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Table 1 Volatile substances in Baijiu
B RI Rt/s Dt/ms * L AR L8 AR CAS
1 730.6 208.84 1.06 unknowl A2 1 N.A.
2 739.4 212.52 1.13 unknow 2 KEZH 2 N.A.
3 740.1 212.83 1.11 unknow 3 AZH3 N.A.
4 747.8 216.09 1.18 unknow 4 KEZH 4 N.A.
5 7514 217.67 1.23 unknow 5 AZHS N.A.
6 752.4 218.08 1.16 unknow 6 RZH 6 N.A.
7 752.4 218.08 1.06 unknow 7 ) N.A.
8 757.9 220.48 1.28 2,3—dimethyl-1,3-butadiene 2,3-=%&-1,3-T =% 513-81-5
9 760.3 221.53 1.33 Z-2-heptene MR —2— e M 6443-92-1
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55 RI Rt/s Dt/ms ¥k L 4 AR ¥ L& AR CAS
10 761.5 222.06 1.11 propyl ether IE 7 Bk 111-43-3
11 779.8 230.27 1.14 unknow 8 REZH 8 N.A.
12 793.4 236.56 1.2 unknow 9 AEH9 N.A.
13 827 252.84 1.17 unknow 10 AZ 4 10 N.A.
14 827.4 253.05 1.14 unknow 11 A2 11 N.A.
15 835.5 257.15 1.23 unknow 12 AE 12 N.A.
16 837.7 258.3 1.28 unknow 13 AEMH 13 N.A.
17 838.5 258.72 1.2 unknow 14 AR 14 N.A.
18 844.1 261.56 1.11 propan—2—one A BF) 67-64-1
19 852.1 265.78 1.15 I-methylethyl acetate T R 5t 7 B 108-21-4
20 8533 266.38 1.19 unknow 15 AZM 15 N.A.
21 872.9 276.99 1.26 unknow 16 AEH 16 N.A.
22 874.3 277.73 1.28 unknow 17 AEH 17 N.A.
23 898.9 291.63 1.34 ethyl acetate LB LB 141-78-6
24 917.1 302.32 1.24 butan—-2-one 2-T &R 78-93-3
25 918.6 303.24 1.29 butanal T B 123-72-8
26 930.1 310.22 1.37 2,5-dimethylfuran 2,5-= W Hrekvh 625-86-5
27 974 338.47 1.45 ethyl propanoate W IR L B 105-37-3
28 979.1 341.88 1.51 unknow 18 AEH 18 N.A.
29 985.5 346.29 1.57 ethyl isobutyrate 7 T B T Bg 97-62-1
30 994.3 352.38 1.52 unknow 19 AE 4 19 N.A.
31 998.4 355.92 1.42 valeraldehyde IE R B 110-62-3
32 999.8 357.22 1.48 propyl acetate LB A B 109-60-4
33 999.9 357.31 1.37 2—pentanone 2%, BR 107-87-9
34 1 006.2 363.51 1.59 unknow 20 AZ 4 20 N.A.
35 1024.9 382.63 1.54 methyl 2—methylbutyrate 2-F A TR Y B 868-57-5
36 1028.7 386.61 1.57 unknow 21 AE M 21 N.A.
37 1029.9 387.89 1.62 isobutyl acetate LR T BF 110-19-0
38 1039.2 397.88 1.33 butan—2-ol 2-T B 78-92-2
39 1052.4 412.56 1.56 ethyl butyrate TR LB 105-54-4
40 1061.3 422.73 1.4 unknow 22 RE 4 22 N.A.
41 1062.6 4242 1.45 unknow 23 AEHh 23 N.A.
42 1066 428.19 1.6 unknow 24 RE 4 24 N.A.
43 1 066.5 428.78 1.65 ethyl 2—methylbutanoate 2-W A T B LB 7452-79-1
44 1081.1 446.18 1.65 ethyl 3—-methylbutanoate F B T B 108-64-5
45 1090 457.17 1.62 unknow 25 AEM 25 N.A.
46 1098.9 468.89 1.5 hexan-2—-one 2- T ER 591-78-6
47 1099.2 469.35 1.58 unknow 26 K2 26 N.A.
48 1099.7 470.19 1.53 unknow 27 AZ 27 N.A.
49 1107.2 481.8 1.38 n-butanol iET R 71-36-3
50 1113.2 491.19 1.47 unknow 28 AE 4 28 N.A.
51 1113.2 491.19 1.35 unknow 29 AE 4 29 N.A.
52 1129.7 518.28 1.29 unknow 30 AE 4 30 N.A.
53 1130.6 519.75 1.45 unknow 31 A4 31 N.A.
54 1130.8 520.17 1.5 unknow 32 AE 4 32 N.A.
55 11322 522.46 1.56 hexanal IE B 66-25-1
56 11323 522.69 1.59 unknow 33 AE 4 33 N.A.
57 11359 528.73 1.68 ethyl pentanoate KR T 539-82-2
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J 5 RI Rt/s Dt/ms E L% AR CAS
58 1136.8 530.25 1.71 unknow 34 X4 34 N.A.
59 1137.1 530.79 1.75 isoamyl acetate T B 5t R B 129-92-2
60 11435 542.01 1.52 unknow 35 AE M 35 N.A.
61 11493 552.3 1.68 unknow 36 AE 4 36 N.A.
62 1156.7 565.75 1.52 3—methylbutanol I % B 123-51-3
63 11583 568.7 1.39 1-penten—3—ol 1% M -3 8% 616-25-1
64 1159.8 571.41 1.74 unknow 37 X2 37 N.A.
65 1170.7 591.99 1.74 unknow 38 A 24 38 N.A.
66 1171 592.62 1.81 unknow 39 AE 4 39 N.A.
67 1186.3 208.84 1.06 unknow 41 AE 4 41 N.A.
68 1186.5 622.86 1.71 unknow 40 AE 4 40 N.A.
69 1186.5 623.28 1.55 unknow 42 R 42 N.A.
70 1187.8 623.28 1.42 pentyl acetate T B %, By 628-63-7
71 1194.6 625.79 1.76 heptan—2-one 2- & B 110-43-0
72 1195 638.69 1.63 unknow 43 AE M43 N.A.
73 1196.7 639.24 1.36 unknow 44 AE 44 N.A.
74 1197 642.18 1.49 unknow 45 AE M 45 N.A.
75 1198.5 642.6 1.65 unknow 47 AR AT N.A.
76 1198.6 645.12 1.33 unknow 46 AEH 46 N.A.
77 11994 645.33 1.21 unknow 48 A 48 N.A.
78 1199.8 646.59 1.68 unknow 49 A2 49 N.A.
79 1200.1 647.22 1.52 2-hexanol 2- T B 626-93-7
80 1200.8 647.68 1.57 1,8—cineole A vt i B 470-82-6
81 1204.4 648.92 1.73 unknow 50 AE 4 50 N.A.
82 1212 654.99 1.78 unknow 52 AEM 52 N.A.
83 12121 667.8 1.52 unknow 51 AE 4 51 N.A.
84 1220.7 668.01 1.66 unknow 53 A 53 N.A.
85 12224 682.92 1.63 3—methyl-3-buten—1-ol 3-WHA-3-T Hi-1-8 763-32-6
86 1230.8 685.88 1.51 unknow 54 A 54 N.A.
87 1232.8 700.77 1.64 butyl butanoate TR T 8 109-21-7
88 1235.8 704.32 1.82 5-methyl-3-heptanone 5-¥ K -3- & B 541-85-5
89 1253.8 709.9 1.69 ethyl hexanoate iE TR LB 123-66-0
90 1266.5 743.37 1.8 4-methyl-1-pentanol 4-F K -1-% BF 626-89-1
91 1273.6 767.91 1.64 unknow 55 A 55 N.A.
92 12775 782.04 1.75 hexyl acetate LB T B 142-92-7
93 1278.2 789.93 1.93 propyl hexanoate TR W B 626-77-7
94 1286.5 791.29 1.86 unknow 57 R 57 N.A.
95 12883 808.5 1.9 unknow 56 AEH 56 N.A.
96 1289.8 812.07 1.83 unknow 58 AE Y 58 N.A.
97 1290.3 815.22 1.64 Z-3-hexenyl acetate L B vt B3 B 3681-71-8
98 1297.6 816.26 1.3 unknow 59 A 59 N.A.
99 1297.9 831.81 1.57 unknow 60 AZ 4 60 N.A.
100 1297.9 832.44 1.85 unknow 61 A2 61 N.A.
101 1304.1 832.44 1.21 unknow 63 A2 63 N.A.
102 1304.8 845.88 1.61 unknow 62 R EHh 62 N.A.
103 1304.8 847.35 1.65 octanal IE B 124-13-0
104 1305.2 847.45 1.4 pentanol JE %, B 71-41-0
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55 RI Ri/s Dt/ms 3% X 4 Ak LA AR CAS
105 1309.8 848.22 1.51 I-octen—3—one 1—=F Ji -3 4312-99-6
106 1329.6 858.3 1.68 ethyl heptanoate B BR T B 106-30-9
107 13309 903.22 1.91 pentyl butanoate T BR % B 540-18-1
108 1335.8 906.28 1.96 unknow 64 A4 64 N.A.
109 1348.6 917.7 1.74 heptyl acetate T BR B 112-06-1
110 13575 948.64 1.91 2-heptanol 2-Jk B 543-49-7
111 1361.4 970.52 1.72 ethyl lactate LB T Be 97-64-3
112 1362.8 980.28 1.54 unknow 65 AEM 65 N.A.
113 1363.1 983.85 2.02 unknow 66 AEH 66 N.A.
114 1369.2 984.69 1.97 2,4, 5—trimethylthiazole 2,4,5-= 9 ok 13623-11-5
115 1370.1 1 000.19 1.57 3-octanol ¥ A% 589-98-0
116 1371.8 1002.58 1.77 1-hexanol iE B 111-27-3
117 1371.9 1 006.93 1.33 2—nonanone 2-E A 821-55-6
118 1427.1 1007.29 1.4 ethyl octanoate D FRTEF(D) 106-32-1
119 1428.9 1161.24 2.03 ethyl octanoate M F R CE (M) 106-32-1
120 1453.6 1166.43 1.47 octyl acetate M T B s (M) 112-14-1
121 1454.9 1243.17 1.48 octyl acetate D LB F 8 (D) 112-14-1
122 1473.7 1247.32 2.02 decanal BB 112-31-2
123 1474.1 1309.07 1.53 unknow 67 A2 67 N.A.
124 1474.8 1310.4 2.08 isopentyl hexanoate T B 5t %, B 2198-61-0
125 1485.1 1312.87 2.14 unknow 69 A 69 N.A.
126 14853 1348.2 1.77 unknow 68 AEH 68 N.A.
127 14855 1 348.83 1.71 furfural A B 98-01-1
128 14923 1349.44 1.33 acetic acid %3 64-19-7
129 1533 1 373.56 1.15 benzaldehyde KBS 100-52-7
130 1533.2 1525.37 1.47 propanoic acid R 79-09-4
131 1584.7 1526.14 1.27 4-butanolide 4-F K T B A g 96-48-0
132 1594.9 17424 1.31 2—acetylpyrazine 2-T AL Ak 22047-25-2
133 1633.3 1788.84 1.21 phenylacetaldehyde KB 122-78-1
134 1 666.7 1975.11 1.25 ethyl decanoate BB LBy 110-38-3
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Fig.1 Fingerprints of volatile substances in Baijiu samples
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Table 3  Correlation analysis of Baijiu characteristics (part)
AEMI  FTEBCE KEHL  KREHS53 KEHS9  TEmFEM) G
AEH3 1
F T8 T8 -0.260 1
AE 49 0.06497* -0.277 1
AE M 53 -0.233 0.620%* —0.4097%* 1
AZ 59 0.859%* -0.229 0.755%* —0.434%* 1
LB EE (M) -0.586%* 0.434%* -0.746%* 0.709%* —0.742%% 1
G 0.609%* -.606%* 0.752%* -0.6907%* 0.629%* —0.754% 1

ek A2 0.01 R OB ) M OCHE B.35 5%. 7€ 0.05 G0 (R ), AH et 3

222 FROEEEMC(FE RS AT)  EA BT &4 MREHHEE
BT 0 A J90 S R AT 1) L EL RS (R A Table 4 Eigen values f)f "the correlation mat‘n'xv
ZRIESC, WA HAAFIER PV 90 A5 i s f;;/i
R R K OE AS e e AR 4, i g 1> 722 o v ff B 1 1A bl 20877 ‘53.530 ‘53'530
T/ UAREE R T 1 0B, Jhk i 6 4~ & _— 2795 19.987 13517
BLAr MO FEARAE M W3 4, 6 A F o Al LU PC3 2783 7136 80.653
W SRS 15 I 1 92.648% , BEAS R &Y T JRUAR RRAE PC4 2340 6.000 86.653
BAGHE, PC5 1.325 3.397 90.050
PLER 1 & W) B R R 43 e AR AR e X PC6 1.013 2.598 92.648
Xo Xseoooo o Xy, 383 053050 07 304G I 46 AR 1

& B Z R A SRR W3R 5, il ad 3 oy
BrARAS 6 A ST (25 5 F8 AR B 7Y

PCI = 0.970 X, + 0.948 X5 + 0.944 X4 ------—
0.376 X 14, AT S W S5 B0 B 142 55 19 53.530% , 1K
FAFR R AEY 8 IR | IE GBS

PC2 =0.046 X, +---++ 0961 X i+ 0951 X1, +
------ + 0.372 Xy, AT 5 W R 4 AR oE AR 5
19.987% AR H A TR IGER AR EY 65 251K
N

PC3 = — 0.040 X, +-+---- + 0910 Xg + 0.846

Xiggteeeeee +0.448 Xy, AT S J5URCHE B 28 S 1Y
7.136% ,fR3RAS 2 5-H JE-3— B K E Y 64

KEY 33 %,

PC4:—0.136X11 +

6.000% ,1CFAS AT TR MR REY 26 %,

...... +0.920 X5 + 0.654 X o+
...... ~0.376 Xy, W] 5 Wl 5B I bR E AR B

PC5 =0.137 X, — 0.126 X5 + 0.131 Xy4------ +
0.058 X 14, AT S B JEORCHEARMEAL 5719 3.397%

PC6 =-0.067 X, - 0.141 X5 - 0.012 X3+----- +
0.518 Xy, AT S BR JFURCHIE B A2 57 1) 2.598%

x5 REHTESTEIMNSZEBEXBE

Table 5 Correlation between original variables and principal components

EN RN
x¥ IR
PC1 PC2 PC3 PC4 PCs PC6
Xy AEZH 8 0.970 0.046 -0.040 -0.136 0.137 -0.067
X AEH5 0.948 0.005 -0.197 0.052 -0.126 -0.141
X, REH 3 0.944 0.053 -0.086 -0.200 0.131 -0.012
X, REMT 0.940 0.121 -0.039 -0.077 0.159 -0.138
Xz A R 0.912 -0.149 -0.194 0.149 -0.151 0.131
Xog R EZ Y 59 0.869 -0.277 -0.179 -0.141 -0.060 0.161
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(8% 5)
%% Py AT
PC1 PC2 PC3 PC4 PC5 PC6
X 2,3-ZWh-1,3-T =M 0.854 -0.249 -0.277 0.083 -0.274 -0.189
X E R B 0.817 -0.365 -0.216 0.198 -0.296 ~0.120
X 2- T Bk 0.816 0.025 -0.212 -0.185 0.122 0.296
X 2-T B 0.760 -0.500 -0.176 0.216 -0.291 -0.005
X, RZ M 4 0.749 -0.317 -0.271 0.086 -0.157 -0.287
Xs T8 R K B 0.728 -0.535 0.000 0.034 -0.267 -0.237
X5 K ZH 10 0.714 0.081 0.171 -0.258 0.578 0.029
X k24 31 -0.709 0.367 0.412 -0.005 0.370 0.058
X, T vt B B 0.706 -0.518 -0.253 0.098 -0.132 0.188
Xog K E M 58 0.684 -0.557 -0.186 0.198 -0.062 0.269
X K& 49 0.673 -0.531 0.063 -0.135 0.232 0.329
Xio T B (M) -0.585 0.484 0.312 0.341 0.079 -0.310
X T B 5B -0.073 0.961 0.065 0.075 0.152 0.006
X R ZH 65 -0.070 0.951 0.116 0.090 0.019 0.004
Xoo K2 60 -0.162 0.887 0.222 0.282 0.035 0.022
X s R EH 69 0.031 0.861 0.207 0.279 -0.193 0.171
X KB By -0.200 0.852 0.340 0.149 -0.081 0.050
Xg X2 50 -0.071 0.838 0.287 0.326 0.269 -0.042
Xo K2 36 -0.163 0.826 0.314 0.255 0.274 0.001
X Fik 2B (M) -0.357 0.823 0.234 0.164 0.254 -0.042
Xy K ZH 19 -0.191 0.811 0.009 0.374 0.369 -0.034
Xgs 3-W h-3-T #-1-8 0.506 -0.756 0.042 0.162 -0.274 0.102
Xis KM 12 0.062 -0.691 -0.122 0.194 0.200 0.015
X AZ M 68 0.156 0.660 0.264 0.559 -0.217 0.159
X $LBk T BS 0.503 -0.652 -0.308 0.157 -0.249 0.330
X 5— ¥ Sk -3 i -0.124 0.303 0.910 0.106 -0.048 -0.074
X K ZH 64 -0.385 0.182 0.846 0.068 0.045 0.117
Xy R E M 33 -0.406 0.409 0.765 -0.040 0.175 -0.045
Xp A9 0.272 -0.455 -0.531 -0.285 -0.481 -0.106
Xo FT 8% LS -0.079 0.217 0.020 0.920 -0.007 0.067
X K Z M 26 0.316 0.512 0.033 0.654 -0.183 -0.359
Xy REMH 53 -0.178 0.539 0.328 0.572 0.306 0.032
X 2,4,5-=F fokuk -0.376 0.372 0.448 0.412 0.058 0.518

TE ML PR 275 100 50X L AE 506k 1o R O R B

A E 4545, LL PCL PC2 F1 PC3 Ak
Pt 22 ) 32 0 — 444 T (B 2) , T DA
PEATA32E, 42-6 I 52-4 3 M & R (il |, R 2K
DX a5 e e A TR P AR i, Lk B AR
T X 4345 S B A e 28 S AR AT L B T 42—
3 F52-1 bk 2= R K, T BRI SR A S L
Ab H B TR Y 5N SR, & 42-1 F
42-5 MIBE 433 . BBt A] A, 3T 32 A A AT Y

G328 7 1 B ST I {1 TS JRUAR (4 R R 5 e AR

2.2.3  Fisher LPEHNBIAL  Fisher e 1k H) 5] 2
S D) ) R R — RO, R BN i R 2 (]
PIREAS A AR 4 5% B ARYEZS RN AT 40 28, B R
MR R 26 22 R /ME, 52822 R KAk, 40 2858 i
JE ARG BRI L BT AR bR, R A AR AR R 47 25 531
I [7) A5 SR FH gl 30 Do D) 4 0 3100 AR S i) 4
T8 134 AN 70 FEAE I | AR 4R AH OC 1 0% 3 H Y 39
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AT GC-IMS ) & B 55 42 o #7 B % 3

A YL FEAE B DL SRR AE S B 6 4~ L 1E N
Fisher Z& M4 #1503 A (B H8 4, 23 5 el S Fil Y
Fisher Z& 1 FI LAY | 3x 3 AMEHL X Il ZhbE A1y
4328 IEHZRIE R 100% , 115 58 X UE 4328 11 1 4K
WH 17.5% ,67.5%F1 90% , i B X J5 iy B4 47
RRAE$ L, 1T A A5 4R v 5S84 1) 1 B 5, AR I [ B
Wk IR = Ak OB 2% AR SCEs %28 Tl
US43 BT 6 0 RS R | R AR 2 — 25 Ak, LSk
A% SRR A B AR R A, 2 X PR AR R )
FRHRA R N E RSB, gk 25| A Bray A & 4
WA bR 0y A8 AR AR g | A 5 AR S FE A,
BRI AR SE S ARWHLA B A B SRR
PERRERY A SRS R F HER P(EIE AR
R B B {E 43514 0.05 F1 0.1,

W AR 134 ASFRAEEE R 2 A6 18] )5 43 4 40
B 26 W, RAF R AR JEA/E M1, M1 R 24 4>
F LA SRR, 500 R EY 8.9.17.20.,22.29
31.47.51.53.56.59 .65, IR 2.1 .2, 5- — H Bk
W IR O TR 22— TR H R 2- LR SR
LIRIGAR IE I FLIR L MR 1F C BR 2T,
Wilk’s Lambda K55 255 P=0.000, B iZ 8% H
A Gert 3 o B9 A F 5 R KR, FLRRAE(E 23 501 R
207474.591,7530.331,1512.763,374.611,337.366,
49.578,45.563,34.382 1 7.277, 415l GE % fift B A
KI5 2278461 95.449% ,3.464% ,0.696% ,0.172% ,
0.155%,0.023% ,0.021% ,0.016% H1 0.003% ., Fi 2
A Fisher 214 H1 1) pR B0 8 2L 0] ff B¢ 98.913% 1 J7
22740 B E T EEME R TR AR 22 5
S5BcE . LI 2 4 Fisher 2 10 51 pR B0E 54
(F3), &3 10 F E e ok ok e, TR b g 28
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Fig.2 Three—dimensional score map of principal
components in Baijiu samples
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Fig.3 The scatter plot of Fisher’s linear discriminant

function for model M1

AL AL S AR A T2 2 SO BT, R A
XTI 5B % 0 E B 3k 100% , R H B — 1528 L
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Table 6 Fisher’s linear discriminant function coefficient for model M1

E¥ %3 F P F F, F, F, F, F, F,
X, AZE#H8 0285  -0.106 0015 -0.034 0056 0028 0030 -0.064  0.000
X, REH9 0.368 0285 -0.033 0242 0037 0078 0092 0021  0.002
Xn REH17 -0.007  0.064 0025 0031 -0.012 -0.006 0005 0013  0.004
Xy L TES ~0.003  0.000  0.005 0010 0004 0000 0002 -0.002 -0.001
Xy 2,5-=Wihkekwh 0207  -0.070 0057 -0.004 0036 0000 0033 0018 0014
Xy AR 0.041 0045 -0.017 -0.002 -0.010 -0.001 -0.005  0.005  -0.004
Xy  REH 20 0.262 0.148 0096 0047 -0.025 -0.036 -0.057 0.004 -0.017
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(&% 6)
T h IR F F, F; F, Fs Fy F, Fy Fy
Xis 2-FATHERVE 0.020 -0.162 0.027 -0.040 0.070 -0.005  -0.039 0.000 0.021
Xo AEH22 -0.419 -0.013  -0.105 -0.204 -0.170  -0.095  -0.059 0.014 -0.012
Xy 2-TH -0.198 0.167 -0.132  -0.086 0.081 -0.027 0.012 0.012 -0.034
Xs  RE4H 29 0.628 0.118 -0.005 0.125 0.033 0.049 0.042 -0.011  -0.003
Xs &2 31 0.007 -0.034  -0.028 0.009 0.018 0.013 0.009 -0.002 0.011
Xe JTREE -0.125 0.073 -0.014 0.025 -0.021 -0.019  -0.022 0.032 -0.009
X T ERIREE -0.238 -0.136  -0.038  -0.002 0.107 -0.007 0.066 0.029 0.021
Xis  REH 4T 0.999 -0.440  -0.036  -0.019 0.168 0.112 0.098 -0.007 0.008
Xeg &RZH 51 -0.095 0.071 -0.001  -0.021  -0.079 0.002 -0.027 0.015 0.002
X &RZH53 0.330 -0.088 0.054 -0.022 0.023 0.040 0.034 -0.028 0.000
Xos AR EH 56 0.220 0.058 -0.014 0.000 0.014 0.016 -0.006  -0.005 0.003
Xog  RZH 59 0.058 -0.054 0.024 0.007 -0.019  -0.005 0.011 -0.025  -0.002
Xy EFB 0.016 0.069 0.016 0.019 -0.034  -0.015 -0.015 0.001 -0.007
Xy fLm LoEg -0.004 0.007 -0.002 0.000 0.000 0.000 -0.001 0.001 0.000
X, KT 65 0.047 -0.086 0.083 -0.029  -0.078 0.005 -0.001 -0.051 0.004
Xy ETE 0.011 -0.042 0.090 -0.015 0.001 -0.008 -0.002  -0.002  -0.006
Xy 2-F@A 0.035 0.015 -0.002 0.008 0.008 0.007 0.004 0.004 0.001
cC #F=% -1651.784 -261.285 -257.640 -310.737 -178.647 -84.080 -123.979 4.373 24.801
F7 KB M RERHARD LR
Table 7 The centroid coordinates of each group in model M1
28 3% A F F, F; F, Fs Fy F, Fy F,
1 -73.975 41.398 44.938 4.867 -24.440 1.514 0.794 -7.886 -3.258
2 -260.726  -121.698 15.772 -7.062 14.792 11.423 2418 -3.693 1.602
3 -263.233  -45.270 29.684 -14.106 -11.610 -1.340 -10.089 8.983 -0.318
4 -86.215 59.228 5.198 -21.790 31.456 -5.300 2.630 -0.150 -3.089
5 1.386 67.304 45.690 5.488 0.493 -5.742 5.498 0.999 4.923
6 830.274 -52.297 3.801 19.135 12.819 -2.831 -7.512 -2.552 -0.073
7 -575.244  -89.370 —-42.462 18.143 -4.100 -9.368 2.328 -1.514 -0.365
8 -75.315 83.284 -16.494 27.997 4.785 8.503 2.552 7.391 -1.405
9 -104.440  101.372 -54.967 -13.239 -5.283 2.834 -7.279 -5.011 2.304
10 607.488 -43.951 -31.160 -19.434 -18.912 0.307 8.659 3.433 -0.320
MRHE 6 7 B S AR ) R A F5=0.056 X;; + 0.037 Xp, — 0.012X 5, +-+---- +
Fi =0.285 X1 + 0.368 X1, —0.007 Xy +---- + 0.008 X1, — 178.647
0.035 X, - 1651.784 Fs=0.028 Xy, + 0.078 X1 — 0.006X, +------ +
F, = -0.106X; + 0.285 X1, + 0.064X 5 +----- + 0.007 X1, — 84.080
0.015 X, — 261.285 F;=0.030 X,; + 0.092 X, + 0.005X 5, +------ +
F;=0.015 Xy, - 0.033 X1, + 0.025 Xy +--++0- - 0.004 X1, - 123.979
0.002 X, — 257.640 Fy=-0.064 X;; + 0.021 X1+ 0.013 Xpp +-----+ +

Fo=-0.034 X, +0.242 X, + 0.031 Xpp 4+  0.004 X,, + 4.373
0.008 X ;7 — 310.737 Fy=0.002 X5 + 0.004 Xp, — 0.001 X5 4+ +
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MR Fisher 44 51 bR K Fi~Fy , F5 R 0 R
(MAER) 9 24 D RHAEEARACA s BT, 35 R 2
{6, BN REAR AR B, SR 53 0 3555 10 A LG
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*8 MXEBESHEE M FEAROCEBUREINER
Table 8 The distance between samples in test set and centroids of each group and identification results in model M1
Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 E R

unknowl 1247 252.07 213.06 80.29 82.52 90525 529.79 9197 132.64 686.27 1 1
unknow2 2037 23841 197.60 85.89 99.06 91996 515.17 100.94 137.07 700.70 1 1
unknow3 29249 57.80 9326 288.89 367.84 1148.74 26698 31398 309.32 928.26 2 2
unknow4 27478 261.36 30429 291.13 29339 880.09 578.00 322.06 352.89 670.24 2 2
unknow5 17547  84.69 58.75 183.51 251.03 1042.14 377.31 213.74 219.14 821.44 3 3
unknow6  184.99  84.00 3547 187.34 26190 1060.88 357.77 21592 21541 839.53 3 3
unknow?7 7241 27455 22492  39.61 99.40  924.14  526.69 61.10 7521 704.44 4 4
unknow8  84.84 245.16 203.34 1440 11833 93523 505.60 77.20 86.09  714.51 4 4
unknow9  123.24 366.05 32824 136.28 41.89  814.27 640.52 128.03 173.73  599.75 5 5
unknowl0 71.36  314.04 267.39  87.06 53.63 88325 572,51 69.12 116.38  666.48 5 5
unknowll 898.69 1082.06 1082.61 912.69 826.80  16.64 139542 904.68 938.25 219.42 6 6
unknowl2 923.63 1106.02 1107.14 937.54 851.79  16.62 141971 929.66 963.25 243.92 6 6
unknowl3 478.53 277.56 27695 47139 557.16 1362.25 53.78 486.12 468.83 1140.57 7 7
unknowl4 526.33 319.71 32429 516.56 60457 1404.34 13.03 53140 510.86 1181.87 7 7
unknowl5 9250 271.78 22435 68.82  122.83 936.96 512.18 2239 5477 717.12 8 8
unknowl6 108.89 259.85 206.78 83.60 150.77 969.38 485.03 54.05 58.13  749.55 8 8
unknowl7 138.84 297.66 245.06 9278 160.09 957.46 515.16 80.17 28.89  736.22 9 9
unknowl8 130.28 280.68 229.58  89.64 160.52 960.23 501.82 73.69 1242  738.12 9 9
unknowl9 49825 688.76 682.10 511.05 429.88 42698 99334 501.59 53096 199.47 10 10
unknow20 643.29 827.17 825.18 65594 573.81 279.39 1136.99 648.74 67891 49.44 10 10
EH R % 100

T RSO S =A% SR A X IO AN [R) 4L 5310 10 J5 00 B 5 094 e/ ML, P A S o R R 1 265 H )

W 2R DG 3 BT 7 28 HE 1Y 39 ANRREAE R FH &
AT LE 21 W, ARG R LB AL M2, M2
KH 21 A FLRRE, 55 R EY 3.5.8.9.10,
12.19.33.36.50.53.58 .65 .69,2,3- " H %-1,3-
T BRI 2-C 8 5- RE-3-F R 2,
4,5- = W B e ms PN R N 3SR £ B . Wilk's
Lambda #5645 5 P=0.000, i3 BH iz 05 1 2 A7 48 it
S0k S0, B9 A A I R B, LR AEAE 4 5 R
8 927.756,1 063.998 ,269.675,75.069 ,54.977,
19.170,15.420,3.956 Fi1 2.795 , 53 5 HE 15 fift R AR 104
J7 272846 1) 85.574% ,10.199% ,2.585% ,0.720% ,
0.527% ,0.184% ,0.148% ,0.038% H1 0.027% , Fi 2
A Fisher ZePEF1 591 bR B 2L AT i B 95.772% 19 J5 %

AL AL T FEEAE L IF AT R A R Y 25
SR, LIRTHAS Fisher 224 3 591 bR B0 1l &
(F 4y, 4,10 B AT e 2 b, )R e S
S oA AR VAL T LD A D B, S5 E 3R
52, B 4 v 3 4 v R R A 1 4 A A TR L
AT LD, X S Y A S 1 IE B R A PR AR, AR
RUGH I 25 B 55 51 IE 4 2R 58 100% , R FH B — 1438 X
I UEIE AR N 100% , BT 8 57 AR Fisher 2814 2
BIRECR KL 9, 45410 W2 10, AR 3 9 4~
591 DR BT B H ) I 2 4 A G AR A b O 5 51,
SELULZR 11, SR 21 A~ 32 ZAFAF 87 00 J) 50 5
XS AR HIBAE S ] 8030 95% , R 52-4 B4
BRI A 42-6,
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Fig4 The scatter plot of Fisher’s linear discriminant function for model M2
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Table 9 Fisher’s linear discriminant function coefficient for model M2

T #h F F, F; F, Fs Fy F Fy Fy
X; KREH3 0.369 0.011 -0.015 0.047 -0.042 0.052 0.005 0.034 -0.004
Xs AREH5 -0.055 -0.038 0.008 -0.011 0.010 -0.024 -0.011 -0.016  0.007
Xy 2,3-=FHA-1,3-T =% 0.553 0.040 -0.127 -0.095 -0.047 0.101 0.083  0.063 -0.021
Xy &RZH38 0.080  -0.061 -0.048 -0.004 0.003 -0.005 0.004 -0.008 -0.015
Xo XRZHO9 0.176 0.086 -0.015 0.016 0.019 -0.023 0.052 0.013  0.005
X5 REH10 -0.078 0.033 0.016 0.008 -0.001 -0.022 0.002 -0.013 0.010
Xis AREZHI12 0.051 0.039  0.026 0.043 0016 0.042 0.064 0.007  0.024
Xy AREY 19 0.045 0.018 0.029 0.023 0.016 0.013  0.021 0.023  0.005
Xss  &REH 33 0.059 -0.020 -0.019 0.024 -0.014 0.011 0.008  0.001 0.014
Xy T ERSFIRBEE -0.006 -0.002 0.006 -0.001 0.004  0.001 0.001 0.002  -0.001
Xo KRZH 36 0.008 0.010  -0.009 0.000  0.002 0.000 0.006  0.003  0.000
Xy 2-THE 0.098 0.095  0.058 0.030  0.008 -0.004 -0.034 -0.013 0.019
Xg &RZH50 0.005 -0.012  0.007 -0.001 -0.001 0.001 -0.004 -0.004 -0.001
Xy &REHS53 -0.072  -0.005 0.014  0.006  0.000 -0.020 -0.009 -0.014 -0.010
X 5-F E-3- A -0.074  0.055  0.003 0.010  0.039 0.005 0.007 0.033 -0.012
Xos  AREH 58 0.440 0.088  0.036 0.046 -0.097 -0.006 -0.011 0.037 -0.009
X KREY 65 0.011 -0.015 -0.032 -0.041 -0.010 -0.019 -0.013 0.024  0.005
X 2,4,5-=F Hhuked -0.002  -0.005 0.001 -0.005 0.000 -0.002 0.001 0.000  0.000
Xis  RZ4H 69 0.013 0.013  0.023 -0.010 -0.015 0.006  0.005 -0.005 -0.005
Xy A8 -0.073 0.026 -0.004 0.027 0.012  0.011 0.017  0.009  0.006
X AR TE 0.007 -0.007  0.000  0.008  0.004 0.002 -0.003 -0.004 0.001
C wE -331.721 -191.563 113.399 -76.098 -62.262 9.224 -171.638 -72.314 -14.944

F 10 #EE M2 & HR O LR
Table 10 The centroid coordinates of each group in model M2

ZES F, F, F, F, F. F, F, F F,
1 -13.751  -28.692  10.168 -1.623 ~0.661 -7.925 -0.926 -0.222 -2.471
2 ~101.985  22.480 13.473 5.099 1.611 2.467 0.662 3.741 -0.667
3 -67.672 2.048 20.092 2.430 -0.415 4.253 -4.061 -3.224 0.198

4 -30.381 -37.413 -15.554 -0.964 9.005 -0.676 -4.677 1.058 1.848
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20 % 7 F, F, F; F, F Fs F, F F,
5 48.283 -37.374 7.902 -12.616 -8.363 3.748 2.620 0914 0.675
6 106.824 24.164 1.930 -6.535 13.380 1.752 2.674 -0.695 -0.972
7 -103.505 44.738 -19.213 -10.440 -4.762 -2.247 0.116 -0.765 0.256
8 -17.034 -4.338 4.116 9.369 0.454 -3.517 6.538 -1.064 2.218
9 18.692 -16.713 -25.192 10.108 -3.774 4.194 1.255 -0.593 -1.954
10 160.530 31.099 2.278 5.171 -6.475 -2.050 -4.201 0.849 0.869
HR 4 2% O vl 2 503 7 A5E B H) ) o 0.004 X 15, — 62.262
Fy = 0.369 X5 — 0.055 X5 + 0.553 X +---+- + Fy=0.052 X5 — 0.024 X5 — 0.101 Xg +------ +
0.007 X 5, — 331.721 0.002 X 13, + 9.224
F,=0.011 X5 — 0.038 X5 + 0.040 X +---+- - F; = 0.005 X5 — 0.011 X5 —0.083 Xy +---++—
0.007 X 3 — 191.563 0.003 X5 — 171.638
F; = 0.015 X5 + 0.008 X5 —0.127 Xy +---++-— Fy = 0.034 X5 — 0.016 X5 + 0.063 Xg +---++-—
0.004 X 5 + 113.399 0.004 X5, — 72.314
F, = 0.047 X5 — 0.011 X5 — 0.095 Xy +---+- + Fy = = 0.004 X; + 0.007 X5 —0.021 Xy +------ +
0.008 X 3, — 76.098 0.001 X5 — 14.944
Fs = 0.042 X5 + 0.010 X5 —0.047 Xg 4+ +

11 RABERESREM2AZAROCEBSUREFNER
Table 11 The distance between unknown samples and centroids of each group and identification results in model M2
Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 @ EE
unknowl 5.01 10220 6385 3141 68.03 137.02 119.71 32.15 5479 188.79 1 1
unknow?2 26.24 8794 50.74 3225 8851 157.89 108.62 43.48 7423 21028 1 1
unknow3 101.09 526 4041  97.13  160.58 20633 4090  87.60 130.23 259.63 2 2
unknow4 150.05 6748 9420 14334 21371 26792 8559 14579 187.16 320.33 2 2
unknow5 77.12 3150  15.84  77.21 138,55 19212 65.02 6998 11456 24532 3 3
unknow6 68.70  36.13 8.59 70.19 12823 179.01 6324 57.88 102.61 23247 3 3
unknow?7 41.07 86.12 57.15 1556 9586 15725 98.66 4346 6456 211.13 4 4
unknow8 39.25 89.88 5879 1222 9444 161.50 103.78 4844  67.89 21453 4 4
unknow9 57.13 15650 117.01  78.71 12.18 9473 170.14 7126  53.01 140.45 5 5
unknow10 6549 163.66 124.82 84.99 4.48 88.64 176.11 7777 5477 133.73 5 5
unknowl1 132.71 209.56 177.42 151.62  87.58 450 21292 128.80 103.56  58.57 6 6
unknow12 142.83 221.24 188.81 161.62 9456  13.82 22443 140.03 113.16 48.49 6 6
unknow13 122.48 4280  71.17 115.14 177.05 214.17 8.33 105.59 141.07 266.52 7 7
unknow14 12292  46.08  73.11 11347 17722 21588 539 107.40 141.04 26858 7 7
unknow15 3291 10026  65.67 5074  70.73 119.17 113.87 11.82 4252 171.07 8 8
unknow16 29.81 9534 5892 5228 7233 123.14 111.21 1238 50.80 175.08 8 8
unknow17 42.61 12842 9357  47.09 5215 11283 137.14 4483 14.11 161.87 9 9
unknow18 5544  138.19 10454 6326 49.68 9856 144.09 52.87 743 14637 9 9
unknow19 130.61 206.08 17438 14996 88.13  20.56 208.53 124.88 99.82  59.24 6 10
unknow20  174.22 25452 221.73 193.07 121.63 49.62 257.01 17197 14176 14.01 10 10
A 3% 95
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Abstract A simple method for accurate identification of Baijiu was developed without qualitative and quantitative deter-
mination of volatile components. A total of 10 kinds of Baijiu with two flavor types were selected, and each of them has
2 samples from different blending batches. After directly headspace sample preparation, gas chromatography—ion mobility
spectrometry  (GC-IMS) was used to obtain the visualized fingerprints, and further extract the main features of Baijiu to
establish Fisher linear discriminant models. A total of 134 volatile components were detected in the samples. The finger-
prints can directly reflect the content difference of trace volatile components and the batch stability of blending. Under
the premise of not fully analyzing and quantifying all components, stepwise regression analysis is used to optimize the
three Fisher linear discriminant models which are respectively based on all 134 volatile components, 39 characteristic
components selected by correlation analysis, and the 6 principal components obtained from principal component analysis.
For the optimized correlation analysis model (the component features are reduced to 21) and the principal component
analysis model, the classification accuracy rates and leave—one—out cross validation classification accuracy rates for the
training set are 100%, and the discrimination accuracy rates for the test set are both 95%. The optimized Fisher linear
discriminant model based on all the features has the best result, and 24 component features are extracted. The model’s
classification accuracy rate of the training set is 100%, the leave—one—out method cross—validation classification accuracy
rate is 100%, and the prediction accuracy rate of the Baijiu samples in the test set reaches 100%. The GC-IMS is sig-
nificant for the quality control, market supervision and the origin protection of Baijiu, and it can accurately identify Bai-
jiu combining with pattern recognition.

Keywords Baijiu; GC-IMS; fingerprint; feature extraction; linear discriminant



