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ABSTRACT

This study investigated the antibacterial efficacy of aqueous and ethanol extract
s off Eucalyptus globulus leaves against Methicillin—Resistant Staphylococcus aureus (MRS
A) and Escherichia coll, two clinically important and drug-resistant bacterial pathogen
s. The study was carrred out at the Microbiology Laboratory Unit of Kwara State Polytech
nic, Ilorin, Nigeria, Clinical isolates were obtarned from the Unwversity of Ilorin Teaching
Hospital (UITH) . Fresh Eucalyptus globulus leaves collected locally were processed and
extracted using aqueous, Phytochemical screening was performed to identify key broacts
ve constituents, The antibacterial activity of the extracts was assessed using the agar well
diffusion method, and minimum inhrbitory concentration (MIC) was determined throug
A the agar dilution technigue. Phytochemical analysis revealed the presence of flavonor
ds, tannins, and phenolic compounds in both extracts, The agar well diffusion test demo
nstrated that both extracts possessed antibacterial activity, with the ethanol extract show
Ing a signifrcantly higher zone of inkrbrtion compared to the aqueous extract, The zone o
I inhibition increased with higher volumes of extract applied, indicating a dose—depend
ent effect. The ethanol extract exhibited maximum inhtbitory activity at 300 ul, with mea
n inArbition zones of 0.80 % 0,04 mm and 0,80 £ 0,03 mm for MRSA and E, coll respectivel
y. The ethanol and ronized water showed significant inkrbition, which confirmed their ef
fect MIC determination further confirmed the antibacterial potency of the ethanol ext
ract, with complete growth inkrbition observed at 0.2 v/v concentration for both bacterial
/solates, The results of this study support the potential use of Eucalyptus globulus leaf ex
tracts, particularly ethanol-based extracts, as a source of natural antibacterial agents,
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The presence of multiple phytochemicals fnown for antimicrobral activity likely contribu
ted to the observed effects. Further studies are recommended to isolate active compoun
ds, test in vivo effectiveness, and evaluate toxicity to support future applications in pha
rmmaceutical or herbal medicine,
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CHAPTER ONE

INTRODUCTION

[.I  Background to the Study

The growing challenge of antibiotic resistance represents one of the most serious threats
to public health today. Across the world, bacterial imfections are becoming harder to tre
ot because many common antibiotics are losing their effectiveness (World fealth Organi
zation, 2020), Two notable examples of antibiotic—resistant pathogens are Methicillin—R
esistant Staphylococcus aureus (MRSA) and drug—resistant Escherichia coli (E. coli). MRS
A 1s o major cause of hospital and community-acquired infections, while E. colrstrains h
cve been [inked to serious infections such as urimary tract infections and bloodstream in
fections (Prestinaci, Pezzotti, & Pantosti, 2019).

Resistance in MRSA and E. coliis not only making treatment difficult butisalso i
ncreasing the costs of healthcare and leading to higher rates of morbidity and mortalit
y. The Centers for Disease Control and Prevention (CDC) in 202z reported that antibiotic—
resistant infections cause over 35,000 deaths annuclly in the United States alone, The sit
uation is even worse in low and middle-income countries where access to advanced antib
iotics is limited (CDC, 2022), As o result, thereis a critical need to search for new, effectiv
e, and affordable antimicrobial agents.

Plents have always been o valuable source of medicines. Many modern antibiotics
and drugs have been derived directly or indirectly from plant sources. In the search for
clternatives to synthetic antibiotics, medicinal plants are gaining attention for their ant

mmicrobial activities (Ahmed ef al., 2021). Eucalyptus globulus, commonly known as the 3
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lue Gum tree, Is one such plant that had shown promising antimicrobial properties. It bel
ongs to the Myrtaceae family and 1s widely cultivated for its essential oils, which are rich
m bioactive compounds (Silve. ef al., 2020) . The essenticl oils extracted from Eucalyptus g
[obulusleaves are known to contain compounds such as |,8—cineole (eucalyptol), a—pine
ne, and [Imonene, These compounds have demonstrated antibacterial, antiviral, and o
ntifungel activities in several studies (da Silva ef al., 2020). Notably, 1,8—cineole has bee
n shown to damage bacterial cell walls, disrupt membranes, and inhibit the growth of bot
h Gram~—positive and Gram—negative bacteria (Gomes ef al., 2021). This makes Eucalyptu
s globulus o potenticl candidate for combating bacterial pathogens like MRSA and E. col
/.

Recent research indicates that essential oils could be particularly effective again
st resistant strains of bacteria. Unlike traditional antibiotics that often target o single ce
[lular process, essential oils contain multiple active compounds that can attack bacteria i
n different ways simultaneously. This multi-target approach reduces the chance of bact
eric developing resistance quickly (Al jaafari et al., 2022). Moreover, essential oils are ge
nerally considered safe, biodegradable, and less toxic compared to synthetic antibiotics
when used appropriately (Junior efal., 2020).,

Traditionally, Eucalyptus globulushas been used in various cultures to treat infec
tions, wounds, and respiratory problems. In modern times, scientific studies have suppo
rted some of these uses by demonstrating the antibacterial activity of Eucalyptus extroct

s against o range of pathogens. For example, a study by Salehi et al (2021) found that E

ucalyptus globulus essenticl oil exhibited significant inhibitory effects against multidrug
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—resistant E, colrstrains isolated from clinical samples. Similarly, Elbehiry ef al. (2022) r
eported that Eucalyptus globulusoil effectively inhibited the growth of MRSA isolates col
lected from food and clinical settings.

Despite these findings, there are still gaps in the literature regarding the specific effecti
veness of Eucalyptus globulusagainst MRSA and E, coly, especially using local strains isol
ated from different environments, More laboratory-based investigations are needed to
confirm its antibacterial potential, explore its mechanism of action, and determine its p
ossible applications in healthcare settings. In the face of the global antibiotic resistance
crisis, exploring natural resources like Eucalyptus globulusis not just timely but necessar
y. Netural products offer o rich and relatively untapped reservoir of potential solutions

to one of the most pressing medical challenges of the zIst century.

[.I  Statement of Problem

The rise of antibiotic—resistant bacteria, particularly Methicillin—Resistant Staphylococce
us aureus (MRSA) and resistant strains of Escherichia coli, poses & ma jor public hecalth c
hallenge worldwide. Traditional antibiotics that were once effective are now often failin
g, leading to persistent infections, increased hospital stays, higher healthcare costs, and
greater risk of death (World Health Organization, 2020). Despite ongoing research and t
he development of new antibiotics, the speed at which bacteria are evolving resistance of
ten outpaces drug discovery efforts (Prestinaci, Pezzotti, & Pantosti, 2019),

Eucalyptus globulus, widely recognized for its traditional medicmeal use, has shown pote
nticl antibactericl effects against various microorganisms. ffowever, there is limited com

prehensive data on its specific efficacy against resistant strains like MRSA and E. colfun
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der controlled laboratory conditions (Salehi ef al., 2021), Most available studies have foc
used on general antimicrobial properties, but few have directly compared its activity aga
mst these two clinically significant bacteria hence this study of its efficacy on MRSA and
E. coll.

[.I  Justification

The growing problem of antibiotic resistance has created an urgent need for alternative
antimicrobial agents. This study Is significant because it explores the antibacterial poten
ticl of Eucalyptus globulus, o plant known for its medicinel properties, against two impor
tant resistant bacteria: MRSA and Escherichia colr. The study could contribute valuable &
nowledge to the search for new, plant—based therapies to combat resistant infections, If
Eucalyptus globulus proves effective, it could offer o safer, cheaper, and more natural
alternative to synthetic antibiotics, especially in low— and middle—imcome countries wher
e accessto modern drugs is limited (Salehi et al., 2021, Ahmed et al., 2021).,

The study will also add to the existing body of scientific knowledge by providing updated
mformation on the antibacterial effects of Eucalyptus globulusspecifically against MRS
A and E. coli. This could encourage further research, clinical trials, and the developmen
t of new natural health products. Finally, the findings could support public health effor
ts to integrate traditional medicinal plants into modern healthcare practices, promotin

g more sustainable and holistic approaches to infection management.

1.3  Aim and 0bjectives of Study

[.3.1 Aim of the Study

N . |
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The aim of this study Is to evaluate the antibacterial efficacy of Eucalyptus globulus extr

acts against Methicillin—Resistant Staphylococcus aureus (MRSA) and Escherichia coll.
1.3.2 Specific 0bjectives

The specific objectives of the study are to:
I, extract and prepare an extracts from Eucalyptus globulus|eaves,
n. determine the antibacterial activity of Eucalyptus globulus extroct against pARSA
and Escherichia colrusing standard microbiological methods.
ni, Check the phytochemical properties of Eucalyptus globulus
v, assess the minimum infubitory concentration (MIC) of Eucalyptus globulus extract

against the two bacterial strains,

CHAPTER TWO

LITERATURE REVIEW
2.l  Antibacterial Agents
Antibacterial agents are substances that kill or inhibit the growth of bacteria. They are u
sed to treat bacterial infections and can either be synthetic (produced artificially) or n
atural (derived from plants, animals, or microorganisms) (Ventola, 2019). The increasin
g resistance of bacteric to synthetic antibiotics has led to growing interest in plent—base
d antibacterial cgents, which often contain o wide range of bioactive compounds with po

tential therapeutic effects (Gajdacs, 2020). Plant extracts, essential oils, and phytoche
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micels such as flavonoids, tannins, and terpenoids have shown significant antibactericl
activities against both Gram— positive and Gram—negative bacteria (Echeverria & Albuqu
erque, 2020) ., Their mechanisms of action include disrupting bacterial cell walls, imterfer
mg with metabolism, and inhibiting nucleic a.cid synthesis. Natureal products of fer advan
tages such as lower toxicity, multiple modes of action, and the potential to reduce antibi
otic resistance when used properly (lorges et al., 2020),

Today, antibacterial agents come from various sources, including natural products, che
mical synthesis, and biotechnological modifications. They function by targeting essential
bactericl structures or processes, such as the cell wall, protein synthesis, nucleic acid repl
ication, and metabolic pathways, ultimately leading to bacterial death or growth inhibit
on (Echeverric & Albuquerque, 2020). However, despite their critical role, the growing pr
oblem of bacterial resistance to existing antibiotics presents o major challenge to global
health,

In recent years, attention has increasingly turned toward exploring new antibacterial o
gents, particularly those derived from natural sources like plants. Studies have shown th
ot certain medicinal plants, such as Eucalyptus globulus, contain essential oils and phyt
ochemicals with strong antibacterial properties (Salehi ef al., 2021). These natural comp
ounds offer the advantage of being less likely to induce resistance compared to syntheti
¢ antibiotics, and they may provide multiple mechanisms of action against bacterical path
ogens ([boukhatem efal., 2020). Moreover, the urgency of discovering novel antibacteric
[ agents has been heightened by the emergence of multidrug-resistant organisms such

s Methicillin—Resistant Staphylococcus aureus (MRSA) and drug—resistant strains of Esc
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herichia coli (Elbehiry et al., 2022), These resistant strains cause infections that are har
der and more expensive to treat, and they lead to higher rates of mortality and prolong
ed hospital stays. As a result, research into plant-based antibacterial agents is gaining s
ignificant momentum, offering hope for new, effective treatments that can complemen

t or replace existing antibiotics,
2.1.1 Types of Antibacterial Agents

Antibacterial agents can be broadly classified based on their origin, spectrum of activit
y, and mechanism of action. These agents have revolutionized the treatment of bacteric
[ infections, enabling healthcare professionals to manage diseases that were once consid
ered fatal. This section explores the different types of antibacterial agents, highlighting
their origins, therapeutic roles, and methods of action against pathogenic bacteric.
Origin of Antibacterial Agents

Antibacterial agents can be categorized based on their origin, which determines their co
mposition and the process of their development. The three main types of antibacterial o
gents based on origin are natural, semi—synthetic, and synthetic agents.

Natural Antibacterial Agents

These a.gents are derived from naturally occurring sources, such as microorganisms, pla
nts, and other naturcl substances. One of the most notable examplesis penicillin, discov
ered from the mold Penicillium . Natural compounds have been o cornerstone of antibio
tic development, with many modern antibiotics still based on their natural origins. Plant

~based antibacterial agents, such as those derived from Eucalyptus globulus, have also g
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ained attention for their promising antibacterial properties, offering an alternative to s
ynthetic antibiotics (Salehi ef al., 2021),

Semi-Synthetic Antibacterial Agents

Semi-synthetic antibiotics are chemical derivatives of natural compounds. These agents
are modified to enhance their antibacterial activity or to overcome specific bacterial resi
stances. For example, amoxicillin, derived from penicillin, has been chemically cltered t
o0 expand its effectiveness against o broader range of bacteria, particularly Escherichia
coli and Streptococcus species (Livermore, 2020).

Synthetic Antibacterial Agents

These antibiotics are entirely chemically synthesized in laboratories. Sulfonamides and
fluoroquinolones are prime examples of synthetic cgents that were developed to target s
pecific bacterial processes (Blair et al., 201%). The advantage of synthetic agents liesin t
heir ability to be tailored for specific therapeutic needs, providing c wide range of optio

ns for clinicians.
2.1.2 Spectrum of Activity

The spectrum of activity refers to the range of bacterial species that an antibacterial ag
ent can effectively target. fbased on their spectrum, antibacterial cgents are classified i
nto narrow—spectrum and broad-spectrum agents.

Narrow—Spectrum Antibacterial Agents

These agents target specific types of bacteria. For example, vancomycin is particulearly e

ffective against Gram—positive bacteria such as Staphylococcus aureus and Clostridium d
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ifficile (Cohen, 2019). Narrow—spectrum agents are typically preferred when the causati
ve bacterial pathogen is known, as they minimize the disruption to beneficial microbiote
and reduce the likelihood of resistance development.

ffroad—Spectrum Antibacterial Agents

In contrast, broad—spectrum antibiotics are effective against o wide range of bacterial s
pecies, both Gram—positive and Gram—negative, Tetracyclines and fluoroquinolones are
prime examples of broad—spectrum antibiotics (Deo efal., 2018). These agents are partic
ularly useful when the infecting pathogen is unknown, or when multiple bacteria are inv
olved in an infection. However, overuse of broad—spectrum antibiotics is associated with t

he development of resistance and disruption of the normal microbiome.
2.1.3 Mechanisms of Action

Antibacterial cgents exert their therapeutic effects by targeting specific bactericl struct
ures or processes, thereby interfering with bacterial growth or survival. These mechanism
s can be grouped Into severcl categories based on the target within the bacterial cell.

[ Cell Well Synthesis Inhibitors

Many antibiotics, such as p-lactams (including penicillin and cephalosporins), target be
cterial cell wall synthesis, Bacterial cell walls are crucial for maintaining the structural i
ntegrity of the cell, and when their synthesis is blocked, the bacteria are unable to surviv
e. This leads to cell lysis and death, particularly in Gram—positive bacterie (Gajdecs, 202
0).

2, Protein Synthesis Inhibitors
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Tetracyclines, macrolides, and aminoglycosides are antibiotics that mhibit bacterial prot
ein synthesis, These agents bind to bacterial ribosomes and prevent the assembly of prot
eins, essenticl for bacterial growth and function. Without the ability to synthesize protei
ns, bacteric are unable to replicate or perform vital functions, leading to their death or
mhibition (Boukhatem efal., 2020),

5. PNA Synthesis Inhibitors

Fluoroguinolones such s ciprofloxacin and levofloxacin work by inhibiting the enzymes i
nvolved in DNA replication, such as DNA gyrase and topoisomerase. These enzymes are n
ecessary for maintaining the integrity of the bacterial genome, and their mhibition prev
ents bacterial DNA from unwinding, ultimately leading to bacterial cell death (Echeverri

o & Albuquerque, 2020).

73 Cell Membrane Disruptors

Polymyxins, such as polymyxin 3 and colistin, interact with the outer membrane of Gram
-negative bacteria, Increasing membrane permeability. This leads to the leakage of vital
cellular contents, causing cell death. Polymyxins are often reserved for multi-drug-res
istant Gram—negative infections due to their potency and potential toxicity (Gorib et al.,
2021).

5. Metabolic Pathway Inhibitors

Sulfonamides and trimethoprim inhibit bacterial folic acid synthesis, o pathway crucial f
or bacterial survival. By blocking the production of folic acid, which is essential for DNA s

ynthesis and cell division, these antibiotics effectively stop bacterial replication and gro
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wth (Blair efal., 201%).
2.1.4 Combination Therapy

In the fight against multidrug—resistant bacteria, combination therapies have become o
n essential tool. These therapies involve the use of two or more antibacterial agents simul
taneously, often with complementary mechanisms of action. This approach can enhance
the antibacterial effect, prevent the emergence of resistance, and improve treatment o
utcomes (Paterson & Bonomo, 2020). For example, combining B-lactams with p—lactama
se Inhibitors can restore the effectiveness of the former against bacteria that produce f

~lactamase, an enzyme that degrades penicillin and related drugs.

2.2 Overview of Eucalyptus globulus

Eucalyptus globulus is commonly known asthe blue gum tree and it is o species of evergre
en tree native to Australic. It belongs to the Myrtaceae family, which includes o diverse
range of trees and shrubs, Eucalyptus globulus is one of the most economically significa
nt species within the genus Eucalyptus, due to its widespread use in the timber, paper, an
d medicinal industries (Sharme ef al., 2020). The tree is recognized for its tall stature, w
ith some specimens reaching over 70 meters in height, and its distinctive blue—green leav
es that give it the common name "blue gum” (Sharmea ef al., 2020),

Eucalyptus globulus is renowned for its medicinal properties, particularly its antimicrobi
al, anti-mmflammatory, and anclgesic activities, The essenticl oil extracted from the lec
ves of the tree has long been used in traditional medicine, and its therapeutic potential

Is now being explored through modern pharmacological research (Mackenzie efal., 201

N ’ |



| L

9). This essentical oil is rich in compounds such as eucalyptol (also known as I,8-cineole),
which is the primary bioactive compound responsible for the plant's antimicrobial proper
ties (Sani et al., 2020). The wide application of Eucalyptus globulus in various sectors ran
ging from the pharmaceutical to the agricultural mdustries—has fueled interest in its bi
ological activities, particularly its role as o potenticl source of natural antibacterial age
nts, Given the rise in antimicrobicl resistance, the antibacterial efficacy of Eucalyptus gl
obulus and its essenticl oil has been the subject of numerous studies, which have demons
trated its effectiveness against a variety of bacterial strains, including Gram—-positive a

nd Gram—negative bacteria (Fadeyr et al., 2018; Silve. ef al., 2020),

2.3  Methicillin —Resistant Staphylococcus aureus (MRSA)

Staphylococeus aureus is a gram—positive bacterium that Is & common pathogen in both h
eclthcare and community settings. It is known for causing o wide range of infections, fr
om mild skin infections to severe conditions such as pneumonic, endocarditis, and osteo
myelitis (Zong ef al., 2020) . One of the most concerning aspects of S. aureus isits ability t
0 acquire resistance to antibiotics, particularly methicillin, which has led to the emergenc
e of methicillin—resistant Staphylococcus aureus (MRSA).

MRSA refers to strains of S. aureus that have developed resistance to beta—lactam antibi
otics, including methicillin, oxacillin, and penicillin. This resistance is due to the acquisiti
on of the mech gene, which encodes o modified penicillin—binding protein (PlPzc) that
has o low affimity for bete—lactam antibiotics ([fouchiat efal., 2019). As o result, MRSA |
s difficult to treat with standard antibiotic therapies, making it & mejor cause of hospita

[—acquired infections (HAIs) and o growing concern in community—associated infection
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s (CAIs) (Nash efal., 2019).
2.3.1 Mechanisms of Resistance

The resistance of S. aureus to methicillin and other antibiotics is primarily mediated by t
he mech gene, which is located on o mobile genetic element known as the staphylococcal
cassette chromosome mec (SCCmec). This gene encodes PBPza, which clters the structure
of the bacterial cell well, rendering it less susceptible to beta—lactams (Zong et al., 202
0). In addition to the mec# gene, MRSA can also acquire resistance through other mecha
nisms such as the production of beta—lactamases, which degrade antibiotics, and mutati

ons in other genesinvolved in cell wall synthesis (Paterson et al., 2020).
2.3.2 Epidemiology and Clinical Impact

The prevalence of MRSA has increased significantly over the past few decades, both in h
ospital and community settings. Hospital—acquired MRSA (HA-MRSA) imfections are typ
ically associated with invasive medical procedures such as surgery, catheter insertion, an
d mechanical ventilation (Zong ef al., 2020). These infections are often difficult to trec
t due to the limited number of effective antibiotics available, HA-MRSA imfections are
ssociated with higher morbidity, mortality, and heclthcare costs (Nash ef al., 2019).

Community—associated MRSA (CA—MRSA), on the other hand, is & strain of S. aureus the
tis capable of causing infections in otherwise healthy individuals outside of healthcare s
ettings. These strains tend to be more virulent, often causing skin and soft tissue infecti

ons (SSTIs), and have been associated with outbreaks in schools, sports teams, and correc
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tional facilities (Paterson ef al., 2020), The ability of CA-MRSA to spread in the commun
ity 1s & growing concern, particularly due to the ease of transmission through close conte

ct and shared personal items,

2.4  Escherichia colf Infections and Resistance

Escherichia coli (E. colf) is a gram—negative bacterium commonly found in the intestines
of humans and animels, While many strains of E. coliare harmless and even beneficial,
certain pathogenic strains can cause o wide variety of infections. These infections range
from mild urinary tract infections (UTIs) to severe diseases, including bacteremia, sepsi
s, and gastroenteritis (Ranjbar efal., 2021). In recent years, the increasing resistance o

f E. colrto multiple antibiotics has become . significant public health concern.
2.4.1 Pathogenic Strains of Escherichia coli

The majority of E. coliinfections are caused by specific pathogenic strains. Among the
most notable of these are Enterotoxigenic E. col7 (ETEC), which is commonly associated wi
th traveler's diarrhea, and Enteropathogenic E. coli (EPEC), & major cause of infant di
arrhec. Another significant pathogenic strain, Enterohemorrheagic E, coli (EHEC), has be
en linked to outbreaks of foodborne illness, with some strains producing Shiga toxins tha
t can cause hemolytic uremic syndrome (HUS), « potentially fatal condition. Uropathoge
nic £ colf (UPEC) Is another key strain, primarily responsible for UTIs, both in communit
y settings and healthcare facilities (Zong ef al., 2020). These pathogenic strains are equi
pped with . range of virulence factors, including adhesins, toxins, and the ability to for

m biofilms, which encble them to adhere to and invade host tissues, evade immune respo
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nses, and resist antibiotic treatment (Natoro & Kaper, 2019).,
z.4.z2 Mechanisms of Antibiotic Resistance in Escherichia coli

A significant concern regarding E. colfinfections is the growing problem of antibiotic res
Istance. Several mechanisms contribute to the ability of E. colito evade the effects of an
tibiotics, complicating treatment options and leading to more severe clinical outcomes, 0
ne of the most common mechanisms is beta—lactam resistance, which is typically mediate
d by the production of beta—lactamases. These enzymes degrade beta—lactam antibiotic
s, such as penicillins and cephalosporins, rendering them ineffective. Extended-spectru
m beta—lactamases (ESBLs) are particularly problematic, as they can hydrolyze third—g
eneration cephalosporins and monobactams, which are often used as the first line of tre
atment in infections caused by E. coli (Paterson etal., 2020). In addition to beta—lacta
m resistance, E. colrhas also developed resistance to other classes of antibiotics, imcludin
g aminoglycosides and fluoroquinolones. Aminoglycoside resistance is primarily driven b
y the production of modifying enzymes that inactivate these drugs, while fluoroquinolo
ne resistance is often the result of mutations in the bactericl DNA gyrase and topoisomer
ase IV, which are the targets of these drugs (Wu ef al., 2020). Another concerning develo
pment is carbapenem resistance. Carbapenems, such as meropenem, are considered last
—resort antibiotics for treating multi-drug-resistant (MDR) E. colistrains. The emergen
ce of carbapenemases, such as New Delhi metallo—beta—lactamase (NDM) and Klebsielle
pneumonice carbapenemase (KPC), in E. coli poses o serious threat to public health by re

ndering these antibiotics ineffective and limiting treatment options (Tucker et al., 201
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9). The increasing prevalence of multidrug-resistant E, colistrains has significantly imp
acted clinical outcomes, as these infections are more difficult to treat, often requiring
more expensive and toxic drugs. This, in turn, leads to prolonged hospital stays, higher h

ealthcare costs, and increased morbidity and mortality (Guerra efal., 2020).
2.4.3 Clinical Impact of E coliResistance

Therise of antibiotic—resistant E. col/ strains, particularly those that are multidrug—resi
stant (MDR), poses significant challenges for healthcare providers. These resistant strai
ns are often more difficult to treat, requiring alternative antibiotics that may not be as
effective, or even entirely unavailable in certain settings. In addition to the direct impe.
ct on patient outcomes, the spread of resistant E colistrains within healthcare settings c
an lead to outbreaks, further complicating infection control efforts. For example, resist
ant strains of E. coliare frequently implicated im nosocomial infections, where patients i
n hospitals or long—term care facilities acquire infections from the healthcare environm
ent itself (Tucker etal., 2019).

To combat the increasing prevalence of antibiotic-resistant E. col/infections, several str
ategles have been proposed. Antimicrobicl stewardship programs, which aim to optimize
antibiotic use in clinical settings, have been shown to be effective in reducing the overuse
and misuse of antibiotics, thereby slowing the development of resistance. These program
s ensure that patients receive the right antibiotic at the right dose and duration, minimiz
Img unnecessary exposure to broad—spectrum antibiotics (Guerra et al., 2020), In additi

on to stewardship, stringent infection control measures, including hand hygiene, proper
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sanitation, and isolation of infected patients, are essential for preventing the transmiss
1on of resistant £, col strains in hospitals and other healthcare environments.

Research into alternative therapiesis also underway to provide new options for treating
resistant . col/infections. One promising approach is bacteriophage therapy, which invol
ves using viruses that specifically target and kill bacteria. This technique has shown prom
Ise as an clternative to traditional antibiotics, particularly in cases where conventional t
reatments have failed (Nataro & Kaper, 2019). Another arec of research is the develop
ment of vaccines against E. colstrains, especially those that cause gastroenteritis and U
TIs. Additionally, novel antibiotics targeting new bacterial pathways are being explored,
which may provide much—needed solutions for treating resistant E. colrinfections (Wu ef

al., 2020).



CHAPTER THREE

MATERIALS AND METHODS
5.1  Study Area and Sample Collection
This study was conducted in the Microbiology Laboratory Unit of Kweara State Polytechnic,
Ilorin, Nigeria. The clinical 1solates of Methrcillin—Resistant Staphylococcus aureus (MRS
A) and Escherichia coli | E. colr) were obtained from the University of Ilorin Teaching #
ospitel (UITH), Ilorin, Kware State, These isolates were selected for their clinical signific

ance and resistance patterns,

3.2 Collection and Preparation of Plant Material

Fresh leaves of Eucalyptus globuluswere collected from e natural stand in Ilorin, Kwer
e State, Nigeria. The plant was authenticated by a plant taxonomist at the Department o
f Plant fiology, University of Ilorin. The leaves were thoroughly washed with clean water

to remove dirt, then air—dried at room temperature in o shaded area for 7-10 days. Th

e dried leaves were ground into fine powder using o sterile mortar and pestle.

3.3 Preparation of Plant Extracts

3.3.1 Ethanol Extraction

A total of 30 g portion of the powdered leaves was soaked in 150 ml of absolute ethanol i

n o sterile conical flask. The mixture was placed in o shaking incubator ot ¢z °C and 80 rp

N |
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m for 7 days. After extraction, the solution was filtered using Whatman No. | filter pape
r. The filtrate was concentrated by evaporation in o water bath ot ¢0 °C to remove residu

ol ethanol and then stored in sterile bottles at ¢ °C for further anclysis.

3.4  Phytochemical Screening

Preliminary phytochemicel screening was conducted, ethanol extracts of Eucalyptus glo
bulus lecves to detect the presence of key secondary metabolites, mcluding alkaloids, fl
avonoids, tannins, saponins, and phenolic compounds. These tests were performed using
standard qualitative methods described by Yakubu ef al. (2020). Each test is detailed bel

ow,

3.4.1 Test for Alkaloids

Two drops of Mayer’s recgent were added to z ml of each extract. The formation of o cr

eam—colored precipitate indicated the presence of alkaloids in the extract.

3.4.2 Test for Flavonoids

One millilitre of the extract was mixed with o few drops of dilute sodium hydroxide soluti
on. An intense yellow color appeared, which became colorless upon the addition of dilut

e hydrochloric acid. This color change confirmed the presence of flavonoids,
3.4.3 Test for Tannins

A few drops of 0.1% ferric chloride solution were added to zml of the extracts. The form

ation of o blue—black or greenish—black coloration indicated the presence of tannins,

N . |
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3.4.4 Test for Saponins

About 5 ml of the extract was mixed with & ml of distilled water in c test tube, The mixtur
e was vigorously shaken for 30 seconds and allowed to stand for 10 minutes, The presenc

e of persistent frothing (foam layer) indicated the presence of sa.ponins.
3.4.5 Test for Phenolic Compounds

Two millilitres of the extract were treated with o few drops of 5% ferric chloride solutio
n. The appearance of o deep blue or dark green coloration confirmed the presence of p
henolic compounds.

3.5 Standardization of Bacterial Inoculum

The bacterial isolates were standardized by ad justing their turbidity to match that of 0.
5 McFarland standard, equivalent to approximately 1.5 X 10¥ CFU/ml. This standardrzat

lon ensured uniformity in bacterial concentration during susceptibility testing.

3.6 Antibacterial Susceptibility Testing
3.6.1 Agar Well Diffusion Method

Mueller—ftimton Agar (MHA) plates were prepared and sterilized. The standardized bac
terial imoculum was uniformly sprecd over the surface of the agar plates using o sterile s
wab. Wells of 6 mm diameter were made using c sterile cork borer, Different volumes (10
0 ul, 200 pl, and 300 ul) of each extract (aqueous and ethanol) were imtroduced into the
wells. A well containing ethanol alone served as o negative control. The plates were incub

ated ot 37 °C for 2¢ hours. After incubation, the zones of inhibition were measured in mi

N . |
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[limeters using o transparent ruler, and the average diameter from three replicates was

recorded for each sample.
3.6.2 Minimum Inhibitory Concentration (MIC) Petermination

The MIC of the ethanol extract was determined using the agar dilution method. Differen
t concentrations of the extract were incorporated into molten Mueller—Hinton Ager atr
atios of 0.1%5 and 0.2 (v/v). The agar was poured into sterile Petri dishes and cllowed to s
olidify. The standardized bacterial suspensions of MRSA and E. coli were then spot—inoc
ulated onto the surface of the agar. The plates were incubated at 37 °C for 2¢ hours and
observed for visible bacterial growth. The lowest concentration of extract at which no gro

wth was observed was recorded as the MIC,
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CHAPTER FOUR

RESULTS
¢.I  Phytochemical Screening of Eucalyptus globulus Leaf Extracts

The phytochemical analysis of ethanol extracts of Eucalyptus globulusrevecled the pres
ence of severcl bioactive compounds known for their antimicrobicl properties. The result

sare summarized in Table ¢.1 below.

Table ¢.1: Phytochemical Constituents of Ethanol Extracts of Eucalyptus globulus

Phytochemical Ethanol Extract
Alkaloids -
Flavonoids
Tannins
Sc.ponins
Phenolic Compounds
Key: (*) = Present
(-) = Absent

]+

+

4.2 Antibacterial Activity of Eucalyptus globulus Extracts Using Agar Well Diffusion M
ethod

The antibactericl effects of both aqueous and ethanol extracts of Eucalyptus globulusle
aves were evaluated against MRSA and Escherichia colrusing the agor well diffusion met
hod. Different volumes of extracts (100 ul, 200 pl, and 300 ul) were tested, and the zon
es of inhibition were measured after 2¢ hours of incubation at 37°C.The ethanol extract s
howed larger zones of mmhibition against both bacterial strains compared to the aqueous

extract, mdicating higher antibacterial potency.
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Table ¢.2: Zones of Inhibition (mm) of Eucalyptus globulus Extracts Against MRSA and

E. coli Using Agar Well Diffusion

[

Extract Type Volume  Zoneof Inhibition (m  Zone of Inhibition (m
(ul) m) MRSA m) E. coly
Aqueous Extract 100 0.30%0.03 0.350.0¢
200 0.45 £ 0.,0¢ 0.50+%0.03
300 0.60£0,0% 0.65 * 0,0¢
Ethanol Extract 00 0.50% 0.0¢ 0.55 % 0.03
200 0,65+ 0,03 0.70 £ 0.0z
200 0.80%0.0¢4 0.80% 0,09
Ethanol Control 200 0.00 % 0.0% 0.00 % 0.0¢
Aqueous Control (Ionize 300 0.00 % 0.0% 0.00 % 0.0¢

d Weter)

4.3  Minimum Inhibitory Concentration (MIC) Determination of Ethanol Extract

The results showed that ot the 0.1% concentration, No inhibition of bacterial growth was o

bserved for both organisms. Complete inhibition of growth was achieved ot the 0.2 concen

tration for the Methicillin—Resistant Staphylococcus aureus (MRSA), indicating that this

represents the minimum inhibitory concentration for MRSA and while no mhibition for

E. colr.

Table ¢.3: MIC of Ethanol Extract of Eucalyptus globulus Agamst MRSA and E coli

Extract Concentration (v/  MRSA Growth  E, col/Growth

v)

0.1% No Inhibition  No inhibition
0.20 Totel Inhibitio No Inhibition
(L

72



4.5  Discussion

This study was carried out to evaluate the antibacterial efficacy of Eucalyptus globulus!|
eaf extracts against two clinically significant bacteria: Methicillin-Resistant Staphylococ
cus aureus (MRSA) alkaloids,and Escherichia coll. These organisms were selected due to t
heir public health importance, particularly MRSA, which Is resistant to multiple antibiotic
s, and E. col, which is &. common cause of gastrointestinal and urinary tract imfections.
The confirmation of the bacterial isolates using standard biochemical and microbiologic
ol techniques ensured the reliability of the experimental results.

Phytochemical screening of the extracts revealed the presence of several importe
nt secondary metabolites, including flavonoids, tannins, and phenolic compounds but
alkanoids and saponin were ahbsent. These compounds are known for their various biologi
cal activities, especially antimicrobial action. Alkaloids, for instance, interfere with micr
obial DNA replication; flavonoids disrupt microbial cell membranes; tannins can bind to
microbicl proteins and enzymes; while phenolics and saponins possess both bacteriostatic
and bactericidal effects (Sasidharan efal., 201 1; Singh ef al., 2021), The presence of th

ese phytochemicals im Eucalyptus globulusmay explain the observed antibacterial activit

Y.
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The antibacterial assey using the agar well diffusion method showed that both the
cqueous and ethanol extracts were effective against MRSA and E. cols, but the ethanol e
xtract exhibited greater inhibitory activities. This higher potency of the ethanol extract c
an be attributed to the better solubility of bioactive compounds in ethanol compared to w
ater. Ethanol, being an organic solvent, 1s more effective at extracting non—polar or mo
derately polar compounds like flavonoids, essential oils, and certain alkaloids which pos
sess antimicrobicl effects (Alabi efal., 2019, Ogunyemi et al., 2022). The increase in inhi
bition zones with higher extract volumes further demonstrates o dose—dependent relati
onship, At 300 ul, the ethanol extract produced o zone of inhibition of 0.80 £ 0.0¢ mm ag
ainst MRSA and 0.80 + 0,03 mm against E. colr, while the aqueous extract produced zones
of 0.60 % 0.05 mm and 0.6% * 0.0¢ mm respectively. These findings align with those report
ed by Mohamed ef al. (2020), who found that ethanol extracts of Eucalyptus globulus sh
owed significantly higher antibacterial activity than aqueous extracts against drug—resis
tant strains. The results of the MIC test reinforce the potency of the ethanol extract, as
complete inhibition of growth was observed at o relatively low concentration of 0. 2 v/vf
or Methicillin—Resistant Staphylococcus aureus (MRSA) . This suggests that even small qu
antities of the ethanol extract can exert effective antibacterial action. Similar MIC value
s were reported by Taiwo et al. (2021), who tested Eucalyptus globulusagainst multidrug
—resistant Staphylococcus aureusand other Gram—negative pathogens,

The dif ference in activity between MRSA (Gram—positive) and &, coli (Gram—nege
tive) was minimal in this study, though Gram—negative bacteria are generally considered

more resistant due to their outer membrane, which limits the penetration of antibacteric

N y |
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[ agents, The similar response from both organisms suggests that the phytochemicals in £
ucalyptus globulus maey act through multiple mechanisms that overcome this structural b
arrier. This supports earlier findings by Akinmoladun ef al. (2020), who noted that Eucal
yptus globulus extracts could disrupt both Gram—positive and Gram—negative bacterial
membranes, The findings of this study have several practical implications. The growing p
roblem of antibiotic resistance, especially in hospital —acquired infections, necessitates t
he search for new, effective, and affordable antimicrobial agents, Medicineal plants like
Eucalyptus globulus offer o promising natural alternative or complementary option, esp
ecially m resource—limited settings. The ease of plant collection, low toxicity, and brocad
—spectrum activity make them suitable candidates for further development into antimic

robial formulations.



CHAPTER FIVE

SUMMARY, CONCLUSION AND RECOMMENDATION

5.1  Summary

This study evaluated the antibacterial efficacy of aqueous and ethanol extracts of Eucal
yptus globulusleaves against clinically important bacterial isolates of Methicillin—Resist
ant Staphylococcus aureus (MRSA) and Escherichia coli. The bacterial isolates were obta
med from the University of Ilorin Teaching Hospital and confirmed using standard micr
obiological and biochemical methods, Preliminary phytochemical screening revealed no
presence of alkeloids and saponins while flavonoids, tannins, and phenolic compounds

were present. The antibacterial activity assessed by agar well diffusion showed that etha

N y |
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nol extracts had greater imhibitory effects compared to aqueous extracts, with the zone o
f inhibition increasing with extract volume, The minimum inhibitory concentration (MIC)
determination further confirmed that the ethanol extract inhibited bacterial growth at

relatively low concentrations.

52  Conclusion

The findings revealed that Eucalyptus globulus|eaf extracts, especially the ethanol extr
act, possess significant antibactericl activity against MRSA and E. colr. The presence of b
1oactive phytochemicals (flavonoids, tannins, and phenolic compounds) in the extracts c
ontributes to this effect. These results support the potenticl use of Eucalyptus globulus
as & natural source of antibacterial agents, particularly in combating resistant bacterial

strains.,

5.3 Recommendations

ffased on the fimdings of this study, the following recommendations are made:

[. Further research should be conducted to isolate and characterize the specific bio

active compounds responsible for the antibacterial effects observed.

z, Invivo studies and toxicity evaluations are necessary to assess the safety and effi

cacy of Eucalyptus globulusextracts before clinical applications.

N . |
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2. Development of formulations using Eucalyptus globulus extracts for topicel or sys

temic antibacterial therapy could be explored.

¢, Continuous monitoring of resistance patternsin clinical isolates is essential to eva

lucte the long—term effectiveness of plant—based antibacterial agents.
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APPENDIX

Plate z: MIC result of E. colrat 0.2 concentrat



