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SRR AT HLRR T LUAT A OR BE R B BR T A0 A A
PIMRIE A T, DT A R0 i ) 2 04 1) A6 2R
FRAE L2 4 oo 2Kt nT B 5 R e o 2 Y ) A
SR, FAT 7R B S AT R A R P 2 Y
JoOGF T S o A RE B HL AR A 114 AF 5 4 T ) A
A JE R 2 W XA AT R S R R A Y
TE G5 P8 B R R B AR D BT, AT SR I
AT OB P Z AR, PR IER 2
JE (K2 L AR RIS B R ) SR LR R (R 2 T IR
MR ) M K B (B A2 ) AT (B 2K )4
Tolt 22 W ) Jo , i T G e e i EAT B — SNIR N T,
P45 R 53 BT Ak BR2H 55 0 IR A I R 10 e I A AU
I3 MURRAE, PPl 22 9 08 i B 2R 2078 4 T 4 I8 7
YRR E SRR R, LU A A T
B B GO SIS A T2t e it =%

1 #REFE
1.1 #HRE5E

Tk 56 TR T 0 R 2 T A A JROR N TR R
W,RATEMTX,

RN g R | DO R VT TN P W A - R 7
FR AU B0 L pLfe s ERR BRI, T AR OB R
ety A BN w5 kIR R LR M R T,
TR T A AR B A BRA

AR €83 o RS I A (A5 QP2020) , H AR 5
A\ A ; DB-WAXETR S AH 5% 4 (55 60 mx
0.25 mmx0.25 wm),Agilent J&W 7 f] (USA) ;50
wm/30 wm CAR/DVB/PDMS # B3k , Supelco 23 7]
(USA),

1.2 KEH*

1.2.1 TR R EF BB IR &
WA, N T30k R EREEREE S, W 60 mg/L
SO,.20 mg/L S Ji it , 4 %5 B 1 A 4% B BT &
I3E 0.2%o PN BB 5 30 & % TR % I
7R 20~25 °C, A K W I A 45 7 R RRE .
K EEW L B R 1.020 B, 43 B 6 4 R K 8
WO N\ Ve b Ak 2 8 TR AR R TE 18~20 C
R AR T 0.996 B 5 i JEORE 5 L S
60 mg/L. SO,,10 CEAF T 2 MPRER

1.2.2 WmyesEors: frlERARES, 25
— U 708.62 mg/L 4 4% I R \308.24 mg/L 1Y i

JLA TR [676.54 mg/L A K2 3R |1 221.04 mg/L 1)
FET U Y, DURES A X B4 (CK) , 32 A BE B
PEATIPRG R WM, FR R k)5 R BRER | HURE
HEAT A AR B AR A0 B o R S o Ak B i 3
MELE,

1.2.3  EARFAEHR A AR IR UF
25 SO, . pH {8 PRGEE 6 JFORE | 02 T 1 B AR AL
i Ar i HAR AR O k2 BB E K bR fE GBIT
15038-2006" 17 & , WFE pH {6 pH TH#E17
Wi, DL EFebRillE EE 3 K,

124 FHRYRARS FRESP RS E A
i # B (Headspace solid phase microextraction,
HS-SPME ) 45 & A 4 3% - i 1% (Gas  chromatogra-
phy—mass spectrometry, GC—MS) 5 A 177
ARG I E

F AR AEE . B 2.0 ¢ A8 A 20
mL 2SR, A 2 mL DU A 5 B 6 mL 4
U I 45 v ANORE T RE R B 4 4%, 35 A 35 )5 R R in
A 40 pe/L NERY) 2-F

GC-MS %/ A% DB-WAX # £ 4145
FE (60 mx0.25 mmx0.25 pm) ., AIHmaERE  # N
EALER, R 1.5 mL/min, #ETHERE T . 04GR
J& 40 °C, LA 3 “C/min JH& % 130 °C, #: LA 4 “C/min
EFE&E 250 C, IR FF 8 min, B 47 60 min, 3
FELTRBE 230 C, AR 54 BE 220 °C, B U5 ik
200 °C, JRIEKI S A ELJE , 7 HLE 70 eV,
SE R IEE m/z 35~350 u, FHMHER 0.2 s/
R,

SEPETTVE A NIST 2.0 F1 Wiley 3% 1% , 744
A& W 1 O3 B IR 8] R0 5T 3% 5 B o LU S AT M
G3HT KT B U ARG P R T A i)
P AT .

SE A7V R N bR — R o R i AR
Yk 2-2FE 5 SRS bR 2, xR
o Y s P A B 0 SR P A 485 4 R AL 1 o o 1 2 3
Iit5,

SIS PEAE (Odor activity value,OAV) 43 7
Trik s FEAL G Wk B B DL [ {15 2] OAV 18,
— BN 0AV>T ARG W ARG B2 F Y
J57,0.1<0AV<1 BI4bG W i e i 2 &Y,
125 WA 0 FRE R 4
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T B U A A 20 Lol S B AL, R R
o, BEANEARE A 2 UK, TE AR I AT AR P E A
30 mL AR ST AR HEAT BEALZR 5 FIHEIT o B
53 7 4R L B A 2 T A v T SRR AR e P e R 35
ASFRAE RN R R AR A 0, S AR EE " (15
PR IR SR ) X SRR BEAT PR 4y TR T
EW (1),

MF=\/FI (1)

o MP—3 — F SURRAE (9 e 2 B b )
8 ,% ;F d VP /N2 0 SRR AR 1) ) o A
R % s I—k BT YIE %,
1.3 HiELE

S5 DL B E bR 227 I R R R

IBM SPSS Statistics 22 #4784l geit 704, RH
AR 7 2290 8T (ANOVA) JE 173056 s 1) 22 =
WEVE AT, Bl ab BRATH] SPSS 20.0 Ak AF AT,
iz ] Microsoft Excel 21 B0 04 & 3 .

2 HR5H
21 ZEHEMLENFAEHBEERELIEIR
A

X CK A58 FR R ILAR MR T
b FEZR G RE X AT T R AR BAL R AR A I, T A2
SRR 1 PR, pH (H R 5 KR I8 R
KB B SO, BE MY & RBIFE GBIT
15037-2006 X 1214 25 15 14 o 1 22K

R1 BLREABHEXRELIER

Table 1 Basic physicochemical indicators in each wine sample
Sdk CK 4 R JRIUZ% B8 2R k& FTa
pH 1& 3.51 £0.01° 3.56 +0.01° 3.46 +0.01° 3.51 £0.01" 3.46 +0.01°
BB R gL 6.67 £ 0.08" 6.30 £0.01" 6.38 £0.02" 6.33 £ 0.06" 6.59 +0.08°
BRI F R g L 0.33 £0.02" 0.36 +0.01° 0.27 +0.02° 0.26 + 0.00° 0.28 +0.01°
& JRAE U R g L 4.11 +0.08 5.21 £0.01° 3.48 £0.02° 3.87+0.17° 3.51 £0.06°
B H JE1% vol 15.55 +£0.02" 15.64 = 0.05° 15.32 £ 0.02* 15.45 £ 0.04¢ 15.51 £ 0.00"
# & SO, i & K JE /mg- L 15.38 £0.48" 10.25 £ 1.29° 19.71 £ 0.16° 7.63 £0.48" 17.43 £0.71"
BiRBMREREg L 38.00 +0.01" 39.9+0.14° 37.05 +0.07° 38.00 + 0.00" 36.45 +0.07¢

TE R B N v £ 57, AT BT 5 B AN ) S BEAQ AN T b B 9] 5008 A7 35 1 22 57 (P<0.05) , R 1]

22 SEBAMAENTFAREERERRN
=AU

WFoE L, Z W I 2 s B <AL P i 3%
M T A T ZR B, I B A R I AR R
B, A% CK 20 5 45 A 3R AL A i 17 7 S
FROE T AL I S5 R WL 36 2, Bk A

HF CK 41, 2 Ji i Ak P2 386 T A %) 3 45 K AR |
NSRRI D KA AR R MF A, B A 4 26
B MF {E, 0] UL 2 J5 i A 380 X6 A4 38 360 1 4
RHIE ST AT — @ B A, % TR LA TR 4,
H5CK @A, /e /NIRRT 3 53
T 2.94% ,17.65% 16.67%, 1&—EFEE i

x2 BRBABHBRESH MF SitE

Table 2 The MF values from sensory evaluation of wine samples

A A AE CK 2 G R 2R JRIL B 40 Mg E BT
TS 0.34 £ 0.04* 0.34 + 0.09° 0.35+0.01* 0.31 £ 0.05* 0.36 = 0.09°

R R 0.56 £ 0.01* 0.69 £0.11° 0.52 £0.01" 0.63 = 0.06* 0.59 + 0.09®
ML A 0.25 +0.02¢ 0.24 + 0.06° 0.20 = 0.02¢ 0.27 £ 0.08* 0.31 £ 0.09°
R 0.51 +0.06* 0.57 £ 0.02* 0.60 = 0.02* 0.55 £ 0.06* 0.49 +0.10*
7R A 0.30 = 0.08" 0.46 = 0.02° 0.35 +0.03* 0.41 + 0.09* 0.34 + 0.04"
#F A £ 0.38 + 0.02 0.43 + 0.09* 0.37 +0.02* 0.35 +0.03" 0.27 + 0.05¢
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AR R AT R AR A5 A FHZH T R R AL B
) T T 7K R AR SRR AR RN T A B AR A A R
fIEB) MF {5, AR 3K PR 20 Ah 3 H A 45 2 A0 21
B AHME BN, B 2R SRR MF {E
A TREA, R U, R 28 RS T A BGHR AF F E
G E AU Ny N Nl S N T A [ B I
AR LS R 5 4 T 25 00V 90 TR o o e e 485 SR —
2,4 FIF AR RRBRE G AL | B2 TH A i 2R A 28
FRHIE, ARG I Rz R AT R R A
B2 TR &8 e — 20, SRR AR R AR5
23 ZHMAMLENTAREEABESYR
skl

ARG 45 A FR A 5 CK 4 FE & B H S R
MRS m g 3 LE 1 s, Lk 27 Fi A
Yoo, (0 & BR2E (14 F) (BE2E (9 Fh) (IRZE (4 )3
P2y

R 2 TS R 1) TR 2 ) TR AR P R T — 2%
RS, A5 AERERGY BN
30%LA 120, H T, 7E A o] oI E] 150 £
FRGE 2P 00, — M S SR A o, DR B i ey I (E
AR, R 2 A ) S A AR S M R, AR 3
AR E 1la B 1b Al LIAH, 5 CK HAH L, BR A
TANERAL AL, H A A ER A A3 i TR AR R
KYTE LFRISY I, B TR E N
FokesE e, H, SR IR AL PR AR F & ok 3, R4
BE 2 A BRI o s A LT CK 4 43 503G m 1
19.2%%01 19.4% ,— & T2 BE L3I0 1 10 44 i SR 75
THASWE X 5 SCHR[22] 80 B 9T 45 R 284, & R
N0 — 7 P o R R ok 1 A R, A A R A
LA I B A TR TR, R JLAS R S A
F ZE A B 1) AR 2SN TR S I B o e R A
N BRSO R T AR CK AR, B
TR 26 R0 & TR 25 ) ot & 1t 43 S R T 8.83% Al
10.34% , X5 1 % (4 B A B ACRRAE B AT LTI

AT ) SRR 2E W) BT B E A, AN
AR, BRI A i A R A KU ™ A i B Y
g, ARE P mE e ATAL S CK AA %
I T SRR (LR O BR LR 5
THE LRSI LR C R LRI LR ) B B &
i, SR BRSP4 R 8 IR T
WRE T CFRTR YK, B 35 1G58 TR A b 2 R TR

MfesE v, Hod Mt R AL EIPE Bk 3% Hy
b CK 4L T 16.29% ., s il 45, — e 72
BE b, MR 3R Ak B 2 2 A 25 T 1Y SR A IXUBR A R R
Wi STk, T AT A AL BRAL 3G IR AR K, 1
Ah, 5 CK 4UAH H,  J5 R A B0 4 1) S B TR T 1R 2
BRI (T /R LT S IR 2T FLER TR ) 10 4 7
WEERE L CK 4425 T 24.13%, T2 & TR
LTRMFLER TR & i, ZrBIAHLL CK 4145 T
7.67%F1 24.72% , FLER £ T 5 0 N SOR A
F, AT A ) LA UK R A JRULASER A
RO EEER R RS SRS CK4A4ER
AN, M T AR PR S LA b CK 4 R 3 R AR
T 15.84% , & HWGHERY TP EEAR IR £ MR 8= K
I, H A& A B2 4 s T R R (2 R O TR L oF
Mg MR HEEROT) M A& RS CK
HESADE, BHAS CK AP R ERMFE
M2 QPRI SIRTE PEE IR T 1, AR STk —
SE R SR T L R RN AL A KU, 3% R 2 TR A H
HEMR L TR Y OAV FIK , R A 75 A i it 40 52 W)
NIE S

A R BE ARG W B 2 AT Y
10%~20% , & W1 HA 2 2 FEH RS
PSRN EE | 5T EE SRR RO £ S A AR
oy GRS R, AR R, SR
% B2 S5 B vk BE AR T 300 mg/LL B, T SR 7 A
AEA K AR B 57 7 R 7 2 R 5 0 5 224 Jo vk
FE T 400 mg/L B, 23 52 30 B 55 4 A 6 PR
RIS e 3 IR 1f AT LA 4% 2 T A 2k
YR & R T 300 me/L, H BB 25 5% , He
Ab B R A B CK 4L BIFEMIR T 2.93%,
1.24% ,4.37%,3.98% ,4 3 Fl i 2L/ OAV {H K
F 1,0 00E 5 TR SRR R, b, %4k
LR 1T B 5 NG BER IE O By & & 50 R4
A — & T B, 5 1 TSR0 00 P55 fin o il 12 1)
SR T3, BURTEEE Y TR B 2 A
RO E— i FE R LD T AR 0 2 0 S vk A
TR, A I A B A A BT R AR B AR AR

T T R I 90% L R 2
B RG K Ed FE rh WERE 0 E H AR Y,
HFFRR IR P M EEY R, Y S ER T 11
mg/L B, 23 450 PR Al R R L IR | X S5 7F — R
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W) A 2 G 1 B A T, AR 3 A 1g
ATLAE AR th R 2E ) B & B RT3 me/L,
B AT Ah LA A BB HE I 7 rh A RS A
I CK 22 & w3 42 1 19.89%,19.89%,
6.82% , ‘57 AR IT 45—, Z W Ab P 32 B
SR IE AT PR SR Y PR R R A

hy i — 248 7R A [R] 22 1 Ak BROGHP BE S )
TR RS, R M B4 4 BT (Principal
component analysis, PCA) XJ /A [A] Z By &b 2 9
) EEERY RS BRI TS b, 4
W 2, B 2 AT, PC1 AT PC2 43 3 o5 H b sk
J7 251 52.55% M 37.96% , WL EE AT
PC1 1E i) o, #2225 A T Ab 34l 7 F PC1 9 17
To) i, 37 B 2 A S 5T ) DX 150 P HG X T A A
YRR RS R U, R R
R, G J5 R A PR 5 30 A B R I R TR TR
AR DX ; T LSS R Ak T 2 5 T 2 | PP A AR I
R O TR BRI IR, UL 4 5 R 5 R LA R i
Tk R N [ ) A A O T R v T AR Y A R
ik, SRR LAS IR AL FEZH HE3 CK 4, BV T PC1
(8 T T o, PR 0 LA A4 T 280 it T 2 I Ak B
A, SRS S DR A BE2H 1 EUL 2SR AL B 20 T
AR TR A e, BAA R
WARAEA R A AER, TR LA R Ab 31 20 i 1
TR Lok TR IR PR AL PR
24 ZBHMAMLENTAHEHEESYWRSEK
EEERN W

BT SL B9 OAV AT RLARE Sy 1 2 105 B
ST P SE, AR B S B AR
B A I A AR TP OR R AR S T OAV XTI, 45
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Matrix Effect of Exogenous Polyphenols on the Stability and Aroma Formation of Volatile
Substances in Cabernet Sauvignon Dry Red Wine Fermentation

Li Huiying', Zheng Fujing', Zhang Yu', Tao Yongsheng'?, Li Yunkui'*
(‘College of Enology, Northwest A&F University, Yangling 712100, Shaanxi
*Ningxia Vitis—viniculture Station of Northwest A&F University, Yongning 750104, Ningxia)

Abstract In this study, the matrix effects of exogenous addition of four representative polyphenolic substances on the
stabilisation and aroma presentation of fermentation volatiles in Cabernet Sauvignon dry red wines were investigated.
Cabernet Sauvignon wine grapes were used as test material for winemaking, and exogenous chlorogenic acid, protocate-
chuic acid, quercetin and rutin were added singly prior to alcoholic fermentation. The fermentation aroma compositions
and aroma profiles of wine samples from the treatment and control groups were analysed and evaluated at the end of al-
coholic fermentation. Aroma components were analysed qualitatively and quantitatively by HS-SPME-GC-MS, and aroma
profiles were quantitatively assessed by a sensory—trained tasting panel. The results showed that: a total of 27 fermenta-
tion aroma components were detected in the wine samples, among which 12 components had an odour activity value
(OAV) greater than 1.0; from the contents of total esters, ethyl esters and ethyl esters of short—chain fatty acids, the
chlorogenic acid, protocatechuic acid and quercetin treatment groups all showed better stabilising effects; from the con-
tents of acetate esters, the treatment groups all presented better substance contents; from the content of medium chain
fatty acid ethyl ester, all treatment groups except protocatechuic acid were significantly lower than the control group.
Compared with the control group, all treatment groups showed some enhancement of fruity aroma characteristics, espe-
cially the chlorogenic acid treatment group. Further analysis of the OAV of each aroma substance revealed that the
chlorogenic acid treatment significantly enhanced the sour fruit, strawberry, and lactic flavours of the wines, while the
protocatechuic acid treatment significantly enhanced the banana, strawberry, green apple, and sweet fruit flavours of the
wines, compared with the control group. It can be seen that the addition of certain concentration of polyphenols such as
chlorogenic acid and protocatechuic acid before alcoholic fermentation can effectively retain the fermentation aroma sub-
stances in wine and significantly enhance the fruity character of wine. This study clarified the polyphenol matrix effect of
wine aroma, providing reference for the optimization practice of wine aroma enhancemen.

Keywords red wine; polyphenol; aroma; GC-MS; fruity esters



