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ABSTRACT
Studies on fungi isolated from diseased Capsicum spp fruit was carried out. Collection, Isolation and identification of the isolated fungi were achieved using conventional laboratory methods. Eight fungal species were isolated and they include Aspergillus niger, Aspergillus spp A, Aspergillus spp B, Fusarium solani, Alternaria alternate, Geotrichum candidum, Mucor pussilus and Rhizopus stolonifer. The pathogenicity test revealed that the isolated fungi was responsible for deterioration when tested on fresh healthy fruit of Capsicum spp.  The fungal analysis of the isolated fungi shows that the fungi are associated with the spoilt sweet pepper fruit. The abundance of fungal occurrence reveals Aspergillus spp as the prevalent fungus among the fungi isolated.  The result of the sensitivity showed that the extracted oil was capable to inhibit the growth of fungi making it good antifungal agent. The fresh fruits therefore ought to be handled properly to eliminate or minimize mycofloral contamination.
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CHAPTER ONE
1.0 INTRODUCTION
1.1 BACKGROUND OF STUDY
Capsicum constitute commercially and nutritionally important indispensable food commodity. Pepper naturally play a vital role in human nutrition by supplying the necessary growth factors such as vitamins and essential minerals in human daily diet and that can help to keep a good and normal health. Vegetables are widely distributed in nature. One of the limiting factors that influence the fruit economic value is the relatively short shelf-life period caused by pathogen’s attack such as fungi, Bacteria, insects etc. (Droby, 2006: Zhu, 2006). It is essential for its dietary needs and can be consumed in diverse ways it can either be cooked as vegetable, as an ingredient in many dishes and sauces in stew preparation. (Masefield et al., 2002). In West Africa it is grown in gardens and irrigation scheme while in Nigeria, most pepper are grown in the northern parts of the country (Erinle,2007) and there are has not been record of any systematic or organized traditional storage method for vegetables and fruits. They are usually sold immediately after harvesting. They are packed in baskets, cardboard boxes, or wooden crates ready for transportation to the markets.

Pepper is one of the most perishable vegetable during handling, transportation and storage. This is because pepper contains large amount of water which makes them susceptible to spoilage by the action of microorganisms such as fungi, bacteria and protozoans (Ross, 1975). Estimates have shown that about one third of the produce is lost before reaching the consumer (Erinle, 2007), this loss has been attributed to a number of factors which include physical, mechanical breakage, bruises, physiological and also damages caused by pathological agents (Thompson and Kelly, 2000), market value of the tomato are mainly reduced by this factors.

Watt and Merrill, (2000) defined spoiled food as that which have been damaged or injured so as to render it undesirable for human consumption. Various activities may result in food spoilage: insect activities, causing physical injuries for example, bruising and enzyme activity by microorganism causes change in colour, taste, smell, texture and quality of the food, Pauland Sarisbury, (1981) also referred to spoilage as any change in the condition of food in which the food becomes less palatable or even toxic: these changes may be accompanied by alteration in taste, smell, appearance or texture.

The spoilage of food by microorganisms should not be viewed as a sinister plot on the part of the microbes deliberately to destroy foods but as a normal function of these organisms in the total ecology of all living organisms (Watt and Merrill, 2000). It has also been estimated by Watt and Merrill (2000) that 20% of all fruits and vegetables harvested for human consumption are lost through microbial spoilage causing one or more of 250 market diseases. Spoilage of fresh pepper usually occurs during storage and transit and also while waiting to be processed.

Vegetables that respire more thereby generating most heat are those that perish/spoil most rapidly (Wheeler, 2005). The resulting respiration of the fruits in addition to the normal ripening process complicates an independent discussion on microbiological spoilage of fruits in general and tomato in particular.

According to Nesmithetal, (1983), both fungi are common inhabitants of Kentucky soils. These fungi attack the plant through the roots and grow up through the water-conducting vessels (xylem and phloem). Fusarium and Verticillium may be introduced to soils in several ways: Old crop residues, transplants, wind, water implement-borne soils or mulches. These fungi become established readily in most soils and can remain in the soil for years. When susceptible pepper are planted, in infected soil, their roots are also subjected to attack by these fungi. Both diseases are much more serious when accompanied by root knot nematode. These problems can be controlled by using resistant pepper varieties and fumigating or stream sterilizing greenhouse soils.
1.2 JUSTIFICATION
Since microorganisms have been identified with the major cause of spoilage in fruits and vegetables due to their high water content, proper isolation and characterization of these organisms in pepper will greatly reduce the spoilage of this perishable fruit and as such producers and consumers will be able to protect their pepper and also identify spoiled pepper that have been attacked by fungi.
Works have been done on the isolation and identification of bacteria and fungi on fruits (Okoli, 1998). Little or no work has been done on the isolation and characterization fungi on decayed pepper in magboro. Therefore, the major organisms responsible for field and market diseases will be majorly identified and checked.


1.2.2 AIM AND OBJECTIVES
This research work is aimed at identifying the various fungi organisms associated with the spoilage of diseased tomatoes and pepper in magboro with the view of providing possible ways of controlling it.

Objectives
To isolate and identify fungi associated with spoilt pepper in magboro environment 
To conduct pathogenicity test.
To source for oil as antifungal agent

1.3 LIMITATION OF STUDY
Researches have been conducted to ascertain the fact that various microorganisms are responsible for the spoilage of tomatoes and pepper. This present study will provide information on the fungus causing the spoilage and as well use some seed oils from plant as inhibitors.

            
	





CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 CHILLI PEPPER (Capsicum species)
Chilli pepper is a widely cultivated species that has been used since ancient times as food flavoring and for human health (Milla, 2006).  Commercial production of Capsicum.spp faces various constraints, particularly those related to phytophagous insects. In this context, the whitefly Bemisia tabaci (Genn.) (Hemiptera: Aleyrodidae) is the most dangerous pest in tropical and neotropical regions (Brown and Bird, 1992). Bemisia tabaci induces losses in pepper crops by direct feeding and transmission of a wide variety of Begomoviruses (Oliveira et al., 2001). Management of the complex B. tabaci-Begomovirus has been typically carried out by chemical insecticides to control vector populations. This action has selected B. tabaci populations with high level of resistance (Elbert and Nauen, 2000). To cope with the potential risk associated to the use of chemical insecticides, host plant resistance to insects is an effective, economical, and environmentally friendly method for pest control. This alternative uses wild and semi-domesticated relatives of cultivated species as sources of pest resistance genes and in turn as an effective tool to minimize losses due to phytophagous insects or vector-borne virus diseases (Sharma and Ortiz, 2002).  Studies of plant resistance to the vector B. tabaci have found that this phytophagous is affected mainly by the external/physical characteristics of the leaf surface, such as hairiness, glandular trichomes, leaf shape and cuticle thickness (Berlinger, 1986; Boiça et al., 2007; Oriani and Vendramim, 2010; Oriani et al., 2011). Resistance to B. tabaci and its relation to plant morphological traits has been well documented in other crops, such as tomato, cotton, and cassava (Bellotti and Arias, 2001; Boiça et al., 2007; Oriani and Vendramim,) direct feeding and transmission of a wide variety of Begomoviruses (Oliveira et al., 2001). Management of the complex B. tabaci-Begomovirus has been typically carried out by chemical insecticides to control vector populations. This action has selected B. tabaci populations with high level of resistance (Elbert and Nauen, 2000). To cope with the potential risk associated to the use of chemical insecticides, host plant resistance to insects is an effective, economical, and environmentally friendly method for pest control. This alternative uses wild and semi-domesticated relatives of cultivated species as sources of pest resistance genes and in turn as an effective tool to minimize losses due to phytophagous insects or vector-borne virus diseases (Sharma and Ortiz, 2002).  Studies of plant resistance to the vector B. tabaci have found that this phytophagous is affected mainly by the external/physical characteristics of the leaf surface, such as hairiness, glandular trichomes, leaf shape and cuticle thickness (Berlinger, 1986; Boiça et al., 2007; Oriani and Vendramim, 2010; Oriani et al., 2011). Resistance to B. tabaci and its relation to plant morphological traits has been well documented in other crops, such as tomato, cotton, and cassava (Bellotti and Arias, 2001; Boiça et al., 2007; Oriani and Vendramim, 2010).

2.1.1 FUNGI
Fungi are ubiquitous in nature and exist as free-living saprobes that derive no obvious benefits from parasitizing humans or animals. Since they are widespread in nature and are often cultured from diseased body surfaces, it may be difficult to assess whether a fungus found during disease is a pathogen or a transient environmental contaminant. Before a specific fungus can be confirmed as the cause of a disease, the same fungus must be isolated from serial specimens and fungal elements morphologically consistent with the isolate must be observed in tissues taken from the lesion. In general, fungal infections and the diseases they cause are accidental. A few fungi have developed a commensal relationship with humans and are part of the indigenous microbial flora e.g., various species of Candida, especially Candida albicans, and Malassezia furfur. Infection is defined as entry into body tissues followed by multiplication of the organism. The infection may be clinically inapparent or may result in disease due to a cellular injury from competitive metabolism, elaboration of toxic metabolites, replication of the fungus, or an immune response. Immune responses may be transient or prolonged and may be cell-mediated, humoral (with production of specific antibody to components of the infecting organism), or both. Successful infection may result in disease, defined as a deviation from or interruption of the normal structure or function of body parts, organs, or systems (or combinations thereof) that is marked by a characteristic set of symptoms and signs and whose etiology, pathology, and prognosis are known or unknown. Fungi are abundant worldwide, they are in inconspicuous because of the small size of their nature and their cryptic lifestyle in soil, dead matter, and as symbiont of plants, animals, or other fungi.
2.1.2 Characteristics of fungi
 Fungi are eukaryotic, heterogeneous, unicellular to filamentous, spore bearing, and chemoorganotrophic organisms which lack chlorophyll. The fungi have three major morphological forms, i.e. unicellular yeast, filamentous mould (mold) and yeast-like form (pseudohyphae form). The dimorphic fungi (Blastomyces dermatitidis, Coccidioides immitis, Histoplasma, Sporothrix schenckii) are able to produce both the forms (yeast and mould) depending on the temperature (thermal dimorphism). The yeast form is produced within the body of the host (in vitro at 37 °C) and the mould form is observed either in the environment or in artificial culture medium at room temperature. The pseudohyphae form is chains of elongated ellipsoidal cells with constriction between them and it is produced by Candida albicans. When all the organisms were classified as either animals or plants, fungi were categorized as plants. However, they were later recognized to belong to an entirely different kingdom: Plants produce nutrients through photosynthesis and animals derive nutrients through eating these plants and other animals. On the other hand, fungi derive nutrients in other ways, such as through degradation of both animal and plant remains (saprophytes). Hence, they contribute to the maintenance of ecosystem balance and nutrient and carbon cycling and are now recognized to form a kingdom distinct from both animals and plants. As bacterial cells do not contain a nucleus surrounded by a nuclear membrane, they are considerably different from eukaryotes such as animals, plants, and fungi. Today, fungi are considered to be eukaryotic and often produce mycelia, a basic filamentous structure; further, they have no photosynthetic functions and contain a cell wall mainly composed of chitin and chitosan. Moreover, they mainly reproduce via sporulation.
2.1.3 Morphology of fungi
Fungi belong to their own kingdom (Kingdom Fungi). Compared to higher plants and animals, they obtain their nutrition through a range of ways including degradation of organic material and symbiosis as lichen among others. As such, they are categorized as heterotrophic because they are unable to synthesize their own food (they lack chlorophyll). They can reproduce sexually or asexually with a majority of fungi being spore producers. The different types may be described based on their phylum. These include:
Ascomycota
Also referred to as Sac Fungi, phylum Ascomycota is the largest phylum (makes up about 75 percent) of the Kingdom Fungi with well over 60,000 species of organisms. Organisms that are grouped under this phylum are collectively known as ascomycetes including yeast (single celled organisms) and other filamentous fungi (hyphal). Whereas some are saprobes, others live as parasites while some form symbiotic relationships with other organisms to survive. In phylum Ascomycota, the ascus (sac) is the defining trait. This is the site of nuclear fusion in which division takes place during reproduction. For most part, this phylum is composed of heterotroph organisms that obtain nutritional energy from other organisms (living or dead) as well as other organic compounds. Some of the organisms in this phylum are also capable of forming a symbiotic relationship with other organisms like algae and arthropods for their survival. With regards to reproduction, Ascomycota reproduce sexually or asexually. Sexually, they reproduce through the production of spores and the production of mitospores during asexually reproduction.
Zygomycota
Also known as conjugation fungi, the phylum Zygomycota is composed of well over 900 species that are categorized as either Zygomycetes live as parasites of commensals in the gut of arthropods and Trichomycetes found in aquatic environments or gut of arthropods. One of the main traits of these organisms is that they produce zygospores in sexual reproduction. However, some of the organisms under this classification are capable of asexual reproduction and will reproduce through the production of spores known as sporangiophores. Studies have showed this phylum to bridge between such lower fungi as slime molds and higher fungi such as Basidiomycota. Organisms that form the sub-phylum Zygomycota can be found in a wide range of environments from land to aquatic environments where they obtain their nutrients as saprophytes (from fruits among others) by living in the guts of arthropods, through symbiotic relationship with plants and other organisms as well through parasitism where they infect various plants and animals.

Chytridiomycota
Also known as Hybrids, Chytridiomycota can be found in a wide range of environments from land to aquatic environment. Compared to other types of fungi, Chytridiomycota is the only phylum that contains fungi that are capable of moving from one point to another. These cells, known as zoospores, have developed a posterior flagellum that make it possible for the cell to be motile. Most of the organisms in this phylum are saprophytes and obtain their nutrients from a variety of organic substances in land and aquatic environments. However, some are pathogenic and infect the host by sensing a difference in chemical gradient. Most of the chytrids are single celled organisms with a few being multicellular organisms that may be described as hyphae.
Glomeromycota
Glomeromycota are fungi with highly branched arbuscules. They are largely dependent on a symbiotic relationship with plants where many of them form the arbuscular mycorrhizas with such parts of the plant as roots.With regards to reproduction, they reproduce through the production of spores (asexually). Through their association with plants, they obtain some of the products of photosynthesis from the plant through the arbuscules to be stored and used by the organism.
Basidiomycota
Basidiomycota is also one of the largest phylum with well over 30,000 fungi species. They include such organisms as the toadstool and mushrooms and tend to grow as hyphae.They are characterized by the presence of a basidium, which is a structure that is shaped like a club. Some of the organisms in this category include smuts and rusts.
Morphology and Structure of Fungi
There are a wide variety that range from the smallest unicellular fungi such as yeast to larger multicellular capable of forming hyphal threads or false roots. For this reason, fungi are also classified according to their morphologies. The following are classifications of fungi based on morphology:
Yeast
Yeast are single celled fungi that can be found in a variety of environment from soil and plants to animal and aquatic environments. Unlike bacteria, yeasts are also eukaryotic, which means that they have different types of organelles that are common in the cells of higher animals. The Saccharomyces cerevisiae is a good example of yeast that ranges between 1 and 7 micrometers in size. When viewed under the microscope, these organisms may be pigmented on their surface.  As for the genome, research has shown these yeast to carry a single, linear double stranded DNA that consists of several repeated sequences. For yeast, the primary mode of reproduction is through budding.
Yeast-like Fungi;
Yeast-like fungi are yeast that partly grow like normal yeast. However, they also attach to each other to form what is known as a pseudo hyphae (not a true hyphae).Candida albicans is one of the most common. When viewed under the microscope, these organisms have been shown to consist of several layers that make up the cell wall.As with yeast, the wall of C. albicans contains layers of mannoproteins, lipids and a beta glucon, a chitin inner layer that strengthen the cell wall.  Like yeast, C. albicans also appear spherical or ovoid in shape and measure between 4 to 8 micrometers.Since they also reproduce through budding, like yeast, C. albicans may end up creating an elongated chain of cells as they continue dividing to form the pseudohyphae.  However, some studies suggest that some of the yeast-like fungi tend to form true hyphae in the process.Yeast-like fungi such as C. albicans are also described as being polymorphic fungus. This is because they present four types of morphology including the yeast cell, pseudohyphae, hyphae as well as chlamydospores. As such, they are likely to be seen
having varying appearance when viewed under the microscope depending on such conditions as the availability of nutrition, pH and temperature among others. The type of morphological appearance of these cells has also been associated with the pathogenicity of the organism. Given that they are not bacteria, some of these organisms (yeast-like fungi) have characteristics associated with eukaryotic cells in that some have been shown to contain a nucleus and other essential organelles. 
Molds
Mold (Mould) are a type of fungi that often grow well in favorable environments with warmth and moisture. They can be found growing on various surfaces such as food surfaces from which they obtain their nutrients. Compared to yeast, molds are multicellular organisms. As such, they can be seen with the naked eye without using a microscope. However, when viewed under the microscope, it is possible to observe numerous filaments (Hyphae) that are collectively referred to as Mycelium. While these organisms are microscopic, it is their numerous hyphae (that form the mycelium) that make it possible to see mold as it grows on food surface (bread, oranges etc.). There are two main types of mycelium depending on their functions.
Dimorphic fungi exist in the form of mold and yeast. Examples of these fungi include Penicillium marneffei and Mucor circinelloides. Most of these organisms are capable of switching from between the two forms in a process commonly referred to as dimorphic switching. As such, they are viewed as having hyphal threads or as single celled organisms under the microscope (yeasts)                                          
 2.1.5 EFFECT OF FUNGI ON PLANTS AND ANIMAL
Fungi are involved in a wide range of activities—some fungi are decomposers, parasites or pathogens of other organisms, and others are beneficial partners in symbiosis with animals, plants or algae. Let's take a brief look at these various ecological groups.

[bookmark: _GoBack]
Fungi associated with animals;
Fungi have the ability to grow on and in both invertebrate and vertebrate animals. Many fungi can attack insects and nematodes, for example, and may play an important role in keeping populations of these animals under control. Insect-attacking fungi, called "entomopathogens," include a wide range of fungi in phyla Ascomycota, Zygomycota and Chytridiomycota. Some of the best-known and most spectacular entomopathogens belong in the Ascomycota genus Ophiocordyceps and related genera. These fungi infect and consume insects such as caterpillars and ants, and then form conspicuous stromata that emerge from their victim's body in a most dramatic manner. These fungi can also alter the insect's behavior. "Zombieant" fungi from Brazil infect insect brains, directing the victim to climb up plants and bite into the plant tissue in a "death grip" (Evans et al. 2011; Hughes et al. 2011).
Paradoxically, humans have been using one of these entomopathogens, Ophiocordyceps sinensis, for thousands of years to treat a wide range of ailments. This fungus is an important component of traditional Asian medicine and is commonly called "winter worm, summer grass Entomopathogens such as Beauveria bassiana are so effective in killing insects that they are used as biological control agents for insect pests. Colony collapse disorder of honeybees has been associated with co-infection by a virus and a microsporidian fungus, Nosema ceranae (Bromenshenk et al. 2010). One group of fungi called Entomophthorales ("insect killers") includes a number of highly specialized entomopathogens. A common example is Entomophthora musae, which is often observed forming a ring of white spores discharged around the body of a parasitized fly on panes of glass.
Some fungi are specialized parasites of nematodes, rotifers, and other microscopic animals in the soil (Barron 1977). A common nematode predator is Arthrobotrys oligospora, a fungus that has evolved sticky networks of hyphae for trapping nematodes. Once the nematode is immobilized, the fungus invades and consumes its body.
Fortunately, there are relatively few fungal pathogens of vertebrates only 200-300 species but some of these fungi can have devastating impacts. Consider the well-publicized frog killer, Batrachochytrium dendrobatidis, a member of phylum Chytridiomycota (Berger et al. 1998; Longcore et al. 1999). This fungus wasn't even Chytridiomycota (Berger et al. 1998; Longcore et al. 1999). This fungus wasn't even known to scientists until 1996, when it was discovered associated with frogs that had died from a mysterious skin disease at the Smithsonian National Zoological Park in Washington, D. C. The fungus doesn't invade the frog's body, but it is lethal, possibly because it disrupts electrolyte balance leading to cardiac arrest (Voyles et al. 2009) infected frogs appear to die of a heart attack! The frog chytrid is implicated in the widespread decline of frog populations around the world. Fortunately, this is the only chytrid known to parasitize a vertebrate animal and it appears to infect only amphibians.
Another devastating parasite of animals is Geomyces destructans, a cold-loving fungus that causes 'white-nose syndrome' in bats (Blehert et al., 2009). This fungus colonizes the skin on the muzzles, ears and wing membranes of some types of bats, and infected bats exhibit unusual behavior. The bat fungus is associated with declines in bat populations in the northeastern U. S. and has many wildlife biologists concerned. As of 2011, white-nose syndrome had been confirmed in 16 states and four Canadian provinces.
In humans, there are several different types of fungal infections, or "mycoses.  The most common are caused by dermatophytes, fungi that colonize dead keratinized tissue including skin, finger-, and toenails. Dermatophytes cause superficial infections such as 'ringworm' that are unsightly and difficult to treat, but rarely serious. Some fungi are members of the resident microflora in healthy people, but become pathogenic in people with predisposing conditions. For example, Candida species cause annoying yeast infections in the mucosal tissues of many healthy people, but can also cause diseases collectively called candidiasis in babies and immunocompromised individuals. Another group of fungi are inhaled as spores and initiate infection through the lungs. These fungi include Coccidioides immitis (coccidioidomycosis, commonly known as valley fever), and Histoplasma capsulatum ( histoplasmosis). Opportunistic fungal pathogens are normally not associated with humans and other animals, but can cause serious infections in weakened or healthy individuals when inhaled or implanted in wounds. Aspergillus fumigatus, one of the most important of these opportunists, produces small, airborne spores that are frequently inhaled; in some individuals the fungus starts growing invasively, causing a disease known as aspergillosis, especially in immunocompromised individuals.
A remarkable discovery was that Pneumocystis carinii, the organism causing pneumonia-like symptoms in immunocompromised patients, is a fungus and not a protozoan as had been thought for decades. Why was this pathogen classified as a protozoan? It does not respond to the common drugs used to treat fungal infections, but does respond to anti-protozoan drugs. This unusual fungus emerged as one of the leading causes of death in AIDS patients in the late twentieth century.

2.1.6 Fungi and plants
The association of fungi and plants is ancient and involves many different fungi. Fungi are an important group of plant pathogens most plant diseases are caused by fungi but fewer than 10% of all known fungi can colonize living plants (Knogge, 1996). Plant pathogenic fungi represent a relatively small subset of those fungi that are associated with plants. Most fungi are decomposers, utilizing the remains of plants and other organisms as their food source. Other types of associations that will be discussed here include the role of fungi as decomposers, as beneficial symbionts, and as cryptic plant colonizers called endophytes.
Most fungi are associated with plants as saprotrophs and decomposers. These fungi break down organic matter of all kinds, including wood and other types of plant material. Wood is composed primarily of cellulose, hemicellulose, and lignin. Lignin is a complex polymer that is highly resistant to degradation, and it encrusts the more readily degradable cellulose and hemicellulose. Fungi are among the few organisms that can effectively break down wood, and fall into two main types brown and white rot fungi. Brown rot fungi selectively degrade the cellulose and hemicellulose in wood, leaving behind the more recalcitrant lignin. The decayed wood is brown in color and tends to form cubical cracks due to the brittle nature of the remaining lignin. Only ~10% of the wood decay fungi cause brown rot, and most of these fungi (80%) occur on conifer wood. Brown rot residues make up 'humus' in temperate forest soils and are important for mycorrhizal formation (see the following paragraph for information on mycorrhizal fungi), moisture retention, and for sequestering carbon. Brown rot residues are highly resistant to decomposition and can remain in the soil for up to 300 years. White rot fungi are more common than brown rot fungi; these fungi degrade cellulose, hemicellulose, and lignin at approximately equal rates. The decayed wood is pale in color, light in weight, and has a stringy texture (Fig. 5). White rot fungi are the only organisms that can completely degrade lignin. Lignin is one of the most abundant organic polymers, accounting for 30% of the organic carbon on the planet only cellulose is more abundant (Boerjan et al. 2003).
An important group of fungi associated with plants is mycorrhizal fungi. Mycorrhizae means 'fungus root', and it refers to a mutually beneficial association (a type of symbiosis) between fungi and plant roots. There are seven major types of mycorrhizal associations, the most common of which is the arbuscular mycorrhizae, involving members of phylum Glomeromycota associated with roots of most major groups of plants. The vast majority (>80%) of vascular plants form mycorrhizae, as will be discussed later (under Glomeromycota).
Another common type of association is ectomycorrhizae formed between forest trees and members of phyla Basidiomycota and Ascomycota. In this association, the fungus forms hyphae around host root cortical cells the "Hartig net" and a sheath of hyphae around the host roots called a "mantle. "Many of the ectomycorrhizal fungi are mushroom-forming species including highly prized edibles such as chanterelles (Cantharellus cibarius and related species), boletes (Boletus edulis and related species), and matsutake (Tricholoma magnivelare). A valuable group of ectomycorrhizal fungi are truffles, members of phylum Ascomycota that form underground fruiting bodies. The French Périgord truffle, Tuber melanospora, and the Italian white truffle, Tuber magnatum, can bring phenomenal prices; for example, a 1.5- kg Italian white truffle sold for $330,000 at an auction in  2007 Many leaf-spotting fungi produce toxins that kill host cells and this often produces a lesion surrounded by a yellow halo if enough of the leaf surface is killed, or if the infected leaves drop prematurely, the plant's ability to produce photosynthates is severely impaired. 

2.1.7 ISOLATION OF FUNGI
2.1.8 Direct isolation techniques
Direct transfer
The term "direct is applied to techniques involving the simple transfer of a mould from its natural habitat to a pure culture situation in the Laboratory. At its simplest this is done by putting a piece of the habitat or substrate under a dissecting microscope so that the mould growth is easily visible. An inoculating needle is then heated until red hot, cooled, and used to transfer some of the spores into a sterile plate of culture medium. I find this easier to do if I first get a tiny piece of agar on the end of the needle for the spores to stick to. The piece of agar must be very small because it is often necessary to manoeuvre it into rather tight places where other moulds might easily contaminate it. An alternative is to moisten the needle with a slight amount of glycerine. Once the transfer has been made, it is only necessary to wait a few days for the mould to grow and form a colony. The direct transfer technique is also used to obtain pure cultures of mushrooms and other large fungi. The fruiting body is broken open, without touching the newly exposed flesh, and some of the tissue is transferred to a sterile culture medium. If this has been done carefully, the tissue may give rise to a colony after a few days. For the beginner, the easiest large fungi to culture are those found inhabiting decaying wood. Most wood-inhabiting mushrooms and bracket fungi grow well on the semi-synthetic media listed in chapter 4, although few will form their large fruiting bodies in culture.
Moist chambers
Direct isolation of fungi is often more effective if the natural substrate has been kept moist for one to several weeks to allow moulds to grow and sporulate. The easiest method involves a container called a moist chamber.  Moist chambers can take any number of forms, but are basically containers holding a material such as cotton, paper, cloth, sterile sand or soil, or peat moss that can be kept moist for several weeks. The specimen is placed on top of the moist material and left until moulds begin to grow on it. In my classes we use glass containers resembling very deep Petri dishes, and like Petri dishes they have loosely fitting lids. For the packing material we nearly always use peat moss, collected in the field and dried for later use. The container is filled with dry moss and then water is added. Peat moss is like a sponge in that it can absorb and hold a tremendous amount of water. When water is added to the moist chamber it soaks up into the moss. The excess can be poured off and the moss squashed down until it forms a moist layer no deeper than about one-quarter of the height of the container. We then place a single or double layer of filter-paper or paper towel over the moss layer so that the specimen does not come in contact with it. Thus prepared, the moist chamber is ready for the specimen.
In many areas peat moss, in its fresh form, is hard to obtain and it is necessary to find a substitute. Although many people use cotton for this purpose, I think that it is best avoided as it is a good substrate for mould growth itself. Instead, try using a layer of fine soil or very fine sand. Soil and sand will not hold water as well as peat, so watch carefully to make sure it does not dry out. But don't make it too wet or all you will get is mud!
When you are ready to add the specimen, moisten it slightly (unless it is already damp) and place it on top of the filter-paper. Cover the dish and leave it in a place where the temperature is reasonably constant.
[bookmark: Moist_chamber]Within a few days moulds will begin to appear on the specimen. Most beginners are unprepared for the extremely small size of many moulds and tend to overlook them completely. Invariably students using moist chambers for the first time complain that nothing is growing on their specimens, only to have an instructor point out at least half a dozen different moulds! Be sure to examine the material with a magnification of at least 15-20 times and with good bright illumination. Illumination is especially important and should be focused on the area of the specimen that is under examination. When something interesting is found, it can be removed for microscopic examination; but more about that part later.
In order to obtain a pure culture of something in a moist chamber it is only necessary to follow the direct transfer procedure given above, making sure that the sterile needle picks up only the spores that are wanted. If the needle inadvertently touches the surface of the material in the moist chamber it will pick up all sorts of undesirable contaminants.
Moist chambers can be used for all kinds of materials. We have used them to incubate dung, wood, leaves, old stems, corn stalks, bark, seeds, fruits, old fungi, dead insects, and numerous other things. Natural materials are usually more productive than man-made ones, but sometimes old pieces of cloth or leather products can be good. You are only limited by your imagination. Moist chambers are also useful in mycological "detective work", to discover the cause of a particular decay. Placing the decayed material in a moist chamber often will result in abundant sporulation of the guilty organism in the area affected. This technique works well with diseased plant material as well as manufactural products.
With very small specimens, such as insect parts or seeds, it may be easier to use a Petri dish as a moist chamber. We sometimes simply put a few layers of filter-paper in a Petri dish, moisten them, and put the specimen on top. Such moist chambers may dry out very easily, however, and have to be tended closely. A better method is to make up a batch of water agar (a solution of 20 grams of agar in a litre of water), sterilize it, and pour it into sterile Petri dishes. Because the agar solution contains almost no nutrients it will support little mould growth and thus serves only as a water reservoir. The specimen can be placed on the agar surface and examined as in any other moist chamber. Agar media containing nutrients can be used here, but often they only become overrun by the fastest growing moulds at the expense of everything else.
Whether using a moist chamber or working with freshly collected material, one often discovers that moulds produce spores inside some kind of structure, such as a pycnidium. Direct transfer of these structures invariably leads to contamination by other moulds. To avoid the problem it is necessary to clean off the surface of the structure sufficiently that all foreign spores and bacteria are removed. I do this either by pushing the structure over, around, and through an agar medium for 10 minutes or more until it is clean, or by surface sterilizing it for about 60 minutes in a 10 per cent commercial chlorine bleach solution. The required times and concentrations of bleach in the latter technique will differ some What from one specimen to another; the technique is most effective if the treatment can be varied with several samples. The agar technique demands more dexterity but can be applied to a single specimen with predictable results.
Direct plating
Often it is most convenient to place materials that are of interest directly on a nutrient agar medium. As already noted, this technique encourages rapidly spreading moulds at the expense of other fungi but is nevertheless widely used. It is a simple technique, requiring the placing of small bits of the substance on the surface of the agar or the pouring of melted but cooled agar over the fragments. After a few days' incubation mould colonies appear on the surface, and can be transferred into pure culture. The amount of material placed in the dish varies, depending upon how heavily it is infected with mould spores. This technique is commonly used in soil studies, requiring only a pinch of soil, evenly dispersed over the surface of the agar. It is difficult to apply any rules here, however, because a small amount of material may yield a different set of moulds from a large amount. If the amount of material is large, the result may be a combination of a plating technique and a moist chamber. We find that Martin's Rose Bengal Medium is a good choice for direct plating, as the rose bengal dye and antibiotics in it slow down colony growth and keep the colonies from growing together at first.
Dilution plating
In this technique 1 gram (dry weight) of the material to be studied is ground up (if necessary) and dispersed in 9 ml of sterile water. One millilitre of this solution is transferred to a second tube containing 9 ml of sterile water, resulting in a 0.01 dilution of the spore mass in the original material. The process is repeated to yield dilutions of 0.001, 0.0001, and 0.00001 or even further if necessary. A 1-ml portion from each dilution is pipetted to a separate Petri dish, and cooled, melted agar medium poured over it. The plate should be moved gently on the table in a figure-of-eight motion to effect proper dispersion. Alternatively, the solution can be put on the surface of solidified medium and spread evenly throughout.
After a few days' incubation, colonies will appear in varying densities, depending upon the amount of dilution from the original material. The number of spores present in the original sample can be calculated roughly by selecting the plates showing 40-100 colonies and writing down the colony count. The accuracy of this technique is low when only one plate is counted. There are numerous contributing factors, including improper dispersion of spores during dilution, failure to break up spore masses, or mutual inhibition of growth by certain fungi. Greater accuracy is attained by doing several Plates at the most desirable dilution, perhaps ten or more. Dilutions are frequently used in studies on soil fungi. Although the technique has been criticized as not reflecting the "true" soil flora, it is probably the most commonly used method in this area of study. Even if the fungi isolated are not very representative of the whole flora, the technique does allow scientists to compare

2.1.9 MEDICINAL PLANT
Medicinal plant is a therapeutic resource used by traditional population of the African continent specifically for healthcare and which may also serve as precursor for the synthesis of useful drugs ( Sofowora 1993 ).  A medicinal plant is also defined as any herbal preparation produced by subjecting plant materials to extraction, fractionation, purification, concentration or other physical or biological process which may be produce for immediate consumption or as a basis for herbal products. World Health Organization (W.H.O 2001). The term herbal drug determines the part\parts of a plant used for prearing medicines (for examples leaves, flowers, seeds, roots, barks stem, etc).
Studies on the use of plant extracts for control of diseases have shown the importance of natural chemicals (phytochemicals) as possible sources of non-phytoxic and easily biodegradable alternatives fungicides and antibiotics (Akueshi et al, 2002; okigbo and Mmeka, 2008).

2.2.1 AZADIRACHTA INDICA
Azadirachta indica, commonly known as Neem, belongs to Family Meliaceae and is one of the most versatile medicinal plants that has gained worldwide importance due to medicinal and insecticide properties. The chemical costituents contain many biologically active compounds that can be extracted from neem including alkaloids, flavonoids, triterpenoids , phenolic compounds , carotenoids , steroids and ketones . Azadirachtin is actually a mixture of seven isomeric compounds labelled as azadirachitin A-G and azadirachitin E is more effective ( verkerk et al., 1993). 
 Other compounds that have a biological activity are salannin, volatile oils, meliantriol and nimbin (jacobson et al., 1990; Ahana et al., 2005). Neem leaf is effective in treating eczema, ringworm, acne, anti-inflammatory, antiheperglycemic properties and it is used to heal chronic wounds, Diabetics food and gangerene developing conditions. It is believed to remove toxins from the body, neutralize free radicals and purify the blood. It is used as anticancer agent and it has hepato-renal protective activity and hypolipidemic effects.

Medicinal plants have been found useful in the cure of a number of diseases including bacterial disease. Medicinal plants are a rich source of antimicrobial agents (Mahesh and Satish 2008). Almost every part of the three is bitter and finds application in indigenous medicine. Neem extract has been reported to have antidiabetic, antibacterial, antifungal and antiviral activity (kirtikar and Basu, 1987). Almost every part of the tree has been in use since ancient times to treat a number of human ailments and also as a household pesticides. The extract from bark, leaves, fruits and root have been used to control leprosy, intestinal helminthiasis and respiratory disorder in children (Chattppadhyay et al., 1993). Flavonoids, flavonoglycosides, dihydrochalocones, tannins and other are also important constituents of barks, leaves, fruits and flowers of neem . Thw biological activities and medicinal properties of neem have recently been reported (Venugopal and Venugopal).

Natural drugs have been parts of the evolution of human, healthcare for thousands of years. Nowadays nearly 88% of the global populations turn to plant derived medicines as their first line of defence for maintaining health and combacting diseases. One hundred and nineteen secondary plant metabolites derived from plants are used globally as drugs , 15% of all angiosperms have been investigated chemically and of that 74% of pharmacologically active plant derived component were discovered (Raja et al., 2009). Plants are rich in wide variety of secondary metabolites such as tannis, terpenoids , alkaloids , flavonoids etc. which have been  found invitro to have medicinal properties . 
 
Use as antifungal agent: The leaf extracts of Azadirachta indica has great potential to strongly inhibit the members of the Trichophyton and Microsporum species causing superficial infection of the skin. Antifungal study conducted by Maragathavalli S, Brindha S, Kaviyarasi NS et al. on Azadirachta indica showed significant value and confirm the therapeutic potency of such plant used in traditional medicine.11–15 c.  The seed oil is also used as antifungal agent to inhibit the growth of certain fungal growth that causes decayed in plant such as capsicum species.















CHAPTER THREE
3.0 MATERIALS AND METHOD
    
3.1 METHODOLOGY
3.1.1 Pepper Sample Collection	
Three different species of capsicum were obtained from magboro market in Ogun state and was brought to the lab. The samples were then kept in a zip locked bag under room temperature for preservation.
3.1.2 Sterilization
All materials that was used were properly sterilized this include petri dishes, Cork borer, test tubes and all metallic materials were sterilized using hot air oven at 160˚C for 1 hour. The wire loop and needles used were also sterilized using a Bunsen burner until red hot. 70% alcohol was also used to sterilize work surface to prevent contamination.
3.1.3 Media Preparation 
The media used for isolation of spoilage organisms was Potato Dextrose Agar (PDA), which was prepared according to the manufacturer’s instruction. About 19.5 g of powdered PDA was dissolved in 500ml of sterile distilled water and sterilized by autoclaving at 121°C for 15 minutes after the agar was brought out from the incubator, it was allowed to cool for a while at room temperature. Antibiotics (chloramphenicol) was added to the PDA to prevent any growth of bacteria and any other microorganism on the plate before pouring into the petri dish(15cm diameter petri dish at a depth of 4.0mm), and allow to solidify. 

3.1.4 Isolation and identification of fungi
Small sizes were cut from diseased parts of capsicum fruits infected with rot using a sterile sharp scapel .They were then placed on solidified PDA medium in a petri dish because PDA provides necessary nourishment for the fungal growth while  Two replicates were made for each sample and one control each. The inoculated Petri plates were incubated at room temperature and observations were made daily for possible microbial growth. After 5-7 days of growth, sub-culturing was done to obtain pure cultures of the isolates as reported by Liamngee et al.  Once there is presence of growth, the topography, texture and pigmentation of each type of specific type of colony is noted in order to identify the fungi accurately. A little portion of the growth of the colony was teased out using the borer and an inoculating needle and mount on the slide with a drop of lactophenol on it and covered with a cover slip. The preparation was examined under a light microscope with an attached camera (Motic Mc Camera 2.0 megapixel digital coloured camera) connected to a computer for the microscopic photography of the fungi. The essence of this was observe the exact arrangement of the condiospores and the way the spores are produced. The identities of these fungi were certified using cultural, morphological as well as comparing them with confirmed representatives of different species in relevant texts. (Alexopolous et al., 2007 and Ellis et al., 2007).


3.1.7 Medicinal plant collection and Extraction of seed oil using soxhlet extractor
The seed of Azadiratcha indica was used. The seeds of Azadirachta indica, were collected from commonwealth street palmgroove estate Lagos from three different trees in the same compound and was air dried for observation for three days. The process of seed oil extraction include washing fruits and then fruits were taken from the water and dried at 60˚C for 24 hrs, the dried seed is then opened up to remove the inner seed for extraction of oil. 80g of the seed was cut into smaller pieces of 2mm and the oil was extracted using soxhlet extractor which was inserted into the soxhlet which was in turn inserted into a round bottom flask containing petroleum ether. The soxhlet cover was placed on top of the soxhlet. The condenser with inlet and outlet was placed on the soxhlet cover while the inlet of condenser was connected unto the running tap, its run off passed through the outlet. The whole setup was then placed on a regulated heating mantle usually between (40˚C-60˚C).As the solvent starts boiling the vapour rises through the vertical tube into the condenser at top. The liquid condensate drips into the filter paper thimble at the centre, which contains the solid samples to be extracted. The extract seep through the pore of the thimble and fill the siphon tube, where it flows back down into the round bottom flask, it was allowed to cool in the dessicator and weighed again to determine the amount of oil extracted. The extracted oil is concentrated using rotary evaporator to separate the solvent hexane from the extracted oil. The extracted oil is dried at 10˚C to evaporate remaining solvent.







3.1.8 Test for purity of the oil extract
The oil extract obtained was tested to ensure its purity by steaking it separately onto sterile plates containing the PDA. The plates were incubated at 37˚C for 72 hrs and were examined for possible growth of contaminants, the absence of which confirms the purity of the test extracts. 

3.1.9 Inocula preparation 
Stock inoculum suspension of the isolated fungi were prepared from young growing culture medium. Ten millilitres of sterilized distilled water was added to colonies of fresh young growing culture of each fungus, and the suspension were made gently probing the colony with the tip of a sterilsed Pasteur pipette. The resulting mixture of conidia and hyphal fragment was drawn and transferred to a sterile tube and stored in the refrigerator prior use 

3.2.1 Sensitivity Test against Antifungal and Extracted Oil
The disc diffusion method by irobi and Daramola was used for the antifungal test. Five Millimetres (5ml) of the stock inoculum suspension of each fungus was spread over the entire agar surface using a sterile inoculating loop. This is to ensure even distribution of the inoculum and were dried at room temperature for 15minutes before applying the four applying the four antifungal disc at angle 90 degree from each other the discs were prepared by perforation of whatman’s filter paper into disc of 5mm in diameter. The paper disc were wrapped in an aluminium foil and sterilized in an autoclave at 121˚C for 15 minutes to kill any contaminant before soaking in prepared antifungal agent solution and extracted oil 24hours before inoculation. The discs were left to cool at room temperature before use. The four disc were placed at angle 90 degree from each other on the surface of the agar with a sterile forceps. The inoculated plates were inocubated at room temperature. Culture plates were examined thrice a week zone of inhibition were read and measured using a transparent ruler according to the method used by Booth, (1971).

3.2.2 Pathogenicity Test 
To confirm the pathogenicity of fungal isolates from the pepper fruits, the method reported by Liamngee et al. was used. Pure cultures of the isolates from 5–7 days old cultures were used to inoculate healthy pepper fruits using a cork borer. On appearance of symptoms, the tissues at the margins of the healthy and diseased parts were surfaced sterilized, excised and plated on Potato Dextrose Agar (PDA) and incubated at room temperature for 6-9 days. At the end of this period, morphological characteristics and growth patterns observed in each case were compared with the ones of the original isolates. Two pepper fruits were used for each fungal isolate respectively, replicated two times and arranged in complete randomized design. Controls were pepper fruits inoculated with sterile PDA only. 








CHAPTER 4

4.0 Results
4.1 ISOLATION AND IDENTIFICATION OF THE FUNGI
 All the three samples of Capsicum spp collected yielded fugal growth and produced eight morphologically different species of fungi. Morphological comparison was done with that of standard mycology text books such as et al. (2007) and Ellis et al. (2007). These fungi were later confirmed to be Aspergillus niger, Aspergillus spp A, Aspergillus spp B, Fusarium solani, Alternaria alternate, Geotrichum candidum, Mucor pussilus and Rhizopus stolonifer.
	












TABLE 1: Identified fungal isolates and their colonial characteristic
	S\N
	Fungal Specie
	Morphological characteristics

	1
	Alternaria alternate
	It has both transverse and longitudinal septate hyphae. Conidia borne in a chain at the top of conidiophore’s.

	2
	Aspergillus niger
	Simple conidiophores that terminate in the globose swelling. Hyphae is septate

	3
	Fusarium solani
	Sickle shaped macroconidia, it is intracellular and intercellular hyaline branched geniculate and septate

	4
	Mucor pusillus 
	Thick hyphae and non-septate. Reproductive structure is round bear sporangia

	5
	Geotrichum candichum
	Septate branching hyphae and dissociated anthrospores are present 

	6
	Rhizopus stolonifer
	Non-septate hyphae and cotton mycelium. Produce clusters of root-like structure rhizoid. 

	7 
	Aspergillus spp A
	Simple conidiophores that terminate in the globose swelling. Hyphae is septate

	8 
	Aspergillus species B
	Simple conidiophores that terminate in the globose swelling. Hyphae is septate
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Plate 1a-f: Photomicrographs of isolates 
	
A: photomicrograph of Aspergillus niger 
B: Photomicrograph of Fusarium solani
C: Photomicrograph of Alternaria alternata
D: Photomicrograph of Rhizopus stolonifer
E: Photomicrograph of Mucor spp
F: Photomicrograph of Geotrichum candidum











4.1.3 ANTIFUNGAL TEST RESULT USING AZAGIRACHTA INDICA
Neem oil showed significant antifungal activity against all the isolated fungi at different concentrations such as 20muL 40muL and 60muL. Concentration of neem oil showed reactions against all the fungi. The zone of inhibition is found to be more against Aspergillus spp.
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Plate 2g-I: Antifungal assay of the oil extract



G: Zone of inhibition of the extract on fusarium solani
H: Zone of inhibition of the extract on Aspergillus niger 
I: Zone of inhibition of the extract on Mucor spp

Table 2: Figures show antifungal activity of samples by using well diffusion method 
	


	Concentration
(ml)
	
	
	Zone of inhibition

	
	
	Aspergillus 
niger
	Aspergillus 
spp
	Aspergillus 
Spp
	Fusarium 
solani
	Rhizopus     Alternaria
stolonifer    alternata
	Mucor          Geotrichum
hiemalis        candidum

	
	

	Neem oil



	10
	10mm
	 13mm
	 10mm
	 9mm
	10mm               11mm
	12mm          14mm

	
	20
	11mm
	12mm
	12mm
	12mm
	13mm               11 mm
	13 mm          12mm

	
	

30
	
15mm

	13mm
	13mm
	13mm
	11 mm
	   12mm
	13mm
	10mm

	
	

	18mm
20mm



	

	




4.1.4 Pathogenicity test 
For the pathogenicity tests, when the isolated organisms were inoculated into healthy capsicum fruits, all the organisms were found to initiate diseases symptoms as found on the diseased capsicum samples that were gotten. 


















CHAPTER FIVE
5.0 Discussion 
Losses caused by post-harvest diseases are greater than generally realized because the value of fresh fruits and vegetables increases several-fold while passing from the field to the consumer. Good storage limits losses of good products over relatively long period of time. At Magboro market, the traders store the vegetables in bags and baskets and the fruits probably get contaminated during transportation and packaging in bags and baskets that are unsterilized. 
Aspergillus niger, Rhizopus stolonifer and Alternaria alternate identified in this study agrees with the work of Salau I.A 2006 who identified fungi associated with post-harvest rot of common fruits in Sokoto metropolis. Aspergillus niger, Fusarium species and Mucor species identified in this study agrees with the work of Mensah K. Owusu E., 2011 who identified Aspergillus niger, Fusarium specie s and Mucor species in the study of fruit borne mycoflora of Capsicum annuum, Abelmoscus esculentus, and Lycopersicon esculentum from Accra metropolis. 
Aspergillus spp were found to be the most abundant fungi of pepper fruit which is similar to the report of Mensah K. Owusu E., 2011 that listed Aspergillus niger as one of the most common fungal species found on the fruits in their study in Accra metropolis. It also support the work of  Chlejina (2008) who indicated that Aspergillus spp was isolated from 79.5% of the fresh fruit samples. Aspergillus niger and Rhizopus stolonifer were found to be the most abundant fungi causing spoilage of pepper  and this confirms with the work of Essien et al (1999) who reported that Aspergillus species and Rhizopus stolonifer are the most common post-harvest fungi associated with tomato and pepper. Campbell R. 1995 reported the predominant fungi in Irish potatoes caused by abundance spores in the air, temperature and humidity which favors their proliferation. Because moisture and temperature influence the growth of fungi, characterizing weather conditions favorable for fungi may be used to predict the abundance and richness of fungi in habitats with different climate conditions. Atmospheric moisture is generally the single most important environmental factor influencing the incidence and severity of fungal diseases on plants. High relative humidity and several hours of free surface water are critical for both spore germination and successful infection. Field studies on plant pathogens have demonstrated that the growth of fungi is favored by high moisture and moderate temperatures and that low relative humidity and extreme temperatures inhibit growth and spore germination. 
The oil extract of Azadirachta indica was effective in inhibiting the growth of the fungi isolated. Enormous work has been done on the medicinal importance of Azadirachta indica. Mahesh and Satish (2008) reported that A. indica  extract has been used to cure a number of diseases including fungal diseases. The work of kirtikar and Bassu (1987) agrees with the work of a Mahesh and Satish stating that almost every part of the tree is bitter and finds its application in treating several diseases. This findings support the result from this study as extracted seed oil from Azadirachta indica seeds has the ability to inhibit the fungi growth isolated. 











	
 CONCLUSION
From this study, fungi contaminant in capsicum species in magboro were isolated, identified, characterized and documented. This was made possible by the use of conventional laboratory methods. The study brought to light the issue of emergence of new strains of fungi contaminated in capsicum spp. The findings on sensitivity test using the extracted oil and antifungal agents shows that the extracted seed oil have antifungal properties. The contributory effect of this study towards controlling fungi contaminants in capsicum spp products and the use of some seed oil as inhibitors will help in the quality and production of pepper in developing countries of the world since it’s a global issue. The use of oil from plant to inhibit the growth of fungi in capsicum spp reflects the importance and cost of effective method of combating fungal contaminant in capsicum spp.
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