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Abstract

Nanotechnology has emerged as a promising approach in antifungal activities, Silver
nanoparticles (AgNPs) are among the most studied nanomaterials due to its antifungal properties
against a variety of pathogens. The controlled release and targeted delivery of antifungal agents
through nanotechnology enhance efficiency while minimizing toxicity, making it a revolutionary
tool in combating fungal diseases in both human health and crop protection. This study aimed to
assess the antifungal properties of silver nanoparticles (AgNPs) synthesized through a green
chemistry approach using the leaf extract of Rosebay. The antifungal activity was evaluated
against three pathogenic Candida albicans isolates using the gel diffusion method and by
determining the minimum inhibitory concentration (MIC). AgNPs were successfully synthesized
utilizing Rosebay leaf extract and silver nitrate, with the plant extract serving as both a reducing
and stabilizing agent. The synthesized nanoparticles were characterized through Energy
Dispersive X-ray (EDX), Scanning Electron Microscopy (SEM), X-ray Diffraction (XRD), and
Atomic Force Microscopy (AFM). The crystalline structure of the AgNPs was confirmed using
X-ray diffraction analysis.
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INTRODUCTION

Fungal infections cause significant threats to human health, agriculture, and food security. The
rise of antifungal resistance makes necessary the development of alternative treatments. Silver
nanoparticles (AgNPs) have gained attention as effective antifungal agents due to their ability to
disrupt fungal cells, prevent biofilm formation, and enhance treatment effectiveness. Other
nanoparticles, such as zinc oxide (ZnO), copper oxide (CuO), and chitosan-based
nanocomposites, exhibit strong antifungal effects by inhibiting biofilm formation and fungal
growth [1]. These nanomaterials are increasingly used in medicine, agriculture, and food
preservation to prevent fungal infections.

Many conventional physical and chemical methods used to produce nanomaterials often result in
toxic byproducts that can be harmful to the environment. As a result, researchers are increasingly
turning to safer alternatives, such as biological synthesis and green chemistry. Green chemistry
has been widely adopted for the too easy synthesis of silver nanoparticles (AgNPs) due to its
simplicity and environmental benefits [2]. The growing emphasis on sustainability has led to a
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shift toward eco-friendly nanoparticle synthesis methods, with plant extracts being commonly
used as natural reducing agents[3]. Silver nanoparticles are extensively utilized in both industry
and medicine due to their antibacterial, antifungal, and antiparasitic properties. They are a crucial
component of nanotechnology, as they do not cause biosynthesis alterations in living cells,
thereby preventing microbial resistance development [4].

Silver nanoparticles (AgNPs) have emerged as powerful antifungal agents due to their unique
physicochemical properties. Their broad-spectrum efficiency against pathogenic fungi, combined
with their biocompatibility, makes them valuable in medical, agricultural, and environmental
applications [5]. There are two primary approaches to synthesizing nanoparticles: the bottom-up
and top-down methods. The top-down approach involves breaking down larger structures into
nanoscale materials through mechanical processes. In contrast, the bottom-up approach
assembles atoms or molecules to form nanoscale structure. AgNPs can be synthesized through
chemical, physical, and biological methods. Among these, green synthesis has gained popularity
due to its eco-friendly nature [6-7]. Plant extracts, bacteria, fungi, and algae serve as natural
reducing and stabilizing agents, eliminating the need for hazardous chemicals. This study focuses
on evaluating the effectiveness of silver nanoparticles synthesized via green chemistry using
Rosebay as an antifungal agent.
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Figure 2: Application of Silver Nanoparticles
Materials and Methods:
Preparation of Silver Nitrate Solution:

To prepare the solution, 16.98 g of AgNOs was dissolved in 100 mL of distilled water at room
temperature. The mixture was then stirred for 15 minutes to ensure uniformity. To prevent
oxidation, the prepared solution was stored in a dark container.

Preparation of Rosebay:

The leaves of Rosebay were thoroughly washed multiple times with water, followed by
sterilization using 50% alcohol to eliminate any foreign contaminants such as dust particles.
Afterward, they were rinsed more than five times with distilled water and cut into small pieces.
To prepare the extract, five grams of finely chopped Rosebay leaves were boiled in 20 mL of
sterile distilled water for 45 minutes. The resulting broth solution was filtered using Whatman
filter paper. This extraction process was repeated several times, and the final broth solution was
stored in a refrigerator at 30°C for further study.

Synthesis of silver Nanoparticles:

For the synthesis of silver nanoparticles (AgNPs), a specific volume of Rosebay extract (1 mL)
was added to 9 mL of 0.0IM AgNO:; solution. The mixture was then heated at 80°C for 15
minutes, as shown in Figure 3. The solution gradually turned brown, indicating the successful
formation of AgNPs.

: 1006-8341

PAGE NO: 190



Journal For Basic Sciences ISSN NO : 1006-8341

Heated at 80°C
+e
++

Plant Extract Silver Nanoparticles

Figure 3: Synthesis of Silve Nanoparticles
Concentration of Prepared Silver Nanoparticles:
The concentration of silver nanoparticles (AgNPs) was determined by the below calculation.

Calculation of the Average Number of Atoms per Nanoparticle
The number of atoms per nanoparticle (N) was calculated using the following equation:

N4y MD3
N= 6mp
Where
N = Number of atoms per nanoparticle
n = 3.14
p = Density of silver (10.5 g/cm?)
D = Average diameter of nanoparticles (20.56 nm)
M = Atomic mass of silver (107.868 g)

N, = Avogadro’s number (6.023x10%)

Assuming that all silver ions were completely converted into AgNPs, the calculated value of N
was 22,105,954 atoms per nanoparticle.

Determination of Molar Concentration of AgNPs Solution
The molar concentration of the AgNPs colloidal solution was calculated using the following
formula

C=
NV

Where

= Molar concentration of Ag NPs colloidal solution

Total number of silver atoms introduced as AgNOs (1mM)
Number of atoms per nanoparticle (from equation 1)

= Volume of the reaction colloidal solution (in liters)

<Zzn
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Based on these calculations, the molar concentration of the AgNPs solution was determined to be
487.95 png/mL.

Instrumentation:

The production of silver nanoparticles was initially indicated by a color change from pale yellow
to brown. Their formation was further confirmed using X-ray diffraction (XRD). Additional
characterization was performed using a scanning electron microscope (SEM) to analyze the
morphology, size, and distribution of the nanoparticles [8-9]. Atomic force microscopy (AFM)
was employed to verify the shape and determine the average grain size of the synthesized
nanoparticles.

The silver nanoparticles (AgNPs) synthesized from Rosebay were evaluated for their antifungal
activity using the well-diffusion method on agar plates and the minimum inhibitory
concentration (MIC) method.The inoculum was prepared using 24-hour-old cultures grown on
Sabouraud dextrose agar at 25°C. A single colony was suspended in a sterile saline solution
(0.85%) to match the 0.5 McFarland standard (0.5-2.5 x 10° CFU/mL) [9-10]. The Candida
albicans suspension was then evenly spread onto three different plates using sterile cotton swabs.

The antifungal activity of the synthesized AgNPs was evaluated using the broth micro dilution
assay. The minimum inhibitory concentration (MIC) of the AgNPs solution was determined
following the EUCAST guidelines using a 96-well microdilution plate. The AgNPs solution was
serially diluted in YPD broth (2% yeast extract, 3% peptone water, 3% dextrose) in a 1:2 ratio to
obtain seven different concentrations. A 10 pL aliquot of the prepared Candida albicans
suspension was added to each well[11-15].

Two positive controls were included. One contains Candida albicans with YPD broth and
another with Candida albicans and Rosebay leaf extract. Additionally, two negative controls
were used: YPD broth with the AgNPs solution and YPD broth with Nystatin solution. For the
well-diffusion assay, 55 uL of the serially diluted AgNPs solution was added to seven wells
(each 5 mm in diameter) on the agar plates. A standard Nystatin solution was used as a positive
control in the eighth well, while a 55 uL AgNOs solution served as a negative control in the
ninth well. After 24 hours of incubation at 25°C, the inhibition zones of different AgNP
suspensions were measured to assess their antifungal effectiveness [15-20].

Result and Discussion
X-ray diffraction (XRD) studies

The polycrystalline nature of silver nanoparticles (AgNPs) was confirmed through X-ray
diffraction (XRD) analysis. The XRD spectrum displayed four prominent peaks at diffraction
angles (20) of 40.1°, 44.5°, 64.9°, and 77.2°, corresponding to the (115), (210), (225), and (315)
crystallographic planes of silver. These patterns indicate that the AgNPs possess a face-centered
cubic (FCC) structure, with an average crystalline size calculated to be 30.01 nm.
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Figure 4: XRD of Silver Nanoparticles synthesized

Scanning electron microscopy (SEM)

Scanning electron microscopy (SEM) analysis of the synthesized AgNPs, derived from plant
extract, revealed their morphological characteristics. The nanoparticles exhibited a relatively
uniform and spherical shape, with diameters ranging between 38.1 nm and 80 nm. The presence
of larger white areas was attributed to the agglomeration of smaller nanoparticles. The crystalline
size of the AgNPs was determined using the Debye-Scherrer equation.

Figure 5: SEM of Silver Nanoparticles synthesized

EDX Spectrum Analysis

The initial composition of the synthesized AgNPs was assessed using Energy Dispersive X-ray
(EDX) spectrum analysis. As shown in Figure 6, a distinct signal at approximately 3 keV
confirms the formation of AgNPs derived from Rosebay. The spectra further reveal the presence
of oxygen, in addition to high-purity silver nanoparticles, which constitute 83.54% of the total
weight. The detected oxygen peaks may be attributed to the preparation of AgNPs under

atmospheric conditions.
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Figure 6: EDX Spectrum Ananlysis of Silver Nanoparticles synthesized
Atomic Force Microscopy (AFM) Analysis

The synthesized AgNPs, which exhibit considerable variation in shape. However, the majority of
the nanoparticles appear to be spherical. The average grain size of the synthesized nanoparticles
was determined to be approximately 55-59.05 nm.

Antifungal Activity of Silver Nanoparticles (AgNPs)

A preliminary antifungal screening was conducted using the disc diffusion method to evaluate
the efficacy of the prepared AgNPs solution against different isolates of Candida albicans. The
results demonstrated notable antifungal activity at wells 1, 2, and 3, with AgNP concentrations of
488.02 pg/mL, 244.03 ng/mL, and 122.02 pg/mL, respectively (Figure 7).

The highest inhibition zone was observed at the AgNPs concentration of 488.02 pg/mL, with
inhibition decreasing proportionally as the nanoparticle concentration decreased. A statistically
significant difference was observed in inhibition zones between different AgNP concentrations
and the positive control.

Figure 7: Antifungal Activity of Silver Nanoparticles synthesized
Minimum Inhibitory Concentration (MIC)

MIC analysis revealed that the third titer of the serial dilution, containing AgNPs at a
concentration of 122.02 nug/mL, effectively inhibited the studied isolate of Candida albicans.
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Fungicidal Properties of Silver Nanoparticles

Silver nanoparticles are well-established antifungal agents. They exhibit a strong affinity for
binding to chitin microfibers in the fungal cell wall through hydroxyl-carbon moieties, thereby
disrupting the fungal cell’s reverse osmosis process, ultimately leading to cell damage.Compared
to other metal-based antifungal agents, AgNPs demonstrate superior fungicidal making them a
promising alternative for treating fungal infections.

Conclusion

In this study, a green chemistry approach was employed as a rapid, eco-friendly, and efficient
method for synthesizing silver nanoparticles using Rosebay leaf extract. The synthesized
nanoparticles were predominantly spherical in shape, and the process did not require any
chemical reagents. The findings confirm the antifungal properties of AgNPs produced from
Rosebay leaf extract through green synthesis. This method offers a simple, cost-effective, safe,
and efficient alternative to conventional antifungal agents.
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