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ABSTRACT
The use of microorganisms in the synthesis of nanoparticles emerges as an eco-friendly
and exciting approach. Silver bionanoparticles (AgNPs) are known to own inhibitory
and bactericidal effects. This study focuses on the biosynthesis of silver nanoparticles
(AgNPs) using the culture filtrate of Enterococcus faecalis S7, isolated from Al-Bahr
El-Pherony, Menoufyia Governorate, Egypt, and evaluation of its antibacterial and
antioxidant potency. AgNO3 solution (1 mM) was added to the cell-free culture
supernatant, and also the mixture was incubated at 37 °C for 24 h in an orbital shaker
(120 rpm). The AgNPs were characterized using UV–visible spectroscopy, X-ray
Diffraction (XRD), EDAX, FTIR, and Transmission Electron Microscopy (TEM). Biomanufactured silver nanoparticles were tested for their antibacterial and antioxidant
activity using agar well diffusion and DPPH assays, respectively. The nanoparticles
exhibited maximum absorbance at 430 nm in UV–Vis spectroscopy. The XRD
spectrum exhibited 2Ɵvalues corresponding to the silver nanocrystals. TEM
micrographs revealed the extracellular formation of spherical nanoparticles within the
size range of 10–16 nm. The as-formed AgNPs exhibited antibacterial activity against
the tested bacterial species Escherichia coli, Salmonella sp.; Vibrio cholerae,
Pseudomonas aeruginosa and Staphylococcus aureus with a maximum inhibition zone
of 30 mm against S. aureus. Furthermore, bacterial mediated AgNPs showed
antioxidant activity in a dose-dependent manner. The data evaluated by this study
provided evidence of AgNPs being a potent antioxidant and antibacterial compounds
against both Gram-positive and Gram-negative bacteria. These results suggested that
AgNPs can be used as an adjuvant for the treatment of infectious diseases.

INTRODUCTION
Nanotechnology finds its application in various areas of medication, starting from diagnosis,
therapeutic drug delivery to the treatment of many diseases. Silver nanoparticles are one of
the promising products within the field of nanotechnology because of their wide selection of
applications as an antibacterial agent in disinfecting devices, cosmetics, home appliances,
and water treatment plants (Cho et al., 2005; Li et al., 2008; El-Shanshoury et al., 2011;
Abdeen et al., 2014; Kamel et al., 2016; El-Sheekh and El-Kassas, 2016; Masoud et al.,
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2018; Ibrahim et al., 2019; El-Shanshoury et al., 2020a,b). Inorganic composites are used
as preservatives in various products (Duran et al., 2007). Silver nanoparticles are prepared
by physical, chemical and biological methods (Roco, 2005). Biosynthesis methods,
employing microorganisms, have emerged as an easy, clean and viable alternative to
chemical and physical methods (El-Shanshoury et al., 2020a). An unlimited array of
biological resources available in nature, including bacteria, fungi, yeasts, algae, and plants,
are used for the synthesis of nanoparticles, which act as reducing and stabilizing agents
(Durán et al., 2011). These nanoparticles are capped with biomolecules derived from the
organism used in the synthesis, which can improve stability and may present biological
activity (Ballotin et al., 2016). Prokaryotic bacteria have received the foremost attention in
this area (El-Sheekh et al.,2014). One advantage of using bacteria for synthesis of
nanoparticles is simple of handling and their genetic manipulation without much difficulty
(Yusof et al., 2019).
Silver ions and silver-based compounds are known bactericides and have geared research
interests towards nanoparticles as antibacterial agents (Crabtree et al., 2003; Furno et al.,
2004; El-Shanshoury et al., 2011; Abdeen et al., 2014; Kamel et al., 2016; Masoud et
al., 2018; Ibrahim et al., 2019; Abdallah et al., 2020). Several studies proposed that silver
nanoparticles show efficient antibacterial activity due to the large surface area that comes in
contact with the microbial cells and thus, includes a higher percentage of interaction than
larger particles of the identical parent material (Mulvaney et al., 1996; Morones et al.,
2005; Pal et al., 2007). The mechanisms of action by which Ag-NPs exert their
antimicrobial effects are not completely clear, but two main hypotheses have been
proposed: (i) a direct interaction of the nanoparticle with the cell membrane, and (ii) the
release of ionic silver (Gugala et al., 2016). In the first hypothesis, the AgNPs would
adhere to the cell membrane via electrostatic attractions between the positive charges of the
nanoparticles and the negative charges of the cells as elucidated by Kim et al. (2007) or via
the interaction of the nanoparticles into the sulfur and phosphorylated proteins present in
the cell wall (Ghosh et al., 2012), the interaction of the Ag-NPs with the cell membrane
leading to its partial disruption. In the second hypothesis, the AgNPs would enter into the
cell and lead to the release of silver ions and the subsequent generation of reactive oxygen
species (ROS) that would damage the enzymes involved in the cellular oxidation-reduction
respiratory chain, and be finally responsible for cell death, also the slow release of silver
ions which react with thiol groups of proteins or interfere with DNA replication (Ivask et
al., 2014; Jena et al., 2014). Silver nanoparticles have been reported by several authors as
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efficient antioxidants having the ability to scavenging DPPH free radicals (Mohanta et
al.,2017; Sivasankar et al., 2018; Salari et al., 2019; Abhang, 2020; Rajoka et al., 2020).
Thus, this study aimed to expand the inexperienced synthesis of AgNPs making use of
Enterococcus faecalis S7 isolated from a water sample of the El-Bahr El-Pherony,
Menoufyia Governorate, Egypt and potential affectivity as antibacterial and antioxidant.
MATERIALS AND METHODS
2.1. Bacteria isolation and characterization
The bacteria utilized in this study were isolated from a water sample of the El-Bahr ElPherony, Menoufyia Governorate, Egypt (N: 30º 22` 27"; E: 30º 59` 47"). Water samples
were aseptically collected in sterile brown bottles transported to the laboratory and stored at
4°C until bacteriological analysis completed within 6 h of sampling.
Collected samples were serially diluted using the saline solution (0.85%) and it had been
plated on Nutrient agar medium. Then the plates were incubated at 37°C for 24 h. After the
incubation period, different morphological bacterial colonies were observed and colonies
were randomly selected for the screening of its ability to produce AgNPs. The most potent
organism was selected for getting silver nanoparticles (AgNPs). The morphological and
physiological characterization of the selected isolate was performed in keeping with
methods described in Bergey’s manual of determinative bacteriology (1984). The
biochemical tests employed in the identification and characterization of the isolates include:
Gram staining, indole production, methyl red-voges Proskauer, citrate utilization, and
urease production tests.
2.2. Molecular identification of the selected bacterial isolate
Molecular identification of the selected strain was carried out by 16S rRNA sequencebased method. Total genomic DNA was isolated from a selected strain for PCR. The
quality of the isolated DNA was checked by agarose gel electrophoresis. The genomic
DNA was then used as a template for PCR using the primers 16S27F
(AGAGTTTGATCCTGGCTCAG) and 16S 1492R (GGTTACCTTGTTACGACTT). The
PCR was carried out in a total volume of 50 μL containing 50 ng of genomic DNA,
20 pmol of each primer, 1.25 Units of Taq DNA polymerase, 200 μM of each dNTPs and
1× PCR buffer as components. The PCR was performed for 35 cycles in a Mycycler™
(Bio-Rad, USA) with the initial denaturation for 3 min at 94 °C, cyclic denaturation for
30 s at 94 °C, annealing for 30 s at 58 °C and extension for 2 min at 72 °C with a final
extension of 7 min at 72 °C. After the PCR, the reaction products were analyzed by agarose
gel electrophoresis. The product was then gel purified and was further subjected to
sequencing PCR using the Big Dye Terminator Sequence Reaction Ready Mix (Applied
Biosystem). After the reaction, the product was purified, precipitated, and was used for
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sequence run within the DNA sequencer ABI 310 Genetic Analyzer. The sequence data of
16S rDNA thus obtained was further aligned using BioEdit program. This sequence was
then used for BLAST analysis. The 16S rRNA sequence of CS 11 was also used for
phylogenetic analysis using the neighbor-joining method in MEGA5.
2.3. Growth of the selected isolate
In the present study, Nutrient broth (NB) media was used for the growth of Enterococcus
faecalis S7. The flasks containing the bacterial culture were incubated on an orbital shaker
at 37°C and agitated at 120 rpm. The growth profile of Enterococcus faecalis S7 was
studied here within 6 h interval. The culture was then centrifuged at 6000 rpm for 20
minutes to get biomass. The supernatant was collected for further reaction with silver salt
(AgNO3) to synthesize nanoparticles.
2.4. Biosynthesis of silver nanoparticles
For nanoparticles synthesis, the obtained supernatant was added separately to the reaction
flask containing silver nitrate (AgNO3) at a concentration of 1 mM. The reaction between
the supernatant obtained and Ag+ ion was applied at pH7 and 37°C in bright conditions for
24 hours. After 24 hours, the initial yellowish-white color changed to brown color, which
showed the synthesis of Ag nanoparticles (Siddiqi et al.,2018).
2.5. Characterization of silver nanoparticles
The primary confirmation of the silver nanoparticle synthesis was carried out by UVvisible spectroscopy within the range of 200-800 nm. The morphology of the silver
nanoparticles was examined by Transmission Electron Microscope (TEM). The chemical
composition and crystalline phase of the silver nanoparticles were characterized by
Advanced Powder X-Ray diffractometer (D8, Bruker, Germany).
2.5.1. UV-Vis spectrophotometer
The biogeneration of the silver nanoparticles within the reaction mixture was measured by
withdrawing 2 ml of the sample at predetermined time intervals and also t he absorbance
was measured within the range of 200 to 800 nm at a resolution of 1 nm employing a UVVis spectrophotometer (Beckman DU-40) against sterile medium as the blank.
2.5.2. X-Ray Diffraction (XRD) measurement
The biologically synthesized silver nanoparticles were freeze- dried on a lyophilizer and
therefore, the powdered sample was used for X-ray diffraction (XRD) analysis. The XRD
analysis was performed by X’Pert Pro A Analytical X–ray diffractometer instrument using
CuKα radiation (k = 1.54056 Å) within the range of 20-80 at 40 keV.
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2.5.3. Transmission Electron Microscopy (TEM) Analysis
Transmission Electron Microscopy (TEM) analysis of synthesized silver nanoparticles was
prepared by drop-coating biosynthesized nanoparticles solution on carbon-coated copper
TEM grids (400 μm × 40 μm mesh size). Samples were dried and kept under vacuum in
desiccators before loading on to a specimen holder. TEM measurements were performed on
a Tecnai- 12 (FEI, The Netherlands) electron microscope operated at an accelerating
voltage of 120 kV.
2.5.4. Fourier-Transform Infrared (FT-IR) Chemical Analysis
For Fourier-Transform Infra-Red spectroscopy measurements, the biotransformed products
present in the extracellular filtrate were freeze-dried and diluted with potassium bromide
within the ratio of 1:100. The FT-IR spectrum of samples was recorded on a FT-IR
instrument (Digital Excalibur 3000 series, Japan) with diffuse reflectance mode (DRS-800)
attachment. All measurements were carried out in the range of 400- 4000 cm-1 at a
resolution of 4 cm-1.
2.5.5. Energy Dispersive X-Ray Analysis
Energy Dispersive X-Ray Analysis (EDAX) was administrated with the scanning electron
microscope Jeol JSM-6360 LA (Armed force central laboratories, Cairo, Egypt) equipped
with an EDAX detector operated at an accelerating voltage of 20 keV to perform elemental
analysis.
2.6. Determination of antibacterial activity of AgNPs
The AgNPs synthesized from the selected isolate was tested for its antibacterial activity
against pathogenic bacteria such as Escherichia coli, Salmonella sp.; Vibrio cholerae,
Pseudomonas aeruginosa and Staphylococcus aureus by standard well diffusion method in
Müller Hinton Agar (MHA) plates. Pure cultures of bacterial pathogens were grown in
nutrient broth at 37oC for 18-24 hours. Wells were made on the Müller Hinton Agar plates
employing a gel puncture and therefore the plates were inoculated by swabbing the
bacterial pathogens to create a confluent lawn of bacterial growth. Then 100 µL of the
biosynthesized AgNPs solution was poured on to corresponding well using a micropipette.
As a control, 100 µL of 1 mM AgNO3 solution was poured on to the control well. After
incubation at 37oC for 24 hours, the diameter of the zone of inhibition in millimeters
around each well was measured.
2.7. Estimating Antioxidant Activity
The free radical scavenging activity of silver nanoparticles was measured by the DPPH
method (Oueslati et al., 2020) against ascorbic acid, a well -known antioxidant. Ascorbic
acid served as the positive control and its antioxidant activity was assumed to be 100%. For
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that, 1 ml of various concentrations of as-formed AgNPs (25, 50, 75, 100 µl/ml) were
mixed with 1 ml of methanolic extract of freshly prepared DPPH. Then the reaction
mixture was incubated in dark at room temperature for 30 min and also the absorbance was
measured at 517 nm. Percentage inhibition of DPPH scavenging activity was calculated by:
Percentage of inhibition of DPPH Activity = Abs Blank-Abs Sample x 100 Abs Blank
Where, Abs Blank = Optical density of Control, Abs Sample = Optical density of sample
extract.
RESULTS
3.1. Isolation and identification of the potential isolate
The potential isolate was found to be Gram positive cocci. Based on biochemical
characterization and molecular identification, the isolate was identified as Enterococcus
faecalis S7 (Figure 1; Table 1). The sequence data were subjected to BLAST analysis and
also the result showed its maximum identity of 99 % to Enterococcus faecalis.
Enterococcus faecalis S7 was isolated, identified and cultured for the production of
biomass. The bacterial isolate of Enterococcus faecalis S7 was inoculated in NB media as
the production culture and inoculated at 37ºC in an orbital shaker at 121 rpm. The growth
profile was then studied at 620 nm with an interval of 6 h, starting from the time of
inoculation. The maximum growth kinetics was observed after 24 h of incubation as shown
in Figure (2).

Fig.1. Phylogenetic tree of Enterococcus faecalis S7 based on partial sequencing of 16s
rRNA
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Table 1: Biochemical characteristics of the isolate capable of synthesizing silver
nanoparticle
Characteristics of the potential strain

Results

Gram staining
Morphology
Gelatinase
Voges proskauer
Indole
Citrate
Urease
Fermentation of
Glucose
Mannitol
Maltose
Lactose

Positive
Cocci
Positive
Positive
Negative
Negative
Negative
Positive
Positive
Positive
Positive

Fig 2. Growth profile of Enterococcus faecalis on the NB media
3.2. Characterization of silver nanoparticles usnig UV spectrophotometer
The newly isolated Enterococcus faecalis S7 was used for silver nanoparticle synthesis
indicated by the color change of reaction mixture from yellow to dark brown (Figure 3
inset). The silver nanoparticles were then characterized by UV–visible spectroscopy. This
technique has proved to be very useful for the analysis of metal nanoparticles. A
characteristic broad peak of silver nanoparticles was observed within the UV-visible
spectra at 420 nm (Figure 3).
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Fig 3. UV-visible spectra of silver nanoparticles synthesized using Enterococus faecalis S7
cell free extract
3.3. Characterization of AgNPs by XRD
The XRD pattern of the silver nitrate-treated sample (Figure 4) corresponds to that of silver
nanoparticles. The XRD pattern shows four intense peaks in the whole spectrum of
2Ɵvalues, ranging from 30 to 80. It is important to know the exact nature of the formed
silver particles and this can be deduced from the XRD spectrum of the sample. XRD
spectra of pure crystalline silver structures and pure silver nitrate have been published by
the Joint Committee on Powder Diffraction Standards (file nos. 04-0783 and 84-0713). A
comparison of our XRD spectrum with the standard sample confirmed that the silver
nanoparticles had been formed in the form of nanocrystals, as was evidenced by the peaks
at 2Ɵ values of 38.25°, 46.37°, 64.60° and 77.62° corresponding to 111, 200, 220 and 311
planes for silver, respectively.
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Fig 4. X-ray diffraction pattern of silver nanoparticles.
3.4. FTIR
The reducing/capping proteins accountable for the bioreduction and stabilization of
biosynthesized silver nanoparticles were identified using FTIR (Figure 5). The FTIR
spectra of silver nanoparticles showed peaks at 3000-3500 cm-1 corresponds to O-H
stretching H-bonded alcohols and phenols. The peak found around 1500-1550 cm-1 showed
a stretch for C-H bond, peak around 1450-1500 cm-1 showed the bond stretch leads for N-H
bend primary amines. Thus, the synthesized silver nanoparticles are surrounded by proteins
and metabolites with the attachment of the various functional groups.

Fig 5. FTIR spectra of silver nanoparticles of silver nanoparticles produced by CFE of
Enterococcus faecalis S7
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3.5. TEM

The shape and size of the silver nanoparticles biosynthesized using cell free extract of E.
faecalis S7 were further analyzed by transmission electron microscopy (TEM), as shown in
Figure (6a). TEM micrograph showed a well dispersed AgNPs which is spherical in shape
with particle size of 10-16 nm with no agglomeration.
3.6. EDAX
The elemental compositions of the nanoparticles by EDAX (Figure 6b) indicate a sharp
peak at 2.9-3.0 keV which shows the presence of silver as base and dominant element.
Additional peaks along with those of C and O and N that also appeared throughout the
scanning range (0–4 keV) of the spectrum.
a

b

Fig 6. a) Microphotograph of the silver nanoparticles synthesized from Enterococcus
faecalis S7 supernatant b) EDAX spectroscope of the synthesized nanoparticles depicts
silver as the base element.
3.7. Antibacterial activity of silver nanoparticles
In respect to the antibacterial activity by silver nanoparticles which produced by the tested
bacterial isolate, it had wide spectrum activity against Gram-negative and Gram positive
bacteria namely; Vibrio cholera, Staphylococcus aureus, Pseudomonas aeruginosa,
Salmonella typhi, and Escherichia coli; showing maximum activity against S. aureus with
an average diameter of 30 mm (Figure 7).
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Fig 7. Antibacterial effects of green synthesized AgNPs by cell-free extract against
micro-organisms presented as inhibition zones (in mm).
3.8. In vitro antioxidant activity of silver nanoparticles
Biosynthesized AgNPs showed promising results as antioxidants using DPPH assay with
maximum DPPH inhibition percentage 92.3% at a concentration of 100µl/ml. DPPH
activity was increased in a dose-dependent manner, at concentrations 25–75 µl/mL, AgNPs
showed a scavenging activity starting from 53% to 72%..
Table 2. DPPH free radical scavenging activity of silver nanoparticles
Concentration
(µl/ml)
25
50
75
100

Percentage of
inhibition (%)
53.3±0.5
55.6±0.2
72.2±0.7
92.3±1.9

DISCUSSION
The antibacterial activity of the AgNPs against wide range of pathogenic bacteria
including Gram positive amd Gram negative bacteria such as Salmonella, Pseudomonas,
Staphylococcus aureus and E. coli is well documented (Markowska et al., 2013;
Thuptimdang et al., 2015; Singh et al., 2018; Kambale et al., 2020). Thus, the AgNPs
can be considered as an alternative to be used on surfaces of materials such as dentures,
contact lenses, catheters and probes, in order to prevent associated infections (Roe et al.,
2008; Qayyum et al., 2017). The applicability of AgNPs could be limited by the high cost
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of pure AgNPs suspensions, however biological methods are extensively explored as an
environment-friendly and cost effective alternative for the AgNPs production with respect
to other convential methods (Parvataneni, 2019). Particularly, bacterial assisted
biosynthesis has attracted much more attention as a good alternative for metal NPs
production, due to the feasibility to use extracellular molecules secreted as intermediaries
of metal NPs synthesis (Mukherjee, 2008 ;Siddiqi and Husen, 2016). Various
spectroscopic and microscopic techniques have been used to confirm the synthesis of
bacterial derived GNPs including UV-vis spectroscopy, transmission electron microscopy,
energy dispersive X-ray analysis, X-ray diffraction, and Fourier-transform-infrared spectra
analyses.
In this study, a simple method for AgNPs biosynthesis was carried out using a freshwater
bacterial isolate Enterococcus faecalis S7. AgNPs were characterised by identification of
their surface plasmon resonance (SPR) using UV-Vis spectroscopy. SPR peaks typically
occur between 390 and 530 nm and can be correlated with the size of the AgNPs. This
shows that biosynthesis of silver nanoparticles using culture supernatant of E. faecalis is
analogous to Enterobacteria and K. pneumonia (Shahverdi et al., 2007; Mokhtari et al.,
2009) lactic acid bacteria LCM5 (Matei et al., 2020). Microbial culture extracts contain
compounds that are not only capable of reducing the Ag+ ions but also act as natural
capping agents as proved by the FTIR spectrospopic analysis. These biological extracts
contain a mixture of biomolecules like enzymes, proteins, amino acids, carbohydrates and
vitamins that can be responsible for the reduction and capping of the Ag+ ions (Deepak et
al., 2011). The FTIR analysis confirmed the presence of carbonyl groups from the amino
acid residues and proteins having the stronger capability to bind the metal designating the
proteins which can probably reduce the metal to form metal nanoparticles, i.e. capping of
silver nanoparticles which suggests that biological molecules have the capability to perform
dual functions of formation and stabilization of silver nanoparticles. Among the enzymes,
Nitrate reductase is among the widely accepted enzymes responsible for the synthesis of the
nanoparticles. Nitrate reductase is an enzyme that is responsible for the conversion of
nitrate to nitrite and through this process of catalysis, an electron shuttles to the incoming
silver ions (Kalimuthu et al., 2008). The size and morphology of the AgNPs were
investigated through TEM imaging. The elemental compositions of the nanoparticles was
analyezed by EDAX which indicated a sharp peak at 2.9-3.0 keV . Additional peaks along
with those of C and O and N that also appeared throughout the scann
ing range (0–4
keV) of the spectrum suggesting that the biological origin molecule i.e.; enzymes or
proteins were attached with the biosynthesized Ag-NPs, further the presence of protein or
enzyme like molecule.
Silver nanoparticles showed a potent antibacterial activity against wide range of bacteria
including Vibrio cholera, Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella
typhi, and Escherichia coli. This study gave similar results with many authors, Abdeen et
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al. (2014), Kamel et al. (2016), Masoud et al. (2016) and Siddique et al. (2020) who
reported that metal nanoparticles are termed as a new generation of antimicrobials (Rai et
al., 2009). They proved that AgNPs inhibited the growth of Gram positive and negative
bacteria and possess effective antimicrobial activity against multi drug resistant strains of
Klebsiella pneumoniae, E. coli, Bacillus cereus, S. aureus, Salmonella, Pseudomonas,
Moraxella, Acientobacter, Enterococcus, and St. pneumonia.
There are different theories proposed to judge the mechanism of action of AgNPs; (1) silver
ions may interact with the thiol groups of some of the major enzymes and inactivate them,
(2) silver ions exhibit an oligo dynamic effect by denaturing the cellular proteins, inhibition
of DNA replication, and alteration plasma membrane permeability (Feng et al., 2000), (3)
other theories showed that there have been some structural changes within the cell
membrane due to silver ions, which were liable for the bactericidal activity of the AgNPs.
The major mechanism through which silver nanoparticles manifested antibacterial efficacy
is by anchoring to and penetrating the bacterial semi-permeable membrane, and possibly
cause further damage by interacting with sulphur and phosphorus containing compounds,
including DNA (Singh et al.,2009). High surface area to volume ratio causes high
bactericidal activity of AgNPs compared with bulk silver metal (Cho et al., 2005; Panyala
et al., 2008).
Furthermore, AgNPs showed a strong antioxidant activity in a dose dependant manner.
The observed free-radical-scavenging potential of AgNPs might be attributed to two
different mechanisms for the deactivation of free radicals: hydrogen atom transfer (HAT)
and electron transfer (ET). These reactions can occur simultaneously. The dominant
mechanism is determined by the structure and properties of the antioxidant compound.
Hence, the presence of those secondary metabolites and Ag+ ions leads to the antioxidant
activities through HAT and single-electron-transfer mechanisms simultaneously. The
above-mentioned results are indicative of substantial antioxidant potential of AgNPs.
Significant free radical scavenging activity using cell free extracts has been reported before
(Vorobyouva et al., 2020).
DPPH is widely used for testing preliminary radical scavenging activity of a compound or
a plant extract. In the present study, the synthesized silver nanoparticles showed potential
free radical scavenging activity. The utilization of DPPH provides a simple and rapid way
to evaluate antioxidant activity. Results of DPPH reduction is shown in Table 3. The
synthesized silver nanoparticles showed a good capacity of scavenging the DPPH free
radical. The antioxidant activities of the individual compounds, present in the extract may
depend upon structural features, may be the number of phenolic hydroxyl or methoxyl
groups, flavones hydroxyl, keto groups, free carboxylic groups, and other structural
features
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CONCLUSION
The current study revealed that silver nanoparticles can be bio-fabricated employing a very
simple, inexpensive; eco-friendly method using E. faecalis S7 cell-free extract. The TEM
analysis showed that the sizes of the synthesized AgNPs ranged from 10 to 16 nm. This
technique revealed that the cell free extracts can be used as an efficient stabilizing reducing
and capping agent for the synthesis of AgNPs, thereby providing stability to the silver
nanoparticles. The biosynthesized AgNPs were crystalline in nature as evident from the
XRD spectral analysis. AgNPs exhibited high antioxidant and antimicrobial potential, in a
dose-dependent manner. Furthermore, the results of this study suggested that AgNPs may
be proved to be an efficient component in various biomedical applications.
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