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[bookmark: _Toc212669289][bookmark: _Toc212669348]ABSTRACT
[bookmark: _Toc212669290][bookmark: _Toc212669349]Ocimum gratissimum (scent leaf) is a common aromatic plant widely used in traditional medicine for the treatment of various infections and ailments. This study investigated the phytochemical composition and antimicrobial activity of the n-hexane extract of O. gratissimum leaves. Phytochemical screening revealed the presence of tannins, flavonoids, saponins, cardiac glycosides, terpenoids and steroids, while alkaloids, anthraquinones, total glycosides, and saponin glycosides, were absent. The antimicrobial activity of the n-hexane extract was tested against selected bacterial and fungal isolates. Results obtained showed that the extract exhibited a concentration-dependent inhibition, with stronger antibacterial activity compared to antifungal activity. The findings indicate that O. gratissimum contains bioactive compounds with significant antimicrobial potential, supporting its traditional use in herbal medicine and suggesting its possible application in the development of plant-based antimicrobial agents.
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[bookmark: _Toc212669350]CHAPTER ONE
[bookmark: _Toc212534722][bookmark: _Toc212669351]INTRODUCTION
[bookmark: _Toc212669352]1.1 BACKGROUND OF RESEARCH
Natural products are chemical compounds produced by living organisms; any substance created by life is considered a natural product in the broadest sense (Hanson, 2003). They can occur as primary metabolites, which are directly involved in the growth, development, and reproduction of the plant, or as secondary metabolites, also called phytochemicals, which are not essential for plant survival but play important ecological roles. Phytochemicals can be extracted from plants using organic solvents, and humans have long utilized these bioactive molecules for their health benefits, including antibiotics, enzyme inhibitors, antioxidants, and growth promoters (Demain and Fang, 2000).
Medicinal plants are extremely important in safeguarding human health. Certain chemical compounds present in these plants impart therapeutic value by stimulating specific physiological responses when consumed. The World Health Organization (WHO) estimates that about 75–80% of the global population relies on medicinal plants for primary healthcare (Ekor, 2014; WHO, 2021).  Their therapeutic potential is largely due to bioactive phytoconstituents such as alkaloids, flavonoids, tannins, terpenoids, glycosides, and saponins (Hill, 1952; Palombo, 2011).  Plants naturally synthesize these phytochemicals to defend themselves against pathogenic microbes, insect attacks, and environmental stresses and, when consumed, provide humans with disease-preventive and curative benefits. (Prakash et al., 2020).
Phytochemicals not only protect plants but also shield humans and animals from microbial and degenerative diseases. Their antibacterial, antioxidant, and anti-carcinogenic properties are responsible for these protective effects (Palombo, 2011; Velu et al., 2018). As such, they contribute significantly to traditional and modern healthcare systems.
Traditional medicinal herbs are used locally and regionally to treat a wide variety of illnesses (Alyaa, 2015). These herbs, due to their natural state, safety, and simplicity, have been utilized for centuries in both developing and developed nations. It is estimated that more than 75% of the global population depends on medicinal plants or their extracts for primary healthcare (Bhawani et al., 2013). Most therapeutic herbs are used fresh, particularly the leaves or fruits, while woody parts such as roots and stem barks are also employed (Kurhekar, 2017).
Phytoconstituents benefit plants by serving diverse roles such as promoting growth, enhancing defense mechanisms, and contributing to flavor, color, and aroma (Molyneux et al., 2007). Secondary metabolites like terpenoids, steroids, and anthraquinones also possess bioactivities that enhance therapeutic potentials, including anti-carcinogenic, antioxidant, anti-inflammatory, and anti-mutagenic properties (Batiha et al., 2020). Phytochemical screening is thus the scientific process of extracting, identifying, and characterizing these compounds from plants, which provides a foundation for novel drug development.
[bookmark: _Toc212534723][bookmark: _Toc212669353]1.2 OCIMUM GRATISSIMUM (SCENT LEAF)
Ocimum gratissimum belongs to the family Lamiaceae and is commonly referred to as scent leaf in Nigeria. It is also known as African basil or clove basil due to its distinct aromatic flavor. Locally, it is called “Efirin” in Yoruba, “Nchanwu” in Igbo, and “Daidoya” in Hausa. The plant is a perennial shrub that grows widely in tropical Africa, Asia, and South America.
Traditionally, different parts of O. gratissimum (leaves, seeds, stems, and roots) have been widely used in folk medicine. Decoctions or infusions prepared from the leaves are employed for the treatment of cough, diarrhea, upper respiratory infections, fever, and skin diseases (Akinmoladun et al., 2020). Its essential oils, particularly rich in eugenol and thymol, are used as antiseptics and flavoring agents in local dishes.
[bookmark: _Toc212534724][bookmark: _Toc212669354]1.2.1 MORPHOLOGY
Ocimum gratissimum is an erect perennial shrub that grows up to 1–3 meters in height. The leaves are broad, oval-shaped, and aromatic, measuring 5–10 cm long, with serrated edges. The plant produces small white to purplish flowers arranged in clusters, with a strong clove-like fragrance due to the high content of essential oils. Fruits are small nutlets, often containing seeds that can be dispersed by wind or insects. The plant thrives in well-drained soils of tropical climates and is often cultivated around homes as a culinary and medicinal herb (Okigbo and Mmeka, 2008).
[bookmark: _Toc212534725][bookmark: _Toc212669355]1.2.2 Uses of Ocimum gratissimum
Scent leaf is employed in the treatment of a wide variety of conditions such as respiratory tract infections, fever, diarrhea, oral infections, helminthiasis, and fungal diseases. These effects are attributed to its diverse secondary metabolites including alkaloids, flavonoids, tannins, saponins, terpenoids, and essential oils (Prakash et al., 2020).
In Nigeria, the fresh leaves are consumed as vegetables and used as spices in soups and stews. Medicinally, leaf infusions are applied as remedies for stomach disorders, malaria, cough, catarrh, and wounds (Obiagwu et al., 2021). The essential oil, mainly composed of eugenol, has antiseptic, anti-inflammatory, and antimicrobial applications in both traditional and modern medicine (Nwachukwu et al., 2014).
Scent leaf is also used in veterinary medicine for treating poultry diseases and as a natural insect repellent in rural communities. Beyond medicine, its oil is utilized in cosmetics, food preservation, and perfumery industries.
[bookmark: _Toc212534726][bookmark: _Toc212669356]1.3 Statement of the Problem
The rise of antimicrobial resistance poses a serious global health challenge, rendering many conventional antibiotics less effective. This has compelled renewed interest in natural products, particularly medicinal plants, as alternative sources of novel antimicrobial agents. Identifying and characterizing the phytoconstituents of Ocimum gratissimum is critical, as these bioactive compounds may provide potential leads for new therapeutic agents, dietary supplements, or functional foods.
[bookmark: _Toc212534727][bookmark: _Toc212669357]1.4 Justification of the Research
Synthetic drugs, though widely used, often present undesirable side effects and resistance issues. In contrast, medicinal plants such as Ocimum gratissimum offer a safer, more sustainable, and accessible source of bioactive compounds. Investigating its phytochemical constituents and antimicrobial activity will not only validate traditional claims but also promote its incorporation into modern medicine. Furthermore, the findings may contribute to its conservation, viable utilization, and economic value as a multipurpose medicinal herb.
[bookmark: _Toc212534728][bookmark: _Toc212669358]1.5 Aim and Objectives
[bookmark: _Toc212534729][bookmark: _Toc212669359]Aim
The aim of this research is to investigate the phytochemical composition and evaluate the antimicrobial activity of the n-hexane extract of Ocimum gratissimum leaves.
[bookmark: _Toc212534730][bookmark: _Toc212669360]Objectives
1. To extract bioactive compounds from Ocimum gratissimum leaves using n-hexane via Soxhlet extraction.
2. To conduct preliminary Phytochemical screening on the extract
3. To evaluate Antimicrobial activity using agar well diffusion method.









[bookmark: _Toc212534731][bookmark: _Toc212669361]CHAPTER TWO
[bookmark: _Toc212534732][bookmark: _Toc212669362]LITERATURE REVIEW
[bookmark: _Toc212669363]2.0 BRIEF DISCRIPTION OF OCIMUM GRATISSIMUM (SCENT LEAF)
A lot of research has been carried out on the herb, O. gratissimum. This plant is used by herbalists to treat a variety of maladies, from bacterial infections and diabetes to pain and liver damage. Several studies have been performed that offer credence to herbalist use of this plant for treating diarrhoea and other gastrointestinal infections (Ezekwesili et al., 2004).
In traditional medicine, O. gratissimum is extensively used throughout West Africa as a febrifuge, antimalarial and anticonvulsant. The crushed leaf juice is used in the treatment of convulsion, stomach pain and catarrh. Oil from the leaves has been found to possess antiseptics, antibacterial and antifungal activities (Ezekwesili et al., 2004). In the coastal area of Nigeria, the plant is used in the treatment of epilepsy, high fever and diarrhoea. While in the savannah areas decoctions of the leaves are used to treat mental illness (Sofowora., 1993).
 Ocimum gratissimum is used by the Igbos of southern Nigeria in the management of the baby’s cord. It is believed to keep the baby’s cord and wound surface sterile. It is used in the treatment of fungal infections, fever, cold and catarrh (Sofowora., 1993). Clinical trials in creams formulated against dermatological disease have yielded favorable results. Several tonics are produced from these herbs and used in treating skin infections, bronchitis and conjunctivitis. Antiseptics are produced from the herb that treats well in dressing wounds. Crushed leaves are extracted to form remedies for cough. The plant roots act as sedatives for children (Edeoga et al., 2001).
Ocimum tea is an infused form of the herb used in treating fever and diaphoresis. The volatile oil acts as a good antimicrobial agent and nutritional importance of this plant centres on its usefulness as a seasoning because of its aromatic flavour. It is used as a flavour in spicing meat products (Ezekwesili et al., 2004).
 In Congo, a scent leaf decoction is used for diarrhoea, gonorrhoea infection, vaginal douches for vaginitis and used in the treatment of mental illness. Extracts of scent leaves have also been reported to have lower blood pressure, strong insect repellent effects and kill many microorganisms that cause diseases, including candida. Several studies have confirmed the efficacy of O. gratissimum in treating various conditions after it is condensed into an essential oil. This is largely credited to the plant's high concentrations of a phenylpropene compound called eugenol (Ezekwesili et al., 2004). Studies suggest that O. gratissimum effectively combats several types of invasive bacteria. These range from shigella and salmonella to Escherichia and Proteus strains. The oils of the plant also were effective in fighting strains of E. coli, dysentery and typhoid. Some research also confirms that O. gratissimum is effective in treating various veterinary problems, from killing worms in goats, to increasing libido in laboratory mice. The plant extracts can be used in relaxing intestinal muscles. The herbaceous plant has anti-nociceptive effects. It is effective in reducing blood glucose, and it is helpful in preventing convulsions and seizures (Ezekwesili et al., 2004).
Use of natural means of treating infectious diseases will be the future of pharmacology in the development of effective drugs with low or no toxicity to the recipient. Scent leaf has been used traditionally for the treatment of gastrointestinal disorders, dysentery, diarrhoea and candidiasis caused by various gastrointestinal inhabiting microorganisms. Direct oral administration of raw scent leaf juice has been used for long in many tribes in order to treat gastrointestinal disorders, dysentery, diarrhoea and candidiasis of varying degrees. Traditional medicine is more accessible to most population in the world than orthodox medicine. In fact, it is reported that 60-80% of the population of every country of the developing countries has to rely on traditional or indigenous forms of medicine (Edeoga., 2013).
The essential oil of O. gratissimum is dominated by compounds such as eugenol, thymol, and ocimene, which have been linked to its antimicrobial and antioxidant activities (N’guessan et al., 2019). For instance, Udochukwu et al. (2015) reported that methanol extracts of the leaves showed the presence of alkaloids, flavonoids, phenols, and tannins, all of which are bioactive constituents known for antimicrobial effects.
Phytochemical screening of the ethanolic and aqueous extracts of O. gratissimum leaves revealed the presence of secondary metabolites such as glycosides, steroids, terpenoids, and cardiac glycosides (Ajayi et al., 2019). These compounds play crucial roles in plant defense mechanisms and also have medicinal benefits in humans, including antimicrobial, anti-inflammatory, and antioxidant activities.
The antimicrobial activity of O. gratissimum has been widely investigated. Extracts have been shown to inhibit a broad spectrum of microorganisms, including Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and Candida albicans (Akinmoladun et al., 2021). According to Adeosun et al. (2022), ethanol extracts of the leaves displayed strong antibacterial activity against multidrug-resistant strains of E. coli and Klebsiella pneumoniae. This suggests that O. gratissimum could be a promising source of natural antimicrobial agents.
More recent studies have focused on the synergistic effects of O. gratissimum extracts with conventional antibiotics. Chukwuma et al. (2023) reported that combining leaf extracts with ciprofloxacin enhanced antibacterial activity against resistant Salmonella species. Similarly, synergistic antifungal activity has been reported when extracts were combined with fluconazole (Eze et al., 2021).
Overall, existing literature highlights O. gratissimum as a plant of pharmacological importance, particularly due to its rich phytochemical composition and broad-spectrum antimicrobial properties. These findings justify its continuous use in traditional medicine and support its potential in modern drug discovery.
[bookmark: _Toc212669364]2.2 BOTANICAL DESCRIPTION OF OCIMUM GRATISSIMUM
O. gratissimum is a tropical aromatic plant belonging to the family Lamiaceae. It is widely distributed across Africa, Asia, and South America (Bassolé et al., 2021). In Nigeria, it is commonly known as scent leaf and is used in cooking and herbal medicine. In the southern part of Nigeria, the plant is called “effinrin” by the Yoruba speaking tribe, “Nchonwu” in Igbo, while in the northern part of Nigeria, the Hausas call it “Daidoya” (Effraim, et al., 2003). These perennial plants are woody at the base. The plants are found to grow somewhere around 1-3 metres in height. The stems of these plants are dark brown in colour bearing leaves from top to bottom. The leaves are narrow and oval in shape growing 5-13 cm in length and have 3-9 cm width, but sometimes the leaves are green in colour. The flowers are pale yellow in colour and the plants give out a sweet scent of camphor (Wagner., 1993). It is commonly used in folk medicine to treat different diseases of upper respiratory tract, diarrhea, headache, skin disease, pneumonia, fever and conjunctivitis (Oboh and Masodje, 2009). Recent studies on Ocimum gratissium proved it to be a useful medication for people living with Human Immune Deficiency Virus (HIV), and acquired Immune Deficiency Syndrome AIDS (Elujoba, 2000).
[image: C:\Users\PC\Desktop\Tetra A's\Capture.PNG]
Figure 1: Showing fresh scent leaf.
[bookmark: _Toc212534733][bookmark: _Toc212669365]2.3 Phytochemistry
Phytochemistry is the branch of science that deals with the study of naturally occurring plant-derived compounds, particularly secondary metabolites. Unlike primary metabolites such as carbohydrates, proteins, and lipids, which are directly involved in growth and development, secondary metabolites primarily function in plant defense against pathogens, pests, herbivores, UV radiation, and environmental stress. The structural makeup of these metabolites, the biosynthetic pathways, the roles, the mechanisms of action in biological systems, and their medical, industrial, and commercial applications are all taken into account by phytochemistry (Chukwuebuka et al., 2018). These compounds, while not essential for plant survival, are known to exhibit important pharmacological properties in humans.
Phytochemicals are biologically active compounds that contribute to the color, flavor, aroma, and resilience of plants. They include diverse classes such as flavonoids, alkaloids, tannins, saponins, glycosides, steroids, terpenoids, and phenolic compounds (Oladokun et al., 2020). These secondary metabolites are widely distributed in medicinal plants, vegetables, and fruits, forming the chemical basis for many ethnomedicinal practices.
In recent years, phytochemicals have been increasingly studied for their therapeutic potential. For instance, flavonoids and phenolic acids are recognized for their antioxidant and antimicrobial activities, while alkaloids often possess analgesic, antimalarial, and anticancer properties (Akinmoladun et al., 2018; Sanusi et al., 2022). Similarly, saponins and tannins have shown cholesterol-lowering, anti-inflammatory, and antimicrobial effects (Ejelonu et al., 2017; Musa et al., 2021).
The health promoting properties of phytochemicals are largely due to their ability to scavenge free radicals, inhibit microbial growth, regulate enzyme activities, and modulate immune responses (Ajayi et al., 2022). This dual role protecting plants in their natural environment and contributing to human health has made phytochemistry an important field in the discovery of novel drugs, nutraceuticals, and bioactive compounds for sustainable healthcare (Dembele et al., 2022).
[bookmark: _Toc212534734][bookmark: _Toc212669366]2.3.1 Classes of Phytochemicals in Ocimum gratissimum
Phytochemical studies of O. gratissimum (commonly known as scent leaf, clove basil, or African basil) have revealed the presence of several secondary metabolites including flavonoids, alkaloids, tannins, saponins, glycosides, terpenoids, steroids, and phenols. These compounds are responsible for the plant’s antimicrobial, antioxidant, anti-inflammatory, and antidiabetic activities (Okoh et al., 2019; Eze et al., 2021).
[bookmark: _Toc212669367]2.3.2 Flavonoids
Flavonoids are polyphenolic compounds characterized by a C6-C3-C6 diphenylpropane skeleton. They are widely present in O. gratissimum leaves and are known to exert strong antioxidant and antimicrobial effects by scavenging free radicals and inhibiting bacterial enzymes (Eze et al., 2021). In scent leaf, major flavonoids such as quercetin, luteolin, and apigenin have been identified (Akinmoladun et al., 2018).
They are a type of low molecular weight phenolic chemical that is found in a variety of plants. They make up one of the chemicals in higher plants that are the most distinctive. In the majority of angiosperm groups, several flavonoids are easily recognizable as floral pigments. However, they can be found in all plant components and are not just present in flowers (Dewick, 2001). 
[image: C:\Users\Bello\AppData\Local\Microsoft\Windows\INetCache\Content.Word\images (7).png]
(Structure of flavonoids: C6-C3-C6 skeleton with variations in hydroxylation and glycosylation).
Figure 2: Basic Skeleton of Flavonoids
Flavonoids can be subdivided into different subclasses depending on the carbon of the C ring, on which the B ring is attached, and the degree of unsaturation and oxidation of the C ring. Flavonoids in which the B ring is linked in position 3 of the ring C are called isoflavones. Those in which the B ring is linked in position 4 are called neoflavones, while those in which the B ring is linked in position 2 can be further subdivided into several subgroups on the basis of the structural features of the C ring. These subgroups are flavones, flavonols, flavonones, flavononols, flavanols or catechins, anthocyanins and chalcones.


[bookmark: _Toc212669368]2.3.3 Alkaloids
Alkaloids are nitrogen-containing heterocyclic compounds with diverse pharmacological activities. In O. gratissimum, alkaloids such as eugenol-derived alkaloids and indole alkaloids have been detected (Okoh et al., 2019). These compounds contribute to the analgesic, antimicrobial, and anti-inflammatory effects of the plant. Alkaloids affect both humans and other animals physiologically in a variety of significant ways. Morphine, strychnine, quinine, ephedrine, and nicotine are examples of well-known alkaloids. Alkaloids are typically found in plants and are particularly prevalent in some families of blooming plants. In a total of more than 400 plant species, more than 3000 different types of alkaloids have been discovered (Cooper and Nicola, 2015).
Generally a given species contain only a few kinds of alkaloids, though the opium poppy (Papayer somniferum) and ergot fungus (Claviceps) each contain about 30 different types. Certain plants are particularly rich in alkaloids; all plants of the poppy family (Papaveraceae) are thought to contain them. The Ranunculaceae (buttercups), Solanaceae (night shades) and Amaryllidaceae (amaryllis) are prominent alkaloid-containing families (Sadiq et al., 2015).
Alkaloids are a group of nitrogen containing chemical molecules with low molecular weight that are generated from amino acids and are mostly found in a variety of living things, including bacteria, fungi, plants, and mammals (Moreira et al., 2018). Alkaloids are secondary metabolites created by plants in response to environmental changes and biotic or abiotic stress, which give them a variety of structural characteristics and important biological functions (Taha et al., 2009).
Alkaloids are classified based on prominent heterocyclic ring system present in the molecule. They are: Pyridine alkaloids, Piperidine alkaloids, Quinoline alkaloids, Isoquinoline alkaloids and Indole alkaloids. However, according to their molecular precursors, they can also be categorized as pornithine, lysine, tyrosine, and tryptophan-originated alkaloids (Cushnie et al., 2014).
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Figure 3: Structure of morphine
[bookmark: _Toc212669369]2.3.4 Saponins
Saponins are glycosides with a steroidal or triterpenoid aglycone attached to one or more sugar moieties. They are reported in O. gratissimum leaves and are associated with immune-boosting, cholesterol-lowering, and antifungal properties (Ajayi et al., 2022). 
Saponins are bioactive substances mostly generated by plants, while some insects and marine life also create them. Chemically, they occur generally as polycyclic triterpenes or glycosides of steroids (Kensil, 1996).Saponins include a diverse group of compounds characterized by their structure containing a steroidal or triterpeniod aglycone and one or more sugar canes. Their physicochemical and biological characteristics, which are utilized conventionally (as soaps, fish poison, molluscides and other products) mirror their structural diversity and their industrial uses (Price et al., 1987).
Triterpene glycosides, another name for saponins are organic compounds derived from plants that taste bitter and typically cause foaming when agitated with water. Although they are found in many places, two specific places are the soapbark tree (Quillaja saponaria) and a flowering plant known as soapwort (genus saponaria). From a structural perspective, they are glycosides, which are sugars joined together to another organic molecule, typically a triterpene or a steroid. Their foaming ability in aqueous solution is also a key identification property. These chemicals include the licorice flavouring, glycyrrhizin and quillaia, which are utilized in beverages (Hostettman and Marston, 1995).


[bookmark: _Toc212669370]2.3.5 Glycosides
Glycosides are any of a broad range of naturally occurring compounds in which a hydroxyl compounds, typically a non-sugar entity (aglycon), such as an alcohol or phenol derivative, is combined with a carbohydrate portion , which can consist of one or more sugars or a uronic acid ( i.e. a sugar acid ) . The carbohydrate portion can also be another one, as in cellulose, glycogen or starch, which is composed of many glucose units (Britannica, 2018).
 Glycosides play numerous important roles in living organisms. Many plants store chemicals in the form of inactive glycosides. These can be activated by enzyme hydrolysis (Britos and Marco, 2007) which causes the sugar part to be broken off, making the chemical available for use.  Many such plant glycosides are used as medications. Several species of Heliconius butterfly are capable of incorporating these plant compounds as a form of chemical defense against predators (Nahrstedt and Davis, 1983).
The pharmacological activity is due to the aglycone, while the sugar is inactive but needed to maintain the overall function of the glycoside, since it allows its solubility and absorption. Those compounds are readily hydrolyzed by a proteolytic catalysis only in the linkages alpha and beta. In laboratory environment, this hydrolysis is obtained by digestion with dilute acids, but in natural state, it is catalyzed by enzymes that are specific to the type of glycoside (Pharmacognosy.com, 2017).
Glycosides in O. gratissimum include cardiac glycosides and other phenolic glycosides. These compounds are pharmacologically significant, as the aglycone portion determines activity while the sugar moiety influences solubility and transport (Okoh et al., 2019). They play roles in antimicrobial activity and modulation of cardiovascular functions.
[image: ]
Figure 4: Basic structures of some pharmacologically important plant derived glycosides
[bookmark: _Toc212669371]2.3.6 Tannins
Tannins are polyphenolic compounds that can precipitate proteins. They are composed of a very diverse group of oligomers and polymers. They can form complexes with proteins, starch, cellulose, and minerals. Tannins are water-soluble compounds with the exception of some higher molecular weight structures. They are subdivided into hydrolyzable tannins (e.g., gallotannins, elligatannin) and condensed tannins (proanthocyanidins). Tannins are commonly found in both gymnosperm and angiosperm (Amitav, 2019). They are present in moderate amounts in O. gratissimum and are responsible for antimicrobial, antioxidant, and anti-diarrheal effects (Musa et al., 2021).
[image: 2025-09-07 17:50:23.563000]
Figure 5: Structure of tannins

[bookmark: _Toc212669372]2.3.7 Terpenoids and Steroids
Terpenoids, particularly monoterpenes and sesquiterpenes, are abundant in the essential oils of O. gratissimum. Compounds such as eugenol, thymol, and β-caryophyllene are major bioactive constituents responsible for antimicrobial activity (Okoh et al., 2019). Steroids are also reported, contributing to the plant’s anti-inflammatory properties.
[image: 2025-09-07 17:49:32.623000]
Figure 6: Structure of terpenoids
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Figure 7: Basic Structure of Steroids 











[bookmark: _Toc212669373]CHAPTER THREE
[bookmark: _Toc212669374]MATERIALS AND METHODS
[bookmark: _Toc212669375]3.1 MATERIALS 
Different lab wares and apparatus such as incubator, oven, petri dishes, nutrient agar, etc. were used in carrying out this project and they are tabulated below.
[bookmark: _Toc212669376]3.1.1 Equipment & Apparatus used
Table 3.1.1: List of Equipment and apparatus used
	S/N       Equipment / Apparatus       Model                      Manufacturer

	1            Weighing balance               M411L               M-mettler, Switzerland                      
2            Oven                                  Metal
3            Hot plates                          Metal
4            Autoclave                          YX 280A              Eschmed Medical England
5            Soxhlet apparatus              Glass                    Pyrex, England
6            Bunsen burner                Metal
7            Petri dish                            Glass                  EO STERIL
8            Mortar and pestle               Wood                    Stamford Advanced Materials
9          Wire loop                            Steel
10          Test tube		         Glass                 BDH CHEMICAL LIMITED (UK)
11          Water bath		         Metal	          BDH CHEMICAL LIMITED (UK)


[bookmark: _Toc212669377]

3.1.2: REAGENT USED
Table 3.1.2: List of Reagents Used
	 S/N        Reagents                                           Grade                                Manufacturer

	

	1.      n- hexane                                          GPR                                Laboratory reagent
2.      Ethanol                                             GPR                                Laboratory reagent

	3.      Nutrient agar                                    GPR                                Titan Media
4.      Mueller Hinton agar                        GPR                                Titan Biotech Ltd
5.      Sabouraud dextrose agar                 GPR                                Laboratory reagent

	6.      Hydrochloric acid                            GPR                                Laboratory reagent

	7.      Ferric Chloride                                GPR                                Laboratory reagent

	8.      Sodium Hydroxide                          GPR                               Laboratory reagent

	9.      Sulphuric Acid                                 GPR                                Laboratory reagent

	10.      Wagner’s reagent                             GPR                               Laboratory reagent

	11.      Mayer’s reagent                               GPR                               Laboratory reagent

	12.      Ammonia solution                           GPR                               Laboratory reagent



[bookmark: _Toc212669378]3.2 METHODS 
[bookmark: _Toc212669379]3.2.1 SAMPLE COLLECTION
Fresh plant leaves of scent leaf (O. gratissimum) were collected from Offa local government area Kwara State, Nigeria. The plants were authenticated and taxonomically characterized at the herbarium section of Biological Science Department, Usmanu Danfodiyo University, Sokoto with the aid of botanical keys (Arber,. 1972). 
[bookmark: _Toc212669380]3.2.2 SAMPLE PREPARATION
The leaves were thoroughly washed through running water and dried under shade for 4-6 days. The dry leaves were pulverized using sterile laboratory mortar and pestle. The leaf powder was stored and sealed in labelled sterile reagent bottles protected from sunlight until required for extraction. The bioactive components were extracted using the methods of Akerele et al., 2008. Plant extracts were prepared by the method of Alade and Irobi (1993) with minor modifications. To study the antimicrobial potential of O. gratissimum non-polar solvent such as n-hexane was used. A mass of 42 g of dried powder was weighed on a weighing balance (Mettle 166®) and was extracted by 300 mL of the solvent by using Soxhlet extractor for 72 hours at a temperature not exceeding the boiling point of the solvent until the aqueous content evaporated completely as adopted by Lin et al. (1999). At the end of extraction, the extract was subjected to rotary evaporator to evaporate the solvent. The n-hexane crude extract was collected, weighed and kept in an airtight container at 4°C.
[bookmark: _Toc212669381]3.3 Qualitative phytochemical screening of the extract
Phytochemical screening was conducted qualitatively  to determine the presence or absence of the following secondary metabolites that is, Alkaloids, Tanninns, Saponins, Anthraquinones, Glycosides, Steroids, Saponins glycosides and  Cardiac glycosides using the method outlined by ( El-oley et al., 1994).
[bookmark: _Toc212669382]3.3.1 Test for Alkaloids
The extract (2ml) was pipetted in a test tube and stirred with 2ml of 10% aqueous Hydrochloric acid. 1ml of the mixture was treated with a few drops of Wagner’s reagent and the second 1ml portion was treated similarly with Mayer’s reagent. Precipitation or turbidity was observed which indicated the presence of alkaloids (Evans and Trease, 1999).



[bookmark: _Toc212669383]3.3.2 Test for Tannins
Few drops of 5% FeCl3 solution was added to 3mls of the extract in a test tube followed by shaking. A dirty green or dark blue coloration confirmed the presence of tannins (Evans and Trease, 1999).
[bookmark: _Toc212669384]3.3.3 Test for Flavonoids
The extract (3ml) was pipetted in a test tube and 1ml of 10% NaOH was added (Evans and Trease, 1999). No change was observed indicating the absence of flavonoids.
[bookmark: _Toc212669385]3.3.4   Test for Saponins
Distilled water (5ml) was added to 5ml of the extract in a test tube and shaken vigorously (Evans and Trease, 1999). The development of foams or stable frothing observed indicates the presence of saponins.
[bookmark: _Toc212669386]3.3.5 Test for Steroids
The extract (2ml) was dissolved in 2ml of chloroform, 2ml of sulphuric acid was then added which formed a lower layer. A reddish brown colour was observed at the interface which indicated the presence of a steroid (Evans and Trease, 1999).
[bookmark: _Toc212669387]3.3.6 Test for Anthraquinones
The extract (3ml) was shaken with 10ml benzene and 5mls of 10% ammonia solution was also added. The mixture was shaken and a red or pinkish colour was observed (Evans and Trease, 1999).
[bookmark: _Toc212669388]3.3.7 Test for Total Glycosides
Exactly 2.5mls of 50% sulphuric acid was added to 5mls of the extract in a test tube. The mixture was heated in boiling water for 15 minutes, cooled and neutralized with 10% NaOH. Then 5mls of Fehlings solution was added and mixture was boiled. A brick-red precipitate was observed which indicates the presence of glycosides (Evans and Trease, 1999).
[bookmark: _Toc212669389]3.3.8 Test for Cardiac Glycosides
 2ml of a 3.5% ferric chloride solution was added to 1ml of the extract and allowed to stand for minute. 1ml of concentrated sulphuric acid was carefully poured down the wall of the test tube which formed a lower layer. A reddish brown ring was observed at the interface which indicated the presence of cardiac glycosides (Keller-killiani’s test).
[bookmark: _Toc212669390]3.3.9 Test for Saponin Glycosides
Fehlings solution (2.5ml) A and B was added to 2.5mls of the extract. A bluish green precipitate showed the presence of saponin glycosides (El-oley et al., 1994).
[bookmark: _Toc212669391]3.4 Cultivation and Management of Antimicrobial Pathogens 
Pre-characterized clinical isolates of S. Typhi, E. coli, C. albicans, and T. canis were cultured at Microbiology laboratory, Usmanu Danfodiyo University, Sokoto, Sokoto State. All the isolates were tested for purity and maintained in slants of nutrient agar for the bacterial at 37℃ in an incubator for 24 hours and Sabouraud’s Dextrose agar for the fungi. 
[bookmark: _Toc212669392]3.5 Extract Dilution
 The method adopted by Akujobi et al. (2004) was used. The crude extract was diluted with the Dimethyl Sulfoxide (DMSO) to obtain concentration of 60, 40, and 20% respectively.
[bookmark: _Toc212669393]3.6 Antimicrobial Assay of the Extract
 The antimicrobial assay of the extract was carried out in a microbiology laboratory under a standard and controlled experimental condition. This was done to ascertain which of the extracts will have a maximum microorganism inhibitory property which can serve as a tool to determine which of the extract can be potentially active in the synthesis of antimicrobial drugs to combat diseases caused by a microorganism. Various bacterial and fungi isolates were used for the study which includes: S. Typhi, E. coli, T. canis and C. albicans. A mass of 0.5g of the extract was weighed and dissolved in 10ml of DMSO so as to obtain a concentration of 50mg/mL of the extract. This was the initial concentration of the extract used to check the antimicrobial effects of the extracts. Mueller Hinton agar was used as a medium to test for the bacterial species; while, Sabouraud Dextrose agar was used for the fungi pathogens. The media were prepared according to the manufacturer's instructions; 38g/L Mueller Hinton agar, 65g/L of Sabouraud Dextrose agar and sterilized at 121°C for 15minutes (Cheesbrough., 2000). The sterilized molten media were then poured into sterilized Petri dishes, the plates were allowed to cool and solidify in specifications, accordance with CLSI, (2013). The agar well-diffusion method was used for screening the extracts. The sterilized medium was seeded with McFarland’s turbidity standard scale number 0.5 was used to give a turbid solution of the standard inoculums. It was then spread evenly over the surface of the medium by using a sterile swab. Using a sterilized cork-borer of 6mm in diameter, a well was excavated at the centre of each inoculated medium. A volume of 0.1 ml of the solution of the extract of different concentrations (20%, 40%, and 60%) was then introduced into each of the dug wells on the medium respectively. The inoculated medium was allowed to absorb the extract and then incubated at 37°C for 24 hours for the bacteria and at room temperature for fungi, after which each plate was observed for the zone of inhibition, the zone was measured with a vernier caliper scale and the results were recorded in millimetres (CLSI., 2013). The same procedure was used for the other extracts using different concentrations. Ciprofloxacin (500mg) was used as a positive control for bacteria, while Ketoconazole (200mg) was used as a positive control for fungi.






[bookmark: _Toc212669394]CHAPTER FOUR
[bookmark: _Toc212669395]RESULTS AND DISCUSSION
[bookmark: _Toc212669396]4.1 Result of the Phytochemical Screening and antimicrobial activity
The result of the phytochemical screening and antimicrobial activities obtained from the n-hexane extract of scent leaf (Ocimum gratissimum)  is given in Tables below:

Table 4.1: Phytochemical screening
TEST							RESULT
Alkaloids						+
Tannins						++
Flavonoids						+
Saponins						+
Anthraquinones					-
Cardiac glycosides					+
Total glycosides					-
Saponin glycosides					-
Steroids						++
Terpenoid                                                                    ++
KEY: +++ = Large amount
          ++ = Moderate amount
          + = Trace amount
           - =Absence 





[bookmark: _Toc212669397]4.2: Antimicrobial activities of O. Gratissimum
[bookmark: _Toc212669398]Table 4.2: Zone of inhibition diameter in millimeter of O. gratissimum  against bacterial organisms
	Test organisms                   Conc. Of extract (%)                       Ciprofloxacin(500mg) 
                                                 60      40    20


S. Typhis                         	   17       16     15        				22	
E. Coli			    	   20	 17      15        				20
	- = No inhibition


Table 4.2.1: Zone of inhibition diameter in millimeter of O. gratissimum  against fungi organisms
	Test organisms                      Conc. Of extract (%)                           Ketoconazole(200mg) 
                                                         60      40     20


C. albicans 		   		5        -        -	     		           8
T. canis        		   		-         6       7	     		           7
	- = No inhibition


[bookmark: _Toc212669399]4.3 DISCUSSION 
The result of the preliminary phytochemical screening of n-hexane leaf etract of O. gratissimum showed that the plant leaves contains tannins, steroids and terpenoids, while alkaloids, flavonoids, saponins and cardiac glycosides were found in trace amounts and absent of anthraquinones, total glycosides, and saponin glycoside (Table 4.1). These metabolites are known to have varied pharmacological actions in man and animals; the presence of these metabolites suggests great potentials of the plants as a source of useful phytomedicines. Phytochemicals in plants linked to information on the health benefits of foods (Manjula et al., 2009). The phytochemical analysis of this plant’s leaves shows results that align closely with those reported by Olanrewaju and Uju (2014). This similarity suggests a potential consistency in the phytochemical properties across different studies. The presence of these bioactive components in O. grattisimum leaves justifies the plant’s local use in the treatment of various ailments. Flavonoids are compounds with biological activity against liver toxins, microorganisms, inflammation, tumors, and free radicals (Okwu, 2004). Saponins are naturally occurring glycosides that act as hypoglycemic, antifungal, and serum cholesterol-lowering agents in animals. According to Ladipo et al. (2010), saponins are also essential for hormonal balance and sex hormone synthesis. Tannins are bitter polyphenolic compounds that hasten the healing of wounds. They also possess anti diuretic and anti-diarrhea properties (Okwu, 2004). Conversely, condensed tannins can inhibit herbivore digestion by binding to consumed proteins, thereby making it indigestible for animals. Its concentration in the leaves might be the reason why animals do not graze on this plant (Dorman and Deans, 2000).
The results obtained in this study revealed that the n-hexane extract of Ocimum gratissimum exhibited antimicrobial activity against both bacterial and fungal organisms tested. The antibacterial effect was more obvious than the antifungal effect, suggesting that the bioactive compounds in the extract are more potent against bacterial cell structures. Table 4.2 indicated that there was decreased in antibacterial activity with decreased in concentration of the extract, as the concentration of the extract decreases from 60 – 20%, the zones of inhibition also decreased from 20 to 15 mm E. coli and 17 – 15 mm S. typhi respectively. This also agreed with the finding of Ishiwu et al. (2014), who demonstrated that increase in the concentration of O. gratissimum extract reduces the number of viable E. coli and S. typhi. Other reports such as (Nwinyi et al., 2009) have shown results similar to this work and Edeoga et al. (2016), who reported that Ocimum gratissimum extracts show concentration-dependent antimicrobial effects due to the presence of phytochemicals such as flavonoids, tannins, saponins, and essential oils.
[bookmark: _Toc212669400]In contrast, the antifungal activity observed was relatively weak compared to the standard drug (Ketoconazole) Table 4.2.1. This could be attributed to the nature of fungal cell walls, which are more complex and less permeable to hydrophobic compounds present in the n-hexane extract. A similar observation was made by Agbo et al.(2017), who noted that n-hexane extracts generally have lower antifungal potency compared to ethanol or methanol extracts.
[bookmark: _Toc212669401]CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc212669402]5.1 Conclusion
The phytochemical compositions showed the presence of important bioactive compounds such as tannins, flavonoids, alkaloids, saponins, cardiac glycosides, steroids and terpenoids in n-hexane extract. These compounds are known for their potential pharmacological activities and contribute to the medicinal value of scent leaves. Additionally, this study concluded that n-hexane extract had high inhibitory activities on bacteria pathogens compared to the fungal organisms. This demonstrates the plant’s potential as a natural antibacterial agent. Overall, these findings support the traditional use of scent leaves in treating various ailments and highlight for their potential for further exploration in pharmaceutical and related industries. The main advantage of using O. gratissimum in traditional medicine is its minimal side effects compared to allopathic medicines, and its different plant parts especially the leaves possess broad medicinal properties effective against several bacterial strains.
[bookmark: _Toc212669403]5.2 Recommendations
i. O. gratissimum leaf contains phytochemicals that possess antimicrobial property and could be used as potential source of natural product in industrial manufacturing of drugs.
ii. Scent leaf, (O. gratissimum) leaves could help fulfill the growing demands of plant based foods for human nutrition.
iii. Further studies should be carried out to isolate, purify, and characterize the specific bioactive compounds responsible for the antimicrobial activity of the n-hexane extract.
iv. Toxicological studies should be conducted to evaluate the safety and potential side effects of the plant extract when used in vivo.
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