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Abstract: The general models for intermediates quality analysis in the production process of Yaobitong
capsule were established by near infrared spectroscopy (NIRS) combined with chemometrics, realizing the rapid
determination of notoginsenoside R1, ginsenoside Rgl, ginsenoside Re, ginsenoside Rbl, ginsenoside Rd and
moisture. The spray-dried fine powder and total mixed granule were selected as research objects. The contents of

five saponins were determined by high performance liquid chromatography and the moisture content was
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determined by drying method. The measured contents were used as reference values. Meanwhile, NIR spectra were

collected. After removing abnormal samples by Monte Carlo cross validation (MCCV), Monte Carlo uninformative

variables elimination (MC-UVE) and competitive adaptive reweighted sampling (CARS) were used to select

feature variables respectively. Based on the feature variables, quantitative models were established by partial least

squares regression (PLSR), extreme learning machine (ELM) and ant lion optimization least squares support vector
machine (ALO-LSSVM). The results showed that CARS-ALO-LSSVM model had the optimum effect. The
correlation coefficients of the six index components were greater than 0.93, and the relative standard errors were

controlled within 6%. ALO-LSSVM was more suitable for a large number of samples with rich information, and

the prediction effect and stability of the model were significantly improved. The general models with good

predicting effect can be used for the rapid quality determination of Yaobitong capsule intermediates.
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Table 1 Results of content determination
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Figure 1 Specificity result (A: Methanol; B: Mixed reference
standards; C: Total mixed granule; D: Spray-dried fine powder).
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Figure 2 Raw near infrared spectra (A: Spray-dried fine powder; B: Total mixed granule; C: Intermediate set)
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Figure 3 Mean and standard deviation distribution obtained by Monte Carlo cross validation (MCCV). A: Notoginsenoside R1; B:

Ginsenoside Rgl; C: Ginsenoside Re; D: Ginsenoside Rb1; E: Ginsenoside Rd; F: Moisture
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Figure 4 The optimal subsets selected by MC-UVE (A) and CARS

CARS: Competitive adaptive reweighted sampling
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Figure 5 Correlation diagram between measured values and predicted values (A: Notoginsenoside R1; B: Ginsenoside Rgl; C:

Ginsenoside Re; D: Ginsenoside Rb1; E: Ginsenoside Rd; F: Moisture). Cal: Calibration set; Pre: Prediction set
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Table 2 Comparison of model performances for Yaobitong intermediates. PLSR: Partial least squares regression; ELM: Extreme learning

machine; ALO-LSSVM: Ant lion optimization least squares support vector machine; R : Correlation coefficient of calibration set; RMSEC:

Root mean square error of calibration set; RSEC: Relative standard error of calibration set; R, Correlation coefficient of prediction set;

RMSEP: Root mean square error of prediction set; RSEP: Relative standard error of prediction set; RPD: Residual predictive deviation

Variable Variable Calibration set Prediction set
Component . Method Parameter
selection  number R RMSEC RSEC/% R RMSEP  RSEP/%  RPD
Notoginsenoside =~ MC-UVE 172 PLSR LVs=15 08291 0.0329 5.77 0.8277 0.033 1 5.84 1.78
R1 ELM - 09065 0.0248 435 0.867 6 0.029 3 5.18 2.01
ALO-LSSVM  ¢=3 738.54 09496  0.0184 3.23 09101 0.024 4 431 2.42
g=64.08
CARS 173 PLSR Lvs=12 0.8698  0.0290 5.09 0.858 4 0.0302 5.34 1.95
ELM - 09008  0.0256 4.48 0.880 7 0.0279 4.93 2.13
ALO-LSSVM  ¢=25.19 09801 0.0117 2.05 0.9593 0.016 6 2.94 3.54
2=2.93
Ginsenoside Rgl  MC-UVE 112 PLSR Lvs=15 0.8315 0.1823 8.38 0.8143 0.214 4 9.70 1.72
ELM - 09138 0.1333 6.13 0.895 6 0.164 3 7.43 2.25
ALO-LSSVM  ¢=931192.50 0.9189 0.1295 5.95 09127 0.1509 6.83 245
2=897.19
CARS 183 PLSR Lvs=14 0.8699 0.1619 7.44 0.8532 0.192 6 8.71 1.92
ELM - 09285 0.1218 5.60 09110 0.1523 6.89 2.43
ALO-LSSVM  ¢=4 400.65 09558  0.0965 4.44 0.950 3 0.1149 5.20 3.25
g=76.40
Ginsenoside Re MC-UVE 181 PLSR LVs=16 09025 0.0179 6.06 0.897 4 0.018 1 6.27 2.28
ELM - 09473  0.0133 4.51 0.9279 0.0153 5.30 2.70
ALO-LSSVM  ¢=3359.65 0.976 0  0.009 0 3.07 0.9659 0.010 6 3.68 3.87
g=54.48
CARS 162 PLSR LVs=15 09503  0.0129 4.38 09251 0.0156 5.40 2.68
ELM - 09606  0.0115 3.91 0.9523 0.012 5 4.34 3.30
ALO-LSSVM  ¢=41524.48 09956  0.0039 1.31 0.9832 0.007 5 2.59 5.56
2=59.09
Ginsenoside Rbl ~ MC-UVE 200 PLSR LVs=15 09123  0.0991 5.64 0.8713 0.1239 7.25 2.07
ELM - 09419 0.0813 4.63 09143 0.1022 5.98 2.48
ALO-LSSVM  ¢=27373.06 0.9708  0.0580 3.30 0.953 6 0.076 0 4.45 3.34
g=177.48
CARS 162 PLSR LVs=14 09441 0.0798 4.54 092138 0.097 9 5.73 2.59
ELM - 09491 0.0762 434 0.930 0 0.092 8 5.43 2.75
ALO-LSSVM  ¢=92.67 09920 0.0305 1.74 0.978 9 0.051 6 3.02 4.92
g=4.74
Ginsenoside Rd MC-UVE 172 PLSR LVs=14 08701 0.0258 5.55 0.802 7 0.0318 6.99 1.72
ELM - 09198  0.0205 4.42 0.884 0 0.024 9 5.48 2.17
ALO-LSSVM  ¢=137.98 0.9864  0.008 6 1.85 0.968 0 0.013 4 2.94 3.98
2=5.89
CARS 162 PLSR LVs=13 0.8980 0.0230 4.95 0.860 9 0.027 1 5.96 2.02
ELM - 09097 0.0217 4.67 0.897 7 0.023 5 5.16 2.29
ALO-LSSVM  ¢=180.61 0.9897  0.0075 1.61 0.968 2 0.0133 2.93 3.99
2=5.90
Moisture MC-UVE 159 PLSR Lvs=15 08513 0.2715 4.94 0.809 8 02755 4.96 1.72
ELM - 09268 0.1944 3.54 0.9102 0.194 5 3.50 2.51
ALO-LSSVM  ¢=440390.58 0.9268 0.1943 3.54 0.8854 02183 3.93 2.18
g=1811.50
CARS 153 PLSR Lvs=15 09241 0.1977 3.60 0.864 1 0.236 4 4.26 2.02
ELM - 09110 0.2134 3.88 0.909 2 0.195 6 3.52 2.47
ALO-LSSVM  ¢=659861.10 0.9749  0.1151 2.10 09325 0.169 6 3.05 2.79
g=725.83
&g RUBOR W35 52T, RAEI KT 0.95, R HEIK T 0.93,

ARHIF 72N FH NIRS 45 & A4 27 T & 2 J7 72 0) B JE
2 3 A 7 3k R 1 PR P O B v ) A T PR e )
Fi, A FEIE T GHA A0 VR UKL RE A 57T () o i
6038 AR . ALO-LSSVM 5795 75 7 7 3 Fi A 7 5of
T rh R I b PLSR 236 /0 ELM 529 5 47 i vk g,

RSEC 1 RSEP /5 5l #% il 7F 5% 1 6% LA N, % 8] ALO-
LSSVM {1 1 24 g & 45 1] 07 1 BoA RAFH 77, Fr it s i)
SE F A5 Y R0 YR A TN 0 v 1) A 6 AN G B AR AR
FSA3  A ELEE 3 R  A 7 ae AR R R
Ko AHFFT A N NIRS 45 & ALO-LSSVM 578 HiAh
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