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ABSTRACT

Green synthesis of nanoparticles (NPs) using plant extract is a novel method to develop
environmentally benign nanomaterials which can be used in numerous biomedical applications.
This work addressed a low-cost, non-toxic green synthesis of zinc oxide nanoparticles prepared
using different amounts of leaf extract and precursor. This study aimed to synthesize ZnO NPs
using Coriandrum sativum leaf extract through a green synthesis approach and apply for
antimicrobial and antioxidant activity. The synthesized nanoparticles were characterized using
Thermal Gravimetric- Differential Thermal Analysis (TGA-DTA), X-Ray diffraction (XRD),
Fourier transform infrared (FTIR) spectroscopy, Ultraviolet-Visible absorption spectroscopy
(UV-Vis), and Scanning Electron Microscopy (SEM). The average crystal size of the synthesized
NPs was calculated using the Debye Scherer equation. The average crystal size of ZnO NP was
found to be 13.85nm (3:2 ratio), 15.850nm (1:1), 17.91nm (2:3) uncalcinated, and 19.29nm (1:1)
calcinated ZnO NPs for green synthesis method. The XRD pattern with sharp peaks describes the
crystalline and purity of zinc oxide nanoparticles. The FTIR spectrum of zinc oxide (Zn-O)
nanoparticles absorbs at 660 cm™ and 818 cm for both calcined and uncalcinated respectively.
FTIR spectrum showed the interaction between the functional groups of the phytochemical in the
Coriandrum sativum leaves extract and the ZnO NPs. Antibacterial activity of 3:2 ZnO NPs ratio
in 100 pg/mL concentration ranges showed a greater zone of inhibition 12 mm against Gram
positive (Staphylococcus aureus) and Gram negative (Escherichia coli) bacterial pathogens
compared to other ratios and also 3:2 ZnO NPs showed greater antifungal activity in both Candida
albicans and Aspergillus niger strains in all concentration. The antioxidant activity of the 1:1 ratio
of ZnO NPs showed better activity in high concentrations of 800 pg/mL and it was good efficacy

compared with other ratios as the standard ascorbic acid.

Keywords: Green synthesis, Zinc Oxide nanoparticles, Coriandrum sativum, antimicrobial, and

antioxidant activity.
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CHAPTER ONE

1. INTRODUCTION

1.1. Background of the Study

An advanced branch of science and technology called nanotechnology is concerned with creating
and developing nanomaterials with particle sizes between 1 and 100 nm. The interdisciplinary
fields of nanoscience and nanotechnology have the potential to spark the next industrial revolution
and have been shown to have positive effects on society and the economy in the twenty-first
century (R. Sharma et al., 2020). The study and use of materials at the nanoscale is the subject of
the large field of nanoscience. It is gaining popularity steadily. Nanoparticles (NPs) exhibit new
and improved properties when compared to their bulk counterparts as a result of changes in their
characteristics, such as form size, size distribution, and a clearer understanding of the relationship
between surface area and size. Due to their unique electrical, mechanical, optical, and magnetic
properties, metal oxide nanoparticles have had a wide range of applications in research and
innovation in recent years. Zinc oxide nanoparticles (ZnO NPs) have attracted a great deal of
interest from researchers in recent years due to their critical applications as antibacterial agents,

photovoltaic cells, textile textiles, and polymers to destroy microbes (Degefa et al., 2021).

Because they are eco-friendly, biocompatible, secure, and economical, green syntheses have a
significant impact. Plants, bacteria, algae, fungi, and other organisms that are at the base of
synthesis can use this technique to produce more with fewer contaminants. Plant extract contains
phytochemicals that function as stabilizing and reducing agents. These plant components, such as
leaves, seeds, stems, and fruits have been employed as fuel to create ZnO nanoparticles
(Ranganatha et al., 2019).

The most significant and varied applications of zinc oxide nanoparticles (ZnO NPs) are
photocatalysis, antimicrobial defense, and water purification. Different characteristics distinguish
ZnO NPs from regular zinc oxide particles. ZnO NPs have a large band gap (3.37 eV), which
enables them to effectively produce electron-holes when UV radiation strikes their surface,

allowing them to be used as photocatalysts for the degradation of textile waste and the removal of
1



industrial heavy metal ions as well as in electronic devices. Additionally, they are utilized in the
cosmetic industry to create sunscreen creams that shield the human body from UV rays. Specific
biological applications choose ZnO NPs due to their desired characteristics, including their non-
toxicity and biocompatibility (R. Sharma et al., 2020)

An annual herb used as a spice, Coriandrum sativum (Dimbilal) leaf is a member of the
Umbelliferae/Apiaceae family. It is utilized as a spice in the food, beverage, pharmaceutical,
fragrance, and medical fields. There are several regional names for it in Ethiopia, including
dembilal (Amharic), Debo, shucar (Afanoromo), Tsagha, Zagda (Tigrignya), and Tibichota
(Konsonya). To make "Data," a traditional spice used as a Wot with meat and fish, the leaves and
immature fruits are utilized as a component. Due to the mild sweet test of the essential oil, it can
be used as a starting material in many products, the fatty oil is used as an ingredient for the

manufacturing of high-grade engineering plastics (Kassahun, 2018).

Infectious diseases make up a sizable component of the health issues in underdeveloped nations.
Since their invention, antibiotics have been crucial in the fight against various infectious diseases
and have significantly improved human life by lowering morbidity. But over the previous few
decades, they brought about a significant clinical issue in the treatment of infectious diseases
because of their side effects and the rise of germs that were resistant to antibiotics. Scientists were
compelled by this circumstance to investigate newer antimicrobial medications from diverse
sources, such as plants, that had fewer adverse effects and showed less resistance (Jameel et al.,
2018).

Bacteria and their phages are the oldest and most abundant life forms on the planet. Bacteria have
co-evolved with us and are beneficial for human health. Although we also live in an environment
replete with bacteria that can cause a wide variety of human diseases with bacterial infections
responsible for 25 percent of human deaths globally, a number is predicted to increase dramatically
with the growing crisis of antibiotic resistance (Jubeh et al., 2020). Fungi are important
environmental creatures that also provide numerous advantages to contemporary society through
their use in the pharmaceutical, beverage, and food sectors. Fungal pathogens, on the other hand,
are emerging dangers to people, animals, plants, and insects, and they have the power to cause
terrible morbidity, mortality, and economic damage (Hernandez & Martinez, 2018). Bacteria can

have a huge impact on the industry and national and financial interests. The usefulness of microbial

2



biomineralization in construction materials has been established in principle in the laboratory and
several field trials. However, several challenges still have to be overcome. For example, methods
for optimizing the survival of the bacteria within the concrete are currently being developed
(Stanaszek-Tomal, 2020).

Due to their ability to induce blood-borne infections and acquire resistance to numerous common
antifungal medications, including Amphotericin B and Fluconazole, fungi (Candida albicans and
Aspergillus niger) represent a significant threat to human health. The ubiquitous fungus
Aspergillus can be found both inside and outside of buildings. Most people inhale Aspergillus
spores every day without getting sick. A person with a compromised immune system or lung
disease, however, may make them more susceptible to developing aspergillosis. Another genus of
fungus, Candida albicans, is harmful to humans. Allergies, lung infections, and infections in other
organs are included in the disease spectrum. As a result of the prolonged use of these antifungal
medications/antibiotics, susceptible candidal species perish while resistant species tend to spread
out and pose a major threat to the hosts (Jameel et al., 2018). It has been decided to broaden the

selection of antimicrobial medications derived from plant resources.

Free radicals are unfavorable substances that are created naturally by numerous biological
processes in our bodies, including respiration, food digestion, alcohol, and drug metabolism, and
the conversion of fats to energy. The natural antioxidant mechanism in our bodies normally
eliminates free radicals. Free radicals can cause a negative chain reaction in the body if this system
is unable to control them. This reaction can destroy cell membranes, obstruct the activity of key
enzymes, prevent vital cellular processes, disrupt normal cell division, destroy DNA, and prevent
the body from producing energy (Sharifi-Rad et al., 2020). According to reports, oxidative stress
is linked to the emergence of several metabolic, long-term conditions, or malignancies. An
important part of these defense systems was played by antioxidants. A careful equilibrium between
oxidants and antioxidants allows healthy organisms to resist the damaging effects of reactive
oxygen species (Sharifi-Rad et al., 2020).

1.2. Statement of the Problems

The use of Coriandrum sativum (C. Sativum) plant leaf extract in the green production of zinc
oxide nanoparticles (ZnO NPs) and their application for antibacterial and antioxidant activity are
motivated by a few fundamental issues. The first is the daily rise in microbial infectious diseases

3



and the rise in bacterial and fungal resistance to previously used antimicrobials; as a result, it is
getting harder for communities to choose an effective antimicrobial drug empirically. Bacterial
infection diseases are a severe public health issue that has gained international attention as a hazard
to human health that also has implications for the economy and society. It is crucial to teach society
about the medical benefits of this natural resource because humans rely heavily on nearby natural

resources to maintain their health.

Different types of bacteria, fungi, and even plants are used to make various antibacterial and
antifungal medications. However, some antibiotics are extremely expensive, and others are
hazardous to both people and the environment. To ensure our society's survival and health against
numerous diseases, it is necessary to discover the simplest ways for synthesizing affordable and
nontoxic medications. In this study work, ZnO NPs will be made from a leaf extract of the
Coriandrum sativum leaf. Since it uses locally accessible resources, green synthesis is
environmentally safe, non-toxic, and cost-effective. Limited scientific report on the antimicrobial
and antoxidant activities of ZnO NPs from leaf extract of Coriandrum sativum. Therefore, this
work was intended to explore these problems to induce further investigations in these areas by
addressing new techniques, benefiting from the unique features of zinc oxide nanoparticles

synthesized from zinc nitrate precursor salt in the presence of Coriandrum sativum leaves extract.
1.3. Objectives of the Study

1.3.1. General objective

The general objective of this study is to synthesize ZnO nanoparticles using Coriandrum sativum
leaf extract and evaluate its antimicrobial and antioxidant activity.

1.3.2. Specific objectives

» To screen phytochemicals of the aqueous leaf extract of Coriandrum sativum,

» To synthesize ZnO nanoparticles using leaf extract of Coriandrum sativum and zinc nitrate
hexahydrate (ZnNO3)..6H20) salt.

» To characterize the synthesized ZnO nanoparticles using UV- Visible spectroscopy (UV-
Vis), XRD, TGA-DTA, FTIR, and SEM.



» To study the antibacterial and antifungal activities of zinc oxide nanoparticles against two
gram-positive, two gram-negative bacteria pathogens and two fungal strains.

» To study antioxidant activities of zinc oxide nanoparticles.
1.4. Significance of the Study

This study gives information for the researchers about synthesis and helps to use ZnO NPs by
biosynthesized method for antimicrobial application in a low cost, simple, and environmentally
eco-friendly for community and industrial researchers. The green synthesis of nanoparticles from
Coriandrum sativum leaf for antimicrobial activity is not well known rather than using it as an
ingredient for the preparation of ‘‘Data’’, a traditional spice eaten as a Wot together with meat and
fish. So this research will show active compounds that are available in the local plant Coriandrum
sativum. The synthesis of ZnO NPs is also expected to make the protection and or removal of
bacterial and fungal microbes easy, and effective this was one of the ways of keeping people
healthy.

1.5. Scope of the Study

The scope of this study was limited to the synthesized of ZnO NPs using C.sativum leaf extract,
Characterizations of the synthesized nanoparticles using, UV-Vis, XRD, TGA-DTA, FT-IR, and
SEM, and the evaluation of the antimicrobial and antioxidant activity of the synthesized

nanoparticles.



CHAPTER TWO

2. LITERATURE REVIEW

2.1. Introduction to Nanotechnology and Nanoparticles

Nanotechnology is a field of study that encompasses the investigation of nanoscale phenomena. It
is a sub classification of technology within the fields of colloidal science, chemistry, physics,
biology, and other sciences. Even if the scientific community is fascinated by the topic of
nanoscience, it is a mindset to use single atoms and molecules to create functional structures in
any nanotechnology that has applications in the real world. It can have a big impact on how
innovative methods are expanded to make new products, replace existing production equipment,
and reformulate novel materials and chemicals for better performance, which leads to less material
and energy consumption, less environmental damage, and environmental remediation. Although
reducing matter and energy consumption is good for the environment, nanotechnology offers the
exciting prospect of resolving issues in a more environmentally friendly manner (Nasrollahzadeh
etal., 2019).

In medicinal chemistry, atomic physics, and all other domains that are now known, nanoparticles
that are between one and one hundred nanometers in size are used extensively (Lakshmi et al.,
2017). Nobel Prize winner Richard P. Feynman was the first to give a lecture in 1959 that served
as the intellectual inspiration for nanotechnology. NPs come in a variety of forms, dimensions, and
topologies. They may have an irregular shape, such as spherical, cylindrical, conical, tubular,
hollow core, spiral, etc. Atom clusters are typically favoured when NP sizes are less than 1 nm.
NPs can have a uniform or uneven surface. Additionally, they can exist as single- or multi-crystal
solids in crystalline and amorphous forms. A multi-crystal solid may be agglomerated or loose.
These NPs' change in size & shape has a major impact on their physicochemical characteristics.
Due to their distinctive physical and chemical characteristics, NPs have had considerable success
in a range of applications across numerous industries (Kumari & Sarkar, 2021). Nanoparticles have
a complex structure. They are comprised of two or three layers: (i) a surface layer: functionalized
by a variety of small molecules, metal ions, surfactants, or polymers (ii) The shell layer: which

can be purposely added and is chemically different from the core, and (iii) The core material: the
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central portion of NPs. The characteristic properties of NPs are generally due to the core material.

Hence, NPs are often referred to by their core material only. (Joudeh & Linke, 2022).

Since ancient times, nanoparticles have been used in ceramics and medicine. There are various
excellent processes for creating nanoparticles. Plants create nanoparticles that are more stable and
synthesize them at a higher rate than other types of organisms (Xu et al., 2021). (Lakshmi et al.,
2017). These technologies for manufacturing nanoparticles have primarily been developed in
recent years due to their cost effectiveness and minimal to no maintenance requirements
(Ranganatha et al., 2019). Nanoparticles have replaced traditional semiconductor materials in nanoscale
devices such nano-generators, gas sensors, highly effective solar cells, field-emission transistors, ultraviolet

photodetectors, and medicinal systems because of their superior optical and electrical capabilities (M. R.
A. Kumar et al., 2019).

2.1.1. Classification of nanoparticles
Based on their composition, NPs are generally placed into three classes: organic, carbon-based,
and inorganic (Joudeh & Linke, 2022), (Ealias & Saravanakumar, 2017).

2.1.1.1. Organic nanoparticles

The terms "organic nanoparticles™ or "polymers" are widely used to describe dendrimers, micelles,
liposomes, ferritin, etc. According to earlier research by Mahesh Kumar Teli et al. and L. Mazzola,
nanoparticles are biodegradable and non-toxic, while some particles, including micelles and
liposomes, have a hollow core known as nanocapsules that are sensitive to thermal and
electromagnetic radiation, including heat and light (Mazzola, 2003). These unique characteristics
make them an ideal choice for drug delivery. The drug-carrying capacity, stability, and delivery
systems, either entrapped drug or adsorbed drug system determine their field of applications and
their efficiency apart from their normal characteristics such as the size, composition, surface
morphology, etc. Organic nanoparticles are most widely used in the biomedical field, for example,
in drug delivery systems as they are efficient and also can be injected into specific parts of the

body which is also known as targeted drug delivery (Ealias & Saravanakumar, 2017).

These NPs are typically non-toxic, bio-degradable, and can in some cases, e.g., for liposomes, have
a hollow core. Organic NPs are sensitive to thermal and electromagnetic radiation such as heat and
light. In addition, they are often formed by non-covalent intermolecular interactions, which makes

them more labile and offers a route for clearance from the body. Different parameters determine
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the potential field of application of organic NPs, e.g., composition, surface morphology, stability,
carrying capacity, etc. Today, organic NPs are mostly used in the biomedical field in targeted drug

delivery and cancer therapy (Joudeh & Linke, 2022).

2.1.1.2. Carbon-based

The nanoparticles made completely of carbon are known as carbon-based. Previously Anu Mary
Ealias and Saravanakumar M. P can be classified into fullerenes, graphene, carbon Nanotubes
(CNT), carbon nanofibers, and carbon black and sometimes activated carbon in Nano size and are
presented. Fullerenes (Ceo) are carbon molecule that is spherical and made up of carbon atoms held
together by sp> hybridization (Ealias & Saravanakumar, 2017). About 28 to 1500 carbon atoms
form the spherical structure with diameters up to 8.2 nm for a single layer and 4 to 36 nm for multi-
layered fullerenes. Graphene is an allotrope of carbon. Graphene is a hexagonal network of
honeycomb lattices made up of carbon atoms on a two-dimensional planar surface. Generally, the
thickness of the graphene sheet is around 1 nm. Carbon Nano Tubes (CNT), Carbon nanotubes, a
graphene nano foil with a honeycomb lattice of carbon atoms wound into hollow cylinders to form
nanotubes of diameters as low as 0.7 nm for a single-layered and 100 nm for multi-layered CNT
and length varying from a few micrometers to several millimeters. The ends can either be hollow
or closed by a half fullerene molecule. The same graphene nano foils are used to produce carbon
nanofiber as CNT but wound into a cone or cup shape instead of a regular cylindrical tube. Carbon
black: An amorphous material made up of carbon, generally spherical with diameters from 20 to
70 nm. The interaction between the particles is so high that they bound in aggregates and around

500 nm agglomerates are formed (Ealias & Saravanakumar, 2017).

2.1.1.3. Inorganic nanopatrticles

Inorganic nanoparticles are particles that are not made up of carbon. Inorganic nanoparticles have
fascinated scientists for over a century and are now heavily utilized in biomedical sciences and
engineering. Today these materials can be synthesized and modified with various chemical
functional groups which allow them to be conjugated with antibodies, ligands, and drugs of interest
and thus opening a wide range of potential applications in biotechnology, magnetic separation,
pre-concentration of target analytes, targeted drug delivery, and vehicles for gene and drug
delivery and more importantly diagnostic imaging as previously expressed by (Blondeau et al.,
2005). Moreover, various imaging modalities have been developed over some time such as

magnetic resonance imaging, computed tomography, positron emission tomography, ultrasound,
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surface-enhanced Raman spectroscopy, and optical imaging as an aid to image various disease
states. These imaging modalities differ in both techniques and instrumentation and more
importantly require a contrast agent with unique physiochemical properties. This led to the
invention of various nano particulates. Metal and metal oxide-based Nanoparticles are generally

categorized as inorganic nanoparticles (Ealias & Saravanakumar, 2017).

2.1.1.3.1. Metal based

Nanoparticles that are synthesized from metals to Nanometric sizes either by destructive or
constructive methods are metal-based. Almost all the metals can synthesize into their
nanoparticles. Previously, D. Mubarak Ali, N.T., et al. synthesized silver and gold nanoparticles
by using plant extract mediated synthesis and its antibacterial activity against clinically isolated
pathogens. They reported that different metals were used for the synthesis of nanoparticles by the
green synthesis method. The commonly used metals for nanoparticle synthesis are aluminum (Al),
cadmium (Cd), cobalt (Co), copper (Cu), gold (Au), iron (Fe), lead (Pb), silver (Ag), and zinc (Zn).
The nanoparticles have distinctive properties such as sizes as low as 10 to 100nm, surface
characteristics like the high surface area to volume ratio, pore size, surface charge and surface
charge density, crystalline and amorphous structures, shapes like spherical and cylindrical, and
color, reactivity, and sensitivity to environmental factors such as air, moisture, heat, and sunlight,

etc. (Ealias & Saravanakumar, 2017).
2.1.1.3.2. Metal Oxides based

The metal oxide-based nanoparticles are synthesized to modify the properties of their respective
metal-based nanoparticles, for example, nanoparticles of iron (Fe) instantly oxidizes to iron oxide
(Fe203) in the presence of oxygen at room temperature increasing its reactivity compared to iron
nanoparticles. Metal oxide nanoparticles are synthesized mainly due to their increased reactivity
and efficiency. The commonly synthesized are Aluminium oxide (Al2O3), Cerium oxide (CeQO),
Iron oxide (Fe203), Magnetite (Fez04), Silicon dioxide (SiO2), Titanium oxide (TiO2), Zinc oxide
(ZnO). These nanoparticles have possessed an exceptional property when compared to their metal

counterparts (Ealias & Saravanakumar, 2017).



2.2. Zinc Oxide Nanoparticles

Zinc oxide is a semiconducting inorganic material with three different crystal structures: Wurtzite,
zinc blende, and rock salt. At ambient conditions, the structure of Wurtzite is thermodynamically
stable, with every zinc atom being tetrahedrally coordinated with four oxygen atoms (Degefa et
al., 2021). With a wide band gap of 3.1-3.3 eV, (Khalfa et al., 2019) zinc oxide has great potential
for application in many fields, such as biosensors, cosmetics, drug carriers, and antibacterial agents
(Basnet et al., 2018). ZnO can be synthesized by many different methods, such as sol-gel
processing, homogeneous precipitation, mechanical milling, organometallic synthesis, the
microwave method, spray pyrolysis, thermal evaporation, and mechanochemical synthesis (Haque
et al., 2020). However, these kinds of methods usually use organic solvents and toxic reducing
agents, the majority of which are highly reactive and harmful to the environment. Therefore, to
minimize the impact on the environment, green synthesis processes have been used to synthesize
ZnO NPs. Green synthesis is a method to produce nanoparticles using microorganisms and plants
with biomedical applications. This method has many advantages, such as environmental
friendliness, cost-effectiveness, biocompatibility, and safety. Additionally, many studies have
proved that ZnO NPs made using green synthesis processes have strong antibacterial properties.
Recently, ZnO NPs have been successfully synthesized using extracts from plants (Xu et al., 2021)
synthesized ZnO NPs using Citrus sinensis peel extract and compared with commercial ZnO NPs
and then applied as nanocoatings on fresh strawberries to evaluate the preservation effect. The
high antibacterial and antifungal activities of ZnO NPs improve the potential in food packaging
applications. (Doan Thi et al., 2020) has addressed the influence of different amounts of Orange
fruit peel extract on the size and shape homogeneity of ZnO NPs. Besides, photocatalytic
degradation of methylene blue (MB) under UV light of ZnO NPs presented a better rate than
commercial ZnO NPs (Balcha et al., 2016). Found that ZnO NPs exhibited various size and shape
distributions using Lycopersicon esculentum (tomato), Citrus sinensis (orange), Citrus paradisi
(grapefruit), and Citrus aurantifolia (lemon) extracts. Most ZnO samples exhibited degradation
rates of Methylene blue (MB) under UV light at 180 min of around 97% (Kalpana & Devi
Rajeswari, 2018) evaluated different green fabrication methods for ZnO synthesis using
Coriandrumsativum leaf extract. Although the different size and antioxidant activities, all the
formed ZnO NPs had bactericidal effects against both Gram-negative and Gram-positive bacteria
strains (Lakshmi et al., 2017). Also used both microwave irradiation and conventional heating to
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synthesize ZnO NPs from Rosa canina fruit extract. The antibacterial activities of ZnO NPs with
several bacteria such as Listeria monocytogenes, E. coli, and Salmonella typhimurium were
investigated by Lakshmi et al (Lakshmi et al., 2017).

2.2.1. Properties of ZnO nanoparticle

Zinc oxide as a nonhygroscopic and nontoxic, inorganic, polar, crystalline material is a very cheap,
safe, and readily available, which has aroused great interest in various organic transformations,
sensors, transparent conductors, and surface acoustic wave devices (Darvishi et al., 2019). The
ZnO NP is an exclusive material that has semiconducting, piezoelectric, and pyroelectric
properties and has versatile applications in transparent electronics, UV light emitters, chemical
sensors, spin electronics, personal care products, catalysts, coating, and paints (Darvishi et al.,
2019). Due to its unique properties, ZnO NPs find applications in antireflection coatings,
transparent electrodes in solar cells, UV light emitters, diode lasers, varistors, piezoelectric
devices, surface acoustic wave propagators (Siddigi et al., 2018) (Properties, 2013), as an
antimicrobial agent (Gharpure & Ankamwar, 2020), as photonic material, and for gas sensing
(Liewhiran & Phanichphant, 2007). The biomolecules in the plant extract act as efficient capping
agents, thus playing a major role in NP synthesis. The capping agents seem to stabilize NPs through
different mechanisms that include electrostatic stabilization, steric stabilization, stabilization by
hydration forces, and stabilization using Vander Waals forces. The stabilization of NPs is
significant for their functions and applications (Ajitha et al., 2016).

A. Structure of Zinc oxide nanoparticles

The structures of nanoscale zinc oxide can be classified among novel materials with latent
applications in numerous fields of nanotechnology. Zinc oxide can arise in 1D, 2D, and three-
dimensional (3D) structures. One-dimensional structures make upbeat the leading group,
including, needles, nanorods helixes, rings and springs, ribbons, tubes, belts, combs, and wires.
Zinc oxide can be obtained in 2D structures, such as nanosheets and nanoplate. Examples of 3D
structures of zinc oxide contain flowers, coniferous, snowflakes, urchin-like, dandelions, etc. ZnO
provides one of the greatest assortments of varied particle structures among all known materials
(Parihar et al., 2018).

The crystal structures shared by ZnO are wurtzite, zinc blende, and rock salt (Figure 1). The

wurtzite structure is most common and stable under ambient conditions. At ambient pressure and
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temperature, ZnO crystallized in the wurtzite (B4 type) structure. This is a hexagonal lattice,

belonging to the space group P63mc, and is characterized by two interconnecting sub lattices of

Zn 2* and O, such that each Zn ion is surrounded by tetrahedral O% ions, and vice-versa. This
tetrahedral coordination gives rise to polar symmetry along the hexagonal axis. This polarity is
responsible for a number of the properties of ZnO, including its piezoelectricity and spontaneous
polarization, and is also a key factor in crystal growth, etching, and defect generation. The zinc
blende ZnO structure can be stabilized only by growth on cubic substrates and the rock salt NaCl
structure may be obtained at relatively high pressures. In both cases, the zinc and oxide centers are

tetrahedral; the most characteristic geometry for Zn (11) (Parihar et al., 2018).

Hexagonal and zinc blende polymorphs have no inversion symmetry (reflection of a crystal
relative to any given point does not transform it into itself). This and other lattice symmetry
properties result in piezoelectricity of the hexagonal and zinc blende ZnO, and piezoelectricity of
hexagonal ZnO.

Figure 1 The crystal structures (left to right) zinc blende, wurtzite (ZnO), and rocksalt.
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B. Mechanical properties

The mechanical properties of materials involve various concepts such as hardness, stiffness,
piezoelectric constants, Young’s and bulk modules, and yield strength. Piezoelectricity is the
electric charge that accumulates in certain solid materials in response to applied mechanical stress.
The word piezoelectricity means electricity resulting from pressure. The piezoelectric effect is
understood as the linear electromechanical interaction between the mechanical and the electrical
state in crystalline materials with no inversion symmetry. Among the tetrahedrally bonded
semiconductors, it has been stated that ZnO has the highest piezoelectric tensor. This property
makes it a technologically important material for many applications (Parihar et al., 2018)

C. Electronic properties

ZnO has a relatively large direct band gap of ~3.3 eV at room temperature; therefore, pure ZnO is
colorless and transparent. Advantages associated with a large band gap include higher breakdown
voltages, the ability to sustain large electric fields, lower electronic noise, and high temperature
and high-power operation. The band-gap of ZnO can further be tuned from ~3.4 eV by its alloying

with magnesium oxide or cadmium oxide (Kumar & Walia, 2015).
D. Optical properties

Intrinsic optical properties of ZnO nanostructures are being intensively studied for implementing
photonic devices. Photoluminescence (PL) spectra of ZnO nanostructures have been extensively
reported. From the photoconductivity measurements of ZnO nanowires, it is found that the
presence of O has an important effect on the photoresponse. It was found that the desorption-
adsorption process of O, affects the photo response of ZnO nanowires. Upon illumination,
photogenerated holes discharge surface chemisorbed O through surface electron-hole
recombination, while the photogenerated electrons significantly increase the conductivity. When
illumination is switched off, O, molecules reabsorb onto the nanowire surface and reduce the
conductivity (Sabir et al., 2014).

2.3. Synthesis Methods of Zinc Oxide Nanoparticles

The preparation of nanoscale structures and devices can be accomplished through “bottom-up” or

“top-down” methods. In the bottom-up approach, small building blocks are assembled into larger
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structures; chemical synthesis is a good example of the bottom-up approach in the synthesis of
nanoparticles. In the top-down approach, large objects are modified to give smaller features,
attrition or milling is a good example of a top-down approach. Both approaches play very
important roles in modern industry and most likely in nanotechnology. Methods to produce
nanoparticles from atoms are chemical processes based on transformations in solution e.g. sol-gel
processing, chemical vapor deposition (CVD), plasma or flame spraying synthesis, and laser
pyrolysis, atomic or molecular condensation. These chemical processes rely on the availability of
appropriate “metal-organic” molecules as precursors (Cruz et al., 2020). In Figure 2 the synthesis
approaches are also classified into physical, chemical, and biological synthesis depending on the

processes or materials involved in the production process (Ealias & Saravanakumar, 2017).
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Figure 2 Different synthesis approaches used in metallic nanoparticles (Singh et al., 2018)
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Recently, a strong focus is placed on green synthesis, where NPs are extracted from fungi, algae,
bacteria, and plants (usually terrestrial) in which a variety of metabolites act as reducing agents in
NPs synthesis. The advantage of using green synthesis is that they are easily available, safe, and
versatile in the type of metabolites that could act as reducing and stabilizing agents. Additionally,
different combinations such as plant extraction with the microwave irradiation method that heats
the material through its dielectric loss are recently proposed (Cruz et al., 2020) (Doan Thi et al.,
2020). The obvious increase in the alternatives for the synthesis of NPs and green approaches that
use different biological materials is greatly encouraging.

2.3.1. Physical method

In the physical method, physical forces are involved in the attraction of Nanoscale particles and
the formation of large, stable, well-defined nanostructures. The physical method is often called the
top-down approach. It uses mechanical forces to break bulk particles or beams of atoms for the
formation of nanoparticles. The physical method includes nanoparticle synthesis through, colloidal
dispersion vapor condensation, amorphous crystallization, physical fragmentation and
evaporation, pulse laser deposition, and sputtering. Physical synthesis methods are highly useful
in producing ultra-thin and highly pure nanostructures and Nano alloys. The main shortcoming of
the physical method is the use of costly equipment, high temperature, and pressure, and large space
area for setting up machines (Gharpure & Ankamwar, 2020). Physical methods of ZnO
nanoparticle synthesis include high-energy ball milling, melt mixing, physical vapor deposition,
laser ablation, sputter deposition, electric arc deposition, and ion implantation. In most
physical/mechanical processes, the production rates of ZnO nanoparticles are very high and are

mostly used for industrial processes (Gharpure & Ankamwar, 2020).

2.3.2. Chemical method

The chemical method involves the use of toxic chemicals which can prove to be hazardous to the
environment and the person handling it. These methods may result in toxic and harsh products
which may pose biological risks to the environment; due to the 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.
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.
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Therefore, it is essential to optimize green methods for nanoparticle synthesis (Gharpure &
Ankamwar, 2020). Chemical methods need to use toxic chemical solvents such as reducing agents
and these methods are expensive. Recently in nanotechnology, scientists wish for green synthesis
with plant extracts, because this method has been useful and plays a very important role which is
cheap, clean, safe, eco-friendly, non-toxic, and without any dangerous substance (Agarwal et al.,
2017). Metal nanoparticles are usually synthesized using various chemical methods such as
chemical reduction, solvothermal reduction, electrochemical techniques, and photochemical
reactions in reverse micelles (Balantrapu & Goia, 2009). Among them, the chemical reduction is
the most frequently applied method. Previous studies showed that the use of a chemical reducing
agent resulted in the generation of larger particles and consume more energy. It was also reported
that more side products were formed by chemical approaches which are not eco-friendly.
Moreover, the chemically synthesized nanoparticles were reported to show less stability and more
agglomeration (Cruz et al., 2020). Hence there is a need to develop an eco-friendly protocol that

could produce stable and dispersible nanoparticles of controllable size by consuming less energy.

2.3.3. Green synthesis method

Green/biosynthesis of nanoparticles is an approach to synthesizing nanoparticles using
microorganisms and plant applications. Green synthesis provides more advantages over physical
and chemical methods biomedical because it is very cost-effective, non-toxic, uses safe reagents
during the process, and eco-friendly technique due to the use of extracts from the plant (leaves,
flower, seed, and peels), bacteria, fungi, and enzymes, as the reducing and stabilizing agents for
the synthesis of nanoparticles instead of a large number of chemicals. This method does not require
high temperature, high pressure, costly equipment, and hazardous chemicals (Gharpure &
Ankamwar, 2020), (Espinosa et al., 2012). (Basnet et al., 2018) used Allium sativum leaf to
synthesize ZnO NPs. The synthesized ZnO NPs were found to be spherical and the sizes were
found to be 6nm (Ranganatha et al., 2019). (Agarwal et al., 2017) synthesized ZnO NPs using
Parthenium hysterophorus leaves extract. In addition, the author evaluated the biosynthesized ZnO
nanoparticles for Photodegradation of methylene blue, antimicrobial, and Catalytic activity.
Hussein et al reported Bacillus cereusas as a biotemplate agent for the formation of ZnO NPs with
raspberry and plate-like structures through a simple thermal decomposition of zinc acetate

maintaining the original pH of the reaction mixtures. Baskar et al., 2013 produced ZnO NPs using
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Aspergillus terreus filtrate synthesized extracellularly which were spherical with a range of 54.8
to 82.6nm (Hussein et al., 2009).

2.4. Characterization Technique

Nanoparticles and nanocomposites are generally characterized by thermal stability, size, optical
properties, chemical composition, morphology, functional group, and surface charge, using
advanced characterization techniques such as TGA-DTA, XRD, UV-Vis, SEM, FTIR, etc. The
average particle diameter, size distribution, and charge affect the physical stability and the in vivo
distribution of the nanoparticles. Particle size distribution and morphology are the most important
parameters for the characterization of nanoparticles and nanocomposites (Akintelu & Folorunso,
2020).

Thermal stability and decomposition properties of materials are determined by using thermo-
gravimetric analysis, crystal structure and average particles sizes using XRD, optical and electrical
properties using UV-Vis, morphology, the size distribution, and shape using SEM and
Transmission Electron Microscopy (TEM) (Akintelu & Folorunso, 2020). For SEM
characterization, nanoparticles solution should be first converted into a dry powder, which is then
mounted on a sample holder followed by coating with a conductive metal, such as gold, using a
sputter coater. The sample preparation for TEM is complex and time-consuming because of its
requirement to be ultra-thin for electron transmittance. The nanoparticle dispersion is deposited
onto support grids or films. To make nanoparticles withstand the instrument vacuum and facilitate
handling, they are fixed using either a negative staining material, such as phosphor tungstic acid

or derivatives, uranyl acetate, etc. or by plastic embedding (Suresh et al., 2018).

2.5. Application of ZnO NPs

ZnO NPs, due to their above-mentioned unique or enhanced physicochemical properties, are used
in a wide range of applications in different fields. In addition, several potential applications are in
research and development. Here some examples of these applications were presents (Joudeh &
Linke, 2022), (Kolodziejczak-Radzimska & Jesionowski, 2014).
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2.5.1. Antimicrobial activity
2.5.1.1 Antibacterial activity

The antibacterial properties of ZnO NPs have become the focus of interest in pharmacy,
biomedicine, and dentistry due to their low toxicity to humans and organisms. ZnO NPs can be
selected as an antibacterial material because of their superior properties, such as high specific
surface area and high activity to block a wide scope of pathogenic agents. But recently, the
antibacterial activity of ZnO NPs is still scarcely known. Prior reports had suggested the main
antibacterial toxicity mechanisms of ZnO NPs were based on their ability to induce excess reactive
oxygen species (ROS) generation, such as superoxide anion, hydroxyl radicals, and hydrogen
peroxide production. The antibacterial activity may involve the accumulation of ZnO NPs in the
outer membrane or cytoplasm of bacterial cells and trigger Zn?* release, which would cause
bacterial cell membrane disintegration, membrane protein damage, and genomic instability,
resulting in the death of bacterial cells (Jiang et al., 2016), (Doan Thi et al., 2020).

Biosynthesized ZnO NPs were tested against gram-positive bacteria such as S. aureus, B. subtilis,
and gram-negative bacteria E. coli, P. aeruginosa, and Salmonella paratyphoid. Jiang et al. report
the potential antibacterial mechanisms of ZnO NPs against E. coli (Jiang et al., 2016). It showed
that ZnO NPs with an average size of about 30 nm caused cell death by directly contacting the
phosphor lipids bilayer of the membrane, destroying the membrane integrity. The addition of
radical scavengers such as mannitol, vitamin E, and glutathione could block the bactericidal action
of ZnO NPs, potentially revealing that ROS production played a necessary function in the
antibacterial properties of ZnO NPs (Doan Thi et al., 2020).

2.5.1.2 Antifungal activity

Emerging fungal infections and fungal contamination have been at the forefront of worldwide
safety affairs in the last few years. Taking the food industry as a notable example, fungal
contamination cannot only cause the deterioration of product quality, and economic loss but also
severely threaten food safety and public health. Zinc oxide nanoparticles should exhibit good
antifungal activity due to their unique nano-properties, including excellent bioavailability and self-
sterilization (Sun et al., 2018). The synergistic antifungal activity of ZnO NPs was evaluated along

with common antibiotics (e.g. ciprofloxacin, ampicillin, fluconazole, and amphotericin B). Their
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inhibitory efficiency can be enhanced in combination with ZnO NPs, which could reduce the

overuse of antibiotics (N. Sharma et al., 2016).

Barad et al. have shown that ZnO NPs coated with chitosan-linoleic acid have significant efficacy
compared with fluconazole in inhibitory action on the growth and biofilm formation of C. albicans
(Gharagozloo et al., 2015). It is worth noting that many filamentous fungi can produce secondary
metabolites known as mycotoxins, which can induce immune suppression, as well as embryonic
and even carcinogenic effects on human health. Thus, the most important application value of ZnO

NPs lies in blocking and inhibiting the synthesis of mycotoxins (Savi et al., 2013).

For instance, the inhibitory performance of synthesized ZnO NPs on mycotoxin production was
investigated by Hassan et al. They found that the existence of aflatoxigenic fungi and aflatoxin
production was inhibited by the addition of 8 pug/mL of ZnO NPs, while the inhibitory results were
also observed for ochratoxin A and fumonisin B1 when the concentration of ZnO NPs was
increased to 10 ug/mL. These findings indicated that the involvement of ZnO NP in the food matrix
may not only effectively inhibit the growth of harmful fungi, but importantly decrease the content
of mycotoxins produced by toxigenic fungi (Hassan et al., 2013). Deepali et al. have found that
the inhibitory action of ZnO NPs on the fungus (Fusarium sp.) was concentration-dependent, and
this dependency was also affected by particle size (D. Sharma et al., 2010).

2.5.2. Antioxidant activity of ZnO NPs

The evaluation of the antioxidant activity of nanomaterials has become one of the significant basic
studies in pharmaceutical science as well as in nanoscience and technology. Antioxidants play an
important role in the functioning of all bio-systems. In biological systems, free radicals are
generated due to the interaction of biomolecules with molecular oxygen. These free radicals are
responsible for the degradation of biomolecules. Oxidation is also accountable for nutritional
quality deterioration and discoloration of food. Consumption of oxidized foods generates lipid
peroxides and low molecular weight compounds which cause serious diseases like hepatomegaly
or necrosis of epithelial tissues. In the biological systems, antioxidant plays an important role in
the scavenging of these toxic free radicals. Many kinds of natural and synthetic antioxidants have
been investigated to inhibit these oxidation reactions to date (Das et al., 2013).

The 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) scavenging assay is regarded to be the most
widespread technique for studying the antioxidant property of materials. In this method,
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antioxidant efficiency is measured at ambient temperature to eliminate the risk of thermal
degradation of the molecules tested. Different researchers have examined the antioxidant activity
of many kinds of natural as well as synthetic compounds (Das et al., 2013). Zhang and Xiong
reported as DPPH, a stable free radical with a characteristic absorption at 517-520 nm was used
to determine the radical scavenging activity of ZnO NPs prepared by using G. xanthochymus fruit
extracts. The decrease in absorption at 520 nm was measured as the degree of radical scavenging.
The radical-scavenging activity (RSA) values were expressed as the ratio of the percentage of
sample absorbance decrease and the absorbance of DPPH solution in the absence of extract at 520
nm. The ZnO NPs were evidenced to be effective at the DPPH free radical scavenging activity
with ICsg value of 800 mg/mL (Zhang & Xiong, 2015).

2.5.3. Photocatalytic activity of ZnO NPs

Over the past few years, the preparation of nanomaterials with divergent morphologies via green
methods has given a boost to the application of these materials in catalysis and the manufacture of
commercial products. Water sources have suffered unprecedented contamination due to the huge
volume of organic dyes being discharged from textile industries. These dyes are mostly not
biodegradable, toxic to the ecosystem, and carcinogenic to the cell. Various methods have been
reported for the removal of dyes from solutions such as reverse osmosis, oxidation using a
chemical action, membrane filtration, and coagulation and adsorption techniques. The materials
used in these methods are either expensive or result in the formation of waste that is non-
biodegradable and non-recyclable. In an attempt to overcome this snag, ZnO NPs synthesized via
the green method are cheap and nontoxic nanoparticles that have a significant photocatalytic
activity for dye removal (Balcha et al., 2016), (Akintelu & Folorunso, 2020).

Photocatalytic activity is based on the interaction between a photo-catalyst, usually a
semiconductor, and light to produce reactive hydroxyl radicals or superoxide species that could
interact with dye molecules, resulting in an enhanced degradation process of the organic dyes. ZnO
NPs have been reported as good photocatalysts in the degradation of organic dyes due to their high
stability, electron binding energy, and large surface area. They exhibit photo-catalytic degradation
ability similar to TiO> due to their close bandgap energies; thus, an efficient alternative for the
degradation of organic dyes and potential environmental pollutants. The nanoparticles have
oxygen vacancy-induced bandgap narrowing which enhances their visible light photocatalytic

activity (Balcha et al., 2016). ZnO is one of the most promising materials for executing the removal
20



of large quantities of cyanide, degrading pesticide, carbetamide, and herbicide and pulp mill
bleaching wastewater, 2-phenyl phenol, phenol, methylene blue, and acid red as an alternative to
the widely used, relatively expensive titanium oxide (TiOz). This superiority of ZnO photo-
catalytic activity is because its more active sites possess a high surface-to-volume ratio, vacancies
and uncoordinated atoms at corners and edges, higher reaction rates, and are more effective in
generating hydrogen peroxide. The mechanism of photocatalytic degradation of methylene blue
could be illustrated thus: when incident UV light irradiated the ZnO nanoparticles, it created
electron-hole pair via oxidation and reduction processes which ultimately generated -OH radicals
in the presence of O,. These photogenerated hydroxyl radicals and superoxide radicals were
responsible for the photocatalytic degradation of methylene blue over ZnO NPs (Balcha et al.,
2016)

2.5.4. Application of ZnO NPs in cosmetics

The rapid development of nanotechnology has resulted in an increasing number of nanomaterial-
based consumer products and industries. Because of their unique physical properties,
nanomaterials have dramatically transformed the function and application of commercial products,
including wound dressings, cosmetics, detergents, food packaging, drug delivery, biosensors, and
antimicrobial coatings. Recently, ZnO and TiO2 nanoparticles have gained popularity as inorganic
physical sunscreens because they can reflect and scatter UV radiations while preventing skin
irritation and disruption of the endocrine system typically induced by chemical UV filters. Also,
these NPs may be transparent and pleasant to touch (Lu et al., 2015). However, safety concerns
regarding their utilization in consumer products have recently emerged. In literature, Li et al. report
suggested that sunscreen NPs induce cytotoxicity and genotoxicity through oxidative stress.
Physicochemical characterization of nanomaterials particle size, particle size distribution,
aggregation, agglomeration state, shape, surface area, composition, surface charge, and solubility/
dispersibility were critical for the identification of test materials before toxicological assessment
(Lu et al., 2015). The Advantages offered by sunscreens based on inorganic compounds comprise
the absence of skin irritation and sensitization, inertness of the ingredients, limited skin
penetration, and broad spectrum protection. The natural opaqueness of these micro-sized sunscreen
components is eliminated without reducing their UV-blocking efficacy by utilizing nanosized ZnO

and TiO particles. Since the surface area to volume ratio of particles increases as the particle
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diameter decreases, nanoparticles (NPs), i.e., nano-objects with all three external dimensions in

the nanoscale, may be more reactive than normal bulk materials (Lu et al., 2015).

2.5.5. Biomedical application of ZnO NPs

ZnO NPs, as a new type of low-cost and low-toxicity nanomaterial, have attracted tremendous
interest in various biomedical fields such as anticancer, antibacterial, antioxidant, Antidiabetic,
sunscreen, and anti-inflammatory activities, as well as for drug delivery, bio-imaging and used as
an ultraviolet (UV) radiation filter in sunscreen cosmetics (creams, balms, lotions) applications.
ZnO NPs less than 100 nm are considered to be relatively biocompatible and biodegradability,
which support their biomedical applications and represent a powerful property in promoting

biomedical research (Kolodziejczak-Radzimska & Jesionowski, 2014) (Zhang & Xiong, 2015)

2.5.6. Agricultural applications of ZnO NPs

The continuous use of commercially available antibiotics in the treatment of farm animals has led
to the development of multidrug-resistant strains of bacteria and fungi. The discovery and
application of ZnO NPs in the treatment of fungi and other microbial infections in both farm
animals and plants have been considered a better alternative when compared to conventional
antibiotics. ZnO NPs have been reported to demonstrate excellent pesticide efficiency against
Artemia salina larvae (Akintelu & Folorunso, 2020).

The potential of biosynthesized ZnO NPs as an antifungal and antibacterial agent in agriculture is
traceable to the biomolecules found in the plant extracts used as reducing agents. Furthermore,
findings have shown that the inorganic features of ZnO NPs have the efficiency to withstand the
inhibition of microorganism growth at higher temperatures and other severe conditions when
compared to numerous commercially available antibiotics. The small size to the large surface area,
composition, and morphological nature of ZnO NPs enhance the interaction and penetration of
ZnO NPs through the core cells of bacteria to damage and kill the cell. The fertility investigation
of ZnO NPs in the growth of the Arachis hypogea plant showed an increase in seed germination,
fast shoot growth, enhanced seedling vigor index, and rapid root growth; the flowering state was
also fast, and a notable increase in the pod size and yield were recorded. Another study on the
fertility efficiency of ZnO NPs on Solanum lycopersicum showed an increase in germination rate
and increase in protein content. Several studies have reported the potential of ZnO NPs in

increasing the yield of food crops (Akintelu & Folorunso, 2020).
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2.6. Coriandrum sativum (Dimbilal)

A glabrous aromatic, herbaceous annual plant with a long history as a culinary herb, Coriandrum
sativum (Figure 3) is the source of aroma compounds and essential oil with biologically active
components that have different activities. As a result, Coriandrum sativum is useful in food
preparation (as a flavoring agent and adjuvant), preservation, as well as in the prevention of food-
borne illnesses and food spoilage (Mandal & Mandal, 2015). There are several regional names for
it in Ethiopia, including dembilal (Amharic), Debo, shucar (Afanoromo), Tsagha, Zagda
(Tigrignya), and Tibichota (Konsonya). A traditional spice known as "Data" that is consumed as
a Wot, meat and fish is made from leaves and immature fruits of Coriandrum sativum (Kassahun,
2018).

Coriandrum sativum is an annual, herbaceous plant that grows 25 to 60 cm in height. It has thin,
spindle-shaped roots, an erect stalk, alternate leaves with green or dark green (Figure 3), and small,
pinkish-white flowers. The plant is grown widely all over the world for seed, as a spice, or for
essential oil production. The whole or ground seed (fruit) is an ingredient of pickling spices also
used to flavor various commercial foods, particularly, to prepare some instant chutneys, and
sauces, in flavoring curries and soups. The green leaves of coriander are known as "cilantro” in
the United States, (Asgarpanah, 2012). The fruit extract is used in lotions and shampoos as an
antibacterial agent. Coriander leaves are widely used as a folk medicine as carminative,
spasmolytic, and digestive. It has the advantage of being more stable and of retaining its agreeable
odor longer than any other oil of its class (Asgarpanah, 2012).

Antioxidant, antibacterial, antifungal, antidiabetic, hepatoprotective, and antihyperlipidemic
actions are just a few of the pharmacological properties of the C. sativum plant. According to
Asgarpanah, who studied the anti-oxidative properties of C. sativum various components, the
leaves exhibited greater antioxidant activity than the fruits. Total phenolic content in the extracts

was shown to be positively correlated with antioxidant activity (Asgarpanah, 2012).
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Figure 3 the photo of Coriandrum sativum (Dimbilal) plant leaf.

2.6.1. The composition of Coriandrum sativum

Coriandrum sativum leaf oil contains different compositions reported as Mandal like Decanal,
trans-2-decenal, 2-decen-1-ol and cyclodecane, cis-2-dodecena, Dodecanal, dodecan-1-ol (Mandal
& Mandal, 2015). Additionally, according to Asgarpanah, the leaf oil was primarily composed of
aromatic acids, with 2-decanoic acid, E-11-tetradecenoic acid, capric acid, undecyl alcohol,

tridecanoic acid, and undecanoic acid being the main components (Asgarpanah, 2012).

Fresh herbage and mature fruits have entirely different flavors and aromas. While oxygenated
monoterpenes and monoterpene hydrocarbons are significant components in the oil recovered from
C. sativum fruit, aliphatic aldehydes (mostly Cio to Cis aldehydes) with a fetid-like scent
predominate in the fresh herb oil (Bhuiyan et al., 2009). Essential oil and fatty oil are the C. sativum
fruits' main chemical components. The dried coriander fruit's essential oil concentration ranges
from 0.03 to 2.6 %, while the fatty oil content ranges from 9.9 to 27.7 %. Crude fat, crude fiber,
crude protein, and ash concentrations range from 11.5 to 21.3 %, 17.8 to 19.15 %, 28.4 t0 29.1 %,
and 4.9 to 6.0 %respectively (Bhuiyan et al., 2009).
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CHAPTER THREE

3. MATERIALS AND METHODS

3.1. Study Site Description

The required Coriandrum sativum leaves were collected from the Awash Melkassa and Wolaita
Zone, in Damote from personnel agriculture. Then, the leaf samples were kept under shadow
drying until they become ready for grinding. Synthesis of ZnO NPs was done at the Chemistry
Department research laboratory work station at ASTU. Characterization of the synthesized ZnO
nanoparticles was done at Adama Science and Technology University (ASTU), Addis Ababa
Science and Technology University, and Bahir Dar University. Finally, the antibacterial and
antioxidant testing of ZnO NPs was done at the Department of Applied Biology and applied
Chemistry research laboratory at ASTU, and also antifungal activity of ZnO NPs was done at the

Department of Biology at Haramaya University.

3.2. Chemicals and Reagents

The reagents and chemicals that were used for this study were Zinc Nitrate (ZnNO3.6H20 99.9 %,
analytical reagent, Trust Chemicals), Ethanol reagent (C2HsOH 96 %, Fmd, Ethiopia), distilled
water, Wagner’s reagent [lodine (I 98.5% Loba Chemie PVT.LTD), potassium iodide (K1 99.8 %,
Samir tech-chem PVT. LTD)], Ferric Chloride (FeCls 97 %, Sigma aldria), Chloroform (CHCls
99.8 %, Blulux), Sulfuric acid (H2SO4 98 %, Sigma Aldrich), Potato Dextrose Agar (PDA),
Sabouraud Dextrose Agar (SDA), Molten Hilton Agar (MHA), Dimethyl Sulfoxide (DMSO 99.5
%, SRL), 2,2-diphenyl-1-picrylhydrazyl (DPPH 97%, Sigma Aldrich), Methanol (CH3zOH 99.8 %,
Loba Chemie PVT.LTD), Ascorbic acid (CeHsOs 97%, Sigma Aldrich, Sodium Hydroxide (NaOH
99 %, SigmaAldrich). All the chemicals and reagents used for the preparation of ZnO NPs were

purchased from the local market in Addis Ababa.

3.3. Materials and Instruments
The equipment and apparatus required for ZnO NPs synthesis were: Beaker, hot plate with a
magnetic stirrer, magnetic bar, pH meter, micro oven, filter paper, vial. petri dish, aluminum foil,

mechanical grinder, centrifuge (LC-O4C), measuring cylinder, centrifuge tube, furnace (SX-2.5-

25



10 BOX Type Resistance Furnace), refrigerator, crucible tongs, glass funnel, test tube rack, test
tubes, dropper, volumetric flask (100, 250, and 500 mL), evaporating dish and electronic balance.
Some of the instruments that were used in this study were XRD (XRD-7000, Shimadzu Co.,
Japan), UV-Vis spectroscopy (V-770 Dual-beam UV-VIS Spectrometer, Azzota Corp., USA),
SEM (model JEOL JCM-6000plus, Japan), FTIR (FT/IR-6600typeA, JASCO), and TGA/DTA
(model DTA-60H, Shimadzu Co., Japan).

3.4. Methods

3.4.1. Preparation of Coriandrum sativum leaf extract

Coriandrum sativum was collected from wolaita Zone, Damote, Southern Nations Nationality of
People (SNNP) Regional state from personnel agriculture. Firstly, the leaf was washed and cleaned
with distilled water and allowed to dry at room temperature under a shaded area until the moisture
content was removed and ready for fine grinding. Then after, the extraction was done by taking 20
g of the leaf powder into a 1000 mL beaker followed by adding 500 mL distilled water (DH20)
(Figure 4). Then it was covered with aluminum foil and heated at a constant temperature of 75 °C
for 1 hour. After that, the extracted suspension was allowed to cool to room temperature followed
by filtering and storing within an appropriate beaker. Finally, the extracted suspension was stored

at 4 °C for further use in the synthesis of the zinc oxide nanomaterials.

ot
&£ ' A8

Collected C.s leaf Washed & cleaned Dried leafof C.s leaf Grinding

A RN
B

Store Filter Extraction was done

Figure 4 Preparation of Coriandrum sativum leaf extract.
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3.4.2. Phytochemical screening of Coriandrum sativum plant leaf extract

3.4.2.1. Test for Flavonoids

5 mL of aqueous extracts of Coriandrum sativum leaf were treated with a 5 mL of 2 M sodium
hydroxide (NaOH) solution (Shrivastava, 2017).

3.4.2.2. Test for Alkaloids (Wagner’s test)
2 mL of leaf extract was mixed with 1 mL of Wagner’s reagent prepared (1.27 g of iodine and 2 g
of K1 in 100 mL of distilled water) and shaken for 3 min (Shrivastava, 2017).

3.4.2.3. Test for Saponins

4 mL of plant extract was dissolved in 6 mL of distilled water and the mixture was shaken

vigorously (Shrivastava, 2017).

3.4.2.4. Test for Tannins
3 mL of plant extract was dissolved in 3 mL of distilled water and a three drops of 2 % ferric
chloride solution were added (Ashika et al., 2018).

3.4.2.5. Test for Phenol
5 mL of the extract was taken into a test tube and 7 drop of 2 % of FeCls was added to an extract

drop by drop wisely (Altemimi et al., 2017).

3.4.2.6. Test for Terpenoids
4 mL of aqueous extract of C. sativum leaf was dissolved in the 3 mL of chloroform. Then, 2 mL

of concentrated sulfuric acid was added (Altemimi et al., 2017).

3.4.2.7. Test for Glycosides
2 mL of concentrated H2SO4 in the 5 mL of aqueous plant extract (Shrivastava, 2017).

3.4.2.8. Test for Steroids
2 mL of chloroform and concentrated H.SO4 were added with the 5 mL aqueous plant extract
(Ashika et al., 2018).

3.4.2.9. Benedict test
2 mL aqueous plant extract was taken into a test tube and 3 drops of the benedict reagent was

added drop by drop and heated for 2 min (Shrivastava, 2017).
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3.4.3. Green synthesis of ZnO nanoparticles

ZnO NPs were synthesized as follows: First 0.4 M of zinc nitrate solution was prepared. The
synthesis method was carried out within three volume ratio of extract and precursor salt: 50 mL of
0.4 M zinc nitrate solution was mixed with 50 mL of Coriandrum sativum leaf extract (CSLE)
which have a 1:1 ratio, 60 mL of 0.4 M zinc nitrate solution was mixed with 40 mL of CSLE that
is 2:3 ratio, and 40 mL of 0.4 M of zinc nitrate solution was mixed with 60 mL of CSLE (3:2) in
500 mL beaker for each ratio (Figure 5). Then the three samples were allowed to be stirred for
about three hours by placed on a magnetic stirrer. Before stirring time completion at two hours and
half an hour the pH of the solutions was checked using a pH meter and then after, a small amount
of 1 M NaOH solution was added to reach a pH of 12 as pH control and as a precipitating agent.
Then after the formed suspensions were placed within a refrigerator overnight. The suspensions
were centrifuged at 2000 revolutions per minute (RPM) for 15 min to obtain nanoparticles. It was
washed a minimum of three times followed by washing with DH,O and ethanol within each step
for each sample. After that, the samples were dried using a sample drying oven. The dried samples
were calcined at 466 °C for two hours using the furnace. The samples were grind into powder and
ready for the different characterization techniques.

4 M Zn(NO,).6H,O Stirred for 3hr
| teese
iy Samples were dried Suspensions were Refrigerator
centrifuged

Figure 5 Synthesis of ZnO NPs using green synthesis method.

28



3.4.4. Characterization of ZnO nanoparticles

3.4.4.1. Thermal Analysis (TGA/DTA)

Thermal analysis was conducted to evaluate the thermal stability of ZnO NPs by using a TGA
(model DTA-60H, Shimadzu Co., Japan). 10.171 mg of ZnO NPs samples were analyzed under
50 [mL/min] nitrogen flow rate with a heating rate of 10 °C at the temperature range of 22.74 to
1000 °C.

3.4.4.2. X-Ray Diffraction (XRD)

The formed nanomaterials were going to be characterized using XRD (XRD-7000, Shimadzu Co.,
Japan) equipped with a Cu target for generating a Cu Ka radiation with A= 1.54056 A XRD spectra
were recorded from 10 ° to 80 ° for ZnO NPs with 20 angles using Cu Ka radiation operated at 40
kV and 30 mA in continuous scan mode with scan rate 3 (deg/ min). This characterization method
provided the average crystalline size of the synthesized nanoparticles. The average crystalline size

(D) of the powders was calculated by using Scherrer’s equation:

Debby's scherrer equation is indicated in the equation.

0942
- Lcos6

Where K = 0.94 is Scherrer’s constant, A =1.5406 A is the X-ray wavelength, 6 is Bragg’s
diffraction angle, and B is the Full width at half maximum (FWHM) of the diffraction line at half

of the maximum intensity.

3.4.4.3. UV-visible Spectroscopy (UV-Vis)

The optical properties of the ZnO NPs were determined by UV-Vis spectroscopy (V-770 Dual-
beam UV-VIS Spectrometer, Azzota Corp., USA). The absorbance of samples was recorded in the
wavelength range: of 200 to 800 nm and their maximum absorbance was recorded. Baseline
correction of the spectrophotometer was carried out by using a blank reference. The UV-Vis

absorption spectra of the samples were recorded.

3.4.4.4. Scanning Electron Microscopy (SEM)

The morphological features of the ZnO NPs were determined by using scanning electron
Microscopy (model JEOL JCM-6000plus, Japan), using electron beam energy of 10 kV and
magnification of 30.00 KX. Powdered samples were mounted on a sample holder followed by
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coating with a smart coater (gold) and scanned. The surface characteristics of the samples were

obtained from the secondary electrons emitted from the sample surface.

3.4.4.5. Fourier Transforms Infrared Spectroscopy (FTIR)

The functional groups present in dried powders of Coriandrum sativum leaf extract, uncalcinated
ZnO NPs, and calcinated ZnO NPs were analyzed by an FTIR (FT/IR-6600typeA, JASCO). The
spectra were acquired in the range 4000- 399.193 cm 2.

3.4.5 Antibacterial activity

The antibacterial activity of biosynthesized ZnO NPs was carried out against four selected
pathogens such as gram-positive (Staphylococcus aureus and Streptococcus pyogen) and gram-
negative (Escherichia coli and Pseudomonas aeruginosa) bacteria in the Microbiology laboratory
of ASTU by the disc diffusion method according to the procedure detailed by (Hudzicki, 2012).

3.4.5.1. Antibacterial assay of ZnO NPs

Antibacterial assay of ZnO NPs was performed by disk diffusion method in Mueller Hinton Agar
(MHA) plates. The different concentrated solution was made by using the synthesized ZnO NPs
of the three ratios (1:1, 3:2, and 2:3) in Dimethyl Sulfoxide (DMSO) (Hudzicki, 2012).

3.3.5.2. Preparation of ZnO NPs

For every three ratios of the synthesized ZnO NPs, 0.4 g were taken and dispersed in 1 mL DMSO.
Thus 4 mg/mL of stock was obtained as a standard concentration of 50, 75, and 100 pg/mL
concentration was taken and dispersed in 1 mL DMSO (Dadi et al., 2019).

3.3.5.3. Preparation of inoculum and McFarland standard

Bacterial cultures grown in the blood agar media at 37 °C for 24 h were adjusted to 0.5 McFarland
which is approximately 1.5 x108 colony forming units (CFU/mL) (Hudzicki, 2012). The 0.5
McFarland standard was prepared by mixing 9.95 mL of 1 % H2SOs in distilled water and 0.05
mL of 1 % BaCl, in distilled water to estimate bacterial concentration (Hudzicki, 2012). The

preparation was kept in a flask and used for the contrast of bacterial suspension.

3.3.5.4. Disk diffusion assay
Two hundred microliter of a culture suspension of testing bacteria (approximately 1.5 x108
CFU/mL) was spread on Muller Hinton Agar (MHA) medium for bacteria. Sterilized filter paper

disks (6 mm in diameter) soaked in ZnO NPs soaked filter paper disks were placed on the agar
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plates which were inoculated with the tested bacteria. Amoxicillin (10 pg/mL) standard antibiotic
disk was used as a positive control and 10 % Dimethyl Sulfoxide-soaked filter paper disks were
used as the negative control. The plates were subsequently incubated at 37 °C for 24 h. After
incubation, the growth inhibition zone was quantified by measuring the diameter of the zone of
inhibition in mm (Dadi et al., 2019).

3.4.6. Antifungal activity
The antifungal activity of biosynthesized ZnO NPs was carried out against two selected pathogens
such as Aspergillus niger and Candida albicans in the Biology department laboratory of Haramaya

University.

3.4.6.1. Preparation of different concentrations of the ZnO NPs

The solutions (15, 20, and 25 mg/mL) of the ZnO NPs were prepared by reconstituting 0.015,
0.020, and 0.025 grams of each of the powders in 10 mL of DMSO. For preparing the 15 mg/mL,
20 mg/mL, and 25 mg/mL solutions of the nanoparticles were transferred to separate 10 mL

capacity volumetric flasks (Peter et al., 2014).

3.4.6.2. Assay for antifungal activity of ZnO NPs

Antifungal activities of the synthesized ZnO NPs of the three ratios against Aspergillus niger and
Candida albicans were determined using the disc diffusion method. First Potato Dextrose Agar
(PDA) and Sabouraud Dextrose Agar (SDA) were prepared by dissolving the required amount of
PDA and SDA powders with distilled water. Then the mixture was heated on a hot plate and
autoclaved to get a boiled and uniform solution. The resulting autoclaved medium was transferred
into separate Petri plates and allowed to solidify. Within 15 minutes of adjusting the turbidity of
the suspension of inoculums, a sterile cotton swab was dipped into the adjusted suspension and
rotated several times by pressing firmly on the inside wall of the tube above the fluid level. This
removes excess fluid from the swab. Then, the dried surface of PDA and SDA plates was
inoculated by streaking using the swab three times over the entire surface by rotating the PDA and
SDA plates at approximately 60° each time to ensure an even distribution of the inoculums. Then,
the PDA and SDA plates were left open in the hood for three to five minutes to allow for any
excess surface moisture to be absorbed (Tsukatani et al., 2012). For the application, discs of 6 mm
diameter were prepared from sterile filter paper cut into small, circular pieces of equal size by a

perforator and then they were impregnated each with 0.01 mL of the prepared test powders.
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The nanoparticles-impregnated discs were placed onto the surface of the inoculated agar plates
using sterile forceps. Each disc was pressed down to ensure complete contact with the agar surface.
The discs were distributed evenly so that they were no closer than 24 mm from center to center
(Tsukatani et al., 2012). Discs of commercial Ketoconazoale /Tilt (10 units/disc) were used as
positive controls while DMSO-impregnated discs were used as negative controls. Then the PDA
and SDA plates were sealed with Parafilm and incubated at 27 °C for 5 to 7 days for fungal
pathogens. After incubation, the diameters of the zone of inhibition around each disc were
measured to the nearest millimeter along two axes (i.e. 90° to each other) using a transparent ruler
and the means of the two readings were recorded. For each selected pathogen the experiment was

carried out with three replications (Biswas et al., 2013).

3.4.7. Antioxidant activity

Antioxidant activity of Synthesized ZnO NPs was measured using the 2, 2-diphenyl-1-picryl-
hydrazyl (DPPH) method. First, prepare the three ratios (1:1, 2:3, and 3:2) ZnO NPs stock solution
by taking 8 mg of ZnO NPs added to 5 mL of methanol from this the serial solution was done at
concentrations of (50, 100, 200, 400, and 800 pg/mL) second DPPH was prepared in methanol by
dissolving 4mg DPPH in 100 mL methanol). Then, to each 1 mL of the above concentration
solution were added each 4 mL of 0.04 % DPPH which was given 10, 20, 40, 80, and 160 pg/mL.
The resulting solution was placed in the dark area for 30 minutes. Finally, ZnO NPs scavenging
activity was also studied using various concentrations (50, 100, 200, 400, and 800 pg/mL) to study
the absorbance trend. UV-vis absorbance at 517 nm was recorded and DPPH scavenging activity

is calculated using the following equation (Safawo et al., 2018).

the absorbance of the control — Absorbance of sample at 517 nm

Scavenging Activity (%) = *100

absorbance of control
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CHAPTER FOUR

4. RESULTS AND DISCUSSION

4.1. Phytochemical Screening of Coriandrum sativum leaf Extract.

Coriandrum sativum leaf extracts were rich in different phytochemicals (Table 1 and Figure 6)

with different functional groups that act as a capping agent.

In the present study, the qualitative analysis of Coriandrum sativum aqueous leaf extracts was
carried out. Flavonoids, saponins, tannins, phenol, Steroids, and Benedict compounds were
revealed to be present in extracts of Coriandrum sativum which are known to have antimicrobial
activity (Laribi et al., 2015). Most of the phytochemicals from plant sources such as phenolic and
flavonoids have been reported to have high content associated with their antioxidant activities and
antibacterial that play a role in the prevention of the development of bacterial disease, particularly
caused by oxidative stress (Ashika et al., 2018). Ashika et al., report on preliminary screening for
phytochemicals in the Coriandrum sativum leaf extracts revealed the presence of phenolic,
saponins, tannins, and flavonoids which could confer antibiotic properties on the plant. Therefore,
the phytochemical screening result reveals that the presence of these phytochemical constituents
supports the use of the Coriandrum sativum plant in folklore medications and it is probable that
these phytochemicals are responsible for the healing properties of these plants which have been

claimed by the peoples in the area of this study (Ashika et al., 2018).

These phytochemical species also play a critical role in nanoparticle synthesis to prevent
agglomeration. XRD results showed that increasing the volume of plant extract causes the

formation of small particle-size nanoparticles.
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Figure 6 phytochemical test for aqueous extract C. sativum leaf to steroids (A), glycosides (B),

benedict (C), taninns (D), flavonoids (E), phenol (F), alkaloids (G), saponins (H), and terpenoids

(0.

Table 1 Results of phytochemical screening of aqueous extracts of Coriandrum sativum leaf.

S.no Secondary Metabolite Results Colors observed

A Steroids + Red color with chloroform layer

B Glycosids + Reddish — brown

C Benedict + Blue-green

D Taninns + Brownish — green

E Flavonoids + Yellow

F Phenol + Dark green

G Alkaloids - Not show reddish  brown
precipitate

H Saponins + Stable persistent froth

I Terpenoids + Reddish — brown
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4.2. Characterization Analysis

4.2.1. Thermal Analysis (TGA/DTA) of ZnO NPs

The thermal analysis of the synthesized sample was investigated with TGA/ DTA analytical
instrument. Thermal decomposition associated with the annealing process and the stability of the
biosynthesized ZnO NPs analysis were measured from 23 to 1000 °C which were studied using
simultaneous thermogravimetric analysis (TGA) and differential thermal analysis (DTA) at the
heating rate of 15 °C/ min. The TGA curve shows the mass loss of the sample, whereas the DTA

curve indicates the energy gain or loss during the process.

Figure 7 shows the TGA/DTA result of bio-synthesized ZnO NPs. The TGA curve shows an initial
weight loss of ~ 30 % between 41.11 and 210.77 °C. The TGA derivative, not shown in the figure,
revealed that this stage of weight loss contains two decomposition steps at 41.11 and 210.77 °C
due to dehydration of adsorbed water and decomposition of organic binder from Zn(OH)>. The
second weight loss of 67 % from 210.77 to 466.24 °C can be attributed to the complete formation
of pure ZnO NPs and the degradation of the organic compounds. The corresponding DTA curve
showed three endothermic peaks at 56.97, 149.73, and 507.08 °C temperatures. DTA curve also
showed two exothermic peaks at 294.41 and 895.94 °C due to sample decomposition of Zn(OH):
to form ZnO and organic binders. The exothermic peak observed at 895.94 °C on the DTA curve
might be due to the phase transition into a stable form of ZnO NPs, and no considerable loss in
mass is observed after 466.24 °C temperature up to 1000 °C. This indicates that the biosynthesized
ZnO NPs are thermally stable after 466.24 °C, so could be calcined at this temperature.

35



0'0—' 2saaLc 89594°C  F12
0.2 10
A (TGA) o
04 B (DTA)
~~ h -6 D
(@))
€-06] (670 e
=-U0] (67 %) LS
S =
g =
9—0.8_ . E
. A Lo
1.0 Y 466.24°C e
\149.73°C N - P
121 56.97°C 507.08 °C
T T r T T T - I . _4
200 400 600 800 1000

Temprature (°C)

Figure 7 Thermal analysis of synthesized ZnO NPs (1:1) ratio.

4.2.2. X-Ray Diffraction (XRD) of ZnO NPs analysis

The analysis of a crystal phase and average crystalline size of the synthesized ZnO nanoparticles
prepared through the green method using Coriandrum sativum leaf extract was done with an X-
ray diffractometer. XRD data was taken for the prepared samples of ZnO NPs with an X-ray
diffractometer at room temperature. ZnO NPs were formed from the reduction of zinc nitrate in
the presence of Coriandrum sativum leaf extract, which acts as a reducing, stabilizing, and capping

agent.

The four distinct results correspond to the different three volume ratios of precursor solution and
one ratio calcination. The four distinct XRD patterns correspond to the different volume ratios of
precursor solution and Coriandrum sativum leaf extract within a ratio of 1:1UC (uncalcinated),
2:3UC, 3:2UC, and 1:1C (calcinated) respectively for ZnO nanoparticles were depicted in Figure
8. By referring to Figure 8, the peaks at 26 obtained from ZnO NPs peaks at 31.77°, 34.49°, 36.38°,
47.72°,56.79°, 62.92°, 68.16°, and 69.26°. The results also confirmed the h k I values were (100),
(002), (101), (102), (110), (103), (112), and 201 respectively for the ZnO crystals. This indicates
that the peaks belong to the hexagonal Wurtzite structure (P6amc) and the synthesized ZnO NPs
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possess a good crystallite structure as reported by (Zare et al., 2018). Intense Bragg peaks obtained
suggest that strong scattering of X-ray is focused in the crystalline phase and may result from the
presence of Coriandrum sativum as a capping and stabilizing agent (Vishwakarma et al., 2013).
The average size for the different volume ratios (1:1UC, 1:1C, 2:3UC, and 3:2UC) was found to
be 15.77, 19.59, 17.34, and 13.40 nm, respectively. The average crystalline size of 3:2 is less than
that of 2:3. This is because 3:2 has less precursor salt and higher Coriandrum sativum leaf extract
than that of 2:3. ZnO NPs biosynthesized within a volume ratio of 1:1 shows narrow diffraction
peaks, indicating that it has a good crystalline structure as compared to the remaining ratio of
synthesized ZnO NPs; because it has equal amounts of precursor salt and plant extract. However,
in the diffraction patterns of the ZnO synthesized within a volume ratio of 3:2 decrease in the
intensity and a widening of the diffraction peaks are observed as compared to the 1:1 sample,
which is attributed to the decrease in the size of the crystals because of low concentration of
precursor salts were present in the samples. The diffraction pattern of ZnO formed within a 2:3
ratio is rigid and narrow diffraction peaks are observed as compared to ZnO synthesized within a
1:1 volume ratio.

Table 2 also shows that the average crystal size of uncalcined ZnO NPs synthesized by using 1:1
ratios by volume of precursor salt and plant extract was less than their corresponding calcined ZnO
NPs. This may also be due to the high concentrations of bio-molecules from plants that remain in
the uncalcined NPs that could highly stabilize the nanoparticles by capping and hindering further
crystal growth. This study agrees with a previous report (Demissie et al., 2020). The XRD results
suggest that there was a systematic increase in peak intensity and peak width (FWHM) for calcined
ZnO NPs than uncalcined ones. In addition, the peak intensity and peak width for ZnO (1:1) NPs

decreased and increase in ZnO (2:3).
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Figure 8 XRD patterns of ZnO nanoparticles synthesized under different ratios of zinc nitrate salt

and Coriandrum sativum leaf extract.
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Table 2 Structural parameters of prepared ZnO nanoparticles.

1:1 CZnO NPs 1:1 UCZnO NPs 2:3UCZn0O NPs 3:2UCZn0O NPs

No | hkl | d- 26(°) FWHM | D(nm) | 26(°) FWHM | D(nm) | 26(°) FWHM | D(nm) | 26(°) FWHM | D(nm)

spacing ©) ©) ©) ©)

(dhkl)
1 100 |2.81362 | 31.7676 | 0.4638 |18.60 |31.885 |0.5812 |14.85 |31.7674 |0.5124 |16.83 |31.8025 |0.6626 | 13.02
2 | 002259826 |34.4422 | 0.4638 |18.73 |34.5535 |0.5812 |14.95 |34.4299 |0.5124 |16.95 |34.469 |0.6626 |13.11
3 101 |2.46730 |36.2485 | 0.4638 |18.82 |36.3683 | 0.5812 |15.03 |36.2476 |0.5124 |17.04 |36.283 |0.6626 |13.18
4 102|1.90402 |47.545 |0.4638 |19.55 |47.6489 |0.5812 |15.60 |47.5261 |0.5124 |17.69 |47.5771 |0.6626 |13.68
) 110|1.61974 |56.589 |0.4638 |20.32 |56.6974 |0.5812 |16.22 |56.5705 |0.5124 |18.39 |56.6227 | 0.6626 |14.22
6 103 |1.47592 |62.8729 | 0.4638 |20.97 |62.9497 |0.5812 |16.74 |62.8408 |0.5124 |18.97 |62.8901 | 0.6626 | 14.68
7 112|1.37451 | 67.9736 | 0.4638 |21.58 |68.0573 |0.5812 |17.22 |67.9224 |0.5124 |19.52 |68.0161 |0.6626 | 15.10
8 1201|1.35536 |69.1015 | 0.5528 |18.22 |69.2015 |0.6458 |15.61 |69.0015 |0.7538 |13.37 |69.0215 | 0.98 10.27
9 | Average crystallite size 19.59 15.77 17.34 13.40
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4.2.3. UV-Vis spectrophotometric analysis of ZnO NPs

The biosynthesis of ZnO NPs from different ratios of ZnO (NO3).6H>O and Coriandrum sativum
plant leaves extract results are shown in Table 3. ZnO NPs synthesized from different ratios
showed different results. The products with the different results obtained might be due to the

formation of ZnO NPs with different sizes and optical properties.

Table 3. The effects of the plant extract on the optical properties and sizes of ZnO NPs.

No Thevolumeof Volumeof 0.4 Extractto UV-visible The bandgap Nano size

Coriandrum M ZnO Precursor spectra of energies (eV) (nm)
sativum leaves (NO3).6H20 ratio wavelength (nm)
extract (mL) (mL)
1 40 60 2:3 319.84 3.03 17.34
2 50 50 11 318.44 3.05 15.77
3 60 40 3:2 315.88 3.17 13.40

As can be observed from Table 3, changes in plant extract concentration cause changes in optical
properties and particle size of ZnO NPs. As plant extract concentration increase, the nanoparticles

size decrease; this causes a shift of absorption edge to the shorter wavelength or higher energy.

Figure 9A shows the UV-visible spectra of the ZnO NPs prepared using different concentrations
of the plant extract and ZnO (NO3).6H-0 precursor. ZnO powder suspension in de-ionized water
showed strong absorbance peaks in the range of 315.88-319.84 nm. The absence of other
absorbance peaks in the spectra confirms that the synthesized materials were pure ZnO NPs. The
occurrence of these absorption peaks was due to the surface plasmon resonance property of the
nanoparticles, which occurs due to the oscillations of free electrons on the surface of the
nanoparticles when they align in resonance with the wavelength of irradiated light. In the present
study, increasing the volume of the plant extract was used to optimize the size of the ZnO NPs
synthesized. A decrease in particle size was observed when increasing the volume of plant extract
from 40 mL to 60 mL. Furthermore, the peak positions of UV-visible spectra are related to the size
of nanoparticles and blue shifted or shifted to lower wavelength or higher energy as the crystal
size of the nanoparticles decreased. The wavelength of maximum absorption and particle size have
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a strong correlation. However, a further increase in extract volume resulted in a substantial
broadening of the absorbance peak. This might be due to the increase in absorbance which could
be attributed to the smaller particle size of ZnO NPs, which in turn increases its Rayleigh scattering
ray. Different volumes of extracts contain different concentrations of organic binder. This indicates
that at higher extract concentrations, the biomolecules act as reducing agents and cap the

nanoparticles' surfaces protecting them from aggregation.
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Figure 9 UV-Vis absorption spectra (A) for ZnO NPs synthesized by different ratios of plant

extract to precursor solution.
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Figure 10 The energy band gap determination (B) for ZnO NPs synthesized by different ratios of

plant extracts to precursor solution.

Utilizing Tauc's relationship between the optical absorption coefficient, the photon energy (hv),
the constant alpha (a), and the direct band-gap energy (Eg), the bandgap energies were determined
based on the numerical derivative of the optical absorption coefficient (Figure 10). In close
agreement with previously reported values, band-gap energy values for ZnO NPs synthesized from
1:1, 2:3, and 3:2 ratios, respectively, were determined to be 3.05, 3.03, and 3.17 eV (Demissie et
al., 2020).

4.2.4. Fourier Transforms Infrared Spectroscopy (FTIR) analysis

FTIR measurements were carried out to identify the possible bio-molecules responsible for the
reduction of zinc nitrates. Figure 11 shows the FTIR spectra of green synthesized ratios of 1:1
calcinated, uncalcinated ZnO nanoparticles, and Coriandrum sativum leaves powder. The FTIR
measurements were collected to find biomolecules for capping and the proficient stabilization of
the zinc oxide nanoparticles synthesized by Coriandrum sativum leaves extracts. The spectra were

recorded in the series of absorption bands 4000 — 400 cm™.
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Figure 11 CZnO shows the FT-IR spectra of calcinated ZnO nanoparticles the O-H stretch appears
in the spectrum as a very broadband extending from 3417 cm™. This very broad O-H stretch band
is observed with a C=0 peak, which almost certainly indicates that the compound is an aliphatic
carboxylic acid. The band observed at 1632 cm™ corresponds to the carbonyl group of flavonoids
as reported by (Kumar, 2017) that revealing the peak to be 1415 cm™. An absorption peak found
at 1058 cm™* corresponds to saturated primary alcohol C-O stretching which is within the range
reported that is from 1000 cm™ - 1300 cm™ (Kumar, 2017). The FTIR spectrum of zinc oxide
(ZnO) nanoparticles absorbs at 660 cm™ as reported by (Vishwakarma et al., 2013) ranging from
400-800 cm™* while (Kumar, 2017) reported a range from 518 - 664 cm™ as the presence of ZnO
NPs. Thus, it can be observed from the FTIR spectrum that calcined ZnO NP is significantly rich

in different chemical groups such as primary alcohols, alkanes, carboxylic acids, and flavonoids.

Figure 11 UCZnO shows the FT-IR spectra of uncalcinated ZnO nanoparticles. As it can be seen
the peak at 818 cm™ indicates stretching vibrations of Zn-O bond matching as the results reported
by (Vishwakarma et al., 2013) ranging from 400-880 cm™. The O-H stretch appears in the
spectrum as very broadband extending from 3425 cm™. This very broad O-H stretch band is
observed with a C=0 peak, which almost certainly indicates that the compound is an aliphatic
carboxylic acid and also indicates water and phenol. Prominent levels of absorption observed at
2083 cm! reveal the presence of C—H stretching vibrations of an aromatic aldehyde. The peak
observed at 1625 cm™ corresponds to the C=0 peak, which indicates the ketone functional group
and also indicates the ammine functional group. The band observed at 1369 cm™ corresponds to
the carbonyl group of flavonoids (Suresh et al., 2018). An absorption peak found at 1058 cm™
corresponds to saturated primary alcohol C-O stretching. Figure 11 Cs Leaves extract indicates
absorption bands of Coriandrum sativum leaves extract the weak absorption peaks at 3386 cm
for OH band stretching mode, which is phenol. The absorption at 2913 cm™ is aromatic C-H band
stretching mode. The peak at 2858 cm™ corresponds to a primary amine. The absorption at 2346
cm indicates amide (C=N). The peak at 1733 cm™ shows C=0 functional groups. The absorption
at 1617 cm* can be assigned to the aromatic C=C stretching mode. The peak at 1407 cm indicates
flavonoid. Finally, the absorption at 570 cm™ shows the stretching mode of C-O. The Coriandrum
sativum leaf powder contains a polyphenolic compound with antioxidant potential. As compared
to calcined ZnO NPs the FT-IR spectra of uncalcined ZnO NPs displayed a number of absorption
peaks like primary alcohols, phenols, alkanes, water, carboxylic acids, flavonoids, ammine, COx,
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aldehydes, amides and ketones. This might be due to chemically bonded functional groups of
Coriandrum sativum leaves powder extract used as a capping agent during the synthesis of the
materials which was not removed by washing with deionized water and ethanol. During the
calcination process water, CO., phenols, ethanol, some ammines, and amides are removed
(Hossain et al., 2019).
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Figure 11 FT-IR spectrum for ZnO NPs calcined A (CZnO), uncalcined ZnO NPs B (UCZnO),
and Coriandrum sativum leaf extract C (Cs Leaves).

4.2.5. Scanning Electron Microscopy (SEM) analysis
The scanning electron microscope results confirmed the surface morphologies of biosynthesized

ZnO NPs and the results are presented in Figure 12 (a-c) for the volume ratios 1:1, 3:2, and 2:3.

Figure 12 (A) the morphology of ZnO NPs synthesized from 1:1 ratios by an equal volume of
reactants its SEM images indicate the particles are almost spherical. The particles were
agglomerated to form a sponge-like bunch of particles. This agglomeration could be induced by

densification resulting in narrow space between particles. Figure 12 (B) shows the SEM image of
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synthesized ZnO NPs 3:2 ratio. The image shows spherical shapes and is more deeply
homogenized than the other counterpart of synthesized NPs due to the presence of a more capping
agent that stabilizes the NPs and due to the presence of more leaf extract that stabilizes the
formation of NPs and prevents their aggregation. The agglomeration of the particles is dependent
upon the nature of compounds present in the extracts and attraction between the biomolecules and
metal salts resulted in the aggregation of the NPs. In addition to this, the morphology of ZnO NPs
synthesized from a 2:3 ratio the amount of the salt precursor is much greater than the amount of
plant extract Figure 12 (C), which, contains both nanorod and flake-type shapes in aggregated
form. In the previous report, this aggregation /agglomeration may be caused due to polarity and

electrostatic attraction of ZnO nanoparticles (Demissie et al., 2020).
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Figure 12 SEM images of ZnO NPs A (1:1), B (3:2), and C (2:3) ratios.

4.3. Antimicrobial Activity Test of ZnO NPs
4.3.1. Antibacterial activity test of ZnO NPs

To evaluate the antibacterial properties of the green synthesized ZnO NPs, different concentrations
of the sample (50, 75, and 100 pg/mL) were tested against four bacterial gram-positive
(Staphylococcus aureus and Streptococcus pyogen) and gram-negative (Escherichia coli and
Pseudomonas aeruginosa) pathogens using an agar well diffusion procedure. The positive control
of Amoxicillin against all the pathogens and the zone of inhibition values were measured as shown
in Figure 13 and the results given in Table 4 from the table, indicate that the synthesized ZnO NPs
have shown considerable antibacterial activity for all the four pathogens studied.

The difference in antibacterial activity is due to their difference in membrane structure (Gram-

positive and Gram-negative). The gram-positive (Staphylococcus aureus and Streptococcus
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pyogen) bacteria have a thick peptidoglycan layer and lack of outer membrane, whereas, the
peptidoglycan layer in the Escherichia coli, Pseudomonas aeruginosa (Gram-negative) bacteria is
thinner but surrounded by a lipid layer outside and have an outer membrane (Sundaraselvan &
Darlin Quine, 2017)

In the antibacterial activity, initially, ZnO NPs attach to the surface of the bacterial cell membrane
and then penetrate the bacteria. After penetration, they inactivate the enzymes of the microbes,
generating hydrogen peroxide. Hence bacterial cells were dead (Sundaraselvan & Darlin Quine,
2017). Most kinds of the literature revealed that gram-negative bacteria were more sensitive to
ZnO NPs treatments than gram-positive bacteria, and this could be attributed to the presence of a
thick layer in the cell walls (peptidoglycan) of the latter group (Umar et al., 2019), but this is not
always true. In this study, results revealed that gram-positive bacteria were more sensitive to ZnO
NPs. This is because they tend to be more resistant to drying due to their thicker cell wall, but more
susceptible to cleaning agents due to the lack of an outer membrane. However, gram-positive
organisms that form spores are highly resistant to both drying and cleaning agents. Umar et al. also
found a strong antibacterial potential against gram-positive bacteria using ZnO NPs synthesized
from Albizia lebbeck stem bark (Umar et al., 2019), and concluded that the slight resistance of
gram-negative bacteria is due to the presence of an outer membrane in their cell wall, which is

similar to the results achieved in this work.
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Figure 13 Antibacterial activity of synthesized ZnO NPs against bacterial pathogens, A, B, and C

represent 50, 75, and 100 pg/mL respectively.
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Table 4 Zone of inhibition (mm) of ZnO NPs against gram-positive and gram-negative bacteria

pathogens.
Bacteria strains and Zone of Inhibition in mm
Cpd & Conc. (ZnO NPs) E.coli S.aureus P.aeruginosa S.pyogen
ATCC25922 ATCC25923 ATCC27853 ATCC19615

3:2 A= 50 pg/mL 8 9 8 9
Zn0 B= 75 pg/mL 10 10.5 9.5 10
NPS ™ C=100 png/mL 12 12 11 115
2:3 A= 50 pg/mL 6 7 6 7
Zn0 B= 75 pg/mL 8 9 8 8
NPs C= 100 pg/mL 9 10 9 8.5
1:1 A= 50 pg/mL 7 8 7 8
ZnO B= 75 pg/mL 9 9 9 9
NPs C= 100 pg/mL 11 10.5 10 10.5

Amoxicillin (Amp) 13 13 12 13

From the results in Table 4, it was observed that ZnO NPs synthesized from Coriandrum sativum
were sensitive to both gram-negative and gram-positive bacteria pathogens. According to Table
4, ZnO NPs for a 1:1 ratio at a high concentration of 100 pg/mL have a zone of inhibition of 10.5
mm for both gram-positive bacteria (S. aureus and S. pyogen) and gram-negative bacteria 11 mm
and 10 mm (E. coli and P. aeruginosa) respectively, at 75 pg/mL both bacteria strains has recorded
the same inhibition zone 9 mm, and at 50 pg/mL has a zone of inhibition 7 mm for both gram-
negative bacteria (E. coli and P. aeruginosa) and 8 mm for both gram-positive bacteria (S. aureus

and S. pyogen).

ZnO NPs for 2:3 ratio at 100, 75, and 50 pg/mL concentration have the zone of inhibition of 9, 8,
and 6 mm respectively for both gram-negative bacteria (E. coli and P. aeruginosa), for both gram-
positive bacteria (S. aureus and S. pyogen) at 100 pg/mL concentration has the zone of inhibition
10 and 8.5 mm and at 75 pg/mL 9 and 8 mm respectively, and also at 50 pg/mL concentration has

a zone of inhibition 7mm. The lowest activity was determined with a low concentration of 50
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pg/mL against both gram-negative bacteria (E. coli and P. aeruginosa) at 6 mm followed by gram-
positive bacteria (S. aureus and S. pyogen) at 7 mm with ZnO NPs 1:1 and 2:3 with 50 pg/mL

concentration.

For ZnO NPs 3:2 ratio the largest zones of inhibition were recorded with 100 pg/mL concentration
against gram-positive (S. aureus) and gram-negative (E.coli) 12 mm and followed gram-positive
(S. pyogen) 11.5 mm. at 75 pg/mL concentration has a zone of inhibition 10.5 and 10 mm for both
gram-positive bacteria (S. aureus and S. pyogen) and gram-negative bacteria 10 mm and 9 mm (E.
coli and P. aeruginosa) respectively, and at 50 pg/mL has a zone of inhibition 8 mm for both gram-
negative bacteria (E. coli and P. aeruginosa) and 9 mm for both gram-positive bacteria (S. aureus

and S. pyogen).

The antibacterial activity depends on the concentration and the crystalline structure of ZnO NPs.
Increased cell death is achieved by increasing ZnO concentrations, which disrupt mitochondrial
function, stimulating lactate dehydrogenase leakage and changing the morphology of the cell at
concentrations of 50 to 100 pg/mL (Sirelkhatim et al., 2015). Sirelkhatim et al found that the
higher concentration and the larger surface area can obtain better antibacterial activity and
antibacterial activity also depended on the size, and it was probably due to the internalization and
subsequent accumulation of NPs inside the cells until the particles reached the cytoplasmic region
(Sirelkhatim et al., 2015). As the size of ZnO NP increases the antibacterial activities of ZnO
nanoparticles slightly decrease. This is due to the surface area to volume ratio. As the surface area
to volume ratio increases the size of ZnO NP decreases. From Table 4, ZnO (3:2) ratio nanoparticle

had good inhibitory which means its highest antibacterial activities compared with other ratios.

4.3.2. Antifungal activities of ZnO NPs

The antifungal activities of synthesized ZnO NPs were evaluated for their antifungal effects against
two human pathogenic fungal strains C. Albicans and A. niger. The antifungal test was performed
using the agar disc diffusion method in the same manner as the standard protocol used similarly
as previously used by researchers (Miri et al., 2019). The results obtained in this study revealed
that all the studied ZnO NPs presented antifungal activity except 1:1 ZnO NPs at Candida albicans
pathogen because of its lower concentration (15 mg/mL). The antifungal activities in terms of zone
of inhibition in (mm) were measured for the three ratios (1:1, 2:3, and 3:2) of ZnO NPs against

selected strains and compared to the standard as shown in Table 5 and Figure 14. The 3:2 ZnO
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NPs had good inhibitory activity against both fungal strains. At 2:3 and 1:1 ZnO NPs at lower
concentrations (15 mg/mL) did not have any activity since all the inhibition zones had less than 6
mm which is the same value that was the diameter of the disc.

The more plant leaf and low salt precursor nanoparticles designated as 3:2 ratio ZnO NPs were
shows very good inhibitory zone with (14.83 + 0.46, 13, and 10.66 = 0.76 mm) against C. albicans
at 25, 20, and 15mg/mL concentration and (16.16 + 0.28, 14.83 + 0.28, and 13.16 = 0.28 mm)
against A. niger with the same concentration which is the promising result which is comparable to
standard Ketoconazole 20 for C. albicans and 19 for A. niger. In the same manner, the 1:1 ZnO
NPs showed good inhibitory effects against selected fungal strains with an inhibition zone of (9.5
+0.43, 6.66 + 0.20, and 0 mm) against C. albicans and (13.33 £ 0.28, 11.16 + 0.28, and 9 mm) for
A. niger at a concentration of 25, 20, and 15 mg/mL respectively.

The 2:3 ZnO NPs were shows intermediate inhibitory effects against selected fungal strains with
an inhibition zone of (12.5 £ 0.5, 8.7 + 0.65, and 5.1 £ 0.55 mm) against C. albicans and (11.2 +
0.72, 7.3 + 1.08, and 1.88 £ 3.17 mm) for A. niger at a concentration of 25, 20, and 15 mg/mL
respectively.

The antifungal activities of the synthesized 3:2 ZnO NPs mostly target specific components of the
fungal plasma membrane or its synthesis machinery or cell wall components of fungal cells are
reasonably successful in combating fungal infections. The synergy among different
phytochemicals especially in Coriandrum sativum leaves is being also projected on its effect
against selected fungal strains.
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Table 5. Zone of inhibition of synthesized ZnO NPs on the selected fungal strains

Zn0O NPs
Conc. (mg/mL)

Candida albicans

Zone of inhibition in millimeter(mm)

Aspergillus niger

Mean £SD Ketoconazole Mean £+SD  Ketoconazole
(positive control) (positive control)

3:2ZnONPs 25 14.83 + 0.46 16.16 + 0.28

20 13 20 14.83+£0.28 19.5

15 10.66 + 0.76 13.16 + 0.28
2:3ZnONPs 25 125+0.5 11.2+0.72

20 8.7 £0.65 18.5 7.3+1.08 19

15 5.1+0.55 1.88 £3.17
1:1ZnONPs 25 95+0.43 13.33+0.28

20 6.66 +0.20 15 11.16 £0.28 16

15 0 9

Figure 14 Antifungal activity of Synthesized ZnO NPs against selected fungal strains BK-11, BK-
23, BK-32, AN, and C.A represents ZnO NPs 1:1, 2:3, and 3:2 ratios, Aspergillus niger and

Candida albicans respectively.
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4.3.3. Antioxidant activities of ZnO NPs

The antioxidant activity of the green synthesized ZnO NPs was measured by DPPH assay. An
imbalance between antioxidants and ROS leads to oxidative stress and results in cellular damage.
An important application of the NPs is their use as antioxidants and free radical scavenging
(Elswaifi et al., 2012) to protect cells against the damaging effects of ROS. The Radical
Scavenging Activity (RSA) of the three different ratios of ZnO NPs biosynthesized using
Coriandrum sativum leaf and hexahydrate zinc nitrate precursor was examined in DPPH Assay
using the percent of radicals scavenging assays shown in Table 6. Scavenging assay of the stable
DPPH is widely used to study the radical scavenging property of materials. DPPH scavenging

assay is the most popular method of studying antioxidant activity.

From Table 6 and Figure 15 the three ratios of ZnO NPs and the positive control ascorbic acid the
concentration increases from 50 to 800 pg /mL the absorbance decreases. For the 1:1 ZnO NPs
ratio, the concentration is at 50. 100, 200, 400, and 800 pg /mL the absorbance result was 1.069,
1.03, 1.016, 0.96, and 0.507 respectively. For the 2:3 ZnO NPs ratio, the concentration is at 50.
100, 200, 400, and 800 pg /mL the absorbance result was 1.013, 0.96, 0.891, 0.856, and 0.673
respectively. For the 3:2 ZnO NPs ratio, the concentration is at 50. 100, 200, 400, and 800 pg /mL
the absorbance result was 0.884, 0.873, 0.837, 0.81, and 0.751 respectively, and although for the
positive control ascorbic acid the concentration at 50. 100, 200, 400, and 800 pg /mL the
absorbance result was 0.135, 0.121, 0.073, 0.037, and 0.024 respectively.
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Table 6 The percent radical scavenging activity value from the DPPH assay of ZnO NPs ratios and ascorbic acid.

CONTROL RATIOS POSITIVE CONTROL
CONC

DPPH 1:1 ZnO NPs 2:3Zn0O NPs 3:2 ZnO NPs Ascorbic Acid

Abs Abs %RSA Abs %RSA Abs %RSA Abs %RSA

1.099 0.507 53.867 0.673 38.762 0.751 31.665 0.024 97.816
800 1.099 0.96 12.648 0.856 22.111 0.81 26.297 0.037 96.633
400 1.099 1.016 7.552 0.891 18.926 0.837 23.840 0.073 93.358
200 1.099 1.03 6.278 0.96 12.648 0.873 20.564 0.121 88.99
100 1.099 1.069 2.73 1.013 7.825 0.884 19.563 0.135 87.72
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Figure 15 In the DPPH assay of ZnO NPs ratios and ascorbic acid concentration versus

absorbance graph.
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Figure 16 DPPH assay of the synthesized ZnO NPs antioxidant activity at 50, 100, 200, 400, and

800 pg /mL concentration.
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From Table 6 the result of three ratios of ZnO NPs and one positive control ascorbic acid shows
at the lower the absorbance value the higher the antioxidant activity of the percent radical
scavenging activity (% RSA). The concentration of the sample increases the percent of inhibition
of radical scavenging activity was also increases shown in Figure 16 and Table 6. From Table 6,
the green synthesized ZnO NPs ratios and ascorbic acid as the concentration increase from 50 to
800 pg /mL, the % RSA also increases. Result for 1:1 ZnO NPs ratio at concentrations 50, 100,
200, 400, and 800 ng /mL the percent inhibition of radical scavenging activity was 2.73, 6.278,
7.552,12.648, and 53.867 respectively. For 2:3 ZnO NPs ratio at concentration 50, 100, 200, 400,
and 800 pg /mL the percent inhibition of radical scavenging activity was 7.825, 12.648, 18.926,
22.111, and, 38.762 respectively although for 3:2 ZnO NPs ratio at concentration 50, 100, 200,
400, and 800 pg /mL the percent inhibition of radical scavenging activity was 19.563, 20.563,
23.840, 26.297, and 31.665 respectively and for ascorbic acid at concentration 50, 100, 200, 400,
and 800 pg /mL the percent inhibition of radical scavenging activity was 87.72, 88.99, 93.358,
96.633, and 97.816 respectively.

The value of the 1:1 ratio of ZnO NPs at 800 pug/mL concentration showed nearly good efficacy
as compared to the standard ascorbic acid. The 3:2 ratio of ZnO NPs was at all the concentrations
it showed antioxidant activity but compared with the positive control ascorbic acid its activity was

lower.
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusions

In this study, hexahydrate zinc nitrate was used as a precursor and Coriandrum sativum leaf extract
as a capping and stabilizing agent to create ZnO nanoparticles. Thermal stability of biosynthesized
ZnO NPs was demonstrated by TGA study over 466 °C. XRD and FTIR were used to determine
the size, crystallinity, and functional group of the nanoparticles. The creation of pure Wurtzite
structure in ZnO NPs was shown by the XRD pattern. The 3:2 ratio ZnO NPs which were capped
and stabilized leaf extract were found to be lesser in size. The SEM images confirmed the
formation of hexagonal particles and UV-vis absorption peak at wave length 319.84 nm and the
band gap energy of 3.17 eV confirmed the formation of ZnO NPs. Moreover, the Coriandrum
sativum leaf extract stabilized ZnO NPs exhibited considerable antimicrobial activity against
pathogenic bacteria and fungi which is comparable with that of standard antibiotics. Based on these
results | conclude that the synthesized ZnO NPs with a 3:2 ratio showed significant antimicrobial
activities than the other ratios because it has a smaller size than the other ratios. Gram-positive
bacteria have more sensitive to ZnO NPs than gram-negative bacteria. Compared with Gram-
positive bacteria, Gram-negative bacteria are most resistant to ZnO NPs. The DPPH assay of the
synthesized ZnO NPs indicated ZnO NPs have antioxidant activity.

5.2. Recommendation

ZnO nanoparticle synthesis through green methods by using Coriandrum sativum leaf is one of
the emerging research areas with huge future prospective. Thus, further studies may be required
for the synthesis of zinc oxide nanoparticles characterized using different instruments TEM
(transmission electron microscopy), HRTEM (high-resolution transmission electron microscopy),
SEM-EDS (scanning electron microscopy-Energy dispersive spectroscopy), and applications such
as in the field of photocatalytic activity in the removal of heavy metals, and dye, electrochemical,
and biomedical applications.
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