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Geographical origin identification and quantitative calibration analysis of Polygonum
perfoliatum L. by near infrared spectroscopy
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Rapid near infrared (NIR) spectroscopic analysis models were developed to distinguish the geographical origin and
determine the content of Polygonum perfoliatum L. The spectra of 94 samples of differing origin were recorded using
two NIR instruments (Antaris Il and Nicolet 6700). The spectral pretreatment methods used were the first-derivative
(FD) and the standard normal variate correction (SNV). Distance match (DM) pattern was applied to classify the
geographical origins of the samples, which had better predictive ability (>81%). For the quantitative calibration, the
polyphenol and flavone models were established with a partial least squares (PLS) algorithm. The established models
were evaluated with root mean square error of prediction (RMSEP) and correlation coefficients. The correlation
coefficients of both calibration models were above 0.910, indicating satisfactory predictive abilities. This study
demonstrated that NIR diffuse reflection spectroscopy can be used for rapid discrimination of geographical origin and
content determination of P. perfoliatum L., and is a beneficial quality control method for this raw material.
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INTRODUCTION

Polygonum perfoliatum L. (PPL) is a traditional
herb used to treat upper respiratory tract infections,
bronchitis, whooping cough, acute tonsillitis,
enteritis, dysentery, nephritis edema, as well as for
the topical treatment of herpes zoster, eczema,
acute folliculitis, snhake bite [1]. Owing to its
curative effects, it was recorded in the 2010 edition
of the Chinese pharmacopoeia (ChP) as a new
variety [2]. The plant is widely distributed in China.
Accordingly, the quality of the herbal raw materials
fluctuates, owing to varying ecological
environment. Thus, a control method to distinguish
and quantify samples is necessary. Currently,
traditional Chinese medicines (TCMs) are
identified by microscopic and physicochemical
evaluations, which can depend on personal
experience to make a judgment. Therefore, most
quality control methods for TCMs involve the use
of HPLC for the identification of one or two main
compounds. However, it is difficult to
comprehensively evaluate TCMs using this method
[3, 5]

The main compounds in PPL are polyphenols
and flavones [6-9]. According to the ChP, PPL
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quality is evaluated by microscopic identification,
determination of caffeic acid by TLC, and detection
of sophorin by HPLC [2]. However, these methods
require tedious sample preparation, take much time,
and require large solvent amounts, making them
unsuitable for fast analysis during industrial
production. Furthermore, sophorin and caffeic acid
are poor indicators of product quality. Therefore, it
is necessary to develop a low-cost, rapid,
multi-component, and controlled method to address
this issue.

Fourier transform near-infrared spectroscopy
(FT-NIR) is a high-speed, non-destructive
technique that has been widely applied for
low-cost, reliable qualitative and quantitative
analyses in the food, chemical, agrochemical, and
petrochemical industries [10-14]. This method has
been used for raw material testing [15, 16], product
quality control, and process monitoring [17-19],
and is being extended to TCM research [20-25].

In this study, two NIR models were established.
One is a qualitative model, which can distinguish
PPL obtained from different geographical origins,
whereas the other is a quantitative calibration
model for the rapid determination of polyphenols
and flavones in PPL.
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MATERIALS AND METHODS
Sample preparation

PPL samples (n = 94) were collected from 12
provinces and 22 locations in China. All samples
were identified by Dr. ZhexiongJin (Commercial
University of Harbin), and are listed in Table 1.

Table 1. Summary of the tested samples

Ser. Origin Sam.  Ser. Origin Sam.
no. no. no. no.
1 Meizhou 6 12 Guizhou 2
Guangdong

2 Jieyang 6 13 Sanming, 2
Guangdong Fujian

3 Qingyuan 6 14  Nanyang, 3
Guangdong Henan

4  Fuzhou 6 15 Changsha 2
Fujian Hunan

5 Wuyishan 6 16  Nanjing 2
Fujian Jiangsu

6 Hechi 6 17 Fuzhou 1
Guangxi Jiangxi

7  Yizhou 8 18 Yingtan 2
Guangxi Jiangxi

8 Yon_gjla 6 19 Yunnan 2
Zhejiang

9 Wenzhou 6 20 Taizhou, 2
Zhejiang Zhejiang

10 Luoyang 10 21 Chong 2
Henan ging

The samples were milled into powder with a
grinder. The final powder samples were obtained
by passing the ground powder through a 50-mesh
sieve. To ensure that moisture was not an
interfering factor, all samples were dried in an oven
at 40°C for 12 h. In order to reduce operating error,
each sample was scanned three times.

NIR spectra collection

The NIR diffuse reflection spectra were
recorded from 10000 to 4000 cm ' at 4 cm*
intervals using the Integrating Sphere module of the
Antaris Il FT-NIR analyzer (Thermo Scientific,
Madison, WI, USA) with an InGaAs detector. Each
sample was scanned 64 times, and the resolution
was 16 cm™. The environmental temperature was
held at 20-22°C and the relative humidity was
25-30%. Result workflow-based software (Thermo
Scientific) was used to obtain the NIR spectra, and
the spectra were recorded as the logarithm of the
reciprocal reflectance, log (1/R). In order to reduce
operating error, each sample was scanned three
times.

To explore the application of the established
guantitative calibration models on NIR instruments
from different facilities, a second NIR analyzer
(Nicolet 6700, Thermo Scientific) was used for
NIR spectra collection, under the working
conditions mentioned above. The NIR spectra

collected by the two types of instruments are shown
in Fig. 1.
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Fig. 1. Spectra of samples collected from Antaris 1l
(A) and Nicolet 6700 (B) FT-NIR.

Reference analysis method

A UV spectrophotometer was used to detect
total polyphenols and flavones. Samples (2 g) were
reflux-extracted in a water bath with 50 mL of
mixed solvent (70:30 [v/v] methanol and water) for
0.5 h. After filtration, samples were placed in 250
mL brown volumetric flasks and diluted with water
to the mark. Folin-Ciocalteu colorimetry was used
to determine total polyphenols at 760 nm by using
gallic acid as a reference substance. AICI;
colorimetry was used to determine total flavones at
413 nm by using rutin as a reference substance.

Chemometric methods

For determining the geographical origin,
distance match (DM) patterns were applied. For the
guantitation of components, the partial least squares
(PLS) method was adopted. Spectral pretreatment
and chemometric analyses were implemented using
the TQ Analyst (V8.0, Thermo Scientific) and
Matlab (7.0, Math Works, Natick, MA, USA).

RESULTS AND DISCUSSION

Content analysis

Polyphenols and flavones are the main active
constituents of PPL, and are widely occurring
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Table 2. Methodology parameters and calibration curves of the reference UV method.

Linearity range G Repeatability Recovery
Compound (mg/ml) Calibration curve R (RSD %, n=6) (%.n=6)
Polyphenol 0.001-0.006  C=0.009A-0.001 0.999 1.532 97.65
Flavone 0.007-0.025 C=0.0302A-0.001 0.998 1.083 98.05

secondary metabolites. Using the UV method
described in Section 2.3, all 94 samples were
analyzed three times, using the main parameters
listed in Table 2. The average content of samples
from different provinces is listed in Table 3. We
found that samples from different provinces have
obvious differences. For example, samples from
Jiangxi and Henan provinces had higher polyphenol
and flavone content.

Table 3. Average contents of samples from different
provinces.

Ser _ Content of  Content of
no ) Province polyphenol flavone
(mg/lg+s) (mglg+s)
1 Guangxi 34.91+11.25 15.68+7.01
2 Guangdong 37.95+14.76 16.36+6.22
3 Fujian 35.48+18.98 16.2845.11
4  Chongging 31.42+7.98 13.89+5.14
5 Guizhou 21.0145.68 10.98+2.12
6 Yunnan 23.9+6.21  13.94+1.38
7 Hunan 30.19411.75 17.69+4.42
8  Jiangxi 40.14+14.12 23.45+7.06
9  Zhejiang 32.82+12.44 17.68+2.65
10 Henan 44.12+11.94 23.56+5.23
11 Hubei 26.51+6.94 17.30+5.48
12 Jiangsu 27.69+0.99 15.92+2.95
NIR spectral characteristics
FT-NIR can reveal the transitions of

corresponding chemical constituents, including
O-H, N-H, and C-H. Fig. 1 shows the NIR spectra
collected with two NIR instruments. Importantly,
the Nicolet 6700 and Antaris 1l NIR analyzers have
different interferometers. The former is equipped
with a no wear electromagnetic interferometer,
whereas the latter - with a Michelson
interferometer. Compared with the Nicolet 6700
NIR analyzer, the spectral absorption intensity
obtained using the Antaris 1l NIR analyzer was
higher, and the between-sample intensity variation
ranges were wider. However, the shapes of the
fundamental spectra were analogous in appearance.
For the further research we used the Antaris Il NIR
analyzer.

Origin identification model

PPL samples from twelve geographical origins
with sample numbers above six were used to
construct models. In this study, DM was carried out
by the traditional authenticity recognition method
on the basis of NIR spectral data.
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Spectral pre-processing

Spectral pre-processing is used to reduce the
effects of systematic noise, base line variation, light
scattering, and path length differences. There are
several different types of pre-processing available,
including first-derivative (FD), second-derivative
(SD), multiplicative scatter correction (MSC),
standard normal variate correction (SNV),
Savitzky-Golay (SG), and Norris derivative (ND).
Through multiple optimization calculation, we
selected FD, SNV, and 7500-4119 cm™ to set up
the models.

Results of the DM method

When establishing the origin identification
analysis model, the threshold value is particularly
important. The threshold values of the samples are
shown in Table 4.

Table 4. Threshold values and identification accuracy
rate

Ser. Origin Threshold Accuracy
no. rate (%)
1 Meizhou, 0.3 90.9
Guangdong

2 Jieyang 0.69 100
Guangdong

3 Qingyuan 0.23 90.9
Guangdong

4 Fuzhou, 0.46 81.8
Fujian

5 Wuyishan, 0.92 100
Fujian

6 Hechi, 0.1 100
Guangxi

7 Yizhou, 0.46 90.9
Guangxi

8 Yongjia, 0.23 100
Zhejiang

9 Wenzhou, 0.23 100
Zhejiang

10 Luoyang, 0.92 100
Henan

11 Suizhou, 0.92 0.909
Hubei

These twelve models were added to the
workflow in the form of measurements, selecting
composite measurements in the classification. We
used the rest of the samples for validation,
obtaining a distance value of the sample spectrum
after the software analysis. The identification
accuracy rates are listed in Table 4. Six models
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reached 100%, Fuzhou was 81.8%, and the other
models were above 90%. From these values we
found that DM can be wused as an origin
identification method, and that NIR can identify
PPL samples from different geographical origins.

PLS QUANTITATIVE CALIBRATION MODEL
Division of calibration and validation sets

The 94 samples were randomly divided into
calibration and validation sets, which were
designed to examine the extrapolation performance.
The polyphenol and flavone content in the
calibration and validation sets must cover a wide
range, which is helpful to develop robust models.
The statistical values for the calibration and
validation sets are listed in Table 5.
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Table 5. Statistical values of the active ingredient
contents in calibration and validation sets.

Active Average value Calibration ~ Validation
ingredients (X4s,%) sets (%) sets (%)
Polyphenol  32.11+14.69 5.6-84.92 15.3-54.67
Flavone 18.24+6.76 4.7-32.15 7.12-23.94

Selection of the most suitable conditions for
building the calibration model

There are many methods of qualitative analysis,
including simple Beer’s law, classical least squares
(CLYS), stepwise multiple linear regression (SMLR),
partial least squares (PLS), and principal
component regression (PCR). For the natural
products used in TCM, which have a complex
composition, PLS is typically used.

Cealbration
+ walidat ron
A Borrestion
Oross-correstiion

Oi fference

-1z

b)

=L
]

zongienis
RWEEC: 7.7
5 faciors used

Corr. Qoeff.: 08552

Calacul at ed

| .
Aot ual

Bignors

' ' 1 '
&7

B

o

]

[S]

o
O

)

o

ar

O mnibration
Hignarse
. 1

ar

Fig. 2. Calculated model, difference and cross-validated chart of polyphenol.
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Table 6. Performance parameters of the established models.

Component Pretreatmen PC Calibration Cross-validation External validation
P t method no.s RMSEC R RMSECV R RMSEP R
Flavone SNV+1-d 4 2.19 0.9463 3.96 0.8127 2.16 0.9139
Polyphenol ~ SNV+1-d 5 3.11 0.9740 7.17 0.8552 3.89 0.9177
A good NIR calibration model should have a REFERENCES

low root mean square error of calibration (RMSEC)
and root mean square error of prediction (RMSEP)
value, high correlation coefficient (R), and small
differences between root mean square error of
cross-validation (RMSECV) and RMSEP. In the
spectral pre-processing, FD, SD, MSC, SNV, SG,
and ND were compared to optimize the models.
These parameters are listed in Table 6. Fig. 2 is a
chart of the calculated model (A), difference (B),
and cross-validation (C) of polyphenols. The
RMSEC and RMSEP correlation coefficients are
above 0.91, indicating that these two models
possess acceptable fitting results and predictive
ability, and can be used for the rapid analysis of
polyphenol and flavone content in PPL.

Accuracy and precision of the established NIR
method

In order to validate the accuracy of the
established NIR method, the sample content in the
prediction set was determined with the NIR and UV
method, and evaluated with the paired two sample
t-test. In the 95% confidence interval, the
polyphenols and flavones had statistical t values of
-0.3268 and -0.7167, respectively, with absolute
values less than the two-tail critical value, t =
2.179, 2.262. The two-tail p-values were greater
than 0.05, indicating that there was no significant
difference between the NIR and UV method.

CONCLUSIONS

In the present study, a set of qualitative and
guantitative NIR spectroscopic models were
developed for PPL quality control. Based on these
models, we showed that no sample pretreatment
was necessary. Furthermore, data on the content of
polyphenols, flavonoids, and the sample origin
could be obtained in 1 min. Compared with
traditional methods, this method affords rapid and
low-cost detection; it can distinguish geographical
origin and detect multiple components in one
analysis. The overall results show the feasibility of
NIR spectroscopy for quality control of TCM
pharmaceuticals.
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NAEHTUOUKALMA HA TEOI'PA®CKU ITPOU3XO/ U KOJIMYECTBEH AHAJIN3
HA Polygonum perfoliatum L. YPE3 BJIN3KA UHO®PAYEPBEHA CITEKTPOCKOITUA

W. I1. XKanr?, 3. Ke. oxun®, 1. 11, ¥0ar?, Ke. C. Yaur®

1
H3zcnedoeamencku yenmup 3a HAYKU 3a HCUBOMA U oKoIHama cpeda, Twvpeoscku ynusepcumem ¢ XapouH,
Kumaii
2 .
Jlenapmamenm no papmayus, Hayuno-mexnonoeuuen ynueepcumem Xenan, Jlyosne, Kumaii
3 .

Llenmvp 3a npoenosu u ananuzu, Xumuvecku uscreoosamencku uncmumym Jlumune, Jlyoaue, Kumai

ITocrenuna Ha 5 anpun, 2015 .
(Pesrome)

PaspaboTeH e Momen 3a aHanu3, OCHOBaH Ha Obp3ara Onm3ka uHppadepsena crmekrpockomust (NIR) 3a
pasno3HaBaHe Ha TeorpadCcKusl NMPOM3XOA W ONpeaeNisHe Ha chappkanuero Ha Polygonum perfoliatumL.
Omnpenesnenu ca crekrpute Ha 94 mpobu oT paznuueH npousxon ¢ momorira Ha asa NIR-ypema (Antaris 11 and
Nicolet 6700). IpunoxeHu ca crienualHy METOAW 3a MPeABAPUTENIHA TIOArOTOBKA — HA IMbpBaTa MPOU3BOIHA
(FD) u cranmaptHata Kopekiis Ha HopmanHarta aucrepcust (SNV). IpunoxkeH € METOIBT Ha JUCTAHIMOHHOTO
cerocraBsiie (DM) 3a kiacuduimpaneto Ha reorpadckust IPOM3XOA Ha MPOOHTE ¢ C Mo-100pa MPeacKa3yBMOCT
(>81%). KonuuectBenata KanuOpoBKa € HallpaBeHa ¢ MOMOIITA Ha MOMU(peHoan U (JIaBOHM MO ajJroOpuThMa Ha
Haii-mankure kBaapatu (PLS). Kopenanmonuute koedunnenT Ha aBata kanubpanmonnu monenaca Han 0.910,
yKa3BalKku 3a J00pa npeackaszyemoct. Tasu cratus aemoHctpupa ¢akra, ye NIR-audy3nonnara orpaxarenHa
CIIEKTPOCKOIHS MOXE J[a Ce M3I0M3Ba 3a ObP30 pasrpaHnyaBaHe Ha reorpad)CKust MPOM3XOA U KOIHYCECTBEHOTO
ompenensiae Ha P. perfoliatum L. u e ynoOen MeTox 3a KaueCTBeH KOHTPOI Ha Ta3H CypOBHHA.
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