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a b s t r a c t

In order to better control the quality of Flos Puerariae (FP), qualitative and quantitative analyses were
initially performed by using chemical fingerprint and chemometrics methods in this study. First, the
fingerprint of FP was developed by HPLC and the chemical markers were screened out by similarity
analysis (SA), hierarchical clustering analysis (HCA), principal components analysis (PCA), and orthogonal
partial least squares discriminant analysis (OPLS-DA). Next, the chemical constituents in FP were profiled
and identified by HPLC coupled to Fourier transform ion cyclotron resonance mass spectrometry (HPLC-
FT-ICR MS). Then, the characteristic constituents in FP were quantitatively analyzed by HPLC. As a result,
31 common peaks were assigned in the fingerprint and 6 of them were considered as qualitative
markers. A total of 35 chemical constituents were detected by HPLC-FT-ICR MS and 16 of them were
unambiguously identified by comparing retention time, UV absorption wavelength, accurate mass, and
MS/MS data with those of reference standards. Subsequently, the contents of glycitin, genistin, tectoridin,
glycitein, genistein, and tectorigenin in 13 batches of FP were detected, ranging from 0.4438 to 11.06 mg/
g, 0.955 to 1.726 mg/g, 9.81 to 57.22 mg/g, 3.349 to 41.60 mg/g, 0.3576 to 0.989 mg/g, and 2.126 to
9.99 mg/g, respectively. In conclusion, fingerprint analysis in combination with chemometrics methods
could discover chemical markers for improving the quality control standard of FP. It is expected that the
strategy applied in this study will be valuable for further quality control of other traditional Chinese
medicines.
© 2021 The Authors. Published by Elsevier B.V. on behalf of Xi’an Jiaotong University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Flos Puerariae (FP) is the flower of Pueraria lobata (WILLD.)
OHWI and P. thomsonii BENTH [1]. As a well-known herbal medi-
cine, it has been extensively used in China, Japan and Korea for a
long time [2,3]. Originally, FP was recorded in famous Chinese
Pharmaceutical Works of Mingyi Bielu during the Han dynasty. At
present, it is recorded in China Pharmacopoeia and National Chi-
nese Herbal Medicine List [4,5]. Numerous studies have proved that
FP has a variety of pharmacological effects to counteract adverse
symptoms, such as antioxidation [1,6e9], anti-diabetes [10],
University.
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estrogenic [11], anti-inflammation [12], antiobesity [13], anti-
allergic [14] and antimutagenic effects [15], and management of
menopause [16,17]. Up to now, it has been widely applied in com-
mercial use due to its potent biological activities [11].

Owing to the characteristics of multi-components, multi-targets
and multi-channels, traditional Chinese medicines (TCMs) may be
advantageous over single-target medicines in the treatment of
many diseases. As a common TCM, FP inevitably produces its
therapeutic effects through the synergistic action of abundant
chemical components. So far, many studies have shown that the
main chemical components of FP are flavonoids, isoflavones, sa-
ponins, volatile oils and other kinds of compounds [18e20]. Also,
many scholars have carried out some studies on the quality eval-
uation of FP in order to better control its quality [21e24]. However,
the chemical components of FP have not been fully elucidated and
themethod of quality control for FP is incomplete till now due to its
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different origins, growing environment, collection time, etc. That is,
the published reports are an insufficient reflection of the quality
assessment of FP. Therefore, it is essential to build a reliable and
comprehensive strategy to better control its quality.

As a rational approach for the quality assessment of TCMs,
fingerprint is composed of chromatographic and spectral infor-
mation to further recognize the multi-component chemical char-
acteristics [25]. In addition, fingerprint demonstrates the
similarities and differences about batch-to-batch samples, which
can obtain an integral assessment with the help of various modern
analytical techniques, especially HPLC [26]. However, there are still
some shortcomings with fingerprint in evaluating the quality of
TCMs. On the side of qualitative analysis, selection and identifica-
tion of common peaks in TCM fingerprint are largely restricted by
the commercially available standard substances [27,28]. On the side
of quantitative analysis, these components with high content in
TCMs are empirically designated as index components. However, it
weakens the significance of the fingerprint and always cannot
provide characteristic and representative information to control
the quality of TCMs [29]. In recent years, the chemometric methods
including similarity analysis (SA), hierarchical cluster analysis
(HCA), and principal component analysis (PCA) have been inte-
grated to HPLC-fingerprint to solve these problems. Moreover, with
the development of high resolution mass spectrometry, this inte-
gration strategy has also been effectively applied for discovery and
identification of qualitative markers in the fingerprint analysis
[30e34].

In this study, the qualitative and quantitative analyses
combining with chemometrics methods were initially carried out
so as to better control the quality of FP and clarify its main chemical
compositions for the first time. First, an HPLC fingerprint of 13
batches of FP from different regions was developed. After that,
different chemometric methods were applied to discover the
qualitative markers. Then, the chemical constituents in FP were
identified by HPLC coupled to Fourier transform ion cyclotron
resonance mass spectrometry (HPLC-FT-ICR MS). Meanwhile, the
contents of the six chemical constituents including the qualitative
markers in different samples were simultaneously determined by
HPLC. This research will provide comprehensively qualitative and
quantitative data for the quality assessment of FP. Also, fingerprint
analysis in combination with chemometric methods can be used to
discover chemical markers for improving the quality control stan-
dard of other TCMs.

2. Materials and methods

2.1. Materials and chemicals

A total of 13 batches of FP were collected from Zhejiang (S1),
Guangdong (S2 and S3), Guangxi (S4, S5 and S6), Hebei (S8), Hunan
(S9, S10, S11 and S12) and Sichuan (S13) provinces of China. Be-
sides, the control herbs (S7) were purchased from the National
Institutes for Food and Drug Control (Beijing, China). Reference
standards (purity >98%) including rutin, daidzin, daidzein, and
quercetin were obtained from the National Institutes for Food and
Drug Control (Beijing, China). Glycitin, genistin, tectoridin, glyci-
tein, genistein, tectorigenin, and biochanin A with the purities over
98% were purchased from Shanghai Yuanye Bio-Technology Co.,
Ltd. (Shanghai, China). Nicotiflorin and ononin with the purities
over 98% were bought from Chengdu Alfa Biotechnology Co., Ltd.
(Chengdu, China). Meanwhile, formononetin and puerarin were
bought from Chengdu Must Bio-Technology Co., Ltd.(Chengdu,
China). HPLC grade acetonitrile (ACN) and methanol (MeOH) were
obtained from Fisher Scientific (Fair Lawn, NJ, USA). Formic acid of
HPLC grade was provided by Kermel Chemical Reagent Co., Ltd.
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(Tianjin, China) and pure water was obtained from Wahaha
(Hangzhou, China). All the other reagents were of analytical grade.

2.2. Preparation of sample solutions and standard solutions

Firstly, FP was ground into powder before extraction. The
powder (0.5 g) was weighed and placed into a 50 mL erlenmeyer
flask and sonicated with 10 mL of 70% methanol for 30 min. After
cooling to room temperature, the weight loss was compensated
with appropriate 70% methanol. Then, the sample solution was
filtered through a 0.22 mm membrane filter prior to analysis. The
sample from Guangxi (S4) was prepared for methodology valida-
tion of fingerprint and the sample from Hunan (S9) was prepared
for identification of chemical constituents.

Meanwhile, all reference standards were accurately weighed
and dissolved in methanol to get individual stock standard solu-
tions. The stock standard solutions were further diluted appropri-
ately by methanol to prepare the mixed standard solution. For
fingerprint analysis, a mixed standard solution of six reference
standards, namely, glycitin, genistin, tectoridin, glycitein, genistein
and tectorigenin, was prepared to identify the common peaks in
HPLC chromatograms. On the other hand, a mixed standard solu-
tion consisting of sixteen reference standards including glycitin,
genistin, tectoridin, glycitein, genistein, tectorigenin, biochanin A,
rutin, daidzin, quercetin, nicotiflorin, ononin, formononetin, puer-
arin, luteolin, and daidzein was prepared for characterization of
chemical compositions by HPLC-FT-ICR MS analysis.

For quantitative analysis, the sample solutions were prepared as
follows: FP powder (0.2 g) was accurately weighed and placed into
a 50 mL erlenmeyer flask and sonicated with 30 mL of 70% meth-
anol for 30 min. After cooling to room temperature, the weight loss
was compensated with appropriate 70% methanol. Then, the
sample solution was filtered through a 0.22 mm membrane filter
prior to HPLC analysis. In addition, a mixed standard solution
composed of 82.0 mg/mL glycitin, 79.8 mg/mL genistin, 510 mg/mL
tectoridin, 80.0 mg/mL glycitein, 81.6 mg/mL genistein, and 99.9 mg/
mL tectorigenin was prepared. Then, it was diluted by methanol to
obtain the serial working standard solutions.

2.3. Chromatographic conditions for fingerprint analysis

An Agilent 1200 series HPLC system comprising an auto-
sampler, a quaternary pump, an online degasser, a column
compartment, and a diode array detector (Agilent Technologies,
Waldbronn, Germany) was used for fingerprint analysis. The
chromatographic separation was carried out on a ZORBAX XDB-C18
column (250 mm � 4.6 mm, 5 mm; Agilent, Santa Clara, CA, USA).
The mobile phase was composed of acetonitrile (A) and 0.1% formic
acid in water (B). The flow rate was kept at 1.0 mL/min and the
linear gradient program was set as follows: 0e10 min, 5%e10% A;
10e40 min, 10%e16% A; 40e80 min, 16%e25% A; 80e90 min, 25%e
40% A; 90e100 min, 40%e80% A; and 100e110 min, 80% A. The
column temperature was maintained at 30 �C. The detection
wavelength was 265 nm. The injection volume was 10 mL.

2.4. Chromatographic and mass spectrometry conditions for HPLC-
FT-ICR MS analysis

The chemical constituents in FP were profiled and identified by
using an Agilent 1260 series HPLC system (Agilent Technologies,
Waldbronn, Germany) coupled to a Solarix 7.0T FT-ICR MS (Bruker,
Germany). The chromatographic conditions were consistent with
those described in Section 2.3. The MS parameters were set as
follows: flow rate of nebulizer gas (N2) was 8.0 L/min, capillary
temperature was 200 �C, capillary voltages of ESI were �4500 V
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and 4500 V under positive-ion and negative-ion modes, respec-
tively, end plate offset was �500V, nebulizer gas (N2) pressure was
4.0 bar, mass range was 100e1000 m/z, and the averaged scan
number was set to once. Additionally, the collision energy was
initially set at 10 eV and adjusted dynamically to obtain the
representative fragment ions. According to the manufacturer’s in-
structions, a solution of NaTFA (0.05e0.1 mg/mL in 50:50 ACN:H2O)
was injected to calibrate MS before analysis.

2.5. Chromatographic conditions for quantitative analysis

The Agilent 1200 series HPLC system was also used for quanti-
fication analysis. The chromatographic separation was also carried
out on the ZORBAX XDB-C18 column (250 mm � 4.6 mm, 5 mm;
Agilent, Santa Clara, CA, USA). The mobile phase was composed of
acetonitrile (A) and 0.1% formic acid in water (B). The mobile phase
was set as follows: 0e30 min, 13%e17% A; 30e32 min, 17%e22% A;
32e42 min, 22%e23% A; 42e45 min, 23%e26% A; and 45e60 min,
26%e30% A. The flow ratewas 1.0mL/min. The column temperature
was maintained at 30 �C. The detection wavelength was 265 nm.
The injection volume was 10 mL.

2.6. Data analysis

For chromatographic fingerprints, chemometrics methods
including similarity analysis (Similarity Evaluation System for
Chromatographic Fingerprint of Traditional Chinese Medicine,
version 2012, National Committee of Pharmacopoeia, China), HCA
(IBM SPSS Statistics 22.0, Armonk, NY, USA), PCA, and orthogonal
partial least squares discriminant analysis (OPLS-DA; SIMCA-P 14.1,
Umetrics, Umea, Sweden) were separately performed to evaluate
the quality of FP, and the potential qualitative markers were
screened by OPLS-DA. Moreover, the quality of the statistical model
of OPLS-DA was assessed by three parameters: R2X, the proportion
of the total variance of the dependent variables explained by the
model; R2Y, the proportion of the total variance of the reponse
variable (different brands of the samples) explained by the model;
and Q2, which is similar to R2Y except that it is computed by cross-
validation. These parameters ranged between 0 and 1 and indicated
the variance explained by the model for all the data analyzed (R2)
and this variance in a test set by cross-validation (Q2). According to
the results of OPLS-DA, variable importance of projection (VIP) was
generated and the potential chemical markers were selected on the
base of VIP values >1 [35]. Meanwhile, variables without significant
differences (P>0.05) were eliminated. Variables with VIP >1 and
P<0.05 were considered to be the qualitative markers responsible
for the difference of FP. For characterization of the chemical con-
stituents in FP by HPLC-FT-ICR MS, the instrument control and data
acquisition were achieved by Bruker Compass Hystar (version 4.1,
Bruker Daltonics, Germany) and Fourier Transform Mass Spec-
trometer Control (version 2.1, Bruker Daltonics, Germany). All MS
data were processed on DataAnalysis software (version 4.1, Bruker
Daltonics, Germany).

3. Results and discussion

3.1. Optimization of fingerprint and HPLC-FT-ICR MS conditions

To obtain satisfactory separation and high analytical efficiency, a
series of preliminary experiments including selection of column
type, optimization of mobile phase composition, determination of
detectionwavelength, and comparison of column temperaturewere
carried out. Different columns such as ZORBAX XDB-C18
(250mm� 4.6mm, 5 mm), ZORBAX Extend-C18 (250mm� 4.6mm,
5 mm), andGL Science Inertsil ODS-3 (150mm� 4.6mm, 3 mm)were
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compared. As a result, a satisfactory chromatographic separation
was achieved by ZORBAX XDB-C18 (250 mm � 4.6 mm, 5 mm) col-
umn. The ACN-water system showed better separation and more
satisfactory peak shape than MeOH-water system. Moreover, 0.1%
formic acidwas added to theACN-water system to enhance the peak
capacityand improve thepeak shapeofflavonoids. Different column
temperatures and detection wavelengths were also compared. As a
result, a satisfactory chromatographic separation andUV absorption
for most constituents were obtained at 30 �C and 265 nm.

On the other hand, for identification of the chemical constitu-
ents in FP by HPLC-FT-ICRMS, theMS parameters such as ionization
mode, capillary voltage, end plate offset, acquisition size, and the
averaged scan number were optimized, respectively. Under the
conditions mentioned above, both positive-ion and negative-ion
modes were more reliable in producing comprehensive informa-
tion of quasi molecular ions for different chemical compounds in FP.
Particularly, acquisition size and averaged scan number were
optimized to ensure the higher mass accuracy and mass resolution
of FT-ICR MS. When acquisition size was set to 1 mega byte (MB)
and the scan number was set to once, the mass accuracy could be
limited within 3.0 ppm and the resolution could be reached about
50,000 at m/z 400.
3.2. Establishment of fingerprint of FP

In order to establish the characteristic fingerprint of FP, 13 batch
samples from different origins of China were investigated by HPLC.
As a result, 31 independent peaks in the chromatographic finger-
prints with satisfactory separationwere assigned to common peaks
(Figs. 1A and B). The reference chromatogram (S9) was chosen and
peak 16 was assigned to the reference peak owing to its moderate
retention time, high enough content, and signal intensity in FP.
Then, the relative retention time (RRT) and relative peak area (RPA)
relative to the reference peak were obtained and calculated to
assess the quality of FP. By comparing the retention time and the UV
absorption spectra with the mixed standard solution, peaks 8, 16,
18, 26, 29 and 30 were identified to glycitin, genistin, tectoridin,
glycitein, genistein, and tectorigenin, respectively (Fig. 1C).
3.3. Chemometric analysis

3.3.1. SA
It is important that chromatographic fingerprints should be

evaluated by their similarities, which are calculated from the values
of correlation coefficient. A value of the correlation coefficient close
to 1.0 indicates a perfect similarity of the different samples. On the
contrary, a low correlation coefficient indicates a poor mathemat-
ical quality for identifying the relationship between different
samples. Therefore, heterogeneity of the similarity suggests that
the quality of the different samples depends on different manu-
factures and diversities. According to the recommendation of China
Food and Drug Administration, the similarities of the 13 samples
were calculated by the Similarity Evaluation System for Chro-
matographic Fingerprint of Traditional Chinese Medicine (version
2012). As summarized in Table 1, the similarities of the batches
from Guangxi I (S4) and Sichuan (S13) were 0.803 and 0.806,
respectively. The low similarity might be caused by the lower in-
tensity of peaks 15 and 18 in these two samples. However, the
similarities of the remaining 11 batches of FP were all higher than
0.90. Especially, the similarities of samples of Hunan origins were
all higher than 0.95. It suggested that the FP samples collected from
Hunan had a better and stable quality. Also, it indicated that the
fingerprint analysis for FP could be used for assessment of quality
and authenticity of herbal medicines.



Fig. 1. HPLC chromatogram of Flos Puerariae. (A) HPLC reference fingerprint of Flos Puerariae. (B) HPLC overlap of 13 batches of Flos Puerariae samples. (C) HPLC chromatogram of
mixed reference standards.
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Table 1
Results of similarity analysis of Flos Puerariae from different origins.

Sample No. Origin Similarity

S1 Zhejiang 0.909
S2 Guangdong I 0.941
S3 Guangdong II 0.936
S4 Guangxi I 0.803
S5 Guangxi II 0.990
S6 Guangxi III 0.917
S7 Control 0.938
S8 Hebei 0.994
S9 Hunan I 0.990
S10 Hunan II 0.987
S11 Hunan III 0.972
S12 Hunan IV 0.977
S13 Sichuan 0.806
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3.3.2. HCA
HCA is a statistical method to organize a series of samples into

unique, mutually exclusive groups by clustering some similar
characteristics of data points [31]. The smallest distance shows the
highest degree of relationship, indicating that those objects are
more likely to cluster in a group. In this study, HCA was performed
on the software of IBM SPSS Statistics 22.0 to assess the quality of
FP. As displayed in the dendrogram (Fig. 2A), it was obvious that 13
samples of FP were divided into two main clusters. The cluster I
included samples from Zhejiang (S1), Guangdong I (S2), Guangxi I
(S4), Guangxi III (S6), Control (S7), Sichuan (S13). As we know, the
relational grades of different samples depend upon the distance in
the dendrogram, where the shortest distance shows the highest
similarity. Therefore, the 6 batches of samples mentioned above
were considered to have the similar attributes of one group. On the
other hand, the cluster II was composed of another 7 batches of
samples collected from Guangdong II (S3), Guangxi II (S5), Hebei
(S8), Hunan I (S9), Hunan II (S10), Hunan III (S11), and Hunan IV
(S12), respectively. By comparing the fingerprints in these two
groups, it was clear that the signal intensity of peak 15 and peak 18
showed significant differences. It indicated that these two peaks
Fig. 2. Multivariate statistical analysis of Flos Puerariae. (A) Hierarchical clustering analysis o
for 13 batch samples. (D) Variable important plot of OPLS-DA.
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could be considered as potential quality markers for quality
assessment and classification of FP samples.
3.3.3. PCA
In order to further distinguish the 13 batch samples, PCA was

performed to discover the characteristic peaks which show signif-
icant differences in the HPLC fingerprints. The peak areas of 31
common peaks from 13 batch samples were imported into the
SIMCA-P software, and the scores and loadings of multivariate
analysis were obtained. As shown in the score plot of PCA (Fig. 2B),
all samples were apparently separated into two groups according to
the different origins. In detail, the batches of S1, S2, S4, S6, S7 and
S13 were prone to be classified into one group. Meanwhile, the
batches of S3, S5, S8, S9, S10, S11 and S12were prone to be classified
into the other group. The results of group assignments were
consistent with HCA.

Moreover, the potential qualitative markers of FP were screened
by OPLS-DA. As displayed in Fig. 2C, all samples were also appar-
ently distinguished to two groups, which was consistent with the
results of PCA. The parameters R2 and Q2 were used to evaluate the
performance of the models, which confirmed the goodness of this
model for sample classification. As a result, satisfactory values for
the quality parameters were obtained. The R2X was 0.795, indi-
cating that 79.5% of the variation in the dataset could be modeled
by the selected components. The Q2 was 0.918, indicating a very
good predictivity and the two sets were clearly separated. The R2Y
was 0.964, indicating that the model was well fitted. Additionally,
VIP value of each variable responsible was calculated, and then the
statistical analysis was conducted by Student’s t-test to confirm the
alterations of the chemical markers between different groups. As a
result, common peaks with the VIP >1 and P<0.05 were selected
and considered as potential quality markers to distinguish the FP
samples. Six common peaks including peak 15 (VIP 3.581), peak 18
(VIP 3.225), peak 8 (VIP 1.480), peak 6 (VIP 1.137), peak 23 (VIP
1.053), and peak 30 (VIP 1.010) showed significant differences in
these two groups (Fig. 2D). The results clearly showed that these six
f 13 batch samples. (B) Score plot of PCA for 13 batch samples. (C) Score plot of OPLS-DA
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common peaks played a crucial role in the quality discrimination of
FP. Among them, peak 8, peak 18, and peak 30 were identified to be
glycitin, tectoridin and tectorigenin by comparing with reference
standards, respectively. In conclusion, these common peaks may be
contributed to distinguishing different FP samples. Moreover, they
can be used to evaluate the quality of FP in future.

3.4. Characterizationof chemical constituents in FPbyHPLC-FT-ICRMS

In order to systematically evaluate the quality of FP, the
chemical constituents were characterized by HPLC-FT-ICR MS
method. As shown in Figs. 3A and C, the profiling of chemical
Fig. 3. Extracted ion chromatograms obtained by HPLC-FT-ICR MS for Flos Puerariae and re
mode. (B) Extracted ion chromatograms of reference standards in negative-ion mode. (C) E
chromatograms of reference standards in positive-ion mode. Peaks 3, 6, 9, 12, 14, 15, 16, 22, 2
nicotiflorin, ononin, daidzein, glycitein, luteolin, quercetin, genistein, tectorigenin, formono
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constituents in FP was provided by the extracted ion chromato-
grams in negative-ion and positive-ion modes, respectively. A total
of 35 compounds were separated and detected by HPLC-FT-ICRMS.
The information of accurate mass, retention time, and chemical
formulae for these chemical compounds is summarized in Table 2.
In detail, 29 flavonoids, 1 saponin, and 5 unknown chemical
components were detected. Among them, 16 peaks were unam-
biguously identified by comparing the retention time, UV ab-
sorption and accurate mass of adduct ions with reference
standards. The extracted ion chromatograms of mixed standards in
negative-ion and positive-ion modes are provided in Figs. 3B and
D, respectively.
ference standards. (A) Extracted ion chromatograms of Flos Puerariae in negative-ion
xtracted ion chromatograms of Flos Puerariae in positive-ion mode. (D) Extracted ion
4, 25, 26, 27, 30, 31, 32 and 35 are puerarin, daidzin, glycitin, rutin, genistin, tectoridin,
netin and biochanin A, respectively.
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The identification of tectoridin and daidzein was used to
demonstrate the fragmentation process of flavonoids. For tectoridin
(compound 15), it was detected at the retention time of 45.85 min
with [MþH]þ at m/z 463.12262 (1.87 ppm) and [M�H]� at m/z
461.10891 (0.05 ppm) in positive and negative ion modes, respec-
tively. The calculated molecular formula was speculated to be
C22H22O11 based on Data Analysis software. Then, the [M�H]� ions
were fragmented into the characteristic ions at m/z 299.05659 and
284.03309. Unquestionably, the important fragmentation from
deprotonated ionwas the cleavage of the glycosidic linkage leading
to the formation of m/z 299.05659. And the fragment ion at m/z
284.03309 was the result of losing a methyl from m/z 299.05659
[36] (Fig. 4A). After further confirmation by comparison with the
reference standards, compound 15 was confirmed to be tectoridin
[37]. Similarly, the proposed fragmentation pathways of compound
Table 2
Compounds identified in Flos Puerariae by HPLC-FT-ICR MS.

No. tR
(min)

[M�H]e/[MþHCOO]e [MþH]þ/[MþNa]þ

Observed Calculated Error Observed Calculated Er

mass (Da) mass (Da) (ppm) mass (Da) mass (Da) (p

1 13.54 443.19176 443.19227 1.16 467.18824 467.18877 1.
2 20.77 463.12399 463.12459 1.28 465.13874 465.13914 0.
3c 21.55 415.10326 415.10346 0.48 417.11732 417.11801 1.
4 23.61 609.14479 609.14611 2.16 611.16019 611.16066 0.

5 24.29 449.10822 449.10894 1.59 451.12317 451.12349 0.

6c 28.88 461.10865 461.10894 0.61a 417.11739 417.11801 1.
7 29.66 623.16129 623.16176 0.75a 579.16991 579.17083 1.

8 31.21 609.14497 609.14611 1.87 611.16031 611.16066 0.

9c 32.11 445.11368 445.11402 0.77 447.12748 447.12857 2.
10 36.68 301.07146 301.07176 0.99 303.08596 303.08631 1.
11 40.15 237.04021 237.04046 1.07 261.03658 261.03696 1.
12c 40.61 609.14493 609.14611 1.94 611.16011 611.16066 0.
13 41.69 593.15101 593.15119 0.32 595.16441 595.16575 2.
14c 42.95 431.09812 431.09837 0.58 433.11223 433.11292 1.

15c 45.85 461.10891 461.10894 0.05 463.12262 463.12349 1.
16c 49.24 593.15021 593.15119 1.67 595.16524 595.16575 0.
17 51.34 283.06092 283.16120 0.99 285.07542 285.07575 1.
18 32.86 447.09299 447.09329 0.67 449.10722 449.10784 1.

19 55.56 623.16115 623.16176 0.98 625.17572 625.17631 0.

20 58.39 637.17636 637.17741 1.65a 593.18581 593.18648 1.
21 62.41 269.04524 269.04555 1.16 271.05992 271.06010 0.
22c 62.95 475.12404 475.12459 1.14a 431.13287 431.13366 1.
23 64.22 299.05573 299.05611 1.28 301.07053 301.07066 0.
24c 66.35 253.05042 253.05063 0.83 255.06479 255.06519 1.
25c 71.10 283.06110 283.06120 0.35 285.07532 285.07575 1.
26c 75.22 285.04015 285.04046 1.09 287.05465 287.05501 1.

27c 75.41 301.03521 301.03538 0.55 303.04982 303.04993 0.
28 76.47 607.16582 607.16684 1.68 609.18117 609.18140 0.
29 85.07 475.12416 475.12459 0.91 477.13864 477.13914 1.
30c 86.91 269.04511 269.04555 1.63 271.05969 271.06010 1.

31c 87.72 299.05570 299.05611 1.37 301.07022 301.07066 1.
32c 93.82 267.06612 267.06628 0.62 269.08053 269.08084 1.
33 95.11 941.50880 941.51154 2.91 943.52558 943.52609 0.

34 94.61 297.07671 297.07685 0.46 299.09109 299.09140 1.

35c 97.95 283.06092 283.06120 0.99 285.07544 285.07575 1.

a [MþHCOO]e.
b [MþNa]þ.
c Compared with reference compounds.
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24 is shown in Fig. 4B. The protonated molecule [MþH]þ at m/z
255.06479 and deprotonated molecule [M�H]� at m/z 253.05042
were eluted at 66.35 min in positive-ion and negative-ion modes,
respectively. The molecular formula was assigned to C15H10O4 by
limiting the measurement error within 2 ppm. Furthermore, the
two main fragment ions at m/z 227.06960 and 199.07476 were
assigned to [MþHeCO]þ and [MþHeCOeCO]þ, respectively. The
fragmentation process was in agreement with the reference stan-
dard and the literature [38]. Therefore, the compound was chemi-
cally defined as daidzein.

Subsequently, according to the resultof accuratemass,MS/MSdata
and literature reports, the chemical structures of another 16 com-
pounds were speculated, which were tentatively identified to be
dihydrotectoridin, kakkatin, gehuain, 6-hydroxygenistein-6,7-di-O-
glucoside, dihydrokaempferol-O-hexoside, kakkalide, 6''-O-xylosyl-
MS/MS Formula Identification

ror

pm)

13b (�)384.10691 C21H32O10 Unknown
87 (�)351.13046, 301.07232 C22H24O11 Dihydrotectoridin
64 (�)295.06162, 267.06678 C21H20O9 Puerarin
77 (�)447.09468, 301.07226,

285.04086
C27H30O16 6-Hydroxygenistein-6,7-di-

O-glucoside
70 (�)287.05662, 269.04603 C21H22O11 Dihydrokaempferol-O-

hexoside
49 (�)415.10453, 253.05103 C21H20O9 Daidzin
60 (�)577.15799, 283.06163,

268.03805
C27H30O14 6''-O-xylosyl-glycitin

57 (þ)479.11609, 317.06446 C27H30O16 Isomer of 6-
hydroxygenistein-6,7-di-O-
glucoside

44 (�)283.06165, 268.03821 C22H22O10 Glycitin
17 (�)273.07723, 241.05094 C16H14O6 Unknown
46b (�)121.02953 C11H10O6 Unknown
89 (�)301.03566, 151.00383 C27H30O16 Rutin
24 (�)299.05661, 284.03320 C27H30O15 6''-O-xylosyltectoridin
60 (�)311.05669, 283.06171,

268.03822
C21H20O10 Genistin

87 (�)299.05659, 284.03309 C22H22O11 Tectoridin
85 (�)327.05156, 285.04076 C27H30O15 Nicotiflorin
15 (�)268.03810, 240.04313 C16H12O5 Kakkatin
38 (�)285.04088 C21H20O11 6-Hydroxygenistein-7-O-

glucoside
95 (�)461.11013 C28H32O16 6-Hydroxybiochanin A-6,7-

di-O-glucoside
14 (�)591.17375, 297.07740 C28H32O14 Gehuain
68 (�)224.04813, 180.05816 C15H10O5 Unknown
84 (�)267.06673 C22H22O9 Ononin
45 (�)284.03301, 240.04309 C16H12O6 Unknown
54 (þ)227.06960, 199.07476 C15H10O4 Daidzein
52 (�)268.06154, 240.04315 C16H12O5 Glycitein
27 (�)243.03015, 199.04024,

133.02956
C15H10O6 Luteolin

36 (�)273.04086, 245.04589 C15H10O7 Quercetin
37 (�)313.07228 C28H32O15 Kakkalide
05 (�)315.08523 C23H24O11 Kakkalidone
53 (�)240.04312, 224.04818,

213.05596, 196.05317
C15H10O5 Genistein

48 (�)284.04317, 255.03030 C16H12O6 Tectorigenin
13 (�)252.04309, 223.04037 C16H12O4 Formononetin
54 (þ)797.46293, 617.40149,

459.38125, 441.37090
C48H78O18 Soyasaponin I

04 (þ)284.06713 C17H14O5 3'-Oxymethy-daidzein-7-
O-methylether

10 (�)268.03806, 239.03533 C16H12O5 Biochanin A



Fig. 4. The proposed fragmentation pathways of characteristic compounds. (A) Tectoridin in negative-ion mode. (B) Daidzein in positive-ion mode. (C) 6''-O-xylosyl-glycitin in
negative ion mode.
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glycitin, isomer of 6-hydroxygenistein-6,7-di-O-glucoside, kakkali-
done, 6''-O-xylosyltectoridin, 6-hydroxygenistein-7-O-glucoside, 6-
hydroxybiochanin A-6,7-di-O-glucoside, soyasaponin I, 3'-oxy-
methy-daidzein-7-O-methylether, and luteolin, respectively. For
example, compound 7with the retention time of 29.66min showed a
signal of [MþHCOOHeH]� ionatm/z623.16129(0.75ppm), indicating
a unique molecule formula of C27H30O14. As shown in the proposed
fragmentation pathways (Fig. 4C), the characteristic product ion was
yielded atm/z 577.15799 due to the loss of formic acid and the elimi-
nation of xylose, and glucose produced the product ion of m/z
283.06163.Moreover, the product ion atm/z268.03805 corresponded
to the demethylated product ofm/z 283.06163 [36]. Therefore, it was
tentatively identified to be 6''-O-xylosyl-glycitin [37]. Likewise, other
compounds were putatively identified and the possible structures of
29 chemical constituents are provided in Fig. 5. In addition, the
chemical formulae of 5 unknown compounds, namely, compounds 1,
10,11, 21, and 23,were determined by using the isotopicfine structure
(IFS) as described in our previous study [39,40]. However, further
study should be carried out to confirm their chemical structures.

3.5. Method validation for quantitative analysis

Prior to application to simultaneous determination of six com-
ponents, full validation of this method was carried out. The results
of linear regression, LOQs, and LODs for six compounds in FP are
listed in Table 3, which shows a good linearity (r > 0.999) over a
certain concentration range for each reference standard. Instru-
ment precision was determined by six successive injections of the
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same mixed standard solution within one day. The relative stan-
dard deviation (RSD) values of peak areas of the six reference
standards were less than 2.0%, suggesting that the instrument was
in good condition. To confirm the repeatability, six samples were
prepared in parallel from the batch of Hunan I and the RSD values of
contents of the six analytes were within 1.2%. It showed that the
results of the developed method had good repeatability. The sta-
bility test revealed that the sample solution was stably maintained
for 24 h at room temperature. Moreover, the recovery was
measured by the standard addition method, the average recoveries
of analytes were in the range from 98.8% to 103.7% and the RSD
values were all less than 1.8%. Additionally, LOQs and LODs were
also acceptable for simultaneous determination of six components
(Table 3), indicating that the developed HPLC method was satis-
factory for quantitative analysis. The typical HPLC chromatograms
of six components and mixed standards are shown in Fig. 6.

3.6. Quantitative analysis of six components in FP

Subsequently, to better assess the quality of FP from the
perspective of quantitative analysis, the content of the six chemical
components including glycitin, genistin, tectoridin, glycitein,
genistein and tectorigenin was simultaneously determined by
HPLC method. As displayed in Table 4 and Fig. S1, the contents of
glycitin, genistin, tectoridin, glycitein, genistein, and tectorigenin
in 13 batches of FP varied from 0.4438 to 11.06 mg/g, 0.955 to
1.726 mg/g, 9.81 to 57.22 mg/g, 3.349 to 41.60 mg/g, 0.3576 to
0.989mg/g, and 2.126 to 9.990mg/g, respectively. For example, the



Fig. 5. Chemical structures of identified compounds in Flos Puerariae.
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content of tectoridin in FP from Guangxi III (S6), was 9.81 mg/g,
while it was 57.22 mg/g in FP from Hunan III (S11). Obviously, this
variation might be caused by different conditions, such as climate,
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sunlight condition, cultural manner and harvest time. On the other
hand, the content of tectorigenin from Hunan II (S10), Hebei (S8),
Guangdong I (2), Hunan IV (S12), Hunan I (S9), and Guangxi II (S5)



Table 3
Results of linear regression, LOQs and LODs for six compounds in Flos Puerariae.

Compound Regression equation r Linearity range (mg/mL) LOQ (mg/mL) LOD (mg/mL)

Glycitin y ¼ 21.42x �2.719 0.9999 1.281e41.00 7.167 � 10�2 2.172 � 10�2

Genistin y ¼ 37.02x �10.56 0.9998 1.246e39.80 8.308 � 10�2 2.518 � 10�2

Tectoridin y ¼ 32.37x �34.15 0.9999 7.969e255.0 6.700 � 10�2 2.030 � 10�2

Glycitein y ¼ 30.31x �6.872 0.9999 1.250e40.00 5.561 � 10�2 1.854 � 10�2

Genistein y ¼ 58.18x �15.42 0.9999 1.275e40.80 5.100 � 10�2 1.545 � 10�2

Tectorigenin y ¼ 55.66x �18.70 0.9999 1.561e50.00 4.995 � 10�2 1.514 � 10�2

Fig. 6. The typical HPLC chromatograms of content determination. (A) Six components. (B) Mixed standards.

Table 4
Contents (mg/g) of 6 compounds in Flos Puerariae from different origins.

Sample No. Glycitin Genistin Tectoridin Glycitein Genistein Tectorigenin

S1 10.15 1.185 17.21 18.73 0.4236 2.302
S2 5.145 0.955 15.14 37.69 0.989 6.102
S3 1.831 1.161 27.10 4.968 0.3859 2.764
S4 10.60 1.424 11.72 40.38 0.957 2.288
S5 7.574 1.373 27.54 20.27 0.5720 3.585
S6 11.06 1.404 9.81 41.60 0.981 2.312
S7 7.878 1.155 10.88 39.78 0.918 2.820
S8 0.7066 1.222 49.69 8.780 0.7687 9.15
S9 1.970 1.230 42.10 6.764 0.4634 3.629
S10 0.7842 1.190 49.52 12.42 0.933 9.99
S11 0.4438 1.726 57.22 3.349 0.3576 2.442
S12 0.5728 1.143 36.80 6.861 0.6199 4.490
S13 7.925 0.958 10.56 24.53 0.5035 2.126
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was higher than that of the other 6 batches. It indicated that FP
from these origins had similar quality, which was consistent with
the results of HCA, PCA and OPLS-DA. Undoubtedly, these results
indicated that the method was satisfactory for simultaneous
determination of six chemical components in FP so as to control its
quality.
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4. Conclusions

In the present study, the qualitative and quantitative evaluation of
FP was performed. The identification of characteristic compounds in
FP, quality assessment of herbal medicines, and discovery of the
qualitative markers were carried out by HPLC-fingerprint, HPLC-FT-
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ICR MS, and chemometric methods. Meanwhile, the content of six
chemical components in FP was simultaneously determined. As a
result, 31 commonpeakswere assigned in theHPLC-fingerprint and 6
peaks of themwere screened and considered as qualitative markers.
Moreover, 35 characteristic peaks were detected by HPLC-FT-ICR MS
and 16 peaks of themwere unambiguously identified. The contents of
glycitin, genistin, tectoridin, glycitein, genistein and tectorigenin in 13
batch samples were simultaneously determined, which provided
quantitative information for its quality control. In conclusion, the ap-
proaches established in this studyare comprehensive and effective for
qualityevaluationof FP. Itwill bevaluable for further investigationand
quality control of other TCMs in future.
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