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A study on the rapidly non-destructive detection method of
Huoxiang Zhengqi oral liquid using near infrared spectroscopy
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Abstract: Based on near infrared spectroscopy and high performance liquid chromatography, this paper
established the regression relationship between near infrared spectroscopy and index component content of Huoxiang
Zhengqi oral liquid, so as to realize the rapid detection of index component content based on near infrared
spectroscopy. Magnolol, honokiol and hesperidin were used as the quality indexes of Huoxiang Zhengqi oral liquid.
After using the first derivative and normalization pretreatment method, characteristic variables were screened by
CARS, and the correction model was finally established by partial least-squares regression (PLSR) method. The
method accuracy was evaluated with the external validation, and the prediction results were tested for significance.
The results indicated that when the near infrared spectrum was scanned through the bottle, the model's correlation
coefficients of prediction (R) were higher than 0.99, the root mean square errors of the prediction models
(RMSEP) were all less than 0.008 4, and the relative standard errors of prediction set (RSEP) were all less than
2.83%. There was no significant difference in the predicted results between these two kinds of model. The models
established in the non-destructive way have good performance and high prediction accuracy. The rapid and

nondestructive way has application value in the quality control of Huoxiang Zhenggqi oral liquid.
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Figure 1

High performance liquid chromatograms. Al: Blank solvent at 294 nm; B1: Mixed reference solution at 294 nm; C1: Sample

solution at 294 nm; A2: Blank solvent at 283 nm; B2: Mixed reference solution at 283 nm; C2: Sample solution at 283 nm; 1: Hesperidin;

2: Honokiol; 3: Magnolol

Table 1 Linearity of the 3 analytes in Huoxiang Zhengqi oral liquid

Analyte Calibration curve R Linear range/mg-mL"'
Magnolol  y=17 142x+0.641 1 0.999 8 0.005 0-0.099 5
Honokiol ~ y=18859x+0.988 6 0.999 8 0.005 0-0.099 5

Hesperidin  y=10381x+ 7.1884 0.999 9 0.005 0-0.099 5

WM. g Ab, B 2A E AT T I BRI B AR KT
P 2B T FRE L, IO 22 53 7T RE R B LA SRR

AR R
3 HAXSKREESESHIES

ZMCCV 5B 58 miJa, (EH KS% 7:3 Rl 4012 1F
SRR SR, S5 RN 2 Fin . I IR A2 MR 3 5 BBl 0 25
IOUEER, RIS WG BE.
4 FEESEREMEL

53 9 K — By S HOR 2% 3 — 46 NIRS #2547 7

4.0 45 1.20
A A - B C ———NIRS of glass bottles
A z —_ 115k ———NIRS of air background
35t 40 - //
110 e e |
30 35 [ e
o ° o 105 F
E 25 % 3.0 %
= s 100
220 255 z
- < = 095
1.5 2.0
0.90 |
R = - e
10 15 0.85 - e

05 L g ; ; "
10000 9000 8000 7000 6000 5000 4000
Wavenumbers / cm™

10 A i g " i
10000 9000 8000 7000 6000 5000 4000
Wavenumbers / cm™!

0.80 i A i g i
10000 9000 8000 7000 6000 5000 4000
Wavenumbers / cm™!

Figure 2 Raw near infrared spectra (NIRS) scanned in a non-destructive way (A) and in a destructive way (B) and NIRS of background (C)

Table 2 Results of sample set partition

Method to sweep spectrum Component Sample set Sample size Concentration/mg-mL" Average/mg-mL" SD

Non-destructive Magnolol Calibration 93 0.081 8-0.392 8 0.204 3 0.058 1
Validation 40 0.095 4-0.328 9 0.196 4 0.039 3

Honokiol Calibration 92 0.058 9-0.340 1 0.174 1 0.052 4

Validation 40 0.082 8-0.288 3 0.170 3 0.033 4

Hesperidin Calibration 93 0.090 1-0.582 5 0.2920 0.0919

Validation 40 0.116 1-0.500 0 0.275 4 0.066 6

Destructive Magnolol Calibration 93 0.081 8-0.361 2 0.198 7 0.054 3
Validation 41 0.100 5-0.341 8 0.202 5 0.037 6

Honokiol Calibration 93 0.058 9-0.3149 0.169 7 0.048 2

Validation 41 0.071 8-0.298 4 0.174 3 0.0339

Hesperidin Calibration 93 0.090 1-0.518 3 0.2817 0.088 1

Validation 41 0.130 5-0.491 9 0.2855 0.062 6
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Figure 3  Competitive adaptive reweighted sampling (CARS)

variable screening results for combination data set
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Table 3 Effects of different pretreatment methods on performance of the destructive models. LVs: Latent variables; RMSEC: Root mean

square errors of calibration; RMSEP: Root mean square errors of prediction; R: Correlation coefficient; RSEC: Relative standard errors of

calibration; RSEP: Relative standard errors of prediction; RMSECV: Root mean square errors of cross-validation

Calibration set Validation set
Index Pretreatment Variable LVs
R, RMSEC RSEC/% RMSECV R, RMSEP RSEP/%
Magnolol None 62 15 0.997 5 0.003 8 1.85 0.005 6 0.988 6 0.005 6 2.71
1st derivative 138 15 0.999 9 0.000 8 0.41 0.003 3 0.996 9 0.002 9 1.43
Normalization 81 15 0.997 8 0.003 6 1.73 0.006 0 0.988 1 0.005 7 2.78
Honokiol None 44 15 0.996 3 0.004 1 2.34 0.006 0 0.989 6 0.004 8 2.72
1st derivative 113 15 0.999 8 0.001 0 0.58 0.003 3 0.996 1 0.003 0 1.67
Normalization 44 15 0.997 5 0.003 4 1.94 0.005 1 0.990 9 0.004 5 2.54
Hesperidin None 71 15 0.9815 0.016 8 5.69 0.023 3 0.9233 0.023 8 8.13
1st derivative 99 15 0.999 3 0.003 4 1.15 0.0111 0.991 1 0.008 3 2.83
Normalization 76 15 0.988 7 0.013 1 4.44 0.022 0 0.932 6 0.022 3 7.64
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Figure 4 The correlation between reference values and predicted values of calibration models in the destructive way. A: Magnolol; B:

Honokiol; C: Hesperidin
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Table 4 Effects of different pretreatment methods on performance of the non-destructive models

Calibration set

Validation set

Index Pretreatment Variable LVs
R, RMSEC RSEC/% RMSECV R, RMSEP RSEP/%
Magnolol None 99 15 0.999 6 0.001 7 0.82 0.003 0 0.997 7 0.002 6 2.71
1st derivative 181 15 0.999 1 0.000 8 0.37 0.003 8 0.997 6 0.002 7 1.43
Normalization 129 15 0.999 7 0.002 0 0.92 0.003 7 0.996 7 0.003 1 2.78
Honokiol None 129 15 0.999 5 0.001 7 0.93 0.003 7 0.992 6 0.004 0 2.72
1st derivative 221 15 0.999 9 0.000 3 0.16 0.002 7 0.998 0 0.002 1 1.67
Normalization 158 15 0.999 5 0.001 6 0.90 0.003 8 0.986 5 0.005 4 2.54
Hesperidin None 71 15 0.996 7 0.007 4 2.43 0.0137 0.982 2 0.0123 8.13
1st derivative 129 15 0.999 9 0.0013 0.42 0.0100 0.9919 0.008 4 7.98
Normalization 106 15 0.995 1 0.009 0 2.95 0.016 3 0.966 0 0.0170 7.64
Magnolol Honokiol & Hesperidin
A B lc
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Figure 5 The correlation between reference values and predicted values of calibration models in the non-destructive way. A: Magnolol; B:

Honokiol; C: Hesperidin
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