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Abstract: Researchers are increasingly focusing on green synthesis methods for silver nanoparticles due to their
cost-effectiveness and reduced environmental impact. In this study, we utilized an edible bird's nest (EBN), a
valuable economic resource, as the primary material for synthesizing silver nanoparticles using only water as
the solvent. Metabolite profiling of the EBN extract was conducted using LC-QTOF-MS in positive mode (ESI+),
revealing the presence of lipids, glycosides, peptides, polysaccharides, and disaccharides. Upon the addition
of silver nitrate to the aqueous EBN extract, noticeable color changes from transparent to brown indicated the
successful formation of AgNPs. Subsequent characterization of these silver nanoparticles involved UV-Visible
spectroscopy, which revealed an absorption peak at 421 nm. Further characterization was carried out using
Field Effect Scanning Electron Microscopy (FESEM), Attenuated Total Reflectance-Fourier Infrared (ATR-FTIR)
spectroscopy, and Energy Dispersive X-Ray (EDX) analysis. The involvement of phenolic agents, proteins, and
amino acids in reducing the silver particles was confirmed. The synthesized nanoparticles exhibited a
crystalline nature, a spherical shape, and a particle size ranging from 10 to 20 nm. The presence of elemental
silver was confirmed by a strong, intense peak around 3 keV in the EDX spectrum. To assess their potential,
the antibacterial properties of the silver nanoparticles against Escherichia coli and Staphylococcus aureus were
evaluated using the agar diffusion method.
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1. Introduction

The concept of green synthesis has garnered significant attention among nanotechnology
researchers. Typically, the synthesis of nanoparticles, such as silver (Ag), gold (Au), and platinum
(Pt), involves chemical and physical approaches [1-3]. However, the biological method has emerged
as a more economically viable, eco-friendly, and non-toxic alternative for nanoparticle synthesis.
Various biological entities, including microorganisms, algae, bacteria, viruses, and plants, have been
explored for their potential in green biological nanoparticle synthesis [4-6]. Among these biological
sources, food-plants’ origin have gained prominence due to their ability to produce a wide range of
phytochemicals that are non-pathogenic and facilitate a faster synthesis process compared to
microorganisms. Consequently, plants are considered highly advantageous for nanoparticle
production. Extensive research has been conducted on synthesizing a diverse spectrum of
nanoparticles using various plant species. The stabilization and production of silver nanoparticles,
for instance, have been found to rely on the presence of phenolic chemicals, flavonoids, alkaloids,
proteins, and reducing sugars found within plants. These compounds serve as crucial reduction and
capping agents, contributing to the efficient synthesis of silver nanoparticles [7]. This green approach
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to nanoparticle synthesis holds promise for both its environmental benefits and its potential for a
wide array of applications.

Aerodramus fuciphagus, commonly known as the “white-nest swiftlet”, was created by a small
bird belonging to the swift family. It is typically found in Southeast Asia, primarily inhabiting regions
in Southeast Asia and South China. These birds construct nests primarily using their saliva, which
solidifies to form edible bird nests (EBN). EBN is categorized into two types, namely Aerodramus
fuciphagus (white-nest) and Aerodramus maximus (black-nest). These nests contain various nutritional
components, including amino acids, essential trace elements, proteins, carbohydrates, and heavy
metals [8]. A previous study compared the nutritional value of white-nest swiftlets from Pahang and
Terengganu, from Malaysia, highlighting the significance of calcium, sodium glycoprotein,
carbohydrates, and potassium in EBN [9,10].

Traditionally, EBN has been a part of Chinese cuisine and is often prepared as a soup by double
boiling, typically sweetened with rock sugar. Chinese people consume EBN for its numerous health
benefits, such as promoting the growth of new skin cells and maintaining smooth skin. EBN is also
known for its antiviral and antimicrobial properties against viruses and bacteria, with sialic acid
being a key component contributing to its antiviral effects. Experimental studies in mice have shown
that maternal administration of EBN during the pregnancy and lactation periods can improve the
spatial learning performances in the offspring [11]. Moreover, there is evidence indicating that EBN
extract consumption can increase bone mass and slow the skin aging in postmenopausal women [12].
Research conducted by Khalid et al. suggests that to enhance the cell repair from damage through
higher cell proliferation rate and proper functioning maintenance in the wound healing of corneal
tissues [13].

To the best of our knowledge, there have been no prior studies investigating the intercorrelation
between silver nanoparticles and bioactive compounds of edible bird nests. Given the increasing
potential of EBN extracts to serve as effective reducing and capping agents for nanoparticles, we
introduce a novel biological extract for the synthesis of stable silver nanoparticles (AgNPs) operating
via consumption of EBN product. In this method, we successfully synthesized nanoparticles without
the need for a stabilizing agent, employing amount of silver nitrate (AgNOs) while adjusting the EBN
concentration accordingly. The characterization of the produced silver nanoparticles was conducted
through UV-Visible spectrophotometry, FTIR, FESEM, and EDX analysis.

2. Materials and Methods

2.1.Equipment and Chemicals

The AgNPs were characterised using a UV-Visible spectrophotometer (Thermo Scientific
GENESYS 10S UV-Visible spectrophotometer), Fourier transforms Infrared Spectroscopy (FTIR,
PerkinElmer, USA), Fourier scanning electron microscope (FESEM, JSM-7800F) equipped with
energy dispersive X-ray diffraction (EDX) analyser. Silver nitrate solution (0.05 M AgNO:s) in
deionised distilled water purchased from (Sigma-Aldrich, Saint Louis, MO, United States).

2.2. Preparation of EBN Extract and Stock Solution

The edible bird nests (EBN) in a chips form were bought from Prosper Food & Beverages Sdn.
Bhd. in Kuala Lumpur in their raw, cleaned form. Edible bird nests were weighed for 6 % (w/v in 100
mL deionised water) by heated and stirred at 90 °C for 1 hour until clear solutions formed. After the
solution was fully cooled, EBN solution were filtered by filter paper Whatman™. The extract was
kept at 4 °C until it was needed.

2.3. Biosynthesis of Silver Nanoparticles

The solid crystalline AgNOs was prepared at 0.05 M solution concentration. An amount of 10
mL EBN extract was prepared at room temperature, thereafter, mixed with 800 ul of 0.05M AgNO:s
aqueous solution. The mixed solution was kept stirred for 15 minutes and the colour transformation
was observed and recorded.
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2.4. Characterization of EBN-AgNP Nanoparticles

The observation of colour changes was made with a UV-Visible spectrophotometer (Shimadzu
UV-1800) in a spatial range of 200-800 nm to determine the presence of AgNP. The absorbance
reading was taken on a fully completed reduction of AgNOs, - colour changed from colourless to
dark brown after 15 minutes.

The FTIR (Perkin Elmer Spectrum 100) characterisation was used to determine the functional
groups in white-nest swiftlets (Aerodramus fuciphagus) responsible for reducing and capping
AgNP. The prepared sample was placed on an ATR sample cell and run in the wavelength range of
4000-650 cm1.

Particle size and morphological structures of AgNP were measured using the FESEM (JSM-
7800F). A film of nanoparticle sample was made by dropping it on carbon-coated copper grids and
was allowed to dry in the chamber for 2 hours. The morphology images of AgNP were produced at
1.3 nm resolution in the high vacuum of 30 kV. Element identification in silver nanoparticles was
identified using EDX analysis attached to the FESEM analyser. The same sample on FESEM has been
used in EDX.

Chromatographic analyses were carried out by LC-QTOF mass spectrophotometer (Vion IMS
LC-QTOF-MS) in positive ion mode to screen non-volatile compounds in EBN extract. A 5-minute
linear gradient at flow rates of 0.6mL/min between solvent A (water + 0.1 % Formic acid) and solvent
B (Acetonitrile) was used. The mass spectra were recorded between the range of m/z (50-100). High-
purity nitrogen was used for cone gas (50 L/h), desolvation gas (800 L/h) and a capillary voltage of
2.50 kV. The source temperature was 120 oC and the desolvation temperature was 550 °C.

2.5. Antibacterial Activity of AGQNPs

Biosynthesized antimicrobial activity of EBN-AgNP nanofibers was tested against bacteria
gram-positive: Staphylococcus aureus (S. aureus) and gram-negative: Escherichia coli (E.coli) using
agar diffusion assay. Nutrient agar (NA) was used to keep bacterial cultures alive at 4°C. To create
the bacterial suspension, a single bacterial colony was taken from NA and added to 10 mL of sterile
saline water with a sterile loop. The resulting microbial culture suspension's optical densities were
modified and compared to the 0.5 McFarland standards. 100 pL of bacterial suspension was then
spread over sterile potato dextrose agar (PDA) plate. The sterilise nanofiber disc was transferred to
the middle surface of the plate. The zone of inhibition was then determined after the plates had been
incubated at 37 °C for 24 hours.

3. Results and Discussion

3.1. UV-Visible Analysis of AGQNPs

In this experiment, AgNPs were synthesised by reducing silver ions using edible bird nest (EBN)
extract. The effect of EBN concentration was studied. Initial research was done under the lighting of
a laboratory. 15 minutes after the addition of AgNOs to the EBN solution, the reaction mixture's
colour changed from colourless to reddish-brown, Figure 1. The colour change and its stabilisation
after 15 minutes indicated the green synthesis of silver nanoparticles (biotransformation from Ag* to
Ag?). According to a prior study, proteinase-rich spiderweb and paper wasp nests may be responsible
for the production of silver nanoparticles. This appearance of colour in the reaction mixture is due to
the strong absorption of electromagnetic waves called surface plasmon resonance (SPR). The
existence of AgNPs was detected through UV-Visible spectroscopy between 300 nm to 800 nm after
a 15-minute reaction. The SPR phenomenon started when nanoparticles were enforced by an
electromagnetic field. The excitation peaks of the UV-visible spectrum stated the creation of
AgNPs.The SPR bands showed depend upon the nanoparticle size. This study thus demonstrates
that the eco-friendly synthesis of silver nanoparticles can also be implied by the metabolites of edible
bird nests.

doi:10.20944/preprints202310.1251.v1
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Figure 1. Photograph images of (a) 0.05 M silver nitrate clear solution and (b) silver nanoparticles
dispersion solution. Silver nanoparticles were chemically reduced from Ag+to Ag®by edible bird nest
(EBN) extract solution for around 15 minutes at room temperature, as evidenced by the changes in
colour from colourless to dark brown.

The SPR bands in the UV-Vis spectra of AgNPs samples were formed in Figure 2. The absorption
spectra were performed at wavelength 300 to 800 nm. The excitation of surface plasmon vibration
showed absorbance at 421 nm after 15 minutes synthesis of EBN added with silver nitrate, whereas
no peak was observed in this region with EBN alone Figure 2. This indicated that EBN contains
phenolic agents and other compounds responsible for capping and stabilizing silver synthesis. As
reported by earlier research, the observed broadening of the maximum peak within the range of 400
to 450 nm might be attributed to spherical nanoparticles. Several other authors have stated that
AgNPs were observed on the absorption spectrum between 425 to 460 nm. In a study, green tea
extracts synthesized silver showed a strong peak at 217 nm. The stabilizing action of the extract was
impacted by the production of metal nanoparticles.
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Figure 2. UV-visible spectra of sample synthesized by the reaction of AgNOs (800 uL, 0.05 M) reacted
with EBN extracted at a concentration of 6 wt. %.

3.2. Evaluation of FT-IR Analysis Data

The surface composition of the solutions involved in the reducing and stabilising process for
synthesised silver nanoparticles was described using FTIR analysis data on both EBN and AgNPs.
The results showed three absorbance bands occurred at 3321 cm?, 2136 cm-1, and 1635 cm-! for edible
bird nests extract Figure 3a. 3321 cm™ suggests O-H stretching in alcohol and phenolic metabolites,
2136 cm™ represents C=N stretching in the alkyne group, and 1635 cm! refers to C=O stretching in
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the carbonyl group. The carbonyl group from the amino acid proved the presence of a chelating agent
that can absorb and bind on the metal nano-sized particles of the silver ions.

Figure 3b showed the peaks shifted increases and the addition of some weak peaks indicating
that the compound in EBN contributed to the biosynthesis reduction of AgNPs. The peaks at 3321
cm? and 2136 cm! shifted to 3338 cm! and 2141 cm, while 1635 cm! remained the same as a strong
and sharp peak after the synthesis process occurred. The new peak at 1414 cm and 1092 cm™ also

appeared as O-H bending, and C-N stretching in the amine group might also be responsible for
capping AgNPs.
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Figure 3. ATR-FTIR spectra data of (a) EBN extract and (b) synthesized of EBN-AgNPs.

3.3. Evaluation of FESEM and EDX Analysis Data

AgNPs synthesised were further characterised through FESEM and EDX analysis to know the
size and shape of nanometals. For the FESEM analysis, a drop of synthesised AgNPs solution was
pipetted out over the carbon-coated grids disc and dried in the chamber to form a thin smear. The
surface morphology and elemental composition of EBN-AgNPs were analysed through FESEM build
with EDX analysis. In Figure 4b, FESEM images clearly showed the distribution of spherical-shaped
silver nanoparticles, ranging from 10 to 20 nm. The average diameter of silver nanoparticles
spherically shaped was found in a range from 10 to 35 nm. According to the results, nanomaterials

were almost spherical, nano-sized and in clusters that were not attached. Thus, it can be stated that
the AgNPs were in stable condition.

Figure 4. FESEM image of EBN-AgNPs in x80 k (a) and x200 k (b) magnification.

By using EDX analysis in conjunction with FESEM EDX profile photos, which revealed a peak
at 3 keV, the elemental composition of the AgNPs was verified, confirming the presence of silver
(Figure 5). The other component also detected, such as C, O and N. The phytochemical elements on

doi:10.20944/preprints202310.1251.v1
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the surface of AgNPs reveal emerging peaks on the spectrum. Carbon and oxygen peaks on spectral
images were recorded due to the presence of biomolecules on AgNPs. All elements showed different
peaks on the X-ray spectrum due to different atomic structures. The EDX analysis confirmed the
signal of silver nanoparticles approximately at 3 keV due to surface plasmon resonance. Spectral
images revealed the silver peaks at 2.98 keV to establish the silver element's presence. Table 1 shows
the atomic percentage of the silver ions for five concentrations of AgNPs. The concentration of AgNPs
was directly proportional to atomic percentage. The weight of silver element affects the amount of
phenolic agent in reducing and stabilising nanoparticles.

ull Scale 4553 cts Cursor: 0.000

Figure 5. Elemental analysis of nano-Ag confirmed by EDX.

Table 1. Elements analysed on synthesized AgNPs.

Element Weight% Atomic%
CK 34.70 48.88
N K 13.28 16.04
OK 25.87 27.36
NaK 4.55 3.35
ClK 2.53 1.21
FeK 1.17 0.35
AgL 17.91 2.81
Total 100.00 100.00

3.4. Liquid Chromatography Quadrupole Time of Flight Mass Spectrometry (LC-QTOF-MS) Analysis

The analysis of EBN with LC-QTOF-MS revealed that metabolites group were identified in 3%
and 4% of EBN extract. Solution EBN was test using this equipment to screen the non-volatile
compound contain in EBN. Table 2 presents identified compounds with their retention time (min),
compound name, retention drift (ms), compound nature and response. The identified metabolites in
this analysis belong to different chemical classes. It is important to identify the metabolites
composition in EBN to know the composition that can give health benefit towards EBN.
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Figure 6. Total ion chromatogram of the EBN extract with LCQTOF MS.

This study reported metabolite compositions in EBN and each of that has their own functions.
Firstly, for the compound group of lipids, cortisone is a steroid drug was found that used to treat
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allergic reaction, treatment of autoimmune disease and helps to decrease on inflammation and
immune response. This composition will stop the release of molecules that cause inflammation. Other
than that, sulfatide also found that usually major in myelin sheath. It has important function includes
regulation of cell growth and cell adhesion. Tricosanoic acid can be categorized in fatty acids with
alternative parents of carboxylic acids. This compounds reported to have antibacterial effect against
E.coli and S.aureus. Next, cholesteryl ester also found to be used in intestinal cholesterol absorption.
Peptides group in protein was found as Thymidine in EBN extract. Thymidine used in DNA
replication and synthesized of cells. Moreover, Citrusin C was belonged to the class of organic
compound known as phenolic glycosides. This was proven that EBN contain phenolic structure that
help in this study to naturally reducing the silver ions for synthesis of silver nanoparticles.
Polysaccharide of mannotriose also suggested in enhancing the cell viability.

Table 2. Metabolite composition of the EBN extracts analysed by LC-QTOF MS.

Retention Retention Drift

EBN Extract Time (min) (ms) Compound Name  Response Compound Nature

16.69 8.76 PE 34:1 1106
16.82 9.24 PE(P-36:2) 1119
16.81 9.42 PG 36:2 1137
16.78 10.04 C22-OHSulfatide 1256
16.71 9.73 PE(P-40:2) 1584
7.56 6.86 LPE 18:0 1900
16.59 6.34 Cortisone 2121
18.52 10.07 PG 40:7 2188 Lipids
16.78 9.78 C20 Sulfatide 2357
16.58 6.32 Tricosanoic Acid 4450

Pure EBN- 1850 10.07 PG 38:6 12173
16.82 9.02 PE(P-34:2) 24462
16.72 8.94 PE(P-36:5) 47801
16.89 10.32 PI138:4 328870
17.06 10.31 PI138:4 1444359
6.02 5.38 Sinapaldehyde glucoside 1306 Glycosides
0?'551 2:2 Mannotriose 21:25089 Polysaccharides
8:2 ;zz B-Gentiobiose 1120:018 Dissacharides

3.5. Effect of AgNPs against Bacteria

The antimicrobial effects were evaluated against Escherichia coli and Staphylococcus aureus due
to the most common pathogen that affects the wound. The agar diffusion method evaluated the
antibacterial effects between the control sample (pure EBN extract) and the 6% nanoparticles (EBN-
AgNPs). For the two pathogens, an inhibitory zone formed on the nanometals sample, whereas there
was none for the control, meant that the silver had slowed the growth of the microbe. In Figure, the
zone of inhibition on S.aureus is (10 + 0.2 mm) (a) bigger compared to the E.coli (9 + 0.1 mm) (b).
AgNPs were found to be more effective on Gram-positive than Gram-negative. The concentration of
AgNO3 gives a greater susceptibility of positive bacteria for AgNPs even though the cell wall of
positive bacteria is stronger than negative bacteria due to high peptidoglycan content. The synthesis
of AgNPs releases the silver ions as antimicrobial effect by disrupting bacteria cell walls and
intervention with DNA replication.

doi:10.20944/preprints202310.1251.v1
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Figure 7. (a) Theoretical framework on mechanism of AgNPs antibacterial applications. During Ag-
cell membrane interactions, nanoparticles perturb the integrity of the cell membrane, inducing
changes in permeability and cytoplasmic leakage. It also disrupts bacterial cell walls by interfering
with peptidoglycan, leading to bacterial structural compromise. Silver ions facilitate the generation
of reactive oxygen species (ROS) intracellularly, thus inciting oxidative stress which lead to i) DNA
damage; inducing genetic lesions that impede replication and transcription processes, and ii)
interrupts protein denaturation; affecting vital bacterial metabolic pathways. In addition, by
perturbing the electron transport chain, they impede energy production, and destabilize ribosomal
function, resulting in erroneous protein synthesis. (b) Micrograph of antibacterial activity, and (c)
zone of inhibition diagram of pure PVA as negative control, and EBN/AgNPs, against S.aureus and
E.coli.

4. Conclusions

The white-nest swiftlet (Aerodramus fuciphagus) extract was used in this study to synthesise silver
nanoparticles in an environmentally benign, non-toxic, and straightforward manner. The efficient
green synthesis of stable AgNPs was completed within 15 minutes by adding 0.05 M of AgNOs. UV-
Visible spectrophotometer, FTIR technique, FESEM and EDX analysis characterised the synthesised
AgNPs. The compound in EBN revealed helps in reducing and stabilising of AgNPs. Moreover, the
surface morphology conducted by FESEM mostly showed spherical shapes ranging from 10 to 20 nm.
EDX data analysis confirmed that Ag was formed in the EBN-AgNPs solution. Gram-positive bacteria
were more effectively combated by AgNPs than Gram-negative bacteria, according to studies on
bacteria. Additionally, the studies aimed to comprehend AgNPs' mechanism of action and synthesis
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from the EBN extract, which is cost-effective and environmentally favourable for creating nanometals
with green technology.
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