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ABSTRACT

One of the most important roles for nanotechnology concerns is the development of optimizable experimental
protocols for nanomaterials synthesis. The formation of silver nanoparticles (AgNPs) was supported by Rhizo-
pus stolonifer MR11, which was isolated from olive oil mill soil samples. The ability of R. stolonifer MR11 to
biosynthesize silver nanoparticles in response to various components of different culture media was tested. Fur-
thermore, the conditions under which the reducing biomass filtrate was obtained, as well as the conditions of the
bio-reduction reaction of AgNO, into AgNPs, were investigated. The fungal biomass filtrate of the strain Rhizopus
stolonifer MR11 was capable of converting silver nitrate into AgNPs, as evidenced by the color change of the
fungal filtrates. UV-Vis spectrophotometer, TEM, Zeta potential, Zeta sizer, FT-IR, and XRD analyses were used
to characterize the AgNPs. TEM analysis revealed that the silver nanoparticles were 1-35 nm in size. R. stolonifer
MRI11 produced the maximum AgNPs when grown for 18 hours at 36 °C in media with starch and yeast extract as
the sole carbon and nitrogen sources, respectively. The reducing biomass filtrate was obtained by incubating 5 g
mycelial biomass in deionized water with a pH of 6 for 48 hours at 30 °C. The optimal reduction conditions of the
biosynthesis reaction were determined by adding 1.0 mM AgNO, to a pH 5 buffered mycelial filtrate and incubat-
ing it for 72 hours at 33 °C. The current study’s findings highlighted the importance of process parameters at each
stage for optimal AgNPs biosynthesis.

Keywords: nanotechnology, silver nanoparticles, Rhizopus stolonifer MR11, optimization, characterization.

INTRODUCTION

Nanoscience is primarily concerned with the
structural, physical, and chemical aspects of na-
noscale objects. On the other hand, nanotechnolo-
gy is seen as the commercial, industrial, environ-
mental, and medicinal application of the acquired

fundamental knowledge of nano-objects (Satalkar
et al., 2016). Nanoscience and nanotechnology
are both new and active sectors of science that
include multi-interdisciplinary sciences (Sergeev
and Shabatina, 2008).

All nanoscale substances, regardless of
their nature and structure, are referred to as
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nano-objects, where the prefix ‘nano’ means
one-millionth of millimeter size. The word ob-
jects can be specifically replaced by any other
word that describes the nature of these objects
(Ingole et al., 2010) which can be particles, fi-
bers, or plates (Calderon-Jiménez et al., 2017).
The outcomes of basic knowledge about nano-
sized objects altered the viewpoints of the in-
dustrial world, whose goods today incorporate
nanoscale building blocks and raw materials
(Ingole et al., 2010).

However, nanoparticles (NPs) are three-
dimensional geometrical forms made up of
groups of atoms, with at least one of their three
exterior dimensions ranging from 1 to 100
nm (Calderdn-Jiménez et al., 2017; Williams,
2008). Compared to their larger counterparts,
they show exceptional and different size-relat-
ed Physico-chemical properties (Colvin et al.,
1994; Xu et al., 2006). Because of their nano
size and large surface area, metal nanoparti-
cles could have exclusive and novel physical
and chemical properties in comparison to their
macroscale counterparts (Gentile et al., 2016).
Among metal nanoparticles silver nanopar-
ticles (AgNPs) successfully found their way
into many products such as plastics, textiles,
and soaps (Dallas et al., 2011; Fabrega et al.,
2011; Garcia-Barrasa et al., 2011). Moreover,
they could be very interesting and popular anti-
microbial agents with broad-spectrum activity
against a variety of microorganisms.

Three main approaches which are routinely
used for the synthesis of metal nanoparticles
include the chemical, physical and biological
methods. biological approaches are considered
as eco-friendly, cheap, and safe since they do not
require the utilization of toxic substances and
are free of resulting hazardous byproducts. They
include several intracellular and extracellular bi-
ological methods that use bacteria, fungi, plants,
or their extracts and are known collectively as
green nanotechnology (Klaus et al., 1999). The
current study aimed to evaluate the influence

Table 1. Chemical composition of the tested media

of culture conditions of R. stolonifer MR11 on
the ability of the fungal filtrate to biosynthesize
AgNPs, optimize the reduction potential of R.
stolonifer MR11 biomass filtrate used in AgNPs
biosynthesis, determine the best reaction condi-
tions for AgNPs biosynthesis, and characterize
the biosynthesized AgNPs.

MATERIALS AND METHODS

Fungal strain

The fungal isolate utilized in this study was
discovered in the soil of an olive oil mill in
Jordan's southern of the Al-Karak area. ITS se-
quencing (MACROGEN, Korea) and sequence
matching within the NCBI database were used
to identify this isolate as Rhizopus stolonifer
MR11, and the accession number obtained was
MN259123.

Biosynthesis of AgNPs

Filtering the aqueous suspension contain-
ing the fungal biomass using Whatman No. 1
filter paper yielded the fungal filtrate. AgNO3
was added to the fungus filtrate at a concen-
tration of 1 mM in 100 mL and incubated in
the dark at 33 °C and 150 rpm for 24 hours to
generate biosynthesized AgNPs. The synthe-
sis of AgNPs was tracked during the incuba-
tion process using spectrophotometric analysis,
UV/VIS (280-800 nm). At the same time, the
AgNO3-free flask was incubated under identi-
cal conditions as the control flask (Jaidev and
Narasimha, 2010).

Effects of culture conditions of R. stolonifer
MR11 on AgNPs biosynthesis

The study also investigated the effect of dif-
ferent fungal cultivation conditions on fungal
biomass, such as the variation in the chemical

Media

Chemical composition % (w/v)

M1 1.0% (w/v) glucose, 0.3% (w/v) yeast extract, 0.3% (w/v) malt extract, 0.5 % (w/v) peptone and0.5% (w/v) NaCl

M2 1.0% (w/v) glucose, 1.0% (w/v) yeast extract and 0.5% (w/v) NaCl

M3

0.2% (w/v) glucose, 0.2% (w/v) fructose, 0.2% (w/v) mannose, 0.2% (w/v) mannitol, 0.2% (w/v) sorbitol, 0.1 % of
potassium nitrate, 0.9% yeast extract and 0.5 % (w/v) NaCl

M4 1.0% (w/v) sucrose, 1.0% (w/v) yeast extract and 0.5% (w/v) NaCl

M5 1.0% (w/v) starch, 1.0% (w/v) yeast extract and 0.5% (w/v) NaCl
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composition of growth media (Table 1), pH lev-
els of 3, 4, 5, 6, and 7, and the temperature of
the growth incubation at 30, 33, 36, and 39 °C,
as well as the length of the incubation period,
which involved 18, 24, 36, 48, and 72 hours.
As detailed in section 2.2, the biomass filtration
procedure utilized to create AgNPs was carried
out and monitored using assay spectroscopy.

Optimization of the reduction potential
of R. stolonifer MR11 biomass filtrate

In order to achieve the best-operating con-
ditions to obtain the highest reduction potential
of the fungal biomass filtrate, the effects of the
time course of biomass-deionized water mix-
ture duration, utilized biomass amount, pH of
the buffered deionized water, and incubation
temperature were studied. The collected bio-
mass used in this part of the study was obtained
by growing the fungus in the growth medium
number 5 under the optimum conditions as
obtained from the previous experiments. The
initial conditions to obtain the biomass fil-
trate used in AgNPs formation were 10 g wet
weight biomass, 33 °C, pH 7.0 buffered deion-
ized water, 150 rpm agitation speed for 25 hrs.
The best incubation duration of the deionized
water-fungal biomass mixture was obtained by
collecting the filtrate after 24, 48, 72, and 96
hrs. To evaluate the effects of the utilized fun-
gal biomass amounts on the reduction potential
of the filtrate, different quantities of biomass
(2.5, 5.0, 10, and 15 grams) were submerged in
buffered deionized water and the generated fil-
trate was utilized for AgNPs formation. In the
next phase, different pH values of the deionized
water were employed (pH 4, 5, 6, 7, and 8) by
using 25 mM buffer systems (citrate solution
for pH 4, 5, and 6, phosphate solution for pH
7, and Tris-HCI buffer, pH 8). As described in
section 2.2, the effect of varying the incubation
temperature (30, 33, and 36 °C) on the reduc-
tion potential of the biomass filtrate to make
AgNPs was investigated using scanning spec-
trophotometric analysis.

Optimization of AgNPs biosynthesis reaction

Similar to the optimization of the reduction
potential of R. stolonifer MR11 biomass filtrate
in the previous section, for the optimizing of Ag-
NPs biosynthesis reaction by mycelia-free fungal

filtrate, four essential criteria were applied. These
variables include the reaction pH (4.0, 5.0, 6.0,
7.0 and 8.0), AgNO, concentration (0.25, 0.5,
0.75 and 1.0 mM), time course of the biosynthe-
sis reaction (12, 18, 24, 36, 48, 60, 72 and 80 hrs)
and reaction temperatures (30, 33 and 36 °C).
Parameters were optimized by employing a sin-
gle parameter at a time and then applying the
improved parameter to the next parameter. The
production of AgNPs was studied utilizing spec-
trophotometric scanning analysis.

Characterization of AgNPs

The synthesis of AgNPs nanoparticles was
quantitatively tracked by UV-scanning spectro-
photometry (Shimadzu, Japan), which is directly
proportional to the strength of the brown color
generated. Centrifugation at 15,000 rpm for 20
minutes to separate the biosynthesized silver
nanoparticles from the reaction mixture was car-
ried out (MIKRO 200 R, Hettich, Germany), and
the precipitation technique was repeated after re-
immersion of the obtained precipitated AgNPs in
deionized water, and so on. After that, the AgNPs
pellets were dried in a vacuum oven (VWR 1410
Vacuum Oven, USA). AgNP shape, size, and
distribution were studied using TEM imaging.
XRD-7000 and MAXima-X were used to define
the structure and shape of a crystal for biosyn-
thesized AgNPs (SHIMADZU, Japan). Using
a Bruker Alpha FTIR spectrometer, functional
groups such as proteins responsible for AgNP
stability were identified (Bruker Optics GmbH,
Ettlingen, Germany).

Z-potential and Zetasizer
distribution by intensity

The particle size and zeta potential of AgNPs
were determined using the Zetasizer Nano-ZS90
(Malvern Instruments, UK). The analysis was
performed at a temperature of 25 °C and a scat-
tering angle of 90 using various intensities of
samples diluted with non-ionized distilled water.

RESULTS AND DISCUSSION

In this experiment, the fungal isolate R. sto-
lonifer MR11 was cultured in a growth suspen-
sion after being isolated from contaminated soil
and identified using ITS sequence alignment
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results. Subsequently, reductant fungal filtrate
was prepared from the collected biomass and
ultimately used in the reduction of AgNO3
into AgNPs. Incubation with the fungal filtrate
causes the transformation of AgNO, to a brown
color, indicating the formation of AgNPs. On
the other hand, the control flasks remain with-
out changing in color throughout the time of
incubation. The surface plasmon resonance
(SPR) exemplified by the nanoparticles results
in the development of a brown to dark brown
color. The obtained peaks of the absorbance
of AgNPs solution are usually found to be be-
tween 400 and 450 nm and resulted peaks at
longer wavelengths represent large nanoparti-
cles (Elamawi et al., 2018). The size and shape
of the AgNPs accurately represent the absor-
bance peak (Jaidev and Narasimha, 2010). The
fungal strain used, incubation temperature, re-
action medium pH, and the existence of cap-
ping agents all influence the capacity of AgNPs
synthesis, size, shape, and revealed absorbance
peaks (Lee and Jun, 2019).

Effects of culture conditions
on AgNPs formation

The effect of cultivation conditions such as
artificial media, pH, temperature, and growth pe-
riod length on the emergence of AgNPs by R. sto-
lonifer MR 11 biomass filtrate was probed.

Effects of the chemical composition of the
growth media on AgNPs formation

Five culture media with different chemical
compositions were used to grow R. stoloni-
fer MR11 in order to investigate the effects of
changes in the chemical constituents of growth
media on the potential of R. stolonifer MR11
biomass filtrate to synthesize AgNPs. The re-
sults of the ultraviolet-visible spectrophotomet-
ric analysis of the AgNPs produced by R. sto-
lonifer MR11using the biomass filtrate obtained
from the tested media are shown in Figure 1A.
The color of the reaction solution of AgNO, us-
ing the fungal biomass filtrate obtained by grow-
ing the fungus in medium number 5 (containing
polysaccharide carbon source) was slightly al-
tered from pale yellow to light brown indicat-
ing the low formation of AgNPs. Meanwhile, no
detectable changes in the color of the controls
and AgNPs biosynthesis reaction media using
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the biomass filtrates of other media (containing
simple sugars as carbon sources) were observed.
This result indicates that nanoparticle synthesis
was generally relieved of the repression exacer-
bated by other simple carbon sources tested in
other media. However, the amount of AgNPs
biosynthesis was expressed incoherently as an
increment in absorbance or the appearance of
a clear peak at wavelengths near 400 nm, be-
cause this wavelength range was a characteris-
tic peak for AgNPs synthesis. As a result, the
color change was directly related to the quantity
of AgNPs formed (Bhainsa and D’souza, 2006;
Padalia et al., 2015).

Effect of pH value of the growth
media on AgNPs formation

The results of the effect of the pH alterations
in the best culture medium selected from the pre-
vious experiment (medium number 5) are shown
in Figure 1B. The biomass filtrate obtained by
growing the fungal strain with an initial pH of 5
contributed to the preferred creation of AgNPs.
The absorbance curve of the prepared AgNPs by
the filtrate of the biomass grown in a medium
with pH 5 (Figure 1B) clearly showed an absor-
bance peak at 426 nm. However, other biomass
filtrates resulting from the mycelial biomass col-
lected from the culture media with pH values of
3,4, and 6 also supported the formation of AgNPs
but to less extent. Meanwhile, the reductant fil-
trate obtained from the mycelial biomass grown
in the culture medium with pH 7 did not show any
clear AgNPs formation peak.

Effects of incubation temperature
on AgNPs formation

Figure 1C demonstrates the results of the ef-
fect of incubation temperature on the utilized
biomass filtrate AgNPs biosynthesis ability. The
best incubation temperature that showed the best
reductant filtrate resulted in the highest AgNPs
formation was 33 °C with an absorbance peak
at 427 nm. However, higher or lower incubation
temperatures resulted in mycelial biomass with
less AgNPs biosynthesis ability.

Effects of culture time profile on AGNPs formation

The impact of the culture time profile on the
ability of R. stolonifer MR11 biomass filtrate in
the formation of AgNPs was also investigated
and the results are presented in Figure 1D. The
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Figure 1. A) Effects of culture media composition on AgNPs formation; B) Effects of
culture media pH on AgNPs formation; C) Effects of culture incubation temperature on
AgNPs formation; D) Effects of culture time profile on AgNPs formation

highest intensity of the AgNPs solution brownish
color was observed when the filtrate was prepared
from the mycelial biomass that collected after 18
hrs of growth. Growing R. stolonifer MR11 for
longer periods of time resulted in biomass with
lower reduction ability as demonstrated by the
color intensity of AgNPs solution and spectro-
photometric scan.

Generally, the mechanism of nanoparticles
biosynthesis is not fully understood. More spe-
cifically, the mechanism by which fungi biosyn-
thesize AgNPs is not yet explained but its most
probably mediated by an enzymatic system of
reductases reducing the Ag® of AgNO, into Ag0
elementary metal that clusters into nanoscale par-
ticles (Guilger-Casagrande and Lima, 2019).

Two possible mechanisms for the formation
of AgNPs by Fusarium oxysporum and Bacillus
licheniformis were reported. The first is through
NADH-dependent nitrate reductase (Mukher-
jee et al., 2002), and the second is by shuttle
quinine process (Basavaraja et al., 2008; Duran
et al., 2005; Jaidev and Narasimha, 2010; Ka-
limuthu et al., 2008). Like any other biomol-
ecules, the biosynthesis of such reductases is
influenced by the growth conditions under
which the microorganism is grown. Therefore,
the variations in the culture conditions will be

reflected as variations in the amounts of reduc-
tases and other reductant biomolecules released
into the filtrate that ultimately affects the bio-
synthesis of AgNPs.

Biomass filtrate reduction
potential optimization

Optimization of the incubation period

In this experiment, the best incubation pe-
riod for the mycelial biomass with the deionized
water to create reducing filtrate with maximum
reduction ability was evaluated. The collected
fungal filtrate was taken at regular intervals of
24, 48, 72, and 96 hours. The results in Figure
2A showed that the rate of synthesis progres-
sively developed in intensity as a function of in-
cubation time peaked at 48 hrs until the incuba-
tion time reached 72 hrs, beyond which the rate
of AgNPs synthesis declined.

Optimization of the cell mass

The influence of different cell masses uti-
lized to create the reducing filtrate was stud-
ied by mixing 2.5, 5, 10, and 15 g wet weight
mycelial biomass with the deionized water. As
shown in Figure 2B, 2.5, 5, and 10 g of cell
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mass led to the formation of AgNPs. However,
5 g biomass displayed the highest amount of
AgNPs. The present data pointed to an effective
role played by optimized cell mass for enhanc-
ing the nanoparticles synthesis by the filtrate of
R. stolonifer MR11 cells. Balakumaran et al.
(2015) and Singh et al (2014) both emphasized
the importance of biomass concentration in en-
hancing AgNPs synthesis

Optimization of the pH value

A number of pH buffers (4, 5, 6, 7, and 8) were
used to investigate the impact of the pH level of
the deionized water used to produce the ultimate
filtrate being used AgNPs biogenesis. Maximum
AgNPs creation capability was observed at the
acidic pH of 6 (Figure 2C). Other pH values like
5 and 7 resulted in a lower ability of AgNPs bio-
synthesis. It was revealed that particle size could
be monitored by adjusting physical conditions
such as temperature, pH, and AgNO, concentra-
tion (Gurunathan et al., 2009). Balakumaran et
al. (2015) reported the importance of pH as a key
factor in nanoparticle formation. In contrast to our
results, the formation of AgNPs was favored at
alkaline pH using the fungus Epicoccumnigrum
(Qian et al., 2013).
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Optimization of the incubation temperature

The fungal biomass was suspended in buff-
ered sterilized deionized water and incubated at
diverse temperatures (30, 33, and 36 °C). Based
on the AgNPs solution color intensity and absor-
bance scan, the maximum rate of AgNPs biosyn-
thesis was attained at 30 °C (Figure 2D). Under
higher incubation temperatures of 33 and 36 °C,
a significant decrease in AgNPs formation was
found as shown by the color strength of the
nanoparticles solution as well as the spectro-
photometric analysis. Elamawi et al. (2018) re-
ported similar results when they incubated five
amounts of 7. longibrachiatum biomasses at
temperatures lower or higher than the optimum
(28 °C) showing no or lower Ag nanoparticles
formation.

Optimization of AgNPs biosynthesis
reaction conditions

pH values optimization

In overall, the "reduction capacity" of a
metallic reaction is affected by the pH of the
solution because it can affect the morphologi-
cal characteristics of the yield over the creation
of certain species, as demonstrated (Sanghi and
Verma, 2009). The current study investigated
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Figure 2. Effect of different conditions of biomass-deionized water mixture on the reduction potency of
biomass filtrate (A) Incubation term; (B) Cell mass; (C) pH level variation and (D) Incubation temperature
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pH-dependent variability in the reaction me-
dium for maximum Synthesis of AgNPs. Ac-
cording to the findings of our study, the utmost
biosynthesis of AgNPs was perceived at acidic
pH of 5.0, meanwhile higher or lower pH val-
ues showed no or lower Ag nanoparticles for-
mation (Figure 3A). It has been reported pre-
viously that an increase or decrease in the pH
from the optimum can lead to the accumulation
or alteration of Ag particles (Gurunathan et al.,
2009). In contrast to our results, previous stud-
ies stated that the provision of an alkaline ion
is essential to boost the reduction reaction of
metal ions (Sanghi and Verma, 2009).

AgNO3 concentration optimization

Various amounts of AgNO3 (0.25, 0.5, 0.75,
1.0, and 1.5 mM) were examined to prove wheth-
er AgNO, concentration performs an important
role in the formulation of nanoparticles. The ef-
fect of AgNO, concentration on the emergence
of AgNPs is depicted in Figure 3B. The rate of
synthesis was found to be greatest at 1.0 mM,
with lower and higher concentrations having a
slower rate of bioreduction. This may be due to
enzyme-substrate kinetic saturation (Alfarrayeh
et al., 2021b; Singh et al., 2013).
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Reaction time optimization

Figure 3C shows the outcome of the reaction
period on the materialization of AgNPs. The high-
est production of AgNPs was observed after 48
hrs of running the biosynthesis reaction with the
maximum recorded at 72 hrs. Lower production
of AgNPs was observed at lower reaction times
such as 12, 18, 24, and 36 hrs. In contrast to our
results, faster formation of AgNPs was achieved
using the endophytic fungi G. mangiferae with 12
hrs as the best incubation time under optimized
reaction conditions (Balakumaran et al., 2015).
Similarly, Singh et al. (2014) also reported the
maximum formation of AgNPs using Penicillium
sp. within 24 hrs incubation time.

Reaction temperature optimization

The effect of the reaction temperature on
the synthesis of nanoparticles was investigated
by tracking the bioreductive capacity of the re-
action temperature and the results are shown
in Figure 3D. The biosynthesis rate of AgNPs
increased with increasing temperature up to 33
°C, after which the synthesis of silver nanopar-
ticles decreased. The increased rate of AgNPs
synthesis could be attributed to the influence
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Figure 3. (A) Effect of pH on the bio-reduction of AgNO3; (B) Effects of silver nitrate
concentration on its bio-reduction; (C) Effects of the reaction time on the bio-reduction of
AgNO3; (D) Effects of incubation temperature on the bio-reduction of AgNO,
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of temperature on vital specific enzymes in the
filtrate generated from R. stolonifer MR11 bio-
mass. The results, however, revealed that the
optimal temperatures for cell growth and silver
accumulation differ. AgNPs were established at
lower temperatures, but not to the extent that
the absorbance scan indicated. Increasing the
reaction temperature may improve both the rate
of AgNO, adsorption and the coat-phase vis-
cosity (Gurunathan et al., 2009). As a result, the
possibility of AgNPs accumulation is reduced,
and thus smaller particles are produced (Alfar-
rayeh et al., 2021a; Song and Kim, 2009).

ATR-IR spectrum analysis

The ATR-FTIR spectrum (Figure4)disclosed
definite peaks at 1011, 1375, 1437, 1516, 1623,
2401 cm™,andaquitefloppypeakatca.3228cm™.
The wide peak between 3228 cm and 2827
cm’!, coincides with the vibrational resonances
of hydrogen-containing bonds such as C-H,
O-H, and N-H. The symmetric and asymmet-
ric stretching of the COO- group is indicated
by the high absorption intensity values peaks at
1623, 1516, and 1081 cm™'. The spectrum sim-
ply proves peaks at 1375 cm™' of the stretching
frequency of the protein's amino and amino-
methyl stretching groups.

XRD analysis

The XRD spectrum (2 = 0° to 80°) reveals
four significant and strong Bragg reflections
at 2 = 37.72°, 44.08°, 64.36°, and 77.16°. This
XRD pattern indicates the formation of multi-
crystalline silver nanoparticles (Figure 5). These
strong Bragg reflections correlate to the crystal-
lographic planes (111), (200), (220), and (331),
respectively, of face-centered cubic (FCC) silver
crystals. The size of the nanoparticles is estimated
by using classical Scherrer’s formula [lit] with a
geometric factor of 0.94 over the (111) reflection.
The sample crystallite diameters are found to be
approximately 6.997 nm.

Particle size, zeta potential, and morphology

The resulting AgNPs had an average diam-
eter of 307.3 nm and a PDI value of 0.704 (Fig-
ure 6A). As a result, the PDI (DLS) was greater
than 0.2, indicating that the apportionment was
polydisperse (Cascio et al., 2015; Soliman et
al., 2021). The PDI value was nearly greater
than 0.7, indicating that the specimen has a
very broad distribution of particle size and is
thus unlikely to be useful for processing using
the DLS (technique of dynamic light scatter-
ing) (Danaei et al., 2018). The zeta potential
was -16.6 mV (Figure 6B). Because particles
with an appropriate charge are electrostatically
constant and thus resist self-assembly, they
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Figure 4. ATR-IR analysis of biologically synthesized silver nanoparticles
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Figure 6. (A) The size distribution by the intensity of AgNPs nanoparticles. The average size of the nanoparticles
is about 307.3 nm; (B) Zeta potential distribution of silver nanoparticles. AgNPs zeta potential shows -16.6 mV

have Z values of this size. The Z-Average is the and B illustrate the probability that more than
result of a cumulative analysis that determines  one volume exists in the sample, so quoting
the hydrodynamic size of the measured auto- the mean Z in this manner may be inappropri-
conduction function based on the assumption  ate. The density distribution in our sample il-
that the sample is monodisperse. Figures 6A  [ustrates the relative amount of scattering from
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Figure 7. TEM Image of biosynthesized silver nanoparticles. Magnification (A) 50,000x, (B) 200,000x

groups of various sizes. Due to the fact that
light scattering is proportional to particle size,
a small amount of a larger component may
dominate the gesture. The Number distribu-
tion report utilizes the optical properties of the
sample to present the relative number based on
the size distribution from the data of density
distribution (Cascio et al., 2015). The AgNPs
were found to be regular and spherical using
transmission electron microscopy (TEM) ob-
servations (Figures 7A and B). TEM micro-
graphs revealed that the AgNPs were smaller
than those observed by the DLS examination
due to particle shrinkage caused by the dry-
ing process. AgNPs had an average size of less
than 35 nm.

CONCLUSIONS

The potential of R. stolonifer MR11 to ef-
fectively reduce silver nitrate to AgNPs was
demonstrated. The establishment of AgNPs was
revealed by a color change of the silver nitrate
solution and UV-Vis spectra. The growth condi-
tions, conditions under which the biomass filtrate
was obtained, and bio-reduction reaction condi-
tions that control the biosynthesis of AgNPs are
all critical. Thus, the AgNPs biosynthesis results
highlighted the importance of the studied param-
eters at each level of the process. It is proposed
that any of the parameters in one of the three-step
involved in the biosynthesis of AgNPs could be
optimized. Therefore, to obtain higher production
of nanoparticles all the parameters starting from
the growth of the fungi to the last step of the bio-
synthesis of AgNPs should be evaluated.
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