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Fig. 1 Flow chart of NIRS modeling process of

red ginseng extraction
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Fig. 2 NIR spectra of 128 red ginseng samples
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Table 1 Statistical table of sample division
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Fig. 3 Comparison of optimal detection wavelength distribution of ginsenoside Rgl content
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Table 2 Different characteristic wavelength variable selection and performance
evaluation results of red ginsenoside content based on PLS model
FIESE LORTE S
J I ik ESW FRIE P .
L ’ L H RE RMSECV Rb RMSEP RPD
Full-PLS 5 1100 0.898 1 0.037 7 0.920 2 0.0337 3.540 7
CARS-PLS 4 57 0.942 1 0.028 4 0.893 0 0.039 0 3.057 0
Rgl UVE-PLS 5 430 0.917 9 0.033 8 0.912 8 0.035 2 3.386 2
SPA-PLS 5 8 0.849 2 0.045 9 0.9157 0.034 6 3.445 0
RF-PLS 4 10 0.946 4 0.027 4 0.957 4 0.024 6 4.845 3
Full-PLS 5 1100 0.927 7 0.018 2 0.920 7 0.020 4 3.551 3
CARS-PLS 4 65 0. 960 5 0.013 5 0.917 5 0.020 8 3.481 1
Re UVE-PLS 5 131 0.916 5 0.019 6 0.920 7 0.020 4 3.562 0
SPA-PLS 5 5 0.859 6 0.025 4 0.944 1 0.017 1 4.228 1
RF-PLS 3 10 0.963 1 0.013 0 0.965 1 0.013 5 5.3515
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Fig. 4 Distribution diagrams of ginsenoside Rgl content predicted by different modeling methods
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Table 3 PLS modeling and performance evaluation of different spectra based on RF algorithm

. , N S KeIESE Loyl
RS Tk ERAH KR B3 R? RMSECV Rp RMSEP RPD
R R %1% RE 5 10 0.921 4 0.033 5 0.9316 0.0317 3.822 5
Rgl 4t RF 5 10 0.944 4 0.028 0 0.948 4 0.027 0 4. 403 2
46 1% SNVA+RE 4 10 0.946 4 0.027 4 0.957 4 0.024 6 4.845 3
JR A% RE 5 10 0.957 7 0.014 3 0.958 9 0.014 3 4.933 8
Re 25 RF 5 10 0.970 7 0.0115 0.960 3 0.014 7 5.018 9
4 93% SNV+RF 3 10 0.963 1 0.013 0 0.965 1 0.013 5 5.3515
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Table 4 PLS modeling and performance evaluation of different spectra based on CARS algorithm

. ; - e T IESE LianaE:s
% Iy ik F A AR I K B R TR R RMSEP RPD
JR A6 CARS 5 59 0.703 7 0.065 1 —0.343 0 0.140 6 0.862 9
Rgl 43 CARS 5 9 0.908 4 0.036 0 0.857 0 0.044 9 2.644 2
4% SNV+CARS 4 57 0.942 1 0.028 4 0.893 0 0.039 0 3.057 0
JF A 6% CARS 5 51 0.743 2 0.035 2 —0.243 2 0.078 5 0.896 7
Re 4% CARS 5 65 0.952 2 0.014 7 0.908 8 0.022 3 3.312 2
45638 SNV+CARS 4 65 0.960 5 0.013 5 0.917 5 0.020 8 3.4811
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Application of Various Algorithms for Spectral Variable Selection in NIRS
Modeling of Red Ginseng Extraction

CHEN Bei', ZHENG En-rang'* , GUO Tuo*

1. School of Electrical and Control Engineering, Shaanxi University of Science & Technology, Xi’an 710021, China

2. School of Electronic Information and Artificial Intelligence, Shaanxi University of Science & Technology, Xi’an 710021,
China

Abstract As an effective active component in red ginseng extraction, ginsenoside content has an important impact on the quality
of follow-up products. Traditional chemical detection quality control methods have high costs and time-delay. Existing studies
have shown that the fast and non-destructive near-infrared detection method is feasible for red ginseng extraction. However, the
existing methods heavily rely on the data processing software algorithm of the instrument, which cannot meet the actual produc-
tion accuracy and speed requirements. In order to monitor the extraction process rapidly and accurately, a variety of intelligent
spectral selection algorithms are applied in the near-infrared spectral(NIRS) modeling, and the performance and robustness of
different spectral selection algorithms are compared in this study. In order to detect the high content of ginsenoside Rgl and the
low content Rc in the red ginseng extract, 128 samples of red ginseng extract in the first two times extracted were collected from
three batches, 1 000~2 499 nm band NIRS data were obtained online, and the content of ginsenoside was determined by using
the international standard high-performance liquid chromatography (HPLC). Firstly, the dimension of the input wavelength was
reduced by using four wavelength selection algorithms, namely, competitive adaptive reweighting sampling (CARS), the
uninformative variable elimination (UVE), random frog (RF) and successive projection algorithm (SPA). Then the selected
wavelength was used for the linear partial least squares (PLS) quantitative model establishment. At last, the performance of the
model was evaluated by the root mean square error (RMSE), coefficient of determination (R*) and relative analysis error
(RPD), etc. According to the PLS modeling results of four wavelength optimization algorithms, after RF optimization, the
characteristic wavelength variable of the modeling decreased to 0. 67 % of the original, R* of the ginsenoside Rgl and Re content

in red ginseng extract reached above 0. 94, the RMSE of the prediction was 0. 024 6 and 0. 013 5 respectively, and the RPD of
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prediction set reached above 4. 84, which reduced the difficulty of the modeling and improved the accuracy of modeling. From the
comparison of RF and CARS modeling in the original spectrum, full-spectrum and SNV pretreated full spectrum, the overall per-
formance of the RF wavelength selection algorithm model is better. Different spectral ranges and pretreatment methods have lit-
tle impact on the performance and good robustness. In conclusion, RF is a relatively ideal wavelength selection algorithm for the
modeling of red ginseng extract. PLS based on RF realizes the one-time modeling of two red ginseng extracts, which can be used
to rapidly detect ginsenoside content in the extract. The study provides theoretical support for the online extraction control of

medicine.

Keywords Near infrared spectroscopy; Red ginseng extraction; RF; Robustness; Ginsenoside
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