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In this study, bioactive peptides were produced by enzymatic hydrolysis of casein protein with trypsin (pH� 8). Te hydrolysates
were analyzed for the degree of hydrolysis (DH) and antioxidant activities, viz. 2, 2′-diphenyl-1picrylhydrazyl (DPPH), ferric
reducing antioxidant power (FRAP), and 3-ethylbenzthiazoline-6-sulphonic acid (ABTS) assay at three temperatures of 40, 50,
and 60°C for 4, 5, and 6 hours. Also, the antimicrobial activity of the experimental samples was evaluated using the disk difusion
method. Te dilution method was used to evaluate the minimum inhibitory concentrations (MIC) and the minimum bactericidal
concentrations (MBC). Te antimicrobial activity of the resulting peptides was investigated by forming growth inhibitory region
at three concentrations of 2, 2.5, and 3mg/ml−1 on Escherichia coli, Salmonella typhimurium, Bacillus cereus, and Staphylococcus
aureus. As the degree of hydrolysis increased, more peptides were produced, and antioxidant activity was increased. All of the
experiments were conducted with three replicates. Te highest degree of hydrolysis (28.44%) and antioxidant properties (DPPH:
76.62%; FRAP: 55mM Fe(II); ABTS: 84.05%) was at 60°C and four hours (P< 0.05). Tey were compared with the synthetic
antioxidant butylated hydroxytoluene (BHT). Peptides had the greatest efect on S. typhimurium at a concentration of 3mg/ml−1

but did not afect S. aureus (P< 0.05).Te lowestMIC andMBCwere related to B. cereus (3.412 and 7.725 μg/ml), respectively, and
the highest were related to S. typhimurium (8.515 and 8.555 μg/ml). Tis study examines the antioxidant and antibacterial
properties of casein-derived peptides and contrasts them with chemically created ones to see whether these peptides can be
substituted by chemical antioxidants and antibiotics. Te results showed that the bioactive peptides produced from casein have
antioxidant and antibacterial properties and can be recommended for the production, enrichment, and formulation of various
food products to increase health.

1. Introduction

Bioactive peptides are released during enzymatic hydrolysis
of proteins (digestive digestion, in vitro, using protolithic
enzymes) as well as during food processing (cooking and
fermentation) and are defned as amino acid sequences that
in addition to nutritional value have biological functions [1].
Bioactive peptides have been linked to a variety of physi-
ological activities, based on their number, sequence, and
properties of the amino acids existing in the peptides that
made them suitable products as therapeutic compounds [2].
In recent years, bioactive peptides have been extensively
studied because of their potential, and their ability to have

benefcial efects on consumers’ health. Tese peptides have
antioxidant, antihypertensive, immunity, and antimicrobial
activities [3]. Oxidation in food is one of the main causes of
degradation and deterioration of food quality, and oxidation
of fats is one of the most important reasons for the quality
decline. It also causes bad smell and taste and consequently
reduces food safety which is due to the formation of sec-
ondary and potentially toxic compounds [4]. In addition to
food, free radicals are formed in the body because of natural
reactions caused by respiration. Diferent forms of active
oxygen are released in the body during these reactions. If
they are made in large quantities and are not controlled, they
can cause major problems in the body [5]. Oxidative stress
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occurs when the production of free radicals reaches a level
above the antioxidant capacity of a cell [6]. Te defning
characteristic of these reactive species is an unpaired elec-
tron that can react to various biological molecules, leading to
cell damage and disease [7, 8]. Extensive biological, bio-
chemical, and clinical evidence suggests that the oxidative
reaction caused by free radicals causes various diseases, food
spoilage, and accelerated aging [9]. Diseases such as diabetes,
Alzheimer’s, hypertension, and Parkinson’s are associated
with oxidative stress [7, 10]. Because of oxidative stress on
various diseases and the potential of antioxidants as a pro-
tection against this damage, research into the discovery of
new antioxidants has increased, and there is much evidence
that confrms the efects of malnutrition and toxicity of
antioxidants added to food. In addition, it has been proven
that cancer and the risk of liver damage can threaten lab-
oratory animals which are other disadvantages of using fake
antioxidants [11, 12]. Terefore, the need for natural anti-
oxidants that are less toxic and more efective is an un-
avoidable necessity [13]. Recently, compounds resulting
from the hydrolysis of proteins have received special at-
tention as oxidative sources. Tese compounds can in-
activate reactive oxygen species and inhibit free radicals [14].
Peptides with unique properties are formed during the
enzymatic hydrolysis of proteins, and the hydrolysis process
is completely controllable; and less damage is done to the
protein substrate, so enzymatic hydrolysis is an ideal strategy
to produce peptides [15, 16]. Antibacterial properties are
another feature of bioactive peptides [17]. Antimicrobial
peptides have a wide range of efects on microorganisms
such as fungi, Gram-positive and Gram-negative bacteria,
and viruses. One of the unique properties of these peptides is
their antimicrobial efect on bacteria which are resistant to
various drugs, and these compounds have a slight tendency
to increase bacterial resistance. Antibiotic resistance may
occur in a variety of ways, such as inhibiting drug-target
interaction, changes in drug-receiving sites in the target cell,
and separation of the drug from the target cell [18]. Peptides
produced by the hydrolysis of animal and plant proteins
have shown favorable results on intestinal health, pro-
duction function, and growth [19]. Most antimicrobial
peptides have been extracted frommilk and its derivatives so
far. Milk is a food, rich in high-quality protein, which due to
its high-quality proteins is considered as a standard refer-
ence for determining the nutritional value of other food
proteins and has many functional, nutritional, and biological
properties [20, 21]. In recent years, many studies have been
conducted on milk protein-derived peptides that have
various biological activities such as regulating immune
function, antioxidant activity, lowering blood pressure,
antibacterial, and antiviral activity [22]. Cow’s milk contains
about 3.5 percent protein, of which 80 percent is casein and
20 percent is Whey protein. [23]. Casein peptides may be
useful as one of the natural antioxidants in meat processing
and help prevent the formation of bad favor in meat
products and improve their shelf life [24]. According to
Rossini et al. [25] and Mizuno et al. [26], calcium caseinate
peptides may act as a natural antioxidant to stop the oxi-
dation of lipids contained in meat and food [27].

Additionally, casein has been shown to have positive impacts
on human health by a number of researches. Some examples
of these studies are the ones listed below:

Reducing blood cholesterol [28], anticaries activity of
teeth [29], reducing the amount of dental hydroxyapatite
dissolution [30], protection against colon cancer [31], re-
ducing the incidence of tumors due to chemicals [31], in-
hibitory activity against human infuenza viruses [32],
decrease in demineralization, and increase in reminerali-
zation [33].Terefore, this study looks at the antioxidant and
antibacterial characteristics of peptides produced from ca-
sein and compares them with chemical ones to see if these
peptides may be replaced by chemical antioxidants and
antibiotics.

2. Materials and Methods

2.1. Chemicals and Reagents. 2,2-Diphenyl-1-picrylhydrazyl
(DPPH), 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ), gallic acid,
ethanol, methanol, trichloroacetic acid (TCA), acetate bufer,
Mueller–Hinton agar (MHA), butylated hydroxytoluene
(BHT), tryptic soy broth (TSB), and Folin–Ciocalteu re-
agents were provided by Merck Germany Company and
Sigma-Aldrich Chemical Co.

2.2. Casein Hydrolysis. To extract the peptide by enzymatic
hydrolysis, casein in a concentration (by weight) of 5% in
0.1M phosphate bufer (pH� 7.4) is dissolved which allowed
it to be fully hydrated during continuous stirring for
30minutes at room temperature.Ten, the initial solution of
trypsin enzyme in the aforementioned bufer was added to
the casein-containing solution (pH� 8), in the ratio of en-
zyme to protein substrate (w/w) 2%. Afterwards, hydrolysis
in the temperature range of 40–60°C was performed for four
to six hours in a shaker incubator (Model-8480 VS, South
Korea) at 100 rpm, then the enzyme was inactivated by
heating to 90°C for 15min. To remove excess soluble
compounds, it was cooled to room temperature at 8000 rpm
for 30minutes, the resulting liquid was frozen at −20°C; and
fnally, to produce casein peptide powder, the sublimation
dryer (freezer dryer) was dried and stored at −20°C until
further use [34].

2.3. Determination of Casein Bioactive Peptides (CBP) Con-
centration andMolecularWeight Distribution. TSK gel 3000
PWXL columns (Tosoh, Japan) coupled with an HPLC
system were used to determine the molecular weight dis-
tribution of CBP (Agilent 1100, Agilent Technologies Inc.,
Santa Clara, CA, USA). Te mobile phase was acetonitrile in
water (1 :1, v/v) containing TFA (0.1 percent, v/v). At
225 nm, the absorbance was measured with a fow rate of
0.5mL/min. Te molecular weight standards used were
bovine serum albumin (BSA, MW: 66,000 Da), cytochrome
C (MW: 12,384 Da), bacitracin (MW: 1423 Da), and reduced
glutathione (GSH, MW: 307 Da). Te protein concentration
of lyophilized CBP was determined using the Biuret method
[35] with BSA as a reference.
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2.4. Determining the Degree of Hydrolysis. Te degree of
hydrolysis (DH) of casein hydrolyzed by 10% trichloroacetic
acid-soluble protein (TCA) was determined by Vaguer et al.
[36]. For this purpose, the hydrolyzed casein suspension was
combined with trichloroacetic acid (20%) in a volume ratio
of 1 :1, and the resulting mixture was centrifuged at
16,000 rpm for 15minutes. Te amount of protein in the
supernatant containing 10% of trichloroacetic acid was
determined by the Bradford method, and fnally, the degree
of hydrolysis was determined using the following equation:

DH �
10%TCA − soluble protein in the sample

Total protein in the sample
× 100.

(1)

2.5. Measurement of Antioxidant Properties

2.5.1. Evaluation of Free Radical Scavenging Activity (DPPH).
Te inhibition of 2,2′-diphenyl-l-picrylhydrazyl free radical
(DPPH) was measured according to the method of Wu et al.
[37]. For so doing, 1.5ml of the sample was mixed with
1.5ml of 95% ethanol solution of DPPH (0.1mM), and the
resulting solution was kept in the dark for 30minutes. Its
absorption was then read at 517 nm using a spectropho-
tometer (UNICO 2100). Finally, the percentage of free
radical scavenging (DPPH) was calculated according to the
following equation. BHT was also measured by the same
method as follows:

Inhibition of DPPH free radicals �
sample adsorption − DPPHadsorption

adsorption
× 100DPPH adsorption. (2)

2.5.2. Measuring the Regenerative Power of Iron III

(1) Preparation of FRAP Solution (Ferric Reducing the Ac-
tivity of Plasma). Acetate bufer 0.3M (pH� 3), TPTZ re-
agent, and 20mM solution of 6-aqueous iron chloride III in
a ratio of 1 :1 :10 were mixed and stored in a dark place (this
solution should be freshly prepared because TPTZ solution
is unstable and sensitive to light [38]).

(2) Drawing a Calibration Curve of the Concentration of iron
II Against the Read Adsorption. Standard solutions of ferrous
sulfate II were prepared at concentrations of 200 to
2000micromoles per liter. 30 μl of standard solutions, 900 μl
of FRAP solution, and 90 μl of deionized water were mixed
inside the test tube, the resulting solution was placed inside
a water bath, and after reaching the temperature of 37°C, the
absorbance was read at 595 nm [38].

(3) Measuring the Regenerative Power of the Sample.
Depending on the inhibitory power of the sample, a solution
containing 100mg of sample in 10ml of methanol was
prepared, and 30 μl of it with 900 μl of FRAP solution and
90 μl of distilled water was placed and mixed in a test tube
which was placed in a water bath. It was read at 37°C by
absorbance at a wavelength of 595 nm. BHT was also
measured by the same method [38].

2.5.3. Measuring Antioxidant Capacity by ABTS Method.
ABTSmethod was used to measure free radicals based on Ak
and Gülçin [39] method. To prepare the ABTS solution,
7mmol of ABTS was poured into a dark container con-
taining 2.45mmol of potassium persulfate (K2S2O8) and
placed for 24 hours in a dark place at room temperature.
ABTS is a relatively stable green free radical that is colorless
in its nonradical form. In this method, ABTS was added to
the radical solution and after a fxed period, the remaining
ABTS was measured by spectrophotometry at 134 nm. Te

amplifcation range of ABTS solution, as the percentage of
adsorption reduction, was calculated. Ten, the inhibitory
ability of the antioxidant compound was measured using the
following equation:

ABTS inhibition% �
1 − A2

A1
  × 100, (3)

where A1�without ABTS inhibitor solution absorption and
A2� residual in the presence of ABTS adsorption inhibitor.

Ten, 50 μl of ABTS solution was added to 2950 μl of
sodium phosphate bufer, and immediately the tube was
placed in the device and its absorption was recorded at
734 nm, then 15 μl of the diluted sample was added to ABTS
solution and sodium phosphate bufer. After an immediate
mixture, it was placed in the device, and after 5minutes, its
absorption was measured and recorded by the device. BHT
was also measured by the same method.

2.6. InvestigationofAntimicrobial Efects of PeptidesExtracted
from Casein

2.6.1. Disk Difusion. Evaluation of the antimicrobial efects
of peptides extracted from casein of diferent standard
strains was prepared by Iran Scientifc and Industrial Re-
search Organization. Te antibacterial activity of casein-
derived peptides was determined according to the 1977
National Committee Clinical Laboratory Standard. For this
purpose, E. coli, S. typhimurium, B. cereus, and S. aureus
were grown for 30 hours in TSB medium at 24°C. Ten,
0.1ml of 0.5 Mac-Farland microbial suspensions (106CFU/
mL; 0.5 McFarland) of each bacterium was spread on the
surface of Müller-Hinton agar (MHA). Subsequently, 10 μl
of the peptide with diferent concentrations was obtained at
60°C and 4 hours (2mg/mL−1, 2.5mg/mL−1, 3mg/mL−1)
which was spread on the flter paper until it was completely
absorbed by it. After placing the discs on the culture me-
dium, the plates were incubated at 37°C for 24 hours. After
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incubation, the diameter of the growth inhibition zones
around each disc was measured in millimeters by a caliper.

(1) Determination of Minimum Inhibitory Concentration
(MIC). Te minimum inhibitory concentration was de-
termined using the dilution method in the well. For this
purpose, 96-well sterile microplates were used. Te stock
solution of the extracts was prepared in sterile distilled
water, and diferent concentrations of the extract (40 to
0.156mg/l) were diluted with the stock solution using the
Müller-Hinton broth culture medium. As a result, YGC
broth was prepared. Bacteria and yeast were cultured on
Nutrient agar, and YGC agar at 37°C one night before the
experiment, respectively. Ten, McFarland No. 0.5 was
used to prepare 106 CFU/ml microbial suspension. After
flling the well, the microplates were incubated overnight,
after which the turbidity was read by the ELISA reader at
630 nm [40].

(2) Determination ofMinimum Lethal Concentration (MBC).
From the wells where no turbidity was observed, 5 μl was
transferred to a solid culture medium (Müller-Hinton agar
and YGC agar) and kept overnight at an appropriate tem-
perature. Te frst concentration at which no growth was
observed was regarded as the minimal lethal concentration
(MBC) [41].

2.7. StatisticalAnalysis. Teefect of temperature and time on
the degree of hydrolysis and antioxidant properties of casein-
extracted peptides was analyzed in a factorial arrangement
(3× 3) with three replicates. Microbial experiments were
conducted using a completely randomized design with three
replications in each treatment. Te data were analyzed using
the general linear model (GLM) of SAS Institute (SAS, 2004)
were compared by Duncan’s multiple range tests (1955).
Diferences were considered signifcant at P< 0.05.

3. Results and Discussion

3.1. Te Molecular Weight Distribution of CBP. Te molec-
ular weight distribution of casein peptides was performed
using TSK gel with high-performance liquid chromatogra-
phy. Casein digestion in 4 hours resulted in the production
of high levels of low molecular weight dipeptide and tri-
peptide. Peptides extracted from casein by the enzymatic
method were in the range of 180 to 3000 daltons. Most
peptides (61.8%) were di-/tripeptides (MW 230–900Da),
followed by oligopeptides/polypeptides (31.5%) (MW 900 to
>5000Da), and free amino acids (6.7%) (MW 230Da)
(Table 1).

3.2. Determining the Degree of Hydrolysis. Te results of the
degree of hydrolysis of the trypsin enzyme used in this
study are shown in Table 2.Te results and their reciprocal
efect were signifcant at fve percent (P< 0.05). Te
fndings revealed that as time and temperature in the
hydrolysis process increased, the degree of hydrolysis
increased as well, which was then followed by a decrease.

Te lowest degree of hydrolysis was at 40°C in four hours
(18.36%) and the highest degree of hydrolysis was at 60°C
in 4 hours (28.44%).

Determining the degree of hydrolysis is one of the most
important factors in the study of the properties of hydro-
lyzed proteins, which indicates the degree of peptide bonds’
breakdown, and it is important to control its rate. Enzymatic
hydrolysis of proteins is afected by various factors including
protein structure, temperature, enzyme-to-protein ratio,
enzyme concentration, PH, and many properties of hy-
drolyzed proteins including the molecular weight of proteins
produced and the number of free amino acids. Te solubility
depends on the degree of hydrolysis as well [42]. Increased
hydrolysis with increased temperature and time can be due
to increased bioavailable enzyme efciency which is ac-
companied by a greater impact of enzyme activity at con-
stant time and hydrolysis of primary proteins. Tis results in
more chain breakage and more amino acids which ulti-
mately leads to the development of smaller peptides [43].
Another reason is that by increasing the duration of hy-
drolysis, more enzyme activity will take place. Also, peptide
bonds are available for a longer period of time and break
more.With the breaking of more peptide bonds, we will have
higher hydrolysis [44]. Te reason for its decrease may have
roots in the fact that by an increase in temperature, the
proteolytic activity of the enzyme was reduced which results
in a reduction of available peptide bonds of the enzyme [45].
Kumar et al. [46] by investigating the efect of Alcalase,
alpha-chymotrypsin, and papain on peptides extracted from
camel milk casein reported that the degree of hydrolysis
increased signifcantly with increasing the hydrolysis time.
Te hydrolysis of sodium caseinate was 20%, according to
Rao et al. [47], and stated that there was initially a rapid
increase in the hydrolysis process, which grew to 7.6% in the
frst 15minutes, following an increase to 12% in 30minutes.
It peaked in 120minutes reaching 20% and then remained
relatively stable. Ballatore and his colleagues [48] in 2020
determined the degree of hydrolysis on Whey protein using
the enzyme trypsin and found that after trypsin hydrolysis,
the highest DH (in percentage) reached was 18± 1% and the
lowest was 8± 1%. Cheison et al. [49] also reported that as
the temperature changed from 37°C to 50°C, the amount of
DH decreased from 13.71 to 11.67, respectively.

Table 1: Distribution of molecular weight of obtained casein
peptides enzymatic hydrolysis at 60°C for 4 hours.

Molecular
weight range (Da) Peptide fraction (%)

>5000 0.05± 0.02
5000–4000 0.19± 0.02
4000–3000 2.5± 0.19
3000–2000 3.12± 0.22
2000–1000 10.19± 0.1
1000–900 15.45± 0.52
900–230 61.78± 0.2
<230 6.7± 0.59
Te data is presented as mean standard deviation from the duplicate
sample’s mean values.
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3.3. Trap Diphenylpicrylhydrazyl (DPPH). Te results and
their reciprocal efect were signifcant at fve percent
(P< 0.05). Tis fnding showed that the amount of anti-
oxidant activity increased with increasing time and tem-
perature of hydrolysis to 4 hours and 60°C. Following this, its
amount at 60°C and fve hours decreased and they were
better than BHT in terms of their ability to inhibit free
radicals. DPPH free radical scavenging had also been re-
duced. However, the lowest amount of antioxidant prop-
erties was recorded at 40°C and 4 hours (P< 0.05). Table 3
shows the efect of enzymatic hydrolysis of casein using
trypsin on the production of bioactive peptides with the
ability to inhibit anionic radical DPPH.

Tis discrepancy in outcomes may be caused by the rate
at which the protein is being hydrolyzed, the higher impact
of the enzyme on the protein, and the composition of the
generated amino acid sequence, which has a signifcant
impact on the level of antioxidant activity. Further devel-
opment of the hydrolysis process reduces the ability to
inhibit free radical scavenging of DPPH due to the complete
hydrolysis of peptides and the accumulation of smaller
peptides and amino acids leading to complete release and
high availability of hydrophilic amino acids [43]. Re-
searchers found that the DPPH activity of camel milk casein
hydrolyzes increased signifcantly and then decreased
(P< 0.05) as the hydrolysis time progressed, creating
a positive relationship between hydrolysis time and DPPH
activity [50]. Numerous experiments have shown that dif-
ferent substrates can be hydrolyzed by proteases and have
antioxidant efects. Casein isolated from fungal proteases,
for example, was confrmed to have antioxidant properties
by Neto et al. [51]. Mao et al. [52] also registered increased
DPPH activity of hydrolyzed bufalo milk protein as the
hydrolysis process progressed up to 7 hours. Khantaphant
et al. [53] reported that by hydrolyzing the muscle protein of
a fsh using the enzymes favourzyme and Alcalase, in-
creasing the degree of hydrolysis also improved the activity
of the radical inhibitor DPPH, all of which are in line with
our results.

3.4. Measurement of Iron Regenerative Power III (FRAP).
Table 4 shows the simultaneous efect of two variables of
time and temperature on the FRAP strength of casein hy-
drolyzed proteins. Tis experiment showed a positive re-
lationship between the time of hydrolysis and the amount of
FRAP and increasing the time and temperature of hydrolysis
up to four hours and temperature of 60°C, FRAP levels rose
and then fell (P< 0.05). Peptides extracted from casein
performed better than BHTin terms of their ability to inhibit
free radicals.

Te FRAP method is based on the reduction of the
combination of TPTZ (F2, 4, 6- tripyridyl-s- triazine) with
iron chloride FeCl 3. 6H2O which is almost colorless and
slightly brown. After reducing antioxidants, this chemical
substance forms aqueous iron complexes [54]. When
antioxidants are present in the environment, the intensity
of the blue color in the environment is higher and by
measuring the intensity of the color, the antioxidant
capacity can be understood [55]. Studies have shown that
proteases can hydrolyze a variety of substrates and pro-
duce an antioxidant efect. Pepsin, for example, can ef-
fectively hydrolyze Whey proteins and casein from goat
milk [56]. Studies have also shown after hydrolysis by
a microbial protease isolated from Bacillus sp., caseinate
derived from sheep milk had antioxidant activities
ranging from 69.3–83.4% for DPPH and 70.8–83.3% for
iron chelation [57]. Te fndings of this study match that
of Peng et al. [58], who used the Alcalase enzyme to
hydrolyze Whey protein. Kumar et al. [46], who studied
camel milk peptides reported similar fndings. Addi-
tionally, the outcomes of a study by Zhang et al. [59] that
focused on the extraction of peptides from soybean using
the Alcalase enzyme were similar to our own.

3.5. ABTS (2,2′-Azino-Bis (3-Ethylbenzothiazoline-6-sulfonic
Acid). Table 5 shows the percentage of radical inhibition of
ABTS on casein-derived peptides. Te results showed
a signifcant increase in the antioxidant activity of GBP
peptides. In general, increasing the degree of hydrolysis also
caused an increase in the radical inhibition of ABTS
(P< 0.05) and performed better than BHT in terms of their
ability to inhibit free radicals.

Te results of various studies indicate that the antioxi-
dant activity of peptides is signifcantly dependent on the
type of enzyme, protein source, degree of hydrolysis, and
process conditions. Tese results are in line with the results
of Wang and Xiong [60] who examined the efect of the
degree of hydrolysis of potato protein on the free radical
scavenging of ABTS. Unlike the DPPH, the ABTS did not
show this tendency, which claimed to decrease as the degree
of hydrolysis rose at 60°C and 5 h. You et al. [43] conducted
a study on Tian fsh peptides which supports these fndings.
Tey attributed these fndings to the increased release of
hydrophobic amino acids and peptides. Also in 2015, Irshad
et al. evaluated the antioxidant activity of bioactive peptides
generated from bovine casein hydrolyzed with trypsin and
pepsin at various time points. Teir fndings demonstrated
that these peptides have antioxidant properties and the 1-
kDa fraction had stronger antioxidant activity than the 10-
kDa fraction [61].

Table 2: Interaction efects of temperature and time on DH (%).

T1t1 T1t2 T1t3 T2t1 T2t2 T2t3 T3t1 T3t2 T3t3
DH 18.36c± 1.01 19.45b± 1.57 20.50a± 1.66 25.31c± 1.08 25.80b± 1.29 26.38a± 1.33 28.44a± 1.06 27.67b± 1.36 26.64c± 1.57
T1: 40°C, T2: 50°C, and T3: 60°C. t1: 4 h, t2: 5 h, and t3: 6 h.Te reaction was carried at pH 8 and 40, 50, and 60°C with times 4, 5, and 6 h. Diferent letters within
each column indicate a signifcant diference between means (P< 0.05).
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3.6. Antimicrobial Activity

3.6.1. Disk Difusion. Antibacterial peptides usually consist
of 12–50 amino acids and have cationic and amphipathic
properties that have a molecular weight of 5–10 kDa. Despite
the various structures (alpha-helix and beta-sheet and an-
nular and long-chain), the presence of a positive charge in
many peptides enables them to attach to bacterial mem-
branes.Tis binding is essential for antimicrobial properties,
after which the peptides must cross the membrane barrier to
reach target sites within the cell. Due to the antibacterial
power of hydrolyzed proteins, bioactive peptides can be
more efective on the cytoplasmic membrane of bacteria.
Most peptides can exert their antimicrobial efect by creating
pores in the membrane and interfering with the passage of
food and ions. Accumulation of peptides in the cytoplasmic
membrane leads to leakage of cytoplasmic contents and
eventually bacterial death [62]. It is argued that binding to
enterotoxins and preventing bacterial cells from binding to
surfaces can also be efective in antimicrobial properties. In
addition, bioactive peptides deprive the nutrients needed for
bacterial survival and growth and thus exert their antimi-
crobial efect [63]. Te results showed that casein-derived
peptides could be efective against all bacteria except
S. aureus (Table 6). Te greatest efect of these peptides was
on éclairs with a concentration of 3mg/mL−1 (P< 0.05).
Bioactive peptides produced by enzymatic hydrolysis of
sunfower seeds by digestive enzymes against S. aureus,
Listeria monocytogenes, and B. cereus by disk difusion
method have been reported by Taha et al. [64], which re-
ported antimicrobial activity of kappa casein against E.coli
and attributed it to the high content of general hydrophobic
amino acids because antibacterial peptides can inhibit DNA
and RNA synthesis by binding to intracellular molecules
once they enter the cytoplasm [65]. Cheddar cheese peptides

were found to have antibacterial activity against three
bacteria, S. aureus, E. coli, and B. cereus, according to
Pritchard et al. [66]. In this study, peptides with an ap-
proximate size of 13 kDa had the greatest antimicrobial
efect on B. cereus and the least efect on S. aureus.

3.6.2. MIC and MBC Determination. Determination of
antimicrobial activity by determining the minimum in-
hibitory concentration (MIC) is one of the most widely used
methods and has been accepted by most researchers as
a criterion for determining antimicrobial activity [67]. Te
minimum lethal concentration of CBP on 4 pathogenic
bacteria is shown in Table 7 and is compared with several
standard antibiotics.

Te B. cereus bacteria had the lowest MIC andMBC, and
S. typhimurium had the highest, but S. aureus was not af-
fected. Tis peptide had a considerably stronger inhibitory
efect on B. cereus growth than the antibiotics vancomycin
and gentamicin, but the antibiotic ampicillin had a greater
inhibitory efect on B. cereus growth than the CBP peptide.
When compared to antibiotics such as ampicillin and
gentamicin, this peptide had a stronger inhibitory efect on
E. coli growth. In a study by Ilić et al. [68], the MIC of ADP1,
ADP2, and ADP3 peptides against E.coli were 2–4, 1, and
4 μg/ml, respectively, which was lower than the MIC of the
peptide used in our study. However, the lethality of the
ADP3 peptide on E.coli was almost equal to the lethality of
the peptide used in this study. Te efect of these peptides in
inhibiting the growth of S. aureus was much less than that of
the CBP peptide. Also, the inhibition of the ADP2 peptide on
S. typhimurium was much lower than the CBP peptide [69].
In another study, the MIC of melittin against E. coli was
16micrograms per milliliter, which was almost twice the
MIC of the CBP peptide against this bacterium. Tis means

Table 3: Interaction efects of temperature (T) and time (t) on DPPH (%).

T1t1 T1t2 T1t3 T2t1 T2t2 T2t3 T3t1 T3t2 T3t3
DPPH 52.17c± 1.61 53.77b± 1.29 54.76a± 1.36 60.62c± 1.57 63.50b± 1.29 66.76a± 1.43 76.62a± 1.12 74.59b± 1.42 72.80c± 1.0
BHT 48.76c± 1.01 51.69b± 1.11 53.27a± 1.24 57.63c± 1.32 59.88b± 1.14 63.67a± 1.23 73.53a± 1.08 71.49b± 1.37 69.54c± 1.09
T1: 40°C, T2: 50°C, and T3: 60°C. t1: 4 h, t2: 5 h, and t3: 6 h.Te reaction was carried at pH 8 and 40, 50, and 60°C with times 4, 5, and 6 h. Diferent letters within
each column indicate a signifcant diference between means (P< 0.05).

Table 4: Interaction efects of temperature (T) and time (t) on FRAP (mM Fe(II)).

T1t1 T1t2 T1t3 T2t1 T2t2 T2t3 T3t1 T3t2 T3t3
FRAP 27.33c± 1.13 32b± 1.25 34.66a± 1.12 35.33c± 1.01 37b± 1.08 40.33a± 1.06 55a± 1.12 51b± 1.20 48.33c± 1.10
BHT 21.22c± 0.98 25.57b± 1.21 29.45a± 1.1 32.48c± 1.43 34.85b± 1.32 38.45a± 1.1 52.08a± 1.18 50.63b± 0.97 43.72c± 1.19
T1: 40°C, T2: 50°C, and T3: 60°C. t1: 4 h, t2: 5 h, and t3: 6 h.Te reaction was carried at pH 8 and 40, 50, and 60°C with times 4, 5, and 6 h. Diferent letters within
each column indicate a signifcant diference between means (P< 0.05).

Table 5: Interaction efects of temperature (T) and time (t) on ABTS (%).

T1t1 T1t2 T1t3 T2t1 T2t2 T2t3 T3t1 T3t2 T3t3
ABTS 62.57c± 1.6 67.22b± 0.7 69.37a± 0.4 71.53c± 0.5 74.21b± 0.9 78.45a± 0.3 84.05a± 0.3 82.14b± 1.1 80.85c± 0.8
BHT 55.67c± 0.7 61.55b± 0.5 62.86a± 1.2 67.63c± 1.1 69.58b± 0.8 72.56a± 0.6 76.05a± 0.7 75.31b± 0.9 73.44c± 0.6
T1: 40°C, T2: 50°C, and T3: 60°C. t1: 4 h, t2: 5 h, and t3: 6 h.Te reaction was carried at pH 8 and 40, 50, and 60°C with times 4, 5, and 6 h. Diferent letters within
each column indicate a signifcant diference between means (P< 0.05).
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that the inhibitory power of the CBP peptide against
S. typhimurium was twice that of the melittin peptide. Te
reason for the lower inhibitory power of melittin peptide
against S. typhimurium is the presence of an outer membrane in
Gram-negative bacteria which limits the penetration of hy-
drophobic components into the lipopolysaccharide layer [70].

4. Conclusion

One of the most important goals of hydrolyzed protein
production is to make the best use of the protein part of food
by reducing its size to improve its digestion, absorption, and
nutritional value. Te results of this study showed that
bioactive peptides obtained from enzymatic hydrolysis of
casein, with functional, antioxidative, and microbial prop-
erties, have a high potential for production, enrichment, and
formulation of end products which results in increasing the
level of public health. Also, due to the signifcant en-
hancement in bacterial resistance to synthetic antibiotics
and according to the results of this study, hydrolyzed casein
proteins can be used as natural compounds with the ability
to inhibit the activity of pathogenic bacteria.
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[29] P. Schüpbach, J. R. Neeser, M. Golliard, M. Rouvet, and
B. Guggenheim, “Incorporation of caseinoglycomacropeptide
and caseinophosphopeptide into the salivary pellicle inhibits
adherence of mutans streptococci,” Journal of Dental Re-
search, vol. 75, no. 10, pp. 1779–1788, 1996.

[30] M. A. J. S. Van Boekel, C. N. J. M. Weerens, A. Holstra,
C. E. Scheidtweiler, and G. Alink, “Antimutagenic efects of
casein and its digestion products,” Food and Chemical Tox-
icology, vol. 31, no. 10, pp. 731–737, 1993.

[31] G. H. McIntosh, Y. H. A. Wang, and P. J. Royle, “A diet
containing chickpeas and wheat ofers less protection against
colon tumors than a casein and wheat diet in
dimethylhydrazine-treated rats,” Journal of Nutrition,
vol. 128, no. 5, pp. 804–809, 1998.

[32] Y. Kawasaki, H. Isoda, H. Shinmoto et al., “Inhibition by
κ-casein glycomacropeptide and lactoferrin of infuenza virus
hemagglutination,” Bioscience Biotechnology & Biochemistry,
vol. 57, no. 7, pp. 1214-1215, 1993.

[33] M. Moezizadeh and S. Moayedi, “Anticariogenic efect of
amorphous calcium phosphate stabilized by casein phos-
phopeptid: a review article Research,” Journal of Biological
Sciences, vol. 4, no. 1, pp. 132–136, 2009.

[34] L. Chen, J. Chen, J. Ren, and M. Zhao, “Modifcations of soy
protein isolates using combined extrusion pre-treatment and
controlled enzymatic hydrolysis for improved emulsifying
properties,” Food Hydrocolloids, vol. 25, no. 5, pp. 887–897,
2011.

[35] A. G. Gornall, C. J. Bardawill, and M. M. David, “De-
termination of serum proteins by meansof thebiuret re-
action,” Journal of Biological Chemistry, vol. 177, no. 2,
pp. 751–766, 1949.

[36] B. Vazgecer, H. Ulu, and A. Oztan, “Microbiological and
chemical qualities of chicken dönerkebab retailed on the
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[63] J. Téolier, I. Fliss, J. Jean, and R. Hammami, “Antimicrobial
peptides of dairy proteins: from fundamental to applications,”
Food Reviews International, vol. 30, no. 2, pp. 134–154, 2014.

[64] F. S. Taha, S. S. Mohamed, S. M. Wagdy, and G. F. Mohamed,
“Antioxidant and antimicrobialactivities of enzymatic hy-
drolysis products from sunfower protein isolate,” World
Applied ScienceJournal, vol. 21, pp. 5–651, 2013.

[65] X. Cheng, X. Tang, Q. Wang, and X. Y. Mao, “Antibacterial
efect and hydrophobicity of yak κ-casein hydrolysate and its
fractions,” International Dairy Journal, vol. 31, no. 2,
pp. 111–116, 2013.

[66] S. R. Pritchard, M. Phillips, and K. Kailasapathy, “Identif-
cation of bioactive peptides in commercial Cheddar cheese,”
Food Research International, vol. 43, no. 5, pp. 1545–1548,
2010.

[67] R. J. W. Lambert, “Susceptibility testing: inoculum size de-
pendency of inhibition using the Colworth MIC technique,”
Journal of Applied Microbiology, vol. 89, no. 2, pp. 275–279,
2000.
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