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Both the immature and mature Vicia faba L. seeds are used for human consumption. However, there is a lack of 
information on the phytochemical composition and the potent biological properties of the immature seeds. The aim 
of the present study was to establish the profi le of bioactive lipids as well as the antibacterial, antioxidant, and 
α-amylase and α-glucosidase inhibitory capacities of the immature and mature Vicia faba L. seeds. The studied 
petroleum ether extracts contain diff erent bioactive compounds such as β-sitosterol, lupeol, β-amyrin, α-tocopherol, 
and γ-tocopherol. The extracts of the immature seeds exhibited higher antioxidant and antibacterial activities than 
those of mature ones. All tested extracts exerted higher inhibition on α-glucosidase than α-amylase. The immature 
seeds appeared as promising sources of natural antioxidants, antibacterial compounds, and α-amylase and 
α-glucosidase inhibitors. Thus, the immature Vicia faba L. seeds have a great potential as functional foods providing 
health benefi cial properties.

Keywords: Vicia faba L., immature seeds, bioactive lipids, antibacterial activity, natural antioxidants, enzyme 
inhibitors

Human pancreatic α-amylase and α-glycosidase catalyses the hydrolysis of starch to glucose 
and their activity in the small intestine leads to hyperglycaemia. Thus, the inhibition of 
α-amylase and α-glycosidase has been adopted as a therapeutic strategy for the treatment of 
type-2 diabetes (L  et al., 2018). The synthetic inhibitors of these enzymes are not site-
specific and have various side eff ects compared to natural inhibitors (L  et al., 2018). 
Antioxidant compounds provide health benefi ts by preventing oxidative stress related 
diseases. Recently, there is a growing demand for natural antioxidants due to both consumers’ 
preference and side eff ects linked with the use of synthetic antioxidants. On the other hand, 
the emergence of bacterial resistance to existing antibiotics has led to search of new 
antibacterial substances, especially from natural sources (B  et al., 2018). Therefore, 
there is a high interest in the evaluation of the antibacterial and antioxidant capacities of 
diff erent plant extracts, which were thought to be natural sources containing diff erent 
bioactive compounds including phenolic and unsaponifi able compounds. Unsaponifi ables 
such as phytosterols and tocopherols are known to have many signifi cant biological properties 
(S  et al., 2017).

Vicia faba L. is an economically important legume species and is gaining growing 
interest worldwide for health benefi ts as human food. Diff erent nutritional benefi ts have been 
reported for faba beans (H , 2001; L  et al., 2018; M  et al., 2018). The dietary 
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quality of faba bean seeds depends on the concentration and composition of bioactive micro-
constituents, which are aff ected by several factors including cultivars, maturity stage, and 
cooking (B  et al., 2016; L  et al., 2018). Nevertheless, much less is known about 
the bioactive lipid constituents, antibacterial, and hypoglycaemic capacities of the immature 
Vicia faba seeds. Therefore, the aim of this study was to establish and compare the profi le of 
minor bioactive lipids as well as the antibacterial, antioxidant, and enzyme inhibitory 
capacities of immature and mature Vicia faba seeds.

1. Materials and methods

In this study, two cultivars of faba bean var. major (Vicia faba L.), Mamdouh and Malti, were 
used. The studied seeds were certifi ed by the National Institute for Agronomic Research 
(Tunisia). Seeds were cultivated during the season 2014–2015 and were collected at 78 
(immature) and 98 (mature) days after fl owering.

All chemicals were obtained from Loba Chemie (India and Spain) and from Sigma–
Aldrich Canada Ltd (Oakville, ON, Canada).

1.1. Seed lipid extraction, saponifi cation and thin layer chromatography

The oils were extracted using petroleum ether in Soxhlet extractor for 5 h. The saponifi cation 
steps and the thin layer chromatography analysis of unsaponifi ables were done according to 
previous reports (H  et al., 2007).

1.2. Gas chromatography-mass spectrometry analysis

Sterol and alcohol fractions were silylated and injected to GC-MS (Agilent 5977B; HP-5 
column 30×0.25 mm, 0.25μm fi lm thickness) following the method of H  and co-
workers (2007).

1.3. Analysis of tocopherols by HPLC

Tocopherols were analysed according to the method described by D  and co-workers 
(2002). The separation of tocopherol isomers was accomplished on an Atlantic column 
(4.6×150 mm, 5 μm).

1.4. Antioxidant activity

The DPPH radical scavenging capacity of the lipid extracts was assessed as described by 
H  and co-workers (2018). The ORAC and ABTS assays were carried out by the 
method described previously by B  and co-workers (2013), with slight modifi cations.

1.5. Antibacterial activity

The antibacterial activity of the diff erent extracts was determined using the agar well diff usion 
method. The bacterial strains used included two Gram positive bacteria (Staphylococcus 
aureus ATCC 25923 and Listeria innocua CLIP 74915) and two Gram negative bacteria 
(Salmonella enterica subsp. arizonae CIP 81-3 and Escherichia coli ATCC 25922).
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1.6. In vitro hypoglycaemic activity

To determinate the α-amylase and α-glucosidase inhibitory capacities, we used the reported 
method of T  and H  (2015), with some modifi cations.

1.7. Statistical analysis

Samples were analysed in triplicate, and one way analysis of variance (ANOVA) was 
performed using SPSS Statistics version 23 Software.

2. Results and discussion

2.1. Bioactive lipids content

As reported in Table 1, the total lipid content of mature seeds was slightly higher for Mamdouh 
cultivar (1.22%) compared to Malti cultivar (0.60%). The observed values were lower than 
those (1.2–4%) reported by H  (2001). Lipid contents are infl uenced by various factors 
such as genetic, environmental, and geographic conditions (H  et al., 2015). Moreover, 
the immature seeds were richer in unsaponifi able lipids than the mature ones. Similarly, 
unsaponifi able contents were higher in immature corn kernel (H  et al., 2007). 
Considering the fact that unsaponifi able fraction contains mainly sterols, the decline in the 
total unsaponifi ables was mainly linked to decrease in the total sterol content. This result 
could be explained by the conversion of sterols to steroidal hormones, which regulate the 
growth of immature tissue.

Table 1. Total lipid and total unsaponifi able matter contents of the immature and mature faba bean seeds

Maturity stage Mamdouh cultivar Malti cultivar

Oil content Unsaponifi able content Oil content Unsaponifi able content 

Immature 1.1±0.17 2.66±0.36 1.2±0.3 3.10±0.17

Mature 1.22±0.02 1.53±0.02 0.6±0.26 1.24±0.03

Notes: oil content expressed as g/100 g of dry seeds. Unsaponifi able content expressed as g/100 g of oil. Values are 
represented as means ± SD of triplicates

2.2. Sterols composition

The total sterol contents of immature Vicia faba L. seeds (1.3–2.96 mg g–1 of oil) were higher 
than those of mature seeds (0.25–0.82 mg g–1 of oil) (Fig. 1). The observed result could be 
explained by the fact that the biosynthesis of sterols occurred in the early stages of the fruit 
development. Physiologically, phytosterols are essential components of cellular membranes; 
they regulate membrane fl uidity and permeability. Z  and co-workers (2019) suggested 
that phytosterols may play a signifi cant role in the performance of immature seeds and in 
plant adaptation to temperature. At the early stages of plant development, accumulation of 
phytosterol is crucial for physiological maturation processes and resistance to biotic stress.

Three compounds were identifi ed by GC-MS, which are the three biosynthetic fi nal 
products in the phytosterol pathway: β-sitosterol, campesterol, and stigmasterol. At both 
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immature and mature stages, the relative percentage of β-sitosterol is more than 83% of the 
total sterols, followed by campesterol (8.91–11.2%) and stigmasterol (2.84–5.29%) (Fig 1B). 
This latter compound plays a key role in innate immunity to combat biotic stresses (Z  et 
al., 2019).
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Fig. 1. Sterol contents (A) and composition (B) of the immature and mature faba bean seeds
A: : Mamdouh; : Malti; B: : Immature; : mature

2.3. Terpene and aliphatic alcohols composition

To the best of our knowledge, the alcoholic profi le of Vicia faba L. seeds has never been 
previously reported. The GC-MS analysis of terpene alcohol fraction of the studied oil 
samples revealed the presence of two pentacyclictriterpene alcohols, β-amyrin and lupeol, 
and one non-cyclic diterpene alcohol, phytol. For both cultivars, the mature seeds had higher 
total terpene alcohol contents (0.73–1.53 mg g–1 of oil) than those of immature seeds (0.58–
1.23 mg g–1 of oil) (Fig. 2A). The terpenes play key role in plant defences against environmental 
stresses (B   R , 2015). In the immature faba bean seeds, β-amyrin was found to be 
the most abundant compound (76.44–80.65%), followed by phytol (7.96–12.64%) and lupeol 
(10.69–11.32%) (Fig. 2B). The terpenic alcohol composition of faba bean seeds was diff erent 
from those of other plant seeds (H  et al., 2007). Considering the fact that lupeol and 
β-amyrin have the same precursor. 2,3(S)-oxidosqualene (B   R , 2015), we 
suggested that this latter compound was mainly converted in to β-amyrin in developing faba 
bean seeds.
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Fig. 2. Terpene alcohol contents (A) and composition (B) of the immature and mature faba bean seeds
A: : Mamdouh; : Malti; B: : Immature; : mature
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GC-MS analysis revealed that the aliphatic alcohol fraction contained three compounds, 
namely tetradecanol (C14), hexadecanol (C16), and octadecanol (C18). As shown in Figure 
3A, the total aliphatic alcohol contents were aff ected by maturity. For both cultivars, the 
mature seeds showed the highest total aliphatic alcohol contents (4.03–5.38 mg g–1 of oil). A 
similar result was observed for milk thistle seeds (H  et al., 2018). At both maturity 
stages, the major compound was tetradecanol (46.71–64.38%) for Malti and hexadecanol 
(57.48–58.64%) for Mamdouh (Fig. 3B).

Fig. 3. Aliphatic alcohol contents (A) and composition (B) of the immature and mature faba bean seeds
A: : Mamdouh; : Malti; B: : Immature; : mature

2.4. Tocopherol composition

Most literature studies report the tocopherol contents of mature Vicia faba L. seeds, whereas 
no information is available on immature seeds, despite their importance in the daily diet in 
several Mediterranean countries (De C  et al., 2019). In the analysed oil samples, the total 
tocopherol content in the mature seeds (23.93–30.5 mg kg–1 of oil) was higher than that of 
immature seeds (1.6–6.3 mg kg–1 of oil) (Fig. 4A). B  and co-workers (2017) reported that 
when oil accumulation rate increased, the rate of tocopherol accumulation also increased. 
Tocopherols supply plants with antioxidant capacity and off er fl uidity and fl exibility to cell 
membranes (Z  et al., 2019). At both maturity stages, the most abundant tocopherol 
isomer was γ-tocopherol (87.69–98.13%) followed by α-tocopherol (1.85–12.3%) (Fig. 4B). 
This result is likely due to the availability of γ-tocopherol methyl-transferase enzyme, which 
converts γ-tocopherol to α-tocopherol. The high level of γ-tocopherol may contribute to the 
health benefits off ered by Vicia faba L. seeds. It has been suggested that γ-tocopherol was 
more eff ective than α-tocopherol in the prevention of various diseases (J  et al., 2001).

2.5. Antioxidant activities of Vicia faba L. seed lipids

The lipid extract of immature faba bean seeds exhibited higher DPPH scavenging eff ect 
(61–69.83%) than the mature seeds (51.88–64.59%) (Fig. 5A). Similarly, the highest ABTS 
values (50.75–54.94%) were observed in the immature seeds. B  and co-workers 
(2016) reported that the acetone extract of immature faba bean seeds showed also higher 
DPPH scavenging activity than the mature ones. For both cultivars, the ORAC values were 
slightly higher for immature seeds (2.18–2.52 μmol TE/mg oil) compared to mature seeds 
(2.41–2.63 μmol TE/mg oil) (Fig. 5B).The antioxidant potential of lipid extracts could be 
linked to their amounts of unsaponifi able compounds (H  et al., 2018).
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Fig. 4. Tocopherol contents (A) and tocopherols composition (B) of the immature and mature faba bean seeds
A: : Mamdouh; : Malti; B: : Immature; : mature
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Fig. 5. Antioxidant activity of lipidic fraction extracted from immature and mature faba bean seed (DPPH, ABTS 
scavenging capacity (%), and oxygen radical absorbance capacity (ORAC) values expressed as μmol of Trolox 

Equivalents/mg oil).
A: : Immature; : mature; B: : Mamdouh; : Malti

2.6. Antibacterial activity

The methanolic extracts of immature Vicia faba seeds have a higher activity than those of 
mature seeds (Table 2). This result suggests that immature seeds are richer in natural 
compounds with antibacterial activity than mature seeds. With the exception of L. innocua, 
the tested bacteria were sensitive to the methanolic extracts of immature seeds. The values of 
inhibition zones of those extracts were more pronounced against S. aureus than S. enterica 
and E. coli. Similarly, the extract of pods of green faba bean showed antibacterial activity 
against B. subtilis (12 mm) and E. coli (11 mm) (C  & S , 2012). The methanolic 
extracts of the studied mature seeds did not show notable zones of inhibition. Conversely, 
there are reports in the literature, where the extracts of mature faba bean seeds exhibited 
diff erent levels of antibacterial activity (P  et al., 2016). The reason for these 
diff erences might be ascribed to diff erences in the chemical composition of these extracts and 
in the sensitivity of the tested bacteria.
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Table 2. Antibacterial activity of methanol extracts of the immature and mature faba bean seeds

Vicia faba seeds Zone of inhibition (mm)

Staphylococcus aureus Salmonella enterica Escherichia coli Listeria innocua

Immature Mamdouh seeds 10.2±0.75 4±0.5 6±0.2 –

Mature Mamdouh seeds 0.1 3± 0.05 – – –

Immature Malti seeds 8.5±0.5 0.5±0.11 0.9±0.86 –

Mature Malti seeds 0.3±0.1 – – –

Streptomycin 18 10.3 18.7 13

Values are represented as means ± SD of triplicates

2.7. α-Amylase and α-glucosidase inhibitory capacities of Vicia faba L. seed extracts

The methanolic extract of immature and mature Vicia faba L. seeds showed notable inhibition 
activity of α-amylase and α-glucosidase in vitro (Table 3). The methanolic extracts of 
immature faba bean seeds exhibited the highest α-amylase and α-glucosidase inhibitory 
activity. Surprisingly, the inhibitory eff ects of the methanolic extracts of immature Mamdouh 
seeds against α-amylase (17.74–41.31) and α-glucosidase (35.22–55.71) were even higher 
than those of the acarbose (17.86±0.61 – 32.82±0.87) (30.96–41.12) for both tested 
concentrations (0.5 mg ml–1 and 1 mg ml–1). The methanolic extracts of the immature Vicia 
faba seeds effi  ciently inhibited α-glucosidase more than α-amylase. The α-amylase and 
α-glucosidase inhibitory capacities of Vicia faba seeds are comparable to those of Euphorbia 
hirta, which has been described as antidiabetic plant (M  et al., 2016). The hypoglycaemic 
eff ect could be correlated to the phenolic and terpenoid contents of the plant extract (Q  et 
al., 2019). Inhibitors of α-amylase and α-glycosidase delay carbohydrate digestion, which 
reduces the absorption rate of glucose and decreases the postprandial hyperglycaemia. Thus, 
immature faba bean seeds consumption could have potential role in control of blood glucose 
level and their methanolic extract could replace synthetic inhibitors (acarbose and miglitol).

Table 3. α-Amylase and α-glucosidase inhibitory capacities (%) of faba bean seed extracts

Tested extracts Concentration, 
mg ml–1

% inhibition 
of α-amylase

% inhibition of 
α-glucosidase

Immature Malti seeds 0.5 16.29±3.76 19.7±2.58

1 34.17±1.12 35.99±4.71

Mature Malti seeds 0.5 13.77±3.02 17.15±0.26

1 23.38±4.84 33.71±2.66

Immature Mamdouh seeds 0.5 17.74±1.53 35.22±1.93

1 41.31±3.81 55.71±2.35

Mature Mamdouh seeds 0.5 15.32±1.7 31.18±1.26

1 30.14±1.43 49.00±3.69

Acarbose (standard) 0.5 17.86±0.61 30.96±0.25

1 32.82±0.87 41.12±0.58

Values are represented as means± SD of triplicates
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3. Conclusions

This study was aimed to establish the phytochemical composition, antibacterial, antioxidant, 
and enzyme inhibitory eff ects of immature and mature Vicia faba seeds. Our result revealed 
that the immature faba bean seeds are rich sources of bioactive lipid compounds. As compared 
to the extracts of the mature faba bean seeds, the extracts of the immature seeds possessed the 
highest antioxidant capacity and antibacterial eff ect against Staphylococcus aureus. All tested 
extracts showed a potential in α-glucosidase inhibition. This could be attributed to the 
diff erence in their levels of bioactive compounds, which might be responsible for the 
pharmaceutical proprieties of seeds. Our data help to understand the nutritional benefi ts of 
Vicia faba seeds and that they are useful for application in the food industries and 
pharmaceutics.
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