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ABSTRACT
Okpa is a local cake produced from Bambara nut (Voandzeia subterranean). Studies on the microbial load of okpa were carried out in the Department of Microbiology Laboratory in Godfrey Okoye University. The okpa sample from 9th Mile Corner in Enugu State was analyzed for bacteria using standard procedure. Result obtained revealed mean total colony count ranged from 2.0 x 104 to 1.2 x 104 for bacteria. Three bacteria were isolated namely: Staphylococcus aureus, Escherichia coli and Bacillus spp. It was present in 36.5% of samples alongside Bacillus spp. The result of this study indicates that okpa samples examined did not meet bacteriology quality standards.  Hence, it is recommended that a closer supervision on okpa food should be carried out by relevant authorities.
CHAPTER ONE

Introduction

Okpa is a processed food from Bambara nut (Emelike et al., 2018) with its botanical name as Voandzeia subterranean (Bamshaiye et al., 2011). It belongs to the family Leguminosae and subfamily Papiliomoideae (Fadahunsii et al., 2009). Okpa is a well cherished food in the Eastern part of Nigeria, mostly among the Igbos especially those from Enugu State. It is an indigenous pulse legume grain mainly by subsistence farmers in drier part of sub-Saharan Africa (Mkandawne, 2007), and it serves as an important source of protein in the diets of a large percentage of the population, particularly people who cannot afford expensive animal food protein (Bamishaiye et al., 2011). In some of the Eastern states of Nigeria �Okpa� is considered as second to bread. The food legume has a major role to play in the fight against malnutriton and therefore is necessary that their level of consumption, which is already too low in a number of developing countries should be increased (Bamishaiye et al., 2011). The bambara seeds are also known to have different names among the different ethnic groups in Nigeria and its regarded as an important legume following its socioeconomic and utilization value (Akpalu et al., 2013). The Igbo call it �Okpa�, the Hausa call it �Fuijiya while the Yoruba�s call it �Erivour�. As a legume crop, It is divided into group namely, the pulse and oil seed. The seed is very nutritious but underutilized legume, which is potentially very rich in proteins and minerals (Okpuzor, et al., 2010). The seed is consumed as food in different part of the world. The young fresh seeds can be boiled and eaten as snack similar to boiled peanuts. Bambara groundnut seed could be made into pudding locally called Okpa (Beans Porridge) in some part of Nigeria (Adegunwa et al.,2014). Bambara groundnut seeds make a complete food as they contain sufficient quantities of protein, carbohydrate and fat (Bamshaiye et al., 2010), and is also high in methionine, an essential sulfur containing amino acid. The pulse are the dried seeds while the oil seeds are those legumes cultivated primarily for the oil content which may be extracted by pressing or by solvent extraction, the residue being a high protein cake.

The high carbohydrate (65%) and relatively high protein 18% content of bambara groundnut make it a complete food and can be processed into flour (Okonkwo and Opara, 2010). The protein of bambara groundnut is of good quality and has surplus lysine which complements cereals in the diet (Bamshaiye; 2011). The bambara nut is an annual crop that resemble groundnut (Arachis hypoaeal), both in cultivation habitation in food. The freshly harvested pods are consumed cooked, shelled and eaten as a vegetable snack, while dried seeds are either roasted and eaten as snacks in a manner similar to peanut when boiled. Bambara groundnut is probably the mostly drought resistant of the grain legume and may be found growing successfully where annual rainfall is below 500m and optimum between 900-1000mm per year (lminabo et al., 2005). The crop can be grown under dry climatic condition where the rainfall during the rainy season would be adequate to enable them to complete their vegetative cycle (Borget, 1992).

Okpa is produced from bambara nut by molding the flour, mixing with hot water and condiment to form paste. This resulting paste is wrapped with banana leaves, transparent polyten bags, tins or plastic containers before steaming to produce okpa (Enwere, 1996, Alozie et al., 2009). Okpa is referred to as a complete food because its contains carbohydrate, fat, minerals, vitamins, poly-phenol and a major source of protein. In sub-Saharan are the taste, firmness of the red and orange, yellow colour impart to the product by the palm oil used in its preparation (Brink et al., 2006).

In the food matrix, microbes grow in compact ecosystems in which they can exploit metabolites produced by other microbes (Gram et al., 2002). Growth and metabolism of spoilage and pathogenic bacteria produce compounds such as secondary metabolites that can affect the quality of the foods, causing either chemical or microbiological changes in the products. There is a wide recogniition of the role of food in spreading diseases (Marambio et al., 2001). Microorganism are abundant and ubiquitous in nature and their role as causative agents of foodborne illness was recognized as far as the 19th century. It was discovered by the end of the 19th century that microorganism was responsible for a variety of food borne disease. Microbial contamination of foods presents challenges that are different from those posed by toxins and physical hazards. Food borne disease are disease resulting from ingestion of bacteria, toxins and cells produced by microorganism present in food which are the major international health problem with consequent economic reduction. According to Hobbs and Robert (1993) package food gets contaminated with microorganism during the processing period. It has been demonstrated that food contamination, either from microbiological or chemical origin, is the highest concern for consumers. These includes the water for preparation, cooking utensils, the milking machine, the food handlers and packaging materials, if not properly washed.

This Staphylococcus aureus found in �Okpa�enter the host cell, invade and multiply in or on the body tissue of the host. It was early in the

20th century that bacteria was first recognized as against of food � poisoning and food borne disease. This bacteria includes:- Clostridum perfringes, Salmonella specie, Bacillus cereus, Campylobacter jejuni are known as food poisoning agent common in many countries Clostridium botulinum is a hazard in Northern countries and Japan. Certain types of Escherichia coli are known to cause diarrhoea in adult, which is often referred to as travelers diarrhoea. Streptococci are occasionally incriminated in food poisoning other organisms, particularly the common gram negative bacilli have been reported from times to time. A general observation of our Society shows a social pattern characterized by increased mobility

The following the unhygienic practices in the preparation of okpa, several microorganisms both bacteria and fungi have been implicated to cause contamination and spoilage of the cake. Organisms such as Aspergillus niger. Penicillium spp. Trichophyton spp. Salmonella spp. Shigella spp and Pseudomonas etc (Oranusi and Braide, 2012). The presence of these organisms does not only reduce the nutritional value of the cake but also has severe health implications as these organisms have been noted by early researchers to cause several harmful diseases (Nnaji and Raw, 2017).

Aim 

To determine the microbial load in Okpa     

Objective:

1. To isolate and characterize microorganisms (bacteria) from okpa, obtained from 9th mile in Enugu State.
2. To compare the microbial load of okpa collected among different sellers.
CHAPTER TWO

LITERATURE REVIEW
Bambara groundnut (Vigna subterranean) is a tropical pulse (with underground pods), and is one of the legumes of Papillionaceae sub family. It is a small herb with trifoliate leaves, which are palatable to domestic animals. The crop is indigenous to tropical Africa (Olapade and Adetuyi, 2007). It originated in the Sahelian region of present day West Africa, from the Bambara tribe near Timbuktu, who now live mainly in central Mali (Nwanna et al., 2005), hence its name Bambara groundnut. The nuts are also known as Jugo beans (South Africa), Ntoyo Cibemba (Republic of Zambia), Gurjiya or Kwaruru (Hausa, Nigeria) Okpa (Igbo Nigeria), Epa-wro (Yoruba, Nigeria) and Nyimo beans (Zimbabwe). In many regions of Africa, Bambara ground nut is the third most important legume after groundnut and cowpea. Of the total annual production of around 330,000 tonnes, approximately half is produced in West Africa (Bamishaiye et al., 2011). Bambara groundnut is given less value and less priority in land allocation, because it is usually grown by women. Between 10-40% of the harvest is sold, the rest is consumed by the rural farmers themselves. Due to its low status, it is seen as snack or food supplement but not a lucrative cash crop (Sellschop, 1962; Doku et al., 1970; Rachie and Silvestre, 1977; Linnemann, 1992). It can produce high yield levels with low input and is an ideal crop for farmers. It was found that about 98% of farmers in Swaziland regard Bambara groundnuts as a profitable crop (Begemann et al., 2002) and drought tolerant (Linnemann et al.,1993). Its drought tolerance is as a result of osmotic adjustment and low water loss through stomata closure (Collinson et al; 1997). Bambara groundnut appear to reduce water loss under water stress and has the ability to recover from the effects of water stress after rainfall or irrigation (Vurayai et al., 2011). The seed of bambara groundnut is hard, smooth, usually round and varying in size up to about 1.5cm in diameter. It can also vary in colour from white, cream, dark brown, red or black and may be speckled or patterned with combinations of these colours (Adumanya et al., 2012). Bambara groundnut is a promising commodity, which needs more publicity, both as a crop and as a food.
2.1.1
VARIETIES AND CULTIVARS OF BAMBARA GROUNDNUT

According to Directorate Plant Production (2011), there are seven varieties of bambara groundnut, and these include;

� Black: Early maturing, usually small to medium sized kernels, mainly one seeded.

� Red: Late maturing, kernels are large. A good yielder, however it is prone to rotting onsite.

� Cream/black eye: A large kernel and a good yielder.

� Cream/brown eye: A large moderate kernel and a good yielder.

� Cream/no eye: very small pods and kernels. It mainly produces one seed and yields are lower.

� Speckled/flecked/spotted: purple colour predominates. Kernels are small, and pods are mainly one-seeded.

� Brown: contains variation between light and dark brown. Kernels are of medium to large size.
2.2

NUTRITIONAL COMPOSITION OF BAMBARA GROUNDNUT

Bambara groundnut can be used and does play an important role as a protein source. The seeds make a complete food as it contains sufficient quantities of protein, carbohydrates and fats. On the average, the seeds contain 54.5-69.3% carbohydrates, 17-24% protein and 5.3-7.8% fat, and gives 367-414 calories per 100kg (Caroline, 2000). The gross energy value of bambara groundnut seed is greater than that of other common pusles such as cowpea, lentil and pigeon pea. It was reported that it is richer than groundnut in essential amino acids such as isoleucine, leucine, lysine, methionine, phenylalanine, threonine and valine. The bean is an important source of food security, because it is highly nutritious, and is a good source of fibre, Calcium and Iron. Calcium is important for blood clotting. It has been reported that the red seeds are useful in areas where Iron deficiency is a problem, as they contain almost twice as much as the cream seeds (Caroline, 2000). Iron is reported also to be very important in the functioning of the central nervous system (Adeyeye and Fagbohun, 2005). The crop contains about only 6% ether extract, therefore could not give a cash crop status, a great importance in food industry (Bamishaiye et al., 2011). The fatty acid composition of bambara groundnut oil shows that the free fatty acid for bambara seed oil is suitable for edible purposes. Bambara seeds compared with other legumes in regards with the nutrient content, states that the carbohydrate fraction of bambara groundnuts, is predominantly composed of starch and non-starch polysaccharides, with lesser amount of reducing and non-reducing sugar. Bambara groundnut also contains the vitamins thiamine, riboflavin, niacin and carotene, but it is very low in ascorbic acid (Abdulsalami and Sheriff, 2010).
2.3

 FUNCTIONAL PROPERTIES OF SOME LEGUMES

The functional properties of food are defined as those physio-chemical characteristics of food components,  that determine the usefulness and successes of ingredients in food systems. It was reported that the functional properties of foods can be used to define how such foods can be supplemented into existing foods and how they can replace more expensive protein in traditional foods. According to Ikegwu et al., (2009), functionality can be defined as any property of a food or food ingredient other than the nutritional ones that affects its utilization. Seed proteins should also possess the essential requisite functional properties for successful utilization in various food products. These functional properties are intrinsic physio-chemical characteristics, which affect the behavior of properties in food systems during processing, manufacturing, storage and preparation (Eltayeb et al., 2011). The functionality of plant protein has been reported to be dependent upon the chemical characteristics influence on the functional properties of proteins, these include; moisture, temperature, pH, salt concentration, enzymes, or addition of ingredients (Aremu et al., 2008).
2.4 
ANTI-NUTRITIONAL COMPONENTS OF BAMBARA GROUNDUNT

Low levels of trypsin inhibitor and phenolic compounds have been identified in bambara groundnut seed (Poulter, 1981; Brough et al., 1993). The trypsin inhibitor is inactivated by autoclvaing but was discovered that substantial proportion of the trypsin inhibitor remained after heat treatment; total activity was reduced with presence of heat stable (tannin) and heat liable protein factor. Tannin is located mainly in the seed coat and their concentration is correlated with seed colour as it is in common beans. The reported that the highest level of tannin was found in bambara groundnut accession with brown, red seed and lower tannin level accession with cream coloured seed. Tannin can be deleterious to livestock performances, though they also have interesting nutritional properties in some cases (by-pass protein in ruminants, anthelminthic effect). Bambara groundnut is reported to have anti-trypsin variety (landrace) (Tibe et al., 2007). Phytates are found in high proportions in bambara groundnut and are known to reduce cations availability (Calcium particularly) (Nwanna et al., 2005).
2.5

 PROCESSING AND UTILIZATION OF BAMBARA GROUNDNUT

Bambara groundnut is grown mainly for its edible and nutritionally rich seeds. The dried seeds are sometimes roasted, and ground into fine flour or eaten whole in the young fresh state. The method of processing bambara groundnut is similar to the method of processing other legumes, but usually, its processing involves dry milling.

Processing of bambara groundnut starts with cleaning of the seeds. They are manually or mechanically cracked and the seed coats that detach themselves from the cotyledons are winnowed off. The cotyledons are further ground into flour, sieved and the residue after sieving is used as animal feed (Onyimonyi and Okeke, 2007), or in the preparation of Okpa. Alternatively, the seeds are soaked in water overnight and at the end of soaking, the seed coats are removed manually. The seeds are often spread under the sun to reduce moisture content to about 8-10% before milling. The flour can then be mixed with palm oil, salt and pepper to obtain slurry, and other ingredients like crayfish, onions, uziza seeds may be added if desired, until consistency is achieved. The mixture is then wrapped in banana or plantain leaves, transparent polyethene pack or containers, steamed for 50minutes to 1hour (Enwere, 1998). The end product is �Okpa� (bambara groundnut paste). Okpa is relished by adolescents and adults. It is hawked by women and children, who prepared it to secondary schools� refectories, where it is used as part of breakfast (Enwere and Hung, 1996). According to Ominawo et al., (2007), Okpa is a better diet for the diabetics than moin-moin, as they were found to have lower values of glycemic index and blood glucose response when Okpa was administered and this may be attributed to the higher crude fiber content of bambara nut than cowpea (moin-moin). In many West African countries, the fresh pods are boiled with salt and pepper and eaten as a snack. In East Africa, the beans are roasted, then pulverized and used to make soup, with or without condiments. Zengeni and Mupamba (1995) reported that ripe dry seeds of bambara groundnut are roasted, broken into pieces, boiled, crushed and eaten as a relish with sazda. (maize meal porridge). In restaurants in Angola and Mozambique, boiled salted seeds are often served as appetizers (Akande et al., 2009).

Recently, a trial of bambara groundnut milk was carried out and its flavour and composition were found to be high to milks produced from cowpea, pigeon pea and soyabean. Bambara groundnut milk ranked first, while all other milks were found to be acceptable. It has been reported also in Zambia, that bambara groundnut is used for bread making. Commercial canning of bambara groundnut as gravy is a successful industry in Ghana, the product was thus available throughout the year and over 40,000 cans of various sizes were produced annually (Akande et al., 2009). Bambara groundnut could also be used as composite flour, used for cereal based confectionaries like biscuit/cakes, bread (Bamishaiye et al.,2011), where low calories and high fibre diet or foods is desirable. The use of bambara groundnut flour to supplement wheat flour was acceptable especially those from 80:20 Wheat flour: bambara groundnut flour blend (Alozie et al., 2009). Baby food such as pap can be fortified with bambara groundnut to improve its nutrient content (Fabiyi. personal communication; Akande et al., 2009). Meat analogue, a major type of texturized plant protein (TPP), which is extensively imitated meat product (Sheard et al., 1984) has been produced from bambara groundnut flour and this was observed to have desirable sensory properties.

Texturized plant protein is an excellent meat substitute in many dishes and they approximate the aesthetic qualities (primarily texture, flavour and appearance), and low chemical characteristics of specific types of meat. Thus, bambara groundnut can be used quite freely to replace the high priced lumps of meat for adequate nutrition (Okonkwo and Okpara, 2010). According to Karikari (1971), some tribes in Congo roasted the seeds of bambara groundnut and pounded them for oil extraction, despite the relatively low oil content of the seed. Bambara groundnut can also be fermented. A known dawadawa type product is made from bambara groundnut using a solid substrate fermentation method (Barimalaa et al., 1994). Bambara groundnut has long been used as an animal feed.  Several workers have successfully fed processed bambara groundnut to livestock animals such as poultry. (Arijeniwa and Omoikhoje, 2004) and rabbits (Joseph et al., 2000; Akande, 2009) as well as pigs, where inclusion of 10% bambara wastes in the diets of weaner pigs will help produce cheaper and affordable pork (Onyimonyi and Okeke, 2007). The haulms were found to be palatable (Doku and Karikari, 1971), and the leaves were reported to be rich in Nitrogen and Phosphorus, and therefore suitable for livestock grazing (Akande et al., 2009).

The extract from the nut, particularly the protein extracts can be used directly in cosmetic formulations and provides specific and notable effects (Bamishaiye et al., 2011). 

Bambara groundnut could be used for other purposes such as curing nausea suffered by pregnant women by chewing and swallowing raw bean (Directorate Plant Production, 2011). The leaves are pounded with those of Lantana trifoliate or Mexican marigold, water is then added to make a solution which is used to wash livestock as a preventive against ticks as an insecticide. Water from boiled maize and pulse mixture is drunk to treat diarrheoa (Bamishaiye et al., 2011).

MICROORAGANISMS ASSOCIATED WITH FOOD ITEMS 

2.4.1 
Bacillus species

 Bacillus species are spore forming bacteria that are widely distributed in nature. They are commonly associated with the spoilage of food product such as milk and dairy products, rice, paste, dried products like spices (Rodriguez-Lozano et al., 2010). It can be present in a wide range of different foodstuffs including both foods of animal and plant origin, and cause food-borne illnesses in humans. They have been traditionally associated with spoilage of food products in many cases with pH as low as 3.9. Bacillus belongs to the phylum Firmicutes. They are aerobic and Gram positive rods producing endospores that are resistant to unflavored external conditions. Bacillus can be distinguished from other spore formers such as Clostridium by their aerobic nature (strict or facultative), rod- shaped cells and catalase synthesis (Slepecky and HampHill, 2006)

2.6 
FOOD PACKAGE
Packaging is the protection of materials by means of containers designed to isolate the contents, to some predetermined degree, from outside influences (Brennan and Day, 2006). In this way, the product is contained in a suitable environment within the package. The qualification to some predetermined degree is included in the definition as it is not always desirable to completely isolate the contents from the external environment. Packaging may be regarded as a preservation method in its own right or just an important adjunct to other methods of food preservation.

Even though packaging may perform functions other than preservation, its most important role is to deliver to consumers fresh and manufactured foods of the expected quality. Related Post Top and Subsoil Productivity of Forestland Municipal Waste Dumpsite of Abakaliki, Nigeria L Good packaging actually serves two purposes,

which are essentially technical and presentational? Technical aspects in packaging is to extend the self-life of the food by better protection from all

hazards during storage. Presentational aspects are not concerned with shelf life but such packaging increases sales, by creating a brand image that the buyer instantly recognizes (Butt et al., 2004).
2.7 
INTERMEDIATE MOISTURE FOODS

Foods with improved microbial stability can be fabricated by reducing their water activity (aw). This parameter can be controlled by adjusting moisture content and by the presence of solutes (Torres, 1984). These products, called intermediate moisture foods (IMF�s) are microbiologically stable as long as aw<aw*

Where:

aw = aw (t, x, y, z)

= aw at any time (t) and any location (x, y, z,)

within the intermediate moisture food.

aw* = Critical aw value

Above aw*, microbial growth is possible. Its value will depend upon parameters such as pH, concentration and type of preservative (s), expected microbial contamination (Torres, 1984). Therefore, intermediate moisture foods are semi- moist foods with about 25% (15-50%) moisture but with some of the water bound (and so unavailable to micro-organisms) by the addition of glycerol, sorbitol, salt or organic acids, so preventing the growth of micro-organisms. Water can exist in foods in various forms, as free water (tomato juice), as droplets of emulsified water (Butter), as water tied up in colloidal gels (jellies), as thin layer of adsorbed water (powder milk) or as chemically bound water of hydration (Sugar). While free and adsorbed water are easier to manipulate, some of the chemically bound water is extremely difficult to remove during drying (Okaka and Okaka, 2001). Water in food which is not bound to food molecules can support the growth of bacteria, yeasts and molds (Fungi). The term water activity (aw) refers to this unbound water. The value aw is thermodynamically defined as the ratio at a given temperature of the fugacity, f, of water in some given state, and its fugacity, if, in a state which for convenience. Theoretical estimation of aw have included solutions theory based on the free energy model of Gibbs; theories about physical sorption if a surface can be distinguished (i.e. the structure formed by the common food polymers: proteins and carbohydrates): or a combination of both if the particular system requires so. Other models are the classifiable B.E.T. model and the empirical or semi-empirical Smith and Owine models (Iguedjtal et al., 2008). The GAB and BET equations predict the moisture content of the monolayer (xo) and are considered to be the most useful ones for determining the optimal moisture conditions for food stability during storage (Arslan and Togul; 2006). The term Xo is the amount of water (g water/g dry matter) that is strongly associated with all active sites of the adsorbent solid phase and its value is correlated to the stability of foods during storage (DYNA, 2011). The preservation and stabilization of a foods main properties during storage (example; its texture and microbiological stability) often require control of moisture content or water activity. Moisture content is an important criterion for judging food quality (Arslan and Togul, 2006) and water activity (aw) is an essential additional parameter for describing water availability and mobility in foods (Iguejtal et al., 2008). Establishing the relationship between equilibrium moisture content (EMC) and aw, also known as the sorption isotherm (adsorption or desorption) is important for understanding the stability of food stuffs. The adsorption isotherm of a food describes the thermodynamic equilibrium state of water. It can be used to predict the shelf life of packaged moisture-sensitive products by modeling moisture uptake during food storage and distribution. It can also be used to determine the best storage methods, packaging materials, and ingredient selection (Lahsasni et al., 2004).
2. 4.2 MICROBIOLOGICAL ASPECTS OF INTERMEDIATE MOISTURE FOODS

Intermediate moisture foods range in aw from 0.7 to 0.9 and in water content from 20 to 50%. These foods may be susceptible to mold growth, enzymatic degradation, or non-enzymatic browning unless appropriate preventive measures are taken. Intermediate moisture food ingredients heat pretreatment was suggested to reduce microbial load. However, subsequent handling can cause contamination. Even though some products are cooked or pasteurized, slicing and packaging gives ample opportunity for recontamination and shelf life usually ends as a result of microbial growth. Another problem of surface contamination of intermediate moisture foods is that viable counts can be highly variable (Anderson et al., 1980; Torres, 1984). Related Post Rice - Effect of Organic and Inorganic Fertilizer On Growth, Rice Varieties.

 Bacterial are unicellular microscopic organisms which occur almost everywhere in nature. Up to 1500 species of bacteria have been isolated since bacteria are living things, they acquire a source of food, moisture and suitable temperature to grow, when these conditions are adequate. Bacteria causes spoilage of improperly cooked okpa by multiplying inside okpa thereby causing putrefaction which result in illness to consumer. The bacteria that most often involved in the spoilage of okpa are part of the natural flora of the external content. Bacteria will grow by a process knowns as Binary fission in which the cell divides into two new cell. The practical application is limited by environment factors prevailing: These factors are- 
(1) Temperature 
Table 1: Temperature ranges for growth of microorganism.

	Type   of

 microorganism
	Minimum(C)
	Optimiun (C)
	Maximum (C)

	Psychrophilic
	       0
	       15-25
	       34

	Mesophilic
	      10 
	       27
	       43

	Thermophiles
	      25
	       50-65.5
	       85


Olusegun, A.O. and Jacob, O.O. (2013). Microbial local (bacteria, Coliform and mould count/flora) of some common Hot smoked freshwater fish species using different packaging materials. Food and nutrition sciences 4 (1201-1208).
(2) Water content

Table 2: Minimum water activity for growth of microorganism.

	Microorganism
	Minimum water activity

	Normal bacteria
	0.90

	Yeast
	0.88

	Mould
	0.80

	Halophilic bacteria
	0.75

	Dryness resistant mould
	0.05

	Osmotic pressure resistant yeast
	0.61


Olusegun, A.O. and Jacob, O.O. (2013). Microbial local (bacteria, Coliform and mould count/flora) of some common Hot smoked freshwater fish species using different packaging materials. Food and nutrition sciences 4 (1201-1208). 
(3) Acidity or Alkalinity (pH)
Bacteria grow well over a wide range of hydrogen ion concentration. Phil ranging from 4.0-9.0. The optimum pH growth of most bacteria lies between pH 6.5-7.5 although some bacteria are capable of growing at the extremes of the pH ranges. Bacteria growth and toxin production are inhibited if the conditions are more lethal to microorganism than alkaline.

(4) Nutrient Composition.

Bacteria are living organism and like other living things such as plant animal, they require a source of energy to survive. Such energy can be obtained from sunlight or to breakdown of nutrient which are mainly carbohydrate, protein, fats and oil, vitamins and other growth factors. The breakdown of each of these nutrients requires the possession of the appropriate enzyme by bacteria.
2.5 
CONSTRAINTS TO LEGUME UTILIZATION

Although legumes are rich in protein and carbohydrates, there are several factors that contributed to their underutilization. The main limitation includes their flatulence properties, prolonged cooking time, the presence of anti- nutritional factors and toxicity (Rachie, 1995). Dehuling has been a limiting factor in the preparation of flour from bambara that could produce acceptable moin-moin substitute, most especially with respect to the texture and flavour. The conventional method used always result into a product with very hard texture and strong beany flavour (Alobo, 1999).

Beany flavor is due to the action of enzymes, lipoxygenase on free fatty acid present in the seed, and it can be removed by inhibiting the activity of the enzymes. This can be done by boiling the seeds at high temperature (75 �850C), which results in denaturation of the enzymes lipoxygenase. The complex sugar is soluble in water and if the legumes are pre-soaked for some hours and rinsed with water before cooking, the complex carbohydrates are usually washed away and flatulence is prevented. The hard to cook phenomenon experienced in legumes especially after long storage periods is another major constraint to legume utilization. As the storage period of legumes increase, there is a tendency for the grain to develop hard to cook phenomenon. Thus, it takes longer time to cook legumes. With the current high cost of fuel (energy), this may constitute a great constraint to the utilization of legumes for food (Omoikhoje, 2008). Toxicity is any adverse physiological condition or response produced in a man or animal by a particular food or substance after consumption. Detoxification of most legumes can achieved the traditional methods of domestic preparation. However, proper care should be taken in legume preparation to ensure complete detoxification as some of these toxicants especially hemagglutinins are heat stable. Anti � nutritional factors are substances that interfere with the normal digestion, absorption and utilization of food nutrients in the body systems of the human and animals. A number of these substances occur naturally especially in plant materials, mostly in legumes. Notwithstanding the agronomic and nutritional advantages of legumes as a cheap protein source of many, especially low income persons, legumes have been reported to contain several anti- nutritional factors such as Beta-aminopropioniriles, which causes lethism and haemolytic-debrile factor contained in legume like fava bean, which causes fauvism, goitrogenic

factors and trypsin inhibitors. Also, the lack of knowledge of the functional, chemical and nutritional properties of some legumes grown in developing countries is responsible for their less utilization in food formulations. Cream coloured variety of Bambara groundnut

(Vigna subterranea), and all other ingredients required for the production of Okpa were purchased from Meat Market, Abakaliki, Ebonyi State, Nigeria.
CHAPTER THREE

3.1

 STUDY AREA

Enugu State is in the South East geo-political Zone of Nigeria. It is located at 6- 30º North of Equator, and 7-30º East of Latitude. Two vending points at the location were used for the study. Vending points at 9th mile 2nd flyover bridge: and 9th mile market center. The two sites were selected due to the level of commuter's patronage.

3.2 
SAMPLE COLLECTION

Samples of ready to eat Okpa (Voandzeia subterranean) were randomly obtained along the roadside of 9th mile. The samples were collected into sterile zipnop bag on Saturday 9th June 2018. Samples were purchased when freshly prepared and were immediately transferred under aseptic condition to the Department of Microbiology laboratory, Godfrey Okoye University for micrological analysis within one hour of collection.

3.3 
MEDIA PREPARATION
Sterilization of Conical Flask, Slides, Petri dishes and all the equipment needed for the experiment was carried out in the laboratory. The glassware�s were Sterilized in the oven at 120°C for an hour after washing with Soap; While other equipment was surface sterilized with 70% ethanol to reduce microbial contamination (Agrios, 2005). Inoculating loops and scalpels were sterilized by dipping for 20 seconds in 70% ethanol and heated to red hot. The Media Nutrient Agar, MacConkey Agar, were Prepared following the manufacturers guide.

3.3.1 
Nutrient Agar

Twenty-eight (28) grams of powdered commericially prepared of nutrient agar was weighed on analytic metller balance into a clean dry 1-liter conical flask and 1000ml of distilled water placed inside a water bath for about 90°C, all the agar to dissolve and autoclave at temperature of 121°C for 15 minutes.

3.3.2 
MacConkey Agar

Forty-eight (48) grams of MacConkey Afar was weighed into 1litre capacity of colonized flask and bring to boil using water bath at temperature of about 90°C to dissolve the agar and autoclave

3.4
 Sample Preparation
Exactly one gram of Okpa was homogenized in nine (9) ml of sterile normal saline. A loopful of the solution was streaked on the dried sterile Nutrient agar, MacConkey agar and Sabourand's dextrose agar plates for bacteria and fungi respectively. These plates were then incubated at 35°C for 18-24hrs for bacteria and fungi 48-72hrs at room temperature

3.5
 Subculturing and Storage of the Microbial Isolates
Distinct colonies were subcultured on the appropriate agar slants namely Nutrient agar, MacConkey agar for bacteria and Sabourand dextrose agar for fungi. They were incubated for 18-24hrs at 35°C and then stored at 4°C in refrigeration.

3.6
 Identification and Characterisation of Bacterial Isolated 

The bacterial isolates were identified using morphogical characterization- Gram staining and biochemical test: catalase, oxidase and indole test

CHAPTER FOUR

RESULTS
A total of three samples of okpa were analysed and out of the three samples, three bacterial isolates were isolated and were identified as Staphylococcus aureus, Escherichia coli and Bacillus cereus. Table 3: shows the biochemical characteristic, morphological features and the probable organism. Table 4: Shows the mean value for total colony count of bacterial isolates. The Three bacteria isolates, Escherichia coli, Staphylococcus aureus and bacillus cereus were mainly associated with food poisoning because of its ability to produce toxins. 
Table 3: Morphology and Biochemical analysis of Isolate
	Isolates
	Gram�s 

reaction
	Shape
	Catalase
	Oxidase
	Indole
	Coagulase
	Morphological

Features 
	Probable organism

	Isolate 1
	+
	Cocci
	+
	-
	-
	+
	Golden yellow,

Pin head, circular, smooth, convex, and opaque.


	Staphylococcus aureus

	Isolate 2
	-
	Rod
	-
	+
	-
	-
	Pink, smooth, circular, non-mucoid and moist


	Escherichia coli

	Isolate 3
	+
	Rod
	+
	-
	-
	-
	Creamy, rough edge colonies


	Bacillus spp


Keys= Positive (+)

      Negative (-)

Table 3: Bacterial load of okpa from 9th mile corner (cfu/ml)
	Sample
	Mean total colony count

	YI
	     1.2 × 104

	Y2
	     2.1 × 104

	Y3
	     4.5 × 104


CHAPTER FIVE

DISCUSSION
The presence of microbial contaminants (bacteria) has been reported in ready-to-eat food in the previous works of Agao and Atere (2009) in which the bacteriological assessment and hygienic standards of food canteens in Kwara State Polytechnic, Ilorin, Nigeria was carried out. Fowoyo and Igbokwe (2014) whereby the impact of air pollution on the microbial quality of ready to eat food vended in high-ways: Enugu-Onitsha. Escherichia coli, Bacillus spp, Staphylococcus aureus, were isolated from Okpa indicating poor observance of sanitary practices. These organisms are known as foodborne pathogens and opportunistic pathogens that have been implicated in foodborne disease outbreaks (Mudgil et al., 2004; Oranusi et al.,2007, Oranusi and Braid 2012; Tambeker et al.,2008).Contaminated ready-to-eat foods are regarded as potentially hazardous to public health. Staphylococcus aureus, which is part of the microflora present in different part of the human body, is a good indicator of contamination due to poor hygiene practice (Nester et al.,2001). Staphylococcus species are gram positive, spherical bacteria that occur in microscopic clusters resembling grapes. They are facultative anaerobes that grow by aerobic respiration/ fermentation that yield principally lactic acid. Staphylococcus species belong to the family, Staphylococcaceae. it does not form spores but can cause contamination of food product during preparation and processing. S. aureus is desiccation tolerant organism with the ability to survive in potentially dry and stressful environment such as human nose, on skin and inanimate surface such as clothing and can remain viable on hands and environment surfaces for extended duration after initial contact (Chaibenjawong and Foster, 2011). These characteristics favor the growth of the organism in many food products. The presence of Staphylococcus aureus in the samples is indicative of human contamination after production. This could be from human contact such as fingers or indirectly through additives or utensils. The organism is associated with endotoxin characterized by short incubation period (1-8hrs), violent nausea, vomiting and diarrhea. Enterbacteriaceae family are mainly found in the intestinal tract and are useful indicator of low hygiene Standard (Gitahi et al.,2012; Oladipo and Fajemilo, 2012).
 Oladipo and Fajemilo (2012) have reported the presence of bacterial contaminants in some Nigeria fast food. Similarly, Das et al. (2010), and Sina et al (2011) have separately isolated Staphylococcus aureus as organism in the family of Enterobacteriaceae in street food in Accra, Ghana.

  In some cases, Foods and ingredients are exposed to contamination from unwashed hands and material used for wrapping, such as leaves and polythene bag (Agwa et al.,2012). The presence of these organisms in Okpa depicts poor hygienic, sanitary practices during the processing and packaging of these food products and poor properly procedures in cooking.  Purchasing of Okpa from the 9th mile expose one to a considerable public health risk (Agwa et al.,2012). Ingestion of food contaminated with Staphylococcus aureus can lead to Staphylococcal Foodborne disease due to production of toxin. It is associated with vomiting, nausea, abdominal cramp with or without diarrhoea, hypersalivation (Fowoyo and lgbokwe, 2014; Kadariya et al.,2014)

Bacillus cereus is another isolate that is associated with the production of toxin; diarrheal and emetic in food which causes food poisoning. It is found in dust, soil and raw food and can survive normal cooking as a heat resistant spore (Rajkowski and Bennett, 2003). Microorganisms are ubiquitous in nature and have been detected in Okpa as well as other ready to eat food sold by roadside and many food vendors in part of Nigeria, although the organisms detected may vary from food to food and location to location.

Microbial guideline for cook food stipulated that �the plate count must be <10^7cfu/g, for meat <1.0 x 10^4 cfu/g, for plant products <1.0 x 10^4 cfu/g, for ready to eat frozen meals <1.0 x 10^4 cfu/g and for coliforms, the plate count must be <10 cfu/g� (Gilbert et al., 2000). the microbial load of the okpa samples was higher than the stipulated, hence their presence constituted a health risk; it can be adjudged that the street food retailed at 9th mile road as obtained in this study are not bacteriological fit for consumption. The food contamination may have been due to unhygienic production practices and prolong exposure to the environment.
CONCLUSION
Most food pathogens are of soil or intestinal origin and are transmitted through poor food preparation, personal hygiene or public sanitation practices. This stands as a great threat to the human health as these organisms can cause disease. Therefore, to ensure the safety of the foods, proper handling during the production process like preparation in sterile environment, use of clean water, use of clean nylon or leaves, utensils and adoption of proper hygiene will not only reduce the incidence of occurrence of these organisms but will also make the cherished Okpa safe for eating.
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