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A B S T R A C T

Fava beans are considered basic food in Egypt and all over the world. They are a source of many bioactive
secondary metabolites. Since there are many Egyptian cultivars of fava beans, this study addresses comparative
chemical profiling of three Egyptian cultivars of fava beans namely Sakha 3, Nubaria 3, and Giza 843. The study
also focuses on the effect of germination on the chemical profile of phenolic compounds and saponins. Sixty-five
metabolites were characterized based on their UV spectra, accurate MS, and MS/MS data using RP-HPLC-DAD-
ESI-QTOF-MS, including 37 metabolites reported for the first time in fava beans. The observed metabolites are
phenolic compounds (flavonoids and phenolic acids), saponins, alkaloids, amino acids, nucleosides, organic
acids, sugars, and a jasmonate. In fact, upon quantifying the area of metabolites in their chromatographic
profiles, it was remarkable that germination increased the quantities of flavonoids, phenolic acids, and saponins.
Moreover, the yield (%) of extracts, TPC, and DPPH increased upon sprouting. The TPC and the relative amounts
of flavones, saponins, and amino acids showed a good positive correlation with DPPH. These findings elucidated
the first report on the metabolic profiling of these cultivars as well as their antioxidant activities.

1. Introduction

Family Fabaceae (Leguminosae) is one of the biggest families in the
Plantae kingdom which is composed of about 751 genera divided into
19,500 species (Lewis, 2005). Fabaceae comprises the legume family
which is greatly consumed by humans worldwide such as soybeans
(Glycine max L.), beans (various species of Phaseolus L. and Vicia faba
L.), groundnuts (Arachis hypogaea L.), lentils (Lens culinaris L.), chick-
peas (Cicer arietinum L.), and peas (Pisum sativum L.) and also is widely
used as fodder for animals. Moreover, several studies reported many
medicinal effects of leguminous plants as anti-inflammatory, antiulcer,
anticancer, antidiabetic, anti-inflammatory, antirheumatic, anti-
microbial and cytotoxic activities (Ahmad, Anwar, & Hira, 2016;
Contreras-Gámez, Rodríguez-Pérez, García-Salas, & Segura-Carretero,
2014; Megías, Cortés-Giraldo, Girón-Calle, Alaiz, & Vioque, 2018;

Mekky, Fayed, El-Gindi, Abdel-Monem, del Mar Contreras, Segura-
Carretero, & Abdel-Sattar, 2016).

Fava bean (Vicia faba L.) also referred to as broad bean, horse bean,
and field bean is one of the oldest cultivated plants whose cultivation
dates 3000 B.C. in Ancient Egypt (Tanno & Willcox, 2006; Zahran &
Willis, 2009). It is an annual legume considered the sixth most pro-
duced legume worldwide with a global production of more than six
million tons. In Egypt, it is the third important pulse on the base of the
total pulse production (FAO-Statitics, 2018). The nutritional im-
portance of fava beans is prominent being a considerably low-cost
source of proteins, lipids, carbohydrates, and vitamins and it offers a
valuable amount of energy (Lim, 2012). Fava beans are a rich source of
fiber and non-nutrient secondary metabolites mainly phenolics shown
to be beneficial to human health and reducing susceptibility to many
health risks (Lim, 2012).
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Some studies found that germination and sprouts formation of le-
gumes possesses a significant increase in bioactive contents especially
in total phenolic contents with antioxidant potential (Cevallos-Casals &
Cisneros-Zevallos, 2010; Gharachorloo, Ghiassi Tarzi, & Baharinia,
2013). In general, there is little information about bioactive metabolites
in legumes (Contreras-Gámez, Rodríguez-Pérez, García-Salas, & Segura-
Carretero, 2014). Accordingly, metabolomics-based studies are applied
using hyphenated techniques as chromatographic separation (UHPLC
and/or GC) coupled to mass spectrometry (MS) for comprehensive
metabolic profiling of vegetal matrices (Abu-Reidah, Arráez-Román,
Warad, Fernández-Gutiérrez, & Segura-Carretero, 2017; Ammar,
Contreras, Belguith-Hadrich, Bouaziz, & Segura-Carretero, 2015). In
this sense, (Mekky, Contreras, El-Gindi, Abdel-Monem, Abdel-Sattar, &
Segura-Carretero, 2015) used core–shell reversed-phase RP-HPLC cou-
pled to diode array detector (DAD) and quadrupole time-of-flight
(QTOF) tandem mass spectrometry (MS/MS) to analyze seeds of seven
Egyptian cultivars of chickpea. The study revealed the presence of
phenolic acids, flavonoids (flavonols, isoflavones, and other flavonoids)
and soyasaponins among other polar metabolites. (Llorach, Favari,
Alonso, Garcia-Aloy, Andres-Lacueva, & Urpi-Sarda, 2019) carried out a
comparative analysis of bioactive metabolites of freeze-dried precooked
canned chickpeas, lentils, and white beans applying an untargeted LC-
MS-Orbitrap metabolomic approach. This study unraveled the occur-
rence of including flavonols (including monomers and dimers), fla-
vones, flavanols, flavononols, phenolic acids, stilbenes, α-galactosides,
and fatty acids in such legumes. It bears noting that they were dis-
criminated via MAIT R's package. Concerning protein isolates from le-
gumes, (Torres-Fuentes, Contreras, Recio, Alaiz, & Vioque, 2015) fo-
cused on the development of protein hydrolysates from chickpeas
possessing antioxidant potentials. The common factor between the de-
veloped protein hydrolysates is their content of aromatic amino acids
viz. histidine, phenylalanine, and tryptophan. Besides, (Jakubczyk,
Karaś, Złotek, Szymanowska, Baraniak, & Bochnak, 2019) assigned
bioactive peptides from the fermented Polish cultivar (White Winston)
of fava beans through an LC-MS/MS-based method showing angio-
tensin-converting enzyme inhibitory and antioxidant activities.
Whereas, (Megías et al., 2018) explored the immunomodulatory and
cell antiproliferative activities of the water-soluble fractions (by-pro-
ducts) generated during the production of protein isolates of six Vicia
species namely; V. benghalensis, V. cracca, V. dasycarpa, V. monantha, V.
tenuifolia, and V. villosa. As a matter of fact, the aforementioned frac-
tions possess free phenolic compounds as flavonols and isoflavones,
among other phenolics to which the immunomodulatory and cell an-
tiproliferative activities could be attributed. In regard to fava beans,
Abu-Reidah et al. applied UHPLC-ESI-QTOF-MS-based metabolic pro-
filing of the seeds of the Spanish cultivar (Granadina) of fava beans
(Abu-Reidah, Contreras, Arráez-Román, Fernández-Gutiérrez, &
Segura-Carretero, 2014) as well as the pods (by-products) of the same
cultivar (Abu-Reidah, Arráez-Román, Warad, Fernández-Gutiérrez, &
Segura-Carretero, 2017) revealing the presence of flavonols, procyani-
dins, proanthocyanidins, prodelphinidins with other phenolics and
polar compounds. Similarly, Valente et al. figured out the metabolic
profiles and antioxidant activities of seven European cultivars of fava
bean seeds (Valente, Cabrita, Malushi, Oliveira, Papa, Rodrigues, &
Maia, 2019) and their pods (by-products) (Valente, Maia, Malushi,
Oliveira, Papa, Rodrigues, & Cabrita, 2018) unearthing the presence of
phenolic compounds, alkaloids, jasmonates, and organic acids via
HPLC-DAD-MS/MS-based method. The antioxidant potential was as-
sessed applying 2,2-diphenyl-1-picrylhydrazyl (DPPH) and Ferric re-
ducing antioxidant power (FRAB) assays

In addition, (Akkad, Kharraz, Han, House, & Curtis, 2019), eval-
uated the volatile flavors compositions of two high- and low-tannin
cultivars of Canadian grown fava beans applying headspace solid-phase
microextraction coupled to GC–MS for dehulled and whole seed flours.
They were significantly differentiated. The observed volatiles were
aromatic hydrocarbons, alkanes, alkenes, aldehydes, alcohols, ketones,

organic acids, esters, among others.
The objective of this work is to compare metabolic profiles of three

Egyptian cultivars of fava beans namely, Sakha 3, Nubaria 3, and Giza
843 applying core–shell RP-HPLC-DAD-QTOF-MS/MS-based method.
The comparison was carried out between seeds and sprouts of the
aforementioned cultivars. In addition, the effect of germination and
sprouting was studied on phenolic compounds and saponins to which
most of the biological activities could be attributed. Moreover, the total
phenol content (TPC) and the antioxidant activity of the seeds using
DPPH assay were also assessed. To our knowledge, this is the first study
focusing on comparing the metabolic profiles of these cultivars in both
seeds and sprouts extracts.

2. Materials and methods

2.1. Chemicals

Methanol, acetonitrile, and glacial acetic acid were purchased from
Fisher Chemicals (ThermoFisher, Waltham, MA, USA). Solvents used
for extraction and characterization were of analytical and HPLC-MS
grade, respectively. Ultrapure water was provided from a Milli-Q
system (Millipore, Bedford, MA, USA). Folin-Ciocalteu's phenol reagent,
sodium carbonate, DPPH, and all standards were purchased from
Sigma-Aldrich (St. Louis, MO, USA) except for L-tryptophan and L-
phenylalanine were purchased from Acros Organics (Morris Plains, NJ,
USA) and kaempferide was purchased from Extrasynthèse (Genay,
France). The degree of purity of the standards was around 95% (w/w).

2.2. Plant material and extraction procedure:

The dried seeds of the aforementioned cultivars were provided and
identified by Dr. Mohey Malek (Field Crops Research Institute,
Agricultural Research Center, Giza, Egypt) during January and
February, the year 2015. Voucher specimens were stored in the her-
barium at the Pharmacognosy Department, Egyptian Russian University
(No. ERU_COG_2015_01).

The extraction of the seeds was according to (Abu-Reidah,
Contreras, Arráez-Román, Fernández-Gutiérrez, & Segura-Carretero,
2014). The germination process was according to (Mohseni-Mehran &
Golshani, 2013) (see details in supplementary materials).

2.3. Analysis by RP-HPLC-DAD-ESI-QTOF-MS/MS

Analysis of the sample was according to the method provided by
(Mekky, Abdel-Sattar, Segura-Carretero, & Contreras, 2019; Mekky,
Contreras, El-Gindi, Abdel-Monem, Abdel-Sattar, & Segura-Carretero,
2015). via an Agilent 1200 series rapid resolution (Santa Clara, CA,
USA) equipped with a binary pump, an autosampler, and a DAD using
column core–shell Halo C18 (150 mm × 4.6 mm, 2.7 μm particle size)
Advanced Materials Technologies (Wilmington, DE, DE, USA). The
system was coupled to 6540 Agilent Ultra High Definition (UHD) Ac-
curate-Mass Q-TOF LC/MS (Palo Alto, CA, USA) equipped with an ESI
interface. Data acquisition (2.5 Hz) in profile mode was governed via
MassHunter Workstation software (Agilent technologies). The spectra
were acquired in the negative ionization mode, over a mass-to-charge
(m/z) range from 70 to 1100. The detection window was set to
100 ppm. The gradient elution, operating conditions, and data analysis
are provided in the supporting information.

2.4. Determination of total phenolic content (TPC)

TPC was determined spectrophotometrically by applying the Folin-
Ciocalteu method on each extract (Meda, Lamien, Romito, Millogo, &
Nacoulma, 2005). The absorbance of the blue color produced on the
treatment of an aliquot amount of the extract with Folin-Ciocalteu re-
agent and NaHCO3 (7.5%) was measured at 750 nm (after 15 min, at
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45 °C), against a blank sample. Gallic acid was used as a standard.
Determinations were carried out in triplicates. Results were the mean
values ± standard deviation and expressed as mg gallic acid equiva-
lents per gram dry extract (mg GAE/g).

2.5. DPPH free radical scavenging assay:

DPPH free radical scavenging activity of extracts was measured
using the method of (Miliauskas, Venskutonis, & Van Beek, 2004;
Okumura, Hosoya, Kawarazaki, Izawa, & Kumazawa, 2016). All plant
extracts were screened at 100 µg/mL while the most potent active ex-
tracts (gave more than 90% activity) were assayed at 25–75 µg/mL.
Succinctly, 0.1 mM solution of DPPH• in methanol was prepared. Then,
1 mL was added to 3 mL of the extract solution at different con-
centrations (25–75 µg/mL). The mixture was shaken vigorously and
allowed to stand at room temperature for 30 min. Absorbance was
measured at 517 nm in a microplate reader.

The scavenging activity was calculated according to the following
equation:

DPPH scavenging effect (%) = 100 − [((A0 − A1)/A0) × 100],
where A0 was the absorbance of the control reaction and A1 was the
absorbance in the presence of the sample. The analysis was performed
in triplicates.

2.6. Statistical analysis

Microsoft Office Excel 2007 (Redmond, WA, USA) was employed for
statistical analysis and conditional formatting. The level of significance
was 95%. The software IBM SPSS Statistics 22 (Armonk, NY, USA) was
employed to perform one-way analysis of variance followed by a Tukey-
HSD posthoc test and Pearson’s linear correlations.

3. Results and discussion:

3.1. Metabolic profiling of the Egyptian cultivars of fava bean by RP-HPLC-
DAD-QTOF-MS and MS/MS:

The metabolic profiling of the aforementioned Egyptian cultivars of
fava beans was performed using RP-HPLC-DAD-ESI-QTOF-MS and MS/
MS. Fig. 1 shows the obtained base peak chromatograms (BPC) with the
peaks numbers of the characterized metabolites. The characterization of
the metabolites was based on the strategy proposed by (Abouzed,
Contreras, Sadek, Shukry, Abdelhady, Gouda, & Abdel-Sattar, 2018;
Mekky, Abdel-Sattar, Segura-Carretero, & Contreras, 2019; Mekky,
Contreras, El-Gindi, Abdel-Monem, Abdel-Sattar, & Segura-Carretero,
2015; Rodríguez-Pérez, Zengin, Segura-Carretero, Lobine, &
Mahomoodally, 2019). Table 1 shows the observed overall results viz.
(tR), experimental m/z of negative molecular ions ([M−H]−), mole-
cular formulas, UV maxima, mass error, mass score, main MS/MS
fragments, and the area of each metabolite as well as the total area of
each subclass. Moreover, Table S1, shows plant species, family, and
reported literature. Detected values were compared with standards
whenever possible and relevant literature (Tables 1 and S1). Briefly, a
total of 65 metabolites were characterized. Among them, 14 metabo-
lites were unequivocally confirmed with standards, Fig. S1. The char-
acterized metabolites are classified as phenolic compounds, viz. flavo-
noids (17) and phenolic acids (9), and non-phenolic compounds
namely, saponins (7), organic acids (8), nitrogenous compounds (20),
sugars (3) and a jasmonate.

3.1.1. Phenolic compounds
3.1.1.1. Flavonoids. Seventeen flavonoids were detected, being
classified mainly into flavones, flavonols, and a flavanone (Tables 1
and S1). They represent the main phenolic subclass qualitatively. In
brief, peak 54 at tR 28.26 min showed m/z 271.0622 and molecular
formula C15H12O5. It was described as naringenin and was confirmed

with a standard. It was described for the first time in genus Vicia and
present in all cultivars except Sakha 3. Regarding flavonols, peaks 58
and 64 showed m/z of 285.0411 and 299.0564, respectively. Their
chromatographic profiles suggested them as kaempferol and
kaempferide skeletons which were confirmed after comparison with
standards. It is noteworthy that both were described for the first time in
Vicia. However, they were observed before in chickpeas, Fabaceae
(Mekky, Contreras, El-Gindi, Abdel-Monem, Abdel-Sattar, & Segura-
Carretero, 2015). Moreover, kaempferol was observed only in the
sprouts of cultivar Sakha 3 whereas kaempferide was present only in
the sprouts of cultivars Nubaria 3 and Giza 843. Similarly, peak 44

Fig. 1. Base peak chromatograms of the three studied Egyptian fava bean
cultivars with the characterized metabolites peaks numbers.
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Table 1
Metabolites characterized in the Egyptian cultivars of Vicia faba L. ‘Sakha 3’, ‘Nubaria 3’, and ‘Giza 843’.
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*Identification confirmed by comparison with standards; N.D., not detected.
aAll detected ions were [M−H]−.
bApigenin 5-O-glucoside, apigenin 7-O-glucoside, apigenin 5-galactoside, apigenin 7,4′-diglucoside, Isorhamnetin3-xylosyl-(1-> 2)-glucoside-7-rhamnoside were
previously described in Fabaceae.

Lowest value                                                                                                                                                          Highest value
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revealed a m/z of 609.1471 that was later confirmed with standard to
be rutin. It was reported before in V. faba (Abu-Reidah, Contreras,
Arráez-Román, Fernández-Gutiérrez, & Segura-Carretero, 2014; Valente
et al., 2018, 2019).

Isorhamnetin glycosides were detected in the Egyptian cultivars of
fava beans. Remarkably, the aglycone fragment m/z 315 was observed
in all of the isorhamnetin derivatives. Concisely, peak 40 at tR
17.95 min and m/z 755.2054 exerted the neutral loss of a hexose
(162 Da) followed by sequential losses of a deoxyhexose and a pentose
(278 Da). In addition, the neutral loss of the methyl group was observed
as well as the common fragment (C8H3O5) of m/z 179 Da which is re-
leased after retro Diels-Alder fission and retrocyclization. Consequently,
it was tentatively identified as isorhamnetin hexoside deoxyhexoside
pentoside which was previously described in Fabaceae as isorhamnetin
3-xylosyl-(1 → 2)-glucoside-7-rhamnoside in accordance with
KNApSAcK Core System database. In this sense, four isomers of

isorhamnetin dideoxyhexoside pentoside were observed with an agly-
cone fragment of m/z 315. It bears noting that the UV absorbance
maxima of isorhamnetin glycosides are complying with flavonols UV
absorbance (Tsimogiannis, Samiotaki, Panayotou, & Oreopoulou,
2007).

The occurrence of flavones in the analyzed samples was represented
by luteolin and apigenin derivatives. In this context, luteolin 7-O-β-D-
glucopyranoside and luteolin were observed at tR 20.36 and 27.59 min,
respectively and confirmed with standards. It is worth mentioning that
they were observed only in the sprouts extracts and described before in
genus Vicia according to the phytochemical dictionary database, CRC.

Concerning apigenin derivatives, apigenin was detected at
28.45 min and m/z 269.0461 and confirmed with a standard. In addi-
tion, peak 52 (tR 26.78 min and m/z 431.0094) exerted a neutral loss of
a hexose (162 Da) (Fig. 2a). It was tentatively identified as apigenin-O-
hexoside which is described for the first time in genus Vicia.

Fig. 2. Fragmentation patterns of a) apigenin O hexoside (52); b) hydroxyeucomic acid isomer I (32); c) dehydrosoyasaponin I isomer II (62).
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Nevertheless, it was described before in Fabaceae as apigenin 5-O-
glucoside, apigenin 7-O-glucoside, apigenin 5-O-galactoside according
to KNApSAcK Core System database. Moreover, four isomers of api-
genin-O- dihexoside were characterized with the fragment of m/z 269,
representing apigenin intact aglycone and confirming O-glycosides. As
far as we know, this the first time to be observed in the genus Vicia.

3.1.1.2. Phenolic acids. Peak 27 (tR 9.74 min, m/z 169.0143), with the
molecular formula C7H6O5, was compared with a standard to be
confirmed as gallic acid. It was observed for the first time in the
genus Vicia. However, it was detected before in Fabaceae. Similarly,
peaks 31 and 33 revealed a molecular formula of C7H6O4 and m/z of
153.0195 and 153.0196 respectively. They showed UV absorbance at
λmax 278 and 270 nm, respectively. Upon comparison with standards
they were confirmed as protocatechuic acid and gentisic acid,
respectively (Tables 1 and S1).

Peak 39 with the molecular formula C18H24O12 showed m/z of
431.1208 and neutral loss of 132 and 44 Da indicating the loss of a
pentose followed by decarboxylation. Upon comparing with literature,
it was tentatively identified as hydroxybenzoic acid hexoside pentoside
which is described for the first time in genus Vicia whereas, (Mekky,
Contreras, El-Gindi, Abdel-Monem, Abdel-Sattar, & Segura-Carretero,
2015) detected it in chickpeas, Fabaceae. Peak 35 at tR 14.62 was
observed with m/z 285.0623, molecular formula C12H14O8 and loss of
water and decarboxylation. It was characterized as dihydroxybenzoic
acid pentoside. In addition, peak 29 expressed the neutral loss of water
and a hexose with UV absorbance at λmax 317 nm. It was tentatively
identified as dihydroxybenzoic acid hexoside (Tables 1 and S1) (Mekky,
Fayed, El-Gindi, Abdel-Monem, del Mar Contreras, Segura-Carretero, &
Abdel-Sattar, 2016). Regarding hydroxycinnamic acid, the presence of
m-coumaric acid was unequivocally confirmed with a standard. It was
described for the first time in the genus Vicia, nevertheless, (Laghari, Ali
Memon, Memon, Nelofar, Khan, & Yasmin, 2012) described it in Fa-
baceae.

Two isomers of hydroxyeucomic acids were detected at tR 12.83
(m/z 255.0520) and 15.48 min (m/z 255.0514), respectively. It is worth
mentioning that isomer I expressed a sequential loss of CO2 which is the
typical decarboxylation of phenolic acids (Fig. 2b) (Abu-Reidah,
Contreras, Arráez-Román, Fernández-Gutiérrez, & Segura-Carretero,
2014; Valente et al., 2018, 2019).

3.1.2. Non-Phenolic Compounds
3.1.2.1. Saponins. Saponins are natural products that are basically
classified into steroidal saponins and triterpenoidal saponins (Baky,
Gabr, Shawky, Elgindi, & Mekky, 2020; Ha, Lee, Park, Jeong, Kim, Ko,
& Lee, 2014). Six of the observed saponins belong to soyasaponins class
being a common feature in Fabaceae (Gurfinkel & Rao, 2003).
Soyasaponin I was detected at 28.7 min, m/z 941.5125. The presence
of soyasaponin I, to our knowledge, was reported for the first time in
the genus Vicia and reported previously by (Mekky, Contreras, El-Gindi,
Abdel-Monem, Abdel-Sattar, & Segura-Carretero, 2015) in Fabaceae.
MS/MS spectra showed the neutral loss of deoxyhexose, CO2 and water.
Other soyasaponins were soyasaponin II and kaikasaponin II/III (tR
28.82 min, m/z 911.5015, 925.5174). Two isomers of dehydrosaponin I
were observed at tR 28.45, 29.25 min. The spectra showed the neutral
loss of deoxyhexose, CO2 and water (Tables 1 and S1, Fig. 2c) (Mekky,
Contreras, El-Gindi, Abdel-Monem, Abdel-Sattar, & Segura-Carretero,
2015). Soyasaponin VI was noticed at tR 29.32 min andm/z 1067.0543.
It bears noting that it is conjugated with dihydro-dihydroxyl-methyl-
pyranone (DDMP) moiety to which the UV absorbance at λmax 290 nm
is attributed (Mekky, Contreras, El-Gindi, Abdel-Monem, Abdel-Sattar,
& Segura-Carretero, 2015).

In addition, peak 57 showed m/z 1093.5105 and a predicted mo-
lecular formula of C51H82O25 with loss of water and CO. The chroma-
tographic profile suggested the saponin feature. Consulting KNApSAcK
Core System database, it was tentatively described as Brodiosaponin D/
Kingianoside E which are triterpenoidal saponins.

3.1.2.2. Nitrogenous compounds
3.1.2.2.1. Amino acids. Amino acids were considerably noticed

with 14 compounds. Peak 1 with m/z 145.0986 showed a molecular
formula of C6H14N2O2 and was characterized as lysine (Abu-Reidah,
Contreras, Arráez-Román, Fernández-Gutiérrez, & Segura-Carretero,
2014). Similarly, peak 6 expressed a molecular formula of C5H9NO4
and a sequential loss of water and was characterized as glutamic acid.

Arginine, asparagine and two isomers of leucine/isoleucine were
detected at peaks 2, 4, 21 and 22, respectively. They all expressed the
neural loss of ammonia, 17 Da which resembles the typical fragmen-
tation of amino acids (Mekky et al., 2015, 2019).

In regard to aromatic amino acids, histidine was noticed at tR
2.76 min and m/z 154.0629 with UV absorbance at λmax 275 nm.
Furthermore, tyrosine, phenylalanine and tryptophan were observed at

Fig. 3. Effect of germination on the relative amounts of flavonoids, phenolic acids, and saponins in the Egyptian cultivars of fava beans.
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peaks 23, 28 and 36, respectively and confirmed with standards (Abu-
Reidah et al., 2014, 2017; Valente, Cabrita, Malushi, Oliveira, Papa,
Rodrigues, & Maia, 2019). In addition, four isomers of L-dopa hexoside
were observed. Their fragmentation patterns revealed the aglycone
fragment of m/z 196 with deamination, decarboxylation and/or dehy-
dration (Tables 1 and S1). For clarification, Fig. S2a demonstrates the
fragmentation pattern of L-dopa hexoside isomer I. In fact, aromatic
amino acids might contribute to biological activities of plants e.g. an-
tioxidant and anti-parkinsonism activities among others (Gülçin, 2007;
Moosmann & Behl, 2000; Rabey, Vered, Shabtai, Graff, & Korczyn,
1992; Randhir & Shetty, 2004).

It bears noting that all the aforementioned amino acids were de-
scribed before in V. faba (Abu-Reidah et al., 2014, 2017; Valente,
Cabrita, Malushi, Oliveira, Papa, Rodrigues, & Maia, 2019) except for
asparagine which is described for the first time in V. faba.

3.1.2.2.2. Alkaloids. Vicine was observed at tR 5.78 min with a
molecular formula of C10H16N4O7 and UV absorbance of λmax 275 nm.
The fragmentation pattern revealed the neutral loss of a hexose (Tables
1 and S1, Fig. S2b). In the same manner, two isomers of convicine were
observed at peaks 9 and 16 (Tables 1 and S1), (Abu-Reidah, Contreras,
Arráez-Román, Fernández-Gutiérrez, & Segura-Carretero, 2014;

Valente, Cabrita, Malushi, Oliveira, Papa, Rodrigues, & Maia, 2019).
3.1.2.2.3. Nucleosides. Uridine and guanosine were noticed with

neutral loss of a pentose and UV absorbance of λmax 265 and 275 nm,
respectively, (Tables 1 and S1, Fig. S2c) (Mekky, Contreras, El-Gindi,
Abdel-Monem, Abdel-Sattar, & Segura-Carretero, 2015).

3.1.3. Organic acids, sugars and jasmonates
A total of eight organic acids were tentatively characterized viz.

gluconic/galactonic acids, three isomers of malic acids, citric acid,
panthothenic acid, and two isomers of dimethyl citric acid. Basically,
their characterization depended on observation of the m/z as well as
decarboxylation and/or dehydration (Tables 1 and S1, Fig. S2d) (Mekky
et al., 2015, 2019; Valente, Cabrita, Malushi, Oliveira, Papa, Rodrigues,
& Maia, 2019). Regarding sugars, two isomers of verbascose were ob-
served at tR 3.5 and 4.73 min, respectively, and expressing neutral loss
of hexoses. They were described before in V. faba (Teixeira, McNeill, &
Gänzle, 2012) and were only present in all the seeds extracts. Moreover,
a monosaccharide was observed at peak 7 and it expressed the neutral
loss of 30 Da (CHOH) following the typical fragmentation of sugars
(Mekky, Contreras, El-Gindi, Abdel-Monem, Abdel-Sattar, & Segura-
Carretero, 2015). It was detected in all the samples under study except

Fig. 4. Structures of the major metabolites observed in the cultivars of fava beans; Hydroxyeucomic acid I-II (32, 38), gentisic acid (33), dihydroxybenzoic acid
pentoside (35), hydroxybenzoic acid hexoside pentoside (39), apigenin O hexoside (52), apigenin di O- hexoside I-IV (43, 47, 49 & 51), isorhamnetin dideox-
yhexoside pentoside I-IV (41, 42, 45& 48), isorhamnetin hexoside deoxyhexoside pentoside (40), histidine (2), tyrosine (27), and soyasaponin I (59).
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for sprouts of cultivar Sakha 3.
Regarding jasmonates, peak 65 with m/z 237.1491 was tentatively

identified as ethyl jasomonate which was described before in Fabaceae
according to the Phytochemical dictionary database, CRC, (Tables 1
and S1).

3.2. Qualitative comparison of the studied fava beans cultivars (seeds and
sprouts extracts)

The qualitative profiles of the extracts of sprouts or seeds were quite
similar (Fig. 1). Comparing the samples under study qualitatively,
sprouts of cultivar Giza 843 was the richest one with 58 metabolites and
the highest number of flavonoids. On the other hand, seeds of cultivars
Sakha 3 and Giza 843 were the poorest with 45 metabolites and only
two flavonoids as shown in Fig. S3.

3.3. Effect of germination:

From the qualitative comparison, it was quite clear that the ger-
mination process possesses an effect on the number of the characterized

metabolites particularly phenolic compounds and saponins. Actually,
biological activities of plant matrices are mostly attributed to these
metabolites (Abouzed et al., 2018; Elgindi, Ayoub, Milad, & Mekky,
2012; Hwang, 2017; Megías et al., 2018; Rodríguez-Pérez et al., 2019;
Valente et al., 2018, 2019). Upon quantifying the area of each meta-
bolite in the chromatographic profile, it was quietly noticed that sec-
ondary metabolites as flavonoids showed dramatic increments upon
germination, (Table 1, Fig. 3). It bears noting that germination in-
creased quantities of flavonoids by 36.65, 17.03, and 29.83 folds in
cultivars; Sakha 3, Nubaria 3, and Giza 843, respectively. Concerning
phenolic acids, germination showed increments in their quantities by
two folds in cultivars Nubaria 3 and Giza 843. Nevertheless, it showed a
fair increment in their quantities in cultivar Sakha 3. In the case of
saponins, cultivar Giza 843 showed increment by 12 folds in the
quantities of saponins whereas their quantities were duplicated in both
cultivars Sakha 3 and Nubaria 3 (Table 1). In fact, this is in agreement
with several studies on the effect of germination of pulses. For instance,
(Wu, Song, Feng, Liu, He, Yioe, & Huang, 2012) discussed the effect of
germination on the antioxidant potential and isoflavonoids content of
chickpeas and observed correlated increase in both, the antioxidant
activity and isoflavonoids content with germination. In the same
manner, (Ayet, Burbano, Cuadrado, Pedrosa, Robredo, Muzquiz, &
Osagie, 1997) revealed that germination increased the content of
soyasaponins in lentils. In this context, hydroxyeucomic acid I-II and
gentisic acid derivatives were the major phenolic acid. Whereas, api-
genin and isorhamnetin derivatives were the most abundant flavonoids.
Similarly, soyasaponin I, histidine, and tyrosine were the major sapo-
nins and aromatic amino acids, respectively. For clarification, Fig. 4
illustrates the major metabolites observed in the studied cultivars.

3.4. Total phenolic content and DPPH free radical scavenging activity

In regard to TPC of the seeds, it ranged from 21.84 mg GAE/g ex-
tract in the case of Nubaria 3 to 42.36 mg GAE/g extract for Sakha 3,
Fig. 5. These results are complying with previous reports where
(Baginsky, Peña-Neira, Cáceres, Hernández, Estrella, Morales, &
Pertuzé, 2013) studied the TPC of 10 Chilean cultivars of fava beans
seeds. It ranged from 0.82 mg GAE/g (cultivar Luz de otoño) to 13.4 mg
GAE/g (cultivar Alargá). Furthermore, (Amarowicz & Shahidi, 2018)
observed it for Polish fava beans seeds as 56 mg GAE/g (cultivar Polis).
It is worth to mention that (Valente, Cabrita, Malushi, Oliveira, Papa,
Rodrigues, & Maia, 2019) investigated TPC of seven European cultivars

Fig. 5. Effect of germination on the yield (%), TPC (mg GAE/g extract), and DPPH (% of free radical scavenging at 100 µg/ml) of the Egyptian cultivars of fava beans.
Data are given as mean ± standard deviation, a, b, c, d, e, f: Significantly different at p < 0.05 using ANOVA followed by Tukey as a post-hoc test.

Table 2
Pearson correlation between the total phenolic content (TPC), the radical
scavenging activity of DPPH, and abundance of the phenolic subclasses, sapo-
nins, amino acids, and their main phenolic representatives in the seeds and
sprouts of the Egyptian cultivars of fava beans.

TPC DPPH

TPC 1 0.960**

DPPH 0.960** 1
Flavonoids 0.835* 0.783
Flavones 0.845* 0.814*
Flavonols 0.820* 0.750
Phenolic acids 0.486 0.419
Saponins 0.788 0.828*
Amino Acids 0.930** 0.936**

Histidine 0.895* 0.880*
Tyrosine 0.928** 0.908*
Isorhamnetin hexoside deoxyhexoside pentoside 0.817* 0.753
Isorhamnetin dideoxyhexoside pentoside isomer III 0.837* 0.767
Apigenin O hexoside 0.957** 0.977**

Dehydrosoyasaponin I isomer I 0.856* 0.864*
Soyasaponin I 0.800 0.856*

* and ** denote a significant correlation at p < 0.05 and p < 0.01, respec-
tively.
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of V. faba L. and it ranged between 2.62 and 4.3 mg GAE/g dry weight.
As a matter of fact, germination and sprouting increased TPC up to four
folds in case of Nubaria 3 sprouts, two folds in case of Sakha 3 sprouts
and 3 folds in case of Giza 843 sprouts which are in agreement with
previous studies on sprouts of legumes (Ayet, Burbano, Cuadrado,
Pedrosa, Robredo, Muzquiz, & Osagie, 1997; Wu, Song, Feng, Liu, He,
Yioe, & Huang, 2012). Moreover, there was a noticeable increase in
DPPH free radical scavenging activity of the sprouts than those of the
seeds. It bears noting that the sprouts of cultivar Nubaria 3 showed the
highest radical scavenging activity (77.7% inhibition at 100 µg/mL)
followed by Sakha 3 sprouts. (70.9% inhibition at 100 µg/mL), and Giza
843 sprouts (62.3% inhibition at 100 µg/mL), Fig. 5. This is complying
with the results of (Okumura, Hosoya, Kawarazaki, Izawa, &
Kumazawa, 2016) that discussed the antioxidant activity of fava
sprouts. In fact, the major metabolites (Tables 1 and S1, Fig. 4) prob-
ably might contribute in the TPC and radical scavenging activity of the
tested sprouts in accordance with previous reports (Bandonienė,
Murkovic, Pfannhauser, Venskutonis, & Gruzdienė, 2002; Begum &
Prasad, 2012; Boutaghane, Alabdul Magid, Abedini, Cafolla, Djeghim,
Gangloff, & Kabouche, 2019; Hwang, 2017; Mekky, Contreras, El-Gindi,
Abdel-Monem, Abdel-Sattar, & Segura-Carretero, 2015; Pengfei,
Tiansheng, Xianglin, & Jianguo, 2009).

3.5. Relationship between the phytochemical composition of fava beans
cultivars and the antioxidant activity

Pearson correlation was employed to state the relationship between
the antioxidant activity and TPC of the extracts of the seeds and sprouts
of the tested cultivars. Also, this linear regression was performed to
figure out the correlation between the antioxidant activity and the area
of the subclasses of the flavonoids, phenolic acids, saponins, and aro-
matic amino acids alongside with the major metabolites characterized
in the cultivars of fava beans according to (Ammar, del Mar Contreras,
Belguith-Hadrich, Segura-Carretero, & Bouaziz, 2015). There is a sig-
nificantly strong correlation between the TPC of fava beans cultivars
and the antioxidant activity by DPPH (r = 0.960, p < 0.01), (Table 2).
This correlation indicates that the content of phenolic compounds
contributes strongly to the radical scavenging activity. This finding is
beyond the findings of (Valente, Cabrita, Malushi, Oliveira, Papa,
Rodrigues, & Maia, 2019) where DPPH radical scavenging activity was
poorly correlated with TPC (r = 0.550, p = 0.041).

Moreover, a positive correlation was noticed between DPPH and
flavones (r = 0.814, p < 0.05), saponins (0.828p < 0.05), amino
acids (r = 0.936, p < 0.01).

Also, apigenin O hexodise, dehydrosoyasaponin I, soyasaponin I,
histidine, and tyrosine correlated with DPPH. This correlation justifies
the high antioxidant activity of the sprouts of the tested cultivars due to
their relatively higher abundance of such metabolites (Table 2).

4. Conclusion

To date, this is the first study focusing on comparing the metabolic
profiles of these cultivars in both seeds and sprouts extracts. The ap-
plication of the hyphenated technique; RP-HPLC-DAD-ESI-QTOF-MS
and MS/MS enables us to perform comparative metabolic profiling
between three Egyptian cultivars of fava beans of both the seeds and
sprouts extracts for each cultivar. Totally, 65 metabolites were char-
acterized belonging to different classes with 26 phenolic compounds of
phenolic acids and flavonoids. Regarding germination, it increased
dramatically the quantities of flavonoids and saponins to which biolo-
gical activities are attributed. Besides, TPC and DPPH increased dra-
matically upon sprouting. The TPC and major subclasses of phenolics,
saponins and aromatic amino acids were positively correlated with
DPPH radical scavenging activity. These results aided in the elucidation
of phytoconstituents and antioxidant activities of these cultivars. Due to
its interesting composition in secondary metabolites, further biological

studies would help to investigate the biological potential of these cul-
tivars and emphasize the effect of germination which will certainly
impact the future aspect of these seeds as functional foods.
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