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Abstract  


The indigenous community of the Afromontane region has developed and adopted strategies for survival to reduce diseases and eliminate ticks and pests on crops at a lower cost. Biopesticides are efficient in eradicating various plant pests, affordable, quickly biodegradable, with multiple mechanisms of action, freely available supplies, and low toxicity to non-target organisms. The phytochemical composition of different plants is thought to be responsible for their various modes of action. Synthetic pesticides are expensive for small-scale farmers in undeveloped regions like the Afromontane region. Investigating agrochemical alternatives will benefit small-scale farmers who cannot access these due to their high cost. This study aims to analyse and evaluate the effectiveness of homemade pest control used by a small-scale farmer in the Afromontane region. 
 
The homemade pest control mixture used by local farmers was collected, then sequentially extracted and sonicated using hexane, chloroform, ethyl acetate, methanol and water. The extracts were screened for active compounds by phytochemical analysis and characterized using ultraviolet-visible (UV-Vis) spectroscopy, Fourier-Transform Infrared Spectroscopy (FTIR), and liquid chromatography-tandem mass spectrometry (LC-MS/MS. Biological testing was used to examine for antibacterial and antifungal activities. Saponins, phenolic compounds, and terpenes were found in all of the extracts after phytochemical analysis of the samples. 
 
Through using FTIR spectroscopy, the functional groups of the extracts were detected while 
UV/Vis spectroscopy identified the presence of chromophore at a region of 220-300 nm. LCMS/MS was performed to dereplicate the analyte components with a focus on their collision induced dissociation (CID) spectra. LC-MS/MS and molecular networking enabled annotation of metabolites active in the different extracts of the homemade pesticide. Based on the connectivity of the molecular network, the homemade pest control molecular networking nodes were grouped into five clusters (1–5). Cluster 1 consists of features annotated as flavonoids, cluster 2 corresponds to compounds of the alkaloids and flavonoids, cluster 3 corresponds to amino acids and alkaloids, cluster 4 consists of fatty acids and alkaloids and cluster 5 consists of features annotated as isoflavonoids. The annotated compounds exhibited various characteristics; some were insecticidal, while others showed antimicrobial activities. 
 
The antibacterial and antifungal properties of the sequential and ultrasonic extracts were examined using microdilution. Among the tested extracts, chloroform sequentially and sonicated extracts, methanol sequentially and sonicated extracts showed the best antibacterial activity with the MIC values of 0.09-0.195 mg/ml. The antibacterial activity for sequential chloroform extract showed the best activity against all the bacterial strains, with MIC values ranging between 0.098-0.39 mg/ml. Most of the extracts tested were ineffective against the fungal strains for antimitotic activity. Only a sonicated methanol extract showed the best antifungal activity. The sonicated methanol extract showed good activity (0.39-0.78 mg/ml) against Candida albicans, C. vulgaris and Trichophyton mucoides. In the case of water extracts, no activity was observed in the gram-negative bacteria and antifungal activity. 
 
The growth of Fusarium culmorum was suppressed by the sequence water extract and sonicated hexane extract. The current study's phytochemical and annotated compounds revealed that homemade pest-control bioactive compounds such as saponins, terpenoids, alkaloids, isoflavonoids and amino acids have antimicrobial properties against a variety of pathogens. Overall, the findings indicate that the mixture contains phytoconstituents that are effective against plant pathogens and capable of killing insect pests. 
 
Keywords: Biopesticides, homemade pest control, extraction, bioactive compounds, molecular networking. 
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1 Introduction, Aims and Objectives 	 


1.1 Background 
Globally, food security is threatened by insects’ pests. This has led to the use of pesticides by farmer’s food producers to secure their yields from such pests. African countries are experiencing rapid population growth, food insecurity, and poverty, all of which have increased the use of pesticides1. Furthermore, Africans living in tropical and subtropical climates often experience high temperatures2 and moisture favourable for insects’ population growth3. This leads to insects causing a significant increase in grain loss across many regions of a warmer world, and insects are known to damage crops when they feed on them4. Hunger and malnutrition affect many areas in Africa, and with the rise in food insecurity, especially in sub-Saharan Africa, increasing food production and the use of pesticides is unavoidable1. 

1.2 Introduction 
Pesticides are chemical substances or mixtures used to prevent, destroy, or control unwanted species that compete with humans on plants5. Pesticides are classified into insecticides, herbicides, fungicides, bactericides, and they can also be classified based on the targeted pest species and the chemical composition of the pesticide6. On the other hand, the classification of pesticides based on the targeted pest species is labelled according to target organism or pest6, as shown in Figure 
1.1. 
 
	[image: ]	 
Figure 1.1: Classification of pesticides-based target organism and example of a homemade mixture 
 
Synthetic pesticides were first introduced into the agricultural industry in the early 19th century due to increased pest population and decreasing soil fertility7. Before developing synthetic pesticides, sulphur compounds were used as fungicides and arsenicals to control crop insects. Due to the high toxicity, the compounds were replaced by chlorinated pesticides8. However, dichlorodiphenyltrichloroethane (DDT), the chemical structure is shown in Figure 1.2, was the first synthetic organic pesticide and synthesized by Zeidler et al. in 18739. This offered advantages such as increased crop yield, cost-effectiveness, insoluble, easy to apply, and mortality of pests10. Despite its usefulness, the Stockholm Convention has recently debated the possible ban of DDT as a pesticide used for crops due to its environmental impact11. 


 		 
	 
Figure 1.2: Dichlorodiphenyltrichloroethane Chemical Structure 
 	 
The chemical classification of pesticides is grouped into four main groups: organochlorines, organophosphorus, carbamates, and pyrethrin12, shown in Figure 1.3. Organochlorines are organic compounds with five or more chlorine atoms attached to their chemical structure and are synthetic pesticides. DDT, lindane, endosulfan, aldrin, dieldrin and chlordane are examples of organochlorine pesticides13. In addition, organophosphorus insecticides have a phosphate group on their chemical structure14. However, organophosphorus readily decomposes, but they are toxic to both vertebrates and invertebrates. Common examples of this group include parathion, malathion, diazinon and glyphosate15. On the other hand, the carbamates group is derived from carbamic acid and has carbaryl, carbofuran, and aminocarb9. Finally, pyrethroids are synthetic pesticides that modify the structures of the pyrethrin, and they have a rapid photochemical degradation and low acute toxicity against mammals16. Biopesticides, which are naturally occurring pesticides derived from animals, plants and bacteria, are categorised into microbial, biochemical, or plant-incorporated pesticides based on the active ingredient used17. Bio-pesticides are advantageous as they are less toxic, degradable, targeted against pests, and cheaper18. 

 
 
Figure 1.3: Four main groups of pesticides
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There is growing evidence that some of these chemicals may cause harm to humans and other forms of life and cause undesirable environmental effects19. Almost every living matter on earth could be polluted by organochlorine compounds, including the lakes, oceans, fish that live in the oceans and birds that feed on fish20. The DDT does not degrade rapidly due to its half-life of 2-15 years. Hence, it is not safe to be used for agricultural purposes21. Mendelssohn22 stated that during the incorrect application of monocrotophos, organophosphorus insecticide was used to control voles in Israeli. Hundreds of kites, eagles, vultures, and owls were killed by the poisoned voles as they fed on them. Therefore, the global scientific community demanded more organic solutions in developing pesticides. Although various studies have widely been focused on the development of organic pesticides, not much research has been reported on organic homemade pest management remedies23. Therefore, this study investigates a homemade pesticide utilised by one of the smallscale farmers at the Maloti-A-Phofung municipality in the mountainous Eastern Free State region. 

1.3 Problem statement
Toxic pesticides do more than kill the pests they target. Exposure to pesticides causes many severe illnesses and diseases to humans and animals. By reducing chemical fertilisers and pesticides, soil pollution can be prevented. Not only do they pollute the soil, but they also damage the plants. Therefore, instead of these harmful toxins, farmers developed use of natural ingredients. Crop production in the Maloti region will increase when crop damages are minimized. Investigating alternatives to agrochemicals is beneficial to small-scale farmers who cannot access these due to their high cost but vital for reducing the harm done to the global environment. Indigenous or traditional knowledge and resources provide a practical way to optimise application free or with low costs. Continued study on allelochemicals can open doorways for the invention of developing new low price and environmentally friendly biopesticides. 
 
There is less to no attention given to innovative and indigenous remedies developed by small scale farmers in solving the pest problem. Deep scientific merit for these remedies is lacking due to less attention given to them. According to our knowledge, this is the first study to attend and document the chemical composition, effective pest control and other biological activites posed by a homemade pest control mixture developed by a small farmer in the Afromontane region of the Free State province. 

1.4 Hypothesis 
The plant phytochemical constituents in the home-made pest management remedy make it efficient against plant diseases and insect pests.

1.5 Aim and objectives of the study 
The overall aim of this study is to validate potential indigenous alternatives to agrochemicals used as pesticides, which, due to high costs, are unavailable for small-scale farmers in the Afromontane region. 	
 

1.5.1 Objectives  
 Collection of the mixture from Ntate Moshweshwe, Hasethunya village 
· Extract the homemade pest management remedies using sequential and ultra-sonication extraction methods 
· Characterize the extracts using FTIR, UV-Vis, and LC-MS/MS 
· Identify active compounds of the homemade pesticide for pesticidal activity  
· Analyse the biological activity of the homemade pest control mixture supplied by the farmer 	 

1.6 Outline of the dissertation
This manuscript comprises of five chapters 
Chapter 1: Background and objectives
Chapter 2: Literature review 
Chapter 3: Results and discussion
Chapter 4: Experimental 
Chapter 5: Conclusion   
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	2 Literature Review	  	 	 	 	 		 

2.1 Introduction 
Despite a long history of producing crops, small-scale farmers in South Africa face many constraints such as climate change, soil degradation, shortage of farming skills, and challenging economic times1. Insects, pathogens and weeds have been causing problems for farmers since the start of agriculture2. It is estimated that crop pests and diseases reduce about 30% of crop yield. Current literature suggests loss of crops caused by pests is a big issue for agriculture production and threatens food security3. This chapter will discuss different plant materials used as homemade pesticides, extraction methods and characterisation techniques, including the solvents used in plant extracts. 

2.2 Small-scale farming in South Africa 
South African agriculture comprises subsistence farmers and large commercial (mainly white) farmers in the former homelands4. In South Africa, the phrase "small-scale farmer" carries much baggage, produces false impressions, and is frequently considered negatively as small-scale farming is commonly used in conjunction with the type of outdated, “non-productive, non-commercial subsistence agriculture present in parts of the former homeland”5. 
 
Organic farming is ideal for small-scale farming since it relies on naturally available mineral inputs6. In addition, organic farming is an ecological and environmentally friendly production system that offers Africa and other poorer countries a variety of advantages regarding the economy, the environment, community, and cultures6. Small-scale farmers adopt pest management plans depending on their indigenous knowledge, available time, and tools. The
1 
4 
 
5 
 
management technique that organic farmers employ is to keep pest insect populations at levels that do not pose a danger to crops7. 
2.3 Pest management methods  
There are various methods that farmers rely on worldwide to manage insect pests. Some commonly used strategies include pesticides8, biological control, and natural insecticides (homemade remedies)9, which are explained in the following paragraphs. 
 
2.3.1 Biological control  
Natural enemies are used in biological control to reduce or eliminate pests. Predators, parasitism, and diseases are examples of natural enemies or biological control agents10. Natural enemies are used in different ways focused on the target pest, the host, the habitat, and the life cycle of the pest11. Biological control does not leave behind chemical residues, can provide permanent control, and is not costly10. Importation (classical biological management), augmentation and conservation are the three biological pest strategies10. 

2.3.1.1 Classical biological control  
“Classical biological control refers to the introduction of exotic natural enemies for suppressing populations of an invasive pest species”12. It is a process of renewing interconnections between pests and their natural predators to help ecosystems establish population equilibrium13. Classical biological control aims to reduce pest numbers below a harm threshold, not to eliminate them10. Classical biocontrol solves this problem by identifying herbivores or pathogens and introducing them to control insect pests10. 
 	 
2.3.1.2 Augmentation biological control  
Augmentation is an effective alternative when natural enemies are not effective enough14.The biological control methods referred as "augmentation" include irregularly introducing natural enemies, and the released agents must typically be produced commercially15. According to van Lenteren16, pests that had evolved resistant to pesticides were initially managed with augmentative biological control. However, it is now used for efficacy and cost reasons comparable to traditional chemical control. Farmers are also encouraged to utilise this type of biological control to lessen the harmful effects of pesticide use on the environment. 
2.3.1.3 Conservation biological control 
Conservation biological control is a pest management method that manipulates the environment to increase the population of naturally occurring pest enemies. A greater focus has been placed on "conservation biological control” during the past few decades17 to reduce economic losses due to pests while avoiding pesticides18. In addition, it is based on the theory that monocultures and excessively simplified farmscapes are connected with insect outbreaks19.A study was conducted to review the various techniques used in conservation biological control strategies to help preserve the environment's natural bio - diversity in farming and offer organic solutions to pesticides20. This method could help protect the agricultural environment's natural biodiversity and offer organic alternatives to pesticides. 
 
2.3.2 Pesticides  
Other farmers use pesticides to control insects and plant pathogens. Chemical pesticides are classified as synthetic and botanical pesticides. Horsak21 et al. define a pesticide as a chemical substance used to control or eradicate insects. The phrase "pesticides" refers to chemicals, including insecticides, herbicides, fungicides, biocides, and similar substances21. 
 
2.3.2.1 Synthetic pesticides 
Depending on the type of pest they control, synthetic pesticides are classified as insecticides, herbicides, or fungicides22. Some of the significant synthetic pesticide groups are (i) Organochlorines, (ii) Organophosphates, (iii) Carbamates (iv) Pyrethroids23. These are the ones discussed below. 
(i) Organochlorines 
Organochlorines pesticides are chlorinated hydrocarbons employed in agriculture and mosquito control from the 1940s to the 1960s24. These substances are classified as persistent organic pollutants because of their long-term biodegradability25. Some examples of Organochlorines are DDT and Lindane in Figure 2.126. Paul Müller discovered that DDT (1, 1, 1-trichloro2, 2-bis (p-chlorophenyl) ethane) is very toxic to insects and works faster. It is widely used because it is cheap and easy to produce in large quantities27. Organochlorine pesticides were previously effective in controlling insects28. Using these substances boosts crop production, enhances product quality, and lowers the risk of illness from insects. However, due of their persistence and environmental toxic effects, they are prohibited in the majority of nations29.   



                   b)
a)
Figure 2.1: Chemical structure of 1,1,1-trichloro2,2-bis(p-chlorophenyl) ethane) (a) & Lindane (b)26 
 
(ii) Organophosphates (OP) 
Organophosphates (phosphorus-containing compounds) were discovered in 193830. Organophosphates are distinguished by a phosphorus(P), phosphoryl (P=O) bond or thiophosphoryl (P=S) bond on their structure31. Organophosphates are believed to act by inhibiting cholinesterase enzymes32. Organophosphate is highly toxic to both vertebrates and invertebrates, and these chemicals are used against insects such as fleas, lice, flies, and mosquitoes. The organophosphates degrade more rapidly as they are less persistent in the environment than organochlorines33. As a result, OP has become commonly used as a pesticide in agriculture because it readily degrades when exposed to sunlight, air, soil, or water34. Figure 2.226 shows examples of organophosphate insecticides such as diazinon and glyphosate. 


a)               b)
Figure 2.2: Chemical structure of Glyphosate (a) and Diazinon (b)26 

(iii) Carbamates  
Pesticides containing carbamates were launched in the 1950s and are widely employed in pest management because their effectiveness35. Carbamates are N-substituted carbamic acid esters36. Carbamates mimic organophosphate by inhibiting cholinesterase enzymes that affect nerve impulse transmission37. Carbaryl and Aminocarb in Figure 2.326 are some of the most often used carbamates38. Furthermore, aldicarb is another example of carbamates with a short environmental half-life39 and is efficient against insects and nematodes40. However, carbamates can be absorbed through inhalation, ingestion, and skin contact41. 
 


      
a)                   		    	 b)		
Figure 2.3: Chemical structure of Aminocarb (a) & Carbacryl (b)3

 
(iv) Pyrethrum 
Pyrethrins are the first class of pyrethroids that were extracted from chrysanthemum flowers42. 
However, synthetic pyrethroids were manufactured in 1941 to increase activity and persistence43. The presence (type I) or lack (type II) of a cyano group (made with carbon and nitrogen) in the first position coupled to a functional group (called alpha) on the molecule has been used to classify them into two primary groupings and separated into two primary groups43 (Figure 2.4). The Pyrethrum operates faster in the environment and degrades quickly due to heat, light, and air. Pyrethroid are photolytically active and are considered fast acting and poisonous to insects at low doses44. 
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b) Type ⅰ pyrethroid: Bifenthrin 	 	 	c) Type ⅱ pyrethroid: Esfenvalerate 
Figure 2.4: Natural pyrethrin structures and two different types of synthetic pyrethroid45 

 Merely 0.1 percent of pesticides used on crops reach the targeted pests; the remainder is lost to the soil and may leach into groundwater46. However, these agrochemicals do not only kill targeted pests but non-targeted organisms as well47. Nevertheless, issues and environmental hazards are manifesting from synthetic pesticides. Humans also become exposed to pesticides by inhaling, swallowing, or skin contact48. Thus, great care must be taken to prevent pesticides from entering the environment. As a result, it is advised to consider using biopesticides as a possible alternative to synthetic pesticides. Because biopesticides have a variety of mechanisms of action, they are readily available, easily biodegradable, less expensive, and non-toxic to humans and untargeted species49.  

2.3.2.2 Botanical pesticides 
Botanical insecticides are natural compounds with insecticidal capabilities isolated from plants and utilized as an effective suitable alternative to pesticides50. Plant organs such as "barks, leaves, roots, flowers, fruits, seeds, cloves, rhizomes, and stems" are used to make botanical insecticides51. Additionally, Pyrethrum, neem, rotenone, and other essential oils are among the commercially available botanical insecticides. They also contain ryania, nicotine, and sabadilla but are limitedly used52. 
(i)  	Essential oils 
For a long time, plant essential oils have been employed for pest control53. The essential oils have a distinct aromatic odor54. Plant essential oils have a variety of uses, including luring or repelling insects, shielding the plant from warmth and cold, and releasing substances that serve as defence materials. Also, lipophilic compounds of essential oils are the components that act as toxins and feeding deterrents, and they also deter insect pests from laying eggs54. Most essential oils are monoterpene compounds that consist of ten carbon atoms and are often found in a ring or acyclic structure. As shown in figure 2.554, examples of essential oils include limonene, p-cymene, eugenol, methyl eugenol, isoeugenol, and phellandrene. The disadvantage of essential oils is that when given to plants excessively, they can be toxic to plants55. 
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Figure 2.5: Chemical structures of essential oil constituents54 

(ii) 	Rotenone  
Tropical legumes such as Derris, Lonchocarpus, and Tephrosia contain the natural pesticide rotenone in their roots or rhizomes56. Rotenone was extracted by soaking dried roots and stems of Derris elliptica in acetone57 and trichloroethylene58. Rotenone is unstable in the air and under sunlight. They degrade rapidly in soil and water59. Furthermore, they can manage insects’ pests including aphids and certain beetles60. Therefore, the mentioned qualities make rotenone a good botanical pesticide as they do not show environmental toxicity. 
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Figure 2.6: Structure of Rotenone58 
 
Due to the disadvantages of chemical pesticides, biopesticides serve as an alternative. Therefore, biopesticides have an advantage over synthetic ones because they degrade fast when sunlight, air, and moisture are exposed. They are broken down into more minor toxic compounds, less risky to non-target organisms, such as the honey-bees61. Plant extracts and essential oils are used in different countries to manage fungi, bacteria, and nematodes and work very well under controlled condtions62. Herbs are also used to combat pest attacks on crops; for example, Ocimum gratissimum L. (Lamiaceae), or African basil, is a scented used to control insects, repel mosquitoes, and kill worms63. 
 
2.3.2 Organic and homemade remedies 
Indigenous knowledge system (IKS) is local knowledge unique to a particular culture. It is a community's information base that aids communication and decision-making. In a specific culture, IKS is the knowledge that local people learn through informal experiments and a firm grasp of the environment64. The researchers have been interested in learning more about indigenous peoples' abilities and want to know how indigenous people understand, perceive and interact with the environment. Similarly, to integrate accumulated knowledge among indigenous people so that they can design it in various forms and utilise it to develop appropriate actions that will benefit their environment 65. 
 	 
The following are examples of indigenous knowledge about pest control activities. Farmers from Jharkhand in India used water logging methods to prevent termites66. Lal & Verma stated that other small-scale farmers rely on ash as it is good to prevent leaf defoliating, chewing and sucking insects. Other farmers have used plant extracts of whey, aloe barbadensis, Nicotiana tabacum, Azadirachta indica and Sapindus trifoliatus to make a homemade mixture to combat mustard insect infestations. Cow urine can be used alone or combined with Vitex negundo, Ferula asafoetida, or Nicotiana tabacum plants extracts to make efficient pesticides67. 
 
Some of the materials listed by Islam & Morshed in Table 2.168 can be utilised to make the homemade bio-pesticides described. The study aimed to examine formulations, applications, and issues with homemade combinations. The researchers68 recommended the usage of organic pest management systems because they are environmentally beneficial, affordable, and healthful. Vogl & Vogl-Lukasser reported that some home gardeners use manure from cattle, sheep, horses or hens to maintain soil fertility. Other farmers remove bugs by hand, pull the diseased portion of the plant or the entire plant or use homemade medicines to protect plants from illnesses and insect pests, such as nettle (Urtica dioica) and horsetail (Equisetum sp.) teas, soft soap, and lime69. 
However, no information was given on scientific analysis of the remedies they used.


Table 2.1: Materials that were used as homemade biopesticides and their preparation or method of application by Islam & Morshed5
	Materials that were used 
as homemade biopesticides
	Preparation/ method

	Neem or Vasaka leave

	For organic pest control, neem and vasaka leaves are often employed. Beetles, aphids, and stem borers are all controlled using this product. Farmers produce a paste out of neem or dry them, mix them with water, and apply them to the affected crops.

	Cow manure and cow urine

	The most commonly used organic pest management approach is cow dung and urine. It is effective against dangerous mites and the Cheri caterpillar and rice weevil.

	Insect repellent plants( onion, garlic and sunflower)
	Due to their odour, a farmer can plant onion, garlic, or sunflower in the middle of the major crops or combine these items to repel pests.


		 
Soaps are effective against a variety of plant pests. Soaps are used for soft-bodied arthropods like aphids. Soaps appeal to many individuals because of their ease of use, safety, and selective action. Soaps have several drawbacks, including the requirement to moisten the insect prior to application, the lack of any residual activity, and the potential to harm some plants. A soap insecticide is prepared by mixing one litre of water with 1.5 spoons of liquid soap and spraying directly on the plants' damaged areas. It is usually best to use this mixture in the evenings or early mornings rather than during the hottest part of the day70,71. 
 
Angelica Plata-Rueda172 et al. studied the insecticidal activity of garlic. The fatal and repelling effects of essential garlic oil on T. Molitor larvae, pupae, and adults were evaluated. T. Molitor is killed by essential garlic oil, which is deadly and shows sublethal effects. The mixture can be prepared by blending two garlic cloves to make the sauce with a quart of water and ginger. The mixture should be allowed to settle for at least one night. Then half a cup of vegetable oil is added, and one spoonful of soap and water fills the jar. One litre of water should be sprinkled on the affected plants72. 
 
According to Carlos73 et al., plant oils can be derived from different plant organs. They also contain fatty acids and other lipids which have pesticidal activity. Additionally, they contain lipids and fatty acids that have insecticidal properties. The most prevalent fatty acids in plant oils are palmitic, steric linoleic, and oleic. Oil-based pesticides must be administered directly to the insect or mite and have a brief residual impact. Plant oils kill delicate insects such as mites, thrips, and aphids by drying out cell membranes. To make the mixture, oil and water are mixed and used as a spray (Figure 2.7) 73. Certain fungal diseases are usually treated with horticultural and plant oils73. 
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Figure 2.773: Plant oil spray used as insecticide 
 
Farmers have been using homemade bio-pesticides for years as they are cheaper to produce. Homemade bio-pesticides are obtained directly from nature and are environmentally friendly. As a result, more research is needed to determine homemade biopesticides' chemistry to determine whether their chemical composition will not cause environmental hazards. Consequently, these will make biopesticides readily available in the market, and farmers will adapt to and refrain from highly toxic chemical pesticides. 

2.4 Extraction Methods (Liquid-liquid and ultrasonic extraction) 
Several researchers extracted pesticidal samples from plants to homemade remedies in various methodes74,75. The commonly used methods include maceration, soxhlet, microwave-assisted, ultrasound-assisted extraction (UAE), supercritical fluid extraction, and other extraction technologies that can extract bioactive chemicals from samples74. Only two methods are discussed below because they are perceived as cost-effective. 

2.4.1 Liquid-liquid extraction (LLE)  
Based on the unique solvency of the solute chemical in two solvents, liquid-liquid extraction (LLE) separates compounds from one solution to another76. Solvent extraction advantages are as follows; it consumes less energy, has a higher production capacity, is faster in action, and is easier to operate continuously and automate77. However, other processes of LLE are slow. To speed up the process, an electric current, for example, can help mix the two phases efficiently and quickly78. Figure 2.779 illustrate the liquid-liquid extraction flowchart and the phase separation occurring after the two phases have been shaken vigorously. 


 
 

Figure 2.779: Liquid-liquid extraction flowchart and the phase separation occurs after the two phases have been shaken vigorously. 
 
Vasilescu & Medvedovici80 stated that the liquid-liquid extraction (LLE) method is employed when extracting pesticide isolation in water and liquid biological samples. Mcpartland81 et al. extracted, Paclitaxel (a bioactive compound) using the liquid-liquid extraction method, and a significant fraction of Paclitaxel was recovered in dichloromethane and chloroform extracts. A researcher named Jiang82 found liquid-liquid extraction to be an effective method to isolate phenol from wastewater. 

2.4.2 Ultrasonic extraction 
Ultrasonic-assisted extraction (UAE) is an effective and rapid technique. It enhances the diffusion process by facilitating the exchange of substances in plant materials, destroying cell walls and releasing compounds of interest83. UAE has been shown by Corrales84 et al. to break down plant tissue and efficiently release active compounds in solvents. UEA has grown in popularity over the previous few decades because of its ease of use, variety, flexibility, and inexpensive investment. Ultrasound extraction for isolating phenolic compounds has increased in popularity over time because it is able to reduce the quantity of solvent and energy utilized85. The UAE aims to reduce extraction time, energy, and solvent consumption. It also allows for better mixing, energy transmission, smaller thermal gradients, and lower extraction temperatures86. Figure 2.887 show an ultrasonic extraction. 
[image: ] 
Figure 2.8: Ultrasound-assisted extraction87 
 
Hilal88 et al. used Ultrasonic-assisted extraction to investigate the thermal stability of phytochemicals. The findings showed that UAE could extract phytochemicals very fast. It is suitable for extracting polyphenol and saponins from plants such as fenugreek leaves. The kind of solvent used dictates the material to extract. Because the final extracted product sometimes contains a residual of a used solvent, it must be less harmful and unreactive with the targeted compound's89. A suitable solvent for plant extraction should be a less toxic and non-corrosive chemical that evaporates quickly74. To reduce the number of comparable compounds in the desired yield, various solvents may be used sequentially85. Several scientists used the following solvents: water, methanol, ethanol, acetone, dichloromethane, and hexane, to carry out sequential plant extractions90,75. 
 
This study used liquid-liquid extraction and Ultrasonic-assisted extraction methods to remove the active compounds in the homemade pesticide.

 	 
2.5 Characterization of the extracts 
Plant extracts are complex matrix of different compounds91. It is essential to analyse the extracts using techniques such as thin-layer chromatography (TLC), Fourier transforms infrared spectrophotometer (FTIR), ultraviolet-visible spectrophotometry (UV-`Vis) and Liquid Chromatography-Tandem Mass Spectrometry (LC-MS / MS) to identify the bioactive compounds. 
TLC is a fast chromatographic method for determining the number of chemicals in sample 92. 
 
2.5.1 Fourier Transform Infrared Spectrophotometer (FTIR)
The functional groups (chemical bonds) present in substances are characterised and identified using a Fourier Transform Infrared Spectrophotometer (FTIR)93. The wavenumber of light absorbed is distinctive of the chemical bond94. When an IR is strong or intense, the band has a large dipole and is weaker in fewer polar bonds (disappearing in some completely symmetric bonds)95. In the study by Pakkirisamy96 et al., FTIR analysis was used to identify phytochemical constituents in black turmeric. Such as N-H, O-H, C=C, C-H, C-O and CH3 functional groups. 
 
The researchers96 stated that FTIR spectroscopy has proven to be a reliable and sensitive approach to determining molecule composition. In addition, the phytochemical results revealed the presence of substances such as carbohydrates, flavonoids, steroids, phenol, alkaloid, tannin, amino acid, terpenoids, and glycosides known to have efficacy against pathogens that cause disease. Sahayaraj 94 also used FTIR spectroscopy analyses to reveal different functional groups of the Wedelia biflora plant. Ashokkumar & Ramaswamy97 studied the phytochemical screening using FTIR spectroscopic analysis. In their study, the presence of the O-H group suggests that the extract has a more significant potential for preventing the development of microorganisms. FTIR analysis aid in revealing the various characteristic peak in the extracts with various functional chemicals. 



2.5.2 Ultraviolet-visible spectrophotometry (UV-Vis)
To detect phytoconstituents, ultraviolet-visible spectrophotometry (UV-Vis) is a simple, costeffective, and quick test98,99. A UV-visible spectrum can also be utilized to determine the compound’s chromophores, aromatic rings, pi bonds, sigma bonds, and lone pair electron contents100. Aleixandre-Tudo & du Toit used this technique in their study to quantify the phenolic contents of the plant extract101. The range of polyphenol concentrations in the various samples was 
44.67 to 334.7 mg GAE/g DW. Phenolic chemicals have hydroxyl in π-conjugated systems. They have a significant absorption of UV light, which is produced by the electronic transitions of phenolic groups in π-type molecular orbitals102. Dhivya & Kalaichelvi103 utilized UV-Vis to identify the active compounds in the Sarcostemma brevistigma's extract. The flavonoid peak was visible in the UV-VIS profile at 254 and 680 nm. Flavonoids and a phenolic metabolite were confirmed by FTIR and UV-VIS spectroscopy. 

2.5.3 Liquid Chromatography-Tandem Mass Spectrometry (LC-MS / MS)  
LC-MS can identify, quantify unknown compounds, and assist to elucidate different molecules' structure and chemical properties through molecular mass determination104. LC-MS combines the separation power of High-Performance Liquid Chromatography (HPLC) and the detection power of mass spectrometry105. A mass spectrometer comprises three major parts: an ion source, a mass analyser, and a detector. A mass analyser resolves the ions either in a time-of-flight tube or electromagnetic field before detectors measure them. LC-MS comprises two phases: reverse and normal. A C18 column is commonly used in reverse-phase liquid chromatography to separate semipolar compounds, such as phenolic acids, flavonoids, glycosylated steroids, alkaloids, and other glycosylated species106. 
 
Liquid Chromatography-Tandem Mass Spectrometry (LC-MS / MS) was developed for small molecule analysis, providing higher sensitivity and selectivity for microanalysis of multicomponent substances107. Identifying novel biologically active compounds through testing natural products has been called dereplication108. Natural product dereplication reduces time, effort, and expense109. The word "dereplication" is used in screening natural product mixtures108. 
 
Direct structural information can be obtained by measuring the fragmentation spectrum (MS / MS, tandem first mass spectrometer (MS1), second mass spectrometer (MS2), or multi-round fragmentation). The LC-MS / MS dataset consists of a time series of individual full-scan first spectrometer (MS1) spectra dotted with one or more MS / MS spectra resulting from one or more fragmentation species in the first spectrometer (MS1)110. A helpful application for similarity computation is MS/MS generation by grouping MS/MS spectra into similarity networks to get an overview of the structural diversity of the sample111. 
 
The pairwise similarities between consensus LC-MS / MS spectra create a table that can be visualised in molecular networks freeware tools such as Cytoscape (www.cytoscape.org). Each node in the MS / MS network represents a consensus spectrum (ancestor information), and each edge between the two nodes indicates a connection. Cytoscape provides functions for creating edge-weighted constrained layouts for clustering closely related nodes to get an overview of the structure110. Figure 2.11112 illustrate the three crucial steps in molecular networking. From collecting MS/MS spectra to visualised molecular networking using Cytoscape. While Figure 2.12112 show how a molecular network is analysed. As a result, a molecular network is a visual representation of groups that are a chemical similarity113. 
 
The authors112 wanted to show how effective molecular networking is in supplementing conventional dereplication techniques by organizing MS/MS data based on chemical similarity. Mass spectrometry-based molecular networking was applied to a wide range of marine and terrestrial microbial samples to demonstrate its usefulness as a dereplication tool, showing the dereplication of 58 compounds, including analogues112. 
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Figure 2.11112: Show implementing molecular networking for dereplication in three phases112. From collecting 
MS/MS spectra to visualised molecular networking using Cytoscape. 
 
In Figure 2.11, step one shows the experimental method from raw material, extraction, and analysis of bacteria and cyanobacteria using LC-MS. The data were converted in step two to mzXML format, a text-based format used to represent mass spectrometry data describing the scan number, precursor mass/charge (m/z), the mass/charge ratio (m/z) and intensity of each ion seen in MS/MS. When all the data had been converted to text mzXML, spectral networks, which include MS-Clustering, were created and then imported into Cytoscape 114. In step three, the Cytoscape was used for molecular network visualisation of the different compounds. In the molecular network, the compounds are grouped based on their connectivity.
 
In a network, molecular families are clustered because structurally related natural products have comparable MS/MS fragmentation patterns115. In Figure 2:12112, sub-networks were generated in Cytoscape from isolated portions of the larger network to improve node connectivity's visibility. The associated nodes MS/MS spectra at m/z 645.0 and 705.1 corresponded to known lipopeptides in the same chemical family as Carmabin A. One node represented one consensus MS/MS spectrum and was labelled with the precursor mass in the resulting network. An edge reflects relatedness, and edge thickness denotes cosine similarity112. 
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Figure 2.12112: show how a molecular network is analysed, focusing on different clusters to annotate the compounds present in that group. 
 
The effectiveness of molecular networking compared to other platforms was investigated by Yu 116 et al. The comparison revealed that molecular networking performs better than tools such as mass defect filtering, Agilent MassHunter Metabolite ID, and Agilent Mass Profiler Professional because it was able to identify most metabolites. The molecular networking helped Watrous111 et al. to advance their understanding of the spatiotemporal dynamics of metabolite synthesis in living microbial colonies and communities. Moreover, molecular networking enables a quick comparison of mass spectrometry profiles from complex crude extracts for effective chemical dereplication and new metabolite discovery because molecular networks use high-resolution mass spectrometry parent ion fragmentation data (MS/MS)111. 
 
The techniques mentioned above were used to analyse the active compounds which might be present in extracts that can be used to manage pests and plant pathogens in my study. For instance, FTIR was used to identify functional groups, and LC-MS/MS was used to annotate different compound structures and spectra. 

2.6 Microbial assay 
Prior to the development of more complex chemical techniques, biological assays were used to assess the antibacterial activity of antibiotics117. Bioassays are techniques for determining a substance's effectiveness by analysing its pharmacological effects on living organisms (in vivo) or isolated tissues (in vitro) and evaluating these effects with those of a standard118. An extract's or a pure compound's antimicrobial activity can be assessed or screened using a range of scientific techniques. The most used methodologies are the disk-diffusion and broth or agar dilution procedures119. 
 
The minimum inhibitory concentration (MIC) of plant extracts is determined using the broth microdilution method to assess an organism's sensitivity to several antibiotics at once, whereas the zones of inhibition displayed by the extracts are determined using the disk diffusion method120. The microdilution method has the advantage of producing a quantitative result (i.e., the MIC). The main drawbacks of the microdilution approach include the time-consuming, physically demanding procedure of generating the antibiotic solutions for each test, the potential for mistakes in making the antibiotic solutions, and the comparatively high number of reagents and space required for each test121. 
 
The disc diffusion method is a qualitative procedure that involves inoculating an agar plate with a lawn of bacteria at a particular concentration and then covering the surface with paper discs coated with antibiotics121. The advantages of the disk diffusion method are that it does not need any specialised equipment, the data sets can be easily understood by looking at the disk, and it is the most affordable susceptibility test available. The absence of automated processes or mechanization in the disk test is one of its drawbacks121. 
 
The reliability and accuracy are impacted by several variables of the agar diffusion method, such as the temperature, the choice of cut-off size for the inhibitory zones and breakpoints, the thickness and consistency of the gel122. Elenav123 et al. evaluated the antimicrobial and antifungal properties using the agar diffusion method. Against the studied strains, all oils demonstrated antibacterial and highly potent antifungal activity. The resulting inhibitory zone is contrasted with the control, or agar lacking an antifungal agent and the inhibitory diameter around the disk will rise or decrease in comparison to the control agar124. 
 
The Fusarium species are significant plant fungi infections that cause a range of diseases, including scabs, head blight, and crown rot on cereal grains125,126. Fusarium species can be found in a variety of organic substrates, including soil, subterranean and aerial plant parts, plant waste, and other organic substrates126. They are also found in water systems all over the world as a result of water structure biofilms127. Fusarium is widely distributed because of its adaptability to a variety of environmental factors, its capacity to thrive on a variety of substrates, and its effective dispersal mechanisms128. The three Fusarium species that were investigated were Fusarium culmorum, Fusarium oxysporum, and Fusarium verticillioidis. 
 
The fungus Fusarium culmorum targets various areas of a wide variety of grain plants. The virus can induce severe pathological changes as well as numerous phytotoxic and harmful poisons for both humans and animals. Fusarium culmorum thrives as a fungus that grows in soil or as a parasite on crop debris, where it generates macroconidia. Infected seeds can potentially spread the infection throughout the body. The temperature and moisture content of the infection site has an impact on the pathogen's initial establishment on the host surface. Toxin build-up can be decreased by a variety of secondary metabolites generated from plants that have antioxidant properties, such as phenolic compounds and carotenoids129. 
 
Fusarium oxysporum creates a white, light blue, purple, or on common media like potato dextrose agar, a mycelial colony with a pale orange colour. Pathogens that enter the soil through the roots of plants can cause soil-borne plant diseases. The pathogen F. Oxysporum is an example of a soilborne pathogen. It has a long history of living in the soil as chlamydospores, enters the roots, spreads throughout the tissues, colonises and metastasises in xylem vessels, and kills plants by causing systemic yellowing and wilting. F. oxysporum causes infections in numerous plant species, including bananas and cabbage130. 
 
Fusarium verticillioidis are among the most widespread pathogenic fungi that cause a number of common illnesses in crops, especially maize, which presents a significant challenge to the safety of food131,132,133. F. verticillioidis infection can cause seedling blight, stalk rot, ear rot, and seed rot throughout the growth phase of maize134,135,136. The plants or seeds infected with F. verticillioidis may accumulate fumonisins, a family of mycotoxins categorized as probable carcinogens and linked to several disorders in cattle and humans137.  
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3 Results and Discussion

3.1 Introduction 
The extraction and the characterisation of homemade pesticide mixture (pest remedy) are discussed in this chapter. The phytochemical and antimicrobial assay tests were done for organic compound classes, followed by antibacterial and antifungal activity screening. The various techniques used include ultraviolet-visible (UV-Vis) spectroscopy, Fourier-Transform Infrared Spectroscopy (FTIR), and liquid chromatography-tandem mass spectrometry (LC-MS/MS). UV-Vis was utilised to identify chromophore groups to validate compound identity. FTIR, on the other hand, was used to identify structural features in the extracts and offer structural information on the suggested chromophores. Furthermore, LC-MS/MS was performed to dereplicate the chromophore analytes constituents focusing on their collision-induced dissociation (CID) spectra. The abovementioned techniques were used to identify the homemade pesticides' chemical composition and the biological activity analysis tests were also done.

The homemade pest control mixture used by local farmers was collected. The mixture contained a variety of plants/herbs, liquid soap, and cow manure, among other components. Before applying the contents to his crops, the farmer ferments the mixture for 14 days. This study did sequential extraction and sonication using hexane, chloroform, ethyl acetate, methanol and water solvents. The extracts were then subjected to phytochemical analysis. The preliminary phytochemical testing was accomplished using standard procedures described by Bargah1 to identify the various classes of constituents important for bacterial, microbial and pesticidal activity. Initially, the active compounds in the mixture were not known. Hence a phytochemical test was done to identify various classes phytochemical constituents that might be present. The phytochemical screening revealed the presence of the phytochemical groups known to have antimicrobial and insect-repellent properties.

UV-Vis was used to look for any absorption occurring 180-450nm wavelengths. FTIR is a vital tool to indicate the presence or absence of critical functional groups possessed by the active compounds23. The samples were analysed for FTIR analysis spanning a 650–4000 cm–1 wavenumber range in an attenuated total reflectance (ATR) detector. The presence of various frequencies identified the functional groups of interest. Furthermore, metabolites analysis of organic extract was performed on LC-QTOF-MS/MS. In this study, dereplicated analyte constituents were matched to database matches and literature compound molecular formulas.

Lastly, the samples were tested for antifungal and antibacterial activity using microdilution and agar diffusion methods. The microplate technique determined the minimal inhibitory concentration (MIC) values of homemade pest control extracts. The agar well diffusion method was used to examine the antifungal efficacy of various homemade pest control extracts.

3.2 Phytochemical Testing 
In order to separate constituents based on polarity, several solvents with varying polarities were used for the extraction process. The crude extracts were subjected to phytochemical screening to identify various phytochemical constituents. A ferric chloride test was used for phenolic compounds (flavonoids), the sulphuric acid test for terpenoids, a foam test for saponins and the alkaloids were tested using Mayer's test1. The existence of bioactive metabolites in hexane, chloroform, ethyl acetate, methanol, and water extracts was confirmed using colour reactions testing for particular organic compound classes. Phytochemicals are natural chemicals created by plants6 and plants rely on them to defend themselves from other animals, insects, pests and pathogens7. Phytochemicals such as flavonoids, tannins, saponins, alkaloids, and terpenoids were found to have the properties to be used as colouring agents, drug flavouring agents, insecticides, pesticides, antibacterial and antifungal products8.

Table 3.1 shows the phytochemical test results of sequence extracts. The crude extracts of hexane, chloroform, ethyl acetate, methanol and water tested positive for flavonoids, terpenoids, and saponins except for alkaloids. The results confirm the presence of the phytochemical groups known to have antimicrobial and insect-repellent properties. 







 
Table 3.1: Phytochemical test results of sequence extracts  
	 
	Hexane extract 
	Chloroform  extract 
	Ethyl acetate extract 
	Methanol  extract 
	Water  extract 

	Alkaloids 
	- 
	- 
	- 
	- 
	- 

	Flavonoids  
	+ 
	+ 
	+ 
	+ 
	+ 

	Terpenoids 
	+ 
	+ 
	+ 
	+ 
	+ 

	Saponins 
	+ 
	+ 
	+ 
	+ 
	+ 


Positive +, negative – 
 
These results show that the homemade pest control under study has chemical compounds that can manage pests and pathogens. The farmer uses water to make his homemade remedy. Water extracts also show positive results, which would mean mild conditions and green chemistry for environmental preservation. 
 
Table 3.2 shows the phytochemical test results of sonicated extracts. The phytochemical screening tested positive for flavonoids, terpenoids, and saponins, while alkaloids have shown negative effects again. The absence of alkaloids was consistent with the results of sequence extraction method. The absence of alkaloids could be due to their low concentration in the extracts under study. The phytochemical test results from sequential extraction, and sonicated extracts were similar based on the positive and negative results obtained for the extracts.
 
 
 Table 3.2: Phytochemical test results of sonicated extracts 
	 
	Hexane extract 
	Chloroform  extract 
	Ethyl acetate extract 
	Methanol  extract 
	Water  extract 

	Alkaloids 
	- 
	- 
	- 
	- 
	- 

	Flavonoids  
	+ 
	+ 
	+ 
	+ 
	+ 

	Terpenoids 
	+ 
	+ 
	+ 
	+ 
	+ 

	Saponins 
	+ 
	+ 
	+ 
	+ 
	+ 


Positive +, negative – 
 
The flavonoids which are present in most plants tested positive; they are feeding repellents, and they are used for insect pest management5. They are, therefore, significant indicators of possible pesticidal activity. Lattanzio6 et al. stated that phenolic could be used as a natural biological pesticide to ward off intruding pests and plant pathogens. Further research has shown that flavonoids protect plants from biological and chemical challenges such as UV rays, pathogens and insect pests by altering their behaviour, growth, and development7,8. 
 
Hexane, chloroform, ethyl acetate, methanol and water extracts also tested positive for terpenoids. Terpenoids are plant's active compounds vital for biopesticides and novel pesticides, according to a study by Cavoski et al. 8. The phytochemical compounds in the extracts, such as terpenoids, can exhibit insecticidal activities and be used for insect pest management10. The antiparasitic and deterrent properties of terpenoids were investigated by Plata-Rueda11 et al., who discovered that terpenoids in the plant induced rapid insect mortality.  
 
Furthermore, saponins were present in hexane, chloroform, ethyl acetate, methanol and water extracts. A study has shown that saponins include antifeeding agents, control the growth of many insect species, and can exhibit toxicity against insects12. However, alkaloids were expected to be present as most. 

3.3 Ultraviolet-visible spectroscopy (UV-Vis) 
The identified phytochemical compounds were further characterised by UV-Vis spectroscopy. These compounds have chromophore groups that absorb radiation, and due to chromophores, many organic molecules can absorb ultraviolet /visible radiation. UV/Vis absorption can be affected by parameters such as solvent, pH and degree of conjugation13. The phytochemicals identified by phytochemical testing above have aromatic, carbonyl, hydroxyl and hydrocarbon functional groups. Carbonyl groups absorb visible light at 280 nm, aromatic compounds absorb light between 230 and 330 nm13, while C-H bonds absorb light at 125 nm. These absorption regions will be the wavelengths of interest in this UV-Vis analysis.  
 
At a range of 240-300 nm, a clear broad absorption peak was observed for water, hexane and methanol extracts. In contrast, for ethyl acetate and chloroform extracts, this peak was so small and assumed to be insignificant (see Figure 3.1 (a)). This peak is observed for both sequence and sonicated extracts. It is worth noting that though the peak is very small for ethyl acetate and chloroform extracts under sequence extraction, it is clearly visible under sonicated extraction. Sonication extraction therefore was able to better give higher concentrations of the chromophores than sequence extraction. The broad peaks at about 230 - 290 nm are ascribed to π → π* transition by literature13. Aromatic compounds are among compounds going through transitions known as π → π* because they are among the compounds with pi bonds and absorb between 230 and 330 nm. Therefore, some aromatic moieties are present in extracts with notable absorption peaks in the mentioned range.  
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Figure 3.1 a): UV-Vis spectra of sequence extracts. The homemade pest remedy was sequentially extracted using hexane, chloroform, ethyl acetate, methanol, and water. 
b): UV-Vis spectra of sonicated extracts. The homemade pest remedy was sequentially sonicated using hexane, chloroform, ethyl acetate, methanol, and water. 
 
Furthermore, this means that extracts with higher absorbance will have a higher concentration of the constituents as the Beer-Lambert law states that a solution's absorbance is directly correlated with the concentration of the absorbing substance present in the solution and route length14. 
 
The vital chromophore shared by several pesticides has the ground-state absorption of π→π* between 250 nm and 300 nm, according to Da Silva15 et al., which belongs to aromatic groups. Only hexane extracted showed absorption at 221 nm, indicating the presence of a carbonyl group. In the presence of chromophore functional group C=O, Musa16 et al. reported that the wavelength around 236 nm usually occurs during the transition between nonbonding electrons and antibonding orbital (n → π*). This transition is due to lone pairs of electrons in carbonyl molecular orbitals. Therefore, the homemade pest management remedy has organic chromophores, as shown by 220 nm and 300 nm absorptions for the possible presence of carbonyl and aromatic groups, respectively. 
 
Sonicated extract of chloroform shows a broad absorption peak at 270 nm while hexane, ethyl acetate, methanol and water extracts had the same broad absorption peak at 276 nm. Polar solvents have low absorbance, whereas non-polar solvents, especially chloroform extract, have higher absorbance. Due to the observations, the findings show that hexane, chloroform and methanol sequence extracts have higher constituted concentrations. 
 
Phytochemical test showed the presence of terpenoids in the extracts. Similar observations were reported by Manasa17 and Haritha18 et al., who stated the presence of terpenoids with a UV-Vis absorption peak at the 200-350 nm range. Moreover, Upasani 19et al. reported that the absorption region for flavonoids is between 250 nm and 370 nm. The extracts also exhibited peaks in the same region in this study. The phytochemical test showed saponins' presence. Mutsi et al. reported that saponins absorption is around 280 nm20. The significant bands of saponins appear in the range of 270-320 nm21. According to reviewed literature, all the specified phytochemicals have insecticidal properties22. 
 
The UV-Vis spectroscopy absorption region of the extracts was found between 220-300 nm, and it matches with the absorption region of identified phytochemical compounds. The results of the phytochemical test and absorption on the UV/Vis spectra reveal the existence of bioactive compounds with biopesticides potential. Therefore, the results show that the mixture contains phytoconstituents to manage pests and plant diseases. 

3.4 Fourier-Transform Infrared Spectroscopy (FTIR) 
FTIR spectroscopy (Perkin-Elmer Spectrum 100) was utilised to identify functional groups present in the extracts. The FTIR results of the sequence and sonicated extracts are assigned to various functional groups23 expected for the chromophores, and their spectra are presented below in Figures (3.2-3.3). The presence of N-H stretching frequency will indicate alkaloids identity, C=C and O-H stretching frequencies for flavonoids. At the same time, for terpenoids and saponins, CH, C=O, and C-O-C will be functional groups of interest24. 
 
3.4.1 FTIR spectra of sequential extracts   
The FTIR spectra of sequence extracts are shown in Figure 3.2. There is a broad O-H stretching absorption band at 3305 cm-1 in all the extracts, and highly intense and more prominent for the water and methanol extracts. The intensity for water and methanol extracts is attributed to the solvents water and methanol, which possess in addition the O-H functional group, and it was not easy to completely get rid of the solvent during the drying process. The identification of O-H indicates the presence of flavonoids, as they are mostly phenolic in structure. Stretching vibrations of the aliphatic C-H symmetric and asymmetric stretching vibrations are observed at the 2950-2850 cm1 range for all the extracts, indicating the presence of hydrocarbons, a characteristic of terpenoids with their subclasses such as saponins.  
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Figure 3.2: FTIR spectra of sequence extracts. The graph shows FTIR spectra of hexane, chloroform, ethyl acetate, methanol, and water extracts. 
 
Two sharp absorption bands around 1500-1650 cm-1 are assigned to the symmetric and asymmetric C=O vibrations, which can be attributed to the oxygenated derivatives of terpenoids, and saponins. Using a water extract as an example, these absorption bands are found at 1551 cm-1 and 1642 cm-1 for the symmetric and asymmetric carbonyl groups, respectively. The broad O-H absorption band around 3305 cm1 and the sharp C=C-C absorption band around 1419 cm-1 of aromatic ring stretch were found in all the extracts; this confirms the presence of flavonoids. Some flavonoids contain hydrogen atoms adjacent to the hydroxyl groups, double bonds in the benzene rings, and oxo functional groups (C=O) that contribute to their antioxidant activity25. Masek26 et al. found two absorption band around 1634 cm-1 and 3401 cm-1 related to O-H of alcohols and phenols. Similar absorption band were found in figure 3.2, suggesting the presence of flavonoids. 
 
The extracts have all the functional groups that identify the presence of saponins. Saponins have (-OH) at 3429 cm-1, the C-H at 2922 cm-1, C = C at 1619 cm-1, and C=O at 1740 cm-1, the C-O-C at 1034 cm-1 27. Saponins possess antimicrobial and insecticidal activities28. Phytochemical testing detected the presence of terpenoids. Terpenoids are secondary metabolites in essential oils and are a complex combination of volatile chemicals29. Terpenoids are hydrocarbons (C-H)30 and have insect-deterrent, bactericidal, and herbivore-repellent qualities31. Alkaloids are confirmed by O-H, N-H, C=O and C-H stretching groups32,33, and they have been shown to manage insects, herbicides, fungi, and bactericia34. Taking water extract as an example, there is a C-N stretch around 1046 cm-1 for primary amine. Alkaloids, distinguished by heterocyclic nitrogenous molecules with C-N bonds, were detected using FTIR. Although phytochemical studies were unable to identify alkaloids, it appears that FTIR could confirm the presence of alkaloids. Alkaloids have also been shown to manage insects, herbicides, fungi, and bactericia34. 
 
3.4.2 FTIR spectra of sonicated extracts  
The FTIR spectra of sonicated extracts are shown in Figure 3.3. The spectra show a broad O-H stretch at 3353 cm-1 and a small C-H stretch absorption band at 2913 cm-1 for hexane, chloroform, ethyl acetate and methanol extract as observed on sequence extraction. The water extract does not show any absorption band in this region. There is a prominent and sharp C=C stretching absorption band around 1648 cm-1 and a medium C=O stretch absorption band at 1648 cm-1 for all the extracts. There is also a strong C-N band at 1017 cm-1 that usually occurs in aromatic amines. The C=C-C around 1407 cm-1 is utilised as an estimate of the characteristic aromatic ring stretch.
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Figure 3.3: FTIR spectra of sonicated extracts. The graph shows FTIR spectra of hexane, chloroform, ethyl acetate, methanol, and water extracts. 
In this Figure 3.3, the functional groups identified for sonicated extracts were O-H, C=O, C=C aromatic stretching, C-H, and C-H bending. The oxygenated derivatives of terpenoids, saponins, are responsible for two distinct peaks in the symmetric and asymmetric C=O vibrations at about 1500–1650 cm-1. The symmetric and asymmetric carbonyl group absorption band in all the extracts can be seen at 1545 and 1648 cm-1, respectively. Pharmawati35 et al. identified the peak at 1654 cm1 as the C=O conjugate. Mondal36 et al. confirmed the saponins by O-H stretch band at 3321 cm-1, aliphatic C-H groups at 2929 cm-1, the absorption band of the C=C bond at 1608 cm-1 and the C=O functional groups of carboxylic acid or ester. Dutta37 et al. used FTIR spectroscopy to validate the terpenoids pyrolysates by detecting strong CH3 (1377 cm-1) and other CHx (3000-2800 and 1460-1450 cm-1) aliphatic and the aromatic C=C (1560-1650 cm-1) absorption in the Indian resins. 
 
The functional groups identified in both Figure 3.2 and Figure 3.3 are similar, except for the sonicated water extracts that did not have the C-H stretch. It is not clear why the sonicated water extract could not show this band. The FTIR spectra of the two extraction methods confirmed the presence of flavonoids, saponins, terpenoids and alkaloids. Sonication method give sharper and smoother spectra in comparison with sequential method indicating a better extraction method. FTIR analyses aid with the identification of possible functional groups in the extracts. Terpenoids were found by hydrocarbons (C-H), C=O and C-O stretch, saponins by O-H, alkaloids by C-N, N-H and flavonoids by O-H and C=O stretch. The FTIR results also support the findings of phytochemical testing and absorption on the UV/Vis spectra by confirming the existence of bioactive compounds and further suggested the presence of alkaloids which were not identified by phytochemical testing. 

3.5 Liquid Chromatography with tandem mass spectrometry (LCMS/MS)  
The crude extracts were immersed in methanol for LC-MS/MS analysis, and the data were analysed using a molecular networking approach38. The analysis was performed in reversed-phase and positive mode using an electrospray source (ESI) with collision energies of 30 eV. Original data were turned into an mzXML file and processed with MZmine 2 (ver. 2.34) to create MS1based peak lists with feature-associated MS2 spectra41. The processed MS2 data was then submitted to the Global Natural Product Social molecular networking (GNPS; www.gnps.ucsd.edu) platform39, which creates molecular networks based on similarities between fragmentation spectra and performs database searches of repository spectra to identify possible compound matches38. The generated molecular network was displayed in Cytoscape 3.9.039. Additionally, the homemade pesticide molecular networking nodes are organised into five clusters (1-5) based on the connectivity of the molecular network. 
 
LC-MS/MS was used to replicate the components of the analysed homemade pest remedy extracts based on the collision-induced dissociation spectra. Still, some nodes were left unattached from any networks due to a lack of related substances in the data or poor quality of the associated MS/MS spectra. However, GNPS could annotate some of the nodes in different groups while others are unknown. Moreover, the annotated compounds had different properties. Some had antimicrobial activities, whereas others had insecticidal properties. Examples are laxapur (flavonoid), imperialine (alkaloids), artemisinin, alpha-tocopherol, undecaethylene glycol (flavonoid), imperatorin (flavonoid) and derrustone (flavonoid), with antimicrobial activities47, 49, 58,63,70,76,82. Thus, N-methylanthranilic acid (alkaloid), conjugated linoleic acid, derrustone(flavonoid), iprovalicarb (alkaloids), fuziline(alkaloids), linoleic acid ethyl ester, lipopeptides (alkaloid), imperatorin (flavonoid) and undercaethylene (flavonoid) had insect-repelling activity62, 65, 68, 79, 82. 
 
Cluster 1 
Cluster 1 contained 16 nodes, and 9 out of 16 compounds were annotated by library matching, namely P-tert-octylphenol heptaglycol ether, p-tert-octylphenol nonaglycol ether, p-tertoctylphenol hexaglycol ether, p-tert-octylphenol decaglycol ether and undecaethylene glycol. This cluster in Figure 3.4 consists of features annotated as phenols characterised as flavonoids. 
 
  

 
Figure 3.4: Annotated molecular network of cluster 1. Distinct colours on nodes represent different solvent extracts. A dark green=ethyl acetate sequence extract, lime=chloroform sequence extract, lavender=hexane sequence extract, dark blue= hexane sonicated extract, and a dark purple= chloroform sequence extract 
 
In figure 3.4, it shows more dark and light green nodes than any other colours. This means that ethyl acetate and chloroform sonicated extracts could extract most compounds in this cluster. P-tertoctylphenol heptaglycol ether was found in ethyl acetate and chloroform sequence extracts, sonicated chloroform, and hexane extract. In addition, p-tert-octylphenol nonaglycol ether was present in hexane, chloroform and ethyl acetate sequential extractions. Lastly, p-tert-octylphenol decaglycol ether is present in ethyl acetate, chloroform and hexane of sequential extract. 
 
The identified flavonoids in this cluster represent various phenol isomer compounds of the general formula C6H4 (OH) C8H17. They belong to a large family of alkylphenols, including alkyls ranging from C1 to C12, butyl-phenol (C4), nonylphenol (C9) and dodecylphenol (C12)40. Alkylphenols are used as a wetting agent for pesticides41. They are also used as emulsifiers or dispersants in pesticide or herbicide formulations42. Ethyl acetate and chloroform sequence extracts, sonicated chloroform, and water extract all contained p-tert-octylphenol heptaglycol ether. Additionally, sequential extractions using hexane, chloroform, and ethyl acetate revealed the presence of p-tert-octylphenol nonaglycol ether. Ethyl acetate, chloroform, and hexane of the sequential extract include p-tert-octylphenol decaglycol ether. 
 
Undecaethylene glycol is also found in this cluster and is known as poly(ethylene glycol)43. Chirife44 et al. reported that concentrated polyethene glycol 400 (PEG 400) solutions demonstrate antimicrobial activity against Klebsiella pneumoniae, Pseudomonas aeruginosa, Escherichia coli, and Staphylococcus aureus. Propylene glycol showed bactericidal activity against S. mutans, E. faecalis, and E. coli in Nalawadeet et al45. Moreover, this compound was present in sequence ethyl acetate and chloroform extracts, but it is a highly concentrated sequence ethyl acetate extract. The chemical structure of this compound is shown in Figure 3.5. 
 


Figure 3.5: Chemical structure of undecaethylene glycol 
 
Cluster 1, therefore, identified the types of flavonoids present in the homemade mixture. 
 
Cluster 2 
Cluster 2 contained 12 nodes. Library matching molecules annotate the nine compounds as imperialine, putative orn, lipopeptides, fuziline, megestrol-17-acetate, danthron and protoporphyrin IX. This cluster in figure 3.6 corresponds to alkaloids compounds.  
  
Figure 3.6: Molecular network of cluster 2, distinct colours on nodes represent different solvent extracts. A dark green=ethyl acetate sequence extract, lime= chloroform sequence extract, lavender= hexane sequence extract, dark blue= hexane sonicated extract, a dark purple= chloroform sequence extract, brown= sonicated ethyl acetate extract, maroon= methanol sonicated extract, light pink= water sequence extract, dark pink= water sonicated extract and light blue= methanol sequence extract. 
 
There are more dark and light green nodes, but all the colours are also present in Figure 3.6. In this cluster, all the solvents could extract some of the compounds. However, ethyl acetate, chloroform, and hexane sonicated extracts could extract most compounds. Imperialine was found in ethyl acetate sequence extract and chloroform sonicated extract. Fuziline was present in ethyl acetate, chloroform of sequence extract and sonicated hexane extract. Lipopeptide was present in all the extracts except in the sequential chloroform extract. Danthron was found in ethyl acetate sequence extract and hexane sonicated extract.  
  
Imperialine (C27H43NO3) is an isosteroid alkaloid, and its chemical structure is shown in Figure 3.7. Steroid alkaloids are nitrogen derivatives of natural steroids with a basic steroid skeleton and one nitrogen atom46. Alkaloids are being applied to produce novel antibacterial drugs47. Zhou et al. tested the potential of alkaloids against methicillin-resistant Staphylococcus aureus and methicillin-sensitive S. aureus. The antibacterial activity of steroidal alkaloids has been discovered48. Additionally, Imperialine was found in ethyl acetate sequence extract and chloroform sonicated extract. About 65 % of the compounds were extracted by ethyl acetate sequence extract, and the remaining was extracted by chloroform sonicated extract. 


Figure 3.7: Chemical structure of Imperialine 
 
Fuziline (C24H39NO7) is a diterpenoid alkaloid isolated from radix preparata of Aconiti lateralis radix preparata49. Some diterpene alkaloids are insect repellent50. Furthermore, this compound is present in ethyl acetate, chloroform of sequence extract and sonicated hexane extract. This compound is highly concentrated in ethyl acetate sequence extract followed by sonicated hexane extract and chloroform of sequence extract. Figure 3.8 show the chemical structure of fuziline. 

 
Figure 3.8: Chemical structure of Fuziline 
 
Notably, the sharp and prominent C–N stretch band at 1017 and 1046 cm-1as for C–N detected by FTIR allows confirmation of the presence of alkaloids such as imperiline and fuziline that LCMS/MS annotated. 
 
Other biologically active compounds found in this cluster were lipopeptides and danthron though they do not fall under a class of possible pesticides as the chromophores mentioned earlier. Lipopeptide is a biosurfactant nonribosomally synthesised by a large multienzyme complex called the Non-ribosomal Peptide Synthetases51. These compounds are considered biological pesticides that can be used instead of synthetic insecticides that strongly impact the environment52. 
Lipopeptides from the genus Bacillus have strong efficacy against insects and parasitic organismis53. It is present in all the extracts except in chloroform sequential extract. The extracts have extracted an equal proportion of this compound.  
Danthron (C14H8O4) (Laxipur), on the other hand, is an anthraquinone derivative54. Danthron is reported to be used as a fungicide in agriculture55. Anthraquinone has antibacterial and antifungal activities56. Additionally, it was found in ethyl acetate sequence extract and hexane sonicated extract. The two solvents were able to extract the same proportion of these compounds. The chemical structure of the danthron is shown in Figure 3.9. 


 
 Figure 3.957: Chemical structure of Danthron 
 
This cluster showed the presence of both alkaloids compounds. 

Cluster 3  
Cluster 3 contained ten nodes. 7 out of 10 compounds were annotated by library matching, namely 3-methyladenine, 4-hydroxy-3-(3-methylbut-2-enyl) benzoic acid, N-methylanthranilic acid, tributyl phosphate, and 1-[3-methoxy-4-[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6[[(2R,3R,4R,5R,6S)-3,4,5-trihydroxy-6-methyloxan-2-yl] oxymethyl] oxan-2-yl] oxyphenyl] ethanone. This cluster in Figure 3.10 consists of features annotated as amino acids. 
 
 
 

 
Figure 3.10: Molecular network of cluster 3, different colours on nodes represent different solvent extracts.  
Dark green= ethyl acetate sequence extract, lime= chloroform sequence extract, and dark blue= hexane sonicated extract 
In this cluster, ethyl acetate sequence extract extracted most compounds hence, figure 3.10 shows more dark green than light green and dark blue node. 4-hydroxy-3-(3-methylbut-2-enyl) benzoate was extracted by ethyl acetate of sequence extract and hexane and chloroform of sonicated extract. NMethylanthranilic acid was found in ethyl acetate of sequence extract and sonicated hexane extract. 
4-hydroxy-3-(3-methylbut-2-enyl)benzoate (C13H16O3) is a prenylated p-hydroxybenzoic acid derivavities58. 4-Hydroxy-3-(3-methylbut-2-enyl) benzoic acid has antibacterial properties in the study of Orjala et al58. However, it was extracted by ethyl acetate of sequence extract, hexane and chloroform of sonicated extracts. This compound was primarily concentrated in ethyl acetate of sequence extract and a small proportion in sonicated hexane and chloroform extracts. The Chemical structure of Methyl 4-hydroxy-3-(3-methylbut-2-enyl)benzoate is shown in Figure 3.11. 

 
Figure 3.1159: Chemical structure of Methyl 4-hydroxy-3-(3-methylbut-2-enyl)benzoate 

N-Methylanthranilic acid (C8H9NO2), shown in Figure 3.12, is one of the essential precursors of protein amino acids in alkaloid biosynthesis60. According to Yeasmin61 et al., N-Methylanthranilic acid is also a photoproduct of Azinphos-methyl. In addition, Azinphos-methyl is a widely used organophosphate pesticide62. Furthermore, this compound was highly concentrated in ethyl acetate of sequence extract compared to sonicated hexane extract. 

 
Figure 3.12: Chemical structure of N-Methylanthranilic Acid  
 
N-methylanthranilic acid can be categorized as an alkaloid derivative due to the amine (N-H) group connected to its structure. As a result, this cluster demonstrated the existence of alkaloids and compounds with features of amino acids. 
Cluster 4 
Cluster 4 contains eight nodes. All the compounds were annotated by library matching, namely linolenic acid, linolenic acid ethyl ester, conjugated linoleic acid, alpha-tocopherol, ipravalicard, and (2S)-1-[2-[(3-hydroxy-1-adamantyl) amino]-1-oxoethyl]-2-pyrrolidinecarbonitrile. This cluster consists of fatty acids.  
 
Figure 3.13:  Molecular network of cluster 4, distinct colours on nodes represent different solvent extracts. A dark green=ethyl acetate sequence extract, lime= chloroform sequence extract, dark blue= hexane sonicated extract, a dark purple= chloroform sequence extract, brown= sonicated ethyl acetate, and lavender= hexane sequence extract  

The molecular network for cluster 4(figure 3.13) shows more dark green nodes; this shows that hexane sonicated extract could extract more compounds in this cluster. Followed by chloroform sonicated extracts and sonicated ethyl acetate. Lastly, hexane sequence extract, chloroform extract and ethyl acetate extract are only shown to extract one compound each. Linolenic acid was extracted by hexane. Linoleic acid ethyl ester was only extracted by ethyl acetate through sonication. Conjugated linoleic acid sequence hexane extract, ethyl acetate, and chloroform sonicated extract. Alpha-tocopherol was found in sonicated chloroform and hexane extracts. Artemisinin sonicated hexane and ethyl acetate extract. It is also extracted by ethyl acetate sequence extract. Iprovalicarb was only extracted by chloroform sequence extract. 
 
Linolenic acid (C18H30O2) belongs to the essential fatty acid omega-363. Fatty acids are a vital ingredient for antimicrobial food additives that suppress the growth of unwanted microorganisms64. Furthermore, the compound was only extracted by hexane sonicated extract. 
Figure 3.14 show the chemical structure of linolenic acid. 	 



Figure 3.14: Chemical structure of Linoleic acid 

In the study of Sudha et al., linoleic acid ethyl ester was reported to have nematicide and insectifuge activity65. Moreover, the molecule was only extracted by sonicated ethyl acetate extract, and the chemical structure is shown in Figure 3.15. 

 
Figure 3.15: 66 Chemical structure of linoleic acid ethyl ester 

Conjugated linoleic acid (C18H32O2) (Figure 3.16) is a fatty acid with two double bonds in its structure67. Conjugated linoleic acid showed desirable insecticidal properties such as increased larval mortality, delayed larval growth, inhibitory effect on feeding, and reduced egg survival after maternal ingestion68. According to Clements et al., CLA can be an effective biorational pesticide68. This compound is highly present in chloroform sonicated extract, followed by sequence hexane extract, sonicated ethyl acetate, and chloroform extracts.  




 
Figure 3.16: Chemical structure of conjugated linoleic acid 
 
Alpha-tocopherol (C29H50O2) is a lipid-soluble molecule belonging to the vitamin E compounds69, and the chemical structure is shown in Figure 3.17. In Andrade70 et al., α-tocopherol inhibited S. aureus and E. coli. According to Ghimire71 et al., a leaf's immense level of α-tocopherol could increase antimicrobial activity. A higher proportion of this compound was found in sonicated chloroform than in sonicated hexane extract. 

 
Figure 3.17: Chemical structure of Alpha-tocopherol 
 
Artemisinin (C15H22O5) (Figure 3.18) is a natural sesquiterpenes lactone derived from the herb Artemisia annua72. The Asteraceae are the primary plants that produce sesquiterpenoids, a large and diverse class of compounds with various functions, including inhibition of microorganisms73. These sesquiterpenoid compounds are crucial to combating increased antibiotic resistance in other plant species and may affect microbial community74,75. In addition, the compound is present in sonicated hexane and chloroform extract. It is also extracted by ethyl acetate sequence extract. The sonicated hexane extract extracted a higher concentration of artemisinin, followed by chloroform sonicated extract, and a small proportion was extracted by ethyl acetate sequence extract.  


 
Figure 3.18: Chemical structure of Artemisinin 
 
Iprovalicarb (C18H28N2O3) is an antifungal compound76. Iprovaricald has a good toxicology profile. It also has an intense bactericidal action against Plasmopara viticola, Peronospora vicia, Alternaria sp, and Phytophthora sp found in grapes, potatoes, tomatoes, tobacco and vegetables76. This compound was only extracted by chloroform sequence extract, and the chemical structure is shown in Figure 3.19. 

  
Figure 3.19: Chemical structure of Ipravalicard 

This cluster showed the presence of both fatty acids and alkaloids. Due to substituting an (N-H) group in its structure, ipravalicard can be classed as an alkaloid derivative. 
Cluster 5  
Cluster five contains five nodes. Two out of five compounds of the extracts were annotated by library matching, namely imperatorin and derrustone. It consists of features annotated as isoflavonoids. 
 
Figure 3.20:  Molecular network of cluster 5, a colour on nodes represents different solvents extract. The lime= chloroform sequence extract. 
 
Imperatorin and derrustone were only found in sequence chloroform extract. Imperatorin (C16H14O4) is a secondary metabolite of the coumarins, specifically the furanocoumarins77. Plants containing imperatorin are antibacterial78 and insect repellent79. Additionally, it was only found in sequence chloroform extract. The chemical structure of imperatorin is shown in Figure 3.21. 


 
Figure 3.21:  Chemical structure of Imperatorin 
Derrustone (C18H14O6) (5,7-Dimethoxy-3',4'-methylenedioxyisoflavone) is extracted from the Derris Robusta plant80. The biological activity of derrustone has not been reported so far81. However, isoflavonoids have a wide range of bioactivity. It has insecticidal and antimicrobial properties82. In addition, it was only found in sequence chloroform extract. The chemical structure of derrustone is shown in Figure 3.22. 

 
Figure 3.22: Chemical structure of Derrustone 
Isoflavonoids are a subclass of flavonoid phenolic chemicals; imperatorin and derrustone are two examples. The active compounds corresponded to features annotated as phenols, alkaloids, fatty acids, and isoflavonoids. Except for alkaloids which are not identified by UV-Vis analysis, the above compounds correspond to the functional groups found with FTIR and UV-Vis analysis. The phytochemical test did not confirm the presence of alkaloids. LC-MS/MS is a technique with higher precision in the identity of chemical compounds. It revealed the presence of alkaloids even though other techniques did not detect them clearly. Liquid chromatography with tandem mass spectrometry (LC-MS-MS) combines the capacity to separate substances using liquid chromatography with the extremely sensitive and selective mass analysis capabilities of triple quadrupole mass spectrometry.  
The extraction methods vary considerably, and the sequence extraction method could extract more chemicals. The networks show that ethyl acetate extract, chloroform sequence extract, and sonicated hexane extracted more compounds than other solvents. Sequence extraction is shown to have been the best method in this study than the sonicated method. For sequence extraction, homemade pest control and solvents were stirred for 24 hours, while for sonicated extraction method, it was only sonicated for 15 minutes. The results show that time, solvent and the extraction procedure affect the bioactive compounds. 
The results show that the homemade pest control extracts have active compounds that are effective against plant pathogens and could kill insect pests. The properties of the annotated compounds from the literature show that the bioactive compounds in homemade pest control can manage plant pathogens and repel insects. All spectra can be found on GNPS at https://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=97271668ab52445c97ec77623a72efc0. 

3.6 Biological testing  
This section aims to diversify the possible application of the homemade mixture, not limited only to pesticide effects. Tests and analyses done above suggest that there is a potential to multi-purpose the homemade mixture under this study. Antifungal and antibacterial activities are therefore explored. 
 
3.6.1 Broth microdilution antibacterial and antifungal results 
The microplate method determined homemade pest control extracts' minimal inhibitory concentration (MIC) values. To test the antibacterial activity of the extracts, Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, Staphylococcus epidermidis, Bacillus cereus, Bacillus pumilus, Enterococcus feacalis, Proteus vulgaris, and Shigella flexneri bacterial strains were used. For antifungal screening, Candida albicans, C. vulgaris and Trichophyton mucoides were used as test microorganisms. The microorganisms mentioned above are human pathogens. We used these organisms because human pathogens also use plants as alternative hosts; they were easily accessible, and there are reports about human pathogens contaminating the plants. 
 
In the past few years, there have been increasing reports of infections brought on by eating vegetables infected with human pathogenic microorganisms83,84. One of the potential causes of contamination with such pathogens during vegetable production is the use of organic fertilisers. Plants are additional hosts for many human pathogenic bacteria, including Salmonella enterica serovar Typhimurium, Escherichia coli, and Pseudomonas aeruginosa85,86. For instance, Shigella contamination in plants has been documented, but it is not known whether the bacteria actively invade or multiply there87. In vegetable production, there are various ways in which contamination by human pathogenic microorganisms can occur. For example, using contaminated water for irrigation, soil, or direct contact could spread pathogens to the plants88. 
 
Table 3.4 summarises the findings of the extracts' general screening for antibacterial activity. Compounds with lower MIC values are more effective antibacterial agents since they need less antibiotic to stop the organism's growth. The extracts were considered highly active (highlighted yellow in table 3.4) with MIC values between 0.098 and 0.78 mg/ml, moderately active 
(highlighted blue in table 3.4) at 1.56 mg/ml and poor activity between 3.125 and 12.5 mg/ml. 
Table 3.4: Antibacterial activity of homemade pest control extracts (MIC in mg/ml) 
	Extract 	 
	
	
	Bacteria 
	
	
	
	

	methods and 	E. 
solvents 	coli 
(-) 
	K. 
pneumoniae 
(-) 
	P. 
aeruginosa 
(-) 
	P. vulgaris 
(-) 
	S. flexneri  
(-) 
	B. cereus 
(+) 
	B. 
pumilus 
(+) 
	E. feacalis 
(+) 
	S. 
aureus 
(+) 

	Sequential extraction 
Chloroform 	 	0.78 
	0.78 
	0.78 
	0.78 
	1.56 
	0.39 
	0.39 
	0.195 
	0.098 

	Hexane 	 
	6.25 
	6.25 
	6.25 
	6.25 
	12.5 
	1.56 
	1.56 
	1.56 
	1.56 

	Ethyl 	 
acetate 
	3.125 
	3.125 
	3.125 
	3.125 
	3.125 
	1.56 
	1.56 
	1.56 
	1.56 

	Methanol 	 
	1.56 
	1.56 
	1.56 
	1.56 
	6.25 
	3.125 
	0.79 
	0.79 
	0.79 

	Water 	 
	6.25 
	12.5 
	12.5 
	12.5 
	6.25 
	6.25 
	6.25 
	1.56 
	1.56 

	Ultrasonic 
Chloroform 	 
	0.39 
	0.39 
	0.39 
	0.39 
	0.78 
	0.195 
	0.195 
	0.195 
	0.195 

	Hexane 	 
	3.125 
	3.125 
	3.125 
	3.125 
	1.56 
	0.78 
	0.78 
	1.56 
	0.39 

	Ethyl 	 
acetate 
	3.125 
	3.125 
	3.125 
	3.125 
	3.125 
	0.78 
	0.78 
	1.56 
	0.78 

	Methanol 	 
	0.098 
	0.195 
	0.195 
	0.39 
	0.195 
	0.098 
	0.098 
	0.195 
	0.098 

	Water 	 
	6.25 
	12.5 
	12.5 
	12.5 
	6.25 
	1.56 
	1.56 
	1.56 
	0.78 

	Neomycin 
(control) 
	0.39 
	0.78 
	0.39 
	0.78 
	0.39 
	0.78 
	0.39 
	0.78 
	0.39 


(-) = Gram negative bacteria and (+) = gram-positive). Highly active = Yellow, moderately active = Blue, and poor activity = No colour 

Among the tested extracts, chloroform and methanol showed the best antibacterial activity. The antibacterial activity for sequential chloroform extract showed the best activity against all the bacterial strains, with MIC values ranging between 0.09-0.195 mg/ml except for S. flexneri, which showed moderate inhibition. Chloroform sequence extract has a minimal inhibition of 0.78 mg/ml was observed against E. coli, K. pneumoniae, P. aeruginosa and P. vulgaris. In addition, 0.39 mg/ml was observed against B. cereus and B. pumilus, while 0.195 and 0.098 mg/ml were observed against E. feacalis and S. aureus, respectively.  
 
The best inhibition by the chloroform extracts could be due to bioactive compounds which is in agreement with annotated compounds from molecular networking (cluster 1–cluster 5). From molecular networking, the compounds annotated in chloroform extract were p-tert-octylphenol heptaglycol ether, p-tert-octylphenol nonaglycol ether, p-tert-octylphenol decaglycol ether, undecaethylene glycol, fuziline, imperatorin, iprovalicarb, derrustone which have the antimicrobial properties47, 49, 58,63,70,76,82. Molecular modelling also reveals that the extracts have imperatorin, which has antibacterial78 and insect repellent79 characteristics. In addition, derrustone is an isoflavonoid, and isoflavones and derivatives have been widely recognised as effective antimicrobial agents82. The compounds annotated in sonicated chloroform extract were p-tertoctylphenol heptaglycol ether, imperialine, lipopeptide, methyl 4-hydroxy-3-(3-methylbut-2-enyl) benzoate, conjugated linoleic acid, alpha-tocopherol. Zhou48 and co-workers tested the antibacterial activities of these compounds against Staphylococcus aureus. Some isolated compounds, such as steroidal alkaloids, showed good antibacterial activity against the strains. Since chloroform extracts required fewer concentrations to inhibit the growth of the pathogens, this made them more efficient antibacterial agents. 
 
Both sequential and sonicated hexane, ethyl acetate and water detected low activity against gram-negative bacterial strains. Moreover, sequentially extracted hexane and ethyl acetate extracts showed moderate activity, while sonicated hexane and ethyl acetate extracts showed moderate to best activity against gram-positive. In the study of Nuraskin89 et al., the growth of the S. mutans bacterium (gram-positive) was inhibited by extracts of n-hexane, ethyl acetate, and methanol from Laban leaves. The results from this study show that hexane, ethyl acetate, and methanol extracts have good activity against gram-positive bacteria, as indicated in table 3.4. The MIC values ranged between 0.39- 0.78 mg/ml. Gram-negative pathogens are more challenging to treat than gram-positive pathogens because any modification to the outer membrane by gram-negative bacteria leads to resistance. Due to the absence of this crucial layer in gram-positive bacteria, gram-negative bacteria are more antibacterial resistant than gram-positive bacteria90,91. 
 
The sequential methanol and sonicated methanol extracts also showed antibacterial activity. The LC-MS/MS annotated compound of methanol extracts was lipopeptides. Lipopeptides are known to produce plants' defence response and the development of biofilms92. Ongena92 et al. reported that recent research demonstrates that lipopeptides can operate as boosters by promoting root colonisation, "induced immune" by enhancing host resistance capacity, and "antagonists" or "killers" by reducing plant pathogen's growth. 
 
Poor activity was seen in the gram-negative bacteria when using the water extracts. The sonicated water extract showed the best inhibitory effect against S. aureus with a MIC value of 0.78 mg/ml. On the other hand, it displayed a moderate impact against other gram-positive bacteria tested. In this study, molecular networking annotated lipopeptide compounds are known to have antimicrobial properties. In the study of Juhaniewicz-Dȩbińska93 and colleagues, lipopeptides were also found to exhibit more potent antimicrobial effects against gram-positive bacteria. 

Table 3:5 shows the findings of the antifungal screening. All the extracts were tested against Candida albicans, C. Vulgaris and Trichophyton mucoides. The extracts were considered highly active if MIC values ranged between 0.049 and 0.78 mg/ml, moderately active at 1.56 mg/ml and poor activity between 3.125 and 6.25 mg/ml.  
 
Table 3.5: Antifungal activity of homemade pest control extracts (MIC in mg/ml) 
	Extract 	  
	
	Fungal species 

	
	C. albicans 
	C. vulgaris 
	T. mucoides 

	Sequential extraction 
Chloroform 	 
	1.56 
	1.56 
	1.56 

	Hexane 	 
	6.25 
	6.25 
	6.25 

	Ethylacetate 	 
	6.25 
	6.25 
	6.25 

	Methanol 	 
	1.56 
	1.56 
	1.56 

	Water 	 
	6.25 
	6.25 
	6.25 

	Ultrasonic 
Chloroform 	 
	1.56 
	1.56 
	1.56 

	Hexane 	 
	6.25 
	6.25 
	6.25 

	Ethylacetate 	 
	3.125 
	3.125 
	3.125 

	Methanol 	 
	0.78 
	0.78 
	0.39 

	Water 	 
	6.25 
	6.25 
	6.25 

	Control (Amphotericin B) 
	0.012 
	0.012 
	0.012 


Highly active = Yellow, moderately active = Blue, and poor activity = No colour 
 
Most extracts tested were ineffective against the fungal strains, as indicated by high MIC results shown in table 3.5. Only a sonicated methanol extract showed the best antifungal activity. The sonicated methanol extract showed good activity (0.39-0.78 mg/ml) against Candida albicans, C. Vulgaris and Trichophyton mucoides. Therefore, this extract has exceeded the other extracts' ability to inhibit Candida albicans, C. Vulgaris and Trichophyton mucoides growth. However, sequential chloroform, methanol extracts, and sonicated chloroform extract exhibited moderate inhibition with a MIC value of 1.56 mg/ml against all strains. The remaining extracts showed poor activity because they had MIC values between 3.125 and 6.25 mg/ml. 
 
Water is the primarily available extractant and is inexpensive and widely used in homemade remedies by farmers to extract the plant material. The activity of the water extracts was poor in this study. These findings agree with Buwa & Afolayan94, who stated that water is not a suitable solvent for removing the active ingredients from plants. Tiwari95 et al. reported that, even though water is traditionally used in homemade remedies to extract bioactive chemicals from plants, it has been discovered that organic solvent extracts have more consistent antimicrobial activities. There is no antibacterial efficacy for water-soluble flavonoids such as anthocyanins, and water-soluble phenolics are primarily effective as an antioxidant component96,97. Similarly, Nawaz98 et al. found that highly polar solvents produced high extract yields but lower phenolic and flavonoid contents than non-polar solvents.  
 
Though water extracts in this study seem not to have antifungal activity, there is moderate positive activity in antibacterial studies, mainly when the ultrasonication method is used for extraction. The sonicated water extract showed the best inhibitory effect against S. aureus and a moderate impact against other gram-positive bacteria tested, such as Bacillus cereus, Enterococcus feacalis, and Bacillus pumilus. 
 
The extracts with low MIC values might be a promising source of bioactive compounds with strong antimicrobial properties. The antibacterial and antifungal methods confirmed the bioactivity of the constituents detected in the crude extracts using the qualitative test and annotated by LC-MS/MS. Some extracts, though, have exhibited poor action; this might be due to low concentration or no activity against the tested strains. According to Rabe & van Staden99, the poor activity in a few of the extracts in the bioassay analysis may be caused by a defective state or lower content of the active compounds. The microbial results from this study show that homemade pest control extracts possess antimicrobial properties. The phytochemical and annotated compounds from LC-MS/MS results revealed that the extracts have some known bioactive compounds with antibacterial properties.
 	 
3.6.2 Antifungal results of agar well diffusion method 
The homemade mixture had very low antifungal properties as shown in table 3.5.  Agar well diffusion method was then used to see if there would not be an improvement in antifungal properties. The antifungal activity of various homemade pest control extracts was tested against Fusarium culmorum, Fusarium oxysporum, and Fusarium verticillioidis using the agar well diffusion method. The Fusarium strains were selected because they are known to create serious challenges to the growth of crops as they are found in many types of soil and plants. In addition, varieties of commercial crops are affected by Fusarium crop disease100. A preliminary test was conducted to determine which extracts have inhibitory effects, and only the extracts that demonstrated effects were used in the main tests. Each extract was pipetted onto a separate hole on a single plate that had four holes for all the species. Pictures of both the front and back of the plates were taken. 
 
Figure 3:23 (a-f) shows the fungal growths of Fusarium culmorum and the effects of the extract on a ‘zone of inhibition. After 48 hours of incubation, the plates were monitored and left in the incubator for 21 days, checking if any changes occurred progressively. 

[image: ]
Figure 3.23: a) show the back side and b) show the front side of Fusarium culmorum agar plates tested against hexane, chloroform, ethyl acetate, and methanol sequence extracts. Figure 3.23 c) shows the back side and d shows the front side of Fusarium culmorum agar plates tested against sequence water extract and hexane sonicated extract. Figure 3.23 e) shows the back side and f) shows the front side show the Fusarium culmorum control. 
 
The agar well method was used to observe any zones of inhibition for some of the homemade pest control extracts. In the agar well diffusion assay, neither the sequence extracts nor the sonicated extracts showed inhibition zones on any test microorganisms of Fusarium oxysporum and Fusarium verticillioidis. The results showed that all the sequence and the sonicated extracts are ineffective against Fusarium oxysporum and Fusarium verticillioidis, as they did not inhibit the growth of these microorganisms. 
 
Results show that the growth of Fusarium culmorum is suppressed by the sequence water extract and sonicated hexane extract. The current study's phytochemical analyses and the annotated compounds revealed that homemade pest-control bioactive compounds such as saponins, terpenoids, alkaloids, flavonoids and amino acids have antimicrobial properties against various pathogens. The presence of bioactive compounds in the extracts is responsible for inhibiting the growth of pathogens. The extracts could stop the Fusarium culmorum from spreading all over the plants over 21 days. 
 
Methanol and chloroform extracts had the best inhibition effect in broth dilution methods. On the other hand, these extracts did not show any inhibition effect against the tested Fusarium species in the agar diffusion method. The broth microdilution approach provided more definitive results because it revealed the MIC values at which these homemade pest control extracts inhibited the tested microorganisms. The study of Mahlo101 et al. produced similar results where methanol extracts showed the least overall efficacy against F. oxysporum.  
 
It is known that bacterial growth is prevented using potato dextrose agar (PDA)102. Although the plates were inoculated with PDA, some were contaminated with bacteria from the extracts. These discoveries that occurred during the analysis show that further study is required—further study to analyse the effects of bacteria on plant growth and their role in the mixture. The study will help determine whether the bacteria and the bioactive compound work together to make the mixture effective. 
 
A sample for a homemade pesticide was extracted in two methods and tests for pesticidal activity and other biological activities such as antifungal and antibacterial. Results show that sequential extraction is a better method; this was confirmed by higher activities found during biological activity and the annotated compounds by LC-MS/MS. Analysis showed that the mixture is a good pesticide as it showed the content of phenolic compounds, terpenoids, saponins and alkaloids, confirmed by phytochemicals, UV-Vis, FTIR and LC-MS/MS also annotated amino acids and fatty acids. Due to its ability to suppress the growth of antibacterial and antifungal organisms, homemade pest control is also a plant pathogen cure. The growth of Fusarium culmorum was suppressed by the sequence water extract and sonicated hexane extract. The extracts' ability to stop pathogen growth is due to their bioactive compounds. 	 
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4 Experimental 	 	 	 	 	 	 	 	

4.1 Introduction 
This experimental section describes the materials, procedures and techniques used during extraction, analysis and characterization. In addition, it includes the phytochemical screening of the crude extracts and bioassay activity testing.
 
4.2 Materials 
 
4.2.1 Chemicals 
The chemical reagents used were purchased from Merck Group South Africa. The solvents used for the extraction procedure were hexane (C6H14), chloroform (CHCl3), ethyl acetate (C4H8O2), methanol (CH3OH) and distilled water (H2O). The chemicals used for phytochemical testing included concentrated hydrochloric acid (HCl) and sulphuric acid (H2SO4), ferric chloride (FeCl3), acetone, mercuric potassium iodide (K2Hgl4), dimethyl sulfoxide (DMSO) and methanol (CH3OH). Formic acid (CH2O2) and acetonitrile (MeCN) were used as mobile phases in the LCMS/MS analysis. For bioassay activity testing, barium chloride (BaCl2), Mueller-Hinton (MH) broth, neomycin, sterile silane (containing 9,0 g/l of sodium chloride, NaCl), potato dextrose agar (PDA) and p-iodonitrotetrazolium violet (INT), amphotericin B were used.  
 
4.2.2 Sample collection  
Mr Lekgotla Joseph Moshweshwe supplied the homemade pest remedy from Hasethunya village in the Maloti-a-Phofung municipality, Thabo Mofutsanyane district in the Free State province of South Africa. The homemade mixtures were in a liquid state (solution), and 4 litres of the mixture were collected and stored at room temperature until they were analysed. 


4.3 Preparation for extraction 

4.3.1 Liquid-liquid extraction 
“Liquid-liquid extraction is a method for extracting a solute from a solution in a certain solvent using another solvent”1. The second liquid (solvent) in liquid-liquid extraction has to be immiscible or partially miscible, with the feed added to the mixture’s solutes for phase separation to occur2. The mixture was sequentially extracted, as described in Figure 4.1. Extraction was done by mixing 2 litres of the homemade pesticides with 2 litres of hexane. After 24 hours of stirring (Figure 4.2 (a)), phase separation occurred, causing the two immiscible liquids to re-separate Figure 4.2 (b)). The organic hexane layer was evaporated on a rotary evaporator (Figure 4.2 (c)), and the extracted product was left overnight in the fume hood to dry. The extraction of chloroform, ethyl acetate, methanol, and water were done similarly to the previous step. The prepared extracts were stored at room temperature until they were used for further analysis. Finally, the extracts were, hexane (0.0614g), chloroform (0.7085g), ethyl acetate (0.1682g), methanol (0.3832g) and water (0.2676).  
 

[image: ] 
Figure 4.1: Sequence extraction of homemade pest control mixture flow diagram 
 
a) b)
c)

Figure 4.2: Homemade pest control extraction process. This figure illustrates how the sequence extract was done. (a) The extraction was done by adding an organic solvent to the homemade pest control and stirring for 24 hours. (b) After 24 hours of stirring, phase separation occurred, causing the two immiscible liquids to separate. (c) The organic hexane layer was evaporated on a rotary evaporator. 

 
4.3.2 Ultrasonication extraction  
As shown in Figure 4.3, the 2 litres of the homemade mixture were sequentially sonicated with 2 litres of various solvents (hexane, chloroform, ethyl acetate, methanol, and water). The mixtures were sonicated for 15 minutes (frequency 25-40 Hz) at ambient temperature3. The layers were separated using a separatory funnel (Figure 4.2 (b)) and evaporated to dryness using a rotary evaporator (Figure 4.2 (c)); the extracts were left overnight to dry in the fume hood. The extracts were also weighed and stored at room temperature until the subsequent use. Finally, yield of the extracts were, hexane (0.1981g), chloroform (0.0449g), ethyl acetate (0.0756g), methanol (0.1587g) and water (0.02841g). 
 
[image: ] 
Figure 4.3: Extraction of homemade pest control using ultra sonication 

4.4 Phytochemical test 
The purpose of this test was to detect and analyse the phytochemicals in the homemade mixture. The filtrate from different solvent extracts was used to test for phytochemicals. The preliminary phytochemical testing was accomplished using standard procedures described by Bargah4 to identify the various constituents. Therefore, analyzing these chemical constituents helped to determine various phytoconstituents in the homemade mixture. 
 
Identification of alkaloids Mayer's test  
About 3 drops of potassium mercuric iodide solution were added to 2 ml of filtrate. A yellow orange precipitate established the presence of alkaloids. 
 
 
Identification of phenolic compounds  
Test for ferric chloride: two drops of 5% ferric chloride were added to 2 ml of the filtrate. A greenblack precipitate detected phenolic chemicals.  
 
Identification of terpenoids 
Sulphuric acid test: 2 ml of chloroform were added to 5 ml of extract and gently shaken. 3ml of sulphuric acid was poured gently along the side of the test tube. A reddish-brown ring indicated the presence of terpenes. 
 
Identification of saponins  
A 5 ml extract filtrate was diluted with 5 ml of distilled water for the foam test, which involved vigorous shaking for 5 minutes. The presence of saponins was later confirmed by a lingering froth that rose above the mixture.  

4.5 Spectroscopic analysis 
 	 
4.5.1 Ultraviolent spectrometer (UV-Vis) 
UV-Vis was used to study the photoconstituents5 present in the homemade mixture extracts by examining their characteristic absorption region. The UV-Vis spectra of samples were recorded on a Lambda 25 high-performance single monochromatic UV-Vis spectrophotometer. All extracts analyses were performed in the 200-700 nm wavelength range using the crude extracts dissolved in distilled water and sonicated for 3 minutes.  
 
4.5.2 Fourier-transform infrared spectroscopy (FTIR)   
FTIR analysis uses infrared light to scan the samples to identify organic, inorganic, and polymeric components6. A Perkin Elmer Spectrum 100 infrared spectrometer was used at Rhodes University to conduct FTIR spectroscopy to identify the functional groups in the chemical mixtures. Four scans examined samples in an attenuated total reflectance (ATR) detector spanning a 650-4000 cm-1 wavenumber range. 
 
4.5.3 Liquid Chromatography with tandem mass spectrometry (LC-MS/MS)  
Metabolites analysis of organic extract was performed on LC-QTOF-MS/MS using a Dionex Ultimate 3000 HPLC system equipped with a Fortis Speed core column (2.6 µm, 3 x 100 mm) connected to a Bruker Compact QTOF mass spectrometer. An mg of different crude extracts was dissolved in 1ml of HPLC grade methanol, sonicated for 5 minutes and then filtered through 0.22 µm polyvinylidene fluoride membrane syringe filters into a 1 ml auto-sampler vial. The solvents used in the mobile phase (A, B) consisted of H2O + 0.01% formic acid (A) and MeCN + 0.01% formic acid (B) with a flow rate of 0.3 mL/ min employed. The mobile phase gradient started with a 5 min hold at 30% B. From minutes 5 to 15, the gradient was ramped from 60% B to 80% B, followed by a 5 min hold at 80% B. The mobile phase was set at 100% B from minutes 20-25. Injection volumes were set to 5 µl. The MS source parameters for positive mode were set as follows: End plate offset 500 V, capillary voltage 4500 V, nebuliser pressure 3.0 bar, dry gas flow 9.0 L/min, and dry temperature 210 °C. In addition, the three most intense precursor ions were selected to record the ms2 spectrum with a data-dependent recording mode and collision energy of 10 eV with a transfer time of 120 µs. 

4.6 Biological testing 

4.6.1 Antibacterial activity   
On Mueller Hinton (MH) agar plates, Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, Staphylococcus epidermidis, Bacillus cereus, Bacillus pumilus, Enterococcus feacalis, Proteus vulgaris, Shigella flexneri were kept alive. A single bacterial colony was cultivated for the bioassay in about 2 ml of MH broth for 24 hours. The mixture was diluted with MH broth (1 ml bacteria: 99 ml broth) to determine the bacteria's log phase when the test began.   
 
The microplate method of Eloff7 was used to test homemade pest control extracts for antibacterial activity. Dried homemade pest control extracts were dissolved at 50 mg/ml using extracting solvents. Each well received 100 µl of bacterial culture after each extract had been serially diluted two-fold to 0.38 g/ml from its initial concentration of 12.5 mg/ml in 96-well microplates. The extract-free wells, neomycin, and antibiotic controls were used as controls. The microplates were then incubated for the following 24 hours at 37 °C. A 40 µl of p-Iodonitrotetrazolium violet (INT) solution was added to each microliter plate well to measure bacterial growth. The plates were then incubated for 30 minutes at 37 °C. The minimum inhibitory concentration (MIC) value that prevented bacterial growth was noted. Each extract underwent three similar tests. 
 
4.6.2 Antifungal activity  
Test for microorganisms included Candida albicans, Candida. Vulgaris and Trichophyton mucoides. A modified broth microdilution assay was carried out as suggested in liturature8,9. About 400 µl of fungal cultures growing for 24 hours were mixed with 4 ml sterile saline. To match the absorbance of a 0.5 McFarland standard solution, the absorbance was measured at 530 nm and corrected with sterile saline. A 1:1000 dilution of the produced stock fungal cultures in nutrient broth was made. Organic solvent extracts were dissolved in dimethyl sulfoxide (DMSO), whereas dried residues from water extracts were dissolved in sterile distilled water. 100 mg/ml was used to dissolve each extracts. 
 
A 96-well microplate was filled with about 100 µl of nutritional broth. While organic solvent extracts were evaluated at 6.25 mg/ml and diluted two-fold to 0.049 mg/ml, water extracts were examined at 25 mg/ml at first and serially diluted to 0.195 mg/ml. For each extract, three duplicates were created. Then, 100 µl of fungal stock culture was added to each well. Amphotericin B served as a positive control. The plates were parafilm-wrapped and kept at 33 °C overnight for incubation. INT dissolved in water was introduced to each well of the microplates as a fungus growth indicator, and the microplates were then incubated for 30 minutes. Then, the MIC values were noted. 
 	 	 
4.6.3 Agar well diffusion antifungal Assay 
The study used three fungal strains: Fusarium culmorum, Fusarium oxysporum, and Fusarium verticillioidis, to test antifungal activities. 
 
The antifungal activity of various solvent extracts was screened using the Agar well diffusion method with modification, as shown by Daoud10 et al. The Petri dish holding the inoculum was then filled with Potato Dextrose Agar (PDA) and thoroughly mixed. After solidifying, wells were drilled into agar plates containing inoculums using pipette tips. A small piece of fungal culture was placed in the center of a clean Petri dish. Then, 50 µl of each extract was added to the appropriate wells. The plates were placed in the fume hood for 30 minutes to allow the extracts to diffuse properly into the agar. Following that, the plates were incubated for 48 hours at 37 °C and stored in the incubator for 21 days. Antimicrobial activity was found by monitoring the inhibition zone that developed following the incubation time.  Distilled water was used as a negative control. 
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	 5 Conclusion and Future Work


5.1 Conclusion 
Most small farmers in undeveloped areas like the Afromontane region cannot afford synthetic pesticides due to high costs. Small-scale farmers often rely on homemade pesticides, which seem to work because they can inhibit pathogen growth and repel insects. Therefore, this study extracted and analysed a homemade pesticide and found it efficient against insects and plant infections because they contain beneficial phytochemicals. The aim and objectives of the study were to collect and extract homemade pest control and test the biological activity of the different extracts. Also, to characterise the extracts using Ultraviolet-visible spectroscopy (UV-Vis), Fourier transforms infrared spectroscopy (FTIR), and liquid chromatography-tandem mass spectrometry (LC-MS/MS) in order to determine the constituents which may be responsible for the biological actictivity. 
 
The sequential solvent extraction and ultrasonication methods were used to extract chemical compounds present in the homemade pesticides. Moreover, phytochemical screening was used to determine the different classes of compounds which are found in those pesticides. Microbial bioassay testing was used to determine the minimum inhibitory concentration of bacterial and fungal organisms against the homemade mixture created by the farmer. Furthermore, UV-Vis, FTIR, and LC-MS/MS were utilised to annotate the chemical compounds in the mixture. The phytochemical test revealed that the phytochemicals are present in the mixture. According to various research, phytochemicals tested have insecticidal properties and can be used to treat plant diseases1,2,3,4,5. Phytochemicals such as phenolic compounds (flavonoids), alkaloids, terpenoids, and saponins were detected. 
 
The phytoconstituents included in the homemade mixture extracts were investigated using UVVis by examining their characteristic absorption zone. According to the literature, all phytoconstituents detected above have insecticidal properties a specific UV-VIS spectral 
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band6,7,8,9. The compounds absorbance transition was determined to lie between 220 and 330 nm. The phytochemical test results and UV-Vis spectrum absorption confirmed the presence of secondary metabolites that can be used as biopesticides. In addition, the functional groups such as O-H, C-H, C=O, C=C aromatic stretching, and C-O and C-H bending were identified using FTIR spectroscopy. These functional groups can be used to detect the different phytochemical compounds confirmed. The phytochemical test, absorption on the UV/Vis spectrum, and FTIR results revealed the active compounds that can be used as biopesticides. 
 
LC-MS/MS reproduced the components of the analysed homemade pest treatment extracts based on collision-induced dissociation spectra. The method annotated the metabolites of homemade pesticides using a Global Natural Product Social Molecular Networking (GNPS) platform. A Cytoscape constructed chemical networks based on similarities between fragmentation spectra, and a GNPS carried out database searches of repository spectra to find potential compound matches. The molecular network of homemade pesticides shows five clusters with characteristics similar to phenols, alkaloids, fatty acids, and isoflavonoids. According to the literature, the compounds annotated had antimicrobial properties, while others had insecticidal activity. Ethyl acetate extract, chloroform sequence extract, and sonicated hexane extracted more compounds than the other solvents. A summary of LC-MS/MS annotated compounds with the biological properties is shown on Table 5.1.
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 5.1: A summary of LC-MS/MS annotated compounds with the biological properties 
	Cluster 
	Annotated compounds 
	Identified 
Chromophores 
	Biological activity 

	1 
	P-tert-octylphenol heptaglycol ether, p-tert-octylphenol nonaglycol ether, p-tert-octylphenol hexaglycol ether, p-tert-octylphenol decaglycol ether and undecaethylene glycol. 
	Flavonoids 
	Antimacrobial activity  
Pesticidal activity 

	2 
	imperialine, putative orn, lipopeptides, fuziline, megestrol-17-acetate, danthron and protoporphyrin IX 
	Alkaloids 
Flavonoids 
	Antimicrobial activity 
Pesticidal activity 

	3 
	3-methyladenine, 4-hydroxy-3-(3methylbut-2-enyl) benzoic acid, Nmethylanthranilic acid, tributyl phosphate, and 1-[3-methoxy-4-
[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6[[(2R,3R,4R,5R,6S)-3,4,5-trihydroxy-6methyloxan-2-yl] oxymethyl] oxan-2-yl] oxyphenyl] ethanone 
	Alkaloids 
Amino acids 
 
	Antimicrobial activity 
Pesticidal activity 

	4 
	linolenic acid, linolenic acid ethyl ester, conjugated linoleic acid, alpha-tocopherol, ipravalicard, and (2S)1-[2-[(3-hydroxy-1-adamantyl) amino]-
1-oxoethyl]-2-pyrrolidinecarbonitrile 
	Fatty acids 
Alkaloids 
	Antimicrobial activity 
Pesticidal activity 

	5 
	Imperatorin,   derrustone 
	Flavonoids 
	Antimicrobial activity 
Pesticidal activity 


 
The biological activity of the homemade pest control was analysed using the microdilution method and agar diffusion method. Microdilution assay screened homemade pest control extracts' antibacterial and antifungal activity against selected bacteria and fungi microorganisms. The bioassay findings showed that the extracts of the homemade mixture tested had inhibitory effects against both gram-negative, gram-positive bacterial and fungal strains. The most active extracts for antibacterial and antifungal screening were chloroform and methanol from both extraction methods. In contrast, water, hexane and ethyl acetate extracts had activity against gram-positive microorganisms and poor activity against the test fungal strains. 
 
The zones of inhibition for some of the homemade pest control extracts were examined using the agar well method to test the antifungal activity against selected Fusarium species. The results indicated that neither the sequencial nor the sonicated extracts successfully prevented the growth of Fusarium oxysporum and Fusarium verticillioidis. The sequencial water extract and sonicated hexane extract inhibited Fusarium culmorum growth. As a result, the homemade pest control employed in this study could be explored as a low-cost plant pathogens control. 
 
 In conclusion, these findings support the small-scale farmer's claims, homemade pesticide is effective against insect pests and plant pathogens. The results indicate that the mixture contains compounds that are effective against plant pathogens and capable of killing insect pests. Continued study on homemade pest control will open doorways for the invention of developing new low price and environmentally friendly biopesticides. The small-scale farmers can rely on their indigenous homemade pest control mixtures, which seems to work because they are satisfied with their crops' yield and quality. In addition, there is a need to look for affordable and environmentally friendly pesticides to document this indigenous knowledge and assess the effectiveness of these already available pesticides that small-scale farmers are already producing and using. The studies of homemade pest control will motivate the implementation and production of these mixtures on larger scales by industries or pesticide manufacturers to promote organic farming that will benefit human beings and protect the organisms found in the environment. 

5.2 Recommendations
Farmers typically employ water as an extractant since it is readily available and it is cheaper to use. The water extracts in this investigation had limited activity, and other researchers have also reported that water is an ineffective extractor for extracting the active components from plants. Organic solvent extracts have been found to have more reliable antibacterial properties. Organic solvents are too expensive, and small-scale farmers cannot afford to purchase these solvents for preparations for homemade pest control. The farmers should instead devise other options such as planting sugarcane among other sources to extract ethanol from them. However, a study must be conducted first whereby the mixture will be prepared using sugarcane ethanol and then sprayed on the crops. After that, the soil and the plants must be analysed to assess the effects on the solution.
 
5.3 Future Perspectives 
The following objectives are planned for future studies. The GNPS showed that the extracts contain about 73 compounds and some of them are novel compounds, therefore more research is needed on isolating and purifying the new bioactive component.  A further study to assess the effectiveness of the homemade pesticides towards garden pests by looking at the avoidance behaviours of earthworms and garden snails towards the pesticides. The study will help to determine the toxicity of homemade pest control. To date the shelf-life of the homemade pest control is not known, thus a kinetic study is required to estimate the half-life of the extracts. 
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LC-MS/MS 
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Antifungal agar well diffusion method Plates that shows bacterial growth from the extracts 
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