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Abstract Food legumes (Fabaceae) form an important part
of the human diet; besides, several Fabaceae species are ac-
knowledged for their high levels of bioactive compounds,
among which are isoflavones, being recognised for their var-
ied types of biological activity. The aim of this work was to
classify different varieties of three types of legumes (chick-
peas, lentils and beans) according to their isoflavone contents.
The analysis of isoflavones was carried out using high-
performance liquid chromatography coupled to triple quadru-
pole tandem mass spectrometry (HPLC-MS/MS). To extract
the analytes, a modified QuEChERS approach was used. The
chromatographic peak areas obtained, after scaling in Pareto
mode, were used to build statistical models. Both supervised
and unsupervised techniques were applied for the classifica-
tion of the different types of pulses analysed in the study:
principal component analysis (PCA), hierarchical cluster anal-
ysis (HCA) and partial least squares discriminant analysis
(PLS-DA). The statistical models were validated by internal
validation, obtaining satisfactory results for the different ma-
trices. PCA models allowed the differentiation between sub-
species, but not subspecies, varieties or ecotypes. The results
provided by HCA and PLS-DA revealed that the different
species and subspecies of beans and the different varieties
and subvarieties of lentils can be distinguished, and even the
different ecotypes of the same variety in the case of chickpeas.
This study revealed that it was possible to differentiate among
species, subspecies, varieties and even ecotypes of different
types of legumes based on their isoflavone content.
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analysis . Hierarchical cluster analysis . Partial least squares
discriminant analysis

Introduction

Legumes are the second most important crop as a source of
food, feed for livestock and rawmaterials for industry. Many of
the seeds of this family (Fabaceae) are edible. There are 13,000
species of known legumes, of which about 20 are consumed by
humans (Mazur et al. 1998). The importance of legumes is also
associated with their secondary metabolites, in particular
phytoestrogens. The three main classes of phytoestrogens are
isoflavones, lignans and coumestans (Jacobs et al. 2009), and
their biosynthesis depends strongly on the environment and
plant species in question (Martin et al. 2006).

Isoflavones in particular are a subclass of flavonoids with a
chemical structure similar to that of oestradiol. They are main-
ly found as glycosides, conjugated with carbohydrates, which
may be esterified with acetyl or malonyl groups. Flavonoids
and isoflavonoids have phenolic groups at both ends of the
molecule, making them unique from the chemical, biochemi-
cal and biological points of view and affording the molecules
exceptional stability (Adlercreutz 1998).

Depending on the methylation or glycosylation of the hy-
droxyl groups, the ability of isoflavones to bind to oestrogen
receptors varies. Recently, the possibility of a duality in the
estrogenic activity of isoflavones, which depends on the con-
centrations of endogenous estrogens, has been studied
(Frederick and McCarty 2006; Wood et al. 2006). This under-
scores the beneficial effects gained from the consumption of
this type of phytoestrogens for humans, such as the treatment
of menopausal symptoms (Cassidy et al. 2006; Hwang et al.
2006), as an alternative to hormone-replacement therapy
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(HRT); in cardiovascular disease (Trock et al. 2006; Rimbach
et al. 2008); in diabetes and obesity (Cano et al. 2010); in
osteoporosis (Morris et al. 2006); and even in cancer (e.g.
prostate, Raschke et al. 2006; and endometrial cancer, Hale
et al. 2002).

Isoflavones are typically associated with soybean, despite
being synthesized by many other Fabaceae plants, such as
alfalfa, clover, pea, peanut, and beans (Jacobs et al. 2009). In
plants, isoflavones are found mainly as biologically inactive
glycoconjugates and are hydrolysed in the intestine to their
biologically active form, aglycone. The most abundant type
of isoflavone depends on the legume in question. Thus, for
example, soybean contains mainly daidzein, glycitein and ge-
nistein as aglycones and their glycoside, acetylglycoside and
malonylglycoside forms. However, chickpeas contain
biochanin-A as the major component. The isoflavone profile
also is highly influenced by genotype (Lee et al. 2010; Kumar
et al. 2010), agricultural practices (Vamerali et al. 2012), cli-
matic factors (Morrison et al. 2010), processing conditions,
etc. (Kumar et al. 2010).

In this work, the isoflavone profiles of different types of
chickpeas, lentils and beans were obtained and evaluated
using different multivariate analysis techniques in order to
check how the isoflavone content is affected by the species,
subspecies, variety and even ecotype of the considered
legume.

This study is important for the quality authentication of
legumes, as it can allow for both the classification of the dif-
ferent kinds of legumes and the detection of fraud by
adulteration.

To carry out this study, a modified QuEChERS approach,
described previously (Delgado-Zamarreño et al. 2012), was
implemented for the analysis of isoflavones in legume sam-
ples, followed by separation and quantification using HPLC-
MS/MS. The data from HPLC-MS/MS were three-
dimensional (retention time, mass and abundance) and there-
fore had to be pretreated. The chromatographic peak areas
obtained after scaling in Pareto mode were used to build sta-
tistical models. Both supervised (principal component analy-
sis and hierarchical cluster analysis) and unsupervised (partial
least squares discriminant analysis) techniques were applied
for the different types of pulses.

Material and Methods

Chemicals

The following are the isoflavone standards: daidzin
(CASRN552-66-9), glycitin (CAS RN40246-10-4), genistin
(CASRN529-59-9), daidzein (CAS RN 486-66-8), glycitein
(CASRN4095783-3), genistein (CASRN 446-72-0),
formononetin (CASRN485-72-3) and biochanin-A (CAS

RN491-80-5) were purchased from Sigma-Aldrich
(Alcobendas, Madrid, Spain). The organic solvents—acetoni-
trile (ACN), methanol (MeOH) and ethanol (EtOH)—were of
HPLC grade and were supplied by Merck (Darmstadt,
Germany). Formic acid (>98 %) was from Fluka
(Alcobendas,Madrid, Spain). Anhydrousmagnesium sulphate,
sodium chloride and trisodium citrate dihydrate (Na3Cit∙2H2O)
were from Scharlau (Barcelona, Spain). Disodium
hydrogencitrate sesquihydrate (Na2HCit∙1.5H2O) was from
Sigma-Aldrich. Ultra-high-quality (UHQ) water was obtained
with a Wasserlab (Spain) water purification system. All other
chemicals used were of analytical reagent grade.

Samples

The samples analysed were purchased from local
supermarkets.

Spanish chickpeas for human consumption are, for the
most part, ecotypes from the macrocarpum variety of the
Cicer arietinum L. species. Five ecotypes are accepted as
such, of which only BCastellano^ (CS), BPedrosillano^ (PD)
and BBlanco Lechoso^ (BL) were studied in this work. The
chickpeas analysed were from different origins, manufacturers
and harvests, resulting in 20 samples from nine different pro-
ducers from the regions of Andalucía and Castilla y León
(Spain). The samples analysed were labelled with the name
of the producer as BFuentesauco^ (Fm, Fch, Ftg), BPico
Pardal^ (Ppa, Ppv), Pedrosillano (Psc, Pbo, Pa, Pm, Prg),
Blanco Lechoso (Lc, La, Lci), BMaragato^ (Ma), BGordo^
(Gs), Castellano (Cv, Cci), Borganically grown^ (Ec) and
BMexican^ (Mxa, Mxh). It should be noted that samples la-
belled as Fuentesauco, Pico Pardal, Maragato and Gordo, all
from the region of Castilla y León, could be considered as
belonging to the Pedrosillano ecotype.

The lentils most widely cultivated in Spain belong to the
species Lens culinaris Medicus. There are three different va-
rieties of this species: L. culinaris Medicus var. variabilis,
L. culinaris Medicus var. dupuyensis and L. culinaris
Medicus var. vulgaris, latter two having subvarieties. These
two subvarieties are commonly commercialized as BRubia de
la Armuña^ (AR) and BRubia Castellana^ (CA); the variety
variabilis is commercialized as BPardina^ (PA) and the variety
dupuyensis as BVerdina^ (VE). Twenty lentil samples from
eight different producers of these three varieties from
Castilla y León (Spain) were studied. The samples analysed
were labelled with the name of producer as follows: Rubia de
LaArmuña (Al, Ald, Ach, Li), Rubia Castellana (Ca, Cv, Cci),
Pardina (Ps, Pl, Pv, Pci, Pba, Pa, Ph), Verdina (Vv), organical-
ly grown (Ec), BExtrafina^ (Ea) and BRápida^ (Rh), and other
lentils labelled as (Lh) and (Lp). As can be seen, some samples
were of unknown variety.

Finally, two different species of beans were analysed,
Phaseolus multiflorus and Phaseolus vulgaris, including two
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different subspecies from the latter, nanus and volubilis spp. In
this case, 20 bean samples from 12 different producers in
Castilla y León and Asturias (Spain) were studied. These sam-
ples were labelled by the producer as BBlanca Riñon^ (Rar,
Rvg, Rd, Rla, Rls, Rl, Rvb, Rrg, Ra, Rh, Jb), BRedonda
Manteca^ (Rv), BFaba^ (Fp, Fci, Fa, Fv), BGranja^ (Gh)
BPlancheta^ (Pv), BNegrita^ (Nl) and BJudión^ (Jv). These
beans belong to the following varieties: Blanca Riñon (RI)
and Redonda Manteca (RE) from the subspecies nanus;
BGranja Fabada^ or Faba (FA), Plancheta (PL) and Negrita
(NE) from the subspecies volubilis, all from the species
P. vulgaris. The species P. multiflorus is commercialized in
Spain as Judión (J).

Sample Preparation

Before extraction, samples were ground with a Knifetec™
1905 from Foss (Barcelona, Spain) and were stored in a cool,
dry place in closed containers.

Extractionwas carried out following the QuEChERSmeth-
odology optimized in a previous work (Bustamante-Rangel
et al. 2014). Depending on the type of matrix, an appropriate
amount of sample was extracted in two steps. First, 10 mL of
ACN/H2O (70:30, v/v) was added, and the mixture was shak-
en for 5 min; then, 5 mL of ACN was added and the mixture
was shaken again for 5 min. The chickpea and bean extrac-
tions were carried out using a VWR thermostatted shaking
tray (Radnor, PA, USA), while lentil extractions were accom-
plished using a Microson Misonix Ultrasonic Cell Disruptor
probe (Farmingdale, NY, USA). These agitation systems were
chosen taking into account the results obtained in a compara-
tive study aimed at placing the sample and the solvent in
contact in order to optimize the extraction of isoflavones from
legumes using the QuEChERS method (Bustamante-Rangel
et al. 2014). After extraction, a mixture of MgSO4/NaCl (4:1,
w/w) together with a citrate buffer (in the case of chickpeas
and beans) was added, and the mixture was shaken vigorously
for 1 min and centrifuged at 3000 rpm for 5 min. The upper
layer was filtered through a 0.22-μm PVDF syringe filter be-
fore injection into the chromatographic system.

LC-MS/MS Conditions

LC analyses were performed on a HP 1200 Series chromato-
graph from Agilent (Waldbronn, Germany) equipped with a
binary pump, a membrane degasser, an autosampler and a six-
port valve. The analytical column was a 50 × 4.6-mm Zorbax
Eclipse XDB-C18 with 1.8 μm particles (Agilent). The mo-
bile phase consisted of an acetonitrile (solvent A) and 0.01 %
aqueous formic acid (solvent B) gradient at a flow rate of
0.5 mL min−1. Gradient elution was as follows: 0–1.5 min,
10 % A; 1.5–2.5 min, 10–25 % A; 2.5–3.5 min, 25 % A; 3.5–
7 min, 25–50 % A; 7–8 min, 50–80 % A; 8–10 min, 80 % A;

and 10–12 min, 80–10 % A. The analytical column was
thermostatted at 25 °C, and the injection volume was 2 μL.
Detection was carried out on a Triple Quad LC/MS 6410
device (Agilent) equipped with an electrospray (ESI) source.
ESI-MS spectra were acquired in positive-ion multiple reac-
tion monitoring (MRM) mode. The conditions of the MS
analysis were as follows: the electrospray capillary voltage
was 3500 V, and the nebulizer pressure was 35 psi. Nitrogen
was used as the drying gas at a flow rate of 12 L min−1 and a
temperature of 350 °C. The whole system was controlled by
the Agilent MassHunter software, version B.04.01.

Quantification of the isoflavones was performed using the
external standard method.

Multivariate Data Analysis

Data analysis was performed with multivariate statistical
methods, using the SIMCA P+ version 13.0 software
(Umetrics, Sweden). Pareto scaling was applied to the data
prior to the development of the chemometric models.
Principal component analysis (PCA), hierarchical cluster anal-
ysis (HCA) and partial least squares discriminant analysis
(PLS-DA) were used for the discrimination and classification
of legumes.

PCA is one of the most widely used unsupervised tech-
niques in multivariate data analysis because it is easy to inter-
pret. PCA helps to reduce the dimensionality of the data while
retaining most of the information because all the relationships
between the variables are studied simultaneously (Brereton
2009). This mathematical process aims to reduce the complex-
ity of the data, identify the inherent trend of a set of experi-
mental measurements and classify the samples according to
their similarities and differences, providing graphical visuali-
zation in the space defined by the principal components. The
principal components were displayed as a set of scores (t),
which highlights clustering or outliers, and a set of loadings
(p), which highlights the influence of input variables on t
(Jackson 2004).

HCA is also an unsupervised method that divides a set of
objects into a series of classes to generate a dendrogram in
which objects are grouped according to their similarities.
There are different criteria to determine the similarity based
on correlations (Pearson or otherwise) or distances
(Euclidean, Mahalanobis, etc.) (Ramis Ramos and García
Álvarez-Coque 2001).

PLS-DA is a supervised model that uses information about
the identity of each group of samples to generate a mathemat-
ical model that optimizes the separation between classes and
allows the class to which new samples belong to be predicted.
In this model, PLS was used to find the fundamental relation-
ships between the independent or predictor variables,X (in our
case, the experimental measurements), and the dependent or
response variables, Y (in our case, the classes). The dependent
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variables (Y matrix) are categorical and express the fact of
belonging or not to a particular class. The matrix consists of
as many columns as there are classes, and an observation takes
a value of one for the class to which it belongs and zero for the
rest (Eriksson et al. 2006; Sjostrom et al. 1986). PLS-DA
provides rugged models with predictive capability that allows
the differences between two sample groups to be found.

Validation of data models is essential to check whether the
conclusions obtained are reliable according to the information
provided by the model. Validation of the models was tested by
internal validation, also called Bscrambling^. For this, the pa-
rameters R2 (total variance explained by the model) and Q2
(predictive capability of the model) were evaluated. The idea
of this validation is to compare the values of R2 and Q2 of the
initial model with the values of the models generated after
randomly permuting (about 100 times) the observations of
the matrix of the dependent variables while the matrix of in-
dependent variables remains intact. The validation is success-
ful if the models obtained after the permutations have R2 and
Q2 values lower than those of the original model; moreover,
the regression line connecting the values of Q2 intersects the
Y-axis below 0.05 (Eriksson et al. 2006).

Results and Discussion

Analysis of Isoflavones

To study the isoflavone content of chickpeas, lentils and
beans, 20 different samples of each type of legume were
analysed in triplicate. Estimation of isoflavone contents was
performed with the external standard calibration method.

The isoflavone contents showed great variability, depend-
ing on the type of legume analysed and even among the dif-
ferent varieties from the same species. As an example, the
isoflavone compositions of the lentils analysed are shown in
Table 1. The data are expressed as means ± standard devia-
tions (μg/100 g).

This variability in the isoflavone content not only was man-
ifested in different types of legumes but was also evident in the
different varieties of the same species. Differences were ob-
served both in the type of analyte and in the concentration
found in the samples. In the three types of legume, the agly-
cone content found was higher than that of the glucosides.

Principal Component Analysis

Before applying the multivariate analysis techniques de-
scribed above, the data were scaled using the Pareto mode.

Using scaled variables, we constructed PCA models
capable of classifying (among species, subspecies, varieties
or ecotypes) each type of legume sample based on its
isoflavone content.

Figure 1 shows the PC2 × PC1 score plot resulting from the
application of PCA to the scaled data for chickpeas, lentils and
beans, respectively. As mentioned above, PCA is an unsuper-
vised technique in which the classes are not assigned before
the generation of the model. After model construction, each of
the scores was coloured according to the label of the producer.

First, the PCA model corresponding to chickpea samples
was obtained. When attempting to discriminate between
chickpeas according to the manufacturers’ labels, no clear
differentiation was obtained. It should be noted that the sam-
ples labelled by the producer as Maragato, Gordo or Pico
Pardal were similar to the Pedrosillano ecotype, both in iso-
flavone content and morphology; accordingly, these samples
could be included in this ecotype. Thus, a new PCA model
was generated taking into account only the three ecotypes
selected for this study (Castellano, Pedrosillano and Blanco
Lechoso). As can be seen in Fig. 1a, as in the previous model,
it was not possible to discriminate among the different eco-
types of the same variety of chickpeas (var. macrocarpum of
C. arietinum species).

In the case of lentil samples, as in the above case, the PCA
model generated, considering different classes in the product
labelling, did not allow classes to be discriminated. In this
case, three different varieties of the same species
(L. culinaris Medicus) were analysed: vulgaris, variabilis
and dupuyensis. There were several samples whose labelling
did not contain the variety of lentil to which they belonged. To
assign them a variety, we considered the percentages of par-
ticipation of the major analytes (genistein and formononetin).
Figure 1b shows the PCA model generated for lentil samples
as a function of the three different varieties: vulgaris,
variabilis and dupuyensis. As can be seen, PCA allowed a
differentiation between the different varieties of lentils, al-
though the class separation was not complete.

Finally, the classification of the bean samples is shown in
Fig. 1c. As may be seen, two perfectly differentiated groups
were found, corresponding to the two different species stud-
ied, P. vulgaris and P. multiflorus. However, the PCA model
did not allow bean subspecies to be differentiated.

Hierarchical Cluster Analysis

Figure 2 shows the dendrograms generated from the optimum
PCAmodels obtained. For chickpea samples, three groups (or
classes) corresponding to the three ecotypes analysed (Blanco
Lechoso, Castellano and Pedrosillano) were observed
(Fig. 2a). In the study of lentil samples (Fig. 2b), a classifica-
tion in four groups is shown. This highlights the separation not
only between varieties but also between subvarieties. It would
be expected that the branch corresponding to the variety
L. culinaris Medicus var. vulgaris would be divided, leading
to the subvarieties Rubia de la Armuña and Rubia Castellana.
However, these subvarieties showed a greater degree of
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differentiation, which could be explained in terms of the con-
tents of the major analyte (formononetin). The formononetin
content was higher in the scores corresponding to the subva-
riety Rubia de la Armuña than in those of other varieties and
subvarieties. This higher content of formononetin could be
explained by taking into account the origin of the samples;
such behaviour has been described previously in the literature
(Morrison et al. 2010).

Figure 2c-1 shows the dendrogram obtained in the case of
bean samples, in which the separation of the two species
(P. vulgaris and P. multiflorus) was clearly apparent. The fig-
ure shows that the group 2 (P. vulgaris) was subdivided into
two distinct groups, which could correspond to the two sub-
species of P. vulgaris studied, nanus and volubilis. Figure 2c-2
shows the dendrogram obtained considering both species and
subspecies. In this figure, groups 3 and 4 represented the sub-
species nanus and nolubilis, respectively. Group 2
corresponded to samples labelled by the supplier as BRiñón^
beans, which belonged to the subspecies nanus; however, they
were very different from these, both morphologically and con-
sidering their isoflavone contents. This prompted us to suspect
that they were a different kind of bean.

Partial Least Squares Discriminant Analysis

Finally, partial least squares discriminant analysis (a super-
vised technique) was conducted. This analysis allowed a more

effective separation between classes, since the variables affect-
ing the separation were known. The PLS-DA models (Fig. 3)
were generated from dendrograms obtained previously. For
chickpea samples, PCA models did not allow the different
ecotypes to be differentiated. However, as in HCA, PLS-DA
showed a clear separation between Blanco Lechoso and the
other two ecotypes, Castellano and Pedrosillano (Fig. 3a).

In the case of lentil samples, the results obtained with PLS-
DA corroborated the conclusions reached with HCA.
Figure 3b shows the discrimination between four groups cor-
responding to the different varieties and subvarieties. As in
HCA analysis, the separation between Rubia de la Armuña
lentils and the other samples was greater than that obtained for
the rest of the groups, which could be explained by the isofla-
vone content as well as the origin of the samples.

Finally, PLS-DAwas applied to the bean samples. Figure 3c
shows a clear separation between two species: P. multiflorus
(group 1) and P. vulgaris (groups 2, 3 and 4). As in HCA, when
attempting to differentiate between the two subspecies of
P. vulgaris, a group of samples (group 2) appeared separated
from the group to which it should belong (group 3).

Method Validation

After generating the models, they were validated to check the
reliability of the conclusions based on the information provided
by them. For this, the parameters R2 (total variance explained

Table 1 Isoflavone content of lentil samples (μg/100 g)

Daidzin Glycitin Genistin Daidzein Glycitein Genistein Formononetin Biochanin-A

AL 1.32 ± 0.06 0.79 ± 0.01 0.51 ± 0.04 3.2 ± 0.4 4.4 ± 0.8 27 ± 1 15.2 ± 0.6 18 ± 1

AL D nd nd nd 0.12 ± 0.04 nd 5.1 ± 0.2 0.9 ± 0.2 nd

AC H nd nd nd nd nd 3 ± 0.2 nd 1.2 ± 0.4

LI nd nd nd nd nd 2.4 ± 0.2 nd nd

PS nd nd nd nd nd 1.6 ± 0.9 nd nd

PL 0.17 ± 0.02 nd nd 0.3 ± 0.1 nd 3.9 ± 0.9 0.9 ± 0.2 3 ± 0.2

PV 0.43 ± 0.02 0.47 ± 0.02 0.25 ± 0.06 nd nd 7 ± 0.4 1.9 ± 0.1 2.1 ± 0.9

PCI nd nd nd nd nd 1.9 ± 0.2 nd 0.8 ± 0.4

PBA nd nd 0.09 ± 0.01 nd nd 2.9 ± 0.2 0.22 ± 0.02 1 ± 0.4

PA nd nd nd nd nd 2.4 ± 0.2 0.18 ± 0.02 1.1 ± 0.4

PH nd nd nd nd nd 1.6 ± 0.4 nd 1.8 ± 0.9

CA nd 0.11 ± 0.01 0.18 ± 0.01 nd nd 4.0 ± 0.2 1.17 ± 0.06 1.9 ± 0.4

CV 0.086 ± 0.006 0.1 ± 0.01 0.18 ± 0.01 2.52 ± 0.09 nd 10.4 ± 0.4 4.64 ± 0.09 2.3 ± 0.4

CCU nd nd 0.28 ± 0.01 nd nd 2.6 ± 0.2 0.82 ± 0.06 3.1 ± 0.4

VV 0.25 ± 0.02 0.06 ± 0.01 0.11 ± 0.06 nd nd 32.3 ± 0.9 8.4 ± 0.2 4.6 ± 0.9

EA nd nd nd nd nd 4.4 ± 0.2 0.31 ± 0.06 nd

RH nd nd nd nd nd 4.5 ± 0.2 0.38 ± 0.06 0.9 ± 0.4

EC nd 0.15 ± 0.004 nd nd nd 7.4 ± 0.2 0.87 ± 0.06 1.1 ± 0.4

LH 0.15 ± 0.02 0.08 ± 0.01 0.28 ± 0.06 nd 3.1 ± 0.4 2.6 ± 0.1 1.9 ± 0.9

LP nd nd 0.19 ± 0.02 0.28 ± 0.06 nd 3.4 ± 0 2 3.1 ± 0.2 nd
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by the model) and Q2 (predictive capability of the model) were
evaluated with the permutation method called scrambling vali-
dation. As mentioned above, the validation is successful if the
values of R2 and Q2 of the models after the permutations are
lower than those of the original model and the regression line

connecting the values of Q2 intersects the Y-axis below 0.05.
The upper right part of Fig. 4 shows the values of R2 and Q2 of
the original model, while on the left, the figure shows the values
of R2 and Q2 of the models after the permutations. As can be
seen, the conditions required were fulfilled, taking the intercept
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of the Q2 line values of −0.245, −0.425 and −0.287 for chick-
pea, lentil and bean samples, respectively.

Conclusions

In this study, the isoflavone profiles of different types of chick-
peas, lentils and beans were obtained and evaluated. The le-
gumes analysed exhibited different isoflavone profiles. In ad-
dition, within the same genus of legumes, there are differences
in the isoflavone content between species, subspecies, varie-
ties and even ecotypes of the considered legume.

To study the possibility of classifying the different types of
pulses as a function of their isoflavone content, multivariate
analysis techniques were applied.

According to the obtained results, it can be concluded that,
using generated PCA models only, the different species of
beans could be distinguished, but not subspecies.

The results provided by HCA revealed that the different spe-
cies and subspecies of beans and different varieties and subva-
rieties of lentils can be distinguished, and—in the case of chick-
peas—even the different ecotypes of the same variety. It should
be noted that in this classification, not only the genotype of the
species was taken into account but also the origin of the samples.
The results provided by PLS-DA corroborated the above.

The relevance of this study is clear since the differences
between pulses of a given variety based on their isoflavone
content are corroborated. This study is important for the qual-
ity authentication of legumes, as it can allow for both the
classification of the different kinds of legumes as well as the
detection of fraud by adulteration.
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