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ABSTRACT

Nanotechnology is the novel science that deals with the production, manipulation and
application of nano-materials. Nanoparticles can be produced by physical, chemical, or
biological methods. Of these methods, biological is the most preferred due to its eco-friendly
nature, and the fact that it is cheaper to carry out. This study is aimed at isolating, screening,
and synthesizing silver nanoparticles using Actinomycetes sp. from MTU dumpsite. The
isolates were screened for antibiotics production. The best isolate was identified using
morphological and biochemical characterizations. Biosynthesis of silver nanoparticles using
the selected isolate was carried out. Characterizations of the biosynthesized silver nanoparticles
(AgNPs) using visual observation, UV-spectrophotometer, and FT-IR spectroscopy were
investigated. The produced AgNPs was used as an antibacterial agent against five selected
pathogenic bacteria including pathogenic Escherichia coli, pathogenic Staphylococcus aureus,
Proteus mirabilis, Salmonella enterica, and Enterococcus faecalis. Out of the 13 bacterial
isolates, only seven possessed antibacterial activities, out of which, isolate MDC4 and MDN9
identified as Actinomycetes sp were able to synthesize AgNPs. Colour change from yellow to
dark brown, and 400 nm surface plasmon resonance (SPR) peaks between 24 to 72 hours were
obtained. FT-IR showed 15 peaks with ten functional groups contributing to the synthesis of
AgNPs. The biosynthesized AgNPs by the two isolates showed improved inhibitory effect
against the selected pathogenic bacteria compared to the bacterial extract. Isolate MDC4
showed better inhibitory activity against pathogenic bacteria compared to MDNO. The
biosynthesized AgNPs by MDC4 showed improved inhibitory effect compared to the bacterial
extract, and chloramphenicol antibiotics against S. enterica 17, 15 and 0 mm), S. aureus (14,
13 and 11 mm), E. coli (19, 16 and 11 mm), Proteus sp. (27, 0 and 0 mm) and E. faecalis (13,
0 ad 0 mm) respectively, while that of MDN9 were S. enterica (15, 0 and 0 mm), S. aureus
(12,0 and 0 mm), E. coli (45, 12 and 30 mm), Proteus sp. (no zones) and E. faecalis (no zones).
Isolate. Therefore, MDC4 isolate can be used for antibiotics production on a larger scale.

Keywords: Actinomycetes, Antimicrobial, Nanoparticles, Nanotechnology, Pathogenic, Silver
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CHAPTER ONE

INTRODUCTION
1.1 Background of Study

Actinobacteria is a group of microorganisms which are Gram-positive and are known to have
a high guanine and cytosine content. They are unicellular and lack a defined cell wall and they
produce and aseptate mycelia (Ranjani et al., 2016). They share the characteristics of bacteria
and fungi. Based on scientific classification, actinomycetes is a member of the order
Actinomycetales, under the class Actinomycetia and the phylum Actinomycetota. The three
main genera under Actinomycetes are: Actinomyces, Nocardia and Streptomyces (Gillespie,
1994).

Actinomycetes are Gram-postive, aerobic, spore-forming bacteria (Bhatti et al.,2017). They
possess the ability to produce antibiotics and other important therapeutic compounds (De
Simeis and Serra, 2021). The spore-forming characteristic of actinomycetes supports the
production of nanoparticles.

Nanotechnology is the novel science that deals with the production, manipulation and
application of nano-materials, which are materials of dimensions in the nanoscale
(Nasrollazadeh et al., 2021). Nanotechnology is multidisciplinary in nature as it involves other
disciplines such as: biology, chemistry and quantum mechanics (Alagarasi, 2011).
Nanoparticles are particles whose size range between 0.1 - 100 nanometres. They are tiny
particles and can be classified based on their shapes and sizes which serves as a basis of their
properties. They have a number of optical, physicochemical and electrical properties which
allows them to be applied in sensing, imaging, antimicrobial activities. And of all three
methods, the biological has posed to be the most preferred as it is eco-friendly, it does not make
use of toxic chemicals and it is economical. The biological method involves the use of bacteria,

fungi, algae and plant extracts.

1.2 Statement of Problem

Antibiotics resistance is a rapidly emerging worldwide issue. This occurs when
microorganisms are no longer susceptible to antibiotics. This poses an urgent problem to public
health globally. A number of factors contribute to the development of resistance in
microorganisms such as mutation, excessive drug use and incomplete drug dosage amongst
others. Over the years, due to the widespread use of antibiotics, resistant strains of
microorganisms have developed, and this has caused severe difficulties in treating illnesses

caused by these microbes (Cesur and Demiroz, 2013). This phenomenon has consequences
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such as treatment failures leading to inevitable loss of lives and the need for more expensive

alternative treatment options to curb the increasing mortality rate (Nwobodo et al., 2022).

1.3 Justification

The benefits of microbially-produced antibiotics cannot be overemphasized. Antibiotics have
proven reasonably efficient in treating pathogenic infections but over time resistant
microorganisms have emerged. A cheaper, readily available and more effective treatment
option for pathogens is biosynthesized silver nanoparticles. They possess unique physical and
chemical properties which aids their application in the biomedical field. Silver nanoparticles
have proven to be biocidal against various drug resistant path This serves as a different

therapeutic option to regular antibiotics, which has proven effective.

1.4 Aim and Objectives of the Study
The aim of this research is to synthesize silver nanoparticle using Actinomycetes sp. and apply

same for the inhibition of pathogenic bacteria

i.  Toisolate Actinomycetes sp. from soil samples

ii.  To screen the isolates for the synthesis of silver nanoparticles
iii.  To identify the selected isolates using morphological, biochemical and characterizations.
iv.  To determine the antimicrobial activity of the synthesized silver nanoparticles against

selected pathogenic microorganisms.



CHAPTER TWO
LITERATURE REVIEW

2.1 Nanoparticles

Nanoparticles is a novel science that deals with the production, manipulation and application
of nano-materials, which are materials in the nanoscale. Nanotechnology basically deals with
design, production and characterization on nano sized materials (Krishna, 2017), including
nanoparticles, nanotubes, nanowires, etc. Nanoparticles are particles ranging from the sizes 1-
100nm. These particles are basically small objects that act as a whole unit in accordance with
their transport and properties (Krishna, 2017). They exhibit some properties that qualify them
as “ideal” such as nearly identical intensity, effective surface area, and discrete energy levels
that can lead to some important adjustments to electronic properties (Daniel and Astruc 2004;
Kato, 2011). Nanoparticles can be produced by physical, chemical and biological methods- use
of biological systems such as bacteria, actinobacteria, fungi, viruses, algae, yeasts, plants
(Pandit et al., 2022). Biologically, nanoparticles are produced by intracellular and extracellular
methods.

There are various types of nanoparticles, namely: Metallic nanoparticles, Metal-oxide

nanoparticles, Sulfide nanoparticles and organic nanoparticles.

2.1.1 Properties of Nanoparticles
Nanoparticles have different properties; physical, electrical, thermal, magnetic and optical.

Nanoparticles possess a number of physical and chemical properties.

2.1.1.1 Physical Properties

The physical properties of nanoparticles include the optical, magnetic, electrical and thermal
properties. A physical property of nanoparticles is the size. Nanoparticles have their sizes in
nanometers ranging from 1-100 nm. They are tiny and can only be viewed and characterized
by employing the following techniques: Use of Scanning Electron Microscope (SEM),
Transmission Electron Microscopy (TEM), X-ray Diffraction Microscopy, Dynamic Light
Scattering (DLS) and Fourier Transform Infrared Spectroscopy (FTIR) (Fariq et al., 2017).
Due to the small size of nanomaterials, the surface area to volume ratio is very large, and leads
to large surface or interface atoms, leading to more "surface" dependent material properties.
(Alagarasi, 2011). Basically, a greater amount of the atoms is found at the surface than the
inside, giving them a larger surface area. The optical properties such as light absorption,

reflection, penetration phosphorescence and luminescence abilities (Fariq et al., 2017) are



dependent on their size, shape and surface characteristics. These optical properties are applied
in optical detectors, laser, sensor, imaging, display etc. (Alagarasi., 2011). The optical and
electronic properties of NPs are interdependent to greater extent (Fariqg et al., 2017). The optical
properties of nanoparticles also include their colours. Magnetic properties of nanoparticles are
more effective at a low dimension, between 10-20nm. The distorted electronic distribution in
nanoparticles leads to magnetic property (Fariq et al., 2017). Mechanical properties of
nanoparticles include elasticity, ductility tensile abilities and flexibility (Ealias et al., 2017). It
also includes stress, strain, adhesion and friction Nanoparticles are capable of conducting heat
more than liquids or solids. Therefore, the fluids containing suspended nanoparticles are
predicted to show considerably more advantageous thermal conductivities relative to the ones
of regular heat transfer liquids (Fariq et al., 2017). Heat transfer occurs at the surface hence it
is better to use nanoparticles with large total surface area for heat transfer. Electrical properties
of nanoparticles include: conductivity, semi-conductivity and resistivity. These properties have
paved way for the application of nanoparticles in new-age electronics, thermal conductivity in

renewable energy applications (Ealias et al., 2017).

2.1.1.2 Chemical Properties

The chemical properties such as the way nanoparticles react with the target and how sensitive
it is to factors such as moisture, atmosphere, heat and light determine how it is applied (Ealias
at al., 2017). Other chemical properties include: corrosive, anti-corrosive, oxidation, reduction
and flammability properties (Ealias et al., 2017).

2.2 Types of Nanoparticles

Nanoparticles are classified based on their physical and chemical characteristics. Based on their
physical and chemical characteristics, they are classified into 5 classes of Nanoparticles, which
are: Metallic Nanoparticles, Carbon-based Nanoparticles, Ceramic Nanoparticles, Semi-

Conductor Nanoparticles, Polymeric Nanoparticles and Lipid-based Nanoparticles.

2.2.1 Metallic Nanoparticles

These nanoparticles are mainly composed of metal ions. Metal nanoparticles (MNPSs) have a
core made of an inorganic metal or metal oxide and are usually covered with a shell made of
an organic or inorganic material or metal oxide (Khan et al., 2020). Due to the known
properties of localized surface plasmon resonance (LSPR), these NPs have unique

photoelectric properties (Fariq et al., 2017). The common metallic nanoparticles are: Gold,



Silver, Zinc and Copper as they are easily biosynthesized. These nanoparticles are applied in

many areas such as environmental, medicine and biomedicine, food and agriculture.

2.2.2 Carbon Based Nanoparticles

This are nanoparticles made from carbon precursors and their derivatives which include:
fullerenes and carbon nanotubes. Fullerene is a carbon allotrope made of carbon atoms bonded
together to form a hollow, spherical mesh. They have been applied in biomedicine in x-ray
imaging and drug delivery. Carbon nanotubes are also carbon allotropes. They've sparked
significant commercial interest in nanocomposites for a variety of uses, including fillers (Saeed
and Khan, 2014; 2015).

2.2.3 Ceramic Nanoparticles

Ceramic nanoparticles are inorganic solids made of oxides, carbides, carbonates and
phosphates that are manufactured by heating to high temperatures and then quick cooling (Fariq
etal., 2017). They are chemically non-reactive and can withstand high temperatures. They are
applied in various fields such as biomedicine in which they are used in imaging, also in drug

delivery.

2.2.4 Polymeric Nanoparticles

Polymeric nanoparticles are made from an organic precursor. Polymer nanoparticles (NPs) are
particles that can be packed with active compounds embedded in the interior of a polymer core
or adsorbed on the surface (Zielinska et al., 2020). Polymeric NPs have showed considerable
prospective in the delivery of medications to specific locations in the human body for the
treatment of a variety of ailments (Zielinska et al., 2020). They are of two types depending on
the technique of preparation: Nanospheres and Nanocapsule. They are used as drug delivery

agents to deliver drugs, light, heat or other substances to cancer cells.

2.2.5 Lipid-Based Nanoparticles

Lipid- based nanoparticles includes: Liposomes, Solid Lipid Nanoparticles and Nanostructured
Lipid Carriers (NLC) that are applied in cancer therapy and development of drugs. These
nanoparticles may carry both hydrophobic and hydrophilic molecules, have extremely little or
no toxicity, and extend the duration of pharmacological activity by having a longer half-life

and regulated drug release (Garcia-Pinel, 2019).

2.3 Synthesis of Nanoparticles
Nanoparticles can be produced or synthesized by different methods. It could be physical,

chemical or biological. Of all three techniques, the biological method is most preferred for
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synthesizing nanoparticles because it is much safer, it does not produce toxic wastes that cannot
be disposed, it is much cheaper and easier to set up and it is less laborious than the other

methods.

2.3.1 Physical Methods

The physical methods of nanoparticles production include the use of force to crush, reduce
larger bulk materials into nanoparticles. The physical methods are mostly top-down methods,
i.e., bulk material-to- nanoparticles. They are: mechanical milling, nanolithography, sputtering,
laser ablation, physical vapor deposition (PVD). These various methods cannot be employed
in industrial or large-scale production because they require higher energy inputs and yields low
amounts of nanoparticles. Generally, they are nor very efficient. However, these processes
typically require sophisticated equipment, chemicals, radiant heat, and highpower

consumption, which increases operating costs (Khandel et al., 2018).

2.3.1.1 Mechanical Milling

Mechanical milling, grinding or attrition is a top-down synthesis method of nanoparticles
whereby various elements are milled in a non-reactive atmosphere. It produces amorphous or
crystalline nanoparticles. This process is carried out using planetary balls, tumbler mills or high
energy shaker. The shear action of the balls during grinding produces the nanoparticles
(Alagarasi, 2011). oxidation of the powdered nanoparticles, it should be handled in a vacuum
system or glove box. The size, number and speed of the balls all affect the energy that would

be transferred to the nanoparticles (Alagarasi, 2011).

2.3.1.2 Laser Ablation

Laser ablation is a frequently used method of synthesizing nanoparticles form solvents (Ealias
et al., 2017). A metal is irradiated with a laser beam while submerged in a liquid solution, it
condenses a plasma plum that forms nanoparticles (Amendola et al., 2009). It serves as an
alternative to chemical reduction of metals to form nanoparticles, it provides a stable
production of nanoparticles in organic solvents and does not require any form of chemicals
(Ealias et al., 2017).

2.3.1.3 Sputtering
This is the deposition of nanoparticles on a surface by ejecting particles from the surface
through collision with ions (Shah et al., 2006). It involves deposition of a thin layer of

nanoparticles followed by annealing. Some factors that affect the size and shape of the



nanoparticles include: the thickness of the layer, annealing temperature, annealing duration and
the type of the substrate (Lugscheider et al., 1998).

2.3.1.4 Nanolithography

Nanolithography is a method of producing nanoscale materials using various processes;
optical, electron-beam, multiphoton, nanoimprint and scanning probe lithography (Ealias et al.,
2017). The process involves printing a required shape on a light sensitive material that carefully
removes a portion of the material to create the desired shape and structure (Ealias et al., 2017).

It is expensive to run and maintain.

2.3.1.5 Physical Vapor Deposition

Physical vapor deposition is a combination of procedures used to fabricate nanoparticles and
deposit thin layers within the size scale of a few nanometers to many micrometers. This method
is eco-friendly and it consists of three major steps: vaporization of the material from a strong
source, transportation of the disintegrated material and nucleation and development to create
films of nanoparticles (Ma et al., 2014). Other techniques used in physical vapor deposition
include: sputtering, electron beam evaporation and pulsed laser deposition (Prabrakaran et al.,
2021).

2.3.2 Chemical Methods

The chemical methods of nanoparticles production involve reducing metal ions in chemical
solutions. The methods are mostly bottom-up synthesis methods, i.e., building up of
nanoparticles starting from atoms to clusters then nanoparticles (Ealias et al., 2018). They
include: sol-gel process, and micro-emulsion method, chemical vapor deposition (CVD),
electrochemical reduction amongst others. The chemicals are applied in the reduction process,
other chemicals which serve as solvents are also used. These chemicals are non-biodegradable
and are toxic. In addition, some toxic chemicals can contaminate the surface of nanoparticles,

making them unfit for certain biomedical applications (Khandel et al., 2018).

2.3.2.1 Sol-Gel Process

Sol is a solution of solids suspended in a liquid phase, forming a colloid. The gel is a solid
molecule submerged in a solvent. This process is simple and can synthesize most of the
nanoparticles. This is a wet chemical process that contains chemical solutions that act as
precursors to an integrated system of individual particles. Metal oxides and metal chlorides are

precursors commonly used in the sol-gel process (Ramesh, 2013). The precursor is then



dispersed in the host liquid by either shaking, stirring, or sonication, and the resulting system
contains a liquid phase and a solid phase. Phase separation is performed using various methods
such as sedimentation, filtration, centrifugation, etc. to recover the nanoparticles, and further
water removal by drying (Mann et al., 1997).

2.3.2.2 Micro-Emulsion Method

Micro-emulsion method is employed in preparing the polar phase (water), non-polar phase
(hydrocarbon) and surfactant- serves as a layer between the water and hydrocarbon. There are
2 common types if micro-emulsion techniques used: water-in-oil and oil-in-water, depending
on the type of surface-active agent used (Palomo et al., 2019). Gold nanoparticles were
produced using the water-in-oil micro-emulsion system with a standard diameter of 11-12nm
(Maria et al., 2012).

2.3.2.3 Chemical-Vapor Deposition

This method involves depositing a thin layer of gaseous reactants onto a substrate, in a reaction
chamber at an optimum temperature through the combination of gas molecules. A chemical
reaction takes place when a heated substrate makes contact with the combined gas molecules
(Bhaviripudi et al., 2007). The chemical reaction produces a thin layer of nanoparticles on the

surface of the substrate which is recovered and used (Ealias et al, 2017).

2.3.2.4 Electrochemical Method

All reactions rely on electricity and are commonly used on large scale. An electric field is
created between two electrodes in this approach, and reduction happens or the metal precursor
dissolves into the solution at the metallic anode, resulting in nanoparticles at the negative pole.
Also included is a reagent for stabilizing the new nanoparticles. The benefits include being able
to control the size, being environmentally friendly, and being cost effective (Huynh et al.,
2020).

2.3.3 Biological Method

The biological method of synthesizing nanoparticles involves the use of biological systems
such as microorganisms (bacteria, fungi, virus, yeast, algae) and plants. This method is
preferred to the other methods of producing nanoparticles because it is much safer, less
laborious, environmentally friendly, and cheap to setup and it yields higher amounts of
nanoparticles (Ravindra et al. 2012; Prasad 2014). Green synthesis of nanoparticles has a good
number of advantages over physical and chemical methods. This method is low cost,

environmentally friendly, consumes less energy, and can produce nanoparticles in clearer size
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and morphology with widespread compatibility with medical, agricultural and environmental
applications (Gour et al., 2019). Bacteria and fungi are most commonly used to biosynthesize
nanoparticles. Bacteria are suitable for the process because: they can be grown on inanimate
media with an optimum growth rate, they can adapt in high metal conditions and they have the
ability to reduce metal ions into nanoparticles. Fungi can be employed to biosynthesize
nanoparticles because they grow faster than bacteria under the same conditions, the fungi
mycelia offer a wider surface area for interaction. Also, they produce a larger number of
enzymes so the bioreduction of metals into nanoparticles is faster. Examples of fungi species
employed in nanoparticles reduction are: Aspergillus niger, Candida utilis, Candida albicans,
Penicillium chrysogenum, Trichodrema versicolour etc. Generally, nanoparticles are
biosynthesized when the microorganisms take target ions from their environment and reduce
the metal ions into the elemental metal through enzymes produced by the cell. (Li et al., 2011).
The biological synthesis of nanoparticles can be further divided into two methods: Intracellular

and Extracellular method.

2.3.3.1 Intracellular Method

The intracellular method involves synthesizing the nanoparticles within the cell, it makes use
of the cell’s mechanism. The metal ions are absorbed into the microbial cell to form
microorganisms using enzymes. The nanoparticles are produced within the cell and give
resulting chromatic changes. The microorganism is grown in appropriate liquid culture, the
microbial biomass is washed with distilled water. The resulting mixture is centrifuged to obtain
the microbial biomass at the bottom of the vessel (pellet). The microbial biomass is reacted
with an aqueous metal solution. The solution of the microbial biomass and aqueous solution is
incubated at appropriate conditions till a specific chromatic change is observed. (Koul et al.,
2021). The metal ions are absorbed into the microbial cell through cationic membrane transport
systems that transport metabolically important cations. (Messaoudi and Bendahou, 2020). The
metal ions are bio-reduced by the enzymes naturally occurring within the cytoplasm of the cell
to form clusters of nanoparticles. The appearance of a whitish yellow to yellow colour indicates
the presence of zinc and manganese nanoparticles, appearance of pale yellow to pinkish colour
indicates the presence of gold nanoparticles and the appearance of pale yellow to brownish
colour indicates silver nanoparticles (Koul et al., 2021).

2.3.3.2 Extracellular Method

The extracellular method involves the synthesizing of nanoparticles outside the cell wall and

not within. It does not require the cellular mechanism; it is mediated by enzymes on the cell



membrane or enzymes released into the growth medium. The microorganisms are grown and
maintained in suitable broth. The broth containing the microbial cell is centrifuged to separate
the supernatant which contains reductase enzymes. The cell-free supernatant containing the
reductase enzyme is reacted with the aqueous solution of metal ions in a different vessel. The
metal ions are trapped outside the cell and are not absorbed into the cell through the electrostatic
interaction of the positively charged ions with the negatively charged cell wall. The enzymatic

reduction of the metal ions results in the formation of nanoparticles (Koul et al., 2021).

2.4 About Silver Nanoparticles

Silver nanoparticles can be categorized under metallic nanoparticles. They have been found to
be very applicable in areas such as: nano crystalline silver dressings, creams, gels that
efficiently reduce bacterial infections in chronic wounds (Ip et al., 2006). They have been
discovered to possess effective antibacterial activity. Silver as a metal provides a most efficient
antimicrobial activity against microorganisms (Mohamed and Ahmed, 2016). Silver
nanoparticles are capable of killing bacteria intracellularly and extracellularly, they also show
activity against multi-drug resistant Gram-positive and negative bacteria (Roe et al., 2008;
Zeng at al., 2007).

2.5 Characterization of Nanoparticles
There are different techniques for determining the various characteristics of nanoparticles.

They include: Scanning Electron Microscope (SEM), Transmission Electron Microscope
(TEM), X-ray Diffraction Microscopy (XRD), Dynamic Light Scattering (DLS) and Fourier
Transform Infrared Spectroscopy (FTIR).

2.5.1 Scanning Electron Microscope (SEM)
Scanning electron microscope is a very-high resolution technique used to characterize and view

nanoparticles using a ray of high-energy electrons. It makes use of electron scanning principles
to give the properties of nanoparticles. It is used to give the morphological and topological
properties of nanoparticles. This technique uses a beam of electrons with accelerated voltage
to scan the surface of the nanoparticles. It gives an image of the surface of the nanoparticles,
more like a two-dimensional imaging technique. It is able to give the size, shape and surface
topology of the nanoparticles at the micro or nanoscale. Its limitation is that it is not capable of
capturing the internal structure of the nanoparticles (Khandel et al., 2018). Mirazdeh and

Akhbari, (2016) used SEM to study the properties of zincoxide modified frameworks which
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showed that the zincoxide nanoparticles and morphologies of the modified frameworks at

different reaction conditions.

2.5.2 Transmission Electron Microscope (TEM)
Transmission electron microscopy is used to characterize metallic nanoparticles (Khandel et

al., 2018). It uses a short wavelength beam of electrons projected to a phosphor screen to obtain
an image of the nanoparticle. This technique provides information on nanoparticle topography,
monodispersity, composition, and crystallinity (Khandel et al., 2018). It makes use of electron
transmittance principle to give the necessary information about. It also gives needed
information about multilayer samples such as the quadropolar hollow shell structure of CO304
nanoparticles (Fariq et al., 2017). Kim et al. (2016) used transmission electron microscopy to
characterize the morphology of methyl-functionalized cobalt-ferrite-silica nanoparticles and to
estimate the size of the magnetic core. The nanoparticles had a size of about 300nm. The
structure of the nanoparticle was observed to have two layers; the inner was the magnetic core
of cobalt ferrite dispersed in mesoporous silica and the outer layer was composed of bare

mesoporous silica.

2.5.3 X-Ray Diffraction Microscopy
This is a non-destructive technique used to identify the crystalline phase of nanoparticles

(Khandel et al., 2018). It makes use of X-rays of fixed wavelength which is illuminated onto
the sample, the strength of the reflected radiation is recorded using a goniometer (Aziz et al.,
2015). Upadhyay et al. (2016) used X-ray line broadening to determine the average crystalline
size of magnetic nanoparticles which was observed to be in the range of 9-53nm.

2.5.4 Dynamic Light Scattering (DLS)
Dynamic light scattering gives the sizes of the nanoparticles at extremely low level. This

technique was used to determine the size of silica nanoparticles with absorption proteins from
serum and it was observed that the increase in size was directly proportional with the increase
in number of protein layers (Sikora et al., 2016). Erjaee et al. (2017) employed DLS in the
biosynthesis of silver nanoparticles to measure the peak of absorbance at each trial while
varying a number of reaction parameter. The peak of absorbance was measured for each trial

time while the parameters were varied for each trial.

2.5.5 Fourier Transform Infrared Spectroscopy (FTIR)
This technique is used to identify the types of functional groups or chemical bonds present in

a sample, based on their specific unique absorption signatures by measuring the ability of the
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chemical bond to stretch and bend through energy absorption (Khandel et al., 2018). FTIR
provides information on the surface chemistry of nanoparticles by identifying functional groups
attached to the surface of the metal nanoparticles because they exhibit the same absorption
pattern as the corresponding free radicals (Khandel et al., 2018). Erjaee et al. (2017) used FTIR

to identify the functional groups of biosynthesized silver nanoparticles.

2.6 Application of Nanoparticles
Nanoparticles can be applied to improve four major areas of life. They can be employed to
improve processes in these four major areas and improve the yield of specific products. These

four major areas include: Biomedicine, Environment, Agriculture and Industrial.

2.6.1 Applications in Biomedicine

Nanoparticles can be applied in various areas of biomedicine. They can be used to improve the
efficiency of antibiotics, in drug delivery and cancer treatment and management, diagnosis of
diseases. Nanoparticles possess antibacterial properties; they can serve as antibiotics. The
biologically synthesized nanoparticles have a larger surface area and smaller size. These
properties allow NPs to effectively interact with microbial cell membranes and enter cells to
interfere with DNA replication and metabolic pathways (Fariq et al., 2017). The synergistic
effect of silver nanoparticles synthesized from Rhizopus stolonifer with antibiotics like
ciprofloxacin, nitrofurantoin and carbenicillin against bacterial species of Enterobacteriaceae
family was studied and the reducing order of antibacterial activity was obtained. Nitrofurantoin
had the highest efficacy (50%) followed by carbenicillin (33.56% efficacy), then ciprofloxacin
(30.53% efficacy) (Banu et al, 2011). In some cases, nanoparticles display greater antibacterial
properties than conventional antibiotics. For example, the antibacterial property of silver
nanoparticles biofabricated from Bacillus cereus against some pathogenic bacteria species:
Staphylococcus aureus, Klebsiella pneumonia, Pseudomonas aeruginosa, Escherichia coli and
Salmonella typhii, using the agar-well diffusion method. The nanoparticles were observed to
produce greater zones of inhibition than the conventional antibiotics — amoxicillin,
streptomycin and ofloxacin. (Sunkar et al, 2012).

Nanoparticles can be employed in the treatment of cancer through targeted drug delivery to the
affected organ. Nanoparticles can be successfully employed for tumor diagnosis and treatment
through targeted delivery (Koul et al., 2021). The efficacy of silver nanoparticles
biosynthesized from Cryptococcus laurentii was tested and observed to possess effective
anticancerous and antitumor abilities against breast cancer cells (Ortega et al., 2015).
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Biofabricated selenium nanorods from Streptomyces bikiniensis strain EssamA-1 was tested
against human cancer cell lines and observed that the nanorods destroyed the HEP-G2 and
MCEF-7 cancer cells (Ahmad et al., 2015). Nanoparticles can also be used as carrier vehicles in
targeted drug delivery to transport the drugs to the target site in the body. Nanomaterials
commonly used in drug delivery includes: liposomes, nanospheres, polymeric micelles, water-
soluble polymers, nano-emulsions -and NP-coated natural antibodies. (Salouti et al., 2014).
The water-soluble materials enhance diffusion of the drugs into the target cells. (Koul et al.,
2021). Targeted drug delivery using NPs reduce the risk of side-effects of cancer drugs caused
by the drug’s toxicity (Koul et al., 2021). NPs can offer cost effective, fast, specific and
accurate detection of pathogens as well as chronic diseases (Koul et al., 2021). Nanoparticles
possessing fluorescent, metallic and magnetic properties can be applied in the imaging,
characterization, identification and tracking of pathogens and diseases development (Tallury
et al., 2010). Fluorescent NPs can be used for viewing the early stage of chronic diseases such
as cancer while Magnetic NPs can be applied in advance detection techniques such as MRI
(Koul et al., 2021). In identification of cancer cells, the NPs bind to the cancer cells specifically
and help in differentiating the cancer cells from normal cells.

2.6.2 Applications in Environment

Nanoparticles can be employed in bioremediation to clean up pollutants like cationic dyes, acid
dyes, azo dyes from the environment (Koul et al., 2021). These pollutants cause water pollution
and negatively affect aquatic life (Koul et al., 2021). The general property of nanoparticles;
small size but large surface area enhances their actions as catalysts or they adsorb the pollutants
using the large surface area (Koul et al., 2021). It was observed that silver nanoparticles are
capable of efficiently decolourizing organic dyes (Sharma et al., 2015). Both silver and gold
nanoparticles are capable of decolourizing organic dyes in a short time and acting as a catalyst
in the reaction (Suvith et. al 2014). Different forms and types of nanoparticles are employed in
soil bioremediation, they are also more effective when they are biosynthesized. (Koul et al.,
2018). Nanoparticles can also be employed in air, water and surface disinfection (Shruti et al.,
2018). Silver nanoparticles can be employed to remove bacterial aerosols contamination. In
enhancing this, carbon nanotubes can be used to increase the surface area of the nanoparticles
(Jung et al., 2011). Nanoparticles can be used to control water pollution to an extent, using
porous silver nanoparticles to make water filters capable of trapping bacteria (Yakub et al.,

2012). They can be used to disinfect, purify and desalinate water. They can reduce heavy

13



metals, pathogens and other organic contamination in water. Nanoparticles have also proven
to be effective in cleaning-up oil spills and treatment of municipal and industrial waste water
(Ealias et al., 2019).

Furthermore, nanoparticles can be applied in surface disinfection. When embedded in paints,
they exhibit bactericidal properties on the painted surface. They can kill pathogenic bacteria
such as: Staphylococcus aureus and Escherichia coli present on the coated surface (Kumar et
al., 2009). Silver nanoparticle coated paper can be employed in packaging food materials to
increase the shelf-life by preventing bacterial growth (Agrawal et al., 2018).

2.6.3 Application in Agriculture

In agriculture, nanoparticles can be employed in the manufacture of nanopesticides,
nanofungicides and nanofertilizers. Metallic and metal oxide nanoparticles possess effective
antifungal properties against fungal species affecting plants (Koul et al., 2021). It has been
observed that copper and copper oxide nanoparticles biosynthesized from Streptomyces spp.
eliminated pathogenic plant fungi such as: Alternaria alternata, Pythium ultimum, Fusarium
oxysporum and Aspergillus niger (Hassan et al., 2019, 2018). The antifungal property of silver
nanoparticles biofabricated from Pseudomonas spp. and Achromobacter spp. was tested
against Fusarium oxysporum infection in chickpea. The nanoparticles displayed effective
antifungal activity against the pathogen (Kaur et al., 2018). As nanofertilizers, nanoparticles
can serve as a safer alternative to chemical fertilizers, thereby preserving the soil fertility.
Carbon-based nanomaterilas used as fertilizers proved that nanofertilizers could diminish the
use of chemical fertilizers (Bisinoti et al., 2019). Nanoparticles could be employed in the
fabrication of pesticides. In nanopesticides, they exist in forms of micelles, particles,
nanopolymers (organic constituent) and metal oxides (inorganic constituent) (Koul et al.,
2021).

2.6.4 Application in Industry

In the industry, nanoparticles can be applied in the synthesis of bioethanol — a metabolite.
Bioethanol is a metabolite produced from the microbial fermentation of agricultural products
such as sugarcane or corn. Nanoparticles can be employed in the fermentation to favor
bioethanol production. They influence the biochemical conversion process by affecting either
the enzymatic activity or the gas—liquid mass transfer rate (Kushwaha et al., 2018). It was
reported that nanoparticles improved bioethanol production by 166.1% with methyl-

functionalized silica nanoparticles in syngas fermentation, and the only challenge was the
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inefficient reuse of nanoparticles (Kim et al., 2014). Syngas- short for synthetic gas is a gas
mixture of hydrogen, carbon monoxide and some carbon dioxide. Syngas fermentation is a
microbial fermentation process whereby microorganisms make use of a mixture of hydrogen,
carbon monoxide and carbo-n dioxide as a carbon and energy source to produce fuel and
chemical products such as: butanol, acetic acid, ethanol, butyric acid and methane.
Nanoparticles can also be applied in bioethanol production is in the detection of compounds
using metal nanoparticles that have been immobilized onto the nanosheet structure (Kushwaha
et al., 2018). Glassy carbon electrode modified with graphene oxide containing copper
nanoparticles was used for the determination of total reducing sugars and it achieved better

accuracy and reusability of the prepared system (Santos et al., 2016).

2.7 Actinomycetes

Actinobacteria is a group of microorganisms which are Gram-positive and are known to have
a high guanine and cytosine content. They are free-living and saprophytic (Raja nad John,
2016). They are unicellular and lack a defined cell wall and they produce and aseptate mycelia
(Ranjani, 2016). They share the characteristics of bacteria and fungi (Chamikara, 2016). Based
on scientific classification, actinomycetes is a member of the order Actinomycetales, under the
class Actinomycetia and the phylum Actinomycetota. The three main genera under
Actinomycetes are: Actinomyces, Nocardia and Streptomyces.

Actinomycetes are Gram-postive, aerobic, spore-forming bacteria. They exhibit branched
filamentous growth and contain high guanine plus cytosine content in their nucleic acid -DNA
(Chamikara, 2016). They are Gram-positive mycelial bacteria capable of producing various
compounds important to the industry and medical field such as: fungicides,
immunosuppressants and antibiotics (Kodzius and Gojobori, 2015). They possess the ability to
produce antibiotics and other important therapeutic compounds. The spore-forming
characteristic of actinomycetes supports the production of nanoparticles.

Actinomycetes are the most abundant microorganims in the soil, in which they form thread-
like filaments or branching structures (Chamikara, 2016). They give the soil its characteristic
earthly smell (Chamikara, 2016). When grown on agar, the branch forms a hyphae network
that grows on the agar surface (aerial hyphae) and under the agar surface (substrate hyphae)
(Dangi, 2014). The cell wall composition of actinomycetes varies among taxonomic groups
(Dangi, 2014). The cell wall of actinomycetes is rigid enough to prevent bursting of the cell
due to high osmotic pressure and maintain the cell shape (Chamikara, 2016). Most are non-

motile, but when observed to be motile, they are flagellated spores (Dangi, 2014).
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2.8 Classification of Actinomycetes

Actinomycetes are classified as bacteria, although they have fungi-like properties.
Actinomycetes are included under the order Actinomycetales which is further divided into four
families: Streptomycetaceae, Actinomycetaceae, Actinoplanaceae, and Mycobacteriaceae. The
Bergey’s Manual of Systematic Bacteriology has five volumes that contain the internationally
recognized names and descriptions of bacteria species (Chamikara, 2016). Actinomycetes
classification has been arranged as follows:

Volume 5 of the Bergey’s Manual of Systematic Bacteriology divides the phylum
actinobacteria into six classes namely: Actinobacteria, Acidimicrobiia, Coriobacteriia,
Nitriliruptoria, Rubrobacteria and Thermoleophilia. The class actinobacteria is then further
divided into 16 orders which are: Actinomycetales, Actinopolysporales, Bifidobacteriales,
Catenulisporales, Corynebacteriales, Frankiales, Glycomycetales, Jiangellales, Kineosporiales,
Micrococcales, Micromonosporales, Propionibacteriales, Pseudonocardiales,
Streptomycetales, Streptosporangiales, Incertaesedis. Table 2.1 below shows the classification

of Actinomycetes with their corresponding characteristics.

2.9 Application of Actinomycetes Genera

Actinomycetes can be used in various areas, both industrially and non-industrially. The most
common industrial use of Actinomycetes is in antibiotics production. A great percentage of the
known antibiotics are produced by Actinomycetes (Chavan et al., 2013). Besides antibiotics
production, Actinomycetes can be applied as: Biosurfactants, Enzyme Inhibitors,
Immunomodifiers, Antifungals, Plant growth promoting agents, Biocontrol agents,
Biopesticide agents, Producers of plant growth hormone. From the applications stated above,
it can be clearly deduced that actinomycetes are very useful and can be applied in different

areas.
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Table 2.1: Characterization of Actinomycetes (Chandramohan, 1997)

Section

Characteristics

Nocardioform

actinomycetes

Actinomycetes with
multilocular
sporangia

Actinoplanetes

Streptomycetes and
related genera
Thermonospora and

related genera

Thermoactiomycetes

Other genera

Aerobic, may be acid-alcohol fast, cocci and branched
filaments or form substrate and aerial mycelium that

fragment; wall chemotype IV; contain mycolic acids.

Aerobic to facultatively anaerobic; mycelium divides in all
planes, no aerial hyphae, wall chemotype IlII.

Aerobic sporoactinomycetes, nonmotile, spores may be
enclosed within vesicles; no aerial mycelium; wall
chemotype Il; whole-organism hydrolysates contain
arabinose and xylose.

Aerobic sporoactinomycetes; form an extensively branched
substrate and aerial mycelium.

Aerobic spordactinomycetes; form an extensively branched
substrate and aerial mycelium, both of which may carry
single chain of spores; spores which are either motile or non-
motile; wall chemotype III.

The stable filaments produce aerial growth. Single spores
(endospores) are formed on both aerial and vegetative
filaments. All species are thermophilic. The cell wall
contains meso-DAP but no characteristics amino acids or
sugars.

They all produce aerial growth bearing chains of spores.
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2.9.1 Actinomycetes as Antibiotics Producers
Actinomycetes are capable of producing antibiotics that differ in chemical structure and

mechanism of action (De Semeis et al., 2021). Different genera of Actinomycetes are also
capable of producing the same classes of antibiotics (Grasso et al., 2016). They produce various
classes of antibiotics such as: B-lactams, Aminoglycosides, Tetracyclines, Macrolides,
Peptides, Chloramphenicol, Nucleosides, Anthracyclines, Polyethers. Lincosamides,
Aminocoumarins, Epoxides, Ansamycins (Chavan et al., 2013 ; De Semeis et al., 2021). The
ability of Actinomycetes to produce secondary metabolites depends solely on the
differentiation in cell morphology and physiology (De Semeis et al., 2021). The genes
responsible for production of antibiotics as well as other secondary metabolites are in the
genome (De Semeis et al., 2021). For a bacterium to be susceptible to an antibiotic, the
membranes have to be permeable by the antimicrobial agent. Drugs such as: B-lactams and
fluoroquinolones use pore-forming proteins called porins to pass through the cell membrane
while larger antibiotics such as: macrolides, diffuse through the lipid bi-layers (De Semeis et
al., 2021).

2.9.2 Actinomycetes as Biosurfactants
Biosurfactants are surface-active chemicals produced by microorganism, they are molecules

produced by microorganisms that have effect on surfaces (Chavan et al., 2013). This
biosurfactants have more advantages than the chemically synthesized surfactanats as they are
less toxic, highly specific and are biodegradable. They are also easy to synthesize from cheap
substrates, they are effective at extreme conditions (Chavan et al., 2013). They have also been
found to possess antimicrobial property against pathogenic microorganisms. In research by
Afiriyanto et al. (2020), Actinomycetes spp. was isolated from mud areas, the organisms were
screened for biosurfactants by testing their emulsification activity, surface tension activity and
lipolytic activity. The antimicrobial activity of the biosurfactant was then tested against E. coli
and Staph. aureus, in which it inhibited their growth. Actinomycetes are also capable of

producing bioemulsifiers (Chavan et al., 2013).

2.9.3 Actinomycetes as Enzyme Inhibitors
Enzyme inhibitors are substances that temporarily or permanently interact with enzymes in

some way to slow down or stop an enzyme-catalyzed reaction from occurring. The three main
categories of inhibitors are competitive, noncompetitive, and uncompetitive (Kuddus, 2019).
Imada, (2005) isolated Actinomycetes strain from marine sediments that tested positive for the

inhibition of the N-Acetyl-p-D-glucosaminidase enzyme which has an increased activity in
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diabetic patients. The strain inhibited the enzyme by the production of two compounds;
pyrostatins A and B, in the presence of seawater (Imada, 2005). In the same research, the
isolates which were cultured on starch agar showed a purple zone of inhibition after the addition
of amylase and iodine solution (Imada, 2005). This showed a- amylase inhibition by the

isolates.

2.9.4 Actinomycetes as Enzyme Producers

Actinomycetes sp. are known enzyme producers (Elnahas et al., 2021). They produce
industrially important enzymes which are more stable and are substrate specific (Elnahas et al.,
2021). They produce extracellular enzymes capable of degrading organic matter (Mukhtar et
al., 2017). The enzymes include: cellulases, lipases, xylanases, amylases, proteases, chitinases,
cutinases, a- Amylases (Mukhtar et al., 2017; Elnahas et al., 2021). These enzymes are
applicable industrially in different processes. Cellulases are used in industrial waste treatment,
colour brightening detergents, extracting colour from juices (Niehaus et al., 1999; Bhat, 2000).

Chitinase is industrially used to degrade chitin (Kunz et al., 1992).

2.9.5 Actinomycetes in Bioremediation

Bioremediation is the use of soil microorganisms to eradicate or neutralize contaminants from
an environment (Sharma, 2020). Various researches showed that Streptomyces spp. possess the
ability to degrade hydrocarbons (Radwan et al., 1998; Barabas et al., 2001). A number of by
generating cellulose- and hemicellulose-degrading enzymes, extracellular peroxidase, a variety
of strains can solubilize lignin and lignin-related chemicals and destroy its constituent

components (Mason et al., 2002)

2.10 Pathogenic Microorganism

Pathogenic microorganisms refer to the microorganisms capable of establishing a disease in
hosts. They can be transmitted directly or indirectly through different routes (Meena et al.,
2019). These microorganisms include species of bacteria, protozoa, fungi and viruses. Food
products provide a suitable environment for microorganisms to thrive as an evident source of
high nutrients (Mendez et al., 2020).

The infection of food products by microorganisms poses a worldwide issue as the growth of
microorganisms in food can lead to foodborne diseases, food borne infection or food
intoxication and food spoilage. The acceptability of a food product for consumption largely
depends on the presence and type of microorganisms present in the food. Bacteria, molds and

yeasts are the major causal organisms of food spoilage and intoxications (Blackburn, 2006).
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2.10.1 Pathogenic Bacteria
Bacteria are one of the predominant pathogenic microorganisms. They survive in food because

it is a nutrient rich source and the food temperature may be ambient for their growth. The
ingestion of bacteria in food leads to food-borne illnesses. Bacteria cause spoilage in food by
growing on or in the food, they do not often cause a colour change, odor change, taste or even
texture change in the food product, making food contamination hard to recognize (Bahome et
al., 2012). The presence of bacteria in food products cause spoilage in forms of food
contamination or food intoxication. When bacteria grow in food products, they produce toxins
as a by-product of their growth and multiplication and a consumption of these toxins is known
as food intoxication. These toxins do not necessarily alter the appearance of food products but
when ingested they are capable of causing severe and irreversible damage in humans (Bahome
et al., 2012). Example of bacteria that produce toxins include: Clostridium botulinum,
Staphylococcus aureus etc. Bacterial spores are also capable of growing at high temperatures
and Gram-positive bacteria can grow in the presence of ambient air (aerobic) and in the absence
of oxygen (anaerobic). Some anaerobic bacteria grow in canned or sealed processed foods and
produce hydrogen sulfide which can also contribute to the spoilage of the food (Sevindik,
2021). Bacteria that grow at low temperatures are capable of producing gas and foul odors in
foods such as: frozen meat products. Examples of common pathogens genera include:
Staphylococcus spp., Bacillus spp., Listeria spp., Clostridium spp., Escherichia spp.,
Campylobacter spp., Vibrio spp., Shigella spp. etc (Allos, 1997; Adams and Moss, 2000;
Bintsis, 2017; Jiang et al., 2004).

2.10.1.1 Bacillus cereus
Bacillus cereus is a member of the Bacillaceae family, they are Gram-positive motile rods with

the ability to form spores (Bacon and Sofos, 2003). Their common sources are soils, aquatic
environments (Bintsis, 2017). The endospore forming cells grow optimally between
temperatures of 30-40°C. They grow best at pH of 4.9-9.3, this effect can be limited in food at
lower pH (Bacon and Sofos, 2003). They have been found to grow at a minimum water activity
of 0.912 (Rajikowski and Smith, 2001). They produce two types of toxins: the emetic toxin
and the diarrhoeal toxin. The emetic toxin is produced during the growth phase in food while
the diarrhoeal toxin is produced during the growth phase in the small intestine. (Bintsis, 2017).
The emetic toxin is thermostable while the diarrhoeal toxin is thermolabile (Bintsis, 2017). The
spores produced are adhesive using pilli or appendages, this makes them commonly present in
food production areas making them easily transmittable to food (Bintsis, 2017). The diarrhoeal
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and emetic toxins produce symptoms such as: diarrhoea and abdominal pain, nausea and
vomiting respectively. Their ability to cause these symptoms implies that they survived the
cooking or sterilization process (Bintsis, 2017).

In a study of B. cereus outbreaks (Bennett et al., 2013), 50% of the illnesses were attributed to
rice dishes, majorly fired rice which attributed for 68% of the illnesses. Rice which was
frequently cooked and served immediately accounted for 42% or were part of large masses of
foo accounted for 33% (Bennett et al., 2013). Meat and poultry which were prepared and served
immediately accounted for 50% of the outbreaks, the roasted meals accounted for 33% while
those part of liquid or semisolid meals accounted for 17% of the outbreaks (Bennett et al.,
2013).

2.10.1.2 Escherichia coli
This is a Gram-negative, non-sporulating bacilli. It may or may not be motile with some rods

being flagellated and some lacking the flagella (Mitscherlich and Marth, 1987). It is a
facultative anaerobic organism, it is a fermenter of glucose to form by-products such as lactic,
formic and acetic acids. They have an optimum pH of 6.0 to 8.0 (Mitscherlich and Marth,
1987). It is transmitted through the faecal-oral route and also through contamination of food
products during slaughtering or processing of animals (Garcia et al., 2010). Usage of manure
from livestock as fertilizer for agricultural crops and vegetables can contaminate farm produce
and irrigation water (Garcia et al., 2010). E. coli can survive in the environment for long
periods of time and can proliferate in vegetables and other foods (Bintsis, 2017).

Pathogenic E. coli can be categorized into six groups based on their mechanism for
pathogenesis: Enteropathogenic E. coli (EPEC), Enterohemorrhagic E. coli (EHEC) also
known as Shiga-toxin producing E. coli (STEC), Enterotoxigenic E. coli (ETEC),
Enteroaggregative E. coli (EAgQgEC), Enteroinvasive E. coli, Attaching and Effacing E. coli
(A/EEC) (Croxen et al., 2013; Garcia et al., 2010). Of all pathotypes, STEC has been found to
be the most severe. In a study on E. coli pathotypes in Iran (Eybpoosh et al., 2021), STEC was
the most frequent pathotype as it was observed in all provinces of the country.

2.10.1.3 Listeria monocytogenes

Listeria monocytogenes belongs to the family Listeriaceae. It is found in moist environment,
water, soil, decaying vegetation. It is one of the major causes of death from food-borne
pathogens in pregnant women, the aged, immunocompromised persons and newborns
(Buchanan et al., 2017). It can be found in various raw foods and foods that become

contaminated after cooking (Bintsis, 2017). It can spread from the intestines to the central
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nervous system and the fetal-placental unit (Bintsis, 2017). It has thirteen serotypes: 1/2a. 1/2b,
1.2c, 3a, 3b, 3c, 4a, 4ab, 4b, 4c, 4d, 4e and 7. L. monocytogenes infection in the human system
can cause septicaemia, gastroenteritis and meningitis (Buchanan et al., 2017). The organism
causes listeriosis when ingested in contaminated food (Bintsis, 2017). The organism can be
killed by adequate cooking and pasteurization but in some Ready-to-Eat foods contamination
can occur during the processing, during packaging or after the sterilization. They pose a health
risk as they cannot be furtherly cooked to kill off contaminants before consumption (Bintsis,
2017).

211 Applications of Biosynthesized Silver Nanoparticles by Actinomycetes sp.
Biosynthesized silver nanoparticles from Actinomycetes sp. can be applied in different areas.

They are mostly applied as biomedical therapy against pathogenic microorganisms.
Actinomycetes have been exploited for their antibiotic producing ability and so is their
biosynthesized nanoparticles. They have been found to be more toxic to pathogens than
chemically produced silver nanoparticles (Abdeen et al., 2014). Table 2.2 below shows various

antimicrobial activities of biosynthesized silver nanoparticles from Actinomycetes sp.
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Table 2.2: Activities of Biosynthesized Silver Nanoparticles by Actinomycetes Strains
Against Pathogenic Bacteria

Actinomycetes
sp. strain

Pathogenic bacteria

Main Result

Reference

Streptomyces sp.

Streptomyces sp.

Stretomyces sp.,

Micromonospora

sp.

Streptomyces sp.

Nocardiopsis

dassonvillei

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

vulgaris.

S. aureus, E. coli, P.
vulgaris, Shigella
dysentriae,
Salmonella typhi and
K. pneumoniae
ESBL E. coli, ESBL
K. pneumoniae, E.
faecium, S,aureus,
P.aeruginosa,
P.mirabilis, P.
vulgaris
Escherichia coli
CBAM 0001,
Staphylococcus
aureus ATCC 25923,
Mycobacterium
smegmatis INCQS
061.

Staphylococcus
aureus, Salmonella
sp., Klebsiella
pneumoniae,

Pseudomonas

The nanoparticles had
the highest antimicrobial
activity against P.
aeruginosa > S.aureus >
K.pneumonia. The least
were E. coli and P.
vulgaris

Silver nanoparticle
showed antibacterial
activity agaist all

pathogens

ESBL E. coli and ESBL
K. pneumoniae had the
largest zone of
inhibition.

The synthesized
nanoparticle was
antagonistic against all
pathogens with
inhibition zones ranging

from 12-34mm.

The biosynthesized
nanoparticles had the
highest inhibition zone
against K. pneumoniae

at the lowest

Abdeen et al.,
(2014).

Samainathan et al.,
(2015)

Mohamed and
Ahmed (2016)

Silva-Vinhote et al.,
(2017).

Khalil et al., (2022)
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aeruginosa, CoNs
Staphylococcus,
ESBL-prouducing
Escherichia coli,

Proteus mirabilis

nanoparticle
concentration 50pg/mi
and at the highest
nanoparticle

concentration 200ug/mi
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CHAPTER THREE
METHODOLOGY
31 Materials
The materials used includes: Distilled water, Sterile petri dishes, Cotton wool, Aluminum foil,
Alcohol (70% ethanol), Inoculating loop, Test tubes, Slides, Measuring cylinder, Conical flask,
Beaker, Glass spreader, Media bottles, Micropipette, Micropipette tips, Dropper.

3.2 Culture Media

The culture media used includes: Nutrient agar, Nutrient broth, Methyl Red VVogues Proskauer
broth, Mueller-Hinton Agar, Starch Agar, Starch Casein Agar for the isolation of
actinomycetes.

3.3 Equipment and Reagent

Equipment used includes: Autoclave, Weighing balance, Water bath, Colony counter. Reagents
used include: Gram’s lodine, Crystal violet, Methyl red, Safranin, naphthol solution, 40%
KOH.

3.4 Sample Collection

The experiment was carried out on soil samples collected from the dumpsite in Mountain Top
University. The samples were collected in sterile universal bottles and transported to the
laboratory.

35 Preparation of Media

Nutrient agar and Starch Casein agar were used in this study. The media were prepared
according to the manufacturers’ instruction.

3.5.1 Nutrient Agar

The medium was prepared according to the manufacturer’s instruction which stated that
twenty-eight grams (28g) of the nutrient agar powder should be dissolved in one litre (1L) of
distilled water. For this research, two point eight (2.8g) of nutrient agar powder was measured
on a weighing balance into a sterile medium bottle. 100ml of distilled water was then added
into the medium bottle. The bottle was covered tightly and swirled to dissolve the medium.
The solution was then boiled in the water bath for proper homogenization after mixing. After
boiling, the medium was autoclaved at 121°C for 15 minutes. After autoclaving, the medium

was allowed to cool to about 50°C and then poured into sterile petri dishes after serial dilution
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had been done. The media was swirled gently to ensure uniform spreading of the organisms in

the plate. The agar plates were allowed to solidify and incubated.

3.5.2 Starch Casein Agar

This medium was primarily used to isolate Actinomycetes sp. For this experiment, 100 ml of
the medium was used, simple mathematical calculations were used to measure the amount of
the composing reagents. The medium was then boiled in the water bath for proper
homogenization after which it was autoclaved at 121°C for 15 minutes. The medium was then
allowed to cool to about 50°C then poured into sterile petri dishes after serial dilution had been
carried out. The plates were gently swirled to ensure uniform spreading of the organisms in the

plate.

3.6 Isolation of Actinomycetes

The Actinomycetes were isolated on Starch Casein Agar (SCA) using serial dilution. Glass test
tubes containing 10 ml of distilled water, labelled 10! to 107 respectively. 1gm of soil sample
was added to the first tube and swirled upside down few times. The serial dilution will be done
from 102 to 10°. 0.1 ml aliquot of each dilution was pipetted into sterile petri dishes after
which SCA which had cooled was poured onto the plate. The plates were incubated for 1-3

days at 37°C. Colonies were selected and maintained on SCA plates (Bhosale et al., 2015).

3.7 Pure Culture Technique

From the primary plates, different isolates were sub-cultured aseptically by streaking onto the
prepared nutrient agar and starch casein agar plates. The plates were incubated for 24 to 48
hours at 37°C. These resulted in pure culture of the isolated organisms. The pure culture
isolated organisms were streaked onto prepared nutrient agar and starch casein agar slants and

kept in the refrigerator.

3.8 Identification of Bacterial Isolates
The bacteria isolate from both starch casein agar and nutrient agar were identified using

morphological appearance and biochemical tests (Sapkota et al., 2020).

3.8.1 Morphological Identification
Morphological characterizations were done using colonial, cellular and pigment appearances

on culture plates.
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3.8.2 Biochemical Identification

Biochemical identification of isolates was done using Gram Staining, Catalase test, Starch
hydrolysis test, Methyl red/ Voges Proskauer test, Simmons citrate test, Sugar fermentation
test.

3.8.3 Gram Staining

Gram staining is essential for phenotypic characterization of bacteria. For the process, a smear
of the organism was made on a glass slide using an inoculating loop and heat fixed. The primary
stain which is crystal violet, was then applied unto the fixed smear for 60 seconds. After which,
the stain is drained off the slide and rinsed with water. The mordant which is the Lugol’s iodine
was applied unto the smear for 60 seconds, after which it was drained off and rinsed with water.
A few drops of ethyl alcohol which is the decolourizer is applied for 10 seconds and rinsed off
with water. Lastly, the counter stain which is safranin was applied onto the smear for 60
seconds after which it was rinsed off. The slides were allowed to air dry. After drying, the
slides were observed under the light microscope using the X100 lens. The aim of Gram staining
was to determine the Gram reaction of the isolates, which could either be Gram-positive or
Gram-negative bacteria (Bertrand Faurie, 2017).

3.8.4 Catalase Test

Catalase test is used to detect the production of the catalase enzyme in an organism. It
differentiates between catalase-producing organisms (Staphylococci and Micrococci) and
organisms that do not produce catalase (Streptococci). The slide method was used. A smear of
the organisms was made on clean slides and a drop of hydrogen peroxide was added to each
smear. Each slide was observed for formation of air bubbles which indicated a positive result
(Cheesebrough, 2000)

3.8.5 Methyl Red/ Voges Proskauer (MRVP) Test

The MRVP broth was prepared according to manufacturer’s instruction. 2.55 g of MR-VP
broth powder was dispensed into a clean conical flask, into which 150 ml of distilled water was
added. The mixture was homogenized gently to dissolve completely. 10 ml of the broth was
dispensed into each test tube, covered tightly with corks and sterilized in an autoclave for 15
minutes at 121°C. After sterilization, the broth was allowed to cool, then each isolate was
inoculated into each tube with proper labelling. The tubes were incubated at 37°C for 24 hours.
Afterwards, 1ml of each broth was dispensed into clean test tubes for the VP test. 5 drops of

methy| red reagent was added to each broth. The appearance of a red colour indicates a positive
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reaction while the appearance of a yellow colour indicates a negative reaction. For the VP test,
Barritt’s method was used. 0.5 ml of 6% a-naphthol solution and 0.5ml of KOH was added to
the 1ml broth tubes and the tubes were shaken. The development of a pink colour after 30
minutes indicates a positive reaction (Olutiola et al., 2000).

3.8.6 Starch Hydrolysis Test

The starch agar which consists of nutrient agar and 1% starch is prepared and sterilized. 20 ml
of the molten starch agar is poured into sterile petri dishes and allowed to solidify. The isolates
are inoculated on the surface of the starch agar plates and incubated at 37°C for 24-48 hours.

Afterwards the plates were flooded with some quantity of lodine (Olutiola et al., 2000).

3.8.7 Citrate Utilization Test

This test is used to detect the ability of an organism to use sodium citrate as the only source of
carbon and inorganic ammonium salts as the only nitrogen source. The medium used was
Simmons Citrate Agar. The medium was prepared according to manufacturer’s instruction,
3.64 g of the agar powder was measured into a clean conical flask and 150 ml of distilled water
was measured into the flask which was gently swirled to completely dissolve the medium. 10ml
of the medium was dispensed into test tubes and corked properly. The test tubes were sterilized
in an autoclave for 15 minutes at 121°C. After sterilization, the tubes were allowed to cool in
a slanting position. The tubes were properly labelled for each isolate and the tubes were then
inoculated with the isolates. The corks were loosely fitted and the tubes were placed in an
incubator at 37°C for 18-24 hours. The development of a blue colour along the line of the

growth indicated a positive result (Olutiola et al., 2000).

3.8.8 Sugar Fermentation Test

This test is to determine the ability of microorganisms to ferment carbohydrates and produce
organic acid and gas as end products. The medium used was prepared using 1% of peptone,
1% of the fermentable sugar 0.1% of sodium chloride and 0.0025% of bromocresol purple
which served as the indicator and the appropriate amount of distilled water. 10ml was dispensed
into each test tube with Durham tubes dropped upside down into the test tubes and corked
appropriately. The medium was sterilized at 121°C for 15 minutes, after which the isolates
were inoculated into each tube with proper labelling. The tubes were incubated for 18-24 hours
at 37°C. Isolates which fermented the sugars produced acid, turning the medium yellow, fully

or partially. Gas production was indicated by the presence of gas bubbles in the Durham tubes.
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Some isolates fermented the sugars fully with acid and gas production while others produced

no gas or did not ferment the sugar at all (Olutiola et al., 2000)

3.9 Screening of Bacterial Isolates for Antibiotics Potentials

The antibiotic effect of the isolates was tested using agar well diffusion method. The isolates
were grown and maintained in nutrient broth for 24-48 hours. The medium used was Mueller-
Hinton Agar, 7 g of Mueller-Hinton agar powder was weighed into a clean conical flask and
200ml of distilled water was measured into the flask. The mixture was sterilized for 15 minutes
at 121°C. After sterilization, the medium was allowed to cool to about 50°C then aseptically
poured into sterile petri dishes. The agar plates were allowed to solidify, then sterile 1ml pipette
tips were used to aseptically bore holes in the agar plates, which served as the wells. After it
solidified, the pathogenic Escherichia coli was inoculated onto the surface of the agar using a
loop full of the broth culture. 0.1ml of the broth cultures were dispensed into the wells, with
proper labelling. The plates were incubated for 24 hours in an upright position. After
incubation, the presence of zones of inhibition around the well indicated antibacterial activity,
the diameter of the zones was measured and recorded.

3.10 Synthesis of Bioactive Silver Nanoparticles

The isolates with the highest zones of inhibition were grown in nutrient broth for 72 hours in
an incubator at 37°C. The silver nitrate was prepared using silver nitrate crystals and distilled
water. 250 ml of 10 mM silver nitrate solution was used to prepare the synthesize the silver
nanoparticles. The 250 ml silver nitrate solution was added into 250 ml of broth culture. The
flasks were incubated at 37°C for 72 hours in dark condition, in a shaking incubator and
observed for dark brown colour change which indicates nanoparticles synthesis (Bhosale et al.,
2015).

3.11 Characterization of Nanoparticles
The synthesized nanoparticles were characterized using UV-VIS Spectroscopy and FTIR

analysis (Bhosale et al., 2015).

3.11.1 UV-Vis Spectroscopic Analysis

Silver nanoparticles synthesized by both isolates were analysed at periodic intervals at a
wavelength of 200-800 nm (Bhosale et al., 2018). The synthesis was confirmed by the peaks
observed in the UV-vis graphs of the reaction.

29



3.11.2 Fourier Transform Infrared Spectroscopy (FTIR)
The silver nanoparticles were also probed for the presence of biomolecules that carry out the

bio-reduction of silver ions in the synthesis process and the stabilization of silver
nanoparticles within the suspension (Silva-Vinhote et al., 2017).

3.12 Antibiotic Effect of Silver Nanoparticles against Pathogens
The antibiotic effect of the synthesized silver nanoparticles was determined against the

following pathogens: Escherichia coli, Staphylococcus aureus, Salmonella enterica, Proteus
sp. and Enterococcus faecalis, using the agar well diffusion methods. The isolates were grown
and maintained in broth cultures. The medium used was Mueller-Hinton Agar which was
prepared according to manufacturer’s instruction. 7.2g of Mueller-Hinton agar powder was
weighed into a clean conical flask and 200ml of distilled water was measured into the flask.
The mixture was swirled gently to dissolve the powder and corked. The mixture was autoclaved
for 15 minutes at 121°C. After sterilization, the medium was allowed to cool to about 50°C
then aseptically poured into sterile petri dishes. The agar plates were allowed to solidify, then
sterile 1ml pipette tips were used to aseptically bore four holes in each agar plates, which served
as the wells. Molten Mueller-Hinton agar was then used to seal the bottom of the holes to avoid
growth at the bottom of the plates. The pathogenic isolates were then streaked across the surface
of the agar plates with proper labelling. The biosynthesized silver nanoparticle, the silver nitrate
solution, and antibiotic solution and the broth culture were aseptically dispensed into each of
the wells. The plates were incubated in an upright position for 18-24 hours. After incubation,

the plates were observed for zones of inhibition which were measured and recorded.
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CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 Colony Count
Thirteen (13) morphologically different bacteria were isolated from the dumpsite located in the

University premises. The isolation process was carried out twice from the same location. Table 4.1
shows the colony counts for the first and second isolations respectively in each of the serial dilutions
investigated. The colonies after 24 hours incubations ranged from 218-924 x 10%and 20-100 x10° cfu/ml
respectively for both sampling intervals. The highest colony count was observed at 924 x 10 and 100
x 108 cfu/ml. The prevalence of bacterial species in the dumpsite soil is due to the high levels of liquid
effluents containing heavy metals (Olanrewaju, 2002). Refuse dumpsites also serve as a rich source of
nutrients to diverse microorganisms (Odeyemi et al., 2011). Odeyemi, (2012), isolated bacterial
species from 3 sites around a dumpsite and from the dumpsite itself in EKkiti state, Nigeria.
Sampling was done over a five (5) day period at all four (4) sites. The dumpsite had the highest
colony count for day three and four, while the sampling site 150 m away from the dumpsite
had the highest colony counts on day one, two and five. This is synchronous with the findings

by Odeyemi et al. (2011) that dumpsites are rich sources of microorganisms.

4.2 Morphological Characterization of the Isolates

Table 4.2 shows the morphological characteristics of the isolates including their colour, shape,
surface, edge and elevation. The observed colours include: cream, white, milky, yellow and
dark green. The shapes include: irregular, circular, rhizoid and punctiform. The elevation
include: raised, umbonate, crateriform and convex. The observed edges include: lobate, entire
and undulate. In a similar research work by Prakash et al. (2014), two species of Actinomycetes
were isolated from soil sample, Streptomyces sp. and Streptoverticillium sp. Both had white
coloured aerial mass with linear chained spores. On the reverse side of the plate, Streptomyces
sp. exhibited a coral pink to red pigmentation while Streptoverticillium sp. exhibited no
pigmentation. Under the microscope, Streptomyces sp. showed a coiled or hook like structure,
while Streptoverticillium sp. showed a V shaped linear spore chain at the end of the mycelium.
Mahmoud et al. (2016) isolated Streptomyces sp. from soil samples. They showed
morphological characteristics such as: spiral and looped spore chain, smooth and spiny spore
surface, grey and greenish-grey aerial mycelium colour and brownish substrate mycelium.
Shreshtha et al. (2021) isolates Actinomyces sp. from soil sediments in Nepal on Starch Casein
Agar plates, which exhibited light yellow to orange-red colonies, blue green colonies, white
grey to pinkish colonies and dark brown to black spore colonies. The colonies appeared to be

waxy, shiny, powdery with concave and convex elevations.
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Table 4.1: Colony Counts for Soil Samples

Colony counts/ Serial dilution factors/

Sampling Sampling
Location interval At10* At10°
(cfu/ml) (cfu/ml)
Hostel dump site First sampling 924 x 10* 20 x 106
Second sampling 218 x 10* 100 x 10°
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Table 4.2: Morphological characteristics of the isolates

Isolates Colour on Shape Elevation Surface

Nutrient

Agar
MDN1 White Irregular Crateriform  Rough
MDN2 White Rhizoid Crateriform  Dull
MDN3 Cream Circular Raised Smooth
MDN4 White Irregular Convex Dull
MDN 5 Milky Circular Raised Rough
MDN 6 Milky Circular Raised Dull
MDN 7 Milky Irregular Raised Glistening
MDN 8 Milky Irregular Crateriform  Dull
MDN 9 Cream Irregular Convex Rough
MDC 1 Dark green - - Rough
MDC 2 White Circular Crateriform  Rough
MDC 3 Dark green - - Rough
MDC 4 Dark green - - Rough
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4.3 Biochemical Characterization of the Isolates

Table 4.3 shows the biochemical characteristics of the isolates including: Gram staining, MR-
V/P tests, starch hydrolysis tests, catalase tests, sugar fermentation tests (glucose and galactose)
and citrate utilization tests. Both positive and negative reactions to the test reagents were
observed. The probable microorganisms isolated includes: Bacillus sp., Clostridium sp.,
Staphylococcus sp., Actinomycetes sp. and Listeria sp. In a similar research, Shreshtha et al.,
(2021), isolated Actinomycetes sp. on Starch Casein Agar which were Gram positive, non-acid
fast coccoid and bacillary cells. In contrast to this study, Samainathan (2015), screened their
Streptomyces sp. isolates using Nitrate reductase test, where a pinkish colouration indicates a
positive test. Similarly, Mahmoud et al., (2016) also used nitrate reductase enzyme test to
screen their isolates for Actinomycetes, where two were found to be positive for Actinomycetes
species.
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Table 4.3 Biochemical Characterization of the Isolates

Isolates

MDN 1
MDN 2
MDN 3
MDN 4
MDN 5
MDN 6

MDN 7
MDN 8
MDN 9
MDC 1
MDC 2

MDC 3

MDC 4

+ Gram Staining

+

Shape

Coccli
Bacilli
Cocci
Bacilli
Coccli
Bacilli

Bacilli
Bacilli
Bacilli
Bacilli

Bacilli

Bacilli

Bacilli

Arrangement

Cluster
Clustered
Cluster
Diplobacilli
Clustered
Singly

Clustered
Clustered
Singly
Clustered

Clustered
with
filaments
Clustered
with spores
and sporangia
Clustered
with spores

+ + C(Catalase

+ + o+

+

Methyl Red

+

VP Test

+

+ Starch

+ Citrate

+

+

Glucose Galactose Sucrose Fructose
C C c c c c c [
(@] (@] o (@] (@] o (@] (@)
= = = = = = = =
(&) o (&) (&) o (&) (&) (&)
3 5 vo .8 o .8 o . O
S5 a6 85 26 85 us 235 95
O ®C O ®©C O ©®©E O ©co
<o O <a Oa <o Oo <o O
+ + + + + + + +
+ - + - + - + +
+ - - - - + + -
+ - - - + + - -
+ + + + + + + +
+ - + - + - + +
+ - - - + - + +
+ - - - + + + +
+ - - - + - + -
+ + - - + - + +
+ - + - - - - +
+ + + + + + + +

Probable Isolates
Staphylococcus sp.
Listeria sp.
Staphylococcus sp.
Clostridium sp.
Staphylococcus sp.

Bacillus sp.

Staphylobacillus sp.
Actinomycetes sp.
Actinomycetes sp.
Actinomycetes sp.

Actinomycetes sp.

Actinomycetes sp.

Actinomycetes sp.
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4.4 Antibacterial Activity of the Isolates

Table 4.4 shows the measured zones of inhibition of the isolates tested against pathogenic
Escherichia coli using agar well diffusion method. Some isolates show no zone of inhibition
while some showed significant zones of inhibition. MDN9 showed the highest zone of
inihibition at 55 mm followed by MDC4 which showed a zone of 50 mm diameter. Isolates
such as MDN1, MDN4, MDN6, MDN7, MDN8 and MDC2 showed no zone of inhibition
against the pathogen. Similarly, Velayudham and Murugham (2012) isolated thirty-six (36)
species of Actinomycetes sp. from forest soil. The antimicrobial activity of these isolates were
tested against Escherichia coli, Bacillus subtilis, Staphylococcus aureus, Pseudomonas
aeruginosa, Proteus mirabilis, Klebsiella pneumonia and Candida albicans. The zones of
inhibition ranged between 24 mm and 0 mm for E.coli, 18 mm and 0 mm for B. subtilis, 18
mm and 0 mm for S. aureus, 21 mm and 0 mm for P. aeruginosa, 21 mm and 0 mm for C.
albicans. Silva-vinhote et al., (2017), isolated three (3) species of Actinomycetes sp. from
Amazonic soil and their antimicrobial activity was tested against some known pathogens such
as: Escherichia coli, Staphylococcus aureus, Mycobacterium smegmatis, Candida albicans and
Candida valderwaltii. The zones of inhibition ranged from 20 mm to 13 mm for E. coli, 34 mm

to 23 mm for S. aureus, 27 mm to 0 mm for M. smegmatis.
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Table 4.4: Antibacterial Activity of the Isolates

Isolates Diameter of Zone of Inhibition (mm)
MDN 1 nz
MDN 2 20
MDN 3 30
MDN 4 nz
MDN 5 33
MDN 6 nz
MDN 7 nz
MDN 8 nz
MDN 9 55
MDC 1 36
MDC 2 nz
MDC 3 34
MDC 4 50

Key: nz- No Zone
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4.5 Synthesis of Nanoparticles

Two of the isolates with the highest zones of inhibitions were used in synthesizing silver
nanoparticles. The broth cultures began to show brown colouration after 24 hours of incubation.
After 72 hours, both broth cultures had turned dark brown from the light-yellow broth colour
before incubation. Figure 4.1 and 4.2 below shows the silver nitrate solution, the 72 hours broth
culture and the synthesized nanoparticle with the dark brown colouration. The evident colour
change is due to excitation of surface plasmon vibrations in the silver nanoparticles (Mulvaney,
1996). The appearance of a dark-brown colouration in the biomass has been reported to indicate
the bio-reduction of the silver ions and formation of silver nanoparticles (Verma and Mehata,
2016; Mahmoud et al. 2016). Silver nanoparticles have been synthesized successfully from
other sources such as plant roots, stems, microorganisms such as Bacillus sp., Pseudomonas
sp. (Elbeshehy et al., 2015; Lyudmila et al., 2018; Wan Mat Khalir et al., 2020; Khanal et al.,
2022). As observed in this study. the colour change from light yellow to light brown after 24
hours of incubation indicated the bio-reduction of the silver ions. After 72 hours, the observed
dark-brown colouration indicated synthesis of silver nanoparticles. This is in contrast to the
study carried out by Silva-Vinhote et al, (2017), who reported a light-yellow colouration for
the biosynthesized silver nanoparticles from Strptomyces sp. DPUA 1747 under the same
duration of incubation. Similarly, Samainathan (2015) synthesized silver nanoparticles using
soil Streptomyces sp. and 1mM silver nitrate solution, the synthesis was confirmed by the
colour change to yellow. Bhosale et al. (2015) synthesized silver nanoparticles using soil
sourced Actinomycetes sp. and silver nitrate solution, resulting in a colour change from yellow

to brown.
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Figure 4.1: Visual Observation of Biosynthesized Silver NPs by isolate MDSC4 (a)
Silver nitrate solution (b) Broth culture (c) Synthesized silver nanoparticles

Figure 4.2: Visual Observation of Biosynthesized Silver NPs by isolate MDSN9 (a)
Silver nitrate solution (b) Broth culture (c) Synthesized silver nanoparticles.

39



4.6 Characterization of Nanoparticles

The biosynthesized silver nanoparticles were further taken for further analysis to determine the
significant properties using UV-Visible spectroscopy and Fourier Transform Infrared
Spectroscopy (FTIR). The use of UV-Visible spectroscopy and FTIR spectroscopy has been
reported as efficient means of characterizing silver nanoparticles (Agustina et al., 2021;
Alharbi et al., 2022). Silva-Vinhote et al. (2017) characterized the synthesized silver
nanoparticles produced from amazonic biome using UV-Visible spectroscopy, FTIR, X-ray
Diffusion (XRD) and Nanoparticle Tracking Analysis (NTA). Similarly, Bhosale et al., (2015)
characterized the silver nanoparticles by UV-Vis spectroscopy, FTIR analysis, Scanning

Electron Microscope (SEM) analysis.

4.6.1 UV- Visible Spectroscopy
The bio-reduction of the silver ions was monitored at 24 hours intervals for 3 days by using a

UV-visible spectrophotometer. The values were taken between wavelengths of 200-800 nm.
Figure 4.3 and 4.4 below show the UV- visible spectra for MDSC4 and MDSN9 synthesized
silver nanoparticles. In Fig. 4.3, the silver nanoparticles had maximum absorbance at 350 nm
after 48 hours and a maximum absorbance at 400 nm after 72 hours. In Fig. 4.4 below, an
absorbance peak was observed at about 400 nm after 72 hours. Similar studies by EI Nagar and
Abdelwahed, (2013) and Agustina et al. (2021) on the synthesis and characterization of silver
nanoparticles showed a broad peak at 400 nm which is synchronous with the Surface Plasmon
Resonance (SPR) of silver nanoparticles. In contrast, Sukanya et al., (2013) synthesized silver
nanoparticles from Streptomyces sp. with intense absorption peak at 450 nm. In another study
by Priyaragini et al. (2013), it was reported that silver nanoparticles biosynthesized by
actinobacteria with sharp narrow absorption peak located between 420-450 nm. It has been
reported that the dark brown colouration exhibited by silver nanoparticles is due to excitation
of surface plasmon vibrations in the metal nanoparticles (Tenderwealth et al., 2018).
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Figure 4.3: UV-visible spectrum of the Biosynthesized Silver Nanoparticles by MDN 9

at Different Incubation Periods
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Figure 4.4: UV-visible spectrum of the Biosynthesized Silver Nanoparticles by MDN 9
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4.6.2 Fourier Transformation Infrared Spectroscopy (FTIR)

The Fourier transformation infrared spectroscopy (FTIR) spectrum of the greenly synthesized
Actinomycetes sp. -AgNPs is shown in Figure 4.5 and 4.6 below. 15 peaks were present
between 3762 cm ™! to 360 cm ™. The FTIR spectrum showed a broad peak at 3438 cm™* which
corresponds to the broad intermolecular bonding of the alcoholic OH band. The peak at
2926.29 cm ™! indicates an alkane C-H stretching vibration. The peak at 1728.45 cm ™ indicates
the strong aldehyde C=0 stretching. The peak at 1637.57 cm™* shows the medium C=C
stretching of the alkene group. Furthermore, the peak at 1514.38 cm™* indicates a strong nitro
compound group from the N-O stretching. The peak at 1381.79 cm™ indicates medium
aldehyde C-H bending. The peak at 1329.00 cm™ shows the presence of alcohol group
indicating the medium O-H bending. The peak at 1256.29 cm™! indicates the strong aromatic
ester bond of the C-0 stretching. The presence of a strong sulfoxide group with S=O stretching
is indicated in the 1039.46 cm™ peak and a peak at 605.00 cm™ indicates the presence of a
halo compound with C-I stretching. This organic groups are present due to the biological
reduction of silver ions which synthesized the silver nanoparticles (Samainathan, 2015). In
similar research by Bhosale et al. (2015), the FTIR analysis showed peaks of absorption at
1636.3 cm™ and 3358 cm™. The peak at 1636.3 cm™ is characteristic of -C=0 carbonyl groups
and -C=C stretching, while the peak at 3358 cm™ showed the stretching of bonded hydroxy! (-
OH) group and H-bonded. The FTIR analysis of the silver nanoparticles synthesized by
Samainathan (2015), showed absorbance peaks at 600 cm™ and 4000cm™. Spectral bands were
prominent at 1137 cm, 1165 cm™ and 3483 cm™.
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Table 4.5: F-T-IR spectral positions with their corresponding vibration modes for
biomass filtrate and Ag-NPs synthesized by Actinomycetes sp. -AgNPs

Absorption
frequency (cm-1)

Chemical groups

Compound class

3762.00

3438.00

2926.29

2369.33

1728.45

1637.57

1514.38

1427.00

1381.79

1329.00

1256.29

1039.46

605.00

459.76

360.52

O-H stretching

C-H stretching

C=0 stretching
C=C stretching

N-O stretching

C-H bending
C-H bending
C-O stretching
S=0 stretching

C-1 stretching

Alcohol

Alkane

Aldehyde
Alkene

Nitro compound

Aldehyde
Alcohol
Aromatic ester
Sulfoxide

Halo compound
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Figure 4.5: Fourier Transform Infrared (FTIR) Spectrum of the Biosynthesized Silver
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4.7 Antimicrobial Activity of Biosynthesized Silver Nanoparticles

The antimicrobial activity of the greenly synthesized silver nanoparticles was investigated
against selected known bacterial pathogens. The nanoparticles showed significant effectiveness
against different pathogenic bacteria. The highest inhibition zone was observed against Proteus
sp. and E. coli. The inhibition zones varied from 16-27 mm and 12-45 mm for MDC4 and
MDNO respectively. Some pathogens showed no zones of inhibition. Table 4.5 and 4.6 below
shows the observed inhibition zones against the silver nanoparticles, silver nitrate,

chloramphenicol and the bacterial extract.

The antimicrobial property of the synthesized silver nanoparticles was determined against five
pathogenic microorganisms. The silver nanoparticles synthesized from isolate MDC4 showed
the largest zone of inhibition against Proteus sp. (27 mm)., followed in order by E. coli which
showed a zone of 19 mm, while Enterococcus faecalis showed the least zone of inhibition. On
the other hand, silver nanoparticles biosynthesized from MDN9 inhibited E. coli and
Salmonella enterica best with zones of 45 mm and 15 mm respectively compared to Proteus
sp. and E. faecalis which showed no zones of inhibition. The silver nanoparticles yielded the
largest inhibition zone. In similar research by Sukanya et al., (2013), the biosynthesized silver
nanoparticles with the characteristic brown pigmentation were tested against various pathogens
including Gram-positive S. aureus and Gram-negative P. mirabilis, E. coli, K. pneumoniae, P.
aeruginosa and P. vulgaris. The nanoparticles had the highest activity against P. aeruginosa,
followed in order by K. pneumoniae and the least for E. coli. This result was compared with
the commercially produced kanamycin antibiotic which was not as efficient as the silver
nanoparticles in inhibiting the above pathogens. Bhosale et al. (2015) carried out similar
research on the “Biosynthesis, characterization and study of antimicrobial effect of silver
nanoparticles by Actinomycetes spp”. The efficiency of the synthesized silver nanoparticles
were tested for antimicrobial activity against E. coli, K. pneumoniae and P. aeruginosa, and
also compared with regular antibiotics, and silver nitrate. The silver nanoparticles showed
better antimicrobial property than commercially produced antibiotics but not as effective when
compared combined with the antibiotics. The silver nitrate solution had the lowest

antimicrobial activity against the pathogens.
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Table 4.6: Antimicrobial Activity of Biosynthesized AgNPs from MDC4

Zones of Inhibition (nm)

Bacterial Biosynthesized  Silver Nitrate Chloramphenicol

Pathogens Extract AgNPs (AgNO:3)
Escherichia 11 19 13 16
coli
Proteus sp. nz 21 nz nz
Staphylococcus 11 14 11 13
aureus
Enterococcus nz 13 nz nz
faecalis
Salmonella nz 17 15 16
enterica

nz- No zone
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Table 4.7: Antimicrobial Activity of Biosynthesized AgNPs from MDN9

Pathogens Zones of Inhibition (nm)
Bacterial Biosynthesized  Silver Nitrate Chloramphenicol
Extract AgNPs (AgNO:3)
Escherichia 30 45 12 12
coli
nz Nz nz nz
Proteus sp.
Staphylococcus nz 12 14 nz
aureus
Enterococcus nz Nz nz nz
faecalis
Salmonella nz 15 12 nz
enterica
nz - No zone
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS

51 Conclusion

The soil assessed in this study is a rich habitat that harbors diverse microorganisms including
antimicrobial producing bacteria. Out of the 13 bacteria isolated in this study, isolate MDN9
and MDC4 identified using microscopic and biochemical characteristics as Actinomycetes sp.
showed the highest zone of inhibition against the test pathogens, and was selected for further
studies. Actinomycetes sp. MDN9 and MDC4 were able to reduce AgNOs for nanoparticle
biosynthesis. The synthesized nanoparticles were characterized using UV-Visible
Spectrophotometer and Fourier transform infrared spectroscopy (FT-IR) which confirmed the
synthesis of nanoparticle. The biosynthesized silver nanoparticles (AgNPs) showed improved
inhibitory activities against the five selected pathogenic bacteria including S. enterica, S.
aureus, E. coli, E. faecalis, and P. mirabilis compared to the bacterial extract, and synthetic
chloramphenicol antibiotics. Thus, this study revealed that AgNPs is a good antimicrobial agent

that can be commercially developed as antibiotics against common infectious bacteria. s

5.2 Recommendation

Based on the research carried out, the following recommendations were made:
e Actinomycetes sp. with antimicrobial activity should be use in synthesizing metal
nanoparticles.
e Biosynthesized silver nanoparticles from Actinomycetes sp. should be used in the
industrial production of antibiotics.
e Strain improvement can be conducted on Actinomycetes sp. to improve the
antimicrobial activity and nanoparticle production.

50



REFERENCES
Abdeen, S., Geo, S., Sukanya, Praseetha P.K and Dhanya, R.P. Biosynthesis of Silver

nanoparticles from Actinomycetes for therapeutic applications. International Journal
of Nano Dimension. 5(2): 155-162.

Agrawal, S., Bhatt, M., Rai, S.K., Bhatt, A., Dangwal, P., Agrawal, P.K. (2018). Silver
Nanoparticles and its potential applications: A Review. Journal od Pharmacognosy and
Phytochemistry. 7(2): 930-937.

Agustina, T. E., Handayani, W. and Imawan, C. (2021). The UV_VIS spectrum analysis from
silver nanoparticles synthesized using Diospyros maritima blume leaves extract.
Advances in Biological Sciences Research. 14: 411-419.

Ahmad, M.S., Yasser, M.M., Sholkamy, E.N., Al,i A.M. and Mehanni, M.M. (2015).
Anticancer activity of biostabilized selenium nanorods synthesized by Streptomyces
bikiniensis strain ess_ama-1. International Journal of Nanomedicine. 10: 3389.

Alagarasi, A. (2011). Introduction to Nanomaterials.

Alharbi, N.S., Alsubhi, N.S. and Felimban A.l. Green Synthesis of silver nanoparticles using
medicinal plants: Characterization and application. Journal of Radiation Research and
Applied Sciences. 15(3): 109-124.

Allos, B. M. (1997). Association between Campylobacter Infection and Guillain-Barré
Syndrome. The Journal of Infectious Diseases, 176(s2): S125-S128.

Amendola, V. and Meneghetti, M. (2009). Laser ablation synthesis in solution and size
manipulation of noble metal nanoparticles. Journal of Physical Chemistry Chemical
Physics. 11:3805-3821.

Arifiyanto, A., Surtiningsih, T., Ni’matuzahroh, Fatimah, Agustina, D., and Alami,, N. H.
(2020). Antimicrobial activity of biosurfactants produced by actinomycetes isolated
from rhizosphere of Sidoarjo mud region. Biocatalysis and Agricultural
Biotechnology, 24: 101513.

Aziz N., Faraz M., Pandey R., Shakir M., Fatma T., Varma A. and Prasad R. (2015). Facile
algae-derived route to biogenic silver nanoparticles: synthesis, antibacterial, and
photocatalytic properties. Langmuir: the ACS Journal of Surfaces and Colloids. 31(42):
11605-11612.

Bacon, R.T., Sofos, J.N. (2003). Characteristics of Biological Hazards in Foods, In: Schmidt
RH, Rodrick GE, Editors, Food Safety Handbook, New Jersey: John Wiley and Sons,
Inc., 157-195.

51



Banu, A, Rathod, V. and Ranganath, E. (2011). Silver nanoparticle production by Rhizopus
stolonifer and its antibacterial activity against extended spectrum [-lactamase
producing (esbl) strains of enterobacteriaceae. Material Research Bulletin Journal. 46:
1417-1423.

Barabas, G., G. Vargha, I.M. Szabo, A. Penyige, S. Damjanovich, J. Szollosi, J. Matk, T.
Hirano, A. M“atyus and I. Szab*o, 2001. n- Alkane uptake and utilization by
Streptomyces strains. Antonie van Leeuwenhoek, 79: 269-276.

Bennett, S.D., Walsh, K.A., Gould, L.H. (2013) Foodborne disease outbreaks caused by
Bacillus cereus, Clostridium perfringens, and Staphylococcus aureus—United States,
1998-2008.Clinical Infectious Disease. 57: 425-433.

Bhat, M.K. (2000). Cellulases and related enzymes in biotechnology. Biotechnology
advances. 18(5): 355-383.

Bhatti, A. A., Haq, S., & Bhat, R. A. (2017). Actinomycetes benefaction role in soil and plant

health. Microbial Pathogenesis. 111: 458-467.

Bhaviripudi S., Mile, E., Steiner, S.A. 3rd, Zare, A.T., Dresselhaus, M.S., Belcher, A.M., and
Kong, J. (2007). CVD synthesis of single-walled carbon nanotubes from gold
nanoparticle catalysts. Journal of the American Chemical Society. 129(6): 1516-7.

Bhosale, S.R., Hajare, Y.K., Bhagyshree, M., Mujamdar, S. and Kothawade M. Biosynthesis,
Characterization and Study of Antimicrobial Effect of Silver Nanoparticles by
Actinomycetes spp. (2015). International Journal of Current Microbiology and Applied
Sciences. 2:144-151.

Bintsis, T. (2017). Foodborne pathogens. AIMS Microbiology, 3(3), 529-563.

Bisinoti, M.C., Moreira, A.B., Melo, C.A., Fregolente, L.G., Bento, L.R., Dos Santos, J.V., and
Ferreira, O.P. (2019). Application of Carbon-Based Nanomaterials as Fertilizers in
Soils. Journal of Nanomaterials Applications for Environmental Matrices: Water, Soil
and Air. 305-333.

Blackburn, C.D.W. (2006). Food spoilage microorganisms.

Buchanan, R. L., Gorris, L. G., Hayman, M. M., Jackson, T. C., and Whiting, R. C. (2017). A
review of Listeria monocytogenes: An update on outbreaks, virulence, dose-response,
ecology, and risk assessments. Food Control, 75: 1-13.

Cesur, S. and Demiroz A.P. (2013). Antibiotics and the Mechnaisms of Resistance to
Antibiotics. Medical Journal of Islamic World Academy of Sciences. 21(4): 138-142.

52



Chandramohan, D. Recent Advances in Marine Microbiology: The Indian Scenario. Journal
of Marine Biotechnology. 5(2-3): 73-81.

Chavan, C., Mulaje, S. S, Mohalkar, R.Y. (2013). A Review on Actinomycetes and Their
Biotechnological Application. International Journal of Pharmaceutical Sciences and
Research. 4(5): 1730-1742.

Cheesbrough, M. (2004) Catalase Test. In: Cheesbrough, M., Ed., District Laboratory
Practice in Tropical Countries, Part 2, Low Price Egyptian Edition 2004, the Anglo-
Egyptian Bookshop, Egypt, 64-65.

Daniel, M.C. and Astruc, D. (2004) Gold nanoparticles: assembly, supramolecular chemistry,
quantum-size-related properties, and applications toward biology, catalysis, and
nanotechnology. Chemical Reviews. 104: 293-346.

De Simeis, D., & Serra, S. (2021). Actinomycetes: A Never-Ending Source of Bioactive

Compounds—An Overview on Antibiotics Production. Antibiotics, 10(5): 483.

Ealias, A.M. and Saravanakumar, M P. (2017). A review on the classification, characterization,
synthesis of nanoparticles and their application. IOP Conf. Series: Materials Science
and Engineering. 263: 0320109.

Elbeshehy, E. K. F., Elazzazy, A. M., and Aggelis, G. (2015). Silver nanoparticles synthesis
mediated by new isolates of Bacillus spp., nanoparticle characterization and their
activity against Bean Yellow Mosaic Virus and human pathogens. Frontiers in
Microbiology. 6.

Elnahas M.O., Elkhateeb W.A., Daba G.M. (2021). Marine Actinomycetes: The Past, The
present and The Future. Open Access Journal of Pharmaceutical Research. 5(2).

Erjaee, H., Rajain H. and Nazifi, S. (2017). Synthesis and characterization of novel silver
nanoparticles using Chaemaelum nobile extract for antibacterial application. Advances
in Natural Sciences: Nanoscience and Nanotechnology. 8, 025004.

Eybpoosh, S., Mostaan, S., Gouya, M. M., Masoumi-Asl, H., Owlia, P., Eshrati, B., Montazer
Razavi Khorasan, M. R., and Bouzari, S. (2021). Frequency of five Escherichia Coli
pathotypes in Iranian adults and children with acute diarrhea. PLOS ONE, 16(2):
e0245470.

Farig, A., Khan, T. and Yasmin, A. (2017) Microbial synthesis of nanoparticles and their
potential applications in biomedicine. Journal of Applied Biomedicine. 15: 241-248.

Faurie, B. (2017). Gram Staining Procedures.

53



Ganesan, P., Reegan, A. D., David, R. H. A., Gandhi, M. R., Paulraj, M. G., Al-Dhabi, N. A.,
and Ignacimuthu, S. (2017). Antimicrobial activity of some actinomycetes from
Western Ghats of Tamil Nadu, India. Alexandria Journal of Medicine, 53(2): 101—
110.

Garcia, A., Fox, J. G., and Besser, T. E. (2010). Zoonotic Enterohemorrhagic Escherichia
coli: A One Health Perspective. ILAR Journal, 51(3): 221-232.

Garcia-Pinel, B., Porras-Alcala, C., Ortega-Rodriguez, A., Sarabia, F., Prados, J., Melguizo,
C., and Lépez-Romero, J. M. (2019). Lipid-Based Nanoparticles: Application and
Recent Advances in Cancer Treatment. Nanomaterials, 9(4): 638.

Gillespie, S. (1994). Gram-positive bacilli. Medical Microbiology Illustrated, 30-43.

Golinska, P., Wypij, M., Ingle, A. P., Gupta, I., Dahm, H., and Rai, M. (2014). Biogenic
synthesis of metal nanoparticles from actinomycetes: biomedical applications and
cytotoxicity. Applied Microbiology and Biotechnology, 98(19): 8083-8097.

Gour, A., and Jain, N. K. (2019). Advances in green synthesis of nanoparticles. Artificial
Cells, Nanomedicine, and Biotechnology, 47(1): 844-851.

Hassan, S.E.L.D., Fouda A., Radwan A.A., Salem S.S., Barghoth M.G, Awad M.A., Abdo
AM. and El-Gamal M.S. (2019). Endophytic actinomycetes Streptomyces spp.
mediated biosynthesis of copper oxide nanoparticles as a promising tool for
biotechnological applications. Journal of Biological Inorganic Chemistry. 24: 377-
393.

Hug, M. A., Ashrafudoulla, M., Rahman, M. M., Balusamy, S. R., and Akter, S. (2022).
Green Synthesis and Potential Antibacterial Applications of Bioactive Silver
Nanoparticles: A Review. Polymers, 14(4): 742.

Huynh, K. H., Pham, X. H., Kim, J., Lee, S. H., Chang, H., Rho, W. Y., and Jun, B. H.
(2020). Synthesis, Properties, and Biological Applications of Metallic Alloy
Nanoparticles. International Journal of Molecular Sciences, 21(14): 5174.

Imada, C. (2005). Enzyme inhibitors and other bioactive compounds from marine
actinomycetes. Antonie van Leeuwenhoek, 87(1): 59-63.

Ip, M., Lui, S. L., Poon, V. K. M., Lung, I., and Burd, A. (2006). Antimicrobial activities of
silver dressings: an in vitro comparison. Journal of Medical Microbiology, 55(1): 59—
63.

Iravani, S. (2014). Bacteria in Nanoparticle Synthesis: Current Status and Future Prospects.

International Scholarly Research Notices. 2014: 1-18.

54



Jiang, W., Saxena, A., Song, B., Ward, B. B., Beveridge, T. J., and Myneni, S. C. B. (2004).
Elucidation of Functional Groups on Gram-Positive and Gram-Negative Bacterial
Surfaces Using Infrared Spectroscopy. Langmuir, 20(26): 11433-11442.

Jung, J. H., Lee, J. H., and Shinkai, S. (2011). Functionalized magnetic nanoparticles as
chemosensors and adsorbents for toxic metal ions in environmental and biological
fields. Chemical Society Reviews. 40(9): 4464.

Kamel, Z., Mahmoud, Saleh and ElI Namoury, N. (2016). Biosynthesis, Characterization and
Antimicrobial Activity of Silver Nanoparticles from Actinomycetes. Research
Journal of Pharmaceutical, Biological and Chemical Sciences. 7(1): 119.

Kaur, P., Thakur, R., Duhan, J.S. and Chaudhury, A. (2018). Management of wilt disease of
chickpea in vivo by silver nanoparticles biosynthesized by rhizospheric microflora of
chickpea (Cicer arietinum). Journal of Chemical Technology and Biotechnology. 93:
3233-3243.

Khan, I., Saeed, K., and Khan, I. (2019). Nanoparticles: Properties, applications and toxicities.
Arabian Journal of Chemistry. 12: 908-931.

Khanal, L. N., Sharma, K. R., Paudyal, H., Parajuli, K., Dahal, B., Ganga, G. C., Pokharel, Y.
R., and Kalauni, S. K. (2022). Green Synthesis of Silver Nanoparticles from Root
Extracts of Rubus ellipticus Sm. and Comparison of Antioxidant and Antibacterial
Activity. Journal of Nanomaterials. 2022: 1-11.

Khandel, P., Yadaw, R.K, Soni, D.K, Sushil, L.K. and Shahi, K. (2018). Biogenesis of metal
nanoparticles and their pharmacological applications: present status and application
prospects. Journal of Nanostructure in Chemistry. 8: 217-254.

Kim, YK and Lee, H. (2016) Use of magnetic nanoparticles to enhance bioethanol production
in syngas fermentation. Bioresource Technology. 204:139-144.

Kodzius, R., and Gojobori, T. (2015). Marine Metagenomics as a source for Bioprospecting.
Marine Genomics. 24: 21-30.

Koul, B., Poonia, A.K., Yadav, D. and Jin, J.-O. (2021). Microbe-Mediated Biosynthesis of
Nanoparticles: Applications and Future Prospects. Biomolecules. 11: 886.

Krishna R.N., Gayathri, R. and Dr. Priya, V. (2017). Nanoparticles and their applications- a
review. Journal of Pharmaceutical Sciences and Research. 9(1): 24-27.

Kuddus, M. (2019). Introduction to Food Enzymes. Enzymes in Food Biotechnology, 1-18.

Kumar, V., and Yadav, S. K. (2009). Plant-mediated synthesis of silver and gold
nanoparticles and their applications. Journal of Chemical Technology and
Biotechnology, 84(2): 151-157.

55



Kunz C., Ludwig A., Bertheau Y., Boller T. (1992) Evaluation of the antifungal activity of
the purified chitinase 1 from the filamentous fungus Aphanocladium album. FEMS
microbiology letters. 90(2): 105-109.

Kushwaha, D., Upadhyay, S. N., and Mishra, P. K. (2018). Nanotechnology in
Bioethanol/Biobutanol Production. Biofuel and Biorefinery Technologies, 115-127.

Li, X., Xu, H., Chen, Z. S., and Chen, G. (2011). Biosynthesis of Nanoparticles by
Microorganisms and Their Applications. Journal of Nanomaterials, 2011: 1-16.

lo Grasso, L., Chillura-Martino, D., and Alduina, R. (2016). Production of Antibacterial
Compounds from Actinomycetes. Actinobacteria - Basics and Biotechnological
Applications. p. Ch. 07.

Lugscheider, E., Barwulf, S., Barimani, C., Riester, M. and Hilgers, H. (1998) Magnetron-
sputtered hard material coatings on thermoplastic polymers for clean room applications.
Surface and Coatings Technology. 108-109: 398-402.

Ma, X.H., Cho, K.H. and Sung, Y.M. (2014). Growth mechanism of vertically aligned Sn, Se
nanosheets via physical vapour deposition. Crstengcomm Journal. 16: 5080-5086.

Mann, S., Burkett, S.L., Davis, S.A., Fowler, C.E., Mendelson N.H., Sims S.D., Walsh D.,
Whilton. N.T. (1997) Sol - Gel Synthesis of Organized Matter. Chemistry of Materials.
9: 2300-2310.

Martin, A. and Adams M.O. (2000). Food Microbiology. Royal Society of Chemistry,
Cambridge. 2: 225-290.

Mason, M.G., A.S. Ball, B.J. Reeder, G. Silkstone, P. Nicholls and M.T. Wilson. (2001).
Extracellular heme peroxidases in actinomycetes: a case of mistaken identity. Applied
and Environmental Microbiology Journal. 67: 4512-45109.

Mendez, E, Jones C, Trinetta V. (2020). Engaging Undergraduate Students in Food Safety
Study and Food Microbiology Research. Food Protection Trends. 40(3): 164-170

Messaoudi, O., and Bendahou, M. (2020). Biological Synthesis of Nanoparticles Using
Endophytic Microorganisms: Current Development. Nanotechnology and the
Environment.

Mirzadeh, E. and Akhbari, K. (2016). Synthesis of nanomaterials with desirable morphologies
from metal-organic frameworks for various applications. CrystEngComm Journal. 18:
7410-7424.

Mitscherlich, E., Marth, E.H. (1984) Microbial survival in the environment — Bacteria and
rickettsiae important in human and animal health. (1987). International Journal of
Food Microbiology, 4(1): 82.

56



Mohamed, M. R. M., and Ahmed, J. S. (2016). Antibacterial potential of silver nanoparticle
synthesized by marine actinomycetes in reference with standard antibiotics against
hospital acquired infectious pathogens. African Journal of Biotechnology, 15(38):
2115-2123.

Mulvaney, P. (1996). Surface plasmon spectroscopy of nanosized metal particles. Langmuir.
1: 788-800.

Mukhtar, S., Zaheer, A., Malik, K. (2017). Actinomycetes: A Source of Industrially
Important Enzymes. Journal of Proteomics and Bioinformatics. 10: 12.

Nasrollahzadeh, M., Sajadi, S. M., Sajjadi, M., & Issaabadi, Z. (2019). Applications of

Nanotechnology in Daily Life. Interface Science and Technology, 113-143.

Niehaus, F, Bertoldo C, Kahler M, Antranikian G. (1999). Extremophiles as a source of novel
enzymes for industrial application. Applied microbiology and biotechnology. 51(6):
711-729.

Nireti, F.C., Adetoun, M. A. and Abayomi, A. O. (2018). Microbiological Assessment of Soil
from Dumpsite in Oduduwa University. International Journal of Science and
Advanced Innovative Research. 3(1): 2536-7323.

Nivesh Krishna R., Gayathri R. and Dr. Priya V. (2017). Nanoparticles and their applications-
a review. Journal of Pharmaceutical Sciences and Research. 9(1): 24-27.

Nwobodo, C. D., Ugwu, M. C., Oliseloke Anie, C., Al-Ouqaili, M. T. S., Chinedu Ikem, J.,

Victor Chigozie, U., and Saki, M. (2022). Antibiotic resistance: The challenges and
some emerging strategies for tackling a global menace. Journal of Clinical
Laboratory Analysis.

Odeyemi, A.T., Faweya, E.B., Agunbiade, O.R and Ayeni, S.K. (2011). Bacteriological,
mineral and radioactive contents of leachate samples from dumpsite of EKiti State
Government Destitute Centre in Ado-EKiti. Archives of Applied Science Research. 3
(4):92-108.

Odeyemi, A.T. (2012). Antibiogram Status of Bacterial Isolates from Air Around Dumpsite
of EKkiti State Destitute Centre at llokun, Ado-EKiti, Nigeria. Journal of Microbiology

Research. 2(2): 12-18.

57



Olanrewaju, A.O. (2002). Dangers of indiscriminate refuse dumps in metropolis countries.
Environment opinions. 35: 567-571.

Olutiola P.O., Famurewa O. and Sonntag H.G. (2000). An Introduction to Microbiology: A
practical Approach, Bolabay Publication, Ikeja, Lagos. Pg. 1-267.

Ortega, F.G., Fernandez-Baldo, M.A., Fernandez, J.G., Serrano, M.J., Sanz, M.l., Diaz-
Mochon, J.J., Lorente, J.A., Raba, J. (2015). Study of antitumor activity in breast cell
lines using silver nanoparticles produced by vyeast. International Journal of
Nanomedicine. 10: 2021-2031.

Palomo, J.M. Nanobiohybrids: a new concept for metal nanoparticles synthesis. Chemical
Communications Journal. (2019). 55: 9583-9589.

Pandit, C., Roy, A., Ghotekar, S., Khusro, A., Islam, M. N., Emran, T. B., Lam, S. E.,
Khandaker, M. U., and Bradley, D. A. (2022). Biological agents for synthesis of
nanoparticles and their applications. Journal of King Saud University - Science, 34(3):
1018609.

Prabakaran, S. and Rajan, M. (2021). Biosynthesis of nanoparticles and their roles in numerous
areas. Comprehensive Analytical Chemistry.

Prasad, R., Pandey, R., Varma, A., Barman, |. (2017). Polymer based nanoparticles for drug
delivery systems and cancer therapeutics. In: Kharkwal H, Janaswamy. S (eds) Natural
polymers for drug delivery. CABI, Oxfordshire.53-70.

Priyaragini, S., Sathishkumar, S.R., Bhaskararao, K.V. (2013) Biosynthesis of Silver
Nanoparticles Using Actinobacteria and Evaluating Its Antimicrobial and
Cytotoxicity Activity. International Journal of Pharmaceutical Science and Research.
5(2):709-712.

Radwan, S.S., G. Y. Barabas, N.A. Sorkhoh, S. Damjanovich, I. Szabo, J. Szollosi, J. Matko,
A. Penyige, T. Hirano and .M. Szabo. (1998). Hydrocarbon uptake by Streptomyces.
FEMS Microbiology Letters, 169: 87-94.

Rajashree S. Bhosale, Komal Y. Hajare, Bhagyashree Mulay, Shilpa Mujumdar and Madhuri
Kothawade. Biosynthesis, Characterization and Study of Antimicrobial Effect of
Silver Nanoparticles by Actinomycetes spp. International Journal of Current

Microbiology and Applied Sciences. 2: 144-151.

58



Rajkowski, K.T., Smith, J.L. (2001) Update: Food Poisoning and Other Diseases Induced by
Bacillus cereus, In: Hui YH, Pierson MD, Gorham JR, Editors, Foodborne Disease
Handbook, New York: Markel Dekker, Inc., 61-76.

Ramesh, S. (2013). Sol-Gel Synthesis and Characterization of CVD Synthesis of Single-
Walled Carbon Nanotubes from Gold Nanoparticle Catalysts. Journal of the American
Chemical Society. 1516-1517.

Ranjani, A., Dhanasekaran, D., & Gopinath, P. M. (2016). An Introduction to Actinobacteria.

Actinobacteria - Basics and Biotechnological Applications.

Ravindra, B.M., Seema, L.N., Neelambika, T.M., Gangadhar, S.M., Nataraja, K., Vijaya, K.S.
(2012). Silver nanoparticles synthesized by in-vitro derived plants and Callus culture
of Clitoria ternatea, evaluation of antimicrobial activity. Research Journal of
Biotechnology 3(5):26-38.

Roe, D., Karandikar, B., Bonn-Savage, N., Gibbins, B., and Roullet, J. B. (2008).
Antimicrobial surface functionalization of plastic catheters by silver nanoparticles.
Journal of Antimicrobial Chemotherapy, 61(4): 869-876.

Saeed, K., and Khan, I. (2014). Preparation and properties of single-walled carbon
nanotubes/poly (butylene terephthalate) Nano composites. Iranian Polymer Journal,
23(1): 53-58.

Saeed, K., and Khan, I. (2015). Preparation and characterization of single-walled carbon
nanotube/nylon 6, 6 nanocomposites. Instrumentation Science and Technology, 44(4):
435-444,

Salouti M. and Ahangari, A. (2014). Nanoparticle Based Drug Delivery Systems for Treatment
of Infectious Diseases in Application of Nanotechnology in Drug Delivery. Intech,
155-192.

Santos, A. F. M., Macedo, L. J. A., Chaves, M. H., Espinoza-Castafieda, M., Merkogi, A.,
Lima, F. D. C. A,, and Cantanhéde, W. (2015). Hybrid Self-Assembled Materials
Constituted by Ferromagnetic Nanoparticles and Tannic Acid: A Theoretical and
Experimental Investigation. Journal of the Brazilian Chemical Society. 27 (4).

Sapkota, A., Thapa, A., Budhathoki, A., Sainju, M., Shrestha, P., and Aryal S. (2020).
International Journal of Microbiology. 2020: 2716584.

Sevindik, M., and Uysal, 1. (2021). Food spoilage and Microorganisms. Turkish Journal of
Agriculture - Food Science and Technology, 9(10): 1921-1924.

Sevindik, P. (2016). Actinomycetes.

59



Shah P. and Gavrin A.A. (2006). Synthesis of nanoparticles using high-pressure sputtering for
magnetic domain imaging. Journal of Magnetism and Magnetic Materials. 301: 118-
23.

Sharma, I. (2021). Bioremediation Techniques for Polluted Environment: Concept,
Advantages, Limitations, and Prospects. Trace Metals in the Environment - New
Approaches and Recent Advances

Sharma, K., Singh, G., Singh, G., Kumar, M., and Bhalla, V. (2015). Silver nanoparticles:
facile synthesis and their catalytic application for the degradation of dyes. RSC
Advances, 5(33): 25781-25788.

Sharma, M., Dangi, P. and Choudhary, M. (2014) Actinomycetes: Source, Identification, and
Their Applications. International Journal of Current Microbiology and Applied
Sciences. 3: 801-832.

Shrestha, B., Nath, D. K., Maharjan, A., Poudel, A., Pradhan, R. N., & Aryal, S. (2021).

Isolation and Characterization of Potential Antibiotic-Producing Actinomycetes from
Water and Soil Sediments of Different Regions of Nepal. International Journal of
Microbiology. 2021: 1-9.

Sikora, A., Shard, A. G., & Minelli, C. (2016). Size and {-Potential Measurement of Silica
Nanoparticles in Serum Using Tunable Resistive Pulse Sensing. Langmuir. 32(9):
2216-2224.

Silva-Vinhote, N.E.M.,Caballero, N.E.D.A., de Amorim Silva, T., Quelemes P.V., de Araujo,
A.R., de Moraes, A.C.M., dos Santos Camara, A.L., Longo, J.P.F.O., Azevedo R.B.,
da Silva, D.A., de Almeida, J.E.R.D.S. (2017). Extracellular Biogenic Synthesis of
Silver Nanoparticles from Amazonic biome and its antimicrobial efficiency. African
Journal of Biotechnology. 16(43): 2072-2082.

Sunkar, S. and Nachiyar C.V. (2012). Biogenesis of antibacterial silver nanoparticles using the
endophytic bacterium bacillus cereus isolated from Garcinia xanthochymus. Asian
Pacific Journal of Biomedicine. 2: 953-959.

Suvith V. and Philip D. (2014). Catalytic degradation of methylene blue using biosynthesized
gold and silver nanoparticles. Spectrochimica Acta Part A: Molecular and

Biomolecular Spectroscopy. 118: 526-532.

60



Tallury, P., Malhotra, A., Byrne, L.M. and Santra, S. (2010). Nanobioimaging and sensing of
infectious diseases. Advanced Drug Delivery Reviews. 62: 424-437.

Tenderwealth, C. J., Bernard, O. P., and Ntiido, N. U. (2018). Surface plasmon resonance and
antimicrobial properties of novel silver nanoparticles prepared from some indigenous
plants in Uyo, Nigeria. African Journal of Biotechnology, 17(24): 748-752.

Upadhyay, S., Parekh, K. and Pandey, B. (2016). Influence of crystallite size on the magnetic
properties of FesO4 nanoparticles. Journal of Alloys and Compounds 678: 478-485.

Velayudham, S., and Murugan, K. (2012). Diversiy and Antibacterial Screening of
Actinomycetes from Javadi Hill Forest Soil, Tamilnadu, India. Jouranl of Microbiology
Research. 2(2): 41-46.

Verma, A., Mehata, S. (2016). Controllable Synthesis of Silver Nanoparticles Using Neem
Leaves and Their Antimicrobial Activity. Journal of Radiation Research and Applied
Sciences .9: 109-115.

Wan Mat Khalir, W. K. A., Shameli, K., Jazayeri, S. D., Othman, N. A., Che Jusoh, N. W., and
Hassan, N. M. (2020). Biosynthesized Silver Nanoparticles by Aqueous Stem Extract
of Entada spiralis and Screening of Their Biomedical Activity. Frontiers in Chemistry,
8.

Westerholm, M., Liu, T., and Schndirer, A. (2020). Comparative study of industrial-scale
high-solid biogas production from food waste: Process operation and microbiology.
Bioresource Technology. 304: 122981.

Yakub, I. and Soboyejo, W.0. (2012). Adhesion of E. coli to silver-or copper-coated porous
clay ceramic surfaces. Journal of Applied Physics. 111(12): 124324.

Zeng, F., Hou, C., Wu, S., Liu, X., Tong, Z., and Yu, S. (2007). Silver nanoparticles directly
formed on natural macroporous matrix and their anti-microbial activities.
Nanotechnology, 18(5): 055605.

Zielinska, A., Carreird, F., Oliveira, A. M., Neves, A., Pires, B., Venkatesh, D. N., Durazzo,
A., Lucarini, M., Eder, P., Silva, A. M., Santini, A., and Souto, E. B. (2020).
Polymeric Nanoparticles: Production, Characterization, Toxicology and
Ecotoxicology. Molecules, 25(16): 3731.

61



APPENDIX 1

RAW DATA
UV-VIS Spectrometry for Silver Nanoparticles- MDN 9

Wavelength (nm) Absorbance Absorbance Absorbance
(24 hrs) (48 hrs) (72 hrs)
200 1.194 2.500 1.662
300 2.500 2.500 2.500
400 2.500 2.500 2.500
500 1.877 1.951 2.469
600 1.255 1.212 1.242
700 0.903 0.898 0.871
800 0.730 0.717 0.709

UV-Visible Spectrometry for Silver nanoparticles -MDC 4

Wavelength (nm) Absorbance Absorbance Absorbance
(24 hrs) (48 hrs) (72 hrs)
200 0.851 1.358 0.942
300 2.500 2.500 2.500
400 2.500 2.500 2.500
500 1.525 1.369 1.403
600 0.840 0.625 0.574
700 0.562 0.384 0.336
800 0.448 0.257 0.246
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Composition
Peptone

Yeast Extract
Beef Extract
Sodium Chloride
Agar

Distilled Water

Composition of Starch Casein Agar

Composition
Sodium Chloride

Calcium Carbonate

Iron (1) Sulphate (heptahydrate)

Agar
Soluble Starch
Casein

Potassium nitrate

Magnesium Sulphate (heptahydrate)
Dipotassium hydrogen phosphate

Distilled Water

Composition of Simmons Citrate Agar

Composition

Sodium Chloride (NaCl)

Sodium Citrate (dehydrate)
Ammonium Dihydrogen Phosphate
Dipotassium Phosphate
Magnesium Sulfate (heptahydrate)

Bromothymol Blue

Agar
Distilled water

APPENDIX 2
COMPOSITION OF AGAR USED
Composition of Nutrient Agar

Amount
59

29

1g

59
15¢
1L

Amount
29
0.02g
0019
189
109
03¢
29
0.05¢g
29
1L

Amount
509
2049
109
109
0.2g¢g
0.08 g

159
1L
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Composition of Starch Agar
Composition
Peptone
Yeast Extract
Beef Extract
Sodium Chloride
Agar
Distilled Water
Starch

Amount
59

29

1g

59

159
1L

1%
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