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WIS B vy, DA AR T4 0 24 W7 5 355 == 20 1 7=
M. Tsiakkas 25034 4 W5 ) 2€ 3 B 87 5% Yiannoudi F1
Marathefiiko PIAA L% PP T-2LRBR 3 a ITEATAE
A, SR F R AR B B A 1] I (509.18+8.18) ) mg/L,
T BRI S e & BRI IE (48.29+1.52) mg/L,
SRR AT S B ER N 84%, T
SAE TR AT R N TR A T AR 5 ) A B AR
Cheng 1N & 7 g (X 9 Fh -4 % %7 1) CIELab %
ok R OFH LS H, L) 7 b E L X T 205
HI B TR S R, T S L T Y
Geana S5Vt 1 4071 %5 1 22 Ty A4 R R A rh 40 AR B
HIBLS &R, il FRAER BERAE 1 2009—2017 47T
AHEBNESEE, ETREHB S ERES T T
174 % T AT S S AR A . Murru B0 41 T Bodegas
Vidas {7 = 35 FEFPAR 1) 5 bR E A1 67 KA I R R i 52 R
MR T ARSI R, IZI 0T 208 A 34t T R
BRI R B WA 77V, SEER T ok DX 20 A Y R
{37 . Vinciguerra Z5P1R F = 4k 5 Y6 0 Hridic S B 7
2L AT E A R pH B FRES R 15 aUR RS AR
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Gaucha 7 X IIANIET7 V%o 6 218 14 50 SR fiE 2 8500 A 2
SO AN AR R ORGERCE R, BRI R AR
B RS 245 210 BT, [ AN S 7T R
Z R IR E W BN X R —F R, HTHREsagE
LT 1RV e DX 0 2 T 7 5 T S )l ik = R ek
M ENE . R, ASHIEFE LAPE AL X -4 1 T 20 4
PONBEFRT B, 3T A BB 73 B 752500 5E 23 T
B O PRI FR bR, TR AT AL X 2 T
JRERFAE; 530 R A Pearson AH 5 F i AN BE ML A& AR
(Random Forest, RF) 7347 78 b 7= [X 7 % 8 52 = R 1) — 2%
ARG T 217 28 W 7 AT 8 R AE R DTk B, M N T
LN 2% (Artificial Neural Networks, ANN) H FiAEHL, DL
AT 122 40 14 B P b7 DX 206 260 14 7 1b -5 30 8% 40 01 7
R, R LT R T TP DT R RO AT T VR I SRR S

1 MRERE

1.1 FOEEBEH
AWFFCRE T HEPIL X 200 KL EW,
1R, MR TARE WS & 3 A TATHREE, b3k
5 600 A>T-21 %5 %) L
F1 FOAEEBEHRER

Table 1  Information of dry red wine samples

FEX HFl Varieti blifies Bzt HE
Origin " aneties Age Style Number
FH AE. WAL WA, o BEA
Ningxia T TES ST AEPRERTY
wem o REERER. MR WIEZR. 1~4a. AR 45
Xinjiang P, GE 6~7a AEPRERTY
Hil ARERER. MR deRTR. 9. 3. 58 AR 4
Gansu RELW. PR, MH 73 C JERRRRAY
34t Total 200

1.2 UFE5F

S HNa] WA (UV-1780) , TWE T H A S
AT, PKTEEY 190~1 100 nm, 2} %N 0.5 nm, 24
Bt <0.05%.

K R KEERR. OB, AR, A8
e, M. =&bEk. + RN . = L.
HEE . SRS N et T2 el s &
VIR, BER. MRS Y A, T RS
B RAT]; #ZEne-3- M AR, JRIE#H R, Trolox.
DPPH (1,1-Diphenyl-2-picrylhydrazyl radical ) %5:3%) 945 #t
g, MTJbnt Sigma A .

1.3 IR FEE
1.3.1 FHIgAF4m

ZIRAEESIN G, EEREN L (W | o
(4 /85818 b7 CG/EEE) - C, () . h, ({4
D AE, (%) %54 5% CUff F 05k, it
ORI AT, SREUVYELRAE R CIELab
tRIERSHL

SR E RS I, 55T 280 nm KRR
BT 5 &, 320 nm ARWROG B T 50 A BRI & =
360 nm AEW EEAE THE B A RE S &, 520 nm ARG FEAE

HHAEOTSE.

28 Aleixandre-Tudo 21" 77k, LLFERE. SO, ¥4
VORI 2T Y ) T Y PR A PR VR 08 SRR A i A e (Y
FURTE AR 2 RARTE O & & DL /K IR A R
FEFE 550 nm FUOGEE TR S & & @il 520 nm
ME TR CRE Ay TEAE S NaHSO; TR S ERE 4.
WiFE 5 HCLIR & WWOEE A FIPFE. NaHSO; 5 HCI IR
BB E A, R AT TR

DPPH Fiéa b if v 10 & 228 55 51 525 U532, 1R
5 Trolox ¥ BE AT 517nm Ak 1R G {H 2 1) DPPH Frifk it 28,
HERA, 455 L Trolox 24 & A TEAC £, AN
umol/L.

2R Teixeira ZE 735, Sl IE 4 H B HALR E G
SEYHFE 0.1 mol/L FE A A i 2 MR R A5 21 pH
I A R A -

1.3.2 TEE48%

LERBERRTAHEHE P S RESH R TIT
%, HE S M Figueiredo-Gonzalez 25U )55, 4R
WRE - oK OEE=1 0 9 PRAELRC IR & 7T I8 1K #s
BE 4 5500 280 nm N IR As; KR GV TERE 24 h,
B0 JE B RIS, AT FERE 4 550 280 nm R R
JeFE Ags W 2P HON:

LFEFRHI=(45—A4)/A45x100 (D
1.3.3 WAR484k
W P T LU &0 T B SRR L, e
S8 Figueiredo-Gonzalez S Jridi. LIITIRE & Z8MK=

1219 RF LR HIVR A 9A W, I 280 nm FIROGAE 4,5 HX
AmLiBEW, MA 2%HRIEH, 1E4°CFHE 48h, &
OV JE B ETERG W 280 nm RWROGAE Ag; I BA R H R :
B 6 H=(A47—A5)/ A< 100 (2)
1.3.4 HBRIRE
ERFR B AT N T LR & R BT R AR e, B
M5 2 Figueiredo-Gonzalez 2577, F4IBIHAL
MK D WRERIR=2 1 1 3 RBULLECHIVR A VAW, AT
IKFERE 15 F5 500 280 nm R IIROGSE Ao; KRB TETEE
B 7h, B0 EIER, N KFRRE 15 550 280 nm
NHIOGIE Ajo: W ERER TR N -

ERIR AR H=(40—410)/45%100 (3)
1.4 BARDH
L4 1 ZAF KNN 93 {HAe R

BT 8 R ZE S AR R, FEAREE iy S L] &
fE 2 BB B B, AT B i (d . K AFiL Bk
(K-Nearest Neighbor, KNN) 1] &R 5l 351 b 7 #1E ,
REFEAREREEE . KNN 6 A FREA AT 1
K AN CHREAREAT 7038, o5 H s R 0 B AR RN FE AR 1)
BRI, BARSEIR LR

W SHERER m, WRIKHREEMERSS K
M EGEFEA I BR IREE B, SR & FE A a5 BRI PE 25 1~ 34 -
HOPHBMERT my, WRARIZFREA N R EREAR. FEAR x
5 x, Z I8 IBR BRBE 2 D(xy, )i H AR
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D(x,,x,) =D (x, —x,,) (4)

o x Fl oy o dEAR, x N x (058 @ iR, Xy
N x, B i YA A .
1.4.2 35T RF 6950 dRFE o547

IR T FLRM AR 23 Tt -k L T
bR, PPEERE x RIRN x=(x1,x0,....x03). B EYERGT &
23 B I RS R () 2 () 52 2 R S (R B2 B8, s el 4 531)
R HERE . BT RF SVE0EAY 23 T-mR L i
o 5o 3R AIE 176 Jb X 21 6 45 9 7 b R R e 5 S 1 Tk
J5 T e DT R R A s AR AR E N L N, T
AR BRACAE A (R A J B . RF P R B2 MR 8 AR AR AR g 7
AN, BT A B R g — R
Oy DR B AR, BRI R 1) A&
TRPRIEEE, FHRFHES . 2) W75 AR R E T
U, ARUNBR—ANRFAE IS BAH R R E S o DABZAR
AT, HERA 2 MFEME. 3) i 2) HEFNS
ANFFAE ST B R AR 22 38, s HUAR A1 22 e e (IR I R
TEERNE N B FERR R AR 2R o
1.4.3  FF ANN ¢4 9 5 ARA A 22

LTIk FE 5 v P B - R IR AL BB AR N TN &, PR b
FF S Nt B, M9 T ANN B PG b3 X T 203 % 1
FIHERY, BART U R

WHANEN x=(x,%,,...,x,) » FH n<23. Sigmoid

o = 0! + Ay, - 5)x, (5)
AP o, 9 x5 ) AN BRI o N8 k i EE E

Mo B; A NFEIRFEEG y NS BRSO, 5f N
FIRER ke OO SAF B y A8 x 258 | MEARIES j @t .
HMARE R E = GZHHEE , WE 1R,
N 7 A )2 S L 2
Input layer Origin output layer Age output layer
7 1 W SIS L ) |

Hidden layers of origin Hidden layers of age
discrimination discrimination

S
cn s IS
Sigmoid B £ ) 1= b
Sigmoid function er B ! y=Origin+Age

Sigmoid 1 £
Sigmoid function

B 1 FL®#E s Bk ANN A5 A2
Fig.1 ANN discrimination flow chart of
dry red wine origin and age

NEE NIRRT ANN BB e, F3 0l v A
U R (Sensitivity, SEN) FIHERIHR (Accuracy,
CCR) , s (6) A (7) Fizn. ¥ TP N IER4 KT
1B, FN AR IEH, H5 5 R 5], FP AR 7,
P 7 N IEH
SEN=TP/(TP+FN) (6)
CCR=TP/(TP+FP) 7
IR EE S B S AR 5 ST 4 5 T Matlab R2021a % 2%
A T4 (£E MathWorks A5 28,

2 GR55H

2.1 BF-TRRBIRIEARRT
FRIC I TE T 600 /T £1 58 1 FF 14 23 035 - Jk
FRALTEDR, %R 2 s

*2 AFRTO4REERF-RRIBLIEREE

Table 2 Color and taste parameters ranges of quality characteristics of dry red wine in northwest China

$84% Parameters T 5 Ningxia BraE Xinjiang H7fr Gansu
HHRE [ (58.55, 82.08) (50.52,79.17) (48.67, 88.75)
AW STibERS (15.78, 38.42) (20.85, 46.32) (10.68, 47.22)
/W5 b (5.83,22.34) (0.81, 18.54) (4.03, 14.37)
i C, (19.41, 41.77) (22.20, 46.76) (14.04, 40.43)
i hy, (11.27,43.71) (0.92,34.43) (6.37,44.07)
% AE,, (7.74,35.42) (6.36,32.35) (4.84,43.73)
6] Chrominance (0.50, 1.32) (0.52, 1.50) (0.33,1.53)
.1 Hue (0.7, 1.09) (0.61,0.94) (0.61, 1.07)
JAE T Total anthocyanins/(mg-L™) (51.65,210.16) (51.07, 451.98) (68.52,296.57)
O EF Accessory anthocyanin/% (1.66, 15.36) (0,37. 81) (0.51,11.89)
FRTELDEF Monomer anthocyanin/% (5.35,50.12) (7.61,53.31) (16.1, 53.82)
Z R AKAE B Polymeric anthocyanins/% (46.24, 86.6) (37.24, 82.65) (42.41,73.67)

B T4 5L Tonization index/%
4} Total phenol/(mg-L™)
HHARE Flavonol/(mg-L™)

(16.28, 73.59)
(537.21, 1227.33)
(338.54, 947.94)

S4B Total tannin/(g-L™) (0.84, 5.58)
Z. B B3 Ethanol index/% (6.91, 50.23)
WK FE 3 Gelatin index/% (0.84, 47.52)
LR FE% Hydrochloric acid index/% (3.98, 39.09)

DPPH/(umol-L™")
547 B Tartaric acid ester/(mg-L™")
pH 1 pH value
WM Titrable acid/(g-L™)

(715.71,916.27)
(459.82, 975.36)
(3.48,3.94)
(4.30, 6.22)

(13.67, 84.12)
(486.36, 2646.31)
(382.75, 1528.26)

(1.42,7.08)

(2.58, 68.76)

(2.32,51.31)

(3.72,37.07)
(709.35, 932.69)
(44431, 1491.90)

(3.63,4.04)
(4.43,6.97)

(10.39, 53.50)
(578.54, 1651.52)
(385.75, 1194.36)
(1.86, 5.32)
(5.92, 28.66)
(1.64, 36.07)
(0.87, 39.05)
(735.01,947.11)
(452.49, 1354.63)
(3.66, 4.00)
(4.53,7.32)
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M CIELab otk R3Hral 1, T 5= XEFE L' F
bRV 76 B 34 78 T T B X, 1T o L P BRI T 3 5
X HlP= XIERER LA o A T BB, 10 b7 {4
A B AR, I T PG A XA ] 77 X 4080 6 1 11
P RRAE LA s e . R R A Hr Al s, L
PR R E R T B E RN, Hoh R i O
EE (51.07~451.98 mg/L) , wJ{E ARk ) 5 ) 5
Wt ZRAEEOTFSEWE S THAEEOT, XEH
THE RIS iR R b e e SRR, SECRE
R T EEGERRA R B & &5 e P
K HTIE X (2 646.31 mg/L) , AT B 77 X AE A
Wy & BN 1 651.52 mg/L Al 1 227.33 mg/L, {HHH
X PR DPPH M i s, 75 5% =X i) DPPH
TEAHNT, I U0 B R 20V B B B R B8 ) 5 B 2R &
BAH K, HASZ FHAh KRR WA TR bR AT,
FF P R R T Z AR BORBA Ji 8 H i s 43
A BB 22 SRR, A R KA S8 B XA, A
AMEFRECE T B2 X AR & AR 2R R A

HO & Y T — 8

HIF 2 A1, CIELab R4k R LA o 5 235 A
5, AH5 PSSR, 11 BA B € (i 34 2 B 00 A B
SJE. C, MEERHIMER 099, XEHT C, MEE
TE— R AR R RN s by, A R C,
HAE,, IR N—0.89, 1 2 H M AN B ik g S 5l €
FEMRAEFLRE, 522 B A 2P0 76 Jb 7= X T 408 & 1 R
EIRAR I RBE T 4 R — 3. iRk 5 2 BRIkt
HZ M2 REAMK, B5R8TOHZ MRS,
XU B B 5 TR 2 (A7 7E A B3 A0 1 P A
R, HFHAARZEREYW, S5 258 EMX, o
FHE DT 1 2857 ) oy 2R o S O B R s T S R T A
KM, XA T RERERREEY . ST
TR EL. RO B AR B IR AR DG MR A S, IX
VLISE R SR . AR G4 A MG R N 2
AT W R 2096 R, X2 P P Al IX 407 4
TR BT AT R AR S T X —

LIS

Correlation coefficient
0

|UJJ£'£L' X 0.52 -0.36 -0.10 0.01 0.03 -0.32 -0.30 -0.34 -0.35 -0.15 -0.12 -0.28 031 0.04 -0.15
FAWES SR EXT 039 0.11 005 -0.10 028 028 030 031 0.12 0.12 025 !0.27 20.09 0.17
S/l W e 08
m 0.12 -0.07 0.03 035 022 026 031 0.17 0.14 0.28()24 -0.14 0.12
046 0.05 -0.32 -0.28 -0.19 0.03 -0.03 -0.05 0.11 -0.24 -0.10 -0.24 0*6
2013 0.06 -0.01 0,32 030 -0.32 033 -0.17 -0.12 -0.29 053 -0.28 0.08 -0.16
0.09 -0.08 0.05 035 021 025 030 0.15 0.13 0.27()24 -0.11 0.10 [ 0.4
fﬂi)ﬁjHue ORUEE] -0.05 <0.35 040 -0.01 -0.28 -0.24 -0.16 0.04 -0.04 -0.09 0.14 -021 -0.03 -0.22
G B Total anthocyanins 031 024 0.09 0,50 -—0.24 040 -0.17 0.09 -0.08 -o.zs 042 036 02
Sl 4% 101 Accessory anthocyanin 0.0 011 001 012 -00s -0.13 0.0 - M -038 001 0.02 -0.16 -0.07 -0.02 0.10 -0.04 0.18 -0.09 -0.10 -0.20 0.09 e
LA LE 5T Monomer ant]]ocyanin 0.01 0.05 --().()7 X BB 024 0.15 0.07 -0.16 0.01 030 0.25 0.16 0.32 0.03
EA L viAt) l"I:Ploymers anthocyanins[oos -0.10 (051 003 06| 0.01 005 0. 0,19 -0.14 0.07 0.149.941:-40.25 -0.23 -0.13 -0.26 -0.07 (]
Bk ¥ onization index [032 028 028 035 0.05 032 035 -0.01 -024 0.02 [ W -0.08 -0.03 0.19 0.08 0.19 0.33 -4>m 029 0.17
Sy Total phenol [-030 028 -0.19 022 -032 030 021 -o,zs-o.m 0.24 -0.19 -0.08 RECINETE 052 -0.07 0.02 0.04 -o.uo.:s 0.39 L 02
HE i BEFlavonol [-034 030 -0.13 026 028 032 025 024 (AN 007 0.5 -0.14 -0.03 LXCHERIN 0.40 -0.05 -0.10 0.12 036 KXY 039 039
ST Total tannin [035 031 003 031 019 033 030 0.16 040 002 0.07 007 0.19 052 0.40 FEN -0.02 2037 041 0.14 026
LN’F*H%{Et]]a{]Q] index|-0.15 0.12 015 017 003 <017 0.15 004 -0.17 0.10 -0.16 0.14 0.08 -0.07 -0.05 0.02 0.03 -0.06 -0.06 -0.07 -0.11 0.4
B J: 46 1 Gelatin index |-0.12 012 006 0.14 -003 012 0.13 0,04 000 -0.04 00199454019 0.02 -0.10 [038 0.15 0.06 1087 -0.06 -0.13 -0.00
ﬂ;}‘ﬁﬁ}ﬁiﬁ(Hydroch]oﬁc acid index |-028 025 0.14 028 -0.05 020 0.27 -0.09 -0.08 0.18 “0.30 0.25 0.33 0.04 0.12 -0.02 0.03 -0.6
DPPH -o,zs 0.11 (053 0.14 =023 -0.09 0.25 -o.z:.-o.u -0.36 -0.37 -0.06 -
W47 2l Tartaric acid ester|-031 027 -0.11 024 024 028 024 -021 -o.m 0.16 -0.13 ,(._m 041 -0.06 08
pHﬂ'[ pH value| o004 -0.09 021 -0.14 -0.10 0.08 -0.11 -0.03 042 -0.20 0.32 0.26 -029 0.36 0.39 0.14 -0.07
ﬂ:ﬁﬁjvqﬁTitration acid|o.15 017 -0.13 012 024 -0.16 0.10 -0.22 036 0.09 0.03 -0.07 0.17 039 039 0.26 -0.11 - L0
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Fig.2 Correlation analysis for the color-taste physicochemical indexes of dry red wine

2.2 BF-REIBULIER B R S

23 T ¢ - R B ER AL R B K] RF 2047 25 B 1 3 Bios
CIELab 3% A4 Z2 /& SR AE T 2179 2 1 2 € 10F 11 22 22 3
B, BT TTHERERIE 31%. Ho AE,, DTk i s (5.4%)
XA T AE, Fon o E RN, 1E—ERE RLgE
KRBT L. oM B HESR. BEGHRTTERE AN 13%,
A RIRAR I TTRREE A TR 26%, TEATA TRAR 80
b oK. X TP AR X A SRR, T EER

A R R G AEE R R, B T R
A I R A ) B AR AR o I SR SR SR B I
BRSO 21.1%, HA i fig b e st ) i oe
WA AT 15.6%, AHXTHBAR, W8I PE AL DX 3 4 R R
RFFEARA R R . 5541, pH ERITTHERE N 8.9%, fEH
FRbR DT P OOR T e Bt ST R, B, Hl
=X &) pH AR R 22 5%, ARy A & i
3R i A ) 1 A
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Fig.3 Contribution degree of the color-taste physicochemical indexes
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Table 3 Discriminant analysis of red wine samples in Northwest
China based on ANN classifier
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Discrimination method for the origin and age of dry red wine by
physico-chemical indices in northwest China

Bai Xuebing®?, Yang Jianing®, Jiang Xingrui*, Zhao Yu!, Wu Yun?, Tao Yongsheng®**
(1. College of Enology, Northwest A&F University, Yangling 712100, China; 2. Ningxia Helan Mountain's East Foothill Wine Experiment
and Demonstration Station, Northwest A&F University, Yongning 750104, China; 3. College of Food Science and Pharmacy, Xinjiang
Agricultural University, Urumgqi 830052, China)

Abstract: Northwest China has formed into a benign industrial area named “big appellation and big brand”. The unique black
soil can also be a benefit for wine grape planting. However, the regional flavors of dry red wine vary greatly in the different
regions in Northwest China. Potential risk can remain for the sustainable development of the wine industry. In this study, a
wine discrimination system was developed to accurately identify the origin and age of dry red wine using machine learning. 23
physical and chemical parameters were determined about the wine color, taste, and aroma. Firstly, 600 samples of dry red wine
were collected from the different wineries in Ningxia, Gansu, and Xinjiang areas. The total phenols, total anthocyanin, and
titrated acids were then measured during the experiment. Secondly, the Pearson correlation coefficient formula was selected to
evaluate the consistency of 23 dry red wine parameters. Subsequently, random forest (RF) was used to calculate the percentage
contributions of each parameter for the identification of the origin and age of dry red wines. Finally, an accurate discrimination
system was developed to identify the origin and vintage of dry red wines using an artificial neural network (ANN) classifier.
The results showed that the eight color-related parameters provided with 31% reference to distinguish the origin and year of
dry red wine. Specifically, the wine samples from Ningxia’s wineries showed higher yellowness and brick red. The wine
samples from Xinjiang’s wineries showed a high degree of redness, like the peach red. The wine samples from Gansu’s
wineries showed higher blueness and purple. Five anthocyanin and seven phenolic-related parameters were provided with 26%
and 21% reference, respectively. In terms of taste, Ningxia’s wine samples had less astringency, while Gansu’s wine samples
showed a stronger astringency, and Xinjiang’s wine samples tasted the most astringent. The loading analysis demonstrated that
the Ningxia wine shared a certain aging potential because the old wine from the Ningxia showed more flavor characteristics.
By contrast, the new wine from Xinjiang presented strong flavor characteristics, but the old wine showed weak flavor
characteristics, indicating the quick dissipation of flavor as time increased. Similar flavor characteristics were achieved in the
old and new Gansu wine, indicating the slow quality loss of Gansu wine during aging. The sensitivity (SEN) and accuracy
(CCR) of the wine’s origin discriminant model were 98.72% and 98.72% for the wine samples from Ningxia’s wineries,
respectively, 95.45% and 100% for the wine samples from Xinjiang’s wineries, respectively, while 100% and 95.45% for the
wine samples from Gansu’s wineries, respectively. The correct rate of the wine’s age discriminant model for each region was
98.7% for the Ningxia wine, and 100% for the Xinjiang wine and Gansu wine. The discrimination model can be expected to
make accurate discrimination of wine origin and age from Northwest China. The finding can provide scientific support for the
production of premium wine in the market supervision in these regions.

Keywords: principal component analysis; models; dry red wine; origin discrimination; age discrimination; physico-chemical
index; random forest; artificial neural networks



