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An environmentally responsible and sustainable substitute for traditional chemical
and physical processes is the biogenic production of silver nanoparticles (AgNPs). With a focus
on green chemistry, this study investigates the use of collagen obtained from fish as a capping
and reducing agent for the synthesis of AgNPs. Acid-solubilization and enzymatic hydrolysis
were used to separate collagen from fish skin of Oreochromis niloticus. The Type II collgen
was then confirmed by characterization using SDS-PAGE and Western Blotting methods.
The silver nanoparticles tagged collagen were synthesized using leaves of Psidium guajava.
The optical characteristics, functional group interactions, and shape of the produced silver
nanoparticles were assessed using scanning electron microscopy (SEM), Fourier-transform
infrared spectroscopy (FTIR), and UV-Vis spectroscopy. The findings showed that collagen-
derived functional groups stabilized well-dispersed, spherical AgNPs with an average diameter
in the nanoscale range of 180-210 nm. The study emphasizes the dual function of fish collagen
as a stabilizing agent and biotemplate, providing a sustainable pathway for the synthesis of
nanoparticles and encouraging the value-adding of marine byproducts. This thorough study
opens the door for collagen-mediated AgNPs to be used in wound healing, biomedicine, and
antibacterial applications in the future.
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With new opportunities to produce
materials at the nanoscale with improved
physicochemical characteristics, nanotechnology
has become a disruptive force in materials research.
Because of its broad-spectrum antibacterial
qualities, catalytic capabilities, and surface
plasmon resonance features, silver nanoparticles
(AgNPs) have attracted a lot of attention among
metallic nanoparticles.'?

Despite their effectiveness, traditional
chemical and physical synthesis techniques
frequently use hazardous solvents, require a
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lot of energy, and produce non-biodegradable
byproducts.’ Biogenic or green synthesis
techniques, which prioritize cost-effectiveness,
environmental compatibility, and sustainability,
have grown in popularity as a means of overcoming
these constraints.**

Natural reducing and capping agents
from microorganisms, plants, and animal-derived
biomolecules are used in biogenic synthesis.®
Because of their functional groups, which aid in
metal ion reduction and nanoparticle stabilization,
proteins are interesting options.” In this regard,
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collagen, a structural protein found in large
quantities in connective tissues, has shown
great promise. Interestingly, fish collagen uses
waste from the fish processing sector and offers
a sustainable and underutilized substitute for
mammalian sources.®’

Glycine, proline, and hydroxyproline
are among the amino acids found in fish collagen,
which has a distinctive triple-helical structure and
offers numerous active sites for metal binding and
reduction.!®!! Because of these characteristics,
it is a great dual-purpose agent for the synthesis
and stabilization of nanoparticles. Furthermore,
it is ideal for biomedical and environmental
applications due to its biocompatibility, low
immunogenicity, and biodegradability.'>"

Collagen extraction and purification,
silver ion reduction, and nanoparticle stabilization
or capping are the steps in the multi-step process
used to create AgNPs from fish collagen. The
source of collagen, the extraction method, and
reaction parameters including pH, temperature, and
silver ion concentration are some of the factors that
affect how effective this procedure.'

To assess the produced nanoparticles’
shape, stability, crystallinity, and functional
qualities, characterization is crucial. X-ray
diffraction (XRD), transmission electron
microscopy (TEM), dynamic light scattering
(DLS), Fourier-transform infrared spectroscopy
(FTIR), and UV-Vis spectroscopy is among the
frequently employed methods."

Using fish collagen, this extensive study
intends to explore the biogenic synthesis of
silver nanoparticles, paying particular attention
to the extraction process, capping behaviour,
and thorough physicochemical characterization.
By employing marine-based biomaterials, we
hope to aid in the advancement of sustainable
nanotechnology. By combining optimized collagen
extraction, controlled AgNP synthesis, and multi-
level biological validation, the work establishes
a more clinically relevant and translationally
promising AgNP platform than prior green-
synthesis approaches.

MATERIALS AND METHODS

Collection of samples
The fish was collected from the
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Chembarambakkam Lake. And the fish was given
to Zoological Survey of India for Authentication.
The fish was brought to the laboratory, the skin was
peeled off, washed with distilled water to remove
the impurities. The skin was chopped into small
pieces and used for extraction process.
Extraction of collagen using Acid Solubilization
method

10 volumes of 0.5 M acetic acid were
used to remove the insoluble components for three
days to create acid-solubilized collagen. For 20
minutes at 4°C, the resultant viscous solution was
centrifuged at 10,000 g. After three days of re-
extracting the residue using ten volumes of 0.5 M
acetic acid, the extract was centrifuged once more.
A final concentration of 0.9 M was obtained by
combining the supernatants of the two extracts and
adding NaCl to salinate them out. The precipitate
was obtained by centrifuging at 10,000 g for 20
minutes after standing overnight. After that, ten
litres of 0.5 M acetic acid were used to dissolve it.
The processes of solubilization and salting out were
carried out three times. In a dialysis, the resulting
solution was dialyzed against 0.1 M acetic acid.
The dialysate was called Acid Soluble Collagen.'¢
Characterization of Collagen
SDS-Polyacrylamide gel electrophoresis (SDS
PAGE)

The final SDS concentration should be
around 2%, thus mix the collagen sample with
the SDS sample loading buffer in a 1:1 ratio. To
denature the proteins, add a reducing agent, such
as a-mercaptoethanol, and heat the mixture for five
minutes at 95°C. Make a gel by combining a 4%
stacking gel with a 12—15% resolving gel. Use 1
puL, 2 uL, 4 uL, 8 puL, 16 pL, and 20 pL of each
sample to load the collagen samples into the next
wells and the protein ladder into the first well once
the gel has set. Rinse the gel with distilled water
after electrophoresis, and then use Coomassie
Brilliant Blue to stain it for visibility. The size of
the collagen proteins by comparing the bands in the
collagen sample with the 100- 250 kDa molecular
weight marker.!”

Western Blotting

The proteins are transferred from the
gel to a nitrocellulose membrane, where primary
antibodies specific to the collagen types under
investigation, such as anti-Type I or anti-Type
I collagen, are incubated with the membrane to
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allow these antibodies to bind to their respective
collagen proteins. A secondary antibody, usually
HRP-conjugated and species-specific, Anti-Type
IT Collagen (Rabbit Polyclonal) is then applied
to the primary antibody to bind to the primary
antibody. A positive control sample known to
contain the target collagen and a negative control
(buffer only) are essential to ensure specificity
and accuracy. The membrane is then examined
using a chemiluminescence imaging system. The
appearance of bands at the expected molecular
weight for Type I 100-250 kDa or Type II collagen
100-150 kDa."®
Green Synthesis of Collagen-based Silver
Nanoparticles

The leaves of Psidium guajava were
gathered from Chennai and sent to the Siddha
Central Research Institute in Chennai for
verification. 100 g of leaves and 250 ml of distilled
water were combined to create the aqueous extract,
which was then stored in a water bath at 60 °C for
four hours, or until the aqueous solution turned
brown red. Following cooling, Whatman No. 1
filter paper was used to filter the leaf extract, and
the filtrate was then kept at 4 °C. Type 2 collagen
(0.3 mg/ml) and AgNO3 solution (108 ig/ml) were
added in the same volume to a beaker, and the
mixture was stirred for ten minutes. After adding
the Psidium guajava aqueous leaf extract in a 1:6
(Ag: Reducing agent) ratio, it was once more
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swirled for ten minutes. The solution was isolated
within 15 minutes of full mixing (3600 rpm), and
following filtration, it was ready as a pellet."”
Characterization of Collagen-based Silver
Nanoparticles
UV-Visible spectroscopy

Using a UV spectrophotometer that
operates in the UV Region between 300 and
800 nm, the synthesis of collagen-based silver
nanoparticles was verified.
Fourier Transform Infrared (FTIR)
spectroscopy

Bruker FTIR Spectrometer (Model:
Bruker Tensor 27 or similar) fitted with a KBr
beam splitter and a deuterated triglycine sulfate
(DTGS) detector used for the analysis. A hydraulic
press was used to press the finely ground solid
samples into a transparent pellet after they had
been combined with potassium bromide (KBr) in
a 1:100 ratio. To increase the signal-to-noise ratio,
32 scans were averaged from the spectra, which
were captured between 4000 and 400 cm{ ' with
a resolution of 4 cm{ . Built-in spectral libraries
were used to identify functional groups.
Scanning Electron Microscopy investigation

One of the key features of collagen-based
silver nanoparticles is their shape, which was
examined using scanning electron microscopy
(SEM) using the Hitachi S3400N model.

1 2 4 8 16 20 Mw

Fig. 1. SDS Pattern of Collagen
Lane 2-0.5 pL, Lane 3- 1 puL, Lane 4- 2 pL, Lane 5- 4 pL, Lane 6- 8 uL, Lane 7- 16 pL, and Lane 8- 20 pL of
sample, Lane 9-100 and 250 kDa Protein Marker
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RESULTS

Collection of fish sample
The fish was collected from the
Chembarambakkam Lake. And the fish was
authenticated by Dr.Jayasree Thilak, Scientist
F, Zoological Survey of India as Oreochromis
niloticus and reference number was given as
No.F.12-1/92-Tech/402.
Preparation of Acid Soluble Collagen Extraction
Wet weight yields of 26.372 grams were
obtained from the Acid-solubilized collagens
(ASC) that were isolated from Nile tilapia using
the Ogawa techniques.

Anti -TYPE 1
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SDS-Polyacrylamide gel electrophoresis (SDS
PAGE)

Different protein bands can be seen in the
collagen and protein ladder samples according to
the SDS-PAGE gel results. The visible bands in the
collagen samples are the isolated collagen proteins,
and their molecular weights match the predicted
sizes of collagen, which are normally between 100
and 250 kDa (Figure 1).

Western blotting

The most prevalent type of collagen in the
samples, according to the Western blot results, is
Type Il collagen (Figure 2). SDS pages and western

Anti -TYPE 2

1 2 3 4 5

Lo S sampla ]

1 Control

2 Negative Control
3 Standard

4 Sample (1:1000)
5 Sample (1:5000)

Fig. 2. Western Blot shows the presence of Type II Collagen

Fig. 3. UV Graph shows the presence Collagen based silver Nanoparticles at 700 to 780 nm
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blots were used to confirm the innovative, mixed,
easy, quick, and secure method.
Green Synthesis of Collagen-based Silver
Nanoparticles

The leaves of Psidium guajava were
collected from Chennai and sent to Siddha Central
Research Institute, Chennai, for authentication
under reference number P1002501G. The aqueous
extract of the leaves was made until the aqueous
solution turned brown-red. The Green synthesis
of silver nanoparticles (AgNPs) using the aqueous
leaf extract of Psidium guajava. Collagen is added,
where its functional groups bind Agz ions.
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Characterization of Collagen-based Silver
Nanoparticles
Uv-Vis Spectroscopy

Silver nanoparticles based on collagen
were described using a UV spectrograph. It stated
that a plasmon band spanning and the existence
of collagen nanoparticles is indicated by the peak
from 700 to 780 nm is a good indicator of large
spherical the silver nanoparticles are (Figure 3).
Fourier Transform Infrared (FTIR)
spectroscopy

FTIR was used to analyze the interactions
between functional groups and nanoparticles as

Transmittance (%)

120
100
80
60
40
20

4000

3887.429644
3774.859287
3662.288931
3549.718574
3437.148218
3324.577861
3212.007505
3099.437148
2986.866792
2874.296435
2761.726079
2649.155722
2536.585366
2424.015009

=
=

LSl
=

2\" WD

2:30:13 PM

2311.444653
2198.874296

det
30.KV  60000x| 9.9 mm | LFD

2086.30394
1973.733583
1861.163227
1748.592871
1636.022514
1523.452158
1410.881801
1298.311445
1185.741088
1073.170732
960.6003752
848.0300188
735.4596623
622.8893058
510.3189493

. FTIR image of silver nanoparticles impregnated collagen.

— 500 NM
QUANTA 200F

mode
SE

Fig. 5. SEM images of aggregated silver nanoparticles impregnated collagen



1751

well as the aqueous extract of Psidium guajava
leaves with collagen. Furthermore, the secondary
metabolites can be used as capping agents
throughout the nanoparticle manufacturing process.
Alkaloids, flavonoids, terpenoids, amino acids,
glycosides, and so on are examples of secondary
metabolites. N-H Stretch is represented by peaks
close to 3300-3200 c¢cm, while N-H Bend is
represented by peaks between 1650 and 1550 cm
(Figure 4).
Scanning Electron Microscopy investigation
The size of collagen-stabilized silver
nanoparticles ranges from 180 to 210 nm, large
size nanoparticles according to SEM examination
(Figure 5). AgNps’ spherical shape was verified
using collagen-blended silver nanoparticles, which
revealed a brown surface with nanosilver where
collagen is encircled by beneficial phytochemical

synergy.
DISCUSSION

The present study successfully extracted
and characterized acid-soluble collagen (ASC)
from Oreochromis niloticus and utilized it in
the green synthesis of collagen-based silver
nanoparticles (AgNPs) using Psidium guajava leaf
extract.

The yield of the collagen obtained from
O. niloticus (26.37 g wet weight) was significantly
higher compared to previous studies on other
fish species such as ocellate puffer is 10.7 g ,*
black drum is 2.3 g,?' sheepshead sea bream is
2.6 g, and grass carp is 8.0 g.”2 This demonstrates
the suitability of O. niloticus as a promising and
sustainable source of collagen, possibly due to
species-specific differences in skin structure,
collagen cross-linking, and extraction efficiency.

According to recent research on fish
collagen, the peptide profile and, consequently,
the capping/stabilization behavior of the resultant
AgNPs are significantly influenced by the extraction
conditions.?

The SDS-PAGE analysis revealed distinct
protein bands corresponding to collagen & chains
(a-1 and 4-2), which were consistent with the
molecular weight range reported for type I collagen
(100-250 kDa). The presence of these bands aligns
confirmed 4 chains in Nile tilapia collagen.* The
detection of a-1 (~117 kDa) and a-2 (~105 kDa)
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chains further validates the purity and structural
integrity of the extracted collagen.

Western blotting confirmed that the
predominant collagen type was Type 11, consistent
with the structural role of collagen in fish skin.
The use of Western blotting for confirmation
has also been reported in rabbit skin collagen
studies,” demonstrating the reliability of this
technique for collagen typing. Although fish skin
is predominantly rich in Type I collagen, several
studies have shown that Type II collagen can also
be detected in fish skin, especially in species where
skin functions as a semi-cartilaginous, flexible
protective tissue.

The aqueous extract of P. guajava leaves
was employed as a reducing and stabilizing agent
in AgNP synthesis. The observed colour change
of the reaction mixture to brown-red indicates the
reduction of Agz to Agp nanoparticles, in line
with earlier reports. Collagen molecules provided
a biocompatible scaffold, coating the nanoparticles
and preventing aggregation, which enhances
stability and bio-functionality.

UV-Vis spectroscopy revealed a peak
at 700-780 nm, indicative of collagen silver
nanoparticle formation, absorption maxima around
451 nm for sonicated collagen-AgNP systems.?
The slight shift in plasmon resonance observed in
this study may be due to variations in particle size,
morphology, or the interaction between collagen
and silver ions. The presence of a well-defined
plasmon band supports the successful synthesis of
collagen-based AgNPs.

When the concentration of collagen
raises, UV-Vis spectra revealed a progressive blue-
shift of the surface plasmon resonance peak (for
example, from ~446 nm to ~400 nm in comparable
samples), which is consistent with a decrease in
average particle size and/or higher collagen surface
coverage.”’

FTIR analysis demonstrated the
involvement of functional groups such as N-H
stretching (~3300-3200 cm{ ') and N-H bending
(~1650-1550 cm{ '), confirming interactions
between collagen, plant metabolites, and AgNPs.
The role of phytochemicals such as polyphenols,
flavonoids, and terpenoids in nanoparticle reduction
and stabilization has been previously highlighted.?
The current findings reinforce that the dual
contribution of collagen’s amino acid residues and
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guava leaf metabolites underlies the successful bio-
reduction and stabilization process. FTIR spectra
showed distinctive amide bands (amide I/II/A) and
changes in O-H/N-H stretching modes upon Ag
attachment, suggesting that side-chain functional
groups and the collagen peptide backbone are
involved in capping.”

SEM micrographs revealed spherical
aggregated collagen-AgNPs with sizes ranging
from 180-210 nm, while collagen fibers displayed
diameters around 500 nm due to aggregation. These
observations at nanoscale spherical morphology
with collagen coating. The nanoscale size and
uniform distribution of particles are particularly
advantageous for biomedical applications, as they
enhance surface reactivity and cellular uptake.

TEM examination showed that AgNPs
were mostly spherical and that their mean
diameters shrank as the amount of collagen or
capping increased.*

Taken together, these findings demonstrate
that O. niloticus skin collagen is not only an
efficient alternative to mammalian collagen but
also an excellent stabilizing matrix for silver
nanoparticles. The combination of collagen
and AgNPs offers synergistic benefits: collagen
provides biocompatibility, while AgNPs impart
antimicrobial properties. Such hybrid biomaterials
hold strong potential for wound healing and tissue
engineering applications. Compared to uncapped
or plant-mediated AgNPs, collagen-capped AgNPs
demonstrated enhanced biocompatibility (lower
hemolysis), notable antimicrobial activity, and
advantageous wound-healing metrics in in-vitro
and in-vivo scenarios.*'

The higher yield of fish-derived type II
collagen, coupled with the eco-friendly synthesis
of AgNPs, suggests that this approach can serve
as a sustainable strategy for the development
of next-generation biomedical scaffolds. Future
work should focus on in vitro and in vivo
biocompatibility assessments, antimicrobial
evaluations, and optimization of synthesis
parameters to tailor particle size and functionality
for specific therapeutic applications.

CONCLUSION

Collagen was successfully extracted
from the skin of Tilapia spp. utilizing an acid-
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soluble technique in this work. SDS-PAGE and
Western Blotting were then used to characterize
the collagen. Psidium guajava leaf extract was
used to create silver nanoparticles (AgNPs) by
green synthesis, which provides a sustainable
and environmentally beneficial substitute for
chemical synthesis. The collagen matrix was
effectively impregnated with the produced AgNPs,
creating a composite material with increased
bioactivity. Characterization methods like SEM,
FTIR, and UV-Vis Spectroscopy verified that
AgNPs were successfully incorporated into the
collagen structure. Future studies should focus
on Cytotoxicity assessments with in vitro wound
scratch assays with human cell lines. Further
functional evaluations, including anti-haemolytic,
anti-coagulation, and anti-inflammatory assays,
reinforced the material’s therapeutic potential in
wound-healing applications.
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