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Non-destructive determination of silymarin in
Silybum marianum extracts with a handheld near
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The main objective of this study is to provide a potential method of detecting the silymarin in Silybum marianum extracts. Near infrared (NIR) spectroscopy
and a handheld NIR spectrometer was used for the first time to detect the Silybum marianum extracts. A total of 80 samples were collected. The content
of silymarin was determined in all samples by high-performance liquid chromatography. Then 56 samples were selected for the development of a calibra-
tion model, and the other 24 samples were used as test set. The diffuse reflection spectra acquired by the handheld MicroNIR 1700 spectrometer were
pretreated by standard normal variate, and then a partial least squares regression model was developed. The results showed that the optimum number
of factors was four. For calibration, cross validation (CV) and test set, the slopes were all larger than 0.98, the R? values were 0.9874, 0.9839 and 0.9888,
respectively, the root mean square error of calibration, root mean square error of CV and root mean square error of prediction were 1.06%, 1.25% and
0.98 %, respectively, and the residual predictive deviation was 7.56, which indicated that the calibration model was perfect and has high precision predictive

ability. The overall results of this study revealed the feasibility for use of handheld NIR spectroscopy as a non-destructive method for the quantitative on-

site determination of the silymarin content in Silybum marianum extracts.
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Introduction

Medicinal and edible plants (herbs) have great effects on
human health and their use has been widely accepted in
recent decades. Nowadays, plant extracts have received
a lot of attention because of their unique role for human
health. Due to the increasing recognition for life and health
level, people have put forward higher requirements in the
application and development of plants extracts. Strict quality
control is the key factor in guaranteeing plants extracts to be
safe, stable and effective.

Silybum marianum is a member of the aster family
(Asteraceae or Composite), and has been traditionally used in
the treatment of liver diseases for more than 2000 years.>™*
The main active ingredient in Silybum marianum extract is
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silymarin, which is composed of flavonolignans that include
silybin, silychristin, silydianin and isosilybin.> It is well-known
for its antioxidant and chemoprotectant effects on the liver.
In laboratory studies, silybin has been found to stabilise cell
membranes to prevent toxic chemicals from entering the cell.
Presently, silymarin has been widely used for toxic liver as the
active ingredient in many dosage forms in clinical practice.®
Recently, Silybum marianum extract has also been marketed,
and demand shows a growing trend.”®

According to International Business Standards (SWT
7-2013, China), the silymarin content that varies in dry
Silybum marianum extract between 30% and 65% is deter-
mined by high-performance liquid chromatography (HPLC).
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However, because of time requirements, high cost and
constraint to the lab, the HPLC method is not necessarily
the technique of choice. As an analysis method, near
infrared (NIR) spectroscopy is suitable for rapid measure-
ment. NIR spectroscopy has demonstrated its poten-
tial as a tool for rapid analysis of plants extract, such as
honeysuckle extracts” and bamboo leaf extract'® and so
on. However, due their size, high power consumption
and high price, it is difficult for benchtop spectrometers
to promote their implementation in the market as on-site
measurement tool.’™'? In recent years, portable NIR
spectrometers have attracted great attention due to their
portability and low energy consumption, which makes
them more suitable for in-the-field detection,*® and has
shown an extensive application prospect.

Thus, the handheld NIR spectrometer, MicroNIR 1700
(Viavi, Santa Rosa, USA) based on linear variable filter
technology, is small and quite suitable for being used
outside the laboratory. The portability of the MicroNIR
spectrometer allows convenient non-destructive and
rapid detection, providing a good basis for on-site appli-
cations. Therefore, the main objective of this work was
to explore the possibility of detecting the content of
silymarin in Silybum marianum extracts by on-site NIR
spectroscopy.

Materials and methods
Samples

A total of 80 different batches of Silybum marianum
extracts were prepared by Jiangsu Jianjia Pharmaceutical
Industry Co., Ltd, in which the Silybum marianum extract
is one of the main products.

Silymarin reference values

The reference values of silymarin were measured by HPLC
based on the method provided by the Pharmacopoeia of
the People’s Republic of China.'*

Definition of calibration and test sets

A hierarchical method was used to select the calibration
and test sets.’>® Samples were sorted by the silymarin
concentration values from small to large, and then all the
samples were marked 1, 2 and 3 in proper order, with
the last sample being marked 1. The samples marked 1
and 3 were selected as the calibration set while those
marked 2 were used as test set. Finally, 54 samples were

Spectrometer

Figure 1. Schematic of spectral acquisition.

selected as calibration set and 26 samples were selected
as test set.

Scanning of NIR spectra

The MicroNIR 1700 was used to collect spectra of
samples as shown in Figure 1. The powder was placed in
a cup with a 1 mm quartz window in the bottom, through
which diffuse-reflection spectra were recorded. Each
individual spectrum was the average of 50 scans with
a resolution of 12.5nm over the wavelength range of
950-1650nm. A certified reflection standard (Labsphere,
USA) was used to measure the reference spectrum. After
each measurement, the sample was rotated by 120° and
the average of three spectra was then used as the final
raw spectrum.

Spectral pretreatment

Spectral preprocessing can significantly improve calibra-
tion model performance. NIR spectra frequently contain
background information, drift and noise and in order to
obtain reliable, accurate and stable calibration models, it
is necessary to preprocess spectral data before mode-
ling.!” In this work, SNV was applied as pretreatment
method to eliminate the effect of light scattering.

Chemometrics and data analysis

The partial least squares (PLS) calibration was developed
using The Unscrambler X [Version: 10.4 (64-bit), CAMO
Software AS, Oslo, Norway], and internal cross valida-
tion was used to select the best number of factors.*®
Cross validation estimated the prediction error by split-
ting all samples into 20 segments, and one segment was
reserved for validation and the remaining 19 segments
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Table 1. The population statistics of the sample reference values (in percentage).

Data sets Mean Max Min Range Std Variance | Median Q1 Q3

Total 49.00 64.62 29.28 35.34 9.29 86.32 48.49 41.97 55.73
Calibration 4917 64.62 29.28 35.34 9.43 88.92 48.61 42.25 56.50
Test 48.65 64.02 30.81 33.21 917 84.09 48.36 42.09 54.84

used for calibration. This process was repeated until all
segments were used for validation once.™ Calibration
statistics included the slope, offset, R?, root mean square
error of calibration (RMSEC), root mean square error of
cross-validation (RMSECV), root mean square error of
prediction (RMSEP) and bias. The residual predictive devi-
ation (RPD) was used to evaluate how well the calibration
model could predict compositional data. The higher the
RPD value the better the predictive ability of the model.
Generally, an RPD greater than three could be considered
very good for prediction purposes.t”?°

Results and discussions

Silymarin reference value

The concentration of silymarin in Silybum marianum
extracts is shown in Table 1. As for the total samples, the
mean and range were 49.00% and 35.34 %, respectively,
and the standard deviation (std) was 9.29 %. The skew-
ness was 0.00 and kurtosis was -0.80 (close to 0), which
indicated that it was a normal distribution. The statistical
parameters of the calibration and test set were as similar
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Figure 2. Original near infrared spectra of all samples.

as that of the total samples, which suggested that they
were reasonable.

Characterisation of spectral data
The raw NIR spectra of all samples are shown in Figure
2. In the spectral range used in the present study, the
two characteristic O-H absorption bands at 220nm and
1450 nm are related to the 2" and 1°' overtone of the
O-H stretching vibration, respectively, whereas the band
at 1190nmis a 2 xv(OH)+6(OH) combination band. The
absorption band around 1120 nm corresponds to the 2"
C-H overtone, and the band at 1355 nm can be assigned
to a 2xv(CH,)+6(CH,) combination band. Finally, the
peak at about 1650nm is the 1°' overtone of the C-H
stretching vibration.?! These bands are related to the
calibration of silymarin.

As shown in Figure 3, the spectra pretreated by SNV
highlight the differences at these wavelength positions
and enhance the spectral information.

Calibration and analysis

Outlier analysis. An outlier is an object which deviates
from the other model objects and may not belong to the

g [1.1]] 12000 14000
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Figure 3. Original spectra after SNV pretreatment.
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Figure 4. The plot of residual variance against leverage, (a) X-variance vs leverage, (b) Y-variance vs leverage.

same population as the majority and therefore can disturb
the model. The cause of outliers could be measurement
error, noise, extreme sample and others.'” For the PLS
method, outliers can be detected by using scores plots
or the plots of residuals, leverage and influence. When
outliers were judged by the values of leverage and resid-
uals, the larger the leverage and the smaller the residuals,
the more the data contributed to the calibration.’

As shown in Figure 4, the samples show a normal distri-
bution, however, with a value of 48.32 % sample 26 is far
away from the others [Figure 4(b)] and was removed from
the calibration set.
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Figure 5. The effect of the number of factors on the
RMSE.

Number of factors. For PLS calibrations, the number
of factors has a great effect on the performance. Less
factors lead to lower precision, however, more factors
can induce overfitting with an apparent improvement of
predictive ability. Thus, an appropriate number of factors
should be determined for the respective calibration. In
this work, cross validation has been used and the result is
show in Figure 5. With an increase of factors, the RMSECV
value initially decreased quickly but showed no further
big changes after four components. The values of RMSEC
and RMSECV became relatively low and close to each
other and four was therefore chosen as the optimum
number of factors.
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Figure 6. The X loading weights of the first factor of the
PLS model.
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Figure 7. The scatter plots of reference and predicted silymarin values: (a) calibration set, (b) cross-validation set, (c) test

set.

X-loading weights analysis. Wavelengths with large
loading weight values have a strong influence for the
corresponding component.?? In the present application
the first loading is very important because it explains
90.20% of the X variation. The X-loading weights of the
1%t factor are shown in Figure 6. There are six wavelength
positions with high weights, which means that they are
important for the calibration:

the wavelength position at 922 nm corresponds
approximately to the 2" OH overtone

1123nm can be assigned to the 2" CH overtone
the 1305nm wavelength position is in the range of
the CH, combination band

the 1437 nm signal is in the range of the 1% overtone
of the v(OH) vibration

at 1487 nm the 1st overtone of v(NH) vibration occurs
the 1612 nm signal is close to the 1% overtone of C-H
stretching vibrations.

Thus, the above key group vibrations play an important
role in the discussed PLS calibration model.
Calibration statistics analysis. The reference/predic-
tion scatter plots?® of the silymarin content that make
the calibration model more descriptive are shown in
Figures 7a-c. Good correlation between reference and
NIR-predicted values along the whole concentration
range were found for the calibration, cross validation and
prediction sets. Furthermore, the slopes are >0.98 and
the offsets are all <1. The R? values are 0.9874, 0.9839
and 0.9888, for calibration, cross validation and test set,
respectively. The RMSEC, RMSECV and RMSEP values are
1.06%, 1.25% and 0.98 %, respectively, reflecting a very
good calibration model. The bias values of the three sets
are 0, 0.021% and 0.1167 %, respectively. Thus, based
on the calibration statistics the calibration model is very
good. The RPD value is 7.56 (>3) and represents a cali-
bration model with a good prediction performance.
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Table 2. The population statistics of the NIR predicted values (in percentage).

Predicted sets Mean Max Min Range Std Variance | Median Q1 Q3

Calibration 4919 65.73 30.84 34.89 2.46 89.47 48.54 41.00 56.62
CVv 4921 65.95 31.65 34.30 942 88.79 48.55 41.24 56.63
Test 48.77 63.89 31.69 32.20 9212 83.13 48.16 43.19 55.31

The population statistical features of the sample refer-
ence and the NIR-predicted values are shown in the
Tables 1 and 2. The statistical parameters of the predicted
values of calibration, cross validation and test sets are
similar to the reference value sets.

Conclusions

The handheld NIR spectrometer MicroNir 1700 can be
used in combination with a chemometric PLS evalua-
tion routine for the rapid quantitative determination
of silymarin content in Silybum marianum extract. The
developed calibration model shows a good performance
with R? values of 0.9874, 0.9839 and 0.9888, for cali-
bration, cross validation and test set, respectively, the
corresponding RMSEC, RMSECV and RMSEP values were
1.06%, 1.25% and 0.98 %, respectively, and an RPD value
of 7.56 was determined.
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