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Abstract: To enhance the flavor and texture of Baijiu and improve product quality, we employed pulsed electric fields in
conjunction with medical stone treatment to investigate their effects on the quality of light-aroma Baijiu. The process was optimized
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through a combination of single-factor tests, response surface methodology, and artificial neural network analysis integrated

with genetic algorithms, with sensory scores used as evaluation metrics. Furthermore, volatile components in the Baijiu samples

were evaluated and compared before and after optimization through headspace solid-phase microextraction (HS-SPME) and gas

chromatography-mass spectrometry (GC-MS). Results demonstrated that the optimal process conditions were the addition of 1.7 wt%

medical stones, treatment time of 22 min, and a pulse voltage of 12 kV. Under these optimized conditions, the sensory score of the

light-aroma Baijiu was 86.70, which was 16.53% higher than that of the untreated sample, demonstrating a significant improvement

in sensory quality. In total, 65 major components were identified in the untreated and optimized Baijiu samples through the use

of HS-SPME and GC-MS, including eight alcohols, ten acids, 34 esters, eight aldehydes and ketones, and a miscellany of other

compounds (five in total). Compared with the untreated Baijiu, the relative content of the final optimized samples showed a decrease

of 1.41% and 2.24% in alcohol and ester content, respectively, and an increase of 1.17% in acid content. The pulsed electric field

combined with medical stone treatment was further shown to promote the mutual transformation of volatile compounds in Baijiu,

thus effectively boosting its quality and providing new insights into the high-quality development of Baijiu.
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Table 2 Sensory evaluation standards for Qingxiang Baijiu
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Table 5 Comparison and analysis of physicochemical indexes between the optimized sample and the original wine sample
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Fig.6 GC-MS total ion flow diagram of the original wine sample
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Fig.7 GC total ion flow diagram of the original wine sample
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2.5 EAEAE R MM TR A0 R

H P 6 R 7 WA, K1 KR B L8 £ BR A
1F TR 2530 20 0 5 1 52 & 0 AR A GC kil e, oAt
ICT GC 7 AG M PR (445 IR M AR Jfd 43 52 P R 2 o R 43
MK FH HS-SPME-GC-MS vl 5, il 3 &5 & 4Lt
MG SRR A I H 102 M s, de BRI R E
RAERSY s M oA 5 F A AR X A AL B
Mok 65 &SR, ERILE 6. HEG
AL, HERMEERSRS MM EAIRIE. A, B,
TS ] 28 0 L At S SRR A 1 B RO A, TR S AT
FERITR S . BE2R. BRI 2R 3L Ath 2 S5 5 411
TSN & BRI 6.37% A1 7.54%. 31.65% Al
30.24%- 61.12% 1 58.88%. 0.72% F1 0.60%- 0.14%
H0.05%",
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ATPTAE 1 55 0 I3 2R ARG B B 5 R AR T, BE2R AR
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4 R0 B PR A 2.24%, XAlfEEE LA
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Table 6 GC-MS analysis results of volatile flavor components

. o . AL A [(mg/100 mL)
5 PRE I E /min Rt b-dh FAe REE LR B
R Alcohols 87.34 83.44
1 10.96 iE R BE * n-Propanol* 13.75 12.26
2 13.24 ST B * Isobutanol* 19.27 18.31
3 15.02 IE T B n-Butanol* 0.51 0.50
4 15.96 2- U EIL B 2-Vinyloxyethanol 0.11 ND
5 16.93 SR EE * Isoamyl alcohol* 41.59 38.83
6 24.30 SR BE K Heptanol* 6.66 5.81
7 25.20 KA S Ledol ND 2.34
8 33.42 LB * Phenylethyl alcohol* 5.45 5.39
------ i Acids 17.59 20.81
9 14.40 T Acetic acid 15.65 16.93
10 19.60 ETE n-Butyric acid 0.39 0.66
11 24.01 BFHEBR 3-Methylvaleric acid ND 0.78
12 28.09 4-F 0 KRR 4-Methyl-2-pentenoic acid ND 0.88
13 29.81 2-THATEB 2-Ethylhexanoic acid ND 0.56
14 33.24 FER Octanoic acid 0.17 0.28
15 36.50 =i Nonanoic acid 0.37 0.42
16 39.62 IEABR n-Decanoic acid 0.58 0.09
17 43.67 E Benzoic acid 0.34 0.21
18 49.22 " 2R Myristic acid 0.09 ND
"""" BE £ Acetates 168.67 162.50
19 5.46 LBR LEg * Ethyl acetate* 118.13 114.32
20 8.28 2- W K R AR B B B 2-Methylpentyl acetate 0.96 ND
21 8.86 7 BR R B Pentyl propionate 0.88 1.27
22 9.90 LB IE T g n-Hexyl acetate ND 0.16
23 10.01 BUARK T B8R F Bs Methyl thiobenzoate 0.24 ND
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. o B A KA /(mg/100 mL)
F5 ARG B E /min Rertba-4h IR FETTI

24 10.37 3- LRI AR B Ethyl 3-ethoxyacrylate 0.14 ND
25 10.62 T BRR B Pentyl butyrate 0.06 ND
26 10.75 2-FAAMA2-TIHTEA  2-Methylpropyl 2-ethylbutyrate 0.49 0.68
27 11.12 JRBR TS Ethyl heptanoate 0.61 0.71
28 11.44 T B Ethyl butyrate 0.29 ND
29 13.22 TER T B Butyl hexanoate 0.36 0.19
30 13.52 LRSI BS * Isoamyl acetate* 0.52 0.81
31 14.56 2-TLATH T8 Butyl 2-ethylbutyrate 0.45 0.80
32 17.34 TER LB * Ethyl hexanoate* 0.21 0.49
33 17.51 F B LAg Ethyl nonanoate 0.67 0.51
34 17.90 FLBR % R B Isoamyl lactate 0.18 0.52
35 20.70 KB LB Ethyl benzoate ND 0.53
36 20.95 FUBR T Bg * Ethyl lactate™® 41.64 38.51
37 21.11 TR =LA Diethyl succinate ND 0.08
38 21.95 FTE 2-RNTE 2-Phenylethyl isobutyrate ND 0.08
39 22.10 2-F I TR LEg Ethyl 2-phenylacetate ND 0.14
40 23.66 FEL LA * Ethyl octanoate* 0.96 0.59
41 26.51 A AEBR T B Ethyl laurate 0.12 0.06
42 28.26 SRR B Isoamyl ethyl succinate 0.17 ND
43 29.62 RBR L Ethyl decanoate 0.41 0.45
44 29.73 + =R LB Ethyl tridecanoate ND 0.09
45 31.40 +—BR LB Ethyl undecanoate 0.17 0.09
46 35.02 + = WA R B Ethyl 13-methyltetradecenoate 0.03 0.02
47 36.70 9-+ AN ER LB Ethyl 9-pentadecenoate 0.37 0.20
48 41.49 18] K — ¥ B} — T B Diethyl isophthalate 0.11 ND
49 44.45 #E G BR T B Ethyl stearate 0.06 0.1
50 44.85 MR LB Ethyl oleate 0.4 0.44
51 45.80 B B LB Ethyl elaidate ND 0.59
52 45.85 I BR T B Ethyl linoleate 0.04 0.07

------ B BR £ Aldehydes and ketones 2.00 1.65
53 9.92 5-F A -2- & BR 5-Methyl-2-heptanone 0.28 ND
54 16.30 RS Benzaldehyde 0.01 0.08
55 19.96 S Phenylacetaldehyde ND 0.21
56 24.70 ARES * Furfural* 1.66 1.23
57 25.26 34-ZF AR T EF 3,4-Dimethylbenzaldehyde 0.03 0.02
58 26.75 Aot A AR Geranylacetone 0.02 0.04
59 28.70 4- (BT )R 4-(Hydroxymethyl) acetophenone ND 0.01
60 29.60 CES A 50 Trans-Benzalacetone ND 0.06

------ ek Other categories 0.37 0.15
61 6.46 IE R B n-Amyl ether 0.05 0.08
62 8.19 4- THAR T Bl 4-Ethylbenzamide 0.08 ND
63 9.15 KTH Styren 0.15 ND
64 12.82 FAA KT 85 Methoxybenzaldehyde oxime 0.06 0.02
65 21.59 -+ 55 b 1-Hexadecene 0.03 0.05

iz “ND” AR At d,
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Fig.8 Results of the analysis of the relative percentage content of
volatile flavor components
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