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ABSTRACT: Objective To establish a rapid model for varietal discrimination of Chinese red wines by leveraging

the differences in antioxidant activity among different varieties. Methods The total phenolic content, total
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flavonoid content, cupric ion reducing antioxidant capacity, 1,1-diphenyl-2-picryl-hydrazyl radical scavenging
capacity and 2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) ammonium salt radical cation scavenging capacity
of different varieties of Chinese red wines (Pinot Noir, Merlot, Cabernet Gernischt and Cabernet Sauvignon) were
(PCA),

squares-discriminant analysis (OPLS-DA) and support vector machine (SVM) algorithms were combined to establish

determined and compared. Meanwhile, principal component analysis orthogonal partial least

a varietal identification model for Chinese red wines. Results Comparative analysis revealed that the order of
antioxidant activity of the 4 varieties was: Cabernet Sauvignon>Merlot>Cabernet Gernischt>Pinot Noir. On this
basis, the constructed PCA (R’Xn=0.819) and OPLS-DA (R*Xyn=0.952, R>Y.un=0.424, 0?..n=0.387) models
effectively characterized the data features and intergroup differences. The SVM varietal identification model achieved
a cross-validation accuracy of 94.40%, with 100.00% accuracy in the training set and 96.26% accuracy in the test set.
Conclusion Based on the variety-specific antioxidant activity differences of Chinese red wines, combined with
multivariate statistical methods and machine learning algorithms, rapid and accurate discrimination of Chinese red
wine varieties can be effectively achieved.

KEY WORDS: Chinese red wine; antioxidant activity; principal component analysis; orthogonal partial least
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FEid R B L T RTE R Forh, B2 | BB R 5,
AN 3 0 2] T 0 A T B R XU, IR T B R AT
A BTG PE O B AR T Ry T A T O T RE R 2
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species, ROS)IWIE A, /0B T 1k, FF{RI DNA sz
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1L BE 1 2 5, IF45 4 3 4 43 BT (principal component
analysis, PCA). IF 32 fi £ /Iy — 7€ - #1] 51| 43 #T (orthogonal
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SR RTA e, Sy 7 0 A T 7 M A S5 e A o 5t g
R ARSE

1 RS

1.1 #MR5RF

ASTR] S D LA RE AL 119 A, Hoh IREEER S
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R CE RG] . W R FER(BIE4E), DPPH, 4R
Big . 2,9-HIBE-1,10 SBEEVE IR GRS H 32500 ) (43 A 28 (1
P YR BRA wl); 2 T (g al, U R ERHL
A BRA D, ToKBRIREN (o Frat, K HdbRs anfb T4
B HD, WASEREN . KA RS . KA (b at,
AL ERFAG AR, KA BB . ABTS. i i
e . 6-¥22E-2,5,7,8- DU FR LA bE-2- ¥R 118 (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid, Trolox)(Z;#r4l, i
% MR AR R D
1.2 UE5E%

TU-1900 £4h-1] W43 66 BTG B8 Ml F AL A
FRTTAT 2N F]); DHG-9030A H PVfr LB X T4 (MR L X
Wi T AT BR DT Al ); GL124-1SCN AL F 4041 K- OF
JE 1 mg, fE[EZEZFIHAH]).

1.3 LWHEE
1.3.1 REKFHEYFA TN E

AN T ity 0 D 7 21 4 G v B A AR T B Y
W 22 A PR A 3 5 T B Ak TG MR A 1 [ ) £ %
WP R B R), FERS VR

(1) 1 2 R 2

B EFRT/ERRIEN 10, 20, 30, 50, 70,
90 pg/mL, 27 SCHR[ST A bn v 28 LA EA IR v i
TRMIE, BT 3 WOPTEER.

(2) T e 5 2 P I 52

BEA TR T AW BT Wk B 3 S 100, 200, 300,
400, 500 pg/mL, ZrHIFEHL 2 mL iNAE] 10 mL A9 Hb (B4
B, A 15%BEERZE 5 mL, S SCHR[S T & br i il
L DA AT AE v RIS REAR HEAT 3 IO
(TEe s
1.3.2  RIMIAALEE Al

AN [H) b 7R 4T A 45 19 CUPRAC B 5E
ABTS+H H3EiEBREE 1 692 DL ) DPPH A 375 bR Ak
BRI 2 Tk TR 228 i B B 00 S Ab T8 DTS A 1 [ = 214
AP PRI, AENREAEAT 3 AT
1.4 HIEAIE

A B 19 e it K e @ it Microsoft Excel 2016 5¢
B, A5 L BIEEbR R 22 3R ; SR Python 3.9 JFf7HL
DU 7 2243 0T, XA [i) i o 20 7 2 9 L 0 e 1) bk 2
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L R HEA T B IR A DG 43T SR Origin 2018 58 A
B 48 T AE; PCA &2 OPLS-DA 43 #73% i SIMCA-P 14.1
SERL, A (R Xeums R Yeum) 5 T R 1 (O 1F
Prisi A iR e M 5 A Sk FI MATLAB R2023b HriY

LIBSVM T HAU, ¥EEET 4% ) 3k 25 5 (adial basis function,

RBF)IZ AL SVM AL, SR Al 43 IR A% 4 > ShFar
AN REA N M 7:3 el ISR Sk 4E, Hhf
1 3 WOEAT S8 ds . HARSELA: Pin it (I 2R %E n=27,
MRAE n=12). Mer FFGNZRE n=68, Mk n=28). Ger
SR ONZREE n=61, MK n=26). Sau ShFHAIZRE n=94,
MRAR n=41). i PR REIIETT SE80(0) 5% REL
ZH(y), TEINRTA[R] b P 2175 257 8 7 2 )

2 HREDM

2.1 FREGSMEFLCEEERSWEELEER S
2.1.1 TPC %& TFC % F i

W A0 ) B B R Ak & W R A ) vh B A A T PR
FEORPEP ARG R 1 A bR i R (LA R R
BIRT 0.99), MAFGFGOHE PSR TPC LK
TFC & rilE, S5RER, 4 45 FP L8R TPC
SEH{E T L R (1781.114527.22)~(2532.17+567.06) pg/mL, ifi
TFC 4(2886.90+£925.53)~(4121.93+1064.63) pg/mL, JH, [F]
P AN R REAS (8] B TPC LA K TRC fE7E— E 2 2k, X
2 B TR I AR Ry — AR L R REAE R R b, 7E R A A
B, AEFXRA . S BE DR ISR
BRSBTS B AT B N Ry
Z4HT R B 1), Sau fhFlEY TPC H{E R B 3% & T 7 4h
3ANERAI(P<0.001), T AR A [A] JC 2 3 25 5 (P>0.05) 0 XF
F TFC H{EHM LT 5, Sau fhFE . Mer S LI Ger S
[ER#E2ER, H=FWET Pin W&Fh, HHAEANRRER
BB EMEZE R (P<0.05, P<0.01 B P<0.001), #&IATME,
Sau fhFIA TPC LA I TFC &r&fm, HAHERMNB IS
Y R FERZAC S YIE Y & R R BRE S, W Pin SFPHIE
TR, AN, Mer bR LI Ger bRl TPC LUK TFC
TRZIICHE 2R, TEEEIMIPUAAIIE A it
fTHss.

N T BIER AT RS TPC, TFC BYCHEE, XA
SRR LA A REAS S TPC ., TFC 347 Pearson AHIE M4 .
M 2 FE LR B, AT TPC, TFC 55 Fh 2 ()35 2
IEAHSE, W] TPC . TFC KA S FhRE i AL A AR 1k, 7T
FER AR R AR 2 — o E—2B M & B, Pin REMLS
TPC .TFC ¥ M6, Mer BEfh 5 TPC M6, 5 TFC
AARMEE 5, Ger 5 TPC., TFC ¥ 555 7A€, Sau 55 TPC,
TFC ¥R IEAME, Uil Pin #£4h . Sau #E4h5 TPC. TFC
AR, 1M Mer 5 Ger 75455 HABIER G X 4. |
RLER R, £ TPC & TFC $8FR71H, 4 AR 2
BRI EARRENS ISR ENEZR, AW RS
rFp 2 ) B —E e, BULADE: TPC. TFC fEN & Fh
YRR IRZ —, (G EES S HALIE RIS 00T, LA T
F P A R
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Table 1 Standard curve equation for the determination of antioxidant activity index
B AL IE PR bR Bt 2 5 PE R L AEVE I/ (ug/mL)

TPC ¥=0.01155X+0.02651 0.9987 10~90

TFC ¥=0.01092.X+0.00110 0.9982 20~100

CUPRAC ¥=0.00137X-0.01051 0.9963 50~400

DPPH H 1 AL BRAE T Y=0.21697X+8.26334 0.9900 50~300
ABTS+H H 5:E bR g ¥=0.40132X-3.26365 0.9968 50~250
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T * 25 57 3 (P<0.05), ** k25 5 i 3 (P<0.01),
g 22 AR i 2 (P<0.001), 2 [,
BT ANTR] A E P AL A I B TPC LA TFC X b
Fig.1 Comparison of TPC and TFC in different varieties of Chinese
red wine

212 DPPH A Wik . ABTS+A w ik F kst vl &
CUPRAC £ 7 biz

DPPH HH %, ABTS+H HEIEFREESI LI CUPRAC
BSMTNHU TG P 0 5 FTabR AR RS B bRk th &
EE 1), WEREAR SFERER 3 M IR
BEEELTR: DPPH [t 334 BREE J1 4 (1835.62+459.79)~
(4822.39+986.18) pg Trolox/mL, ABTS+ [ H1 535 k& 6E J1 0
(3574.93+651.79)~(5934.65+893.67) pg Trolox/mL, CUPRAC Ky

(4699.57+1197.55)~(6813.18+1602.64) pg Trolox/mL ., L% As[F]
SR PTERER) 3 MR HAEAREE SRR AT R R, 4 G
FEAEARRIRREE Y 22 R (81 2) BT S, 746X DPPH H
FHLT PR 1 7 T, Sau s Fhom AR B3 = F Pin, Mer F1 Ger
WA (P<0.001). i Mer F1 Ger A Fist DPPH [ 1 2L R
RN HEES, A FYEBE ST Pin FH(P<0.001
5% P<0.05), fEXT ABTS+H i ALiEFREE S i, Pin fifh
BAR BEA IEF oAt 3 A AR (P<0.001), 1M Sau fhF
520 H e = B LTE BRBE 1 o X CUPRAC, Sau /i
PS5 Mer SRR EERARRL, BB E ST Pin A5 Ger
EFl(P<0.001), L, ZEMRIMNEN 3 A4S FE FEDL S AL
TEPEJSTH, 5 TPC J TFC Zp M4t i —2, 3 WA bisi ik
FEBRINE 45 AR K Sau>Mer>Ger>Pin 7EH A/ Hr
(F2), Ak bR 3 RSN AR BR IR [RIRE S5 4 IEAH
5%, WE—HEI T B AR IS PEFE AR T LAVE Ry SRS S B A
SRR . Mo B A SRR, Pin SRS T A FE RS
AHOG, Horfr 5 ABTS+ A B BR A8 77 1) 57UAH DG PE IR 5 - Sau
A 3 WHRAR R IEASE, JUIY DPPH H t LI BRAE
IR R BRA 0.812, 746, HHELFS TPC & TFC Z
] AH DG, Mer 55 Ger @Rl S 3 AMARSMI AL AR FR AT AH

L5 FTIER, ASIR] SR £ A b A Ak e ) B B
BT, X5 CHEN PR, Hrh, Sau dhFh e 40
Pra biets L3R B fenm g P, Hukh Mer Al Ger (i,
1M Pin S ARHT AL RE AN B o b i R 1P AL TG
(25 5, Rtk — 2 £ 2 G 1) R S B L T A
AR

®2 4N EMEFLEEESHENEEIEIRN Pearson XM R

Table 2 Pearson correlation coefficients between 4 varieties of Chinese red wines and antioxidant activity indices

o B AL e AR
TPC TFC DPPH H i 5:iE FRAE ) ABTS+H Hi 5:E R g CUPRAC
Pin -0.283 -0.289 -0.366 ~0.485 -0.268
Mer -0.173 0.015 -0.249 0.049 0.220
Ger -0.101 -0.079 —0.394 —0.093 —0.386
Sau 0.429 0.242 0.812 0.350 0.313
R 0.446 0.281 0.707 0.435 0.214
TE: RPBUAA Pearson MR E(), HBFRAME, IESFRIEMAI; HEREAXHERIEE 1, IR 53R TE MR IR

2R M SRR BE BB
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Fig.2 Comparison of DPPH radical scavenging capacity, ABTS+
radical scavenging capacity, and CUPRAC of Chinese red wines
from different varieties

2.2 AEIMMLIEZEE PCA & OPLS-DA &8
HETFIREER 5 DNPTEALTE AR EE, XT 4 ASRFhey
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A Ger
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A
201

15+
1.0
0.5
0
0.5
-1.0
-1.5

2.0
—6 -2

t[2]

0
t[1]
RX[1]1=0.721 R2X[2]=0.098

Ellipse: Hotelling’s T2 (95%)

WkRESE 119 MRS #EFT PCA AT OPLS-DA, PAHIRTIHIA
AT A X S B £ A T 1 S R s 7 Hh, PCA
FEIRNIR, W ER I RSN 72.10%, 5 F
I RN 9.83%, % BREUT EMRRRIE 81.90%,
X — 25 R, A A T RO R B AR E A O
FE, BB GRS LA, I AR HAT [ 47 i F
AES1(Q%cum 77 0.520). [FIBFEE A 3A BT LLA IR, AS[R] S5l
B4 B 7= LR T R A I — 8 RIS B, H A R A s
PTE AT o

SNENY AT EYSE P OL SN S N P ]
WA AR AR 25, R R AT TS
el it T OPLS-DAZ5 8K (K 3B 3% 3), BRI R X ey
N 0.952, R*Yeum N 0.424, KW EAY OPLS-DA A AT
RIF@E B LA U R L IS 5,  FLREA RS A ) 3= 22
EZREE R Qam M 0.387, MALTEH I HA R
TOEE ST 0.5 BIE, X 1 TN [R] R0 21845 9 B AR
HA U] 8 550 A AR T P DG A 22 AR P, (HT 4TS
PERFEZ P IX . KRBT 252 NI R PR e i
P FREAAFE—E 22 5%, IXS6 N AL RS T BH] 1) T A
FEVE BRI, R Xoym AT R Yo FOES SR REBSIE B BT AL TS PR
s T LA A DX 43 [ 7 2 4 2 T o ol ) 0 30

B @ Pin
2.0 m Mer
A Ger
L5 v Sau
— 1.0
(o]
=05
&0
g
S 0.5
— -1.0

-1.5

2.0 . . .
4 3 2 1 0 1 2 3
1.02429 ¢ [1]

RX[1]=0.480 RX[2]=0.097 Ellipse: Hotelling’s T2 (95%)

B344SR E FE 204 9 PCA (A) & OPLS-DA (B)f343-&
Fig.3 Score plots of PCA (A) and OPLS-DA (B) for 4 varieties of Chinese red wines

®3 4 NMRMESLEEER PCA LUK OPLS-DA
BRI FEH
Table 3 Evaluation parameters of PCA and OPLS-DA models
for 4 varieties of Chinese red wines

A R*Xeum RYeum Qi

PCA 0.819 - 0.520

OPLS-DA 0.952 0.424 0.387
R

2.3 A ERIIEEBT SVM 7547

FH 2K OPLS-DA Jy i 57 AR i e 1A BR, R
T RE I T4 b 1 1 25 5 A AV R R iR T AT
Mo ARWFFEIE—Hl i SVM Bk 8y [F 741 4 4578 /Y i Rb

PRI 32 BEAM AR 4 S8R P L0 A R AS 4
7:3 B HLBIRI A AN ZREE SR . SVM Bk AEAb B £k 1
syl BAT B g, i s B ik e 4 B S
Ay BRI PERER A e AE M AR 25 ] RBF, JF HaE
It AR B IET R T ¢ Ay, Hidh C ik
W 107'~10°(3% 10 ABEEE(E), y FIPRALTERDN 10 *~10'(E
10 MEREE().. S5, IS G C=21.5443 , y=1.0000,
TR IR UEAERFIR 94.40% (1] 4A~B).

118 4C~E T, B SVM KB X A [m] S A2 4
2T I SR SRR AS 1 1 000 b 28 55 92 BR 2 AR 2 — 3L, 4%
FWERZRIK 100.00%. 17 %F FIMHEREEREA, U Pin FiFlH5
Ger A FIREAAEAE BUMBRSE 5 S PR ISHIBREE (1 i 22,
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A FREIE; B, =4E0LE; C. SVM BRI SR REAR A SEPR2E HIFRZE 5 H 2 APRZE X [L; D. SVM BRI AR REAR A 52 B2l
FREE ST BIFRZEXT e B, YR8 5K AR IR B 45 R E (Pin Fhh . Mer ShFF . Ger fhFl. Sau FBRhHIRIRARZE 1. 2, 3. 4),
B 4 MR REL SVM S50 C Ty 1255 KBRS T 44: A

Fig.4 Optimization results of SVM parameters C and

FEARBEA B B 25 15 SE PRI BINR A I A — B, 70 2 vy
ik 96.26%. FIREREH], JETHUAA ISR AT
S LA Y AR AR X T

3 &

ARWFFE RGN E I3 LA T SR R . MR, e
BRAIREER 4 S AE AW ) TPC . TFC
CUPRAC, DPPH H W FRAE S 2 ABTS+H H 3L BRAE

y via grid search method and model prediction performance

J1 5 WhU AL TEMERERR, IF45 G PCA. OPLS-DA 5 SVM
Bk, M X 4 LA SR IR, 25 R R,
TEATRL LRI FeE b, 4 ARl ™ 1A A 1 25 P4
AIEVEITT R BB TR> A RE > e e k>R i, FF HOA
[i) o P T A PP 4AL AL B ) IR FE AR AN TRV B 1 5 P 2
5o IR ZE R A B BT 28 A S B Rk T A%
Ok, B R i A A R B o, R
IR G B R 2 S U AL R Ty, SR iR TR
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e AR LA R AR S R T, O AR S I 2R T
BRI EAR, FPAL ., 4CL ., F3H %5 54 W i R 75 L 52
KRH A R EIRRE, HXSESER A5 SR
PRIRERR . BENEE . TR 2 S M 2 R B A
oo T2 R U S R A R 2 S R AR A 2 R D
HATAEH G 2L £, &£k 20 FORFMES R,
R R v Fh HAT S B 3-SR W A6 75 =02, DT
A TG AR A T H A AT S T

B, DA 4 DS SRR S b Ak TE e b
Z A2 R 3EGl, JFE PCA 5 OPLS-DA L) SZ3i w74
PR 482 G5 R, PCA FIFIAS 40 SRy 2%
fift B 1k 81.93%, OPLS-DA HEHI) R2 Xy M 0.952 \R* Y ey
N 0424, Qoum M 0.387, PRI Y7543 35 iR A [
PR A AR A AT — 2 SRR, RIAPUALIE e bR H
B DX O LT A S R B R FAFERY . Rt — A B AR Rt
A SRS R AT, R SVM S vh 48 1) S A% o
Borg g AR B R, 45 R BORBER R S A &N
C=21.5443, y=1.0000, ffESS IRAFHERTR K 94.40%, Xf
YIS RFR DI RIK 100.00%, X I3 AR TR 50 i 2
7 96.26%, JEILH KAFR B e 512 1kfE ).

25 bR, AR T 4 3 R A I B AR BT A A A
YRR, SR 5 B — PR AR IR A PR A 2T, At
FIETPEAIE 22 T 45 A SVM SEAb £ i1 % B R A
% ST ERRTAS [ it ol 1 7= TR A T T e 8 . KRR X 3 o AAF
X ] 7 2T 2 T 1 PR BRI T e S R, (AR
AN Pl P2 A T R AL R 22 R IIR 2 A P LS
AL, 5E TR I5 gk — B IRAIR I

SE R
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