Applied Food Research 5 (2025) 100993

Contents lists available at ScienceDirect

Applied Food Research

e 4

ELSEVIER

journal homepage: www.elsevier.com/locate/afres

Check for

The physicochemical and antioxidant activity of Realfood’ hydrolysed bird ="
nest (RHBN)

Muhamad Nur Ghoyatul Amin®", Gatot Soegiarto "®, Laksmi Wulandari ©

@ Department of Marine, Faculty of Fisheries and Marine, Universitas Airlangga, Campus C Mulyorejo, Surabaya, East Java 60115, Indonesia
Y Department of Internal Medicine, Faculty of Medicine, Universitas Airlangga, Campus A, East Java 60132, Indonesia
¢ Department of Pulmonology and Respiratory Medicine, Universitas Airlangga, Campus A, East Java 60132, Indonesia

ARTICLE INFO ABSTRACT

Keywords: Edible bird’s nest (EBN) is a high-value natural product secreted by swiftlets, predominantly harvested in

EBN Southeast Asia and China, where these birds are widely distributed. . Edible bird nest contains a high amount of

Emtem . protein, some of which are sialylated. The protein content and sialic acid contents are reliant on the species of the

Ar():eor,glc ¢ swiftlet Due to the composition of the edible bird nest, this natural product is widely utilized as functional food
ntioxidant . . . . . . .

DPPH and nutraceuticals. Our present study aims to characterize the edible bird nest obtained from Indonesia as well as

characterize the value-added product Realfood’ hydrolysed bird nest (RHBN). RHBN was produced using the
proprietary process implementing the highly pressurised heating. This study reveals that RHBN was produced
from authentic edible bird nest. The authenticity was proven using a compositional analysis and proteomic study
showing the used EBN has protein as major compound and considerable amount of sialic acid. Also, the typical
protein of EBN was found in the present study. The processing of RHBN fragmented the protein to a lower molar
weight compared to its native source and the EBN dispersed in water exhibited particles with nano size. The
freeze-dried RHBN was shown to possess antioxidant activity in vitro (DPPH inhibition), with an IC50 of 8.3 mg.
Hence, we suggest that RHBN is a potential functional food from edible bird nest. Future studies on the inves-
tigation of specific bioactive peptides are suggested. Also, the in vivo study verifying the functionality of RHBN is

highly suggested.

1. Introduction

Indonesia is one of significant agrarian countries in the world. In-
donesians are motivated by meaningful words “gemah ripah loh jinawi”,
which means “huge country, huge nations, and palmy” in English. The
phrase represents that Indonesian is rich in natural resources existing in
their land such as meat products, dairy products, staple crops, herbs, and
aromatic plants. Also, their sea covering a more than 75 % of the country
provides valuable marine commodities such as fish, algae, corals, and
mollusc. These natural resources significantly provide essential nutri-
ents such as macro and micronutrients playing significant role in
combating extreme hunger and poverty, which is the first SDG’s target.

Edible bird nest (EBN) has been earliest investigated in 1921 (Wu
et al., 2010). It is a natural product derived from saliva of swiftlet is one
of very valuable Indonesian animal products playing role in ensuring the
sustainable nutrients for human’s health. This natural product pre-
dominantly contains proteins with over 60 % w/v, followed by sialic

* Corresponding author.
E-mail address: m-nurghoyatulamin@fpk.unair.ac.id (M.N.G. Amin).

https://doi.org/10.1016/j.afres.2025.100993

acids (approx.10 % w/v) (Dai et al., 2021). Although there are many
protein sources such as meat, fish, egg and dairy products, EBN is su-
perior to those products because EBN has been widely used as functional
material for treating many diseases (Chu et al., 2023; Mun et al., 2024;
Murugan et al., 2020). The scientific article on bio-activity of EBN
mostly focus on sialic acid, while proteins are neglected (Yuan et al.,
2023). Later, bioactive oligopeptide (Ghassem et al., 2017; Kong et al.,
20165 Lee et al., 2024) and several functional metabolic proteins are
elucidated such as chitinase, mucin glycoprotein, and lysyl oxidase
(Yuan et al., 2023). Recently, a study showed that processed EBN by
enzymatic hydrolysis generated peptide bearing sialic acid in the ter-
minal of oligopeptide (Mun et al., 2024), which are antioxidant agent.
Edible bird nest is traditionally consumed as cooked EBN in soup, pre-
pared by boiling EBN in water resulting swollen EBN with a chewy
texture (Lee et al., 2021). This way empirically used for treating influ-
enza and fever in the traditional Chinese medicine (TCM).

Indonesia is one of significant producers of EBN in the world, beside

Received 30 November 2024; Received in revised form 9 April 2025; Accepted 22 May 2025

Available online 23 May 2025

2772-5022/© 2025 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-

nc/4.0/).


https://orcid.org/0000-0002-9197-3873
https://orcid.org/0000-0002-9197-3873
https://orcid.org/0000-0002-5000-0151
https://orcid.org/0000-0002-5000-0151
mailto:m-nurghoyatulamin@fpk.unair.ac.id
www.sciencedirect.com/science/journal/27725022
https://www.elsevier.com/locate/afres
https://doi.org/10.1016/j.afres.2025.100993
https://doi.org/10.1016/j.afres.2025.100993
http://crossmark.crossref.org/dialog/?doi=10.1016/j.afres.2025.100993&domain=pdf
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

M.N.G. Amin et al.

Malaysia, Philippines, Vietnam, Myanmar, Thailand, Cambodia and
China (Dai et al., 2021). Based on the statistical data, Indonesia exports
1355 tonnes of raw edible bird nest or equal to USD. 633,246, where
Hong Kong and Singapore are the most country importing Indonesian
EBN. Meanwhile, Indonesia must adhere to the Indonesian Research
Plan 2017-2045 with prioritized area for 2020-2024 encouraging
Indonesian people to reduce the export of raw material but increase the
value-added products to improve the Indonesian gross domestic product
contributed by research-based value-added products.

Since protein is the most bioactive compound, EBN is then consid-
ered as a complex bioactive natural product. It presents in a wide di-
versity and reliant on the origin and the habitat of the bird (Huda et al.,
2008). Later, the EBN pretreatment following cleaning and pre-heating
in yielding clean EBN, which is ready to use could also contribute to the
characteristic diversity of the EBN. PT. Realfood Winta Asia, one of
leading company dealing with EBN pretreatment and production of
value-added products develop Realfood hydrolysed bird nest (RHBN)
through a physical treatment. The product has been abundantly donated
to combat the COVID-19 infection in Indonesia several years ago
(Burhanuddin et al., 2022). Considering the functionality of their
value-added products and the complexity of EBN, the present study aims
to deeply characterize the Realfood’ hydrolyse bird nest and validate it
based on the previous studies.

2. Material and methods
2.1. Material

Clean white EBN-ID-1 was obtained by PT. Realfood Winta Asia,
Bojonegoro, East Java, Indonesia (Fig. 1). EBN was pre-treated using our
proprietary process. Realfood’ hydrolysed bird nest (RHBN) was
dispersed in water cooked through physical process implementing a
blended of heating, high-pressure processing and homogenization. The
process is our proprietary. Later the RHBN sample was freeze-dried prior
to further analyses. All reagents used for chemical analyses were
analytical grade.

2.2. Methods
2.2.1. Measurements

2.2.1.1. Compositional analysis. Total protein was analysed based on
SNI 01-2354-4-2006. Fat was analysed following SNI 2354-3-2017,
while carbohydrate was analysed using SNI 01-2891-1992. The mois-
ture content and total ash content were analysed using a gravimetric
method. Determination of sialic acid in EBN was based on a method of
SN/T 3644-2013 (industry standard of the people’s republic of China),
where the sialic acid was released from glycoprotein using acetic acid.
The sialic acid was captured by acidic ninhydrin resulted a yellow
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colour. The sialic acid was detected and quantified using spectropho-
tometer and confirmed using LC-MS (liquid chromatography-mass
spectrometry).

2.2.1.2. Profiling of volatile compounds using GC-MS. The flavour com-
ponents in algae samples were analysed using a headspace solid-phase
micro-extraction gas chromatography-mass spectrometry system (HS-
SPME-GC-MS) (GC 7890A; MS 5975C, Agilent Technologies, Santa
Clara, CA), following the method of Laohakunjit et al. (2014). The clean
EBN (EBNID-1) was placed in a 22 ml vial and heated to 60 °C for 10 min
in a GC-MS heating block for headspace analysis. Volatile compounds
were absorbed onto an SPME fiber (50/30 pm DVB/Carboxen™/PDMS
StableFlex™; Supelco, Bellefonte, PA) for 20 min. Once equilibrium was
reached, the SPME fibre was desorbed into the injector at 250 °C for 20
min, operating in splitless mode. Helium was used as the carrier gas at a
constant flow rate of 1.0 ml/min. Volatile compounds were separated
using a DB-WAX capillary column (30 m x 250 pm x 0.25 pm; J&W
Scientific Inc., Folsom, CA). The oven temperature program starts at 55
°C, ramped to 180 °C at 5 °C/min, then to 200 °C at 8 °C/min, and held
at 200 °C for 10 min. The compound identification was carried out using
mass spectra with a scan range of m/z 29-550 at 230 °C. Mass spectra
were recorded via electron impact ionization at 70 eV. The total ion
count (TIC) was used for data identification and quantification, and the
results were compared to the GC-MS library (NIST-14). Identified fla-
vours were further described using published references.

2.2.1.3. Particle size analysis (PSA). The freeze-dried RHBN (100 mg)
was dispersed in deionized water (25 mL) followed by sonication at
room temperature for 10 min. The dispersion was then loaded into a
cuvette and analysed using Particle Size Analyzer and Zeta Potential
instrument Malvern Zetasizer Pro (ZSU 3200).

2.2.2. Proteomic study of EBN

2.2.2.1. Protein isolation. Clean EBN (EBN-ID-1) and its freeze-dried
RHBN were pulverized using liquid nitrogen (LN») and then dispersed
in urea 0.2 M followed by addition of protease inhibitor cocktail
(mammalian cell extract, Sigma, USA). The dispersion was then incu-
bated for 3 h at room temperature. The solution was then homogenized
using a bead beater followed by centrifugation at 10,000 rcf for 5 min.
The supernatant was then collected and then stored at —80 °C for further
analyses.

2.2.2.2. Protein profiling of EBN proteins by SDS-PAGE. EBN-ID-1 (raw
and RHBN) protein isolate was separated using SDS-PAGE using Bis-Tris
SDS-PAGE gel with MOPS as a running buffer. The protein markers used
was in the range of 6.0-240 kDa. Protein bands were visualized using
Coomassie brilliant blue R-250 (CBB) staining. The gel was documented
using Vii- F Fluorescence (Pop Bio Imaging).

Fig. 1. Left (clean white EBN-ID-1), right (Realfood’ hydrolysed bird nest, RHBN).
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The band (~50 kDa) was cut and then soaked in pure water (50 uL)
for 30 min. The gel was then transferred to Eppendorf tube. Decolorizing
solution containing 50 mM NH4HCOj3: acetonitrile (ACN), 1:1 v/v (1
mL) was poured into the tube, and then vortexed for 10 s to decolorize
the gel. This process can be repeated three times. An extra acetonitrile
(500 pL) was added into the gel to dehydrate the gel to whiten, and then
the gel was air-dried. The protein was then reduced by soaking the
picked protein with 10 mM dithiothreitol (DTT) in 25 mM NH4HCO3
until fully covered, reacted at 56 °C for 1 h. The reaction was cooled to
room temperature, the DTT was removed and then 55 mM iodoaceta-
mide (IAM) in 25 mM NH4HCO3 was added reacted at room temperature
in a dark environment for 45 min. IAM was removed and then the gel
was washed twice with decolorizing agent mentioned above, followed
by pure water. Later, ACN (500 uL) was added and then vortexed. ACN
was removed, and the gel was air dried in 10 min at room temperature.

2.2.2.3. Protein analysis using UHPLC-MS. The protein isolated was
then hydrolysed to oligopeptides for structural elucidation. The protease
enzyme 0.01 pg/pL in 25 mM NH4HCO3 was poured onto the gel until
fully covered. The reaction was cooled down on the iced bath. Later, the
buffer was poured onto the gel and then incubated at 37 °C overnight.
An excess 50 % ACN was added and then vortexed for 5 min, centrifuged
at 5000 g for 1 min. The supernatant was transferred to a new centrifuge
tube, and then excess 100 % ACN was added, vortexed for 5 min. The
supernatant was again transferred to a new centrifuge tube, and then
centrifuged at 25,000 g for 5 min. The supernatant was decanted and
then freeze-dried.

The dried peptide samples were reconstituted with mobile phase A (2
% ACN, 0.1 % FA), centrifuged at 20,000 g for 10 min, and the super-
natant was taken for injection. Separation was performed by Thermo
UltiMate 3000 UHPLC. The sample was first enriched in trap column and
desalted, and then entered a self-packed C18 column (75 pm internal
diameter, 3 pm column size, 25 cm column length) and separated at a
flow rate of 300nL/min by the following effective gradient: 0-5 min, 5 %
mobile phase B (98 % ACN, 0.1 % FA); 5~45 min, mobile phase B lin-
early increased from 5 % to 25 %; 45-50 min, mobile phase B increased
from 25 % to 35 %; 50-52 min, mobile phase B rose from 35 % to 80 %;
52-54 min, 80 % mobile phase B; 54-60 min, 5 % mobile phase B. The
nanolitre liquid phase separation end was directly connected to the mass
spectrometer.

The peptides separated by liquid chromatography were ionized using
a nano-ESI source and analysed by a Q-Exactive HF X tandem mass
spectrometer (Thermo Fisher Scientific, San Jose, CA) in Data Depen-
dent Acquisition (DDA) mode. Key parameters were configured as fol-
lows: ion source voltage was set to 1.9 kV, MS1 scan range was
350-1500 m/z, and resolution was set to 60,000. For MS2, the starting
m/z was fixed at 100, with a resolution of 15,000. MS2 fragmentation
conditions included selecting ions with charges of 2+ to 6+, focusing on
the top 30 parent ions with a peak intensity greater than 10,000. The ion
fragmentation was performed using HCD, and fragment ions were
detected in the Orbitrap. The dynamic exclusion time was set to 30 s,
and AGC targets were set to 3E6 for MS1 and 1E5 for MS2.

2.2.2.4. Bioinformatics pipeline of EBN. The protein identification uses
experimental MS/MS data and aligns them with theoretical MS/MS data
from database to obtain results. The database of Apodiformes (order),
9AVES (Taxon ID: 8892) obtained from RSCB Protein Data Bank (PDB)
was used. The MS data were identified using a Mascot Search and
filtered at the spectral level with PSM-level FDR <1 %. The configura-
tion of the parameter is listed (Table 1). Later the iBAQ value was
determined to calculate the protein abundance.

2.2.3. Determination of antioxidant activity
Freeze dried RHBN (500 mg) was suspended in ethanol 10 mL, ho-
mogenized and then filtered. The filtrate was then collected. Filtrate
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Table 1
Configuration parameter for protein identification using MS spectra.
Item Value
Enzyme Trypsin
Peptide Mass Tolerance 20 ppm
Fragment Mass 20 ppm
Tolerance
Allowed missed 2
cleavage
Minimal peptide length 7
PSM-level FDR 0.01
Protein-level FDR 0.01

Fixed modifications
Variable modifications

Carbamidomethyl (C)
Oxidation (M), Gln->pyro-Glu (N-term Q), Deamidated
(NQ)

(0.05 mL-0.25 mL) was added into a test tube with ethanol (1 mL). The
compound of 2,2-diphenyl-1-picrylhydrazyl, DPPH 40 ppm in ethanol (3
mL) was added. The reaction was carried out at room temperature under
a dark condition for 30 min. The reaction was then measured using a
UV-VIS spectrophotometry with a wavelength of 517 nm. The control
consisted of ethanol (1 mL) and DPPH 40 ppm (3 mL). The antioxidant
test for RHBN was conducted in duplicate. Subsequently, vitamin C was
tested as the standard in this study, following a similar method used for
RHBN. The reaction was performed in triplicate. A calibration curve,
developed using linear regression, is shown in Figs. 1S and 2S, which
were used to determine the ICso values for RHBN and vitamin C,
respectively.

2.2.4. Data visualization
The data obtained were visualized using OriginLab 24 (OriginLab,
Northampton, MA).

3. Result and discussion
3.1. Characteristics of raw edible bird nest

3.1.1. Compositional analysis of EBN

According to Table 2, EBN ID-1 studied has protein as the most
compound, followed by carbohydrate, sialic acid and fat. The present
study demonstrated that, ash content, protein, carbohydrate, sialic acid,
and fat content was respectively 3.48, 65.69, 17.77, 12.71, and 0.35, %
w/w respectively.

According to our literature search, most studies revealed that protein
was the most macromolecules found in EBN with a proportion of 58.60-
62.79 %, w/w in dry EBN, while fat was the least abundant macro-
molecules found with a proportion of 0.02-0.018 %, w/w. However, a
study showed that carbohydrate was the most macromolecules from
EBN of Malaysian Aerodramus fuciphagus living in Seberang Perai Cen-
tral or equivalent to protein content found in EBN yielded by swiftlet
from South West Malaysia (Huda et al., 2008). The diversity of the
composition of EBN is dependent on several factors such as the swiftlet

Table 2

The composition of edible bird nest in the present study compared to previously
published references (the water content was neglected and then re-normalized
to 100 % w/w).

Sample Protein Carbohydrate Fat Sialic acid Ash

(%) (%) (%) (%) (%)
EBN-ID-1 65.69 17.77 0.35 12.71 3.48
EBN-ID-2 66.65 15.87 0.35 13.70 3.44
AF- 58.60 23.29 0.14 12.07 5.90

HOUSE*

AF-CAVE* 62.79 20.80 0.05 7.66 8.70
AF* 60.17 21.54 0.02 11.94 6.33
AM* 61.52 22.32 0.18 6.71 9.27

" Quek et al. (2018).
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species, the cultivation method, the region of living as well as the period
of production. Within the compounds existing in the EBN, protein, fat
and carbohydrate are slightly different in abundance within the EBN
samples. Meanwhile, the sialic acid content can be significantly different
within the EBN samples (Fig. 1). For instance, sialic acid found in a
higher amount in swiftlet Aerodramus fuciphagus (11.94 %, w/w) EBN
than from Aerodramus maximus (6.71% w/w). Later EBN from swiftlet
cultivated in the house was much higher than the swiftlet living in the
cave. The EBN in the present study had characteristics, which were
relatively equivalent to AF-House (Malaysian house Aerodramus fuci-
phagus) and AF-MY (Malaysian Aerodramus fuciphagus). According to
Table 2, sialic acid is a clear marker differentiating the edible bird nest
products.

3.2. Aromatic compound profile of EBN

The EBN-ID-1 in the present study is odour less, although some ar-
omatic compounds have been detected in the present study as shown in
Table 3.

3.3. Proteomic study of EBN and RHBN

Considering the protein abundancy in EBN-ID-1, proteomic study
has been carried out in the present study. First, protein separation based
on molecular weight was carried out. Fig. 2 showed that all proteins
found from cleaned EBN has MW of above ~30 kDa. Protein with big
MWs such as ~240, ~140, ~115, kDa were found. Protein with MW of
~50 kDa was the most intense protein Fig. 2.

According to protein elucidation results, we found 19 proteins with
considerable iBAQ value (Table 4). Protein found are mostly functional
protein, which plays role in regulating the metabolism. First, chitinase is
a protein that degrades chitin. It also plays a role in antiviral and anti-
inflammatory activities and in protecting cells from apoptosis. Addi-
tionally, chitinase regulates the TH2 inflammatory response through IL-
13, facilitating to prevent or alleviate pulmonary diseases. It stimulates
pulmonary epithelial cells to produce chemokines and protects them
from apoptosis (Yuan et al., 2023). Second, lysyl oxidase is crucial for
normal development. It is essential for stabilizing collagen fibrils and
maintaining elastin elasticity. Lysyl oxidase maintains the structure
integrity of blood vessel walls. Furthermore, lysyl oxidase removes
acetyl and acetamido groups from STAT3, contributing to the regulation
of inflammatory responses and immune system function (Yuan et al.,
2023). St6galnac2 and St3gall are enzyme playing role in the
attachment of sialic acid group to the protein in edible bird nest. Later,
MUCSA protein /mucin 5 AC is a gel-forming protein. It also functions
as a protein that helps establish a bicarbonate gradient and works with
MUCS to form a bilayer mucus barrier, shielding epithelial cells from the
harmful effects of luminal acids. It is present in tear fluid to capture and
clear away foreign debris, offering protection against viruses and para-
sites. Additionally, it defends against certain intestinal parasites that can
invade the lungs. MSLN protein is protein playing role as a receptor of
CA125 that mediates cell adhesion (Lv & Li, 2019), CALU protein is a

Table 3
Top 10 compounds found in clean EBN.

No. Compound name Aroma identity

1. 2-Ethylhexyl salicylate slightly floral or sweet.

2. 2,5-Di-tert-butylphenol lightly medicinal or chemical-like.
3. Glycidol Slightly sharp, pungent, or irritating
4. 1-Octanol Waxy, fatty, and slightly floral

5. Silanediol, dimethyl- very faint chemical odour

6. Caprolactam ammonia-like or fishy

7. 5,5-Diethyltridecane Odourless

8. 2-Ethylhexanol sharp, somewhat oily, and pungent odour
9. 1-Butanol slightly sweet and fruity

10. Texanol slightly sweet and fruity
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Ca2+ binding protein localizing at the lumen of the endoplasmic retic-
ulum (ER) (Cho et al., 2009). Neuroserpin is secreted by neurons which
participates in the axonal growth regulation of both central and pe-
ripheral nervous system neurons, as well as in synapses development by
changing the number or strength of connections between brain cells for
learning and memory. Alpha- Galactosidases is an enzyme hydrolysing
of the terminal a-galactosyl moieties of polysaccharides (Sindhu et al.,
2021). This enzyme can also improve the rheological and gelling prop-
erties of galactomannans which are commonly used in the food industry
as thickening agent, stiffeners, emulsifiers, stabilizers, food coatings,
films and as nanocarrier delivery systems (Anisha, 2022). Keratin, type
II cytoskeletal 5 has main roles to resist chemical stresses and facilitate
the cell in maintaining a polarized cytoarchitecture (Omary et al., 2009).
Prosaposin was primarily identified as the precursor protein for four
lysosomal activator proteins known as the saposins A-D (Kishimoto
et al., 1992). Saposins were acts as sphingolipid activator proteins that
facilitate the hydrolysis of sphingolipids via lysosomal hydrolases
(Kishimoto et al., 1992). The protein of 2-phosphoxylose phospha-
tase 1 plays role in the Glycosaminoglycan biosynthesis. Gent3 medi-
ates core 2 O-glycan branching, an important step in mucin-type
biosynthesis (Schwientek et al., 2000). Does not have core 4 O-glycan or
I-branching enzyme activity. Trypsin plays role as serine protease in-
hibitor (Matsuda et al., 1983). The protein found in this present study
was also found in the previous study such as mammalian chitinase, lysyl
oxidase (Ma et al., 2019; Wang et al., 2023), mucin protein (Kong et al.,
2016; Wang et al., 2023). These proteins are found abundantly in edible
bird nest. The detected proteins, which are in accordance with previous
studies as well as the detected protein transferring sialyl group such as
Alpha-N acetylgalactosaminide alpha-2,6 sialyltransfarase and
CMP-N-acetylneuraminate-beta-galactosamide-alpha-2,
3-sialyltransferase 1 represents the authenticity of the edible bird nest
in the present study. We suggest proteomic study as a robust method
verifying the authenticity of edible bird nest.

3.4. Characteristics of RHBN

3.4.1. Physical properties of RHBN

The RHBN (Fig. 1) presents as the suspension in water. The
appearance is slightly viscous. Particles with small sizes are also visible.
The particles came from swollen EBN due to the presence of MUC5A
protein. Particles with nano size (<100 nm) were found (Fig. 3). The
average particle size of RHBN was 153 + 0.00 (mean, n:3 + SD). The
particle size of EBN in RHBN is potentially to be easily utilized in the
human gut as previous studies suggested that nanoparticles could react
more effectively compared to behave the larger particles because of their
small dimensions and high surface areas, which has raised some health
concerns (Zhou & McClements, 2022).

3.5. Profile of protein from RHBN

After processing and becoming a RHBN, the protein band was
significantly different compared to clean raw edible bird nest. Proteins
with MW of ~240 were detected, although most proteins found in raw
EBN were not found (Fig. 2). This represents that the native protein in
untreated edible bird nest size was fragmented to oligopeptide due to the
used of high pressured-heating in the preparation of RHBN. Previous
study showed that the fragmentation of protein could be carried out
using several scenarios such as chemical reaction/hydrolysis using acid
or basic, enzymatic hydrolysis, also the use of high temperature through
oxidation reaction (Pereira et al., 2023). Mun et al. (2024) demonstrated
that boiling of edible bird nest caused the fragmentation of native pro-
tein of edible bird nest to oligopeptide.

3.6. Antioxidant activity of EBN RHBN

According to the proteomic study of edible bird nest, the proteins
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Fig. 2. Profile of protein fragments of raw clean and processed edible bird nest.

Table 4
Identified Protein from raw EBN.
No. Coverage  Description Unique Peptide iBAQ Mol. Weight
Number* (Da)

1 0.4372 chitinase (Fragment) 7 5,925987901 50771.286

2 0.6568 chitinase (Fragment) 4 4,662325086 17989.306

3 0.3949 Acidic mammalian chitinase (Fragment) 9 1,901242909 39061.042

4 0.3804 CHIA chitinase (Fragment) 4 183144087.5 40816.064

5 0.3188 Lysyl oxidase homolog (Fragment) 7 139018542.4 58644.656

6 0.1884 Lysyl oxidase homolog (Fragment) 2 43412093.6 60499.288

7 0.0825 MUCS5A protein (Fragment) 8 20820003.29 123760.361

8 0.1377 MSLN protein (Fragment) 3 5,856472 18112.337

9 0.18 CALU protein (Fragment) 1 4,010375.333  11843.46

10 0.2122 Neuroserpin 3 3,987225.045 46409.297

11 0.0814 Alpha-galactosidase (Fragment) 1 2,595189.273  47832.915

12 0.2072 alpha-N-acetylgalactosaminide alpha-2,6-sialyltransferase (St6galnac2) 2 2,116282.526  38246.349
(Fragment)

13 0.0351 CMP-N-acetylneuraminate-beta-galactosamide-alpha-2,3-sialyltransferase 1 (St3gall) 1 975506.0588 39527.107
(Fragment)

14 0.086 Keratin, type II cytoskeletal 5 (Fragment) 1 683270.2353 58451.437

15 0.0256 Prosaposin (Fragment) 1 555552.8519 52102.397

16 0.0552 2-phosphoxylose phosphatase 1 (Fragment) 1 350299.5 52630.162

17 0.0391 Beta-1,3-galactosyl-O-glycosyl-glycoprotein beta-1,6-N-acetylglucosaminyltransferase 3 1 251401.0484 49272.102
(Gent3) (Fragment)

18 0.6522 chitinase (Fragment) 3 0 24596.479

19 0.0934 Trypsin (Fragment) 1 0 19272.591

* Unique peptides is available in the supplementary information (Table 1S).

found are functional protein. However, the processing used caused the
depolymerization of the proteins to their oligopeptide (< 6 kDa). Due to
the depolymerization, the protein would have different functions
compared to their native form. However, our study showed that RHBN
has ICsq of 8.4 & 0.4 mg (mean, n:2+ SD) against DPPH (2,2-diphenyl-1-
picrylhydrazyl). We also tested the antioxidant capacity of vitamin C, a
compound, which is widely used as antioxidant to investigate the po-
tential of RHBN as antioxidant agent. Vitamin C in this study showed an
ICsp of 0.014+0.00 mg, which is much lower than ICsy. The DPPH test
conducts the dissolution of sample in the ethanol as solvent prior to
reaction with DPPH, we encountered the complete dissolution of
vitamin C, while RHBN was partially dissolved. Hence, we suggested
that the ICsy of 8.4 mg of RHBN could yield fractions, which can
generate a 50 % inhibition of DPPH. Later, we suggest in vivo study to
give more comprehensive information on the antioxidant capacity of
RHBN in the real organisms.

Previous study revealed the capacity of peptide as antioxidant agent
as the functional group of peptides such as amine (-NH2), hydroxyl
(-OH), and thiol (-SH) can donate hydrogen atoms or electrons to the
DPPH radical. Previous study revealed that peptide with the composi-
tion of amino acids such as cysteine, tyrosine, tryptophan, and methi-
onine, can act as antioxidants. Meanwhile, another study showed that
peptide with negatively charged amino acids such as glutamic acid and
aspartic acid has excess electrons which can be donated to DPPH radi-
cals to be a steady diamagnetic molecule. Peptides with lower molecular
weights have been shown to exhibit higher antioxidant activity (Lee
et al., 2024; Wang et al., 2022). Several peptides with antioxidant
properties have been identified in previous studies, including
LFWSPSVYLK and GWPHLEDNYLDW reported by Lee et al. (2024), as
well as PFHPYL and LLGDP identified by Ghassem et al. (2017) (see
Table 2S to define these peptides). Moreover, studies have indicated that
edible bird’s nest (EBN) contains peptides conjugated with sialic acid
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(Bai et al., 2023; Mun et al., 2024), which plays a crucial role in
enhancing antioxidant capacity, particularly through the inhibition of
DPPH radicals. et alet alet alet alet alet al. When sialic acid is introduced
to DPPH radicals, the hydroxyl groups (-OH) in sialic acid can donate a
hydrogen atom (H+) or electron (e-) to the DPPH radical. This results in
the reduction of DPPH to its neutral, stable form (DPPH—H).

We suggest the identification of specific oligopeptide possessing
antioxidant activity of RHBN in the future. Also, study the pharmaco-
logical effects using in vivo could be a beneficial study for the
commercialization purposes of RHBN

4. Conclusion

Realfood’ hydrolysed bird nest (RHBN) was produced from authentic
edible bird nest using a highly pressurized heating in water. Peptides
were yielded during the processing shown by SDS-PAGE analysisi. The
particle size of swollen edible bird nest consisted of particles with nano
size. We suggested that RHBN could possess antioxidant activity. Hence,
RHBNwas a highly potential functional food.
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