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Abstract: Silver nanoparticles (AgNPs) have attracted considerable attraction as excellent antifungal
agents against various pathogens. In the present study, AgNPs were biosynthesized using neem leaf
aqueous extract, and their antifungal properties were evaluated against Aspergillus sp. The formation
of newly synthesized AgNPs was confirmed through visual observation by a change in the color of the
solution, followed by an analysis of their surface plasmon resonance via UV-vis spectrophotometer.
Further characterization of its crystalline nature and morphology structure was assessed by X-Ray
Diffraction (XRD) and Field-emission Scanning Electron Microscope (FESEM), respectively. The
result revealed that the synthesized AgNPs showed UV-vis spectra peak around 421 nm, are crystalline
in nature, and have a spherical morphology with an average size of 20.13 + 3.3 nm in diameter.
Furthermore, these AgNPs exhibit excellent antifungal activity against the waterborne pathogen
Aspergillus sp. on agar well diffusion assay with a maximum 26.54 + 1.23 mm zone of inhibition.
FESEM image revealed hyphal damage and deformation of fungus when treated with AgNPs, causing
retardation of fungus growth for further reproduction. The results suggested that this biosynthesis
AgNPs from neem leaf extract has great potential as an alternative antifungal agent for use in water
treatment.
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1. Introduction

Water is essential for almost every living organism to sustain its living mechanism.
Therefore, every effort has to be made to achieve safe drinking water for consumer health
security. The presence of microbial contaminants, such as pathogenic fungi, in the water
distribution systems, can deteriorate the quality of the delivered water. Some of the fungus
species are capable of producing secondary metabolites or mycotoxins that are toxic and thus
have an adverse impact on human health [1-3]. Waterborne filamentous fungi from the genera
Aspergillus is a potentially pathogenic fungus commonly detected and isolated from treated
and untreated drinking water systems [4,5]. Studies found that fungal Aspergillus is prone to
cause allergenic responses risking immuno-competent individuals [6]. Several species from the
Aspergillus genera have been identified to generate mycotoxins that are hazardous to human
health [7,8]. The most widespread strategies used to control fungi in the water treatment system
mainly were chlorine and chloramine, which are associated with the formation of disinfection
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by-products (DBP) [9,10]. In addition, the isolation of pathogen fungi in treated water proves
that the current strategies are not adequate to remove this contaminant. Therefore, an alternative
practice that has promising features in efficiency and is more environmentally friendly is
urgently needed to inhibit and eradicate fungus pathogens from water.

The application of nanotechnology in water treatment has drawn wide attention due to
its notable ability to remove contaminants and thus can potentially be an alternative to replace
conventional water treatment systems [11-13]. Nanoscale features with particles size ranging
from 1 nm to 100 nm make nanoparticles of great interest in diverse applications, including as
antimicrobial agents [14]. Among all metal nanoparticles, silver nanoparticles (AgNPs) are
well-known for their distinctive, unique properties, specifically as an antimicrobial agent
against a broad spectrum of pathogens [14,15]. The synthesis of AgNPs has been employed
using physical, chemical, and biological methods. The downside of utilizing physical and
chemical methods is that it is rather time-consuming, costly, and possibly produce by-products
that are potentially toxic [16]. Consequently, using biological sources, including bacteria,
algae, fungi, and plant-based material, as a green approach to synthesizing AgNPs possesses
great advantages as they are simple, less time-consuming, and more environmentally friendly.

Various plant extract has been utilized for the green synthesis of AgNPs owing to the
phytochemical constituents found in plant materials. These constituents, like phenols,
flavonoids, and terpenoids, are known to function as reducing and stabilizing agents in
nanoparticle synthesis from its precursor salt [17]. Several studies reported the green synthesis
of AgNPs from various medicinal plant extracts exhibits excellent antifungal activity against
some important pathogens. The medicinal plant includes Medicago sativa [18], Portulaca
oleracea [19], Allium saralicum [20], Rubia cordifolia [21], and Phoenix Dactylifera [15].
Another competent medicinal plant that is widely exploited for its benefits in traditional
medical treatment and the agricultural industry is Azadirachta indica or neem. The neem tree
was cultivated extensively in Malaysia for its medicinal values, such as antibacterial,
antifungal, antioxidant, anti-inflammatory, and anticancer [22,23]. Abundant phytochemical
constituent in a different part of the neem tree has a great perspective in the field of pest
management, medicine, and environmental protection.

Incorporation of benefit from neem with silver to form AgNPs, allowing enhanced
antifungal activities against targeted pathogens. Therefore, this study aimed to synthesize
AgNPs mediated by neem leaf extract, evaluate its antifungal efficiency against isolated
waterborne pathogen Aspergillus sp., and assess the morphology of treated fungi after AgQNPs
exposure by employing FESEM analysis.

2. Materials and Methods

2.1. Materials.

Neem leaves were collected around Kuantan, Pahang region. The Aspergillus sp.
fungus strain was retrieved from the Microbiology lab at the Faculty of Chemical and Process
Engineering Technology, Universiti Malaysia Pahang. Silver nitrate (AgNOs) was purchased
from Sigma Aldrich, USA, with > 99.99% purity.

2.2. Preparation of neem leaf extract.
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Dried neem leaves were grounded into a fine powder and passed through a sieve to
obtain a uniform powder size. 10 g of dried neem leaf powder was extracted with 100 mL of
distilled water. The extraction was done on a magnetic stirrer with continuous agitation at a
constant rate for 24 h at room temperature. The solution was then filtered through a Whatman
filter No.1, and the clear solution was centrifuged at 4000 rpm for 15 mins. The filtrate was
quickly frozen at -80°C for 24 h and lyophilized by a freeze dryer for 48 h to produce a
powdered form of neem leaf extract. A stock solution that is being used throughout the study
was prepared at a concentration of 1 mg/mL in distilled water.

2.3. Phytochemical profiling in neem leaves extract.

Phytochemical profiling of neem leaves aqueous extract was carried out using Liquid
Chromatography Coupled to Quadrupole Time-of-Flight Mass Spectrometry (LC-QTOF MS,
Waters, Milford, MA, USA) using the method described by [24] with a modification. The
separation was done using a C18 column (ACQUITY UPLC BEH C18 (2.1 x 50 mm, 1.7 pm);
Waters, Milford, MA, USA). Solvent Name A: Water + 0.1% Formic Acid and Solvent Name
B: Acetonitrile + 0.1% Formic Acid was used as the mobile phase with a flow rate of 0.5
mL/min, and the injection volume was 5 pL for each sample. The gradient elution program
was; 0-0.5 min, 1% solvent B; 0.5-16 min, 35% solvent B; 16-18 min, 100% solvent B; 18-20
min, 1% solvent B.

2.4. Synthesis of AgNPs.

Synthesis of AgNPs by neem leaves extract was prepared following a method described
by Chinnasamy et al. [25] with modification. Briefly, 90 mL of 1 mM AgNOs solution was
added to 10 mL of neem leaves extract stock solution (9:1 ratio). The resultant mixture was
then incubated in a dark incubator chamber at a constant speed of 150 rpm and maintained at
60°C for 24 h. Afterward, the suspension of synthesized AgNPs was separated by
centrifugation method at 14,000 rpm for 15 mins, and the nanoparticles were air dried for
further use and characterization.

2.5. Characterization of AgNPs.

The formation of nanoparticles was determined by the change in visual color of the
solution from light yellow to reddish brown, and the UV spectrum of the reaction solution was
measured and monitored in the wavelength range from 300 nm to 800 nm using a UV-Visible
spectrophotometer (UV-Vis, Shimadzu UV-2450). The possible functional group involved in
the synthesis of AgNPs was identified using Fourier Transform Infrared Spectroscopy (FTIR)
analysis (Thermo Scientific Nicolet iS50). The spectra were recorded in the range of 400 to
4000 cm ™. The crystalline structure of synthesized AgNPs was assessed with X-ray diffraction
(XRD) scanning (D8 Advance, Bruker, Germany) within the range of 30°-80° at 20.
Morphological characterization, including size, shape, and distribution pattern of synthesized
nanoparticles, was analyzed using field emission scanning electron microscopy (FESEM;
JEOL-JSM-7800F) and measured using ImageJ software.

2.6. Antifungal activity of AgNPs.

The antifungal activity of synthesized AgNPs from neem leaf extract was assessed by
using an agar well diffusion assay against a waterborne pathogen, Aspergillus sp. A sterile
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cotton swab loaded with fungal suspension with a number of approximately 1.5 x 108 CFU/mL
was spread evenly on Potato Dextrose Agar (PDA) plates. Wells were made on the agar plates
using a sterile borer, and 100 pl of varied concentrations of AgNPs (10-100 pg/mL) were
introduced to each well to compare their antifungal performance. Well, without treatment was
used as the negative control. The plates were incubated at 28°C for 24 h to determine the
diameter (mm) of the zone of inhibition (ZOl) around each well.

2.7. Morphological visualization on Aspergillus sp. Hyphae under AgNPs exposure.

Structural changes in Aspergillus sp. Hyphae after exposure to synthesized AgNPs were
observed by using field emission scanning electron microscopy (FE-SEM; JSM-7800F)
imaging. Aspergillus sp. Conidial suspension (1.5 x 108 CFU/mL) was added to 10 mL of
sterile saline water treated with AgNPs. The cultures were agitated by constant shaking in an
incubating shaker for 24 h at 28 + 2°C [26]. After 4 h treatment, the treated fungal cells were
then harvested by centrifugation method at 3000 rpm for 30 mins. The pellets were rinsed three
times with phosphate-buffered saline (PBS) before being fixed with 2.5% glutaraldehyde. The
pellets were re-rinsed with PBS, and the dehydration process was carried out with a series of
increasing ethanol concentrations. Lastly, the samples were air-dried, gold coated, and
examined.

3. Results and Discussion

3.1. Phytochemical profiling in neem leaf extract.

LC QTOF MS analysis revealed that this study's neem leaf agueous extract is rich in
flavonoid and terpenoid compounds. Table 1 presents six major phytochemical constituents
along with their possible bioactivities, which may be employed as the reducing and stabilizing
agents during the synthesis of AgNPs. These compounds strongly influence the reduction
process of silver ions to silver nanoparticles and stabilize silver ions to prevent aggregations of
nanoparticles [27]. Some phytochemicals are known for their antihyperglycemic, antioxidative,
and anticancer activities. In addition, the antioxidative properties of the plant extract are
reported for their attribution in reducing metal ions to nanoparticles [28].

Table 1. Major phytochemical constituents identified in the aqueous extract of neem leaf extract.

Compound Molecular Chemical Structure RT Biological Activity
Formula (min)
8- Ci6H24010 1.21 Antihyperglycemic
Debenzoylpaeoniflorin i [29]

Icariside B4 C19H3208 7.55 Not reported
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Compound Molecular Chemical Structure RT Biological Activity
Formula (min)
Picrasinoside A Ca7H38011 10.10 Not reported
4,8,12-Trimethyl- Ci16H3202 16.52 Not reported
tridecanoic acid
11-O-p- Cs39Hs5604 17.26 | Antioxidative [30]
Coumarylnepeticin
Ganoderic acid S Cs0H4403 18.34 Anticancer [31]

o
s

3.2. Visual observation of AgNPs synthesis.

The primary indication for the formation of AgNPs is by visual observation of the
change in color of the colloidal solution from light yellow to reddish brown (Figure 1). The
color change indicates the reduction process from Ag* to Ag® with the presence of a reducing
agent [32]. A previous investigation by Pandian et al. [34] also had a similar color formation
suggesting a complete reaction of neem leaf extracts with precursor AgNOs. It has been
reported that phytochemical constituents present in neem leaf extract are mainly responsible
for reducing and stabilizing agents for the production and synthesis of AgNPs [14,33].

(@)

https://biointerfaceresearch.com/

(b) (©
Figure 1. Green synthesis of AgNPs by neem leaves extracts (a) Neem leaf extract; (b) 1mM AgNOs; solution;
(c) colloidal of AgNPs.
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3.3. UV-vis spectroscopy analysis.

Uv-visible spectroscopy analysis provides information on the surface plasmon
resonance (SPR) band that is formed due to the interaction between electrons of silver
nanoparticles and light waves [35]. Figure 2 shows the UV-visible spectral band of synthesized
AgNPs compared with neem leaf extract and AgNQs as a control. A peak on the SPR band was
detected around 421 nm on AgNPs, while 1 mM of AgNOs and neem leaves extract shows no
characteristic peak, further validating the formation of AgNPs. AgNPs synthesized by neem
leaf extract, as reported in the previous study, correspond to the absorption peak on the SPR
band around 420-470 nm[36-38].

—— AgNPs
Neem leaves extract
1 mM AgNO3

0.8

o
[«
|

Absorbance (a.u)
o
N
1

o
N
1
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v T T T y T T T T
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Figure 2. UV-vis absorption spectra of synthesized AgNPs compared to precursor salt AGNO3 and neem leaves
extract.

3.4. FTIR (Fourier Transform Infrared) analysis.

As shown in Figure 3, the FTIR spectra of neem leaf extract and AgNPs revealed
several distinct peaks corresponding to functional groups involved in the reduction of AgNPs.
The peaks in neem leaf extract at a wavenumber of 3389.40 cm™, 1643.99 cm™, and 637.96
cm* are corresponded to hydroxyl (O-H) stretching of alcohol and phenol [39], stretching of
alkene (C=C) group [26] and alkyl halides (C-Br) group (out of plane vibration) respectively.
The vibrational bands were shifted to 3389.49 cm™, 1644.08 cm™, and 637.98 cm? in
synthesized AgNPs, indicating the interaction of phenol, alkene, and alkyl halides of neem leaf
extract in the reduction and synthesis of AgNPs.

Neem leaves extract

AgNPs

1644.08

637.98

Transmittance (%)

3389.49

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™')

Figure 3. FTIR spectrum of neem leaf extract and AgNPs.

https://biointerfaceresearch.com/ 6 of 12


https://doi.org/10.33263/BRIAC136.583
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC136.583

3.5. X-ray diffraction (XRD).

The powdered synthesized AgNP was characterized for its crystalline structure at
different phases using XRD analysis. All peaks correspond to AgNPs composed of pure silver
compared to the standard silver diffraction card of International Center for Diffraction Data
(ICDD), silver file No. 04-0783. As shown in Figure 4, several diffraction peaks were observed
at 20 values of 38.09°, 44.36°, 64.17° and 77.54° corresponding to the planes of (11 1), (20
0), (220), and (3 1 1) respectively. These peaks reflect the face-centered cubic (fcc) structure
of metallic silver [21]. The average crystallite size of AgNPs was calculated by using the
Debye-Scherrer formula [40].

D = KA/Bcos6
where D is the particle size, K is the constant having value of 0.9, A is the wavelength of Cu-
ko (1.54056 A) X-ray, B represents full width at half maximum (FWHM) angle, and 0 is the
peak corresponding to diffraction angle. Based on the equation, the estimated average
crystallite size of AgNPs was found to be 16.44 nm.

(111)

Intensity (a.u)

30 4IO 5IO GIO 7'0 80
26 (degrees)
Figure 4. XRD spectrum of synthesized AgNPs.
3.6 Field Emission Scanning Electron Microscope analysis

FESEM analysis provides insight into the morphology and size of AgNPs produced.
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Figure 5. FESEM image of (a) morphology of synthesized AgNPs at 100nm magnification level; (b) Particle
size distribution of synthesized AgNPs.

https://biointerfaceresearch.com/ 70f12


https://doi.org/10.33263/BRIAC136.583
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC136.583

As illustrated in Figure 5 (a), the result revealed that AgNPs synthesized by neem leaf
extract were almost spherical, had smooth surfaces, were uniformly distributed, and were less
agglomerate. AgNPs produced exhibit particles in size range from 12 — 28 nm with an average
size of 20.13 £ 3.3 nm (Figure 4). A similar configuration from the previous study conducted
by Asimuddin et al. [41], where AgNPs synthesized by neem leaf extract produced
nanoparticles in spherical shape within the size range from 20 -50 nm.

3.7 Antifungal Activity of AQNPs

Agar well diffusion assay was used to evaluate antifungal activity on different
concentrations of AgNPs against Aspergillus sp. based on ZOlI, and the result is summarized
in Table 2. Evaluation for antifungal test on neem leaves extract was done to elucidate its effect
on antifungal activity of synthesized AgNPs against Aspergillus sp. Based on the result, neem
leaf extract does not possess antifungal activity resulting in no ZOlI, suggesting that the
antifungal activity of synthesized AgNPs did not depend on neem leaf extract. The lack of
antifungal activity in neem leaf extract may be due to the low concentration and nature of the
solvent for extraction used throughout the study. AgNPs synthesized by neem leaf extract exert
excellent antifungal activity forming a clear inhibition zone in all concentrations regardless of
a lower concentration, as shown in Figure 6. The maximum and minimum inhibition zone
formed by AgNPs against Aspergillus sp. was 26.54 + 1.23 mm and 17.76 + 0.54 mm,
respectively. A similar antifungal effect of silver nanoparticles mediated by neem leaf extract
was observed against phytopathogen isolated from an infected brinjal plant studied by Haroon
et al. [42]. AgNPs produced showed fungicidal activity against the fungus Penicillium sp.,
Fusarium sp., and Aspergillus sp. with 92%, 89%, and 69% radial growth reduction after 6
days of treatment, respectively. These results depict the effectiveness of green synthesized
AgNPs by neem leaf extract against the fungus Aspergillus sp. Several researchers
demonstrated that the morphology of the nanoparticles significantly influences their
antimicrobial activity. The smaller size of particles provides higher surface volume, which
creates an extensive contact area for the interaction of silver ions with targeted pathogen
[14,43]. Accumulation of silver ions can disrupt the electron transport system, leading to cell
disintegration, thus suppressing the growth of fungus [44].

Table 2. Comparison of antifungal activity against Aspergillus sp. based on the diameter of zone of inhibition

(zon.
Zone of Inhibition (mm)
Fungus Neem AgNPs (ug/mL)
leaves
extract 10 20 40 60 80 100
Aspergillus 0 17.76 £0.54 | 19.74+0.47 | 21.43+052 | 22.28+0.80 | 2249+1.08 | 26.54+1.23
sp. mm mm mm mm mm mm
< e 1 0
) : ® ®
. 10
60
(S .o 20 “'
@ )
@ ® >
80 100

Figure 6. Antifungal test on Aspergillus sp, using agar well diffusion assay.
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3.8 Morphology of Aspergillus sp. hyphal under AgNPs exposure.

Hyphae is a tubular projection of filamentous fungi that are involved in nutrient
absorption uptake to maintain and regulate fungal cells’ normal functioning. Alteration of
fungal hyphal morphology will disrupt vital cellular functioning, causing dysfunctionalities of
cells, thus potentially retard fungus growth for further reproduction [45]. FESEM analysis
illustrates direct visualization of the morphological changes in the hyphal structure of fungus
treated with synthesized AgNPs. As shown in Figure 7, microscopic observation displays
smooth, linear, and still intact fungus hyphae in the absence of AgNPs (control). In contrast,
fungus treated with AgNPs showed the appearance of slight hyphal shrinkage, severe
malformation, and exceptional cell damage compared with control hyphal cells. Similar effects
on structural changes of fungal hyphae upon exposure to biosynthesized AgNPs were observed
on the filamentous fungus Aspergillus niger where the cell walls of fungal hyphae showed
dried and exceptional structural shrinkage [46]. Dakal et al. [45] proposed that the observed
damage of fungal cells was exerted by releasing silver ions from AgNPs. Silver ions adhere to
the cell wall or cell membrane and perforate into the cells, resulting in serious and varied
alterations in cell physiology, causing changes to the intracellular structure of the fungus.
Consequently, alterations in the physiological state of cells induce cell death.

Figure 7. FESEM image showing hyphae structure of Aspergillus sp. (a) control (without AgNPs), (b) cells
treated with AgNPs.

4. Conclusion

Silver nanoparticles synthesized by neem leaf extract are simple, cost-effective, and
environmentally friendly. The finding suggests that synthesized silver nanoparticles can be
used as an antifungal agent in water treatment. Major phytochemical constituent in neem leaves
aqueous extracts that served as reducing and capping agents for the synthesis of AgNPs are
found to be 8- Debenzoylpaeoniflorin, Icariside B4, Picrasinoside A 4,8,12-Trimethyl-
tridecanoic acid, 11-O-p-Coumarylnepeticin, and Ganoderic acid S. AgNPs produced have
particles with an average size of 20.13 = 3.3 nm and exhibit excellent antifungal activities
against Aspergillus spp. Further studies for optimization and feasibility study of AgNPs as
disinfectants in water treatment need to be conducted for industrial applications.
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