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niger Tiegh.
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Abstract

The biosynthesis of silver nanoparticles is an emerging field in
nanotechnology. There are several different methods to prepare silver
nanoparticles depending upon their uses such as in the pharmaceutical and
textile industries, and the field of medicine. One of the most important
applications of silver nanoparticles is their antifungal activity against
different plant pathogenic fungi. In this study, a cost-effective and
environment-friendly method was used to synthesize silver nanoparticles
using leaf extract of different varieties of Mangifera indica L. The varieties
used in this study were Fajri, Malta, Sinduri, Sufaid Chaunsa, and Langra. The
aqueous extract of the leaves of mango acted as reducing and stabilizing
agents for the silver nanoparticles. The formation of silver nanoparticles was
confirmed by the UV-Vis spectroscopy in which a surface plasmon resonance
peak within the range of 448-454 nm was observed. FTIR analysis was also
performed which showed the bands between 3738 ecm™ to 432 cm™ which
confirmed the presence of different chemical groups. Silver nanoparticles
were further characterized by the scanning electron microscopy which
revealed the sizes of the nanoparticles within the range of 12-235 nm. After
characterization, the antifungal activity of biosynthesized silver nanoparticles
was evaluated. From the results, it was concluded that all the varieties
showed a greater inhibitory effect at the concentration of 100 mg/L, but it

ARTICLE TYPE
Research Paper (RP)

SECTION
Plant Biology (PB)

HANDLING EDITOR
Athar, H.R. (CE, BP)

ARTICLE HISTORY
Received: 05 May, 2024
Accepted: 25 Nov, 2024
Online: 04 Dec, 2024
Published: ?????????

KEYWORDS
Antifungal activity;
Leaf extract;
Mango cultivars;
Nanoparticles;
Percent inhibition

was observed that silver nanoparticles prepared by the leaf extract of cv.
Fajri exhibited a greater inhibitory effect against Aspergillus niger having a
percent inhibition of 79.8%.

Introduction

Nanoscience is currently a rapidly developing technology (Mandal et al.,, 2006; Dan, 2020). It
collectively defines technology and science involving nano-scale particles (nanoparticles), which
increases the possibility of checking and regulating the interaction between synthetic materials and
biological materials at the cellular level (Du et al., 2007). Particles in the 1-100 nm range are referred to
as nanoparticles (Goralska et al., 2005). Nanoparticles have properties like chemical, optical, electrical,
and many other physical properties that make them different from larger-sized particles (Yang et al.,
2010; Khan et al., 2019).

Nanoparticles also play an important role in many industries and fields of medicine such as
diagnostics, sensing, imaging, drug delivery, artificial implants, gene delivery, and tissue engineering
(Morones et al., 2005; Silva et al., 2023). Different types of nanoparticles, i.e., silver, gold, nickel, copper,
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and silicon have been discovered. Silver nanoparticles are the most essential among all the above-
mentioned nanoparticles due to their unique magnetic and optical properties (Zhang et al., 2016; Ali et
al., 2023). Silver nanoparticles have also the highest electrical and magnetic conductivity as compared to
that of other nanoparticles (Wiley et al., 2007). Because of their unique properties, silver nanoparticles
are important in microelectronics, ink production, and medical imaging (Monteiro et al., 2009).

Silver nanoparticles have also been used in many consumer products such as plastics, pastes, food,
textiles, and soaps for years (Dallas et al., 2011; Garcia et al., 2011; Zhang et al., 2016; Ali et al., 2023)
due to their wide-ranging bactericidal and fungicidal activities (Ahamed et al., 2010; More et al., 2023).
Silver nanoparticles may also act as a layer of moisture on different materials which are responsible for
protective barriers against bacterial and fungal pathogens (Dallas et al., 2011; Bruna et al., 2021).

Silver has been used for the disinfection of many harmful microorganisms for years (Chambers et al.,
1962; Kim et al., 2004; Dallas et al., 2011). Silver nanoparticles are the most effective nanoparticles
against fungal pathogens. Antifungal properties of silver nanoparticles have been studied for several
decades (Bruna et al., 2021). The primary requirement for the use of silver nanoparticles as an antifungal
material is to gather information on their antifungal activity and compounds present in silver
nanoparticles responsible for antifungal activity. To increase the effectiveness of disease suppression it is
required to develop better application strategies (Jo et al., 2009).

Many methods of biosynthesizing silver nanoparticles have been discovered; various chemical,
biological, and physical methods have been discovered (Vishwanath and Negi, 2021). Each method has
different advantages and disadvantages including cost and particle size analysis. Silver nanoparticles are
prepared with the help of many chemical methods by using various solutions (Ahmad et al., 2011,
Nguyen et al. 2023).

Nowadays many environment-friendly methods have been discovered to produce nanoparticles in
the field of nanotechnology (Bhattacharya et al., 2005; Beni and Jabbari, 2022). Among all the methods,
the biological method is the most essential and cost-effective method to produce silver nanoparticles. In
the biological method, silver nanoparticles can be synthesized using various living organisms including
bacteria, yeasts, fungi, algae, and different plants (Sintubin et al., 2012; Pandit et al.,, 2022). The
biological method produces wide-ranging silver nanoparticles which is an environment-friendly method
as no harmful chemicals or solutions are used in this method. Also, using biological agents and reducing
metal ions is faster and the easiest method by applying different temperature and pressure conditions
(Thakkar et al., 2010). For the biosynthesis of nanoparticles, plant extract can be used. In biological
methods, plant extract is mainly used to produce nanoparticles (Antunes Filho et al., 2023).

Mangifera indica L. (Mango) is an evergreen tree. The main component present in mango is
mangiferin (Kumar et al., 2021). Mangiferin is a flavonoid that is used in pharmaceutical industries, since
it consists of natural xanthone C-glycoside, and it is extracted at high concentrations from mango young
leaves (EI-Nashar et al., 2022). Mangiferin has several medicinal actions and possible health benefits. It
has many antidiabetics, antifungal, antimicrobial, anti-inflammatory, antiviral, hypoglycemic, antiallergic,
and anticancer activities (Imran et al., 2017).

The main objective of this study was to biosynthesize silver nanoparticles from the leaf extract of
different varieties of Mangifera indica L., characterize, and study the antifungal properties of
biosynthesized silver nanoparticles against Aspergillus niger Tiegh. Aspergillus niger is a fungus belonging
to family Trichochomaceae.

Materials and Methods

Green synthesis of nanoparticles
Nanoparticles were synthesized by the leaf extract of different varieties of Mangifera indica L.
Preparation of plant material

Leaves of Mangifera indica L. cvs. Langra, Sufaid Chaunsa, Sinduri, Malta, and Fajri were collected
from a garden of D.G. Khan, Pakistan. The leaves were brought to the laboratory and washed thoroughly
with tap water to remove all dust particles on the leaves, and then rinsed with distilled water. The
washed leaves were dried in a cool place for a few days. The dried leaves were ground into a fine powder
with the help of an electric grinder, and then the powder was stored in an airtight jar for further use.

Preparation of plant extract

After crushing, 10 g of powdered leaves were taken and added to 100 mL of distilled water. The
powder was boiled in 100 mL of distilled water on a hot plate for 20 minutes. The boiled mixture was
cooled at room temperature and then filtered through Whatman No. 1 filter paper. The extract was
stored at 4 °C for further use.
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Silver nanoparticles synthesis

To reduce silver ions, an aliquot of 10 mL of leaf extract was mixed with 5 mL of 1 mM AgNO;
aqueous solution in a glass vial and incubated in the dark at room temperature for 24 h. The color
changed from light yellow to yellowish-brown, indicated the reduction of silver nitrate. The synthesized
nanoparticles were centrifuged at 13000 rpm for 10 minutes, the supernatant discarded, and the pellet
so formed was stored at 4 °C for further use.

Characterization of silver nanoparticles

After the preparation of AgNPs, the prepared particles were characterized using different
techniques. The techniques that were used to characterize the particles were UV-vis spectroscopy, SEM,
and FTIR. The UV-visible spectrum analysis was performed by using a UV-visible spectrophotometer in
the range of 300 to 800 nm. Thereafter, scanning electron microscopy was performed. The sample was
dried and then crushed into fine powder. A small amount of the sample was placed on the carbon-coated
grid and the extra-sample was removed. It was performed to study the morphology of the synthesized
particles. The EDX of the sample was also performed which indicated the presence of AgNPs in the
sample. FTIR analysis was also carried out to determine the quality and consistency of a sample and the
number of components in the mixture. For the FTIR analysis, the pellet was dried and crushed with KBr in
an Eppendorf tube. The data obtained from the FTIR analysis was recorded in the form of wavelengths.

Antifungal activity of silver nanoparticles

The antifungal activity of silver nanoparticles was studied by preparing culture media which was
inoculated under sterile conditions. For the preparation of culture media, all the glassware items were
washed and sterilized in an autoclave machine at 121 °C and 15 psi pressure for 15-20 minutes and then
oven-dried at 60 °C for 2 h.

Procurement of pathogen and preparation of culture media

Fungal pathogen Aspergillus niger Tiegh. was obtained from the fungal culture bank at the Institute
of Agricultural Sciences, University of the Punjab, Lahore. For the inoculation of the fungal pathogen, the
MEA media was prepared by adding 12 g malt extract in 15 g of agar in a small amount of distilled water
and mixed well by heating. Then the final volume was increased to 1000 mL with the help of distilled
water. Then the media was autoclaved at 121 °C and15 psi pressure for 15-20 minutes. Before
inoculation, the plates were prepared, and media was poured into each Petri plate under aseptic
conditions. After pouring the media into Petri plates it was inoculated with the fungal pathogen and the
plates were covered and incubated at 37 °C for 24 h in an incubator.

Preparation of silver nanoparticles stock solution

Stock solutions (100 mg/L) of AgNPs were prepared in distilled water. Different concentrations of
the stock solution were prepared. A solution of 80 mg/L was prepared by taking 8 mL of the solution
from the stock solution and the final volume was raised to 10 mL by adding 2 mL distilled water, then a
range of concentrations such as 60, 40, and 20 mg/L were prepared.

Application of nanoparticle solutions

The laminar airflow cabinet was sterilized with ethanol to prevent any microbial contamination.
Then the UV light was switched on for 20 minutes to prevent any air contamination. Media was prepared
for the treatment and all the glassware and media were autoclaved in an autoclave machine at 121 °C
and 15 psi pressure. For the preparation of plates, 20 mL of the media were poured in each plate along
with 3 mL of each silver nanoparticle solution. For each concentration, three plates were prepared.

Measurement of growth parameter

After 24 h of incubation, fungal growth was observed on Petri plates. Percent inhibition was
measured. The size of the colony was measured with the help of the Imagel software. The following

formula was used to measure the zone of inhibition:
R-—r

Inhibition rate (%) =

Where R is the radial growth of fungal mycelia on the control plate and r the radial growth of fungal
mycelia on the plate treated with silver nanoparticles.

Statistical analysis

First, data was tested for normality. The SPSS software was used to perform statistical analyses,
particularly for working out analysis of variance (ANOVA) of data for each parameter. Standard errors
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were also worked out to assess variation in individual data recorded within each mean value.
Results

Characterization of silver nanoparticles

Characterization was performed by using various techniques, i.e., UV-visible spectroscopy, FTIR, and
SEM which indicated the formation of silver nanoparticles. UV-Vis spectroscopy showed the spectrum
formed by the silver nanoparticles. FTIR analysis indicated the attached groups with AgNPs. The SEM
analysis showed the morphology of the formed nanoparticles.

UV-Visible spectroscopy

In this study, UV-visible spectroscopy was performed with the help of a UV-visible
spectrophotometer. The color change of the extract resulted in the surface plasmon resonance by AgNPs
(Figure 1) which showed different spectra at different wavelengths. Different varieties of Mangifera
indica L. showed different spectra. Cultivars Fajri and Malta showed a spectrum at a wavelength of 448
nm, whereas cv. Sinduri showed a peak at 452 nm (Figure 2). The spectrum of cvs. Sufaid Chaunsa and
Langra was observed at 454 nm and 446 nm, respectively. Cultivar Fajri showed the highest peak at 448
nm (Figure 2).
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Figure 1. Leaf extract of Mangifera indica L. Figure 2. UV spectrum of green synthesized silver nanoparticles
before and after the reaction with silver using leaf extract of different varieties of Mangifera indica L.
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Fourier transform infrared spectroscopy
FTIR analysis of AgNPs synthesized by leaf extract of Mangifera indica L. cv. Fajri

Various absorption bands in the FTIR spectroscopy showed the presence of different chemical
groups in the extract containing biosynthesized AgNPs with the help of leaf extract of cv. Fajri. Bands at
3738 cm™ and 3415 cm™ showed the presence of O-H group (Figure 3a). Bands at 2316.5 cm™ and 2067
cm revealed the presence of C=C and C=C conjugated bonds. The bands at 1629 cm™, 1517 cm™, 1411
cm?, 1282 cmtand 1213 cm™ corresponded to the presence of C=0, C-N, C=0, C-N amide Ill, respectively
(Figure 3a). Bands formed at 1116 cm™, 1066 cm™, 985 cm™, 673 cm™ and 597 cm™ confirmed the
presence of C-O-C, C=N and C-H groups.

FTIR analysis of AgNPs synthesized by leaf extract of Mangifera indica L. cv. Malta

Silver nanoparticles biosynthesized with the help of leaf extract of cv. Malta showed different bands
recorded through FTIR spectroscopy. Bands at 3738 cm™ and 3417 cm™ showed presence of O-H group
(Figure 3b). Bands at 2891 cm™, 2318 cm™, and 2071 cm™ corresponded to presence of C=C conjugated
bonds. The bands at 1629 cm™, 1517cm™, 1411 cm™, 1282 cm™and 1213 cm™ corresponded to presence
of C=0, C-N, C=0, C-N amide lll, respectively. Bands formed at 1116 cm™, 1066 cm™, 985 cm™, 675 cm™
and 597 cm™and 555 cm™ confirmed the presence of C-O-C, C-O, C=C, C=N and C-H groups (Figure 3b).
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Figure 3a. Fourier transform infrared spectroscopy of Figure 3b. Fourier transform infrared spectroscopy of
AgNPs synthesized using Mangifera indica L. cv. Fajri A8NPs synthesized using Mangifera indica L. cv. Malta

leaf extract

leaf extract

FTIR analysis of AgNPs synthesized by leaf extract of Mangifera indica L. cv. Sinduri

Silver nanoparticles biosynthesized with the help of leaf extract of cv. Sinduri showed different
bands recorded through FTIR spectroscopy (Figure 3c). Bands at 3738 cm™ and 3415 cm™ showed the
presence of O-H group. Bands at 2891 cm™, 2361 cm™, and 2067 cm™ corresponded to the presence of
C=C conjugated bonds. The bands at 1627 cm™, 1517cm™, 1411 cm™, 1282 cm™ and 1213 cm™
corresponded to the presence of C=0, C-N, C=0, C-N amide lll, respectively. Bands formed at 1066 cm™,
985 cm™, 675 cm™ and 597 cm™ confirmed the presence of C-O-C, C=N and C-H groups (Figure 3c).

FTIR analysis of AgNPs synthesized by leaf extract of Mangifera indica L. cv. Sufaid Chaunsa

Silver nanoparticles biosynthesized using leaf extract of cv. Sufaid Chaunsa showed different bands
of FTIR spectroscopy (Figure 3d). Bands at 3738 cm™ and 3415 cm™ showed the presence of O-H group,
whereas bands at 2893 cm™ and 2069 cm™ corresponded to the presence of C=C and C=C conjugated
bonds. The bands at 1627 cm™, 1517 cm™, 1409 cm™, 1282 cm™ and 1211 cm™ corresponded to the
presence of C=0, C-N, C=0, C-N amide IIl, respectively (Figure 3d). Bands formed at 1116 cm™, 1066 cm™,
985 cm™, 673 cm™ and 597 cm™ confirmed the presence of C-O-C, C=N and C-H groups.
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Figure 3c. Fourier transform infrared spectroscopy of Figure 3d. Fourier transform infrared spectroscopy of
AgNPs synthesized using Mangifera indica L. cv. AgNPs synthesized using Mangifera indica L. cv. Sufaid

Sinduri leaf extract

Chaunsa leaf extract

FTIR analysis of AgNPs synthesized by leaf extract of Mangifera indica L. cv. Langra

Silver nanoparticles biosynthesized using
cv. Langra showed different bands of FTIR
spectroscopy (Figure 3e). Bands at 3738 cm™
and 3417 cm™ showed the presence of O-H
group, whereas those at 2891 cm?, 2314 cm™
and 2071 cm™ corresponded to the presence
of C=C and C=C conjugated bonds. The bands
at 1629 cm™, 1517cm™, 1411 cm™, 1282 cm™
and 1213 cm™ corresponded to the presence
of C=0, C-N, C=0, C-N amide lll, respectively
(Figure 3e). However, bands formed at 1116
cm™, 1066 cm™, 985 cm™, 675 cm™ and 597
cm™ and 432 cm™ confirmed the presence of
C-0-C, C-0O, C=C, C=N and C-H groups.
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Figure 3e. Fourier transform infrared spectroscopy of

AgNPs synthesized using Mangifera indica L. cv. Langra
leaf extract
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Scanning electron microscopy (SEM) and EDX analysis

Scanning electron microscopy analysis was done to identify the shape and size of the formed silver
nanoparticles. Moreover, EDX analysis was also performed to indicate whether or not the silver
nanoparticles were present in the sample.

SEM and EDX analysis of Mangifera indica L. cv. Fajri synthesized AgNPs

The SEM analysis was done to study the morphology of the formed silver nanoparticles. The size of
the formed silver nanoparticles was measured with the help of Imagel) software. The nanoparticles were
uniformly distributed and were present in the form of clusters in some places (Figure 4a). The shape of
the nanoparticles was hexagonal and spherical. The sizes of cv. Fajri-mediated silver nanoparticles were
in the range of 12-99 nm. Moreover, the EDX analysis was performed to observe the presence of silver
nanoparticles in the sample. In the EDX analysis, two peaks were observed which showed that AgNPs
were present in the sample along with some oxygen atoms (Figure 4b).
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Figure 4a. Scanning electron croscpy Figure 4b. EDX analysis of Mangifera indica L. cv. Fajri mediated
analysis of Mangifera indica L. cv. Fajri AgNPs
mediated AgNPs

SEM and EDX analysis of Mangifera indica L. cv. Malta synthesized AgNPs

The SEM analysis of AgNPs formed by the leaf extract of cv. Malta showed that the nanoparticles
were irregular in shape (Figure 4c). The shape of the nanoparticles was triangular, hexagonal, and
somewhat spherical. The size of the nanoparticles was measured using Image) software which was 15-
137 nm. The EDX analysis was also performed to observe the presence of AgNPs in the sample. The EDX
graph showed different peaks indicating the presence of silver nanoparticles (Figure 4d).
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Figure 4c. canning electron microcopy Figure 4d. EDX analysis of Mangifera indica L. cv. Malta
analysis of Mangifera indica L. cv. Malta mediated AgNPs
mediated AgNPs

SEM and EDX analysis of Mangifera indica L. cv. Sinduri synthesized AgNPs

The silver nanoparticles formed by the leaf extract of cv. Sinduri were also analyzed by SEM
(Figure 4e). The analysis showed that nanoparticles were uniformly distributed having a size of about 16-
235 nm. The results showed that the shape of nanoparticles was spherical. The EDX analysis was also
performed which showed different peaks. In the energy dispersive X-ray analysis, the presence of AgNPs
was confirmed in the sample (Figure 4f).
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SEM and EDX analysis of Mangifera indica L. cv. Sufaid Chaunsa synthesized AgNPs

The SEM analysis showed the morphology of the AgNPs formed using the leaf extract of cv.
Sufaid Chaunsa (Figure 4g). The SEM analysis showed that nanoparticles were present in the form of
clusters and were uniformly arranged. However, the shape of nanoparticles was found to be hexagonal.
The size of the nanoparticles was measured using the Imagel software which was 15-130 nm. The EDX
analysis was also performed which indicated the presence of AgNPs in the sample (Figure 4h).
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Figure 4g: Scanning eItron microcopy Figure 4h: EDX analysis of Mangifera indica L. cv. Sufaid
analysis of Mangifera indica L. cv. Sufaid Chaunsa mediated AgNPs
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SEM and EDX analysis of Mangifera indica L. cv. Langra synthesized AgNPs

The AgNPs formed using the leaf extract of Mangifera indica L. cv. Langra was also analyzed using
SEM and found that they were arranged uniformly, but were in dispersed form (Figure 4i). The size of the
formed nanoparticles was 13-136.7 nm and the shape of the nanoparticles was observed to be triangular
and somewhat spherical. The EDX analysis was also performed to observe if AgNPs were present in the
sample. The energy dispersive X-ray analysis confirmed the presence of the silver nanoparticles in the
sample (Figure 4j). The antifungal activity of different varieties of Mangifera indica L. was observed at
varying concentrations of AgNPs such as 20, 40, 60, 80 and 100 mg/L.
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Antifungal activity of Mangifera indica L. synthesized AgNPs against Aspergillus niger Tiegh.
Antifungal activity of Mangifera indica L. cv. Fajri synthesized AgNPs

The inhibition effect of AgNPs synthesized by Mangifera indica L. cv. Fajri leaf extract was recorded
at all concentrations of AgNPs in the MEA media (Figure 5a). However, the inhibition rate of fungal
growth was highest in 100 mg/L of AgNPs being 79.8%. The inhibition rate of fungal growth was also
observed by treating it with silver nitrate reagent which showed 13.9% inhibition rate of fungal growth.

Antifungal activity of Mangifera indica L. cv. Malta synthesized AgNPs

The cv. Malta-synthesized AgNPs showed the highest inhibition rate of 78.3% at 100 mg/L of AgNPs
(Figure 5b). It showed a 15.6% inhibition rate at 20 mg/L and 22.2% inhibition rate of fungal growth at 40
mg/L of AgNPs. Similarly, at 60 and 80 mg/L it showed an inhibition rate of 42.8% and 58.8%,
respectively, against Aspergillus niger Tiegh.
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Figure 5a. Effect of different concentrations of Figure 5b. Effect of different concentrations of
Mangifera indica L. cv. Fajri mediated synthesized Mangifera indica L. cv. Malta mediated synthesized
silver nanoparticles on the growth of Aspergillus niger silver nanoparticles on the growth of Aspergillus niger
Tiegh. Tiegh.

Antifungal activity of Mangifera indica L. cv. Sinduri synthesized AgNPs

The Petri plates containing MEA media were treated with different concentrations (20, 40, 60, 80,
and 100 mg/L) of AgNPs solution (Figure 5c). Cultivar Sinduri synthesized AgNPs showed an inhibition
rate of 36.0% at 20 mg/L. Similarly, at concentrations of 40, 60, and 80 mg/L, it showed 45.2%, 46.2%,
and 59.4% inhibition rates, respectively. Like cvs. Fajri and Malta, cv. Sinduri also showed the highest
inhibition rate of 76.8% at 100 mg/L of AgNPs.

Antifungal activity of Mangifera indica L. cv. Sufaid Chaunsa

An inhibition rate of 38.0% was shown by cv. Sufaid Chuansa synthesized AgNPs against Aspergillus
niger at 20 mg/L of AgNPs (Figure 5d). The inhibition rate was observed as 72% at 100 mg/L of AgNPs.
However, at lower levels, i.e., 40, 60, and 80 mg/L, the inhibition rates of 49.6%, 60.4%, and 67.3% were
observed, respectively. Like all the above varieties of Mangifera indica L., cv. Sufaid Chaunsa also showed
the highest inhibition rate of fungal growth at 100 mg/L.

Antifungal activity of Mangifera indica L. cv. Langra synthesized AgNPs

The highest inhibition rate (74.4%) was recorded by cv. Langra at 100 mg/L of AgNPs., whereas at
the lowest level (20 mg/L), the inhibition rate was recorded to be 15.6% (Figure 5e). Similarly, the
inhibition rates of 33.5%, 55.8%, and 57.1% against Aspergillus niger were recorded at 40, 60, and 80
mg/L, respectively. The inhibition rate by treating it with silver nitrate reagent was also observed which
was 13.9% (Figure 5e).

Effect of leaf extract of different varieties of Mangifera indica L. synthesized AgNPs on the

growth of Aspergillus niger Tiegh.

All the varieties of Mangifera indica L. showed the highest inhibition rate of fungal growth at 100
mg/L of AgNPs (Figure 6). Of all five mango varieties, cv. Fajri showed the highest inhibition rate (79.8%)
against Aspergillus niger.
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Figure 5c. Effect of different concentrations of Figure 5d. Effect of different concentrations of
Mangifera indica L. cv. Sinduri mediated synthesized Mangifera indica L. cv. Sufaid Chaunsa mediated
silver nanoparticles on the growth of Aspergillus niger synthesized silver nanoparticles on the growth of
Tiegh. Aspergillus niger Tiegh.
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Figure 5e. Effect of different concentrations of Figure 6. Effect of different concentrations of
Mangifera indica L. cv. Langra mediated synthesized Mangifera indica mediated synthesized silver
silver nanoparticles on the growth of Aspergillus niger nanoparticles on the growth of Aspergillus niger Tiegh.
Tiegh.

Discussion

Although silver nanoparticles have many uses, they play an important role as antifungal and
antibacterial agents. Nowadays green synthesis of silver nanoparticles has become very common,
because it is a very convenient method for the synthesis of AgNPs, being cost-effective and eco-friendly
(Hashem et al., 2022).

After the biosynthesis of silver nanoparticles, the nanoparticles were characterized with the help of
different techniques such as UV-Vis spectroscopy, FTIR, and SEM. In UV-Vis spectroscopy, AgNPs
synthesized by different varieties of Mangifera indica L. showed different absorbance peaks. Cultivar Fajri
showed the highest peak at 448 nm. Similarly, AgNPs synthesized by the leaf extract of cv. Malta showed
the same peak at 448 nm. AgNPs synthesized by cvs. Sinduri, Sufaid Chaunsa, and Langra showed peaks
at 452, 454, and 446 nm, respectively. Other scientists also reported that silver nanoparticles show
resonance peaks within 400-460 nm (Sarsar et al., 2013). Ahmed et al. (2016) reported that silver
nanoparticles showed a surface plasmon resonance band in the range of 448-460 nm. In another study,
the color change of the extract after the reaction was ascribed to surface plasmon resonance and it was
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also reported that the silver nanoparticles mainly showed the surface plasmon resonance band in the
range of 446-448 nm (Banerjee et al., 2014).

Biosynthesized nanoparticles were also characterized using SEM. The AgNPs formed by different
mango varieties had different shapes and sizes. The SEM analysis showed that silver nanoparticles
synthesized by the leaf extract of cv. Fajri has a size range between 12 and 99 nm. Similarly, other four
varieties, i.e., Malta, Sinduri, Sufaid Chaunsa, and Langra had size ranges of 15-137 nm, 16-235 nm, 15-
130 nm, and 13-136.7 nm, respectively. In another similar study, the size of the silver nanoparticles was
documented in the range of 60-70 nm (Maria et al., 2015). Using a different plant source such as Aloe
vera the size of AgNPs was recorded within the range of 287.5-293.2 nm, but the average size of an
individual nanoparticle was recorded up to 70 nm (Medda et al., 2015). In another study, the shape of
silver nanoparticles was documented to be spherical (Sathishkumar et al., 2012). In contrast, in another
study, the shape of the nanoparticles was reported to be triangular, cubical, and spherical, and all
distributed uniformly. It was also observed that in some places they were present in the form of clusters
(Nethradevi et al., 2012). All the varieties showed best results at 100 mg/L of AgNPs, whereas a minimal
effect was recorded at 20 mg/L of AgNPs.

Silver nanoparticles are also believed to play an effective role as antifungal. For example, in the
current study, it was found that varying levels of AgNPs had considerable antifungal effect. In another
study, silver nanoparticles at varying concentrations such as 10, 25, 50, and 100 mg/L played an effective
role in counteracting Monosporascus cannonballus (a thermophilic fungus), and it was observed that 100
mg/L of silver nanoparticles had a great inhibitory effect of almost 90% against the fungal pathogen as
compared to the other concentrations tested (Kim et al., 2012). Hashem et al. (2022), reported that the
biosynthesized AgNPs at 500 pg/mL showed a remarkable antifungal activity against four most
commonly occurring Aspergillus species viz. A. niger, A. terreus, A. flavus, and A. fumigatus. The
inhibition zones of the four species were reported to be 16, 20, 26, and 19 mm, respectively. Similarly,
AgNPs (2000 mg/L) biosynthesized using the leaf extract of Azadirachta indica displayed complete
inhibition against the most common fungi Sclerotinia sclerotiorum and Colletotrichum falcatum and 68%
to 80% inhibition against Colletotrichum gloeosporioides and Rhizoctonia solani, respectively (Singh et al.
2024). Some scientists are also of the view that silver nanoparticles (AgNPs) developed through biological
means could be effectively exploited for biological and medical applications (Gibala et al., 2021; Restrepo
Burgos et al., 2023).

Conclusion

From the present study, it was concluded that the biosynthesis of AgNPs from the leaf extracts of
different varieties of Mangifera indica proved to be beneficial. The biosynthesis of AgNPs was confirmed
by different characterization techniques including UV-Vis spectroscopy, FTIR, and SEM. The
biosynthesized AgNPs so developed exhibited considerable antifungal activity against Aspergillus niger.
The AgNPs formed using the mango cultivar cv. Fajri proved to have the best antifungal activities with an
inhibition rate of 79.8% at the concentration of 100 mg/L against Aspergillus niger. Researchers can
further harness the potential of Mangifera indica as a sustainable and effective source for synthesizing
AgNPs with diverse applications in biomedicine, agriculture, and environmental remediation.

Author(s), Editor(s) and Publisher’s declarations

Conflict of interest
The authors declare no conflict of interest.

Source of funding
None declared.

Contribution of authors
Conceptualization and designing the study: SA; Conduction of experiment: AM.

Ethical approval
This study does not involve human/animal subjects, and thus no ethical approval is needed.



INTERNATIONAL JOURNAL OF APPLIED AND EXPERIMENTAL BIOLOGY (2026): VOL. ???, NO. ???, ??????? 11

Handling of bio-hazardous materials

The authors certify that all experimental materials were handled with care during collection and
experimental procedures. After completion of the experiment, all materials were properly discarded to
minimize/eliminate any types of bio-contamination(s).

Availability of primary data and materials

As per editorial policy, experimental materials, primary data, or software codes are not submitted to the
publisher. These are available with the corresponding author and/or with other author(s) as declared by
the corresponding author of this manuscript.

Authors’ consent
All authors have critically read this manuscript and agreed to publish in IJAaEB.

Disclaimer/editors’/publisher’s declaration

All claims/results/prototypes included in this manuscript are exclusively those of the authors and do not
inevitably express those of their affiliated organizations/enterprises, or those of the publisher/journal
management, and the editors/reviewers. Any product mentioned in this manuscript, or claim rendered
by its manufacturer, is not certified by the publisher/Journal management. The journal management
disowns responsibility for any injury to organisms including humans, animals and plants or property
resulting from any ideas/opinions, protocols/methods, guidelines or products included in the
publication. The 1JAaEB publisher/Management stays impartial/neutral pertaining to institutional
affiliations and jurisdictional claims in maps included in the manuscript.

Declaration of generative Al and Al-assisted technologies in the writing process

It is declared that we the authors did not use any Al tools or Al-assisted services in the preparation,
analysis, or creation of this manuscript submitted for publication in the International Journal of Applied
and Experimental Biology (IJAaEB).

References

Ahamed, M., AlSalhi, M.S., Siddiqui, M.K.J. (2010). Silver nanoparticle applications and human health. Clinica
Chimica Acta 411(23-24):1841-1848.

Ahmad, A.L, Yasin, N.H.M., Derek, C.J.C., Lin, J.K. (2011). Microalgae as sustainable energy source for biodiesel
production: a review. Renewable and Sustainable Energy Reviews 15:584-593.

Ali, .LA.M., Ahmed, A.B., Al-Ahmed, H.l. (2023). Green synthesis and characterization of silver nanoparticles for
reducing the damage to sperm parameters in diabetic compared to metformin. Scientific Reports 13(1):2256.
https://doi.org/10.1038/s41598-023-29412-3

Antunes Filho, S., Dos Santos, M.S., Dos Santos, O.A.L., Backx, B.P., Soran, M.L. et al. (2023). Biosynthesis of
nanoparticles using plant extracts and essential oils. Molecules (Basel, Switzerland) 28(7):3060.
https://doi.org/10.3390/molecules28073060

Banerjee, P., Mehta, A., Shanthi, C. (2014). Investigation into the cyto-protective and wound healing properties of
cryptic peptides from bovine Achilles tendon collagen. Chemico-Biological Interactions 211:1-10.

Beni, A.A., Jabbari, H. (2022). Nanomaterials for environmental applications. Results in Engineering 15:100467.
https://doi.org/10.1016/j.rineng.2022.100467.

Bhattacharya, D., Rajinder, G. (2005). Nanotechnology and potential of microorganisms. Critical Reviews in
Biotechnology 25:199-204.

Bruna, T., Maldonado-Bravo, F., Jara, P., Caro, N. (2021). Silver nanoparticles and their antibacterial
applications. International Journal of Molecular Sciences 22(13):7202. https://doi.org/10.3390/ijms22137202

Chambers, C.W., Proctor, C.M., Kabler, P.W. (1962). Bactericidal effect of low concentrations of silver. Journal-
American Water Works Association 54(2):208-216.

Dallas, P., Sharma, V.K., Zboril, R. (2011). Silver polymeric nanocomposites as advanced antimicrobial agents:
classification, synthetic paths, applications, and perspectives. Advances in Colloid and Interface Science 166(1-
2):119-135.

Dan, D. (2020) Nanotechnology, nanoparticles and nanoscience: A new approach in chemistry and life
sciences. Soft Nanoscience Letters 10:17-26. https://doi.org/10.4236/snl.2020.102002

Du, L., Jiang, H., Liu, X., Wang, E., (2007). Biosynthesis of gold nanoparticles assisted by Escherichia coli DH5a and its
application on direct electrochemistry of hemoglobin. Electrochemistry Communications 9:1165-1170.

El-Nashar, H.A.S., El-Labbad, E.M., Al-Azzawi, M.A.,, Ashmawy, N.S. (2022). A new xanthone glycoside
from Mangifera indica L.: Physicochemical properties and in vitro anti-skin aging activities. Molecules (Basel,
Switzerland) 27(9):2609. https://doi.org/10.3390/molecules27092609



https://doi.org/10.1038/s41598-023-29412-3
https://doi.org/10.3390/molecules28073060
https://doi.org/10.1016/j.rineng.2022.100467
https://doi.org/10.3390/ijms22137202
https://doi.org/10.4236/snl.2020.102002
https://doi.org/10.3390/molecules27092609

12 Mumtaz and Ahmed

Gibata, A., Zeliszewska, P., Gosiewski, T., Krawczyk, A., Duraczyfska, D. et al. (2021). Antibacterial and antifungal
properties of silver nanoparticles-effect of a surface-stabilizing agent. Biomolecules 11(10):1481.
https://doi.org/10.3390/biom11101481

Goralska, M.K., Senze, M., Polechonski, R., Dobicki, D., Pokorny, P. et al. (2005). Biocidal properties of silver
nanoparticles in water environment. Polish Journal of Environmental Studies 24(4):1641-1647.

Hashem, A.H., Saied, E., Amin, B.H., Alotibi, F.O., Al-Askar, A.A. et al. (2022). Antifungal activity of biosynthesized
silver nanoparticles (AgNPs) against Aspergilli causing Aspergillosis: Ultrastructure study. Journal of Functional
Biomaterials 13:242. https://doi.org/10.3390/jfb13040242

Imran, M., Arshad, M.S., Butt, M.S., Kwon, J.-H., Arshad, M.U. et al. (2017). Mangiferin: a natural miracle bioactive
compound against lifestyle related disorders. Lipids in Health and Disease 16:84.
https://doi.org/10.1186/s12944-017-0449-y

Jo, Y.K., Kim, B.H., Jung, G. (2009). Antifungal activity of silver ions and nanoparticles on phytopathogenic
fungi. Plant Disease 93(10):1037-1043.

Khan, I., Saeed, K., Khan, I. (2019). Nanoparticles: Properties, applications and toxicities. Arabian Journal of
Chemistry 12(7):908-931.

Kim, J.H. (2004). Nano silver chemotherapeutic agents and its applications. News Information Chemical
Engineering 22:655-660.

Kim, S.W., Jung, J.H., Lamsal, K., Kim, Y.S., Min, J.S. et al. (2012). Antifungal effects of silver nanoparticles (AgNPs)
against various plant pathogenic fungi. Mycobiology 40(1):53-58.

Kumar, M., Saurabh, V., Tomar, M., Hasan, M., Changan, S. et al. (2021). Mango (Mangifera indica L.) leaves:
Nutritional composition, phytochemical profile, and health-promoting bioactivities. Antioxidants (Basel,
Switzerland) 10(2):299. https://doi.org/10.3390/antiox10020299

Mandal, D., Bolander, M.E., Mukhopadhyay, D., Sarkar, G., Mukherjee, P. (2006). The use of microorganisms for the
formation of metal nanoparticles and their application. Applied Microbiology and Biotechnology 69(5):485-
492.

Maria, B.S., Devadiga, A., Kodialbail, V.S., Saidutta, M.B. (2015). Synthesis of silver nanoparticles using medicinal
Zizyphus xylopyrus bark extract. Applied Nanoscience 5(6):755-762.

Medda, S., Hajra, A., Dey, U., Bose, P., Mondal, N.K. (2015). Biosynthesis of silver nanoparticles from Aloe vera leaf
extract and antifungal activity against Rhizopus sp. and Aspergillus sp. Applied Nanoscience 5(7):875-880.

Monteiro, D.R., Gorup, L.F., Takamiya, A.S., Ruvollo-Filho, A.C., de Camargo, E.R. et al. (2009). The growing
importance of materials that prevent microbial adhesion: antimicrobial effect of medical devices containing
silver. International Journal of Antimicrobial Agents 34(2):103-110.

More, P.R., Pandit, S., Filippis, A., Franci, G., Mijakovic, I. et al. (2023). Silver nanoparticles: Bactericidal and
mechanistic approach against drug resistant pathogens. Microorganisms 11(2):369.
https://doi.org/10.3390/microorganisms11020369

Morones, J.R., Elechiguerra, J.L.,, Camacho, A., Holt, K., Kouri, J.B. et al. (2005). The bactericidal effect of silver
nanoparticles. Nanotechnology 16:2346- 2353.

Nethradevi, C., Sivakumar, P., Renganathan, S. (2012). Green synthesis of silver nanoparticles using Datura metel
flower extract and evaluation of their antimicrobial activity. International Journal of Nanomaterials and
Biostructures 2(2):16-21.

Nguyen, N.P.U., Dang, N.T., Doan, L., Nguyen, T.T.H. (2023). Synthesis of silver nanoparticles: From conventional to
‘modern’ methods—A review. Processes 11:2617. https://doi.org/10.3390/pr11092617

Pandit, C., Roy, A., Ghotekar, S., Khusro, A., Islam, M.N. et al. (2022). Biological agents for synthesis of nanoparticles
and their  applications.  Journal of King Saud  University ——  Science  34(3):101869.
https://doi.org/10.1016/].jksus.2022.101869

Restrepo Burgos, C.V., Villa, C.C., Zambrano, J.C., Rosero, C.A., Tipaz, E.A. et al. (2023). Antifungal activity of silver
nanoparticles from Arctium lappa leaves against Phytophthora infestans and Alternaria. Archives  of
Phytopathology and Plant Protection 56(20):1541—-1554. https://doi.org/10.1080/03235408.2024.2310205

Sarsar, V., Selwal, K.K., Selwal, M.K. (2013). Green synthesis of silver nanoparticles using leaf extract of Mangifera
indica and evaluation of their antimicrobial activity. Journal of Microbiology and Biotechnology
Research 3(5):27-32.

Sathishkumar, G., Gobinath, C., Karpagam, K., Hemamalini, V., Premkumar, K. et al. (2012). Phytosynthesis of silver
nanoscale particles using Morinda citrifolia L. and its inhibitory activity against human pathogens. Colloids and
Surfaces B: Biointerfaces 95:235-240.

Silva, D.F.,, Melo, A.L.P.,, Uchda, A.F.C., Pereira, G.M.A., Alves, A.E.F. et al. (2023). Biomedical approach of
nanotechnology and biological risks: A mini-review. International Journal of Molecular Sciences 24:16719.
https://doi.org/10.3390/ijms242316719

Singh, J., Kumar, A., Nayal, A.S., Vikal, S., Shukla, G. et al. (2024). Comprehensive antifungal investigation of green
synthesized silver nanoformulation against four agriculturally significant fungi and its cytotoxic
applications. Scientific Reports 14:5934 (2024). https://doi.org/10.1038/s41598-024-56619-9

Sintubin, L., De Windt, W., Dick, J., Mast, J., Van Der Ha, D. et al. (2009). Lactic acid bacteria as reducing and
capping agent for the fast and efficient production of silver nanoparticles. Applied Microbiology and
Biotechnology 84(4):741-749.

Thakkar, K.N., Mhatre, S.S., Parikh, R.Y. (2010). Biological synthesis of metallic nanoparticles. Nanomedicine:
Nanotechnology, Biology, and Medicine 6(2):257-262.



https://doi.org/10.3390/biom11101481
https://doi.org/10.3390/jfb13040242
https://doi.org/10.1186/s12944-017-0449-y
https://doi.org/10.3390/antiox10020299
https://doi.org/10.3390/microorganisms11020369
https://doi.org/10.3390/pr11092617
https://doi.org/10.1016/j.jksus.2022.101869
https://doi.org/10.1080/03235408.2024.2310205
https://doi.org/10.3390/ijms242316719
https://doi.org/10.1038/s41598-024-56619-9

INTERNATIONAL JOURNAL OF APPLIED AND EXPERIMENTAL BIOLOGY (2026): VOL. ???, NO. ???, ??????? 13

Vishwanath, R., Negi, B. (2021). Conventional and green methods of synthesis of silver nanoparticles and their
antimicrobial properties. Current Research in Green and Sustainable Chemistry 4:100205.
https://doi.org/10.1016/j.crgsc.2021.100205

Wiley, B., Sun, Y., Xia, Y. (2007). Synthesis of silver nanostructures with controlled shapes and properties. Chemistry
Research 40:1067-1076.

Yang, X., Li, Q., Wang, H., Huang, J., Lin, L. et al. (2010). Green synthesis of palladium nanoparticles using broth of
Cinamomum camphora leaf. Journal of Nanoparticles Research 12(5):1589-1598.

Zhang, X.F., Liu, Z.G., Shen, W., Gurunathan, S. (2016). Silver nanoparticles: Synthesis, characterization, properties,
applications, and therapeutic approaches. International Journal of Molecular Sciences 17(9):1534.
https://doi.org/10.3390/ijms17091534



https://doi.org/10.1016/j.crgsc.2021.100205
https://doi.org/10.3390/ijms17091534

