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Abstract: Aiming at the hysteresis and destructiveness of off-line static detection of critical quality attribute
of the moisture content of the raw material unit of the traditional Chinese medicine manufacturing process, honey-
processed Tussilago farfara, honey-processed Astragalus and honey-processed Glycyrrhiza uralensis were used as
the research carriers, and the drying method was used to measure the moisture content as a reference value. The

moving stage was used to simulate the movement process of samples on the conveyor belt in the actual on-site
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production process, and near-infrared (NIR) spectra were collected, combined with machine learning, to establish
NIR on-site dynamic detection model of moisture content in multi-variety honey-processed Chinese herbal slice.
The results show that the second derivative method is used to preprocess the spectrum. The number of decision
trees (ntree), the number of random features (max feature), and the minimum number of samples for generating
leaf nodes (node size) are selected: 46, 76, and 8, respectively. The quantitative analysis model of moisture content
has the best effect. The prediction coefficient of determination (the prediction coefficient of determination, Rzpre)
and the root mean square error of prediction (root mean square error of prediction, RMSEP) of the model were
0.903 2 and 0.330 2, respectively. The NIR quantitative model for the moisture content of multi-variety
honey-processed Chinese herbal slice established in this study has good predictive performance, and can achieve
rapid, accurate and non-destructive quantitative analysis of the moisture content of honey-processed Tussilago
farfara, honey-processed Astragalus and honey-processed Glycyrrhiza uralensis at the same time, and provides a
method for determining the moisture content of honey-processed Chinese herbal slice of the raw material unit of
the traditional Chinese medicine manufacturing process.

Key words: honey-processed Chinese herbal slice; rapid detection; generic model; moisture critical quality

attribute; on-site dynamic monitoring
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Table 1 Moisture content reference value of honey-processed Chinese herbal slice samples

Sample Batch Moisture content Batch Moisture content Batch Moisture content
Honey-processed Tussilago farfara 200201 1 8.28 200901 1 7.85 2012140 1 7.01
2 8.11 2 8.15 2 7.34
3 8.48 3 8.33 3 7.45
200216 1 7.80 201001 1 9.85 19022304 1 7.63
2 8.11 2 9.86 2 7.80
3 8.08 3 8.00




Tk OEHAE: SR T I AR 1 3 ol A K R T ) 3 A L M T VAR A 2893
Continued
Sample Batch Moisture content Batch Moisture content Batch Moisture content

200401 1 10.20 210101 1 10.22 19030229 1 9.67
2 10.13 2 9.69 2 10.05
3 9.67 3 9.85 3 9.79
200501 1 9.96 210105 1 9.14 19030330 1 9.87
2 9.37 2 9.71 2 9.79
3 10.5 3 9.56 3 9.68
200601 1 7.81 210301 1 9.54 20051402 1 10.12
2 7.96 2 9.8 2 9.75
3 8.02 3 9.31 3 10.07
200701 1 9.15 2001025 1 8.35 20200030 1 8.48
2 9.21 2 8.35 2 8.06
3 9.47 3 8.16 3 8.32
200801 1 8.70 2012139 1 6.76 20201214 1 9.45
2 8.25 2 7.00 2 9.21
3 8.28 3 7.01 3 9.49
Honey-processed Astragalus 20072002 1 8.07 200902 1 6.57 210101 1 7.57
2 8.68 2 7.14 2 7.62
3 9.23 3 6.54 3 7.41
20080132 1 9.22 200601 1 8.36 20210221 1 8.88
2 8.95 2 8.80 2 8.82
3 9.46 3 7.26 3 8.58
20210219 1 8.32 19030120 1 13.52 200401 1 8.84
2 8.07 2 13.50 2 8.79
3 13.19 3 8.87
1911024 1 8.11 201201 1 8.83 200701 1 11.88
2 8.02 2 8.55 2 11.71
3 8.15 3 8.27 3 11.47
200801 1 8.14 200501b 1 9.96 18051201 1 7.89
2103045 1 6.85 2 9.47 2 9.11
2 8.09 3 8.50
3 7.82 200901 1 9.17 200201a 1 7.87
210105 1 8.58 2 8.94 2 7.29

2 8.29 3 8.58
3 8.31 200201b 1 5.84 200410 1 5.46
201001 1 6.31 2 5.72 2 7.29
2 6.61 3 5.86 3 7.25
3 6.50 200501a 1 7.69 2102050 1 8.47
2103110 1 8.55 2 7.69 2 9.36
2 7.84 3 7.92 3 8.17

3 8.97

Honey-processed Glycyrrhiza 20210424 1 9.86 20100119 1 10.16 210101A 1 9.42
uralensis 2 10.26 2 9.27 2 9.40
3 9.42 3 9.01 3 9.66
21010356 1 10.65 200216 1 9.90 201201B 1 9.37
2 10.53 2 9.69 2 9.36
3 10.16 3 9.82 3 9.66
2103136 1 8.32 210105B 1 9.19 210101B 1 9.56
2 7.41 2 8.99 2 9.69
3 9.08 3 9.72
210301 1 9.60 201001A 1 9.28 200101B 1 7.04
2 9.34 2 9.33 2 6.97
3 9.26 3 8.92 3 6.87
210401 1 9.82 20071502 1 9.85 200601 1 9.07
2 9.31 2 9.47 2 8.97
3 8.88 3 9.62 3 9.24
200501 1 9.80 201201C 1 9.04 200301 1 9.73
2 9.94 2 8.69 2 9.35
3 9.84 3 8.55 3 9.43
2002044 1 8.15 21010255 1 9.02 201001B 1 9.77
2 8.52 2 9.22 2 9.62
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Continued
Sample Batch Moisture content Batch Moisture content Batch Moisture content

3 8.61 3 9.52 3 9.47
2103126 1 8.61 1911019 1 8.23 200901B 1 9.98

2 8.46 2 8.06 2 9.38

3 6.99 3 9.48
200901 A 1 10.11 200401 1 9.49 200101C 1 9.08

2 9.51 9.64 2 8.63

3 9.43 3 9.76 3 8.65
210105A 1 10.04

2 10.18

3 9.83
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Figure 1 The near infrared (NIR) original spectrum of honey-processed Chinese herbal slices. A: Honey-processed Tussilago farfara; B:

Honey-processed Astragalus; C: Honey-processed Glycyrrhiza uralensis
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Table 2 Performance indexes of quantitative model with different spectral pretreatment methods. LVs: Level of potential variables; R :

The calibration coefficient of determination; RMSEC: Root mean square error of calibration;, RMSECV: Root mean square error of

cross-validation; RPD: Validation set to standard error of prediction; RAW: Raw spectrum; SNV: Standard normalization variate; SG:

Savitzky-Golay smoothing; 1D: First derivative; 2D: Second derivative; MSC: Multiple scatter correction

Sample Pretreatment LVs R RMSEC RMSECV RPD
Honey-processed Tussilago farfara RAW 3 0.840 2 0.3955 0.4397 2.250 4
SNV 2 0.846 9 0.3858 0.409 2 24102
Normalization 3 0.864 3 0.363 3 0.3970 2.484 4
SG9 3 0.863 7 0.364 0 0.407 0 24232
SG9+SNV 3 0.873 3 0.3510 0.380 7 2.5903
SG9+1D 4 0.907 2 0.300 4 0.3412 2.890 5
SG9+2D 3 0.9215 0.2762 0.326 5 3.0204
1D 3 0.884 6 0.3350 0.356 4 2.767 3
2D 2 0.900 1 03117 03348 29457
Honey-processed Astragalus RAW 5 0.863 1 0.579 8 0.645 8 24263
SNV 5 0.878 1 0.547 1 0.6211 2.5229
Normalization 5 0.886 2 0.528 6 0.596 9 2.6253
SG9 5 0.864 0 0.577 8 0.644 0 24334
SG9+SNV 5 0.877 8 0.547 8 0.6215 25214
SG9+1D 5 0.889 7 0.5205 0.624 2 25108
SG9+2D 5 0.889 7 0.5205 0.6242 25108
1D 5 0.897 1 0.502 6 0.576 7 2.718 3
2D 5 0.890 6 0.5183 0.616 5 2.5418
Honey-processed Glycyrrhiza uralensis RAW 6 0.6189 0.449 4 0.5117 14227
Normalization 4 0.572 4 0.476 1 05177 1.406 2
SNV 6 0.699 4 0.3992 0.4509 1.6149
SGl11 6 0.616 6 0.450 8 0.5139 1.416 6
SG9 6 0.617 8 0.450 1 0.5129 14195
SG9+1D 4 0.6710 0.417 6 0.4773 1.5255
SG9+2D 4 0.729 6 0.378 6 0.4310 1.689 2
1D 4 0.672 1 04169 0.479 9 1.517 1
2D 4 0.777 3 0.343 6 0.409 7 1.776 9
Three kinds of honey-processed Chinese herbal slice RAW 3 0.592 2 0.7717 0.793 6 1.5228
Normalization 3 0.662 4 0.7022 0.733 8 1.6470
SNV 4 0.759 3 0.5929 0.624 4 19355
SG11 5 0.765 8 0.584 8 0.6195 1.9507
1D 5 0.8112 0.525'1 0.5530 2.1855
2D 5 0.814 5 0.5205 0.548 6 22030
MSC 4 0.748 2 0.606 4 0.635 1 1.902 8

RMSEP 4 0.566 7, RPD 4 6.822 0, #% il UVE 4% & §ifi
eV F I B 965~970.995~1 625 nm BEAT HE AR, 2
KH B KD & EEEMRE KM CARS B & ik ik )5,
WA PE R AT BT 4R L R, 4 0.839 4, R° 4 0.707 6,
RMSEC 4 0.286 6, RMSEP 4 0.398 9, RPD 4 2.612 4,
R F CARS 748 &2 i 36 v, 1% 3 BX 1 065~1 070
1 090~1 100.1 1701 270~1 285.1 425.1 465 nm #f
TR
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K Ay 25 2 A K O T 40 B 2A TR . KR A 21 AN 5

IE SR BE b 13 2041 I N 8 Ay AR, T
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WL LLANE B IR . JK A TS AL IR R, O 0.887 8,
R’ .74 0.890 0, RMSEC 7y 0.502 3, RMSEP 4 0.566 7,
RPD 5 6.822 1, Hil 2L AN FUNAE 55 7K 73 2 25 H AR R 1
W 2B s o A4 TR 14 AN B0 TR BRI 3 41 40 B 1%
AN E B AT AL, TR0 K & &, H 5 ETK A
HEAT HLEL, ~F BIAER R 2208 5.34%.

K 2D ik T Ak B 5 vk, AR B DR T BUE 4 4,
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R* N 0.707 6, RMSEC }y 0.286 6, RMSEP 4 0.398 9,

pre
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Table 3  Performance indexes of quantitative model with different spectral band filtering methods. BIAS: Rate of deviation; Rzpm: The
prediction coefficient of determination; RMSEP: Root mean square error of prediction; BIASp: Rate of deviation of prediction; VIP:

Variable importance in the projection; MWPLS: Moving windows partial least squares; SR: Stepwise regression; CARS: Competitive

adaptive reweighted sampling; UVE: Uniformative variable elimination; Cal: Calibration; Pre: Prediction

Band Cal Pre
Sample . 5 2
filtering R, RMSEC RMSECV _ BIAS R RMSEP _BIASp  RPD
Honey-processed Tussilago farfara RAW 09129  0.260 5 03358 -0.0042 09160 03363 -0.0206 4.8893
VIP 09183 0.2523 0.306 8 -0.0067 09086 03509 -0.0467 4.7187
MWPLS 09129 0.2605 03358 -0.0042 09160 03363 -0.0206 4.8893
SR 09145 0.2580 0.316 0 -0.0016 09204 03273 -0.0552 5.0871
CARS 09352  0.2247 0.274 7 -0.0078 0.8444 04577 -0.0163 3.5879
UVE 0.8836 0.3013 0.344 5 0.0010 09219 03051 -0.0032 5.0618
Honey-processed Astragalus RAW 0.8841 0.5102 0.598 3 0.0070 0.8877 0.5726 -0.2412 6.7687
VIP 0.8673 0.5459 0.660 5 -0.0059 0.8341 0.6961 -0.3184 5.6788
MWPLS 0.8841 0.5102 0.598 3 0.0070 08877 05726 -02412 6.7687
SR 0.8675 0.5456 0.630 4 -0.0018 0.8414 0.6807 -0.2933 57228
CARS 0.9058  0.460 0 0.5192 -0.0021 0.8762 0.6014 -0.2208 6.2845
UVE 0.8877 05023 0.603 2 -0.0008 0.8900 0.5668 -0.2360 6.8221
Honey-processed Glycyrrhiza uralensis RAW 0.8210 0.3026 03789 -0.0010 0.6509 0.4358 -0.0444 23838
VIP 0.8100 03117 03779 -0.0049 0.6617 04290 -0.0287 24144
MWPLS 0.8210 0.3026 03789 -0.0010 0.6509 04358 -0.0444 23838
SR 0.6418 04281 0.4712 0.0029 04658 0.5392 -0.0669 1.9318
CARS 0.8394 0.286 6 03178 0.0001 0.7076 03989 -0.0509 2.6124
UVE 08194 0.3040 0.378 4 -0.0002 0.6417 04415 -0.0416 23512
Three kinds of honey-processed Chinese herbal slice RAW 0.7807 0.5841 0.614 4 -0.0030 0.8404 05859 -0.0458 4.3610
VIP 0.7653  0.604 3 0.6325 -0.0030 0.8331 0.6062 -0.0815 43162
UVE 0.7809  0.5840 0.6142 -0.0031 0.8415 0.5858 -0.0491 4.3807
MWPLS 0.7807 0.5841 0.614 4 -0.0030 0.8404 0.5859 -0.0458 4.3610
CARS 08268 0.5191 0.557'1 -0.0013 0.8610 0.5207 -0.0075 4.6468
SR 0.8058 0.5497 0.572'5 -0.0017 0.8402 0.5515 -0.0054 4.3330
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Figure 2 NIR prediction and moisture related reference graph. A: Honey-processed Tussilago farfara; B: Honey-processed Astragalus; C:

Honey-processed Glycyrrhiza uralensis; D: Partial least squares (PLS) model of the three kind of honey-processed Chinese herbal slice; E:

Random forest model of the three kind of honey-processed Chinese herbal slice
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Figure 3 Influences of parameters on Random Forests model. A: Ntree; B: Max feature; C: Node size; D: Spectral pretreatment methods.

OOB-err: Out-of-bag error

Table 4 Performance indexes of quantitative model with different algorithms

Model Algorithm 5 Cal ) Pre
R RMSEC R RMSEP
Honey- processed Tussilago farfara PLS 09145 0.258 0 0.920 4 0.3273
Honey-processed Astragalus PLS 0.887 7 0.502 3 0.890 0 0.566 8
Honey-processed Glycyrrhiza uralensis PLS 0.839 4 0.286 6 0.707 6 0.3989
Generic model PLS 0.826 8 0.5191 0.8610 0.520 7
Random Forest 0.965 9 0.230 2 0.903 0 0.330 2

g
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