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Abstract:
The synthesis of metal nanoparticles using environmentally friendly materials like fruit extracts offers the
benefits of eco-friendliness and compatibility for pharmaceutical and other biomedical applications. The
phytogenic synthesis can be conducted at convenient ease under microwave exposure. Here, through a
microwave-assisted, fast, and cost-effective approach, monodispersed, spherical gold nanoparticles (AuNPs)
with outstanding catalytic efficiency and anticancer activity were successfully synthesized using the extract of
clammy cherry (Cordia Obliqua Willd) fruit. UV-Visible spectroscopic analysis, SEM, and HRTEM analysis
have been used to characterize the prepared AuNPs. The electronic spectrum investigations have revealed
that the MW power, length of exposure, gold ion concentration, and content of the cherry extract had a
substantial impact on the rate of production, size, and surface plasmon absorption of AuNPs. According to
TEM examinations, AuNPs are crystalline and spherical in shape, with a mean size of 11.7 nm. Anticancer
activity of the stabilized AuNPs studied against Dalton’s lymphoma Ascites cells confirmed that the stabilized
AuNPs were highly effective for the apoptosis of cancer cells selectively. Furthermore, the AuNPs’ catalytic
efficiency in reducing hazardous organic pollutants viz. methyl orange (MO), methylene blue (MB), and
methyl red (MR), 2-nitrophenol (2-NP) and 4-nitrophenol (4-NP), with borohydride-aided reduction proved
appealing for environmental pollution remediation applications.
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1. Introduction

The production of metal nanoparticles (MNPs) and compos-
ites have sparked a lot of interest recently owing to their ex-
traordinary physio-chemical properties and a wide variety of
biological, sensing, and catalytic applications [1–8]. When
compared to other MNPs, gold nanoparticles (AuNPs) have
been widely investigated owing to their low toxicity to mi-
croorganisms and mammalian cells. Many researchers have
reported excellent anticancer, antioxidant and antibacte-

rial activity of stabilized AuNPs [9–19]. Biosensors for
virus, bacteria, and pathogen detection, as well as biomed-
ical research applications such as nano bio diagnostics
and controlled drug administration, use AuNPs extensively
[20, 21]. Surface-enhanced Raman spectroscopy, optical
sensors, and biological applications have all been described
to use AuNPs earlier. Using NaBH4, biosynthesized AuNPs
were used to catalyze the reduction of different nitro com-
pounds. Gold nanocatalysts were used as a highly selective
colorimetric nanoprobe for many metals like Cd2+, Pb2+,
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Ni2+, Hg2+ etc. [22–27]. Degradation of carcinogenic or-
ganic compounds like dyes and aromatic compounds were
also performed using AuNPs [28–31].
Because of the enormous amount of capital involved in man-
ufacturing and the energy intensive process, the biological
technique of synthesis of nanoparticles (NPs) has proven to
be a better way than chemical methods. Since toxic chem-
icals like hydrazine are used, the approach is not environ-
mentally friendly [31, 32]. These shortcomings pushed for a
“greener synthesis of NPs” that is both ecologically friendly
and enable greater control of crystal formation, stabilization
and size. As a bottom-up synthetic strategy, plant and fun-
gal extract-mediated solution phase synthesis of AuNPs via
Au (III) reduction to Au (0) has recently gained attraction.
Its advantages include green reducing and stabilizing chem-
icals, an environmentally friendly aqueous medium, and
mild reaction conditions. Phytochemicals extracted from
various parts including leaf, bark, root, fruit and stem of
number of plants have all been used in the biogenesis of
AuNPs [33–37]. However, when compared to conventional
chemical reduction, phytochemical reduction procedures
for the manufacture of AuNPs are significantly slower. To
address this disadvantage, plant-mediated synthesis must
be combined with microwave (MW) assisted synthesis. An
increase in reaction rate, mild reaction conditions, higher
yield of the products, low consumption of energy are certain
benefits of MW heating over conventional ovens and many
successful reports on MW assisted synthesis of AuNPs are
available recently [38–42].
With this background, we wished to reveal the synthesis
of AuNPs through a quick MW assisted green reduction of
Au (III) ions from chloroauric acid. The study examined
the ability of phytochemicals in clammy cherry (Cordia
Obliqua Willd) extract as an environmentally friendly re-
ducing and stabilizing agent for AuNPs synthesis [43–45].
Clammy cherry is a plant that belongs to Boraginaceous
family which has widely distributed warmer regions of In-
dia and Ceylon. The herb has long been thought to have
medicinal properties. According to traditional system, it
possesses anthelmintic, purgative, diuretic, expectorant, an-
tipyretic, hepatoprotective and analgesic action. Evaluation
of pharmacological activities confirmed. Cordia Obliqua
Willd plant has as antimicrobial, hypotensive, respiratory
stimulant, diuretic and anti-inflammatory drug. Phytochem-
ical screening revealed several polyfunctional components
such as carbohydrates, flavonoids, phenolic compounds,
proteins, alkaloids, amino acids, and glycosides in clammy
cherry extracts. The ability of phytochemicals present in
the aqueous extract of clammy cherry to reduce and sta-
bilize metal nanoparticles has been demonstrated in our
earlier work [46]. It was also planned to study the effect
of MW power, time of irradiation, and composition of the
reaction mixture on AuNPs properties. The study also aims
to evaluate the anticancer activity of the produced AuNPs
against Dalton’s lymphoma ascites (DLA) cells. Moreover,
the reduction of harmful water pollutants such as methyl
orange (MO), methylene blue (MB), and methyl red (MR),
as well as 2-nitrophenol (2-NP) and 4-nitrophenol (4-NP),
were used to test the catalytic activity of biosynthesized

AuNPs to establish their environmental remediation appli-
cations. This work has been reported for the first time, the
clammy cherry mediated synthesis of AuNPs, anticancer,
and catalytic efficacy.

2. Experimental

2.1 Materials and methods
Merck Chemicals Ltd, Mumbai, India, provided the
chloroauric acid (HAuCl4) and sodium borohydride
(NaBH4) utilized in the study. Nice Chemicals, India,
provided methyl orange, methylene blue, methyl red, 4-
nitrophenol and 2-nitrophenol. The AuNPs were synthe-
sized in a domestic microwave oven.

2.2 Preparation of clammy cherry fruit extract
Clammy cherry fruits were collected from Ernakulam dis-
trict (Lat 9.970715◦, Long 76.281774◦), Kerala State, India
and were later authenticated [46]. To remove the dust, the
fruits were first carefully cleaned with tap water and then
with distilled water. The fruits were allowed to dry naturally
in the air at room temperature. 5 g of clammy cherry fruit
was cut into small pieces and mixed with 200 mL of distilled
water before being microwaved for 3 minutes to extract the
biomolecules found in the fruit. In hot conditions, the fruit
extract was filtered through Whatman No.1 filter paper to
remove fibrous impurities. The filtrate was collected and
stored in refrigerator for further studies.

2.3 Microwave assisted synthesis of gold nanoparticles
For getting AuNPs, 10 mL of clammy cherry extract (10
g/100 mL) and 20 mL of 0.05 mM HAuCl4 solution were
mixed and irradiated in a MW oven at 2.45 GHz under
420 W. The solution turned pink, showing the formation
of AuNPs. The influence of synthesis parameters like MW
power, exposure time, and the composition of HAuCl4 to
clammy cherry extract were also studied. The whole pro-
cesses were analyzed by recording the UV-Vis spectra of
the reaction mixture at definite time periods.

2.4 Characterization
The UV-Vis spectral studies were performed with scien-
tific evolution 160 UV-Visible spectrometer. The VEGA3
TESCAN scanning electron microscope (SEM) was used
to study surface morphology of AuNPs. Field Emission
Scanning Electron Microscopic images of the synthesised
AuNPs were taken in a Carl Zeiss Sigma TM Series mi-
croscope. Transmission electron microscopic images were
collected using a JEOL JEM-2100 microscope. Perkin
Elmer FTIR spectrometer was used to record FTIR spectra
of the vacuum dried clammy cherry extract in the range
4000−450 cm−1.

2.5 Cytotoxicity of AuNPs in DLA cells
The biosynthesized AuNPs was studied for short term in
vitro cytotoxicity using Dalton’s lymphoma Ascites cells.
The tumor cells aspirated from the peritoneal cavity of
tumor bearing mouse was washed thrice with phosphate
buffered cell line or normal cell line. The cell viability was
determined by trypan blue exclusion method. A viable cell
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suspension (1×106 cells in 0.1 mL) was introduced to tubes
holding varying concentrations of AuNPs. The volume was
made up to 1 mL by means of phosphate buffered cell line.
The cell suspension alone was taken a control tube and these
assay mixtures were incubated at 37 ◦C for 3 hours. The
cell suspension was mixed with 0.1 mL of 0.1% trypan blue
for 2-3 minutes and before being put into a hemocytometer.
Dead cells absorb the blue colour of trypan blue, while the
living cells do not. The numbers of stained and unstained
cells were individually counted.

% of toxicity =
No.of dead cells

No.of live cells+No.of dead cells
×100

2.6 Catalytic activity studies

The catalytic activity of the prepared AuNPs towards the
reduction of organic substrates including MO, MB, MR, 4-
NP or 2-NP with a relatively higher concentration of NaBH4
was determined. In a typical catalytic reaction, 2 mL of
dye solution (10 mg/L) and 0.05 mL of AuNPs colloid
were mixed with 0.5 mL of 0.05 M NaBH4 solution. UV-
Visible spectra of the reaction mixture were taken regularly
to monitor the progress of catalytic process.

3. Results and discussion

3.1 Synthesis of AuNPs and UV-Vis spectral studies

Here, the excellent reducing and stabilizing potential of the
various poly-functional molecules present in the clammy
cherry were utilized for the synthesis of extremely stable
AuNPs [44, 46]. The visible colour change of the solu-
tion from colorless to pink within a short time indicated
the fast formation of AuNPs. The use of MW energy has
significantly shortened reaction time and boosted AuNPs
yield throughout the current procedure. Figure 1 shows the
schematic representation of the biosynthesis of AuNPs.
As the extent of MW exposure upon reaction mixture pro-
gresses, the color got intensified as shown in Fig. 2.
In the UV-Vis spectrum of the HAuCl4 solution and clammy
cherry extract no absorption peaks were seen in the visible
region, while absorption peaks at 301 nm and 283 nm were
observed for HAuCl4 solution and clammy cherry extract
solution respectively in the UV-region. However, the spectra
of the microwave exposed mixture of clammy cherry ex-
tract were and Au3+ solution have a typical surface plasmon
resonance absorption band with λmax around 527−541 nm
(Fig. 3 (a)) in the visible region. This observation confirmed
the formation of AuNPs having a size less than 20 nm [47–
49].

Figure 1. Pictorial illustration of MW-assisted synthesis of AuNPs using clammy cherry extract.

Figure 2. Color change during MW exposure of HAuCl4 with clammy cherry extract.
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Figure 3. (a) UV visible spectra of Clammy cherry extract (green), HAuCl4 solution (red), and AuNPs solution after a month (pink), (b) UV-Visible
spectra recorded at different time intervals.

The stability of prepared AuNPs is considered as an impor-
tant parameter and good stability recommended for catalytic,
sensing and biomedical applications. It was observed that
prepared AuNPs remained in colloidal form even after a
month from its preparation which confirmed that interaction
of clammy cherry derived phytochemicals has stabilized
AuNPs effectively.
The rate of formation, size, and optical properties of AuNPs
are found to be influenced by the composition of extract,
MW power level and time of exposure. The HAuCl4 solu-
tion and clammy cherry extract were taken in ratio of 1:4
by volume, exposed to MW radiation at power level of 420
W and UV-Visible spectrum of the mixture recorded at an
interval of 1 minute is presented in Fig. 3 (b). The spectral
studies suggested that duration of exposure had a influenced
the amount and nature of AuNPs formed. As the extent
of exposure increases, an increase in the SPR absorption
intensity was observed which indicated the formation of
more AuNPs due to further reduction. Furthermore, as time
prolapse, a red shift in SPR maxima from 536 to 527 nm
was also observed. After 6 minutes of MW exposure the
intensity of absorption remained almost same confirming

that reduction of Au3+ ions were almost complete.
The effect of MW power level on nature and distribution
of AuNPs was studied by analysing the UV-Vis spectra
recorded with AuNPs colloid obtained at different power
while keeping the composition and period of exposure con-
stant. At lower MW power the colour intensity was less,
while the reaction mixture becomes more intensely colored
as the MW power was increased which might be due to the
faster reduction at higher MW power (Figs. 4 (a), 4 (b)). No
significant change was observed in the case of SPR absorp-
tion maxima, while the curve becomes much sharper as the
power increases indicating that narrow size distribution of
AuNPs that might be due to the faster formation of stabi-
lized AuNPs.
Keeping the MW power level at 420 W and time of MW
exposure (5 min) constant, the composition of reaction mix-
tures taken were varied as per the Table 1 and UV-Vis spec-
tra were recorded in each case and presented in the Fig. 5.
The study revealed that even at lower proportion of extract,
Au3+ ions are effectively reduced and resulted AuNPs were
well stabilized. A direct dependenece between the intensity
of SPR absorption and hence population of AuNPs with

Figure 4. (a) Color change observed after MW exposure of HAuCl4 (0.05 mM) and clammy cherry extract (10 g/L) for 5 minutes under different power
level and (b) UV-Visible spectra recorded at different MW power.

2008-8868[https://dx.doi.org/10.57647/j.ijnd.2025.1604.30]

https://dx.doi.org/10.57647/j.ijnd.2025.1604.30


Mathew et al. IJND16 (2025) -162530 5/13

Table 1. Synthesis conditions and corresponding λmax values of AuNPs.

Volume of [HAuCl4]
(0.05 mM)

Volume of extract
(0.1 g/mL)

MW power
(W)

Time of exposure
(min)

SPR λmax
(nm)∓1

20 5 140 5 530
20 5 280 5 530
20 5 420 5 530
20 5 560 5 531
20 5 700 5 533
20 5 420 1 536
20 5 420 2 538
20 5 420 3 534
20 5 420 4 531
20 5 420 5 530
20 5 420 6 526
5 5 420 5 541
10 5 420 5 537
15 5 420 5 533
20 5 420 5 530

the propotion of chloroauric acid solution was observed.
At higher Au3+ concentration, the intensity of absorption
increased and UV-Vis spectra observed became sharper
indicating narrow AuNPs size distribution. The spectra
with single SPR absorption maxima also indicated that the
synthesised AuNPs were spherical. Accordingly, optical
studies established the unique capping/passivating potential
of the clammy cherry extract for the AuNPs synthesis.
Table 1 summarizes the details of synthesis condition and
corresponding SPR absorption maxima of AuNPs.

3.2 FTIR studies

FT-IR spectral studies of the vacuum-dried clammy cherry
extract and AuNPs were carried out and are presented in
Figure 6. The broad peak at 3398 cm−1 of the fruit extract is
due to stretching vibrations of the phenolic O-H group that
is hydrogen bonded. The peak at 2926 cm−1 corresponds to
C-H stretching vibrations. The medium band at 1637 cm−1

corresponds to the amide I band. The peak around 1323
cm−1 is assigned to the –COO stretching from amino acid
groups. The peak at 794 cm−1 is due to=C-H stretching
(aromatic). Hence, it is concluded that these identified func-
tional groups is responsible for the reduction of Au3+ ion
to Au0 and interact via coordination to yield stable AuNPs.
Furthermore they might have interacted with AuNPs and
prevented their clustering by forming a capping layer over
the AuNPs, thus offered proper stabilization [29]. The small
change in the intensity and position of the peaks in the spec-
trum of AuNPs can be attributed to the coordination of
phytochemicals with the metals.

3.3 SEM analysis

Fig. 7 (a) shows the scanning microscopic images of syn-
thesized AuNPs. It was found that the clustered AuNPs
forms well-defined spherical microstructures. SEM studies
revealed that AuNPs are effectively passivated and evenly

Figure 5. UV-Vis spectra of AuNPs prepared by taking different clammy cherry extract to HAuCl4 solution volume ratio.
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Figure 6. FTIR spectra of Clammy cherry fruit extract and AuNPs.

distributed. FESEM image of AuNPs shown in the Fig. 7 (b)
further confirms that gold nanoparticles are uniformly dis-
persed in the phytochemical matrix.

3.4 HRTEM analysis

HRTEM studies were used to study the surface features of
the biosynthesized AuNPs in greater detail (Figs. 8 a-c).
The TEM studies confirmed that synthesized AuNPs were
spherical. The tiny size and narrow size distribution are at-
tributable to the rapid reduction and improved stabilization
of AuNPs by the cherry-derived phytochemicals under MW
irradiation. The concentric ring in the selected area electron
diffraction (SAED) pattern shows the crystalline nature of
AuNPs (Fig. 8 c). From the particle size distribution his-
togram (Fig. 8 d), the average particle size is found to be
11.7 nm. The AuNPs are effectively dispersed from one

another, and no particle aggregation was found, support-
ing the efficient capping ability of clammy cherry derived
phytochemicals.

3.5 Catalytic studies

The reductive degradation of selected organic pollutants
including MB, MO, MR, 4-NP, and 2-NP with excess of
NaBH4 as reductant, was studied to evaluate the catalytic
activity of biosynthesized AuNPs. When the mixture of dye
solution and borohydride was kept free of AuNPs, no notice-
able colour change was detected. Upon adding AuNPs to
the above solution, the intensity of the solution’s colour de-
creased significantly faster, indicating that the degradation
was accelerated. As the reaction progressed, the solution
eventually became colorless indicating that the reduction
was complete. The progress of the reaction was monitored

Figure 7. SEM image of AuNPs (a), FESEM image of AuNPs (b).
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Figure 8. TEM of AuNPs under different magnification (a and b), SAED pattern (c) and Particle –size histogram (d).

by UV-Visible spectroscopy. The pseudo first order rate con-
stant (k) for each reaction was determined from the slope
of the plot of ln(A/A0) against time (t), where A is the
absorbance at λmax for each substrate at a time and A0 is
absorbance at t = 0.
The time-dependent UV-Vis spectra for MB reduction and
plot ln (A/A0) against time are presented in Figs. 9 (a), 9 (b),

respectively. For MB the absorption maximum (λmax) was
at 664 nm. The spectral studies showed that the reduction of
MB to colorless leuco MB was fast in presence of catalyst
and completed within 8 minutes. The pseudo first order rate
constant kMB observed was 0.5014 min−1.
Figs. 10 (a), 10 (b) display the time-dependent UV-Vis spec-
tra for MO reduction and plot ln (A/A0) against time. For

Figure 9. Time dependent UV-Visible absorption spectra for the AuNPs catalyzed reduction of MB (a) and plot of ln (A/A0) against time (b).
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Figure 10. UV-Visible absorption spectra for the AuNPs catalyzed reduction of MO (a) and plot of ln (A/A0) against time (b).

MO the absorption maximum (λmax) was at 430 nm. The
spectral studies showed that the reduction of MO to color-
less reduced products was fast in presence of catalyst and
completed within 8 minutes. The pseudo first order rate
constant kMO observed was 0.6730 min−1.
The time-dependent UV-Vis spectra for catalyzed MR re-
duction and plot ln (A/A0) against time are presented in
Figs. 11 (a), 11 (b) respectively. The spectra of MR show
the absorption maximum (λmax) at 464 nm. The spectral
studies showed that the reduction of MR to colorless re-
duced products was fast in presence of catalyst and com-
pleted within 8 minutes. The pseudo first order rate constant
kMR observed was 0.2744 min−1.
The time-dependent UV-Vis spectra for catalyzed 4-NP re-
duction and plot ln (A/A0) against time are presented in
Figs. 12 (a), 12 (b) respectively. For 4-NP the absorption
maximum (λmax) was at 317 nm in neutral medium and
upon adding NaBH4 the medium became alkaline and 4-
NP dissociates to yield intensely colored 4-nitrophenolate
ion with λmax at 400 nm. As the reaction progresses 4-NP
is reduced to colorless 4-aminophenol (4-AP) which has
less intense absorption at λmax 300 nm. The spectral stud-
ies showed that the reduction of 4-NP to 4-AP was fast in
presence of AuNPs and completed within 14 minutes. The
pseudo first order rate constant k4-NP observed was 0.1898
min−1.
The time-dependent UV-Vis spectra for 2-NP reduction and

plot ln (A/A0) against time are presented in Figs. 13 (a),
13 (b) respectively. 2-Nitrophenolate ion has absorption
maximum (λmax) at 418 nm and the reduced product 2-
aminophenol has maximum absorption (λmax) at 288 nm.
As the reaction progresses 2-NP is reduced to colorless 2-
aminophenol (2-AP) which has less intense absorption at
(λmax) 288 nm. Compared to 4-NP reduction, the spectral
studies showed that the reduction of 2-NP to 2-AP in pres-
ence of AuNPs was faster and completed within 9 minutes.
The pseudo first order rate constant k2−NP observed was
0.2169 min−1.
Earlier literature suggested that the reductive degradation of
organic dyes catalyzed by MNPs involves a rapid electron
transfer from the donor borohydride to the acceptor dye
molecules [59, 60] The reductant BH4− and dye molecules
may become adsorbed on the surface of AuNPs without in-
terfering with their action. The adsorption of BH4− ions and
electrophilic dye molecules on the AuNPs affects its stan-
dard electrode potentials, allowing quicker electron trans-
port, in which the AuNPs may serve as a redox center,
transporting electrons from the BH4− to the dye substrate.
Fig. 14 represents the scheme proposed for the AuNPs me-
diated catalytic the reduction of dyes.
Table 2 compares the catalytic activity of the prepared
AuNPs to that of metal-based catalytic systems reported
earlier.
The study demonstrates that clammy cherry stabilized

Figure 11. UV-Visible absorption spectra for the AuNPs catalyzed reduction of MR (a) and plot of ln (A/A0) against time (b).
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Figure 12. UV-Visible absorption spectra for the AuNPs catalyzed reduction of 4-NP (a) and plot of ln (A/A0) against time (b).

AuNPs have comparable catalytic effectiveness for reduc-
tive discoloration of a wide variety of organic substrates.
The improved stability and compact size of the produced
AuNPs are related to the high catalytic activity. As a result
of the study, it was proven that the cherry-protected stable
AuNPs-based catalytic devices can be effectively employed
to eliminate hazardous organic pollutants.

3.6 Anticancer activity of AuNPs

The anticancer property of biosynthesized AuNP colloid
was investigaed with DLA cells, the result of the study is

given in Table 3. Figures 15 (A, B, C, D, E ) respectively
represents the morphological changes AuNPs on DLA cells.
The data showed that AuNPs colloid could reduce the vi-
ability of DLA cells in a dose dependant manner and it is
significant that the colloid as such where the active AuNPs
concentration was much lower could show considerable
biological potency. This may be due to the reactive oxy-
gen species induced by nanoparticles, it causes damages
to the cellular component and leads to the cell death [61].
The quantification of anticancer activity was estimated and
represented as bar diagram in Fig. 15 (F).

Figure 13. UV-Visible absorption spectra for the reduction of 2-NP catalyzed by AuNPs (a) and plot of ln(A/A0) against time (b).

Figure 14. A proposed scheme for reduction of dye by NaBH4 in the presence of AuNPs.
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Table 2. Comparison of catalytic activity of the synthesized AuNPs with some reported works.

System Substrate Rate constant (min−1) Reference

AgNPs-PVA MB 0.0218 [50]
AuNPs MB 0.241 [51]
AuNPs 2-NP 0.17 [52]

Ag –Zeolite X MO 0.305 [53]
AgNPs MO 0.0186 [54]

PdAu/Dens-OH MO 0.0948 [55]
AgNPs MO 0.3038 [46]
AuNPs 4-NP 0.026 [56]
PdNPs 4-NP 0.11 [57]
AgNPs MB 0.2173 [41]
PdNPs 4-NP 0.183 [58]

AuNPs MO 0.6730

This work
AuNPs 4-NP 0.1898
AuNPs MB 0.5014
AuNPs 2-NP 0.2169
AuNPs MR 0.2744

Figure 15. Analysis of in vitro cancer cell cytotoxicity of AuNPs (A–E). The quantification of anticancer activity was estimated and represented as bar
diagram (F).

Table 3. Anticancer activity of AuNPs against DLA cells.

Concentration (µg/mL)
% Cell Death
DLA cells

2.5 21.3±1.6
5 29.9±1.9
10 41.1±3.1
15 58.8±1.6
20 71.2±1.8
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4. Conclusion
This study presents a rapid, cost-effective, and eco-friendly
approach for synthesizing gold nanoparticles (AuNPs)
using clammy cherry extract under microwave irradiation.
The successful reduction of Au3+ ions and the formation
of AuNPs with an average size of 11.7 nm and a narrow
size distribution highlight the efficiency of polyfunctional
biomolecules in the extract, acting as both reducing and
stabilizing agents. Comprehensive characterization using
FTIR, UV-Vis, SEM, and TEM confirmed the structural and
morphological properties of the synthesized AuNPs. The
biosynthesized AuNPs demonstrated significant anticancer
activity against DLA cells, indicating their potential
biomedical applications. Additionally, their effectiveness
as heterogeneous catalysts in the reductive degradation of
dyes and nitro compounds suggests their applicability in
waste water treatment for the removal of toxic pollutants.
Further research is ongoing to explore their electrochemical
behaviour and antibacterial properties, expanding their
potential in various scientific and industrial domains.
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