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ABSTRACT: Objective To compare the content of phenolic acids, flavanols, flavonols and anthocyanins in
different varieties of single wines from the same winery at the eastern foot of Helan Mountain, identify the
characteristic phenolic substances of different varieties of wines, and explore the feasibility of phenolic substances in
the identification of wine varieties. Methods Samples of 5 grape varieties—Zilong, Merlot, Malbec, Cabernet
Sauvignon, and Marselan—were collected from a vineyard in the Qingtongxia region of the Helan Mountain East

Foothills. The grapes were vinified using identical winemaking processes. The polyphenolic composition and its
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variations among the five varietal wines were analyzed, and a wine variety discrimination model was constructed

based on polyphenolic compounds and organic acids. Results

Significant differences (P<0.05) were observed in the

contents of phenolic acids, flavonols, flavanols, and anthocyanins among the different varietal wines. Phenolic acids,

flavanols, and flavonols were most abundant in Merlot wine, while anthocyanins were highest in Zilong wine. A wine

variety discrimination model based on orthogonal partial least squares discriminant analysis (OPLS-DA) was

established, achieving an overall correct classification rate of 100%. Conclusion The accurate discrimination of

different grape variety from the same region can be achieved based on the polyphenolic compounds of the wines.
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WIAR LA, SR BT 40 A0 0 Bl e sk A 1
W BT Ay g SR S v E L R RE IR AT, AN R A 4 1Y
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it KA 12 FR AL BIRRY RS R R EROR, W
TR . JR)LZER R T H R R BR ) FE Sy,
SR 11.26~22.03, 6.02~11.97, 2.18~5.61 mg/L; J5
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iR, FILARFEE. THR. RETRILAREBSES
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T ANEEERA S A A R FLRIR . SRR R . M
IR . RN . JRLASEE & m A, TR L B
WX R ER IR CHR S ERS o BRI /R I M 5
SRR, VB TR . 3-FR I PR R A Al 5 A A T h

225 W (P<0.05); SRR | Eh IR UL v Fl 7 H 2R Bt A 4 T
Hh g I L2 1 P TR 5 At R A 75 T 22 5 B 3 (P<0.05);
TAFERAEAS [ D3 25 05 1] 2L A B3 25 57 (P<0.05); J5 L
FMRAEERRMAERRMEANEN A LR EER
(P>0.05); i 2 5 7 FH R il 1] 352 o8 H IR 7 28 KR S /R
DL B O R Y ) AN HLA R 25 25 7 (P>0.05); B IRR7E 35
SRR 5 2 B R A T (RS LA 2 R (P>0.05); W
TR ILR EBR AR A 3 A & Bl 88 25 00 [\) 25 5 B 2%
(P<0.05); 35 5 B W A 44 T8 v 1) DR LAS TR 5 JEC At o ol o 28
WHA %25 5 (P<0.05); HHRIRCTRAER N 3 A0
R AN B B 22 (P>0.05); 2RIk ERFI LRI
L R I R A X R RS R 2 TR S AR BRI 5 2
vl ) 4 TP LA 3 25 57 (P<0.05)

FRILREERRSS 8 T IEERR . IT TR . SRR A
T RRAK . K 4 B A SR A A D 2
5(P<0.05), Ho i B 555 22 BN A 25 T b BT AR R N X A R
AR, TR DL B A A T s e A T A1 R
FNHERR 7 e A SRR . 58 TS R 28 S B A A T
W 21 5 H Al 1) LA B 36 25 57 (P<0.05); TR DL 72 1l
IRETR ST P A ERRAS B B, (RS HAD
il D 22 5 0 5 (P<0.05); 58 R SR A IR 1 R 4. it ) 4 3G+ i
BB A TR AR B 2 R, (S HAb R 22 5
B 55 AR R B R B 2 Y v A R S A S 2
S, AFLEG LAt R 2 5 B, 5 R P R R T v v i R
o W E AR T AR SR

AR MR R, BRI RS B TR R
B2, 5 1 A 26 11 v S S Pt R 50 Y P R e LR
iR SR, EIMESHIHR 41.01 mg/L 1 43.26 mg/L, %
FOR BN A P B R S R AIS, PXI(EN 29.98 mg/L. £
R PR RE PR 12 o RIS AER A 5 e 4 1) A 0 358 2 A S A B
7, &N 8.74 mg/L Ml 2.24 mg/L.
2,12 FHWE

B o T TR A 25 R A 7 I R R SRR A T )
Ji, SR AT . RS RS E ) AR Y 6 Rl
BORERE T, BT SR DU R B S BN A P R T
JIRRBER TERERARK AN 2), Hofbbhn i 4w b iy
6 i BT A AT G o 5 A B A T 11 B A I 2 SR
BYT SRR, LRI MR ILASR h # e B
LAY, S 19.42~34.17 mg/L., 10.37~19.17 mg/L;
REBETIER ., RRERMEHEE ST ENT 0.06~2.20 mg/L;
REETFILRRZRE TR & 28T 0.02 mg/L, ¥R
WA P RS FILRE S s T AR, R
A AT P R LIS AULRIR S RS, FRERY
2O R AE AR R A o R R . AR, b
Pt AR S AR LR R A P R B T R RE, N 54.89 mg/L,
TR 2 T A T T i R I 31.29 mg/Ls
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Table 1 Phenolic acid content in different varieties of wines (mg/L)
fh BERK EIR HIRWN T IREE R R P
BEFmR 11.26+0.02¢ 22.03+0.04° 13.82+0.20° 15.42+0.46° 13.58+0.44° 0.00
JILZSRRHEE  10.88+0.20° 11.97£0.17° 10.25+0.27° 10.15+0.86° 6.02+0.02° 0.00
TR 2.18+0.05° 5.61+0.23" 3.34+0.12¢ 3.93+0.08° 5.23+0.12° 0.00
S L% 0.67+0.01° 0.57+0.00° 0.38+0.01° 0.73+0.07° 0.40+0.01° 0.00
3-FR AL EERR 0.20+0.01° 0.14+0.01¢ 0.53+0.00° 0.26:£0.00° 0.51+0.03" 0.00
POpERS 0.13+0.01¢ 0.24+0.01° 0.12+0.00¢ 0.28+0.01° 0.15+0.01° 0.00
paacge M FREER R 0.14+0.01¢ 0.26:0.00° 0.13+0.00¢ 0.30+0.01° 0.18+0.01° 0.00
g Je MR 0.18+0.01¢ 0.13+0.01¢ 0.27+0.00° 0.44+0.02° 0.14+0.01¢ 0.00
BETRILE . . .
- 0.23+0.02 0.56+0.05 - 0.10+0.01 - 0.00
J LS 0.04:0.00° 0.02:0.00° 0.040.00° 0.050.00° 0.04+0.01° 0.00
TR L1 0.03+0.00" 0.03+0.00° - 0.03+0.00° - 0.00
X FEHARH R . . . | X
2. 0.0120.00 0.0120.00 0.0120.00 0.02+0.00 0.02+0.00 0.00
JENe 25.66+0.89¢ 41.01+1.20° 28.89+1.00° 31.89+1.25° 26.28+1.04¢ 0.00
b2 2 0.22+0.01° 0.20:£0.00° 0.14+0.00° 0.43+0.02° 0.52+0.01° 0.00
X 2R 1.04+0.04° 0.30+0.01° 1.76+0.06° 1.81£0.01° 2.79£0.11° 0.00
REN  RASMAR 1.75£0.05° 1.39£0.03¢ 2.91£0.01° 0.71£0.01¢ 2.22+0.13° 0.00
FERR A R TR
Wi 1.37+0.07¢ 0.36:0.02° 3.58+0.11° 1.98+0.18° 3.38+0.03° 0.00
JeNiTe 4.32+0.21¢ 2.24+0.11° 8.32+0.24° 4.97+0.22° 8.74:0.40° 0.00
Ty R L 29.98+1.01¢ 43.26+1.13" 37.21£0.99" 36.86£1.15° 35.02+1.40° 0.00
T RPN P BE AR R 2, -FORARAG Y AR/ NG SRR RR AN R) il ) 22 5 19 2 1, P<0.05, T 1A,
®2 ARSMHEEEPREELS 2 (mg/L)
Table 2 Flavanol content in different varietal wines (mg/L)
GiES E DN FIR U157 IRETK o P
FILEmR 14.70+0.32° 19.17+0.88° 12.90+0.11¢ 18.01+0.44° 10.37+0.10° 0.00
KEBEBFILER 0.89+0.08" 0.70+0.00° 0.64+0.03" 0.70+0.04° 0.45+0.04° 0.00
SRR 0.14+0.02¢ 0.43+0.04° 0.060.00° 0.59+0.02° 0.24+0.01° 0.00
LLE 0.47+0.05° 1.28+0.12° 0.39+0.29° 2.12+0.07* 1.060.06" 0.00
RERTIARE 0.01£0.00° 0.02+0.00° - 0.01:0.00° - 0.00
T FRRIER
JLASIR 28.9240.52° 34.17+0.53° 25.77+1.11° 28.53+1.49" 19.42+0.54° 0.00
JES 45.81+1.26° 54.89+2.82° 39.72+1.46° 50.40+2.11° 31.29+1.90° 0.00

o AN ) it Fofr B (5 A0 % T o B BEIEA T O 2240 0T, 4G
RER: RILKR . 7 REEMRAE R 5 FP 55 A0 40 R
A 32 R (P<0.05); RIEEFILHKRALK . D/R I
TREE IR SRR R B o 2 22 5 (P>0.05), {H5 LA 5 Fh B
A W2 R(P<0.05); MMFRTEFRMEEE 2 ERRMD
IR U5 B S A R ANAEAE i 22 5, (B RS R AR A
R L 25 5 (P<0.05); RIEFILERKE FIRER
R 3 AN ELELAT 2 3 22 5 (P<0.05); ERKFFR
LR P LA TR AN B 25 5, 5 A S A
HA 1325 57(P<0.05).

2.1.3 %) EAEE

B A T 1 Sy € 0 G, X 7 R A 4 G )
o B TEAE AP ZEME R 10 FhigERmE sy, frsREmA
FRECH ARG, Hoth 8 I FREE W) T A K HH (3R 3). K
B 8 P IR &R R, BRI, W R
T Ay R S o O A R AR Ay, A
1.02~12.62., 1.57~7.73. 1.71~3.40 mg/L; [ZE/E, ML
HEHEANT 0.09~0.45 mg/L; T . 1L AR R R
FAET 0.1 mg/L. ERFHHAT h AR, LR
T FACAR R 28 O b T LA SRl 25T SO B R
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B NTE TR DL 5 | 5 SR 20 B R L A Y P
I 53R 2% PR A2 PG A R RN B e v, T R
S 3 A 9 SR AL IR DL o B A 1 R B s R AR,
SEIAE 4 31 20.80 mg/L 1 6.46 mg/L.

ot AN ] it o 4 20 TS v B I 2 ) SR R AT O 25 40 T
IR EN: ThIR D 5E AT 3R 22 PR T AV v (B RS L
A2 5(P>0.05), B 5HAD M AEA 3% 25 5 (P<0.05);
P SRR TR R R AE 5 AR A A B
F(P<0.05); 3E4K LR DL FH 2 B Bk B it 4 2 G v PO 2
HAEA BEZEFP>0.05), SHA 2 A Hhea i H 4w
HA B2 7(P<0.05); WA RABFRA DRI, 7
5 TR N T 355 2% A A 2 T DS B 26 22 R (P>0.05); AR
BT R ISR . TR DL v A 358 2 B S R G oS
BA B #25(P>0.05),

2.1.4 wEHF

B R T 2 A S T R S —dE bR, AE@TT N
FETERE, AT A @ XUk EA B A
WAL FEAREAR . GERAR . BEta
FREHOEAATEERP), WE TR, Adn]
PA3E 1 S5 AN R A R A 7 B A T DA BE AR g7 728,

FEME W) 18 Fpbatrrh, a4 3#-3,5-0 S HibE
T KRR -3,5-O- VU R T . A2 3-3,5-0 BURIATHET |
RKEHH-3,5-0 DAHART . KA OE RILLIBHTE R
TEETFIANG ), HoE R -3-O- AT WAL (T 5
B GY, KA 2R -3-O- AT . TRMHEREER-3-O-HA MY |
AT -3-O-FAIMT . MR E T EIRT 1 mg/L, Hibfe
AR AR, HARZE I 40 R 4 7T, 11 FfE s
AR G ) B B 22 5 (P<0.05), BHEFAE

*3 AE@MEEE T RS 2 (ng/L)

Table 3 Flavonol content in different varietal wines (mg/L)

FUES E PPN £k TR I v IREER R =
[ B8 4 i 0.45+0.11° 0.09+0.01¢ 0.24+0.01¢ 0.35+0.01° 0.27+0.00¢ 0.00
= 3.21+0.08" 1.710.13¢ 3.40+0.08° 1.91£0.06¢ 2.5540.06° 0.00
ik iz 1 0.0740.05° 0.04+0.01¢ 0.05+0.00° 0.0420.01¢ 0.08+0.01° 0.00
1L 2% 1 0.04+0.01° 0.03+0.01° 0.02+0.00° 0.02:0.00* 0.02+0.00° 0.00
MR 1T 0.22+0.02° 0.23+0.03" 0.27+0.01° 0.20+0.02¢ 0.2840.00° 0.00
SR A 8.81+0.47° 12.62+0.40° 1.02+0.05¢ 6.03+0.04° 3.18+0.08¢ 0.00
NS 0.060.01° 0.03+0.01° 0.02+0.00° 0.0240.00° 0.02+0.00° 0.00
ik iz % 3.69+0.25¢ 6.07+0.09" 1.57+0.08° 7.73+£0.28" 4.33+0.20° 0.00
=S¥ 16.54+0.50° 20.80+1.07° 6.46+0.14° 16.13+0.85° 10.67+0.57° 0.00
F4 TRSMHEEEPEETFIE(mg/L)
Table 4 Anthocyanin content in different varietal wines (mg/L)
IS HRR ER LRIITE TREEER I/ P
mEf AR 0.20+0.02° 0.15+0.01° 0.20+0.01° 0.12+0.01¢ 0.10£0.01¢ 0.00
RRAE 2 -3-0-4
* ] 14.11+1.02° 8.18+0.64° 10.10+0.18° 6.50+0.20° 7.44+0.52¢¢ 0.00
A HEAT
kR 0.26+0.01¢ 0.42+0.04° 0.67+0.03° 0.35+0.01¢ 0.20+0.01¢ 0.00
KR -3-0-4]
g e 6.28+0.17° 5.34+0.19° 3.28+0.37¢ 4.36+0.16° 5.19+0.24° 0.00
EBETT
EAR 2.00+0.19" 1.12+0.07¢ 2.18+0.15% 1.57+0.04° 2.39+0.18° 0.00
R340 3R-3,5-0 ML , .
i 0.38+0.02° 0.22+0.01 0.14+0.01¢ 0.36+0.01 0.30+0.01° 0.00
A BT
MR 53K -3-0-4
o 168.84+19.47° 63.82+3.55¢ 126.21+13.65" 86.56+0.87° 137.78+13.98" 0.00
T
ISETRER- 0.12+0.01° 0.10+0.01° 0.08+0.00° 0.06+0.00° 0.06+0.01° 0.00
AT R -3-0- 4
- 5.11+0.06" 5.90+0.37* 2.47+0.10° 2.56+0.10° 3.01£0.27¢ 0.00
REHEOR 0.19+0.01° 1.30£0.12° 2.04+0.20° 0.89:£0.04° 0.490.00° 0.00
9&2‘2%?-3_0_% b a c c c
! 0.64+0.02 1.5620.12 0.26+0.02 0.36+0.02 0.33+0.02 0.00
AHEAT
VIACREUES Ty 193.76+18.81° 88.46+4.39¢ 149.28+15.31° 105.13+4.49° 156.03+12.60° 0.00
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GBS R IR T IR US| R B R A S5 % B A 2 g
Z AR E(P>0.05); 3R B S A tp g AR 4 K -3-0-
B 5 58 SRR R R AL R 4 T 25 S AN [ 2 (P>0.05);
TG B -3-O- ] A A Y 7 35 SR RN I B 2% B A RO
FEAE 35 22 5 (P>0.05); Eh /R DL o B 5t 2 257 17 b 1 i 2%
B0 ) 5 58 R R R T S 2 A A T AN B 2
(P>0.05); 5% {1, 3 -3-O- 11 2 Wit 117 T JK DL v Fl T 555 2%
R T AR AETE B 22 F(P>0.05); 2ERR | ERAAL
PR aESHA 3 AMAHENFEREER
(P>0.05); AJZ4Z-3-O- M4 H1T . K444 3R -3-0-H 41T
FESL IR DUSE . AR AR AN T 055 2% A N A A T T AN A AR D
5(P>0.05). A6 B 43 BIAE 48 K IS 35 S B i 4 4 TS
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Table 5 Classification results of different varieties of wines
based on OPLS-DA (n=6)
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