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ABSTRACT 
Plantains (Musa epp) are important staple foods, which make substantial contribution of the nutrition and economy of millions of people through the developing world and are grown in 720 countries.  The gross value of plantain production in sub-saharan Africa extent that of several other main food crops, such as maize, rice cassava and sweet potato. They are considered the fourth important global food commodity after rice, milk and wheat in terms of gross value of production and provide more than 25% of the carbohydrates for approximately 70 million people in sub-sharan Africa. Plantain flour production involves procurement of matured plantain, feeling, chipping, drying, milling and packaging, plantain is an important source of carbohydrate, the starch fat and total sugars in plantain are adequate for the manufacture of plantain biscuit. Blanding considerably reduce the emulsion capacity and viscosity, while built density, water and oil absorption capacities were increased by Blanding.  Plantain could also be used as an emulsifier and thickener in food system. Plantain flour is a cheap source of iron, protein and vitamin A and the product can be marketed. 
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CHAPTER ONE
1.0 INTRODUCTION 
Plantain (Musa paradisiaca) belongs to the genus Musa in the family Musaccea. It is a giant perennial herb and cultivated in many tropics and subtropical countries of the world. It ranks third after yam and cassava for sustainability in Nigeria (Akomolafe & Aborisade, 2021). It is used as source of starchy staple food for millions of people in Nigeria. Mature plantain palp is rich in iron, potassium and vitamin a but low in protein and fat (Adniji et al, 2022). The water content in the green plant is about 61% and increase in ripening to about 68%. The increase in water is presumably due to the breakdown of carbohydrates during respiration. The starch in the unripe plantain is mainly amylase and amylopectin and this is replaced by sucrose, fructose and glucose during the ripening stage due to the hydrolysis of the starch (Zakpaa et al, 2021). The chemical composition of plantain varies with the variety, maturity, degree of ripeness and where it is grown (soil type), when processed into flour, it is used traditionally for the preparation of gruel, which is made by mixing the flour with appropriate quantity of boiling water to form a thick paste (Mepba et al, 2022). Plantain is a common name for herbaceous plants of the genus Musa, it was classified formally as Musa acuminate, Musa Balbisoana or hybrids Musa Acuminata Balbisoana depending on their genomic constitution. (Balell john in 2023) gave the archaic scientific name Musa paradiasiacal which is no longer used. Most plantain come from the hybrid AAB and ABB cultivar group all members of the genus. Musa are indigenous to tropical regions of south east Asia and Oceania including the making archipelago (Brian and Alian 2021). 
Plantains are major staple food in equatorial Africa and Andean region. Their attractiveness as food is that they fruit all year round making them more reliable all season. This is particularly important for communities living in mountains or forests with inadequate food storage preservation and transportation, this tends to be firmer and lower in sugar content than desert, plantains are cooked or otherwise processed and are used either when green or unripe land therefore starchy or overripe and therefore sweet (William 2022) stated that an average plantain has about 220 calories and is a good source of potassium and dietary fibre. (Murray Tossler, 2023 Plantains is a perennial plant that consist of a rosette of basal leaves and one or more flowering stalks the basal leaves are up to “ 10 long and ¾ across”. But more commonly about half this size the tenth most important staple food that feed the world. (Uwaegbufe, 2022) plantains are treated in much as the same way as potatoes and with a similar neutral flavor and texture when this unripe fruit is looked by steaming boiling or frying. It (plantain) fruits all year round which making the crop a reliable all season staple, food particularly in developing countries with inadequate food storage, preservation and transportation technologies, in Africa plantains provide more than 25 percent of the carbohydrate requirement for over 70 million people. Plantain can be eaten raw as well as when it is ripening it becomes sweeter and changes colour from green to yellow to black, green plantain are firm and starchy and they resemble potatoes in flavor. (UNCST 2017) the yellow plantains are softer and starchy, but sweet. Extremely ripe plantains have softer deep yellow pulp that is much sweeter than the earlier stages of ripeness (Archy, 2022).
	Plantains in the yellow to black stages can be used in sweet dishes steam-looked plantains are considered a nutritious food for infants and the elderly. A ripe plantain is used as food for infants at wearing. It is mashed with a pinch of salt and is believed to be more easily digestible (FAOSTAT 2021). Plantains are also dried and grouped into flour it is an important food stuff that constitute, water of about 1062%, proteins 55%, fat 1.15%, carbohydrates 81.6% and ash 3.01%. dried plantain provider is mixed with a little fennel seed powder and boiled either in milk or water to feed small children till they age of 1yr. (Oke, 2022) stated that in southern parts of roots and tubers, plantains and banana is good for human nutrition. Indian
Plantain has been a good source of food and known to different countries with different names like, in ivory coast where plantains are dishes when fried with onion and tomato sauce and serve to eat. It is called ALOCO. It is also used for a dish called Mmagu in Dominican Republic, where the green plantains are peeled smashed with hot water and boiled then served with sauce. In west Africa, Plantains are served for eating with stew or beans or any food when fried it is known as DODO (dough -bough) ( Forsyth, 2025). Plantains the also known fufu. De plantain a popular dish in Cuba  where the planting are boiled mixed with chicken stock  and sauce and then served. Plantains can also be fried twice and served as side appetizer or snack in countries like Columbia, Costa Rica, Ecuador, Honduras, and panama. It is known as potacones. The popular known food boli is usually made in Nigeria, whereby plantain is roasted and eaten with red oil sauce. (Adnan and Muyalia. 2020). 
Most plantain foods are eaten as boiled, fried or roasted. Unripe plantain meal is usually consumed by diabetics to reduce postprandial glucose level. This is because the propensity of individual to develop diabetes and obesity is due to the increased consumption of carbohydrate rich foods with a high glycaemicindex (Oboh & Erema, 2020). Pere-sira (2022) had also indicated the use of plantain flour as a component of baby food. The proximate content, functional characteristics and properties of starch of ripe and unripe plantains have been evaluated (Izunfuo, 2023; Osundahunsi, 2023). The processing, utilization and effect of storage of plantain has also been reported Tiba, 2024; Onwuka & Onwuka, 2022). Post-harvest loss is a major problem limiting the production of plantain and banana in Africa due to unavailability of established storage conditions that can guarantee longer shelf life (Wills et al, 2020; Olorunda & Adelusola, 2020). Traditionally, chips are often dried at road sides, displayed in markets in open containers to attract potential buyers and stored in sacks that are susceptible to insect infestation. Plantain and banana flour are currently on sale in some parts of Nigeria. These sales are strong indication that framers and plantain processors are beginning to adopt processing options as a means of market diversification and consequently curtailing glut (Adeniji et al, 2024). There are different varieties of plantain flour sold in Port Harcourt markets, sometimes with different nutritional labels and colour. 
	This investigation aimed at processing a local cultivar of plantain into stable flour as a way of extending the shelf life of plantain fruits, to add value to plantain for both the local markets and for export, thereby ensuring food security. Low costs processing methods, such as solar drying etc. suitable for use in local Nigerian homes, were employed to obtain a product that was then subjected to various analyses to determine the quality of the resulting product. In Nigerian, two main cultivars of plantain, the Apem (a triploid French plantain called French horn) and Apantu (Giant horned) are gown. Plantain belongs to the genus Musa in the family Musacea. Plantain (Musa sp. AAB group) is a giant perennial herb. It is a natural inter-specific cross between the two wild species Musa Auminatacolla which contributes genome A and Musa Balbisianacolla, which contributes genome B (Simmonds and shepherd, 2022). Morphological description has proven very useful for the identification of the large diversity of plantain cultivars that exist in the tropics (Tezenas du Montcel, 2023; swennen,2023; Jarret and Gawel, 2023). In addition to the use of morphological description in identifying specific plantain cultivars, various DNA based marker techniques have also been employed. These techniques can supply additional information not available from the examination of morphological characteristics alone (Jarret and Gawel, 2021; Shaibu et al, 2023). Plantain requires about two and a half to four months after shooting before the fruit becomes ready for harvesting or a total of about eight to twelve months after planting (Simmonds, 2022; Swennen, 2022). At maturity, a constant weight is maintained for two to four days, and the weight starts to decrease it changes in the peel colour from green to yellow and then to black. The maturity of the fruit may be determined by the weight of the pulp to peel ratio, brittleness of floral ends and disappearance of angularity of the fingers. 
Plantain (Musa spp) belongs to the family of plants referred to as Musaceae. It is an important staple crop that contributes to the calories and subsistence economies in Africa. It is a good source of carbohydrate; (Marriott et al 2022). Nigeria is one of the largest plantains producing countries in the world (FAO, 2021) but despite its prominence. Nigeria does not feature among plantain exporting nations because it produces more for local consumption than for export. The consumption of plantain has risen tremendously in Nigeria in recent years because of the rapidly increasing urbanization and the great demand for easy and convenient foods by the non-farming urban populations. Besides being the staple for many people in more humid regions, plantains is a delicacy and favoured snack for people even in other ecologies. A growing industry, mainly plantain chips, is believed to be responsible for the high demand being experienced now in the country (FAO, 2021). Plantain flour for fufu is now popular to cater for the interest of diabetics, realizing its low glycemic index. Plantain bread and biscuit have been reported by Ogazi (2021) but like its fufu product, the colour of the bread reported by Ogazi (2021) but like its fufu product, the colour of the bread have not compared well with the present commercial bread including the cassava blend bread, even after the normal blanching process. 
	Thus, acceptable plantain bread product to serve as breakfast for diabetics is still not available. Therefore, the objectives of this study are to produce plantain flour through different blanching processes, produce bread with blends of wheat and plantain flour and evaluate the acceptability of the plantain/ wheat bread in comparison to normal wheat bread. It is hoped that the successful execution of this project may encourage a regular production of plantain/wheat bread which can serve the interest of the diabetic patients besides whole wheat bread. It will create another variety in the bread industry market.
1.2 Background of the study 
The rising demand for food security and sustainable agriculture in developing countries has driven the need to maximize the use of local crops for food production. One such crop that hold great economic and nutritional value is plantain [Musa paradisiac]. Plantain is widely cultivated and consumed in many parts of Africa, especially in Nigeria, where it forms a significant part of the daily diet due to its affordability, and nutritional content.
Plantain is an energy-rich food, particularly in carbohydrates, and contain essential nutrients such as dietary fiber, potassium iron, vitamin A, and vitamin C. these nutrient contribute significantly to human health by supporting digestion, reducing blood pressure, and boosting immunity. Traditionally, plantains are eaten in various forms boiled, fried, roasted, or pounded. However, these forms are prone to spoilage and have a limited shelf. To address these challenge, food processors and researchers have developed methods of converting plantain into flour as a more durable and versatile product.
Plantain flour is obtained by slicing, drying and milling mature, unripe plantains. This processing method extends the shelf life of plantain and enhances its commercial value.  The resulting flour is used in the preparation of various dishes such as amala, porridge, baby foods, pan cakes, and even baked products like bread and cakes. In addition, plantain flour serves as a gluten-free alternative to wheat flour, making it a preferred choice for individuals with gluten into clearance or celiac disease.
Beyond its nutritional and culinary benefits, plantain flour also has industrial relevance. In food processing, functional, properties such as bulk density, water absorption capacity, swelling power, solubility index, and pasting characteristics are in essential in determining the quality band behavior of flour during cooking mixing and storage. These properties influence of the final product and are critical for formulating food items with specific physical and sensory attributes
	The functional properties of plantain flour are affected by several factors including the maturity of the fruit, drying method, processing techniques, and storage conditions understanding these properties will not only improve product quality but will also guide food manufacturers in developing new products and optimizing processing conditions 
	Furthermore, converting fresh plantain into flour helps reduce post-harvest losses, which are a major concern in agricultural economies plantains are highly perishable and withhold project econ presentation methods, a significant portion of the harvest can be wasted. by transforming them into a stable flour form farmers and small –small scale food processors can add value to their produces, increase income and contribute to food preservation and economic development.
	In view of these benefits, this research focuses on the production of plantain flour and the determination of its functional properties, the aim is to promote the use of plantain flours as an alternative food source, encourage local processing and utilization =, reduce food wastage, and contribute to the growing body of knowledge on the functional behavior of indigenous flours in food systems. 
1.2	STATEMENT OF THE PROBLEM
	Nutritionally, plantain is a good source of carbohydrate. It is also rich in potassium and pro-vitamin A (carotene) (Ogazi, 2023). Many scientists have tried to determine the food value of plantain by carrying out proximate and detailed chemical analysis on green and ripe plantain. Ogazi, (2022) also carried out extensive analysis of the green plantain pulp (dry basic) to be in close agreement with those observed by other scientists. The fruit contain vitamins A, B, C, D, E and K. it is also rich in potassium, calcium, iron and phosphorus. It is in view of this that the researcher intends to examine the following problems: 
i. Examine the production process 
ii. Determination of the functional properties of plantain flour. 
1.3  AIM OF THE STUDY 
	The aim of this study is to ascertain the production and determination of the functional properties of plantain flour production, the study also aims at broadening the scope of consumer awareness of the relationship between foods and health, together with environmental concerns, led to an increased demand for organically produced foods. In general, the public perceives organic foods as being healthier and safer than those produced through conventional agricultural practices. 
1.3 .1   OBJECTIVE OF THE STUDY 
	The main objective of this study is to ascertain and determine the functional properties of plantain flour. But in the cause of the study the researcher intends to achieve the following sub-objective;
i. To ascertain the determinant of functional properties of plantain flour.
ii. To produce plantain flour
iii. To determine the functional properties of plantain flour.
1.4 RESEARCH QUESTION 
1. What are the functional properties of plantain?
2. What are the processes involved in the production of plantain?
3. What factors determine the functional properties of plantain flour 
1.5 Significance of the study 
This study is significant for n several reasons
1. Promotion of local production 
It encourages the local production of plantain flour, which can help reduce reliance on imported flour and support food security in Nigeria 
2. Nutritional awareness
The research highlights the nutritional benefits of plantain flour, especially its richness in carbohydrates, potassium and essential vitamins, thereby promoting healthier food choices
3. Reduction of post-harvest losses
By improving processing and storage techniques the study addresses the issues of post-harvest losses, which is a major challenge for in plantain farmers. 
4. Economic empowerment 
The findings can create business opportunities in food processing helping local entrepreneurs especially, especially women and youth to venture into small-scale plantain flour production
5. Scientific contribution 
The study add adds to existing literature by providing valuable data on the functional properties of plantain flour, which can be used for further research and product development.
6. Industrial application
7. Food indisdurtsies can use the findings to improve the quality of plantain flour based products, ensuring better shelf-life texture and consistency in processed foods.

1.6	SCOPE OF THE STUDY  
	The scope of the study covers the production and determination of functional properties of plantain flour in kwara metropolis. Post-harvested loss is a major problem limiting the production of plantain flour in Africa due to unavailability of established storage conditions that can guarantee longer shelf life (wills et al, 2022; Olorunda & Adelusola, 2023). Traditionally, plantain flour is displayed in markets in open containers to attract potential buyers and stored in sacks that are susceptible to insect infestation. Plantain flour is currently on sale in some parts of Nigeria. 
1.7 LIMITATION OF THE STUDY
Despite the relevance of this research, the study was faced with some limitation which include:
1. Limited access to equipment: The unavailability of advanced laboratory equipment details functional analysis limited the scope and precision of the findings 
2. Time constraints; The allocated for the project was short, which restricted the number of sample that could be processed and tested 
3. Financial challenges; Limited financial resource affected the purchase of materials, transportation, and access to well-equipped research laboratories 
4.storage issues; Proper storage facilities for the plantain and flour samples were not reachable available, which could have affected the quality and consistency of results.
5. Sample availability: Seasonal availability of plantain affected the consistency and volume of sample used during the study. 
6. Environmental conditions; Factors such as temperature, humidity, and exposure to contaminants during drying and storage might have influenced the functional properties of the flour.

1.8 DEFINITION OF TERMS
1. Plantain; A study tropical fruit from the banana family, usually cooked before consumption, it is a major source of carbohydrate in many countries
2. Plantain flour: A dry powder obtained by peeling, slicing, drying, and grin ding plantain. It is used as a substitute for wheat flour in many recipes.
3. Functional properties: The physical and chemical characteristics of food ingredients that affect their behavior during processing, cooking, and storage such as water absorption, swelling capacity and bulk density.
4. Proximate analysis; A laboratory process used to determine the nutritional component of a food sample, including moisture, ash, protein, fat fiber and carbohydrates 
5. Post-harvest loss; The loss of agriculture produces after harvesting due to spoilage, poor handling, or inadequate storage 
6. Shelf life :The length of time a food production remains safe and suitable for consumption under recommended storage conditions.
7. Carotene: A pigment found on plantain and other yellow /orange fruits and vegetables, which is a precursor to vitamin A and contributes to nutritional value                                             







CHAPTER TWO
2.2 LITERATURE REVIEW 
2.3 BACKGROUND OF STUDY 
Plantain belongs to the family Musaceae and the genus Musa. They are tree-like perennial herbaceous plants 2 to 9m tall, with an underground rhizome or corn. The principal species are Musa paradisciaea (French plantain). M. Acumninate (gross, Michel and Cavendish) and m. corniculata (horn plantain). The physical appearance of plantain is greenish in colour (the outer covering pod), It is slightly curve in length and when ripped, has dark or yellowish color with dark patches. When plantain is peeled, the inner fruit is slightly yellowish and cannot be eaten raw except it is cooked or allowed to go through the process of ripening. It can be cooked, roasted, baked or fried depending on the mode applied for preparation and intended form to be eaten. Nearly all edible plantain cultivar are derived from two wild species, m. acuminate and m. Balbisiana (Robinson, 2022). These wild species are classified on the basis of the proportion of the genetic constitution contributed by each parental source (Robinson, 2022). 
	Plantains are typical climatic fruits in that they exhibit a well-defined problematic phase after harvesting during which the fruit remains unripe, the basal respiration rate is low and ethylene production is almost undetectable. The respiratory climacteric commences spontaneously and there is a rapid and well defined rise in respiratory rate which is closely synchronized with evolution of ethylene, with chlorophyte II breakdown in the peel and with starch to sugar conversion and tissue softening in the pulp (Marriot and Lancaster, 2005, Ogazi, 2023). The fruit is usually harvested when it is matured but unripe stage, ripens within two to seven days, thus making plantain a highly perishable crop, particularly in the over ripe stage (Robinson, 2023). An unripen banana and the plantain have high starch and low sugar levels plus copious amounts of bitter-tasting latex. Starch is converted to sugar as the fruit ripens, so that bananas can also decomposed. Plantain has the stinging, bitter latex, so the peel is removed with a knife and the pulp is soaked in salt water for 5-10 min prior to cooking.
Plantain is a large herb with pseudo-stems built up from the sheath and it originated from Asia. It is grown both in the tropics and sub tropics with central America and west indies producing most of the crop (Yayock et al 2023). Musa SPP, a plant genus of extraordinary significance to in terms of cost per hectare; per tone and per unit of food energy, plantains are the cheapest staple food to produce (IITA 2022). It serves as a useful crop from small scale farmers and co-exist easily with established arming systems (Edeoghon and Okoedo Okojie, 2021). In Nigeria, four main types of plantain are available with distribution strictly based on their bunch characteristics. These are; the horn type, French type, and false type. The false horn type is the most widely distributed because of its ability to tolerate poor soil conditions.                                  
	The producing state include Ondo, Ogun, Osun, Oyo, Cross River, Imo and Abia State (Wikipedia, 2022; Robinson, 2023; Ndubizu, 2023). In Nigeria, good quality banana/ plantain is produced mainly during the month of October to February every year yet the demand for banana/plantain is all year round (Adewumi et al, 2024).
 As noted by one Akinyemi et al (2020), forest soils, good for cocoa, palm and rubber plantation, are also the main soil types in the plantain and banana producing regions of Nigeria. Plantain production is mainly in the southern states of Nigeria which includes Akwa-Ibom, Cross River, Imo, Enugu, Rivers, Edo, Delta, Lagos Ogun, Osun and Oyo State (Ogazi. 2023). Maturity standards for plantains are less precise than they are for bananas. Several different maturities. These include fruit diameter, age of the bunch, angularity of the fruit, length of the fruit, and peel color (Johnson et al, 2024). The stage of maturity for harvest depends on the intended market destination (Johnson et al, 2024). Locally marketed plantains can be harvested at a more advanced maturity stage compared to export market fruit. Export market destined fruit should be harvested the day before of the same day of shipment (Ogazi, 2023) plantain maturity is related to the diameter of the fingers. This is determined by measuring the diameter of the fruit at its mid-point with a pair of calipers ( Ogazi, 2023).
Plantain flour is a staple food in many tropical regions of the world and used in similar ways as regular flour. Plantain flour is made 100% from green i.e. unripe plantains. Plantain flour is a powder traditionally made of green bananas. Historically, plantain to wheat flour Coghlan, Lea (May 13, 2024). It is now often used as a gluten –free replacement resistant starch, which has been promoted by certain dieting trends such as primal diets and by some recent nutritional research Langlade, (Anna Maria; et al January 2022) plantain flour, due to the use of green bananas. Has a vey mild banana flavor raw, and when cooked, it has an earthy, non –banana flavor, it also has a texture reminiscent of lighter wheat flours and requires about 25% less volume making it a good replacement for white and white whole-wheat flour (Marinya Cotage Kitchen, November 4, 2023)  .
2.2 IMPORTANCE AND ROLE OF PLANTAIN IN THE FOOD CHAIN
	Plantain is a multipurpose food crop in the world after world after tice, wheat and maize, and is used as food, beverages and cooked foods (Philip, Shittu, Aiyelaagbe & Adedokun,2022, Nelson, Ploetz& Kepler,2023; OGAZI, 2006 Nwosu & Lawal, 2020) with outstanding and proven medical and industrial relevance (Faturoti, Madukwe, Tenkouano & Agwu, 2023). This major food staple and cash crop is important in the rural and urban economy, social and cultural life in sub-Saharfan Africa (IITA, 2023). Plantain has the potential to contribute to strengthening national food security and decreasing rural poverty (Adejoro et al, 2020). It is one of the most important horticultural crops and is among the ten most important food security crops that feed the world (USDA, 2022), it has always been an important staple food for both rural and urban areas (CBN,2023)
The crop occupies a strategic position for rapid food production in Nigeria ranking third among starchy stapes with the country’s output doubted in the last 20 years being a multipurpose crop with great processing potential, plantain if rated the fourth most important food crop in the word after rice, wheat and maize and is used as food, beverages and cooked foods (Philip er al 2022; Nelson et al 2006, Ogazi 2023). Nigeria is one of the major plantains plantain producing and consuming countries in Africa, and is ranked among the 20 most important plantain producing countries worldwide (FAO, 2021). The demand for plantain has increased tremendously in the one decide as a number of local processing industries have emerged which use it industrially for making bread, cakes, biscuits (Ogazi 2023). With cresting urbsization, bananas and plantain are fast becoming more and more important as cash crop, in some cases providing the sole source of income to rural population, thereby playing an important role in poverty alleviation (Frison and Sharrock,2024). It is a versatile food in the kitchen as well as raw material for many popular delicacies and snacks (Aina et a, 2022)
2.3 MAIN PRODUCTION SYSTEMS
1. The Plantain /Cocoa Intercrop
In this system, plantain is planted alongside cocoa (Theobroma cacao), where it serves as nurse crop during the early stages of development. This is common in the Western state of Nigeria and in the Ikom area of Cross River State, where cocoa is an important cash crop. In most instances, plantain production increases with expansion of the cocoa plantain (Adenikinju, 2023; Wilson, 2022; Bayeri et al, 2024). This system is expected to expand with the recent cocoa rehabilitation program being embarked on by the government. 
2. The Bush Plantain 
This is a complex mixture in which plantain are intercropped with many field crops such as cassava, egusi melon (Citrullus spp), cocoyam (Colocasia esculents and yams. It is common in the more humid area of the rainforest belt of the country (Akinyemi and Tijani Eniola, 2020; Aiyelaagbe et al 2021 .
3. The Taanugya Farming System 
	Plantain (and banana) are grown with forestry species e.g. Gmelina arbore, teak (Teckona grandis ) etc. Here the Musa spp. Serve a dual purpose, first as a means of taking care of the trees and secondly as a means of income before the maturity of the trees. The crops are phased out once the trees are established. This is commonly practiced in Ogun, Ondo and Edo States. The prevalence of this system in the last 20 years is low, but it accounts for about 10% of the total production (Wilson. 2023).
4. The Compound Production system 
Plantain are grown in various convenient points around the compound. The size depends on how much space is available in the compound, how many people in the household are interested in owning mats and the need of the household for numerous other possible compound tree crops. Bunch yield is usually high in this system and could be attributed to application of organic matter from household waste (Nweke, 2024, Robinson, 2023; Bayeri et al 2024). This system is more predominant in the Southeastern part of Nigeria, where most compounds are within land limited areas owing to high population pressure (Eboh and Lemechi, 2022). This system accounts for 15 -20% of total production 
5 Plantain Production 
This is commercial production under monoculture. It has rapidly increased in the last five years but the management has been poor due to lack of technical knowhow of owner and/ or supervisors the contribution of this system over the years cannot be quantified 
2.4 USES AND NUTRITIONAL VALUES OF PLANTAIN.
Fresh plantain has more vitamin c than bananas. 100 g provide 18.4 mg or 31% of daily required levels of vitamin. Consumption of foods rich in vitamin c helps the body develop resistance against infections agents and \\seavenge harmful oxygen-free n. h0wever, boiling and cooking  destroyed much of this vitamin in plantain 100g fresh plantain contain 1127 iu or 37.5% of daily required levels of this vitamin. Besides being a powerful antioxidant, vitamin A plays a vital role in the visual cycle. Maintaining heathy means membrane and e enhancing skim completion. As in bananas, they too are rich sources of b – complex vitamin that has a practically high in vitamin –B6 (pyridoxine), pyridoxine is an important B-complex vitamin that has a beneficial role in the treatment of neuritis, anemia, and to decrease homocysteine (one of the causative factors for coronary artery disease (CHD) and stroke episode) levels in the body. In addition, the fruit contains moderate levels of folates, niacin, riboflavin and thiamin. They also provide adequate levels of minerals such as iron, magnesium, and phosphorous. Magnesium is essential for bone strengthening and has a cardiac-protective role as well.
	  Fresh plantain have more potassium than bananas. 100g fruit provide 499 mg of potassium (358 mg per 100 g for bananas). Potassium is an important component  of cell and body fluids that helps control heart rate and blood pressure, countering negative effects of sodium (http://www.nutrition-and-you.com/plantains.html,cited 21/10/22).
	According to Okoruwa et al (2024), plantain is important in the diet of many Nigeria families. in the urban areas, it is normally eaten in inconvenient forms like “Dodo” (fried ripe pulp), chip (fried unripe pulp) and as plantain flour (Akinwunmi, 2022). Plantain flour has an advantage over other starchy foods. Because it contains protein, mineral and vitamins. Medically, it can be used to cure certain ailments like sore throats, tonsillitis, diarrhea and vomiting. Other important plantain products documented includes: Soymusa, “Sekete” local beer and Bolli” roasted plantain, as well as local processed form known as “Dodo Ikire” a local plantain chips processed from over ripped plantain spiced with hot pepper (Idachaba, 2020; Adetunji and Adesiyan,2024). In addition, plantain is being used in corn-pounding livestock feeds as an alternative source of energy in some West Africa counties as Cameroon and Ghana (Fomunyam, 2022).
2.5 DISTRIBUTION AND MARKETING OF PLANTAIN IN NIGERIA
	Plantain distribution is rather complex in Nigeria (Fig.3). in the first place, farmers whose farms are nearer to major roads harvest the crop at the mature green stage and display it at the roadside or move them to a nearby market, where small scale wholesalers, retailers and consumers can purchase directly. On the other hand, trade collectors move around farms, collect the produce from farmers and transport it to their cities where they hand them over to wholesalers, which in turn pass it on to retailers/ vendors for sale to consumers. Movement /distribution to major cities and other non-producing regions is usually performed by the wholesalers. In Nigeria, like most other West African countries, plantain transportation is by road, usually in open or partially closed vehicles. Fruits are packed in bunches or hands, and stacked without any form of protection. Small-scale wholesalers and retailers transport fruits by bicycles, wheelbarrow, trucks, pick-ups and taxis. Wholesalers used to transport plantain to more distant markets using trains, Lorries and trailers in the 1980s but have been only using lorries and trailers in the last few years. Generally, postharvest distribution and marketing of plantain in the last 20 years has not been very efficient, as there are no established quality and quantity standards for plantain transportation and marketing (Adesope et al. 2024). Studies on plantain marketing have shown that plantain fruits are subject to adverse conditions during handling and transportation. Rough handling, usually leading to splitting, vibration, abrasion and completion, couple with late delivery, cite affect plantain quality during distribution (Chukwu, 2022)
2.6 FACTORS LIMITING PRODUCTION AND AVAILABILITY 
1. Land: The type of hand tenure system (inheritance) practiced in most plantain producing regions of Nigeria does not give space for expansion. In some case where land is hired, its fertility is too low for plantain production and farmers maximize it use by practicing intercropping with crops like cocoyam and cassava (Akinyemi and Tajani Eniola, 2020) 
2. Cultural Practices: There has been little or no change in the cultural practices of the crop in the last 20 years. The inadequate knowledge of improved cultural practices of the crop by the farmers. Inefficient extension services systems by the government and skewness of specialization in areas of research are part of the reasons why yield potential of plantain is still low in Nigeria. Farmers still depend solely on rainfall without irrigation. The average national farmers/extension agent ratio, which is 2500: 1 (Naerls. 2022), also contributes to a poor movement of research result to end users.
3. Labour: Plantain are planted at the onset of the rains. This coincides with the time of planting of other crops. In most cases, shortage of labour makes cultivation of large farms difficult. Resulting in delayed weeding and reduce yield (Akinyemi and Makinde 2022  Akobundu, 2023) constant high cost of labor is usually experienced in many oil-producing states due to preference for higher paying jobs at oil companies.  
4. Pest and Diseases: Black leaf streak and banana weevils (cosmopolites sordidus ) are the major disease and pest affecting planting production in Nigeria. The appearance of black leaf streak was noticed in the country in 1986. Most plantains are susceptible to the disease, which cause 30=30% yield reeducation (IITA, 2009) observation in plantain production region showed that the disease occurred more in distant fields than in home gardens. Banana weevils cause snapping of fruit bearing plants which force farmers to give continuous attention to this pest introduction of several resistant cultivars and better cultural practices seems to have reduced its occurrence 
5. Postharvest Handling: High postharvest losses are among the major problems limiting the available of plantain in the country. As a result of poor handling postharvest diseases are commonly seen on fruit solid in the country (Bayeri and Nwachkwu, 2023). The fact that largest farms are always located inside the forests. Far away from road side. In the late 1980s. transportation of this crop by rail to other non-producing regions was common, but the absence of a current rail system and adequate road network to most farms now hampers easy distribution to non-producing areas.
6. Storage: Environmental factors, such as temperature, relative humidity and air composition, do affect the shelf-life of plantain. Couples with inadequate storage system, insufficient distribution and lack of ripening techniques, environmental factors always result in a large proportion of the produce being wasted (Olorunda et al, 2022 Chukwu,2022 Ajayi and Mbah 2020)
CHAPTER THREE
3.0 	RESEARCH METHODOLOGY 
The purpose of this research work is to provide the cases pf producing and processing of cassava flour. In order to achieve this, I visited places where plantain flour was produced and collected useful information on internet, textbook and so on in order to have efficient and effective research knowledge. 
3.1  PROCEDURE FOR THE MATERIALS 
the material used for this project was purchased from Ipata market at Amilegbe road, Ilorin, Kwara State. The material consists of mainly ripe and unripe plantain. The plantain fingers were At stage two (unripe) and five (firm ripe) of ripeness using the color index charts as described by Aurore et al. (2022). Wheat flour and the cake ingredients (margarine, eggs, granulated sugar, vanilla and baking powder) were also bought from the local market
3.2 PRODUCTION PROCESS OF PLANTAIN FLOUR 
· Sorting: this involves the selection of plantain that will used. In plantain flour production the pulp must be well matured. 
· Weighing : it is important to weigh the plantain chips in order to ascertain the weight of the chips that is to be used for production.
· Blanching: the plantain is put in a very hot water to soften or weaken the back before peeling for few minutes in order to make them easier for peeling. 
· Peeling: sharp objects such as knife are used for peeling in order to avoid wastage.
· Slicing/chipping: slicing the pulp into pieces (chips).
· Drying: the pulp is dried in a drying machine fotr some machine for some minutes or spread in the sun. 
· Milling 
· Sieving 
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			High quality plantain flour 
Equipment used for the practical work 
· Bowl 
· Knives
· Bag
· Big nylon for spreading pulp under the sun
· Grinding machine (I carried them to the commercial grinders and paid for their 
	services)
· Baking pan 
· Mixing bowl
· Working table
· Oven
· Sieve
· Measuring scale 
3.3  FORMULATION OF COMPOSITE FLOUR 
the unripe plantain (stage 2 of ripeness) and firm ripe plantain (stage 5 of ripeness) flours were mixed with wheat flour separately at different proportions (25: 75; 50:50 and 75:25) while 100% wheat flour was used as control. 
Determination of functional properties of the flour samples 
Determination of bulk density 
	The bulk density was determined using Onwuka (2023)’s method with slight modification. Fifty grams of each sample was measured into a clean 100 ml graduated measuring cylinder which was tapped gently several times until there was no further diminution. Its volume was recorded and the bulk density was calculated using formula:
Bulk density (g/cm3)= weight of sample (g)   
     		      Volume occupied (cm3)
Determination of foaming capacity and stability 
	Foaming capacity and stability were studied as described by Narayana and Narasinga (2022). Two grams of each flour sample was blended with 50ml distilled water at 30-+ 20c. the whipped mixture was transferred into 100ml graduated cylinder. The suspension was mixed and properly shaken to foam and the volume of the foam after 30s was recorded. The foaming capacity was expressed as a percentage increase in volume. The foam volume was recorded 1h after whipping to determine the foaming stability as a percentage of the initial foam volume. 
Determination of emulsion capacity 
	Emulsion capacity was determined using the procedure of abbey and Ibeh (2020) Wioth slight modification. One gram of each flour sample was dispersed in a beaker containing 5ml distilled water and 5ml of vegetable oil (corn oil) was added. The mixture was emulsified by centrifuging at 1,600 for 5min. emulsion capacity (%) was calculated as : 
 initial vol. of oil – final volume of oil * 100
		Weight of sample * density of oil 
Determination of emulsion stability 
Emulsion stability was studied by the method describe by Sathe and Salunkhe (2022) with slight modification. 0.5g of the sample was blended with 23ml of distilled water, then 25ml of vegetable oil was added while blended for 30s at high speed. The emulsion prepared was allowed to stand in a graduated cylinder and volume of water separated at time intervals of 0.5, 1, ,2, 3 … 12h was noted in each case as the emulsion stability. Triplicate measurements were made and average results taken. Emulsion stability (%) was calculated as: 
Height of the emulsified layer * 100
Height of total content in the tube 
CHEMICAL ANALYSIS 
Proximate composition 
Proximate analysis of the samples was carried out using AOAC methods (AOAC,1995). Moisture content was determined by air oven method at 105Oc. The protein content of the sample was determined using micro-Kjeldahl method. Fat was determined by soxhlet extraction method using petroleum ether as extracting solvent. The ash content was determined by weighing 5g of charred sample into a tarred porcelain crucible. It was incinerated at 600Oc for 6hours in ash muffle furnace until ash was obtained. Crude fiber was determined by exhaustive extraction of soluble substances in a sample using H2SO4 and NaOH solution, after the residue was ached and the loss in weight recorded as crude fiber. The carbohydrate content was determined by difference as follows:  
Table 1: functional properties of ripe, unripe plantain and wheat flours. 
	Flour 
	Packed bulk density (g/cm3)
	Foaming capacity (%)
	Foaming stability (%)
	Water absorption on capacity (g/g)
	Oil absorption capacity (g/g)
	Emulsion  capacity (%)
	Emulsion stability(%)

	Ripe flour
	0.64+0.9
	11.52+0.30a
	54.78+1.64a
	2.77+0.45c
	2.59+0.41b
	2.30+0.30a
	3.34+0.44a

	Unripe flour
	0.79+ 0.06b
	17.47+s0.23b
	58.14+3.50b
	2.71+0.04b
	2.56+0.42a
	4.00+0.48c
	2.75+0.30a

	Wheat flour 
	0.82+ 0.07b 
	28.8+ 0.20c 
	73.31+0.51c
	2.09+0.46a
	3.13+0.41c
	3.17+0.25b
	4.40+0.40b



Table 2: proximate composition (%) of the ripe, unripe plantain and wheat flours
	Flour 
	Moisture
	protein
	Fiber
	Fat
	ash
	carbohydrate
	Emulsion stability(%)

	Ripe flour
	18. 48+0.06a
	3.02+0.01b
	1.31+0.00a
	0.30+0.00a
	2.33+0.02c
	74.56+0.06c
	3.34+0.44a

	Unripe flour
	20.43+0.06c
	2.73+0.04a
	0.49+0.01a
	0.63+0.01b
	2.11+0.04b
	73.61+0.71b
	2.75+0.30a

	Wheat flour 
	20.22+0.72b
	3.04+0.01b 
	1.48+0.04c
	1.28+0.01c
	1.11+0.07a
	72.87+0.77a
	4.40+0.40b



RESULTS
Table 1 shows the functional properties of ripe plantain, unripe plantain and wheat flours. The bulk density of the flour samples ranged from 0.64 to 0.82 gm3 for ripe plantain and wheat flour, respectively. However, there was no significant difference between the bulk density of wheat and unripe plantain flours. The foaming capacity, foaming stability and emulsion capacity of unripe plantain flour was found to be significantly higher than that of ripe flour (p>0.05). the ripe plantain and wheat flours had the highest least gelation concentration 35% as compared to the unripe plantain flour (30.01%). The water absorption capacity of the ripe plantain (2.77g/g) and unripe plantain (2.71g/g) flours was significantly higher (p<0.05) than wheat (2.09g/g) flour. 
	Table 2 shows the proximate composition of the ripe, unripe plantain and wheat flours. The moisture content ranged from 18.48% for ripe to 20.43% for unripe plantain flours. Protein content ranged from 2.73 to 3.04% for unripe plantain and wheat flours, respectively, there was no significant difference in the protein content of wheat and ripe plantain flours. Wheat flours had the highest fibre (1.48%) and fat (1.28%) contents. Carbohydrate content ranged from 72.87 to 74.56% for wheat and ripe plantain flours, respectively. Ripe (2.33%) and unripe plantain (2.11%) flours had significantly higher (p.0.05) ash content when compared to the wheat flour (1.11%). 


3.4 PROCESSING OF PLANTAIN FLOUR IN CAKE MAKING 
50% Wheat flour and 50% plantain flour for cake 
Recipe 50%-50%   SAMPLE A
Plantain flour – 50g       
Wheat flour – 50g
Egg – 100g
Sugar 60g
Vanilla – three drops
Baking powder – 1.7g
Water 80ml
Margarine – 80g
Method of preparation 
· Preheat oven to 350 degree f (175degree C.) grease and flour s 9x9 inch pan or line a 
	muffin pan with paper liner
· In a medium bowl cream together the sugar and buffer. Beat in the eggs one at a time, 
then stir in the vanilla Combine flour and baking powder all to the creamed mixture and mix well finally stir in the milk unit buffer is smooth pour or spoon buffer into the prepared pan 
· Bake for 30 to 40 minute in the preferred even. For cupcakes, bake 20 to 25 minutes. 
	Cake is done when it springs back to the touch.
75% what flour and 25% plantain flour for cake 
Recipe for 75%-25% sample B 
Plantain flour – 25g 
Wheat flour - 75g 
Egg – 100g 
Sugar -60g 
Vanilla- three drops 
 Baking powder- 1.7g 
Water -80ml 
Margarine- 80g

Method of preparation
· preheat oven to 350 degrees F (175 degrees C). grease and flour a 9x9 inch pan or line 
	a muffin pans with paper liners. 
· In a medium bowl, cream together the sugar and butter. Beat the eggs, one at a time, 
the stir in the vanilla. Combine flour and baking powder, add to the creamed mixture and mix well. Finally stir in the milk until batter is smooth. Pour or spoon batter into the prepared pan. 
· Bake for 30 to 40 minutes in the preheated oven. For cupcakes, bake 20 to 25 minutes. 
Cake is done when It springs back to the touch. 
Processing of plantain flour in bread making 
50% what flour and 50% plantain flour for bread 
Recipe for 50% sample A 
Plantain flour – 500g
 Wheat flour- 500g 
Sugar- 100g 
Margarine or butter- 100g 
Salt- pinch 
Warm water – sufficient 
Diluted milk – I tablespoon 
Extra flour for kneading 
Dry yeast – 15 mils 
Egg- 1
Method of preparation 
· Sieve the flour into a bowl and warm in the oven or above the stove or in the sun. 
· Cream the yeast and sugar in small basin or cup, add a quarter of the liquid. 
· Make well in the center of the flour, add the dissolved yeast. 
· Sprinkle over a little of the warm flour on the yeast to ferment (bubbles). 
· Add the remaining liquid (warm), the fat egg and the salt. 
· Knead firmly until smooth and free from silkiness. 
· Return to the basin, cover with a clean cloth and leave in a warm place until it double 
	its size  (this is called proving the dough) 
75% of plantain flour and 25% wheat flour for bread  
Recipe for 75-25% sample B 
Plantain flour -175g 
Wheat flour – 75g 
Sugar – 25g 
 Margarine – 25g 
Salt- pinch 
Sugar – 25g 
Margarine – 25g 
Salt – pinch 
Warm water- sufficient   
Milk – 1 tablespoon 
Extra flour for kneading 
Dry yeast – 5 mils 
Egg – 1



Method of preparation 
· Sieve the flour into a bowl and warm in the oven or above the stove or in the sun. 
· Cream the yeast and sugar in small basin or cup, add a quarter of the liquid.
· Make well in the Centre of the flour, add the dissolved yeast. 
· Sprinkle over a little of the warm flour on the yeast to ferment (bubbles). 
· Add the remaining liquid (warm), the fat egg and the salt. 
· Knead firmly until smooth and free from silkiness. 
· Return to the basin. Cover with a clean cloth and leave in a warm place until it doubles 
	its size (this is called proving the dough).                                                              














CHAPTER FOUR
4.1 DATA PRESENTATION AND ANALYSIS 
In this chapter, the data collected based on panelist rating and responses were analyzed. The result and interferences obtained by the researcher are hereby presented on the questions and ratings.
	The functional properties of the plantain flour were examined and sensory evaluation of the bread and cake made from plantain flour/wheat flour for the appearance, taste, colour, texture, was indicated in the following rating scales.
Excellence, very good, good, fair
TABLE 1: WHEAT FLOUR AND PLANTAIN FLOUR (50%-50%) FOR CAKE 
	FOOD FEATURE 
	EXCELLENT
	VERY GOOD
	GOOD
	FAIR
	TOTAL

	COLOUR
	3
	5
	2
	-
	10

	TEXTURE
	2
	6
	2
	-
	10

	FLAVOR
	-
	5
	4
	1
	10

	APPEARANCE
	-
	4
	2
	4
	10

	TASTE 
	3
	5
	2
	-
	10


 Researcher’s survey,2025
Number of panelist 
These comprises of 50 percentage of plantain flour and 50 percentage of wheat flour, the texture and the appearance was not satisfactory because the plantain flour dominated the flour and makes the colour of the inner part of the bread slightly dark.
	Appearance was rated 0% of excellent, 3% taste and 2% of texture and 3% of colour.




TABLE 2: WHEAT FLOUR AND PLANTAIN FLOUR (75%-75%) FOR CAKE 
	FOOD FEATURE 
	EXCELLENT
	VERY GOOD
	GOOD
	FAIR
	TOTAL

	COLOUR
	-
	7
	3
	-
	10

	TEXTURE
	5
	3
	2
	-
	10

	FLAVOR
	-
	7
	3
	-
	10

	APPEARANCE
	7
	2
	1
	-
	10

	TASTE 
	-
	7
	3
	-
	10


 Researcher’s survey,2025
Number of panelist 10
This comprises of 75% of wheat flour and 25% of plantain flour. The appearance was excellent and satisfactory.
	The appearance was rated 7%  and texture was rated 5% of excellent while colour, flavor and taste  were rated % of very good.
TABLE 3: WHEAT FLOUR AND PLANTAIN FLOUR (25%-75%) FOR CAKE 
	FOOD FEATURE 
	EXCELLENT
	VERY GOOD
	GOOD
	FAIR
	TOTAL

	COLOUR
	6
	3
	1
	-
	10

	TEXTURE
	8
	2
	-
	-
	10

	FLAVOR
	-
	7
	3
	-
	10

	APPEARANCE
	-
	-
	7
	3
	10

	TASTE 
	-
	-
	8
	2
	10


 Researcher’s survey,2025
Number of panelist -10
This comprises of 25% wheat flour and 75% of plantain flour. The appearance and taste not satisfactory, because the plantain flour dominated the wheat and make the appearance whitish, and taste was given a demerit a taste. But texture was good. Colour was rated excellent by 6 panelist and texture was rated excellent by 8 panels it       
TABLE 4: WHEAT FLOUR AND PLANTAIN FLOUR (100%) FOR CAKE 
	FOOD FEATURE 
	EXCELLENT
	VERY GOOD
	GOOD
	FAIR
	TOTAL

	COLOUR
	7
	8
	-
	-
	10

	TEXTURE
	2
	8
	8
	-
	10

	FLAVOR
	-
	7
	7
	3
	10

	APPEARANCE
	8
	2
	2
	-
	10

	TASTE 
	1
	9
	9
	-
	10


 Researcher’s survey,2025
Number of panelist - 10
This is the control of the experiment which comprise of 100% heat flour the acceptance of the panelist that responded to cake baked from wheat flour was very commendable, 8 panelist accepted the appearance as excellent, I for taste 7 panelist for colour and 2 for texture.
TABLE 5: WHEAT FLOUR AND PLANTAIN FLOUR (50% - 50%) FOR BREAD
	FOOD FEATURE 
	EXCELLENT
	VERY GOOD
	GOOD
	FAIR
	TOTAL

	COLOUR
	3
	5
	2
	-
	10

	TEXTURE
	2
	6
	2
	-
	10

	FLAVOR
	-
	5
	4
	1
	10

	APPEARANCE
	-
	4
	2
	4
	10

	TASTE 
	3
	5
	2
	-
	10


 Researcher’s survey,2025
Number of panelist - 10
These comprises of  50% percentage flour percentage of plantain flour 50 percentage of wheat flour the texture and the appearance were not satisfactory because the plantain flour dominated the flour and make the colour of the inner part of the bread slightly dark. Appearance was rated 0% of excellent, 3% taste and 2% of texture and 3% of colour .
TABLE 6: WHEAT FLOUR AND PLANTAIN FLOUR AND  25% PLANTAIN FLOUR FOR BREAD 
	FOOD FEATURE 
	EXCELLENT
	VERY GOOD
	GOOD
	FAIR
	TOTAL

	COLOUR
	-
	7
	3
	-
	10

	TEXTURE
	3
	2
	4
	1
	10

	FLAVOR
	-
	7
	3
	-
	10

	APPEARANCE
	7
	2
	1
	-
	10

	TASTE 
	-
	7
	3
	-
	10


 Researcher’s survey,2025
Number of panelist - 10
  This comprises if 70 percent of wheat flour and 30 percent of plantain flour. The appearance was excellent and satisfied.
The appearance was rated 7% and texture and rated 3% of excellent, while color and taste were rated 7% of very good.









CHAPTER FIVE
5.0 SUMMARY, CONCLUSION, AND RECOMMENDATION 
5.1 SUMMARY 
In this research work it has been confirmed that plantain flour can be used different establishment and can be used in the hospitality industry. The impacts and effects of plantain flour cannot be avoided but as the case may be it could be mixed with wheat flour and it gives it a better appearance for safety purpose.
	This research work studies the economic analysis of plantain flour production, to execute this study, five object were formulated and these include describing the socio-economic features of promulgated and the area, identify the farming system. Inputs used in plantain production, ascertain the level production and output in the study area to evaluate the cost and retune and level of to identity the plantain flour production.
5.2 CONCLUSSION 
It is evident from this research work that plantain flour is effective in the production of different snack and confectionaries as well have seen its utilization in cake and bread making.
According to the study ripping affects the functional and nutritional properties of plantain flour as well as its products. Acceptance cakes, bread and other snacks can be produced using plantain wheat composite flours up to 50-50 substitutions without adversely affecting the sensory quality. Cake produced form these flour blends can serve as functional foods especially for hypertensive diabetic and obese patient considering their high protein magnesium potassium and relative high fiber content.
5.3 RECOMMENDATION
Plantain flour has a hint of plantain flavor but once it becomes baked into your final creations the taste has an earthy wholesome flavor to it.
It is recommended that modified plantain product described in this research work can be applied to organizations like hospitals especially for hypertensive, obese and diabetic patients; it can be added to the menu served to them
The caterers should as well be trained on how to apply plantain flour into their dishes at early hours so that it will be ignored when the need arise.
Spiced should be added to enhance acceptability and they should be served with drinks. The product should always be carried out under hygienic environment to avoid contamination. Regular supply of electret is very necessary for the proper strong and preservation which would help to maintain the original taste and flavor of plantain flour products.
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