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ABSTRACT

Legumes are a well-known source of phytochemicals and are commonly believed to have similar
composition between different genera. To date, there are no studies evaluating changes in legumes to
discover those compounds that help to discriminate for food quality and authenticity. The aim of this
work was to characterize and make a comparative analysis of the composition of bioactive
compounds between Cicer arietinum L. (chickpea), Lens culinaris L. (lentil) and Phaseolus vulgaris
L. (white bean) through an LC-MS-Orbitrap metabolomic approach to establish which compounds
discriminate between the three studied legumes. Untargeted metabolomic analysis was carried out by
LC-MS-Orbitrap from extracts of freeze-dried legumes prepared from pre-cooked canned legumes.
The metabolomic data treatment and statistical analysis were realized by using MAIT R's package,
and final identification and characterization was done using MSn experiments. Fold-change
evaluation was made through Metaboanalyst 4.0. Results showed 43 identified and characterized
compounds displaying differences between the three legumes. Polyphenols, mainly flavonol and
flavanol compounds, were the main group with 30 identified compounds, followed by a-galactosides
(n=5). Fatty acyls, prenol lipids, a nucleoside and organic compounds were also characterized. The
fold-change analysis showed flavanols as the wider class of discriminative compounds of lentils
compared to the other legumes; prenol lipids and eucomic acids were the most discriminative
compounds of beans versus other legumes and several phenolic acids (such as primeveroside
salycilic), kaempferol derivatives, coumesterol and a-galactosides were the most discriminative
compounds of chickpeas. This study highlights the applicability of metabolomics for evaluating
which are the characteristic compounds of the different legumes. In addition, it describes the future
application of metabolomics as tool for the quality control of foods and authentication of different

kinds of legumes.

1. Introduction

Legumes are a habitual part of the diet in several countries worldwide, especially as a source of

dietary protein in the developing ones (Caprioli et al., 2016; Curiel et al., 2015; Kalogeropoulos et
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al., 2010). In recent years, interest in legumes has increased due to their beneficial or protective effects
on human health. Many studies have shown that a frequent consumption of legumes decreases the
risk of cardiovascular disease, type 2 diabetes, some types of cancer, overweight and obesity (Curiel
et al., 2015; Jenkins et al., 2012). These activities are attributed to the nutritional composition of
pulses and their bioactive compounds (Margier et al., 2018). Legumes are known for their high levels
in vegetable protein and fiber (Rebello, Greenway, & Finley, 2014). It is to highlight their wide
composition of bioactive compounds, such as polyphenols - flavonoids, phenolic acids, tannins — and
also triterpenic acids and saponins, among others (Ha et al., 2014). Flavanols have been reported to
have nitric oxide-dependent arterial function and immune and inflammatory function modulation
(Rodriguez-Mateos et al., 2015); a-galactooligosaccharides such as ciceritol or stachyose were
reported to have immunomodulatory activity in vitro (Dai et al., 2018); naturally occurring eucomic
acid has been reported to have cytochrome c oxidase activity and to stimulate respiratory functions
in vitro in protective anti-aging skin therapies (Simmler, Antheaume, André, Bonté, & Lobstein,
2011). Among European countries, the highest legume consumption is observed around the
Mediterranean, with a daily consumption of between 8 and 23 g/capita (Caprioli et al., 2016). The
most consumed legumes (i.e. Leguminosae or Fabaceae) are lentils (Lens culinaris Medik.), beans
(Phaseolus vulgaris L.) and chickpeas (Cicer arietinum L.). There are several studies using targeted
analysis and focused on specific bioactive compounds found in legumes, such as the flavan-3-ols and
procyanidins (Bittner, Rzeppa, & Humpf, 2013), flavonoids (Sumner, Paiva, Dixon, & Geno, 1996),
1soflavones (Vila-Donat et al., 2015) and soyasaponins (Ha et al., 2014). Additionally, in the last few
years, several works have been focused on a specific Leguminosae variety, showing its composition
in terms of phytochemicals and major compounds by using mass spectrometry analytical techniques
(Abu- Reidah, Arrdez-Roman, Lozano-Sanchez, Segura-Carretero, & Fernandez-Gutiérrez, 2013;
Lin, Harnly, Pastor-Corrales, & Luthria, 2008). To the best of our knowledge, there is very little
information available on the complete phytochemical profile of common legumes, and additionally,
no previous works have compared the phytochemical profile of several legumes using untargeted

metabolomic approaches (Caprioli et al., 2016; Curiel et al., 2015; Kalogeropoulos et al., 2010). Over
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the last few years, metabolomics approaches have emerged as powerful tools in the field of food
sciences. Castro-Puyana et al., reviewed the application of metabolomics in food safety, food quality
and food traceability, highlighting the need to develop and apply techniques such as metabolomics
that enables to stay abreast with the new requirements of the food market (Castro-Puyana & Herrero,
2013). In addition, the authors concluded that based on their ability to detect new markers, the
metabolomics approaches will allow the industry to analyse food quality. Likewise, Cubero-Leon et
al., reviewed the application of metabolomics to food authentication. The authors concluded that it is
very important to apply untargeted applications in order to enable us to detect new markers to fight
against food fraud (Cubero-Leon, Pefalver, & Maquet, 2014). In this context, the aim of this work
was to identify, characterize and perform a comparative analysis between Cicer arietinum L.
(chickpea), Lens culinaris Medik. (lentil) and Phaseolus vulgaris L. (white bean) through an LC-MS-
Orbitrap metabolomic approach to establish which compounds discriminate between the three studied

legumes.

2. Materials and methods

2.1. Standards and reagents

The following chemicals were obtained commercially: gallic acid, protocatechuic acid, catechin, p-
coumaric, taxifolin, kaempferol, sinapic acid, epigallocatechin and citric acid were purchased from
Sigma- Aldrich (St Louis, MO); procyanidin B2, naringin, isoquercitrin and luteolin were purchased
from Extrasynthese (Genay, France). HPLCgrade methanol, acetonitrile and formic acid were
purchased from Scharlab S.L. (Barcelona, Spain). Ultra-pure water (Milli-Q) was obtained from a

Milli-Q system (Millipore, Bedford, MA).

2.2. Sampling and sample preparation

Three pulse samples were selected according to the EU protected geographical indication (PGI).
Lentils were “Lenteja Pardina de Tierra de Campos”, white beans were “Mongetes del Ganxet” and

chickpeas were “Garbanzo de Fuentesauco”; all of these varieties came from the EU PGI. Pre-cooked
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canned Cicer arietinum L. (chickpea from Legumer Precocinados S.L.), Lens culinaris (lentils from
Legumbres La Auténtica S.L.) and Phaseolus vulgaris (white bean from Conserves Ferrer S.A.) were
selected for use in an intervention study published in the framework of the JPI HDHL Foodball
(Madrid-Gambin et al., 2018). A total of 430 g of lentils, 441 g of chickpeas and 564 g of three
legumes were washed separately five times using Milli-Q water, then ground and homogenized. The
resulting paste was weighed, saved into amber containers and stored for 24 h at —80 °C before the
freeze-drying process. Subsequently, samples were placed in the freeze-dryer equipment (Telstar
Cryodos, Spain) until dry. Then, each sample was placed in polyethylene bags and stored until

analysis.

2.3. Extraction procedure

The extraction procedure was performed following previous methodology reported by Konar et al.
and Abu- Reidah et al. with brief modifications (Abu-Reidah, del Mar Contreras, Arraez-Roman,
Fernandez-Gutiérrez, & Segura-Carretero, 2014; Konar, Poyrazoglu, Demir, & Artik, 2012). In
quadruplicate, 1.5 g of each legume powder were mixed with 8 mL of MeOH/H20 (80:20) acidified
with 0.5% of formic acid and sonicated for one hour to extract the components. The extracts were
centrifuged at 4000 G for 13 min at 4 °C and the resulting supernatants were concentrated using a
rotary evaporator under vacuum at 30 °C. Then a second extraction was applied. The residues were
resuspended in 8 mL of acidulated MeOH/H20 (80:20), sonicated and centrifuged as before. The
resulting supernatants were mixed with the first ones and concentrated up to a volume of 1 mL. The

samples were centrifuged at 12000 G for 12 min at 4 °C before the analysis.

2.4. Metabolomics analysis

2.4.1. LC-ESI-LTQ-Orbitrap mass spectrometry

The analysis of bioactive compounds in legumes was carried out by LC-ESI-LTQ-Orbitrap mass
spectrometry. Liquid chromatography (LC) was performed on an HPLC Agilent series 1200RR

system equipped with a quaternary pump and a thermostatted autosampler. A Phenomenex RP 18
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Luna column (50%2.0 mm, 5 um) was used. A 10 uL full loop injection and a linear gradient elution
were performed with a binary system consisting of [A] Milli-Q water with 0.1% HCOOH (v/v) and
[B] acetonitrile 0.1% HCOOH (v/v), at a constant flow rate of 600 uL. min—1. The gradient elution
(v/v) of phase [B] used was as previously reported for a metabolomics approach (Llorach et al., 2013)
with slight modifications as follow (time, min; B, %): (0; 1), (5; 40), (6.50; 70), (6.51; 100), (8; 100),
(8.10; 1), (12; 1). The HPLC system was online-coupled with an LTQ Orbitrap Velos mass
spectrometer (Thermo Scientific, Hemel Hempstead, UK) equipped with an electrospray ionization
source working in negative mode (LC-ESI-LTQ-Orbitrap) and coupled to an Accela system (Thermo
Scientific, Hemel Hempstead, UK). The ESI-LTQ-Orbitrap data were acquired in FTMS scan mode
(scan range from 100 to 2000 m/z) with a resolution of 30,000 fwhm. Operation parameters were as
follows: source voltage, 4 (kV); source current, 7 (LA); S-Lens RF level, 94 (%); sheath gas, 50
(arbitrary units); auxiliary gas, 20 (arbitrary units); sweep gas, 2 (arbitrary units); and capillary
temperature, 375 °C. The maximum injection time was set at 100 ms with two micro scans for MS
mode, and to 1000 ms with one micro scan for MSn mode. Samples were injected in a randomized
order jointly with quality controls (QC1: Milli-Q water samples; QC2: standard mixture solution (1
ppm) consisting of gallic acid, protocatechuic acid, catechin, procyanidin B2, p-coumaric, taxifolin,
naringin, genistein and kaempferol, QC3: reinjection of one sample for each legume) following the
protocol published previously by the research group (Llorach, Urpi-Sarda, Jauregui, Monagas, &
Andres- Lacueva, 2009). The coefficient of variation of QC2 (n=6) for all the compounds was lower
than 13%. The between day precision (RSD, %) of six significant compounds was calculated (n=8)
in different days as additional QC. In beans, stachyose and heliangin showed values of 5.1% and
6.0%, respectively; in lentils, (epi)gallocatechin-(epi)catechin I and megastigmadiene-diol -[apiosyl-
glucoside] showed values of 13.3% and naturally occurring eucomic acid has been reported to have
cytochrome ¢ oxidase activity and to stimulate respiratory functions in vitro in protective anti-aging
skin therapies (Simmler, Antheaume, André, Bonté, & Lobstein, 2011). Among European countries,
the highest legume consumption is observed around the Mediterranean, with a daily consumption of

between 8 and 23 g/capita (Caprioli et al., 2016). The most consumed legumes (i.e. Leguminosae or
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Fabaceae) are lentils (Lens culinaris Medik.), beans (Phaseolus vulgaris L.) and chickpeas (Cicer
arietinum L.). There are several studies using targeted analysis and focused on specific bioactive
compounds found in legumes, such as the flavan-3-ols and procyanidins (Bittner, Rzeppa, & Humpf,
2013), flavonoids (Sumner, Paiva, Dixon, & Geno, 1996), isoflavones (Vila-Donat et al., 2015) and
soyasaponins (Ha et al., 2014). Additionally, in the last few years, several works have been focused
on a specific Leguminosae variety, showing its composition in terms of phytochemicals and major
compounds by using mass spectrometry analytical techniques (Abu- Reidah, Arraez-Roman, Lozano-
Sanchez, Segura-Carretero, & Fernandez-Gutiérrez, 2013; Lin, Harnly, Pastor-Corrales, & Luthria,
2008). To the best of our knowledge, there is very little information available on the complete
phytochemical profile of common legumes, and additionally, no previous works have compared the
phytochemical profile of several legumes using untargeted metabolomic approaches (Caprioli et al.,
2016; Curiel et al., 2015; Kalogeropoulos et al., 2010). Over the last few years, metabolomics
approaches have emerged as powerful tools in the field of food sciences. Castro-Puyana et al.,
reviewed the application of metabolomics in food safety, food quality and food traceability,
highlighting the need to develop and apply techniques such as metabolomics that enables to stay
abreast with the new requirements of the food market (Castro-Puyana & Herrero, 2013). In addition,
the authors concluded that based on their ability to detect new markers, the metabolomics approaches
will allow the industry to analyse food quality. Likewise, Cubero-Leon et al., reviewed the application
of metabolomics to food authentication. The authors concluded that it is very important to apply
untargeted applications in order to enable us to detect new markers to fight against food fraud
(Cubero-Leon, Penalver, & Maquet, 2014). In this context, the aim of this work was to identify,
characterize and perform a comparative analysis between Cicer arietinum L. (chickpea), Lens
culinaris Medik. (lentil) and Phaseolus vulgaris L. (white bean) through an LC-MS-Orbitrap
metabolomic approach to establish which compounds discriminate between the three studied

legumes.

2. Materials and methods
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2.1. Standards and reagents

The following chemicals were obtained commercially: gallic acid, protocatechuic acid, catechin, p-
coumaric, taxifolin, kaempferol, sinapic acid, epigallocatechin and citric acid were purchased from
Sigma- Aldrich (St Louis, MO); procyanidin B2, naringin, isoquercitrin and luteolin were purchased
from Extrasynthese (Genay, France). HPLCgrade methanol, acetonitrile and formic acid were
purchased from Scharlab S.L. (Barcelona, Spain). Ultra-pure water (Milli-Q) was obtained from a

Milli-Q system (Millipore, Bedford, MA).

2.2. Sampling and sample preparation

Three pulse samples were selected according to the EU protected geographical indication (PGI).
Lentils were “Lenteja Pardina de Tierra de Campos”, white beans were “Mongetes del Ganxet” and
chickpeas were “Garbanzo de Fuentesauco”; all of these varieties came from the EU PGI. Pre-cooked
canned Cicer arietinum L. (chickpea from Legumer Precocinados S.L.), Lens culinaris (lentils from
Legumbres La Auténtica S.L.) and Phaseolus vulgaris (white bean from Conserves Ferrer S.A.) were
selected for use in an intervention study published in the framework of the JPI HDHL Foodball
(Madrid-Gambin et al., 2018). A total of 430 g of lentils, 441 g of chickpeas and 564 g of three
legumes were washed separately five times using Milli-Q water, then ground and homogenized. The
resulting paste was weighed, saved into amber containers and stored for 24 h at —80 °C before the
freeze-drying process. Subsequently, samples were placed in the freeze-dryer equipment (Telstar
Cryodos, Spain) until dry. Then, each sample was placed in polyethylene bags and stored until

analysis.

2.3. Extraction procedure

The extraction procedure was performed following previous methodology reported by Konar et al.
and Abu- Reidah et al. with brief modifications (Abu-Reidah, del Mar Contreras, Arraez-Roman,
Fernandez-Gutiérrez, & Segura-Carretero, 2014; Konar, Poyrazoglu, Demir, & Artik, 2012). In

quadruplicate, 1.5 g of each legume powder were mixed with 8 mL of MeOH/H20 (80:20) acidified
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with 0.5% of formic acid and sonicated for one hour to extract the components. The extracts were
centrifuged at 4000 G for 13 min at 4 °C and the resulting supernatants were concentrated using a
rotary evaporator under vacuum at 30 °C. Then a second extraction was applied. The residues were
resuspended in 8 mL of acidulated MeOH/H20 (80:20), sonicated and centrifuged as before. The
resulting supernatants were mixed with the first ones and concentrated up to a volume of 1 mL. The

samples were centrifuged at 12000 G for 12 min at 4 °C before the analysis.

2.4. Metabolomics analysis

2.4.1. LC-ESI-LTQ-Orbitrap mass spectrometry

The analysis of bioactive compounds in legumes was carried out by LC-ESI-LTQ-Orbitrap mass
spectrometry. Liquid chromatography (LC) was performed on an HPLC Agilent series 1200RR
system equipped with a quaternary pump and a thermostatted autosampler. A Phenomenex RP 18
Luna column (50%2.0 mm, 5 pum) was used. A 10 uL full loop injection and a linear gradient elution
were performed with a binary system consisting of [A] Milli-Q water with 0.1% HCOOH (v/v) and
[B] acetonitrile 0.1% HCOOH (v/v), at a constant flow rate of 600 uL. min—1. The gradient elution
(v/v) of phase [B] used was as previously reported for a metabolomics approach (Llorach et al., 2013)
with slight modifications as follow (time, min; B, %): (0; 1), (5; 40), (6.50; 70), (6.51; 100), (8; 100),
(8.10; 1), (12; 1). The HPLC system was online-coupled with an LTQ Orbitrap Velos mass
spectrometer (Thermo Scientific, Hemel Hempstead, UK) equipped with an electrospray ionization
source working in negative mode (LC-ESI-LTQ-Orbitrap) and coupled to an Accela system (Thermo
Scientific, Hemel Hempstead, UK). The ESI-LTQ-Orbitrap data were acquired in FTMS scan mode
(scan range from 100 to 2000 m/z) with a resolution of 30,000 fwhm. Operation parameters were as
follows: source voltage, 4 (kV); source current, 7 (LA); S-Lens RF level, 94 (%); sheath gas, 50
(arbitrary units); auxiliary gas, 20 (arbitrary units); sweep gas, 2 (arbitrary units); and capillary
temperature, 375 °C. The maximum injection time was set at 100 ms with two micro scans for MS
mode, and to 1000 ms with one micro scan for MSn mode. Samples were injected in a randomized

order jointly with quality controls (QC1: Milli-Q water samples; QC2: standard mixture solution (1
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ppm) consisting of gallic acid, protocatechuic acid, catechin, procyanidin B2, p-coumaric, taxifolin,
naringin, genistein and kaempferol, QC3: reinjection of one sample for each legume) following the
protocol published previously by the research group (Llorach, Urpi-Sarda, Jauregui, Monagas, &
Andres- Lacueva, 2009). The coefficient of variation of QC2 (n=6) for all the compounds was lower
than 13%. The between day precision (RSD, %) of six significant compounds was calculated (n=8)
in different days as additional QC. In beans, stachyose and heliangin showed values of 5.1% and
6.0%, respectively; in lentils, (epi)gallocatechin-(epi)catechin I and megastigmadiene-diol -[apiosyl-
glucoside] showed values of 13.3% and 7.5%, respectively; and in chickpeas, kaempferol-diglucoside
and ciceritol showed values of 7.7% and 5.3%, respectively. Therefore, these values meet the FDA

recommendations for between runs precision (< 15%).

2.4.2. Data processing and statistical analysis

LC-MS data obtained by full scan analysis were processed using MAIT (Metabolite Automatic
Identification Toolkit) for the untargeted metabolomic analysis (Fernandez-Albert, Llorach, Andrés-
Lacueva, and Perera, 2014). MAIT performed feature extraction by peak finding for each sample and
alignment using mass and retention time windows for the peaks obtaining spectra for each compound.
Then, the application of a non-negative matrix factorization, such as the peak aggregation method,
produced a table where the variables were the detected pseudospectra instead of the single mass
features (Fernandez-Albert, Llorach, Andres-Lacueva, and Perera-Lluna, 2014). The peak picking
parameters were: snthresh=5, mzdiff=0.3, retcorrMethod=loess, groupMethod=density, bw=3,
mzWid=0.25, filter- Method=matchedFilter, step=0.03, minfrac=0.5. This table was exported to
Metabolanalyst (Xia & Wishart, 2016) for the subsequent statistical analysis and metabolomics
visualization. The data were log-transformed and pareto-scaled and differences between the
metabolomic fingerprint of the three different legumes were analysed by ANOVA followed by the
Fisher post hoc test. The metabolomic fingerprint of one legume compared to the other two legumes
was also analysed by fold-change analysis followed by t-test analysis. A probability level of p <.05

was considered statistically significant. In addition, a principal component analysis (PCA) and a two-
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way hierarchical cluster analysis (HCA) were carried out. The two-way HCA was carried out using
Pearson's correlation, and aggregation of the observations was performed with Ward's method. A
heatmap of intensities was obtained to visualize the legume metabolome differences. The most
significant features between legumes went on to be identified and characterized by MSn Orbitrap

experiments.

2.4.3. Ildentification of bioactive compounds by MSn Orbitrap experiments

A multistep procedure combining computational-assisted compound identification and LC-MS
pattern analysis was applied. Phytochemicals were tentatively annotated on the basis of their exact
mass (< 2 mDa and additional<5 ppm, following criteria based on Directive 2002/ 657/EC) (Gémez-
Canela, Ventura, Caixach, & Lacorte, 2014), which was compared to those registered in freely
available databases, namely FooDB (http://foodb.ca), MassBank (http://www.massbank.jp),
PhytoHub (http://phytohub.eu), Phenol-Explorer 2.0. (http://phenolexplorer.eu) and an in-house
database enriched with literature compounds present in legumes. The level of annotation of the
compounds was stated in the results following criteria of the Metabolomics Standard Initiative (MSI)
(Sumner et al., 2007). The more significant metabolites were characterized by MSn experiments in
the Orbitrap with a resolution of 15,000 fwhm. These experiments were carried out by entering
manually the parent ions and their main fragments observed in the spectra resulting from the FTMS
scan mode analysis. Mass chromatograms and spectral data were acquired using XCalibur software
2.0 (Thermo Scientific, San Jose, CA). The mass spectra pattern was compared with metabolomic
databases such as the Human Metabolome Database (HMDB) (www.hmdb.ca) and the in silico
fragmentation behaviour using MetFrag (https://msbi.ipbhalle. de/MetFrag), MassBank

(http://www.massbank.jp), FooDB (http://foodb.ca) and information from publications.

3. Results and discussion

A total of 43 compounds belonging to various phytochemical classes were tentatively annotated and
characterized in the three different legume types using the LC-ESI-LTQ-Orbitrap-MS analytical

technique after multi- and univariate statistical analysis (PCA, HCA and ANOVA with Fisher post
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hoc statistical test). The MSn spectra and fragmentation patterns of these 43 compounds are shown
in Table 1. Six of the 43 compounds allowed an identification with level 1 and the other 37 allowed
level 2 or level 3 identification following MSI criteria (Table 1) (Sumner et al., 2007). These
compounds corresponded to six classes of phytochemicals: polyphenols, a-galactosides, fatty acyls,
prenol lipids, nucleosides and organic compounds. As far as we know, this is the first untargeted
metabolomic study identifying phytochemical differences between the most consumed legumes in
Spain, France and other countries (Marinangeli et al., 2017), and evaluating the fold-changes of the
individual legumes compared to the other two legumes for different purposes. Previously, one
metabolomic study determined different kinds of compounds in different fractions, such as lipid,
sugar, amino acids and amines, although only in mung bean seeds (Na Jom, Frank, & Engel, 2011),
and another identified a high number of compounds of different classes in soybean sprouts (Gu et al.,
2017). Moreover, from the 43 compounds that were tentatively annotated, six had not been previously
identified in these legumes (beans, chickpeas or lentils), however they had been identified in other
leguminous species, such as Lathyrus cicera L. (Ferreres et al., 2017), Medicago truncatula (Pollier

et al., 2013) or other plant foods.

3.1. Metabolic fingerprinting visualization

Supplementary Fig. 1 depicts the chromatograms of the three legumes and supplementary Fig. 2
shows the PCA results with samples coloured according to legume type. The PCA score plot revealed
a great separation between the legume classes and showed that in each class, the samples were tightly
clustered, but mainly in lentils and in chickpea classes. Another way to analyse and visualize the
metabolome differences is to perform an HCA with a heatmap plot (Supplementary Fig. 3). In this
context, the HCA using the ANOVA filter data (p <.05) classified the samples into two main clusters
corresponding to lentils and to the other two legume types. Subsequently, this last cluster was divided
into two cluster levels, separating the beans from the chickpeas. Investigation of the clustering

behaviour of the features showed that the three classes have specific biomarkers. Likewise, there is
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an appreciable shared pattern of biomarkers between legume samples. The ANOVA and post hoc

results are included in Table 1.

3.2. Polyphenols: identification and changes between legumes

Table 1 shows several subclasses of polyphenols (including flavonols, flavones, flavanols,
flavononols or dihydroflavonols, flavones, phenolic acids and stilbenes) putatively annotated in this
study, which are different between legumes. Concerning the number of compounds, the flavanols
(n=9), phenolic acids (n=9) and flavonols (n=7), respectively, were the most important classes. It is
important to highlight the identification of monomers and dimers of flavanol compounds. Compound
9 showed an MS/MS behaviour similar to that proposed by the HMDB for prodelphinidin B, therefore
this compound can be annotated as prodelphinidin B. Compounds 11, 12, 14, 15 showed a loss of
162 amu corresponding to a loss of hexoside moiety (Ferreres et al., 2017). In this context, compounds
14 and 15 presented a mass that is 162 amu lower than compounds 11 and 12. In fact, compounds 11
and 14 showed a similar MS/MS pattern, presenting both ions at m/z 305 ((epi)gallocatechin moiety).
The compounds 12 and 15 also showed a similar MS/MS behaviour but in this case presenting the
ion at 289 amu ((epi)catechin moiety). According to this data, these compounds were labelled as
(epi)gallocatechin-dihexoside,  (epi)catechin-dihexoside,  (epi)gallocatechin-hexoside,  and
(epi)catechin-hexoside, respectively. Nearly all characterized flavanol compounds (9—10 and 12—-17)
were exclusively of lentils (Table 1) and showed significant differences between lentils and the other
two legumes (Fig. 1). In addition, four flavanol compounds in beans (11, 13, 14, 17) and another four
in chickpeas (10, 12, 15, 16) had inverse and significant fold-changes between them and lentils, these
compounds being useful to discriminate the lentils and their products from the other two legumes.
However, the flavonol class was shared in lentils (2, 3, 4, 7), beans (1, 4, 5) and chickpeas (2, 6). The
only annotated dihydroflavonol was the compound 19, a glucoside of aromadendrin or carthamidin,
which has been identified for the first time in these three legumes. Previously, this last compound
was identified in Rhamnus davurica Pall. (Chen, Li, Saleri, & Guo, 2016), however the aglycone

aromadendrin and its diglucoside were detected in pulses and carthamidin glycosides were found in



340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

herbs and spices (FoodDB.ca). The compounds of Table 1 have been characterized by MSn
experiments and confirmed with matches with spectra from FooDB and/ or the literature. In
accordance with our results, the main polyphenols (~70%) in lentils were reviewed as being catechins
and procyanidins, while flavonol compounds were present in 17% of total polyphenols in raw lentils
and only 4% in pinto beans (Singh, Singh, Kaur, & Singh, 2017). In this sense, a previous study
evaluating 20 Canadian lentil cultivars showed flavanol and flavonol compounds as the main phenolic
compounds that contribute to the strong antioxidant activity of lentils (Zhang et al., 2015), and
contributed to discriminating this legume from the others. Phenolic acids were the second major
group of compounds identified in this study. Beans presented five characteristic phenolic acids, with
hydroxyeucomic acid (22) and eucomic acid (25) being those compounds with higher fold-changes
compared to the other two legumes. With regard to the characteristic compounds of chickpeas
compared to the other two legumes, the presence of primeveroside salicylic acid (23), a sinapic isomer
(26) and protocatechuic acid glucoside (21) should be highlighted. This is the first time that
primeveroside salycilic acid has been identified as a discriminant compound of chickpeas, although
it was previously identified in green beans (Abu- Reidah et al., 2013). However, the only significant
phenolic acid in lentils compared to beans and chickpeas was the uralenneoside, a phenolic acid that
was previously identified in herbs and species (FooDB.ca) and this is the first time it has been
identified in lentils (Table 1; Fig. 1). In lentils, the presence should also be highlighted of the stilbene
resveratrol glucoside, as has been previously published (Duefias, Hernandez, & Estrella, 2007).
Nearly all putative annotated flavonoids and non-flavonoids were previously detected in some of
these legumes except for compound 19, and 24, which have been characterized for the first time in
these legumes. Nevertheless, this new compound 19 has been identified previously in other

Leguminosae varieties, such as Afzelia bella (Binutu & Cordell, 2001).

3.3. a-Galactosides: identification and changes between legumes

This class is the second most important class identified and characterized in legumes with five

putative annotated compounds. The levels of five a-galactosides showed statistically significant
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differences between the three legumes. Three of them, putatively annotated as
galactopyranosylciceritol 31, ciceritol 32, and galactopinitol 33 had significant higher levels in
chickpeas than the other two legumes (Fig. 1), while stachyose (34) and raffinose (35) showed higher
levels in beans and lower levels in lentils compared to the other legumes. In line with our results,
Sanchez-Mata et al., also demonstrated the higher amounts of ciceritol in chickpeas than in lentils.
They also observed higher levels of raffinose and stachyose in beans, which are responsible for the
flatulence associated with legumes, which represented a 50% of the total sugar in white beans
compared to 22% in chickpeas (Sanchez- Mata, Pefiuela-Teruel, CAmara-Hurtado, Diez-Marqués, &

Torija-Isasa, 1998).

3.4. Fatty acyls: identification and changes between legumes

Three fatty acyls were characterized in legumes for the first time in this metabolomic approach.
Previously they had been described in some fruits such as loquat (FooDB.ca). Mass spectra were
confirmed by comparison with those published in the FooDB database and losses of —132 amu and
consecutive losses of 132 and 162 amu, corresponded to a loss of a pentose and two consequential
losses of a pentose and a hexose, respectively. The compound 36 showed a significant fold-change
for chickpeas compared to the other legumes. Moreover, the amount of its isomer (37) and the other
fatty acyl (38) were significantly higher in lentils (Fig. 1). The 37 and 38 compounds showed negative

fold-changes for beans compared to lentils and chickpeas.

3.5. Prenol lipids: identification and changes between legumes

The two putatively annotated compounds (39 and 40) were specific to beans and showed higher
amounts in beans than in the other two legumes (Fig. 1). Their identification has been confirmed by
a comparison of MSn spectra with those published mainly in FooDB. This is the first time that
helinagin (39) has been putatively annotated in these legumes. Previously, heliangin, a sesquiterpene
lactone, was found in the leaves of Helianthus tuberosus L. (Ahmed, El-Sakhawy, Soliman, & Abou-
Hussein, 2005). Otherwise, gibberellin compounds (40) have been detected previously in peas, lentils

and several species of beans, as stated in FooDB. They are a class of phytohormones involved in the
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maturation of legume nodules and other biological processes (Hayashi, Gresshoff, & Ferguson,

2014).

3.6. Nucleosides and organic compounds: identification and changes between legumes

In this group of compounds, one nucleoside (41) and two organic compounds (42 and 43) were
putatively annotated based on the fragmentation pattern published in HMDB or by comparison with
authentic standard (citric acid). The levels of pseudouridine (41) in beans were found in higher
amounts than in both lentils and chickpeas. Previous studies purified the enzymes catalyzing
uridinediphosphate glucose in mung bean seedlings (Kaushal & Elbein, 1986), which could allow the
presence of these compounds in plants. FooDB also showed that pseudouridine has been detected in
these legumes previously. Although it had statistical significance, the fold-change obtained in beans
was lower than flavonoids but higher than a-galactosides. With regard to organic compounds, citric
acid (42) was identified and was statistically higher in beans than in the other legumes. Although it
appears in the metabolome of beans, in this case it is an additive of canned beans added during the
manufacturing. So, it was not incorporated in Fig. 1. Legumes contain high levels of proteins (22—
29%) and lentils have been described as being rich in lysine and leucine along with other legumes
(Roy, Boye, & Simpson, 2010). We found phenylalanyl-leucine (43) as a dipeptide exclusive to
chickpeas. Although it had the higher fold-change in chickpeas with respect to the other legumes, it

is a dipeptide that can be found in a high number of foods.

4. Conclusions

In conclusion, this is the first metabolomic study comparing the bioactive compounds of the three
most consumed legumes: beans, chickpeas and lentils. A total of 43 compounds were identified,
putatively annotated and characterized based mainly on their accurate mass measurement from LTQ-
Orbitrap, MSn experiments, as well as comparison with reference standards when available and with
specialized databases and literature. From the total annotated compounds, 40% were exclusive to
lentils and 30% to beans, while only 26% was exclusive to chickpeas. The fold-change evaluation

has shown flavanol derivatives as the main compounds that differentiate lentils from the other
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legumes. In addition, resveratrol glucoside and two megastigmadiene-diol -[apiosyl-glucoside]
compounds were also discriminant compounds of lentils. Beans showed higher changes for phenolic
acids highlighting eucomic and hydroxyeucomic acids followed by the two prenol lipids heliangin
and gibberellin. Chickpeas can be highlighted for their higher levels of phenylalanyl-leucine,
primeveroside salicylic acid and two kaempferol derivates, but also for their levels of coumesterol
compared to the other legumes. This comparative study helps to discriminate which compounds could
be different among certain legume consumption and provides important information to contribute to
building up the metabolomics databases. This study highlights metabolomics for future applications
as a tool for the quality control of foods and the authentication of different kinds of legumes and their

products.
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TABLES

407.0755 (40); 303.0494 (15); 289.0701 (80)

Table 1
Identification of bicactive campounds in leg
a  Raation sme Obsaved Theoretical Mass  Absolute Molecul ar Poragal compound fevd of MS/MS and MSa Sugssca 1dmufiad based on spectra
Mass [M-H)- [M-H])- error (mDa)  formula [MH)  dmdficadon) analyds pablished by
Flavonokds Flawaok
1 2m “5103 51033 20 CoH0y 2 Tadblin hewalde Jevel 2) w2 Beazs * (Abu-Resdah, AzdezRomin,
3030503 [ M162-H] (90); 285.0399 [M-16218H] Llezk * Warad, Femindes Gutidrrez,
ao0) Chickpeas & Segura-Carrewro, 2017)
M3 of 285
241.0501 (100); 217.0501 (20); 199.0395 (30);
175.0397 (70)
2 292 609.1462 6001455 -a7 CoH Oy o Yaemplerol dighu coside (levd 2) M2 . (Fermres @ al, 2017)
447.0909 [M-162H)- (70} 285.0387 [M-162-162- Ltk * Beans”
H}- (100)
MS3 of 285:
257.0439 (80); 241.0492 (40);229.0493 (20);
2130544 (20); 151.0027 (100)
3 325 5931505 5931506 a1 CerHaOn s Yaempderol ghacod do < M2 Lengks * (Abu-Resdah e al, 2012)
Gevd 2) 447.0911 [M-146.H) (40); 431.0963 [M-162H]  Chickpeas”
(10X 327.0493 [M-266-H) (20); 285.0389 [M-146- Beams
162H) (100)
MS3 of 285:
267.0285 [M-146-162-18)] (40); 257.0439 (100);
241.0493 (40); 229.0493 60} 2130545 (30);
151.0029 (100)
4 2328 6251414 6251405 -09 CoHalOyy Quercedn dighocoaide (lvel 2) M2 Lentks * Bears *  FooDB.ca
4630857 [M-162H] (100) Chickpeas ®
M3 of 463
301.0334 [M-162-162H) (100)
s am 4630874 4630876 a2 CaHO1 2 bogquexdn (levd 1) Coafirmed with mass spectra and std. Beasa * N
Chickpeas
lengks ®
6 347 5931505 5931506 01 CoHOy s Naempderol rutincatde (levl 2) w2 - (Fermres @ al, 2017)
2850387 [M-146H){100) Lengls * Beans *
MS3 of 285:
257.0441 (100); 241 0491 (30); 229.049¢ (60);
2130545 (30); 151.0028 (10)
7 4@ 4310960 431.0978 18 CaHiOio Yaempderol rhamancaide Gevel 2) M2 Lendks * (Abu-Reidah « al, 2012)
285.0400 [M-146.H] (100); 257.0452 (5) Chickpeas *
241.0503 (2); 229.0484 (5); 2130552 G); Beans
151.0034 (10)
Flavonokds Fhwaes
8 4 285.0388 2850399 11 CisHO, laxolia Gevel 1) Coafirmed with mass spectra and std. Lendks * Beans *
Chickpeas ®
Flavonokds Flawanok
9 os7 609.1235 6001244 09 CuH 0, Prodap hinidin B (lewel 3) w2 Lngks * (Abu-Reidah « al, 2014)
591.1142 [M-18H] (15); 565.1385 [M44-H) @)  Chickpeas®
4830925 [ M126 H] (40); 441.0819 [M-12642H]) Beams®
(100} 423.0714 [M-126-4218-H] (80); 305.0658
©0)
10 11 5931286 5931294 os CH L0, , ephgalloanchin{@icanchia I (kvel M2 Lendls *Beans®  (Abu Reidah e al, 2014)
2) 467.0961 [M-126H) (50); 425.0858 (100); Chickpeas ¢

(contimaed on next page)



Table 1 (contimed)

o Raasion dme Obwarved Theoretical Mass  Absolks Modecud Powngal compound fevd of MS/MS and MSa Sudssca Idmufiad basad on spectra
Mass [MH-  [MH- emror (mDa)  formol [MH)  dmaficadon) analyds published by
n 13 6291718 62917229 as CoHadOyy ephgalloanchindiheaxoaide (levd 2) M2 Lengks * (Abu-Resdah e al, 2014)
4671170 [M162H) (100} 305.0648 [M-162-162 Chickpeas *
H] ©0) Beass®
M3 of 305
261.0748 (30); 221.0439 (90); 219.0646 (60);
179.0337 (100); 125.0237 25)
12 155 6131774 6131768 -06 CoHalOva (epDcach indi hexoaide (levd 2) a2 gk * (Abu-Reidah e al, 2014)
451.1239 [M162H] (100X 299.0769 [M-162-152-  Chickpeas ®
H] G5); 2899.0712 [M-162162H) (50) Beass ”
MS3 of 289:
245.0807 (100)
13 164 4130853 Q30872 19 CarHysOu ephascbphlrogudnol (lewl 2) M2 Lendk * (Jin, O2ga, Lopeslum,
257.0556 [M-126H) (100); 261.0399 [M-152H]  Chickpeas® Schiebar, & Rednecke, 2012)
(30X 161.0242 [M-1261 26 H] (10); 125.0242(20) Beass
4 186 467.1160 «47.1189 20 CoHzlOy 2 (ephgal camchin hexoaide (lewel 2) w2 (Abo-Reidah e al, 2014)
305.0657 [M-162H) (100) Lenghs *
M3 of 305 Chickpeas *
257.0557 [M-162- 18H) (10) Beans
261.0765 [M-16244.H] (40)
221.0452 (80); 179.0346 (100); 165.0190 (30);
137.0241 (25); 125.0242(35)
15 1% 4511223 451120 17 CuHL0,, epcanchin hexoside (levd 2) a2 Lendls *Beans® (Abu-Reidah e al, 2014)
259.0712 [M-162:H] (100); 271.0606 [M-16218-  Chickpeas
H] (40} 245.0815 [M-162-44.H] (10);
137.0241(50)
MG of 289
245.0814 [M-16244.H] (10); 205.0502 (35);
179.0343 (15); 137.0242 (5); 125.0241 (5)
6 20 289.070 239.0M2 02 QSH1306 Quechin (levd 1) Confirmed with mass spectra and std. Lendks * Beans ®
17 232 5931286 5931294 as CaHxO 2 (ephgallocaechin a2 lenchs * (Abu-Reidah « al, 2014)
{ephcmachin T (lewl 2) 5751171 (30); 467.0960 [ M-126 H] (100); =
449.0855 (50); 425.0856 (20); 407.0753 (30); Beams ®
331.0805 (50); 259.0700 (90); 285.0359 (40);
261.0389 (70); 245.0805 (15)
Isoflavonoids: Coumesvans
18 465 267.029¢ 267.0293 -a1 G H,0, Coumeswerol (levd 2) w2 . HMDB.ca
2520414 [M-15H] (10X 239.0337 [M-28H) (60X Lendh * Beans®
211.0389 (10); 2230389 [ M44-H)- (100);
195.0440( M44-28.H)- (30)
Flavonosds: Flawoa onols or d Biydroflavonols
19 26 449085 4491084 -a1 CuH,,0,, Aromadendrin glocoside or Gurhamidin M2 Lengls *Beans® FooDB.ca
Foaide * (lewl 3) 257.0544 [M-162H) (100) Chickpeas ¢ (Chen et dl, 2016 Wang
M3 o 287 etal, 2012)
259.0594 (100); 243.0647 (20); 201.0543 (10)
Flavonokds Flawanones
20 372 449085 4491084 -o1 CuH,,0,, Eriodictyol ghucoaide (levd 2) M2 Beams * Leacls®  FooDB.ca
257.0555 [M-162-H] (100) Chickpeas ¢
M3 of 287

151.0028 (100); 135.0443 (10); 107.0132 (5)
Msd of 151
107.0131 (100)

(contirmaed on next page)



Table 1 (comtimed)

o  Raagion dme Obsaved ™ Soal Mass  Absok Molecud Powengal compound fevd of MS/MS and MSa Sugsscal Idmofiad basad on spectra
Mass [MH-  [MH- error (mDa)  formul [MH)  dmaficadon) analyss pablished by

Phenolic Ackds

2 1.2 ns0703 N50716 13 CoaH Oy Promcatechuic ackd ghavaide fevel2) M2 A FooDB.ca
1530191 [M-162H) (100); 1520113 (50); Lengh *

109.0293 [M-16244H) (15) Beazns

2 12 255049 2550505 as G, H,,0, Hydroxyencom ke Acd (level 2) M2 Beans * Lenclls®
193.0503 [M-18-44 H] (40); 165.0554 (100); Chickpeas ®
149.0605 (10)

23 13 487 PCRILT o7 CiaHzO 2 Primewroside salicylic acd fevdl 2) M2 Chickpeas * (Abu-Reidah e al, 2013)
299.0768 [M-132H) (30) Lnaks ®
137.0241(M132-162-H) (100) Beans”

M3 299
179.0343( M132.120-H] (100)
24 175 285.0607 2850610 o3 CiaHOu Uralennecaide * (level 2) M2 Lenglks * Beans® FooDB.ca
1530190 [M-132:H] (100) Chickpeas “
109.0292 [M-13244.H)- (10)
23 224 239.0549 239.0556 o7 G,H,,0, Hydroxybesa d malic acsd M2 Beans * Lenclls®  (Chahdoura et al, 2014)
(encom ke acid) (levd 2) 195.0660 [M-44.H) (20); 179.0346 (1 00); Chickpeas *
177.0555 [M-44-18 H]- (50); 149.0605 70X
107.0500 (10)
M3 o 179
107.0499 (100)
MG o177
133.0656( M18-4444 - 000)

2% 2m 2230604 223.0606 -02 CuH 05 Snapic acid Isomer Qevel 2) M2 = FooDB.ca
2080366 [M15H)- (00} 179.0704 [M44H)  Lenck
(30} 164.0469 0704 [M-4415.H]- (10) Beans”

7 287 163,059 163.0395 -01 GH,0, pooumark acd (levd 1) Coofirmed with mass spectra and std. Beans * Leagk *

B
23 117 1930497 193.0506 -09 CuoHdOy Hydraxy- M2 Beass * Lenclls® FooDB.ca
methoxycinnamic acid (levd 2) 1780267 [M-15H] (80); 149.0604 [M.44H) Chickpeas “
(100} 134.0370 [M-44-15H) (30)

2 axn 2230607 2230612 -05 GH,,0 Sinapic ackd (levd 1) Coafirmed with mass spectra and std. Beazs *

»
Lengk ¢

Sabens

0 317 389225 389.1236 -11 CaHzOn Resverazol glocoaide fevd 2) M2 Lengks * (Urpi-Sarda et al, 2015)
227.0710 [M-162H) (70); 200.1176 [M-180H]  Chickpeas®
ao0) Beans *

M3 227
185.0603 [M-162-42H] (100); 143.0696 [M162-
4242-H) 20)
aGalacosides
n 02 679.2275 679.229 -21 CeH 0y, Galacwpyrancep cicarktol or Bomer FUS3 FooDB.ca
Gevd 3) 611.2177 10X 517.1723 [M162H] (2} 499.1642 Chickpeas *
[M180H) (30); 4851487 (2); 3831175 (100); Lk ®
341.1070 (20); 221.0654 (15) Beass ¢

2 oz 517759 5171768 -09 CeHaOv e Cearizol (levd 2) M2 Chickpeas * FooDB.ca
499.1638 [M-18H) (10); 337.1120 [M-180H) lengk *

(100X 2630753 (10); 221.0652 (15% 1930705  Beams®

Q0 179.0549 (25); 161.0444 10)

(contimued on next page)



Table 1 (comtimued)

o Raagion dme Obtsaved ™ IMass  Absok Modecul Powadal compound Gevd of MS/MS and MSa Sugsscal ldmafiad basad on spectra
Mass [M-H)- M-H)- error (mDa)  Sormula (MH)  dmdficagon) analyds published by
33 028 3551225 3551240 -15 [ Galacopiainl (lvel 2) w2 - FooDB.ca
337.1117 [M-18H] (20X 3230960 (20X 309.0644 Lenzks ®
[M46H) (20); 263.0752 [ M46 46H] (20); Beans ¢
1930703 [M-162H) (100); 179.0549 [M-176H)
(35 1610444 [M-176-18H) (45); 1430339 [M-
176.18.18H) (20)
34 o028 6652121 6652140 -19 GoH 021 Kachyose (kvel 2) M2 Beans * Leaclls® (Zhcu et adl, 2016)
S03.15970 [M-162-H] (10); 485.14886 [M-180-H] Chickpeas®
(40} 44313824 [M-180-42.H] (10); 38311743
[M162120-H) (100); 34110699 [M-162162-H)
(30} 32309656 [M-162-180.H) (10)
33 03 5031595 50316118 -17 [ | Raffincee or immer (levd 3) M2 Beams * HMDB
3411074 [M-162H) (30); 3230968 [M-162- 18- Chickpeas®
H] (70); 221.0655 [M-162-120.H] 100); 179.0552 Lensk ©
[M162162-H) (95); 161.0447 [M-162-180.H)
@s)
Fazy agyls
3% 267 51729 517.22902 a1 CoHO, 3 ydroxy megsd gn ad kn- oo M2 o FooDB.ca
[aplosyl ghocoaide] omer 1 *(level 2) 3851851 [M-132H)- (100); 2231 338 [M-132- Beazs * Leaghs ¢
162H)- (30} 2051233 [M-132-180.H)- 60}
153.0912 (20)
s 297 517.228¢ 517.22902 -06 CoHiO, 3 ydrory megasd gn ad kn-one M2 Lengks * FooDB.ca
[aplosyl ghovaide] bomer 2* (bevel2) 3851849 [M-132H)- (100); 2231326 [M-132- Chickpeas *
162H)- 20} 2051222 [M-132-180H}- (35} Beazs *
1530912 (20)
38 369 503249 5032498 -7 CoHadOy s Megnat gnad ke Aol - [3p koayl- M2 Lok * FooDB.ca
Fuoaide] * (lewl 2) 371.2059 [M-132:H)- (100); 209.1536 [M-132- Chickpeas *
162H)- 5) Beans ®
M3 of 371
2091539 [M-132162H)- (50); 161.0446 (100)
Prenol lipids
» 3m 3611647 361.1656 -09 CuHL0, Helangin * (lewl 2) M2 Beans * Leaclls® FooDB.ca
3432118 [M-18H)- (0} 317.1747[M44H) Chickpeas *
(100 2611487 [M-CSHSO2H] - (60); 2331543
[MCSHS02.CZHAH] - (30); 2031071 [M-158H)-
as)
0 428 361.1647 361.165 -03 CuH L0, Gibbemllin A25 or A3S or A19 (lewl3) M2 Beaza * FooDB.ca
3432122 [M-18H)- (40X 317.1753 [M44H])- Chickpeas ®
(100} 2731855 [M44-44H}- 60) Lok *
M3d N7
2731855 [M-44-44 H)- (100)
Nudecasdes
Q1 04 2430618 2430623 as GHNO, Pandauddine (levd 2) M2 Beazs * HMDB
2250878 [M-18H)- (A5 200.0560 [M43H)- Chickpeas ®
(100} 1530302 (10); 1520350 (20} 111.0197  Lengk *
[M132H)- (15); 110.0245 (25)
Oer organic compounds
@2 o4 191.0193 191.0192 -1 CHOp Cerke acid Qevel 1) Coafirmed with mass spectra and std. Beans * Leatls ®
Chickpeas “

(contimed on next page)



Table 1 (contimed)

o  Raagion dme Obsarved Theoretical Mass  Adsokze Molecul ar Poeagal compound fevd of MS/MS and MSa Sugsscad l1dmzfiad basad on spectra
Mass [M-H-  [M-H)- error (mDa)  Sormula (MH].  dmsficagon) analygs published by
< 27 277.1550 2771552 02 CusH2NDO, Pheayld anyl leucine Gevd 3) M2 Chickpeas * HMDB
2161382 (20); 141.1024 (75); 130.0865 (100) Beass Lot ¢
Notex: 15 correspanded to the lass of a CHy; 18 carrespanded to the lass of H,0; 42 omesponded © the oss of C;H,0; 44 mmesponded to the loss of a C0,; 126 carrespanded to 1,3 5-trihydraxyb in ring
A of the extension wnit or indicates that the Aring of the upper unit hasa 1,3 S4rihydraxybenzene 132 espanded to the lass of C;H0, (pentosides: ie. ribose); 146 correspanded to the lass of G H,,0.; 162

comrespanded to the lass of CH, J0.: 176 comrespanded to the lass of feruloyl moiety or glucuranic acid 180 carrespanded to the lass of hexose + 18 amu; 266 comrespanded to the lass of 146 + 120 amu.
Sud, standard; H: 1.00782; CH,: 15.2347; H,0: 18.01056 CO,: 4198982; CH, 0, 13204225; CH, 0.: 146.05790; CH,,0,: 162.05281; CH ,,0,: 180.06337.
Statistical analysic Legumes with different superscript letters are significantly different, P < .05 (Fisher post hoc test).

¥ These compounds have not been previously identified in beans, lentiks or chidkpeas.






