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ABSTRACT

In this study we have synthesized Co030s, ZnO NPs and Co304-ZnO nanocomposites through
biological method using cobalt nitrate hexahydrate and zinc acetate dihydrate as a precursor
material using waste extract of potato and banana fruits peel as a capping agent. The
synthesized NPs and nanocomposites were characterized by thermogravimetric analysis
(TGA/DTA), X-ray diffraction (XRD), scanning electron microscope (SEM), UV-vis diffuse
reflectance spectroscopy (UV-DRS) and Fourier transform infrared (FTIR) spectroscopy. The
optimized crystal size of the synthesized nanocomposite was found to be 13.54nm 30.02nm, and
9.39nm for biologically synthesized Co304, ZnO nanoparticles and Co0304-ZnO nanocomposite
using extract of potato fruit peel, respectively. The crystal size of the synthesized nanocomposite
using extract of banana fruit peel was also found to be 10.70, 12.79 and 9.52nm for biologically
synthesized C0304, ZnO NPs and Co0304-ZnO nanocomposite, respectively. The bandgap for
synthesized Co30, ZnO NPs and Cos O4-ZnO nanocomposite using peel of potato were 3.25, 3.08
and 3.33 eV, respectively. The bandgap for synthesized Co03O,4, ZNnO NPs and Co0304-ZnO
nanocomposite using peel of banana were 3.60, 3.17 and3.56 eV, respectively. The XRD pattern
with sharp peaks describes the crystalline and purity of Co30s, ZnO NPs and Co0304-ZnO
nanocomposite. The morphology of Co304, ZnO nanoparticles and Co304-ZnO nanocomposite
were studied by SEM analysis confirms spherical shape. FTIR spectrum discloses the interaction
between the functional groups of the phytochemical in the fruit peel extract and the Cos04, ZnO
NPs and Co304-ZnO nanocomposite. Based on the results biologically synthesized Co304, ZnO
nanoparticles and Co304-ZnO nanocomposite calcinated using extract of peel potato have
potential antibacterial applications even in large concentration especially for gram negative
bacteria compared to synthesized Co3O4, ZnO nanoparticles and Co304-ZnO nanocomposite in

the presence of peel of banana.

Key word: Co3z04, ZnO NPs and Co30,4-ZnO nanocomposite, Green synthesis, Sol-gel,
Antibacterial activities



1. INTRODUCTION

1.1. Background of the study

Nanotechnology deals with the production and design of utilizing nanoparticles. It emerges from
the physical and chemical properties different from bulk and engineered techniques are being
developed to search and plan single atoms and molecules for multiple applications in different
field of scientific world. Nanoparticle (NP) is defined as a small object that behaves as a whole
unit in terms of its properties. NPs are cluster of atoms having at least one dimension in the size
range of 1-100 nm. They have unique optical, magnetic, catalytic and electrical properties. Thus
have potential applications in various fields the physicochemical properties of NPs are different
as compared to those of their bulk counterparts owing to the fact that surface area to volume ratio

increases and quantum effects become dominant as the size decreases.

The increase in surface area to volume ratio alters the mechanical, catalytic and thermal
properties of material [1]. The chemical methods include salt reduction method, reverse micelles,
electrochemical method, Sol-gel method, gas-liquid interface, thermolysis, co-precipitation and
decomposition on ultrasonic treatment. A vast array of biological resources available in nature
including living plants, plant products, and plant extracts, Algae, fungi, yeast, bacteria and
viruses could all be employed for synthesis of nanomaterial [2]. One of the global health and
environmental concerns is the increasing antimicrobial resistance of many microorganisms
against drugs because some pathogens which were curable in past now are becoming untreatable

such as Methicillin-resistant staphylococcus aureus (MRSA) [3].

Humans have always war and struggle against the microorganisms that cause infection and
disease to human health. To win this battle and to overcome this frightening situation of
microbial resistance to antibiotics the search and discovery of alternative means against these
microorganisms is only way forward to survive. Medicinal plants have a long history of use and
their use is widespread in both developing and under developed countries [4]. There are many
composition of banana skin like enzymes such as polyphenol oxidase, pectin as gelling agent and

that the banana peel extract is used alone or combined with a cream or ointment, medicinal
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benefits of the extract include relief of pain, swelling and itching [5, 6]. Additionally,
Flavonoids, tannins, phlobatannins, alkaloids, glycosides and terpenoids were found to be
present in the peels of genus (Musa sapientum). These phytochemicals have been reported to
exert multiple biological and pharmacological effects (antibacterial, antihypertensive,
antidiabetic and anti-inflammatory activities). The presence of these bioactive substances in
banana peels therefore suggests that the peels possess valuable medicinal potential yet to be
explored. As the bioactive compounds contained in plants are majorly responsible for their
medicinal properties [7].

Different studies have been done on the various parts of banana plant in which performed the
inhibitory effect towards the food borne pathogens, hence banana plant should be considered to
be a potential natural source of antimicrobial as well as antioxidant agent [8].The aim of this
study was to assess the antimicrobial capacity of the aqueous extracts of fresh banana peels
against different microbial isolates. The development of resistance among the microbial flora to
the existing synthetic antimicrobial agents creates a very serious risk to public health [9-12].
Hence, alternative measures for the above problem should be addressed immediately, and
consequently this state has led to a re-assessment of the therapeutic use of traditional medication,
such as plants and plant-based products [13, 14]. Especially, the potato peels have various
medicinal and nutritional values and they are the source of phenolic compounds, flavonoids,
glycoalkaloids, and cell wall polysaccharides, vitamins and minerals like potassium[15, 16]. The
glycoalkaloids present in Potato peels are toxic to microorganisms and these glycoalkaloids have
beneficial properties, such as antipyretic, anti-inflammatory, and antimicrobial activities against

pathogenic microbes[15].

Metals based nanoparticles and investigation of their antimicrobial activity could be one of such
alternatives. Many studies are being done to check the structural and chemical effects of various
metals nano-complexes to discover an alternative of the drugs which used against
microorganisms. Cobalt oxide nanoparticles is among those materials which can be used for
antimicrobial activity so the synthesis, characterization and antimicrobial activities of Cobalt
based nanoparticles of great importance[17].The advantage of ZnO is their photocatalytic ability

that can produce radical compounds. This material can be used as an antibacterial agent [18].
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ZnO is also based nanomaterials have been intensively investigated because they are chemically
stable and environmental friendly materials. In recent years, nanocomposites have been studied
extensively due to their specific properties such as catalytic, optical, electrical, and magnetic
properties, which are quite different from those for the bulk materials. Zinc oxide, well known
wide band gap semiconductors compound, has important applications such as chemical sensors,
varistors, UV emitters, catalysts, transparent high power electronics, surface acoustic wave
devices, piezo-electric transducers, [19]. Various methods have been reported for the synthesis of
ZnO nanoparticles such as sol-gel [20], Chemical Bath Deposition (CBD)[21], sonochemcial
synthesis[22-24]. Many techniques could be applied in the sol-gel technology such as the
changing of initial precursor, time of gel formation, type of catalyst, rate of solution formation,
gel formation conditions and gel physical processing. Thus, the sol-gel process enables the
formation of solid material through gelation from a solution [25].

1.2. Statement of the problem

Bacterial infectious diseases are serious health problem that has drawn the public attention in
worldwide human health threat which extends to economic and social complications. Outbreaks
infections of pathogenic strains, bacterial antibiotic-resistance, emergence of new bacterial
mutations, lack of suitable vaccine is a reason why infection due to pathogen is increased [26]. In
under developed countries hospital-associated infections are global health hazard to human
particularly in children. Thus developing novel antibacterial agents against bacteria strains
mostly major pathogens such as Escherichia coli, staphylococcus aureus, Klebsiella pneumonia
and Bacillus subtilis has become greatest demand. These bacterial strains are selected as they are
highly transmittable hence we can evaluate the potential antimicrobial activity of cobalt oxide
and Zinc oxide NPs against these pathogenic bacteria. Different researches have done on the
synthesis of Cobalt Oxide and Zinc oxide nanoparticles and cobalt oxide-zinc oxide
nanocomposites for antibacterial applications. Furthermore, comparative study on Co3O4 and
ZnO NPs synthesized by using cobalt nitrate hexahydrate and and Zinc nitrate tetrahydrate and
their composites green method using peels of banana and potato extract as reducing and
stabilizing agent against human pathogenic bacteria has not been reported yet.



1.3. Objectives of the Study

1.3.1. General Objective

The general objective of this project was to synthesize and characterize CozO4 ZnO NPs and
C0304-Zn0O nanocomposite using sol-gel method from waste extract of potato and banana fruits
peel and investigate their antibacterial applications.

1.3.2. Specific Objectives

% To synthesize Co304 NPs, ZnO NPs and C0304-ZnO nanocomposite using peel extract of
banana and potato fruits

% To characterize the synthesized cobalt oxide, zinc oxide nanoparticles and Co304-ZnO
nanocomposite using TGA-DTA, UV-Vis, FTIR, SEM, and XRD.

% To test antibacterial activities of Co304, ZnO and Co304-ZnO

% To compare antibacterial activity of biosynthesized cobalt oxide , zinc oxide NPs and

Co304-Zn0 nanocomposite against human pathogenic bacteria such as Escherichia coli,

staphylococcus aureus, Klebsiella pneumonia and Bacillus subtilis
1.4. Significance of the Study

The study area was provided important information about the biologically synthesized cobalt
oxide and zinc oxide nanoparticles and the composites of Co304-ZnO NPs characterization
methods. This study area was also giving information about antibacterial activities of cobalt
oxide and zinc oxide nanocomposite synthesized using sol-gel method. Also opens up further
explorations on many fruits to be used for antibacterial applications.



1.5. Scope of the Study

Synthesis of cobalt oxide, zinc oxide nanoparticles and Co304-ZnO nanocomposite material
using waste extract of potato and banana fruits peel as a reducing and capping agent by using
sol-gel method.The synthesized Zinc oxide, Cobalt oxide and Cobalt oxide-Zinc oxide
nanocomposites were characterized using TGA-DTA, UV-Vis spectrophotometer, FTIR
Spectrophotometer, SEM, and XRD analysis. Finally, antibacterial activities of the
biosynthesized nanomaterials were evaluated against human pathogenic bacterias such as
Escherichia coli, staphylococcus aureus, Klebsiella pneumonia and Bacillus subtilis using sol-
gel methods.



2. LITERATURE REVIEW

2.1. Nanoparticles

Nanotechnology refers to the production and usage of material with nanoscale dimension. It is a
multidisciplinary scientific field undergoing explosive development and one of the most active
research areas in modern material science. Because of Specific characteristics such as size
distribution and morphology nanoparticles exhibit completely new or improved property. NPs
have given rise to a busy area of research due to the wide variety of applications and novel
properties such as biomedicine and with tunable electrical conductivity, thermal conductivity,
superior rigidity, hard and erosion resistance. Nanomedicine is one of the main branches that
affected tremendously by the nanoparticle applications that may be defined partially in the
following areas: the monitoring, repair, construction and control of human biological systems at
the molecular level, using engineered nanodevices and nanostructures. These nanomedicine has a
vital role as bacteria are gaining resistance to traditionally used antibiotics at an alarming rate
[27].The metallic oxide nanoparticles are most promising which is of much interest to
researchers due to the growing microbial resistance against metal ions, antibiotics and the

development of resistant strains[28].
2.2. Synthesis of Metal Oxide Nanoparticles

The methods for the synthesis of nanoparticles are physical, chemical and biological techniques.
Physical synthetic methods such as inert gas condensation, high energy ball milling and
ultrasonic shot peeling can be used to synthesize metallic nanoparticles [29]. Several methods
including the commonly grinding process and pyrolysis can be used for the physical synthesis of
metallic oxide nanoparticles. Disadvantage of physical methods is expensive and cumbersome
for the large-scale production of nanoparticles[30]. A further drawback of physical approaches is
enormous consumption of energy to maintain the high pressure and temperature used in the
synthesis procedures. Chemical methods involve the reduction of chemicals, electrochemical

procedures, micro emulsion, chemical co-precipitation and chemical vapor condensation.



Biological synthesis method of NPs which has the advantages of no toxicity, reproducibility in
production easy scaling-up has become a new trend in nanoparticle production. Microorganisms
and plants have been demonstrated as new resources with considerable potential for synthesizing
nanoparticles[31]. In the case of biological method NPs synthesis using peel fruit waste extracts
is the most adopted method because it is eco-friendly. The green method of production of
nanoparticles is much safer to handle and easily available [32]. In addition, the synthesis of
nanoparticles using fruits offers other advantages such as the utilization of safer solvents
decreased use of dangerous reagents, milder response conditions, feasibility and their
adaptability in use for medicinal, surgical and pharmaceutical applications. Also physical
requirements for their synthesis including pressure, energy, temperature and constituent materials
are trivial [33]. Many biomolecules in plants such as proteins, amino acids, carbohydrates,
alkaloids, phenol compounds, reducing sugar and vitamins could be involved in bioreduction,
formation and stabilization of metal nanoparticles. The reduction potential of ions and reducing
capacity of plants which depend on the presence of polyphenols, enzymes and other chelating

agent present in plants have critical effects on the amounts of nanoparticle production[34].

2.2.1. Cobalt Oxide Nanoparticles

Cobalt has been known with allotropic forms including face centered cubic (FCC), Hexagonal
centered phase (HCP), epsilon and body centered cubic (BCC). The FCC structure is
thermodynamically preferred at higher temperatures and the HCP structure is favored at lower
temperatures. The FCC structure appears to be stable phase even below room temperature when
the particle sizes are smaller than 20 nm [35]. There has been a considerable amount of research
involving the preparation, structure and properties of magnetic cobalt nanoparticles in the past
decade [36]. Cobalt nanoparticles coated with insulators have been prepared and studied for the
applications in alternating current electrical and electronic devices[36]. Different crystalline
structures provide some practical benefits. Symmetrically structured FCC cobalt provides higher
saturation moment and lower magnetic anisotropy which is suitable for linear applications such
as converter. On the other hand, asymmetric HCP-cobalt has been a basic element for high
temperature permanent magnets and suitable for microwave applications such as in circulator.

Cobalt nanoparticles often possesses mixed structures in which low energy stacking faults
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introduce a combination of FCC and HCP character making the synthesis of single structured
cobalt a challenging task. The potential applications of Cobalt oxide NPs in separation

technology, catalysis, high-density magnetic recording and biomedicine are reviewed [37].

2.2.2. Zinc oxide nanoparticles

Zinc oxide has received a great attention since past times due to its various properties as:
antibacterial, semiconducting properties, growth promoter[38], catalytic efficiency, chemical
stability and strong adsorption ability. Because of these activities it has been used as an active
ingredient for dermatological applications in creams, lotions and ointments and also ZnO which
is widely used as food additive and food supplement [39]. ZnO is one of five zinc compounds
that are listed as generally recognized as safe (GRAS) by the U.S. Food and Drug administration
[40]. Either two antimicrobial mechanisms of ZnO are supposed. These are Hydrogen peroxide,
which is generated from the surface of zinc oxide, can penetrate through the cell membrane,
produce some type of injury, and inhibit the growth of the cells and the affinity between zinc

oxide and bacterial cells is an important factor for antibacterial activity[38].

In addition zinc oxide is an interesting semiconductor material this is seen through its application
on solar cells, gas sensors, ceramics, and varistors [41]. In nanoscience, ZnO nanoparticles show
a significant growth inhibition under normal laboratory lighting conditions and in the same time
they have selective toxicity and are regarded as a safe reagent to humans and animals, this action
can be understood because ZnO inhibiting the adhesion and internalization of bacteria and so
ZnO can protect against intestinal diseases caused by E. coli [42], and proved through the
scanning electron microscopy (SEM), the morphological changes of E. coli treated with zinc
oxide nanoparticles, which showed that ZnO nanoparticles could damage the membrane of this
bacteria and so led to the leakage of cytosolic components and finally killed the bacterial cell.
ZnO appeared that it has a significant antibacterial activity against a wide range of bacterial
species and in particular against S. aureus [27]. In addition, another feature that made ZnO
nanoparticles compete other metal oxide nanoparticles is its antibacterial activity against a broad

range of bacteria: gram positive and gram negative [42].



2.3. Chemical Synthesis of Cobalt Oxide Nanoparticles

The transition metal oxides have greatly attracted wide range of application in durable solar
absorber lithium-ion battery. As transition metal groups cobalt oxide Co3O4 NPs is one of the
most important materials because of its fascinating properties and thermal stability. Co3O4 NPs
show good conductivity due to the existence of Co®" [43]. Cobalt nanocrystals display a wealth
of size-dependent structural magnetic, electronic and catalytic properties. The cobalt structure of
p-type semiconducting materials with chemical stability at high mechanical strength and the

direct optical band gaps of CosO4 nanoparticles were about 1.48 and 2.19 eV [44].
2.4. Chemical synthesis of Zinc Oxide nanoparticle

ZnO is technologically an important material for its wide range of optical and electrical
properties; also it is crystal with a typical wide band gap n-type direct band gap semiconductor
material with lower resistivity and higher light trapping properties wide band gap (3.37eV)[45].
Such properties make semiconducting nanostructures suitable for several kinds of applications,
from antireflecting coatings[46] to bioelectronics[47] and light emitting devices[48] antibacterial
treatment[46], UV light emitters[49] photocatalyst[50] and as an additive in many industrial
products. It is also used in the fabrication of solar cells[46], gas sensors, luminescent materials,
transparent conductor. Inorganic nanoparticles are important materials for applications in

medicine, such as biosensing, cell imaging, drug delivery, cancer therapy [50, 51].

According to the Project on Emerging Nanotechnologies (PEN), ZnO occupies fifth rank among
the most prevalent nanomaterials in consumer products. ZnO can have two different crystal
structures (zinc blende and wurtzite), both of which have the same band gap energy (3.3 eV) and
the direct band structure. Localized trap states inside the band gap were studies[46] in detail to
recognize the sub-band gap energy levels. Moderate reaction conditions and convenient synthetic
manipulation have rendered chemical methods an attractive option for accessing ZnO
nanoparticles. The method also provides better control of chemical and morphological
characteristics. The chemical method involves the use of toxic chemicals which can prove to be

hazardous for the environment and the person handling it. These methods may result in toxic and
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harsh products which may pose biological risks to the environment; due to high surface charge
and high surface area of nanoparticles, harsh chemicals may remain adsorbed onto nanoparticles.
Releasing these chemicals into the environment may cause adverse effects on organisms
including microorganisms, plants, invertebrates, and vertebrates including humans at various
trophic levels[2]. These drawbacks have led to the emergence of green synthesis methods based
on the use of environmentally friendly and biocompatible materials such as plants and

microorganisms.
2.5. Biosynthesis of Cobalt Oxide Nanoparticles

Extract from bio-organism may act both as reducing and capping agent in nanoparticles
synthesis. The reduction of metals ions by bimolecular found in these extracts such as protein,
polysaccharide, vitamin and amino acid is environmentally save. Biological methods are
regarded as safe, cost effective, sustainable and environmental friendly processes for the
synthesis of nanoparticles. Biological synthesis of nanoparticles is gaining importance due to its
eco friendliness and simplicity [52]. The use of plant materials in the synthesis of cobalt oxide

nanoparticles has been reported by other researchers [53].
2.6. Biosynthesis of Zinc Oxide Nanoparticles

Biosynthesis of nanoparticles is an approach of synthesizing nanoparticles using microorganisms
and plants having biomedical applications. Biosynthesis provides more advantages over physical
and chemical methods because it is very cost effective, non-toxic, uses safe reagents during the
process [54] and eco-friendly technique due to use of extracts of plant (leaves, flower, seed and
peels), bacteria, fungi and enzymes, as the reducing and stabilizing agents for synthesis of
nanoparticles instead of large quantity of chemicals[54]. This method does not require high
temperature, high pressure, costly equipment and hazardous chemicals. The three main aspects in
the preparation of nanoparticles that should be evaluated from a green chemistry perspective are
the choice of the solvent medium used for the synthesis, the choice of an environmentally
favorable reducing agent and the choice of a non-toxic material for the stabilization of the

nanoparticles. The progress of efficient green synthesis utilizing natural reducing, capping and
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stabilizing agents without the use of toxic, expensive chemicals and high energy consumption
have attracted researchers towards biological methods[55].The biological method of synthesis of
ZnO nanoparticles is gaining importance due to its simplicity, eco-friendliness and extensive

antimicrobial activity.
2.7. Biosynthesis of Co304-ZnO Nanocomposite

Green synthesis of metal oxide nanocomposite has received special attention due to a cheaper
and environmentally friendly method. It can refer to the formation of nanoparticle structures
which capped by organic materials from living organisms or plants [56]. An important use of
nanoparticles and nanotubes is in composites, materials that combine one or more separate
components and which are designed to exhibit overall the best properties of each component.
This multi-functionality applies not only to mechanical properties, but extends to optical,
electrical and magnetic one nanocomposites of zinc, cobalt, nickel, silver and iron are being
studied extensively as potential antimicrobial agents owing to the beneficial synergistic effects of
their components and to discover their enigmatic role in medical nanotechnology [57]. Several
methods are used for metal oxide nanocomposite synthesis such as hydrothermal[58],
electrochemistry [59], wet chemical [60], microwave method [61] coprecipitation, sol-gel, wet
impregnation, and thermal decomposition [62-65]. Moreover, Co304-ZnO nanocomposite has
been known as a good photocatalyst that can work in the visible light area. Here in, we
investigate a simple and an environmentally friendly method to synthesise Co0304-ZnO

nanocomposite.
2.8. Antibacterial Activity of Metallic Oxide NPs

Metal based nanoparticles represent an alternative for biomedical treatments mainly in the
fabrication of biomedical devices with antimicrobial coatings. A high antimicrobial activity of
nanoparticles depends on the particle size that allows greater surface contact and a direct
interaction with the membranes microorganisms. Nanoparticles smaller than 10nm highly
interact with bacteria and produce electronic effects which improve the reactivity of

nanoparticles. Thus it is proven that the bactericidal effects of nanoparticles are size dependent
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[66]. The cell membranes of the microorganisms interact with the medium so metal oxide NPs
have some interactions to release metal ions that interfere with the processes of the
deoxyribonucleic acid (DNA) replication, cell membrane formation and cell division[67].
Several studies propose that nanoparticles attach to the surface of cell membrane disturbing the

permeability and respiration function of the cell.

The damage to the cell may be caused by the interaction of nanoparticles with sulfur or
phosphorus containing bio molecules in the cell such as DNA. Therefore sulfur containing
proteins in the membrane or inside cells and phosphorus containing molecule like DNA are
likely to be preferential sites for binding NPs. The smaller nanoparticles have more antibacterial
activity that provides more surface exposure to the bacterial membrane[68]. In addition these
nano sized particles penetrate through cell membrane easier interacting with intracellular
materials and finally resulting in cell destruction in the process of multiplication[69].
Documented that the nanoparticles induce oxidative stress to bacteria and induce reactive oxygen

species (ROS) thus antibacterial activity could be explained based on ROS such as hydrogen
peroxide (H,O;) Hydroxyl radicals (OH) and singlet oxygen (O’). It is believed that

microorganisms carry a negative charge while metal oxides carry a positive charge. This creates
an electromagnetic attraction between the microbe and treated surface[70].

2.9. Antibacterial Activity of Cobalt Oxide NPs

Currently several antimicrobial drug are used to kill microbe or prevent the growth of microbe.
However with the worldwide use and abuse of the most commonly used antibacterial drugs
microorganisms especially bacteria are becoming resistant to more and more antimicrobial
agents for example bacteria strains known to be cause tuberculosis (TB) are found to be resistant
to previous effective antibacterial treatment. E. coli is found to be intrinsically resistant to
therapeutic level of penicillin. The first beta lactam introduced into clinical practice because of
its outer membrane barrier. E.coli is also resistant to several different classes of antibiotics with
distinct mechanism of action[71]. There are many advantages among using metal NPs as
antimicrobial agents due to their stability, Robustness and self-life. Nano sized cobalt oxide NPs

have shown to possess antibacterial activities and several studies reported that they can be used
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as bactericides for water disinfection. The antibacterial activities of cobalt oxides NPs against
E.coli, S. aureus, Kpneumonia and B. subtilis were examined. The performance of Cobalt oxide
NPs for antibacterial activities prepared by biological and chemical methods to wards microbial
have not been studied well. Therefore, it is important to study comparison of biologically and

chemically synthesized cobalt oxide NPs for antibacterial applications [72].
2.10. Antibacterial Activity of Zinc Oxide Nanoparticles

In nanoscience, ZnO nanoparticles show a significant growth inhibition under normal laboratory
lighting conditions and in the same time they have selective toxicity and are regarded as a safe
reagent to humans and animals, this action can be understood because ZnO inhibiting the
adhesion and internalization of bacteria and so ZnO can protect against intestinal diseases caused
by E. coli [42]. The morphological changes of E. coli treated with zinc oxide, which showed that
ZnO nanoparticles could damage the membrane of these bacteria and so led to the leakage of
cytosolic components and finally killed the bacterial cell [38]. Zinc oxide nanoparticles have
stronger antibacterial activity due to largely increased surface or enhanced the affinity[38]. ZnO
appeared that it has a significant antibacterial activity against a wide range of bacterial species
and in particular against S. aureus [27].

The antimicrobial property of ZnO nanoparticles also were analysed with K.pneumonia and B.
subtilis using agar well diffusion. It has been suggested that the mechanism of the antibacterial
activity of ZnO NPs is based on its ability to induce oxidative stress [73]. The Zn" ions released
interact with the thiol group of the bacterial respiratory enzymes, increasing the production of
reactive oxygen species (ROS) and causing oxidative stress in the bacterial cell. This oxidative
stress damages the bacterial membranes, DNA, and mitochondria, resulting in the death of the
bacteria [74-76] . In addition, another feature that made ZnO nanoparticles compete other metal
oxide nanoparticles is its antibacterial activity against a broad range of bacteria: gram positive
and gram negative[42].
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2.11. Antibacterial activity of Co304-ZnO nanocomposite

In the present work, we report the detailed investigations of in vitro antibacterial activities of a-
Co304-Zn0O nanocomposite against four pathogenic bacteria B. subtilis, S. aureus, E.coli and K.
pneumonia. The nanocomposites were synthesized using cost-effective wet-chemical approach
and further characterized to study the structural, morphological, optical and magnetic properties.
Hence this study was carried out to mainly investigate the antibacterial properties of Co304-ZnO
nanocomposite. The simultaneous use of different mechanisms results in a situation where it was
very unlikely for the bacterial cell to develop resistance to these nanoparticles because to do so,
the bacteria have to go through multiple mutations simultaneously in a single cell which is a very
rare event and almost impossible. Additionally, cytotoxicity of the prepared composite samples

was evaluated and the prepared samples were found non-toxic to human cell line.
2.12. Antibacterial strains

Staphylococci among the pathogenic bacterial strains are the common bacteria that cause a wide
varity of infections and diseases especially hurt skin and mucus membranes. On the other hand,
E. coli enteric bacteria that are currently more implicated in many digestive tract and urogenital

infections with the high incidence of septicemia cases.
2.12.1. Staphylococcus aureus

Staphylococci are gram positive bacteria that are characterized by individual cocci that appear to
be divided into more than one plane to form grape like cluster that are none motile and non-
spore forming [77, 78]. S. aureus are facultative anaerobes and grow by aerobic respiration or by
fermentation pathogenic S. aureus is a member of the genus staphylococci which is named

aureus due to the golden color appearance as it grown on solid media.
2.12.2. Escherichia coli

Escherichia coli is gram negative bacteria which is known to be both natural flora of humans and

more over some important pathogens that considered a significant cause of morbidity and
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mortality worldwide. It characterized by a non-spore forming, motile, rode shaped bacteria that
ferment lactose[79]. E.coli strains are comparatively easy to grow under both aerobic and
anaerobic conditions[79]. Some of E. coli isolates are considered part of beneficial normal flora
of the intestine but some strains appeared to acquire pathogenicity mechanisms to cause disease

in human such as urinary tract infection and sepsis or meningitis.

2.12.3. Bacillus Subtilis

Bacillus subtilis is a gram positive bacterium characterized by aerobic, spore-forming, rod-
shaped bacteria that are motile by peritrichous flagella. These bacteria are extensively spread
throughout the environment, particularly in soil, air, and decomposing plant residue[77]. The
distinction of these bacteria are their capability of producing endospores that are highly resistant
to unfavorable environmental conditions and that also have capacity to grow over a wide range

of temperatures including that of the human body.

2.12.4. Klebsiella Pneumoniae

This organism accounts for about one-third of all Gram-negative infections such as urinary tract
infections, cystitis, pneumonia, surgical wound infections, endocarditis and septicemia. It also
causes necrotizing pneumonia, pyogenic liver abscesses and endogenous endophthalmitis [80].

High mortality rates, extended hospitalization, coupled with high cost are often associated with
infections caused by this organism [81].Designed to determine the antibiotic-resistant profiles of
Klebsiella pneumonia as a nosocomial pathogen and focuses on some differences between
classical and non-classical subtypes, antimicrobial resistance-mediated genes, some virulent
factors of this organism, and some epidemiological risk factors through a systematic review and

meta-analysis.
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3. EXPEREMENTAL SECTION

3.1. Materials

In this research, zinc (Il) acetate dihydrate [Zn (CH; COQ),-2H,0] and Cobalt nitrate hexa
hydrated [Co (NOg3),.6H,0] were used as precursors for the synthesis of ZnO and Co3O4 NPs,
respectively. Sodium hydroxide (NaOH) and ethanol were used as precipitating agent and for
washing purpose, respectively. Distilled water was used as the synthesis medium. All chemical
reagents were purchased from market and are analytical grades.

3.2. Collection of the peels of banana and potato fruits waste

The collected waste extract of potato and banana fruits peel were thoroughly washed with
distilled water to remove impurities such as dust and other particulates followed by drying under
shadow with room temperature to remove residual moisture. The dried waste extract of potato
and banana fruit peels were grinded using plant grinding machine and then were packed within a
plastic bottle for further use. To prepare the extract of the banana and potata peel, 20 gram of
each were taken and dissolved in to 250 mL of distilled water in 500 mL Erlenmeyer flasks. The
Erlenmeyer flask containing the components were placed on to a hot plate with magnetic stirrer,
and allowed to boil at 60°C for about 30 minutes.The extracted solutions of the banana peel and
potato peel were kept under refrigerator at 4°C for biosynthesis of Co304 Nps, ZnO NPs and
Co0304-ZnO nanocomposite. The filtrate extract was used as reducing and capping agent for the
biosynthesis of C0304-ZnO nanocomposite[82].

3.3. Synthesis of Cobalt Oxide NPs

Cobalt nitrate hexahydrate Co(No3),.6H,0) was dissolved in the waste extract of potato and
banana fruits peel. To optimize the proportion of cobalt nitrate hexahydrate and waste extract of
potato and banana fruits peel during synthesis of Co3O,4 nanoparticles 1:1,1:2 and 2:1 ratios of
waste extract of potato/ banana fruits peel and precursor salt were used. Then three different
samples were prepared by taking different volume ratios of precursor salt solution and waste

fruits peel extract. In 2:1 ratio: 40 mL of 0.75 M cobalt nitrate hexahydrate and 20 mL of waste
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extract of banana and potato fruits peel. In 1:2 ratios: 20 mL of 0.75 M cobalt nitrate hexahydrate
and 40 mL of waste extract of banana and potato fruits peel, and in 1:1 ratio: 30 mL of 0.75M
cobalt nitrate hexahydrate and 30 mL of waste extract of banana and potato fruits peel. For the
biosynthesis of Co3O4 nanoparticles within 2:1, 1:2 and 1:1 ratio approximately (40:20), (20:40)
and (30:30) of volume ratios were taken, respectively and this was done using 0.75 M of cobalt

nitrate hexahydrate in a separate Erlenmeyer flask.

In each case the Erlenmeyer flask containing the three components were placed on to a plate with
magnetic stirrer without applying of heat. In each of the different ratios a small sized magnetic
stirrer was placed in to the Erlenmeyer flask containing the extract and the precursor solution and
the resulting solution was allowed to stir for about 2 hours and then its pH value was measured
using a pH meter and then 10 ml of 1M sodium hydroxide solution was added in to each of the
individual ratio as a precipitating agent. After addition of a small drop of sodium hydroxide
solution for each of the individual ratios, the resulting solution was stirred for 15 minutes to
maintain uniform distribution of the added base followed by centrifugation at 10,000 rpm for
15min.The formed dark green color precipitate for each of the individual ratio was washed with
distilled water and ethanol several times. The formed Co304 NPs were collected using a crucible
ceramic dish and placed in to a drying oven for 5 hours at 80°C [83] and then allowed to cool.

The particles were stored in an air tight container [84].
3.4. Synthesis of Zinc Oxide NPs

The measured amount of the precursor salt of zinc acetate dihydrate (Zn (CH3C0OO),.2H,0) was
mixed with the waste extract of potato and banana fruits peel. For the biosynthesis of ZnO
nanoparticles within 2:1, 1:2 and 1:1 ratio approximately (40:20), (20:40)and (30:30) mL were
taken, respectively and this was done using 0.75 M of zinc acetate dihydrate in a separate
Erlenmeyer flask. In each of the different ratios a small sized magnetic stirrer was placed in to
the Erlenmeyer flask containing the waste extract of potato and banana fruits peel and the
precursor solution and the resulting solution was allowed to stir for about 2 hours and then its pH
value was measured using a pH meter and then 10 ml of 1 M sodium hydroxide solution was

added in dropwise manner for each of the individual ratio as a precipitating agent[85]. The
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mixture was kept for 48 hours to form a pale white colored precipitate and washed with distilled
water and ethanol several times during centrifugation. Then, the gel was dried in an oven at 100

°C to constant weight and calcined at 400 °C for 4 hours to obtain the ZnO nanoparticles[86].
3.5. Synthesis of Co304-ZnO Nanocomposite

Co304-Zn0O nanocomposite was prepared by one- pot green synthesis method using the reaction
of Zn(CH3C00),.2H,0 and Co(NO3),.6H,0 solutions with the waste extract of potato and
banana fruits peel in Erlenmeyer flask. To examine the effect of proportion of Co304-ZnO
nanocomposite and waste extract of potato and banana fruits peel on the size and crystallite of
Co0304-Zn0O nanocomposite, 1:1, 1:2 and 2:1 ratios of waste extract of potato and banana fruits
peel and precursor salt were used during the biosynthesis process. The mixture was stirred with
magnetic stirrer to achieve homogeneity, and 10 ml of 1M NaOH was added to the solution in
dropwise manner under stirring for about 2 hour, the process was also be followed by
centrifugation to obtain brown colored precipitation[87]. The obtained gel was dried on oven at
80°C[88] and calcined at 400° C for 4 hours to produce the Co304-ZnO nanocomposite.

3.6. Characterization of Co; O, and ZnO NPs using TGA -DTA

Thermal gravimetric analysis (TGA) of the biosynthesized NPs was carried out using a
simultaneous differential thermal analysis DTA-TGA (DTG-60H, Shimadzu Co., Japan) and was
used to determine the calcination temperature. The synthesis of these nanomaterials with
controlled size and shape was still a major challenge and large scale synthesis of phase pure
Co304 and ZnO nanoparticles at relatively low temperatures, using readily available,
environmentally benign and cost-effective precursors was a synthetic challenge. Thus, the
preparation of cobalt oxide and zinc oxide nanoparticles in the presence of extract of peels of
potato and banana by thermal decomposition of cobalt and zinc complexes becomes increasingly
important mainly due to its cost-effectiveness, careful choice of precursors and calcination
conditions, easy control of synthesis conditions, particle size, crystal structure, and purity. For
example, the synthesis of metal oxide nanoparticles by the thermal decomposition of

organometallic compounds or metal complexes has been reported [89-92].
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3.7. Characterization of C0;0,4, ZnO and C0304-Zn0O Using XRD Analysis

The crystalline structure and average crystalline size of the synthesized Co0304, ZnO
nanoparticles and Co3O4-ZnO nanocomposites were investigated using an X-ray diffractometer
at Adama Science and Technology University department of Material Engineering. XRD
spectrum was recorded from 10° to 80° with 20 angles using CuKo (A =1.54056 A°) radiation
operated at 40 kV and 30 mA.

Debye Scherrer*s equation indicated in equation 1, was used to estimate the average crystallite

size for powder samples of the synthesized nanoparticles[93].

0941

Where D is the crystallite size, A = 1.54 A° is the X - ray source wavelength, P is the full width at
half maximum intensity of the peak position and 0 is the peak position.

3.8. SEM Analysis of Co30,4 NPs, ZnO NPs and C0;04-ZnO Nanocomposite

From biologically synthesized nanoparticles of Coz04, ZnO and Co304-Zn0O, small amount was
taken and characterized by scanning electron microscopy-energy dispersive x-ray spectroscopy.
SEM was provided information about the synthesized sample including morphology, chemical
composition and crystalline structure. It is also provided detail high resolution images of the
sample focused electron beam across the surface and detecting secondary or backscattered

electron signal[94].

3.9. Characterization of Co304, ZnO and Co0;0,-ZnO Nanocomposite using

UV-Vis Spectrophotometer

The UV Vis absorption spectra of the biosynthesized Cobalt oxide, Zinc oxide nanoparticles and
C0304-ZnO nanocomposites were recorded by using JASCO V-670 UV-Vis spectroscopy
equipped with a diffuse reflectance attachment for powder samples from the waste extract of

potato and banana fruit peels were confirmed by using a wavelength scan between 200 nm and
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800 nm. Their characterization techniques were also giving information about bandgap energy of
the biosynthesized Co30, 2ZnO, nanoparticles and Co0304-ZnO nanocomposite. Their
characterization techniques of the band gap energy of ZnO, Co304 NPs and Co0304-ZnO
nanocomposites were calculated based on the Tauc equation relation.

ahv = B(hv — Eg)" ... (2)

Where h is the Planck constant, v is the frequency of the vibration, @ is the absorption
coefficient, B is the constant, E4 is the band gap of the semiconductor, and n is a constant
depends on the type of transition, which is 1/2 for a direct transition or 2 for an indirect transition

of the synthesized Co30,and ZnO nanoparticles [95].
3.10. FT-IR Analysis of C0304, ZnO NPs and Co3;04-ZnO Nanocomposites

This characterization technique was carried out on biologically synthesized cobalt oxide, zinc
oxide nanoparticles and Co304-ZnO nanocomposite to confirm the role of extracts used during
synthesis. FTIR measurements of the samples were performed at wave number range between
uses of 4000-400 cm™.The green synthesized cobalt oxide NPs, zinc oxide NPs and C0304-ZnO
nanocomposite were analyzed using Fourier Transform Infrared (FTIR) Spectrometer. Also to

determine the functional group in which bimolecular present in the peels extract[96].
3.11. Preparation of Inoculums for Antibacterial Test

Nutrient broth (1.5 g within 100 mL of distilled water) was prepared in 4 different conical flasks
and then sterilized. The pure prepared cultures were subcultured. In the first conical flask
clinically isolated strain of staphylococcus aureus and in the second conical flask clinically
isolated strain of Escherichia coli was inoculated. In the third conical flask, clinically isolated
strain of Klebsiella pneumonia and in the final conical flask clinically isolated strain of Bacillus
subtilis was added. These different bacterial cultures were inoculated in nutrient broth and were

allowed to keep on rotary shaker at 35°C+ 2°C for about 24 hours at 160 rpm.
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3.12. Inoculation of the Test Plates

Nutrient agar was prepared by taking 6 g nutrient agar and 0.8 g Agar-Agar followed by
dissolving them within a given 100 mL of deionized water. After that, the prepared nutrient agar
was sterilized. The prepared agar suspension was used to inoculate plates by dipping a sterile
cotton wool swab into the suspension. Before applying the antibiotic disks, the plates were
allowed to dry completely. The nutrient agar medium was used to cultivate both gram positive
and gram-negative bacteria strains. The plates was incubated at 37°C for about 16 - 18 hrs in an

incubator for bacteria and was checked for the zone of inhibition[97].
3.13. Disc Diffusion Method

Antibacterial tests were carried out at Adama Science and Technology University at Biology
department by the disc diffusion method using the suspension of bacteria spread on nutrient agar.
The antibacterial activity of biosynthesized Co0304, NPs ZnO NPs and Co0304-ZnO
nanocomposites (1:1, 1:2, and 2:1 ratios) and that of extract of peels of potato and banana were
investigated using the disc diffusion method using Muller-Hinton broth agar against both Gram-
positive bacteria strains of Staphylococcus aureus and Bacillus subtilis and Gram-negative
bacteria strains of Escherichia coli and Klebsiella pneumonia. Four bacterial cultures from each
bacterial strains were maintained on nutrient Muller-Hinton agar at 37°C, and the cultures were
kept in appropriate media slants and stored at 4°C (to allow diffusion) until used. The plates were
incubated at 37°C for 16-18 h in an incubator and were shaken gently to allow evenly mixing of
bacteria cells and agar. Then, 50mg, 75mg and100mg from each of the three ratios of Co30,,
NPs ZnO NPs and Co0304-ZnO nanocomposites (1:1, 1:2, and 2:1 ratios) were taken and
dissolved within ImL of DMSO to obtain 50mg/ml, 75mg/ml and100mg/ml. From each different
ratio, the inoculated plates were incubated at 37°C for about 24 hours. In antibacterial testing
against each strain, triplicate measurements were collected and the averages of the triplicates
were used in reporting the result. Then antimicrobial activity was evaluated by measuring the
zone of inhibition against the test bacteria staphylococcus aureus, Escherichia coli, Klebsiella
pneumonia and Bacillus subtilis diameters of zones of inhibition of the control strain and test

was measured using a ruler[98].
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4. RESULTS AND DISCUSSION

In this study cobalt oxide, zinc oxide nanoparticles and Co0304-ZnO nanocomposite were
synthesized by green method using extract of peel of potato and banana. The synthesized
nanocomposites were characterized using TGA-DTA, XRD, SEM, UV -Vis DRS and FTIR
spectroscopy and their antibacterial activity were measured and the zones of inhibition from
diffrent NPs were compared. The antibacterial activities of synthesized nanoparticles were

investigated using both gram positive and gram negative bacterial strains.
4.1. Thermal Gravimetric-Differential Thermal Analysis (TGA-DTA).

The processes performed during the heating can be recorded by the TG and DTA curves in
Figure 1 (A and C). Regarding the data of the weight losses, they may appear already after a
heating at 80 °C in some samples. Weight loss again continued up to 346°C associated with a
strong exothermic peak in the DTA curve, which can be observed in the samples with organic
content due to the combustion of organic molecules. Therefore, heating at 346°C is necessary to
obtain cobalt oxide (Co30,4) from precipitates. However, Co30y, as a result of thermal analysis,

400°C was used as calcination temperature during this work.

Figure 1(B and D) also shows the TG/DTA curves of ZnO samples prepared. The DTA curve
shows an endothermic peak at 80 °C which also reflects the weight loss in the sample. It reflects
a strong exothermic peak at 332 °C due to crystallization of ZnO in the DTA curve. The mass of
the sample reaches an approximately constant value above 495 °C. Another weight loss observed
in the temperature interval 482—785 °C formed due to decomposition of acetate ions[99].
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Figure 1. TGA-DTA analysis of as-synthesized cobalt oxide and zinc oxide NPs prepared from
cobalt nitrate hexahydrate and zinc acetate dihdrate using extract of potato (A and B) and
banana(C and D) fruits peels, respectively in a 1:1 ratio.
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4.2. XRD Analysis

Figure 2 shows XRD patterns of Co030s NPs, ZnO NPs and Co304-ZnO nanocomposite
biosynthesized from cobalt nitrate hexahydrate precursor, zinc acetate dihydrate and their
composites and waste extract of potato fruit peels with in three different volume ratios. Cobalt
oxide and zinc oxide nanoparticles formation and their composite were analyzed by x-ray
diffraction. The XRD of Co304 NPs had some peaks appeared at 26 values 18.8245, 30.9880,
36.8760, 44.8956, 59.3249, 65.7495 while ZnO NPs appeared at 20 values 31.9207, 34.5528,
36.3926, 47.8407, 56.8994 and 62.7385, respectively. Miller indices of Co304 crystallite
structures were (111), (220), (222), (400), (400), (511), and (440) while that of ZnO were (100),
(002), (101), (102), (110), and (103).

The formation of biosynthesized Co304-ZnO nanocomposite was also confirmed by X-ray
diffraction measurements and their peaks observed at 26 values of 32.0613, 34.5954, 36.3394,
47.5638, 56.9250, 63.0664, 68.0153 and 69.4910 along with their corresponding miller indices
values of (100), (002), (101), (102), (110), (103), (112), and (201), respectively. The intensity of
diffraction peak of green synthesized Co3O,4 nanoparticles is less with slight broadening when
compared to the intensity of ZnO nanoparticles and Co304-ZnO nanocomposite. Those results
reveals that the biosynthesized NPs have possessed good crystallinity in nature and also
diffraction peaks related to impurities were not observed in the XRD pattern confirming the high

purity of the biosynthesized nanomaterials.

The average crystalline size for the different kinds of Co3O4 ZnO NPs and Co0304-ZnO
nanocomposites were estimated as (18.8, 13.5, 19.45), (35.8, 30.0, 30.4), and (35.9, 9.4, 24.4),
respectively from the given ratios of 1:1, 1:2 and 2:1 ratios. Thus the broadening of XRD peak of

green synthesized nanocomposite observed in our study confirms the size reduction.
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Figure 2. XRD spectra of A) Co304, B) ZnO NPs and C) Co3O4 —ZnO nanocomposite
biosynthesized in (a) 1:1, (b) 1:2, and (c) 2:1 ratios of Cobalt nitrate hexahydrate and Zinc

acetate dihydrate and their composite, respectively using waste extract of Potato fruit peel.
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Figure 3 was also shows XRD pattern of C0304 ZnO NPs and Co0304-ZnO nanocomposite
biosynthesized from cobalt nitrate hexahydrate precursor, zinc acetate dihydrate and their
composites and waste extract of banana fruit peel with in three different volume ratios.The
formation of biosynthesized Co3z04 ZnO NPs and Co0304-ZnO nanocomposite confirmed by X-
ray diffraction measurements. The diffraction peaks were observed at 26 values of (0.4370),
(2.2814), (3.0505), (4.1645), (6.2767), (7.1615) for biologically synthesized Co304, along with
miller indices values of (111), (220), (311), (400), (511), (440), respectively and biosynthesized
ZnO NPs diffraction peaks were observed at (31.3905), (34.4612), (36.4735), (47.9663),
(56.6567), (62.6788) along with miller indices values of ((100), (002), (101), (102), (110), (103),
respectively. The formation of biosynthesized Co304-ZnO nanocomposite was also confirmed by
X-ray diffraction measurements and their peaks observed at 26 values of (31.8057), (34.6678),
(36.3926), (47.8407), (56.4395), (63.0834), (68.3603) along with miller indices values of (100),
(002), (400), (102), (110), (511), (103).

The average crystalline size for the different kinds of Co3O4 ZnO NPs and Co0304-ZnO
nanocomposites were estimated as (16.04, 10.70, 12.43), (22.40, 12.79, 20.47), and (21.61, 9.52,
10.09), respectively from the given ratios of 1:1, 1:2 and 2:1 ratios. Thus the broadening of XRD
peak of green synthesized nanoparticles observed in our study confirms the size reduction. There
IS no addition peak in the nanocomposite, indicating no impurity in the synthesis of C0304-ZnO
nanocomposite[100]. Therefore, calcinated nanoparticles Co0304, ZnO and Co0304-Zn0O
nanocomposite shows sharp peak which confirms good crystallinity of the synthesized

nanocomposite
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Figure 3: XRD spectra of A) Co304, B) ZnO NPs and C) Co030,~ZnO nanocomposite
biosynthesized in (a) 1:1, (b) 1:2, and (c) 2:1 ratios of Cobalt nitrate hexahydrate and Zinc

acetate dihydrate and their composite respectively using waste extract of banana fruit peel.

It is clear indicates that, all the diffraction peaks of ZnO can be indexed to the hexagonal
wurtzite structure[101] and peaks corresponds to structured composites consist of different
phases. The XRD pattern of structured CozO4 —ZnO composite indicates that it consists of two
kinds of phases, hexagonal ZnO and spinel structured cubic Co3O,4 confirming the coexistence of
Zn and Co oxide structure together to form a composite however, the peaks of Co3O,4 are weak
compared with ZnO and it is matched with the data reported[102]. The Figure 4 (A and B) shows
the optimized ratios of waste extract fruits peel average crystallite size of Co30,, ZnO
nanoparticles and Co3O4 -ZnO nanocomposites synthesized within a 1:2 ratios which has a
relatively smaller particle size compared to the remaing ratios of average crystalline size .This is

due to the fact that the greater amount of the extract used during the synthesis process results in
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more stabilizing agents that in turn effectively stabilize the biosynthesized Co30,, ZnO and
Co30,4-Zn0 nanocomposites during the synthesis process. The peaks of three of the XRD spectra

are in good agreement with the literature reported before [103, 104].
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Figure 4: XRD spectra of (A) optimization from potato fruit peel and (B) Optimization from
banana fruit peel (a) biosynthesized Co304, (b) biosynthesized ZnO and (c) biosynthesized
C0304 - ZnO within 1:2 ratio.

The Co304-Zn0O sample that the product was well crystalline having no impurity as there was no
unmatched peak. All the peaks of the final product are matched either with Co304 or ZnO.
Interestingly compare to the peak intensity of pure Co304, the peak intensity of Co304-ZnO for
Co30,4 phase was noticeably strong. The peak intensity of the ZnO phase is much stronger than
the Co30,4 phase in the final product for the two materials using waste extract of potato and
banana fruits peel. As it can be observed above for the XRD spectrum (B), C0304, (1:2) NPs
their crystalline nature sharp peak intensity was less than XRD spectrum (A) due to the addition

of an excessive amount of the waste extract of banana fruit peel.

Figure 5 shows XRD pattern of Uncalinated (A) Co304 NPs, (B) ZnO NPs and (C) Co0304-ZnO
nanocomposite biosynthesized from cobalt nitrate hexahydrate precursor, zinc acetate dihydrate
and their composites and waste extract of potato (a) and banana (b) fruits peel with in different
volume ratios. Both Uncalcinated biologically synthesized cobalt oxide and zinc oxide

nanoparticles using waste extract of potato and banana not show sharp peak and also
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uncalcinated Co304-ZnO nanocomposite the biologically synthesized specially not show sharp

peak one the crystallinity was absent due to excess plant extract used.
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Figure 5: XRD pattern of Uncalcinated(A) biosynthesized Co3O4 NPs, (B) ZnO NPs and (C)
biosynthesized Co30,4 -ZnO nanocomposites in the presence of extract of peels of potato(a) and
banana(b).

4.3. SEM Analysis

SEM analysis was carried out to find the surface morphology of cobalt oxide, zinc oxide, and
Co304 -ZnO nanocomposite using JCM-6000 scanning electron microscope at different
magnification levels and results were shown in Figures 6 and 7. The micrographs Figures 6 (A, B
and and C) showed that the particles were found to be spherical shape.
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Figure 6: Scanning electron micrograph (SEM) image of (A) Co304, (B) ZnO and (C) Co30,-
ZnO composite in the presence of extract of potato peel.

Figure 7 also elucidates the decrease of particles size with the biologically synthesized using
extract of banana peel implies the well association of biomolecules obtained from the fruit
extracts with that of Co3O4 and ZnO precursor salt and their composites during the biosynthesis

process.
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Figure 7: Scanning electron micrograph (SEM) image of (A) Co304, (B) ZnO and (C) Co30,-

ZnO composite in the presence of extract of banana peel.
4.4. Ultraviolet-Visible Spectroscopy (UV-Vis DRS) Analysis

The band gap energy of synthesized nanoparticles was estimated by using ultra violet visible
diffuse reflectance spectroscopy (UV —Vis DRS). The band gap is the minimum energy needed
for an electron to be excited from the top of the valence band to the bottom the conduction band.
Once that minimum energy is reached then the sample can start absorbing light and electrons are
excited from the valence band to the conduction band. The bandgap energy was determined
based on the numerical derivative of the optical absorption coefficient using Tauc’s plot method
equation by plotting (ahv)? against hyv as shown in Figure 8. The bandgap energy of CosO4 NPs
was found to be 3.25, 3.33, and 3.37 eV for the 1:1, 1:2, and 2:1 volume ratios of Co precursor
salt and potato peel extract, respectively and 3.60, 3.74, and 3.81 eV for the 1:1, 1:2, and 2:1
volume ratios of Co precursor salt and banana peel extract, respectively. The variation in the Eq
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for the different kinds of biosynthesized Co3;04 NPs is due to the variation in volume ratio
between Co precursor salt and the peel extract that leads the biosynthesized Co3O4 NPs to absorb
at different regions of UV-Vis light. Broadening of the spectrum indicates the polydispersed
nature of the biosynthesized nanoparticles and the black shift of the absorption curve results in
the reduction of the bandgap energy. If the size of the particle is very small light interacts with

the samples instead of absorption with parts of the light scattered and reflected.

UV-Vis spectroscopy result showed that the typical peaks of Co304 NPs were detected in the
range of maximum wavelength between 427-741 nm Co precursor salt and potato peel extract
and 436-728 nm Co precursor salt and banana peel extract as shown in Figure 8.These peaks
indicated the transfer processes of Co (1) and Co (I11) with oxygen, respectively[105]. Among
them the incorporation of Co3O4 NPs with bandgap of 3.25eVand 3.60eV using extract of potato

and banana fruits peel, respectively leads to a narrow band gap of the material.
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Figure 8. (A and B) UV-Vis absorption spectra and (C and D) Tauc plot of Co3O4 NPs
synthesized from cobalt nitrate hexahydrate and waste extract of (potato and banana) fruits peels,

respectively.

Figure 9 shows the UV-visible absorption spectrum of ZnO NPs is revealed that the dispersing
ZnO nanoparticles. UV-Visible spectroscopy is most widely used technique to investigate the
optical properties of the particles. UV-Visible spectroscopy analysis was done in the range of
200-800 nm. Zinc oxide nanoparticles typically exhibit optical absorption around 370 nm [106,
107]. The optical absorbance spectra of zinc oxide nano powder showed in figure 9 (A and B).
The band was observed at 362 and 362 nm assigned to the absorption of zinc oxide nanoparticles

with extract of potato and banana fruits peel, respectively.

The calculated band gap of ZnO NPs was once to be 3.32 eV, which was contract with the
previously mentioned work [108, 109]. As shown in Fig. 10, the band gap energies estimated
from the intercept of the tangents to the plots are 3.08eV, 3.12eV and 3.16eV for pure ZnO using
extract of potato fruit peel whereas 3.17eV, 3.28eVand 3.24eV for ZnO using extract of banana
fruit peel . It indicates that the incorporation of ZnO with band gap of 3.08eVand 3.17eV using

extract of potato and banana fruits peel, respectively leads to a narrow band gap of the material.
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In addition, reducing the width of the band gap can increase the utilization of visible light. The
variation in the Eg4 for the different kinds of biosynthesized ZnO NPs is due to the variation in
volume ratio between Zn precursor salt and the waste extract of potato and banana fruits peel that
leads the biosynthesized ZnO NPs to absorb at different regions of UV-Vis light.
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Figure 9. (A and B) UV-Vis absorption spectra and (C and D) Tauc plot of ZnO NPs synthesized from

zinc acetate dihydrate and waste extract of (potato and banana) fruits peels, respectively.

The DRS UV-Vis spectra of as-synthesized Co304-ZnO nanocomposites were recorded to
determine their light absorption characteristics and Figure 10 shows the DRS UV-Vis spectra of
structured nanocomposites. Figure 10(D) Co304-ZnO shows the highest visible light absorption
while Figure 10(C) shows the lowest visible light absorption. Obviously, the band gap of the
three ratios of composite structures followed by the trend of C0304-Zn0O (b) (3.48 eV) > C030,-

Zn0(c) (3.37eV) > C0304-Zn0 (a) (3.33eV). Spectra of light absorption (D) also followed by the
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trend of Co304-Zn0 (c) (3.81eV) > C0304-Zn0 (a) (3.72eV) > C0304-Zn0O (b) (3.56eV) with the
ratios of composites.
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Figure 10. Graph (A and B) UV-Vis absorption spectra and (C and D) Tauc plot of ZnO as a
result of the addition of Co30,,

Figure 11 shows the UV-Vis absorption characteristics of the pure Co304, ZnO and C0304-Zn0O

nanocomposite. Co30,4 nanoparticles present two broad peaks, originated at around 427 nm and

741 nm. These two band gap absorption peaks are quite close to the recorded band energies of

the other reported Co30,4 systems[110, 111]. The multiple band gaps for the CozO,4 nanoparticles

is attributed to the possibilities of 0% to Co®" and O to Co®* charge-transfer processes in Co30,
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nanoparticles as observed in Co3O4 quantum dot in cubic morphology [112]. ZnO shows near
band edge absorption peak at around 368 nm. Middle panel of Figure 11 shows the absorbance
characteristics of Co304-ZnO nanocomposites sample. After formation of the nanocomposite the
intense peaks of Co30,4 has been lost and weak peaks, originated from Co304, are observed at
around 765 nm and around 485 nm. The sharp peak in the UV region at around 365 nm is
originated from the band edge transition of ZnO. The wavelength shifting of the Coz0, peak
positions in the Coz04-ZnO nanocomposite is attributed to the surface defect states caused by the

local lattice mismatch after shell formation.
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Figure 11.Optical absorbance spectrum for Co304-ZnO nanocomposite (middle panel) and same
for (lower panel) ZnO and Co304 samples (upper panel).

4.5. Fourier Transform Infrared (FTIR) Analysis

FTIR spectrophotometer was used to analyze the functional group of Co30,4 ZnO, and Co30;-
ZnO nanocomposite. The wavelength of 4000-400 cm™ was used for the analysis of functional
groups of samples, and the results can be seen in figure 12 and 13. Functional groups of Co3O4
Zn0O, Co304-ZnO nanocomposite, extract of potato and banana fruits peel powder with FTIR
spectrophotometer can be seen in figure 12. The -OH functional groups could be observed at the
frequency of 3500-3000 cm™, the peak at 3438cm™ could be observed at the sample of Co304
Zn0O, and Co0304-ZnO nanocomposite. The C=0 functional group could be observed at the

wavenumber of 1840.11cm™for extract of potato fruit peel powder,1633.62 for extract of banana
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fruit peel powder, 1780.45 cm™ for Co304 and 1793.86 for ZnO. The wavenumber of 2854.65
cm™, 2862.36 cm™, 2924.09 cm™ and 2931.80 cm™ are the C-H functional group according to
the reference[113] that reported the C-H group appeared at wavenumber of 2923.76 cm™ and
2933.18 cm™. The C=0 and C-H groups appeared because the synthesis used the precursor of Zn
(CH3C00),.2H,0 that was not perfectly decomposed to ZnO and precursor of Co(N03)..6H,0

was not perfectly decomposed to Co30,.

The wavenumber of 524.59 cm™ is assigned to Zn-O bond similar to another report [113] that the
vibration Zn-O appeared at wavenumber of 424.26 cm™, 471.36 cm™ and 542.86 cm™. FT-IR
measurements were carried out to identify the major functional groups on the BPE and PPE
surface and their possible involvement in the synthesis and stabilization of Co3z0, ZnO
nanoparticles. Control spectrum (BPE and PPE treated with Co304 ZnO) showed several peaks
indicating the nature of the biological material. Banana peels are mainly composed of pectin,
cellulose and hemicelluloses [114] and associated with the functional groups. The aqueous
extract of potato peel is rich in various phenolic acids, including hydroxycinnamic acids and
flavonoids, which have strong antioxidant capacity[115].
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Figurel2. FTIR spectra of (A) Uncalcinated synthesised (a) dried waste extract of potato fruit
peel powder,(b) Co304 and (c) ZnO NPs and (B) Uncalcinated synthesised (a) dried waste
extract of banana fruit peel powder ,(b) Co304and (c) ZnO NPs.
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Figure 13 shows Calcinated synthesized Co3O4 and ZnO NPs (A) extract of potato peel and (B)
extract of banana peel. The strong bands at 564 cm™ and 851cm™ for extract of potato fruit peel
and 557 cm™ and 837cm™ for extract of banana fruit peel belonging to the spinel structure of the
Co304 NPs. The broad peaks located in between 851-664 cm™ and 838-658 cm™ are attributed to
the stretching vibration mode of Co-O in which Co is Co*" and are tetrahedral coordinated. The
later one at 564 and 557 cm™ can be assigned to Co-O of octahedral coordinated Co**. In Co
spectrum, the two absorption peaks at 652 and 549 cm™ originate from the stretching vibration of
the Co—O bond where Co** (3d") is tetrahedrally coordinated at 653 cm™ and Co** (3d®) is

octahedrally coordinated at 550 cm™ confirming the presence of spinel Cos0, [116, 117].

The vibration in the range of 400—700 cm™ generally corresponds to metal—oxygen bonding. The
two bands appeared at 3631 and 1406 cm™ have been assigned to the stretching and binding
vibrations of absorbed water molecule with Cos0, NPs [118]. The wavenumber of 524.59 cm™ is
assigned for both calcinated synthesized ZnO NPs using waste extract of potato and banana fruits
peel to Zn-O bond similar to another report [113] that the vibration Zn-O appeared at
wavenumber of 424.26 cm™, 471.36 cm™ and 542.86 cm™. Figure 13 (C) shows calcinated
biosynthesized Co0304-ZnO nanocomposites. The wavenumber of functional groups shifted
C0304-Zn0O formation as shown in Figure 13 (C). By adding the Co304 to ZnO, the shift
wavenumber at the frequency of 750-400 cm™ could be observed. The wavenumber of 517 cm™
and 537cm™was found in the biosynthesized Co304-ZnO using waste extract of potato fruit peel
and biosynthesized Co304- ZnO using waste extract of banana fruit peel, respectively. The shift
of wavenumber indicated that the addition of Co30, may change the structure of ZnO. Three
types of spectra have almost similar peaks except that in case of plant extract containing NPS,
there was slight shifting and broadening of peaks.
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Figure 13. FTIR spectra of Calcinated synthesized Co3O4 and ZnO NPs (A) using waste extract
of potato fruit peel and (B) material using waste extract of banana fruit peel), and (C)
biosynthesized Co304- ZnO from a) From Potato and Banana fruits peels (after calcination).

4.6. Antibacterial studies

Table 1 and 2 Co304, ZnO nanoparticles and Co3O4- ZnO nanocomposite at concentrations of

50mg/ml, 75mg/ml and 100mg/ml were tested for antibacterial activity using gram-negative and

gram-positive bacteria strains of (Escherichia coli and Klebsiella pneumonia) and

(Staphylococcus aureus and B.subtilis), respectively for biologically synthesized Co304- ZnO

nanocomposite using disc diffusion method. Among the different ratios of the biosynthesized

C0304, ZnO and Co304- ZnO nanocomposite, Co304, ZNO and Co304- ZnO (1:2) synthesized
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using both waste extract of potato and banana fruits peel shows better performing antibacterial
activity as compared to the remaining two ratios. Green synthesized ZnO NPs and C0304-ZnO
nanocomposite show antibacterial activity because biomolecules obtained from the waste extract
of potato and banana fruits peel are giving excess electron to ZnO and C0304- ZnO and result in
the formation of superoxide radicals O, and the superoxide radicals produce reactive oxygen
species (ROS) in bacterial cell [119]. These are all of the reasons for electron production from
ZnO NPs and Co0304- ZnO nanocomposite, and as a result, ZnO NPs and Co304- ZnO
nanocomposite show antibacterial activity against both Gram-negative and Gram positive
bacteria strains [120] .

Figure 14 showed below the inhibitory of Co304 was different between the bacteria Escherichia
coli ,Staphylococcus aureus ,Klebsiella pneumonia and B.subtilis using extract of potato fruit
peel. Among the different given bacterias, B.subtilis better than the remaing three bacterias.
Figure 14 also showed that the ZnO was resistant as antibacterial against K. pneumonia,S. aureus
, and B.subtilis and better at inhibiting the growth of bacteria against Escherichia coli. Therefore,
the Co304- ZnO nanocomposite can be used as inhibitors of the bacterial growth of Escherichia
coli. Figure 15 showed that the inhibition zone of ZnO was better antibacterial properties against
B.subtilis whereas Co30,4 was better antibacterial properties against Escherichia coli[121]. The
antibacterial activity increased by the increase of Co30,4 on the composites, indicating that the
Co30, increases the photocatalytic properties of composite. The surface area of Co0304-ZnO
nanocomposite may influence the antibacterial activity. Other researchers[122] reported that the
larger surface area of Co304- ZnO was easily enter to the cell and kill the bacteria due to
increase of Zn®* ions and reactive oxygen species (ROS).

The antibacterial activity of Co304, ZnO nanoparticles and Co3zO4- ZnO nanocomposite were
compared with the positive control Erythromycin; the results of antibacterial studies clearly
suggest that Co3O4 ZnO nanoparticles and Co304-ZnO nanocomposite synthesized using extracts
of potato fruit peel shows even at 100mg/ml has better antibacterial activity than Co3z04, ZnO
nanoparticles and Co304-ZnO nanocomposite synthesized using extracts of banana fruit peel.
According to several studies, it is believed that metal oxides carry positive charge while bacteria
carry negative charges; this causes electrostatic attraction between bacterial cells and metal oxide

NPs, which leads to oxidization and finally death of microorganisms [120].
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Figurel4. Antibacterial activity of biologically (A2) ,(C2)and (E2)synthesized Co3O4 , ZnO NPs
and Co304-ZnO nanocomposite, respectively using extract of potato fruit peel 50mg/ml,
75mg/ml and 100mg/ml.
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Figurel5. Antibacterial activity of biologically (B2) ,(D2)and (F2) synthesized C0304,ZnO NPs
and Co0304-ZnO nanocomposite, respectively using extract of banana fruit peel 50mg/ml,
75mg/ml and 100mg/ml.
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Tablel. Antibacterial activity of Co304, ZnO and Co304 -ZnO nanocomposite biosynthesized

within 1:1, 1:2, and 2:1 ratios of cobalt nitrate hexahydrate, zinc acetate dihydrate and their

composite, respectively with waste extract of potato fruit peel against Staphylococcus aureus,

Escherichia coli, Klebsiella pneumonia, and B.subtilis bacteria strains (at the concentration of 50,
75 and 100 mg/mL of Co304, ZnO and Co304 -ZnO nanocomposite).

Precursor salt : fruits peel

extract

C0304(1:1)
C0304(1:2)
C0304(2:1)
Zn0O(1:1)
Zno(1:2)
ZnO(2:1)
C03504-Zn0O(1:1)
C0504-Zn0O(1:2)

C0304'Zn0(2:1)

Erythromycin(+ve) control

Zone of inhibition (mm)

Conc.(mg/ml)

50, 75, and 100
50, 75, and 100
50, 75, and 100
50, 75, and 100
50, 75, and 100
50, 75, and 100
50, 75, and 100
50, 75, and 100

50, 75, and 100

E.coli

6,6,6
6,6,6
0.6,6,6
10,14, 18
6,6,31
8,10,18
6,6,6
6,6,12
6,6,6

28

K.pneumoniae B.subtilis

6,25,20
27,22,6
24,16,6
6,6,6
6,6,6
25,19,6
10,12,6
6,6,6
6,6,6

28

0.9,6,6
0.8,6,6,
6,6,6
12,19,25
6,6,6
6,6,25
6,6,6
6,6,18
6,6,6

24

S.aureus

6,6,6
6,6,6
6,6,6
6,6, 10
6,6,6
6,6,16
6,6,6
6,6,30
6,6,6

24
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Table2. Antibacterial activity of Co304, ZnO and Co0304-ZnO nanocomposite biosynthesized

within 1:1, 1:2, and 2:1 ratios of cobalt nitrate hexahydrate , zinc acetate dihydrate and their

composite, respectively with waste extract of banana fruits peel against Staphylococcus aureus,

Escherichia coli, Klebsiella pneumonia, and B.subtilis bacteria strains (at the concentration of 50,
75 and 100 mg/mL of Co304, ZnO and Co304 -ZnO nanocomposite).

Precursor salt : fruits peel
extract

C0304(1:1)
C0304(1:2)
C0304(2:1)
Zn0O(1:1)

Zn0 (1:2)
ZnO(2:1)
C0304-Zn0O(1:1)
C0504-Zn0O(1:2)
C0504-Zn0O(2:1)

Erythromycin(+ve) control

Zone of inhibition (mm)

Conc.(mg/ml)

E.coli  K.pneumoniae B.subtilis S.aureus

50, 75, and 100 1.5,6,6 6,21,16 6,6,6 6,6,6
50, 75, and 100 17,13,6 6,6,6 10,6,0.9 6,6,6
50, 75, and 100 11,6,6 6,6,6 6,6,6 6,6,6
50, 75, and 100 6,6,6 6,6,6 6,6,6 6,6,6
50, 75, and 100 7,9,11 6,6,6 6, 10,15 6,6,6
50, 75, and 100 12,0.7,8 6,6,6 6,6,6 6,6,6
50, 75, and 100 6,6,6 6,6,6 8,6,6 10, 12,6
50, 75, and 100 6,12,7 6,6,6 6,6,6 12,15,17
50, 75, and 100 6,6,6 6,6,6 6,6,6 6,6,6
28 28 24 24
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5. CONCLUSION AND RECOMMENDATION

5.1. Conclusion

In this study, Co304, ZnO NPs, and Co304-Zn0O nanocomposites were synthesized by a green sol
gel method using extract of potato and banan peels as capping agent. More crystalline nature
and best performing Co3z04, ZnO NPs, and Co304-ZnO nanocomposites were obtained when it
was biosynthesized within a 1:2 ratio. The particles were found to be thermally stable above
400°C. Structural studies revealed that synthesized Co304-ZnO nanocomposites were found with
purely spinel-type Co3zO, and hexagonal wurtzite ZnO. SEM reveals the morphology as
spherical. Optical studies have showed the shift in absorption wavelength towards higher
wavelength that confirms formation of Co304-ZnO hetero-junction and the bandgap narrowing
with enhancement in the visible light absorption. Functional group analysis indicates the

presence of various capping and stabilizing agents.

The antibacterial activity of the biosynthesized three ratios of Co304, ZNO NPs, and C0304-Zn0O
nanocomposites using extract of potato and banana peels were investigated. Among the different
ratios of Co304, ZNO NPs, and Co0304-ZnO nanocomposites (1:2) have better performing
antibacterial activity. More over the extract of potato peel stabilized ZnO NPs exhibited
considerable than Co3O4 NPs and Co304-ZnO nanocomposites antimicrobial activity against
pathogenic bacteria. Based on these we conclude that the extract of fruit peel stabilized ZnO NPs
have potential biomedical applications when compared to synthesized CozO4 NPs and C030;,-
ZnO nanocomposite peel due to its enhanced stability and small size.

5.2. Recommendations

For the future study, there are a few recommendations on the characterization of C0304-ZnO
nanocomposites that will give full information. The elemental distribution and chemical
composition of the synthesized samples should be characterized by energy depressive X-ray
(EDX) and X-ray photoelectron spectroscopy (XPS). In order to investigate the particle size,
more detail morphology and surface area of nanocomposite the samples should be characterized

by TEM and BET instruments respectively.
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