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Spectral Analysis and Quantitative Detection of Baicalin
Based on Terahertz Radiation

Liu Lingyu, Chang Tianying”, Li Ke, Li Yizhang, Zhang Xiansheng, Xu Wengqing
Institute of Automation, Qilu University of Technology (Shandong Academy of Sciences), Jinan, Shandong 250100, China

Abstract In this study, we used a terahertz time-domain spectroscopy system to evaluate the terahertz spectra of
the baicalin mixtures and observed that the mixtures exhibited obvious absorption characteristics in 0.3-1.5 THz.
Further, we applied two-dimensional correlation spectroscopy to analyze the terahertz spectra of the mixtures,
which were sensitive to the variation in the concentration of baicalin. Herein, two quantitative analysis models were
established using the support vector machine (SVM) and partial least squares (PLS) methods, respectively, based
on the aforementioned spectral analysis. Subsequently, the KS method was applied to select the calibration set and
the verification set for the two models, which were evaluated using the correlation coefficient and the root mean
square error (RMSE). The experimental results indicate that a good correlation between the data predicted using
two quantitative analysis models based on the SVM and PLS methods and the actual data. In this case, the RMSEs
are small. Baicalin can be quantitatively detected by the quantitative analysis models based on SVM and PLS. The
predictive result of the SVM model is better than that of the PLS model. This study provides a new and significant
method for the quality detection of medicine.

Key words spectroscopy; terahertz; baicalin; two-dimensional correlation spectroscopy; support vector machine;
partial least squares; quantitative detection
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Table 1 Component of mixtures of baicalin,

sucrose and corn starch

Mass /g Mass
Number o Corn fraction of
Baicalin Sucrose

starch  baicalin /%
1 0.06 1.552 0.388 3
2 0.11 1.672 0.418 5
3 0.22 1.584 0.396 10
4 0.44 1.408 0.352 20
5 0.66 1.232 0.308 30
6 0.88 1.056 0.264 40
7 1.10 0.880 0.220 50
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Fig. 2 Terahertz absorbance spectra of baicalin,

sucrose and corn starch
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Fig. 3 Terahertz absorbance of mixture with different baicalin concentrations.
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Fig. 4 2D correlation spectroscopy of all mixtures’ terahertz absorption spectra.

(a) Synchronous map; (b) asynchronous map
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Fig. 5 Predicted mass fraction of baicalin using PLS

model vs. actual mass fraction
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Table 2 Prediction results obtained by PLS and SVM
models using random selection method to select

the calibration and validation sets

Calibration set Validation set

Model
RMSE /% R RMSE /% R
1.13 0.9978 1.35 0.9969
1.09 0.9979 1.45 0.9962
PLR
1.03 0.9981 1.56 0.9957
1.23 0.9975 1.08 0.9979
0.89 0.9986 1.30 0.9974
0.89 0.9999 1.15 0.9981
SVM
0.87 0.9987 1.43 0.9967
0.85 0.9987 1.37 0.9974
#3 WEHIRAY PLS 5 SVM BLRL ) FUM 45
Table 3 Prediction results obtained by PLS and
SVM models for baicalin mixtures
Calibration set Validation set
Model
RMSE /% R RMSE /% R
PLR 1.21 0.9974 1.16 0.9977
SVM 0.90 0.9986 1.14 0.9977
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