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Table 1 Summary statistics of epimedin A, epimedin B, epimedin C, and icariin contents

25 1415 fe/ME/ KRG/ i g/ ¥ifE/ T 22/ AR S R/
(mgeg b (mgeg b (mge+g b (mgeg D (mge+g b %
Epimedin A 0.11 11.7 3. 20 3.78 3.55 93.92
Epimedin B 0.02 19. 97 2.81 5.01 5.55 110. 78
Epimedin C 0.11 159. 35 20. 85 38.75 40. 26 103. 90
Icariin 0.09 7.74 2.41 2.28 2.04 89. 47
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Fig. 1 Spectral reflectance curves after pretreatment with (a) SG; (b) SG and FD;
(¢) SG, FD and SNV; (d) SG, FD, SNV and MC
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Table 2 Model construction and cross-validation
e IE BT 2 S I AR TR
B EY AR Ik I B 6 1AL L A
LD EOTE WBORCR G HUA MR R = VS 0 RVSEL
PLSR 2 151 SG+FD-+SNV+MC 0.991 0. 336 0. 645 2.102
Epimedin A
GA-PLSR 456 SG+FD-+SNV+MC 0. 985 0.425 0.671 2.071
PLSR 2 151 SG+FD-+SNV+MC 0.999 0. 090 0.720 2. 896
Epimedin B
GA-PLSR 675 SG+FD-+SNV+MC 0. 995 0. 381 0. 835 2.230
PLSR 2 151 SG+MC 0. 801 17. 684 0.718 21.069
Epimedin C
GA-PLSR 275 SG+ MC 0. 867 14. 479 0.782 18. 656
Leari PLSR 2151 SG+FD+MC 0. 893 0. 656 0. 642 1. 221
canm GA-PLSR 375 SG+FD+MC 0. 980 0.284 0.796 0.912
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Fig. 2 VIP scores (blue line) and b-coefficients (black line) associated with the cross-validation of PLSR model for Epimedin A

(a), Epimedin B (b), Epimedin C (¢) and Icariin (d) predictions using Vis-NIR spectroscopy
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Rapid Measurement of the Pharmacological Active Constituents in Herba
Epimedii Using Hyperspectral Analysis Technology
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Abstract Herba Epimedii contains high amounts of flavonoids, such as epimedin and icariin, which are efficient in tonifying

kidney and improving immunity. Nowadays, various chemical analysis methods have been applied to measure the flavonoid

content of Herba Epimedii. However, these traditional methods are destructive, time-consuming, and costly and cannot meet the

requirements of massive samples analysis in pharmaceutical production and plant breeding. As a rapid and effective tool for

quantitative determination and process monitoring, modern hyperspectral analysis technology has earned more and more

concerns. However, for the full-range spectra, the existence of insignificant and irrelevant spectral variables can weaken the

calibration models’ accuracy and efficiency. Therefore, the spectral variables selection is essential to improve the performance of

the final models by eliminating the uninformative bands. In this study, the partial least squares regression (PLSR) coupled with

the genetic algorithm (GA) variables selection procedure, namely GA-PLSR, was used to estimate epimedin A, epimedin B,
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epimedin C, and icariin content in Herba Epimedii. This paper aims to explore the feasibility of hyperspectral analysis technology
in the measurement of the pharmacologically active constituents in Herba Epimedii and further explore their important spectral
response bands. The results show thatthe hyperspectral analysis technology combined with chemometrics exhibited considerable
potential for rapid and nondestructive assessment of Herba Epimedii. When compared with full-spectrum PLSR models, GA-
PLSR models could improve the accuracies and robustness of epimedin A, epimedin B, epimedin C, and icariin content
measurements (with Ry values increased from 0. 645, 0. 720, 0. 718, and 0. 642 to 0. 671, 0. 835, 0. 782, and 0. 796, and with
RMSEcy values declined from 2. 102, 2. 896, 21. 069, and 1. 221 to 2. 071, 2. 230, 18. 656, and 0. 912, respectively). Besides,
we found some feature wavelengths, mainly around 690 ~ 740 and 420 nm, which play important roles in detecting
pharmacologically active constituents in Herba Epimedii. Given these desirable findings, this study can provide a valuable
reference for the rapid and accurate measurement of epimedin A, epimedin B, epimedin C, and icariin contents by hyperspectral

technology, can provide a theoretical basis for the design of spectral sensors in qualifying Herba Epimedii.

Keywords Herba Epimedii; Pharmacological active constituents; Hyperspectral analysis technology; Genetic algorithm; Partial

least squares regression; Important bands
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