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[bookmark: _Toc214463038]ABSTRACT
This study evaluated the insecticidal efficacy of Nerium oleander and Mentha spp. leaf powders individually and in combination against the American cockroach (Periplaneta americana) under laboratory conditions. Plant materials were collected from Adarawa and Shama villages within the permanent site of Usmanu Danfodiyo University, Sokoto, located in the Sudano-Sahelian ecological zone of Northwestern Nigeria. Fresh leaves were authenticated, shade-dried, pulverized, and stored for bioassay experiments. Adult P. americana were collected from infested residential and commercial areas, acclimatized for 5–7 days, and exposed to three concentrations (0.5 g, 1.0 g, and 1.5 g) of each plant powder using a completely randomized design. Mortality and behavioral responses were monitored at 6, 12, 24, and 48 hours over a four-day exposure period. Qualitative phytochemical screening of the powders revealed the presence of flavonoids, tannins, saponins, alkaloids, glycosides, steroids, terpenoids, and phenols in varying amounts, while anthraquinones were absent in both plants. Results showed that mint powder produced the highest cumulative mortality (60%), followed by the combined treatment (50%), while oleander powder caused 40% mortality; the control recorded 0% mortality across all days. Mint demonstrated earlier and stronger toxic effects, indicating higher insecticidal potential. The findings suggest that Mentha spp. and Nerium oleander, especially when combined, possess phytochemicals capable of exerting significant insecticidal activity and may serve as environmentally friendly alternatives for managing cockroach infestations.
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[bookmark: _Toc214463039]CHAPTER ONE
[bookmark: _Toc214463040]1.0                                                      INTRODUCTION
[bookmark: _Toc214463041]1.1 Background to the Study
Cockroaches are among the most widespread and persistent household pests, with the American cockroach (Periplaneta americana) being particularly notorious for infesting homes, food establishments, and sewer systems. These insects thrive in warm, humid environments and are capable of adapting to a variety of ecological conditions (Rust et al., 2017). Their ability to breed rapidly and hide in inaccessible areas makes them difficult to eliminate using conventional methods. More importantly, P. americana poses significant public health concerns, as it has been implicated in the mechanical transmission of pathogenic microorganisms, including Salmonella spp., Escherichia coli, and Staphylococcus aureus (Pai et al., 2003; Gore and Schal, 2007). Furthermore, allergens found in cockroach saliva, feces, and exuviae can trigger asthma and allergic responses, particularly in children and immunocompromised individuals (Wang and Bennett, 2006).
To manage cockroach infestations, synthetic insecticides have traditionally been the most relied-upon strategy due to their rapid action and accessibility. These insecticides include organophosphates, carbamates, and pyrethroids, which primarily target the insect nervous system. However, prolonged and indiscriminate use of these chemical agents has led to several critical challenges, including resistance development, environmental contamination, and adverse human health effects (Aktar et al., 2009). Cockroach populations have evolved resistance mechanisms such as metabolic detoxification and behavioral avoidance rendering many synthetic formulations increasingly ineffective (Valles and Brenner, 2016).
In response to these limitations, researchers and pest management professionals have turned their attention toward botanical insecticides plant-derived substances known for their bioactive properties. Plants produce a variety of secondary metabolites (e.g., alkaloids, terpenoids, saponins, and phenolics) that serve as natural defenses against herbivores and insects (Isman, 2006). These compounds have been shown to act as contact toxins, feeding deterrents, repellents, or insect growth regulators. Unlike synthetic insecticides, botanical agents are typically biodegradable, pose less risk to non-target organisms, and are less likely to promote resistance due to their complex chemical composition (Regnault-Roger et al., 2012; Ghosh et al., 2015).
Among the botanicals with promising insecticidal potential are Nerium oleander and members of the Lamiaceae family, particularly mint (Mentha spp.). Nerium oleander is an evergreen shrub known for its potent phytochemicals, including cardiac glycosides such as oleandrin, which have demonstrated toxicity to various insect pests (Satyavati et al., 2010; Alam et al., 2014). Similarly, mint contains aromatic essential oils like menthol and pulegone that exhibit strong insecticidal and repellent properties (Karunamoorthi et al., 2014). While numerous studies have focused on essential oils and solvent extracts, relatively little attention has been given to the dry powdered forms of these plants particularly their effects against P. americana.
The use of plant powders for insect control is of particular interest in developing countries, where access to advanced extraction technologies may be limited. Powdered botanicals are more affordable, require minimal processing, and can be easily applied in domestic settings. Yet, the scientific validation of their efficacy remains limited. This study, therefore, seeks to fill that gap by evaluating the insecticidal potential of Nerium oleander and mint leaf powders both individually and in combination against Periplaneta americana. The findings may offer a safer, more sustainable approach to household pest management and reduce dependency on synthetic insecticides.
[bookmark: _Toc214463042]1.2 Statement of the Problem
The American cockroach continues to thrive in both residential and commercial environments, causing significant sanitation and health concerns. Although synthetic insecticides are commonly used for control, they often pose environmental and health hazards and contribute to resistance among pest populations. While N. oleander and mint have been recognized for their bioactive properties, there is insufficient experimental evidence supporting their use in powdered form against cockroaches. This study seeks to bridge that knowledge gap by evaluating their insecticidal effectiveness under controlled conditions.
[bookmark: _Toc214463043]1.3 Justification of the Study
The adverse consequences of synthetic insecticides including toxicity, persistence in the environment, and increasing resistance emphasize the urgent need for safer, sustainable pest control options. Plant-derived insecticidal agents offer a promising solution due to their natural origin, biodegradability, and accessibility. N. oleander and mint are readily available, cost-effective plants known for their insecticidal properties. This study could contribute valuable insights into green pest management and encourage the use of locally sourced botanical resources.
[bookmark: _Toc214463044]1.4 Aim and Objectives of the Study
The aim of this study is to evaluate the insecticidal efficacy of powders of Nerium oleander and mint leaves against Periplaneta americana. The specific objectives are:
1. To determine the phytochemical content of the plants
2. To assess repellence effects of the powders
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[bookmark: _Toc214463046]2.0                                                LITERATURE REVIEW
[bookmark: _Toc214463047]2.1 The American Cockroach (Periplaneta americana)
Periplaneta americana (L.) is one of the most widespread household insect pests found globally. It belongs to the order Blattodea and family Blattidae. The species is commonly associated with human dwellings, particularly in warm, humid environments such as kitchens, sewers, drainage systems, food stores, and refuse sites. The American cockroach is an omnivorous scavenger that feeds on a wide range of food, including decaying organic matter, stored foods, and household leftovers.
The insect poses significant public health concerns. Its body surface and gut harbor various pathogenic microorganisms including Salmonella spp., Staphylococcus spp., Escherichia coli, and certain fungi which can lead to food contamination and disease transmission. Additionally, cockroach allergens are known to trigger asthma and other allergic reactions in sensitive individuals (Akinkurolere, 2012). Because of its high reproductive rate and adaptability, P. americana is difficult to control using conventional means.
[bookmark: _Toc214463048]2.2 Insect Pest Management and the Shift to Botanical Insecticides
Chemical insecticides have long been employed for cockroach control. However, their extensive use has resulted in numerous drawbacks such as environmental pollution, persistent toxic residues, high cost, development of insect resistance, and adverse effects on non-target organisms including humans (Isman, 2015). As a result, there is increased interest in eco-friendly and biodegradable alternatives.
Botanical insecticides, derived from plants with bioactive secondary metabolites, have emerged as promising alternatives in urban pest control. These phytochemicals such as alkaloids, flavonoids, tannins, phenolics, and terpenoids exhibit repellant, antifeedant, ovicidal, or contact toxicity effects that disrupt insect physiology and behavior (Pavela, 2016). Plant-based insecticides are often affordable, locally available, and exhibit low mammalian toxicity, making them suitable for integrated pest management, particularly in developing regions.
[bookmark: _Toc214463049]2.3 The Oleander Plant (Nerium oleander)
Nerium oleander is an evergreen ornamental shrub belonging to the family Apocynaceae. It is naturally distributed across the Mediterranean region and widely cultivated for landscaping in tropical and subtropical climates. The plant contains several toxic secondary metabolites, including cardiac glycosides such as oleandrin, digitoxigenin, neriifolin, and oleandrigenin (Diaz, 2015). These compounds interfere with cellular ion balance and enzyme function, causing neurotoxic and cardiotoxic effects in insects.
[bookmark: _Toc214463050]2.3.1 Insecticidal Properties of Nerium oleander
The insecticidal properties of N. oleander extracts and powders have been reported against a variety of insects. Studies show that its leaf powder can cause significant mortality in stored-product pests, mosquito larvae, termites, and cockroaches (Abdel-Kader et al., 2019). Its bioactivity is linked to contact toxicity that disrupts nerve function, leading to paralysis and death. The plant’s bitter taste and strong odor also discourage feeding and movement, contributing to repellency.

[bookmark: _Toc214463051]2.4 Mint Plants (Family: Lamiaceae)
Mint refers to several aromatic plants belonging to the family Lamiaceae, including Mentha piperita, Mentha spicata, and Ocimum basilicum. These plants are commonly used in food, medicine, perfumery, and household applications. Mint leaves contain high concentrations of essential oils such as menthol, menthone, carvone, limonene, and cineole, in addition to flavonoids, saponins, and tannins (Singh and Pandey, 2018).
[bookmark: _Toc214463052]2.5 Taxonomic Classification of Nerium oleander
	
	

	Kingdom:
	Plantae

	Subkingdom:
	Tracheobionta (Vascular plants)

	Superdivision:
	Spermatophyta (Seed plants)

	Division:
	Magnoliophyta (Flowering plants)

	Class:
	Magnoliopsida (Dicotyledons)

	Order:
	Gentianales

	Family:
	Apocynaceae

	Genus:
	Nerium

	Species:
	Nerium oleander L.


Common Name: Oleander
(Akinkurolere, 2012)

2.6 Taxonomic Classification of Mint (Family Lamiaceae)
	Kingdom:
	Plantae

	Subkingdom:
	Tracheobionta

	Superdivision:
	Spermatophyta

	Division:
	Magnoliophyta

	Class:
	Magnoliopsida

	Order:
	Lamiales

	Family:
	Lamiaceae

	Genus:
	Mentha

	Species:
	Mentha piperita L.


Common Name: Peppermint

[bookmark: _Toc214463053]2.4.1 Insecticidal Properties of Mint Leaves
Mint has demonstrated repellant and toxic effects against a range of insect pests. Essential oils from mint interfere with insect nervous systems, causing paralysis and death by blocking neurotransmission (Regnault-Roger, 2012). Mint powders and extracts have been successfully used against stored grain pests, mosquitoes, houseflies, and cockroaches. Their strong aromatic compounds also act as fumigants, limiting cockroach movement and feeding.
[bookmark: _Toc214463054]2.5 Combined Use of Botanical Powders for Cockroach Control
Combining botanical powders such as oleander and mint may enhance insecticidal effectiveness through synergistic action of multiple bioactive compounds. While oleander contributes high toxicity due to cardiac glycosides, mint provides strong repellence and neurotoxic effects. This combination may improve mortality rates, disrupt feeding, reduce cockroach activity, and potentially decrease the development of resistance.

[bookmark: _Toc214463055]2.6 Phytochemical Constituents of Nerium oleander and Mint Plants
Phytochemicals are naturally occurring secondary metabolites produced by plants, which play essential roles in defense against herbivores, pathogens, and environmental stress. These compounds also form the basis of the insecticidal, antimicrobial, and medicinal properties of many botanicals (Saxena and Sharma, 2020). The notable classes of phytochemicals found in Nerium oleander and mint species include alkaloids, flavonoids, tannins, saponins, terpenoids, and cardiac glycosides, though the concentrations vary with plant species, part used, and extraction method.
[bookmark: _Toc214463056]2.6.1 Phytochemicals of Nerium oleander
Nerium oleander is known to be rich in cardiac glycosides, a class of steroidal compounds that possess strong biological activity. The most prominent among these are oleandrin, neriifolin, digitoxigenin, and oleandrigenin, which inhibit sodium-potassium ATPase enzymes in cells, leading to disruption of ion balance and interference with nerve and muscle function (Diaz, 2015). This mechanism contributes to the plant’s potent insecticidal and toxic effects.
In addition to cardiac glycosides, N. oleander contains flavonoids, tannins, saponins, phenolic acids, and triterpenoids. These compounds have been associated with antioxidant, antimicrobial, and repellant properties. For example, flavonoids and phenolics can interfere with insect feeding behavior and digestive enzymes, while saponins cause disruption of cell membranes and enzyme systems in insects (Abdel-Kader et al., 2019).
The combined action of these phytochemicals contributes to the insecticidal potential of N. oleander leaf powder, which can induce paralysis, reduced mobility, repellency, feeding deterrence, and eventual mortality in insects such as Periplaneta americana.
[bookmark: _Toc214463057]2.6.2 Phytochemicals of Mint Plants 
Mint species such as Mentha piperita and Mentha spicata are characterized by high concentrations of essential oils, primarily menthol, menthone, carvone, limonene, and 1,8-cineole (Singh and Pandey, 2018). These volatile compounds are responsible for mint’s strong aroma and are widely recognized for their neurotoxic and repellant effects on insects. They act by disrupting neuromuscular transmission, leading to paralysis and death (Regnault-Roger, 2012).
Mint leaves also contain flavonoids (e.g., eriocitrin, luteolin, hesperidin), tannins, saponins, and phenolic compounds, which enhance its antimicrobial, antioxidant, and insect-deterrent properties. The essential oils in mint are known to act as fumigants, interfering with insect respiration and inhibiting feeding and reproduction.
Because mint phytochemicals are biodegradable and have low mammalian toxicity, they are considered safe and environmentally friendly alternatives to synthetic insecticides, especially in domestic pest control.
[bookmark: _Toc214463058]2.7 Review of Major Phytochemical Constituents
Plant-derived insecticides owe their effectiveness to naturally occurring chemical compounds known as phytochemicals. These compounds, although not directly involved in primary metabolic processes, are vital in plant defense and ecological interaction. They play roles in repelling herbivores, inhibiting microbial invasion, and protecting plant tissues under stress. Their biological activities also make them useful for pest management, particularly in controlling insects such as Periplaneta americana (Saxena and Sharma, 2020). The major phytochemical groups relevant to the insecticidal properties of Nerium oleander and mint plants include flavonoids, tannins, saponins, alkaloids, terpenoids, and phenolic compounds.
[bookmark: _Toc214463059]2.7.1 Flavonoids
Flavonoids are polyphenolic compounds commonly found in leaves, flowers, and other plant parts. They play a role in pigmentation, UV protection, and defense against pathogens. In insects, flavonoids act primarily as feeding deterrents, reducing the palatability of plant materials. They inhibit key digestive enzymes in the insect gut, thereby reducing nutrient absorption and slowing growth. In addition, flavonoids interfere with hormonal processes that regulate development and reproduction, ultimately weakening insect populations. Thus, the presence of flavonoids in oleander and mint contributes to their bioactivity against P. americana (Pavela, 2016).
[bookmark: _Toc214463060]2.7.2 Tannins
Tannins are another group of important polyphenolic compounds known for their astringent taste. They exert their insecticidal activity mainly by binding to proteins and digestive enzymes within the insect gut. This interaction forms complexes that inhibit efficient digestion and nutrient uptake. As a result, insects ingesting tannin-rich plant materials often experience reduced growth, increased metabolic stress, and eventual starvation. Additionally, tannins deter feeding due to their bitter taste, which discourages insects from establishing long-term infestations (Isman, 2015).
[bookmark: _Toc214463061]2.7.3 Saponins
Saponins are glycosides characterized by their soap-like foaming ability when mixed with water. Their insecticidal effects stem from their capacity to disrupt cellular membranes. When insects ingest saponin-rich materials, the compounds damage gut tissues and interfere with enzyme activity, making digestion inefficient. Saponins may also affect hormones responsible for molting, leading to developmental abnormalities. Their distinct bitter flavor contributes further to reduced feeding and repellence in insects such as cockroaches (Singh and Pandey, 2018).
[bookmark: _Toc214463062]2.7.4 Alkaloids
Alkaloids are nitrogenous secondary metabolites wellknown for their strong physiological effects on animals and insects. Many alkaloids have neurotoxic properties, interfering with nerve signaling and muscle coordination. In insects, this often leads to paralysis, impaired movement, and eventual death. Though Nerium oleander is more widely recognized for its cardiac glycosides, alkaloid-like compounds present also contribute to its toxicity. Mint species similarly contain minor quantities of alkaloids which add to their deterrent and neuro-disruptive properties.
[bookmark: _Toc214463063]2.7.5 Terpenoids 
Terpenoids form one of the largest groups of phytochemicals and play crucial roles in plant aroma, defense, and signaling. Mint species, in particular, contain high concentrations of essential oils, with menthol, menthone, limonene, and cineole being the most notable. These volatile compounds are responsible for mint’s strong repellent and fumigant activity. They disrupt the insect nervous system and respiration processes, reducing mobility, feeding, and survival rates. The distinctive odor of mint acts as a natural deterrent, making treated areas unattractive to cockroaches.
[bookmark: _Toc214463064]2.7.6 Phenolic Compounds
Phenolic compounds are known for their antioxidant and antimicrobial functions in plants. In insects, they generate oxidative stress, inhibit metabolic enzymes, and damage structural proteins. This leads to weakened physiological function and reduced ability to withstand environmental challenges. Phenolics also play a role in reducing digestibility of plant tissues, thus discouraging insect feeding.




















[bookmark: _Toc214463065]CHAPTER THREE
[bookmark: _Toc214463066]3.0                                             MATERIALS AND METHODS
[bookmark: _Toc214463067]3.1 Area of Sample Collection
The Collection of plants was done in Adarawa and Shama villages, located within the permanent site of Usmanu Danfodiyo University, Sokoto (UDUS), situated in Wamakko Local Government Area of Sokoto State, Northwestern Nigeria. These villages lie within the ecological boundaries of the Sudano-Sahelian zone, characterized by hot, dry climates and seasonal rainfall, making them ideal for studying insect populations and natural pest control methods.
Adarawa is positioned west of the university’s core academic area, while Shama (13.128º, N, 5.2036º E, lies to the northeast. Both are accessible via internal university road networks and are surrounded by sparse vegetation, including naturally occurring Nerium oleander (Oleander) shrubs and various Lamiaceae family plants, including wild mint species. The surrounding flora provides a natural setting for sourcing plant materials used in the insecticidal tests.
The environment supports a range of insect species, including domestic and peridomestic pests like the American cockroach (Periplaneta americana) etc, which thrive in residential and food-handling areas typical of these semi-urban communities. The villages also represent a typical rural settlement pattern, with homes constructed in ways that often harbor cockroach infestations, making them suitable locations for bioassay studies.
Temperatures in the area often exceed 38°C during the dry season, while annual rainfall averages between 500–800 mm, primarily from May to September. These climatic conditions support the growth of aromatic and medicinal plants, such as Oleander and Mint, whose insecticidal properties are being evaluated in this research.
The choice of Adarawa and Shama for this study was informed by their natural abundance of test plants, prevalence of cockroach infestations, and proximity to laboratory facilities at UDUS, enabling effective field collection, experimentation, and monitoring.
[bookmark: _Toc214463068]3.2 Collection and Preparation of Plant Materials
Fresh leaves of Nerium oleander and mint (Mentha species, family Lamiaceae) was collected from residential gardens and herb plots within the local environment. The plant species was authenticated by a botanist in the Department of Botany, Usmanu Danfodiyo University, Sokoto. This step ensures correct species identification, which is crucial for reproducibility and consistency in phytochemical studies (Trease and Evans, 2002). A laboratory-based experimental study was conducted, exposing adult P. americana to different treatments of plant powders. Observations was made over time to assess mortality and behavioral responses.
After collection, the leaves was thoroughly rinsed with clean tap water to remove dust and surface contaminants. They will then be shade-dried (Ghosh et al., 2015).
Once completely dried and crisp, the leaves was ground into fine powder using a clean electric grinder. The powders was sieved to ensure uniform particle size, then stored in labeled, airtight glass containers and kept in a cool, dry place away from sunlight until use. This approach minimizes oxidative degradation and moisture absorption, both of which could affect the powder's insecticidal efficacy (Isman, 2006).
[bookmark: _Toc214463069]3.3 Insect Collection and Maintenance
Adult specimens of Periplaneta americana was sourced from either naturally infested residential and commercial areas. Field-collected cockroaches was captured using baited traps and hand collection at night when the insects are most active, as P. americana is primarily nocturnal (Rust et al., 1995). 
After collection, the cockroaches was transferred into clean, aerated plastic containers and maintained under standard laboratory conditions. They was provided with dry bread and clean water ad libitum for acclimatization over 5–7 days prior to experimentation (Wagman et al., 2008).
All containers was cleaned regularly, and was observed for any signs of stress, disease, or mortality before being used in bioassays.
[bookmark: _Toc214463070]3.4 Experimental Setup
The experiment will adopt a completely randomized design (CRD) in which adult P. americana was divided into four treatment groups, each with multiple replicates:
1. Control Group (no powder applied)
2. Oleander Powder Group (Nerium oleander)
3. Mint Powder Group (Mentha spp.)
4. Combined Powder Group (1:1 mixture of oleander and mint)
Each replicate will consist of ten adult cockroaches, placed in transparent ventilated plastic containers (e.g., 1L jars) lined with filter paper at the bottom. To each treated container, a pre-weighed quantity of powder (0.5 g, 1.0 g, and 1.5 g) was uniformly spread across the floor. These doses are selected based on earlier botanical insecticide studies that used contact exposure methods (Mohan et al., 2010; Ghosh et al., 2015).
The cockroaches was observed for mortality and behavioral responses at 6, 12, 24, and 48 hours post-treatment. Behavioral indicators such as restlessness, avoidance, immobilization, or clustering was recorded as part of sub-lethal effects.
A cockroach was considered dead if it shows no movement when prodded with a soft brush. Mortality data was recorded and expressed as a percentage. In order to ensure accuracy and reliability, each treatment was replicated at least three times.
To minimize external bias, all containers was kept under the same environmental conditions, and their positions was randomized daily.
[bookmark: _Toc214463071]3.5 Qualitative Phytochemical Tests
[bookmark: _Toc214463072]3.5.1. Test for Alkaloids
To detect alkaloids, 1 mL of the plant extract was treated with a few drops of Wagner’s reagent (a solution of iodine in potassium iodide). The formation of a reddish-brown precipitate confirms the presence of alkaloids. This test is particularly useful due to the high pharmacological relevance of alkaloids as analgesics, anticancer agents, and CNS stimulants (Osibemhe et al., 2021).
[bookmark: _Toc214463073]3.5.2. Test for Flavonoids
Flavonoids are detected by adding a few drops of 10% lead acetate solution to 1 mL of the extract. A yellow precipitate indicates a positive result. Alternatively, the alkaline reagent test can be employed by mixing the extract with sodium hydroxide, which produces an intense yellow color that becomes colorless upon addition of dilute acid (Yadav et al., 2021).
[bookmark: _Toc214463074]3.5.3. Test for Tannins
To test for tannins, 1 mL of the extract is mixed with 2 mL of 5% ferric chloride solution. The appearance of a blue-black or greenish-black coloration is indicative of tannins. These compounds are known for their astringent properties and antimicrobial potential (Ogunyemi et al., 2023).

[bookmark: _Toc214463075]3.5.4. Test for Saponins
A frothing test is used for saponins: 5 mL of extract is vigorously shaken with an equal volume of distilled water. The formation of stable, persistent froth that lasts for more than 10 minutes suggests the presence of saponins, which are known for their surfactant properties and cholesterol-lowering effects (Aboyewa et al., 2022).
[bookmark: _Toc214463076]

3.5.5. Test for Phenols
Phenolic compounds are detected by adding a few drops of neutral 5% ferric chloride solution to 1 mL of the extract. The appearance of a deep blue, green, or black coloration indicates phenols. These compounds are potent antioxidants and have been linked to anti-inflammatory activity (Sarker and Nahar, 2020).
[bookmark: _Toc214463077]3.5.6. Test for Terpenoids
Terpenoids are tested using the Salkowski reaction. The extract is mixed with 2 mL of chloroform, followed by the careful addition of concentrated sulfuric acid along the sides of the test tube. A reddish-brown coloration at the interface confirms terpenoids. These compounds are widespread in essential oils and exhibit antimicrobial and anticancer properties (Balogun et al., 2023).
[bookmark: _Toc214463078]3.5.7. Test for Steroids
For steroids, the Liebermann–Burchard test is used. The extract is treated with 2 mL of acetic anhydride and 2 mL of concentrated sulfuric acid. The formation of a green or blue color confirms the presence of steroidal compounds, often associated with anti-inflammatory and hormonal activities (Yadav et al., 2021).
[bookmark: _Toc214463079]3.5.8 Test for Glycosides
Cardiac glycosides are identified using the Keller-Killiani test. In this method, 1 mL of extract is mixed with 2 mL of glacial acetic acid containing a drop of ferric chloride, followed by the careful addition of concentrated sulfuric acid. The appearance of a brown ring at the interface indicates the presence of deoxy sugars characteristic of glycosides (Osibemhe et al., 2021).
[bookmark: _Toc214463080]3.5.9. Test for Anthraquinones
The Borntrager’s test is used for detecting anthraquinones. The extract is shaken with benzene and filtered. The filtrate is then mixed with ammonia solution. A pink or red coloration in the ammoniacal layer indicates the presence of free anthraquinones, which are common in laxative plants (Aboyewa et al., 2022).
3.6 [bookmark: _Toc214463081]Data Analysis
Data was subjected to statistical analysis using ANOVA to determine significance at p < 0.05. 









[bookmark: _Toc214463082]CHAPTER FOUR
[bookmark: _Toc214463083]4.0                                                           RESULTS
[bookmark: _Toc214463084]4.1 Phytochemical Screening of the Powder
The qualitative phytochemical screening of the powdered samples of Oleander (Nerium oleander) and Mint leaves (Family: Lamiaceae) revealed the presence of several important secondary metabolites, although in varying concentrations (Table 1). Both plant samples tested positive for flavonoids and tannins, indicating that they contain compounds associated with antioxidant, anti-inflammatory, and antimicrobial activities. Flavonoids are well known for their ability to scavenge free radicals and protect biological tissues from oxidative stress, while tannins contribute to antimicrobial and astringent properties.
Saponins were present in both samples in relatively higher abundance (++), suggesting that each plant possesses natural surfactant and membrane-permeabilizing properties, which are often linked to antimicrobial and insecticidal activities. Glycosides were moderately present in Nerium oleander (++) but only slightly detected in mint leaves (+). The higher glycoside content in Nerium oleander may contribute to its known cardiotonic and toxic properties, indicating the need for careful dosing and handling.
Alkaloids were detected in both plants but were more abundant in mint leaves (+++) compared to Nerium oleander (++). Alkaloids are widely recognized for their potent pharmacological roles, including analgesic, antimalarial, and insecticidal effects, which supports the traditional use of mint in herbal remedies. Steroids and terpenoids were present in both samples, with mint leaves showing relatively higher concentrations (++). Steroids are associated with anti-inflammatory and metabolic regulatory properties, while terpenoids are linked to antimicrobial, aromatic, and insect-repellent activities. The absence of anthraquinones (ND) in both plants indicates that neither species contains significant levels of compounds typically associated with laxative and anti-inflammatory effects.
Table 1; Qualitative analysis of plants powder
	PARAMETERS
	O. oliender
	Mint leaves

	FLAVANOIDS
	+
	+

	TANNIN
	+
	+

	SAPONIN
	++
	++

	GLYCOSIDE
	++
	+

	ALKANOID
	++
	+++

	STEROIDS
	+
	++

	ANTURAQUINE
	ND
	ND

	PHENOL
	+
	+

	TERPENOID
	+
	++















[bookmark: _Toc214463085]4.2 Percentage Motality for four Days
The results presented in Table 2 show the mean percentage mortality of Periplaneta americana exposed to different plant powders over a four-day period. On the first day of exposure, only the group treated with mint leaf powder exhibited mortality, recording 10%, while the oleander, combined treatment, and control groups recorded no mortality. By the second day, the toxic effect of the treatments became more evident, as oleander caused 10% mortality, mint increased to 20%, and the combination of oleander and mint also produced 20% mortality, whereas the control group still had no deaths. On the third day, there was a steady increase in mortality for the individual plant treatments, with oleander and mint both causing 20% mortality, and the combined treatment also maintaining 20%, while the control continued to show no mortality. However, on the fourth day, a slight decrease in mortality was observed across all treatments, with each treatment (oleander, mint, and the combination) recording 10% mortality, and again, the control group showed no mortality.
Cumulatively, over the four-day period, oleander powder resulted in 40% total mortality, mint leaf powder recorded the highest mortality at 60%, while the combined oleander and mint treatment produced 50% mortality. The control group maintained 0% mortality throughout the experiment. These results clearly indicate that the plant powders exerted insecticidal effects on the cockroaches, with mint demonstrating the strongest activity, followed by the combination treatment, and oleander showing the lowest effect. The absence of mortality in the control confirms that the observed effects were due to the phytochemical components present in the plant powders rather than environmental factors.


Table 2: Mean Percentage Motality for four Days
	
	Treatments

	Days
	Oleander
	Mint
	Oleander+Mint
	Cotrol

	1
	0
	10
	0
	0

	2
	10
	20
	20
	0

	3
	20
	20
	20
	0

	4
	10
	10
	10
	0

	Total
	40
	60
	50
	0













[bookmark: _Toc214463086]CHAPTER FIVE
[bookmark: _Toc214463087]5.0 DISCUSSION
The mortality assessment of Periplaneta americana exposed to the plant treatments demonstrated that both Nerium oleander and mint leaves possess insecticidal properties, although with varying levels of effectiveness. The treatment containing mint leaves produced the highest mortality overall, suggesting that mint has a stronger insecticidal potential compared to N. oleander. This may be attributed to its higher content of alkaloids, terpenoids, and steroids, as seen in the phytochemical analysis, all of which are compounds known to interfere with insect nervous systems and metabolic functions. Similar observations were reported by Singh and Kaur (2020), who found that the essential oils and secondary metabolites in Mentha species disrupt respiratory and neuromuscular activities in cockroaches and other household pests.
The treatment combining N. oleander and mint leaves also exhibited notable insecticidal activity, though slightly lower than mint alone. This suggests that while both plants contain bioactive compounds capable of causing mortality, their combined effect may be influenced by interactions between the metabolites present in each plant. In some cases, combined plant extracts may exhibit synergistic enhancement, while in others, antagonistic interactions may occur. A study by Adeyemi and Akanji (2019) similarly reported that plant extract mixtures do not always produce additive insecticidal effects, as the constituents may compete for the same metabolic targets within the insect.
Nerium oleander alone produced observable mortality, although at a lower level than the mint treatment. This aligns with previous findings by Al-Snafi (2018), who noted that N. oleander contains potent glycosides and alkaloids with toxic effects, but these compounds may act more slowly or require higher concentrations to induce mortality. Additionally, the toxicity of N. oleander is known to be concentration-dependent, and improper dosage can lead to reduced effectiveness despite the presence of strong bioactive components.
The control group exhibited no mortality, confirming that the observed effects were not due to environmental stress or natural death, but rather to the activity of the plant treatments. This validates the effectiveness of the extracts tested.
Overall, the findings indicate that mint leaves possess strong and rapid insecticidal properties, likely due to their high content of volatile terpenoids and alkaloids, while Nerium oleander exhibits moderate insecticidal activity, influenced by the presence of glycosides. The combination of both plants demonstrated noticeable insecticidal action but did not exceed the effect of mint alone. This suggests that mint may serve as a more efficient plant-based agent in the control of P. americana.
The findings of this study showed that the plant powders exhibited varying levels of insecticidal activity against Periplaneta americana over the four-day exposure period. Mint leaf powder recorded the highest cumulative mortality (60%), followed by the combined treatment of oleander and mint (50%), while oleander alone produced the lowest mortality (40%). No mortality was observed in the control group, indicating that the deaths recorded were due to the bioactive compounds present in the plant powders and not due to environmental stress or natural attrition.
The stronger insecticidal effect observed in mint-treated groups may be attributed to its high content of alkaloids, saponins, flavonoids and terpenoids, which have been reported to interfere with the respiratory, nervous, and digestive systems of insects (Iqbal and Rahman, 2022). Mint essential oil compounds such as menthol and menthone are known to act as neurotoxic agents by disrupting neurotransmission pathways in insects, leading to paralysis and death (Ghosh et al., 2018).
Although oleander also demonstrated mortality, its effect was comparatively lower. This may be linked to the nature and concentration of its active compounds, particularly cardiac glycosides, which exert slower toxicity and often require ingestion rather than contact for efficacy (Khan et al., 2021). The combined treatment of oleander and mint produced a moderate insecticidal effect, suggesting possible interaction between phytochemicals. The combination did not show a synergistic enhancement beyond mint alone; instead, the activity fell between the two individual treatments. This may indicate partial antagonism or dilution of potent compounds when mixed (Chandran et al., 2020).
The increasing mortality observed from day two to day three reflects the cumulative and progressive action of phytochemicals on the cockroaches’ metabolic and physiological processes. The slight decline in mortality on the fourth day may indicate that the most susceptible individuals were affected earlier, leaving more resistant individuals alive—consistent with reports in Banjo et al. (2018) that prolonged exposure may lead to selective tolerance among surviving insects.
[bookmark: _Toc214463088]Conclusion
The study demonstrated that both Nerium oleander and mint (Mentha spp.) leaf powders possess insecticidal properties against the American cockroach (Periplaneta americana). The phytochemical screening confirmed the presence of bioactive compounds such as alkaloids, flavonoids, tannins, saponins, phenols, steroids, and terpenoids, which are known to contribute to insecticidal and physiological disruption in insects.
The mortality results showed that mint leaf powder exhibited the highest insecticidal effectiveness, followed by the combined mixture of oleander and mint, while oleander alone produced a lower but still significant effect. The absence of mortality in the control confirms that the effects observed were solely due to the plant treatments. These findings highlight the potential of plant-based agents as environmentally friendly alternatives to synthetic chemical insecticides.

















[bookmark: _Toc214463089]Recommendations
1. Based on its high efficacy, mint leaf powder should be explored as a natural pest control agent in households, especially where chemical insecticides may pose health or environmental risks.
2. Since moderate effectiveness was observed in the combined treatment, further research should optimize ratios of oleander and mint to potentially enhance synergy.
3. Oleander contains cardiac glycosides which are toxic to humans and animals. Therefore, if used, it should be handled with caution and kept away from food contact or domestic animals.
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