« 5560 * PEP 2021498 #52% H 18 Chinese Traditional and Herbal Drugs 2021 September Vol. 52 No. 18

E TSt ST sl B B 77 FR f iR BUE 72

BXARL, EERZ A FL ok oml kel xFaml, omakbkl, k BV
1. WL Tk R2E252E0 HZWE AT, Wil B 310014
2. BUNRFROZIARAR, WL HiMl 310011

% E: B0 NMAREOGEER S G 2 Fh AL B AN 2 BRHE I B 1% VA LAY, o T B RORL BR HE AR H
HETMHERS SRR, 5% DUH R SR TN 5, IR SRIOL AR B AN R S IR O RE A, BT H 8%
TR o SRAETS B8 5 W (it 45 X R, g7 3 FiH R B R e AR IE Y, SR [E AR EE 7 VAR AL
om, MRk BRI E. R B EEER PR IESAE R (SNV) FiALE 5 A0 H F R p Savitzky-Golay 13
SV TR B S R T BE 5K o G A S PR SRV R 14 1) H B R R AR A3 i) I R EE 4 AN 3 A il AR R
ALE R A6 A B KR, i e St EE N EINRUELE (CARS) ik i @S i D& (8] (BRR) HEEHF A TR
ERG A2 RRNER. 18 h2 G R R T HREEC SR R BUS 2 o B g SR M R R AT, S IH 24 1
by Guw ety Rl INLVAST 6 T ey e i e i

KRR hEOGNE: HRIERCORORL, PRIGIRE: HEE, HEER Sem il

FEDHES: R283.6 NHEREE: A XEHS: 0253 - 2670(2021)18 - 5560 - 09

DOI: 10.7501/j.issn.0253-2670.2021.18.010

Real-time monitoring of extraction process of Glycyrrhizae Radix et Rhizoma
formula granule based on Raman spectroscopy technology
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Abstract: Objective To establish the mathematical models for a real-time Raman spectral analytical method combined with a
variety of pretreatment algorithms and a variety of feature bands to monitor the content of liquiritin and glycyrrhizic acid during the
extraction of Gancao (Glycyrrhizae Radix et Rhizoma, GRR) formula granules (GRRFG). Methods Taking GRRFG as the research
object, different samples of extracts at various time points were collected in the extraction process and detected by Raman
spectroscopy. The results of HPLC were used as a reference to build the quantitative calibration models for liquiritin and glycyrrhizic
acid, respectively. A variety of spectral pre-processing methods and variable selection methods were applied to the establishment of
models. Results The results showed that the standard normal variate transformation (SNV) pre-processing method in the liquiritin
model and the Savitzky-Golay 13 point smoothing method in the glycyrrhizic acid model were suitable to improve the performance
parameters of the mathematical models. Successive projection algorithm with only four bands and three bands were almost the same
as the results of raw spectrums of liquiritin and glycyrrhizic acid. The bayesian ridge regression (BRR) model of these two
compounds processed by the competitive adaptive reweighted sampling (CARS) showed the global optimal performance.
Conclusion The Raman spectroscopy technology is applied to the GRRFG extraction process, and the established mathematical
models have good performance, which provide a research foundation for realizing the real-time monitoring and rapid analysis of the
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extraction process of traditional Chinese medicine formula granule.
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real-time monitoring
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Fig.1 HPLC of mixed reference substances (A) and extract
of Glycyrrhizae Radix et Rhizoma (B)
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Table 1 Division results of calibration set and prediction set

%‘aﬁ T Jog F R S L X+s/
D% (ng'mL™?) (ng'mL™)
HEY KREHE 52 18.3~350.3  174.8+94.2
g 23 223~3494  181.6+97.3
BREAR 75 18.3~350.3  176.9+94.6
HHR KIE% 52 113.9~1074.7 643.4+290.9
M4E 23 138.6~1052.1 639.2+287.4
MEEA 75 113.9~1074.7 642.1+287.9
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Fig. 2 Raw spectra (a), spectra preprocessed with SNV (b),
and spectra preprocessed with SG (window size 13) (c) of
Raman spectra of extraction process of Glycyrrhizae Radix et
Rhizoma
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Table 2 Effect of different pretreatment methods on performance of PLSR models
HE HER
oAb B8 75 1% RIE&E bR KIE& g bR

RZ% RMSEC R?p RMSEP RZ% RMSEC R?%p RMSEP
JRAG G 0.908 3 0.028 0 0.857 6 0.034 6 0.900 5 0.089 5 0.878 6 0.099 3
SG (9 D 0.896 5 0.0298 0.844 4 0.036 0 0.999 8 0.0037 0.943 4 0.066 9
SG (13 D 0.905 2 0.028 5 0.8599 0.034 6 0.9780 0.042 0 0.954 2 0.060 6
SG (17 55D 0.904 1 0.028 7 0.858 9 0.0347 0.9879 0.0311 0.9489 0.0639
—Br e 0.894 4 0.0301 0.861 0 0.0338 0.992 6 0.024 2 0.926 3 0.0771
ki 0.8816 0.0319 0.8221 0.0389 0.997 4 0.014 4 0.899 7 0.089 8
MSC 0.859 9 0.034 7 0.8279 0.0389 0.9332 0.0730 0.862 3 0.1055
SNV 0.8739 0.0329 0.861 6 0.0338 0.976 2 0.043 6 0.909 1 0.084 3

ReAZIESERTE R RMSEC-KIESEIREN TR RE-TGE T 25 RMSEP-TilI &% 7535 il
R2-coefficient of determination of calibration RMSEC-root mean square error of calibration R?,-coefficient of determination of prediction RMSEP-

root mean square error of prediction
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Fig. 3 Results of CARS on quantitative calibration model
of glycyrrhizic acid
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Fig. 4 Results of SPA on quantitative calibration model of
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Fig. 5 Results of MC-UVE on quantitative calibration

model of glycyrrhizic acid
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Iy 9 13 AT IX (A, Bea e 4 XA L, 2,
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Fig. 6 Results of siPLS on quantitative calibration model of
glycyrrhizic acid
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Table 3 Comparison on modeling results under different variables selection methods
HEH g
FHEBE B Py R IESE RS WA R IESE RERIIES
cm? RZ% RMSEC R% RMSEP cmt RZ% RMSEC R% RMSEP
FULL PLSR 1701 0.9720 0.0155 0.8616 0.0348 1701 0.9005 0.0895 0.8786 0.0993
MLP 0.9893 0.0074 0.8570 0.0353 0.9364 0.0715 0.8617 0.1056
BRR 0.8933 0.0301 0.8757 0.0329 0.9999 0.0003 0.9667 0.0516
SPA PLSR 4 0.8739 0.0329 0.8631 0.0345 3 09642 0.0536 0.9602 0.0566
MLP 0.8896 0.0308 0.8608 0.0349 0.9011 0.0892 0.8798 0.0989
BRR 0.8896 0.0308 0.8642 0.0344 0.9642 0.05636 0.9599 0.0569
CARS PLSR 54 09998 0.0013 0.9780 0.0136 36 0.9938 0.0223 0.9880 0.0307
MLP 0.9999 0.0009 0.5894 0.0494 0.9454 0.0657 0.8869 0.0923
BRR 0.9200 0.0257 0.9876 0.0104 0.9959 0.0181 0.9902 0.0276
MC-UVE PLSR 18 09344 0.0237 0.8795 0.0319 50 09831 0.0367 0.9408 0.0684
MLP 09313 0.0242 0.8705 0.0335 0.9347 0.0700 0.8994 0.0867
BRR 0.8970 0.0297 0.8951 0.0300 0.9784 0.0415 0.9511 0.0626
SiPLS PLSR 524 09912 0.0086 0.8474 0.0365 681 09961 0.0176 0.9478 0.0639
MLP 09748 0.0145 0.8739 0.0332 0.8848 0.0960 0.8547 0.1072
BRR 0.8965 0.0298 0.8574 0.0351 0.9999 0.0009 0.9705 0.0482
. 1b .
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Fig. 8 Comparison of Raman spectra prediction values with measured values of CARS-BRR quantitative model of liquiritin
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Fig. 9 Comparison of Raman spectra prediction values with measured values of CARS-BRR quantitative model of

glycyrrhizic acid
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