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An on-line ultraviolet-near infrared (UV-NIR) spectroscopy-based method for on-line and real-time monitoring of the 

extraction process of Coptis Rhizome was proposed. Two fiber optic probes were designed to transmit NIR radiation 

through a pathlength flow cell to the NIR spectrometer for collecting spectra in real-time. Partial least squares regression 

(PLSR) calibration model of berberine concentration was established and validated. The correlation coefficient (R) and root 

mean square error of calibration (RMSEC) for the calibration set were 0.9968 and 0.0253 mg·mL
-1

, and the R and root 

mean square error of prediction (RMSEP) for the validation set were 0.9970 and 0.0242 mg·mL
-1

, respectively. This proved 

that the calibration model had good performance. The established model was used for on-line and real-time monitoring of 

the extraction process of Coptis Rhizome with satisfactory results. Both the moving block of standard deviation (MBSD) 

and relative concentration changing rate (RCCR) methods were used to identify the end point of extraction process. The 

results demonstrate that the proposed method and established model can provided instant feedback of indicator 

concentration in the extraction process of herbal medicines. 

Introduction  

The roots and stems of Coptis chinensis Franch. (Coptis 

Rhizome) is often used to relieve internal fever based on the 

traditional Chinese medical theory.
1
 Modern pharmaceutical 

theory has proved that the alkaloids from Coptis Rhizome have 

obvious medicine functions such as anti-bacterial, anti-virus, 

anti-inflammatory and lowering blood pressure.
2
 Berberine 

(Fig.1), coptisine, palmatine, jatrorrhizine and ferulic acid are 

the main symbolic compounds in Coptis Rhizome. As a 

principal bioactive constituent in Coptis Rhizome, berberine 

has been indicated to reduce blood lipid and cure the 

diabetes.
3
 

Extract active compounds from raw materials is one of the 

most important steps in pharmaceutical manufacturing. In 

traditional Chinese medicine (TCM) pharmaceutical industry, 

the extraction process of herbal medicine is often ended when 

it reaches the stipulated extraction time, ignoring the effects 

of operating environmental and fluctuation of the quality of 

raw material.
4
 Food and Drug Administration (FDA) has been 

issued a significant guidance regarding the implementation of 

process analytical technology (PAT) for the pharmaceutical 

industry in 2004.
5
 In order to consistent with the PAT initiative 

of FDA and make sure the stability and the uniformity of the 

final products, it is necessary to detect the extraction process 

and record the parameters in time through online non-

destructive methods.
6
 With the rapid development of 

computer technology and automatic control technology, the 

on-line detection can be achieved in pharmaceutical 

production.
7
 And current production of natural medicine also 

uses sensor technology to monitor the feeding amounts, 

extraction time, concentration degree, pH value, system 

temperature and other useful parameters. 

NIR spectroscopy is being applied in the TCM 

pharmaceutical industry as an efficient technique for raw 

material testing, online process monitoring and product 

quality control in recent years.
8-10

 The increasing level of 

success and succeeding implementation of NIR is probably a 

direct result of its advantages over other analytical techniques, 

these advantages include outstanding sensitivity, simple 

sample preparation, non-destructive test and multi-

constituent analysis of complex matrix.
11,12

 Traditionally, on-

line NIR spectroscopy is often used in combination with an off-

line HPLC or GC validated assay,
13-16

 the results of these off-

line analysis methods are accurate and reliable. However, off-

line validation often needs a lot of material, manpower and 

time. In order to make best use of time, save materials and 

streamline operations, the traditional off-line analysis method 

was replaced by on-line UV detection in the work presented 

here. The on-line UV measurement could be used as reference 

of on-line NIR prediction, which has been proved to have 

stability methodology before the NIR test. 

Infrared spectroscopy is a widely used tool for qualitative 

characterization of materials and, to a lesser extent, for 

qualitative analysis also. Because the signals of IR spectra are 
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caused by substance-specific vibration modes of the molecules 

they can readily be attributed to functional groups. However, 

infrared spectra obtained from aqueous solutions are 

generally of rather poor quality, due to the strong interference 

of water absorbance bands with vibrational modes of the 

target compounds. Additionally, quantitative analysis is usually 

rather difficult. Raman spectroscopy is more advantageous in 

aqueous systems, because excitation of the Raman signal 

generally takes place in the visible region and thus does not 

interfere with water. However, high-quality spectra are rarely 

obtained in aqueous solutions, because of the weak Raman 

effect and a non-optimal signal-to-noise ratio at low 

concentrations. In comparison with NIR and Raman 

spectroscopy, UV spectroscopy is much more sensitive in 

aqueous solutions, because water is almost transparent in the 

spectral region between 200 and 800 nm. The absorption 

coefficients in the UV range can be very high, thus the 

sensitivity is also excellent. Light sources and detectors are 

easily available and measurements with high signal-to-noise 

ratio are possible. The use of fibre optics renders the hardware 

setups are highly flexible and stable. Furthermore, the cost of 

ownership of a UV system is significantly lower than NIR and 

Raman spectroscopy.  

In this study, the UV-NIR spectroscopy was used for on-line 

and non-destructive analysis in an extraction process of the 

powdered Coptis Rhizome. To our best knowledge, there has 

been no research reported on the new application of on-line 

UV-NIR spectroscopy in the extraction process of Coptis 

Rhizome. Berberine was selected as the representative quality 

indicator of Coptis Rhizome extraction process. The content 

information of berberine was interrelated with calibration 

model established with the PLSR method. The model was 

improved with the optimization of spectral data pretreatment 

methods, wavenumber intervals adopted and the optimum 

number of PLSR factors. The performance of calibration model 

was evaluated with R, RMSEC in the calibration step and with R, 

RMSEP in the validation step, respectively. The relative 

standard error of prediction (RSEP) was used to assess the 

performance of the calibration model when using for on-line 

and real-time monitoring of the extraction process of Coptis 

Rhizome. In addition, MBSD and RCCR methods were used to 

determine the end point of extraction process. The results can 

provide useful information for similar extraction research of 

natural bioactive compounds.
 
 

Experimental 

Reagents and solutions 

All chemicals used (berberine standards, HPLC≥98.0%; 

sulfuric acid, 98.0%) were purchased from Kelong Chemical 

Reagent Co., Ltd. (Chengdu, China). 0.40% sulfuric acid solution 

was prepared by dissolving an appropriate amount of 98.0% 

sulfuric acid in deionized water. 

Instruments 

NIR spectrometer (NIRQUEST512), deuterium light source  

Fig. 1 The UV spectrum and chemical structure of berberine. 
 

(DH-2000-BAL) and fiber optic probes (T300-UV-VIS) were 

obtained from Ocean Optics (Dunedin, USA). Norprene 

chemical tube (AD300007) was purchased from Saint Gobain 

Co., Ltd. (FRA). The reference assays and the reliability of NIR 

were investigated using an UV-Vis spectrophotometer 

(UV2800S, SYHP Co., Ltd. China) and an ultraviolet 

spectrometer (TBD-2000, Tauto Biotech. Co., Ltd. China) 

equipped with a SpectraSuite software package (Ocean Optics, 

Dunedin, USA), respectively. The grinder (FW135) used to 

crush Coptis Rhizome was purchased from Taisite Co., Ltd. 

(Tianjin, China). 

NIR spectroscopic data collection 

Coptis Rhizome was supplied by Tongrentang drugstore 

(Chengdu, China) and powdered into 1-2 mm particles. The 

schematic of experimental device used in our work is shown in 

Fig.2. Extraction of Coptis Rhizome powder was carried out in a 

1000 mL three-necked flask, which was filled with 500 mL 0.4% 

sulfuric acid solution. 100 g powdered samples were charged 

into the sulfuric acid solution, extracted and refluxed at  
 

Fig. 2 The schematic of experimental device. I, extracting unit; II, 

analysing unit; III, sampling unit; 1, USB signal line; 2, PTEF tube; 3, 

optical fiber. 
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residual error sum of squares (PRESS) was used to choose the 

optimum factor numbers of PLSR model.
22

 

The performance of the calibration model was assessed in 

terms of R, RMSEC, RMSECV and relative standard error of 

prediction (RSEP).
23-26

 An optimal calibration models should 

have high R, low RMSEC and RMSECV values with the least 

difference between RMSEC and RMSECV. Besides, the 

predictive ability of the established PLSR model was assessed 

in terms of RSEP.
27

 

Results and discussion 

Results of UV reference assays 

The numbers 1 to 4 and 5 to 8 in Fig.1 represent the peaks 

and valleys of UV spectrum, respectively. The UV-Vis 

spectrophotometric detection wavelength was set at 345 nm 

based on the result of UV spectrum of berberine (see Fig.1). 

The UV-Vis absorbance data of berberine was measured 

accurately and used to determine the calibration curve, which 

showed a good linearity range between the concentrations 

from (14 to 140) μg·mL
-1

. The linear regression equation and R
2
 

were as follows: 

y = 3.5695×10
-6

 x – 2.1829×10
-4

 (R
2
=0.9995) 

Where y is the UV absorbance value, x (mg·mL
-1

) is the 

concentration of berberine. And the UV calibration curve 

offered a reference to the on-line UV detection of extraction 

process. 

According to the procedures described in the part of 

Reference assays, the relative standard derivation (RSD) value 

of stability test was 0.18% (n=6), which demonstrating that the 

on-line UV detection has good stability. The recovery varied 

from 97.23% to 101.26% for berberine, the average recovery 

and RSD values were 98.80% and 1.68% (n=6), respectively. 

This indicated that the recovery analysis has good 

performance. Besides, the calculated RSD value being 1.47% 

for repeatability test (n=6), which shows that, the proposed 

on-line UV detection has good repeatability. The above  

 
Table 1. Influence of different NIR spectral regions on the performance 

of PLSR model. 

Spectral 

region (cm
-1

) 
R RMSEC RMSECV RSEP% 

5810-11125 0.9956 0.0260 0.0311 2.71 

5810-6250 0.9826 0.0584 0.0782 6.58 

6250-6670 0.9922 0.0393 0.0513 4.45 

6670-7143 0.9960 0.0281 0.0318 2.08 

6250-7143 0.9963 0.0269 0.0302 1.70 

7143-7692 0.9940 0.0342 0.0428 3.54 

7692-8330 0.9954 0.0369 0.0443 2.92 

8830-9091 0.9931 0.0302 0.0376 4.03 

7692-9091 0.9957 0.0291 0.0319 2.53 

9091-10000 0.9927 0.0378 0.0491 4.27 

10000-11125 0.9880 0.0485 0.0655 5.31 

6250-7143, 

7692-9091 
0.9967 0.0253 0.0264 1.37 

Table 2. Influence of different spectral pretreatments on the performance of 

PLSR model. 

Pretreatment 

methods 
R RMSEC RMSECV RSEP% 

No treatment 0.9948 0.0317 0.0371 3.06 

MWS 0.9907 0.0291 0.0341 4.10 

SG 0.9907 0.0292 0.0362 4.25 

1D 0.9939 0.2854 0.3404 3.32 

2D 0.9952 0.0305 0.0345 2.67 

MSC 0.9888 0.0470 0.0620 4.92 

MSC+1D 0.9876 0.0494 0.0654 5.43 

MSC+2D 0.9898 0.0449 0.0579 4.71 

SNV 0.9913 0.0268 0.0302 3.76 

SNV+1D 0.9913 0.0415 0.0503 3.95 

SNV+2D 0.9953 0.0289 0.0324 2.53 

MWS+SNV 0.9966 0.0260 0.0272 1.73 

SG+SNV 0.9955 0.2705 0.3005 2.36 

 

method validation work demonstrates that the on-line UV 

analytical method was feasible and credible. 

Model development 

NIR spectral region selection. The raw NIR spectra 

commonly contain most of the chemical information of the 

extracts, also have nonspecific, extensively overlapped bands 

and wavelength variables,
24

 which may contain irrelevant or 

useless information and worsen the predictive ability of the 

calibration model.
28

 In order to improve the contribution of 

the investigated parameters in the PLSR model and eliminate 

the interference of noise or other useless signals, it is 

necessary to identify the suitable spectral regions before the 

development of calibration model. A reasonable wavelength 

should be able to improve the performance of calibration 

model and need a small amount of computation.
29

 

Fig.3 shows the NIR spectra of Coptis Rhizome extract 

samples, the spectra in this study were divided into six regions, 

5810-6250, 6250-7143, 7143-7692, 7692-9091, 9091-10000, 

10000-11125 cm
-1

. Since the region of 5810-6100 cm
-1

 exhibits 

high degree of band overlapping, thus, this range was 

unsuitable for the calibration. Influences of different NIR 

spectral regions on the performance of PLSR model are shown 

in Table 1. According to the results, the spectral intervals 

selected for the calibration model of berberine were 6250-

7143 cm
-1

 and 7692-9091 cm
-1

, which presented better 

performance than other regions.  

Pretreatments of original NIR spectral data. The spectral 

preprocessing was performed in OPUS software to reduce 

optical interference and remove irregular variations not 

related to the chemical composition of the sample. Six tapes of 

pretreatment methods were used, including moving window 

average smoothing (MWS), Savitzky-Golay smoothing (SG), 

first derivative (1D), second derivative (2D), multiplicative 

scatter correction (MSC), standard normal variate (SNV) and 

their combinations.
30,31

 Typically, derivatives can reduce peak 

over-lap and eliminate constant and linear baseline drift. But 

at the same time, the noise level increases slightly. SG can 

improve the appearance of spectra. However, it cannot 

improve the model performance. MWS transformation is a  
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Graphical Abstract  

 

UV-NIR spectroscopy connected method as a tool for on-line and real-time monitoring of Coptis Rhizome 

extraction process.  
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