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ABSTRACT
Plant extracts are being used in the development of antibacterial agents because they offer promising sources of new and effective antibacterial compounds. This study investigated the phytochemical composition and antibacterial properties of lemon grass (Cymbopogon citratus) using ethanol and methanol as extraction solvents. These extracts were tested against three bacteria of clinical origin,using the Agar well diffusion method. The Agar well diffusion method was used for the assessment of antibacterial activity against gram-positive Staphylococcus aureus and gram-negative, Klebsiella pneumoniae and Salmonella typhi.  The results showed a zone of inhibition (ZOI) measuring 27mm against Staphylococcus aureus, 9mm against Klebsiella pneumoniae and 10mm against Salmonella typhi. The extracts were tested for its natural chemical compounds and the results was found to contain alkaloids, flavonoids, phenols, glycosides, tannins and terpenoids but surprisingly not saponins in the analysis. These phytochemicals with pharmacological properties are major factors influencing the therapeutic values of the extracts. Hence the high level of antibacterial efficacy exhibited by Cymbopogon citratus reaffirms its prospective use in the management of infections and also a potential source of antimicrobial agents.
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                                                  CHAPTER ONE

1.0       INTRODUCTION
1.1       BACKGROUND OF STUDY
People have been relying on medicinal plants for centuries as a natural source of healing and treatment, making them an important part of traditional medicine throughout history. According to research, around 3.3 billon people in less developed countries regularly use medicinal herbs, making these plants the foundation of traditional medicine (Awuchi, 2019). Local customs and beliefs continue to serve as the foundation for healthcare in several emerging nations and the use of plant based medicine is very essential (Magar et al., 2024).
The traditional medicine system is widely popular for treating various diseases due to it's easy accessibility, low preparation cost, and minimal undesirable side effects, making it the only affordable healthcare option for the poorest patients (Swargiary, 2017).
Plant derived drug discovery has global importance as the necessity for the development of new therapeutic agents is increasing because of the prevalence of antibiotic resistant bacteria. The secondary metabolites produced by plants have a role in defense against pathogens. Herbs have medicinal properties due to the presence of different active principles like alkaloids, volatile essential oils, glycosides, tannins, terpenoids, flavonoids and phenolics that have toxicological, pharmacological and ecological importance (Hussein et al., 2018). One of such plant source is Cymbopogon citratus, locally known as “Eti” by the Edos, “tsauri” by the Hausas, "achara ehi” by the Igbos (Owerri) and "Koko oba or ewe tea” by the Yorubas in Nigeria (Ahmad & Beg, 2001).
This C.citatus is also known as the west Indian lemon grass or simply lemon grass (USDA Plant Database) and belongs to the poaceae family (Vyshali et al., 2016). It is considered a medicinal plant valued for it's rich array of bioactive compounds, which has led to its increasing interest in natural product research (Acimovic et al.,2020). The plant's characteristic lemon-like odour is primarily due to the presence of citral, a cyclic monoterpene (Ahire et al., 2022), hence, the name lemon grass. Several studies have demonstrated the plant's diverse pharmacological activities, antiinflammatory, antibacterial, antidiarrheal, antifilarial, antifungal properties (Telangi et al., 2022). Some research has also explored its potential antimalarial (Chukwuocha et al., 2016), antioxidant (Manvitha & Bidya, 2014), hypoglycemic, abs neurobehavioural effects (Ahire et al., 2022).
In addition, C.citratus has shown promise in treating various conditions, including diarrhea, inflammation, and diabetes. The essential oil from C.citratus  is widely used in the food, cosmetic and pharmaceutical industries due to it's pleasant aroma and biological activities (Oladeji et al., 2019). The phytochemicals, flavonoids, tannins, terpenoids, and essential oils like Citral are linked to a range of biological activities, notably antibacterial effects ( kigigha et al., 2018).
1.2         PROBLEM STATEMENT
Despite the existing knowledge on the medicinal benefits of Lemon grass, there is a need for further investigation into the specific bioactive compounds responsible for its antimicrobial activity and their potential applications in various industries.
This research and experiment is centered on analyzing and investigating existing claims and having more understanding of lemon grass and its potential uses.


1.3         AIM AND OBJECTIVES
1.3.1      AIM
           This research is aimed to extract Cymbopogon citratus leaf using various solvents with views to determine the phytochemical constituents and antibacterial effect of the plant extracts on some selected microorganisms.
1.3.2      OBJECTIVES
1. To identify the phytochemical constituents of lemon grass extracts.
2. To evaluate the antibacterial properties of lemon grass extracts against selected bacterial strains.
1.4          SIGNIFICANCE OF STUDY
            The purpose of this study is to contribute to the understanding of lemon grass phytochemical profile and it's antibacterial properties, providing insights for future research and applications in the development of natural antimicrobial agents.










CHAPTER TWO
         2.0        LITERATURE REVIEW
         2.1        BOTANY, MORPHOLOGY AND ECOLOGY OF LEMON GRASS
                Lemon grass (Cymbopogon citratus) is a perennial tropical grass belonging to the Poaceae family. It is known for its sweet herbaceous and lemony fragrance. It grows in numerous parts of the tropical and sub-tropical South-East Asia ana Africa. Lemon grass is native to south and southeast Asia, including countries like India, Pakistan and Sri Lanka (Manzoor et al, 2013).
It is a large, perennial sedge, which is a dense rhizome with dense lead clusters. The cliff is erect, up to a height of 1-2 meters with robust, erect culms (stems) about 4mm in diameter. Leaves are long, glaucous, green, which tapered upwards linear and along the margins. Ligule ( a part of the leaf that is found at the junction of the blade and leaf sheath) is very short. Its sheaths are cylindrical, barren shoots widened at the base and tightly clasping at the bottom, others narrowing and separating. It is a short day plant that produces plentiful flowering in south India. The inflorescence is approximately 1metre long (Wifek et al., 2016). Lemon grass is an aromatic plant belonging to the poaceae (gramineae) family (Hanaa et al., 2012). It possesses higher quality of essential and lower cost of production. It is a large, clumped, perennial grass that grows up to a height of 2 metres. The leaf blades are linear, conical at both ends and can expand up to 50cm in length and 1.5cm in width (Tajidin et al., 2012). The shape of the leaf sheath is tubular and it acts as a pseudostem.
Cymbopogon citratus grows well in sunny, warm, moist tropical conditions and grown in a variety of soils ranging from rich loam to poor laterite but calcerous and water logged soils are unsuitable for its cultivation (Farooqi & Sreeramu, 2001). Lemon grass which grows in sandy soils have greater leaf oil yield and also citral content. When lemon grass grows in highly saline soils, it gives greater oil yield (Srivastava & Akhila, 2010).
[image: ]Fig 1 Lemon grass stalk and Lemon grass plant	
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2.2          TAXONOMICAL CLASSIFICATION AND BIOSYSTEMATICS
2.2.1      TAXONOMICAL CLASSIFICATION
Kingdom:    Plantae
Division:      Magnoliophyta
Class:           Liliopsida
Order:           Poales
Family:         Poaceae
Subfamily:   Panicoideae
Genus:         Cymbopogon
Species:       Citratus 
(Shah et al., 2011).
  2.2.2       BIOSYSTEMATICS
Cymbopogon citratus (DC.) stapf, previously described as Andropogon citratus by De candolle and reclassified by Otto stapf, belongs to the poaceae family which includes approximately 500 genus and 8,000 species of plants, commonly called grasses (Negrelle & Gomes, 2007).
Cymbopogon citratus is a genus of about 55 species, which are indigenous in tropical and semi tropical areas of Asia and other tropical countries (Shah et al., 2011). The name Cymbopogon is derived from the Greek word 'Kymbe’ (boat) and 'Pogon’ (beard) referring to the flower spike arrangement (Plants Database, 2003). The part Citratus, refers to the latin term meaning lemon-scented leaves (Negrelle & Gomes, 2007).
Synonyms for this plant includes, Andropogon Citratus, lemon grass stalk. Shah et al, provides names for Cymbopogon citratus, which is used in various regions of the world. Brazil; Capim-cidrao, Capim-santo, Egypt; Lemon grass, Great Britain; lemon grass, citronella (Shah et al., 2011). In Nigeria it is commonly known as lemon grass and locally known as 'ewe tea or Koko oba’ by the Yorubas, 'Eti’ by the Edos, 'tsauri’ by the Hausas and 'achara ehi’ by the Igbos (Owerri).



2.3          STRUCTURE OF LEMON GRASS
2.3.1     ROOT SYSTEM/RHIZOME
         Fibrous roots arising from a short, cylindrical rhizome with a tapering end; roots are fine, yellowish brown and grow vertically. Short, solid, cylindrical with brown scales, aromatic with a lemon scent, about 3.3–4.5cm long and 0.7–1.2cm wide (Madi et al, 2022). 
The root is less commonly used traditionally and industrially but might contribute to essential oil yield cultivation and might be explored in traditional medicine for specific ailments.
2.3.2   STEM
            Cylindrical, stout, erect, up to 1.8–2meters tall. Nodes are yellowish brown and rough, internodes smooth and pale yellow, solid inside. Length varies from 3.5 to 19cm per internode, about 0.7–1cm wide (Madi et al., 2022). 
The stems are traditionally used in cooking, brewed as teas and traditional remedies for menstrual disorders and indigestion, and industrially used as raw materials for oil extraction, food flavouring, cosmetics and natural insect repellents (Kiani et al., 2022).
2.3.3      LEAVES
           Simple, linear, alternate, sheathed, 18–36 inches (45–90cm) long, 2–2.5cm wide, both surfaces smooth and glabrous; adaxial (upper) surface green and darker than the abaxial (lower) side, which may have a purple tinge. Leaf blade has parallel venation witha prominent midrib on the abaxial side. Leaf sheath is cylindrical, 22–30cm long, yellowish-green adaxially and green with purple tinge abaxially. Ligule is purplish-green, smooth, about 1–2mm long (Madi et al., 2022). 
The leaves are traditionally used as digestive aid, fever reduction, coughs treatment, antiseptic skin treatments, as a tonic and many more (Komal, 2020) while it's industrially used extensively in perfumes, soaps, detergents, pharmaceuticals, food flavouring and natural pesticides (Kiani et al., 2022).
2.3.4       INFLORESCENCE
           A loose, nodding panicle about 60cm long with reddish to russet colour and purple-tinged pedicels. Flowers are greenish white to pale-yellow but rarely produced outside native areas (Madi et al.,2022). 
They are traditionally and industrially less emphasized but might be used for aromatic purposes and might be used in fragrance and flower industries, perfumery and cosmetic
2.4           PHYSIOLOGY OF LEMON GRASS
2.4.1        PHOTOSYNTHESIS AND GAS EXCHANGE
            Lemon grass carries out photosynthesis with net photosynthetic rate, stomatal conductance and transpiration rate being important parameters. Under mild salt stress (up to 80mM Nacl), these parameters remain largely stable, but higher salt levels reduce photosynthesis and stomatal conductance significantly limiting growth (Mukarram et al, 2022).
2.4.2        SALT STRESS RESPONSE
            Lemon grass can tolerate moderate salinity by activating antioxidative enzymes (catalase, peroxides, superoxide, dismutase) and accumulating osmolytes like proline to protect cells from oxidative damage. However, higher salinity overwhelms these defenses, reducing growth, chlorophyll content and essential oil production (Mukarram et al., 2022).
2.4.3          SECONDARY METABOLITE PRODUCTION
       The essential oil is mainly composed of citral (geranial and neral), synthesized in secretory cells of the leaf. Oil biosynthesis is influenced by several factors, such as seasonal, climatic, local and experimental conditions (Misra et al., 2003).
2.4.4         SOIL NATURE
           Lemon grass prefers well drained, fertile, and moist soils with a slightly acidic to neutral pH, ideally between 6.0 and 7.5. The best soil type for lemon grass is Sandy loam which in organic matter and nitrogen, which provides good drainage and aeration while retaining enough moisture for growth. It doesn't tolerate waterlogged or heavy clay soils well. Lemon grass can grow in a variety of soils, including, poor laterite or sandy soils, but performs well in rich, well-drained loam or sandy loam soils (Farooqi and Sreeramu, 2001).

2.4.5         WATER REQUIREMENT
             Lemon grass has high water requirements, especially during it's growing season. It thrives in consistently moist soil and should not be allowed to dry out, with watering needed every 2–3 days in full sun, or less often in partial shade (Robby, 2024).
2.4.6        DURATION OF MATURITY
          The duration of maturity for lemon grass is around 3–5 months after planting for the first harvest, when the plants are large enough for leaf and culm harvest. Subsequently harvests of leaves are done at intervals of 60–70 days (Wifek et al., 2016).
2.4.7      MODE OF REPRODUCTION
In most places Cymbopogon citratus flowers very rarely or not at all. Lemon grass mainly reproduces through vegetative propagation (division of clumps) (Akhila, 2009).

2.5          PHYTOCHEMICAL CONSTITUENTS OF LEMON GRASS
2.5.1       VOLATILE CONSTITUENTS OF LEMON GRASS
Due to its commercially valuable essential oils, lemon grass is frequently used in food technology, pharmaceuticals, and traditional treatments. The terpenes, alcohols and ketones, and esters present, as well as the essential oil of lemon grass, differ according to its topographical origin, which affects its chemical makeup. The essential oil that is extracted from lemon grass is mostly found in the leaves of the plant, which are also a great source of it (Shah et al., 2011). Up to 5% dry weight of essential oils primary citral with a distinctive lemonade scent, are present in the leaves (Tovar et al., 2011). Due to the presence of citral, a cyclic monoterpene, the word 'lemon’ in its name refers to its distinctive lemon-like aroma (Barbosa et al., 2008). Numerous consumer products contain fragrances made using the oil of lemon grass, such as linalool (1.3%), geranial (39.0%), neral (29.4%), geraniol (1.7%) and myrcene (18%) (Daniel et al., 2014).
Myrcene is an anti-bacterial and analgesic compound found in lemon grass, and Citronellal, Citronellol, and geraniol are its active ingredients. Citral, a volatile oil with a robust lemon aroma, is present in the essential oil. Citral is a mixture of two aldehydes and a stereoisomeric monoterpene. It is used to make perfumes and coloured soaps and synthesized vitamin A. The geranial with trans isomer nature (25–38%) in citral according to Isah et al.
The essential oil of this plant is considered one of the chief volatile oils. Many essential oils and the substances that make them up have pharmacological capabilities that act as anti-inflammatory, antioxidant, and anti-cancer agent (Ito et al., 2011). Lemon grass essential oil carries great importance with citral as the main element. The citral content fluctuates from 44.3–91.4% to 79–91.5% in the essential oil ( Shah et al., 2011). Other important volatile constituents are B-myrcene (11%) and geraniol (1.9%) (Bassole et al., 2011).
Fig 2 Structures of abundant volatile constituents of Lemon grass
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 2.5.2       PHENOLIC CONSTITUENTS OF LEMON GRASS
            Phenolic compounds are a diverse class of plant secondary metabolites, including phenolic acids, flavonoids, stibenes, lignans, coumarins, curcuminoids, and other polyphenols. Flavonoids are the most abundant phenolic constituents, containing more than 10,000 compounds (Ali et al., 2022).
C.citratus is rich in bioactive compounds and the isolated and identified phytochemicals from its leaves mainly includes flavonoids, alkaloids, saponin, tannins, and phenolic compounds, which consists of quercetin, luteolin, apiginin, isoorientin 2’-0-rhamnoside and keampferol that are known to have many benefits especially in the fields of pharmacy, food, health and agriculture (Negrelle & Gomes, 2007; Hasim et al., 2015, Erminawati et al., 2019).
  


 2.6        MEDICINAL USES OF LEMON GRASS
   2.6.1      TRADITIONAL USES
             Leaves of lemon grass are highly known for their essential oils. The essential oil shows significant activities against antibacterial, antifungal, antidepressant, carminative, fungicidal, astringent, and antiseptic properties (Joy et al., 2006). Due to its antiseptic and antibiotic properties, it is used to cure athletes foot disease and ringworm. Most of the time, it is used to treat gastrointestinal disorders. Lemon grass tea is used as a home remedy for fever, illness, and pneumonia (Magotra et al., 2021).
Infusions and decoctions prepared from fresh or dried lemon grass leaves are popular and often used all over the world in order to relieve various ailments. Chemical compounds extracted from C.citratus have an equally wide range of applications and essential oil, obtained from this plant is particularly common. In India, lemon grass is used for gastrointestinal ailments, while in china, it is used as a component of antidepressant mixtures. In the Malay peninsula, it is commonly used to treat flu, fever, pneumonia and gastrointestinal problems and a diaphoretic drug. In Nigeria, it is used as an antipyretic and for its stimulating and antispasmodic properties. In Indonesia, the plant is recommended as an ingredient that aids in digestion, promotes diuresis and sweating, and also regulates the menstrual cycle. In Africa and Asia, its antitussive, antiseptic, diaphoretic and antirheumatic properties are known, and it is used to treat lower back pain, sprains and hemoptysis (Kassahun et al., 2020; Zahra et al., 2020; Magotra et al., 2021; Kumoro et al; 2021; Tibenda et al; 2022; Syarif et al., 2020).
According to Nambiar and Matela, lemon grass is used worldwide to treat gastrointestinal problems, fevers, menstrual irregularities, malaria and Pneumonia. In ref to Heinerman's Encyclopedia of Healing, Herbs & spices, John Heinerman recommends taking one cup of lemon grass tea every four hours to reduce fever. Similarly lemon grass has some components that may be tumor chemo-protective, as demonstrated by puatanachokchai et al. As a result, the extract has demonstrated several qualities that can reduce the risk of rat colon cancer in animal models (Kiani et al., 2022).
2.6.2        INDUSTRIAL USES
It has been claimed that the oil can enhance the flavour of some fish, as well as to flavour wines, sauces, confectionery, spices and tea leaves. Lemon grass is a popular culinary herb, used extensively in southeast Asian nations such as Indonesia, Vietnam, Malaysia, Thailand, Pakistan, and the Philippines. It can be used fresh, powdered, or dried due to its aromatic, lemon scented qualities. Although the lemon grass pseudostem is challenging to consume, it can be crumbled and added to dishes or grilling rubs. The lemongrass stalk and leaves have a light lemon flavour, according to Majewska et al. In contrast to regular tea, lemon grass is a diuretic and does not alter the body's biochemistry. According to Nambiar and Matela, lemon grass is frequently used as the foundation for a well-liked beverage called 'Takrai’ in Thailand.
Commercial applications for the essential oil of the Cymbopogon genus include its use as an aroma for soap and an ingredient in perfume and palm arosa oil. It has been demonstrated that lemon grass essential oil deters insects, making it possible to use it as an insect repellent lotion (da Silva et al., 2020). The cosmetic industry benefits significantly from the oil's antioxidant properties, as it can be utilized to prevent several skin ailments caused by oxidative stress (Kiani et al., 2022).
 2.7 MEDICINAL PROPERTIES OF LEMON GRASS AND ITS EFFECT ON HUMANS
  2.7.1    ANTIOXIDANT ACTIVITY
Lemon grass essential oil is rich in compounds that exhibit antioxidant properties. Notably, citral, the major component, has been studied for its ability to scavenge free radicals and mitigate oxidative damage (kiani et al., 2022). These compounds, including H2O2, O²- and OH-, can cause damage to lipids, proteins, and DNA, leading to health issues like cancer, aging, and neurological disorders in humans (Lawrence et al., 2015). Given the role of oxidative stress in the development of chronic diseases, exploring the antioxidant potential of lemon grass essential oil had implications for health and disease control (Kiani et al., 2022).
   2.7.2        ANTI-HYPERTENSIVE AND ANTI-OBESITY ACTIVITY
               The potential of lemon grass extract as a source of hypolipidemic and hypoglycemic components, which can reduce the risk of hypertension and obesity, has been the subject of numerous studies. Obesity is closely related to an imbalance between energy intake and energy expenditure (Kiani et al., 2022). Nevertheless, lemongrass tea acts as a vehicle to boost energy expenditure, reducing weight gain and liver fats. It also motivates the thermogenis process to decrease plasma cholesterol (Ekpenyong et al., 2015).

  2.7.3        ANTI-INFLAMMATORY POTENTIAL
 Inflammation contributes to greater incidences of human mortality, and has been significantly linked to conditions such as diabetes, rheumatoid arthritis, cardiovascular disease and cancer (Jaswir & Monsur, 2011). Animal tissue typically becomes inflamed in response to physical stress or when chemical inducers such as lipopolysaccharide are present (Kiani et al., 2022).
Many researchers presented data showing that the main component of lemon grass have anti inflammatory properties which includes, phenol-rich extractants, solvent extracts and citral isolate which can help reduce inflammation in the body (kiani et al., 2022).
2.7.4        ANXIOLYTIC PROPERTIES
Lemon grass tea is said to be commonly used for its calming effect as it helps to reduce anxiety and stress. In earlier studies, it was discovered that the Anxiolytic effects of the decoction made from lemon tea had adverse effects. However, prior research showed that when lemon grass decoctions and infusions (lemon grass tea) are presented to animals, they have the potential to have calming effects ( Francisco et al., 2011). Therefore the results supported the traditional medicine practice of using lemon grass extracts to treat disorders of the central nervous system (CNS) (Kiani et al., 2022).
2.7.5           ANTICANCER ACTIVITY
Researchers have also investigated Cymbopogon citratus anti-cancer abilities. Its unique oil might offer a strong barrier against certain malignancies. When directly injected, lemon grass oil inhibits cancer tumors in adosage dependent manner, measuring the higher the oil dose, the better the outcome according to animal studies. According to much research, lemon grass can stop the spread of cervical cancer cells and other types of cancer cells and can induce cancer apoptosis, also known as programmed cell death. According to the author's analysis of all the data, lemon grass oil and citral emulsion are strong candidates for use as an anti-cancer agents (Ribeiro et al., 2017).
   2.7.6        ANTIBACTERIAL ACTIVITY
Lemon grass essential oil is believed to induce the destruction of bacterial biofilms, impeding further bacterial growth and development. Different components of lemon grass oil, such as citral and geraniol, contribute to its antibacterial properties (Shendurse et al, 2020), against a wide range of microorganisms, including Staphylococcus, Escherichia coli, Enterococcus faecalis, Acinetobacter baurmannii, and more (Vaou et al., 2021). Essential oils have been used for centuries in traditional folk medicine to treat various diseases demonstrating a broad spectrum of bioactivity, including the treatment of body wounds. 


      2.8          LIMITATIONS AND SIDE EFFECTS OF USING LEMON GRASS
The pharmacological use of agents derived from C.citratus should include restrictions on the use. Machraoui et al and Ekpenyong et al indicated possible potential toxic properties of lemon grass extracts at high doses. This applies to highly concentrated preparations. However, Negrelle and Gomes, reported that drinking standard infusion of dried lemon grass does not cause any side or toxic effects. Some literature data indicates that the high content of lemon grass oil in food products may have an adverse effect on the human body, particularly on the organs of taste and smell (Smith et al., 2005).
              On the other hand, lemon grass essential oil used in low concentration is considered safe for human consumption (Sinha et al., 2014). Moreover, improper and accidental use of essential oil may cause health problems due to genetic damage, carcinogenicity and mutations (Sousa et al., 2010). Therefore, further research on the toxicity of Lemon grass oil and a safety assessment are necessary.


2.9          ECONOMIC IMPORTANCE OF LEMON GRASS
Essential oil components like geraniol, myrcene, and citral separated from lemon grass play an important role as raw materials in food, beverage, detergent, soap, perfume and cosmetic industries (Solomon et al., 2019).
In a competitive market, therapeutic plants are often used. Their uses include pharmaceuticals, food, cosmetics, and perfumery markets. In pharmaceuticals extracts of plant parts are particularly valid due to their usage of active ingredients for the development of medicine, and also as sources of raw material (Rao & Savithramma, 2011).
For the manufacture of Vitamin A in perfumery and flavourful grass, it is used as raw materials and it has a valuable effect when used as medicinal tea. In different countries of the world, leaves are used in tea as well as in cooking and treating coughs. The stalks are not edible, but they can be either crushed or chopped and added to fish or fowl sources for flavour. Each day, lemon grass tea or powder can be consumed in quantities of 1–4 cups as this helps with coughing, vomiting, bladder issues, congestion, headaches, fever, stomach aches, digestive issues and diarrhea, and increases respiration, acting as a potential hypocholesterolemic agent (Kiani et al., 2022).







                                                             CHAPTER THREE
3.0            METHODOLOGY
3.1            EXPERIMENTAL SITE
The experiment was carried out at Microbiology laboratory, Department of Science Laboratory Technology (SLT), Kwara State Polytechnic, Ilorin.
3.2            COLLECTION OF PLANT SAMPLE
Fresh Lemon grass (Cymbopogon citratus) leaves were collected from the premises of Kwara State Polytechnic. It was ensured that the leaves were healthy and uninfected. The leaves were washed under running tap water to remove the surface pollutants and then kept in a sterile bag to prevent contamination before use.
3.3            EXTRACTION PROCESS
3.3.1         MATERIALS AND REAGENTS
The materials and reagents used includes; mortal, pestle, test tubes, petri dishes, conical flask, spatula, beakers, paper tape, weighing balance, filter paper, tap water, distilled water, ethanol, methanol, funnel, cotton wool.
3.3.2         PREPARATION OF LEAVES EXTRACT
Two solvents were used in the preparation of leaves extract (Ethanol and Methanol). Two beakers each containing measured 60ml or ethanol and methanol were labelled as E1 and M1 respectively.
The leaves sample was then soaked in each solvent for a period of 30minutes. After 30minutes, the soaked samples in each solvents were transferred into a mortal separately and crushed with the use of a pestle until the texture desired was gotten. Prior to crushing, the soaked samples from the ethanol and methanol solvents, were kept in 2 different conical flask labelled E2 and M2 respectively.
The crude material gotten from each solvents after crushing was then filtered using a funnel and filter paper and transferred into two different test tubes labelled E3 and M3 respectively and cotton wool was used to seal the test tube to avoid contamination. The test tube were arranged and kept in the test tube rack and for five days, the extracts in the test tubes were shaken twice daily, stored and subjected to further screening.
3.4        TEST ORGANISMS
Three pathogenic bacteria, Staphylococcus aureus, Klebsiella pneumonia, and Salmonella typhi were used during the study and we're obtained from the Department of Microbiology at Kwara State Polytechnic, Ilorin. The cultures were subcultured on nutrient agar slants and stored at 4°C.
3.5         INOCULUM PREPARATION
Preparation and standardization of each bacterial inoculum was done using the Macfarland's method. This was carried out by picking test organism growing as a pure culture in MacConkey bottle with a wire loop and transferring into 10ml of distilled water in test tubes. Serial dilution of 10-¹ was then carried out by using a pipette to collect 1ml of the inoculum from the test tube into 9mls of distilled water in another test tube. This was then incubated for 24 hours. This was done for each of the bacteria.
3.6          PHYTOCHEMICAL SCREENING OF LEMON GRASS EXTRACTS
The phytochemical assays were carried out according to the methods described by Tiwari et al, (2011) to detect the active chemical constituents; Alkaloids, Flavonoids, Glycosides, Phenol, Saponins, Tannins and Terpenoids.
3.6.1       TEST FOR ALKALOIDS (WAGNER'S TEST)
 10mg of the plant extracts were placed in a test tube, and a few drops of Wagner's reagents were added. The appearance of a reddish-brown precipitate was taken as a positive indication of alkaloids (Magar et al., 2024).
3.6.2         TESTT FOR FLAVONOIDS (LEAD ACETATE TEST)
             10mg of each of the extracts were treated with a few drops of 10% lead acetate solution. The appearance of a yellow precipitate signified the presence of flavonoids (Mager et al., 2024).
3.6.3        TEST FOR GLYCOSIDES 
0.5mg of each of the extracts were dissolved in 1ml of water, followed by the aqeous NaOH solution. The appearance of a yellow colour indicated the presence of Glycosides (Magar et al., 2024).
3.6.4         TEST FOR PHENOL (LEAD ACETATE TEST)
10mg of each extracts were mixed with 0.5ml of 1% lead acetate solution. The appearance of a white precipitate suggested the presence of phenolic compounds (Magar et al., 2024).
3.6.5         TEST FOR SAPONINS (FOAM TEST)
0.5mg of each extracts were mixed with 20ml of distilled water, then it was shaken vigorously in a graduated cylinder for 15 minutes. The formation of foam layer reaching up to 1cm in height indicated the presence of saponin (Magar et al., 2024).
3.6.6         TEST FOR TANNINS (FERRIC OXIDE TEST)
5mg of each of the extracts were mixed with 0.5ml of 5% ferric chloride. The formation or appearance of a dark bluish-black precipitate indicated the presence of tannins (Magar et al., 2024).
3.6.7          TEST FOR TERPENOIDS
0.5ml of chloroform and 0.5ml of acetic anhydride was added to 5ml of each extracts, followed by carefully adding concentrated sulfuric acid through the tube wall. The formation of brown colour indicated the presence of terpenoids (Harborne, 2006).
3.7         DETERMINATION OF ANTIBACTERIAL ACTIVITY
Antibacterial activity of lemon grass was determined using the agar diffusion method. An overnight culture of Macfarland was spread with the aid of a spreader over solidified agar in the sterile petri dish. A sterile stainless steel cork borer of 5mm in diameter was used to make wells, 3 wells were made on each plate, with one of the wells set aside for control. The holes were filled with leave extracts. Each well was appropriately labelled and controls were also carried out by leaving the well empty. The extracts were introduced into the holes with the use of a rubber pipette. The innoculated petri dishes were left for an hour at room temperature for extracts to diffuse before placing it in the incubator at 37°C for 24hours for growth of test organisms after which zones of inhibition were observed. The diameter of the zones of inhibition were measured with a ruler and recorded. The antimicrobial studies were done in triplicated and the mean of the diameter of the zones of inhibition in mm were taken and the size of the cork borer (5mm) was substracted from the values (Anibijuwon et al., 2016).



                                                        






CHAPTER FOUR
4.0         RESULTS
4.1         PHYSICAL APPEARANCE OF THE EXTRACTS RECOVERED.
Table 1: physical properties of leaves extracts of lemon grass.
	EXTRACTS
	WEIGHT OF PLANT SAMPLE USED
	VOLUME OF SOLVENT USED
	    COLOUR
	ODOUR

	METHANOL
	       20g
	     60ml
	 Brownish green
	Pungent

	ETHANOL
	       20g
	     60ml
	Light green
	Strong lemony scent



The result showed the weight of plant sample used, the volume of the solvent, the colour and the odour.







4.2          PHYTOCHEMICAL SCREENING
Table 2: Qualitative phytochemical analysis of lemon grass
	EXTRACT/PHYTOCHEMICAL
	ETHANOL
	METHANOL

	                Alkaloids
	+
	+

	                Flavonoids
	+
	–

	                Glycosides
	+
	+

	                Phenols
	+
	+

	                Saponins
	–
	–

	                Tannins
	+
	+

	                Terpenoids
	+
	+


	      KEY

	+ = Present
– = Absent


							
The result for phytochemical screening as shown in table 2, shows that alkaloids, glycosides, tannins and terpenoids were present in both ethanol and methanol extracts, 
flavonoids and phenol were both present in ethanol extract but absent in methanol extract, while saponin was absent in both ethanol and methanol extracts.











4.3       ANTIBACTERIAL ACTIVITY OF LEMON GRASS (Cymbopogon citratus)
     Table 3: Sensitivity test of methanoic extract against the test organism (zone of inhibition)
	ISOLATED
	1000Ng/dis
C
	500Ng/dis
	250Ng/dis
	AMPEOL
       X
     5mg
	   DMS

	Staphylococcus
Aureus
	       23
       05

	        08
        00
	        27
        00
	        
	     00
     00

	Klebsiella
pneumoniae
	       09
       
	        04
	        08
	        
	     01

	Salmonella
Typhi
	       10
	        08
	        07
	        
	     02
     01



  Based on the experiment carried out on the methanoic extract of Cymbopogon citratus against the bacterial inoculum, it was observed that there was high inhibitory activity on Staphylococcus aureus at 250Ng/dis (27mm), surprisingly higher than at 1000Ng (23mm) and at 500Ng/dis (8mm), which could indicate the presence of a higher concentration.
For Klebsiella pneumoniae, the highest is at 1000Ng/dis (9mm), followed by 500Ng/dis (4mm) and 250Ng/dis (8mm).
For Salmonella typhi, the highest is at 1000Ng/dis (10mm), followed by 500Ng/dis (8mm) and 250Ng/dis (7mm). It was observed that the extract had better effect than the control on the organisms.




4.4      DISCUSSION
       
       The methanoic leaf extract of lemon grass was observed to have a brownish green colour with a pungent odour and the ethanoic leaf extract of lemon grass was observed to have a light green colour with a strong lemony scent. This may suggest the presence of secondary metabolites, known to have biological activities.
       The phytochemical analysis of lemon grass extracts revealed the presence of important secondary metabolites including alkaloids, flavonoids, phenols, glycosides, tannins and terpenoids. However saponin was found to be absent in the extracts. These compounds according to the research has been known to have diverse pharmacological activities such as antibacterial, anti-diarrheal, antifungal, and antioxidant properties (Telangi et al., 2022).  
The presence of these chemical compounds suggests that lemon grass has strong potential as a natural antimicrobial agents and are responsible for the antibacterial effects observed in the study.
      The antibacterial activity of the methanoic extract of lemon grass (Cymbopogon citratus) was accessed using the Agar well diffusion method against three bacteria strains; Staphylococcus aureus, Klebsiella pneumoniae and Salmonella typhi. A zone of inhibition (ZOI) of 27mm was measured for Staphylococcus aureus, a comparatively smaller ZOI of 9mm for Klebsiella pneumoniae and ZOI of 10mm for Salmonella typhi was recorded. 
     The methanoic extract was more effective than the standard (control) against the bacterial strains as shown in table 3. The result obtained from the antibacterial analysis in other similar works shows similar results of higher susceptibility against gram-positive than gram-negative bacteria (Balakrishnan et al., 2014). This is as a result in cell wall structure and complexity of these bacteria (Khan et al., 2011; Ewansiba et al., 2012).

The results of this study therefore implies that lemon grass has strong antibacterial activities and contains metabolites (active compounds) with pharmacological properties, hence a reliable natural source of healing for infectious diseases caused by test organisms.
























                                                           CHAPTER FIVE
5.0         CONCLUSION AND RECOMMENDATION
5.1         CONCLUSION
	The Phytochemical analysis of lemon grass (Cymbopogon citratus) revealed the presence of important bioactive compounds such as alkaloids, flavonoids, phenols, glycosides, tannins and terpenoids. However, saponins were not detected. These compounds are known to contribute to various therapeutic activities.
The methanoic extract of lemon grass revealed substantial activity against both gram-positive and gram-negative bacteria, with a notably greater susceptibility observed in the gram. Positive Staphylococcus aureus compared to the gram-negative Klebsiella pneumoniae and Salmonella typhi,  confirming it's potential as a natural antimicrobial agents. These findings support the traditional use of lemon grass in herbal medicine and therefore shows a promising potential for developing alternative antibacterial treatments, especially due to the prevalence of rising antibiotic resistance.
However, lemon grass also possesses qualities such as its fine lemony scent which makes it not only useful as a drug but also for domestic, agricultural and industrial purposes.
5.2      RECOMMENDATIONS
· Further studies should be carried out to investigate the efficacy of lemon grass on other pathogenic microorganisms.
· Further studies should be carried out by conducting in vivo experiments to evaluate lemon grass safety for human use
· Further studies should be carried out with other solvents for extraction that could help in identifying other important phytochemicals with stronger activity.
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