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Abstract; The traditional winemaking process of grading and storage is a crucial link that affects the
quality of Chinese baijiu blending and finished wine, but the grading and storage process of Chinese
baijiu are mainly relied on workers experience in traditional winemaking factories, causing difficulties in
many characteristic quantification and form scientific basis for grading storage. Based on deep learning
technology, a gas chromatograph was used to quantitatively detect and analyse the content of flavour
components in the base wine of small-curve clear-flavoured Chinese baijiu, and a regression model for the
quality grading of the base wine was established using PLSR based on the content of the components
detected in the base wine,screening the first eight components that have the most significant impact on the
quality grading of the base wine: ethyl acetate, ethyl lactate, ethyl valerate, isobutyl alcohol, ethyl
caprylate, ethylene acetal, ethyl acetate, sec-butanol, n-propanol, and then the PSO — RBF neural
network-based base wine quality classification model was explored. Finally, according to the predicted
outputs of the test samples, our algorithm achieved 98. 6% accuracy in base wine classification, which
was significantly better than the 94. 3% of the traditional RBF neural network. As a result, the base wine
classification grading model was successfully constructed.
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Fig.3 Standard chromatograms of 15 flavor substances in baijiu base wines
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Tab.1 Ranges of flavouring substances in different grades of baijiu base wines /L
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Tab.2 Characterization of key material

components of base wines

Y el ) i

T bR ROE mAME BE
IEN B 0.0969 +0.1465 0.9510 <0.0001 320
ZMRZTE  0.8203+0.6788 4.4310  0.0060 320
T 0.0003 £0.0013 0.0120 <0.0001 320
ST 0.10310.1130 0.6700 <0.0001 320
L 0.0899 +0.1303 0.7100  0.0010 320
THRZHE  0.0543+0.0936 0.6800  0.0010 320
KERCWE  0.0018£0.0101 0.1740 <0.0001 320
CERZEE  0.0011+0.0033 0.0540 <0.0001 320
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Tab.3 Normalisation of data characteristics for

key material components in base wines

Fh/ (gL

FEW FEE RS R R
FrifE 22 SN[ e/ IME
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VA% i3 1.00 -0.32 -0.23 320
L% TR 1.00 1.65 2.84 320
iR TR 1.00 -0.72 -0.49 320
Ci2 LB 1.00 -0.80 -0.49 320
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T HASTE A BRI, 52 IR 4 AN [R) 9000 0 230
BEah e o 5 R BR300 23 PRI 36 4
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x4 IGsEREESNAFEREE
Tab.4 Number of training samples and number

of test samples
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Fig.7 PSO — RBF neural network base wine

quality grading model steps

0 10 20 30 40 50 60 70 80 90 100
S Av/¢e
K8 LT I EE A A

Particle swarm fitness optimization process

Fig. 8

0.60 - )
035+
0.50 -
045
0.40 -
035+
030
025+
0.20 -
0.15+-
010 1 Il 1 J
0 5 10 15 20
IR
/9 PSO — RBF Hll RBF #i£ R4 iR 25 dhk

Fig.9 Comparison of mean square error curves of

PSO — RBF and RBF neural networks on prediction

--=-RBF
— PSO-RBF

MSE

results of base wine quality

K9 28 T RBF #1452 574 A1 PSO — RBF
P2 268 Bk 205 N 2R 2 0 i 38 7 1R 22 (MSE) 48
FERRRE . B VISR U B 3G T, W R BBk ST ) 3
T 5 0T 53 AT 3 2 R AR R E — AR e L
{HJZ PSO — RBF Bkl sse i, il ik Bk 21 10



F12H

Eqbh S5, ST PSO — RBF (/NS 7 16 1110 300 & J0T 43 SR TR it 5 767

WK, ML 28R 7 MSE F2ETE 0. 14 A4 5 Sl 1Y
RBF #2228 S SIOU 3 22 1%, I 2Rk £k 20
WAATI HAERGEAE 0.2 Ay, SEER 45 R E T A
SCURA I A BRI AT S5 T P, AN 1 T iy, 1%
ZEH /N, RBF #2245 F17R SCHL AR PSO — RBF #if
25 N 45 X A AR () TR B an &1 10 .11 fios

o TR —— H0TERA B
40 o T i T‘ #7“*
. N ‘ i
350 | I' | ‘\ |1l
(A
I A |
30F 8 19711 |l 1 oy H‘ﬂ"‘f

eR A
SO
(=] .

—_
W
T

K110 RBF 125 00 £ B39 5 JoT 5 2 T 45 2R
Fig. 10 RBF neural network base wine quality

grading prediction results

50r
—a— BT RO RBETING
—o— RBFTRIM4H

El 11 PSO — RBF 122 [ 2% it Joi 43 % TN 2% S
Fig. 11

PSO — RBF neural network quality grading

prediction results

E 10 11 4 9@ 7R T RBF i 25 () 4% 455 780 il
PSO — RBF 1 22 [ 25 50 78 13 0 2% 5, m] DL ok

THEPLAL PSO — RBF 125 0 268 43 S A5 7R 114) 03000 26 S
FEUERIK 98. 6% , 1T RBF 41245 W 25 43 AR Y () 4 1
R 94. 3% ,HUET PSO — RBF #1424 HA W 4f
FIRCR . I, B SC PSO — RBF 1 28 [0 28 492
Fa g B4 /DN i T B R B R AR R A R T
& A T L T o
4 g

e I N 530 T R AT BT A, SR SR
AL (GC) XT i PEFT 43 I BET0 v 45 AW i3 il o9 % i
AT I E 53 A IR g — M
A R T o3 R, Ry T g L ik
FRPRE B PR R AT A7 BB, X 32 S 6 1 [ s 23 FOHS 285  f
TR, Fe A5 0 T 6T vy o oy Al . X
BGOSR v ) B0 O F AR A R A A TR
TR, ARG S RS B o o B, B
EIRAM R HIFA T A YR & RS
FREIMENECR , B HE L) T o & e AE—
T [l A S RE ORI 1Y 1R A0 BRI ) o B 1
SV AR AN T, HED S 35k 6 g Joit B 43 % T R XL
R REEG AR /N o an fh T BE R LR SR, T)
Z WA Ay 55 W TG it J3T A5 R ) DB o 1 4

5 HRiIE

AHIFE LA/ 8 B L IS4 i AR
FREURAL S W8 R 4% RBF M2 48 1 250,
Xof ot 28 D) 24 T i o 0 G TR A AR A 26 AR VI a7
AR N BE UG Ak 2 R AT 20 T, 8 7 A A
[ MSE 535 Bd A7 F X, B03E T 7E AR5 42
Y PSO — RBF 1 28 [0 28 B304 i 52 43~ 25 S0 A5 A2 g
TINRGRE B ARl S AR 1 T 00 s 45 %, 5
PIE IR R IR R T 98. 6% |, W E N T4
RBF #2245 19 94. 3% , D14 1 FE30 B 43 S
PR

& % x #t

(1] T Em A A B RO RS [ D] Jat Bl RS, 20182 - 15.
YU Jing. Research on quality identification methods for wine and liquor[ D ]. Beijing: China Agricultural University,2018.2 -

15. (in Chinese)

[2] LIU H,SUN B. Effect of fermentation processing on the flavor of Baijiu[ J]. Journal of Agricultural and Food Chemistry, 2018,

66(22) ;5425 -5432.

[3] RICARDO L, AZNAR M, CACHO ], et al. Determination of minor and trace volatile compounds in liquor by solid-phase
extraction and gas chromatography with mass spectrometric detection[ J]. Journal of Chromatography A, 2002,966 (1 -2) .

167 -177.

[4] MONJE M C,PRIVAT C, VALERIE G, et al. Determination of ethylphenol compounds in liquor by headspace solid-phase

microextraction in conjunction with gas chromatography and flame ionization detection [ J]. Analytica Chimica Acta, 2002,

458(1) 111 - 117.

[5] VESTNER J. Application of comprehensive two dimensional gas chromatography to liquor analysis[ J]. Analyst, 2011,125(6) ;



768 & ol HLoB cE 2025 4
1053 - 1060.

[6] CARRILLO J D, MARTINEZ M P, TENA M T. Determination of phthalates in liquor by headspace solid-phase microextraction
followed by gas chromatography-mass spectrometry[ J ]. Journal of Chromatography A, 2008,1181(1 -2) ;125 —130.

[7] GALLETTI G C, ANTONELLI A. The potential of pyrolysis-( methylation)/gas chromatography/mass spectrometry in the
analysis of liquor polyphenolics[J]. Rapid Communications in Mass Spectrometry, 2010, 7(7) :656 —658.

[8] DAN Q, JIAWEN D, HEHE L, et al. Characterization and comparison of the aroma-active compounds on different grades of
sesame-flavor Baijiu by headspace solid-phase microextraction and gas chromatography-olfactometry-mass spectrometry[ J]. Food
Science and Human Wellness, 2023, 12(1) . 155 - 165.

[9] SHUANG C, JIALING L, MICHAEL Q, et al. Untargeted headspace-gas chromatography-ion mobility spectrometry in
combination with chemometrics for detecting the age of Chinese liquor (Baijiu) [ J]. Foods, 2021,10(11) 2888.

[10] WHEE, D—&, BHAS 5 S OEERRE A A 57 FXRYIT[T]. # EES 2022,41(5) 206 -211.

HU Jin, MA Yifei, LUO Jiaxue, et al. Simultaneous determination of 57 flavor substances in Bagjiu by GC[J]. China
Brewing,2022,41(5) :206 —211. (iin Chinese)

[11] EEH, HUeHr, sk IRAR 5. 5L T8 BRI E AR 32 T R 35 0 BT I UAR B X 98 e L O s [0 ] i 5k
BTl ,2024,50(14) :3 - 7.

WANG Yurong, TIAN Longxin, ZHANG Zhendong, et al. Analysis of the influence of storage years on Maotai-flavor liquor
based on intelligent senses and GC-IMS[ J]. Food and Fermentation Industries,2024,50(14) :305 —=313. (in Chinese)

[12]  ABOE B2, Ao 22 4 SIS PRIEIE EH T SR QIR & B8 BEVEE [ ], B ARHE 2021 (4) £100 - 105.
ZUO Huijun, DU Yun, ZUO Huiyun, et al. Evaluation of the uncertainty in the determination of ethyl acetate in baijiu by
internal standard gas chromatography[ J]. Liquor-Making Science & Technology,2021(4) ;100 —105. (in Chinese)

(13] TR, MLz oAl A, 4 4SO 68— CAT I ) 5 18 12 40 A 20 B2 — B Sk vh 43 R M o3 [0 ] BRI R4, 2025
(6):26 -37.

YU Lijuan, TIAN Hongyun, MENG Shihao, et al. Analysis of volatile compounds in Red Star Erguotou liquor by GC x GC —
TOF — MS[J]. Liquor-Making Science & Technology, 2025(6) :26 —37. (in Chinese)

(141 BRI, AR A% 0] 5 pR RO 28 0 2645 T RO T REOC AL SR SR i 2 W AR R R ) ). /N ORI S DL R 58,2023 ,44 (11 )
2529 —-2937.

ZHANG Xiao, SONG Wei. Radial basis function neural network-guided particle swarm optimization for multimodal optimization
problems[ J]. Journal of Chinese Mini-Micro Computer Systems, 2023 ,44(11) ;2529 —2537. (in Chinese)

[15] ZERZE, WUEE, 2061, 55, 56T PSO — RBF A9 50 mm J5E Q235 BHK 40 kW JOGHE M D) HDRLIE 2 15000 )32 [ 0] ot
2025,46(2) ;218 - 224.

LI Tianhao, CHENG Wei, LI Fengxi, et al. Prediction method of laser bevel cutting roughness for 50 mm-thick Q235 carbon
steel with 40 kW based on PSO — RBF[J]. Laser Journal, 2025,46(2) :218 —224. (in Chinese)

[16]  BRMLA. JET RBF M2 W45 4 i T 41 fid AR se [ )] . BUCGTHEAHL,2024,30(12) 52 - 56.

QIU Qitian. Research on the age prediction of intestinal bacterial hosts based on RBF neural network[ J]. Modern Computer,
2024, 30(12) :52 —56. (in Chinese)

[17]  #W%s, RT 9000, 5. 8 IH R AR il A 07 12:) Y LU AL [0 ] BRI AL, 2024(2) 124 - 128.

YANG Xiaojun, WU Weiyu, SU Zhanyuan, et al. Comparative analysis of new and old national standards for Baijiu analytical
methods[ J]. Liquor-Making Science & Technology, 2024 (2) ;124 —128. (in Chinese)

(18] EFR WU BB , F bR B2 5 2. (NP 2R 58 2 39 WA LA . GB/T 10781.2—20221[S].

(19]  JARER, A5 RUEIE, 55 5T GB/T 10781. 12021 F i 2R A 1 3R 23 « W 7 210 117 ) R i A it ZOR 1 32048 K AG:
MRS 1] E bRifEL, 2022 (21) 189 — 195.

ZHOU Shengyin, ZHOU Liang, ZHU Kuanzheng, et al. Expression of the total amount of acid esters and the improvement of
detection methods in GB/T 10781. 1—2021, liquor quality requirements—part 1: Luzhou-flavor liquor [ J]. China
Standardization, 2022 (21) ;189 —195. (in Chinese)

[20] =%t JLF 0 5T S BEIRIE RAEMFFE[ D], K. Wb Tk K24, 2021.

LI Pengho. Research on intelligent liquor collection system based on Baijiu quality grading[ D]. Tianjin; Hebei University of
Technology, 2021. (in Chinese)

(21]  EWAAE, KA, B e, 45, PR o5 BRI BT T e RE (1], PR ,2020,39(8) -7 ~ 12.

WANG Lihua, ZHENG Fuping, GAO Xiaojuan, et al. Research progress on flavor components and sensory evaluation of Baijiu
[J]. China Brewing, 2020, 39(8):7 —12. (in Chinese)
[22] BUKLL, B ARE, WIS 55 AR G5 TUE L J0 BT HURCAR A2 L AT A B 50 Sk A A8 2L 00 b A A ORI [ 1] &

Ak ,2012,33(6) ;181 - 185.
LIAO Yonghong, YANG Chunxia, HU Jiayin, et al. Analysis and comparison of aroma components in Niulanshan light-flavor
Erguotou and strong-flavor Chinese liquors by gas chromatography-mass spectrometry[ J]. Food Science, 2012, 33(6) : 181 -
185. (in Chinese)

(#5818 )



818 P A IR A S 2025 4

(18] Xzt SR, KRERER, 55 NI G DAV RERIUCREEE T )] AU T A4, 2011, 47(23) .39 -48.
LIU Shanzeng, ZHU Zhencai, YU Yueqing, et al. Frequency analysis of a spatial rigid-flexible coupling parallel manipulator
[J]. Journal of Mechanical Engineering, 2011,47(23) :39 —48. (in Chinese)

[19] LIU Shanzeng, DAI Jiansheng, SHEN Gang, et al. Dynamic analysis of spatial parallel robot with rigid and flexible couplings
[J]. Journal of Central South University of Technology, 2017, 24(4) . 840 -853.

[20] Z=00%, W8, BER, %. LT 3 - UPS/RRR BYIFERER G R E LA R H MR AT [ ], A shfb2:4k, 2016,
42(12): 1794 - 1807.
LI Jianfeng, XU Chenghui, TAO Chunjing, et al. A parallel ankle rehabilitation mechanism and its performance analysis based
on 3 -~ UPS/RRR[J]. ACTA Automatica Sinica, 2016, 42(12) : 1794 —1807. (in Chinese)

(21] kMR, HEPHE, WKL 2UPR&2RPS BYIURIRSIIFHRALAR N MBS #AriE [ J]. AU T AR, 2021, 57(15) : 62 -70.
ZHANG Jun, JIANG Shujia, CHI Changcheng. Kinematic calibration of a 2UPR&2RPS redundantly actuated parallel robot
[J]. Journal of Mechanical Engineering, 2021, 57(15) ;: 62 =70. (in Chinese)

[22] LIU Xinjun, HAN Gang, XIE Fugui, et al. A novel acceleration capacity index based on motion/force transmissibility for high-
speed parallel robots[ J]. Mechanism and Machine Theory, 2018, 126(8) : 155 - 170.

[23] SRS, TEWRT. 4 - RR(SS), mBIfRilas Nsh I RELEE[T]. P TR, 2022, 58(1) : 29 -40.
ZHANG Huipu, WANG Manxin. Dynamic dimension synthesis of 4 — RR(SS), high speed parallel robot[ J]. Journal of
Mechanical Engineering, 2022, 58(1): 29 —40. (in Chinese)

[24] X84, D H W EIRRALE DU B2 [ M. dest. Begiidt, 2015.

(L#EFE 768 TT)

(23]

(24]

[25]
[26]

[27]

IMIL22 B0 RIRE , 45 T E A R TR E UKL S W e [T ] B R Rk ,2020,41 (24 ) 1199 -208.

SUN Youlan, HUANG Yongguang, ZHU Xiaochun, et al. Analysis of characteristic flavor compounds in light-sauce aroma
type Baijiu[ J]. Food Science, 2020, 41(24); 199 —208. (in Chinese)

TR 2 R AR A L I BOFE I SE DL R KR R4, 2023,

ZHANG Heyun. Research on the contribution of acids compounds in strong aroma Baijiu[ D]. Tianjin: Tianjin University of
Science and Technology,2023. (in Chinese)

TS B R, I R [ M. stk it 2016.

LOPEZ L. J A, CORTES R A, HERNANDEZ S M F, et al. Determination of the energy consumption trend of a winecompany
as a key element for sustainable innovative development[ C] //2020 IEEE International Conference on Engineering Veracruz
(ICEV), 2020.1 —4.

Bl Ak G EOTTIRE R T P 5 R MR AL A RS ()], AL LB 2023 54(9) 1423 — 4300
YANG Xueshan, LI Jiechun, YANG Liu, et al. Antioxidant activity and fermentation aroma compounds of Saccharomyces
cerevisiae in simulated wine[ J]. Transactions of the Chinese Society for Agricultural Machinery,2023,54(9) :423 —430. (in
Chinese)





