Chapter One
Introduction

1.1 Background to the Study

The utilization and pursuit of medicines and dietary supplements derived fro nts have
seen a notable acceleration in recent years. Ethno pharmacologists, botani @ obiologists,
and natural-products chemists are actively scouring the globe for phyﬁ{hemical "clues" that
hold promise for the treatment of infectious diseases!. Globa revalence of diseases
that can be fatal due to pathogenic microorganisms has @ased, and this has become a
major source of morbidity and mortality, particularly Q&loping nations with worse health
indices. Furthermore, the risk of incurable in@ls has increased due to the growing
frequency of bacterial strains that are resi&@o drugs, necessitating a quick search for novel
therapeutic approaches?. Despite th@ectiveness, antibiotics may have side effects that
include immunological suppr%&n, hypersensitivity, loss of important gut and mucosa
bacteria, and allergic r a@s This has highlighted even more how important it is to look
for new medlcm %s such as plants. Nowadays, there is a greater need for and
acceptance o@cmal plants, which are vital to ecosystems because they provide necessary
functionﬁb eir importance extends throughout human history, as almost all societies have
us&rent plant parts for medicinal purposes because of their dependability, accessibility,
and safety*. Humans have always worked closely with plants and their derivatives to treat
health problems, especially in the Arabian Peninsula, China, India, and Africa, where herbal
therapy has long been a key tradition*. Since ancient times, medicinal plants have been

essential to humankind and have developed into one of the oldest sciences, particularly in



societies like China, Greece, Egypt, and India®. Plants have historically been the main source
of medicinal remedies. Almost 50,000 different species are employed in pharmaceutical and
cosmetic products, offering valuable components for the creation of new drugs®. Many plant
species with therapeutic properties are considered medicinal plants. The plant contains active
chemicals that can have direct or indirect therapeutic benefits in several portions of the plant,
including the seeds, roots, leaves, fruits, and flowers. These substances, w Qﬁ kept in
plant tissues, have physiological effects on living things, demonstrating ti€ use of plant
materials in medicine and health care’. The date palm (Phoenix ifera L.), one of the
most significant economic crops in the Arabian Peninsula, r@t among these plants®. A
mainstay of Arabian cuisine, date fruits are categor@l o three main cultivar groups
according to their sugar content: semi-dry (lik '?@, dry (like '"Thoory'), and soft (like
'"Barhee')’. For generations, people and _ani have acknowledged the nutritional and
\®)
physiological advantages of date pal thsm. The scientific name for dates, Phoenix
.
dactylifera L., is derived from G@b\vords meaning "date" and "bearing." Dates are palms

of the Arecaceae family. V@ proximately 200 types, date palms have been farmed for

over six millennia an&%?ostly found in Saudi Arabia, the Middle East, and Egypt'!.

.
A major lo@lth and socioeconomic issue, antimicrobial resistance is thought to have
contrib 1.27 million drug-resistant bacterial infections-related fatalities in 2019'2. The
enviromment, food production, human and animal health, and the accomplishment of several
sustainable development goals are all seriously threatened by this resistance'?, '4. Reducing
the abuse and overuse of antibiotics as well as creating novel antimicrobial drugs are

necessary to combat antimicrobial resistance'>. More than 150 million people worldwide

suffer from urinary tract infections (UTIs), which are the most prevalent bacterial illnesses



globally'¢. Antibiotic resistance in UTIs has increased alarmingly in recent years due to a
variety of mechanisms!”. More than 50% of women will at some point in their lives get a UTI,
making them especially vulnerable!®. UTIs have significant social and financial repercussions,
particularly in wealthy nations. There is growing interest in investigating alternative
antimicrobial agents, such as plant extracts and phytochemicals, as a result of the growing
problem of antimicrobial resistance!®. Date fruits and seeds, with omplex
phytochemical composition and long history of medical use, have Becoffit prospective
sources of novel antibacterial agents?’. Pain and discomfort are co@ide effects of UTIs,
and if left untreated, they can worsen. Up to 80% of commuunity-acquired UTIs are caused by

% to blame include Klebsiella

Escherichia coli; however other organisms that may

standard treatment for urinary tract infection

»

o 5\'
Antibiotic-resistant bacterial stra@ve emerged as a result of antibiotic abuse and overuse,

s), especially beta-lactam medicines like

pneumoniae, Proteus mirabilis, and Enterocgcub%eciesﬂ. Medicines are part of the

cephalosporins and penicillin, whic effective against gram-negative bacteria??,
which presents serious m@gﬂent issues for UTIs?’. Bacterial beta-lactamase enzyme
synthesis, which reﬁ%%eta-lactam antibiotics inactive, is one of the most alarming
resistances m X&sz“. It's crucial to look at alternate treatment options because antibiotic
resistanceb s is becoming an increasing problem?. The potential antibacterial qualities
of pl articularly the availability of bioactive molecules with medicinal potential, are
drawing interest in plant-based remedies®®. Traditional medicine has traditionally used date
fruits and seeds (Phoenix dactylifera) because they contain a variety of bioactive components,
including tannins, Flavonoids, Phenolics, and phytochemicals, which have demonstrated

promise in treating bacterial infections?’.



1.2 Statement of the Problem

The rise of antibiotic-resistant bacteria has led to increased morbidity, mortality, and
healthcare costs. The limited availability of effective antibacterial agents against beta-

lactamase-producing strains necessitates the exploration of novel antimicrobial agents from

natural sources. \

1.3 Justification of the Study «< Ol

The emergence of antibiotic resistance in UTI-causing bacteri ially those producing
beta-lactamase enzymes, poses a significant challenge to %tive treatment. Conventional
antibiotics are becoming less effective, leading to tr &t failures and prolonged hospital
stays. The presence of beta-lactamase enzymes c@ally reduces the efficacy of beta-lactam
antibiotics, rendering many treatment op@’gsolete. This study is motivated by the need

to explore untapped natural sou'r@f antimicrobial compounds that could provide

alternative treatment modaliti&n@nst these resilient bacterial strains.
1.4 Aim and Objecti\%%he Study

The study ai%d/ o assess the in-vitro phytochemical and antibacterial evaluation of date

fruits a extract on beta-lactamase-producing bacteria isolated from UTI cases.

\*



The Specific Objective of the Study is:

i. Evaluate phytochemical composition of fruit and seeds extract of P.dactylifera and
fractionation of the crude extract.

ii. Screening of the bacterial strain for B-lactamase producing ability.

iii. To determine antibacterial potential of the P.dactylifera against the E%ctamase
producing strain. O

iv. Evaluate the antibacterial efficacy of the combination of date &g{d seeds against
beta-lactamase-produced isolates of UTI. 0

v. To determine MIC and MBC values of date fruit an@d extracts against the tested

2
&

i.  What are the phytochemical cofi & ts of Phoenix dactylifera fruit and seed?

1solates.

1.5 Research Questions

ii. Thus, bacterial strain produ@% lactamase?

iii. What is the antibagt otentlal ofP. dactylifera fruit and seed extracts against beta-
lactamase -pro %hmcal UTI isolates?

iv. Can combina iate fruit and seed extracts enhance their antibacterial effects?

v. Wh the MIC and MBC values of date fruit and seed extracts against the tested

\%es?

1.6 Significance of the Study

Contribution to the development of novel antimicrobial agents from natural sources and

provides an alternative to traditional antibiotics. Shield light on the phytochemical profile of



ii.

iii.

1v.

Phoenix dactylifera and its potential applications in medicine. Inform future in-vitro studies

and clinical trials.
1.7 Scope of the Study

The research work focused In vitro evaluation of Phoenix dactylifera extracts 2&inst beta-
lactamase-producing clinical UTI isolates. Phytochemical analysis of Pho ddctylifera
fruits and seeds and determination of MIC and MBC values to assesthel ficacy of the
1.8 Limitation of Study Q

An In-vitro study was carried out on a few bet;la@se—producing isolates obtained from

the University of Ibadan Teaching Hospital

extracts.

hytochemical analyses provide valuable

insights into antibacterial activity, not (@ applicable to in-vivo conditions.
°

S
1.9 Operational Definition ofénns

N\
Beta-lactamase: En%?produced by certain bacteria that hydrolyze beta-lactam
antibiotics, r ‘d@hem ineffective.
Minimurr@m itory Concentration (MIC): The lowest concentration of an antimicrobial
a% inhibits the visible growth of a microorganism.
Minimum Bactericidal Concentration (MBC): The lowest concentration of an antimicrobial
agent required to kill a particular bacterium.
Phytochemicals: Bioactive compounds found in plants that have various health benefits,

including antimicrobial properties.
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Chapter Two
Literature Review

2.1 In-vitro Antibacterial Evaluation

Antimicrobial susceptibility testing serves several objectives, including drug development,
epidemiology, and predicting therapy outcomes'. Following the landmark disc&veries of
antibiotics like tetracycline, cephalosporins, aminoglycosides, and macrolides j 1960s, the
present period faces a revival of problems due to the rising microbial@&@oce, putting the
efficacy of these critical compounds at risk Its revival is seen i enormous impact of
treatment failures associated with multidrug-resistant bacteria@in a global hazard to public
health?. Against this context, the urgent priority is the dis@y of new antibiotics, and natural
products continue to be a significant source of\i tive therapeutic compounds. These
products, derived from prokaryotic bacteria\&rotic microorganisms, plants, and diverse
animal creatures, play a significant rqlg&he production of antimicrobial chemicals. Recent
research has increasingly concentrat&gﬁ'l\ studying plant and microbial extracts, essential oils,
pure secondary metabolites, aﬁ@wly synthesized compounds as possible antibacterial agents?.
However, a hurdle come@n analyzing published research on the antibacterial effects of these
natural compountt/@ oblem lies in comparing data due to the utilization of varied and non-
standardized @edures, including inoculum preparation techniques, inoculum size, growth

mediu@laaﬁon settings, and endpoints determination®.

10



2.2 Phoenix dactylifera L (Date palm)

Phoenix dactylifera, also known as the Date palm, is a flowering plant species classified under
the family Aracea’, it is specifically developed for its sweet and edible fruits, acting as a cost-
effective food source and a vital element of the Arabian diet 6. The Date fruit has long held major
importance as a key crop in the dry regions of the Arabian Peninsula, North Africa, and the
Middle East. The cultivation of dates grew with the advent of Islam, reaching ies such as
Southern Spain and Pakistan outside the Arabian Peninsula. In man&gg}where they are

farmed, date fruits serve a key role as a primary revenue source ar%@

economy, culture, and environment’. The Date palm fruit h@ee traditionally exploited for

ood, influencing the

several medicinal purposes, including treating inﬂamm, fever, paralysis, neurological
diseases, and memory disturbances’. Additionally, @en administered as an astringent for
intestinal disorders, sore throats, colds, bronc@rrh, gonorrhea, edema liver, and abdominal

N\

issues, and counteracts alcohol intoxicatipn\Date fruits are famous for their significant number

N\

of phenolic compounds, contributi&ﬁjto their antioxidant activity; interestingly, different
cultivars of dates demonstraﬂ&&iations in total phenolic content and antioxidant activity?®.
Phoenix dactylifera Lim&nerally known as the date palm, has earned prominence for its
therapeutic bene@%ﬁm cally, in the context of urinary tract infections caused by beta-lactate-
producing ba@a? It becomes necessary to explore the in-vitro antibacterial assessment and
Phytoot%v%raq composition of extracts from the fruit and seeds of Phoenix dactylifera Linn. This
exploration is vital for a full understanding of the possible therapeutic applications of this plant.
Historically tied to early Judaism and Christianity, date palms are today associated extensively

with the Arab Muslim world, particularly as a practice during Ramadan fasting!®. The fruit

structure comprises the pericarp, mesocarp, endocarp, and seed, with the mesocarp being the

11



most considerable component. The maturity process involves numerous phases such as
Hanabauk, Kimri, Khalal (or Besser), Rutab, and Tamr, each exploited for specific consumption
purposes. Besides direct eating, date fruits play a major part in culinary preparations, while the
extensive use of palm trees in landscaping greatly affects the environmental landscape of the

Gulf region.

Source*
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Figure 2.2 Phoc@y

Source? §
O
\®

lifera (Date fruit)

13
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Figure 3.3;\Different ripening stages of date palm fruit include the three
edi%gges: Khalal, Rutab, and Tamr. The anatomy of the date fruit at
the Tamr stage displays the epicarp, mesocarp, endocarp, and seed *DPP =
days post-pollination.

Source*
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2.2.1 Date Fruit and Seed Extracts

Date fruits, scientifically known as Phoenix dactylifera, have a long history of human
consumption due to their nutritional value and therapeutic properties. Recent scientific research
has highlighted the bioactive components in date fruit and seed extracts, demonstrating their
potential therapeutic applications, particularly in antimicrobial capabilities!'!. Bot%ditional
medicine and modern scientific research recognize the potential health benefi @ge fruits and
seeds'?. Various extraction methods, including aqueous extraction, anol” extraction, and
supercritical fluid extraction, are used to obtain compounds fro g)its and seeds!®. Date
fruit extracts, known for their natural sweetness, are rich in anants, vitamins, and minerals,
showing promise for improving cardiovascular health, a@degestion, and serving as a natural
energy source. On the other hand, date seed extra@tain a wide range of phytochemicals,
such as flavonoids and phenolic compounds,@ provide anti-oxidative and anti-inflammatory
properties. Continued research is focus@ xploring the health benefits of date fruit and seed

extracts, highlighting their poten@o enhance human well-being and their applications in

various sectors, includin%@utraceuticals, and pharmaceuticals.
2.2.2 Compositi({;@e Fruit and Seed Extracts

Compound d in extracts derived from date fruits and seeds have garnered substantial
interes&se extracts boast a diverse array of bioactive elements, obtained through methods
such as aqueous extraction, ethanol extraction, and supercritical fluid extraction'®. Date fruit
extracts, recognized for their inherent sweetness, are rich in antioxidants, vitamins, and minerals,
making them noteworthy for potential contributions to cardiovascular health, digestion

improvement, and natural energy provision'. In contrast, date seed extracts encompass various
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phytochemicals, including flavonoid and phenolic compounds, exhibiting anti-inflammatory and
antioxidant properties. Ongoing research is illuminating the potential health benefits linked to
date fruit and seed extracts, underscoring their significance in promoting human well-being and
exploring novel applications across sectors like the food industry, nutraceuticals, and
pharmaceuticals'®. These bioactive constituents have demonstrated the ability to inhibit the
growth and proliferation of diverse microorganisms, spanning bacteria, fu Qﬁ certain
viruses'*. Such antimicrobial attributes have positioned dates not only as sou@@r ingredients
in traditional remedies but also as subjects of contemporary reh. Investigations are
underway to explore the potential use of date extracts and co cﬁ in food preservation, as
natural antimicrobial agents in the food industry, and ntial substitutes for synthetic
antimicrobial agents. The exploration of dates' ar@obial properties underscores their
importance in both culinary and medical realms g at the possibility of natural remedies to
\S)
combat microbial threats. \
Q)

2.2.3 Mechanisms of Antimicrob%{c?ion of Date Fruit and Seed

N\
Due to the several mode@on that dates exhibit, research into their antibacterial properties
has garnered a lo@ion. These varied actions have drawn interest from both traditional and
scientific con%& . The antimicrobial effects of dates are largely attributed to their bioactive
constituenrits, stich as flavonoids, tannins, and phenolic compounds. These constituents can inhibit
the growth and proliferation of a variety of microorganisms, including bacteria, fungi, and
certain viruses. Their interaction with microbial cell membranes, disruption of metabolic
activities, and suppression of biofilm formation are the sources of their claimed antibacterial

properties. Biofilms are complex colonies of bacteria that are known for their strong resistance
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to antimicrobial drugs'®. A thorough comprehension of these processes highlights the
significance of dates in the field of food preservation and provides insight into the possible
medicinal uses of dates. Dates are a key resource in the fight against a variety of microbial issues

because they provide a natural and efficient way to treat microbial risks across a range of

Plants naturally create secondary metabolites called phytochermcal@&h are essential for

domains'’.

2.3 Phytochemical Analysis

controlling plant cell processes in addition to giving plants umque color, flavor, and
aroma®’. A growing body of research highlights the ‘l cant therapeutic potential of
phytochemicals, which are frequently linked to egﬁ@e adverse effects. As a result, the
identification and assessment of phytochemical vital phases in the development of new

pharmaceuticals derived from plants. Q

Standard phytochemical tests re %f?e identification and analysis of target phytochemical
levels in addition to the %@\ of active phytochemicals from plant materials*®. Drugs, lead
compounds, and com from different plant parts are showcased and isolated through the

examination of P@hemwal qualities in medicinal plants. Plants' distinctive biological activity

can be mor identified thanks to their Phytochemical characteristics®'.

\¥

Fruits, stem barks, roots, and leaves are the main plant materials used to analyze Phytochemical
characteristics. This thorough analysis looks at the Phytochemical components of medicinal
plants using a variety of extraction techniques, including ethanol, methanol, chloroform, acetone,

hexane, petroleum ether, ethyl acetate, and aqueous extractions, to isolate distinct Phytochemical

17



2.3.1 Bioactive Constituent of Date Seeds

a. Phenolics Compounds: Date seeds are a good source of phenolic compounds, which have
antioxidant qualities. These chemicals include Flavonoids and phenolic acids. By assisting in the

neutralization of dangerous free radicals, these substances can lessen oxidative stress and the

chance of developing several chronic diseases'”. \

b. Fatty Acids: Fatty acids found in date seeds, such as oleic and linoleic de;re recognized

for their potential to improve heart health and reduce inflammation's. O

c. Amino Acids: The building blocks of proteins, amino acidsound in diverse forms in date
seeds. These amino acids are necessary for many phy&o cal functions, including immune

system function, muscle growth and repair, and the &sis of hormones and enzymes'®.

d. Dietary Fiber: Date seeds, like date frui hve dietary fiber, which promotes digestive health
and helps control bowel motions?. l@um, magnesium, and calcium are among the minerals

found in date seeds. These m@% are necessary for many body processes, including nerve

transmission, bone healtﬂ;@ uscular function?.

[ ]
e. Saponins: Sa@ are found in date seeds and are recognized to have antioxidant and anti-

inflammato ities?2.

\*

18



2.3.2 Bioactive Constituent Fruit's

a. Carotenoids: Including lutein, zeaxanthin, and B-carotene, which are potent antioxidants
recognized for their function in preserving eye health and shielding cells from harm, carotenoids

are found in dates?>.

b. Phenolic Compounds: Flavonoids, procyanidins, and derivatives of phenoli Q%e just a
few of the many phenolic compounds that are abundant in dates. 'Str antioxidant

characteristics allow the fruit to scavenge free radicals, lowering @e stress within the

O

c. Flavonoids: Flavonoids are a broad class of phytox&eas present in dates that are well-

body?2.

known for their antioxidant and anti-inﬂammatory@ies. They might assist in lowering the

risk of a few chronic illnesses, such as cancm@eart disease®.

d. Tannins: Studies have linked g{ejx»nnins found in dates to several health advantages,

including anti-inflammatory, eﬁ'@gérial, and antioxidant properties®.

e. Fiber in the Diet: tary fiber, both soluble and insoluble, is abundant in dates. In addition
to helping with@ sugar regulation and gastrointestinal health maintenance, fiber also

increases feetings of fullness, all of which can help with weight management?®’.
These bioactive components support the many health advantages of date eating, such as better
blood sugar regulation, decreased risk of chronic illnesses, improved digestion, and improved

heart health. Dates are heavy in natural sugars and calories, so it's important to eat them in

moderation?®.
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2.4 Value-Added Products from Date Fruits and Seeds

Date fruits and seeds can now be used to create value-added goods, which is a growing area of
interest and innovation?’. Date fruits, which are harvested from the date palm tree, are prized for
their inherent sweetness and abundance of nutrients. In addition, date seeds which are sometimes
disregarded have special qualities. A variety of value-added products have been dev%:)ed as a
result of efforts to improve these components. Date fruit products have opular as
tempting substitutes for manufactured sweets. These products include st date pastes,
and date-based sweeteners. The potential uses of date seeds as a f bioactive chemicals,
animal feed, and dietary fiber have also drawn interest. The dandustry has been proactive in
exploring value-added product creation, motivated not & significant profitability but also
by the role it plays in mitigating the risk of& spoilage. Research and technology
advancements continue to expand the horizb@r creating innovative and nutritious products
from both dates’ fruits and seeds, sh\a g the remarkable versatility of this ancient and
revered fruit. The generation of @thanol from abandoned date palm fruit waste via yeast
(Saccharomyces cerevisia QQ iated fermentation has shown recent success®®. Additionally,

studies have demonstrated thic possible use of date waste which uses bacteria like S. cerevisiae as

a substrate for th@iufacture of citric acid. Aspergillus niger and S. Cerevisiae®.

2.5 Ul@gact Infection (UTI)

A urinary tract infection (UTI) is a disorder characterized by the presence of an infection in a
portion of the urinary tract?®. It is causing cystitis, or a bladder infection when it affects the lower
urinary tract, and pyelonephritis, or a kidney infection when it affects the upper urinary tract®’.

Lower urinary tract infection symptoms include painful urination, frequent urination, and a

20



persistent urge to urinate even when the bladder is empty?2. Fever and flank pain are among the
symptoms of a kidney infection, usually in addition to those of a lower UTIL. Urine may appear
bloody on rare occasions. Older people and infants may have nonspecific or ambiguous
symptoms. Most infections are primarily caused by Escherichia coli, while other bacteria or
fungi may rarely be to blame. Risk factors include sexual behavior, female anatomy, diabetes,
obesity, and a history of urinary tract infections in the family*'. Sexual activity Q%& factor,
however, STIs (sexually transmitted infections) do not include urinary tract inf&€tions (UTIs).
Although they can potentially come from a bloodstream infection, l@‘infections typically
follow bladder infections*!. In young, healthy women, diagnosi %pend only on symptoms.
It might be difficult to diagnose patients with unclear sym ‘.‘Q. ince bacteria can exist without
producing an infection®®. A urine culture can be an i nt diagnostic tool in complex cases or
when treatment doesn't work. UTIs are one_of ost frequent bacterial diseases globally,
impacting millions of people each year. ﬁ\egdevelopment of antibiotic resistance among
uropathogenic bacteria has become {@ous worry, even though UTIs are typically not fatal.

The ability of bacteria to resisi}k fects of antibiotics is known as antibiotic resistance. This

resistance increases the d&@% of treating infections and lowers healthcare costs and morbidity.

Geographical Vﬁf&@ antibiotic prescribing patterns, patient demographics, and the kinds of
gin

bacteria-prod fections all have an impact on the prevalence of antibiotic resistance in
UTIs*. T@j ority of UTIs are caused by the uropathogenic bacteria Escherichia coli (E. coli),
which has demonstrated increasing resistance to popular antibiotics such as beta-lactams,
fluoroquinolones, and trimethoprim/sulfamethoxazole*’. When it comes to UTIs, antibiotic

resistance has several negative effects. First of all, it results in resistance to treatment, protracted

sickness, and a higher chance of side effects such as bloodstream infections and pyelonephritis.
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Secondly, there is a detrimental cycle created when broad-spectrum antibiotics are used as a last
resort, which adds to the general increase in antibiotic resistance. There is an increasing interest
in investigating complementary and alternative remedies for urinary tract infections (UTIs) due
to the difficulties caused by antibiotic resistance. Plant extracts and phytochemicals are examples
of natural materials that have drawn interest due to their possible antibacterial qualities. These

% while

substances offer a potentially effective means of addressing uropathogenic

avoiding problems related to antibiotic resistance*’. QJO
¢\
2.5.1 Prevalence of UTIs $Q
Urinary tract infections (UTIs) are a well-researched g alth issue, as shown by the
numerous epidemiological studies that have demonstr Is' broad prevalence among a range
of age groups and demographic backgrounds. P If@ rly women have a greater vulnerability to
UTIs*. Two clear categories stand out a&é‘t e range of UTIs. Community-acquired UTIs,
which are more common in wor@n be caused by several circumstances, including
menopause, pregnancy, and s@qjactivity. This group is particularly susceptible to these
infections. However, a @percemage of UTI cases are hospital-acquired, particularly in
patients undergoi g%y and those with indwelling urinary catheters. Moreover, persistent
UTIs pose dif@ltles for some people, leading to several episodes annually. Due to its complex

preval@ Is must be understood and treated as a serious public health concern, requiring

all-encompassing approaches to therapy, prevention, and research?.
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2.5.2 Activity against Bacterial Resistance

Globally, the prevalence of drug resistance in microbiological infections is increasing.
Traditional therapy approaches largely rely on antibiotics, which are pricey and often lead to
severe consequences. On the other hand, natural products and their ingredients are becoming
more and more popular as low-cost and safe substitutes for infection control!!. Theﬂkstituents
of Phoenix dactylifera exhibit noteworthy promise in the prevention and tre '@)f bacterial
infections'?. Researchers used a variety of plant parts, such as leaves, se€ds, fflits, and bark, to
examine Phoenix dactylifera’s antibacterial qualities. Using the@ffusion method with
kanamycin as the reference medication, they tested three @cts: aqueous, methanol, and
acetone, against standard gram-positive (S. aureus, S. pﬁie s) and gram-negative (E. coli, P.
aeruginosa) microorganisms. Their research revea@%ong antibacterial activity in all plant
sections and extracts, with acetone and m@%xuacts outperforming aqueous extracts in
terms of efficacy. Fruit and leaf ext’f@utperformed seed and bark extracts in terms of
antibacterial activity among the @kcs?gated components. The most active extracts against
Staphylococcus were the @eaf extract and the acetone fruit extract against P. aeruginosa

and E. coli, respecti\;&

profile of Phoeniy dqetylifera, accentuating the fact that leaf and fruit extracts exhibit a higher

e investigation additionally furnished an elaborate phytochemical

potency for. acterial activity in comparison to seed and bark extracts. Methanol is a better
solvent\@ antimicrobial research because it can extract a wider spectrum of chemicals than
water, which is why acetone and methanol extracts have greater potency than water'. Except for
ethyl-acetate, the fruit's richly constituent-rich portion demonstrated the strongest antibacterial
action'¢. The alkaloids, flavonoids, and tannins in Phoenix dactylifera are probably what gives it

its antibacterial qualities. Additionally, recent research indicates that P. dactylifera may be used
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as an antimicrobial agent to lessen the side effects of medications like methylprednisolone, and

its extract may be useful in the treatment of enteric diseases'>. Phoenix dactylifera and its

extracts, particularly those derived from methanol and acetone, exhibit significant antibacterial

activity, making them promising candidates for the development of new antimicrobial agents.

Additionally, preliminary evidence suggests that the pits of Phoenix dactylifera may, also have
N

O

2.5.3 Antibiotic Resistance's Impact on UTI Therapy &

activity against gram-negative bacteria'’.

A recent study has brought attention to the urgent proble o%biotic resistance in the
treatment of urinary tract infections (UTIs). UTIs are @1 n in all demographic groups,

however they affect women more than men. While &8&% traditionally give an effective UTI
é his resistance is largely caused by factors

treatment, the rising resistance poses complic{[ié
like the overuse and abuse of antibioti§}agriculmre and healthcare, which has serious
.
economic ramifications. Preliminary @ates point to likely future declines in GDP and a rise
in healthcare costs. Furtherm@&,&g{e are worries about the scarcity of new antibiotics, which
could lead to a post-antibiotig, age with few therapeutic choices. To tackle this complex issue, we
need to use antibi t@onsibly, come up with new treatments, and work together globally to
fight UTIs an@gt{ed antibiotic resistance. Antibiotic resistance is mostly attributed to the
impor% mes called beta-lactamases, which are produced by specific bacteria. These
enzymes, which are members of the hydrolase family, work principally by hydrolyzing the beta-
lactam ring, a structural element that is shared by important antibiotic families like

cephalosporins, carbapenems, and penicillins**. Antibiotic resistance is greatly increased by the

cleavage of this ring, which makes antibiotics ineffective.
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2.5.4 Clinical Isolates of Beta-lactam Producing Bacteria (Urinary Tract)

The main defense mechanisms of Gram-negative bacteria against B-lactam antibiotics, known as
Beta-lactamases, are highly evolved enzymes with a multi-million-year evolutionary history*.
These well-studied enzymes, which at this point consist of about 2,800 different proteins,
originally protected a bacterium that was generated from naturally occurrin actams™®.
Penicillin-binding proteins having sequence similarity to -lactamases with @( -site serine
were probably their ancestors. There are also metallo-B-lactamases, ich Rave one or two
catalytically active zinc ions. Although penicillinases in Gram-positi Q:teria were discovered
soon after penicillin was first used in medicine, transmissi lactamases that could break
down freshly licensed cephalosporins, carbapenems, & onobactams eventually became
important in Gram-negative pathogens. There are t ain schemes on which nomenclature is
based. At first, functional divisions based O@’gate and inhibitor profiles were utilized. A
later system divides B-lactamases into’%& , B, C, and D enzymes according to amino acid
sequences. Beta-lactamases are a b@& group of enzymes that bacteria manufacture that function
to open the beta-lactam ri @) render beta-lactam antibiotics inactive®. Remarkably, some
beta-lactamases are en d§ on chromosomes, while others are encoded on mobile genetic
.
elements like la@iis enzymatic activity, especially in gram-negative bacterial pathogens,
is a therap y relevant mechanism of resistance. A thorough knowledge of the common
forms \{%ﬁta—lactamases generated by different pathogens is essential for determining
susceptibility, selecting appropriate treatments, and putting infection control procedures into

action*®.
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Pharmaceutical substances known as "beta-lactamase inhibitors" are made to prevent certain
beta-lactamases from acting. As a result, they are sometimes used with antibiotics that are beta-
lactam. These inhibitors include tazobactam, sulbactam, and clavulanate. Penicillinases are
efficiently blocked by these medications, but not AmpC or carbapenemases*’. While they have
modest inhibitory action against extended-spectrum beta-lactamases (ESBLs) in yitro, their
clinical reliability against ESBL producers is limited. Additionally, sul Qéexhibits
antibacterial action against particular bacterial species, such as A. gonormhoed®, Bacteroides
fragilis, and Neisseria gonorrhoeae A.baumanii, a bacterium with a nistory of resistance
to antibiotics®®. Another beta-lactamase inhibitor is avibactam, which inhibits beta-lactamases of
class A (ESBLs, most KPCs), class C (AmpC), and some ¢ OXA) but not class B (MBLs).
To classify beta-lactamases according to molecular 0@)@ the Ambler classification scheme
is frequently utilized. The active sites of enzy es’b§asses A, C, and D include serine residues,
but the active sites of enzymes in class B §e zinc, which indicates metallo-beta-lactamases
(MBLs). Extended-spectrum beta-{f.éh\:{ses (ESBLs) and KPCs (Klebsiella pneumonia
Carbapenemase) are included i@%A; MBLs (NDM, IMP, and VIM) are included in class B;

AmpC is included in cla&@%d oxacillinases (OXAs) are included in class D. The multiplicity

of bacterial resist. hanisms is highlighted by the thousands of mutations found in beta-

lactamases*®. 6
QJ’Z}

2.5.5 (}Ny A Ambler Classification

A class of plasmid-encoded enzymes known as extended-spectrum beta-lactamases (ESBLs) is
mostly present in Escherichia coli, Klebsiella species, and other Enterobacterales®. Enzymes

such as TEM, SHV, CTX-M, and GES are prominent instances of ESBLs. These enzymes are
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capable of hydrolyzing monobactams, most cephalosporins (except cephamycins, which are not
hydrolyzed by most ESBLs), and extended-spectrum penicillins, such as piperacillin. Klebsiella
pneumoniae Carbapenemase (KPCs) are similar to ESBLs, but they also can hydrolyze
carbapenems. These enzymes were first discovered in Klebsiella pneumoniae, but they have
subsequently been found in additional Enterobacterales species. Antibiotic resistance is a serious
concern that calls for a sophisticated approach to antibiotic therapy and @Q& control

techniques due to the advent and dissemination of ESBLs and KPCs*, <
2.5.6 Class B of Amblers Classification &

Metallo-beta-lactamases (MBLs), represented by VIM, I@n NDM, employ a zinc ion in
their catalytic mechanism to hydrolyze all beta- c@ including carbapenems*®. Notably,
monobactams continue to be resistant to B%&Vity, such as aztreonam. Chromosome
encoding has been reported in MBLs in so sganisms, such as Stenotrophomonas maltophilia
.
L1 MBL. As an alternative, they can@tqulred; this is a behavior that is observed in a variety
of gram-negative bacteria, inchﬁi&pecies of Acinetobacter, Pseudomonas, and Klebsiella. It is
important to remember !@% -lactamase inhibitors that are currently on the market cannot
block MBLs, wh@a ts a problem for researchers trying to create effective treatment plans
ht' on

for diseases b by MBL-producing bacteria 4°.

O

2.5.7 8&& Ambler Classification

The AmpC enzymes belong to the beta-lactamase class and are capable of hydrolyzing the
majority of cephalosporins (excluding cefepime), cephamycins (like cefoxitin and cefotetan),

monobactams (like aztreonam), and penicillins. AmpC beta-lactamase can be encoded on a
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chromosome or plasmid. Certain antibacterials can promote the production of chromosomal
AmpC, or it can be constitutively produced, especially in de-repressed mutants. Bacteria
including Escherichia coli, Klebsiella pneumoniae, and Proteus mirabilis that normally do not
have this beta-lactamase can also express constitutively the plasmid-encoded AmpC. Treatment
options may be complicated by inducible AmpC expression since isolates, particularly in
Enterobacterales, may first test responsive to third-generation cephalosporins. A ch se is K.
pneumonia. Enterobacter cloacae, P. aerogenes, and Citrobacter freundii a@@wnﬂy linked
to the presence of inducible ampicillin, which suggests using thirdion cephalosporins
with caution. Although overproduction of AmpC can also occ 'r%eus vulgaris, Morganella

morganii, Serratia marcescens, and Providencia species, @; y relevant expression is less

frequent?, bbe
2.5.8 Class D of Ambler Classificati ’b
A. ication @

OXA beta-lactamases generally tar@rrow-spectrum penicillin, with select forms, notably
plasmid-encoded OXA, demoh@%ﬁ the potential to hydrolyze carbapenems while keeping the
action of numerous ceph@ins“g. Because beta-lactamase-producing bacteria (BLPB) can
produce the enz @tamase, they can have both an indirect pathogenic effect and a direct
pathogenic ir%ct in polymicrobial infections. Drugs like sulbactam and vaborbactam are
desigr%@ck beta-lactamases of classes A and C, but they are ineffective against classes D
and B. Since many urinary tract clinical isolates are beta-lactamase-producing germs that
become resistant to conventional antibiotics, these isolates provide a significant issue. The

difficulties presented by beta-lactamase-producing bacteria in urinary tract infections have been
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highlighted by research investigations, emphasizing the need to investigate alternate treatment

options, such as the use of plant extracts*®.
2.5.9 Antibiotic Resistance Factors

The worldwide health issue of antibiotic resistance is intricate and widespread, wiwmerous
underlying causes®. The overuse and abuse of antibiotics in a variety of co Qis a major
factor. In clinical practice, healthcare practitioners may administer antibiotic§ unimi€cessarily, and
patients could request them for viral diseases, where drugs are ineffec@ ading to significant
contributions to antibiotic resistance. The usage of antibioti i@ agriculture industry for
things like promoting cattle development and preventing Q has led to the emergence of
antibiotic-resistant bacteria that can affect the foo C}ﬁ he situation is made worse by the
worldwide travel and trade that spreads resist{% s throughout the world, highlighting how
interrelated antibiotic resistance is on a glo Nale”. Because they enable bacteria to trade and
.
acquire resistance genes, horizontal éﬁ\transfer pathways are essential to the emergence and
dissemination of resistance in® @g{a. The spread of resistant bacteria is aided by insufficient
infection control measu@ealthcare environments, such as inadequate hand hygiene and
sanitation standar S@yttle this pressing public health concern, addressing the various causes

of antibiotic @'stance requires a holistic approach that includes increased infection control
techni%&)onsible antibiotic use, and international cooperation.

2.5.10 Antibiotic Resistance and Mechanisms of Action

It is essential to appreciate the mechanisms of action of B-lactamases to understand antibiotic

resistance. The bacterial resistance to f-lactam antibiotics, a commonly used family of medicines
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that includes cephalosporins and penicillin, is mostly dependent on these enzymes®'.
Hydrolyzing the B-lactam ring present in these antibiotics to make them ineffective is the
primary function of f-lactamases. The capacity of the antibiotics to attach to their target proteins,
which is necessary for the formation of bacterial cell walls, is disrupted by this hydrolysis. Thus,
even when an antibiotic is present, bacteria can still proliferate and develop. Bacteria of both
Gram-positive and Gram-negative species produce B-lactamases, which seriou O%Dromise

the efficacy of B-lactam antibiotics®!. The complexity of antibiotic resistange afid the need for

new approaches to tackle it are highlighted by the diversity, fast@xl(ion, and extensive

2.6 Escherichia coli Q
)

The bacterium Escherichia coli, also known as E’b; is facultative anaerobic, rod-shaped, and

distribution of B-lactamase enzymes in bacterial populations.

gram-negative. The first description of this@b e dates back to 188532, Like other natural flora,

the majority of E. coli strains inadY( ’\1}'1 colonize the gastrointestinal tracts of humans and
animals. However certain str&i@%. coli have developed into dangerous strains by gaining
virulence factors from c?ophages, transposons, plasmids, and/or pathogenicity islands.
Based on serogro p@ogenicity mechanisms, clinical signs, or virulence characteristics, this
pathogenic E@ can be divided into different groups®. Enterohemorrhagic E. Coli (EHEC) is a
kind of ;@r@enic Escherichia coli that produces Shiga toxins (Stxs) and is responsible for
hemorrhagic colitis (HC) and hemolytic uremic syndrome (HUS), which can be fatal. Human
infections have been linked to several EHEC serotypes, including O26:H11, O91:H21, O111:HS,

O157: NM, and O157:H7 55. The most commonly isolated serotype of EHEC from sick

individuals in the UK, Japan, and the US is E. coli O157:H7.
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The rod-shaped, facultatively anaerobic, gram-negative coliform bacteria. Escherichia coli
belongs to the genus Escherichia and is frequently found in the lower intestine of warm-blooded
creatures®’. E. coli, is classified as Gammaproteobacterial, Enterobacteriaceae family, Genus is

Escherichia and order is Enterobacterales and species is coli, Phylum: Pseudomonadota.

Escherichia coli typically live harmlessly in the human digestive system, but when iﬂ'&ades the
urinary tract, it can cause serious infections. Women's anus and urethra are r: e together,
which makes "wiping front to back" after using the restroom helpful i&m ing urinary tract
infections. The need for prompt diagnosis and treatment is highlight the possibility that an
untreated UTI could progress to the kidneys and cause a mo@ious illness.Women who are
sexually active, pregnant, or old may all face an enh@ isk of having UTIs 4. Of these
pathogenic strains, Enterohemorrhagic E. coli (EH%@of special concern since it is frequently
connected to outbreaks linked to contaminatb@ter or food. Shiga toxins, which are produced
by EHEC, have the potential to cause h@ic—uremic syndrome (HUS), a disorder marked by
renal failure and possibly lethal %’{komes“. The potential for E. coli to develop antibiotic
resistance is facilitated by 'ts@%ﬁc plasticity and adaptability, which presents a serious risk to
public health. Treatmen &)ns for infections have been limited due to the advent of multidrug-

"N

resistant E. coli strdins, which emphasizes the significance of careful antibiotic use and

surveillanc 6
e

2.6.1 Mechanisms of Resistance

The mechanisms of resistance exhibited by Escherichia coli (E. coli) are complex and
multifaceted, representing a significant challenge in combating infections caused by this

bacterium ¢, E. coli, a versatile gram-negative bacterium commonly found in the human gut, can
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develop resistance to antibiotics through various mechanisms. One primary mechanism involves
the production of enzymes, such as beta-lactamases, which can deactivate antibiotics like
penicillin and cephalosporins by breaking down their molecular structures®’. This enzymatic
action renders these antibiotics ineffective in combating E. coli infections. Additionally, E. coli
can develop efflux pumps that actively expel antibiotics from within the bacterial c&educing
the concentration of the drug and its effectiveness. This efflux mechanism is a pr Qve strategy
employed by the bacterium to maintain its survival. Furthermore, genetic Qltj ns within E.
coli can alter the structure of target proteins, which antibiotics woul@lly bind to, making
these drugs less effective in inhibiting bacterial growth. Anothe ri% mechanism of resistance
in E. coli is the acquisition of resistance genes through hori Q

ene transfer, in this process, E.

ive to. This ability to share and acquire

coli can acquire genetic material from other bacteri; w%%nay carry resistance genes, enabling

them to resist antibiotics they were previouilyQ
resistance genes makes E. coli a forrnidal’ﬂ{' ontributor to the spread of antibiotic resistance.
.
A\
2.6.2 Epidemiology of Resistancez‘&co
N\

The prevalence of antirrb'@% resistance in Gram-negative bacteria, particularly Escherichia
coli, is a growing Ain Europe’®. E. coli constitutes the majority of invasive Gram-negative
isolates acro%European countries, and the emergence of multidrug-resistant strains is
compl'cal@’qw treatment of severe infections. Enterobacteriaceae, including E. coli, are a
leading cause of infections in both hospital and community settings. Multi-drug-resistant E. coli
strains are also frequently found in animals and food products. The use of antibiotics in animals
has contributed to the emergence and spread of antibiotic-resistant strains, including E. coli *.

This poses a risk to humans through direct contact with animals or by consuming contaminated
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food. Escherichia coli is known for its adaptability in various environments, and it can transfer

resistance genes to potential pathogens across different habitats. Hospital effluents have been

identified as a potential source of multidrug-resistant E. coli, contributing to the dissemination of

antibiotic resistance genes in municipal sewage systems and the environment. Antimicrobial-

resistant E. coli strains are distributed across Europe, and there are geographical variations in the

percentages of resistance to specific antibiotics in different countries, these Q&OS likely
S)

reflect differences in infection control practices and antibiotic usage. Soutk%nj ions tend to

exhibit a higher prevalence of resistance. é

In addition to the countries covered in the last annual Euro entre for Disease Prevention
and Control (ECDC) report, other European nations & SO experiencing an increase in
antimicrobial resistance in E. coli ®. Eastern Eur& countries have reported a significant
percentage of E. coli isolates positive for ex\\\@pectmm beta-lactamases (ESBLs). Turkey,
in particular, has reported a high p&% e of ESBL-positive strains with resistance to
fluoroquinolones. Switzerland, C@a, and Bosnia and Herzegovina have reported E. coli

strains resistant to Vari(w‘ucrobials, with fluoroquinolones resistance being prevalent.
Multidrug-resistant strains fave also been identified in several countries, with varying levels of

surveillance data@bi ity. Russia has reported ESBL-positive E. coli isolates with resistance

to quinolor% d aminoglycosides, particularly high resistance rates to ciprofloxacin and

nandi)?l\gﬁ 2l
2.6.3 Alternative Therapies

The global rise in multidrug-resistant bacteria has led to a search for innovative therapeutic

strategies against infectious diseases. Several novel therapies have been developed to address
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this challenge, including phage therapy, antimicrobial peptide therapy, and combination
antibiotic therapies®?. Phage therapy, which has been recognized since the 1900s, is experiencing
resurgence due to the diminishing effectiveness of antibiotics against multidrug-resistant
bacteria®®. Bacteriophages (phages) are highly specific viruses that infect and kill bacteria. They
can be modified to target emerging multidrug-resistant bacterial strains, Phages show romlse in
treating urinary tract infections (UTIs) caused by biofilm-forming uropathogenic @er chiacoli
(UPEC) strains®. Biofilm production significantly increases ant1b10t1c resista but phages
have been found to penetrate the extracellular matrix, degrade the @1 , and kill bacteria.

Phage therapy has also shown potential for treating sepsis and_ meningitis caused by multidrug-

resistant neonatal meningitis-associated E. coli (NMEC) st

QO

Efflux pump inhibitors represent an alternative the@ tic strategy against multidrug-resistant
bacteria®. Efflux pumps are known antibiotio@tance mechanisms used by bacteria to actively
export molecules from the cell, Efﬂ@mp inhibitors, when used in combination with
antibiotics, have demonstrated sigfiffeant therapeutic potential, allowing the use of antibiotics
compromised by efflux p \tivity. Although not yet widely used in clinical practice, this
approach holds prom’i@&;‘coming antibiotic resistance.
.
N\
2.64 Medicir%’ ants and E. coli
O

The uk&medicinal plants in the context of Escherichia coli infections has been an area of
interest in traditional and alternative medicine®’. Medicinal plants, known for their rich content
of bioactive compounds, have been explored for their potential antibacterial properties against E.
coli and other pathogens. These plant-derived compounds can exhibit various mechanisms of

action, such as disrupting bacterial cell membranes, interfering with essential enzyme systems, or
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inhibiting the growth of E. coli. In traditional medicine, medicinal plants have been used to treat
a variety of ailments, including gastrointestinal infections often caused by pathogenic E. coli
strains. The utilization of medicinal plants in the context of E. coli infections reflects the ongoing
exploration of natural remedies and traditional knowledge for addressing bacterial infections.

This approach aligns with the broader interest in alternative healthcare systems that @ on the

2.6.5 Diagnosis of E. coli &QJ

The diagnosis of Escherichia coli infections typically involves.a cemprehensive approach that

therapeutic properties of plants and their bioactive constituents®*.

integrates clinical evaluation and various laboratory tests@ thcare providers begin with a
thorough medical assessment, including a detailed Q%thstory and a physical examination,
where symptoms indicative of an E. coli infectioﬁb&h as diarrhea or urinary tract discomfort,
are carefully considered. In terms of labgratory tests, for gastrointestinal infections, a key
.
diagnostic tool is stool cultures. This ’{ﬁs\ves collecting a stool sample, which is then cultured in
a laboratory to identify the ‘(@%@ of E. coli bacteria. Additionally, blood tests may be
conducted to assess sign&@%ection and potential complications. For urinary tract infections
(UTIs) caused b ‘@ the diagnostic process includes a urine sample analysis through
urinalysis to c@k or signs of infection. Urine culture is another essential test, helping identify
the pr sel@’bf E. coli and determining its susceptibility to antibiotics’’.In cases where severe
infections or specific E. coli strains like Shiga toxin-producing E. coli (STEC) are suspected,
advanced tests may be employed. Polymerase Chain Reaction (PCR) is a molecular biology
technique used to detect the presence of specific toxins or genes associated with certain E. coli

strains, Enzyme Immunoassays are also utilized to identify specific proteins or antigens related
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to E. coli strains. The combination of clinical evaluation and laboratory testing is instrumental in
confirming E. coli infections, assessing their severity, and guiding appropriate treatment

strategies.
2.7 Acinetobacter baumannii

The Dutch researcher used minimum media fortified with calcium acetate to isol @rganism
from the soil for the first time in 19117'. About 43 years after it was \firs{™discovered as
Micrococcus calco-aceticus, Brisou and Prevot proposed the monik@i tobacter (from the

Greek "akinetos," meaning non-motile) to differentiate @ motile species in the

Achromobacter genus’!. After a thorough investigation by ers that included Micrococcus
calco-aceticus,  Alcaligenes  hemolysans, '%Q)olymorpha, Moraxella  lwoffi,
Herelleavaginicola, and Bacterium anitratum, th s Acinetobacter was accepted in 19687,
Based on morphological traits, this study éﬁined that these organisms belonged to a single
.
genus and could not be further diVi@tO several species. Based on a publication, the genus
Acinetobacter was formally r&@%d by the Subcommittee on the Taxonomy of Moraxella and
Allied Bacteria in 1971@§Gram-negative bacterium Acinetobacter baumannii is usually
small, nearly sph @d rod-shaped. It bears the bacteriologist's name. As a hospital acquires
infection, it iﬁjowing more significant and can be an opportunistic pathogen in humans,
harming t@’bwith weakened immune systems’®. Acinetobacter baumannii is bacteria frequently
located in several environmental sources, including soil and numerous food items such as
vegetables, meat, and fish. A. baumannii may sometimes colonize the skin of healthy individuals;

however, this normally occurs at low levels and for brief periods. In healthy individuals,

colonization in alternative bodily locations, such as the throat, nasal passages, or intestines, is
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infrequent. In recent decades, A. baumanniihas become a prominent and prevalent pathogen
associated with hospital-acquired illnesses. It is predominantly linked to illnesses such as
nosocomial prneumonia and bacteremia in patients within intensive care units (ICUs) globally.
Furthermore, 4. baumannii can induce skin and soft tissue infections, in addition to urinary tract
infections. The rise of multidrug-resistant (MDR) A. baumannii strains has exacerbated the issue

%mannii

of nosocomial infections. Hospital surveillance data reveals a significant rise ibe

infections over the last five years, predominantly isolating MDR strains meJ tients across

multiple healthcare settings’®. @

The Acinetobacter genus is varied, encompassing oxidase—posind -negative, non-pigmented,
Gram-negative coccobacilli. While there are over50sp &rithin the genus, most are non-
harmful environmental organisms. 4. baumannii i&most prevalent species involved with
infections. Other species including A. calco-&@fq A. lwoffi, A. haemolyticus, A. johnsonii, A.
Jjunii, A. nosocomialis, A. pittii, A. scht;?\ﬂ{' and A. ursingii have been described as pathogens
in specific situations. Some specieéi?lding A. calco-aceticus, A. Iwoffi, A. nosocomialis, and
A. pittii, have been identi e@s vegetables, meat, dairy products, and human skin, typically
containing wide antibiox sistance repertoires. A. baumannii strains with antibiotic resistance
.
have been ident@n commercial food, suggesting numerous pathways of transmission to
human popua s’7. However, healthy persons rarely contain more pathogenic species and

strainsx&baumannii, and 4. baumannii is seldom recognized as a colonizer of healthy human

skin.

2.7.1 Epidemiology of Acinetobacter baumannii
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The epidemiology of Acinetobacter baumannii is a rising concern in hospital settings globally’’.
This multidrug-resistant bacterium is capable of causing different infections, including
pneumonia, bloodstream infections, and wound infections, especially in critically ill individuals.
Its epidemiology pattern is defined by its persistence in healthcare contexts, leading to
nosocomial or healthcare-associated infections. 4. baumannii is noted for its persistence on
surfaces and medical equipment, making it tough to control. Historically associ & humid
climes, Acinetobacter infections have become increasingly frequent in temp ateQuntries since
the 1970s. Its capacity to persist in many conditions and rapidly devestance to important
types of antibiotics helps its emergence’®. Nosocomial Acineto c%fections show a seasonal
fluctuation, with greater incidence found during the sum chs. Factors such as increased
humidity in the ambient air, producing favorable ci cpa%ices for Acinetobacter growth, may
contribute to this seasonal change. Environ en% riables, especially condensate from air-
conditioning systems, have been highligh hs probable sources of pandemic Acinetobacter
.
infections. Acinetobacter is known\ﬁs\its relationship with healthcare-associated illnesses,
notably in critical care units CIG\l&@However, it has also been related to community-acquired
diseases in regions like S@%d Australia. Additionally, Acinetobacter infections have been

documented in th t@ of conflicts and natural disasters, indicating its versatility and capacity
d

to thrive in V&%S tings”®.
2.7.2 %osis of Acinetobacter
The diagnosis of an Acinetobacter infection is typically confirmed when Acinetobacter is

cultured from a patient's specimen (such as sputum, blood, or cerebrospinal fluid) along with

other clinical findings that indicate an infection at that particular site®. It is crucial to note that
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Acinetobacter colonization is a common occurrence, and the decision to initiate treatment should
be based on distinguishing between colonization and a genuine infection. This distinction is
essential due to the challenges associated with treating Acinetobacter infections, which can
involve significant potential for toxicity 8!. Although Acinetobacter is relatively easy to isolate
through standard cultures, identifying it can sometimes be delayed, as it does not strongly react
in many of the common biochemical tests used to differentiate among gram-ne Q bacteria®?.
When subjected to Gram staining, Acinetobacter species typically appear a@ébroad gram-
negative rods during their rapid growth phase but adopt a more C(@) illary shape in the
stationary phase. Recognizing the difference between colonin@n nd a true infection can be

challenging, especially given that many infections 00@1 individuals who are already

colonized with the bacterium?®. 6’§
2.7.3 Transmission ®%

Acinetobacter species are often tr ted to patients in healthcare settings through their
persistence on environmental® @%s and temporary colonization of the hands of healthcare
workers”. However, nb@%al transmission via aerosolized bacteria from infected or
colonized patient ‘l@o been documented. For instance, there was a notable case where a
healthcare wo@ggveloped severe pneumonia after inhaling aerosolized 4. baumannii during
endotr, c@%ctioning of a ventilated patient. Another study discovered that nearly 25% of air
samples collected from patient rooms were contaminated with carbapenem-resistant A.
baumannii (CRAB). Interestingly, these rooms had previously housed patients infected with
CRAB, but the air ducts were not colonized, indicating that the patients themselves were the

source of the airborne bacteria. However, another study found evidence of air contamination by
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A. baumannii in only one out of twelve patient rooms evaluated, suggesting that the frequency of

air contamination by A. baumanniivaries.
2.7.4 Acinetobacter Virulence Factors

Acinetobacter has several virulence characteristics that have a crucial role in its apac1ty to
generate infections in people. These virulence features encompass the capabili @co nect to
host tissues, produce biofilms, and manufacture toxins’®. The adhesion to QSJ ssues permits
Acinetobacter to establish a presence within the body, while blof@f ation bolsters its
durability on surfaces and its resistance to the host's immunolo enses °. Furthermore, the
generation of toxins can directly injure host cells and a Q functioning of the immune
system®2. A full understanding of these virulence f: tmeutal for the development of methods
targeted at treating Acinetobacter 1nfect10ns erous investigations have consistently
demonstrated that 4. baumanniicontains er intrinsic capacity for virulence in humans
compared to other Acinetobacter spe %\ﬁl as A. calco-aceticus, A. Iwoffi, A. junii, A. baylyi,
and A. haemolyticus. For 1nsta®2( one study, A. baumanniiexhibited superior growth at the
human body temperatu@?@ and demonstrated increased resistance to macrophage
absorption when t@d to these other species. The wax moth larva of Galleria was also
revealed to be@)re vulnerable to 4. baumannii strains, with these strains being more harmful

than t osébA. baylyi and A. Iwoffii. Another study reported that a strain of A. junii was

nonlethal in neutropenic mice, while many 4. baumannii strains were lethal’®.

2.7.5 Antimicrobial Active Plant Compounds against Acinetobacter baumannii
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Various plant-derived compounds have displayed antimicrobial efficacy against
Acinetobacterbaumannii’”’. These compounds originate from diverse plant sources and exhibit
the potential to impede the growth and replication of A. baumannii’®>. Among them are
polyphenols, alkaloids, terpenoids, and essential oils. Polyphenols, for instance, those present in
green tea and cranberries, have demonstrated promising antibacterial characteristics against A.
baumannii”®. Alkaloids, like berberine extracted from goldenseal, have Qsh wcased
antimicrobial properties®’. Terpenoids, abundant in plants such as thyme and ofegano, possess
robust antimicrobial attributes, akin to essential oils from plants likﬁx‘tees and eucalyptus.
These naturally occurring compounds from plants offer a pm@is and natural approach to

combat 4. baumannii infections. Q

2.8 Klebsiella pneumoniae b’b
O

Klebsiella pneumoniae is a Gram-neg%\tc\, non-motile, encapsulated, lactose-fermenting,
facultatively anaerobic, rod-shaped @na . It emerges as a mucoid lactose fermenter on

The rod-shaped, Gr%e ative bacterium Klebsiella pneumoniae is a member of the

MacConkey agar.

Enterobacteriace@lily. It is a significant human pathogen known for causing a wide range of
infections, larly in individuals with compromised immune systems or underlying health
condithggy K. pneumoniae is found in various environments, including soil, water, and the
human digestive tract, where it can exist as a commensal organism without causing harm.
However, under certain conditions, it can become an opportunistic pathogen®?. This bacterial
species within the Klebsiella genus is renowned for its pathogenic nature and its capacity to

provoke various infections in humans, especially within medical environments. Klebsiella
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pneumoniae infections can manifest as pneumonia, urinary tract infections, bloodstream
infections, and surgical site infections. These infections often pose significant challenges in
terms of treatment due to the development of antibiotic resistance in certain strains, including
resistance to commonly used antibiotics like carbapenems, typically reserved as a last-line
defense. The emergence of antibiotic resistance in Klebsiella pneumoniae underscores its
substantial significance in healthcare facilities, emphasizing the critical import Q%nfection
control protocols and the imperative to explore new treatment strategies. Clihical*fhanifestations
and infections associated with Klebsiella pneumoniae can exhibit a V\@ y of presentations,
encompassing diverse symptoms and varying degrees of severi % bacterium is recognized
for its pathogenic nature and its capacity to induce a rang ctions in humans, particularly
within healthcare settings. These infections may a]?b% form of pneumonia, urinary tract
infections, bloodstream infections, and surgical s ections®®. The management of Klebsiella
prneumoniae infections can prove to be fo é\& due to the emergence of antibiotic resistance
.
in certain strains, including resistancigntical antibiotics such as carbapenems. This antibiotic

resistance underscores the imp@% of implementing stringent infection control protocols and

emphasizes the pressing h@% the development of innovative treatment strategies®*.

2.8.1Plant Active Compound against Klebsiella pneumonia

The e ﬁc@f plant-derived active compounds against Klebsiella pneumoniae has been a
subject of investigation by scientists®>. These compounds are sourced from various plants and
have demonstrated the potential to inhibit the growth of this bacterium®. Some examples of
these active compounds encompass polyphenols, alkaloids, terpenoids, and essential oils.

Polyphenols, such as those present in green tea and cranberries, have shown antibacterial
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properties when challenged by Klebsiella pneumoniae. Alkaloids like berberine, extracted from
sources like goldenseal, also exhibit antimicrobial effects. Terpenoids, which are commonly
found in plants like thyme and oregano, possess potent antimicrobial attributes, akin to essential
oils from plants such as tea trees and eucalyptus. These naturally occurring plant-derived active
compounds present a promising and natural avenue for addressing infections Klsed by
X

2.9 Pseudomonas luteola: Pseudomonas luteola is an opportunistic &og n that thrives in

Klebsiella pneumoniae®’.®

moist settings. The species was originally classified in the gen omonas but has now
been reclassified as Pseudomonas®®. Higher classiﬁcation@udomonas, Scientific name
Pseudomonas luteola, Family Pseudomonadaceae. Pseu@a as luteola is a species of bacteria
that falls within the Pseudomonas genus. It is a@—negative, aerobic, non-spore-forming
bacterium. Pseudomonas species are known ‘E\\@elr diverse metabolic capabilities, adaptability
to various environments, and opp tic pathogenicity. Morphology and Staining:
Pseudomonas luteola is typically l@&haped (bacillus) and has a single, polar flagellum, which

provides it with motility. § m-negative bacterium, it does not retain the crystal violet stain

during Gram staining, %e ing pink or red under the microscope.
[ ]

N\

Metabolism: @teola is aerobic, meaning it requires oxygen for growth and energy production.

It is r@ally versatile and capable of utilizing a wide range of organic compounds as

carbon and energy sources.

Pigment Production: P. luteola is known for its characteristic yellow pigment production, which
contributes to its name ("luteola" means yellow). The production of pigments by P. luteola can

be a useful diagnostic feature when identifying the bacterium. Pseudomonas luteola can be found
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in various environments, including soil, water, and on the surfaces of plants and animals. It is
also an opportunistic pathogen, meaning it may cause infections in individuals with
compromised immune systems or underlying health conditions. While P. [uteola is generally
considered to be of low pathogenicity, it has been associated with infections in humans,
especially in immunocompromised individuals. Infections by P. luteola can include bloodstream
infections, urinary tract infections, and respiratory tract infections®. Li eQnan other
Pseudomonas species, P. luteola can develop resistance to antibiotics, p@sing“challenges in
clinical settings. The bacterium's ability to form biofilms can contrlb xntlblotlc resistance
and make eradication more difficult. Pseudomonas luteola 1solated from clinical
specimens, and its role in infections has been docu @m various medical studies.
Identification of P. luteola in clinical settings ds /@cz]lly done through microbiological
techniques, including culture and molecular m s. In the laboratory, P. luteola can be
identified based on its characteristic grgtkon selective media, pigment production, and
.
biochemical tests. Molecular techniq{ﬁa\uch as polymerase chain reaction (PCR), may also be

employed for accurate identifm&f’seudomonas luteola, like other Pseudomonas species, has

been studied for its pote&@%ﬂicaﬁons in bioremediation and agriculture due to its metabolic

capabilities. Rese(/@tinues to explore its physiology, genetics, and interactions with other

microorganisr%go.

2.9.1 IM Active Compound against Pseudomonas luteola

Pseudomonas luteola, a Gram-negative bacterium, has been a subject of interest in the
exploration of alternative therapeutic options, particularly involving plant-derived compounds

with antimicrobial properties91. Essential oils such as Tea Tree Oil and Eucalyptus Oil have
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demonstrated broad-spectrum antimicrobial capabilities, including effectiveness against various
bacteria, including Pseudomonas species. Phenolic compounds found in Cranberry Extract and
Thymol from thyme have been studied for their potential to inhibit bacterial adhesion and
prevent infections®!. Alkaloids like Berberine, derived from plants like berberis and goldenseal,
have shown antibacterial activity against a range of pathogens, prompting considerati&for their
effects on Pseudomonas luteola®'. Additionally, flavonoids like Quercetin, te ids*such as
Curcumin from turmeric, and polyphenols found in Green Tea Extract, a@@ly catechins,
have been investigated for their antimicrobial properties and their pote égainst Pseudomonas
luteola. Garlic compounds, including Allicin, known for thei %-Spectmm antimicrobial
properties, have been studied for efficacy against various bAloe Vera, with its Aloe Vera
Gel containing compounds like anthraquinone AﬁQ&lso been explored for potential
antimicrobial effects®?>. However, it is crucial to size the importance of thorough research
and consultation with professionals in micr b}logy and medicine before considering the use of
.
these plant-derived compounds for {@g bacterial infections. Factors such as concentration,
formulation, and mode of appﬁ@@can significantly influence their efficacy and safety. While
these natural compound&@%promise, traditional antibiotics remain the primary choice in

and under the guidafice of healthcare professionals®?.

O
2.10 EM acter cloacae

Enterobacter aerogenes was initially known as Aerobacter aerogenes before being added to the

clinical settings, ﬁ@fxploration of alternative therapies should be approached with caution

Enterobacter genus in 1960—89. This species was recommended to be called Klebsiella mobilis

in 1971 because of its motility given by peritrichous flagella and genetic similarity to the
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Klebsiella genus. It is worth noting that phenotypic differences between E. aerogenes and the
genus Klebsiella include not only motility but also the presence of ornithine decarboxylase
(ODC) activity and the absence of urease activity in E. aerogenes®®. However, recent complete
genome sequencing of a multidrug-resistant (MDR) clinical isolate (containing colistin)

proposed that the species be reclassified in the genus Klebsiella under the name K. aeromobilis®.

E. aerogenes’ distinct phenotype can be linked to the horizontal acquisition of Qge es from
other Enterobacteriaceae species, as well as mobile components that integra@ translated as
quickly as its ancestral heritage®®. For example, the flagellar genes @sembly mechanism
were acquired together from the Serratia genus. Plasmid conj tmﬁ a hybrid of transposons
and genetic elements (conjugation, integration) from mu @acterial sources. E. aerogenes
also has eight rRNA operons and tRNA related wit tkb%lity to translate imported genes with
various codons, which improves its ability to ex %§tegrated foreign genes. E. aerogenes was
engaged in a major European outbreak bet } 993 and 2003 and is regarded as the archetype
R
of opportunistic bacteria®’. Entero cloacae is a clinically important Gram-negative,

facultative-anaerobic, rod-shap Q erium’2.

\
Enterobacter cloacae %&e significant challenges in healthcare settings due to its propensity
.
to develop antibi@;}e\s'istance%. Infections caused by this bacterium can manifest with a range
of clinical toms, spanning from mild to severe, including urinary tract infections,
bloods}eyn infections, and pneumonia. Given the diversity in the severity and antibiotic
resistance profiles of Enterobacter cloacae infections, tailored treatment approaches are often
required. Vigilance in Enterobacter cloacae is a bacterial species belonging to the Enterobacter

genus®. Tt is notable for its pathogenic nature and its ability to cause a variety of infections in
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humans. Monitoring antibiotic use and the exploration of alternative treatment strategies are

crucial components of effectively managing infections associated with this pathogen.
2.10.1 Microbiological Characteristics

1. Shape and Arrangement: Enterobacter cloacae are a straight, rod-shaped bacterium with

dimensions of approximately 0.5 to 1 micrometer in width and 1 to 3 micromefon ngth. It

2. Gram Stain: It is Gram-negative, meaning it does not retai olet crystal stain and

Iykan)

3. Motility: Enterobacter cloacae are often motile etﬁ%ir possession of peritrichous flagella.

typically appears as single cells or short chains®*.

appears red/pink after Gram staining due to the thin peptido

ayer in its cell wall.

This motility allows the bacterium to move towafd'é rable environments and nutrients.

N

4. Metabolism: It is a facultative ana&robe, capable of both aerobic and anaerobic respiration.

Enterobacter cloacae can ferment @us sugars and is metabolically versatile®>.
2.10.2 Pathogenicity a@cal Significance

The pathogenici@d clinical relevance of E. cloacae are significant. This bacterium is
recognized s capacity to induce various infections in humans, and it holds clinical
import}&w, particularly within healthcare environments®. Infections associated with E. cloacae
can manifest with a wide array of clinical symptoms, ranging from mild to severe, encompassing
conditions like urinary tract infections, bloodstream infections, and pneumonia. The clinical
significance of this bacterium is further emphasized by its ability to develop resistance to

antibiotics, which can complicate the treatment process®’. The management of E. cloacae-related
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infections often requires individualized treatment strategies, as the severity and antibiotic
resistance profiles of these infections can vary. Vigilance in monitoring antibiotic usage and the
exploration of alternative treatment approaches are essential components in effectively

addressing infections linked to this pathogenic bacterium?®.
2.10.3 Plant Active Compound against Enterobacter Cloacae Q\

Researchers have been investigating the effectiveness of plant-derived a@Qubstances in
treating Enterobacter cloacae '°*. These chemicals, derived from V.’:ll‘@p nts, show potential
in limiting the growth of this bacterium'®. Such active chemic in%e polyphenols, alkaloids,
terpenoids, and essential oils. When polyphenols contain@ reen tea and cranberries were
tested against Enterobacter cloacae, they demon trp&%ntibacterial activity. Berberine, an
alkaloid derived from goldenseal, has alsp b §hown to have antibacterial properties.
Terpenoids, which are present in plants s bs thyme and oregano, have strong antibacterial
.

properties, similar to essential oils f@n tea trees and eucalyptus. These naturally occurring

plant-derived active substan‘b& resent a promising and natural approach to treating

Enterobacter cloacae in&@?
2.11 Raoultel@vﬁytical

Raoul@%ﬂzinolytica is a non-motile, aerobic, encapsulated Gram-negative rod that belongs
to the Enterobacteriaceae family'®. Initially classified as Klebsiella ornithinolytica in cluster II
of the Klebsiella genus, alongside environmental organisms such as Klebsiella terrigena,
Klebsiella planticola, and Klebsiella trevisanii, advances in phylogenetic testing, including 16S

rRNA and rpoB sequence analysis, led to the further division of the Klebsiella genus into two
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genera. As a result, the Raoultella genus was established in 2001, and species that were
previously classified as cluster II in the Klebsiella genus were relocated and rebranded within
this new genus. The Raoultella genus is named after Didier Raoult, a French bacteriologist at the
Université de la Méditerranée in Marseille, France!®'. R. ornithinolytica has been found in a
variety of settings, including water, soil, insects, fish, ticks, and termites. Raoultella planticola
isa gram-negative bacterium from the Raoultella genus'®?. R. planticola has a ﬁlook to
Klebsiella pneumoniae and must be identified through growth habits for A analysis.
Numerous strains have been identified'®. Raoultella ornithinolytica ierial species within

the Raoultella genus. It is known for its pathogenic naturg_and, ability to induce various

infections in humans. This bacterium can pose significant ‘{@ hges, particularly in healthcare

Raoultella ornithinolytica can present with a wid of clinical symptoms, ranging from mild

environments, due to its potential to develop En@ resistance. Infections caused by

to severe, including urinary tract infecti % Eloodstream infections, and respiratory tract
°

infections'®. Given the diversity i@ severity and antibiotic resistance profiles of these

infections, treatment strategies e&gﬁeed to be customized for individual cases. To effectively

\

manage infections associated with this pathogenic bacterium, vigilant monitoring of antibiotic
use and explorati{@mative treatment approaches are essential'®>

2.11.1 Pla ive Compound against Raoultella ornithinolytica

Researchers have been investigating the potential of plant-derived active compounds to combat

%, These compounds, derived from various plants, have shown

Raoultella ornithinolytica'
promise in inhibiting this bacterium's growth. Examples of such active compounds include

polyphenols, alkaloids, terpenoids, and essential oils. For instance, polyphenols found in green
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tea and cranberries have shown antibacterial properties when tested against Raoultella
ornithinolytica. Alkaloids like berberine, extracted from sources like goldenseal, have also
exhibited antimicrobial effects. Terpenoids, which are commonly found in plants like thyme and
oregano, possess potent antimicrobial properties similar to essential oils from plants such as tea
trees and eucalyptus. These naturally occurring plant-derived active compounds offer a potential

and natural avenue for addressing infections caused by Raoultella ornithinolytica’ "Q

2.12 Standard Antibiotics &QJ

2.12.1 Pefloxacin: is an asymmetric dihydrate structure mad@ one norfloxacin molecule
ed

and two distinct water molecules. It is one of the fl quinolone carboxylic acid

derivatives with significant bactericidal activity. It m@f action is based on its capacity to
bind to the DNA gyrase enzyme and inhﬂ%@al DNA replication. Pefloxacin, with a
chemical formula of C16 H19C1 FN3O3 a&a\holecular weight of 355.79, has bacteriologic and
pharmacokinetic properties that suggé;\ could be effective in treating urinary tract infections.

Studies have indicated a com %uccess rate in curing typhoid illness within seven days'®,

Q
2.12.2 Gentamycin is{gﬁbiotic composed of four closely related aminoglycoside sulfates
produced from @nospora purpurea and related species. Although it has broad-spectrum
activity, it en linked to side effects such as ear and kidney damage. Gentamycin inhibits
proteirx,;tlﬁ\esis by irreversibly binding to particular 30S-subunit proteins and 16S rRNA,

disrupting the initiation complex and producing nonfunctional or toxic peptides. It is used to treat

severe infections caused by susceptible strains of different bacteria!®.
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2.12.3 Ampiclox: Ampiclox, a mixture of ampicillin and cloxacillin, is a bactericidal antibiotic
regimen that inhibits bacterial cell wall construction. Cloxacillin is resistant to staphylococcal -
lactamases, but ampicillin covers a wider range of bacteria. Ampiclox has better susceptibility
rates than ampicillin alone, especially against B-lactamase-producing staphylococci. It has high

absorption, tissue penetration, consistent pharmacokinetics, and renal elimination'!°,

2.12.4 Zinacef, which contains cefuroxime, is an antibiotic used to treat bac@;ections ina

variety of body sites and surgical procedures. &

2.12.5 Amoxicillin, a broad-spectrum semi-synthetic antibioti %gs to the cephalosporin

class and kills or inhibits bacterial growth. It is similar to @1 in but has higher serum levels

due to increased resistance to gastric acid!'!. ; be

2.12.6 Rocephin, a broad-spectrum cephalO@a antibiotic, is administered intravenously or
intramuscularly and is effective against @al infections of the ear, nose, throat, genitourinary
tract, skin, and lower respiratory tr@&lt 1s frequently combined with clavulanic acid to inhibit -
lactamase degradation. C t@ne sodium, its chemical composition, is soluble in water but
only moderately so in meth@nol and ethanol. Rocephin's antibacterial activity is governed by its

N

sodium content \and“its pH-dependent solubility, making it useful against a variety of

infections! 1%6

2.12.7 Ciprofloxacin: Ciprofloxacin, a fluoroquinolone antibiotic, is used to treat a variety of
bacterial infections, including those of the joints, skin, bones, respiratory, and intra-abdominal

regions. Its outstanding safety profile and efficacy against resistant infections make it a popular
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choice in clinical settings. Ciprofloxacin's chemical formula is C17H18FN303, and it

demonstrates excellent bioavailability with limited first-pass metabolism!!4.

2.12.8 Streptomycin, an aminoglycoside antibiotic generated by Streptomyces griseus, is
commonly used to treat aerobic Gram-negative bacterial infections. Its method involves
irreversible binding to particular 30S-subunit proteins and 16S rRNA, which disrupts protein

synthesis and produces non-functional peptides. Streptomycin works partictl@%ell against

tuberculosis and other mycobacterial illnesses'">. &

2.12.9 Augmentin: Augmentin, an oral antibacterial mixtu ﬁmxicillin trihydrate and
potassium clavulanate, has a wider range of action and ity against amoxicillin-resistant
bacteria. It is used to treat a variety of bacterial S%Q including sinusitis, pneumonia, ear
infections, bronchitis, urinary tract infections, an infections. Augmentin inhibits bacterial
cell wall formation by attaching to penicilli&}ﬁ ing proteins. It also contains clavulanic acid to

inhibit B-lactamase enzymes''>. \CO\
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3.1 Collection, Identiﬁc@ and Processing of Plant Samples
Date fruits (P. d 3 % were procured from a local fruit settlement at Mokola Sabo, Ibadan. It
was washed tl@ughly with running tap water, rinsed in distilled water, and shade dried for one
week %% air. The fruit pulp was removed, and the seeds were then shade dried and grounded
using mortar and pestle, later pulverized into powder for experimental use?. Fresh leaf of P.

dactylifera was obtained in February, 2023. The leave was identified and authenticated, with her-

barium number Ul 42345.

3.1.1 Collection of the Test Microorganism
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Bacterial isolates from urinary tract infection were obtained from the Department of Medical
Microbiology and Parasitology, University College Hospital, Ibadan, Nigeria. The isolates were
Raoultella Ornithinolytical, Klebsiella pneumoniae, Escherichia coli, Pseudomonas luteola,
Enterobacter cloacaeandAcinetobacter baumannii.

3.2 Preparation of Plant Extracts

The plant extract was prepared using cold maceration extraction method. A mec Q*snaker
set to 220 rpm was used to extract the Phoenix dactylifera fruits and seeds satapleSor 48 hours.
The samples were subsequently weighed at 15 gramme (15 g) using ar@&tbnic weighing scale
(a Mettler Toledo FA2104A). The same process was carried outusing ethyl acetate, methanol,
chloroform, and aqueous. The solutions were left for 24 ho Qtirred at regular intervals.
The solvents were filtered after concentration using gg&%&vaporator at 40 °C to produce the

extracts, which were then filtered using WhatQan% filter paper with a pore size of 100 mm

by 195 mm. . ’&\

N
Each of the concentrated filtrates c?uted to various concentrations starting from 150 mg/ml
to 100 mg/ml, 75 mg/ @%O mg/ml%. Afterwards, the extracts were tested for their
antibacterial potency on &)Howing bacterial isolates: Acinetobacter baumannii, Pseudomonas
luteola, Klebsiella ’\n'eumoniae, Escherichia coli, Enterobacter cloacae, and Rauitella
ornithinoa
33 Ph})ﬁhemical Screening of the Extracts of the Fruit and Seed of Phoenix dactylifera L

3.3.1 Qualitative Determinations Procedure

Phytochemical Screening of the Extracts of the Fruit and Seed of Phoenix dactylifera L
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Phytochemical screening was carried out to identify the phytochemicals present in the fruit and
seeds of P.dactyliferal.This analysis was carried out using standard procedures. The
phytochemicals that were screened include saponin, tannins, terpenoids, phenol, flavonoids and
alkaloids.
3.3.2 Qualitative Analysis
a. Test for Tannins Q\
One gram (1 g) of the powdered sample of Fruit and seeds of the plant was ﬁrlgvith 10 ml of
distilled water, separately. The solutions were filtered with Whatman@ ilter papers. A few
drops of 1% ferric chloride (FeCl3) were added to each of the 6$The appearance of blue-
black or green coloration indicated the presence of tanninslg

Q
b. Test for Saponins ’bbrb
The general method involved in the qualita %n\gnalysis of saponins is 2 mL of aqueous extract
was added to 2 mL of distilled water %;\\h'a en for 15 min in a graduated cylinder. Observation
of 1 cm foam layer indicate positi sponse to the presence of saponins?’.
c. Test for Terpenoids QQ
Five (5) ml of ea @and seed extract was mixed with 2mL of chloroform. Three (3) ml of
concentrated hiric acid (H2SO4) was carefully added until a layer was formed. A reddish-
brow co@%n at the interface indicated the presence of Terpenoids?!.
d. Test for Alkaloids
One gram (1 g) of each of the powdered samples was stirred with 5 mL of 1% dilute
hydrochloric acid in a water bath. One (1) ml of the filtrates, each was treated with a few drops

of Mayer’s reagent. One (1) mL portion was taken from each solution and treated with a few
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drops of Drangendorff’s reagent. Turbidity or precipitation with either of these reagents was

taken as evidence for the presence of alkaloids in the extract being evaluated?®?.

e. Test for Phenolics
FeCl3 Test: 1 mL of the filtered plant extract sample was added to few drops of 10% ferric
f

chloride solution. Green blue or violet color appears which indicates the presefQ henolic

compounds??. QJ

f. Test for Flavonoids é

Shinoda Test: Crude extract was mixed with a few frag ts% magnesium ribbon and
concentrated HCl was added dropwise. The pink scarlet@ appeared after a few minutes
which indicated the presence of Flavonoids. Sodi r@oxide Test: To 1 mL of the plant
extract, add a few drops of dilute NaOH solu&n intense yellow color is observed. It
becomes colorless with the addition of a fe }bps of dilute acid which indicates the presence of

Flavonoids. Lead acetate Test: To t@n‘t aqueous extract, add 10% lead acetate solution. A

yellow precipitate is formed M'\&K@gﬂicates the presence of Flavonoids?*.

3.3.3 Quantitative Dete@ms Procedure
a. Tannin ‘@

A 50 mL bea@ s filled with a 0.20 g sample. After adding 20 mL of 50% methanol and
coveri&& paraffin, the mixture was left in a water bath set between 77 and 80 °C for an
hour. To guarantee a consistent mixing, it was shaken vigorously. A double-layered Whatman
No. 41 filter paper was used to quantitatively filter the extract into a 100 mL volumetric flask.
Additionally, 20 mL of water, 2.5 mL of Folin-Denis reagent, and 10 mL of 17% Na,CO; were

added, and everything was thoroughly mixed. After thoroughly mixing the mixture with water
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and letting it rest for 20 minutes, the mixture developed a bluish-green color. Tannin working
standard solutions in the 0—10 ppm range were handled identically to 1 mL of sample. The
absorbance of the Tannic acid standard solutions as well as samples was read after color
development on a Spectronic 21D spectrophotometer at a wavelength of 760 nm. % Tannin was
calculated using the formula®.
>\
N

%TANNIN = absorbance of sample X average gradient factor X Dilution factor

Wt. of Sample X 10,000 <
b. Alkaloids Procedure &
This process involves distillation and titrimetry. Two grams :f ely ground material were

weighed into a 100-milliliter beaker, and twenty milliliter: o absolute alcohol were added

to create a smooth paste. The mixture was then moge(}aQZSO-milliliter flask, where additional

alcohol was added to reach 100 milliliters, and on of 99 magnesium oxide was added. The
mixture was digested for one and a half hou ﬁr a ref lux air condenser with periodic shaking,
and it was filtered while still hot thrc@ tiny Buchner funnel. The residue was reintroduced to
the flask and re-digested for 30®%ith 50 mL alcohol after which the alcohol was evaporated,
adding hot water to replﬁ@%ﬂcohol lost. When all the alcohol has been removed, 3 drops of
10% HCI was ad @en‘[ire mixture was then put into a 250 mL volumetric flask. 5 mL of
potassium ferrogyanide solution and 5 mL of zinc acetate solution was added, and they were well
combi ec@rbeate a homogeneous solution?S.

The flask was allowed to stand for a few minutes, filtered through a dry filter paper, and 10 mL
of the filtrate was transferred into a separator y funnel and the alkaloids present were extracted

vigorously by shaking with five successive portions of chloroform. The residue obtained was

dissolved in 10 mL hot distilled water and transferred into a Kjeldahl tube with the addition of
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0.20g sucrose and 10 mL Conc.H2SO4 and 0.02 g selenium for digestion to a colorless solution
to determine %N by Kjeldahl distillation method9. %Nitrogen got was converted to % total
alkaloid by multiplying by a factor of 3.26 i.e. % Total alkaloid = %N X 3.26

% Alkaloids = %N X 3.26.

c. Flavonoids Determination

Finely 0.50 g ground sample was weighed into a 100 mL beaker and 80 mL of 95 %nol was
added and stirred with a glass rod to prevent lumping. The mixture was, filt€fed through a
Whatman No.1. filter into a 100 mL volumetric flask and made up t@«kwith Ethanol. 1 mL
of the extract was pipetted into a 50 mL volumetric flask ar@ rops of Conc. HCL was

added via a dropping pipette after which 0.5 g of magnesi ings were added to develop a

magenta red coloration. Standard flavonoid solutio@e 0-5 ppm was prepared from 100

ppm stock solution and treated similarly with H% d magnesium turnings like sample. The

o

absorbance of magenta red coloration of s% and standard solutions was read on a digital 100

N

Jenway V6300 Spectrophotometer a{@«ave ength of 520 nm?’. The percentage of flavonoids

was calculated using the forrnuK§Q

The absorbance of samnl\{’%age oradient factor x dilution factor
:- @nple x 10,000
d. Saponin 6

Finely,_ 1 @nnd sample was weighed into a 250 mL beaker and 100 mL of isobutyl alcohol
was added. The mixture was shaken on a UDY shaker for 5 hours to ensure uniform mixing.
Thereafter the mixture was filtered through a Whatman Nol filter paper into a 100 mL beaker
and 20 mL of 40% saturated solution of magnesium carbonate was added. The mixture obtained

with saturated MgCO3 was again filtered through a Whatman Nol filter paper to obtain a clear
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colorless solution. 1 mL of the colorless solution was pipetted into a 50 mL volumetric flask and
2 mL of 5% FeCl; solution was added and made up to mark with distilled water. It was allowed
to stand for 30 minutes for blood red color to develop. 0-10 ppm standard Saponin solutions
were prepared from saponin stock solution. The standard solutions were treated similarly with 2
mL of 5% FeCl; solution done for the 1 mL sample above. The absorbance of the sample as well
as standard saponin solutions was read after color development in a 6&% V6300

Spectrophotometer at a wavelength of 380min?8, <

%Saponin = Absorbance of Sample x Gradient Factor x Dilution Facté

N

e. Determination of Terpenoids Q

A sample of 0.50 g was weighed into a 50 mL C;ip@ask, and 20 mL of 2:1 Chloroform-

Methanol mixture was added, shaken thorogighl d allowed to stand for 15 minutes. The

Wt. of sample x10000

mixture was later centrifuged for another 1 Xnutes. The supernatant obtained was discarded,
and the precipitate was re-washed \aiher 20 mL chloroform-methanol mixture for re-
centrifugation. . \AQ

The resultant precipitate ‘wa %solved in 40 of 10% Sodium Dodecyl Sulphate solution Iml of
0.01 M Ferric C&%olution was added to the above at 30 +s intervals shaken well, and
allowed to sta%o 30 minutes. Standard Terpenes of the concentration range 0-5 mg/ml were
prepared @ 100 mg/1 stock Terpenes solution from Sigma-Aldrich chemicals, U.S.A?°. The
absorbances of the sample as well as that of standard concentrations of Terpenes were read on a
Digital Spectrophotometer at a wavelength of 510 nm. The percentage of Terpenoids is
calculated using the formula:

The absorbance of Sample x Gradient Factor x Dilution Factor
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Wt. of sample x 10,000

f. Determination of Phenol
A sample of 0.20 g was weighed into a 50 mL beaker, and 20 mL of acetone was added and
homogenized properly for 1 hr. to prevent lumping. The mixture was filtered through a Whatman
No.1 filter paper into a 100 mL Volumetric Flask using acetone to rinse and make uyp to mark
with distilled water with thorough mixing. 1 mL of sample extract was pipett % 50 mL
Volumetric flask, 20 mL water was added, 3mL of phosphomolybdic acid was added followed
by the addition of 5 mL of 23% Na>CO3 and mix thoroughly, make@*mark with distilled
water and allowed to stand for 10 min to develop bluish-gree o&. Standard Phenol of the
concentration range 0-10 mg/mL was prepared from 1 Q stock Phenol solution from
Sigma-Aldrich chemicals, U.S.A. The absorbances qof dﬁ%ﬁple as well as that of 105. Standard
concentrations of Phenol were read on a Digital S@ophotometer at a wavelength of 510 nm.
The percentage of Phenol was calculated ust g\he formula:
The absorbance of sample x gradient {@r x dilution factor

Wt. of sample x«l\.(k%f)
3.4Antimicrobial Suscep@% of Microorganism from the Urinary tract

3.4.1 Preparatio @xtracts Dilution

Stock solutionsef the plant fractions were prepared by mixing 15g of each extract in 100ml of

solvent (légg/ml). Then other concentrations were prepared from the stock solutions by using
law of equivalence proportion formula:

C1Vi= GV,

The final concentration of each of the extracts of the (MIC) was determined.
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3.5 Determination of the Susceptibility Profile of the Isolates to different Antibiotics discs

Susceptibility is a term used when microorganisms such as bacteria and fungi are unable to
proliferate in the presence of one or more antimicrobial medications. Susceptibility of
antibacterial testing is performed on bacteria causing an individual’s infection after they have
been recovered in a culture of the samples. Testing is performed to establish the possible
effectiveness of specific antibiotics on the bacteria and/or to determine if t Q}teria have
evolved resistance to certain antibiotics. The findings of this test can be u 1st identify the
drug(s) that will likely be most effective in treating an illness. The @w obial susceptibility
pattern to antibiotics was determined according to the Kirby- ethod with modifications
by the Clinical Laboratory Standards Institute. Different kl@ antibiotic discs (Oxo1d®, UK)
utilized in this study include amoxicillin/clavulani a@efepime, ceftazidime, ciprofloxacin,
pefloxacin, ceftriaxone, nalidixic acid, genta imipenem, and nitrofurantoin’. Before each
antibiotic disc was placed on each of tl}e kurfaces, the pathogenic bacteria isolate from the
nutrient agar slants were inoculated i@rmal saline, compared with the McFarland standard of
0.05, then streaked on each 5& nutrient agar dishes, after which the antibiotic discs were
aseptically placed on eab@‘%e Petri plates using sterile forceps. The agar plates were then
incubated at 37° for: urs. Afterward, the plates were inspected for zones of inhibition. The
zone of inhib@ around each antibiotic disc was measured in millimeters using a clear ruler.
Antibi%(@eptibility was determined from the reading obtained from the diameter of the zone
of inhibition. The antibiotic susceptibility patterns from each of the zones of inhibition identified
on the agar plates are referred to as Antibiogram’.

3.6 Validity of Test Microorganisms
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The organisms were maintained in nutrient agar slants for 48 hours in a refrigerator at about 4°C
before they were further sub-cultured into freshly prepared Petri dishes using the streak plate
method*.

3.7 Biochemical Tests Identification of Tested Microorganisms
3.7.1 Gram Staining

3.7.2 Gram’s Staining Procedure Q\
Thin smear of pure bacterial culture was made on clean glass slide air dried a@ fixed.
Smear was covered with crystal violet for 30 seconds, washed with dis@l ater and smear

was flooded with Gram’s iodine solution for 60 seconds, washe wﬁ% ethyl alcohol and

then distilled water again, the smear will be covered with s or 30 seconds, wash with

distilled water and blot dried. Air dried and observeci uﬁ@hicroscopd

°
Impregnated oxidase strip was put o@ean petri plate, a sterile inoculating loop was used to

3.7.3 Oxidase Test

pick up a well-isolated colon\q&st bacteria from fresh culture and make a smear on the
oxidase strip. It was ob&@for 60 seconds for color change from initial color to purplethat
indicate oxidase X{%fzsult.
3.7.4 Determi Qf Identification of Bacterial UsingAPI (Analytical Profile Index)

API (Ana@% Profile Index) 20E is a biochemical panel which was used for the identification
of the tested bacterial,the kits that was used include strips that contain up to 20 miniature
biochemical tests for the identification of Klebsiella spp., Escherichia coli, Pseudomonas spp.,
Enterobacter spp., Acinetobacter spp., and Raoultella spp.

Method

72



The confirmatory of the culture of tested isolates was carried out a quick oxidase test for
cytochrome c oxidase by picked a single isolated colony from a pure culture. A suspension of the
culture was made in sterile distilled water then using a Pasteur pipette to fill up (up to the brim)
the API 20E Biochemical Test Strip which contains dehydrated bacterial media/bio-chemical
reagents in 20 separate compartments with the bacterial suspension and add sterile oil into the
ADH, LDC, ODC, H,S and URE compartments. Some drops of water were ad Q%the tray
and then put the API Test strip and close the tray. Then mark the tray with identifi€ation number
(Organism ID), date and your initials. Incubate the tray at 370C for 18 @ ours.

I.  After 24 hours Api test strip was brought out from incub;tc%mi read the color change,

while TDA, IND and VP was added with the followi ents, a drop of ferric chloride
was added to TDA, while a drop Kovacs reagent ded to IND, lastly a drop of drop of
40 % KOH (VP reagent 1) & One drop o%ﬂ@em 2 (a-Naphthol) was added to VP.
ThenVPAPI Reading Scale (color chart) w \md by marking each test as positive or negative
on the lid of the tray. The wells were @ed off into triplets by black triangles, for which scores
are allocated.Then add up the s@g(or the positive wells only in each triplet.

Three test reactions are s@ogether at a time to give a 7-digit number, which can then be

looked up in the {:@k. The highest score possible for a triplet is 7 (the sum of 1, 2 and 4)

and the lowes@).
o\

API 20 E after incubation...Positive resualts for all tests @

S L0 L LR BEAEEETrS
§\I|<'rnlv.ﬂll><|; Infoa com

APT 20 E after Incubation...Negative results for all tests @
e~ L 1L LI L]

Figure 4.4: API120 E
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Source: Microbiology info.com

3.8 Beta-lactamase Production Confirmatory Testing

3.8.1 Nitrocefin Disk Test: The Nitrocefin biochemical test was carried out for the confirmatory
testing for beta-lactamase producing strains of the tested UTIs isolates. Nitrocefin is
chromogenic cephalosporins that changes from yellow to red when the amide bond in the beta-
lactam ring is hydrolyzed by beta-lactamase. It is sensitive to hydrolysis b @%own B-
Lactamases produced Gram-negative bacteria'>.

Bacterial colony growth overnight on Muller- Hilton agar plate wa 1th sterile wire loop
then transfer a small amount of the bacterial colonies onto t m istened Nitrocefin disc and

ensure good contact between the bacteria and the disc.

to 60 minutes. In some cases, incubation at 35-37

reacting organisms. *

b. Interpretation of Results: ,\C?

Allow the inoculated disc to incubate at room temp;ap%@len observe for a color change for up

15-30 minutes may be required for slow-

> Positive Result: q&m color change from yellow to red within a few minutes

indicates ﬂs%%ence of beta-lactamase activity.
> N@Sesult: No color change or a color change that occurs after an extended
r

610 (beyond 60 minutes) suggests the absence of beta-lactamase activity.
Test r% s compared with the positive and negative controls to ensure the accuracy of the
test.
3.8.2 Double Disc Synergy Test (DDST): The Double Disk Test (DDST) is a phenotypic test
used to detect the production of extended -spectrum beta-lactamase (ESBLs) and other beta-

lactamase enzymes in bacterial isolates.
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i.  Procedure:
Muller-Hilton agar plate was prepared according to the manufacturer manual, then plates was
label with the bacterial isolates and inoculate the agar with the isolates to give evenly
distribution.Beta-lactam antibiotic disks were place on the inoculated plate ,15-20mm apart and
Beta-lactamase inhibitor disk was place adjacent to the beta-lactam antibiotic.
>\
N

The plate was Incubated for 18-24hours at35-37°C,

The Common Disk used for the identification were Q/O
» Cefotaxime (30pg) +Clavulanic acid (10 pg). é
» Ceftazidime (30pg) +Clavulanic acid (10 pg). %
> Aztreonam (30pg) +Clavulanic acid (10 pg). QQ

ii. Interpretation er
The zone of inhibition in diameter were measure Q each disk and recorded.
Observation of the zone of inhibition b@h the beta-lactam antibiotic and beta-lactamase
inhibitor disc indicates ESBL produc{€5\

» Positive result: enhance z\c&%f inhibition (>5mm) between disks.

» Negative result: N@of inhibition observes.

3.9 Preparation @trient Agar Medium

According manufacturer’s specification, 28 g of nutrient agar powder was weighed using
the seMe weighing balance. The agar powder was dissolved in a conical flask containing
1000 ml of distilled water. A stopper, made with cotton wool and wrapped with aluminum foil,
was used to plug the mouth of the conical flask. The solution was mixed thoroughly and then
homogenized by placing it in a water bath at 800 °C for 15 minutes. After removing it from the

water bath, the conical flask containing the homogenized nutrient agar was wrapped with
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aluminum foil and then sterilized in an autoclave for 15 minutes at 121°C at a pressure of 151
b/sq inch. The medium was allowed to cool to about 47-50°C before pouring into sterile Petri

dishes and left to solidify 2.

3.9.1 Preparation of Mueller Hinton Agar
Thirty-eight grams (38g) of Mueller Hinton agar powder (CM0337B) was weigh andspoured into

1L of distilled water, mixed properly to dissolve the agar completely. Mixt erilized in
e

an autoclaving at 121°C for 15 minutes. The agar were poured into Petri d% s and were allowed
to solidify?. %Q

O
3.10Determination of Anti-bacterial Activities of the %@thract against Test Pathogen
Using inoculating wire loop, the test organisms was &ed on the surface of the solidified
nutrient agar plates. A sterile 6 mm cork-bore}\w used to make a uniform deep well into the
agar gel. Each of the well was afterwarg ’ﬁ% with 1 ml of the extracts prepared in different
solvents. The Petri plates were a& to stand for 30minutes at room temperature to allow
the proper diffusion of ext controls were then set up using the solvents alone, without

the extracts. Steriliz%
[ ]

were then inc1:ba d at'37°C for 24hours after which the zone of inhibition was measured with

d water was used as control for the aqueous sample. The plates
the transpa ler.

3.11 \Determination of Minimum Inhibitory Concentration of Phoenix dactylifera L.
Standardized suspension of each clinical bacterial isolate was injected into separate series of test
tubes containing nutritional broth. Varied concentrations of the extracts were subsequently put
into the inoculated test tubes. Cotton wool and aluminum foil were used to cover the test tubes.

The preparations were incubated at 37 °C for 24 hours. Reading tubes without turbidity were
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recorded as MIC in which MIC is the minimum inhibitory concentration of an antimicrobial
agent that can reduce the observable growth (turbidity) of test microorganisms following
overnight incubation. The MICs were tested for all date fruit and seed extracts using the agar
diffusion method!*
3.11.1 Determination of Minimum Bactericidal Concentration (MBC)
The lowest bactericidal concentration of the plants extract was determined by s @ring the
test tubes from minimum inhibitory concentration tubes that showed no growth 0ff nutrient agar
and incubated for 24hours at 37°C. Plates containing new solidiﬁed@ht agar were seeded
with inoculum from tubes with no turbidity in the MIC setup @bated at 37°C for 24hrs.
The plate with the least concentration of the extract fro that showed no growth was
recorded as the MBC!!. Q
O

3.12 Statistical Analysis: ’bb
All collected data were entered into a com e\r,and analyzed using the statistical package for

.
the social sciences (SPSS) version 23‘&¢§§ata were subjected to descriptive (i.e. frequency
distribution tables, percentages @%’oporﬁons, mean and standard deviations) and inferential
statistics (i.e. t-test and Ftes Qtatistical treatment. Descriptive statistics was employed to
describe characteri @the study variables; t-test was used to compare the means of extract
concentration@gtest was also used to compare the means within the extract concentrations
and th V@’Q solvents for extraction. The level of statistical significance was set at p<0.05

for all analysis in this study. The results were displayed in tables and percentages.
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Results an.d Di@gslon of the Findings
4.1 Results of the Findi Q\
4.1.1 Phytochemic.a&lysis of Plant Extract
The qualitativ p@wmical analysis of the P.dactylifera fruit and seed extract using methanol,
ethyl-acetat: roform and aqueous solvent are show in Table 4.1Phenol, Flavonoid,Saponin,
alkaloMenoids, and Tannin were the phytochemical detected in varied concentration in the
fruit and seed methanolic and ethyl-acetate extracts in which chloroform and aqueous extract

was not detected.
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The phytochemical screening and quantitative analysis of Phoenix dactylifera fruits and seeds in
table 4.1 revealed significant variations in the presence and concentration of bioactive
compounds across different solvent extractions. The screening indicated that the ethyl acetate
and methanol extracts contained substantial amounts of phytochemicals, while the chloroform
and aqueous extracts showed no detectable compounds. Terpenoids were moderately, present in
both the ethyl acetate and methanol extracts of the fruits, with lower quanti 'Qﬁhe seed
extracts. Flavonoids, phenols, alkaloids, tannins, and saponins were all détec in the ethyl
acetate and methanol extracts, with higher concentrations in the met@actions. In contrast,

the chloroform and aqueous extracts lacked these phytochemicﬁn irely.

Quantitative analysis in table 4.2 further confirmed that Q&thanol extracts, particularly from
the fruits, had the highest concentrations of phenols @ 28 mg/mL), Flavonoid (94.46+1.04), this
could be the antibacterial behind the treat eta-lactamase produced urinary pathogens,
alkaloids (174.2 mg/mL), tannins (142@‘mL) and saponins (170 mg/mL). The seeds also
contained significant amounts of ﬂQ&compounds in methanol extracts, though at slightly lower
levels. Ethyl acetate ex wed moderate concentrations of these phytochemicals, with
phenols, flavonoid, alk ﬁ and tannins being present in the range of 125.3 mg/mL to 135.9

mg/ml. Terpenm@ere detected at lower concentrations compared to the other compounds,

with 0.128 in the methanol extract of fruits and 0.071 mg/mL in seeds.

\*
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4.1.1 Phytochemical Analys1s of @i%xtract

Qualitative Evaluation b@%@hoemx dactylifera) Fruits and Seeds Extract

o

Phytochemicsl \j}hyl acetate Methanol Chloroform Aqueous
contents

P

N\ F S F S F S F
Terpenoids ++ + +++ + - - -
Flavonoids ++ + ++ + - - -

Phenols ++ ++ ++ + - - -

84



Alkaloids ++ ++ +++ ++ - - - -

Tannins ++ ++ +++ ++ - - - -
Saponins ++ + ++ ++ - - - -
Key: + = Low, ++ = Moderate, +++ = Heavy, - = Nil, F=Fruit, S= Seeds. \

Source: Author's Field Work, 2024. ’\< Ol

Table 4.2: Quantitative P mical Test Result of Phoenix dactylifera Fruit and Seeds
N\
Phytochemical Ethyl-Ace,t& Methanol Chloroform Aqueous
F N S F S F S F
Terpenoid 0.(8@!6.05
0.128+0.01 0.071+0.06 - - -
N0.067:0.08
34.20+0.34
Flavonoid 94.46+1.04 54.46+1.02 - - -
32.10+0.07

129.0+12.0 174.2+1.08 100.5+12.1 - - -
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Tannins

Saponi

Phenol

127.2+0.19

125.3+0.04

120.0+0.02

128.1£13.2

100.0+12.0

135.9+12.1

134.6+11.1

142.2+1.03

170£13.5

166.1£12.1

208.8+9.95

200.7£19.6

134.5+0.07

Source: Author’s Field Work, 2024.
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The results of the antib\%% evaluation of Phoenix dactylifera L. fruit and seed extracts
presented in tabl 2I%&yws antibacterial effects against few tested isolates, reveal significant
variations in @acy against beta-lactamase-producing bacterial isolates. For the fruit extracts,
methapol ed the highest activity against Klebsiella pneumoniae, methanol extract produced
inhibition zones of 16.0 = 1.41 mm at 150 mg/mL and 11.0 £ 1.41 mm at 100 mg/mL, with no
activity at lower concentrations or with other solvents. For Escherichia coli, ethyl acetate extract
demonstrated better inhibition, with zones ranging from 17.0 + 1.41 mm at 150 mg/mL to 11.0 £

1.41 mm at 75 mg/mL, while methanol extract showed similar but slightly lower efficacy. Other



isolates, such as Enterobacter cloacae, exhibited moderate sensitivity to methanol, with the
highest inhibition zone of 19.5 + 7.78 mm at 150 mg/mL. In contrast, Acinetobacter baumannii,
Pseudomonas luteola, and Rauitella ornithinolytica showed minimal to no response to the fruit

extracts.

For seed extracts presented in table 4.4, methanol and ethyl acetate were the most acﬁsksolvents.
against Klebsiella pneumoniae, methanol extract produced inhibition zones of,1 .70 mm at
150 mg/mL, reducing to 11.5 = 0.70 mm at 75 mg/mL.Escherichia C&l&d sensitivity to
both ethyl acetate and methanol extracts, with ethyl acetate achievi ition zones from 15.0
+ 1.41 mm at 150 mg/mL to 7.5 £ 0.70 mm at 60 mg/mL.@vever, other isolates, such as
Enterobacter cloacae, Acinetobacter baumannii, and Ra '$0rnithinolytica, exhibited little to

no response to the seed extracts. b’b

The synergistic combination of fruit an & extracts presented in table 4.5 enhanced
antibacterial activity against Klebsie{é\'eumoniae, methanol extract showed inhibition zones
from 22.0 £ 1.41 mm at 150 m@) 15.5 £ 0.70 mm at 75 mg/mL, while ethyl acetate showed
zones ranging from 20.0‘@mm to 16.0 = 1.41 mm across the same concentrations. Similar
trends were obse % Escherichia coli, where methanol and ethyl acetate extracts produced

strong inhibitiﬁzones of up t0 20.0 = 1.41 mm at 150 mg/mL.

O

The m}ﬁyyum inhibitory concentration (MIC) was identified for each extract and isolate. For
Klebsiella pneumoniae, methanol extract had an MIC of 100 mg/mL with fruit extract and 75
mg/mL with seed extract. Escherichia coli showed an MIC of 75 mg/mL with ethyl acetate
extract for both fruit and seed extracts. The minimum bactericidal concentration (MBC) was not

directly determined but would require further testing to establish the lowest concentration
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capable of killing 99.9% of bacteria. These results suggest that methanol and ethyl acetate
extracts of Phoenix dactylifera L. have potential as antimicrobial agents, particularly when used

in combination.

‘Q\

Table 4.3: Antibacterial Activity of Fruit Extract of Phoenix dactylifera L Urinary Tract
'\t’& Pathogens
Isolates Ivent 150mg/M  100mg/m 75mg/mL  60mg/mL Control
traction 1 L
2,7 Ethyl - - -
\/ acetate i

Klebsiella Methanol 16.0£1.41 11.0£1.41 - - -
pneumoniae  Chlorofor

m

Aqueous - - - -

Ethyl 17.0£1.41 14.0+1.41 11.0+141 - -
Escherichia  acetate
coli Methanol 16.0+1.41 11.5+£2.12 10.0+0 - -

Chlorofom 6.0+0 - - -
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Aqueous 6.0+0 - - -
Ethyl 11.0+£1.41 - - -
acetate

Methanol 19.5£7.78 7.0+1.41 - - -
Chlorofom - - - -
Aqueous - - - -
Ethyl

acetate

Methanol - - - -
Chlorofom - - - -
Aqueous

Ethyl 13.0+424  11.540.71 i OQ
4 .

Enterobacter
cloacae

Acinetobacte
¥ baumannii

10.0+0
Pseudomona acetate
Methanol 14.5+0.71 13.542.12 11.0+1.41 10.5&

§ Luteola Chlorofom - - - - O
Aqueous - - - -
Ethyl i i i \

Rauitellaorni acetate QQ

thinolytical Methanol - ) ) ) )
Chlorofom - - - -
Aqueous - - . Q -

Results were presented as mean *+ standard de@n. — represent no zone of inhibition,

and DMSO(Negative Control).

Source: Author’s Field Work, 2024. ®%

Table 4.4: Antib @Activity of Seeds Extract of Phoenix dactylifera L, against Urinary
< \ Tract Pathogen
D

Solvent fb\m)lates 150mg/ml 100mg/ml 75mg/ml 60mg/ml  Control

Extractio
Ethyl hit% - - - ]

K. pneumonia

Methanol 15.540.70  12.0+2.82 11.5+0.70 - -
Chlorofom ) ) ) )
Aqueous ) ) ) )
Ethyl acetate  E. coli 15.0+1.41 12.543.07 9.0+1.41 7.540.70 -
Methanol 14.542.12  12.54£3.53  7.0+1.41 - -
Chlorofom - - - -

89



Aqueous - - - -
Ethyl acetate  E. cloacae - - - -
Methanol - - -

Chlorofom - - -
Aqueous - - -

Ethyl acetate  A.baumannii - - - -
Methanol - - -

Chlorofom - - - i \
Aqueous - - - i Ol

Ethyl acetate  P. Luteola 16.5£3.53 14.0£2.82 13.0=4.24 6, OQI -
Methanol 18.0+1.41 14.5£0.70 13.0+1.41 )
Chlorofom ) ) & )
Aqueous ) }

Ethyl acetate  R.ornithinolytical - - —Q -

Methanol - - Q

Chlorofom - - b’b— ) )
Aqueous - -

Results were presented as mean + standard ck\'w%ion‘ of duplicate determination. —
Source: Author's Field Work,2024. 8

AQ’
Qﬁ\

Table 4.5: Al@erlal Effect of Date Fruit and Seeds Extracts Combination Urinary

’b Tract Pathogen
AN
Isolate§ Solvent 150mg/ 100mg/m 75mg/ml 60mg/  Control
Extraction ml 1 ml
Ethyl acetate 20.0+£0.3 18.0+£0.1 16.0+1.41
3 4 4
{(. Pneumon Methanol 22.0£1.4 18.5%£0.7 15.540.70 - i
ia 1 0
Chloroform - - - - -
Aqueous - - - - -
E. Coli Ethyl 19.5+£2.1 16.5£2.1  10.0+0.01 -
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acetate 2 2
Methanol 20.0+14 17.0£2.8

1 ) 7.5£2.12 - -

Chlorofom - - - - -
Aqueous - - - - -
Ethyl 19.0£1.4 7.0+1.41
acetate 1 ) ) )
Methanol 19.0£1.4 14.0£2.8 -

E. cloacae 1 ) - -
Chlorofom - - - - - \
Aqueous - - - - -Q
Ethyl 16.542.1 10.0£0.0 - ; Q
acetate 2 1 QJ

A. baumann  Methanol 19.0+1.4 11.0+1.4 ¢\

ii 1 1 i O i
Chlorofom - - - -
Aqueous - - - - -
Ethyl 16.5£2.1 14.0+£2.8 13.0
acetate 2 2 Q ) )

P. Luteola Methanol 19.0£1.4 14.5+0.7 & 141 - -

1 0 rb

Chlorofom - - b - - -

Aqueous - - - - -

Ethyl 16.542.1 @t 4 ] ]

acetate 2 1
R.ornithinol Methanol 19.0&@:2.011.4
ytical 1 ’\C?

Chlorofom Q
Aqueous \\\ - - -
Results were presented as 1 standard deviation of duplicate determination. — represent no
zone of inhibition.

Source: Author's Fiél\@grk,2024.

The susceptibili ting of multiple antibiotic discs against six bacterial isolates (Klebsiella

scherichia coli, Enterobacter cloacae, Acinetobacter baumannii, Rauitella
ornithinoWtica, and Pseudomonas luteola) revealed varying levels of resistance and sensitivity,
based on the Clinical Laboratory Standards Institute (CLSI) reference values. For Amoxicillin
(Am, 30 pg), all isolates showed an inhibition zone of 6 mm, which is below the CLSI resistance
threshold, indicating complete resistance across all isolates, indicating a 100%resistance

rate.Nalidixic acid showed moderate inhibition zone of,10 mm for K. pneumoniae, 12 mm for E.

91



coli, and 6 mm for the other isolates with 16.67% of isolates being intermediate, 16.67%
intermediate, and 66.67% resistant. Amikacin (AK, 30 pg) exhibited better activity, with
sensitivity, intermediate, and resistance rates equally distributed at 33.33%.Amikacin presented
inhibition zones of 19 mm for both K. pneumoniae and E. coli, which classify as intermediate
(17-19 mm), while Enterobacter cloacae showed resistance at 16 mm. Other isolates, including
A. baumannii(12 mm), R. ornithinolytica (11 mm), and P. luteola (18 mm), Q*el in the
resistant or intermediate categories.Nitrofurantoin displayed 50% sensifivity, 16.67%
intermediate response, and 33.33% resistance, indicating moderate ef@r. entamycin had no
sensitive isolates, with 50% intermediate and 50% resistance\ rates, suggesting limited
effectiveness, only Enterobacter cloacae met the susceptandard with an 18 mm zone
(=17 mm), while the other isolates had inhibition z%?b%)veen 10 mm and 13 mm, indicating
(&
O

Gentamycin (CN, 10 pg) did not achiev\ susceptibility threshold (=18 mm) for any isolate;

resistance (<14 mm).

inhibition zones ranged from 10&%\m, reflecting resistance across all bacterial strains.
Augmentin (AUG, 30 pg) w@erally ineffective, with inhibition zones indicating resistance
intermediate rates of 50°o,gmost isolates, except P. luteola, which reached 17 mm, classifying
as intermediate.éi%g%%xacin (CIP, 10 pg) showed intermediate inhibition zones for K.

pneumoniae’b mm) and P. luteola (16 mm) i.e.,66.67% resistance and only 33.33%

intermediate’response, while other isolates were below the resistance thresholds.

With Ceftriaxone (CRO, 25 ng), none of the bacterial isolates met the susceptibility criteria of
>23 mm, with all isolates falling into intermediate rates equally distributed at 50% and 33.33%,
respectively, cefepime also resistance. Ceftriaxone and Cefepime both had no sensitive isolates,

Ceftazidime (CAZ, 30 pg) and Cefepime (FEP, 30 pg) displayed limited efficacy, against K.

92



pneumoniae at the intermediate threshold (17 mm for CAZ), while most other values signified

with 50% sensitivity, 33.33% intermediate response, and 16.67% resistance. Finally, Imipenem

(IMP, 10 pg) demonstrated the highest effectiveness, especially with Enterobacter cloacae (21

mm) and R. ornithinolytica (22 mm) reaching susceptibility levels (>20 mm), Imipenem emerged

as the most effective antibiotic, with 83.33% sensitivity, 16.67% intermediate resp

resistance observed.

onse, and no

N

Overall, the high resistance levels among these bacterial isolates indicat 1i1(j.tyi susceptibility,

with only a few cases of intermediate sensitivity observed primarilé/mikacin, Imipenem,

and Nitrofurantoin.

¢

Table 4.6: @mic Susceptibility Pattern against Various Bacterial Isolates Tested

@

N4
Code Conc. Klebsiella

Escherichia  Enterobacter Acinetobacter Rauitellaornit  PseudomonasL
Antibiotic pneumon  coli cloacae baumannii hinolytica uteola
Disc ae
Amoxicillin  Am 30ug 6m 6m 6m 6m 6m 6m
® (R) ® ® ® ®
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Nalidixic NAL 30u 10m 12m 6m 6m 6m 6m
acid (R) (R) ® ® ® ®
Amikacin AK 30u 19m 19m 16m 12m Ilm 18m
S) S) S) ® ® S)
Nitrofurant NIT 30u 12m 10m 18m 12m 13m 10m
on
® ® (S) ® ® ®
Gentamy CN 10u 12m 11m 14m 13m 130 l 10m
® ® ® ® ® &/ ®
Augmentin  Aug 30u l16m 16m 16m 13m 0& 4m 17m
@ @ @ ® % @ @
Ciproflox  Cip 10u 18m 12m 10m 1 @ 14m 16m
acin
(S) ® ® @ ey
Ceftriaxone Cro 25u 15m 16m 12m (bQ 10m 12m Ilm
ey ey ey fbb @ @ ey
Ceftaxidim CAZ 30u 17m 15m \Q 14m 17m 15m
e
@ D e 5\\' (I @ @ ey
Cefepime FEP 30u 18m 18m C’) 18m 14m l6m 8m
(®) @@ (®) 0 (10) ®
Imipenem IMP 10u 14% 18m 21m 20m 22m l6m
D) S) S) S) S) @
* X
R
Source: Author's Work, 2024

S- indicate (s

Table %@tlines the reaction potency of different solvent extracts, which provides qualitative

itive), I-indicate (intermediate), R-indicate(resistance).

outcomes for each bacterial isolate tested against the extracts, where - indicates a negative

reaction (no antibacterial activity) and \ indicates a positive reaction (presence of antibacterial

activity). Ethyl acetate extracts showed positive reactions against Escherichia coli and

Pseudomonas luteola, resulting in a total potency of 2 out of 6 isolates (33%), while methanol
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extracts showed positive reactions against Klebsiella pneumoniae, Escherichia coli, and

Pseudomonas luteola, achieving a total potency of 3 out of 6 isolates (50%).

Both chloroform and aqueous extracts showed no positive reactions, resulting in a total potency

of 0 out of 6 isolates (0%).

Table ¢ Percentage Reaction Potency of extract of Phoenix dactylifera against the
Bacterial Isolates Used

Isolates Ethyl acetate Methanol Chloroform Aqueous
K. Pneumonia - N - -
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E. Coli v v - -
E. cloacae - - - -
A. Baumannii - - - -
R. Ornithinolytica

P. Luteola v v - -
Total 2 3 0 0
Total potent 2/6 3/6 0/6 0/6
% Potency 33% 50% 0% 0%

V-indicate positive ’\Q/

--indicate negative

Source: Author's Laboratory Work, 2024. %Q

4.2 Discussion of Finding
The findings from this study highlight the antimicrobial potential of Phoenix dactylifera (date

fruit and seeds) extracts against beta-lactamase-producing bacterial isolates from urinary tract
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infections, an area of growing concern due to the increasing resistance among Gram-negative
bacteria. Beta-lactamase enzymes are known to degrade beta-lactam antibiotics, leading to
multidrug-resistant infections that are challenging to treat. Consequently, the search for
alternative and complementary therapies has gained significant attention, with plant-derived
compounds being explored for their bioactive properties!. The qualitative analysis of
phytochemical screening in Table 4.1 reveals that both the fruit and seed ext Q& rich in
terpenoids, flavonoids, phenols, alkaloids, tannins, and saponins, partictlarly”in methanol
extracts. These compounds are widely known in the literature for the@icmbial properties,
with alkaloids and flavonoids in particular being linked to the,i @n of bacterial cell walls
and metabolic pathways. Quantitative analysis in Table 4. owed higher concentrations of
phenols, flavonoid, Tannin and alkaloids in me qe& tracts, further corroborating their
antimicrobial efficacy, this are likely to be an% erial effect on beta-lactamase produced
bacteria. The observed potency of these phytochemicals aligns with other studies, which suggest
that flavonoids and tannins can daliigﬁ\bacterial cell walls and interrupt enzyme activities?.
Tables 4.1 and 4.2 highlight th&chemical contents of the various solvent extracts in which
both the fruits and seed rich in terpenoids, flavonoids, phenols, alkaloids, and tannins,
particularly in m@nd ethyl acetate extracts. Quantitative analysis showed that methanol
extracts conta@l e highest concentrations of these bioactive compounds, with phenols (208.8
+9.95 m in fruit and 200.7 £ 19.6 mg/ml in seeds) and alkaloids (174.2 + 1.08 mg/ml in
fruits) being the most abundant. These findings align with previous studies, which have
identified phenols, flavonoids, and alkaloids as major phytochemical constituents responsible for

the antimicrobial properties of date fruits®. The high concentration of phenolic compounds, in
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particular, may contribute to the extracts' ability to scavenge free radicals and inhibit bacterial

growth by disrupting cell walls and membranes *

The study’s analysis of various solvent extracts (methanol, ethyl acetate, chloroform, and
aqueous) demonstrated that methanol and ethyl acetate extracts of both the fruit and seeds
exhibited noteworthy antibacterial activity. Methanol extracts, in particular, show nh1b1t10n
zones that were sometimes comparable to conventional antibiotics in te @%ectlveness
though generally lower in magnitude. In Table 4.3, methanol extract nigfruit displayed
significant inhibitory effects against Klebsiella pneumonia at L with intermediate
inhibition zone of16.0 = 1.4lmm indicate significant, as@ concentration decreases the
inhibition zone decreases to 0=0mm at 60mg/ml, this ali@@ with earlier research, which also
identified methanol as a potent solvent for extracti\&active components in date fruits®. This
moderate level of activity, although less pote?s\\@-l certain antibiotics (e.g., Ciprofloxacin with a

CLSI sensitivity threshold of >26 mm); @iﬁcant, especially considering that natural extracts

often act through mechanisms d@ent from those of conventional antibiotics, potentially

reducing the likelihood ofg@ssistance.

Similarly, Table .@lights the effectiveness of methanol and ethyl acetate seed extracts,
with methano@owmg potent inhibition against Pseudomonas luteola (18.0 = 1.41 mm). This
activit\s/@%s findings in current literature that suggest methanol is particularly effective for
extracting bioactive compounds like alkaloids, flavonoids, and phenols from Phoenix dactylifera,
in which flavonoid poses Quercetin and kaempferol inhibit beta-lactamase enzyme and exhibit
antimicrobial activity’. The antibacterial activity of seed extracts is consistent with existing

literature, where the seed extracts of Phoenix dactylifera have been reported to contain bioactive
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compounds like saponins, flavonoids, and phenolics, which have shown antimicrobial potential.
These compounds might disrupt bacterial cell walls or inhibit enzyme activity, thereby

contributing to the observed inhibitory effects®.

The results indicate that ethyl acetate seed extracts also provided considerable inhibition zones
against E. coli, E. cloacae andPseudomonas luteola (17.0 = 1.41-11.0+1.41mm) at mg/mL,
suggesting the presence of moderately potent antimicrobial agents within the t fractions.
This finding aligns with existing literature where ethyl acetate has bee erg{ed as a superior
solvent for isolating phytochemicals, particularly phenolic and fl Qompounds, which are
known for their antimicrobial properties®. In this study, p—ValL@ere statistically significant (p
< 0.05) for many of the extracts, further supporti Q efficacy of these plant-based
antimicrobials in inhibiting pathogenic bacterial g@ Notably, these zones were generally
lower than those seen with CLSI—standard@Q)tics such as Gentamycin (>18 mm) and

Amikacin (>20 mm) but indicate a prok@supplementary role in antimicrobial therapy.

&

Table 4.3 reveals a notable er&@ ent in activity when combining the fruit and seed extracts,
particularly in methanol &@?yl acetate fractions. The methanolic extract of combine fruit and
seed extract sho@t&s highest zones of inhibition against all the isolates at the highest
concentration@ mg/mL with inhibition zone of (22.0+£1.41-19.0+1.41) 0.01*-0.1414* as the
extrac%@ration reduced the inhibition zone also reduced. Ethyl-acetate also have same
pattern with methanolic extract across all the tested isolates at 150mg/ml with the inhibition zone
of (20.0+0.33-16.5+2.12) 0.01*-0.1257*. Chloroform and Aqueous extract was showed no
inhibition zone across all the extracts with the various concentrations. This indicating that

synergistic interactions may boost antimicrobial efficacy. This aligns with existing research,
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where combining plant extracts is shown to increase bioactivity, making them effective against a
broader range of bacterial pathogens, the combined effect of fruit and seed extracts exhibited a
stronger inhibitory action than individual extracts, particularly against Klebsiella pneumonia,
Escherichia coli, and Pseudomonas luteola'®. Synergistic effects between plant extracts have
been documented in various studies, where different phytochemicals work together to, produce a
more potent antibacterial action!'. This could be due to complementary mechale of action,

such as the disruption of bacterial membranes and inhibition of protein synthesis.

When comparing the extracts’ efficacy with conventional antibioti s seen in Table 4.7,
specific antibiotics like amikacin and imipenem displayed ely strong inhibition across
multiple bacterial isolates, with zones exceeding 16 m ever, traditional antibiotics like
amoxicillin showed minimal to no inhibition, paﬁ@fgy against resistant strains, with zones
limited to 6 mm. This suggests that, whil& ard antibiotics remain effective, particularly
imipenem and amikacin, Phoenix da&@f extracts could serve as a viable alternative or
complementary options, especiall @inst resistant strains where antibiotics like amoxicillin fail.
Methanol extracts emerge @ most potent fraction, comparable to the stronger conventional
antibiotics, particularly for pathogens such as Escherichia coli and Pseudomonas luteola. These
.
findings suggest @wthanol and ethyl acetate extracts of Phoenix dactylifera could potentially
enhance or ement existing antibiotic treatments, especially as resistance continues to limit
the efh&of traditional antibiotics'?. This synergistic effect is corroborated by findings in
similar studies, which demonstrated that combinations of plant extracts could lead to enhanced

efficacy, likely due to the complementary actions of various phytochemicals®. Compounds such

as flavonoids, phenol, tannins, and alkaloids are commonly found in date fruits and are reported

100



to have antimicrobial and antioxidant properties, which may work together to inhibit bacterial

growth more effectively than isolated compounds'>.
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Chapter Five

5.1 Summary of Findings

This study evaluated the phytochemical and antibacterial activity of the extracts %Phoenix
dactylifera L. fruit and seeds with standard antibiotics against beta-lactamasec/ g bacteria
isolated from urinary tract infections. It was discovered that bio-active &nts n date fruit and
seeds were the most responsible for the susceptibility testing agai ested isolates. Among
the standard antibiotics tested were Amikacin and Imipenen@ich demonstrated the highest
efficacy, with inhibition zones reaching up to 22 aumVagainst most bacterial isolates.
Ciprofloxacin showed moderate activity, with inhi@zones ranging between 12—18 mm. In
contrast, Amoxicillin and Nalidixic acid exhﬂg\\@minimal activity, with inhibition zones as low

as 6 mm, reflecting resistance among the\’@g isolates.

The fruit extracts of Phoenix dac L. showed significant antibacterial activity, particularly
when methanol was used a@ extraction solvent. Methanol extracts exhibited the highest
inhibition zones, esgi&gainst, Klebsiella pneumoniae (16.0£1.41 mm) Escherichia coli
(17.0£1.41 mm) @nterobacter cloacae (19.5£7.78 mm) at 150 mg/mL. Ethyl acetate extracts
demonstrat erate activity, while chloroform and aqueous extracts did not show measurable
inhibit%vones. Similarly, the seed extracts showed notable activity, with methanol extracts
being the most effective. These inhibited Escherichia coli and Pseudomonas luteola with zones
of inhibition of 15.0+1.41 mm and 18.0+=1.41 mm, respectively.

Methanol proved to be the most efficient solvent, yielding higher antibacterial activity than ethyl

acetate, chloroform, and aqueous solvents. Additionally, the antibacterial activity of both fruit
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and seed extracts was dose-dependent, with the highest concentration (150 mg/mL) producing
the most significant inhibition zones. Lower concentrations (75 mg/mL and 60 mg/mL) exhibited
reduced activity.

Synergistic effects were observed when combining fruit and seed extracts, with enhanced
activity against Klebsiella pneumoniae and Pseudomonas luteola. This suggests that&mbining
different parts of the plant might improve antimicrobial efficacy. Q

The findings indicate that methanol-based extracts of Phoenix daclylifer% 0ssess strong
antimicrobial properties against drug-resistant pathogens, particularlyctamase producers.
These results underscore the potential of plant-based a 'n@ials as alternatives to

conventional antibiotics and highlight the need for fu @ earch to optimize extraction

methods and isolate active compounds. ber
5.2 Conclusion ®%

While the inhibition zones of Phoenix fera extracts generally fall short of those produced
by high-potency antibiotics as per %clq\tandards, the results indicate a substantial antimicrobial
potential, especially with m@ and ethyl acetate extracts, either alone or in combination.
This supports the pot&g application of Phoenix dactylifera extracts as complementary

°
antimicrobial ag{nts%ﬁ

exploring p emicals as alternative therapies, with implications for integrating such natural

cularly for resistant infections. The study underscores the value of

compo\& into broader antimicrobial strategies, particularly against antibiotic-resistant
pathogens. The current treatment of many diseases relies on synthetic drugs, which are often
expensive and can interfere with genetic and metabolic pathways, leading to unwanted side
effects. As a result, there is a need for safer, more effective approaches to prevent the

development and progression of diseases.
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5.3 Recommendation

Based on the findings of this study, the following recommendations are made: Additional studies
should be conducted to explore the detailed mechanisms of action of the bioactive compounds in
Phoenix dactylifera extracts. This includes identifying the specific compound@ﬁible for
the antibacterial activity and understanding their interaction with bacterial ‘¢ells=Clinical trials
are essential to evaluate the safety and efficacy of these extracts in @ subjects. This will
help in determining the appropriate dosages and potential sidg effects. The synergistic effects
observed with fruit and seed extract combinations sugges@ ombination therapy could be a
promising approach. Future studies should i e@ the optimal combinations and
concentrations for maximum antibacterial e%ﬁb tandardizing the extraction process and
formulating the extracts into suitable dosa f\oﬂns (e.g., capsules, ointments) will be crucial for
.
practical therapeutic applications. Th@udes ensuring that the extracts' phytochemical content
and stability are consistent. W&Qﬂis study focused on urinary tract clinical isolates, future
research should explore }@Qlcacy of Phoenix dactylifera extracts against a broader range of
pathogens, includi @ responsible for other types of infections. Investigating other solvents

for extraction@y reveal even more effective methods for isolating the bioactive compounds.
This c@mce the antibacterial efficacy of the extracts.

5.4 Contribution to Knowledge
This study would lead to the development of some drug-like candidates in P.dactyliferathat could be
used to formulate novel and more effective antibacterial drugs. It can equally be use as an alternative

to antiseptic due to high phenol present in both fruit and seed.
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5.5 Suggested Areas of Research

ii.

1il.

1v.

Further studies should explore the individual phytochemical constituents within the solvent
extracts to identify specific compounds responsible for medicinal properties.

Investigate the mechanisms through which different phytochemicals exert their biological
effects, particularly their antimicrobial, antioxidant, and anti-inflammatory activi&i&
Conduct comparative studies on the phytochemical contents and antimioperties of
Phoenix dactylifera varieties from different geographical regions. &

Evaluate the clinical efficacy of phytochemical-rich extract hoenix dactylifera in

treating various diseases through well-designed clinical tri@

5.6 Research Limitations 2 er

ii.

iii.

(o)

The study was limited to four solvents (*}\@acetate, methanol, chloroform, and aqueous),
and other solvents could be investig%' r their extraction efficiency.

The quantitative analysis w@'\ted to a few phytochemicals, and a more comprehensive
h

analysis including ot §®8th€ compounds would provide a more complete profile.
scep

The antimicrobial

<

broader ran antibiotics would give a more extensive understanding of resistance

patilrgb

tibility testing was based on selected antibiotics, and including a
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