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Protein hydrolysate is a valuable source of bioactive peptides. The
production of protein hydrolysate through the fermentation process is
an environmentally friendly approach that is preferred over enzymatic
and chemical hydrolysis in most cases. In this research, Bacillus
species, including Bacillus pumilus, Bacillus coagulans, Bacillus
licheniformis, and Bacillus subtilis, were employed to hydrolyze
sesame meal protein. The investigated tests included measuring the
concentration of peptides by the OPA method, DPPH radical
inhibition, and iron ion reducing power, total antioxidant activity, and
iron ion chelating activity. The concentration of peptides was
evaluated after 24 h for Bacillus species. The lowest peptide
concentration (0.656 mg/mL) was associated with the fermented
treatment by B. licheniformis, while the highest value (1.38 mg/mL)
was observed for the hydrolyzed treatment with B. subtilis. A
significant difference (p<0.05) was observed among all the
treatments. Results of DPPH radical inhibition showed the highest
inhibition was associated with the samples hydrolyzed by B.
coagulans (76.6%), and the lowest value was attributed to the
hydrolysate by B. licheniformis (57.36%). The sample fermented with
B. pumilus exhibited higher reducing power (0.992 absorbance at 700
nm) with a significant difference (p<0.05) observed between the
treatments. The highest chelating activity (85.6%) was observed in
the sample fermented with B. subtilis. The total antioxidant activity
demonstrated that the protein hydrolysate with fermentation by B.
coagulans had the highest absorbance value at 695 nm with a
significant difference between the treatments (p<0.05). In conclusion,
the fermentation of sesame meal protein by Bacillus species resulted
in the production of protein hydrolysate with substantial antioxidant
activity, positioning it as a promising source for inclusion in food
formulations.
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1- Introduction
Currently, numerous diseases significantly

influence people's quality of life. The
World Health  Organization's  study
identifies cardiovascular diseases, cancer,
chronic respiratory diseases, and diabetes
as the main causes of mortality. [1].
Oxidative damage to lipids, proteins, and
nucleic acids can lead to various diseases.
This damage occurs when there is an
imbalance  between antioxidants and
reactive oxygen species (ROS) in living
organisms [2]. ROS production is an
inherent byproduct of respiration and is
counteracted by the body's endogenous
antioxidant defense mechanism or external
antioxidant consumption. Antioxidants
have the ability to neutralize free radicals
and protect human cells against oxidative
stress; however, sometimes, due to various
factors, ROS are excessively produced and
cause severe diseases [4]. Protein
hydrolysates have become more important
recently because of their nutritional
characteristics and bioactive effects.
Peptides are biological molecules that are
obtained from the hydrolysis of certain
proteins and usually consist of 2-20 amino
acid subunits [5]. Nevertheless, there are
exceptions like Lunasin, a bioactive peptide
made up of 44 amino acids with various
biological activities, including
immunomodulatory, antihypertensive,
anticancer, anti-inflammatory, antioxidant,
and antimicrobial [6]. Protein hydrolysates,
including bioactive peptides, are derived
from animal and plant protein sources.
Sesame (Sesamum indicum) is a plant seed
rich in lipids, dietary fiber, vitamins,
antioxidants, and a high protein content.
There are current findings on protein
hydrolysates and bioactive peptides derived
from sesame protein through enzymatic
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hydrolysis [7]. Fermentation is one of the
methods of protein hydrolysis. This method
involves using microorganisms to produce
protein hydrolysates and bioactive peptides.
Peptidases are secreted by bacteria during
fermentation and break down proteins. The
special advantages of this method
compared to the enzymatic hydrolysis
method are the existence of a greater variety
of microbial proteases, and high levels of
protease activity due to the activity of all
proteases produced by the microorganism.
It has a lower cost and is therefore
affordable and enhances the value of the
utilized substrate. In addition, it is
considered an environmentally friendly
method compared to enzymatic hydrolysis
[8]. The selection of the microorganism is
important in this process because it is
responsible for the production of the
proteolytic enzyme. However, suitable
environmental conditions for its growth
(temperature, time, water activity, pH)
should be provided. Bacillus species are
able to produce a significant amount of non-
specific proteases to enhance hydrolysis.
Furthermore, their effective growth
performance is attributed to their ability to
utilize inexpensive carbon sources and
grow in difficult conditions with inadequate
nutrients. Most strains, including B.
subtilis, are generally recognized as safe
(GRAS) and generate peptides with
numerous biological functions through the
fermentation of soybeans [10].
Nevertheless, there are several Bacillus
species with significant proteolytic activity
that require evaluation for their capacity to
produce protein hydrolysates or bioactive
peptides. Species such as B. thuringiensis,
B. megaterium, and B. proteolyticus have
not been previously recorded. In general,
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the purpose of this research was to use 4
species of B. pumilus, B. coagulans, B.
licheniformis, and B. subtilis to hydrolyze
sesame protein isolate and evaluate their
antioxidant  activity (DPPH  radical
inhibition, iron ion reducing power, total
antioxidant activity, and iron ion chelating
activity).

2- Material and methods

2-1- Preparation of raw materials:
Sesame meal was obtained from Keshavarz
Food Industry Co, Qom, Iran. Then it was
ground and dried in an oven at 30 °C until it
reached a constant weight. Next, defatting
was done with hexane, and the defatted
meal was utilized for protein extraction.

2.2 Microbial strains: Bacillus pumilus
PTCC 1319, Bacillus coagulans IBRC
10807, Bacillus licheniformis PTCC 1595
and Bacillus subtilis PTCC 1156.

2.3 Sesame meal protein extraction: At
first, the sesame meal was mixed with
distilled water at a ratio of 1 to 10. The pH
was adjusted to 11 with 1 N NaOH, then
stirred for 1 h at 50 °C, and centrifuged
(Hanil Co, Combi 514R, South Korea) at
8000 rpm for 15 min. The supernatant was
adjusted to 4 with 0.1 N HCI and stirred for
30 min, then centrifuged for 15 min. Protein
isolate dried with a freeze dryer (Ningbo
Dscientz Technology Co, Ltd, China) and
stored at -20 °C [11].

2.4 Protein hydrolysis by fermentation:
For protein hydrolysis by fermentation,
Bacillus species were first cultivated in BHI
medium. To perform fermentation, protein
3%, inoculum 2%, pH=7, and temperature
of 37 °C were considered. Fermentation
was done with each of the Bacillus species,
and after 24 h of incubation, it was
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centrifuged at 5000 rpm for 10 min, then
sterilized with a 0.45 p filter and dried by a
freeze dryer.

2.5 Peptide concentration: Peptide
concentration was done by the OPA
method. To make the OPA solution, 25 mL
of 100 mM tetraborate, 2.5 mL of 20%
SDS, 40 mg of OPA (dissolved in 1 mL of
methanol), and 50 mg of DTT were mixed
together. Subsequently, the volume was
increased to 50 mL by adding distilled
water. 36 pL of the sample and 270 pL of
the OPA solution were added in a 96-well
microplate, and the absorption of the
samples was measured using a
spectrophotometer (BMG Labtech,
SPECTROstar Nano, USA). Different
concentrations of L-serine amino acid were
used to make the standard curve [12].

2.6 Antioxidant test

2.6.1 DPPH radical inhibition: For DPPH
radical inhibition activity, at first 20 mg of
sesame protein hydrolysate was dissolved
in 1 mL of distilled water, and 1 mL of it
was combined with 750 pL of absolute
ethanol. Then, 250 pL of 0.15 mM DPPH
solution was added to it and placed in a dark
environment for 30 min, and then the
absorbance of the samples was determined
at 517 nm. The control sample contained
distilled water and DPPH solution [13]. The
inhibition percentage was determined

through the following formula:
Percentage of DPPH radical

control abcs;):lfrt;jr;bzz:;r:;iz:bsorbtlon % 100

2.6.2 lIron ion reducing power: To
perform this test, 20 mg of protein
hydrolysate was dissolved in 1 mL of
distilled water. 250 pL of protein
hydrolysate was mixed with 250 pL of 0.2
M phosphate buffer and 250 pL of
potassium ferricyanide and stirred for 1

inhibition=



http://dx.doi.org/10.22034/FSCT.21.156.80
https://fsct.modares.ac.ir/article-7-74149-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-12 ]

[ DOI: 10.22034/FSCT.21.156.80 ]

JEST No. 155, Vol. 21, January 2025

Journal of Food Science and Technology (Iran)

min. The resulting mixture was placed in an
incubator at 50 °C for 30 min. Next, 10%
TCA (Sigma, Aldrich) was added to the
mixture and centrifuged at 12000 rpm for
10 min. The resulting supernatant was
mixed with 0.1% ferric chloride w/v, and
the absorbance of the sample was recorded
at 700 nm [14].

2.6.3 Iron ion chelating activity: To
measure iron ion chelating, at first 500 mL
of the sample (20 mg/mL) was mixed with
25 pL of 2 mM FeCl; solution and 900 pL
of distilled water. Then 50 pL of 5 mM
ferrozine solution was added and stirred.
After 10 min of storage at ambient
temperature, the absorbance was read at
562 nm. Distilled water was utilized as a
control sample [15]. The chelating activity
was determined through the following

formula;

Iron ion chelating
control absorbtion—sample absorbtion

activity=
x 100

control absorbtion

2.6.4 Total antioxidants: At first, 50 pL of
the sample dissolved in distilled water
(concentration 20 mg/mL) with 500 pL of
the reagent (0.6 M sulfuric acid, 28 mM
sodium phosphate, and 4 mM ammonium
molybdate) were mixed and placed in a
water bath at 90 °C for 90 min. Then it was
centrifuged at 5000 rpm for 10 min, and the
absorbance of the samples was recorded at
695 nm. The control sample contained
reagents and distilled water [16].

2.7 Statistical analysis: Data analysis was
done by SPSS version 26 software. A
comparison of average data was done with
Duncan's test at a 95% confidence level. All
tests were carried out in triplicate.

3- Result and discussion

3.1 Peptide concentration: In this study,
the proteolytic activity of 4 species of
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Bacillus was evaluated by OPA method to
determine the concentration of peptides.
Enzyme production by microorganisms
depends on pH, temperature, amount of
inoculum, incubation time, and type of
nutrient source [17]. The source of carbon
and nitrogen is an important factor for the
production of protease in the fermentation
medium [18]. According to Figure 1, B.
coagulans and B. subtilis showed the
highest absorption at the wavelength of 340
nm. And the peptide concentration was 1.33
and 1.38 mg/mL, respectively. The lowest
peptide concentration (0.656 mg/mL) was
related to B. licheniformis. Jensen et al.
(2010) stated that the difference in the
protease activity of probiotics is due to the
difference in genetic characteristics
between different species. Based on this,
each species of Bacillus needs different
optimal conditions for protease activity,
and the hydrolysis pattern of proteinases
may be due to the specificity of gene
expression and also gene mutation [19].
Sesame protein  hydrolysis and its
conversion into peptides and free amino
acids are needed for cell growth. Fang et al.
(2017) investigated the hydrolysis of fish
skin protein and reported an increase in the
concentration of peptides during the
fermentation process by Aspergillus oryzae
[20]. Also, Jamil et al. (2014) reported that
Bacillus had a good ability to hydrolyze a
type of fish protein [21].

3.2 DPPH radical scavenging activity:
DPPH is a stable free radical that exhibits
maximum absorption at 517 nm. By the
collision of free radicals with a proton-
donating substrate such as an antioxidant,
the radicals are destroyed and absorption
decreases. DPPH radical scavenging
activity of protein hydrolysate obtained
from 4 Bacillus species was evaluated. The
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results are given in Figure 2. The highest
percentage of DPPH radical inhibition
(76.6%) was related to protein hydrolysis
with B. coagulans, and the lowest
percentage (57.36%) was related to B.
licheniformis. The ability to inhibit DPPH
radical depends on the type of protein
substrate and the type of species used in the
fermentation process, so that each species
of Bacillus has a different mechanism of
proteolytic activity and produces peptides
with different sizes [22]. Hydrophobic and
aromatic amino acids are considered to be
the main amino acids responsible for
oxidation resistance. Hence, increasing the
number of these amino acids in the peptide
sequence as a result of fermentation may
improve the oxidation resistance of the
hydrolysate [23]. It is also reported that
methionine has a higher potential for
reducing fat oxidation. Margo et al. (2019)
stated that lentil protein hydrolysate with
Aspergillus niger and Aspergillus oryzae
has high antioxidant activity [24]. Turino et
al. (2013) investigated the antihypertensive
antioxidant activity of lentil protein
hydrolysate by Lactobacillus plantarum
and Bacillus. Furthermore, it has been
proposed that microbial proteases might
produce  bioactive  peptides  during
fermentation, hence enhancing the
biological characteristics of the fermented
products [25]. Also, Wally et al. (2020)
found an antioxidant peptide from chickpea
sprout protein hydrolysate that showed high
hydroxyl and DPPH radical scavenging
activities [26].

3.3 Iron ion reducing power: Reducing
power is utilized to assess the capacity of
antioxidants for donating electrons or
protons. Many studies have shown that
there is a clear correlation between the
antioxidant activity and the reducing power
of some bioactive compounds [27]. In this
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method, the ability of sesame meal protein
hydrolysate with 4 Bacillus species to
reduce Fed* to Fe?* was evaluated. The
antioxidant property of sesame protein
hydrolysate can reduce ferric iron to ferrous
iron. Therefore, the presence of Fe?* ions
can be controlled by measuring the color
change at a wavelength of 700 nm. Figure 3
shows the reducing power of sesame meal
protein hydrolysate by Bacillus species.
According to Figure 3, B. pumilus showed
the highest reducing power (0.992), and B.
licheniformis showed the lowest reducing
power of iron ions (0.708) at the
wavelength of 700 nm. The difference in
the reducing power of protein hydrolysate
with different species is probably due to the
fact that the produced peptides may be
different in terms of chain length and amino
acid sequence, which is caused by the
different enzymatic mechanisms of the
species [21].

3.4 Iron ion chelating activity: Increasing
the level of iron can lead to the formation of
ROS, which significantly causes oxidative
stress in the body. The antioxidant activity
of sesame protein hydrolysate can be due to
its ability to chelate metal ions to form
stable and water-soluble components.
Therefore, the chelating activity of iron ions
(Fe?") in this study was performed using 20
mg/mL of sesame meal protein hydrolysate
to investigate the potential metal chelating
activity. According to Figure 4, protein
hydrolysate with fermentation by B. subtilis
had the highest chelating activity of 87.7%
and the lowest chelating activity of 67.13%,
related to hydrolysis by B. licheniformis.
Fang et al. (2015) reported 87% chelating
activity of fish protein hydrolysate by
Aspergillus oryzae and stated that the high
chelating activity of iron ions by A. oryzae
is related to hydrolytic genes [29]. The
difference in activity and specificity of
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bacterial proteolytic enzymes leads to the
formation of different hydrolysis products.
Also, the higher capacity of iron ion
chelating by the protein hydrolysate of skim
milk is the result of the presence of
phosphopeptides derived from milk casein
containing the amino acids cysteine,
tryptophan, serine, and tyrosine by B.
subtilis, which interact with metal ions.
[30].

3.5 Total antioxidant capacity: The
evaluation of total antioxidant activity is
based on the reduction of molybdenum (6+)
to molybdenum (5+), and the absorption
value at 695 nm shows the high total
antioxidant capacity. A quantitative method
to assess the antioxidant power is
associated with the formation of a green
phosphomolybdenum complex in an acidic
condition. According to Figure 5, the
highest total antioxidant activity was
related to B. coagulans, and the lowest total
antioxidant activity was related to B.
subtilis. Researchers reported that the type
of strain producing the proteolytic enzyme
as well as the protein source affect the
antioxidant activity of the protein
hydrolysate [31]. Cruz Casas et al. (2023)
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evaluated amaranth  seed  protein
hydrolysate with fermentation by Bacillus
species. The results of their research
showed that Bacillus species produced
enzymes with high proteolytic activity that
broke the protein chain and produced
peptides with high electron-donating
properties, which was consistent with our
research results [32].

4- Conclusion

In general, Bacillus species have high
proteolytic  activity, which can be
hydrolyzed proteins of sesame meal with
biological activity such as antioxidant
activities (DPPH radical inhibition), iron
ion reducing power, chelating activity, and
total antioxidant activity. The results
showed that B. pumilus, B. coagulans, B.
licheniformis, and B. subtilis have protease
activity, and based on their different
enzyme mechanisms, they showed different
antioxidant activity, which can be utilized
in functional foods as alternative nutrients
to prevent various diseases.
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Figure 1: peptide concentration of the sesame meal protein hydrolysate

produced by Bacillus specious in 24 h after fermentation.
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Figure 2: DPPH radical scavenging activity of the sesame meal protein

hydrolysate produced by Bacillus specious in 24 h after fermentation.
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Figure 3: Reducing power activity of the sesame meal protein

hydrolysate produced by Bacillus specious in 24 h after fermentation.
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