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Geographical origin identification of Chinese red wines based on
antioxidant activity indexes
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ABSTRACT: Objective To compare and analyze the differences of antioxidant activities of Chinese red wines
from different origins, so as to achieve their geographical origins identification. Methods Taking the red wines of
Turpan of Xinjiang, Yinchuan of Ningxia and Qinhuangdao of Hebei as the research objects, the differences of
antioxidant activities of Chinese red wines from different regions were compared by physicochemical detection
methods, and predictive models were established to distinguish the geographical origins of them by principal
component analysis (PCA), orthogonal partial least squares-discriminant analysis (OPLS-DA) and support vector
machine (SVM). Results In the determination of antioxidant activity indexes in wine samples, the antioxidant
capacities of red wine samples from different origins were ranked as follows: Xinjiang Turpan>Ningxia

Yinchuan>Hebei Qinhuangdao. Based on the above antioxidant activity indexes data, PCA analysis showed that the
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red wine samples from different origins could be clustered into categories, and the total variance rate explained by the

first two principal components was up to 89.6%, which could basically reflect the overall data information.

Furthermore, OPLS-DA and SVM models were established to predict the origins of red wines, and 8 wine samples

from different origins were used as the test set for external validation. The results showed that the recognition accuracy

of both models could reach 87.5%, showing good ability for geographical origins identification. Conclusion The

geographical origins of Chinese red wines can be identified according to the differences of antioxidant activity.

KEY WORDS: Chinese red wine; antioxidant activity; geographical origin identification; support vector machine;
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-2,5,7,8- DU B @ e - 2- SRR (o M all, B 22 e AR A AL B
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ZHEFEER (1, 1-diphenyl-2- trinitrophenylhydrazine, DPPH)
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12 FENFESEE

TU-1900 74585 A] UL 43500 B (b e - s A A
AR T T]); DHG-9030A T B HIE iR &% XU 446 (T B
WL FHALES A BRTE/AT]); GL124-1SCN B T/ K
P 1 mg, FEEFIHRFAAER A ) A RA A,
1.3 LWHE
13.1 EEBAEen

AT P I & BHI G S I SENER 2655005 19
R, BE 1.0 mL Bret i B 4370 10, 20, 30, 50,
70. 90 pg/mL MR FRRVRIER IR T 10 mL b &8, fin
A 5.0 mL 10% A8 RGNR G, 8% /R0 5 min J5IA 4.0 mL
T S%RRERANVET, EATE 60 min, DIZEIBAKIME NS HIF
WAHHATIE, F 765 nm AbIE WG REE, AREFRR &t
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BRI 5 v S 2 WA PO AT Y e )
B 0.5 mL JE RS54 10, 20, 40, 60, 80, 100 pg/mL
BT TAEBF 10 mL A EL @&, JLA 4.5 mL 15% 2B,
0.4 mL 5% NaNO, &K, ¥R E 6 min, LA 0.4 mL )
10% AICL ¥, %% /% E 6 min, JIA 1 mol/mL NaOH %
W& 2.5 mL, 5 FMZEBKESRZE 10 mL, CE 15 min )5,
FE S RN 510 nm AN E OB EE, DL 15% O BERER
FETAVE RS WG T I, ARl 2 LS T A R A Sk
ARbR, ARG AR N AsAR . #5 0.5 mL i B (118
FEF BEARHE MR T TEAEDE K 510 nm A0 WO RE 1,
FAREARTFATIE 3R, RSN T 5 RER.
133 HRAMAZE MG Z

(1) DPPH H 235 bR g 7 &

HITEK Z EEliHl 30 pg/mL DPPH YW, #OGIRAES
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FRUERE R, 76 A4 T RO 12 h RLl & ABTS A H
FERB AW, R, FHJC/K 2B B 2 W 6 7E(0.7+0.02)
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FhE@IR T, 15 3.9 mL ABTS H b1 30555 e BIes 4
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9 734 nm AL E ROGEEE, BRAREATATINGE 3 1R, 455
L) Trolox F /N,

() B iR R 58 i
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W B TARMEZ %, 203FH 0.1 mL FIFITOKZ
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) Trolox TAER FHAERH, FITFMA 1 mL 0.005 mol/L
CuSO, ¥, 1 mL 0.00375mol/L HrFAHiXH], 1 mL 1 mol/L
LERERR, Ba TIMAZEEK 1 mL, N AZRIE4.1 mL,
SN 30 min J5, TERKRMISE K 450 nm 200 WO FE(E,
P 15%ZBE Trolox YENZS HLIEWIEITING, 4550
Trolox F R briERMZR LA Trolox & & AE M Ak bR, DU
AR G B (B AR A AR R o B 0.1 mL AR BT A 422 FE 7l
FARERZE A RN KO 450 nm AbIE OREE(E, A
AFEAEATINRE 3 IR, 455 LL Trolox &K
1.4 BESHH

A 8RS M35 % ] Microsoft Excel 2016 43 #7;
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2 HER5HH

21 AREMTEEHBELRBMERENRS SRS

FE R 1.3.1 AR 1.3.2 B4 J A5 200 e B B 5 i LA
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Table 1 Standard curve equation for determination of antioxidant activity indexes

£/ 2R CAT G Eieg LB EVEEEN i () RAEIEH/ (ng/mL)
SN E ¥=0.01035X+0.03473 0.9963 10~100
LB I ¥=0.00898X+0.02178 0.9959 10~100
DPPH [ H 5L B fE il ¥=0.00398X-0.04059 0.9971 50~200
ABTS H H 235 B g T e ¥=0.00415X-0.10893 0.9987 50~250
i 1 IR I R ) ¥=0.00898X+0.02178 0.9989 500~400
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Fig.2 DPPH radical and ABTS radical scavenging ability and
copper ion reduction ability of red wines from different origins
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Table 2 Test results of total phenols, total flavonoids and antioxidant activity of wines

Fen A A o DPPH # 4k i P ABTS $54b i 1 il B IR I fE
/(ug/mL) /(pg/mL) /(ng/mL Trolox 4 #t) /(ng/mL Trolox 24 #) /(ug/mL Trolox 44t)

TPO1 2948.16+17.42 244.79+1.12 3143.64+0.00 114.25+0.21 8106.72+0.00
TP02 3209.03+12.78 286.66+1.80 6023.17+15.20 131.54+0.42 8517.16=0.00
TPO3 2967.49+9.66 233.36+1.80 4917.00+30.41 122.18+0.21 8032.09+0.00
TP04 3529.48+16.97 307.74+0.93 5478.86+15.20 141.03+0.21 9263.43+0.00
TPO5 2399.05+7.38 175.90+1.69 4881.89+0.00 100.33+0.21 5867.91+0.00
TP06 2349.13+14.49 183.47+1.28 4802.88+0.00 103.69+0.00 5979.85+0.00
TPO7 2946.55+14.76 239.00+1.12 5584.21+15.21 124.58+0.00 7584.33+0.00
TPO8 3767.81+16.96 341.7542.32 6312.87+15.21 151.23+0.62 10382.83+37.31
TP09 3344.30+9.66 292.30+2.68 5909.04+0.00 142.47£0.21 9163.93+57.00
TP10 3307.26£26.61 280.28+1.34 5689.56=15.21 138.99+0.36 9425.13+21.54
TP11 3184.88+14.49 279.24+4.14 5882.70+0.00 133.82+0.21 9114.18+0.00
TP12 2065.72+16.97 272.8542.97 5487.64+0.00 144.15+0.21 9151.49+0.00
TP13 2866.04+14.49 151.25+1.43 4249.800.00 81.60+0.21 5270.90+0.00
TP14 3192.93+27.47 205.29+3.84 5724.68+0.00 119.30+0.55 6838.060.00
TP15 3257.34+8.37 257.86+3.37 5882.70+0.00 138.63+0.36 9425.13+21.54
TP16 3295.99+19.32 260.97+5.37 5909.04+0.00 133.4620.21 8554.48+0.00
YCO1 2857.99+274.02 232.17£0..77 5794.91+15.21 115.81+0.42 6900.25+21.55
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Hi o RS (uy/ml) u/;fjgni)i /(E;::L*Tﬁjﬁ (i’ué) /(igB/rTnSLTr?ﬁ{ié) /(jgﬁ/ii:ff fﬁ)
YCo02 2630.93£33.93 236.4742.11 5628.11£15.21 109.93£0.75 6788.31221.55
YC03 2118.86:15.53 159.4140.68 4302.47£0.00 128.78£0.75 5246.024215.43
YC04 1903.08£29.52 143.9720.89 4012.76+0.00 101.29+0.21 4711.1940.00
YC05 2527.87+26.90 223414316 4829.2140.00 122304091 6514.68+21.54
YC06 2746.88+22.83 218.06+3.79 5399.85+15.21 133.70+1.16 6987.3120.00
YCo7 1917.57+18.29 147.54+1.34 4583 421521 81.60£0.91 4114.1820.00
YCo8 1801.63£12.16 131.3541.57 4460.50£0.00 94.68+0.95 4039.55£0.00
YC09 2318.53£41.65 186.88+1.44 4662.41£15.20 116.05+1.50 5706.22421.55
YC10 2790.35465.95 218.0641.44 5610.55:15.21 145.59+0.21 7596.77+21.54
yCi1 2334.64+33.82 169.81+1.78 5487.640.00 123.3820.55 5718.6620.00
yci2 2756.54+19.53 230.39+5.79 5329.62+0.00 140.1940.21 7634.08421.55
YCI3 2857.98+27.89 241.08+4.70 6514.79+45.62 127.4620.62 8454.98421.54
YC14 1946.56£80.45 108.34£1.78 5399.85:66.28 83.7642.20 4450.0098.72
YCI15 2618.0542.21 181244428 5399.8540.23 116.7741.27 6427.6120.00
YCl6 2851.54+31.68 165.3545.35 5610.55+106.44 120.62:0.95 7285.8240.00
yC17 2869.26+33.93 197.87+4.46 3371.89+40.23 114.25+0.75 7012.19107.72
QHDOI 2310.48+17.42 232.46+0.25 3187.53+15.20 111.730.21 6365.43£21.54
QHDO2 1819.34:40.23 160.75+1.36 3424571521 96.001.50 5420.1520.00
QHDO3 1761.37+14.76 162.8341.12 3723.06£26 34 91.0840.36 5047.0120.00
QHDO4 1742.0415.53 171.14£1.34 3687.94+15.21 118.940.42 5681.3420.00
QHDOS 1899.85+8.37 173.3741.18 2783.70+15.21 132.86+0.36 6017.1620.00
QHDO6 1819.34£19.52 164.76:£0.68 2968.06+54.83 111.8541.10 5830.60£0.00
QHDO7 1711.45421.06 136.70+0.93 3696.72::0.00 9432+1.90 4860.450.00
QHDO8 2056.05+16.97 172.48£0.89 4328.81426.34 105.73£0.21 6676.37+21.55
QHDO09 2315.3122.14 195.79:41.69 4223.4620.00 129.7440.55 6477.37421.54
QHDI0 2022.24+41.09 169.0740.25 4021541521 120.74£0.55 5494.780.00
QHDII 1829.00+44.62 140.2643.13 4390.26+169.33 106.57:£0.00 52833422154
QHDI2 2181.66+15.53 190.60+1 .85 4293.69£15.20 124.2240.00 7173.8840.00
23 TEEMATHEE PCA B OPLS.DA 547 RS S A AT A0 K55, JEof 7
BT A TR 4 4B, T B AR (R AL R

DIBIAT P A& . BB & . DPPH A1 ABTS
A S bR AR ) LA B TR TR AR ) 5 APk iE AR bR
SRR, XFArRIR A 3 AN R UL 45 S AT R A T
PCA L)} OPLS-DA 4-#t. #E PCA Zr#rH, BUBIASFEA
B ZE BRI BN 77.5%H0 12.1%, BiTr7h 89.6%,
N HT A 3 AT e A AU SR B BR (S B . R 3 W]
Y, ASTR) 7 b 7] %4 75 TR R A W] ARSI L X A, RBHR
FABUEAL TG PR FR ) 7= 214 A5 0 14 7= Mt A 7 X o T A 7
B, N T SRS 22 5, R A REA
B B0%IEHYNLREE . 20%E N TS HEFT OPLS-DA %
30 NE 4 BT, 37 NINZREEFEAS 7 %) OPLS-DA 57
R n=0.953, R*Yun=0.488, O%.n=0.33(W.3% 3), £
PSR AR i T, RIS 8 3 i PCA ARAIA EL, %A%

FHE 1. 2 G0, MR B B AR B TAS 3 2R,
AR, LU 8 AARE MR AR AR R A A T AN R, &5
IR &I OPLS-DA #5151 AR 0] 35 87.5%, KW
FERIAER ] 5 . 454 PCA Il OPLS-DA FREI ({25 Sn] LIS
W, TR b A A T T DA R T S A T A 1 22 S v A T
B 53

%3 PCA LK OPLS-DA fREIZGIT 2 &%
Table 3 Statistical parameters of PCA and OPLS-DA models

HERY RXoum R¥Yeum Q*oum  BUINH/%
PCA 0.896 - 0.616 -
OPLS-DA 0.953 0.488 0.330 87.5

TE: RN oI
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Fig.3 PCA score plot (a) and OPLS-DA sore plot (b) based on the antioxidant activity indexes of red wines from different origins
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