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Evaluation of Quality Uniqueness and Batch Stability of Maotai-flavor Baijiu
of Specific Brand by Fingerprint and Chemical Pattern Recognition
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GUO Ying"?, LI Changwen'

(1.Guizhou Guotai Liquor Group Co., Ltd., Renhuai 564501, China;
2.Tasly Research Academy, Tianjin 300410, China)

Abstract: This study aimed to establish an evaluation method for quality uniqueness and batch stability of Maotai-flavor
Baijiu of specific brand. In this study, Gas chromatography-mass spectrometry (GC-MS) and similarity evaluation system
for chromatographic fingerprints of TCM were used to establish a fingerprint of Maotai-flavor Baijiu of specific brand. As
well as, comprehensive evaluation quality uniqueness and batch stability of Maotai-flavor Baijiu of specific brand was
conducted based on similarity evaluation and chemical pattern recognition (hierarchical clustering and principal component
analysis). The results showed that evaluation standard for quality uniqueness and batch stability of Maotai-flavor Baijiu of
specific brand was fingerprint similarity greater than 0.99, which could effectively distinguish Maotai-flavor Baijiu of
specific brand from other brands. The results of chemical pattern recognition showed that Maotai-flavor Baijiu of specific
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brand and other brands of Maotai-flavor Baijiu were obviously classified. Thus, the quality uniqueness and batch stability of

Maotai-flavor Baijiu of specific brands could be effectively evaluated by the fingerprint similarity and chemical pattern

recognition. 17 substances were found by principal component analysis, which caused the difference between Maotai-flavor

Baijiu of specific brand and other brands. Hexanoic acid, hexanoic acid, ethyl ester, 1-hexanol, acetic acid, benzeneacetic

acid, ethyl ester, propanoic acid, 2-hydroxy-, ethyl ester, hexadecanoic acid, ethyl ester, butanoic acid, 1-butanol, 3-methyl-,

1-propanol, 2-methyl-, n-propyl acetate, 1-propanol, 2-butanol , propanoic acid, 2-methyl-, ethyl ester, butanoic acid, 3-

methyl-, ethyl ester, propanoic acid, ethyl ester, 1-butanol were included. These substances were the inherent embodiment

of Maotai-flavor Baijiu of specific brand uniqueness. This study provides theoretical basis and technical support for the

quality control of Maotai-flavor Baijiu of specific brand.

Key words: Maotai-flavor Baijiu; gas chromatography-mass spectrometry; fingerprint; chemical pattern recognition; quality

uniqueness; batch stability
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Table 1 GC-MS methodology investigation
AP A il Tt EEM
i (min) IR FIXHIGTIRL  ADRMOLBIRT]  FXPUETAT  MOXHRFAMIE]  AIXPETIRL AR e

RSD(%) RSD(%) RSD(%) RSD(%) RSD(%) RSD(%)
1 6.98 W L 1.6013 0.1016 1.8007 0.1321 1.7328 0.1996
2 7.12 2-MEEN R 21 1.1927 0.1180 2.0095 0.1209 1.7440 0.1497
3 7.35 ZFRTE 2.7918 0.0748 2.2246 0.0817 2.6925 0.0966
4 8.61 2-TEE 1.4499 0.0638 3.9036 0.0595 0.9538 0.0824
5 9.07 IEEE 1.1517 0.0497 1.7357 0.0567 1.4546 0.0393
6 9.50 2-ET R TG 1.4149 0.0474 1.4888 0.0539 0.7444 0.0375
7 10.07 3-METMR LR 0.7283 0.0448 0.9569 0.0305 1.2904 0.0354
8 10.73 2-HUBL N 1.6455 0.0000 22216 0.0143 1.6166 0.0433
9 11.97 TR 1.6269 0.0355 1.7015 0.0398 1.4556 0.0424
10 12.42 SR 2T 0.5863 0.0000 0.8065 0.0220 0.7495 0.0420
11 14.25 2- i 1.4187 0.0386 1.6813 0.0173 2.6086 0.0000
12 15.07 3-FIE T 1.0328 0.0000 1.7355 0.0143 1.6934 0.0495
13 16.14 CiR LR 0.6308 0.0278 1.2289 0.0311 1.5504 0.0220
14 16.67 E R 0.6319 0.0330 1.7242 0.0127 1.3126 0.0213
15 20.21 2-F2HEENR LR 0.7734 0.0272 2.8189 0.0143 1.1350 0.0265
16 2031 IEC A 0.5315 0.0000 1.1683 0.0078 1.0576 0.0256
17 22.13 2-FRIET RO 1.9304 0.0248 1.7532 0.0230 1.7235 0.0160
18 222 = HIER g 5.0642 0.0000 4.6352 0.0224 43043 0.0159
19 22.92 FMR TR 0.3559 0.0000 1.8260 0.0211 1.6576 0.0203
20 23.62 i 1.3539 0.0000 1.6795 0.0048 3.6102 0.0150
21 24.26 e 0.6800 0.0000 1.4900 0.0143 1.0800 0.0214
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RSD(%) RSD(%) RSD(%) RSD(%) RSD(%) RSD(%)
22 25.40 LK 3.6194 0.0000 3.5738 0.0205 2.9430 0.0140
23 25.97 2 0.8088 0.0000 1.7522 0.0030 0.8875 0.0179
24 28.33 TR 1.1094 0.0000 0.5792 0.0016 1.0254 0.0000
25 29.55 TR 0.9454 0.0000 0.8255 0.0180 1.0435 0.0157
26 30.58 (22-ZFECHR) R 2.7736 0.0179 0.8405 0.0004 3.0769 0.0000
27 30.98 TR 0.7996 0.0000 0.8970 0.0176 1.3099 0.0000
28 32.32 RETR TR 1.3121 0.0000 1.5834 0.0004 1.3071 0.0000
29 33.40 cER 0.9011 0.0134 1.1881 0.0170 1.3478 0.0160
30 34.53 KINR LT 2.7303 0.0159 1.5826 0.0013 25115 0.0000
31 35.13 RO 1.1585 0.0000 1.5712 0.0163 0.9476 0.0101
32 41.44 TR 2 g 5.1705 0.0111 5.6147 0.0107 8.5698 3.5145
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Table 2 Ratio of total peak area of common substances of Maotai-flavor Baijiu of specific brand based on GC-MS

ST L H (%)

R ]
Ei

E YT A R
(min) N S2 S3 sS4 S5 S6 S7 S8 S9 S10 S11 S12

1 6.98 AR LB 3.950+0.0141  4.495+0.0354 3.895+0.0071 3.220+0.0141 2.595+0.0212 2.735+£0.0071 2.800+0.0424 2.660+0.0283 2.505+0.0071 2.220+0.0141 2.335+0.0071 2.345+0.0071
2 7.12 PRI TN 1.395£0.0071  1.355+0.0071  1.375+0.0071  1.335+0.0071  1.015+0.0071 1.095+0.0071 1.000+0.0141  1.115+0.0354 1.210+0.0000 1.040+0.0141  1.050+0.0000 1.045+0.0071
3 7.35 LR 1.010£0.0000  0.9300+0.0000 1.000+0.0000  0.4300+0.000 0.6800+0.0000 0.790040.0000 1.375+£0.0071 1.375+0.0212 0.4750+0.0071 0.6350+0.0071 0.6100+0.0000 0.6350+0.0354
4 8.61 2- TR 1.025+0.0071  0.8800+0.0000 1.020+0.0000 0.6350=0.0071 0.9100+0.0141 0.9050+0.0071 1.000£0.0000 0.9300+0.0141 0.6600+0.0000 1.305+0.0071  1.245+0.0212 1.235+0.0071
9.07 IETNEE 15.02+0.1768  14.58+0.0354  15.06+0.1061 14.56+0.3677 12.20+0.0424  12.70+0.0566 15.33+0.0919 14.22+0.2192  9.960+0.0000 14.37+0.0354 11.97+0.0424 13.825+0.0636
6 9.50 2-HIIE TR LT 0.3500+0.0000 0.3600+0.0000 0.3450+0.0071 0.3300+0.0000 0.2600::0.000 0.265040.0071 0.25000.0000 0.2350+0.0071 0.2750+0.0071 0.3150+0.0071 0.2850+0.0071 0.2750+0.0071
7 10.07 3-HHET LR 0.9650+0.0071  1.005+0.0071  0.9400+0.000 0.9750+0.0071 0.7650+0.0071 0.7800+0.0000 0.700+0.0000 0.6900+0.0141 0.8700+0.0000 0.9400+0.0141 0.8400+0.0000 0.8350+0.0071
8 10.73 2- P 2.935+0.0212  2.865+0.0071 2.925+0.0071 3.140+0.0141 3.000+0.0424 3.035+£0.0071 2.980+0.0141 2.760+0.0424 2.835+0.0071 3.010+0.0283  2.940+0.0000 2.905+0.0495
9 11.97 IETEE 1.480£0.0141  1.425£0.0071 1.465+0.0071 1.890£0.0141 2.520+0.0283  2.525+0.0071 2.335£0.0071 2.190+0.0283 2.095+0.0071  1.875£0.0071 2.240+0.0000 2.385+0.2051
10 12.42 paiye 1.415+0.0071  1.350+0.0000 1.380+£0.0000 1.150+0.0000 1.035+0.0071  1.000+0.0000 0.9750+0.0071 0.9750+0.0071 1.055+£0.0071 0.9950+£0.0071 1.025+0.0071 1.030+0.0141
11 14.25 2-BEfiil 0.03000.0000 0.0300+0.0000 0.0300+0.0000 0.02000.0000 0.02000.0000 0.020040.0000 0.0200:0.0000 0.02000.0000 0.0250+0.0071 0.0300+0.0000 0.05000.0000 0.0500+0.0000
12 15.07 3-HET 16.230.0071  15.41£0.0000 15.92+£0.0212 15.68+0.0212 14.47+0.0141  14.16£0.0495 14.09+0.0283 13.06+0.1414 14.30£0.0424 15.35£0.0071  15.58+0.099  15.16+0.502
13 16.14 CRLEE 4.410+0.0424  4.020+0.0283  4.322+0.0424  4.195+0.0071 4.485+0.0071 4.270+0.0283 4.050+0.0283 4.130+0.0141  4.240+0.0000 3.535+0.0212 3.985+0.0354 3.650+0.4384
14 16.67 IERE 0.3650+0.0071 0.3550+0.0071 0.3552+0.0071 0.3650+0.0071 0.38000.0000 0.3600+0.0000 0.3700+0.0000 0.3450£0.0071 0.365£0.0071 0.3250+0.0071 0.3650=0.0071 0.3550+0.0212
15 20.21 2- IR LT 16.88+0.1061  17.25+0.0495 16.52+0.0000 18.54+0.0283 18.85+0.0354 19.13£0.0707 18.41+0.0636 16.66+0.0919 17.50£0.1273 18.84:0.0354 18.34+0.0778 19.04+0.9192
16 2031 IECEE 1.070£0.0000  1.060+£0.0000  1.020+0.0000 1.215+0.0071 1.410£0.0141  1.350+0.0141  1.310£0.0000 1.235+0.0212 1.285+0.0071  1.065£0.0071 1.190+0.0000 1.100+0.1273
17 22.13 2-BIET R 0.0300+0.0000 0.0200+:0.0000 0.0300+0.0000 0.0250+0.0071 0.02000.0000 0.0200+0.0000 0.0200£0.0000 0.0200:0.0000 0.0200+0.0000 0.0300-+0.0000 0.02000.0000 0.0215+0.0021
18 222 = SEn v 0.1850+0.0071 0.1550+0.0071 0.1800+0.0000 0.1450+0.0071 0.1200+0.0141 0.100040.0000 0.1000:0.0000 0.0900+0.0000 0.1250+0.0071 0.1350+0.0071 0.1400+0.0000 0.1300+0.0141
19 2292 TR 0.2250+0.0071 0.2400+0.0000 0.2250+0.0071 0.2000+0.0000 0.1800+0.0000 0.1700+0.0000 0.1600+0.0000 0.1750+0.0071 0.2300+0.0000 0.2550+0.0071 0.3300+0.0000 0.3350+0.0071
20 23.62 e 1.255+0.0495 1.265+0.0071  1.290+0.0424 1.355+0.0071 1.245+0.0354  1.395+0.0071 1.335+0.0071 1.260+0.0000 1.310+£0.0141 1.220+0.0283 1.490+0.0141 1.580+0.1131
21 24.26 HERE 10.59£0.0141  10.74£0.0000  10.19+0.0354 13.18+0.1273  14.10£0.0778 14.29+0.0566 12.51+0.0849 11.75£0.1697 11.24+0.0849 9.810+0.0283  9.365+0.0495 9.035+0.5162
22 25.40 ZBHE 0.1300+0.0000 0.1200:£0.0000 0.1200+0.0000 0.1350+0.0071 0.1400+0.0000 0.145040.0071 0.1400+0.000 0.1300+0.0000 0.1300+0.0000 0.1300+0.0000 0.1300+0.0000 0.1250+0.0071
23 2597 HRHRE 0.4750+0.0071 0.4850+0.0071 0.4600+0.0000 0.4800+0.0000 0.5100+0.0000 0.500+0.0000 0.4400£0.0000 0.4150+0.0071 0.4700+0.0000 0.4150+0.0071 0.4050+0.0071 0.4000+0.0141
24 2833 TR 1.150£0.0141  1.115£0.0071  1.130+0.0000 1.115+0.0071  1.085+0.0071  1.070+0.0000 1.030+0.0000 0.9500+0.0141 1.055+0.0071 1.050+0.0000 1.190+0.0141  1.270+0.0990
25 29.55 T=M—Cm 0.3900+0.0000 0.3500+0.0000 0.3750+0.0071 0.3600+0.0000 0.2800+0.0000 0.270040.0000 0.2600£0.0000 0.2300+0.0000 0.2700+0.0000 0.2600+0.0000 0.2300+0.0000 0.2250+0.0071
26 3058 (22-TZ5 L) 0.0500+0.0000 0.0300£0.0000 0.0500+0.0000 0.0700+0.0000 0.0750+0.0071 0.0800+0.0000 0.0950+0.0071 0.1200£0.0000 0.0850+0.0071 0.06000.0000 0.08000.0000 0.0750-:0.0071
27 30.98 e 0.4200+0.0000 0.3900+0.0000 0.4100+0.0000 0.3400+0.0000 0.3200+0.0000 0.295+0.0071 0.3000+£0.0000 0.2750+0.0071 0.3100+0.000 0.2900+0.0000 0.3400+0.0000 0.3500+0.0141
28 3232 KRR 0.5900+0.0141 0.5400+0.0000 0.5750+0.0071 0.5450+0.0071 0.4650+0.0071 0.4400+0.0000 0.40500.0071 0.3850+0.0071 0.4450+0.0071 0.4500+0.0000 0.3950+0.0071 0.3850+0.0071
29 33.40 c 2.030=0.0000  1.805+0.0071  1.955+0.0071 1.920+0.0000 2.080+0.0141  1.925+0.0071 1.850+0.0141 1.770=0.0283  1.850+0.0000 1.480+0.0000 1.895+0.0071 1.805+0.1344
30 34.53 KNIR LG 0.0600+£0.0000 0.0550+0.0071 0.0550+0.0071  0.05+0.0000  0.0400+£0.0000 0.040040.0000 0.0400::0.0000 0.0400+0.0000 0.0400+0.0000 0.0500+0.0000 0.0300+0.0000 0.0300+0.0000
31 3513 KL 1.560£0.0000  1.520£0.0000 1.500+0.0000 1.495+0.0071 1.355£0.0071 1.300£0.0000 1.250£0.0000 1.155£0.0212 1.390+0.0141 1.380£0.0141 1.790£0.0000 1.720+0.0990
32 41.44 TR TS 0.8250+0.0212  1.040+0.0000 0.8750+0.0071 1.025+0.0071 0.8400+0.0141 0.7650+0.0071 0.9150+0.0071 0.9100+0.0141 0.9700+0.0141 0.9550+0.0071 0.9050+0.0212 0.9400+0.0141
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Fig.1 GC-MS chromatogram of Maotai-flavor Baijiu of specific brand and control fingerprint

i) GC-MS XTREFE S E S (R), 4niE 1 s, gkt
BARRLEE, AN 3 FioR, 12 #Eucbr e s 2 2
1§ GC-MS F5 2 ETEAHLEEAE 0.996~0.998 Z[H], #H
LT 0.99 BEHH 12 FEUCRRRE & i35 7 150 11
TEASA Sy b 25 SN HAL R Rl R Mgt . PRIk
AR GC-MS FrffEFE S EE (R) BB A R AR R
A e T Y WY R PERRE B 1R B, R AR DL R
>0.99 YE A HRFE il RGLE A 78 PTG i S R AR
T B ME B PEM AR vl o BT DA R & 36 7 8 P
GC-MS X BEFR SIS (R) 0], DL 20 FhEFIEIGEDE
AT HRGIE, FEAN ] e A A Pl S5 R e
A AT H shVG S A AR T3, g5 R DL 3, i
58 I PAEAMAS [R] 5 3 5 00 P11y 5 0 R o i e 7Y
PV AU $4<0.99 .

£33 FETHHEMME RN GC-MS f4UAi
ARLRE L
Table 3  Similarity results based on GC-MS fingerprint of
Maotai-flavor Baijiu of specific brand

Hemss  HRUE BRGSO MRE RS ARUE
S1 0.997 S12 0.997 L2 0.964
) 0.997 LJ4 0.922 Li3 0.943
S3 0.997 DYTI1 0.951 LJ5 0.934
S4 0.996 DYT2 0.947 MT1 0.946
S5 0.998 DYT3 0.956 MT2 0.933
S6 0.998 DYT4 0.954 MT3 0.901
S7 0.998 JS1 0.926 MT4 0.907
S8 0.998 JS2 0.938 XJ1 0.975
S9 0.998 JS3 0.952 XJ2 0.971
S10 0.998 IS4 0.937 XJ3 0.973
S11 0.998 LJ1 0.928 XJ4 0.975

B 3 O [R] S R O AR G5 R A T
J7 25530, G5 UL 4, K IR A R T AR
RLRE 5 LAt 7 i A 1R TR AR DR 2 [R] 5 e 25
F(P<0.05),

AR S EIRE I R G SR FH IS FA 4 TR
BEATARUEE (TR, JEfA Ao BAT W AR R e

R4 ARRNET T

Table 4 Variance analysis of similarity

Al L AR
S 0.9975°

XJ 0.9735°

DYT 0.952¢
IS 0.93825°
L] 0.9382¢
MT 0.92175¢

e WP RVING F i 3R 22 5 5.3 (P<0.05) 6

AR AT HEAAAFEALUEE A SEMREE IS, XoF A/ NI L 53
AR A, DR AR SO 1) AR (DL H g v, (I
FEASFZ A XS TAREE ol e 7 15 70 5 B R e Atk
WRETERIFIE, BVRIH GC-MS 454 “ 2y midkts
LS PE R80T AT A SUIX 52 s as Atk
FaaE M A 4 i R T Y T S A B R A R
T, RS S, I Z i BR AR i e g 5 HL
A AR RIS BE 72 1 5N 25 3 1135 75 28 F TP 27 7 A
X3 AFEHAEPY B GC-MS H AR #7512
B IS SUEE, I 35 FRFIEL Sy, 1BR) FH H:
JIT ST A48 SRS TCIAT 3UX 4y 5 5N 5 S HAT
HH R B 3 SR I . AN SC GC-MS TP A
Zeqd—E RUARFL, X4 2 XU B A B O I 54394
HARS—E & R, A R GC-MS 35 E
AR TR RSy, HARE R HoAa R T
FHeEEE A R ZE O E L,

23 BREESH (HCA)

JER BRI — PP I Fe S B S TR A
Jrids, 38 X KA AR AR SR T PeE 43 2 sl 54
Sillo FEASTRIHE U R il e 7 5 PP B HA AN [R] 5,
R AR P 20 FRARFIEY) AR B A IR (WL 5)
VERMAE &, 15 B BIRAE T A SIMCA13.0 , iz FHHEE
2R LB RE 2 i 22 1y =UidE AT HCA 38T, 4558 00
2, 242EMRIIE A 3.68 Bf, AN RIS i i 7 7Y
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Table 5 Relative content of characteristic substances of Maotai-flavor Baijiu of specific brand based on GC-MS
oo HX bt (L)
Gt BT T
(min) S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12
1 6.98 R 0.0576+0.0007  0.0644+0.0007 0.0582+0.0006 0.0464+0.0001 0.0407+0.0001 0.0428+0.0001 0.0457£0.0008 0.0454+0.0005 0.0393%0.0007 0.3862+0.0013 0.0391=0.0002 0.0352+0.0057
2 7.12 2-HIHENIR LM 0.0203+0.0003 0.0194:0.0000 0.0206+0.0000 0.0193+0.0002 0.0159+£0.0002 0.0171£0.0001 0.0164+0.0003 0.0183+0.0017 0.0186:0.001 0.0177+0.0001 0.0175+0.0001 0.0152+0.0034
3 7.35 LRI 0.0147£0.0002  0.0133+0.0001  0.015+0.0002  0.0062+0.0001 0.0106=0.0001 0.0123+0.0001 0.02240.0002 0.0235+0.0004 0.007420.0002 0.0104+0.0002 0.0102+0.0000 0.0099+0.0003
4 8.61 2- T 0.0149+0.0002  0.0126+0.0001 0.0153+0.0002 0.0091+0.0002 0.0143+0.0003 0.0141+0.0002 0.0163+0.0000 0.0162+0.0004 0.0105+0.0001 0.0217+0.0008 0.0209+0.0003 0.0202+0.0006
5 9.07 IET 0.2191£0.0044  0.2089+0.0011 0.2252+0.0039 0.1546+0.0014 0.1913+0.0019 0.1983+0.0009 0.2499+0.0011 0.2462+0.0042 0.1576+0.0001 0.2385+0.0084 0.2002+0.0001  0.202::0.0027
6 1007 3-HHETRRLEE 0.0141£0.0002 0.0144+0.0001 0.0141:0.0001 0.014£0.0001  0.012+0.0000 0.0122+0.0000 0.0114+0.0001 0.0117+0.0004 0.0135+0.0005 0.0156£0.0004 0.014+0.0001 0.0124::0.0023
7 10.73 2-HURET I 0.0428+0.0007  0.041+0.0000 0.0438+0.0004 0.0452+0.0003  0.047+0.0009  0.0474+0.0001 0.0486+0.0002 0.0478+0.0008 0.045+0.0004  0.05+0.0021  0.0491+0.0001 0.0458+0.0047
8 11.97 IETRE 0.0216+0.0004  0.0204+0.0002  0.0219+0.0003  0.0272£0.0002 0.0396+0.0007 0.0394+0.0002 0.0381+0.0000 0.0378+0.0005 0.0334+0.0005 0.0312+0.0009 0.0374=0.0000 0.0375+0.0000
9 12.42 KRR 0.0206+0.0004  0.0193+0.0001 0.0207+0.0002 0.0166+0.0001 0.0163+0.0000 0.0156=0.0001 0.0159+0.0001 0.0164+0.0005 0.0163+0.0006 0.0165+0.0004 0.0172+0.0001 0.0254=0.0117
10 15.07 3-HUEE TR 0.2368+0.0021  0.2209+0.0006  0.238+0.0022  0.226+0.0007  0.2269+0.0013 0.2211+0.0008 0.2297+0.0009 0.2259+0.0032 0.2281£0.003  0.2547+0.0083 0.2605+0.0008 0.2395+0.0289
11 16.14 CRRCE 0.0643+0.0012  0.0576+0.0005 0.0646+0.0001  0.0605+0.0000 0.0704+0.0003 0.0667+0.0004  0.066+0.0007  0.0694+0.0028  0.0654:£0.003  0.0586=0.0015 0.0666=0.0003  0.0579+0.012
12 20.21 2-FRAEIRCHE  0.2462+0.0036  0.24720.0015 0.2471£0.0026 0.2673+0.0000 0.2955:0.0015 0.2988+0.0009 0.3001+0.0004 0.2897+0.0066  0.282£0.009  0.3126+0.0095 0.3065+0.0023 0.2997+0.0119
13 2031 ECE 0.0156+0.0002 0.0152+0.0000 0.0153+0.0002 0.0175+0.0001 0.0221+0.0000 0.0211+0.0002 0.0214+0.0000 0.0212+0.0002 0.0203+0.0001 0.0177+0.0004  0.02+0.0001  0.0175+0.0036
14 23.62 M 0.0183+0.0009 0.0182+0.0002 0.0193+0.0008 0.0195£0.0001 0.0196+0.0004 0.0217+0.0001 0.0218+0.0001 0.0217+0.0000 0.0206+0.0003 0.0203+0.0011 0.0249+0.0003 0.0248+0.0004
15 24.26 R 0.1545£0.0014  0.154=0.0004  0.1523=0.0011  0.19+0.0015  0.221%0.0002  0.2232+0.0008 0.204+0.0017  0.2022+0.0019 0.1787+0.0017 0.1628+0.0047 0.1566=0.0013 0.1429+0.0206
16 28.33 T 0.0168+0.0004  0.016+0.0001  0.0169+0.0002 0.0161+0.0001 0.017+0.0001  0.0167+0.0000 0.0168+0.0000 0.0164+0.0001 0.0167+0.0001 0.0174+0.0006 0.0199+0.0004 0.0209+0.0012
17 3232 KR 0.0086+0.0002  0.0077+0.0000 0.0086+0.0000 0.0079+0.0001 0.0073+0.0001 0.0069+0.0000 0.0067+0.0001 0.0066+0.0001 0.0069+0.0002 0.0075+0.0003 0.0066=0.0000 0.0061=0.0007
18 33.40 C 0.0296+0.0003  0.0259+0.0002 0.0292+0.0004 0.0277+0.0000 0.0326+0.0000 0.0301=0.0000 0.0302+0.0001 0.0303+0.0003 0.0292+0.0001 0.0246+0.0007 0.0317+0.0002 0.0286=0.0045
19 35.13 KW 0.0227+0.0002  0.0218+0.0001 0.0224+0.0002 0.0215+0.0001 0.0212+0.0002 0.0203+0.0001 0.0203+0.0000 0.0199+0.0002 0.0221+0.0002 0.0229+0.0005 0.0299+0.0000 0.0255+0.0062
20 41.44 TARKFRLEE  0.012£0.0004  0.0149+£0.0001 0.0131:0.0001 0.0148+£0.0001 0.0131£0.0003 0.0119+0.0001 0.0149+0.0000 0.005+0.0084 0.0049+0.0079 0.0006+0.0000 0.0579+0.0006 0.0517+0.0093
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Fig.2 Cluster analysis dendrogram of different Baijiu

I S1~S12 Jhy—3&, FAhSL IR —25., 3R
PR R i R 8 R0 1 g 5 At o R 75 R S A A
R L5, HARFE S R0 S5 AR [RPDRS 7 1 5 2
Hb 4 7 R TR R T I R X A, AR PR
—2

24 EH7OHT (PCA)

FEASTRIHE VAR E il b 7 1 0 S5 AN [R] e
TR PIGREAS 20 FPHAT S IgAE X e BB (= 1)
T A SIMCA13.0 #R{A4-Sr Fdin 4, &d—1bjs A sh
BIA A PCA AR, DIAFE(EIY T 1 3R EURTE,
e 5 DTNy, W 6 R, HE iy 22 5k
K F] 86%, YLEHAT 5 1~ F 45 HA T AN ET S
I 20 FhAG 4T 86% BI{E ., £574 PCA 43T
£, PCA 1540 UNE 3 iz, LABUS BB RS 43, RIA]

*o T T MR

Table 6 Principal component total variance explained

ES%) J7 ZETTIRA WIESE SIWIlES FFAE(E
1 0.30 0.30 5.95
2 0.25 0.55 5.07
3 0.14 0.69 2.80
4 0.10 0.79 1.96
5 0.07 0.86 1.35

FER A S A R A S1~S12 AH% T HAARE &
BRI, B R 1 28, 5 HAAS W] 5 R R
YA 4325, A0S S5 BT AR RITEDRS 27 S 2 1A
TR o XA [FIFE IR S s 2 78 g S5 AN
[ i B 5 18 PP PR AR A T2 5 PP, R SPSS 5K
A B S S5 5r R BCHRE (R 7)), DA4aXHE K
IINRPEARE o B A5 RBUE PR LA 5
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Fig.3 PCA based on GC-MS
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Table 7 Principal component score coefficient matrix

#8 TR A NS
Table 8 Principal component scores, comprehensive
scores and rankings

FEE) FRGF EMGR2 BRSO FRUM RGNS

IR 2T -0.15 0.19 0.45 0.42 -0.52
2-HERMRZT  0.62 -0.12 0.15 0.72 -0.16
RN 0.48 0.08 0.76 -0.20 0.12
2- T -0.16 -0.12 0.80 -0.14 0.44
IER R 0.30 0.41 0.79 0.07 0.20
-HETRMZMm  0.16 -0.53 0.03 0.72 0.09
2-H LT 0.29 -0.73 -0.36 0.19 0.29
R 2 g -0.62 0.58 0.04 0.38 -0.16

IE TR 0.43 0.55 -0.39 0.06 0.54
3-FHEL TR -0.23 -0.85 -0.18 0.16 0.09
CR iR -0.88 0.31 -0.07 0.26 0.10
2-BHENROEE 052 0.75 -0.20 0.05 0.11
1EC B -0.86 0.12 -0.18 0.23 0.31
LR 0.86 0.17 0.02 0.30 0.13

e 0.59 0.30 -0.50 -0.07 0.06

TR 0.21 0.78 -0.19 0.26 0.05
LR TR 0.76 -0.26 -0.16 -0.09 -0.36
C iR -0.87 0.38 -0.05 0.21 0.11

H L 0.25 -0.60 0.18 0.33 0.31
Fobiz 2R 0.39 0.84 0.00 0.12 -0.01

2 AT AR AT S R T AR B 2R A B BTN
FITTHR T 1], FLAa A RS, 222 AR HXF R B4
TTRRAR IS, TR e T 7 M8, FIFH SIMCA )44k
LA [ it o 58 75 R 3Py e pr L AN ] 4 P, A8 %
4y pll1] b, C 2. CERAAR. 1F CHA R & MY IEZR
fif , LR . 2K 2R £ 1R B A % i o gdpar, B W]
p[l1] B, R LAR. IECEE. 4R . PRAMR LR
ZEEE BRI . R LR K SRR | 2K LR LBk
B A 38 B AR B S AR <Ok, U IR

S BN BRSO FRA3 EMSM4 EOYS A HEA
S9 7.33 7.93 0.11 7.14 8.31 5.42
S4 7.20 7.33 —-1.09 8.06 7.72 5.12
S7 7.38 7.78 —2.08 7.19 8.14 5.10
S8 7.39 7.72 -2.14 7.14 8.12 5.08
S10 6.73 6.62 0.62 7.58 7.63 4.98
S2 6.36 6.76 0.83 8.34 6.67 4.94
S6 7.03 7.63 —2.37 7.19 8.13 493
S5 6.99 7.58 —2.42 7.19 8.10 4.89
S1 6.10 6.46 0.98 8.43 7.20 4.86
S3 6.03 6.39 1.18 8.28 7.08 4.82 10
S12 6.29 6.48 0.05 7.58 8.37 4.79
S11 6.05 6.22 —0.89 7.54 8.01 4.50 12
MT4  7.04 1.61 4.09 6.17 8.05 4.15 13
JS3 3.35 436 1.96 8.26 8.19 3.70 14
JS2 3.07 4.77 0.75 8.23 8.17 3.56 15
JS1 2.26 4.23 2.38 7.95 7.96 3.36 16
IS4 3.02 3.53 1.87 7.68 8.13 3.32 17
XJ1 3.96 2.48 1.02 8.22 7.57 3.23 18
MT3 6.50 0.62 0.92 5.49 7.46 3.22 19
XJ3 4.86 1.84 —0.56 8.12 8.59 3.19 20
MT2  5.84 1.17 —0.35 6.05 6.95 3.02 21
XJ4 4.12 2.10 —-0.90 8.12 8.47 2.98 22
DYT4 536 1.75 -1.57 7.34 5.71 291 23
XJ2 4.14 1.48 —-1.63 8.21 8.47 2.75 24
MTI 5.76 0.56 -3.15 7.23 6.89 2.59 25
DYT1 4.79 1.12 —2.94 6.84 6.12 2.38 26
L2 2.11 1.64 —-0.77 8.03 7.24 2.20 27
DYT3 4.52 0.52 -2.65 6.88 6.24 2.20 28
DYT2 523 0.37 —4.18 6.10 7.51 2.18 29

O 0 9 AN N R W

LJs 0.55 2.48 -1.26 8.16 6.77 1.88 30
L3 0.89 1.84 -1.47 8.13 7.16 1.81 31
LJ4 0.05 2.14 —-1.62 8.30 6.88 1.62 32
L1 0.30 1.71 —2.08 7.67 6.93 1.46 33

EEVFIR . IF OB A A 2 HA 450 v 1 8 (B 78
FSy pl2] b, 2-HIEPEE ., 3-H L T REE AR &
TR, 202 BN R L BR . ToSKEiR Ol TR EA
B B er, BB FE ST p[2] S By 2 2- 5N
FRZMR. ToSKEMR MR TR 2-FFLpIE, 3-FF3LT
B ARSI ME E . 2- I LI 22 25, A8
PIBRANEE. T7SKElR R 2= BRI S, 2
oA 2 T M RSy, SIS IR R T[R4y
pl[3] M2 2R PSR  IE TR, 2- T Bsdefitas 201y
B, BRI EE M IERET . ST p[4] RO 2
2-H BN R 2,16 | 3-H 3L TR 2 e S R M5 8.,
PP RS I E 2R AT . TS p[S] IR IEINTR 2
Ji, IR A R IE 2R, 2- T s 1E T BRI AR
BT, A ILFIRAMSRIEE .. LiRgs T
VLA RR . R AR, IECUEE . LR . ZKAFRAMR. 2-
FRIENFR TR . T/ KR 205 TR, 3-F 3L THE, 2-
FASEPNIE . ZLBRINTE . IEPIRE . 2- T, 2-H3ENR 4
g, 3-FAL T R MG, NBRZHE . 16T Bs 17 Ry i
T8 AR S i R A TR P YR X5 T A A i e A 7
FIE I B ) 0T, SRR R A R T o TR R
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Fig4 Loading plot of PCA
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