiE 25 min 58
B, I ERTE R ARIE IR 1.4.1,

2) T BERR BRI

ST AR &4 T2, ERE. ErEL
R 46 78 TR SRR (20 mg/L) F1 60 mg/L SO, J&, Xf
HHHMTIEME. RS, 3N S L KRBT 4 CHEE, %
0.2 /L FERMERIEEEE; ES488, TERIG AL AL 7~ Bl 5%
N AT VRS K8 (Alcoholic Fermentation, AF) ZEhkpH
JREWE 4.0 g/L I, BEATEIGEALTE 250508, 4 O.oeni B
¥k ZX-1. GF-2 % 1x107 CFU/mL #4746/, DAL kK
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VP41 fENZZE . HIEEANWEIRITIR, FERR 48 h BURE, JIE
L3 B R B E <0.2 g/L 45 MLF K. BUREN &
HALSRbR AR R IR S B

3) L-3¢ B AN 8 ) 0 BEAG 4R bR I E

LAERIR S BRI 2 H WA E U BT . S8 (i
B ML) M GB/T 15038-2006" 1 ) J7 ik HEAT 5%
BE RS RE. pHME. SR HERER. & SO, SFIRRIE -

4) HERMEESEYIE

Zx {0 B U S R R I U R RO - 5
(Gas Chromatography-Mass Spectrometry) GC-MS 214,
T 15 mL TR AN 2.5 g &Ab48. 8 mL Y FE. 20 4L
2-F I GREE 81.06 mg/L) , MNRA/IFEET/EE D, A
TEIEINHEE I FER T, 40 CoKI T 30 min J5, THAsAE
HY 30 min.

GC-MS % fF: i+ DB-WAX 60 mx2.5 mmx
0.25 um, AHHFE. HA (He) JiE 1 mL/min, HEFE
FUREE 240 °C, f#HTIF ] 5 min: AR THEARF: 50 CLR
F¥ Smin, UL 3.5 C/min 7+ % 180 'C, fREF 15 min; i
N LT 25 7 8 TR (Electron Impact, ED, L FHE5 70 eV,
FAMZIRTE 180 'C, B FIRIRE 200 C, FARETEHE 50~
350 m/z.

EMESER N KA 5h5AEE SR Or B 15 4L
(Retention Index, RI) XfEhiJ77%:45 4 NIST-11. Wiley
T RE A R AE B A R Lo &5 AT R H S S
VIR 6T EA bRk A S YiE T A bR
PrEh &k AT e, HAEF & RN IRE
BEAT RN SE BT, AR 2-F .

1.4.5 REERN

28 Englezos 25 7. 9 44400t 4 2 0 % B
WHIANGL (5 %, 4 55) XRS5 & T 3 8 E
mho ARAE PPN AR AL, AR 3 A7, A
10 73 S5 A A RBESR B AL (R 2) o 0~10 KRR
FURR BEB WK

*2 HEORERNRE
Table 2  Criteria for sensory evaluation of wine
RRE VRO £ R VP ARAE

Evaluation item Evaluation aspect Evaluation criterion

BREEE e TE, 24

ML (20 41 SERE o L T FALA (10)
Appearance(20 points) MRS PSR WIEIE . T EEFY
(10)
B . A
5 (30 49 & RE. /i RE A0
Aroma(30 points) Wy AT RE NEWT« Wk (10)
SIRAR. B2% A0
B S LA (10)
WAEFEW. BHE (10D
I (50 43 FHR. BREE. Rk FREDE . PR R 4T
Taste (50 points) IS TR 17 10
WA O RIKIEK (10
AR, Ml (10D
1.4.6 KIo#yEaE

SRS BT 1580408 K B Microsoft Office Excel 2010,
Origin 2018 HEATHEAALLFEAIMEK], IBM SPSS Statistics
19.0 %AF#4 T Z EHLE (Duncan ¥, P<0.05) M%ER

Em

ENEIHT
SRS

2.1 SrEEEEEA L EBIRE ERFIE

HF 3 ml %1, %) 4 BRI A L O.0eni 19 3 FHEE B
PEELECR I, Ak GF-2. ZX-1 ] Cy. Cun Cg BEHEETE
BIEZESTHEK QL-11. MG-1 MIBEFEE (P<<0.05) .
5tk VP41 FHEL, Bk GF-2. ZX-1 HIEsEE S
BEE (P<0.05) , QL-11. MG-1 HIFgEGE ML T B
Pk VP41, Kk, HEHFE Mk GF-2. ZX-1 NJa S FE k.

T3 5HK O.oeni (4 BEALEHRH BEE A EH) BElEEENE
Table 3 Determination of esterase activities of five O.oeni strains
(Four autochthonous strains and one commercial strain)

N

bk FE AR TE Esterase activity/(mU-mL™)

Strain Cs Cs Cs
GF-2 404.11£25.27* 278.29+3.28" 412.52+0.79*
7ZX-1 407.15+1.368 311.31+2.60* 419.66+4.534
QL-11 312.11£7.07° 204.56+0.22° 341.36+3.28°
MG-1 279.01+3.96° 197.75+2.72F 364.28+0.56°
VP41 317.88+1.36° 230.69+5.21€ 232.37+2.830

i T A~E RORTE P<0.05 KT T AR EEEER, TH.
Notes: Alphabet A to E indicate significant differences between groups at the
P<0.05 level, the same below.

2.2 ARIEEEFHWALBBKE LT EMRM0

1 1a A7 0, pH ARG B PRI 3 Fh S G M 5 0
8. At O.0eni Btk (GF-2. ZX-1) HJ7E pH 1l 3.6
i ELA i KB SRS M, TR AR VPAT 77 A i KT
G 1 1) pH (N 3.85 TEANE pH {EZKAMF T, A1 O.0eni
BRI EE RS YRR B T VP41, Hih ZX-1 (i KR
WEPE (1099.97 mU/mL) E: VP41 (1) (673.06 mU/mL) &
H2) 63.42%. pH HBAKK (3.0) , Btk GF-2 Lk ZX-1
AAHEGNr~HeRERE /1 (HFE pH ETHE, ZX-1 IR
TETE TR AR B R T I 2R AR 1 2 A R
B (E b)Y o SHRE RIS QR IE 8% 347742 T I
KB EgEPE, 29N 107617 mU/mL (ZX-1) .
1001.96 mU/mL (GF-2) . 647.58 mU/mL (VP41) , H
MHEZREE (P<0.05) . AR CEWRERE T,
A+ O.oeni WIBREEE £ 2 2 & T RO EE VP41,

WK 1c fior, BEFE SO, U3, Hstes vk
PelgvE S 2 ILE EIHE FRERES, 175 SO, iMInEA
30 mg/L B, P AR B0 H B KBEE . 24 SO, ¥ N
BAE 15~75 mg/L AN, A+ O.0eni HEREE FEAE
PRI T VP4l IS E (P<0.05) . 1 SO, IR
N 75 mg/L 4R, Witk ZX-1. GF-2 [{BshE A5
AFDVER VPAL [ 1. 1.3 5. REEMARFRE 2 S5
FRHA AR R R BEEIR , T A 4 T o i
O.oeni WEEKIEE & 25~28 °C, T %K MLF
BE—MN 18~22°C, Kk, #EPEAE 18~28 CARIE
FER o T AR R B M A AT AT . B 1d
AIAEL, B KR RS, AR VP41 HERRE SRR E I
B F , HAE 28 “Cl A i KBS (830.86 mU/mL),
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MA L O.oeni 1 18 CH A & KEGEEE 1, 45~
661.20 mU/mL (ZX-1) . 794.88 mU/mL (GF-2) . Hr
7E 18 22 CREERIE T, GF-2 HIEsEEHE T S35 T ik
VP41 (P<0.05) .

%:12()0.+GF-2 7, 1200,
E ——ZX-1 3 4B g
2 : E 000
g 21 F
<1000 o>
Xz = Z
oS ol
&8 = 5 L
=38 800 g8 80
=9 i I
Mg -~
= L
s 7 600}
£ 600p = D DE
E 2 s ¢
S =
= 400
28 3.0 32 34 36 38 40 6 8 10 12 14
pHIii LIFEHRIE

Ethanol concentration/%
b. LSS X T R S I RIS 7 11 5
b. Effect of ethanol concentration on
total esterase activity of the strains

pH value
a. pHA XS B MR AR It 35 0 1R 5
a. Effect of pH value on
total esterase activity of the strains

31200 5 850
£ E
o] =]
£1000} B 800
> Y
g £ 750
Z 800} 2
2 8
P = 5 700
& oot 18
7 7 650
5 400f =
° o oL—r ¥ . 00 ¢
= 15 30 45 60 75 & 18 20 22 25 28
SOli,Jé p/IETS R IE

SO, addition/(mg-L™") Fermentation temperature/ C
C. SO, MIHEXT R b BRI S350 d. R I S0 T A R 6T ) T 52
c. Effect of SO, addition on d. Effect of fermentation temperature on
total esterase activity of the strains total esterase activity of the strains

i FRF a~c FARTE P<0.05 K FTAHN A ZEREEN: F8 A~ERR
£ P<0.05 KP FAMBEAZRREE. TH. & a ZFKE 10%, SO
P 45 mg L', KR 22 °C; Bl b 4144 pH {H 3.4, SO, FRANE: 45 mg-L”,
REEIRSE 22 °C; B ¢ HIUh pH M 3.4, ZBERIE 10%, KEERIE 22 C; B d
W15 pH E 3.4, ZEEKFE 10%, SO, M 45 mg L.

Notes: Alphabet a to ¢ indicate significant differences within the group at P<0.05
level; alphabet A to E indicate significant differences between groups at the
P<0.05 level. The same as below. Fig. a: ethanol concentration 10%, SO,
addition 45 mg-L"', fermentation temperature 22 °C; Fig. b: initial pH value 3.4,
SO, addition 45 mg-L", fermentation temperature 22 °C; Fig. c: initial pH value
3.4, ethanol concentration 10%, fermentation temperature 22 ‘C; Fig. d: initial
pH value 3.4, ethanol concentration 10%, SO, addition 45 mg-L".

B 1 KB LT B BB ) BRI 0 ¥k
Fig.1 Effect of fermentation conditions on cumulative process of
esterase activity from strains

2.2 EEAREZHTEKEERTEY

O.oeni TE31 1 1A KA, AN 52 218 410 2 2
SIREsm, E5RESHR A RERE L. Hi,
TR A RIS T S AR EE R v PE, 1T S % T
BRI FE T O.0eni HISEZPR R FEAT N .

HE 4 WAL AREE KR & BB
PEBRFEANE, T LEAH R TS 50T B bR (] () S
£ 2 R, Ml B ok 2 B8 E KRR
ZX-1>GF-2>VP41. MM ZETRT AT, A [R] A IR 25 %0 B Ak
ZX-1 BEBEEPE BAE R I KT : SO, s
pH fH. CEEWRE. RIFRE; W@k GF-2 F= i
FIEREZEN: SO, ISR, LEHRE. pH H. KEE
JE5 AR VPAL 2R = B B IXKIBT N: SO, i K
PR FE . pHAE. CBERE . B S E AR B A =B %

PR CRERIE 12%- pH {H 3.6+ SO, N 30 mg/L.
RIEEIRE 22 Co
F4 BEEEEENENTMERREER

Table 4 Results of orthogonal experiment for cumulative esterase

activity
sirin 502 ISYit s
R = Aﬁg% e H & R Total esterase
Experiment » P Fermentation  activity/(mU-mL")
number Ethanol addition/ pH value temperature/'C __
content/% -l ZX-1 GF-2 VP41
(mg'L™)
1 10 30 3.4 18 565.68 514.87 371.26
2 10 45 3.6 20 453.16 467.67 348.46
3 10 60 3.8 22 429.52 458.29 345.21
4 12 30 3.6 22 620.97 587.55 429.04
5 12 45 3.8 18 419.98 459.25 338.64
6 12 60 34 20 447.55 419.18 328.38
7 14 30 3.8 20 516.55 490.91 392.17
8 14 45 34 22 432.80 422.23 334.63
9 14 60 3.6 18 428.31 418.14 327.82
ki 482.79 567.73 482.01 471.33
k> 496.17 435.32 500.82 472.42
k3 459.22 43519 45535 494.43
Rzx-1 36.96 132.61 45.47 23.16
ky 480.27  531.11  452.09 464.09
ke 488.66  449.71  491.12 459.25
k3 44376  431.87  469.48 489.36
Rar2 44.91 99.24 39.03 30.11
ky 35496 39749 34478 34591
ke 365.35  340.56  368.43 356.32
k3 351.54  333.80  358.68 369.63
Rvpai 13.81 63.69 23.67 23.72

FHER 5 A%, SO, I N Xt FT A A i Ak (4 B e 14
FEE R (P<0.01) o pH {H. LEERE X FH IR ZX-1.
GF-2 WIEREHE R B35 (P<0.05) 5 KIFEE. pH
{EXTHE PR VP41 FIBSEE IS HEA B (P<0.05)

x5 EEEERMERIRIAES

Table 5 Variance analysis of orthogonal experiment for esterase

activity
m W BT - BHIE o g
Strain Factor Deviation sum - Degrees of F value Significance
of squares freedom
AR 2099.19 2 0.20 *
SO, NN 35118.56 2 3.40 o
7ZX-1 pH {f 3131.62 2 0.30 *
R 1019.65 2 0.10
R 41 369.02 8
LTRSS 342027 2 0.59 *
SO, NN 1679221 2 2.79 o
GF-2 pH 18 2293.79 2 0.38 *
RS 1568.39 2 0.26
R 24 074.66 8
AR 310.42 2 0.13
SO, W 7341.99 2 3.14 ok
VP41 pH {f 848.94 2 0.36 *
RIFRE 848.22 2 0.36 *
R 9349.57 8

T e RORMMRELE (P<0.01) , “FIREIRE (P<0.05) .
Notes: The sign “**” means the impact is extremely significant (P<0.01), and
“*” means the impact is significant (P<0.05).

2.3 {HERIAIEES

MRS LSRRI AR, R i & A N X R 2 W
T A& NEEAT MLF, 24T BB AL, LEAR
SRR 5% BRI PR X 2 ] T S S RO S VR
2.3.1 # #HEHEAIEAR

I 6 I A1, BABAE L-30 SRR PRI 4<0.2 /L,
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FH MLF &Ihse i, H I EHEAERYRG S E R
(GB/T15037-2006) 3K, LXFHEAEF MLF 41 (CK)
FHEG, MLF KB, #5200 H &0 pH E A& 0.11~
0.16, SR EIKTREE 2.48~2.62 g/L. BIRTEFETIE

KRB GEGA &, HERER 042 gL (<1.2 gL) ,
A ERER. A, Kt O.0eni RS 12 d 50T 58
B MLF, TR 14 d, R R pk ) 5 st
ERE AN AR, A R RCR

&6 ERER-FARARNETRRAEGFIRLIER

Table 6 Physical and chemical indexes of dry white wine samples before and after malolactic fermentation

FALAS AT MLF & MLF J5 After MLF
Physical and chemical index Before MLF CK GF-2 7X-1 VP41
pH {4 pH value 3.54+0.01°F 3.59+0.03° 3.70£0.01* 3.67+0.0148 3.65+0.0145¢
5% #% Residual sugar/(g'L™) 1.25+0.21* 1.15+0.215¢ 1.10£0.1448<P 0.75+0.35" 1.15£0.2148
K5 Ethanol concentration/% 11.20£0.01* 11.18+0.06"2 11.10+£0.045%¢ 11.09+0.04P 11.09+0.04PF
S Total acid/(gL™") 7.62+0.014 7.57+0.1548 5.07+£0.01° 5.00+£0.16"% 5.14£0.15¢
KRR Volatile acid/(g'L™) 0.30+0.00° 0.29+0.03"% 0.42+0.01* 0.40+0.0048 0.34+0.03¢
4. SO, Total SO¥/(mg-L™) 41.75+0.04* 40.84+0.04P 42.20+0.02° 45.04+0.03F 39.1340.01P
LSS L-malic acid/(gL™") 3.55+0.02% 3.41£0.01° 0.10+0.01<° 0.08+0.00"% 0.13+£0.01¢
2.3.2  FEEA T B ES MM BEMRT AL O.0eni Wtk (P<0.05) , SEEEMHE R

D BeRLAY) GC-MS Kl 45 R

ARG TEE (Odor Activity Value, OAV) &2 3E4H
B—FS NGV AT TR S e b . BEA
KIL, OAV EH>0.1 &S K8 Z e K, WX
B A SRHE R A BN TTRR . R 7T A FEE AT,
FAAE R EEEERYIR (OAV>0.1) MRS EKRIKA
ZX-1>GF-2>VP41>CK. H Pk VP41 MIRENEM T &

BINESE R 8. JUHE ZX-1 YK 2 5 S
LERCOHEE . ZR¥ER. LMK LS A EBALEM
RERMYRS ERERMN (P<0.05) . &BATE,
BLAR T M 5 A T PR R T I R ) S SR R R
KEMAR, BHEEANFERZEER (P<0.05) .
MRS, A1 O. oeni WHREAHF TEREEFEINE K
R

R BAEEHDEEREEMROTL

Table 7 Changes of main esters in wine samples with different treatments

o AR ) {20231 FRWF R IR o
N%? A B d Threshold Contents of aroma compounds/(ug-L™") od §?ﬁ$ .
umoer roma compounds value/(/Lg-L'l) CK GE-2 7X-1 VP41 or escrlptlon
Al 2T 2T 7500 971.77437.46"  911.97+0.515C  917.21£1.48%  591.2242.25° W, EE. ®R
A2 LR T 200 755.99+32.68"  50.22+0.49°%¢ 52.8240.95%  49.93+1.655P A, FE. BE
A3 LR 5 50.41+2.69° 2904.81+1.31"  2858.23+1.89% 2727.64+0.91¢ Bl
A4 LR ERS 12 37.43+6.09° 58.77+1.51¢ 106.90£1.30*  84.16+0.68" SRR AR, AL RHIE
A5 LR IS 30 3952.85+68.33°  5057.50+ 8.54C 5490.95+£35.445 5733.94+4.30* B, Bk
A6 LA s 250 180.54+7.12° 887.18+1.32%  754.49+1.15%  713.28+4.11¢ pig
A7 T2 35 951.07£31.59*  96.35+0.525¢ 80.01£0.50°  67.87+0.17° R BAER
A8 TR 1200 153.40+5.224 17.8720.02°  21.399+041¢  95.89+1.30° K. HE, #HE
A9 O B 100 865.58+16.07°  1879.15£1.40° 2 024.31£14.32"% 1942.824+2.90% FHE, HHEE
Al0 iR 2.1 400 157.80+12.27* 4.14+0.115¢ 4.80+0.16° 2.42+0.325P KIEF. A%
All 7% i i 200 32.54+9.00" 23.58+0.13*%¢  25.03+£0.07*®  20.59+0.185" %
Al2 TR 1 600 428.60£17.60°  4621.69+1.28°% 4 857.45+15.40" 3517.10+3.67¢ DN N
Al3 SR G 125 56.22+5.10" 9.48+0.025C 11.33£0.06  7.07+0.00% KRF. HEA. fB0FH
; N . EEE. FE. FE.
Al4 % 2.1 1300 85.38+1.13° 92.36+1.82¢ 173.75+0.28%  222.36+1.70* RE IE %?%; ERANE
(LS
Al5 245 7,5 200 593.31+23.89°  1172.97+2.98% 1319.87+15.70* 805.05+1.31¢ B NEIE
Al6 AR 2.8 83 19.08+0.92° 239.8242.65%  121.06+0.08%  79.50+0.92¢ FA . I
Al7 FEAE T 2B 1 500 51.56+3.34" 11.76£0.11° 10.16+0.05%¢  7.9240.045° SERL gk
M1t Total 9343.53+280.50 18 039.62+24.72 18 829.77+89.24 16 668.76+26.41

2) FERA T

B FEROEE OKRAE,

H224) 4%,

LIRIK LT

PRI 17 32 A AL S W4T R4 o
Hr, 432 PC1 A1 PC2 W77 2 DT lk % 73 518 79.592%
15.376%, SA 7 Z TRk Z A 94.968%. FEERILE D)
7£ PC1 1 PC2 bR+ 44 B LI 2. EH I 2 W] A1,
PC1 IE P4 B 718 0 B I 4R Ol CF R R
LRI (FE, BF) . CROE (F#E, 5%

(FeE) « ER Ol CRE, B « 2R4E ()
&, HE, FR FEohEs, B PCLIEFHER T
ERUEWRAKRENETHILE. IFE. FHE,
PCl fi¥HHE LR A Tl (M, RE) - TRL
Mg (B, B8 . BFIHROEE GER, ¥ FR
. R, TR AR B, EE, KRE) .
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Fig.2 Factor loadings plot of PCA for esters compounds

K] 2 433 PC1 Al PC2 [ RIRTT 24 94.968% . GF-2.
ZX-1 434 #E PC1 1E K4, CK. VP41 BiMAEFEZH 4L T PCI
i, XEREGRERILEY (LRAHK. LRR
Kls. ERIKER. QRN FROE) MEER K.
ST PC1 IEFAHE) GF-2. ZX-1 AFRAH R FiR <4k
G ERE S TAT ACEHE CK A VP4l RKEHEHM
O.oeni AT MLF SHEFEEERIE K EH WAV 00 5
F. H 3 BRELRERAE PCA Kt 2480 A, Fral2
7o Ml 5 A - T v R TR T A TRD P 7 25 420 5 ) R IR A7 7E B
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R BB RE R R R IEREAT 08 (/1 3) B R L
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ZX-1 e, HYON GF-2. VP41 4, 5K4FR MLF
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AT RIS & R &S m. 5 CK Ak, MLF J5 3
A KRCFRAEREAE AN (. S I AR
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Fig.3 Radar map of ester compounds in
Chardonnay dry white wine
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TP 43 G A R R b B AR I 2 (P<0.05) « HAK
P04 SRR B A B AR S R B VS MR AR U ZX-1S
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Effects of esterase activity of alcoholicus in Hexi Corridor production
areas on ester aroma compounds in wine

Zhu Xia'?, Zhao Dandan?, Li Jun’e!, Han Shunyu’?, Yang Xueshan'**
(1. College of Food Science and Engineering, Gansu Agricultural University, Lanzhou 730070, China,
2. Gansu Key Lab of Viticulture and Enology, Lanzhou 730070, China)

Abstract: The aim of this study was to evaluate the effects of fermentation conditions on the cumulative esterase activity of
Oenococcus oeni (O.oeni) autochthonous strains in the Hexi Corridor region, particularly in the aromaticesters of Chardonnay
dry white wine during the Malolactic Fermentation (MLF). Two O. oeni autochthonous strains, such as GF-2 and ZX-1, were
preserved by the Gansu Key Lab Viticulture and Enology, and one commercial strain VP41 was used to test strains. The
esterase activities of various carbon chain length substrates (C,, C4, Cg) were detected in the simulated wine during MLF
process. The fermentation conditions were selected to analyze the esterase characteristics produced by the O. oeni strains,
including the initial pH value, ethanol concentration, SO, addition, and fermentation temperature. A microvinification
experiment was performed to explore the modification effect of the tested strains on the aroma quality of Chardonnay dry
white wine. The esterase activities of O. oeni autochthonous strains were significantly higher than those of commercial strain
VP41 under different pH values, where the maximum esterase activity of ZX-1 was about 63.42% higher than that of VP41.
When the concentration of ethanol was 8%, all the tested strains produced the maximum esterase activity, indicating the O.oeni
autochthonous strain had strong esterase producing ability. Under the different SO, additions, the cumulative esterase activities
of two O. oeni autochthonous strains were significantly higher than that of VP41 (P<0.05), while, the esterase activity of GF-2
was significantly higher than those of strain VP41 at 18 and 22 C (P<0.05). Results of compound fermentation showed that
the total esterase activity originated from ZX-1 was the highest, followed by GF-2 and VP41. There were different effects of
the major and secondary factors on the esterase activity of each strain. An optimum condition was obtained for the esterase
production of all tested strains: the ethanol concentration of 12%, pH value of 3.6, SO, addition of 30 mg/L, and the
fermentation temperature of 22 ‘C. The highest esterase activity of ZX-1 was 620.97 mU/mL, indicating that a strong
adaptability to wine habitat. In the microvinification of chardonnay dry white wine, esters were identified in the wine samples
after MLF. There were richer variety aroma and better fragrance persistence in the wines that fermented by autochthonous
strains GF-2 and ZX-1, compared with the commercial strain VP41. Both O.oeni autochthonous and commercial strains can
successfully complete MLF, especially ZX-1 has strong esterase production capability, depending mainly on the fermentation
conditions. Therefore, the ZX-1 can be used to effectively improve the content of fruit and floral aroma compounds in the
Chardonnay dry white wine, thereby to enhance the regional microbial terroir characteristics of wines. The O. oeni
autochthonous strain ZX-1 was more suitable to be used as the MLF starter of dry white wine in the Hexi Corridor of Gansu
Province.

Keywords: enzymes; activity; wine; Oenococcus oeni; malolactic fermentation; ester compound



