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ABSTRACT: Objective To establish aroma fingerprint and quality evaluation system of millet thick wine, and
establish an analytical method for authenticity discrimination and aroma quality standardization of millet thick wine.
Methods Gas chromatography-ion migration spectrometry (GC-IMS) combined with principal component analysis
(PCA) was used to select the sample set of flavor fingerprint of millet thick wine from 8 kinds of commercial samples.
Headspace solid phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS) was used to
construct the flavor fingerprint of millet thick wine based on PCA and partial least squares-discriminant analysis
(PLS-DA). Results Fifteen kinds of volatile compounds, namely ethyl acetate, isoamyl alcohol, ethyl caproate, ethyl

heptanate, ethyl lactate, nonanal, ethyl octanoate, acetic acid, benzaldehyde, ethyl decanoate, ethyl laurate, caproic acid,
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phenylethanol, ethyl palmitate, ethyl oleate, were obtained in millet thick wines samples to be considered as the

characteristics of the flavor fingerprint. Conclusion The fingerprint can accurately distinguish the millet thick wine

from the non-millet thick wine, and analyze the characteristic volatile substances that cause the aroma and quality

difference between the millet thick wine and non-millet thick wine. It provides reliable fingerprint material information

source for the origin tracing, identification of authenticity, quantitative effect relationship of aroma quality and analysis

of formation mechanism of key aroma substances in the fermentation process.

KEY WORDS: millet thick wine; fingerprint; gas chromatography-ion migration spectrometry; gas chromatography-

mass spectrometry; partial least squares-discriminant analysis; principal component analysis; aroma quality
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Table 1 List of different commercially available millet thick wines

HS AR HL S AR 7

S1  HAEPE  BRPGER S5 TROiiim  PEPG L
S2  METHHH  BEIYER  Se A EUEH  PRIEHIAK
S3  IEARFE  BEPYEL ST LB PR
S4  BRILTRE BEFEEL S8 BETHRE  PRPETEL

*2 TEGETEERKERTBETIR

Table 2 List of different non-millet rice thick wines
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TE: MR,

1,2- “EFENAR . IEA IR (Ca~Cao) (4l E = 99.99%,
Z[E Sigma A H]).
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Table 3 Information of fingerprint of common volatile compounds of millet thick wines

75 EA) e AHXF B/ (ng/kg) SIRA AR EMEITE
A Sk {ERY

1 LR 926 922 125133.10£10513.67 R AFHIR MS. RI
2 S 1215 1221 8963.93+753.15 RIEAE . FHEIR MS. RI
3 R 1207 1231 25390.05+2133.27 FRIR . HEIR MS. RI
4 BEIR 2T 1258 1312 2548.85+214.15 FIREIR MS. RI
5 AR 2B 1281 1326 23682.83+1989.83 WA, Rk MS. RI
6 T 1297 1411 771.19+64.80 R FHRER MS
7 ¥R L 1411 1420 14911.63+1252.87 B R MS. RI
8 i 1423 1495 69030.15+£5799.91 TR . MR MS. RI
9 o R 1458 1550 1569.42+207.57 A Rk MS
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¥ A M AR & B/ (ug/kg) S MR SEME

2 ) 1’1‘%{E )'C#iji{H[ZIJ i B/ (UE/KE U Ik HE ~

10 2R e 1620 1623 3160.45+279.99 EmT . SER R MS. RI

11 FH:R 2 1818 1832 1767.90+156.62 JIE Rk MS. RI

12 oL iR 1826 1844 1299.52+115.13 JUTEAUS MS. RI

13 K 1854 1856 4519.64+400.40 WA AR MS. RI

14 FRHIR £ Bg 2239 2260 7760.65+687.53 AR Wbk MS. RI

15 MR 2 R 2447 2480 2469.14+218.75 IR MS. RI

e EME R, MS S E M, RT TR B e BoE

M2 3 AT, & i M ER S R HURA R . F Tk
&, SEBAVWERZSYR, MARTIR ZBR(7760.65 pg/ke)
FIHER 2,185 (2469.14 pg/ke)REMEHRUEIMAE R B (k| %
), A RHERR YR PR 2 A, Horh R
R, MG, SIEBERE otk R B LRy, X
KRR S TR R, SRR R P A 2 Fh
25, 43R S B IR A A ) T8 (771,19 pg/ke) oAy
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GC-MS F3#fr 12 Fh el h 48 R M BT, B3R 11 Fh & 28 i
W, 9 Fhir TR, T ubMe b ma Ity B R Y R,
AL A R AT, 54N, RN E R T T 2R R
TP AR 3 R0 7% T S5 R A AR
2.3 FAWBHIELEEHERFMRT

Ao P O L R e R T T R K 1
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M A I v s X AN [ S R R K R T R A S AT A 3
W, BUE R E I BEALPRIE 3 R FROKHRIE AL S,
Xt H S T A, TR R E . 45 R BN, A
XF PR BB RIAS E 0.5%; WIS LSS & 0.11%~2.53%;
A5 B sk 1) e v AR R AR A A o O 22 43 BIMIR T 0.25%
M o5.22%, EEM R, KhEESENGHSH 3 A4
SEATRE N R BB Rl 22 0.25%~0.35%, U T AR 24 1E
0.25%~5.53% 2 [], & W] 2 K WG 45 20 B 335 1 A it LA
BT BB 2
2.4 PCA MEATREHRSIEYEILEHEX MR
PIARHERS SO A5 2 (fingerprint samples, FPS) 5 5t
Xif 7 R OKARIE AN S Ay AR FOK FR I S Y 1S
FhIA R AEIE ALY (R 3)ubAT e A R, 453
WA 4, /4> PC1 (56.22%)F1 PC2 (17.04%) B3t 5 % 53
BN 73.26%, WRILKEMRFSE R, BEILEER PCL F1
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Fig.4 PCA scores plot for millet thick wines and non-millet thick wines samples
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PC2 #7 PCA #i#, IR 4 A1, 7 Fpili AW AE S 53 E
R T B 48 S0 B RE AR 5 (FPS) B4R TRl — X 3, P1. P2 A
PS5 AL TR IEA A e i b, LI B T 65 2 K R
FPS #it, KM 3 FhARZRA ORI 5 2 KB S Rl A
SIS EIEEY RS & LA R E LR W 7 Rl
KT 5 FPS X HL 2B, S1. S4. S5. S6. S7 55 FPS
(PR B EL S2. S3 BT, FI7EFESAIET = FIX 4 S1.
S4~S7 5 82, S3, {H S1., S4~S7 KEdhTE £ MM E 0K FE
B, ULHALURTC MR PCA A HrdE LAV X 20 2 K AR 22 [)
Z5.
2.5 ETHRAKFBERUEILIDE PLS-DA HHI#E5
PLS-DA Z—FiA WB R B k2728 S ok B
FRIGGE S PLS-DA BT, 25504018 5 fi7R, PC1 5
PC2 BRI 22 95.00%, Al RAEFA AR B FK
HRPG 5 =1 ZR K BRI A i A F 2 R AN, R 20 &1 FPS
55 7R ZORBIE AR A 2 B8 FLI AT Eas A, 56uE

TR EIE RS FAE TR AT AL A, PLS-DA #5573 [, PCA 57!
A A VA TR0 2 KR AR X3 R K RS ] i R 2 5

by 1 — 2 B A A 2R KR R SRR S B R
[11) 28 5 1) SRR R LAY, BET PLS-DA XHREUF B kT
2 SMERATIR 0, FRSUEIRE TR 15 FPRRAESE & M) o
BT 5 E ULIE 6,44 Jack-knife A 8 BEAS 3545 HY
ZRATNIG 55 AR SRR A 7 A 25 22 5 10 22 S P AR o
(P<0.05)fUfERILEE . CERCER . PR LR . T, “FfR
W, . KR, AR, OR. ROrE, Uk
FENE 5 1 B A TE 2R KR 5 E R SRR R AR AR [X.
O bR 2 SR RAE G Sy, FRRIGIE 15 FhI8SURHEDY)
JT, REREAE S 2R KA 55 A K ISR A A o it 131 11
KHEE TR B, YRR AT B T2 5 FR S
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Fig.5 PLS-DA scores plot for millet thick wines and non-millet thick wines samples
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