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ABSTRACT

The economic burden and high mortality associated with multi-drug resistance in
Escherichia coli and Staphylococcus aureus is a major public health concern. This study
investigated nanomaterials as antimicrobial agents. Copper (Cu) nanoparticles exhibit
better antimicrobial efficacy than copper in bulk form. Cu nanoparticles can offer a solution
to antibiotic resistance. Senna didymobotrya roots contain phytochemicals capable of
synthesizing Cu nanoparticles. The aim of this study was to synthesize Cu nanoparticles
using S. didymobotrya plant root extract and test their efficacy against E. coli and S. aureus.
The specific objectives were to: perform extraction, qualitative and quantitative
phytochemical screening; synthesis and characterization of Cu nanoparticles; and
evaluation of the antimicrobial efficacy of Cu nanoparticles. All the experiments were
performed at the Chemistry laboratory in Moi University, Kenya. Extraction was done by
soxhlet method. Phytochemical screening was done. Total flavonoid content and total
phenolic content was determined. GC-MS analysis was performed to identify compounds
in S. didymobotrya root extracts. Cu-nanoparticles were synthesized by adding 10 mL of S.
didymobotrya root extracts to 90 mL of 0.0125-0.05 M aqueous CuSO4.5H,0 solution at
varying temp of 40-80 °C and pH of 3-10. Box Behnken design was used to obtain optimal
synthesis conditions as determined using Nanotrac particle analyzer. Characterization was
done using UV-Vis, Particle size analyzer, X-ray diffraction, Zeta potentiometer, GC-MS
and FT-IR. Antibacterial tests were conducted using Kirby-Bauer disk diffusion
susceptibility test involving 30 pL solution of Cu nanoparticles. Amoxicillin clavulanate
was positive control and dimethyl sulfoxide was negative control. Extraction yield of Senna
root methanol extract was 9.94 %. Phytochemical screening showed positive for phenols,
tannins, saponins, gladiac glycosides, anthraquinones, alkaloids, and flavonoids; and
negative for steroids and terpenoids. Total Flavonoid Content was 48.3 £1.5 mgQE/g dry
weight while Total Phenolic Content was 34.5 + 0.1 mg GAE/g dry weight. The major
compounds identified by GC-MS in reference to NIST library were; Benzoic acid, Thymol,
N-Benzyl-2-phenethylamine, Vanillin, Phenyl acetic acid, and Benzothiazole. UV-Vis
spectrum showed characteristic peak at 571 nm indicating the formation of Cu-
nanoparticles. The optimum synthesis conditions were temperature of 80 °C, pH 3.0 and
Cu ion concentration of 0.0125 M. FT-IR spectrum showed absorptions in the range 3500-
3100 cm™ (N-H stretch), 3400-2400 cm™ (O-H stretch), 988-830 cm™ (C-H bend), peak at
1612 cm™ (C=C stretch), and 1271 cm? (C-O bend). Cu- nanoparticles sizes ranged
between 5.55 and 63.60 nm. The zeta potential value was -69.4 mV indicating that they
were stable. The nanoparticles exhibited significant antimicrobial activity on E. coli and S.
aureus with Zone of Inhibition 26 + 0.58 mm and 30 + 0.58 mm compared to amoxicillin
clavulanate (standard) with 20 + 0.58 mm and 28 + 0.58 mm, respectively. In conclusion,
Senna has high amounts of flavonoids and phenols; the biosynthesized Cu nanoparticles are
stable and displayed better antimicrobial activity against E. coli and S. aureus compared to
amoxicillin clavulanate (standard). The study recommends the testing of biosynthesized Cu
nanoparticles against other potential multi-drug resistant microbes to enable their
development into antimicrobial agents.
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CHAPTER 1: INTRODUCTION

1.1 Background of the Study

Nanotechnology is of profound interest to scientists due to its extensive application in
pharmaceutical products, electronics, biotechnology and medicine (Poinern et al., 2015;
Nair et al., 2010). Nanoparticles (NPs) are solid particles with size approximately
extending from 1 nm to 100nm in length in at least one dimension (Padma et al., 2018).
Metallic nanoparticles have good stability compared to organic nanostructures, which still
encounter unsolved problems, such as their low chemical and mechanic stability and
agglomeration (Patra et al., 2018).

Biosynthesis of metal nanoparticles involves using bacteria, algae, fungi plant and plant
products and is often referred to as green-synthesis. This approach is considered to be a
bottom up method, where the reduction or oxidation is the main reaction that occurs during
the fabrication of nanoparticles (Caroling et al., 2015). In this method, the phytochemicals
composed in plant parts or microorganism itself act as reductant and capping agents for
synthesizing metal nanoparticles (Umer et al., 2014; Honary et al., 2014; Bashir et al.,
2011and Arya, 2010). Biosynthesized inorganic nanoparticle is preferred in applications in
various fields, including chemistry because it is an eco-friendly approach. Currently,
application of phytochemicals to synthesize nanoparticles is being explored. Green-
synthesis of nanoparticles allow for a nanomaterial to be synthesized in a way that is
environmentally friendly and can be utilized by human without side-effects. This synthesis
approach minimizes toxic chemicals that pose risks to the environment (Adewale et al,

2020).



Nanoparticles application in the field of biotechnology is growing very fast. This is because
of various reasons including: nanoparticles are in the same size scale as organic molecules
hence can interact easily with them and allow the control and participate in biotic
processes; they have high specific surface area and for this reason accommodation of a high
concentration of drugs or required molecules in them is possible. Nanotechnology has laid
a base for the discovery of new drugs and diagnosis tools (Patra et al, 2018).

Inorganic nanoparticles synthesized using biological methods can offer solutions to
emergence of multi-drug resistance microbes. This can act as substitute to the traditional
organic agents that have limited application due to high rate of decomposition and low heat
resistance. The physical and chemical properties are unique, high surface-to-volume ratio,
less cost of fabrication, and low toxicity to the environment makes CuNPs desirable as an
outstanding gas sensors, dye absorbents, photo-catalysts, antioxidant, antimalarial,
antimicrobial and antitumor proxy in comparison to nanoparticles prepared from zinc, gold,
silver and iron compounds (Al-Hakkani, 2020; Williams et al, 2006;Sathiyavimal et al,

2018).

Senna didymobotrya belongs to the genus Senna and family Fabaceae. It is a hairy,
aromatic shrub 5-9 m high. The plant flowers in each inflorescence are arranged
sequentially in raceme of bright yellow petals. The fruit is a flat brown legume pod.
Different ethnic communities in Kenya have various names for species didymobotrya, for
example in Meru, it is called Murao/Kirao (Gakuubi et al, 2012), Nandi and Kipsigis
communities call it Senetwet (Jeruto et al, 2008), Owinu/Obino in Luo, and Ithaa/Muthaa
in Kamba (Wagate et al, 2012). The plant is used to stimulate lactation and to induce

uterine contraction and abortion, for treatment of bacterial and fungal infections,



haemorrhoides, sickle-cell anaemia, hypertension, a variety of diseases affective to women

such as fibroids and backache, inflammation of fallopian tubes (Nyamwamu et al, 2015).

Preceding authors reported that aqueous and organic extracts and fractions of different parts
(leaves, flowers, twigs, roots, stem bark, immature pods and root bark) of S. didymobotrya
elicited antipyretic activity (Mworia et al, 2019), hypolipidemic activity (Ochieng’ et al,
2013), antimicrobial activity against bacteria (such as Escherichia coli, Bacillus cereus,
Bacillus subtilis, Enterobacter aerogenes, Lactobacillus acidophilus, Klebsiella
pneumoniae, Proteus vulgaris, Ralstonia solanacearum, Salmonella typhi, Serratia
liquefaciens and Streptococcus mitis) (Anthoney et al, 2014; Mutuku et al, 2015; Hussein et
al, 2019; Mining et al, 2014) and fungi (such as Aspergillus niger, Candida albicans,
Candida glabrata, Candida krusei, Candida parapsilosis, Candida tropicalis, Candida
duabus haemulonii, Candida haemulonii, Candida auris, Candida famata, Candida
orientaris, Cryptococcus neoformans, Trichophyton mentagrophyte and Microsporum
gypseum) (Jeruto et al, 2015; Korir et al, 2012; Ocharo, 2005; Orwa and Njue, 2019;
Igunza et al, 2019). It has been reported that the plant has Insecticidal activity against
Acanthoscelides obtectus and fleas, anthelmintic and anti-amoebic activities as well as

toxicity of the extracts (McGaw et al, 2000; Nyamwamu et al., 2015; Maina et al, 2018).

Classical phytochemical screening of various extracts of S. didymobotrya has indicated that
anthraquinones, terpenes, saponins, napthoquinones, tannins, steroids, alkaloids,
flavonoids, phenols and terpenoids are the major secondary therapeutic secondary
metabolites (Nyamwamu et al., 2015; Alemayehu et al., 2015; Maema et al., 2020).
Compounds such as 2, 6, 4’- trihydroxy-trans-stilbene (a stilbenoid derivative) and 4-(2’-

oxymethylene-4’-hydroxyphenyl) chrysophanol (a phenyl anthraquinone) were isolated and



characterized for the first time from chloroform/methanol extract of S. didymobotrya roots
(Alemayehu et al., 2015). Mining et al. (2014) performed chromatographic separation of
the hexane and dichloromethane extracts of S. didymobotrya roots and identified terpenoids
(3p-sitosterol and stigmasterol) and anthraquinones (chrysophanol and physcion) (Mining
et al., 2014). Recently, Mworia et al., (2019) reported alpha pinene and terpinolene in

dichloromethane extract of S. didymobotrya leaves as the main antipyretic compounds.

Reports on pharmacological activities and toxicity of different extracts of S. didymobotrya
parts exist, however, there was no scientific data on use of S. didymobotrya to the synthesis
of CuNPs and antimicrobial activity of nanoparticles synthesized from this plant. The
current study therefore investigated, for the first time, the synthesis of CuNPs using roots
extracts and their antimicrobial efficacy against E. coli and S. aureus. Synthesis of
nanoparticles of smaller, stable and uniform size distribution, crystalline structure requires
control of experimental conditions (Maema et al., 2020; Biswas et al., 2017), and for that
reason synthesis conditions (concentration of copper ions, temperature and pH) for the

CuNPs were optimized.

1.2 Statement of the Problem

The economic burden and high mortality associated with multi-drug resistance in
Escherichia coli and Staphylococcus aureus is a major public health concern. High levels
of antimicrobial resistance to commonly used antibiotics have been reported, for instance
Ampaire et al., (2016) found resistance among Gram-negative infections to cotrimoxazole
and ampicillin infections in the range of 50%-100%, gentamicin (20% — 47%) and
ceftriaxone (46% — 69%) with Klebsiella species and Escherichia coli exhibiting relatively

high resistance (Tuem et al., 2018; Tadesse et al., 2012). Gram-positive infections report



shows wide resistance to ampicillin (100%), gentamicin and ceftriaxone (50% — 100%),
with methicillin-resistant Staphylococcus aureus prevalence ranging from 2.6% — 4.0%.
The resistance to antibiotics complicates treatment of diseases caused by these
microorganisms, increasing the cost of treatment, and in addition limits the therapeutic
options as some of the most effective drugs lose their efficiency (Dromigny et al., 2005).
The increase in prevalence of multiple drug resistance has slowed down the development of
new synthetic antimicrobial drugs, and has necessitated the search for new antimicrobials

from alternative sources (Barak et al., 2016).

Nanotechnology has laid a base for the discovery of new drugs and diagnosis tools (Deepak
et al., 2020). Wet chemical reduction methods in nanoparticle synthesis in most cases
utilize organic solvents and reducing agents such as hydrazine, dimethyl formamide,
sodium borohydride, potassium bitartrate, formaldehyde, hydroxylamine hydrochloride or
sodium hypophosphite, among others which are toxic to living organisms and
environmentally hazardous (Hsiao et al., 2006). Biosynthesis of nanoparticles allow for a
nanomaterial to be synthesized in a way that is environmental friendly and can be utilized
by human without side-effects. This synthesis approach eliminates toxic chemicals that
pose risks to the environment. Therefore, this study investigated antimicrobial efficacy
activity of copper nanoparticles synthesized from Senna didymobotrya root extracts on E.

coli and S. aureus.

1.3 Justification of the study
Human health is of great significance and with the current prevalence of multidrug
resistance in E. coli and S. aureus, the cost of treatment of treatment of diseases caused by

these bacteria is high. This necessitate the search for better antibiotics with unique



bactericidal mechanism to help control cases of drug resistance. Copper nanoparticles
inactivate cell surface protein necessary for transport of materials across cell membranes,
thus affecting membranes integrity and membrane lipids (Espirito et al., 2008). Copper ions
inside bacterial cells also disrupt biochemical process (Shobba et al., 2014). This
antimicrobial mechanism of copper nanoparticles is promising approach to help deal with

resistant E. coli and S. aureus thus the need for their investigation.

Biosynthesized copper nanoparticles using plant extracts is preferable since it can solve the
problem of the high toxicity of chemical synthesized copper nanoparticles, offer low cost
since plants are available in the environment, allow eco-friendly methods of metal
nanoparticle synthesis (Abd-Elkarem et al., 2016). Since Senna didymobotrya root extracts
contain compounds such as of steroids, terpenoids, anthraquinones, tannins, saponins,
glycosides, flavonoids, alkaloids and phenols (Nyamwamu et al., 2015), root extracts from
this plant was used to synthesize effectively copper nanoparticles to solve the problem of

resistance of E. coli and S. aureus to antibiotics.

1.4 Significance of the study

The results from this research may trigger the processing of new antimicrobial drugs or
lead compounds to be developed into new antimicrobial drugs. The results may be a step in
dealing with ever increasing number of microbes developing resistance to present

antimicrobial drugs.

The findings will direct future formulation of herbal concoctions that are scientifically
validated not only at home but also for commercial production hence increasing the base of

antimicrobial drugs.



The findings in the study could provide an insight into the biosynthesis of nanoparticles
that are cheap, stable, uniform morphology and eco-friendly hence eliminating

environmentally biohazard chemicals from chemical synthesis of copper nanoparticles.

The results from this research may support applications of copper nanoparticles in waste
water treatment, coating of hospital equipment, in cosmetics as preservatives eliminating
health hazard chemicals, and in food industry as low cost biosensors that detect pathogens

and monitor different stages of contaminant.

1.5 Objectives of the study

1.5.1 Main objective
To synthesize copper nanoparticles using Senna didymobotrya plant root extracts and to

test their efficacy against Escherichia coli and Staphylococcus aureus.

1.5.2 Specific objectives:

The specific objectives were to:

1. Perform qualitative and quantitative phytochemical evaluation of Senna
didymobotrya root extracts

2. Synthesize copper nanoparticles using Senna didymobotrya root extracts

3. Characterize Copper nanoparticles

4. Evaluate antimicrobial efficacy of the copper nanoparticles against E. coli and S.

aureus.

1.6 Hypothesis
Ho: Senna didymobotrya root extracts do not possess phytochemicals at statistically

significant quantities



Ho: Senna didymobotrya root extracts will not effectively synthesize copper nanoparticles

with optimum characteristics

Ho: Characterization will not confirm presence of copper nanoparticles

Ho: Copper nanoparticles will not show statistically significant antimicrobial efficacy

against E. coli and S. aureus.



CHAPTER 2: LITERATURE REVIEW

2.1 Senna didymobotrya

Senna didymobotrya is a prospective plant of therapeutic advantages which are explored
well worldwide by traditional practitioners (Nagappan, 2012). Kenyan communities such as
the Kipsigis use this plant to manage malaria as well as diarrhoea (Korir et al., 2012), the
Pokot peel the bark, dry the stem and burn it into charcoal for milk preservation (Tabuti,
2007). Njoroge and Bussmann, (2007) as well reported its use in treatment of skin ailment
of humans and livestock infections. The concoction from the plant has been used in
removal of ticks from livestock (Njoroge and Bussmann, 2006).

In Rwanda, Congo, Burundi, Kenya, Tanzania, and Uganda decoction of this plant root has
been used for the management of malaria, ringworm, jaundice and intestinal worm
(Nagappan, 2012). The plant is also useful for the treatment of fungal, bacterial infections,
hypertension, haemorrhoids, sickle cell anaemia, a range of women’s diseases such as
inflammation of fallopian tubes, fibroids and backache, to stimulate lactation and to induce
uterine contraction and abortion (Tabuti, 2007). Korir et al., (2012) reported antibacterial
activities of hexane extract against Microsporum gypsum.

According to Reddy et al., (2010), presence of phenols, flavonoids and carotenoids in the
ethyl acetate extract of leaves are responsible for antibacterial activities. Root decoction
made from the plant is used as an antidote for poisoning, to oust a retained placenta, and to
control East Coast fever and blackleg in cattle (Njoroge and Bussmann, 2007).

Nyamwamu et al., (2015) reported the presence of steroids, terpenoids, anthraguinones,
tannins, saponins, glycosides, flavonoids, alkaloids and phenols from the root extracts of

Senna didymobotrya.
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Figure 1: Some compounds isolated from the root and the stem bark extracts of Senna

didymobotrya (Mining et al., 2014).

Jeruto et al., (2017) investigated the antimicrobial efficacy extracts from leaves, stem
bark, flowers, immature pods and root backs of Senna didymobotrya on E. coli and S.
aureus. The study revealed that root extracts showed best inhibition at lower concentration
of extract, followed by stem bark and limited inhibition by leaves, flowers and immature
pods. This could have due to higher concentrations of phytochemicals on the roots as
opposed to stem bark, leaves, flowers and immature pods. This informed the choice of

Senna roots for extraction of phytochemicals to be used in the synthesis of Cu NPs.
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2. 1. 1 Phytochemical Evaluation

Herbal medicines contain active ingredients that are present in complex mixtures
formulated as crude fractions of plants or combination of plants. Herbal drugs are widely
accepted as an alternative treatment for primary health care requirements in both
developing and developed populations. However, herbal medicines have a range of
limitations including lack of evidence of safety, efficacy, standardization, varying
production practices and absence of regulatory standards and implementation protocols
(Chawla et al., 2013). The quality issue of herbal drugs can be ensured by conducting some
important tests such as; micro and macroscopic investigation, moisture content, exclusion
of foreign organic matter, extractive values, ash value, qualitative and quantitative chemical
tests, chromatographic characterization, toxicological test, phytochemical evaluation, and
microbial tests (Chawla et al., 2013; Sahil et al., 2011; Yadav et al., 2011).

Quality control of the medicinal plants starts right at the source of the plant material. The
composition of phytochemical of a plant and the medicinal value can vary due to several
factors including a number of environmental factors such as geographical location,
temperature and rainfall, soil quality, taxonomy, the time of collection, method of
collection, cultivation, harvesting, storage and drying conditions, preparation and
processing methods can also affect composition. Contamination by chemical agents such as
pesticides, heavy metals and microbes as well as by insects and animals during any of these
stages can also contribute to poor quality of the end products (Sahil et al., 2011).

The first step in phytochemical evaluation is the extraction of desired phyto-constituents,
followed by phytochemical screening, isolation and characterization. The preliminary steps
include pre-washing with running water, drying the plant sample at room temperature under

shade, and grinding to obtain homogenous powder sample. Solvents of varying polarities at
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different conditions such as time and temperature are utilized during extraction of
phytochemicals. The extraction process should be carried out within specific guidelines
such that potential active biomolecules are not lost or distorted. The solvent system for
extraction depends on the nature of the bioactive compound of interest. The extraction of
polar compounds requires use of solvents such as diethyl-ether, methanol, ethanol among
polar solvents. VVarious methods for extraction are available, including soxhlet extraction,
sonication, microwave-assisted extraction, maceration, among others (United States
Pharmacopeia and National Fourmulary, 2002). Phytochemical screening assay is a simple,
fast and relatively low cost and is carried out to determine the class of phytochemicals in
the extract. The screening is conducted on the extract as per the standard method (United

States Pharmacopeia and National Fourmulary, 2002).

2.1.2 Isolation and Characterization

Crude extract always contains complex mixture containing various types of natural
products with different polarities. Further separation and purification is needed to obtain
pure bioactive compounds (Rasul, 2018). The separation and purification of plant
metabolites can be achieved by one, or a combination, of various separation techniques
available. These include thin layer chromatography (TLC), column chromatography, gas
chromatography (GC), liquid chromatography (LC) and electrophoresis. The choice of
technique depends largely on phytochemical compounds properties such as solubility and
volatility, the stage of purity of the extract and the final use of the isolated compound (Liu
et al., 2019). In identifying plant metabolites, it is necessary to determine first the class of

compounds and then to find out which particular compounds constituting that class. The
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class of phytochemical can be determined by colour tests, its solubility and Retention factor

(Rs) properties and UV-Vis spectra.

Previous studies have isolated Anthraquinones such as chrysophanol, physcion, emodin,
tarosachrysone, aloe-emodin, fallacinol, rhein and parientinic acid; Flavonoids such as
quercetin, ombuin, apigenin, kaemferol, A pigenin-5,7,4-trimethyl ether; flavonoid
glycosides such as isoguercitrin and kaempferol-3-rhamnoside from Senna (Mahadevan et
al., 2002; Alemayehu et al., 1989). In the past, researchers have used only one solvent in
the S. didymobotrya extraction for example methanol (Jeruto et al., 2017); solvent ratios
using methanol : water 9 : 1 (Thangiah et al., 2013), Dichloromethane: methanol 1 : 1
(Alemayehu et al., 2015); sequential extraction wusing hexane, ethylacetate,
dichloromethane, and methanol (Nyamwamu et al., 2015; Mining et al., 2014). Research
on total phenolic and flavonoid content of Senna didymobotrya plant roots is not available

in the publications searched.

2.1.3 Gas Chromatography — Mass Spectrometry

Gas chromatography separates compounds based on their volatilities. It provides both
qualitative and quantitative information for pure compounds. The advantages of GC are
high separation efficiency, good selectivity, high sensitivity, and stability (Liu et al., 2019).
Gas chromatography — mass spectrometry has been used for identification of hundreds of

compounds present in natural and biological systems.

2.2.0 Nanotechnology
European Union (EU) Commission Recommendation defines nanoparticle as manufactured
or incidental material comprising particles, in an unbound state or as an aggregate or as an

agglomerate and where, for 50 % or more of the particles in the number size distribution,
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one or more external dimensions is in the size range 1 nm-100 nm (European commission,
2011).

The properties of materials at the nanometer scale are strongly correlated to the size and
shape of the particular element or compound. Materials in their bulk form have
significantly different properties from those they have at the atomic scale. At this scale,
atoms, molecules, and assemblies of these atoms and molecules are dominated by quantum
effects. For example, the surface area greatly changes with relation to size as illustrated in

Figure 2 (Poinern, 2015).
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Figure 2: Relationship between the number of cubes from a 1-m cube and the surface area

produced (Poinern, 2015).
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2.3.0 Copper Nanoparticles

Synthesis of Copper nanoparticles (Cu NPs) has gained a lot of interest in scientific
research due to the excellent physical and chemical properties of Cu NPs such as high
electrical conductivity and chemical activity (Liu et al., 2012). Cu NPs are known to
perform better than silver and gold nanoparticles in applications such as catalysis and as
conductive pastes (Wu et al., 2004). Previous studies have reported that it’s hard to produce
pure copper nanoparticles, unless the synthesis is conducted under inert atmosphere (Khan
et al., 2016; Mott et al., 2007). Capping agents have been used to protect Cu NPs, these
capping agents decrease the surface energies of Cu NPs and hence minimise oxidation and
control growth of a crystal. Since these stabilizers are always in constant molecular motion,

they cannot completely prevent Cu NPs from oxidation (Kobayashi et al., 2009).

2.4.0 Methods of Synthesis

Copper nanoparticles have been synthesized by physical and chemical methods. Physical
methods such as thermal reduction (Betancourt et al., 2014), pulse laser ablation, photolytic
(Gondal et al., 2013). Chemical methods include: microemulsion techniques (Wang et al.,
2012), sonochemical reduction (Wonpisutpaisana et al., 2011), microwave method (Blosi et
al., 2011), electrochemical method (Tamilvanan, 2015). Physical methods experience low
production of nanoparticles and high energy consumption to maintain high temperature and
pressure utilized during synthesis process makes the process expensive. Chemical methods
are known to use noxious precursor chemicals, harmful synthesis by-products and toxic

solvents (Thakkar et al., 2010, Kavita et al., 2018).



16

2.4.1 Chemical reduction method

Wet chemical reduction methods in most cases utilize organic solvents and use reducing
agents such as hydrazine (Granata et al., 2016), dimethyl formamide, sodium borohydride
(Liu et al., 2012), potassium bitartrate, formaldehyde, hydroxylamine hydrochloride or
sodium hypophosphite, tripheneylphosphine (Aazam and El-Said, 2014), among others
which are toxic living organisms and environmentally hazardous. The method is complex
and utilizes very expensive reducing agents and capping agents such as cetyl trimethyl
ammonium bromide, sodium dodecyl sulphate, polyvinylpyrrolidone. These disadvantages
limit the use of nanoparticles synthesized using chemical reduction method in biological,

medicine and clinical applications (Awwad et al., 2014).

2.4.2 Biosynthesis method

Due to the limitations of the physical and chemical methods of Cu NPs synthesis, the
search for a safer method of nanoparticle synthesis has led to the development of biological
methods. Copper nanoparticles (Cu NPs) reduction process involve three key factors: the
solvent medium, the reducing agent and the capping agent as shown in Figure 3 (Gopi et
al., 2017) and proposed reduction of copper nanoparticle is given in scheme 1 (Din et al,
2017) and scheme 2 (Nasrollahzadeh et al., 2018). Infra-red spectroscopy data has shown
that the reducing agents involved in formation of nanoparticles comprise a range of plant
metabolites such as steroids, phenolic compounds, terpenoids, flavonoids, saponins,
alkaloids, tannins and other nutritional compounds and co-enzymes (Sheilesh et al., 2018;
Nasrollahzadeh et al., 2018). Previous studies indicate that polysaccharides, carboxylic

acids, proteins and lipids present in the plant cell membranes act as capping agents
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(Kolekar et al., 2015) and thus limit the use of non-biodegradable commercial surfactants,

which are difficult to remove after the synthesis of metal nanoparticles.
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Figure 3: General procedure for the nanoparticle synthesis (Gopi et al., 2017)

Scheme 1: Stabilization of copper nanoparticles by Santin (Din et al., 2017).



18

OH OH
J’_
T C 2+/\\ + Cu
R“\\ u \\\\\\
OH R" o}
S gt )
C H e +H
- ”
o}
+ Cu
\\\\\\
R" o

Scheme 2: Proposed Mechanism of Biosynthesis of Copper Nanoparticle (Nasrollahzadeh

etal., 2018).

Biosynthesis method is fast, for instance Aloe vera flower extract was used to prepare Cu
NPs of 40 nm size within thirty (30) minutes (Karimi et al., 2015). Datura leaf extract
synthesized CuNPs within 8 — 10 minutes (Makwana et al., 2014). The method also
synthesizes Cu NPs of smaller sizes as reported by Rozina et al., (2016), Vitis vinifera leaf
extracts biofabricated crystalline Cu NPs of average size ranged between 3 nm and 6 nm.
Makwana et al., (2014) reported synthesis of Cu NPs of size ranged between 15 nm and 20
nm using Datura metel leaf extract. Citrus medica Linn juice synthesized Cu NPs of 20 nm
has been reported (Rai et al., 2015). The green method also produce stable Cu NPs as
reported on Magnolia Kobus leaf extract bio-reduced Cu NPs which showed stability over

thirty (30) days (Lee et al., 2011).

2.5 Application of Copper Nanoparticles
Copper nanoparticles have received a wide range of applications as anti-fouling, biocidal,
gas sensor, wound dressing and solar cells (Jung et al., 2006) lubricators, catalysts

(Nasrollahzadeh et al., 2015; Han et al., 2006), dye degradation (Rajeswari et al., 2016)
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and as antimicrobial (Ashwini and Gayathri, 2018; Renganathan et al., 2014; Gopinath et
al., 2014; Kote et al., 2014; Bhaskar et al., 2014). However, the main challenge with the
copper nanoparticles include aggregation and oxidation, copper nanoparticles are very
reactive due to their surface-to-volume ratio and can easily interact with other particles

(Kanninen et al., 2008).

The release of ions by Cu Nps is considered the main link to its antimicrobial activity. The
activity is further improved by its nano size which corresponds to high surface area to
volume ratio, this allows them to interact easily with cellular membranes of microbes.
Copper nanoparticles’ antimicrobial activity is due to its tendency to alternate between its
cuprous — Cu*, and cupric — Cu?*, oxidation states differentiating Copper (Cu) from other
trace metals. The alternation from cuprous to cupric state results in the production of
hydroxyl radicals that subsequently bind with DNA molecules and lead to damage of the
helical structure by cross-linking within and between the nucleic acid strands and damage
essential proteins by binding to the sulfhydryl amino and carboxyl groups of amino acids.
This denatures the protein making the enzymes ineffective (Yoon et al., 2007). It
inactivates cell surface proteins necessary for transport of materials across cell membranes,
thus affecting membrane integrity and membrane lipids (Espirito et al., 2008). Copper ions
inside bacterial cells also disrupt biochemical processes. The exact mechanism behind is
not known and needs to be further studied. Based on all of these studies, the denaturing
effect of Cu ion on proteins and enzymes in microbes gives Cu its antimicrobial

characteristics (Shobha et al., 2014).
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2.6 Kinetics and Stability of biosynthesized Copper Nanoparticles

Synthesis of nanoparticles of smaller and uniformly distributed size, crystalline, and stable
require control of experimental conditions. Physical parameters such as time, temperature,
pH, concentration of copper ion salt determine the size, shape, dispersion, and stability of

Cu NPs (Biswas et al., 2017; Asemani et al., 2019).

2.6.1 Optimization of synthesis process

Optimization of an experimental process is always of prime significance, especially at a
point where an enormous accomplishment can be attained with a slightest improvement in
the response value. Previous studies have utilized computer software such as SAS, Design
Expert, Matlab, Monte Carlos and Minitab to achieve modern design of experiments,
regression analysis and optimization of various responses (Chakraborty and Biswas, 2016).
Minitab software is used widely as it is user friendly and easy to access compared to other
software mentioned. Topological and parametric optimizations are the two types of
optimization usually employed. Design of experiments (DOE) is utilised in exploitation of
different experimental designs, establishment of a relationship on the basis of polynomial
mathematics and representation of response within the scopes of the experiments to attain
the optimum level of process parameters for the formulations (Chakraborty and Biswas
2016). DOE allows using a minimum number of experiments, in which several
experimental parameters are varied systematically and simultaneously to obtain sufficient
information. Based on the obtained data, a mathematical model of the process under
investigation is generated. The model can be used to comprehend the impact of the
experimental parameters on the product and to generate the optimum for the process

(Mohammad, 2015).
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Response surface methodology has several advantages as opposed to one factor at a time
(OFAT), in that it can generate valuable data using minimum experiment runs, can estimate
the interactions of independent variables on the responses (Asemani et al., 2019).
Optimization studies of synthesis parameters could yield a more viable biosynthesis to be

applied in large scale production of nanoparticles.

2.7.0 Characterization technique

Determination of the size distribution and whether a material fulfils the recommended
definition of nanoparticle few considerations have to made. Determination of whether a
material consist of particles, characterize the constituent particles and the external
dimensions of the (constituent) particles and finally the median value of the particle size

distribution based on the external dimension (Linsinger et al., 2011).

Characterization techniques for measuring nanoparticles size and structural properties
include Transmission electron microscopy (TEM), Scanning electron microscopy (SEM),
Dynamic light scattering (DLS), X-ray diffraction (XRD), Nanoparticle tracking analysis
(NTA), SAXS, High resolution Transmission electron microscopy (HRTEM), ICP-MS,
UV-Vis, Nuclear magnetic resonance (NMR), and Elliptically polarized light scattering
(EPLS). Determination of shape, instruments such as TEM, HRTEM, Atomic force
microscopy (AFM), Elliptically polarized light scattering (EPLS), FMR, and 3D-
tomography; for crystal structure include XRD, Extended X-ray Absorption fine structure
(EXAFS), HRTEM, Scanning TEM (STEM). Size distribution can be characterized by
DLS, Differential centrifugal sedimentation (DCS), Small angle X-ray scattering (SAXS),

NTA, FMR, SEM, Particle tracking analysis (PTA), and superparamagnetic relaxometry.
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Analysis of Ligand binding nanoparticles can be determined using X-ray photoelectron
spectroscopy (XPS), FTIR, NMR, Secondary ion mass spectrometry (SIMS), Feromagnetic
resonance (FMR), Thermal gravimetric analysis (TGA), small angle neutron scattering
(SANS). Surface charge and stability of the nanomaterials can be investigated using Z-

potential, and Electrophoretic mobility (EPM).

2.7.1 Ultraviolet — Visible Spectrophotometry

Ultraviolet-Visible spectroscopy (UV-Vis) records the intensity of light reflected from a
sample and compares it to the intensity of light reflected from the reference material. UV-
Vis is an important tool in identifying, characterizing and investigate nanoparticles due to
the fact that nanoparticles have optical properties that are sensitive to size, shape,
concentration, agglomeration state and refractive index near the nanoparticle surface
(Mourdikoudis et al., 2018). Cooper, gold, and silver nanoparticle solutions exhibit
characteristic UV-Vis spectra due to the existence of a Surface Plasmon Resonance (LSPR)

signal in the visible part of the spectrum.

2.7.2 Fourier Transform Infrared Spectroscopy

Fourier-transformed infrared spectroscopy (FT-IR) measures absorption of infrared
radiation (4000 — 400 cm™) by a molecule with a covalent bond. It gives information on
surface composition and ligand binding of the nanoparticle. It reveals the nanoparticle
stabilizer interaction and confirmation of the stabilizer type. Previous studies have assigned
various vibration modes for most of the common groups present on the surface of
nanoparticles, they include; methyl C-H asymmetric and symmetric stretch appearing at
about 2970-2950 cm™ and 2880-2860 cm™ respectively; Methyl C-H asymmetric and

symmetric bend around 1470-1430 and 1380-1370 cm™ respectively; C=C alkenyl stretch
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around 1680-1620 cm™; aromatic C-H stretch around 3130-3070 cm™; O-H hydroxyl
group, H-bonded OH stretch about 3570-3200 cm™; C-O stretch, primary alcohol at
approximately 1050 cm™*; N-H aliphatic primary amine in the range of 3400-3380 cm; C-
N stretch around 1090-1020 cm™; carboxylate group band around 1610-1550 or 1420-1300

cm*; and organic phosphates (P=0 stretch) in the range of 1350-1250 cm™.

2.7.3 Particle size determination

Dynamic light scattering (DLS) measures size of nanoparticles in colloidal suspensions in
the nano and sub-micro meter ranges. Nanoparticles dispersed in a colloidal solution are in
continuous Brownian motion. DLS measures the light scattering as a function of time, this
combined with the Stokes-Einstein assumption are used to determine the nanoparticle
hydrodynamic diameter in solution. To avoid multiple scattering in DLS size measurement,
low concentration of nanoparticle is needed (Kato et al., 2012). Factors such as suspension
concentration, particle shape, colloidal stability and surface coating of Metal nanoparticles
influence the size value obtained by DLS measurements (Lim et al., 2013). The advantages
of DLS are that its easy, quick and precise operation for monomodal suspensions, it’s also
an ensemble technique, yielding a good statistical representation of each nanoparticle
sample. Its highly sensitive and reproducible for monodisperse, homogenous samples. The
limitation of DLS is that large particles scatter much more light and even a small number of
large particles can obscure the contribution from smaller particles. This leads to low

resolution for polydisperse, heterogeneous samples.

2.7.4 X — Ray Diffraction Spectroscopy
X-ray diffraction (XRD) provides the information on the crystallinity, the nature of the

phase, lattice parameters and size of crystalline grain of nanoparticles. Crystalline grain size
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can be estimated by using Scherrer’s equation using the broadening of the most intense
peak of a XRD measurement for the nanoparticle. The composition of particles can be
determined by comparing the position and the intensity of the peaks with the references
patterns available at the International Centre for Diffraction Data (ICDD) database. The
technique is not suitable for amorphous material and the peaks are too broad for particles
with size below 3 nm. X-ray absorption spectroscopy (XAS) can be used to analyse non-

crystalline nanoparticles (Mourdikoudis et al., 2018).

2.7.5 Zeta potential measurement

Measurement of zeta potential of nanoparticles gives information on stability of colloidal
dispersions. Particles with high positive or negative charges in the range of 20 to 30 mV
tend to repel each other hence reduce their agglomeration and thus stability. Highly charged
particles are associated to the pH values which are far from the ‘isoelectric point’ of a
solution. Isoelectric point of a solution is the pH value at which the zeta potential is zero.
Low zeta potential value of a colloidal nanoparticle dispersion causes the agglomeration of
the colloids. Generally, nanoparticles with zeta potential values ranging between 20 and 30

mV or higher, are said to be stable (Honary et al., 2012).

2.8.0 Antimicrobial resistance

Methicillin-resistant Staphylococcus aureus (MRSA) has been known to cause clinical
infections with minor skin conditions, such as boils, pustules, and folliculitis. It is also
associated to serious illness, such as pneumonia, osteomyelitis, bloodstream infections,
brain abscesses, sepsis, meningitis, bacteremia and endocarditis (Sievert et al., 2010; Tong

et al., 2015; Sergelidis et al., 2015).
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Bacteria are the predominantly multidrug-resistant organisms, they are resistant to one or
more classes of antibiotics (Tenney et al., 2017). High levels of antimicrobial resistance to
commonly used antibiotics have been reported, for instance cotrimoxazole and ampicillin
in the range 50%-100%, gentamicin 20% — 47% and ceftriaxone in the range 46% — 69%,
among Gram-negative infections. Much of the resistance was reported to be in Escherichia
coli and Klebsiella species. Gram-positive infections, however, extensive resistance was
reported to ampicillin (100%), gentamicin and ceftriaxone (50% — 100%), with methicillin-
resistant Staphylococcus aureus prevalence ranging from 2.6% — 4.0% (Ampaire et al.,
2016). Sergelidis et al., (2015) reported multidrug resistance (MDR) of MRSA, with 100%
against penicillin, 74% for tetracycline, 59.3% in case of clindamycin and 51.9% against
erythromycin. S aureus bacteraemia is linked to high morbidity and mortality (Bassetti et
al., 2011; de Kraker et al., 2011; Lambert et al., 2011). High cases of drug resistance have
been reported on gram negative extended-spectrum beta lactamase producing
enterobacteriaceae. These group of bacteria are known to have potential of causing serious

infections which are difficult to treat (Shaikh et al., 2015).

Escherichia coli resistance to modern antibiotics is a major problem to health care system
worldwide (Tuem et al., 2018). The resistance of antibiotics complicates treatment of
diseases caused by these microorganisms, increasing the cost of treatment, and in addition
limits the therapeutic options as some of the most effective drugs lose their efficiency
(Dromigny et al., 2005). Escherichia coli has become resistant to mostly used antibiotics

(Tadesse et al., 2012).



26

Escherichia coli resistance to antimicrobials in developing countries is reported to be one
of the major reasons why infectious diseases such as Urinary Tract Infections (UTI) cannot
be treated successfully (Erb et al., 2007). Researchers have observed the emergence and
spread of drug-resistant Escherichia coli that is causing Urinary Tract Infections (UTI)
hence limiting treatment options (Gangcuangco et al., 2015). In developing countries where
the capacity for resistance surveillance and access to health care are limited, resistance to
antibiotics is of particular concern considering that over-the-counter drug purchase is

rampant (Molton et al., 2013).

A study was conducted to determine the resistance rates of Escherichia coli isolated from
women with uncomplicated urinary tract infection in the Phillippines. The results in this
study showed that the resistance rates of the 179 Escherichia coli isolates were highest for
ampicillin (64.2%), trimethoprim—sulfamethoxazole (41.3%) and amoxicillin-clavulanic

acid (11.7%) (Gangcuangco et al., 2015).

The main mechanism of quinolone resistance in Escherichia coli includes alterations of the
molecular target of quinolone action, associated with mutations in the quinolone resistance-
determining region of gyrA and parC genes (Dominguez et al., 2002). Aminoglycoside
resistance in Escherichia coli is mainly due to the expression of aminoglycoside-modifying

enzymes.

2.9 Summary of main findings and gaps
Phytochemical screening of various extracts of Senna didymobotrya reveal presence of
terpenes, saponins, anthraquinones, tannins, steroids, alkaloids, flavonoids and phenols

(Nyamwamu et al., 2015; Alemayehu et al., 2015; Maema et al, 2020). These metabolites
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for instance, flavonoids and phenols are of high therapeutic values and require
quantification of their contents in this plant. Previous studies on Senna didymobotrya have

not determined total phenolic and flavonoid content, a gap that the current study fills.

Previous studies have isolated and characterized compounds such as 2, 6, 4’- trihydroxy-
trans-stilbene and 4-(2’-oxymethylene-4’-hydroxyphenyl) chrysophanol (Alemayehu et al., 2015),
there is also limited information on the volatile compounds of Senna didymobotrya roots.
The current study provides a comprehensive information on the volatile compounds of

Senna roots by analysis using Gas Chromatography-Mass spectrometry.

Biosynthesis of Copper nanoparticles have utilized different plant extracts (Karimi et al.,
2015; Makwana et al., 2014; Rozina et al., 2016; Lee et al., 2011) with results ease of
synthesis, size and stability of the nanoparticles varying depending on the plant used. This
means that phytochemical composition of plant extract influence synthesis of copper
nanoparticles. Senna didymobotrya has been shown to contain biomolecules capable of
synthesizing Cu-NPs though its extract has not been used in the past in the synthesis of Cu

NPs. The current study fills the gap.

Previous studies have revealed that to synthesize nanoparticles of least mean size, uniform
morphology and high stability require control of experimental conditions such as
temperature, pH and concentration of salt (Honary et al., 2012; Dang et al., 2011). The

study addresses this by optimizing the synthesis process.

High levels of antimicrobial resistance to commonly used antibiotics has been reported on
S. aureus (Ampare et al., 2016) and E. coli (Tenney et al., 2017; Shaikh et al., 2015) which

IS a major problem to healthcare system worldwide. In the past the researchers have
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addressed the problem by testing the antimicrobial efficacy of biosynthesized Cu NPs on
these bacteria. The results of efficacy have been varying indicating that the phyto-
constituents of the plant extract of the plant influence properties of the synthesized NPs
which in turn influence its bioassay (Honary et al., 2012). Antimicrobial efficacy of Senna

extract biosynthesized Cu NPs has not been reported. The current study fills this gap.
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CHAPTER 3: MATERIALS AND METHODS

3.0 Introduction
This chapter presents the materials and methods used for extraction, phytochemical
evaluation, optimization of biosynthesis of copper nanoparticles, characterization and

bioassays that were followed to achieve the study objectives.

Objective 1: To perform extraction, Collect and wash, dry, grind, soxhlet
qualitative and quantitative phytochemical === qyiraction, concentrate, calculate extractive
evaluation yield

& Semi-Solid Senna roots extracts
Objective 2: To synthesize copper e Phytochemical screening
nanoparticles using Senna didymobotrya and e Total flavonoid and phenolic content
characterize e GC-MS Analysis

e Biosynthesize copper naoparticle and
different optimazation conditions

R Centrifuge at 12,000 rpm
Optimize: temperature, pH and Copper salt Freeze dry

concentration on Copper nanoparticle properties ¢

v

Objective3: To Characterize copper nanoparticles =P

:

Objective 4: To evaluate antimicrobial efficacy of

Characterize using UV-Vis, FTIR,
Particle sizer, XRD, Zeta potentiometer

S > : e Prepare cultures of E coli and S. aureus
the copper nanoparticles against E.coli and S. « Prepare media plates and inoculate
Sl e Add disks impregnated with test drugs

* and controls
Test CuNPs prepared at different temperature, e Incubate for 18 hours
pH and Copper salt concentration on ZOlI e Measure zone of Inhibition

Figure 4: Methodological process relating to research objectives.
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3.1 Materials and Equipment

3.1.1 Chemicals and Reagents

Folin Ciocalteu’s Phenol reagent, Copper (I1) sulphate pentahydrate, acetic acid, Mayer and
Wagners reagent, Iron (I11) chloride, Hydrochloric acid, dimethyl sulfoxide (DMSO),
Chloroform, Sulphuric acid, benzene, Magnesium ribbon, sodium carbonate, ammonia
solution, gallic acid, quercitin, and methanol were purchased from Merck Ltd, USA. All the
chemicals and reagents were of analytical grade and were used without further purification.
Reagents used for standard preparations are quercetin and gallic acid were purchased from
Sigma-Aldrich. Escherichia coli (ATCC Strain 25922), Staphylococcus aureus (ATCC
Strain 25923), Kirby-Bauer disks, Amoxicillin clavulanate and 0.5 McFarland Standard

were obtained from Cypress diagnostics, Belgium.

3.1.2 Equipment

Sohxlet assembly, Rotary Evaporator (R-200, Buchi Larbortechnik), Analytical Balance
CITIZEN scale CX-220 (CITIZEN Private Ltd), 20~325 Mesh Grinder Vertical hammer
mill pulverizer, Beckman Coulter DU 720 UV-Visible spectrophotometer (700 series
(6584) R), Calibrated micropipettes used to accurate measurement and transfer, pH tester
HI98107 (HANNA Instruments), Hotplate/Stirrer (Daigger), Ohaus PA213 Pioneer
Analytical Balance (Capacity 210g, Readability 0.001g), Centrifuge (Model Microspin
24S, Sorvall Instruments), Agilent GC-MS (Agilent 8890A GC system - 5977B MSD),
Nanotrac Wave Il (SL-PS-25 Rev. H), Bruker Germany Alpha FT-IR spectrophotometer,

XRD, Malvern Zeta potentiometer
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3.2. Sample Collection

Senna didymobtrya roots were collected from natural geographical landscapes of West
Uyoma Sub-Location, Siaya County, Kenya, GPS location 0°15'8S34°16'02.8E. They were
identified and authenticated at the Department of Biological sciences, Moi University

where voucher specimen (SD 2018/03) were preserved for future reference.

3.2.1 Extraction of phytochemicals from Senna didymobotrya roots

Based on objective one (1), methanol was used for the extraction of Senna didymobotrya
roots, qualitative and quantitative phytochemical analysis of S. didymobotrya root extracts
were performed. Although several studies on phytochemical screening of phytochemicals
from Senna didymobotrya exist, there was no literature on determination of total flavonoid
and phenolic content of S. didymobotrya root extract, and GC-MS analysis of compounds

of phytochemicals contents of the plant root extracts.

3.2.2 Preparation of Senna didymobtrya roots Extract
The collected roots were washed several times with distilled water to remove dust. They
were dried at room temperature under shade for three weeks, chopped into small pieces

(approximately one centimetre) and pulverized using laboratory mill.

The extraction was carried out according to the method described by Kigondu et al., (2009)
with slight modifications. Using an electric analytical beam balance, 50 g of powdered
dried plant material was weighed, only the appropriate amount fitting the extraction thimble
placed in soxhlet apparatus, separately extracted with 250 mL of methanol solvent for 48
hours, the process was repeated until the 50 g are extracted. Methanol was used as the
solvent of extraction because it was the best solvent of extraction according to trial

extractions done using diethyl ether, methanol and distilled water. The extracted sub
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samples were transferred in a conical flask then placed in a rotary vacuum evaporator in a
water bath at 40 °C to recover the solvent and concentrate the crude extract. The semi-solid
extracts were placed in sterile beakers and were placed in a desiccator containing
anhydrous sodium sulphate for 24 hours for complete evaporation of the solvent. The total
yield of the solid crude extracts, pooled together from the sub samples, was weighed and
put in a tightly screwed capped glass containers and stored in the refrigerator at 4 °C prior
to use in the phytochemical screening, determination of total phenol and flavonoid content.

The percentage yield of the crude extract obtained was determined as per Equation 1:

Weight of concentrated extract

Extractive yield value = %100 1)

Weight of plant dried powder

3.3 Qualitative and quantitative phytochemical evaluation

3.3.1 Qualitative phytochemical analysis

The extracts phytochemical analysis for identification of bioactive chemical constituents
was

done using standard procedures by Trease (1989) and Sofowara (1983). The test procedures
were done in triplicate to eliminate bias. The results were recorded after consistent
observation in the three tests.

Tannins

A sample of 0.5 g was put in a test tube and 20 mL of distilled water was added and heated
to boiling. The mixture was then filtered and 0.1 % of FeCls; was added to the filtrate and
observations made. A brownish green colour or a blue black colouration indicate the

presence of tannins.
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Saponins

The crude Senna extract (2 mL) was mixed with 5 mL of water and vigorously shaken. The
formation of stable form indicates the presence of saponins.

Flavonoids

About 1 g of the plant extract was mixed with a few fragments of magnesium ribbon (0.5 g)
and a few drops of concentrated hydrochloric acid were added. A pink or magenta red
colour development after 3 minutes indicates presence of flavonoids.

Terpenoids

The solvent extracts of the plant material (2 mL) were taken in a clean test tube, 2 mL of
chloroform was added and a vigorously shaken, then evaporated to dryness. To this, 2 mL
of concentrated sulphuric acid was added and heated for about 2 minutes. A grayish colour
indicates the presence of terpenoids.

Glycosides

Keller - Kilani test

The solvent plant material extract was mixed with 2 mL of glacial acetic acid containing 1-
2 drops of 2 % solution of FeCls, the mixture was then poured into a test tube containing 2
mL of concentrated sulphuric acid. A brown ring at the interface of the two solutions
indicates the presence of cardiac glycoside.

Alkaloids

The crude extract, exactly 0.5 g, was mixed with 1 % of HCI in a test tube. The test tube
was then heated gently and a few drops of Mayers and Wagners reagents were added by the
side of the test tube. A resulting precipitate confirm the presence of alkaloids.

Steroids
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Liebermann’s Burchard reaction: About 2 g of the solvent extract was put in a test tube
and 10 mL of chloroform added and filtered. The filtrate, 2 mL, was mixed with 2 mL of a
mixture of acetic acid and concentrated sulphuric acid. Blue green ring indicates the
presence of steroids.

Phenols

The plant extract (2 mL) was put in a test tube and treated with a few drops of 2 % of FeCls,
blue green or black colouration indicates the presence of phenols.

Anthraquinones

Borntreger’s test: A sample of 5 gm of the extract was put in a test tube and 10 mL of
benzene added. The mixture was shaken and filtered. Ammonia solution, 5 mL, was added
to the filtrate and the mixture shaken. Presence of violet colour in the ammoniacal phase

(lower phase) indicates the presence of anthraquinones.

3.3.2 Determination of total flavonoid content

Total flavonoid content (TFC) was determined by aluminium chloride colourimetric assay
adapted from Sandip et al., (2014) and Chatatikun et al., (2013) with slight modification.
Quercetin was used as standard and the flavonoid content of the extract was expressed as
mg of quercetin equivalent per gram of dried extract. Quercetin 10 mg was dissolved in 10
mL 80 % methanol (v/v) and filtered. This was labelled as stock solution. Then serial
dilutions were performed: Five 50 mL volumetric flask were cleaned and 10, 20, 30, 40, 50
puL of the stock solution added to the flask and made to the mark and the final
concentrations were 0.2, 0.4, 0.6, 0.8, 1.0 ppm respectively. The blank consisted of all the
reagents, except for the extract or quercetin in standard solution which was substituted with

1 mL of methanol. With a pipette 3 mL of plant extract or standard of different
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concentration solution was transferred into a test tube. Then 1 mL of 2 % AICI3 80 %
methanol solution and 1 mL of 1 M Sodium acetate solution was added to 3 mL of the
extract or standard. The test tube of the mixture was then allowed to stand at room
temperature for one hour. The extract mixture was diluted to 50 mL to give absorbance
below 1.0 in the UV-Vis spectrophotometer. The absorbance of the solution was measured
at 446 nm using a UV-Vis spectrophotometer against a blank. The experiments were done
in triplicate. The total content of flavonoid compounds in plant extracts in quercetin

equivalents was calculated by the following equation

C = DF (CXV)

m
1)
Where C is the total content of flavonoid compounds in mg/g plant extract, in Gallic
equivalents (GAE); DF is the dilution factor; c is the concentration of quercetin established

from the calibration curve in mg/mL; V is the volume of the extract in mL; and m is the

weight of pure plant extract in gms.

3.3.3 Determination of total phenolic content

Total phenolic content (TPC) of methanol extract of Senna didymobotrya was determined
by the method involving Folin-Ciocalteau reagent as oxidizing agent and gallic acid as
standard (Ahmad et al., 2017; Sembiring et al., 2018). Gallic acid 10 mg was dissolved in
10 mL distilled water, this is 1 mg/mL concentration. It was labelled stock solution. Then
serial dilutions were performed: Six 50 mL volumetric flask were cleaned and 20, 40, 60,
80, 100, 120 pL of the stock solution added to the flask and made to the mark to give the

final concentrations as 0.4, 0.8, 1.2, 1.6, 2.0, 2.4 ppm respectively. The blank consisted of
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1 mL Folin-Ciocalteau reagent, 3 mL distilled water, and 1 mL Sodium carbonate solution.
With a pipette 1 mL of the plant extract or standard of different concentration solution was
transferred into a test tube. About 1 mL of Folin-Ciocalteau reagent (diluted 10 times) was
added into the test tube. Finally, 1 mL of sodium carbonate (7.5%) solution was added into
the test tube. The test tubes were left standing for one hour at 25 °C to complete the
reaction. The test tube with extract solution was diluted to 20 mL to get absorbance below
1.0. The absorbance of the solutions was measured at 760 nm using UV-Vis
spectrophotometer against a blank. The experiments were repeated three times and average
value calculated. The total content of phenolic compounds in plant extracts in gallic acid

equivalents was calculated by equation (1) above.

3.3.6 Gas chromatography mass spectrophotometry

GC-MS analysis of crude extract of S. didymobotrya were performed using an Agilent
8890A GC system interfaced to a 5977B Mass Spectrometer Detector (GC-MSD) fused a
capillary column (30 x 0.25 mm, 0.25 um). For GC-MS detection, an electron ionization
system was operated in electron impact mode with ionization energy of 70 eV. Helium gas
(99.999%) was used as a carrier gas at a constant flow mode of 1.2 ml/min, and an injection
volume of 2 uL was employed (a split ratio of 10:1). The injector temperature was
maintained at 250 °C, the ion-source temperature was 200 °C, the oven temperature was
programmed from 60 °C (for 1.5 min), with an increase of 20 °C/min to 220 °C, then 5
°C/min to 280 °C (4 min), ending with a 10 min isothermal at 280 °C. Mass spectra were
taken at 70 eV; with Jet-Clean lon Source temperature at 320 °C, MS Quadrupole at 180 °C
a scan interval of 0.5 s. The solvent delay was 0 to 3 min, and the total GC/MS running

time was 36 min. The spectrums of the components were acquired using Single lon
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Monitoring mode. Identification of the peaks was based on computer matching of the mass
spectra with the National Institute of Standards and Technology (NIST 08) library, direct

comparison with the published data was also utilized.

3.4 Optimized Biosynthesis of Copper nanoparticles and Characterization
Based on objective two (2), Copper nanoparticles (Cu NPs) were synthesized under varying

temperature, concentration of copper ions, and pH of mixture.

3. 4. 1 Synthesis of copper Nanoparticles

The synthesis of copper nanoparticles was carried out by adding 10 mL of Senna
didymobtrya roots extract to 90 mL of the (0.0125, 0.03125 and 0.05 M) aqueous
CuS04-5H20 solution. The reaction mixture was kept in hot magnetic stirrer at 200 rpm
and varying temperature (40, 60 and 80 °C) and pH (3, 6.5 and 10 pH). The reduction of
Copper ions was measured by UV-Vis spectrophotometer after four hours. Prior to UV-Vis
measurement, the reaction mixture was centrifuged at 5000 rpm for 5 min to remove any
free biomass residue which are not the capping the ligand of the nanoparticle. The
supernatant was again centrifuged at 12,000 rpm for 40 min to obtain pellets. The pellets of
copper nanoparticles were re-suspended using distilled water (Olajire et al., 2017). Figure 5
shows the colours of the copper sulphate-containing solution before the reaction (a),
aqueous plant leaf extract (b), initial colour change (c) and CuNPs on completion of the

reaction (d).
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CUS0,5H,0
solution

EWERT After Reaction
Immediately after Completion
adding Senna

dydymobotrya root

extract to

CuS0O45H,0

Senna
didymaobotrya
root extract

Figure 5: Photographs showing colours of Copper (11) Sulphate (a), pure root extract of S.

didymobotrya (b), initial colour change (c), final colour change (d).

3.4.2 Optimization of biosynthesis process

A three-level Box—Behnken experimental design was exploited for optimization of
analytical parameters affecting the synthesis of copper nanoparticles (Barabadi et al., 2015)
using the methanolic root extract of Senna didymobotrya. Minitab version 17 was used for
experimental design. The selected design matrix from Box-Behnken consisted of 15 trials.
The parameters optimized were: concentration of copper ions (0.0125 — 0.05 M); pH of the

mixture (3.0 — 10.0); and temperature of the mixture (40 — 80 °C) on the particle size of Cu
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NPs. The temperature ranges were prepared prior to the experiment, temperature was
adjusted on the hot plate stirrer and monitored on Response variables, as a function of the

synthesized parameters, followed a second order polynomial Equation 3.

Average Size =-85.2 + 2,570 Temp - 174 Conc + 16.97 pH - 0.02691 Temp*Temp -5813

Conc*Conc -0.9391 pH*pH + 8.41 Temp*Conc + 0.0278 Temp -23.1 Conc*pH 3)

3.5 Characterization of Copper Nanoparticles
The synthesized Cu NPs were characterized using UV-Vis spectrophotometer, Particle size
analyser, zeta potential, X-Ray Diffractiometer, and Fourier Transform Infrared

Spectroscopy.

3.5.1 Ultra-Violet Spectroscopy

Synthesized Cu NPs sample (300 uL) were diluted with 3 mL of distilled water, and UV-
Vis spectrum analysis was performed using a spectrophotometer device in the range of 200
nm to 700 nm at the resolution of 1 nm. Distilled water was used as blank (Krithiga et al.,

2013).

3.5.2 Particle Size Analysis

The sizes of synthesized copper nanoparticles were measured on Particle Size Analyser
(Microtrac Nanotrac Wave 11, SL-PS-25 Rev. H) with Laser Diode Detector. Dilute
solution of copper nanoparticles (0.20 mM), pH of 8 kept constant with borate buffer, were
stirred and ultrasonicated for 15 min and then 2 mL was transferred to zeta disposable cell.
The solvent used was distilled water. The analysis temperature was 25 °C , refractive index
of the dispersant was 1.330. Viscosity of the medium was 0.641. (Ghoto et al, 2019).

Experiments were repeated three times and mean values calculated.



40

3.5.3 X-Ray Diffraction

The green synthesized copper nanoparticle (Cu NPs) were subjected to XRD operated at
the voltage of 40 kV in the supply of current of about 20 mA with copper Ka radiation in
the range of 0-20 configuration with scanning rate of 0.030 °C/s. The crystallite size (CS)
was calculated using Debye-Scherrer equation (Equation 3) (Krithiga et al, 2013; Prema,

2010).

CS=KA/BcosH 4)

Where constant (K) = 0.94; A = 1.5406 x 10"%; Cos 6 = Bragg angle; P is the full width at

half maximum (FWHM). Full width at half maximum in radius (f) = FWHM x ©/180.

3.5.4 Zeta Potential

The biosynthesized Cu NPs were subjected to zeta potential measurements using a dynamic
laser light scattering method in a Zeta nano instrument from Malvern to investigate copper
nanoparticle stability. Briefly, Cu NPs were dispersed for 5 min with an ultrasound using

distilled water as dispersion medium (Jardon-Maximino et al., 2021)

3.5.5 FT-IR Spectroscopy Analysis

FT-IR analysis were performed as per Radu et al., 2012, to identify functional groups
bound on the surface of the copper nanoparticles. The specimen and KBr granules were
powdered together with the ratio of 1 to 100 (1/100 ratio) and then compressed into tablets;
subsequently, the analysis was performed and measured using FT-IR spectrophotometer in

the range of 400-4000 cm* and with the resolution of 1-4 cm™
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3.6 Anti-microbial Activity of Senna didymobotrya Copper nanoparticles

The antimicrobial efficacy of biosynthesized copper nanoparticles was done using Kirby-
Bauer disk Diffusion Susceptibility Test Protocol (Hudzicki, 2009). The test
microorganisms were chosen according to the National Committee for Clinical Laboratory
Standards, 2010 (NCCLS) protocols. A gram negative Escherichia coli ATCC 25922 and a

gram positive Staphylococcus aureus ATCC 25923 were used for the bioassay of Cu NPs.

The primary culture plate was prepared by rolling saturated swab of test organism on LB
agar medium. Using a sterile loop, it was further steaked to facilitate colony isolation. The
inoculated primary culture plates were inverted and immediately incubated at 36 °C for 18

hrs. The KWIK-STIK were incinerated.

LB broth was made by mixing 12.5 g of premixed LB Agar with 500 cm? of distilled water
and autoclaved at temperature of 121 °C, pressure of 15 psi for 15 minutes. LB broth at
about 55 °C was poured to about 2/3 of the petri dishes and allowed to solidify and then
stored in a 4 °C freezer. Four isolated colonies of E. coli and S. aureus were separately
taken from inoculated primary culture plates using sterile loop and suspended in 2 ml of
sterile saline and vortexed to create a smooth suspension. The turbidity was adjusted to 0.5
McFarland standard (0.05 mL of 1% BaCl, in 9.95 mL of HxSO.). The LB Agar plates
were inoculated with adjusted suspension of test microorganisms using a sterile swab and
left in a lamina flow to dry at room temperature for 3 minutes. Partially removing the lid of
the LB Agar plates, impregnated disks were placed on the surface of the agar at least 30
mm from each other using a sterile forceps. The agar plates with antimicrobial impregnated
disks were inverted and placed in a 35 °C incubator for 18 hrs. Amoxicillin clavulanate

impregnated antimicrobial susceptibility testing discs purchased from Cypress diagnostics
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in Belgium were used as positive control on the bioassay for E. coli ATCC 25922 and S.
aureus ATCC 25923. The antimicrobial activity of Senna root extracts and that of copper
sulphate solution was also tested. All bioassay was done with 30 pL of solution of Cu NPs
resuspended in distilled water, Senna root extract and Copper sulphate solution as per the
specification of the positive control (Amoxicillin clavulanate). After 18 hours of
incubation, zone of inhibition (ZOI) were measured to the nearest millimetre using a ruler
and recorded. The susceptibility or resistance of the test organism to each drug tested were
determined using the published CLSI guidelines (Clinical Laboratory Standards Institute,
2010). They ZOI were recorded as susceptible (S), intermediate (1), or resistant (R) based

on the interpretation chart.
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CHAPTER 4: RESULTS AND DISCUSSION

4.0 Introduction

Senna didymobotrya root extract yield obtained from solvents were calculated, qualitative
and quantitative phytochemical evaluation was determined. Biosynthesized copper
nanoparticles synthesized at optimization parameters were characterized and findings
reported. Results of Bioassay of copper nanoparticles on Escherichia coli and

Staphylococcus aureus were analyzed, interpreted and reported.

4.1 Extraction of compounds of Senna didymobotrya roots
Fifty (50) grams of S. didymobotrya root powder vyielded 4.97 g (9.94%) of S.

didymobotrya crude extracts when extracted with methanol solvent.

4.2 Qualitative and Quantitative phytochemical evaluation
In accordance with objective one (1), qualitative chemical analysis such as phytochemical
screening by chemical tests and GC-MS analysis were done, quantitative analysis of the

phytochemicals which include total flavonoid and phenolic content were also performed.

4.2.1 Phytochemical screening of Senna didymobotrya root extract

Phytochemical screening results in Table 1 showed positive for phenols, tannins, saponins,
gladiac glycosides, anthraquinones, alkaloids, and flavonoids; terpenoids and steroids
tested negative. The phytochemicals that tested positive are polar and this could be the
reason why the yield was highest when water is used as extraction solvent since water is the

most polar among the three solvents.
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Table 1: Results of phytochemical screening of aqueous extract of Senna didymobotrya.

No Phytochemical Observation Test result
1 Phenols Bluish black colour present Positive
2 Tannins Brown colour Positive
3 Saponins Formation of stable form Positive
4 Gladiac glycosides A brown ring at the interface of the  Positive

two solutions

5 Anthraquinones Violet colour observed in the Positive
ammonical phase (lower phase)

6 Alkaloids Formation of precipitate Positive

7 Flavonoids Magenta red colour observed Positive

8 Terpenoids Greyish colour not observed negative

9 Steroids Blue ring not observed negative

The presence of different classes of phytochemicals such as phenols, tannins, saponins,
gladiac glycosides, anthraquinones, alkaloids and flavonoids may be the reason why this

plant has been used to treat a wide range of diseases traditionally.

4.2.2 Total Flavonoid and Phenol content determination

The total flavonoids content was calculated as quercetin equivalent (mg QE/g dry weight)
using the equation based on the calibration curve of Quercetin in Figure 6: y = 0.1264x —
0.0014, R? = 0.9973, where X is the quercetin equivalent (QE) and vy is the absorbance.

Table 2 was calibration data of quercetin used to obtain calibration curve.
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Determination of Total Flavonoid Content

y=0.1264x- 0.0014
R2=0.9973

Absorbance

-
0.00 020 0.40 0.60 0.80 1.00 1.20

Concentration in ppm

Figure 6: Calibration curve of quercetin.

Total phenolic compound content (TPC) was estimated as garlic acid equivalent (GAE),
that is mg GAE per g dry weight, using the equation obtained from the calibration curve of
garlic acid in Figure 7: y = 0.2856x — 0.002, R? = 0.9966, where x is GAE and y is the

absorbance. Table 4 was calibration data of garlic acid used to obtain calibration curve.

Estimation of Total phenolic content

y=02856x-0.002 .
R*=10.9966 P

Absorbance
[ ]

0.00 0.50 1.00 1.50 2.00 2.50 3.00
Concentration in ppm

Figure 7: Calibration curve for Gallic acid.
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Table 3 shows that the TFC is 48. 3354 £1.4775 mgQE/g dry weight and Table 5 shows

that TPC is 34.4771 + 0.08734 mg GAE/g dry weight.

Table 2: Preparation of calibration curve of quercetin.

Concentration of Quercetin in (ppm) Absorbance
0.00 0.000
0.20 0.023
0.40 0.051
0.60 0.071
0.80 0.098
1.00 0.128

Table 3: Calculation procedure for total flavonoid.

Sample  Weight of Absorbance QE Concentration TFC as QE Mean

solution  dry extract

pg/mL  ingram (mg/mL) C = DF (c X V) SEM
m

3000 0.001 0.038 0.3117 46.755 48.335

3000 0.001 0.041 0.3354 50.31 +

3000 0.001 0.039 0.3196 47.94 1.4775

Table 4: Preparation of calibration curve of garlic acid.

Concentration of Gallic acid (ppm) Absorbance
0.00 0.000
0.40 0.120
0.80 0.230
1.20 0.330
1.60 0.429
2.00 0.588
2.40 0.688
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Table 5: Calculation procedure for total phenolic.

Sample Weight of Absorbance GAE TPC as GAE Mean
solution dry extract Concentration C =DF (C X V) SEM
pg/mL  in gram (mg/mL) m

1000 0.001 0.492 1.7297 34.5938 34.4771
1000 0.001 0.489 1.7191 34.382 +
1000 0.001 0.490 1.7226 34.452 0.087341

4.2.5 Gas Chromatography-Mass Spectrometry

The GC-MS analysis on S. didymobotrya methanolic root extract was performed to
characterize the active phytoconstituents that might take part in the synthesis of CuNPs.
The main compounds revealed in the extract were some volatile organic compounds and
fatty acids. The compounds along with their retention times, abundances, molecular
formulae and molecular weights are presented in Table 7 and Fig. 8. The major compounds
identified were benzoic acid, thymol, n-benzyl-2-phenethylamine, benzaldehyde, vanillin,

phenyl acetic acid, and benzothiazole.

There is scarcity of literature on volatile compounds in S. didymobotrya. This study the first
comprehensive report presented on the GC-MS analysis of volatile compounds in S.
didymobotrya extract. Previously, the presence of terpinolene and alpha pinene was
reported as the main antipyretic compounds in dichloromethane extract of S. didymobotrya
leaves using GC-MS (Mworia et al., 2019). None of the foregoing compounds were
identified in this study. Interestingly, some compounds identified in the methanolic extract
of S. didymobotrya roots in this study have potential to take part in the formation of
nanoparticles. For instance, alizarin (a dihydroxyanthraquinone with two hydroxyl groups

on a phenyl ring) possess a structure similar to compounds proposed to take part in
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chelation and reduction of copper ions to CuNPs (Al-Hakkani, 2020; Nasrolahzadeh et al.,

2018).

Abundance TIC: 20201002012, Didata.ms
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Figure 8: Total ion chromatogram of Senna didymobotrya extracts.
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Table 6: Compounds identified by Gas Chromatography-Mass Spectrometry analysis of

Senna didymobotrya root extracts.

S. RT Name of the Compound Molecular Molecular
No formula Weight
(g/mol)
1 144375 Benzoic acid C7HsO2 122.12
2 12.4726  Benzyl Alcohol C7HsO 108.14
3 16.7112  Thymol C10H140 150.22
4  11.0757 N-Benzyl-2-phenethylamine CisH17N 211.3022
5 17.5703 Benzaldehyde C7HsO 106.1219
6  18.3040 Vanillin CgHgOs3 152.15
7  15.7370  Phenylacetic acid CgHsO2 136.15
8 15.9515 Nonanoic acid CoH1502 158.24
9  16.0344 Benzothiazole C7HsNS 135.19
10 14.3651 Tuaminoheptane C/Hw7N 115.2166
11 11.5752  Furfurylmethylamphetamine C1sH19sNO 229.3175
12 Disiloxane HeOSi2 78.22
13 18.6719 Barbital/Barbitone CsH12N203 184.195
14  30.7212 6H-Dibenzo (b,d) pyran-1-ol,6a- Co1H3002 314.5
beta,7,8,10-a-beta-tetrahydro-3-pentyl-
6,6,9-trimethyl-,(+-)-Z-
15 33,5783 Oxymetazoline C16H22N20 260.381
16 21.5570  1-Methyl-9H-pyrido (3,4-b) indole C12H10N2 182.2212
17 10.7265 3-Carene CioHis 136.2340
18 19.1589  5-Hexyldihydro-2(3H)-furanone C10H1802 170.2487
19 19.1900 2,6-bis-(1,1-dimethylethyl)-2,5- C14H2002 220.3074
cyclohexadien-1,4-dione
20 9,12-Heaxadecadienoic acid,methyl C19H3402 294.4721
esther
21 12.0521  3-Amino-s-triazole C2HsN4 84.0800
22 Diphenylether C12H100 170.2072
18.4926
23 Formamide CHsNO 45.0406
24 Glycine C2HsNO> 75.0666
25 Thiocyanic acid CHNS 59.090
26  9.4063 2-(p-Tolyl)ethylamine CoHizN
27 4.3626 Methyl vinylketone C4HsO 70.0898
28 28.5117 Pyrene CisH1o 202.2506




50

29
30

31
32
33
34
35
36

37
38

39

40
41
42
43
44
45
46
47
48
49
50

51
52

53

54

22.3363
16.8355

23.6700
26.7448
32.1937
14.7857
13.0157
14.6250

14.7857
21.5570

32.8342

7.4527

8.2517

8.6932

10.1989
11.0757
11.6747
11.8208
12.1959
12.2944
14.0562
14.1173

22.0834
22.3954

23.7934

15.1598

4H-1-Benzopyran-4-one
Methane,isocyanato-/Isocyanic
acid/Methyl isocyanate
Phenanthrene

Menthol

Alizarin

N-Benzylglycine
4-(2-aminoethyl)phenol
Benzeneethanamine,N,alpha-dimethyl-
N-(phenylmethyl)-,hydrochloride
Acetophenone
2,4,6-Trimethoxyamphetamine

(2-chlorophenyl)-bis[4-
(dimethylamino)phenyl]lmethanol
Formamide

Aniline
4-Methyl-4-hydroxy-2-pentanone
Hexylene glycol

Propylbenzene
2-(2-Ethoxyethoxy)ethanol
1,3,5-trimethylbenzene
2-Ethylhexan-1-ol
1,3-Dichlorobenzene
1,2,3,5-Tetramethylbenzene
2-Hydroxy-3,5,5-trimethyl-2-
cyclohexen-1-one

Methyl tetradecanoate
1-(4-hydroxy-3,5-
dimethoxyphenyl)ethanone
1,2-Benzenedicarboxylic acid, bis(2-
methylpropyl) ester

4-tert-butylphenol

CoHeO2
CoH3NO

Cu4H10
C10H200
C14HgO4
CoH9NO3
CsH13NO;
C17H22CIN

CgHsO
C12H19NO3.HC
|

C23H25CIN2O

CHsNO
CeH7N
CeH1202
CeH1402
C9H12
CeH1403
CoH12
CsH180
CsH4Cl>
CioHu4
CoH1402

C15H3002
C10H1204

C16H2404

C10H140

146.1427
57.0513

178.2292
156.269
240.21
169.19
155.19
275.82

120.15
261.70

380.9

45.04
93.13
116.1583
118.17
120.2
134.17
164.7
130.2279
147.002
134.22
154.21

242.2
196.1999

278.3435

150.22




@*C@%@Wﬁ

Benzyl Alcohol N-Benzyl-2-phenethylamine
Benzoic acid

51

HO ©\)‘\
o) \/\/\/\/z
O\/o \OD\/O on o

Benzaldehyde Vanillin Phenylacetic acid Nonanoic acid
Q /O—SiH3
H,Si
Benzothiazole Disiloxane

Tuaminoheptane

Furfurylmethylamphetamine

HN NH

T

o]

Barbitone 6H-Dibenzo (b,d) pyran-1-ol,6a-beta,7,8,10-a-beta-

tetrahydro-3-pentyl-6,6,9-trimethyl-, (+-)-Z- Oxymetazoline
H
N /N
/ \N ’/ />7NH2
/ E HN~_ ¢
. . i 3-Amino-s-triazole
1-Methyl-9H-pyrido (3,4-b) indole 3-Carene

5-Hexyldihydro-2(3H)-furanone

Glycine

-nIIII

Methyl
. . Diphenylether invik
2,6-bis-(1,1-dimethylethyl)- vinylketone

2,5-cyclohexadien-1,4-dione
e
/ NH2
=~ // NH,
]

2-(p-Tolyl)ethylamine Pyrene
9,12-Heaxadecadienoic acid,methyl  Formamide

esther



@55

4H-1-Benzopyran-4-one  Phenanthrene

y\mmu

(o] OH
OH
) ‘O
Menthol

Allzarln

O/\ /\”/ N/
CH3
N- Benzylglycme 4-(2-aminoethyl)phenol
0 Benzeneethanamine,N,alpha-
| dimethyl-N-(phenylmethyl)- Acetopher;jcl)_'ne
PN ,hydrochloride 2
NH,

Formamlde

2,4,6-Trimethoxyamphetamine OH OH
OH
\_
Hexylene glycol Aniline
O 4-Methyl-4-hydroxy-2-pentanone yiene gly cl
Q ° Q \ ©\/\ \Q/

_ (2- chlorophenyl) bis[4- Propylbenzene ) . Cl
(dimethylamino)phenyl]methanol 135- t“memwbenzene 1,3-Dichlorobenzene

\/O\/\O/\/o DP\/\
2-(2-Ethoxyethoxy)ethanoI Actert-bu tylphenol

2-Ethylhexan-1-ol

OH 2-Hydroxy-3, 5 5 -trimethyl-2-

E o o cyclohexen-1-one

1,2-Benzenedicarboxylic acid,
bis(2-methylpropyl) ester 0 4-tert-butylphenol
1-(4-hydroxy-3,5-
dimethoxyphenyl)ethanone

o]

Methyl tetradecanoate

52

Figure 9: Some compounds identified from Senna didymobotrya root extract using GC-MS

analysis.
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4.3 Biosynthesis of Copper nanoparticles

Bio-reduction of Cu ions to Cu NPs on exposure to methanol plant root extract of S.
didymobotrya was determined by observing the colour change and with UV-visible
spectroscopy. There was a gradual colour change from light orange solution to dark brown
indicating the formation of CuNPs after 4 hrs (Rajagopal et al., 2021; Sharma et al., 2018;
Kalaimurugan et al., 2019; Ghidan et al., 2016; Vasantharaj et al., 2019). Pre-trial runs
indicated that no significant changes on colour and UV-Vis spectrum peaks observed after
3 hours. Metal nanoparticles usually absorb visible electromagnetic radiation through
collective oscillation of conduction electrons at the surface-a phenomenon known as
surface plasmon resonance (SPR) effect (Dang et al., 2011). Thus, the dark colour observed
during the reaction could be ascribed to the excitation of Surface Plasmon vibrations in the
copper nanoparticles, indicating the formation of Cu nanoparticles (Sathiyavimal et al.,
2018; Krithiga et al., 2013). Copper oxides are thermodynamically more stable than copper
sulphates, which leads to the particle size growth and oxidation of copper without proper
capping agents (Dang et al., 2011). Thus, phytochemicals from S. didymobotrya root
extract might have prevented the oxidation of copper, thereby acting as a reductants and
capping agent for the CuNPs (Sathiyavimal et al., 2018).

The UV spectrum of the methanolic root extract of S. didymobotrya (Fig. 10) shows bands
at Aimax 338 nm. The band at 338 nm can either be due to n — =* transition or a
combination of n — ©* and © — =* transitions of heteroatoms linked in the double bond
(Ogundipe et al. 2001). The observed transitions are probably related to phytoconstituents
involved in the reduction process and formation of copper nanoparticles via m-electron
interactions (Nasrollahzadeh et al. 2014, 2015). Hence, the methanolic extract of S.

didymobotrya roots further acted as a reducing and stabilizing agent.
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The UV-Vis spectrum of synthesized Cu NPs using root extract of S. didymobotrya (Fig.
11) showed changes in the absorbance maxima due to surface plasmon resonance (SPR),
demonstrating the formation of Cu NPs (DeAlba-Montero et al., 2017; Ramyadevi et al.,
2012). The surface plasmon resonance (SPR) peak, which is a signature of the formation of
Cu nanoparticles, appears in visible region (Chan et al., 2007; Liu et al., 2015) at 545, 560,
571, 619, 641, 694, 763 and 792 nm with absorbances of 0.053, 0.053, 0.053, 0.054, 0.055,
0.062, 0.062 and 0.07, respectively (Fig. 11). According to Mei’s theory, the occurrence of
a single UV-visible peak in the UV-Visible spectrum of synthesized nanoparticles confirms

that they are spherical in shape (Sharma et al., 2018).
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Figure 10: UV-Visible spectra of Senna didymobotrya root extract.
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Figure 11: UV-Vis spectra of Cu NPs synthesized by Senna root extract.
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4.3.1 Design of Experiments and optimization Analysis

Table 8 contains the list of experimental runs and the corresponding responses obtained
from the experiments projected by Box Behnken design. The design optimized parameters
that would yield CuNPs with the least average particle size. The experiments were done as
per the run order to eliminate experimental bias. The mean particle size of Cu NPs were

recorded on Particle Size Analyzer (Nanotrac)

Table 7: Box behnken design and response variables.

StdOrder RunOrder PtType Blocks Temp (°C) Conc (M) pH Size(nm)

15 1 0 1 60 0.03125 6.5 53.59
1 2 2 1 40 0.0125 6.5 53.5
9 3 2 1 60 0.0125 3 21.63
5 4 2 1 40 0.03125 3 16.11
11 5 2 1 60 0.0125 10 63.6
14 6 0 1 60 0.03125 6.5 53.58
3 7 2 1 40 0.05 6.5 38.65
2 8 2 1 80 0.0125 6.5 36.59
8 9 2 1 80 0.03125 10 50.41
4 10 2 1 80 0.05 6.5 34.35
10 11 2 1 60 0.05 3 19.5
13 12 0 1 60 0.03125 6.5 53.57
12 13 2 1 60 0.05 10 55.4
6 14 2 1 80 0.03125 3 5.55
7 15 2 1 40 0.03125 10 53.18

A regression coefficient R? value of 0.9964 was obtained with a second order quadratic
equation generated for the optimization process. The coefficients of the variables for the

predicted models are shown in equation 4.
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Size =-85.2 + 2.570 Temp - 174 Conc + 16.97 pH - 0.02691 Temp*Temp -5813
Conc*Conc -0.9391 pH*pH + 8.41 Temp*Conc + 0.0278 Temp -23.1 Conc*pH

Equation 4

The values of the coefficients are calculated by regression analysis. The estimated values of

the coefficients for the response is presented in Table 9.

Table 8: Calculated values of the coefficients of the model.

Term Effect Coef SE Coef  T-Value P-Value VIF
Constant 53.580 1.020 52.65 0.000

Temp -8.635 -4.317 0.623 -6.93 0.001 1.00
Conc -6.855 -3.427 0.623 -5.50 0.003 1.00
pH 39.950 19.975 0.623 32.05 0.000 1.00
Temp*Temp -21.528 -10.764 0.917 -11.73 0.000 1.01
Conc*Conc -4.088 -2.044 0.917 -2.23 0.076 1.01
pH*pH 23.008 -11.504 0.917 -12.54 0.000 1.01
Temp*Conc 6.305 3.153 0.881 3.58 0.016 1.00
Temp*pH 3.895 1.948 0.881 221 0.078 1.00
Conc*pH -3.035 -1.518 0.881 -1.72 0.146 1.00

Conc = concentration and Temp = temperature

The adequacy of the model was checked by using the ANOVA technique. The predictor

variables, that is pH, Concentration of Copper ion and temperature of the mixture were all
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significant (Tamilvanan et al., 2021). The value of ‘P’ less than the Alpha (a) 0.05 (P <
0.05) indicates that pH (p < 0.0001) is the most influencing factor when compared to
concentration of copper ion (p < 0.003) and temperature of the mixture (0.001). The
Variance Inflation Factors (VIF) value close to 1 indicate that the predictors are not
correlated (Tamilvanan et al, 2021). The ANOVA for average size of the Cu NPs is given

in Table 10.

Table 9:Analysis of variance (ANOVA) for Size of Cu NPs Versus Temp (°C), Conc (M),

pH

Source DF Adj SS Adj MS F-Value P-Value
Model 9 4351.12 483.46 155.61 0.000
Linear 3 3435.11 1145.04 368.54 0.000
Temp 1 149.13 149.13 48.00 0.001
Conc 1 93.98 93.98 30.25 0.003
pH 1 3192.01 3192.01 1027.38 0.000
Square 3 851.88 283.96 91.40 0.000
Temp * Temp 1 427.78 427.78 137.69 0.000
Conc * Conc 1 15.42 15.42 4.96 0.076
pH * pH 1 488.63 488.63 157.27 0.000
2-Way Interaction 3 64.14 21.38 6.88 0.032
Temp*Conc 1 39.75 39.75 12.79 0.016
Temp*pH 1 15.17 15.17 4.88 0.078
Con*pH 1 9.21 9.21 2.96 0.146
Error 5 15.53 3.11

Lack -of-Fit 3 15.53 5.18 51781.50 0.000
Pure Error 2 0.00 0.00

Total 14 4366.66
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Table 11 gives the model summary. The qualities of the fitted models were evaluated based
on the coefficients of determination (R%) which was 0.9964. The model explains 99.64% of
the variation in the average size data. The adjusted R? 99.00%. R? (pred) is 94.31%, which
indicate that the model explains 94.31% of the variation in average size of copper

nanoparticles when used for prediction.

Table 10: Regression table - Model Summary

Model Summary

Adj R-sq(adj) R-sq(pred)
S

99.64% 99.00% 94.31%
1.76265

Fits and Diagnostics for unusual observations

Size

Obs Fit Resid Std Resid
53.5

2 51.67 1.83 208 R
34.35

10 36.18 -1.83 -2.08 R

R Large residual

Figure 12 presents the main effects plot for average size of copper nanoparticle.
Temperature of reaction mixture, concentration of copper ion and pH of the medium affect
the average size of copper nanoparticles. Comparing the slopes of the lines, it can be

concluded that pH had the greater magnitude of effects.
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Figure 12: Main effects plot for mean particle size.
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Figure 13 presents interaction effects plot for mean size for copper nanoparticles. From the

plot, it is seen that there was interaction of temperature and concentration, interaction of

concentration and pH as shown by lines intersecting at a point, but there was no possible

interaction of temperature and pH as indicated by lines being approximately parallel from

each other.
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Normal plot of residual for mean particle size is given in Figure 15. For the mean particle
size data, the residuals are randomly scattered about zero hence follow a straight line

indicating that the errors are normally distributed.
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Figure 15: Normality plot of residual for mean particle size.
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Figure 16 shows the plot of residual versus fitted values of mean particle size, it can be

concluded that there is no obvious pattern and the proposed model is adequate.
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Figure 16: Plot of residual versus fitted values of mean particle size.

The three-dimensional (3D) surface plots for mean particle size of Cu NPs are shown in
Fig.17-19. These surface plots were utilized to find out the desired mean particle size for
Cu NPs for any suitable combination of input parameters. From Fig. 17, the least mean
particle size of Cu NPs was reported at lower pH of the reaction mixture and less
concentrated copper ion. Fig.18, revealed that least particle size was attainable at a higher
temperature and lower pH. Fig. 19 indicated that higher temperature and medium

concentration yielded the least mean particle size of Cu NPs.
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Figure 17: 3D Surface graph for mean particle size versus Copper ion concentration and
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Surface Plot of Size (nm) vs Conc (M), Temp (C)
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Figure 19: 3D Surface graph for mean particle size versus temperature and concentration
of Copper ion
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Figure 20: Response optimization for average particle size of Cu NPs.

According to Figure 20, the predicted average particle size is 1.7862 nm. Increasing
temperature yields small particle size nanoparticle. Decrease in salt concentration and pH
favours synthesis of Cu NPs of least mean size. These observations agree with those of
Dang et al., (2011). Previous studies (Zhang et al., 2009; Park et al., 2007) indicated that

the pH of aqueous media influences copper reduction reaction in CuNPs synthesis.
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Probable kinetic enhancement is thus conducive for reduction of crystallite size because of

the enhancement of the nucleation rate (Dang et al., 2011).

4.4 Characterization of Copper Nanoparticles
Based on objective three (3), the synthesized Cu NPs were characterized using UV-Vis
spectrophotometer, Particle size analyser (PSA), zeta potential, X-Ray Diffractiometer

(XRD), and Fourier Transform Infrared Spectroscopy (FT-IR).

4.4.1 Particle Size Analysis

Particle size analysis was conducted using particle size analyser. The sizes of thirteen (13)
samples of Cu NPs prepared at varied conditions of pH of the reaction medium, Copper ion
concentration and temperature of the solution were determined. Data on particle sizes of Cu
NPs are presented in Appendix A. The analysis revealed the influence of pH, copper ion

concentration and temperature of reaction medium influence the particles of Cu NPs.

Particle Size Distribution
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Figure 21: Particle Size of Cu NPs prepared at Temp 80 °C, pH 3.0 and Copper ion

Concentration 0.03125 M.
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4.4.1.1 Effect of pH

The pH of range 3-10 was varied during Cu NPs average size optimization process. The
study revealed that pH as a parameter strongly influenced the size of Cu NPs as shown by
Figure 11 of Main effects plot for mean particle size. The least average size of the
nanoparticles was recorded at lower pH of 3.0. It was observed that increasing the pH
increased the mean size of the nanoparticles. Similar observations have been reported by
Honary et al. 2012 and Dang et al., (2011). A possible explanation of this observation is
that at pH of 3.0, nanoparticles were experiencing high electrostatic repulsion hence
reducing agglomeration. Therefore, at alkaline pH, the nanoparticles were exhibiting lower

electrostatic forces hence allowing particle growth.

4.4.1.2 Effect of Copper (1) sulphate concentration

Copper ion concentration of range 0.0125-0.05 M was varied for Cu NPs average size
optimization. The least mean size of nanoparticles was recorded at lower concentrations of
copper salt as revealed in Figure 20. This finding is in agreement with previous findings
(Honary et al., 2012; Erick and Nalini, 2015) who reported that large salt ion concentration
lead to large particle size and broad size distribution. This could be because low
concentration of salt reduced the probability of Cu-Cu interaction hence reducing

agglomeration.

4.4.1.3 Effect of Temperature

Temperature in the range 40 °C to 80 °C was controlled for Cu NPs mean size optimization.
The study showed that an increase of temperature between 40 °C and 80 °C led to decrease
in the mean size of Cu NPs. Previous research has reported the similar findings (Erick and

Nalini, 2015). This could be due to possible agglomeration at lower temperatures of 40 °C.
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Higher temperature of 80 °C also speeds up the rate of Cu NPs formation as previously

reported (Erick and Nalini, 2015).

4.4.2 X-Ray Diffraction Analysis

The XRD peaks were assigned in comparison with the standard powder diffraction card of
Joint Committee on Powder Diffraction Standards (JCPDS card no. 89-2838). The peak
positions were consistent with metallic copper of a crystalline nature. X-Ray diffraction
(XRD) spectrum shown in Figure 21 revealed diffraction peaks at 26 values of 43. 30°,
50.02° and 73.41° corresponding to the Miller indices (111), (200), and (220), respectively
which represent face-centered cubic Cu NPs (Ramyadevi et al., 2012). Further, the peak at
30.0° showed that a small amount of copper is oxidised to copper (II) oxide, this is
supported with the presence of peaks on the FT-IR spectrum at 650 cm™ and at around 750
cm*. The average size of CuNPs as determined using Debye-Scherrer’s formula was 6 nm,
which is close to 5.55 nm as established by XRD analysis. The size of crystal under 100 nm
suggested that the nanocrystalline nature of the biosynthesized CuNPs was below 15 nm
(Rajagopal et al., 2021). Similar results were reported by other researchers from the
structure analysis of XRD for biosynthesized CuNPs (Rajagopal et al., 2021; Sharma et al.,

2018; Ghidan et al., 2016).
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Figure 22: X-Ray Diffraction pattern of Cu NPs biosynthesized by Senna root extracts.

4.4.3 Zeta Potential Analysis

The zeta potential value of biosynthesized Cu NPs was -69.4 mV. This indicated the
biosynthesized Cu NPs surfaces possessed strong electrostatic repulsion hence good
stability. A recent study (Vasantharaj et al., 2019) indicated that CuNPs of size 82.32 nm
had a negative zeta potential of —11.9 mV. Such negative zeta potentials suggest that charge
distribution of the nanoparticles as well as their sizes could play a role in promoting or
enhancing their biological properties (Sankar et al., 2014). In other words, high negative
zeta potential translates into strong repulsion between the particles causing an amplification

or enhancement of their stabilities (Salopek et al., 1992).
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Zeta Potential Distribution
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Figure 23: Zeta Potential Distribution of Cu NPs synthesized by Senna root extracts.

444 FT -IR Analysis

FT-IR analysis was done to identify the functional groups of the phytochemicals that
participated in synthesizing copper nanoparticles and their stabilization. The spectrum
shown in Figure 23 revealed a broad band in the range 3100-3500 cm™ characteristic of N-
H stretch of amines and amides, and a band of range 3400-2400 cm™ indicating the
presence of O-H of Carboxylic acids, alcohols and phenols. The band at 1612.25 is
assigned to C=C of alkenes and aromatic compounds. The presence of aromatic compounds
was confirmed by the two peaks at 988.30 and 830.60 known for C-H out-of-plane bend for
aromatic compounds. A peak at 1271.13 cm is attributed to C-O bond of alcohols,

carboxylic acids and esters.

The presence of these functional groups indicated possible involvement of reductive groups
on the surfaces of the CuNPs (Karimi et al, 2015). They are also involved in capping of the
CuNPs, as observed in previous studies that synthesized CuNPs from plant extracts

(Sathiyavimal et al., 2018; Saif et al., 2016). The spectrum indicated new chemical
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linkages on the surface of CuNPs, suggesting that S. didymobotrya root extract can bind to

CuNPs through hydroxyl and carbonyl groups of the amino acid residues in the protein of

the extracts, therefore acting as reducing, stabilizing and dispersing agents for synthesized

copper oxide nanoparticles and preventing agglomeration of the CuNPs (Ghidan et al.,

2016; Vasantharaj et al., 2019).
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Figure 24: FT-IR Spectrum of Cu NPs synthesized by Senna root extract.

4.5 Anti-microbial activity of Senna didymobotrya copper nanoparticles

The antimicrobial action of Senna didymobotrya copper nanoparticles was observed by

absence or presence of microbial growth inhibition or clear zones. Two bacteria strains

were used in the analysis, E. coli and S aureus, gram negative and gram positive bacterial

strains respectively. Appendix B, presents the inhibition zones of E. coli and S. aureus.
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Table 12 and Figure 24 shows that copper nanoparticles synthesized by Senna
didymobotrya had antimicrobial activity against E coli and S. aureus. Pearson’s product-
moment correlation was performed to evaluate the association between size of CuNPs and
ZOI of CuNPs against E. coli and S. aureus (n = 13). The analysis showed that there was a
negative correlation between size of CuNPs and zone of inhibition of E. coli (r = - 0.74, p
>0.01). Similarly, a negative correlation was observed between the size of CuNPs and

zone of inhibition of S. aureus by the CuNPs (r = - 0.74, p > 0.05).

From the table, it can be seen that the highest zone of inhibition of 30 mm for S. aureus and
26 mm for E. coli was achieved for Cu NPs with the least mean particle size which was
synthesized at optimum condition of temperature of 80 °C, Copper ion concentration of
0.03125 M and pH of 3.0. This indicated that Cu NPs of least mean particle size had high
surface area to volume ratio hence effectively binding to the microbial membrane and
probably altered its permeability which could have caused growth inhibition (Ahmadi et al,
2018). Sathiyavimal et al., (2018) reported similar results in which 100 uL of CuNPs prepared

from Sida acuta extract highly inhibited E. coli with a zone of inhibition maximum of 15 mm,
showed a lower antibacterial activity against S. aureus while the lowest inhibition diameter was
11 mm against P. vulgaris. Previous authors (Ramyadevi et al., 2012; Usman et al., 2013; Chen et
al., 2019) have reported similar results, in which E. coli was the most inhibited bacteria when

compared with S. aureus and other Gram-positive bacteria.

The higher inhibition of Gram-negative bacteria by CuNPs could be partially explained by
the facilitated influx of smaller-sized nanoparticles into the cell wall of Gram-negative
bacteria which consists of a unique outer membrane layer and a single peptidoglycan layer

as compared to the cell wall of Gram-positive bacteria with several peptidoglycan layers
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(Silhavy et al., 2010; Hajipour et al., 2012). Further, CUNPs have been speculated to adhere
to Gram negative bacterial cell walls due to electrostatic interaction, or the copper ions
facilitates rapid DNA degradation and reduction of bacterial respiration (Raffi et al., 2010).
In some Gram-negative strains, copper ions alter the conformation and electron transferase
of the associated reductases, culminating into inhibition of cytochromes in the membrane

(Warnes and Keevil, 2011).
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Table 11: Antimicrobial activity of Cu NPs synthesized at different parameters.

S.  TestDrug Z.0.1on Susceptibility Z.O.lon  Susceptibility
NO E coli (Amoxillin/  Saureus  (Amoxillin/
(mm) Clavulanic (mm) Clavulanic
acid) acid)
R (£13) R(=19)
m (14-17) m (-)
S (=18) S (=20)
1 CuNPs.T60.C0.03125.pH6.5 18 + S 16 £ 0.58 R
0.58
2 CuNPs.T60.C0.0125.pH3.0 19+ S 21 +0.58 S
0.58
3 CuNPs.T40.C0.03125.pH10 16 + M 19+1.73 S
1.00
4  CuNPs.T80.C0.05.pH6.5 18 + M 20+ 0.58 S
1.15
5  CuNPs.T40.C0.05.pH6.5 18 + S 19+1.53 M
1.00
6 CuNPs.T80.C0.0125.pH6.5 15+ M 16 £0.58 R
1.53
7 CuNPs.T40.C0.03125.pH3.0 17 + M 15+0.58 R
1.00
8  CuNPs.T40.C0.0125.pH6.5 15+ M 14 £ 0.58 R
1.00
9 CuNPs.T80.C0.03125.pH3.0 26 = S 30+0.58 S
0.58
10 CuNPs.T60.C0.05.pH10.0 18 + S 19+0.58 R
0.58
11  CuNPs.T60.C0.0125.pH10.0 15+ M 16 £1.15 R
0.58
12 CuNPs.T80.C0.03125.pH10.0 16 £ M 17+£1.00 R
1.15
13 CuNPs.T60.C0.05.pH3.0 23+ S 22 +1.00 S
0.58
14 Ammoxillin clavunalate 28 + 0.58 S
20 £ S
(Standard) 0.58
15  Senna root extract 13+ M 14 +1.15 R
0.58
16  Copper sulphate solution 11+ R 10 £ 0.58 R
0.58

R — Resistant, M — intermediate, S — Susceptible
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Figure 25: Graph of antimicrobial activity of Copper nanoparticles, Standard drug, copper
sulphate solution and Senna root extract.
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Phytochemical screening showed positive for phenols, alkaloids, anthraquinones,
flavonoids, saponins, tannins, gladiac glycosides in the roots of Senna didymobotrya.
Senna has high amounts of flavonoids and phenols. Gas chromatography analyses revealed
that Senna roots consisted of 76 compounds and the main chemical constituents identified
were Benzoic acid, Benzyl alcohol, Thymol, N-Benzyl-2-phenethylamine, Benzaldehyde,

Vanillin, Phenyl acetic acid, Nonanoic acid, Benzothiazole.

Copper nanoparticles (Cu NPs) were synthesized using Senna roots extracts at optimized
conditions of temperature, pH and concentration of copper ion. Box Behnken design was
utilised to obtain the least particle size by optimizing pH of the medium, concentration of
copper ion and temperature of the mixture. The design showed that the optimum synthesis
conditions were temperature of 80 °C, pH of 3.0 and copper ion concentration of 0.0125 M.
The mean particle size of Cu NPs predicted by the design at the optimum conditions is
1.7862 nm. According to the design, pH was the most influencing factor in determining the
size of Cu NPs followed by temperature and the concentration of copper ion. UV-Vis
analysis showed characteristic surface Plasmon resonance (SPR) peak 571 nm indicating
the formation of Cu NPs. FT-IR analyses revealed that the nanoparticles were bound by
carboxylic acids, amines and amides, phenols and esters. Particle size analysis showed that
synthesized Cu NPs were of the range of 5.55 — 63.60 nm particle size. Cu NPs prepared at
temperature of 80 °C, pH of 3.0 and Copper ion concentration of 0.03125 M were of least

mean particle size. X-ray diffraction measurement confirmed the presence of cubic face-
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centered Cu NPs. The measured zeta potential value of Cu NPs was -69.4 mV indicating

that the synthesized nanoparticles were stable.

In conclusion the biosynthesized Cu nanoparticles are stable and displayed better
antimicrobial activity against E. coli and S. aureus compared to amoxicillin clavulanate
(standard).

5.2 Recommendations

Apart from senna roots, other parts of the plant such as the stem, leaves and flowers could
be extracted using different solvents and their extractive yields compared. Different solvent
mixture ratios can also be utilized to improve extractive yield.

Apart from optimized reaction conditions affecting the mean particle size of copper
nanoparticles, other factors such as centrifugation speed, revolution per minute of the
reaction mixture could also be investigated. This could improve size and stability of the
biosynthesized copper nanoparticles.

The synthesized copper nanoparticles showed better antimicrobial activity E. coli and S.
aureus compared to amoxicillin clavulanate (standard). Therefore, the study recommends
the testing of biosynthesized copper nanoparticles against other potential multi-drug

resistant microbes to enable their development into antimicrobial agents.
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APPENDICES

Appendix A: Particle Size Analyzer Data
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Key: Particle size of CuNPs prepared at: (i)Temp 80 °C, pH 3.0 and Copper ion
Concentration 0.03125 M, (ii) Temp 60 °C, pH 3.0 and Copper ion Concentration 0.0125
M, (iii) Temp 40 °C, pH 10.0 and Copper ion Concentration 0.03125 M (iv) Temp 80 °C,
pH 6.5 and Copper ion Concentration 0.05 M, (v) Temp 40 °C, pH 6.5 and Copper ion
Concentration 0.05 M, (vi) Temp 80 °C, pH 6.5 and Copper ion Concentration 0.0125 M,
(vii) Temp 40 °C, pH 3.0 and Copper ion Concentration 0.03125 M, (viii) Temp 40 °C, pH
6.5 and Copper ion Concentration 0.0125 M, (ix) Temp 80 °C, pH 3.0 and Copper ion
Concentration 0.03125 M, (x) Temp 60 °C, pH 10.0 and Copper ion Concentration 0.05 M,
(xi) Temp 60 °C, pH 10.0 and Copper ion Concentration 0.0125 M, (xii) Temp 80 °C, pH
10.0 and Copper ion Concentration 0.03125 M, (xii) Temp 60 °C, pH 3.0 and Copper ion

Concentration 0.05 M.



Appendix B: Growth Inhibition Zones of Cu NPs biosynthesized at different conditions of temperature, pH and
Copper ion Concentration

(a) (b (
Figure 26: The growth inhibition zones of CuNPs biosyntheszed at different conditions of temperature, pH and copper ion

concentration against Escherichia coli in Luria betani (LB) disk diffusion
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Figure 27: The growth inhibition zones of CuNPs biosyntheszed at different conditions of temperature, pH and copper ion

concentration against Staphylococcus aureusi in Luria betani (LB) disk diffusion
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