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l. INTRODUCTION

The old-style chemical nanotechnology is an ingeiglinary science of chemistry,
biology, physics, engineering, and technology, qrened at the nanoscale with dimension
sizes from 1 nm to 100 nm, and has applicationganous fields such as the food industry,
innovative textiles, and agricultural productiohid also widely used in advanced medical
technology. Nanoparticles have unique properties thffer from bulk particles, and their
properties change with decreasing dimensional gigsylting in a larger total area of
expansion (Ahmad A. et al., 2003). Nanopatrticlesairthe forefront of the rapidly growing
nanotechnology field. Synthesis of nanoparticlespwcific composition and size is of great
importance in scientific research. The propertieshese particles in diverse applications
such as catalysis, biochemical sensors, devicesulants, biopsies, tumor imaging, drug
manufacturing and preparation methods, and phanmiaaés are critically dependent on
nanoparticle size and composition (Gahlawat et2811,6). AgNPs are considered excellent
antibacterial and anti-inflammatory agents and hia@en used to promote wound healing.
Manufacturing these particles expands the rangeproperties that can be achieved.
Nanoparticles are particle dispersions of solidigias ranging in size from 1 to 100 nm.
Nanoparticles have helped open new possibilities designing new materials and
characterizing their properties by tuning the ss&fgape, and distribution of molecules (El-
Gamal et al.,, 2018). Pure nanoparticles are widmslgd for their unique properties and
medical purposes, Such as antibacterial, antifyragdi-inflammatory and anticancer effects.
The synthesized nanoparticles exhibit excellenibanterial activity against gram-negative
and Gram-positive pathogenic microorganisms. Silvanoparticles have shown potential
antimicrobial applications against multidrug-resigtbacteria (Kim et al., 2006). AgNPs are
an attractive option because they are non-toximitoans at low concentrations and also have
broad-spectrum antimicrobial activity. The antilgaietl activity of silver ions is well known,
and the bactericidal activity of elemental silverthe form of NPs has been developed. The
antibacterial activity of AgNPs has been studiedairgf yeast, Escherichia coli,
Staphylococcus aureus, etc. (Fangfei et al., 208Bjer nanoparticles have been shown to
exert antiviral activity against HIV-1 at non-cydaic concentrations, but the mechanisms
underlying their HIV-inhibitory activity have notelen fully elucidated. These silver
nanoparticles were studied using various in vigeags to elucidate their antiviral mode of
action against HIV-1 (Lara et al., 2010). Silveshang been used in various forms (metallic
silver, silver nitrate, silver sulfadiazine) asamtiseptic to treat wounds, burns, and microbial
infections. Silver has long been recognized as m@timécrobial agent against numerous
pathogens and microorganisms commonly found in cadind industrial processes (Khan et
al., 2018). Silver is a safe inorganic antibacteagent that can kill approximately 650
pathogens (Jeong et al., 2005). It is highly toxic bacteria such as E. coli and
Staphylococcus aureus.

Methods to synthesize silver nanoparticles incltide use of chemical solvents
(Iravani S. et al., 2014). Chemicals used in thaséhods are often toxic and reactive, pose
risks to humans and the environment, and are tetlyctm use on a large scale. Thus, there
has been a need for an affordable, low-cost, reliaton-toxic, and 'green’ approach to
synthesize stable metal nanoparticles of precieand shape. Two methods are used for the
synthesis of silver nanoparticles, a 'bottom-upthmé and a 'top-down' method. Bottom-up
methods use materials and biological approachegdgrate nanoparticles by independently
arranging atoms.
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Two methods are used for the synthesis of silagoparticles:' bottom-up' and' top-
down' methods. Bottom-up methods can integrate peaticles by independently assembling
atoms to form new nuclei, which evolve into nandéscparticles, Using materials and
biological approaches. In top-down methods, nanmbes are usually synthesized by
evaporation and condensation, and bulk materiaés raduced in size using various
lithographic techniques. B. Grinding and millingn®of the main advantages of this method
is the ability to synthesize large amounts of nambges in a short time, but one of the main
limitations of this method lies in this type of $gasis. The chemicals used are toxic and
produce environmentally friendly by-products. Adeas in green synthesis over chemical
and physical methods are environmentally friendbst-effective, and readily transferable
to large-scale synthesis of nanoparticldémed S et al., 2016). AgNPs are also known
to have antibacterial activity against several s&sisuch as hepatitis B, respiratory syncytial
virus, herpes simplex virus, and monkeypox virugNRs and ions have been shown to
have intrinsic cytotoxic activity (Sriram et.,a012). Physical methods used to
manufacture nanoparticles include several methods as milling and heat fusion. Physical
synthesis of silver NPs has several drawbacksequires a lot of space, consumes an
insignificant amount of energy in raising the ammbieemperature around the source material,
takes a very long time to reach thermal stabibtyd consumes several kilowatts or more of
energy, requiring several minutes of preheatingetim reach a stable working temperature
(Jung JH et al., 2008). These all assemblies ang expensive. they provide concentrated
mucus and require high energy costs (Mishra A gt28l11). Chemical methods include
electrochemical synthesis, chemical reduction, g@etrochemical reduction techniques
(Gahlawat and Choudhury, 2019). Sludge productitth woncentrated contaminants must
still be disposed of. caustic dyes, coordinatingsjydocking dyes, strong and reactive dyes
usually solidify, but the following flakes are lamgin diameter and do not adhere well,
leading to unremarkable results that are dangeimusveryone and the environment. these
techniques are also cost-effective (Alsukaibi A.R022). Some chemical synthesis
techniques have short half- lives, typically 20 ates. This point can be further reduced if
dyes are available, but stability is affected blf peoximity, pH and temperature. Several
innovative techniques using biological reducing rdge such as plant extracts,
microorganisms, polysaccharides and fungi have begry established to synthesize silver
nanoparticles (Gayathiri E. et al., 2022). Amongnth bacterial-mediated biological
techniques have been extensively studied due io ¢heap and straightforward protocols.
Microorganisms containing a ‘silver resistance niaety' synthesize silver nanoparticles as a
product of the detoxification pathway (Rezvani Aagt 2016). Extracts and enzymes from
microorganism’s act as both reducing and cappimgmisgn biosynthesis. (Jain J et al., 2009)
(Chugh D et al., 2011). Microbial-mediated nanaopbetsynthesis can result in intracellular
or extracellular accumulation of reduced metalelemental form (Ahmad et al., 2007).

Intracellular synthesis of nanoparticleequires additional steps such as
sonication and reaction with appropriate detergémtelease the synthesized nanoparticles
(Kalimuthu et al., 2008). At the same time, exttatar biosynthesis is cheap and requires
simple processing. This is advantageous for lacggegproduction of silver nanoparticles for
exploring potential applications. This is becaussnynstudies have focused on extracellular
synthesis of metal nanoparticles (Duran et al. 520 extracellular biosynthesis, microbial
cells are separated from the growth medium and cilefree supernatant is used for
nanoparticle biosynthesis (Kowshik et al., 2002xtrazellular biosynthesis offers an
economical route to the purification process, bag hmitations. Extracellular biosynthesis
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does not allow complete control over the size iliston and shape of nanoparticles.
Extracellularly generated nanoparticles have a sigtribution of 10 nm to 6 nm and
different shapes. Silver nanoparticles exhibit hagitibacterial activity against many types of
bacteria, including common microorganisms Staplgdoas aureus and Escherichia coli.
According to the mechanisms described, silver nartmbes interact with the bacterial outer
membrane, halting respiration and other metabddithyways, killing the bacteria. Recent
technological advances in chemically reducing sib@mpounds to nanoscale particles have
made it possible to incorporate this valuable aictiobial agent into a wide range of
materials, including plastics, coatings and foaars] natural and man-made fibers. Nano-
sized silver already provides more permanent aotobial protection for the life of the
product. Recent research on inorganic non-matesigfssuperior antibacterial properties has
opened alternatives for the pharmaceutical and cakdidustries. Silver is an ideal metal
because it can be expected to effectively kill micganisms. Silver nanoparticles have
recently been recognized as promising antibactagahts, acting on a variety of targets both
extracellularly and intracellularly. Silver nanopeles showed very potent bactericidal
effects against Gram-positive and Gram-negativaebiac including a multidrug-resistant
strain, which has been fully demonstrated in sévstadies (Zeng et al., 2007). Silver
nanoparticles have attracted considerable atterimnang emerging nano products in nano
pharmaceutical manufacturing due to their novepprttes and clear curative potential in the
treatment of many diseases, including retinal necwiarization (Kalishwaralal K et al.,
2009). Nanotechnology is an evolving technology 8p@ans many fields such as chemistry,
cosmetics and mechanical advancements, and hastanpapplications, especially in the
fields of electronics, magnetism, information sg@aand optoelectronics. (Murray et al.,
2000), especially in the fields of pharmaceuticaisl medical analysis, which also play an
important role in environmental protection and @yeconversion. Various methods are
available for the synthesis of silver nanoparticlesr example, silver particles are prepared
by chemical, electrochemical, radiation, photocloainistrategies, Langmuir-Blodgett
methods and biological methods (Iravani et al. 201

Due to their ease of manipulation and manipulatibtheir genetic material, bacteria
are potential candidates for the biological originnanoparticles (Faramarzi and Sadighi
2013). In addition, bacteria can survive all kirmfsadverse conditions, such as hot or cold
peaks, varying levels of alkalinity or acidity, ahidh salinity. At the same time, biologically
formed nanoparticles have many applications, inolydatalysis of chemical reactions (Li et
al., 2016), photoreceptors, and antibacterial ay@anjan and Jadeja 2017). in addition

It also has the ability to precipitate nanopagclthrough metabolic activity.
biological synthesis of nanoparticles by bactesibelieved to be facilitated by their ability to
precipitate these molecules from cells, as theseopwticles can be recovered by cell
filtration, which is beneficial for intracellulaysthesis. (Alsamhary et al.,2020). Biosynthesis
of nanoparticles can occur inside or outside tHe ared is based on cellular metabolism
within the organism. In some cases, nanoparticés lie produced by filtration of fungal
cells, which is a suitable factor for biologicalnsiyesis of nanoparticles. Fungi also play a
very important role in nanoparticle synthesis aadehbeen used for the biosynthesis of silver
nanoparticles due to their secretion of numerooteprs and their high NP productivity. The
biosynthetic mechanism of the nanoparticles is etgaeto be the recovery of silver ions by
fungal enzymes. Fungi secrete large amounts ofre@zyand grow readily in any medium,
making them ideal for the biosynthesis of silvenogarticles (A. Ahmad et al., 2003). So far,
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many studies have been performed using differeatiep of fungi for the biosynthesis of
splitter nanoparticles, including: B. Aspergilluk.C. Bhainsa and SF D'Souza, 2006).
Nitrogen is often considered the limiting factor foushroom growth, as mushrooms require
the most nitrogen of all minerals. unlike bactefumgi cannot fix atmospheric nitrogen, but
happily utilize many other forms of nitrogen, suahamino acids, ammonium, and nitrates.
Some fungi can convert nitrate to ammonium as tile sitrogen source via the enzymes
nitrate reductase and nitrite reductase (Zomoroddaet al., 2016). The exact reaction
mechanism leading to the biosynthesis of splintaroparticles has not yet been elucidated.
Previous studies have suggested that the reduceddbnicotinamide adenine dinucleotide
(NADH) and NADH-dependent nitrate reductase likplgty a role in the reduction of silver
ions to metallic silver. In the present study, féapergillus species, including A. fumigatus
were used to investigate the extracellular biosgsithof debris nanoparticles. A clavatus, A.
niger, A. flavus to investigate the possible rdiamitrate reductase in the formation of ground
nanoparticles, we analysed standard amounts andurdsnoof biosynthetic ground
nanoparticles of the Aspergillus species studiegirthelationship with nitrate reductase
activity. Bacillus subtilis, also known as haybhl or grassbacillus, is a Gram-positive,
catalase-positive bacterium commonly found in aail the digestive tract of ruminants and
humans. Bacillus subtilis, a member of the genusillBg, is rod-shaped and can produce
robust protective endospores that allow it to wahd extreme environmental conditions. B.
subtilis has historically been classified as angathé aerobic type, but there is also evidence
that it is a facultative anaerobic type. B. Badalkubtilis is the best- studied Gram-positive
bacterium and is considered a model organism talystg bacterial chromosome replication
and cell differentiation. it is one of the bactewhampions in the production of secretory
enzymes and is used on an industrial scale by aantlogy companies and the synthesis of
nanoparticles. The Bacillus cell wall is the ousttucture of the cell that forms a second
barrier between the bacteria and the environmeiniewhaintaining a triangular shape and
resisting pressure caused by cell swelling. Asflasgniger is an important fungus and one
of the most common species in the genus Aspergilicauses a disease called "black mold"
on certain fruits and vegetables such as grapesoég onions and peanuts and can be a
common food contamination. This fungus is ubigustau soil and is often reported indoors
where its black colonies can be confused with de®wf Stachybotrys Aspergillus niger. it
has been reported to produce a potent mycotoxieccalchratoxin. other sources disagree,
claiming that the report is based on a misideraifan of the fungal species.

Recent evidence suggests that some bona fidegAr strains produce ochratoxin, so
the fungus can be easily isolated from a varietemfironmental sources and used in the
laboratory for simple, nutritious applications such PDA. It can also be grown on media
with a low pH, making it very easy to maintain theagus in the laboratory. fungi were
chosen for the production of silver nanoparticlesause their enzymatic secretory activity is
easy to isolate and maintain. Characterizationissuof silver nanoparticles and nanopatrticle-
based devices are of interest for many industmglieations because of their unique and
often advantageous properties. The high surfaceeltame ratio and size (quantum) effects
of nanoparticles give rise to many size- depengéenomena such as chemical, electronic,
magnetic and mechanical properties. In this stihgillus strains were examined for the
synthesis of silver nanoparticles. these diffeiantillus species, only Bacillus subtilis shows
a high potential for synthesizing silver nanop&tc The main aim of this study was to
develop a simple, inexpensive, biocompatible andrenmentally friendly approach for the
extracellular biological synthesis of silver nandigées using Bacillus subtilis. Analyses
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characterizing her AgNPs formed were performed gusiiiraviolet spectroscopy. These
silver nanoparticles have also been tested fobacterial activity against the pathogenic
bacterium Staphylococcus aureus and antifungatigctigainst the fungus Aspergillus niger.
The aim of this research work is to investigatedffect of time on the biosynthesis of silver
nanoparticles. Aspergillus niger was studied fa #ynthesis of silver nanoparticles. The
main aim of this study was to develop a simple,xpe®sive, biocompatible and

environmentally friendly approach for the extragkt biological synthesis of silver

nanoparticles using Aspergillus niger, which wasalgsed using UV spectroscopy to
characterize the formed AgNPs. These silver nanicfes are also being studied to verify
their antibacterial activity against the pathogebiacterium Escherichia coli and their
antifungal activity against the fungus Aspergiliuger.

Il. MATERIALS AND METHOD
1. Isolation of Silver Nanoparticles from Bacteria:

* Collection of Soil Sample:The soil samples collected from Narsinh Mehta gard
(21*26°20.4” N, 70*30'12.9” E), Junagadh, Gujaréndia. the soil samples up to a
depth 10-15 cm were collected using sterile spatmd then packed in polythene
bags.

» Isolation of Bacteria: A quantity of 1.0 g of representative and homogedisoil was
suspended in 9 ml sterile distilled water in a tabe dilution process was continued
till 10-6 dilution. Nutrient agar take place in adtave. The medium was cooled and
poured on to petri plates. aliquots were withdramd transferred to sterile selective
media petri plates dilution of the samples add utrient agar plate and rotated in
clockwise and anticlockwise directions for even eggoling and allowed for
solidification. The plates were inverted and indedaat room temperature 37°C.
When the bacterial colonies appeared on the plategphologically distinct bacterial
colonies were picked up and maintained on nutagat plats.

» Identification of Bacterial Isolates: The morphological, physiological
characterization of bacteria. Cell morphology o tkolates was studied by simple
staining method. The bacterial shape was obsermneéruoil immersion objective.
The gram’s reaction of the isolates was perfornseges the common methods.

» Purification of Bacillus Subtilis: Take a loop full Bacillus subtilis colony help of
wire loop and striking on nutrient agar plate. thliste takes place in incubator for 370
c for 24 hrs.

2. Production of Biomass of Bacterial IsolatesPurified bacterial isolates colonies were
transferred into 200 ml sterilized nutrient brotbntaining flask and incubated on an
orbital shaker at 37 °C and continuous agitatio@0f rpm for 24 hours. The microbial
biomass was collected after 24 hr of growing andtrdeged at 10,000 rpm for 10
minutes. The bacterial cells were separated byrit@gdtion. The cell free supernatant
material was separated out and used for extraaekyhthesis of nanoparticles.

3. Biogenic of Silver Nanoparticles from Bacterial Istates: Preparation of silver

nanoparticles (Kalishwaralal et al., 2008) for greparation of AgNPs, two solutions
were prepared; The first one was: 100 ml of sugantavas mixed with one ml of silver
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nitrate solution (1 mM) and the second reactionturex was prepared without AQNO3
that used as a control test. The designed soluti@ne incubated at 30 °C for 24 h. all
solutions were preserved in dark to abolish anytgdtemical reversion during the
experiment. then, the solutions turned from yellavwo brown colure. the silver

nanoparticles were purified by centrifugation adQ@ rpm for ten minutes, and collected
for characterization.

4. Effect of Time on Silver Nanoparticles BiosynthesisTo investigate the efficacy of
time on the biosynthesis of silver nanoparticlestesh colony of the Bacillus subtilis
produces for silver nanoparticles was selected. diieire tubes were incubated for 60
min then one ml of the growth was inoculated in rfagks containing 10ml LB broth
incubated at 37 °C with continued shaking 150 rmgm Z0 hrs. 1 ml of nanoparticle
suspension was added to the experimental flask gidwth of the microbe was detected
by determining the O.D. of culture at regular tinrmerval (24 hrs.) by UV-Vis
Spectroscope at 600 nm. an equal volume from ealtlre was outgoing and the optical
density was calculated and draws the growth cusesicrobial strains.

5. lIsolation of Silver Nanoparticles Producing Fungi:

* Collection of Soil Sample:The soil samples collected from agriculture la@i°(30°
20.83" N, 70° 26’ 55.33” E). the soil samples upatdepth 10-15 cm were collected
using sterile spatula and then packed in polytHes.

» Isolation of Fungi: A quantity of 1.0 gm of representative and homonethisoil was
suspended in 9 ml sterile distilled water in a tabe dilution process was continued
till 10-6. Potato dextrose agar media take placautoclave. The medium was cooled
and poured on to Petri plates. Aliquots was witlwairaand transferred to sterile
selective media petri plate’s dilution of the saesphdd in potato dextrose agar plate
and rotated in clockwise and anticlockwise direwidor even spreading and allowed
for solidification. The plates were inverted amdibated at room temperature 37°C
for 4 days. When the fungi appeared on the plabesphologically distinct colonies
were picked up and maintained on potato dextrostbr

» Identification of Fungi: Fungi were characterized by their morphology sash
hyphae characteristics, presence or absence oésparrangement of conidia and
reproductive structures by microscopic observatismg lacto phenol Cotton Blue
(LPCB) method.

» Purification of Aspergillus niger: A single spore was taken in an inoculation loop
and streaked at potato dextrose agar plate antated for 4 days.

6. Production of Biomass of Fungi:To prepare biomass, fungi were grown aerobically i
liquid media containing (g/L) KH2PO4, 7.0; KH2POZ2,0; MgSO47H20, 0.1;
(NH4)2S04, 1.0; yeast extract, 0.6; and glucose).10he flasks were inoculated and
incubated on orbital shaker at 150 rpm at 25°C (iardomorodian et al., 2016). The
biomass was harvested after 72 hours of growthilbgrifg through a paper sieve,
followed by substantial washing with distilled deimed water in order to remove any
medium component from the biomass.
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Biosynthesis of Silver Nanoparticles from FungiThe biomass (25gm) wet weight was
placed in individual flasks containing 100 ml waded incubated for 24 hrs. The biomass
was filtered, and the cell filtrate was collectadlaised for biosynthesis of AgNPs. For
biosynthesis of AgNPs, 50 ml of cell filtrate wasxed with 2 ml AgNOS3 solution
(ImM) and reaction mixture without AQNO3 was useccantrol. The prepared solutions
were incubated at 28°C for 24 hrs. In abolish ctowli(Devi and Joshi, 2012). The color
change from yellow to brown color indicates theduation of silver nanopatrticles in the
sample. The silver nanoparticles were purified byptgfugation at 10000 rpm for ten
minutes, and collected for characterization.

Characterization of Silver Nanoparticles: The reduction of silver nitrate and formation
of silver nanoparticles from microorganisms werarelterized by visible color change
and by UV-visible spectroscopy between 300 to 5@@ ihe biosynthesized silver
nanoparticles samples were periodically monitoradtiie bio reduction completion of
Ag+ in aqueous solution as color change by visusppéction and subsequent scan in UV-
visible spectra, the wavelength range between 42@40 nm were used for silver
nanoparticles. (Kamiar Zomorodian et al., 2016).

Determination of Antimicrobial Activity of Silver N anoparticles by well Diffusion
Method: The silver nanoparticles were centrifuged 10000 goi the silver dissolve the
pellet in distilled water.

» Antibacterial Activity: Preparation of Inoculum: The active young cultui@sthe
study were prepared by sub-culturing a loopful efiscto the nutrient broth and
incubated for 24 hours at 37°C. agar well diffusibethod: The Petri plates were
prepared with 20 ml of Luria bertani agar media #mtest cultures were swabbed
on the surface of the solidified media and alloweedry for 10 minutes and pour into
agar and make a well. Biosynthesized silver nanmbes added in the well. Silver
nitrate was used as a control. The plates werebated for 24 hrs. at 37°C for
bacterial growth. Zones of inhibition were recordednillimeters.

* Antifungal Activity: Preparation of fungal Inoculum: The fungi culturesere
grown on PDA plates at37°C, 4 days for furgpore suspensions were prepared
in sterile distilled water. Agar well diffusion nietd: The antifungal activity of the
AgNPs was evaluated using the diffusion methodtHeurPetri plates were prepared
with 20 ml of potato dextrose agar media and tlsé ¢altures were swabbed on the
surface of the solidified media and allowed to finy 10 minutes and pour into agar
and make a well. Biosynthesized silver nanopadialéded in well then Silver nitrate
was used as a control, after that Petri plate iamdat 37°C for 48 hours after that
the inhibition zones were measured.

RESULT

Isolation of Silver Nanoparticles Producing Bacter: Soil samples taken Narsinh
Mehta garden were used as source material fortigolatudies. After the incubation
period, about four morphologically dissimilar coles were selected and subcultured in
nutrient agar slants for further studies.
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2. ldentification of Silver Nanoparticles Producing Baterial Isolates: The
morphological, physiological characterization ottesia by gram staining method. after
use of gram staining method identificationBaicillus subtilis, Saphylococcus aureus and
Escherichia coli.

Figure 1: Bacillus subtilis pure culture on nutrient agar.

Colony characteristic (figurel) dacillus subtilis on nutrient agar plate. They
have irregular margin, 2-3mm size, dry and rougktute, flat elevation, white
pigmentation and opaque opacity.

Figure 2: Bacillus subtilis microscopic view.

Colony characteristic of (figure 2Bacillus subtilis in microscopic view
performing gram stain. They have rod shaped, pugler and gram positive bacteria.
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3. ldentification of Bacterial Isolates: The morphological, physiological characterization
of bacteria by gram staining method. After use raing staining method identification of
staphylococcus aureus and Escherichia coli.

Staphylococcus aureus

Figure 3: Saphylococcus aureus pure culture on luria bertani agar.

Colony characteristic (figure 3) @&taphylococcus aureus on luria bertani agar
medium. They have entire margin, convex elevat@3mm size, smooth and shiny
texture, flat elevation, yellow pigmentation andcigpe opacity.

Figure 4: Saphylococcus aureus microscopic view.

Colony characteristic of (figure-4taphylococcus aureus in microscopic view
performing gram stain. They have round shaped,l@ewqgor and gram positive bacteria.
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Figure 5: Escherichia coli on nutrient agar.

Colony characteristic (figure 5) discherichia coli on nutrient agar plate. they
have entire margin, 1-2mm size, shiny texture, eanslevation, off-white pigmentation
and opaque opacity.

Figure 6: Escherichia coli microscopic view.

Colony characteristic of (figure 6]scherichia coli in microscopic view
performing gram stain. they have rod shaped, podirand gram negative bacteria.
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4. Identification of Silver Nanopatrticles Producing Fungal Isolates:Fungal isolates were
identified up to morphological characteristics (g% arrangement of conidia and
reproductive structure) using lacto phenol cotthue lstaining.

Aspergillus niger

Figure 7: Aspergillus niger pure culture.

Colony characteristic of (figure Aspergillus niger on potato dextrose agar plate.
They have smooth structure, white surface colorramdrse black color.

Figure 8: Aspergillus niger microscopic view.
Colony characteristic of (figure 8Aspergillus niger in microscopic view

performing of lacto phenol cotton blue stainingeyhave one celled conidia, branching
septate hyphae, smooth cell walls and asexuallpdeetive structure.
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5. Production of Biomass from Bacteria: After the agitation microbial biomass was
collected around 24 hours after. so we observe ftbhe (figure-9) clear biomass

production and the (figure-10) cell free supernant.

Figure 9: Biomass Production d@. subtilis.  Figure 10: B. subtilis cell free supernant.

6. Biosynthesis of Silver Nanoparticles fronBacillus Subtilis:

Figure 11:Control, without silver nitrate ~ Figure 12: silver nanoparticle suspension.

The biosynthesis of silver nanoparticles was itjti@onfirmed through color
change of the reaction mixture. the appearance pédla yellow to (figure-12) brown
color filtrate in the reaction vessels after indidra at room temperature confirms the
formation of silver nanoparticles. In negative (iig-11) control (without silver nitrate),
no color change was observed. in flask containexgdsial supernatant with silver nitrate
solution color change from pale yellow to brown arolwas observed. The silver

nanoparticles were concentrated and separatedcefteifugation.
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7. Effect of Time on the Biogenic Silver Nanoparticles

1.4

1 /—
0.8

Absorbance

24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 BE TO T2

time( hour)
Figure 13: Uv- visible spectrum of Effect of time on the béwgc silver nanoparticles.
As a (figure 13) function of time, the UV-Vis spectabsorbance at a
concentration of 1 mM silver nitrate and cell feagernant indicates that the reaction was

completed during of the incubation period. An imse in time does not affect the
formation of silver nanopatrticles.

8. Characterization of Silver Nanoparticles Produces ¥ Bacillus Subtilis:

Absorbance
o
[y ]

320 33 36 37 38 41 43 46 50
Wawvelength (rum)
Figure 14: Uv- visible spectrum of synthesis for silver naadjeles from Bacillus subtilis.
The primary characterization (figure 14) of silveainoparticles was done with

UV- Visible spectral analysis. this initial step ®@uthenticate silver nanoparticles
formation in aqueous solution is using UV- Visilsieectroscopy. the absorbance pattern
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of the UV- Visible spectra in the range of 300-500. A strong, broad peak observed at
420nm.

9. Production of Biomass of Fungi:

Figure 15:Mass production oA. niger. Figure 16: A. niger cell free supernant.

The biomass was harvested after 72 hours of growtfitering through a paper
sieve, followed by substantial washing with distil water in order to remove any
medium component from the biomass (figure 15). iFt@emass was added to 200 ml of
distilled water for 48 hours at 25°C in flask argitated on orbital shaker at 150 rpm for
48 hours. After incubation, the cell filtrate walsta@ined by sieving the content through
filter paper (figure 16).

10. Biosynthesisof Silver Nanopatrticles from Aspergillus niger:

Figure 17:Control, without silver nitrate. Figure 18: Test, silver nanoparticle
suspension

After incubation of the fungal cell filtrates wiilver ions and maintenance in the
dark, the cell filtrates showed a gradual changeoior towards yellow to brown (figure-

Copyright © 2024 Authors Page | 233



Futuristic Trends in Biotechnology
e-ISBN:978-93-6252-707-3
IIP Series, Volume 3, Book 8, Part 6, Chapter 1
“SYNTHESISOFSILVERNANOPARTICLESFROM BACTERIA
AND FUNGI TO CHECK THEIR EFFICIENCY AGAINST HUMAN RTHOGEN”

18). The color of the cell filtrates changed tcemge brown after 48 hrs of incubation.
This indicated the formation of sliver nanopartcia the medium which was mainly.
Controls (without silver ion, figure 17) exhibited change in color of the cell filtrate in
the same condition of incubation. The silver namtgas were concentrated and
separated after centrifugation.

11.Characterization of Silver Nanoparticles Produces  Aspergillus niger:

0.35

Absorbance
R e

o
b

e
=
]

=

300 330 Efi] IarFo I=0 410 430 460 500
Wavelength {nm)

Figure 19: Uv- visible spectrum of synthesis of silver nantigies from Aspergillus niger.

The primary characterization of silver nanoparcieas done with Uv-Visible
spectral analysis. This initial step to autheng@icailver nanoparticles formation in
aqueous solution is using Uv- Visible spectroscoflye absorbance pattern of the Uv-
Visible spectra in the range of 300-500 nm. a gjydiroad peak observed at 430 nm
(figure-19).

12. Antimicrobial Activity of Silver Nanoparticles Prod uces byBacillus subtilis Against
Staphylococcus aureus:

control

Figure 20Control, silver nitrate.  Figure 21: Test, silver nanoparticle.
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After the incubated plate zone of inhibition (8mim)observed against bacteria.
Antibacterial activity of silver nanoparticles isig best result against staphylococcus
aureus. The diameters of clear area determinedtéghylococcus aureus were 8 mm
(figure-21). in control plate zone of inhibitionnet observed (figure-20).

13. Antifungal Activity of Silver Nanoparticles Produces by Bacillus subtilis against
Aspergillusniger:

Figure 22: Control, silver nitrate Figure 23: Test, silver nanopatrticles.

After the incubated plate zone of inhibition (10mimm)observed against fungi.
Antifungal activity of silver nanoparticles whiclqauced by Bacillus subitilis is gain best
result against Aspergillus niger. The diameterglear area determined for Aspergillus

niger were 11 mm (figure 23). In control plate zarfienhibition is not observed (figure-
22).

14. Antimicrobial Activity of Silver Nanoparticles Prod uces byAspergillus niger against
Escherichia coli:

control

Figure 24 Control, silver nitrate.

Figure 25:Test, silver nanopatrticles.
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After the incubated plate zone of inhibition (9.5)isobserved against bacteria.
Antibacterial activity of silver nanoparticles promed by Aspergillus niger is gain best
result against staphylococcus aureus. The diamaiérslear area determined for
Escherichia coli were 14 mm (figure 25). in contpate zone of inhibition is not
observed (figure 24).

15. Antifungal Activity of Silver Nanoparticles Produces by Bacillus subtilis against
Aspergillusniger:

Figure 26Control, silver nitrate. Figure 27: Test, silver nanopatrticles.

After the incubated plate zone of inhibition (12mimm)observed against fungi.
Antifungal activity of silver nanoparticles againsgispergillus niger is better. The
diameters of clear area determined for Aspergitliger were 12 mm (figure 27). In
control plate zone of inhibition is not observedjfe 26).

V. DISCUSSION

Silver nanoparticles are gaining popular nowadégsause of their versatile
applications in various fields of research. AgNPs aseful in treating various kinds of
diseases in any forms. Biosynthesis of silver nantoges using microbes is best alternative
to accomplish the clean, economical and eco-friemoduction among the microbes,
prokaryotic bacteria have been most extensiveld @sethe synthesis of nanoparticles, in the
current study, and soil microorganisms from Nardibkhta garden were screened for their
ability to produce silver nanoparticles. The baeatédrom this region are expected to have
continuous interactions with metals, hence theyldtopossess nanoparticle forming
properties. Bacterial isolates obtained from sainples were further screened for silver
nanoparticles forming ability. The cell free supgdent of all the isolates were treated with
1mM AgNO3 solution and observed for the color cleafrgm colorless to brown.

The change in color throughout the supernatant e@surred after 24 hour of
incubation and the color was completed at 48hha durrent study, soil microorganisms
from agriculture garden were screened for theilitglio produce silver nanoparticles. The
fungi from this region are expected to have comuwiinteractions with metals, hence they
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could possess nanoparticle forming properties. &uisplates obtained from soil samples
were further screened for silver nanoparticles fogrability. The cell free supernatant of all
the isolates were treated with 1ImM AgNO3 solutiod abserved for the color change from
colorless to brown.

The production of silver nanoparticles by Bacillsgbtilis characterization in Uv
visible spectroscopy in a strong, broad peak oleskat 420nm. It means production of silver
nanoparticles capable Bacillus subtilis and getst blesult. The production of silver
nanoparticles by Aspergillus niger characterizaiilmriJv visible spectroscopy in A strong,
broad peak observed at 430nm. It means productiorsileer nanoparticles capable
Aspergillus niger and gets best result. Antibaatesctivity of the biosynthesized silver
nanoparticles against staphylococcus aureus antieksiia coli produce the zone of
inhibition. Silver nanoparticles against staphylomgs aureus create zone of inhibition 8 mm
and 9.5 mm respectively. It is good antibacteraivaty of silver nanoparticles. Antifungal
activity of the biosynthesized silver nanopartickgminst Aspergillus niger produce the zone
of inhibition. Diameter of zone against Aspergilhiger 10 mm and 12 mm.

V. CONCLUSION

The results indicated that among all the isolB@&sllus subtilis and Aspergillus niger
showed the synthesis of AgNPs which was evidena®d the yellow color change to brown
color. the UV-Vis spectral analysis showed an odisnce peak of Bacillus subtilis and
Aspergillus niger at 420 nm and 430 nm. Antibaefesictivity of silver nanoparticles was
performed by well diffusion method against staphglocus aureus and Escherichia coli.
Antibacterial potential of AQNPs was assessed bgsueng diameter of zone of inhibition
against the pathogens. Zone of inhibition againsipls/ococcus aureus 8 mm and
Escherichia coli 9 mm. Antifungal activity of silv@anoparticles was performed by well
diffusion method against Aspergillus niger. Theifangal potential of AQNPs was assessed
by measuring diameter of zone of inhibition agaimgt pathogens. The zone of inhibition
against Aspergillus niger is 10 mm and 12 mm. Tat suggests green and eco- friendly
method to formation of silver bio-nanoparticles Bgcillus subtilis and Aspergillus niger.
Silver nanoparticles used as antimicrobial agemtirsg pathogenic microorganism. silver
nanoparticles also useful in the treatment of tla@yrdiseases. Silver nanoparticles give best
antimicrobial activity against fungi and bacte&lver nanoparticles broadly used in medical
field.
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