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Abstract: Objective The quantitative analysis models of gallic acid, paeoniflorin, benzoic acid, benzoyl paeoniflorin, cinnamic
aldehyde and cinnamic acid in the concentration process of Guizhi Fuling Capsules (GFC) were established by attenuated total
reflection mid-infrared spectroscopy (MIRS) to realize the quality control of GFC concentration process. Methods Based on the
HPLC detection values, the mid-infrared spectra were collected during the concentration process of GFC, and the quantitative models
of six indicator components were established by partial least squares (PLS) method. Results Calibration set correlation coefficients
of gallic acid, paeoniflorin, benzoic acid, cinnamic acid, benzoyl paeoniflorin and cinnamaldehyde were 0.992, 0.977, 0.986, 0.985,
0.974, 0.980, respectively. Validation set correlation coefficients were 0.985, 0.961, 0.988, 0.993, 0.978, 0.975, and corrected root
mean square errors (RMSEC) were 0.132, 0.771, 0.042 0.044, 0.075, 0.185, respectively. The relative standard error of prediction

(RSEP) and relative error were less than 10%. Conclusion MIRS has the advantages of fast, convenient and reliable results, can be
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applied to the determination of cinnamic acid, cinnamic acid and other indicative components in the concentration process of GFC,

providing a new method for online monitoring of the concentration process of GFC.

Key words: Guizhi Fuling Capsules; mid-infrared spectroscopy; volatile oil; gallic acid; paeoniflorin. cinnamaldehyde; cinnamic acid;

quality control; moving window partial least squares; combinatorial interval partial least squares; quantitative analysis
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Table 1 Condense process sample information

it o it o
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Table 2 Analysis of modeling results of different pretreatment methods

oy FAE i R IR

Feal RMSEC RMSECV Fore RMSEP  RPD RSEP

BETH JoTiAb 0.983 0.188 0.215 0.970 0.226 4.16 10.77
S-G 0.985 0.180 0.210 0.968 0.235 4.00 1121

BEhE O 0.985 0.178 0.208 0.968 0.234 4.01 11.17

H—4bi% 0.983 0.191 0.217 0.963 0.249 3.76 11.91

BERIE 0.983 0.187 0.217 0.970 0.236 3.98 11.26

MSC 0.981 0.198 0.229 0.963 0.253 3.71 12.07

SNV 0.982 0.195 0.225 0.963 0.255 3.68 12.18

AJUTE ToTihb 0.977 0.777 0.992 0.963 0.898 3.61 9.30
S-G 0.966 0.944 1.088 0.958 0.945 3.43 9.78

BahE O 0.974 0.818 1.009 0.962 0.902 3.60 9.34

H—fki% 0.970 0.888 1.123 0.951 1.012 3.21 10.48

FEL KL IE 0.977 0.771 1.019 0.961 0.898 3.61 9.30

MSC 0.968 0.907 1.081 0.960 0.941 3.45 9.74

SNV 0.969 0.902 1.073 0.960 0.941 3.45 9.74

7 R T AL 0.978 0.052 0.077 0.968 0.060 3.86 14.94
S-G 0.972 0.059 0.075 0.972 0.057 4.03 14.32

Baht g 0.976 0.055 0.076 0.970 0.058 3.10 14.46

H—fki% 0.974 0.057 0.073 0.970 0.062 3.75 15.39

FELR R IE 0.977 0.053 0.079 0.966 0.063 3.67 15.73

MSC 0.973 0.052 0.078 0.966 0.065 3.53 16.32

SNV 0.979 0.051 0.078 0.964 0.064 3.61 14.78

PIFERR T AL 0.973 0.059 0.076 0.965 0.059 3.49 12.61
S-G 0.972 0.060 0.076 0.954 0.058 3.58 12.29

Baht g 0.985 0.061 0.076 0.966 0.058 3.76 10.94

H—4bi% 0.964 0.058 0.076 0.966 0.058 3.54 12.44

FELR R IE 0.972 0.060 0.076 0.961 0.059 3.48 12.65

MSC 0.963 0.068 0.079 0.964 0.057 3.60 12.25

SNV 0.965 0.067 0.777 0.966 0.056 3.66 12.04

KRR 25 TCTAL 3 0.959 0.129 0.148 0.952 0.096 3.16 13.91
S-G 0.947 0.106 0.135 0.966 0.084 3.63 11.86

BahE O 0.956 0.097 0.137 0.956 0.092 331 13.18

H—4bi% 0.958 0.094 0.135 0.948 0.100 3.04 14.54

FELR R IE 0.944 0.097 0.144 0.960 0.094 3.26 13.45

MSC 0.958 0.094 0.144 0.950 0.097 3.14 14.03

SNV 0.959 0.093 0.141 0.951 0.097 3.15 13.96

T T TCTAL 3 0.907 0.334 0.527 0.827 0.459 1.80 18.55
S-G 0.888 0.428 0.503 0.831 0.456 1.81 18.42

BahE O 0.900 0.407 0.516 0.828 0.459 1.80 18.54

A—4kik 0.913 0.451 0.506 0.836 0.449 1.84 18.13

FELR R IE 0.915 0.376 0.528 0.805 0.485 1.70 19.62

MSC 0.922 0.360 0.524 0.818 0.472 1.75 19.06

SNV 0.924 0.356 0.517 0.824 0.464 1.78 18.76
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Table 3 Comparison between preferred interval and full-spectrum modeling
N P — AR [X [A)/ RIE4E UaniE S
cm! Feal RMSEC  RMSECV Fore RMSEP RPD  RSEP
BETR P 648~3000  0.983 0.188 0.215 0.970 0.226 416  10.77
SiPLS 1112~1340  0.992 0.132 0.153 0.985 0.162 5.79 7.75
1460~1572
Ipls 1112~1224  0.988 0.160 0.174 0.967 0.251 3.74 1198
mwPLS 1300~1532  0.992 0.129 0.159 0.986 0.179 5.25 8.72
AjEH Koy 648~3000  0.977 0.771 1.019 0.961 0.898 3.61 9.30
SiPLS 1112~1340  0.979 0.792 0.016 0.963 0.906 3.58 9.38
1692~1804
Ipls 1692~1804  0.949 1.149 1.354 0.907 1.450 224 15.02
mwPLS 1296~1528  0.968 0.907 1.041 0.962 0.920 3.53 9.53
R Koy 648~3000  0.972 0.059 0.075 0.972 0.057 403 1432
SiPLS 1228~1340  0.987 0.040 0.048 0.982 0.041 5.62 9.34
1460~1572
1692~1804
Ipls 1112~1224  0.976 0.054 0.058 0.982 0.045 517 1021
mwPLS 976~1448  0.986 0.042 0.055 0.988 0.036 6.45 7.28
PIHEER Eoo e 648~3000  0.985 0.061 0.076 0.966 0.058 376 10.94
siPLS 1228~1340  0.985 0.044 0.052 0.993 0.027 7.57 5.82
1460~1572
1692~1804
Ipls 1112~1224  0.981 0.049 0.057 0.983 0.038 5.49 8.02
mwPLS 1092~1324 0979 0.051 0.061 0.982 0.044 4.68 9.41
KB~ Koy 648~3000  0.947 0.106 0.135 0.966 0.084 3.63  11.86
siPLS 996~1108  0.956 0.097 0.112 0.969 0.078 392 1122
1112~1340
1692~1804
Ipls 1112~1224  0.965 0.086 0.103 0.966 0.078 392 1123
mwPLS 1064~1296  0.974 0.075 0.098 0.978 0.065 4.66 8.93
T B £l 648~3000 0913 0.451 0.506 0.836 0.449 1.84  18.13
SiPLS 1112~1340  0.980 0.185 0.236 0.975 0.184 4.49 7.45
1460~1572
Ipls 1112~1224  0.954 0.279 0.327 0.924 0.313 264 1265
mwPLS 1052~1284  0.962 0.255 0.309 0.950 0.254 326 1025
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Table 4 Evaluation parameters of best model

A RIE4E WiE4E

el RMSEC RMSECV  rye RMSEP RPD RSEP
WETR 0.992 0.132  0.153 0985 0.162 5.79 7.75
ABTH 0.977 0771  1.019 0961 0.898 3.61 9.30
B 0.986 0.042  0.055 00988 0.036 645 7.28
PR 0.985 0.044 0052 0993 0.027 7.57 5.82
FHEATTF 0974 0075 0.098 0978 0.065 4.66 8.93
T R 0980 0.185 0236 0975 0.184 4.49 7.45

x5 WIESEHATNESSSMERXTEE

Table 5 Comparison of predicted and measured values in

validation set sample

TR LS AR E (mgg ) MR /%
BETR 0.028 7.30
AJUH 0.596 7.36
R 0.024 6.49
WHERR 0.023 5.18
7% AT 25 0.041 7.21
HE Rz 0.122 5.41
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