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Behera et al.: Green Synthesized Bovine Serum Albumin-Silver Nanoparticles as an Antioxidant Molecule

Over the past few years, nanotechnology has become an incredibly captivating field of research in science 
and technology. Due to their superior optical, chemical, photo-electrochemical, and electronic properties 
over their bulk counterparts, nanomaterials are being used as the cornerstones of nanoscience. The use 
of different nanostructured materials has revolutionized technology in the field of biology, industry, 
and medicine. Many bio-molecules like proteins, nucleic acids, and lipids coalesce with nanoparticles 
in biological systems with minimal toxicity. In this context, circulating protein molecules like albumin 
can be used as a scaffold for generating an array of nanoparticles for biomedical purposes such as 
delivery agents for therapeutic use. Albumin protein found in human blood has no immunogenicity as 
an endogenous protein and ensures its biocompatibility for albumin-based nanoparticles. In the present 
study, the interaction between silver nanoparticles synthesized from Ocimum sanctum leaves and bovine 
serum albumin protein is carried out under differential temperatures to evaluate the physicochemical 
characterization of this formed complex. For this purpose, silver nanoparticles are prepared by the 
bioreduction method and allowed to interact with the native bovine serum albumin. Different in vitro 
antioxidant assays of the synthesized nanocomposites were also carried out. Hence, exploring the effects 
of interaction between green synthesized nanoparticles and bovine serum albumin can be useful for 
designing nanomaterials for nanoscale drug delivery applications in biological systems.
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Nanoparticles and nanomaterials have emerged 
as dominant technological implementations in the 
human health sector for different therapeutic as well 
as diagnostic applications[1]. Due to their encouraging 
physical and chemical characteristics, as well as 
their ability to be compatible with living organisms, 
they have been widely investigated as nanoprobes 
for identifying diseases, nanocarriers for delivering 
drugs in a controlled and targeted manner, devices 
for loading drugs on a nanoscale, and vehicles for 
transferring specific genes or messenger Ribonucleic 
Acid (mRNA) molecules[2]. Out of different groups 
of nanomaterials predominantly Silver Nanoparticles 
(SNPs) have gained more attention for their 
biocompatibility and versatility and are exploited for 

a wide group of biological applications[3]. In the past 
decade, there was an exponential surge in the green 
synthesis of silver and other metal nanoparticles 
because of their sustainability and economic 
potential. Specifically, plants as a whole, plant-based 
materials, and plant extracts have been in greater 
use for the green synthesis of SNPs over other 
biological means[4]. This trend was possibly due to 
two principal factors that provide an advantage over 
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other means for the synthesis of SNPs. The first one 
is the precision and maintaining the specific order in 
the shapes and sizes offered by plant metabolites[5]. 
The second factor is the enhanced rate of reaction 
after seeding as compared to other organism-based 
synthesis. The role of reducing equivalent secondary 
metabolites present in plants plays a vital role in 
both the controllability of shapes while maintaining 
the inter-atomic distances as well as the rapid rate 
of reaction of synthesis. However, the interaction of 
SNPs with various bio-molecules has come into view 
as the essential cue for biomedical applications[6]. 
Biomolecules like proteins, nucleic acids, antibodies, 
and lipoprotein conjugates are reported as candidates 
for probing against the detection of disease, and 
delivery of targeted drugs or genes[7]. Along with 
these biomolecule-associated nanoparticles are 
investigated for novel therapeutic approaches like 
photodynamic therapy and photothermal therapy[8]. 
Out of diverse biomolecules plasma proteins like 
serum albumin are considered crucial molecules 
for applications like nano-medicines and controlled 
drug loading and delivery. When introduced into 
the bloodstream the nanoparticles rapidly start 
interacting with the plasma proteins like serum 
albumin forming a definite structure called the protein 
corona. The qualitative and quantitative properties 
of the corona are determined by the physicochemical 
features of both nanoparticles and serum albumin[9]. 
For nanoparticles to be used as therapeutic agents in 
vitro or in vivo settings, a thorough understanding of 
their interaction mechanism is imperative[10]. In the 
recent past, studies on thermodynamic parameters of 
Human Serum Albumin (HSA) and SNP interaction 
revealed possible acting forces and the order of HSA 
binding to SNP[11]. Temperature plays a vital role 
in stabilizing as well as adding convolution to the 
albumin structure when interacting with SNPs. 
In addition, free radicals have a significant function 
in biological systems. They participate in essential 
cellular processes such as cell respiration, but 
they also contribute to the aging process and the 
development of various diseases[12,13]. Free radicals 
are molecules that lack stability due to their unpaired 
electrons, making them highly reactive and capable 
of causing damage to the biomolecules within our 
bodies[14-16]. In organisms that require oxygen, free 
radicals are generated through regular metabolic 
activities[17]. Mitochondria are the key culprits 
of oxidative damage as they can release free 
radicals like superoxide from the electron transport 

chain[18,19]. To avoid harm caused by free radicals 
within cells, an internal antioxidant system has been 
established. This mechanism utilizes proteins to 
transform free electrons into a stable, non-reactive 
state. Antioxidants manage oxidative reactions 
by obstructing, slowing down, or impeding the 
oxidation of biomolecules[20]. Certain components 
of critical antioxidant enzymes provide a safeguard 
and preservation for proteins[21,22]. Non-enzymatic 
antioxidants can also neutralize radicals[23,24]. Recent 
reports suggest that artificial antioxidants, including 
Butylated Hydroxytoluene (BHT) and Butylated 
Hydroxyanisole (BHA), may pose risks to human 
health[25-27]. Consequently, the quest for natural 
compounds with antioxidative capabilities that 
are both efficient and safe has intensified in recent 
times[28-37]. Additionally, nanomaterials have emerged 
as a crucial factor in human well-being and healthcare 
due to their significant advantages in biomedical 
applications[38-42]. Furthermore, some nanomaterials 
have demonstrated a potent antioxidant capacity, 
which presents an intriguing possibility for creating 
novel therapies with more focused and improved 
effects. For instance, gold, silver (Ag), and selenium 
nanoparticles have been found to effectively reduce 
oxidative stress by functioning as efficient scavengers 
of redox-active radicals[43-46]. 
Ocimum sanctum (O. sanctum) L., commonly 
known as holy basil or tulsi is native to the Indian 
subcontinent. It has been a well-known medicinal 
plant since time immemorial, in addition to its 
enormous religious sanctity.
Hence, in this work, SNPs were synthesized using 
O. sanctum leaf extract using a green synthesis 
approach. The synthesized SNPs interacted with 
native Bovine Serum Albumin (BSA) and different 
physicochemical characteristics were evaluated 
under different temperatures. Furthermore, the in 
vitro antioxidant activities of the nano-composites 
were also investigated.

MATERIALS AND METHODS

Chemicals and plant materials:

Silver nitrate (AgNO3), tris base, glycerol, and brilliant 
blue were obtained from HiMedia Laboratories 
Pvt. Ltd., Mumbai. Potassium hydroxide (KOH), 
acetone, acrylamide, N’N’-bis-methylene-acrylamide, 
bromophenol blue, Trichloroacetic Acid (TCA), BHT, 
ascorbic acid, and Hydrogen peroxide (H2O2) were 
procured from Sisco Research Laboratories Pvt., Ltd. 
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complex was done to evaluate the physicochemical 
properties[47-49].

Antioxidant assay:

1,1-Diphenyl-2-Picrylhydrazyl (DPPH) radical 
scavenging assay: The DPPH scavenging potential 
of the SNPs, BSA, and BSA conjugated SNP was 
determined using the method of Mensor et al.[50]. 
Ascorbic acid was a positive control. 1 ml of DPPH 
solution was added with 800 µl of tris-Hydrochloride 
(tris-HCl) buffer (pH 7.4) in a test tube and then 200 µl 
of testing sample solution was added and mixed quickly 
followed by incubating it at room temperature for 30 
min. The absorbance of the solution at 517 nm was 
recorded. A mixed solution with 1200 µl of ethanol and 
800 µl of tris HCl buffer (pH 7.4) was used as the blank 
while ascorbic acid acted as the positive control. The 
inhibition ratio (%) was obtained from the following 
equation. 

Inhibition ratio (%)=(A1-A2)×100∕A1

Where, A1 is the absorbance of the blank and A2 is the 
absorbance of the testing sample solution.

2,2′-Azino-Bis(3-Ethylbenzothiazoline-6-Sulfonic 
acid) (ABTS) assay:

To conduct the ABTS assay, we used the protocol 
established by Re et al.[51]. BHT was used as a positive 
control. Briefly, an initial reaction volume of 2.7 ml 
was prepared by adding 0.3 ml of testing samples in 10 
% Dimethyl Sulfoxide (DMSO) to the diluted ABTS. 
The control sample contained 0.30 ml of 10 % DMSO 
and 2.70 ml of ABTS. The absorbance at 734 nm was 
measured after the sample was incubated for 60 min 
at room temperature and in the dark. BHT was used 
as the positive control. To determine the percentage of 
inhibition, the following equation was used. 

Percent of inhibition=((Optical Density (OD) (control)-
OD (sample))/OD (control))×100

Superoxide radical scavenging activity: 

The superoxide radical scavenging activity was 
determined by Patel et al.[52]. The use of ascorbic acid 
served as a positive control. Briefly, the 3 ml reaction 
mixture consists of 0.01 M phosphate buffer (pH 7.8), 
0.5 mM Ethylenediaminetetraacetic acid (EDTA), 
Nitroblue Tetrazolium (NBT) (0.75 mM), 20 µg 
riboflavin, and varying concentration of testing samples 
for 6 min. As a control, methanol was employed. 

(SRL), Maharashtra; BSA from Central Drug House 
(CDH), New Delhi; Potassium bromide (KBr), Safety 
Data Sheets (SDS) from Merck, Mumbai; Ammonium 
persulfate (APS) and Tetramethylethylenediamine 
(TEMED) from Bio-Rad Laboratories. The leaves 
of holy basil (O. sanctum L.) were collected from 
the garden of the Department of Botany, Ravenshaw 
University.

Preparation of plant extract:

20 g of fresh leaves from O. sanctum were collected 
and washed thoroughly with distilled water before 
extraction. Leaves were finely cut into small pieces and 
100 ml of distilled water was added followed by boiling 
at 60° for 1 h. The mixture was then cooled and filtered 
with Whatman paper No. 1 and stored at 4° for further 
analysis[47].

Preparation of BSA solution:

The stock solutions of BSA (10 mg/ml) were prepared 
in double distilled water. From stock solution, the 
working solution of BSA (1 mg/ml) was used in all the 
experiments[47].

Synthesis of SNPs from plant leaf extract:

200 µl of aqueous Ocimum leaf extract on which 1 mM 
of 50 µl of AgNO3 solution was added. The final volume 
was made up to 10 ml by adding double distilled water. 
0.01 M KOH solution was added to make the mixture 
slightly alkaline. The mixture was stirred at 150 
revolutions per minute (rpm) on a magnetic stirrer over 
a hot plate at 30°, 40°, 60°, 80°, and 100°. A change in 
the color of the reaction mixture within 5 to 30 min was 
observed[48]. This reaction mixture was either incubated 
with BSA solution or stored at 4° for further use.

Incubation of SNPs in BSA solution: 

The SNPs thus formed from Ocimum leaf extract 
using the bioreduction method were incubated with the 
working BSA (1 mg/ml) solution[49]. This mixture of 
solutions containing SNPs and BSA was stored at 4° 
before physicochemical characterization studies.

Characterization:

Different analytical characterization like Ultraviolet 
(UV)-visible spectral analysis, fluorescence spectral 
analysis, Scanning Electron Microscopy (SEM), Fourier 
Transform Infrared (FTIR), and Sodium Dodecyl 
Sulfate Polyacrylamide Gel Electrophoresis (SDS-
PAGE) analysis of synthesized SNPs and SNP-BSA 
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Fig. 1: Leaf extract of (a): O. sanctum L.; (b): 1 mM AgNO3 solution and (c): Synthesis of SNPs at different  
temperatures

RESULTS AND DISCUSSION
The formation of SNPs from O. sanctum leaf extract 
was primarily observed from the color change of the 
solution. The color change in the reaction mixture 
indicates the formation of SNPs that were generated 
by the reduction of AgNO3. The activation of surface 
plasmon vibrations gives SNPs their distinctive golden 
yellow color as shown in fig. 1 at 40° to 100° temperature 
range. This change in the color of the reaction mixture 
indicates that the silver ions in the reaction medium 
have been transformed into elemental silver with a 
nanometric size. To achieve such conversions, reducing 
entities in the reaction media is always required. The 
biomolecules found in O. sanctum leaf extract operate 
as a reducing agent in this case. The same color change 
pattern was also reported by researchers[47,55]. However, 
we observed that there was no significant color change 
in the mixture at temperatures 4° and 30°. From this, it 
is concluded that the SNPs might not be synthesized in 
this temperature range using O. sanctum leaf extract.

From fig. 2, it was observed that the pH value of both 
the reaction mixtures containing the SNPs and SNP-
BSA complexes gradually decreases as the temperature 
rises from 40° to 100°. It may be due to the release 
of more H+ ions into the solution with an increase in 
temperature.

H2O2 scavenging activity:

Ruch et al.[53] suggested a method for H2O2 scavenging. 
Blanks included phosphate buffer and H2O2. The 
positive control was ascorbic acid. Briefly, 1 ml of 
various testing samples was mixed with 40 mM H2O2 
and 2.4 ml 1 M phosphate buffer (pH 7.4). After 10 
min of incubation, the absorbance was measured at 230 
nm. Blanks included phosphate buffer and H2O2. The 
positive control was ascorbic acid.

Hydroxyl (-OH) radical scavenging activity:

The -OH radical scavenging capacity was measured 
using the modified method as described previously 
de Avellar et al.[54]. Ascorbic acid was used as a 
positive control (1 mg/ml). Briefly, the reaction 
mixture contained deoxyribose (2.8 mM), Potassium 
dihydrogen phosphate (KH2PO4)-Sodium hydroxide 
(NaOH) buffer, pH 7.4 (0.05 M), Ferric chloride (FeCl3) 
(0.1 mM), EDTA (0.1 mM), H2O2 (1 mM) and different 
concentrations of the testing samples in a final volume 
of 2 ml. The mixture was incubated at 37° for 30 min 
followed by the addition of 2 ml of TCA (2.8 % w/v) 
and thiobarbituric acid. Thereafter it was kept for 30 min 
in a boiling water bath and cooled. The absorbance was 
recorded at 532 nm in a UV-visible spectrophotometer. 
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From the UV-visible spectral analysis in fig. 3, it is 
observed that BSA shows a maximum absorbance 
peak at 280 nm. According to previous studies[47,55], 
an absorption peak between 400-420 nm indicates the 
formation of SNPs. No spectral peaks were observed in 
the solution containing SNPs synthesized at 4° and 30° 
indicating the possibility of the non-existence of SNPs 
at these temperatures. It has been observed that there 
is an increase in the absorbance value of SNPs with an 
increase in temperature. It might be due to an increase 
in the concentration of SNPs in the reaction mixture. 
The possible explanation may be that an increase in 
temperature provides a favorable condition for the 
formation of a greater number of SNPs. When BSA 
was incubated with SNP in an equal ratio, an absorption 
peak was detected between 310 nm and 320 nm, and 
no separate absorption peaks for BSA and SNP were 
observed. It occurred due to the possible interaction 
that happened between the BSA and SNPs leading to 
the formation of a nanocomposite consisting of both 
BSA and SNP.

As depicted in fig. 4, the fluorescence emission intensity 
of native BSA was found to be maximum at 320-360 
nm. With increasing temperature, the fluorescence 
emission intensity of the BSA-SNP complex steadily 
decreased up to four times as seen in between native 
BSA and BSA-SNP complex synthesized at 100°. As 
a result, the SNP in the SNP-BSA complex may be 
considered a quencher molecule that causes a drop 
in the fluorescence emission intensity. In a similar 
experiment, Mariam et al.[49] reported a decrease in 
fluorescence emission intensity for BSA incubated with 
chemically synthesized SNPs indicating a considerable 
quenching affinity of SNP towards BSA's intrinsic 
fluorescence.

From the SEM images of fig. 5, spherical SNPs were 
observed in a reaction mixture containing SNPs and 
SNP-BSA complex at different temperatures. With the 
increase in the temperature, the size of the SNPs was 
found to be increased whereas there is a visible rise in 
the aggregation of SNPs over the structure of the BSA 
protein in the SNP-BSA reaction mixture. It is to be 
noted that at such high temperatures, the proteins like 
BSA may undergo denaturation and the association of 
SNPs over the protein surface may play a crucial role in 
our understanding of protein-SNP dynamics.

In fig. 6, the FTIR spectrum observed in SNPs and 
native BSA was found to be distinct whereas the 
spectral pattern in the SNP-BSA complex at different 
temperatures was found to be varied when compared 
to the SNP and native BSA. Particularly, in the range 
of the wavenumber from 2000 to 500, a clear peak was 
observed for SNP-BSA at 40° whereas no such peaks 
were seen in the SNP-BSA reaction mixture at 60°, 
80° and 100°. This might be due to the effect of high 
temperature on the three-dimensional conformation of 
the protein structure.

In the SDS-PAGE analysis in fig. 7, no bands were seen 
for SNPs. On the other hand, the BSA and the SNP-
BSA complex at different temperatures show the protein 
bands around the molecular weight of BSA. The order 
of migration of the protein band was found to be SNP-
BSA complex (100°)>SNP-BSA complex (80°)>SNP-
BSA complex (60°)>SNP-BSA complex (40°). It may 
be concluded that the increase in migration may be due 
to the accumulation of anionic character (charges) or 
change in pH or change in the mass or shape of the 
molecule.

Fig. 2: Graph showing the change in pH value
Note: ( ): Observed pH value of SNP solutions and ( ): Observed pH value of SNP+BSA solutions
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Fig. 5: SEM image, (a): SNP at 40°; (b): SNP-BSA at 40°; (c): SNP at 60°; (d): SNP-BSA at 60°; (e): SNP synthesized at 80°; (f): 
SNP-BSA at 80°; (g): SNP at 100° and (h): SNP-BSA at 100°

Fig. 3: UV-Vis spectral analysis of BSA; NSP synthesized and its incubation with BSA solution at, (a): 40°; (b): 60°; (c): 80° and  
(d): 100°
Note: ( ): BSA; ( ): SNP 100° and ( ): SNP 100°+BSA

Fig. 4: Fluorescence intensity of BSA and BSA incubated with SNPs synthesized at different temperatures
Note: ( ): BSA; ( ): SNP 40°+BSA; ( ): SNP 60°+BSA; ( ): SNP 80°+BSA and ( ): SNP 100°+BSA
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which exhibited the free radical scavenging activity 
effectively. Research has also shown that the high ratio 
of surface area to volume in nanoparticles is crucial in 
their ability to counteract free radicals[62].

Owing to the inherent characteristic feature of SNPs, 
produced using the green synthesis method possesses 
remarkable applications in multidisciplinary fields 
like diagnosis, drug delivery, and fabrication of nano-
biomaterials. Green synthesis of SNPs using plant 
materials provides a better alternative when compared 
to conventional methods. This is not only naturally 
derived from bio-sources, but also free from hazardous 
chemicals and sustainable for biological and medical 
uses. Many attempts were made and evaluated on the 

To evaluate the antioxidant potential of the SNP-BSA 
complex synthesized at different temperatures, various 
in vitro antioxidant assays were performed (fig. 8-fig. 
12). In all the assays, a similar pattern of results has 
been obtained. As previously reported, BSA and all 
the standard antioxidants used like ascorbic acid and 
BHT showed free radical scavenging activities[13,29,56-61]. 
Among all the SNPs and SNP-BSA composites 
synthesized at various temperature conditions, both 
SNP and SNP-BSA complexes synthesized at 40° 
showed the highest antioxidant activity in a dose-
dependent manner. However, the scavenging activity 
of both SNPs and SNP-BSA complex is gradually 
decreasing from 40° to 100°. This might be due to 
the production of smaller shaped nanoparticles at 40° 

Fig. 6: FTIR graph, (a): Synthesized SNP; (b): Native BSA; (c): SNP-BSA at 40°; (d): SNP-BSA at 60°; (e): SNP-BSA at 80° and (f): 
SNP-BSA at 100°

Fig. 7: SDS-PAGE profile of SNP and SNP-BSA synthesized at different temperatures, (a): BSA solution (1 mg/ml); (b): SNP-BSA 
complex (100°); (c): SNP-BSA complex (80°); (d): SNP-BSA complex (60°); (e): SNP-BSA complex (40°) and (f): Sample buffer
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green synthesis approach. The synthesis of nanoparticles 
using the extract of tulsi leaves and incubating such 
synthesized nanoparticles with BSA provides a better 
platform for large-scale production, easy availability 
of materials, rapid preparation, and environmentally 
benign and diverse biomedical applications.

feasibility of synthesis of nano-biomaterials by using 
biomolecules like proteins and nucleic acids aggregated 
with nanoparticles that may provide suitable stabilizing, 
reducing, and capping materials. The optimum 
temperature for interaction between nanoparticles and 
biomolecules may play a crucial role in the preparation 
of sustainable and useful bio nano-materials using a 

Fig. 8: DPPH assay of ascorbic acid, BSA, SNP, and SNP-BSA complex at different temperatures
Note: ( ): Ascorbic acid; ( ): BSA; ( ): SNP (40°); ( ): BSA+SNP (40°); ( ): SNP (60°); ( ): BSA+SNP (60°); ( ): SNP 
(80°); ( ): BSA+SNP (80°); ( ): SNP (100°) and ( ): BSA+SNP (100°)

Fig. 9: ABTS assay of ascorbic acid, BSA, SNP, and SNP-BSA complex at different temperatures
Note: ( ): BHT; ( ): BSA; ( ): SNP (40°); ( ): BSA+SNP (40°); ( ): SNP (60°); ( ): BSA+SNP (60°); ( ): SNP (80°); ( ): 
BSA+SNP (80°); ( ): SNP (100°) and ( ): BSA+SNP (100°)

Fig. 10: Superoxide radical scavenging assay of ascorbic acid, BSA, SNP, and SNP-BSA complex at different temperatures
Note: ( ): Ascorbic acid; ( ): BSA; ( ): SNP (40°); ( ): BSA+SNP (40°); ( ): SNP (60°); ( ): BSA+SNP (60°); ( ): SNP 
(80°); ( ): BSA+SNP (80°); ( ): SNP (100°) and ( ): BSA+SNP (100°)
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the nanoparticles get bound to the surface of BSA. 
FTIR result shows that there is a change in the peak 
which indicates some conformational change in protein 
structure. Further, the electrophoretic migration result 
shows the higher migration rate of the SNP-BSA 
complex formed at 100°, suggesting changes in the 
protein conformations due to the binding of SNPs.

Both SNPs and SNP-BSA complexes had high 
antioxidant activity in vitro, and their antioxidant 
capacity increased with the increased concentrations. 
SNPs and SNP-BSA complex synthesized at 40° 
showed high antioxidant activity as compared to other 
temperatures. This may be due to the synthesis of small-
sized nanoparticles at 40°. 

Evaluating the optical and physicochemical 
characterization of green synthesized SNPs, the 
color change of the reaction mixture conforms to 
the formation of SNPs. Further, under a UV-visible 
spectrophotometer, these nanoparticles show an 
absorption peak at 400-420 nm that authenticates 
the presence of nanoparticles. When these naturally 
synthesized SNPs are incubated with BSA, the 
absorption peak shifts towards a lower wavelength 
indicating the formation of the nanoparticles-protein 
complex. Furthermore, the analysis of fluorescence 
spectrum and intensity analyses show that the SNPs 
have a considerable ability to quench the intrinsic 
fluorescence of BSA. From SEM analysis, it was 
observed that the nanoparticles are roughly spherical 
and BSA acts as a template for nanoparticles as all 

Fig. 11: H2O2 scavenging assay of ascorbic acid, BSA, SNP, and SNP-BSA complex at different temperatures
Note: ( ): Ascorbic acid; ( ): BSA; ( ): SNP (40°); ( ): BSA+SNP (40°); ( ): SNP (60°); ( ): BSA+SNP (60°); ( ): SNP 
(80°); ( ): BSA+SNP (80°); ( ): SNP (100°) and ( ): BSA+SNP (100°)

Fig. 12: Hydroxyl radical scavenging assay of ascorbic acid, BSA, SNP, and SNP-BSA complex at different temperatures
Note: ( ): Ascorbic acid; ( ): BSA; ( ): SNP (40°); ( ): BSA+SNP (40°); ( ): SNP (60°); ( ): BSA+SNP (60°); ( ): SNP 
(80°); ( ): BSA+SNP (80°); ( ): SNP (100°) and ( ): BSA+SNP (100°)
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Hence, this study provides a platform to explore more 
potential in the green synthesis of protein-nano particles 
complex and their physicochemical characterization 
at variable temperatures may be implemented in the 
field of environmental and health science. Again, 
the nanoparticle-protein complex synthesized using 
green methods has the potential to serve as a natural 
antioxidant source and may hold significant value as 
a therapeutic agent in the prevention or treatment of 
diseases related to oxidative stress.
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