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Study of rapid identification of cow—bezoar and its substitutes
medicinal herbs using REIMS’

SHI Yan, JING Wen-guang, CHENG Xian—long, WEI Feng

(National Institutes for Food and Drug Control, Beijing 102629, China)

Abstract Objective: To study the rapid identification of cow—bezoar and its substitutes medicinal herbs using
the technique of rapid evaporative ionization mass spectrometry (REIMS) couple with machine learning. Methods:
The samples were ionized and determined by REIMS with m/z 50—1 200 as scanning range in sensitive mode and
negative ion mode, 0.2 s as scanning time, and using dry burning method. REIMS data of samples was recorded
as continuous mode. Then the general situation of REIMS data distribution was studied and analyzed through the
methods of cluster analysis and principal component analysis. Some models or algorithms, such as partial least

squares discriminant analysis (PLS-DA), logistic regression (LR), decision tree (DT), random forest (RF) and
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adaptive boosting (AdaBoost, with LR and DT as base estimator respectively) were established. In the models
training procedure, simulation synthesis data generated by algorithms of GaussianCopula, CTGAN, CopulaGAN
and TVAE joined the original training set data as the new training set. Results: AdaBoost (DT as base estimator)
trained with the new training set was the best model which could accurately predict cow—bezoar and its substitutes
medicinal herbs. The accuracy for identifying the test set was 0.97, the precision was 0.90, the recall was 0.97, the
F1 score was 0.93, and the AUC of ROC was 1.00. The probability output from the model could also be flexibly used
by adjusting the probability threshold according to the actual application scenarios of drug regulation. Conclusion:
The combination of REIMS technology and machine learning technology can achieve fast and accurate recognition
of cow—bezoar and its substitutes medicinal herbs.

Keywords: cow—bezoar; cultured cow—bezoar; artificial cow—bezoar; cow—bezoar cultured in vitro; REIMS; artificial

intelligence; machine learning; authenticity identification; PLS-DA; logistic regression; decision tree; random

forest; adaptive boosting; simulation data synthesis; identification probability
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GaussianCopula 77.23% 91.34% 74.63% 93.75% 41.89% 93.39%
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Tab.2 Accuracy summary of identification of test set

HER R (accuracy )
1k Calgorithm ) IR HIZgE A U2k HrlZhgE B 1%
(‘trained with original training set ) (trained with new training set A ) (trained with new training set B )
PLS-DA 0.92 0.74 0.80
LR 0.94 0.91 0.94
DT 0.96 0.96 0.96
RF 0.94 0.94 0.95
AdaBoost (LR ) 0.95 0.92 0.95
AdaBoost (DT ) 0.96 0.96 0.97
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Fig. 6 Solver selection learning curve
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Tab.3 Identify the probabilities of each category for predicting incorrect samples

oy 2 (probability )
(sommple P A 2 AT A3 RSN 72
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tpnh_073 4.83x 107 3.52 x 107" 4.34x 10" 832x 107
tpnh_068 4.11 x 107 442%x 107" 7.28 x 10 2.68x 107
rgnh_004 4.83x 107 3.52 x 107 4.34 x10™ 8.32x 107
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