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Resistance of mosquitoes to synthetic insecticides has prompted a search for
biological control methods targeting their developmental stages. This study
investigates the insecticidal and antibacterial potential of silver nanoparticles
(AgNPs), gold nanoparticles (AuNPs), and silver-gold alloy nanoparticles (Ag-
AuNPs) synthesised from Persea americana (PA) extracts. Synthesised nanopar-
ticles were characterized and evaluated for larvicidal and pupicidal activities at
concentrations of 1-30 ug/ml over 12 and 24 h, and the fume effect on adult
mosquitoes was also evaluated. Antibacterial activity against eight clinical bacte-
rial isolates was evaluated. UV-visible spectroscopy revealed maximum absorb-
ance for silver nanoparticles (AgNPs), gold nanoparticles (AuNPs), and silver-
gold alloy nanoparticles (Ag-AuNPs) at 455.5 nm, 538 nm, and 540.5 nm, re-
spectively. Fourier Transform Infrared (FTIR) analysis indicated significant
peaks for AgNPs, AuNPs, and Ag-AuNPs at 3358 cm™, 3503 cm™!, and 3651
cm!. Mortality rates of larvae and pupae increased with higher concentrations
over 12 to 24 h, with the most significant effect observed at 170 pg/ml on adult
mosquitoes in the fume test. The nanoparticles showed antibacterial activity
against eight clinical isolates, with zones of inhibition ranging from 5 to 12 mm.
Overall, the study highlights the effectiveness of PA-derived nanoparticles as
insecticides and their potential applications as antibacterial agents.

1. Introduction

compounds, such as flavonoids and

Avocado, scientifically known as Persea
americana, belongs to the Lauraceae family
and thrives in tropical and subtropical
regions. Its fruit, a large berry with a single
seed, 1s primarily propagated through
grafting [1]. Rich in antioxidants,
phytochemicals, vitamins, and healthy fats,
avocados exhibit anti-cancer properties due
to their unique nutrient composition [2].
Pharmacologically, Persea americana has
been reported to have antioxidant, anti-
cancer, antibacterial, and insecticidal
properties [3, 4]. It contains beneficial

carotenoids, that support health and may
inhibit the growth of cancer cells [5, 6]. The
biogenic synthesis of silver nanoparticles
(AgNPs) from avocado extracts has gained
attention for its eco-friendly approach and
potential applications in pharmaceuticals and
agriculture. These nanoparticles demonstrate
significant antibacterial activity against
various pathogens while being less harmful
to non-target organisms [7, 8].

Malaria, caused by Plasmodium
parasites, is prevalent in tropical regions,
particularly Nigeria [9]. The disease 1is
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transmitted through bites from infected
female Anopheles mosquitoes and can also
spread via blood transfusions and organ
transplants [10]. Nanotechnology offers
promising solutions for vector control and
antibiotic  resistance. = The  increasing
resistance of bacteria to existing antibiotics
underscores the urgent need for discoveries
[11]. Additionally, eco-friendly synthesis of
nanoparticles provides innovative methods
for mosquito control while addressing
antimicrobial resistance [12].

This study aims to synthesize silver,
gold, and silver-gold alloy nanoparticles
from Persea americana and evaluate their
larvicidal, pupicidal, adulticidal, and
antibacterial.

2. Materials and Methods
2.1 Collections and Drying of Plant Mate-
rials

Persea americana (avocado) samples
were sourced from the Microbiology and
Biotechnology  Laboratory at Ladoke
Akintola  University of  Technology,
Ogbomoso, with herbarium number LHO
584. The fruit peels were cleaned, air-dried
at room temperature to retain bioactive com-
pounds, and then pulverized using an electric
blender.

2.2 Extract Preparation from Persea
americana Fruit Peels

To prepare the extract, 10 grams of
powdered peels were placed in a cloth sack
and soaked in 150 ml of sterile distilled wa-
ter for 24 h at room temperature (30 = 2 °C).
The mixture was then filtered using What-
man No. 1 filter paper, and the resulting
filtrate was centrifuged at 4000 rpm for 20
min. The supernatant was stored in sterile
bottles in the refrigerator for later use.

2.3 Biosynthesis of Silver, Gold, and
Alloy nanoparticles
Silver nanoparticles (AgNPs), gold

nanoparticles (AuNPs), and silver-gold alloy
nanoparticles (Ag-AuNPs) were synthesized
by adding 1 ml of the avocado extract to a
solution of 24 ml of 1 mM silver nitrate
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(AgNOs) or chloroauric acid (HAuCl4). For
the alloy nanoparticles, a mixture of both
solutions in a 4:1 ratio was prepared. The
reactions occurred at room temperature for 2
h, with color changes indicating nanoparti-
cle formation [8].

2.4 Characterization of Silver, Gold, and
Alloy Nanoparticles

Persea americana has been fully
characterized and published [8]. Synthesized
nanoparticles were characterized using
Fourier = Transform  Infrared  (FTIR)
spectroscopy, Energy Dispersive X-ray
(EDX)  Spectroscopy, a  UV-visible
spectrophotometer, X-ray Diffraction
(XRD), Selected Area Electron Diffraction
(SAED), and Transmission Electron
Microscopy (TEM) Micrograph [8].

2.5 Collection of Larvae and Pupae

Anopheles gambiae larvae and pupae
were collected from Ladoke Akintola
University of Technology, Ogbomoso,
authenticated at the Department of Pure and
Applied Biology, and transported in clean
plastic bottles for testing nanoparticle
activity.

2.6 Vector Rearing

Bowls of water were in a confined area
in our Laboratory, with dry leaves and dirt
with 10% sucrose added to create a suitable
environment for mosquito egg-laying [13].
After a month, Anopheles gambiae larvae
and pupae were found in the bowls, with the
larvae breathing through posterior spiracles
located at the eighth abdominal segment.

2.7 Larvicidal and Pupicidal Activity
Larvicidal and pupicidal activities were
evaluated using different concentrations of
AgNPs, AuNPs, and Ag-AuNPs (1-20 ng/ml
for larvae, 10-30 pg/ml for pupae) against
Anopheles gambiae. Ten larvae or pupae
were exposed to each concentration at room
temperature (30 = 2 °C), with mortality
recorded at 12-24 h intervals. Control
experiments used sterile distilled water un-
der the same conditions. Percentages Mortal-
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ity was calculated using the formula below
[13]:

. Number of dead organisms
Percentage Mortality (%) = ! g X100%

Number of treated or ganisms

2.8 Fume Effect

The fume effect was tested against adult
Anopheles mosquitoes using silver
nanoparticles due to their higher toxicity than
gold. The experiment was carried out in a
glass chamber (60 cm x 40 cm), back covered
with an iron net (Figure 1) [13]. Mosquito
coils were made from sawdust, coconut shell
powder, starch, water, and silver nanoparticle
extract. The mixture included 10 ml of the
extract, 0.8 g sawdust, 0.3 g coconut shell
powder, and 0.7 g starch, forming a semi-
solid paste that was air-dried. Concentrations
of 50 pg, 100 pg, and 170 png were used, with
negative control coils made without silver
nanoparticles and commercially prepared

coils as positive controls.

Figure 1: Fabricated Box for Fume Effect (60 cm x 40 cm)

2.9 Antibacterial activity
AuNPs, and Ag-AuNPs

The antibacterial activity of AgNPs,
AuNPs, and Ag-AuNPs was evaluated
against eight clinical bacterial isolates,
including Escherichia coli (ATCC 25922),
Escherichia coli (stool), Staphylococcus
aureus (Ear), Pseudomonas aeruginosa
(ATCC 27853), Proteus vulgaris (Abdomen),
Listeria monocytogenes (ATCC 19111),

of AgNPs,
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Staphylococcus aureus (ATCC25923), and
Streptococcus  pyogenes  (Sputum). The
bacterial isolates were injected into peptone
water and incubated at 37°C for 24 h. Each
test and control was replicated three times.
After overnight growth, the cultures were
used to seed Mueller-Hinton Agar plates,
which were then drilled to form wells. Nano-
particles (10, 20, 30, 40, and 50 ug) were in-
troduced to wells and incubated at 37°C for
24 h. The zones of inhibition were then as-
sessed. Gentamicin (10 pg) and Erythromycin
(5 ng) were utilized as positive controls for
gram-negative and gram-positive bacteria
isolates, respectively. All discs were fully
dried before the application of bacterial
inoculum.

2.10 Statistical Analysis

The quantitative data were expressed as
mean =+ standard error of the mean (mean =+
SEM). Statistical analysis and significance
were carried out by using a one-way analysis
of variance (ANOVA) followed by the
Duncan Multiple Range post-hoc test
(DMRT) at 5% (0.05) significance level. P <
0.05 was considered significant, and
insignificant at p > 0.05.

3. Results and Discussion
3.1 Biosynthesis of Silver, Gold and Alloy
(Ag-Au) Nanoparticles

The synthesis of silver nanoparticles
(AgNPs), gold nanoparticles (AuNPs), and
silver-gold alloy nanoparticles (Ag-AuNPs)
was facilitated by Persea americana (PA) fruit
peel extracts at room temperature (30 + 2°C).
Initial colour changes were observed within
10 to 30 min, developing into light brown,
purple, and dark brown hues, which stabilized
after 40 to 120 min. These results align with
previous studies indicating similar colour
changes for AuNPs and Ag-AuNPs [8,14,15].
The observed colour variations are attributed
to the surface plasmon resonance of the na-
noparticles. The biogenic synthesis process
involved both bio-reducing and capping
agents from the extracts, effectively reducing
silver ions and stabilizing the resulting nano-
particles to  prevent aggregation.
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3.2 Characterization of Biosynthesized

Nanoparticles

UV-visible  spectroscopy of  Persea
americana  (PA) showed that silver
nanoparticles (AgNPs) had maximum

absorbance at 455.5 nm, gold nanoparticles
(AuNPs) peaked at 538 nm, and silver-gold
alloy nanoparticles (Ag-AuNPs) reached
540.5 nm [16]. These absorbance values are
likely due to protein molecules in the extract,
consistent with other studies reporting
wavelengths for biosynthesized nanoparticles
between 330 and 800 nm [17,18].

Fourier Transform Infrared (FTIR)
analysis indicated significant peaks for
AgNPs, AuNPs, and Ag-AuNPs at 3358 cm™,
3503 cm™, and 3651 cm™. FTIR analysis
revealed significant absorption bands for PA-
derived nanoparticles, indicating the presence
of functional groups that stabilize the
nanoparticles. TEM images showed that the
nanoparticles were predominantly spherical,
with sizes ranging from 18-80 nm for AgNPs,
16-71 nm for AuNPs, and 44-45 nm for Ag-
AuNPs. This polydispersed nature aligns with
previous findings [19, 20]. Selected Area
Electron  Diffraction (SAED) patterns
confirmed their crystalline structure.

Energy Dispersive X-ray (EDX) analysis
indicated the presence of metallic precursors,
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confirming that the bio-reduction of gold and
silver 1ions successfully formed AgNPs,
AuNPs, and Ag-AuNPs [21].

3.3 Larvicidal Activities

The silver (AgNPs), gold (AuNPs), and
silver-gold alloy nanoparticles (Ag-AuNPs)
synthesized from Persea americana ~ demon-
strated strong larvicidal activity (70-100%)
against A nopheles gambiae larvae at concen-
trations of 5-20 pg/ml. While PA-AgNPs
achieved 100% mortality at 10, 15, and 20 pg/
ml, AuNPs showed minimal toxicity, with
no significant effect on the larvae. In con-
trast, PA-Ag/AuNPs exhibited 80% mortality
at 20 pg/ml after 12 h and reached 100% mor-
tality within 24 h (Figure 2). Control samples
in distilled water showed no larval mortality.

These results align with previous studies
on plant extract-mediated AgNPs and Ag-
AuNPs, which also reported high larvicidal
efficacy [22, 23]. The high toxicity of AgNPs
is likely due to their small size (18-80 nm),
allowing easy absorption through the insect
cuticle and interference with physiological
processes, ultimately leading to cell death
[24]. Once inside cells, AgNPs can interact
with macromolecules, causing cell death. This
shows that silver nanoparticles produced by
Persea americana have the potential as envi-
ronmentally benign mosquito control agents.
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Figure 2: Percentage mortality of larvae in 12 and 24 h
at different concentrations of synthesised AgNPs,
AuNPs, and Ag-AuNPs of Persea americana (PA)

Figure 3: Percentage mortality of pupae in 12 and 24 h
at different concentrations of synthesised AgNPs,
AuNPs, and Ag-AuNPs of PA.
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According to reports, metallic nanoparti-
cles created by green synthesis play key roles
in developing methods for combating
medically and veterinarian-relevant mosquito
species [25].

3.4 Pupicidal Activities

The pupicidal activities of the
biosynthesized nanoparticles indicated that
PA-AgNPs achieved 100% mortality at
concentrations of 20-30 pg/ml after both 12
and 24 h. In contrast, the AuNPs showed no
significant effect on 4nopheles gambiae pu-
pae across all concentrations. However, PA-
Ag/AuNPs resulted in 100% mortality within
12 h at all tested concentrations, maintain-
ing this efficacy after 24 h (Figure 3). Control
samples in distilled water recorded no mortal-
ity.

These findings align with previous studies
on the toxicity of AgNPs against pupae [24,
26]. The observed high toxicity may be due to
morphological deformities in the pupal
integument, leading to death [27]. The
effectiveness of these biogenic nanoparticles
suggests their potential use in malaria control
programs by targeting both larvae and pupae
of malaria vectors.

3.5 Fume Effect of Nano-Coil-Infused
Insecticide

The fume effect of coils infused with
silver nanoparticles (AgNPs) from Persea
americana was evaluated, revealing no
impact on adult Amnopheles gambiae
mosquitoes at concentrations of 50 and 100
pg/ml over 6, 12, and 24 h. However, a 100%
mortality rate was achieved ata  concentra-
tion of 170 pg/ml after 24 h (Table 1). Con-
trol coils without AgNPs showed no mortali-
ty.

The maximum mortality of 100% was
observed within 6 h at the same concen-
tration of 170 pug/ml, comparable to the posi-
tive control of pyrenthrin-based coils. These
findings suggest that PA-AgNPs could be ef-
fectively used in mosquito coils, providing
an environmentally friendly method for
controlling adult mosquitoes. The fume effect
is likely due to the toxic vapours released
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from the burning nanoparticles, which may
affect the mosquitoes' central nervous sys-

tems [28].

Using Persea americana as a Dbio-

reduction in nanoparticle production and

subsequent use as larvicidal, pupicidal, and
adulticidal against A nopheles mosquitoes will

reduce the accumulation of avocado peel in
the environment, hence, serving as a pollution

control mechanism.
Nigerians have been encouraged to
embrace the surging global avocado market,

projected to reach $17.56 billion in 2025. The
market was $16.24 billion in 2024. It is

expected to reach $23.29 billion by 2029 [1].
To further accelerate the green gold rush,
some states in Nigeria, including Imo, Ogun,

Abia, Enugu, Ebonyi, Edo, Akwa Ibom,
Delta, Cross Rivers, and Oyo States, have

established large commercial avocado farms.
Commercial cultivation of avocado in Nigeria

will lead to a generation of several million
tonnes of avocado peel waste annually,

constituting an environmental nuisance due to
inappropriate disposal. The wastes, if utilized

Table 1: Percentage mortality of fume effect in 6 — 24
h at different concentrations of synthesized AgNPs of

PA.
Conc (ng) 6 h (%) 12h (%) 24 h (%)
50 0 0 0
100 0 0 0
170 30 60 100
(-) Control - - -
(+) Control - - -
‘-’ negative ‘+’ positive
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Table 2: Antibacterial inhibitory activities of biosynthesized AgNPs for PA at different concentrations

Clinical Organisms

Concentration (pg/ml)

10 20 30 40 50 +veC  -veC

E. coli (stool) NA NA  9£0577"%  1033+0.33° 11.33+£0.33° 2402 NA
E. coli (ATCC 25922) NA NA  633+033* 7.67+033* 8.67+033° 2203 NA
L. monocytogenes  (ATCC

19111) NA NA  833+033" 933+033® 933+033® 2204 NA
P. vulgaris (Abdomen) NA NA  8+0577°  9.67+033™ 10+0.33° 2640 NA
P. aeruginosa (ATCC 27853) NA NA  833+033% 933+033® 10.67+0.33° 2532 NA
S. aureus (ATCC 25923) NA NA  6.67+033" 7.67+033" 867+033"> 2233 NA
S. aureus (Ear) NA NA 7.67+033* 833+033" 933+033® 2012 NA
S. pyogenes (Sputum) NA NA  451+033* 7.23+033* 845+033° 2123 NA

NA: (No Activity); Values are expressed as mean = SEM, mean denoted with different letters in the same column
indicates a significant difference, P < 0.05; +veC (Positive control); -veC (Negative Control).

for the synthesis of nanoparticles, will assist
in the conversion of waste to wealth. The
added value is eco-friendly mosquito control
using biologically synthesized nanoparticles,
which could not pose any serious health
effects in comparison with some chemically
synthesised insecticides used for mosquito
control.

Mosquito coils were formed using
sawdust and coconut shell powder as major
components for homogenization and burning
(Figure 4). The usage of the two agro-wastes
will serve as a means of cleaning the
environment. This study will contribute to
Sustainable Development Goals (SDG) 3
(Good health and well-being), 9 (Innovation),
and 13 (Climate action). The innovative
aspect is the bio-fabrication of nanoparticles
from Persea Americana as potent larvicidal,

pupicidal, and adulticidal.

3.6 Antibacterial Activity

The biosynthesized nanoparticles from
Persea americana demonstrated significant
antibacterial activity against eight clinical
bacterial isolates, with inhibition zones
ranging from 5 to 12 mm at concentrations of
30 to 50 pg/ml (Tables 2 - 4). Maximum
antibacterial potency was observed at 50 pg/
ml, particularly for PA-AgNPs and PA-
AuNPs against E. coli (stool) and Listeria
monocytogenes (ATCC 19111). However, the
alloy nanoparticles (PA-Ag/AuNPs) showed
limited effectiveness against Pseudomonas
aeruginosa (ATCC 27853) and
Staphylococcus aureus (ATCC 25923) (Table
4). The nanoparticles exhibited increased
antibacterial activity with higher

Table 3: Antibacterial inhibitory activities of biosynthesized AgNPs for PA at different concentrations

Clinical Organisms

Concentration (pg/ml)

10 20 30 40 50 +veC  -veC

E. coli (stool) NA NA 833+033° 933+033® 1033+0.33° 2423 NA
E. coli (ATCC25922) NA NA 6.67+033" 833+033° 933+033® 2235 NA
L. monocytogenes (ATCC

19111) NA NA 733+033* 1033+0.33° 11.33+0.33° 2240 NA
P. vulgaris (Abdomen) NA NA 7.33+033* 833+033° 9+0577® 2634 NA
P. aeruginosa (ATCC 27853) NA NA NA NA NA 25.61 NA
S. aureus (ATCC 25923) NA NA 633+033* 7+0.577° 933+033"™ 2255 NA
S. pyogenes (Sputum) NA NA 651+033" 823+033* 945+033°% 2123 NA

NA: (No Activity); Values are expressed as mean £ SEM, mean denoted with different letters in the same column
indicates a significant difference, P < 0.05; +veC (Positive control); -veC (Negative Control).
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Table 4: Antibacterial inhibitory activities of biosynthesized Ag-AuNPs for PA at different concentrations

Concentration (ng/ml)

Clinical Organisms

10 20 30 40 50 +veC  -veC
E. coli (stool) NA NA 8+0.577°  933+0.33® 1033+033° 24.03 NA
E. coli (ATCC 25922) NA NA 633+033" 7+0.577° 733+033* 2223 NA
L. monocytogenes  (ATCC NA NA 7334033 833+0.33" 933+033® 2233 NA
P. vulgaris (Abdomen) NA NA 733+033" 933+033® 933+033® 2623 NA
P. aeruginosa (ATCC 27853) NA NA NA NA NA 2560 NA
S. aureus (ATCC 25923) NA NA NA NA NA 2231 NA
S. aureus (Ear) NA NA 633+£033" 7+0.577° 9.33+0.33® 20.05 NA
S. pyogenes (Sputum) NA NA 9+0577" 933+033® 10.33+0.33° 2545 NA

NA: (No Activity); Values are expressed as mean + SEM, mean denoted with different letters in the same column
indicates a significant difference, P < 0.05; +veC (Positive control); -veC (Negative Control).

concentrations, affecting both Gram-positive
and Gram-negative bacteria. The higher
susceptibility of Gram-negative bacteria to
AgNPs is attributed to their cell membrane
structure, which allows easier penetration
compared to the thicker peptidoglycan layer
of Gram-positive bacteria. These findings
align with previous studies highlighting the
broad-spectrum antibacterial properties of
green-synthesized nanoparticles [29].

Biogenic  nanoparticles demonstrated
improved antibacterial efficacy against both
Gram-positive and Gram-negative bacteria at
higher doses. Gram-negative bacteria are
more sensitive to nanoparticles due to
the interaction. Gram-positive and Gram-
negative have been reported to show differing
degrees of susceptibility to P. Americana ex-
tracts [16]. The strong peptidoglycan layer in
Gram-positive bacteria may inhibit pene-
tration, although interactions with teichoic
acid may assist in this process. The nanoparti-
cles demonstrated antibacterial activity,
which is consistent with previous research on
green-synthesized AgNPs, AuNPs, and Ag-
AuNPs [22]. P. americana biogenic nanopar-
ticles showed prospects as alternatives to syn-
thetic antibiotics in food and medicinal appli-
cations.

4. Conclusion
This study demonstrates the successful
green synthesis of silver nanoparticles

(AgNPs), gold nanoparticles (AuNPs), and
silver-gold alloy nanoparticles (Ag-AuNPs)
using Persea americana peels, highlighting
their potential for larvicidal, pupicidal,
adulticidal, and antibacterial applications.
The nanoparticles were spherical, poly-
dispersed, and ranged in size from 5 to 80
nm, exhibiting crystalline structures. The
green chemistry approach used for synthesis
is efficient and environmentally friendly,
eliminating harmful reducing agents. The
presence of protein molecules in the extract
ailds in stabilizing and capping the
nanoparticles. These nanoparticles displayed
significant  antibacterial activity against
various pathogenic strains. The nanoparticles
showed effective larvicidal and pupicidal
activities against Anopheles gambiae larvae
and pupae, indicating their potential for
mosquito control. Additionally, the fume
effect on adult mosquitoes was promising.
These findings support the use of AgNPs and
Ag-AuNPs as insecticides, offering a safer
alternative to chemical formulations that can
harm the environment and human health.
Integrating these nanoparticles with other
control measures could significantly impact
malaria prevention and address issues related
to antimicrobial resistance.
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