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Nanotechnology is developing into a fast-expanding discipline with extensive use in medicine,
pharmaceuticals, and environmental sciences. AgNPs have been of particular interest because
of their potent antimicrobial and antioxidant effects. Objectives: To synthesize silver
nanoparticles using roasted foxnut (Euryale ferox) extract, which was utilized as an eco-friendly
and cost-effective green method. Methods: A green method involving the synthesis of silver
nanoparticles using roasted foxnut (Euryale ferox) extract was utilized in the current study as an
eco-friendly and cost-effective green method. The roasted foxnut extract acted as a natural
reducing and stabilizing agent. Silver nanoparticles were prepared by combining foxnut extract
with silver nitrate solution, and the formation of silver nanoparticles was observed by a change
in color of the light-yellow solution to brown. To ascertain the formation of nanoparticles, also
the functional groups involved in their formation, UV-Visible spectroscopy and FTIR assisted in
characterizing the nanoparticles. To determine the biological potential of the nanoparticles
synthesized, antioxidant and antibacterial assays were conducted. Results: The antioxidant
activity of nanoparticles was tested at 500 ppm and 1000 ppm with the assistance of the DPPH
free radical scavenging assay. For statistical analysis, one-way ANOVA was used, and SPSS
version 22.0 was used. The results were statistically significant(p<0.05) with higher scavenging
efficiency observed at 1000 ppm. The agar well diffusion method was used to test the
antibacterial activity against Escherichia coli and Staphylococcus aureus. Conclusions:
Roasted foxnut extract-derived silver nanoparticles used in biomedical and pharmaceutical
fields should be emphasized owingto significant antioxidantand antibacterial properties.

INTRODUCTION

Over the past two decades, metal nanoparticles have
garnered substantial attention in nanomedicine and
environmental science due to their unique
physicochemical properties, including high surface-area-
to-volume ratios, quantum effects, and localized surface
plasmon resonance [1]. Specifically, silver (Ag), gold (Au),
and copper (Cu) nanoparticles have been extensively
investigated for their broad-spectrum antimicrobial,
antioxidant, and catalytic activities. In the majority of
nanoparticle types, reduction of metal salt is a key step
towards their synthesis. Silver nanoparticles(AgNPs)are at
the forefront of nanotechnology due to offering small size,

large surface area-to-volume ratio, and unique
electrochemical properties. Moreover, silver nanoparticles
are reported to have distinct benefits, such as inbuilt
antibacterial, antioxidant, and antifungal characteristics
imparted by the metal silver [2]. A variety of physical and
chemical methods have been reported so far for the
formation of AgNPs, but these have limitations such as
toxicity and environmental hazards. Alternatively, natural
sources of AgNPs currently employed include bacteria,
algae, viruses, and plants [3]. However, comparatively,
plant extract-mediated synthesis of AgNPs offers a
minimally toxic and cost-effective methodology with
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greater stability, less incubation time, and much control of
physicochemical properties. Plants' secondary
metabolites serve as capping agents for the synthesis of
silver nanoparticles. Furthermore, plant-based
nanoparticle synthesis has gained muchimportance due to
imparting superior antioxidant, anti-microbial, and other
biological activities into nanoparticles. Literature
supports the synthesis of a variety of nanoparticles
synthesized in different dimensions and morphologies
using various parts of diversified medicinal plants[4-6]. In
this connection, this study explored for the first time the
nanoparticle synthesizing capacity of roasted fox nut. Fox
nuts, also known as "makhana," are the seeds of the lotus
flower (Euryale ferox). Protein, fiber, and micronutrients
like calcium, magnesium, iron, and phosphorus are
abundant in foxnut [7]. Research has shown that fox nuts
exhibit strong antioxidant activity and help in controlling
blood sugar, body weight, heart health, and digestive health
[8]. Various bioactive agents, such as phenolic, terpenoids,
flavonoids, etc., are all abundant in fox nut and have anti-
inflammatory and antioxidant properties [9]. Roasting
induces complex thermal transformations, such as the
Maillard reaction and caramelization, which generate
reducing sugars, melanoidins, and polymerized phenolics.
These thermally induced changes significantly alter the
extract's redox potential and radical-scavenging
efficiency. Specifically, previous reports indicate that
roasting foxnuts at optimal temperatures (e.g., 140-160°C)
increases the total phenolic content (TPC) and total
flavonoid content (TFC) by approximately 30-40%
compared to raw seeds. This enrichment provides a
greater density of hydroxyl and carbonyl functional groups,
which are crucial for the efficient reduction of Ag*ions and
the subsequent stabilization of AgNPs.

Therefore, we hypothesized that the aqueous extract of
roasted foxnut seeds, enriched with thermally-modified
phytochemicals, would act as an effective reducing and
capping agent to produce stable silver nanoparticles with
significantly enhanced antioxidant and antibacterial
properties. The specific objectives of this study were to
synthesize AgNPs using roasted foxnut extract via a green
method, to characterize the synthesized nanoparticles
using UV-Vis and FTIR spectroscopy, and to evaluate their
antioxidant potential (DPPH assay) and antibacterial
activity against clinically relevant Gram-negative (E. coli)
and Gram-positive (S. aureus) pathogens. To date, there is
no research carried out on the use of roasted foxnut for
synthesizingsilver nanoparticles. Studiesarereportingthe
silver nanoparticle synthesis from Euryale ferox (Makhana)
leaves; however, the use of roasted Euryale ferox in
developing silver nanoparticles is scarce. Therefore, to fill
this gap, the present study used roasted fox nut seed
extract to synthesize and characterize silver
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nanoparticles. The antioxidant potential was evaluated
using the DPPH (2,2-diphenyl-1-picrylhydrazyl) assay to
quantify the nanoparticles' capacity to neutralize free
radicals, a critical parameter for their potential application
in oxidative stress-related therapeutic contexts.
Concurrently, antibacterial efficacy was tested against
Escherichia coli (representing Gram-negative
uropathogens) and Staphylococcus aureus (representing
Gram-positive skin pathogens) using the agar-well
diffusion method. These strains were selected to reflect
clinically relevant pathogens responsible for common
wound infections and foodborne illnesses, thereby
providing a foundational assessment of the nanoparticles'
biomedical applicability.

METHODS

An experimental study was conducted in the Institute of
Biochemistry, University of Sindh, Jamshoro, Pakistan.
The study duration was from August 2025 to January 2026.
Using a previously reported method [10], 5 g of fox nut
(Euryale ferox) seed powder was accurately weighed and
transferredinto aclean beaker. The powder was added toa
solvent mixture comprising 20 mL of acetone and 20 mL of
distilled water. The mixture was stirred and mixed gently
just to make sure that it was mixed properly; it was then
covered by aluminum foil. The 72 hours (3 days)allowed the
beaker to be kept in a dark place to allow the beaker to be
effectively soak and extract the bioactive compounds. The
mixture was then subjected to a magnetic stirrer to
continue mixing during the 6 hours at room temperature to
increase the extraction efficiency. After the magnetic
stirring, the mixture was filtered through Whatman filter
paper to isolate the solid residues. The obtained filtrate
was collected and considered the fox nut extract. A 1TmM
agueous solution of silver nitrate (AgNOs) was freshly
prepared. The synthesis was optimized by varying the
volume of roasted foxnut extract. Specifically, TmL, 2 mL,
and 4 mL of foxnut extract were separately added to 10 mL
of the TmM AgNOs solution in separate conical flasks. The
final volume of each reaction mixture was adjusted to 20
mL using deionized distilled water. This resulted in final
extract-to-AgNOs volume ratios of 1:10, 1:5, and 2:5,
respectively. The mixtures were gently stirred and
incubated inthe dark at 37°C for 24 hours to allow complete
reduction of silver ions. The mixed solution was incubated
inthe darkat 37°C for 24 hours. The next day, a color change
of the solution gradually (usually yellow to brown which
confirms the silver nanoparticles synthesis. After
incubation, the synthesized nanoparticles were separated
from the reaction mixture by centrifugation at 10,000 rpm
(approximately 12,000xg) for 20 minutes at 4°C using a
refrigerated centrifuge. The supernatant was carefully
discarded, and the pellet was washed three times with 10
mL of deionized distilled water to remove unbound
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phytochemicals and residual silver ions. To ensure
complete removal of organic impurities, a final wash was
performed using 10 mL of absolute ethanol. After each
washing step, the suspension was centrifuged again under
the same conditions (10,000 rpm, 20 minutes, 4°C). The
purified pellet was then collected and dried in a vacuum
desiccator at room temperature for 48 hours to prevent
thermal degradation. The resulting fine powder of roasted
foxnut-mediated silver nanoparticles was stored in airtight
amber vials at 4°C for further characterization and
biological assays. For characterization, UV-Visible
spectroscopy analysis was carried out on the fox nut
nanoparticles to study their light-absorbing compounds.
Three dilutions of the extract (1mL, 2 mL, and 4 mL) were
prepared and scannedin the UV-Visible range 400-800nm.
The absorbance values and Amax were recorded. Origin
2020 software was used to draw UV -Visible graphs. To
determine the functional groups of foxnut extract that are
involved in reducing and stabilizing silver nanoparticles,
FTIRanalysis was performed. Potassium bromide (KBr)was
added to dried foxnut nanoparticles and pressed into
pellets. The spectra were collected with a
spectrophotometer, PerkinElmer, in the 4000-400 cm-1.
For the assessment of antioxidant activities, afresh 0.1TMm
DPPH solution was made in methanol and stored in the
dark. 1 ml DPPH solution was allowed to mix with 1ml
nanoparticle suspension(500 &1000 parts per million)were
combinedfortheassay. Thereactionwasdoneintriplicate.
The negative control was made by mixing one milliliter of
distilled water with one milliliter of DPPH solution. Positive
control was ascorbic acid. The mixtures of the reaction
were gently vortexed and incubated in the dark at a
temperature of 37°C. After incubation, the absorbance was
measured at 517 nm [11]. The antioxidant activity was
determined by the following formula: DPPH Scavenging
Activity (%)=(Control Absorbance - Sample Absorbance /
Control Absorbance) x 100. Next, the antibacterial activity
of the Foxnut-mediated nanoparticles was tested against
human pathogens, i.e., Escherichia coli (Gram-negative)
and Staphylococcus aureus(Gram-positive), using the agar
well diffusion bioassay [12]. Powder form of foxnut
nanoparticlesin 500 ppm and 1000 ppm concentration was
dissolved in methanol of HPLC-grade level for antibacterial
analysis(with triplicate samples). Primarily, all the bacterial
cultures were grown on nutrient agar media for 24 hours at
37°C. Antibacterial activity was evaluated using the agar
well diffusion method according to standard protocols.
Overnight cultures of Escherichia coli(Gram-negative) and
Staphylococcus aureus (Gram-positive) were grown in
nutrient broth at 37°C for 18-24 hours. The bacterial
suspensions were then adjusted to a 0.5 McFarland
standard (approximately 1.5 x 10® CFU/mL) using sterile
normal saline to ensure a uniform inoculum density.
Mueller-Hinton agar (MHA) plates were prepared,
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autoclaved at 121°C for 15-20 minutes at 15 psi, and poured
into sterile Petri dishes. A sterile cotton swab was dipped
into the standardized bacterial suspension and evenly
swabbed across the entire surface of the MHA plates in
three directions to ensure confluent growth. Wells of equal
diameter (6 mm)were punched into the agar using a sterile
cork borer. The synthesized foxnut nanoparticles
(dissolved in sterile deionized water) at concentrations of
500 ppm and 1000 ppm were added to the wells (60 pL per
well). Ciprofloxacin (20 pg/mL) was used as a positive
control, and sterile deionized water served as a negative
control. All plates were incubated aerobically at 37°C for 24
hours. After incubation, the zones of inhibition (including
the well diameter) were measured in millimeters using a
digital caliper. Each assay was performed in triplicate, and
the results were expressed as mean + standard deviation
(SD). Equal-diameter wells were created in the agar using a
sterile cornborer(6mmindiameter). Approximately 60 ul of
the nanoparticle sample extracts were added to the
respective wells with proper labelling. Plates were
incubated for 24 hours at 37°C. A zone of inhibition was
observedand measured.

All experiments were performed in triplicate, and data are
presented as mean * standard deviation (SD). Statistical
analysis was performed using SPSS version 22.0. For the
DPPH antioxidant assay, one-way analysis of variance
(ANOVA) was used to compare the percentage scavenging
among the blank, 500 ppm, and 1000 ppm groups. Tukey's
Honestly Significant Difference (HSD) post-hoc test was
applied to determine specific pairwise differences
between the groups. For the antibacterial assay, an
independent samples t-test was used to compare the
zones of inhibition between the two concentrations (500
ppm vs. 1000 ppm). A p-value of < 0.05 was considered
statistically significant

RESULTS

The color change of the Foxnut and silver nitrate mixed
solution during incubation from light yellow to brown, as
seenin(B), confirmedthe formation of silver nanoparticles.
Awas beforeincubation, and B was afterincubation(Figure

1).

‘_-_#?-_‘_

Figure 1: Color Change of the Extract Showing the Synthesis of
Foxnut Nanoparticles

UV-Visible spectroscopy was used to confirm the
formation of silver nanoparticles prepared using roasted
foxnut (Euryale ferox) extract. The UV-Visible spectra
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showed a clear absorption peak between 420-450 nm,
which is a typical peak for silver nanoparticles. This peak
confirmed that silver ions were successfully changed into
silver nanoparticles. However, the extract and the salt
solution(silver nitrate)did not show any peaksinthisregion
(Figure2).
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Figure2: UV-Visible Analysis of Fox Nut Nanoparticles

FTIR spectra of the extract of Foxnut and the synthesized
Foxnut nanoparticles are provided. The two spectra show
that both contain strong peaks, showing that different
phytochemicals are present, which are reduced and
stabilized during the process of producing nanoparticles.
The Foxnut extract spectrum (b) shows a broad absorption
bandintheareaofabout 33003400 cm-1, anoticeable peak
inthe range of 16001700 cm-1, and other peaks in the range
of 10001200 cm-1. In comparison, the Foxnut nanoparticle
spectrum (a) showed similar functional group
characteristics; however, slight peak shifts and variations
in intensity were evident. The broad O-H stretching band
near ~3300 cm™ remained detectable but appeared less
intense in the nanoparticle spectrum, whereas the
carbonyl peak around 1600-1700 cm™ became sharper and
showed mild shifting(Figure 3).
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(a) Foxnut nanoparticles
(b) Foxnut extract

Figure 3: FTIR Spectra Showing the Functional Groups Present in
(A)Foxnut Nanoparticlesand(B)Foxnut Extract

Using formula mentioned in methods section, percent
scavenging was calculated. One-way analysis of variance
(ANOVA) followed by Tukey's post-hoc test was used to
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compare the percentage DPPH scavenging among the
blank (DPPH only), 500 ppm, and 1000 ppm groups. The
results revealed a statistically significant difference
between the groups (F(2, 6) = 48.3, p < 0.01). Post-hoc
analysis indicated that the 1000 ppm concentration
exhibited significantly higher scavenging activity (58.38%)
compared to both the blank (p < 0.001) and the 500 ppm
concentration (p < 0.01), confirming a concentration-
dependentresponse.

Table 1: DPPH Free Radical Scavenging Activity of Foxnut
Nanoparticles

gg::g:;:;ﬂgz Absorbance | Blank (DPPH) chlzl:i:ing -
(ppm) of Sample Absorbance Activity value
500 ppm 0.588 + 0.001 0.653 9.95% <0.01
1000 ppm 0.272 +0.001 58.38% <0.01

Antibacterial activity shows that the nanoparticles
exhibited antibacterial activity against both Escherichia
coliand Staphylococcus aureus, as shown by clear zones of
inhibition around wells containing nanoparticle solutions.
For DPPH analysis, two concentrations of foxnut
nanoparticles, 500 ppm and 1000 ppm, were analyzed for
their free radical scavenging potential using the DPPH
assay. A visible color change was observed during the
assay. The 500-ppm sample showed only a slight fading of
the purple color of DPPH(a), whereas the 1000 ppm sample
showed a more pronounced color fading. Overall, both
samples demonstrated antioxidant potential; the 1000
ppm sample exhibited significantly higher scavenging
efficiency (58%). Ascorbic acid served as the positive
control, showinganIC50 of 0.01mg/ml(Figure 4).

o8 Rpam

Figure 4: Zones of Inhibition of Foxnut Nanoparticles Against (a)
E.coliand(b)S. aureus

Zones of inhibition were larger at 1000 ppm (17mm and
16mm), indicating a stronger antibacterial effect at the
higher concentration, compared to 500 ppm. Negative
control (Methanol) showed negligible zones, whereas
Ciprofloxacin (20ug/ml) showed the highest zone of
inhibition comparatively(Table 2).

Table 2: Zones of Inhibitionin(mm)

Zones of Inhibition in mm
Samples
E. Coli S. aureus
500ppm n 09
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1000ppm 17 16
Methanol 00 00
Ciprofloxacin 21 19

DISCUSSION

In this green synthesis process, the fox nut extract was
used as a natural reducing and stabilizing agent. In form
concordance to another study, the evidence of the current
study revealed that silver nanoparticles had been
effectively produced through a green process, which was
evident in the change of the visible color of the solution
fromlight yellow to brown. The color change was caused by
surface plasmon resonance, which means that silver ions
were reduced to silver nanoparticles [13, 14]. These
findings are similar to a recent original research article
published in ACS Omega(2024), where silver nanoparticles
were also synthesized using plant extracts and showed a
dark brown coloras confirmation of nanoparticle formation
and successful synthesis [15]. The comparative FTIR
analysis confirms that the phytochemicals found in the
Foxnut extract had a dual role to play, as both reducing and
stabilizingagentsin the synthesis of nanoparticles. The OH
stretching vibrations of alcohols and phenolic compounds
are at 3300 -3400 cm-1, corresponding to the foxnut
extract. These hydroxyl-containing groups are commonly
associated with polyphenols and flavonoids naturally
present in plant extracts [16]. A noticeable peak in the

range of 1600-1700 cm™' represents C=0 stretching of
carbonyl groups, confirming the presence of aldehydes,
ketones, and other secondary metabolites. Additional

peaks in the region of 1000-1200 cm™' correspond to C-0
stretching vibrations of alcohols, ethers, and ester groups.
However, less intense OH peaks in the case of foxnut
nanoparticles suggest that hydroxyl groups were involved
inthe reduction of metal ions and subsequent stabilization
of nanoparticle surfaces. The carbonyl peak around
1600-1700 cm™' became sharper and less shifted, which
indicates possible binding interactions between carbonyl-
containing biomolecules and the nanoparticle surface.
Furthermore, the bands around 1000-1200 cm™ persisted,
supporting the role of C-0 containing phytochemicals as
capping agents [17]. The visual color change in the DPPH
Assay further supports the spectrophotometric data by
indicating stronger free radical scavenging activity at
higher nanoparticle concentration. However, the 1000 ppm
sample exhibited significantly higher scavenging
efficiency (58%), suggesting that foxnut nanoparticles
could serve as promising antioxidant agents at higher
concentrations. This could be due to the presence of high
levels of phenolic and flavonoid compounds, which are
further concentrated and stabilized during roasting and
nanoparticle formation, allowing efficient antioxidant
activity [18]. A concentration-dependent antibacterial
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response of the nanoparticles was depicted in the
antibacterial assay. In contrast, wells containing methanol
(negative control) showed no clear zones of inhibition,
confirming that the observed antibacterial effects were
due to the nanoparticles and not the solvent. Overall, the
nanoparticles were effective against both Staphylococcus
aureus (Gram-positive) and Escherichia coli (Gram-
negative). Literature shows that Gram-negative bacteria
appear to be more sensitive, likely due to a thicker cell
membrane and negatively charged teichoic acids [19].
Silver nanoparticles cause damage to the plasma
membrane of bacterial cells, silver ions and nanoelements
accumulate and destabilize the cell, increasing the
membrane permeability, contents of the cell are released,
and cause cell death. Moreover, this activity may be
attributed to the presence of bioactive secondary
metabolites, particularly polyphenols and flavonoids,
which are known to exert antibacterial effects by
interacting with bacterial cell walls and inhibiting key
biological functions[20].

There are some limitations. This study could not perform
SEM, Zeta potential, and XRD analysis of synthesized
nanoparticles due to funding limitations; however, this
work may be directed in the future towards advanced
characterization. 1c50 values of roasted foxnut-mediated
silver nanoparticlesinantioxidantand antimicrobial assays
should be calculated tolead themtowardsinvivo assays.

CONCLUSION

The present study successfully demonstrated the green
synthesis of silver nanoparticles using roasted foxnut
(Euryale ferox) extract. UV-Visible analysis suggested 4ml
of foxnut extract to be more effective in making silver
nanoparticles. FTIR analysis suggested that hydroxyl,
carbonyl, and amine groups present in roasted Fox nut
extract served as stabilizing and capping agents in the
synthesis of nanoparticles. The biological evaluation
revealed that the synthesized nanoparticles possess
significant, i.e., 58%, antioxidant activity as confirmed by
DPPH free radical scavenging assay validated by statistical
findings. However, it needs to be evaluated in detail with
IC50 calculation and in vivo assays. The antibacterial
analysis showed a concentration-dependent antibacterial
effect. against both Gram-positive (Staphylococcus
aureus) and Gram-negative (Escherichia coli) bacteria.
Therefore, it may be concluded that the roasting process
altered the phytochemical profile of fox nut, potentially
giving rise to silver nanoparticles with biomedical
applications.
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