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Grade Analysis on Jiang-Flavour Baijiu Based on Stoichiometry
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Abstract: To fully understand the differences in indicators among various quality levels of jiang-flavour Baijiu, 4
grades of jiang-flavour Baijiu were studied. Using gas chromatography technology combined with sensory evaluation,
64 flavor compounds in sauce-flavored liquor were quantitatively analyzed. By integrating odor activity value (OAV)
and chemical metrology, key differentiating compounds were identified. The results showed that the Baijiu samples
were ranked by total flavor compound content in the order of B>A>C>D. The A-grade and B-grade Baijiu samples
generally contained more flavor compounds than the C-grade and D-grade Baijiu samples. However, the D-grade
Baijiu sample contained a higher total amount of aromatic compounds compared to the other three grades. Key
differentiating compounds, such as ethyl valerate, valeric acid, ethyl butyrate, butyric acid, and phenylacetaldehyde,
were identified through OAV calculations. Principal component analysis (PCA) and orthogonal partial least squares
discriminant analysis (OPLS-DA) were used to build models for 4 different grades of jiang-flavour Baijiu, achieving a
classification accuracy of 97.4% and effectively distinguishing the 4 grades of jiang-flavour Baijiu. Additionally, 27
key differentiating compounds were selected using variable importance in projection (VIP) analysis. A cluster heatmap
was generated according to these 27 compounds, and OAV analysis further validated the effectiveness of the VIP
selection.
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Table 1 Sensory evaluation results of jiang-flavour Baijiu with different quality grades
i & A K A
e VS E FE b LT3 53
B ' B T4 T 5 T 5 5
A(84~90) 84.9 84.3 84.2 86.2 85.0
B(77~83) 79.9 77.8 79.8 82.7 79.3
C(68~76) 75.1 72.4 76.5 77.9 73.6
D(60~67) 62.2 62.5 57.2 68.3 60.9
1.3.4 #BAIIE
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Table 2 Mass concentration of volatile compounds in Baijiu samples with different quality grades

—— R /(mg/L)
¥ 2R 2 : 5 - N - 5 o N o
[EES e [[7ES GRS it s 2% USHES I B GBS SR
A 3 824.50 2 628.63 1930.75 1362.54 17.67 198.27 256.00 16.27 10 234.63
B 4203.81 2 006.10 1978.41 2 308.66 10.19 240.20 382.51 28.63 11 158.51
C 3500.43 961.71 1 493.69 989.11 2.14 68.77 334.78 17.73 7368.36
D 3 194.65 474.63 1 699.95 353.57 9.01 16.95 734.82 8.83 6492.41
®3 TEFREHPEREIRORE D
Table 3 Mass fraction of volatile compounds in Baijiu samples with different quality grades
— Jo iy H/%
¥ 2 2 N - = N > N . N
[EES BN 7S % i 2% Ll =S UREES PRy EN LLES
A 37.37 25.68 18.86 13.31 1.94 2.50 0.17 0.16
B 37.67 17.98 17.73 20.69 2.15 3.43 0.09 0.26
C 47.51 13.05 20.27 13.42 0.93 4.54 0.03 0.24
D 49.21 7.31 26.18 5.45 0.26 11.32 0.14 0.14
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Table 4 Quantitative analysis and OAV of flavor compounds in jiang-flavour Baijiu with different quality grades

JR B E /(mg/L) R {1/ OAV
W I 44 R [16.20]
A B c D Cpg/L)-" A B C D
B 205597+ 237227+ 221841+ 1853.25+
LR T 32551.60 63.16£14.80  72.88+13.02  68.15+2820  56.93+11.02
481.67 423.78 917.96 358.56
WE Bk 4554+734 5174790  45.09+17.18 743521 19019.33 239+0.39 2.72+0.42 2.37+0.90 0.39+0.27
7 TR 21974879  24.76+11.01 22.64+1353  1.78+1.50 5747  382.31+152.91 430.91+191.54 394.00+235.49  30.89+26.13
TR 32.93+15.01  75.53+17.55 52.66+32.16 127.19+67.68 81.00  404.11+184.15 926.73+215.36 646.14+394.62 1 560.58+830.43
2-FETRAE  3.56+1.40 499£1.14  0.89+0.58 0.12+0.10 1800  197.56£77.99 276.95+63.10  49.25+32.41 6.7945.75
SRR 21 5.9344.51 5644520  1.76+1.22 0.28+0.25 6.89  861.03£654.79 818.70£754.61 254.72+177.27  39.94+35.90
LT A IR B 4.12+1.72 430+0.77  1.76+1.47 1.70+1.12 93.93 43911826 4578+823  18.78+15.66  18.10+11.97
- 2191.71+
TR 2T 5.66£2.04  11.87£2.61  749£5.69  58.69+48.80 268.00  211.18+76.13 44335+97.59 279.71£212.62 | £22.00
iR 4T 18.17£7.72  43.46x11.61 27.85+26.11  8.63+8.48 553.00  328.42+139.60 785.49+209.84 503.34x471.93 155.97+153.28
PR T 1.68+0.42 2.67+0.56  0.83£0.59 0.36+0.33 13153.17 0.13+0.03 0.200.04 0.06+0.05 0.03+0.02
B 1 504.83+ 1439.83+  1092.08+ 1077.95+
LR 1 128 083.80 11.75+2.08 11.24+1.86 8.53+3.52 8.4242.72
266.82 237.72 450.54 347.87
¥R LBE 3.11+0.86 3.93+0.74  2.26+0.65 0.760.64 12700 2413246644 305.39+57.75 17536+5033  58.93+49.99
CUR S T 6.95+1.56 6.75+1.87  3.39+0.53 5.55+4.93 1 400.00 497+1.12 4.82+134 2424038 3.9743.52
TR .0k 13.15+143  12.51+090  834+1.35 1.23+0.83 3150.61 4.17+0.45 3.97+0.28 2.65+0.43 0.39+0.26
B4R T 4.44+0.51 4324022  423+0.52 5.95+3.34 112230 3.96+0.45 3.85+0.20 3.77+0.47 5.30+2.98
TR _lE 9.10+£0.37 9.39+£048  9.92+3.27 6.84+4.72 353193.25 0.03+0.00 0.03+0.00 0.03+0.01 0.02+0.01
W R LB 828+125 1007124  5.06+2.14 2.79+2.29 — — — — —
FEHATR 2. B 2691£12.15 33.83+590 28.06+2348  14.95£12.94 — — — — —
AR HR
o 52.18+12.55 57.84+8.05 37.79+13.61  23.32+16.88 — — — — —
Z TR
. 58.86+ 62.57+
T 69.79+£38.29 26.53+26.50 50 000.00 1.40+0.77 1.18+0.27 1.25+0.74 0.53+0.53
13.42 37.08
N 1877.92+ 119626+ 501.24+
TN B 88.74+69.10 53 952.63 3481+18.75  22.17+5.94 9.29+4.95 1.64+1.28
1011.51 32033 267.09
16643+ 167 4+ 59.60+
TR 1.90+1.86 28 300.00 5.88+1.19 5.9240.82 2.11%1.06 0.07+0.07
33.80 23.12 29.93
2- )R 4.44+1.59 92142.04  638+437 45473772 — — — — —
ET R 78.40+1.85  78.50£3.11  73.01£3.15  7831+0.74 273335 28.68+0.68  28.72+1.14  26.71+1.15 28.65+0.27
S 330.75+39.46 354.82+34.19 132.02480.78  69.47+68.79 179 190.83 1.85+0.22 1.98+0.19 0.74+0.45 0.39+0.38
E 438+1.67 6.610.83  3.84+3.70 0.30+0.26 4000.00 1.10+0.42 1.65+0.21 0.96+0.93 0.07+0.06
2-BEfE 1.06+0.25 1.09+025  0.52+0.28 0.26+0.25 1433.94 0.74+0.17 0.76+0.17 0.36+0.19 0.18+0.17
2-TH% 20.124621 25434891  16.33+8.16 7.77+4.15 7500  268.26+82.83 339.11+118.80 217.70+108.80 103.64+55.32
2,3-T R 47.65+1036 65631927 48174209  117.25+59.19 — — — — —
F I 1.96+0.19 1.62+0.58  2.88+1.73 1.65+0.84 1 100.00 1.78+0.17 1.47+0.53 2.75+1.60 1.50+0.76
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o R /(mg/L) {1/ OAV
W i 4 AR [16.20]
A B ¢ D (pg/LO-™ A B c D
1,2-79 4424091 535£132  3.55+1.02 1.58+1.12 — — — — —
42594+
T % 21304559  18.54+1.83  9.64+2.07 3.38+2.16 50.00 17 370.83+36.64 192.82+4142  67.59+43.27
) 167768+ 166693+ 138422+ 1 576.68+
iy 160 000.00 10.49+1.14 10.42+0.88 8.65+1.91 9.85+1.81
183.11 140.49 306.29 289.19
o 12742+ 102.52+
N R 118.74+21.86 35.72+19.15 18 100.00 6.56+1.21 7.04+1.50 5.66+1.33 1.97+1.06
27.14 24.16
" 147.09+
5T 18.53+4.61  17.53+1.02  8.37+2.65 1.96+1.52 126.00 2656 139.16+8.11 66.44+21.04  15.54+12.07
N7 26.53+9.28  44.56£7.82  30.15:1839  86.08+53.63 964.64 27.5149.62  46.19£8.10  3126+19.06  89.24+55.60
SR 25524761  21.84+2.52  9.49+2.76 2.02+1.50 104547 2441£728  20.89+2.41 9.08+2.64 1.93+1.44
4Lz 570176  931+1.54  6.85+2.72 15.60+14.18 389.11 14.65+4.53  2393£396  17.60+7.00  40.09+36.44
(=N 18.1746.11  36.54£7.71  20.78£19.00  6.34+4.69 2517.16 7.19+2.42 14.4623.05 8.22+7.52 251+1.85
ZETR 39.87+11.60 49.86+8.92  28.10+9.38 12.63+7.24 13 736.77 2.90+0.84 3.63£0.65 2.05+0.68 0.92+0.53
n 863.60+ 154832+ 63144+ 172721+ 3 096.65+ 1262.88+ 498 48+
7.1 249.24+122.39 500.00
218.05 303.65 324.05 436.10 607.30 648.10 244.79
T 30.13+8.44  4429+7.73  11.55+7.28 0.90£0.89 — — — — —
- 325943+ 4101.22+ 1167.89+
S 53.81+14.56 67.71+12.60 19.28+12.59 1.38+1.28 16.51 83.43+77.61
881.59 763.45 762.52
N 547.83+ 225.04+ 4.936.53+ 7 939.54+ 326141+ 105537+
4T 340.62+72.88 72.82428.77 69.00
95.07 92.06 1056.24 1377.76 1334.18 416.89
N 52729+ 683.01+ 213,76
[N 1344+4.12  174043.62  5.45+2.76 0.25+0.23 2548 9.89:9.02
161.87 142.01 108.40
372.72+ 225.19+
Z A i 58.00£21.27 96.53+37.66 58.32+40.19  20.08+18.52 259.00  223.93+82.13 77.54+71.51
145.39 155.17
2-T: i 2.94+0.67 3.0540.79  2.16+£0.33 2.81+0.69 — — — — —
2,3,5-= 3t
. 255+0.71  2.64+095  1.17+1.03 2.10+1.22 729.86 3.50+0.98 3.62+1.30 1.60+1.41 2.88+1.67
2,3,5,6-4 H
) 15.11£12.40  7.04+648  1.54+1.02 6.32+5.33 80 073.16 0.19+0.15 0.09+0.08 0.02+0.01 0.08+0.07
Je it 188
. 556.43+ 413.06+ 165.15+
2- T Jik I g 278+150  2.07+0.88  0.83+0.70 0.11+0.10 5.00 22.59+20.68
300.17 175.57 139.82
N 212,76+
B 164.91+37.74 s34 46.80+28.01  7.39+6.25 44.029.73 3.75+0.86 483+1.21 1.06+0.64 0.17+0.14
2- 7, T 35 1K il 4.13+1.13 6.34+0.66  2.20+1.29 0.35+0.28 58 504.19 0.07+0.02 0.11+0.01 0.04+0.02 0.010.00
S-HAE -4k
- 3444068  3.30+027  2.41+0.89 1.43+1.22 40 870.06 0.08+0.02 0.08+0.01 0.06+0.02 0.04+0.03
e B 23.02+4.44 14724497  13.58+7.01 6.22+5.38 2 000.00 11514222 7.36+2.49 6.79+3.50 3.1142.69
7 2764075  4.19+047  1.74+0.76 0 4203.10 0.66+0.18 1.00+0.11 0.41+0.18 0
314.93+ 282.03+ 73091+ 1202.02+ 1 07647+ 2300.76+
xR 191.50+62.87 602.80+369.21 262.00
543 94.53 239.95 211.57 360.79 1 409.19
2K 2T 1594+582 27254504  21.39+11.16  53.55+33.82 — — — — —
K% B 12104226 7974262  7.27+3.51 4024222 1433.65 8.44+1.57 5.56+1.83 5.07+2.45 2.80+1.55
KL 8.16£1.70  8.56+1.31  3.35+1.71 1.40+1.21 406.83 20.06+4.17  21.05£3.23 8.24+4.20 3434297
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&gk
—— - )ﬁjl&&/(mg/l(;) D (”ﬁﬁ/ﬁ,m . ; OAV - D
LW L 1344033 1.14+0.25 0.88+0.49  0.31+0.28 908.83 1474037 1264028  0.97£0.54  0.34+0.30
KN 7.32£0.16  7.46+0.18 5.64£2.84 1.07£0.99 12521 58.45£1.27 59.59+1.46 45.03£22.65 8.56+7.91
A 16.8842.13  16.62+2.08 9.99+4.89  3.11+2.03 28922.73 0.58+0.07  0.57+0.07  0.35:0.17  0.1120.07
Ay 13.09+3.94  24.99+4.66 14.20 5.67+5.11 13.41 97605 1863455 105891 42316+
13.35 293.55 347.54 995.54 381.02
4-2 K )
- 3.18+0.14  3.34£023 2.90:0.08 3.11£0.26 122.74 25.90+1.15  27.23£1.91  23.59+0.67 25.33+2.14
B 0 TR A A 9 R o e o
F R HE R 2 1 OAV A H i 8E 1 e 4 45 Y N R
A TR P 1 E B LY, OAV> 1 R ORI cobe BT
JBTRE S AR SO TTER , OAV < K 7R iz ) o &t ém 3
SRR SR TTRROY . I RE 4 0B OAV 4 {1 EEINU S e
R D>B>C>A. 4 % 4R th OAV>1 141 e I S
DA K IR 3 LA S BE B 2K J5 %, L6 2R W) ot D] b 28 o) 2 3 4 s 6 7
L R A X A U SR . .
8 PR SR L R R TR 6 R
R B gy B R AW F A T Fig. 1 Cumulative contribution diagram of the principal
38%[21]o Hﬂi%4ﬂ%ﬂ,£@§2@‘é\@T@?ﬁT@? components
ZEIR HEEEXT AVBLC & H W B &I A TTER T
Ao WUHREMFSERAEA —ENAT M. H

X DHEABHEITLTER, X RE &R DR A
WEHMAWERARKZRY .. K. IER
BE LB OR S BE X A B % B I A A3 H STk
XFC D 2% B ARG DTk, U8 IX 3 AN
ZABHASC.DHAANENMELSERY.
MR B8 TRIR T R LB T R 2K L IX 5 Fl
YR OAV IEAR SR EEHE M AW & T = 5%
BEMAW, WHL LR S ARSEREFN G
T A R2E 7 R RE A TR R B .
22 TESREFHABENES DN
22.1 PCAM#

B — 25 XF 5 FE BE AT PCA 4 M7, 81 B 1 AT Jan
B 7 A 3 e Boub Bk # ik 81.8% , H H PCI
DT HR # N 45.0% , PC2 T ik % N 55.2% , # 2% 1% HY
BT 7N E B BEAT o B . DAAS [A) 45 4% 1 e A Y
HAE 7 A 3 sr b o7 R ZAE A BCE R HL 1
HOLE A VE Y, VR o B AL D F=45.0PC1+10.2PC2+
7.7PC3+7.0PC4+4.5PC5+4.0PC6+3.4PCT. 4 & iF 4
W35, 0 4 1% B2 A5 0 1 S K HE 5 v B>A>C>
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Gl

4% PCl PC2 PC3 PC4 PC5 PC6 PC7 4

A 465 -040 -145 -150 1.01 -0.12 0.09 229 2
B 6.12 202 020 095 -032 033 -028 337 1
cC -149 -226 113 128 020 -121 1.05 -1.18 3
D -771 211 -120 -052 -024 -027 -0.08 -427 4
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