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ABSTRACT 

The shea tree is an indigenous fruit tree distributed in the shea parklands of Africa. 

Some shea varieties were identified in the Zoolanyili community. A total of six (6) 

indigenous varieties were identified: four (4) were based on kernel size whilst two 

(2) were based on sugar contt of the pulp. The study evaluated if there were 

varietal differences in the shea kernel sizes and the sugar content of their pulps in 

order to ascertain if these varieties had any effects on fat/oil content, free fatty 

acids, moisture contents of shea kernel and the extracted shea butter, ash and fibre 

contents of the shea kernel. The study also ascertained if the shea butter could be 

graded or serves diffgrent purposes based on set standards. Statistically there was 

significant difference between the shea kernel sizes and sugar content of their 

pulps. There was no significant difference between the moisture contents of the 

shea kernel arid the extracted shea butter in these indigenous varieties. There was 

significant difference between the fat/oil content, and the free fatty acids. There 

was also significant difference between the ash and fibre content of the kernels 

based shea kernel sizes but no significant difference between the ash content of the 

varieties based on sugar content of pulp. There was also significant difference in 

the fibre contents of the varieties based 'on sugar content of pulp. Variety 6 fell 

grade three and may serve the soap making industry. The varieties based on shea 

kernel sizes fell in grade three and may serve the soap-making industry based on 

free fatty acid. Varieties 5 and 6 were grade one shea butters and may serve the 

cosmetic and pharmaceutical industries. It is recommended that fatty acid analysis 

be done on the butters of these shea varieties. 

ii 

www.udsspace.udsa.edu.gh 

 

 



ACKNOWLEDGEMENT 

I thank the Almighty God for His guidance, wisdom, sustenance, and wonderful 

blessings of good health and academic success. 
ear 

I also appreciate the supervisory role played by Prof. A. Quainoo towards the 

successful completion of this work, may God continue to bless him abundantly. To 

ail the lecturers who taught me, I say may God let His face shine upon them 

especially, Dr. B. Demuyakor (late), Madam G. Addai, Dr. I. Addai, Dr. E. Sallah, 

Dr. E. Sowley, Mr. M. Saaka, Dr. R. N. Yeboah, Dr. M. A. Ofosu, and Mr. P. 

Birteeb. 

I am also grateful to the following people: Mr. E. K. Torkornoo, Mr. F. Chimsah 

(Principal Research Assistant, Horticulture Department), Miss C. Gaisie (SGS 

Laboratory, Tema), Mr. I. Alhassan (resource person), Mr. H. Musah (Laboratory 

Technician) and Mr. R. A. Atinpoore (a.k.a. Chaka). 

Lastly, the following people have to be commended for their prayers and advice: 

Mrs. G. A. Torkornoo, Dr. F. Adzitey, and Dr. C. S. Saba. 

iii 

www.udsspace.udsa.edu.gh 

 

 



DEDICATION 

I dedicate this work to Jerry Josh. E. K. Torkornoo (son), WOI Torkomoo E. K. 

(father), and most importantly to Professor A. Quainoo (supervisor). 

A 

0 

iv 

www.udsspace.udsa.edu.gh 

 

 



TABLE OF CONTENTS 

Content 	 Page 

Declaration 	 ... 

Abstract 	  

Acknowledgement. 

Dedication 	.iv 

Table of Content  	 .v 
a
H  

List of Tables 	 xi 

H 	 List of Figures 	 ... xii 
Z MilL• • 

H 
A 	 List of Plates 	 xiii Pi 
0 

Acronyms and Abbreviation 	 xiv 
1 I 1 
a 1 

CHAPTER ONE 	 1 
0 w 	 - 	- 	 - 
1,0, 	 1.0 INTRODUCTION...., 	 1 E 
V) 
r4 
14 	 1.1 Classification of the shea tree  	 1 
L' 

1.2 Problem statement and Justification of the study 	 2 

1.3 Objectives  	5 
4 f 

CHAPTER TWO 	 6 ,..'../ 

2.0 LITERATURE REVIEW 	 6 
4.2fr 

2.1 Botany of Shea trees  	 6 

2.2 Extraction of Shea butter  	 .9 

2.3 Uses of Shea butter  	 11 

2.3.1 Traditional use of shea butter in Africa 	 ..11 

2.3.2 Uses of shea butter in the International Market 	 .12 

www.udsspace.udsa.edu.gh 

 

 



2.4 Geographical availability, properties, and constituents of shea butter 	14 

2.5 Shea butter storage 	 15 

2.6 Shea butter colour 	 .....15 

2.7 Health benefits of using shea butter 	  16 

2.7.1 Skin, scalp, and hair emollient and moisturizing activity 	  16 

2.7.2 Shea butter benefits to the skin 	 .....17 

2.7.3 Anti-aging property of shea butter to the skin 	 18 

2.7.4 Sun-screening function of shea butter 	 18 

2.7.5 Anti-inflammatory and anti-tumour properties of shea butter 	 19 

2.7.6 Hypersensitivity-alleviating effect of shea butter 	  

2.7.7 Other healing qualities and uses of shea butter 	  .20 

2.8 Chemical composition of shea butter 	 .21 

2.8.1 Fatty acids 	21 

2.8.2 Stearic acid 	23 

2.8.3 Palmitic acid 	 ...23 

2.8.4 Oleic acid 	  .24 

2.8.5 Linoleic acid (LA) 	  .25 

2.9 Effect of post- harvest processes on shea butter quality  	 26  

2.10 Free fatty acid (FFA)  	26 

2.11 Acid values and titration 	 .27 

2.12 Peroxide values 	 28 

2.1 3 Effect of packaging material on quality of stored butter 	 29 

2.14 Some factors affecting the refractive index of stored shea butter 	30 

vi 

www.udsspace.udsa.edu.gh 

 

 



31 2.15 Triglyceride fraction 	  

2.16 Unsaponifiable fraction 	  32 

2.17 Fractionation and chemical composition 	 33 

2.18 Factors influencing the quality of shea butter 	  34 

2.18.1 Regional variability of shea butter's character4cs 	 .34 

2.19 Processing methods and shea butter quality 	  37 

2.19.1 Effect of extraction method on shea butter quality.. 	 .37 

2.19.2 Effect of solvent extraction on shea butter quality 	  38 

2.19.3 Effect of extraction temperature on shea butter quality 	 38 

2.20 Quality control of shea butter 	  .39 
• 

2.20.1 Available standards for shea butter 	  .39 

2.21 Moisture content 	  ...40 

2.22 Pat content 	  41 

2.23 Quality characteristics of West African shea butter 	  41 

2.24 Effects of storage of fruits on primary processing of shea nuts .42 

CHAPTER THREE 	  .44 

3.0 MATERIALS AND METHODS 	 44 

3.1 Experimental sites 	• .44 

3.2 Experimental material and sample size 	  .44 

3.3 Experimental design 	  .46 

3.4 List of equipment used and their roles in the research 	  • .46 

3.5 Brief classification of shea varieties 	  47 

3.6 Processing of shea fruits 	  48 

VII 

www.udsspace.udsa.edu.gh 

 

 



3.6.1 Depulping of shea-fruits 	  .48 

3.6.2 Parboiling of depulped shea nuts 	 ..48 

dm. 
3.6.3 Sun-drying and shelling of the shea nuts 	 49 

3.6.4 Sun-drying of the shea kernels 	 49 

3.7 Determinatipn of shea kernel sizes 	 49 

3.8 Determination of the glucose content of the pulp 	 ........50 

3.9 Moisture content determination of shea kernels and butter 	  .51 

3.9.1 Description of procedure 	 51 

3.10 Determination of shea butter content of kernels 	 52 

- - 
.3.10.1 Procedure for the shea butter content determination 	 52 

3.10.2 The Extraction Process 	 .53 

3.11 Determination of acidity of the Shea butter samples 	 ..55 

3.11.1 Preparation of solvents for dissolving the shea butter samples 	55 

3.12 Determination of the Ash Content of the Shea kernel 	 56 

3.13 Determination of the Fibre Content of the Shea kernel 	  .57 

• 3.14 Determination of fructose content 	  .58 

3.1.5 Statistical analysis 	 59 

CHAPTER FOUR 	 .60 
MEG. 

4.0 RESULTS   .60 

4.1 Physical characteristics of shea kernels based on kernel sizes 	  .60 

4.2 Sugar content of pulp and moisture' content of shea kernel 	63 

4.3 Shea butter, moisture, and free fatty acid contents 	 64 

4.4 Characteristics of shea butter based on pulp's sugar content 	 67 

VIII 

www.udsspace.udsa.edu.gh 

 

 



68 4.5 Chemical characteristics of shea kernels based on kernel sizes 	 

4.6 Chemical characteristics of shea kernel and pulp 	  69 

CHAPTER FIVE 	
00. 

71 

5.0 DISCUSSION 	  	71 

5.1 Weight and diameter of Shea kernel based on indigenous knowledge... 	 

5.2 Moisture contents of the shea kernels based on shea kernel sizes 	 71 

5.3 Sugar content of the pulp of varieties based on indigenous knowledge 	 73 
0 
H 	 5.4 Moisture contents of the shea kernels based on shea pulp's sugar content....... 74 

0 	 5.5 Shea butter content of the varieties based kernel sizes  ' 	 .74 

5.6 Moisture content of the shea butter based on sizes of shea kernels 	..75 
lai 
0 	 • 

5.7 Free fatty acid values for shea butter of varieties based on shea kernel sizes...76 
III 
A 	 5.8 Shea butter contents of the shea kernels based on pulp sugar content 	 .79 p4 
0 	- 	- 	 - w 	 . 

5.9 Moisture contents of the shea butter based on pulp's sugar content 	80 

r4 	 5.10 Free fatty acid values of varieties based on pulp sugar content 	81 
'J 

5.11 Par-boiling and sun-drying on the quality of shea kernel and butter........ 	82 

5.12 Ash content of the kernels of shea varieties based on kernel sizes 	.85 

5.13 Fibre content of the kernels of shea varieties based on kernel sizes.... 	.85 

5.14 Ash content of shea kernels of varieties based on sugar content of pulp........ 85 

5.15 Fibre content of shea kernels of varieties based on sugar content of pulp......86 

5.16 Fructose content of the shea varieties based on sugar content of pulp 	 .86 

' CHAPTER SIX 	 ..88 

	

6.0 CONCLUSION AND RECOMMENDATION   .88 

6.1 Conclusion   	88 

ix 

www.udsspace.udsa.edu.gh 

 

 



6.2 Recommendation 	89 

REFERENCES 	 .90 

x 

www.udsspace.udsa.edu.gh 

 

 



List of Tables 

Title 
Page 

Table 1: Chemical composition of shea butter and he fractionated products 	34 

Table 2: Regional variability of fatty acid composition of shea butter 	36 

Table 3: Fatty acid composition of shea butter from some countries 	.37 

Table 4: Quality characteristics and grades of shea butter 	  .40 

Table 5: Classification of shea varieties based on kernel sizes   .47 

Table 6: Classification of shea varieties based on sugar content of pulp..... ....... 48 

Table 7: Mean characteristics of the shea varieties based on kernel sizes 	 .61 
• 

Table 8: Mean characteristics of ground kernels based on pulp sweetness 	63 

Table 9: Mean characteristics of butter from varieties based on kernel sizes 	.64 
III 
Q 	 Table 10: Mean characteristics of butter based on sugar content of the pulp 	 67 g 
0 

Table 11: Mean characteristics of the shea kernels based on kernel sizes 	..68 
w 

g 	 Table 12: Mean characteristics of the kernels based on sugar content of pulp 	70 

• 

xi  

www.udsspace.udsa.edu.gh 

 

 



List of Figures 

Title 	 Page 

Figure 1: Shea belt of Sub-Saharan Africa 	 7 

Figure 2: Mean weight of shea kernel of varieties based on kernel sizes 	61 

Figure 3: Mean diameter of shea kernel of varieties based on kernel sizes 	62 

Figure 4: Mean moisture content of kernel of varieties based on kernel sizes 	62 

Figure 5: Mean shea butter content of varieties based on kernel sizes 	65 

Figure 6: Mean moisture content of the butter of varieties based on kernel sizes 	65 

Figure 7: Mean free fatty acid content of varieties based on kernel sizes 	66 	- 

0 	 Figure 8: Mean ash content of shea varieties based on kernel size 	 68 

Figure 9: Mean fibre content of shea varieties based on kernel size 	 69 

0 

aE 

xii 

www.udsspace.udsa.edu.gh 

 

 



List of Plates 

Title 	 Page 

Plate 1: Wild growing shea trees 	 8 

Plate 2: The shea kernels of the six varieties   	 ..45 

Plate 3: Introduction_gf samples into the Solvent Recovery Extractor 	53 

• 

www.udsspace.udsa.edu.gh 

 

 



Acronyms and Abbreviations 

AA: Arachidonic acid 
ado 

ALD: adrenoleukodystrophy 

AOAC: Association of Official Analytical Chemist 

ASBI: American Shea Butter Institute 

ASL: Airway Surface Liquid 

ASNAPP: Agribusiness in Sustainable Natural African Plant Products 

ASTM: American Society for Testing and Materials 
i> 

0 	
CBEs, CBS and CBIs: Cocoa Butter Equivalents, Cocoa Butter Substitute and 

• 
Cocoa Butter Improvers 

CRIG: Cocoa Research Institute of Ghana 

CV: Coefficient of variation 

DEE: Diethyl ether 

DNA: Deoxyribonucleic agid 

EFAs: Essential Fatty Acids 

EPA: Environmental Protection Agency 

FFA: Free Fatty Acid 

GCMB: Ghana Cocoa Marketing Board 

x iv 

www.udsspace.udsa.edu.gh 

 

 



HPLC: High Performance Liquid Chromatography 

IUPAC: International Union of Pure and Applied Chemistry 

KOH: Potassium hydroxide 

LA: Linoleic acid --40 

LC-PUFA: Long-chain polyunsaturated fatty acid 

LDL: Low-Density Lipoprotein cholesterol (the bad cholesterol) 

M. C.: Moisture content 

meq: milli-equivalent 

mg: milligram 

a. 	 . 

NGOs: Non-government organizations 

PPM: part per million. 

P-value: Probability value 

QCS: Quality control systems 

SARI: Savannah Agricultural Research Institute 
	 aim 

S.D: Standard deviation 

SED: Standard error of differences of means 

SEM: Standard error of the mean 

4111110,  

xv 

www.udsspace.udsa.edu.gh 

 

 



- SPF: Sun Protection Factor 

USAID: United States Agency for International Development 
411PW 

UVB: Ultra Violet Beam of Relatively Short Wavelength) 

V 1: Variety one 

0 

1:4 
0 

ma 	 • 

xvi 

www.udsspace.udsa.edu.gh 

 

 



CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Classification of the shea tree and its relevance 
--011 

The shea . tree (Vitellaria paradoxa), or karite in French, is a wild fruit tree 

indigenous to semi-arid and sub-humid savannas of sub-Saharan Africa. In recent 

years the shea tree has gained importance as an economic crop because of the 

increased demand for its butter both locally and internationally. However, 

Vitellaria paradoxa L.--is one of the most prevalent tree crops in northern Ghana. 

The tree is native to Africa and occurs across the Sahel region from Senegal to 

Nigeria and further east in Sudan and Uganda (Maranz et al., 2004). The shea is a 

salient multipurpose tree, which pips an important ecological and socio-economic 

role, and it is the principal source of income for local population in the Sahel region 

(Quainoo et al., 2012). For instance, where there are few alternative employment 

avenues and where agriculture is often difficult and yields are unpredictable, the 

shea nuts and other products from the tree provide an important part of the family 

income. The acclimatization of the shea tree to extreme weather conditions makes 

it a potential species for commercial plantations in arid environments (Quainoo et 
arCo• 

al., 2012). 

The shea butter's natural nutrient forms a protective barrier on the skin, nourishing 

and renewing the skin at the same time. Shea butter can treat the following 

conditions: dry skin, infant and adult eczema (a medical condition in which patches 

of skin become rough and inflamed with blisters which cause itching and 

bleeding.), stretch mark prevention and minimization, psoriasis (a skin disease 
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marked by red, itchy, scaly patches), arthritis and rheumatism, wrinkle prevention, 

skin rashes, scar minimisation, skin discolourations, sunburn treatment, dermatitis, 

diaper rashes, pruritus (severe itching of the skin, as a symptom of various 

ailments), cracked, rough skin, cuticle repair, minor burn treatment muscle fatigue, 

aches and tension, insect bites, and dry hair and scalp (Nature's shea butter, 1998). 

Ghana Business News (2008) established that, it has been estimated that there are 

about 9.4 million shea trees in Ghana and these can potentially yield 100 tonnes of 

shea nuts worth about one hundred million United States dollars per year. They 

also reported further that this can be used for candle making and also mixed with 

mud for plastering traditional mud huts. 

Shea butter is less expensive than cocoa butter, and therefore it can reduce the cost 

of the chocolate production (Chalfin, 2004). Besides the price competitiveness, 

shea butter has lower melting point compared to cocoa butter and thus can be used 

for hard candy coatings (Chaffin, 2004). 

1.2 Problem Statement and Justification of the .study 

Ghana is ranked as the number one exporter of Shea nuts in the world and 

Ghanaian shea nuts are equally ranked as the highest in quality (Kpelly, 2012). 

However, in 2005 the country has seen falling quality standards that could hinder 

the economic prosperity of Ghana and the rural shea workers, if allowed to 

continue. In 2005 the quality standards for free fatty acid (FFA) content, moisture 

content, and oil content were 5%, 6%, and 48% respectively (Kpelly, 2012). Today 

these standards have deteriorated to 10%, 9%, and 45%, respectively. If this trend 

continues Ghana will lose out to other Shea producing nations and see dramatic 
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price decreases, as lack of quality will reduce premiums paid by buyers (Kpelly, 
AN. 

2012). 

Despite the immense contribution of shea to the socio-economic improvement of 

people, the industry has been bedeviled with diverse challenges (the buniingibf 

shea trees for charcoal production is an example). According to the Environmental 

Protection Agency (EPA), about 80 % of every basket of charcoal produced is from 

the shea tree and the remaining 20 % from `dawadawa', Parkia biglobasa and the 

neem tree, Azadirachta indica (Ghana Business News, 2008). This poses serious 

threats in the sense that, the current Shea nut production levels cannot meet the ever 
• 

increasing demand for shea nuts and its products. As a result of the unstable global 

economic situation, the need to research into local resources that could be 
••• 

developed to generate income has become very obvious. However, this calls for co-

ordinated and collaborative efforts from individuals, governmental and non-

governmental organisations as well as stakeholders. 

In Ghana Shea nut is a very important non-traditional crop which has high potential 

of helping to build a socio-economic foundation hence food security for the 

country. The economic situation worldwide has prompted nations including 

developed nations' divert their attention towards the exploration of every possible 

resource with the objective of alleviating poverty and improving people's living 

standards. Despite the fact that nature has endowed Africa with more than her fair 

share of the world's hidden wealth and treasures including agricultural resources, 

the poverty situation in Ghana is not quite different (Nahm, 2011). 

3 
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Approximately two-thirds of Ghana's land mass represents the Northern part of the 
-.0.. 

country with the predominant tree being the Shea. The fruits of this Shea tree are of 

much economic value and benefits and the increasing demand for the butter of this 

tree both locally and internationally is an. attestation to this assertt 	(Masters, 

2007). 

The Ghana Cocoa Marketing Board (GCMB), in conjunction with the Cocoa 

Research Institute of Ghana (CRIG) deemed it necessary to embark on a scientific 

research into cultivation and processing of shea nuts. This laudable step led to the 

establishment of a branch of CRIG at Bole, Northern Ghana in 1976. The objective 

of this initiative was to research into Shea nut production with particular reference 

to improvement in tree yield, variety, and conservation (Ghana Business News, 

2008). 	- 

However, it is indeed an undeniable fact that, recently global demand for shea nuts 

and its products have sky-rocketed or reached greater proportion. It is also evident 

that Ghana stands the chance to benefit much from shea nuts if needed attention is 

given to the regeneration or reproduction of the shea tree. In Ghana different 

varieties of shea trees are found growing together on a large stretch of land and it is 

obvious fiat shea nuts picked for. the extraction of shea butter is a mixture of nuts 

from the different varieties. 

It can therefore be concluded that, extracted shea butter is indeed a mixture of shea 

varieties with different properties and qualities. It was against this background that 

the study was undertaken to extract shea butter based on shea varietal lines. It is 

believed that shea butter extracted on varietal lines may result in shea butter with 
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unique qualities between them attracting higher or better premiums. The butter 

obtained would be homogeneous in nature instead of being a mixture shea butter 

with inferior qualities attracting lower premiums. The outcome of this study may 

influence the call for the establishment ofArieties of shea tree plantation in Ghana. 

1.3 Objectives 

The objectives of the study include: 

1. To identify the indigenous shea varieties with respect to the shea kernel size 

and the sugar content of the pulp. 
0 

2. To evaluate the characteristics of the shea varieties and products 

3. To classify the extracted shea butters and recommend their industrial usage 
0 

r 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Botany of Shea trees 

Shea trees belong to the Sapotaceae family and were first named by the German 

botanist Carl Gaertner as Vitellaria paradoxa C.F. Gaertn (von. Gaertner, 1807). In 

1961, the species already described by Gaertner was renamed as Butyrospermum 

parkii (Maranz and Wiesman, 2003a), with the epithet "parkii" referring to Mungo 

Park (1771-1805), the great Scots explorer who introduced shea butter to Europe 

(Goreja, 2004). The shea tree is known as kadanya', emi', `osisi' and `chammal', 

among the Hausas, Yorubas, Igbos, and Tivs, respectively (Adgidzi et al., 2003). It 

is an important oil bearing tree crop, commonly found in the savannah zone of 

West Africa, where rainfall is not excessive. In Nigeria, shea nut is obtained 

abundantly in Oyo State and most of the Northern States (Oluwole, 2004). It 

contains 45-60 % fat and 9 % protein (Purseglove, 1979). 

The height of fruiting trees vary widoly,.some trees may grow up to sixteen metres 

(16 m) tall while others are as short as four metres (4 m) (Yidana, 1994). The shea 

• 
tree grows in areas with annual temperature of 24 °C-32 °C with minimum of 21 °C 

and a maximum of 36 °C (Yayock et al., 1974). Many publications have considered 

Butyrospermum parkii as the synonym of Vitellaria paradoxa; the currently 

accepted name for the African shea trees is Vitellaria paradoxa, with the Wesf 

African trees classified as the subspecies "paradoxa" and the East African one as 

"nilotica" (Ferris et al., 2001; Di Vincenzo et al., 2005; Mbaiguinam et al., 2007). 

6 
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Shea trees grow wild across 5000 km wide belt of savanna as shown in Plate I 

(Maranz and Wiesman, 2003a; Masters et al., 2004) including West African 

countries of Senegal, Mali, Cote d'Ivoire, Burkina Faso, Togo, Ghana, Benin, 

Nigeria, Niger, Cameroon, and further east in Uganda, Sudan and Ethiopia 

(Chaffin, 2004; Goreja, 2004). This savanna belt is also called "shea belt" among 

traders (Ferris et al., 2001). Among these countries, Ghana and Burkina Faso are 

the main shea nut exporters (Walter et al., 2003). The distribution of shea trees 

which is called shea belt among traders is shown in Figure I. 

Figure 1: Shea belt of Sub-Saharan Africa. 

In the wild, shea trees grow up to 9-12 m (30-40 feet) in height and begin to bear 

commercial quantities of fruit after approximately 20 to 50 years (Tella, 1979; 
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RAISE, 2002). Shea trees do not reach maturity until 45 years and after getting 

mature, they can continuously produce shea nuts for up to 200 years (RAISE, 2002; 

Alander, 2004). 

The fruits are harvested from June to September, once they fall to the ground from 

the trees (RAISE, 2002; Alander, 2004). Shea fruit has light green colour with a 

diameter of 2-3 inches or 5-8 cm (Chalfin, 2004). Shea fruit consist of a green 

epicarp (the outer part), a fleshy mesocarp (pulp), and a relatively hard endocarp 

(shell) containing embryo (shea kernel) (Olaniyan and Oje, 2007). Mostly, shea 

fruit contain one or two kernels but occasionally have two to three from which shea 

butter is extracted (Alander, 2004). 

Plate 1: Wild growing Shea trees 
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2,2 Extraction of Shea butter 

Traditionally, the extraction of shea butter is done at the community level, where 

shea butter is sold in local markets. In recent years, the dried kernels have been 

exporttli to processing countries in Europe, Japan, and India where shea butter is 

extracted using large-scale industrial plants (Lovett, 2004). Traditional extraction 

has been usually done by boiling water and skimming off the released oil while 

commercial one is conducted by pressing or solvent extraction with further refining 

and deodorizing of shea butter (Alander, 2004). However, with the increased 

interest in naturally-derived products, organic shea butter production is preferred 

and thus efforts have been made to industrially produce shea butter by following 

the traditional extraction methods. The shea butter obtained from the traditional 

extraction procedure excluding the refining stage is called "unrefined shea butter". 

Nonetheless, either at the community or industrial level, shea butter is extracted 

from dried shea kernels. Once shea fruits fall from the trees, the fruits are collected 

by African women from the ground and the pulp is removed by fermentation or 

manual peeling (Chaffin, 2004; Moharram et al., 2006). Then, the nuts can be 

processed according to one of the three distinct traditional procedures (Lovett, 

2004). In West Africa, the nuts can be boiled or roasted, while in East Africa the 

nuts are simply sun-dried. 

In the West African boiling method, the nuts are boiled to kill the embryo and thus 

prevent germination of the seeds. This method has the additional advantage of 

inactivating the lipases that are responsible for hydrolytic degradation of shea 

butter. However, boiling can also cause high peroxide values since the high 
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temperature and water can accelerate oxidation (Lovett, 2004; Masters et al., 2004; 

Bail et al., 2009). 

After the boiling, the nuts are dried in the sun, though sun-drying of shea nuts 

during rainy season can lead to contamination by mould and thus affect the quality 

of the final products (Moharram et al., 2006). The nuts are then cracked to remove 

shells (endocarp) from the dried nuts and the kernels (embryo) are further dried by 

roasting or sun-drying (Lovett, 2004; Moharram et al., 2006). In the West African 

oven method, the nuts are roasted or smoked in ovens and the dried nuts that still 

have husks are stored (Lovett, 2004). This procedure has the disadvantage that 

roasting or smoking in the oven can cause high amounts of polycyclic aromatic 

hydrocarbons (PAHs) in the kernels known to be carcinogenic (Lovett, 2004). 

While the West African methods include the heating stage, either boiling or 

roasting before drying, the East African method involves no heating step. Instead, 

the nuts are directly sun-dried, de-husked, and sun-dried again (Lovett, 2004). The 

dried kernels are stored with occasional re-drying. Since the nuts are not subjected 

to high temperatures, in the East African method, there is less chance of 

deactivation of lipases, which is usually linked with high levels of free fatty acids 

(FFAs) (Lovett, 2004). In this case, sun-Frying should be avoided during rains to 

prevent microbial deterioration of the nuts and kernels. 

The dried kernels are then subjected to pounding or wet milling to make a paste 

which is then emulsified by kneading and hand beating (Moharram et al., 2006). 

The paste is then boiled to separate the fat from the shea kernel.  cake and the 
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resultant butter is scooped up, filtered through a filter cloth and placed in a cool 

place to solidify. 

2.3 Uses of Shea butter 

2.3.1 Traditional use of shea butter in Africa 

Shea butter has long been used in the West African countries, dating back to 

ancient Egypt based on the record that during the Cleopatra's Egypt, caravans 

carried clay jars of valuable shea butter for cosmetic uses (Goreja, 2004). Many 

records on traditional uses of shea butter have focused on its ethnopharmacological 

uses. Shea butter was used by local healers as a treatrnent for rheumatism, 

inflammation of the nostrils, nasal congestion, leprosy, cough, and minor bone 

dislocation (Tella, 1979; Badifu, 1989; Goreja, 2004; Olaniyan and Oje, 2007). 

Shea butter has also been used for soothing and accelerating healing after 

circumcision, and for preventing stretch marks in African pregnant women (Goreja, 

2004), which is frequently mentioned on the advertisement of shea butter products. 

It is also used for the massaging of newly born babies.. It has been used as an insect 

repellent, providing protection against Simulium infection (Goreja, 2004). 

Other than the ethnopharmacological uses, shea butter has been used in West 

African cuisine as edible oil due to its high nutritional value and affordable price 

(Kar and Mital, 1981; Njoku et al., 2000; Chaffin, 2004; Olaniyan and Oje, 2007). 

Shea butter is used as the base of many soups and condiments (Goreja, 2004). For 

example, when shea butter is mixed with onion and pepper, it becomes a popular 

condiment (Chalfin, 2004). Beverages made with shea butter combined with millet 
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flour, water, and savoury spices have been served during weddings, funerals, and 

work parties (Chalfin, 2004). 

African local communities have also found uses and applications of shea butter for 

lamp and heating oils, lubricants, weather-probtng roofs and soap manufacturing 

(Goreja, 2004; Lovett, 2004; Olaniyan and Oje, 2007). Shea butter, in addition, has 

been beneficial for domestic animals as moisturizer which is applied to dogs to 

protect their skin and paws against harsh sand and salt (Goreja, 2004). 

2.3.2 Uses of shea butter in the International Market 	 • 

Large quantities of shea butter are used in manufacturing chocolate and margarine 

in Europe. In the chocolate industry, shea butter is refined and deodorized to be 

used usually as Cocoa Butter Equivalents (CBEs) since 1960s with its similarity in 

physical properties to a more expensive cocoa butter (Peers, 1977; Alander, 2004). 

CBEs are plant fats containing no lauric acid which have similar physical and 

chemical properties to cocoa butter, and are mixable with cocoa butter in various 

proportions without altering the properties of cocoa butter (Lipp and Anidam, 

1998). Furthermore, the European Union allows the use of a non-cocoa fat in the 

manufacture of chocolate up to 5 .% under the current European Union Chocolate 

Directive, while in the US, if the product contains any cocoa butter alternatives 

including CBEs, it is not allowed to be labelled as "chocolate" (Alander, 2004; 

Lovett, 2004). 

Even though the major market of shea butter has been found in the chocolate and 

confectionary industries, there is a fast-growing, popular market in cosmetics and 

personal care product industry. Due to its high moisturizing and emollient 
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properties, shea butter can be found in the products for improving dry skin and hair, 
Or 

such as lip balms, hand creams, facial moisturizers, shampoos, and conditioners 

(Alander, 2004). The main marketing claims for shea butter products usually 

emphasize their high moisturizing properties due to shea butte's semi-solid 

characteristics, providing a buttery consistency and ease of spreading on the skin 

(Alander, 2004). 

Shea butter has been reported to have high levels of unsaponifiable components 

compared to other vegetable fats and oils (Hamilton and Rossell, 1986; Alander, 

2004; Roger and O'lenick, 2009). There exists the potential to develop more shea 

butter products with the emphasis on its medicinal properties like antioxidant, and 

anti-inflammatory (Alander et al., 2002; Maranz et al., 2004; Rogers and O'lenick, 

2009). 

The unsaponifiable fraction of shea butter is used as an ingredient in the treatment 

of inflammatory diseases due to its anti-inflammatory action (Masters et al., 2004). 

It has been used to develop treatment for arthritis,, eczema, and herpes lesions and 

to lower cholesterol levels by a pharmaceutical company, BSP Pharma (Masters et 

al., 2064). 

Shea7utter contains a high content of irremovable fatty acid. It is this irremovable 

fatty acid that gives shea butter its unique healing properties and makes it far 

superior to cocoa butter and other vegetable butters. 

The grilled and pounded shea kernels were boiled in water for hours until the shea 

butter rose to the surface. It was then scooped into gourds and left to cool and 

set. Shea butter is solid at room temperature although it quickly liquefies right 
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around body temperature. Since shea butter is an all-natural product, it can vary 
Saw 

widely in quality, appearance and smell depending on where it is produced and 

how it is refined or extracted. Most shea butter comes from West Africa, although 

a softer and smObther variety from East Africa is beginning to appear on the market 

(Natural Shea Butter, 2009). 

2.4 Geographical availability, properties, and constituents of shea butter 

At room temperature East African shea butter is semi-solid and is softer than West 

African shea butter. It is creamier and silky, making it quick and easy to apply. East 
0 

African shea butter possesses higher therapeutic properties. East African shea 

butter has a sweeter scent than West African shea butter. Eastern African shea 
0 

butter is rare because of lower production lands and civil unrest in Uganda and 

Sudan (Nature's Shea Butter, 1998). 

Furthermore, because East African shea butter is a soft butter; it is more sensitive to 

temperature changes during transit and may melt at temperatures as low as 65 °F 

(18.3 °C) (Nature's Shea Butter, 1998). 

There is some confusion as to which shea butter is better, West African (Vitellaria 

paradoxa) or East African (Vitellaria nilotica). East African shea b7tter  is different 

from the West African varieties in that it is higher in olein (the liquid part of the 

shea butter). As a result of this, East African shea butter is softer and more fragrant 

than West African shea butter. The product is highly valued and gives Ugandan 

women farmers over five times the amount received by their West African 

counterparts (Natural Shea Butter, 2009). 
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However, East African or Ugandan shea butter has a higher absorption rate due to 

lower saturated fatty acids. East African shea butter has less vitamin A and less 

sterol. For a natural vitamin A cream or to use for prevention of stretch marks, one 

must use West African shea butter and for a natural, intense moisturizer, East 

African shea butter is better (Natural Shea Butter, 2009). Ugandan shea butter is 

excellent for dry knees, elbows, rough hands and dry scalp. It is especially helpful 

for dry scalp, dermatitis, eczema, sunburn and as a lip balm (Natural Shea Butter, 

2009). 

2.5 Shea butter storage 

Shea butter does not need to be refrigerated. However, over a period of two or 

three years, the shea butter will begin to lose some of its properties/qualities. As the 

natural ingredients begin to break down, some of the healing benefits will be 

reduced, but the shea butter will continue to be an effective moisturizer. Shea butter 

must be stored in a cool (not necessarily cold) place. One of the great things about 

shea butter is its low melting point, as a result when applied to the skin, it literally 

liquefies (Natural Shea Butter, 2009). 

2.6 Shea Shea butter colour 

The colour of unrefined shea butter depends on the shea nuts used. Shea butter 

varies in colour from almost white to yellow. Refined shea butter will also vary in 

colour. The authenticity or quality of shea butter cannot be determined based on its 

colour. Naturally golden yellow coloured shea butters are also in existence. Shea 
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butter should never be extremely hard or greasy though. Most shea butters are 
VW. 

creamy in colour and a pure white one is highly refined and may or may not have 

its healing properties intact depending on-the refining process (Natural Shea Butter, 

2.7 Health benefits of using shea butter 

2.7.1 Skin, scalp, and hair emollient and moisturizing activity 

It is easy to find shea butter as an active ingredient in moisturizers (Kraft and 

Lynde, 2005). Due to the semi-solid characteristics and buttery consistency, shea 

butter can be used as great emollient (having the quality of softening or soothing 

the skin) and moisturizer without further processing. In addition, fractionated shea 

butter especially olein fraction is easily formulated into creams or surfactant based 

products such as bath products and shampoo to provide the skin, scalp, and hair 

with well-maintained or increased moisture and at the same time to deliver 

antioxidants in unsaponifiable fraction to the skin and hair (Alander, 2004; Rogers 

and O'lenick, 2007). 

Shea butter provides moisture to dry or damaged hair from the roots to the very 

tips, repairing and protecting against weather damage, dryness and brittleness. It 

also absorbs quickly and completely into the scalp to rehydrate without clogging 

pores. It is particularly beneficial for processed and heat-treated hair. It is an 

excellent treatment foK dry scalp. It restores lustre to damaged hair (Natural Shea 

Butter, 2009). 
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2.7.2 Shea butter benefits to the skin 

Shea butter nourishes the skin with Vitamins A, E and F. Vitamins A and E help 

maintain the skin and keep it clear and healthy. They are particularly helpful for 

sun damaged skin and helps to prevent premature wrinkles and facial Ites. Vitamin 

F acts as a skin protector and rejuvenator. It soothes rough, dry or chapped skin and 

helps soften dry or damaged hair. Shea butter is high in unsaponifiables (a type of 

fat). Shea butter has between 7-12 % unsaponifiables. For comparison, avocado 

oil, a well-known skin conditioner, has between 2-6 %. This high level of 

A 	 unsaponifiables is one of the properties that make shea butter so invaluable in 
0 

treating skin conditions (Natural Shea Butter, 2009). 

Also, shea butter easily penetrates the skin allowing the skin to breathe and not 
0 

clogging pores. Shea butter has a high level of cinnamic acid, a natural sun screen 

EA 
and so provides some degree of protection from the sun (Natural Shea Butter, 

2009). 

Several customers have used shea butter for eczema and/or psoriasis and confirmed 

that it worked as well as steroids at a fraction of the cost and without the side 

effects. Acustomer who was allergic to the sun used our Shea butter lotion (not 

even pure shea butter) she accidentally discovered that it prevented the rash she 

normally would get from even a small amount of exposure to the sun (Natural Shea 

Butter, 2009). 
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2.7.3 Anti-aging properties of shea butter to the skin 

Skin-rejuvenating effect of shea butter is usually stated on the shea butter products 

or their advertisement and this property of shea is likely to be attributed to the 

inhibition of structural protein-degrading enzymes. Cot gen and elastin are the 

major structural proteins providing skin with toughness and plumpness and a-

amyrin and lupeol, the triterpenes also found in the unsaponifiable fraction of shea 

butter, were found to contribute to the inactivation of proteases such as 

metalloprotease (e.g., collagenase) as well as serine protease (e.g., elastase) 
— . 

(Alander, 2004). 
0 

2,7.4 Sun-screening function of shea butter 
0 

Sun-screens decrease the amount of ultraviolet (UV) radiation reaching the skin, 

preventing erythema (superficial reddening of the skin caused by dilatation of the 

blood capillaries, as a result of injury or irritation) or reducing further risk of sun- 

induced skin-cancer. Within the UV spectrum, UVB (ultra violet beam of relatively 

short wavelength) radiation (290-320 nm) is the major cause of 

photocarcinogenesis since UVB directly, interacts with cellular DNA and 

subsequent formation of cyclobutane pyrimidine dimers and thymine glycols 

(Velasco et al., 2008). 

Cinnamate esters of triterpene alcohol which are the main constituent of shea 

butter's unsaponifiable fraction are known to have strong absorbance Qf UV 

radiation in the wavelength range at 250-300 nm, which make the addition of shea 

butter's unsaponifiables into sun-screens providing synergistic sun-protection by 
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increasing absorption of UVB radiation. However, the effectiveness of the 

triterpenes is somewhat doubtful since studies using double-fractionated shea butter 

with 20 % of triterpene esters revealed that this triterpenic fraction only provided 

the sun protection factor (SPF) (-24ander and Andersson, 2002; Alander, 2004). 

2.7.5 Anti-inflammatory and anti-tumour properties of shea butter 

The traditional use of shea butter in African folk medicine has been greatly 

attributed to the anti-inflammatory properties of shea butter, which may be related 

to the unsaponifiable fraction, especially triterpene alcohols and phytosterols. 

Although, there is a lack of studies using unsaponifiable components (lupeol, a-

amyrin, and (i-amyrin) specifically isolated from shea butter, several studies have 

focused on the same components found in other species. The triterpenes, a-, and 13-

amyrin extracted from Protium heptaphyllum were effective in reducing the 

production of proinflammatory cytokines related to acute periodontal inflammation 

(Holanda et al., 2008). 

Lupeol from the latex of Leptadenia hastata showed slightly higher anti-

inflammatory effect when compared to the well-known agent indometachin in 

oedema (a condition characterized by an excess of watery fluid collecting in the .°11.  

cavities or tissues of the body) models (Nikierna et al., 2001). In addition, Acacia 

visco extracts where the lupeol, a-amyrin, and 13-amyrin are the main triterpenes, 

showed significant oedema inhibition (Pedernera et al., 2010; Concise Oxford 

Dictionary, 2004). 
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Shea butter contains several derivatives of cinnamic acid, a compound common to 

cinnamon and balsam tree. In May 2010 issue of "Journal of Oleo Science", 

Akihisa et al. (2010) published the results of a study that investigated the effects of 

4 triterpene cinnamtes isolates from shea butter on tts*ue swelling in mouse skin. 

The scientists discovered that shea butter not only demonstrated anti-inflammatory 

benefits, but one compound, lupeol cinnamate also prevented tumour development 

in a carcinogenesis test, a procedure in which cancer cells are literally 'grown" in a 

culture dish (Akihisa et al., 2010). 

2.7.6 Hypersensitivity-alleviating effect of shea butter 

Wiedner (2008) found that pharmaceutical composition containing at least 5 % of 

shea butter's triterpenes such as butyrospermol, lupeol, parkeol, germanicol, 

dammaradienol, 24-methylene-dammarenol, and a- and 3-amyrins effectively 

suppresses hypersensitivity reaction in a mammal such as Immunoglobulin E (IgE)-

mediated allergic reactions and autoimmune reactions. 

2.7.7 Other healing qualities and uses of shea butter 

The traditional use of the shea butter is to reduce the appearance of fine lines, scars, 

and stretch marks and to ease a variety of skin irritations such as•psoriasis, eczema, 

and sunburn. Makers of cosmetics also mix this natural substance with other 

botanical ingredients. Shea butter is ideal for the topical application of, cosmetic 

and medicinal formulas, because it melts on contact and is readily absorbed into the 

skin, without leaving a greasy residue (Akihisa et al., 2010). The healing qualities 
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of shea butter are due to the presence of several fatty acids and plant sterols, 

namely oleic, stearic, palmitic and linolenic acids. These oil-soluble components 

are non-saponifiables, meaning they do not undergo saponification or convert to 

sogt when introduced to an alkali. Shea butter possesses a significantly greater 

non-saponifiable fraction than most other nut oils and fats, which lends it greater 

healing potential for the skin (Akihisa et al., 2010). 

2.8 Chemical composition of shea butter 

2.8.1 Fatty Acids 

A fatty acid is composed of a long hydrocarbon chain ("tail") and a terminal 

carboxyl group (or "head"). The carboxyl group is normally ionised under 

physiological conditions. Fatty acids occur in large amounts in cells but rarely in 

the free, uncomplexed state. They typically are esterified to glycerol or other 

backbone structures. Most of the fatty acids found in nature have an even number 

of carbon atoms (usually 14 to 24). Certain marine organisms, however, contain 

substantial amounts of fatty acid with odd number of carbon atoms (Garrett and 

Grisham, 2002). 

Fatty acids are either saturated (all carbon-carbon r Onds are single bonds) or 

unsaturated (with one or more double bonds in the hydrocarbon chain). If a fatty 

acid has a single double bond, it is said to be monounsaturated, and if it has more 

than one, it is polyunsaturated. 

Fats consumed in the modern human diet vary widely in their fatty acid 

compositions. The incidence of cardiovascular disease is correlated with diets high 
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in saturated fatty acids. By contrast, a diet that is relatively higher in unsaturated 
.11011.1. 

0 

fatty acids (especially polyunsaturated fatty acids) may reduce the risk of heart 

attacks and strokes. Margarine made from corn, safflower, or sunflower oils is 

much lower in saturated fatty acids than butter, which is made from millrq'at 

(Garrett and Grisham, 2002). 

Garrett and Grisham (2002) further reported that, although vegetable oils usually 

contain higher proportion of unsaturated fatty acids than animal oils and fats, 

several plant oils are actually high in saturated fats. Palm oil is low in 

polyunsaturated fatty acids and particularly high in (saturated) palmitic acid 

(whence the name palmitic). The double bonds found in unsaturated fatty acids are 

nearly cis configuration and this causes a bend or "kink" in the fatty acid chain. 

This bend has salient consequences for the structure of biological membranes.. 

Saturated fatty acid chains can pack closely together to form ordered, rigid arrays 

under certain conditions, unsaturated fatty acids prevent such close packing and 

produce flexible, fluid aggregates (Garrett and Grisham, 2002). 

Some fatty acids are not synthesised by mammals and yet are necessary for normal 

growth and life. These essential fatty acids (EFAs) include linoleic (omega-6 fatty 

acid) and a-linoTenic acids (Omega-3 fatty acid). These must be obtained by 

humans in their diet (specifically from plant sources). Arachidonic acid which 

cannot be found in plants can only be synthesised by mammals from linoleic acid. 

At least one function of the essential fatty acids (EFAs) is to serve as a precursor 

for the synthesis of eicosanoids, such as prostaglandins, a class of compounds that 
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exert hormone-like effects in many physiological processes (Garrett and Grisham, 

2002). 

2.8.2 Stearic Acid 

Stearic acid is the saturated fatty acid with an 18 carbon chain and has the IUPAC 

name octadecanoic acid. It is a waxy solid, and its chemical formula is 

CH3(CH2)16CO2H. The salts and esters of stearic acid are called stearates. Stearic 

acid is one of the most common saturated fatty acids found in nature (Gunstone et 

al., 2007). 

It occurs in many animal and vegetable fats and oils, but it is more abundant in 

animal fat (up to 30%) than vegetable fat (typically < 5%). The important 

exceptions are cocoa butter and shea butter where the stearic acid content (as a 

triglyceride) is 28-45% (Beare-Rogers, 2001). In epidemiologic and clinical studies 

stearic acid was associated with lowered Low-Density Lipoprotein (LDL) 

cholesterol (the bad cholesterol) in comparison with other saturated fatty acids 

(Hunter et aL, 2010) 

2.8.3 Palmitic acid 

Palmitic acid, or hexadecanoic acid in IUPAC (International Union of Pure and 

Applied Chemistry) nomenclature, is the most common fatty acid (saturated) found 

in animals, plants and microorganisms (Gunstone et al., 2007). Its molecular 

formula is CH3(CH2)14CO2H. As its name indicates, it is a major component of the 

oil from palm trees (palm oil, palm kernel, and oil), but can also be found in meats, 
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cheeses, butter, and dairy products. Palmitate is a term for the salts and esters of 

palmitic acid. The palmitate anion is the observed form of palmitic acid at basic 

pH. Palmitic acid mainly occurs as its ester in triglycerides (fats), especially palm 

oil but also taltrtv. It was discovered by Edmond Fremy in 1840, in saponified 

palm oil (Fremy, 1842). Palmitic acid is prepared by treating fats and oils with 

water at a high pressure and temperature (above 200 °C), leading to the hydrolysis 

of triglycerides. The resulting mixture is then distilled (Anneken et al., 2006). 

According to the World Health Organization, evidence is "convincing" that 

consumption of palmitic acid increases risk of developing cardiovascular diseases, 
0 

placing it in the same evidence category as trans fatty acids (World Health 

Organization, 2003). 

2.8.4 Oleic Acid 

Oleic acid is a fatty acid that occurs naturally in various animal and vegetable fats 

and oils. They are odourless and colourless oils, although commercial samples may 

be yellowish. In chemical terms, oleic acid is classified as a monounsaturated 

omega-9 fatty acid, abbreviated with a lipid number of 18:1 cis-79. It has the 

formula CH3(CH2)7CH=CH(CH2)7COOH. The term "oleic" meanrrelated to, or 

derived from olive, the oil that is predominantly composed of oleic acid (Thomas, 

2000). It also makes up 59-75 % of pecan oil (Villarreal-Lozoya et al., 2007) 61 % 

of canola oil (Canola Council of Canada, 2008) 60 % of macadamia oil, 20-85 % of 

sunflower oil (the latter in the high oleic variant) 15-20 % of grape seed oil, sea 

buckthorn oil, and sesame oil (Villarreal-Lozoya et al., 2007) and 14 % of 
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poppyseed oil (Untoro et aL, 2006). It is abundantly present in many animal fats, 

constituting 37 to 56 % of chicken and turkey fat and 44 to 47 % of lard (Nutter et 

al., 1943). 

Oleic acid may hinderiliie progression of adrenoleukodystrophy (ALD), a fatal 

disease that affects the brain and adrenal glands (Rizzo et al., 1986). Oleic acid 

may be responsible for the hypotensive (blood pressure reducing) effects of olive 

oil (Teres et al., 2008). Adverse effects also have been documented, however, since 

both oleic and monounsaturated fatty acid levels in the membranes of red blood 

cells have been associated with increased risk of breast cancer (Pala et al., 2001). 

2.8.5 Linoleic Acid (LA) 

Linoleic acid (LA) is an unsaturated omega-6 fatty acid and a colourless liquid at 

room temperature. Chemically, linoleic acid is a carboxylic acid with an 18-carbon 

chain and two cis double bonds; the first double bond is located at the sixth carbon 

from the methyl end (Anneken et al., 2006). Linoleic acid belongs to one of the two 

families of essential fatty acids. The body cannot synthesize linoleic acid from 

.other food components (Burr, 1930). 

gr. 
LA is a polyunsaturated fatty acid used in the biosynthesis of arachidonic acid 

(AA) and thus some prostaglandin: It is found in the lipids of cell membranes and 

abundant in many vegetable oils, comprising over.half (by weight) of poppy seed, 

safflower, sunflower, and corn oils (United States Department of Agriculture, 

2007). A diet only deficient in linoleic acid causes mild skin scaling, hair loss 
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(Cunnane and Anderson, 1997) and poor wound .healing in rats (Ruthig and 

Meekling-Gill, 1999). 

2.9 Effect of post-harvest processes on shea butter quality. 

Shea butter samples from nuts roasted at 140, 160 and 180 °C were extracted by the 

traditional water displacement method, and by mechanical extraction, using the 

screw press. Aliquot of the shea butter from nuts roasted at 160 °C was bleached. 

The bleached and unbleached samples were stored in opaque plastic containers, 

amber coloured clear glass bottles and clear colourless glass bottles for .28 days at 

63 °C (Akingbala et al., 2007). Refractive index, free fatty acid content and 

peroxide value of the butter samples determined at 7-day intervals during storage, 

increased with increasing duration of storage, and nut roasting temperature. 

Shea butter produced by the traditional method had higher refractive index, 

peroxide value, and free fatty acid content than mechanically extracted shea butter 

from similarly treated nuts (Akingbala et al., 2007). Shea butter is .a plant fat, 

which is derived by the polymerization of primary product of photosynthesis. It has 

a degree of saturation of 476.7 and it is solid at room temperature of up to 30 °C 

(Green and Hilditch, 193 tr 

230 Free Fatty Acid (FFA) 

Akingbala et al. (2007) reported that free fatty acid of the shea butter generally 

increased during the first 21 days of storage, and then decreased except for shea 

butter extracted by the traditional method from nuts roasted at 140 °C. However, 
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the increase in the free fatty acid content was minimal and not significant in the 

first 7 days of storage. The decrease in the free fatty acid content of shea butter, 

between 21 and 28 days of storage might be due to oxidation of free fatty acid to 

peroxide, resulting in a sharp increase in the peroxide value drithea butter during. 

The free fatty acid content of shea butter increased significantly as roasting 

temperature of the nut increased. Shea butter extracted by the traditional method 

had higher free fatty acid content than shea butter extracted through pressing 

probably due to hydrolysis, which might have occurred during extraction with 

A 	 water (Akingbala et al., 2007). 

The bleached butter had the highest free fatty acid content due to the extra heat 

treatment used for the bleaching process. Furthermore minerals in the clay used for 
0 

the bleaching process could have induced hydrolysis of the shea butter into glycerol 
EA 

and free fatty acids (Akingbala et aL, 2007). Tiehisuma Ghana Limited (2005) 

reported that all shea butters are not the same. There are three grades of unrefined 

shea butter; grade A with FFA < 2 %, grade B with FFA < 3 %, and grade C with 

FFA < 4 %. Some shea butters do not even fall within this range and could have 

FFA's up to 7 %. High free fatty acid level means that the percentage of the butter 

.41M. 

C anno t be utilised in any chemical reaction and therefore is waste. High FFA also 

means that the shea butter has a short shelf-life and will soon go rancid. 

2.11 Acid values and titration 

The acid value denotes the number of mL of potassium hydroxide (KOH) required 

to neutralize the free fatty acids in 1 g of the fat. The acidity is an expression of the 
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content of free fatty acids as content of dominant or chosen fatty acid. Acidity 

refers to the property of being acidic or the amount of hydrogen ions present in a 

substance. However, titration is one method used to determine the acidity of the 

shea butter (Quaittoo, 1996). Acid-base titration or titrimetry iglit process used to 

determine the concentration of acid or base (alkaline) in a substance (Quaittoo, 

1996). 

Acid value is a measure of the extent to which glyceride in the oil has been 

decomposed by lipase or other actions such as heat and light. This determination is 

often used as a general indication of the condition and eligibility of the oil (Kirk 

and Sawyer, 1991). The acid values of shea butter are 3.82 mg KOH/g in Nigeria 

(Chukwu and Adgidzi, 2008) and 10.51-11.94 mg KOH/g by Megnanou et al 

(2007) in Cote d'ivoire. 

2.12 Peroxide Value 

The peroxide value of unbleached shea butter did not increase significantly until 

after 14 days of storage. There were higher peroxide values of fats from nuts 

roasted at higher temperatures and from the bleached fat compared to fat from nuts 

roasted at lower temperatures due to removal, of the tocopherol group, by heat and 

filtration, and other natural antioxidants present in the fat. The fat extracted by 

traditional method had greater peroxide value than that extracted by press 

especially after 21 days storage at 63 °C and this might be due to lipoxygenase-

catalysed lipid oxidation (Akingbala et al., 2007). The decrease in the free fatty 

acid content of shea butter, between 21 and 28 days of storage might be due to 
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oxidation of free fatty acid to peroxide, resulting in a sharp increase in the peroxide 

value of shea butter during the same period (Akingbala et al., 2007). 

2.13 Effect of packagin material on quality of stored butter 

Akingbala et al (2007) established that, generally there was increase in free fatty 

acid, peroxide value and refractive index of shea butter in the three packaging 

materials, with respect to increasing storage period. The increase was greater in 

terms of the free fatty acid, peroxide value and refractive index of shea butter in the 

three packaging materials, with increasing storage. The clear amber coloured bottle 

offered less protection against rancidity compared to the opaque plastic bottle, 

while the clear colourless bottle was the least protective of the packaging materials 

(Alcingbala et al., 2007). The lower peroxide value, free fatty acid and refractive 

index of fat stored in plastic containers may be due to the relatively greater opacity 

of plastic compared with the transparent glasses, since photo-oxidation occurs 

faster in the presence of light (Aurand et al., 1987). 

The relatively higher increases in free fatty acid, peroxide value and refractive 

index of bleached butter may be as a result of the high bleaching temperature and 

the removal of natural antioxidants during bleaching (Oboh et al., 1981), also the 

presence of metals in the clay which would have acted as pro-oxidants. The opaque 

plastic container offered the best protection from oxidation of the shea butter, as 

indicated by the lower values of the free fatty acid content, peroxide value and 

refractive index (Akingbala et al., 2007). 
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2.14 Some factors affecting the refractive index of. stored shea butter 
OM,  

It has been reported that refractive index increased significantly during the Schaal's 

accelerated storage of shea butter at 63 °C. The increases depended on roasting 

temperature of the nuts, the extraction method, whether the fat was bleached and on --"" 

length of storage. The refractive index has been used as an index at storage to 

determine stability towards rancidity, thermal stability and changes in fat 

crystalline structure. The refractive index generally increased with increase in the 

duration of storage, with the bleached sample having the greatest refractive index at 

28 days of storage. High levels of increase in the refractive index of fat or oil 

generally depict a high level of instability of the material (Akingbala et al., 2007). 

Yen (1991) used refractive index to compare the thermal stahility of soya bean oil 

with the stability of oils from roasted and unroasted sesame seeds. Arys et al. 

(1969) also reported an increase in the refractive index of stored shea butter and 

related refractive index to rancidity (smelling or tasting unpleasant as a result of 

being stale or highly unpleasant; repugnant). Changes in the refractive index of fat 

may reflect changes in the crystallinity of the fat. The greater increase in the 

refractive index of the bleached shea butter thus indicates greater instability of the 

fat to storage (Akingbalate al., 2007 and Concise Oxford Dictionary, 2004). 

The refractive index increased with the nut roasting temperature for both methods 

of extraction. However, except for the bleached sample and the mechanically 

extracted sample from nuts roasted at 160 °C, the refractive index of the shea butter 

samples did not increase significantly until after 14 days of storage. The induction 
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0 

0 

period for the bleached shea butter and the sample extracted mechanically from 
011111. 

nuts roasted at 160 °C was 7 days during storage at 63 °C (Akingbala et al., 2007). 

2.15 Triglyceride.fraction 

Shea butter fatty acids are composed dominantly of palmitic (16:0), stearic (18:0), 

oleic (18:1), and linoleic (18:2) acids. Stearic and oleic acids dominate almost 40-

45 % of total fatty acids respectively and linoleic acid (omega 6 fatty acid) 

generally ranges from 5-10 %, followed by palmitic acid at 4 % with lower 

amounts of arachidonic acid and others (Alander, 2004). Compared to grape seed 

oil (total saturated fatty acids: 10.4-14.3 % of total fatty acids), olive oil (12.7-16.2 

%), and canola oil (5.5-7.7 %) which are liquid at room temperature and have 

saturated fatty acids less than 20% of total fatty acids (Baydar et al., 2007; 

Damodaran et al., 2008; Samman et al., 2008). 

Shea butter contains relatively high amount of saturated fatty acids, which is 

responsible for its solid to semi-solid state at room temperature. Shea butter fatty 

acids were found to vary across the African countries (Di Vincenzo et al., 2005). 

_The composition of.triglyceride§ in shea butter was found to be quite similar to that 

of cocoa butter as stated by Alander (2004). The similarity was also found in the 

fatty acid composition (Lipp et al., 2001). The 42 samples of cocoa butter studied 

were found to contain palmitic (26.2 % of total fatty acids), octadecartoic (stearic) 

(35.8 %), octadecenoic (oleic) (33.6 %), linoleic (2.7 %), and arachidonic acid (0.9 

%). Although the major fatty acids showed some degree of variation, the profile of 
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the both cocoa and shea butters were characterized by the high levels of slearic and 

oleic acids. 

2.16 Unsaponifiable fraction 

Unsaponifiables are substances dissolved in fat which are insoluble in aqueous 

solution but soluble in organic solvent after saponification (Hamilton and Rossell, 

1986). Unsaponifiable fraction comprises only a small part of shea butter compared 

to triglyceride fraction, yet shea butter has been characterized to have unusually 

high amounts of unsaponifiables compared to other vegetable oils and fats. The 

amount of unsaponifiables in shea butter ranged from 4 to 11 % by weight (Itoh et 

al., 1974; Peers, 1977; Hamilton and Rossell, 1986; Lipp and Anklam, 1998, 

Alander, 2004), while typical vegetable oils and fats contained lower levels (0-2%) 

(Gutfinger and Letan, 1974; Itoh et al., 1974; Peers, 1977; Itoh et al., 1980; 

Hamilton and Rossell, 1986). 

The unsaponifiables of plant oils and fats has been the subjects of intense research 

due to their various bioactivities including antioxidant, antimicrobial and anti-

inflammatory (Alander, 2004). Several studies havefound that the unsaponifiable 

fraction of shea butter is dominated mostliTy triterpene alcohols, followed by 

hydrocarbons, sterols, and other minor components such as vitamin E (Itoh et al., 

1974; Lipp and Anklam, 1998; Alander, 2004), with minor differences within each 

group. Unsaponifiable matters are known to be potential source of nutraceuticals as 

well as being a good stabilizer in lipids (Shahidi and Zhong, 2010). Therefore, the 

relatively large amount of unsaponifiables in shea butter compared to many other 
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plant-derived oils suggests that shea is a promising source of natural ingredients for 

many applications in cosmetics, foods, and pharmaceutical industries. According to 

Itoh et al. (1974), shea butter's unsaponifiable fraction was found to be composed 

of 75 % of triterpene alcohols which are usually esterified mAth cinnamic acid or 

fatty acids, 18 % of less polar compounds such as hydrocarbons, 5 % of sterols and 

2 % of methyl sterols. 

2.17 Fractionation and chemical composition 

The chemical composition of shea butter can be modified by fractionation that 
O 

produces hard stearin (the fraction rich in stearic acid provides the potential to be 

solid at room temperature) and liquid olein (the fraction rich in oleic acid provides 

the ability to be liquid at room temperature). The chemical composition of 

unrefined, liquid (shea butter fractionated to be rich in liquid olein), and 

concentrated shea butter was recently compared by Alander and Andersson (2002) 

as shown in Table 1. 

As the level of fractionation increased from unrefined, liquid to concentrated, the 

levels of unsaponifiables increased from 8, 10 to.25 %. As the total unsaponifiables 

increased, total tocopherols were also increased from 100-150 ppm, 150-200, to 

250-300 ppm, respectively (Alander and Andersson, 2002). In addition, it was also 

found that the composition of fatty acids changed with decrease in the ratio of 

stearic acid to oleic acid as fractionation furthered. As a result, the percentage Qf 

stearic acid decreased from 42 %, 27 % to 9 %, while that of oleic acid increased 

from 45 %, 57 % to 68 %, respectively. 
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Table 1: Chemical composition of shea butter and the fractionated products 

Component ...... Unrefined 	. 

butter 

shea Liquid shea butter Shea 	butter 

concentrate 

Glycerides (%) 92 • 90 -15 

Unsaponifiables (%) 8 10 25 

Tocopherols (ppm) 100-150 150-200 

. 

250-300 

Fatty 

acids 	(%. 

of 

glyceride 

fraction) 

Palmitic 4 5 6 

Stearic 43 28
'  

10 

Oleic 46 58 69 ' 

_., 
Linoleic 7 

. 

9 15 

Source: Alander and Andersson (2002) 

2.18 Factors influencing the quality of Shea butter 

2.18.1 Regional variability of shea butter's characteristics 

The fatty acid composition of the West African Vitellaria paradoxa subspecies 

paradoxa and the East African Vitellaria paradoxa subspecies nilotica showed 

considerable subspecific variation.. The subspecies paradoxa exhibited the typical 

fatty acid profile of commercially available shea butter where stearic and oleic 
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fatty acid profile of commercially available shea butter where stearic and oleic 
111 

acids are almost in similar amounts, while the subspecies nilotica is characterized 

by higher levels of oleic acid, thus providing a better product for the cosmetic 

industry. However,•the butter from subspecies nilotica is hardly found on the 

market presently due to political instability of northern Uganda and southern Sudan 

where this subspecies is the major source of shea butter and thus the inconsistent 

supply (Ferris et al., 2001). 

Di Vincenzo et al. (2005) found that the Ugandan shea populations were 

characterized by high levels of oleic acid (57.8 %) while the West African 

populations from Mali, Burkina Faso, and Nigeria showed lower percentages of 

oleic acids ranging from 42.0 to 46.2 %. The regional variation of the four major 

fatty acids, palmitic, stearic, oleic, and linoleic acids has been reviewed by several 

studies as shown in Table 2 and 3. 

Geographical variation appears to influence fatty acid composition. Shea butters 

from Chad and Uganda showed relatively higher amounts of oleic acids (57.8-68.0 

%) and lower amounts of stearic acid (22.5-28.9 %) whilst shea butter from West 

Africa such as Benin, Burkina Faso, Cote d'Ivoire, Mali, and Nigeria live similar 

levels of stearic acid (31.1-46.8 %) and oleic acid (39.3-47.5 %) (Clifu, 1989; 

Lipp and Anklam, 1998; Ferris et al., 2001; Di Vincenzo et al., 2005). Shea butter 

samples coming from the same country can atso show varied fatty acid composition 

(Table 2), owing to the genetic variation or the processing methods used. For 

example, the samples from Mali (Di Vincenzo et al., 2005) contained 3.3 % of 

palmitic acid and 43.3 % of stearic acid while the sample from the same country 
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(Ferris et al., 2001) was also reviewed to have 19 % of palmitic acid and 31.1 % of 

stearic acid. 

Table 2: Regional Variability of Fatty Acid Composition (% Total Fatty 

Acids) Of Shea Butter 

Origin Palmitic 

16:0 

Stearic 

18:0 

Oleic 

18:1 

Linoleic 

18:2 

References 

Benin 3.8 44.1 43.8  6.65 Lipp et al., 1998 b)  

Burkina 

Faso 

12.1 42.5 39.3 4.5 Ferris et al., 2001a)  

• 
• 

Burkina 

Faso 
- 

3.3 43.5 44.5 5.9 Di Vincenzo et al., 

2005 
. 

Cote 

d'Ivoire 

6.6 46.8 51.4 8.4 Lipp et al., 1998")  

Mali 3.3 43.3 44.6 6.0 Di Vincenzo et al., 

2005. 	. 

Mali 19 31.1 
-. 

42.6 5.7 Ferris et al., 200P)  

Nigeria 4 

4E¢ 

46 41 7 •Badifu, 1989 

Nigeria 3.4 43.8 44.3 5.8 Di Vincenzo et al., 

2005 

Nigeria 3.2 	' 38.9 47.5 6.5 Ferris et al., 2001x) 

eaning of uperscripts in the 6 column of the table 

a) Reviewed the study conducted by the Ben Gurion" University, Israel. 

b) Reviewed the study conducted by Jacobsbers (1977) 
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Table 3: Fatty acid composition of shea butter from Burkina Faso, Mali, 

Nigeria, and Uganda 

Fatty 	acid 

composition 

(%) 

Burkina Faso Mali 
—if 

Nigeria Uganda 

Palmitic 3.27 3.34 3.35 4.16 

Stearic  43.52 43.31 43.80 28.90 

Oleic 44.48 44.56 44.34- 57.76 

Linoleic 5.90 	. 5.97 5.80 6.3I 

Sum 97.17 97.18 97.29 97.13  

ource: Di Vincenzo et 	(2005) 

2.19 Processing Methods and Shea Butter Quality 

2.19.1 Effect of extraction method on shea butter quality 

Lxtraction of Shea butter is done using several methods that can either stimulate or 

prevent the degradation of shea butter. The processing methods are presumed to be 

a major underlying cause in the differences in the quality characteristics among the 

shea butter extracted from different places. Mbaiguinam et al. (2007) found that 

extraction using hexane or the extraction method which included the parboiling of 

the seeds yielded butter with almost half the level of free fatty acids as compared to 

shea butter extracted without seed-boiling procedure. While the shea butters from 

hexane extraction and the procedure involving parboiling of seeds revealed acidity 

of 5.1-5.5 %, the butters extracted from sun dried nuts, with no boiling, showed 

much higher levels of acidity (10.3-10.6 %). 
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2.19.2 Effect of solvent extraction on butter quality 

The type of the solvents used in the extraction of shea butter from the kernel can 

influence several quality --ciaracteristics including total vitamin E content and 

peroxide value. In a study conducted by Kar and Mital (1981), petroleum ether, n-

hexane, chloroform, benzene, and water were used in extraction of shea butter. It 

was found that water extraction yielded almost half or less the amount of total fat 

from the kernel. They also reported that the butter extracted with organic solvents 

contained nearly 0.01 % of vitamin E and showed no detectable level of peroxides 

while the butters extracted with water contained no detectable levels of vitamin E 

and higher values of peroxides, showing that water extraction can promote the 

oxidation of shea butter. 

2.19.3 Effect of extraction temperature on butter quality 

Temperature involved in the extraction of shea butter is also an important factor 

related to shea butter's quality. In a study conducted by Olaniyan and Oje (2007), 

four different temperatures were used in dry extraction of shea butter from the 

kernels which were heated to 50, 70, 90, and 110 °C respectively. It was foundlRat 

the moisture content decreased as the-  temperature increased, though temperature 

above 90 °C resulted in deleterious effect on quality characteristics due to excessive 

burning of the shea butter. 

Increased temperature was linked to lower specific gravity due to expansion of the 

oil and thus the volume increased. Increased extraction temperature also led to shea 
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butter with high levels of free fatty acids due to thermal, destruction of oil cells and 

increase in lipase activity, higher peroxide and rancidity values, as well as 

decreased palatability due to decreased ester value (Olaniyan and Oje, 2007). 

2.20 Quality Standards of Shea Butter 

2.20.1 Available standards for shea butter 

Quality standard for shea butter has been developed by ProKarite, a project 

managed by the World Agroforestry Centre and funded by CFC/FAO (Common 

Fund for Commodities/Food and Agriculture Organization) and approved by 

UEMOA (Union Economique Monetaire Ouest Africaine) (Lovett et al., 2005). 

This regional standard board has proposed sensory, physical and chemical 
• 

characters that define the quality of shea butter, including colour, odour, taste, free 

fatty acids, peroxide value, insoluble impurities, moisture content, volatile matters, 

soap content, relative density, refractive index, saponification value, unsaponifiable 

matters, iodine value, and melting point. ProKarite has developed a grading system 

using the salient quality characters for shea butter, including moisture content, free 

fatty acid, peroxide value, and-insoluble impurities as shown in Table 4. 

According to this standard, tg best quality shea butter (Grade 1) can be used by the 

cosmetic and pharmaceutical industries, and food products. Grade 2 shea butter can 

serve the needs of the food industry for manufacturing confectionery, chocolate, 

edible oil, and as serve as a base for margarines. Grade 3 shea butter is 

recommended to be used in soap-making or can be used for food products only 

after it is refined. 
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Table 4: Quality characteristics and grades of shea butter 

Parameters 

Shea butter 

Grade 1 Grade 2 Grade 3 - 

Min. Max 	--.4 Min. Max Min. Max 

Moisture content (%) < 0.05 0.05 — 0.2 > 0.2 — 2.0 

Free fatty acid (%) < 1.0 1.0 — 3.0 > 3.0 — 8.0 

Peroxide 	value 

(meq/kg) 

< 	10.0 

. 
• 

10.0 — 15.0 	- . >15.0 — 50.0 

Insoluble 	impurities 

(%) 

< 0.09 

- 

0.09 — 0.2 

_ 

> 0.2 — 2.0 

Source: Regional Technical Committee Comments on Draft Africa Regional 

Standard for Shea Butter (2006). 

The American Shea Butter Institute (ASBI) is a United States (US) based 

organization which has adopted its own grading system. The butter is graded A to 

D, and even sometimes F. ASBI (2011) conducts routine laboratory analysis of the 

physical and chemical properties and also conducts predicts on the potential shelf 

life of products based on the studies. 

2.21 Moisture content 

The mean moisture content of shea nuts samples from Paga was 6.83 % arid a 

standard deviation of 1.30 %. Samples from Kawampe recorded the lowest mean 

moisture content of 5.23 % and Nyankpala also recorded 5.55 % (Quainoo et al, 
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2012). The high moisture content of the nuts in Paga may be attributed .to the fact 
OM. 

that shea nut is the main cash crop in the Upper East Region of Ghana and there is 

tremendous pressure to pick every nut including immature nuts. However, in 

Kawampe and Nyankpala, there are other sources of income generating activities 

(root and tuber crops) for the farmers resulting in less pressure in nut collection 

hence, low moisture of the nuts (Quainoo et al, 2012). 

2.22 Fat content 

The mean fat content of samples from Kawampe was 52.69 % (highest) with a 

standard deviation of 2.55 %. This was closely followed by samples from 

Nyankpala with a mean fat content of 52.19 %. Samples from Paga recorded the 

lowest fat content with a mean of 48.84 % (Quainoo et al., 2012). However, 

Quainoo et al (2012) further reported that, these differences in fat contents could be 

attributed to rainfall and temperatures. Kawampe is located between Buipe and 

Kintampo in the transitional forest zone of Ghana with higher rainfalls and 

moderate temperatures in contrast to Paga located in the northern part of Ghana 

with lower rainfalls and higher temperatures. The low fat content may be due to the 

picking of immature nuts (Quainoo et al., 20175. 

2.23 Quality characteristics of West African shea butter 

Sensory, physical and chemical parameters especially, moisture content, insoluble 

impurities, free fatty acid, and peroxide value are used to assess the quality of the 

shea butters. These parameters have been considered as the key parameters to 

41 

www.udsspace.udsa.edu.gh 

 

 



determine the potential for degradation and thus to define the grades of shea 

(Regional Technical Committee Comments on Draft Africa Regional Standard for 

Unrefined/Refined Shea Butter, 2006). 

Lovett (2004) reported that these parameters provide information on the 

degradation and potential rancidity of the shea butter, while the active principal 

contents such as total unsaponifiables are indicators that determine the bioactivities 

of shea butter. Therefore, shea butter with maximum amounts of unsaponifiables 

are usually preferred in the cosmetics, body care product, or pharmaceutical 
- • 

industries, while for the food industry minimum amounts are usually preferred 

(Lovett, 2004). 

0 

1,04 2.24 Effects of storage of fruits on primary processing of shea.nuts 

Traditionally, fruits are not picked or collected every day and even if fruits are 

picked daily, some are missed out because of the weedy nature of the terrain and 

may be collected the next time round (Aculey et al., 2012). Fruits after being 

picked are eventually heaped and left for a length of time to soften up and ease the 

depulpmg process. The nuts from•the fully ripped fruits kept for 3 days before 

processing had mainly light brown to brown shining shells. Nuts from the fully 

ripped fruits kept for eight (8) days (some already de-pulped) before' processing 

were mainly brown to dark dull brown in appearance and started to germinate. The 

long storage periods before de-pulping resulted in more infested, black and 

germinated kernels than those stored for shorter periods. This is translated into 
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higher free fatty acids (FFA) and hence the quality of the butter obtained. Fruits 

should not be kept too long before processing (Aculey et al., 2012). 

The first step of the primary processing from the picking or collection of the fresh 

fruits to the drying of the kernel are of critical importance to the finailluality of the 

Shea butter. The only way to reduce fungal problems is to ensure boiled nuts are 

dried quickly and efficiently on raised drying mats or inside solar-dryers which 

have been found to be effective. The practice of storing fruits to soften up for 

depulping should be restricted to not more than three days before processing to 

A improve processed nut, kernel and butter quality (Aculey et al., 2012). 
0 

0 

43 

www.udsspace.udsa.edu.gh 

 

 



CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Experimental sites 

The study was conducted at the University for Development Studies (UDS) 

Spanish laboratory, Nyankpala in Ghana. Shea fruit samples were obtained from 

the Zoolanyili Community located within the catchment area of Nyankpala. The 

location lies between latitude 9°21'45"N and longitude 0°58'42"W with an altitude 

of 183 m above sea level. Zoolanyili falls within the hot. dry savannah zone. 
0 

Rainfall is monomodal and occurs in April to October, with the dry season 

0 	
occurring from November to March. The average rainfall distribution per annum is 

1200 mm, with temperatures fluctuating between 19 °C and 42 °C (SARI, 2004). , 

ri4 

3.2 Experimental material and sample size 

The shea fruits were obtained from "Zoolanyili", a community located in the Tolon 

District of the Northern Region. The shea fruits were collected from different trees 

grouped by the ram.  ers as local varieties or lines based on indigenous knowledge. 

The local name of the shea kernels that were obtained from these shea fruits were 

`Than bihi' (small shea kernels), 'Than sagisima' (medium shea kernel), and `Than 

kara zaayini' (large shea kernels) and 'Than kara debayi (very large shea kernels) 

and the glucose content of pulp 'Taan nyagisa' (very sweet or sweetest) and 'Taan 

piti' (less sweet or sweet). Forty (40) shea fruits from each of the varieties were 

freshly picked at random and labelled. The shea fruits were depulped, parboiled, 
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sun-dried, shelled and sun-dried again without roasting until the moisture content 

was between 5 and 7 percent before the butter was extracted. The shea kernels of 

the six varieties (from left to right); the first four are based on shea kernel sizes 

(VI, V2, V3, and V4) and the last two based on sugar content of the pulp (V5 and 

V6) can be found in plate 2. 

V1 t 	V2 

V3 V4 

V5 V6 

Plate 2: The shea kernels of the six varieties 
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33 Experimental design 

Completely Randomised Design (CRD) was employed in the experimental process. 

The shea kernels were partitioned into six varieties (VI, V2, V3, V4, V5, and V6) 

based on indigenous knowledge viz; shea kernel size and glucose (sugar) content or 	—4 

taste of the pulp. The first four varieties were based on the shea kernel sizes 

namely; Variety 1 (V 1 or 'Than bihi' (small shea kernels), Variety 2 (V 2 or 'Tam 

sagisima' (medium shea kernels), Variety 3 (V 3 or 'Tam kara 1' (large shea 

kernels) and Variety 4 (V 4 or 'Than kara 2' (very large shea kernels). The varieties 

based on sugar content of pulp were Variety 5 (`Taan nyagisa', very sweet). and 
0 

variety 6 (`Taan piti', sweet). The diameter, weight, and sugar content range of the 

varieties can be found in Tables 8 and 9. The shea kernels (experimental units or 
0 

plots) were grouped such that shea kernels in each stratum (block) were as similar 

as possible (homogeneous) to reduce variability within blocks and to increase 

variability between blocks (due to heterogeneity between blocks). The same 

treatments were administered to all the varieties 

3.4 List of equipment and their roles in the research 

Digital vernier caliper: For defrrmining the diameters (mm) of the shea kernels 

Refractometer: It was used to ascertain the sugar content of the shea pulp 

Sartorius weighing scale: for determining the weight (g) of the shea samples 

P-Selecta Solvent Recovery Machine (Soxhlet device): to determine the shea 

butter content of the shea kernel. Voltage supply: 115230 volts. Capacity: 6 

thimbles. Timer: 0-60 minutes 

46 

www.udsspace.udsa.edu.gh 

 

 



Titration Apparatus (examples are Burette, Pipette, and Conical flask): For 

determining the acidity of the shea butter 

P-Selecta Electric oven (0-250 0C): For sterilizing specific laboratory apparatus. - 

Tong: For removing sterilized apparatus ft-0Th the oven 

Desiccator: For cooling sterilized equipment or hot shea samples after experiment 

P-Selecta Ashing Furnace: For determining the ash content of the shea kernel 

Fibre analyser: For determining the fibre content of the shea kernel 

High Performance Liquid Chromatography (HPLC): For determining the 

fructose content of the shea fruits 

3.5 Brief classificfation of the shea varieties 

The brief classification of the six (6) Shea varieties is shown in Tables 5 and 6. 

Table 5: Classification of Shea varieties based on kernel sizes 

Varieties 

(V) 	' 

Indigenous 

name 	(in 

Dagbanli) 	•  

Meaning 	of 

Indigenous 

name 

Diameter range 

of shea kernels 

(mm) 

Weight 	range 	of 

shea kernels (g) 

Vi `Taan bihi' 

• 

Small 	shea 

kernel 

2.17-2.87 1178-14.35 

V2 ‘Taan sagisima' Medium 	shea 

kernel 

3.22-4.43 14.52-17.9 

V3 'Than 	kara 

Zaayini' 

Big 	or 	large 

shea kernel 

4.53-4.83 18.94-19.13 

. 

V4 'Than 	kara 

Debayi' 

Very 	big 	or 

very large shea 

kernel 

6.90-7.56  19.86-21.56 
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Table 6: Classification of Shea varieties based on sugar content of pulp 

Varieties (V) Indigenous 	name 

Dagbanli) 	- 

(in Meaning 

Indigenous name 

of Sugar 

range (%) 

content 

V 5 'Than nyangisa' Very sweet pulp 26-28 • 

V 6 `Taan piti' Sweet pulp 15-18 

3.6 Processing of Shea Fruits 

3.6.1 De-pulping of the shea fruits 

The shea fruits were washed under running tap water and transferred into a plastic 

bowl. Fruits were then mashed with the hands to remove the pulp (epicarp a6d 
• 

mesocarp) from the shea nut (shell and kernel). The shea nuts were separated and 

washed to remove remnants of the pulp for parboiling. 

3.6.2 Parboiling of de-pulped shea nuts 

The samples were partly cooked by boiling. The de-pulped shea fruits or shea nuts 

were transferred into an aluminium saucepan containing water and boiled for about 

40 minutes at 100 °C to kill the embryo or kernel to avoid germination and to 

cleave the bond between the shea kernels and the seed coat together with the shell 

(endocarp) for easy cracking and removal of the kernels after drying. This 

prevented the testa from adhering to the shea kernel when parboiling was done 

efficiently. 
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3.6.3 Sun-drying and shelling of parboiled shea nuts. 

The parboiled shea nuts were further dried in the sun on a cleaned cement floor for 

5 days to dehydrate the endocarp or shell until the shea kernels shook loosely in 

threir shells for easy cracking and removal of the shea kernel. The shells were 

cracked manually with the thumb and index finger until all the shea kernels were 

accessed. 

3.6.4 Sun-drying of the shea kernels 

The shea kernels obtained after shelling the shea nuts were dried in the sun during 

the day and collected when rain threatened or before night fell and kept on 

cemented floor for about three weeks until the moisture content reduced to about 5-

7 percent or lower since lower moisture contents enhances the longevity of the shea 

kernels. The surrounding was devoid of moisture or water and was airy to prevent 

the shea kernels from developing moulds as mouldiness proliferates the free fatty 

acid content of the fat in the kernel which will later lead to rancidity. 

3.7 Determination of shea kernel sizes (diameter and weight) 

The shea kernel sizes were determined using the digira71 vernier caliper by placing it 

horizontally in the jaw of the caliper to hold it firmly. The caliper was first 

examined to ensure that it was functioning properly and then calibrated to the zero 

mark. The knob was adjusted to open the jaws and the shea kernels were 

sandwiched between the jaws horizontally. The jaws were closed using the knob to 

hold the kernels firmly to prevent them from falling. The readings were taken from 

49 

www.udsspace.udsa.edu.gh 

 

 



the glass window on the caliper. The weights of the shea kernels were determined 

using the Sartorius weighing scale. 

3.8 Determinatiotilif the glucose content of the pulp using a refractometer 

The hand held digital refractometer was calibrated to the zero percent mark by 

dropping distilled water on its objective lens after which it was viewed through the 

eye-piece lens with the aid of sunlight to ensure that it read zero (meaning there is 

no sugar in the water) and cleaned with cotton wool before the sugar levels were 

determined. 
0 

The fresh shea fruits were washed under running tap to remove foreign or 

0 	
unwanted materials on them. They were then mashed with the hands in a plastic 

bowl and with the aid, of dropper aliquots of the pulp (0.1 ml) were taken. The 

transparent glass on the objective lens was lifted and a drop of the pulp deposited 

on the objective lens. The glass was allowed to descend slowly on the drop of pulp 

sample on the refractometer. The refractometer was then subjected to sunlight and 

using the principle of refraction a shadow or a dark area appeared on the graduated 

scale looking via the eye-piece lens and the reading was taken on top of 	darker 

area. After each reading, cotton wool was used to clean the objectivens and the 

refractometer calibrated to the zero mark before other readings were taken. The 

procedure was repeated three times for each variety. 
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3.9 Moisture content determination of shea kernels and shea butter. 
OM. 

The Sartorius Moisture Analyser was employed to determine the moisture content 

of the ground kernels and the extracted shea butter. This device is incorporated with 

the method of the Association of Official Analytical Chemist (AOAC, 2003) Vtich 

allows the use of 5 g of each sample. 

3.9.1 Description of procedure 

The dried shea kernels were broken into smaller pieces using a grinding stone. The 

A broken kernels were transferred into the mortar and pestle and pounded into a fine 
0 

paste until they could permeate a 1 mm diameter sieve. 

The sieved kernels particles were mixed together to ensure homogeneity. The 
0 

digital moisture analyser was connected to the switch and the lid opened. About 

5.0-5.5 g of the ground kernel was transferred into the receptacle in the digital 

moisture analyser using a spatula and then covered. The ground kernels were dried 

to a constant weight at an auto drying temperature of 105°C. Three replicates were 

obtained. The shea butter was also taken through the same process. The ground 

kernels and shea-butters were dried to a constant weight and the loss in weight 

expressed as a Tiircentage of the initial weight of the sample gave the moisture 

content in percentage employing the formula: 

W1 - W2 
Moisture content = 	

W3 	
X 100 
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Where W1 is the initial weight of shea kernel or butter, W2 denotes the constant 

weight of the shea kernel or butter after oven drying, and W3 is the initial weight of 

shea kernel or butter. 

3.10 Determination of Shea butter content of kernels 

The Soxhlet extraction device was used in recovering the oils or fats from the 

ground shea kernels. The manufacturer of the Soxhlet extractor JP Selecta and the 

model was Det-Gras N6P made in 2000 (September). This method of extraction 

was synonymous to that of the AOAC (2003). 
• 

3.10.1 Procedure for the shea butter content determination 

The thimble support, thimbles, support rack for thimbles, aluminium tubes for 

thimble support, aluminium solvent beakers, and spatula, were oven-dried for about 

1 hour at 100°C to sterilize the apparatus. The tong was used to remove the items 

from the oven. The empty aluminium beakers were pre-weighed so that after the fat 

extraction its weight would be subtracted to attain the precise weight of the shea fat 

(extract). A thin layer of cotton—wool was kept beneath the thimble to prevent some 

of the ground kernels from permeating or seeping into the aluminium beaker during 

extraction. 

The ground kernel in the glass beakers was homogenized or mixed thoroughly with 

the aid of a spatula. The thimble support (with magnetic properties) was fixed on 

top of the thimble. It was then placed on the scale and adjusted to zero (that is the 

weight was nullified). The ground kernel was fetched into the thimble and the exact 
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weight of the ground kernel was recorded as the sample weight. Another cotton 

wool layer was used to cover the weighed samples of the ground kernels in the 

thimble. This was repeated three times for each sample to reduce experimental 

errors. The thimbles together with its supports were fixed into the lifting handle 

until all the six spaces were occupied with the thimbles. Each thimble was 

identified with an indelible marker for easy identification of samples. 

3.10.2 The Extraction Process 

The lifting handle containing the ground kernel samples were taken to the Solvent 

Recovery Extractor. 

riate 	Introduction of samples into the Solvent Recovery Extractor (Soxhlet 

device) 
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The Extractor was pre-heated to warm it up, by switching on the heating unit for 30 

minutes before use. The prepared cartridges formed by placing the thimbles in the 

aluminium tubes for thimble support was finally introduced into the extractor, and 

with the help of the-magnetic clip in the extractor the thimble support was attracted 

and adjusted to ensure that each cartridge adhered to each magnet on each column 

a in the extractor. 

The lifting (transport) handle (containing samples) was finally removed. The levers 

of each column in the extraction unit were shifted or located to the rinsing position. 

A The aluminium beakers were filled with 50 ml of petroleum ether and then placed 
0 

or fitted into the beaker rack. With the aid of the aluminium beaker rack, the 

beakers containing the petroleum ether were introduced into each column of the 
0 

extractor and adjusted until they fell in line with thimbles and the white talons. 

The lateral lever was pulled and the aluminium beakers adjusted to ensure that each 

thimble containing the sample is directly suspended in the beaker containing the 

petroleum ether, so that when the levers in each extraction column are shifted to the 

boiling position the thimbles containing the ground shea kernels can be immersed 

in the ether. The evaporation valve was kept off. 

The lateral lever was then lowered and the beakers were aligned so thlr they are 

inserted under the piece of white teflon in each extraction column. The unit was 

now ready for the extraction and from this point the petroleum ether cycle begun: 

boiling, evaporation, condensation. The samples were now subjected to the solvent 

action of the petroleum ether, in the gas as well as the liquid state, extracting the fat 

from the ground kernels into the aluminium beaker as shown in plate 3. 
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The Shea kernels were taken via the boiling phase, rinsing phase, ether recovery .... 

phase, ether evaporation phase to obtain the shea butter. The shea butter obtained 

was expressed as a percentage of the initial weight of the kernel using the formula: 

weight of the extracted fat 
% Fat content -- X 100

weight of the shea kernel used 

3.11 Determination of acidity of the Shea butter samples 

Potassium hydroxide (0.1 M) was prepared. The blank titration was done by 

pipetting 25 ml of absolute ethanol solution and 25 ml of diethyl ether (DEE) into a 

conical flask without the shea fat samples added. Three (3) drops of the indicator 

(phenolphthalein) was added and titrated with the KOH with the aid of the digital 
- 	 - 

burette until a persistent pinkish colouration was obtained and the amount of KOH 

consumed (in ml) was recorded. It was repeated three times and the average found 

to reduce experimental error. 

3.11.1 Preparation of solvents for dissolving the shea butter samples. 

A solvent mixture of 25 ml of DEE and 25 ml of absolute ethanol was prepared for 

dissolving the shea fat sample. The shea fat samples (solid state) were placed in 

water bath for about five minutes to convert it to the liquid state (oil). About 1 g of 

each shea fat sample was weighed in a conical flask. The solvent mixture of 25 ml 

of DEE and 25 ml of absolute ethanol was added to the fat samples and swirled 

until all the fat samples were completely dissolved. Three drops of phenolphthalein 

indicator was added and with the aid of the digital burette, the 0.1 M of KOH was 
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titrated against the dissolved shea fat until a persistent pinkish colouration was 

obtained. 

The volume of KOH (in ml) used for the titration was noted. Three (3) replicates 

were obtained for each sample. The Ai value was computed using the formula 

below: 

(V—Va)XNXM 
Acid Value 	  

PE X 10 

Where V is the volume in millilitres (ml) of potassium hydroxide (KOH) used for 

titrating the shea butter; Vo is the volume in ml of KOH used for the blank 
0 

titration; N is the normality mo1/1 of the KOH; M is the molar mass in g/mol of the 

fatty acid used in the expression of the result; PE is the weight of the shea butter 

110,  

The free fatty acid formula used is shown below; 

Free Fatty Acid, 	
FFA (%) = Acid Value 

0 
sample used (French Standard, 1985) 

1.99 

3.12 Determination of the Ash Content of the Shea kernel 

The crucibles were oven dried at 105 °C for 30 minutes together with the ground 

shea kernel. It was removed and cooled in a desiccator for 30 minutes and weighed. 

With the aid of the spatula 2 g of the shea kernel was transferred into the crucible. 

It was inserted into the furnace for ashing at 540 °C for 2 hours. The crucibles with 

the ash were removed and cooled in a desiccator for 30 minutes and weighed 

according to the standards of AOAC (2003). The ash content was determined using 

the formula below: 

6M6 
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WI — W2 
Ash Content = 	

W3 	
x 100 

Where w 1 is the weight of the crucible and ash, w2 is the weight of the crucible, 

and w3 is the weight of the shea kernel (AOAC, 2003). 

3.13 Determination of the Fibre Content of the Shea kernel 

The fibre analyser was used to determine the fibre content of the shea kernel. The 

fibre bags were labelled with an acid resistant marker to prevent its removal by the 

sulphuric acid (H2SO4) used in the extraction process. The oven dried shea kernels 

were transferred (1 g) into the fibre bags and sealed to encapsulate the sample with 

4 mm allowance left on top. The fat was extracted first by soaking them in 350 ml 

of petroleum ether for 10 minutes and allowed to air-dry to expel the_petroleum 

ether after the petroleum ether was poured off. The defatted shea kernel samples in 

the fibre bags were moved to the fibre analyser vessel and taken through several 

processes according to the standards of AOAC (1990) and Goering and Van Soest 

(1970) to recover the fibre. The fibre content was determined using the formula 

below: 

w3 — (w1 x cl) 	• 
Fibre Content = 	

w2 	
x 100 

Where w3 is the weight of organic matter (loss of weight on ignition of bag and 

fibre), w 1 is the weight of the fibre bag, cl is the ash corrected blank bag factor 

(loss of weight on ignition of blank bag/original blank bag), w2 is the weight of the 

sample (shea kernel). 
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3.14 Determination of fructose content using the High Performance Liquid 

Chromatography (HPLC) 

The rirrettof the two varieties Shea butter fruits (about 2.0 g) was extracted with 5 

ml of methanol for 24 hr and filtered using Whatman filter paper. Ten microliters 

(10p1) of the filtrate was injected onto HPLC column to estimate the fructose 

content. Standard stock solutions of 100 mg/ ml of fructose standard was prepared 

using methanol (HPLC grade) as diluent. The solution was sonicated for complete 

dissolution of the standard. 

An HPLC analysis of metformin was performed with the Agilent Chemstation 

HPLC system, consisting of 1260 Quart HPLC pump, ASL (airway surface liquid) 

Prep autosampler, and Multiple wavelength detector. A Supelco C18 reversed 

phase column (250mm x 4.6mm, 51.1m) was used for the chromatographic analyses 

of fructose. The mobile phase was 100% methanol (HPLC grade) adjusted to a 

flow rate of 0.6 ml/min with the UV detector set at 233 nm (Swadesh, 2001). 

The formula used for computing the fructose content of the shea pulp is shown 

below: 

wl 
Fructose Content = —

w2 
x 100 

Where wl denotes the weight or quantity of sugar extracted using the methanol and 

w2 is the weight of rind used for the extraction (Swadesh, 2001). 
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3.15 Statistical analysis 

Data was analysed using Genstats 9th edition (the one-way linear Analysis of 

Variance (ANOVA) model) at 5 % significance level and MicrosofrrvIS) excel 

2007 edition. The results were presented in tables and figures. 
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CHAPTER FOUR 

4.0 RESULTS 

4.1 Physical characteristics of shea kernels based on kernel sizes 

The results of this study were centred on the following parameters:4e diameters 

and weights of the shea kernels, the sugar contents of the pulp of shea fruits, 

moisture content of the shea kernels and the extracted shea butter, the shea butter 

content of the kernels, and free fatty acid contents of the extracted fat. 

The physical characteristics (weights and diarheters) of the shea kernel varieties 

were significantly different (P < 0.05) as shown in Table 7 below. Variety 4 

recorded the highest weight and diameter with variety 1 yielding the lowest as 

shown in Figures 2 and 3 respectively. Rows with different superscripts had 

different treatment means. This was so because the difference between two 

treatment means was greater than the standard error of the mean (SEM). The SEM 

is the standard error of difference (SED) multiplied by 2. Table 7 also showed that 

there were no significant differences (P > 0.05) between the moisture contents of 

the varieties based on indigenous knowledge. However, varieties 1 and 4 recorded 

the highest and lowest moisture contents respectively (Figure 4) 
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Parameters V 1 V3 V4 SED P-value SD 

14.04a 

5.528  

16.23b 

5.34a 

19.01c 

5.268  

20.84d 

5.08a 

< 0.001 

< 0.001 

0.62 

1.84 

2.84 

0.38 

0.35 

0.79 

0.33 

Note: V 1 to V 4 denotes Varieties 1 to-4. CV denotes the coefficient of Variation. 

Weight (g) 4.70' 2.59a 7.25d 3.666  

Diameter 

(mm) 

Moisture 

content 

7 - 

6 - 

cet 
5 

GO • 
4 - 

aU 

Table 7: Mean characteristics of shea varieties based on kernel sizes 

8 

—o--We,ight (grams) 

0 

  

• 

   

    

VI. 	 V2 	• V3 	 V4 

Variety 

Figure 2: Mean weight of shea kernel of varieties based on kernel sizes 
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Figure 3: Mean diameter of shea kernel of varieties based on kernel sizes 

5.6 - 

5.5 - 	 —4--M. C. of Kernel (%) 

5.4 - 

5.3 

5.2 - 

5.1 

5 

4.9 

4.8 

V2 	 V3 
	

V4 

Variety (V) 
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4.2 Sugar content of pulp and moisture content of shea kernel 

The results in Table 8 revealed that there was a significant difference (P < 0.05) in 

the sugar contents of the pulp of the varieties based on pulp's sweetness at 5 % 

level of significance (Table 8). Variety 5 (`Taan nyagisa') recorded a higher mean 

sugar content than variety 6 (`Tann piti'). Rows with different superscripts implied 

that there was difference between two treatment means. There was no significant 

difference (P < 0.05) between the moisture contents of the two varieties as shown 

in Table 8. 

Table 8: Mean characteristics of ground shea kernels based on pulp sweetness 

Parameter V 5 V 6 SED P-value SD 

. 

CV (%) 

Content (%) 27.00' 16.67b  

_ Sugar  

1.05 < 0.001 5.78 5.90 

Moisture 

content 5.678  5.668  0.48 0.97. 0.52 10.3 

Note: V 5 and V6 denote Varieties 5 and 6. 

4.3 Shea butter, moisture, and free fatty acid contents 

The results showed that there was significant difference (P < 0.05) between the 

mean shea butter content of the varieties based on shea kernel sizes (Table 9). 

Variety 4 had the highest oil content with variety 1 recording the lowest shea butter 

content (Figure 5). There was also no significant difference (P > 0.05) between the 

moisture contents of the varieties. There were no differen.ces between the treatment 

means of any two varieties although varieties 2 and 3 recorded the highest and 
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lowest moisture contents respectively (Figure 6). There was no significant 

difference between V 1, V 2, and V 3 in terms of free fatty acids but there was 

difference between variety 4 and the remaining three (V 1, V 2, and V 3) as shown 

in Table 9. Varieties 4 and 1 recorded the highest and lowest free fatty acids 

respectively as shown in Figure 7. Rows with different.ouperscripts implied that 

there were significant differences as shown in Table 9. 

Table 9: Mean characteristics of shea butter from varieties based of shea 

kernel sizes 

Parameters V 1 V 2 V 3 V 4 SED P-value SD CV (%) 

Shea butter 

content 39.50' 48.40b  52.50b  53.70b  3.50 0.013 6.90 8.80 

content 3.60a  3.66a  

Moisture  

3.22a  3.64a  0.89 0.95 0.95 30.90 

acid 

Free fatty  

3.03a  3.43' 3.37a   6.01b  0.23 < 0.001 1.27 7.00 
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Figure 77 Mean free fatty aid content of the butter of shea varieties bastd on 

kernel sizes 

4.4 Characteristics of shea butter based on pulp's sugar content 

The result showed that there was significant difference (P < 0.05) between the shea 

butter contents of the `Ta.an nyagisa' (Variety 5) and the 'Taan phi' (Variety 6) as 

shown in Table 10. In terms of shea butter content V 5 was higher than V 6. The 

rows with different superscripts indicated that there were differences between the 

treatment means. However, the moisture contents in this case showed a significant 

difference (P < 0.05). Furthermore, the free fatty acids were significantly different 

(P < 0.05) (Table 10). The variety 6 had a higher free fatty acid than variety 5 as 

shown in Table 10. 

law 
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Table 10: Mean characteristics of shea butter based on the sugar content of 

the pulp 

Parameters V 5 V 6 SED 

--4 

P-value SD CV (%) 

Shea butter 

content 55.58a  53.75b  0.56 0.03 1.17 1.30 

Moisture 

content 2.328  0.95b  0.52 0.06 0.95 39.00 

Free fatty 

acid 0.708  

• 

0.97b  0.06 0.01 0.16 9.30 

4.5 Chemical characteristics of shea kernels based on kernel sizes 

The results in Table 11 showed that there was significant difference (P<0.05) in the 

ash content of the varieties based on kernel sizes at 5 % significance level. Variety 

2 (V 2) recorded the highest whilst varieties 1 and 4 recorded the lowest ash 

content values (Figure 8). Rows with different superscripts indicated that there was 

significant difference betweeri two treatment means whilst those with the same 

superscripts implied there was no significant difference (Table 11). 

However, based on mean fibre contents, there was significant difference (P<0.05) 

between all the four varieties with varieties 1 and 4 recording the highest and 

lowest respectively (Figure 9). 
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Table 11: Mean characteristics of the shea kernels based on kernel sizes 

Parameters V 1 V 2 V 3 V 4 SED P-value SD CV 

—4 (%) 

Ash content 2.17a 3.676  3.506  2.17a  0.20 0.001 0.76 8.70 
(%) 

Fibre 

content (%) 19.32a 13.646  17.25'  9.76d 1.78 0.02 4.12 11.9 

4 - 

3.5 - 

3 - 

A
sh
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nt
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—+—Ash content 

 

0 1  
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Figure 8: Mean ash content of the kernel of shea varieties based on kernel size 
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Figure 9: Mean fibre content of the kernel of shea varieties based on kernel 
IMP 

size 

4.6 Chemical characteristics of shea kernel and pulp 

Table 12 showed no significant difference (P>0.05) between the shea varietal lines 

based on the sugar content of the pulp although variety 5 recorded the highest mean 

ash content value. Rows with the same superscripts revealed, that there was no 

significant difference betwenrthe treatment means (Table 12). 

The mean fibre content in Table 12 revealed that there was no significant difference 

(P>0.05) despite the fact that variety 6 recorded the highest value. However, there 

was difference between the treatment means of varieties 5 and 6 since the 

difference between the treatment means (8.3) was greater than the standard error of 

the mean (5.42). 
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There was a high significant difference (P<0.05) in the fructose content of the pulp 

of the varieties based on sugar content of the pulp (Table 12). Variety 5 recorded 

the highest fructose content. There was also difference between the treatment 

means of the varieties and this confirms the results obtained from the use of the 

refractometer (Table 12). 

Table 12: Mean characteristics of the shea kernels based on the sugar content 

of pulp. 

Parameter V 5 	_.. V 6 SED P-value SD CV (%) 

Ash content 

(%) 2.67a  2.50a  0.17 0.37 0.20 7.90 

Fibre content 

(%) 23.70a  32.00b  2.71 0.09 5.26 9.70 

Fructose 

(g/100g) 9.68 ± 0.94 5.23 ± 0.44 - - - - 
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CHAPTER FIVE 

5.0 DISCUSSION 

5.1 Weight antrtliameter 01 anea kernel based on indigenous knowledge 

The results obtained implied that the shea varieties had an impact on the weight and 

diameters of the shea kernels as shown in Table 7 since there were significant 

differences between the weight and diameters of varieties 1, 2, 3, arid 4. Variety 4 

recorded the highest weight and diameter whilst variety I recorded the lowest. It 

may therefore be concluded that the varietal differences lie in diameter and weight 
• 

of the shea kernels based on indigenous knowledge. 

• 

5.2 Moisture contents of the shea kernels based on shea kernel sizes 

Although variety I recorded the highest moisture content and variety 4 recorded the 

lowest there was no significant difference (P > 0.05) between the four varieties 

(Table 7) three weeks after sun-drying. Kpelly (2012) reported that, in 2005 the 

quality standard for moisture content was 6 %. Furthermore, the standard had 

deteriorated to 9 % and if the trend continued Ghana could lose out to other shea 

producing nations and see dramatic price decreases, as lack of qualiT; would reduce 

premiums paid by buyers. The moisture contents of the shea kernels used in this 

study were between 5.08 % - 5.66 % which is very promising since it reduced from 

the quality standard of 6 % and was not even closer to the moisture content of 9 % 

estimated to be deteriorating (Table 7). Aculey et a! (2012) also confirmed that 

kernels irrespective of the duration of par-boiling attained the desired 7-7.5 % 
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moisture content in 7 days if solar dried while drying on the mat and floor took 11 

and 14 days to dry. However, in this study the shea kernels were sun-dried on a 

cemented floor for 21 days hence the longer the period of drying, the lower the 

moisture content which a ees with the findings of Aculey et al. (2012) as 

expressed in Table 7. 

Furthermore, the mean moisture content of shea nuts samples from Paga was 6.83 

%. Samples from Kawampe recorded the lowest mean moisture content of 5.23 % 

and Nyankpala also recorded 5.55 % (Quainoo et at, 2012). The high moisture 
• 

content of the nuts in Paga was attributed to the fact that shea nut was the main 
O 

cash crop in the Upper East Region of Ghana and there was tremendous pressure to 

pick every nut including immature nuts. However, in Kawampe and Nyankpala, 

there were other sources of income generating activities (root and tuber crops) for 

the farmers resulting in less pressure in nut collection hence, low content moisture 

of the nuts (Quainoo et at, 2012). The moisture content (5.55 %) of the Nyankpala 

shea nuts used by Quainoo et al (2012) was within the same range (5.080 % - 5.670 

%) as the shea kernels obtained from the Zoolanyili community for this study and 

coincidentally, .both communities are located in the same Tolon District in Ghana 

(Table 7). 

Shea kernels are usually dried to about 12 % moisture to increase the shelf life and 

to make it suitable for shea butter extraction (Yidana, 2007). The findings in this 

study disagreed with Yidana (2007) report (Table 7). All the moisture contents of 

the varieties obtained in this study were lower and since moisture content has a 

correlation with the shelf-life, the shea kernels of the varieties used in this study 
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should have a long shelf-life since the highest moisture content was 5.67 % whilst 

the lowest was 5.08 %, both of which are even lower than the 12 % recommended 

by Yidana (2007) (Table 7). These results would help to classify or separate the 

shea nuts and shea butter into varieties to prolong their shelf-life (to stay longer 

before turning rancid), since the traditional ones on the market today are a mixture 

of different varieties (they have different shea nut sizes and some have pulps 

sweeter than others). 

Furthermore, CRIG (2012) established that moisture content of about 7 % may 

increase the shelf life of the kernel by about two years. Nonetheless, the moisture 

contents in this study disagreed with the standard by CRIG (2012). However, if 7 

4)/0 could augment the storage life for about two years then the lcwer the moisture 

content (between 5.08 to 5.67 %) of the shea kernels used in this study could stay 

for more than 2 years (Table 7). 

5.3 Sugar content of the pulp of varieties based on indigenous knowledge 

The results obtained showed that varietal differences lie in the sugar contents of the 

pulp since variety 5 had highe'r sugar content. The difference between the sugar 

contents of varieties 5 and 67as 10.33 % which implied that variety 5 was sweeter 

than variety 6. This resulted in the high significant difference between the two 

varieties as expressed in Table 8. 
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5.4 Moisture contents of the shea kernels based on shea pulp's sugar content. 

The varieties based on pulp sugar content also had no impact on the moisture 

contents of the shea kernels just like the other varieties (Table 8). The results-

obtained were not different from (no signifirint difference between their moisture 

contents) the varieties based on shea kernel sizes. The quality standard for the 

moisture contents of shea kernels seven years ago was 6 % and had deteriorated to 

9 % (Kpelly, 2012). The findings in this study do not agree with the assertion made 

by Kpelly (2012) despite the fact that variety 5 and variety 6 were 0.33 % and 0.34 

% lower than the quality standard (6 %) and even lower than the deteriorating 

moisture content (9 %) as expressed in Table 8. 

5.5 Shea butter content of the varieties based kernel sizes 

The mean shea butter content of variety 1, 2, 3, and 4 were 39.50 %, 48.40 %, 

52.60 %, and 53.70 % respectively (Table 9). Variety 4 recorded the highest fat 

content with variety 1 as the.  lowest. This implies that the bigger the shea kernel the 

more butter it contains. There was significant difference (P < 0.05) between the fat 

contents of the variety 1 and varieties 2, 3, and 4 based on shea kernel sizes. 

However, there was no difference between the treatment means of variety 2, 3, and 

4 (Table 9). The results showed that the bigger the size of the shea kernel the more 

the shea butter that may be obtained from it and the smaller the shea kernel the 

lower the shea butter it may yield. 

Comparatively, the only variety that had shea butter content lower than that 

standard (48 %) was variety 1 (39.5 %). The rest were all above 50 %, refuting the 
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assertion made by Kpelly (2012) that the standard of oil content has deteriorated 

except for variety 2 which was 0.04 % higher than the standard of Kpelly as in 

Table 9. Quainoo et al. (2012) also established that the mean fat content of samples 

from Kawampe was 52.69 % (highest) with a standard deviation of 2.55. This was 

closely followed by samples from Nyankpala with a mean fat content of 52.19 %. 

Samples from Paga recorded the lowest fat content with a mean of 48.84 % and 

these differences in fat contents were attributed to rainfall and temperatures 

(Quainoo et al., 2012). However, variety 1, 2, and 3 with values 39.5 %, 48.4 %, 

and 52.60 % respectively (Table 9) had lower fat content than obtained by Quainoo 

et al. (2012), whilst the remaining varieties recorded higher fat contents. 

In Nigeria, it has been established that shea nut was obtained abundantly from Oyo 

State and most of the Northern States containing 45-60 % fat (Oluwole, 2004; 

Purseglove, 1979). This report agreed with fat contents obtained for some of the 

varieties (2, 3, and 4) used in the study. It was variety 1 that recorded a mean of 

39.5 % fat content which disagreed with the range provided by Purseglove (1979). 

Tano-Debrah and Ohta (1994) also reported that shea kernels yield between 35 to 

60 % butter. The findings in this study agreed with the reports made by Tana-

Debrah and Ohta (1994) despite the fact that the butter contents of these varieties 

were greater than 35 % and less than 60 % (Table 9). 

5.6 Moisture content of the shea butter based on sizes of shea kernels 

The result showed that the varietal differences had no effect on the moisture 

contents of the shea butters obtained (Table 9). Shea butter from variety 2 had the 
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highest moisture content and variety 3 recorded the lowest moisture content. There 

was no significant difference (P > 0.05) between the mean moisture contents of the 

shea butters obtained from varieties based on kernel size (Table 9). 

After two months of storage the moisture content of the she butter remained 

constant at 5 % irrespective of the storage material used (Honfo et al., 2010). The 

lowest and highest moisture contents in this study were 3.66 % and 3.22 % 

respectively which contrast with the report made by Honfo et al. (2010), that 

moisture contents of shea butter was 1.34 % and 4.05 % (Table 9). The relatively 

low moisture content was desirable in fat and oil to preserve the shelf-life because 

oxidative rancidity, microbial growth and infestation were prevented by moisture 

removal (Mitta and Paul, 1997). From the above report all these varieties in this 

research work have excellent moisture contents for both shea kernels and shea 

butter. 

5.7 Free fatty acid values for shea butter of varieties based on shea kernel sizes 

The free fatty acid values of the shea butter obtained from these varieties based on 

shea kernel sizes showed that the varietal differences affected the free fatty acid 

content of the shea butters extracted (Table 9). From the results it can be said that 

variety 4 had the highest free fatty acid and variety 1 had the lowest. The free fatty 

acid value for variety 4 was about two times that of the remaining three. This may 

be due to the fact that some of the variety 4 shea kernels were invaded by 

caterpillars (the larvae of butterfly or moth) during storage. These caterpillars 

burrowed into the shea kernels and developed into butterflies destroying the shea 
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butter quality and this may have culminated in the proliferation of the free fatty 

acid. The result showed significant difference (P < 0.05) between the free fatty acid 

values of the varieties based on shea kernel sizes. However, there were no 

differences between the treatment means of variety 1,. variety 2, and variety 

(Table 9). 

According to the Regional Technical Committee Comments on Draft Africa 

Regional Standard for Shea Butter (2006) the following are the free fatty acid 

values used for grading shea butter: those with values less than 1.0 % are grade one 

(1) shea butters used by the cosmetic and pharmaceutical industries,. and for direct 

consumption, those greater than 1.0 to 3.0 % are grade two (2) used by the food 

industry for manufacturing confectionery, chocolate, edible oil, and a base for 

margarines, and grade three (3) are those with free fatty acid values greater than 3.0 

— 8.0 % which serve the soap-making industry or are further refined for direct 

consumption (Table 9). However, from this study the free fatty acid (FFA) values 

of shea butters of all the varieties based on shea kernel sizes fell between 3.0 — 8.0 

% of the grade three (3) of the Regional Technical Committee Comments on Draft 

Africa Regional Standard for Shea Butter (2006) indicating that they can only serve 

the soap-making industry or be further refined for direct consumption based on the 

free fatty acid value. Nonetheless, Aculey et al. (2012) reported that 5.00 % was the 

recommended FFA value for industries but the findings in this study contrasted 

with Aculey et al. (2012) assertion. All the varieties based on shea kernel sizes and 

(Tables 11) had free fatty acids lower than the recommended value by Aculey et al. 
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(2012) which was very good arid even better except for variety 4 which was 1.01 

higher. 

A study conducted by Abdallah (2013) on the effect of shea kernel sizes on shea 

butter quality using the traditional method of extraction iritriated that the very big 

nuts had the highest free fatty acid (3.64 %), followed by the small nuts (2.42 %), 

the medium nuts (2.23 %) and the big nuts recorded the lowest free fatty acid value 

(1.13 %). Albeit the variety 4 (very big kernels) recorded the highest FFA in this 

study conformed to the findings made by Abdallah (2013) though its value was 

2.37 % higher, the free fatty acid values .of the other varieties contrasted with 
C 

findings by Abdallah (2013) (Table 9). The free fatty acid values of the varieties 

based on shea kernel sizes in this study were higher than what was recorded in the' 
• 8- 

work done by Abdallah (2013). 

A research conducted by Quainoo et al. (2012) on shea butter obtained from non 

mouldy shea kernels from Kawampe, Nyankpala, and Paga had free fatty acid 

values of 3.63 %, 3.47 %, and 6.47 % respectively. Samples from Paga had the 

highest free fatty acid followed by the Kawampe sample and the Nyankpala had the 

lowest. Comparatively, aside variety 4 which had a free fatty acid value of 6.01 %; 

about 0.46 % lower than that of the Paga samples, the Nyankpala sample was 0.04 

% higher than the variety 2 (3.43 %), 0.44 % higher than variety 1 (3.03 %), 0.10 

% lower than variety 3 (3.37 %) and 2.54 % lower than variety 4 (6.01 %) (Table 

9). 

In summary, comparing the free fatty acid values of the Nyankpala samples which 

falls within the same catchment area as the varieties obtained from the Zoolanyili 
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community, variety 1, variety 2, and variety 3, are within the range of about 3.00 to 

3.50 % with the exception of variety 4 which had a higher free fatty acid due to its 

invasion by the caterpillars (the larvae of butterfly or moth) which culminated in 

mould development (Table 9). Aculey et al. (2012) reported that non parboiled 

kernels, irrespective of the drying method had no mouldy nuts but high free fatty 

acid of 19.10 % to 19.99 %. This revealed that in the absence of moulds on the shea 

kernel, the free fatty acid value may still increase if the shea kernels are not 

parboiled. 

Tiehisuma Ghana Limited (2005) reported that there are three grades of unrefined 
0 

shea butter: grade A with free fatty acid < 2 %, grade B with free fatty acid < 3 %, 

and grade C with free fatty acid < 4 %. Some shea butters do not evert fall within 

that range and could have free fatty acids up to 7 %. This indicated that the 

varieties fell under the grade C category with the exception of variety 4 (Table 9). 

High free fatty acid level implied that the percentage of the butter cannot be utilised 

and therefore is a waste. High free fatty acid also means that the shea butter has a 

short shelf-life and will soon go rancid (smelling or tasting unpleasant as a result of 

being stale; repugnant) (Tiehisuma Ghana Limited, 2005). 

5.8 Shea butter contents of the shea kernels based on pulp sugar content. 

The results obtained showed that the varieties based on sugar contents of pulp 

affected the shea butter contents of the kernels due to the high significant difference 

obtained (Table 10). Variety 5 recorded the highest shea butter content which 

implied that higher sugar content of pulp may have led to the high shea butter 
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content in the shea kernels for approximately 3 g of ground shea. kernel used. 

Varieties 5 and 6 recorded 55.58 % and 53.75 % respectively which contrasted with 

the findings of Kpelly (2012) who reported that the oil content of shea nut 

deteriorated to 45 % (Table 10). 

The result agreed with the reports that shea nut obtained in the Oyo state and most 

Northern states contained 45-60 % shea butter (Oluwole, 2004; Purseglove, 1979). 

It also agreed with the assertion made by Tano-Debrah and Ohta (1994) that shea 

kernels yield between 35 and 60 % butter. Quainoo et al. (2012) established that 

the mean fat content of samples from Kawampe was 52.69 % which is 2.89 % and 

1.06 % lower than varieties 5 and 6 respectively; the results from this study 

disagreed with the report made by Quainoo et al. (2012) (Table 10). It also 

disagreed with the mean shea butter content (48.84 %) of shea nut samples from 

Paga result was attributed to lower rainfall and higher temperatures that 

characterized the area and shea kernels from Nyankpala yielded 52.19 % shea 

butter (Quainoo et al., 2012) (Table 10). 

5.9 Moisture contents of the shea butter based on pulp's sugar content 

The moisture contents of the variety baseron pulp sugar content were 2.32 % and 

0.95 % for variety 5 and variety 6 respectively (Table 10). There was a significant 

difference (P > .0.05) between the moisture contents and between the treatment 

means. The moisture contents of the varieties based on pulp sugar content were 

lower than those of the varieties based on shea kernel sizes. Variety 6 recorded 0.95 

% which was less than all the other moisture contents. The Regional Technical 
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Committee Comments on Draft Africa Regional Standard for Shea Butter and 

Ghana Standards Authority (2006) established that a grade 1 shea butter must have 

0.05 % moisture content, grade 2 should be > 0.05 - 0.2 % and that of grade 3 

should be > 0.2 — 2.0-670 (Table 10). Comparing these grades to the findings in this 

study, variety 5 and variety 6 (varieties based on pulp sugar content) can be 

considered as a grade 3 shea butter which may serve the purpose for soap making 

or further refined for direct consumption. The relatively low moisture content is 

desirable in fat and oil to preserve the shelf-life because oxidative rancidity, 

microbial growth and infestation are prevented by moisture removal (Mitta and 

Paul, 1997). 

5.10 Free fatty acid values for shea butter of varieties based on pulp sugar 

content 

The results revealed that free fatty acid values of the shea butter obtained from the 

varieties based on sugar content of pulp were 0.700 % and 0.967 % for variety 5 

and variety 6 respectively (Table 10). There was also a significant difference (P < 

0.05) between the free fatty acid values of the extracted shea butter which indicated 

that these varieties impacted on the free fatty acid content of the shea butters 

extracted. These free fatty acid values were less than 1.0 % agreeing with the grade 

1 shea butter under the Regional Technical Corfunittee Comments on Draft Africa 

Regional Standard for Shea Butter (2006.) and hence may serve the cosmetic and 

pharmaceutical industries, and for direct consumption. Using the above grading 

system as a benchmark, the varieties based on sugar content of the pulp, variety 5 
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and 6 agree with the grade A shea butters because they had free fatty acid values 
sr*. 

lower than 2.00 % hence they may have a prolonged shelf-life due to their low free 

fatty acid values (Table 10). 

Thl free fatty acid values obtained from the shea butter of the varieties based on 

sugar content of pulp in this study disagreed with the findings of Quainoo et al 

(2012), who reported free fatty acid values of shea butters from Kawampe, 

Nyankpala, and Paga to be 3.63 %, 3.47, and 6.47 % respectively. None of the 

varieties based on sugar contents of pulp had free fatty acids higher than 1.00 % _• • 

and may prolong the shelf-life of the shea butter. They agree with grade A shea 

butters (free fatty acid < 2 %) according to Tiehisuma Ghana Limited (2005) (Table 

10). 0 

5.11 Par-boiling and sun-drying on the quality of shea kernel and butter 

The parboiling of the shea nuts is a salient post-harvest processing procedure. This 

is because it has tremendous effect on the free fatty acid values of the shea butter. 

The sun-drying process was also imperative since it helped in reducing the 

moisture contents of the shea kernels before the shea butter was extracted. The 

parboiling process also facilitated the easy removal of the shells after sun-drying to 

obtain clean kernels. It also culminated in the killing of the live shea kernels to halt 

the activities of the germination enzymes and the lipase (an enzyme that catalyses 

the conversion of fat into free fatty acids and glycerol (Aculey et al., 2012). Aculey 

et al. (2012) further reported that non parboiled kernels, irrespective of the drying 

method had no mouldy nuts but high free fatty acid of 19.10 % to 19.99 %. This 
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shows that free fatty acid values are not only linked to the development of moulds 

on the shea kernels but the absence of parboiling can also culminate in free fatty 

acid increment since the shea kernel would not be stable chemically. These reports 

confirmed the results in it bles 11 and 12 since the highest free fatty acid was 

6.007% (variety 4) and the lowest was 3.027 % (variety 1) in Table 9. In Table 10, 

the highest free fatty acid was 0.967 % (variety 6) and the lowest was 0.700 % 

(variety 5). None of them had free fatty acid greater than 7 % unearthing the 

relevance of the parboiling process. The results obtained agreed with the reports 

made by Aculey et al. (2012) that lack of par-boiling may increase free fatty acid to 

about 19.10 % or 19.99 %. 

Due to the presence of lipase and germination enzymes in the living shea seed or 

kernel (Lovett, 2004) the primary objective in parboiling was to quickly kill and 

dry kernels in a controlled manner to produce a dry shea kernel that was chemically 

stable for storage without further chemical processes affecting the lipid content 

leading to .rancidity. Parboiling however induced physical changes in the structure 

and colour of the shea kernel and the possible formation of volatile aromatic 

compounds chemically or aromatically by sensory analysis (Aculey et al., 2012). 

Aculey et al. (2012) further established that increase in parboiling time however, 

resulted in darker kernels which were easily visible on a cut cross section. Shea 

nuts which were not parboiled were difficult to crack.and the shell and kernels were 

also difficult to separate and retained most of the kernel testa. The ease of cracking 

and separation of the kernels from the shells depended upon the duration of the 

parboiling. The longer the parboiling time the easier the cracking and separation of 
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the shells and the cleaner the kernels. Shea kernels from the fresh, un-boiled nuts 

had white to cream colour with lots of latex. This changed when boiling was 

prolonged. Shea kernels boiled for 20 minutes had cream to -light brown colours 

and some latex. Thoseiled for 30 minutes had light brown to brown colour with 

very little latex and those boiled for 40 minutes had slightly dark brown colour with 

no latex (Aculey et al., 2012). All these unravel the positive effects of parboiling on 

the shea kernel. Plate 2 was obtained after 45 minutes of parboiling; they were not 

light brown, no latex were present but they were slightly dark brown confirming 

the assertions of Aculey et al. (2012). 

A work by Mbaiguinam et al. (2007) also found that hexane extraction or the 

extraction method including the parboiling of the seeds yielded shea butter with 

almost half the level of the free fatty acid value compared to shea butter extracted 

without seed-boiling procedure. While the shea butters from hexane extraction and 

the procedure involving parboiling of seeds revealed acidity of 5.1-5.5 %, the 

butters extracted from sun dried nuts, with no boiling, showed much higher levels 

of acidity (10.3-10.6 %). The free fatty acid values of the shea butter in Table 9 and 

. 12 obtained after the shea nuts were parboiled in this study showed much lower 

free fatty acids than what was recorded by Mbaiguinam et al. (2007) with the 

exception of variety 4 which revealed higher free fatty acid due to infestation by 

caterpillars. The caterpillars fed on the fats in the shea kernel and deteriorated the 

fat within the kernel. 
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5.12 Ash content of the kernels of shea varieties based on kernel sizes 

The results in Table 11 indicated that varietal differences affected the ash content 

of the shea kernel with variety 2 yielding the highest value followed by variety 2. 

However, varieties 1 and 4 recorded the lowest ash content value (TO* 11). The 

mean ash contents obtained in this study disagreed with the assertion made by 

Ugese et al. (2010). They established that the ash content of shea kernel ranged 

between 4.5-4.9 % but the values obtained in this study was between 2.17-3.97 % 

(Table 11). There was however no significant difference between the mean ash 

content of varieties 1 and 4 and also between varieties 2 and 3. 
0 

5.13 Fibre content of the kernels of shea varieties based on kernel sizes 
0 

There was significant difference (P<0.05) between the fibre content of the varieties 

based on kernel sizes (Table 11). This revealed that varietal differences impacted 

the fibre content with variety 1 recording the highest ash content value of 19.32 % 

and variety 4 recording the lowest value (9.76 %). Ugese et al. (2010) established 

that the fibre content of shea kernel was between 5.8-6.8 %. Howbeit, in this study, 

a higher fibre content value within the range of 9.76-19.32 % was obtained (Table 

5.14 Ash content of the kernels of shea varieties based on sugar content of pulp 

The results obtained in Table 12 showed that the differences in varieties did not 

affect the ash content of the varieties based on sugar content of pulp unlike the 

varieties based shea kernel sizes. There was no significant difference (P>0.05) 
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between the mean ash content although variety 5 yielded the highest value. The 

result obtained in this study was contrary to the report by Ugese et a/. (2010) that 

shea kernels had ash contents between the ranges of 4.5-4.9 %. The values obtained 

in this study were lower (2.50-2.67 %) than ash content value reported by Ugecett 

al. (2010) (Table 12). These disagreements are indeed an attestation to the fact that 

shea trees found growing on an area of land constitute different varieties either 

based on shea kernel sizes or sugar content of pulp. Therefore, for homogeneity to 

be ensured then these mixtures of shea varieties need to be identified and grown 

separately for better premiums (Table 12). 

5.15 Fibre content of the kernels of shea varieties based on sugar content of 

pulp 

The mean fibre contents in Table 12 indicated that there was no significant 

difference between the shea varieties based on sugar content of pulp with variety 6 

recording the highest fibre content. However, there was difference between the 

mean fibre contents of these varieties since the difference between them was 

greater than the standard error of the means. These results (23 % and 32 %) also 

disagreed with the report by Ugese et al. (2010) that fibre content of shea kernels 

ranged between 5.8-6.1 % (Table 12). 

5.16 Fructose content of the shea varieties based on sugar content of pulp 

The results showed that varietal differences affected the fructose content of the pulp 

obtained in Table 12. The variety 5 yielded the highest fructose content (9.68 ± 
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0.94 g/100g) just as it had the highest sugar content when the refractometer was 
OM. 

also used. The result contrasted with the report made by Nikiema and Umali (2007) 

that fructose content of shea fruit ranged between 1-2 g/100g (Table 12). However, 

+NO 

	

	

variety 6 (5.23 0.44 g/100g) agreed with the assertion that fructose content of 

shea fruit ranged between 3-6 g/100g (FAO, 1988b). 
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CHAPTER SIX 

6.0 CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

The study aimed to evaluate shea varieties based on shea kernel sizes and the sugar 

content of the pulp. The four varieties were distinguished on the basis of shea 

kernel size showing significant differences in their mean weights and diameters. 

There was however significant difference between the varieties based on sugar 

content of pulp. 

However, there were no significant differences in the moisture contents of the shea 

kernels of these varieties based on shea kernel sizes and the sugar contents of the 

pulp. Nonetheless, the moisture contents of the shea butters of these varieties did 

not show any significant difference in the varieties based on shea kernel sizes and 

sugar content of the pulp. Based on shea kernel sizes and sugar contents of the 

pulp, the shea butter yield or the oil content of the varieties showed significant 

differences (P < 0.05). The mean ash.cohtent of the varieties based on sugar content 

revealed no significant difference. Furthermore, the free fatty acid and fibre 

contents of the varieties based.  on shea kernel sizes and sugar content of the pulp 

showed significant differences (P < 0.05). The results showed that these varieties 

indeed had significant levels of the free fatty acid in the shea butter and the fructose 

content of variety 5 was higher than variety 6. The free fatty acid values of the 

varieties based on shea kernel sizes revealed that they may only serve the soap-

making industry or could be further refined for direct consumption. However, the 
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varieties identified based on the sugar contents of the pulp may serve the cosmetic 

and pharmaceutical industries, and be used for direct consumption. 

6.2 Recommendations 

It is recommended that different drying methods like solar driers, drying on 

cemented floors, and drying on mats, to assess their effects on the moisture 

contents and free fatty acid contents of the varieties. It is also recommended that 

different parboiling duration of shea nuts; like 20 minutes, 40 minutes, 60 minutes, 

and 80 minutes or 100 minutes should be used to evaluate their effect on the free 

fatty acid value. 

Finally, it is recommended that other chemical analysis like refractive indices, 

carbohydrate content, protein content, melting point, iodine value, saponification 

value, peroxide value, and fatty acid analysis be conducted on the shea butter or 

kernel varieties. 

4,3 
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