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holic fermentation) FIFLER B 5 103 R iR -FL IR
% % (Malolactic fermentation, MLF)#4 i, Hrr,
MLF A Sy 4 25 105 B9 Z W™, AR LUK AR IR
1) L-E SRR AL R L-FLIR , PR TR
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R, 38 0 H AR Wy e PR H T, T A 2 T
PEAT SRR LR A W W FL IR 1 32 2 2 K e R
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damnosus ) FE1T MLF, 25 5 & B0 R i %) 46 25 109 115 A&
WAB, BAMEEA, 6" XA 0 Rk K
¥ o TERT IO IS b AR PRBIAH 4175 1 sk B A R AR
T RFPE /N BR B C30P, E— A AT 5% 2 WA 7 T A
KRR L b 4 RZ R AR 34 n] 58 I MLF, 46
Rt R A ) A TR R] SR T AR T A A S 40142 A
JIT AR A G 1 o B R AR VRS 1 MR T R N 4
A L BERE, /N ERTE C30 7F 4 Hb = 55 1R 109 1 45
s A e R B AR DA K T A 28 T K 49 5 T
FFE IR AR DA

AR TR0 DA 7R AT PG A JAR 7 X = AR TR 6 2
Fh——R LU 96 R R IR 2 B Ry Uk} i R AR 458
P 5 208 /N i BR T C30 43 R T 0 & e 45
0 % S b, JF LLRY & Bk OMEGA 5 VP41
XTHRJE 2 MLF, 45855 FLAE AN [m] it o 4 2 308 - 5L &
T PR b Y R B BN 1 S, DL RN A 4 T AL
febn FE R AR SAL G Y AR E G RS e DL
SRy 7 DX €8 7 2 T TR AR I PR AR A 5 B S

1 MR E
1.1 #R5IRH

4 JORE R A B R 0l A TR Ry A R 2
] %5 17, B U (Pinot Noir) 7 B it 20 O 22.0~
22.2 °Brix; 3 5 (Merlot ) 7 #f # 29 2 24.1~24.3°
Brix ; 7 B2 2k (Cabernet Sauvignon) 7 ¥¥ i 29 4
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NI ERBR-SULBR R AT R B R A B 5 Rk 8 % v 187

26.2~26.4 °Brix,

PR 7 W% £ (LALVIN BM4X4) |7 & 75 0 BR
(0. 0eni)OMEGA #1 VP41, ¥ H Lallemand 23 #] ;
INFPERE (P parvulus )C30 H A S 56 2 0 5%, S
fiff (Cuvee Blanc), ¥ Lallemand 2\ &) ;2—F [i%
(o3 2l ) 48 AR (Folin&Ciocalteu’s phenol ) | 48
MAFHJE Bt (Folin—Denis) , ¢ [# Sigma 2 7] ; L—37 5
2 L-FLIR & it i &, &K 2% Megazyme 23
CIREAE1AN 253530 Wi Kok i MR BN
HETT LR RE Ak TS T
1.2 U\ 5E&

TRACE 1310 S AH (3% - 5 i B¢ 1Y . Genesis
10S 54k =1 WLy Y66 AL, € [E Thermo Fisher
Scientific A ] 5 [ A 3K HUR B ZEHCK (DVB/
CAR/PDMS), 3£ [ Surpelco 2~ Fl 5 AH 3% A
DB-WAX (60 mx2.5 mmx0.25 pm), 3% [E Agilent
Technologies /A 7] ;SX-500 = JE 78 3 K W i, H A
TOMY 7~ w) ;827 %Y pH i, 115 #E 2~ 7] ;SW—
CJ-1FD B TAE G, HMERESIHEARARL
A ;SPX-150-11 AEfb 5 7240, 18 i B2 07 e ik
il 3 A FR 2 ) ; WineScan A 25 18 54 20 #r 4%, FF
# FOSS A+,

1.3 KEH*
13,1 PRl A 40 VG JR ot . 3 BUO o 2 Eh s
FIRMAREBRE A, BRMBES 23T 5L KR
HE WS 40 mg/L SO, (LA 5 0 R #0 % =03 T)
K 20 mg/L FJBEHE, 20 CCR B 12 h J5 , #5/0 0.2 o
L J 7 B BMAX4 JfF 25 CF SE17 10 KS & %,
BRAEAR T 4 o/L &0 R WE (29 10 d), 3 85 i
SRIEBE /N BR B C30 PGS BR B OMEGA #1 VP41
% 107 CFU/mL 2 Fh 5 45 70 T H 300 b i 4752 2R
R -FLIR KB (20 °C, 29 15d) . SEFL KBS H )5 18]
FEL BRI, i v LS OF T AP IR, BT
AR RE 3 EHE
1.3.2 KB I2E0E WYk S . R
Bt BOk VO T, B 3 d BT K 0.85%
B A= BRER K DL 10 f85 46 BE AR R . IR 100 wL 107~
107 (B RR AR BV, U A TS I 50 mg/L 0 2k 1 1
B ATB 353545 [ ,26 CHi 3% 5 d 5 47350, &
7% B AT % A (CFU/mL) 3RR o
LR L-ZLIe & 2 a0 . R AR &

(ZME-K-LMAL-58A Il ZME-K-LATE) #:47l
FE B3 d BT WREE DRI FE LD 1210 /Y L )
TR, 96 FLAMALARAE P K 340 nm T i
5500 AR A AT I3 - o/ L= (AA (0 X0.15%F)/
M it s B RV /L KR AR UE L-SF 2R BRI L-FLTR
() MR A 0.15 mg/mL, F A H6 B 5

1.3.3 5 4 W PR AL AR bR 0 BRME . BR
(VL g/LIEARIT), #ERIR (L g/l ZR1T) pH
{E AN KE B (VL% VIV i), B WineScan 75 %51 i
I3 AT A

BTN A . R H AR AR —FHE BT (Folin—Denis)
e AR bR A 27 R (v = 0.7194x + 0.0198,
R?=10.9938) 115 5.7 % & (mg/L) .

SN B A < R F AR AR (Folin—Ciocalteu ) %
) 2020 AR A o 28 7 2 (y = 1.2302% - 0.015,R? =
0.9959) A BB % (mg/L) .

SAE ST P I <R Y pH s 25 30 Y
FEBEAEATF S W (mg/L)=(AxMWxDFx1000)/
(SXI ) ,A =(A520—A 700>p111,0—(A520—A 700)])114457MW j‘] -
FH 6 2% 2% 7 49 B 17 A X 4 F i 493.5,DF B R
580 50 S = W AR 2R 2R A A R T IO R
28 000,

R AP . 0.1 mm Fb 8 43 5130
TEAETE P K 420,520,620 nm 4E B WOGEEM , & X
HALAL A, R EEE N AL A, 5 A Z 0,
TR TR E N A VA,

FHFEH.S = A—(T+C), R | S——FE
FHHEHGA—HE R (B8, % s T——
MR, o/l C— T o i g/l
1.3.4  FEW A E ¥ 8 mLINFE 10
pL AR (81.06 pg/L 2—FEE)F1 1.5 g A ALFIMA
20 mL 4 A B P TA , AEHUES A R
HH €8 135 — 0T 15 36 FHASCR U e i S5 A SRR,
Ui 1.5 mL/min; ¥ 46 B 40 °C, /4§ 5 min,2
°C/min F} 2 130 °C,5 °C/min T} & 220 CI44F 10
min, % S&F . S B R (ED, PR R
70 eV, &AL AES TR 43 5k 220 CHI 250
C, R Blmliz 50~350, S8 5 0 & P43
M3 5 A B3 48 B0 (RT) A NIST-11  Wiley B 75 45
B R R X E M, R AR AT 28 )
Bro FRWBERBRERE X (pg/L)=AxCx1/A,,
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1.3.5 HA W EE I S B Ribeiro 55" 2.1.1 L-SERBA L-F &5 hE 1 e

B, VR 13 44 20 32 3 A T S S I B S i A 2 A
PEATPERE , 20 BN 10 A JE P . SR 00 (78 3 JE ANt (o
SREE) AAORABEE S et RAEFFALA ) A E
(FRPEE MR FE A AR ) AT VR4 . R
SR R R AT R AL, 0~10 26 R BT 3 2R A i
B VP 25 R AR IS R,
1.4 HiEIE

% Microsoft Excel 2010 #F 47 #0445 42 11,
IBM SPSS Statistics 19.0 14754 (1) 22 5 8 2% 1
3T (2 R 7 24387, Duncan ¥ ,P<0.05) , & %,
430 B F0 B 2 2 16l £ B GraphPad  Prism 9.0 #%
.

Y, B TR ) Y SE K LS SRR A e A T
R, L-FLR & B Wi s . KIS G /N Bk
C30 7TER ILiE A 2 L-SE R A & =8 0.139
of L, TEF R AT h LSRR 0 & 50 0.181 ¢/L,
TEAR BRI A b LS5 R R & & 0.150 g/L,
X5 Capozzi SFUHFFE 25— 20, B R BR 04 8 B A
REAZTHFE LM, AR W (LT 046 mg/L.
BEAR 555 R AR A L /N BR TR C30 & T 15 4k
R AW b L3RR & B G, B e A A
W L-FLR & htdw i, X PR 22 57 e e A AR T
TRRR N TE S SR IR A A DG BTG 1 22 5, DA X
AN TR) R 265 ot o ) e 4 ke X A i) ] 2 A 5 1) 3
Jof VAN [ 8:19-200

I —— H-C30 JE P e
g 4 —=— H.OMEGA o T froMEeA
\: E —— H-VP41
.2 r —— H-VP41 2
il g -e-- M-C30 e g R e MO0
« E T = - M-OMEGA
& = a-- M-VP4L & 5 / """ MavEaL
® 3 = 3 o C-C30
¥ e o = C-OMEGA
i3 = C-OMEGA =g -
= 3 & e C-VP4I
o Cc-vP41 2
TE“ E 1 1 1 1 1 1 ]
L% e e e s e e T
i 1) i 1]
Time/d Time/d
(a) (h)
E1 MLF £®d [-ERE(a)f L-FE (D) SETWL
Fig.1 Kinetics of L-malic acid (a) and L-lactic acid (b) during MLF
2.1.2 WMRAEYEHT XS IE SRR A MLF ~
ﬁﬁqjﬁﬁiﬁﬁiﬁﬁﬂﬁ?ﬂﬂ ,%%ﬁﬂl’f—] 2 Fﬁ‘i_\‘ ,'Mi é 8o —— H-C30
Bkt 256 TR 1 TH R R R Rt RS 3 K, = DI
FE LUV AT T VR BB 10° CFU/MmL, 365 & < it | o e
ﬁﬁﬁ%%%?@ﬁjﬂ\j 10 CFU/mL, ﬁﬂﬁ?%ﬂa :J:E fé "_5 401 -a-s M-VP41
RO ) A 0 B0 3L B4 0 0 ) £ P, Bl e
K TR TR 75, /I8 BR T C30 76 5 B 3 7 2 104 £
52 B MLF (1] (15 d) b OMEGA 1 VP41 (12 L A TR TR
d) K SR AE 58 SR 4 49 19 A B ) (15 d) 5 VP4l s

(15 d)HIA], b OMEGA (18 d)%& ; 75 7% 75 Bk 4 25 1
HE SR (21 A)fE T OMEGA Fil VP41 (24 d), %
AH 1 3 B ok X80 AT A I TR PN 58 R L A T
R ] LA i N

v, A He

) )

B2 MLFdRRpEKENETN
Fig.2 The biomass of LAB strains during MLF
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m 2 o, g ALK 55 F ARSI A Y,
FLFEERIE (22 B ) R S (17 ) IR TR 26 (5
i) 92 (8 B ) FIEEZE (3 ), 5 MLF HiAHLL,
MLF J& 3 /> &R 270 i & S i B e,
Horp/N R BREA C30 76 2 FU i s B2 24 289 vh 1)
525 (9 529.36 wg/L F1 11 075.12 pg/L) . BEK
(13 153.49 pg/L M1 17 637.02 we/L) Al 4 25
(502.13 we/L F1 401.69 pg/L) &S & w44
FE TR A E Yk OMEGA A1 VP41 & BEHFE , TR
TR (W B ,0.1<0AV<]) ¥R HE (R,
OAV>1) BER LT (NRWiR AL ,0AV>1) Hl a—
P B (G & KR ,0.1<0AV <) 1 ¥ ¥ 8 % Tt
o FE R IRA A N ER T C30 TERE EH R
J (29 380.00 /L) 2 A% T 7 i B R B R
(OMEGA ;38 062.57 wg/L,VP41:35 647.44 ug/L)

R ) o X 4 2 T SR AL A XUR HL A K
SR R B R E N R TR C30 KBRS
BE MR E R A PR S e, EER
TROEE . LW, C R W R g A%
2 1R (OAV>1) , AT~ 45 26 T4 08 22 A6 LA A
FLA, 0 R 2R R E Y 70.28% Fl 62.33% ;
VP41 KB TP IR & s ik, R R A &
68.71% 1 60.33% . e P A & 7 4 PG 4 <) 24
RS S i R NN i S S =
SRR OMEGA T Wk A 9 T 15 56 SR I A b i
REERY R, SHEYR A R
72.28% , FEALEE N E | O BE T REROR SR AT
e MLF o 72 i B AR X R T &R 52 &R 5 &
12 (4 3 i AR O™,

I 17 T 25 0 Joi 308 % 5 A0 i o i SRk,
B I R 2 T A (AR A R A AR, D
FrERTE C30 & BRI AR R 28 o i it B AIK, 43
B 1 679.61 pg/L; 62K :940.96 pg/L; IR EZEE
1 020.51 /L, B R H0 %510 v 00 B D R 2= 77 K s
7 TR I A5 AN I 1 IXUBR (B i 28 W o & (IR T
L SR A 25 T T 4 28 TS 0 A RN LIS A, il
A5 S A 2 T b B R A AR A B B R N R
BRTA C30 % 12 T A5 2 LU 145 R IR 5 2 480 4 G o ins 97
W 5T ) A i B v TR A AR AL A

i

A A EE R | A S N N B2 2L
AR TR A TGS A s SV L EF SR
IR 5 T A 36 SR B 4 T v, C30 19 B 1 I 28 9 ot
14 Ao B it o 0T R TR PR

itk — RS W 5 TR R A O
ARG PE(E (Odor activity values, OAV) K F
0.1 W B k4T FE 15340, Hovh PC1(39.31%) 11
(PC2) (34.86%)2 > FE Wl 1Y 231 J5 22 SRR F8 54
T4.17% , "l R A% 1 R ZH0E S5 B &l 3 fir
N, AN TR) R 4 DA ] — S R SR R R S
R T AE PCA R rp S R IX 4y, B LU A 2
Wi, C30 A BT FEAL T PC1 B IE [ R, 32 22 55 %%
M2 T TR O TR R T A A 5L N i | 4 A 3K
i B—55 % 24 i 45 ) BT AH OC | T St AT A R
BORAE SRR, EAREATH, C30 W FE S 5 dh R
PRIGFES AL T PCL I BR , 25 LR LT |
KA R R G | T B S 2 TR 56, AT 7 6 A TR
WA A SRIE . REERE AT, C30
T RE 5 A B RR I A T PC2 Y IE 1), S ©
M2 W TR BRI AR R AH DGR K, T it
AT S I 2 g Bk AR
2.4 BESH

P P 4 AT BT A T RE A A P i A T, G
B R EIFEY, SO 5 BB, 5
FEAH LG MLF J5 & S8 240k 0 2 5271, o/ ek
C30 & I 1 2% 8 BRI AR T Sl R AR B 2% 5 1
T BT T MLF J5 2510 FF 10 R bR 5 35 BRAIC, T 1A
S R T 5 R LR TR R BRI RE AR LE
FBRTA C30 T (14 715 15 BRI A AR 1S B2 A 42
P fe A% W A I [ =, W/ R BR T C30 1)
FH AN [ b o 2 20 PG S L & I, T o O S B A 4
W rh R BURAR

T2 6 W H R T PG S JR 7 XA A R FL R
B~/ BRTE C30 17 FH T2 X F2 4k o o 22 EL s
IR IR EER A AT A9 MLF b 058 & 30 78 58
BE R —FL R & B A L RE [ )Xo B L RN R
TR A A I A S B AR B B s e, A
FER W 40 1 BT T8 TR R 7 TR 22 7™ DX AR €5 7 28 VG
Hh ) T RPN R A L R R AR 2 T A TR
I E I T A T R R R A R
HIRG T R S AR 45 IR 1 /)
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WARDS C G, et al. Impact of Pediococcus spp. on

Effect of Malolactic Fermentation by Pediococcus parvulus on the Aroma

of Different Wine Varieties

Hao Nan, Ma Tengzhen”, Qiang Wenle
(College of Food Science and Engineering, Gansu Agricultural University, Gansu Key Laboratory of Viticulture
and Enology, Research and Development Center of Wine Indusiry in Gansu Province, Lanzhou 730070)

Abstract Malolactic fermentation is one of the most important processes which influence biological stability and flavor
quality of red wine. Recently, the selection and application of indigenous lactic acid bacteria gained more and more at-
tention by researchers and wine makers. In this study, a selected Pediococcus parvulus C30 from Gansu Hexi Corridor
was used, effects of malolactic fermentation on fermentation kinetics, chemical composition and sensory properties of
Pinot Noir wine, Merlot wine and Cabernet Sauvignon wine were analyzed. The results showed that both the Pediococcus
parvulus C30 and commercial lactic acid bacteria could complete malolactic fermentation in 12-36 days. Physical-chemi-
cal index, including reducing sugar, alcohol content, total acidity and volatile acidity of fermented wine meet the na-
tional standard in China. Compared with control wine, Pinot Noir and Cabernet Sauvignon wines fermented by C30 strain
showed significantly higher in volatile esters and alcohols, which might contribute stronger fruity and floral notes in wine.
Sensory evaluation indicated Cabernet Sauvignon wine elaborated by C30 strain showed the most intense and elegant aro-
ma, with well-balanced wine body. This study provided a possible use of selected lactic acid bacteria as starter cultures
in domestic dry red wine production.

Keywords wine; malolactic fermentation; fermentation kinetics; volatile compounds; sensory properties



