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Abstract
This work reports the synthesis of silver nanoparticles (AgNPs) using the leaf extract of Almond plant. Larvicidal
activities of the biosynthesized AgNPs were evaluated against the fourth instar larvae of mosquito Aedes aegypti. The
biosynthesised AgNPs were characterised using UV-Visible, Fourier Transmission Infrared Spectroscope (FTIR), Energy
Dispersive X-ray Spectroscope (EDX) and Field Emission Scanning Electron Microscope (FESEM). The absorption
spectrum of the synthesized AgNPs showed a maximum spectrum of 430 nm while FTIR analysis showed different
functional groups present on the surface of the AgNPs with broad peak between 3000 and 3800 cm−1. The FESEM
showed a large number of spherically shaped nanoparticles with sizes ranging from 8.34 to 78.96 nm. The 50% (LC50)
lethal concentration of the nanoparticles after 12 h was 13.54 µg/ml. This study showed that almond leaf can be used for
synthesis of AgNPs thus adding to the available drugs that could be used in combating multidrug resistant pathogens.
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Introduction
Nanotechnology is one of the main logical

Nasrollahi et al. (2009) have shown the

fields today since it combines learning from

antifungal activities of silver nanoparticle. In

the fields of Physics, Chemistry, Biology,

another recent paper, Adelere et al. (2017)

Medicine, Informatics, and Engineering. It is a

reported the antimicrobial activity of a green

rising technological field with remarkable

synthesized

potential to lead in great breakthrough that can

nanoparticles have been reported to have anti-

be connected, all things considered. Novel

inflammatory

nano and biomaterials, and nano gadgets are

antiangiogenesis (Baharara et al., 2014),

created and controlled by nanotechnology

antiviral (Park et al., 2014) and antiplatelet

instruments and systems, which research and

activity (Shrivastava et al., 2009). Plant

tune the properties, reactions, and elements of

extracts

living and non-living matter, at sizes beneath

nanoparticles green synthesis since they are

100 nm (Logothetidis, 2014).

rich in bioactive compounds (Adelere et al.,

have

nanoparticle.

(Baharara

recently

In

et

been

addition,

al.,

2017),

used

for

2017; Ahmed et al., 2016; Thirumurugan et
The term nanotechnology originates from the
blend of two words: the Greek numerical
prefix nano alluding to a billionth and the
word technology. Thus, Nanotechnology or

al., 2010; Benakashani et al., 2016) and hence
this study was also aimed at the synthesis and
application of nanoparticles gotten from plant
extract.

Nanoscaled Technology is for the most part
thought to be at a size below0.1µm or 100 nm

The leaf of the almond plant is a potential

(a nanometer is one billionth of a meter,

wellspring of bioactives; it is intriguing to

109m). Nanoscience studies the properties and

assess the viability of the aqueous extraction

reactions of materials at nuclear, atomic, and

from almond leaves (frequently disposed of as

macromolecular scales, and generally at sizes

an agrowaste) towards the biogenic synthesis

in the vicinity of 1 and 100 nm. In this scale,

of silver nanoparticle. Almond (Prunus dulcis

and particularly beneath 5 nm, the properties

L.), a specie of Prunus, belongs to the

of matter vary essentially (i.e., quantum-scale

subfamily Prunoideae of the family Rosaceae.

impacts assume a critical part) from that at a

Nutritiously and therapeutically, almond has

greater particulate scale. Nanotechnology is

been accounted for to be a valuable food item

then the plan, the control, the building, the

(Wijeratne et al., 2006; Sarwar, 2012).

generation and application of structures,
gadgets and frameworks of about or less than

As a result of lacking information from works
on the effect of P. dulcis on larvicidal activity

100 nm (Sattler, 2010; Bhushan, 2004)

and in addition to the very little utilization of
Nanoparticles have been reported as having

this plant in the synthesis of nanoparticles, the

various medicinal applications. Studies such as

principal aim of this investigation is, hence, to
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use the aqueous extract of the plant leaves for

heating in water bath at 60oc for 1 hour. The

synthesis of silver NPs and to assess the in

extract was filtered using Whatman No. 1 filter

vitro larvicidal activity of the biosynthesized

paper and then centrifuged at 4000RPM for

silver nanoparticle.

20minutes. The supernatants were collected
and used without further purification (Lateef

Material and methods

et al., 2016)

Sample collection

Synthesis of Silver nanoparticles

Fresh Prunus dulcis leaves were collected
from the local area of the University campus.
It was washed thoroughly with distilled
water several times to remove dust and
dried under shade (30°C ± 2°C) for 5 days.
The dried leaves were cut into small pieces,
and blended into powder. The powdered
samples were kept in air tight containers at
room temperature for further use.

1mM aqueous solution of silver nitrate was
prepared

for

synthesis

of

silver

nanoparticles. Approximately 1 ml of the
extract was added to a reaction vessel
containing 40ml of a 1mM silver nitrate
(AgNO3) solution to reduce the amount of
silver ions. The reaction was carried out under
static condition at room temperature (30 ±
2oC) for 2hr. The formation of AgNPs was

Collection and identification of mosquito

observed as a change in the solution colour

larva

(Lateef et al., 2016)

The mosquito larvae were gotten from a

Characterization

stagnant drainage on the University campus

nanoparticles

and were kept in a closed container for safety
precautions in case of the fast emergence of
the larvae into an adult mosquito. The target
mosquito larva in this study was the fourth
instar larva of dengue carrying mosquito Aedes
aegypti. Identified Aedes aegypti mosquito
larvae (Identification was done by a medical
entomologist) were separated from the other
mosquito species and were placed in a
water- filled plastic moulder.

synthesized

silver

The formation of the synthesized nanoparticles
was confirmed by measuring its absorbance
spectrum using UV–Visible spectrophotometer
(Cecil, USA) operated at 190–1100 nm. The
identity of the biomolecules that took part in
the green synthesis was determined by FTIR
spectroscopy.

The

measurements

were

performed between 4000-400 cm-1 to see the
attachment of biomolecules on the surface of
the

AgNPs

spectrometer,

Preparation of extract

of

using
model

Shimadzu
8400S

FTIR

(Shimadzu,

Japan). To achieve this, purified silver
One gram of the milled leaves of Prunus
dulcis was weighed and suspended in 100ml of
distilled water. The extract was obtained by
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nanoparticles were dried and blended with
KBr in the ratio 5: 95 to form a pellet which
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was used for the measurement. The size,

NPs at room temperature (30 ± 2oC). In the

morphology, and elemental composition of the

control experiment, the larvae were exposed to

synthesized nanoparticles were unravelled by

sterile

Field Emission Scanning Electron Microscopy

conditions. The number of death was plotted

(FESEM) and EDX analyses. The Field

against concentration of the Ag-NPs. The

Emission

effects

Scanning

Electron

Microscopy

distilled

of

water

the

under

the

same

synthesized nanoparticles

(FESEM) micrograph was obtained as follows.

were monitored through carefully counting

A drop of nanoparticles in suspension was

the number of dead larvae after 12 hours

placed on a 200 mesh hexagonal copper grid

of treatment, and the percentage mortality

(3.05 mm) (Agar Scientific, Essex, UK) coated

was computed. Probit Analysis was used to

with 0.3 % formvar dissolved in chloroform.

calculate LC50 value to determine lethal

The particles were allowed to settle for 3–5

concentrations of the synthesized nanoparticles

min on the grid, the excess liquid flicked off

on Aedes aegypti mosquito larvae after 12

with a wick of filter paper and the grids were

hours of treatment.

then air dried before FESEM viewing.
Micrograph was obtained using a JEM-1400
(JEOL, USA) operating at 200 kV.
Larvicidal

activity

of

the

Results and discussion
Synthesis and characterization of the silver

synthesized

nanoparticle

nanoparticle
The phytosynthesis of the silver nanoparticles
was catalyzed by the aqueous extract of the

The efficacy of the synthesized nanoparticle

almond leaves. Within the first 10 mins, a

as larvicide against the dengue-vector Aedes

colour change was observed. The initial

aegypti mosquito was evaluated in a dose-

solution which was colorless was transformed

response bioassay against the fourth instar

to light brown and then stabilized at a dark

larvae in accordance with the guidelines of

brown color as indicated in figure 1. It is

World Health Organization (WHO, 2008). The

known that

larvicidal activity was conducted in triplicate

vibrations in silver nanoparticles are excited,

by exposing five Aedes aegypti mosquito

the silver nanoparticles exhibit some yellowish

larvae to 300µl of each of the graded

brown

concentrations (20, 40, 60, 80 and 100) of Ag-

(Krishnaraj
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color

when the surface

in

the
et

aqueous
al.,

plasmon

solution
2010).
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Figure 1: Synthesis of the Almond leaf extract mediated silver nanoparticles (a) immediately after the
addition of the almond leaf extract to the silver nitrate; (b) Formation of deep brown colouration after 30
min.
The biosynthesized silver nanoparticle showed a maximum absorbance wavelength at 430nm which is
indicated in figure 2, a value within the range previously reported for AgNPs (Krishnaraj et al., 2010)

Figure 2: UV-Vis spectra of silver nanoparticles synthesized from almond leaf extract
The NP shows a broad peak between 3000 and
−1

and/or C=O bond, the distinct peak at 1635

3800 cm , which are identified as those of O-

cm−1 is the –N–H bend of amino acids/proteins

H vibrations and/or N-H stretching associated

(Lin et al., 2005; Sun et al., 2004), and the one

with N-substituted amide (Unuabonah et al.,

at 1384 cm−1 is due to in plane bending of

2009), 2359 cm−1 peak is that of CO2 from air,

alkenes and aromatics (Rahmaniyan et al.,

−1

the 2000 cm peak is probably from C=N
30

2014). The Ag-O stretching modes are
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observed at 669 cm-1 and 420 cm-1 (Taghavi et

the surface of the NPs as capping agents,

al., 2017). In essence, the FTIR analyses

which are then released systematically as

suggested the presence of phytochemicals on

drugs

in

the

study

.

Figure 3: The FTIR spectra of the silver nanoparticles synthesized from almond leaf extract
The chemical analysis of the almond leaf extract -

copper, oxygen, and carbon). Similar observations

mediated silver nanoparticle was shown (Figure 4)

have been reported by other researchers [Islam et

by the EDX spectroscopy. Elemental signals were

al., 2017; Puchalski et al., 2007) with silver signals

observed around the Ag atom within the ranges of

at the range of 1.5 to 5.0 keV

2.5 to 3.2keV. Other elements present include
Spectrum 1
Cu

C

O

0
0.5
1
1.5
Full Scale 11232 cts Cursor: 4.799 (87 cts)

Ag
2

2.5

Ag Ag Ag
3

3.5

4

4.5

5
keV

Figure 4: Energy dispersive spectra of the synthesized AgNPs
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The size and morphology of the biosynthesized

the ranges reported when other plants were used in

nanoparticle were captured by (Figure 5) FESEM.

the biosynthesis of silver nanoparticle [Lateef et al.,

The particles which ranged from 8.34 to 78.96 nm

2018; Kumar et al., 2016)

were spherical in shape. This size range falls within

Figure 5: Field Emission Scanning Electron Micrograph of the Synthesized AgNPs
Larvicidal

activity

of

the

synthesized

(LC50) of the nanoparticles after 12h was
13.54µg/ml. In previous study, Lateef et al.

nanoparticle

(2015) also reported similar result when cell
The biosynthesized silver nanoparticle was
found to be highly toxic to the 4th instar larvae
Aedes aegypti. After 12 hours of incubation,
mortality percentage in the 20µg/ml and 40
µg/ml was found to be 80 and 86.6
respectively while the 60 µg/ml, 80 µg/ml and
100 µg/ml showed 100% mortality. The
control group however had no mortality.
Furthermore, the silver nanoparticles exhibited
a concentration dependent activity against
mosquito larvae since the percentage mortality
were observed to increase with increasing
concentrations

of

the

biosynthesized

nanoparticles. The 50% lethal concentration
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free extract of Bacillus safensis was used in
the synthesis of silver nanoparticles. The
resulting nanoparticle was reported to have
larvicidal activity. The larvicidal activities of
the AgNPs could be due to penetration of the
particles to impair cellular metabolism due to
their binding to DNA and enzymes. There are
increasing evidences to show that metallic
nanoparticles that are synthesized through the
green route by using plant-based extracts have
important roles to play as emerging nanotools
in the control of mosquitoes of medical and
veterinary

importance

(Benelli,

2015)
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Figure 6: The larvicidal activity of the synthesized AgNPs

Conclusion
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