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Abstract: The modernization and development of traditional Chinese medicine has led to higher standards for
the quality of traditional Chinese medicine products. The extraction process is a crucial component of traditional
Chinese medicine production, and it directly impacts the final quality of the product. However, the currently relied
upon methods for quality assurance of the extraction process, such as simple wet chemical analysis, have several
limitations, including time consumption and labor intensity, and do not offer precise control of the extraction

process. As a result, there is significant value in incorporating near-infrared spectroscopy (NIRS) in the production
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process of traditional Chinese medicine to improve the quality control of the final products. In this study, we

focused on the extraction process of Xiao'er Xiaoji Zhike oral liquid (XXZOL), using near-infrared spectra

collected by both a Fourier transform near-infrared spectrometer and a portable near-infrared spectrometer. We

used the concentration of synephrine, a quality control index component specified by the pharmacopoeia, to

achieve rapid and accurate detection in the extraction process. Moreover, we developed a model transfer method to

facilitate the transfer of models between the two types of near-infrared spectrometers (analytical grade and

portable), thus resolving the low resolution, poor performance, and insufficient prediction accuracy issues of

portable instruments. Our findings enable the rapid screening and quality analysis of XXZOL onsite, which is

significant for quality monitoring during the traditional Chinese medicine production process.

Key words: near-infrared spectroscopy; model transfer technique; Xiao'er Xiaoji Zhike oral liquid; extraction

process; synephrine
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Figure 1 A: Fourier transform near-infrared (FT-NIR) spectrometer.
B: Micro-NIR 1700
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Table 1 Results of determination of synephrine in four batches

of extracts
Marker atch Min value/ Max value/ Average value/ Standard
component mg-mL'  mg-mL" mg-mL'  deviation
Synephrine 1 0.014 8 0.100 5 0.052'5 0.0330
2 0.0113 0.103 0 0.0539 0.033 1
3 0.012 1 0.104 3 0.052 7 0.033 6
4 0.012 7 0.108 8 0.060 6 0.036 0
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Figure 2 Model transfer process. A: Transfer from source instrument to target instrument; B: Transfer from target instrument to source

instrument
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Figure 3 A: Source instrument original spectra; B: Target instrument original spectra
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Figure 4 Score chart of spectral principal component analysis of sample. A: Source instrument data; B: Target instrument data
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Figure 5 Near infrared spectra of the same wavelength range of
the two instruments. Blue: Source instrument common band data;
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Table 2 Comparison of the results of different pretreatment methods in the quantitative analysis model of synephrine concentration. 1%

The first derivative; 2" The second derivative. LVs: Number of latent variables; R_: Decision coefficient of calidation; RMSEC: Root mean

squares error of calidation; R: Determination coefficient of predication; RMSEP: Root mean squares error of validation; MSC:

Multiplicative scatter correction; SNV: Standard normal variate transformation; S-G: Savitzky-Golay

Spectrometer Pretreatment LVs R, RMSEC R RMSEP
Source instrument MSC 10 0.994 0 0.003 8 0.992 3 0.003 5
SNV 10 0.991 8 0.004 5 0.991 6 0.004 2

MSC+S-G-1¥-(25,2) 9 0.9950 0.003 5 0.992 4 0.003 4

MSC+S-G-2"-(25,2) 10 0.997 8 0.002 3 0.984 6 0.005 2

MSC+S-G-1%-(35,2) 10 0.996 1 0.003 1 09918 0.003 6

MSC+S-G-2"-(35,2) 8 0.994 9 0.003 5 0.990 7 0.004 1

SNV+S-G-1%-(25,2) 8 0.994 3 0.003 7 0.994 0 0.003 1

SNV+S-G-2"-(25,2) 7 0.993 6 0.004 0 0.983 6 0.005 2

SNV+S-G-1*-(35,2) 10 0.9951 0.003 5 0.9918 0.003 6

SNV+S-G-2"-(35,2) 8 0.994 9 0.003 5 0.990 6 0.004 1

Target instrument MSC 8 0.981 6 0.006 7 0.9722 0.007 1
SNV 8 0.9820 0.006 6 0.968 5 0.007 5

MSC+S-G-1%-(25,2) 8 09731 0.008 1 0.976 8 0.006 7

MSC+S-G-2"-(25,2) 7 0.9720 0.008 3 0.973 6 0.006 9

MSC+S-G-1"-(35,2) 6 0.960 6 0.009 8 0.9737 0.006 7

MSC+S-G-2"-(35,2) 8 0.973 1 0.008 1 0.976 4 0.006 7

SNV+S-G-1%-(25,2) 9 0.976 1 0.007 6 0.976 6 0.006 7

SNV+S-G-2"-(25,2) 5 0.968 1 0.008 8 0.974 0 0.006 9

SNV+S-G-1%-(35,2) 9 0.973 1 0.008 1 0.968 0 0.007 5

SNV+S-G-2"-(35,2) 8 0.9732 0.008 1 0.976 4 0.006 7

Table 3 Results of model transfer from source instrument to target instrument based on the same wavelength range using two methods.

DS: Direct standardization; IPCA: Improved principal component analysis

Number of transfer

Instrument LVs/variable R RMSEC R RMSEP

set samples c P
Source instrument - 8 0.994 3 0.003 7 0.994 0 0.003 1
Target instrument - 8 0.973 1 0.008 1 0.976 8 0.006 7
Target instrument after DS transfer 78 7 0.9710 0.008 4 0.980 2 0.006 3
Target instrument after IPCA transfer 78 7 0.971 0 0.008 4 0.980 2 0.006 3
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Figure 6 DS method and IPCA method before and after the transfer from source instrument to target instrument model prediction results.

A: Source instrument modelling results; B: Target instrument modeling results; C: Modeling results after DS method model transfer; D:

Modeling result after IPCA model transfer
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Figure 8 Comparison of the spectra transferred from the target to the source instrument by the DS method and the IPCA method
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Figure 9 DS method and IPCA method before and after the transfer from target instrument to source instrument model prediction results.

A: Modeling results of source instruments; B: Target instrument modeling results; C: Modeling results after DS method model transfer; D:

Modeling results after IPCA model transfer

Table 4 Results of model transfer from target instrument to source instrument based on the same wavelength range using two methods

Number of transfer

Instrument LVs/variable R RMSEC R RMSEP

set samples © P
Source instrument - 8 0.994 3 0.003 7 0.994 0 0.003 1
Target instrument - 8 0.973 1 0.008 1 0.976 8 0.006 7
Target instrument after DS transfer 78 8 0.970 5 0.006 9 0.8573 0.0147
Target instrument after IPCA transfer 78 8 0.968 1 0.008 8 0.980 9 0.005 9
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Table 5 Results of independent verification set. R: Determina-

tion coefficient of external validation; RMSET: Root mean squares

error of external validation

Direction of transfer Method R RMSET
Transferred from the source to DS 0.986 1 0.009 2
the target instrument IPCA 0.986 2 0.006 5
Transferred from the target to DS 0.606 3 1.040 7
the source instrument IPCA 0.986 5 0.006 6
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