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Plant flavonoids have been increasingly studied for its importance in plant metabolism, inter-
species interactions and human health-promoting effects. Each botanical species has a distinct
flavonoid profile, and as such, this work aimed to develop and apply a high-performance liquid
chromatography coupled to electrospray ionization tandem mass spectrometry (HPLC-ESI-MS/MS)
method to quantify specific flavonoids in different plants and parts. Six flavonoids (isoquercitrin,
quercetin, naringin, naringenin, hesperidin and rutin), two isoflavonoids (daidzin and daidzein)
and one coumarin (umbelliferone) were targeted. Calibration curves showed good correlations
(R%?>0.994) and limits of quantification (< 500 ng mL'). The method was applied for detection
of analytes in common bean seeds (Phaseolus vulgaris), soybean leaves (Glycine max), and sour
orange (Citrus aurantium), sweet orange (Citrus sinensis), and Tahiti lime (Citrus latifolia) flavedo
after ultrasound assisted acidic hydroalcoholic extraction. The method was tuned for quick and
efficient extraction. Principal component analysis was helpful for the discrimination of matrices
based on their flavonoid profiles.
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Introduction

Unlike animals, which have many different defense
mechanisms such as oral communication, gesturing, fight
or flight responses, intra- and inter-species interactions,
etc., plants often rely on their extensive repertoire of
biochemical reactions to live, survive, grow, and reproduce
within the environment. In doing so, chemical compounds
are constantly transformed and interconverted by plants
in order to supply themselves with energy and materials
to construct their own tissues and to carry out intra- and
inter-specific communications with the environment. Plants
depend on their secondary metabolisms to serve as defense
signaling mechanisms against herbivore and microorganism
attack and to regulate physiological functions, allelopathic
behavior, and reproduction.? Plant communications are
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mostly carried out through specific secondary metabolites
such as alkaloids, terpenes, and polyphenols. This latter
class of compounds has been demonstrated to act as
mediators of plant growth by regulating features such as
modulation, fertility, differentiation, photosynthesis, cell
growth regulation, and responses to biotic and abiotic
stress.>

Polyphenols are highly oxygenated molecules that
constitute a wide range of plant secondary metabolites.
Among the different classes of polyoxygenated
phytochemicals, flavonoids are one of the most widespread;
comprising over 8,000 structures.’ This class of molecules
is widespread among edible plants and is therefore directly
incorporated into animal and human diets, making them an
important asset in the health-promoting benefits of food and
feed. Apart from their diverse functions in plants, flavonoids
have received a great deal of attention due to their health-
promoting characteristics such as radical scavenging,
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enzymatic inhibition, antimicrobial, anti-inflammatory,
phytoestrogenic, and neuroprotective properties.”® As a
result, the quantitative monitoring of these compounds
may be of great interest for studies regarding compositional
variation among distinct species and/or genotypes, and
also could be applied in quality control programs of plant-
derived materials.

Several different chromatographic and electrophoretic
approaches have been used to promote the separation
of flavonoids.” These techniques have been applied for
the critical evaluation of flavonoids in a wide range of
matrices encompassing in natura edible parts of plants,
commercial products and biological fluid.!*!* Because of
the characteristics of these samples (polar, non-volatile,
good ionization), high-performance liquid chromatography
coupled to electrospray ionization tandem mass spectrometry
(HPLC-ESI-MS/MS) has shown great promise due to
its high reliability, unmatched reproducibility, and high
sample throughput.'*'® Using such methodology, a specific
polyphenolic profile for samples based on the existence, and
quantity of each individual components could be used for
confirmation of the sample source and discrimination among
closely related matrices.'”'®

Thus, the aim of this work was to develop and apply

Table 1. Selected polyphenols used in this study

a quantitative HPLC-ESI-MS/MS method to detect and
quantify selected flavonoids in different botanical matrices,
and to use this quantitative information along with
chemometrics to develop a tool of matrices identification
based on their polyphenol profiles.

Experimental
Solvents and standards

Acetonitrile (ACN) and methanol (MeOH) (mass
spectrometry-MS grade) were purchased from J. T. Baker
(Phillipsburg, NJ, USA). Analytical grade acetic acid
(99.99%) and hydrochloridric acid (HCl) were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Ultrapure water
was obtained in-house using a Milli-Q system (0.05 pS;
Millipore Corporation, Watford, UK). Umbelliferone
(7-hydroxycoumarin), daidzein, daidzin (daidzein-7-
O-glucoside), hesperidin (hesperitin 7-O-rutinoside),
naringenin, naringin (naringenin-7-O-neohesperidoside),
quercetin, isoquercitrin (quercetin-3-O-glucoside), and
rutin (quercetin-3-O-rutinoside) standards were purchased
from Sigma-Aldrich (St. Louis, MO, USA). The structures
of selected polyphenols are shown in Table 1.

umbelliferone
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Vegetable samples

Samples were taken from the following different
plant species and different plant structures. Soybean
(Glycine max) leaves from 10 varieties (BR16, BRSGO
8360, BRS Valiosa RR, DM 339, Dowling, IAC 100,
IGRA RA 516 RR, IGRA RA 626 RR, PI 227688, and PI
274454) were cultivated in greenhouse conditions using
eutrophic dusky red latosols with irrigation through dripping
whenever necessary. Before analysis, the soybean leaves
were washed with a solution of demineralized water and
0.05% neutral detergent. Subsequently, they were washed
four times with only demineralized water. Three different
varieties of citrus [sour orange (Citrus aurantium), sweet
orange (Citrus sinensis), and Tahiti lime (Citrus latifolia))
were purchased from a local supermarket and peeled with
a knife, taking extreme care to avoid cutting the albedo in
order to use only the flavedo in the extraction. Common bean
(Phaseolus vulgaris) seeds from 43 different genotypes were
kindly provided by Campinas Agronomic Institute (IAC).

The common bean seeds and soybean leaves were dried
in oven at 40 °C for 48 h and reduced to low grain size with a
knife mill (Thomas Wiley Mill, model Te 650, Swedesboro,
NIJ, EUA). Flavedos from the three citrus species were dried
at 40 °C for 48 h and ground to fine powders (80 mesh) with
an analytical mill (A10, IKA, Wilmington, NC, US). All
samples were stored in an ultrafreezer at —80 °C until use.

Extraction method of polyphenols

The extraction method used for common bean seeds
and soybean leaves were as follows. Samples (0.5 g) were
weighed and transferred into 15 mL Falcon tubes (Corning,
NY, US). For the extraction procedure, samples were left in
an ultrasound bath for 60 min in 10 mL of MeOH/0.5 mol L”!
HCI (80:20 v/v) solution. The temperature of the water bath
increased linearly from 25 °C to 40 °C over the course of
the extraction. The solvent was removed by centrifugation
(30 min, 4 °C, 20.800 x g; 5810R, Eppendorf, Hamburg,
Germany); the extraction was then repeated once more, and
then the extraction solvent from both steps were combined
for each sample.

The ground powder of citrus flavedo was weighed
(1.0 g) and transferred to a 50 mL Falcon tube. 20 mL
of methanol was added and the sample was left in an
ultrasound bath for 30 minutes. After centrifugation
(30 min, 4 °C, 20.800 x g) and collection of the supernatant
10 mL of methanol was added and the sample was left
in ultrasound for 15 min. After centrifugation, both
supernatants were combined and stored. This procedure
was repeated for all citrus samples.
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The combined extracts of each sample were evaporated
to dryness, resuspended in 5 mL of MS-grade methanol,
filtered through a 0.22 pm microporous regenerated cellulose
membrane filter (Macherey-Nagel, Diiren, Germany), and
diluted using HPLC solvents A and B to achieve the same
composition of the initial HPLC method prior to injection,
to match solvent strength. All extraction procedures were
performed in triplicate for statistical analysis.

HPLC-ESI-MS/MS setup

HPLC analyses were carried out using an Agilent 1200
Series (Agilent Technologies, Santa Clara, CA, USA)
with a degasser (G1322A), quaternary pump (G1311A),
autosampler (G1367B), thermostated column compartment
(G1316A), and diode array detector (G1316A). An Alltech
Prevail C;3(150 mm x 2.1 mm internal diameter-i.d., 3 um
particle size; Deerfield, IL, USA) column was used. The
mobile phase consisted of 0.5% acetic acid in deionized
water (v/v; solvent A) and 0.5% acetic acid in acetonitrile
(v/v; solvent B). All analyses were performed in gradient
elution mode starting with 75:25 (A:B % ratio) for 6.0 min
followed by sloping to 90% B in 0.5 min, which was
maintained for another 13.5 min; the total run time was
20 min. The flow rate of the mobile phase was 250 uL. min!,
the sample injection volume was 5 pL, and the column oven
temperature was 35 °C.

After separation, the HPLC flow was directed to the
MS inlet after 1:10 splitting. MS and MS/MS analyses
were performed on an API™ 2000 (AB/MDS Sciex,
Framingham, MA, USA) with a Turbo Ion Spray
electrospray ionization source operating in negative
mode (ESI"). Nitrogen was used as the carrier, heater, and
collision gases. The software Analyst v.1.5.2 (AB/MDS
Sciex, Framingham, MA, USA) was used to control the
equipment for data acquisition and analysis.

All analytes were evaluated by selected reaction
monitoring (SRM) after choosing appropriate precursor
and product ions through Q1 Full Scan and Product Ion
(MS?) analyses. Analyte-dependent parameters for MS and
MS/MS were optimized for each analyte individually by
direct infusion of a 10.0 pg mL"! solution in H,O:ACN (1:1)
using a syringe pump, with flow of 10 uL min™'. Source-
dependent parameters were optimized by flow injection
analysis (FIA) of a solution containing all analytes, each
at a concentration of 1.00 ug mL".

Quantitative method parameters

The analytical method was tested in order to check its
stability and its use in quantitative analyses by LC-MS by
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following guidelines proposed by International Conference
on Harmonisation (ICH)." Primary stock solutions of
each flavonoid in MS-grade methanol were prepared in
nominal concentrations of 10.00 mg mL! by weighing
10.00 £ 0.10 mg of flavonoid and diluting to nominal
volumes of 1.000 mL in a volumetric flask. The stock
solutions were diluted in a volumetric flask to obtain a
standard working solution containing all components at
concentrations of 100.0 ug mL"! in H,O:MeOH (9:1 v/v).
The solutions used to construct the analytical calibration
curve were prepared by diluting the working solution to
0.500, 1.00, 5.00, 10.0, 20.0, 30.0, 40.0, and 50.0 ug mL"!
with 10% MeOH in water. All solutions were prepared in
triplicate from freshly prepared working solutions. The linear
work range was determined from the least squares linear
regression model obtained by plotting the integrated area of
the SRM chromatogram peak of each flavonoid against their
nominal concentrations. Linearity was assessed by means of
the goodness of fit of the linear model through the coefficient
of determination (R?) and further confirmed by testing the
null hypothesis for the correlation and the intercept using
analysis of variance (ANOVA). Limits of quantification
(LOQ) and limits of detection (LOD) were estimated for
each analyte from the regression analysis using the standard
deviation of the intercept and the slope.?

Specificity was evaluated by comparing the
chromatograms of each analyte regarding the appearance
of co-eluting peaks with the same selected transition and
retention times. Accuracy and precision were determined at
three different concentrations for each analyte (1.20, 25.0 and
45.0 ug mL™") to cover the entire range of linearity. Samples
were prepared in quintuplicate on three nonconsecutive
days (n = 3), and accuracy was evaluated by the percentage
of bias from the values obtained the using calibration curve
compared to the nominal values. Precision was assessed by
the standard deviation (SD) of intra- and inter-day analysis.

Recovery was carried out by adding 10 mL of
working solution with nominal concentrations of 1.20
and 40.0 pg mL"in order to encompass the two ends
of the linear work range directly to the matrix (0.5 g of
common bean and soybean or 1.0 g of citrus flavedo). After
doping, the samples were homogenized and dried at 45 °C.
Subsequently, they were submitted to the same extraction
process described previously. Recovery was calculated
after subtracting the mean value of the area of each analyte
obtained for the same matrix without doping. The matrix
effect was evaluated by comparing the area produced by
a solution containing all analytes in solvent with those
produced by the extracted analytes in matrix.

Robustness was evaluated by applying controlled small
variations to method parameters and observing the changes

in area and retention time derived from these experimental
modifications. Concentration of organic modifier, oven
temperature and flow rate were used as parameters,
and each one was evaluated in a lower and higher level
compared to original method parameter, with triplicate
injections for each level.

Principal component analysis

The original data (concentration of polyphenols) were
preprocessed by autoscaling. Principal component analysis
(PCA) was performed using Matlab 2011a (Mathworks,
Natick, MA, USA) to construct a matrix consisting of 91
samples and 7 variables (flavonoids). The concentrations
of two compounds (umbelliferone and naringenin) were
below LOD in all samples, so these compounds were not
included in the chemometric analyses.

Results and Discussion
Development of the method

The method was established, developed, and optimized
to allow simple analysis of flavonoids in botanical
matrices with reduced analytic time and cost. Several
chromatographic parameters, such as peak symmetry,
number of theoretical plates, and retention factor, were
considered. The use of short columns with smaller particle
sizes allowed the chromatographic elution of all nine
standards in less than 15 min; for comparison, normal
HPLC analyses usually require 40-60 min runs.?!

In order to obtain high sensitivity and selectivity in
MS, analyte ionization must be optimized. As such, each
molecule was analyzed by full scan experiments, with all
analytes showing highest ion intensity when experiments
were carried out in negative mode using a relatively low
declustering potential (DP = —75 V) and a high focusing
potential (FP =-350V), along with an ion spray voltage of
—4500 V. Source gases were set to 40 to 50 psi for GS1 and
GS2 respectively, and the source temperature was adjusted
to 350 °C. Furthermore, product ion experiments (MS?)
for each analyte indicated optimal values for collision-
associated dissociation gas (CAD) and collision energy
(CE) (4 psi and —50 V, respectively) for all analytes.

By using the HPLC method and MS conditions
described above, it was possible to unambiguously identify
all the evaluated analytes by selecting specific SRM
transitions. The selected transitions correspond mainly
to fragmentation due to the loss of glycoside moieties
from glycosylated flavonoids such as daidzin, rutin,
isoquercitrin, and hesperidin or due to retrocyclization
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reactions at the C rings of the aglycones daidzein,
quercetin, and naringenin.?? The only exceptions are the
glycosylated flavonoid naringin, where the fragment
formed through retrocyclization is more intense than
the one derived from loss of glycine, and the coumarin
umbelliferone, where the most prominent fragmentation
under experimental conditions was the loss of CO. An
example of a full chromatogram obtained from a standard
sample with the separation of each analyte based on SRM
selectivity and fragmentation is given in Figure 1.
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Figure 1. SRM chromatograms of a 10 ug mL"' standard mixture.
Separation and detection parameters are described in experimental section.

Quantitative method parameters

Analytical figures of merit were assessed in order to
evaluate the method. Regarding matrix effects, samples of
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same concentration in solvent and blank matrix showed
equivalent retention time and area, indicating that the
method does not suffer from interfering matrix effects
due to the co-elution of the analytes or other impurities.
Linearity was determined by fitting the data using the
least-squares method (Figure S1) and observing the
coefficient of determination (R?) for each analyte along
with single-factor ANOVA (Table 2).

The R? values were > 0.994 for all analytes, indicating
a good linear relationship between the total variance in the
data. Linearity was also evaluated by means of ANOVA,
which indicated that slope P-values were < 0.05, and
intercept P-values were > 0.05 (Table S1). The small slope
P-values indicates a strong relationship between each
pair of y and x values in the regression equations. The
larger intercept P-values indicate that the intercept is not
statistically different from zero.” The slopes of calibration
curves were significantly different from zero (> 1.14 x 10,
P-value < 0.05), verifying the high sensitivity of the method.

The LOQ values of all analytes were lower than
0.500 pg mL!, which was the first point in all the calibration
curves. The relative standard deviation (RSDs) for the
analyses of the analytes at this concentration, which is
equivalent to 10.0 mg kg™! of analyte in the samples, were
below 2.0%. High calibration sensitivity was achieved using
the SRM technique; all analytes also showed an analytical
signal of at least 3.3 times higher than the instrument noise
for concentrations of 0.250 ug mL".

The intra- and inter-day precisions and accuracy
were assessed using the data from two quality controls
analyzed over a 3-day period (n = 15 for each evaluated
concentration). The results were expressed as RSD
percentage for three different concentrations (1.20, 25.0 and
45.0 uyg mL™"). The precision values for all analytes ranged
from 1.35% to 4.21%, and the accuracy values ranged from
93.7% to 102.8%, indicating that the developed method is
reproducible and accurate.

Moreover, two different concentrations of each analyte
were added to each matrix before the extraction steps.
The analyses of spiked samples with concentrations of
1.20 pg mL' showed a higher variation in recovery, which
ranged from 83.1% (isoquercitrin; common beans) to
107.3% (rutin; soybean). The recoveries for the solution
with a concentration of 40.0 ug mL"' ranged between
86.1% (naringin; citrus) and 103.1% (rutin; soybean).
Recovery analyses were needed since there was not
matrix free of selected analytes or deuterated standards
readily available.

Robustness analyses were carried out by applying small
variations in the concentration of acetic acid in both mobile
phases (0.444% and 0.556%; nominal value 0.500%),
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Table 2. Analytical and statistical parameters obtained with the developed quantitative HPLC-ESI-MS/MS method for selected analytes

Analyte Regression equation R LOQ"/ (ng mL") LOD¢/ (ng mL™") P-value (ANOVA)¢
Daidzin y =2313.3x + 880.1 0.996 0.362 0.120 1.11 x 107
Rutin y = 16245.9x + 6073.2 0.999 0.155 0.051 8.83 x 10
Quercetin y=11766.0x + 3171.8 0.999 0.137 0.045 5.62 x 10%
Naringin y = 14172.6x + 7501.7 0.999 0.178 0.059 1.91 x 10*
Hesperidin y =6410.3x + 1803.4 0.999 0.213 0.070 9.90 x 10
Umbelliferone y=422.3x +322.2 0.994 0.448 0.148 1.14 x 10%
Daidzein y =8131.0x + 7449.6 0.996 0.183 0.060 3.34 x 10
Isoquercitrin y =57537.6x + 1528.7 0.999 0.214 0.071 1.03 x102
Naringenin y =7926.0x + 6721.4 0.999 0.137 0.045 6.04 x 10%

‘R?= coefficient of determination; *LOQ = limit of quantification; LOD = limit of detection; “ANOVA = analysis of variance.

column oven temperature (33 °C and 37 °C; original value
35 °C) and mobile phase flow rate (230 puL min™' and
270 pL min’'; original value 250 pL min™'). Regarding
retentions time, variations from 0.0% (naringin; oven
temperature and flow rate) to 7.2% (isoquercitrin; flow
rate) were observed, showing that the method can support
small fluctuations without big discrepancies in retention
time. For peak area, isoflavones daidzin and daidzein have
shown to be the least robust analytes, showing 22.6-32%
variation in peak area when conditions changed, while for
the other seven analytes variations of 2.7% (naringinin;
oven temperature) to 11.4% (isoquercitrin; flow rate) were
observed, indicating that isoflavones are more sensitive to
changes in method parameters and care should be taken
regarding HPLC-MS method when those analytes are
present. Table S2 shows the data for robustness.

After defining the HPLC-ESI-MS/MS method and
assessing its analytical figures of merit, the analytical
method could be applied for the identification and
quantification of the analytes in the samples.

Table 3. Description of data obtained for samples using the proposed method

Quantitative analyses of samples

The developed extraction method was tuned for
the extraction of polyphenolic compounds based on
reports in the literature.'*** This method produced quick,
reproducible, and efficient results with good recoveries. The
mobile phase dilution step prior to injection was included
to decrease the sample solvent strength and improve the
interaction between the analytes and the stationary phase.
In total, 44 common bean, 38 soybean, and 9 citrus samples
were analyzed (Table 3). A representative chromatogram
for each matrix is displayed in Figure 2.

In P. vulgaris, only isoquercitrin was quantitatively
detected in all samples, while quercetin was quantitatively
detected in only 4 samples and was found to be below the
LOQ in the 12 other samples. These results are in agreement
with previous studies that evaluated the polyphenol
compositions of different varieties of common beans and
indicated the presence of polyphenolic constituents other
than the ones evaluated in this work.?!* This discrepancy

Quercetin  Isoquercitrin Rutin Hesperidin  Naringin ~ Daidzin =~ Daidzein Umbelliferone Naringenin

Common bean (n = 44) (n=4) (n=44) NQ*® NQ* NQ*? NQ* NQ*® NQ*® NQ*
Mean/ (ug g") 10.6 313 <LOD® <LOD® <LOD® <LOD® <LOD® <LOD® <LOD®
SD¢ 10.7 19.2 - - - - - - -
Lowest 3.6 1.9 - - - - - - -
Highest 26.4 104.6 - — - — - - -
Citrus (n =9) NQ* NQ* (n=3) (n=9) (n=06) NQ* NQ* NQ* NQ*
Mean / (ug g") <LOD® <LOD® 3.1 153.1 8.0 <LOD® <LOD® <LOD® <LOD®
SD¢ - - 0.6 27.2 1,1 - - - -
Lowest - - 2.5 111.5 6.6 - - - -
Highest - - 3.7 185.5 9.5 - - - -
Soybean (n = 38) NQ* (n =30) (n=37) (n=26) NQ*® (n=38) (n=28) NQ*® NQ*
Mean / (ug g™") <LOD® 121.5 1497.7 1353 <LOD® 73.4 23.0 <LOD® <LOD®
SD¢ - 209.8 1434.2 532.2 - 51.1 20.5 - -
Lowest - 3.8 1.2 3.7 - 4.8 2.6 - -
Highest - 1174.3 4559.8 2739.9 - 186.9 93.6 - -

“NQ = not quantified; "LOD = limit of detection; °SD = standard variation.
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Figure 2. Representative total ion chromatogram (TIC) and extracted ion
chromatogram (XIC) of transitions for each detected flavonoid for each
of the selected matrix used in this study. (a) Common beans; (b) soybean
leaves; (c) citrus (Tahiti lime) peel. Transitions that were below LOD
were omitted in all samples.

in the quantitative analyses of quercetin among different
samples of the same matrix shows the importance of
the analytical method used in the quality control of
nutraceutical foods.

The variation in flavonoid content among samples
of the same species was smallest for citrus. Hespedirin
was predominant in all samples and detected at the same
concentration in all three species (153.1 = 27.2 mg kg™).
Naringin was not found in sweet orange, but was quantified
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in sour orange and Tahiti lime. Previous reports indicated
that naringin can be used as a biomarker to evaluate the
adulteration of sweet orange products by other citrus
species,” which was confirmed in this work. Rutin was
quantified only in Tahiti lime, which is also in agreement
with literature data on the compositions of different citrus
varieties; rutin has also been proposed as a cultivar-specific
biomarker for adulteration assays.?*?’

Soybean samples were the most diverse in terms of
flavonoid composition; discrepancies in the concentrations
of isoquercitrin, rutin, hesperidin, daidzin, and daidzein
were found among different varieties. Previous reports have
indicated that soybean varieties have different flavonoid
compositions that could even be used to group cultivars;*
these reports are corroborated by the findings described
above, as the samples obtained from different varieties
exhibited remarkable differences in phenotypic traits and
susceptibility to herbivores. Variations of over three orders
of magnitude were observed in the isoquercitrin, rutin, and
hesperidin contents of different soybean varieties, although
the presence or absence of the components was generally
constant. The identifications of daidzin and daidzein
isoflavones has been widely reported in the literature,” and
flavonoids such as rutin, hesperidin, and quercetin have also
been identified.*® However, to the best of our knowledge,
this is the first report of cultivars containing high quantities
of isoquercitrin. These compounds identified in soybean
might be involved in important regional intra- and inter-
species interactions such as environmental adaptation,
herbivore defense, and plant-pathogen interaction.

As the presence or absence of specific polyphenols
within the same species is not considerably different,
a polyphenol concentration profile might be employed
as an indicator of the analyzed matrix. Thus, the results
of this study show the importance of the quality control
program during the development and control processes of
nutraceutical foods, in which the analyses of polyphenol
profiles can be used for qualitative identification in the
certification programs of botanical materials.*!

PCA was performed in order to show the clustering
of the obtained data for all samples, and a matrix was
developed for the quick identification of each botanical
material. The data for a total of 91 samples and 7 variables
were used to build the matrix. The PCA results and the
scores graph are displayed in Figure 3.

The results of the PCA demonstrated that it is possible
to separate clusters for each species if a sufficient number
of analytes can be quantified. This could be carried out by
observing that even though samples from the same species
vary in quantity, they are grouped within the same cluster,
indicating that the compositions are similar, regardless of
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Figure 4. Loading plot for PC1 against PC2: (1) quercetin; (2) isoquercitrin; (3) rutin; (4) hesperidin; (5) naringin; (6) daidzin; (7) daidzein.

concentration. This is especially interesting when developing
fail-proof methods for matrix characterization. When only
one analyte was detected, the samples became too close to
the center, making classification difficult. This highlighted
that even though the developed technique has promising
applications, there is a need for further improvement;
specifically, the number of detected molecules should be
increased to better discriminate unknown samples.
Plotting the loadings of PC1 x PC2 enables the
contribution of each variable in the clustering process to
be determined. The biggest contributions to separation in
PC1 come from rutin, daidzin, and daidzein (3, 6, and 7 in
Figure 4, respectively), which were absent or present at low
concentrations in common beans and citrus flavedo but found
in higher concentrations in soybean samples. Hesperidin
and naringin (4 and 5, respectively), which were present at
high concentration in citrus flavedo samples, contributed
positively to separation for PC2. The negative component

of PC2 is related to the increase in the concentrations of
quercetin and isoquercitrin (1 and 2, respectively), which
were found mainly in the common bean samples.

Conclusions

A HPLC-ESI-MS/MS method was developed to
qualify nine different polyphenols in different botanical
matrices in a single run. This method was evaluated for
the analysis of P. vulgaris, Citrus spp., and G. max, which
are typically used as food for both humans and animals.
The method was demonstrated to be linear, specific,
accurate, and precise, with good limits of detection and
quantification and recovery. This method could be applied
to differentiate between the three plant samples; in addition
to distinguishing the chemical profiles among the different
investigated species, the qualitative and quantitative
differences between different cultivars within the same
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species were also determined. Moreover, PCA showed
that by increasing the number of targeted biomolecules,
careful discrimination between samples could be obtained.
The database obtained from LC-SRM analysis, which was
used to process the PCA results, could cluster the samples
according to the species to which they belong. This method
can be easily applied in monitoring and quality control
programs. Therefore, the combined HPLC-MS and PCA
techniques, together with a more comprehensive set of
flavonoids, could be an efficient and reliable tool to identify
unknown plant samples as well as a high-throughput
method for screening natural products for quality control.
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Supplementary data are available free of charge at
http://jbcs.sbq.org.br as PDF file.
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