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Abstract
This study investigates the nutritional and nutraceutical profiles of four legume species - bean, faba bean, 
chickpea, and lentil - collected from Lebanon, Syria, Jordan, Palestine, and Egypt. Chemical analyses assessed 
antioxidant, nutritional, and nutraceutical properties, followed by Principal Component Analysis and Hierar-
chical Cluster Analysis to examine similarities and differences among legume varieties and regions. Key find-
ings include Lebanese beans with distinct tocopherol (vitamin E), polyphenols, flavonoids, and TEAC, along 
with high protein, lysine, and methionine. Syrian faba beans showed superior vitamin E, TEAC, protein, lysine, 
and methionine levels, while a Palestinian variety excelled in polyphenols and flavonoids. Syrian chickpeas 
were rich in vitamin E, flavonoids, protein, and methionine, and a Palestinian variety stood out for histidine 
and lysine. Lentils from Lebanon, Syria, and Palestine had notable vitamin E and methionine contents. These 
findings highlight the role of genetic, environmental, and geographical factors in legume quality, emphasizing 
their potential in addressing malnutrition and promoting sustainable food systems.

Keywords: Nutritional profile, Nutraceutical characteristics, Legumes, Chemometric analysis, Food se-
curity, Mediterranean diet, Mashreq Countries

1.  Introduction 

The Mashreq region, which includes Leba-
non, Syria, Jordan, Egypt and Palestine, faces 
significant economic political and security chal-
lenges stemming from conflicts, poverty, unem-
ployment, and displacement. These difficulties 
have led to malnutrition, food insecurity, and 

limited access to balanced diets, especially af-
fecting vulnerable groups such as refugees, in-
ternally displaced persons, women, and children 
(Capone et al., 2021). One of the most pressing 
nutritional issues is ensuring enough high-qual-
ity proteins, which remains a primary focus of 
nutritional interventions in the region. Access 
to high-quality animal protein sources remains 
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challenging for low-income communities due to 
limited economic resources. However, partially 
replacing these protein sources with legumes can 
offer numerous benefits for both individuals and 
the community as a whole. Legumes boast high 
nutritional value, being rich in protein, fiber, vi-
tamins, and minerals, making them a valuable 
alternative to meat. They provide essential nutri-
ents crucial for growth, development, and over-
all health, which may be deficient in the diets 
of low-income individuals. Moreover, legumes 
are cost-effective, sustainably produced with a 
lower environmental footprint, and offer health 
benefits by reducing the risk of non-communica-
ble diseases (NCDs).

Legumes constitute a staple source of nutri-
tion in the traditional Mediterranean Diet (MD) 
(Sikalidis et al., 2021). The main legumes con-
sumed in the Mediterranean region include faba 
beans (Vicia faba L.), chickpeas (Cicer arieti-
num), lupins (Lupinus albus), and lentils (Lens 
culinaris) (Godos et al., 2024). These versatile 
crops are renowned for being nutrient-dense and 
possessing health-promoting properties (Amoah 
et al., 2023). They are rich in protein, complex 
carbohydrates, fibers, vitamins, minerals (Mon-
tejano-Ramírez and Valencia-Cantero, 2024), 
low in fat, cholesterol-free, and have a low gly-
cemic index (Amoah et al., 2023; Vijayakumar 
and Haridas, 2021). It is important to note that, 
with the exception of soybeans, legumes should 
be combined with grains to form a complete 
diet, rich of all essential amino acids (Lisciani 
et al., 2024). Beyond their nutritional value, 
legumes have nutraceutical properties, as they 
contain numerous bioactive compounds, includ-
ing polyphenols (flavonoids and non-flavonoids) 
and phytosterols (Ganesan and Xu, 2017). 

Various studies have highlighted the positive 
health outcomes associated with legume con-
sumption, including decreased risk of type 2 
diabetes mellitus, cardiovascular diseases, and 
certain cancer types (Yanni et al., 2023). More-
over, legumes are recognized for their anti-in-
flammatory, antihypertensive, and antioxidant 
properties (Naureen et al., 2022). In addition to 
these health benefits, legumes have a low envi-
ronmental footprint and can be grown in a varie-
ty of climates and soil types, making them a sus-

tainable option for farmers (Yanni et al., 2023). 
Thus, a protein-rich diet based on legumes is a 
feasible, cheaper, and sustainable alternative to 
animal-based diets and helps prevent malnu-
trition in developing countries (Lisciani et al., 
2024; Montejano-Ramírez and Valencia-Can-
tero, 2024). Despite that, the global legume 
intake, being around 21 g/person/day (Semba 
et al., 2021), is substantially lower than the rec-
ommendation of ∼100g of cooked legumes by 
EAT-Lancet and MD (Hughes et al., 2022). 

Research has shown that phenolic content could 
vary between different varieties of legume spe-
cies due to genetic factors, climatic conditions, 
storage, and variation in color of coats between 
cultivars (Carbas et al., 2020; Yang et al., 2018), 
as well as degree of maturity (Marathe et al., 
2011). Moreover, the geographic location where 
legumes are grown influences their nutraceuti-
cal and nutritional content (Johnson et al., 2021; 
Shea et al., 2024) due to environmental factors 
such as soil composition, annual rainfall, altitude, 
and humidity (Yegrem, 2021). As such, within 
legume species to have the highest nutritional and 
antioxidant profiles is crucial for maximizing the 
benefits deriving from their consumption. 

The multivariate method includes Principal 
Component Analysis (PCA), Hierarchical Clus-
ter Analysis (HCA) and Partial Least Squares 
Regression (PLS) are useful tools in science for 
classifications (Al Bakain et al., 2020, 2021; 
Belharar and Chakor, 2023). These tools were 
performed in analytical studies for many pur-
poses; to identify the most relevant compounds 
in distinguishing legumes varieties, to find the 
variation in chemical profiles as a result of grow-
ing legumes in different batches and with vari-
ations in growth locations, to confirm whether 
the cultivars in the cluster analysis would also be 
grouped together, to reveal the compounds that 
were responsible for grouping cultivars between 
clusters and to predict the geographical origin of 
the sample using linear discriminant analysis.

The Mediet project has been launched in 
2022 by the International Center of Advanced 
Mediterranean Agronomic Studies of Bari (CI-
HEAM-Bari) and funded by the Italian Ministry 
of Foreign Affair and International Cooperation 
(MAECI), aims to address Sustainable Develop-
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ment Goal (SDG) number 2, Zero Hunger, by 
promoting legume production and consumption. 
The project focuses on the role of legumes in im-
proving food security, nutrition, and sustainable 
agricultural practices, particularly in Mediterra-
nean regions. This paper presents the initial find-
ings of the project, relate to the nutritional and 
nutraceutical analysis of four legume species, 
which serve as a critical component of the pro-
ject’s broader objective. Using advanced multi-
variate statistical methods, results were analyz-
ed to identify and select legume samples that 
exhibit promising nutritional and nutraceutical 
properties. The obtained results are addressed to 
improve consumer’s awareness about the main 
nutritional and nutraceuticals benefits achiev-
able by the legume consumption. The findings 
hold potential implications for public health and 
agricultural policy, as they can inform strategies 
to promote sustainable diets and enhance food 
security through the increased consumption of 
selected legumes. The final goals are to improve 
dietary diversity, reduce malnutrition, and ulti-
mately foster better health outcomes in both lo-
cal and global contexts.

2.  Materials and methods 

2.1.  Legumes samples 

Forty-seven dry seeds represent local cultivars 
and selected varieties of four legumes: bean, 
faba bean, chickpea, and lentil were collected 
during 2022 and 2023 from various locations in 
Lebanon, Syria, Jordan, Palestine, and Egypt. 
These regions are known for their long-standing 
tradition of legume cultivation and their integra-
tion of legumes into crop rotation systems. The 
selected varieties are highly valued by farmers 
for their productivity and economic benefits, as 
well as by markets for their competitive prices, 
which are driven by strong consumer demand. 
Most of the pulse varieties were developed by 
ICARDA and National Research Systems in 
the Mashreq countries and have been widely 
adopted by farming communities. Meanwhile, 
local cultivars are either the result of institution-
al breeding programs or derived from seasonal 
multiplication by local producers.

2.2.  Extraction method, Samples 
preparation, Running conditions  
and Instrumentation

The dry seed samples were ground using an 
electric grinder to produce a homogeneous pow-
der capable of passing through a 35-mesh stain-
less steel sieve with a 0.5 mm opening size. Dry 
matter content was determined by drying the 
powdered sample in static oven at 105°C until 
constant weight reached according to the AACC 
Method 44-17.01. Ash content as percentage 
was determined according to the AACC Method 
08-16.01 by incinerating the residual obtained 
for dry matter content in muffle at 550°C. The 
extraction method, sample preparation, running 
conditions and the instrumentation were ex-
plained separately in the next sections.

2.2.1.  Centesimal composition determination 
of total Protein and Fat 

Total proteins, expressed in g per 100 g of 
seeds, was determined according to the AOAC 
Method 992.23 based on the Dumas method and 
using a carbon/nitrogen analyzer PRIMACS ™ 
SNC-100 (Scalar, The Netherlands) and the con-
version factor nitrogen-proteins of 5.71. Total 
fat content was determined by solid liquid ex-
traction using a SoxtecTM system model 2050 
(Foss, Denmark), petroleum ether 40-60° as ex-
traction solvent, and expressed as gram per 100 
gram of dry seeds.

2.2.2.  Amino acids content
The quantitative determination of proteino-

genic amino acids was performed by the appli-
cation of three different types of hydrolysis: HCl 
6N after oxidation with performic acid for the 
determination of sulfur containing amino acids 
(i.e. cysteine and methionine); NaOH 4N for 
tryptophan determination and HCl 6N for all 
remaining amino acids. All hydrolysis processes 
were performed in amber borosilicate vials un-
der N2 in presence of pyrogallol as antioxidant 
at 110°C per 24hr using a block heater with tem-
perature control. After hydrolysis, 100nmol of 
norleucine was added as internal standard, then 
samples were neutralized, diluted with ultrapure 
water, analyzed by ions chromatography and 
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post column derivatization with ninhydrin using 
the amino analyzer Biochrom 30+ (Harvard Bi-
oscience, USA). The concentration of each ami-
no acid was calculated using internal calibration 
method. The calibration curves were obtained 
by the injection of 5 levels of calibration from 
5 -500 nmol/mL of a standard mix (Protein hy-
drolysate standard mix, Biochrom) in triplicate. 

2.2.3.  Total polyphenols, flavonoids and 
antioxidants contents

Polyphenols compounds were extracted from 
the powder of dry seeds obtained as described in 
sample preparation and extraction methods section 
(2.2). The extraction solution was acetone: water: 
acetic acid (70:29.5:0.5 by volume). An aliquot of 
2.0 g of powder samples was weighed in 50 mL 
centrifuge tubes, then 20 mL of the extraction solu-
tion was added, sonicated for 15 min at ambient 
temperature, orbitally shaken for 2hr, and finally 
centrifuged at 4000 RCF for 10 min at 10°C. After 
centrifugation, the clear upper phase was recov-
ered, whereas the pellet was re-suspended in 20 
mL of the extraction solution and the whole proce-
dure repeated again. The two extracts were mixed, 
filtered at 0.45 µm regenerated cellulose filters and 
stored at 4°C for the next assays. 

Twenty microliters of sample extract were used 
for the Folin micro assay according to (Wrolstad 
et al., 2005). Calibration was done using gallic 
acid standard in the range 10-400 mg/L. Results 
were expressed as mg of gallic acid equivalent per 
100 g of dry seeds. The antioxidant activity was 
performed using the extract obtained for the de-
termination of total polyphenols. The assay used 
was the ABTS calibrated with Trolox. The ABTS 
radical solution was obtained by mixing 10 mL of 
ABTS 7mM with an equal volume of persulphate 
4.95 mM. The mixture was left at room tempera-
ture in the dark for 12h, then stored in refrigerator 
for a maxim of 3 days. Using the stock solution of 
ABTS radical, a dilution was prepared, obtaining 
an absorbance at 730nm of approximately 0.7 ab-
sorbance units. The calibration range was 25-800 
nmol/mL of TROLOX. In plastic cuvettes of 1.5 
mL total volume, 980 µL of ABTS diluted rad-
ical solution was placed and added to 20 µL of 
sample extract or standard solution. The cuvettes 
were closed using parafilm, mixed for 25 min and 

then, the absorbance was measured. The differ-
ence in absorbance between the cuvette contain-
ing the sample extract and that containing only 
the extraction solvent as blank was calculated and 
used to express the final concentration as µmol of 
Trolox Equivalent Antioxidant Capacity (TEAC) 
per 100 g of dry seeds.

Total flavonoids determination was performed 
by colorimetric method using AlCl3 and NaNO2 
reagent, according to (Heimler et al., 2005). 
Catechin was used as reference standard with 
a calibration range 10-500 mg/L. Results were 
expressed as mg of catechin equivalent per 100 
g of dry seeds.

2.2.4.  Vitamin E 
Vitamin E as total tocopherol was determined 

according to the method ISO 9936, by alkaline 
hydrolysis in presence of pyrogallol as antioxi-
dant under nitrogen, followed by liquid – liquid 
extraction with petroleum ether at 40-60°C. The 
obtained extract was concentrated under vacuum 
and re-suspended in 1.0 mL of isooctane contain-
ing 0.2% of butylhydroxytoluene. Twenty micro-
liters of this solution were injected into a High 
Performance Liquid Chromatography (HPLC) 
system. The HPLC system consisted of a normal 
phase isocratic pump LC-40D equipped with a 
fluorescence detector RF-20A XS (Shimadzu, 
Kyoto, Japan). The mobile phase used was hex-
ane with 1% dioxane under isocratic elution of 
1.0 mL/min flowrate. The stationary phase was 
Zorbax RX-Sil of 100 mm × 3.0 mm I.D with 1.8 
µm particles diameter. A calibration curve was 
obtained by the injection of five concentration 
solutions of α-tocopherol pure standard in a range 
0.1-10 µg/mL. Results were expressed as mg of 
α-tocopherol equivalent per 100 g of dry seeds. 

2.2.5.  Sterols
The unsaponifiable matter was obtained from 

the total fat extracted with Soxtec apparatus as de-
scribed before, submitted to a saponification with 
ethanolic KOH 0.2N and then to liquid-liquid ex-
traction according to the AOAC Official Method 
933.08. A 5α-cholestanol as an internal standard 
was added to the unsaponifiable matter, then the 
sample was analyzed by tin layer chromatography 
(TLC) to separate and purify the sterols fraction. 
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Finally, sterol’s fraction obtained by TLC was deri-
vatized using a silylating mixture and subjected to 
gas chromatographic-flame ionization (GC-FID) 
analysis. The Nexis 2030 GC system was equipped 
with autosampler AOC-20i Plus (Shimadzu), col-
umn SPB-5 (Supleco 30 m × 0.25 mm I.D, 0.25 
µm film thickness). The separation of sterols was 
performed at the following conditions: isothermal 
condition of 265°C, injector temperature at 280°C, 
split mode of 1:25, detector at 300°C and hydro-
gen as carrier gas at constant velocity of 35 cm/s. 
Results were expressed in mg/100g of dry seeds.

2.2.6.  Fatty acids
The total fat extracted by the soxtec appara-

tus was trans methylated by cold method with 
KOH 2N in methanolic solution. The methylated 
fatty acids were injected into the GC system de-
scribed above, equipped with a DB-Fast FAME 
column (Agilent 20 m × 0.18 mm I.D, 0.20 µm 
film thickness). The chromatographic condi-
tions were: H2 as carrier gas at constant velocity 
of 35cm/s, injector temperature of 230°C, split 
ratio 1:50, initial temperature 80°C increased to 
175°C at 65°C/min, then increased to 185°C at 
10°C/min, increased to 230°C at 7°C/min, final-
ly isothermal for 3 min. The quantitative results 
expressed in mg/100g of dry seeds were ob-
tained by applying an external calibration meth-
od using FAME 37 standard mix at five levels of 
concentrations analyzed using the same chroma-
tographic conditions of samples.

2.2.7.  Mineral elements and phosphorus
Mineral elements were analyzed accordingly 

to the method AOAC 984.27 with wet miner-
alization process using Ethos Easy Microwave 
Digestion System -Milestone (Bergamo, Italy), 
followed by Inductively Coupled Plasma Atom-
ic Emission Spectroscopy analysis using a spec-
troscope model iCAO 6000 Thermo Fisher Sci-
entific (Waltham, Massachusetts, U.S.). 

2.3.  Statistical software 

Data acquisition and processing were con-
ducted using MS Workstation software version 
6.6 (SP1). The statistical analysis including 
PCA and HCA were performed using Chemo-

face 1.61 software which work under Matlab® 
(Mathworks, 8.6, USA) and XLSTAT software 
(Excel, Microsoft®). 

3.  Results

3.1.  Multivariate analysis of legumes 
samples using unsupervised clustering 
methods

Initially, the analytical results obtained from 
the whole analysis (Appendix 1) was arranged in 
a data matrix Xn×l, where n is the number of sam-
ples (i.e. number of locations for each species) 
and l is the number of measured variables (i.e. 
solutes: faba beans, beans, chickpea and lentil). 
The total number of samples was 47 represents 
47 locations of 5 countries; Jordan, Lebanon, 
Syria, Egypt and Palestine. For the current sys-
tem, matrix X had the size of (12×18), (17×18), 
(14×18), (4×18) for faba beans, lentils, chick-
peas and bean, respectively. Matrix X was sub-
jected to clustering methods as will be discussed 
below. None of the collected samples were not 
priori assigned to class membership; hence, un-
supervised clustering methods will be applied.

3.2.  PCA and HCA

The main adopted unsupervised methodolo-
gies in analytical chemistry for grouping/clus-
tering objects are PCA and HCA (Abu Mualla 
and Al Bakain, 2023; Al Bakain et al., 2020). In 
this study, HCA and PCA were implemented to: 
1) confirm whether the legumes obtained from 
different cities would be grouped together based 
on their 18 chemical contents, or 2) the resulted 
chemical contents would be grouped together ac-
cording to their similar/different concentrations 
in each species. In fact, PCA reveals the chem-
ical contents that are responsible for grouping 
the samples. This classification results may have 
value in the discrimination and selection of leg-
umes species in certain locations. The results may 
help to show the similarities and the differences 
between legumes profiles (faba, lentil, chickpea 
and beans) cross the big producers and consumers 
of these legumes (i.e. Lebanon, Jordan, Palestine, 
Syria and Egypt).
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Figure 1. A) Dendrogram based on average linkage clustering and B) PCA bi-plot obtained from the 

17 origin- lentil components from Syria, Egypt, Palestine, Jordan and Lebanon. 
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3.3.  Legumes characterization by PCA  
and HCA

Both PCA and HCA are performed to con-
firm whether the legumes species obtained from 
different locations would be grouped together 
based on the 18 nutritional parameters meas-
ured (total fat, protein, Fe, sterols, vitamin E, 
polyphenols, flavonoids, TEAC, histidine, me-
thionine, lysine, leucine, phenylalanine, valine, 
threonine, isoleucine, saturated and unsaturat-
ed fat). PCA can reveal the variables that is/
are responsible in grouping legumes. Legumes 
classification will be the foundation for indus-
trial production, and informative guidance for 
individual growers. Indeed, these results would 
help to show the similarities and the differences 
between legumes-origin samples of some Arab 
countries that are considered as big producers 
and consumers of legumes.

- Arrangement of analytical data: Analytical 
data can be arranged as a data matrix X of n 
samples or location rows and l variables. For 
the current case, matrix X has the size of 18 
(solutes) × n locations (12, 17, 14, and 4 for 
faba, lentil, chickpea and beans, respective-
ly), and matrix X has the size of 18 (solutes) 
× 4 species (faba, lentil, chickpea and beans). 
Matrix X was subjected into HCA and PCA as 
discussed below. Data was preprocessed using 
normalizing methodology, which allowed for 
better and interpretably PCA outputs.

- Quantitative legumes classification by PCA 
and HCA

In this study, two data matrices where built. 
The data matrix X (18×n) (i.e. 18 solutes from 
n locations) is decomposed into two matrices, 
T (score matrix) and L (loading matrix) using 
suitable PCA algorithm. The first step in PCA 
is the computation of loadings. Mathematically, 
the loadings are the Eigen vectors of the ma-
trix (XXT). There are several methods to esti-
mate the eigenvectors, such as singular value 
decomposition (SVD) and NIPALS (non-linear 
iterative partial least-squares) in the order of 
explained proportion of the variations in X, un-
til a certain pre-established number of compo-
nents (Al Bakain et al., 2021). The loadings are 

Figure 1 - A) Dendrogram based on average linkage 
clustering and B) PCA bi-plot obtained from the 17 
origin- lentil components from Syria, Egypt, Pales-
tine, Jordan and Lebanon.

grouped into a matrix L. The collected loadings 
are orthonormal, meaning that they are both or-
thogonal and normalized. The relationship be-
tween the original matrix X, the loading matrix 
L and the score matrix T is described as: 

	 X = TLT	 Eq. 1

Mathematically, matrix X is decomposed in 
the product of two matrices, T and L, on the 
condition that L is formed by orthonormal col-
umns. T is the obtained as: T = XTL. In this work, 
size of X is 18×18 while size T is 18×h and L is 
h×18, where h is the number of factors needed 
to decompose matrix X. The optimum number 
of factors (h) is necessary to create optimum 
number of loadings and scores and produce 
informative discrimination among samples/le-
gumes. The analytical scan data were subjected 
to HCA and PCA analysis. PCA and HCA are 
commonly employed to reduce the complexity 
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Figure 1. A) Dendrogram based on average linkage clustering and B) PCA bi-plot obtained from the 

17 origin- lentil components from Syria, Egypt, Palestine, Jordan and Lebanon. 
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Figure 3. PCA outcomes: A) score and B) loading plots obtained from the 14 origin- chickpea components 

from Syria, Egypt, Palestine, Jordan and Lebanon. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A                          B                          

 

  

 

 

Figure 3. PCA outcomes: A) score and B) loading plots obtained from the 14 origin- chickpea components 

from Syria, Egypt, Palestine, Jordan and Lebanon. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A                          B                          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                  

                                                                                                            

                                                                                                 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. A) PCA bi-plot and B) Dendrogram of the 18 chemical contents obtained from the 12 origin- faba from 

Syria, Egypt, Palestine, Jordan and Lebanon. 
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Figure 2. A) PCA bi-plot and B) Dendrogram of the 18 chemical contents obtained from the 12 origin- faba from 

Syria, Egypt, Palestine, Jordan and Lebanon. 
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of multivariate data sets without losing import-
ant information, observe variance in data sets, 
and visualize data clustering (Al Bakain et al., 
2020). In this study, 18 chemical contents are 
the original variables (18 dimensions) in PCA. 
By calculating the covariance matrix between 
these 18 dimensions, PCA can generate 18 PCs 
that are orthogonal to each other and can ex-
plain 100% of the total variance of the orthog-
onal data. Each PC is correlated with the origi-
nal 18 variables. All detected chemical contents 
were rather necessary for legumes clustering. 
Accordingly, the number of variables used in 
clustering was 18 (detected solutes) × n (loca-
tions) for each species. 

As noticed in the 17 lentil samples results 
(Figure 1), Vitamin E is the main content re-
sponsible for grouping samples M7, M9, M22, 
M24, M33 and M47. Referring to Appendix 1, 
these locations showed distinguished contents 
of vitamine E. Two main clusters collect the 18 
contents; cluster A collects only vitamin E, and 
cluster B collects the remaining variables. 

Regarding the faba samples, the PCA and 
HCA outcomes in Figure 2, reveal that (M21, 
M25) (M23) and (M46) have distinct contents of 
(TEAC), (polyphenols, flavonoids, TEAC) and 
(vitamin E), respectively.

According to chickpea, the outcomes of PCA 
in Figure 3, reveal that M30, M31 and M45 have 
distinguished content of vitamin E, in addition to 
flavonoids in M30 and histidine in M45.

Figure 2 - A) PCA bi-plot and B) Dendrogram of the 
18 chemical contents obtained from the 12 origin- faba 
from Syria, Egypt, Palestine, Jordan and Lebanon.

A

B

For Bean, M5 showed distinguished con-
tents of vitamin E, polyphenols, flavonoids and 
TEAC, whereas M1 have distinct content of 
TEAC as presented in Figure 4.

Figure 3 - PCA outcomes: A) score and B) loading plots obtained from the 14 origin- chickpea components 
from Syria, Egypt, Palestine, Jordan and Lebanon.

A B
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As shown in the results of the PCA outcomes, 
2 PCs account 96.21%, 97.67%, 97.71% and 
97.02% of the total variance in data for lentil, 
faba, chickpea and beans, respectively. 

3.2.  Nutritional profile

From the statistical analysis outcomes pre-
sented in the previous section, the distinguished 
varieties responsible for grouping and clustering 
were selected to reveal numerically their distinct 
contents, as shown in Table 1. 

For beans, M01 and M05 originated from 
Lebanon have distinct content of TEAC reach-
ing approximately above 50% of average effec-
tive dose. Moreover, M05 has prominent con-
tent of vitamin E that is almost close to dietary 
reference intake (DRI) of Alpha-tocopherols, 
polyphenols, and flavonoids close to or higher 
than the estimated effective levels of these an-
tioxidants. Regarding M01, it had the highest 
protein content, contributing around one-third 
or more of the protein recommended dietary al-
lowance (RDA) for males and females, respec-
tively. For lysine content, the selected varieties 
could provide approximately 50% or more of the 
RDA. On the other hand, M05 had the highest 
methionine content, providing close to one-fifth 
or more of the requirement. 

As for faba beans, four varieties were select-

 
 
 
 
 
 
 
 
 
 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. PCA bi-plot obtained from the 4 origin- bean contents. 

 

Figure 4 - PCA bi-plot obtained from the 4 origin- 
bean contents.

ed: M21, M23, M25, from Syria, and M46 from 
Palestine. M46 had 1) distinguished contents of 
vitamin E that is above 50% of the DRI of Al-
pha-tocopherols, 2) the highest protein content 
of around 50% or more of the RDA, 3) highest 
methionine content, which is around 15% of 
its requirement, and 4) highest lysine content, 
which satisfies most of the lysine RDA. M23 
had prominent contents of total polyphenols 
and flavonoids, both higher than the estimated 
effective levels of these antioxidants, whereas 
M23, M21, and M25 have distinguished con-
tent of TEAC reaching above 50% of average 
effective dose.

Regarding chickpea, three varieties out of 14 
were selected for their antioxidant and amino 
acid profiles; M30 and M31 from Syria and M45 
from Palestine. These three varieties had signifi-
cant contents of vitamin E both close to or high-
er than the DRI of Alpha-tocopherols. M30 had 
significant content of flavonoids approximately 
30% of the effective dose of these antioxidants, 
the highest protein content, contributing around 
50% or more of the RDA, and highest methio-
nine content providing around 25% or more of 
the requirements. While M45 had significant 
content of histidine surpassing the recommend-
ed dietary allowance (RDA) of this essential 
amino acid, and highest contribution to lysine 
providing around 80% and 99% of the RDA for 
males and females, respectively. 

As for lentil, two varieties from Lebanon (M7, 
M9), three from Syria (M22, M24, M33), and 
one from Palestine (M47) had distinguished vi-
tamine E content, which is around third to half 
the DRI of Alpha-tocopherols, and the highest 
contribution to methionine, providing around 
15% of the requirement. M33 had the highest 
contribution to protein, providing more than 
50% of the RDA, and the highest lysine content 
close to or higher than the RDA for males and 
females, respectively. 

Among the tested legume species, Vitamin 
E and histidine were the highest in chickpea, 
whereas total polyphenols and TEAC were the 
highest in faba beans, and flavonoids were the 
highest in beans. Protein and lysine were the 
highest in lentil, while methionine was the high-
est in chickpea.
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Table 1 - Antioxidant and nutritional profiles of the selected significant varieties of legume species from Leba-
non (LB), Syria (SY), and Palestine (PA) (results are expressed per 100g raw seeds).
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Beans mg/100g mg/100g mg/100g mg/100g 
(µmol/100g) mg/100g g/100g mg/100g mg/100g

LAB code Orig. 
Code#

Total  
tocopherol
Vitamin E

Total 
Polyphe-

nols 
gallic acid 
Equivalents 

(GAE)

Flavonoids 
catechin 

equivalent 
(CE)

Trolox 
equivalent 
antioxidant 

capacity 
(TEAC)

Histidine Protein Methionine Lysine

M01 LB01 2.15 829.97 548.67 721.09 
(2881) 466.01 18.65 122.24 1332.29

M05 LB05 12.77 1165.01 831.03 720.50 
(2879) 470.88 17.54 133.27 1061.59

Faba bean

M21 SY 007 4.23 950.60 380.61 926.87 
(3703) 578.15 25.15 96.41 1519.58

M23 SY009 5.45 1387.14 588.11 924.25 
(3693) 415.93 22.93 84.99 1189.96

M25 SY011 6.30 881.29 423.70 756.75 
(3023) 596.78 24.00 96.90 1593.13

M46 PA02 8.40 954.63 370.68 658.80 
(2632) 916.75 25.83 99.68 1717.53

Chickpea

M30 SY016 14.85 88.05 136.28 53.57 (214) 741.37 27.72 185.33 1853.81

M31 SY017 16.31 88.01 99.04 67.28 (269) 753.90 24.43 173.99 1802.79

M45 PA01 17.42 116.72 46.20 73.94 (295) 1391.54 20.93 178.37 2138.61
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4.  Discussion 

To the best of our knowledge, this is the first 
study to identify varieties of legume species 
(i.e., bean, faba bean, chickpea, and lentil) with 
superior antioxidant and nutritional profiles 
from several countries in the Mediterranean re-
gion, particularly Lebanon, Jordan, Egypt, Syr-
ia, and Palestine. This marks a significant step 
toward maximizing the health benefits of leg-

umes and addressing malnutrition, especially 
in impoverished communities. Legumes are an 
affordable source of protein, micronutrients, and 
antioxidants, which are associated with reduced 
disease risk (Grewal et al., 2022). Identifying 
varieties with significantly enhanced nutritional 
and antioxidant profiles offers a means to alle-
viate malnutrition and enhance public health. 
Additionally, bioactive compounds in legumes, 
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Lentil mg/100g mg/100g mg/100g mg/100g 
(µmol/100g) mg/100g g/100g mg/100g mg/100g

LAB code Orig. Code#
Total 

tocopherol
Vitamin E

Total 
Polyphenols 
gallic acid 
Equivalents 

(GAE)

Flavonoids 
catechin 

equivalent 
(CE)

Trolox 
equivalent 
antioxidant 

capacity 
(TEAC)

Histidine Protein Methionine Lysine

M07 LB07 6.99 1193.52 592.52 707.83 
(2828) 613.24 21.55 101.54 1440.43

M09 LB09 7.63 1002.88 459.45 694.60 
(2775) 672.11 22.14 87.76 1470.98

M22 SY008 5.34 1323.71 491.36 930.16 
(3716) 930.21 27.25 89.88 1900.01

M24 SY010 4.92 947.56 384.62 936.20 
(3740) 789.62 24.40 97.65 1522.07

M33 SY019 5.25 865.65 484.30 752.72 
(3007) 1018.63 30.69 91.21 2347.66

M47 PA03 7.63 889.56 394.99 695.94 
(2780) 1244.29 24.83 102.83 1717.03

Note: Values in bold are significant. Protein and amino acid requirements for adults are based on reference 
weights used by the Institute of Medicine: 70kg for males and 57kg for females (Medicine, 2005).
* Overall inverse association between total polyphenol intake (above 1170 mg/day) and cardiovascular (CV) 
risk events and mortality (Del Bo’ et al., 2019). 
† Higher dietary intake of total flavonoids is associated with decreased cardiovascular disease (CVD) risk in a 
linear manner, with the highest intake calculated at 500 mg/day (Micek et al., 2021). 
‡TEAC is inversely associated with colorectal cancer risk (La Vecchia et al., 2013). 
§ Histidine and Lysine recommended dietary allowance (RDA) for adults is 14 and 38mg/kg/d, respectively 
(Medicine, 2005).
¶ Protein recommended dietary allowance (RDA) for adults is 0.8g/kg/d (Medicine, 2005). 
# Methionine requirement for adults is 10.4 mg/kg/d (Joint et al., 2007).
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such as polyphenols and flavonoids, contribute 
to their medicinal properties and potential as 
drug sources (Vijayakumar, 2021). The iden-
tified varieties could serve as parental material 
for breeding cultivars with enhanced nutritional 
profiles (Grewal et al., 2022). 

For beans, two varieties from Lebanon stood 
out for their distinguished antioxidant content, 
with M05 demonstrating significant levels of 
vitamin E near the recommended daily allow-
ances (RDAs). Vitamin E is a potent antioxidant 
that has been shown to support cardiovascular 
health, cancer prevention, and immune function 
by reducing the oxidation of low-density lipo-
protein (LDL) cholesterol and preventing blood 
clot formation (Rizvi et al., 2014). Additionally, 
vitamin E protects cell membranes from free rad-
ical damage, inhibits carcinogen formation in the 
stomach (Wood and Grusak, 2007) contributes to 
immune function (Lewis et al., 2019), facilitates 
DNA repair (Kaźmierczak-Barańska et al., 2020), 
and supports various metabolic processes (Wood 
and Grusak, 2007). The M05 variety also exhib-
ited high levels of polyphenols, flavonoids, and 
TEAC, offering antioxidant, anti-obesity, anti-di-
abetic, anti-inflammatory, and anti-carcinogenic 
properties (Ganesan and Xu, 2017). Polyphenols 
play a critical role in protecting organisms from 
external stressors and neutralizing reactive oxy-
gen species (ROS) (Rana et al., 2022). Flavonoids, 
a class of dietary polyphenols, are associated with 
numerous health benefits, including anticancer, 
anti-inflammatory, antiviral, neuroprotective, and 
cardioprotective effects (Ullah et al., 2020). The 
flavonoid content in M05 was significantly higher 
than previously reported levels in other legumes 
and varieties (Rodríguez Madrera et al., 2021). 

Regarding faba beans, this study selected four 
varieties of faba beans from 12 different culti-
vars for their distinguished antioxidant profiles. 
The M46 variety from Palestine had the highest 
vitamin E content among the tested varieties, 
while M23 exhibited superior antioxidant capac-
ity, including high levels of TEAC, polyphenols, 
and flavonoids. These findings align with studies 
showing that faba beans are rich in polyphenols 
(Johnson et al., 2024) and are a good source of 
natural antioxidants (Chaieb et al., 2011), offer-
ing protective effects against conditions such as 

hypertension and cancer (Turco et al., 2016). 
Concerning chickpea, three varieties of chick-
peas were selected out of 14 for their antioxi-
dant and amino acid profiles. These varieties had 
significant levels of vitamin E, consistent with 
studies identifying chickpeas as a good source 
of tocopherols [50]. The M30 variety from Syria 
exhibited a flavonoid content higher than those 
reported in Turkish varieties (Macar et al., 2017). 
Finally, five varieties of lentils from Lebanon, 
Syria, and Palestine were selected out of 17 for 
their vitamin E content, corroborating research 
that lentils are rich in bioactive phytochemicals, 
including tocopherols. Gamma-tocopherol ac-
counts for over 92% of the total tocopherols in 
commercial lentil samples from Italy (Boschin 
and Arnoldi, 2011). These varieties could be 
used to improve nutritional qualities in lentil 
breeding lines (Riaz et al., 2024).

Variations in polyphenol content among the 
selected varieties may be attributed to genetic 
factors, climatic conditions, storage, and coat 
color differences between cultivars (Carbas 
et al., 2020; Yang et al., 2018). For instance, 
dark-colored beans tend to have higher phenolic 
content and antioxidant capacity than uncolored 
varieties (Carbas et al., 2020; Yang et al., 2018). 
Environmental factors such as soil composition, 
annual rainfall, altitude, and humidity also in-
fluence the nutraceutical properties of legumes 
(Yegrem, 2021).

The protein content of the selected bean, faba 
bean, chickpea, and lentil varieties was consist-
ent with ranges reported in the literature (Gre-
wal et al., 2022; Martineau-Côté et al., 2022). 
Among the legumes, chickpeas exhibited the 
highest methionine content, a limiting amino 
acid in legumes. Meanwhile, lentils stood out 
for their lysine and protein content, making them 
ideal for creating complementary proteins when 
paired with grains.

By fixing nitrogen in the soil, legumes reduce 
the need for synthetic fertilizers, enhancing soil 
health and contributing to sustainable agricultur-
al practices that align with SDG Goal 12 (Re-
sponsible Consumption and Production). Their 
cultivation supports local biodiversity by provid-
ing habitat and food for a variety of organisms, 
promoting ecosystem resilience (SDG Goal 15, 
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reduce biodiversity lost). Additionally, the in-
tegration of legumes into agricultural systems 
can address SDG Goal 13 (Climate Action) by 
reducing the carbon footprint of farming. Poli-
cies that incentivize legume cultivation and con-
sumption, especially among small and medium 
enterprises (SMEs), can drive economic growth 
by empowering local farmers, processors, and 
food producers across the Mediterranean. These 
SMEs are key players in developing innovative 
legume-based products, such as functional foods 
and nutraceuticals, catering to the growing de-
mand for health-conscious and sustainable die-
tary options. The antioxidant, anti-inflammato-
ry, and cardio-protective properties of legumes 
make them functional foods, contributing to the 
prevention of non-communicable diseases and 
aligning with global health goals (SDG Goal 3, 
promote healthy lives and well-being).

5.  Conclusion 

This study highlights the nutritional and nutra-
ceutical richness of legumes - faba beans, lentils, 
chickpeas, and beans - collected from Lebanon, 
Syria, Jordan, Palestine, and Egypt, emphasizing 
their critical role in food security, sustainability, 
and public health. Through detailed chemical 
profiling and multivariate analysis, the study re-
vealed the distinct nutritional and bioactive com-
pound profiles of these legumes. Being rich in 
protein, fiber, vitamins, minerals, and bioactive 
compounds such as polyphenols and flavonoids, 
legumes are confirmed as valuable alternatives 
to meat, particularly for resource-constrained 
communities. Furthermore, the study identifies 
superior legume varieties that could serve as pa-
rental material for breeding programs aimed at 
enhancing nutritional profiles and strengthening 
food system resilience. Beyond their nutritional 
benefits, legumes play a pivotal role in sustain-
able agricultural practices by supporting local 
biodiversity and improving soil fertility. Their 
cultivation contributes to environmental sustain-
ability while reducing dependence on synthetic 
fertilizers. By integrating legumes into nation-
al food security strategies and promoting their 
inclusion in the Mediterranean Diet, countries 
in the region can achieve nutritional, economic, 

and environmental resilience. These efforts re-
affirm the Mediterranean Diet as a global model 
for health and sustainability, ensuring food sov-
ereignty and fostering a sustainable future for 
generations to come.
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Appendix 1 - Chemical profiling for Faba beans, Chickpea, Beans and Lentils from 
Lebanon, Jordan, Egypt, Syria, and Palestine


