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Grade Identification of Raw Nongxiangxing Baijiu Based on Fused Data of Near Infrared Spectroscopy and
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Abstract: Raw Nongxiangxin Baijiu of different grades were collected during the distillation process, and their near infrared
spectroscopy (NIR) data and gas chromatography-mass spectrometry (GC-MS) data were acquired. After preprocessing
the NIR data through 5-point 2-fold convolutional smoothing, spectral feature wavelengths were selected using the
competitive adaptive reweighted sampling (CARS) algorithm; combining Spearman’s rank correlation coefficient, maximum
information coefficient (MIC) and random forest (RF) variable importance, the key flavor components (KC) identified by
GC-MS affecting the grading of raw Baijiu were determined. Then, extreme gradient boosting tree (XGBoost) was applied to
establish three grade identification models for raw Baijui based on NIR, GC-MS and their fused data. The results showed that

the prediction accuracy of the model based on the spectral feature variables selected by CARS was 89.66%, the prediction
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accuracy of the model based on KC after feature selection was 94.83%, and the classification accuracy of the model based on
the fused data of CARS + KC reached as high as 98.28%. This study shows that the fusion of effective feature information
from GC-MS and NIR data can enable more accurate and stable grade identification of raw Nongxiangxin Baijiu than either
analytical technique alone, which provides a new idea and theoretical basis for the grade identification and quality control of
raw Baijiu.

Keywords: raw Nongxiangxin Baijiu; near infrared spectroscopy; gas chromatography-mass spectrometry; data fusion;
extreme gradient boosting tree
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Table1 Distribution information of raw Baijiu samples
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Table 2  Meaning of hyperparameters in XGBoost and their search ranges
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Fig. 1  NIR spectra of raw Baijiu in the wavenumber range of 9 0254 300 cm '
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Table 3  Concentration ranges of volatile flavor components in raw Baijiu
F5 T R AR R 5y RIS/ (mg/L)

1 + R B 0~19.38
2 ER A 0~17.92

3 9- 7N HMER LB 0~111.94
4 (2,2- LR FE 2 3E)- TR 0~14.17

5 24 .l 2.31~27.79
6 FLIE T B 0~14.7

7 ROl 0~54.41

8 ERAR 0~65.79

9 LI S 1R 0~21.92
10 CR NG 0~95.77
11 +IUPE 2.1 0~204.84
12 CUR 7 I B 4.47~74.04
13 SRR TG 0~246.06
14 2-HBET Y 0~65.73

15 L1-Z O HE-3- A T e 0~165.3
16 SR 2, 1 7.58~855.02
17 P 216 17~274.63
18 O ClR 20.92~284.69
19 2-F2dk-4- R AL N R 2. 1 0~92.01
20 TR 21.5~215.24
21 TN 1 2.53~1454.88
22 VR 2T 0~404.03
23 R 57.26~466.78
24 S IR 0~186.55
25 g 63.04~333.04
26 IECIR 1 33.98~3 684.09
27 L(—)-FLEE LT 156.09~720.82
28 +LR 20 0~16.43
29 28T HE-3- IR 2T 0~204.9
30 PRl 0~171.12
31 + )\ 2.1 0~99.91
32 M JRRIR 2.1 0~199.55
33 CER T s 0~189.14
34 Wi PR 2.1 0~1298.21
35 FRAEER 0~179.98
36 2-BRE 0~5.68

37 RS T 0~11.23
38 R I EE 0~42.87
39 3- KN LB 0~73.5
40 TR LT 0~36.4
41 3-H3E-2-T ¥ 0~4.69
42 TR T 0~33.51
43 SRR T R 0~8.06
44 TR 0~11.37
45 Xof F gy 0~20.67
46 TR 0~21.42
47 H 0~17.73
48 + TR 2T 0~37.96
49 BRI 5 I Bg 0~2.92
50 T 0~3.29
51 FIR 0~57.66
52 1,2-T4 — B 0~41.66
53 BRI 0~49.42
54 By e 0~8.03
55 oK 0~4.74
56 e 0~9.51
57 TR 0~24.71
58 LIRIK LT 0~4.61
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Fig. 5  Evaluation of the number of effective characteristic compounds by

5-fold cross-validation
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Table 5  Prediction results of XGBoost classification models based on

single data sources
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Table 6  Prediction results of raw Baijiu grade classification model
based on fused data
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Fig.7  Classification results of the best classification models based on

three data sources
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