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[bookmark: _Toc215132341]ABSTRACT
[bookmark: _GoBack]The study investigated the antibacterial action of Boscia angustifolia extracts with the aim of identifying its phytochemical constituents and evaluating its efficacy against selected bacterial species. The plant material was collected, extracted using methanol, and subjected to qualitative phytochemical screening. The antibacterial activity of the extract was assessed against Klebsiella, Bacillus, Staphylococcus aureus, and Escherichia coli using the agar well diffusion method. The phytochemical analysis revealed the presence of flavonoids, saponins, alkaloids, and saponin glycosides, while tannins, volatile oils, anthraquinones, and steroids were not detected. Antibacterial screening indicated that the extract at 40-80mg/mL exhibited strong activity against Klebsiella and Bacillus species, with inhibition zones ranging from 13 to 19 and 14 mm to 18 mm, respectively. However, no inhibitory activity was observed against Staphylococcus aureus and E. coli. The results showed a concentration-dependent antibacterial effect, suggesting that the bioactive compounds in Boscia angustifolia may act by disrupting bacterial cell membranes or interfering with essential enzymatic pathways. The findings confirm that Boscia angustifolia contains pharmacologically active metabolites capable of inhibiting specific bacterial species. These results support its ethnomedicinal use in treating bacterial infections and highlight its potential as a source of new antibacterial agents. Further studies are recommended to isolate and characterize the active compounds, conduct in vivo assays, and explore possible synergistic effects with conventional antibiotics.
[bookmark: _Toc215016044]Keywords: Boscia angustifolia, antibacterial activity, phytochemicals, saponins, alkaloids, Klebsiella, Bacillus, antimicrobial mechanism.
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[bookmark: _Toc215132342]CHAPTER ONE
[bookmark: _Toc215016046][bookmark: _Toc215132343]INTRODUCTION
[bookmark: _Toc215132344][bookmark: _Toc215016047]1.1	Background of the Study
Bacterial infections remain one of the most challenging health problems globally, especially in developing countries where limited access to healthcare and the overuse of antibiotics have intensified the spread of resistant strains. Antibiotics have been considered the cornerstone of modern medicine for decades; however, their efficacy is increasingly compromised by the emergence of multidrug-resistant pathogens (Muteeb et al., 2023). In response to this crisis, the exploration of natural products, particularly medicinal plants, has become a critical area of research. Plants have historically provided bioactive molecules with antimicrobial potential, and many conventional drugs are derived from plant metabolites (Vaou et al., 2021).
Boscia angustifolia, a shrub of the family Capparaceae, is native to the Sahel region of Africa and is well recognized for its resilience in arid environments. Traditionally, different parts of the plant, including its seeds, bark, and leaves, are used in folk medicine to treat infectious diseases, digestive disorders, and inflammatory conditions (Chaughule and Barve, 2024). Recent pharmacological investigations indicate that B. angustifolia possesses diverse biological activities, including antioxidant, antimicrobial, and anti-inflammatory effects (Vougat Ngom et al., 2021). This has positioned the plant as a promising source for the development of novel antibacterial agents.
The growing interest in B. angustifolia arises not only from its ethnomedicinal applications but also from scientific evidence supporting its antibacterial activity. For example, ethanolic and methanolic extracts of the plant have shown inhibitory effects against Escherichia coli, Salmonella typhi, and Staphylococcus aureus, organisms responsible for common infections such as diarrhea, typhoid fever, and skin infections (Essa et al., 2021). Such findings reinforce the need to explore the underlying mechanisms through which B. angustifolia extracts exert antibacterial effects.
Although antibacterial activity has been documented, the specific mechanisms whether targeting bacterial cell walls, altering membrane permeability, inhibiting enzymes, or interfering with DNA replication remain unclear. A deeper understanding of these mechanisms is essential to justify its therapeutic application and guide drug development processes. Thus, this study seeks to bridge the knowledge gap by investigating the mechanism of antibacterial action of Boscia angustifolia extracts.
[bookmark: _Toc215016048][bookmark: _Toc215132345]1.2	Statement of the Problem
Antibiotic resistance is a pressing global health challenge, with resistant bacteria contributing to high morbidity and mortality rates worldwide. Antimicrobial resistance is identified as one of the top ten global public health threats (Salam et al., 2023). In sub-Saharan Africa, the situation is even more concerning, where reliance on traditional medicine persists alongside limited access to effective antibiotics (Kariuki et al., 2022). The continuous emergence of resistant pathogens such as methicillin-resistant Staphylococcus aureus (MRSA) and multidrug-resistant E. coli underscores the need for new, effective, and affordable antibacterial agents (Gajic et al., 2025).
Despite the pharmacological potential of Boscia angustifolia, scientific knowledge on its mechanism of antibacterial action remains fragmented. Previous studies have demonstrated its inhibitory effects against a range of bacteria, but most reports are limited to in vitro activity such as inhibition zones and minimum inhibitory concentration (MIC) values (Vougat Ngom et al., 2021). Few studies have gone further to identify the molecular targets or pathways through which the plant’s bioactive compounds exert antibacterial effects. This knowledge gap limits the scientific validation of the plant and its integration into modern pharmacology.
The problem is compounded by the overreliance on synthetic antibiotics, which, although effective, are often associated with side effects, high costs, and environmental contamination (Muteeb et al., 2023). Additionally, the lack of diversity in current antibiotics pipelines demands the exploration of traditional medicinal plants that are already used by local populations. Without rigorous investigation into their modes of action, valuable therapeutic opportunities may be lost.
Therefore, the study of B. angustifolia represents both a scientific and public health priority. By elucidating its mechanism of antibacterial action, this research seeks to contribute to the discovery of novel therapeutic agents, help combat resistance, and provide a basis for evidence-based integration of traditional medicine into formal healthcare systems.
[bookmark: _Toc215016049][bookmark: _Toc215132346]1.3	Objectives of the Study
The objective of this research was to investigate the mechanism of antibacterial action of Boscia angustifolia extracts. Specifically, the study aims to:
1. Identify the bioactive phytochemicals present in Boscia angustifolia extracts.
2. Evaluate the antibacterial activity of the extracts against selected Gram-positive and Gram-negative bacterial strains.



[bookmark: _Toc215016050][bookmark: _Toc215132347]1.4	Research Questions
The study was guided by the following research questions:
1. What phytochemical constituents are present in angustifolia extracts?
2. How effective are the extracts in inhibiting the growth of selected pathogenic bacteria?
3. Through which mechanisms do Boscia angustifolia extracts exert antibacterial effects
[bookmark: _Toc215132348][bookmark: _Toc215016051]1.5	Significance of the Study
This study holds considerable significance in several domains. Scientifically, it contributes to the growing body of literature on medicinal plants with potential antibacterial activity. By identifying the mechanism of action, the research provides a deeper pharmacological understanding of Boscia angustifolia, thereby validating its traditional medicinal use. It also strengthens the case for integrating ethnobotanical knowledge into drug discovery pipelines (Chele et al., 2025).
From a public health perspective, the study offers an alternative approach to managing bacterial infections, especially in resource-limited settings where synthetic antibiotics may be unavailable or unaffordable. If proven effective, extracts or purified compounds from B. angustifolia could serve as a basis for affordable, accessible, and culturally accepted therapies (Essa et al., 2021). This aligns with global strategies to diversify antibacterial drug sources and mitigate resistance.
The findings may have industrial implications. The isolation of novel bioactive compounds from B. angustifolia could lead to their development into pharmaceuticals or natural preservatives in the food and cosmetic industries. Such applications would not only add economic value to the plant but also promote sustainable use of biodiversity in Africa.
Overall, the study addresses a critical health challenge while promoting the scientific validation of traditional medicine, supporting biodiversity conservation, and potentially contributing to the development of novel antibacterial agents.
[bookmark: _Toc215132349][bookmark: _Toc215016052]1.6	Scope and Limitations of the Study
This study focuses on evaluating the antibacterial activity and mechanism of action of Boscia angustifolia extracts. It will involve phytochemical screening, antibacterial assays, and mechanistic studies such as membrane integrity tests. The scope is limited to in vitro experiments using selected Gram-positive and Gram-negative bacteria, which represent common human pathogens. Plant materials will be collected from a defined geographical location to ensure consistency.
However, certain limitations are acknowledged. The study may not cover all possible bacterial pathogens, and results from in vitro assays may not fully replicate in vivo conditions. Additionally, the crude extracts may contain complex mixtures of compounds, making it difficult to attribute observed activity to specific molecules. Advanced techniques such as bioassay-guided fractionation may be needed in future studies for compound isolation.
Despite these limitations, the study is expected to provide significant insights into the antibacterial mechanism of B. angustifolia. It will lay a foundation for subsequent in vivo and clinical studies, ensuring that traditional knowledge is scientifically validated and translated into practical applications.
[bookmark: _Toc215016053][bookmark: _Toc215132350]1.7	Justification of the Study
The increasing global burden of antimicrobial resistance has intensified the search for new, effective, and affordable antibacterial agents, particularly those derived from medicinal plants. In many regions of Africa, including Nigeria, traditional medicine remains a primary healthcare option, yet several medicinal plants used ethnobotanically have not been fully evaluated or scientifically validated. Boscia angustifolia is one such plant whose traditional uses are well recognized, but whose antibacterial mechanism and activity profile remain insufficiently characterized. Although previous studies have reported antibacterial effects of the plant, most investigations have focused only on inhibition zones or MIC values without further examining concentration-dependent changes or comparing activity with standard antibiotics (Essa et al., 2021; Vougat Ngom et al., 2021). This gap limits the full understanding of the therapeutic potential of the plant.
The rise of multidrug-resistant pathogens such as Klebsiella pneumoniae and Bacillus species necessitates the evaluation of alternative antimicrobial sources that may offer novel mechanisms of action or synergistic value (Ghosh et al., 2022). Investigating the phytochemical constituents and antibacterial activity of Boscia angustifolia is therefore crucial, as phytochemicals such as saponins, flavonoids, and alkaloids are known to possess a range of antimicrobial properties (Rahman et al., 2021). Establishing scientific evidence for its antibacterial effects will not only support its traditional applications but may also contribute to the development of plant-based therapeutic agents.


The need to compare the antibacterial potency of Boscia angustifolia extract with a standard antibiotic, such as ciprofloxacin, to determine whether the plant can serve as a complementary or alternative antimicrobial option. With increasing calls for natural product-based solutions to combat antimicrobial resistance (Chaughule and Barve, 2024), this research provides timely and relevant data. Therefore, the study is essential for expanding scientific knowledge, validating traditional medicinal practices, and contributing to ongoing efforts to develop new antibacterial agents from plant sources.



[bookmark: _Toc215016054][bookmark: _Toc215132351]CHAPTER TWO
[bookmark: _Toc215016055][bookmark: _Toc215132352]LITERATURE REVIEW
[bookmark: _Toc215016056][bookmark: _Toc215132353]2.1	Concept of Antibacterial Agents
Antibacterial agents are substances that inhibit the growth or kill bacteria by targeting vital cellular processes. They can be natural, synthetic, or semi-synthetic, and their effectiveness lies in their ability to interfere with specific bacterial structures or metabolic pathways (Tauchen et al., 2025). These agents are commonly classified based on their mode of action or their chemical structure. For instance, some antibiotics disrupt bacterial cell wall synthesis, while others interfere with protein or nucleic acid synthesis (Bhattacharjee, 2025). The continuous discovery of antibacterial compounds has revolutionized medicine by reducing the global burden of infectious diseases.
Antibacterial agents are divided into bactericidal and bacteriostatic categories. Bactericidal agents kill bacteria by irreversibly damaging essential cellular structures such as the cell wall or membrane, while bacteriostatic agents inhibit bacterial growth by interfering with vital metabolic processes without immediately killing the organism (Patil, & Patel, 2021). Examples include penicillin, which inhibits bacterial cell wall synthesis, and tetracycline, which interferes with protein synthesis at the ribosomal level. These mechanisms ensure selective toxicity by targeting bacterial pathways not present in human cells (Dalhoff, 2021)
The classification of antibacterial drugs also extends to generations and spectrums of activity. Narrow-spectrum antibiotics are specific to certain bacterial groups, while broad-spectrum antibiotics act against a wide range of Gram-positive and Gram-negative bacteria (Gauba & Rahman, 2023). However, the misuse of broad-spectrum antibiotics often accelerates the development of resistance. Consequently, the development of novel antibacterial, particularly from natural sources such as medicinal plants, is a growing area of research interest (Abdallah et al., 2023).
Medicinal plants, including Boscia angustifolia, represent potential reservoirs of novel antibacterial agents. Unlike conventional drugs, plant-based extracts often contain multiple bioactive compounds that act synergistically to inhibit bacterial growth (Vaou et al., 2023). Such complexity in composition may reduce the likelihood of bacteria developing resistance quickly, underscoring the importance of studying the antibacterial properties of medicinal plants and their mechanisms of action.
[bookmark: _Toc215132354][bookmark: _Toc215016057]2.2	Antimicrobial Resistance and Global Health
Antimicrobial resistance (AMR) has emerged as one of the most serious public health threats of the 21st century. According to (Tang et al.,2023), AMR is responsible for millions of deaths annually and is projected to cause 10 million deaths per year by 2050 if left unchecked. Resistance occurs when microorganisms evolve mechanisms to withstand the effects of antimicrobial agents, rendering once-effective treatments obsolete (Zahoor et al., 2025). The causes of resistance are multifactorial, including misuse of antibiotics, over-the-counter availability in low- and middle-income countries, and the use of antimicrobials in agriculture.
The rise of multidrug-resistant (MDR) bacteria such as methicillin-resistant Staphylococcus aureus (MRSA), extended-spectrum beta-lactamase (ESBL)-producing E. coli, and carbapenem-resistant Klebsiella pneumoniae has complicated the treatment of common infections (Tilahun, 2022). These organisms contribute to prolonged hospital stays, increased healthcare costs, and higher mortality rates. In sub-Saharan Africa, weak health systems and unregulated use of antibiotics exacerbate the AMR crisis (Totaro et al., 2025).
The economic and social implications of AMR are equally alarming. By reducing the effectiveness of treatments, resistance undermines surgical procedures, cancer therapy, and even maternal and child health interventions that depend on reliable antibiotics (Muteeb et al., 2023). This global challenge has led to urgent calls for the discovery of new classes of antimicrobials, particularly from natural sources.
Plant-derived compounds, such as those from Boscia angustifolia, offer a promising solution to the AMR crisis. Unlike synthetic antibiotics that often act on single targets, plant extracts contain diverse phytochemicals capable of targeting multiple bacterial pathways simultaneously (Angelini, 2024). This multifaceted action reduces the likelihood of resistance and makes plants valuable candidates for developing next-generation antibacterial drugs.
[bookmark: _Toc215016058][bookmark: _Toc215132355]2.3	Medicinal Plants as Sources of Antibacterial Compounds
Medicinal plants have long been recognized as invaluable sources of therapeutic agents. Historical evidence shows that more than 80% of the world’s population, particularly in developing countries, relies on traditional medicine for primary healthcare needs (Napagoda & Wijesundara, 2022). Many modern drugs, including antibiotics, trace their origins to natural compounds isolated from plants and microorganisms. For example, quinine from Cinchona bark and artemisinin from Artemisia annua revolutionized the treatment of malaria (Guchait et al., 2023). This highlights the untapped potential of medicinal plants in modern drug discovery.
The antibacterial properties of medicinal plants are primarily due to the presence of secondary metabolites such as alkaloids, flavonoids, tannins, saponins, terpenes, and polyphenols. These compounds often exhibit broad-spectrum activity by disrupting bacterial membranes, inhibiting enzymes, or scavenging free radicals that aid bacterial survival (Rahman et al., 2021). Studies have shown that polyphenolic compounds can disrupt bacterial quorum sensing, thereby inhibiting communication between bacterial cells and reducing virulence (Suriyaprom et al., 2022).
Several plant extracts have been successfully tested against multidrug-resistant pathogens. For instance, Azadirachta indica (neem), Moringa oleifera, and Allium sativum (garlic) are reported to inhibit both Gram-positive and Gram-negative bacteria (Alvarino et al., 2023). Such evidence supports the continued exploration of underutilized plants like Boscia angustifolia for potential antibacterial agents.
Unlike synthetic antibiotics, medicinal plant extracts often exhibit synergistic effects due to the combined action of multiple bioactive molecules (Herman & Herman, 2023). This not only enhances antibacterial efficacy but may also delay the development of resistance. Therefore, the phytochemical complexity of medicinal plants makes them promising candidates in the ongoing fight against bacterial infections and resistance.
[bookmark: _Toc215016059][bookmark: _Toc215132356]2.4	Boscia angustifolia
Boscia angustifolia, commonly known as “Hanza” or “Anza,” is a drought-tolerant shrub native to arid regions of West and Central Africa (Ousmane et al., 2023). Belonging to the family Capparaceae, the plant plays an important ecological and socio-economic role in the Sahel region. Its seeds are used as food during famine periods, while different plant parts are employed in traditional medicine to treat infections, gastrointestinal disorders, and inflammatory conditions (Sun et al., 2021).
Phytochemical studies have revealed that B. angustifolia is rich in alkaloids, flavonoids, saponins, tannins, and sterols, compounds known for their antimicrobial and antioxidant properties (Vougat Ngom et al., 2021). Ethanolic and aqueous extracts of its seeds and bark have demonstrated antibacterial activity against common pathogens, suggesting that its pharmacological potential is linked to these bioactive compounds (Essa et al., 2021).
Traditional uses of B. angustifolia align with scientific findings. For example, in Niger and Chad, decoctions from its roots and bark are used to treat diarrhea and dysentery, conditions often associated with bacterial infections (Obiang et al., 2022). Scientific validation of these ethnomedicinal applications enhances the credibility of traditional knowledge and paves the way for potential drug development.
Despite these promising findings, limited studies have explored the exact mechanisms of antibacterial action of B. angustifolia. Most research has focused on demonstrating inhibitory effects without further characterizing whether the extracts act through membrane disruption, enzyme inhibition, or interference with nucleic acid synthesis. This gap highlights the need for mechanistic investigations, which this study aims to address.
[bookmark: _Toc215016060][bookmark: _Toc215132357]2.5	Antibacterial Mechanisms of Plant Extracts
The antibacterial activity of plant extracts can be attributed to their ability to target multiple sites within bacterial cells. One of the most common mechanisms is disruption of the bacterial cell wall or cell membrane. Compounds such as saponins and phenolics interact with lipid bilayers, increasing membrane permeability and causing leakage of essential intracellular components (Karonen, 2022). This results in bacterial cell death and explains the strong activity of many plant extracts against Gram-positive bacteria.
Another important mechanism involves the inhibition of bacterial enzymes. Flavonoids and alkaloids have been shown to inhibit enzymes critical for DNA replication and protein synthesis, thereby impairing bacterial growth and survival (Donadio et al., 2021). For example, certain flavonoids can inhibit DNA gyrase, a key enzyme involved in bacterial DNA replication, while tannins are known to inactivate bacterial adhesins, enzymes, and cell envelope transport proteins (Liu et al., 2022).
Some plant compounds interfere with quorum sensing, a bacterial communication system that regulates virulence factor production and biofilm formation. Polyphenolic compounds, in particular, are effective in disrupting these communication pathways, reducing pathogenicity without necessarily killing the bacteria outright (Ecevit et al., 2022). This mechanism is of interest as it reduces the selective pressure for resistance development.
The synergistic action of multiple compounds in plant extracts makes them particularly potent. For example, the combination of alkaloids and terpenoids may simultaneously damage bacterial membranes and inhibit protein synthesis (Makarewicz et al., 2021). This multi-targeted approach is a key advantage of plant-derived antibacterial and offers valuable insights for the development of new therapeutic agents.
[bookmark: _Toc215016061][bookmark: _Toc215132358]2.6	Knowledge Gap and Research Justification
Although numerous studies have documented the antibacterial potential of Boscia angustifolia, the majority focus on measuring zones of inhibition, MIC, and MBC values without delving into specific mechanisms of action (Essa et al., 2021; Vougat Ngom et al., 2021). The lack of mechanistic studies limits scientific understanding and hinders the potential development of novel antibacterial drugs from this plant.
Furthermore, existing research often employs crude extracts without isolating or characterizing the active compounds responsible for antibacterial activity (Vaou et al., 2022). While crude extracts may show strong activity, they also contain complex mixtures that make it difficult to pinpoint the exact molecule or mechanism involved. Bioassay-guided fractionation and advanced spectroscopic techniques are needed for further analysis.
Another gap lies in the scarcity of in vivo studies validating the safety and efficacy of B. senegalensis extracts. Most existing work is restricted to in vitro experiments, which, although informative, may not fully reflect clinical outcomes (Schacter et al., 2021). Addressing this limitation is crucial for the potential pharmaceutical development of the plant.
The justification for this research, therefore, lies in its potential to bridge these gaps. By elucidating the antibacterial mechanisms of Boscia angustifolia extracts, the study will provide scientific validation for traditional uses, contribute to the search for novel antibacterial agents, and support global efforts to combat antimicrobial resistance.
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[bookmark: _Toc215132359]CHAPTER THREE
[bookmark: _Toc215016063][bookmark: _Toc215132360]RESEARCH METHODOLOGY
[bookmark: _Toc215016064][bookmark: _Toc215132361]3.1	Research Design
This study employed an experimental research design aimed at evaluating the antibacterial activity and mechanism of action of angustifolia extracts against selected bacterial pathogens. Experimental research allows for systematic observation under controlled laboratory conditions to establish cause-and-effect relationships (Kebede et al., 2021) The design involved extraction of plant material, phytochemical screening, preparation of bacterial cultures, and antimicrobial sensitivity testing using the agar well diffusion method.
Both qualitative and quantitative analyses were conducted. Qualitative analyses involved phytochemical screening for the presence of secondary metabolites, while quantitative analyses determined the degree of antibacterial activity expressed as zones of inhibition.
To ensure the validity and reliability of results, all experiments were conducted in triplicate under aseptic conditions. Positive and negative controls were included to verify the effectiveness of the test system. Ciprofloxacin served as the positive control due to its broad-spectrum antibacterial activity, while dimethyl sulfoxide (DMSO) served as the negative control since it was the solvent used in extract dilution (Zafar et al., 2021).
[bookmark: _Toc215132362]3.2	Materials and Reagents
Materials: Measuring cylinder, Hot air oven, Autoclave, Weighing balance, Sieve, Conical flask, Beaker, Volumetric flash, Petri dish, Eppendolf tubes, Brush, Hot plate, Disposable pippete tips, Racks, Spatula, Crock borer, Incubator, Foil paper, Cotton wool, Masking tape, Mortar, pestle.
Reagents: Methanol, Distilled water, Dimethylsulphoxide (DMSO), Chloroform, Sulphuric acid, Fehling’s solution A&B, 10% Ammonia, 10% Aqueous hydrochloric acid, Wagner reagent, Diluted Hydrogen chloride (HCL), 10% Sodium hydroxide (NaoH), 5% Ferric chloride, Mueller Hinton agar.
[bookmark: _Toc215016065][bookmark: _Toc215132363]3.3	Sample Collection and Preparation
Fresh samples of Boscia angustifolia were collected from Sokoto State, Nigeria, where the plant is abundant and widely used in traditional medicine. The plant material was authenticated in the Department of Botany, Usmanu Danfodiyo University Sokoto, and a voucher specimen was deposited for reference. Proper identification is essential to ensure reproducibility and scientific validity (Roy et al., 2025).
The collected plant parts were washed thoroughly with clean water to remove dirt and debris. They were air-dried at room temperature for several days to prevent the loss of thermolabile compounds. Once completely dried, the samples were ground into fine powder using a mechanical grinder and stored in airtight containers until extraction. The drying and grinding process increased the surface area for efficient solvent penetration during extraction (Senawong et al., 2023).
For extraction, 100 grams of powdered plant material was soaked in 500 mL of methanol and left to stand for 72 hours with intermittent shaking to enhance solute-solvent interaction. The extract was filtered through muslin cloth and Whatman No. 1 filter paper. The filtrate was then concentrated in a water bath at 45°C until a semi-solid extract was obtained (Mariia et al., 2021).
Different concentrations of the crude extract were prepared for testing: 40 mg/mL, 60 mg/mL, and 80 mg/mL. Each concentration was dissolved in a 1:1 mixture of distilled water and DMSO to improve solubility. The prepared extracts were labeled accordingly and stored at 4°C until use.
[bookmark: _Toc215016066][bookmark: _Toc215132364]3.4	Phytochemical Screening
Qualitative phytochemical screening of Boscia angustifolia extracts was conducted following the methods of (Algfri et al., 2021). This was done to identify the presence of secondary metabolites responsible for antibacterial activity, such as alkaloids, flavonoids, tannins, saponins, steroids, glycosides, and anthraquinones.
· Test for Alkaloids: Two milliliters of the extract were stirred with 2 mL of 10% aqueous hydrochloric acid, and 1 mL of the filtrate was treated with a few drops of Wagner’s reagent. The formation of turbidity or a reddish-brown precipitate indicated the presence of alkaloids (Halilu, 2024).
· Test for Flavonoids: Two milliliters of extract were mixed with 1 mL of 10% NaOH solution. The appearance of a yellow color confirmed the presence of flavonoids (Khataniar et al., 2025).
· Test for Tannins: Two milliliters of extract were treated with 5% ferric chloride solution. A dark green coloration indicated the presence of tannins (Melkamu & Bitew, 2021).
· Test for Saponins: Two milliliters of extract were shaken vigorously with 5 mL of distilled water. Persistent frothing indicated the presence of saponins (Halilu, 2024).
· Test for Steroids: Two milliliters of extract were dissolved in chloroform, and 2 mL of concentrated sulfuric acid was carefully added to form a lower layer. A reddish-brown color at the interface indicated the presence of steroids (Jadhav et al., 2021).
· Test for Saponin Glycosides: Two milliliters of extract were mixed with Fehling’s solution A and B. The formation of a bluish-green precipitate indicated the presence of saponin glycosides (Alkali et al., 2024).
· Test for Anthraquinones: Two milliliters of extract were mixed with 5 mL of chloroform and 5 mL of 10% ammonia solution. The development of a pink or red color in the ammoniacal layer indicated the presence of anthraquinones (Maļeckis et al., 2024).
The results of these tests provided insights into the potential antibacterial compounds within the extract.
[bookmark: _Toc215132365][bookmark: _Toc215016067]3.5	Preparation of Media and Bacterial Inoculum
The Mueller-Hinton agar (MHA) medium was prepared for antibacterial sensitivity testing according to the manufacturer’s instructions. Precisely 7.6 grams of MHA were weighed and dissolved in 200 mL of distilled water. The mixture was heated to achieve homogeneity and sterilized by autoclaving at 121°C for 15 minutes (Sakyi et al., 2025). The sterilized medium was poured into sterile Petri dishes and allowed to solidify under aseptic conditions.
Pure bacterial isolates of Escherichia coli, Staphylococcus aureus, Bacillus subtilis, and Klebsiella pneumoniae were obtained from the Fleming lab of Usumanu Danfodiyo Vetenary Teaching Hospital,sokoto. Each bacterial strain was sub-cultured on nutrient agar and incubated at 37°C for 24 hours before use. A 0.5 McFarland standard was prepared to standardize the bacterial suspension, ensuring a consistent bacterial concentration for the assays (Mahesh et al., 2025).
Positive and negative controls were also prepared. A 0.05 mg/mL solution of ciprofloxacin served as the positive control, while DMSO was used as the negative control. These controls provided benchmarks for comparing the antibacterial efficacy of B. angustifolia extracts.
[bookmark: _Toc215132366][bookmark: _Toc215016068]3.6	Antibacterial Sensitivity Test
The antibacterial activity of Boscia angustifolia extracts was evaluated using the agar well diffusion method as described by (Tseha et al., 2022). Sterile cork borers (6 mm diameter) were used to punch wells in the solidified MHA plates inoculated with standardized bacterial suspensions. Each well was filled with 200 µL of extract concentrations (40 mg/mL, 60 mg/mL, and 80 mg/mL). Positive and negative control wells were filled with ciprofloxacin and DMSO, respectively.
The plates were incubated at 37°C for 24 hours, after which the zones of inhibition around each well were measured in millimeters. The mean diameter of inhibition zones was recorded for each concentration to determine antibacterial potency (CLSI, 2020).
[bookmark: _Toc215016069][bookmark: _Toc215132367]3.7	Data Analysis
Data collected from phytochemical and antibacterial tests were analyzed statistically using one-way analysis of variance (ANOVA) to determine significant differences in antibacterial activity among various extract concentrations and bacterial strains. Results were expressed as means ± standard deviation of triplicate determinations, and differences were considered statistically significant at p ≤ 0.05 (Field, 2018).
The findings were presented using tables and figures to show the relationship between extract concentration and inhibition zone diameter. This analysis provided a quantitative basis for interpreting the antibacterial efficacy and possible mechanisms of action of Boscia angustifolia extracts.
















[bookmark: _Toc215132368][bookmark: _Toc215016070]CHAPTER FOUR
[bookmark: _Toc215132369]RESULTS
[bookmark: _Toc215132370]4.1	Phytochemical Composition of Boscia angustifolia root extracts.
The qualitative phytochemical screening of Boscia angustifolia extracts revealed the presence of several bioactive compounds known for their antimicrobial properties. As shown in Table 4.1, saponins and alkaloids were abundantly present, while flavonoids and saponin glycosides were detected in moderate amounts. Tannins, volatile oils, anthraquinones, and steroids were not detected in the extract.
Table 4.1: Phytochemical constituents of Boscia angustifolia root extracts.
[bookmark: _Toc215132378]Table 1: Table 4.1: Phytochemical constituents extract of Boscia angustifolia
	 Phytochemicals 
	Results

	Flavonoids
	+

	Tannins
	ND

	Saponins
	+++

	Alkaloids
	++

	Volatile oils 
	ND

	Saponin Glycosides
	+

	Antrquinones
	ND

	Steroids (SalKowSKi test)
	ND


Key: 
+ = Present in trace;
++ = Moderately present;
 +++ = Abundant;
 ND = Not detected
The high concentration of saponins and alkaloids suggests that these compounds may play a major role in the antibacterial activity of the extract. Saponins are known to disrupt microbial cell membranes, while alkaloids often interfere with DNA replication or protein synthesis (Pikhtirova et al., 2023). The absence of volatile oils and steroids indicates that the antibacterial effects observed are more likely linked to non-volatile secondary metabolites
[bookmark: _Toc215132371][bookmark: _Toc215016071]4.2	Antibacterial Activity of Boscia angustifolia
The antibacterial assay was performed using the agar well diffusion method. The extract demonstrated measurable inhibitory effects against Klebsiella and Bacillus species at all concentrations tested (40 mg/mL, 60 mg/mL, and 80 mg/mL). No zones of inhibition were observed for Escherichia coli and Staphylococcus aureus, indicating species-specific antibacterial activity.
Table 4.2 Antibacterial activity of roots extract of Boscia angustifolia. 
[bookmark: _Toc215132379]Table 2: Table 4.2 Antibacterial activity of roots extract of Boscia angustifolia
	
	
	
	zone      of 
	Inhibition (mm)
	

	Plant Extract
	Extract Conc. (mg/ml)
	Klebsiella 
	Bacillus 
	Staphylococcus aureus 
	E. coli 

	Boscia angustifolia
	       40
	12.7 ± 0.58*
	13.3 ± 0.58*
	                6.00±0.00
	      6.00±0.00

	
	       60
	13.7 ± 0.58*
	16.3 ± 0.58*
	                6.00±0.00
	      6.00±0.00

	
	       80
       
	18.0 ± 1.00*
	18.0 ± 1.00*
	                6.00±0.00
	      6.00±0.00

	Positive Control (Ciprofloxacin)
	
	42.7 ± 1.53*
	43.7 ± 1.15*
	           51.7 ± 1.53*
	28.3 ± 0.58*

	Negative Control (DMSO/Distilled water)
	
	      6.00±0.00
	     6.00±0.00
	              6.00±0.00
	       6.00±0.00


*= Significantly different from the negative control (p<0.05) by using analysis of variance, Spss software, version 20.
Values are mean ± standard deviation of (n=3)
Values greater than 6mm indicated some activity.	


The antibacterial evaluation of Boscia angustifolia extract showed concentration-dependent inhibitory activity against Klebsiella and Bacillus species, with mean inhibition zones ranging from 12.7 ± 0.58 mm to 18.0 ± 1.00 mm. No inhibition was observed against Staphylococcus aureus and Escherichia coli across all extract concentrations. The positive control (ciprofloxacin) produced significantly higher inhibition zones (p ≤ 0.05), while the negative control showed no activity. These results indicate that Boscia angustifolia possesses selective antibacterial properties.

[bookmark: _Toc215132372][bookmark: _Toc215016072]CHAPTER FIVE
[bookmark: _Toc215132373][bookmark: _Toc215016073]DISCUSSION, CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc215132374][bookmark: _Toc215016074]5.1	Discussion
The findings of this study reveal that the methanolic root extract of Boscia angustifolia exhibits notable antibacterial activity against Klebsiella and Bacillus species, while showing no inhibitory effect on Staphylococcus aureus and Escherichia coli. The selective pattern of inhibition observed in this research agrees with previous reports that plant extracts often display species-specific antibacterial effects depending on the phytochemical profile and bacterial cell wall structure (Essa et al., 2021; Vougat Ngom et al., 2021).
A clear concentration-dependent increase in antibacterial activity was recorded, with the highest inhibition zones observed at 80 mg/mL (18.0 ± 1.00 mm for both Klebsiella and Bacillus). This demonstrates that increasing the concentration of the extract enhances the availability of active metabolites and subsequently increases antibacterial potency. Similar trends were reported by Essa et al. (2021), who demonstrated that higher concentrations of Boscia angustifolia extracts produced greater inhibitory effects against susceptible bacteria.
The absence of inhibition against S. aureus and E. coli may be linked to intrinsic bacterial resistance mechanisms. E. coli, a Gram-negative organism, possesses a lipopolysaccharide-rich outer membrane that restricts penetration of many plant-derived compounds, while S. aureus may resist plant metabolites through efflux pumps or changes in membrane fluidity. According to Ghosh et al. (2022), such structural and physiological features significantly influence bacterial susceptibility to natural antimicrobial agents. This explains why not all bacterial strains responded to the extract in the present study.
Phytochemical analysis revealed the presence of saponins, alkaloids, flavonoids, and saponin glycosides, all of which are known to contribute to antimicrobial activity. These findings support earlier studies that attributed the antibacterial effects of B. angustifolia to its rich secondary metabolite composition (Awa et al., 2023). Saponins are reported to disrupt microbial membranes, alkaloids may inhibit DNA replication, while flavonoids have been shown to interfere with bacterial enzymes and cell wall synthesis (Rahman et al., 2021). The combined presence of these compounds suggests that the observed antibacterial activity is multifactorial and synergistic, which is characteristic of crude plant extracts.
The positive control (ciprofloxacin) produced significantly larger inhibition zones compared to the extract, confirming the reliability of the method and illustrating the expected potency of conventional antibiotics. The negative control showed no activity, indicating that neither DMSO nor distilled water contributed to antibacterial effects. This validates that the inhibition observed was solely due to the plant extract.
The findings of this research provide further evidence supporting the ethnomedicinal use of Boscia angustifolia for treating infections. Studies between 2021 and 2025 have consistently reported antibacterial, antioxidant, and anti-inflammatory properties of the plant (Vougat Ngom et al., 2021; Chaughule & Barve, 2024). However, the selective nature of its antibacterial activity observed in this study highlights the need for additional investigations such as fractionation, compound isolation, and in vivo studies, to determine whether purified molecules from the plant may offer broader or more potent activity.

Overall, the results confirm that Boscia angustifolia contains pharmacologically relevant metabolites capable of inhibiting specific bacterial species. These findings strengthen scientific evidence supporting its traditional applications and suggest potential for future development of plant-based antibacterial therapies.
[bookmark: _Toc215016075][bookmark: _Toc215132375]5.2	Conclusion
This study has shown that Boscia angustifolia root extracts contain several phytochemicals with antibacterial potential. The presence of saponins, alkaloids, flavonoids, and saponin glycosides was confirmed, and the extract demonstrated selective antibacterial activity against Klebsiella and Bacillus species. The antibacterial effect was concentration-dependent, with the highest inhibition zones recorded at 80 mg/mL.
The results support the traditional use of B. angustifolia in the treatment of infectious diseases and validate its ethnopharmacological importance. The findings further suggest that the antibacterial action of B. angustifolia may involve mechanisms such as membrane disruption and inhibition of essential bacterial enzymes or nucleic acid synthesis.
[bookmark: _Toc215132376][bookmark: _Toc215016076]5.3	Recommendations
1. Bioassay-guided fractionation should be conducted to isolate and identify the specific compounds responsible for antibacterial activity. This will provide better insight into their mechanisms of action.
2. Future research should include in vivo evaluations to confirm the safety, efficacy, and pharmacokinetics of B. angustifolia extracts in animal models.
3. The interaction of B. angustifolia extracts with conventional antibiotics should be explored to determine possible synergistic or antagonistic effects that could inform combination therapy.
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