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ABSTRACT

The main objective of this study is the production and evaluation of a novel meal
for diabetics using different blends of unripe plantain and Bambara nut fiber
composite flour. Five different blends were formulated using 500:00, 450:50,
400:100, 350:150 and 300:200 of unripe plantain and Bambara nut fiber flour. The,
proximate and sensory properties were determined using standard procedures.
The result obtained showed moisture content decreased significantly (p�0.05)
with increased level of Bambara nut fiber flour in the products as it decreased
from 11.6% in sample A (500:00) to 9.67% in sample E (300:200), ash content
shown that Bambara nut fiber flour significantly improves the ash content in the
samples as it increased from 2.42% in sample A up to 2.87% in sample E (300:200)
Novel meal formulation with higher Bambara nut fiber flour have the highest
crude fiber content which ranges from 1.71% in sample A (500:00) to 7.40% in
sample E (300:200) The protein content ranges from 2.44% in sample A up to
9.01% in sample E (300:200). The carbohydrate contents were significantly
affected by Bambara nut fiber flour addition (p>0.005) since the values were
reduced by increase addition of kidney beans and reduced from 80.62% in sample
A (500:00) down to 70.61% in sample D (350:150). The energy values ranged 1376
to 1443kcal. There were significant differences (p<0.05) in all the sensory
parameters among formulated blends. As sample with more Bambara nut fiber
inclusion had a higher score in appearance, mouldability and taste while sample
with 100% plantain flour scores highest in mouthfeel compared to the others
blends. The study have showed that a novel meal for diabetics can be produced
from unripe plantain and Bambara flour composite in ratio 300:200,for diabetics..
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CHAPTER ONE

INTRODUCTION

1.1. Background study

Diabetes is a chronic health condition that affects millions of people around the

world. It is a metabolic disorder that occurs when the body is unable to produce or

use insulin properly, resulting in high blood sugar levels (ADA, 2021). Diabetes

can be classified into two main types: Type 1 and type 2. Type 1 diabetes is an

autoimmune disorder in which the body’s immune system attacks and destroys

the insulin-producing cells in the pancreas, resulting in a lack of insulin

production while the Type 2 diabetes is a metabolic disorder in which the body

does not produce enough insulin or does not use the insulin it produces

effectively. Management of diabetes is critical to prevent complications and

maintain good health (National Institute of Diabetes, 2021). Nutrition plays an

important role in diabetes management, and a diet high in fiber is especially

beneficial. Fiber which is known to slow the absorption of sugar into the

bloodstream, which also helps keep blood sugar levels stable. Eating a variety of

foods high in fiber, such as fruits, vegetables, legumes, and whole grains, can

help people with diabetes maintain good health.

Unripe plantain which is a complex carbohydrate has been a part of diets around

the world for centuries. Native to tropical regions, plantains have been a staple

food in many cultures, providing a source of energy, vitamins, and minerals.
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Unripe plantains is a major food for diabetes because they are and lower in sugar

than ripe plantains, making them a great source of complex carbohydrates which

is difficult to digest (Chukwu, 2016). But the major challenge with the unripe

plantain swallow is that it undergoes retrogradation as soon as it cools which

makes it difficult in forming a ball.

Bambara nut is a legumes that is still underutilized. It is a crop with great

potential to sustain the dietary needs of both urban and rural communities

[Anthony et al., 2021. Bambara nut possess some good quality for use in the

nutritional management of blood glucose likely for diabetes (Abdulrashid and

Hassan, 2021). The understanding of the effects of food on these metabolic

derangement play a vital role in the nutritional management of blood glucose

levels for the prevention and management of diabetes mellitus (Russell et

al.,2016).

Bambara flour is a type of flour made from Bambara groundnuts, which are a

legume native to the African continent. Bambara flour has been used in African

cuisine for centuries, and is now gaining popularity in other parts of the world. It

is often used in baking/ processing of a major food product known as “Okpa”. In

the processing of Okpa , Bambara nut is usually milled and sieved to get the

Bambara fiber. The flour is used in the production of Okpa while the fiber is a

waste byproduct that is always thrown away or used as animal feed. The fiber

content of Bambara flour is particularly high, and also a good source of dietary

fiber composed of cellulose, hemicellulose, pectin and other complex
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carbohydrates which have high binding properties. This makes it a great choice

for those with diabetes and those looking to increase their daily fiber intake. In

this work, blends of Bambara nut fiber and unripe plantain flour will be

formulated

1.2. Problem statement

Most of the popularly known swallows in Nigeria contain much carbohydrate

which makes them unsuitable for diabetics because of the potential impact of the

swallow on blood sugar levels. Additionally, meals produced from unripe

plantain flour quickly undergoes retrogradation as soon as it cools and this is a

major problem in the use of unripe plantain flour as a meal. Bambara nut fiber has

remained a waste generated from Bambara nut flour processing, and has not

much value. Literature has shown that it has binding properties that could help

reduce retrogradation, however, this has not been exploited in curbing this

problem associated with unripe plantain cooked dough.

1.3. Justification of study

Incorporation of Bambara nut fiber into unripe plantain flour will go a long way

in adding much fiber to unripe plantain flour and also help in retarding

retrogradation of the cooked. This will also help in producing a meal that can

compete favorably with other meals that contain high starch content, provide a
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healthier and more enjoyable food option than what is currently available for

diabetics.

1.4. Aim and objectives

1.4.1. Main objectives

The production and evaluation of a ” novel” meal for diabetes.

1.4.2. The specific objectives are:

1. To produce Bambara nut fiber.

2. To produce unripe plantain flour using the French variety of plantain.

3. To produce four blends of Bambara nut fiber and unripe plantain flour

4. To analyze the proximate compositions of the Bambara nut blends

5. To compare the quality attributes of the Bambara nut blends with the

control that is 100% unripe plantain.

1.5. Scope of study

The scope of this work will cover the production of solid meal flour using unripe

plantain flour and Bambara nut fiber. This work also covered the determination

of the sensory evaluation and proximate compositions of the solid meal flour

produced.
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CHAPTER TWO

LITERATURE REVIEW

2.1. Diabetes (Diabetes mellitus)

Diabetes also known as “Diabetes mellitus” is defined as a metabolic disorder of

multiple etiology characterized by chronic hyperglycemia with disturbances of

carbohydrate, fat and protein metabolism; resulting from defects in insulin

secretion, insulin action, or both [ Alhassan et al.,2018] . Diabetes happens when

the body is not able to take up sugar (glucose) into its cells and use it for energy.

This results in a build up of extra sugar in your bloodstream. Mismanagement of

diabetes can lead to serious consequences, causing damage to a wide range of the

body's organs and tissues including the heart, kidneys, eyes and nerves. Most

questions usually asked by diabetics is “why their blood glucose levels are always

high?”. This is because, the process of digestion includes breaking down the food

eaten into various different nutrient sources. When carbohydrates is eaten (for

example, bread, rice, pasta), the body breaks this down into sugar (glucose).

When glucose is in the bloodstream, it needs a key to help get into its final

destination where it's used, which is inside your body's cells. This help or "key" is

insulin. Insulin is a hormone made by the pancreas, an organ located behind the

stomach. The pancreas releases insulin into the bloodstream and the Insulin acts

as the “key” that unlocks the cell wall which allows glucose to enter the body’s

cells. Glucose provides the energy tissues and organs need to properly function.

For diabetes, the pancreas does not make any insulin or enough insulin or the
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pancreas makes insulin but the body’s cells don’t respond to it and can’t use it as

it normally should. If glucose can’t get into the body’s cells, it stays in the

bloodstream and the blood glucose level rises. And there have been an increase in

records of diabetics patients in the world.

According to Adumaya et al., 2012, the prevalence of diabetes mellitus rose by

49% between 1990 and 2000(Begum et al., 2014). In 2012, diabetes resulted in 1.5

million deaths worldwide, making it the 8th leading cause of death. Brand Miller

(2004) stated that, more than 80% of diabetic deaths occur in low- and

middle-income countries. In Nigeria, the prevalence is 8-10% (Brand Miller et

al.,2003). Nigeria has the greatest number of people living with diabetes in Africa,

which is currently estimated to be approximately 1.7 million and may increase to

4.8 million by 2030 (Adumaya et al.,2012). Although, diabetes is not a curable

disease, dietary measures are very important and are inevitable to maintain an

ideal body weight, control the blood sugar level and prevent acute and long-term

complications. The intake of low glycemic foods potentially contributes to a

significant improvement of the condition.

The glycemic index is a relative ranking of carbohydrates in foods on a scale of

0-100, according to how they affect blood glucose levels after eating ( Bourns et

al., 2005).The concept of the glycemic index was developed to provide a numeric

classification of carbohydrates in food, which is useful when glucose tolerance is

impaired. Carbohydrate-containing foods have a range of effects on the blood
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glucose level; some foods cause a rapid rise and others do not (CDC,2002). Meal

planning with the glycemic index involves choosing foods that have a low or

medium glycemic index. Food with a high glycemic index raises blood glucose

more than food with a medium or low glycemic index (Chutkan et al.,2012). Low

glycemic index foods produce gradual rises in blood sugar and insulin levels, due

to slow digestion and absorption and have been proven to be beneficial for health

( Bourns et al., 2005).

Adjusting food choices towards the selection of mainly low glycemic index foods

is most helpful for people attempting to prevent or control type 2 diabetes or to

diminish the effect of insulin resistance (Davidson et al.,2017). A low glycemic

index diet appears to improve overall blood glucose control in people with type 1

and 2 diabetes mellitus.

2.1.2. Types of diabetes

There are differences types of diabetes which includes:

Type 1 diabetes: This type is an autoimmune disease, meaning the body attacks

itself. In this case, the insulin-producing cells in the pancreas are destroyed. Up to

10% of people who have diabetes have Type 1. It’s usually diagnosed in children

and young adults (but can develop at any age). It was once better known as

“juvenile” diabetes. People with Type 1 diabetes need to take insulin every day.

This is why it is also called insulin-dependent diabetes.



8

Type 2 diabetes: With this type, the body either doesn’t make enough insulin or

the body’s cells don’t respond normally to the insulin. This is the most common

type of diabetes. Up to 95% of people with diabetes have Type 2. It usually occurs

in middle-aged and older people. Other common names for Type 2 include

adult-onset diabetes and insulin-resistant diabetes.

2.1.3. Treatment of diabetes

Treatments for diabetes depend on the type of diabetes, how well managed the

blood glucose level is and the other existing health conditions.

Type 1 diabetes: When diagnosed with this type, the patient must take insulin

every day because the pancreas no longer makes insulin.

Type 2 diabetes: If one have this type, the treatments can include medications

(both for diabetes and for conditions that are risk factors for diabetes), insulin and

lifestyle changes such as losing weight, making healthy food choices and being

more physically active.

Oral medications and insulin work in one of these ways to treat your diabetes:

Stimulates the pancreas to make and release more insulin, slows down the release

of glucose from the liver (extra glucose is stored in the liver), blocks the

breakdown of carbohydrates in the stomach or intestines so that the tissues are

more sensitive to (better react to) insulin, helps rid the body of glucose through

increased urination.
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2.2. Origin of plantain

Fig 2.1: Picture of an unripe plantain (genus Musa) (Encyclopaedia

Britannica)

Plantain is a common name for a herbaceous plants of the genus Dusa, it was

classified formally asMusa Acuminata, Musa Balbisoana or Hybrids Musa

Acuminataz Balbisoana depending on their genomic constitution (balell

John ,2000) gare the archaic scientific nameMusa paradisiacal which is no

longer used. Most plantain come from the hybrid AAB and ABB cultirar group

all members of the genus.Musa are indigenous to tropical regions of South east

Asia and Oceania including the making Archipelago. (Brian and Allan 1985).

Plantains are a major food staple in West and Central Africa, Central America,

the Caribbean islands, and northern, coastal parts of South America

(Clifton,2016).
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Plantains are a versatile food, and can be cooked in a variety of ways. They can be

boiled, fried, mashed, or baked. Plantains are also used to make chips, breads, and

cakes. Plantains are an important source of nutrition for many people, providing

essential vitamins and minerals. They are high in fiber, potassium, and vitamin A,

and are a good source of energy. It is a nutritious and versatile food, and is

becoming increasingly popular in the United States and Europe. Plantains are a

staple food in many parts of the world, and their importance is likely to continue

to grow in the future.

Plantain is a carbohydrate source. Its utilizable protein content as percentage of

calorie ingestion is higher than sago and cassava, but is much lower than other

staples such as maize, rice, and wheat. On per gram consumed basis, plantain's

essential amino acid concentrations are very low, even lower than cassava.

Cooked green plantain (and cooked green banana) has a low GI, unlike potatoes

and many grains. Plantain contains very little β-carotene. The vitamin C content

of plantain is very similar to those of sweet potato, cassava, and potato.

According to EFC (2019), Plantains contain complex carbohydrates capable of

replacing glycogen and important vitamins, particularly B6 and C, and minerals

(potassium, calcium, magnesium, and iron). Plantain fruit is composed mainly of

water (around 75 percent ) and carbohydrates (around 32 percent). It contains

several vitamins, including A, B, and C, and is very low in protein and fat but rich

in minerals, particularly potassium (around 400 mg/100 g). It is cholesterol free,
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high in fiber, and low in sodium. Chemical composition varies not only among

cultivars but also according to climatic and other conditions.

Plantains, being starchier than bananas, can be eaten ripe or unripe, but many

countries have developed commercial processes to provide a wide variety of

products from both fruits (in several cases, green bananas can also be used): puree,

flour, jam, jelly, chips, crisps, flakes, dried, catsup, relishes or spreads, preserves,

vinegar, and even wine. Plantain flour, both from green and ripe fruit, has a great

industrial potential and, enriched with sugar, powdered milk, minerals and

vitamins, and artificial flavoring, is much used in baby foods. All told, bananas

and plantains represent more than 25 percent of the food energy requirements of

Africa (Frison and Sharrock, 1999).

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. 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%.

2.2.1. Varieties of plantain

There are two general varieties of plantains: the horn plantain and the French

plantain.
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2.2.1.1. Horn plantain

Horn plantain is a type of herbaceous perennial plant that is native to the

Mediterranean region. It is a member of the plantain family, and is known for its

long, thin leaves and its clusters of yellow flowers. Horn plantain is often used in

traditional medicine, as it is believed to have medicinal properties. It is also used

in cooking, as its leaves can be used to make a variety of dishes. Horn plantain is

an easy to grow plant, and can be found in many gardens.

2.2.1.2. French plantain

French plantain is a type of plantain that is native to the Caribbean and Central

America. It is a large, starchy fruit that is closely related to the banana. French

plantains are typically larger and less sweet than other varieties, and have a firmer

texture when cooked. They are often used in savory dishes, such as stews, soups,

and curries, as well as in desserts and fried snacks. French plantains are also a

popular ingredient in Caribbean cuisine, where they are often boiled, mashed, or

fried.

2.2.2. Nutritional values of plantain

One cup of boiled green plantains (137g) provides 166 calories, 1.5g of protein,

40g of carbohydrates, and 0.1g of fat, Plantains are an excellent source of vitamin

C, fiber, and vitamin B6 ( Malia, 2021).
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2.2.2.1. Carbohydrates

Plantains provide a healthy dose of carbohydrates. One cup of boiled green

plantains has 40 total grams of carbs, with nearly 4 grams of fiber and just 3 grams

of natural sugar. As plantains ripen, fiber content goes down and sugar content

increases. Plantains are high in resistant starch, which gives them a low glycemic

index (of about 38.5 for ripe raw plantains to 44.9 for boiled unripe

plantain).( Oladela and Williamson, 2016).

2.2.2.2. Fats

Plantains are naturally low in fat but easily absorb the oil they are cooked in.

2.2.2.3. Protein

Plantains are not a significant source of protein. A medium plantain has less than

2 grams.

2.2.2.4. Vitamins and Minerals

Plantains contain iron, vitamin C, vitamin B6, folate, potassium, magnesium,

copper, and vitamin A. According to the USDA, a cup of plantains provides 12.5

milligrams of vitamin C, which is about 15% of one’s daily recommended intake.

Plantains contain folate, which is a vital nutrient for women trying to conceive.

Nearly 20% of the daily recommended intake is gotten from a cup of cooked

plantains.
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2.2.2.5. Calories

One cup of boiled green plantains (137g) provides 166 calories, 96% of which

comes from carbs, 3% from protein, and 1% from fat.

2.2.3. Health Benefits

The resistant starches and micronutrients in plantains offer several health benefits,

especially when plantains are consumed with minimal processing.

2.2.3.1. Antioxidant-rich

Plantains contain a high concentration of antioxidants. Antioxidants are

substances that aid in the fight against free radicals, which cause oxidative

damage in the body. According to one study, the peels and flesh of plantains

contain flavonoids and polyphenols, both essential antioxidants. Antioxidants are

vital because they aid in treating metabolic illnesses such as diabetes, cancer, and

heart disease.

2.2.3.2. Excellent diabetic food

When boiled, unripe plantains have a low glycemic index (GI) of 45 due to their

high resistant starch content. Resistant starch is a form of carbohydrate that does

not break down into sugar in the small intestine but instead goes into the large

intestine, where fermentation occurs. Resistant starch does not elevate blood

glucose levels since it is not digested in the small intestine, making it suitable for
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managing diabetes. Fermentation in the large intestine also helps glycemic

management by encouraging the growth of “good” gut flora. It is a good meal for

managing diabetes because it has minimal sugar; their low carbohydrate content

combined with relatively high energy content makes them suitable for managing

this disease. It makes it a good choice, especially if other fibers and protein-rich

foods like green vegetables are added, hence an excellent choice to avoid

diabetes.

2.2.3.3. Maintains blood pressure control

Plantains are high in potassium, a mineral that aids in the treatment of

hypertension. One large green plantain can give around 44 percent of the daily

potassium requirement. Unripe plantain’s low sodium level makes them ideal for

hypertensive people.

2.2.4. Adverse Effects

The resistant starch in plantains may make them difficult to digest. Green, raw

plantains are especially high in resistant starch. If one is not used to eating a lot of

fiber, plantains can cause discomfort like gas, bloating, and constipation, so I’m

order to avoid that, Increase your intake slowly, allow plantains to ripen fully, and

cook before eating to reduce digestive distress. Plantains are popular among

packaged foods as well and can be found as dried or fried plantain chips. You can

eat plantains when they are green or yellow. The level of ripeness will determine
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the type of starch and the consistency of the plantain. Green plantains contain

more resistant starch, while yellow, fully ripe plantains contain more natural

sugars.

2.2.5. Unripe plantain flour

Plantains are a staple food in many parts of the world, particularly in tropical

regions where they are widely cultivated. Unripe plantains have a high starch

content, which makes them a good candidate for use in flour production. In recent

years, there has been growing interest in the use of unripe plantain flour as a

gluten-free alternative to wheat flour in food products. One of the main

advantages of unripe plantain flour is its high starch content. This makes it an

excellent source of energy, providing a slow and sustained release of glucose into

the bloodstream. Additionally, unripe plantain flour is a rich source of dietary

fiber, which helps to regulate digestion and improve gut health. Another

advantage of unripe plantain flour is its low glycemic index (GI) value. Foods

with a low GI value are absorbed more slowly into the bloodstream, which helps

to regulate blood sugar levels and reduce the risk of type 2 diabetes.

There have been several studies investigating the potential health benefits of

unripe plantain flour. For example, a study by Adebayo et al., (2020) found that

unripe plantain flour has a high antioxidant content, which may help to protect

against oxidative stress and prevent the development of chronic diseases such as

cancer and heart disease. Similarly, a study by Akanji et al., (2018) found that
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unripe plantain flour has anti-inflammatory properties, which may help to reduce

the risk of inflammation-related diseases such as arthritis and allergies. In terms

of its use in food products, unripe plantain flour can be used as a gluten-free

alternative to wheat flour. This makes it a suitable option for people with celiac

disease or gluten intolerance, who cannot tolerate gluten-containing foods.

Additionally, unripe plantain flour can be used as a binding agent in food

products, helping to improve the texture and structure of baked goods and other

products. And one of the main challenges of using unripe plantain flour is its

flavor. Unlike wheat flour, which has a mild and neutral flavor, unripe plantain

flour has a strong, earthy flavor that may not be to everyone's taste. To address

this issue, many manufacturers mix unripe plantain flour with other flours, such

as cassava flour or corn flour, to reduce its strong flavor. Unripe plantain flour is

a promising alternative to wheat flour, with potential health benefits and a range

of applications in food products. Nevertheless, further research is needed to fully

understand its potential and to develop new uses for this versatile and nutritious

ingredient.

However, in the preparation of a meal, plantain flour is found to undergo

retrogradation certain periods of time after cooking dough preparation.

Retrogradation is known as a natural process that occurs when starch molecules

in food undergo structural changes during cooling, resulting in the formation of a

crystalline structure. This process can affect the nutritional quality, texture, and
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flavor of foods made with starchy ingredients such as unripe plantain flour.

Though unripe plantain flour is known for its high fiber content, low glycemic

index, and potential health benefits for people with diabetes, the retrogradation

process can cause the starch in the unripe plantain flour to become more resistant

to digestion, which can affect its glycemic response and reduce its nutritional

value. To mitigate the effects of retrogradation in unripe plantain flour, several

studies have investigated different processing techniques, such as heat-moisture

treatment, acid hydrolysis, and enzyme modification. These methods have been

shown to reduce retrogradation and improve the nutritional and functional

properties of unripe plantain flour. But this report will be centered on the use of

Bambara nut fiber to reduce retrogradation in the meal to be produced, which is a

cheaper method / procedure to follow to make it affordable for the masses.

Several factors though have been found that influence the retrogradation of

plantain flour, including the type of plantain used, the processing method, and the

storage conditions, but processing techniques such as heat-moisture treatment

can help to mitigate these effects and improve the functionality of the flour in the

preparation of diabetic-friendly swallows.
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2.3. Origin of Bambara nuts (BN).

Fig 2.2: Picture of Bambara nut (Source: Besthomediet, 2018)

Bambara groundnut (Vigna subterranea (L.) Verdc.), is classified under the

family Leguminosae, sub-family Faboidea and genus Vigna. It is an indigenous

leguminous African crop that is grown across the continent (Olanipekun et al.,

2012). It is commonly found in Nigeria and known locally as; “Okpa” (Igbo),

“Epa-roro” (Yoruba) and “Kwaruru” or“Gurjiya” (Hausa). There are seven

varieties of Bambara groundnut which is mainly recognized by their seed-colour

or design, including black, red, cream/black eye, cream/brown eye, cream/no eye,

speckled/flecked/spotted purple and brown (light or dark) (PGBG, 2011).

Bambara groundnut (Vigna subterranea (L.) Verdc) a legume indigenous to

Africa is cultivated across the semi-arid sub-Saharan Africa region (Hillocks et

al.,2012). It is a hardy crop and has been recognized as an important nutritious

food source when food is scarce (Mbosso et al.,2020). This could be attributed to
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its climate-smart features, including its ability to fix nitrogen, and to grow under

adverse environmental conditions such as poor soils and drought (Myes et

al.,2019; Paliwal et al., 2020). This nutrient-dense legume is sometimes termed a

“complete food” due to its balanced macronutrient composition. Bambara

groundnut contains ~64.4% carbohydrate, 23.6% protein, 6.5% fat, and 5.5% fiber

and is rich in minerals (Azman et al.,2019). It is relatively underutilized compared

with major cash crops and has often been associated with small-scale, subsistence

farming, with women being the major producers and processors (Mbosso et

al.,2020; Mubaiwa et al.,2018). The utilization constraints of Bambara groundnut

include the knowledge gap in improved seed system, agronomic practices,

processing, and utilization.

Bambara groundnut, an underutilized African legume, has the potential to

contribute to improved food and nutrition security, while providing solutions for

environmental sustainability and equity in food availability and affordability. The

crop has advantages over more favored species in terms of nutritional value and

tolerance to adverse environmental conditions (FAO, 2001; Mkandawire, 2007).

Bambara groundnut is an annual crop, which resembles groundnut (Arachis

hypogaea) in both cultivation and habitat. It is one of the five most important

protein sources for many Africans (Chittaranjan, 2007). This paper discusses the

potential role of Bambara groundnut in contributing to enhanced dietary and

planetary sustainability, with emphasis on areas that span the value chain: from
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genetics, nutrition, processing, production and utilization, through to its

socioeconomic potential. Bambara groundnut is a sustainable, low-cost source of

complex carbohydrates, plant-based protein, unsaturated fatty acids, and essential

minerals (magnesium, iron, zinc, and potassium), especially for those living in

arid and semi-arid regions. As a legume, Bambara groundnut fixes atmospheric

nitrogen to improve soil fertility. It is resilient to adverse environmental

conditions and can yield on poor soil. Despite its impressive nutritional and

agroecological profile, the potential of Bambara groundnut in improving the

global food system is undermined by several factors, including resource

limitation, knowledge gap, social stigma, and lack of policy incentives. Multiple

research efforts to address these hurdles have led to a more promising outlook for

Bambara groundnut; however, there is an urgent need to continue research to

realize its full potential.

2.3.1. Usefulness of Bambara nut

The traditional use of Bambara groundnut seeds in treatment/management of

several ailments is remarkable and presents a gap for detailed study on the

therapeutic and pharmaceutical value of the crop (Harris et al., 2018). Jideani and

Diederick (2014) reported that the medicinal role of Bambara groundnut is mainly

based on information obtained from communities in several parts of Africa and

the world where this crop is reportedly responsible and useful for treatment of

various ailments. For example as a treatment /management for diarrhea, a
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mixture of Bambara groundnut seeds and water from boiled maize are consumed.

To alleviate the nausea associated with pregnancy, pregnant women chew and

swallow Bambara groundnut seeds (Olanipekun et al., 2019). Other prophylactic

and therapeutic use of Bambara groundnut seeds includes protein deficiency,

kwashiorkor, veneral diseases, polymenorrhea (roasted BGN seeds are used),

internal bruising, and cataracts (mixture of water and crushed BGN seeds are

used (Olanipekun et al., 2019).

The producing communities use bamabara groundnut in many ways. Each

community has its own way of preparing Bambara groundnut for use. Where it is

used for food, the seeds are ground into flour and used to prepare soup, porridge

and various fried or steamed food such as ‘akara’, ‘moi-moi’ and ‘okpa’. The

fresh pods are also boiled with salt and pepper and eaten as snack. Dry seeds are

equally roasted with salt and eaten as snack. Some communities believe that the

black coloured variety has spiritual healing effect. They use the variety for

medicinal purposes. Because Bambara groundnut ranks higher in market value

than other legumes like cowpea and peanuts, it is used during ceremonies as gifts

in some communities.

2.3.2. Nutritional Value of Bambara nut/Proximate composition

The proximate composition of Bambara grains has been found to vary with

cultivar and growing locations (Table 1). In general, protein (9.60–40.0%) and



23

carbohydrate (42.0–70.0%) represent the major components of Bambara

groundnut, whereas ash (2.90–5.37%), fiber (3.41–6.85%), and fat (4.30–7.24%)

contents are relatively low. The low fat contents of pulses such as Bambara

groundnut is expected because it is generally low in fat when compared with oil

seeds such as soybean and peanuts (Oyeyinka & Oyeyinka, 2018). Although

inherent differences in grains may affect proximate composition, growing

conditions may affect the composition of Bambara groundnut. For instance, some

authors found that five different Bambara groundnut genotypes grown under the

same conditions showed similarity in their composition (Oyeyinka & Oyeyinka,

2018).

Balanced Macronutrient Composition

2.3.2.1. Carbohydrates

Carbohydrates are the most abundant macronutrient in Bambara groundnut,

accounting for up to 64.4% of the total dry weight of the seed (Azman et al.,2019).

The majority of the carbohydrate fraction is complex oligosaccharides and

polysaccharides, of which starch accounts for up to 49.5% of the total

carbohydrates. The reported starch content of Bambara groundnut seeds varies

considerably (22 to 49.5% of dry seed weight), depending on genetic and

environmental factors, stage of maturation, and method of analysis (Oyeyinka

and Oyeyinka,2018). Amylose represents 19.6–35.1% of the total starch content,

while the rest of the constituents consist primarily of amylopectin and a small
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quantity (1–2%) of protein, lipid, and ash. Raw Bambara groundnut has a higher

proportion of slowly digestible starch (SDS) and resistant starch (RS) than

rapidly digestible starch (RDS), implicating poor digestibility. Nonetheless,

cooking can substantially increase the RDS fraction, thereby improving

digestibility and carbohydrate availability (Xin Lin et al.,2020).

2.3.2.2. Protein

The protein content of Bambara groundnut ranges from 9.6 to 40% (Nwadi et

al.,2020), with an average value of 23.6% (Azman et al.,2019). This variation is

also attributed to differences in genetic background, growing conditions, and

analytical techniques used for estimation (e.g., nitrogen conversion factor)

(Mubaiwa et al.,2018, Boye et al.,2010). Storage proteins are the predominant

protein fractions in Bambara groundnut, of which vicilin is reported to be the

major constituent, followed by legumin ). High protein content is a desirable trait

in foods, but the importance of protein quality, which is determined by both

amino acid composition and protein digestibility, should not be overlooked.

Variability in amino acid profile between cultivars of Bambara groundnut is

evident. In general, most studies report glutamic acid to be the most abundant

amino acid in Bambara groundnut, suggesting its potential to be isolated for use

as a flavoring agent. Out of the essential amino acids, leucine and lysine are

present at a higher concentration while methionine is the lowest (Xin Lin et

al.,2020). Phenylalanine, valine, histidine, and isoleucine were also reported to be
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present in high concentrations, while tryptophan has been found to be the limiting

amino acid (Oyeyinka et al.,2019, Yao et al.,2015). Its lysine-rich,

methionine-poor composition makes Bambara groundnut a good complementary

protein source to cereals, which are often deficient in lysine but rich in

methionine. The in vitro protein digestibility (IVPD) of raw and cooked Bambara

groundnut varies between 70 and 81% and 82 and 87.5%, respectively (Xin Lin et

al.,2020). The increase of IVPD after cooking is attributed to the destruction of

heat labile antinutritional factors (ANFs) and fragmentation of native proteins

into smaller polypeptides, subsequently improving enzyme accessibility and

protein bioavailability.

2.3.2.3. Lipids

There is considerable variation (1.4 and 9.7%) in the reported values of lipid

content in Bambara groundnut (Adebowale et al.,2011, Yao et al.,2015). The

majority of fatty acids in Bambara groundnut are unsaturated, predominated by

oleic and linoleic acids (omega-6) (Yao et al.,2015, Adeleke et al.,2017). Palmitic

acid is the third most abundant fatty acid, and linolenic acid (omega-3) is present

at a low concentration. While having high unsaturated fatty acid content is

appealing from a consumer health perspective, it increases the susceptibility of

fats to oxidation and rancidity. Therefore, the end uses should be taken into

consideration when selecting the desirable trait of lipid composition.
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Rich in Essential Micronutrients

2.3.2.4. Minerals

The most abundant minerals in Bambara groundnut are potassium, magnesium,

phosphorus, zinc, and iron (Xin Lin et al.,2020). Azman et al.,(2019), reported

that the levels of these minerals were higher than those found in commonly

consumed legumes such as chickpea and mung bean, but they vary by cultivar

and growing conditions. The presence of ANFs in the seeds can adversely affect

the bioavailability of the minerals. Gwala et al.,(2020) reported that the

concentration and bioaccessibility of calcium, magnesium, iron, and zinc in

Bambara groundnut seeds were influenced by factors such as storage period,

processing method, location of mineral in the seeds (testa or cotyledons), and the

degree and strength of mineral chelation. Despite being a relatively good source

of these minerals, it is unlikely that the dietary needs of individuals can be met

through consumption of Bambara groundnut alone.

2.3.2.5. Phytochemicals

Bambara groundnut seeds contain phytochemicals such as flavonoids and tannins.

These compounds are usually found in the seed coats and are more abundant in

seeds with dark or red-colored seed coats. A positive correlation between

darkness of seed coat and total phenolic compounds has been established (Tsamo

et al.,2018). Mubaiwa et al.,(2019) reported an abundance of the flavonoids

epicatechin and catechin in raw and cooked red seed,
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respectively. Catechin and epicatechin can polymerize to form proanthocyanidins,

also known as condensed tannins, which have been associated with nutraceutical

properties, such as antioxidant, cardioprotective, antitumor, and neuroprotective

properties (Rauf et al.,2018). Antioxidant properties have been reported in brown

and red Bambara groundnut seeds, levels of which were comparable with

commonly consumed legumes, but inferior to the powerful antioxidant ascorbic

acid (Nyah et al., 2015, Nyah et al.,2017). Despite the positive health outcomes

associated with consumption of phytochemical compounds, their anti-nutritional

implications should not be overlooked.

Other Important Functional Properties

2.3.2.6. Dietary Fiber

Bambara groundnut contains appreciable levels of dietary fiber in the form of RS

and non-starch polysaccharides. The concentration and composition of dietary

fiber are influenced by maturity stage and processing methods (Yao et al.,2015).

Total dietary fiber content of Bambara groundnut ranges from 1.4 to 10.3%, of

which insoluble fiber represents a higher fraction than soluble fiber (Azman et

al.,2019). The relatively high proportions of SDS, RS, and dietary fiber in

Bambara groundnut reduce the rate of digestion and lower the postprandial

glycemic response, rendering Bambara groundnut a low glycemic index (GI)

food (Oyeyinka et al.,2017). From one point of view, it is advantageous to

encourage the consumption of low GI foods as these confer numerous health
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benefits, e.g., lowering postprandial blood glucose and insulin levels, regulating

appetite, and reducing the risks of obesity and other non-communicable diseases.

Conversely, the increased consumption of flatus-causing non-starch

polysaccharides has been associated with irritable bowel (Mohammed et al.,2015).

More importantly, from a nutritional security point of view, non-digestible

dietary fibers can bind to minerals and and form a physical barrier to digestive

enzymes, thus reducing the bioavailability of essential minerals (Rousseau et

al.,2020).

2.3.3. Bambara nut coat/tests

The testa, or coat, of the Bambara groundnut seed is an important component of

the crop and is rich in fiber. The fiber content of the Bambara groundnut testa has

been the subject of numerous studies aimed at understanding its composition and

potential uses. In this article, we will discuss the fiber content of the Bambara

groundnut testa, its composition, benefits, and potential applications.

The Bambara groundnut testa is composed of several different components,

including polysaccharides, proteins, and lignin. The polysaccharides in the testa

are primarily composed of cellulose and hemicellulose, which are the main

structural components of plant cell walls. These polysaccharides provide the testa

with its strength and rigidity, allowing it to protect the embryo inside. The

proteins in the testa are believed to play a role in seed germination and help

regulate the water and nutrient supply to the embryo. Lignin is a complex
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polymer that provides additional strength and rigidity to the testa and is also

believed to play a role in seed germination (Ngupta and Tripathi, 2019). The fiber

content of the Bambara groundnut testa is primarily composed of cellulose and

hemicellulose, with smaller amounts of lignin. The fiber content of the testa

varies depending on the variety of Bambara groundnut, but it is generally

between 30 and 50% of the total weight of the testa (Kokwaro, 1976).

This high fiber content makes the Bambara groundnut testa an excellent source of

dietary fiber, which is essential for maintaining a healthy digestive system

2.3.4. Bambara nut fiber incorporation in unripe plantain flour to get a

high fiber meal for diabetes.

The production of a meal for diabetes has become increasingly important in

recent years. This report will explore the potential benefits of incorporating

Bambara nut fiber and unripe plantain into such a meal and investigate the

production of the meal itself. Bambara nut and unripe plantain have emerged as

potential ingredients for diabetes use. Bambara nut, which is native to Africa, is

rich in protein, fat, and dietary fiber which help to reduce postprandial glucose

level. Additionally, it is also rich in minerals, vitamins, and antioxidants which

can help to protect the body from oxidative damage. Unripe plantain, on the other

hand, contains dietary fiber, minerals, and vitamins which can help to reduce

postprandial glucose level. Furthermore, it also contains substances such as

phytosterols, flavonoids, and polyphenols which can help to reduce the risk of



30

cardiovascular diseases. These two ingredients can be used to create a meal for

diabetes which can help to reduce postprandial glucose level and improve the

overall health of diabetics. In this article, research will be carried out based on the

potential benefits of incorporating Bambara nut fiber into unripe plantain to get a

successful meal preparation. Due to the high prevalence of diabetes in Nigeria,

there is a need to develop food solutions that can help to manage the disease.

Incorporating these two food sources to get a meal could be an effective way of

managing diabetes. Furthermore, the meal could provide a convenient and

cost-effective dietary option for people with diabetes, as it is easily prepared and

can be consumed on the go. Further research should be conducted to assess the

efficacy of the novel meal in managing diabetes.

2.4. Fiber (Dietary fiber)

Dietary fiber is found in whole grain cereal and fruits and vegetables. Fiber is

made up of the indigestible parts or compounds of plants, which pass relatively

unchanged through our stomach and intestines. Fiber is mainly a carbohydrate.

The main role of fiber is to keep the digestive system healthy. Other terms for

dietary fiber include ‘bulk’ and ‘roughage’, which can be misleading since some

forms of fiber are water-soluble and aren’t bulky or rough at all.
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2.4.1. Health benefits of dietary fiber

The digestive system is lined with muscles that massage food along the digestive

tract – from the moment a mouthful is swallowed until the eventual waste is

passed out of the bowel (a process called peristalsis). As dietary fiber is relatively

indigestible, it adds bulk to our faeces and keeps the digestive system healthy. It

also important for other body functions (such as: lowering blood cholesterol,

keeping our weight under control, stabilizing glucose (which is important if one

have diabetes), reducing the risk of other conditions (such as heart disease and

some cancers). Once diagnosed with diabetes, it requires the eating of a diet high

in fiber which slows glucose absorption from the small intestine into the blood.

This reduces the possibility of a surge of insulin – the hormone produced by the

pancreas to stabilize blood glucose levels.

2.5. Meal (Stiff dough)

Nigerian meal is a type of traditional Nigerian cuisine that consists of a variety of

dishes made from different types of dough. The most common type of meal is

made from a fermented corn flour called eba, which is mixed with water and

cooked until it forms a thick paste. Other types of meal include fufu, which is

made from cassava or yam flour, and amala, which is made from yam flour. All

of these types of meals are usually served with a variety of soups and stews, such

as egusi, ogbono, ewedu, and okra. The most popular types of meal include Fufu,

Eba, Amala, Semolina, and Pounded Yam. Fufu is made from cassava or plantain
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flour, boiled and pounded into a smooth paste. It is usually served with a variety

of stews, soups, and sauces. Eba is made from a combination of cassava and

plantain flour, boiled and pounded into a thick paste. Semolina is made from

wheat flour, boiled and pounded into a thick paste. It is usually served with a

variety of stews, soups, and sauces. Pounded Yam is made from yam, boiled and

pounded into a thick paste. It is usually served with a variety of stews, soups, and

sauces. The Nigerian meal is an important part of the Nigerian diet, and is

enjoyed by people of all ages.

Nigerian meal dishes are a great source of carbohydrates and provide essential

vitamins and minerals. They are also a good source of dietary fiber, which helps

to promote healthy digestion, and can help to reduce cholesterol levels.

Additionally, these dishes are low in fat and calories, making them an ideal

choice for those looking to maintain a healthy weight. They are a great source of

energy, which can help to improve overall physical performance.

A critical part of managing diabetes lies in maintaining a healthy diet. Eating

healthy is important for everyone, especially people living with diabetes, as it

plays a key role in ensuring that blood sugar and body weight are in check.

Given that the Nigerian diet is starch-heavy by nature, it is critical to deliberately

maintain a diet. Endocrinologists and nutritionists alike would agree that the rules

of thumb are to eat a fiber-rich diet with whole, unprocessed foods such as nuts,

fruits and vegetables; observe a low-carb and low-sugar diet; drink lots of water,
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avoiding alcohol and smoking. While staying within healthy limits, it is possible

as a Nigerian living with diabetes to eat well. Contrary to popular notions, one

does not have to eat restrictive or boring meals. Foods that nourish the body can

and should be enjoyed.
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CHAPTER THREE

3.0. MATERIALS AND METHODS

3.1. Procurement of Materials

The materials i.e. the matured dried unripe plantain (musa paradisiaca) and

Bambara groundnut (Vigna subterranea L. Verdc) were purchased at Relief

market, Owerri, Imo state.

3.1.2. Chemicals, Equipment, and Facilities.

The chemicals used in the research work were sourced from New Concept

Analytical Laboratory at Obinze, Owerri, Imo state, as well as the equipment and

facilities used.

3.2. Preparation of materials

3.2.1. Production of Unripe plantain flour

The unripe plantain was traditionally processed into flour, this, was achieved by

peeling the unripe plantain, washing, slicing the pulp into small round pieces and

drying them for 48 hours at 60˚C using the cabinet dryer. The dried pulp was then

grounded with milling machine, sieved and stored.
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Unripe mature plantain

↓

Peeling

↓

Washing

↓

Slicing

↓

Drying

↓

Milling

↓

Sieving

↓

Plantain flour

Figure 3.1: Preparation of plantain flour.
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3.2.2. Production of Bambara nut fiber

Bambara nut fiber was obtained by removing the hard outer shell of the seeds.

The seed kernel was then milled to produce a fine powder , after which it was

sieved to separate the fiber from the Bambara nut flour. The fiber was then

packaged and stored.

Bambara groundnut

↓

Shelled Bambara nut

↓

Sorting

↓

Milling

↓

Flour
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↓

Sieving

↓

Fiber

Figure 3.2: Preparation of Bambara nut flour

3.3. Formulation of unripe Plantain flour (UPF)– Bambara nut fiber (BFN)

blends.

The UPF and BFN was mixed at different proportion (100:0,90:10,80:20,70;30,

and 60:40) which was done manually. For blend 90:10, 500g of the UPF was

measured using a measuring scale into an uncontaminated dried bowl. Thereafter,

50g of BFN was measured as well into another uncontaminated dried bowl. The

two flours was then poured into a stainless pot and the flour was mixed manually.

The mixing was done for 10minutes in other to ensure homogeneity of the flours.

The procedure was employed in preparation of the remaining blends i.e. for 80:20

(400g of UPF and 100g of BFN was mixed together using the same method); For

70:30 (350g of UPF was mixed together with 1500g of BFN); For 60:40 (300g of

UPF was mixed together with 200g of BFN); But for 500:0 which is the control,

100% of UPF was used in order to determine the improvement in nutrients of the

main flour in this research.
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.

Fig 3.3: Unripe plantain flour (Source: Luis ,2023)

Fig 3.4: Bambara nut flour (Source: Zhengzhou, 2023)
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Table 1: Recipe for Bambara nut fiber / plantain flour blends

Sample UPF(g) BFN(g)

UPF1 450 50

UPF2 400 100

UPF3 350 150

UPF4 300 200

Control 500 0

3.4. Analytical methods

The following analysis were carried out on the different samples:

3.4.1. Proximate analysis

Proximate composition was determined after bringing the samples to uniform

size by the official methods of analysis of the association of official analytical

chemists, 17th edition AOAC (2003) Arlington Virginia.

3.4.1. 1. Moisture Content Determination (Oven - Dry Method)

The aluminium or plastic dishes were washed thoroughly and placed to dry in the

oven at 110 ˚C. They were put inside the desiccator to cool and each disc was

weighed. The food sample were mixed, the laboratory sample was put in the

weigh dish, the weight of the dish plus weight of the undried sample were taken

(in duplicate). The samples were placed in the moisture oven to dry at 70˚ - 80˚c
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for 2 hours and at 100˚ - 135˚c (usually 105˚c) for the next 4 hours or until the

weight was constant. The samples were cooled in the desiccator and the dried

weight of the sample plus the dish was taken. The moisture content was then

calculated as described in the equation below:

MC (%)= W₂ - W₃ ×100% …………………………..

eqn(1)

W₂ - W₁

where,

Mc = Moisture content

W₁ = Initial weight of empty crucible

W₂ = Weight of crucible + food sample before drying.

W₃ = Final weight of crucible + food sample after drying.

3.4.1.2. Determination of Ash Content

2-5g of finely ground dry sample was accurately weighed into a tared or porcelain

crucible. The samples were then charred on a heater or bunsen flame inside a

fume cupboard to drive off most of the smoke. The sample were then transferred

into a preheated muffle furnace at 550˚c, then it was left at that temperature for 2

hours or until a white or light gray ash results when the residue is black in colour.

It was then moistened with a small amount of water to dissolve salts, then dried in

an oven, the ashing process is then repeated again. Then cooled in a desiccator

and reweighed.
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Calculation:

% Ash (dry basis) = Weight of ash × 100 …………………eqn(2)

Weight of original food

AC = W₃ -W₁ × 100

W₂ - W₁

where,

Ac= Ash content % (dry basis)

W₁ = Initial weight of empty crucible

W₂ = Weight of empty crucible + food sample before drying and/or ashing.

W₃ = Final weight of crucible + ash.

3.4.1.3. Determination Of Crude Fiber

Crude fiber was determined as described by AOAC,2003. About 2g of thoroughly

mixed food sample (W₀ ) was weighed and transferred into a porous crucible.

Then the crucible was placed into a Dosi- fiber unit and the valve was kept in”

OFF” position. After that 150mL of preheated H₂ SO₄ solution (0.1281) was

added, some drops of foam-suppress was also added to each column. The cooling

circuit was then opened and the heating elements (power at 90%) was also turned

on. When the solution started boiling, the power was reduced to 30% and left for

30 minutes. The valves were then opened for drainage of acid and rinsed with

distilled water thrice to completely ensure the removal of acid from the sample.
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The same procedure was used for the alkali digestion by using KOH (0.223m)

instead of H₂ SO₄ . The samples were dried and cooled in a desiccator and

weighed (W₁ ). The same sample crucible was then kept in a muffle furnace at

55˚C for 3-4 hours. Then cooled in a desiccator and weighed again (W₂ ). The

fiber content was then calculated as shown in equation below;

Calculation:

% crude fiber = W₁ - W₂ × 100 …………………………………eqn(3)

W₀

3.4.1.4. Crude Fat

Crude fat will be determined by the AOAC (2003). The dry extraction method

used for fat determination consisted of extracting dry sample with some organic

solvent, since all the fat material e.g. fats, phospholipids, sterols, fatty acids,

carotenoids, pigments, chlorophyll, etc. Are extracted as crude fat. Fat was

determined by intermittent soxhlet extraction apparatus. Crude was determined

by ether method using soxhlet apparatus.

Approximately 5g of moisture free sample was wrapped in filter paper, and

placed in fat free thimble and then introduced into the extractor tube. The weight

of the clean and dried receiving flask was taken and filled with petroleum ether

and fit into the apparatus.
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After 4 - 6 siphoning, the ether was allowed to evaporate and the flask was

disconnected before the last siphoning. The flask was transferred into a water

bath to evaporate ether, then the flask was placed in the oven at 105˚C for 2 hours

and cooled in a desiccator. The flask and its content were then weighed.

The quantity of oil obtained will be expressed as percentage of the original

sample to be used using equation (iii) given below:

Crude fat (%)= Weight of ether sample × 100 ………………………eqn(4)

Weight of sample

3.4.1.5. Crude Protein

The crude protein was determined by AOAC (2003).

Reagents:

a) 0.1 MHCL (standard)

b) Concentrated sulphuric acid.

c) Sodium hydroxide solution 40% w/w

d) Digestion mixture: potassium sulphate (K₂ SO₄ ) and copper sulphate

(CuSO₄ ).

e) Boric acid: Dissolve 40g of boric acid in sufficient distilled water and make

the volume up to to 1000mL

f) Indicator: Methyl red.
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Procedure:

Protein in the sample was determined by kiedahl method. 0.5 - 1.0g of dried

sample was weighed and put in a digestion flask. 10 - 15mL of concentratd

H₂ SO₄ and 8g of digestion mixture i.e. K₂ O₄ : CuSO₄ (8:1). The flask was

swirled around in order to mix the contents thoroughly under a running tap water.

The content in the flask was then placed on a heater to start digestion till the

mixture becomes clear (blue - green in colour). The digest was then cooled and

transferred into a 100mL volumetric flask and made up to mark with distilled

water. 10mL of the digest was distillated in a markan still distillation apparatus

added with 100mL of 0.05M NaOH through the same way, and distillated for 10

minutes, the ammonia (NH₃ ) was collected using 20mL of 4% boric acid

solution as NH₄ OH in a conical flak with few drops of modified methyl red

indicator. The distillate was then titrated against standard 0.1MHCL solution till

the appearance of pink colour. A blank was also run through all steps above.

Percent crude protein content of the sample was calculated by using the following

formula:

Calculation:

% Crude protein = 6.25 × %N (*correction factor).

%N = (S - B) × N × 0.014 × 100 …………………….eqn(5)

Weight of the sample × V
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where,

S = Sample titration reading

B = Blank titration reading

N = Normal of HCl

D = Dilution of sample after digestion

V = Volume taken for distillation

0.014 = milli equivalent weight of nitrogen

3.4.1.6. Determination of Carbohydrate

The total Carbohydrate content of the sample was the percentage remaining after

the moisture, ash, lipid, fiber, and protein contents have been removed.

Mathematically, it is given as:

Total Carbohydrate = 100 - (% protein + % lipids +% ash content +% Fiber + %

Moisture content). ………………………………………eqn(6)

3.5. Sensory Evaluation

Sensory evaluation was carried out on the reconstituted cooked dough, using a

nine - point hedonic scale. Twenty semi- trained man panelists was used to access

the cooked dough. They were asked to indicate their preference for the samples in

terms of taste, mouldability, mouthfeel, aroma and overall acceptability with 7-9

being the highest which is:
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Like extremely. 9

Like very much. 8

Like moderately. 7

Liked slightly. 6

Neither liked nor Disliked. 5

Disliked slightly. 4

Dislike moderately. 3

Dislike very much 2

Disliked extremely. 1

3.6. Statistical Analysis

All experiments were conducted in triplicate. All data obtained were subjected to

statistical analysis of variance (ANOVA) using SPSS version 24.0. Mean values

was compared using Turkey’s Test (p > 0.05) to find out any statistical

difference.
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CHAPTER FOUR

RESULT AND DISCUSSION

4.1. Proximate Nutrient Composition

In Table 4.1 as shown in the results obtained from the proximate analysis of novel

stiff dough for diabetics using different blends of unripe plantain and Bambara nut

fiber composite flour. The results obtained regarding the proximate composition

of the stiff dough shows its nutritional potential, as a result of the higher content

of proteins, raw fibers, fats, carbohydrate, and ash (minerals). The result obtained

showed substitution of unripe plantain flour with Bambara nut fiber flour

significantly improves the nutritional compositions.

The moisture content of the samples decreased significantly (p�0.05) with

increased level of Bambara nut fiber flour in the products as it decreased from

11.6% in sample A (500:00) to 9.67% in sample E (300:200). The low moisture

content of all the meal produced is an indication of longer storage as high

moisture content aids microbial activities oxidation – reduction processes and

fungal growth. The moisture content of the entire meal in this work was lower

than the report of Asaolu et al. (2012) whose report ranges from 12.60-17.11%. The

moisture content estimates directly the water content and indirectly the dry matter

of the samples. According to Singh, Sandhu, & Kaur,( 2015), flours with moisture

content less than 14% can resist microbial growth and hence storage stability.

Therefore, the moisture content of the flour samples which falls between 0 - 10%

is within the range acceptable for effective flour storage for further processing
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without the risk of microorganism contamination. The moisture content of the

formulations were within the acceptable limit of not more than 10% for long term

storage of powder products. Moisture content and water activity have been

reported to have great effects on the keeping quality and shelf life of foods as it

served as an indicator of shelf life stability; increase in moisture content enhances

microbial contamination and chemical reactions that could lead to reduction in the

food quality and stability.

The ash content which is an indication of its mineral content, shown that Bambara

nut fiber flour significantly improves the ash content in the samples as it increased

from 2.42% in sample A up to 2.87% in sample E (300:200) but all the meals

produced contained ash content value which are within the limit recommend for

diabetic food which suggests that it is a good source of minerals (Ahmed et al.,

2019). However, values obtained in this study were comparable higher to that

reported in other studies; 2.06% – 3.8% (Matos et al., 2009), 2.37% (Appiah et al.,

2011) and 2.8% (Lim, 2012) respectively. This observation is in agreement with

that of (Appiah et al., 2011) which observed an increase in the ash content of

fermented maize- Bambara nut fiber flour blends. The increase in the ash content

could be attributed to the reduction in carbohydrate content of the sample, thereby

increasing other dry matter. The increase in ash content as Bambara nut fiber flour

composition increased could be an indication that the minerals present in the

samples were released from the chelated complex compound through the
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activities of microorganisms, since ash content is an index of the mineral content

of food.

The meal formulation with higher Bambara nut fiber flour have the highest crude

fiber content which ranges from 1.71% in sample A (500:00) to 7.40% in sample E

(300:200) which is in agreement that those reported for unripe plantain: Bambara

nut fiber flour by Okanlawon (2000) and this could be attributed to the dry nature

of Bambara nut fiber flour. The result of the current study contradicts with

Ndife et al., 2016who found that fiber content in plantain-bambara nut Composite

flour as 3.29-5.73%. Biniyam 2013 recorded higher fiber content in Composite

flour made with unripe plantain and Bambara nut fiber flour (10.50-16%).

Increased fiber content can help with waste passage by expanding the inside walls

of the colon, making anti-constipation more efficient, lowering cholesterol levels

in the blood, and lowering the risk of various cancers. Fiber is one of the essential

component that are often used to develop enriched foods as a consequence of their

demonstrated functionality which contributes to the great offer of competitive

functional foods in the market. Fiber is considered an efficient protective agent

for a wide variety of illnesses, including cardiovascular disease, colon cancer and

constipation. In order to increase the consumption of fiber, the American Dietetic

Association (ADA) recommended the inclusion of a variety of grains, mushrooms,

vegetables, and fruits for an active and healthy life. Also, the increase in the fiber

content can be an added advantage in the production of novel meal as this can
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counterbalance the hydrophilic nature of plasticized starches which leads to

improved handle-ability and general mechanical properties of the product.

The fat and oil content in this study were significantly improved with increased

Bambara nut fiber flour substitution as it increased from 1.20% in sample A

(500:00) up to 2.66% in sample E (300:200). The result obtained was lower when

compared with the results of Okanlawon (2000) whose result showed plantain –

Bambara nut fiber Composite flour with fat content of 12.50%. There are a

significant differences (p>0.005) in values obtained for Fat contents as Bambara

nut fiber flour addition significantly improves the fat content of the samples.

Meals with moderate fats have been reported to be good as flavour enhancers and

useful in improving palatability when incorporated in foods (Aiyesanmi &

Oguntokun, 2019). Since Bambara nut fiber flour has a higher fat content than

plantain flour, the rise in crude fat content in this study may be attributed to

increasing the Bambara nut fiber flour. The moderate fat content of the samples is

an indication that they could be stored for a long period without the problem of

peroxidation which is a major cause of fat instability.

The protein content result showed a significant difference (P>0.05) between the

meal produced with more Bambara nut fiber flour than those produced with

lesser percentage or no Bambara nut fiber flour. The protein content ranges from

2.44% in sample A up to 9.01% in sample E (300:200). The variation may probably

be due to variation in organic matter contents of these samples, as appreciable

amount of nitrogen in the samples occurs in organic form. The results obtained for
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the protein compares favorably with the value reported by Sahito et al. (1998) for

plantain-soybean (10.88%). Foods rich in protein content are of great nutritional

importance in developing countries such as Nigeria where there is a prevalence of

protein malnutrition (Okpala & Okoli, 2011). Protein is required by children for

growth, repair, and maintenance of the body. It also acts as enzymes and

hormones and maintains fluid, electrolyte and acid–base balance, and strong

immune system (Mahan & Escott-Stump, 2018). Proteins act as carriers for other

nutrients such as lipids, vitamin A, iron, sodium, and potassium (Mahan &

Escott-Stump, 2018).

The carbohydrate contents were significantly affected by Bambara nut fiber flour

addition (p>0.005) since the values were reduced by increased addition of

bambara nut fiber flour and reduced from 80.62% in sample A (500:00) down to

70.61% in sample D (350:150). The result showed that the meals are rich sources

of carbohydrate. The high carbohydrate content of the meal blends indicates that

it could be used in managing protein-energy malnutrition, since there is enough

quantity of carbohydrate to derive energy from in order to spare protein, so that

protein can be used for its primary function of building the body and repairing

worn out tissues rather than as a source of energy (Butt & Batool, 2020).

The energy values ranged 1376 to 1443 kcal, it is well know that the energy

content is affected by the proportion of fat, protein and carbohydrate therefore the

Bambara nut fiber sample had the lowest energy value. These blends therefore

provides low energy less than 400 kcal/l00g which gives about 17.30% of the daily
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energy intakes recommended for a 70 kg person. Therefore, these blends may be

considered a new food product with low energy diet that not only increases the

supply of some compounds, but with added healthy biological activities. Hence

the use in edible film production will contribute to a wide varieties of the

available one
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Table 4.1: Proximate composition of unripe plantain flour and Bambara fiber (%)

Sampl

e code

Unripe

plantain:

Bambara

groundnut

Moisture (%) Ash (%) Fiber (%) Fats (%) Protein (%) Carbohyd.(%). ENERGY

A 500:00 11.62a±0.152 2.42e±0.100 1.71e±1.000 1.20e±0.001 2.44 e±0.100 80.62a±0.010 1435.96 d±0.000

B 450:50 11.06b±0.152 2.47d±0.100 2.42d±1.000 1.40d±0.010 4.88d±0. 010 77.78b±0.100 1436.31 c±0.110

C 400:100 10.89 c±0.100 2.59bc±0.100 5.00c±1.000 2.55b±0.000 6.31c±0. 049 74.18c±0.001 1443.61a±0.100

D 350:150 10.76d±0.608 2.52c±0.100 6.78b±0.100 1.84c±0.100 7.51b±0. 141 70.61d±0.010 1376.86 e±0.000

E 300:200 9.67e±0.100 2.87a±0.100 7.40a±0.100 2.66a±0.001 9.01a±0. 010 71.13e±0.001 1441.69 b±0.210

Values are mean scores± Standard deviation of triplicate. Data in the same column bearing different

superscript differ significantly (p < 0.05)
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Sensory evaluation of novel stiff dough for diabetics from unripe plantain

and Bambara nut fiber.

The result of the sensory score of the sample in Table 4.3. The 4 novel meal for

diabetics from unripe plantain and Bambara flour were subjected to a panel of 20

semi-trained judges comprising male and female using 9-point Hedonic rating

scale. Sensorial attributes viz., appearance, taste, mouldability, aroma and

mouthfeel are shown in Table 4.3. There were significant differences (p<0.05) in

all the sensory parameters among formulated blends. The sample with more

Bambara nut fiber inclusion (BFN) had a higher score in appearance,

mouldability and taste while sample with 100% plantain flour scores highest in

mouthfeel compared to the others blends. In the sensory analysis, the

Mouldability scores was lowest (4.80) in sample A (500:00) and highest in sample

E (300:200) the sample was rated highest by panelists probably because its texture

appears mouldable and people tend to like such Sivasankar, (2009) observed that

Bambara nut fiber owing to its high water and oil absorption can be easily

moulded into shapes.

The 100% Bambara flour sample was preferred most in terms of mouthfeel over

other blends because the plantain flour used in sample E helped in imparting some

flavour on the flake. This result is consistent with the findings of Ibe and Orabuike,

(2009).

The novel meal for diabetics from unripe plantain and Bambara flour produced

was highly desirable in appearance, aroma, taste and mouth feel thus indicating
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that it could compete favourably with other types of flakes that are sold locally. It

was also more appealing to the sensory panel that may have a natural affinity for

flakes prepared from the beans, since the crop is readily available in the study

area.
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Table 4.3: Sensory evaluation of novel stiff dough for diabetics from

unripe plantain and Bambara nut fiber.

*Values are mean scores± Standarddeviation of 20panelists

Sample

code

Unripe plantain: Bambara

groundnut

Mouldability Aroma Appearance Taste Mouthfeel

A 500:00 4.80e± 1.96 6.20e ± 2.00 7.40d ± 0.50 6.50a ± 2.17 7.20a ± 2.17

B 450:50 5.40d ± 0.88 6.50d ± 1.23 7.00e ± 1.70 5.95d ± 1.24 6.50e ± 1.24

C 400:100 5.80c ± 1.28 5.60c ± 1.00 7.60b± 1.00 5.65e±0.13 6.60c ± 0.13

D 350:150 7.70b± 0.89 7.50b ± 2.20 7.50c± 2.00 6.00c ± 0.20 6.85b ± 0.20

E 300:200 8.53a ± 1.34 8.00a± 1.05 7.800a ± 1.10 6.60a ± 1.23 6.55d ± 1.23

LSD(0.05)

*Data in the same column bearing different superscript differ significantly (p < 0.05).



57

CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

5.1: CONCLUSION

The study have shown that the addition of Bambara nut fiber flour to

unripe plantain flour improves the nutritional quality of novel meal

without substantial changes in the sensory properties. The use of Bambara

nut fiber thus has the potential to combat protein-energy malnutrition and

micronutrient deficiencies in developing countries. The novel meal

composition of 300:200 (unripe plantain: Bambara nut) provided the

optimum nutritional qualities in terms of ash, fats, fiber and protein and

therefore, the inclusion of Bambara nut fiber flour in plantain-based

confectioneries will increase the home and industrial consumption of these

crops in developing countries. It is therefore recommended that flour

blends of unripe plantain and Bambara nut fiber in ratio 300:200, be used to

produce of novel meal for diabetic people. In conclusion, with proper

selection and combination, it is possible to use local household foodstuff to

formulate multimixes that can be used as novel meal for diabetic persons.

The consumption of enriched blends should be encouraged due to its high

protein content and acceptable functional properties. In vitro, digestibility

may be a subject of further research as well as shelf stability of the flours.

Glycemic response of consumer, economics of large scale production and

marketing strategies are recommended.
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5.2: RECOMMENDATION

Base on the findings of this research work, the following recommendation were made.

1: Further, the effect of the Bambara nut fiber flour on storage stability of the

flours may also be investigated.

Further study is thereby recommended on the microstructural analysis of the new

product.

, further studies can be done on the antinutitional composition in order to increase

its market potential in the market.

2. The microbial quality of the composite flour produced needs to be ascertain in

further studies.

3. The composite flour produced should be stored in air-tight containers to

prevent clumping of the powder.
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Descriptives

N Mean

Std.

Deviation

Std.

Error

95% Confidence Interval

for Mean

Minimu

m

Maximu

m

Lower

Bound

Upper

Bound

MOISTU

RE

SAMPLE

A

3 11.6212 .15275 .08819 7.7539 8.5128 8.00 8.30

SAMPLE

B

3 11.0652 .15275 .08819 7.3539 8.1128 7.60 7.90

SAMPLE

C

3 10.8900 .10000 .05774 6.4516 6.9484 6.60 6.80

SAMPLE

D

3 10.7608 .06083 .03512 7.7789 8.0811 7.89 8.00

SAMPLE

E

3 9.6700 .10000 .05774 7.8516 8.3484 8.00 8.20
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N Mean

Std.

Deviation Std. Error

95% Confidence Interval for

Mean

Minimum MaximumLower Bound Upper Bound

MOULDABILIT

Y

SAMP

LE A

20 4.8096 1.66702 .37276 5.8198 7.3802 3.00 9.00

SAMP

LE B

20 5.4928 1.53811 .34393 5.7301 7.1699 2.00 9.00

SAMP

LE C

20 5.8028 1.80278 .40311 5.4063 7.0937 3.00 8.00

SAMP

LE D

20 7.7569 2.17885 .48720 4.6803 6.7197 1.00 8.00

SAMP

LE E

20 8.5334 2.21181 .49458 4.5148 6.5852 1.00 8.00
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AROMA SAMP

LE A

20 6.2200 1.20800 .33619 5.7463 7.1537 2.00 8.00

SAMP

LE B

20 6.5013 1.53811 .34393 5.8301 7.2699 2.00 8.00

SAMP

LE C

20 5.6000 1.82382 .40782 4.9464 6.6536 3.00 8.00

SAMP

LE D

20 7.5020 2.28496 .51093 4.1306 6.2694 1.00 8.00

SAMP

LE E

20 8.0005 2.35975 .52766 3.9956 6.2044 1.00 8.00

APPEARNCE SAMP

LE A

20 7.4050 1.59275 .35615 5.9546 7.4454 2.00 9.00
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SAMP

LE B

20 7.0070 1.49649 .33462 5.6496 7.0204 2.00 8.00

SAMP

LE C

20 7.6000 1.80278 .40311 5.4063 7.0937 2.00 8.00

SAMP

LE D

20 7.5000 2.31926 .51860 4.2146 6.3854 1.00 8.00

SAMP

LE E

20 7.8001 2.23548 .49987 3.9038 5.9962 1.00 8.00

TASTE SAMP

LE A

20 6.5017 1.20800 .33619 5.7463 7.1537 2.00 8.00

SAMP

LE B

20 5.9524 2.01573 .42073 4.8566 6.7434 2.00 8.00
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SAMP

LE C

20 5.6513 2.11511 .47295 4.5101 6.4899 1.00 8.00

SAMP

LE D

20 6.0020 2.23548 .49987 4.4038 6.4962 1.00 8.00

SAMP

LE E

20 6.5023 2.20287 .49258 4.2690 6.3310 1.00 8.00

MOUTHFEEL SAMP

LE A

20 7.2017 1.63514 .36563 5.6347 7.1653 2.00 9.00

SAMP

LE B

20 6.5024 1.77705 .39736 5.1683 6.8317 3.00 8.00

SAMP

LE C

20 6.6013 2.30332 .51204 4.5220 6.6780 1.00 8.00
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SAMP

LE D

20 6.8520 2.28208 .51029 4.3820 6.5180 1.00 8.00

SAMP

LE E

20 6.5523 2.08945 .46721 4.5721 6.5279 1.00 8.00


