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SUMMARY

Research background. Silver nanoparticles (AgNPs) were synthesised using agri-
cultural waste and green synthesis, a sustainable alternative to traditional synthesis
techniques that require hazardous chemicals and extensive processing. The AgNPs
were produced using spent coffee (Coffea robusta) grounds and rice (Oryza sativa)
husks, both common agricultural wastes rich in bioactive substances such as pro-
teins, flavonoids and phenolic acids that act as natural reducing agents.

Experimental approach. The formation and stability of AgNPs were confirmed us-
ing various methods. UV-Vis spectroscopy showed surface plasmon resonance (SPR)
peaks at 450 nm, indicating the formation of AgNPs, while Fourier transform infrared
spectroscopy (FTIR) identified functional groups responsible for the bio-reduction
and stabilisation of the nanoparticles. X-ray diffraction spectroscopy (XRD) confirmed
the crystalline, face-centred cubic structure. Zeta potential analysis showed a stable
dispersion and particle size analysis showed a consistent size distribution. The anti-
bacterial activity of AgNPs was evaluated by testing their effectiveness against both
Gram-positive and Gram-negative bacteria.

Results and conclusions. The AgNPs were synthesised using spent coffee grounds
and rice husks, which are rich in biomolecules that serve as effective reducing and
stabilising agents. FTIR analysis identified functional groups involved in the reduc-
tion and stabilisation of nanoparticles, while XRD confirmed their face-centred cubic
(FCCQ) crystalline structure. Zeta potential measurements showed stable dispersions
with particle sizes of AGNPs obtained using spent coffee grounds of approx. 187 nm
and of AgNPs obtained using rice husks of 198 nm. The synthesised AgNPs also
showed strong antibacterial activity against both Gram-positive and Gram-negative
bacteria.

Novelty and scientific contribution. AQNPs were obtained by green synthesis using
agricultural waste such as spent coffee grounds and rice husks as natural reducing
and stabilising agents. This study highlights the innovative use of biomolecule-rich
materials to generate stable AgNPs with strong antibacterial properties and provides
a sustainable basis for further development of nanotechnological applications.

Keywords: agricultural waste; green synthesis; rice husks; spent coffee grounds; sil-
ver nanoparticles

INTRODUCTION

Nanotechnology has become a transformative field dominated by silver nano-
particles (AgNPs) due to their exceptional properties and diverse applications (7).
Conventional AgNP synthesis often involves hazardous chemicals and complex pro-
cesses that cause significant environmental concerns (2). Therefore, green synthesis
has gained attention as a sustainable alternative that uses environmentally friendly
materials as reducing agents (3). Agricultural waste rich in biomolecules with reduc-
ing capabilities offers a promising platform for AQNP production (4), which adheres
to the principles of sustainable development and circular economy (5). Agricultural
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wastes rich in proteins, phenols and flavonoids act as biolog-
ical reducing agents in the biological synthesis of AgNPs (6)
and this approach aids waste management by transforming
waste into valuable products. It supports resource conserva-
tion by utilising waste materials efficiently, thereby address-
ing the environmental challenges associated with traditional
methods for nanoparticle production (7). Although various
bio-based approaches have been investigated, the potential
of rice husks and spent coffee grounds as precursors for AGNP
synthesis remains relatively understudied.

Coffee is a popular non-alcoholic beverage obtained
from the roasted seeds of the Coffea plant (8). Coffee con-
sumption is increasing globally (9) and the coffee industry
generates significant amounts of waste, including spent cof-
fee grounds (SCG). SCG are a rich source of biologically active
compounds, such as flavonoids, phenolic compounds and
phytonutrients, but can also contribute to environmental
pollution due to high amounts of tannins and caffeine (70).
The polyphenolic compounds in SCG, including chlorogenic
acids and melanoidins, interact with metal salt solutions to
form metal atoms through a reduction mechanism (77). Ad-
ditionally, coffee beans contain two main alkaloids, caffeine
and trigonelline, and some other compounds such as ade-
nine, xanthine, hypoxanthine and guanine, which can facili-
tate the formation of nanostructures through oxidative cou-
pling (72).

Rice (Oryza sativa) husks are a by-product of the rice mill-
ing industry often discarded as agricultural waste (73). Due to
its abundance and renewability, rice husks offer a significant
opportunity for sustainable nanoparticle synthesis (74). It is a
rich source of biologically active compounds, such as phenol-
ic acids and flavonoids, which can facilitate the reduction of
metal ions to produce AgNPs (75,76). The AgNPs synthesised
using rice husks are safe for humans and the environment
and have been shown to have higher reducing power and the
ability to scavenge reactive oxygen species (ROS), which
makes them potential antioxidant compounds (77). The use
of SCG and rice husks as reducing agents provides a cost-ef-
fective, sustainable and eco-friendly approach to AgNP pro-
duction. This method contributes to the sustainable utilisa-
tion of agro-waste and a circular bioeconomy, thus helping
to mitigate the environmental impact associated with tradi-
tional nanoparticle synthesis.

The main focus of this study is to develop a sustainable
and environmentally friendly method to synthesise silver na-
noparticles (AgNPs) using agricultural waste materials. By uti-
lising rice husks and coffee grounds as reducing agents, we
aimed to synthesise nanoparticles and then characterise their
properties. This characterisation is essential for evaluating
the effectiveness and quality of the produced nanoparticles.
Additionally, we investigated the potential benefits of AgNPs
in various fields, including antimicrobial, catalytic and bio-
medical applications. Furthermore, this study paves the way
to the advancement of green nanotechnology by demon-
strating the feasibility and sustainability of using agricultural
wastes for nanoparticle synthesis.

MATERIALS AND METHODS

Preparation of spent coffee grounds

Spent coffee ground (SCG) extract was prepared from
Coffea robusta beans obtained from Ziq Bakery and Cake,
Gong Badak, Terengganu, Malaysia. First, the SCG was rinsed
with deionized water and filtered to remove excess impuri-
ties. The cleaned SCG was then dried in a universal oven
(UN55; Memmert, Schwabach, Germany) at 60 °C overnight
until complete desiccation, then blended in a blender (MX-
-GM1011; Panasonic, Shah Alam, Malaysia) to obtain a fine dry
powder. A total of 15 g of powdered SCG was mixed with 150
mL deionized water and 30 mL absolute ethanol (8.33 % m/V)
in a 5:1 mass per volume ratio for the extraction of bioactive
compounds. This mixture was stirred and heated at 80 °C for
35 min in a water bath (WNB 7; Memmert). After the mixture
was cooled down, it was centrifuged at 769xg for 15 min us-
ing a high-speed floor-top refrigerated centrifuge (CR22N;
Hitachi, Hitachinaka, Japan) and then filtered to separate the
solid particles from the liquid phase and freeze-dried to pre-
serve the material for further use.

Preparation of rice husk extract

Rice husks were sourced from MAAS Agros Technology
in Kajang, Selangor. A mass of 500 g sample of rice husks was
rinsed with deionized water. The rinsed rice husks were dried
overnightin a universal oven at 60 °C. The dried rice husk was
then powdered to a fine powder in a blender (MX-GM1011;
Panasonic).

For the extraction, 300 g of rice husk powder was com-
bined with 1000 mL of deionized water (3:10 m/V ratio) and
heated at 60 °C for 30 min in a water bath. After heating, the
mixture was centrifuged at 769xg for 15 min (CR22N; Hitachi),
followed by filtration and then it was collected and freeze-
dried using a freeze dryer (Genesis 35EL Pilot freeze dryer; SP
Scientific VirTis, Gardiner, New York, NY, USA) for further use.

Synthesis of silver nanoparticles using SCG extract

The SCG extract was added to 10 mM silver nitrate (Ben-
dosen Laboratory Chemicals, Bendosen, Norway) solution in
a 1:1 mass per volume ratio. This mixture was homogenised
and stored in a dry, dark place for 5 h (Fig. S1). The change in
the colour of the solution indicated the formation of nano-
particles. These changes were observed and recorded hourly
from0to 5 h.

Synthesis of silver nanoparticles using rice husk extract

Silver nitrate solution of 10 mM was prepared from solid
AgNO;. The freeze-dried rice husk extract was mixed with the
AgNO; solution in a 1:4 volume ratio (Fig. S2). The reaction
mixtures were heated at 75 °C for 15 min in a water bath and
then stored in the dark for 96 h to prevent photodegradation.
The colour change of the solution indicated nanoparticle
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formation. The colour changes were observed and recorded
hourly.

UV-Vis spectroscopy

The absorbance of the solution containing nanoparticles
was determined using a UV-Vis spectrophotometer (UV-1800,
240 V; Shimadzu, Kyoto, Japan) in a wavelength range from
350 to 650 nm (78). The reduction of silver ions obtained by
green synthesis was recorded using the UV-Vis spectrum of
the reaction of the mixture of silver nanoparticles.

Structural analysis of AgNPs

The hydrodynamic size of particles (Z average), polydis-
persity index (PDI) and zeta potential of AQNPs were meas-
ured by dynamic light scattering (DLS) (Litesizer 500; Anton
Paar, Graz, Austria) (78).

The chemical functional groups of synthesised AgNPs
were analysed using Fourier transform infrared spectroscopy
(FTIR) (IR Traces-100; Shimadzu) in the spectral range of 4000-
400 cm™ (78).

The profile of freeze-dried AgNPs at 20 and -80 °C was
characterised with the X-ray diffraction (XRD) (SmartLab X-ray
diffractometer; Rigaku, Tokyo, Japan) using voltage of 40 kV
and current of 30 mA (78).

Antimicrobial assay

The agar disc diffusion method was used to evaluate the
antimicrobial activity of silver nanoparticles using rice husk
and spent coffee grounds. The synthesised AgNPs showed
strong antibacterial properties against Gram-positive bacte-
ria (Staphylococcus aureus and Bacillus subtilis) and Gram-neg-
ative bacteria (Pseudomonas aeruginosa and Escherichia coli)
(Fig. S3). These bacteria were cultured and streaked on the
nutrient agar. Using a densitometer, the streaked bacteria
were used to prepare the suspension of 0.5 McFarland stand-
ard (equivalent to 1.5-108 CFU/mL). The prepared bacterial in-
oculum was uniformly swabbed on the Mueller-Hinton agar
(MHA) plate. The concentrations of 400, 200 and 100 mg/mL
of AgNPs, obtained with the addition of rice husk or spent
coffee ground extract, were added to the sterile plain disc
and placed onto an MHA plate. The zone of inhibition was
measured using a vernier calliper after incubating for 24 h at
37 °C. The gentamicin disc was the positive control and dis-
tilled water was the negative control, both used to assess the
effectiveness of the antimicrobial assay.

Statistical analysis

All the data are presented as mean valuetstandard
deviation (S.D.). ANOVA and Tukey’s honestly significant dif-
ference (HSD) test was used for the statistical analysis with
the IBM SPSS Statistics v. 29.0 software, setting the signifi-
cance at p<0.05 (79,20).

RESULTS AND DISCUSSION

Biosynthesis and spectroscopic analysis of AGNPs
derived from agricultural waste

The synthesis of silver nanoparticles (AgNPs) was suc-
cessfully achieved through a green approach utilising ex-
tracts from Oryza sativa (rice husk) and spent coffee grounds
as reducing agents. This environmentally friendly method
involved the reduction of Ag*ions to AgNPs, visually indicat-
ed by a distinct change of colour from light yellow to brown-
ish black (27). The colour intensity of rice husk extract in 10
mM AgNO, solution increased from 0 to 96 h (Fig. S4a) of
storage, and that of spent coffee grounds in 10 mM AgNO,
from 0 to 5 h (Fig. S4b). The mechanism, attributed to the
excitation of electrons via surface plasmon resonance (SPR),
confirmed the formation of AgNPs (22). Phenolic compounds
from the plant extracts contributed a vital role in this bio-re-
duction process, acting as both reducing and stabilising
agents for the nanoparticles (23). Optimization of parame-
ters such as metal ion concentration, temperature, and reac-
tion time was essential for achieving optimal AgNP forma-
tion (24). The interaction of silver ions with phenolic acids
from rice husk and coffee grounds was confirmed by the
change of colour from light yellow to brownish black, indi-
cating increased stable AgNP formation. Similarly, Vasyliev
et al. (25) found that the blackcurrant pomace extract con-
tained phenolic compounds that may have contributed to
the improved stability of AgNPs. The extracts were freeze-
dried before being combined with AgNO, for synthesis.
Freeze-drying removes 98 % of water from the samples, al-
lowing long-term storage while preserving the bioactive
phenolic acids responsible for AQNP formation (26).

The UV-Vis spectra were used to determine the structure
of the AgNPs by analysing their free surface electron plasmon
oscillations. The SPR peak, indicating AgNP formation, typi-
cally appears in the visible range (350-650 nm), which de-
pends on particle size, shape and environment (27). Fig. 1a
shows that a weak or nearly absent SPR peak at 450 nm was
observed for AgNPs obtained from rice husks after 96 h, sug-
gesting the formation of AgNPs. The peaks of phenolic acid
components in the spectra obtained for AgNPs were ob-
served at approx. 430 nm, as reported by Liu (75).

The concentration of AgNPs is directly proportional to the
intensity of the absorption peak, a higher concentration of
nanoparticles or larger nanoparticles result in a higher ab-
sorption peak (28). The increasing absorbance with time sug-
gested the growth of larger particles, indicating a bathochro-
mic shift as the SPR peak shifted towards longer wavelengths
(29). In the synthesis of AgNP using SCG, a rapid colour change
from light to dark brown within 30 min confirmed the forma-
tion of AgNPs, with the peak at 450 nm increasing with time
and reaching maximum absorbance after 4 h (Fig. 1b). Simi-
larly, silver nanoparticles obtained using spent coffee grounds
showed a peak at 450 nm (30).
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Fig. 1. UV-Vis spectra of silver nanoparticles (AgNPs) obtained with
the addition of: a) rice husk and b) spent coffee ground (SCG) ex-
tracts

The UV-Vis analysis confirmed AgNP synthesis using both
rice husks and SCG extracts, with a consistent SPR peak
around 450 nm. These results agree with previous studies
that confirm SPR bands in similar ranges (30). Spherical metal
nanoparticles can only produce a single SPR band, while an-
isotropic particles may generate two or more SPR bands de-
pending on their shape (78). In this study, a single SPR peak
was observed, which indicated that the synthesised silver na-
noparticles were spherical. This study highlights the feasibil-
ity of using sustainable, cost-effective and environmentally
friendly methods for AgNP synthesis using agricultural
wastes, with potential applications in various fields.

Analysis of functional groups of AgNP by FTIR

FTIR analysis was carried out to identify the functional
groups and biomolecules involved in the bio-reduction of
AgNPs derived using rice husks and SCG. This method pro-
vides critical insights into the surface chemical composition
and reactive sites of the AgNPs that are essential for under-
standing their surface reactivity (37). The FTIR spectra of Ag-
NPs obtained using rice husks in Fig. 2a show several signifi-
cant absorption peaks. The significant peak at 3332.99 cm™
(O-H stretching) indicates the presence of carboxylic acids
(32). The O-H stretching probably originates from the phe-
nolic O-H groups in the lignin structure of rice husks (33,34).
Additional prominent peaks were observed at 2931.80 cm™,
corresponding to CH, stretching, 2360.87 cm™' (alkynes or
ammonium), 1635.64 cm™' (C-N and C-C stretching, associated

with proteins or amides), 1319.31 cm™ (N=0O stretching, nitro
compounds), 1081.41 cm™" (C-N stretching, amines) and
648.08 cm™' (C-Cl stretching, alkyl groups) (78,35). A broad
band at 3286 cm™ and a peak at 2924 cm™' for AgNPs ob-
tained with SCG, as shown in Fig. 2b, indicate different prop-
erties (36). The peak at 3286 cm™' corresponds to N-H and O-H
stretching vibrations and the peak at 2924 cm™' corresponds
to asymmetric stretching of the C-H bond in methyl groups
(29). The broad band at 3286 cm™' suggests the presence of
-OH groups in alcohols and phenolic compounds, which
function as capping and stabilising agents. For the rice
husk-derived AgNPs, the polyphenols and polysaccharides
act as capping and stabilising agents (37) with the peaks at
1357 and 1273 cm™ associated with the bending vibrations
of C-H bonds in methyl and methylene groups, which also af-
fect the size, shape and stability of the AgNPs. The absorption
peak at 663.51 cm™ indicated C-Cl stretching vibrations,
reflecting the presence of halogen compounds that act as
stabilising agents to prevent nanoparticle agglomeration
(38). Various functional groups were present in rice husk and
SCG extracts, as confirmed by FTIR analysis, thus this agricul-
tural waste is a potential resource for the green synthesis of
silver nanoparticles, an approach that contributes to the ad-
vancement of sustainable and environmentally friendly na-
notechnology.
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Fig. 2. Fourier transform infrared (FTIR) spectra of silver nanoparticles
(AgNPs) obtained with the addition of: a) rice husk and b) spent cof-
fee ground extracts
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X-ray diffraction spectroscopy analysis of silver nanopatrticles
synthesised using rice husk and spent coffee grounds

The molecular and crystalline structures of AGNPs were
analysed using X-ray diffraction spectroscopy (XRD), which
provides critical insights into the crystalline structure and
phase identification of materials. XRD analysis of the molec-
ular and crystalline AgNP structures provided valuable infor-
mation about the physicochemical properties and degree of
crystallinity of the synthesised AgNPs (39). The XRD pattern
of the AgNPs obtained fusing rice husks (Fig. 3a) showed dis-
tinct peaks at 38° 43°, 64° and 77°, corresponding to (111),
(200), (220) and (311) planes, respectively, confirming the
presence of a face-centred cubic (FCC) structure (40), i.e. the
synthesised nanoparticles were crystalline. This is consistent
with previous studies reporting similar XRD patterns for Ag-
NPs synthesised with apricot and blackcurrant pomace ex-
tracts, and rice husks subjected to acid-alkali pretreatment
(15,24). In addition, the XRD analysis of AgNPs obtained from
SCG (Fig. 3b) showed prominent peaks in the 26 range from
20° to 80°, with distinct peaks at 27.24°, 38.01° (111), 41.11°
(200), 64.3° (220) and 77.3° (311) corresponding to the planes
of Bragg's reflection and confirming a face-centred cubic
crystalline structure (38). Notably, the peak at 38.01° indicates
Ag® with an FCC structure and confirms the effective reduc-
tion of Ag* ions with both SCG and rice husks (40). Overall,
these results show the successful formation of crystalline sil-
ver nanoparticles using agricultural waste and highlight their
potential for sustainable and environmentally friendly appli-
cations in nanotechnology (78).
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Fig. 3. X-ray diffraction (XRD) analysis of silver nanoparticles (AgNPs)
obtained with the addition of: a) rice husk and b) spent coffee ground
extracts

Particle size and zeta potential

The analysis of AGNPs produced using rice husk and SCG
extracts shows that the AgNPs synthesised using rice husks
had a larger average size of (198.6+3.6) nm (Fig. 4a), which is
attributed to the complex chemical composition of rice husks
and affects the formation of nanoparticles. Furthermore,
these particles had a zeta potential of (-21.2+2.0) mV and a
polydispersity index (PDI) of 26.9 % (Fig. 4b). The AgNPs ob-
tained using SCG had an average size of 187 nm (Fig. 4c), typ-
ical for biologically synthesised nanoparticles. However, their
stability was moderate, as shown by a zeta potential of -11.8
mV and a PDI of 22.1 % (Fig. 4d), which indicates insufficient
electrostatic repulsion and thus the potential for aggregation
of particles. The multiple peaks in the particle diameter dis-
tribution of rice husks indicate polydispersity and the negative
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Fig. 4. Particle size and zeta potential, respectively, of silver nanopar-
ticles (AgNPs) obtained with the addition of: a) and b) rice husk and c)
and d) spent coffee ground extracts
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charge of the particles tends to increase stability by inhibiting
aggregation (47). The negatively charged surface of the nan-
oparticles contributes to the anionic capping agents, includ-
ing polyphenols and flavonoids from blackcurrant and apri-
cot pomace extracts, which are coordinated to the surface of
the silver nanoparticles (24). Optimisation of the synthesis
conditions is crucial to obtain AgNPs with the desired size and
stability for specific applications. Previous studies have
shown that both the concentration of silver nitrate and the
pH of the reaction medium significantly influence the prop-
erties of the resulting nanoparticles. An increased pH accel-
erates the reduction of Ag* ions, resulting in smaller AgNPs
due to accelerated crystallisation. Additionally, a higher pH
can weaken the aggregation of nanoparticles by fully charg-
ing the particle surface, and thus increasing electrostatic re-
pulsion. Conversely, a higher AgQNO, concentration can also
lead to the formation of smaller nanoparticles (47).

Antimicrobial analysis of AGNPs

Organic nanoparticles provide thermal stability, tensile
strength, extended shelf life and antibacterial properties (42).
AgNPs have antibacterial activity against both Gram-positive
and Gram-negative bacteria, including multidrug-resistant
strains (39). Accordingly, this study showed that AgNPs ob-
tained using rice husk and SCG exhibited similar antibacteri-
al activity against both Gram-positive and Gram-negative
bacteria (Table 1 and Table 2). Silver nanoparticles obtained

from rice husks have antimicrobial activity against bacteria at
a concentration of 400 mg/mL. The maximum zone of growth
inhibition against Staphylococcus aureus and Bacillus subtilis
is 10 and 12 mm, respectively, as shown in Table 1. The inhi-
bition zone against Pseudomonas aeruginosa and Escherichia
coliis 11 mm for both bacteria at 400 mg/mL. In addition, Ag-
NPs obtained using spent coffee grounds (Table 2) have max-
imum antimicrobial activity against bacteria at a concentra-
tion of 400 mg/mL. The maximum growth inhibition zone
against S. aureus and B. subtilis is 9 and 12 mm, respectively.
The inhibition zones against P. aeruginosa and E. coli are 9 and
11 mm at 400 mg/mL.

The antimicrobial efficacy of AgNPs is significantly influ-
enced by their physicochemical properties, including shape,
size, concentration and colloidal state (43). These properties
allow AgNPs to interact with or penetrate cell wallsand mem-
branes to exert their antimicrobial effect (39). In a recent
study, rice husks were found to inhibit the growth of S. aureus,
Escherichia coli and Salmonella enterica, demonstrating their
potential as an antimicrobial agent (44). In addition, rice husk
extract was effective against clinical strains of S. aureus
isolated from skin wound infections (77,45). It has also been
reported that SCG samples were more effective against
Gram-positive than Gram-negative bacteria (46). The silver
nanoparticles synthesised using both rice husks and SCG
showed strong antimicrobial properties and their potential
for biomedical applications (47,48).

Table 1. Antibacterial activity of silver nanoparticles (AgNP) obtained with the addition of rice husks against both Gram-positive and Gram-neg-

ative bacteria

y/(mg/mL)
) Gentamicin Rice husk AgNP gzl AgNO, Control
Organism extract
400 200 100 10 1.7
d(inhibition zone)/mm
Pseudomonas aeruginosa 21.4+0.7 (10.4+0.7)? (9.0+0.7)*® (8.4+0.7)° 0 7.0+0.0 0
Escherichia coli 20.1£0.2 (11.0£0.0)* (9.0+0.0)® (8.0+0.0)° 0 7.0£0.0 0
Staphylococcus aureus 21.0+0.0 (9.4+0.7) (8.4+0.7)% (7.4+0.7)° 0 7.0+0.0 0
Bacillus subtilis 22.0+£0.0 (10.4+0.7)* (9.4+0.7)% (9.4+0.7)° 0 7.4%0.7 0

Data are shown as mean value+S.D. (N=3). Tukey's honestly significant difference (HSD) test indicates that different letters in superscript denote

significant differences within the concentration at p<0.05

Table 2. Antibacterial activity of spent coffee ground silver nanoparticles (AgNP) exhibited against both Gram-positive and Gram-negative bacteria

y/(mg/mL)

Spent
Organism Gentamicin Spent coffee grounds AgNP gc:flf;ed AgNO, Control

extract

400 200 100 10 1.7
d(inhibition zone)/mm

Pseudomonas aeruginosa 21.4+0.7 (9.0+£0.0) (8.0+0.0)° (7.0+£0.0)¢ 0 7.0+£0.0 0
Escherichia coli 20.0£0.0 (10.4+0.7)2 (8.0+0.7)° (7.0£0.7)° 0 7.0+£0.0 0
Staphylococcus aureus 22.0+0.0 (9.4+0.7)2 (8.0+0.0)® (7.0+ 0.0)¢ 0 7.0+£0.0 0
Bacillus subtilis 22.0+£0.0 (9.4+0.7) (8.4+0.7)° (74+0.7)° 0 7.4+0.7 0

Data are shown as mean value+S.D. (N=3). Tukey’s honestly significant difference (HSD) test shows that different letters in superscript represent

significant differences within the concentration at p<0.05
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CONCLUSIONS

In conclusion, this study successfully demonstrated a
green synthesis method for the production of silver nanopar-
ticles (AgNPs) using agricultural waste, namely spent coffee
grounds (SCG) and rice husks. The results showed that both
rice husk and SCG extracts act as reducing and stabilising
agents by utilising their abundance in biomolecules, which
includes flavonoids, phenols and other organic components.
In the synthesis with both rice husks and SCG, AgNP produc-
tion was confirmed by the significant colour change during
the process and the appearance of surface plasmon reso-
nance peaks at around 450 nm. The potential of these waste
materials as bio-reductants was further demonstrated by
FTIR analysis, which revealed the precise functional groups
involved in the reduction and stabilisation processes. The
crystalline face-centred cubic structure of the produced Ag-
NPs, demonstrated by X-ray diffraction studies, is consistent
with the known properties of silver nanoparticles. Zeta po-
tential indicated stable nanoparticle dispersions, and particle
analysis showed diameters of about 187 nm for AgNPs pro-
duced using SCG and 198 nm for AgNPs produced using rice
husks. By recycling agricultural waste, this study demon-
strates that rice husks and SCG can be used as affordable and
sustainable precursors for AgNP synthesis, which is consist-
ent with the ideas of circular economy. The produced AgNPs
showed promising antibacterial properties, suggesting po-
tential applications in the environmental and biomedical
fields. The production of environmentally friendly, re-
source-efficient nanoparticles fosters green nanotechnology.
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