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Construction of Physicochemical Indexes-Sensory Evaluation Model for Dry Red Wine

JIANG Zhuo', KONG Yinuo', SHI Jingnan', SHA Kun'**
(1. Yantai Institute of China Agricultural University, Yantai 264670, China;
2. Yantai Key Laboratory of Wine Flavour Technology, Yantai 264670, China)

Abstract: To overcome the limitation that single-dimensional evaluation systems cannot fully characterize the quality of dry
red wine and establish a scientific and efficient quality evaluation method, 16 physicochemical indicators of 39 dry red wine
samples were systematically determined and the sensory evaluation was conducted using the fuzzy mathematics method.
The correlation mechanism between physicochemical properties and sensory quality was analyzed by principal component
analysis (PCA), hierarchical clustering analysis (HCA), and support vector machine (SVM) model. The results showed
that the five principal components extracted by PCA could effectively characterize the key quality dimensions of the wine
body; HCA divided the wine samples into five typical styles and the comprehensive sensory scores of the five categories
of dry red wine were 64.69-80.94; the determination coefficients of the SVM sensory score prediction models were all
greater than 0.85, and the mean square error (MSE) ranged from 0.003 5 to 0.073 7, which fully verified the interpretability
of the physicochemical indicators of dry red wine for sensory quality. This multivariate model integrated the objectivity of
physicochemical indicators and the intuitiveness of sensory evaluation, providing a new tool for the digital quality control of
dry red wine, and had important practical significance for guiding the optimization of wine production processes and precise
market positioning.

Keywords: dry red wine; quality evaluation; physicochemical indicator; fuzzy mathematics sensory evaluation; support
vector machine; prediction model
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Table1 Information on 39 tested wines samples
i's hFp P A
1 A=EIEY ] kxO 2017
2 VIN-$N & 2020
3 AEELEY T & 2018
4 UINEEYS T & 2023
5 IRE IR JH & 2018
6 UINE IS RHED 2016
7 R E N 2T kxO 2015
8 IREEER & 2024
9 (DA & 2023
10 POfi. SRR, R & 2018
11 ARTEZS 74 % 2024
12 UINEEYS GEIIEN 2017
13 AR, SRR ERS 2015
14 [IEA JH & 2022
15 IREIR. FEIR. MNER EaS 2018
16 PO, SENER. EER WE 2019
17 VINEEIS & 2022
18 ShENER. VHHL. FREEER W& 2019
19 MR, FER B 2022
20 HREEER. BB 5% 2025
21 IR 753 2025
22 MR, AREER A 2023
23 fRE AN ZRT) & 2022
24 AEELEY JH & 2021
25 SHEEER. PUHE. FRETER Uik 2019
26 DA & 2019
27 IRk R, PRERE )1 2023
28 IREEER A 2023
29 IR ER FkFE O 2023
30 AR & 2021
31 IR eI N 2022
32 B EIY S 2022
33 o IS 2023
34 VINE7S | 2017
35 [IEDA BEINRE 2022
36 VIN-$N LR 2021
37 IREEER. WERER GEAIE 2021
38 (g ENIPN 2021
39 FRERR. INER. KR, DB 27 2019
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Fig.1  Fuzzy mathematics sensory evaluation scores of 39 dry red wines
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sensory evaluation of 39 dry red wines
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Table 3  Analysis results of naming and core indicators of 5 PCs
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Fig.4 HCA results (A) and sensory scores (B—F) of 39 dry red wines
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Fig.4  HCA results of five types of dry red wine samples and the corresponding descriptions of their body styles

gl W BT bR RE N bER NS

g WD L 16 25 5 gmmgg g R, ZBGEE M E (77000, SMBL. ERE IS, BE SR FHMAT, (R
P12 200 20 2 o a, R, B ORRIUTE, WA WAL, R bR,
235 28 B2 3L eSS ST # A DUN S R S 2

R ERIEY, 2T
FEAG U, 8RR

BUYEE (80.94) , AN EAA WIRIRASE A%, URAEIEE S, BT 4

2 19,32,30, 29, 23, 24 «’ VAR IUE S, SUNMERR RN, BB, 8 A KA

H> —H
HE] g

BRI, AR, JEEEE P, O -
TR IR R e PR PR R S R e e
B
CREG RS, ZMAATERE ZREBIE I AR T, BRI S 1R
3. 39, 26, 10, e e BE VP AEIE (76.04) , SPU
4 o BRI, SRR, R HIZ, PRSI LR, & o I OT sk
127, 34 U Rk, A R i, & I U GO
ZEEGRARIE, BTG 2 &R o
5 6.7 1%, rk@(ﬂ)ﬂfmﬁ%%'? R Rﬁ?ﬁj\%ﬂﬁ% <6égﬁ9%{£7§17¥r5%% A T AL lfAﬁ?lm}lE[mﬁ?ifJ {H
CE -

gier BIREEIR, I35 o W S TL0 A &)W AE i A B AL R PR AR 57, BRAUE 1 R Ak i b o JER B ot o F T S

FEbR. R PR R B AR, SR R4 Me, ML T A s B T L
25  SVMHEA )
SR FH AT A SUBGAIE J7 % 394 A T RE A H HESVM B0 e o o
TR . # SEBEHLE O BEA M A A S R4 T8 A ﬁxjﬁﬁﬁﬁﬁg o
SOMREASE MG TR 5 B ER L. N 5, | NS 000s o . gz
2 B e b A A R ) AL bR S B, S0 i DL B4R 2ol . //xi P
(@SR Tl e ST ET I T H o : e
Bio RIS EIAMIMAR, BRI g
RAET R, BREEBEN0.01~1.50, BKIEH 74 75 76 17 78 79 80
90.01. YIZRMr BELAMSEAE A H brei 8, 5B T e X SRRRRE T4
SIS ARISE, WIRFAIAH A . .
S HHIENRE, B RTHEAIZ AR ). B 45 2408 appmy .
ESZF FUF T AL RS T R PR AR S, B I MSE ;ka_ LR 103 ‘__._.'--’ -
SR 2R, AT VAE N B S R i ST e g o ¢!
FISTTAT, OIS FUAE B S AARL B = 8
Wik SLTPEIMSES) 5190.003 5. 0.037 0. 0.073 7, °
0.033 2, FRHIHLRLNT & TPE 73 1) TN 22 650/, TG 2.5kg . . )
22.5 23.0 23.5 24.0

JEB T RN0.852 6~-0.934 8, FUIMALMARE T K T85% SRR A



e

2026, Vol.45, No.04 207

C
3200 e ®
%24 =3.4238
R3LSE T RH=0.97
»{E MSE=0.073 7 ® .
R*=0.8526 o itk
# 31.0 8 ° ;&y:lg4€t4{4iz
: s i
5 30 5_ ‘--.-‘ . ° i“ﬂh ks
30.0F .+
. ‘ 1 1 1
30.0 30.5 31.0 31.5 32.0
SR
- D 4“’
16.0F 2zt
TZ%S%Z%ZS.OH 5 e
R | ERM=112 e
51557 MSE=0.0332 PR
g | Foowso -8 ot
he ‘-' i
g A A
‘%15.0- (©) ‘ . Mt
= © it
== @ HlitREAT
© I AS
14.5F : © kR4
i e e A HHAR (y=x)
_-_1:-. L L L L L L L L L 1
142 144 14.6 148 150 152 154 15.6 158 16.0 16.2
SRS

ASM: BAES CUA%: DAL,
Pl5  RETSVVURERL 120745 05 IR b xoh 6 1 oo J O 0 28 A

Fig.5  Prediction effect of physicochemical indicators of dry red wine

on sensory quality based on SVM model

3 4 #

T 3 0 3 9K T 40 2 VR AT RSO B B PR R
16T FRAL FEARPCA L HCA, & T 4078 & W P L B
5 CR SR (AT SVMTIUII AR AR , 3 3ok P A0 -8 B R R AE
SEIT NS L0 A AN A RS 1) oy 2K BE LA SRR,
PCAFRHUISAS R 1T 22 DTk %614 83.48 % HIPCHI A 34K
TETR R R ORAZVE 70 45 K6 P18 1 5 RO AR A 25 D% B it o
HEFT ;. HCAKH T FERI 2 A 52 B Rk, L 250211
ESEA VR Bt (80.94) 5 MEEMISVMAETIMSE Ny
0.003 5~0.073 7, RN0.852 6~0.934 8, FRKE W/
R RS, B0AUE T H A A ek BRI AT A R
P, BRI AE TR TR . RORBF A AT — D
JEFEARSEE T, PN X 2K PR T
ARGTEARTLY = e A I RN R S vl P I e E 7
BHEm A HAR, oG uk -k A A S5 R R IS
B, M A T AR A, HE A 2 PR A
Reft. MNMETT IR JE o

EEPU S

[1]  PRARZEIN, B o din, AN B L, S5 WAL F M. iR A, Bk, +
7, SR Jbnt: BEFE HRRAL, 2019.

[2]  HERFFELEZE RS W% GB/T 15037—2006[S]. dbxt: 1 E
PR AL, 2006.

B3]

[4]

[3]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

PR, B, EorIg, S5 3PP RE A &N A B S & S
JRSIHTI]. H A 5 4, 2025(6): 51-59.

VIVEK K, SUBBARAO K V, ROUTRAY W, et al. Application of
fuzzy logic in sensory evaluation of food products: a comprehensive
study[J]. Food Bioprocess Technol, 2020, 13(1): 1-29.

AROTGE, XHy, £, &5 BORIHCH IR E PR IO R MIAC R Sk
BET5 K it L7 (). B S d LI, 2023, 41(4): 54-61.

YRIE, AL, B, S5 BORI B B VPRI A S T
THEC L ZARAL]. P E R A, 2023, 48(3): 95-103.

BAKER K A, ROSS F C. Sensory evaluation of impact of wine matrix
on red wine finish: a preliminary study[J]. J Sens Stud, 2014, 29(2):
139-148.

TANG K, XI'Y, MAY, et al. Chemical and sensory characterization of
Cabernet Sauvignon wines from the Chinese Loess Plateau region[J].
Molecules, 2019, 24(6): 1122.

RUBEN B D, DEL H V, MARTA B, et al. Volatile and non-volatile
characterization of white and rose wines from different Spanish
protected designations of origin[J]. Beverages, 2021, 7(3): 49.

Tk UUDL, ZES0, I, LT 2 o0 Gev (KR T LR R R AT ).
Je RO 4R (1 2R RERR), 2013, 22(S1): 133-139.

THYLSC. HETRH A BT R 22 0L [ U (1 887 4 Y o e T ],
ARG, 2019(30): 6-7.

PR, K, AR, B A EINCIELABS U 5 (3 I 3k
932 JCERAEENA T[] B RN, 2019, 40(18): 210-215.

WG, 55 5, IKErHE, 5 R TS RE VR SR S
T PR S £ ST D). B REE, 2023, 44(3): 69-78.

BAI X T, WANG L B, LI H N. Identification of red wine categories
based on physicochemical properties[C]. 2019 5™ International
Conference on Education Technology, Management and Humanities
Science (ETMHS 2019), 2019: 1479-1484.

Wragde, sk, 1Rk, 45, T 2 M SR AR AE T 203 4 IR R
BRI ] A0k TFR244R, 2024, 40(8): 281-289.

AR, ULE, BB, & TR R T TR 2 4ERAIENE
M. SPEARALRE, 2025, 58(10): 2022-2034.

Bl K bR AL B D 2. R A . RE AT 5 GB/T
15038—2006[S]. At 5t: 1 EAxHE H fi AL, 2006.

XU N, WU Y. Chemo-sensory markers for red wine grades:
a correlation study of phenolic profiles and sensory attributes[J].
Foods, 2025, 14(17): 3047.

FIRE, Ak, Foin, S5 RE KB AR ESR T A ETEAVR E R
JRE S TTRISEIRT]. f RIS T, 2024, 45(22): 47-53.
ARIRHE, X, PRBEFS, . BT RORI R RS A A F ARG T
2], AR AR, 2025.41(12): 200-208.

TR, EORTE, EI8, S BT RORIECA VPR Y PR TR
WRARRE T 2B FC[I]. P R A, 2025, 50(2): 148-154.

ST, ZEREAR, SCARER- B B, A5 BORIRCE R R VT 45 A R T
A2 2 R BE T2 [0]. RS, 2022, 41(4): 185-191.

EMS, BREE, BRI, 4. BT RO ECA B VP AR R R
FUHIERE B LAR]. £l 5 R BERHY, 2022, 58(2): 52-61.

THETR, FEE, WAL, SR BN IS SRR R SRR ). BT
FHER 4R, 2011, 40(1): 2-10.

FHFE, FME. PSO-SVMAR TR A4 114 i o 7 28 o ) 52 F AT 9 (0],
TS 07 TR, 2012, 40(8): 146-148.

TR W1, BRRREE. T SCRR ) BN AR 00 A SR A T AR Y],
AE ST, 2024, 23(9): 137-142.

FRE W JIDVE. LT SRR ) B L A A TR 10 360 26738 o o 233807 1
U], BACA A, 2024, 30(20): 152-154.

B, B, B, & RS BIRE B @5 E HaR
TIVEN]. BARBEURIE K, 2023, 35(3): 97-106.





