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Determination of key flavor substances content in base wine by mid-infrared
spectroscopy

ZHEN Yu-Tao', WANG Hui-Hui’, LI Qing-Teng® LI Zi-Wen'", XI Xiao-Hong”, SUN Chong',
HOU Guang-Hao', LI Rui'

(1. China National Research Institute of Food & Fermentation Industries Co., Ltd., Beijing 100016, China; 2. Shandong
Baimai Spring Liquor Industry Co., Ltd., Ji’nan 250200, China)

ABSTRACT: Objective To establish a method for the rapid detection of key flavor substances in Baijiu base wine by
mid-infrared spectroscopy. Methods Based on the linear relationship between the vibrational absorption intensity of
mid-infrared spectroscopy and the content of functional groups in organic molecules, partial least squares regression was
used to build quantitative models between mid-infrared spectroscopy of base wine and the concentrations of main flavor
substances. Standard normal variate transformation and mean centering were applied for spectral preprocessing, and the
RReliefF algorithm was employed to select the optimal wavenumber ranges and the number of principal components.
Results The optimized models exhibited stable and accurate performance. The coefficients of determination (R?) for

ethyl acetate, ethyl lactate, ethyl hexanoate, methanol, n-butanol and acetic acid reached 0.998, 0.978, 0.996, 0.927,
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0.904 and 0.771, respectively. In blind sample tests, most relative errors were controlled within 5%, and the average

relative error of each index was below 4%. Conclusion There is a strong correlation between mid-infrared spectra and

the content of flavor compounds in base wine. This method provides a reliable technical tool for the rapid detection of

Chinese liquor base wine.

KEY WORDS: mid-infrared spectroscopy; model optimization; base wine; key flavor substances
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Fig.l Spectral comparison before and after pretreatment
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Table 1 Determination results of physicochemical data of each index sample set

LD FE i FE AL 4448/ (mg/100 mL) fix KAE/(mg/100 mL) 5/ME/(mg/100 mL)
MIER S 165 452.1 809.9 138.3
R —
WA 18 451.4 805.9 139.7
B ez RS 165 121.6 186.6 65.5
AR g ——
AR 18 120.7 183.2 66.6
ME® S 165 547.4 911.2 179.7
CL R 2. g ——
M4 18 546.3 909.1 185.8
L MIER S 165 15.2 23.5 9.3
i —
AR 18 15.3 23.5 10.5
I GrsE 165 69.4 92.7 48.7
1E T ——
AR 18 68.9 91.9 51.5
7 ME= S 165 95.6 114.8 80.5
WA 18 96.0 112.8 82.6
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Table 2 Optimization wave point results of each indicator
Ef=E W mi X A A G il /em ™!
3510.187-3406.030, 2089 4452985 588, 2819.722-2649.999,
2R 128~155, 263~264, 307351, 2549.708~2530.421, 1758.951~1697.233, 1469.65~1465.792, 1454.22,
z 377~382, 582~598, 657~658, 661,
e e T b 1438.791~1404.075, 1380.931~1357.787, 1350.072~1168.777,
: : : 1114.774~1110.916
3919.066, 3525.617~3514.045, 3425.326, 3413.754~3409.896,
Bz e 2T 0 13354, 156162, 3402.182~3379.037, 3371.323~3363.608, 3355.893, 3344.321~3340.464,
Lo S oo Sl Dig 3309.605, 3282.604, 3263 317~3259.459, 3236315, 3228.601~3197.742,
» 199, ’ ’ 3190.027~3170.741, 3163.026
132~155, 263264, 312332, 3487.043~3398.324, 2981.730~2077 873, 2792.720~2715 573,
O 334~349, 379~380, 584~598, 2707.859~2649.999, 2534.278~2530.421, 1743.521~1689.519,
657~658, 661, 665~674, 681~685, 1461.935~1458.078, 1446506, 1431.076~1396.360, 1369.359~1353.929,
690~694, 696~736, 748~750 1334.643~1319.213, 1311.499~1157.205, 1110.916~1103.202
124-125, 136~140, 144, 147, 3525.617-3521.759, 3479.329~3463 899, 3448470, 3436.898,
149~154, 156~162, 164, 168, 187, 193, 3429.183~3409.896, 3402.182~3379.037, 3371.323, 3355.893, 3282.604,
201~208, 210~216, 220, 222, 3259.459, 3228.601~3201.599, 3193 885~3170.741, 3155311, 3147.596,
224~225, 230, 233~234, 263~264, 3139.882-3136.024, 3116.738, 3105.166~3101.308, 2989.445~2985.588,
i 340~386, 421439, 608, 610~616, 2692.429~2514.991, 2379.984~2310.552, 1658.660, 1650.945~1627.801,
656~638, 661, 669~674, 66, 1473.507~1465.792, 1454.220, 1423 362~1404.075, 1357.787,
691~700, 720~735, 741~749, 1338.5~1303.784, 1226.637~1168.777, 1145.633~1114.774,
771~772, 806, 808, 812~818, 1029.912~1026.055, 894.9048, 887.1902, 871.761~848.6167,
833~834, 847, 855, 872 790.7563~786.8989, 736.7537, 705.8948, 640.3198
136~137, 143~154, 164~165, 3471.614-3467.756, 3444.612~3402.182, 3363.608~3359.751,
179~180, 188~191, 199~200, 205, 3305.748~3301.890, 3271.032~3259.459, 3228.601~3224.743, 3205457,
263~267, 592~595, 657~658, 298173, 1712.663~1701.091, 1461.935~1458.078, 1423.362~1396.360,
o 667~674, 727~735, 749~750, 769, 1191.921~1161.062, 1107.059~1103.202, 1029.912, 879.4756,
808, 816~817, 820, 838, 840~841, 853, 848.6167~844.7593, 833.1873, 763.7549, 756.0403~752.1829, 705 8948,
857-860, 862, 864, 866, 886, 889~891, 690.4653~678.8933, 671.1787, 663 4641, 655.7493, 578.6021,
903, 906~909, 913, 916~917, 921, 567.03~559.3154, 513.0273, 501.4551~489.8833, 474.4539,
924~925, 929, 931 462.8818~459.0244, 443,595, 432.0229~428.1655, 412.7363, 405.0215
132~133, 135~149, 152-155, 264, 3487.043-3483.186, 3475 471~3421.468, 3409.896~3398 324, 2977 873,
319~323, 345~348, 581~599, 2765.719~2750.29, 2665 428~2653.856, 1755.094~1685.661,
Zm 656~658, 661~662, 665~674, 1465.792~1458.078, 1446.506~1442.648, 1431.076~1396.36,

681~686, 691~694, 697~736,
748~750, 830, 906, 918

1369.359~1350.072, 1330.785~1319.213, 1307.641~1157.205,

1110.916~1103.202, 794.614, 501.4551

2.4 PLSR KIERBEE L

i 20t AL BRAEAR S 061, IR A RReliefF 531%
PRE i B, ST FLIP A& S EE XK YT ) PLSR & 54 HT
R, B 1 BRI ETE B A RT IL, PES 105~247,
603~619, 754~768, 800~935 J& T I B AY MRS X I, 4347
BRI 7S (74 5 R AT R R T ST K A 2 B i, IR
Wk, 55T, 8RR KB R, S0
PR IR G P08 B S R B AR R Y BT LN
Mo 2 3 XFHC Tl RReliefF 2400 4k il B a5 FFAY
Vil

T Sl I 7 DX Sl 1 9 B N R R I HR AR R L, T LLR
T E R RUARFSPRTE R A 20 A G A BRI
MR X35 )i B ST RS EAR RIS, SR AR R
T B AR, AR AR TR B A2 T, RMSE A
FRRE TR, Sl mls. FRIEE. OOl B
B2, IETHE. CMRAWEBLLE RMSE 435I FFET 36.4%.
57.2%. 37.8%. 34.7%. 16.2%. 11.0%; &15FrHY R A B
SRR, BRRSCREILE 3, Hh 2RO, AR, &
BR W . HEE I T WEAY R BHILG YT 0.9, ZERMY
R#ET 0.75,

#3 MUKRIBESSHIRRT RSN 2K BRIERRII L

Table 3 Comparison of modeling effects between optimized band modeling and full-band modeling with noise removed

- oAb i B ik B bR e
RMSE/(mg/100 mL) R RMSE/(mg/100 mL) R

LR TR 8.388 0.998 13.274 0.877
LR Wik 4232 0.978 9.878 0.863
CR LR 11.812 0.996 18.977 0.855
FH 0.814 0.927 1.246 0.765
IE T 2.894 0.904 3.452 0.734
2R 3.870 0.771 4347 0.686
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1.85%; i & AT 250 mg/100 mL f 7 AMFESL (FESS 2.3 DR fk I AT IO BE 5 v E M O 2R ) it 8 AR L
4.6, 7, 11, 17), FHMXSIRIEERN 2.58%, FAE—EFEE DX Ay AR R L — Y, T I SRR I T R
PRSI R R ST A R br b A R, X S5 204h T DX AVRE Ah A AR P ] BE RS 2t — 2 s o

&4 MAEHR 19 MIREBRL

Table 4 Error situation of test set samples 1-9

Ea Ei o 1 2 3 4 5 6 7 8 9
BLSE/(mg/100 mL) — 328.2 235.5 155.3 236.1 316.1 228.2 241.3 262.3 320.1
LR WS Wi{E/(mg/100 mL) 3255 222.1 162.2 231.4 321.6 234.5 240.2 262.8 315.0
R /% 0.83 5.70 4.40 1.97 1.74 2.77 0.49 0.15 1.59
FLSE/(mg/100 mL) — 133.3 1412 142.3 153.0 181.5 158.7 156.8 162.6 126.0
AR CEE B{E/(mg/100 mL)  127.0 135.5 136.2 146.1 175.2 154.3 147.0 155.4 117.5
R/ Y% 4.76 4.05 427 4.50 3.49 2.81 6.27 4.44 6.76
BSEH/(mg/100 mL)  453.4 326.1 377.8 338.3 328.1 278.8 403.3 4255 3255
CERZHE TN{E/(mg/100 mL) 4354 324.6 389.7 342.5 341.4 287.6 411.3 425.1 310.4
BR22/% 3.99 0.47 3.16 1.24 4.07 3.16 2.00 0.10 4.62
BSME/(mg/100 mL)  16.41 19.73 20.49 19.42 14.45 16.50 17.44 22.72 19.76
B WA/ (mg/100 mL) 16.28 18.91 19.93 18.76 14.7 16.88 18.12 21.72 18.89
RE% 0.81 4.17 2.71 3.37 1.76 232 3.90 2.40 4.39
B SEH/(mg/100 mL)  69.75 65.49 84.69 62.28 60.00 70.75 60.16 72.76 67.91
IETHE  #{E/(mg/100 mL)  68.79 64.57 82.67 67.10 59.67 69.66 61.15 78.21 68.57
RE% 1.37 1.40 2.39 7.74 0.55 1.54 1.64 7.49 0.97
B SEH/(mg/100 mL)  90.64 91.46 97.58 91.44 103.27 92.24 96.48 91.61 79.53
B W{E/(mg/100 mL)  90.54 90.75 99.43 90.56 98.23 88.57 99.42 96.30 76.60
WY 0.12 0.77 1.89 0.97 4.88 3.99 3.06 5.12 3.77

=5 MiKEMSR 10~18 FIIREIEMR

Table 5 Error situation of test set samples 10-18

FEbh EiFun 10 11 12 13 14 15 16 17 18
FLSH/(mg/100 ML) 269.2 227.6 324.6 322.1 316.2 440.3 520.2 185.6 253.0
LR TR WM{E/(mg/100 mL)  256.1 223.7 311.4 326.5 317.3 437.6 542.1 187.4 262.3
RE% 4.84 1.74 4.08 1.37 0.35 0.60 4.22 0.99 3.69
B SEH/(mg/100 mL)  142.6 154.0 166.2 136.0 131.1 133.4 165.1 136.4 136.3
AR B H{E/(mg/100 mL) 1332 1473 164.8 128.6 132.9 134.4 161.6 136.8 139.1
W% 6.59 4.34 0.82 5.42 1.35 0.71 2.08 0.30 2.01
B SEH/(mg/100 mL)  357.9 353.0 275.4 348.7 543.6 524.9 375.7 348.1 429.9
CRZ MG W{E/(mg/100 mL)  354.7 338.4 296.8 339.7 544.6 545.1 388.0 348.6 438.9
WY 0.88 4.13 7.79 2.56 0.18 3.84 3.29 0.14 2.08
HSAH/(mg/100 ML) 14.69 15.12 17.24 21.75 17.12 18.08 16.41 19.73 20.49
FEE  Hi{E/(mg/100 mL)  14.95 15.31 18.19 20.93 17.46 17.05 16.28 18.91 19.93
WY 1.77 1.25 5.51 3.75 1.98 5.70 0.81 4.17 2.71
FLSE/(mg/100 mL) — 55.17 70.79 68.61 65.28 64.08 68.17 63.63 81.95 74.24
IETEE  Wi{E/(mg/100mL)  60.14 67.04 65.06 65.02 62.66 69.07 64.44 76.48 72.46
RE/% 9.02 5.30 5.17 0.39 221 133 1.28 6.67 2.40
FLSCE/(mg/100 mL)  87.11 91.46 112.35 102.41 83.06 87.95 90.54 94.15 95.25
B Wi{E/(mg/100 mL)  89.47 95.05 111.33 102.27 88.42 90.92 93.33 98.12 98.38

R2/% 2.71 3.92 0.91 0.13 6.45 3.37 3.08 4.21 3.29
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Table 6 Average relative errors of each indicator

tikn *Hxiaé/% kg *ij;;z;/%
ZRZ. T 231 LR 2T 3.61
CRZ TR 2.65 FH 2.97

1E T B 3.27 Zm; 2.92

3 %W
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PLSR I, 528 17 I 6 il SE b XUk 5 (2. R 21
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