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and Staphylococcus aureus, as well as antifungal activity against Trichosporon seinelii and Candida albicans, has been demonstrated by silver nanoparticles (Ag NP). AgNPs function in both drug delivery and successfully inducing 
the death of cancer cells. With the addition of Enterobacteriaceae cell ýltrate (Escherichia coli, Klebsiella pneumonia, 
and Enterobacter cloacae) to AgNO3 solution, the silver ions are rapidly reduced within 5 minutes. The Temperature, 
pH, and AgNO3 concentration all inþuence the size of AgNPs generated using Escherichia coli, Klebsiella pneumoniae 
and Enterobacter cloacae, all of which create AgNPs. Since pH is essential for the e ective synthesis of nanoparticles, 
this element increases the reactivity of plant extract with silver ions. Silver nanoparticle dilutions of 10,20,40,80,160 g/
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extracellularly. As a result, they could be used as biofactories to produce 
gold and silver nanoparticles. Shahverdi et al. demonstrated fast 
production of Ag NPs (within 5 minutes) using culture supernatants of 
K. pneumonia, E. coli, and Enterobacter cloacae. Saravanan et al. have 
reported an extracellular production of Ag NPs using B. megaterium 
culture supernatant in the presence of Aq solutions of silver ions 
in minutes. With the addition of Enterobacteriaceae cell filtrate 
(Escherichia coli, Klebsiella pneumonia, and Enterobacter cloacae) to 
AgNO3 solution, the silver ions are rapidly reduced within 5 minutes. 
Saifuddin et al. used a combination of B. subtilis culture supernatant 
and microwave irradiation in water to show extracellular production 
of Ag NPs (5–50 nm). Bacillus flexus formed anisotropic nanoparticles 
with spherical (12 nm) and triangular (61 nm) dimensions. For the 
manufacture of AgNPs utilizing Bacillus cereus, an incubation time of 
3–5 days at room temperature is required. The interaction of silver ions 
with bacteria influences the size and structure of AgNPs generated by 
microorganisms. 

The Temperature, pH, and AgNO3 concentration all influence the 
size of AgNPs generated using Escherichia coli, Klebsiella pneumoniae 
and Enterobacter cloacae, all of which create AgNPs. Green synthesis 
based on bacteria is adaptable, affordable, and suited for large-scale 
manufacturing. The biggest disadvantage of utilizing bacteria as 
nano factories is the sluggish synthesis rate and the restricted variety 
of shapes and sizes accessible when compared to standard chemical 
synthesis methods. As a result, fungi-based nano factories and chemical 
reactions involving plant-based materials have been studied [10-14] 
(Table 1).

metals in the amount of silver and the released silver. Silver is inactive 
in metallic form, but reacts with moisture in the skin and wound fluids 
and ionizes. Silver ions are highly reactive and stick to tissue proteins 
this leads to structural changes in the bacterial cell wall and the cell 
nuclear membrane and ultimately to deformations and Cell death. The 
use of plants to synthesize nanoparticles prevents the release of large 
amounts of toxic chemicals in solid, liquid, and gaseous forms into the 
environment and also eliminates the adhesion of toxic substances to 
synthesized nanoparticles [7-9].
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s.no Article/Author Reducing Agent Particle Characterization Particle 
Characterization

Particle Characterization

1 Biosynthesis of Silver Nanoparticles Using Aqueous 
Extract from the Compactin Producing Fungal Strain. 

Penicillium brevicompatum 1 mM, 
25ęC, 72 hr Shake

UV-Vis 
TEM 
XRD 
FTIR

Sizeð17.8 nm Structureð
FCC

2 Silver-NanoBiohybrid Material: Synthesis, 
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with the crystalline structure were produced. The reaction temperature 
and tea extract dose influenced the production efficiency and pace 
of nanoparticle formation. According to TEM, the size of spherical 
AgNPs ranges from 5-20nm. Silver nanoparticles revealed a progressive 
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test solution to conduct the phenol test. The expression of phenols was 
shown by a red color.

Test for Tannins: 

Tannins were determined by combining the test solution with a 
simple lead acetate solution. Formation of a white precipitate confirms 
the presence of Tannins.

Characterization of biosynthesized silver nanoparticles(AgNPs):

UV-Visible spectroscopy:

Ultraviolet-visible spectroscopy, also known as ultraviolet-
visible(UV-Vis) spectrophotometry, is a form of absorption 
spectroscopy that operates in the UV-visible spectral range. This means 
that visible and neighboring light (near UV and near-infrared (NIR)) 
are used. The observable field has a significant impact on the color 
perception of the chemicals involved. Molecules undergo an electrical 
transformation in this part of the electromagnetic spectrum. Absorption 
refers to a substance that absorbs light at a given wavelength. UV-Vis 
spectroscopy was used to monitor the color variations of the mixture 
over time. The UV-Vis spectrum was monitored at 54 wavelengths 
ranging from 200-700 nm. on a UV spectrophotometer.

UV-visible spectroscopy is utilized in this work to characterize 
metal nanoparticles and to comprehend surface Plasmons and 
electronic transitions in metal nanoparticles. To begin characterizing 
the synthesized silver nanoparticles, a tiny aliquot of material was 
placed in a UV–Visible spectrophotometer of absorption spectra at 
300-700 nm. The UV-visible spectrophotometer is used to calculate the 
absorption spectrum of metal nanoparticles distributed in the water. 
The sample keeping cells were quartz cuvettes (cells) with a route length 
of 10 mm. Before employing UV radiation, the cuvettes are thoroughly 
cleaned with water, acetone, and dried.

Fourier Transform Infrared Spectroscopy (FTIR):

The technique is based on the fact that compounds and groups 
of compounds vibrate with characteristic frequencies. The molecule 
exposed to IR rays absorbs infrared energy at the characteristic 
frequency. Throughout FTIR analysis, a point in the sample is exposed 
to a modulated infrared (IR) beam. The resulting spectral pattern is then 
compared and analyzed to known signatures of materials identified 
in the FTIR-library. Silver nanoparticles and aqueous extracts were 
mixed with potassium bromide (KBr) and processed into a thin KBr 
disk under a pressure of 7845 KPa for 2 minutes, and all spectra were 
measured in the range of 4000 to 400 cm-1. The resultant spectrum is 
typical of the organic compounds contained in the sample. Without 
sample preparation, the method may instantly generate FTIR spectra 
of solid, semi-solid, and liquid materials in any shape. It can work with 
a minimum sample size of 15, minimal alignment, kinematic mount, 
and fast sample change. FTIR gives information on chemical bonding 
in a substance. Because the band intensities are related to the chemical 
concentration of the molecule, qualitative estimates are also achievable 
[25-28].

Scanning Electron Microscopy (SEM):

SEM is a high magnification microscope that creates images of 
the synthesized sample using a directed scanned electron beam. Thin 
films of the synthesized nanoparticles were made on a carbon-coated 
aluminum grid by simply dropping a small amount of sample onto the 
grid. An additional solution was made. It was removed using blotting 
paper and then the film was placed under a mercury-lamp for 5 minutes. 
EM images were observed at different levels of magnification. It's kind 

of an electron Microscope that images a sample in a raster scan pattern 
by scanning an electron beam. The electrons interact with the atoms 
present in the sample and generate signals which contain information 
about the surface topography, chemical content, and crystalline 
structure of the synthesized nanoparticles. Data is gathered across a 
predetermined region of the sample's surface, and a 2-dimensional 
picture displaying spatial variation in these characteristics is created. 
The crystals were analyzed and separated using SEM to determine the 
sizes and forms of the materials.

Transmission Electron Microscopy (TEM):

TEM is a microscopy technique in which an electron beam is 
passed through a highly thin specimen, interfering with it as it travels. 
The association of electrons emitted through the specimen creates an 
image, which is focused and magnified onto an imaging system. The 
morphology of the nanoparticles was studied using high-resolution 
pictures taken with a transmission electron microscope (TEM) set to 
300kV. AgNPs were sonicated for 5 minutes before analysis, and a drop 
of properly diluted sample was put onto a carbon-covered copper grid. 
Blotting paper was used to remove excess solution. The liquid portion 
was then allowed to dry at ambient temperature.

Dynamic Light Scattering (DLS) and Zeta potential :

The particle size distribution of silver was determined using 
DLS measurements, and the stability of the synthesized AgNPs was 
evaluated using zeta potential analysis. Both measurements were taken 
with Zeta-sizer Nano series compact dispersion spectrometer.

Antibacterial activity of biosynthesized silver nanoparticles 
(AgNPs):

In recent years, antibiotic resistance has been a major public health 
issue. Unlike traditional and limited spectrum antibiotics, metallic 
silver nanoparticles have a deadly impact on a wide variety of bacteria 
and do not allow pathogens to build resistance. Biosynthesized Silver 
nanoparticles can be utilized as a powerful tool to control harmful 
infections caused by microorganisms at extremely low concentrations 
and as a preventative agent. While silver ions or silver salts have 
antibacterial properties, the mechanisms for the action of silver 
nanoparticles are not yet completely characterized. Nutrient agar and 
nutrient broth were used for the sub-culturing of the bacterial isolates. 
Mueller-Hinton agar was used for the bacterial sensitivity screening. 
The antibacterial screening of the synthesized nanoparticles was done 
by agar well diffusion and MIC. 

Agar well diffusion method: 

The antibacterial behavior of the synthesized nanoparticles 
was tested using the nutrient agar well diffusion system defined 
by Schillenger and Luke (1989). The nutrient agar medium was 
inoculated with 0.1mL of a fresh overnight nutrient broth culture of 
Staphylococcus aureus and poured onto sterile Petri plates. Six 6mm 
diameter wells were punched in each plate using a borer, and the plates 
were dried for 5 minutes. After keeping the plate at 27°C for 2 hours 
to enable diffusion of the controls and samples into the nutrient agar 
medium, the well-known antibacterial medication Ofloxin was used as 
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Minimum Inhibitory Concentration (MIC):

Silver nanoparticle dilutions of 10,20,40,80,160 g/ml were prepared 
and used in this analysis. 200µl of bacterial suspension was inoculated 
into each test tube containing varying amounts of AgNPs and a 
comparable volume of Muller Hinton Broth (MHB) and incubated 
for 24 hours at 37°C. The technique also contained a positive control 
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