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ABSTRACT

Shea tree (Vitellaria paradoxa) is the raw material for shea butter production which plays
a significant role in the economy of West African countries. However, the traditional
method of processing shea butter involves a laborious and time-consuming depulping
process. In this study, shea fruit depulping machine was designed and fabricated to
mechanize this process and improve efficiency. The machine comprises the hopper, auger
shaft, barrel, pulp outlet, kernel outlet, pulley and support frame. The methodology
involved designing for appropriate selection of components for the fabrication of the
machine. The effect of machine parameters on the depulping process was investigated at
three different moisture levels: 15 %, 20 %, and 25 %. The actual capacity, depulping
efficiency, kernel breakage, and pulp loss of the machine were analyzed. Results showed
that the actual capacity of the machine increased gradually from 500 to 1000 rpm, with a
maximum actual capacity of 22.75 kg/h. Depulping efficiency was highest at a moisture
level of 25 % and a machine speed of 500 rpm. The percentage kernel breakage decreased
as moisture content increased and as machine speed increased from 500 to 750 rpm, but
increased slightly at 1000 rpm. Pulp loss decreased with increasing machine speed,
especially at higher moisture levels. At 25 % moisture level, there is a significant decrease
in efficiency as the feed rate is increased from 20 kg/min to 40 kg/min. These results show
that machine speed and moisture content are important factors to consider when
improving the depulping process. Recommendations include operating the machine
within the best speed range and the machine speed should be based on the moisture
content of the Shea fruits being processed.

Vi



Title

Declaration
Certification
Dedication
Acknowledgement
Abstract

Table of Contents
List of Figures
List of Tables

List of Plates

CHAPTER ONE

1.0 INTRODUCTION

1.1 Background to the Study

TABLE OF CONTENTS

1.2 Statement of the Research Problem

1.3 Aim and Objectives
1.4 Justification for the Study

1.5 Scope of the Study

CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 The Depulping Process

2.2 Traditional, Local methods of depulping shea fruit

vii

Vi

Vil

Xi

Xii



2.2.1 Manual depulping

2.2.2 Pounding

2.2.3 Boiling

2.3 Economic Important of Shea Tree
2.4 Uses of Shea Tree and Shea Nut
2.4.1 Medicinal properties of shea tree
2.4.2 Traditional uses of the shea tree
2.5 Description of Shea Fruit

2.6 Nutritional benefits of shea fruit
2.7 Some Related Fruit Depulping Machines
2.7.1 Locust bean depulping machine
2.7.2 Bread fruit depulping machine
2.7.3 Coffee Bean Depulping Machine
CHAPTER THREE

3.0 MATERIALS AND METHODS
3.1 Materials

3.2 Design Methods

3.3 Design Calculations

3.3.1 Theoretical capacity

3.3.2 Determination of the diameter of the screw conveyor
3.3.3 Determination of the throughput

3.3.4 Determination of the volume flow rate

viil

12

17

21

25

26

28

29

29

30

31

33

33

33

33

33

33

34

35



3.3.5 Determination of Speed of Screw Auger

3.3.6 Determination of pressing area and pressure developed by the auger
3.3.7 Pressure developed by the auger

3.3.8 Determination of pressure developed by auger on the barrel
3.3.9 Determination of the screw pitch

3.3.11 Determination of the power requirement for depulping
3.3.12 The drive system

3.2.13 Selection of Bearing

3.3.14 Determination of height of the feed hoppers

3.4 Fabrication of Machine

3.5 Description of Machine Parts

3.6 Performance Evaluation of the Machine

3.7 Design of Experiments

CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

5.1 Conclusions

5.2 Recommendations

5.3 Contribution to Knowledge

REFERENCES

35

36

36

37

38

39

40

42

43

44

45

48

50

63

63

63

64

65



LIST OF FIGURES

Figure Page
3.1: Pulley 41
3.2: Belt 42
3.3: Hopper 44
4.1: Graph of Effect of Speed on the Actual Capacity of the Machine 54
4.2: Graph of Effect of Speed on the Depulping Efficiency of the Machine 55
4.3: Graph of Effect of Speed on the Kernel Breakage of the Machine 56
4.4: Graph of Effect of Speed on the Pulp Loss of the Machine 57
4.5: Graph of Effect of Feed Rate on the Actual Capacity of the Machine 59
4.6: Graph of Effect of Feed Rate on the Depulping Efficiency of the Machine 60
4.7: Graph of Effect of Feed Rate on the Kernel Breakage of the Machine 61
4.8: Graph of Effect of Feed Rate on the Pulp Loss of the Machine 62
3.1: Pulley 92
3.2: Belt 95
3.3: Hopper 97



LIST OF TABLES

Table Page
3.1: Independent Factors 51
3.2: Bill of engineering measurement and evaluation. 52

Xi



LIST OF PLATES

Plate Page
I: Shea fruit 3
I1: Shea nut fruit, pulp and the nut 4
[11: Shea Tree 11
IV: (a) Shea fruit stock (b) Shea fruit 28
V: Locust Bean Depulping Machine 30
VI: Hopper 45
VII: Barrel 46
VIII: Kernel Outlet 46
IX: The Pulp outlet 47
X: The frame 47
XI: The Auger 48
XI1I: The Pulley 48

Xii



CHAPTER ONE
1.0 INTRODUCTION

1.1 Background to the Study

Shea tree (Vitellaria paradoxa), is a dominant tree species in many agroforestry in Sub-
Saharan Africa, belongs to the family of sapotaceae which is divided into two subspecies:
paradoxa and nilotica (Tom-Dery et al., 2018). The paradoxa is mostly found in the
western part and nilotica in eastern part of Africa (Odoi et al., 2020). Nilotica grows
across approximately 4 million square kilometers of sub-Saharan Africa (Akatwetaba et

al., 2018)

Under the African culture of unwritten facts, known and told by griots, the Shea tree has
been known and used in several different ways for nearly two centuries now, that was the
case until in the 18™ century when Mungo Park, the British explorer first came upon it in
West Africa in 1796 and described the tree as a useful specie (Wilson, 2019). In 1807,
Karl Friedrich Von Gaertner (1772 - 1850). A German Botanist, was the first to classify
the Shea tree as Vitellaria. paradoxa (West African subspecies) and Vitellaria nilotica
(East African subspecies). Comparing different sources (Masters, 2021). Shea trees occur
naturally in a 5000 km long and 500 km wide zone stretching from Sudan to Guinea, and

can be found in twenty different countries (Shea, 2020).

Processed Shea butter exports in 1998 for the whole of Africa amounted to 1,200 metric
tons (MT), worth US$ 571,000. African exports of Shea butter have increased to
3,200MT in year 2000 (Tom-Dery et al., 2019). Major Shea nut importers in recent years
were Belgium, Denmark, Japan, the Netherlands, Sweden and the United Kingdom

(Wardell et al,.2021).



The shea nut tree is the largest tree population size of the economic tree species in Africa.
Africa produces about 1.76 million metric tons of raw shea nuts annually (Iddrisu and

Mills-Robertson, 2020).

Shea tree is indigenous to Sub-Saharan Africa of which Nigeria is the largest producer of
Shea nuts in West Africa (Ugwu-Dike and Nambudiri, 2022). In Nigeria, the abundance
of Shea trees exists and thrives almost exclusively in the North, where they mostly grow
naturally in the wild. Shea trees usually grow to an average height of about 15 m and
girths of about 175 cm. They have profuse branches and a thick waxy and deeply fissured

bark that makes it fire-resistant (Nair et al., 2021).

However, local inhabitants of Shea growing areas say that no one owns the Shea tree,
since it germinates and grows on its own. The Shea tree becomes fire-resistant after it
passes the germination stage of a period of three to five years. Once it survives the first
five years of its early stages of germination and growth, it grows slowly and takes about
fifteen years to reach maturity and can live for up to about three hundred years and bearing

fruit for over two hundred years (Amoako and Gambiza, 2021).

The fruit of the Shea tree ripens during the annual hunger season when food supplies are
at their lowest ebb and agricultural labour requirements are at their peak. The fruit, which
is green in colour, has a fleshy edible pulp, it is rich in vitamins and minerals and not
lacking in protein. The iron and calcium content compared favorably with raspberries:
1.93 mg/100 g as against 0.92 mg/100 g for iron, and 36.4 mg/100 g as against 26 mg/100
g for calcium (Ejotre et al., 2022). The fruit pulp, being a valuable food source, is also
taken for its slightly laxative properties. Although not wide spread minor uses include
cosmetics and pharmaceuticals. The fruit is also an important source of food for many

organisms, including birds and bats (Ejotre et al., 2022).



The shea fruit (Plate 1) is a berry which is hard when raw and soft when ripe but generally
green from outside when raw or ripe. The shea fruit is a naturally profiled layer of four
which consists of a thin epicarp and a soft mesocarp enclosing a single seed, sometimes

two or more (Aneni et al., 2020).

Plate I: Shea fruit

(Source: Abdul-Mumeen et al.,2019)

The thin epicarp and the soft mesocarp constitute the pulp which is very sweet and highly
nutritious when ripe. The pulp (Plate I1) is widely consumed in areas where the shea tree
species occurs and it is a rich source of sugars, proteins, calcium, ascorbic acid, and iron
(Falola et al., 2022). The pulp surrounds a relatively large oily-rich oval, brown seed,
referred to as shea nut from which shea butter is extracted (Abdul-Mumeen, et al., 2019).
The enclosed nut has a shiny, smooth surface and comprises about 50% of the fresh

weight of the fruit (Iddrisu and Mills-Robertson, 2020).



Mesocarp (Yellow) Epicarp (Green)

Shea nut fruit Shea nut pulp Shea nut

Plate I1: Shea nut fruit, pulp and the nut

(Source: Abdul-Mumeen et al.,2019)

The mature kernel contains 61% fat which when extracted is edible, a crucial nutritional
resource for millions of Nigerian rural households and can serve as medicinal. The oil
extracted from the kernel (45- 60 %) is important in the U.K as cocoa butter substitute in
chocolate manufacture. Greater quality assurance of the Shea butter throughout the supply
chain is a pre-requisite if the Shea tree is to reach its full nutritional resource for rural and
urban households across the nation and for future generations. The pulp constitutes about
60- 80% of fruit weight, and during the processing of the shea nut for shea butter
extraction, the pulp is first removed by a process known as depulping through unguided

fermentation in mass quantities (Iddrisu and Mills-Robertson, 2020).

1.2 Statement of the Research Problem

The production of shea butter is an important source of income for many communities in
Africa, particularly for women who are involved in the processing of the shea fruits.
However, the depulping process for shea fruits is often done manually, which is time-

consuming (Oduro et al., 2021) and labor-intensive making it difficult to process large



quantities of shea fruit (Rotta et al., 2021), and can lead to low yields and poor quality
shea butter (Abdul-Mumeen et al., 2019). The manual depulping of shea fruit yield 6.25
kg/h capacity (Oduro et al., 2021), this value is very low compare to the increasing
demand to cater for 600,000 MT of shea fruit annually, the low depulping rate leads to it
negative economic impacts (Gemechu, 2020). Therefore, there is a need for a more
efficient and sustainable depulping machine for shea fruits that can improve the
productivity of shea butter production. The purpose of this research work is to develop a
shea fruits depulping machine that addresses these challenges and supports sustainable

economic development in local communities.

1.3 Aim and Objectives

The aim of this research study was to development and performance evaluate of Shea
fruit depulping machine.

The objectives of the study are to:

1. Design a shea fruit depulping machine.
2. Fabricate shea fruit depulping machine.

3. Test and evaluate the performance of Shea fruit depulping machine.

1.4 Justification for the Study

The developed depulping machine for shea fruits will improve the efficiency and
productivity of shea butter production, while also supporting the economic development
of local communities. A depulping machine can help reduce the time and labor required
for depulping, increase yields and quality of shea butter, and minimize waste. In addition
to analyzing the efficiency of the shea fruit depulping machine, this research also

investigated the traditional, local methods of depulping shea fruit.



This research study is also aligned with the United Nations Sustainable Development
Goals (SDGs), particularly SDG 1 (No Poverty) and SDG 8 (Decent Work and Economic
Growth). By supporting sustainable economic development through the development of
a depulping machine for shea fruits, this research project can contribute to poverty
reduction and job creation in local communities. Consequently, the development of a shea
fruits depulping machine is an important and timely research project that can have

significant social, economic, and environmental impacts.

1.5 Scope of the Study

The scope of this research is to develop and carry out performance evaluation of shea
fruit depulping machine. the depulping machine fabricated will be evaluated at speed of
between 500 to 100 rpm, feed rate of 20 to 60 kg/h and shea fruits moisture level of 15 to

25 %.



CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 The Depulping Process

The depulping process is a critical step in the production of many agricultural products,
including coffee, cocoa, and fruits like Shea. It involves removing the outer pulp or husk
from the seed or fruit to access the valuable inner product. In the case of shea fruit, the
depulping process is necessary to access the Shea nut, which contains the butter used in
many cosmetic and food products. Traditional depulping methods involve using hand
tools or mortar and pestle to crush the fruits and remove the pulp, which is time-

consuming and labor-intensive (Gemechu, 2020).

However, modern depulping machines have made the process more efficient and scalable.
These machines can remove the pulp and husk from large quantities of shea fruit quickly

and with minimal labor input (Gemechu, 2020).

Research into the depulping process has focused on optimizing the efficiency and quality
of the depulping process, reducing waste, and improving the overall yield of the product.
Studies have looked at factors such as the effect of moisture content, pulping temperature,

and equipment design on the efficiency of the depulping process (Rotta et al., 2021).

2.2 Traditional, Local methods of Depulping Shea Fruit

These methods include manual depulping, pounding, and boiling.

2.2.1 Manual depulping

Manual depulping involves using a sharp knife or machete to cut away the outer pulp
layer of the fruit. This process is labor-intensive and time-consuming, making it difficult
to process large quantities of fruit. The resulting pulp is typically of lower quality and

may contain more impurities than pulp produced by machine depulping.



2.2.2 Pounding

Pounding involves using a large wooden mortar and pestle to break up the fruit and
separate the pulp from the kernel. This method is also labor-intensive and requires
significant physical exertion. While it can produce higher-quality pulp than manual

depulping, it is still difficult to scale up for large-scale processing.

2.2.3 Boiling

Boiling is another traditional method of depulping, which involves placing the shea fruit
in a pot of boiling water and allowing it to cook for several hours. The outer pulp layer is
then removed by hand. While this method can produce high-quality pulp, it is time-
consuming and requires a significant amount of fuel to maintain the boiling water.
However, these traditional depulping methods are generally less efficient and more labor-
intensive than depulping machine. They may still be used in remote areas where access
to depulping machines is limited, but for large-scale commercial processing, machine

depulping is the most practical and efficient option (Jasaw et al., 2018).

Historically, for more than 1000 years, Vitellaria has been a major component of West
African agroforestry systems, being highly valued primarily for the oil obtained from the

dried kernels (Dagar et al., 2020).

Through the generations farmers have selectively chosen which trees to cut down and
which to leave standing on their valuable agricultural land. Due to its numerous local
uses and sources of income as a cash crop, this process of selection has led to Vitellaria
becoming the dominant tree in most parkland systems in the West African savannah

landscape (Amoako and Gambiza, 2021).

In 1977, Vitellaria was included on the list of tree species constituting African forest

genetic resource priorities for situ conservation at the fourth session of the 294 Food and



Agriculture Organization (FAO) Panel of experts on Forest Genetic Resources. In the
1980s, this huge amount of interest and attention led to calls for Complement receptor of
immunoglobulin superfamily (CRIG) to increase botanical and genetic exploration with
research focusing on diversity, management and propagation of Vitellaria (Cheng et al.,

2019).

Almost 30 years have passed since these calls were first made and only limited amounts
of information with regards to optimum growing conditions and improving the marketing

of Shea products has been gained (Tom-Dery et al., 2018).

The shea tree grows in the Sahel-Savannah belt, which (with the addition of South Sudan)
includes twenty-one sub-Saharan Africa countries and extends from Senegal, in the West,
to Ethiopia, in the East and has long had a significant positive impact on the human
populations living in these areas, providing a staple edible oil, fuel wood, building

material, soil protection and honey from the bee pollinators (Hale et al., 2021).

The shea tree is considered by some to be a semi-domesticated tree crop having been
through centuries of cyclical unconscious on-farm selection (Abidemi and Hamilton,
2021). It is both endemic to the Sahel-Savannah region of sub-Saharan Africa and it is a
traditionally protected indigenous tree in many of the areas where it grows, People, cattle,

bats, birds and other animals disseminate the seeds (Jasaw et al., 2018).

However, the trees are not traditionally planted in a domesticated manner but rather the
decision to keep or to cut naturally regenerating saplings as a component of an
agroforestry system, means the trees are selectively managed, with the result that semi-
domestication is potentially occurring through the process that describes as automatic or

unconscious selection.



Therefore, they mostly grow naturally in the wild, the long period taken to reach maturity
has discouraged its planting in an organized plantation and produces its first fruits (which
resembles large plums) when it is about 20 years old and reaches its full production when
the tree is at about 45 years old and continue to produce nuts for up to two hundred (200)

years (Adesope et al., 2022).

Shea trees usually grow to an average height of about 15 m and girths of about 175 cm.
They have profuse branches and a thick waxy and deeply fissured bark that makes it fire-
resistant and it has been utilized in West Africa for almost 3000 years and studies has
shown that the morphological traits of shea stands in this region suggest that this tree was

first semi-domesticated on Mossi plain in Burkina Faso (Asare et al., 2019).

In Nigeria, the abundance of Shea trees exists in and thrives almost exclusively in the
North, where they mostly grow naturally in the wild and fund growing abundantly in
Niger, Nassarawa, Kebbi, Kwara, Kogi, Oyo, Ondo, Kaduna, Adamawa, Taraba, Borno

and Sokoto States (Animasaun et al., 2019).

Niger State ranks first in terms of density and distribution of the tree and Nigeria is the
largest producer of shea nuts in West Africa and the shea trees have potentials to
contribute significantly to the economic and industrial development of Nigeria and by

extension improving the quality of life of the people (Yeboah et al., 2020).

This wild tree species (Plate I11) is protected and maintained on farmed fields in most of
the parklands of Sudanian and Sudano-Guinean zones in West Africa and plays a
significant socio-economic role. Shea trees bear fruits whose nuts are cherished locally
and internationally for their high oil content and it is the most important source of oil for

the people in the shea belt (Baiyeri et al., 2019).

10



The effect of human management on both the population structure of this important trees
and its potential role in the semi-domestication of this species have been described where
a range of selection mechanisms are proposed to have influenced a variety of characters

including shea nut variation and yield (Hale et al., 2021).

(@) (b)
Plate I11: Shea Tree
(Source: Abdul-Mumeen et al., 2019)

However, due to the economic importance of the shea tree has lead research scientists to
undertake investigations into its silviculture and ecology but little is known of the pattern

of genetic variation within and among natural populations (Aleza et al., 2018).

A good understanding of the variation within a species is necessary for its domestication,
conservation and sustainable management. Therefore, there are different ways to assess
genetic diversity and genetic structure within a species. Molecular markers now play an
important role in the comprehension of genetic dynamics at different scales of time and

space (Houndonougbo et al., 2020).

The first attempt to describe the genetic variation of this species was undertaken at a
national level in Ghana using iso-enzymes. The first studies using DNA were done on

leaf samples of the shea tree across its natural range in order to understand the influence
11



of last glaciation period (20,000-15,000 BP) on the dynamics of the species diversity
using randomly amplified polymorphic DNA and chloroplastic microsatellites. These
molecular analyses, however, do not provide information for a comprehensive pattern of
the variation of quantitative traits important for the management of genetic resources,
particularly in countries where this tree species is of primary economic importance in the

agroforestry parklands (Hale et al., 2021).

2.3 Economic Important of Shea Tree

The shea fruit is a valuable crop with significant economic importance, particularly for
many African countries. Research on shea fruit can provide numerous benefits and
contribute to the development of various sectors of the economy and research on shea
fruit can improve agricultural productivity and enhance the income of farmers. With
improved processing methods and increased yield and quality, farmers can benefit from

increased productivity and profitability (Kamga, 2023).

The food industry can benefit from shea fruit research, with the development of new food
products and the improvement of existing products. Shea fruit is a key ingredient in
various food products such as chocolates, ice creams, and confectioneries, and better
processing techniques can enhance the quality and taste of these products (Seghieri,

2019).

The cosmetics industry can benefit from shea fruit research by developing new and
improved products based on the moisturizing and healing properties of shea butter, which
is extracted from the shea fruit. This can lead to increased demand and create new market
opportunities for the cosmetics industry. It can contribute to international trade by

improving the quality and standard of shea products and can also increase the export

12



potential and foreign exchange earnings for countries that produce shea fruit (Seghieri,

2019).

The economic importance of the shea tree lies in its high demand for its butter, both
locally and internationally, mainly as a cocoa butter substitute in the production of
chocolate. With increasing international interest in shea butter as a cocoa butter
equivalent in the confectionery, pharmaceutical, and cosmetic industries, the shea tree has
become a crucial source of income for many communities. Its role in food production,
foreign exchange earnings raw materials for industries, income and employment
generation to millions of Africans most especially women and young people makes it a

crucial asset for National Economic Development (Wardell et al., 2021).

It is obvious that apart from the nutritional and medicinal properties of Shea nut tree, the
evidences on its economic and environmental importance to the economy of the Africa
are enormous. With adequate exploitation, the tree has the potentials to make significant
contribution to the country’s Gross Domestic Product (GDP). The current shea nut export
are rather unreliable, but a conservative estimate suggests that it was one of the main
export commodities in some African countries such as Burkina Faso which worth USD
21.5 and 14.7 million in revenue in 2008 and 2009, respectively (Pitigala and Lopez,

2021).

The tree serves as source of income to many people, especially women in the North
Central States of Nigeria, but the level of income received is generally low when
compared with the potentials. This has to do with the handling and processing methods
adopted which result in low quality of fruits and butter which fetch low prices and this
reduces access to international markets. This situation is worsened by lack of awareness

of the collectors and processors of superior handling and processing methods and

13



equipment. Even in cases where they are aware, the cost of such equipment is generally
beyond what they can afford as individual operators. Secondly, most of the collectors and
operators are in small, scattered and remote areas which make access to markets difficult
resulting in low prices. Thirdly, they lack bargaining power as they operate mostly as
individuals. This frequently places them at the mercy of middlemen who usually go into
the rural areas to purchase the nuts and butter. The collectors and processors who are
mostly women therefore do not reap the expected benefits and recognition for their
labour. However, to develop and derive more rewarding benefits from the shea tree, the
socioeconomic analysis of its benefits becomes pertinent. This will be vital to policy
makers as it will help them appreciate how different socioeconomic units of a population
will affect existing policies and also help develop more user-friendly policies (Essouman

etal., 2021).

However, over the past 10 years, demand for shea products has grown in both the
European Union (EU) and the United States (US) and the global demand for shea butter
is worth about $10 billion and is projected to be worth about $30 billion by the year 2020

(Kelly et al., 2019).

Koloche et al., (2023) reported that Shea nut exportation increased and was directed to
Asian and European countries. The total collectible production of Shea butter in 2015 was

600,000 tons valued at $10.6 billion in 2016 (Kelly et al., 2019).

According to Daudu et al., (2019), 5% of exported Shea nut go into cosmetics industries
and the rest (95%) goes to food industry principally chocolate manufacturing. Statistics
reported by Market Research Future; Kelly et al, (2019) indicated that almost half of the
Shea production never reaches the international market and is consumed locally and that

Nigeria contributes more than 50 % of the global shea exports followed by Mali, Burkina

14



Faso, Ghana, Cote d’Ivoire, Benin, and Togo. While the interest for shea products is
growing, shea tree populations and shea fruit production are facing several constraints.
Declining tree densities in parklands in several agricultural areas of the Sahel has been
highlighted by many studies. The combination of drought and increasing population
pressure (thereby resulting shortened fallows) and also threat by a plant parasite of the

genus Tapinanthus are decreasing the shea populations (Kelly et al., 2019).

In recent years the tree has gained importance as an economic tree because of the heavy
demand for its butter, both locally and internationally, and the need to find substitutes for
cocoa butter. Shea butter is a useful cocoa butter substitute because it has a similar melting
point (32—45°C) and high amounts of di-stearin (30 %) and some stero - palmitine (6.5
%) which makes it blend with cocoa butter without altering flow properties. The high
proportion of unsaponifiable matter, consisting of 60—70% triterpene alcohols, gives shea
butter creams good penetrative properties that are particularly useful in cosmetics (Daudu

etal., 2019).

Therefore, in recognition of the need to find substitutes for the rather expensive cocoa
products, and to maximize economic exploitation of the vast shea resource in Nigeria, the
federal government of Nigeria included shea tree as one of the mandate crop of economic
importance to the Nigerian Institute for Oil Palm Research (NIFOR). This led to the
establishment of NIFOR shea nut tree research. The sole responsibility of this sub-station
IS to research into the economy, ecology and biology of the shea tree and with the aim of
improving its yield. The research sub-station, apart from providing job opportunities for
researchers and others, it will also provide avenues for increased production of shea nut
yields if extended to the end users. And consequently, shea nut output, for both export
and local consumption, will increase tremendously in the next few years (Koloche et al.,

2023).
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The Nigerian Agricultural industries have the potentials to contribute significantly to the
economic and industrial development of the nation, especially with the wide range of
industrial application of most of the nation’s agro-produce like shea nut. Nigeria is fairly
blessed with shea trees which could be harnessed for industrial development through
which the quality of life of the people will be improved. The shea tree occupies a pre-
eminent position in the Nigerian economy in providing employment to a large number of
people on the shea tree belt if special consideration is given to its organized planting.
However, a quite sizeable portion of unemployed population will find ready jobs if the
opportunities provided by the numerous applications of shea nuts were fully tapped and
the planting, harvesting and processing of Shea nut in to fat and oil or (butter) and the
kernels into shea Nut Cake (SNC) will not only provide business opportunities to millions
of Nigerians mostly in the shea tree belt, it will also offers a wide range of investment
opportunities that are economically attractive to the people at home and abroad and
therefore play a major role of shea in food production, foreign exchange earnings, raw
materials for industries, income and employment generation to millions of Nigerians
including women and young people makes it a very crucial asset for National Economic

Development (Wajim, 2020).

The shea tree also comprises a unique resource for rebuilding the lives and livelihoods of
rural farmers, this resource were already in use by mostly women and children to generate
substantial income to support their domestic needs which in the medium- term, alleviates
poverty amongst the rural women and in the long-term provides continuous employment
opportunities for both rural women and young people, and not only that the economic
environmental and other benefits of shea tree to the Nation is undoubtedly clear in
providing revenues for increased income from both export and local consumption. This

will also open new frontiers for the country in the world export market for shea products
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as a substitute to palms of economic value. Local farmers on the other hand, who have
become serious about production and protection of shea resources, will generate income

to sustain their families and improve the quality of their lives (Choungo et al., 2021).

2.4 Uses of Shea Tree and Shea Nut

The shea tree produces fruit which has multiple uses on a local level, is highly nutritious
and is also a valuable commodity on local, national and international markets, making it
the ideal candidate to research and invest into. Today the shea tree produces the second
most important oil crop in Africa after palm oil but as it grows in areas unsuitable for

palm growth, it takes on primary importance in West Africa (Dimobe et al., 2020).

Shea nut products have both domestic and international applications, with Europe being
the primary importer. In Africa, specifically West Africa, Nigeria holds the distinction of
being the largest producer of shea nut, contributing approximately 58 % of the total
production in 2008. To ensure a promising future for shea products in any country, it is
crucial to focus on various aspects such as research and development, enhancing shea
productivity and product quality, technology transfer, diversification, and improving the
infrastructure related to the sector (Wardell et al., 2021). Shea trees are therefore
economically important to the local economies and lifestyles of many African traditional
communities. The shea tree produces fruit which has multiple uses making it a crop of
research and investment interest today. Shea tree currently produces the second most
important oil crop in Africa after palm oil especially as it grows in areas unsuitable for
palm and in regions where annual precipitation is less than 1000 mm of rainfall. However,
it losses popularity in urban areas within these regions due to the pungent odour it emits,
when it becomes rancid. Its healing and soothing properties are thought to be attributable
to a substance called "allantoin™ which is known to stimulate the growth of healthy tissue

in ulcerous wounds (Asare et al., 2019).
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Baiyeri et al. (2019) Stated the benefits derived from the shea butter tree as follows — the
pulp of the fruit is edible while the bark and root are used in traditional medicine and the
products are widely used for domestic purpose for eating, cooking, lightening, skin
moisturizer and commercially as ingredients in cosmetic, pharmaceutical and edible

products.

Locally, itis used in childhood ointments for minor scrapes and cuts, and the shell of the
nuts can be used to repel mosquitoes. Above all, the seed, when crushed, yields a
vegetable oil that can be used in cooking, soap making, skin and hair care. This makes it
a valuable trade commodity. Collecting the nuts and making butter have traditionally been
women’s work.

The pulp of ripen fruits is very nutritious and provides a key dietary supplement to local
people, especially at the end of the dry season when the stocks of staple grains are low.
The shea fruit pulp is eaten as a food supplement, especially during the dry season when
the fruits mature and ripen. In some African countries such as Burkina Faso, shea fruit

pulp is locally processed into fruit jam (Choungo et al., 2021).

Shea trees are also utilized for medicinal and cultural purposes, such as in the treatment
of wounds, making of funeral beds, pregnancies, births and weddings. There are reports
of the use of shea oil in war rituals by some traditional communities in Uganda and butter
is used in many African kitchens but also in pharmacology, cosmetics, traditional
medicine and as Chocolate Butter Equivalent (CBE) in chocolate industry (Hale et al.,

2021).

Shea is considered a women’s crop and the extraction, processing, and commercialization
of shea fruits, kernels, and butter are some of the few activities that are almost entirely

under the control of women. Despite the historical centrality of rural women in shea nut
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collection and processing, female agriculturalists have been repeatedly ignored in studies

pertaining to shea agroforestry (Koloche et al., 2022).

The shea butter processing in Nigeria is mostly done traditionally by women in the rural
area; the procedure is quite tedious and time consuming, from collection of the shea fruits
to the production of the final product and a variety of methods are used traditionally to
remove the husks and these include trampling, pounding using a mortar and pestle, and
cracking between two stones. the procedure is quite tedious and time consuming, from

collection of the Shea fruits to the production of the final product (Oduro et al., 2021).

In removing the oil from the kernels, it is estimated that the production of 1 kg of shea
butter takes one person 20-30 hours and that 8.5-10.0 kg of wood fuel is needed to
produce it (Miazek et al., 2022). This means that energy input is quite high. No estimates
exist of the overall balance between cost of input energy and the economic profit from
the sale of shea butter. The traditional oil extraction technique of shea butter is time
consuming, physically exhausting and requires large quantities of fuel wood and water;
resources that are often scarce in the regions where the butter is produced. In general, it
is also inefficient in terms of the amount of fat extracted, however, these could be
improved in the modern way, and without doubt, the shea nut output, for both export and
local consumption, will increase tremendously (Abdul-Mumeen et al., 2019). Therefore,
it will be appropriate that the national economic searchlight for national development
focus on developing shea nut tree especially in the aspect of processing and marketing of
its kernels so that the current over dependence on crude oil as the main source of the
country’s revenue could tilt a bit in favor of agricultural produce as it were before the
discovery of crude oil. Shea butter is a good sun screening agent. Sun-screening agents
act by absorbing or reflecting some of the ultraviolet (UV) radiation from the sun and

prevents it from reaching the skin. This helps to protect the skin from sunburn, preventing
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erythema and also reducing further risk of skin cancer induced by the sun’s rays

(Balkrishna et al., 2023).

According Miazek et al. (2022) to photo carcinogenesis is mainly caused by ultraviolet
B (UVB) radiation between the ranges of 290 and 320 nm. it interacts with the DNA
directly thereby forming cyclobutane pyrimidine. Cinnamate esters of triterpene alcohol
are the main constituent of shea butter’s unsaponifiable fraction, these esters have been
reported to have strong ability to absorb UV radiation of the wavelength range 250-300
nm. This therefore makes the addition of shea butter’s unsaponifiable components into
sunscreens increase the absorption of UVB radiation by providing synergistic sun-

protection.

During the cold season and summer when the weather is extreme, shea butter is
considered as the best skin care during the period because it provides the extra moisture,
nutrients and protection needed by the skin. It is also used in the pharmaceutical and
cosmetic industries as an important raw material and or a precursor for the manufacture
of soaps, candles, and cosmetics. Shea butter is used as a sedative or anodyne for the
treatment of sprains, dislocations and the relief of minor aches and pains. The main
constraints encountered with nut production are the remarkable decrease of the
production and its huge fluctuation from year to year. Many attempts were made to
explain factors underlying this fluctuation. Variations of shea fruit production are
believed to follow cycles of two, three or more years but a relationship with climatic

parameters has not been clearly identified (Kelly et al., 2019).

Fluctuation may also result from differential success in pollination and thus, authors have
hypothesized many combined biotic and abiotic factors underlying the annual variation

of shea trees’ fruit production but this process remains still not fully understood (Kelly et
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al., 2019). Choungo et al. (2021) stated that, where estimates are made for either
parameter, circumstantial details concerning the population under consideration are
frequently lacking. Nevertheless, a better knowledge of nut production and shea tree
productivity are essential for management and domestication strategies. In addition,
although shea tree conservation is essential for continued shea butter exploitation, the
variables causing male and female cultivators to maintain, or eliminate, shea trees in their

fields have not been systematically studied.

As Elias (2016) explained, more generally, “some researchers have attempted to develop
conceptual frameworks to assess which factors motivate indigenous or peasant farmers
to conserve biodiversity, but to date these have neglected to consider gender relations as

potentially significant.

2.4.1 Medicinal properties of shea tree

Mankind has always depended on plants for food, clothing, shelter and medicine,
medicine from plant sources have been used to cure, treat and prevent sicknesses and
injuries to people. For centuries the shea tree and its products has been used for food and
medicine in Sub-Saharan Africa. Available records show that, as far back as 1728, shea
butter was considered a highly prized medicinal substance in many parts of Africa
(Maanikuu and Peker, 2017).

Shea butter stands out because of its high fraction (about 8 %) of content with medicinal
properties. It contains essential fatty acids, and helps to protect and revitalize damaged
skin and hair. It is known to be naturally rich in vitamins A, E, and F, and other vitamins
and minerals. Vitamins A and E help to smooth, hydrate, and balance the skin and they
also provide skin collagen acting as anti-agents for wrinkles and other signs of ageing

(Han et al., 2022).
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Shea butter is a perfect dry skin moisturizer and is also an effective product in a form of
cream for revitalizing dull or dry skin on the body or scalp. It is a good agent for skin
renewal, increases circulation, and accelerates wound healing and for the treatment of
many other ill conditions. Similarly, shea butter is used as protection against sunburns
hence it is found in most post sun-exposure products. In some parts of Africa, it is used

as pre-warm bath cream for babies to promote smooth supple skin (Han et al., 2022).

I. Healing qualities: Shea butter has great healing properties and is often used as a base
in medicinal ointments due to its anti-inflammatory properties. Due the presence of
several fatty acids and plant sterols such oleic, palmitic, stearic and linoleic acids shea
butter is known to possess some healing properties. These oil-soluble components do not
undergo saponification or convert into soap on coming in contact with alkali. Shea butter
IS more non saponifiable than other nut oils and fats, thus imparting it a great healing
potential for the skin. Raw, unrefined shea butter is effective in curing skin rashes, skin
peeling after tanning, scars, stretch marks, frost bites, burns, athletes foot, insect bites
and stings, arthritis, and muscle fatigue. Also due to its high content of vitamin A, it is
effective in promoting healing and disinfection, and soothes skin allergies like poison ivy
and insect bites. Shea butter contains Vitamin F which has the ability to act as a

rejuvenator for soothing and healing rough and chapped skin (Choungo et al., 2021)

ii. Anti-aging Properties: Shea butter has been considered one of the best anti-ageing
and moisturising agents for the skin. It is that shea butter has UV anti-erythemic activity
and it property helps to soften the skin and stimulates cell regeneration hence reduce the
aging process. There is also an indication that shea butter prevents photo-aging and

known to boost collagen production (Afandi and Sahudin, 2022).
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The major structural proteins that makes the skin tough and provides plumpness and a-
amylin and lupeol are collagen and elastin. These triterpenes are found in the
unsaponifiable fraction of shea butter. The inactivation of proteases such as
metalloprotease and serine protease are reported to be affected by these triterpenes. The
unsaponifiable components are also reported to contribute to anti-aging and collagen-

boosting activities (Abdel-Razek, et al., 2023).

It is used as a rub to relieve rheumatic and joint pains and is applied to activate healing in
wounds and in cases of dislocation, swelling and bruising. It is widely used to treat skin
problems such as dryness, sunburn, burns, ulcers and dermatitis and to massage pregnant
women and small children. It is also used to treat horses internally and externally for girth
galls and other sores. The healing properties of Shea butter are believed to be partly
attributable to the presence of allantois, a substance known to stimulate the growth of

healthy tissue in ulcerous wounds (Choungo et al., 2021).

iii. Effect on Cholesterol Metabolism: It is reported that shea butter can lower
cholesterol levels when used. They also observed that the usage of shea butter leads to a
reduction in low density lipoprotein (LDL) and total cholesterol, the high stearic acid
content in shea butter is reported to have antihypercholesterolemic effects (Chen et al.,

2019).

In a different study by Sinaga et al., (2021) on rats they reported that when rats were fed
with Shea butter there observed a significant reduction in High density lipoprotein (HDL),
Total Cholesterol and Low density lipoprotein (LDL). The presence of saponins in shea
butter was said to be responsible for the anti-hypercholesterolemic effect and Saponin as
present in the unsaponifiable fraction of shea butter, is said to have the ability to lower

the serum cholesterol level by forming mixed micelles with cholesterol and bile acids in
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the intestine and the process inhibits the absorption of cholesterol and thereby increasing

its excretion.

iv. Effect on Protein Metabolism: when shea butter is administered, it is reported to
lead to a decline in the overall protein concentrations of the hepatic and renal tissues and
also in the serum. This decline has been attributed to the presence of saponin, Saponin
has been reported to cause a reduction in protein digestibility by the forming sparingly

digestible saponin-protein complexes in the intestine (Alao et al., 2021).

Mixed with tobacco, the roots are used as a poison by the Jukun of northern Nigeria.
Infusions of the bark have shown to have selective anti-microbial properties, as being
effective against Sarcina lutha and Staphylococcus mureas but not mycobacterium phlei

as well as for diarrhea or dysentery (Ali et al., 2022).

Refuse water from production of Shea butter is used as a termite repellent. In Burkina
Faso, Shea butter is used to protect against insect (Callosobruchus maculatus) damage to
cowpeas. Research has shown that after treatment with shea butter a reduction occurs in
the life span and fertility of the insects and hence the infestation rate. Shea butter,

however, is not as effective as cottonseed or groundnut oil (Choungo et al., 2021).

The benefit and function of vitamin E in human being is not entirely clear, it has been
described as effective in a number of conditions or circumstances. These benefits include
being antiaging, an anti-free radical agent and exerting a positive effect on increasing the
microcirculation. The shea tree can be used to combat the problem of desertification.
Men, women, and children eat and appreciate the pulp and fresh fruits are also sold in

local markets (Choungo et al., 2021).

However, despite the economic and environmental benefits of the tree, efforts have not

been made to propagate its production by the farmers as the shea tree still grows in the
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wild state. Another worrisome development is the people’s habit of destroying the trees
for charcoal production which may eventually lead to environmental degradation,
deforestation and loss of vegetative cover and resulting to water and soil erosion. Non-
replacement or domestication of the shea trees may lead to its extinction in the nearest
future. Traditionally, shea butter is rubbed on pregnant women during childbirth, new

born babies and adolescents because of its soothing properties (Daae et al., 2022).

2.4.2 Traditional uses of the shea tree

The shea tree has immense economic and social value to the communities in which it
grows. All parts of the tree have one or more uses. The leaves of the shea tree contain
saponin which makes it lather in water and hence is used in washing. In northern Ghana
the leaves are used in medicine for the treatment of stomach ache especially in children
and leaves are also used in a mixture with other leaves in a traditional mixture to produce
a vapor which is used to bath persons for the treatment of fevers and headaches. The
leaves when soaked in water turns to a soapy and frothy liquid which is used to bath the
head of persons suffering from fever. In cases of eye problems a leaf decoction can be

used as treatment (Afful et al., 2022).

In the production of the dawadawa, the most common and widely used local spice in
northern Ghana, the leaves of the shea tree are used as a preservative. The pulp of the
shea fruit is a rich source of some micro nutrients including ascorbic acid (196.1 mg/100
0), in comparison with an orange, which contains only 50 mg/100 g. Shea nuts contain
1.93 mg/100 g of iron and 36.4 mg/100 g of calcium. The B group vitamins is also a
constituent of the shea fruit pulp. The pulp also contains a high sugar content made up of
glucose, fructose and sucrose equally distributed and constitute up about 3 to 6 percent.
Even the flowers of the shea nut tree are consumed by some ethnic groups that make them

into edible fritters (Sodimu et al., 2022).
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The roots of the shea tree are used by locals in Northern Nigeria as chewing sticks for
cleaning the teeth and the roots are also combined in mixture with the bark in traditional
medicine for the treatment of jaundice, diarrhea and stomach pain. The root bark is boiled
and pounded and used for treating chronic sores in horses. The roots are mixed with
tobacco to produce poison among the Jukun ethnic tribe in Northern Nigeria. The bark of
the shea tree is boiled and taken as a beverage. This beverage is claimed to be able cure
diabetes in some communities in Ghana.

In some West African countries including Senegal and Guinea, infusions of the bark
which are crushed together with the bark of Ceiba pentandra and salted are used to treat
worm infestations in livestock. In Guinea Bissau a range of sicknesses ranging from
diarrhea and dysentery to gastric problems and even leprosy have been treated with bark
infusions. In the Ivory Coast, child delivery is eased by the use of a bark decoction in
baths during labour. This decoction is also believed to boost the flow of milk and hence
is drunk by lactating mothers. A bark infusion is used as an eye wash against venom of
the spitting cobra because it has the capacity to neutralize the venom. It is used as foot

bath to extract jiggers in Ghana (Vandebroek et al., 2020).

2.5 Description of Shea Fruit

Shea fruits grow on the African Shea tree (Plate 1) which can live for up to 300 years
and take 20 to 30 years to reach maturity and to begin producing fruit, once they do, they
can produce fruit for the next 200 years and usually grow to an average height of about
15 m and girths of about 175 cm. They have profuse branches and a thick waxy and deeply
fissured bark that makes it fire-resistant. The shea fruit is a green oval shaped fruit which
ranges in size from 2cm to 5¢cm in diameter and the fruit is made up of a green epicarp, a

fleshy pulp or mesocarp and a relatively hard shell or endocarp which encloses a shea
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kernel or embryo and the fleshy pulp is sweet and is eaten as food and the pulp is also

used to make jam (Naangmenyele et al., 2023).

The fruits contain a relatively large and oily kernel, or nut, used to make Shea butter. The
fruit pulp, made up of the epicarp and mesocarp, constitutes up to 50-80% of total fruit
weight and could be fed to livestock. The fruit is widely consumed among African peoples
among whom the species occurs, and it is even sold in local markets and the fruit are
typically gathered and processed by locals and provide an important source of income for
the people of the African sub-Saharan savanna and are known locally as “green gold

(Abdul-Mumeen et al., 2019).

Shea fruit ripen at a very critical time of the year — the early part of the rainy season when
labour intensive farming operations need to be carried out. The fruits resemble green
plums and have round and elongated or torpedo-like shapes and have a smooth green skin
that may have slight vertical ribbing. Beneath the skin is a thin layer of yellowish-green
pulp that softens as the fruits ripen and in the center, there is a large, smooth brown, nut
with a rough spot the size of a thumbprint and pulp is mildly sweet with the texture of a
ripe pear and the fruit offers a mild and nutty flavor. However, the fruit consists of a thin,
tart, nutritious pulp that surrounds a relatively large, oil-rich seed from which shea butter
is extracted. It's a deciduous tree usually 7-15 m tall, but has reached 25m and a trunk

diameter of 2 m (Sanchi et al., 2022).
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Plate 1V: (a) Shea fruit stock (b) Shea fruit

(Source: Abdul et al.,2019)

2.6 Nutritional Benefits of Shea Fruit

Fruits are one of the most important foods to mankind and its usefulness can be traced
back to the early man ages when it serves as the foremost source of food for man during
which he engaged in hunting and gathering so as to survive from age to age. These fruits
contain vitamins, enzymes, minerals; natural sugars and cellulose (Kolo et al., 2022).

The nutrients contained in fruit can be absorbed within minutes and it has low calories
and so fresh fruits juice should be included in any weight lose plan to provide abundant
vitamin and mineral nourishment with little calories. It has been estimated that over 70
% of cancer cases is attributed to diet. Several research studies have shown that a diet
high in fruits (especially Ginger fruits) protect against cancer which may be due to the
high level of antioxidant these fruits contain. These antioxidants are compound found in
the juice and skin of fruits which help to protect the body against free radicals and
therefore may also have a role to play in preventing heart related diseases, ageing and

cancer (Kolo et al., 2022).
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2.7 Some Related Fruit Depulping Machines

Depulping is an agricultural processing equipment that is used to remove pulp or
separating the pulp from shea nut. The fruit is the edible part of a plant, usually fleshy
which is sweet and said to contain nutrients which are beneficial to human body
(Ahouansou et al., 2018). They are an important component of a healthy diet and if
consumed daily in sufficient amounts, could help prevent major diseases such as Cardio

Vascular Diseases (CVDs) and certain cancers (Houndonoughbo et al., 2020).

2.7.1 Locust bean depulping machine

The depuing of locust bean seeds is an important step in the processing of various locust
bean derivatives and products. African locust bean, also known as Parkia biglobosa, is a
widely consumed crop in Africa. The long pods of the locust bean contain small beans
and sweet edible pulp, while the chaff is used as animal feed. The pulp of the locust bean
is a source of a chocolate substitute, and is used to make fermented condiments such as
"Iru" or "dawadawa", which are commonly used to flavor soups and stews in Nigeria

(Ahouansou et al., 2018).

However, volume of the depulping stirring unit (Plate V) is an important factor in
determining its efficiency and effectiveness in removing locust bean pulp from the seed.
The unit operates by combining cutting, abrasion, and rubbing actions to remove the pulp.
The paddle within the unit creates a cutting effect on the pulp through impact, while the
clearance between the cylindrical sieve shell and the attached brushes on the paddles
creates the desired abrasion and rubbing actions for the depulping operation (Olaoye,

2011).

The volume of the unit is related to its depulping capacity, which determines the amount

of locust bean seeds that can be processed at a time. A larger volume can accommodate
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more seeds, which results in a higher depulping capacity. Therefore, a depulping stirring
unit with a larger volume is generally more efficient and effective in removing locust
bean pulp from the seeds, as it can process more seeds at once, resulting in a higher yield

of depulped seeds (Olaoye, 2011).

However, the test results indicated that the depulping efficiency varied between 64 and
98 % and seed membrane damage and seed loss were less than 5 and 9.2 % respectively
at 45 minutes soaking time and at 350 rpm depulping shaft speed. The maximum power
requirement was 2.25 kW at a shaft speed of 550 rpm. The operating conditions of shaft
speed at 350 rpm, 45 minutes soaking time indicated higher depulping efficiency, lower
seed membrane damage and seed loss during depulping operation. Result of process
performance showed that the final depulping process compared favorably with that of

traditional method (Olaoye, 2011).

Plate V: Locust Bean Depulping Machine
(Source: Olaoye, 2011)

2.7.2 Bread fruit depulping machine

Bread fruit de-pulping machine is a mechanical device designed for cleaning of bread

fruit seeds. The author developed a machine with a similar design to a batch agitator for
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this purpose. The machine is powered by a 1.5 KW electric motor and operates at a
recommended shaft speed of 137 rpm. It comprises eight major components: the motor,
hopper, speed reduction unit, screw conveyor, shearing plate, screw housing unit, paddle,
and pumping/washing system. The machine's details and working principle can be found
in the referenced works. To address issues such as high water consumption and generated
noise, as well as to increase processing capacity, the machine consists primarily of four
components: the hopper/depulping chamber, connector pipe, separator, and power system

(Sobechukwu et al., 2016).

2.7.3 Coffee bean depulping machine

The popularly known Coffee is a brewed drink which is prepared from roasted seeds of
coffee beans that are gotten from berries of a particular type of coffea specie. The coffea
species which coffee is extracted from is native to mainly Sudan and Ethiopia (in Africa),
Mauritius, Comoros, Madagascar and the Indian Ocean. Coffee plants grow well within
this area, which lies between the tropic of Cancer and the tropic of Capricorn, usually
termed the bean belt or the coffee belt (Ogunjirin et al., 2021). For many years, coffee,
considered to be the world’s most valuable export after rice, has remained one of the most
acceptable and consumed food beverages with a huge health advantage (Abrham et al.,

2021).

However, Coffee is an agricultural commodity with such tremendous growth in supply
and demand has a lot of elements which affects its final quality (Buvaneshwaran et al.,
2022). These elements vary from the crop, variety, climate, cultivation, harvest and post-
harvest operations. One of the major post-harvest operations which has impact on the
quality of the coffee is depulping. Ogunjirin et al., (2021) work highlighted the design,
fabrication and working process of a coffee bean depulping machine, developed at the

National Center for Agricultural Mechanization (NCAM) which was improved from an
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existing machine. The coffee depulping machine was operated by a prime mover running
at 800 rpm after being soaked for two hours. Performance evaluation revealed that the
machine had an average depulping efficiency of 96.6% with machine throughput of 4.67
kg/s. More importantly is the fact that the depulped coffee beans was not crushed by the

machine which was an improvement over the initial prototype developed.

32



CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 Materials

The construction of the machine involved the use of mild steel materials, with equipment
such as a welding machine, angle irons, oxygen acetylene gas, drilling machine, tri
square, hack saw, vice and electric hand grinder. Gbabo et al. (2016). The shea fruit was

obtained from Gbodoti village in Edati Local Government Area of Niger state.

3.2 Design Methods
The following factors were considered in designing shea fruits depulping machine:

I. Availability of Construction Material: The availability of materials in local
markets for fabrication is a very important factor that was considered in the
design.

ii. Versatility of Machine Application: The design is done with the intention for
it to be used for all shea nuts.

ii. Maintenance Consideration: The simplicity of the machine is such that it

allows for easy maintenance by local artisans and farm machinery operators.

3.3 Design Calculations

3.3.1 Theoretical capacity

The assumed weight of the machine is 1000 kg of the shea fruits would be depulp in a
day consisting of 8 h of work, therefore the theoretical capacity of the machine is 125
kg/h.

3.3.2 Determination of the diameter of the screw conveyor

The screw conveyor is a major component of the machine unit. It is acted upon by the

weights of the pulley and screw thread. In operation, the screw conveyor conveys and
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squeezes the endothermal part of the shea nuts by bruise force. Therefore, in order to
safeguard against bending and torsional stresses, the diameter of the shaft is determined

from the Equation (3.1) given by Khadatkar and Mathur (2022) as:

16
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Where:
d¢ = diameter of screw auger (mm)
5, = allowable shear stress (55 x 10® N/m? for shaft without
keyway)

k, = combined shock and fatigue factor applied to bending
moment

k. = combined shock and fatigue factor applied to torsional
moment

k, =1.5and k; = 1.0 (for load applied gradually)

m; = maximum bending moment kNm

m; = maximum torsional moment KNm

3.3.3 Determination of the throughput

To effectively determine the sizes of the screw, the throughput capacity is important to
ensure that the material pressure exerted on the screw is within design. The throughput

flow rate is in Equation (3.2) as given by Ani et al., (2020) as;

Q=" (3.2)

- |

Where:

Q = throughput capacity (kg/h)

m = assumed mass of the shea fruit 125kg/h
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t= time taken (h)
3.3.4 Determination of the volume flow rate
The volumetric flow rate is the volume conveyed by the screw per unit time. It is also an
important parameter in screw design, showing the amount of materials flowing through
the working chamber of the machine at a time. It can be calculated using the Equation

(3.3) given by (Saha et al., 2023)

° 1o

(3.3)

Where:

p is the density of the shea fruit (356.2 kg/m?) (Saha et al., 2023)
V is the volumetric flow rate (m?/s)

Q is the throughput capacity (kg/s)

3.3.5 Determination of speed of screw auger

The quantity of the shea fruit depulped by the machine depend on the speed of the screw
auger which determine the free flow of materials inside the barrel without sticking to the
barrel walls and without causing too much breakage of the shea nut as shown in Equation

(3.4) Mamatov et al. (2021)

m(D?xSXQ)

Cth = " (34)
Making S subject of the formula;
_ 4xCtn
S = TxDxQ] (3.5)
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Where;
Cw=Theoretical capacity (kg/h)
D= the diameter of the screw (mm)
S = speed of the screw auger (rpm)

Q = the Throughput rate of the materials (kg/h)

3.3.6 Determination of pressing area and pressure developed by the auger

The auger pressure and pressing area are designed to provide efficient bruise forces
required to remove the pulp parts of the shea nuts. The pressing area and the pressure
developed by the auger were determined from Equations (3.5) and (3.6) respectively
given by Bereziuk et al. (2023)

A, = mDynh (3.6)
Where:

A, = Pressing area (mm?)
h = Screw depth at the maximum pressure (discharged end), mm;
n = number of threads

D,,, = diameter of the shaft (mm)

3.3.7 Pressure developed by the auger
The pressure developed by auger

_ Wy

b= (3.7)

Where:
P. = pressure developed by the auger, (N/mm?)

A, = Pressing area (mm?)
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W: = Force acting on the screw auger (N)
To determine force acting on the screw auger, assuming a torque of 540 Nm, and using
the same values for the diameter of the auger (20 mm) and the coefficient of friction (0.3).
The force acting on the screw auger can be calculated using the formula given in Equation

(3.8) as stated by Bulgakov et al (2022).

F= (3.8)

Where:
F = Force (N)
R = Radius is half of the diameter, or 10 mm =0.01 m
Tq = Torque (N)

Cs = Coefficient of friction

3.3.8 Determination of pressure developed by auger on the barrel

The pressure developed by the auger on the barrel can be determined by considering the
forces acting on the material being bruised through the barrel. The pressure developed on
the barrel guides on the appropriate materials for the barrel selection. The pressure to be
withstood by the barrel was determined from Equation (3.9) and (3.10) Kadurumba,

(2020);

2t5,
Pb = Di (39)
Where:
P, = pressure on the barrel (N/m?)

t = thickness of the barrel (mm)

D; = the inside diameter of the barrel (mm)
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5,= allowable stress, (8, =0.278,) (Nm?)

Allowable stress for barrel can be calculated using

equation;
§,= (8,=0.275,) (3.10)
Where:
8,= allowable stress, (N/m?)

8,= the yield stress for mild steel (N/m?)

8, = 0.2780
8o = 200 N/m?

Substituting the values into the Equation (3.8);

3.3.9 Determination of the screw pitch

The screw pitch serves the purpose of providing enough clearance and assisting in the
cutting or shearing of the material that is conveyed between the screw and the wall of the
barrel. The pitch of the screw can be calculated using the formula given in Equation (3.11)

(Kadurumba, 2020):

P=rmx_ (3.11)
Where:

P = pitch of the screw (mm)

D = screw diameter (mm)

Nt = number of threads

D =20 mm

Nt = (Assumed number of thread= 3)
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3.2.10 Determination of length of the barrel

The length of the barrel is a crucial factor that impacts the extrusion process. It is
recommended that the diameter of the barrel be slightly greater than that of the screw to
enable smooth material flow. The barrel length can be calculated using the formula given

Equation (3.12) by Fikus et al. (2022) as;

L, = Ls + 4 xD (3.12)
Where:

Ly = barrel length (mm)

Ls = screw length (mm)

D = screw diameter (mm)

Assuming a screw length of 300 mm,

3.3.11 Determination of the power requirement for depulping

The design for electric motor output power enables appropriate selection of a motor with
enough power to start and run the machine at full load. The power requirement of the
machine for depulping of the kernel out of the shea nuts and power required to drive all

other units, can be calculated using the Equation (3.13) given by Bulgakov et al. (2022)

P, =45XQy.XlgXpXxXgxF (3.13)
Where:

P, = power requirement for depulping (hp)
Q,. = volumetric capacity (kg/m®)
[ = length of screw shaft, mm

p = density of the material, kg/m*
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g = acceleration due to gravity, N/m?
F = the material factor.

3.3.12 The drive system

V-belt and pulley arrangement were adopted in this study to transmit power from the
electric motor to the shaft of the depulping unit. The main reasons for adopting the v-belt
drive are its absorbed shocks thereby mitigating the effect of vibratory forces (Olaoye,

2011).
i. Determination of the machine pulley diameter

The pulley provides the simple way to transfer the power from one shaft to another, the
pulley diameter for depulping screw as shown in Figure 3.1 is computed using the formula

given in Equation (3.14 and 3.15) as cited (Olaoye, 2011).
N:D1 = N2D> (3.14)

Making D2 the subject of formula;

D, = il (3.15)

N3
Where:

D: = Diameter of electric motor pulley, 80 mm
N1 = Speed of motor, 1500 rpm
D> = Diameter of depulping Screw pulley, mm

N2 = Assumed Working Speed of depulping screw unit, 1000 rpm
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Figure 3.1: Pulley

i. Belt length
Well calculated belt length is necessary to avoid reduced tension of the belt and ensure
efficient power transfer to the depulping unit. The Belt length for the depulper drive can

be determined using the formula as expressed in Equation (3.16) Etoamaihe et al. (2022);

(D1—Dy)?
X=2C+157(D; + D,) + e (3.16)

Where:
X = belt length, m
C = Center distance between pulleys, 350 mm
D1 = Pitch diameter of driver pulley, 50 mm

D> = Pitch diameter of driven pulley, 120 m
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361.76mm

Figure 3.2: V-Belt

ii. Belt tension
The belt tension is required to provide proper contact between belt and pulley, it is
measured in newton (N). given in Equation (3.17) Khadatkar and Mathur (2022) as

T = Wxgx(uxtan0) (3.17)

2xcos6

Where:

T = Tension (N)

W, = load that can be conveyed by the screw (kW)
g = acceleration due to gravity= 9.8 m/s?

6 = angle of contact= 15°

u = Assuming coefficient of friction between belt and pulley = 0.5

3.2.13 Selection of bearing

The basis for the selection of bearing size according to Gary et al. (1984) are the radial

loading (W), thrust or axial load (W), the speed (N), required life (Lr) and the vibration
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condition. The dynamic radial equivalent load for bearing on the depulping shaft is

expressed in Equation (3.18) Khurmi and Gupta (2005) as;

Wg = X.VW, + YW, (3.18)

Where;

W, = Radial Load (kN)

W, = Axial load or Thrust (N)

To find the radial load;

P
2nNT

W,.(Radial Load) =

(3.19)

3.3.14 Determination of height of the feed hoppers

The feed hoppers is trapezoidal in shape in order to accommodate enough fruits and
gradually introduce portions of the by gravity into the depulping compartments.
Supposing the hopper is to hold 30 kg of shea nuts and the bulk density of shea fruit is

356.2 kg/m®.

The height of hopper can be calculated using the expression in Equation 3.20

(3.20)

o |3

Where:
Bulk density = 356.2 kg/m®

Mass of the shea fruit = 30 kg
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V = volume of hopper, D = height of hopper, C = width of upper end, A = hopper length

of hopper, B = lower length

A =400 mm
B =200 mm
C =300 mm
D=?
To calculate the height of the hopper;

The average height of the hopper:

Calculate the height of a trapezoidal hopper which is assumed to hold 30 kg of shea fruit,
length and width of the hopper is 300 mm and 200 mm respectively,

Figure 3.3: Hopper

3.4 Fabrication of Machine

The machine was fabricated using mild steel materials. Available necessary workshop
equipment such as welding machine to join the sheet, angle iron and rod with the aid of
the electrode, vice for holding then work piece and electric hand grinder for leveling and

smoothening welded and rough surfaces of the machine.
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3.5 Description of Machine Parts

Shea fruit depulping Machine is composed of the following components parts;

i. Hopper: The hopper (Plate VI) holds the shea nuts temporarily and discharge the
materials gradually with the aid of gravity into the depulping unit of the machine. It is
constructed with 1.5mm mild steel and actual height 670.6 mm while the width 400 mm
by 432 mm. The hopper is trapezoidal which was carefully selected considering the nature

of the materials.

Plate VI: Hopper

ii. Barrel: The barrel (Plate V1) is the cylindrical/hollow chamber in which the auger
operates, it houses the screw shaft that presses the shea fruit against it wall to depulp the
shea fruit as it moves through the hollow barrel container. The barrel is constructed with
1.5 mm steel gauge, it has inside and outlet diameter 304 mm and 800 mm. This is the

unit where major depulping activities occurs.
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Plate VII: Barrel

iii. Nut Outlet: This is located at the rear end of the barrel (Plate V1I1); it is the opening
through which the kernel is been discharged after removal of pulp and it has calculated

width of 266 mm and length 304.8mm. It is also fabricated using mild containing an

outward tray.

Plate VIII: Kernel Outlet

iv. Pulp Outlet: The pulp (Plate IX) extracted fall under the perforated screen and it’s
been discharged through the pulp outlet located at the front of the machine. It is also
constructed with mild steel because the pulp is not for direct consumption and has

outward length that guide the pulp into the collector.
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Plate 1X: The Pulp outlet

v. Frame: The frame (Plate X) is a rigid stationary body fabricated using rectangular
angle iron 250 mm x 250 mm x 150 mm, it main purpose is to provide resting support

and stability for the machine.

Plate X: The frame

vi. Auger: The auger (Plate XI) is the helical screw shaft that is made of mild steel, quarter
rod and square rod which rotates inside a cylindrical chamber called barrel. The auger
bruised and pushing the material or kernels along the length of the barrel to the kernels
outlet. The maximum outer diameter is 190 mm to give clearance between screw and

barrel. The screw auger is carried on a solid shaft of 25 mm which is driven by a pulley.
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Plate XI: The Auger

vii. Pulley: pulley (Plate 3.7) is the cylindrical or circular wheel which transmit power

and motion from one part of the machine to another and it calculated diameter is 250 mm.

Plate XI1I: The Pulley

3.6 Performance Evaluation of the Machine

The shea fruit depulping machine was evaluated for the following parameters; Actual
capacity of the machine, Depulping Efficiency, Pulp loses and Kernel breakage. These
parameters were evaluated using the varying i. speed of the ma chine ii. moisture content

of the shea nuts and iii. feed rate.
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a. Actual capacity of the machine
Actual capacity of the machine is the quantity of the materials (shea fruit) that is
been depulp per hour. It is expressed in kg/h as shown in Equation (3.20) Khurmi

and Gupta (2005);

Ca=2 (3.20)

Where;

Ca=is the actual capacity of the machine (kg/h)
Q =is the quantity of shea fruit depulped in kg
T =is the time taken for depulping in h
b. Depulping efficiency
This is the degree at which the pulps were removed from the fruit or the ratio of
the quantity of the shea fruit completely depulped to the total quantity of shea

fruit. It is mathematically expressed employing Equation (3.21);
D
D, = > (3.21)
Where:

De=the depulping efficiency (%)
D=the completely depulped shea fruit (kg)
U=the partially depulped shea fruit (kg)

c. Pulp loses

The quantity of pulp loses or stick to the depulping chamber due to high moisture content

of shea fruit. It is mathematically expressed in Equation (3.22);

— Qt_(QkOl+de) X 100 (322)

P
L Qt
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Where:

PL= the depulp loses (%)
¢ = the total quantity of shea fruit (kg)
Qpd = the quantity of pulp discharged (kg)

Qxol = the quantity of nut discharged at outlet (kg)

d. Kernel breakage
The percentage kernel breakage is the ratio of the quantity of kernel that brock to the

whole nut of the shea fruit at given time. It is mathematically expressed in Equation 3.23;

K, = % (3.23)

Where:

Ky = the percentage nut broken (%)
Qb= Quantity of nut kernel (kg)

Qub= Total quantity of nut processed (kg)

3.7 Design of Experiments

The three variables (Machine speed, Moisture Content and Feed rate), three level factorial
design (N = 3 provides the frame work for the experiment. D-optimal response surface,
the experimental design employed was a response surface designed according to the
principle of factorial experiment. The three levels of speeds were assigned to main plot
as shown in Table 3.1, the three levels of moisture content and three levels of feed rates
would be confounded. The data obtained would be subjected to analysis of variance using

design Expert software.
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Table 3.1: Independent Factors

Factors Levels
Moisture content (%) 15 20 25
Speed of Machine (rpm) 500 750 1000
Feed rate (kg/h) 20 40 60

3.8 Cost Analysis for the Fabrication of a Shea Fruit Depulping Machine

The total production cost was estimated from the addition of the materials costs (all the
parts used either purchased or fabricated) (Table 3.2), labour costs (workers or
manufacturer used to assemble and operate the machine and transportation) and
manufacturing overhead (utility) costs. The cost of workmanship, ingredients used for
test, running and standardization of the fabricated single screw depulping machine were

estimated for one hundred and eighty thousand naira (3170,400).

3.9 Bill of quantity
The breakdown of engineering bill of material estimate for the construction of shea fruit

depulping machine is shown in table 3.2.
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Table 3.2: Bill of engineering measurement and evaluation

S/IN  Materials Quantity Rate (N)
Amount
1. Square rod 1 length 3,000 3,000
2. Angle iron (1.5”) 2 lengths 5,000 10,000
3. Mild steel plate 3 sheet 12,000 36,000
4. 1.5” pipe 1 length 4,000 4,000
5. Bearing 2 2,500 5,000
6. Motor 2 hp 1 68,000 68,000
7. Bolt and Nuts 2 dozen 1,200 2,400
8. Paint 1 litre 3,000 3,000
9. Pulley 2m 4,000 4,000
10. Labour cost
35,000
Total 170,400
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CHAPTER FOUR
4.0 RESULTS AND DISCUSSION
4.1 Effect of Speed on the Machine Performance
4.1.1 Effect of speed on the actual capacity of the machine
The result of evaluation showing effect of speed on the actual capacity of the machine is
shown in Figure 4.1. At 500 rpm, the actual capacity of the machine is lowest across all
three moisture levels analyzed (15 %, 20 %, and 25 %). As the machine speed increases
from 500 to 750 rpm, there is a steep decrease in actual capacity. However, beyond 750
rpm, the actual capacity of the machine gradually increases up to a maximum of 22.75
kg/h at 1000 rpm. This suggests that there is an optimal machine speed range for
achieving maximum actual capacity, and that operating the machine at speeds beyond this
range may result in lower actual capacity. Furthermore, the actual capacity varies across
different moisture levels. At 15 % moisture content, the actual capacity is lowest across
all machine speeds. However, at 20 % and 25 % moisture content levels, the actual
capacity increases with increasing machine speed, reaching a maximum at 1000 rpm.
machine operates at a higher speed; it can potentially complete more deployments within
a specific period. This can increase the overall capacity of the machine. Faster deployment
times mean that more tasks can be executed, leading to higher productivity and potentially

greater output (Sobechukwu et al., 2016).
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Figure 4.1: Graph of Effect of Speed on the Actual Capacity of the Machine

4.1.2 Effect of speed on the depulping efficiency of the machine

The effect of speed on the depulping efficiency of the machine at three moisture levels as
shown in Figure 4.2 indicate that the depulping efficiency of 87.5 % is higher at the
highest moisture level of 25 % and machine speed of 500 rpm. Although, the depulping
efficiency of the Shea fruit is just slightly lower at 15 % and 20 % as 78.5 % and 81 %
respectively. Increasing the speed of the machine to 750 rpm, the depulping efficiency at
moisture level of 15 % and 20 % also increased to 85 % and 80 % respectively while
efficiency of the machine at 25 % moisture level decreased to 83 %, indicating that 15 %
moisture level proves to be more efficient at speed 750 rpm. Furthermore, increasing the
machine speed to 1000 rpm result in slight reduction in the efficiency of the pulp removed
from the Shea nuts at 15 % moisture level while that of 25 % moisture level increases
slightly. These changes in the efficiency of the machine with speed indicates that machine

speed and moisture level affect the efficiency of the depulping.

According to Olaoye (2011) the locust bean depulping machine, the result shows that the

increase in depulping efficiency from speed 150 rpm to 350 rpm clearly indicated that
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greater energy impact was induced on the locust bean pulp. Increased speed beyond 350
rpm reduces the depulping efficiency this implied that excessive energy impacted on the
pulp causes on Maximum pulp removal efficiency of 78.1 % was achieved with screw
speed of 60 rpm. Seed separation from the pulp was carried out by adding different
chemicals. Use of sodium hydroxide and potassium hydroxide produced seed separation

up to 99 %.
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Figure 4.2: Graph of Effect of Speed on the Depulping Efficiency of the Machine

4.1.3 Effect of speed on the kernel breakage of the machine

The result of the effect of speed of the depulping machine on the kernel breakage is sown
in Figure 4.3. At 15 % moisture content, the percentage kernel breakage is highest across
all three machine speeds analyzed (500, 750, and 1000 rpm). As the moisture content
increases from 15 % to 25 %, there is a decrease in % kernel breakage across all machine
speeds. This suggests that increasing moisture content can help to reduce kernel breakage
during the depulping process. At 500 rpm, the % kernel breakage is highest across all

three moisture levels analyzed (15 %, 20 %, and 25 %). As the machine speed increases
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from 500 to 750 rpm, there is a decrease in % kernel breakage. However, beyond 750
rpm, the % kernel breakage increases slightly up to 1000 rpm.

This is in line with findings by Akinfiresoye et al. (2020) that higher speeds in the
depulping machine can generate stronger impact forces as the nuts come into contact with
the internal components or other nuts. These impact forces in relation to the moisture

content of the nut can increase the risk of nut breakage.
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Figure 4.3: Graph of Effect of Speed on the Kernel Breakage of the Machine

4.1.4 Effect of speed on the pulp loss of the machine

The result of test on the effect of speed on the % pulp loss as shown in Figure 4.4 indicate
that at a moisture content of 15 %, there is a slight increase in pulp loss from 7.5 % at 500
rpm to 8.0 % at 750 rpm, while a decrease to 8.7 % at 1000 rpm was observed. At a
moisture content of 20 %, there is a decrease in pulp loss from 9.5 % at 500 rpm to 8.65
% at 750 rpm and no further significant decrease at 1000 rpm as indicated in table 4.1. At
a moisture content of 25 %, there is a decrease in pulp loss from 9.76 % at 500 rpm to 9.7
% at 750 rpm and a further decrease to 9.55 % at 1000 rpm. Consequently, these results
suggest that increasing the speed of the machine can be an effective way to reduce pulp

loss during the production process, especially at higher moisture content levels. However,
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it is important to note that there may be other factors at play, such as the specific type of

machine being used or variations in the raw materials being processed, which could affect

the results.

12

10 -

2

S8 1

=

=

A6 -
4 4 15%

20%
7 . 25%
0 T T
500 750 1000

Speed (rpm)

Figure 4.4: Graph of Effect of Speed on the Pulp Loss of the Machine
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Table 4.1: ANOVA for Response Surface

Sum of Mean F p-value
Prob >
Source Squares  Df Square Value F
not
Model 4991791 9 0.554643 1.18183 0.3966 significant
A-Speed 1.093504 1 1.093504 2.33003 0.1579
B-
Moisture  2.397191 1 2.397191 5.107917 0.0474
C-Feed
rate 0.783126 1 0.783126 1.668679 0.2255
AB 0.157852 1 0.157852 0.336349 0.5748
AC 0.377474 1 0.377474 0.804319 0.3909
BC 0.023235 1 0.023235 0.04951 0.8284
A2 0.525657 1 0.525657 1.120066 0.3148
B"2 0.201613 1 0.201613 0.429595 0.5270
Ccn2 0.373238 1 0.373238 0.795293 0.3935
Residual 4.693089 10 0.469309
not

Lack of Fit 0.440889 5 0.088178 0.103685 0.9868 significant
Pure Error 42522 5 0.85044
Cor Total 9.68488 19

4.2 Feed Rate on the Machine Performance

4.2.1 Effect of feed rate on the actual capacity of the machine

The result of effect of feed rate on the actual capacity of the machine is shown in Figure
4.5. 1tis observed that the actual capacity of the machine is affected by the machine feed
rate and the moisture content. At 15 % and 20 % moisture content, the actual capacity of
the machine is highest at a feed rate of 40 kg/h, while at 25 % moisture content, the actual
capacity is highest at a feed rate of 60 kg/h. This suggests that the optimal feed rate for

maximizing actual capacity may vary depending on the moisture content of the Shea fruit
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being depulped. At all moisture levels, there is a general trend of decreasing actual
capacity as the machine feed rate is increased from 20 to 60 kg/h. However, this trend is
not consistent across all moisture levels, as there are instances where the actual capacity
increases as the feed rate increases (e.g. from 10.86 to 11.97 at 20 % moisture content).

The overall effect is similar to the finding by Sobechukwu et al. (2016).

p—
&)}

[—
=Y

[
[§9]

—
S

6 15%
20%
25%

Actual Capacity (kg/hr)

20 40 60
Feed Rate(kg/sec)

Figure 4.5: Graph of Effect of Feed Rate on the Actual Capacity of the Machine

4.2.2 Effect of feed rate on the depulping efficiency of the machine

The effect of feed rate on the depulping efficiency of the machine shown in Figure 4.6
depict that efficiency of 87.5 % is higher at feed rate of 20 kg/min and moisture 25 %
level and lowest efficiency of 81.25 % for 20 kg/min feed rate for 15 % moisture. Effect
of feed rate on the depulping efficiency shows similar pattern for Shea nuts at 15 % and
20 % moisture levels, there is slight increases in the efficiency from 81.25 % to 87.5 %
and 85 % to 88 % for 15 % and 20 % moisture levels respectively as the feed rate increase
from 20 kg/min to 60 kg/min. Conversely, the effect of feed rate on the Shea fruit at 25
% moisture level indicate decrease from 87.5 % to 76 % as the feed rate is increased from
20 kg/min to 40 kg/min, however further increase in feed rate leads to increase in the

depulping efficiency of the machine to 89 %. This increase is due to sufficient pressure
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that is required to bruise the pulp and force the kernel out of the barrel. The overall effect

is also similar to the finding by Abrham et al. (2021).
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Figure 4.6: Graph of Effect of Feed Rate on the Depulping Efficiency of the Machine

4.2.3 Effect of feed rate on the kernel breakage of the machine

The result of the kernel breakage as it been affect by machine feed rate of 20 kg/min, 40
kg/min and 60 kg/min at three moistures levels 15 %, 20 % and 25 % is shown in Figure
4.7. The kernel breakage indicates a declining trend for all the three moisture level
indicating the moisture. It can be observed that as the feed rate of the Shea fruit through
the depulping machine increases from 20 to 60 kg/h, the corresponding kernel breakage
decreases. This inverse proportionate relationship between feed rate and kernel breakage
indicates that a higher feed rate leads to lower kernel breakage during processing. This
trend is consistent across all three moisture content levels analyzed (15 %, 20 %, and 25
%). It is also noteworthy that the kernel breakage decreases as the moisture content of the
Shea fruit increases, which suggests that the moisture content plays an important role in

minimizing kernel breakage during the depulping process. This finding is consistent with
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the previous observation that the efficiency of the depulping process is more affected by

moisture content than machine speed.
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Figure 4.7: Graph of Effect of Feed Rate on the Kernel Breakage of the Machine

4.2.4 Effect of feed rate on the pulp loss of the machine

The loss in the pulp discharged increases with the increasing feed rate of the machine,
loss in the pulp indicate similar pattern across all the moisture levels as shown in Figure.
4.8. The loss of the Shea fruit pulp at moisture 20 % moisture level increases from 8.03%
to 9.76 % with increasing feed rate from 20 kg/min to 60 kg/min. At 40 % moisture level,
the percentage pulp loss increases from 8.0 % to 9.5 % as the feed rate increases from 20
kg/min to 60 kg/min, while Shea pulp loss for 25 % moisture level result to pulp loss
increases from 7.65 % to 9.7 %. However, moisture content of the Shea fruit does not
leads to pulp loss, only fee rate proportionately affect the losses in the pulp discharged

from the depulping machine.
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Figure 4.8: Graph of Effect of Feed Rate on the Pulp Loss of the Machine

62



CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS
5.1 Conclusions

The following conclusions were drawn from the study;

The Shea fruit depulping machine was successfully designed to depulp Shea fruit with

actual capacity of 149.9 kg/h.

The major components fabricated for the successful working of the shea fruit depulping
machine include the hopper, pulp mesh, screw auger, pulp outlet, kernel outlet, supporting

frame.

The performance evaluation of the machine reveals that the effective actual capacity of
the machine of 149.9 kg/h, the depulping efficiency of 87.5 %, low kernel breakage of
3.5 %, and pulp loss of 9.55 % at the highest moisture level of 24.25 % and machine

speed of 874.98 rpm.

5.2 Recommendations

i. Increase moisture content: To achieve higher depulping efficiency, it is recommended
to increase the moisture content of the Shea fruit from 15 % to 23 %. This can be achieved

by using appropriate pre-treatments such as steam or water soaking.

ii. Optimize machine speed: increasing the speed of the machine beyond 750 rpm can
improve efficiency, it is recommended to optimize the speed within the range of 500-750
rpm to avoid steep decreases in efficiency. The optimal speed may vary depending on the

specific design of the machine, but the general trend should be observed.
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iii. Control feed rate: To minimize kernel breakage during processing, it is recommended
to control the feed rate of the machine. Increasing the feed rate can lead to lower kernel

breakage, but this should be optimized to avoid compromising depulping efficiency.

Therefore, the feed rate should be carefully monitored and adjusted accordingly to

balance efficiency and quality.

5.3 Contribution to Knowledge

A shea fruit depulping machine has been developed and evaluated. The best working
conditions for optimal speed and performance of the shea fruit depulping machine has

been established.
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APPENDIX A
Table 4.1: Effect of Speed on the Actual Capacity of the Machine

Actual Capacity at three moisture level

Speed (rpm) 15% 20% 25%

500 20.24 20.5 20.44
750 21.94 21.57 20.99
1000 22.5 22.4 22.75

Table 4.2: Effect of Speed on the Depulping Efficiency of the Machine

Depulping Efficiency at three moisture level

Speed (rpm) 15% 20% 25%
500 81 78.5 87.5
750 85 80 83

1000 87 83.5 88.5
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Table 4.3: Effect of Speed on the Kernel Breakage of the Machine

Kernel Breakage at three moisture level

Speed (rpm) 15% 20% 25%
500 3.62 1.72 1.78
750 3.5 2.61 1.75
1000 3.655 2.82 1.73

Table 4.4: Effect of Speed on the Pulp Loss of the Machine

Pulp Loss at three moisture level

Speed (rpm) 15% 20% 25%
500 7.5 9.5 9.76
750 8 8.65 9.7

1000 8.7 8.7 9.55

Table 4.5: Effect of Feed Rate on the Actual Capacity of the Machine

Actual Capacity at three moisture level

Feed rate (kg/min)  15% 20% 25%
20 11.03 10.86 10.49
40 11.97 11.94 13.5
60 10.16 12.4 11.45
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Table 4.6: Effect of Feed Rate on the Depulping Efficiency of the Machine

Depulping Efficiency at three moisture level|

Feed rate 15% 20% 25%
20 81.25 85 87.5
40 83.5 875 76
60 87.5 88 89

Table 4.7: Effect of Feed Rate on the Kernel Breakage of the Machine

IKernel Breakage at three moisture level|

Feed rate (kg/h) 15% 20% 25%
20 3.68 3.5 3.41
40 2.41 2.62 2.81
60 1.78 1.69 1.75

Table 4.8: Effect of Feed Rate on the Pulp Loss of the Machine

Pulp Loss at three moisture level

Feed Rate 15% 20% 25%
20 8.025 8 7.65
40 8.7 8.65 8.75
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60 9.76 9.5 9.7
Table 4.9: ANOVA for Depulping Efficiency
Response 1 De-pulping Efficiency
ANOVA for Response Surface Quadratic Model
Analysis of variance table [Partial sum of squares - Type 1]
Sum of Mean p-value
Source Squares  Df Square Value Prob > F
not
Model 347.0443 9 38.56048 1.3037950.3411 significant
A-Speed 62.52459 1 6252459 2.1140620.1766
B-Moisture ~ 30.73287 1 30.73287 1.039130.3321
C-Feed rate 49.4081 1 494081 1.6705710.2252
AB 25.68418 1 25.68418 0.8684250.3733
AC 76.82594 1 76.82594 2.5976150.1381
BC 18.95907 1 18.95907 0.6410380.4419
A2 12.72099 1 12.72099 0.4301180.5267
B"2 78.78832 1 78.78832  2.6639660.1337
Cn2 13.83343 1 13.83343 0.4677320.5096
Residual 295.7557 10 29.57557
not
Lack of Fit 160.2557 5 32.05114 1.1826990.4292 significant
Pure Error 135.5 5 27.1
Cor Total 642.8 19
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Table 4.10: ANOVA for Kernel Breakage

Response 2Kernel Breage
ANOVA for Response Surface Quadratic Model

Analysis of variance table [Partial sum of squares - Type I1I]

Sum of Mean F p-value
Source Squares Df Square Value Prob > F
Model 10.69538 9 1.188376 32.99267<0.0001  significant
A-Speed 8.61E-05 1  8.61E-05 0.0023920.9620
B-Moisture ~ 8.049788 1 8.049788  223.4849<0.0001
C-Feed rate 0.00695 1 0.00695  0.1929510.6698
AB 0.002453 1 0.002453  0.0680880.7994
AC 0.004265 1 0.004265 0.1184090.7379
BC 0.034417 1 0.034417 0.9555190.3514
A2 0.0003 1 0.0003  0.0083410.9290
B"2 0.007771 1 0.007771  0.2157470.6522
Cn2 0.002894 1 0.002894 0.0803570.7826
Residual 0.360194 10 0.036019

not

Lack of Fit 0.131044 5 0.026209 0.5718690.7227 significant
Pure Error 0.22915 5 0.04583
Cor Total 11.05558 19
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Response

ANOVA for Response Surface Quadratic Model

3 Actual Capacity

Analysis of variance table [Partial sum of squares - Type I1I]

Sum of Mean p-value
Source Squares Square Value Prob > F
Model 21.4093 9 2378811 5.2703160.0079 significant
A-Speed 11.81467 1 11.81467 26.175710.0005
B-Moisture 0.02937 1 0.02937 0.065070.8038
C-Feed rate  0.044292 1 0.044292  0.0981290.7605
AB 4.3E-06 1 43E-06 9.52E-060.9976
AC 0.111218 1 0.111218  0.2464060.6303
BC 0.031292 1 0.031292  0.0693270.7977
AN2 9.35E-05 1 935E-05 0.0002070.9888
B2 0.210016 1 0.210016  0.4652970.5106
"2 1.651336 1 1.651336 3.6585770.0848
Residual 4.513602 10 0.45136
Lack of Fit 4.446202 5 0.88924  65.967390.0001 significant
Pure Error 0.0674 5 0.01348
Cor Total 25.9229 19
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Response

ANOVA for Response Surface Quadratic Model

4 Pulp retained

Analysis of variance table [Partial sum of squares - Type I1I]

Sum of Mean p-value
Source Squares Square Value Prob > F
not
Model 4.991791 9 0.554643 1.181830.3966 significant
A-Speed 1.093504 1 1.093504 2.330030.1579
B-Moisture  2.397191 1 2397191 5.1079170.0474
C-Feedrate  0.783126 1 0.783126 1.6686790.2255
AB 0.157852 1 0.157852 0.3363490.5748
AC 0.377474 1 0377474 0.8043190.3909
BC 0.023235 1 0.023235 0.049510.8284
AN2 0.525657 1 0.525657 1.1200660.3148
B"2 0.201613 1 0.201613 0.4295950.5270
c"2 0.373238 1 0373238 0.7952930.3935
Residual 4.693089 10 0.469309
not
Lack of Fit 0.440889 5 0.088178 0.1036850.9868 significant
Pure Error 4.2522 5 0.85044
Cor Total 9.68488 19
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APPENDIX B
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APPENDIX C
3.2 DESIGN CALCULATIONS
3.2.1 Theoretical capacity

The assumed weight of the machine is 1000kg of the shea fruits would be depulp in a day

consisting of 8hr of work, therefore the theoretical capacity of the machine is 125kg/hr.
3.2.2 Determination of the diameter of the screw conveyor

The screw conveyor is a major component of the machine unit. It is acted upon by the
weights of the pulley and screw thread. In operation, the screw conveyor conveys and
squeezes the endothermal part of the shea nuts by bruise force. Therefore, in order to
safeguard against bending and torsional stresses, the diameter of the shaft is determined

from the equation (3.1) given by Khadatkar and Mathur (2022) as:

16
@ = 2% [Gkompye + (ke (3.1)

Where:
dg = diameter of screw auger (mm)

5, = allowable shear stress (55 x 10% N/m? for shaft without

keyway)

k, = combined shock and fatigue factor applied to bending

moment

k, = combined shock and fatigue factor applied to torsional

moment

82



k, =1.5and k, = 1.0 (for load applied gradually)

m; = maximum bending moment kNm

m; = maximum torsional moment KNm

T=60Nm r =3.142 &0 = 55 x 106 N/m?

Kb=1.5

Kt =1.0

mp = 0.01998 kKNm

m¢ = 0.0247 KNm

Substituting the values above the into equation (3.1)

d3 = {——— /(1.5 x 0.01998)Z + (1.0 x 0.0247)}

TX55X106

ds = 20 mm

3.2.3 Determination of the throughput rate

To effectively determine the sizes of the screw, the throughput capacity is important to
ensure that the material pressure exerted on the screw is within design. The throughput

flow rate is in equation (3.2) as given by (Ani et al., 2020) as;

Q=7 (32)

Where;
Q = throughput capacity (kg/s)

m = assumed mass of the shea fruit 125kg/hr
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t= time taken (sec)

Substituting values into equation (3.2)

125
Q —

T 60%60

(3.2)

Q = 0.035kg/sec
3.2.4 Determination of the volume flow rate

The volumetric flow rate is the volume conveyed by the screw per unit time. It is also an
important parameter of screw design showing the amount of materials flowing through
the working chamber of the machine at a time. It can be calculated using the equation

(3.3) given by (Saha et al., 2023)
V== (3.3)

where

p is the density of the shea fruit (356.2 kg/m?®) (Saha et al., 2023)
V is the volumetric flow rate (m?/s)

Q is the throughput capacity (kg/s)

Substituting the values into equation (3.3)

0.035
V =

356.2

V=198 x10">m3/s
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3.2.5 Determination of speed of screw auger

The quantity of the shea fruit depulped by the machine depend on the speed of the screw
auger which determine the free flow of materials inside the barrel without sticking to the
barrel walls and without causing too much breakage of the shea nut as shown in equation

(3.4) Bereziuk et al. (2023).

m(D?x5%XQ)

Cth = 4 (3.4)
Making S subject of the formula;
_ 4XCh
5= [mxD2xQ] (3.5)

Where;
Cw=Theoretical capacity (kg/hr)
D= the diameter of the screw (mm)
S = speed of the screw auger (rpm)
Q = the Throughput rate of the materials (kg/s)
Substituting values into the equation 3.4;

4 x 125

S =
[3.142 X 202 X 0.035]

S =11.368rpm
3.2.6 Determination of pressing area and pressure developed by the auger

The auger pressure and pressing area are designed to provide efficient bruise forces
required to remove the pulp parts of the shea nuts. The pressing area and the pressure
developed by the auger were determined from equations (3.5) and (3.6) respectively given
by Bereziuk et al. (2023) as:

A, = mDynh (3.6)
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Where:

A, = Pressing area (mm?)

h = Screw depth at the maximum pressure (discharged end), mm;

n = number of threads
D,,, = diameter of the shaft (mm)
D, =20 mm
h =3 mm
n=3.142
n=>5
Substituting values into the equation 3.5;
Ap = 3.142x20%5%3
Ap=942.5 mm?

Pressure developed by the auger

_ Wy

P. =
r Ap

(3.7)
Where:
P. = pressure developed by the auger, (N/mm?)

A, = Pressing area (mm?)

W = Force acting on the screw auger (N)

86



To determine force acting on the screw auger, assuming a torque of 540 Nm, and using
the same values for the diameter of the auger (20 mm) and the coefficient of friction (0.3).
The force acting on the screw auger can be calculated using the formula given in equation

(3.8) as stated by Bulgakov et al (2022)

_ _Iqg
F =R (3.8)
Where:
F = Force (N)

R = Radius is half of the diameter, or 10 mm = 0.01m
Tq = Torque (N)
Cs = Coefficient of friction

Substituting the values into the equation 3.7;

540

F= oixos 18000 N
F=18 KN

A, =942.5 mm?

Wi = 18KN

Substituting values into the equation 3.8;

18

P —
"= 9425

P. = 0.0191 N/mm?

3.2.7 Determination of pressure develop by auger on the barrel

The pressure developed by the auger on the barrel can be determined by considering the
forces acting on the material being bruised through the barrel. The pressure developed on

the barrel guides on the appropriate materials for the barrel selection. The pressure to be
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withstood by the barrel was determined from equation (3.9) and (3.10) (Kadurumba,

2020):
P, = 5 (39)
Where:
P, = pressure on the barrel (Nm?)
t = thickness of the barrel (mm)
D; = the inside diameter of the barrel (mm)
5,= allowable stress, (8, =0.278,) (Nm?)
Allowable stress for barrel can be calculated using
equation;

§,= (8,=0.278,) (3.10)
Where:
8,= allowable stress, (Nm?)
8,= the yield stress for mild steel (Nm?)
0, = 0.27d0
80 =200 N/m?

Substituting the values into equation (3.9);

6, =0.27x200
8, = 54 N/m?
Di =44 mm
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t=10 mm
8, = 54 N/m?
Substituting the values into the equation (3.8);

_ 2x10x 54
N 44

P, = 24.55 N/m?

3.2.8 Determination of the screw pitch

The screw pitch serves the purpose of providing enough clearance and assisting in the
cutting or shearing of the material that is conveyed between the screw and the wall of the
barrel. The pitch of the screw can be calculated using the following formula given in

euation (3.11) (Kadurumba, 2020):

P =T[XN— (311)

Where:

P = pitch of the screw (mm)

D = screw diameter (mm)

Nt = number of threads

D =20 mm

Ni=3
Assuming a triple-flight screw (N;= 3), the pitch of the screw can be calculated as:
Substituting values into the equation 3.10;

20
= X —
p=T 3

P = 20.95 mm
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3.2.9 Determination of length of the barrel

The length of the barrel is a crucial factor that impacts the extrusion process. It is
recommended that the diameter of the barrel be slightly greater than that of the screw to
enable smooth material flow. The barrel length can be calculated using the formula given

equation (3.12) by Fikus et al. (2022) as;

L, = Ls + 4 xD (3.12)
Where:
Ly = barrel length (mm)
Ls = screw length (mm)
D = screw diameter (mm)
Assuming a screw length of 300 mm,
Substituting values into the equation 3.11;
L, = 300+ 4 x 20

L, = 380 mm

3.2.10 Determination of the power requirement for depulping

The design for motor output power enables appropriate selection of a motor with enough
power to start and run the machine at full load. The power requirement of the machine
for depulping of the kernel out of the shea nuts and power required to drive all other units,

can be calculated using the equation (3.13) given by Bulgakov et al., 2022) as:

P, =45XQu.XlgXxpXxgXxF (3.13)

Where:

P, = power requirement for depulping
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Q. = volumetric capacity

I = length of screw shaft

p = density of the material

g = acceleration due to gravity
F = the material factor.

Qvc = 0.035m3/s

[, = 300mm

p = 356.2kg/m?

g =9.81m/s?

F=0.5 (N)

Substituting values into the equation 3.12;
P, =4.5x0.035 x 0.3 X 356.2 X 9.81 X 0.5

Pe=82.55w
Pe =0.1 hp

3.2.11 The drive system

V-belt and pulley arrangement were adopted in this project to transmit power from the
electric motor to the shaft of the depulping unit. The main reasons for adopting the v-belt
drive are its absorbed shocks thereby mitigating the effect of vibratory forces (Olaoye,

2011).
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I. Determination of the machine pulley diameter

The pulley provides the simple way to transfer the power from one shaft to another, the
pulley diameter for depulping screw is computed using the formula given in equation

(3.14 and 3.15) as cited (Olaoye, 2011)
N1Di1 = N2D2 (3.14)
Making D the subject of formula;

D, = Wil (3.15)

N,
Where:
D: = Diameter of electric motor pulley, 80mm
N1 = Speed of motor, 1500rpm
D> = Diameter of depulping Screw pulley, mm

N2 = Assumed Working Speed of depulping screw unit, 2000rpm

Substituting values into the equation 3.14;

b - 1500 X 80
271000
D, =120 mm

Figure 3.1: Pulley

92



i. Belt Length

Well calculated belt length is necessary to avoid reduced tension of the belt and ensure
efficient power transfer to the depulping unit. The Belt length for the depulper drive can

be determined using the formula as expressed equation (3.16) Etoamaihe et al. (2022);
X = 2C + 157(D; + D;) + 222" (3.16)

Where:
X = belt length, m
C = Center distance between pulleys, 350mm
D1 = Pitch diameter of driver pulley, 50mm

D> = Pitch diameter of driven pulley, 120m

Substituting values into the equation 3.15;

(50 — 120)2

=2 X .
X = 2% 350 + 1.57(50 + 120) + = ——-

970.62mm

L

X =970.62mm

Figure: 3.2 Belt
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ii. Belt Tension

The belt tension is required to provide proper contact between belt and pulley, it measured

in newton (N). given in equation (3.17) Khadatkar and Mathur (2022) as

__ Wxgx(uxtan®)
- 2xcos0

T (3.17)

Where:
T = Tension (N)
W, = load that can be conveyed by the screw (kW)
g = acceleration due to gravity= 9.8m/s?
6 = angle of contact= 15°

u = Assuming coefficient of friction between belt and pulley = 0.5

Substituting values into the equation 3.16;

- 14 x 9.8 x (0.5 x tan15)
B 2 X cos15

T =9.51N

3.2.13 Selection of bearing

The basis for the selection bearing size according to Gary et al., (1984) are the radial
loading (W), thrust or axial load (W), the speed (N), required life (Lr) and the vibration
condition. The dynamic radial equivalent load for bearing on the depulping shaft is

expressed in equation (3.18) Khurmi and Gupta, (2005) as;

Wg = X.VW, + YW, (3.18)
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Where:

W, = Radial Load (KN)

W, = Axial load or Thrust (N)

To find the radial load;

P

W,.(Radial Load) = pw—— (3.19)
20.68
W, =
2 xmx800x0.020
W, = 0.137 KN
W, (Axial load or Thrust) = Weight of shaft + Load on shaft
7800 x 3.142 x 0.032 x 0.55 x 9.81
= m +71.4 4+ 6.33
W, =29.75+ 714+ 6.33 = 107.5N
The values of X and Y are obtained from the standard table using the ratio % = %7; =

29.8

This means that the bearing should be selected for We 117.29 N. A6305 ball bearing
dynamic load rating (C) of 16,600 N, bore diameter of 25 mm, outer diameter 62 mm and

width of 17 mm was chosen for this design.

3.2.14 Determination of height of the feed hoppers

The feed hoppers are trapezoidal in shape in order to accommodate enough nuts and

gradually introduce portions of the nuts by gravity into the depulping compartments.
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Supposing the hopper is to hold 30kg of shea nuts and the bulk density of shea fruit is

356.2Kg/m?.

The height of hopper can be calculated using the expression below:

Bulk density = 356.2Kg/m?

Mass of the shea fruit = 30Kg

m
V== (3.20)

V = volume of hopper, D = height of hopper, C = width of upper end, A = hopper length

of hopper, B = lower length

E =400 mm
F =200 mm
G =300 mm
H=?

The hopper is assumed to have a volumetric capacity of 60.0litres.

V =0.08422m3

To calculate the height of the hopper;

The average height of the hopper:

Calculate the height of a trapezoidal hopper which is assumed to hold 30kg of shea fruit,
length and width of the hopper is 300mm and 200mm respectively,

V= (5)h(®+ ab + b?) (3.21)
1
0.060 = 2 x h X (042 + 0.4 X 0.2+ 0.2%)
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_ 0.060 x 3
~0.28

h = 643mm

Figure 3.3: Hopper

97



