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Fig.1 Mean original spectra of Diclofenac Sodium, Anti-

inflammatory dietary supplements (KB), different

concentrations of diclofenac sodium compounds

(No. 1—20) in inflammation-reducing dietary supple-

ments
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0.9690 ~0.9928, H K ZH AKX RZEAAE.98 L F,



%2 DGk 5 G o 595
20-1
5-1 4-1 3-1 11-1 10-1 9-1 17-1 16-1 15-1 CK6-1 CKS-1 CK4-1
2-1 1-1 KB 8-1 7-1 6-1 14-1 13-1 12-1 CK3-1 CK2-1 CKI1-1 18-1
Diclofenac 6-2 5-2 4-2 14-2 132 12-2 CK6-2 CKS5-2 CK4-2
KB 3-2 2-2 1-2 10-2 92 8-2 3-2 17-2 16-2 15-2 CK3-2 CK2-2 CKl1-2
Diclofenac 6-3 5-3 4-3 12-3 11-3 10-3 CK6-3 CKS5-3 CK4-3
KB 33 2-3 1-3 9-3 8-3 7-3 16-3 15-3 14-3 13-3 CK3-3 CK2-3 CKI1-3
2 1675 nm % EBERKERERM(KB), WRZE W (Diclofenac sodium) & EfE K ERER S S
0.01%~20% S ENWNAFHINE XILEREGE
Fig. 2 Hyperspectral images of 0. 01% ~20% Diclofenac sodium in anti-inflammatory dietary supplements (KB) ,
anti-inflammatory dietary supplements and Diclofenac sodium (Diclofenac) at 1 675 nm
x1 ETL£NAERKH PLSR &R
Table 1 PLSR model based on full spectral wavelength
Calibration Validation Prediction
Model Pretreatment
Lvs R? RMSEC R? RMSECV R? RMSEP SEP Bias
RAW 6 0.980 4 0.009 4 0.972 9 0.0111 0.946 8 0.012 9 0.012 6 0.003 8
Moving Average 6 0.979 6 0.009 5 0.973 1 0.0111 0.933 2 0.014 5 0.013 3 0.006 2
Gaussian Filter 6 0.980 2 0.009 4 0.973 5 0.011 0 0.892 6 0.013 4 0.012 7 0.004 5
Median Filter 6 0.980 0 0. 009 5 0.974 5 0.010 9 0.947 3 0.012 9 0.012 7 0.003 0
PLSR SG-Smoothing 6 0.979 8 0.009 5 0.975 3 0.010 8 0.943 3 0.013 4 0.013 1 0.004 0
Normalize 4 0.988 0 0.007 3 0.983 9 0. 008 4 0.971 2 0.009 5 0.008 2 0.005 0
Baseline 6 0.981 8 0.009 0 0.976 0 0.010 7 0.949 9 0.012 6 0.012 2 0.003 8
SNV 5 0.984 0 0.008 5 0.978 4 0.009 9 0.956 9 0.011 7 0.011 0 0.004 4
MSC 5 0.984 2 0.008 4 0.979 6 0.009 7 0.957 3 0.011 6 0.010 9 0.004 3
x2 ETLHEKKPCRER
Table 2 PCR model based on full spectral wavelength
Calibration Validation Prediction
Model Pretreatment - - - -
Lvs R? RMSEC R? RMSECV R? RMSEP SEP Bias
RAW 5 0.955 0 0.014 2 0.953 7 0.014 9 0.907 3 0.018 0 0.018 2 0.001 5
Moving Average 5 0.953 0 0.014 5 0.947 8 0.015 3 0.897 0 0.019 9 0.019 3 0.006 2
Gaussian Filter 5 0.954 5 0.014 3 0.951 8 0.015 0 0.874 2 0.018 4 0.018 5 0.002 4
Median Filter 5 0.954 4 0.014 3 0.949 4 0.015 1 0.892 6 0.018 2 0.018 2 0.003 1
PCR SG-Smoothing 5 0.953 5 0.014 4 0.948 0 0.015 3 0. 894 6 0.018 5 0.018 8 0.001 1
Normalize 4 0.985 1 0.022 6 0.984 2 0.023 4 0.891 4 0.024 4 0.024 7 0. 000 O
Baseline 4 0.952 4 0.014 6 0.946 8 0.015 6 0.811 6 0.018 4 0.018 6 0.001 8
SNV 4 0.962 5 0.013 0 0.957 5 0.013 8 0.892 0 0.018 7 0.019 0 0. 000 6
MSC 5 0.992 3 0.016 0 0.991 8 0.016 9 0.888 7 0.018 4 0.018 2 0.004 1
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: : : : : U4 25 i o ik 2 e U 4% 9L O 42T 95 . PLSR. PCR
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Fig. 3 Selection of the optimal spectral bands by weight ratio
of B regression coefficients in the partial least squares

regression (PLSR) model

PEFITE 2 PR ACHF . BN RE ) B0

®3 ETHRERREMY MLR &EH
Table 3 MLR model based on optimal spectral band

Calibration Validation Prediction
Model pretreatment - - - -
R? RMSEC R? RMSECV R? (Pearson) RMSEP SEP Bias
RAW 0. 998 0. 004 0.991 8 0.006 1 0.987 1 0.006 4 0.006 5 0
Moving Average 0.998 5 0.003 6 0.993 3 0.005 4 0.972 1 0.0237 0.011 9 0.020 6
Gaussian Filter 0.998 3 0.003 9 0.992 0 0.006 0 0.984 1 0.008 9 0.007 2 0.005 3
Median Filter 0.999 4 0.002 2 0.997 0 0.003 7 0.983 5 0.007 2 0.007 4 0
MLR SG-Smoothing 0.998 6 0.003 5 0.992 9 0. 005 6 0. 969 0 0.041 0 0.015 1 0.038 3
Normalize 0.997 9 0.009 4 0.989 7 0.006 8 0.988 3 0.006 4 0.006 3 0.001 6
Baseline 0.998 3 0.003 9 0.992 0 0. 006 0 0.986 3 0. 006 7 0. 006 7 —0.000 9
SNV 0.999 0 0.002 9 0.995 6 0.004 4 0.992 8 0.004 9 0.004 9 —0.000 4
MSC 0.999 1 0.002 7 0.996 3 0.004 1 0.991 8 0.005 4 0.005 3 —0.001 4
% 4 PLSR, PCR, MLR ERFNESEXELE
Table 4 The predictive values of PLSR, PCR and MLR models compared with real value
Model pre-treatment R? Name Reference(W /W) Predicted(W /W) Deviation
CK1 0.000 5 0.002 6 0.004 4
CK2 0.005 0 0. 007 7 0.004 6
MLR SNV 0.992 8 CK3 0.015 0 0.014 2 0.004 3
CK4 0.050 0 0.047 1 0.002 7
CK5 0.1100 0.11114 0.003 0
CK6 0.150 0 0.146 1 0.004 4
CK1 0.000 5 0.005 5 0.017 0
CK2 0.005 0 —0.001 8 0.018 1
PLSR Normalize 0. 971 2 CK3 0.015 0 0.018 5 0.017 3
CK4 0.050 0 0.056 9 0.019 7
CK5 0.1100 0.102 7 0.025 8
CK6 0.150 0 0.134 3 0.015 7
CK1 0. 000 5 0.018 4 0.0257
CK2 0.005 0 0.010 9 0.019 4
PCR Raw 0.907 3 CK3 0.0150 0.019 2 0.015 0
CK4 0.050 0 0.059 6 0.015 4
CK5 0.110 0 0.099 5 0.018 4
CK6 0.150 0 0.125 2 0.011 8
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3 %5 B 2 423 nm, £ SNV HighHJ7 ¥ @7 19 MLR BEEL, i 0 45 A%
B 0. 05% , WME 5 SCIMAE A R® Jg 0.992 5, RMSECP g
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TN ) 7 B0 26 R 25 WU S BRI TE UG I A3 0 . M T AR R AT L R 43 BT % 46 A R e £ o i Ak
8 R[] 1 S i AL B J7 3 #7746 1% PLSR Rl PCR A VRN SUEZE RSN . A B K g A .
B, R R RO R AL DB 1 130~1 147, 1 412~
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A Study on the Screening of Anti-Inflammatory Drug Diclofenac Sodium
in Dietary Supplements by Near Infrared Hyperspectral Imaging

WANG Cheng', YU Hang'. YAO Wei-rong' . CHENG Yu-liang' . GUO Ya-hui' . QIAN He', TAN Zhi-giang® .

XIE Yun-fei'*

1. School of Food Science and Technology, Jiangnan University, Wuxi 214122, China

2. State Key Laboratory of Environmental Chemistry and Ecotoxicology, Research Center for Eco-Emironmental Science,

Chinese Academy of Sciences, Beijing 100085, China

Abstract  Diclofenac sodium is a non-steroidal anti-inflammatory drug with good anti-inflammation effect. The addition of
diclofenac sodium is prohibited from being added to the dietary as supplements for reducing the inflammation. At present, some
literature has reported that diclofenac sodium in water, meat, milk and other Chinese drugs can be quantified by using high
performance liquid chromatography, surface enhanced Raman and electrochemical methods; however, all the mentioned
techniques normally require a relatively complex pretreatment process, complicated operation steps and time-consuming. It is
necessary to develop a rapid and nondestructive method for determing diclofenac sodium in dietary supplements. This article
developeda near-infrared hyperspectral imaging techniqueat 1 000 ~2 524 nm combined with chemometrics analysis method for
determing diclofenac sodium concentration in the dietary supplements. In this study, eight spectral pretreatment methods were
established by using partial least squares regression (PLSR) and principal component regression models (PCR) based on the full
spectral wavelength. Furthermore, p coefficients were used to select the optimal bands in order to improve the accuracy and
stability of the model. The multiple linear regression model (MLR) of diclofenac sodium was established at 1 130 ~1 147,
1412~1 468, 1 658~1 709, 2 010~2 055, 2 122~2 178, 2 395~2 423 nm as the independent variable. Subsequently, the
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three models were compared, and results showed that multiple linear regression model established by standard normal variables
pretreatment method had the best forecasting ability. The minimum predictive value of the model accuracy was 0.05%; the
Pearson coefficient R* of the predicted values was 0. 992 5; the root means square error of prediction was 0.004 9, and the
standard deviation of prediction was 0. 004 9. Therefore, the study has developed the near-infrared hyperspectral imaging
technique for rapid determination of diclofenac sodium as an anti-inflammatory drug inthe dietary supplements provides a
theoretical basis. It is expected to further developed and extended to the rapid quantitative application of other prohibited added
drugs.

Keywords Near infrared hyperspectral image; Dietary supplements; Diclofenac sodium; Multiple linear regression model
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