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Abstract: Introduction: Fungi are one of the main approaches for synthesis of metallic nanoparticles (NPs), which can have medical and
biotechnological applications such as their role in anti-bacterial, anti-cancer and various industrial activities. Objective: The current research
focused on the biosynthesis of silver nanoparticles (AgNPs) using airborne fungi isolated from Al-karak general hospital operation rooms.
Materials and Methods: The fungal isolate was identified at the species level by sequencing ITS as Aspergillus flavus. The confirmation
and characterization of biosynthesized AgNPs were conducted using UV-Vis spectrophotometer, Zeta potential, Zeta sizer, FT-IR, XRD and
transmission electron microscope (TEM) analyses. Results: The average diameter of the resulting AgNPs was 499.3 nm with a PDI value of
0.28. The zeta potential was -34.9mV which reflects the ability of these nanoparticles to have a sufficient charge, because it is electrostatically
stable and therefore resists self-assembly. TEM revealed that these biosynthesized AgNPs were regular and spherical in shape. The images
of TEM showed that the size of AgNPs were smaller than those that were observed by DLS examination due the drying process that caused
particle shrinkage. The average size of AgNPs were less than 40 nm. AgNPs exhibit different minimal inhibitory concentrations (MIC)
against seven different bacteria (K. pneumonia, E. coli, E. cloacae, S. aureus, S. epidermidis, and Shigella sp.). The MICs ranged between
0.025 and 0.075 mg/mL with P. aeruginosa an exception which was the most resistant one, showing its MIC as > 0.125 mg/mL. Discussion
and Conclusion: The results indicate that these molecules can be used as an important source for the treatment of many diseases caused by
bacteria, in addition to testing these molecules in various fields such as cancer treatment and even in various biotechnological applications.
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1 Introduction

Nanoscience is primarily concerned with the structure, phys-
ical, and chemical properties of nanoscale objects. On the
other hand, nanotechnology is defined as the commercial,
industrial, environmental, and medical applications of funda-

mental knowledge about nanoparticles (Satalkar et al., 2016).
Nanoscience and nanotechnology are both active branches of
science that encompass a variety of interdisciplinary fields
(Sergeev and Shabatina, 2008). All nanoscale objects, re-
gardless of its nature, are referred to as nano-objects. The
prefix ‘nano’ refers to a millionth of a millimeter in size. The
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term “objects” can be modified with any other phrase that
accurately describes the nature of these objects (Ingole et al.,
2010), which may be particles, fibers, or plates (Calderón-
Jiménez et al., 2017). The findings of basic knowledge about
nanoscale objects have distinctively altered the industrial
world’s standpoint, with nanoscale construction blocks and
materials now being used globally (Ingole et al., 2010). They
have unique and different size-related physico-chemical prop-
erties (Colvin et al., 1994; Xu et al., 2006). Metal nanopar-
ticles have unique physical and chemical properties due to
their nano size and high surface area (Gentile et al., 2016).

Silver containing products are widely used for their an-
tibacterial properties in a variety of medical applications
including burns and infections. The antibacterial effects of
silver ions are very well established. Nonetheless, the design
of a process for silver colloid particles synthesis in which
size and morphology are controlled has attracked a great
attention in the nano-biotechnology field (Al-Bakri and Mah-
moud, 2019; Qaralleh et al., 2019). Silver nanoparticles were
commonly formed using three major methods: chemical,
physical, and biological. As an environmentally friendly,
cost-effective, and safe method of synthesis without the use
of toxic chemicals and without the formation of hazardous
byproducts, several extracellular and intracellular biological
methods utilizing bacteria, fungi, plants, or their extracts have
been reported, collectively referred to as green nanotechnol-
ogy (Klaus et al., 1999). The fungal species used in this study
was isolated form the Al-karak general hospital operation
rooms. It was identified as Aspergillus flavus (MACROGEN,
Korea) using internal transcribed spacer (ITS) sequencing.
The present study objectives were to optimize the conditions
of AgNO3 containing fungal biomass free solution employed
in AgNPs synthesis using Aspergillus flavus, to characterize
the synthesized AgNPs using Uv-visible spectrophotome-
ter, TEM, ATR-IR, XRD and Z-potential and evaluate the
antibacterial activity of AgNPs against Gram-positive and
Gram-negative bacteria.

2 Materials and Methods
2.1 Fungal strain
Aspergillus flavus used in this study was provided by Dr. Am-
jad Al-Tarawneh (the Dead Sea Center for Water and Energy
at Mutah University, Jordan). This species was isolated form
the warehouses of the Supplies Department at Mutah Univer-
sity. It was identified as Aspergillus flavus (MACROGEN,
Korea) using ITS sequencing. The sequence was registered
at the NCBI database and the accession number MG973280.1
was obtained.

2.2 Preparation of culture conditions for As-
pergillus flavus

Aspergillus flavus spores adjusted to 2.0 × 10 6 was grown
in a complex broth media containing 10 g glucose, 10 g yeast

extract and 5 g NaCl (pH 7). The culture was incubated at
33◦C, 150 rpm for 72h. The culture was then filtrated using
filter paper Whatmann No. 1 and the mycelia (biomass) was
collected and washed thoroughly with deionized distilled
water. Subsequently, the freshly prepared biomass was used
for the next step (preparation of biomass filtrate) (Bader et
al., 2007).

2.3 Biosynthesis of AgNPs
The synthesis of silver nanoparticles (AgNPs) was performed
according to (Jaidev and Narasimha, 2010) with some modi-
fications. Briefly, 10 g of previously described crude biomass
was soaked in 100 mL sterile deionized water at 33◦C, pH
7.0 and 150 rpm. at the designated timepoint, the crude
biomass was removed by filtration (Whatmann No.1) and the
suspension (biomass free fungal filtrate) was collected. The
collected biomass free fungal filtrate was used for AgNPs
synthesis. This was performed by mixing 100 mL of the fil-
trate with different concentrations of silver nitrate (AgNO3).
The mixture was then incubated at 27◦C, 150 rpm for 72h in
the dark.

2.4 Optimization of AgNPs biosynthesis
parameters

Multiple parameters were investigated in this study to opti-
mize the conditions for AgNPs synthesis. The parameters
tested in this study were in the following order: temperature,
pH, the concentrations of AgNO3 and the incubation period.
100 mL of biomass free fungal filtrate was mixed with dif-
ferent concentrations of AgNO3 (0.5, 1.0, 1.5 and 2.0 mM)
and incubated at different temperatures (25, 27 and 30◦C),
different pH (4, 5, 6, 7, 8 and 9) and different incubation
periods (0, 24, 48, 72, 96, 120, 144 and 168h). For all tested
parameters, UV-visible scanning spectroscopy was used to
evaluate the synthesized nanoparticles.

2.5 Characterization of AgNPs
The synthesized AgNPs were initially characterized us-
ing a spectrophotometer (UV-1800 spectrophotometer (SHI-
MADZU, Japan)). The samples were monitored at ultraviolet-
visible (UV/VIS) light ranged from 280 to 800 nm. The
synthesized AgNPs were concentrated by centrifugation at
15000 rpm for 20 min. This step was repeated several times.
The collected pellet was then dried using a vacuum dryer
(VWR 1410 Vacuum Oven, USA). TEM images of the syn-
thesized AgNPs were taken by an FEI Versa 3D Dual Beam
instrument (FEI, USA) and the AgNPs crystals were detected
using MAXima-X XRD-7000 (SHIMADZU, Japan). The
ATR-IR for the synthesized AgNPs was analyzed using a
Bruker Alpha FTIR spectrometer (Bruker Optics GmbH, Et-
tlingen, Germany). The diameter, polydispersity index (PDI),
and the zeta potential of AgNPs were measured using Ze-
tasizer Nano-ZS90 (Malvern Instruments, UK). Different
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concentrations of AgNPs were analyzed at a 90-degree scat-
tering angle at a temperature of 25◦C.

2.6 Antibacterial activity of AgNPs

AgNPs stock solutions of 25 mg/mL was used to prepare var-
ious concentrations of AgNPs in Muller Hinton broth (0.025-
1.5 mg/ml) which was then added to a 96-well plate (Al-
kafaween et al., 2021; Al-kafaween et al., 2020; Tarawneh et
al., 2021). 10 L of the different bacterial strains’ suspension
equivalent to 0.5 McFarland standards (approximately 108
CFU/mL for bacteria) was added to each well. Three differ-
ent antibiotics including chloramphenicol (Cm), kanamycin
(Km) and ampicillin (Amp) were used as positive controls.
The inoculated plates were incubated at 37◦C for 24h. The
growth of the bacteria was monitored by the subculture of
each well content on nutrient agar (Al-Asoufi et al., 2017;
Al-kafaween and Hilmi, 2022; et al., ; Khleifat et al., 2006;
Khleifat et al., 2006; Khleifat et al., 2010; Khleifat et al.,
2008; Tarawneh et al., 2009; Tarawneh et al., 2021; Yousef
et al., 2021). The minimum inhibitory concentration (MIC)
values were defined as the lowest concentrations of the Ag-
NPs found to inhibit the growth of bacteria (Al-kafaween et
al., 2021; Al-kafaween et al., 2021).

3 Results and Discussion
The employment of fungi extracts as reductants and stabi-
lizers in the synthesis of AgNPs is interesting due to the
high yield, ease of processing, and low cytotoxicity of the
residues. Furthermore, this biosynthesis process may result
in enhanced stability and even improved biological activity
due to the presence of fungi-derived biomolecules at the sur-
face of particles (Durán et al., 2016; Guilger-Casagrande
and Lima, 2019; Rahimi et al., 2016). Fungi are used to
synthesize silver nanoparticles by first cultivating them in liq-
uid medium. Following biomass production, the biomass is
soaked in water for the extraction of the metabolites involved
in the synthesis. After filtration, the biomass is removed and
the filtrate is treated with silver nitrate (Jarrar et al., 2020;
Ottoni et al., 2017). Consequently, the color of the mixture
changes following the reaction, and UV-visible spectroscopy
can be used to observe SPR peaks reflecting changes in the
material’s optical properties (Ahmad et al., 2003). These
bands have absorbance wavelengths ranging from 400 to
450 nm, with a greater wavelength suggesting the presence
of bigger nanoparticles (Elamawi et al., 2018). The size of
the nanoparticles is dependent on the fungus species, incu-
bation temperature, pH of the mixture, and the occurrence
of nanoparticle cappings (Khandel and Shahi, 2018; Lee
and Jun, 2019). The mixture is also influenced by the SPR,
which changes depending on the size and absorbance of the
nanoparticles (Lee and Jun, 2019).

Due to the diversity of fungi that may be used in AgNPs
synthesis, it is critical to optimize the synthesis parameters

appropriately. In this study, the aqueous extracts of fungus
Aspergillus flavus filtrate was used to synthesize AgNPs. The
possibility to use A. flavus filtrate to carry out the AgNPs
synthesis under a variety of conditions, including incubation
temperature and period, pH, crude concentration, and AgNO3

concentration, allows the generation of nanoparticles with a
variety of physicochemical properties (Guilger-Casagrande
and Lima, 2019).

3.1 UV-vis absorption spectra (UV-vis)
The formation of AgNPs was initially indicated by visual
observation (Figure 1). During the synthesis process the
colorless AgNO3 turned to dark brown color after 72h. Fur-
thermore, the formation of AgNPs was confirmed using UV-
vis spectroscopy and the surface plasmon resonance (SPR)
analyses. These analyses were performed based on fact that
the reduction of AgNO3 ions to silver atoms (Ag0) results
in the absorption of UV radiation at a wavelength range of
400-500 nm that eventually ends up with color change. As
shown in Figure 1, the SPR peak was observed at 479 nm. In
fact, the size, shape and number of the formed nanoparticles
are reflected in the intensity of the absorption peak (Jaidev
and Narasimha, 2010; Riaz et al., 2021). The formation of
AgNPs appears to occur by one of two possible mechanisms,
either by NADH-dependent nitrate reductase or by the shuttle
quinine process (Basavaraja et al., 2008; Durán et al., 2005;
Jaidev and Narasimha, 2010; Kalimuthu et al., 2008). The
results of the present study indicate that the formation of
nanoparticles occurs in the extracellular media due to the
action of extracellular nitrate reductase.

Figure 1. Biosynthesis of AgNPs using 1 mM AgNO3 and fungal
biomass free filtrate prior to optimization process. The growth
conditions were 33◦C, pH 7 and 10 g for incubation temperature,
pH and fungal biomass, respectively. (a) color change and (b)
Ultraviolet-Visible spectra

3.2 Effects of incubation temperature on
AgNPs synthesis by biomass-free filtrate

The effect of incubation temperature on the synthesis of
AgNPs was evaluated at 25, 27 and 30◦C with a constant agi-
tation rate at 150 rpm for 72h. The results (Figure 2) showed
that the maximum rate of AgNPs synthesis (indicated by the
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intensity of the absorption) was optimally obtained at incuba-
tion temperature of 27◦C. Generally speaking, the SPR was
as a shoulder-like peak. However, altering the incubation tem-
perature led to variation in the extent of shoulder-like peaks
represented as 400 nm, 380 nm and 510 nm for incubation
temperatures of 27, 30 and 25◦C, respectively. An important
factor influencing the effect of temperature on the formation
of nanoparticles is the enzymes that could be part of the col-
lected fungi filtrate (Garg, 2015). The results presented here
suggested that as the incubation temperature increased from
25 to 27◦C, the activity of the AgNPs dependent enzymes
increased thus, the formation of AgNPs was increased (Gu-
runathan et al., 2009). On the contrary, further increase in
incubation temperature to 30◦C led to lowering number of
nanoparticles. Additionally, the presence of a shoulder-like
peak may confirm the presence of a variety of biological
molecules, as indicated by the width and shape of the SPR
band (Huang et al., 2011). For instance, when the monocular
SPR is narrow, it indicates the presence of a single diffuse
of spherical particles, whereas the wide band indicates the
presence of a diverse distribution of particles of various sizes
(Riaz et al., 2021).

Figure 2. Effect of incubation temperature on AgNPs synthesis by
biomass-free filtrate of Aspergillus flavus

3.3 Effect of pH on AgNPs synthesis by
biomass-free filtrate

In order to evaluate the effect of various pH values on the
formation of AgNPs, pHs of 4, 5, 6, 7, 8 and 9. These pH
values were selected to represent the acidic, neutral, and alka-
line conditions. The rate of AgNPs synthesis, shape and size
of AgNPs are pH dependent (Guilger-Casagrande and Lima,
2019). Figure 3 demonstrates the effect of different pH val-
ues on AgNPs formation. The rate of AgNPs synthesis was
maximum at pH 7 which was indicated by absorbance (OD)
values. In contrast, the rate of synthesis tends to decrease
when the pH value rises (8 and 9) and reach the lowest at
acidic pHs (4, 5 and 6). Additionally, the SPR peaks for the
synthesized AgNPs under acidic conditions (pH 4, 5 and 6)
appear early at shorter wavelengths (< 400 nm), whereas,

when AgNPs biosynthesized at pH 7 or above, the SPR peaks
appeared at 410 nm. Thus, the formation of AgNPs in terms
of rate of synthesis and morphology was optimum at a pH
of 7. In acidic conditions, the nucleation process for the
formation of AgNPs occurs at a very slow rate. As the pH
increases, the rate of nucleation process increases because
of the accessibility of -OH ions. Thus, nanoparticle intensity
increases, and size becomes smaller (Chitra and Annadurai,
2014).

Figure 3. Effect of pH on AgNPs synthesis by biomass-free filtrate
of of Aspergillus flavus

Figure 4. Effect of AgNO3 concentration on AgNPs synthesis by
biomass-free filtrate of Aspergillus flavus

3.4 Effect of AgNO3 concentration on AgNPs
synthesis by biomass-free filtrate

In order to evaluate the effect of the concentration of AgNO3

on the formation of AgNPs, different concentrations of silver
nitrate salt (0.5, 1.0, 1.5 and 2.0 mM) were used. As shown
in Figure 4, the maximum rate of AgNPs synthesis was ob-
served at a concentration of 1.5 mM AgNO3. In contrast, the
rate of synthesis was lower at concentrations equal to 2 and
1.0 mM, whereas the lowest rate was observed at a concentra-
tion of 0.5 mM AgNO3. Thus, the synthesis of nanoparticles

Applied Environmental Biotechnology (2021) - Volume 6, Issue 1 45



Different optimization conditions required to enhance the reduction potential of silver nanoparticle biosynthesis via the Mycelia-free filtrate step using the
fungus Aspergillus flavus

is not AgNO3 concentration dependent. Instead, it obeys the
saturation nature of the enzymes (Singh et al., 2013).

Figure 5. Effect of incubation time on AgNPs synthesis by biomass-
free filtrate of Aspergillus flavus

Figure 6. Solution of 1.5 mM AgNO3 after bioreduction by
biomass free filtrate of Aspergillus flavus following optimization
process. Incubation temperature was at 27◦C using 10 g biomass,
and pH of 7

3.5 Effect of incubation time on AgNPs
synthesis by biomass-free filtrate

To identify the best incubation time for maximum nanopar-
ticle synthesis, AgNO3 was added to biomass free filtrate
and incubated at 27◦C and pH of 7.0 for different intervals
(24, 48, 72, 96, 120, 144 and 168 hours) (Figure 5). At
the designated timepoint, a sample was taken and the for-
mation of AgNPs was determined for each sample using
UV-vis spectroscopy. Unsurprisingly, there was no evidence
of nanoparticle formatoin at zero hour. However, as the in-
cubation time increase, the rate of nanoparticle formation
increased and reached the maximum after 144 and 168 hours.
Interestingly, there was no dramatic change in the rate of
AgNPs synthesis between 144 and 168 hours timepoint in-
dicating that the 144 h period of incubation was optimal
and full reduction of Ag ions. After the reaction conditions
were optimized, the stability of silver nanoparticle solution
was assessed using UV-vis spectroscopy. The nanoparticle

solution showed a remarkable stability for more than three
months, with no evidence of aggregation as noted by FTIR
findings (see below). This stability is potentially attributed
to the capping of the synthesized particles by the proteins
secreted by the biomass into the filtrate (Sastry et al., 2003).
The optimized crude sample exhibited an interesting Uv-vis
spectral peak at 479 nanometers (Figure 1), whereas after
extensive purification with deionized distilled water, the op-
timized sample exhibited a peak at 427 nanometers (Figure
6).

Figure 7. Zeta potential and size distribution of silver nanoparticles

3.6 Characterization of biosynthesized
AgNPs

Following synthesis, the resulted AgNPs were characterized
using in terms of size, PDI, and zeta potential using zetasizer
(Figure 7). The analysis revealed that AgNPs had an average
size of 499.3 nm, a PDI of 0.28 indicating a polydispersed
formulation and a zeta potential of -34.9mV indicating elec-
trostatic stability. The size and the morphology of AgNPs
were further assessed by Transmission electron microscope
(TEM) which revealed a regular and spherical shape of the
formed particles (Figure 8 and Figure 9). Interestingly, TEM
micrographs demonstrated that the average size of AgNPs
was substantially smaller than those observed by DLS exam-
ination (< 40 nm). This could be attributed to the drying
process coincided with sample preparation for TEM imaging
which may have resulted in particle shrinkage.

TEM (Figure 7). The TEM image revealed that the formed
nanoparticles were spherical in shape and the diameter of the
nanoparticles was between 10 to 35 nm.

3.7 FTIR spectrum analysis
The furrier transformed infrared (FTIR) spectroscopy analy-
sis was carried out to purposely identify the biomolecules and
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Figure 8. Image of biosynthesized silver nanoparticles. Scale bar =
1m

Figure 9. Image of biosynthesized silver nanoparticles. Scale bar =
200 nm

Figure 10. FTIR spectrum of biologically synthesized of silver
nanoparticles

functional groups that migh be responsible of the reduction
of silver nitrate ions as well as the capping of the bio-reduced
synthesized AgNPs. The FITR absorption spectrum (Figure
10) showed a characteristic absorption band at 3400 cm−1

indicating the presence of OH group of water molecules.
Absorption bands at 2918 and 2850 cm−1 suggested the pres-
ence of C-H bond while the absorption band at 1650 cm−1

suggested the presence of C-N and C-C bounds and the band
at 1450 suggested the presence of N-H and C-N bounds.

3.8 Powder X-ray diffraction (XRD) analysis
The crystallographic structure of the formed AgNPs was
determined using XRD with diffracted scans recorded from
2θ = 5◦ to 65◦. As shown in (Figure 11), the AgNPs exhibited
a number of Bragg’s reflections at 27.77◦, 32.18◦, 38.10◦,
46.17◦, 54.74◦, and 57.69◦. Among these, the refraction at
38.10 corresponds to (1 1 1) planes of crystalline silver metal
particles suggesting that the AgNPs formed were of premium
quality and that the synthesized AgNPs had a face-centered
cubic shape. Thus, the XRD analysis revealed a high purity
and multicrystalline nature of the synthesized particles.

Figure 11. XRD Analysis of biological synthesis of Silver Nanopar-
ticles

3.9 Antibacterial activity of AgNPs
Following synthesis and characterization, the antibacterial
effect of the synthesized AgNPs colloid was investigated on
multiple bacterial strains. MIC is the minimum inhibitory
concentration required to inhibit the growth of the microor-
ganism where low MIC value reflects a potent antimicrobial
property. As shown in (Table 1), the lowest MIC indicated
was against K. pneumonia and E. clocaea (0.025 mg/mL)
followed by S. epidermidis (0.05 mg/mL), E. coli (0.075
mg/mL), Shigella sp. (mg/mL) and S. aureus (0.10 mg/mL).
on the contrary, the P. aeruginosa showed a lower suscepti-
bility indicated by MIC value of > 0.125 mg/ml of AgNPs.
Based on the previous results, it can be said that AgNPs
possess broad spectrum antibacterial activity. The inhibition
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of gram positive and gram negative bacterial species at low
concentrations ranging from 0.025 - 0.10 mg/mL indicated
the remarkable antibacterial activity of AgNPs. AgNPs have
long been recognized for their broad-spectrum antimicrobial
activity (Bocate et al., 2019; Haggag et al., 2019; Qaralleh
et al., 2019). In this study, AgNPs exhibited broad spectrum
antibacterial activity against both gram positive and gram
negative bacteria. Our findings are consistent with those of
(Arokiyaraj et al., 2017; Qaralleh et al., 2019). NPs interfere
with the integrity of the bacterial cell wall, which in turn ex-
pedites permeation of substances into and out of the bacterial
cell. This mechanism of AgNPs action might also encompass
the creation of reactive oxygen species (ROS), which in turn
can cause higher toxicity and through the inhibition of the
respiratory chain of bacteria (Al-limoun et al., 2020; Sondi
and Salopek-Sondi, 2004).

Table 1. The minimum inhibitory concentrations (MIC) for each
organism were determined while the concentration is provided in
g/mL

Amp Km Cm AgNPs Bacteria

3 0.15 0.75 75 E. coli
2 0.1 0.1 25 E. cloacae
3 0.15 0.1 75 Shigella  sp.
5 0.25 1 >125 P.  aeruginosa

0.25 0.3 0.1 50 S. epidermidis
0.5 10 0.25 100 S. aureus
5 0.5 0.1 50 K. pneumoniae

4 Discussion

All in all, the results presented in this study showed that
the biomass-free filtrate obtained from the fungal isolate As-
pergillus flavus, was able to reduce silver nitrate into AgNPs.
The production of AgNPs was confirmed and characterized
through using various methods including the change in the
silver nitrate solution color, UV-vis spectra, TEM, Zeta po-
tential, Zeta sizer, FTIR, and XRD. TEM revealed that these
biosynthesized AgNPs were regular and spherical in shape.
Intriguingly, the images of TEM showed that the size of Ag-
NPs were smaller than those obtained by DLS examination
due the drying process that caused particle shrinkage. The
average diameter of the resulting AgNPs was 499.3 nm with
a PDI value of 0.28. The zeta potential was -34.9mV which
reflects the ability of these nanoparticles to have a sufficient
charge, because it is electrostatically stable and therefore
resists self-assembly. The average size of AgNPs were less
than 40 nm. AgNPs exhibit different minimal inhibitory
concentrations (MIC) against seven different bacteria. Thus,
the use of silver nanoparticles to inhibit the growth of these
antibiotic-resistant or even still antibiotic-sensitive bacteria
is an important result and an effective master treatment plan.
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