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Abstract:

This study featured broad/fava bean pods as by-products of food production. It assessed the chemical composition of green bean
pods (Vicia faba L.) and their methanolic extract.

The extract was tested in vitro for antioxidant, anti-inflammatory, antimicrobial, and anticancer activities against prostate cancer
(Pc3) and liver cancer (HepG2) cells. Broad bean pods proved to be rich in carbohydrates, fiber, protein, potassium, calcium, and
magnesium. The extract contained 286 mg GAE/g total phenols and 105 mg QE/g total flavonoids. The antioxidant activity of
the methanolic extract was measured by 1,1-diphenyl-2-picryl hydrazyl (DPPH) assay. The highest DPPH scavenging activity
belonged to the extract concentrations of 1000 pg/mL (80.5%) and 500 pg/mL (73.7%), whereas the IC value was 87.35 pg/mL.
The methanolic extract possessed the anti-inflammatory effect as it significantly reduced the hemolysis of red blood cells. The
maximal inhibition percentage reached 66.7% at 1000 pg/mL. Regarding the antimicrobial activity, the broad bean pod metha-
nolic extract inhibited Bacillus subtilis, Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa, as well as
Candida albicans. The extract reduced the cell viability of human hepatocarcinoma (HepG2) and prostate cancer (PC3) cells in a
concentration-dependent manner. It also caused significant changes in cell shape, compared to the control.

Therefore, broad beans can be recommended for human consumption together with pods, fresh or cooked, as a potential source of
bioactive substances in functional food production.

Keywords: Vicia faba L. pods, anticancer effect, antioxidant activity, anti-inflammatory properties, antimicrobial ability, DPPH
radicals
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INTRODUCTION

Medical drugs may have side effects and are often
expensive. As a result, people tend to turn to natural
plant products and medicinal plants in search of nut-
rients and health-beneficial phytochemicals. Legumes
are an important source of protein, carbohydrates, and
fiber. In addition, they are low in fat [1, 2]. Legumes
are introduced into human diet for numerous nutritional
and health-related properties, e.g., phenolic compounds,

Broad beans (Vicia faba L.) are a popular food of
plant origin that belongs to the Fabaceae (Leguminosae)
family and the Vicia gene cluster [8]. Broad beans are
also called fava/faba beans, broad beans, Windsor beans,
horse beans, tick beans, etc. In Hindi, V. faba is known
as kalamatar or bakala [9]. V. faba has four subspecies
that differ in the size of seeds: major (large seeds), equi-
ne (medium seeds), minor (small seeds), and paucijuga
(small seeds) [10].

Broad beans are cultivated in many regions of the

oligosaccharides, enzyme inhibitors, phytosterols, and
saponins [3, 4]. Legumes are also known to reduce the
risk of cancer, cardiovascular diseases, hypertension,
and diabetes [5-7].

world, including Egypt, India, the Netherlands, Spain, Su-
dan, Saudi Arabia, and China. The seed coat can be
white, buff (or beige), purple, green, or red. However, buff
beans are the most accepted for human consumption.

Copyright © 2023, Elbadrawy et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
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Phenolic compounds are micro components that
receive a lot of scientific attention due to their health-
improving qualities, e.g., antioxidant activity. Procyani-
dins, catechins, flavanols, isoflavones, phenolic acids,
and tannins are natural antioxidants, and broad beans
contain them all [11-14]. Phenolic chemicals of plant
origin impede the digestion of lipids and carbohydrates,
thus inhibiting their absorption. They may reduce
postprandial hyperglycemia in diabetic patients and
facilitate weight loss in patients with obesity [15].

The high content of flavonoids and phenolic acids
renders V. faba coat antioxidant and anticancer proper-
ties [16]. The acetone extract of its seed coat revealed
antioxidant, antibacterial, anti-inflammatory, and anti-
cancer properties [17]. Mejri et al. reported that the me-
thanolic extract of broad bean pods decreased the high
levels of serum alanine aminotransferase, aspartate
aminotransferase, creatinine, and uric acid in the serum
of diabetic rats [18]. The methanol extract of broad bean
pods also reduced oxidative stress by activating such
antioxidant enzymes as catalase, glutathione peroxidase,
and superoxide dismutase [18, 19]. Broad beans lowered
blood sugar and total cholesterol as well as prevented
heart conditions, eye diseases, various cancers, and
dysfunction of kidney and liver [16, 20-25].

Egypt is one of the leading consumers of broad
beans. There, they are known as ful. Stewed (ful meda-
mes) or fried broad beans (falafel) are considered the
main dish of a typical Egyptian breakfast. Broad bean
pods are usually cast off as wastes. However, young bro-
ad bean pods are traditionally consumed together with
beans in Egyptian village cuisine.

This research tested in vitro the methanolic extract
of V. faba pods for their antioxidant, antimicrobial, anti-
inflammatory, and anticancer properties.

STUDY OBJECTS AND METHODS

Materials. Immature broad bean Vicia faba L. pods
were purchased on a local market in Mansoura, Egypt.

Chemicals. All chemicals were obtained from Al-
Gombhoria Company (Mansoura, Egypt), which produces
medicines and medical supplies.

Permission to conduct the experiment was gran-
ted by the Scientific Research Ethics Committee of
the Faculty of Specific Education, Mansoura University
(No, 12-3/11/22).

Methods. Preparing pod powder. Broad beans were
cleaned and thoroughly washed in water. Afterwards,
the beans were separated, and the green pods were oven-
dried at 40°C until constant weight, ground to a fine
powder, and stored at —20°C.

Preparing methanolic extract. We soaked 250 g of
pod powder in 1 L methanol, mixed, left it overnight, and
filtered through filter paper. The filtrate was kept in a
dark-glass bottle. After that, we took another portion
of methanol, added it to the residue, shook thoroughly,
left it overnight, and filtered. The new filtrate joined the
previous one. Finally, the residue was resoaked in me-
thanol overnight and filtered. The three filtrates were
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collected to make the methanolic extract solution. We
removed the solvent by evaporating it in a rotary evapo-
rator. The obtained extract was collected and dried in a
desiccator to a constant weight, then kept in dark-glass
bottles for further use.

Chemical analysis. The methods recommended by
the Association of Official Analytical Chemists provided
experimental data on ash, fat, fiber, protein, and moi-
sture contents [26]. Carbohydrates were calculated as
100 — (ash + fiber + protein + water). We employed the me-
thod of inductively coupled plasma-atomic emission spec-
trometry (ICP-AES) (Horiba Jobin-Yvon Ultima 2 CE)
to determine the mineral composition under optimal ex-
perimental conditions [27].

Phytochemical screening. The pod extract under-
went phytochemical tests for the qualitative profile of
glycosides, phenolics, tannins, alkaloids, flavonoids, and
saponins. This part of the research followed the methods
described by Trease & Evans and Harborne [28, 29].

Total phenolics and total flavonoids. We applied the
Folin-Ciocalteu colorimetric method as recommended
by Singleton & Rossi to define the total phenolic con-
tent at 765 nm [30]. The results were expressed as 1 mg
gallic acid equivalent per 1 g pod extract (mg GAE/g).
The total flavonoid content was calculated using the
method described by Dehpour et al., i.e., colorimeterical-
ly at 415 nm [31]. The results were represented as 1 mg
quercetin equivalent per 1 g extract (mg QE/g).

Antioxidant activity. DPPH radical scavenging as-
say. The methanolic extract of broad bean pods was
tested for its capacity to scavenge free radicals with the
help of 1,1-diphenyl-2-picryl hydrazyl (DPPH). Initially,
1 mL of DPPH methanol solution (0.1 mM) was mixed
with 3 mL of the pod extract at various concentrations:
3.9, 7.8, 15.62, 31.25, 62.5, 125, 250, 500, and 1000 g/mL.
The mix was briskly shaken before being left to stand
at room temperature for 30 min. After that, we used a
UV-visible spectrophotometer to detect absorbance at
517 nm [32]. The log dosage inhibition curve made it
possible to determine the IC, value, i.e., the concentra-
tion the sample needed to block 50% of the DPPH free
radical. If the absorbance was low, the free radical acti-
vity was high [33]. The percentage of the DPPH scaven-
ging effect, %, was calculated by the following Eq. (1)

DPPH scavenging effect = M>< 100 (1)

Ao

where 4, was the absorbance of the control reaction; 4,
was the absorbance of the extracted samples.

Ferric reducing power assay. We evaluated the antio-
xidant capacity of the sample extract using the reducing
power as described by Debnath ef al. [34]. In line with
the procedure, we combined 1 mL solution with 2.5 mL
of sodium phosphate buffer (0.2 mM, 6.6 pH) and 2.5 mL
of 1% K [Fe(CN),]. The resulting mix incubated at 50°C
for 20 min. To halt the reaction, we added aliquots of
10% CCI, COOH (2.5 mL). Finally, 2.5 mL reaction mix,
2.5 mL distilled water, and 1 mL fresh 0.1% FeCl, solu-
tion reacted at room temperature for 10 min. The absor-
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bance was measured at 700 nm. High absorbance corres-
ponded with high reducing power.

In vitro anti-inflammatory assay. Preparing eryth-
rocyte suspension. Three healthy volunteers provided
blood, 3 mL each, which was collected into heparinized
tubes and centrifuged at 3000 rpm for 10 min. The red
blood pellets were dissolved in a volume of normal
saline equal to the supernatant. Dissolved red blood pel-
lets were measured in volume and reconstituted in an
isotonic buffer solution (10 mM sodium phosphate buf-
fer, pH 7.4) as a 40% v/v suspension to be used later as
the erythrocyte suspension.

Hypotonicity-prompted hemolysis. In centrifuge tu-
bes, we dissolved the pod extract samples in a hypoto-
nic solution (distilled water) at concentrations of 100,
200, 400, 600, 800, and 1000 png/mL. Isotonic solutions
(5 mL) were also prepared in centrifuge tubes with 100—
1000 pg/mL of pod extracts. In addition, the vehicle cont-
rol tube contained 5 mL of distilled water. Each sample
received 0.1 mL erythrocyte suspension and was mixed
lightly. The tubes were incubated at 37°C for 1 h and
then centrifuged at 1300 g for 3 min. To determine the
hemoglobin content in the supernatant, we measured the
absorbance, or optical density (OD), at 540 nm.

The inhibition percentage of hemolysis, %, was calcu-
lated as follows:

OD,—-0D,
OD;—-0D,

Inhibition of hemolysis = x100

where OD, was the absorbance of the extracted sample
in the isotonic solution; OD, designated the absorbance
of the extracted sample in the hypotonic solution; OD,
stood for the absorbance of control sample in the hypo-
tonic solution.

Antimicrobial activity of broad bean pod metha-
nolic extract. Agar well diffusion method: the agar well
diffusion made it possible to assess the antibacterial
activity of the pod extract. We covered the entire agar
surface with microbial inoculum and diluted the extract
solution to the necessary concentration. A well with
a diameter of 6 to 8 mm was drilled aseptically with a
sterile drill. The agar plates were incubated in the proper
environment for each type of microbe. The widths of the
acquired inhibition zone around the wells (mm) were
measured after 1624 h (Mucoraceae), 24 h (Aspergillus
fumigatus, Aspergillus flavus, Aspergillus niger), and
48 h (other microbial species) of incubation. Gentamicin
was used as a reference standard at a concentration of
4 pg/mL. The abovementioned microbial strains could
not develop in agar media due to the potent antimic-
robial properties of the extract, which diffused into the
medium [35].

Effect of pod methanolic extract on Pc3 and HepG2
cells. Cell viability and proliferation assay (MTT): the
MTT test assessed the cytotoxic activity of the metha-
nolic extract of broad bean pods against HepG2 and PC3
cells. The method involved a 96-well culture plate as re-
commended in [36].

A full monolayer sheet formed after 24 h of incu-
bation at 37°C with 1x10° cells/mL (100 uL/well) in the
96-well tissue culture plate. After the confluent sheet of
cells had developed, we decanted the growth medium
from 96-well microtiter plates and washed the cell mo-
nolayer twice with wash media. Then, we prepared
twofold dilutions of the extract in RPMI medium with
2% serum as a maintenance medium. Three wells served
as controls and received only the maintenance medi-
um after 0.1 mL of each dilution was poured in various
wells. The plate was tested after incubation at 37°C.
Cells were evaluated for any indications of toxicity, such
as shrinkage, granulation, or a partial/total loss of mono-
layer. After adding 20 uL of MTT solution (5 mg/mL)
to each well, the medium was mixed with the MTT
using a shaking table at 150 rpm for 5 min. The MTT
then metabolized during 1-5 h of incubation at 37°C and
5% CO,. After that, the medium was discarded, and the
plate was dried with a paper towel to remove residue, if
necessary. Then, we resuspended metabolic by-product
of MTT, formazan, in 200 uL of dimethyl sulfoxide
and agitated it at 150 rpm for 5 min to combine forma-
zan with the solvent. The optical density was measured
at 560 nm, the subtract background was determined at
620 nm. The cell count and optical density were directly
connected.

Statistical analysis. The data were presented as the
mean + SD. All tests were processed using the SPSS
statistical analysis program (Version 24), as described by
McCormick & Salcedo [37].

RESULTS AND DISCUSSION

Proximate chemical analysis of broad bean (Vicia
faba L.) pods. Table 1 shows the chemical composition
of the broad bean pods in their green state after oven-
drying at 50°C. The dried pods contained 9.27% mois-
ture, 8.38% protein, 0.38% fat, 7.22% ash, 14.59% fiber,
and 60.16% carbohydrates. In our research, the content
of carbohydrates and dietary fiber appeared to be quite
high. However, Mateos-Aparicio et al. reported different
data, especially for fiber and protein: 40.1% dietary fiber,
13.6% protein, 6.3% ash, and 1.3% fat on a dry weight
basis [38]. Our results also differed from those published
by Mejri et al., who detected a high moisture content
of 79.26% on a wet weight basis, with 13.81% proteins,
18.93% carbohydrates, 0.92% lipids, and 57.46% dietary

Table 1 Proximate chemical composition of broad bean pods, g/100g dry weight

Components Moisture

Protein Fat

Ash Fibers Carbohydrates

Proximate composition  9.27 +0.08 8.38 +0.06

0.38 +£0.03

7.22+£0.10 14.59 +0.03 60.16 £0.16

Each value is the mean + SD
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Table 2 Mineral contents of broad bean pods

Minerals Concentration, mg/100 g dry weight
Potassium 3.483
Calcium 937.2
Magnesium 340.4
Phosphorus 340.1
Iron 32.09
Copper 4.442
Manganese 2.189

Table 3 Phytochemical screening of broad bean pods
methanolic extract

Glycosides Phenols Tannins Alkaloids Flavonoids Saponins
+++ ++ o+ + ++ +

Table 4 Total phenols and flavonoids in broad bean pod
methanolic extract

Total phenols
Total flavonoids

286 mg GAE/g
105 mg QE/g

fiber [18]. In a study reported by Vernaleo et al., fava
beans proved rich in dietary fiber and phytonutrients,
e.g., isoflavone and plant sterols [39]. The differen-
ces in the chemical composition of broad bean pods
obtained by different research teams could be attribu-
ted to the geographical location, handling, processing,
or variety.

Mineral contents of broad bean pods. Table 2 de-
monstrates the mineral profile of broad bean pods per
100 g. Obviously, broad bean pods proved to be a good
source of potassium, calcium, magnesium, and iron. Our
results were in line with those by Vernaleo et al., who
also revealed that broad beans were rich in phosphorus,
iron, copper, manganese, calcium, magnesium, and po-
tassium [39]. Similarly, Mateos et al., who studied broad
bean pods as by-products, reported that they contained
a lot of potassium, calcium, and iron [38].

Phytochemical screening of broad bean pod me-
thanolic extract. Table 3 illustrates the results of a phy-
tochemical screening, which revealed phenolic compo-
unds, flavonoids, glycosides, tannins, alkaloids, and sa-
ponins in the methanolic extract of broad bean pods.

The ethanolic extract of V. faba L. was found to con-
tain all phytochemicals except for anthracenosides, ste-
rols, and triterpenes (Fabaceae). The aqueous extract
contained less tannins, alkaloids, glycosides, sterol, tri-
terpenes, and saponins than the ethanolic extract. Redu-
cing sugars were present in the ethanolic extract exclu-
sively [40]. Broad beans are known to contain poly-
phenols in leaves, roots, and seeds [41]. The content
of cotyledons in beans was reported to exceed that in
hulls. According to recent studies, broad beans and
their derivatives may be included in diets against hyper-
tension, diabetes, and cardiovascular diseases [42].

Total phenols and total flavonoids in broad bean
pod methanolic extract. Table 4 shows the total phenols
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and flavonoids in the methanolic extract of broad bean
pods. The phenol content was 286 mg GAE/g, while the
total flavonoid content was 105 mg QE/g. The data obtai-
ned were higher than those reported by Mejri et al., whe-
re the total phenolic compounds in the methanol extract
of broad bean pods were 115.21 mg GAE/g extract and
the total flavonoids were 47.34 mg QE/g extract [18].
According to Valente ef al., the total free phenols in
dried pods depended on the variety and ranged from
10.87 to 26.34 mg/100 g, while the total esterified pheno-
lics ranged from 8.76 to 26.72 mg/100 g dry weight [43].
Chan et al. reported that the methanolic extract of broad
bean pods was rich in total phenolics and flavonoids,
including numerous polar aglycones and flavonoid glyco-
sides [44]. The phenolic content issue still requires more
scientific attention. Chaieb et al. studied 13 genotypes
of broad bean pods grown in the same area and under
the same conditions [45]. Their phenol content ranged
from 56.97 to 149.21 mg GAE/g whereas the total flavo-
noids ranged from 10.23 to 45.92 mg RE/g, depending
on the genotype.

Antioxidant activity of broad bean pod methanolic
extract. DPPH assay. The antioxidant activity of the
broad bean pod extract was measured by 1,1-diphenyl-
2-picryl hydrazyl (DPPH) assay. Table 5 and Fig. 1 show
that the DPPH scavenging percentage increased toge-
ther with the extract concentration. The highest value of
DPPH scavenging activity reached 80.5% at the extract
concentrations of 1000 pg/mL. The concentrations of 500
and 250 pg/mL also showed high levels of DPPH scaven-
ging activity, which reached 73.7 and 65.7%, respectively.

IC, is the concentration of the antioxidant substance
needed to reduce the initial DPPH concentration by
50%. Low IC, indicates high antioxidant activity. In our
research, IC, was quite low and equaled 87.35 ug/mL,
which means that the broad bean pods had high antioxi-
dant activity. Mateos-Aparicio et al. also reported high
reducing power and free-radical scavenging activity of
polyphenols extracted from broad bean pods [19]. The
antioxidant activity of broad bean pods probably came
from their high phenolic content [46].

Some plants are known to contain natural substan-
ces with good anticancer potential. Broad bean pods are
rich in fiber, phenolic acids, and flavonoids, which can
prevent the oxidation of cell membranes and protect the
cells from free radicals and toxic substances. In addition,
tannins in broad beans could provide hydroxyl radical
scavenging activity [47]. Hypothetically, broad bean pod
extract prevents the reaction of hydroxyl radicals with
the hydrogen atoms of the sugar moiety of DNA and
hence protects DNA from damage [48].

Antioxidant activity of broad bean pod methanolic
extract: reducing power. Table 6 shows that the redu-
cing power of the broad bean pod methanolic extract
increased together with its concentration. The IC,  va-
lues reached 177.32 mg/mL.

Any substance with a reducing power combines with
potassium ferricyanide (Fe**) to generate potassium fer-
rocyanide (Fe?*), which then reacts with ferric chloride



Elbadrawy E. et al. Foods and Raw Materials.

Table 5 Antioxidant activity of broad bean pod methanolic
extract: DPPH assay

Extract concentration, Optical density DPPH scavenging %

pg/mL

1.000 0.295 80.5
500 0.397 73.7
250 0.518 65.7
125 0.687 54.5
62.50 0.879 41.8
31.25 0.978 35.3
15.625 1.158 234
7.8125 1.224 19.0
3.90 1.305 13.6
1.95 1.356 10.3

IC,, (87.35 pg/mL)

Table 6 Antioxidant activity of broad bean pod methanolic
extract: reducing power

100
339
IC,, (177.32 mg/mL)

200
61.04

400
79.1

Concentration, mg/mL
Inhibition, %

Table 7 Anti-inflammatory activity of broad bean pod
methanolic extract

Concentration,  Absorbance Hemolysis

pug/mL Hypotonic  Isotonic inhibition, %
solution solution

Control 0.759 0

1000 0.291 0.057 66.7

800 0.341 0.051 59.0

600 0.367 0.045 54.9

400 0.394 0.041 50.8

200 0.429 0.039 45.8

100 0.503 0.036 354

to form a ferric-ferrous complex, or Perls Prussian blue,
which is absorbed at 700 nm [49]. Reductive action and
antioxidant activity are connected [50]. As mentioned
before, the BBP methanol extract demonstrated high
antioxidant activity (60.72%). The lowest IC,, for the
DPPH and ABTS assays corresponded with the highest
free radical scavenging activity [18].

Anti-inflammatory activity of broad bean pod
methanolic extract. We appealed to the HRBC (human
red blood cells) method in vitro to study the anti-inflam-
matory effect of the broad bean pod extract. According
to the procedure, the erythrocyte membrane and the
lysosomal membrane are comparable; therefore, by stabi-
lizing the erythrocyte membrane, the extract from broad
bean pods may stabilize the lysosomal membrane.

Table 7 shows that all the extract concentrations ex-
hibited a significant reduction in the hemolysis of red
blood cells: the maximal inhibition percentage reached
66.7% at 1.000 pg/mL. The inhibition percentage decrea-
sed with lowering the extract concentration. Therefore,
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Figure 1 Scavenging activity percentage of DPPH
by methanolic extract of broad bean pods

the pod extract indeed possessed anti-inflammatory
properties in the studied models.

The hypotonic solution causes hemolysis of red blo-
od cells because fluid accumulates in the cells, thus rup-
turing their membranes. The damaged red blood cells
become more susceptible to lipid oxidation via free ra-
dicals. As a result, some components, e.g., protein and
fluids, start entering the tissues, which is similar to
inflammation [51].

The extract of broad bean pods proved able to pre-
serve the red blood cell membranes by preventing the
oxidation of lipids in them. In addition, it stabilizes the
red blood cell membrane by preventing the production of
lytic enzymes and active inflammatory mediators.

In this research, the broad bean pod extract proved
to contain flavonoids, alkaloids, and saponin, which are
known for their anti-inflammatory properties. Many stu-
dies reported the antioxidant and anti-inflammatory ef-
fects of plant flavonoids [52—54].

Plant flavonoids may owe their anti-inflammatory
properties due to their ability to inhibit the enzymes
of arachidonic acid metabolism, as well as the enzy-
mes that contribute to the production of inflammatory
mediators [55, 56].

Antimicrobial activity of broad bean pod metha-
nolic extract. The antimicrobial activity of the methano-
lic extract isolated from broad bean pods was assessed
in vitro by the agar well diffusion method against four
pathogenic bacteria strains and two kinds of fungi. The
bacteria strains included two Gram-positive (Bacil-
lus subtilis and Staphylococcus aureus) and two Gram-
negative (Escherichia coli and Pseudomonas aerugi-
nosa) samples, while the two fungi were represented by
Candida albicans and Aspergillus fumigatus. Antimicro-
bial activity was determined by agar diffusion (100 pL),
6.0 mm disc diameter. All samples were dissolved in
normal saline (0.9% NaCl), which had no antimicrobial
activity against all the tested pathogenic strains.

Table 8 shows that the pod extract prevented the
bacterial growth of B. subtilis, S. aureus, E. coli, and
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Table 8 Antimicrobial activity of broad bean pod methanolic extract

Pathogenic microorganism Inhibition zone diameter, mm
Sample Reference (gentamicin)

Bacillus subtilis (ATCC 6633) 16 [25]
Staphylococcus aureus (ATCC 6538) 17 [15]
Escherichia coli (ATCC 8739) 15 [17]
Pseudomonas aeruginosa (ATCC 90274) 28 [22]
Candida albicans (ATCC 10221) 23 [21]
Aspergillus fumigatus n.d. [15]

n.d. — not detected

Table 9 Effect of broad bean pod methanolic extract on liver and prostate cancer cells in vitro

Pod extract Liver cancer cells (HepG2) Prostate cancer cells (PC3)
Concentration, ug/mL Viability Toxicity Viability Toxicity
Control 100.0? 0.00° 100.00° 0.00"

1.000 4.07'+0.12 96.02* + 0.26 3.437+£0.78 96.44* + 0.59
500 18.46°+2.79 81.54°+2.79 11.59¢+0.98 88.41°+0.98
250 35.52¢+7.21 64.48+7.21 21.32¢4+2.83 78.68¢+2.83
125 49.54° +2.81 50.40¢+2.91 48.63+3.58 51.38¢9+3.58
62.5 89.99* + 1.49 10.01¢+ 1.49 89.52°+2.62 10.48°+2.62
31.25 99.83*+ 11.90 0.17"+11.90 99.17*+2.52 0.837+2.52
IC,, dil. 126.97 pg/mL 125.12 pg/mL

P. aeruginosa. It also inhibited fungus C. albicans. The
corresponding inhibition zones were 16, 17, 15, 28, and
23 mm, respectively. However, the 4. fumigatus fungus
appeared resistant to the broad bean pod extract. The
antimicrobial effect was more effective against S. aureus,
P. aeruginosa, and C. albicans than gentamycin, which
served as reference control. To some extent, these re-
sults agreed those reported by Peyvast & Khorsandi,
who also registered the antimicrobial activity of broad
bean seed hull ethanolic extract against E. coli, B. subti-
lis, and S. aureus [57].

Anticancer activity of broad bean pod methanolic
extract. Liver cancer is the fourth most common cause
of death in the world [58]. This type of cancer has
high mortality and morbidity because hepatitis C virus
infection has become wide-spread in the last deca-
des. Hepatitis C virus is the leading cause of cirrhosis,
which is one of the risk factors for liver cancer [59, 60].
Since anticancer medications have so many side effects,
natural products have good prospects as a novel antican-
cer remedy.

In this study, we tested the effect of methanolic ex-
tract of broad bean pods on human hepatocellular car-
cinoma (HepG2) and prostate cancer (PC3) cells. Table 9
and Figs. 2 and 3 show that the methanolic extract of
broad bean pods reduced cell viability and increased
cell toxicity of both HepG2 and PC3 in a concentration
dependent manner. The low extract concentration of
31.25 had no significant effect on cell viability. Howe-
ver, all other concentrations caused significant decrea-
ses in the viability of the two kinds of cells, increa-
sing their cell toxicity. In HepG2 cells, the viability for
the extracts with concentrations of 125, 250, 500, and
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1000 ng/mL was 49.54, 35.52, 18.46, and 4.07%, respec-
tively; in PC3 cells, it was 48.63, 21.32, 11.59, and 3.43%,
respectively. The broad bean pod methanolic extract
exhibited high toxicity to HepG2 and PC3 cells: the
toxicity percentage exceeded 96% for 1000 ug/mL.
The IC,, values of the pod extract were observed at
concentrations of 126.97 ug/mL for HepG2 cells and
125.12 pg/mL for PC3 cells, which are good results for
an anticancer agent.

Figures 2 and 3 demonstrate that the methanolic ex-
tract of broad bean pods caused remarkable alterations
in the cell shape, compared to the control. The changes
in the cellular morphology increased together with the
extract concentration. A large amount of dead and de-
tached cells indicated a toxic effect of the pod extract
on the proliferation of tumor cells after 24 h of incuba-
tion. The low concentration of 31.25 pg/mL caused no
significant alterations. In contrast, high concentrations
triggered substantial changes in the morphology of the
tumor cells, and these changes increased together with
the extract concentration.

Plant by-products burden the environment, and their
utilization attracts a lot of scientific attention. For exam-
ple, some fruit and vegetable wastes can be used as
feed for cattle and sheep; others can be used in soil
fertilization [61]. Bioactive components found in plant
and vegetable wastes can become a source of antioxi-
dant and anticancer nutraceuticals [62]. In addition, po-
lyphenols and micronutrients found in legumes possess
important biological values [63, 64]. Polyphenols are
known to protect the human organism from chronic
diseases, such as cardiovascular conditions, diabetes,
asthma, cancer, and inflammation [65]. The anticancer
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HepG2 cells

Organism: Homo sapiens, human
Tissue; liver
Cell Type: epithelial
Culture Properties: adherent
Disease: heratocellular carcinoma
Control
1000 pg/mL 500 pg/mL 250 pg/mL 125 pg/mL 62.5 pg/mL 31.25 pg/mL

Figure 2 Effect of broad bean pod extract on HepG2 cells at different concentrations

Pc3 cells
Organism: Homo sapiens, human
Tissue; prostate; derived from metastatic site: bone
Cell Type: epithelial
Culture Properties: adherent
Disease: grade IV, adenocarcinoma
Control
1000 pg/mL 500 pg/mL 250 pg/mL 125 pg/mL 62.5 pg/mL 31.25 pg/mL

Figure 3 Effect of broad bean pod extract on Pc3 cells at different concentrations

activity of the broad bean pod extract is attributed to its mes that produce reactive oxygen species, e.g., xanthine
high content of phenolic compounds oxidase and NADPH oxidase. On the one hand, they
p-Coumaric and ferulic acids are present in the phe-  boost other endogenous antioxidant enzymes, e.g., supe-

nolic acid profile of broad bean pods. In other studies,  roxide dismutase, catalase, and glutathione peroxidase.
they displayed anticancer activity against different types On the other hand, they inhibit phospholipase A2, cyc-

of cell lines [66]. looxygenase, and lipoxygenase, thus reducing the pro-
Ceramella et al. performed DPPH and ABTS assays duction of prostaglandins and leukotrienes, as well as
on extracts of broad bean pods in acetone, methanol, and inflammation antagonism. These effects that polyphe-
70% ethanol [67]. All three extracts demonstrated an  nols have on the immune system mitigate the syndromes
excellent antioxidant activity, as well as a satisfactory an-  of various chronic inflammatory diseases [69].
ticancer activity against melanoma SK-Mel-28 cells.
Polyphenols were found extremely important in CONCLUSION
preventing and treating chronic inflammation-related Pods of broad beans (Vicia faba L.) proved to con-
illnesses, such as cardiovascular diseases, obesity, neuro-  tain such bioactive substances as phenolic compounds,
degeneration, cancers, and diabetes [68, 69]. Polyphenols flavonoids, tannins, and alkaloids, not to mention die-
can suppress toll-like receptors and pro-inflammatory tary fiber. The methanolic extract of dried fresh green
genes. The antioxidant activity of polyphenols is attri-  pods demonstrated a potent antioxidant activity towards
buted to their ability to inhibit enzymes that contribute DPPH radicals, as well as good anti-inflammatory proper-
to the production of eicosanoids and their anti-inflamma-  ties. The pod extract also showed antimicrobial activity
tion properties. For example, they inhibit certain enzy- against some food-born pathogenic microorganisms. In
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addition, it possessed anticancer activity against HepG2
and PC3 cell lines. These properties belonged to phyto-
chemicals and soluble fibers in the methanolic extract.
Therefore, fresh immature broad bean pods can be recom-
mended for human consumption, raw or cooked. Dried
ripened pods can be solvent-extracted to obtain various
bioactive components that may serve as additives in func-
tional food production.
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