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ABSTRACT
Biosynthesis of nanoparticles is not a new approach in nanotechnology. Stability, size, catalysis ability, non-toxicity, biocompatibility and
speed of synthesis are the facts considering while selecting the method of synthesis for medical applications. Probiotics are beneficial
microorganisms that comes under generally regarded as safe status. The ability of two probiotic bacteria Bacillus clausii and Bacillus
subtilis from Enterogermina® is tested for its ability to synthesize silver nanoparticles and its biological applications. Synthesis was
confirmed by UV- Vis spectroscopy, FTIR, XRD, SEM- EDX and TEM. The biosynthesized silver nanoparticles showed good antibacterial
activity against all the gram negative pathogens tested but not to Staphylococcus aureus. Even though S. aureus was not inhibited, its
biofilm formation was inhibited by the AgNPs. AgNPs also exhibited a dose dependent antioxidant activity. The antibacterial, antibiofiilm
and antioxidant properties of biosilver nanoparticles extended their applications in medical field especially in catheters and dental cares.
Keywords: Probiotics; silver nanoparticles; antibacterial activity; antibiofilm activity.

1. INTRODUCTION
Nanotechnology is an emerging field of research which
attains maximum growth in the previous few decades. The most
important factor which contributes to the activity of nanoparticles
is its size usually below 100nm. There are different methods for the
synthesis of nanoparticles: physical, chemical and biological. As
physical and chemical methods are expensive, time consuming and
involves the use of hazardous chemicals, nanobiotechnology
evolved as a solution to this. Plant extracts, bacteria, fungi and algae
can mediate the reduction of metal salts to ions and can scale up
them to nanosized particles [1]. Antibacterial property of silver is
known to man from the early days. Silver salts mostly AgNO3 is
using in treating burns, for water sterilization, in cosmetics etc. It
was advised in the USA that 1% AgNO3 must be instilled in
newborns eye immediately post delivery [2]. Recently silver found
tremendous applications in medicine and health care products and
there are several patented products which includes silver coated
medical devices, silver based wound dressings, personal care
products such as sanitary towels, cosmetics, tooth brushes, hair
dyes, antimicrobial food packaging etc.[3].

The attempt to fabricate silver salts to metal nanoparticles
developed recently. The high surface area volume ratio added the
demand for nanoparticle formulations as it provides more surface
to react with other molecules. The scientific community is in
continuous search for biocatalysts for the synthesis of nanoparticles.
Bacteria mediated synthesis is gaining importance as it is suitable
for mass production, biocompatibility and no toxicity [4]. Since
most of the bacteria reported to have the property of nanoparticle
synthesis belongs to the pathogen group, selection of a bacteria with
GRAS (generally regarded as safe) status will reduce the risk.
In our study two probiotic bacteria Bacillus clausii and
Bacillus subtilis isolated from a probiotic formulation
Enterogermina® was used. Probiotics are “live microorganisms
which when consumed in adequate amounts confer health benefit
to the host” [5]. The study aims to evaluate the ability of two strains
to synthesize silver nanoparticles (AgNPs) and their antibacterial
effects.

2. MATERIALS AND METHODS
2.1. Synthesis of probiotic mediated silver nanoparticles.
B. clausii and B. subtilis isolated from a probiotic
formulation Enterogermina® was used for the synthesis of AgNPs.
Bacterial cells as well as cell free supernatants were used as
catalysts for the reduction of AgNO3 to metallic silver [6, 7].
Bacterial cells and cell free supernatants were obtained by
inoculating the strains into nutrient broth at 1% inoculums and
incubated at 37ºC for 24hr. Cells were harvested by centrifuging at
10000rpm for 10min at 4ºC. Supernatants were collected and pellets
were washed in PBS 2 times. Approximately 2gm wet mass of cells
was added into 500ml of 1mM AgNO3 solution.30ml of culture

supernatant and 70ml AgNO3 was mixed and both the suspensions
were incubated at room temperature in dark and light under static
and shaking condition and visually observed for 72hrs for color
change. 1mM AgNO3 without cells or supernatant was maintained
as control. The flasks showed reddish brown color were sonicated
for 3min with 30s cycle and 10s interval. Samples were centrifuged
at 10000rpm for the removal of cell debris and the supernatant was
again centrifuged at 15000rpm for 15 minutes. The pellets were
collected and dispensed in deionized water for further analysis.
2.2. Characterization of AgNPs.
2.2.1. UV- Vis Spectroscopy.
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Reduction of AgNO3 was confirmed by UV-Vis Spectra of
diluted samples ranging from 300- 600nm using Shimadzu UV
2600 spectrophotometer. Baseline was set with deionized water.
AgNPs exhibit a characteristic Surface Plasmon Resonance peak
(SPR) depending on its size.
2.2.2. Fourier Transform Infrared (FTIR) Spectroscopy.
The stretching and vibrations of capping biomolecules of
AgNPs were detected by FTIR. FTIR spectrums of the diluted
samples were taken in Shimadzu IS prestige ranging from 750-4500
cm-1with a resolution of 1cm-1.
2.2.3. X-Ray diffraction (XRD).
The diluted sample was coated over a clean sterile glass slide
and dried. XRD analysis was performed in RigakuMiniflex 600 X
Ray diffractometer with Bragg’s angle 2θ between 5° and 90°
operating at a voltage of 40kV and a current of 15mA with Cu-kα
radiation (λ= 1.5406nm).
2.2.4. Electron Microscopy.
Morphology and size of the AgNPs were determined by
Scanning Electron Microscopy (SEM) coupled with Electron
Dispersive X Ray (EDX) detection and High Resolution
Transmission Electron Microscopy (HR-TEM). For SEM EDX
samples were coated with gold and viewed under JEOL- JSM- 6390
microscope with an accelerating voltage of 20kV. High resolution
TEM analysis was performed in JEOL- JEM-2100 with an
accelerating voltage of 200kV. A drop of the sample was placed on
carbon coated copper grid and kept for drying and later visualized.
2.3. Antibacterial activity of Probiotic AgNPs.
Antibacterial activity of probiotic AgNPs against selected
human pathogens procured from Microbial Type Culture Collection
(MTCC), Chandigarh, India was done by agar well diffusion.
Overnight culture of Escherichia coli (MTCC 1610), Salmonella
typhi (MTCC 733), Pseudomonas aeruginosa (MTCC 2453),
Staphylococcus aureus (MTCC 1430) and Klebsiellapneumoniae
(MTCC 432) in peptone water was plated on Muller Hinton Agar
using sterile cotton swabs and wells of 7mm diameter were cut on
it. Different volumes of nanoparticles (10µl, 20µl, 40µl and 80µl)
were added into the wells and incubated at 37ºC for 24 hrs. Culture
supernatants of B. clausii and B. subtilis were maintained as
controls. The zone of inhibition around the wells was measured.
2.4. Determination of minimum inhibitory concentration
(MIC).
MIC of probiotic AgNPs was determined by resazurin dye.
Growth of pathogens in the presence of nanoparticles was evaluated

by taking absorbance at 560nm. Detection of MIC by resazurin was
done according to Loo et al with modifications [8]. The same
volumes of nanoparticles used in agar well diffusion were added to
100 µl of overnight grown pathogens having OD of 1 in 96 well
microtitre plate and incubated at 37ºC for 24 hrs. After incubation
30 µl of resazurin (1.5mg/10ml) was added to each well and
incubated for 1 hr. development of pink color after incubation
indicated live bacterial cells while blue or purple color indicated
dead cells.
2.5. Antibiofilm activity.
Inhibition of pathogen biofilm production by AgNPs was
done by microtitre plate assay [9, 10]. Briefly, 100µl of fresh
nutrient broth (NB) was added to 10µl of overnight grown pathogen
in 96 well polystyrene plate. Different volumes of AgNPs used in
the previous experiments were make up to 100µl in order to
maintain the volume constant and added to it and incubated at 37ºC
for 24hrs. After incubation the planktonic pathogenic cells were
removed by gentle pipetting without disturbing the biofilm and
washed three times with sterile distilled water. 200μl of methanol
was added to each well to fix the adherent cells and kept for 15
minutes, air dried and stained with 2% crystal violet for 15 minutes.
Excess stain was removed by washing with distilled water. The
adherent stain was extracted with 160µl of 33% glacial acetic acid
and OD was measured at 595nm. Pathogens without AgNPs were
maintained as control. Percentage inhibition of biofilm formation
was calculated using the formula
% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = 100 − {(𝑂𝐷𝑜𝑓𝑡𝑒𝑠𝑡/𝑂𝐷𝑜𝑓𝑐𝑜𝑛𝑡𝑟𝑜𝑙) × 100}
2.6. Free radical scavenging activity by 2, 2-diphenyl-1picrylhydrazyl (DPPH) scavenging.
Antioxidant activity of probiotic AgNPs was determined by
DPPH scavenging [11]. 1 ml of nanoparticle samples (concentration
the same as mentioned above) were added to 1 ml of 1mM freshly
prepared methanolic DPPH solution, vortexed and incubated in
dark at room temperature. Optical density was measured at 517 nm.
DPPH solution without test sample was maintained as control. The
percentage DPPH scavenging activity was calculated by
(𝑂𝐷𝑜𝑓𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑂𝐷𝑜𝑓𝑡𝑒𝑠𝑡)
% 𝐷𝑃𝑃𝐻 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 = {
} × 100
𝑂𝐷𝑜𝑓𝑐𝑜𝑛𝑡𝑜𝑙
2.7. Statistical evaluation.
All tests were done in triplicates and values are expressed as
average ± standard deviation

3. RESULTS
3.1. Synthesis of probiotic mediated silver nanoparticles.
Primary confirmation of AgNPs formation was done by
visual observation. Flasks inoculated with culture supernatant and
AgNO3 did not show any colour change. Brown to brick red colour
was formed in flasks inoculated with bacterial cells and AgNO3after
24 hrs of incubation in light (Fig 1 and 2) in static as well as shaking
conditions. Both probiotics B. clausii and B. subtilis were able to
reduce AgNO3 into metallic silver. Colour of AgNO3 solution which
was maintained as control did not change after 24 hrs of incubation
in light and dark condition. Sonication of the samples disrupts the
bacterial cells and releases the nanoparticles synthesized inside the
cell. Centrifugation at 10000rpm removed larger cell debris and
centrifugation at higher rpm pelletized the nanoparticles.

3.2. Characterization of AgNPs.
The UV Visible spectroscopy analysis of B. clausii and B.
subtilis silver nanoparticles showed absorption maximum or
Surface Plasmon Resonance (SPR) peak at 415 nm and 419 nm
respectively (Fig 3).
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Figure 1. Before incubation.

Figure 2. After incubation brown to red colour was formed.
Figure 6. XRD pattern of B. clausii AgNPs.

Figure 3. a) SPR peak of B. clausii at 415 nm and b) SPR peak of B.
subtilis at 419 nm.

3.2.1. FTIR.
FTIR was done to know the nature of organic molecules
associated with silver nanoparticles. FTIR spectrum of B. clausii
(Fig 4) and B. subtilis(Fig 5) AgNPs showed strong absorption
peaks in between 3000 and 4000 cm-1 due to the stretching
vibrations of amines and their corresponding bending vibration is
assigned to 1633 cm-1 [12]. The other major peaks between 30002850 cm-1 correspond to the C-H stretching.

Figure 7. XRD pattern of B. subtilis AgNPs.

3.2.3. Electron Microscopy.
SEM EDX and HR-TEM studies revealed the morphology
and size of biosynthesized AgNPs. SEM images showed the
formation of nanoparticles in cell debris and the presence of
elemental silver was confirmed by EDS. The peak at 3keV is the
characteristics of metallic silver in EDX.

Figure 4. FTIR of B. clausii AgNPs.

Figure 5. FTIR of B. subtilis AgNPs.

3.2.2. X- Ray Diffraction pattern.
Silver nanoparticles are usually Face Centered Cubic (FCC)
crystalline structures. Fig 6 and fig 7 represents XRD pattern of B.
clausii AgNPs and B. subtilis AgNPs respectively. B. clausii
AgNPs exhibited Bragg’s reflection at 27.77˚ and 32.18˚ which is a
shift in miller indices from FCC due to the presence of organic
molecules or strain generated during the sample preparation [13].
B. subtilis AgNPs exhibited 2θ angles at 35.63º which is also a shift
due to the above mentioned reasons.

Figure 8. SEM-EDX of B. clausii (a) and B. subtilis (b) AgNPs. AgNPs
can be seen among cell debris and the EDX spectrum confirms the
presence of silver.

Fig 8 shows the characteristic peak of metallic silver
synthesized by B. clausii and B. subtilis respectively. The other
peaks in EDX are an indication of elements present in the sample.
HR- TEM images of the both nanoparticles showed well dispersed
and spherical nanoparticles with diameter between 20- 50 nm. TEM
image of B. subtilis AgNP also showed that they are synthesized
extracellularly or intracellularly and later secreted outside the cell
but attached to the capsular material (Fig 9).
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Figure 9. TEM images of B. clausii and B. subtilis AgNPs. The size of
AgNPs ranges between 20-50nm

3.3. Antibacterial activity.
The probiotic silver nanoparticles were able to inhibit the
pathogens except S. aureus. As the concentration/volume of
nanoparticles increases the diameter of the zone of inhibition also
increases (Table 1). Maximum zone of inhibition was shown by
80µl of the nanoparticle. But the control wells (in the middle of Petri
dishes) didn’t show any zone (Fig 10) which showed that the
antibacterial activity is not due to the probiotic bacteria or its
extracellular components but the silver nanoparticles synthesized
by them.
3.4. Minimum inhibitory concentration.
MIC detection by resazurin dye confirmed the inhibition of
growth of pathogens by probiotic AgNPs. Blue or purple colour
represents the dead cells and pink colour represents live cells.
Interaction of pathogens with different volumes of AgNPs resulted
in cell death. As shown in fig 11,10 µl, 20 µl, 40 µl and 80 µl of
both AgNPscan inhibit the pathogen growth but not S.aureus and
the result is comparable with agar well diffusion test where no zone
of inhibition was found for S. aureus.10 µl of crude AgNPs was
sufficient for killing the pathogens in 24 hrs.
3.5. Antibiofilm activity.
Inhibition of pathogen biofilm formation by AgNPs was
concentration dependent. As the concentration of nanoparticles
increases the percentage of biofilm inhibition also increases. B.
clausii and B. subtilis culture supernatants were not much effective
in inhibiting the biofilm. P. aeruginosa biofilm was most
susceptible to the nanosilver while S. aureus the least susceptible.
Low concentrations of AgNPs (10µl) inhibited E. coli and S. aureus
biofilms the most. B. clausii AgNPs inhibited E. coli and S. aureus
by 69.29% and 60% respectively whereas B. subtilisAgNPs
inhibited 39.54% ad 31.7% respectively. But at higher
concentration (80µl) of both AgNPs above 80% of S. aureus
biofilm was inhibited and more than 90% of K. pneumoniae and P.
aeruginosa biofilms was inhibited at the same concentration.

Figure 10. Zone of Inhibition of pathogens (a) E. coli, (b) S. typhi, (c) P.
aeroginosa, (d) S. aureus, (e) K. pneumonia.

3.6. Antioxidant activity by DPPH method.
Antioxidant activity was performed to determine the free
radical scavenging activity of nanoparticle samples. As the
concentration of nanoparticles increases, antioxidant activity
decreases. The highest antioxidant activity was shown by 10μl
volume of nanoparticle synthesized by both B. clausii and B.
subtilis. The percentage of scavenging was shown in table 4.
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3.7. Discussion.
Green synthesis of silver nanoparticles is achieved through
plant extracts, bacteria, fungi, yeast and cyanobacteria. The
biomolecules from these sources not only reduces silver salts to
silver but also provide additional benefits as it prevents
agglomeration of nanoparticles by capping, reduces toxicity, and
increases the antimicrobial activity [14]. Bacteria is an excellent
and reliable catalyst for nanoparticle synthesis. Extracellular
synthesis of AgNPs is mediated through the components or
enzymes secreted outside the bacterial cells and it is achieved by
cell free supernatants but some bacteria synthesize nanoparticles
intracellularly also [15]. Fang et al., [16] explained that silver ions
interact with bacterial cell wall components or extracellular proteins
or with intracellular proteins or cofactors to reduce it to metallic
silver nanoparticles. One of the most accepted mechanisms in
bacterial synthesis is the reduction of silver nitrate by cytoplasmic
nitrate reductase ezyme. An insilico study by Mukherjee et al., [17]
revealed the interaction between nitrate reductase and AgNO3. The
strong binding of enzyme and silver nitrate produces AgNPs. B.
subtilis and B. clausii produce AgNPs intracellularly but TEM
analysis (fig: 9b) of B. subtilis gives a clue that they are secreted
outside the cell surface.

Figure 11. MIC by resazurin dye- Column 1: NB +resazurin, column 2:
NB +resazurin+ pathogen, column 3: NB + B. clausii supernatant+
pathogen+ resazurin, column 4-7: NB+ pathogen + B. clausiiAgNP (10µl,
20µl, 40µl 80µl)+resazurin, column 8: NB + B subtilis supernatant+
pathogen+ resazurin, column 9-12: NB+ pathogen + B. subtilisAgNP
(10µl, 20µl, 40µl 80µl)+resazurin. Plate 1-Row A, B&C: E. coli, D, E& F:
S. typhi, G, H and A (plate 2): P.aeruginosa, B, C & D: S. aureus, E, F &
G: K. pneumoniae.

Confirmation of AgNp formation was done by analyzing its
plasmon resonance. Usually, spherical silver nanoparticles show
SPR peak between 420 and 450nm and the width of the band will
be based on its size [1]. The SPR peaks of AgNPs were at 420 and
419 nm which primarily gives an idea that the nanoparticles are

spherical in shape. Presence of metallic silver was confirmed by
SEM EDX and the crystalline nature was confirmed by XRD. The
shape and size of the nanoparticles were confirmed by TEM.
Further FTIR spectrum was taken to identify the functional groups
or organic molecules associated with the AgNPs. The bands
correspond at 675 nm in B. clausii spectrum is of C-H bend which
is absent in B. subtilis while all other peaks are common to both
nanoparticles. Peaks between 1600-1683 corresponds to the
stretching of C=C and between 2850- 3000 corresponds to C-H
stretch. The protenaceous nature of the capping compound is
revealed by N-H stretch of primary and secondary amines and
amides in between 3100-3500nm.
The toxicity of AgNPs to humans is a great concern while
using in medical appliances. Chemically synthesized pure silver
nanoparticles are toxic to humans as effective as prokaryotes in at
the same concentrations generally due to the generation of oxidative
stress. Hamouda et al., [18] reported the production of
biocompatible AgNPs from cyanobacteria effective in human colon
cancer and breast cancer cell lines but nontoxic to normal cells.
Such biocompatible AgNPs have immense biomedical applications.
Bacterial AgNPs is a potent candidate against multidrug drug
resistant clinical isolates [19]. Silver nanoparticles exerted more
antibacterial activity than bulk silver due to its small size and high
surface area. Interaction of AgNPs with bacteria causes
physicochemical changes in the cell wall and thereby cell leakage.
Smaller nanoparticles can penetrate into the cell and causes
interaction with different components resulting in respiratory burst
as well as protein dysfunctioning. The severity increases as the
amount of Ag+ ions released also increased [20]. Antibacterial
activity is also concentration dependent as indicated in our results.
The zone of inhibition is higher for 80µl (highest concentration used
here) of nanoparticles than the lower concentrations. But S. aureus
was resistant to all concentrations. This might be due to the thick
layer of peptidoglycan on the cell wall. A comparative study by
Chatterjee et al., [21] in S. aureus and E. coli treated with AgNPs
showed that IC50 value of AgNP was higher for S. aureus and the
death rate and delay in reproduction was less compared with E. coli.
Even though the nanoparticles cannot kill S. aureus, it can inhibit
the biofilm formation. Like all pathogen biofilms were inhibited, S.
aureus biofilm formation was also inhibited by both nanoparticles.
The antibiofilm property enhances its value for use in various
catheters and dental materials thereby preventing the development
of pathogen biofilms. It also acts as nanoacarriers for drug delivery
in cancer and wound healing [22].
Like antibacterial activity, antioxidant properties of silver
nanoperticles are also well studied. But the correlation between
concentration of nanoparticles and antioxidant activity is not well
understood. The DPPH scavenging activity of AgNPs decreased as
the concentration increased. Similar results were obtained by
Guntur et al., [23] where the lowest concentration of AgNP
exhibited maximum scavenging activity. But the other study also
suggested that the scavenging activity is not related to the
concentration [24]. Mittal et al., [25] showed that antioxidant
activity of plant mediated silver AgNP increased with
concentration. However silver nanoparticles exhibits antioxidant
activity by mimicking the enzymes like catalase and peroxidase
[26].
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Pathogens
E. coli
S. typhi

Table 1. Zone of inhibition of pathogens by AgNPs.
Zone of inhibition in cm
Volume of Bacillus clausii AgNPs
Volume of Bacillus subtilis AgNPs
10µl
20µl
40µl
80µl
10µl
20µl
40µl
80 µl
1.17 ± 0.05
1.26 ± 0.05
1.63 ± 0.05
2.06 ± 0.05
1.43 ± 0.05
1.56 ± 0.05
1.64 ± 0.05
1.83 ± 0.05
1.73 ± 0.05
1.84 ± 0.05
1.97 ± 0.05
2.64 ± 0.05
1.83 ± 0.05
1.93 ± 0.05
1.93 ± 0.05
2.13 ± 0.05

P. aeruginosa

1.34 ± 0.05

1.54 ± 0.05

1.73 ± 0.05

2.14 ± 0.05

1.05 ± 0.05

1.37 ± 0.05

1.74 ± 0.05

2.04 ± 0.05

S. aureus
K. pneumoniae

0
1.14 ± 0.05

0
1.53 ± 0.05

0
1.83 ± 0.05

0
2.07 ± 0.05

0
1.16 ± 0.05

0
1.44 ± 0.05

0
1.63 ± 0.05

0
1.84 ± 0.05

Table 2. Percentage inhibition of pathogen biofilm by B. clausii AgNPs.
Percentage Inhibition (%)
Pathogens

B. clausii supernatant
xuosupernatant

E. coli
S. typhi
P. aeruginosa
S. aureus
K. pneumoniae

16.02 ± 1.07
12.44 ± 1.08
1.19 ± 0.91
4.84 ± 0.68
4.72 ± 1.02

Pathogens

B. clausii AgNPs (in μl)
80µL

40µL

20µL

10µL

78.39 ± 1.7
87.59 ± 0.99
93.62 ± 0.47
85 ± 1.76
97.19 ± 1.54

77.72 ± 0.67
85.65 ± 1.52
93.52 ± 0.11
81.17 ± 1.55
88.60 ± 0.71

75.5 ± 1.17
85.29 ± 0.91
93.4 ± 0.25
76.91 ± 1.77
83.77 ± 1.40

69.26 ± 1.6
84.33 ± 0.50
92.86 ± 0.54
60.12 ± 1.10
69.65 ± 0.98

Table 3. Percentage inhibition of pathogen biofilm by B. subtilisAgNPs.
Percentage Inhibition (%)
B subtilis supernatant
B. subtilis AgNPs (in μl)
80µL

40µL

20µL

10µL

E. coli
S. typhi

17.46 ± 1.57
12.08 ± 1.3

53.92 ± 1.94
74.38 ± 0.95

50.06 ± 1.55
73.67 ± 0.72

40.11 ± 0.58
69.36 ± 0.72

39.54 ± 0.99
67.06 ± 0.06

P. aeruginosa

6.88 ± 1.49

95.04 ± 0.89

94.57 ± 0.46

86.27 ± 0.31

84 ± 1.18

S. aureus

13.04 ± 1.59

81.71 ± 1.09

69.31 ± 0.35

28.29 ± 0.42

31.77 ± 1.37

K. pneumoniae

16.46 ± 1.23

93.39 ± 1.13

88.33 ± 1.77

78.63 ± 1.01

66.66 ± 0.79

AgNPs

Table 4. Percentage of DPPH scavenging shown by different volumes of nanoparticle samples.
Percentage of DPPH scavenging
80µl
40µl
20µl

10µl

B. clausiiAgNPs

19.31 ± 1.01

21.16 ± 0.90

29.18 ± 1.1

37.95 ± 1.56

B. subtilisAgNPs

33.58 ± 1.08

42.29 ± 1.35

48.07 ± 1.8

49.02 ± 1.4

4. CONCLUSIONS
Silver nanoparticles are well known for their biomedical
applications. Biosynthesis of AgNPs gives the benefit of reducing
health risk and more biocompatibility. Biosynthesis gives an
additional benefit of capping molecules which can improve the
biological properties of AgNPs. The optimum size of 20- 50nm is
the main characteristic that gives the antibacterial and antibioflm
activity. Biofilm production is one of the major problems in medical

appliances which can be minimized by coating biocompatible
AgNPs on the surface. Antioxidant property gives an additional
benefit by scavenging the free radicals in biological systems and
thereby gives protection. Since the nanoparticles of B. clausii and
B. subtilis are antibacterial in nature they can be used against multi
drug resistant pathogens and thereby reducing the risk of spreading
the strains.
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