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Bacillus subtilis was used for biogenic of silver nanoparticles. Characterization of the prepared silver
nanoparticles was done by UV–Vis spectroscopy, Transmission Electron Microscopy (TEM), and Fourier
Transform Infrared Spectroscopy (FT-IR). The particle size of the prepared nanoparticles ranges from 3
to 20 nm with spherical or roughly spherical forms. The antimicrobial efficacy of the produced nanopar-
ticles was investigated against five strains of multidrug resistant microorganisms including:
Staphylococcus aureus (MRSA), Staphylococcus epidermidis, Klebsiella. pneumoniae, Escherichia coli and
Candida albicans tested as yeast. During this study, the minimum inhibitory concentrations (MICs) and
the minimum lethal concentrations (MLCs) of synthesized silver nanoparticles were detected using
selected strains of the genus Bacillus by a broth dilution method. The rate of MIC of the prepared silver
nano-particles versus the investigated clinical isolates exhibit a massive anti-microbial efficacy; (230
mgml�1) for MRSA; 180 for Staphylococcus epidermidis, 200 for Escherichia coli and 100 mgml�1 for
Candida albicans. On the other hand, the lowest anti-microbial efficacy (300 mgml�1) was appeared for
Klebsiella pneumonia. The obtained results demonstrated the effectiveness of the biogenic nanoparticles
and the possibility of using them as a new method in combating infectious diseases.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In the past few years, work has increased in scientific research
on the production of nanoparticles due to innovative applications
in various industrial fields. Nanoparticles are the dispersion of par-
ticles from solid particles with a single dimension measured
between one to one hundred nanometers. Nanoparticles con-
tributed to opening different fronts to design new materials and
assessing their properties by adjusting the size, shape, and distri-
bution of their molecules (El-Gamal et al., 2018). Mineral nanopar-
ticles are now widely used because of their unique properties such
as being anti-bacterial and anti-cancer.

One of the most important characteristics of nanoparticles is
that they have a large surface area relative to their very small size,
which increases their interaction with other molecules. These
remarkable properties have earned these metal nanoparticles a
great interest in many applications such as biochemical sensors,
electronic equipment, stimulants, biopsy, tumor imaging, drug
making and pharmaceutical preparation methods (Gahlawat
et al., 2016).

In fact, the production and stability of nanoparticles is done
through a ‘‘top-down” or ‘‘bottom-up” strategy (Ahmed et al.,
2016). In the bottom-up strategy, nanoparticles are produced by
self-assembling atoms in the nucleus that develop into nanoparti-
cles. This approach includes chemical and biological methods,
while in the ‘‘top-down” strategy, large materials are broken down
into small molecules by reducing their size by using different phys-
ical and chemical techniques. The physical methods used to pro-
duce nanoparticles include several methods, including grinding
and thermal fusion. The chemical methods include electrochemical
synthesis, chemical reduction, and optical chemical reduction
technique (Gahlawat and Choudhury, 2019). A disadvantage of
physical methods is that they require a large amount of energy,
which makes these types of processes drain a lot of money. It also
has a low yield of nanomaterials.

During the past years, the processes of synthesis of nanoparti-
cles by chemical methods were more common because they do
not require high energy during the reduction process and they also
produce homogeneous particles of high accuracy in size and shape.
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Unfortunately, these chemical methods have serious environmen-
tal damage as a result of the use of risky chemicals, which are
hydrazine and potassium betarutrate that cause cancer, genetic
and cellular toxicity (Kharisov et al., 2016). The use of chemical
methods for the biogenic of nano-particles used in medicine is
non-existent due to the toxicity and instability of these molecules
in addition to their biological bicompatibility (Shah et al., 2015).
Therefore, new methods have been developed to synthesize
nanoparticles that are more environmentally friendly and have
an effective shape and size that are more stable (Kulkarni and
Muddapur, 2015).

The biosynthesis process for nanoparticles provides a wide
range of environmentally friendly specifications as the use of toxic
chemical materials is low. Thus, it has been supposed to synthesize
nanoparticles through a biological process using microorganisms
as an alternative to chemical and physical methods (Li et al.,
2016). The biogenic of nanoparticles using microbial methods is
echo friendly and has advantages characteristics because it occurs
at a relatively ambient temperature and pressure in addition to
that they are methods that are less expensive and take a little time
than those that use chemical or physical methods (Singh et al.,
2016; Mohamed et al., 2017a, 2017b).

Bacteria are a prospective candidate for biogenic of nanoparticle
consequent to manipulation of genetic material and the easy han-
dling (Faramarzi and Sadighi, 2013). Also, bacteria can survive in
all kinds of unfavorable conditions, for instance, high or low peaks
of temperatures, variable degrees of alkalinity or acidity, and high
salt concentrations. At the same time, biologically formed nanopar-
ticles have many applications, such as being catalysts in chemical
reactions (Li et al., 2016), optical receptors, an antimicrobial agent
(Ranjan and Jadeja, 2017), as well as being able to precipitate
nanoparticles due to their metabolic activity. The biological syn-
thesis of nanoparticles by bacteria is facilitated by their ability to
precipitate those molecules out of cells, as those nanoparticles
can be obtained using cell filtration which is considered beneficial
for intracellular synthesis (Natarajan and Selvaraj, 2010).

It has been known that bacteria synthesize nanoparticles in two
ways, one through extracellular mechanisms and the second
within cells. In this regard, Beveridge and Murray (1980) were
the first to synthesize nanoparticles gold (AuNP) from the extracel-
lular wall of B. subtilis using the gold chloride solution. In another
work, Seudomonas stutzeri AG259 was used to produce AuNP
nanoparticles accumulated inside cells, characterized by being of
a small size (1–200 nm) using the NADH dependent enzyme. Also
Srivastava et al. (2012) stated that Pseudomonas aeruginosa bacte-
ria have the capacity to biogenic distinct types of nanoparticles
within cells such as nanoparticles Pd, Ag, Rh, Ni, Fe, Co, Pt, and Li
without ever having to use any type of stabilizing agent and elec-
tron, then studies continued to test many bacteria in their ability to
synthesize nanoparticles such as those conducted on Escherichia
coli, B.subtilis, B.megaterium, B.cereus, Pseudomonas aeruginosa,
Klebsiella pneumoniae, Alteromonas and Ochrobactrum sp.etc.

Recently a group of bacteria has developed itself to become
more resistant to antibiotics, making it more dangerous for the
human race. Now the nanoparticles are a newly innovative new
agent with a wider surface area relative to their small size and with
physical and chemical properties that make them highly capable of
dealing with these pathogenic bacterial species and that can pene-
trate the cell wall. There are many experiments that have proven
this true (Ali et al., 2018).

In this study, five strains of Bacillus were examined for the syn-
thesis of AgNPs. Among these different Bacillus species, only Bacil-
lus subtilis, has demonstrated greater potential for synthesis of
AgNPs. Ultraviolet spectroscopy, FTIR, and TEM analyzes were used
to characterize the formed AgNPs. These AgNPs are also studied for
their antimicrobial activity against five different species of mul-
tidrug resistant microbes.

2. Materials and methods

2.1. Test microorganisms

Culture of five strains of Bacillus which are Bacillus subtilis, B.
cereus, B. megaterium, B. pumilus, and B. circulans, were obtained
from the Riyadh Military Hospital, Riyadh, Saudi Arabia to be used
in the biogenic of AgNPs. The antimicrobial efficacy of the pro-
duced AgNPs were tested versus five different species of multidrug
resistant microbes which also kindly provided by the Riyadh Mili-
tary Hospital, Riyadh, Saudi Arabia including: Staphylococcus aur-
eus (MRSA), Staphylococcus epidermidis, Klebsiella pneumoniae,
Escherichia coli and Candida albicans tested as yeast.

2.2. Chemicals

During my experiments, all the chemicals, media, reagents and
AgNO3 were of analytical grade.

2.3. Instruments

� Spectrophotometer: JASCO V-560 UV–visible spectrophotome-
ter, Japan.

� FT-IR: JASCO FT/IR-3600 infra- red spectrometer, Japan.
� Transmission Electron Microscope: JEOL electron microscope
JEM-100 CX, Japan.

2.4. Production of biomass

The test of the different isolates was grown aerobically. The
microbial cultures were brood on an Orbital Shaker at 37 �C and
continuous agitation at 200 rpm. The microbial biomass was col-
lected after 24 h of growing and centrifuged at 10,000 rpm for
ten minutes.

2.5. Biogenic of silver nanoparticles

Preparation of Ag nanoparticles was conducted according to
Kalishwaralal et al., 2008 and Vaidyanathan et al. (2010). For the
preparation of AgNPs, two solutions were prepared; the first one
was: 100 ml of supernatant was mixed with one ml of silver nitrate
solution (1 mM) and the second reaction mixture was prepared
without AgNO3 that used as a control test. The designed solutions
were incubated at 30 �C for 24 h. All solutions were preserved in
dark to abolish any photochemical reversion during the experi-
ment. Then, the solutions turned from yellow into brown colure.
The silver nanoparticles were purified by centrifugation at
10000 rpm for five minutes twice, and collected for characteriza-
tion. To screening the most potent Bacillus strains for microbio-
logical synthesis of silver nanoparticles, the optical density of
silver nanoparticles synthesized by different cell supernatants
was measured.

2.6. Effect of time on AgNPs biosynthesis

To investigate the efficacy of time on the biosynthesis of silver
nanoparticles, a fresh colony of the best Bacillus strain produces
for silver nanoparticles was selected. The culture tubes were incu-
bated for 60 min then one ml of the growth was inoculated in new
flasks containing ten ml LB broth incubated at 37 �C with contin-
ued shaking 150 rpm for 20 h. One ml of nanoparticle suspension



Table 1
Screening of the antimicrobial activ-
ity of five Bacillus species.

Bacillus species Absorbance

B. subtilis 3.2
B. cereus 2.5
B. coagulans 2.2
B. megaterium 2
B. pumilus 1.6
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was added to the experimental flask. The growth of the microbe
was detected by determining the O.D. of culture at regular time
interval (4 h) by UV–Vis Spectroscope at 600 nm. An equal volume
from each culture was outgoing and the optical density was calcu-
lated and draws the growth curves of microbial strains.

2.7. Characterization of silver nanoparticles

2.7.1. UV–vis spectroscopy
UV–vis spectrophotometer from 200 to 900 nm operated at a

resolution of 1 nm was used as a function of wavelength for spec-
tral analysis of silver nanoparticles.

2.7.2. Transmission electron Microscopy
The size and morphology of the synthesized nanoparticles were

recorded by using TEM model JEOL electron microscope JEM-100
CX. TEM studies were prepared by drop coating silver nanoparti-
cles onto carbon-coated TEM grids. The film on the TEM grids were
allowed to dry, the extra solution was removed using a blotting
paper.

2.7.3. FT-IR spectroscopy.
FTIR was used to recognize the conceivable biomolecules charge

of the reduced Ag ions and capping of the bio-reduced silver
nanoparticles produced by the microbial extract. In order to detect
the functional groups and their possible partnership in the bio-
genic of silver nanoparticles, the freeze-dried produced nanoparti-
cles were grinded with potassium bromide and the spectrum was
detected by using FTIR spectroscopy (VERTEX 70 Spectroscopy,
Japan).

2.8. Screening of the antimicrobial activity

The antimicrobial study of the silver nanoparticles synthesized
including zone of inhibition, MIC, MIC50, MIC90 and minimum
lethal concentration (MLC) calculations was conducted for all the
investigated organisms.

2.8.1. Determination of inhibition zone by disc diffusion method
The antimicrobial efficacy of the silver nanoparticles samples

was investigated by the method described by Bauer et al., (1966).

2.8.2. Determination of (MIC and MLC)
Five different strains; S. aureus (MRSA), Staphylococcus epider-

midis, Klebsiella pneumoniae, Escherichia coli and Candida albicans
(tested as yeast) were chosen for investigation in my study. The
MICs definition were outright in Luria Bertani (LB) broth in twin
using serial two-fold dilutions of silver nanoparticles in concentra-
tions extend from 1600 to 0.049 ppm, along with positive control
tube (the microorganism in LB broth) and negative control one (LB
broth) (CLSI, 2009). The MIC was determined after 24 h of incuba-
tion at 37�C with initial inoculums of 0.1 OD at 600 nm. The MIC is
the lowest concentration of AgNPs that completely visually inhibits
99% growth of the tested microorganisms. The concentrations of
AgNPs able to inhibit the visible growth of 50% and 90% of a pop-
ulation of microorganisms (MIC50 and MIC90, respectively) were
also determined. After MICs determinations, aliquots of 50 ul from
all tubes in which no visible growth was observed were seeded in
Mueller-Hinton Agar plates (MHA) not supplemented with silver
nanoparticles and were incubated for 24 h at 37 �C. The MLC was
defined as the lowest concentration of AgNPs with no growth on
the MHA medium (i.e. kills 100% of the initial microbial popula-
tion) (Ansari et al., 2011). The bacteristatic and fungistatic effects
of the silver nanoparticles versus the tested microbial strains were
represented by the MIC while, the bactericidal and fungicidal
activities were represented by the MLC (MBC & MFC for bacteria
and yeast strains, respectively).

2.9. Statistical analysis

Testing the significance of antimicrobial activity of silver
nanoparticles was carried out by standard analysis of variance
(ANOVA) Version 9 by SAS Institute Inc. Cary, NC, USA. The deter-
minations were done in triplicate and the mean values ± SD were
presented.

3. Results

3.1. Screening of the activity of different Bacillus strains for AgNPs
biosynthesis

On the screening of the most potent specie of the studied five
Bacillus species for microbiological biogenic of silver nanoparticles,
it was found that the B. subtilis strain showed the best results with
the highest optical density so it was used for the rest of the study
(Table 1).

3.2. Biogenic of AgNPs by bacterial reaction

The aqueous silver ions (Ag+) were reduced to AgNPs when
added to the cell-free supernatant of B. subtilis within 18 h after
incubation. During the incubation period, the yellow color was
changed to brown color and the control showed no change in color
(Fig. 1).

3.3. Effect of time on the biogenic AgNPs

As a function of time, the UV–Vis spectra absorbance at a con-
centration of 1 mM silver nitrate and 5 ml of cell free supernatant,
indicates that the reaction was completed during 18th hours of the
incubation period. An increase in time does not affect the forma-
tion of silver nanoparticles as shown in Fig. 2.

3.4. Characterization of silver nanoparticles

3.4.1. UV–vis. Spectroscopy
The formulation of silver nanoparticles was assured by employ

a UV–visible spectral scan at 200–800 nm. The dispersed silver
nanoparticles revealed an intensive color which attributed to the
absorption for the surface plasmon resonance spectrum (SPR) of
silver nanoparticles. Subsequently, metallic bio-nanoparticles
own a distinctive visual absorption spectrum in the UV–visible
region. The strong UV– visible spectrum of silver nanoparticles
was a broad peak and existing between 400 and 470 nm reference
the existence of round or nearly round silver nano-particles (Fig. 3).

3.4.2. TEM analysis
TEM analysis were applied to characterize the formation type

and size of produced silver nanoparticles. Low magnification TEM
micrographs indicated that the particles were rounded or nearly



Fig. 1. Biogenic of AgNPs by bacterial reaction (A) and the negative reaction in the control test (B).
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Fig. 2. Effect of time on the biogenic AgNPs.
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Fig. 3. UV Vis- Spectrum of the produced AgNPs by B.subtilis.

Fig. 4. Representative TEM micrograph AgNPs synthesized by the reduction of
AgNO3 ions in B.subtilis supernatant.
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rounded in shape and monodisperse distributed without consider-
able integration (Fig. 4). The NPs size ranges from 3 to 20 nm.

3.4.3. Fourier Transform Infra-Red spectroscopy (FT-IR).
FT-IR measurements were carried out in order to obtain infor-

mation about chemical groups present around silver nanoparticles
for their stabilization and understand the transformation of func-
tional groups due to reduction process. The processes were carried
out using JASCO FT/IR-3600 infra-red spectrometer by employing
KBr pellet technique (see Fig. 5).
3.5. Antimicrobial efficacy

3.5.1. AgNPs efficacy against different strains of pathogenic bacteria
and yeast.

In this study, the antimicrobial efficacy of the formed silver
nano-particles versus five species of highly pathogenic multidrug
resistant microbes was investigated. The anti-microbial activity
of silver NPs have been compared to Streptomycin and Fluconazole
as antibacterial and antifungal drugs, respectively. The synthesized
AgNPs were proved to have anti-microbial efficacy against all the
investigated microorganisms (Table 2). The diameters of clear area
(mm) determined for Staphylococcus aureus (MRSA), Klebsiella
pneumoniae, Escherichia coli and Candida albicans were 30.12,
39.00, 31.04, 35.93 and 28.41, respectively. The inhibitory effect
of the silver nano-particles on each test organism is particular
and diverges from one to another. The obtained data clearly indi-
cates that, the difference in the inhibitory action of silver nanopar-
ticles on the tested microorganisms was statistically significant
(P- value < 0.05) (see Table 2).



Table 2
Diameter of inhibition zones of the synthesized AgNPs efficacy against different strains of pathogenic bacteria and yeast (Data were represented by mm as Mean of three
replicates ± SD).

Teste strain Streptomycin (Standard
antibacterial agent)

Fluconazole (Standard
antifungal agent)

Mean of Inhibition zone
diameter nm (Mean ± SD)

P-value

Staphylococcus aureus (MRSA) 23 ———— 30.12 ± 0.54 0.0523*
Staphylococcus epidermidis 32 ————— 39.0 ± 0.09 0.0276*
Klebsiella pneumoniae 28 —————— 31.04 ± 1.52 0.0113*
Escherichia coli 27 ———— 35.93 ± 0.26 0.0551*
Candida albicans ——————— 22.01 28.41 ± 1.03 0.0917*

The concentration of standard antibiotic was 200 mgml�1.
The concentration of AgNPs was 200 mgml�1.

* p-value significant < 0.05.
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3.5.2. Minimum inhibitory and minimum lethal concentration values
of the silver nanoparticles synthesized for the selected strains.

Using the standard broth macro dilution method, the MIC,
MIC50, MIC90 and MLC values of the silver nano-particles for the
tested microbial-strains were calculated and summarized in
(Table 3). The rate of MIC of the prepared silver nano-particles ver-
sus the investigated clinical isolates exhibit a massive anti-
microbial efficacy; (230 mgml�1) for MRSA; 180 for Staphylococcus
epidermidis, 200 for Escherichia coli and 100 mgml�1 for Candida
albicans. On the other hand, the lowest anti-microbial efficacy
(300 mgml�1) was appeared for Klebsiella pneumoniae.
Fig. 5. FTIR spectrum of fermented extract with silver nanoparticles.
4. Discussion

4.1. Biogenic of AgNPs by bacterial reaction

The primary confirmation of biogenic bio-nanoparticles in the
microbial supernatant was described by the change in colour from
yellowish-white to brown. Addition of Ag+ ions to the supernatant
exhibit the data as a color-forming to brown due to the reduction
of Ago (Ranganath et al., 2012). Control (culture supernatant with
no silver nitrate) showed no change in color when incubated for
the same duration and conditions (Fig. 1) (see Fig. 5).
4.2. Effect of time on the biogenic AgNPs

The change in color throughout the supernatant was occurred
after 12 h of incubation and the maximum color was completed
at 18 h depending on the stages in microbial growth. It is agree-
ment with Gurunathan et al., (2009); Sweeney et al., (2006) and
Kalimuthu et al., (2008) who announces that the farthest produc-
tion of bio-nanoparticles acquired during the culture in the con-
stant (stationary) phase. However, Natarajan et al. (2010)
reported that the farthest production of bio-nanoparticles was
recorded during the period with the exponential phase. It was
believed the biogenic of nanoparticles due to the proteinous mole-
cules and enzymes include nitrate- reductase enzyme which acts
as a perfect streamline factor in silver nanoparticles biosynthesis
(Natarajan et al., 2010).
Table 3
Minimum inhibitory and minimum lethal concentration values of the AgNPs synthesized

Tested strains MIC (mgml�1) MIC50

Staphylococcus aureus (MRSA) 230 60
Staphylococcus epidermidis 180 70
Klebsiella pneumoniae 300 90
Escherichia coli 200 50
Candida albicans 100 205
4.3. UV Vis- spectrum of the produced AgNPs by B.subtilis.

The appeared color pliable to measurement the absorbance
against distinct wavelength to emphasize the construction of silver
nanoparticles. The conformable UV–vis absorption spectra were
summarized in Fig. 3. The sample showed a broad spectrum range
of around 400–470 nm. The appearance of wide resonance sug-
gests the accumulation of silver nanoparticles. It was indicated that
at 410 nm coincide with the transfer plasmon vibration in silver
nanoparticles while the peak at 470 nm due to the excitement of
longitudinal plasmon vibrations. The spectrum with bands in this
domain has been connected with the surface-plasmon resonance
of any-sized Ag metal, corroborative the appearance of silver
nanoparticles in the supernatant after insinuation to ultraviolet
light (Shankar et al., 2003).
4.4. TEM analysis

The amorphous nature of the silver nanoparticles is also con-
firmed from TEM pictures as well. The biologically prepared NPs
are in round or slightly rounded shapes. The average particle size
for the selected strains.

(mgml�1) MIC90 (mgml�1) MLC MIC (mgml�1)

140 380
100 220
160 500
100 250
370 450



2190 K.I. Alsamhary / Saudi Journal of Biological Sciences 27 (2020) 2185–2191
was around 3–20 nm. The biogenic silver nanoparticles can be used
in different medical treatments, such as, killing of unwanted
microorganisms with UV irradiation and subsequently use as an
optical probe in medical diagnosis by using the visible emission
(Show et al., 2015). These outcome data are comparable to the pre-
viously recorded data using culture supernatants of Bacillus subtilis
(PTCC 1023) and Candida albicans (PTCC 5011) (Minaeian et al.,
2008; Natarajan et al., 2010). The prospect to acquire bio-
nanoparticle shape monitoring by employ green biogenic
approaches is expectant to open up a new spectacular way for eco-
friendly, large scale, and economically applicable controlled shape
biogenic of bio-nano materials (Abdel-raouf et al., 2018, 2019).

4.5. FTIR spectrum of fermented extract with silver nanoparticles

FTIR measurement was executed to distinguish the potential
interactions between Ag and bio-active compounds, which may
be accountable for the production and stability of silver nanoparti-
cles as capping agent. The carboxylic acid derivative with an amine
group among amino-acid remnant in proteinous compounds indi-
cate the infrared region of the electromagnetic spectrum. The pres-
ence of the amino acid peaks sustenance the existence of protein in
clear filtrate as spotted in UV–vis spectra. In this regard, El-Batal
et al. (2013) suggest that interactions between nanoparticles and
proteins can take place either through free amine groups or cys-
teine residues in proteins as well as through the electrical attrac-
tion processes of negatively-charged carboxyl groups in enzymes.
This evidence indicates that when protein molecules are released
outside the bacterial cell it can function to form and stabilize silver
nanoparticles in aqueous media.

4.6. Antimicrobial activity of the biogenic silver nanoparticles

Regarding the anti-microbial efficacy of the prepared silver
nanoparticles, the lethal mechanism against the tested pathogenic
microbes may comprise the releasing of silver ions (Ag+) from sil-
ver nanoparticles and the consistency of crystalline carbohydrates,
lipids, nucleic acids, and proteins, assembled with silver nanopar-
ticles steady on the microbial walls, forming cavity and piercing
inside the plasma membrane to the cytoplasm (Sahu et al., 2013).

Other investigations suggest that silver nanoparticles may con-
nect to the exterior of the plasma membrane troubling the perme-
able process and respiratory functions of the cell or by interfering
with components of the microbial electron transport system
(Sharma et al., 2009). In this regard, a study was conducted that
stated the antimicrobial activity of silver nanoparticles due to the
positive charge on Ag+ ion which is conclusive to its antimicrobial
potential through electrostatic attraction factors between the cell
membranes of microbes of negative charge and positively charged
NPs. (Vijayakumar et al., 2013). Furthermore, the silver bio-
nanoparticles not only interface with the exterior of the cell mem-
branes, but they also have the ability to sneak these membranes
and pass into the microbial cells (Sharma et al., 2009).

On the other hand, the silver metal-free radicals increase the
oxidation forces, such as the strength of the reactive oxide species
(ROS), which have the power to deteriorate the microbial mem-
branes and nucleic acids, which ultimately leads to cell death
(Hajipour et al., 2012; Tamboli and Lee, 2014). Former works par-
ticular that the Ag ion liberated from silver nanoparticles was
accountable for antimicrobial efficacy (Feng et al., 2000). The free
Ago ion can subsequently join with the thiol series of enzymes
(Zhang et al., 2013). In this respect, it was found that the silver
bio-nanoparticles which synthesized at 100 �C for six hours were
poisonous to both gram-positive and gram-negative bacteria. This
intensity may be due to the minimal size of the silver bio-
nanoparticles simulated under this status which results in a higher
surface area (Cui et al., 2013). Also, from the reported results the
formed nanoparticles exhibited a highly pronounced antifungal
activity against yeast tested which might be probably through
destruction of yeasts potential and membrane integrity resulting
in the consistence of grove and cell death. Different other works
suggest that, suppression of bud growth get together with mem-
brane injury and suggest that silver nanoparticles prevent the com-
mon growth process through the demolition of membrane
benignity (Nasrollahi et al., 2011).

5. Conclusion

This data suggest green and eco-friendly method to biogenic sil-
ver bio-nanoparticles by Bacillus subtilis. Silver nanoparticles was
reduced in a Bacillus subtilis culture supernatant. Bacillus subtilis
supernatant was used as both reducing and stabilizing factors.
The antibacterial efficacy of silver bio-nanoparticles display a com-
mitment for use as a strong agent to treat multidrug resistant
microorganisms.
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