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ABSTRACT

The study aimed to formulate a functional beverage from common bean seeds, isolate the proteins and
evaluate their anti-hypertensive and anti-cholesterolemic properties. White common beans (Phaseolus
vulgaris L.) mature seeds were used to prepare the beverage. Proteins isolated from the beverage
were subjected to digestion with pepsin and combined enzymes including trypsin, thermolysin, and
chymotrypsin. The unhydrolyzed beverage and protein hydrolysates were subsequently tested for
Angiotensin Converting Enzyme (ACE) inhibition and cholesterol micellar solubility inhibition.
The results showed that both unhydrolyzed and hydrolyzed proteins exhibited blood pressure and
cholesterol-lowering properties, with high ACE inhibition (77.60%) and cholesterol micellar solubility
inhibition (27.38%). The formulated functional beverage from white common bean seeds has potential
for preventing hypertension and hypercholesterolemia. This study offers a theoretical foundation for the
formulation of functional beverages or bean-based food products by food companies.

Keywords: anti-hypertensive, anti-cholesterolemic, bioactive peptides, common beans, functional

beverage

INTRODUCTION

In recent years, studies on functional foods
from plant sources have increased dramatically
because of their nutritional attributes and
beneficial effects on health. Several studies
focus on various food-derived proteins as
sources of bioactive peptides that exhibit potent
pharmacological properties and provide safety
profiles to consumers (Antony & Vijayan
2021). Bioactive peptides have multifunctional

properties that include immunomodulatory,
antibacterial,  antihypertensive,  anticancer,
antioxidative, antilipidic, anti-inflammatory,

hypocholesterolemic, and the property of
minerals binding (Angeles et al. 2021; Manzoor
et al. 2022). Bound peptides must be released
from their protein sources through enzymatic
cleavage or fermentation to produce bioactivity
(Tadesse & Emire 2020). Digestive enzymes
such as trypsin, pepsin, or chymotrypsin produce
peptides with varied chain lengths which may
directly affect transportation to different tissues in
order to elicit a favorable impact on the organism
(Jakubczyk et al. 2017).

One of the most cultivated legumes
in the Philippines particularly in Cordillera
Administrative Region (CAR) is common
beans. These sources of nutrients and bioactive
compounds provide physiological advantages,
reducing the susceptibility of developing type 2
diabetes and cardiovascular diseases, preventing
various cancers, and managing some metabolic
processes (Sparvoli et al. 2021). Chronic
conditions significantly increase the expense of
long-term medical treatment and are among the
major causes of death worldwide (Chen et al.
2019). Seeds of common beans are rich sources of
proteins, a class of macromolecule that serve an
important role in the food industry as components
which provide nutritional, functional, and sensory
qualities to foods (Aryee et al. 2018). Bioactive
peptides generated from plant proteins can be
used for creating innovative functional foods,
presenting a feasible alternative to peptides from
proteins of animal sources (Lopes et al. 2023).
Plant-based proteins have been recommended for
their nontoxic characteristic, affordability, wide
availability, and various biological functions
(Fan et al. 2022).
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Plant-based beverages have gained
popularity as an alternative to traditional drinks
due to several reasons, such as their health-
promoting properties, bioavailability of active
ingredients, sensory characteristics, and suitability
for consumers with lactose intolerance and dairy
milk allergies (Arbach et al. 2021; Aydar et al.
2023). Legumes are viable solution to a range
of food industry challenges since they offer a
promising protein source in plant-based diet
(Aydar et al. 2023). There are various legume and
cereal-based beverages in the market. However,
for legumes, soybean milk is still dominant and
studies on common bean beverages are scarce.

Bean-based beverages offer nutraceutical
benefits and regular consumption by consumers
should be encouraged. These could introduce a
prospective market for health products from a low-
cost sustainable source. At present, information
on common bean beverage formulations and their
nutraceutical properties is limited. The outcome
of the current study will serve as a theoretical
basis in-vitro for the investigation of innovative
food development.

This research sought to formulate a
functional beverage from common bean seeds and
assess its potential for lowering blood pressure
and cholesterol. Specifically, it isolated the
protein from the formulated functional beverage,
digested the protein, and evaluated the blood
pressure and cholesterol-lowering activities of the
hydrolyzed and unhydrolyzed proteins isolated
from the formulated beverage.

METHODS

Design, location, and time

The in-vitro study was carried out at the
laboratory of the Institute of Chemistry, University
of the Philippines Los Baifios, Philippines from
January 2020 to February 2020.

Materials and tools

The common bean seed samples were
obtained from local markets in Benguet,
Philippines. For the identification process,
the complete parts of the fresh plant samples,
including the leaves, seeds and pods, were
brought to the Museum of Natural History in the
University of the Philippines Los Bafios where
they were identified as Phaseolus vulgaris L.
Analytical grade chemicals used in the study
were purchased from local distributors.
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Procedures

Formulation of functional beverage.
White common beans (Phaseolus vulgaris L.)
mature seeds were the main ingredient in the
preparation of functional beverage. The blending
method with a few modifications was adopted
from Afroz et al. (2016). About 100 g of dried
mature seeds were soaked separately for four
hours with 1 liter of warm water containing a
small amount of sodium bicarbonate. Sodium
carbonate was added to eliminate the bitterness
and anti-nutritional factors. After manually
removing the seed coats, the seeds were rinsed
with distilled water. Dehulled seeds were then
placed in a stone mill with 1 liter of hot water
poured in. The seeds were ground and then
filtered using a filter machine with cheesecloth.
The filtrate was boiled over low/medium heat for
ten minutes with constant stirring. After adding
45 g of sugar, the mixture was boiled for 2 more
minutes. The prepared beverage was cooled to
70°C before mixing one teaspoon of vanilla and
was then set aside to cool to approximately 25°C
before being stored in a refrigerator set at 2°C .

Isolation of protein from common bean
beverage. Precipitation of proteins was conducted
following the methodology developed by
Hermanto et al. (2019), with some modifications.
With stirring, 1.0 N NaOH was added to about
450 mL of the beverage to achieve a pH of 8.5.
The solution was centrifuged at 5,600 x g for
20 minutes at 4°C . The supernatant layer was
decanted and 1.0 NHCI was stirred in to achieve
apH of 4.5. It was further centrifuged for another
20 minutes at 5,600 x g at 4°C . The precipitate
was collected and kept in a freezer.

Digestion of isolated protein. In order
to imitate the digestion of proteins in human,
enzymes pepsin, trypsin and chymotrypsin were
employed. Pepsin, an aspartic protease in the
stomach functions at optimum pH range between
1 and 2. Subsequently, during the digestion with
pancreatic enzymes, such as trypsin, peptide
bonds are cleaved after basic amino acids while
chymotrypsin acts after aromatic amino acids (Fu
et al. 2021). Peptides produced by thermolysin
exhibited a high antihypertensive potential of
peptides (Garcia et al. 2016) and was then used to
enhance the production of bioactive peptide. The
isolated protein sample was digested with pepsin
using a 20:1 (v/v) substrate-to-enzyme ratio at
pH 2.0 for one hour, and combined with enzymes
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(trypsin, thermolysin, and chymotrypsin) to
simulate the digestion that occurs in the digestive
system except for thermolysin. Then, the mixture
was placed in a water bath (Benchmark Scientific
SB-12L Shaking Water Bath) at a temperature of
25°C. The digestion process was terminated by
immersing the mixture in a boiling water bath for
5 minutes. Then, the mixture was promptly stored
in a freezer at -2°C. Prior to sample utilization,
the mixtures were separated in a centrifuge at 4°C
for 2 minutes at 12,857 x g. The supernatant was
collected and loaded onto a gel for subsequent
electrophoresis.

Sodium Dodecyl Sulfate-Polyacrylamide
Gel Electrophoresis (SDS-PAGE). Sodium
Dodecyl Sulfate-Polyacrylamide Gel
Electrophoresis (SDS-PAGE) was performed
according to the method of Laemmli (1970),
with slight modifications, using an 8% stacking
gel and a 10% resolving gel. The solutions were
prepared by diluting with the extraction buffer to
obtain the desired concentration. A buffer of 1:1
(v/v) sample to 2x Laemmli was prepared and
placed in Eppendorf tubes. The solutions were
then mixed using a vortex mixer and heated in
a boiling water bath for 5 minutes. Then, the
solutions were cooled to approximately 25°C.

About 20 ul of each sample was put into the
prepared gel and allowed to migrate down the gel
at 90 V using a Biorad Mini-PROTEAN® Tetra
cell until the dye front was approximately 0.5 cm
from the bottom of the gel. The resolving gel was
carefully removed from the plates and placed in a
container for staining overnight using Coomassie
Brilliant Blue R-250. A solution consisting of
50% methanol and 10% glacial acetic acid was
used to destain the gel.

Extraction of Angiotensin-Converting
Enzyme (ACE) from pig’s lungs. The extraction
process was conducted according to the method
outlined by Dumandan et al (2014) with
modification on solvent and buffer used. The
ACE was extracted in the laboratory due to its
cost-efficiency. Previous research has shown that
it provides reliable results. Initially, the cleaned
and minced fresh pig’s lungs were suspended in
acetone and then homogenized using blender.
The resulting mixture was filtered and air dried to
evaporate the solvent residue that could interfere
with further extraction steps. Subsequently,
the dried residue was defatted using hexane to
remove the lipids or fats that could contaminate
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the protein. Thus, a more purified extract was
produced. The sample was then air dried to
eliminate the remaining solvent that could impede
the ACE extraction and its activity. To extract the
Angiotensin Converting Enzyme (ACE) from the
dried powder, 100 mM sodium borate buffer (pH
8.3) was added and then incubated at 4°C for 3
hours. Afterwards, it was centrifuged at 11,000
x g for 60 min at 4°C. The reddish supernatant
obtained was the ACE extract, which was stored
at -20°C.

ACE inhibitory activity assay. The assay
for ACE inhibitory property was measured based
on the method of Dumandan et al. (2014) with
modifications on buffer and quantity of chemicals
used. Assay mixtures for the sample, control,
and blank were prepared in three replications.
Captopril, an ACE inhibitor drug used in the
management of high blood pressure, was used as
the positive control. Each sample assay mixture
contained 25 pL of 0.1 M sodium phosphate
buffer, 25 uL of 0.3 M NacCl, 50 uL of 5 mM
Hippuryl-L-Histidyl-Leucine (HHL), and 50 pL
of protein hydrolysates. The mixtures were pre-
incubated for 5 minutes at 37°C. Meanwhile, the
blank also contained similar amounts of solutions
in the sample mixtures except that instead of
protein hydrolysate, 0.1 M sodium phosphate
buffer with volume of 50 pL was introduced.
The control contained 25 pL of 0.1 M sodium
phosphate buffer and 125 pL of 1 N HCI. To
initiate the reaction, 25 pL of ACE extracted
from pig’s lungs was introduced to all mixtures,
excluding the control. Subsequently, the mixtures
were placed in shaker for 30 minutes at 37°C. To
stop the chemical reaction, about 150 pL of I N
HCI was added to the sample and blank assay
mixtures, while 25 uL of ACE was allowed for
the control. Hippuric acid was obtained through
extraction process involving vigorous shaking of
the mixtures with 750 ul of ethyl acetate using a
vortex for 15 seconds, followed by centrifugation
for 2 minutes at 3,600 x g. The upper layer was
separated and the solvent was allowed to evaporate
in a steam bath. A total of 500 pL distilled water
was used to dissolve the extracted hippuric acid
and the resulting mixture was vigorously mixed
using a vortex mixer. The sample absorbance was
at 228 nm.

ACE inhibition activity was determined
using the following equation:
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Inhibitory activity (%) = [BVA] x100%

B-C
Where A=Absorbance in the presence of both ACE, HHL and inhibitor

B=Absorbance of blank with ACE and HHL but without inhibitor

C=Absorbance of control

The protein concentrations used in the
assay were 1.00 mg/mL for crude and 0.25 mg/mL
for partially purified fractions. The concentration
of the extract that inhibited 50% of the ACE
activity was the IC,  value, which was determined
by measuring the ACE inhibitory activity and
derived from the inhibition graph plotted for the
concentration of protein hydrolysates.

Cholesterol micellar solubility inhibition.
Cholesterol micelles were generated as amodel for
the micelles found in the human gut by sonicating
10 mM sodium taurocholate, 0.4 M cholesterol,
1 mM oleic acid, and 132 mM NaCl in 15 mM
sodium phosphate (pH 7.4). Assessing the amount
of cholesterol that remains within micelles when
agents that destabilize or displace micelles are
present, is a significant basis for determining
the efficacy of protein or peptide hydrolysates
in cholesterol reduction (Zhang et al. 2012).

The cholesterol micellar  solubility
inhibition was assessed based on the method
described by Zhang et al (2012), with
modification. Micellar solution was prepared by
sonication using Omni Sonic Ruptor 400. The
solution contained 10 mM sodium taurocholate,
0.4 mM cholesterol, 1 mM oleic acid, 132 mM
NaCl and 15 mM sodium phosphate (pH 7.4).
To each 400 uL of the sample, positive control
(cholestyramine) and blank, 450 uL of the
micellar solution was added. The samples were
then incubated at 37°C for 24 hours. The mixtures
were centrifuged at 37°C for 30 minutes at 18,845
x g, and supernatant was collected.

One hundred pL of glacial acetic acid was
mixed with 80 pL of the supernatant, followed
by the addition of 120 pL of a color reagent.
The mixtures were then incubated at 37°C for
15 minutes. Standard solutions with varying
concentrations from 0 mg/mL to 0.06 mg/mL
cholesterol in glacial acetic acid were prepared.
The absorbance of each solution was read at 560
nm using a UV-vis spectrophotometer (Thermo
Scientific Multiscan GO, Finland). The generated
calibration curve was used to determine the
amount of cholesterol that remained in the
solution. The following equation was used in the
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calculation of the cholesterol micellar solubility
inhibition (Zhang et al. 2012):

% Cholesterol solubility inhibition=[(Co-Cs)/Co] ¥100 %
Where: Co=Cholesterol concentration of original micelles

Cs=Cholesterol concentration of micelles with hydrolysates/positive control

Data analysis

All samples were analyzed in three
replications. The analyses were repeated and
experiments were conducted at least twice.
ANOVA (one-way analysis of variance) was
utilized to test the significance of differences
(p<0.05) between conditions followed by Tukey's
HSD test post hoc analysis. GraphPad Prism 6
was used for statistical analyses.

RESULTS AND DISCUSSION

Digestion of proteins

Cleavage specificity of proteolytic
enzymes, degree of digestion, and stability of
peptides during hydrolysis are crucial in the
production of bioactive peptides (Mazorra-
Manzano 2018). Liberated peptides may
comprise 2 to 20 amino acids, and with small
molecular weight, their assimilation capability
into the small intestine is enhanced, increasing
their ability to elicit physiological responses
(Saad et al. 2021).

In the study, total protein isolated was
digested with pepsin and then followed by a
combination of enzymes: trypsin, thermolysin
and chymotrypsin, sequentially. Pepsin is an
endopeptidase that cleaves peptide linkages on
the amino-terminal side of aromatic amino acids
like tyrosine, phenylalanine, and tryptophan.
Trypsin acts on the carboxyl end of basic
amino acids arginine and lysine. In contrast,
chymotrypsin acts on the carboxyl terminal of
amino acids specifically leucine and aromatic
amino acids in peptide chains (Mangussad et al.
2021). Thermolysin, a zinc-dependent protease,
catalyzes the hydrolysis at the hydrophobic
residues including leucine, isoleucine, valine,
and phenylalanine (Nielsen et al. 2019). This
in vitro analysis does not exactly mimic the
digestion process of food that occurs in digestive
tract of human because interactions with other
components and other physiological factors
were not included. Thus, the observed result
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may not demonstrate the inherent bioactive
peptides’ stability against proteases present in
gastrointestinal tract (Chew et al. 2019).
Electrophoretic profile of formulated
functional beverage protein. The
electrophoretogram from SDS-PAGE analysis
of the functional beverage from common bean is
illustrated in Figure 1. Densitometric analysis of
the unhydrolyzed protein showed multiple bands
visible in Lane 2, ranging from 26.8 kDa to 180.6
kDa. The most prominent fraction of protein
had a molecular weight of 48.1 kDa, with the
highest band volume at 11.4%. This protein band
may correspond to a subunit of a phaseolin, a
vicilin-like 7S globulin which consists of subunit
polypeptides that have molecular weights ranging
from 43-54 KDa (Saad et al. 2021) and have
isoelectric points within pH range of 5.6 to 5.8.
The 7S globulin is the most predominant protein
in Phaseolus legumes seeds that accounts for the
40%—60 % total protein content (Sathe 2016).
The disappearance of bands corresponding
to functional beverage protein and the presence
of faint low molecular weight bands (17.1-24.7
kDa) after hydrolysis of functional beverage
suggest that the proteins extracted were degraded
(Lanes 3—7). After 24 hours of combined enzyme
digestion, the bands completely disappeared
indicating that peptides were liberated from their
parent protein. According to data from Saad et
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(6) 12-hour combined enzymes digest, and; (7) 24-
hour combined enzymes digest

Figure 1. SDS-PAGE of formulated functional
beverage and hydrolysates from
Phaseolus vulgaris L
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al. (2021), phaseolin is resistant to enzymatic
hydrolysis, unlike vicilin. In the case of vicilin,
the bands completely disappear. Various factors,
such as temperature, hydrolysis conditions, and
enzymes, have an impact on protein binding and
changes in molecular weight.

Previous  research  conducted by
Tagliazucchi et al. (2015) on cooked ‘Pinto’ beans
showed similar findings on the existence of faint
protein bands and their absence after digestion
with specific enzymes. Cooking of the beans is
a thermal treatment that enhanced the degree of
in comparison to uncooked beans, making them
more susceptible to enzymatic hydrolysis.

ACE inhibitory property of functional
beverage. The formulated functional beverage
protein hydrolysates of the common bean
beverage have exhibited ACE inhibition (Table
1). Significantly, the highest ACE inhibition
(77.60%) was obtained at the optimum hydrolysis
time of 6 hours, suggesting that the peptides
demonstrating ACE inhibitory property were
liberated consistently at 6-hour hydrolysis time
although compared to the positive control, this
was noticeably lower. The findings are consistent
with those of Gao et al. (2019) who observed that
hydrolysis time influences the ACE inhibitory

Table 1. ACE inhibitory property of hydrolyzed
and unhydrolyzed crude protein (1.0
mg/mL) of functional beverage
formulated frommature seeds of
Phaseolus vulgaris L.

Crude protein from functional
beverage formulated from
Phaseolus vulgaris L. and its

% ACE Std.
inhibition® Dev

hydrolysates
e
Peptic digest (1 hour) 73.65¢ 0.73
1-hour combined enzymes digest 68.934 1.97
6-hour combined enzymes digest 77.60° 1.76
12-hour combined enzymes digest 66.82¢ 0.75
24-hour combined enzymes digest 58.89¢ 1.73
Captopril (positive control) 85.43¢ 0.20

"All data represent the means of three measurements.
According to Tukey's HSD test, there are significant
differences between letter superscripts at p<0.05, after
conducting a one-way ANOVA with a 95% confidence
interval
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activity of cottonseed protein digests. They
observed that ACE inhibition increased up to the
6th hour and then decreased with extended time.
This could be associated to the degradation of
peptides and the loss of their bioactivity (Mao et
al. 2007).

The findings revealed that unhydrolyzed
protein beverage exhibited 55.68% ACE which is
significantly lower compared to the peptic digest
(73.65%) and to the combined enzymes digest
ranging from 68.93% to 77.60 at different time
intervals. This suggests that in the unhydrolyzed
beverage, the peptides remain bound in the
protein resulting in reduced efficacy. On the
contrary, the utilization of two or more enzymes
has been found to improve the effectiveness of
hydrolysates as opposed to a single enzyme
(Luna-Vital et al. 2015).

The finding of this study indicates that 1-hr
peptic digest (73.65%) is higher than the result of
Hermanto et al. (2019), who observed the ACE
inhibitory activity of soymilk pepsin hydrolysates
ranging from 24.2%-58.3% obtained over a
period duration of 0 to 4 hours. However, they
observed the highest ACE inhibition activity of
79.31% of soymilk pepsin hydrolysates after 48
hours, which is comparable to the highest value
obtained in this study at 6-hour combined digest.
Despite the variations in the source of peptides,
enzymes, and hydrolysis period, this may imply
that the peptides with maximum activity were
generated.

Furthermore, thesize ofpeptide components
could potentially contribute to variability in the
ACE inhibition of protein hydrolysates. This
indicates that small-sized peptides present in the
protein hydrolysates possess a more bioactive
property than the larger peptide components
found in unhydrolyzed protein. In a study on
black soybean glutelin hydrolysates by Zhang et
al. (2019), smaller peptides that have less than
3 kDa molecular weight demonstrated a greater
ACE inhibitory activity than peptides exceeding 3
kDA in size. The synergistic effect of component
peptides plays important role in enhancement
of biological activities of peptides (Shao et al.
2023). Consequently, the peptides formed during
hydrolysis exhibit interactions that result in
increased ACE inhibitory activity. Differences
in strength of ACE reduction property discussed
in previous studies could also be ascribed to the
peptide length and proportion of hydrophobic
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amino acids, peptides molecular weight, and the
existence of branched-chain amino acids such as
Leucine (L), Isoleucine (I) and Valine (V) (Xu
et al. 2021; Zheng et al. 2020). Although the
unhydrolyzed beverage and all hydrolysates did
not surpass the ACE suppression of the positive
control, captopril, an ACE inhibitor prescribed to
control hypertension, this signifies as promising
sources of antihypertensive peptides.

ACE Inhibitory IC,, The IC, of the
processed bean drink hydrolysates is 0.20 mg/
ml at 6-hour digestion using combined enzymes.
This value for the formulated drink is lower than
that of fresh milk (IC,=1.18 mg/mL) observed
by Chen et al. (2007), indicating a higher ACE
inhibitory property of the formulated drink after
a 6-hour sequential hydrolysis. This also has a
higher value, suggesting lower ACE inhibitory
activity in comparison to the value obtained in IC,
of processed soya milk with 0.26 pg/mL and 8.75
pg/mL regular soya milk (Tomatsu et al. 2013).

ACE is a constituent of Renin-Angiotensin-
Aldosterone System (RAAS) and it regulates
blood pressure and maintains balance of water
and electrolytes in the body (Jakubczyk et al.
2017). Angiotensin I, a decapeptide derived from
angiotensinogen, is converted to angiotensin II,
a potent vasoconstrictor, through the action of
ACE. In addition, ACE deactivates bradykinin,
a substance with vasodilatory property that
also influences aldosterone production. Thus,
suppressing this enzyme contributes to the
lowering of blood pressure.

Cholesterol micellar solubility inhibition
of functional beverage. The micelle generated
with sodium taurocholate performs similar
mechanisms in the solubilization of cholesterol
in human digestion. The cholesterol lowering
property of protein could be evaluated by
determining the amount of cholesterol that
remains in the micelles in the presence of micelle-
destabilising or micelle-displacing agent (Zhang
etal. 2012).

Table 2 shows the cholesterol lowering
properties of proteins from the formulated
functional beverage. The obtained results reveal
that hydrolyzed proteins including pepsin
(24.31%) and coupled enzymes (ranging from
19.71%-27.38%) have significantly higher
inhibitory effects than unhydrolyzed proteins
(14.89%). This suggests that peptides with
biological activities should be liberated from
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proteins’ primary sequences to facilitate their
effect. Regardlessoftheenzyme, hydrolysisgreatly
enhances functionality (Dent & Maleky 2023).

The 6-hour combined digest of the
functional beverage exhibited the highest
inhibitory activity (27.38%) for cholesterol
micellar solubility; although this was noticeably
lower than the control, cholestyramine
(60.45%). This could be related to the peptides’
low concentration released during digestion.
Moreover, the inhibitory activities were lesser
than the value reported by Marques ef al. (2015)
in cooked cowpea beans (39.8%), indicating that
cooking has enhanced the release of peptides that
can suppress cholesterol solubility.

During digestion, dietary cholesterol
interacts with bile acids to create micelles. This
interaction enhances the solubility and absorption
of cholesterol in the intestines. Consequently,
formation of micelle can be suppressed to reduce
cholesterol (Chen et al. 2021). In bovine milk,
B-lactoglobulin tryptic hydrolysates (Ile-Ile-
Ala-Glu-Lys) were observed to suppress the

Table 2. Cholesterol micellar inhibitory property
of hydrolyzed and unhydrolyzed crude
protein (0.05 mg/mL) of functional
beverage formulated from mature seeds
of Phaseolus vulgaris L.

Crude protein from

functional beverage % Cholesterol

formulated from Phaseolus micellar ]S)t:v
vulgaris L. and its inhibition”
hydrolysates

Functional Beverage 14.89¢ 0.76
(unhydrolyzed)
Peptic Digest (1 hour) 24.31% 1.00
1-hour combined enzymes 21.25 2.28
digest
6-hour combined enzymes 27.38° 1.65
digest
12-hour combined 19.71¢ 0.76
enzymes digest
24-hour combined 22.12¢ 1.00
enzymes digest
Cholestyramine (positive 60.45° 1.00

control)

*All data are the means of three measurements. Tukey's HSD
test with one-way ANOVA at a 95% confidence interval re-
veals significant differences between letter superscripts of
means at p<0.05

J. Gizi Pangan, Volume 19, Number 2, July 2024

incorporation of cholesterol into the micelles.
This regulates the absorption of cholesterol in the
jejunum (Nagaoka et al. 2001). Cholesterol not
incorporated into the micelles forms aggregates
and is unable to be absorbed. As a result, it
travels into the colon to be expelled in the feces
as organic matter (Zhang et al. 2012). This may
be because of the composition and amino acid
sequence in peptides. For instance, amino acids
with hydrophobic properties bind competitively
with bile acid and can modify the structure of
cholesterol, therefore disrupting cholesterol
micelle formation and limiting the absorption of
exogenous cholesterol (Chen et al. 2021).

Notably, the 6-hour combined enzyme
demonstrated the highest % cholesterol micellar
inhibition compared to the unhydrolyzed
beverage and single enzyme peptic digest.
This could be related to the combination of
enzymes used in digestion which demonstrated
synergistic effect enhancing the generation of
bioactive peptides (Akbarian et al. 2022). Protein
digests bioactivities could also be affected by
the proteases used, enzyme/substrate ratio,
processing conditions, sequences of peptides,
and amino acids generated during hydrolysis due
to specificity of enzymes (Mangussad et al. 2021;
Nasri 2017).

The protein hydrolysates produced through
enzymatic digestion compete with cholesterol
in forming cholesterol micellar mixture and
interacting with bile salts. Polar peptides may
interact with micellar hydrophilic bile salts
and consequently reduce solubility of micellar
cholesterol, whereas nonpolar peptides bind with
cholesterol, impeding cholesterol solubilization
into the micelles (Jiang et al. 2020). The disrupted
formation of micellar cholesterol solution leads
to cholesterol aggregation which could be
eliminated from gastrointestinal tract via feces
(Upadhyay et al. 2021).

CONCLUSION

Phaseolus vulgaris L. could be exploited
for the development of functional beverages.
The protein hydrolysates from the formulated
functional beverage of common bean seeds
can potentially prevent hypertension and
hypercholesterolemia. Understanding  the
properties of proteins derived from common
beans is essential for incorporating the proteins
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as ingredients in the processing of highly
nutritious beverages or bean-based food products.
Furthermore, in vivo studies are needed to explore
more detail mechanism of Phaseolus vulgaris L.
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