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ABSTRACT

The present study aimed to characterize silver and iron oxide nanoparticles (NPs) synthesized
by Bacillus subtilis for their physicochemical properties and antibacterial activities. The anti-
bacterial properties of NPs were evaluated using agar well diffusion method. In the following,
zone of inhibition diameter, minimum inhibitory concentration (MIC), and minimum bacteri-
cidal concentration (MBC) were estimated against the standard bacteria of Staphylococcus aureus
(PTCC 1112), Bacillus cereus (PTCC 1015), Pseudomonas aeruginosa (PTCC 1074), and Escherichia
coli (O157:H7). According to the findings, the maximum optical density of Ag NPs and Fe,O,
NPs was read at 435 and 225 nm, respectively, which therefore verified the fabrication of NPs.
The shape of Ag NPs was spherical with the size range of 25-45 nm, while the Fe,O, NPs had
cubic and spherical shapes and the size range of 55-80 nm. The results of antimicrobial poten-
tials indicated that the Ag NPs were more active than the Fe,O, NPs. Also, the biomass synthe-
sis method for both NPs exhibited relatively better physicochemical properties and antimicrobial
effects than the supernatant methods. There was a significant difference in antimicrobial effects
between selected antibiotics and both synthesized NPs (P < 0.05). S. aureus and P. aeruginosa were
the most sensitive and resistant bacteria for both NPs. The MIC values of Ag NPs for S. aureus
and P. aeruginosa were 10 and 40 pg/mL, and the MBC values were 20 and 80 pg/mL, respec-
tively. The obtained properties for the Fe,O, NPs were weaker than for the Ag NPs, so that the
MIC value was 20 pug/mL for S. aureus and B. cereus, and 40 pg/mL for E. coli and P. aeruginosa,
in addition to, the MBC values were 40 and 80 ug/mL, respectively. Due to the antimicrobial
potential of synthesized NPs, they can be used as antimicrobial agents in formulations of various
disinfectants and antiseptics, because the used materials possess a very high reactivity due to
nanoparticle nature and are able to inhibit unwanted microbial growth during a very short time.

Keywords: Silver nanoparticles; Iron oxide nanoparticles; Bacillus subtilis; Antibacterial properties;
Microbial synthesis

1. Introduction diagnostic techniques [3,4], antimicrobials, pharmaceuticals
[5-7] and food industry, owing to their special electrical,
optical, magnetic, chemical and mechanical properties [8,9].

Silver (Ag) has been excessively employing in medi-
cine and pharmacy due to its antiseptic and antimicrobial
activities. During the production of silver nanoparticles

Nanostructures and nanoparticles (NPs) have recently
received further attention in various high-tech industries
[1], including water and wastewater treatment [2], medicine,
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(Ag NPs), especially through green synthesis methods,
some properties of this metal such as contact surface and
dispersion are improved and consequently, the antimicro-
bial effects of the synthesized fine particles are significantly
increased compared to conventional silver [10]. Owing to
their small size, the produced NPs easily enter the patho-
genic bacteria cells and affect intracellular processes such as
the synthesis of DNA, RNA and proteins and thus inhibit
microbial growth [11]. In addition to Ag NPs, the fabrica-
tion of iron oxide (Fe,0O,) NPs is also important due to the
changes in its magnetic and electrical properties [12-14].

In recent years, the synthesis of NPs using biolog-
ical techniques, including fungi, bacteria, and plants
have received special attention due to their simplicity,
controllability, low-cost, high efficiency, non-toxicity and
biocompatibility [14-16]. In this method, when microor-
ganisms are exposed to the metal ion salts, these materials
are regenerated through catalytic mechanisms and pro-
duced intracellularly or extracellularly [14,17]. The results
of antibacterial activities of synthesized NPs have shown a
better potential for extracellular NPs to inhibit the growth
of pathogenic bacteria compared to intracellular NPs [18].
A study by Hoseynzadeh et al. [19] revealed that Bacillus
cereus and Pseudomonas aeruginosa bacteria isolated from
soil had potential to produce Ag NPs with high antimicro-
bial effects against S. aureus, B. cereus, Escherichia coli, and
Bacillus subtilis [18,20]. A study by John et al. [21] clearly
showed an efficient, rapid synthesis of stable Ag NPs by
a new Pseudomonas strain with high antimicrobial activity.

The present study was conducted to compare the qual-
itative properties and antibacterial effects of Ag NPs and
Fe,O, NPs Produced by B. subtilis. By conducting this
research and producing eco-friendly metal nanoparticles,
novel bio-alternatives can be used to reduce microbial
contaminants, especially bacteria. In this way, excessive
consumption of chemicals, especially chlorine, which have
many environmental consequences, can be avoided. Due to
the high reactivity of metal nanoparticles with their very
small amounts, the microbial load of indicator bacteria
in water can be reduced.

2. Materials and methods
2.1. Production of nanoparticles

For this study, lyophilized B. subtilis was prepared from
the microbial collection of Iranian Research Organization
for Science and Technology (IROST) and kept in a freezer
at —18°C for next testing. For bacterial culture, a loop from
a pure bacterial colony was transferred to the Luria-Bertani
(LB-Merck) broth medium and the sample was completely
homogenized using a tube shaker. To enhance the bacterial
growth and formation of the growth turbidity, the samples
were placed in an incubator at 30°C for 24 h under aero-
bic conditions, followed by centrifugation at 5,000 rpm for
20 min. Both supernatant and precipitate containing bacte-
rial biomass were tested for the production of Ag NPs and
Fe,O, NPs [14]. To produce Ag, and Fe,O, NPs using the
supernatant, 5 mL of supernatant was mixed with 95 mL of
2 mM silver nitrate solution and placed in a dark place at the
room temperature for 48 h (pH = 7). Next, the color change
of the solution from yellow to dark brown was the initial

confirmation of Ag NPs, also 2 mM silver nitrate solution
without supernatant was considered as a control sample.
At the end of the storage period, the color of control sam-
ple remained yellow and unchanged. In the next step, to
produce the Fe,O, NPs, 50 mL of supernatant was added to
50 mL of 2 mM iron oxide (Fe,O,) solution. After adjusting
the pH to 8.5, the samples were incubated in the dark at 35°C
and using a shaker at 200 rpm for 5 d. The color change of
solution from brick red to black confirmed the initial pro-
duction of Fe,O, NPs; as well as 2 mM iron oxide solution
without supernatant was regarded as the control sample [14].

In order to produce Ag NPs and Fe,O, NPs using the bac-
terial biomass, 10 mL of bacterial suspension with an optical
density (OD) of 1 at a wavelength of 630 nm was added to
100 mL of 2 mM solutions of silver nitrate and iron oxide,
and the same process of nano production method using
supernatant was separately repeated for both metals. At this
stage, silver nitrate solution and 2 mM iron oxide without
bacterial biomass were also used as a control samples [14,22].

After these processes, a 0.22-micron filter paper was
applied to separate the Ag NPs and Fe,O, NPs produced
by both supernatant and biomass methods. Thus, the dark
brown supernatants containing Ag NPs and Fe,O, NPs were
filtered by a Millipore system equipped with a 0.22-micron
filter and a vacuum pump and the passed liquid was col-
lected and dried at 45°C. This process was also run for sam-
ples that used biomass to produce NPs, so that after centrif-
ugation at a speed of 6,000 rpm for 6 min (for Ag NPs) and
7,000 rpm for 15 min (for Fe,O, NPs), the resulting extra-
cellular NPs in the filtered supernatant were accumulated,
filtered and dried similar to the supernatant method [14,22].

A Shimadzu double-beam UV-Vis spectrophotometer
(model 1650 PC, Japan) with 1.0 cm quartz cell was used
for all spectral measurements. Spectrophotometry method
was used to confirm the Ag NPs and Fe,O, NPs. Thus, the
OD of samples were read in the range of 300-700 nm, and
100-700 nm for Ag NPs and Fe,O, NPs, respectively, before
drying NPs-containing suspension. To this end, first 200 pL
of NPs were added separately to 1,000 mL of distilled water
and then their OD values were read at room tempera-
ture after preparing the required dilution. Untreated sus-
pensions of silver nitrate and iron oxide in distilled water
were also used as the blanks [14,22,23].

Scanning electron microscope (SEM) of the XL Series
from Philips was used to analyze the shape and morphol-
ogy of produced NPs. First, a certain volume of NPs was
centrifuged at 10,000 rpm for 10 min, the supernatant was
discarded, the distilled water was poured onto the result-
ing precipitate and the centrifugation was repeated. This
process was performed in triplicate and a certain amount
of ethanol 96% was added to the final precipitate and cen-
trifugation was repeated similar to the previous steps.
After discarding the supernatant, the resulting precipitate
was dried at 40°C for 48 h and prepared for SEM imag-
ing, followed by measuring the size of NPs to calculate
the mean size and recording their morphology [14,23].

2.2. Evaluation of antibacterial effects

The antibacterial properties of produced Ag NPs and
Fe,O, NPs were examined on the standard bacteria of
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S. aureus (PTCC 1112), B. cereus (PTCC 1015), P. aeruginosa
(PTCC 1074) and E. coli (O157H7) prepared from the micro-
bial collection of IROST.

The antibacterial activities were measured by agar well
diffusion method. For this purpose, 20 uL of studied bac-
terial suspension (containing 1.5 x 10® CFU/ml equivalent
to 0.5 McFarland standard turbidity) was cultured onto
Mueller Hinton agar medium. The concentrations to mea-
sure the zone of inhibition (ZOI) diameter were 50 and
100 pg/mL of Ag NPs and Fe,O, NPs, which were poured
into 7 mm wells created on the medium after the sonica-
tion at a frequency of 40 kHz for 30 min. The purpose of
sonication of NPs solutions was to diffuse them evenly
and preparation of a homogeneous suspensions. The tests
were separately performed for Ag NPs and Fe,O, NPs syn-
thesized from the supernatant and bacterial biomass. The
ampicillin (for gram-positive bacteria) and gentamicin (for
gram-negative bacteria) antibiotics were utilized as the
positive control and 4% dimethyl sulfoxide (DMSO) as the
negative control. After incubating the samples at 35°C for
24 h, the ZOI diameter was measured in millimeters [22,24].

The microdilution method was performed to determine
the minimum inhibitory concentration (MIC) and mini-
mum bactericidal concentration (MBC). First, the initial
stocks of Ag NPs and Fe,O, NPs were prepared; 1 mg of
NPs was added to 10 mL of normal saline and sonicated
at 40 kHz for 30 min (equivalent to 100 pg/mL). Then, the
serial dilutions were prepared in different tubes as 2.5, 5, 10,
20, 20, 40, and 80 pg/mL, respectively. After adding 20 puL
of pre-prepared bacterial suspension and 1 mL of Tryptic
Soy Broth (TSB) medium to each tube, the samples were
incubated at 35°C for 24 h. The control groups in this exper-
iment included the positive control (medium without Ag
NPs or Fe,O, NPs and only with bacteria) and the negative
control (medium with Ag NPs or Fe,O, NPs and without
bacteria). The lowest concentration of nanoparticle suspen-
sion, in which no turbidity was observed, was considered as
MIC value. MIC dilutions of 10 pL or more were cultured
onto TSB medium and, after incubation at 35°C for 24 h,
the lowest concentration that could reduce the bacterial
growth by 99.99% was considered as MBC value [24-26].

Attained data were analyzed by SPSS Version 20 soft-
ware. One-way analysis of variance (ANOVA) test was
applied to evaluate the production of Ag NPs and Fe,O,
NPs and their antimicrobial effects. The mean comparison
was performed by Duncan’s test at a significance level of 5%.
All data were reported as mean + standard deviation (SD)
and analyses were conducted in triplicate.

3. Results and discussion

Techniques of UV-vis spectrophotometry, SEM, X-ray
diffraction (XRD), and Fourier-transform infrared spec-
troscopy (FTIR) were employed to verify the produced
NPs. The maximum OD value for Ag NPs and Fe,O, NPs
was observed at 435 and 225 nm, respectively, thereby con-
firming the synthesized NPs. In a study by Maghsoudy et
al. [23] on the production of Ag NPs and Fe,O, NPs using
the Erodium cicutarium plant extract, the highest read
wavelengths were 420 and 230 nm, respectively, which is
consistent with our findings.

In a study by Sundaram et al. [14] on the production
of Fe,O, NPs using B. subtilis, the maximum OD value was
achieved at 250-350 nm, indicating the production of Fe,O,
NPs and its uniform dispersion. Mahmoud et al. [24] reported
that the maximum wavelength for Ag NPs was 430 nm, con-
sistent with the present study. Also, Begam [27] recorded a
wavelength of 420 nm for Ag NPs synthesized by marine
bacteria. The maximum OD value read for Fe,O, NPs was
220 nm in a study of Ghani et al. [28], which is in accordance
with the present study.

The SEM images showed that the produced Ag NPs
had a regular spherical shape; however, other shapes
were also observed sporadically. The mean size of Ag
NPs was 25-45 nm and 80% of which were in this range
(Fig. 1a). The produced Fe,O, NPs were in spherical and
cubic shapes as well as other irregular shapes sporadi-
cally. Some agglomerated particle was observed in the
microscopic imaging of nanoparticles produced; however,
there was no direct contact between the particles due to
their relative stability [29,30]. The stability of the produced
nanoparticles can be attributed to the synthesis of second-
ary metabolites with the nature of the bacterial protein
that coated the nanoparticles, thus resulting in stability.
The mean size of Fe,O, NPs was 55-80 nm and most of them
were in this range (Fig. 1b). Sundaram et al. [14], Begam [27]
and Ghani et al. [28] reported similar results; the particle
size was measured to be < 100 nm and that the produced
NPs had different ranges depending on the used microbial
strains. The particle shapes in these studies were mostly
spherical to cubic forms.

The XRD pattern of the synthesized NPs are shown
in Fig. 2. Analysis of XRD results of Ag NPs synthesized
by B. subtilis confirmed crystalline nature of Ag NPs and
demonstrated some characteristic peaks at 28.53°, 32.03°,
40.83°, and 45.58° two theta (20) values that corresponds to
(210), (113), (141), and (124) facets of silver NPs, respectively.
Also, for iron oxide NPs according to Fig. 2b, the main char-
acteristic peaks appear at 31.78°, 38.33°, 45.63°, and 56.63° 20
values that corresponds to (220), (311), (400), and (511) facets
of Fe,O, NPs, respectively [18,20].

FTIR spectra of synthesized silver NPs is shown in
Fig. 3a. FTIR analysis confirmed the existence of bacte-
rium metabolites, which are responsible for the reduc-
tion of Ag(I) ions into Ag(0) NPs. It was used to identify
the characteristic functional groups involved in the for-
mation of Ag NPs. The FTIR spectral peaks appeared at
3,424.33 cm™ assigned to the hydroxyl (-O-H) and amine
(-N-H) stretching due to the presence of amines and water.
Peaks at 2,962.70 and 1,647.24 cm™ are due to vibrations
of C-H and (NH) C=O stretching of alkanes and (amine)
amide bonds associated with the protein molecules, respec-
tively. A peak at 1,111.22 cm™ is due to vibrations of C-O
stretching of alcoholic groups. The peak near 995 cm™
assigned to C=CH, and the peaks at 621.39 and 540.02 cm™
were attributed to CH out of plane bending vibrations
which are substituted ethylene systems -CH=CH (cis) [18].
Therefore, the bioreduction of silver (I) into Ag NPs may
be attributed to the presence of phenols, proteins, amino
groups, alkanes, and alkenes present in the B. subtilis.

FTIR spectra of synthesized iron oxide NPs using
B. subtilis is presented in Fig. 3b. Peaks at 3,399.76 cm™ is
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Fig. 1. SEM images of (a) silver NPs and (b) iron oxide NPs synthesized by Bacillus subtilis.
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Fig. 2. XRD pattern of (a) silver NPs and (b) iron oxide NPs synthesized by Bacillus subtilis.

assigned to the OH stretching of alcohols and phenols [12].
A peak at 2,963.83 cm™ indicate the presence of CH stretch-
ing groups. The absorption peak at 1,674.79 cm™ can be
assigned to the amide band of proteins arising from carbonyl
stretching in proteins. The peak at 1,387.26 cm™ may be
assigned to the presence of carboxylate ions (COO-), which
is responsible for the formation of iron oxide NPs. The for-
mation of Fe,O, NPs is characterized by the absorption band
at 536.50 cm™ which is correspond to the Fe-O bond [12,13].

3.1. Evaluation of antibacterial effects
3.1.1. Measurement of ZOI diameter

The results of assessing antimicrobial effects of Ag NPs
using agar well diffusion method fabricated from B. subtilis
by the two approaches are shown in Table 1. Recently,
agar well diffusion method is widely used to evaluate
the antimicrobial activity of plants or microbial extracts.
As can be seen, the biomass method was relatively more
effective than the supernatant method, exhibiting better

antibacterial activities on the study bacteria; however, in
most cases, there was no significant difference between the
data. The difference in the antimicrobial effects between
selected antibiotics and Ag NPs was significant (P < 0.05).
Among these, S. aureus was the most sensitive and P. aeru-
ginosa was the most resistant bacteria. In general, gram-
positive bacteria were more sensitive to antimicrobials
than gram-negative ones, probably due to the presence of
lipopolysaccharide and lipid layers in the wall structure of
gram-negative bacteria; this is not always true and gram-
positive bacteria can also be more resistant in some cases.
In the same way, evaluation results of antimicrobial
effects of Fe,O, NPs using agar well diffusion method fabri-
cated from B. subtilis by the two approaches are summarized
in Table 2. Similarly, obtained results showed that the bio-
mass method was relatively more effective than the super-
natant method, exhibiting better antibacterial activities on
the study bacteria, like the findings of Ag NPs, and in most
cases, no significant difference was observed between the
data. The difference in the antimicrobial effects between the
selected antibiotics and Fe,O, NPs was significant (P < 0.05).
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Fig. 3. FTIR spectra of (a) silver NPs and (b) iron oxide NPs synthesized by Bacillus subtilis.

Table 1

Zone of inhibition diameter (mm) for two concentrations of silver nanoparticles extracted from supernatant content and biomass of
Bacillus subtilis against indicator bacteria using agar well diffusion method

Bacteria Synthesis method 50 ug/mL 100 pg/mL Ampicillin Gentamicin  Silver nitrate
S 18 +0.5¢A 25+ 0.5bA 30+0.5a - 10+ 0.2dA
Staphylococcus aureus B 19+02cA  25+0.3bA 30+0.5a - 10+ 0.2dA
Bocillus corens S 11+0.1cBC 14 +0.5bBC 26+0.2a - 10+0.1cA
B 13+ 0.3¢B 15+ 0.2bB 26+0.2a - 10+ 0.1dA
Peewdomonas seruginosa S 9+0.1cD 13+01bCD - 185+0.3a 7+0.2cAB
B 9+0.2cD 14+ 0.3bBC - 185+0.3a 7 +0.2cAB
o S 12 +0.3cB 15+ 0.2bB - 24+0.2a 9+0.1dA
Escherichia coli B 14 +0.1cB 17 +0.4bB - 24+0.2a 9+0.1dA

S = synthesis by supernatant; B = synthesis by biomass; also, different capital and lowercase letters in each row and column show the

significant difference between the data (P < 0.05).

Among the study bacteria, S. aureus and P. aeruginosa were
the most sensitive and the most resistant bacteria, respec-
tively. According to the results, the antimicrobial effects of
Ag NPs were stronger than Fe,O, NPs.

Today, silver nitrate is used as a common antimicrobial
agent because it has bacteriostatic and bactericidal effects

on most pathogenic and indicator bacteria. When Ag NPs
are produced from silver salts, their antimicrobial effects
are greatly increasing due to their very high reactivity and
higher contact surface. Ordinary iron oxide has no anti-
microbial effect, but its nanoparticle shape has antimicro-
bial properties and inhibits further growth of indicator
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bacteria. Thus, the greater activity in inhibiting of bacte-
rial growth by Ag NPs is due to the inherent antimicrobial
potential of silver metal, which increases after conversion
to NPs [31-33].

3.1.2. Determination of MIC and MBC values

The MIC and MBC calculated values of Ag NPs and
Fe,O, NPs against indicator bacteria are shown in Tables 3
and 4. The outcomes of microdilution tests of the synthe-
sized particles with both supernatant and biomass were
the same. The results showed that the MIC values of sil-
ver NPs for S. aureus and P. aeruginosa were 10 and 40 ug/
mL, respectively and the MBC values of Ag NPs for these
two bacteria were 20 and 80 pg/mL, respectively; which,
like the results of agar well diffusion method, indicated the
high resistance of P. aeruginosa and sensitivity of S. aureus
to the concentrations of Ag NPs used. Results showed that
the bacteriostatic and bactericidal effects of Fe,O, NPs on
indicator bacteria were weaker than Ag NPs; so that the
MIC value was 20 pg/mL for S. aureus and B. cereus, and
40 ug/mL for E. coli and P. aeruginosa; as well as the MBC
values were 40 and 80 pg/mL, respectively.

In a study by Maghsoudy et al. [23] the MIC values of
Fe,O, NPs and Ag NPs prepared from Cicutarium erodium
plant extract were 397.38 and 399.53 ug/mL against E. coli
and S. aureus, respectively. In latter study, the antimicro-
bial effect of Fe,O, NPs was reported to be slightly higher
than that of Ag NPs. Comparing the above results with
the present study, it was found that the MIC value of NPs
synthesized by the plant is probably much higher than
the bacterium due to the nature of the production of NPs,
and is fulfilled by different mechanisms. In a study by
Garmasheva et al. [22] Ag NPs produced by Lactobacillus
plantarum at a concentration of 50 g/L had a suitable
effect on most of the studied bacteria. In their report, ZOI
diameter of S. aureus was larger than the other bacteria
and that Salmonella enteritidis was more resistant than the
others. The results of ZOI diameter for indicator bacteria
were similar to the present study.

In a study on the effects of Ag NPs on some pathogenic
bacteria, Begam [27] showed that a concentration of 30 mg/
puL has more antimicrobial effects than a concentration of

Table 2

15 mg/uL. Among the study bacteria, Salmonella typhimurium
was the most sensitive (with a ZOI diameter of 15 mm),
and Klebsiella pneumoniae was the most resistant bacterium.
In a study by Ghani et al. [28] the results of inhibitory
effect revealed that the iron nitrate NPs have higher antimi-
crobial effects, while the normal form of iron (iron nitrate)
showed no antimicrobial effects. Among the study bacteria,
E. coli and P. aeruginosa were more sensitive than the others,
which is inconsistent with the present study. The results of
MIC and MBC tests were similar to those from the ZOI test,
and concentrations of 0.015 and 0.0078 mg/L inhibited the
growth of P. aeruginosa and E. coli, respectively. However,
a concentration of 0.031 mg/mL inhibited the growth of
B. cereus and S. aureus, which contradicts the present study.

Table 3

Results of minimum inhibitory concentration (MIC) and mini-
mum bactericidal concentration (MBC) of silver nanoparticles
extracted from supernatant content and biomass of Bacillus
subtilis against indicator bacteria using microdilution method

Bacteria MIC (ug/mL)  MBC (ug/mL)
Staphylococcus aureus 10 20
Bacillus cereus 20 40
Pseudomonas aeruginosa 40 80
Escherichia coli 20 40

Table 4

Results of minimum inhibitory concentration (MIC) and mini-
mum bactericidal concentration (MBC) of iron oxide nanopar-
ticles extracted from supernatant content and biomass of
Bacillus subtilis against indicator bacteria using microdilution
method

Bacteria MIC (ug/mL) MBC (ug/mL)
Staphylococcus aureus 20 40
Bacillus cereus 20 40
Pseudomonas aeruginosa 40 80
Escherichia coli 40 80

Zone of inhibition diameter (mm) for two concentrations of iron oxide nanoparticles extracted from supernatant content and biomass
of Bacillus subtilis against indicator bacteria using agar well diffusion method

Bacteria Synthesis method 50 ug/mL 100 pg/mL Ampicillin ~ Gentamicin Iron oxide
Stapll . S 13.5+0.3cA 17 +0.1bB 30+ 0.5a - 0
phyrococcus aureus B 142+04cA 195+ 0.6bA 30+ 0.5 - 0
. S 10.5 + 0.3cB 12.6 £ 0.4bCD 26 +0.2a - 0
Bacillus cereus
B 11 +0.4cB 13.2 +0.3bC 26 +0.2a - 0
) S 7.5+0.2cC 10 £ 0.1bE - 18.5+0.3a 0
Pseudomonas aeruginosa
B 8.2+0.4cC 11.3 £ 0.1bDE - 18.5+0.3a 0
Eecherichin col S 10 +0.4cB 13.5 +0.5bC - 24+0.2a 0
schericig cot B 102+0.3cB 143 +0.4bC - 24+02a 0

S = synthesis by supernatant; B = synthesis by biomass; also, different capital and lowercase letters in each row and column show the

significant difference between the data (P < 0.05).
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The results of a study by Mahmoud et al. [24] on the
effect of Ag NPs produced by Bacillus pumilus on some
opportunistic pathogenic bacteria using the determina-
tion of ZOI diameter, MBC, and MBC values showed
that S. aureus and Shigella were more sensitive than other
species and the ZOI diameter was between 25 and 30 mm.
The results of ZOI diameter measurement in S. aureus were
consistent with the present study, however, P. aeruginosa
with a ZOI diameter of 23 mm was reported to be a rel-
atively sensitive bacterium that contradicted the present
study. The MIC and MBC results for most bacteria, except
for E. coli, were between 5 and 15 pg/mL, which were
slightly lower than in the present study, probably due to the
nature of the nano-production and the nanoparticle size.
In the study of Mahmoud et al. [24] on the synthesis of iron
NPs using Alternaria fungi, it was found that the results
of measuring ZOI diameter for the selected bacteria are
similar to our study, so that P. aeruginosa and B. cereus are
more resistant and sensitive than the others, respectively.

4. Conclusions

The results of the present study indicated that B. subtilis
is able to produce nanoparticles from two metal solutions
of silver and iron, so that the synthesized nanoparticles
showed the highest wavelengths in the range of 435 and
225 nm, respectively. The scanning electron microscopy
images exhibited that the silver nanoparticles have smaller
size and spherical shape, however iron oxide nanoparticles
have larger size and spherical to cubic shapes. The XRD
pattern of NPs synthesized by B. subtilis well confirmed
the crystalline nature of Ag NPs and iron oxide NPs. The
FTIR analysis indicated that bioreduction of silver (I) into
Ag NPs may be attributed to the presence of phenols, pro-
teins, amino groups, alkanes, and alkenes present in the B.
subtilis. Also, the formation of Fe, O, NPs is characterized
by the absorption band at 536.50 cm™ which is correspond
to the Fe-O bond. The analysis of antimicrobial effects
revealed that there is no significant difference in the anti-
microbial activities between nanoparticles synthesized
from supernatant content and biomass. In general, silver
nanoparticles have better antimicrobial potential than iron
oxide nanoparticles, and S. aureus and P. aeruginosa are the
most sensitive and resistant bacteria, respectively. Due to the
antimicrobial effects of these nanoparticles, they can be used
as bio-alternatives and eco-friendly nanomaterials to reduce
microbial contaminants, especially indicator bacteria in
water, and contribute to the health and food safety of society.
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