RESEARCH ARTICLE

Legume Research- An International Journal, Volume 47 Issue 5: 772-778 (May 2024)

Polyphenol Content, Antioxidant Properties and Trypsin
Inhibition Activity of Methanol Seed Extract and Fractions of
White Velvet Bean from Vietnam

D.T. Ha', PT.T. Ha??, P.T. Tuyen*, R.J. Henry3, T.T. Loi', T.N. Chi® 10.18805/LRF-783

ABSTRACT

Background: White Velvet bean (Mucuna pruriens) is a very valuable plant due to its medical potential. Different parts of the plant
have been studied by various researchers. However, the seeds, which contain a lot of bioactive compounds, have been considered of
substantial medicinal importance.

Methods: The total phenolic content, total flavonoid content, antioxidant and trypsin inhibition properties in the methanol extract of
white Velvet bean (WVB) seeds and its fractions (methanol, n-hexane, ethyl acetate, n-butanol and aqueous) were studied.

Result: The highest total phenolic content was recorded in the methanol extract (206.3 mg GAE g'). The highest total flavonoid
content was in the n-hexane fraction (7.75 mg rutin g'). The methanol extract showed the highest total antioxidant potential (261.5 mg
AAE g'). The methanol extract also had the strongest DPPH radical scavenging activity and the highest level of trypsin inhibitory

activity compared to the other fractions with an IC,; value (35.3 pg mL").
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INTRODUCTION

Legumes contain high levels of phytochemicals such as
phenolic acids, flavanols, flavones, flavanols, flavanones,
isoflavones, anthocyanins, tannins and other phenolics (Dias
et al., 2020). The Velvet bean (Mucuna pruriens) is a plant
of the Fabaceae family (Rajeshwar et al., 2005a) subfamily
Papilionaceae, including species commonly known as
Cowhage, Cowitch, Bengal bean, Buffalo bean, Mucuna,
ltchy bean, among others that include approximately 150
species of annual and perennial legumes (Kavitha and
Thangamani, 2014). Velvet bean is a medicinal plant, that
originated in Asia and grows in India, Pakistan and
Bangladesh, among many other countries. It is now
cultivated in Australia and is also found in some provinces
in Vietnam (Khare, 2016). It is a good food source as it is a
viable dietary source of protein (Pugalenthi et al., 2005) due
to its high protein concentration (23-35%) along with its
digestibility, comparable to that of other legumes such as
soybeans, rice beans and lima beans (Gurumoorthi et al.,
2003). In oriental medicine, Traditional medicine suggests
that the seeds of Mucuna pruriens have the potential to
protect against the consequences of snake bites and
scorpions or stings by insects (Siddhuraju et al., 1996; Aguiyi
et al., 1999; Chikagwa-Malunga et al., 2009). This medicinal
herb is also used to remove worms and roundworms from
the body. Nowadays, Mucuna is used for the treatment of
Parkinson’s disease (PD) (Cilia et al., 2017).

According to Sathiyanarayanan and Arulmozhi (2007),
the Mucuna plant has medicinal potential in all its
components. Velvet bean seeds contain approximately 5%
levodopa, which is their primary phenolic compound
(Chikagwa-Malunga et al., 2009). because levodopa is a
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substance that is commonly prescribed for the initial
management of Parkinson’s disease (PD).

Multiple studies show that velvet bean has many
benefits over synthetic levodopa when provided to patients
with Parkinson’s disease, given that long-term use of
synthetic levodopa is associated with several adverse effects
(Tharakan et al., 2007).

Food-additive proteinase inhibitors are often used to
protect myofibrillar proteins from endogenous proteinases.
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Such inhibitors derived from legumes, which normally inhibit
trypsin, are safe, effective, thermally stable and affordable.
Trypsin inhibitors from legume seeds prevent heat-activated
proteinases in fish muscle or surimi from softening mince
or surimi (Yi-Shen et al., 2018). This study evaluated the
trypsin-inhibitory ability of white velvet beans.

Studies showed velvet bean seed extract compounds
offer several health benefits (Siddhuraju and Manian, 2007).
Kumar et al. (2010) found that the phenolic-rich ethyl acetate
and methanolic extracts of the complete M. pruriens plant
(MEMP) scavenge free radicals and are strong antioxidants.
Due to their high phenolic content, Mucuna seeds have
strong antioxidant capacity and could be used in medicine
to prevent brain-related diseases, cancer, inflammation,
neurodegeneration, menstruation, diabetes, arthritis and
cardiovascular disease (Jayasri et al., 2009). There are
various varieties of cultivated velvet beans and all are
botanically Mucuna pruriens var. utilis. Traditionally, two
varieties of seeds (black and white) are available and are
used interchangeably in the name velvet bean. To better
understand velvet bean seed compounds, this study
measured the total phenolic and flavonoid content of the
methanol extract and its fractions for White velvet bean
(WVB) from Vietnam and evaluated their antioxidant and
trypsin inhibitor activities. The research findings are
carried out as parameters of quality that establish a
foundation for the execution of remedial actions and ongoing
enhancement of the standard of WVB or its related products.

MATERIALS AND METHODS
Plant material

The seeds of WVB were collected from Ben Tre province,
Vietnam in September 2022 and were used for antioxidant
assays. The experiment was carried out at the laboratory of
the Faculty of Applied Sciences, Ton Duc Thang University,
Vietnam from September 2022 to April 2023. The main steps
and methods to experiment are described below (Fig 1 and 2).

Plant sample collection and handling

One hundred grams of dried and milled WVB seeds into
powder were soaked in a glass bottle containing a total of
1000 mL of methanol (MeOH) for three days at room
temperature. The methanol extract was filtered using a
vacuum filter and the solvent was subsequently removed
using a rotary evaporator (HEID_31039, Germany). The
resulting residue was then weighed. The dried crude extract
was then resolved in 95% methanol and fractionated
successively in n-hexane, ethyl acetate, n-butanol and H,0
to separate polar and non-polar compounds in the crude
extract (Ha et al., 2021). Fig 3 shows the specific steps
involved in the fraction’s procedure. The solvent was
separated from the mixture using a rotary evaporator and
the weight of each residue was measured.

Total phenolic content determination (TPC)

The methodology outlined by Ganesan et al. (2007) was
utilized to determine the total phenolic contents and fractions
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of the WVB extract. Absorbance was determined at 720 nm
using a spectrophotometer (Jenway 6705, USA). The gallic
acid equivalents per gram (GE g') were utilized as a
measure of the total phenolic contents. Triplicate analyses
of the samples were performed.

Total flavonoid content determination (TFC)

The total flavonoid contents of the WVB extract and its
fractions were identified using the method that was laid out
by Junior et al. (2015). Total flavonoid content was measured
with the aluminium chloride colourimetric assay. Absorbance
was determined at 510 nm with rutin as a standard. The
amount of total flavonoids was measured in rutin equivalents
per gram of material. Triplicate analyses were performed
on the samples.

Total antioxidant capacity (TAC)

The determination of the total antioxidant capacity of the
WVB extracts and fractions was conducted utilizing the
phosphomolybdenum method, as described in the studies
of Kaushik et al. (2009) and Prieto et al. (1999). The
absorbance values were recorded at 695 nm against a blank
(water without plant extract) and ascorbic acid as the
standard. The samples were analyzed in triplicate.

Free radical scavenging capacity (DPPH assay)

The scavenging effect of phenolics in the methanol extract
and its fractions was determined by Amarowicz et al.
(2007). Absorbance was determined at 517 nm. The
capacity to scavenge free radicals (A%) was calculated as
follows:

Absorbance control - Absorbance sample
x 100

A (%)=
(%) Absorbance control

In this case, the absorbance sample denoted the
absorbance of the extracted sample when compared to
absorbance control, which represented the absorbance of
the control reaction.

Trypsin inhibition activity (TIA)

The reaction mixtures (2.0 mL) contained 0.06 mg trypsin in
1.0 mL. 25 mM Tris-HCI buffer (pH 7.4) and 1.0 mL of
different fractions of seeds (10, 100 and 1000 yg mL" of
final volume for extracts and 10, 25 and 50 ug mL"" for
compounds). After incubating the solutions for 5 min at 37°C,
1.0 mL of 0.8% (w/v) casein was added. After that, the mixes
were incubated for another 20 min. Afterwards, 2.0 mL of
70% (v/v) perchloric acid was added to stop the reaction.
The cloudy suspension was centrifuged and the absorbance
of the supernatant was measured at 280 nm against the
buffer as a blank (Patel and Zaveri, 2014). The samples
were examined in triplicate.

The following formula was used to determine the
percentage of inhibition:

Absorbance (Control) - Absorbance (Test)

ibition = 100
% Inhibition Absorbance (Control) )
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(Mucuna pruriens)

Fig 1: White Velvet bean tree; pods and pods in cross-section.

Statistical analysis

Statistical analysis by the method of analysis of variance
(ANOVA) was performed on Minitab 19 software and
expressed as = SD value. The smallest difference was
significant at p<0.05.

RESULTS AND DISCUSSION
Estimation of TPC and TFC

Phenolic compounds are a prevalent and widely dispersed
category of secondary metabolites found in plants. They can
take the form of basic molecules such as phenolic acids,
phenylpropanoids and flavonoids, or they can be highly
polymeric compounds (Lin et al., 2016). A large number of
different kinds of phenolics have been reported to be in the
seed coat of legume grains (Troszynska et al., 2002).
Previous research demonstrated the total phenolic content
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of velvet beans was 33.0 mg g™ gallic acid (Rajeshwar et al.
2005a) and 3730+£15.5 mg, equivalent to gallic acid (GAE)
g (Jimoh et al. (2020). In this study, TPC was calculated
from the standard curve (y = 0.002x - 0.017, R? = 0.992).
Table 1 shows that TPC in methanol extract of WVB had
the highest result (206.3 mg GAE g) followed by n-butanol
(65.0 mg GAE g'), aqueous (52.7 mg GAE g*'), ethyl acetate
(49.3 mg GAE g') and n-hexane (10.7 mg GAE/g) (p<0.05).
These results are also different from the levels of phenolic
compounds found by Longhi et al. (2011) in mucuna seed
at 24 + 0.2 g 100 g of extract and by Adebowale et al.
(2005) (7.75 + 0.02 g per 100 g of dry seeds) in the same
species.

The TFC was measured by the aluminium chloride
colourimetric assay. The n-hexane fraction had the highest
TFC (7.75 mg rutin g*'), followed by methanol (5.49 mg
rutin g'), ethyl acetate (2.92 mg rutin g'), aqueous (0.91 mg
rutin g') and n-butanol (0.34 mg rutin g'). An earlier study
found that velvet bean seeds have substantial quantities of
flavonoids in their ethyl acetate, butanol and water fractions
(Widowati et al., 2010). Theansungnoen et al. (2022) the
polarity of the extracting solvent affects the amount of
phenolic and total flavonoids in each extract. According to
Aryal et al. (2019), the phenolic and flavonoid content levels
may vary slightly due to the attendance of varying amounts
of sugars, carotenoids, or ascorbic acid, as well as the
environmental variance, length of extraction, or extraction
methods.

Antioxidant activity (TAC and DPPH)

Antioxidant activity refers to the capacity of redox molecules
to effectively eliminate free radicals that are observed in
biological systems and food (Bunea et al., 2011). The
antioxidant activity of the methanol extract and its fraction
of the WVB seeds were determined by TAC and DPPH as
mentioned in Table 2 and 3, respectively.

Table 2 presents the TAC obtained through the
phosphomolybdenum assay and was calculated from the
standard curve (y = 0.0038x + 0.0383, R? = 0.9900). Results
were expressed as ascorbic acid equivalent per g in the
methanol extract and its fractions. At 261.5 mg AAE g, the
methanol extract was the most powerful antioxidant, followed
by the aqueous extract at 84.4 mg AAE g, n-hexane at
74.6 mg AAE g, ethyl acetate at 28.85 mg AAE g and n-
butanol at 22.6 mg AAE g'. The total antioxidant capacity
results showed antioxidant potential in the following order:
methanol > aqueous > n-hexane > ethyl acetate > n-butanol.
In this study, methanol extract had the highest total phenolic
content (206.33 mg GAE g') and the highest total antioxidant
capacity (261.48 mg AAE g™). The results indicated that the
TAC and the concentration of phenolic compounds in the
methanol extract and its fractions were positively correlated.
Nur et al. (2019) also reported that the phenolic and flavonoid
contents of the extract and fractions played a role in
increasing antioxidant activity, both in the DPPH scavenging
assay and iron reduction power activity.
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The DPPH radical scavenging activity results are shown
in Table 3 as a comparison with the known antioxidant
ascorbic acid (Vitamin C). Among the fractions, the methanol
fraction had the highest activity. At a concentration of 60 ug
mL-, the scavenging activity of methanol, n-hexane, n-
butanol, ethyl acetate and aqueous fractions was 89.2 %,
41.3%, 57.2%, 48.0% and 61.7%, also at the same
concentration, the activity of ascorbic acid was 92.1%. In
Table 3, data represents the IC, of the methanol extract
and fractions with standard ascorbic acid, the free radical
scavenging activity of different extracts and ascorbic acid
was in the following order: ascorbic acid > methanol >
aqueous > ethyl acetate > n-butanol > n-hexane. The DPPH
radical scavenging activity assay showed that at 60 ug mL",
the methanol extract had the highest antioxidant activity,
lowest IC; (30.1%) and maximal reduction activity. A study
conducted by Rajeshwar et al. (2005b) found that Mucuna
pruriens methanol extract had strong antioxidant
properties. At 100 ug mL"", Mucuna pruriens methanol
extract and BHT showed 90.2 and 94.0% inhibition,
respectively, with IC_; values of 38.5 pg and 15 ug mL", as
determined by DPPH radical. In this study, although the n-
hexane fraction had the highest total flavonoid
concentration (7.75 mg rutin g'), the methanol extract
exhibited the strongest antioxidant properties based on total
antioxidant capacity, radical scavenging activity and
reducing power assay results. That could be because, in
the seeds of WVB, the polarity of the solvent had a

Table 1: Measurement of TPC and TFC in the methanol extract
and its fractions from seeds of WVB.

Total phenolic content Total flavonoid content

Fractions (mg GAE/g extract) (mg rutin/g extract)
Methanol 206.33+1.262 5.49+0.01°
n-Hexane 10.67+£0.29¢ 7.75+£0.012
Ethyl acetate 49.33+0.76¢ 2.9210.01°
n-Butanol 65.00+0.50° 0.34+0.03¢
Aqueous 52.17+0.76° 0.91+0.02¢

Values in the column followed by a different letter superscript (a-e)
are significantly different (p<0.05) based on one-way ANOVA.
Results are expressed as mean + standard deviation of three
replications. GAE: Gallic acid equivalent.

Table 2: Total antioxidant capacity in the methanol extract and its
fractions from seeds of WVB.

Total antioxidant capacity

Fractions (mg AAE/g extract)
Methanol 261.48+0.402
n-Hexane 74.64+0.61°
Ethyl acetate 28.85+0.15¢
n-Butanol 22.62+0.40¢
Aqueous 84.38+0.40°

Values in the column followed by a different letter superscript (a-e)
are significantly different (p<0.05) based on one-way ANOVA.
Results are expressed as mean + standard deviation of three
replications. AAE: Ascorbic acid equivalent.
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Table 3: The IC,, values of DPPH scavenging effect in methanol extract and its fractions from seeds of WVB.

Fractions and ascorbic acid

Concentration (ug/ml) Ascorbic acid Methanol n-Hexane Ethyl acetate n-Butanol Aqueous
10 41.53+0.03¢ 17.47+0.08¢ 3.76+0.08¢ 13.39+0.10° 9.05+0.09¢ 15.84+0.13¢
25 58.94+0.03¢ 44.54+0.18¢ 14.58+0.14¢ 24.61+0.13¢ 18.73+0.09¢ 28.18+0.08¢
30 61.69+0.62° 52.72+0.08¢ 17.55+0.10¢ 31.17+£0.06° 25.52+0.12¢ 31.13£0.19¢
35 64.24+0.09° 59.39+0.18° 23.52+0.08° 38.64+1.48° 31.04+0.04° 35.64+0.16°
60 92.09+0.072 89.18+0.112 3.76+0.08¢ 57.24+0.102 48.01+0.122 61.71+0.132
IC,, 18.22 30.11 71.50 51.00 61.63 48.80
Values in the column followed by a different letter superscript (a-e) are significantly different (p<0.05) based on one way ANOVA.
Results are expressed as mean * standard deviation of three replications.
Table 4: The IC, values of trypsin inhibition activity in methanol extract and its fractions from seeds of WVB.

Fractions and indomethacin
Concentration (ug/ml) Indomethacin Methanol n-Hexane Ethyl acetate n-Butanol Aqueous
10 19.09+0.01¢ 18.16+3.74¢ 3.82+0.20° 5.47+0.20° 9.43+0.49¢ 4.68+0.72¢
25 48.83+0.04¢ 33.96+2.04¢ 7.33+0.15¢ 9.92+0.13¢ 16.78+0.02¢ 11.92+0.79¢
30 55.50+0.02¢ 46.10£3.21° 8.58+0.13¢ 11.55+0.08¢ 19.48+0.27¢ 16.17+0.69¢
35 64.24+0.07° 52.21+2.48° 9.12+0.13° 12.48+0.26° 22.06+0.47° 20.42+1.15°
60 99.19+0.062 80.66+1.722 15.62+0.112 22.98+0.082 39.09+0.432 33.18+2.342
IC,, 27.99 35.26 195.94 134.63 78.08 89.75

Values in the column followed by a different letter superscript (a-e) are significantly different (p<0.05) based on one-way ANOVA.
Results are expressed as mean * standard deviation of three replications.

significant effect on the chemical profile of the secondary
metabolite of the fraction (Verawati et al., 2016).

Trypsin inhibition activity

Inhibitors of nutritional trypsin function as an enzyme that
diminishes the activity of chymotrypsin and trypsin in the
pancreas, thereby impeding the digestion and assimilation
of proteins and preventing the development of pancreatic
hyperplasia (Karlund et al., 2021; Dhaliwal et al., 2022). The
processing of grain legumes and other crops containing
trypsin inhibitors is thus essential (Nkhata et al., 2018). The
data in Table 4 shows the results of the trypsin inhibitory
testing for the methanol extract of WVB and fraction as being
equivalent to the standard medicine indomethacin. The
methanol extract showed the most activity compared to the
other components. The IC,; values for the conventional
pharmaceutical indomethacin were compared to those of
the methanol extract and its fractions in Table 4. The
sequence in which the various fractions and indomethacin
demonstrated their capacity to inhibit activity was as follows
indomethacin (28.0 yg mL"") > methanol (35.3 ug mL™") >
n-butanol (78.1 ug mL") > aqueous (89.8 ug mL") > ethyl
acetate (134.6 ug mL")> n-hexane (195.9 ug mL™"). M. pruriens
seeds from Brazil have been reported to contain trypsin
inhibitors (Adive and Celia, 1998). Vadivel and Janardhanan
(2000) also found trypsin inhibitor activity in velvet bean seed
collected from three different locations in Western Ghats,
South India.

CONCLUSION

The current research found that the methanol extract had
modest amounts of total flavonoids and the highest levels
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of total phenolics. Methanol extract of WVB seeds also
shows strong antioxidant activities by TAC and DPPH
as well as the highest amount of trypsin inhibitory activity
compared to the other fractions, with an IC, value of
35.3 g mL"'. The findings of this study will provide critical
information for further research into this underutilized legume
for nutritional purposes, as well as for the increase of new,
cheaper and safer food products utilized for human food or
animal feed.
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