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Abstract 

The effect of boiling and natural fermentation on Qulle and Kello cassava varieties collected 

from southern Ethiopia were studied for their physicochemical composition and 

antinutritional factors. The moisture content of the samples was 9.47±0.47% for Qulle variety 

and 8.48±0.02% for Kello variety for raw samples. Based on dry weight basis, the ash, fat, 

protein, crude fibre and total carbohydrate were 3.45±0.20, 0.88±0.10, 1.32±0.06, 3.44±0.00, 

and 90.55±0.19 % respectively for the raw sample of Qulle variety and 2.43±0.13, 1.02±0.10, 

1.47±0.02, 2.82±0.14, 91.76±0.84 % for the raw sample of Kello variety. The energy values 

are 376.86±1.28 and 386.55±1.93 Kcal/100g for the samples of Qulle and Kello variety 

respectively. Among the antinutritional factors analyzed, the level of cyanide, phytate, tannin 

and oxalate were determined to be 4.62±0.01, 543.97±0.74, 1.70±0.33 and 24.93±0.08 

mg/100g in raw Qulle sample respectively and 5.04±0.02, 168.24±5.53, 1.82±0.03 and 

86.18±0.10 mg/100g in raw Kello sample respectively. Significant difference (p<0.05) was 

observed in level of all the antinutrients of the two varieties. A reduction of 59.52%, 68.10%, 

91.94% and 15.40% in the level of  cyanide, phytate, tannin and oxalate was achieved by 

cooking process respectively and fermentation brought about 77.60%,%, 88.4%, 92.4% and 

67.30%, in the level of cyanide, phytate, tannin and oxalates in Qulle samples. Cyanide, 

phytate, tannin and oxalate were reduced by 25.20%, 14.1%, 64.80% and 32.50% by cooking 

and a 43.70%, 37.90%, 90.70% and 87.50% reduction was achieved by fermentation for Kello 

samples. Natural fermentation has resulted in significant reduction in all types of 

antinutrients, particularly, phytates. Qulle variety is preferable where the antinutrients are 

significantly reduced more by processing as compared to Kello variety except for the oxalate 

content. 

 

 

 

 

 

 

 

 
 

iii



 

Table of content 

Chapter                                                                                                                                     Page    

Title page……………………………………………………………………………………. i 

Acknowledgement………………………………………………………………………….. ii 

Abstract……………………………………………………………………………………... iii 

Table of Contents…………………………………………………………………………… iv 

List of Tables ………………………………………………………………………………. vi  

List of Figures ……………………………………………………………………………… vii 

List of Abbreviations and Acronyms……………………………………………………….. viii 

1. INTRODUCTION ……………………………………………………………………… 1 

    1.1 Background ………………………………………………………………………….. 1 

    1.2 Scope of the study …………………………………………………………….. 2 

    1.3 Objectives of the study……………………………………………………………….. 3 

2. LITERATURE REVIEW ……………………………………………………………… 4 

    2.1 Production of cassava in Ethiopian Sector of Agriculture …………………………... 4 

    2.2 Proximate composition, Physicochemical and Functional properties of cassava …… 5 

          2.2.1 Proximate composition ………………………………………………………... 5 

          2.2.2 Physicochemical properties ……………………………………………………. 7 

          2.2.3 Functional properties …………………………………………………………... 7 

    2.3 Antinutritional factors (ANFs) in Cassava …………………………………………... 9 

          2.3.1 Cyanides ……………………………………………………………………….. 9 

          2.3.2 Phytates………………………………………………………………………… 12 

          2.3.3 Tannins ………………………………………………………………………… 13 

          2.3.4 Oxalates ………………………………………………………………………... 14 

   2.4 Methods to reduce/eliminate antinutritional factors in cassava ………………………   15 

           2.4.1 Breeding as means of reducing antinutritional factors ………………………... 15 

           2.4.2 Biotechnology techniques for antinutritional factors reduction ………………. 16 

           2.4.3 Processing methods as a means of reducing antinutritional factors …………... 17 

                    2.4.3.1 Boiling and cooking …………………………………………………... 18 

                    2.4.3.2 Natural fermentation …………………………………………………. 18 

 
 

iv



                    2.4.3.3 Other methods ………………………………………………………… 20 

 3. MATERIALS AND METHODS ……………………………………………………...  22 

    3.1 Sources of research materials, transportation and sample preparation ……………… 22 

    3.2 Processing methods ………………………………………………………………….  23 

    3.3 Analyses methods …………………………………………………………………… 25 

           3.3.1 Proximate composition and minerals ………………………………………… 25 

           3.3.2 Physicochemical property…………………………………………………….. 

           3.3.3 Functional property……………………………………………………………    

31 

32 

           3.3.4 Antinutritional factors ………………………………………………………... 34 

           3.3.5 Data analysis …………………………………………………………………. 36 

4. RESULTS AND DISCUSSIONS ……………………………………………………… 38 

    4.1 Proximate composition ……………………………………………………………… 38 

    4.2 Physicochemical properties………………………………………………………… 48 

    4.3 Functional properties ………………………………………………………………... 50 

    4.4 Antinutrients composition …………………………………………………………… 55 

    4.5 Effect of processing on the antinutritional factors ………………………………… 61 

          4.5.1 Boiling and cooking …………………………………………………………… 61 

          4.5.2 Natural fermentation …………………………………………………………... 62 

5. CONCLUSIONS AND RECOMMENDATIONS ……………………………………. 63 

     5.1 Conclusions …………………………………………………………………………. 63 

     5.2 Recommendations …………………………………………………………………... 64 

References ………………………………………………………………………………… 65 

 

 

 

 

 

 

 

 

 
 

v



 List of Tables  

Tables  Titles Page 

2.1  Percentage of nutritional composition of cassava + alecho : boiled   6 

2.2 Percentage loss of phytate during 96 hours fermentation 13 

3.1 Concentration of standards used for mineral analysis  30 

4.1 Proximate composition of Qulle and Kello cassava varieties  45 

4.2 Mineral composition of Qulle and Kello  cassava varieties 47 

4.3 Physicochemical composition of  Qulle and Kello cassava varieties  49 

4.4 Functional properties of Qulle and Kello cassava varieties 55 

4.5 Antinutritional factors in Qulle and Kello cassava varieties  61 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

vi



 List of Figures  

Figures   Page 

2.1 Molecular structure of linamarin 9 

2.2 Molecular structure of lotaustralin 10 

2.3 Formation of HCN from linamarin 11 

2.4 Molecular structure of phytate 12 

2.5 Base structures of hydrolysable and condensed tannins 14 

3.1 Qulle and Kello varieties of cassava tubres 23 

3.2 Frame work of the experiment in the thesis work 24 

3.3 Kejeltic analyzer unit 26 

3.4 Soxtec Soxhlet fat extraction apparatus 27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

vii



List of Abbreviations and Acronyms 

 µg Microgram 

µl Microliter 

AAS Atomic Absorption Spectrophotometer 

ACMD African Cassava Mosaic Disease 

ADP   Adenosine Diphosphate 

ANFS   Antinutritional Factors 

ANOVA Analysis Of Variance  

AOAC Association of Official Analytical Chemist 

ATP Adenosine Triphosphate 

BD Bulk Density 

CBN   Central Bank of Nigeria 

CCDN Cassava Cyanide Disease Net Work 

CSA Central Statistical Agency 

DNA Deoxyribonucleic Acid 

dwb Dry Weight Bases 

EHNRI Ethiopian Health And Nutrition Research Institute 

EIAR Ethiopian Institute of Agricultural Research  

ENI Ethiopian Nutrition Institute 

FAAS   Flame Atomic Absorption Spectrophotometer  

FAO Food and Agricultural Organization 

FC Foaming Capacity 

FS Foaming Stability 

 
 

viii



ha Hectares 

HARC Hawassa Agricultural Research Center 

IAR Institute of Agricultural Research 

IDDs Iodine Deficiency Disorders 

IITA International Institute for Tropical Agriculture 

LA Lactic Acid 

LSD Least Significance Difference 

ml   Mililiter 

ND Not Detected  

NRCRI National Root Crops Research Institute 

OAC Oil Absorption Capacity 

rpm Revolution Per Minute 

SD   Standard Deviation  

SI Solubility Index  

SP Swelling Power  

SPSS   Statistical Product And Service Solution  

t   Tonne 

TGR Total Goiter Rate 

TTA  Total Titratible Acidity 

UV Ultra Violate 

WAC Water Absorption Capacity 

WHO World Health Organization 

wwb Wet Weight Bases 

 

 
 

ix



CHAPTER ONE 

1 Introduction 

1.1 Background 

Cassava (Manihot Esculenta Crantiz) is a dicotyledonous perennial woody shrub with an 

edible starchy root, belonging to the botanical family Euphorbiaceous. It belongs to roots and 

tuber crops that stores edible material in tuber (Howeler, 2003), which belong to class of foods 

that basically provide energy in the human diet in the form of carbohydrates. Apart from its 

use as human food, cassava products also are  popular  in international  trade  under  different  

forms  such as dried  chips, pellets, flour and  starch,  thus  contributing  to the economy  of 

exporting  countries ( Eke et al., 2007; Mweta , 2008).    

 The advantage it has over other crops particularly, in many of the developing world is its 

outstanding ecological adaptation, low labour requirement, ease of cultivation and high yields. 

It is also widely cultivated because it can be successfully grown in poor soils, under conditions 

of marginal rainfall. It has the ability to grow with appreciable yield where many other crops 

would hardly survive (O’Brien et al., 1991). Cassava is the most widely distributed and 

cultivated in different parts of the low land tropics. It is the fourth most efficient crop plant, 

the  most widely  distributed  and cultivated  in different  parts  of the tropics  among  the 

tropical root crops(Amsalu, 2003). Africa is the largest center of production in cassava (Elias 

et al., 2001). 

Cassava was introduced to Africa in the latter half of the 16th century from Brazil to the West 

coast of Africa (Jones, 1959; Amsalu, 2003) by Portuguese navigators and later to East Africa 

through Madagascar and Zanzibar (Charoentrath et al., 2004) and now grows widely in sub-

Saharan Africa (Shittu et al., 2007).Although the crop is often regarded primarily as a famine 

reserve, there has been increasing realization in recent years of its value as a high-yielding 

source of carbohydrates. Cassava was first introduced into Ethiopia by the British (Amsalu, 

2003).  
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Major drawbacks of the cassava crop are the low tuber protein content, rapid tuber 

perishability following harvest, and high content of the cyanogenic glucosides: linamarin and 

lotaustralin (methyl-linamarin) which is the main toxic substance in cassava and some other 

anti-nutritional factors such as tannin, phytates and oxalates in very small proportion as 

compared to cyanide and reduce the bioavailability of very essential nutrients. For this reason, 

all cassava and cassava based products should pass through different effective processing 

methods to suppress adverse health effects that arises from cyanide toxicity as a result of 

cassava consumption and also to improve the nutritional profile and reduce the antinutritional 

factors that hinders normal absorption of nutrients.  

Other factors favoring the processing of cassava are that the processed products are easier to 

store than raw products, they need less storage space and they can be stored for longer periods. 

Processing is therefore undertaken primarily to prolong the shelf life, detoxify the cassava and 

cassava based product i.e. reduction/elimination of toxic substances, to improve its palatability 

and nutritional value and to convert it to a storable form. For developing countries like 

Ethiopia, cassava is a nutritionally strategic famine crop as it has a high resistance to plant 

diseases and high tolerance to extreme stress conditions such as drought and poor soils and, 

therefore, reducing its toxicity, prolonging its shelf life and improving its nutritional value is 

crucial. 

1.2 Scope of the Study 

Though cassava is becoming common crop in Ethiopia, very little is known about the 

functional properties, physicochemical properties, antinutritional factors and their reduction 

mechanism by different processing techniques of cassava varieties grown in Ethiopia. This 

gap did not allow intensive and extensive utilization of different cassava varieties as a value-

added product efficiently in Ethiopian context. The out comes of the current study will try to 

provide first hand information about the nutritional profile and the effect of processing on 

physicochemical composition and antinutritional factors of the locally grown Qulle and Kello 

cassava varieties.  
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1.3 Objectives of the Study 

The general objective of this thesis was to study the physicochemical properties, nutritional 

composition and evaluate the effect of different processing methods on the 

reduction/elimination of some important antinutritional factors present in Qulle and Kello 

cassava varieties grown in Ethiopia.  

  The Specific objectives were to: 

 

 Compare the physicochemical properties and proximate composition of two cassava 

varieties (Qulle and Kello) grown in Ethiopia in raw and processed samples. 

 Study functional, physicochemical properties, and quantify the level of cyanide, 

phytates, tannins and oxalates both in raw and processed cassava samples. 

 Evaluate the effect of processing methods on composition of nutrients and anti 

tinutrients. 

 Study the processing methods (cooking and natural fermentation) to reduce or 

eliminate the antinutritional factors. 
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CHAPTER TWO 

2 Literature Review 

2.1 Production of cassava in Ethiopian sector of agriculture  

Cassava was first introduced into Ethiopia by the British (Amsalu, 2003). Although there is a 

lack of reliable statistical and empirical evidence on the area and production of cassava in 

Ethiopia, the crop has been in cultivation, particularly, in South, south west, and Western parts 

since its introduction (Amsalu, 2003). Its use as potential food crop in Ethiopia has been 

appreciated since 1984 famine (Taye, 1994). The  crop has been  found  to have  an excellent  

adaptation  and growth  performance  in different agro ecologies of Ethiopia with a total  root  

yield ranging from 28 to 60 t/ha (Amsalu, 2003). 

The crop is widely cultivated in southern part of the country particularly in Amaro-Kello area 

(Gedeo zone) as staple food and has played a significant role in alleviating the food crisis 

during harsh weather. Locally the crop is called in its domestication area by the name 

"Yeinchet Boye" or "Yefereng Boye" .The area under consideration is extensively studied in 

relation with cassava for many reasons. According to (Cherinet et al., 1987) consumption of 

cassava resulted in health complaints such as vomiting, nausea, dizziness, stomach pains 

weakness, headache, occasionally death and incidence of goiter, both in male and female 

especially in 3 villages (Kodowono, Lotte and Woidewashe) of Gamo-Gofa region in which 

all are located in the southern part of the of the country.  

In addition to the above mentioned health problems which are associated with cassava 

consumption, total goiter rate (%TGR) increased with increasing rate of cassava consumption 

(Cherinet et al., 1987) which is associated with consumption of cassava. Therefore, goiter 

prevalence and health problems attributed to cassava consumption necessitate an intervention 

program to control iodine deficiency disorders by developing appropriate processing 

techniques to eliminate cassava toxicity and educate villagers on how to prepare safer meals 

from cassava and also on reduction/elimination of inherently found toxicants such as cyanide 

and other antinutritional factors. 
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2.2 Proximate composition, physicochemical and functional properties of cassava  

2.2.1 Proximate composition  

The cassava storage root is essentially a carbohydrate source. Its composition shows 60-65% 

moisture, 20-31% carbohydrate, 0.2 to 0.6% fat%,1-2 percent crude protein and a 

comparatively low content of vitamins and minerals and contain no trypsin inhibitor, but 

create a problem due to presence of cyanide which is removed by post-harvest treatments and 

cooking ( Fasuyi,  2005). Though the protein content is said to be low, the quality of cassava 

root protein is however, fairly good as far as the proportion of essential amino acid as a 

percentage of total nitrogen is concerned. The main amino-acids present in cassava proteins 

are arginine histidine, isoleucine, leucine and lysine. Sulphur containing amino-acids are 

deficient particularly lysine, methionine, tryptophan, cysteine and cystine. These are limiting 

amino- acids in the root. 

The mineral content of the dry bark is higher than that of the cortex. Calcium values in the 

whole root range from 15-129 mg/100 g, while phosphorous values are approximately 100 

mg/100 g (Chijindu and Boateng, 2008). Vitamin C content of raw roots range from 38.5-64.6 

mg. drying reduces the vitamin C content apparently, with values going down to 2-13 mg/100 

g. Even though the roots of cassava contain significant amounts of vitamin C in its raw form 

i.e. about 38.5-64.6 per 100 g fresh weight (Onwueme, 1978; Ngudi et al., 2003), the 

thiamine, riboflavin, and niacin contents are not as high. Large proportions of these nutrients 

have been reported to be lost during processing. All of these should be taken into account in 

cassava-processing in order to retain as much as possible of these nutrients. 
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Table 2.1 Percentage of nutritional composition of cassava + aleko: boiled,  

Component  Root tubers 

Moisture  66.80 

Energy (calorie) 124.00 

Fat  0.20 

CHO (inc.fibre) 30.40 

Protein  1.30 

Starch  31 

Sugar  0.83 

Dietary fibre  1.10 

Ash  1.30 

Mineral (mg/100g)  

Ca 82.00 

P 42.60 

Na 52.00 

K 167.00 

Cu 0.30 

Zn 0.20 

Fe  4.50 

Vitamins (mg/100g)  

Thiamin  0.01 

Riboflavin  0.02 

Ascorbic Acid  4.96 

Source: Food Composition Table for use in Ethiopia, part IV, 1998    
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2.2.2 Physicochemical properties  

 pH of the flour 

The acidity or alkalinity of a food is usually expressed as pH. It gives us information on; to 

what extent a certain food sample is acidified. The pH of a food can dramatically alter the 

growth of microbes in food and is a major determinant of the type of food preservation process 

used for that food. Yeasts and molds usually grow best between pH 4 and 6 and bacteria 

usually grow best at pH near 7. In selecting a food preservation process that makes a food 

shelf stable, the initial pH of that food must be considered to minimize the likelihood of 

bacterial growth in that food. 

 Titratible acidity 

Titratible acidity measures the total amount of hydrogen ions available in the food and 

expressed as mg lactic acid eq/g of the food sample. Titratible acidity is different than total 

acidity, although at times both terms are used to mean the same thing. Total acidity is the total 

amount of organic acids in the food sample. The titratible acidity of any food sample in the 

form of solution is an approximation of the solutions total acidity usually measured by 

reacting the acids present in the food sample with a base such as sodium hydroxide to the 

chosen end point close to neutrality, as indicated by an acid sensitive colour indicator.  

2.2.3 Functional properties 

Functional properties indicate the ability of the proteinaceous material to hold oil or fat and 

water, to emulsify the same and to form products having a firm consistency upon heating and 

cooling include viscosity, dispersibility, emulsify, and form gels, foam, produce films and 

absorb water and /or fat. 

 Water absorption capacity 

 Water absorption capacity describes flour – water association ability under limited water 

supply (Oladele and Aina, 2007). It gives an indication of the amount of water available for 

gelatinization. Water binding capacity is a useful indication of whether flour or isolates can be 
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incorporated into aqueous food formulations (Udensi and Okoronkwo, 2006). More over, the 

oil and water holding capacity could be a function of the protein composition, not only due to 

the hydrophilic and lipophilic groups exposed but also due to the physical entrapment of oil. 

 Oil absorption capacity 

Oil absorption is an important property in food formulations because fats improve the flavor 

and mouth feel of foods (Odoemelam, 2005). 

 Foaming capacity and stability 

The foamability of flours has been shown to be related to the amount of native protein. Native 

protein gives higher foam stability than the denatured protein. It is related to the amount of 

solubilized protein (Odoemelam, 2005) 

 Bulk density 

Bulk density is a measure of heaviness of a flour sample. It gives an indication of the relative 

volume of packaging material required. Generally, higher bulk density is desirable for the 

greater ease of dispersibility and reduction of paste thickness (Udensi and Okoronkwo, 2006). 

 Swelling power and solubility  

The swelling power provides evidence of non covalent bonding between starch molecules in 

the flour. Factors like amylose-amylopectin ratio, chain length and molecular weight 

distribution, degree/length of branching and conformation determine the degree of swelling 

power and solubility. Swelling volumes also depend on the presence of various chemicals and 

treatments carried out on the flour of cassava. High amylose content and the presence of 

stronger or a higher number of intermolecular bonds can reduce swelling in cassava flour.  

Formation of lipid-starch complex in cassava flour can also affect the swelling volumes as also 

presence of naturally occurring carbohydrates and non carbohydrates along with starch. This 

has been amply illustrated in the effect of fibre on the swelling volumes of different varieties. 

The fibre acts as barrier to free swelling to flour and extraction with ethanol or defatting of 
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flour did not change the swelling volumes showing that the suppressive effect is more due to 

the fibrous material rather than lipid or sugars present in the flour.    

2.3. Antinutritional factors (ANFs) in cassava  

Antinutrients (Phytochemicals) are natural or synthetic compounds which are associated with 

reduced digestibility reduced absorption of amino acids and reduced bioavailability of 

essential minerals.  

2.3.1 Cyanides  

The main antinutritional factors in cassava are linamarin and lotaustralin which are the 

cyanogenic glucosides. Cyanogenic glucosides are an ancient group of bioactive natural 

products present in crop plants, forage plants, and important trees. Based on cyanide content 

cassava varieties are classified as; sweet variety with cyanide level less than 50 mg/kg; those 

with 100-mg/kg fresh weights and there are intermediates which contain between 50 – 100 mg 

cyanide/kg (Kobawila et al., 2005). There are at least 25 cyanogenic glycosides known to be 

found in the edible parts of plants (Kwok, J., 2008). Linamarin is chemically similar to 

glucose but with cyanide (CN ion) attached. 

                               

O O C C N

OH

OH

CH2OH

CH3

CH3

HO
 

              Figure 2.1: Molecular structure of linamarin (Source: Oke, 1969) 

Lotaustralin is a cyanogenic glucoside found in small amounts in cassava (Manihot 

esculenta), lima bean (Phaseolus lunatus), roseroot (Rhodiola rosea) and white clover 

(Trifolium repens), among other plants. Lotaustralin is structurally related to linamarin, 

another glucoside found in these plants, and differs from it only by the presence of an extra 
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methyl group. Both lotaustralin and linamarin may be hydrolysed by the enzyme linamarase to 

form glucose and a precursor to the toxic compound hydrogen cyanide.  

O O

CCN

OH
OH

HO

HO

 

 Figure 2.2: Molecular structure of lotaustralin (Source: Oke, 1969) 

Both linamarin and lotaustralin are synthesized in the leaves and translocated via the phloem 

vessels to other parts of the plant, mainly the roots. They exist with the enzyme linamarase or 

-glucosidase in different compartments, and neither glucosides nor the enzyme is poisonous 

by itself (Cardoso et al., 2005). In other words, free cyanohydrins and hydrocyanic acid are 

not found in healthy growing plants, but could develop when normal growth has been retarded 

or stopped by drought or other conditions (such as damage to the cellular structure during 

processing), or when man consumes or animals feed on cyanogenic plants and the glucoside is 

hydrolysed by the intestinal microbial flora (Fasuyi, 2005). The hydrolysis of the glucosides 

leads to the liberation of glucose, acetone cyanohydrin and hydrocyanic acid, the last named 

being poisonous to man and animals (Oboh and Elusian, 2007).  
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Figure 2.3: Formation of HCN from linamarin   (Source: Kwok, 2008) 

 Biochemical effect and health impact of cyanide 

Hydrocyanic acid inhibits the enzyme cytochromeoxidase (preventing oxidative production of 

energy) (Siritunga and Sayre, 2004) and interferes with oxygen binding to haemoglobin 

(Jorgensen and Moller, 2008). Hydrogen cyanide inactivates the enzyme cytochrome oxidase 

in the mitochondria of cells by binding to the Fe3+/Fe2+ contained in the enzyme. This causes 

a decrease in the utilization of oxygen in the tissues. Cyanide causes an increase in blood 

glucose and lactic acid levels and a decrease in the ATP/ADP ratio indicating a shift from 

aerobic to anaerobic metabolism. Cyanide activates glycogenolysis and shunts glucose to the 

pentose phosphate pathway decreasing the rate of glycolysis and inhibiting the tricarboxylic 

acid cycle. Hydrogen cyanide will reduce the energy availability in all cells, but its effect will 

be most immediate on the respiratory system and heart. 

Dietary cyanogens resulting from improperly processed cassava products have been shown to 

cause chronic cyanide intoxication and have been implicated in protein deficiency, diabetes 

mellitus and tropical ataxic neuropathy (TAN) ( Siritunga, et al, 2004). Whereas TAN occurs 

rarely in children below 10 years of age, konzo, a paralytic disease, is primarily a disease of 

children above the age of 3 years and of women in the fertile age group whose diets consists 

almost exclusively of roots of bitter cassava(Cardoso et al., 2005). It is now well established 
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that the thiocyanate load resulting from dietary cyanide exposure from cassava can aggravate 

iodine deficiency disorders (IDDs), expressed mainly as goitre and cretinism (Jorgensen and 

Moller, 2008). 

2.3.2 Phytate 

Phytate is a storage form of phosphorus which is found in plant seeds and in many roots and 

tubers (Dipak and Mukherjee, 1986). Phytic acid has the potential to inhibit some proteases 

and to bind calcium, magnesium, iron, zinc and other bivalent cations, thereby reducing their 

bioavailability. Phytate is present in different roots and tuber crops such as cassava, cocoyam 

and yam but in a lower content than in cereals and leguminous seeds. Fermentation reduces 

phytate level owing to the action of phytase naturally present in the tubers or secrete by 

microorganisms. Phytic acid has the potential to bind calcium, zinc, iron and other minerals, 

thereby reducing their availability in the body (Davis and Olpin, 1979). In addition, complex 

formation of phytates with proteins may inhibit the enzymatic digestion of the protein (Singh 

and Krikorian, 1982). Iron and zinc deficiencies occur in populations that subsist on 

unleavened whole grain bread and rely on it as a primary source of these minerals. 

Deficiencies have been attributed to the presence of phytates. Phytate consists of a myo- 

inositol ring and six symmetrically distributed phosphate moieties. 

OPO3H2

OPO3H2

H2O3PO

H2O3PO

H2O3PO

3
4
21

56
OPO3H2  

       Figure 2.4: Molecular structure of phytate (Source: Graf and Eaton, 1984) 

Recently, Marfo and Oke (1988) have shown that cassava, cocoyam and yam contain 624 mg, 

855 mg and 637 mg of phytate per 100 g respectively. Fermentation reduced the phytate level 

by 88 percent, 98 percent and 68 percent respectively, reduction being rapid within 48 hours 

 
 

12



but very slow after 72 hours processing. Thus processing into fermented foods will reduce the 

phytate level of root crops sufficiently to nullify its adverse effect.  

The loss of phytate during fermentation is due to the enzyme phytase, naturally present in the 

tubers or secreted by fermentative microorganisms. Oven-drying has only a small reductive 

effect on the phytate content compared with fermentation. Cooking also has a significant 

effect, resulting in decrease of phytate of 62 %, 65 % and 68 % respectively, in yam, cocoyam 

and cassava (Marfo and Oke, 1988). 

Table 2.2 Percentage losses in phytate are the decrease in phytate after 96 hours fermentation 

expressed as a percentage of total phytate. 

Fermented 

              Duration of fermentation  

 

 

Samples 

 

Unfermented 

 
24hours 48 hours 72 hours 96 hours 

Percentage loss   

of phytate during 

fermentation 

Cassava 624 116 99 90 70 88 

Cocoyam 855 180 28 13 13 98 

yam 637 394 296 222 211 66 

 

Source: Marfo & Oke, 1988. 

2.3.3 Tannins  

Tannins are polyphenolic compounds of plant origin, which bind with proteins. There are two 

types of tannins (hydrolysable and condensed tannins). 
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Gallic Acid                                                                                     Flavone   

 Figure 2.5 Base structures of hydrolysable and condensed tannins (Source: Wikipedia, the 

free encyclopedia) 

They are readily form indigestible complexes with proteins and other macro-molecules under 

specific environmental conditions (Assefa, 2008), up on this, they reduce protein digestibility 

and adversely influencing the bioavailability of non-haem iron leading to poor iron and 

calcium absorption, also carbohydrate is affected leading to reduced energy value of a diet 

containing tannins (Adeparusi, 2001).  

Though tannins have a significant affinity towards complex formation with proteins, due to the 

complexity of tannin chemistry as well as the number of tannin species present in food, the 

biochemical nature of how the food tannins bind to the food protein is difficult to describe 

(Shimelis, 2005b). Condensed tannins have significant effect in inhibiting several enzymes. 

Tannins are predominantly located in the pericarp and/ or testa, particularly of pigmented 

cultivars of legumes and millets (Deshpande et al., 1982). 

2.3.4 Oxalates  

It is a dicarboxylic acid which forms an insoluble calcium salt with a 1:1 molar stoichiometry. 

Oxalic acid and its salts occur as end products of metabolism on a number of plant tissues. 

When these plants are eaten they may have an adverse effect because oxalates bind calcium 

and other minerals while oxalic acid is a normal end product of mammalian metabolism. The 

consumption of additional oxalic acid may cause stone formation in the urinary tract when the 

acid is excreted in the urine (Noonan et al., 1999 ).  

 
 

14

http://en.wikipedia.org/wiki/File:Gallic_acid.svg
http://en.wikipedia.org/wiki/File:2-Phenyl-1,4-benzopyrone.svg
http://en.wikipedia.org/wiki/Flavone


Oxalate can be found in relatively small amounts in many plants although its nutritional 

significance is limited to relatively few plants. The highest levels of oxalate are found in the 

following families Amaranthus(amaranth);aroid/arum family, for example colocasia(taro) and 

xanthosoma(caladium); goosefoot family, for example Atriplex (oarch), beta (beet and beet 

root)and spinacia(spinach); wood sorel family for example Oxalis(sorrel, yam). The 

distribution of oxalate within plants is also uneven. In general oxalate content is the highest in 

leaves followed by the seeds and it is the lowest in the steams. Oxalic acid concentrations tend 

to be higher in plants than in meats, which can be considered oxalate free planning low oxalate 

diets. 

Oxalic acid forms water soluble salts with Na+, K+, and NH4 
+ions it also binds with Ca2+,Fe2+, 

and Mg2+rendering these minerals unavailable to animals. However Zn2+ appears to be 

relatively unaffected. In plants with a cell sap of approximately pH 2, such as some species of 

Oxalis and rumex oxalate exists as the acid oxalate (HC2O4), primarily as acid potassium 

oxalate. In plants with a cell sap of approximately pH, 6, such as some plants of goosefoot 

family it exists as oxalate (C2O4)2- ion usually as soluble sodium oxalate and insoluble calcium 

and magnesium oxalates. Calcium oxalate is insoluble at a neutral or alkaline pH, but freely 

dissolves in acid (Noonan et al., , 1999 ). 

The concentration of calcium oxalate changes as a result of processing (Noonan, Savage, & 

Reg Nutr, 1999 ).Boiling and Soaking may cause considerable skin rupture and facilitate the 

leakage of soluble oxalate into cooking water (Bhandari & Kawabata, 2004). It is reported 

that, boiling reduces oxalates significantly (82.1%) reduction after boiling for 40min as 

opposed to roasting and steeping which reduce 61.9% after 40-45 min and 43.3% after 24years 

respectively (Aydeyeye et al., 2000). Although cooking proved to be most effective in terms 

of the reduction of total oxalate, water soluble minerals also leached out at the same time.   

2.4 Methods to reduce/eliminate antinutrients in cassava  

2.4.1 Breeding as a means of reducing antinutritional factors 

In addition to its use for the improvement in nutritive content (levels and quality of food 

materials such as starch, protein, minerals etc), the resistance of the plant to certain diseases 
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and weeds; plant breeding is also on going processes as mechanism of getting plant variety 

with optimum level of antinutritional factors. In order to select cassava varieties for wider 

cultivation, it is necessary to know their biochemical and nutritional properties. Nutritional 

value of most plant materials is limited by the presence of numerous naturally occurring 

antinutritional factors which interfere with nutrient digestion, absorption and nutritional 

quality.  

Although processing is employed widely in removal of these factors, selection of cultivars of 

cassava with inherently low levels of these compounds would have a considerable impact on 

the efficiency of their production. A plant breeding strategy of lowering the level of 

antinutrients in the grain has often been suggested in achieving this objective. Such attempts to 

significantly lower the antinutrients content of seeds and grains require a major shift in seed or 

grain composition. Because most of the antinutrients known to occur in seeds and grains are 

major organic constituents of these organs, they may play additional beneficial roles in plant 

growth and human health. 

 Breeding clearly requires long-term efforts compared to other methods as the type of plant 

and the number of unwanted components is rather large and diverse with respect to the 

chemical and biochemical nature of these compounds. Tremendous information in cassava 

utilization convinced cassava breeders that the elimination of cyanide will encourage 

production and utilization of improved cassava varieties with a maximum food safety. The 

process of breeding low cyanide level cassava variety involves genetic improvement through 

removal of gene which is responsible for the formation of linamarin (cyanogenic glucoside) 

which is responsible for the toxicicity of cassava. 

2.4.2 Biotechnology techniques for antinutrients reduction 

Complete detoxification of "bitter" cassava varieties can feasibly be accomplished through the 

enzyme-catalyzed degradation of both cyanogenic glucosides and the cyanohydrins which 

result from their degradation. Linamarase enzymes located in the cell walls of the cassava root 

(Mkpong et al. 1990) catalyze the initial step in the breakdown of the cytoplasmic cyanogenic 

glucosides linamarin and lotaustralin, resulting in the release of cyanohydrins. These 
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cyanohydrins are relatively stable under low pH conditions but decompose under conditions of 

high temperature and high pH (pH >5), to produce ketones and HCN.  

The destruction of cassava cyanogenic glycosides is primarily an endogenous phenomenon, 

although microbial ß-glucosidases assist in linamarase degradation during fermentation 

processing (Anupe & Brauman 1995). Bacillus species (Amoa-Awau & Jakobsen 1995), lactic 

acid bacteria (Cohen 1994) Aspergillus and Fusarium strains of fungi, some Penicillium 

strains and some Trichoderma strains (Yeoh et al. 1995) have been shown to secrete 

linamarase activity, and are potential sources of microbial linamarases. 

Hydroxynitrile lyase (acetone cyanohydrin lyase) Cheskul & Chulvatnatol 1996; Wajant & 

Pfizenmaier 1996) an endogenous enzyme of the cassava root, catalyzes the breakdown of 

cyanohydrins produced as a result of linamarase activity, leading to the release of HCN. HCN 

thus released is readily removable by evaporation.  

Complete cyanohydrin degradation through the combined activities of linamarase and the 

cyanohydrin-degrading enzymes, followed by evaporative removal of HCN, would preclude 

the exposure of individuals involved in the processing of "bitter" cassava varieties, to 

dangerously high HCN levels emitted during roasting or high temperature cooking. Exogenous 

addition of cyanohydrin-degrading enzymes should certainly be a consideration for upgrading 

processing of "bitter" cassava roots where financial and technological conditions permit. 

2.4.3 Processing methods as a means of reducing antinutritional factors  

Appropriate processing of cassava by means of chemical and physical method may result in 

foods or feed ingredients with a good overall profile of carbohydrates and other nutrients that 

have been shown to be adequate for proper growth and development of animals and humans. 

In addition to processing methods, breeding is also an alternative method for appropriate 

detoxification and increasing nutritive value of cassava. But breeding requires long-term 

efforts as compared to other methods as the type of tubers and the number unwanted 

components is rather large and diverse with respect to the chemical and biochemical nature of 

these compounds, processing by biological, physical and chemical means remains the only 
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way by which the nutritive value of cassava tuber may be increased by inactivation of 

antinutritional factors.  

Processing is critical when utilization of nutrients contained in cassava is trying to be 

maximized and toxicicity due to cyanide is to be minimized. Different processing technology 

or treatment conditions also reported to eliminate or minimize antinutrients in cassava. 

However, more research is needed to evaluate the potential nutritional advantages of the new 

varieties that are released from research centers chiefly on the basis of agronomic and 

morphological characteristics as well as to determine acceptable threshold levels of each of 

antinutrients and to make best use of their nutritional values. Reduction or inactivation of 

ANFs through process technology requires knowledge of the type, distribution, chemical 

reactivity and thermal sensitivity of these factors within the seed matrix and complete 

knowledge of process technologies. 

2.4.3.1 Boiling 

As with soaking, the free cyanide of cassava chips is rapidly lost in boiling water, about 90% 

of free cyanide is removed within 15 minutes of boiling fresh cassava chips, compared to a 

55% reduction in bound cyanide after 25 minutes (Cooke and Maduagwu, 1978). Cooking 

destroys the enzyme linamarase at about 72°C thus leaving a considerable portion of the 

glucoside intact. Therefore, it is very important to take in to consideration the appropriate 

temperature of choice while processing cassava by means of boiling. 

2.4.3.2 Natural fermentation 

Obadina et al., (2006) stated that fermentation is one of the oldest and most economical 

methods of producing and preserving foods (Cooke et al., 1987; Chavan and Kadam, 1989), 

particularly in the tropical countries where there is high temperature and high humidity, which 

favour food spoilage. In developed countries, most fermented foods are produced under 

controlled conditions. In developing countries, such foods are processed under uncontrolled 

conditions, using age-old techniques.  

 
 

18



It is very important to investigate the microorganisms involved in the fermentation of cassava 

products (Oyowole, 2002). In most case, Lactobacillus plantarum played an important role in 

the fermenting process. One important aspect of cassava products, which has not attracted 

much attention, is their microbiological safety. Cassava and its products like other food 

materials has potentials for supporting the growth of both pathogenic and spoilage 

microorganisms. These organisms may be introduced directly from workers or the 

environment during processing. There is therefore the need to confirm the abilities of some 

pathogenic organisms to survive in the fermenting cassava (Obadina et al., 2006).  

Cassava farming populations in different parts of Africa and Latin America have empirically 

developed several processing methods for stabilizing cassava and reducing its toxicity 

(Lancaster et al., 1982). Natural fermentation, which is part of almost all these processes, is 

widely used to transform and preserve cassava and cassava-based products, in underdeveloped 

countries to transform and preserve vegetables because of its low technology and energy 

requirements and the unique organoleptic properties of the final product (Daeschel et al., 

1987). 

 In the case of cassava root, the fermentation prevents the roots from rapid spoilage after 

harvest. Cassava roots are more perishable than other tuber crops, such as yam and sweet 

potato (Poulter, 1995). It is the best ways of eliminating cyanogens from cassava. However, 

one limitation of fermented products is the production of pungent odour; and in addition, the 

protein and micronutrient contents of cassava products are low (FAO, 2002). 

 During natural fermentation, the fermentation process is initiated as a result of chance 

inoculation by microorganisms from the environment. Although, convenient there are 

concerns about its reliability the control of which is the basis of all technological measures 

that are used to obtain product at a defined quality. The presence of unspecified 

microorganisms complicates the control of the fermentation process and lead to the production 

of objectionable odors. Such problems have led to the development of several other processing 

techniques suitable for production of odorless product. 
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2.4.3.3 Other processing Methods 

 Peeling 

Many methods of processing cassava roots commence with the peeling of the tubers. 

Generally the cassava peel contains higher cyanide content than the pulp. Removal of the 

peels therefore reduces the cyanogenic glucoside content considerably. Cassava varieties can 

be of two types with the sweet varieties having most cyanide in the cortex and skin and little 

or no cyanide in the pulp, whereas the bitter varieties, more or less, have an even distribution 

of cyanide throughout the tuber. Peeling, therefore, can be an effective way to reduce the 

cyanide content by at least 50% in cassava tubers. However, it should be noted that while the 

peel contains high glucoside content relative to the pulp, the glucosidase level is higher in the 

latter. 

 Grating 

This process takes place after peeling and is sometimes applied to whole tubers. Grating of the 

whole tuber ensures the even distribution of the cyanide in the product, and will also make the 

nutrients contained in the peel available for use. In the grated product, the concentration of 

cyanide depends on the time during which the glucoside and the glucosidase interact in an 

aqueous medium. Grating also, obviously, provides a greater surface area for fermentation to 

take place. 

 Soaking 

Soaking of cassava roots normally precedes cooking or fermentation. It provides a suitably 

larger medium for fermentation and allows for greater extraction of the soluble cyanide into 

the soaking water. The process removes about 20% of the free cyanide in fresh root chips after 

4 hours, although bound cyanide is only negligibly reduced. Bound cyanide begins to decrease 

only after the onset of fermentation. A very significant reduction in total cyanide is achieved if 

the soaking water is routinely changed over a period of 3–5 days. 

A variation to the soaking technique known as retting involves prolonged soaking of cassava 

roots in water to affect the breakdown of tissue and extraction of the starchy mass. A 
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simulation of the technique, followed by sundrying showed a reduction of cyanide of about 

98.6% of the initial content in the roots. 

 Drying 

Since cassava root contains about 61% water, coupled with the solubility of its cyanogenic 

glucoside component, the dehydration (dewatering) process results in a substantial reduction 

in the content of this toxin in the pressed pulp. Drying is carried out using solar radiation 

(sundrying) or Driers (electric or fuel) depending on economic viability at varying 

temperature.  

Because of the poor microbiological properties of sundried cassava products, there is a need 

for quicker drying methods which will reduce or eliminate microbial proliferation and ensure 

optimal cyanide detoxification. The residual total cyanide content was 10–30% of the fresh 

sample, with about 60–80% of the cyanide in the dried chips occurring as free cyanide. The 

comparative advantage of this method could be due to good conductivity of the tray. Gomez et 

al. (1984) indicated that more than 86% of HCN present in cassava was lost during sundrying. 
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CHAPTER THREE 

3. MATERIALS AND METHODS 

3.1 sources of research materials, transportation and sample preparation  

The study samples were collected from Hawassa Agricultural Research Center (HARC) which 

is located at 275 km from Addis Ababa in southern part of Ethiopia. This area has an altitude 

of 1700 km above sea level with 7"04'N latitude and 38"31'longitude.the area has fairly  

reliable distribution of rainfall at rainy seasons with an annual average rain fall of 1024.2 mm. 

The soil type of the experimental field of Hawwasa Agricultural Research Center is Fluoval 

and or ando soil type. Samples of cassava (Qulle and Kello varieties) shown in Figure 3.1 

were transported from the source to Food Science and Nutrition Laboratory of Addis Ababa 

university within the same day of harvest by storing it in the ice box.  

 Both  samples were cleaned, peeled, sliced, grated, dried and ground using medium sized mill 

(Irika-Werke model M 20 S9) in order to produce cassava flour. Some grated samples were 

cooked in cooking dish at Food Science and Nutrition Laboratory of Addis Ababa University. 

The prepared samples were kept at room temperature for further analyses. The raw and 

processed samples of both varieties were used in antinutrients, physicochemical, functional 

and nutritional composition analyses. Analytical grade reagents and chemicals were for the 

analyses. 
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a) Qulle variety                                                         b) Kello variety 

Figure3.1. Qulle and Kello varieties of cassava tubers 

3.2 Processing methods  

 Boling and cooking of the slices 

The sliced samples were boiled using boiling dish in the laboratory of food science and 

nutrition, of Addis Ababa University for about 45 minutes. The boiled slices of tubers were 

sliced further to make it suitable for oven drying. The slices were put in an oven (Memmert, 

Germany) to be dried for 36 hours at 550C. Finally the dried boiled slices were grounded in 

medium sized blender to produce flour in order to make it suitable for various analyses.  

 Natural fermentation of the flour 

About 100 g of the flour was mixed in 300 ml of distilled water for the natural fermentation in 

1: 3 ratios (w/v) of the flour to water using sterile distilled water for 72 hours where the 

microorganisms (fermenter orgaisms) are introduced by chance from the environment and 

then the paste is allowed to be soaked in water. After 72 hours, the fermented flour was put in 

the oven at 55oc to be dried for 36 hours. The dried fermented paste is grounded in medium 

sized mill (Irika-Werke model M 20 S9) to prepare it for further analysis. 
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Figure 3.2 Frameworks of experiments in the thesis work  
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3.3 Analyses methods   

3.3.1 Proximate composition and minerals 

 Determination of Moisture Content 

Moisture contents of raw and processed cassava samples were determined according to AOAC 

(2000), using the official method 925.05.    

The dishes used for the moisture determination were dried at 1300c for 1 hr in Memmert 

drying oven of model 40050 and placed in desiccators for about 30 min. The mass of each 

dishes was measured (M1) and about 5 g of the sample was weighed in to each of the dishes 

(M2). The sample was then mixed thoroughly and dried at 1000c for 6 hr. After drying is 

completed, the mass was measured (M3). The moisture content was calculated from the 

equation:   

                                   

M1: mass of the dish, M2: mass of the dish and the sample before drying, and M3: mass of the 

dish and the sample after drying 

 Determination of Crude Protein Content 

Protein content of the raw and processe cassava flour samples was determined according to 

AOAC (2000), using the official method 979.09. 

About 0.5 g of cassava flour was weighed by Adventurer analytical balance of model AR2140 

and added to the digestion flask. Then 6 ml of acid mixture (concentrated orthophospsoric acid 

and concentrated sulphuric acid) and 3.5 ml of 30% hydrogen peroxide solution were added in 

to the digestion flask step by step. The tubes were shaked until the violet reaction was 

disappred. About 3 g of the catalyst mixture made of 0.5 g of selenium and 100 g of potassium 

sulfate was added in to the digestion flask. The solution was then digested at 3700c for 1 hr by 

Tecator digester of model 722. After digestion was completed, the content in the flask was 

diluted by water and 40% sodium hydroxide was added to neutralize the acid and to make the 

solution slightly alkaline as given below. 

                                NH4SO4 + 2NaOH    2NH3 +2H2O +Na2SO4
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The ammonia was then distilled into receiving flask that consisted solution of excess 4% boric 

acid solution for reaction with ammonia. The borate ion was formed as the result of the 

reaction of the boric acid and the ammonia and this was titrated with standard acid (0.1N 

sulphuric acid solution).  

                              NH3 + H3BO3 (boric acid)  NH4+ + H2BO3
-(borate ion) 

The dilution, distillation and titration of the digested sample were done by using kejeltic 

analyzer unit. 

 

 

 

 

 

 

 

 

Figure 3.3: kejeltic analyzer unit 

The nitrogen content was calculated from the equation: 

                                             

 Where V1: volume (ml) standard H2SO4 solution used in the titration of the blank, V2: volume 

(ml) standard H2SO4 solution used in the titration of the sample, W: sample weight and 14 is 

the molecular weight of nitrogen.  

The protein content was calculated from the equation: 
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 Determination of Crude Fat Content  

Crude fat content of the raw and processed cassava flour samples were determined according 

to AOAC (2000), using the official method 4.5.01. 

The flasks used for the extraction were cleaned by placing them in Memmert drying oven of 

model 40050 at 920c for 1 hr and cooled in desiccators. The masses of the cooled flasks were 

measured by Adventurer analytical balance of model AR2140 (M1). About 2 g of the cassava 

flour was weighed in to each of the thimbles lined with cotton at their bottom. The thimbles 

with their sample content were placed in to the Soxtec soxhlet extraction apparatus of model 

2055. 70 ml of diethyl ether was added in to each flask used for the extraction. The extraction 

process was done for about 4 hr and then after the flasks with there contents were removed 

from the soxhlet and placed in drying oven at 920c for 1 hr .The flasks were then placed in 

desiccators for 30 min. The masses of each flask together with its fat contents were measured 

(M2).  

The crude fat content was calculated from the equation: 

                                                    

Where M2: mass of flask and lipid extracted and M1: mass of dried flask and W: sample 

weight. 

 

 

 

 

 

 

 

 

 

Figure 3.4:  Soxtec Soxhlet fat extraction apparatus 
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 Determination of Crude Fiber Content 

Crude fiber content of raw and processed cassava flour samples was determined according to 

AOAC (2000), using the official method 920.169. 

About1.6 g of the sample was weighed in each of 600 ml beaker. 200 ml of 1.25% sulfuric 

acid solution was added to each beaker and allowed to boil for 30 min by rotating and stirring 

periodically. During boiling the level was kept constant by addition of hot distilled water. 

After 30 minutes 20 ml of 28% potassium hydroxide solution was added in to each beaker and 

allowed to boil for another 30 min. The level was still kept constant by addition of hot distilled 

water. Then after 30 min the solution found in each of the beaker was filtered through 

crucibles containing sand by placing each of them on Buchner funnel fitted with No.9 rubber 

stopper. During filtration the sample was washed with hot distilled water. The final residue 

was washed with 1% sulphuric acid solution, hot distilled water, 1% sodium hydroxide 

solution and finally with acetone. Each of the crucibles with their contents was dried for 2 hr 

at about 1300c and cooled in desiccators and weighed (M1). Then, they were ashed for 30 min 

at 5500c in furnace and were cooled in desiccators. Finally the mass of each crucible was 

weighed (M2). 

  The crude fiber was calculated from the equation: 

                     
Where M1: mass of the crucible, the sand and wet residue, M2: mass of the crucible and the 

sand and W: sample weight. 

 

 Determination of Total Ash Content 

 

Total ash content of the raw cassava and processed flour samples were determined according 

to AOAC (2000), using the official method 941.12. 

The crucibles used for the analysis were cleaned by drying at 1200c in a Memmert drying oven 

of model 40050 and ignited at 5500c in furnace for 3 hr. Then the crucibles were removed 

from furnace and cooled in desiccators .The mass of each of the crucibles was measured by 

Adventurer analytical balance of model AR2140 (M1) and about 2.5 g of cassava flour was 

being weighed in to each crucibles (M2).The crucibles were dried at 1200c for one hour on a 

Wagtech hot plate of model ST 15. The crucibles were then placed in a furnace at about 5500c 
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for 1 hr. After one hour the crucibles were removed from the furnace, cooled, 5 drops of 

distilled water was added to each of the crucible and placed in the furnace at 5500c for 30 min. 

After that, crucibles were removed from the furnace, allowed to cool and 5 drops of distilled 

water and nitric acid were added to each of the crucible. Then the crucibles once again were 

inserted in to the furnace until they were become free from carbon and the residue appears 

grayish white. Then, they were removed from the furnace and placed in desiccators. Finally 

the mass each crucible was weighed as (M3). 

The total ash was calculated from the equation: 
                                           
Where M1: mass of the dried dish, M2: mass of the dish and the sample, M3: mass of the dish 

and the sample 

 

 Determination of Carbohydrate Content 

The carbohydrate was calculated by difference with the exclusion of crude fiber. 

                                 

 Minerals  

 calcium, zinc, iron  

Total mineral content of raw and processed cassava flour samples were determined according 

to Osborne and Voogt (1978) by using Buck scientific atomic absorbtion spectrophotometer 

(AAS) of model 201 VGP, manufactured in Canada. 

 

Ashes were obtained from dry ashing. 7 ml of 6N hydrochloric acid was added to each of the 

ash obtained previously and allowed to digest on a hot plate for 1 hr. Then 5 ml of 3N 

hydrochloric acid was added to each of the ashes and allowed to boil on a Wagtech hot plate. 

Each of the digests was then cooled and filtered in to 50 ml long neck round bottom flask 

using the Whatman filter paper (42 nm). Then 2.5 ml of 10% lanthanum chloride was added 

and filled to the mark with distilled water prior to analysis.  
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Standard solutions:  Four series of working standard metal solutions (Table 3.1) were 

prepared by appropriate dilution of the metal stock solutions with de-ionized water containing 

2.4 ml 3N HCl in 10 ml volumetric flask. After manipulating the instrument operation 

procedure, calibration graph (concentration versus absorbance) for each element using the 

prepared standard solutions was prepared. 

 

 The Fe, Zn, content in the samples were analyzed by using Buck atomic absorption 

spectrometer (AAS) of model 201 VGP at 248.3 nm and 213.9 nm aspirating de-ionized water 

and the reagent and sample blank solution was run with the sample. A single mineral hollow 

cathode lamp was used for each element. Series of working standards solutions for essential 

minerals determination using flame atomic absorption spectrophotometer (FAAS) 

Table 3.1 concentration of standards used for mineral analysis  

No Elements Concentration of standard,  µg/ml  

1 Iron 0.5, 7.5, 3 

2 Zinc 0.1, 0.2, 0.4, 0.7 

4 Phosphorus 0, 0.2, 0.4, 0.6 , 0.8, 1 

The concentration of the elements in the sample was calculated as mg/100g. 

                                        
Where C1: concentration (μg/ml of the mineral in the blank solution, C2: concentration (μg/ml) 

of the mineral in the sample solution and W:  sample weight 

 

Determination of total phosphorous 

The sample solutions prepared for mineral determination was used for phosphorous 

determination. A 1 ml of the clear extract (sample solution prepared for mineral 

determination) was diluted into 100 ml with deionized water. 5 ml of the sample solution was 

added into test tube. Half ml of molybdate and 0.20 ml aminonaphtholsulphonic acid were 

added into the test tube (sample solution) and mixed thoroughly step by step. The solution was 

allowed to stand for 10 minutes.  
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Standard solution:  six series of working standard phosphorous solutions (0.2, 0.4, 0.6, 0.8 1.0 

and 1.2 µg/ ml) were prepared by appropriate dilution of the phosphorous stock solution (1000 

µg P/  ml of KH2PO4) with deionized water using 10 ml volumetric flask. After manipulating 

the instrument operation procedure, the absorbance (A) the sample solution was measured at 

660 nm against distilled water using UV-VIS spectrophotometer. The standard and sample 

blank solution was run with the sample. Calibration graph (concentration versus absorbance) 

for each element using the prepared standard solutions was prepared.  

Phosphorous content (mg/100g) =  

3.3.2. Physicochemical property  

• PP

H of cassava flour  

The pH of the flour samples were determined by using (JENWAY-370, Burlworld Scientific, 

England) digital pH meter. Standardization (calibration) of the pH meter was done using 

buffer solution of pH 7 and 4. A 5 g cassava flour sample was dispersed in 25 ml of distilled 

water and allowed to stand for 30 minutes with constant stirring and dipping the electrode of 

the pH meter in to the dispersion with constant shaking until stable reading was obtained. At 

equilibrium the value was recorded with the aid of pH meter. Triplicate determinations were 

made in all cases. 

• Titratible acidity of cassava flour 

 The total titratible acidity of cassava flour samples was determined by Pearson’s (1973), 

method. 5 g of the flour sample was macerated for 30 minutes in a beaker with 15 ml of 

distilled water as 1 part of the flour to three parts of the water (w/v) ratio. A known volume of 

water is used for further dilution in order to hydrolyze all the acids in the sample. Before 

titration of the sample, the water that is used for dilution purpose will be titrated to be used as 

a blank.  Three drops of 1% alcoholic phenolphthalein indicator was added to water extract of 

the sample (dispersion). The dispersion was then titrated with standard base (0.1N NaOH) to 

phenolphthalein end point. The result of determination will be reported as percentage lactic 

acid consuming definite volume of 0.1 N NaOH. The end point of the titration was reached 
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when the white dispersion changed from a clear white solution to a faint violet colored turbid 

solution. Triplicate determinations were made in all cases. Finally it is given that the amount 

of lactic acid in the sample was determined from the relation (1ml 0.1 N NaOH =0.009008mg 

C3H6O3).  

3.3.3 Functional property  

• Bulk density 

Bulk density was determined using the method of AOAC (1990). A sample of 7 g was 

measured into a 50 ml graduated measuring cylinder. The cylinder was tapped continuously 

until a constant volume was obtained. The bulk density was calculated as weight of the 

cassava flour (g) divided by its volume in ml. 

Bulk density = weight of cassava flour/volume of cassava flour 

 Water and oil absorption capacity  

Water and oil absorption capacity of the raw and processed cassava samples were determined 

according to Buchat (1997). 

One gram of the cassava flour was mixed with 10ml of distilled water (density 1 g/cm3) or oil 

(specific gravity of 0.989 ml ) in a centrifuge tube, mixed thoroughly with magnetic stirrer and 

allowed to stand at room temperature (30+ 20c) for one hour. It was then centrifuged at 200xg 

for 30 minute and the supernatant was transferred in a 10 ml graduated cylinder. Water and oil 

absorption capacity was calculated as ml of water or oil absorbed per gram of the flour. 

Water and oil absorption capacity was calculated from the equation: 

                            
Where V: volume of water or oil left unabsorbed after centrifugation. 
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• Foaming capacity and stability (method) 

Foaming capacity and stability was determined by the method developed by Coffman and 

Gracia (1977). One gram of the raw and processed cassava flour was dispersed in 50 ml 

distilled water. The resulting solution was vigorously whipped for 30 minutes in a Kenwood 

blender and poured into a 100 ml graduated cylinder. The volume before and after whipping 

was recorded and the foaming capacity was calculated as percentage volume increase.  

The foaming capacity was calculated from the equation: 

          
 

Foaming stability was determined as the volume of foam that will be remained after 2 hours 

with simultaneous recording of volume drop after every 10 minutes which is expressed as a 

percentage of the initial volume. 

The foaming stability was calculated from the equation: 

 

Volume of foam (%) = volume of foam after 2 hours/initial foam volume]*100 

• Swelling power and solubility 

Swelling power and solubility determinations were carried out in the temperature range of 60-

90°C (using the method of Leach et al., 1959).   One gram of cassava flour sample was 

accurately weighed and quantitatively transferred in to a clear dried test tube and weighed 

(W1). 15 ml of distilled water was added and mixed gently at low speed for 5 min. The slurry 

was heated in a thermostated water bath (Memmert model DIN 2005), at 80°C for 30 min with 

mixing the suspension intermittently. The test tube was cooled with its content rapidly to 

200°C. During heating, the slurry was stirred gently to prevent lumps forming in the flour. The 

cool paste was centrifuge at 2200 g for 15 min. The supernatant was decanted immediately 

after centrifuging into a pre-weighed evaporating can and dried at 100°C to constant weight 

approximately for 4 hours. The weight of the sediment was taken and recorded as (W2) or 

swollen mass. 
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                               Swelling power = (Wt of sediment)/ (sample Wt-Wt of soluble) 

                               Solubility index (%) = (Wt of soluble/Wt of sample) x 100. 

 

3.3.4. Antinutritional factors 

 Determination of free cyanide 

The cyanide content of the fresh and differently processed cassava tubers (boiled and 

fermented) varieties was determined by (AOAC, 1995). 

 20 g of cassava flour sample was placed in extraction flask and followed by addition of 100 

ml of distilled water and allowed to stand for two hours, in order to set free all the bound 

hydrocyanic acid, meanwhile keeping the flask connected with an apparatus for distillation. 

After two hours of maceration, 100 ml of distilled water was added to the slurry and steam 

distilled. The distillate was collected in 20 ml 0.01N AgNO3 that has been acidified with 1 ml 

HNO3. The distillation process was allowed to proceed for 40 minutes with vigorous boiling. 

After passing over of 150 ml of the distillate, the distillate was filtered through Gooch with 

little water and the excess AgNO3 was titrated in combined filtrate and washings with 0.02N 

KSCN, using ferric alum indicator. The end point of titration was indicated by appearance of 

faint reddish color up on addition of 0.02 N KSCN solution. The quantity of HCN present in 

the sample was calculated from the following relation. 

                         Volume (ml) of AgNO3 consumed to complex CN-=20-2Vof the titer. 

      1ml 0.01 NAgNO3=0.27 mg HCN 

 Determination of Phytate Content 

  

Phytate content of the raw and processed cassava flour samples were determined according to 

Latta and Eskin (1980). About 2 g of samples were extracted with 10 ml 2.4% HCl in 

mechanical shaker for 1 hr at an ambient temperature and centrifuged at 3000 rpm for 30 min.  

The clear supernatant was used for phytate estimation. 1 ml of Wade reagent (containing 

0.03% solution of FeCl3.6H2O and 0.3% of sulfosalicilic acid in water) was added to 3 ml of 
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the sample solution (supernatant) and the mixture were mixed on a vortex mixer (Thermolyne 

model, 37600) for 5 seconds. The absorbance of the sample solutions were measured at 500 

nm using Beckman UV-Vis spectrophotometer model Du-64. 

 

A series of standard solution were prepared containing 10, 20, 30, 40, 50, 60 µg/ ml of phytic 

acid (analytical grade sodium phytate) in 2.4% HCl.  A 3 ml of standard were added into 15 

ml of centrifuge tubes with 3 ml of water which were used as a zero level (blank). A 1 ml of 

the wade reagent was added to each test tube and the solution was mixed on a vortex mixer for 

5 seconds. The mixture was centrifuged for 10 min and the absorbances of the solutions (both 

the sample and standard) were measured at 500 nm by using water to calibrate the 

spectrophotometer. 

The phytate content was calculated from the equation: 

                      
 

 Determination of Tannin Content  

 

Tannin content of the raw and processed cassava flour samples was determined according to 

Maxson and Rooney (1972). About 2 g of raw and processed cassava flour was weighed and 

extracted with 10 ml of 1% HCl in methanol for 24 hrs at room temperature with mechanical 

shaking. Then after centrifuged at 1000 rpm for 5 min. 1 ml of the supernatant of the 

centrifuged solution was mixed with 5 ml of vanillin HCl reagent prepared by combining 

equal volume of 8% HCl in Methanol and 4% vanillin in methanol. The absorbance was read 

at 500 nm after 20 min. A stock D.catechin solution was used as the standard values of tannin. 

20 mg D. catchin was weighed and dissolved in 100 ml 1% HCl methanol. Then 0, 0.2, 0.4, 

0.6, 0.8 and 1ml stock was taken and diluted with 5 ml 1% HCl in Methanol. The absorbance 

was again read at 500 nm using Beckman UV-Vis spectrophotometer model Du-64. 

The tannin content was calculated from the equation: 
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 Determination of oxalate Content 

The oxalate content was determined using the method originally employed by Ukpabi and 

Ejidoh (1989). The procedure involves three steps: digestion, oxalate precipitation and 

permanganate titration. 

• Digestion: At this step, 2 g (db) of flour was suspended in 190 ml of distilled water 

contained in a 250-ml volumetric flask; 10 ml of 6M HCl was added and the suspension 

digested at 100°C for 1 h, followed by cooling, and then made up to 250 ml before 

filtration.  

• Oxalate precipitation: Duplicate portions of 125 ml of the filtrate were measured into a 

beaker and four drops of methyl red indicator added, followed by the addition of 

concentrated NH40H solution (drop wise) until the test solution changed from its salmon 

pink colour to a faint yellow colour (pH 4-4.5). Each portion was then heated to 900C, 

cooled and filtered to remove precipitate containing ferrous ion. The filtrate was again 

heated to 90°C and 10 ml of 5% CaCl2 solution was added while being stirred constantly. 

After heating, it was cooled and left overnight at 5°C. The solution was then centrifuged at 

a speed of 2500 rev/min for 5 min. The supernatant was decanted and the precipitate 

completely dissolved in 10 ml of 20% (v/v) H2SO4, solution. 

• Permanganate titration: At this point, the total filtrate resulting from digestion of 2 g of 

flour was made up to 300 ml. Aliquots of 125 ml of the filtrate were heated until near-

boiling, and then titrated against 0.5M standardized KMnO4, solution to a faint pink colour 

which persisted for 30 s. The calcium oxalate content was calculated using the formula. 

                          Oxalate (mg/100g)  

 where T is the titre of KMnO4 (ml), Vme is the volume - mass equivalent (i.e. that 1 cm3 of 

0.05 M KMnO, solution is equivalent to 0.00225 g anhydrous oxalic acid), DF is the dilution 

factor VTA (2.4, where VT is the total volume of filtrate (300ml) and A is the aliquot used (125 

ml)), ME is the molar equivalent of KMnO4 in oxalate (KMnO4, redox rxn. (5)) and mf is the 

mass of flour used. 
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3.3.5 Data analysis 

The results of the three replicates were pooled and expressed as mean ± standard error (S.E.) 

A one-way analysis of variance (ANOVA) and the least significance difference (LSD) were 

carried out using SPSS/15.0 software. Significance difference was accepted at P <0.05.  
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CHAPTER FOUR  

4 RESULTS AND DISCUSSION 

The proximate and antinutritional factors, physicochemical and functional properties and the 

effects of processing (boiling and natural fermentation) on the levels of certain antinutritional 

factors (cyanide, phytates, tannins, and oxalates) related to the samples of two improved 

cassava (Manihot esculenta Crantiz) varieties which were collected from Hawassa 

Agricultural Research Center, were studied. 

 In order to minimize the effect environmental factors during analyses of the samples on the 

result of analyses, an effort was made in collecting the samples that were produced in the same 

geographic region and both were harvested during the same season with the same age of 

maturity. There fore, in this study, it is assumed that all the difference that may arise between 

the two varieties will be predominantly related to genotypic characteristics of each variety. 

The summary of the results of the samples analyzed in this work are presented below either in 

Tables or Figures. 

4.1. Proximate composition 

Moisture content, total ash, crude fat, crude protein, crude fiber, total carbohydrate and total 

energy of two cassava varieties were analyzed and the results are presented in Table 4.1. Both 

cassava varieties were presented in three forms, which are the raw, boiled and fermented 

samples. For the sake of simplicity, Qulle and Kello varieties are represented by QR, QB, QF 

and KR, KB and KF respectively for raw, boiled and fermented samples of both varieties 

respectively 

Moisture content 

The determination of moisture content for Qulle variety shows that, the moisture content 

ranges between 8.27±0.03% and 10.45±0.11% which refers to QF and QB respectively. The 

moisture content of QB was found to be 10.45±0.11% which is the highest value and QF has 

the lowest moisture content of 8.27±0.03%. The raw sample of this variety has a moisture 

content of 9.47±0.47%. The result of moisture content for the other variety, i.e. Kello, ranges 
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between 6.09±0.31% and 10.73±0.14% which belongs to QF and QB respectively. The 

increase in the moisture content of cassava flour by boiling is in agreement with the report of 

(Bradbury and Holloway, 1988) who reported that the moisture content of all root crops 

increased on boiling by 1-4%. The moisture content of KR was found to be 8.48±0.02%. In 

summary it seems that the moisture content for both varieties in all treatments is in the 

moisture range generally accepted for dry products in order to obtain a desirable shelf life of 

the product (Sriroth et al., 2000).  

The moisture content of both varieties obtained is in agreement with the moisture content of 

many findings for all treatments. The lower moisture content recorded by KR is an indication 

of longer shelf stability which agrees with the finding of Olitino et al., (2007). It has been 

reported that low moisture confers higher shelf life to the flour where microbial proliferation is 

minimum at the moisture content recorded for this study above which is in agreement with the 

result obtained for fermented ground cassava flour (Nwabanne, 2009). The result of moisture 

for three days fermentation in this study indicates that, it is lower than the value reported by 

Enidiok et al., (2008) for the same variety collected from Hawassa Agricultural Research 

Center in 2007. But as compared to the maximum moisture content suggested for cassava 

flour by previous authors (Eke et al., 2007), this value is within the recommended maximum 

value of 14 %, and hence both varieties under treatment have good microbial safety due to 

lower moisture content and there is no risk of growth and development of spoilage and 

pathogenic microorganisms.  

 Ash        

Determination of the ash content in Table 4.1 shows that, the percentage of ash varied from 

2.17±0.07 to 3.45±0.20% which corresponds to QF and QR respectively. The percentage of 

ash for QB was determined to be 3.07±0.09%. The maximum ash content in Qulle variety was 

determined to be 3.45±0.20% and the minimum value was 2.17±0.07%. The ash content of 

Kello variety is 2.43±0.13, 2.36±0.05 and 2.14±0.09% for KR, KB, and KF respectively. The 

percentage of ash was significantly reduced (p<0.05) both by boiling and natural fermentation.  

The percentage of ash determined in this study is greater than the percentage of ash for 

Nigerian flour that ranges from 0.33 to 0.77 % as reported by (Eke et al., 2007). But the 
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present values are close to the value reported by (Oboh and Elusyan, 2007), which ranged 

from 2.9 to 3.0% for fermented and unfermented cassava flour prepared from low cyanide 

containing tubers. The percentage of ash determined in this study for both cassava varieties 

was found to greater than the level of ash content stated for cassava in the Food Composition 

Table of Ethiopia in 1998. It was also found to be greater than the  percentage of  ash  ontent  

of cassava flour samples compiled with the regulatory standard of not more than 1.5 percent 

ash content(Sanni, et al., 2004), specified by the standard organization of Nigeria(SON).  

 From the result presented in this study, both processing methods have significantly reduced 

(p<0.05) the percentage of ash of the flour samples. The decrease in the ash content by both 

processing methods is in agreement with the finding of (Bradbury and Holloway, 1988) that 

reported, in every case, the ash content will be significantly reduced by boiling which was 

consistent with the loss of water soluble minerals, K, Na, P and S, presumably as potassium 

and sodium phosphates and sulfates. 

 The extent of the loss of potassium and sodium always greatly exceeded that of phosphate and 

sulfates, which indicated the loss of other salts of sodium and potassium, probably mainly 

chlorides (Bradbury and Holloway, 1988). The leaching-out of these soluble minerals will 

increase proportionally the percentage of other insoluble minerals such as iron. Unlike the 

finding of this study, if water of fermentation is retained, and allowed to be dried with the 

sample, fermentation will increase the ash content of cassava flour. 

Fat  

From Table 4.1, below the result of fat determination in two cassava varieties in three different 

forms, raw, boiled, and fermented samples are presented. From the Table, the percentage of fat 

for Qulle variety varied from 0.78±0.15 to1.05±0.04%, which corresponds to QB and QF 

respectively and this value is greater than the fat content of cassava stated in the Food 

Composition Table of Ethiopia which is 0.2%. The percentage of fat for QR is 0.88±0.10. The 

maximum determination of fat was observed in QF (1.05±0.04%) and the minimum 

determination corresponds to QB (0.78±0.15%). For Kello variety, the maximum 

determination of percentage of fat was obtained in KF (1.11±0.17%) and the minimum value 

belongs to KB (0.85±0.09%). KR was found to contain 1.02±0.10% of fat. 
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 The value obtained for fat determination for both varieties is greater than the fat content of 

cassava specified in the nutritional composition Table which is 0.2 percent (Bradbury and 

Holloway, 1988) and close to the value reported by (Nervy et al., 2007) where the fat content 

ranges from 0.4 to 1.8%. There fore, it clearly shown that both cassava varieties treated in this 

study have better fat content in their raw form as compared to the fat content of cassava stated 

in the literature and also as compared to the fat content of cassava varieties stated in the food 

composition table of Ethiopia. The decrease in fat during boiling as compared to the fat 

content of the raw cassava flour samples is most probably due to degradation of lipid as a 

result of heat treatment.  

An increase in fat content for both varieties due to fermentation conforms to the finding of 

Oboh and Elusiyan, (2007), and could be attributed to the possibility that, the fermenter 

organisms which could secrete microbial oil (Oboh and Akindahunsi, 2003) could possibly 

contribute for the increase in the fat content of fermented samples. This assertion agrees with 

earlier findings of Akindumila and Glatz (1998), to the extent that micro-organism could 

produce microbial oil during fermentation. It is also interesting to know that the fat content of 

the fermented cassava flour of Kello variety was significantly higher (P < 0.05) than those 

produced from the flour of Qulle cassava variety. The fat content (0.78 – 1.05) for Quell 

Variety and (0.85 – 1.02) for Kello Variety was in the range reported for most tubers and root 

flour in the range of 0.1 – 1.1 %by (Hoover, 2001).  

Protein  

The percentage of protein for the two cassava varieties is given below under Table 4.1. For 

Qulle variety, the highest percentage of protein was recorded to be 1.68±0.01% and the 

minimum determination was found to be 1.19±0.01% for QF and QB respectively. The mean 

value of the percentage of protein content for QR is 1.32±0.01%. For Kello variety, the protein 

content varied from 1.26±0.03 to 1.66±0.01% which corresponds to KB and KF respectively. 

The average value of the percentage of protein for KR is indicated to be 1.47±0.02% in the 

Table 4.1.  

The least significance difference test for both Qulle and Kello variety indicates that processing 

(boiling and fermentation) has significantly affected (p<0.05) the protein content of both 
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varieties i.e. boiling has significantly reduced the protein content of both varieties and 

fermentation has significantly increased (p<0.05) the protein content of both varieties. The 

protein content of both varieties in this study was observed to be closer to the protein content 

of many cassava varieties reported by the previous studies for raw and processed cassava flour 

which was stated in the Food Composition Table of Ethiopia to be 1.30%. The increase in 

protein content by fermentation agrees with earlier reports (Raimbault, 1998) that fermentation 

of cassava would increase the protein content of the cassava. The increase in the protein 

content of cassava flour may be because some microorganisms such as micro-fungi, which 

degrade cassava flour readily (Reade and Gregory, 1975), could have secreted some 

extracellular enzymes (protein) in the cassava flour which can be possible reason for the 

increase in the percentage of protein content in both varieties.  

The decrease of carbohydrate by fermentation and increase of carbohydrate by boiling 

contributes proportionally to the increase and decrease of protein by fermentation and boiling 

respectively as the values of all proximate analysis was computed out of hundred percent. It is 

known that fermentation may enrich foods in protein by removing part of the fermentable 

carbohydrate as documented in fermented foods made from cassava such as gari and foo-foo 

(Okafor 1998). The result of protein analysis for boiled samples for both varieties indicate that 

boiling has significantly reduced (p<0.05) the protein content which may be attributed to the 

denaturation of aminoacid molecules under going structural modification. Vigorous heat 

treatment may denature proteins irreversibly. The protein content of both cassava varieties is 

comparable to those reported to Colossian esculent and monocot esculent (Elviana et al., 

2005). The significance difference in percentage of protein for both varieties will be attributed 

to the genetic composition of the two cassava varieties. 

 Crude fiber   

The results of crude fiber determination are presented in Table 4.1. The value of percentage of 

crude fiber content for Qulle varieties are 3.44±0.00, 4.40±0.12 and 2.54±0.05 which belongs 

to QR, QB and QF. QB has the highest percentage of crude fiber content and the lowest 

percentage of crude fibre belongs to QF (2.54±0.05). The percentage of crude fibre cassava 

flour of Kello variety ranges from 2.82±0.14 to 3.56±0.15% for raw sample and boiled sample 
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respectively. The fermented cassava flour has crude fibre of 2.03±0.04%.The crude fibre 

content determined in this study is some how greater than the value reported by (Endoik et al., 

2008) which ranges from 1.70 to 1.75% but some how comparable with the value reported by 

(Oboh and Elusiyan, 2007), with 1.8 to 2.7% of crude fibre. With the exception of QR and 

KB, analysis of the results of determination by LSD test shows that both boiling and 

fermentation have significantly affected (p<0.05) the crude fibre content of both varieties.  

Previous findings have indicated that one of the most important applications of fermentation is 

in the reduction of non dietary substances from food substances which conforms to the finding 

of this study. Fermentation reduces crude fibre content of food substances through the 

microbial degradation of non dietary substances from the edible portion of food matrices by 

improving fibre digestibility.  Boiling has significantly increased (P<0.05) the percentage of 

crude fiber (4.40%) and fermentation has significantly reduced (p<0.05) the percentage of 

crude fiber (2.54%) as compared to both QR (3.44%) and QB (4.40%).  

From the findings, it is presented that both processing methods (boiling and natural 

fermentation) have significantly affected (p<0.05) the percentage of crude fibre in both 

varieties of cassava samples. The result shows that dietary fibre increased very substantially 

after boiling which was considered to be due to the formation during boiling of some enzyme- 

resistant starch. Boling or conventionally, cooking solubilises starch and makes it more 

available and these starches are enzymatically non degradable starches contributing to a larger 

proportion of fibre after boiling.  

The drastic decrease in fibre content of the cassava flour from both varieties is attributed to the 

possibility that the fermenter micro-organisms could secrete hydrolytic enzymes (Oboh et al., 

2003; Oboh, 2005b). These enzymes are capable of hydrolyzing crude fibre into simple 

sugars, which the organism could use as its carbon source and change it to other 

macromolecules or metabolites such as protein and fat (Oboh and Akindahunsi, 2003; Oboh, 

2006). 
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Utilizable Carbohydrate content 

Data for the total carbohydrate of both Qulle and Kello varieties of cassava are given in Table 

4.1. The carbohydrate content of cassava flour of Qulle variety ranges from 90.54±0.01 to 

92.91±0.02% which refers to fermented sample and boiled samples. The carbohydrate content 

of raw cassava flour from the same variety is determined to be 90.55±0.19%.The maximum 

value is indicated for KB (93.45%) where as the minimum value corresponds to QF (90.54 %). 

For Kello variety, the values are indicated to be 91.76±0.84, 93.45±0.05 and 91.27±0.33% for 

KR, KB and KF respectively. 

 From the Table, it is shown that the percentage of total carbohydrate is within the range of the 

carbohydrate content for most of root crops and tubers. The carbohydrate content determined 

in the present study is by far greater than the carbohydrate content of cassava root suggested in 

Food Composition Table of Ethiopia to be 30.40%. Therefore, both cassava varieties under 

study are rich sources of carbohydrate. Boiling has significantly increased (p<0.05) the 

carbohydrate content of cassava flour as it is indicate in the Table.  

The finding of this study is in agreement with the previously reported value by (Brabury and 

Holloway, 1996). In both varieties, boiling has increased the carbohydrate content of cassava 

samples to some extent which results from solubilization of starch which makes it much more 

available and increase in the carbohydrate content of both varieties. Boiling of cassava roots 

may cause formation of maltose and other simple sugars by breaking down of starch,    

increasing the carbohydrate content and more over, it can also be due to the fact that boiling 

can cause removal of some free aminoacids from cassava roots by boiling causing 

proportional increase in the carbohydrate content of cassava flour sample in this study.  

Significant reduction (P<0.05) in the carbohydrate content of both cassava varieties was 

observed due to fermentation.  The decrease in carbohydrate of cassava is in agreement with 

the findings of (Udensi and Okoronkwo, 2006) which have showed drastic decrease in the 

carbohydrate content of Mucuna protein isolates by fermentation. The possible basis for the 

decrease in the carbohydrate of the fermented cassava flour from both varieties will not be far 

from the possibility that the micro-organisms could secrete hydrolytic enzymes (Oboh et al., 

2003; Oboh, 2005b). These enzymes are capable of hydrolyzing carbohydrate into simple 
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sugars, such as maltose  which the organism could use as its carbon source and changes it to 

other macromolecules or metabolites such as protein and fat (Oboh and Akindahunsi, 2003; 

Oboh, 2006). 

Energy  

The energy of cassava flour is presented in table 4.1 which is computed from Atwater’s 

conversion factor to be 376.86±1.28, 386.36±0.64 and 374.05±0.64 in Kcal /100g for KR, KB 

and KF respectively. The energy content of Kello variety is given to be 386.55±1.93, 

388.90±1.34 and 379.37±0.35 in Kcal /100g for KR, KB and KF respectively. The energy 

content of both cassava varieties are less than the value presented in food composition table by 

(Bradbury and Holloway, 1988) which is 580 Kcal / 100g. The decrease in energy content by 

fermentation and increase of energy content by boiling follows the pattern of carbohydrate 

change by fermentation and boiling process.  

  

Table 4.1 Proximate composition of Qulle and Kello cassava varieties  

Results are mean values of triplicate determination (dwb) ± standard deviation. 

Sample types Proximate composition  

QR QB QF KR KB KF 

Moisture (%) 9.47±0.47b 10.45±0.01a 8.27±0.03c 8.48±0.02c 10.73±0.14a 6.09±0.31d

Ash (%) 3.45±0.20a 3.07±0.09a 2.17±0.07b 2.43±0.13b 2.36±0.05b 2.14±0.09b

Fat (%) 0.88±0.10b 0.78±0.15b 1.05±0.04a 1.02±0.10a 0.85±0.09b 1.11±0.17a

Protein (%) 1.32±0.06b 1.19±0.01d 1.68±0.01a 1.47±0.02c 1.36±0.03b 1.66±0.01a

Crude fiber (%) 3.44±0.00c 4.40±0.12c 2.54±0.05b 2.82±0.14a 3.56±0.15b 2.03±0.04d

T. carbohydrate (%) 90.55±0.19c 92.91±0.02a 90.54±0.01c 91.76±0.84b 93.45±0.05a 91.27±0.33b

T. energy(Kcal/100g) 376.86±1.28c 386.36±0.64a 374.05±0.64c 386.55±1.93a 388.90±1.34a 379.37±0.35b

Means with the same superscript letters within a row are not significantly different (p<0.05)  
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Mineral composition  

The minerals (iron, zinc and phosphorus) composition of cassava root is shown in Table 4.2.  

The iron content of Qulle variety is 1.34±0.20, 1.40±0.57 and 1.77±0.12 mg/100g which 

corresponds to QR, QB and QF respectively. The iron content of Kello variety is 1.73±0.01, 

1.88±0.23 and 1.92±0.21mg/100g for KR, KB and KF in the given order. In all the cases, the 

iron content of cassava varieties in the present study is less than the iron content of cassava 

stated in the Food Composition Table of Ethiopia which was stated to be 4.50mg/100g.    

Determination of phosphorus content shows that, phosphorus content in Qulle variety is 

33.29±0.23, 31.58±0.21and 31.54±0.15mg/100g which refers to KR, KB and KF respectively. 

The phosphorus content of Kello variety is determined to be 38.77±0.26, 37.62±0.15 and 

37.56±0.16 for KR, KB and KF respectively. The phosphorus content of both cassava varieties 

in the present study was found to be less than the phosphorus content stated for cassava in the 

Food Composition Table of Ethiopia which was 42.6mg/100g.   

The level of iron content in cassava flour in this study is greater than the level reported by 

(Nevry et al., 2007), as trace and the content of iron reported by (Bradbury and Holloway, 

1988), in the food composition table to be 0.23mg/100g. Phosphorus level in this study is 

close to the value reported by (Nevry et al., 2007), which ranges from 35.7 to 36.1mg/100g. 

It was found that there is an increasing tendency in the iron contents and decreasing tendency 

of phosphorus level of both varieties by boiling and fermentation. Decreasing of phosphorus 

content by boiling and fermentation is in line with the trend reported by (Bell, 1983), as 

boiling will produce a significant reduction in the phosphorus content of West African yam.    

The result of mineral analyses shows that phosphorus (38.77±0.26mg/100g) was the most 

abundant mineral found in KF, while zinc was not detected. The content of zinc stated in the 

Food Composition Table of Ethiopia for cassava to be 0.20mg/100g is different from the result 

of the present study. When the two varieties are compared for their mineral content, it was 

observed that, the mineral content of Kello variety is significantly higher (p<0.05) than the 

mineral content of Qulle variety. The most probable reason for the variability in the mineral 

content of the two varieties is the genotypic difference of the cultivars. 
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 Even though the mineral composition of a food crop is directly related to its genetic origin, 

geographical source and soil conditions, in this study, the two cassava varieties were collected 

from the same area in the same cultivation season at the same maturity period of nineteen 

months. Therefore, the effect of environment and soil condition is assumed to be negligible 

and the dominant factor for mineral content variability is mainly attributed to the genetic 

variation between the two cultivars. 

In general, the concentration of mineral elements in cassava root is relatively lower than those 

found in other root and tuber crops such as potato, taro, and yam (Oyenuga, 1968). It was 

observed that both boiling and fermentation resulted in marginal increases in the level of iron 

in cassava flour. In both cases, this could be due to the absorption of minerals derived from the 

boiling and fermenting medium or the absorption of minute quantities of minerals from the 

water used and also from enrichment of iron from knife used for slicing in the case of boiled 

samples and from iron-steel plate used for oven drying the sample. For boiling, the loss of 

soluble minerals like sodium and potassium contributes for the corresponding increase in the 

fraction of other insoluble minerals such as iron proportionally. The increase in iron content of 

cassava by enrichments stated above might be suggested as a means of food fortification with 

minerals.   

Table: 4.2 Mineral composition Qulle and Kello cassava varieties  

         Results are mean values of triplicate determination (dwb) ± standard deviation. 

Sample Types Iron( mg/100g) Zinc( mg/100g) Phosphorus(mg/100g) 

QR 1.34±0.20c ND 33.29±0.23c

QB 1.40±0.57c ND 31.58±0.21b

QF 1.77±0.12b ND 31.54±0.15b

KR 1.73±0.01b ND 38.77±0.26a

KB 1.88±0.23a ND 37.62±0.15a

KF 1.92±0.21a ND 37.56±0.16a

         ND=Not Detected  

Means with the same superscript letters within a column are not significantly different 

(p<0.05)  
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4.2 Physicochemical property  

 pH of the flour 

Table 4.3 shows the physicochemical characteristics (pH and TTA) of the two cassava 

varieties. The pH value for Qulle variety ranges from 6.19 to 4.54, where the maximum pH 

belongs to QR and the minimum pH value belongs to QF and the intermediate value of pH 

(5.44) corresponds to QB. For Kello variety the pH value is the maximum in KR (6.53), 

intermediate for KB (5.49) and the least for KF (4.30). The pH values obtained for both 

cassava varieties are in agreement with the previous report by Kobawila et al. 2005 which 

ranges from 3.8 to 7.2 and (Daramola and Aina, 2007) who determined the pH value of 

cassava flour to vary from 4.6 to 7.2. The overall summary of the relation between pH and 

TTA will be discussed below on how pH and TTA are dependent on each other.  

Titratible Acidity 

The titratible acidity is given in Table 4.3 for both cassava varieties. Titratible acidity is the 

highest for QF (1.04%LA) in Qulle and the minimum value corresponds to QR (0.26%LA).  

The TTA value of QB is an intermediate between the two values which is (0.41%LA). 

Comparison of the effect of processing method indicates that mean values for Qulle variety 

shows significant increase (p<0.05) in TTA due to boiling and fermentation.  For Kello 

variety, the values of TTA are given to be 0.27, 0.29 and 1.22% of LA as indicated in table 

4.3. TTA value is lowest for KR (0.27%LA) and the highest for KF (1.22%LA). Processing 

methods have significantly increased (P<0.05) the TTA of Kello variety both by boiling and 

fermentation for the flour samples. TTA was found to be greater in KF (1.22%LA).  

One of the physicochemical properties of cassava flour is pH value. The pH is significantly 

decreased and the titratible acidity increased after processing; the intensity of acidification was 

greater for KF (1.22% lactic acid) with the pH value of 4.30. The pH value obtained for the 

present study is greater than the pH of Attoukpou made from cassava flour with a pH value of 

3.6 to 3.9 reported by (Nevry et al., 2007).The lower pH in the previous study is due to 

extended fermentation of four days that results in generation of organic acids such as lactic 

acid (Nevry et al., 2007). This finding is in agreement with the previous report by (Hongbete 
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et al., 2009; Mbougueng et al., 2008). The trend of increasing in the titratible acidity for both 

varieties after processing is close to the finding in Nigerian cassava flour by (Shittu et al., 

2007) and the pH of lafun flour in Benninese which was 4.5 after fermentation.  

Apart from the genotypic and botanical variation of the two varieties, variation in pH might be 

due to the presence of impurities that are incorporated during sample preparation (Sangeetha 

and Mishra, 2006). Decrease in pH is lower as compared to controlled fermentation cited in 

literatures, because natural fermentation of cassava roots may involve undesirable 

microorganism resulting in delayed decrease in pH and the production of off odors (Hongbete 

et al., 2009).  

The fermentation processes were characterized by increased acid production (increase in TTA 

and decrease in pH) for both cassava varieties. Acid production during cassava fermentation 

might be attributed to the activities of the lactic acid bacteria on the carbohydrates of the 

cassava root (Oyewole and Odunfa, 1990) that results in the formation of lactic acid and 

formic acid where the formation of these acids in turn increases the rate of acid tolerant 

microorganisms such as Geotriccum Candida that converts lactic acid in to aldehydes and 

eaters developing a product of good aroma and flavor due to the formation of these organic 

compounds.  

Table: 4.3 Physicochemical properties Qulle and Kello cassava varieties  

                                                   Sample Types 

Properties QR QB QF KR KB KF 

PH value 6.19±0.01a 5.44±0.01b 4.54±0.04c 6.53±0.01a 5.49±0.01b 4.30±0.05c

TTA(%Lactic acid) 0.26±0.01d 0.41±0.01c 1.04±0.01b 0.27±0.01d 0.29±0.01d 1.22±0.01a

    

-Results are mean values of triplicate determination (dwb) ± standard deviation. 

-Means with the same superscript letters within a row are not significantly different (p<0.05)  
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4.3 Functional Property  

The functional properties of flour from the roots of two cassava varieties are as shown in 

Table 4.3. These are bulk density, water and oil absorption capacity, foaming capacity, 

foaming stability, swelling power and solubility index.  

 Bulk density 

The bulk densities of cassava flour for two varieties are presented in Table 4.4. The result 

revealed that the bulk the density of Qulle variety is 0.65, 0.75, and 0.96 in g/ml for QF, QR 

and QB. For Kello variety, it ranges from 0.65 to 1.70 in g/ml for KF and KB respectively. 

The bulk density of KR is 0.92 g/ml. Significant varietals difference (P<0.05) was observed in 

the bulk densities of the two varieties. The analysis of LSD test of comparison of means 

indicates that processing has a significant effect on the bulk density of the flour of Kello 

variety. Samples having higher bulk density are a direct manifestation of their moisture 

content as moisture is the measure of bulk density of the flour.  

 

The bulk density determined in this study very close to the bulk density of cassava flour 

reported by Sanni et al. (2006) that ranged from 0.85±0.03 to 0.97±0.11g/ml. As compared to 

the bulk density of cassava flour reported by Udensi et al. 2008 which ranges from 0.64 to 

0.76 g/ml, the value obtained in the present study is some how larger and there fore can be 

chosen as good quality flour as high bulk density increases the rate of dispersion of the flour 

which is important in the reconstitution of cassava flours in hot water to produce dough. Bulk 

density gives an indication of the relative volume of packaging material required. Generally, 

higher bulk density is desirable for the greater ease of dispersibility and reduction of dough 

thickness which is an important factor in convalescent child feeding (Udensi and Okoronkwo, 

2006). 

 Water absorption capacity 

 The WAC of the two cassava varieties is presented in Table 4.4. The water absorption 

capacity of cassava flour of Qulle Variety ranges from 1.75 to 2.61ml/g which belong to QF 

and QB representing the lowest and the highest determinations respectively. The intermediate 
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value for this variety corresponds to raw sample (QR) with the WAC of 2.07ml/g. The WAC 

of Kello variety ranges 1.90 to 2.62ml/g which belongs to KF and KB, respectively. The raw 

sample, KR has an intermediate water absorption capacity value of 2.50ml/g. The LSD 

multiple comparison test of means after post hock shows that both boiling and fermentation 

have significantly affected (p<0.05) the water absorption of the flour in both varieties. 

The WAC of raw, boiled and fermented cassava flour determined in this study is less than the 

value reported by Eke et al. 2007 which ranges from 3.52 to 10.5g/ml. But as compared to the 

value reported by (Odoemelam, 2003) for boiled and fermented cassava flour, the values 

obtained in this study are larger than the previously reported value which ranged from 1.37 

and 1.26 ml/g. Water absorption capacity describes flour – water association ability under 

limited water supply. 

  

Fermentation significantly decreased (P<0.05) the water absorption capacity (WAC) of 

cassava flour while boiling significantly increased (P<0.05) it. The most probable reason 

behind this pattern of change may be the difference in the fat content of the two samples as fat 

is hydrophobic. Water absorption capacity is a useful indication of whether flour can be 

incorporated into aqueous food formulations especially those involving dough handling 

(Okorie and Bello, 1988; Giami, 1993). The less water absorption capacity results obtained 

suggest that cassava flours may not be comparable with others which have high WAC in food 

systems such as bakery products which require hydration to improve handling characteristics. 

The water absorption capacity of flour has been observed to be dependent on the starch and 

protein concentration in the material coupled with the size of the particles. Generally, the 

water absorption characteristics of the root flour is very important depending on the ultimate 

product to which the flour is intended to be converted which may include snack foods, 

extruded foods, and in bakery products. 

 Oil absorption capacity 

 The oil absorption capacity of the cassava flour is given in table 4.4. The table shows that the 

WAC of Qulle variety ranges from 0.76 to1.1 ml /g where it is the maximum for QF and 

minimum for QB. QR has an intermediate OAC value of 0.90ml/g %. The OAC of Kello 
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variety was found to range from 0.65 to 1.90ml/g for KB and KF respectively. In this variety, 

the oil absorption was found to be the highest for KF (1 ml/g) and minimum for KB 

(0.65ml/g). The LSD test for oil absorption capacity indicates that there is significant varietals 

difference (P<0.05) in OAC of both varieties.  

It is presented in table 4.4 that processing of cassava flour has resulted in significant change in 

OAC i.e. boiling has decreased the OAC and fermentation has significantly increased 

(P<0.05) the oil absorption of the flour. The same trend of decreasing in oil absorption 

capacity was observed for Kello variety due to boiling and fermentation. The OAC value 

determined in this study is less than the value reported by (Oladele and Aina, 2007) which 

ranges from 1.07 to 1.13 ml/g. The lower oil absorption capacity of cassava flour in this study 

might be due to low hydrophobic proteins which show superior binding of lipids (Udensi et 

al., 2008). 

 Foaming capacity  

The foaming capacities of the flour of two of two cassava varieties in raw, boiled and 

fermented form are presented in Table 4.4. For Qulle variety the foaming capacity varies from 

2.66 % to 5.75% representing the foaming capacity of QB and QF respectively. QF has the 

maximum foaming capacity (5.75%) and QB has the minimum foaming capacity of 2.66%. 

The LSD multiple comparison test of means indicates that processing has significantly 

affected (p<0.05) the foaming capacity of cassava flour. The foaming capacity for Kello 

variety ranges from 2.81 to 3.27%, which are the minimum and maximum values correspond 

to KB and KF respectively. KF has the foaming capacity of 3.27%. 

 The results showed that, both boiling and fermentation have significantly affected (P<0.05) 

the foaming capacity of the cassava flour in both varieties. Boiling has significantly reduced 

(p<0.05) the foaming capacity of cassava flour. During boiling, proteins will be denatured 

irreversibly by heat treatment and result in reduction of protein content of the flour. Therefore, 

the result of foaming capacity of cassava flour for boiled sample obtained in this study is 

agreement with this fact. Foaming of the flour is the manifestation of protein content. The 

decrease in protein content of boiled sample is the may cause reduction in the foaming 

capacity of the flour. Fermentation on the other hand has significantly increased the foaming 
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capacity of the flour. The most probable reason for an increase in the foaming capacity of 

flour is due to an increase in the percentage of protein content by fermentation process.  The 

low foam capacity may be attributed to the low protein content of the flour since foamability is 

related to the amount of solubilized protein and the amount of polar and non-polar lipids in a 

sample (Nwokolo, 1985). 

 Foaming stability 

The foaming stability of two varieties of cassava flour is presented in Table 4.4 and the values 

range from 2.29 to 2.47 for Qulle variety and 2.28, 2.29 for Kello variety. Maximum 

determination was obtained for QF (2.47%) and the minimum determination was found to be 

2.29% for QB. The foaming stability of Kello variety is given in Table 4.4 to be 2.28%, 2.01% 

and 2.29% respectively. From the result of foaming capacity, it shows that fermentation has 

significantly increased and boiling has significantly reduced the foaming stability in Qulle and 

Kello variety.   

The foaming stability value for both varieties is less than the values reported by (Oladele and 

Aina, 2007) for raw and fermented cassava flour to be 10.56 to 12.45%. Foam stability is 

important since the usefulness of whipping agents depend on their ability to maintain the whip 

as long as possible (Lin et al., 1974). 

 Swelling power 

The swelling powers of cassava flour are indicated in Table 4.4. The swelling power ranges 

form 6.54 to 7.64 which refers to QF and QB respectively. QR has a swelling power of 7.28. 

The swelling power of Kello variety is given to be 7.37±0.35, 7.40±0.06 and 7.08±0.04. QF 

has the lowest swelling power of 7.08±0.04 and QB has the highest swelling power of 

7.40±0.06. The swelling power obtained in this study for both varieties is less than the value 

reported by (Eke et al., 2007) which is 8.57 to 10.91% but as compared to the value reported 

by (Okoro, 2007) which ranges 3.25 to 2.29%, the swelling power of cassava flour studied is 

greater. 
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As swelling refers to absorption of water, it may be inhibited by the lipid content of the flour 

(Hood et al., 1998). The Value of Swelling power in this study for Qulle variety was 

determined to be the lowest in QF (6.54+0.25) which has the highest percentage of lipid 

content (1.05+0.04) and this result is in agreement with the finding of (Abera and Rakshit, 

2003), who defined swelling power as the swollen sediment weight (g) per gram of dry flour 

and reported swelling power. Swelling power of the flour depends on the capacity of the flour 

to hold water through hydrogen bonding. After boiling and fermentation, the hydrogen bond 

of the starch molecules in the flour will be broken and are replaced by hydrogen bonds with 

water. 

 Solubility index:  

The solubility indexes of the two varieties of cassava flour samples in three treatments were 

indicated in Table 4.4. The solubility index of Qulle variety for the three treatments ranges 

from 17.47% to 15.84% which corresponding to QB and QF where the maximum and 

minimum value corresponds to QB and QF respectively. The solubility index for QR is 

16.81±0.47%. The solubility index of Kello variety is presented in Table 4.4 and ranges from 

15.13 to 17.65% which is the value of KR and KB respectively.  

The value obtained in this study is in agreement with the values reported by (oniltilo and 

Sanni, 2004) which ranges from 15.45 to 18.23%. As a direct result of flour swelling, there is 

a parallel increase in the solubility of flour (Onitilo et al. and Sanni et al., 2007). High 

solubility implies high leaching. The high water solubility of any sample analyzed may be 

attributed to the degree of swelling power and swelling power and solubility of the flour 

provide evidence of non-covalent bonding between molecules within the flour (Rasper, 1969).  
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Table 4.4 Functional Properties of Qulle and Kello cassava varieties  

 

sample Types 

Functional properties  QR QB QF KR KB KF       

Bulk density(g/ml) 0.75±.01c 0.96±0.00b 0.65±0.01d 0.92±0.00b 1.70±0.01a 0.65±0.00d

Water absorption 

capacity(ml/g) 
2.07±0.00c 2.61±0.01a 1.75±0.00e 2.50±0.01b 2.62±0.04a 1.90±0.10d

Oil absorption capacity(ml/g) 0.90±0.10c 0.76±0.01d 1.10±0.10a 0.80±0.10d 0.65±0.00e 1.00±0.00b

Foaming capacity (%) 3.35±0.25b 2.66±0.47f 3.46±0.06a 3.16±0.14d 2.81±0.10e 3.27±0.03c

Foaming stability (%) 2.30±0.04b 2.29±0.50b 2.47±0.06a 2.28±0.03b 2.01±0.02c 2.29±0.05b

Swelling power (%) 7.29±0.07b 7.64±0.08a 6.54±0.25a 7.37±0.35b 7.40±0.06b 7.08±0.04c

Solubility index (%) 16.81±0.47b 17.47±0.26a 15.84±0.01c 15.13±0.13d 17.65±0.03a 15.68±0.21c

 Results are mean values of triplicate determination (dwb) ± standard deviation. 

Means with the same superscript letters within a row are not significantly different (p<0.05) 

 

4.4 Antinutrients composition  

The results of antinutritional factors (cyanide, phytates, tannins and oxalates) content are 

presented in Table 4.5 

Cyanide  

The efficiency of two different processing methods (boiling and fermentation) in reducing 

cyanide levels in selected cassava tubers was compared. Of the tuber samples analyzed, 

cyanide level was the highest in KR (5.04±0.02mg/100g) and lowest in sample of QF 

(1.035±0.02mg/100g).The concentration of cyanide level in the present study is greater than 

the value reported by (Enidiok et al., 2008) for the most improved cassava tuber flour in 

Nigeria that ranges from 2.76 to 2.05mgHCN/100g for raw and fermented cassava flour 

respectively. But as compared to the cyanide level reported by (Onwuka and Ogbogu,2007), 

which ranges from 36.67 to 16.17mgHCN/100g of raw and fermented cassava flour, the 

cyanide level in the present study is very less. 
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 The effect of traditional processing techniques such as boiling in reducing the cyanide levels 

has been studied by several workers (Mahungu et al., 1987) and it is indicated from the result 

that, boiling which is a common traditional method of processing cassava roots for 

consumption in addition to drying, steaming and frying has significantly reduced (p<0.05) the 

cyanide content in both varieties equivalently with fermentation from 16.43mgHCN/100g to 

.9.26 mgHCN/100g.   

The cyanide reduction rate is 59.52% by boiling and 77.6% by fermentation for Qulle variety. 

Cyanide reduction rate is the highest for QF by three days fermentation and this is close to the 

previously reported (70 – 85%) for Nigerian flour fermented for three days (Padonou, 2005) in 

both varieties. In the case of Kello variety, a 25.2% and 43.7% reduction rate of cyanide was 

achieved by boiling and fermentation respectively. The raw or control samples flour analyzed 

in the present study  contain the least cyanide content of 4.62±0.01mgHCN/100g and 

5.04±0.02mgHCN/100g in Qulle and Kello variety respectively as compared to the 

recommended safe level of 10mg HCN per kg, dwb by  (FAO/WHO, 1991). Therefore, the 

improved local cassava varieties studied are safe in relation to cyanide toxicity and can be a 

reliable potential hope in alleviating the food security problem of the country, mainly for the 

local community.    

The loss of cyanogens through traditional processing method i.e., boiling is thought to occur 

through steam, leaching and as a result of the action of in vivo ß-glucosidase (Ravi and 

Padmaja, 1997). This reduction was most drastic in Qulle variety followed by samples of 

Kello variety. The drastic reduction in cyanide level in the case of Qulle variety which is 

almost comparable with fermentation process is of notable interest as boiling is the most 

common method of processing tuber crops for consumption. 

Fermentation has significantly reduced (p<0.05) the cyanide levels in both varieties of cassava 

flour samples. Generally, the cyanide range of 5.04±0.02 to1.035±0.02mgHCN/100g obtained  

in the case of Qulle variety by  the three days fermentation experiments are close to the 

reported values of 0.84 and 2.12 mgHCN/100g by (Nwokoro et al.,2005) and 0.00 and 3.20 

mgHCN/100g by (Hahn ,1983) in fermented cassava flour. From the results investigated in the 
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present study, fermentation of cassava flour, for detoxification purpose which is common in 

many of the African countries is another good choice of cassava processing in the country.   

 Phytate  

The phytate contents obtained in the two cassava varieties are indicated in Table 4.5. The 

levels of phytate in raw cassava flour prepared from Qulle and Kello variety ranged from 

543.97mg/100g to 168.24mg/100g. The levels of phytate in Qulle variety in three different 

forms range from 543.97 mg/100g to 62.98 mg/100g on dwb. The phytate level in QB is given 

to be 173.57 mg/1009g on dwb. The phytate level in Qulle variety is determined to be the 

highest in raw sample (543.97 mg/100g). The phytate level in Kello variety range form 168.24 

mg/100g to 104.48/100g, where the intermediate level for KB is given to be 144.60 mg/100g.  

68.1% and 88.4% reduction of phytate content was achieved by boiling and fermentation 

respectively in Qulle variety. The reduction rate of phytate content in Kello variety was 

observed to be 14.1% and 37.9% by boiling and fermentation respectively. The reduction rate 

is found to be highest in Qulle variety both by boiling and fermentation. 

 The phytate contents of both cassava varieties presented in this study for raw cassava samples 

are found to be greater than the phytate content of cassava flour reported by (Edeogu and 

Ekuma, 2007), which ranges from 253 to 400 mg/100g was some how in agreement with the 

result of the present study. However the phytate concentration reported by (Oboh and 

Elusiyan, 2007), which ranges from 67.4mg/100g to73.4mg/100g for raw and fermented 

cassava flour is less than the phytate content of the present study. The phytate content reported 

by (Fasuyi, 2005), which varies from 31.3 to 60.4 mg/100g is drastically less than the phytate 

concentration determined in the present study. From this point of view, the cassava flour 

analyzed can be complained nutritionally due to its high phytate content as phytates have the 

potential to bind nutrients in food promoting their bio-unavailability.  

Phytic acid is a common storage form of phosphorus in seeds and in a few tubers and fruits. 

However, it is also considered an anti-nutritional factor. The complexing of phytate with 

nutritionally essential elements and the possibility of interference with proteolytic digestion 

have been suggested as responsible for anti-nutritional activity (Ruales and Nair, 1993). The 
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unfermented cassava flour from both cassava tubers had a significantly higher (p < 0.05) 

phytate content than those which are boiled and fermented in both varieties.  

Both boiling and fermentation of the cassava flour in both varieties caused a significant 

reduction (p < 0.05) in the phytate content. However, fermentation was more effective in 

reducing the phytate content of the cassava flour than boiling. Boiling is heat treatment 

process and it degrades phytate to large extent.  The decrease in the phytate content of the 

fermented cassava flour for both varieties could possibly be attributed to the secretion of the 

enzyme phytase. This enzyme is capable of hydrolyzing phytate (Oboh et al., 2003), thereby 

decreasing the phytate content of the cassava flour. 

Among the processing methods fermentation and boiling appeared effective to reduce the 

phytate level in cassava flour, which could reduce as high as 88.4% of phytate compared to 

control sample. The decrease in phytate content during fermentation and boiling may be partly 

due either to the formation of insoluble complexes between phytate and other components, 

such as phytate-protein and phytateprotein– mineral complexes or to the inositol 

hexaphosphate hydrolyzed to penta- and tetraphosphates (Siddhuraju and Becker, 2001), and 

leached out with boiling and fermentation water. The decrease in phytate level by fermentation 

and boiling has been reported to lower the phytate levels in several plant foodstuffs (Badifu, 

2001). 

 

The high content of phytate is of nutritional significance as not only is the phytate 

phosphorous unavailable to human, but it also lowers the availability of many other essential 

dietary minerals (Siddhuraju and Becker, 2001). Therefore, reduction of phytate is expected to 

enhance the bioavailability of proteins and dietary minerals of the cassava and at the same 

time the lower level of phytate may have some health promotional activities. Currently there is 

evidence that dietary phytate at low level may have beneficial role as an antioxidant, 

anticarcinogens and likely play an important role in controlling hypercholesterolemia and 

atherosclerosis (Phillippy et al., 2004).  
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 Tannins 

The Table below shows the result of tannin determination in the two varieties of cassava flour. 

The levels of tannins for Qulle variety are given to be 1.70mg/100g, 0.137 mg/100g and 0.129 

mg/100g for QR, QB and QF respectively and this shows that the total tannin content is the 

highest for QR (1.70mg/100g) which is control or unprocessed sample, and minimum for Q F 

(0.129 mg/100g).The tannin content of cassava flour of Kello variety ranges from 

1.82mg/100g to 0.17mg/100g, that refers to  KR and KF as the maximum and minimum 

determinations respectively. The tannin content of KB is given to be 0.64mg/100g. A 

reduction rate of 91.9% and 92.4% was achieved by boiling and fermentation respectively in 

cassava flour of Qulle variety. But for Kello variety, a reduction rate of 64.8% and 90.7% was 

achieved by boiling and fermentation respectively. The tannins content of cassava flour in this 

study is quite less than the tannins content reported by (Fasuyi, 2005), to vary from 3.6 to 

6.9mg/100g.   

Tannins affect nutritive value of food by forming a complex with protein (both substrate and 

enzyme) thereby inhibiting digestion and absorption (Oboh and Elusian, 2007); they also 

impart dull colour on cassava products, and this affect the acceptance of the products. As 

presented in Table 4.5, there is significant difference in the tannin content of cassava flour 

from both varieties for raw or control samples. These values were within the range of tannin 

content of cassava tubers and products (Oboh and Akindahunsi, 2003; Oboh et al., 2002).  

Boiled and fermented cassava flour from both varieties of cassava could be considered safe 

with regard to cyanide poisoning, since the tannin content is far below the detrimental dose of 

0.7 – 0.9% (Oboh and Elusian, 2007). Fermentation of the cassava flour caused a significant 

decrease in the tannin content of the cassava flour. 

 Oxalates  

Oxalate contents of raw, boiled and fermented cassava flour are shown in Table 4.5. The 

levels oxalate in raw tubers varied greatly between varieties and ranged from 24.93 to 

86.18mg / 100 g on dwb. The oxalate content was recorded lowest (24.93 mg/100) on dwb for 

Qulle variety and highest (86.18 mg/100 g) on dwb for Kello variety. Boiling and fermentation 

treatments were found effective measure to reduce the oxalate content in both cassava 
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varieties. Decrease in the oxalate content was highest in both the varieties upon fermentation 

compared to boiling. The level of total oxalate varied form 24.93mg/100g to 8.14mg/100g in 

Qulle variety in three treatments i.e. control (raw), boiled sample, and fermented samples on 

dwb. In Qulle variety, the oxalate content was lowest (8.14mg/100g) on dwb for fermented 

cassava flour and the highest in control sample (raw) which is 24.93mg/100g of the flour on 

dwb. In Kello variety, which has the same treatment with Qulle variety, the oxalate content is 

lowest in KF (19.78 mg/100g) on dwb and highest for KR which is a control sample. The 

value of oxalate content for boiled flour of Kello variety was found to be 58.19mg/100g. The 

reduction rate of oxalate in Qulle variety was 15.4% and 67.3% by boiling and fermentation 

respectively. A reduction rate of 32.5% and 87.5% was achieved by boiling and fermentation 

respectively for Kello variety.  

The higher percentage of oxalate reduction during fermentation in both cassava flour samples 

may be due to its solubility in water used for preparation of slurry. Oxalate in cassava flour 

comprises soluble and insoluble fraction (Bhandari and Kawabata, 2004). Fermentation and 

boiling may cause considerable cell rupture and facilitate the leakage of soluble oxalate into 

fermenting and cooking water (Albihn and Savage, 2001); this may be the possible reason to 

observed high reduction in oxalate level upon both fermentation and boiling. 

To keep oxalate intake as low as possible one should choose among the different food 

processing methods. According to the study reports of others (Albihn and Savage, 2001; 

Wanasundera and Ravindran, 1992), oxalate can have deleterious effects on human nutrition 

and health, particularly by decreasing calcium absorption and aiding the formation of kidney 

stones (Noonan and Savage, 1999). Therefore, the reduced oxalate content by boiling and 

fermentation could have positive impact on the health of consumers, particularly as the 

reduction of oxalate levels on boiling and fermentation is expected to enhance the 

bioavailability of essential dietary minerals of the cassava food products, as well as reduce the 

risk of kidney stones occurring among consumers. 

The analysis of LSD of the means of oxalate content for both varieties shows that both 

processing methods have significantly reduced the oxalate content in both varieties. But, 
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fermentation is found to be the most effective process in reducing the oxalate content from 

both varieties. 

Table 4.5 Antinutritional factors in Qulle and Kello cassava varieties  

Sample Types Cyanide(mg/100g)  Phytate(mg/100g) Tannin(mg/100) Oxalate(mg/100g) 

QR 4.62±0.01b 543.97±0.74a 1.70±0.33a 24.93±0.08c

QB 1.87±0.02e 173.57±0.56b 0.14±0.02c 21.09±0.02d

QF 1.04±0.02f 62.98±4.74e 0.13±0.01c 8.14±0.00e

KR 5.04±0.02a 168.24±5.53b 1.82±0.03b 86.18±0.10a

KB 3.77±0.02c 144.60±9.56c 0.64±0.12b 58.19±0.18b

KF 2.84±0.03d 104.48±0.68d 0.17±0.01c 10.78±0.02e

 

Results are mean values of triplicate determination (dwb) ± standard deviation. 

Means with the same superscript letters within a row are not significantly different (p<0.05)  

4.5 Effect processing methods on the antinutritional factors 

4.5.1 Boiling  

The reduction of antinutritional factors by boiling/cooking is of especial interest as 

boiling/cooking is the most common traditional processing method of root and tuber crops 

either to reduce/eliminate antinutritional factors thereby by increasing the nutrient availability 

or to increase the product acceptability and palatability. One of the major antinutrients in 

cassava is cyanide. Cyanide is very poisonous because it binds cytochrome oxidase and stops 

its action in the electron transport chain, which is a key energy conversion process in the body, 

excess cyanide content in cassava products could have deleterious effects on the consumer. 

 In the present study, though the cassava samples collected contain inherently low cyanide 

level, cooking of the samples had resulted in a decrease of cyanide content from the raw flours 

samples. The cyanide content in Qulle samples was reduced by 59.52% up on cooking and for 

Kello variety; a reduction of 25.2 % was achieved by cooking. From the result of cyanide 

reduction from the two varieties, boiling is shown to be effective in reduction of cyanide 

content in Qulle Variety.  
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The other antinutritional factor analyzed was phytate which was found to be significantly 

higher than the phytate content found in cassava roots as cited in many literatures. The most 

probable reason for this can be the genotype of these varieties which can be a very good 

inititiative for agronomists to design breeding methods to come up with varieties that contain 

low level of phytate.  Boiling of both varieties had resulted in 68.1% and 14.1% reduction of 

phytate content for Qulle and Kello varieties respectively.  

4.5.2 Natural fermentation   

Fermentation which is the most common cassava processing method in Latin America and 

Africa was fond to show the highest reduction of cyanide content in qulle sample. The rate of 

cyanide reduction by fermentation was 77.6% and 43.7% in Qulle and Kello samples 

respectively.  The greatest effect of fermentation was seen in the reduction of tannin in both 

cultivars of cassava. The phytate content was reduced by 88.4% and 37.9% in Qulle samples 

and Kello samples respectively. Oxalates were significantly reduced by fermentation process 

in both varieties. The highest reduction of oxalate was observed in Kello variety unlike other 

antinutritional factors both by natural fermentation and boiling. 
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CHAPTER FIVE 

5. CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

The investigation has revealed that the utilization of cassava roots grown in Ethiopia can go 

beyond the present use of mere cooking and flour production for ultimate consumption. Some 

of the physicochemical properties both varieties of cassaava flour are pointing to the fact that 

the flour could be used in such composite applications as those flours from other crops such as 

maize, teff, sorghum etc. On the top of this, it is shown that the major draw back of cassava 

consumption which is related to cyanide toxicity is proved to be resolved through effective 

processing methods. Different processing methods studied have varied effect in reducing the 

level of cyanide, phytate, tannins and oxalate. 

 

In addition to the results of physicochemical properties, improved cassava varieties grown in 

Ethiopia were found to contain very low cyanide content. Furthermore, from the result of 

analyses, processing methods were found to reduce cyanide and other antinutrients effectively 

to safe level. The removal of these antinutrients has resulted in the improvement of nutritional 

composition of both cassava varieties. When the two cassava varieties under the study are 

compared, the low cyanide content of Qulle variety makes it the best variety of choice as food 

for intensive and extensive utilization in different parts of the country substituting other crops. 

The variation in cyanide and other antinutrients between the two varieties can be attributed to 

genotypic variation.  

The general antinutrients investigation shows that though the varieties are good choices in 

relation to cyanide content, the high level of phytate content in both varieties is still an open 

ended question either to find better variety or to think of more effective processing method to 

reduce to minimum level. Processing methods enhances the availability of nutrients in cassava 

by decreasing the antinutritional factors including cyanide, phytate, tannin and oxalates. From 

the antinutrients analyzed, the low content of tannins in both varieties is one good advantage 

for consumers of cassava in terms of inhibitory effect of tannin on nutrient availability and 

digestibility of protein.  
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When the two processing methods are compared in terms of antinutrients reduction and 

nutrients enrichments, natural fermentation was observed to be very effective processing 

method both for optimum antinutrients reduction and nutrients enrichment. In relation to 

nutritional profile, the low protein content of both cassava varieties is observed to increase and 

decrease by fermentation and boiling respectively. From the minerals analyzed, it is shown 

that both cassava varieties are poor in their iron content and zinc was not detected at all 

however, they are rich sources of phosphorus which is observed to decrease up on cooking due 

to solubility in water and consequent leaching out with water.  

5.2 Recommendations  

An integrated conception of the total food system from the time of planting, including harvest 

until the root is delivered as food to the table is necessary. Stimulated interaction is needed 

between researchers in the agronomic and genetic fields, nutritionists, food technologists, 

policy makers, NGOs and private sectors (investors) in order to demonstrate the true meaning 

of roots and tuber crop and food improvement for the benefit of subsistence farmers, 

consumers and other stakeholders especially in developing countries like Ethiopia. 

With the above general suggestions, the following recommendations are made based on the 

experiences faced during the study. 

1. Combined methods such as soaking in water and then boiling should be used to reduce 

the antinutrients effectively. 

2. Sensory characteristics of fermented cassava product should be investigated.   

3. Isolation and characterization of  fermenter microorganisms should be conduct to find 

endogenous strain to cassava to conduct controlled fermentation 

4. For improved nutritional value, fortification with such proteinous plants as legumes 

soya bean or fish is recommended. 

5. Safety aspect of fermented cassava product should be investigated.  

6. Industrial utilization of cassava for different value added product needs further 

research. 

7.  The shelf life study of both cassava varieties should be conducted after harvest. 
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