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Discriminant Analysis of Jiang-Flavor Baijiu of Different Grades by Gas Chromatography-Mass Spectrometry and

Electronic Tongue

LIN Xianli', ZHANG Xiaojuan®, LI Chen', CHAI Lijuan’, LU Zhenming’, XU Hongyu’,
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Abstract: Gas chromatography-mass spectrometry (GC-MS) and electronic tongue were used to quantitatively determine
the volatile compounds and taste indices of 21 Jiang-flavor baijiu samples of different grades. These samples were
differentiated by chemometrics, and key differential compounds among grades were identified. Finally, a discriminant model
was established by machine learning. The results showed that there were differences in the contents of volatile compounds
in Jiang-flavor baijiu of three grades, indicating the feasibility of further discriminant analysis. The total content of flavor
compounds in second-grade baijiu (4 908 mg/L) was significantly lower than that in premium-grade (6 583 mg/L) and
first-grade baijiu (8 254 mg/L), while the proportion of several esters responsible for floral and fruity aromas in total esters
showed a decreasing trend as the grade decreased. Partial least squares-discriminant analysis (PLS-DA) identified 16 key
differential compounds represented by ethyl palmitate and acetic acid. The results of electronic tongue showed that the taste

indexes of premium-grade baijiu were more consistent, with lower bitterness and astringency aftertaste. The taste indexes
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of second-grade baijiu showed significant intersample differences. Principal component analysis (PCA) showed clear
discrimination of Jiang-flavor baijiu of different grades according to their taste indexes. The above results provide a basis for
the establishment of Jiang-flavor baijiu quality system. Four discriminant models were established based on 25 differential
compounds and taste indexes identified. The accuracy of all models was higher than 90%, and the support vector machine
(SVM) model performed best, with an accuracy of 100%.

Keywords: Jiang-flavor baijiu; gas chromatography-mass spectrometry; electronic tongue; chemometrics; discriminant models
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Jiang-flavor baijiu of different grades

3R ESEREEYAWEERENE S E EA
HENWERZS (E2b. ¢ . O, FROlE. Ok
LBR. PRIR TG LR OTRSEWETEN SN b & 2 AL
s LR TRROES. WREE. KSR — Sl h &
BRI OB & B RS TR A —

X LEAS 7] o 25 4 ¥ A B (4 RGBT &Rk
YIRAE SRR & 2SN (E2a) , W UG BRI
R B FIR JEAE6 583 me/L A 4G, BaEM 2 (il &
FREE S, 55 FARIUE S8 b 5 R 4% R R
HONBERYIF, FINER. B, BRSEMZERK, %
W R RS AL R — 3G — RN R A —
FEMZER, ek, BRMBEYIN S B AR5
HHERKZESE; gAY R ETE4 908 mg/L AL
H, BERT AINEAEL, KEFE e AL R
VIR & AR >, AR R s AR T oA
PSS
212 WEIFESES TR G 2 R R A

N T 0 I X A AN (R A s A R S 2 TR
KEEZ A, XS5 R 17PLS-DA, 455w
El3afim. ARBESAMEFRATAEAFHENKX
gy, BB EENAEFIRE, —REESMIEHI]
R, ZHFES AT L E I A AR
HESSME, ME3bATLLEH, R N0.238, O



o idn — =
X2 AR il Booiltl= 2023, Vol.44, No.24 333
12000~ a
%10000— mEER B Bk
2 5000 DEEE ®EssE
R 6000F
2 4000
i}
= 2 000
O s o 0 298 0.5 2 1Y 02 L 0 D0 0 .5 Y 05 ) 03 Y YN Y 03 80 e ) e 5 e 2 5 N O 0
B T T A R X s e
2053
b () %74 o - ] s S A it ¢
T Mz B a B ooue  om2 omwr
mg%%%gg B || il F 0 - 27946 5.583 4 54468
NS2EiRE Ol | [01933 03557 02827
N Eﬂg | | -l 2297025 68.685 1 87.4086
$H§Z.@E 61188 36256 33103
j@% %%E u ‘ 423082 6.0950
H
PRIR LB 1
RIS L -
ZIRZIE o
PR i [ | )]
%éﬁ% \ . [ I 516632 592509 503113
‘ L 00040 00291 00023
’%‘FTMQZ@E [ | 21766 22,6010 36525
EJ"ZH&Z.@E ,7. I ﬂ [ 268696 17.608 5 29528
2?%%%%%5 N | } T 79449 59362
T%THE n n 405425 404186 234345
ez Z s | * 138004 86160
TR H 4713170 77488
Tg%égg [Ii | 77813 1 754974 169273
: 5 | 02085 02276 00456
FHR LI ] O 65171 73121 40485
Eﬁz%%% | | | ﬁ | | - 7051765 | 13228411 8202164
cd H | i I |
el "9 ™ o L m e
| N | 6949502 11397975 3269206
315?%% u ‘ e | 46389 88743 28318
AL Hn LD [o121 02489 0135
S g I [ ‘ REEREN 6695209 8584373 307.7467
N || \ [l 1918342 2690009 921930
) iﬁﬁx%gﬁ ¥ o u | | J | . 1295.091 8 §79.746 1
- ‘)'E B
5 +§?§g%‘ - Om | 33,0413 204973 185842
-1 =% A 1
LR K [ | [ | 19759 L6191
i e m 1 107595 131530
. é%%%%ﬁ i ¥ . ‘ 27266 28585
KM | L R oy M
O NN N 00y 0 0,00 . &

S X ( . , DS ; - =
B O P e 3 S A N I I S5 e 1o o oo o re 4 —%

W, (mg/L)

AAEIARAE NS AL AT A it b 0 S A N B AR IEAT Z-score A — (R HEAT 22 .«
B2 3ASFREFHANEDDARERE AR R () | HRFWER () DRAWRES M FREPFRER (o

Fig.2  Contents of total (a) and individual (b) volatile compounds and average contents of volatile compounds (c) in Jiang-flavor baijiu of different grades

BEEN—0.424, UPBAEAE L EMS, KA,
AL T3 PRI X . AT B E M3 NS R
G e, @ TNERVIP BRAEVIP>1) ,
JE 716 FHE R EME N EEE R UG, HPE
259 By BEZR4 B, ERZR2 MRANERZEL FP (E3e) o H
VIPHEA TE TSI 53 AR R .6 (1.533 07)
LT (1.491 6) « KHEE (1.43095) . FIRRLHE
(1.30144) . O (1.27845) . M, VIPE &K
1% 2.6 B AG ORI R, A AT R AT A T i ) 3L
G, 03 ML R G, ARHEER 2 BR AT
A AR (E3e) o BERUAMEAE D R ER
PR E, AW R EEY R, N3 FR

BAERAI16 ML ZRUEWT &8 (E3c) "L
i, RO 2-HETKRONE. CRNE. LR
St IBEAIDL- AR CBR IS BN ZGN h & B R,
FLBE A S 000 R AR B 5 2 AR . PR SR o T B Dk
R WORA, ERERY BN SN A E T
RCO, R URIL L IR A 2- TR S LI A R 0 A
—gPREEEE R T Rl R AW
BRI, I TR T DA I A S D [
PRASKEY, ZWR . TR CURR R 1 v i B I IR
B, RANKABEERAEY. A, ZRMC
AT N B B SE AR SRR L R . 3 Rl
Wb, RGEN M O E B, HSHMSERA &



334 2023, Vol.44, No.24

E6miltl =

Z5t. LR HHTRFASERS, YN %
R EERTE JES R

T T T T T T T
-0 -8 -6 -4 -2 0 2 4 6 8
f1]

b
0.8 e
0.6
0.4 Y

& 024 *g
0.0

@
—0.2 1 ul .- °R
]
—04 “ "0

—0.6 T T T T
—02 00 02 04 06 08 1.0

B L

VIPIH
S o909~ =
S N B N O N
| I [ I S S—
. o
I
I
I
I
I
I
I
I

A~ AN B RN &
& & % EaRD
& & S

o~
A/ (mg/L)

AEFRFRREREE (P<0.05) .
K3 AFEDESHEEFHANPLS-DAR YR (2) . BRI
AT (b) | RS E Y VIPHIRIE HE: Sl & W AE 4% 5 Pore Wiy
FHER (o)
Fig.3  PLS-DA score plot of Jiang-flavor baijiu of different grades (a),
premutation test (b) and VIP values and average contents of key
differential compounds in baijiu of different grades (c)

B xb 16 RG22 R AE & B R
fEE T EPHE (Bl LK OBRES BRI , 25
RunEapiR, KIELRENBRDB, Bl KRR L
M. 2-F3E TR OlESE, R bbim, HEEE
SRR AR S LEpg b . REERINEITIR L0, A B5E IR
Ll CRUFSEEGE M) FAZRERR 2 F (e vk fig
i RRANI N, AR RD AR LG o AR, FLBE

QI AR S ECBET G . BRI 2 F R T A
S R E LI G0 o b, ELBE A 45 A B AR T 32 7
BEAG, T % e AORE PR 2 L 2000 v o5 LR AR, HLBEE S5 4
BRI B W T . SRR IR I & EL U a3 5 bk
EREAUE BRI LA B A B R
R FAR X BAR ) LR

0.001 8
0.001 6 -
0.001 4
0.001 2
0.0010f
0.000 8 -
0.000 6 -
0.000 4 -
0.000 2 -

0.000 0 - ' ' : '
2 .

AR 0 b L

27
7

NS
=

0.007
53 0.006
110,005
= 0,004
5o
£ 0.003
= 0.002F

0.001

0.000 L L )
% —%& -t/

5y

Lk — % =
R34

0.000 14
0.000 12

=

2 0.000 10

£ 0.000 08

0,000 06

7 0.000 04

0.000 02

0.000 00 ! ! '
gk —% 7

0.000 10

=
17 0.000 08

am

J 0.000 06

;% 0.000 04

% 000002

0.000 00 T L — L = !

E%




X34 = 2023, Vol.44, No.24 335
0.006 - 0.009 -
0.008 -
3 0.005
e 530007
gz 0.004- 0.006
0.005 -
5 0003 20004}
E 0.002 - @ 8.883 -
0.001 - pocl
0.001 -
0.000 ) 0.000 L | )
g —% R g —% %
0.016 -
0.014
0.000 50 - 10012+
32 0:00040] 20010}
I 0.000 35 #0.008
E 0,000 30 - = 0.006 -
g 0.000 25 | ™ 0.004 -
0.000 20
%f 0.000 15 - 8-88(2) - . . .
0:000 05 ~ Tk — =
. L ) 37
0.000 00 T i = e
gy 0.988 -
0.984 -
0.001 8 - = 0.980 -
= 0.001 61 g
4 0.001 4} - 0976
& 0.001 2} =
x 0.001 0} 0972
0.000 8
® 0006l 0.968 o L= % L 7 I
1 0.000 4}
2 0.0002} K
0.000 0 i — — : 0.004 51
s ., 0.0040f
4 = 0,003 5-
0.003 0F
?*% 0.002 51
0.000 5 - s 0.002 0
e . & 0.001 51
ooy oot —
um X -
= 0.000 3| 0.000 0 - e . — |
% 0.000 2} % % it/
N E
#0.000 1} 020
0.000 0 i m— = : ., 0.16F
E i 0.12F
%
tH 0.08-
1.0~ A
0.04}
0.8}
e 0.00 ! ! '
i 06f R4 —% —
N| 04}
o2l B4 R SR A PR 4 FDM B K R Wil B & b i LR
. Fig. 4  Percentage of key differential compounds in the total content of
0.0 2 —4 -7 their classes
E
22 AR SRR A A BT b AR PR AT
0251 221 AERESYEEE AT E T
020} DA RSSO BR . 35 . B BURIETR L
A — Y S DN N =3
7 0.15f ANRGEFaAR, BTA BRI S iERRE. EENE
I N N —1 1, N . =
S0k I 22 B 350 /N T-0. 1, AS[RIAE ot X 0l o 52 i (1) 13 22 26
005} (47 BINT50%, faodife e ety mESTTLLEH, 3 Fiss
0.00——— v =T T IR S FE b R 09 X . AR R0 IRk 5 3 b
-7

FEACLRE e fse iy, JorpRlmk SRk, MR, EUREIRR. TR



336 2023, Vol.44, No.24 BaERlE Xk
WRIEIR R A B, T RR . R IR A b sp |
AR, R B — GO G 2ol | L ‘

WK FAT AR B, HBEE S G, T4 R 2 == e

SRR LE 2L P9 (10 2 SN o SR WSS [F) 25 4 5 F ok 5 I -

AR RGBSR, 0 A3 B . | |

QBRI IR bR AR, SRR . RGP
REABON S, FEABIWR SE R AR AR DL B B — A — 2
i, RGO BATE - B IR SE R B Rl . BRIR . Ak
MR RRMR B R TR IR R IR 0] AR A AN (R S5 2 1 R
A RFZX], AELG (R R Bl R AT IRAES ARz
B, IO A 7 0 e SR R S R W O R AL A 4 1 15
LAYS

LS

— Al
A2

Wk A3
A4

—— A5

—— A6

—— A7
FREIR —— A8
—— A9

ek EEC

— Bl
) — B2
R B3
B4

——B5
——B6

TR

itk Yk vk

—C1
o/
biGLIS Cc3

—C4

—0C5
—Co6

RS

ik TR

AR B—%; C.-%.
PS5 3 gk S5 4 i 75 8 i v 1 45 R BB

Fig.5  Electronic tongue analysis of Jiang-flavor baijiu of three grades

Lk —Y 2%
—11F ns
! ns o ns ‘
- —12F+ ‘
E 3
= —13}
2 ==
—15 1 1 1
ek — %
%
ns
2 “ ns - ns 1
a 1T ——
= o =
E_L L
- ik - B
377
8r \ & I
ns ns ‘
=7 | o5
4t
.n@ — —
#® 2 p——
& oL
72 1 1 1
Lk —% 3
377
0r ‘ ns ‘
ns ns
g2t | |
5
-
®
76 1 1 1
gk — =t
R
ns
0.00 - ! EEE * ‘
1 T
"—0.02} ‘
e T
%4;270.04 L
E—006F T
= —
M—0.08}
—0.10 1 1 1
&k —Y %%

%4



2023, Vol.44, No.24 337

Xk =T
ns
. ——, s
4r ‘ T ——
E 2
;ﬁ 1L T
o B 1
_1 1 1 1
L7%51 —2 %
ns
6 ns - ns
i
sl [T
g
%2}
o
oot = (——
72 1 1 1
2k —4 —t7]
37
ES
‘ ES ns ‘
1.15 I |
[ 1
10+
>
=105
il
il J; L
#1.00
N
095 1 1 1
gk —% =Y
374

ns. e EME; « ZEREE, P<0.05; e ZEREERE, P<0.001,
Pl 6 3 Rl bk o R A R 1 L5 YLD A G 2 43 b
Fig. 6  One-way analysis of variance of electronic tongue data of Jiang-

flavor baijiu of three grades

222 AFIRESESEE R H PR SEARPRPCA

= L2
~2
A ff&

Bl7 3 bR S BT T Uk SERTRR I PCAR ) Il
Fig.7  PCA score plot of Jiang-flavor baijiu of three grades based on

taste indexes

PCAE—Fh B R AR 52 (WA R Gt 7,
I N T BURE B4R, e 3 Rh A g% T 2 1) 1k
WAHER T RG g2 5, Wil &R 9 AN b e B
B, XAFE PRSI SEITPCA, /2 MPCHIR
THITERE 970.8%, W LMRER R IE R, gidin

B7FTR. BRANGIREA (BIAIB6) , PCAT] LA NIA &
X 533 FhEECE RS FE bR . 25 LRTIR, HFE T
13 B A RFAEFE AR B A R PR T84S 1) W T = S G X )
ZHITE T
2.3 BT OCHRAE RPN TR R B i b 1 ) A A T

NISIE TR L R 16 Fh oG HE 22 Ak B ) AN Tk B 45 bR
RTERX 3 MR ESREEN N, WRIEL2s5 A8
FREEL AL . 63 AW IAE H BE AL Bk IE 80 % A 5 Y
FIIEREE, 20%E N B it i 4E, R T3 28 X BRE
REERR Iz, GRMEIFR. ddENCE S
VERE T 28 F A Carea under curve, AUC) . #Effk
(cluster accuracy, CA) . F19%(. Kiffix A4 [0 245
PR EERLEAT VP, AUC. CA. F1. K AIHER 2
FME BRI T1, ROBAE 73 RO Blf . RF. LR,
SVMAHIGB 4 B %53 ot & 45 2% 1 400 5 1 395
WL E T 95%, HASVMAES Fhasi B o (1) 26 B i
UF, MEWIFIL100%. HR2ATLDEH, BRGBAL, 4 Fif
T BT e S 5 T90% . GBLEAR %8 b 1 & 1
96.3%, {HIE—ZF N RE 5 2 ; REX—Zif
5 TINBE I T5, N100%, {H XL 2% Tl §g 77w b
—%; LRXI3 Mp&E g8 iyl ge /g #0k, #7E95% /e
Fis SVMAE3 FhEE g0 (1 il Re J1 3 R BT, ¥
H100%. 25 Rk, SVME s AL AR, Xf3 5
TR A B I B TIOR8 73 BEIR F]100%

F 1 TR kSRR R PR b

Table1  Evaluation indexes of discriminant models for Jiang-flavor
baijiu of different grades

F57H AUC CA F1 LS A A%
RF 0.984 0.889 0.883 0.902 0.889
LR 0.996 0.952 0.953 0.954 0.952

SVM 1.000 1.000 1.000 1.000 1.000
GB 0.996 0.921 0.920 0.922 0.921
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Table 2  Accuracy of discriminant models for Jiang-flavor baijiu of
different grades
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