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ABSTRACT

The IPB-D1 chicken is the outcome of crossbreeding native Indonesian chickens and can produce eggs high in
protein, which is excellent for bioactive peptide manufacturing. Egg white hydrolysates contain bioactive peptides
with antioxidant and antibacterial properties. The purpose of this work was to assess the antioxidant and antibacterial
properties of bioactive peptides produced from IPB-D1 egg white hydrolyzed with trypsin. The research procedures
included determining the Haugh unit (HU) value, protein content, degree of hydrolysis (DH), and antioxidant and
antibacterial activity. The hydrolysate inhibited DPPH by 44.82% and had an antioxidant capacity of 23.16 mg EVC
100/g. The hydrolysate had greater inhibition zones against Gram-positive and Gram-negative bacteria than the non-
hydrolyzed egg white, indicating its antibacterial action. Inhibition zone sizes ranged from 2.42 to 3.48 mm. The
findings show that enzymatic hydrolysis of IPB-D1 egg white with trypsin significantly improves its antioxidant and

antibacterial properties.
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INTRODUCTION

Eggs are known as a low-cost and conveniently
available source of animal protein for the Indonesian
population. Eggs include essential elements such as
protein, vitamins, minerals, and fat (Purwati et al.
2015). The nutritious value of eggs supports their use
in daily life, yet consumption of local chicken eggs is
primarily limited to meeting dietary needs for animal
protein. According to the Ministry of Agriculture (2022),
Indonesians consumed 87.18% of commercial chicken
eggs in 2021, while native or local chicken eggs were
consumed at only 5.58%. This demonstrates a major
opportunity for creating products from native hens as a
viable source of table eggs. Apart from meeting
nutritional requirements, eggs provide functional
benefits as a source of bioactive compounds that are
helpful to human health. Egg white is the most utilized
component of functional meals. In general, egg white
accounts for 58-60% of the weight of a whole egg
(Agustina et al. 2013) and contains approximately 11%
protein, with the primary components being ovalbumin,
ovomucoid, ovotransferrin, ovomucin, and lysozyme
(Ismoyowati 2020). Egg white's high protein content
makes it a viable raw material for the manufacture of
bioactive peptides with a wide range of actions,
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including antioxidants, antibacterials, and
antihypertensives (Liao et al. 2018).

Antioxidants and antibacterial chemicals are
significant in both the health and food industries.
Antioxidants are commonly used as supplements to
boost the immune system and lower the risk of
diseases caused by free radicals, including cancer,
diabetes, premature aging, and heart disease.
Furthermore, these two chemicals are used as food
preservatives to prevent fat oxidation and slow the
growth of bacteria that cause food deterioration (Aditia
et al. 2018). Several studies have indicated that
hydrolysate of broiler and native chicken egg whites
can be exploited as a source of bioactive peptides with
antioxidant (Dewi 2023) and antibacterial activity
(Suparmono 2019). Eggs from native Indonesian hens,
such as IPB-D1 birds, have the ability to provide protein
for the production of bioactive peptides that are
antioxidants and antibacterials. The D1 chickens are a
local chicken strain derived from a cross between
pelung, sentul, kampung, and commercial broiler
chickens, produced and legally acknowledged by the
Republic of Indonesia's Ministry of Agriculture (Habib
et al. 2020). This bird has the potential to produce
extremely productive eggs because of its 25%
contribution of commercial broiler chicken genetics
(Habiburahman et al. 2020). As a freshly produced
indigenous chicken, the use and marketing of IPB-D1
chicken products are limited. Therefore, it is necessary
to investigate the potential of IPB-D1 egg white. as a
source of bioactive peptides.

Protein hydrolysis can produce bioactive peptides;
the hydrolysis process can be aided by the presence of
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enzymes (enzymatic hydrolysis) (Agyei et al. 2016).
The enzyme selection is critical, as the effectiveness of
the resultant peptides is heavily impacted by the protein
supply and enzyme specificity (Kusumaningtyas et al.
2015). The hydrolysis process has been carried out
using a variety of proteases, one of which is trypsin,
which is particular for severing peptide bonds on the
carboxyl side of L-arginine and L-lysine residues
(Khirzin et al. 2020).Trypsin is widely used in many
industries because to its stability in NaCl
concentrations and capacity to work in harsh settings
(Rahmawati 2023). In this investigation, the trypsin
enzyme was employed to hydrolyze IPB-D1 chicken
egg white protein. The hydrolysate is projected to
exhibit strong antioxidant and antibacterial activity,
paving the way for the future use of bioactive peptides
from IPB-D1 chicken egg white as functional foods. The
purpose of this work is to assess the potential
antioxidant and antibacterial activities of bioactive
peptides obtained by hydrolyzing IPB-D1 chicken egg
white with trypsin.

METHODS

Place and Time of Research

The research was done from December 2023 to
March 2024 at the Microbiology Laboratory and
Integrated Laboratory, Division of Animal Product
Technology, Department of Animal Production and
Technology, Faculty of Animal Science, IPB University.

Tools and Materials

A spectrophotometer (Perkin Elmer, Indonesia), a
centrifuge (Z323K, Germany), centrifugal bottles with
ultrafiltration membranes (Sartorius, Germany), a
laminar air flow cabinet (Esco, Singapore), petri dishes,
and paper discs were utilized. This study's materials
included IPB-D1 chicken egg white, trypsin (EC
3.4.21.4; containing 7500 BAEE units/mg solid) (Sigma
Aldrich, China), 0.1 M Na2HPO4, NaH2POs, buffer
solution, ortho-phthaldialdehyde (OPA), 2,2-diphenyl-
1-picrylhydrazyl (DPPH) (Sigma Aldrich, Germany),
and bacterial strains Escherichia coli, Salmonella,
Bacillus cereus, and Staphylococcus aureus.

Egg Sample Preparation

The eggs used were IPB-D1 chicken eggs obtained
from Sinar Harapan Farm. The egg whites and yolks
were carefully separated aseptically. The collected egg
whites were stored in 50 mL centrifuge bottles. For
testing, egg white samples were diluted with distilled
water at a 1:10 ratio (Dewi 2023).

Haugh Unit (HU) Measurement
Weighed eggs were cracked into a clear container,
and the thick albumen height was measured using a
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caliper (Purwati et al. 2015). HU measurement was
calculated using the formula:

HU = 100log (H + 7,75 — 1,7.W%37)

where
H = height of thick egg white (mm)
W = egg weight (g)

Protein Content Analysis

Standard solutions of bovine serum albumin (BSA)
were produced at concentrations of 0, 2.5, 5, 12.5, 25,
50, 125, 250, and 500 pL. A total of 0.1 mL of standard
or sample was mixed with 0.1 mL of 2N NaOH,
homogenized, and heated to 100 °C for 10 min. Add 1
mL of Na2COs 2%, CuSO4 1%, and NaK tartrate 2% in
a ratio of 100:1:1 (v:iviv). The mixture was
homogenized and allowed to sit for 10-15 min at room
temperature. One mL of Folin Ciocalteu was added and
left for 30 min. Waterborg and Mattews (2002) used a
spectrophandmeter to detect absorbance at 550 nm.

Sample absorbance

STop X Dilution factor)

Protein content (mg/mL) = 1000

Egg White Hydrolysis

IPB-D1 egg white samples were dissolved in
hydrolysis buffer at a 1:50 (w/v) ratio and hydrolyzed
with trypsin (EC 3.4.21.4) at three different enzyme
concentrations (0, 50, and 100 units). The hydrolysis
was carried out at 37 °C in 0.1 M Na2.HPO4-NaH2PO4
buffer (pH 8). The samples were cultured for 0, 6, 12 h.
The reaction was inactivated by heating to 95 °C for 10
min before cooling to room temperature (Je et al.
2007).

Degree of Hydrolysis (DH) Measurement

To create the OPA reagent, we combined 25 mL of
100 mM sodium tetrahydroborate, 2.5 mL of 2% SDS,
40 mg of OPA (dissolved in 1 mL of methanol), and 100
uL of B-mercaptoethanol, then diluted to 50 mL with
distilled water. Afterward, 10-50 pL of protein sample
(5-100 pg) was mixed with 1 mL of OPA reagent. The
mixture was incubated for 2 min at room temperature.
To assess free amino groups, absorbance was
measured at 340 nm and a standard curve was
established with L-serine (0-4 mg/mL) (Mirzaei et al.
2016).

DH = h %x 100%
htot
where
h = number of hydrolyzed peptide bonds (meqv
serine-NH, /g protein)
htot = total peptide bonds per equivalent protein
(for egg = 7.67 meqv/g protein (Rao et al.

2020))
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Hydrolyzed Peptide Filtration

The best-hydrolyzed peptides were filtered using
Amicon Ultra-0.5 ultrafiltration membranes with a size
of < 3 kDa. The hydrolysate was centrifuged at 6000
rpm for 15 min at 4°C (Raghavan and Kristinsson
2009), with modifications to the speed and timing.

Antioxidant Activity

Vitamin C solutions were made at concentrations of
0.50, 1, 1.50, 2, and 2.50 mg/100 mL distilled water. A
total of 0.15 mL of vitamin C solution or sample was
mixed with 0.90 mL of DPPH in methanol and
incubated at 37 °C for 30 min. The absorbance was
measured at a wavelength of 517 nm. The antioxidant
potential of IPB-D1 chicken egg white hydrolysate
peptide was measured using a standard curve based
on DPPH vitamin C inhibition (%) and represented in
mg vitamin C equivalent (EVC) per 100 g IPB-D1
chicken egg white hydrolysate peptide (Pertiwi et al.
2022).

(OD standard — OD sample)

L 0
DPPH inhibition(%) OD standard %X 100%
where
OD = absorbance or optical density
capacity in AO curve 0,90
. 100 X 9,15 10
AO capacity = x 100
w
where
AO capacity = antioxidant capacity (mg

EVC/100 g)

= antioxidant capacity curve
(mg/100 mL)

W = sample weight (mL)

AO capacity curve

Antibacterial Activity

The disc diffusion method was used to investigate
antibacterial activity against both Gram-positive (B.
cereus and S. aureus) and Gram-negative bacteria (S.
typhi and E. coli). Bacteria were cultivated on Nutrient
Agar (NA) and incubated at 37°C for 24 h. Bacterial
suspensions were produced in a sterile 0.85% NaCl
solution corresponding to 0.5 McFarland (108 cfu/mL)
and diluted to 10° cfu/mL. A cotton brush was used to
disperse the bacterial suspension equally across the
MHA media (Mueller Hinton Agar). A disc of paper
soaked in sample, positive control (amoxicillin 0.01%),
and negative control (distilled water) was placed on
MHA medium and incubated at 37°C for 24 h. The
inhibitory zone was measured in mm with a caliper
(Suherman et al. 2018).

Experimental Design and Data Analysis

This study used a completely randomized design
(CRD) with a one-way pattern with two treatments, IPB-
D1 chicken egg white without hydrolysis (P0) and IPB-
D1 chicken egg white hydrolyzed with trypsin (P1),
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each with three replications. Antioxidant activity data
were evaluated using the T-test, while antibacterial
activity was analyzed descriptively.

RESULTS AND DISCUSSION

Haugh Unit and Protein Content

The Haugh unit (HU) in this study is consistent with
Habiburrahman et al. (2020), who reported a HU of
87.45 for IPB-D1 G7 eggs (Table 1). The HU is
modified by various factors, including storage
temperature, relative humidity, and storage time. High
HU values in eggs suggest higher protein content and
thicker albumen. Albumen proteins include ovalbumin,
ovotransferrin, lysozyme, and ovomucin (Herranz et al.
2024). Egg white protein is a source of bioactive
peptides that can be used as raw materials in industrial,
food processing, and medicine. As a result, high-quality
albumen is essential for both the food and health
industries (Obianwuna et al. 2022). The protein content
of IPB-D1 egg white exceeded that reported by Dewi
(2023) for kampung chicken eggs, which varied from
51.39 to 54.27 mg/mL. This distinction could be
influenced by genetics, management techniques, egg
preparation, and the method used. According to
Jabalera et al. (2022), the total protein concentration in
chicken egg white typically ranges from 85 mg/mL to
100 mg/mL. Iwashita et al. (2015) suggested that egg
white's high protein content (100 mg/mL) enhances
functional food qualities such water retention,
emulsification, foaming, and gelling.

Degree of Hydrolysis (DH)

The degree of hydrolysis (DH) of IPB-D1 egg white
increased with increasing incubation time and enzyme
concentration. The highest DH (28.29%) was obtained
after 12 h of hydrolysis with 100 units of trypsin and was
chosen for further antioxidant and antibacterial testing
(Table 2). This is congruent with the findings of Jin et
al. (2017), who found that egg white hydrolyzed with
alcalase had a DH of 23.79%, compared to 18.46% in
untreated samples. DH is affected by enzyme type,
concentration, temperature, pH, and hydrolysis time
(Restiani 2016). The increase in DH with enzyme
concentration indicates efficient hydrolysis, most likely
due to the synthesis of more peptides and soluble
amino acids as peptide bonds are severed during the
process (Baehaki et al. 2015).

These findings are higher than those reported by
Singh and Ramaswamy (2013), that the process of
hydrolyzing egg white using trypsin enzyme for 90 min
can enhance the percentage of the degree of
hydrolysis while also increasing enzyme concentration
and hydrolysis time. The percentages of DH were
2.78% without hydrolysis and 6.35% after trypsin
enzyme treatment. Increasing the hydrolysis duration
causes more peptide bonds in the substrate to break
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during the hydrolysis process. Proteolysis reactions are
critical in this process because they can disrupt peptide
bonds, resulting in more free amino acids, carboxyl
groups, and short-chain peptides with low molecular
weight (Rozali et al. 2023).

Antioxidant Activity

IPB-D1 egg white hydrolyzed with trypsin showed
considerably higher antioxidant activity and DPPH
inhibition than untreated samples (p<0.05) (Figure 1).
Lee et al. (2017) reported similar findings, where
ovotransferrin hydrolyzed with Promod 2780 and
thermolysin reduced DPPH by 47-62%, substantially
greater than untreated ovotransferrin (< 20%). DPPH
inhibition is affected by enzyme type, peptide size,
amino acid makeup, and DPPH test circumstances.
This work accords with Yuan et al. (2019): egg white
without hydrolysis has an antioxidant capacity of 14
pmol AAE/g and increases to 33 AAE/g on egg whites
that are hydrolyzed with numerous enzymes and go
through an ultrafiltration stage.

Peptides' biological activity is regulated by their
molecular weight. Low molecular weight peptides (<6
kDa) containing 2-20 amino acids outperform
polypeptides or big proteins. Low molecular weight
peptides isolated by ultrafiltration have been found to
have the strongest antioxidant activity (Yuan et al.
2020). Antioxidant activity is determined by the amino
acid content and certain sequence locations.
Hydrophilic amino acids such as arginine may reduce
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antioxidant activity (Chen et al. 2022). Bioactive
peptides' antioxidant activity is linked to the presence
of amino acids like tyrosine (Tyr), tryptophan (Trp),
methionine (Met), cysteine (Cys), and lysine (Lys).
These amino acids can reduce Fe3* ions to Fe?* and
chelate Fe?* and Cu?* ions. DPPH neutralization
mechanism involves electron donation from peptides to
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical, reducing
them to the stable form 1,1-diphenyl-2-picrylhydrazine
(DPPH-H) (Aditia et al. 2018).

Antibacterial Activity

Antibacterial activity in trypsin-hydrolyzed IPB-D1
egg white increased significantly when compared to
untreated samples and the negative control, although it
remained lower than in the positive control. This was
confirmed by the inhibition zone diameters against both
Gram-positive and Gram-negative bacteria (Table 3).
Hydrolysis can increase peptides' potential to break
bacterial cell walls and membranes. Enzymatic
hydrolysis can produce bioactive peptides with
hydrophobic residues like Pro (P), Lys (K), or Arg (R),
which function as antimicrobial agents (Mohammadi et
al. 2020). These results are comparable with those of
Mohammadi et al. (2020), who found that hydrolyzed
egg white inhibited B. cereus (14 mm), S. aureus (33
mm), S. typhi (21 mm), and E. coli (13 mm) more
effectively than untreated samples. The positive control
(amoxicillin 0.01%), a broad-spectrum antibacterial
penicillin derivative, has the biggest inhibition zones

Table 1 Haugh unit values and protein content of IPB-D1 chicken egg whites

Parameter Value
Haugh unit 74.12+11.10
Protein content (mg/mL) 103.43+1.76

Table 2 Degree of hydrolysis of IPB-D1 chicken egg white

Trypsin enzyme concentration (unit)

Degree of hydrolysis (%)

Incubation time (h)

0 6 12
0 14.00+1.77 16.09+2.11 17.04+1.69
50 14.49+3.30 16.20+4.17 18.67+0.98
100 18.14+0.75 22.334+6.38 28.2948.82
60,00
4482 +181a = 30007 23,16 £0,97a
4500 - % 25,00 |
°§ 2002+4280 / E; 20,00 { 14,684 2,300
2 E
%30,00 v {—:i‘ 1500 |
& 15,00 E 10,00 1
é 5,00
0,00
PO P1 0,00

Treatment

@)

PO
Treatment

(b)

Figure 1 Antioxidant activity of IPB-D1 chicken egg white. (a) DPPH inhibition, (b) Antioxidant capacity. Numbers followed by
different letters indicate significantly different T-test results (p<0,05). PO: IPB-D1 chicken egg white without hydrolysis,
P1: IPB-D1 chicken eaa white resultina from hvdrolvsis with trvnsin enzvme.
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Table 3 Antibacterial activity of IPB-D1 chicken egg white against test bacteria

Inhibition zone diameter (mm)

Treatment Gram positive Gram negative
B. cereus S. aureus B. cereus E. coli
Control (+) 8.23+0.71 6.10+2.20 7.31+1.10 6.04+1.10
Control (-) 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
PO 1.53+0.28 1.69+0.37 1.90+0.40 0.93+0.07
P1 3.48+0.68 2.90+0.24 3.42+0.50 2.42+0.40

Remarks: Control (+): amoxicillin 0.01%, Control (-): distilled water, PO: IPB-D1 chicken egg white without hydrolysis, P1: IPB-
D1 chicken egg white resulting from hydrolysis using trypsin enzyme.

due to its ability to block bacterial cell wall formation.
Because of the lack of antibacterial peptides, the
negative control (distiled water) demonstrated no
antibacterial effect (Azizah and Artanti 2019). Factors
influencing inhibition zone dimensions include
molecule size, diffusion rate, bacterial growth rate,
incubation conditions, and antibacterial chemical
concentration (Anjani et al. 2024).

Bioactive peptides in egg white lyse cell walls and
chelate iron (Fe) from bacteria (Oles et al. 2016). Iron
is required by bacteria to decrease ribonucleotide
precursors in the DNA synthesis process, which is
critical for bacterial growth and reproduction
(Fikayuniar et al. 2022). Egg white is high in positively
charged (cationic) amino acids such as Lys, His, and
Arg (Carrillo et al. 2018). The presence of arginine in
the peptide sequence is critical for antibacterial activity
because it enhances the contact between the peptide
and the bacterial cell membrane. This occurs because
the outer surface of the bacterial cell wall is made up of
negatively charged phospholipids, allowing for
electrostatic interactions with positively charged
peptides (Tamam et al. 2018). Antimicrobial peptide
mechanisms rely on amino acid composition,
amphipathicity, hydrophobicity, and cationic charge to
allow membrane binding via barrel-stave, carpet, or
toroidal-pore mechanisms (Mohammadi et al. 2020).

CONCLUSIONS

The results of this study show that enzymatic
hydrolysis of IPB-D1 chicken egg white with trypsin
greatly improves its antioxidant and antibacterial
properties when compared to untreated egg white.
Further research into peptide fractionation and
characterization, as well as amino acid composition
analysis, is required to better understand the
mechanism of action and expand the potential
applications of these peptides in the health and
functional food industries.
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